o> o6
ﬁ R BB aaili s
GRAET C oo reos E32% 20244F %618

DOI: 10.16210/j.cnki.1007-7561.2024.06.016

X, AR, A, % 4FBEREZ N E TN E LR, Rl E SR, 2024, 32(6): 134-142.

LIU JL, ZHANG D, WANG W J, et al. Comparison of the nutritional values of quinoain four different colors[J]. Science and Technology of
Cereals, Oils and Foods, 2024, 32(6): 134-142.

4 i (5 52 22 (15 2 el L 4

XL, R OKR, TX4E, BT, IO, BREM

( B FARFodh Sk & R AL F BT LIS R S LB R AT, dew 102629 )

W OE: ARBRRREEEGERMNE, ARABAL LT F L0, B 4, KREE I LSS
&4y, RBREATHRRSEE, AERRESH BT RGIFE, EREAN, BbEH. XK
FEIMRAME, k. DR, FRFEBAL, REEALHOMEG, M. Ko, RERBER
2 (IDF) . P, K. Znfe LAK0 Sittr&2; HA%E L B B & T hEbf ik, 2KTHRA.
NRFFR, RRRERZA, RELRLC IMRERLGR 5 ERK, ik B LG40
FER&., B (TDF), IDF. Cu, Zn, &M Mnfe KX 7 #2850 £ R Efest & 5RERL £
BERE; AT B THEMBRLYLE (SDF) # Se aREFAEFRERZLTLETRS; ER
B, Fe. Mg ER EALEE LTS ETREG; HAEET B, HEOEGERLERLFTHEITHRS;
Ca. Mg# PEREAZER L PAERG., BL, RRMERLGERFEA —T o Lk, Ro
R E TR E AT E S,

XKW AE;, RE,; MRS RN, BRSYE;, fAE; EEM;, FHhLE

mESES: TS2014  XEkERIRFD: A M EHES: 1007-7561(2024)06-0134-09

W 4% B & Bf1E . 2024-11-07 11:53:21

W48 B & Mtk https:/link.cnki.net/urlid/11.3863.7S.20241107.0933.006

Comparison of the Nutritional Values of Quinoain Four Different Colors

LIU Jian-lei, ZHANG Dong, WANG Wen-juan, YANG Wei-giao, SUN Hui, DUAN Xiao-liangb<
(Institute of Grain Quality and Nutrition, Academy of National Food and Strategic
Reserves Administration, Beijing 102629, China)

Abstract: To compare the nutritional values of different colored quinoa, four main varieties of white,
black, red, and gray quinoa from China's major quinoa-producing provinces were selected. Their
nutrient contents were comprehensively compared, and hierarchical cluster analysis was further used to
classify the samples and nutritional indicators. The results showed that compared with staple foods
such as wheat flour and rice, as well as other grains like oats, buckwheat, millet, and highland barley,
quinoa had higher crude protein, crude fat, ash, insoluble dietary fiber (IDF), P, K, Zn, and lower total
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starch content. Quinoa had higher vitamin B; and B, levels than wheat flour and rice but lower levels
than buckwheat, millet, and highland barley. Among the different colored quinoa, gray quinoa had
the greatest distinction from the other three colors, while red and black quinoa were the most similar.
The contents of total dietary fiber (TDF), IDF, Cu, Zn, total starch, Mn, and K were higher in
dark-colored quinoa such as black and red varieties. The contents of vitamin B;, soluble dietary fiber
(SDF), and Se were higher in light-colored quinoa such as gray and white varieties. The contents of
total flavonoids, Fe, and crude fat were higher in gray and red quinoa. The contents of vitamin B, and
crude protein were higher in white and red quinoa. The contents of Ca, Mg, and P were higher in gray
and black quinoa. In summary, the nutritional characteristics of different colored quinoa were
complementary to some extent, and a mixture of different colored quinoa could provide more
comprehensive nutritional profiles.

Key words. quinoa; color; crude protein; crude fat; dietary fiber; vitamins; total flavonoids; mineral
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Tablel Varietiesand collection locations of quinoa samplesin this experiment
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w1 A BT S SRR R B AP ASE 2020

o w2 PISETT A X 22 5 A T A8 MG AR A B P REYNEED 2020
w3 T U4 V4 52 oy RO 1B VA 522 B HH 3G 2020
w4 L PG A M T AR B <k 2020
B1 2 AR LTI S R TR B EXRE 2020
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B3 T VA4V VE 5y RO IG 1 TR N B 22 B R 2020
B4 LG A5 B N T e B liTig:ce 7y 2020




- - °®
. R HBnalHk
6 iR BB il
SCIENGE AND TEGHNOLOGY OF GEREALS 0ILS AND Fa0DS

mRET 253035 20241F 68
gkl
5 £ Re SR i, it IR AR A3 14F:
R1 A BT S [l A VA B ENEAE 2020
A R2 A T VE 52 IR A TR N 2 B HFLIR 2020
R3 A BT E RN E AR A T4T 3" 2019
R4 = RIS [k A A B ELBA AR £ 2 2019
G1 LA IR O TR HwHE 6T 2020
o G2 Z A I POROTE B IR N A G BT PN Y/ 2019
G3 HIGAE PGS R AR 5 2 B HH1E 2020
G4 HR B IEE ME AR MR £ 16 A G E PeZE 15 2020

e ARERE e, R4

Note: * Named according to the collection location, unofficial name.

1.2 XWHE
1.2.1 RAFEER

B AMEFTRE . M GB/T 5491—1985
CHRE . RHGE: FFRE . ZhFERL ) 1T, B
NTBRZeJE HF T LR R, #— Pkt k
Bl Feh . oK BB . AR BRI AR AN 58 R
FHT AR TE, SR KN, T4 CH
BHEAE, IR 3 A NS R E .
1.2.2  BFREGRI J5 %

/K434 GB 5009.3—2016( £ fit 42 4 [ F i ife
B KA I E ) B —killE s M GB
5009.5—2016 { £ i & E FhrdE & fh
(R ) B — 0 E 5 HLAR T 4% GB 5009.6—2016
(EMZEEZRUE &5 IRD e Yo —ik
WME 5 MIER T GB 5009.9—2016 ( £ i 2 4 H %
Pl B TE A B E ) BB R IAE s EEEVERY
it GBIT 15683—2008 KoK HEL4E U F 1 2 i Il
TE ) I s KM GB 5009.4—2016 { £ 44
I ZARE B & PR IE ) 55—k s e
214 4% GB 5009.88—2014 1 i % 4 H A ifE 1
RS AR AR DI E ) e 4EA R Btk GB
5009.84—2016 { i & 4 FE 5t & fh A
£ By MIE ) ki, 44%E B, & GB
5009.85—2016 { & it %4 E K Ahn e £ i h A
£ B MIE ) 58—kl MBI NY/T
1295—2007 522 N HAfil it v 5 e ) 5 52 X0 5 )
W E s B K % GB 5009.268—2016 { 12 /i &
EZE Bah 2R mE ) ke, K
R AN R 4 B — RN, AN BRI SE R

M, ZERBILLTHFIR
1.3 #HiEaE

BALEERE MWK, 4R USFEERR, 5
&% B Minitab( Version 21.1, 3£ [E Minitab A R
TALA W) AT RN R T 200, #—2H
Tukey £ 5 Fb B0 22 45 1 B0HE RD 1) i 5 22 5
W F KT E N P<0.05, & MetaboAnalyst
6.0 ( https://www.metaboanalyst.ca ) % ¥4 4 17
Ward #5200, JHEE S S R 8 hn kA7
I3k
2 ZHRERWH
21 MHEEA. HEER. BRiEH. BEEERNRKS
&

il

JUT U B 2 A ML L BB R 12,7~
18.2¢/100g, “F¥{liJy 15.19/100g (£ 2), &
TF/NEH (12.4 g/100 g) FIRK (7.9 g/100 g) 45
FHE M Hed: (101 ¢/100 ). 374 (9.3 g/100g).
/K (9.0 g/100 g) FIFFFE (8.1 9/100 g) 4544kl
SRR AR A R BMRARIR AL > R A >
WA SIRAGE , MR R (P<0.05) (% 2),
X 2| Pereira 2510 e 7 PR 24250y 4R 8
E)5in e =S T= IEANNIE <€ 5 - N G S REr £
HHARSE &5, FIHEEZ 585 AR 4 1
ARG O HA B4 Hh A i 8 Y B 2 R
gL 1A BRI . TRHE A S
R R BRI N B, /MR (R
2), 2R AN ) JE LI A i 22 ) (P REL B, 1 e 2 S 0
K, T EHEEEREG Z SR A A — 2R m .
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Table2 Crudeprotein, crude fat, total starch, amylose and ash content of quinoa in four different colors

255 G5 M/ (g/100g) KRN/ (g/100g) EGER (g/100g) HEETER % K43 (gl100g )
w1 16.0 41 67.4 20.7 2.1
w2 15.9 46 59.7 15.7 23
w3 15.6 43 52.1 13.8 2.3
M3
w4 14.8 41 49.0 10.6 2.7
e 15.6 43 57.1 15.2 24
A5 R E% 3.2 4.8 125 24.1 8.2
B1 15.6 3.9 57.5 17.1 23
B2 12.7 4.9 55.8 17.6 2.1
B3 14.0 3.9 57.7 14.7 24
BA
B4 16.3 41 70.2 15.3 2.6
XA 14.6 4.2 60.3 16.2 24
A5 5 R E% 9.6 9.5 9.6 75 7.8
R1 15.2 5.3 63.4 9.9 24
R2 14.3 3.6 59.8 12.9 2.3
R3 15.7 5.1 59.0 11.0 2.2
I
R4 18.2 36 60.5 16.9 2.9
XA 15.8 4.4 60.7 12.7 24
A5 ZEU% 9.1 17.9 2.7 21.0 11.2
G1 14.2 5.2 58.8 6.8 25
G2 16.2 3.8 62.7 15.6 29
G3 12.7 4.8 54.7 9.0 24
IRHFHE
G4 14.3 45 55.2 9.9 23
XA 14.4 4.6 57.9 10.3 25
A5 ZEI% 8.6 10.9 5.6 315 9.3
A4 15.1 4.4 59.0 13.6 24
£l o .
A5 5 BU% 9.0 12.3 8.8 26.8 9.7

T AFPEHEE SR TET, RRAFFRREREHE (P<0.05), HRAFHSLEFRERARE (P>0.05), FEF,
Note: Within the average values of each indicator of quinoa of different colors, different letters represented significant differences
(P<0.05), while the same letters or no letters represented no significant differences (P>0.05). The same below.

JUT 0 B 2 A R R 7 = L R 3.6~
5.39/100g, FiMEH N 4.49/100g (£ 2), &T
/NZHy (1.79/100g). KK (0.99/100g) 5 FH
KA (0.29/100g). i (2.39/100g). FHER

(1.5g/100g) ™ /K (3.3 /100 g) M4 e,

- YRR D7 v BURAR OO K 2 > R >
HEEZSBHY  HERAEE (P<0.05) (£ 2),
Mg Bz o - 3% 92 4 2 BUR 1 1 2 1 2 ML
Wi R s LT R 5 T Pereiral 45 F1 7 R 2%
AU P50 AN 2D 3 R 3 2 O RLTG
Wiz Mo 2R, RFRER S UL HE
¥—5.

JOT DN 2 22 R R TE R A BEE L 49.0~
70.29/100g, F¥{E N 59.09/100g (#£ 2), KT

/NFEH (65.49/100g) M| ok (86.69/100g)
fE M K E# (602 g/100 g) M EHFE
(75.79/100 g). #3i# (68.1 g/100 g) I/
K (69.9 /100 g) ML m, W T R
(55.19/100g) Mo, -2y gk A i v (R AR
WRLL R SBRLSIKFE A >HAFA , HERAN
B3 (P<0.05) (% 2), #7703 L 4B
oK 1 1 A LR ) B R R e e 20 ) 1 R
A IFAE TPk SUC AU Y S SRR IPARGE &3
(TEHS & 0 s T HBE A T Pereird 4 HE 5T
KIS RN PY BE S Y LB A KA & (TE#
RE) SRR EMTREEL ML, Aot
RERGU EHGEANE2—E, nTReEE S5
R PEA R A G
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BEEEVER RS Y ST, R
I PR TN AE 2 A 1 BB SR TR R0
Bl N 6.8%~20.7%, “FYJ{H N 13.6%, # KXk
(10.8%) ME, #H/hk (20.4%) PR, Gk
Foy & i V- o BRI Sy B > R A > 4T
B SIRBEA , (A2 FIFA R (P<0.05)( % 2),
My R o« LR PGE T 3 AR
Ve R & i e BRI O B A > A A >21 3
%, KRR GHA -, vJag5HMIRE
PEASRA K, IeAHh, BRATHTA D5 R B/ NK oK
(38 1P 55 /N KR RL BB E By 1 o S A f 3 I AH
PSS LUNREPCES & it o, ace BNyl
RS R ML Z HiE, BT —BRAWI

JoT N B G ORE LR K 4 o O 2.1~
2.99/100g, FiME N 249/100g (£ 2), &T
/INEH (0.79/100g). KoK (0.79/100 g) 5 FH
JeeAZ (2.19/100g) FI/hK (1.29/100g) 57
W, FFE#HE (24 g/100 g) Y, (HIETH
(3.09/100 g) HKA &I, PRy B i
TR KEE S (2591100 g), Hifl 3 Fi i (o 28
()-SR 43 S Al 24, HJG & P22 5 ( P<0.05),
X5 Pereira A R4 AETE 45 B2 T
FLJg B A SIS e O 0t i A0 ) R 2
i A O A MUREE S, AR AR
HA—F, g5 HAMMAREARA X,
22 BEER%EESE

JUT I AE 22 R S RV R G B 27 4 (Insoluble
dietary fiber, IDF). Wi HRE R 4F4E ( Soluble
dietary fiber, SDF) FIREELF4E (Total dietary
fiber, TDF) & & yli[H 35k 6.27~9.34 9/100 g.
0.12~0.56 g/100 g. 6.53~9.63 g/100 g, AiAPEME
L4 BB 40 ] (IDFITDF) S 7E
92.2%~98.7% (% 3). # IDF V¥ & & T/
F % (0.89/100g). K>k (0.6 9/100g) 5 F M Ik
#e4 (6.0 g/100 g). F## (6.5 /100 g). FHHR
(1.89/100 g) MR/ ok (3.2 ¢/100 g ) U4 Zut
AT IDFITDF % Li M58 1 86.8%F
Pedrali 2535 11 56%~87%H) 55, 5 A fEL
S SR R RN R G

4 PP EE A -1 IDF, TDF &4 % IDF/

TDF i BRIy JRBE A SLT A >R > R EE
%% ; V¥ SDF & & th & MR O IKFE 2 > 38
A SUT R SR FHoh, B RFKAF 1) IDF
Ml TDF &y 22 5393k 8] 8 &K -F (P<0.05),
I SDF % & M |DF/TDF [y 22 55 ¥4 i #( P<0.05 )
(% 3). Pedrali 25736 T (0 38 22 1 I £ 2 4k 75
BRI, Guardianelli 22O T R AE
1T ML REA 1 TDF BB . ABFSEEE R
H5H-8, NERRBOEE, ARENLIER
YR bR S R B o), R R L G214
B — B

23 #4EEB;. BMMREWESE

JITINEE 22 K i 1) 2 A2 35 B 2 B3 Rl 0.099~
0.459 mg/100 g, “F-¥J{E & 0.229 mg/100 g ( % 3 ),
B T/NEH (0.2009/100g). Kk (0.159/100g)
FEM, HKTME (046 ¢/100 g). FFH&
(0.289/100 g). /K (0.33 g/100 g) F175 B}
(0.34 9/100 g ) 2kl P34k % B, & i i
o BRI U IR B A2 > B A >ET R SR, H
2SR F BEKFE (P<0.05) (£ 3), FrilZE
i I 4EAE R B, & ity [F2h 0.063~0.154 mg/100 g,
SE-H4{H K 0.086 mg/100 g (£ 3), & T/NEH
(0.069/100 g). K>k (0.04 g/100 g) FilFHEL
(0.07 g/100 g), {AfEFFE% (0.16 g/100 g). /I
>k (0.10 g/100 g ) IR (0.11 ¢/100 g ) &5 44l
IR By i i BRI R LR A >
B SHAG=KF A, BERAEE (P<0.05)
(£ 3). AR By, B o EEFREUR/NY
HREEAE (£ 3), RBREEMNAEAZR By, B
BRI — SR, HAREBARKF . Chen 4521
3BT T AN 30 NEEERE M P HEA R A, R I
B BRI EE e it K By A S, AN @
RN LA R B i 5 AR E R 5HA
EE—E,

JIT I B2 2 R R B R T 43 B R T
0.055%~0.180%, V-l 0.106% (% 3), 1k
THIFE#E (1.09%~1.72% ) MiEFHEHE (1.47%-~
4.38% )P4 B R s BV O R ke A >
IR SRA G >SHBEL  AERARE (P<0.05)
(#3), KSR 0l - s
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Table3 Dietary fiber, vitamin By, B, and total flavonoids content of quinoa in four different colors
ey o2 NEHERE R R BIEESH/ pr AR BJS  GEE B SR
( g/100g) ( g/100g) (g/100g)  TDF/% (mg/100g) (mg/100g) (LIF T i) /1%
w1 7.12 0.53 7.65 93.1 0.223 0.107 0.097
w2 6.27 0.26 6.53 96.1 0.328 0.086 0.093
) w3 8.48 0.40 8.88 95.5 0.288 0.088 0.064
R w4 7.08 0.31 7.39 95.8 0.364 0.082 0.095
FHE 7.24* 0.37 7.61* 95.1 0.301%® 0.090 0.087
% 5 R A% 10.98 27.63 11.05 1.3 17.33 10.76 15.32
Bl 8.44 0.26 8.70 97.0 0.110 0.078 0.085
B2 8.98 0.12 9.10 98.7 0.137 0.082 0.076
B3 7.47 0.32 7.80 95.8 0.099 0.075 0.103
B
B4 9.34 0.28 9.63 97.1 0.140 0.082 0.156
FHME 8.56° 0.25 8.81° 97.2 0.121° 0.079 0.105
5 5t R A% 8.24 31.16 7.59 1.0 14.23 3.65 29.37
R1 7.12 0.37 7.49 95.1 0.137 0.078 0.178
R2 8.06 0.31 8.36 96.3 0.117 0.081 0.110
o R3 8.08 0.33 8.41 96.1 0.216 0.063 0.104
R4 7.75 0.25 8.00 96.8 0.213 0.154 0.055
S 7.75® 0.31 8.07%* 96.1 0.171* 0.094 0.112
% 5 R A% 5.02 13.54 4.60 0.7 25.92 37.55 39.31
G1 6.61 0.56 7.17 92.2 0.233 0.087 0.085
G2 7.07 0.23 7.30 96.9 0.459 0.067 0.058
G3 7.35 0.49 7.85 93.7 0.280 0.082 0.162
KA
G4 6.37 0.27 6.64 95.9 0.317 0.080 0.180
S 6.85" 0.39 7.24° 94.7 0.322° 0.079 0.121
8 5 R HU% 5.63 36.07 5.92 2.0 26.21 9.65 41.94
R SEH{E 7.60 0.33 7.93 95.8 0.229 0.086 0.106
5 R EU% 11.52 33.99 10.63 1.6 44.19 23.21 37.27

Han %023 5o R s U0 i 46 R — 8. ik
] 5 AR S RAOR K W IR R, A8 S5 R B/
MR EEEZE (£ 3), #F—LRUEFE R S
i ok O I
24 HERENHMETESE

JIFINZEZZ B 1) 5 Fpi B0 R Ca. Mg, P,
K 1 Na B & 550 282~1 811 mg/kg.
1 611~2 667 mg/kg. 3 208~5 818 mg/kg. 6 784~
12 080 mg/kg F1 54.2~199.0 mg/kg (% 4), [F/)
M. TR MMM | Fid . ok, HRREE
ZelO gL, ZEEM P I K FH &R, Ca
E SRR THR. Mg P& BIURT IR .
Na P& K F/NE M AT, KEEELZN Ca.
Mg. PV-¥ & aim, L340 K f Na V-3 &
BHR s LLREE Y Ca il Mg P H T RERA, P,

K 1 Na -3 & i e (IR 70 i o L R G AR
B AURFEZMLEZ D) Mg P& RN ER
RF) B K (P<0.05), 1 Mg P& EERE
B 2 [ 22 ¢ OHE 4 Fig Boo R 3
EEAN RO B A T i 26 S 4R i 2 (P<0.05 ),
AR IR ST R R EEm KRR Ca, 2
SRR Mg (% 4), KEFMHIHKED
R TR AWMYE, INAR ., HilEEmME, 1. 40
L 30 e T Y TR S, K Ca il
Mg 34 & B R B L Pl m , K P& EEN
A, BESFYARE, ARG SH
AEE—F,

PR B R 5 A AR TR M ITER
Fe. Zn. Se. Cu 1 Mn A& 35 Bl 4> 3 N
45.9~106.6 mg/kg. 22.4~85.7 mg/kg. & K i~
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0.039 mg/kg. 4.15~17.14 mg/kg Fil 14.5~72.3 mg/kg
(KR 4), [F/NER . SOKREEM MM | Fid .
N RGO, BB Zn FH R
I, Fe Ml Cu P& UK FHRE, Mn P38
UK T MR, Se FtAHXTAR., BELM Zn
Al Cu P& EfE, Fe. Se fll Mn P& &k
B IR S . AL 1L Fe
M Zn B3 E i, KEEZEZ Y Cu Hl Mn (1)

R4 AMBBEENE

Ppa i, BEELM Se P& R AEA; HES
AR (P<0.05), AFIZEZ TR & LR
FBERI N Se, L5 R KRN Fe (£ 4),
of 8 7 MU BK A T 98 2 B Zn P S e 3
Z i H 3 R R A Z RO R 171
FREFOYARE, FAHRERSHAEE—
2, ARE SRR b bR P EE  f A [
XK.

EnZNHETESE

Table 4 Macroelement and trace element content of quinoa in four different colors mg/kg
s P Wit ER TR

Ca Mg P K Na Fe Zn Se Cu Mn

W1 282 1686 3681 7528 62.5 459 334 0.039 8.61 35.1

w2 447 1657 3308 8 286 62.7 54.5 22.4 — 4.48 14.5

R ) W3 671 2298 5081 8117 72.9 66.8 32.3 — 8.49 23.2
R w4 695 1847 3231 7262 86.9 70.3 27.6 0.031 5.38 16.1
FIME 524 1872® 3825 7798 713 59.4 289 0017 6.74 222

85 B K% 325 13.7 195 5.4 14.0 16.4 150 1012 27.3 36.6

Bl 698 1956 4785 8 676 72.2 73.2 325 — 9.25 72.3

B2 802 1699 3436 7311 54.2 61.7 28.5 — 17.14 44.3

g B3 572 2176 4652 8113 78.9 63.8 85.7 — 7.95 25.7
B4 549 1792 3208 10 705 60.5 68.2 31.9 — 6.78 21.1

S 656 1906® 4020 8701 66.4 66.7 44.6 — 10.28 40.9

5 B K% 15.6 9.5 17.5 14.4 14.6 6.7 53.2 — 395 49.3

R1 426 1617 3354 8 225 78.1 66.8 34.4 0.034 7.59 49.8

R2 424 2078 4231 6 828 64.5 70.1 27.8 — 5.66 15.8

e R3 693 1611 3550 8484 199.0 77.2 38.5 — 6.07 42.0
R4 365 1677 4423 12 080 177.0 65.3 58.2 — 9.27 56.6

S 477 1746" 3890 8904 129.7 69.9 39.7 0.009 7.15 41.1

85 B % 26.7 11.1 115 21.8 455 6.6 285 1732 199 37.7

Gl 1811 2403 3706 6784 71.4 58.1 239 — 4.15 17.7

G2 739 2043 5226 8352 146.0 80.9 46.4 — 5.81 19.4

R G3 519 2667 5818 7501 74.1 53.4 28.2 — 6.30 19.0
G4 744 2161 3900 7086 60.3 106.6 31.6 0.038 8.08 24.3

S 953 2318° 4663 7431 87.9 74.7 325 0.010 6.09 20.1

AR R HU% 52.8 10.3 19.0 7.9 38.6 28.3 26.0 173.2 23.0 12.4

LA FEHE 652 1960 4100 8 209 88.8 67.7 36.5 0.009 7.56 311

e
AR5 REU% 51.2 15.7 19.2 16.5 48.1 19.6 41.9 174.1 38.7 53.7
VE: ORI T E iR 0.08 mglkg.
Note: “—" indicated below the limit of quantification 0.03 mg/kg.
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