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Abstract: Differences of nutrient content, polyphenol profile and

antioxidant activity of quinoa were explored from different grains

quinoa of Qingbaili 1 (white grain), Gongza 4 (red grain) and
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Qingli 2 (black grain). Results showed that there were significant
differences in nutritional quality among the three kinds of quinoa
(P<C0.05), among them, crude protein content of white quinoa,
fat and starch content of red quinoa, and crude fiber, ash and
total amino acid content of black quinoa was the highest, respec-
tively. Main type of quinoa pholyphenols was free form and their
contents were significantly different (P <C 0. 05), with the
contents of free phenol and bound phenol followed black™red >
white and less flavonoids. A total of 19 phenols were detected, a-
mong them p-coumaric acid was the most abundant and gallic
acid was not detected. DPPH « scavenging ability of different qui-
noa’s bound phenols was stronger, ABTST ¢ scavenging ability
and FRAP of black quinoa bound phenols, white and red free
phenols were stronger, and the black quinoa had the relatively
strongest antioxidant activity. Quinoa crude fiber and protein
were significantly correlated with free phenols, flavonoids and
their bound FRAP and ABTS" « scavenging power, and it could
be used to assess the content of quinoa polyphenols as well as the
level of antioxidant activity.

Keywords: quinoa; grain color; nutrient quality; phenolic compo-

sition; antioxidant capacity
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AER AEZTYE 28 K ME fAEECE
BRYSDEERS  HPEAR AER. AR CTRER
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ZE KR SRR . A PR BOR R R
0,38 57 R 32 i B AR 0 Ak S5 i, OV A L R LT IR
PR SR G S B AR R ES B RS
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WG RS THBEE. Bl A XE 6B
22 WF 5 32 B2 45 v 78 0 L 8 3% JB0UT A L 30 R ) T 2 IR
5w oy BT AR ST R S T I T X AR [ R (B 2
F2HE FF U 22 B 20 RS B AR T v Y 25 SR R R AT
BEAHRGE . PRBEREE A 15 (ERD Tt 4 5 (4
R0 AT R 2 5 CGRRD A Rk 822 22 AR 3 K ) HE ik A
BIR W (A4 W 0B B & RS R K H P A AL
P I 20 A SR ] A 22 b DU R R 5 38 3 1Y YR IR AT AR
LR A TF R PR AR .
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1.1 #REER

HHHE 1S (HED 5T 4 5 (TRD M2 2 5 (R
R R 188 RMB 2 B 5

1, 1-20R He-2- = 1§ 36 2% ik (DPPH) | = it g = 0Y B
(TPTZ) JK¥E ¥4k % E(Trolox) . 2,2 -l A-3-(3-2
B I b6 %) — % 55 (ABTS) : 32 [H Sigma 23 ] 5

WA FIR M JF LSRR RER .2, 4 R AR
FIREER. T HFR. p-F C R . Kb . R
FRBEPTRR A E BT T M TR R R T b
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YNGIE

B AR KA S HH-4 B, B e i 2 FR A &

BA R YV Ve 7% : KQ-500DE %Y, B 11y T 8 A5 ik X
A R F

I 79 4 R B O ML DL-5M B 38 7 K Vb A S O LR
A PR 5

JiE ¥ 7% & A : Retavapor R-215 I, Fit 4 fii ar A
YNEIF

LHNR T WA GG T NAS A, 1 S S T A

FBRAF
SR A HT AN S433D B, 4 [ 22 R 14N A
1.3 HiE
1.3.1 FEWHEEBER 2 RIcEi10]fmscEk[11]7 m

TR SRR R R 2 2k 1 og. 4r Bl A
80 % PN 20 mL, I 45 F 500 W 8 75 iz 4 3 30 min,
B0 (3 000 r/min, 25 min) , X 13 W - 58 8 R RE 7 ik
P2 WL AT 3 R L TE W .45 C R iR 2 L TUIEY
FAMBEEA R 10 mL,0.45 pm A4 LI 08, 15 32 22 iF &
s 259 AR B » — 20 °C it JE AR 77
1.3.2 ZEFZEA WL 1 3% B0 I AR (1 @)
Fifii A 20 mL IEC %6, B0 (2 000 r/min, 5 min) 3f £ I
W 15 PUIEW A 15 mL 10% H b R T
70 °C K% 1 h, A 20 mL ZRZEEZ B 5 WK, B O
(2 000 r/min,5 min) . G I LR L HEZE A . 7 45 C %%
ek EET P EEAE 10 mL,0.45 pm A HL
JE 3t 3 A B 2 25 A W AR B . — 20 C B TR
1.3.3 B IR E

(1) K& 53 GB 5009.3—2010 /47,

(2) Refi& & 3% GB/T 5009.6—2003 #4147,

(3) EELYE &R % GB/T 5009.88—2008 #1117 .

(4) JRA 65 4% GB 5009.4—2010 $47.

(5) MBVEM &R H TOTALSTARCH &7 £ .

(6) 2 [T & 4t ¥ GB 2905—82 A7,

() BEWR & & 4% GB/T 5009.124—2003 47 .
1.3.4 289 B

(1) Z B4 8 5E . KM Folin-Ciocalteu ¥ 3
WA BB R AR OB 125 L TR L Fon A
500 pl ZEIRKFN 125 pL fEAR— B0 8 50 . )L 6 min
JEAnA 1.25 mL 7% Na, CO, W . B AA 1 mL ZE18K .
FEIRAATROGHCE 1.5 h )5, DLH EEAR B AR SR Il
FEPEE M E 760 nm AEWOLEE . TR 3 K. B HIA
WRERR B I IR B FRRARME M RIMEAR HE T £k . 2 & & LU
100 g $E B (F 3O ik & F 82 4 w1 (mg/100 ),

(2) B & 4 0 - R A NaNO, — AI(NO; )5 —
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NaOH e 3£0 ™ IR w4 o8l . W 100 L A g 32 5
WTRE . A 5% NaNO, | 200 pL, #£47,6 min
JEIA 10% ALNO,), % 200 pL, #£47.6 min J5 /i
A 4% NaOH %K 2 mL, % 8 %A E 15 min 5, DA
LA A R R DO O 25 FH &, I 5 510 nm Ab WO BE
HIZ 3 W, LA [) i B BE 1 L2 3 b ol ot ol A A o
Mgk, B S LU 100 g 3R (T EO LR R L
i+ (mg/100 g),

(3) Z2 W 20 WL 43 BT « SR JH 8 S0 AR B 35 066 ) £ 35 25
B 0,385 25 A S PR SCHR 14 T RS AR B8l . Cos thl 45 833
FE(250 mm X 4.6 mm,5 pm);FEHAH A R 0.1 % vk B2
TEENHE B R 0.1 % vk B BR (1 20 5 6 B VR - 0 min, 5%
B,95% A;2 min,10% B,90% A;27 min,30% B,70%
A;50 min, 90% B,10% A;52~56 min, 100% B; 56 ~
60 min,8% B,92% A, Wik 0.8 mL/min; %4 I Ik K
280 nm; HAERE 10 pL, AR (38 08 B I R] 55 0 1 X 4351
AR SR AT B R IR (pg/e) .

1.3.5 frAEMmENE SHCERO15—17]IF M AE
B

(1) DPPH « V& BRBE J7: B 1 mL 2 My 32 O . Jm A
0.1 mmol/L DPPH H R 4.5 mL,# % % W 30 min,
DL B AR AR T 517 nm b0 W% B F A E 3 K.
HRAF b oE T 22135 DPPH « W BRAE T, LL4E 100 g 24
(F 3 Trolox X3t (umol/100 @),

(2) B Jife Jy (FRAP) : Bt 1 mL Z BRI 5
4.5 mL FRAP T/EW (TPTZ 5 FeCL ¥k B 1 : 2B A H
57,6 RN 30 min, DA EES (A E L ZEP K 593 nm
WEWOGRE B 3 k. AR A o lh 40 55 A O 3R IR
WY FRAP, DL 100 g $2EU4) (T 56 i Trolox 4 # it
(pmol/100 @),

(3) ABTS" - W BRAE 1B 200 pl 337 22 W 42 UK
5 4.5 mL ABTS Jz b i1 51 - 8 56 S 30 min, DL H Sy
ZEHPE L EW K 734 nm FIE WG EE3 K., HRiE
Prafi £k 3T B AR AR U B ABTST - BB 1. DL A
100 g 32U (T-38) H Trolox 4 (umol/100 g).

1.4 #HiEsE

Fi| Fl Excel A1 SPSS 19. 0 #F#E 47 B0 48 11 43 0 &

2, W22 ROk A LSD £ LR ik L A e Hr R
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Pearson XU 58 75 .
2 RS0
2.1 EFEMR

MR L3 AR EEFRE M ERERY D
FH(P<C0.05), 3 MhEE L BA K& W iEm MM Ea &
G TREVIIIR AR 8. Bl SR m g e
FF[(6.9440.06) %0 ], BER A, BOREE WM 4ES
B N(10.38E0.10) K ] ARz, AERL. A6
HETHEO GRS H(18.811.02) %] LBk,
Bt B, 28 R A BT R0 B 22 b ks 66, 7T X
HERMRTEEBEWE N, XL RSB TERMNH
RIEF B

AEREHEEHERNWEEREZ— K& RS
BRI E FE AR B IS0, Bk 2 A, 3 R )
BEFE AR R G RS B (P<0.05) , AR &
WK B> >EE, [0 BEREER SR
B (9.820 £ 1.821) %, (8.594 £ 0.384) %, (10.673 &=
1.769) % . (140 A B LA SR, 43 i 7 BB R Y
25.88%,26.10%,25.44 % , Hok #5 B KL &R K &R &
. SFEENEH 17T MEER. O 7 MoFa
BT BRSO DA A R B
28.83%,30.40%,29.09% , LI KL E M A &R K &R &
BEECEAREERD. BARRE AL LT LR,
B R IR ol a7 | g o R SRR, R A R
BRABBMAE RGP XA ER. B A& G814
AP B3 BEEE YR A RS AR R R R A
FFF 4 R AR T RO EE AN EHEES.
2.2 BMEUREE

HI 3% 3 W OR [l R (0 B 22 2 A) W 25 ) G & i AE AR
25 (P<<0.05) . AFZE 2 W& it 20 B
SAE UL S B EFE P EENB KDY . 3 Fioki Bk
IEAN N R SRS R QUG E S AR e & R
B, 20, S 2 2 b Bl i 4 B D (351055 &
20.36),(366.58+15.90),(513.49+17.25) mg/100 g,
R A A3 46.06 00 1 40,0804, Ui WA
T 2 ) 0 5 e 55 R 1 060 VD A O L 5 R AR SR T T
EREA - EEW R 2B R E ST

Rl FARANBRENEFRAS (TE)

Table 1 Nutrients of quinoa with different grain colors %
hif, K53 g Wi HHET 4 . ¥ix SE HEH
[SRER 9.19+0.72¢ 4.7940.03° 5.20+0.02¢ 1.3340.01¢ 53.32410.93° 20.7141.02*
a1 9.3340.65" 6.9440.06° 5.3540.01° 2.2740.01° 56.88+18.92* 16.81+2.84"
B 9.824+0.18* 4.124+0.01¢ 10.384+0.16% 2.73+0.02° 46.58419.73¢ 16.46+1.98¢

T B RN R F R A 2% S (P<<0.05)
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Table 2 Types and contents of amino acids in quinoa with different grain colors mg/100 g

i, KA AR PNy 2 F R HAR HAmR WA

M 0.846+0.022° 0.40440.011°% 0.43140.001° 2.54140.283° 0.428+0.004° 0.662+0.012°
PN 0.78540.011°¢ 0.37640.001°¢ 0.39540.001°¢ 2.24340.206°¢ 0.37940.001¢ 0.60140.011¢
o fr 0.94440.009* 0.44840.001 0.48140.0017 2.7154+0.111# 0.44640.002% 0.73740.009*
HL 4, b & 2 4R HAR 555 E R SERER ik A R

[SRER 0.2174+0.001" 0.5224+0.015" 0.1484+0.001" 0.29140.002" 0.63640.014" 0.29140.001"
710, 0.136+0.001°¢ 0.49240.006°¢ 0.13140.001°¢ 0.26640.001°¢ 0.57740.013¢ 0.28640.001°¢
o 0.22740.001% 0.58340.005% 0.15140.0042 0.32740.003% 0.70340.011* 0.3084-0.003%
R4, RINAER HAR PUE=Ni7: LiTE=N iz IEE=Nird it

[SRER 0.2974+0.003" 0.446+0.001" 0.5334+0.003" 0.79640.012" 0.33140.001" 9.820+1.821°
FAN i) 0.26940.002¢ 0.23440.001¢ 0.50240.015¢ 0.69240.010°¢ 0.23040.001¢ 8.59440.384¢
b fh, 0.3114+0.001° 0.476+0.002° 0.58240.014¢ 0.84540.023% 0.38940.002¢  10.673+1.769°

T B RS R R AT 2 22 S (P<0.05)

£3 FRREEEHRSHYFEEE
Table 3 Content of polyphenols in quinoa with different grain colors mg/100 g
L€, e 5 1y 255 W U7 5 BT 455 B J=N s
=R 189.69+8.32¢ 92.08+10.62¢ 26.4742.94¢ 29.50+2.01¢ 351.554+20.36°¢
a1 198.1446.90>  120.8949.40" 31.47+3.26° 29.53+3.02° 366.58+15.90"
B 265.204+5.91*  155.2348.94¢ 31.8141.55% 61.361.98* 513.49417.25¢

T A e BER R R A B M 25 R (P<C0.05)

RGP RBLZ EMmE R AORZ . AR D . %
SR G 5RT M RS RS R - BREZ WA,
3 Pl kL (0 22 2 v ik A7 78 /0 DA B M 45 4 R T AE 1Y 2
REY . GEaE N BRa>aa > ", B AHEF
S BT O i A T L B L 43 90 3k B i S
M9 1.93 A 111 £, M 4r 22 2 s B W 5 B T 45 6
RS EONEE B APETRey TP ENSARGE & AV Ny
P A 32 .
2.3 EAEWRAK

a4 T3 ROk R ZE LML RS & & LATE
—EZES . FILLLL R A P IR R 4 N O 11,11,
12 F A6 Y BT 43 50 2 6.6, 7 B, R AR B I . e 21 R LA
A, oAt BT TN T 2 o R IS 2 DA B R A AR U
PEUBANSREEZ P T ERSMHER, EAGiaa
2852 1k (1 290.802273.11),(990.322250.24) pg/g. i
E T Tang %70 1308 0 £ K 28 K s 48 ol R 8] 31 £
FEET p-F U BN 0] GER T R X R R S R A
RSB Mo, FHFR (22.91~36.60 pg/e) FKH
MR (4.77~17.02 pg/e) 7F 2 1 &2 i & AR Uy vh & &
W L5 LA, p-F TR E IR AK M R R R A
LR T2 20 B R T . 0 7 U S R R L T R L
AR (29.05 pg/@) B AR MR & WK B 2 45

& RIS I Hh BT AR R R B R B R A A M AR L
TELEREE TS & THME 6, S E P T
B F B G RImER . FE K A 7 BB R 2 b M
FOLEERP TSI 3 R e B SR B h A
TR R S 8 3 i S 1 R B R A AR Y R
Wi, BEAGERED S & TAoGRMBRARE [ L
ABBIE SR L P AEAE ) E A A B W YR,
O 1118 ~15.18 pg/g, H 4 W ¥ BT R K s 50 5% =
BAK.
2.4 BERYBRMENFHE

NER AL WY R DPPH - BRI £ 7 2
FH(P<0.0), B &M & FlrEm (LE D, Hh B,
LLEREE S S W R DPPH « 87143 535 8] (5 770,15+
200.91),(5 420.28 +120.72) pmol/100 g. W] i & F 11
#E. AR AL B DPPH « Wik 27 AR
FE.OR B F & M X & om [(20 3000 68 &
100.52) pmol/100 g 2168 B #E W 2, £ W S B &
BMPLAAEESF OB A, XS5 E%EY i)
EHBRAS S mRRIY Y DPPH - WBREE ) B8 & T
FoUF s RSR IR 0 45 R — B &5 LR A b B e R AL
R, BAOFE A R R b B £ Wy & T e BT AL T
WHE . 5 Tang 2P Hirose 25 ™ (I 58 — 3,
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Table 4 Composition and content of phenolic compounds in quinoa with different grain colors ng/g
Z W —_— H&REE FARGE &3 BEREE
s - i 5 gt s 5 s s gty
Rz Ty 0.14+0.01° 5.784+0.13° 0.1440.01° 11.254+2.01% 0.1940.01% 1.64-+0.01¢
B TR ND ND ND ND ND ND
JRILA R 2.5640.10" 0.4640.01" 1.000.01¢ 0.5840.02*  29.05+1.25% 0.4740.01"
2 5 R 0.45+0.01% ND 0.3840.01¢ ND 0.4240.01° ND
2,4-THRIEEHTE 1.4140.040 3.27+0.02° 1.3040.02° 3.0940.04b 1.4240.03% 3.08+0.03"
IR 22.9143.92¢ ND 36.60+5.38% ND 25.5042.96b ND
R TER 3.08+0.16" ND 2.50420.05¢ ND 7.3641.13 ND
PTG 1290.80+73.11¢ ND 990.324-50.24b ND 123.01410.03¢ ND
o] 0 i ND 14.534-0.57¢ ND 19.56+2.01*  17.3742.16*  16.95+1.03"
KR 17.0242.01% 1.5340.01¢ 4.7740.15¢ 1.8240.01*  12.6141.89" 1.744-0.0.2"
KR 4.7640.18" 12.4443.02" 4.8540.23¢ 20.25+3.96* 4.4140.21¢  10.1942.01¢
B IR 1.8240.01% 1.8840.01% 1.3940.11¢ ND 1.5540.01b 1.8940.02¢
R 7.26£1.01° 6.1040.21° 1.1820.01° 20.934£3.02"  26.1445.32*  21.1243.97°
il Bz # 1.03240.01" ND 1.05+0.01" ND 1.3140.142 ND
¥ iz T ND ND ND ND 0.1640.01% ND
i 1.61+0.21% ND 1.39£0.02¢ ND 1.5040.01" ND
E S 42.7945.92° 1.1840.02"  19.294-2.96" 1.3240.03"  11.8024-1.38¢ 1.0940.0.1¢
i Kz % 1.3840.02¢ ND 1.5440.05b ND 1.8740.012 ND
111 %% 11.564-2.56° 15.184-0.18*  11.1941.92°  12.9340.09" 9.1041.01¢  11.1840.04°
T 26.5642,94° ND 25.4142.50b ND 22.5742.39¢ ND
o R 1 398.20290.68" 1121.914£80.91° 306.114:50.01¢
2 T 101.29+8.45° 74.12+5.03" 60.58+5.72¢
Z W Bt 1499.49+108.76* 1196.03+84.92" 366.69+20.31¢

T AT o B ] R 28 57 35 (P<T0.05) s ND R 7R R A i o

MR LS R ABTST - A8 1[(1 450,94 &
50.04) pmol/100 g]Fl FRAP & i Jf fiE J1 [ (3 210.95+
90.96) pmol/100 g iR 3 , 1 2 5 T il 25 M AL b ks £
BRI T R0 AT (8 B S U B G BR ABTS - B 1
FRAP #:i6 J5HE /1 58 T 45 4 W . 55 Dykes 550 410# i /)
A VI UE R BB 2 Y R Y FRAP #54 J5 R ) 3 3 o
T4 B B 2 5 1 45 S — B0 3 Pk (3 27 e B B I O
Bk ABTS' - )22 7 R B3, L FRAP %% R dg )y 2
5 3 (P<C0.05) , LA B (A B3 Y BS W 19 FRAP 4538 5 BB
PARCL S S N AR NCIE TREE 2 2 M NEIF A (0] e Sy ety
PR 2 WA 28 e O E S R L R T B AR
By % AR A S BRRE ) R s i e . G AT
T TR BT G i S T R4 T A 0k B 0
T4 v 22 BN IR SR A BT SR AL T
25 EZEFRS SHMEABERELENNEXE

HiZe 5 AT, B2 22 R oML AF i b U S B L 45 S
MR 4558 ABTST « W BRAE T 5 3 1IEAH 3¢ (P<C0.05) ,

5858 FRAP 8 i RE J7 540 2 3% IEAH 56 (P<0.0D)

VLI EE 22 P HLET 2 5 ey L 2 19 2 B
PR AL RE ) B g s ML AR S O R R

-

radical scavenging

ability/(107 p mol

DPPH -

B 1
Figure 1
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Table 5 Relationship of quinoa nutrients with polyphenol content and antioxidant activities
E(EEAY U7 5 1 e 125 S T S5 VAT 454 FRAP 254 ABTS' -
ML 4 0.997* 0.570 1.000* 1.000* * 0.998*
HIEH —0.644 —1.000* —0.654 —0.584 —0.530
e 5 1.000 0.631 0.995 0.997* 0.990
2 4 1.000 1.000 " 0.999*
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