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Abstract: The suitable technology of extracting flavonoids from Chenopodium quinoa leaves using the ethanol
reflux extraction method, as well as the analysis of flavonoid content with genotypic variation, were studied in
the paper. The research aims to provide theoretical basis for flavonids exploitation from C. quinoa and high-
flavonoid variety screening. The effect of each factor such as ethanol concentration, extracting time and ratio of
sample with ethanol solution on flavonoid extraction from C. quinoa was investigated using the orthogonal de
sign Ly(3?) test. Moreover, flavonoids from C. quinoa leaves of ten different genotypes were extracted by
the optimum extraction method and were subsequently analyzed for averages and coefficient of variation (CV).
Results showed that optimum extracting conditions consisted of an extracting reagent of 70% ethanol, an ex-
tracting temperature of water-based heating of 80 °C, a ratio of the leaf power to reagent of 1:40, and an extrac-
tion time of 0.5 h. For the extraction rate of falvonoids from C. quinoa leaves extracting time >>ethanol concen-
tration >ratio of sample to the ethanol solution. In one extraction cycle with optimum extracting conditions, the

flavonoid extraction rate reached more than 85%. Additionally, extraction yields of flavonoids from different
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genotypes different with cultivar ‘PI814932° having the highest flavonoid extraction rate (0.933% ). The aver-
age extraction rate of flavonids from leaves of the ten tested varieties was 0.619%, and the CV was up to
34.44% . Hence, the ethanol reflux extraction method was suitable for flavonoid extraction from C. quinoa

leaves. [Ch, 4 tab. 29 ref. ]
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#iH Chenopodium quinoa X R FEE . #A . BWWEE, & 1 AFAMZEFR Chenopodiaceae H AR
Y, (EZEINLKFC A 5 000 ZAER DI, BEVIMARR Dy B8 M R EE" 1
BAEEAR G ER, AAIETPREEMNZIELRAR, &5 ARMISTIR., KEMW ., 44 % EFZ/MA 5
G, SREGERRHAZUNENME MR REFREMN, HEN "R BRAY” “EFRAE
CHMARZ ET EFPY RIMEMEEE, XPONEW . S . s o . s s A R AR R . 2E
Pl . W TR AR, RIS 2.0~35.0 °C, A Kk 14.0~18.0 °C, 78 F% 4 K BrBonl fiif %
JERTR (=1.0~0 C), FERN FE59 2 )5 IR —6.0 CARHL, XFEhmi. 5 FRR . B S5 i perk e Jr #iR
R, FEARTE B AR IE RSO0 T AN REAE K RAFS . i THE N E RN BRI EME L 2% I
FMEM, WA EKRSEM 2013 2 “EHERHEEE"S, HEEAGY R —fEIEEERNY R, BA
e AVR I A8 I 1 D S (RSB M . BRI RS . R IAR ML . PO EE . B DU . DU AL S 2 AR
F L JE LA O I 14 5 99 B3 7 A T & sz AL B9 © AR T IS AR A Ginkgo biloba™', T35
Ipomoea batatas'®', 1¢ 4 Arachis hypogaea'', KiFi Allium sativum'', 3% 3% Fagopyrum esculentum'?’,
/N SE Brassica rapa chinensis"®', 4x %1 4¢ Lonicera japonica"' L) ) G F} Leguminosae #8540 & 147 T
B BRI 5 I e o B AR FOACE A 2 s R B e v R AR AR R E 4G T B R AR R L e AU
R 200, RPBE RIS 367 1R BT % SR, A DG ZE 22 B S A0 45 W O IF 2 6] P AR T8 L 2
ARWEFE A AT IS A M 7 BER E W) Jo i S SBORTI 5 I3k, T 20 A BE R B R] 9 22 5, AR I v i 28
W I 18 O 25 M) P R v T o S T 1 O 2 2 AR 4R
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1.1 #F#

HEFZFKA0d 5, BB R, THEGERGR TS, 57T 80 CE MM T4 12 h, Buh)E
P RENLFE S0 M08, 3 0.5 mm LR 2%, e A T gR ML 45 H
1.2 R R A8

FEEGH T R A E ARG A IRA R SRR . MR . SR . CmSEiR
I by 7 o3 2

FEALLT . DHG 9123A i PAHE R g KU TR A8 (RS 25 L i s A BR A |) )« TP-214 L K P (FHo
IR A R | ) . XMTD-6000 63 7K i 85 (i o AR D H R A BR A |] ) . TDL-40B & 2 &0 L (1 %
RN ) . T52PC AT WA R EE T (OGS A PR A F] ) o
1.3 FEEXRHEMARI

PLZEZ fi ff PI814932 Jy ik, Mo AR I 428 1.00 g, & FRUREIHH o R ATK W [l i 4405 ik
FTERBGAL . PEPEZ B 0 B AR R F B R R N SRR B RN T . R AR AE 3 N E R
FEN T, I Lo(3°) IERLZHAR R BORAAE (R 1), LA B4R R
1.4 FEZZRHEWMEHONE

ST H AT AT AR AR 9 L6075 2 D o A A5 3 dcw T Ok Y AR SR AT I P R v B A
AR HERRFRIOS T AR i) 5.000 mg, FIRBLECR 60% & 58 AV i) 45 & 50.0 mL, #2%5]
MY BT EE R 0.1 g- L7 (5 T ARMEVS W o 0 ol WO T A A e 0.0, 1.0, 2.0, 3.0, 4.0, 5.0 mL T 6
H10.0 mL ZIFE il Hr, AR50l 60% S 42 5.0 mL, A ST 343 2R 5% B VA B2 A ¥ WK 0.3
mL, $&5), JUE 6 min J5IABUE 50N 10% 05 BR B 0.3 mL, JE 6 min, FEMA 1.0 mol- L™ &
AACBNE W 4.0 mL, JRAT, FIRESECN 60%0 ZFE 0.4 mL, ZFEHCE 15 min J§ T K 501 nm 4
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Tablel Orthogonal table Lo(3*) and experimental results

155 4 LR B H(A) /% ] (B) /h BHBEE (C) BB %
1 30 0.5 1:80 0.499
2 30 1.0 1:40 0.594
3 30 1.5 1:60 0.411
4 70 0.5 1:40 0.936
5 70 1.0 1:60 0.733
6 70 1.5 1:80 0.476
7 95 0.5 1:60 0.877
8 95 1.0 1:80 0.625
9 95 1.5 1:40 0.501

K1 1.504 0 23120 2.0310
K2 2.145 0 1.952 0 2.0210
K3 2.003 0 1.388 0 1.600 0
Rj 0.214 0 0.308 0 0.144 0

YLl KOS 7 IR 3 KT Ixd B B i8 bR Fl s R M8 7 SRR i .
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KPR Bl “TEMUCO Quinoa TRADITIONAL’ 3 6 iy AH R RE A, 4 b i (R 52 ORI 5 7
LT AR, WEaT e, Bk B A CTEMUCO Quinoa TRADITIONAL”, 5 AN A A
L, 6 WHER, IMACMER TR, TR R, RS ORI g Oy 2k E b
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#H ‘TEMUCO Quinoa TRADITIONAL’ ‘QuinoaB.Rain Sow’ ‘Temuco’ ‘1591 Quinoa Cherry” ‘Tomico
Quinoa’ ‘CQ-TEMVCC’ ‘PI814932° ‘P1596293” ‘Tumuco(7 Yhybrids” ‘ Ps1596498 * 10 >/~ [a] i [K AU 22 7 5 Fi
G AP AE I, R R FRE T R AT R o SR SR T E M R IR I L2, X e 252 dh b 4T 42
B, o AT 22 R B 15 5 0 PR T 22 S

2 HR5p4

21 ATHREHZNHE

FUTAE 0~50.0 mg- L™ it ik BE N, DAWROGAE (y) VAR bR, 5% T A ol o o0 o R B (o) SR B A A
rlbrdEh 4, MRBNEIE R y=13.771x-0.013 6 (R’=0.998 0), ZA5 R FW] . T 75 3% 0 7 vk FE [
PRI 3 (B 5 o vk 3 22 R A A R A I 2R M e &R
22 HERHEHNTHE

WEH] 30%, 70%F1 95% 3 A MR CEEARTR B/E AR B0 . P Bk 5 7E 80 CAEA, R
IR IR % (80~90 CH)FRBOG & R AR/, B, TR R AN AR o A R B 4 Sy 2 B[]
FURHR o A 3 7 3 K IR 3SR B0 B 55 45 IR R0 T 25 A5, [) Bk Ay O Aff 55 o 2 B2 3 1) J 38 1k TR
T, AIEACF T IS AR 2200 . A5 RN LA 1 ORIER 2,

HER2 A Fy>Fy, KZE BXTE BRI 2B, Fo<F\<F,, HE A X EHZRIGEHA —
SERm, (AREE, hE 18, Re>R>Re, MG, w78 45 P26 o i 42 BaE 5% i 32 U ) 4
B>A>C,
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Table 2 Variation analysis of extraction rate of flavonoids in quinoa

i ZEAUR F Ui (s) A HEE () B75 (sIf) F i i 7 1FL
AR H(A) 0.075 5 2 0.037 8 6.51 Fys(2,2)=19
fif ) (B) 0.144 6 2 0.0723 12.47 F(22)=9
FHE L (C) 0.040 3 2 0.020 2 347 Fp(22)=4
R 0.011 6 2 0.005 8
S 02720 8

222 TEApRyHA RS R CERRDBONR IR RA —E R R . RIEE T RINE A K
B, CEHARI BN 30%~T0%0, SERAF AR 10 EARUS RN T0%~95%1 , B A 23R B T
W, B REE . Wik, e R R R EC 70%.
223 HmtbeyetE AR 2 0l ORHRECHE AR AN B o AN DR AT IR, K R
FEAE 1:40 IF, SR -15- 230 0 i TRBB EE O 1:60, HOS RS RN EE 138 0 2 B 15 52 di A% . L, A
PRS2 R LB, B E SOl BRI L S 140,

i bPrik, A B R R IARBUR M . SRR T0%, RIS 0.5 h, RLLE 1:40,
23 BRESHEMERMMNERTE

AR T AR B T ARt 2 S 2Pk MU 5/, 358 0 g 2 TR OO A S TR i, PR A S
BB R N RIE e kI AR R A TSRk, AT T 6 IRE R MR A RIS . L2
BR: FEFK S10nm R, £ 8 LI 0GR (E 40 0.638, 0.637, 0.635, 0.637, 0.634, 0.639,
ZERUEWT T H k0 E i ml SRR 5 N IRDCREE R (3R 3) al LR M, AR I 5E J5 v 45 Ak HLIY (] i R 3 4%
P 100%, FHIHMEME R Lia Lk, AREIE T 0E 24 S & W1

x3 REEWMOMWEKRIEER

Table 3 Experimental results of recovery in extraction rate of flavonoids in quinoa

R TR FEdh & dt/mg AT T H/mg 1534 /mg Il i /% TR EICAR S KR AR 2 /%
1 7.134 0.100 7.441 102.86 100.25 422
2 14.268 0.100 13.415 93.37
3 7.039 0.100 7.441 104.23
4 14.078 0.100 14.265 100.61
5 7.998 0.100 8.368 103.33
6 15.996 0.100 15.630 97.10

24 FXEMBEMNEERBREZERSW

KA T 10 DEEE AR AR EE . AR 4 TR B AR R R AR R 2 7, A2
&k 0.215%~0.933%, F3F 0.619%, 757 RZEGE 34.44% , FHodp, DISFh ‘PI814932° HY & i il 5 %
i, i50933%, Hik K ‘QuinoaB. Rain Sow’ Hl ‘Temuco’, 433356 2 A1 3 v, {H P& 3L A &
B 5% 22 AR, BhEH S 0 B R 1591 Quinoa Cherry’ #1 ‘TEMUCO Quinoa TRADITIONAL’ .
i Ff - “Tomico Quinoa’ FI *CQ-TEMVCC’ (%5 K B B Fi 15 54 40T, J3 B HESN S5 8 L FNSE O fi. i
RIMBA L OHIZN PIS96498° (i A i) &8 B 5 85k, hy 0.215%, 2232 S F A% 8 Al g 5 Hont A
RMAROKRZEA K.
3 Wi EANE

B 2 Ak G 4 DR R 1 O fE ) i T ke R AT B AT BT B A B R il N 2R o8
RREFREN, BRERABNOREYZ —, BEMT RHFPRETR . B2 B &Lt

ALME e sy i A, BRA RS E RO B AR R TR Y BRI, 53K Spinacia oler-
acea W AAML, WERTHIR AR, SORMBEEGE S 14 (B BUALSURL o A BT 5 1 UK 28 22 1) A (] 2[R Y
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Table 4  Genotype variation of extraction yields of flavonoids in quinoa

fi b S R AR SR A R %
TEMUCO Quinoa TRADITIONAL g, PEIEIL R AR 0.635
QuinoaB.Rain Sow (0 e BEIE AR5 R 0.818
Temuco E5 3] PEETE A Ttk 0.805
1591 Quinoa Cherry LR A0, PS40 vtk 0.751
Tomico Quinoa ESSE PEEET A Utk 0.472
CQ-TEMVCC &, R EEIE 4l IR 0.477
PI814932 ES SN BT 40 Ik 0.933
P1596293 e, FEEIE AR VIR 0.512
Tumuco (7 )hybrids 250, e ZEIE 48 IR 0.572
P1596498 LR (REBA R ORZE) OB IE kA 5 0.215
SE A 0.619
A5 5 R % 34.44

AT A, PRUEXS B 1, A5 R, REEIME S YN E B F R A TRz~ ABERL
BEPE . B IS, N i R A SR A L B IR, B E SN SRR IOGR . ARBESY R, B A
LG PR ECRE S SR B 4. SREUAT R RDRHR LA 5C . 4R AT 3 INE 3 K IESCIA S, R 2 H
LTI CRERR IR T0% , $EHCETE]) 0.5 h, BHE L 1:40, H—R3EERI AT {75 555 85% V) I, X hEE
A2 B ZRAL S W 0T KA AR AL T BISRSE A T 2240

PTG Ll 8 AR BT 5, (H ) Z IR R B T4 0 DN 52 i A [l g 33 v ]
i, WEEE T ERE GHIGE, HAA R EIEMEEE. WHZE RS iREA L
S 22 27 B SR IDORI AR . BFST . PI814932° Rl A B ER SR IR B 5, 1K 0.933%,
T Wik Clerodendrum japonicum ™, #f 35 & Artemisia carvifolia™', T3¢ Beta vulgaris ™45 1) ¥ il & & .
AN TE) i P () 28 22 i B B A5 25 57 R BIGK 34.44% , UG EH A Ll Y 0 B R RaE R AU, AT LA % F)
o B AR A R R R v, B SRR I IR v BB T R R BE R . M s R L B K
BB DR YL A R R RN s A R R AR R T 2 AR R R B o ARSI E R XS [R) A KR I 2
22 W B S mE AR AL, DA S R v A DGR 2D g, T b R R R A A S — B R e
i) 22 i Re 22 J5 1 n] AT A S I8 R 0T & .
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