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Study on microwave-assisted extraction and antioxidant activity

of total saponins from Chenopodium quinoa peel

&

YANG Jie

B A

GAO Feng-ziang

7 ¢

YANG Min

CUT PH T 27 e AL 2 & 5 L7 A I

L E KA R R %
BIAN Hong-yu ZHANG Shi-gang ZHAO Er-lao

034000)

(Department of Chemistry, Xinzhou Teachers University, Xinzhou, Shanxi 034000, China)

ME-ALLFREAEAR RN LE F LSS0 8 @KE A
Z K &R HOL R B BRI T AT AL, IR L i Fx DPPH - |
ABTS" o fo « OH 3 Fh LR A EW ., SR AW, TR
ERANEFAR T EEZAELFREARETE Y A,
AT LS LB R JE 680 . ok oh & 455 W& k1 .

32 (g/mL) sk 818 10 min, 32 R FK 2 K, ZEMHTHE
B ELFRFEH 26329 mg/g. H AL ERLFFKR DPPH -« |
ABTS" o fo « OH %) ICs 2 %] 4 34.74,48.18,5.45 pg/mL,
RPAREILELFREARKRG AT,

KRB B & B B R RO B AL

Abstract: The microwave-assisted extraction process of total saponin
from Chenopodium quinoa peel of quinoa was optimized by one-factor
combined response surface method with total saponin yield as index.
The antioxidant activities were evaluated by DPPH free radical, hy-
droxyl radical and ABTS free radical method. The results showed
that the ethanol concentration, microwave power and solid-liquid
ratio had a significant effect on the total saponin yield. The optimum
conditions were ethanol concentration 68% . microwave power
455 W, solid-liquid ratio 1 : 32 (g/mL), microwave time 10 min,
and extraction times 2 times. The yield of total saponin from Che-
nopodium quinoa peel was 26,329 mg/g. The ICs, of DPPH o ,
ABTS" e and ¢ OH scavenging rate were 34. 74, 48. 18 and
5.45 pg/mlL, respectively. The results indicated that the total sapo-
nins of Chenopodium quinoa peel had strong antioxidant activity.
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#i 3% (Cheno podium quinoa) ;2 F} (Chenopodiaceae) &
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HEARTAEAF (5) HRIUUK K 3k B - B 2 £ B 7056, f bk B )

SANE] WL G BE AT V-1100D Y, b g 3535 A AU 28 A
MR

B4 BT R OT - AL204 BY Mg )48 R 2408 (L) A
LA 5

PE K H2s 5 SHZ-DII AL, P SCilT T 48 A BR 53 4T
NI
1.3 R HE
131 FFEURBRARMEM KRS S 30kl 13], 4 5 i £
Tk B 4 0.05 mg/mL FF 55 R F% 1 % T 0.20,0.40,0.60,
0.80,1.00,1.20,1.40 mL F 10 mL HZER 4 1,70 CKIEH
BRI RGO 0.20 mL 5% [ 7 5 8% — vk 8 R v 0 Fn
0.80 mL A4 AR, INZEHE A1 F 60 C/KIA N 15 min, B
G 7 BD R UK K ¥ #1 5 min, BRI 5.0 mL KBS BR B RS L %
51, E 30 min J5, LA NAE B CPATHEIE S AL L
546 nm T E WG . LAROR B (AD YAk bR, FF L
BRI B W B (o) Jhy B A A, 2 1 A% ofie il 28, 75 [ )3 5 .
A=67.497¢+ 0.003, R* = 0.998 6, £ Ik & F 4 0.002 ~
0.012 mg/mL,
1.3.2 REERNE HEFMBHR 0.20 mL 2 3E LR UK T
10 mL Hefa 8 4 13,1 i Jr ik ille B8 & 2, # 0D 3
HEBHERE,

Z:CXVXH’ h

m

X
Z— R BTHE ,mg/g;
C—— & 2 5 VR, mg/mL;
Tt I 5 B 155
PEIBOR I 5 A mL;
FEM B . g,
1.3.3 FEL BRI PRI R 1.0 g,
PR 2% B v o TR X0 152 T A AT G0 el O 4 O 4R ROV IR )
FEAFZE 100 mL 5E SRR,
1.3.4 BREFRRERIT

(1) TV BE 1 38 45 « [ 5 SO B ] 10 min, 3038 T %
455 W R EE 10 20 (g/mL) , $EHORE 1 IR, 43 3% 58 O 1
WHE N 50%.60%.70% .80% .90 Y0 I . Xt B2 5 iz B R AR AR K
P52 )

(2) Pl U B 1) 0 6 B - [ A 2 BE MR B 7006, B ik o) R
455 WORHE L 1020 (g/mL) SR E 1 1K, 20 025 2Dk
W]k 2,6,10,14,18 min B, %F 3237 J7 0 HE A A S .

(3) T T 3R 1k . B2 & BEMR B 709, B i I 1)
10 min, BHE L 10 20 (g/mL), S2ECKER 1 K, 43 B % 25 1%
W Ih &Ky 65,195,325,455,585 W B, X 22 2 f f B A7 15 %
FA 58]

C4) L A 38 B . BB & R B 7020, B Dk A )
10 min, Sl )3 455 WL SR BOREL 1 K, 43 5 %5 S8 RH LE A
1:10,1:20,1:30,1:40,1:50 (g/mL)I, %2 Hg
EREEAFATR

n

\%

m

10 min, il P 455 WLoBH& EE 10 20 (g/mL) ., £ 2
WHLSY MR A 152,83 B, X B2 f B AR R A
1.3.5 W ELALZE A MR RICE . ARE R E R
U5 45 L, 18 B 2 BV BE L TR e T L f00E B R ORI LG 4 A ]
RN H AR, DB B HUAS R 0w W {6 R ] Design Expert
8.0.6.1 F AP 1Y K 3R = 7K - i Jo I a3, 43 4 O 1 fh 38 &2
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HEE BRAS R 2 SR AR A7 e MR B A AR 1 L T R SPSS
20.0 B #EAT 25 R WEE M4BT .

(1) DPPH « 3 B 38 I 5 - AR 41 SOk (14 108 o F < i
2 mL #JEh 0.3 mg/mL () DPPH « ¥ 8 iy, 435l & T
10 mL o3 i, 43 300 m A — & 7R FR A B 2 4R O,
68 0 1) £ TV T AE 2 8 20 B A1 B €6 55 b B SR VR O 0 B
5,10,15,20,40,60,80,100 pg/mL, & 4), % i T k%
30 min J5 . 7E 517 nm £ & OGRS Ao WEA AR
HIHWAL DPPH « 7R RIOGEE A Ao, U A il DPPH e
WA RWOCEE ly Ay o FEEIE Vel DPPH o 3R,

(2) ABTS" « [ BRZM & AR PG SCHRC 1S ME dean T - B
Bl 47 9 ABTS W 2 mL. 5 F 10 mL [ @45 . 3 5m A
—ERB S R IRE . 68N M s R E A B2,
Ll A P S T MR 8 4R I A 5. 10, 15, 20, 40, 60, 80,
100 pg/mL 482], 0 T HCE 10 min J5, £E 734 nm &b 7
HWOGME Ao W E A SR T A R ABTS' « Bl
JEEE g Ao M E A ABTS « IR R R A, [
HME Vet ABTS® « {HER 3.

(3) « OH ¥ B30 & 4% Cmk C16 & e F = B
6 mmol/L FeSO, ¥ fl 6 mmol/L K MIEW % 2 mL &
T 10 mL b4, 4350 A — & RR 1 B R R O T
JIA 2 mL 3% H, O, ¥ - e Ja F 6820 14 & BV W5 45 - 1
Lo P SR W B 43 il o 5. 10, 15, 20, 40, 60, 80,
100 pg/mL,$E47,37 ‘CARY Y 15 min JF . 76 K 510 nm
T W OEAE Dy Ao W AR R R R RO
A EARIN Hy O AR ZWOIEEE R Ay o AW E Vet
« OH i BR %
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Figure 1 Effect of ethanol concentration on the total

saponin yield

2.1.2 PRUEI RN SRR W 2 ",
BT B KR AT SRR A I IR TR] A R T S O 2 B I 1)
4 10 min I 22 Bz GO H AR R GKR BN R, LS BRI )
9 S S R TF AT B W AR . 33X AT BB R e I i K 2 R
WL BIR . SRR TR o FIL PRI Ay 10 min,
2.1.3 TR R R K SRR 3 R
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Figure 2 Effect of microwave time on the total
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Figure 3 Effect of microwave power on the total
saponin yield
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JIT T i T RE 2 B T AR G g L B T O A T
HOY L R R IR N 455 W,

2,14 RHR X B BB R AR th I 4 T Bl
SR IO B0 38 I B 2 B S R A R S I O IR R L
130 (g/mLOmy. B85 R MBI RRLLRK, AR
HT TR EE /N s AR T 8 R L R 2R B
IR Y F B PERNR L 11 30 (g/mL).
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Yield/(mg + ¢7')
>

12+

8l
4 ‘ ‘ ‘ ‘ L
1:10 1:20 1:30 1:40 1:50
FHE L

Solid-liquid ratio(g/mL)
A4 Akt RERELFRENHW
Figure 4 Effect of solid-liquid ratio on the total

saponin yield
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Effect of extraction time on the total
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2.2 MEBEAHUBEZRZETFRRIZ
2.2.1 mapw s O it AR IR TS LA
SRR g R AR R R HOKE IR T R s g R
Wk 2.

K H Design-Expert 8.0.6.1 £ X} i 56 B4 #E AT #0155

®1 WEEREEERMKE

Table 1 Thefactors and levels of response surface method
e A CEEHRBE/ B R EhE/  CoRHRIL D it )/
% w (g/ml) min
—1 60 325 1:20 6
0 70 455 1:30 10
1 80 585 1:40 14
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HRBTRRNZTHA T RN
Y=26.26—0.47A —0.49B +0.33C —0.13D —0.026AB +
0.16AC—0.55AD+0.47BC+0.43BD —1.00CD —0.80A* —
0.89B*—0.70C*—1.42D", (3)
E S R CESENER RN ST N
%3,
i 2% 3 AT, [l U AE T SR AR B 3 P (P<C0.000 1), 2Kk 8135

A (P>0.05) ,R2%; =0.949 6, 3275 T 245 0 30 4 B B4
RN U I R A T 2 i TR 2 AR WA 56 45 B
TEBHGT R BFBRMEIE . FIHRE R =0.974 8,
e WM RY AR G BE BT, g R A 00 T S AR R o 0 4 AR
B35 3 1Y A 06 T A0, S BEWR LB TR R L 2
P B R I AR D B TR R 0T A D B 2% R BRI HE
YOI Bl U o 2R 5 kL R B 3 LI L 2 T MG S A IR N T 52 AL

F2 MEERBETRER
Table 2 The designs and results of response surface method
I A B C D s/ I A B C D s/
(mg-g 1) (mge+g b
1 —1 1 0 0 24.556 16 0 —1 1 0 25.178
2 —1 —1 0 0 25.237 17 0 0 0 0 26.245
3 —1 0 0 —1 24.289 18 0 —1 0 —1 24.956
4 0 1 0 1 23.667 19 0 0 1 —1 25.652
) 0 0 0 0 26.408 20 0 0 0 0 26.364
6 —1 0 —1 24.911 21 1 0 0 —1 23.963
7 1 0 1 0 24.778 22 0 0 —1 —1 23.237
8 0 0 0 0 26.127 23 0 1 —1 0 23.252
9 0 1 1 0 25.060 24 —1 0 0 1 25.237
10 —1 0 1 0 25.297 25 0 —1 —1 0 25.252
11 0 0 0 0 26.141 26 1 0 —1 0 23.756
12 1 0 0 1 22.718 27 0 —1 0 1 23.978
13 1 1 0 0 23.948 28 0 0 1 1 23.148
14 0 0 —1 1 24.734 29 0 1 0 —1 22.940
15 1 —1 0 0 24.734
®3 EEAERAFESH
Table 3 Variance analysis for the regression model
V3 07 H H ¥r F {H P 3
Model 31.44 14 2.25 38.71 <20.000 1 Hx
A 2.64 1 2.64 45.56 <20.000 1 %
B 2.91 1 2.91 50.23 <20.000 1 *k
C 1.31 1 1.31 22.66 0.000 3 )
D 0.20 1 0.20 3.48 0.083 3
AB 2.69E—003 1 2.69E—003 0.05 0.832 6
AC 0.10 1 0.10 1.75 0.207 1
AD 1.20 1 1.20 20.73 0.000 5 #ok
BC 0.89 1 0.89 15.27 0.001 6 *%
BD 0.73 1 0.73 12.52 0.003 3 *ok
CD 4.00 1 4.00 69.00 <20.000 1 *k
A? 4.19 1 4.19 72.23 <20.000 1 * %
B? 5.10 1 5.10 87.99 <20.000 1 *k
C? 3.18 1 3.18 54.79 <20.000 1 #k
D? 13.02 1 13.02 224.48 <20.000 1 EE
""""" s o8l 14 006
KA 0.75 10 0.08 4.61 0.076 9
AR 72 0.07 4 0.02
Jill 32.35 28

T #FR B E (P<C0.05) s #+FK /R i #F (P<0.01);R?= 0.974 8;RA%;;=0.949 6;C.V% =0.98,
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2.2.2 WEZLEANER M H Design Expert 8.0.6.1 # {441
I 1815 75 FRHEAT L5 1 43 BT L 45 45 R 3R JRD A8 B A ) g T B A
R B LR 6~ 11,y T AR B R g o B R 30 B P
ACHAE T 8 S 35 A v Ak B R DN O B AE B AR T R
FUY . HE 6~11 F i, CD.AD.BC.BD % H 5% i /§ A &
=, SRR T 22 0 B R — B

2.2.3 BURESEEY  fR[IH 5 AT BB R O e B iR
BWERAE T A5 R SR B 68.12% , (% T % 423.05 W, ok
W 132,22 (g/mL) B AT IE] 9.63 min, X LZ&MT .
B B R TS B S BT 30 26,411 mg/g. N TR
IR SE R AG af SEPE, BEAT I UE SE 3 . 5 IR I8 K 3R A S bR w)
Befite . B LR T ZBIE N & B B 68%, ik oh %
455 WoBHB EE 10 32 (g/mL) . B i E] 10 min, 847 3 ¥ F

PREATR
Yeild/(mg * g

H6 ZBRRELMENRGIAM
Figure 6 Interactive effects of ethanol concentraction

and microwave power
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Interactive effects of ethanol concentraction

Figure 7
and solid-liquid ratio
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Trocse, 4% 8 2 F 4 f 26,329 mg/g, RSD 4
0.48% . 5 FHIE TN (B H A AR A U 91 0 Ak i 32 R T2 A% F
A HE B A S B R A E

23 BERREHRENEESHR

2.3.1 FEE R B RH X DPPH « 35 FrAR & 12w,

LTS
IR

Yeild/(mg + g™
N

b

12
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Figure 8 Interactive effects of ethanol concentraction

and microwave time
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Figure 9 Interactive effects of solid-liquid ratio and

microwave power
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Figure 11 Interactive effects of microwave time and

solid-liquid ratio

WERE 2 B2 R A3 I, xE DPPH « (193 Bk SR 4% K,
HEUBMEMOER, N ERELEN. B SPSS 20.0 %
2N E 200, 2k Beif 5 Ve DPPH « fE
1 BA B %5 (P<C0.05) , BI 2 2 7 i 2 47 7 B DPPH »
BE W BART Ve B3 E & Mg %) DPPH « it KiE R R
ik 80.44% . ICs, Ky 34.74 pg/mL, RIRFHZ % M B BH
—JE ) DPPH « 75 B AE 7 Kbt S 0T ok

2.3.2 HEFRFEBIX ABTS' « f9iFkRE  d & 13 ol 41,
B MR AT X ABTS™ o 38 BR 2% B & e B 1 58 Jin T 1Y
Ko SPSS 20.0 M ANOVA £ H & Jr 22 5 B 50 . 78 I 5 H
FETHIEI P, A 2 e 4F ABTS « (035 B R K T
Ve, BH B %25 (P<T0.05) , (HEE & |7 B 2 H X ABTS"
I KW R AT 35 59.16 % . ICs, g 48.18 pg/mL, L R EAFE

1001
90r
80
701
60+
50+
40+
30+
20+
10

0 I I I I I I I I I .

0 10 20 30 40 50 60 70 80 90 100

e i
=
Concentration/(pg + mL™)

B 12 # & &KX 2 DPPH « ¢y iFth %
Figure 12 Scavenging rate of total saponins on DPPH e
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Figure 13 Scavenging rate of total saponins on ABTS" e
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2.3.3 EERBBHEX « OH WWRAE W& 14 TR, B
BAER BB EWEMG . X « OH M3 BRI M. &
SPSS 20.0 ¥ ANOVA B[] K J7 22 43 T 50, ¥ B X 2 2 J
REHA Vg « OH 8814 B3 MM (P<0.05) , 23
% KRR WRIE N 100 pg/mL W, X« OH B 75 B F 4w 7T
3K 94.07% . IC50 A 5.45 pg/mL, i Ve i) IC5 N 9.79 pg/mlL,
B S BTER « OHRR BT Ve. HE AR EER
(P<C0.05)., RWIFLZ BB HAKBE « OH R GE
PETR=R AL
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90
801
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Scavenging rate/%
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Figure 14 Scavenging rate of total saponins on » OH
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BORE 2 W AN TR B B WA 3N 26.329 me/g.
R SPSS 20.0 B %) 47t 22 A 3 06 K dhs 9847 07 25 0 A L 2
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