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Abstract: To promote scientific progress and optimize the utilization of natural plant resources that rich in selenium, the
study selected selenium-rich Hibiscus manihot L. as the research object, using the HG-AFS to detect the selenium content in
different plant organ samples, ultrasound assisted ethanol extraction of selenium containing organic active components from
sunflower flowers, and obtaining the optimal extraction process by response surface methodology. At the same time,
conducting antioxidant activity research on selenium containing extracts. The results showed that the total Se concentrations
in different organs of Hibiscus manihot L., from highest to lowest were found in the leaves, fruits, flowers, roots, and stems,
with concentrations of 21.99, 14.29, 12.93, 10.90, and 10.23 mg/kg, respectively. The RSM optimization results indicated
that the ideal conditions for the extraction parameters were as follows: Extraction temperature of 40 °C, solid-liquid ratio of
1:60, extraction time of 40 minutes, ultrasonic power of 350 W, ethanol concentration of 50% (V/V), under one-time
extraction. For the optimal conditions, the selenium extraction rate was 36.65%+0.65%. The DPPH antioxidant activity
analysis showed a half-inhibitory concentration (ICs) value of 0.048 mg/mL (with a Se concentration of 0.79 pug/mL), the
hydroxyl radical scavenging analysis showed that the maximum clearance rate was 97% when the extracts concentration
was 8 mg/mL, and the ICy, was 0.56 mg/mL. The reducing power analysis showed that the reducing power of the extracts
increases with the increase of the concentration, indicating that the extracts possess a good antioxidant capacity. The present
study would provide empirical evidence to support the efficient use of selenium-rich Hibiscus manihot L. and the extraction
of selenium-rich agricultural by-products.
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methodology; antioxidant activity
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Table 1 Design of the response surface test factor level
7K - - —
LEERIE (%) & 1L (g/mL) LEIESQY))
1 80 1:80 400
0 50 1:60 350
-1 20 1:40 300

1.2.7 DPPH VERBREESINE  JrikZ35 3k [24-26]
I8 Mz . DPPH [ HH 3R R A B il 7 FRER
0.008 g DPPH [E{A T Ledrrh, {di FHIC/K £ s it s
CEARZE 100 mL A IR, 152 0.2 mmol/L [
DPPH ¥k . #f 1.0 g & il &AL 223 Ui FH 50%
KW EZSZE 100 mL 25805, 4 B /VE e B
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Fig.1 Selenium distribution in organs of Hibiscus manihot L.

T SRR P AL, R ARIIE (n=5)

2.2 REVEHRL

2.2.1 FARIZELIGEEHR  RBGRBEAE R AN 2A,
FHI AT TR EA, TR PR BRI FE /N (7=—0.198,
P>0.05), MR BCRE IR E A2 R Jsh. nlaez
KR T, 3855 B iR BE Az 7%

B 308 e 0| W & 4 EOE .21 57 2 1| O N s sV 7 D
RO, T EFR UL TTRCR T 4, AR S i PR R AR
P

[EV Ak an & 2B, AHE M 26 BH, [ Bk Xt
FRBCHCR R A K, (7=0.940, P<0.05) liHE B2 kE
[ 7% Hb B3 R T G, B3k 1:80 BY WV LA, A%
i P AT G2 S S 8, [TV b T R ISR
STAT SRR, S DSl T BB IV LUk R, B i
FUASBEARUF Y232 8 75 A B, M ST380R i I
RORARZER BAAKTE , FESE IR A RN EREY
TG ER M) TR e AR, DG B AR R L

FRBUN a Ak an 12 2C, A0 By 2 B, FEEUNT
8] X P B SR L i 45N (.=—0.340, P>0.05), fifiH B
SRBHE R ARfb Se I TH S R B, T RR Y L PR AR S T
40 min B}, 53 FAYSSHe 2L 2ok BILN, I 4ksr S5
ah ik, A A b At 2% T R o S AR AR Y (AR
FEBG AR T R R AR 2580

S TR RN & 2D, AH S5 Hr e, R T
SRR BUSCRFE A (7=0.528, P<0.01), FEAL IR
HSOSSCRL B S D SR 1 AR, B B SRS S IR N
B, KRR LG SE IR RR BRI, AT REIY R R TR s
TERAIE I, PRI Z R S I R T I 3R, SR 2
B BRI ARSI R, RS ERITZH 53 LASE, FoAth 2% 0t
ALK Y, T B R ) TR

R FE AN 2, AHICHTERIH, 2R
A ZE S R BCRFZ M 48K (7=—0.472, P<0.05), fili$i
BRI 2, e PR pAL AR S B ST R s N A A2
Al AE 40%~60% ¥ 5T AE i 14 32 B A i e, 1T £ B
TE 100% Eb A HE R = A R B 62 & 5, 7T
HESE PRUARE i 20 HE AR RIS W A M B B 2
B AR T, SRR B R 2R R AR 22, 200 T FE S AY

PRECREA AL AN IE 2F Fis, AR Es 2R, 2
BB R BCR 2 AR K (7=—0.879, P<0.01), [ifi
FRIBGRBEG A HR IR RIS, — R RIS — k2
BB &Y 97.32%, AT LA R S 7E— IR SR B
R3] T AR HAOAR, X T HEAS 45 TR SIS A
e PR KB & W HE, BT LA — OBl /N 43 T $E B SE
T

PR e gl SRR A, AR A g R
FRIAH SR AR/ N3-S T VR Bl . RS, 2Tk
BE PR BRI A AR B EE (0.940>0.879>
0.528>0.472>0.340>0.198), A7 i & 52 i (2505351
JE[EV L, PREGREL, 2k B R D)3, SRR
A R B B i) B, SV A i A, it ]
—IRFEIIR I AR IR B B A 25 1, Rl I B 235 R
WL TS B IR 75 T 2R A o 2 I R AR S 50 1
AT



% 45% % 16 TRICH |, A P HBD O FE S W A AL SR 2R T B R B AT I AT - 205 -
50 1 A 50 b B
45 3 45 1
40 { i \H}/} 40
—_ _ — J o ——
S 35 S 35 /0/.}/ t ]
7 30 1 v 30 4
@ 25 @ 251 $—a2
¢ 20 o ¥ 20 o
ESEE ESEE
10 10 4
59 5
20 30 40 50 60 O N AR DAL P
R () NTONTNTNTNT NN NN
[ Lt (mL/g)
50 = c 50 = D
45 4 45
40 4 40 4 ;
S 359 ‘\;/;.’a\) £ o M
o 304 =30 4
= 25 4 = 25 4
20 4 7 20 4
= 154 = |5 -
10 1 10 1
54 5 -
0 \ \ . . . . 0 . . : . . \
10 20 30 40 50 60 250 300 350 400 450 500
PRI [E] (min) HFIER (W)
50 = E 30 = F
45 4
40 4 25 1
g 25 4 _{_} @ 15 1
¢ 20 1 =
E 15 { 2 101
a— =
10 4 s
5 -
0 1 M " L PRl 04 =3 r
0% 20% 40% 60% 80% 100% 1 ) 3
LBEDK (VIV) AL (%)
B2 RNZETIRL
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Table 2 Design and test results of response surface

optimization

LS I L CEARE HAEYIER R (%)
1 -1 -1 0 14.48+0.83
2 1 -1 0 12.95+0.95
3 -1 1 0 12.21+0.35
4 1 1 0 10.65+0.46
5 -1 0 -1 25.14+0.73
6 1 0 ! 24.82+0.88
7 -1 0 1 28.04+0.94
8 1 0 1 25.22+0.86
9 0 -1 -1 15.424+0.35
10 0 1 ! 14.08+0.38
11 0 -1 1 16.04+0.69
12 0 1 1 17.16+0.73
13 0 0 0 36.23+1.35
14 0 0 0 35.91+1.67
15 0 0 0 36.75+1.49
16 0 0 0 36.62+1.33
17 0 0 0 35.99+1.89

Lb. LB
ARPEALIRY , iV A 25 v 4R IR 14 = 4 o7 it 1



- 206 - 0 Tl B

2024 4 8 A

F 3 MR (] AR R Ty 22 S0

Table 3 Response surface quadratic model analysis of variance

FER  CFHFM AHRE ¥ Fld PlE BENE
B 1579.75 9 17553 417.41  <0.0001 ok
A 485 1 485 1154 0.0115 *
B 2.87 1 2.87 6.82 0.0348 *
c 6.13 1 6.13 1457  0.0066 o
AB 0.0002 1 0.0002  0.0005  0.9822
AC 1.56 1 1.56 3.72 0.0952
BC 1.51 1 1.51 3.60 0.0997
A? 194.62 1 194.62  462.82  <0.0001 o
B? 1206.66 1 1206.66  2869.47  <0.0001 o
c 57.53 1 57.53  136.80  <0.0001 o
B2 2.94 7 0.4205
RIR 2.39 3 0.7952 5.70 0.0630
4RE 05580 4 0.1395
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F 2 a4 3, R2=0.9981; R%adj=0.9957; R*pred=0.9753; CV%=2.77,
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Fig.3 Response surface analysis of solid-liquid ratio and
ethanol concentration
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Fig.4 Response surface analysis of ethanol concentration and

ultrasonic power
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Fig.5 Response surface analysis ultrasonic power and solid-

liquid ratio
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