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Table 1 Factors and levels table of response surface test

% Factors
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- ) A Extraction B Material- C Extraction
temperature (‘C) liquid ratio (g/mL) time (min)
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1 80 1:60 90
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Fig. 1 Effect of extraction temperature (a) ,ethanol concentration (b),material-liquid ratio (¢) and extraction time (d) on

the extraction rate of flavonoids
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Table 2 Design and results of response surface

wry B AT iy REEE
Test serial A Extraction B Extraction C Material-  Extraction
number temperature . - T liquid ratio rate of fla-
(g/mL)  vonoids (%)
1 70 50 1:40 1.11
2 60 70 1:40 1.23
3 70 90 1:40 1.16
4 70 90 1:60 1.14
5 60 50 1:50 1.23
6 80 70 1:60 1.33
7 70 70 1:50 1.57
8 60 70 1:60 1.24
9 80 70 1:40 1.26
10 60 90 1:50 1. 20
11 80 90 1:50 1.22
12 70 70 1:50 1.57
13 70 70 1:50 1.62
14 80 50 1:50 1.29
15 70 70 1:50 1.61
16 70 70 1:50 1.61
17 70 50 1:60 1.21
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Table 3 Response surface regression model analysis
Siz i N 4] .
TR T £ i )z Yo F i P i o
Source of Square Mean B
. Freedom F value P value Significant
variance source square
7
e 0.53 9 0. 059 130.76 < 0.000 1 * %
Model
A 4. 950E-003 1 4. 950E-003 10. 89 0.0131 *
B 1. 711E-003 1 1. 711E-003 3.77 0.093 5 -
C 3. 042E-003 1 3. 042E-003 6.70 0.036 1 *
AB 4. 000E-004 1 4. 000E-004 0. 88 0.379 3 -
AC 1. 056 E-003 1 1. 056 E-003 2.32 0.171 2 -
BC 3. 540E-003 1 3. 540E-003 7.79 0.026 9 *
A? 0. 064 1 0. 064 140. 54 < 0.000 1 * %
B 0.23 1 0.23 501. 58 < 0.000 1 x %
C? 0.18 1 0.18 390. 96 < 0.000 1 * %
% 3. 181E-003 7 4. 544E-004
Residual
R 9. 737E-004 3 3. 246E-004 0.59 0.654 3 -
Mismatch error
sz;% 2. 207E-003 4 5.517E-004
ure error
w4
B2 0.54 16

Total difference

TE: * RAEREHE P<0.05; x x RARZFMUWE, P<0.01;" - "Fm 2 RANH

Note: * indicates significant difference, P<C0.05; * * indicates extremely significant difference, P < 0. 01;" —"

not significant
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AR ARAT ma o i e A S e AR (8 2) . FE AB ACH.
YERI LA 2Ca) ], B 2 BAE , 2 BB R A (HR 5 1
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indicates that the difference is
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150 B R, 5SROI A f R A R R 7E
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FYSE TG K, 2 C{E#EIE 1 ¢ 50 BFA e K IR
5 C{H . $EHCR B B A /35 Inimi 34 K, 24 B #2385 70
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AT AR A5 38 A B T 1 B AR B ISR A R S B FE 206
R RS T R 10 50. 54 (g/mL) $HL
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i 3 s, AS ] b X B A 25 8 8 R G
F « OH.DPPH - .0, - MG ERAEH S L3 B W,
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DPPH » . O, - M4 BR & & . 409 4 19.35% .
63. 2176 .55. 650 , &3 it J7 3K B X RR (V) /9 50 % LA
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Table 4 Extraction rate of flavonoids from Tetrapanax papyrifer in different regions,different years and different parts ( % )

2K IR I 2 i 412 R
B Extraction rate of flavonoids from stem pith Extraction rate of flavonoids from leaves
Areas A P 4F A Er s A P4E B
One-year old Two-year old Three-year old One-year old Two-year old Three-year old
B~ EG 1.410+0.031ab 1.438+0.017a 1.424 £0.011ab 1.29 £ 0. 044b 1.375+0.007b 1.312+0.022b

P LY
Ik WE EM

1. 315+ 0. 024bc 1. 355+ 0. 014ac

1.348 £ 0. 004b 1. 391+ 0. 027ab

1.321+0.008bc

1.371£0.007b

1.216 0. 025b 1.234 0. 034b 1.223+0.011b

1. 238 0. 009a 1.248+0.007a 1.279%0.019a

T F 8 a b URAE P=0.05 KP L EREFE

Note: Letters a,b and c represent significant differences at level of P =0. 05

o
S
1

b
(=}

—_
(=}

W B 2 (%) Clearance rate (%)

J | I 1 I |
EG LY EM Ve

0
(a) * OH

3100

2

S 80

(0]

Q

S 60 |

8

S 40

S

% 20

&

%\E_ O 1 1 1

EG LY EM Ve

(c) Oz~

S100

2

5 80

3

S 60

[+

5

40

=

¥ 20

e

Ao

’r 0 | | |
EG LY EM Ve

(b) DPPH *

S20F

s

g

S 15k

Q

f=1

<

=

210

Q

=

;%_0.5 —

&

il\n‘oo | | |
EG LY EM Ve

(EZE N

(d) Total reducting power

EG F/RHIHEZ 1, LY RoRFLAE, EM £ox g Ug
EG stands for Laya Ergou, LY stands for Laya, EM means Emei
Pl 3 ST il DX 3 A 25 B R 1938 5 ) LA K - OHLDPPH » O, - IR

Fig.3 Reducing power of flavonoids and the clearance rates of « OH,DPPH - ,O, -

pyrifer rhizome

in different areas of Tetrapanax pa-



RE,FNIESE, BB B, BEAE ,RER RHER BRARMERIZRASEUEERR

ABIF 5 38 2k B PR 24k A e TR 3 AR A 7Y 38
U A B i e A B I T O O BV B 20 00 . BEUR L
1:50 (g/mL) 2BURE 70°C , $E BT [E] 70 min, I
T T E B AR T PR R AT 5K 1. 6200, U Ab,
AR R A4 A1 B AR A R iR, L e A 2 TR AL S 2R
T EL PR AF AR 1) 25 B 0 3 o T

S &k

(1] JART. PR BA # KE p9 il A [N o E AR
Fr4l ,2020-07-16(W02).

(2] #ABKE. — S22 m B ALI]. #4 H 7,2016.37(10) :
896.

[3] MY ERBERAS PEMYE S 54 HB[M]. dbat.
B2 At 1993.

(4] #hIESE. 0. 48 %0, 5. 24 FH M a8 JBE K A9 #F 9T ot
[J]. 7" PaRk2£,2020,27(4) : 347-355.

(5] BRaE . 30 B A it Ay b b B 0y =k k& o )], E b2
2 AHY 25 3 M, 1981(4) < 28.

(6] T &b MM 1,45, 820 A Y0 T v B 5% i e
LI, ARAbAe ol K24, 2008,39(12) :125-130.

(7] MRE SR, S5, SRR ALAT ol o5 R 1 4 I H AR ) T
M pFsE) ], & MR .2014,39(11) :233-237.

(8] 3, 13, Bk o 5. LA B 28 i A= 49y 1 1k 0F 5 3 0
R[] B 5ITF % ,2014,35(13) :134-136.

(9]  ARpN3e, B R T, B INAR , 55, X A= ) v A A 35 1 19 43¢
W] A2 TR 534 .2013(4) :128-130,133.

[10] R4k RA YA IM Jb . m B8 H A,
2010.

[11] ST &8 7 S I & k4 i HUVEC 29 1
M FE LD, #FH . AR K2, 2012.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

TRME . 2= P, 52 I, . BN S Ak A W T o E R
[J]. &5 50, 2005,21(5) :70-73.

XA R . 430 A i 8 75 - Bk B I) 4 R B e S Ak 1 1
). B9 57 % ,2018,39(18) . 70-76.

FEHER R SE, 55, OR K B T b 2 5% W) R AE
/LSSy TR & I = AT ey e I B =
B5% 2% 4% , 2020,36(1) : 101-108.

S IV AR T . BEAEE K E A BER HER T
WrFE[J]. db 7 25,2014 (12) :134-137.

EE % e N S LN s @ e IR0 1 G
L] AR ARl K2 22 4% CH SR BE 22 i , 2014 (5) 1 651 -
655.

DS IR S e o o VR L VAR R e e e L X 1
YR T A, ZRAR TR, 2021,37(2) :79-85.

XA BE fu] ELAG , Anf 5648, 45 i R T 2k O fh g 8 B IR
WEEEEC T 2010, £ & Tl B4, 2016, 37(5) . 222-
227.

FE SO MRS S B S T 43 BT I O kR 4
HHERERT 2] B & o E,2015(19) :11-
15,20,294.

Ve L IR /INTE L 2R B, A5 R T T kA Ak v L P R
B2 T 20 M F o2 L], b B AR . 2016, 35(5) : 115-
118.

BRI BE. R 5T 8 W Ak A W 0 BB ORS W B Bt Ak 0
WFFELD]. 4 - 4 1 Ui K 2% L 2008.

Ko\ BETFHRWYCEAEE R ] SRR
#7,2012,28(10) :1302-1305.

RAEE RS, 57 L 5. i R R bR B = I I
b mE TR (1], & B9 5 JF &, 2019,40 (20
168-175.

R A BRIBEDE , TR i fil, 45, 35 22 0 B A 19 $2 B 2 Ak
b B b AR P L], £ fh Tk B 4£.2021.42(7) . 180-
187.

(T %% 60 ® Continued on page 60)



PRz,ERBR,58.458 .55 ,5E . CRHACHEYALFKMTHELSEASR

or without seed coat,temperature,substrate, light, burial depth,and soil moisture content on its germination
rate. The results showed that the germination rate of removing mesosperm was 63. 33% , which was signifi-
cantly higher than that without removing seed coat (43.33%). The seeds did not germinate below 25°C ,and
the seeds could both germinate at 30°C and 35°C. Moreover the germination process and growth rate of seed-
lings could be significantly accelerated at 35°C. The germination rate of seeds in humus soil was the highest
with 66. 67 % ,there was no significant difference in the germination rate of seeds sown in perlite, loess and
mixed soil,while the germination rate was the lowest in sandy soil. There was no significant difference in the
effect of 20% and 40% soil water content on seed germination rate of C. miquelii O. Warburg, but cycad
seedlings treated with 40% soil water content grow better,and the seeds did not germinate under 80% water
content. The seeds of C. miquelii O. Warburg should be harvested when they were basically matured, pre-
served or sowed in time after drying in shade. The best germination conditions were to remove the meso-
sperm from the seeds, the temperature was 30 — 35°C, the substrate was humus soil, and the soil moisture
content was 40%. Light and burial depths were not necessary conditions for the germination of C. miquelii
O. Warburg seeds.

Key words: endangered species; Cycas miquelii O. Warburg;seeds;germination characteristics;optimal condi-

tions
TR KRR

(E#% 52 ® Continued from page 52)
Study on Extraction Technology and Antioxidant Activity of Fla-
vonoids from Tetrapanax papyrifer

ZOU Rong' ,SUN Feifei'*, QIU Dequan'®,JIANG Yunsheng', MENG Meiging'",
LIANG Minling'*

(1. Guangxi Key Laboratory of Plant Functional Phytochemicals and Sustainable Utilization, Guangxi Institute of Botany.Guangxi
Zhuang Autonomous Region and Chinese Academy of Sciences., Guilin, Guangxi, 541006, China; 2. College of Pharmacy, Guilin
Medical University, Guilin,Guangxi,541199,China;3. College of Agriculture and Food Engineering,Baise University, Baise, Guan-
gxi,533000, China)

Abstract: In this study,the single factor test and response surface test were used to explore the optimal ex-
traction process of ultrasonic assisted extraction of the flavonoids from Tetrapanax papyrifer. On this basis,
the content of flavonoids in the stems pith and leaves of the three areas of Laya,laya Ergou,lLeye County,
Baise City,and Emei Village,Nandan County,Hechi City,Guangxi Zhuang Autonomous Region,China, were
determined and analyzed,and the antioxidant activity of flavonoids in vitro was studied. The results showed
that under the conditions of ultrasonic power of 300 W and frequency of 40 kHz, the optimal extraction condi-
tions were as [ollows:Material-liquid ratio of 1 : 50 (g/mL),ethanol concentration of 20% , extraction tem-
perature of 70°C ,and extraction time of 70 min. The extraction rate of flavonoids was 1. 62%. The flavonoids
content and antioxidant capacity of Laya Ergou were higher than those of the other two regions,and the elim-
ination rates of + OH,DPPH « , O, « were 19.35%,63. 21% ,55. 65% , respectively. At the same time, the
flavonoids content in stem pith of T. papyrifer was significantly higher than that in leaves. This study pro-
vides a data reference for the development and utilization of the flavonoids resources of T. papyrifer.

Key words: Tetrapanax papyrifer;flavonoid extraction;response surface method;antioxidant; ultrasonic as-

sisted extraction
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