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Table 1 Response surface test factors and levels

/kli,_ A*‘I‘ﬁtt B‘{'AE.HX(%JE/GC Cﬁﬁlﬂﬂll‘ﬂ/mm
Level A :Solid-liquid B :Extraction C :Extraction
eV ratio temperature/C time/min
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950 pL 35 1, 540 IR A, iR 6 K B 20 min,
AN AT UL 43 00 BE A W 30 min, AT P K & 515
nm, T 1 mL 3% 85 b6 I APl 2 W6 (E ., Hrp 3R
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th o AT 3 BRI Y B BT = R YRR L
1:70—1 80 B, BhE & &t 22 2 ml N R ka5, vl B
A i v R T R U 32 U Rk B 25 Y
PRI L B e AR RHR LG 15 70,
2.1.2 TR Rkt B4 0
F P 2 R v e XU L B £ A R A O R

T, RS ET S, M OB E N
100 %6 At ¥AF B AU A s 5 IR 5 B de . R 5. 1%05 &
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fE B FE R 10026,

N 0 . g
o ¥} IS o

Total flavonoid content/%

%
L

T T 1 T T
1:40 1:50 1:60 1:70 1:80
Solid-liquid ratio

L1 ORI L X e IR A A 2 I < 4 71 5 )
Fig. 1  Effect of solid-liquid ratio on the total flavonoid
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MR 2R 1 B 1Y BB K RN HE (A L2
B BE (B (BB ] (C) 3 i B 2 W &, IF 40 il i

B3 IR DU R IXUWCAR AT AR S B R 5 S ) 1
(HOY) I 17 ASE A Hp 12 A9 AL 5 A
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Table 2 Response surface test design and results

- A DR copme g
RS OHWK BIC O i /min G R/%
Test A : Solid- Extraction C: Total
number liquid temper- Extraction flavonmgl

ratio ature/°C time/min content/ %
1 1:60 50 60 4.221
2 1:80 50 60 4.191
3 1:60 70 60 5.533
4 1:80 70 60 5. 377
5 1:60 60 30 2.739
6 1:80 60 30 3.415
7 1:60 60 90 3.452
8 1:80 60 90 3.339
9 1:70 50 30 4.714
10 1:70 70 30 4.508
11 1:70 50 90 4.156
12 1:70 70 90 5.986
13 1:70 60 60 7.237
14 1:70 60 60 7.252
15 1:70 60 60 7.456
16 1:70 60 60 7.283
17 1:70 60 60 7.468
2.2.2 w@PEER G Z 5 H

i ] Design Expert 11 B4 %5 1 5 XU 0K A B 4F
Rf e 7 T R 2 R (3R 2) AT mUE LG 43, 15 2 7
LY =7.34 4 0.0471A + 0.5153B + 0. 1946C —
0.0315AB — 0.1973AC + 0.509BC — 2.06A° —
0.4520B* —2. 05C* , H [n] 5 45 Y 5 2% 43 B 45 SR UL %
3. B F (R 147. 32, P<C0. 000 1,3 W% A5 R
HA SRR EE, A5 5 R P E
0. 088 6(P=>0.05), KPIZAAL R MR B E L
B4 B2 AR RN BRI A CR B R h
0.994 7, JE G KRB R ;5 0 0.988 0, & 4%
BT 1, RUNZEE AR T bRl I LA B R, B
A5 v 1 VA f M Rl P L AT X IR T XU AR AT R
B Y A A RN E . b R OIS (BO 1Y
P<C0. 000 1(P<20. 01) , 3% W] £ Wil B %o 5 A0 2 A
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BB 45 B E] (CHO Ay P =0. 0184 (P <C0.05), P =0.483 3(P>>0.05) , 2 WBHE b X AL i AS i
2% HH B RS () o B R LA (g B R 5 R HE (A R F R HEWH BC. A .B*.C* ) P<C0.01, 5% B %

®3 MABEBFESHK

A B0 ABLAC ) P >>0. 05, 3 B X AR

Table 3  Variance analysis of regression model RIS AR & W AB.C ZHMF {H,F,>
g)uﬁr?gﬁ gi?n?‘tﬂf i l\i/?ezl F{f P Fo>F ., 4 R 2 A0 52 0 12 B 4K vk 2 3R BUR >
variance  square 0 square T value  Pvalue HRIBURE) >RR L. HLL E MR LU Y R

Model 43.01 9 4.78 147.32  <C0.000 1 Xof VA T XUV A B A A 4R BB A0 R B R B B e OF R
A 0.017 8 1 0.0178  0.5477  0.483 3 BRI R MRS H RIS R,
B 2.12 1 2.12 65.48  <<0.000 1 2.2.3 R ALE M
c 0.303 0 1 0.3030  9.34  0.0184 L5 BT BRI L L B BT R AR RO B L $R R
AB 00040 1 0.0040 0.1224  0.7368 N 8] 22 6] A4 22 B A i o B L | 4 BBC (] 22 (8] FY
AC 0.155 6 1 0.1556  4.80  0.064 6 ZHAE B .
BC 1.04 1 1.04 31,95 0.000 8 2.2.4 Hd Rkt EH R ERR T E AT RRIE
A? 17. 81 1 17.81  549.09  <C0.000 1 i) Design Expert 11 X5 DL F ¥ 19 43 A
B? 0.8601 1  0.8601  26.52  0.0013 THE A5 300 pig XU ARG S B I o A B T 20 B
c? 17.63 1 17.63  543.50  <<0.000 1 1: 722,42 BUREE 55. 1 °C 3£ B[] 55. 7 min, 7
Residual ~ 0.227 1 7 0.0324 AR AT AR T DAV R IR AR A AR B B 1Y

Lack of Fit 0.175 6 5 0.0585  4.55  0.0886 SVHCHA 5O 6. 86200 . FERAESAETS , S BRI A5 i

Pure Error 0.0514 4 0.0129 A XU A JAE RS b v i 5 i Dl 6. 82300, SEBR(E S
Cor Total  43.24 16 T (B AN AH 22 0. 039 Yo - 28 Wi 168 70 43 1 1) 25 2R 1

Note: P<C0. 05 indicates significant difference, P<C0. 01 indicates ex-

tremely significant difference.
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Fig. 5 Response surface plots of effects of interactions between factors on the total flavonoid content in adult trees of H.

hainanensis
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2.3 BENRESEKHBEARBLEERS S

P SR IVATTRE N s i & | R AN U R
PRI 207N 40 S 42 BT pig KU A B AF A% L 4 B L 4
BN R 1 S B & i, L R L 4. AR
IR AN ) B S AR EE R
A G S I R R A R AN T A 2
W T R > AR > Bl > B R >
T > 5> I > A, AR T R v TR A
16,061 %0 5 B R B e B AR, O 5. 917 %6, RS
4 BERRERDHLCLEMSE

R A3t &0y B AN [ 8 67 Ao 8 T 55 o A J2 > i e > 1
B> MR >R > B > AR H R e R
1R A 7. 41300, T EE XU ARG &)y AN T 0 A6 L B
R AR R R AR o B R R R A
s N 10,465 % o IS [A] AR B B T WL o it
F b s 5 GRS B R L AT R 25 8 A R R
P o 5. 917 % —16. 061 % ; Hok g4l i AR Ky
SR A B 2. 543 % — 10. 465 %0 5 Iy R R A ) B v
i &K, o 1. 741 % — 7. 413%

Table 4 Total flavonoid content in different parts of H. hainanensis Unit: %
fHi¥a JLAE FAIL) AE
Part Adult trees Young trees Seedlings
Leaf 6.82340.010i 6.19840.008b 10. 46540. 010a
Branch 5.91740.012; 3.36840.006e 4,172+0.008¢

Branch bark

11.49320.009b

Trunk 7.90640.010¢g
Trunk bark 16.06140.016a
Root 11.18540.011c
Root bark 8.098+0.033f
Seed 9.31240.012e
Seed coat 10. 64240, 021d
Seed shell 7.03240.017h

7.41340.014a
2.1810. 005f
5.218+0.010c
1. 741-£0. 009g

4.35940.008d

3.54440.011d

.54340.013e

|5

.51340.014b

o

Note:different lowercase letters in the same column indicate significant differences (P<Z0. 05).

2.4 BERRMEEERARBLATENEE
2.4.1 DPPH - # # kg

T T XU A 8 A7 A AS ] 56 47 1) DPPH ¥ bR R
Wk 5 fiR  AFRALZ 81 /) DPPH « 3 bR B AF7E i
EER BAGIPEE L, BAEME DPPH - HERR
1E 15.61%—86.268%Izl‘aj,,\tﬁm$sz>$¢ﬂz>
Tt > MR >R > Fh 58 > > >0k > E
T Bz VB ) DPPH 35 BR 28 B 55, O 86. 268 %05
Fife Rz, S 79.719% 5 AR B U B Y B AR IR, N
15. 611 % , £, % B8 & (L-PU IR IR & DPPH -
THIRAN 93,361 0 BUAE R (4 W He F0fb e 6L 2
() DPPH « #5435 8] L-Hi3R mm ny 80 % L k.,
Vi W X AN 1Y DPPH » 385 B BE S #03 .
2.4.2 + OH &t

T T UM AR AR R AS TRl B8 A2 1« OH I B 26
6 i AT ZE Y « OH 5B R A7 7E % 2
S BA GRS, IWEBIRRE R iAo, H
FALX « OH W BRAE I 885 . M By - OH
T BRR I, T2, 675 % s B B ER Y« OHTE B

x5 BERREREMNASEEA DPPH - iERKRE
Table S DPPH -+ scavenging rates of different parts of

H. hainanensis in adult trees

)
rate/ %
Leaf 22.950+0. 0301
Branch 15.61140.018;j
Branch bark 53.550+0.032¢
Trunk 36.707+0.024h
Trunk bark 86.268+0. 024a
Root 43.075+0.013g
Root bark 62.406+0.016d
Seed 67.54640.013c
Seed coat 79.71940.010b
Seed shell 45.208+0.011f

Note:different lowercase letters in the same column indicate signifi-

cant differences (P<C0. 05).

FAAK, R 0.028%0 . LRI, X BE (-0 3R i /2D

B« OH W BR R R 91. 974 % o B AF B - A 2 3 i %
« OH ¥ B 230 0 IS 9 80 %0, U B 1« OH
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5 BRAE T B0
xo6 BERNKEMEMAEIAM - OHBRE
Table 6 + OH scavenging rates of different parts of H. hain-

anensis in adult trees

WAL HERR/ %
Part Scavenging rate/ %
Leafl 72.675+0.026a
Branch 15.57740. 020b
Branch bark 0.11540.010f
Trunk 1. 654+0.009¢
Trunk bark 0.38540. 174e
Root 0.32640.008e
Root bark 0.30440.011e
Seed 1. 606=+0. 340c
Seed coat 0.02840.010g
Seed shell 1.095=+0. 146d

Note:different lowercase letters in the same column indicate signifi-

cant differences (P <C0.05).
2.4.3 0, - Ak

i XUWCAR AR B A [ AR AZ B O, « TEBR AN
RTPR. AFETEOLZIEE O, « WERRAATELH
2, BAGI B, BAEMBEIE O, «
BRAE 0. 277 %6 —50. 351 06 DX [] , He iR > B > 44
B> R R >R B > Fhoe >0 >R > T
W BB O, « WERRR . N 50. 35100 1L,
BB AR 3 AL E B EI Y O, « W5 BRAA N £,
I3 H48. 196 % . 46. 604 % . 46. 195 % ; Bh T & # il
x7 BERNKEREMRAEBALO,” - FhE
Table 7 O, -« scavenging rate of different parts of H. hain-

anensis in adult trees

AL HERR/ %

Part Scavenging rate/ %

Leaf 38.160+0.008e
Branch 48.196+0.010b

Branch bark 46.604+0.024c

Trunk 50.351£0.009a
Trunk bark 14.9284+0. 040g
Root 46.195+0.010d
Root bark 33.337+0.027f
Seed 0.27740.023j
Seed coat 1.005=+0. 0371
Seed shell 17.69240.010g

Note:different lowercase letters in the same column indicate signifi-

cant differences (P<Z0.05).

O, « WERAFRRAT A 0. 27700, 2K, X
an (LB LI 19 O, WER AR 90. 784 %0, U AF:
RIRT B BEER 0 O, « VBRI F] L-PUIr il /2 1y
5500 L0 B Ul I T O, « TEBRAE I HRR .
3 iTig

) v S T e ST A T T X A R AR A
PEALRE R 2 AR Y RS R R R A
Y EA 50 2B R A 2 pR T B
R RS PO L AT s 0 A
TS B 18 T AW A A [) A= K B B f) e B ) 5 6 52 A
[Fi) PR 2R 8 RH EL S ) AR A A 52 S TR 3R 52 ) L A% 52
i) PR 3R 7E S A 7K F- 8 A BE 38 40 1 U R XU A B
M o R F B A H T 20, 3 20 4 BT v XU A A [) A
A W BEAS [ AL 1) S 8 ) i R o A A 5 R
R HOUAE BT R B B A R, N
16. 061 %, i T 7] o N &5 B B N 55 (Myristica
fragrans ., BB & & 2.503%) 7 L KW (Glyp-
tostrobus pensilis , b B 2 & 1. 3109 a2
(Taxus wallichiana var. chinensis, 2 8 Wi & &
6. 703 %) BN 4 4 25 (Camellia huana , 5 % 1
5. 410%) ™ Y IHE (Embelia parviflora , S8
B 5 B 12,590 %) R AT DL, A R XU A Y S
B & RN

A W AE AT IE B AR A 0 Bk AR P B ORI A A
AR A B R AR B 2R
D)2 25 B T 231 1 H L 3 RN i T BE Ok L SR
ARG R RN EITEC . W, KRR
1o RUTCTE B R AR B T BR A L © O 254 Bk R
k%, DPPH « 2&—FENERE M A 2, BE P H
A PURALRE T B9 W B0 BR L 3 R AR BORSs HpT A Ak
AE 7B , PRI P T 0 ) B R AR L
RESI . AT 5T S B T X R Al AR AR R Y
DPPH - 3§ B3 55 . 7 86. 268 % ik B L-Hi Ik il B2
¥ 8096 LA L by T 25T W Bz (82. 93000 IR AE A
fijh(81. 9295 VB4R (74. 2595 .« OH J&—Ff
BT R BITEE S 7 BAROR S TRE S, BB S
RZEW 5k Az A SR 5 TTH7E 48 790 R il 2 =3 7 B3k
« OH 7= A o BT 30 ] 42040 S B 1 2 A0 it e
DRI AR B AT AR B B« OH 5 BR R Ry 72.675%, H
A BRI PUAARE ST AR MALXT « OH #975 Fr it
B, O, < A0 M A FE b A iy — A B A
AR 58 S A BE 7 19 1 H i, 7 A 1 A A AT I ) 2
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] H br % 55 40 i DNA, #t fi A6 HLR T RED .
ORI A ORAE R T O, - TEBR R RS,
50. 351 %0, RUIHPUA I BE T B . ABETE & B 7S
IR At AN Ti] #5265 AN T] 1y 5 4355 B B 0 AN [, LG
P AL RE 1 I 58 4 i SECTN B i e Rl B 5 T
TG RBA KT — L E. W
Ay B Wi RO 245 1 A W) 10 3 7 o 00, G 0 T 55 i o
Kyt A AL RE Ty 5k 09 245 TR 9 2 L A 2 DU
(Siraitia grosvenorii )™ Mk (Flos sophorae im-
maturus)V LGRS g b R VR
T 5 e A v U AR TR M S L A LR I 25 T R
B,

AR 5 K FH R 7 S B A BT B IO P XL A
AR gl AR L &I T R [ AT A B B L 3 e o P R R
AN SO T 43 AT o B A R B R AR AR T BB
Rl 7202, 82 BUR BN 55,1 °C L R EUES R A 55.7
min,

W A o T A DRURAR S04 AR % 3 A6 L B % A
PR w  oh 5.917% —16. 061 % 5 Hk 4l il B Ak 1y
SR A Bl 2. 543% — 10. 465 %6 5 Ay b R AR ) B v
B & B AR o 1. 741 % — 7. 413 %, Hovh, AR B A
T R A B EC TR R e . R 16,0610,

T8 T U AR S0 AF B AR T B F0 b K 5 B TR 9 DP-
PH « JEBRAE 1850, 0 B BB B Y« OH 75 BR B )
ek, BT R IR BRI O, - WERRRY
W P O, « WEBREE .

T T XU A AR PR TR R
BT W0 &N R 5. AR T M
AW Al B R %) 245 D O, JE I RT R AT TR A B B
€ AN ST AR Ak X 56 | 4 3 g A 2 ) I g 4 2 B
TR, o PPAS AR S TR ) 24 FH A (B . AT B 4 T b
gt A T T R

&% Lk
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Z WY e E KA SIS AR, 2021,

Response Surface Methodology-Based Extraction Process Optimi-
zation and Antioxidant Activity of Total Flavonoids from Hors-
fieldia hainanensis

XU Jianwang'*, WEI Xiao®" * , TANG Jianmin’,ZOU Rong”
(1. College of Pharmacy,Guilin Medical University, Guilin, Guangxi, 541004, China; 2. Guangxi Key Laboratory of Plant Function-
al Phytochemicals and Sustainable Utilization, Guangxi Institute of Botany, Guangxi Zhuang Autonomous Region and Chinese

Academy of Sciences.Guilin, Guangxi,541006,China)

Abstract: A response surface methodology was adopted to optimize the extraction process of total flavonoids
from Horsfieldia hainanensis. Furthermore,the content and antioxidant activity of total flavonoids extracted
by the optimal process at different growth stages (adult trees,young trees,and seedlings) and from different

plant parts were measured. The results were yielded as follows: @ The optimal extraction process for total
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flavonoids from H. hainanensis was extraction at the solid-liquid ratio of 1 ¢ 72. 2 and 55. 1 °C for 55. 7 min.
@The overall content of total flavonoids was higher in adult trees, with the highest content in the bark,reac-
hing 16.061%. Secedlings had the second overall content of total flavonoids, which was the highest
(10.465%) in leaves. The overall content of total flavonoids was the lowest in young trees,in which the
branch bark had the highest content of 7. 413%. @ The trunk bark and seed coat of mature trees exhibited the
strongest 1,1-diphenyl-2-picrylhydrazyl radical (DPPH ¢ ) scavenging capacity. The total flavonoids extrac-
ted from leaves of mature trees showed strong hydroxyl radical ( + OH) scavenging capability. The trunk of
mature trees exhibited the highest superoxide radical (O, <« ) scavenging rate. In conclusion, H. hainanensis
has high content of total flavonoids, which demonstrate remarkable antioxidant activity,indicating the great
medicinal value of this plant. The results of this study aim to provide a scientific basis for the rational devel-
opment and application of H. hainanensis resources.

Key words: Hors fieldia hainanensis ; total flavonoids;response surface methodology;antioxidant activity; ul-

trasound-assisted extraction method
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