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Extraction, Component Analysis and Biological Activity Evaluation of
Total Flavonoids from Phellinus igniarius
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Abstract: In order to study the extraction technology of total flavonoids from Phellinus igniarius systematically, clarify the
composition and content of flavonoids in total flavonoids, and explore the biological activity of total flavonoids from
Phellinus igniarius. The extraction technology of Phellinus igniarius total flavonoids was optimized by response surface
method, the composition of Phellinus igniarius total flavonoids was analyzed, and some of its biological activities were also
detected. The results showed that the optimal extraction conditions were extraction temperature of 73 °C, solid-liquid ratio of

1:50 g/mL and extraction time of 3 h, under which the yield of Phellinus igniarius total flavonoids reached 2.68%. The
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types and contents of flavonoids in Phellinus igniarius total flavonoids were determined by HPLC. Total flavonoids of

Phellinus igniarius mainly contained taxifolin, quercetin and kaempferol, and the content of taxifolin was 3727.31 mg/kg.

The analysis of biological activities of Phellinus igniarius total flavonoids showed that it had certain antioxidant, lipid-

lowering and hypoglycemic activities in vitro, and the scavenging rate of DPPH free radicals reached 58.63%+0.45% when

its concentration was 14 pg/mL, and the scavenging rate of hydroxyl free radicals reached 52.51%+1.49% when its

concentration was 0.08 mg/mL. The experimental results of lipid-lowering activity showed that the inhibitory rate of

Phellinus igniarius total flavonoids on pancreatic lipase reached 10.56%+0.06% at the concentration of 6 mg/mL, and the

inhibitory rate on cholesterol micelle solubility reached 32.59%+0.78% at the concentration of 4 mg/mL. Phellinus

igniarius total flavonids had obvious hypoglycemic activity, and its ICs, for a-glucosidase and a-amylase was 71.42 mg/mL

and 97.28 mg/mL respectively.

Key words: Phellinus igniarius; total foavonoids; extraction; component analysis; biological activity
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2.1.1  SEUCAIEERHEEUN R A BREE TR X SR
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Fig.1 Effect of extraction time on the yield of total flavonoids
from Phellinus igniarius
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Fig.3 Effect of extraction temperature on the yield of total
flavonoids from Phellinus igniarius
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Table 2 Box-Behnken response surface design arrangement
and experimental results

RIS ARBUEE  BIRIGR  CRIEEL  REERAER(%)
1 0 1 -1 2.35+0.06
2 -1 0 -1 2.3120.09
3 -1 0 1 2.05+0.05
4 -1 1 0 2.25+0.07
5 1 0 -1 2.5240.15
6 0 0 0 2.61£0.07
7 0 0 0 2.61+0.17
8 0 0 0 2.610.12
9 0 0 0 2.61+0.09
10 1 1 0 2.31£0.08
11 0 -1 1 2.13+0.05
12 0 0 0 2.61£0.06
13 1 -1 0 2.27+0.18
14 -1 -1 0 1.85+0.14
15 1 0 1 2.48+0.21
16 0 -1 -1 2.254+0.19
17 0 1 1 2.36+0.16

®3 FTESH
Table 3  Analysis of variance
TR AmE  FHM ¥ F{H Pl BEM
AT 25 9 028  48.19 <0.0001 *k

A-BRBGREE 097 1 0.97 168.9  <0.0001 *k

B-$2U ] 0.039 1 0.039 6.8 0.035 *
C-[EH Lt 0.23 1 023 3955  0.0004 o
AB 0.09 1 0.09  15.62  0.0055 ok
AC 0.00003 1 0.00003 0.0043  0.9493
BC 0.068 1 0.068 11.73  0.0111 *
A? 0.79 1 0.79 13751 <0.0001  **
B2 0.021 1 0.021 371  0.0954
C? 0.33 1 033  57.82  0.0001 ok
Gk 0.04 7 0.006
PRiu 0.04 3 0.013 07785 05642 AEE
aliiR 2= 0 4 0
pEyil 2.54 16

RP=0.9841 R ;=0.9637 Rp,q1=0.7459

7 2253 M &4 S T, 2 ] USR5 (P<
0.01), 7 BH 56 (H 55 T (. & 35 4H ¢ (R*=0.9841,
R?,4=0.9637) , B 5GPl & RLAT-, IR AT LS
AR S B A B A SR A T S A . PR 3 ST AR
B A T N S MR AR R, S R INHE AR
SREEBUEE (A)>[EW L (C)>FE Bt a (B), HiAr A
= A. C Hl AB [8] 1938 BAE FIXT S8 BB A3 2 1)
S ik 24 i 3 K SF-(P<0.01), (I3 B Hil BC 1932
AR B A 2R A5 . 35 (P<0.05) . A 4
TN, AB. BC 1 i i e 458 A Bl , 156 BH £ B R
FIEREHSS (] 8] 14 32 BAE FH S5 $2 Ha a] 5 [ He 932
HAEM WA, M AC a2 th R R0, IR EOR
JEFN SR L Z TRl 38 BAE AN 35, X 53k 3 Jr2s
SR R —EK
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Fig.4 Response surface diagram of the interaction of two
factors on the yield of total flavonoids from Phellinus igniarius
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PEBUREE 73.24 °C. [EW L 1:45.46 g/mL. $&HUt
[A] 3.12 h, JUAAF T R BTSN 2.64%,, £45
B, B ERIRSECh : $RBGRE 73 °C . B EE 1:
50 g/mL . $EHUE] 3 he ZRUGHIE, HEAAF T B BEER TS
SRAT 2.68% WINNME-SSEBRER] BIARNT 22 5—-0.02,
T BH AT LA FHIZ AR Pl & B2 I (755

2.2 BRERDERAES D

2.2.1 wEEAARAESARAERRZ T SR 1.2.3.1 19
JrIRXT 10 FPEEERAREIEAT T bR pi £k 24, IR G458
R3S K 5 s o 10 FpopR oS % 18] U5 5 B2 an
4 fise

4 BEERER B9 1A 7 R

Table 4 Regression equation of flavonoid standard products

B EIEp: R
7L Y=0.1724X+0.0364 0.9994
AETERA R Y=0.2193X-+0.0258 0.9996
TR Y=0.2869X-0.0198 0.9997
7L Y=0.1937X+0.2611 0.9971
R Y=0.1933X+0.0057 0.9996
Wiz % Y=0.5691X+0.3031 0.9989
i) Y=0.2236X+0.0509 0.9994
ARREZE Y=0.6129X-0.0933 0.9997
1L 19 Y=0.4776X-0.0549 0.9997
FRER Y=0.9961X-0.1896 0.9997

K 5 FIE 4 pLE R E IR, 10 FhEERAR v STE 2
OGS FECEL T R4S . LIARHE S sk 5
FEAL R, WA TR PN AB B RS 2145 B BAR U 2 1 B
A5 FR AR SE BRI IAF] 0.997 LU L, brdi S Bk
s ATy A SR S ES oo S P | gp by = St
R a] AR P e i A DL 26 21 8 B 4 A i P 2 TR
B2 E RN e a8
2.2.2 UL NG SEE S R TE
1.2.3.2 PSSR T SR T = SOROAH G Al , Il
ZERINEE 5 PR,

10-/734:-26.748
8- KRHH-21.976
6-Hiitif %-21.311

2-AEMERA 11915
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Fig.5 Chromatographic diagram of flavonoids mixed standard samples
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Table 5 Components and contents of total flavonoids of
Phellinus igniarius

Hor AETERA R Hit K % LLZR
it (mg/kg) 3727.31 125.75 220.88

H 5 BYSCERA AR AT, 7Efbng 10 Fhelbn

HEdh R, SRR TP S A AE AN SR | MR ZRL
25y 3 APl o, Ho AR AN 230 58 0 R I Y 32

FEGY, Hoorin e 22388 3727.31 mg/kg, & TH
R ZANLZS W) 5
23 RESHREEWMFFEDH

2.3.1 FHEPETHPUEALTE T
2.3.1.1 ZFEPAEENA DPPH H HEHEIGREM LU
Vo R BEPAXT RR, X 5285 BB AN [R) 03 A 5 AR 5

47 T DPPH H L7 BRIG M 2 . S23eg5 R an
& 6 s,

HerEEC

///////

)
S

o5}
S
T

DDPH A f A5 5% (%)
& 3

D
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FEAREE (ng/mL)
Ko SRELEEINY DPPH [ fi g %
Fig.6 DPPH radical scavenging rate of total flavonoids from
Phellinus igniarius

FH Il 6 AT, S AN A — 2 1) DPPH H
PR IR BRI o B A S TR A v B g G, G
DPPH H BRI Mg 58, TR EEA 14 pg/mL
75 B 3R B BN 58.63%+0.45%, BH S 154K
MARPLH R AR SREREEENXT DPPH [ S
23114 1Cs, A 13.33 pg/mL, FHPEXTRR Vo 1 1C5, h
8.15 pg/mL. ULBHR 88 B EAT353m  DPPH H
Fh B RN T
2.3.1.2 Sy SOE AR B H R BRIE T
SN R ] E RV RBR A IR AN 7 PR

K 7 LSRR, i BN E A I 3
IR J1, ELE SRS M 23 I 25 2 T VA 5 o) 4 v i 1
G, SRE R EIN R R S ¥R [ A SR RS PR E—
TR R . RSB IHEN 0.08 mg/mL A, H
FREL [ LRI E 52.51%+1.49%, SeitE s
SRR H SRR 1C,, 2 0.0737 mg/mL,

R

BHEXT B Vi 1 ICs, A7 0.0332 mg/mL. i/ SRl
B HAT R AP [ i BRTERRTE T
2.3.2 FREEEERRENRIE

2.3.2.1 U BETERXT RS VARl GETE XSS

100 F fﬁﬁz*c

—— FRB B
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Fig.7 Hydroxyl radical scavenging rate of total flavonoids
from Phellinus igniarius

TR R 1) SRR U R R T R A T T . A 8
/RS S 2E 0] LAFE HY, SR i i) LA =& il
JRAE T B TS T o 2 SR8 R MR B AE 2~6 mg/
mL i B P EsF, S s D 1] 3 B AR & e B (g 1 o
&5, 7 6 mg/mL B 335 5] 10.56%+0.06%, i
e T HA R T AR (P<0.05) o {H Sk
it 6 mg/mL B, BRARII BN HI RS T REEE A

JBERR T REAI I (%)

0 2 4 6 8 10
SR B (mg/mL)

P8 R S B X B N P T ) ekl 4

Fig.8 Inhibitory effect of total flavonoids from Phellinus

igniarius on pancreatic lipase
TE: I L by ey dy e SRR AN ] Bk 52 X0 IR g 0 T 410 )
IR 253 5 E (P<0.05)

2.3.2.2 SR EE R X A [ P TRV A R B3 RIAE
FH BRI [ PP A )9 A P A 28 ol AL T P )
THALI I, MR BRI VR . X S22 S i iR
3] P92 e BRI e BE T kI s PR A T T A, S5 SR AanE 9
TR

FH 9 AT, S R R EL AT SRR A [ B R
VA BEMROAL . 2 BT N 4 mg/mL B %) IR E
TS JRE RO A M R 28K 1) T 32.59%+0.78%, (HZ
JE 25 S TR A P B v o [T P s o 8 B P 3
TR S R

Bi 5 5% AP T VA 5 1 1 o, ok J g 15 g A% IR
3] PP S SRS e B ) A RV FH B 2 85 TS T R
FAE, P B s b 4t SR B4 R AT e S PR SR B R
Wy 3 (R B A X R R U T g N I ] T P o 785 fi
BE B R FEVE i 5T, J& 2 R o SRR n 25
B3]
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Fig.9 Inhibitory effect of total flavonoids from Phellinus
igniarius on solubility of cholesterol micelle
TE: B a, by e dy e Fe7m A RSN B R I J3E 0T RE [#6 Pt Je R
iEp A A B 19 22 57 1 2 7 (P<0.05)

2.3.3 SR SR Y TS T
2.3.3.1 FE TN o~ 2558 B A I S e
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MORE 1, LI BE I Bl A w5 TR e 5 1 2 oy T 1Y
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Fig.10 Inhibitory of a-glucosidase by total flavonoids from
Phellinus igniarius

2.3.3.2 FuPEEEAXT o-TEMBEFRIINERIE M R
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Fig.11 Inhibitory of a-amylase by total flavonoids from

Phellinus igniarius

R G B 1 T v T B R SR B X - U
Wy Bl 1Y ICso A 97.28 mg/mL, Bl K 3 B 19 1C5, My
32.92 mg/mL.

3 %
AT S SR A T Ak T 55 2 v 2 SR )
HUT 2, 7 10 55 50 A0 B0 IR R ERCT S S5 00 T A5 750 g

Y=2.61+0.14A+0.096B-+0.050C—0.090 AB—0.053AC—
0.032BC—0.19A-0.25B>-0.085C>, Lo SRR
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A RSP S B (RIS 100 s SR FH e 8O AH £,
T S R IR L Sy HEAT T 40T, RIMAETEAA 2R
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