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Optimization of Extraction Process of Total Flavonoids
from Inula lineariifolia and Its Antioxidant Activity
QIAN Hui—qin, QIN Jing—jing, WEI Jing, WANG Shuai—shuai, LI Jia—xiang, ZHANG Ling—yun, YAN Fu-lin~

(Sanquan College , Xinxiang Medical University , Xinxiang 453000, China)

Abstract : The optimization of the extraction process of total flavonoids from Inula lineariifolia was achieved by response surface
methodology and its antioxidant activity were evaluated.The yield of total flavonoids was taken as the index to study the effect of
ethanol concentration, extracting temperature , liquid/solid ratio and extracting time.Based on the single factor experiments, the
four factors and three levels of response surface analysis method was taken to determine the extraction of total flavonoids from
Inula lineariifolia. The results showed that the optimum extraction conditions were as follows: Ethanol concentration 70% ,
extracting temperature 87 °C , liquid—solid ratio 31: 1 ml/g, extracting time 40 min. Under the conditions, the yield of total
flavonoids was(33.62 +£0.0207) mg/g.The scavenging ability of total flavonoids from Inula lineariifolia on DPPH radical (1C,, =
0.074 mg/mlL)was stronger than that of V(ICs, =0.082 mg/mL) ,but the scavenging ability of hydroxyl radical was obviously
weaker than V.. The extraction process of total flavonoids from Inula lineariifolia which optimized by response surface
methodology was stable and practicable.Moreover, the total flavonoids obtained under optimum extraction conditions had strong
antioxidant activity,which provided a theoretical basis for the development of total flavonoids from Inula lineariifolia.
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Fig.1 Effect of ethanol concentration

on total flavonoid yield from Inula lineariifolia
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Fig2 Effect of extraction time

on total flavonoid yield from Inula lineariifolia
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Table 2 Experimental design with experimental values of

flavonoid yield for response surface analysis

e oA o ¢ p YRR
(mg/g)
1 0 1 1 0 20.32
2 0 0 1 1 17.95
3 -1 1 0 0 33.64
4 0 0 0 0 23.79
5 0 0 0 0 21.68
6 -1 -1 0 0 27.32
7 1 0 -1 0 7.20
8 -1 0 0 1 27.03
9 -1 0 1 0 26.31
10 0 0 0 0 22.51
11 0 -1 0 -1 25.72
12 0 1 -1 0 22.60
13 0 -1 0 1 18.57
14 0 0 -1 1 20.26
15 1 1 0 0 10.40
16 1 -1 0 0 15.63
17 0 0 0 0 22.36
18 -1 0 0 -1 27.38
19 -1 0 -1 0 31.62
20 1 0 1 0 12.69
21 0 -1 -1 0 21.29
22 0 0 1 -1 20.42
23 1 0 0 -1 13.26
24 0 0 0 0 23.31
25 0 0 -1 -1 21.48
26 1 0 0 6.12
27 0 -1 1 0 18.62
28 0 1 0 -1 20.03
29 0 1 0 1 23.88
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Table 3 The response surface quadratic model analysis of variance
Ji ZERIR Rl FI H1 ¥or F1iH Pia B FE
FHY 1153.08 14 82.36 57.04 <0.0001 s 3
A 972.33 1 972.33 673.35 <0.0001 ok
B 1.15 1 1.15 0.8 0.387
C 5.51 1 5.51 3.82 0.071
D 17.47 1 17.47 12.1 0.0037 ok
AB 33.35 1 33.35 23.09 0.0003 * %
AC 29.17 1 29.17 20.2 0.0005 ok
AD 11.55 1 11.55 8 0.0134 *
BC 0.037 1 0.037 0.026 0.8744
BD 30.22 1 30.22 20.93 0.0004 ok
CD 0.39 1 0.39 0.27 0.6102
A’ 24.55 1 24.55 17 0.001 ok
B L5 1 1.5 1.04 0.3252
(o8 18.18 1 18.18 12.59 0.0032 ok
D’ 14.74 1 14.74 10.21 0.0065 ok
e 20.22 14 1.44

ER N 17.47 10 1.75 2.55 0.1906

aliiR 2 2.74 4 0.69

iR 1173.3 28

R® =0.9828 R, =0.9655

T = R A REZF (P <0.05) ;5 = AR EER(P<001),

)
1A it
; 90.005 o
85.00 Ny
80.00 .3
Qﬁ‘«_\@
80.00 .
> o 85.00 70.00
A L 2y 0.0
(Jﬁzfdxﬁzﬁ;ﬂ% ) 9
KIS LR R BRI FEE Y M) 7 T 2%
Fig.5 RSM analysis for interactive effects of
alcohol concentration and extraction temperature
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Fig.9 DPPH free radical scavenging capacity of

total flavonoids from Inula lineariifolia and V.

2.3.2 2R 0l e e ST R v PR R 2 B i 3 YRR
J1 - GNE 10 FTR, 2RI ERE AL R B B Y R S vk R A
0.5~4.5 mg/mL JLE PN, % OH - AYTEIEAE 1 e i
A JEE [ B8 II 328 T A G, 214 2R 0 R T A A R R Rk
FERE 4.5 mg/mL, X OH - (5 BR3Z Wi fa T 2% , 3
AARFFLE 57% LA b, HyEBRBE ST U 55 T Vo, AR
IRAT 5 PH B NS IS 3 A R E A . X T REJE A
b Ve ARSI E R TERREE 1R, Bk
AR BUR Rt wy , Hofth 2 B s it it 22, J5 W R ER
WA B AL AN, e & S 8O 21L& 5 HiAh
100
90 -
80t
70
60
sot
40
30+
20t
104

OHe3i5 [4:%(%)

VC
—— R B B

0 I 2 3 4 5
JiE K (mg/mL)
K10 L fE AL S I Ve B OH - Ji5ERAE T
Fig.10  OH free radical scavenging capacity of

total flavonoids from Inula lineariifolia and V,

156 20194 52241

W J 2 [R) A4 FH B A A, B0 2 i e 7 B B B R X6 ¥R
A i R AE 155 T VT
3 g

S e 7 T 9 A S 2R A AR R B R ER R T
A7 R T S e R R B AR A - 2 AR B 45 %K
A T0% FEEUREE R 87 °C WUBHEE A 31: 1 mL/g 42
Hasta] 40 min, AT, £ e 75 A6 R 1 R i L
H7(33.62 £0.0207) mg/g, A<M 5T AT Sfy £k e £ A 2
B 04 R B AL AT SEAR G . IR ST A AR TS PE BT
G, £ M A AL R B IR %) DPPH [{ i ik 1) 75 B BE
IR ET Vo (BHEXTEE A B3R ERBE 1 2
95T Vo M@ EA — & P E i vE, 7T 2
Ay 2R I 7 A B IR A A S TS R R I S R B ER
KT T —2 3 R LR I E 2 AR S B AR 4 2]
A%, UL B WS -G e i led O T AR i v, 3E—25
PRI AL MBI, 7 A= B A DR AR o

[(HBERYHFERR(FRAL) hEa PRAE[M]. L
e B RO A, 1998.
2]BAMA, 25T, i, F &t #ELOLFRSHR
[J].R& = #ar 505 I 4 ,2011,23(4) :643-646.
[3]1Qin J J, Jin H Z, Huang Y, et al. Selective cytotoxicity,
inhibition of cell cycle progression, and induction of apoptosis in
human breast cancer cells by sesquiterpenoids from Inula
lineariifolia Turcz[ J].European Journal of Medicinal Chemistry,
2013,68 :473-481.
[4]Nie L Y,Qin J J,Huang Y,et al.Sesquiterpenoids from Inula
lineariifolia inhibit nitric oxide production[ J].Journal of Natural
Products,2010,73(6) :1117-1120.
[ 5] Shashank K, Abhay K P.Chemistry and biological activities of
flavonoids : An overview|[ J |.The Scientific World Journal, 2013,
2013:1-16.
[ 6 ] Takashi M, Atsushi K, Junichi K, et al.Pharmacokinetic study
of bioactive flavonoids in the traditional japanese medicine
keigairengyoto exerting antibacterial effects against Staphylococcus
aureus| J ] . International Journal of Molecular Sciences,2018,19
(2):328-358.
[7]Shang X C,Tan J N,Du Y M, et al. Environmentally—friendly
extraction of flavonoids from Cyclocarya paliurus( Batal.) lljinskaja
leaves with deep eutectic solvents and evaluation of their
antioxidant activities[ J |.Molecules,2018,23(9) :2110-2123.
[8]EE ATsbk, B, 5 BEREARBABERLETALYL
AR T] R8RS e T 2018 ,18(5) :61-64,71.
[O1 A & N KA 5 & vt B T 45X A B = K69 57
#%[D]. Lk . %% E X3 ,2017.
[10]Cai H,Xie Z Y, Liu G H,et al.Isolation, identification and
activities of natural antioxidants from Callicarpa kwangtungensis
Chun[ J].PLoS One,2014,9(3) :1-14.
(U)o, AR 55 AR 75 O B o R B 3F 2 et
B WAL F A G WA AR []] A T kA 2018,
39(23) :199-202,209.

(T3 162 W)



I@%sﬂ¢&

Science and Technology of Food Industry

09F
08 —=—SGP50

0.0 0.2 0.4 0.6 0.8 1.0
B J R 5 (mg/mL)

Bl 7 L ARZEA L0 F BHT 38 5 RE )
Fig.7 Reducing power of SGP
and SGP components and BHT
SRR AR IO 200 2 R 83 °C, $2 LA
(6] 133 min, WL 30: 1 mL/g, TEMELAL E#EAT 5
VESZ e | S0 2 B 5 3.98% = 0.15% , 1 3 i
MAF3E (4.15% ) , 1t B2 AL Y (B 45¢ 4 Hb 00N 4% (R 3%
5 SCP G R Z M A K FR . KA PT AW FE 45 R 3R
B, L AR 2 HE A 2H 03 A — E B Pt A b se o, Horp
SGP 90 HLA LG M fe it , FTAE T — 20 H AR AT
WAWIIY . 1 SGP & BT S b ALBE )y 22 7+ 1Y
JE R T B 2 AN R FR 5388 £ BE DT VESS 31 i) 208 57
FEAE ARPEAE S5 H AN ], i 0] e 5 42 B
Wy b S A A P A G, Lo U D IR e A g —
S .
S 3L Hk
[1] Rahman T, Hosen I, Towhidul Islam M M, et al. Oxidative
stress and human health [ J ] . Advances in Bioscience and
Biotechnology ,2012,3(7) :997-1019.
[2]Farnad N, Heidari R, Aslanipour B.Phenolic composition and
comparison of antioxidant activity of alcoholic extracts of
Peppermint ( Mentha piperita) [ J].Journal of Food Measurement
and Characterization ,2014;8(2) :113-121.
[3]M &, 2l e, RAE FANERSHRLI] T RHFRF
#%,2011,27(5) .471-473.
(4] B b, e, R0 A, 5 ) B RN F RS 9FF R
[J]. =@ X% 5k B AFHF08,2011,33(1) :72-76.
[5]Yang R Y.Isoflavonoids from Sophora tonkinensis[ J].Chem
Nat Compd,2012,48(4) .:674-676.
[6] Yang R. A new isoflavonolignan glycoside from the roots of
Sophorae tonkinensis[ J].Rec Nat Prod,2012,6(3) :212-217.
(7140 £ %, IR, P LA, F . S et bl 2 AR 09 2532 4
s []. 7 b B 2 4 % ,2012,33(1) :58-60.
[81#A B4, 4R, b5 &, 5 o AR B o ) & 5 4R 9
(4% 156 1)
[12] &, Ba ,AKF,$ ERRLLLFERLY
FARF B FEEAT[]]. 65 E EH%,2018,29(7)
1540-1543.
[13] 84, F&0, HBHE,F 2 RAFEAARRLL
RACE R F )] A& S FH32,2018 ,43(6) :221-230.
[14] k35, b m, § &, 5 42 2 K B2 F LBk
RILHAHAFBEHNER][]]. B &AF,2015,36 (16):
12-17.

162 20194 52241

TEHM

WA AER B b AR R [T]. ) B F 4 S E,2009,25
(3):136-138.

(91 RM B, e fr R E 4 5 L AR A WA 5 s b &
SEHREOEA[]I].NSEERB %, 2011,22 (12):
2954-2955.

[10]G Q X,Z H,W S, et al. Effects of matrine on HepG2 cell
proliferation and expression of tumor relevant proteins in vitro
[J]. Pharm Biol ,2010,48(3) :275.

[11] B9, RZ50, M, 5 L) SRR 3k sh 32 &
AKF R G B R M Hom [J] b R P EHRFFR,
2000,24 (1) .:62-64.

[12] b3, 3ARAR, § 35,5 o AR S 4 0k ) A
DREEB TR AR EMXBERGY R[] AR RL
K55 45,2009,32(2) :170-172.

(I3]0 2, 5 F AL, R, F L 2R B4 IR JE AR &
mialE T HSAX s TR FOFalT] S E St &, 2010,
31(1) :36-41.

(14]3A et , G A, RER, F L 2R S HBASNFHR A G
AR [].F & EEHEE,2004,23(5) :6-7.

(1S ) 4k# ok, B K, B ani%, 5 F AT 5 48R R A5 1k
S AR AR EACE WA [ T] . TR K 3 B R
F 58,2017 ,41(4) :6-12.

(165438 ik xk k% & S BERTAER S BR
FALE R Yom [ ]]. 2% FAH34,2017,43(1) :201-214,221.
(17]38 3, M4, T, F MESBRBSBESTRE
w oA [ )] A S 5 R B Tk ,2015,41(3) :233-237.

(18] 3& i3 &, L, 5 MEMBRRELELILP
SHAL AN R[] % T kA, 2015,36(3):
137-141,150.

[19] RAESL, T %, TN, 5 vh 2 @ sk R AL &3 L 5 4B 47
BRILARBMEE A [T]. £ A 5,2018,39(4):
275-281.

[20] Qiu Z Y, Tang M L, Deng G J, et al. Antioxidant and
antigenotoxic activities of ethanol extracts from Rhus chinensis
Mill. leaves[ J ] .Food Science and Biotechnology,2014,23 (4) .
1213-1221.

(21 ] 8%, Rk, i B, 5 300 AL RS % 30 B 69 4R Sh 4L BAL &
VA )]. e dh 2h 5 4 & ,2013,28(1) :53-55.

[22] 244 A2, ZR,F T RERKRM S BRI Z AR
ShIAALT AR )] A A5 ,2016,37(20) . 19-23.

(23] REE, #-F, ZW4, 5 6 5@ X Bk F R RE
KRRIERIL S M T LA LML REAER[T]. A S A,
2017,38(2) :283-289.

[24 )42, #Ae-F, R 5,5 o0 0 @A AL 47 2 35 BRSE IR
BT R[]]. A T kA3 ,2015,36(5) :233-239.

1111111111111 @111 @111 @111 1111111111 1111111111141 -1

[I5] 285,824, 2%, % A EFRARRAINE F
MIE[J] A5 T kA4 ,2018,39(8) :130-135.

[16] #4412, T4, Bhih 5 5 vh B @ kAR AL AR 75 45 Bh 32
REAMERELEEZRG L EAA[T]ADE LR TR FIR,
2018,9(1) :19-27

[17]F 4%, L7, 23 F A LR EMTEZRILGAL
WEACE IR # B A FkE®R[]] 5 B E,2017
(23) .155-164.



