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Optimization of extraction technology of luteolin from peanut shells
by response surface methodology

DING Jia, ZENG Shan, PAN Lang-sheng” , YU Feng, WU Zhi-min, LI Yong-fei, LIU Yue-jin
( Department of Chemical Engineering, Xiangtan University, Xiangtan 411005, China)

Abstract: The traditional extraction of luteolin from peanut shell mainly employs heat reflux extraction of organic
solvent, which represents low extraction yield and heavy pollution. In order to solve the problems, a novel method of
extracting luteolin from peanut shells is developed, which using ionic liquid as extractant, associated by microwave
technology.The extraction conditions are optimized by response surface methodology and single factor experimental way.
The results show the optimal conditions as follows; 14. 60 mL of 1.0 mol - L™ [ C,ymim ] Br solution is used to extract
luteolin from 1.0 g of peanut shells powder under the extraction temperature of 85°C and extraction time of 12 min, thus
the actual extraction yield of luteolin is 80. 11% that is well correlated with the predicted values 82.43% by response
surface methodology.The results indicate that the method using microwave-assisted ionic liquids to extract luteolin from

peanut shells features fast, efficiency and environmental friendliness,which supplies a new idea for extracting bio active
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ingredients from other plants.

Key words: response surface methodology; ionic liquids; microwave; luteolin
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1 0.75 80 10:1 16 56.97
2 0.50 85 12.5:1 12 49.35
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11 0.75 80 10:1 16 54.98
12 1. 00 85 12.5:1 20 76.99
13 0.75 80 10:1 16 55.67
14 1.00 75 12.5:1 12 46.79
15 0.50 75 12.5:1 20 44.79
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19 0.50 85 7.5:1 20 43.33
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30 0.25 80 10:1 16 53.37

2.6.2 FENH

IR BB B4R IBCRE Y R W AE, [ C,ymim ] Br
WEE (X)) FRBCHEEE (X,) R FE (X ) A4 BBt [A]
(X,) WHZE, L Design—Expert V. 8.0.5b H1# CCD
XFE 2 W SEBG A5 BEEAT A J BT RN 25008 1
&2 A, R B R B IR DA 20. 89% i  F
T 83.19%,

M SO fff TR RS RN ) T 22 A A s R Ak 3 BT
e M 3 AT LLE AR F AR
181.78,p<0. 000 1, % 1% [m] )= 450 70 EL A7 g 3
TiAN, T E TR FEN 117, p BN
0.457 0>0. 05, F BIZ L1452 A 90L& 7 B B4 1
R, AT R {E A 0. 973 8, 5 3L PRif L 5 1)
R{H 0.988 7 KA —F, Ui IR A B AT 5 1y b 7T
B, MR 3 TTLUAEM, X, X, X, XX, XX,
XX, XX, XX, X5 X5 M XS Y A 2 v A
HEARE, XK 2 Py S8 E8E 317 T 10 3 4
A A B S PRAS Y B EE AR

Y =-176.51 - 52.06X, + 1.85X, + 1.61X; + 3.38X, +
1.26X,X, + 0.68X,X; - 1. 63X, X, + 0.05X,X; - 0.06X,X, +
0.005X,X, — 2.35X> - 0.01X? - 0.23X2 + 0. 091X

E3THBESH

&3 MARBFESN

JrEEKW EHR AW By F p>F
Model 4881.00 14  348.64 181.78 <0.0001 3

X, 1006. 09 1 1006.09 524.58 <0.0001
X, 961. 02 1 961.02 501.08 <0.0001
X, 1313. 50 1 1313.50 684.86 <0.0001
X, 130. 34 1 130.34  67.96 <0.0001
XX, 158.70 1 158.70 82.75 <0.0001
XX, 11.58 1 11.58  6.04 0.0267
X, X, 42. 61 1 42.61  22.22 0.0003
X, X, 95. 60 1 95.60  49.85 <0.0001
X,X, 81.95 1 81.95 42.73 <0.0001
X, X, 0.17 1 0.17  0.089 0.7699
X3 0.59 1 0.59  0.31 0.5876
X3 32. 46 1 32,46 16.92  0.0009
X2 919.22 1 919.22 479.29 <0.0001
X2 58. 04 1 58.04  30.26 <0.0001
Pl A 28.77 15 1.92

ES) 20.16 10 2.02 1.17 0.4570 A3
Al 8.61 5 1.72

pEil 4909.77 29

2.6.3 Ak

W 57 A TR PR 58 e e PR HR ) 4 S Sz AR B AR
JRR e R HCAR 18 0 7 15 100 LA B A S PR 2R 22 T Y
AR S ran 5 ~ 1B 10 R,

N T T
¥
=y
S
&
i
b
SO e
* %’5-9 [\ P L ACKC
o N0 o DG Ogtld
g e 552 50
/! 0%& . \g““\&e\'
*
Ca) e )i iy T 1)

*%Ei%&$/%
\

75.00 - |
0.50 0.60 0.70 0.80 0.90 1.00
X1: [Cm mim]Brf¥ ¥ B/ (mol - LY
(b) S Lk
B5 [C,ymim]Br By K & R BUR & XA B ¥ &
2 By v RL T P et B By 46 8 4




2017 FE8 B
I
@80[
‘%70{
ﬁ 601
50
gml/
% L N
\'L-‘-’XM e
13 N 52 B G
)ﬁ@lt '%515\ oD Oy N
/(IIIL g f \Gw@o\
&y ¥ ng_\k
() M S 17
1250, BERERE/%
> l ' ,/’/
5y 1150 4
£ 1050,
§ 9.50 ~ 22—
B 850 .
0 7502

0.50 0.60 0.70 0.80 0.90 1.00
X1: [C, mim]Brf¥ ¥ B /(mol - L)

(b) % FEL
B 6 [C,ymim]Br By iK & fnif B ot AR #E &
R B By v SL o T P A kT RL B 4F T 4 A

ZRBE/%

iy
B
X
20"

o) W 5
RSB /%

N

—_
L

X4 $BAHE]/min
2 3 »
g 3 2 3
B

_
S
8
e

‘\\
\ \ \

12. . — = . : {
0.50 0.60 0.70 0.80 0.90 1.00
X1: [C,, mim]Brf¥ ¥ BE /(mol - L)

(b) 4Lk
7 [C,mim]Br #y ik & fod2 BUaE XA B #E &
B H v Ly T A kB 4 R 4

JITA B4 W 87 i T P oA O T R A I, JEAE
BB XIS A TP s, R BRI B N AR AR e R
{14 A R e 2R 8 BBCRR 11%) Wi 7 5 717 -5 e 7 Y TR P60 6T 3 1Y)
R IIEAR NI RE S S e 5 N 28 22 M) 38 HAE R
/N NIRRT LA [ Comim | Br (MR 2 O
FIVL [ B 6 A R R 28 R HOR S (2 L
5~ 10 A] LLFE H, [ C,ymim ] Br (1) #& 5 17 [
bl AR IR 1 B I T b AN 4 BT ) 22 ] fr A
HR A A I XA RS R R RS
153 B T AR TR Sl B PR e A Fe o R B R A

TEF  MNHEAEEERPAEERNER T ZHR - 125 -

() M o7 T ]
1250, gy T ERRIBRI%
0 e 4 - '///
<1050 | o ‘
E=y -
2ol
# S ——
e

7900 83.00
X2: #BUREE/C
(b) A

B8 R BOR Al bt AR B E R IR B
o 51 o T Pt B 6% 4 I

(a) MR 3 i v &)
sooo. TR %
g N
£ \
51800 \\
glﬁ 00 o
8 2]
Slaog N\ N\
1200 S
75.00  79.00  83.00
X2: #BURE/C
(b) LA

KO HREUEJE Frd BRI xE K B B R R R
W ST o T PR R e R Y & 4 A

RIS R < [ C omim ] Br B9¥EEE R 1. 00 mol/L,
PEIOR B Ry 85°C , W [ LA 14. 58 11 mL/g Al
BF[E]A 12. 00 min, ZERLARPF R fEAE e R B RER
HIHRBCE N 82. 43%
2.6.4 KIEFE

XoF b A e 7 A AR T A S50 A AR AT B IE,
[l 14. 50 mL 1. 00 mol/L [ C,,mim ] Br ¥ & 7£ #2 B
TR 85°C HY S5 T Xt 1. 000 g AEAEFEHEA T ik 42 HL
12 min Ji7 , A58 4EA: 72 R JR B 22 $E ORI 5 7] Gk



- 126 - AR, AL T
[6]
[7]
[8]
() M 7 it T
20,00 AIRFRERE /% [9]
= 20. ;
EISOO‘ ‘\ ‘\ \\ /
516.00-\\ @ t-\.\f Y [ 1 0]
" 14008 | =
= RN
Moo MEEREL N (11
"7.50 9.50 11.50
X3: WEH/(mL-g™")
(b) F LA [12]

B 10 R B b AR BUR A oK R R AR R W
we R o T P xR 4 & B

80. 11% , SHSAITHIN(E 82. 43% AHZ=E A K, H AT
UL, B F B8 TR PR AR Al B B BT 2 S 80 o 7 v
AR A AT

3 #Fig

SR IR Bh IR B A S KR R
PRI 25, LARADR 28 S 6 o) 187 1o 92 56 %ok 8 7 Uk
PRFPE B TR v B PR IBUIR B VAT B R I
[ BEAT AL, He AR R BT 2 444 42 . [ C,ymim ] Br
IRIREYHEE N 1.00 mol/L, HEEURLEE Jy 85°C , Wi [
A 14,6011 mL/g FIGLEHREL 12 min, ZEHEAE T
RN B FLZRIRECR A 80. 11%, 5 Design Expert
V 8.0.5. b BAFEIUGTME 82. 43% FA—%, R
FHmE R R A Z BRI T B v Ak, R T
TRAARAE Ry G (R SR U R 0 A P b B B R 2k &
PO AT Y,

&% 3k

[ 1] Daigle D, Conkerton E, Sanders T, et al. Peanut hull flavonoids:
Their relationship with peanut maturity[ J ].Journal of Agricultural
and Food Chemistry, 1988 ,36(6) :1179-1181.

(2] Ao ER AR RR B B PTG PRI [ 0. K 30 B 22 5115 I, 2000,
12:1022-1025.

(37 XM Zf5el Pl v e e | 45 A JoR e 3 AR BT A A FH 1) S 3 F 5
[J].FFFFMIR BE 24 Bi 24412, 2010, 15. 2368 -2370.

(4] Ao RSB, X 6 . A6 A T B FR M) 0% k9% K- Wi /E
B[] b R R ] K 2 ,2014,10: 11-12.

(5] fafmids , 4] 22 vk , A 25 AR B RARSMTURT %47 B-3 93 2 19 7 FH

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

E3THBESH

(1] E LR I 252 ,2000,5:362-365.

BarAE, PR sk R R ORBRRDZON B A e L o BC LA
SURLAYE R B NF-B k52 m[ 1] 2 [ B E 25,2011,
7:1645-1647.

=) PRI ik BE , B 2o M, A R R X MR IR A B I 1
[ )] BEWIBEA R, 2007 ,1:23-26.

Duh P D,Yeh D B, Yen G C.Extraction and identification of an an-
tioxidative component from peanut hulls [ J ]. Journal of the
American Oil Chemists Society,1992,69(8) .814-818.

Yen G C,Duh P D.Antioxidative properties of methanolic extracts
from peanut hulls[ J ].Journal of the American Oil Chemists’ Socie-
ty,1993,70(4) :383-386.

TR B B, A AR A T P BB ) PR R B Y
Sy HERTTE 1] AR AE A, 1997 ,3.:50-54.
FEF, 2 ess Ve R, SE BT IR R o B Ak TR i
[J] AL T HERE 2014,11.2815-2828.

Jiao T, Li C, Zhuang X, et al. The new liquid-liquid extraction
method for separation of phenolic compounds from coal tar[ J].
Chemical Engineering Journal ,2015,266:148-155.

Cai M Q,Wei X Q,Du C H, et al. Novel amphiphilic polymeric
ionic liquid-solid phase micro-extraction membrane for the precon-
centration of aniline as degradation product of azo dye orange g un-
der sonication by liquid chromatography-tandem mass spectrometry
[J].Journal of Chromatography A ,2014,1349.24-29.

Ge D, Lee H K.Ionic liquid based dispersive liquid-liquid microex-
traction coupled with micro-solid phase extraction of antidepressant
drugs from environmental water samples[ J ].Journal of Chromatog-
raphy A,2013,1317.217-222.

Pratiwi AI, Yokouchi T, Matsumoto M, et al.Extraction of succinic
acid by aqueous two-phase system using alcohols/salts and ionic
liquids/salts [ J ]. Separation and Purification Technology, 2015,
155.127-132.

B2, Boifp e, 2 2. B T I MORE 7 — e T ) o P 280 i
[J] AL T4, 2012,3:826-833.

Bonny S,Paquin L, Carrie D, et al.lonic liquids based microwave-
assisted extraction of lichen compounds with quantitative spectro-
photodensitometry analysis[ J]. Analytica Chimica Acta,2011,707
(1/2) :69-75.

Yang Q,Xing H,Su B, et al.The essential role of hydrogen-bonding
interaction in the extractive separation of phenolic compounds by i-
onic liquid[ J].AIChE Journal,2013,59(5) :1657-1667.
Huddleston J G, Visser A E, Reichert W M, et al.Characterization
and comparison of hydrophilic and hydrophobic room temperature i-
onic liquids incorporating the imidazolium cation[ J].Green Chem-
istry,2001,3(4) :156-164.

Wakai C,Oleinikova A, Ott M, et al. How polar are ionic liquids?
Determination of the static dielectric constant of an imidazolium-
based ionic liquid by microwave dielectric spectroscopy [ J ]. The
Journal of Physical Chemistry B,2005,109(36) :17028-17030.
Mai N L, Ahn K, Koo Y M.Methods for recovery of ionic liquids—a
review[ J ] .Process Biochemistry,2014,49(5) :872-881.H



