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Optimization of Soxhlet Extraction of Proso Millet Oil by
Response Surface M ethodology

JIN Can?, LI Ke-hu®, Harold Corke', JANG Yan-miao><
(1. Shanghai Jiao Tong University, Department of Food Science and Technology, Shanghai 200240, China;
2. Hebel Academy of Agriculture and Forestry Sciences, Institute of Millet Crops, Shijiazhuang, Hebei 050035, Ching;
3. Guizhou University, College of Life Sciences, Guiyang, Guizhou 550025, China)

Abstract: In order to establish a fast and feasible extraction method of proso millet oil in laboratory, the
current study determined the optimal Soxhlet extraction conditions by response surface test analysis, used
petroleum ether as solvent. The results showed that all the three factors had significant effects on the
extraction yield, and extraction temperature had the largest effect, followed by the ration and the extraction
time. The optimum extraction conditions were as follows: the ratio of petroleum ether to millet powder was
20 (mL/qg), the extraction temperature was 80 °C, and the extraction time was 30 min. This experiment is of

great significance for the later studies on proso millet oil.
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JE N TEARE o FAE Sl AR W U 2 SO T & 34
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Tablel Factorsand levelsin one-factor experiments

K WORHEE/(mL/g) Bl /min i /°C

1 5 10 65
2 10 15 70
3 15 20 75
4 20 25 80
5 25 30 85
6 30 35 90
7 40

R 2 NORIELEERKFER

Table2 Factorsand levelsin response surface test

S K
AE L -1 0 1
B I ] -1 0 1
C & -1 0 1
1.3 HiEAE

P S 45 - Microsoft Office Excel
2016 XF H 1750 #Hr, FIH] Design Expert 10 #fF
X T ESEBA G AT, A e R T 2 A ik
(RSM ) 1533 BB AL T 2S5

2 HBRE5HH

21 BREXBWEREHN
201 HREURCR X BE IS F A R

Dhfim i S S g ), YR IBURE N 75 °C,
SRR A S 20 min B, BFSEIBCEHEE (VIM) 43 5]
5. 10, 15, 20, 25. 30 mL/g ff, XFBE Ty
R, 5 RME 1R,

3.0p 276 290 595 284 283

193

0 5 10 15 20 25 30 35 40
WOREE/(mL/g)
1 B EEFimE SR
Fig.l1 Effect of liquid material ratio on
yield of proso millet oil
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AIAS R IR B R 2.90%., SRR T 20 )5,
1582 B VRORE LU 1A 388 Jin T 328 T ek /N 285722

Ji PR AT BB A — OB LSS L, v R
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BE Il P45 3G it i, H A P Ak 2 in i 7
(R, 2 S EOR R e B et el Tk
AR TR R E T2, mHERHERInK
S IMP BNA  £55 %8, Bl RRHE (VM)
JEEIEECA 15, 20, 25 ml/g, #Ei4kSE BT
T A5 8R4 0 N7 TR A3 T, DA A e AR R BORH G o
2.1.2 PRI E] X BE - A5 2R 11 52 1)

DA i oy SR B R, Y3 BUREE 80 °C,
WRHE (VIM) 2N 20 mL/g i, BIFZE 3 B a) 43
%k 10, 15, 20. 25. 30. 35, 40 min f}, XJjE
TR, 25 mE 2 s,

3.5¢F
3.0} 273 281 2!

947 2.61 2.76 2.68
25 7

10 15 20 25 30 35 40 45
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2 IRERE A X EEF S R

Fig.2 Effect of extraction time on theyield of proso millet oil
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T RANWIE N, 7E 30 min B, BE Tl AY1S
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DA i it S 4 B ), 21 4 BT ] 2 30 min,
WORHL (VIM ) 2l 20 mL/g i}, BIFFE42IB0R 45
#2465, 70, 75. 80, 85, 90 °CHf, XJBE -l
R, SR 3 iR
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Fig.3 Effect of extraction temperature on
yield of proso millet oil

Hi &l 3 A1, 7F 65~80 °CitiE N, BEF MY
193 SR IBOR B 5B A G, A5 38 B EE O B T
N, MAREGEE R 80 °CHE, EETihmfe
FIRF IR MH 3.01%., MIZPURE KT 80 CF,
LA AR B B IR 1) T T )

JE R T BESE AR YRR T, A TikiE
B bt il B R ZL AR S T o R Y
FEXTIZ SN, Wi A R T BE R i H R
b m R R B R, IR R, R
ey T2, RS, TR T b g
LEAFIE, REUREEIL 75, 80, 85 °C =1~k
e, ARZENTBE TR R AT R N AT, AR
PR EUR L
22 AiBBHMREENEE Fil TE AL N R msLis
221 ] 7 T SE SRR A

R T AR SRR U i R T2
ZMF, RAEACEI, DR N, B
AN 2R Z (B 2R 3000, AR AR 2 S0 45 28
XERCEHEE (mL/g). BB (min), $EEHGEE
(°C) 17 3HFE 3K PELHR I

DL IR R S 4 R IR, AWRCRLEE (A,
FEELEFE] (B), $2EBUREE (C). =AMHEE N AL
i, PIEETFIMSR (Y) Rmni{E, @i Design-

Expert 10 A {4F X} BE 7 il 42 B T 25 /) S 50k 47
Box-Benhnken 29635811, S50 R FK 19531
e 3R,

#3 MEELBWEARAAR
Table3 Combination of experimental factors
in response surface test

K-
£ -1 0 1
15 20 25
B 25 30 35
75 80 85

2.2.2 WV 1T S R 25 2R 2 R A
W 187 T 3 7 5 58 S SR A R AN 4 o [ml
IARETI AT 22 73 B4 RN 5 B o

R4 MMMERBHERRE

Table4 Results of response surface test

S A B c \%
1 -1 -1 0 2.02
2 1 -1 0 2.41
3 -1 1 0 2.30
4 1 1 0 2.22
5 -1 0 -1 2.20
6 1 0 -1 2.21
7 -1 0 1 2.30
8 1 0 1 2.43
9 0 -1 -1 2.11

10 0 1 -1 2.31
1 0 -1 1 2.41
12 0 1 1 2.52
13 0 0 0 2.98
14 0 0 0 3.03
15 0 0 0 3.02
16 0 0 0 2.99
17 0 0 0 2.96

i Design-expert #43] T ik Z e B H3LA 7
2 : Y=3.00+0.056A+0.050B+0.10C-0.12AB+0.030AC—
0.023BC-0.41A%-0.35B%-0.31C?

XSRS R AT 25 08T, SR B T %
Ay M 45 J BT LU [ A A R B S (P<
0.01), KW EM (P>0.05), [FIHJ7HM
MG 2B RP=0.991 3, HIEJ5 AH X 28 Rey=
0.980 1, EME R A A i 5 R AR & 4tk
KR WE, IR e i 2R FCHR HUEE il
HIHREC T 2k
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Table5 Analysisof variancein regression model
Ty ZE SEJ5 H ¥Jr F{H PH B
e 1.988 129 9 0.220 903 88.386 52 <0.000 1 >
A-TEHEE 0.025 313 1 0.025 313 10.127 89 0.015 4 *
B-Fif [] 0.02 1 0.02 8.002 286 0.025 4 *
C-iFE 0.086 113 1 0.086 113 34.454 84 0.000 6 **
AB 0.055 225 1 0.055 225 22.096 31 0.002 2 **
AC 0.003 6 1 0.003 6 1.440 412 0.269 1
BC 0.002 025 1 0.002 025 0.810 231 0.3980
A 0.692 338 1 0.692 338 277.014 3 <0.000 1 >
B? 0.524 669 1 0.524 669 209.927 8 <0.000 1 **
c? 0.392 969 1 0.392 969 157.232 7 <0.000 1 >
B2 0.017 495 7 0.002 499
J AT 0.014 175 3 0.004 725 5.692 771 0.0631
AR % 0.003 32 4 0.000 83
M2 2.005 624 16

H: *hEREE (P<0.05); **AZFHEE (P<0.01),

25 S I PR X JBE T I R BRI B e Ry
C>A>B, — kI rft A 1) Il I R %508 3 ( P<0.05 ),
Ul BB} LG X BE Tl I SR BCR A i RS2, B
6 D 11 )9 2R 502 25 (P<0.05 ), 15 B 52 I ] o) g
TP W, i C i 1 H R )
13 (P<0.01), 156 B BT 6] B8 il ) 42 BBOCR
AW, A AB MHHREBCRE L B %
(P<0.01), AC. BC %It Ry m A i & (P>
0.05), “IKIihfy A2, B2l C? X4 BRIy 52
¥tk 2 (P<0.01),

A @*XW

25 15

23 MNEMESLESSHT
2.3.1 R HUE [ FRORE G B 52 ELAR T
FEREBUREE N 80 °CF, —4emifebt,
LR IRITE o 2 WA B IR 1) FNSBORE L B 52 H A
W35, A T R U T A A7 B T R A
[l RE A o JH v YRRk L b B AT [V 1) = 4 i i
TUBE—2L, LA TRORE HE X B Tl A A R A B
S, YFEEURIAE 27~31 min 2], OB HGAE 19~
23 mL/g Z[Ei, BE ARk B AME, K&
PREHR S (R FRCRL EG B AR 1L, BE Tl AR & R o

PR

359

15 17 19 21 23 25
A: BB

4 ERA ERBHEEASTERESLSHE

Fig.4 Factor A, B response surface analysis map and contour map

2.3.2  HREUREE AR L 1Y 22 BAEH]
FESRICHTEZE 30 min B, —ZEHIACBE, BLH]

BE T AR 2 B TR IR R . R IR

ISR IO BE RO A S AR AR .

H BRI FEE FITRORE HL AT 0 BE Tl 1 A5 R A B R
Wi, YRR ETE 79~83 CIEEN, WokHLTE 19~
23 mL/g {ulE P, BEF IR Rk Bl i KAE , FiA
PREIBCHR AR L B AL, BEF IR TR
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Fig.5 Factor A, C response surface analysis map and contour map

2.3.3  PEEGE AL O R Y 22 H AR
TESREURBORI Ly 20 mL/g BT, =4k

HRHE, FEA 2RI . 2RO A

] B 3C BAE AN 3, (B rh B BB 32 i B st

[ B % B -3l (0 A S5 A 8 S R AR 1] 7
29~33 min Z[A], $EEUREETE 79~83 CZ I[N,
JBE Il AR 2R B e R(E, Bl B IO RN 4 B
BRI AR A, BEF IR T RE

HRHCR

85

83

29 31 33 35
B: ]

6 HEB. RECMEAASTERESLSME

Fig.6 Factor B, C response surface analysis map and contour map

FH Design-Expert X £ 45 #F 4 7 i I L o B
MR R T 2R EESE 2REY: W
BN 20.34 mL/g. $EHUATE] A 30.27 min, HEHL
HE Ry 80.86 °CHE, 7EULHEEAR 1T BE 7 1 T
W e =5 152325 3.008%., Sk T S50 1) - fili F ] 454
P, XTI AL B IE N . WOk 20 mL/g.
PEHCHT[E] 2 30 min, $EEGEE N 80 °C. TEEIE
JE PRI, BETF A%, 3.01%, S
M2k Fefzm, IEBIZAE AL AT DU R R B 2
HUBE 1l -5 UE A 38 0 A OGS 5
SE Xk
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