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Table 1  Factors and levels coding table of the

response surface experiment
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1 E AR A I AE MK I GB 5009.227—2016 ; R Ak {H il
FEMCIR GB/T 5534—2008
1.3.7 4 iRAF b 8 o B 20 %, -7

ik s R 2L 1l 0 22 MK B GB 5009.168—2016 (£
a2 A TR AR UE £ P B D R A ) o

AT SR JHP-88 B i%FE (100 mx
0.25 mmx0.2 pm) ; & KNG E AR A% (FID )« 2%
SRESR, W 22 mL/min; FEIR H,, ¥k 30
mL/min; JEFE & 1wl 433 R 50115 (EFF 1136 EE
240 °C, K EE 280 °C o 1 5 4 f I G AR P R
() PR B B (D% b, % 5 06 T 4 2% 14 i I 7 0 4 7
PESF BT, I AR 6 0 1T FR A T 2 A 43 AT o
1.3.8 H¥EAIEF %

FRIREG Y AT 3 UK, 45 R DL COF K £ b i
27 3R, IEFR I SPSS 16.0 # A4 4T Duncan J5 2%
8T o R A Design Expert 8.0 B A ) 7 TG AL
W AR T2 M e

2 HRH5H

21 BERRWER

2.1.1 #8750 ) AT L oA i AR IR 6 m
FERORHEE 8:1 $RBUE EE 30 °C #8752 2% 250

W AE T, 5 IRl $ Bt 3] (10,20 .30 .40 .50

min ) X LT RRAF IR BOR B 52, 25 5L a1 R o
ME 1T LLE H, A B E 2 10~40 min

BF, Bl B B [A) A ZE K, 2T RRORT i 42 BOR B

80.34% I F+ % 90.91% ., X V] g & TAEMA %1k



% 4 2

R 5 A A B3R AL iR AT v 0 T E AT R 61

100 -

95

90

PR /%

85

80

75

0 10 20 30 40 50 60
i 75 I 16 /min
B 1 AR E A LR BRI A6
Fig.1 Effect of ultrasonic time on the extraction

yield of kenaf seeds oil
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Fig.2  Effect of ultrasonic power on the extraction
yield of kenaf seeds oil
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Fig.3 Effect of liquid—solid ratio on the extraction
yield of kenaf seed oil
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Fig.4 Effect of extraction temperature on the

extraction yield of kenaf seeds oil
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Table 2 Design and results of Box-Behnken

experimental design and results

wES A B c D YRR/ %

1 0 1 -1 0 85.82
2 1 0 1 0 81.03
3 0 -1 -1 0 86.42
4 -1 0 -1 92.65
5 0 0 0 93.18
6 1 0 0 1 88.90
7 1 -1 0 0 87.16
8 0 0 -1 1 84.99
9 -1 0 1 0 85.57
10 -1 1 0 0 89.43
11 0 1 0 1 88.48
12 0 0 0 0 92.97
13 0 0 0 0 93.08
14 0 0 -1 -1 91.86
15 -1 -1 0 0 89.38
16 1 0 -1 0 86.58
17 0 -1 0 1 90.38
18 1 0 0 -1 87.53
19 0 0 1 1 87.00
20 0 1 0 -1 88.37
21 0 0 0 0 92.39
22 0 0 1 -1 80.23
23 1 1 0 0 85.31
24 0 0 0 0 92.86
25 -1 0 -1 0 87.90
26 -1 0 0 1 92.55
27 -1 0 -1 88.69
28 -1 1 0 82.19
29 0 1 1 0 81.87
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fE R AR A S 0 A B o e A SRR E — g B,
SRR IR 359 Bt VRORE FU A 88 T 52 0 50 38 s BRI A
A AR AS R IR RE TR, i e $ B T e o 1) d5e A
WORL L I A AR TR

R A i) 07 T X 1 5 SR, R P U il B B B TR
FE3 1) e A 25 R SR 75 1) ) 40 min BB S D) 2R 250
W R 8:1 ARBUEEE 30 °C, b T2 &4 TRy
MFEBOERE N 93.59% , SEMFLBOR Ny 93.47% , &
FEARW) G, 3k 2 B N T 5 A B A R E Oy R T L
ARG 1 S R P () B RS ) 3 ROk EL R R BT
FESHREUCRZ MR
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Table 3 ANOVA analysis of for regression model

FEKWE VM AME 2 F{E P BEE
B 399.00 14 285 12663 <0.0001
A 36.65 1 3665 16282 <0.0001  **
B 2.03 1 203  9.03 00094
C 54.96 1 5496 24418 <0.0001  **
D 0.73 1 073 327 00923 A
AB 0.90 1 090 401 00650 AEF
AC 2.59 1 259 1152 00044 %
AD 0.54 1 054 240 01436 Am¥E
BC 0.02 1 002 009 07722 AW¥F
BD 0.62 1 062 277 01181 AE#
ch 46.51 1 4651 20666 <0.0001  **
A? 20.89 1 2089 9283 <0.0001  **
B 62.57 1 6257 27802 <0.0001  #*
c 222.81 1 222.81 989.99 <0.0001  **
D 457 1 457 2032 00005 @
BEiRzE 315 14 0225
Kwm 277 10 0277 294 01551 AEH
aiRE 038 4 0.094

B2 402.15 28
1 :P<0.01 % 3 (%) ; P<0.05 1235 (%) ; P>0.05 A%

2.3 LIRRFFH BB RS
TER A T2 A T SR IR, I LR

*4

P /%

A5 kAR BUR L 6 B AR A e BB
Fig.5 Response surface figure of the interaction of

liquid—solid ratio and extraction temperature
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mmol/kg ) B HK , i /£ GB 2716—2005 (£ FH Fi ¥
T AR A o ) X £ I A FE AR (R < 4 mg/g, 1 %4
fEAE < 6 mmol/kg) 23K , X % W8 75 4 B 4 B 21
SRRl B B A, ELA R R Sk & A Wi 0 ¥ T
AN, B AR A IAE (98.9 ¢/100 g) 3 WL Af il &
TSR, AT T i A R 2 Tl .
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Table 4 Main physicochemical properties of kenaf seeds oil

I H %254 mm WO YO0 R {E/(mg - ™) it E AR/ (mmol - k™) BALME/(mg-g™)  BULE/(g- (100 g)7)

W5 25 Y22,R1.5 1.468+0.001 1.7+0.4 2.9+0.3 167.6+0.3 98.9+0.2
2.4 FEMBRARERTHN FrizE sr b, 45 R W F 5.
SR L SURH €8 15 2 Xk £ RROKS 1 1) g 07 1 261 ol i
A5 LRAT R R B R A A
Table 5 Fatty acid compositions and contents of kenaf seeds oil
HEH}?M CM;U C|():U C|():| C|S:U ClS;l ClS;Z C|8;3
T /% 0.15+0.12 21.97+0.16 0.75+0.08 2.71£0.12 30.78+0.01 43.14+0.08 0.48+0.21

FHER 5 AT, Z0JRRFTF ¥H A I Y 2 — T TR 754 Y
NG . I W7 R LAAS 7 AHT iR 10 1R (I it PR A R ) oy 2
AU FNG 5 BR & B M 75.15% o WL Ah | 2T RRFF DA &
B 5 B A iR T R L W RE AR R o Coetzee 25 141X 8
A it FR 2L BRI B B D 2 A B AT D0 R Ay, 4
TEF B Z0RRAT I A 5 7 12 2k S 12 ( 28.60%
~49.75% ) A A R (18.22% ~22.64% ), F- 3 & &
3 BR 41.15%H1 20.27% , 4% TR 56 FIr 15 21 fE K
W VR RS A R & i (4 A O 43.14% F
21.97% ), i R &5 & 4 26.94% ~43.42% , V- ¥ &

TN 32.79%, e T E TS L0 RRAT I B T R 1
(30.78%) .

3 4k

A 5 38 2 LR # G 5% F Box —Behnken i 35
S5 G  Jr V 0T R P A B R BCLT RO il ) T AT
T AR o 25 ER 3R X 4t B3R 1 52 i) R R AR U A VR
Ll > i 75 B[] > R g 23> B BT 48 M o T PR b
Je A% B 2T RRAT-TH0 8 S5 A BRI T 20 254 o 75 i [
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WARRE R (21.97% ) o 68 75 5 By H AT B8 B B 4
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STUDY ON THE OPTIMIZATION OF ULTRASONIC-ASSISTED EXTRACTION
OF KENAF SEED OIL

XIE Qingfang', ZHANG Lixia?, ZHANG Zhenshan'
(1. School of Food Science and Technology ,Henan University of Technology , Zhengzhou 450001 , China;
2. Xinyang Agricultural Research Institute , Xinyang 464000, China)

Abstract : Kenaf seeds oil was extracted from kenaf seeds by ultrasonic-assisted solvent extraction in the present
study. The extraction process was optimized by response surface methodology on the basis of single factor
experiments. Four extraction parameters including ultrasonic time, ultrasonic power, liquid-solid ratio (mlL-g¢™') and
extraction temperature were selected as independent variables, while kenaf seeds oil yield as response value. The
physicochemical indexes and fatty acid compositions of kenaf seeds oil were also analyzed. The results showed
that the optimal extraction conditions were obtained as follows, ultrasonic time 40min, ultrasonic power 250 W,
liquid-solid ratio 8:1 and extraction temperature 30 °C. Under these conditions,the yield of kenaf seeds oil
reached to 93.47%. The effect of factors on the extraction yield was in the order of liquid-solid ratio > ultrasonic
time > ultrasonic power > extraction temperature. The kenaf seeds oil obtained by ultrasonic-assisted extraction
had better quality with lower acid value and peroxide value. The fatty acid of kenaf seeds oil was mainly
unsaturated fatty acid (75.15% ), mainly linoleic acid (43.14% ) and oleic acid (30.78% ). The content of
unsaturated fatty acids was up to 75.15%. What’s more, kenaf seed oil also had higher content of saturated fatty
acids, for example, palmitic acid (21.97% ). Ultrasonic-assisted extraction had the characteristics of extraction
speed and high extraction efficiency. The best technology conditions of ultrasonic assisted extraction will provide
theoretical basis for the development and ultilization of kenaf seed oil.

Key words: kenaf seed oil ; ultrasonic-assisted extraction ; response surface analysis ; process optimization ; quality



