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Optimization of the Ultrasonic Assisted Extraction Con-
ditions for Residual Oil from Tung Meal by Response
Surface Analysis and Simulation Method
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Astract; [ Objective] The extraction conditions of residual Tung oil from cold pressing Tung
meal by ultrasonic assistance were optimized. [MethodsYResponse surface analysis and simula-
tion as a tool for design(Box-behnken) and optimization,and then quadratic multinomial math-

ematical model was established to optimize the process conditions of ultrasonic assisted extrac-

tion for residual Tung oil. Finally, the effects of

four main factors were studied, such as ratio of
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liquid to solid,extraction temperature,extraction
time and ultrasonic power. [Results]Through re-
sponse surface analysis and simulation, the opti-
mized conditions for extraction of residual Tung
oil assisted by ultrasound were listed as follows:
the extraction time of 24. 77 min, the extraction
temperature at 37. 18°C, ultrasonic power of

159. 66 W, liquid to solid ratio in 3 = 1(mL/g),

651



where the predictive yield was 6. 30%. The validation experiment showed that the actual yield

was (6.4530.2)%. HPLC analysis showed that the ultrasonic assisted extraction of tung oil

was consistent with the traditional solvent extraction. [Conclusion]Experiment design using re-

sponse surface method and statistical analysis can effectively optimize the process conditions of

ultrasonic assisted extraction of residual oil from Tung meal and well predict the results, which

further proves that Tung oil extracted by the ultrasonic assisted method can maintain a good

quality.
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Tablel The levels of variables employed for the construction of

Box-Behnken design
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Fig. 1 The effect of solvent to solid radio on the extrac-
tion yield of residual oil
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Fig. 2 The effect of extraction temperature on the ex-
traction yield of residual oil
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Fig. 3 The effect of extraction time on the extraction
yield of residual oil
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Table 2 Response surface design and test results of residual oil

extraction

S8 %5 No. X X: X3 X4 Y (%)
1 ] 0 —1 0 4.72
2 —1 —1 0 0 5.56
3 0 —1 —1 0 4.75
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Table 2 Continued Table 2 Continued

LT No. X, X X, X, Y (%) FLK %S No. X, X, X3 X4 Y (%)
4 —1 0 -1 0 4.7 26 0 -1 0 -1 5.88
2 0 01 0 ? 5. 92 27 0 1 1 0 4.74

0 — 0 4.6
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8 - 0 1 0 5. 45 29 0 0 -1 -1 5.05
190 ‘01 g g _01 2 28 Xof ik B 454 A AT T2 U3 4 B, W3R 2 e R 3R
11 0 1 -1 0 4.20 YRBRE 2 VRS B HG A8 T BT B K 56 7 F2EY, B i
12 0 0 1 1 5,02 d e St ot 11 - , N
; ’ ’ ; o oo I A 7 9 4 BB 4 R R 3T R M
14 —1 0 0 1 5.58 R MF G, F M m e, R 2 PR
15 0 -1 1 0 5.23 L L . .
16 1 1 0 0 4.7 R A= [ St & W I = b
17 0 0 1 ! 4.98 Y =6.00 — 0.15X, — 0.20X, + 0.26X,; —
18 0 0 0 0 6.02
19 0 0 0 0 5. 99 0.18X, +0.16X, X, —0.087X,X; —0.065X, X, +
20 0 1 0 1 5.33
. N . o - s 0.0025X,X, +0.47X,X, —0.20X,X, — 0. 35X} —
22 1 0 0 1 5.13 0.68X% —0.62X%—0.15X2,
23 1 -1 0 0 4.84 e e T S g - "
i . X 0 -1 un S 5 AT 7 2 40, S SR LR 3L A R B
25 1 0 1 0 5.12 lﬁ%:@*@g/ﬁﬂ%@ 4,

£3 HAEAFERYEZERR

Table 3 Regression coefficient and significance test

735 3 FHA B i 5y F i P4 P values BE
Soruce of variation Sum of squares Degrees of {reedom Mean square F values (Prob> F) Significance

X, 0. 25 1 0.25 32.83 <<0. 0001 * %
X, 0. 46 1 0. 46 60. 39 <C0. 0001 *
X; 0. 80 1 0. 80 103.53 <0. 0001 * ¥
X 0.40 1 0. 40 52.00 <C0. 0001 * %

X1X2 0.11 1 0.11 13,74 0.0023 * %

X1X; 0.031 1 0.031 3.98 0. 0657

X1 Xy 0.017 1 0.017 2.20 0.1603

X2 X3 2.5E—005 1 2. 5E—005 3. 25E—003 0.9533

X2 X4 0. 88 1 0. 88 114. 97 <C0. 0001 * %

X3 X4 0.16 1 0.16 20. 30 0. 0005 * %
Xt 0.80 1 0. 80 104. 67 <C0. 0001 % %
X2 3.00 1 3.00 389. 89 <<0. 0001 * %
X3 2.48 1 2.48 322.78 <C0. 0001 % %
X3 0.15 1 0.15 19. 87 0. 0005 % %

T« REEERE,
Note: * * Means highly significant.
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Table 4 Analysis of variance (ANOVA) and fit statistics anal-

ysis
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= 7 _
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S 4Bl T
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Table 5 Fatty acid compesition of the residual oils extracted with ME& UAE

FERFBR Fatty acid
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Fretiod” FER EI e IR IR W
Palmitic acid Stearic acid Oleic acid Linoleic acid A peanut acid Eleostearic acid
ME 3.7293 2.5247 9. 5810 13,1113 1. 0040 70.0493
UAE 2. 8440 2.4363 8. 7597 12,0527 1.1563 72.6907
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