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Optimization of Sesame oil Extraction from Sesame cake
using Supercritical Fluid CO,

Seong-Ju Kim, Young-Jong Kim, and Kyu-Seob Chang*
Department of Food Science and Technology, Chungnam National University

Overall experiments were planned by central composite design, and results were analyzed by response surface
methodology (RSM) to determine effects of three independent variables, temperature (X,), extraction time (X)),
and pressure (X,), on yield of sesame oil extract (Y). Regression equation model optimized by response surface
analysis was: Y (sesame oil) =-3.89 + 0.07X, + 0.03X, + 0.0006X, - 0.0007X,- 0.0002X,X, - 0.00008X,”+ 0.000004X,X,
+0.0000009X,X, - 0.00000009X,>. According to RSM analysis, optimum extracting conditions of temperature,
time, and pressure were 45.89°C, 131.89 min, and 34228.41 kPa, respectively, and statistical maximum yield of
sesame oil was 96.27%. Fatty acid composition of sesame oil showed sesame oil extracted by Supercritical Fluid
CO, contained lower levels of palmitic, stearic, and oleic acids and higher levels of palmitoleic and linoleic acids
than commercial sesame oil. Commercial and extracted sesame oils were analyzed by electronic nose composed
of 12 different metal oxide sensors. Obtained data were interpreted by statistical method of MANOVA.
Sensitivities of sensors from electronic nose were analyzed by principal component analysis. Proportion of first

principal component was 99.92%. All sesame oils showed different odors (p < 0.05).
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Fig. 1. Superecritical fluid extraction equipment.
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Table 1. Codes of levels for independent variables

Symbols Levels
Variables
uncoded coded uncoded coded
Temperature T(°C) X, 35 -2
45 -1
55 0
65 1
75 2
Extractiontime  E (min) X, 30 2
60 -1
90 0
120 1
150 2
Pressure P (kPa) X, 15092 2
19894 -1
24696 0
29498 1
34300 2
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Table 2. Experiment combinations according to codes of experimental design at various extraction conditions of temperature,

extraction time, and pressure

T (°C) E (min) P (kPa) Actual parameters
Treatment
X, X, X Temperature (°C) Extraction time (min) Pressure (kPa)

1 -1 -1 -1 45 60 19,894
2 -1 -1 1 45 60 29,498
3 -1 1 -1 45 120 19,894
4 -1 1 1 45 120 29,498
5 1 -1 -1 65 60 19,894
6 1 -1 1 65 60 29,498
7 1 1 -1 65 120 19,894
8 1 I 1 65 120 29,498
9 0 0 0 55 90 24,696
10 0 0 0 55 90 24,696
11 2 0 0 35 90 24,696
12 2 0 0 75 90 24,696
13 0 -2 0 55 30 24,696
14 0 2 0 55 150 24,696
15 0 0 -2 55 90 15,092
16 0 0 2 55 90 34,300
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Table 3. The yield of extracted sesame oil at various extraction
conditions analyzed by SFE

Treatment o) E (min) P (kPa) S‘?Same oil

X" X? X, yield (%)
! -1 -1 -1 429
2 -1 -1 1 59.0
3 -1 i -1 60.4
4 -1 1 1 93.6
> 1 -1 -1 155
6 1 -1 I 509
! ! 1 - 148
8 1 1 1 493
9 0 0 0 7.1
10 0 0 0 73.1
i 2 0 0 467
12 2 0 0 45.1
13 0 2 0 26
14 0 2 0 68.8
15 0 0 2 182
16 0 0 2 93.3

Yield{*%)
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400

160 KX

Temperature(T)

Fig. 2. Response surface contour of sesame oil yield from sesame
cake as a fraction of SFE extraction at various temperatures and
extraction times.
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Fig. 3. Response surface contour of sesame oil yield from sesame
cake as a fraction of SFE extraction at various temperatures and
pressures.
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Fig. 4. Response surface contour of sesame oil yield from sesame
cake as a fraction of SFE extraction at various extraction times
and pressures.
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Table 4. Statistical model parameter of sesame oil

Regression DF Type of I sum of square R-square F value Prob>F
Linear 3 0.682636 0.7105 10.24 0.0089
Quadratic 3 0.099273 0.1033 1.49 0.3097
Cross product 3 0.045533 0.0474 0.68 0.5941
Total Regress 9 0.827443 0.8612 4.14 0.0450
Table 5. Estimated regression coefficient for sesame oil in sesame cake by SFE
Parameter DF Parameter estimate Standard error Prove > |T| T value
INTERCEPT 1 -3.892100 2.747958 0.2064 -1.42
X, 1 0.073812 0.051762 0.2038 1.43
X, 1 0.025582 0.015235 0.1441 1.68
X, 1 0.000591 0.000725 0.4461 0.82
X, X X, 1 -0.000680 0.000373 0.1179 -1.82
X, X X, 1 -0.000226 0.000176 0.2453 -1.29
X, X X, 1 -0.000075972 0.000041410 0.1162 -1.83
X, X X, 1 0.000003696 0.000007529 0.6409 0.49
X, X X, 1 0.000000970 0.000007529 0.7124 0.39
X, X X, 1 -8.903061E-8 7.6058742E-8 0.2862 -1.17
100 120
901 100
80 4
80
g g
= 3 60
£ 604 5
40 -
50 -
0 20 4
30 0

35 40 45 50 55 80 65 70 75
Temperature ('C)

Fig. 5. The effects of temperature on the extraction yield of
sesame oil at 130 min, and 34,300 kPa.
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Fig. 6. The effects of extraction time on the extraction yield of
sesame oil at 45°C, and 34,300 kPa.
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Fig. 7. The effects of pressure on the extraction yield of sesame
oil at 45°C, and 130 min.
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analysis; PCA) Fig. 8¢ Yepd A3} Zo| Al | F4E9 7]o
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Fig. 8. Principal component analysis (PCA) plot from the
electronic nose on purchased and extracted sesame oil.
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Table 6. Fatty acid compositions (mole %) of purchased and extracted sesame oil

Fatty acid composition
Sample
C16:0 Clé6:1 C18:0 C18:1 C18:2 CI8:3
pPsY 11.2% 0.0% 6.2% 43.6% 39.0% 0.0%
ES? 10.8% 0.2% 5.0% 36.5% 47.5% 0.0%
YPS: purchased sesame oil, “ES: extracted sesame oil by supercritical fluid CO,.
Table 7. The result of MANOVA test in comparison of purchased and extracted sesame oil
Statistic Value F value Num DF Den DF Pr>F
Wilks’ Lambda 0.000032 7898.27 12 3 <.0001
Pillai’s Trace 0.999968 7898.27 12 3 <.0001
Hotelling-Lawley Trace 31593.089842 7898.27 12 3 <0001
Roy’s Greatest Root 31593.089842 7898.27 12 3 <.0001
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