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Abstract

In this study, an attempt is being made to extract surface-active substances from defatted rapeseed cakes by supercritical
carbon dioxide fluid. Independent variables for the extraction process, being formulated by D-optimal design, are pressure
(150~350 bar), temperature (33~65C) and co-solvent (ethanol, 50~250 g). The dependent variables of the extraction yield,
the content of neutral lipids, phospholipids and glycolipids in the extracts were analyzed upon the results through the
response surface methodology. As for the extraction yield, it was found to increase with increasing independent variables,
among which the co-solvent proved to be a major influencing parameter. Similar trends were found for the content of
surface-active substances (i.e, phospholipids and glycolipids) in the extracts, except for the content of neutral lipids.
Regression equations were suggested to coincide well with the results from the experiments. Extraction conditions are being
optimized to maximize the extraction yields, the content of phospholipids, and glycolipids were 350 bar (pressure), 65C
(temperature) and 228.55 g (co-solvent), respectively.
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Fig. 1. Schematic of the supercritical carbon dioxide apparatus.
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Table 1. Experimental combination according to codes of experimental design at various extracting pressure, temperature

and co-solvent content

P (bar) T (0) C (g Actual parameters
Treatment
X X X3 Pressure (bar) Temperature (C) Co-solvent (g)
1 —1 -1 —1 150 33 50
2 1 -1 —1 350 33 50
3 —05 —0.5 —1 200 41 50
4 0.5 0.5 —1 300 57 50
5 —1 1 —1 150 65 50
6 1 1 —1 350 65 50
7 0.5 —1 —0.5 300 33 100
8 —0.5 1 —05 200 65 100
9 —1 0 0 150 49 150
10 1 0 0 350 49 150
11 —05 -1 0.5 200 33 200
12 0.5 1 0.5 300 65 200
13 —1 —1 1 150 33 250
14 1 —1 1 350 33 250
15 0.5 —05 1 300 41 250
16 —0.5 0.5 1 200 57 250
17 —1 1 1 150 65 250
18 1 1 1 350 65 250
19 1 1 1 350 65 250
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Table 2. Extraction yield of the SFE extracts for response
surface analysis

Extraction conditions Variables
No.  Pressure Temperature Co-solvent Yield
(bar) () () (%)
1 150 33 50 0.50+0.014""2
2 350 33 50 1.12+0.021°
3 200 41 50 0.82+0.021'
4 300 57 50 0.68+0.021™
5 150 65 50 0.76£0.042'
6 350 65 50 0.960.035"
7 300 33 100 1.08+0.0214
8 200 65 100 1.040.014*
9 150 49 150 2.06£0.014'
10 350 49 150 4.400.064°
11 200 33 200 2.22+0.028"
12 300 65 200 2.92+0.064¢
13 150 33 250 3.28+0.021°
14 350 33 250 2.0240.035'
15 300 41 250 5.1240.099°
16 200 57 250 3.16£0.014
17 150 65 250 3.72+0.071¢
18 350 65 250 6.86+0.057
19 350 65 250 6.7240.028°

D Values are MeantS.D., n=2
D #" Means followed by the same letter in column are not
significantly different (p<0.05).
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Fig. 2. Contour plots for yield of the SFE extract with respect to the extraction condition.
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Fig. 3. Response prediction plot for the effect of pressure, temperature and co-solvent content on the extraction yield.
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Fig. 4. Thin-layer chromatograms of phospholipids and glycolipids from extracted defatted rapeseed meal by supercritical
CO; extraction.

Table 3. Composition of (polar) lipids of SFE extracts for response surface methodology

Extraction conditions Variables
No. Pressure Temperature Co-solvent Neutral lipids Phospholipids Glycolipids
(bar) (C) (8 (%, Y2) (%, Y3) (%, Y4)
1 150 33 50 18.80+0.14"% 50.67+0.15' 29.4740.11°
2 350 33 50 10.67+0.04' 53.8740.13 21.33+0.28¢
3 200 41 50 15.47+0.18° 42.00+0.087 25.73+0.21°
4 300 57 50 20.27+0.06 44.27+0.04° 23.20+0.19°
5 150 65 50 29.47+0.11° 47.47+0.18" 19.3320.11°
6 350 65 50 16.40+0.13¢ 49.73£0.21™ 21.60£0.09°
7 300 33 100 16.27+0.02¢ 51.73+0.20F 17.60£0.02"
8 200 65 100 11.33+0.11" 57.07+0.07' 18.40:£0.05¢
9 150 49 150 7.47+0.16" 60.40+0.09¢ 19.20+0.19°
10 350 49 150 3.87+0.03¢ 76.40+0.02° 18.67+0.14"
11 200 33 200 13.78+0.07¢ 66.67+0.42° 8.89+0.10"
12 300 65 200 7.87+0.10 67.47+0.14° 17.88+0.18"
13 150 33 250 5.60£0.17" 72.93+0.07° 18.27+0.14¢
14 350 33 250 14.27+0.28" 46.40+0.02° 15.200.16
15 300 41 250 4.13+0.08" 62.930.10" 10.80:£0.19™
16 200 57 250 6.4020.11" 59.47+0.42" 10.93+0.18™
17 150 65 250 6.13£0.11™ 79.20+0.12° 13.20+0.12'
18 350 65 250 41340217 66.67+0.04° 16.40+0.12
19 350 65 250 4.82+0.14° 68.27+0.77° 17.25+0.08'

Y Values are MeantS.D., n=2

2 4 Means followed by the same letter in column are not significantly different (p<0.05).
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Fig. 5 Contour plots for the lipid composition containing neutral lipids (a), phospholipids (b) and glycolipids (c) data
of the SFE extracts with respect to the extraction condition.
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Fig. 6 Response prediction plot for the effect of pressure, temperature and co-solvent content on the lipid composition;

neutral lipids (a), phospholipids (b) and glycolipids (c).
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Table 4. Second order polynomial equation calculated by response surface methodology program on yield, neutral lipid,

phospholipid and glycolipid

Responses Polynomial equation R Lack of fit
Yield Y=3.13391+0.615861X,+0.425704X,+1.30424X5+0.244423X,>— 0.501273X,> — 0.383275X3 >+ 0.849 0.066
(%, Y1) 0.436332X,X,+0.236403X, X5+0.461556X,X;5
Neutral lipid Y,=8.06166—0.695489X, —0.974119X,—4.42969X; — 1.6666X,*+1.30806X,°+4.02251X3> — 0763 0075
(%, Y2) 1.18957XX5+1.1391X, X3 —1.56144X,X;
Phospholipid Y3=64.8629—0.31563X,+1.01841X,+6.26567X5+3.99177X,> — 1.68163X,>+8.4215X;3>+ 0781 0112
(%, Y3) 1.89525X,X; —3.5192X,X,1+2.69062X, X5
Glycolipid  Y4=13.2308 —0.341835X,—0.322918X,— 3.30899X5+2.35742X,%+0.0668294X,°+2.48585 X5+ 0775 0.128
(%, Ya) 1.24896X,X,10.662007X,X51+0.947739X, X5
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