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Abstract

The technical feasibility of removing cholesterol from milk fat by supercritical carbon dioxide (SC-CO,) ex-
traction followed by adsorption on different adsorbents and of fractionating milk fat into different fatty acid
composition at 40°C/276 bar was investigated. Cholesterol could be selectively removed from milk fat by ad-
sorption on a typical commercial florisil with SC-CO, extraction. Lower weight ratio of milk fat feed to flor-
isil showed higher reduction of cholesterol, but gave lower yield in the milk fat fractions. The effective capa-
city of florisil for removing cholesterol from milk fat was 2.0 g/g, which is the ratio of the fat feed to the ad-
sorbent for 89% cholesterol reduction with a fat yield of 57.5%. Fatty acid composition showed higher short-
chain and lower unsaturated long-chain fatty acids in the extracted fractions. Milk fat fractionation method by
supercritical fluid extraction in coupled with adsorption would appear suitable for removing undesirable in-
gredients such as cholesterol and for enriching short-chain fatty acids in the fractions.
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Fig. 1. Flow diagram of supercritical fluid extraction
system. (AV: adsorption vessel, BPR: back pressure regula-
tor, CV: check valve, EV: extraction vessel, F: filter, FT:
flow totalizer, HE: heat exchanger, HPP: high pressure pump,
MV: metering valve, P: pressure gauge, R: rotameter, RD:
rupture disk, S: separator, T: temperature indicator, TK: car-
bon dioxide tank).

Table 1. Fat yield, cholesterol concentration and percent cholesterol reduction of milk fat fractions by supercritical

carbon dioxide with different adsorbents at 40°C/345 bar

Adsorbent Extraction time (min) 39 60 90 120 150 180 Total
CO, used (g) 218 221 209 214 211 213 1,286
B-Cyclodextrin Fat yield (wi%) 4.9 14.7 16.2 149 12.2 6.9 69.8
(20:40)"  Chol. conc (mg/100g) 1785 202.8 226.7 248.6 264.2 256.3 232.4
Chol. reduction (%) -29.0 -193 -9.8 -1.1 +5.0 +1.8 -7.6
CO, used (g) 218 216 213 213 218 209 1,287
Fat yield (wt%) 5.7 131 15.3 14.4 12.4 8.2 69.1
Talc (20:20)
Chol. conc (mg/100 g)  200.8 174.6 177.8 189.7 221.8 235.2 196.2
Chol. reduction (%) 2201 -30.6 -29.3 24.6 -11.8 6.5 22,0
CO, used (g) 216 214 211 216 216 216 1,289
) Fat yield (wt%) 3.7 15.7 15.3 14.2 11.7 9.1 69.7
Celite (20:20)
Chol. conc (mg/100g)  128.8 217.2 261.7 2725 271.1 277.0 250.3
Chol. reduction (%) -48.8 -13.6 +4.0 +8.3 +7.7 +10.0 05
CO, used (g) 211 214 200 230 202 218 1,275
. Fat yield (wt%) - - 3.2 12.4 10.2 10.3 36.1
Florisil (20:20)
Chol. conc (mg/100 g) -- - 14.7 155 12.9 - 14.3
Chol. reduction (%) - - -94.1 93.8 94.8 - -94.3

"The weight ratio of milk fat to adsorbent.
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Table 2. Fat yield, cholesterol concentration and percent cholesterol reduction of milk fat fractions by supercritical
carbon dioxide with different mesh size of florisil at 40°C/276 bar (the weight ratio of milk fat to adsorbent is 20:5)

Mesh sipa—rxtraction time (min) g 90 120 150 180 210 240 Total
CO. used (g) 452 207 220 213 214 214 204 1,724
st YiEMd (t%) 8.0 11.0 16.4 8.8 9.4 8.2 6.8 68.6
Chol. conc (mg/100g)  31.8 28 352 571 79.8 993 1317 58.9

Chol. reduction (%)  -873 909 860 773 682 605  -476  -765

CO. used (g) 426 213 209 205 205 196 191 1645

Fat yield (wi%) 9.8 119 11.9 10.3 9.0 8.0 7.5 68.4

M9 Chol. conc (mg100g) 676 689 1154 1694 1912 2263 2443 1456
Chol. reduction (%)  -73.1  -T26 541 326 240 -100 29 421

CO. used (g) 463 220 198 191 202 191 195 1,660

L0000 T YiEld (1%) 113 11.7 10.8 9.3 78 7.2 6.7 64.8
Chol. conc (mg/100g)  53.0 55.4 776 1013 1284 1396 1622 94.4

Chol. reduction (%) 789 779 69.1 597 489 445 355  -62.4
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Table 3. Fat yield, cholesterol concentration and percent cholesterol reduction of milk fat fractions by supercritical
carbon dioxide at 40°C/276 bar (the weight ratio of milk fat to adsorbent is 20:10)

Extraction time (min)

Mesh S8 60 90 120 150 180 210 240 Total
CO, used (g) 445 218 207 207 213 204 184 1,678

Fat yield (wt%) 47 9.0 10.2 9.9 9.1 8.0 6.6 575

3060 Chol. conc (mg/100 71.2 18.0 9.6 12.1 15.6 21.6 27.4 21.0
Chol. reduction (%) -71.6 928 96.1 95.1 93.7 91.3 -89.0 -91.6

CO, used (g) 470 227 218 200 205 196 196 1,712

1007200 Fat yield (wt%) 8.4 11.0 10.6 9.5 7.5 6.9 6.5 60.4
Chol. conc (mg/100 6.9 11.6 83 12.4 18.1 14.3 45.8 15.2

Chol. reduction (%) 972 95.3 -96.7 -95.0 928 943 81.7 -93.9
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Table 4. Fatty acid composition of SC-CO, fractions from anhydrous milk fat passed through 100/200 mesh of flor-

isil at 40°C/276 bar

Fractions Feed E2" E3 E4 ES E6 E7 E8 R?
E"‘"‘(Crt;‘i’:) time 60 90 120 150 180 210 240
Cozg‘;sed 470 227 218 200 205 196 196
Fat yield 100 8.4 11.0 106 95 75 6.9 6.5 396
(Wt%)
C4:0 3.7 44 6.1 49 50 4.0 3.4 2.9 12
C6:0 19 29 3.1 26 25 25 23 21 11
C8:0 13 20 2.0 16 L6 1.5 1.4 13 0.8
C10:0 3.0 44 43 3.8 35 34 33 32 2.1
C12:0 35 4.8 47 43 4.0 39 38 3.6 27
C14:0 11.2 13.1 13.2 12.7 121 11.9 117 11.4 9.6
C16:0 29.3 289 29.5 30.1 30.0 30.0 29.8 29.9 28.5
Cl16:1 15 16 15 15 1.5 15 16 15 1.5
C18:0 13.1 102 9.7 10.8 11.7 12.0 12.2 12.9 15.7
C18:1 274 240 22 24.0 24.4 25.6 26.5 27.2 324
C18:2 32 29 28 2.9 29 3.0 3.1 32 3.6
C18:3 0.2 02 02 02 02 02 02 02 03
C4-C8 6.9 93 112 9.1 9.1 8.0 7.1 6.3 3.1
C10-C12 6.5 92 9.0 8.1 7.5 73 7.1 6.8 48
C14-C18 866 815 79.8 82.8 83.4 84.7 85.8 86.9 92.1
unsat 330 293 27.4 29.2 29.6 30.8 321 32.7 38.3
sat 536 522 52.4 53.6 53.8 53.9 53.7 542 53.8
unsat/sat 0.61 0.56 0.52 0.54 0.55 057 0.59 0.60 0.71

YExtract, “Residue.
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