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ABSTRACT

A continuous pilot-scale supercritical carbon diox-
ide system was utilized for the concentration of conju-
gated linoleic acids (cis-9, trans-11 C18:2) from anhy-
drous milk fat, which was separated into five fractions
(S1 to S5) in the pressure and temperature range of
2.4 to 24.1 MPa (350 to 3500 psi) and 40 to 60°C,
respectively. The highest concentration of CLA at-
tained showed an increase of about 89% and occurred
in the raffinate fraction (S1) when the solvent to feed
ratio was 65. This was followed by a gradual decrease
in the concentration of this fatty acid from S2 to S5.
This study shows the feasibility of selectively enhanc-
ing the CLA concentration in one of the fractions of
milk fat with a benign solvent in a one-step process.
Other unique attributes of the CLA-rich fraction are
also listed.
(Key words: milk fat, conjugated linoleic acid)

Abbreviation key: AMF = Anhydrous milk fat,
CLA = conjugated linoleic acid, SC = supercritical.

INTRODUCTION

Conjugated linoleic acids (CLA) are a family of octa-
decadienoic acids, which have been reported to have
a range of positive health effects in experimental ani-
mal models (2). In particular, CLA are a potent cancer
preventive agent in animal models. Dairy products
are the major source of CLA in human diets, and
enhancing the milk fat concentration of CLA is of
interest because of its beneficial health effects. The
presence of CLA in milk fat relates to the pathways
of biohydrogenation of unsaturated fatty acids in the
rumen (5). One means to increase CLA concentration
in milk fat is to manipulate the diet to increase the
rumen escape of CLA or trans-11 C18:1. A number
of factors have been established to alter the rumen
environment in a manner to cause an increase in the
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CLA content in milk fat (2). Another means to alter
the milk fat content of CLA is to selectively fraction-
ate milk fat during the manufacturing processes.

Supercritical fluid processing is one method of fat
fractionation, and several studies have described this
technique (1, 7, 8). The supercritical (SC)-CO2 frac-
tions of milk fat are unique in their physical and
chemical properties, and this procedure has been
used to obtain milk fat fractions suitable for applica-
tions in different food formulations and nutritional
supplements. The SC-CO2 solid fraction obtained
from anhydrous milk fat (AMF) is the most desirable
and unique in that it is lower in cholesterol, is richer
in β-carotene, and has a higher concentration of long-
chain, unsaturated fatty acid-containing triacylglyc-
erols in a very narrow range of high molecular weight
(3, 7). Our objective was to utilize SC-CO2 in the frac-
tionation of milk fat and to examine the CLA content
of various fractions as a means of selectively en-
riching it in one of the fractions.

The feedstock used for this process was AMF, which
was derived from commercially available milk fat; the
milk fat fractions were obtained with a continuous
pilot-scale SC-CO2 system. It consisted of a column
(1.8 m long and 4.9 cm in internal diameter) packed
with stainless steel 304 Goodloe knitted mesh pack-
ing and five separation vessels. The AMF feedstock
was fed on top of the column, and SC-CO2 at the
desired pressure and temperature conditions was fed
from the bottom in a countercurrent mode. The ex-
traction was conducted over a pressure range of 24.1
to 2.4 MPa and temperature of 40 to 60°C, as de-
scribed elsewhere (4). The CLA content of the milk
fat fractions was determined by gas chromatography.
Milk fatty acids were transesterified, and fatty acid
methyl esters were separated with a gas chromato-
graph (Hewlett Packard GCD system HPG1800A;
Avondale, PA). Methods and gas chromatographic
conditions were as described previously (6). CLA
peaks were identified using pure standards (Nu
Check-Prep, Inc; Elysian, MN). All the samples were
produced at least twice using the SC-CO2 processing
system, and the analysis was done in duplicate.
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Table 1. Operating conditions for supercritical (SC)-CO2 fractionation of anhydrous milk fat (AMF) and
conjugated linoleic acid (CLA) content of various fractions (S1 to S5) at solvent-to-feed ratio of 65.

Pressure Fat yield CLA CLA change
Sample °C MPa (psi) (wt %) (mg/g) (wt %)

AMF . . . . . . 100.0 4.2 . . .
S1 40 24.1 (3500) 8.8 7.8 +88.9
S2 50 17.2 (2500) 31.6 4.5 +7.4
S3 40 10.3 (1500) 41.8 4.2 −1.0
S4 60 7.9 (1150) 12.0 2.8 −32.5
S5 40 2.4 (350) 5.0 3.1 −25.3

Table 1 shows the details of the fractionation condi-
tions along with the yields for the five fractions (S1
to S5) obtained and their respective CLA contents.
The highest concentration of CLA attained showed
an increase of 89% and occurred in fraction S1 at a
solvent to feed ratio of 65. This finding was followed
by a slight increase in CLA concentration of S2, and
then a steady decline was observed in the remaining
fractions (S3, S4, and S5). The increase in CLA con-
tent in S1 followed the same trend as the long-chain
(C14 to C18), unsaturated fatty acid-containing triac-
ylglycerols, which tended to selectively concentrate
in this fraction (3, 4) and then decrease proportion-
ately in the remaining fractions. This finding was
expected because SC-CO2 fractionation occurs pri-
marily on the basis of molecular weight and dielectric
properties of fatty acids and glycerides.

Experiments were also performed to further evalu-
ate the effect of solvent-to-feed ratio (rate of flow of

Figure 1. Concentration of conjugated linoleic acid (milligrams per gram fat) in anhydrous milk fat (AMF) and its supercritical (SC)
CO2 milk fat fractions obtained at different solvent-to-feed ratios: A = 40, B = 56, C = 60, D = 65, S1 to S5 = separated milk fractions 1 to 5.
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SC-CO2 and AMF) on the extractability of AMF frac-
tions and their CLA enrichment. With the same ex-
traction conditions (pressure and temperature) as
shown in Table 1, the solvent-to-feed ratio varied from
40 to 65. The maximum CLA concentration was ob-
tained at the highest solvent-to-feed ratio (Figure 1).

Generally, as the ratio of solvent flow rate to feed
flow rate increases, the total extracted quantity of
solute also increases, which leads to a lower yield of
higher molecular weight raffinate with higher CLA.
At a solvent-to-feed ratio of 65, the yield of S1 (raffi-
nate) was 8.8 wt % (Table 1) for the highest CLA
content compared with other operating conditions
(Figure 1). Therefore, it would be possible to incre-
mentally increase the CLA content in S1 further, but
the cost would be prohibitively high, so higher sol-
vent-to-feed ratios were not investigated.

A comparison of some of the other attributes of AMF
with its supercritical fractions is shown in Table 2.



ROMERO ET AL.22

Table 2. Fatty acids, cholesterol, β-carotene, and conjugated linoleic acid (CLA) distribution in supercritical
(SC)-CO2 milk fat fractions (S1 to S5).

Components AMF S1 S2 S3 S4 + S5

Saturated fatty acids (wt %) 64 51 63 67 71
Unsaturated fatty acids (wt %) 29 39 29 26 23
Unsaturated/saturated 0.45 0.76 0.47 0.39 0.33
Cholesterol (mg/100 g) 273 110 252 307 345
β-Carotene (mg/kg) 2.15 8.74 1.06 0.52 0.48
CLA (mg/g) 4.2 7.8 4.5 4.2 2.8

Results demonstrate the unique properties of S1,
which has the highest unsaturated to saturated fatty
acid ratio, β-carotene, and CLA content and the low-
est cholesterol level among the AMF and the re-
maining fractions. The melting point of this fraction
has been previously reported to be above 30°C (3) and
it, therefore, exists as semisolid at room temper-
atures.

The S1 fraction, obtained by processing milk fat
with SC-CO2 could be added back into dairy products
like skim milk, low-fat yogurt, cheese, ice cream, and
butter to make a nutritionally improved product with
unique chemopreventive properties. The uniqueness
of this fraction would make it very appealing to be
used as a nutraceutical to fortify dairy products that
could easily be incorporated as part of a healthy diet.
Another possibility would be to use this product to
manufacture specialty butter with unique nutritional
and anticarcinogenic properties with the added ad-
vantage that it would not melt at room temperatures
and will thus not require refrigerated storage.

Further sensory testing, nutritional evaluation,
and rheological analysis need to be performed on
products obtained with fraction S1 to establish a com-
plete profile of its unique properties and consumer ac-
ceptability.
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