
ABSTRACT: Extraction of fat-soluble vitamins (A, D, E, and β-
carotene) by supercritical carbon dioxide (SC-CO2) was tested
to replace conventional liquid extraction methods, which re-
quire large volumes of organic solvents. Supercritical fluid ex-
traction (SFE) is a rapid extraction technique for fat-soluble vita-
mins enabling them to be accurately determined using only
small volumes of organic solvents. Extractions were performed
on ultra-high-temperature sterilized milk, milk powder, pork,
liver pâté (pâté de fois), infant formula, and canned baby food
to compare the methods. The proposed method is based on the
extraction of fat-soluble vitamins and their esters by using SC-
CO2 with methanol as a modifier. HPLC analysis using photo-
metric detection was used for the vitamin analysis. The results
showed no significant differences between extraction methods.
The proposed SFE method appears to be useful as a substitute
for the traditional organic solvent method, mainly for vitamin A
and γ-tocopherol. 
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Food industries such as the milk and meat product industries
are always looking for faster and more efficient analytical
methods to determine the vitamin content of their raw materi-
als and final products. Conventional analytical methods for
vitamins are generally suited for separate vitamin determina-
tions, and at times they require large amounts of reagents,
time, and samples (1–5). Vitamin A and E determinations are
frequently based on a colorimetric method with purification
of the extract on an alumina column before determination; β-
carotene is determined by a spectrophotometric method, and
vitamin D determination is carried out by HPLC. These meth-
ods require 40 g for samples containing 0.3 mg/100 g of vita-
min A (6), and vitamin E determinations require 10 g of sam-
ple for the most common foods, 40 g for dry foods, and 60
mL for ultra-high-temperature milk (UHT-milk) (7); vitamin
D3 determination in UHT-milk requires 200 mL of sample
(8). Hence, a large amount of sample requires the use of sev-

eral hundred milliliters of traditional organic solvent for ex-
traction and saponification, resulting in increased costs and
environmental safety risks. Furthermore, extract purification,
for colorimetric determination, requires an increase in analyt-
ical time, which causes vitamin degradation. Light and oxy-
gen also degrade vitamins, mainly vitamins A and E.

Analytical supercritical fluid extraction (SFE) has been de-
veloped to replace traditional analytical methods using or-
ganic solvents (9–11). SFE is a fast extraction technique, and
fat-soluble vitamins can be completely extracted and deter-
mined using only small volumes of organic solvents (12–17).
The reported analytical method uses a sample amount in the
range of 0.5–2.0 g. After extraction, the sample is saponified
and re-extracted, allowing the extract to be analyzed directly
by HPLC (18).

In this study fat-soluble vitamin extractions were con-
ducted by SFE and conventional methods to allow a compari-
son of these two techniques. α-Tocopherol and vitamin A
were determined in UHT-milk, milk powder, pork, liver pâté
(pâté de fois), infant formula, and canned baby food; vitamin
D3 was determined only in UHT-milk and infant formula; and
γ-tocopherol and β-carotene were determined in infant for-
mula and canned baby food. This research was carried out
under an international project (13) to compare analytical SFE
with traditional methods for extracting fat-soluble vitamins
from food. The results obtained illustrate the benefits of the
proposed method.

EXPERIMENTAL PROCEDURES

Equipment. A dual-beam spectrophotometer (UV-vis) Varian
DMS 200 (Varian Inc., Palo Alto, CA) with 1-cm quartz cells,
capable of measuring absorbance in the range 190–800 nm, was
used to determine the purity of the standard solutions. A super-
critical fluid laboratory extractor, an FA-100TM (LECO Corpo-
ration, St. Joseph, MI), capable of extraction pressures up to
700 bar and temperatures up to 423 K and able to perform sta-
tic and dynamic extractions, was used in this study. Another su-
percritical fluid laboratory extractor, an Spe-ed SFETM (Applied
Separations, Lehigh, PA), that allowed extraction pressures up
to 700 bar and temperatures up to 523 K, was also used in this
study. Extract collection was accomplished in the proper
solvent, at room temperature and atmospheric pressure. Both
units have no system pump to add the cosolvent, and there is 
no automatic addition of the collection solvent; therefore, the
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cosolvent was added manually during extractions with both
units, and the collection solvent was manually refilled when
needed (see the section on SFE conditions).

The HPLC system consisted of a Varian 2010 pump with a
Rheodyne 7025 injector and equipped with a UV-vis Varian
Varichrom detector. The detector was used at the sensitivity
of 0.2 absorbance units full scale. A Varian DS 654 Integrator
was used to quantify the peaks.

Materials. UHT low-lactose milk (1.5% fat), milk powder
(fat content not available), pork (14% fat), liver pâté (23%
fat), infant formula (milk powder mixture; 2.5% fat) and
canned baby food (2.8% fat) were all market grade, as pro-
vided under the EU-FAIR project (13). The fat contents were
in the accepted range for all products (19). Products were
stored at 277 K before extraction analysis (13). L(+)-Ascor-
bic acid (p.a.), dichloromethane (HPLC), di-isopropyl ether
(p.a.), n-hexane (HPLC), isopropyl alcohol (HPLC), meth-
anol (HPLC), petroleum ether (313–333 K) (p.a.), and potas-
sium hydroxide (p.a.) were all purchased from Carlo Erba
(Milan, Italy). All-trans-retinol (≥99%), DL-α-tocopherol
(≥98%), γ-tocopherol (≥97%) (vitamin E), cholecalciferol
(≥99%), ergocalciferol (99%), retinol acetate (95% all-trans
isomer, 5% cis isomer), β-carotene, and BHT (99%) were 
all purchased from Fluka (Buchs, Switzerland). Both acetoni-
trile (HPLC) and ethanol (99.9%) were purchased from J.T.
Baker (Milan, Italy). Ammonium acetate (p.a.) was purchased
from Rudi Pont S.p.A. (Torino, Italy). The hydrophilic inert
support matrix (LECO-Dry) was purchased from LECO. 6-
O-Palmitoyl-L-ascorbic acid (p.a.) was purchased from
Merck (Darmstadt, Germany). Triethylamine (99%) was pur-
chased from Sigma-Aldrich (Milan, Italy). Carbon dioxide
(99.998%) and nitrogen (≥99.9995%) were obtained from
Linde-Caracciolossigeno (Perugia, Italy).

Standard solutions. Two standard solutions were prepared.
Standard solution A was composed of all-trans-retinol (5 mg
in 10 mL ethanol), DL-α-tocopherol (10 mg in 10 mL
methanol), γ-tocopherol (10 mg in 10 mL methanol), vitamin
D3 (10 mg in 10 mL ethanol), vitamin D2 (10 mg in 10 mL
ethanol), retinol acetate (10 mg in 10 mL ethanol), and β-
carotene (3 mg in 100 mL n-hexane). Standard solution B
(obtained from solution A for use in serial dilution for cali-
brating standards) was composed of all-trans-retinol (1 mL
solution A in 10 mL ethanol), DL-α-tocopherol (5 mL solu-
tion A in 50 mL ethanol), γ-tocopherol (5 mL solution A in
50 mL ethanol), vitamin D3 (500 µL solution A in 50 mL
ethanol), vitamin D2 (500 µL solution A in 50 mL ethanol),
retinol acetate (500 µL solution A in 10 mL ethanol), and β-
carotene (5 mL solution A in 50 mL n-hexane).

Purity tests on standard solutions were carried out by mea-
suring the absorbance of solutions in a 1-cm quartz cell with
the appropriate solvent in the reference cell. The concentra-
tion was then calculated in µg/mL using the corresponding
molar extinction coefficient (The Merck Index, London,
United Kingdom). All standard substances and solutions were
stored in amber vials refrigerated at 255 K, and all standards
were checked for purity before analysis.

A 50% potassium hydroxide solution was prepared by dis-
solving 20 g of potassium hydroxide in 20 mL of MilliQ
water (Millipore Corporation, Bedford, MA).

Sample preparation. (i) Mixture A: UHT-milk, milk powder,
meat, and liver pâté. A 0.5 ± 0.05 g sample (2 ± 0.05 g was used
for the determination of all-trans-retinol and α-tocopherol,
whereas 10 ± 0.05 g was used to determine vitamin D3 in UHT-
milk) was mixed with 1 ± 0.05 g of inert support matrix and 0.5
± 0.05 g of ascorbic acid in a mortar. 

(ii) Mixture B: infant formula. A 0.5 ± 0.05 g sample was
mixed with 0.5 ± 0.05 g of water in a mortar with a glass rod
until no clumps of sample were visible. The wet sample was
mixed with 1.0 ± 0.05 g of inert support matrix and 0.5 ±
0.05 g of ascorbic acid in a mortar.

(iii) Mixture C: canned baby food. A 1.0 ± 0.05 g sample
was mixed with 1.0 ± 0.05 g of inert support matrix and 0.5 ±
0.05 g of ascorbic acid in a mortar.

The sample mixtures (A, B, C) were put into a thimble
containing 0.4 ± 0.05 g of inert support matrix on the bottom
and were gently pressed to set. LECO-Dry inert matrix was
then added until the extraction vessel was filled, and 1.5 mL
of methanol was added to the top of the extractor vessel when
the addition of cosolvent was required and after neat SC-CO2
extraction when required.

SFE conditions. Vitamin A, D3, α-tocopherol, and γ-
tocopherol extractions were carried out using a single extrac-
tion process for UHT-milk, milk powder, meat, and liver pâté.
The extraction lasted 15 min (static) plus 60 min (dynamic);
a liquid CO2 flow rate of 1.082 g/min was used while per-
forming the extraction. Methanol was added as a cosolvent at
a 5% mass ratio (mole fraction = 0.066). Extraction pressure
and temperature were 366 bar and 353 K, respectively (ex-
traction solvent density, 0.823 g/mL). The restrictor tempera-
ture was held at 358 K. Collection solvent was 15 mL of
isopropyl ether/ethanol (50:50 vol/vol) containing approxi-
mately 5–10 mg of palmitoyl ascorbic acid.

A dual extraction was conducted to extract the above-men-
tioned vitamins using neat SC-CO2 (first extraction) as well
as to complete the β-carotene extraction for infant formula
and canned baby food by adding methanol as a cosolvent
(second extraction). The first extraction was conducted with
neat SC-CO2 using a static extraction time of 5 min and a dy-
namic extraction time of 40 min, a pressure of 380 bar, an ex-
traction temperature of 313 K (CO2 density 0.954 g/mL), a
restrictor temperature of 318 K, and dichloromethane/
n-hexane (50:50 vol/vol) containing 5–10 mg of BHT as the
collection solvent. The second extraction was conducted by
adding methanol as a modifier; extraction pressure and tem-
perature were 380 bar and 353 K, respectively (extraction sol-
vent density, 0.830 g/mL; mole fraction = 0.066). The restric-
tor temperature was 358 K, and the collection solvent was 15
mL of isopropyl ether/ethanol (50:50 vol/vol) containing
5–10 mg of palmitoyl ascorbic acid.

The LECO FA-100 extractor described above was used to
determine vitamin A, E, and β-carotene concentrations. To
obtain the required CO2/methanol ratio, 2 mL of methanol
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was added manually every 10 min during the extraction, de-
pressurizing each time. To reach the total extraction time, four
successive 10-min dynamic extractions were conducted. Only
vitamin D3 extractions from UHT-milk and infant formula
were carried out with the Applied Spe-ed SFE extractor, and
a 50-mL vessel and 10 g of sample were used to increase the
vitamin concentration. Methanol was added manually, as
when using the LECO FA-100.

Saponification.  SFE extracts were concentrated under ni-
trogen and then saponified by adding 4 mL of ethanol, 10–20
mg of ascorbic acid, and 1 mL of 50% KOH solution to the
extract. When vitamin D3 was determined in UHT-milk, 100
µL of vitamin D2 (approx. 10 µg/mL) was added as internal
standard to correct for losses during saponification. The sam-
ple tube containing the extract was gently flushed under ni-
trogen and then maintained in a water bath (313 K) for 30
min. The sample was then shaken vigorously every 10 min
during the saponification process.

When saponification was completed, the sample was cooled
under tap water (light was excluded during the entire process).
Then 6 mL of MilliQ water and 5 mL of petroleum ether were
added to the collection tube, which was shaken vigorously for
at least 1 min. After equilibration, the tube was cooled under
tap water to separate the phases, and 4.5 mL of the organic
phase was decanted off and washed twice with MilliQ water.
This was followed by removal of 4 mL of the organic phase
which was evaporated to dryness under nitrogen. Ethanol (500
µL) was then added as solvent and the resultant solution was
filtered, followed by direct injection into the HPLC system.
When the vitamin concentration was close to the detection
limit, 50 µL of retinol acetate solution (ca. 25 µg/mL) was
added as internal standard, whereas only 200 µL of ethanol (in-
stead of 500 µL) was added as solvent to improve detection.

HPLC. Vitamins were identified by comparing the reten-
tion times of individual peaks with the chromatograms ob-
tained using the standard solutions. Vitamin concentrations
were calculated with two mathematical formulas (see Equa-
tions 1 and 2 below) using a concentration curve established
with standards. 

All HPLC determinations were carried out at least in du-
plicate; for UHT-milk and milk powder samples, four deter-
minations were made. 

HPLC conditions were as follows: flow rate, 1.0 mL/min;
temperature, 291–296 K; injection volume, 20 µL; column,
Alltima C18 (Alltech Italia, Sedriano MI, Italy), film thick-
ness 5 µm, 250 × 4.6 mm (for retinol, vitamin D3, γ-tocoph-
erol, and α-tocopherol), and VYDAC 201TP54 C18 (Grace-
Vydac, Hesperia, CA), 250 × 4.6 mm (for β-carotene). The
HPLC mobile phase was methanol/water (96:4) for the vita-
min A, vitamin D3, γ-tocopherol, and α-tocopherol assays,
and acetonitrile/0.05 M ammonium acetate in methanol/
dichloromethane (75:20:5), containing 50 mg BHT/L and 0.5
mL/L triethylamine, for the β-carotene assay. Detection
wavelengths for the above analytes were 325 nm for vitamin
A, 265 nm for vitamins D2 and D3, 295 nm for γ- and α-
tocopherol, and 450 nm for β-carotene.

Calculations. For all-trans-retinol, α-tocopherol, γ-to-
copherol, and β-carotene,

where C = the calculated concentration of vitamin (mg/100
g); C std = concentration of the standard solution (mg/mL); As

= vitamin peak area of the sample; Astd = vitamin peak area
of the standard solution; m = weight of the sample (g); V1 =
final volume of the sample extract before HPLC analysis
(mL); V2 = volume of extraction solvent added to the saponi-
fied extract (mL); and V3 = volume of washed organic phase
evaporated with nitrogen (mL).

For vitamin D3,

where C = calculated concentration of vitamin (mg/100 g); Ce

= concentration of vitamin in the extract (mg/mL); V1 = final
sample volume (V = 0.250 mL); m = weight of the sample (g);
and Q = correction coefficient for vitamin, expressed as

where Ds = area of internal standard (vitamin D2) in the sam-
ple; and Di = area of internal standard (vitamin D2) in the in-
ternal standard mixture.

Conventional methods. Analyses were conducted under
the EU-FAIR project using liquid extraction methods (13).
The concentrations of vitamin A and vitamin E in UHT-milk,
milk powder, meat, liver pâté, infant formula, and canned
baby food were determined by colorimetric methods (6,7).
The concentrations of vitamin D3 in UHT-milk and infant for-
mula were determined by the AOAC liquid chromatographic
method (8). The concentrations of β-carotene in infant for-
mula and canned baby food were determined by the AOAC
spectrophotometric method (20).

Statistical analysis. Data from the analyses were processed
using Excel spreadsheets (Microsoft, Redmond, WA). They
were then evaluated for SD and reported as percentage rela-
tive standard deviation (RSD%) for the intralaboratory re-
peatability assessments.

RESULTS AND DISCUSSION

Data comparing the vitamin concentrations obtained by the
SFE method and traditional organic solvent methods are re-
ported in following tables. The concentration of vitamin A in
all samples is reported in Table 1. Generally, SFE gave recov-
eries comparable to the traditional method and with better re-
peatability (RSD%) (21,22). The recovery of vitamin A in
liver pâté was 103%. The concentration found for vitamin A
in milk powder was moderately high compared to the tradi-
tional method, and its recovery was good (119%). Vitamin A
in liquid milk and infant formula extracted by SFE was lower
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than the traditional method. The recovery was only 67% for
liquid milk. It is possible to predict the influence of high water
content to contrast the extraction. The restrictor can be
plugged with polar compounds (proteins, carbohydrates, etc.)
dragged out with water during the vitamin extraction. The re-
covery of vitamin A from infant formula was 54%. In this
case, degradation of the sample could explain the low effi-
ciency of this particular extraction. We did not find any vita-
min A in pork because of the very low amount of this vitamin
in pork, as reported in the literature (19) and as detected by
the conventional methods. The concentration of vitamin A in
canned baby food was lower than 0.0005 mg/100 g. To in-
crease the recovery of vitamin A, either an increase in extrac-
tion time or pretreatment of the sample with acids to free the
fat and fat-soluble vitamins from muscle tissues may help.

The α-tocopherol extracted by SFE compared with that ex-
tracted by conventional methodology is reported in Table 2.
Good agreement was shown between SFE and the literature
values, and the RSD% was generally lower for SFE than for
the conventional methods. The recovery from pork was 80%
compared with the traditional method. SC-CO2 enabled the
extraction of 69% of that found in UHT-milk by extracting
with an organic solvent. The recovery of α-tocopherol from
liver pâté was 59%, and that from milk powder was 55%
compared to the traditional method. The recovery from
canned baby food was only 50%, whereas it was only 17%
from infant formula. The content of vitamin E in SFE extracts
was generally lower than for the conventional methods. This

may have been a consequence of considerable degradation of
this vitamin, and certain changes in the procedure suggested
by the EU project (13) are required (e.g., the samples should
be stored at 193 K instead of 277 K).

The concentrations of γ-tocopherol in the various food-
stuffs are reported in Table 3. This concentration was 108%
for infant formula using SFE compared with the traditional
method, and in canned baby food it was 92%; both results
were repeatable. The different behavior of γ-tocopherol com-
pared to α-tocopherol was probably due to their different an-
tioxidant activities, which are proportional to the speed of
degradation (23).

The concentration of vitamin D3 in UHT-milk (Table 4)
was found to be lower than the instrumental detection limit
when extracted using SC-CO2. Vitamin D3 in infant formula
was very high in comparison with both the official method
and the literature data. This was probably due to the effec-
tiveness of the SFE procedure,  which is very rapid, thus pre-
serving vitamin D3 from oxidative degradation and light
exposure. The recorded RSD% was below the official re-
quirements.

The concentration of β-carotene determined by SFE and
the official method is reported in Table 5. Although not de-
tected in infant formula by SFE, it was shown by the conven-
tional method. In canned baby food the β-carotene concentra-
tion found by using SFE was very low, with a high RSD%
(6%). Similar to vitamin E, the very low recovery of β-
carotene is probably due to considerable  degradation in the
stored sample before the extraction. Conventional extractions
were conducted several months earlier on samples from the
same batch.

The RSD% with conventional methods was comparable to
that obtained for SFE. In any case, RSD% were below the
30% target performance parameter for analysis under the U.S.
Environmental Protection Agency analyte recovery control
limits, at mg/kg or µg/kg concentration range (21). The

632 G. PERRETTI ET AL.

JAOCS, Vol. 80, no. 7 (2003)

TABLE 1 
Determination of Vitamin A by Supercritical Fluid Extraction (SFE) 
and the Conventional Methoda

Conventional Literature 
SFE (13) (19)

(mg/100 g) RSD% (mg/100 g) RSD% (mg/100 g)

UHT-milk 0.040 0 0.055 11 0.020
Milk powder 0.167 2 0.140 4 0.350
Pork ND — 0.005 9 Traces
Liver pâté 4.859 1 4.700 2 7.330
Infant formula 0.234 1 0.430 1 0.395
Canned baby food <0.0005 — 0.001 7 —
an = 4 for canned baby food; n = 2 for other samples; RSD%, percentage rela-
tive standard deviation; ND, not detected; UHT, ultra-high-temperature.

TABLE 2 
Determination of αα-Tocopherol by SFE and the Conventional Methodsa

Conventional Literature 
SFE (13) (19)

(mg/100 g) RSD% (mg/100 g) RSD% (mg/100 g)

UHT-milk 0.022 1 0.032b — 0.030
Milk powder 0.219 0 0.400 3 0.270
Pork 0.193 0 0.240 10 0.000
Liver pâté 0.238 1 0.400 6 —
Infant formula 1.338 3 8.000 3 1.320
Canned baby food 0.207 4 0.410 4 —
an = 2. For abbreviations see Table 1.
bn = 1.

TABLE 3 
Determination of γγ-Tocopherol by SFE and the Conventional Methodsa

Conventional Literature 
SFE (13) (19)

(mg/100 g) RSD% (mg/100 g) RSD% (mg/100 g)

Infant formula 1.724 1 1.600 3 —
Canned baby food 0.423 2 0.460 1 —
an = 2. For abbreviations see Table 1.

TABLE 4 
Determination of Vitamin D3 by SFE and the Conventional Methodsa

Conventional Literature 
SFE (13) (19)

(mg/100 g) RSD% (mg/100 g) RSD% (mg/100 g)

UHT-milk <0.00008 — 0.0004b — 0.00001
Infant formula 0.0210 10 0.0090b 4 0.01100
an = 2. For abbreviations see Table 1.
bn = 1.



RSD% requirements in the AOCS SFE official method for
total fat determination indicate a variance between 1.13 and
4.67% for differing concentrations of analytes (22).

It is possible to make both positive and negative appraisals
regarding the described method. The method is compatible with
different matrices for meat, meat products, dairy products, and
infant products, as demonstrated in this paper. Similar results
were obtained by others authors (13–17), and more positive re-
sults were shown in other studies on Mediterranean food prod-
ucts, such as salami and Parmigiano cheese (15). Although it is
a fast and efficient method, limitations also exist. For example,
α-tocopherol and β-carotene are inadequately extracted by SFE
and, under these conditions, are highly sensitive to sample
degradation. Further studies are in progress to investigate the
best way to increase the extraction of α-tocopherol and to opti-
mize the extraction of vitamin D3.

ACKNOWLEDGMENTS

The authors gratefully thank LECO Italy S.R.L. for use of their in-
strument.

REFERENCES

1. Borsje, B., E.J. De Vries, J. Zeeman, and F.J. Mulder, Analysis of
Fat-Soluble Vitamins. XXVI. High-Performance Liquid Chro-
matographic Determination of Vitamin D in Fortified Milk and
Milkpowder, J. Assoc. Off. Anal. Chem. 65:1225–1227 (1982).

2. De Vries, E.J., and B. Borsie, Analysis of Fat-Soluble Vitamins.
XXVII. High-Performance Liquid Chromatographic and Gas–
Liquid Chromatographic Determination of Vitamin D in Forti-
fied Milk and Milkpowder. Collaborative Study, Ibid. 65:
1228–1234 (1982).

3. Ball, G.F.M., Fat-Soluble Vitamin Assays in Food Analysis: A
Comprehensive Review, Elsevier Science Publishers, New
York, 1988, pp. 64–75.

4. Han, Y.S., and Y.Q. Dai, Simultaneous Determination of
Vitamins A, D3, E, and K1 in Fortified Milk Powder by HPLC,
Chin. Chem. Lett. 2:649–652 (1991).

5. Stancher, B., Le vitamine liposolubili nei più comuni formaggi
italiani a denominazione d’origine e tipici, Ind. Aliment.
36:621–626 (1997).

6. Official Methods of Analysis, 16th edn., AOAC, Arlington, VA,
1996, sec. 45.1.02.

7. Ibid., sec. 45.1.26.
8. Ibid., sec. 45.1.21.

9. King, J.W., J.H. Johnson, W.L. Orton, F.K. McKeith, P.L.
O’Connor, J. Novakofski, and T. Carr, Fat and Cholesterol Con-
tent of Beef Patties as Affected by Supercritical CO2 Extraction,
J. Food Sci. 58:950–958 (1993).

10. Eller, F.J., and J.W. King, Determination of Fat Content in
Foods by Analytical SFE, Semin. Food Anal. 1,2:145–162
(1996).

11. King, J.W., F.J. Eller, J.M. Snyder, J.H. Johnson, F.K. McKeith,
and C.R. Stites, Extraction of Fat from Ground Beef for Nutri-
ent Analysis Using Analytical Supercritical Fluid Extraction, J.
Agric. Food Chem. 44:2700–2704 (1996).

12. Schneiderman, M.A., A.K. Sharma, K.R.R. Mahanama, and
D.C. Locke, Determination of Vitamin K1, in Powdered Infant
Formulas, Using Supercritical Fluid Extraction and Liquid
Chromatography with Electrochemical Detection, J. Assoc. Off.
Anal. Chem. 71:815–817 (1988).

13. Mathiasson, L., Development and Intercomparison of Improved
Methods for Determination of Fat Soluble Vitamins in Food by
Replacement of Hazardous Organic Solvents with Supercritical
Carbon Dioxide. Final report EU, Project code SMT4-CT96-
2089, Department of Analytical Chemistry, Lund University,
Sweden, 2000.

14. Turner, C., and L. Mathiasson, Determination of Vitamin A and
E in Milk Powder Using Supercritical Fluid Extraction for Sam-
ple Clean-Up, J. Chromatogr. 874:275–283 (2000).

15. Perretti, G., O. Marconi, L. Montanari, and P. Fantozzi, Rapid
Determination of Fat and Fat Soluble Vitamins in Parmigiano
Cheese and Salami by SFE, Lebensm. Wiss. Technol. (in press).

16. Berg, H., C. Turner, L. Dahlberg, and L. Mathiasson, Determi-
nation of Food Constituents Based on SFE: Application to Vita-
mins A and E in Meat and Milk, J. Biochem. Biophys. Methods
43:391–401 (2000).

17. Mathiasson, L., C. Turner, H. Berg, L. Dahlberg, A. Theobald,
E. Anklam, R. Ginn, M. Sharman, F. Ulberth, and R. Gabernig,
Development of Methods for Determination of Vitamins A, E
and β-Carotene in Food Formulae Based on Supercritical Fluid
Extraction (SFE) for Sample Work-up, Food Addit. Contam.
19:632–646 (2002).

18. Cohen, H., and M. Lapointe, Method for the Extraction and
Cleanup of Animal Feed for the Determination of Liposoluble
Vitamins D, A and E by High-Pressure Liquid Chromatogra-
phy, J. Agric. Food Chem. 26:1210–1213 (1978).

19. McCance and Widdowson’s The Composition of Foods, The
Royal Society of Chemistry and Ministry of Agriculture, Fish-
eries and Food, Cambridge, 1991, United Kingdom, pp.
172–175.

20. Official Methods of Analysis, 16th edn., AOAC, Arlington, VA,
1996, sec. 45.1.03.

21. Taylor, L.T., Applications of Analytical Supercritical Fluid Ex-
traction, in Supercritical Fluid Extraction, John Wiley & Sons,
New York, 1996, pp. 124–125.

22. Official Methods and Recommended Practices of the American
Oil Chemists’ Society, AOCS Press, Champaign, 1996, Method
Am 2-93.

23. Gordon, M.H., Antioxidants, in Encyclopedia of Food Science,
Food Technology and Nutrition, edited by R. MacRae, R.K.
Robinson, and M. J. Sadler, Academic Press, New York, 1993,
pp. 212–216.

[Received August 27, 2002; accepted March 28, 2003]

FAT-SOLUBLE VITAMIN EXTRACTION BY SUPERCRITICAL CO2 633

JAOCS, Vol. 80, no. 7 (2003)

TABLE 5 
Determination of ββ-Carotene by SFE and the Conventional Methodsa

Conventional Literature 
SFE (13) (19)

(mg/100 g) RSD% (mg/100 g) RSD% (mg/100 g)

Infant formula N.D. -— 0.009 8 0.015
Canned baby food 0.030 6 1.120 5 —
an = 2. For abbreviations see Table 1.


