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Literature shows the functional food properties of Flaxseeds (Linum usi-
tatissimum L.). Flaxseeds are rich in Alpha-Linolenic Acid (ALA) and
are interesting for their dietary fiber and proteins content and for the
presence of helpful minor compounds, important for human consump-
tion, like lignans, phytoestrogens that can have hormone-like effects in
humans. In fact, diets introducing flaxseed oil show also useful effects on
diseases like lowering blood pressure, particularly in middle age dyslipi-
daemia and reducing the risk of myocardial infarction. Organic solvents
are generally used to obtain a high extraction yield of flaxseed oil. An al-
ternative method is expression (mechanical extraction) that offers a re-
markable reduction of environmental impact, but with lower extraction
yield in comparison with solvents. Another method of extraction could
be the use of supercritical fluids. The same authors already studied the
Supercritical Carbon dioxide (SC-CO2) as potential solvent for flaxseed
oil extraction. In this study a comparison of the technological and quali-
tative effects on the flaxseed oils obtained by neat SC-CO2 extraction
and by SC-CO2 added with ethanol as co-solvent extraction was con-
ducted. The extraction capacity of important polar compounds like poly-
phenols was determined, too. The results of this study confirm the abi-
lity of SC-CO2 in obtaining a high quality product like flaxseed oil.

Riassunto
La letteratura mostra le proprietà funzionali dell’olio di lino alimentare
(Linum usitatissimum L.). I semi di lino sono ricchi in Acido Alfa-Lino-
lenico (ALA), e sono interessanti per il loro contenuto in fibra e in pro-
teine e per la presenza di preziosi composti minori, importanti per il
consumo umano. Infatti, le diete comprendenti olio di semi di lino di-
mostrano effetti utili contro disordini come quelli legati alla bassa pres-
sione sanguigna, particolarmente per la dislipidemia e nella riduzione del
rischio di infarto del miocardio. Normalmente, per l’ottenimento di olio
di semi di lino vengono utilizzati solventi organici, i quali permettono
alte rese. Un’alternativa è posta dalla spremitura (estrazione meccanica),
che preserva maggiormente il prodotto e l’ambiente, ma con rese inferio-
ri rispetto ai solventi. Un altro metodo potrebbe essere l’utilizzo di Fluidi
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Introduction

Flax (Linum usitatissimum L.) is
an annual plant of the Linacee fa-
mily, and its seeds are a rich sour-
ce of lipids, proteins and dietary
fibre (1). The composition of the
flaxseeds is approximately 40 g of
fat, 30 g of fiber, 20 g of protein,
and the energetic value of flax-
seeds is 1900 kJ for 100 g of pro-
duct (2).
Research results indicate several
possible human health benefits as-
sociated with consumption of flax-
seeds and flaxseed oil (3). Flax-
seeds are recognized to a be func-
tional food because deliver a
health boost beyond that might be
expected from its nutrient content
(4, 5); they are rich for almost the
20% of alpha-linolenic acid
(ALA), and phytochemicals.
In fact, recent studies confirm the
role of flaxseeds consumption on
improvement of cardiovascular
and skeletal diseases (6), inflam-

matory conditions such as rheu-
matoid arthritis, psoriasis, and ul-
cerative colitis (7).
The flaxseed oil consumption has
significant effects on lowering
blood pressure, particularly in
middle age dyslipidaemia (8), and
on reducing the risk of myocar-
dial infarction in type 2 diabetic
patients, since it can slow bleeding
time (9). Besides, it provides signi-
ficant improvement in attention
deficit and hyperactivity disorder
in children (10).
Flaxseed oil differs from other oil-
seeds, such as soybeans, cotton-
seed, corn and sunflowers, which
are lower in ω-3 content and hi-
gher in ω-6 polyunsaturated lino-
leic acids content. Additionally,
the amount of saturated fatty acids
in flaxseeds is lower than soy-
beans, cottonseed and corn (11).
Human feeding is currently cha-
racterized by a high use of satura-
ted, ω-6 poliunsaturated fatty
acids, and therefore by chronic

inadequacy of ω-3 poliunsaturated
fatty acids. Then, if the recom-
mended optimal ratio between ω-
6 and ω-3 poliunsaturated fatty
acids intake is 5:1 according the
FAO and WHO (2), the actual
real ratio is 13:1. In this context,
introducing flaxseed oil in the hu-
man diets can help the approach
to an equilibrate diet (12).
Moreover, flaxseeds are rich of li-
gnans, important phenolic com-
pounds with activity through a va-
riety of mechanisms including
phytoestrogenic and antioxidant
effects verified in vitro and in vivo
studies (13-17). Phytoestrogens
have potential uses also in hormo-
ne replacement therapies and can-
cer prevention (18).
Secoisolariciresinol diglucoside
(SDG) is the principal lignan in
flaxseeds (19, 20). SDG is meta-
bolized by the colon microflora to
enterodiol, which can then be oxi-
dized to enterolactone (20).
The flaxseeds lignans and their

Supercritici. Gli stessi autori hanno studiato precedentemente l’impiego
di CO2 supercritica (SC-CO2) come potenziale solvente per l’estrazione
di oli di semi di lino. In questo studio sono stati realizzati dei confronti
degli effetti tecnologici e qualitativi su oli di semi di lino estratti me-
diante l’impiego di SC-CO2 pura e SC-CO2 addizionata di etanolo co-
me co-solvente. È stata determinata anche la possibilità di estrazione di
importanti composti polari quali i polifenoli. I risultati di questo studio
confermano la capacità estrattiva della SC-CO2 nell’ottenimento di un
prodotto alimentare di elevata qualità quale l’olio di lino.
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mammalian metabolites have been
reported to exert protective effects
against diet-related chronic disea-
ses, as heart disease, both lupus
and polycystic kidney disease mo-
dels, in type I and II diabetes mo-
dels, and flaxseeds have also been
reported to be hepatoprotective
and able to contrast carcinogenesis
(8, 9, 17, 21-26).
Currently, the most common me-
thod of oil extraction from seeds is
hexane extraction. The process is
very efficient, but hexane elimina-
tion after extraction represents a
problem. An alternative method is
the mechanical extraction. This
method offers a considerable re-
duction of environmental impact
but it gives a lower extraction yield
in comparison with solvent extrac-
tion (27).
Therefore, some authors have pro-
posed the substitution of the tradi-
tional process with the use of Su-
percritical fluid extraction adop-
ting CO2 as a solvent (SC-CO2) to
extract oil from seeds (28-32).
CO2 is a good solvent for extrac-
ting non polar compounds, such as
glycerides (33). In fact, its critical
point is at the temperature of 31.1
°C, and it is neither inflammable
nor toxic. Unfortunately, many nu-
traceuticals, like phenols, alkaloids
and glucoside compounds are less
soluble in CO2 and, therefore, they
cannot be extracted (34).
The addition of polar co-solvents
to SC-CO2 is known to increase

the solubility of polar compounds
also. Methanol, ethanol, acetoni-
trile, acetone, water, ethyl ether,
and dichloromethane, are studied
as co-solvent; methanol is miscible
with CO2 up to 20% but, when
mixed with CO2, it necessitates of
a high temperature to reach the
supercritical state and this can da-
mage natural matrices; moreover,
the methanol has a high toxicity
for human diets. Therefore, etha-
nol can be a better choice also be-
cause of its low toxicity (35, 36).
The aim of this work was to add
value, in terms of yields and qua-
lity properties, to the flaxseed oils
obtained with SC-CO2 extraction
by the use of ethanol as co-sol-
vent. The purpose was achieved by
the determination of the presence
of important active molecules, like
the polyphenols in the extracted
oils, compared with the extraction
by the use of neat SC-CO2.

Materials and methods

Samples

Flaxseeds of the commercial culti-
var Barbara of 2008 crop were
used. The flaxseed samples were
ground with a pilot hammer mill
(Siemens Electra S.p.A., Milano,
Italy). The output size range was
of 3.5 mm of diameter and the
sample was ground twice. The
whole samples were stored at 14°C

before grounding, and at 4°C be-
fore extraction.

Reagents

n-Hexane, ethanol, were all
HPLC grade and purchased from
Carlo Erba (Milano, Italy). Nitro-
gen and carbon dioxide were of
analytical grade, and purchased by
Linde Gas Tecnici (Perugia, Italy).
The free acidity of the extracted
oils was measured in accordance
with the European Official Me-
thods (EU 1989/2003 modifying
the EEC 2568/91) (37); for the
determination of the total poly-
phenols, the method of Montedo-
ro et al. (38) was used.

Supercritical Fluid Extraction (SFE)

The experiments were conducted
using a “Spe-ed-SFE” laboratory-
scale from Applied Separation
(Lehigh, PA, USA). Thirty g of
ground flaxseed were placed into a
50 mL extractor vessel. The ex-
tractions were conducted at the
pressure of 65 MPa, at 70°C. The
extraction run consisted of a 10
min static phase and a 120 min
dynamic phase; CO2 flow rate was
1.97 g min-1. These operative
parameters of SFE were chosen
after our preliminary tests (data
not reported) based on the study
of literature (28, 39).
For the SFE with modifier, 5%
(w/w) ethanol was added to the
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vessel after the sample loading in
the extractor, before the CO2 in-
put. For the determination of the
SFE with modifier, the ethanol
was removed by rotary evapora-
tion at 50°C for 1 hour, and dried
in oven at 105°C for 1 hour.

Results and discussion

The results of the quantitative and
qualitative analysis of the extrac-
ted oils are here reported. The re-
sults take into account the effect
of SC-CO2 extraction in terms of
extraction yield, and the quality
parameters of the extracted oil.
Table 1 reported that the extrac-
tion of flaxseed oil by SC-CO2

with ethanol is more efficient than
neat SC-CO2 with statistically si-
gnificant difference (P < 0.05),
confirming what is reported in li-
terature (40). The increase of ex-
traction yield by SC-CO2 with
ethanol is comparable to the ex-
traction with hexane. The increase
of extraction yield realized by the
SFE with co-solvent in compari-
son with neat SC-CO2 is due to
the higher capacity to extract polar
lipids also (34, 35).
To explore the quality of the oil
obtained without the use of orga-
nic solvents, chemical analyses
were conducted, and the results
are shown in the table 2.
The oil extracted by SC-CO2with
ethanol shows a total polyphenols

content 100% higher than oil ex-
tracted by SC-CO2. This differen-
ce confirms the higher extractive
ability of ethanol as co-solvent for
the SC-CO2 towards partially
hydrophilic molecules in compari-
son with neat SC-CO2 (41).
The total polyphenols in the ex-
tracted oils, expressed as mg of
gallic acid/kg of oil, resulted com-
parable with the range of content
for total polyphenols in another
important vegetable oil, like the
olive oil. For olive oil normal con-
tents of polyphenols can be in a
range of 100-200 mg/kg (42).
This result suggests to explore
more deeply the presence of poly-
phenols, also with repetition of

these experiments with other va-
rieties and the exploration of the
identification of the specific frac-
tions and molecules among the
polyphenols in the flaxseed oil ob-
tained by SFE. Moreover, the ex-
traction conditions optimized in
this study for higher extraction
yields could be studied to improve
the enrichment of phenolic com-
pounds.
The total polyphenols content
found in the flaxseed oils of this
study indicates an interesting re-
sult, that suggest a high quality,
considering the useful properties
of this class of molecules for the
human health (42).
Data regarding the free acidity are
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Table 1 - Extraction yields of flaxseed oil obtained by SC-CO2, SC-CO2with
ethanol, and n-hexane (n ≥ 3)

Extraction method Yield Standard Deviation
%

SC-CO2 18.05 a 0.88
SC-CO2 + ethanol 23.73 b 1.50
n-Hexane 26.05 b 0.40

The value in the same column followed by the same superscript letters are not statistically
different (P < 0.05). Data presented at the 9th Conference on Supercritical Fluids and their
applications, September 2010, Sorrento (SA), Italy

Table 2 - Qualitative analysis of the flaxseed oils extracted by SC-CO2 and
SC-CO2 with ethanol (n=3)

Extraction method Total Polyphenols Free Acidity
(mg gallic acid/kg oil) (% oleic acid)

SC-CO2 154.75 ± 4.92 6.29 ± 0.12
SC-CO2 + ethanol 390.01 ± 26.87 6.19 ± 0.12

Data presented at the 9th Conference on Supercritical Fluids and their applications, Septem-
ber 2010, Sorrento (SA), Italy
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similar for both extraction me-
thods. Therefore there is not signi-
ficative selectivity by co-solvent to
extract a higher quantity of free
fatty acids in comparison with neat
SC-CO2. The high level of free
acidity, in both methods, emphasi-
ze bad storage conditions of the
seeds, taking into account that the
extraction by SC-CO2 is conducted
with an inert solvent and in absen-
ce of light (40). Flaxseeds are a
grain commodity dried during ri-
pening and harvesting, and there-
fore prone to be stored for several
months without microbial spoila-
ge. Nevertheless, the enzymatic
activity of lipase lead to increase in
high levels of free acidity in com-
parison with other oils. Actually,
the flaxseed oils sold on the market
are not governed by specific stan-
dards or specifications for the food
sector (41), but it is possible to do
a comparison with another vegeta-
ble oil typical of the Mediterra-
nean diet: the extra virgin olive oil.
For this product, the European
Regulation CEE n. 2568/91 and
following modifications, indicate
the maximum content of free aci-
dity expressed in 0.8 g of oleic acid
for 100 g of oil for its commercia-
lization. Considering that the
seeds used for this study are of
commercial origin, it is possible to
find flaxseed oils in the market
with the conditions similar to tho-
se of this study. To exploit the use-
ful properties of this high quality

oil, it is important to preserve the
flaxseeds from degradation, and for
this aim, the low temperature of
storage is probably needed to redu-
ce lipase activity (43).

Conclusions

From a nutritional point of view,
in recent years the flaxseeds are
gaining more value, and are consi-
dered as functional food. In fact,
they contain a high concentration
of ω-3 fatty acids, fiber and li-
gnans, essential nutrients for
maintaining the health of the or-
ganism.
For the flaxseed oil of this study,
the extraction yields of SC-CO2

are lower by about 20% to those
obtained by extraction with hexa-
ne. But the use of SC-CO2 with
ethanol as co-solvent allows to get
an extraction yield higher than
neat SC-CO2, comparable with
the hexane extraction, and allows
to obtain a product of high qua-
lity. The analysis of the oils extrac-
ted by SC-CO2 with ethanol
shows a higher extraction of total
polyphenols, molecules potentially
useful for their antioxidant acti-
vity, and for the prevention and
reduction of many chronic-dege-
nerative diseases. The polyphenols
content of the extracted oil is
100% higher than the oil extracted
with co-solvent, in comparison
with neat SC-CO2.

The high level of free fatty acids
for both neat SC-CO2 and
SC-CO2with ethanol demonstrate
the importance of storage condi-
tions for flaxseeds as a raw mate-
rial, and the not selective effect of
the co-solvent studied for extrac-
tion of free fatty acids.
Because of the lipophilic nature
of SC-CO2, the application of
SC-CO2 for industrial scale flax-
seed oil extraction can be explo-
red, but its implementation is cur-
rently very limited, due to high
costs of the industrial SC-CO2

plants. When the technology cost
could be reduced, the industrial
application of oil extraction could
be feasible also for flaxseeds.
This work suggests to investigate
the content of lignans also because
they could be concentrated in flax-
seed oils obtained with SC-CO2

mixed with ethanol. This hypo-
thesis arise because the chemical
structure and its polarity could in-
fluence its selective extraction.
This information would be impor-
tant to confirm the previously va-
lidated high quality of flaxseed oil,
also considering the contribution
from the dietary intake of the li-
gnans for maintaining of the
health status, the prevention and
reduction of diseases in the mo-
dern society.

62

VOLUME 14

07-regnicoli:07-regnicoli  11-04-2012  11:45  Pagina 62



References

1. Perveen A, Quaiser M. Pollen flora of
Pakistan–lix. Linaceae. Pak J Bot
2008; 40: 1819-22.

2. Morris DH. Description and compo-
sition of flax. In Morris DH: Flax - A
health and nutrition primer, 4th edi-
tion. Winnipeg, Canada. Flax Council
of Canada 2007: 9-21.

3. Conners WE. Importance of n-3 fatty
acids in health and disease. Am J Clin
Nutr 2000; 71: 171S-5S.

4. Hasler CM. Functional foods: their
role in disease prevention and health
promotion. Food Technol 1998; 52:
63-70.

5. Hasler CM. Functional foods: bene-
fits, concerns and challenges - A posi-
tion paper from the American Council
on Science and Health. J Nutr 2002;
132: 3772-81.

6. Griel AE, Kris-Etherton PM, Hilpert
KF, Zhao G, West SG, Corwin RL.
An increase in dietary n-3 fatty acids
decreases a marker of bone resorption
in humans. Nut J 2007; 6: 21-8.

7. Mantzioris E, James MJ, Gibson RA,
Cleland LG. Dietary substitution with
an -linolenic acid-rich vegetable oil
increases eicosapentaenoic acid con-
centrations in tissues. Am J Clin Nutr
1994; 59: 1304-9.

8. Paschos GK, Magkos F, Panagiotakos
DB, Volteas V, Zampelas A. Dietary
supplementation with flaxseed oil lo-
wers blood pressure in dyslipidaemic
patients. Eur J Clin Nutr 2007; 61:
1201-6.

9. Barre DE, Griscti O, Mizier-Barre
KA, Hafez K. Flaxseed oil and lipo-
protein (a) significantly increase blee-
ding time in type 2 diabetes patients in
Cape Breton, Nova Scotia, Canada. J
Oleo Sci 2005; 54: 347-54.

10. Stark AH, Crawford MA, Reifen R.
Update on alpha-linolenic acid. Nutr
Rev 2008; 66: 326-32.

11. Maddock TD, Anderson VL, Lardy
GP. Using flax in livestock diets.

NDSU Extension Service North Da-
kota Agricultural Experiment Station
2005; AS-1283 1-8.

12. Simopoulos AP. Importance of the
omega-6/omega-3 fatty acid ratio in
cardiovascular disease and other chro-
nic diseases. Exp Biol Med 2008; 233:
674-88.

13. Kitts DD, Yuan YV, Wijewickreme
AN, Thompson LU. Antioxidant acti-
vity of the flaxseed lignan secoisolari-
ciresinol diglycoside and its mamma-
lian lignan metabolites enterodiol and
enterolactone. Mol Cell Biochem
1999; 202: 91-100.

14. Yuan YV, Rickard SE, Thompson LU.
Short-term feeding of flaxseed or its
lignan has minor influence on in vivo
hepatic antioxidant status in young
rats. Nutr Res 1999; 19: 1233-43.

15. Prasad K, Mantha SV, Muir AD,
Westcott ND. Protective effect of se-
coisolariciresinol diglucoside against
streptozotocin-induced diabetes and
its mechanism. Mol Cell Biochem
2000; 206: 141-9.

16. Pool-Zobel BL, Adlercreutz H, Glei
M et al.. Isoflavonoids and lignans ha-
ve different potentials to modulate
oxidative genetic damage in human
colon cells. Carcinogenesis 2000; 21:
1247-52.

17. Thompson LU. Flaxseed, lignans and
cancer. In Thompson LU, Cunnane
SC: Flaxseed in Human Nutrition,
2nd ed.. Champaign, Ilinois: AOCS
Press, 2003: 194-222.

18. Harris RK, Haggerty WJ. Assays for
potentially anti-carcinogenic phyto-
chemicals in flaxseed. Cereal Foods
World 1993; 38: 147-51.

19. Mazur W, Fotsis T, Wähälä K, Ojala
S, Salakka A, Adlercreutz H. Isotope
Dilution Gas Chromatographic-Mass
spectrometric method for the determi-
nation of isoflavonoids, coumestrol,
and lignans in food samples. Anal Bio-
chem 1996; 233: 169-80.

20. Meagher LP, Beecher GR, Flanagan
VP, Li BW. Isolation and characteri-

zation of the lignans, isolariciresinol
and pinoresinol, in flaxseed meal. J
Agric Food Chem 1996; 47: 3173-80.

21. Adlercreutz H. Phyto-oestrogens and
cancer. Lancet Oncol 2002; 3: 364-73.

22. Rickard-Bon SE, Thompson LU. The
role of flaxseed lignans in hormone-
dependent and independent cancer. In
Muir AD and Westcott ND: Flax:
The genus Linum; London: Taylor &
Francis, 2002: 181-203.

23. Demark-Wahnefried W, Price DT,
Polascik TJ et al. Pilot study of dietary
fat restriction and flaxseed supplemen-
tation in men with prostate cancer be-
fore surgery: exploring the effects on
hormonal levels, prostate-specific anti-
gen, and histopathologic features.
Urology 2001; 58: 47-52.

24.Ward WE. Effect of flaxseed on bone
metabolism and menopause. In
Thompson LU and Cunnane SC:
Flaxseed in human nutrition 2nd ed.,
Champaign, Ilinois, AOCS Press:
2003: 319-32.

25. Dalais FS, Rice GE, Wahlqvist ML et
al.. Effects of dietary phytoestrogens
in postmenopausal women. Climacte-
ric 1998; 1: 124-129.

26. Lemay A, Dodin S, Kadri N, Jacques
H & Forest JC. Flaxseed dietary sup-
plement versus hormone replacement
therapy in hypercholesterolemic me-
nopausal women. Obstet Gynecol
2002; 100: 495-504.

27. Rosenthal A, Pyle DL, Niranjan K.
Aqueous and enzymatic processes for
edible oil extraction. Enzyme Microb
Technol 1996; 19: 402-20.

28. Bozan B, Temelli F. Supercritical CO2

extraction of flaxseed. J Am Oil Chem
Soc 2002; 79: 231-5.

29. Marongiu B, Porcedda S, Piras A, Ro-
sa A, Deiana M, Dessì MA. Antioxi-
dant activity of supercritical extract of
Melissa officinalis subsp. officinalis and
Melissa officinalis subsp. Inodora.
Phytother Res 2004, 18: 789-92.

30. Dauksas E, Venskutonis PR, Sivik B,
Nillson T. Effect of fast CO2 pressure

PROGRESS IN NUTRITION 1/2012

63

07-regnicoli:07-regnicoli  11-04-2012  11:45  Pagina 63



64

VOLUME 14

changes on the yield of lovage (Levi-
sticum officinale Koch.) and celery
(Apium graveolens L.) extracts. J Su-
percrit Fluids 2002; 22: 201–10.

31. Dauksas E, Venskutonis PR, Sivik B.
Supercritical fluid extraction of borage
(Borago officinalis L.) seeds with pure
CO2 and its mixture with caprylic acid
methyl ester. J Supercrit Fluids 2002;
22: 211-9.

32. Ill´es V, Szalai O, Then M, Daood
HG, Perneczki S. Extraction of hipro-
se fruit by supercritical CO2 and pro-
pane. J Supercrit Fluids 1997; 10: 209-
18.

33. Vilegas JHY, De Marchi E, Lancas
FM. Extraction of low-polarity com-
pounds (with emphasis on coumarin
and kaureonic acid) from Mikania glo-
merata (‘Guaco’) leaves. Phytochem
Anal 1997; 8: 266, 70.

34. King JW, List GR. Supercritical fluid
technology in oil and lipid chemistry,
Champaign, Ilinois: AOCS Press,
1996.

35. Hamburger M, Baumann D, Alder S.
Supercritical carbon dioxide extraction
of selected medicinal plants. Effects of
high pressure and added ethanol on
yield of extracted substances. Phito-
chem Anal 2004; 15: 46-54.

36. Lang Q, Way CM. Supercritical and
fluid extraction in herbal and natural
product studies. A practical review. Ta-
lanta 2001; 53: 771-82.

37. The Commission Of The European
Communities, Commission Regula-
tion (EC) No 1989/2003 of 6 No-
vember 2003 amending Regulation
(EEC) No 2568/91 on the characteri-
stics of olive oil and olive-pomace oil
and on the relevant methods of analy-
sis. Official Journal of the European
Union, 13.11.2003, L 295/57-L 295/
77.

38. Montedoro G, Servili M, Baldioli
M, Miniati E. Simple and hydrolyza-
ble phenolic compounds in virgin oli-
ve oil. 1. Their extraction, separa-
tion and quantitative evalutation by

HPLC. J Agric Food Chem 1992; 40:
1571-6.

39. Reverchon E, De Marco I. Supercriti-
cal fluid extraction and fractionation of
natural matter. J Supercrit Fluids
2006; 38: 146-66.

40.Wang L, Weller CL. Recent advances
in extraction of nutraceuticals from
plants. Trends Food Sci Technol 2006;
17: 300-12.

41. Choo WS, Birch J, Dufour JP. Physi-
cochemical and quality characteristic
of cold-pressed flaxseed oils. J Food
Compost Anal 2007; 20: 202-11.

42. Matos LC, Pereira JA, Andrade PB,
Seabra RM, Oliveira MBPP. Evalua-
tion of a numerical method to predict
the polyphenols content in monovarie-
tal olive oils. Food Chem 2007; 102:
976-83.

43. Perretti G, Motori A, Bravi E, Favati
F, Montanari L, Fantozzi P. Supercri-
tical carbon dioxide fractionation of
fish oil fatty acid ethyl esters. J Super-
crit Fluids 2007; 40: 349-53.

07-regnicoli:07-regnicoli  11-04-2012  11:45  Pagina 64


