
In this paper, the most recent applications of
high-performance size-exclusion chromatogra-
phy (HPSEC) in analyses of fats and oils are pre-
sented. Directly used in oils, the technique
shows utility for evaluation of polymers in used
frying fats and oxidized samples, as well as for
analysis of low-caloric fats in blends. In concen-
trated fractions of polar compounds, characteri-
zation of virgin and refined oils and follow-up of
early oxidation stages are also attainable. A n
extended application to fatty acid derivatives
allows complementary analyses of specifically
oxidized and polymeric fatty acyl groups.

Characteristics of HPSEC in oil analysis

S ep a ration by ex clusion ch ro m at ograp hy is based on the
relative molecular size of compounds, normally related to
their molecular weight (MW), p rovided that compounds
have similar shape. Among its advantages, simplicity, rapi-
dity and high repeatability are worthy to stand out. Typically,
stationary phases consist in macromolecules cross-linked to
form a three-dimensional network characterized by a speci-
fic pore size. The most important para m e t e rs infl u e n c i n g
resolution are the pore vo l u m e, p o re - s i ze distri bution and
particle size. For applications of HPSEC in organic solvents
directed to analyses of fats and oils, copolymers of styrene
d iv i nyl benzene are ge n e ra l ly used, being 50, 100 and 
500 Å essential porosities for sep a rations in the ra n ge 
100 – 20 000 MW, and particle sizes of 5 and 10 µm are
the most common. As to the mobile phase, a single solvent
is used and its selection is limited by the solubility of the
sample. Although toluene and dichloromethane are selected
for certain applications, tetrahydrofuran is the most popular
solvent and flow rates between 0.5 and 1.5 mL/min permit
analyses to be completed in less than 30 min. For quantita-
tive purposes, the refractive index and evaporative light-scat-
t e ring detectors are ge n e ra l ly used, e s p e c i a l ly the fo rm e r
because of its simplicity, i.e., linear responses in the ranges
of interest. General characteristics of HPSEC have been des-
cribed in detail in recent reviews [1-3].

Applications

Total oil samples

Evaluation of high MW compounds by HPSEC directly in
entire oil samples constitutes an excellent application of the

technique for its simplicity and rapidity, and it is of great
utility for certain fields of lipid analysis. It is only necessary
to dilute the fat or oil in the appropriate solvent and chro-
matographic analysis is performed in just 10–30 min, depen-
ding on the fl ow rate and number of columns. In this
context, HPSEC has been satisfactorily used for analyses of
polymers in used frying fats [4] and in the area of fish oils
for eva l u ation of ox i d at ive poly m e ri z ation products [5].
Additionally, applications can be extended to analyses of fat
substitutes in blends provided that MWs of the compounds
involved differ significantly.

a) Analysis of polymers in used frying oils

Direct application of HPSEC is of special relevance for qua-
lity evaluation of used frying fats, where polymers are the
most representative group of compounds due to thermoxi-
d at ive alteration. Hence the IUPAC Commission on Oils,
Fats and Derivatives has recently published results of two
i n t e rl ab o rat o ry tests and decided to adopt the method
although limiting applications to samples containing 3% or
more of polymerized triglycerides [6]. 

The method proposes a single column of 30 cm ×
0.77 cm i.d. packed with copoly s t e rene div i nyl benzene 
(5 µm particle size), tetrahydrofuran as the mobile phase, a
refractive index detector, sample concentration of 50 mg/mL
for an injection valve with a 10 µL loop and a flow rate of
1 mL/min. Under such conditions, the analysis time is about
10 min. 

b) Detection of the onset of advanced oxidation stages

Lately, we have found an interesting application of direct
analysis of oil samples by HPSEC, other than that related
with heated fats. It is well-known the great demand for ana-
lytical methods to monitor oxidation during storage that help
d e t e rmine the shelf-life of oils and fatty foods. In this
context, a number of experiments have been undergone in
our laboratory using model systems such as trilinolein and
triolein, at low and moderate temperature. From the results
obtained, it was generally observed that at a certain point in
the course of oxidation samples enter an accelerated phase,
characterized by a sharp increase of primary oxidation pro-
ducts and inititation of polymerization. Defining the induc-
tion period as the time interval before oxidation proceeds
rapidly, a significant rise in polymers hence denotes the end
of the induction period and the onset of the advanced oxi-
dation stage [7]. 

This ap p ro a ch is curre n t ly been used to determine the
shelf-life of microencapsulated fish oils as dried powders, a
potential food ingredient directed to diet supplementat i o n
with polyunsaturated fatty acids, wherein the oil is surroun-
ded by a mat rix composed of carbohy d rates and pro -
teins so as to gain stab i l i t y. As an illustrat ive ex a m p l e,
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figure 1 shows evolution of oxidation of microencapsulated
oils prep a red by fre e ze - d rying during storage at ambient
temperature in light and in the dark, wherein changes in tri-
g ly c e ride poly m e rs are rep re s e n t e d. At a certain point, a
significant rise in polymers is observed, around 10 and 37
days for samples in light and in the dark, respectively, indi-
c ating the end of the induction period and, i n t e re s t i n g ly,
these results were in excellent agreement with parallel sen-
sory assessment showing that samples were distinctly rancid
from 12 days in light and 37 days in the dark.

c) Evaluation of fat substitutes in blends with natural 
fats or oils

HPSEC use has been extended to lipid samples other than
classical fats and oils. Development of low-caloric fats to be
used in baked and fried fatty foods has received much atten-
tion in the last years and, among the fat substitutes propo-
sed, sucrose polyesters (SPE), i.e., sucrose molecules esteri-
fied by 5 – 8 fatty acids, probably stand out and have been
recently approved for use in foods by the U.S. Food and
D rug A d m i n i s t ration. Hence the need for valid analy t i c a l
methods applicable to the evaluation of mixtures of SPE and
natural oils in commercialized products, of enormous inter-
est for production and quality control, and nutritional labe-
ling [8]. 

Recently, we suggested the utilization of HPSEC to cha-
ra c t e ri ze SPE/tri g ly c e ride mixtures [9] and later obtained
s at i s fa c t o ry quantitat ive results for SPE/nat u ral oil bl e n d s
[10]. Figure 2 illustrates the efficacy of the HPSEC separa-
tion for olive oil SPE/sunflower oil mixtures containing 17.1
and 26.7% SPE. HPSEC served not only to quantitate the
relative proportions of both parts in the mixture, which is
essential to define the caloric value of the product, but also
to know the fatty acid composition of each component fol-
lowing recovery of the separately eluted fractions, of addi-
tional nutritional interest given that exclusively the fraction
of natural fat or oil can be digested and absorbed.

Similarly, the utility of HPSEC can be extended to the
analysis of mixtures of natural oils with other fat substitutes
differing significantly in MW, such as sorbitol polyesters,
trehalose polyesters or raffinose polyesters.

Fractions of polar compounds

Polar compound determination based on adsorption chroma-
tography was proposed for quality evaluation of used frying
fats given that during frying a complex mixture of degrada-
tion products of higher polarity than that of the original tri-
g ly c e rides are fo rm e d. Th u s , q u a n t i t ation of polar com-
pounds content by silica columns [11] was standardized by
the IUPAC and nowa d ays constitutes the basis of some
European regulations to discard used frying fats for human
consumption [12]. Apart from this application, separation of
polar fractions results in substantial advantages for further
quantitation by HPSEC of all groups of minor compounds
because of the concentration effects. In this context, we have
developed methodologies based on a combination of adsorp-
tion and size exclusion chromatographies and found useful
applications not only in heated fats but also for quality eva-
luation of refined oils, characterization of virgin oils and fol-
low-up of early oxidation stages.

i) Combination silica columns-HPSEC

This analytical pro c e d u re was developed with the aim of
obtaining fa i rly complete info rm ation on the types of degra-

d ation in used frying oils [13]. It consists on conve n i e n t ly
combining the two methods proposed by IUPAC [6,11],
n a m e ly grav i m e t ric determ i n ation of polar compounds by
silica columns starting from 1 g samples, eluting nonpolar
and polar fractions with 150 mL of a mixture hex a n e : d i e t hy l
ether 90:10 and 150 mL of diethyl ether, re s p e c t ive ly, p l u s
f u rther analysis of polar fractions by HPSEC. 100 and 500 Å
columns with poly s t e rene div i ny l b e n zene highly cro s s - l i n ke d
m a c ro p o rous packing (part i cle size : 5 µm) connected in
s e ri e s , t e t ra hy d ro f u ran as mobile phase (fl ow rat e :
1 mL/min) and a re f ra c t ive index detector we re used. 

ii) Combination solid phase extraction-HPSEC

A modification of the former methodology has been intro-
duced in order to reduce quantity of sample and solvents and
shorten analysis time. Briefly, starting from just 50 mg of
sample and using altern at ive ly silica cart ri d ges (1 g),
15 mL of elution solvents are used for each fraction. For 
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Figure 1. Evolution of triglyceride polymers in microencapsula-
ted fish oils stored at room temperature.

Figure 2. HPSEC chromatograms of olive oil sucrose polyes-
ters/sunflower oils mixtures. (A) 17.1% SPE and (B) 26.7% SPE.
Abbreviations: SPE, sucrose polyesters; TG, triglycerides.



quantitative purposes, monostearin (a solution aliquot contai-
ning 1 mg) is added as internal standard given that gravi-
m e t ric determ i n ation would provide poor rep ro d u c i b i l i t y.
The procedure is useful for samples within a wide range of
alteration and especially adequate for those of low oxidation
l eve l , s h owing signifi c a n t ly lower re l at ive standard dev i a-
tions than gravimetric determination [14]. 

Figure 3 shows HPSEC chromatograms of an used frying
oil and its polar fraction, this latter resulting in enhanced
sensitivity for quantitation of all groups of alteration com-
pounds.

a) Analysis of used frying fats and oils

The methodology based on a combination of silica columns-
HPSEC has been revealed as an excellent altern at ive fo r
used frying oil eva l u ation [13,15]. Fi rs t , a substantial
increase in quantitation possibilities of polymers is achieved,
overcoming the limitation of 3% content established for ana-
lyses in total samples. Also, the independent determination
of oxidized triglyceride monomers from unoxidized trigly-
cerides eluting in the non-polar fraction offers a measure-
ment of ox i d at ive deteri o ration and fi n a l ly, s i mu l t a n e o u s
evaluation of diglycerides constitutes an indication of hydro-
lytic alteration, avoiding any overlap with the most abundant
triglyceride peak in the whole sample.

b) Quality evaluation of refined oils

Possibilities of HPSEC for quality assessment of refined oils
have been explored in laboratory-scale and industrial refi-
ning processes [16,17]. A n a lyses of polar compounds in
crude oils and in samples taken at different stages of the refi-
ning process indicated that the quality of an initial crude oil
could be deduced from the resulting refined oil by virtue of
certain markers of oxidative and hydrolytic alterations. On
one hand, compounds of higher MW than that of oxidized
triglyceride monomers are formed, mainly as a consequence
of the high temperature in the deodorization step. On the
other hand, oxidized triglycerides and diglycerides remain
after refining, so their level is a measure of oxidation and
hy d ro ly s i s , re s p e c t ive ly, rega rdless of whether the oil is
crude or refined. Finally, the peak including fatty acids and
the polar unsaponifiable fraction decreases due to the neu-
tralization step. 

c) Characterization of virgin oils

Although good results have been obtained through dire c t
analysis of total oils by HPSEC for characterization of vir-
gin oils [18], improved evaluation of minor compounds can
be achieved by previous elimination of nonpolar triglyce-
rides, especially for application to oils containing very low
levels of polar glyceridic compounds [19,20]. By using the
combined methodologies detailed above, we have found that
the absence of dimers is the most useful parameter for the
ch a ra c t e ri z ation of virgin oils, while the occurrence of
dimers plus a high ratio of diglycerides/fatty acids are those
for refined oils. The procedure was later followed to quan-
t i t ate ox i d i zed tri g ly c e rides and digly c e rides in diffe re n t
types of olive oils of certified origin [21].

d) Follow-up of early oxidation stages

Along with the we l l - e s t ablished methods wh i ch prov i d e
information on primary and secondary oxidation products,
HPSEC offers a complementary technique for the evaluation
of oxidized compounds originating at low temperatures. In

view of the particular advantages provided by the combina-
tion solid phase extraction-HPSEC, this methodology is cur-
rently selected to study the useful storage life and efficacy
of antioxidants in model systems, oils and fatty foods [7,22].

Figure 4 shows a representative profile of the progress of
oxidation for trilinolein samples at 60 °C wherein oxidized
monomers, dimers and oligomers were quantitated in polar
fractions. In parallel, peroxide values were determined since
it is the most widely used method to monitor early oxida-
tion. As can be observed, oxidized monomers showed a gra-
dual increase during the earlier stages of ox i d at i o n ,
in agreement with the rise in peroxide values. Both 
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Figure 3. HPSEC chromatograms of an used frying oil: Total oil
(A) and polar compounds (B). Retention times (min): 11.5, tri-
glyceride oligomers; 12.0, triglyceride dimers; 12.9, total trigly-
ceride monomers in (A) and oxidized triglyceride monomers in
(B); 13.4, diglycerides; 14.2, monostearin (internal standard) and
14.6, fatty acids.

Figure 4. Evolution of oxidized triglyceride monomers, dimers
and oligomers; and peroxide value, in samples of trilinolein
(LLL) throughout oxidation at 60 °C. 



determinations are consistent since hydroperoxides are the
p ri m a ry ox i d ation products fo rmed and during the early
stages of oxidation, the peak of oxidized triglyceride mono-
mers consist primarily of hydroperoxides. However, while
peroxides are intermediate products, the resulting oxygena-
ted side products of the same chain length as the pare n t
hy d ro p e roxide are also included in the peak of ox i d i ze d
m o n o m e rs. Th e re fo re, q u a n t i t ation of this group of com-
pounds is of great utility not only to detect initially formed
oxidized products - even before rancidity - but also to fol-
low oxidation during further stages. At a certain point, oxi-
dation is accelerated as shown by a rapid increase of oxidi-
zed monomers and initiation of poly m e ri z at i o n , t h u s
indicating the end of the induction period. Overall, this ana-
lytical approach allows concomitant evaluation of primary
and secondary ox i d ation compounds thus enabling the
degree of oxidation to be determined at any point during the
course of oxidation.

Methyl ester derivatives of fats and oils

Complementary information to that obtained by the metho-
dologies outlined above can be attained by analyzing speci-
fically the oxidized and polymeric fatty acyl groups inclu-
ded in tri g ly c e ride molecules through pre l i m i n a ry
t ra n s e s t e ri fi c ation of samples and ap p l i c ation of a similar
analytical scheme to the fatty acid methyl esters [23]. In this
approach, the range of molecular weights of the compounds
s ep a rated decre a s e s , and it is not easy to find a suitabl e
internal standard. Hence quantitative data have been obtai-
ned here only on the basis of gravimetric determinations.

B ri e fly, 1 g of methyl esters are sep a rated by silica
column chromatography, using 150 mL hexane:diethyl ether
88:12 and 150 mL diethyl ether to elute the nonpolar and
polar fractions, respectively. Both fractions are gravimetri-
cally determined and further analyzed by HPSEC. Thus, the
combined chromatographic analysis permits quantitation of
five types of fatty acyl groups: unoxidized monomers and
nonpolar dimers (representative of thermal degradation since
no oxygen is involved in their structure) in the first fraction,
while ox i d at ive dimers are determined sep a rat e ly in the
second fraction, along with oxidized monomers and oligo-
mers.

a) Analysis of used frying fats and oils

Complementary analysis of heated fats after transesterifica-
tion when combined with evaluation of polar compounds in
the original sample is of great use for acquiring a broader
information of fat alteration. Special focus has been placed
on eva l u ation of used frying fats collected by Fo o d
Inspection Services and, particularly on those samples with
polar compound levels close to the limit for frying fat rejec-
tion [24].

While detection of hydrolytic alteration can be only attai-
ned through HPSEC analysis of polar fractions of original
oil samples, d i ffe rences in therm ox i d at ive degra d ation are
better re flected in the values of altered fatty acid methy l
e s t e rs since ex cl u s ive ly the amount of fatty acyl gro u p s
a ffected are measure d. A l s o , some insight into the com-
plexity of the triglyceride polymer structure can be revealed
by comparing triglyceride and methyl ester dimers and oli-
go m e rs values. To illustrate this, t able I shows selected
results corresponding to three samples of used frying sun-

flower oil. The low fatty acid oligomers- to- triglyceride oli-
gomers ratios in contrast to the fatty acid dimers-to-trigly-
ceride dimers ratios give evidence of the considerable contri-
bution of dimeric linkages to the structures of trimeric and
higher oligomeric triglycerides. 

b) Nutritional evaluation of used frying fats and oils

Given that the products of fat digestion ultimately absorbed
are majoritarily the fatty acids released by the action of pan-
creatic lipase, the analytical approach starting from fatty acid
methyl esters has offered an excellent tool to examine the
d i gestibility coefficients of each group of alteration com-
pounds in animal studies, s h owing especially high va l u e s
(around 80%) for the group of oxidized fatty acid monomers
[25]. Poor digestibility of polymers could be due to low acti-
vity of pancreatic lipase on triglyceride polymers or to poor
absorption of the fatty acid polymers released. In this line,
direct application of HPSEC to thermoxidized oils subjected
to in vitro hydrolysis showed the difficulties involved in the
enzymatic action on complex glycerides [26,27] while ana-
lyses of fecal lipids confirmed that a considerable fraction
of high MW compounds ingested remained non-hydrolyzed
[28]. 
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Table I. Quantitation of triglyceride (TG) oligomers and
dimers, and fatty acid methyl ester (FAME) oligomers
and dimers (wt% on total sample) in used frying high-
oleic sunflower oils.

Sample Oligomers Dimers
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FAMEb 0.4 3.2
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FAME 1.0 5.0

C TG 13.3 12.1
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b Determined after conversion of oil to fatty acid methyl esters.
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