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Abstract The main objectives of this study were (i) the
optimization and the validation of a high performance liquid
chromatographic method for the simultaneous determination
of seven cholesterol oxidation products (COPs), (ii) the de-
velopment of a reliable analytical protocol for their selective
isolation from food samples, and (iii) the application to several
foodstuffs. Baseline separation was achieved using a cyano-
bonded high-performance liquid chromatography (HPLC)
column and a mobile phase of n-hexane/2-propanol/acetone
(97:1.5:1.5, v/v). The criteria studied for the choice of the
optimum extraction procedure were the selectivity towards
COPs and its efficiency in removing matrix interferences.
Special attention was given to the stability of 7-keto under
saponification conditions. The ideal procedure involved ex-
traction of lipids from the food matrix with chloroform/
methanol (2:1, v/v), alkaline hydrolysis with 1 M potassium
hydroxide (KOH) solution in 60 % aqueous ethanol and
subsequent enrichment of COPs with solid phase extraction
using an NH2 column. COPs presented recoveries from 76 to
103 %.
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Introduction

In the context of cholesterol oxidation products (COPs) anal-
ysis, sample preparation is considered to be the most impor-
tant and challenging step for numerous reasons. Except from

exhaustive isolation, the analytical protocol must be capable
to provide an interference-free COPs fraction with minimal
artifact generation prior to chromatographic determination
and quantification. Despite the fact that numerous methods
have been proposed, no method has, so far, been established
as a routine method for the analysis of COPs in several
foodstuffs (Georgiou et al. 2014).

The methods used, over the years, in COPs analysis, follow
three possible routes: lipid extraction or direct saponification
with subsequent solid-phase extraction (SPE) or saponifica-
tion of the lipid extract and purification of the unsaponifiables
(consisting COPs) followed by SPE (Guardiola et al. 2002;
Sieber 2005). It is generally accepted that the two latter
combinations have found widespread application in relation
to the former. This clearly demonstrates that saponification is
the most powerful purification tool in COPs analysis, as it can
eliminate the interfering substances to a satisfactory extent,
ensuring their selective isolation from the bulk lipids.

Nevertheless, it should be noted that saponification proce-
dure is considered to be the number one cause of artifact
formation. More specifically, much of the research regarding
the stability of COPs under saponification conditions has
focused on the most abundant but vulnerable COP in foods,
7-keto (Busch and King 2009a, b). It is well known that 7-keto
is dehydrated to cholesta-3,5-diene-7-one in a strong alkaline
solution and at high incubation temperatures (Busch and King
2010; Park et al. 1996). Even though, in current protocols,
saponification is entirely conducted in ambient temperature in
order to minimize 7-keto degradation; some analysts still
support the negligible contribution of extreme alkali condi-
tions to the degradation of 7-keto (Saldanha et al. 2006;
Mariutti et al. 2008).

Except from selective isolation and minimal artifact gener-
ation, the proposed method should also provide maximum
recoveries of the target analytes. Recovery studies are often
omitted in several publications, leading to erroneous
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quantitative results. Thereby, the goal of this study was to
investigate, further, the influence of saponification on 7-keto
and determine the most reliable strategy for isolation of COPs,
based on time, adequate removal of impurities, recovery,
reproducibility, and artifact generation. This objective was
achieved by comparing some of the most recent and most
used saponification and lipid extraction procedures. To the
best of our knowledge, no comparisons have yet been made
among the most recent sample preparation methods.

Regarding chromatographic analysis of COPs, GC-MS has
become the preferred analytical method since it provides
efficient resolution. However, the use of high temperatures
and the need for derivatization can contribute to artifact for-
mation and increased time of analysis, respectively (Chen
et al. 2012; Vicente et al. 2012). As a consequence, high-
performance liquid chromatography (HPLC) is considered as
the alternative method to GC. Although it is a faster and a
milder technique, it suffers from poor baseline separation of
isomeric COPs (Raith et al. 2005). Frequently, quantitative
results of the enantiomeric COPs are reported as the sum of
the both forms due to inability of separation by HPLC
(Georgiou and Kapnissi-Christodoulou 2013).

Despite the fact that both normal- and reversed-phase
modes have been used in COPs analysis, the former has
demonstrated enantiomeric selectivity (Saldanha et al. 2006;
Baggio et al. 2005). Some studies regarding the adverse
effects of COPs on human health have demonstrated, unlike
7a, positive correlation between 7b and atherogenesis, lung
cancer, and apoptosis, thus, indicating that enantiomeric sep-
aration is very important for the monitoring of COPs in
foodstuffs (Brown and Jessup 1999; Linseisen et al. 2002;
Ryan et al. 2005; Otaegui-Arrazola et al. 2010). Based on the
above, another objective of this study was the development of
a stable and a reliable HPLC-UV method for the separation of
seven COPs, including two enantiomeric pairs.

Materials and Methods

Materials COPs standards, 20α-hydroxycholesterol (20α-
OH) , 22R-hyd roxycho l e s t e r o l ( 22R-OH) , 25 -
hydroxycholesterol (25-OH), 7α-hydroxycholesterol (7α-
OH), and 7β-hydroxycholesterol (7β-OH) were purchased
from Steraloids (Newport, RI); 22S-hydroxycholesterol
(22S-OH) and 7-ketocholesterol (7-keto) were acquired
from Sigma (Milford, MA). The HPLC-grade solvents, n-
hexane, methanol, ethanol, 2-propanol, chloroform, and
ethyl acetate were purchased from Merck (Darmstadt, Ger-
many), while acetone was obtained from Sharlau
(Sentmenat, Spain). The HPLC solvents were filtered
through a 0.45-μm membrane filter Millipore (Cork, Ire-
land) under vacuum prior to use. The reagents, potassium
hydroxide (KOH), sodium chloride (NaCl), and sodium

sulfate (Na2SO4) were purchased from Merck, Sharlau,
and Sigma, respectively. AVisiprep SPE Vacuum Manifold
equipped with NH2-SPE columns (3 ml, 500 mg) from
Supelco (Bellefonte, PA, USA) was used for COPs
purification.

Instruments A Shimadzu (Kyoto, Japan) liquid chromato-
graph was equipped with a PDA detector (SPD-M20A), a
solvent delivery module (LC-20 AD), a degassing system
(DGU-20A5), an autosampler (SIL-20AHT), and a column
oven (CTO-10ASVP). A Nova Pak CN HP column (300×
3.9 mm I.D., particle size 4 μm) supplied with a Hypersil BDS
CN guard column (7.5×4.6 mm I.D., particle size 5 μm) was
purchased from Waters (Milford, MA, USA), and it was used
to separate the examined COPs. For the determination of the
COPs, chromatograms were obtained at 206 nm, except from
7-keto, which was quantified at 230 nm due to its maximum
absorbance. Identification of COPs was made by comparing
the retention times of the reference standards peaks with those
of the real samples.

Normal-phase chromatography was selected for the sepa-
ration of the examined COPs, as they differ from each other in
the position of their polar group. According to the literature,
cyano column seems to be capable of separating these iso-
mers. Saldanha et al. were able to separate several COPs by
using hexane/2-propanol (97:3, v/v) as a mobile phase at a
flow rate of 1 ml/min and a temperature of 32 °C (Saldanha
et al. 2006). Nevertheless, baseline separation between 7α-
OH and 7β-OH was not achieved since the Rs was less than
1.5. On the contrary, Mariutti et al., two years later, under the
same chromatographic conditions, reported baseline separa-
tion of COPs including the 7-OH isomers (Mariutti et al.
2008). However, in a more recent study, their coworkers
changed the composition of the mobile phase by replacing
n-hexane with a mixture of hexanes (minimum 63 % of n-
hexane), indicating probably the instability of the chromato-
graphic method (Noguiera et al. 2010). Thereby, it was con-
sidered important to develop a more stable and a more repro-
ducible NP-HPLC method. Hexane was selected as the main
solvent of the mobile phase. Taking into account the miscibil-
ity tables, hexane was examined in different proportions with
2-propanol, acetone, and ethanol. The concentration of the
COPs in the mixture was 0.014 mg/ml; the injection volume
was set to 20 μL and the temperature at 25 °C.

Sample Preparation As mentioned before, extensive sample
preparation must be carried out in order to isolate selectively
the COPs from the complex lipid matrix. On the other hand, it
is generally accepted that any additional operations introduced
into the analytical protocol can contribute to a loss of recovery.
Therefore, a minimum number of steps must be applied before
quantitative determination. In addition, having also in mind
that saponification is the most efficient procedure for bulk
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lipids elimination, direct saponification followed by SPE was
first studied due to simplicity and rapidness.

Direct Saponification Procedures Three slightly modified
direct saponification procedures, as well as a forth one derived
from the combination of two, were compared in order to
determine the most optimum method, mainly based on recov-
ery. The main differences among the four methods were based
on the composition of the saponification solvent X, the amount
of water Y added after saponification, and the extraction solu-
tion Z.

One gram of sample, spiked with 20 μg of each COP,
underwent saponification at room temperature, in a screw
cap bottle, covered with aluminum foil, with 10 ml of 3.6 M
KOH solution X for 18 h. After saponification, a volume of Y
ml of water was added, and the unsaponifiables were extracted
four times with 10ml of solution Z (Mariutti et al.: X=ethanol/
water (90:10, v/v), Y=15 ml, Z=hexane; Saldanha et al.: X=
ethanol/water (60:40, v/v), Y=5 ml, Z=hexane; Mariuti-
Saldanha et al.: X=ethanol/water (60:40, v/v), Y=15 ml, Z=
hexane; Ubhayasekera et al.: X=7-ml ethanol/water (60:40,
v/v) and 3-ml dichloromethane, Y=10 ml, Z=dichlorometh-
ane) (Saldanha et al. 2006; Mariutti et al. 2008; Ubhayasekera
et al. 2004). The organic phase was filtrated through a filter
paper with 0.5-g anhydrous Na2SO4 for moister removal.
After washing the filter with 10 ml of solution Z, the organic
phase was evaporated in a rotary evaporator at 40 °C.

For further purification of COPs, Rose-Sallin’s SPE meth-
od was applied (Rose-Sallin et al. 1995). The solid residue
was dissolved in hexane/ethylacetate (95:5, v/v) and loaded
into an NH2 column, which was preactivated with 3 ml of
hexane. Apolar lipids and cholesterol were eliminated with 6-
ml hexane/ethylacetate (95:5, v/v) and 10-ml hexane/
ethylacetate (90:10, v/v), respectively. COPs were finally elut-
ed with 10-ml acetone, evaporated under N2 steam,
redissolved in hexane/2-propanol (97:3, v/v), and injected into
the HPLC system.

Lipid Extraction Procedures The optimum saponification pro-
cedure determined by comparing the four methods mentioned
above was also applied on a lipid extract with milder alkaline
conditions. In this case, the optimum lipid extraction proce-
dure was determined by comparing three methods: the
“Folch,” the “Lee,” and the “Boselli” methods. The first is
the most commonly used method, while the other two are
modifications of the first. These three lipid extraction
methods, which differ mainly in the purification of lipids from
polar contaminants, are described below.

Folch Method: One or 5 g of sample were homogenized with
90 ml of chloroform/methanol (2:1, v/v) for 3 min. The blend-
er was rinsed with an extra 15-ml lipid extraction solvent and
filtrated through a filter paper with 0.5-g anhydrous Na2SO4.

The filter paper was washed with 15-ml chloroform/methanol
(2:1, v/v), and the filtrate volume was readjusted to 120 ml
before being transferred to a 500-ml screw cap bottle. Then, a
30-ml NaCl solution (0.88 %, w/w) was added in order to
obtain a ratio of 8:4:3v/v (chloroform/methanol/water). Τhe
mixture was stirred and left overnight at 4 °C for phase
separation. The lower organic phase was dried with anhydrous
Na2SO4 and evaporated in a rotary evaporator. A 250-mg lipid
extract was subjected to saponification and NH2-SPE (Folch
et al. 1957).

Boselli Method: Five grams of sample were homogenized
with 200 ml of chloroform/methanol (1:1, v/v) for 3 min.
The blender was transferred to a 250-ml screw cap bottle,
and then, it was placed for 20 min in a water bath at a constant
temperature of 60°. After further homogenization with 100 ml
of chloroform for 3 min, the mixture was filtrated through a
filter paper with 0.5-g anhydrous Na2SO4. The filtrate was
transferred into a 500-ml bottle, where 100 ml of NaCl solu-
tion (1 M) was added. Τhe mixture was stirred and left
overnight at 4 °C for phase separation. The lower organic
phase was dried with anhydrous Na2SO4 and evaporated in
a rotary evaporator. A 250-mg lipid extract was subjected to
saponification and NH2-SPE (Boselli et al. 2005).

Lee Method: Five grams of sample were homogenized with
90 ml of chloroform/methanol (2:1, v/v) for 3 min. The blend-
er was rinsed with an extra 15-ml lipid extraction solvent and
stirred for 30 min. Then, the mixture was filtrated through a
filter paper with 0.5-g anhydrous Na2SO4 and evaporated in a
rotary evaporator. The filter paper was washed with 15-ml
chloroform/methanol (2:1, v/v). The resulted oily liquid was
dissolved in 10ml of hexane and filtrated through amembrane
filter (0.45 μm), which had been previously activated with
methanol. The solution was then transferred into a 25-ml
bottle and evaporated under N2 flow. The resulted solid was
subjected to saponification and NH2-SPE (Lee et al. 2006).

Results and Discussion

Method Development The first objective of this research pro-
ject was to optimize the chromatographic parameters of a
HPLC method that will allow the simultaneous separation of
seven COPs. Initially, the mobile phase hexane/2-propanol
(97:3, v/v) was examined, which, according to Mariutti
et al., provided baseline separation. However, the separation
of the two 7-OH isomers could not be achieved under these
chromatographic conditions (Rs: 0.8). Neither a decrease in
the flow rate from 1.0 to 0.8 ml/min, nor a reduction in
temperature, could affect the resolution; thus, the optimum
chromatographic conditions were determined by evaluating
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several parameters, particularly the composition of the mobile
phase, the flow rate, and the column temperature.

Hexane was chosen as the main solvent in the mobile phase,
and based on the miscibility tables, 2-propanol, acetone, and
ethanol were chosen as additives. Different combinations and
percentages of the solvents were examined, and the optimum
one, in regard to resolution, proved to be hexane/2-propanol/
acetone (97:2:1, v/v). The presence of acetone in the mobile
phase reduced the polarity of the mobile phase, which, in turn,
increased the resolution of the two isomer 7-OH peaks (Rs:
1.4). Due to the long analysis time (35 min), though, it was
considered important to substitute 2-propanol with ethanol.
Although the latter decreased the analysis time by 13.5 min,
the resolutions of the peaks that correspond to 22S-OH and
25-OH and the two 7-OH isomers decreased to 1.0, in both
cases. A decrease in the flow rate from 1 to 0.6 ml/min was
able to increase the resolution of the isomers (Rs: 1.7), while
the effect on the resolution of the first pair was insignificant. In
another attempt to optimize the separation, in regard to reso-
lution and analysis time, the percentage of acetone in the
mobile phase and the flow rate were increased to 1.5 %
[hexane/2-propanol/acetone (97:1.5:1.5, v/v)] and 1.5 ml/
min, respectively. These chromatographic parameters provid-
ed a baseline separation of the seven COPs with resolution
values of Rs3,4: 1.8 and Rs6,7: 1.5 (Fig. 1).

Method Validation The reliability of the optimum chromato-
graphic method was evaluated in terms of linearity, limit of
detection (LOD), limit of quantification (LOQ), and precision.
The standards were diluted in hexane:2-propanol (96:4, v/v) at
a final concentration of 0.1 mg/ml. The calibration curves
were constructed by plotting the peak areas of the COPs
against their concentrations, which were in the range of 0.5–
32 μg/ml for 20α-OH, 22R-OH, and 25-OH, and 1–32 μg/ml
for 7α-OH, 7β-OH, 22S-OH, and 7-keto. The quantitation of
COPs was performed at 206 nm, except from 7-keto, whose
quantitation was performed at 230 nm. All seven analytes
demonstrated a good linearity response in the range of con-
centrations investigated, with correlation coefficients higher
than 0.99.

The LODs and LOQs were calculated as three and ten
times the standard deviation, respectively, via the slope of
the calibration curve. The LOD and LOQ values for the seven
COPs were in the range 0.15–0.63 μg/ml and 0.45–
1.91 μg/ml, respectively.

The precision of the chromatographic method was evalu-
ated by calculating the relative standard deviations (RSDs) of
the migration times of all seven analytes and their correspond-
ing peak areas. The intra-day precision was obtained from five
replicate analyses performed within the same day, and the
inter-day precision was obtained by use of twelve runs (three

4. 22(R)-hydroxycholesterol 5. 22(S)-hydroxycholesterol 6. 7 -hydroxycholesterol 7. 7 -hydroxycholesterol

1. 7-ketocholesterol      2. 20 -hydroxycholesterol 3. 25-hydroxycholesterol
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Fig. 1 Optimum chromatographic separation of the examined COPs.
Baseline separation was achieved by the use of n-hexane:2-
propanol:acetone (97:1.5:1.5, v/v) at a flow rate of 1 ml/ml and a

temperature of 25 °C. (1) 20α-ΟΗ, (2) 22R-OH, (3) 22S-OH, (4) 25-
OH, (5) 7-keto, (6) 7β-ΟΗ, (7) 7α-ΟΗ
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replicate analyses performed on four consecutive days). In the
first case, the RSD values of the migration times and the peak
areas of all seven analytes were below 2 %, indicating very
good run-to-run reproducibilities. However, the inter-day pre-
cision, in regard to peak area, was not very satisfactory, since
the RSD values were varied from 6.90 to 8.55 %. This is
probably due to the instability of the analyte-standard solu-
tions. Even though they were stored at 4 °C, evaporation was
observed, which, in turn, caused an increase in the peak areas
along with time.

Optimization of Sample Preparation Optimization of saponi-
fication method. As mentioned earlier, the primary objective
of this work is the development of a reliable analytical proto-
col for the selective isolation of COPs from food samples.
Therefore, a comparison among available direct saponifica-
tion methods was performed. The method of Mariutti, which
involves a saponification solution of ethanol/water (90:10,
v/v), 15-mlΗ2Ο, and hexane, was first examined. The method
was applied in both a spiked and a blank “lountza” sample.
Table 1 demonstrates the results from the recovery studies for
each COP, in comparison with the relative findings ofMariutti
and his coworkers for a 25-μL spiked sample. As shown in
Table 1, the agreement between the reference and the exper-
imental values was excellent for almost all COPs, with the
exception of 7-keto, whose recovery value was smaller (52 %)
in comparison to the one reported by Mariutti et al. (84 %).
Similar results for most of the analytes were obtained, when
Saldanha’s method (ethanol/water (60:40, v/v), 5-ml Η2Ο)
was applied. The latter, as well as the coupling of the two
methods, “Mariutti-Saldanha” (ethanol/water (60:40, v/v), 15-
ml Η2Ο), demonstrated higher selectivity to 7-keto (recovery
values 63 and 67 %, respectively). Another important obser-
vation involves the decrease in the recovery values of 7-OH
isomers, when the combined method was applied (75 % for
7α-OH and 75% for 7β-OH). The latter observation indicates
the influence of the saponification’s solvent composition on
recovery.

Both Mariutti and Saldanha methods provided high recov-
ery values for 7-keto, and their findings are in conflict with the
majority of the published studies, which support that 7-keto
degrades to cholesta-3,5-diene-7-one under strongly alkaline
conditions. This created the need to further study the influence
of KOH concentration on 7-keto recovery. It is worth here to
mention that, in order to exclude the nature of the saponifica-
tion solvent as the cause for the low recovery of 7-keto, a
completely different saponification method, according to
Ubhayasekera (X=7-ml ethanol/water (60:40, v/v) and 3-ml
dichloromethane, Y=10 ml, Z=dichloromethane), was ap-
plied. As expected, the recovery of 7-keto was 59 %, which
strengthened the suspicion for its degradation.

The study on the degradation of 7-keto in alkaline condi-
tions was performed by using the Saldanha method, because it
was considered as the optimum saponification method, ac-
cording to recovery and interference. In particular, as illustrat-
ed in Fig. 2 (i), the Saldanha method provided a free of
interference COPs fraction. The unknown substances that
eluted at 7 min and 11.5 min did not affect the qualitative
and quantitative analysis of COPs. On the contrary, the use of
the other two methods provided several impurities, which
coeluted with the target analytes, and, in turn, contributed to
quantitative errors (Fig. 2 (ii),(iii)). In brief, in the case of the
Mariutti method, the impurities contribute to a positive calcu-
lation of the recovery of 22S-OH (Fig. 2 (ii)). In addition, the
Ubhayasekera method was found to be the most inappropriate
for the removal of impurities because, as illustrated from the
chromatogram of a blank sample in Fig. 2 (iii), the impurities
coeluted with the 7-OH and 22-OH isomers.

A two-fold 7-keto stability experiment was designed in
order to elucidate whether the concentration of KOH affects
the degradation of 7-keto. In the first part, the stability of 7-
keto was studied under the strong alkaline conditions of direct
saponification, 3.6 M KOH, versus the incubation time, and
particularly for 0, 2, 10, and 18 h. The Saldanha saponification
conditions were applied, and the experiments were performed
in solution without the presence of a matrix. For comparison

Table 1 Recoveries (record) of COPs after the application of different direct saponification methods and different lipid extraction methods, in
combination with the optimum saponification method, in spiked lountza samples

COPs Mariutti bibliography record Mariutti experimental record Saldanha Mariutti-Saldanha Lee-Saldanha Boselli-Saldanha Folch-Saldanha

20α-OH 89 % 89 % 85 % 93 % 92 % 78 % 102 %

22R-OH 93 % 92 % 94 % 93 % 101 % 87 % 91 %

22S-OH 101 % 106 % 88 % 105 % 88 % 78 % 103 %

25-OH 98 % 88 % 88 % 94 % 88 % 65 % 98 %

7-keto 84 % 52 % 63 % 67 % 78 % 63 % 76 %

7β-OH 92 % 91 % 95 % 75 % 93 % 46 % 83 %

7α-OH 87 % 85 % 95 % 74 % 87 % 52 % 80 %
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purposes, the saponification solution was spiked with 7-keto
(20 μg) and 20α-OH (11.5 μg). As shown in Fig. 3a, when the
incubation time increased, the recovery of 7-keto decreased,
while the recovery of 20a-OH stayed unaffected. As men-
tioned earlier, 7-keto is converted to cholesta-3,5-dien-7-one
in an alkaline environment. The latter is a conjugated triene,
which absorbs strongly at 270–280 nm.

The fractions were also analyzed by use of a UV–vis
system in order to further confirm the formation of cholesta-
3,5-dien-7-one. As demonstrated in Fig. 3b, the intensity of
the peak at 275 nm increased, while the intensity of the peak at
230 nm decreased, with an increase in the saponification time.
This variation clearly demonstrates the conversion of 7-keto to
cholesta-3,5-dien-7-one. Therefore, the choice of direct sa-
ponification under strong alkaline conditions (3.6 M KOH)
was rejected.

The saponification technique though appears to be a nec-
essary step in the sample preparation procedure because it
provides clear chromatograms. Therefore, in an attempt to
increase the 7-keto recovery, milder saponification conditions
were examined, and particularly, 1 M and 2 M KOH. As
illustrated in Fig. 3c, the use of a 1 M KOH solution resulted
in a significant increase on the recovery rate by 21 and 11 %,
in comparison to the amount that was recovered when 3.6 and

2MKOH solutions were used, respectively. In a similar study
performed by Busch and coworkers, it was reported an in-
crease of 29 % (Busch and King 2009a, b). It should also be
noted that the recovery of 7-keto, after its solution saponifica-
tion for 18 h in strong alkaline conditions (3.6 M KOH), was
6 % higher than the recovery obtained when the Saldanha
method was used in a spiked lountza sample (Table 1). This
suggests that the presence of a matrix may interfere, to some
extent, to the recovery of COPs.

Optimization of Lipid Extraction Procedure The optimum
saponification conditions determined cannot be applied direct-
ly to the samplematrix because the concentration of 1MKOH
cannot dissolve the sample completely. Therefore, it was
considered necessary to apply a lipid extractionmethod before
saponification. The optimummethodwas determined by com-
paring three different lipid extraction procedures, which were
described earlier, and by applying the optimum saponification
method along with NH2-SPE. The performance of the three
lipid extraction methods was evaluated by using the terms of
simplicity, rapidness, recovery, and selectivity.

Initially, the method according to Lee and his coworkers
was examined because it requires less time than the methods
reported by Folch and Boselli. In this case, 1 g of lountza

0.0 5.0 10.0 15.0 20.0 25.0 min

(i)

(ii)

(iii)

Fig. 2 Chromatograph of blank lountza samples at 206 nm which were treated according to the method of a Saldanha, bMariutti, and cUbhayasekera.
In circle, the contaminations that led to quantitative errors

1504 Food Anal. Methods (2015) 8:1499–1507



sample was used in order to obtain comparable results with the
direct saponification of the sample. The recovery values ob-
tained from the “Lee-Saldanha” method are demonstrated in
Table 1. It was observed that the recovery value of 7-keto
increased by 15%, when comparedwith the value obtained by
use of the Saldanha method (Table 1), while the recovery
values of 22S-OH, 25-OH, and 7β-OH remained constant.
In an effort to increase the samplemass in order to improve the
possibility of detecting more COPs, a 5-g sample was used,
and the chromatogram obtained was compared with the one
obtained when a 1 g of sample was analyzed (data not shown).
Although the latter provided a clear chromatogram, a bigger
quantity of sample generated several impurities, which may
interfere with the qualitative and quantitative analysis of im-
portant COPs. In this case, a peak, which absorbs both at 206
and 230 nm, appears at the elution time of 22R-OH (∼15min).
Another major problem of this particular method involves the
difficulties in the practical implementation. In particular, the
lipid-fraction purification step, which involved the use of a
0.45-μm membrane filter, could not be performed easily, due
to the presence of polar impurities. Therefore, the optimum

saponification method was further applied in combination
with other lipid extraction procedures.

According to the Folch method, the ratio of the extraction
solvent chloroform/methanol/water must be exactly 8:4:3 so
that the most polar lipids (COPs) are prevented from being
transported into the aqueous phase during the cleaning step.
On the contrary, the Boselli method reports the use of an 8:4:4
ratio. This is probably the reason for the low recovery values
obtained by use of the latter method (Table 1). Even though
the recoveries of the most polar COPs, 7-keto and 7-OH, were
lower with the Folch method than with the Lee method, the
first one proved to be more selective. Based on the above, the
method “Folch-Saldanha”was chosen as the optimum sample
preparation procedure, and it was further applied to different
food samples.

Application for Analysis of Food Samples Samples of Cypriot
smoked lountza, marinated lountza in red wine, grilled lamb
chops, boiled egg, and grilled sea bream fillet were analyzed
by using the optimum preparation and chromatographic
methods. In the lipid extraction procedure, 5 g of each food

Fig. 3 a Effect of incubation time, under saponification with KOH
3.6 M, to the recovery of 7-keto. b Effect of KOH concentration to the
recovery of 7-keto at 18 h of saponification. c UV spectra confirming the

increase of conversion of 7-keto (230 nm) to cholesta-3,5-dien-7-one
(275 nm) with the increase of saponification time with KOH 3.6 M
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sample were used. The lipid content varied from 250 mg,
found in lountza and lamb chops, to 1755 mg, found in the
boiled egg. The saponification method though was applied, in
all cases, to 250 mg of lipids, because this is the maximum
lipid mass that can effectively be saponified under mild con-
ditions. The COPs fraction was dissolved in 500-μL hexane/
2-propanol (97:3, v/v) solution.

Cypriot-smoked lountza was the first sample analyzed in
this study, and the chromatogram obtained clearly demon-
strates the peaks that correspond to 20α-OH, 7-keto, and
7β-OH (Fig. 4). In addition, the predominant COPs, 7-OH
and 7-keto, found in lamb chops, in our study, were similar to
the findings reported by Morán et al. (2012). On the contrary,
their concentrations in the marinated lountza were significant-
ly lower, probably due to the antioxidant activity of polyphe-
nols, which are found in red wine. Similarly, a study reported
by Rodriguez-Carpena et al. demonstrated that the addition of
natural antioxidants, during food processing, is an excellent
strategy for the inhibition of COPs formation (Rodriguez-
Carpena et al. 2012).

Although the optimum preparation method was applied
effectively to meat samples, selectivity was less satisfactory
when it was applied to fish and egg samples. In both cases,

more impurities were present in the chromatograms (data not
shown). However, the presence of these impurities did not
inhibit the quantitation of the COPs 7-keto and 7-OH. In
addition, the concentrations of the two latter COPs determined
in the egg are in agreement with the corresponding concen-
trations found in a study reported by Mazalli and Bragagnolo
(2009). Table 2 demonstrates all the COPs concentrations that
were found in the meat, fish, and egg samples, as calculated
from the calibration curves.

In this study, an HPLC method was developed for the
separation of seven COPs by using a cyano-bonded column
and a mobile phase of n-hexane/2-propanol/acetone
(97:1.5:1.5, v/v). The developed method, along with the opti-
mized sample preparation procedure, proved to be effective
for the analysis of COPs in different food samples. The sample
preparation procedure, in this study, was optimized by com-
paring different saponification methods in combination with
different lipid extraction procedures. The optimum saponifi-
cation conditions involve the use of ethanol/water (60:40, v/v)
as the saponification solvent and the addition of 5-ml water
after the completion of the process. The application though of
direct saponification to the sample confirmed the degradation
of 7-keto to cholesta-3,5-diene-7-one. This problem, along
with the sample mass limitation, was partially solved by

Fig. 4 Application of the
optimum sample preparation
method in a smoked lountza
sample with detection at 206 nm.
Chromatographic conditions
same as in Fig. 1

Table 2 COPs found (μg/g) in
food samples that were analyzed
by using the optimum analytical
protocol

COPs Smoked Lountza Grilled lamb chops Grilled sea bream Boiled eggs Lountza in wine

20α-OH 0.106 0.147 0.145 – –

22R-OH <LOQ <LOQ – – –

22S-OH – – – – –

25-OH – – – – –

7-keto <LOQ 0.133 <LOQ 1.092 <LOQ

7β-OH 0.204 0.220 0.589 2.535 <LOD

7α-OH <LOQ <LOQ 0.623 <LOQ –

Total 0.310 0.500 1.357 3.627 –

1506 Food Anal. Methods (2015) 8:1499–1507



extracting the lipids with chloroform/methanol (2:1v/v) before
the mild alkaline hydrolysis (1 M KOH). In addition, the
application of the optimum sample preparation and chromato-
graphic methods to different food samples confirmed the
predominance of B-ring COPs over the side-chain COPs.
Finally, the results obtained from the analysis of a sample that
was marinated in red wine revealed that antioxidants can
significantly inhibit the formation of COPs.
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