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ABSTRACT: Two methods for routine analysis of free 7-keto- 
cholesterol (7-k) in foods by high-performance liquid chroma- 
tography (HPLC) were compared. The analyzed samples were 
egg noodles, biscuits prepared with eggs, sweet snacks, grated 
Parmesan cheeses, and some ingredients utilized in the food in- 
dustry (whole-milk and whole-egg powder). The enrichment of 
cholesterol oxides was carried out by solid-phase separation of 
the total lipids with florisil and silica cartridges for methods A 
and B, respectively. The 7-k analyses were run in normal-phase 
HPLC for method A, and a reverse-phase process was used i n  
method B. identification of the 7-k peak was confirmed by gas 
chromatography/mass spectrometry analysis and by peak purity 
check via spectral analysis with a diode array detector. The 
quantitation'of 7-k was carried out with an internal standard for 
method A and with a calibration curve for method B. The limit 
of quantitation (LQ) was 3 x lov9 glinjection; the limit of detec- 
tion was ten times lower than the LQ for both methods. The two 
methods showed good recovery (99%) and good repeatability 
(coefficient of variation of 3.9 and 3.7% for methods A and B, 
respectively). These methods allow a fast, sensitive, and reliable 
determination of one cholesterol oxidation ~roduct,  which is 
present at a high concentration level in the first stages of the ox- 
idation process. 
JAOCS 72, 1523-1 527 (1 995). 

KEY WORDS: Animal fats, biscuits, cholesterol, egg noodles, 
grated cheese, high-performance liquid chromatography, 
7-ketocholesterol, oxysterols, whole-egg powders, whole milk 
powder. 

COP by gas chromatography (GC) (5-11) and high-perfor- 
mance liquid chromatography (HPLC) (12-17). However, 
most of these approaches are designed for research work 
rather than for routine analysis. 

HPLC analysis eliminates the traditional acid or alkaline 
hydrolysis steps (18) that can lead to modifications of the 
oxysterol content (19,20), especially those observed in 
7-ketocholesterol (7-k) due to basic hydrolysis (21-23). Cold 
saponification (4,lO) results in a high sample grade, which is 
important in GC analysis (24), as well as in the release of es- 
terified cholesterol. However, this analytical approach was 
ruled out a priori in the present study because it is a time-con- 
suming technique. 

The objective of the present study was to test two HPLC 
methods, one in normal-phase and the other in reverse-phase, 
as routine analytical procedures for the determination of the 
extent of cholesterol oxidation in various foods. Both ap- 
proaches require the quantitation of free 7-k, which is em- 
ployed as a tracer of the oxidative process in that it is one of 
the first COP to form and one of the oxides found in the high- 
est amounts (7,12,25-27). The tested samples were ingredi- 
ents utilized in industrial and small-scale food processing, 
such as whole-milk powder and spray-dried whole-egg 
powder, as well as mass-produced packaged foods, such as 
egg noodles (pasta), biscuits, sweet snacks, and grated 
cheeses that are considered "at risk" with regard to choles- 
terol oxidation (28). 

Cholesterol is prone to oxidation in the presence of air and 
energy (heat andlor ultraviolet light); in fact, the complete or 
partial structure of over sixty cholesterol oxidation products 
(COP) has been reported (1). Several COP show biological 
and toxicological activity, such as feedback inhibition of cho- 
lesterol biosynthesis, angiotoxicity, atherogenicity, muta- 
genicity, cytotoxicity, and carcinogenicity (2-4). Various ana- 
lytical procedures have been set up for the determination of 
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MATERIALS AND METHODS 

Chemicals. HPLC- or analytical-grade reagents and solvents 
were supplied by Carlo Erba (Milano, Italy), and anhydrous 
pyridine by Merck (Darmstadt, Germany). The HPLC sol- 
vents were used after filtration with an all-glass filter holder 
(supplied by Millipore C o p ,  Bedford, MA), through a 0.45- 
pm Phenomenex nylon filter membrane (Torrance, CA). 

Cholesterol (5-cholesten-3P-01) and 7-k (5-cholesten-3P- 
ol-7-one) standards were supplied by Sigma (St. Louis, MO), 
and 7-ketopregnenolone (5-pregnen-3P-ol-7,2O-dione) by 
Steraloids (Wilton, NH). The solid-phase extraction (SPE) 

Copyright O 1995 by AOCS Press 1523 JAOCS, t'ol. 72, no. 12 (1995) 



1524 G. PENAZZI ETAL. 

columns were packed with florisil and silica purchased from 
Analytichem International-Varian (Harbor City, CA). The 
sorbent mass of both types of cartridges was 500 mg. 

Samples. The following mass-produced packaged foods 
were purchased in an Italian supermarket and analyzed in 
groups of three samples each: egg noodles, biscuits contain- 
ing eggs, sweet snacks, and grated Parmesan cheeses. Three 
samples of whole-milk powder and three of whole-egg pow- 
der, used as ingredients in the small- and large-scale food in- 
dustries, were supplied by the processor. 

Lipid extraction. The method by Folch et al. (29) was used 
for lipid extraction from biscuits, snacks, and cheeses. The 
powdered products were extracted as suggested by Bligh and 
Dyer (30), after addition of water to the samples. 

MethodA: sample preparation. The enrichment of choles- 
terol oxides was carried out on SPE florisil cartridges. 
7-Ketopregnenolone (1.5 ~tg) was added to 50-60 mg of the 
extracted lipids. This mixture was then dissolved in 0.5 mL 
of 2-propanol/n-heptane (2%, vol/vol) and loaded onto an 
SPE florisil cartridge, which had been previously washed 
with n-heptane. The cartridge was then washed with 4 mL of 
2-propanol/n-heptane (2%, vol/vol) to remove triacylglyc- 
erols, together with most of the cholesterol. The cholesterol 
oxides were eluted with 5 mL acetone. The solvent was sub- 
sequently evaporated under a nitrogen stream at <50°C, and 
the residue was dissolved in 1 mL of 2-propanol/n-hexane 
(7%, vol/vol). 

Normal-phase HPLC. HPLC was performed with a 
Perkin-Elmer (Norwalk, CT) Series 400 liquid chromato- 
graph with Rheodyne 7125 injector (Cotati, CA) and a 
Hewlett-Packard 1050 diode array detector (Waldbronn, Ger- 
many). The column was a gPorasil type (Water Associates, 
Mifford, MA), with 30 cm x 3.9 mm i.d. and 10-~tm particle 
size (12). 

HPLC elution was carried out under isocratic conditions 
with a mobile phase of 2-propanol/n-hexane (7%, vol/vol) at 
a 1-mL/min flow rate. The wavelength for 7-k determination 
was 233 nm. 

Method B: sample preparation. The enrichment of choles- 
terol oxides was carried out on SPE silica cartridges. Lipids 
(100 rag) were dissolved in 0.5 mL of n-hexane/diethyl ether 
(8:2, vol/vol) and applied onto a silica cartridge which had 
been prewashed with 3 mL n-hexane. The elution was carried 
out with 3 mL of n-hexane/diethyl ether (8:2, vol/vol), 4 mL 
of n-hexane/diethyl ether (1:1, vol/vol), and 3 mL of 
methanol (31). Chromatography was accelerated with vac- 
uum. The last two fractions were pooled, the solvent was 
evaporated under a low-temperature nitrogen stream at 
<50°C, and the residue was dissolved in 1 mL acetonitrile. 

Reverse-phase HPLC. HPLC was carried out with an $5 
C6 column (15 cm x 4.6 gm i.d., 5-gm spherical particles; 
Spherisorb Phase Sep, Deeside, United Kingdom), a chro- 
matograph connected to a Knauer pump (Berlin, Germany), 
and a Rehodyne 7125 injector, a Knauer variable ultraviolet 
wavelength spectrophotometer, and a Spectra Physics SP 
4270 integrator (San Jose, CA). 

HPLC elution was accomplished under isocratic condi- 
tions with a mobile phase of acetonitrile/water (4: l, vol/vol) 
at a 0.8-mL/min flow rate. The ultraviolet-wavelength for 7-k 
detection was 245 nm. 

GC/mass spectrometry (MS). The HPLC fraction match- 
ing the 7-k peak was collected, the solvent was eliminated, 
and the residue was treated by silanization as suggested by 
Sweeley et al. (32). Analyses were run on a Carlo Erba (Ro- 
dano, MI, Italy) QMD 1000 GC/MS system. The column was 
a capillary fused-silica unit coated with SE 52 (25 m × 0.32 
mm i.d., 0.10-gm film thickness; Mega, Milano, Italy). Tem- 
perature was programmed from 60 to 260°C at 25°C/min and 
from 260 to 310°C at 2°C/min. The carrier gas (helium) flow 
rate was 2 mL/min. The transfer line temperature was 2500C, 
and the source temperature was 200°C. Ionization energy was 
70 eV. Mass spectra were scanned within mass range (m/z) 
40-600; scan speed was 0.9 scan s -1. 

Method viability test. The recovery trials were run by load- 
ing the SPE columns with known amounts of the 7-k stan- 
dard, eluting as described previously and determining the 
amount of recovered 7-k by GC. The stability of 7-k was also 
determined by running known amounts of its standard 
through all experimental procedures and analyzing the results 
with GC. 

GC. GC analyses were run on a Carlo Erba model 4160 
with a flame-ionization detector and a Spectra Physics SP 
4270 integrator. The capillary fused-silica column was coated 
with SE 52 (25 m × 0.32 mm i.d., 0.10-gm film thickness; 
Mega). Temperature was programmed from 220 to 310°C at 
4.5°C/min; the injector and detector temperature was 350°C. 

RESULTS AND DISCUSSION 

There are several differences between various steps of the two 
tested methods. Sample preparation and COP enrichment by 
SPE were carried out with florisil cartridges in method A, and 
silica cartridges were used in method B. HPLC analysis in 
method A was performed in normal-phase, and reverse-phase 
was utilized in method B. The 7-k quantitation in method A 
was done with 7-ketopregnenolone as the internal standard; 
for method B, the amount of 7-k was calculated from the cal- 
ibration curve. 

Both types of cartridges gave more than 99% on the 7-k 
recovery tests, resulting in a similar efficiency; the recovery 
obtained with the silica cartridge agrees with the data pub- 
lished by Chen and Chen (15). Analysis also showed that 7-k 
did not form during sample purification, and that it was nei- 
ther decomposed nor transformed during the experimental 
steps, the latter being a rather important feature in other types 
of sample treatment (18). The coefficients of variation of the 
methods (CV%) were calculated on four replicates of the 
same sample, giving 3.90 and 3.75% for methods A and B, 
respectively. 

Table 1 shows the amounts of 7-k (ppm in lipids) found in 
the foods analyzed by the two HPLC method; this table also 
lists the per-sample SD and the CV% for the values recorded 
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TABLE 1 
Amounts of 7-Ketocholesterol Found in Various Foods Analyzed 
by the Two High-Performance Liquid Chromatography Methods 

7-Ketocholesterol (ppm in lipids) 

Sample Method A Method B SD CV% a 

Egg noodles (pasta) 
1 16.1 16.5 0.3 1,7 
2 19,4 21.6 1,6 7.6 
3 15.1 14.4 0.5 3.4 

Biscuits 
1 3.8 3.6 0.1 3.8 
2 3.5 3.7 0.1 3,9 
3 26,8 27.1 0.2 0.8 

Sweet snacks 
1 3.5 3.8 0.2 
2 1.8 2.0 0.1 
3 4.4 4.7 O.2 

Grated cheeses 
I 2.6 2.2 0.3 11.8 
2 1.3 1.6 0.2 14.6 
3 1.5 1.5 0.0 0.0 

Whole-milk powders 
1 3.2 2.9 0,2 7.0 
2 1.2 1.1 0.1 6.1 
3 2.5 2.8 0.2 8.0 

Whole-egg powders 
1 20.9 22.2 0.9 4.3 
2 20.2 23.4 2.3 10,4 
3 58.0 61.8 2.7 4.5 

aCV% means coefficient of variation. 

by each method. The two data sets indicate that the results for 
the tested samples, which differed by nature and by complex- 
ity of the lipid matrix, are in good agreement; the CV% 
ranged from a minimum of 0 to a maximum of 14.6. The 
grated-cheese data are quite different from those reported by 
other authors (28,33), in which 7-k was found in one out of 
six samples. This difference was probably due to a loss of 7-k 
during saponification because other cholesterol oxides were 
detected in those samples. On the other hand, the 7-k values 
for whole-egg powders are similar to those obtained in other 
studies (28,34), as well as to those found in the egg noodle 
samples; it is possible that these egg noodles were prepared 
with egg powder because cholesterol oxides have not been 
found in fresh eggs (35). 

Regarding the whole-milk powder samples, the amount of 
7-k found are lower than those reported for 12-month-old 
whole-milk powders (25). 

The correlation coefficient of 7-ketopregnenolone, method 
A's internal standard for 7-k quantitation, was close to l (r 2 = 
0.9984); this coefficient was calculated by multiple-level 
calibration. 

The calibration curve of the 7-k standard, whose concen- 
tration ranged from 4 x 10 -9 to 12 x 10 -8 g/injection, was the 
quantitation procedure followed in method B; in this case, the 
linear coefficient was also close to linearity (r 2 = 0.9996). 

Identification of the 7-k peak was confirmed by GC/MS 
analysis and by peak purity check via spectral analysis. Figure 
1 shows the mass spectrum of 7-k found in a biscuit sample, 
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5.8 !:16. 1. Mass spectrum of 7-ketocholesterol found in a biscuit sample, 
7.4 Ionization energy was 70 eV. Mass spectra were scanned within mass 
4.7 range (re~z) 40-600; scan speed was 0.9 scan s -1 . 

which agrees with that reported by Osada et aL (36). Because 
cholesterol is present in small amounts in the lipid fraction of 
foods from animal origin, COP were found only in trace 
amounts. Given its sensitivity and selectivity, HPLC with ul- 
traviolet detection proved to be useful in determining small 
amounts of 7-k in foods because the latter's limit of quantita- 
tion (LQ) was 3 x 10 -9 g/injection, and its limit of detection 
was ten times lower than its LQ for both methods. Its high se- 
lectivity derives from the fact that one can use relatively se- 
lective wavelengths (233,245 nm). The same selectivity can- 
not be achieved with most COP that form in the first stages of 
oxidation because they absorb at lower wavelengths (around 
210 nm), thereby increasing the background noise (12). 

A sensitivity range in the order of 10-12g has been 
achieved with techniques such as GC/MS; however, sample 
preparation steps to isolate sterols, such as cold saponifica- 
tion, are more time-consuming and laborious than those 
reported in the present study. HPLC analysis simplifies sam- 
ple preparation because it uses SPE, which is an easier and 
faster method than cold saponification. Nevertheless, it is im- 
portant to control each type of matrix by structural analysis 
(i.e., GC/MS) or diode array detector to ensure the absence of 
any compound with a similar HPLC elution time as that of 
the 7-k peak. 

The two methods proposed here only quantitate free 7-k; 
the free sterol fraction is present in a much higher level than 
the esterified one, and their ratio varies according to the ma- 
trix (12). However, if the esterified fraction is to be quanti- 
tared, a cold saponification must be carried out. 

Figures 2 and 3 show the HPLC traces of a sample of egg 
noodles analyzed by method A and a sample of  biscuits ana- 
lyzed by method B. Good separation of the 7-k peak was 
achieved with both methods. 

The overall determination in the present study with the two 
methods takes about 45 rain from lipid extraction to final data. 
This analytical approach allows a faster quantitation of a large 
number of samples than more complex methods, and gives 
good sensitivity and reproducibility levels. 
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FIG. 2. High-performance liquid chromatographic trace of a sample of 
egg noodles (pasta) analyzed by method A. Conditions: column b, ~Po- 
rasil (30 cm x 3.9 mm i.d., 10-pm particle size); elution, 2-propanol/n- 
hexane (7%, vol/vot) under isocratic conditions; flow, 1 mL/min; diode 
array detector at 233 nm. Abbreviations: 7-k, 7-ketocholesterol; IS, in- 
ternal standard. 
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FIG. 3. High-performance liquid chromatographic trace of a sample of 
biscuits analyzed by method B. Conditions: column, $5 C6 (15 cmx  
4.6 mm i.d., 54tm spherical particles); elution, acetonitrile/water (4:1, 
vol/vol) under isocratic conditions; flow, 0.8 mL/min; ultraviolet-wave- 
length spectrophotometer at 245 nm. Abbreviations as in Figure 2. 
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