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FOOD COMPOSITION AND ADDITIVES

Rapid Gas Chromatographic Method for Simultaneous
Determination of Cholesterol and o-Tocopherol in Eggs

Nickos BotsocLou, DiMiTRIOS FLETOURIS, IoANNIS Psomas, and ANTONIOS MANTIS
Aristotle University, School of Veterinary Medicine, GR-54006 Thessaloniki, Greece

A new method was developed for simultaneous de-
termination of cholesterol and a-tocopherol in
eggs. It involves rapid and simple sample prepara-
tion accomplished in one tube and chroma-
tographic separation that does not require derivati-
zation of analytes. Total analysis time per sample is
40 min. Labor, cost, and use of hazardous chemi-
cals are minimized. To ensure selectivity, accuracy,
and precision, critical analytical parameters were
investigated. Overall recoveries were 98.8 and
99.2% for cholesterol and o-tocopherol, respec-
tively. Linearity was acceptable for both analytes
(r = 0.9964 for cholesterol and 0.9996 for a-toco-
pherol) in the fortification range examined. Preci-
sion data based on within-day and between-days
variation gave overall relative standard deviations
of 2.0% for cholesterol and 7.0% for a-tocopherol.
The method was applied successfully for quantita-
tion of cholesterol and a-tocopherol in eggs.

significant lipids in foods that increasingly require rou-

tine analysis. Cholesterol is a precursor of bile acids,
steroid hormones, and vitamin D and is the principal steroid in
foods of animal origin, occurring in both free and esterified
form. Assessment of dietary cholesterol intake is of growing
interest to consumers because cholesterol in serum has been
implicated in atherosclerosis (1). o-Tocopherol is the prevalent
congener of vitamin E. It is a natural antioxidant that extends
the oxidative stability of dietary fat, showing also outstanding
antioxidant activity in living cells. Accurate determination of
these compounds is of great importance to the food industry
and recently has been of special interest to poultry scientists
who have placed considerable emphasis on altering, through
changes in diet fed to chicken, the fatty acid and cholesterol
composition of egg yolk (2).

The cholesterol and o-tocopherol contents of eggs are con-
troversial. Data available from food composition tables and re-
cent reports show wide variability, mainly because of differ-
ences in analytical methods used (3-7). Cholesterol and
o-tocopherol usually are determined separately by methods in-

C holesterol and o-tocopherol are among the nutritionally
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cluding spectrophotometry (5, 6-9), liquid chromatography
(LG; 5,6, 10, 11), and gas chromatography (GC; 6, 12-19).
When data for both analytes are required, it is possible to deter-
mine them in the same analysis because they are both found in
the nonsaponifiable fraction and exhibit similar physicochemi-
cal properties.

Simultaneous determination of cholesterol and o-toco-
pherol in eggs by LC has been reported (20). However, such a
determination has not been achieved yet by GC. With its excel-
lent precision, accuracy, and high degree of automation, GC has
become the method of choice for cholesterol analysis, espe-
cially when many samples are to be analyzed (6, 21). The very
few reports on simultaneous determination of cholesterol and
a-tocopherol by GC either concern analysis of matrixes other
than egg (22, 23) or are limited to issues relating to chroma-
tographic behavior of analytes, which in many GC systems
produce peaks with nearly identical retention times (10, 21).

Here, we describe a simple GC method for simultaneous
determination of cholesterol and o-tocopherol in eggs. It in-
volves rapid sample preparation accomplished in one tube and
capillary GC analysis that does not require derivatization of
analytes. To ensure selectivity, accuracy, and precision, critical
analytical parameters were investigated.

METHOD

Apparatus

(a) Capillary column GC system.—Shimadzu Model GC-
15A GC system equipped with Model AOC-17 autosampler,
flame tonization detector, and Model Class-VP chromatogra-
phy data system (Shimadzu Corp., Kyoto, Japan). Operating
conditions: fused silica capillary column, 15 m X 0.32 mm id,
coated with SPB-1 (Supelco, Inc., Bellefonte, PA) with film
thickness of 1.0 um; oven temperature, programmed from 250°
to 275°C at 2°C/min and held there for 12 min; helium carrier
gas, 2 mL/min; hydrogen, 30 mL/min; air, 300 mL/min; injec-
tion port temperature, 300°C; flame ionization detector tem-
perature, 300°C; split ratio, 20:1; injection volume, 1 pL.

(b) Sample preparation tubes.—15 X 150 mm culture tubes
with Teflon-lined screw cap suitable for sterilizing liquids
(Coming, Inc., Corning, NY).

(¢) Water bath.—Temperature regulated (+1°C; Model
3044, Kottermann, Hanigsen, Germany).

(d) Vortex mixer—Model G-560E, Scientific Industries
(Bohemia, NY).
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Table 1. Influence of temperature, heating time, and KOH strength on efficiency of saponification of egg yolk
samples, as represented by recovered cholesterol (mg cholesterol/100 g yolk)

0.5M KOH 2.0M KOH Saturated KOH

Saponification
time, min 60°C 80°C 60°C 80°C 60°C 80°C
5 946.0 986.2 995.8 1005.6 954.6 966.6
15 1144.2 1174.3 1135.2 1128.9 930.0 944.0
30 1175.0 1126.0 1054.8 1069.8 926.2 918.6
60 1154.8 1169.8 1035.6 1029.9 932.8 922.4
120 1164.2 1162.1 1018.0 1007.5 912.0 920.8

(e) Centrifuge—IEC Model Centra-MP4, equipped with
6-position rotor with 15 mL carriers (Needman Heights, MA).

(f) Solvent dispensers.—5.0 mL (Model P5000), and
1.0 mL (Model P1000), precision pipettes (Gilson, Villiers-le-
Bel, France) to conveniently dispense solvents.

(8) Magnetic stirrer plate—With variable speed control
(Fisher Scientific, Pittsburgh, PA).

(h) Autosampler vials.—Teflon-lined screw-cap vials with
1.5 mL capacity (Shimadzu).

Reagents

(a) Hexane, methanol, and potassium hydroxide (KOH).—
Analytical grade (Merck, Darmstadt, Germany).

(b) Cholesterol and o-tocopherol standard solutions.—
Using cholesterol and a-tocopherol (>99% purity) reference
standards (Sigma Chemical Co., St. Louis, MO), prepare indi-
vidual 2 mg/mL stock solutions in hexane. Prepare individual
standard intermediate solutions by diluting portions of the
stock solutions with hexane. Prepare mixed standard working
solutions by transferring appropriate volumes from each stand-
ard intermediate solution into 10 mL flasks and diluting to vol-
ume with hexane to cover the range 6-54 pg/mL for each ana-
lyte (6.7, 13.3, 20.0, 33.3, and 53.3 ug/mL). Protect solutions
from light, and keep them at —20°C when not in use. Prepare
fresh standard intermediate solutions every month for choles-
terol and each working day for a-tocopherol.

(¢) Methanolic KOH solution (0.5M).—Prepare by dis-
solving, with stirring, 14 g KOH into methanol and diluting to
500 mL with methanol.

(d) Pyrocatechol solution (200 mg/mL).—Prepare by dis-
solving 1 g pyrocatechol (Sigma) in 5 mL methanol. Protect
from light, and keep in a refrigerator when not in use. Prepare
fresh every day.

Sample Preparation

Accurately weigh 0.2 g (£0.001) egg yolk into sample
preparation tube. Add 100 pL pyrocatechol solution and 5 mL
methanolic KOH solution, agitate immediately on Vortex
mixer for 20 s, and cap tightly. Immerse lower half of tube in
80°C bath for 15 min; remove and agitate on Vortex mixer for
15 s every 5 min. Several tubes can be handled conveniently by
placing them in a wire basket. Cool tube with tap water, remove
cap, add 1 mL water and 5 mL hexane, and agitate vigorously
on Vortex mixer for 1 min. Centrifuge 1 min at 2000 X g, trans-

fer a portion of the upper phase to the autosampler vial, and
close vial cap.

Chromatography, Preparation of Calibration Curve,
and Calculations

Generate calibration curve by injecting 1 UL from each
mixed standard working solution; plotting peak areas vs mass
of analytes injected; and computing slope, intercept, and least-
square fit of standard curves. Use calibration curve slopes and
intercept data to compute mass of analytes in injected (1 pL)
unknown sample extracts. For cholesterol determination, ap-
propriately dilute sample extracts with hexane and reinject.
Calculate concentration of cholesterol and o-tocopherol in un-
known samples as follows:

Analyte concentration, mg/100 g =M X VX 2.5

where M is the mass (ng) of each analyte in injected sample
extract (1 uL.) according to corresponding calibration curve
and V is the dilution factor, if any, applied.

Results and Discussion

Determination of cholesterol in eggs has been studied exten-
sively. Among commonly used GC methods, some require ex-
traction of total lipids, removal of solvents, hot saponification
in alkaline media, extraction of nonsaponifiable material, re-
peated washes, concentration of extracts, and derivatization
prior to analysis (13, 17). These steps are time consuming, as
well as labor and material intensive. Of at least equal impor-
tance is the interlaboratory variability reportedly inherent in
such highly manipulative treatments (24). Other more recent
methods based on direct saponification of sample (15, 16, 18)
have eliminated some of the steps. However, cholesterol deter-
minations remain laborious and costly, requiring hazardous re-
agents, the procurement, recovery, and disposal of which are
becoming increasingly expensive. Our method minimizes
time, labor, and expendable materials, with sample preparation
essentially completed in a single tube. To keep the procedure as
simple and reliable as possible, all analytical steps were thor-
oughly investigated.
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Table 2. Effect of vegetable fat on recovery of
cholesterol and o-tocopherol®

Vegetable fat added, Recovery of Recovery of
g/tube cholesterol, % o-tocopherol, %
0.050 99.2+1.2 1010+ 1.6
0.100 968+ 1.8 99.2+2.6
0.150 100.4 + 1.0 974128
0.200 99.6+1.8 97.0+1.2
0.250 982+1.6 99.0t2.8
0.300 91.6+24 93818

4 Values are means * standard deviations; n= 3.

Direct-Saponification Step

Conditions for direct saponification of food samples are not
well documented; various combinations of temperature, heat-
ing time, and KOH concentration are claimed to be suitable for
converting esterified cholesterol to its free form (21). To estab-
lish optimum saponification conditions, 60 identical samples
(0.2 g pooled egg yolks) were prepared and processed at vari-
ous temperatures (60° or 80°C), heating times (5, 15, 30, 60, or
120 min), and strengths of methanolic KOH solution (satu-
rated, 0.5M, or 2M). Two samples were processed for each set

of conditions and then combined before hexane (10 mL) ex-
traction and processing through the rest of the method.

When the methanolic KOH solution was 0.5M or 2.0M,
cholesterol recovery increased as heating time increased from
5 to 15 min (Table 1). This result indicated that a S min heating
time at either 60° or 80°C is not adequate for complete conver-
sion of esterified cholesterol. Having attained its maximum
value at 15 min, cholesterol concentration could remain essen-
tially constant for heating times up to 120 min with 0.5M KOH.
With 2.0M KOH, however, cholesterol recovery decreased
gradually as heating time was increased. These results sug-
gested that a 15 min saponification at 80°C with 0.5M KOH is
sufficient for complete conversion of esterified cholesterol.

With saturated methanolic KOH, cholesterol recovery was
very low no matter what temperature or heating time was ap-
plied (Table 1). Contrary to the findings in a recent report (18),
these results unequivocally show that saponification with satu-
rated methanolic KOH cannot proceed without loss of choles-
terol content. Because auto oxidation of cholesterol has been ob-
served in some rigorous hydrolysis schemes (9), the protective
effect of antioxidants added before saponification was also evalu-
ated. However, neither pyrogallol, pyrocatechol, nor butylated hy-
droxytoluene significantly reduced loss of cholesterol.

Unlike recovery of cholesterol, recovery of o-tocopherol
was highly dependent on the level and type of added antioxi-
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Figure 1. Typical chromatograms of (A) a standard solution of cholesterol and a-tocopherol containing
5a-cholestane as internal standard and (B) an egg yolk extract. Peaks: 1, 5a-cholestane; 2, cholesterol; 3,

a-tocopherol.
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Table 3. Recovery of cholesterol and o-tocopherol standards added to egg yolk

Analyte added (n = 5), mg/100 g

Mean concn found, mg/100 g = SD

Relative standard deviation, %

Spiking level Cholesterol o-Tocopherol Cholesterol a-Tocopherol Cholestero! a-Tocopherol
0 0 0 1089.9+19.0 7.3+0.3 1.7 41
1 285.7 66.8 1356.0 + 32.8 746+1.1 24 1.5
2 571.4 133.6 1645.8 £ 23.9 139.4+24 1.5 1.7
3 857.1 200.3 1934.0 £ 26.2 206.6+2.8 1.4 1.3

dants. In the absence of antioxidants, a-tocopherol recovery
after 15 min saponification at 80°C with 0.5M KOH was only
38%. Addition of 20 mg butylated hydroxytoluene increased
recovery to 57%. But addition of 20 mg of either pyrocatechol
or pyrogallol totally protected o-tocopherol from oxidation.
Pyrocatechol seemed more suitable for use in this method than
pyrogallol, because it did not darken as rapidly as pyrogallol
did in the alkaline medium.

Extraction Step

When hexane or other nonpolar solvents are used for post-
saponification extraction of cholesterol and ot-tocopherol from
foods and fats, addition of various amounts of water is, in most
cases, a mandatory preliminary step (21). Our experiments to
establish the amount of water needed for efficient extraction
showed that when no water is added, extraction efficiency of
hexane for both cholesterol and o.-tocopherol is low, ranging
from 30 to 40%. Addition of 0.5 mL water increases extraction
efficiency to 85-93%. Further addition of 0.5 mL makes ex-
traction quantitative, eliminating the need for a second extrac-
tion. Therefore, the minimum volume of water required for ef-
ficient extraction is 1 mL. These findings support most
published procedures but disagree with a recent method (18)
that claims quantitative extraction of cholesterol in the absence
of water when saturated methanolic KOH is used. We checked
this possibility, but the results did not differ significantly from
those initially found.

Slover et al. (22) reported that fat in the saponification mix-
ture also can affect the extraction efficiency. To investigate the

matter, we prepared a series of 6 sample preparation tubes so
that each one contained a fixed amount of both analytes but a
variable amount of vegetable fat (0-0.3 g hydrogenated palm
oil) free of either analyte. The content of each tube was saponi-
fied, extracted, and chromatographed as described, replicating
each analysis 3 times. Results (Table 2) showed that extraction
efficiency of hexane is not affected by fat, provided the amount
in sample is £250 mg.

Chromatography

Although thin-film columns are generally preferred for
analysis of high-molecular-mass, high-boiling-point com-
pounds to minimize bleeding from the column, we achieved
good results for cholesterol and o-tocopherol with a short
thick-film column. As Figure 1 shows, both peaks are sharp
without tailing. The thick film covering the active silanol
groups on the surface of the fused silica seems to prevent ad-
sorption of underivatized analytes, and thus, peak distortion
does not occur. Some fatty acid methyl ester peaks are sizable,
but they did not present any separation or contamination prob-
lem on the capillary column, eluting very early, just after the
solvent front. On the other hand, plant sterols eluted long after
a-tocopherol and were well-resolved from each other.

Because chromatographic results were acceptable, we did
not consider derivatization of analytes prior to injection onto
the GC system, in accordance with other workers (15, 16, 18,
25, 26). Trimethylsilylation of analytes might further improve
peak shape, reduce retention time, and improve sensitivity.
However, trimethylsilylation not only adds an extra step in the

Table 4. Precision of determination of cholesterol in egg yolk

Day Concn of cholesterol found, mg/100 g Mean value + SD, mg/100 g RSD, %
1 1073.4, 1044.1, 1098.0, 1069.0, 1096.3 1076.2 £ 19.8 1.8
2 1118.2, 1101.6, 1070.4, 1122.8, 1090.0 1100.6 £ 19.1 1.7
3 1087.0, 1068.2, 1114.6, 1098.0, 1101.6 1093.9+ 15.6 14
Overall mean 1090.2 +21.0 1.9

Variance estimates

Source RSD, %
Between-days 2.6
Within-day 19
Overall 2.0
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Table 5. Precision of determination of o-tocopherol in egg yolk

Day Concn of a-tocopherol found, mg/100 g Mean value + SD, mg/100 g RSD, %
1 75,6.6,7.0,7.4,6.4 7.0+04 6.1
2 7.0,72,79,75,8.1 75104 55
3 7.0,78,7.2,8.0,6.8 74105 6.3
Overall mean 73105 6.8

Variance estimates

Source RSD, %
Between-days 8.7
Within-day 6.7
Overall 7.0

procedure but also could increase noise; lead to formation of
artifacts; decrease recovery; result in poor linearity because of
silicone deposits in the flame ionization detector; and raise
safety concerns because many silylating agents are toxic, flam-
mable, and corrosive.

Calibration

Both internal (15, 16, 18, 25) and external (10,27, 28)
standard calibration techniques have been proposed for analy-
sis of cholesterol and o-tocopherol. Because delivery of sample
volumes is quite precise with modern automatic sampling sys-
tems, the internal standard (IS) technique is most useful for as-
says that require extensive sample pretreatment including deri-
vatization, where variable recoveries of the target analytes may
occur. For an essentially manipulation-free and well-tested pro-
cedure such as the one we describe here, use of the IS technique
may not be advantageous. On the contrary, it may actually in-
crease precision error because of the frequent calibration
needed for measuring 2 peak areas rather than one (29, 30).

To test the efficiency of external versus internal standard
calibration in our system, we prepared 5 sample preparation
tubes so that each one contained the same amount of Sa-
cholestane (120 pg) as IS and a variable amount of cholesterol

and o-tocopherol (33.5, 66.0, 100.0, 166.5, and 266.5 ug of
each compound) in 5 mL hexane. Each mixture consisted of
standards only, so they were analyzed by GC without saponifi-
cation, with each analysis replicated 5 times. Cholesterol and
a-tocopherol responses as either cholesterol/5a-cholestane and
o-tocopherol/5a-cholestane peak area ratios or distinct choles-
terol and o.-tocopherol peak areas were plotted against amount
of cholesterol or a-tocopherol. Regression analysis showed lin-
ear responses for both types of calibration and both analytes in
the range examined: yic = 0.003 + 0.0414x, response factor =
1.001 £ 0.023, r;c=0.99996 for internal standard calibration of
cholesterol; yrr = 0.001 + 0.0342x, response factor = 0.838
0.024, rip = 0.99986 for internal standard calibration a-toco-
pherol; ygc =9.22 + 495.78x, rgc = 0.99994 for external stand-
ard calibration of cholesterol; and ygr = 0.50 + 409.63x, rgr =
0.99992 for external standard calibration of «-tocopherol,
where yjc, and yrr represent peak area ratios, ygc and ygr repre-
sent peak areas, and x is the quantity (ng) of analyte injected.
The excellent linearities suggested that both techniques are
more than adequate for reliable quantitation of target analytes.
We selected the external standard calibration technique, be-
cause it minimizes manipulations and analysis cost.

Table 6. Cholesterol and a-tocopherol in commercial eggs (mg/100 g yolk)

Mean concn £ SD (n=3)

Mean concn + SD (n= 3)

Sample No. Cholesterol o-Tocopherol Sample No. Cholesterol a-Tocopherol
1 1120.3 £ 19.5 55+04 1 1126.1 £21.0 7.0+£0.2
2 1096.0 +£ 12.8 48+03 12 1269.0 £ 25.4 6.81£0.3
3 1077.0+11.0 6.2+04 13 1120.7 £ 26.3 <2
4 1298.2+ 184 <@ 14 1090.6 + 15.8 28+0.1
5 1164.2+21.2 7303 15 1521.0+21.1 3.0+£02
6 1196.7 £ 19.0 62104 16 1379.0+ 10.1 26415
7 1084.8 + 28.8 6.2+0.3 17 1236.0+ 13.6 11281+ 4.3
8 1095.8 £ 29.3 64104 18 1090.8 £ 18.2 52103
9 11100+ 154 7004 19 1162.0+20.4 48102

10 1089.8 + 17.8 19.3+1.0 20 11234176 50+0.1
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Accuracy

The standard addition procedure was used to study method
accuracy. Fifteen of 20 samples from an egg yolk were spiked
with standard cholesterol and o.-tocopherol at 3 levels (5 sam-
ples at each level) from a methanolic solution containing both
analytes. Least-squares and regression analyses of the data (Ta-
ble 3) based solely on the 3-level spiking showed that the rela-
tionship between “added” (x) and “found” (y) for each analyte
was adequately described by a linear regression: y = 1067.3 +
1.011x, r =0.9931 for cholesterol; y = 8.1 + 0.989x, r = 0.9991
for o-tocopherol. The intercepts of these regression lines,
which represent the values (mg/100 g) predicted for unspiked
samples, were not significantly different from the arithmetic
means of the unspiked samples (1067.3 versus 1089.9 for cho-
lesterol; 8.1 versus 7.3 for a-tocopherol), suggesting the ab-
sence of interference in extracted samples. The absence of in-
terference permitted evaluation of accuracy based on data from
both spiked and unspiked samples. Least-squares and regres-
sion analyses of these data gave acceptable linearities: y =
1083.1 + 0.988x, r = 0.9964 for cholesterol; y=7.6 + 0.992x,
r = 0.9996 for a-tocopherol. Therefore, the slopes (0.988 and
0.992 for cholesterol and o-tocopherol, respectively) of these
regression lines could be used as estimates of overall recovery
(98.8% for cholesterol; 99.2% for a-tocopherol) for the pro-
posed method.

Precision

Method precision was evaluated by assaying on each of
3 different days 5 egg yolk samples. To estimate overall preci-
sion, raw data were subjected to analysis of variance and ex-
pected mean squares for one-way classification-balanced de-
sign (31). Tables 4 and 5 show that the within-day precision
was better than between-days precision for both analytes.
Overall precisions were 2.0% for cholesterol and 7.0% for -
tocopherol in egg yolk.

Cholesterol and o-Tocopherol in Egg Samples

Results of analysis of eggs from various local markets (Ta-
ble 6) demonstrate method applicability. Cholesterol concen-
trations in the egg yolks ranged from 1077 to 1521 mg/100 g.
This variability cannot be attributed to analytical errors, be-
cause all values are means of triplicate analyses. Extensive
studies on the modification of egg composition have shown
that genetics (32), diet (33), and management (34) can influ-
ence cholesterol level in eggs. Nevertheless, cholesterol values
found in this study are comparable with data obtained by other
workers (5, 6, 15, 20), although higher than some recently re-
ported results (18).

Unlike cholesterol levels, o-tocopherol levels show enor-
mous variation. Although most samples contained o-toco-
pherol in the range 2.8-7.3 mg/100 g egg yolk, 2 samples did
not contain o-tocopherol (limit of detection corresponded to
2 mg/100 g egg yolk for a peak-to-noise ratio of 3:1), and
3 samples contained 19.3, 26.4, and 112.8 mg/100 g egg yolk.
Slover (35) reported an o-tocopherol level of 1.2 mg;
McLaughlin et al. (36), 2.05 mg; and Syvaoja et al. (37),

5.5 mg/100 g egg yolk. Feeding vitamin E supplements to hens
may be the reason for the higher o-tocopherol levels found in
this study compared with earlier studies. Surai et al. (38)
showed that vitamin E transfer from the diet to the egg yolk
takes place very rapidly. An increase of vitamin E supplemen-
tation in the hen diet of up to 320 mg/kg feed results in eggs
with a vitamin E level in the yolk of about 70 mg/100 g (39).
Lower levels of vitamin E (about 40 mg/100 g) in egg yolk
have been found after supplementation of the hen diet with o-
tocopherol acetate at 100 mg/kg (40).

Most GC methods for determining cholesterol in eggs can-
not discriminate between cholesterol and o-tocopherol, be-
cause the 2 compounds exhibit similar physicochemical prop-
erties. Therefore, faulty results may be obtained by these earlier
methods when eggs contain the high levels of o-tocopherol
found in this study or even higher.

Conclusions

The method has satisfactory analytical characteristics with
respect to recovery, selectivity, and reproducibility. It is very
rapid and simple, offering considerable savings in solvent, ma-
terials, sample manipulation, and analysis time. For analysis of
16 samples, sample preparation can be completed by a single
analyst in about 1 h. The GC determinative procedure requires
about 20 min for each sample but automation can extend ana-
lytical capacity. The method may be particularly suitable for
laboratories where large throughput of compliance samples is
obligatory.
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