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Abstract

A simple, reproducible, and accurate enzymatic method using a cholesterol assay kit was developed to
quantify total cholesterol content in egg yolk. Total egg yolk lipid was extracted with hexane : isopropanol (3 :
2, v/v) mixture. Samples containing various amount of the total lipid(0~3mg) in optically identical culture tubes
were reacted for 10min in a water bath(37° C) with the enzyme solution (5ml) from the cholesterol assay kit.
Cholesterol content of the reaction mixtures in culture tubes was spectrophotometrically determined by two
different ways : (1) using the culture tube as a cuvette (designate culture tube method ; CTM) and (2) the qu-
artz cuvette containing the reaction mixture transferred from the culture tube (designate standard cuvette me-
--.thod, SCM). CTM revealed lower cholesterol content in 0.1~1.0mg lipid sample range than SCM did, but not
significant. For more than 2.0mg lipid sample, CTM gave significantly (p <0.01) lower cholesterol content relat-
ive to that by SCM, suggesting that SCM give a false positive result from the sample containing more than 2mg
lipid due to the interference of absorbance by lipid dispersed in the reaction solution. Cholesterol content of
less than 1.0mg lipid sample by CTM was proportional to the amount of lipid used, but its linear relationship
was not seen in more than 2mg lipid sample. Thus, to determine the appropriate lipid amount for CTM, choles-
terol concentrations (ug/mg) were plotted against total lipid amounts (mg) analyzed. A constant level(41ug/
mg) of cholesterol concentration was observed from the sample containing 0.1~1mg lipid, after which the
cholesterol level was dropped to less than 41ug/mg. Cholesterol concentration in egg yolk samples quantified
by CTM was in accordance with that by GC method. These results suggest that CTM is an useful method for the

quantification of cholesterol in egg yolk lipid and other lipids as well
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INTRODUCTION

Cholesterol is an important substance for the main-
tenance of integrity of cell membrane and for the pre-
cursor of steroid hormones as well as bile acids”. Co-
ntrast to these biological significances, cholesterol has
detrimental effects on human chronic diseases like
coronary heart disease and cancer>?.

As the major source of dietary cholesterol, choles-
terol content of chicken eggs has recently received
far more attention than before from farmers, medical
professionals, and researchers*®. Lots of methods ha-
ve been developed to estate the cholesterol content
in plasma, but few studies have been reported to ap-
ply these methods on the measurement of cholesterol
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content in egg yolk*®.

Currently, GC, HPLC, and enzymatic methods were
found to be more accurate for the quantification of
cholesterol in egg yolk with cold saponification of egg
yolk lipid than other methods®'®. Somehow, in these
methods, the procedure for the cold saponification of
egg yolk lipid and the extraction of cholesterol and,
moreover, analysis of cholesterol by GC or HPLC
method are time consuming. Hence, currently, many
researchers are enjoying the enzymatic method using
a commercially available cholesterol assay kit for the
quantification of cholesterol in egg yolk lipid.

Cholesterol assay kit is supplied for the determ-
ination of cholesterol content in sera™, not for chole-
sterol in the egg yolk lipid. Thus, cares should be pa-
id when applied this assay kit on the egg yolk chole-
sterol assay. When using this enzymatic method, we
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understood that lipid in the reaction mixture are
interfering the absorbance of the reaction mixture at
540nm, resulting in difficulty in the duplication of the
results.

To overcome these shortcomes, present study elu-
cidates a simple, reproducible, and accurate spectr-
ophotometric culture tube method, using a commer-
cially available cholesterol assay kit, for the quan-
tification of cholesterol in egg yolk lipid samples. The
results from the enzymatic assay were compared to
those from GC method to assure the accuracy.

MATERIALS AND METHODS

Materials

Cholesterol assay kit was purchased from Young
yon Chemical Co., Japan. Hexane and isopropanol
(all HPLC grade) were obtained from Mallinckrodt
Specialty Chemical Co., (Paris, KY, USA). Culture tub-
es {10 x 100mm) were purchased from Corning Glass,
USA. All other reagents were the reagent grade. Eggs
layed from hens(160~170days of age) which were
fed NRC normal diet (Table 1) were obtained from the
Department of Animal Science, Gyeongsang National
University, Chinju, Korea. Absorbance was recorded
with Spectronic spectrophotometer (Milbon Roy Co.,

Table 1. Composition of experimental diet for the laying

hens”
Ingredient Composition(%)
Yellow corn 45.0
Wheat 12.0
Wheat bran 10.0
Rice bran 8.0
Soybean oil meal 9.0
Fish meal 7.0
Fat? 3.0
Bone meal 1.0
CaO 3.8
MgO 0.5
Vitamin mix 0.3
Salt 0.2
Brown seaweed” 0.2

" Diet contains amino acids and minerals to meet National Res-
earch Council specifications for laying hen’s diet. Diet conta-
ins 2,928kcal/kg and vitamins (A, 6,8391U ; D, 5,5121U ; E,
40IU ; K, 0.75mg ; riboflavin, 8.6mg ; panthotenic acid, 19.
5mg ; niacin, 8.8mg ; and B12, 0.02mg) per kg

2 Fat source was soybean oil

*Brown seaweed was powdered after washing and drying

USA).

Total lipid extraction

Total lipid of egg yolk was extracted with slightly
modified method of hexane : isopropanol(3 : 2, v
/v) mixture'. Egg yolk (5g) dissolved in the hexane :
isopropanol mixture (30ml) in a centrifuge test tube
(40ml volume, teflon) was homogenized for one min
with Homogenizer (Omni Instrument, USA) at a spe-
ed five position and then centrifuged at 4,000 rpm
for 5min. The residue was reextracted with the solv-
ent mixture (20ml x 2) and the supernatant (solvent
layer) was combined with the previous supernatant.
The combined supernatant was washed with 0.47M
sodium sulfate solution (30ml x 3). Organic solvent
fraction dried over sodium sulfate anhydrous was
rotoevaporated (< 40° C) to get total lipid, which was
weighed and dissolved in 2ml hexane (stock solution)
and kept at 20° C until use.

Total cholesterol assay
Cholesterol assay kit method

Preparation of optically identical culture tubes

Glass culture tubes (100mm x 10mm, i.d.) with less
than 0.001 absorbance unit difference at 540nm agai-
nst the standard quartz cuvette (100mm X 10mm, i.d.)
were prepared. These were used as vessels for the en-
zymatic reaction and directly used as cuvettes to me-
asure absorbance of the reaction solution at 540nm.

Total cholesterol assay by cholesterol assay kit

Aliquot amount of total lipid solution containing
0.1, 0.2, 0.5, 1.0, 2.0, and 3.0mg lipid was taken in
the glass culture tubes from the stock solution and
dried under nitrogen. The lipid sample was reacted in
a water bath (37°C, 5min) with the enzyme solution-
(5ml) containing cholesterol oxidase(17.5unit), chole-
sterol esterase (Qunit), peroxidase (50unit), 4-amino-
antipyridine (6.4mg) and phenol (198mg). Absorbance
of the reaction mixture in the glass culture tube was
measured at 540nm by two different ways : using the
culture tube directly as the cuvette (designate culture
tube method, CTM) and secondly using a quartz
cuvette containing reaction mixutre transferred from
the culture cuvette measured the absorbance (design-
ate standard cuvette method, SCM). As results, reac-
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Fig. 1. External standard curve for the quantification of chol-
esterol in egg yolk lipid. Cholesterol standard and all
other reagents including enzymes were provided by
the supplier described in Materials.

i ,&?g
i

o 15

5

Fig. 2. GC chromatogram of cholesterol from egg yolk lipid.
Condition was detailed in Method. Peaks with retent-
ion time of 3.37 and 4.67 are cholesterol and fsitos-
terol, respectively.

reaction mixture was disturbed in SCM, but not in
CTM. Total cholesterol content was determined by
the external standard method (Fig. 1).

GC method

Cold saponification of the total lipid

Total lipid extract (approximately 100mg} from egg
yolk containing 10mg S-sitosterol as an internal stan-
dard (1S) was saponified (37° C, 3hrs) with 8.6M KOH
solution (0.12ml) plus absolute ethanol (4ml). Unsap-
onifiable materials was extracted with hexane (2ml x
3) in the presence of water (Tml) by shaking for one
min and separated by centrifuging at 4,000rpm for
5min. The organic layer dried over sodium sulfate
anhydrous was used for the analysis of cholesterol by
capillary GC.

GC conditions

Hewlett Packard 5890 series 1l GC was equipped
with FID and capillary column(Ultra 1, 60m = 0.32
mm, i.d.). Oven temperature was the isotherm at
270° C. Both injector and detector temperatures were
300° C. Nitrogen was used at flow rate 2ml/min as a
carrier gas. Cholesterol and f-sitosterol (IS) were el-
uted at 5min and 10min, respectively (Fig. 2).

RESULTS

Development of CTM

Fig. 3 shows cholesterol content in the egg yolk
lipid determined by CTM and these results were com-
pared to those by SCM. No significant difference in
cholesterol content measured by CTM and SCM was
observed from < 0.5mg lipid sample, but the signific-
ant difference (p<<0.05 by t-test) was seen in>1.0mg
lipids. Cholesterol content in Tmg lipid sample quan-
tified by CTM and SCM was appeared to be 39ug
and 44ug, respectively, indicating that CTM gave
11% less cholesterol for the same sample as comp-
ared to that from SCM. Similarly, CTM revealed 42%
less cholesterol in 3mg lipid sample than SCM did.
These results suggest that CTM provided significantly
(p<0. 05) lower cholesterol content in the range of
2.0~3.0mg lipid sample than SCM did.

Accuracy of CTM was further supported by plott-
ing the cholesterol concentration {(ug/mg lipid) agai-
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nst various amount of the lipid sample used (Fig. 4).
Cholesterol concentration measured by CTM was
Jlower in tested range of lipid sample than that by
SCM. Cholesterol concentration in 0.1~1.0mg lipid
sample determined by CTM was found to be constant
as about 41ug/mg lipid. Meanwhile it was found o
be 45~43ug/mg in 0.1~1.0mg lipid sample by SCM.
The cholesterol concentration determined by the two
methods was not significantly different in the range of
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Fig. 3. Cholesterol content in the egg yolk lipid determined
by CTM using the cholesterol assay kit. Cholesterol co-
ntent represented as closed circles and closed trian-
gles are determined by CTM and SCM, respectivelv.
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Fig. 4. Relationship of cholesterol concentration (ug/mg) and
the amount of egg yolk lipid analyzed by CTM (closed
circles) or SCM (closed triangles) using the cholesterol
assay kit.

0.1~1.0mg lipid, but CTM revealed significantly low-
er cholesterol concentration in >2mg lipid than SCM

did.
Quantification of cholesterol by CTM

CTM was used to quantify cholesterol content of
egg yolk lipid samples and the result was compared
to that of GC analysis (Table 2). No difference in ch-
olesterol content determined by CTM and GC was
observed. Given these results, CTM might be as acc-
urate as GC to measure cholesterol content in egg
yolk lipid.

DISCUSSION

Cholesterol assay kit provided for the determination
of cholesterol content in serum containe enzymes
responsible for the hydrolysis of cholesterol ester and
the oxidation of free cholesterol, and reagents
reacting with the oxidized cholesterol to develop the
color with maximum absorbance at 540nm. When
one uses this assay kit for cholesterol analysis in lipid,
i.e., egg yolk lipid, which conditions are not similar
to blood sera, disadvantages encountered are poor
solubility of the lipid and the limitation of sample
amount to be analyzed. Enzymes oxidize cholesterol,
but not triglycerides, the fact that lipid is floated on
the top and/or dispersed in the reaction mixture.
Given this phenomenon, false positive results in abs-
orbance at 540nm are derived due to interfering the
light path through the cuvette by lipid dispersed in

Table 2. Comparison of the egg yolk cholesterol content(mg
/8) assayed by CTM and GC methods

Sample" CTM* GC method”
1 3.75(0.34y" 3.80(0.50)
2 4.30(0.53) 4.28(0.41)
3 3.56(0.23) 3.48(0.32)
4 3.57(0.20) 3.45(0.44)
5 4.02(0.21) 3.98(0.60)

"Each sample containing 5 eggs was collected from the hen
(160~170days of age) fed the diet described in Table 1 for 2
weeks. Egg yolk lipid was extracted from egg yolk by hex-
ane : isopropanol (3 : 2, v/v) mixture. Total cholesterol cont-
ent in egg yolk lipid was analyzed by CTM and GC method

*CTM was described in Method

*GC method was described in Method

“Parenthesis represents standard error mean of 4 measure-
ments
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the reaction solution. CTM developed for the quantif-
ication of total cholesterol in egg yolk lipid could
overcome this spectrophotometrical disadvantage
from which cholesterol assay kit was directly used to
evaluate cholesterol content in egg yolk lipid.

Under the test condition, CTM consisted of the total
lipids from egg yolk (Img), optically identical culture
tubes which are measured at 540nm, and enzyme
solution (5ml) from the cholesterol assay kit. Advan-
tage of this method is that the reaction mixture was
not disturbed, when the absorbance was measured,
due to the direct use of the culture tube as a cuvette.
CTM gave similar cholesterol content to that measur-
ed by GC method. It is note worth that, in CTM, as
much as 1mg lipid sample, not exceed 2mg, could be
used to get reliable results without any interference by
lipid. CTM is simple, reproducible, and accurate, as
compared to SCM and/or GC. An expert can analy-
ze more than 100 samples per day.

CTM is comparable to the standard enzyme meth-
od in easiness and acuracy of the assay. In the enzy-
me method, which is commonly used in laboratory
for the assay of egg yolk cholesterol, an enzyme sol-
ution, which is freshly preparing by mixing an indivi-
dual enzyme solution of peroxidase, cholesterol ester-
ase and cholesterol oxidase, reacted in the presence
of detergent, i.e., Triton X-100, with egg yolk lipid for
10min at 37° C'®. The detergent used might inhibit the
enzymatic reaction with substrates and also might
interfere the measurement of color developed. Only
a cuvette was used for the measurement of color int-
ensity, resulting in the disturbance of the reaction
mixture and an extensive time for the assay. In con-
trast to enzyme method, CTM used a ready-made
reaction mixture (cholesterol assay kit) and 40 culture
tube cuvettes for the measurement of absorbance,
and did not require any detergents.

This method might be applied for the determina-
tion of cholesterol in any other lipid derived from fo-
od stuffs. In this case, one should determine an appr-
opriate amount of enzyme solution to be used before
initiation of the assay since the enzyme solution is
dependent upon cholesterol content.
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