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Abstract

The effects of conjugated linoleic acid {CLA) in egg yolk on fatty acid composition and lipid oxi-
dation during chilled storage (4C) were investigated. CLA was synthesized according to the method
of alkali isomerization using safflower seed oil (SSO). A total of 250 hens (200 days of age) were fed
control diet (commercial formula feed for hen) or CLA-supplemented diet (1%, 2.5% and 5% CLA) or
5% SSO supplemented diet for 6 weeks, and eggs were collected for analysis of CLA, fatty acid
compositions and lipid oxidation, Eggs from CLA-supplemented diets groups showed significantly (p<
0.05) higher CLA content compared to those of control group, The contents of linoleic, palmitic, and
myristic acid were increased as well as CLA content by feeding a CLA-supplemented diet. However,
the contents of oleic and arachidonic acids in egg yolks were decreased by dietary CLA supplemen-
tation, The pH of egg yolk increased by the levels of CLA during storage. The contents of CLA were
not significantly (p>0.05) changed during chilled storage for 28 days, whereas TBARS were signifi-
cantly (p<0.05) increased, It is suggested that lipid oxidation of egg yolk might be affected by the

levels of CLA in egg yolk due to changes in fatty acid compositions.
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Introduction

Conjugated linoleic acid (CLA) collec-
tively refers to a class of positional and
geometric isomers of linoleic acid. CLA
have been recognized as having anticar-
cinogenic and antioxidative properties in
several animal models®*, CLA has been
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shown to reduce the catabolic effects of im-
mune stimulation in mice, rats and chickens
without adversely affecting immune func-
tion® ® and shown to enhance the growth
and improve feed efficiency in rats'”.,

CLA is produced in ruminants as a first
intermediate in the biochydrogenation of
dietary linoleic acid by the rumen bacteria
Butyrivibrio fibrisolvens®. Consequently, foo-
ds derived from ruminant animals contain
more CLA than the other foods from non-
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ruminant animals®, However, the CLA
level of turkey lipid is similar to ruminant
animals® and intestinal bacteria of rats also
have the ability to synthesize CLA from
linoleic acid™.

Much efforts have been contributed to
increased CLLA content in various foods. Ha
et al, "9 reported increased levels of CLA in
grilled beef as compared to uncooked gro-
und beef. Shantha et al.®? observed an in-
crease in CLLA content of processed cheese
when cheese was processed at 60 or 80 C.
These findings indicated that CLA incre-
ases during processing, whereas Shantha et
al."® reported unchanged CLA concen-
tration during storage,

Undesirable changes in the fatty acid
composition of foods are known to occur as
a result of temperature treatments“®. Dur-
ing storage, cooked beef oxidized rapidly,
but oxidation did not affect CLA concen-
trationv,

Although oxidative reactions have been
postulated to increase CLA concentrations
by accelerating the formation of linoleic
acid free radicals and a subsequent shift in
double bonds to a conjugated system®?,
oxidative reactions can also cause destruc-
tion of CLA by destruction of the con-
jugated double bond system?

Small amounts of CLA (0.6mg /g fat) is
present in egg yolk®, Because CLA con-
tent in the egg is not substantially incr-
eased by a conventional feed, the only poss-
ible way to increase effectively CLA con-
tent is to use the chemically synthesized
CLA as a diet additives. Increasing the
CLA content and changing the fatty acids
composition in egg yolk by dietary CLA
supplementation may provide a value-added
egg. When these beneficial fatty acids can
be reconstructed in the special quality of
egg, a value-added egg could be developed
for human consumption, The purpose of
this study was to determine if the const-

ituents and fatty acid composition in egg
yolk could be changed by feeding different
levels of CLA. We also determined the ef-
fect of different contents of CLA in egg
yolk on lipid oxidation during storage,

Materials and Methods

Samples

A total of 250 laying hens (Isa brown, 200
days age) were purchased from Institute
Development of Livestock Production (Ky-
eongsangnamdo branch) and divided into 5
groups (50 hens/group and one hen/
cage),

Fach hen was housed in a wire cage
(40X 40x 40 cm) that placed in a tempera-
ture (25¢) and humidity (70% RH) con-
trolled room. Hen was subjected to an ap-
propriate diet and water ad libitum. The
light-dark cycle was a 12-12 hours. Eggs
were collected by each week for analysis of
CLA and fatty acid levels in the yolk dur-
ing experimental period of 6 weeks. Eggs
that were collected at feeding 6 weeks
were stored for 28 days at 4C to investi-
gate the changes in pH, CLA and fatty acid
compositions of the egg yolks,

Synthetic diets for laying hens

Basal diet identical to the National Re-
search Council (NRC) standard rationals’
specification for the diet of laying hens was
synthesized with the diet components
shown in Table 1. Treatment diets (1, 2.5
and 5 % CLA) were prepared by mixing an
appropriate amount of the chemically-sy-
nthesized CLA with the basal diet by
weight. A positive control diet (5 % saf-
flower seed oil; SSO) was also prepared by
mixing an appropriate amount of SSO with
the basal diet by weight.

Fach group of hens was adopted to the
basal diet for a week (Table 1), and then
subjected to one of either treatment diets
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Table 1. Composition of the experimental
basal diet for laying hens!

Ingredient %

Yellow corn 59.2
Wheat 5.0
Wheat bran 0.6
Soybean oil meal 15.4
Rapeseed oil meal 3.5
Limestone 9.8
Fat? 3.0
Others® 3.5

D Diet contains amino acids and minerals
identical to the NRC specifications for
laying hen diet. Diet contains 2,950 ME
kcal /kg, 20.5% protein and various amount
of vitamins.,

2 Fat was derived from the animals.

3 Primary calcium phosphate, NaCl, vitamin
mixture, yeast mixture, lysine and methion-
ine,

for 5 weeks: control (basal diet), 1% CLA,
2.5% CLA, 5% CLA or 5% SSO diet. All
diets were freshly prepared and stored at
the cold room temperature (5°C). Peroxide
value of the diets containing CLA or SSO
was not different from that of basal diet
when determined before and after feeding.

Synthesis of CLA

CLA was chemically synthesized using
SSO by alkaline isomerization method and
purified by the low-temperature precipi-
tation method described by Ha et al.®, The
purified CLA was derivatized by 4%
sulfuric acid in absolute methanol and ana-
lyzed by gas chromatography (GC).

Ethylene glycol, KOH, MeOH and Mn,0O,
were purchased from Chunji Chemical Co,
{Japan). Hexane (Burdick, USA) was HP-
1C grade. All other chemicals used were
ACS grade.

Lipid analyses

Lipids were extracted with chloroform
and methano! as described by Folch et al.
s Approximately 5 g of egg yolk and 50

ml Folch solution (chloroform : methanol=
2:1, v/v) added 50/ of BHA (450 pg /ml)
were homogenized using Polytron homog-
enizer (IKA Labortechnik T25-B, Malay-
sia) for 10 seconds. The homogenate was
filtered with filter paper (Whatman No. 1).
The residue and filter paper were blend
with 50 ml of the Folch solution and then
filtered again. About 25 ml water were
added to the filtrate and centrifuged at
500x g for 10 min. The upper layer (meth-
anol and water layer) was removed using
an aspirator, and the bottom layer (chloro-
form-lipid extracts) was passed through an-
hydrous sodium sulfate(Na,SO,). The Na,-
S0, was rinsed with 30 ml chloroform,

The extracts combined were concentr-
ated using a rotarevaporator at 40C under
nitrogen gas and stored at —40%¢C for fur-
ther analysis,

For fatty acid analysis, an aliquot of lipid
extract (30mg) and 3ml of 4% H,SO, in
methanols were combined in a screw-ca-
pped test tube,

The test tube was located in boiling
water for 20 min and then cooled at room
temperature. The free fatty acid was
conventionally extracted and quantitated
by GC.

Fatty acid methyl esters were analyzed
on a gas chromatography (Shimadzu GC-
14A, Japan) with an on-column injector
port and flame ionization detector. A Silar
capillary column (30mx0.32mmXx0.25 pm)
was used for the separation of the fatty
acid methyl esters. The gas chromatogra-
phy oven temperature was 140C, then
increased at rate of 2°C /min to a final tem-
perature of 230°C. The injector port and de-
tector temperatures were set at 240 and
250°C, respectively. One ul of the fatty acid
methyl ester solution was injected onto the
split injection port (100:1 split ratio). Flow
rates for He carrier gas was a 50 ml /min,

Lipid oxidation was determined by a
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thiobarbituric acid assay using a modified
method of Witte et al.%®, Five g sample
was added to 22.5ml 12% trichloroacetic
acid, homogenized, and filtered (Whatman
No. 1).

One ml of the resulting solution was
added to 1ml of 20mM thiobarbituric acid
and incubated at 25C for 24 hrs. The
absorbance at 532nm was recorded and
expressed as TBARS.

Statistical Analysis

Analyses of all samples were conducted
in triplicate. The effects of supplemented
CLA levels of diet and storage time on the
content of CLA or fatty acid compositions
and lipid oxidation of egg yolk were
analyzed using ANOVA with SAS®” at 5%
level of significance.

Results and Discussion

Fig. 1 shows the CL.A content in total
fatty acids of egg yolk after feeding 6
weeks with the synthetic diets. The
observed wide variations in CLA content
within treatments was most likely due to

16

different levels of CLA in diets. There was
no significant (p>0.05) differences in CLA
content between control and 5% SSQO treat-
ment. However, the egg vyolks from all
three CLLA supplemented diets showed sig-
nificantly (p<0.05) higher CLA content
compared to control. It is possible that feed
could influence CLA accumulation in egg
yolk,

Chin et al.*” reported that intestinal bac-
teria of rats had the ability to synthesize
CLA from linoleic acid. The CLA level of
turkey lipid was similar to ruminant anim-
als'®, Laying hens subjected to the control
diet did not have the ability to accumulate
CLA in egg yolk, and the hens subjected to
CLA-supplemented diets increased effectiv-
ely CLA content in egg yolk. These results
imply that dietary CLA is the only source
to elevete CLA in eggs.

According to several reports®®01® the
amount of Cy., fatty acids, as CLA prec-
ursors, decreased as CLA content increa-
sed. Lin et al."® showed that the oleic acid
had a positive relationship with CLA con-
tent in fermented diary products. However,
these findings are not confirmed in this
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Fig. 1. Effect of dietary CLA supplementation for 6 weeks on CLA accumulation in egg
volk fat. Different letters denote a difference (p<0.05) in means within the diets.
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Percentage of fatty acids in egg york fat

Fig. 2. Effect of dietary CLA supplemen-
tation for 6 weeks on the fatty acids compo-
sition in egg yolk fat.

study. Fig. 2 shows the fatty acids compo-
sition of egg yolk from different diets, The
linoleic acid level of control was signifi-
cantly (p<0.05) lower than that of the
others (1% and 2.5% CLA or SSO-supp-
lemented diets), Conversely, the content of
oleic acid decreased as supplemented CLA
content of diet increased. While the ara-
chidonic acid level in egg yolk was decrea-
sed with increasing of CLA level of diets,
the contents of myristic and palmitic acid

were increased. These results suggested
that the content of linoleic acid in egg yolk
could be increased as well as the content of
CLA if laying hens were fed a CLA-suppl-
emented diet,

As the proposed CLA formation mechan-
ism in ruminant animals or fermented dairy
products, oleic acid isomers are common
intermediates during microbial biohydro-
genation, oxidation, or isomerization of lino-
leic acid”41® It has been suggested that
the microbial metabolic reactions could con-
tribute to the positive relationship between
CLA and oleic acid isomers contents“®,
This postulation may be possible in foods
from ruminants but may be not possible in
egg. It was showed that intestinal bacteria
of laying hens did not have the ability to
synthesize CLA from linoleic acid (Fig. 1).
Therefore, dietary CLA supplementation
may contribute to the positive relationship
between linoleic acid and CLA content in
egg yolk. Fatty acid composition in egg
yolk affected by CLA was agreed with the
results from Cook et al.® and Miller et al.®
that CLA reduced tissue arachidonic acid
levels,
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Fig. 3. Changes in pH of egg yolk from different diets during chilled(4°C) storage.
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Fig. 3 shows the changes in pH of egg
yolk during 28 days storage at 4C. In gen-
eral, the pH of foods is known to affect
quality characteristics such as microbial
growth, lipid oxidation or water-holding ca-
pacity. There were no significant (p>0.05)
differences in pH between samples after
storage of 7 days, whereas pH of eggs from
2.5% or 5% CLA-supplemented diets was
significantly (p<0.05) higher than that of
the others after storage of 28 days. When
compared pH increasing patterns, the
higher CLLA content showed the faster
increases in pH. It is possible that the con-
tent of CLA could influence pH of egg yolk
during storage. More research is needed to
determine if changes in pH during storage
are due to the levels of CLA in egg yolk.

The content of CLA (Fig. 4) and oxidat-
ive deterioration (as measured by TBARS;
Fig. 5) of the eggs was followed during
chilled storage. In general, there were no
significant (p>0.05) changes in CLA con-
tent during 28 days storage. No significant
(p>0.05) increases in TBARS were obs-
erved over the first 7 days of storage, after

which TBARS formation became more
rapid with the exception of eggs from
CLA-supplemented diets. According to Ha
et al." and Shantha et al."®, oxidative
reactions could influence CLA concen-
trations by either causing the formation of
linoleic acid radicals, which in turn could be
converted to CLA by hydrogen donors, or
causing the oxidative destruction of the
conjugated double-bond system of CLA.
Shantha et al.® reported that the CLA
concentrations in beef patties cooked by
frying (60°C), baking (80¢C) and broiling
(60°C) showed significantly increased levels
of CLA during refrigerated storage for 7
days. They also reported that oxidation did
not affect CLA concentrations®®, In this
study, no changes in CLA contents with in-
creasing TBARS during 28 days chilled
storage were observed,

The lack of changes in CLA contents
during storage could be due to the greater
stability of CLA compared to polyunsa-
turated fatty acids“?. On the other hands,
it is also possible that CLA in tissue could
inhibit lipid oxidation during storage. There
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Fig. 4. Effect of storage on the content of conjugated linoleic acid(CLA) in egg yolk from

different diets.
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Fig. 5. Thiobarbituric acid reactive substances(TBARS) in stored(4C) egg from different
diets. Different letters denote a difference (p<0.05) in means within the diets.

were significant (p<0.05) differences in
TBARS between CLA-supplemented grou-
ps (2.5% and 5% CLA supplemented diets)
and control after storage 28 days. These
results suggested that lipid oxidation of egg
yolk could be affected by the levels of
CLA. Because CLA is a stable component
42 it was postulated that high levels of
CLA in fatty acid compositions could re-
duce the formation of fatty acids free
radicals and a subsequent reduce oxidation
reactions.

In conclusion, it was found that laying
hens did not have the ability to accumulate
CLA in egg yolk. Therefore, to produce
eggs accumulated CLA, the dietary CLA
supplementation was recommended., The
contents of linoleic, palmitic, and myristic
acid could be increased as well as CLA con-
tent in egg yolk if laying hens fed a CLA-
supplemented diet,

However, the contents of oleic and ara-
chidonic acid in egg yolk could be decr-
eased by dietary CLA supplementation. It
was also observed that pH of egg yolk

sharply increased by the levels of CLA dur-
ing storage at 4C. The contents of CLA
were not significantly changed by chilled
storage for 28 days, whereas TBARS were
significantly increased during storage. It
was assumed that lipid oxidation of egg
yolk might be affected by the levels of
CLA in egg yolk due to changes in fatty
acid compositions. Further research, under
strictly controlled conditions, is necessary
to explain the relationship between CLA
and lipid oxidation in egg yolk,
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