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Conjugated Linoleic Acids Alter the Fatty Acid Composition
and Physical Properties of Egg Yolk and Albumen
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Effects of dietary conjugated linoleic acids (CLAs) and docosahexaenoic acid (DHA) on the fatty
acid composition of different egg compartments after storage were studied. Four dietary treatments
[supplemented with safflower oil (SAFF, control group), DHA, CLAs plus DHA (CAD), and CLAs
alone] were administered to Single Comb White Leghorn (SCWL) laying hens. Eggs from the different
treatment groups were collected and stored for 10 weeks at 4 °C before analysis. Fatty acids from
the yolk (yolk granules and plasma), egg albumen, and vitelline membrane were analyzed by gas
chromatography. The yolk of eggs from hens given CLAs had significantly higher amounts of saturated
fatty acids, typically 16:0 and 18:0, but lower amounts of polyunsaturated fatty acids (PUFAs) compared
to eggs from the control group (SAFF). CLA content was highest in the yolk and present in both
neutral and polar lipids, with the greatest concentrations in neutral lipids. DHA was incorporated
mainly into yolk polar lipids. Lipids in yolk plasma and granules contained similar amounts of CLAs.
The fatty acid compositions of vitelline membrane and egg albumen mirrored that of the egg yolk.
CLA supplementation resulted in hard and rubbery yolks when compared to hard-cooked eggs from
the control group. This study showed that feeding CLAs to hens led to accumulation of the isomers
in polar and neutral lipids of the egg yolk and that these isomers migrated into egg albumen. Because
the sensory properties of hard-cooked eggs were negatively affected by the enrichment of a mixture
of CLA isomers in this study, further research should be conducted to evaluate how the different
isomers alter the properties of egg yolk and albumen so that the quality of designed eggs containing
CLAs and DHA can be improved.
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INTRODUCTION andp subtypes (11), which might indicate a role for CLAs in

Conjugated linoleic acids (CLAs) are purported to provide a the direct regulation of gene modulation. Furthermorecéhiid 1

number of health benefits. The actions include anticarcinogenic, Isomer appears to reduce prostanoid biosynthesis in some tissues
hypocholesterolemic, and antiartherogenic effects in laboratory (12,13).
animals and cell culture model$+3). CLAs have been shown Although potential health benefits have been reported,
to modulate immune responsg, 6), to decrease body fa), research into how to deliver desired amounts of CLAs in food
and to influence bone formatiorv) in rodents. The recent  animal systems is lacking. Research in our laboratory and others
research focus on CLAs has been describing the actions ofhas indicated that CLAs are readily incorporated into egg yolk
specific isomers. For example, th0,c12 isomer was found  (14—16). It is therefore possible to use commercial table eggs
to inhibit the prOliferation and differentiation of pre-adipocytes as a vehicle food System to enhance human nutrition. However,
(8), which could be partly responsible for the fat-reducing effects aqditional research is needed to ensure that the incorporation
of CLAs (9, 6, 10). Other research suggests that CLAs can of CLAs into eggs will not affect sensory properties and shelf
directly activate peroxisome proliferator-activated receptor it of the product. In a recent experiment, eggs enriched with
CLAs stored at £#C were hard-cooked and demonstrated very
* To whom correspondence should be addressed: Bruce A. Watkins, different sensory characteristics from those of control eggs not
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No studies have been reported that examined this aspect of CLA- Methylation of Lipid. The total lipids were methylated by sodium
enriched eggs. methoxide in methanol to maximize the characterization of the CLA
The objective of this investigation was to determine why isomeric dis_tribution of the FAMEle). Th_e_FA_ME conce_ntration
higher incorporation of CLAs into eggs altered the physical and was then_ adjusted for GC analysis. A_sap_onlflcatlon ar_1d amd-c_atalyzed
sensory properties of egg albumen and yolk in stored eggs. Thelr_nt_athylatlon method was used to de_rlvatlze the CLA isomers in polar
o ipids (23,24). A volume corresponding to 10 mg of polar lipids was
current_study UUI'Z.G.“d gas chromatography (GC) t_o a_nalyze the placed in a 15-mL Teflon-lined screw-cap tube. The lipid sample was
fatty at_:ld composition of eggs and to follow the distribution of  yied under a stream of Ayas at 3C°C, 0.2 mL of NaOH-MeOH
CLAs in the egg components in the presence and absence 0fg 5 N) added to the lipid, and the sample vortex-mixed and heated at
docosahexaenoic acid (DHA) enrichment of eggs. Dietary lipid 100 °C for 5 min. The sample was cooled in cold water, 0.5 mL of
treatments included both DHA and CLAs in the study. The HCI—MeOH (4%) added to the sample, and the sample vortex-mixed
information obtained from this research will be important for and held at room temperature for 5 min. Approximately 5 mL of
developing designer eggs that could be used to deliver the healthisooctane and 3 mL of distilled water were added to extract the FAMEs.
benefits of CLAs and DHA and help fulfill the newly revised ~The mixture was shaken for 10 min and centrifuged at 3000 rpm for 5

Dietary Reference Intakes (DRIs) for omega-3 fatty acids
(Www.nap.edu).

MATERIALS AND METHODS
Animals and Diets. Single Comb White Leghorn (SCWL) laying

min, and then the upper phase was collected, dried with sodium sulfate,
and concentrated with nitrogen gas for GC analysis. The neutral lipids
were methylated in a similar manner except that saponification was
carried out at 50C.

GC Analysis. A gas chromatograph (Agilent 6890 Series) equipped
with an autosampler (model 7683), GC ChemStation (rev. A.08.03),

hens were randomly assigned to 40 cages (one hen per cage). The her@d flame ionization detector (FID) (Agilent Technologies, Inc.,

were divided into four treatment groups and administered different
dietary lipid sources. Diets were formulated from a typical eorn
soybean basal diet to contain all of the nutrients required by the laying
hen (8). The treatments included one of four diets containing safflower
oil (820 g in 19.2 kg of basal diet, SAFF, control group), DHA (500
g of DHA source+ 540 g of safflower oil in 19.2 kg of basal diet), a
combination of CLAs and DHA (500 g of DHA source 540 g of
CLA oil in 19.2 kg of basal diet), and CLAs alone (540 g of CLA oil
+ 280 g of safflower oil in 19.2 kg of basal diet). Diets were prepared
every 2 weeks and kept at 4C until fed to the hens. The CLA
supplement was an oil (PharmaNutrients, Lake Bluff, IL), and the DHA
was a free-flowing powder [DHA GOLD, OmegaTech (now Martek
Biosciences Boulder Corp.), Boulder, CO]. Upon analysis, the CLA
oil contained 75% CLA isomers [35.07% 18:9(t11), 35.53% 18:
2(t10,c12), 1.46% 18:2(c,c), 2.07% 18:2(t,t), 4.97% 16:0, 15.33% 18:
1, and 0.77% 18:2n-6], and the DHA source was 56% oil, of which
30.4% was DHA.

Sample CollectionsEggs were collected after 12 weeks of feeding
and stored at 4C for subsequent analysis. The fatty acid methyl esters
(FAMEsS) prepared from lipids isolated from different egg compartments
and from polar and neutral lipid fractions were characterized by GC.

Isolation of Yolk Granules and Plasma.A 5-g sample of yolk
was weighed, and 5 mL of saline solution was added to the yolk to
make a 1:1 dilution. The diluted sample was then vortexed to ensure
even suspension of the granules. The mixture was centrifuged at §0 000

Wilmington, DE) was used to analyze the FAMEs. The GC was
operated at a temperature of 140 for 2 min, followed by heating at
1.5°C/min to 198°C, and holding for 7 min. A DB-23 column was
used for the analysis (30 m, 0.53 mm i.d., @B film thickness; Agilent
Technologies, Inc., Wilmington, DE). The injector and FID were
maintained at 225 and 25, respectively. Identification of sample
FAMEs was achieved by comparing the retention times to authentic
FAME standards (Matreya Inc., Pleasant Cap, PA, and Nu-Chek-Prep,
Elysian, MN).

Fat Content Determination. A 0.5-g sample of the dried plasma
or egg albumen was weighed, and the lipid extracted with chloroform/
methanol (2:1, v/v). The solvent in the extracted lipid was dried, and
the lipid sample weighed.

Statistical Analysis. The data collected were analyzed by a one-
way analysis of variance (ANOVA). Differences were further analyzed
with the Student—Newman—Keuls (SNK) test or Tukey’s range test,
with p < 0.05 indicating a significant difference (SAS software package
for UNIX; SAS Institute Inc., Cary, NC). Variations between treatment
groups are expressed as the pooled standard error of the mean (SEM)
or mean+ SEM, where applicable.

RESULTS AND DISSCUSSION

Integration of CLAs into the Egg and Fatty Acid Com-
positional ChangesTo explain how CLAs altered the physical

for 40 min (19), and both the supernatant (which contains the plasma) Properties of the egg, analyses were performed to determine
and the pellet (which contains the granules) were collected. Egg Whether CLAs are preferentially targeted to specific compart-
albumen was also collected. The three egg components were freezements. The GC analysis of FAMEs included egg yolk, egg
dried and stored in desiccators until analysis. albumen, vitelline membrane, yolk plasma, and yolk granules.

Isolation of Vitelline Membrane. Eggs were cracked and yolks  The results showed that feeding hens CLAs for 10 weeks led
removed into a sterile Petri dish where they were punctured with a 1o 3 sjgnificant enrichment of CLA isomers in egg yolk
Pasteur pipet. The yolk vitelline membrane was freed of yolk by being (treatments CAD and CLAs), independent of DHA supplemen-
washed with distilled water until the washing liquid was clear. After ation (Tables 1and?2). The s'u lementation of DHA to hens
excess water had been removed, the membrane was placed in 7 mL oF ’ . PP .

elevated the amount of this fatty acid in egg yolk. Moreover,

methanol for lipid extraction. o
Lipid Extraction and Separation of Polar and Neutral Lipids. the combination of CLAs and DHA (treatment CAD) appeared

An aliquot of each yolk plasma, egg white, and yolk granule was {0 synergistically elevate DHA in yolk lipidsT@bles 1and2).
weighed, and lipid was extracted with chloroform/methanol (2:1, viv)  The FAME analysis revealed that, in both neutral and polar
(20,21). In the case of vitelline membrane, one whole membrane was lipid classes and in all egg components examined, supplementing
used for fatty acid analysis. Four eggs from each treatment group werehens with CLAs caused a significant enrichment of all isomers
analyzed in the study. compared to egg samples from the SAFF group. Both CLA and
The total lipids from the egg yolk were further separated into polar pHA supplements resulted in increased concentrations of these
la.‘n.d neutral lipids by solid-phase extraction (SPE). About 60 mg of fa44y acids in lipid classes of egg albumen, vitelline membrane,
ipids was dissolved into 0.5 mL of solvent and loaded onto a 600-mg and yolk plasma and granules. The treatments containing DHA

silica cartridge (Alltech, Deerfield, IL) preconditioned witbrt-buty! . S 2 .
methyl ether (tBuOMe). The cartridge was treated with 5 mL of also resulted in a significantly lower ratio of n-6 to n-3 fatty

tBuOMe and the eluate contained the neutral lipids. After the cartridge &CidS in yolk neutral and polar lipids of egg compartments. The
had been washed with 10 mL of tBuOMe, the polar lipids were eluted COmbination treatment of CAD resulted in distinctive changes
with 20 mL of methanol. Both fractions were dried under a stream of in the content of some long-chain polyunsaturated fatty acids
N gas at 25°C and dissolved in solvent for further analys2). (PUFASs). CAD treatment greatly elevated the levels of 22:5n-3
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Table 1. Fatty Acid Composition (g/100 g) of Neutral Lipid from Egg Table 2. Fatty Acid Composition (g/100 g) of Polar Lipid from Egg
Yolk? Yolk?
dietary treatment® pooled  ANOVA dietary treatment® pooled  ANOVA
fatty acid SAFF DHA CAD CLA SEM p value fatty acid SAFF DHA CAD CLA SEM p value
16:0 24458 24998 29204 2897F 041  0.0001 16:0 28108 29.36"8  31.204 2594  0.62 0.0005
16:1n-7 1.61A 1.81A 0.508 0.448 0.07 0.0001 16:1n-7 0.35% 0.53A NDB 0.108 0.07 0.0004
17:0 0213 0.208 036" 031 002  0.0003 17:.0 0.148 020 0274  026*  0.03 0.03
18:0 9.17¢ 8120 1584 14788 031  0.0001 18.0 16.418 15338  1443® 19.83*  0.68 0.0006
18:1n-9 31.34A  31.58A 16.628  16.56° 1.02 0.0001 18:1n-9 18.62A  18.80* 11,708 12.488 0.43 0.0001
18:2n-6 28.02A  26.84A 18.45C 24548 0.63 0.0001 18:2n-6 23.36  19.658 12.45¢  22.62* 0.43 0.0001
18:3n-6 0.16% 0.058 NDB NDB 0.03 0.004 18:3n-3 ND ND 0.17 0.04 0.06 NS
18:3n-3 049 066"  085* 076" 006  0.005 18:2(c9,111) NDC NDC 5718 6.874 033 0.0001
18:2(c9,t11) NDB NDB 7.42A 6.72A 0.27 0.0001 18:2(t10,c12) NDB NDB 2.82A 3.064 0.17 0.0001
18:2(t10,c12) NDB NDB 2724 2.704 0.20 0.0001 18:2(c,c) NDC NDC 0.428 0.65% 0.04 0.0001
18:2(c,c) NDC¢ NDC¢ 0.408 0504 003  0.0001 18:2(t,t) NDB NDB NDB 0.12¢  0.02 0.002
18:2(t,t) ND ND 0.08 0.13 0.03 NS 20:1n-9 ND ND 0.08 ND 0.04 NS
20:1n-9 0.14 0.12 ND ND 0.05 NS 20:2n-6 0.404 0.28% NDB 0.27A 0.05 0.0006
20:2n-6 0274 0.21A NDB 0.18*  0.03  0.0004 20:3n-6 0.458 0.544 025°  032¢  0.02 0.0001
20:3n-6 0164  0.19% NDE NDB 004  0.01 20:4n-6 7.52% 5608 3040 417 023 0.0001
20:4n-6 1.49A 1.35A 0.788 0.968 0.06 0.0001 20:5n-3 NDB 0.048 0.247 NDB 0.02 0.0001
22:5n-6 0.178 0.04¢ 0.404 NDC 0.04 0.0001 22:4n-6 0.354 0.118 NDC 0.218 0.03 0.0001
22:5n-3 NDE ND8 0.22¢  ND® 0.01  0.0001 22:5n-6 1.228 0.76¢ 1534 050°  0.07 0.0001
22:6n-3 0.33¢ 1.738 3.98A 0.15¢ 0.15 0.0001 22:5n-3 NDC NDC 0.36* 0.208 0.01 0.0001
SAT 33.83¢ 3331 45404 4406 035  0.0001 22:6n-3 191¢ 724 14470 090¢ 050 0.0001
MONO 33.08* 3351 17.128  17.01®8  1.09  0.0001 SAT 4466  44.89 4589  46.03 0.36 NS
PUFAs 31.094 31.08*  24.68% 26598 072  0.0001 MONO 18974  19.33* 11788 1258%  0.45 0.0001
n-6 30.27A  28.69° 19.63¢  25.688 0.71 0.0001 PUFAs 35.21A  34.21B 32.50¢  29.24P 0.28 0.0001
n-3 0.82¢  2.3%8 505 091¢ 015  0.0001 n-6 33304 26.93¢  17.26® 28.09  0.37 0.0001
n-6/n-3 36.80%  12.15¢ 392° 29198 158  0.0001 n-3 191¢  7.288  1523* 1.15¢ 051 0.0001
SAT/PUFAs 1.09¢ 1.07¢ 1.84A 1.668 0.03 0.0001 n-6/n-3 17.438 3.92¢ 1.14° 24524 0.47 0.0001
total CLA NDB NDB 10.62*  10.05* 0.49 0.0001 SAT/PUFAs 1.27¢ 1.31°¢ 1.418 1.574 0.02 0.0001
total CLA NDC NDC 8.958  10.704 0.54 0.0001
@Means (n = 4) within a row having different superscripts are significantly
different by one-way ANOVA followed by Student-Newman—Keuls (SNK) test (p aMeans (n = 4) within a row having different superscripts are significantly
< 0.05). P SAFF, safflower oil treatment; CLA, conjugated linoleic acid treatment; different by one-way ANOVA followed by Student-Newman—Keuls (SNK) test (p
DHA, docosahexaenoic acid treatment; CAD, combination of CLA and DHA < 0.05). P SAFF, safflower oil treatment; CLA, conjugated linoleic acid treatment;
treatment; ND, not detected; NS, not significant; SAT, total saturated fatty acids; DHA, docosahexaenoic acid treatment; CAD, combination of CLA and DHA
MONO, total monounsaturated fatty acids; PUFAS, total polyunsaturated fatty acids; treatment; ND, not detected; NS, not significant; SAT, total saturated fatty acids;
n-6, total omega-6 fatty acids; n-3, total omega-3 fatty acids; n-6/n-3, ratio of MONO, total monounsaturated fatty acids; PUFAs, total polyunsaturated fatty acids;
omega-6 to omega-3 fatty acids; SAT/PUFASs, ratio of saturated to polyunsaturated n-6, total omega-6 fatty acids; n-3, total omega-3 fatty acids; n-6/n-3, ratio of
fatty acids. omega-6 to omega-3 fatty acids; SAT/PUFAS, ratio of saturated to polyunsaturated
fatty acids.

and 22:6n-3 and decreased the amount of 20:4n-6 compared tqtreatment CAD) resulted in a surprisingly high concentration
treatments that contained either DHA or CLAs, showing a clear of 22:6n-3 in P lipid. The P lipid fraction from egg yolks of
preserving effect of CLAs on n-3 PUFA content and an hens supplemented with CAD appears to reflect a synergistic
inhibitory effect on n-6 PUFAs in the egg. effect on DHA accumulation that was associated with lower
Distribution of CLAs in Neutral and Polar Lipids. Mo- contents of 20:4n-6 and total n-6 PUFAs. CLAs were detected
lecular polarity influences the physical properties of compounds in both N and P lipids; however, because there is more N lipid
and their distribution in biological systems. To determine how in the yolk than P lipid, the total amount of CLAs in N lipid of
CLAs partitioned into different lipid fractions, the yolk lipids  yolk lipoproteins accreted by the hen represents a significantly
were separated into neutral (N) and polar (P) classes. Upon GChigher amount of these isomers in yolk.
analysis of the FAMESs, the percentages of various CLA isomers  The polarity of a molecule will determine its hydrophobicity/
were nearly identical in the two lipid fractiongbles 1and hydrophilicity. Incorporation of large amounts of CLAs into
2). In egg yolk N lipid, CLA supplementation resulted in higher the egg yolk can potentially change the molecular interactions
concentrations of 16:0, 18:0, and total saturated fatty acids, andamong components inside the yolk, that is, the structure and
the ratio of total saturated fatty acids (SAT) to PUFAs. The hydrophilicity could be altered. If the hydrophilicity of the yolk
amounts of 16:1n-7, 18:1n-9, monounsaturated fatty acids is increased, the osmolarity between the yolk and the albumen
(MONO), PUFAs, and total n-6 were decreased (Table 1). will be disrupted, and water from the egg albumen will move
Although the DHA supplementation did result in an increase into the yolk compartmen®5). Increased water content might
of this fatty acid in yolk N lipid, the DHA treatment did not  change the physical properties of the yolk. In addition, as more
significantly modify the fatty acid composition of N lipid. In  water moves into the yolk, the volume of the yolk will increase;
egg yolk P lipid, the amount of 18:0 and the ratios of n-6 to this will inflate the vitelline membrane so that the changes in
n-3 fatty acids and SAT to PUFAs were increased, whereas thepermeability will allow it to accommodate larger molecules.
amounts of 18:1n-9, 20:4n-6, 22:5n-6, 22:6n-3, MONO, PUFAs, The larger size of egg yolks obtained from hens given the CLA
and total n-6 were decreased with the CLA treatmehable supplements in this study would explain the proposed osmotic
2). All isomers of CLAs were detected in both N and P lipids, effect of CLA isomers.
and the total amounts of CLAs were similar. The total amount In egg albumen, the contents of 16:0, 18:0, 18:2n-6,
of DHA was greater in P than in N lipids, and an interesting 18:3n-3, and SAT and the ratio of n-6 to n-3 fatty acids were
finding was that supplementation with both DHA and CLAs increased, whereas the contents of 20:4n-6, 22:5n-6, and total
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Table 3. Fatty Acid Composition (9/100 g) of Egg Albumen?
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Table 4. Fatty Acid Composition (9/100 g) of Vitelline Membrane?

dietary treatment® pooled  ANOVA dietary treatment? pooled  ANOVA

fatty acid SAFF DHA CAD CLA SEM p value fatty acid SAFF DHA CAD CLA SEM p value
16:0 18.308 17.058  28.54%  27.10% 1.02 0.0001 16:0 23.23 23.14 27.56 26.92 1.14 NS
16:1n-7 0.81 0.62 0.50 0.48 0.13 NS 16:1n-7 1.15% 1.44A 0.468 0.448 0.11 0.0001
17:0 02748 0188  034* 030 0.3 0.04 17:0 0308 0278 0.374 0.364 0.01 0.001
18:0 7.768 6.098 17.26 17.13* 0.89 0.0001 18:0 11.66° 8.74¢ 1721~ 17.23* 0.78 0.0001
18:1n-9 16.66 17.05 15.02 17.82 2.54 NS 18:1n-9 27.027  26.95* 13.728 16.678 1.28 0.0001
18:2n-6 20924 15418 15528  23.66* 1.40 0.003 18:2n-6 2200 19.79 13.72 21.36 1.54 0.01
18:3n-6 0.23 0.19 ND ND 0.07 NS 18:3n-6 0.05 ND ND ND 0.02 NS
18:3n-3 0.15¢ NDC 0.66* 0.498 0.05 0.0001 18:3n-3 0.26¢ 0.428¢ 0.654 0.49%8 0.05 0.002
18:2(c9,t11) NDC NDC 6.27A 4.828 0.32 0.0001 18:2(c9,t11) 0.098 NDB 5.67A 4847 0.42 0.0001
18:2(t10,c12) ~ NDC ND¢ 2394 1808 0.15 0.0001 18:2(t10,c12)  NDC NDC 2.35A 1.768 0.17 0.0001
18:2(c,c) NDB NDB 0.314 0.43A 0.05 0.0001 18:2(c,c) NDB NDB 0.20%8 0.37A 0.06 0.002
18:2(t,t) NDB NDB 0.60% 0.424 0.06 0.0001 18:2(t,t) ND ND 0.10 ND 0.05 NS
20:1n-9 0.06° 0414  NDB NDB 0.05 0.0001 20:2n-6 0.13 ND ND ND 004 NS
20:2n-6 0.238 0.58% NDB 0.198 0.08 0.002 20:3n-6 0.15 0.16 ND ND 0.06 NS
20:3n-6 0.40% 0.464 NDB NDB 0.03 0.0001 20:4n-6 2.36* 1.628 0.84¢ 1.478 0.17 0.0003
20:4n-6 9.924 797A° 1138 1308 1.05 0.0001 22:4n-6 0.17 ND ND ND 005 NS
20:5n-3 NDB 0504  NDB ND8 0.05 0.0001 22:5n-6 0.68%  0.348 0.80% 0.08¢ 0.07 0.0001
22:4n-6 1.147 0.73 NDB 0.088 0.13 0.0001 22:6n-3 1.00¢ 2.958 5.73* 0.26° 0.24 0.0001
22:5n-6 0.90% 1107 0.83* 0.278 0.12 0.002 SAT 35188 32.158 45140 44514 1.63 0.0002
22:5n-3 0.374 0.56* 038"  NDB 0.08 0.003 MONO 28.17 2839 14.18 17.11 1.37 0.0001
22:6n-3 2.07¢ 10.56% 7.418 0.48°¢ 0.80 0.0001 PUFAs 26.80 25.27 21.74 23.66 177 NS
SAT 26.348 23.328  46.15% 44527 1.79 0.0001 n-6 25547 21917 15.368 22.91A 1.63 0.006
MONO 17.53 18.08 1551 1831 254 NS n-3 1.26¢  3.36° 6.38" 0.75¢ 0.26 0.0001
PUFAs 36.334  37.87A 25938  26.47° 1.46 0.0001 n-6/n-3 25.36%  6.58% 2418 3157A 4.01 0.0005
n-6 33.747 26.258  17.48¢  2551B 1.22 0.0001 SAT/PUFAs 1.348 1.298 2.07A 1.914 0.11 0.0005
n-3 259¢  1162% 8458  0.96C 0.84 0.0001 total CLA 0.09%  NDB 8.324 6.974 0.62 0.0001
n-6/n-3 13.848 2385 2128 30.00% 333 0.0002
Z’?;/EEKAS '3D7§’B SSCZB ;g?i %Zg: gig 88881 @Means (n = 4) within a row having different superscripts are significantly

different by one-way ANOVA followed by Student-Newman—Keuls (SNK) test (p
< 0.05). P SAFF, safflower oil treatment; CLA, conjugated linoleic acid treatment;
DHA, docosahexaenoic acid treatment; CAD, combination of CLA and DHA
treatment; ND, not detected; NS, not significant; SAT, total saturated fatty acids;
MONO, total monounsaturated fatty acids; PUFAs, total polyunsaturated fatty acids;
n-6, total omega-6 fatty acids; n-3, total omega-3 fatty acids; n-6/n-3, ratio of
omega-6 to omega-3 fatty acids; SAT/PUFASs, ratio of saturated to polyunsaturated
fatty acids.

@Means (n = 4) within a row having different superscripts are significantly
different by one-way ANOVA followed by Student—-Newman—Keuls (SNK) test (p
< 0.05). b SAFF, safflower oil treatment; CLA, conjugated linoleic acid treatment;
DHA, docosahexaenoic acid treatment; CAD, combination of CLA and DHA
treatment; ND, not detected; NS, not significant; SAT, total saturated fatty acids;
MONO, total monounsaturated fatty acids; PUFASs, total polyunsaturated fatty acids;
n-6, total omega-6 fatty acids; n-3, total omega-3 fatty acids; n-6/n-3, ratio of
omega-6 to omega-3 fatty acids; SAT/PUFASs, ratio of saturated to polyunsaturated

fatty acids. synthesis in the liver of the hen as do cyclopropene fatty acids.

This notion is further supported by a recently published report
demonstrating that CLAs decrease hepatic steafOglA de-

PUFAs and n-6 were decreased by CLA supplementaliablé saturase mMRNA expressiodd), which is the very enzyme with
3). The supplementation of DHA also resulted in an increase which cyclopropene reacts.
of this fatty acid in egg albumen. The increase of DHA inegg  CLAs in Yolk Plasma and Granules. The CLA isomers
albumen occurred independently of CLA supplementation, as were incorporated into both yolk plasma and granulesb(es
did the decrease in the ratio of n-6 to n-3 fatty acids. 5 and®6). In yolk plasma, the contents of 16:0, 17:0, 18:0, and

CLAs Might Damage the Integrity of the Vitelline SAT and the ratio of SAT to PUFAs were increased, whereas
Membrane. CLA supplementation (treatments CAD and CLA) the contents of 16:n-7, 18:1n-9, 22:5n-6, MONO, PUFAs, and
resulted in higher amounts of 18:0 and SAT and higher ratios n-6 were decreased with CLA treatment. In yolk granules, the
of SAT to PUFAs but decreased amounts of 16:1n-7, 18:1n-9, amounts of 16:0, 18:0, and SAT and the ratios of n-6 to n-3
and MONO in the vitelline membrane compared to the control fatty acids and SAT to PUFAs were increased, whereas the
(Table 4). In liver, cyclopropene fatty acids have been reported amounts of 16:1n-7, 18:1n-9, 18:2n-6, 20:4n-6, 22:5n-6, MONO,
to induce changes in eggs by reacting with hydroxyl groups of PUFAs, and total n-6 were decreased with CLA supplementation
the fatty acid desaturase enzyme syst26+8). In our study, of hens. In both yolk plasma and granules, DHA was increased
the fact that eggs from hens administered CLAs (treatments as a result of supplementation. In addition, CLA supplementation
CAD and CLA) exhibited a higher amount of saturated fatty resulted in a decrease of 20:4n-6 in these yolk fractions
acids than found in the control eggs is highly suggestive that compared to samples obtained from the control (treatment
CLAs might exhibit behavior similar to that reported previously SAFF).
for cyclopropene fatty acids in the he@9, 30). Moreover, Because there were more lipids in the plasma, it can be
mottling of the egg yolk reported to occur with treatment of concluded that a greater amount of the CLAs was incorporated
cyclopropene fatty acid8() was also observed in eggs enriched into the yolk plasma. The fatty acid profiles of both plasma
with the high amount of CLA isomers supplemented in the and granule reflect the fatty acid composition of the egg yolk
present study. The albumen was discolored, and the size of theanalysis (Tables Jand 2). However, because the plasma is a
egg yolk increased as the duration of feeding of the hens true solution whereas the granules represent yolk solids, the
increased. This phenomenon was consistent in eggs containingCLAs in the two fractions could be different in terms of their
CLAs and those containing cyclopropene fatty acids. It is contributions to the change in physical properties of the yolk.
therefore reasonable to assume that CLAs might alter fatty acid CLAs resulted in major fatty acid compositional changes of
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Table 5. Fatty Acid Composition (9/100 g) of Egg Yolk Plasma?

Watkins et al.

Table 6. Fatty Acid Composition (g/100 g) of the Egg Yolk Granules?

dietary treatment® pooled  ANOVA dietary treatment® pooled  ANOVA
fatyacid ~ SAFF  DHA  CAD  CLA  SEM  pvalue fatyacd ~ SAFF  DHA  CAD  CLA  SEM  pvalue
16:0 22490 2440° 2962* 27748 042  0.0001 16:0 2424° 2657 3091~ 28398 038  0.0001
16:1n-7 132% 169  046% 0448 015  0.0001 16:1n-7 1188 161~ 044 040 041  0.0001
17:0 0226 0208 036 034 001  0.0001 17:0 068 0158 033 032 004 0008
18:0 11228 914%  2004* 1902 089  0.0001 18:0 12408 980° 1888* 19.09* 073  0.0001
18:1n-9 31288 3462* 1552° 1871¢ 071  0.0001 18:1n-9 28488 3113*  1487° 17.76¢ 078  0.0001
18:2n-6 27600 22928 1477 22748 095  0.0001 18:2n-6 2681" 21.94C 1450 2288%  0.80  0.0001
18:3n-6 018" 009 ND®  ND® 003  0.009 18:3n-3 0.268 043" 058  043*® 005 0007
18:3n-3 043 053 065 0508 003 0006 182(cot11)  NDS  NDC 621  507% 026  0.0001

18:2(c9,t11) ND€ ND€ 6.49% 5.298 0.29 0.0001
18:2(t10,c12) NDC NDC 2.714 1.878 0.10 0.0001

18:2(c,c) NDB NDB 0.39* 0.39* 0.01 0.0001
18:2(t,t) NDB NDB 0.20* 0.088 0.02 0.0001
20:1n-9 0.18% 0.058 ND8 NDE 0.03 0.002

20:2n-6 0.31A 0.17A NDB 0.18% 0.04 0.003

20:3n-6 0.27A 0.20% ND8 NDS 0.04 0.0004
20:4n-6 2.36A 1.428 0.79¢ 1.338 0.08 0.0001
22:4n-6 0.164 NDB NDB NDB 0.03 0.003

22:5n-6 0.554 0.298 0.65* 0.05¢ 0.05 0.0001
22:5n-3 NDB NDB 0.35% NDB 0.01 0.0001
22:6n-3 0.60¢ 3118 5.79% 0.27¢ 0.13 0.0001
SAT 33.928 33758 50.01%  47.10% 0.96 0.0001
MONO 32788 36.36 15980  19.14¢ 0.83 0.0001
PUFAs 32.48% 28728 23.00¢  25.08¢ 1.05 0.0001
n-6 31448 25088  16.22¢  24.31B 0.99 0.0001
n-3 1.03¢ 3.63° 6.784 0.77¢ 0.14 0.0001
n-6/n-3 30.494 6.988 2.39¢ 31767 0.83 0.0001
SAT/PUFAs 1.058 1.188 2.18% 1.924 0.12 0.0001
total CLA NDC NDC 9.794 7.628 0.40 0.0001

@Means (n = 4) within a row having different superscripts are significantly
different by one-way ANOVA followed by Student—-Newman—Keuls (SNK) test (p
< 0.05). b SAFF, safflower oil treatment; CLA, conjugated linoleic acid treatment;
DHA, docosahexaenoic acid treatment; CAD, combination of CLA and DHA
treatment; ND, not detected; SAT, total saturated fatty acids; MONO, total
monounsaturated fatty acids; PUFAs, total polyunsaturated fatty acids; n-6, total

18:2(t10,c12)  NDC NDC 2.69% 1.888 0.10 0.0001

18:2(c,c) NDB NDB 0.30% 0.424 0.05 0.0001
18:2(t,t) ND ND 0.10 ND 0.05 NS

20:2n-6 0.23*  NDB NDB NDB 0.04 0.003
20:3n-6 0.27 0.25 ND ND 0.07 NS

20:4n-6 3534 2.148 1.08¢ 2.038 0.13 0.0001
22:5n-6 0.83* 0.438 0.814 0.08¢ 0.08 0.0001
22:5n-3 NDE8 NDB 0.28*  NDB 0.05 0.003
22:6n-3 0.93¢ 4578 7.38% 0.40¢ 0.21 0.0001
SAT 36.80¢ 36.53¢  50.124  47.798 0.66 0.0001
MONO 29668 32744 1531°  18.16C 0.86 0.0001
PUFAs 32.86% 29.768  24.63¢ 25.82°¢ 0.89 0.0001
n-6 31674 24768  16.39¢  24.998 0.77 0.0001
n-3 1.19¢ 5.008 8.24~ 0.83¢ 0.22 0.0001
n-6/n-3 26.678 5.03¢ 1.99° 30417 0.64 0.0001
SAT/PUFAs 1.128 1.238 2.04A 1.874 0.08 0.0001
total CLA NDC NDC 9.30% 7.388 0.39 0.0001

aMeans (n = 4) within a row having different superscripts are significantly
different by one-way ANOVA followed by Student-Newman—Keuls (SNK) test (p
< 0.05). b SAFF, safflower oil treatment; CLA, conjugated linoleic acid treatment;
DHA, docosahexaenoic acid treatment; CAD, combination of CLA and DHA
treatment; ND, not detected; NS, not significant; SAT, total saturated fatty acids;
MONO, total monounsaturated fatty acids; PUFAs, total polyunsaturated fatty acids;
n-6, total omega-6 fatty acids; n-3, total omega-3 fatty acids; n-6/n-3, ratio of
omega-6 to omega-3 fatty acids; SAT/PUFAS, ratio of saturated to polyunsaturated
fatty acids.

omega-6 fatty acids; n-3, total omega-3 fatty acids; n-6/n-3, ratio of omega-6 to

omega-3 fatty acids; SAT/PUFAs, ratio of saturated to polyunsaturated fatty acids. Table 7. Lipid Content (g/100 g) of Dried Yolk Plasma and Egg

Albumen?

the eggs. It was demonstrated that CLAs caused significant
changes in the fatty acid compositions in several components ANOVA
of eggs obtained from hens given dietary lipid supplements. sample SAFF DHA CAD CLA p value
Although some changes vary in distinct parts of the egg, a plasma 068+0.023* 0.69+0.004* 0.59+0.013° 059 0.029% 0.007
consistent robust finding was that lipid treatments increased thealbumen 0.0005 £ 0.0003 0.0006 +0.0003 0.0045+0.001 0.0142+0.008 NS
amounts of 16:0, 18:0, and SAT and the ratio of n-6 to n-3
fatty acids when hens were supplemented with CLAs. It is aMeans (n = 4) within a row having different superscripts are significantly
possible that CLAs inhibit the elongation and desaturation of different by one-way ANOVA followed by Tukey's test (p < 0.05). ® SAFF, safflower
16:0 and 18:0 in the liver and result in the accumulation of oil treatment; CLA, con!ugqted linoleic acid treatment; DHA, docosahe_xagr_]om acid
saturated fatty acids, which leads to a compositional change intreatmen'[; CAD, combination of CLA and DHA treatment; NS, not significant.

the fatty acids of egg yolk lipoproteins accreted by the hen. petween the egg yolk and the egg albumen, the fat contents of
The fact that the fatty acid compositions of egg albumen and egg albumen and yolk plasma were determined. It was found
vitelline membrane mirrored that of the yolk might indicate that that the yolk plasma obtained from the eggs of hens administered
material exchange between egg yolk and albumen occurs. Inthe CAD and CLA treatments contained significantly less lipid
addition, the amounts of MONO and PUFAs were decreased than found in the control eggs. The egg albumens of CLA- and
in eggs with CLA supplementation. Generally, CLAs reached cAD-treated groups showed a trend of greater lipid content than
a level of 10% of total fatty acids when incorporated into the the control (Table 7). As expected, the egg yolk plasma
yolk lipids. contained more lipid than the egg albumen. These data were
Most of the yolk proteins and fatty acids are formed in the corroborated by GC analysis.
liver and transported into the yolk. Because CLAs accumulate  Vitelline membrane is the membrane that wraps the egg yolk.
in liver tissue of rats and other animals (11&), the various It forms a barrier between the yolk and the albumen. Perme-
isomers can directly influence fatty acid synthesis in the liver ability changes in this membrane could result in more intensive
(28,32), which will ultimately alter the composition of the egg  material exchange between the yolk and the albumen during
yolk. The dramatic change in quantity of fatty acids having a storage. In the fat determination, it was found that the decrease
different polarity and hydrophobicity could be partially respon- in fat content in the yolk was significant at about 10%. A
sible for the change in physical properties of the egg. compositional change of this extent might impact the physical
Fat Content of Yolk Plasma and Egg White.To determine properties of the egg. Although the increase in fat content of
whether CLAs have any effects on the osmotic exchange the albumen was not as significant as the decrease in the yolk,

dietary treatment®
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a considerable amount of fat could be defusing out of the yolk
to the albumen. This is conceivable when comparing the sizes
of the yolk and the total albumen. CLAs probably increase the
permeability of the vitelline membrane and result in an increase
in water migration from the albumen to the egg yol6(33).
Such a change could facilitate lipid migration from the yolk to
the albumen. The significant decrease in the lipid content could
be partly responsible for the changes in physical properties of
the egg.

Feeding CLAs to hens produced a rubbery egg yolk in hard-
cooked eggsl(7). This phenomenon is important because, when
CLAs are incorporated into commercial eggs to achieve a health
benefit, the sensory and quality properties of the food should
not be compromised. Therefore, research is needed to determine
the optimal levels of enrichment and elucidate how CLAs impact
egg quality, and similarly for other nutraceutical fatty acids such
as DHA. CLAs might affect several properties of egg lipids
because they are incorporated into the egg structural polar lipids.
According to our findings, CLAs might impart a more polar
nature to the egg yolk lipid and thereby increase the permeability
of the vitelline membrane.

Chemically, CLA isomers have unique double-bond structures
that vary with respect to the position and geometry of the
double-bond system. The conjugated double bonds could

provide unique structural properties and reactivity to these (10) DeLany
isomers. Cyclopropene fatty acids have been suggested to react .

with sulfhydryl groups in the vitelline membran83). How
CLAs might modify the permeability of the vitelline membrane
remains to be determined.

In summary, the incorporation of CLAs into the egg altered
its sensory properties. This change might be the result of the
unique chemistry of the conjugated double bonds in CLA
isomers. The modification of the fatty acid composition in the
vitelline membrane might cause structural variations and modify
the membrane permeability, which could facilitate and/or
accelerate material exchange between the egg compartments.
Gross compositional changes in the yolk could be responsible
for the changes in physical properties, as well. Further inves-
tigation is needed to understand the interactions among the yolk
components to determine the precise role that CLA isomers play
in changing the functionality of the egg yolk.

ABBREVIATIONS USED

CLAs, conjugated linoleic acids; DHA, docosahexaenoic acid;
PUFAs, polyunsaturated fatty acids; n-3, omega-3 fatty acids;
n-6, omega-6 fatty acids.
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