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ABSTRACT This study aimed to characterize the nutritional attributes of eggs derived from native Korean chicken breeds and
their crossbreeds, thereby assessing their potential applications in the food industry. The fatty acid, cholesterol, and phospholipid
composition of egg yolks were analyzed in four groups of laying hens: the native Ogye breed (OO), White Leghorn breed (LL),
and their reciprocal crossbreeds (OL and LO). Yolks from the OO and OL groups, both sired by Ogye, exhibited a significantly
higher ratio of unsaturated to saturated fatty acids (P<0.05), ranging from 1.91 to 1.94 (P<0.05), compared to those from the
LL and LO groups, which ranged from 1.69 to 1.75, where White Leghorn was the paternal line. Docosahexaenoic acid (DHA),
an omega-3 fatty acid, was more abundant in the OO (236.4 mg/100 g), OL (207.9 mg/100 g), and LO (218.5 mg/100 g) groups
than in the LL group (156.0 mg/100 g). LL yolks (671.8 mg/100 g) contained the lowest cholesterol content compared to the
other groups (708.0—722.3 mg/100 g). Phospholipid profiling revealed that OO and OL possessed higher total phospholipid and

phosphatidylcholine (PC) contents relative to LL and LO.

(Key words: ogye, Korean native chicken, egg yolk, phospholipids, omega-3 fatty acids)
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< AHESISITE 47] @Fo]E Table 19 VERATE 3 avl
© OLT, Lo 7} gntele] 4k tha3t 2t} OLT
o] 129, 199 2 7 16.5434.070, 19.0421.97H ]
LOwe] 124, 1€9] A= 7} 26.3+6.37H, 25.4+ 10.17H°]
o 7 Al8T =EA 10709 B FAE o= 2t 00
T 179421 g, LLT2 174414 g, OLT2 17.0£09 g, LO
T2 14.8+1.1 go|th A& 24 B4 93 triphenyl phos-
phate(OP(OC4¢Hs)s, TPP>99%), chloroform-d(CDCl;), ethy-
lenediaminetetraacetic acid(C;oH;sN,Os, EDTA)+ Junsei Che-
mical Co., Ltd.(Tokyo, Japan)ollA] F3}At}. Potassium
hydroxide, butylated hydroxytoluene(BHT)-> Daejung Chemi-
cals & Metals Co., Ltd.(Siheung, Korea), cholesterol, 5-a-
cholestane, hexamethyldisilazane, chlorotrimethylsilane, pyro-
gallol Sigma-Aldrich(St. Louis, MO, USA), dimethylfor-
mamide(DMF)+= Tokyo Chemical Industry Co., Ltd(Tokyo,
Japan)ol|l Al F43FS T

T A4 g S HE 24 Hla

Al

Table 1. An abbreviation for the name of crossed chickens

Male (93) Female (%)
00 Ogye Ogye
LL White Leghorn White Leghorn
OL Ogye White Leghorn
LO White Leghorn Ogye

Yol e Pelsle] #AS ol AR S o] &
o
=

2 mL pyrogallol solution(in 95% EtOH, 50 mg/mL)¥} 1 mL
internal standard[IS, triundecanoin(C11:0), 5 mg/mL in iso-
octane] S H7Felit) AHEEIE $18] 8.3 M HCI 10 mLE 3
7kt = 30%%t wWWISlal shaking water bath(BS-21, Lab
Companion, Ramsey, MN, USA)°llA] 80T, 200 rpmel|A] 1A4]
 REEAZ L HEgo] Bt AR E o] &S] Waketa
diethyl ether 15 mLS ¥ 13 B¢t £33 & 4 s}
Atk 4EARI etherd S F3te] anhydrous sodium sulfate
coumns XA FEI EeEs AT sl

petroleum ether 15 mL& 13 5 &35 & AA Eelsi]

FZ A9l ethers= #3ted anhydrous sodium sulfate column
< BIAA FEI ETES AASLE o) B3] B
Fedo] gujE Ai 7kaE o] gdle] &niE AA = =
Ak AU

FZ39F Aol methylation ¥H-8-2 AAI3l] fatty acid
methyl ester(FAME)Z +=A43lg &, o] & X515} 4F
RaHo g FE3F AWl methylationS ¢l3] £uiE A
A %, A ZAWol 0.5 N NaOH 1.5 mL& H7lste] 30%
B2t &3ttt o] % 85T water bathollA] 1027 ¥Hg-
FEollM FEe WASIATE FAME F&2 9@l iso-
octane 1 mL, ¥3} NaCl 1 mLE 7lsle] 18 E<t £33}
Atk 2,500 rpmoll A 3E3F AilEE] ¥, 4SS Pasteur
pipette .2 3] anhydrous sodium sulfate columnel] o] 3}3}
o] FAMES <th FAMES] ¥4 gas chromatogra-
phy(GC, Agilent 7890B, Palo Alto, CA, USA)°l|l SP-2560
column(100 m x 0.25 mm i.d., 0.2 um film thickness, Merck,
Darmstadt, Germany)< “J2Fste] #2381t} 1 uLe] A=
B T, & &%= 100ToA 4% 54 F, 89 3CH
240C7HA] &8 1783 FX39 . FIDQ] &%& 285C,
injector= 225C2 A3 Th 7+ A|WH4te] retention time

(RT)= Supelco 37 Component FAME Mix(Sigma-Aldrich,
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St. Louis, MO, USA)S ¥FEA =2 ggslo] Az
ngo 2 A B3

x

3. EeiaHE = &

ZH~EE FF EAS flsted BFEE ol&siith
] v & Boto] HidsES AA fel 7=
ol 3 g8 AlRE ;z] kL 6% pyrogallol(ln EtOH)< 10 mL
Yol 287F wuksit). 187 #5239 A Fa=E X3
3}al sonications 10%37F 3 3’5‘}5\’1‘;}. 8 mL2] 60% pota-
ssium hydroxide(in SF<P)E 76t 287 wtsia A4
7ta2 FET YR AAE AR X8I Shaking
water bathol|A] 75C=Z 1413t F<F 100 rpm -2 wRksle] A
sleldet. o] Wz Hsls S8 WAAIA 120 mL
2] 2% sodium chloride(in /7<) T84, 15 mLe] = 41|
(hexane : ethyl acetate = 85 : 15, v/v, 0.01% BHT)E o] 2%
3+ wRksIGiTh o] F A It SR} akge] EelH =S
AAAHY. E2lE 73EN-S anhydrous sodium sulfate=
& Pasteur pipetted] BIAA T EoES AlASIATH
ko] & & 29l whESlal FE8ulE AMSte] 50 mL

2 3831 THLee et al., 2015). BZFe] 2| ~H| =S A5}
7] 938l Younglin 5890 FID(Younglin, Anyang, Korea)2} HP-5
column(30 m x 0.32 mm X 0.25 um, Agilent Technologies,
Santa Clara, CA, USA)= AFE-SIITE @B 2% 260
A 1083 FA8ka 280 C = S7AATE Zd| 28| E v = 8
oS Q8 WH ®F 89Y(5-a-cholestane in n-heptane, 0.1
mgmL) 2 WHRIFHS AHSiith ZelzEE 9ae
relative retention time(RRT)S AlXksle] Q18197
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Relative retention time(RPT) =

Retention time of cholesterol standard
Retemtion time of internal standard

Ze|zEHE F S 6709 F%2(0.0025, 0.005, 0.01, 0.05,
0.1, 0.2 mg/mL in N, N-dimethylformamide)l~] -2 chole-
sterol standard calibrations A8-8ke] 4=3J=|Qlt}. Calibra-
tion curvex= cholesterol peak area / internal standard peak
area 2 YZCO 2 %3} 1L cholesterol standard®] FE=2

A% 6]-33\‘1]'. GC 245 93] derivatization= 43}
st FEE 125 mLE FHsl] AR w53l &ulE
A7l - AFEC] 3 mLe acetoneS H7lsle] AL
|rlE e AAsNG Adxd FF{RES 3 mLY N,
N-dimethylformamide]l T}A] Fo] Alg &8 A sl T
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AT A|E &AL | mL H3t &
0.2 mL, chlorotrimethylsilane 0.1 mL= 3 7}sted 1837 it
SFATE A2ollA 1583 FXg F 10 mLe] S/} 1S
3 183 skt 7352] n-heptane
anhydrous sodium sulfateS X}-% Pasteur pipette©l] F3}A]7A
FEY9] S AAsI FA st

hexamethyldisilazane

Sl 1T mLE ¥

vy X 100
Cholesterol(mg/100g) = C X ———F——
w X {v2 / vl}

C: cholesterol concentration(mg/mL)

W: sample weight(g)

Vi: amount of extractive solvent used for extraction(50 mL)
V,: amount of extractive solvent used for concentration(12.5 mL)
V3: N, N-dimethylformamide(3 mL)

Folch®(Folch et al., 1957)& ©| &3] Al 5ol A& ==
3T} 2k 0.5 g9 A&l 24 mLe] Folch
methanol = 2 : 1, vv)2} 6 mL S5 9o 223t RS}
o} o]F 3,000 rpm -2 10E7F 4 EE S 2 gske] AF=
7 3FHS AT}t Anhydrous sodium sulfate7]— 244
Pasteur pipette©l] 3l5N-S FIA|A Hn

£-9l(chloroform :

ETES AASE
ot Eolle dEdel 12 mL chloroforqu- 1 mL methanol
= 9L 3,000 pmo 2 1023 A4 T E APste] FE
3} slEd-S ATt ] anhydrous sodium sulfate”} X%
Pasteur pipette©l] 3152 S| Ak 7122 FE2E A
59| §u|E ds] AABI] A& 2] AW FdE Al
Araksitt.
1 mL TPP solution(15.6 mg/16 mL dissolved in CDCly), 1
mL methanol, 1 mL EDTA- Na' solution(02 M, pH 7.2)<
—%%% ZA el d7vetdeh 287 £33 F 3,000 rpm
2 1087 A BT St Pasteur pipette &2 #2]H 3}
O—H% %3} anhydrous sodium sulfate column . 2 E<-8-5
A A3 & nuclear magnetic resonance spectroscopy(NMR)
tubeel] k. AAAE FA57] 918 AHE-SF NMR 7]
+ Bruker Avance II-600 spectrometer(Bruker BioSpin,
Billerica, MA)°|t}. 3= 242 MHzo|aL “v]ol] 72he
A2 Bruker Magnet(Bruker BioSpin, Billerica, MA)©|T}.
31Phosphorous—nucle::lr magnetic resonance spectroscopy(“P-

NMR) 4] 2712 probe temperature, 25C; excitation pulse,
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30°; the number of data points, 64 K; relaxation delay, 2 sec;
pulse width, 11.05 ps; acquisition time, 0.34 sec; and number
of scans, 256°|tt, S 913 F2]2 Hatzakis et
al.2008)] AollA AHEE T4 WHsI F g A
=310tk AE ISR H7FE TPP umol, I(PL)= Q1A A &
3= peak area, (TPP)E= 71 TPPol| 3 d&te= peaks]

area, m< A0 ALEE AZo] FAE on|git)

PL(;mwl/lOOg of sample) = w

Liprpy Xm

4] G 38} pCe] At 2dS ER1sk] 913l thin-
layer chromatography(TLC)E AME-3IIt}. TLC plate(Silica gel
60 F254 glass plate, 20 x 20 cm, Merck, Darmstadt, Germany)©ll
13 Al 59} 1 mg/mLE #1223t Q1A]4 standard mixture S 7
A slo] &3t Sfi(chloroform : methanol : water = 75 : 25 : 3,
VWN)E A& TLC chamberellA] 2057+ A7|sisich A7|g
TLC plates EZFo2 &vllE s AAT * dye &
[0.05%(w/v) Primuline in acetone : water(8:2, v/v)]= AF&-3}o]
A2 ZESlth A4 £ UV wavelength 365 nmellA] Q1A12
o] Eejd A& ERIsl PCE E=I8IiT] PC WA 2448
2RI $J3ll TLCO] PC band & Bof A& FE3%T) %
3k WS methylationd1d GCel] SP-2560 column< ©]-8-3]
A8k

5. SAHIMe|

BE BMo Ayl Ha+ETFHAE YeEhfleH, Z
glolg] kel f-24d-2 HS37] 13l SPSS Statistics soft-
ware(ver. 26, IBM Corp. Armonk, NY, USA)E AF8-351
Fold HE T2 95%((P<0.05)= Agstglon, 1% 3t

ZFo]= Duncan’s multiple range test2 E3f 213} th

= Jn| =1l |

[

El

H T =z cheko| XAt of & =M 24
= wullel @ A(00)} #ll LE(LL) 2] 7 )
SAxH2EOL) E H2EXQA(LOY7} Abehst G2
o] Ak 24 ApolE FA AT 1 2 I(Table 2),
oA oleic acid(C18:1, n-9), palmitic acid(C16:0)7}
A ato 2 o]&59] Fo] A Aitel < 70%E A
Azl em, 1 FZE o]o] stearic acid(C18:0) 2 linoleic
acid(C18:2, n-6)7} &2 &S Btk &F wvlE 00T

My

N Hors o
ko i oot o

3

A AAE B ZEzEHE 24 Bl

)

< oleic acid 16,043.4 mg/100 g, palmitic acid 7,750.4
mg/100 go] o™, LLT< oleic acid 13,908.2 mg/100 g,
palmitic acid 8,386.0 mg/100 g&2 0O0w°] LLTl B3|
oleic acid gr#e] =11, palmitic acid o] Soit) 75 o
HjE 73§, OLT2 oleic acid 14,597.4 mg/100 g, palmitic
acid 7,471.2 mg/100 g°] 2™, LOT< oleic acid 13,902.4
mg/100 g, palmitic acid 8,503.6 mg/100 g 2 OLT°] LOT
o] H]3) oleic acid &3] =1, palmitic acid E=Fo] Wk}
ukebs], FAZE QAR FollA Fo BAESEAPEARI oleic
acid®] &aFo] =11, F9 EIX| MR palmitic acide] &HaF
geled 4 Ut ol g JFe = Qls), A
o] !

24 5 WESALYEA P4

$ol= OLw°] 1.9, LOT°] 1.8
AE AR & ZA-FolA 2344
o] B2 A2 & USdrh
ghd, B AWite] 43 = % high-density lipopro-
tein(HDL)-cholesterol, low-density lipoprotein(LDL)-choles-
terol 2o FES A= AR H1E ] oH(Butler et
al., 2017), ©| & n-6 AEe] A ¥4F HDL-cholesterol s &
71713 LDL-cholesterol S 7+AaA171E &7} 9= wha,
AR F SRR LDL-cholesterol X5 577 7473l
B4 dgS v 5 e Aoz delA UK Giera et al,
2015). Table 20 w=w, 472 @2 dako] n6 AE A
A 39 % w00 9 LL)ETH % wHlvOL %
LOYIllM B =A vehsten, It ke FA7F @
Al (00 % oL)o] FAZ} dl2E (L ¥ LO)ol| H]
&l ek ol g A3t oL o] Al
SRR SET 2 n-6 AT F3F HEE VHA
HDL-cholesterol 2 =7} 2 LDL-cholesterol 72l 7
7Fs/de] slol A% 7164 Sl Fel A 542 A
Abghet.

Eicosapentaenoic acid(EPA, C20:5, n-3), docosapentaenoic
acid(DPA, C22:5, n-3), docosahexaenoic acid(DHA, C22:6,
n-3)E 5 eu|7E3 Aitew, AldaA A4 Wrls
FAlel 384 dFS miAe AR e UTHDyall,
2015). 42] & off o]59] FFe vlwg 23, EPAE
LOT(3.0 mg/100 g)2F LLH2.9 mg/100 g)olA 1t AZ52
om, DPAE 43 1t F2ol4 o]zt §Il ek (P>0.05), F-7
7F 27191 007(21.8 mg/100 g)2 OLTH21.4 mg/100 g)°]
FAZF g 22E2] LLTH(19.5 mg/100 g), LOT(18.8 mg/100 g)
o W8l iAo ¥ e LhElich DHAY 3%, 4%

2
o
fu
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Table 2. Quantitative values of egg yolk from four chicken groups (purebreds and crossbreds) measured by Gas Chromatography-Flame
ITonization Detector (GC-FID) analysis (unit: mg/100 g)

Fatty acid 00" LL? oLY LOY
C12:0 2.9+0.3"1 0.9+1.5° ND” ND
Cl14:0 104.0£12.0° 112.1£18.0° 87.6+13.1° 120.9+18.3

Cl4:1(n-5) 12.943.9° 23.9+45.3° 16.125.8° 25.7+4.1°
C15:0 14.9+2.9° 11.0+0.9° 14.5+1.6° 14.541.6°
Cl16:0 7,750.4+197.5° 8,386.0£159.9° 7,471.24604.5° 8,503.6+781.7*

Cl16:1(n-7) 631.1435.8° 927.9+82.8° 704.0£151.5° 955.0+£119.5°
C17:0 72.7+14.9° 42.7+1.8° 62.8+10.9% 55.345.6°
C18:0 3,331.04364.0° 3,047.24210.1° 3,071.4+404.7° 2,972.84228.4°
C18:1t 58.6+7.8° 60.4+3.0° 61.243.6" 64.0:+4.4°

C18:1(n-9) 16,043.4+1365.6" 13,908.21046.4° 14,597.4+1328.9° 13,902.4+620.9°

C18:1(n-7) 572.6+62.6° 614.4+69.4° 604.5£25.1° 630.6+55.1°
Cl18:2t 31.0+1.8° 33.043.9° 33.022.7° 40.2+5.1°

C18:2(n-6) 3,057.0+523.8° 3,092.5+40.4° 3,674.6+559.5" 3,599.94263.7*
C20:0 8.6+1.3° 10.0:£0.8" 8.8+0.7° 8.5+0.9°

C18:3(n-6) 29.343.6° 29.8+6.3° 28.8+4.2° 41.2+12.2°
C18:3t 13.443.9° 20.6+3.6° 19.6+2.3 20.2+1.8°

C20:1(n-9) 78.5+14.0® 82.9+17.6™ 89.3+6.2° 71.2+12.0°

C18:3(n-3) 40.8+13.7° 51.1+1.6™ 65.9+17.3 59.7+7.4%
C21:0 12.642.2° 17.0+1.0° 18.2+2.7% 19.242.6°

C20:2(n-6) 28.4+45.3 33.942.4° 42.2+5.9° 30.7+6.7°
€22:0 8.1+1.5% 6.5+0.5° 6.3+0.3° 6.6+0.3°

C20:3(n-6) 46.2+5.1° 59.1+6.9* 47.9+3.0° 52.8+10.1%

C22:1(n-9) 1.941.4° 0.9+1.5° 1.941.5° 0.8+1.2°

C20:3(n-3) ND ND 1.1£1.6 ND
€23:0 2.041.5° 0.9+1.5° 1.941.5° 1.6+1.3°

C20:4(n-6) 862.7434.9° 769.3£37.7° 823.6+165.2° 850.6:49.6"
C24:0 6.140.9° 4.9+0.5° 5.5+0.5% 4.740.5°

C20:5(n-3) ND 2.9+0.2° ND 3.040.2°

C24:1(n-9) 19.3+2.4* 14.4+1.8° 15.042.6° 12.9+1.6°

(22:5(n-3) 21.8+3.3° 19.543.6° 21.443.0° 18.843.0°

C22:6(n-3) 236.4+51.3° 156.0+13.2° 207.9+56.1° 218.5+34.8°

> MUFA® 17,359.6+1,405.6" 15,572.6+1,032.8° 16,013.241,218.5® 15,598.6+752.8°

> PUFA” 4,322.6+565.3° 4214.2425.3° 4,886.3+501.0° 4,872.3+281.9°
>ISFA®Y 11,313.0+£537.0° 11,639.3+188.9 10,748.1+578.0° 11,707.6+1,022.5
> TFA” 103.0+12.1° 114.1£9.0% 113.847.3% 124.443.6°
®-3 299.0+65.2* 226.6+16.1° 296.1445.7 297.1435.3°
0-6 3,995.24494.9° 3,950.8+20.8° 4,574.8+494.6" 4,491.7+267.2°
-9 16,064.6+1,366.7° 13,923.6+1,048.8" 14,614.3+1,332.1° 13,916.1+621.8°
Total 33,095.3+1,642.2° 31,539.2+1,216.3 31,803.3+1,638.7° 32,306.0+1,574.8°
All values are meantS.D. (n = 6).
D 00: OgyexOgye.

? LL: White LeghornxWhite Leghorn.

» OL: OgyexWhite Leghorn.

9 LO: White LeghornxOgye.

% ND: Not detected.

9 SMUFA: Sum of mono unsaturated fatty acid.
? SSPUFA: Sum of poly unsaturated fatty acid.
® 3ISFA: Sum of saturated fatty acid.

% STFA: Sum of trans fatty acid.

10 27¢ \Mean values with different letters above the quantitative values are significantly different (p<0.05) according to Duncan’s multiple range test.
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e 00o| 236.4 mg/100 g, LL*°] 156.0 mg/100 go]
A3, FE wHlE OLTS 207.9 mg/100 g, LOT-S 218.5

mg/100 go 2 Ueht, eAZE FA e BAQ mujEd
00, OL, LO*°] £% #1& wul]&<] LL] B]3] DHA
o] FoleH B S HATHP<0.05). ol oA &
Tol §HA Aol ¢ W ovrk3 At e Sl
71939E 7S AlAsH, 3 FE AN 2 7154 A
F NS A% 72 AEE 288 & S Ao ddd
th 4] ¢y E% A e £ wrlE 00T]
103.0 mg/100 g©. 2, LLT2] 114.1 mg/100 goll H]&f 5214
o7 Jtp<0.05). &F mHlE OL+¥ LOTS zt7t
113.8 mg/100 g, 124.4 mg/100 gC.& EAZ o7 {o|3l 2}
ol& I k(P>0.05), OL*°] LOTELE 100 g 10 mg
ol w& S YEith wEbA AIE
3} OLT9] o] 100 g@ EMAAY ghigo] v A1s &
T ATk A FFERAA A F T FAIE O TR
uq Egl~ 2|8}k gheko] 0.2 g kel A9
© B 2(MFDS, 2016), 4700, LL, OL, LO)<] &%
o] Eal AHF K103 —124 mg/100 g)e el 7159
02 FAZ} 7besla, ole 47 €] Ed A
3] gro} AWkARl AF FellA = 7 18l 7t
Ao w Azpel 4 ik Wl dghe] 24
ol A 32.1-34.8%= VeI BAHCRE o
zto] 71 fIATHP>0.05).
SHA, gzke] A 24 EAS le Aol A hEt
o Hodg Atge] A 24 whet Abeek dzke] At
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Faty acid coment (*o)

Pk QA B FH2EHE 24 v

O 1o

zAo] gtk B ad vl lthGoldberg et al., 2013).
olof wha}, 4e] e FolE Abme] A S v
sl7] flal 4ol sbetAlol FolE Atse] A 2 F
2% A3KFig. 1), linoleic acid 43.9%, oleic acid 27.0%,
palmitic acid 17.0%, stearic acid 4.7% T2 2 UENITE 47
o] @7F &M oleic acid7} 43.0-48.5%%F X5}
7V e S Bl v, Al el oleic acid7t 27.0% %
T AR 22 e Yebllth ole &3t oA pal-
mitic acid”} elongased]] 2J8 X3} BAiAlEo] AR E o]
stearic acid”} %12, ©]2]3} stearic acid
turase©l] 2|3l G A o] o]FATFo 2 HEE| o] oleic acid

g¥35lEr] wEo g AZtEti(Elovson, 1965; Brucea
and Salter, 1996). W], AL oA Al WA}l b HA & =
£ s}ekS HQl palmitic acid ¥ stearic acid7} o]2{gF H =
= &4 oleic acid® A= B2 4779 27k F3F ZA oA
oleic acid &z =7} Y<lo =z At

stearoyl-CoA desa-

2to| ZEAHIE
GC-FIDE o|&sto] el &t

E 2k
bl [}
g 23S Table 30 Yebith d= 100 g 00T
722.3 mg, OL7* 712.6 mg, LOT- 708.0 mg2. & H|5=3t
2polE Hom, LLTE 671.8 mgl 2 T2 FEo| H|4)

Ze|zElEe] Figo] FulAoR vt FE~HES o
FAF A AGEA Ae T A 2AVE YD 5 glen,

AlEzet I RARY ohel 2H|Ro|E S22, vl

Epel DAk Fl Belele 5 AA W 2549 )%

Fig. 1. Fatty acid composition (%) of feeds of chicken using gas chromatography-flame ionization detector (GC-FID) analysis. Each
bar represents the meantstandard deviation (SD) of three independent measurements.
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Table 3. Quantitative values of cholesterol obtained from gas
chromatography-flame ionization detector (GC-FID)

analysis

IS RT  Cholesterol RT ~ RRT (Cr:;/lfgtgrg
ooV 25 37 1.5 722.3+5.9
LL? 26 3.7 1.4 671.8+0.4°
oY 25 3.7 15 712.6+9.9*
Lo¥ 25 3.7 1.5 708.0£1.7*

All values are meantSD (n = 2).

Y 00: OgyexOgye.

? LL: White LeghornxWhite Leghorn.

? OL: OgyexWhite Leghorn.

YLO: White LeghornxOgye.

9 *® Mean values with different letters above the cholesterol
quantitative values are significantly different (P<0.05) according
to Duncan’s multiple range test.

= Fste Aot gk St Fe sHEe 9
22 20133 713 1919 24270 9]
THPark et al., 2017). Webd Anvjshs @2e 7= 2~
HE A3 32 229 S ok AgY Aol up=d g7 o
Nl ekt D2k Ao Fe2HEo] 22 K213 mg/100

ANy

*Eﬂi«l S 2sta Ytk 3E & & Slth
S, 40 7 shubd Wake] RAE HEHoR 179
g(00) 17.4 g(LL), 17.0 g(OL), 14.7 g(LO)L.& &
Oﬂ 27 shE 8IS we o ZelzElEe] 2 7
2} 129.3 mg, 116.9 mg, 121.1 mg, 104.1 mgl & ALk
—E—ol wEk 27} 4 AR LoEe 22 3 Y 2 2E|
= AF o] g2 FHU 11-19% Yo}, 2| 28= 43
SHA FA R Ao|7t e F USS HoFTh

;1

SIPNMR S E3) 47-9] Wale] oA A& H 2 Bl da)
(Table 4 and Fig. 2), 47-¢] &8} 25 PC(79.3—80.4%), phos-
phatidylethanolamine(PE, 13.2—16.8%), sphingomyelin(SM,
2.1—2.8%), lysophosphatidylcholine(LPC, 1.4—1.8%) <
Jehdth o] 3 9 olx|dol pe AAATEAC] ol4E
S0 YA Hofgremm 7198 Bl A7E Al

Z1f3ted, 2k 715 4 % A cialel] Beldivka Hagr)

(Zeisel and Canty, 1993). PE= A X8, AEE3, &X 3§

A & okt M A gl Fefsle], AAA EEe] fF
At AAHRGEA Wz Fodsl] ¥ 7% A =S F

thal @ ch(Patel and Witt, 2017). ©]4 7 PCS} PEE U<
g Aeld] 7150l dAlolH, o5 Hl" 8 L, 744
82l 9 Al AR g met gepd S
(van der Veen et al., 2017).

SHA, 47t0] o] QIXA 2L MY AT g
g ox|d B4 A3l PC(71.0%), PE(18.3%), SM(2.3%),
LPC(3.3%)9t 24, 21 AolA 2fzte] AlolE R &)
(Zhao et al., 2011), 4*2] &3] PC ghgo] Agg<d ol H]
all 8—9% 7Hg © E=JT o= uth =22 npllef| A Tl
g Ao} oAl B #lEl] FF AfoldlA 7IQIE AL
= xgﬂ—guq o]E Eb—ﬁ Iz ] U}E]‘ o]x]ﬂ Z/ﬂo] %:@}.6
F ASS & ULk 470] A3 oA 71 Fa
AAARI PCol & F AXA FFE vl & A
(Table 4), =% WHlE 00T PC 9.1 g/100 g, &= QAR A
114 g/100 g, LLS PC 8.1 g/100 g, & 21212 10.3 g/100 g|
Rom, ZE wejd OLTE PC 9.6 g/lOO g & AAA
11.9 g/100 g, LOT2 PC 7.9 g/100 g, % 21%]2 9.8 g/100 g
o2 Yttt wabA, FA7E @A 7] PC B F Q1A
2 o] AdiA oz #A vEter, 003 OLw gt

_*:irf'm

)

Table 4. Quantitative phospholipid (PL) composition in egg yolks
from four chicken groups determined by *'phosphorous-
nuclear magnetic resonance spectroscopy (*'P-NMR)
(unit: g/100 g of egg yolk)

PL oo" LL? or? LOY
PC®  9.1£0.2* 8.1+0.5° 9.9+0.3° 7.9+0.6°
LPC"  0.2+0.0° 0.2+0.0° 0.2+0.1° 0.120.0°
SM®  0.3+0.0° 0.2+0.0° 0.3£0.1° 0.240.0°
PE?  1.720.1° 1.7£0.0° 1.60.1° 1.6£0.0°
Total ~ 11.4+0.2° 10.3+0.5° 11.9£0.6" 9.8+0.2°

All values are meantSD (n = 2).

Y 00: OgyexOgye.

? LL: White LeghornxWhite Leghorn.

» OL: OgyexWhite Leghorn.

9 LO: White LeghornxOgye.

% 2 Mean values with different letters above the phospholipids
quantitative values are significantly different (p<0.05) according to
Duncan’s multiple range test.

® PC: phosphatidylcholine

7 LPC: lysophosphatidylcholine

% SM: sphingomyelin

% PE: phosphatidylethanolamine
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Fig. 2. The *'phosphorous nuclear magnetic resonance ('P-NMR) spectra of egg yolk from four chicken groups (purebreds and
crossbreds): OO (Ogye x Ogye), LL (White Leghorn x White Leghorn), OL (Ogye x White Leghorn), and LO (White Leghorn X Ogye).
Peaks are assigned as follows: PC (phosphatidylcholine), PE (phosphatidylethanolamine), LPC (lysophosphatidylcholine), and SM
(sphingomyelin). (A) OO with LPC spiking (OO + LPC), (B) OO with SM spiking (OO + SM), (C) OO, (D) LL, (E) OL, (F) LO.

183 LL# Lo 3] Apele 4] &Skt

gk AA| IR F PCO Hl&S AW EH, FA7E oA
Al 73-F 80.4—82.8%%, WA #l1&o] FAQl A-{(79.3—
80.1%) Xt} tha =4 JERTh ¥HA, PES] Hl&2 FA7}
QAR 7 132-153%%, WA P& FA Heh16.2-
16.8%) Bt W2 A& 218 4 et olelg dah= FE
WHRE OLT, LOo] 242t HA|9] QIA|A 2/d9] Jaka
Ao 3=, AA XA 24 F PCS} PE] H|&o]
ZHA]= A2 cytidine diphosphate diacylglycerol(CDP-DAG)
2o} #do] glS A2 HRth PCE de novo Kennedy
Ao A 9914 choline©] choline kinase®ll 2J3)] Q14ks}=] o]
Eo] A7) 3A|NE CDP-DAG 7 &0l PE7} PE methyl-
transferases(Pem)$! Peml1Z} Pem2ol] ]3] x4 o2 wes}h
E|o] WFEoA]7| = K Tams et al., 2019). o]2{gt 2o &

& rlo

ol

gk Pem®] AT Al acld ugt &
HIE 2 2(Sun et al,, 2023), A2 34 4
PCS} PEQ] A2l zlol7) vHAlE Aoz 33

ko
e

K

4. GC2 TLCE o|&%t PC2| sn-1,201 Zgtst X|g2hat

A EHAM

Lo T

PCol A Ak 44 gRlol wef ek = 3l
O m(Munyaneza et al., 2025), oleic acid”} 53} PCE 34t
s}, S 9 AER A% FF, F A A T ohekst
27 3 535 Hol= S(Zhou et al., 2016) AFE AW
el wheh Jokshd 717 @bl = vk AgdT A

3
h=}
o}, 4t2] wwfEo] Akeksl &k Wk 5 pCo| sn-1,200] 2%

& APgate] x4de BA%E ZINTable 5), XA
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Table 5. Fatty acid composition of phosphatidylcholine (PC) for
egg yolk from four different groups of cross-breed
chickens (unit: %)

Fatty acid (olo) LL? oLY LOY
Cl6:0  35.0+0.07 34.9+05* 32.1+0.8°  35.1+0.6"
C18:0 157£0.0°  154+04° 192409  16.5+1.9®

CI8:1(n-9) 35.0+0.1°  342+0.1° 323+02° 32.6+1.0°

CI8:2(n-6) 14.3+0.0° 15.5+0.0° 16.5£0.1°  15.8+0.3°

SISFA5)  50.740.1°  50.3+0.1°  51.3+0.1°  51.6+1.3°

SUFA6)  49.3+0.1°  49.7+0.1°  487+0.1°  48.4+1.3°

All values are mean+S.D. (n = 2).

Y 00: OgyexOgye.

? LL: White LeghornxWhite Leghorn.

% OL: OgyexWhite Leghorn.

9 LO: White LeghornxOgye.

% 3SFA: Sum of saturated fatty acid.

® STUFA: Sum of unsaturated fatty acid.

7 27¢ Mean values with different letters above the quantitative
values are significantly different (P<0.05) according to Duncan’s
multiple range test.

palmitic acid, stearic acid®} EXIX|H4EQI oleic acid,
linoleic acid® T8 AWHIS & 4= AU &F wol*
ol 00F¥ LLT2 ZtZ}; palmitic acid &&Fe] 35.0% 2
34.9%, oleic acid 3H&Fo] 35.0% 2 34.2%% ehd whA, 2
Z wull¢l OLT LOT2 ZH2}t palmitic acid”} 32.1% 2
35.1%, oleic acid’} 32.3% % 32.6%A. 53] OLT=
palmitic acid gHgo] T2 Al ol Hla) W2 HaS BHo
™, oleic acid & GA] 003} LLFETF ThA Yith
g o AL EXsIA ke gEF Afolo| = B
sta1, 4to] A EIA A 3 BESAAR] BlE2 7t
7} 50.3—-51.6%%}F 48.7—49.7% WA=, & 2ol YERIA]
2d4=1

g, S dgke] A A A 247} peoll A AW
Ab 248 v wd A3, AR P3| A= oleic acid7} 43.0—
48.5%, palmitic acid”} 23.4—26.6%= oleic acid®] H]&©]
A3 =skoh v, PC A4k A = oleic acid7} 32.3—
35.0%, palmitic acid?} 32.1-35.1%= T A|H4ake] H] L)
FAFsHAl YebstT) E3h, AA) dake] Aubal 2A4e 13}
A 4E 33.8—36.9%, =ESAIHAE 63.1-66.2%= BESHA]
WAk v go] weko), @k Wak pCe] A4S E a1
2t 50.3-51.6%, EXIA YA 48.4-49.7%=2 Ao FLI
H &S B9k o33t Aate AAAe] A" FFolA
sn-19l= F2 E3A| ko] 9x)8laL, sn20e S EE 3}

M

% e XAt

-5
iin)
hured)

tete= Ape] Solded 7I-lst
Ao g Bt} &7F *3l pCel A4S B3 o] o
AN sn-1 Aol ESAPEA 89%, ERESFATAE 8.7%,
sn-2 9]0l = EapA| A 8%, BRI 90% 2 FHE] o]
slen, AR re Fopxto] 45%, ERESALo]
55%9] H] &S Beltkn Hugk v} 2tiBlesso, 2015). what
A, 47) o o] PC A A 248 A Aol HAPAT
Z3rshH, E3X| AL palmitic acid$} stearic acide T2
sn-19], EE3AHAECL oleic acid®} linoleic acidE FE
sn-20] 2%H Aow FFHTE w3 PC AHE A oA
SR A BASER AR HlEo] frAbsHAl et A
olZ gt XAl F2A 7] 544 B o= #
Ht

e
e

)

=
=

oo H

N

E AFde ¢F wuld 24(00), dZ2ELL) 35
WHE S AIxH| 1TE(OL), Bl 1EXQA(LO) Z 4-2] AHHA|
oA stgtd G das gigoz Ak Zd2HE, <l
A 245 BAEIITh a1 A9 FA7F 24191 00 2 OL
o] Aol A F8 BEXSA| AL oleic acide] EEFe] Zt
7} 16,0434 mg, 14,5974 mgl = =3, Espxbalel
palmitic acid®] gtafo] Z}z} 7,750.4 mg, 7,471.2 mgl. 2 B
o} BXSAAYESIAPILE Bl go] FofF o EA e
STHP<0.05). o= A #5944 5o A fHxt
£ 53 ko] Ak 240 Rk E 0SS AlARRITE =
3k e 7k3 AWt 5 DHAS] 32 00(299.0 mg/100 g),
OL(296.1 mg/100 g), LO(297.1 mg/100 g)i-ellA] LL(226.6
mg/100 g)wE Tt Fo3HAl =%om(-0.05), 53] Lol
AME EPAE LLTET} fod oz =7 Jehdth ojs o
Aol ¢44 wj7o] & W ewm7k3 At SRS S1A]
71 d 7199 = S onlditt. ZEaEHE T
A3} LLT0] 671.8 mgl & T} wHU} weron
AE LOTo] 14.7 g & 713 Ao, Azl oz g7k
AF 71 ZE2HE F2 LoTel 7P AL Ao
Ak X" BEAdxE F2 91zl pCot PEQ] H]&o]
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