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Abstract This study analyzed the fatty acid content and phospholipid profiles of bovine by-products
(kidney, heart, lung) to evaluate their lipid characteristics and potential for value-added utilization.
Across all three organs, palmitic acid (C16:0), oleic acid (C18:1n-9), and stearic acid (C18:0) were
identified as the predominant fatty acids, although their relative abundance varied among organs.
Notably, the kidney contained detectable levels of n-3 polyunsaturated fatty acids, including
docosahexaenoic acid (C22:6n-3, 3.52 mg/100 g) and cis-11,14,17-eicosatrienoic acid (C20:3n-3,
3.84 mg/100 g), which were undetectable in the other organs. Quantification via Phosphorus-31
nuclear magnetic resonance revealed that the
phosphatidylethanolamine (PE, 1,035.28 mg/100 g), significantly higher than those in the heart
(295.99 mg/100 g) and lung (430.17 mg/100 g). The phospholipid-bound fatty acid profiles differed
markedly among the organs. Heart phosphatidylcholine (PC) was enriched in linoleic acid (C18:2n-6,
34.24%), whereas kidney and lung PC were predominantly composed of palmitic acid (31.88% and

kidney possessed the highest content of

43.12%, respectively). All PE species were characterized by higher levels of arachidonic acid
(C20:4n-6) compared to PC, with the highest content observed in the kidney (35.85%), followed
by the heart (28.88%) and lung (31.47%). Furthermore, the ratio of unsaturated to saturated fatty
acid in PC was highest in the heart (1.69), followed by the kidney (1.33) and lung (0.70).
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TR ABeAt 24 AR AR AL B
5 e AVRARABAH, Sk ThASIGL, A
] =S 93t diethyl ether(DE), petroleum ether,
ethanol, chloroform, methanol-2 normal-gradeE AR&-5I3IT}. A
A ARSIt internal standard(IS, C11:0 triundecanoin)=-
Nu-Chek Prep(Elysian, MN, USA), FAME ¥&52-2 Supelco
(37 Component FAME Mix)ollA] FLuf5}ic}. *'P-NMR-Z o]&
o AAE A H Aol ASE triphenylphosphate(TPP>
99%), chloroform-d(CDCl:), ethylenediaminetetraacetic acid
(EDTA)+= Sigma-Aldrich Chemical Co.(St. Louis, MO, USA)
oA Skt
7y Al Al W HEESte] 2EjEgleH, 28] AR FAlE o
23 2t} AL 2 A 496.67+4.16 go|A] 23] F 257.00+
18.58 g0 &, AL 734.67+59.14 gol|l A 574.00+55.24 gO
2, 37 1,265.33+250.13 gol 4] 1,219.00£246.01 gO. 2 A
g 2% 27 F FA9 FFo] =i

22 4 2ME9 It ¥ 24
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6 LE Agolo] SHE|o]E(ERA-B352E,
SK Magic Co., Ltd., Seoul, Korea)2Q] EA|7] 994 7}E5I%
o6, A8 Sjnte] A% 258, AL 308 Bk et
A A 3 Ak olgsto] 16l 4 A, FUHE
9 AEE 9F 1.5 cm o|5t= A|&SH H uf7|(Blixer 6,
Robot Coupe, Jackson, MS, USA)Z 1,500 rpmO]|A] £25}%
o 24" AlEe da 3 F -70°Co)A HEEglon, o]%
Y5 JH=E wiSEA
2.3. Mo ofpt ZAlg ==

AP 24 2HE o) ARES 2T o1 Aol
dASE AR 1 g& 50 mL vialo] Folal, FASIHAIZA 50
mg/mL 5L 9] pyrogallol & 2 mL 2 W FEFE2(internal
standard solution, C11:0 triundecanoin, 5 mg/mL in iso-
octane) 1 mLE 75l A E3lE s 8.3 M HCI 10
mLE 7FeF &, vortex &3S £35191, 80°CE AAH
shaking water bathof|4] 200 rppmC & 147} 59t 1‘3_}0 S A3
STk Mg B T, AEE 34 WS 25 oA
= DE 15 mLE 7[5 & 187F vortex A5}, YAlEE s}
o] A& 97|&28 B9t 0]—,—, anhydrous sodium sulfate
column% STHAIA Zho] 73} o5 dS AASIH. o] I

< PE 15 mLE ARES}o] ‘?l—. Fgstaint. HFH o= dE
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FE2H A A 24S EA5H] 98 GC(Hewlett-
Packard 7890 series, Avondale, PA, USA)E &-835}9ct &
Ao] 9FA methylation& AA|5}% ©.H, Table 13} o] A|l&
oA FEE A ol et -§Hi9] g AAsISinh Al
Al Z2Z&35F ZA]HMof| 0.5 N NaOH in methanol 8% A 7}s}
1 23t H, 85°C water batholl 4] 10&7F 71513t} o]%
ARE FES| Y43t &, 14% BF; in methanol 42 A7}t
Sfol ThA] SOl 1087 Jhst, Wkt ofF,
Table 19 ©z} iso-octane¥} E3} NaCl 8N4 1 mLE H7}s}
of ZotA St &, AAE2(2,500 rpm, 32)SHCE ASH
2. anhydrous sodium sulfate columng ©]-&3 $E-& A|A3}
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mm, L.d., 0.2 um film thickness, Supelco Inc., Bellefonte, PA,
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™, split ratiox= 200:1%2 AAsto] £ A5t GC-
FID “Jol 9] §492 7} A94ke] Wigo A 20] 3t Aol
B2 flame ionization detector(FID) AZHA|<*(FID conversion
factor, R)E ©]-&5to] A4F FFoE SHibsloitt. B 24
2 Al ¥HEA AAjste] B EEHEAE o895 HolEE
AMESHIH
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Psciio FAME #EE8 5 Ci109 peak areaS SJV[RIT &
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WFAME, =
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sheiet.
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A4k (mg /100 g) = W
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Pi= AlR9] Z+ AWAL peak area, Wiciio A&l H7He
internal standard(C10)% FA(g), Picio A& W internal
standard(Ci1.0)9] peak areal 2J0|3tch. Wramms AAL 19]
W JAHEZRZAY] F(mg), fras ATAE ASAF, Wer
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25, Folch £S80) 95t XX/ £

& SRR, A, Sluhold A FEe] Sl
Folch &% 0] &5t} A& 1 go] $5F< 6 mLe} Folch
solvent(chloroform:methanol = 2:1, v/v) 24 mLE #7513
t}. 287} vortex £33t & 3,000 rpml.E 1027F AL}
of 5Nt otFHE Eelot3lom, glass pipette AH8-6H]
51582 anhydrous sodium sulfate columng B-5f o=}
. 0]% G2 ARZdMof chloroform 12 mL2} methanol 2 mL
2 27)ekn, 4 273 $YsH) vortex £, PR slo]

SFsote Belsksich. B9l S5 nitogen gasE 53t}

v}

2.6. P-NMRE 0|82+ 2XE 24

Folch & o2 AL ZXAHME o]-835}o] Bruker Avance

Table 1. Quantities of reagents used in the methylation reaction (0.5 N NaOH in methanol, 14% BF; in methanol, and Iso-octane)

according to the weight (mg) of extracted crude fat

Extracted crude fat (mg) 0.5 N NaOH in methanol (mL)

14% BF; in methanol (mL)

Iso-octane (mL)

< 100 1.5
100-200 2
> 200 3

2
3
5

2
3
5
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MI-600 spectrometer(Bruker BioSpin, Billerica, MA)o]| 2]}
AAAZ ottt Aulol e A4 Bruker Magnet
(Bruker BioSpin, Billerica, MA)O|H, AREH Fal= 242 MHz
otk *'P-NMR E4] 27 thea} 2t} Probe temperature 25 °C;
excitation pulse 30° the number of data points 64 K;
relaxation delay 2 s; pulse width 11.05 pus; acquisition time
0.34 s; and number of scans 256.

1|2 BAS st A5 FH|E ¢3f TPP solution 0.7 mL
(1 mg/ mL in chloroform), 0.35 mL methanol, 0.35 mL
EDTA-Na'* solution(pH 7.6)& F&% A%of H7lslal, 287
WHFSE &, 3000 rppmof A 1027 AAEZ s3I EE € o}
ZHL glass pipetteS ©]-&5F0] anhydrous sodium sulfate
columng F9f oFstal, o] NMR tubeo] &A Ut 3
T 42 Hatzakis?] Aol ARGE S4& A7 A5k
2-2 AASHITHHatzakis 5, 2008). 01714 1oy Q170
ot w3 wA, A= UlE EZEE(internal standard, IS)E
A7Fel TPP] pmol, Iepy= H7HE TPP] Sidot= m= ©
A, me o] ALgE Azl Aol

Lipp) X A X100
PL(umol/100 g of sample) = —————
f I(TPP) xXm
2.7. SHx{2/
A% ATHe 38 UHE SAs] PFLEZER Lrehygl
o, Z3=9] {94 AJolg &eIst7| 5l SPSS Statistics

software(26, IBM Corp., Armonk, NY, USA)E A5}t
A 1% ol Aol AFH] ol 9%(p<0.05) A7
o 4] Duncan’s multiple range testE A A|5}IT.

3. 24t A uF
3

L& BMSNEE N SIPS A FY 2 BE

7

& FAEAE, A4, SEhERE F2E 2AYY] 4 A
2733} o] 5] FESAWAL, BAEBIA A, EHAAHAL
ZA e wE BAshgirkTable 2). 2 2204 ZEA
O = palmitic acid(C16:0), oleic acid(C18:1n-9), stearic acid
(C18:0)7} 8 APAto & ey oL, o5 ARb4ke] 4]
e 2L 2R Aolsh ekt AgelAE EaA]
HEARO] palmitic acid®] &F2Fo] 2,514.70 mg/100 gO.& A X
HHAF 2 71 =9k, oleic acid7} 2,500.56 mg/100 g, stearic
acid7} 2,034.51 mg/100 g 2.2 YEt A& 5)1tof A
= HLEZSIRHIARS] oleic acid7} ZFZF 2,050.79 mg/100 g
¥} 1,451.38 mg/100 g0 =2 7Hg A Uetg oy, gl
stearic acid(1,564.20 mg/100 g)?} palmitic acid(1,340.98

ul

)
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mg/100 g) £0 2, 3]1to] A= palmitic acid(1,076.15 mg/100
2)%} stearic acid(745.53 mg/100 g) €22 1 HE o|tt.

ohH, A2 g F9of Hlsf Eo]Ql AikEo] HEH
A=t AT slEolds AESHA 42 cis-11,14,17-
eicosatrienoic acid(C20:3n-3)2} docosahexaenoic acid(DHA,
C22:6n-3y= A& A Z+Z 3.84 mg/100 g} 3.52 mg/100 g
AZE}th o] & DHAE o-linolenic acid(C18:3n-3)Z 5 E
A6-desaturase L elongase F25 £ AAE+= n-3 AL ot
71E- SR HPAto | H(Takié 5, 2024), cis-11,14,17-eicosatrienoic
acid GA| n-3 A4o|B R, o]e} RARE FEoA G
7Fs/d0] U= ALE AtrErth ol A9 A B4 = <
3 sfig ARpibEC] Aol AR SAFHAAY HA
S B2 EAT 7FeAS AR ERE, A AE Y
T4 842 A-E5H, AAA Y AT A2 Aol A
0] AHFAHMei 5, 2023; Song &, 2022)°.2 432 nervonic
acid(C24:1n-9)= Z1Z} A% 23.52 mg/100 g, 313} 11.85 mg/100
g, A% 3.96 mg/100 gO & Aol|A FoHo R w2 JhFo]
U TH(p<0.05).

HHH, heneicosanoic acid(C21:0y= AlAO|A= HAESER] Lt
o, A1(17.91 mg/100 £)7} 517823 me/100 g)olA] A2k 7
25|t} YEA 0 & pentadecanoic acid(C15:0), heptadecanoic
acid(C17:0) 59 &5 AFARS §H5=9] n]dE2] Ia B0
A HEe] S5 FAIES] Aol v SAEHE AoE &
A Qlch(Pfeuffer} Jaudszus, 2016). Heneicosanoic acid &
A] of2fet ¥gof ofsf A 9 slut R A 240 £4
H ACoE Hojo, AR e F 220 Hg| YHHoE =
HE o7t @ AR E 7]5o] EEstER g A4to] p-A
3= &9l HEA £ 2 AAEC] HEHA P2 AR B
OltH(Gao%} Chen, 2022).

7} A oA FAYAY] S B, FESA AL, EXS}
AJAE, ESAAAL S R A, A, 9 o' A
ek, A1) FESEAAL ghg2 5,180.78 mg/100 gO
2, A%(3,163.34 mg/100 £)7+ 53H2,033.11 mg/100 g)o] ]
o =okom, FEXSAPAT T A% 4,379.71 mg/100 g,
A7 3,400.51 mg/100 g, 311t 1,977.98 mg/100 g = LERE
o Al s gy, EXSHAAY SR AL Bl &2
A1AFo] 0.85% 71 WekoH, sluk= 0.97, AR 1.07=, 4
o] o A Hlg] FiH o2 EXSAFAL vl o] w2
O YERT ol Alo] 715 fAlo] Zast Alzef oy
3 S| Qo ZMAAL Bl &S =4 fARITE 7|E
H1ef Rolstm(Catala, 2015), A4 B¢ A&2Q1 £5 &
T =2 AUA 22 QAdf o] A IFgelA BESHA|
TAS $AH0 R &8st E4HOE s, 23] W Ex3A|
HPAF S22 H]go] ol 02 WhHTtHDe Tomasi 5, 2018).
E3 Slubs o ST A HEsto] ARk AEF A
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Table 2. Fatty acid compositions of lipids extracted from boiled bovine kidney, heart, and lung (unit: mg/100 g)

Fatty acid Kidney, boiled Heart, boiled Lung, boiled
Capric acid (C10:0) 4.29+0.36" ND? ND

Lauric acid (C12:0) 15.79+0.89* 4.95+0.42° 2.69+0.18°
Myristic acid (C14:0) 317.40+3.78* 118.65+4.44° 79.850.98°
Myristoleic acid (C14:1) 28.40+1.02° 10.64+0.55° 8.04+0.38°
Pentadecanoic acid (C15:0) 42.04+0.78° 19.92+1.20° 10.04+0.53¢
Palmitic acid (C16:0) 2,514.70+47.87" 1,340.98+56.15" 1,076.15+18.58°
Palmitoleic acid (C16:1) 146.31+1.69° 79.24+2.50° 66.68+1.01°
Heptadecanoic acid (C17:0) 96.59+1.47° 63.03£2.46" 24.81+1.28°
Stearic acid (C18:0) 2,034.51+48.07* 1,564.20+69.59° 745.53+20.63°
Elaidic acid (C18:1t) 51.66+1.42° 15.03+0.42° 6.58+0.45°
Oleic acid (C18:1n-9) 2,500.56+21.13" 2,050.79+72.56° 1,451.38+43.59°
Vaccenic acid (C18:1n-7) 175.40+4.44° 117.87+3.15° 48.80+4.27°
trans-Linoleic acid (C18:2t) 41.66+1.50° 29.81+2.08° 10.96+0.47°
Linoleic acid (C18:2n-6) 812.30+13.33° 754.98+19.10° 167.91+0.87°
Arachidic acid (C20:0) 33.03+1.88" 12.09+0.94° 17.80+0.73°
y-Linolenic acid (C18:3n-6) 3.66+0.19% 2.36+0.08° 1.51+0.12¢
trans-Linolenic acid (C18:3t) 14.96+0.89° 4.96+0.52° 4.89£0.55°
Gondoic acid (C20:1n-9) 21.8040.80° 21.78+1.38" 17.2120.78"
a-Linolenic acid (C18:3n-3) 17.88+0.58" 13.83£1.11° 4.48+0.46°
Heneicosanoic acid (C21:0) ND 17.91+1.50" 8.23+0.49°
Eicosadienoic acid (C20:2n-6) 29.61+1.31° 5.85+0.20° 6.58+0.48°
Behenic acid (C22:0) 75.75+1.92° 7.42£0.70° 28.04+2.34°
Dihomo-y-linolenic acid (C20:3n-6) 86.75+2.50" 76.74+3.90° 38.89+2.44°
Erucic acid (C22:1n-9) 3.89+0.09° 2.160.09° 3.35£0.34°
cis-11,14,17-eicosatrienoic acid (C20:3n-3) 3.84+0.30 ND ND
Tricosanoic acid (C23:0) 11.12£0.76° 7.49+0.33° 6.85+0.82°
Arachidonic acid (C20:4n-6) 517.36+12.26° 255.98+6.17° 131.1243.93°
Lignoceric acid (C24:0) 35.56+2.40° 6.69+0.50° 33.1242.79°
Eicosapentaenoic acid (C20:5n-3) 4.9240.48" 4.34+0.27% 0.98+0.10°
Nervonic acid (C24:1n-9) 23.52+1.00° 3.96:0.29° 11.85£0.95
Docosahexaenoic acid (C22:6n-3) 3.524+0.08 ND ND

Total SFA® 5,180.78+109.74° 3,163.34+135.93° 2,033.11+41.81°
Total USFAY 4,379.71+48.00° 3,400.51<104.38° 1,977.98+43.90°
Total PUFA® 1,479.84+30.74° 1,114.08+29.80° 370.66+8.24°
Total trans FA” 108.29+1.18* 49.80+2.96° 22.43+0.59°
Total crude fat 9,668.78+157.49° 6,613.65+242.82" 4,033.52+85.32°

DAIl values are mean+SD (n=3).

IND, not detected.

Means with different superscripts (“°) in the same row are significantly different at p<0.05 by Duncan’s multiple range test.

“Total saturated fatty acids (mg/100 g) = C10:0 (mg/100 g) + C12:0 (mg/100 g) + C14:0 (mg/100 g) + C15:0 (mg/100 g) + C16:0 (mg/100 g) +
C17:0 (mg/100 g) + C18:0 (mg/100 g) + C20:0 (mg/100 g) + C21:0 (mg/100 g) + C22:0 (mg/100 g) + C23:0 (mg/100 g) + C24:0 (mg/100 g).

ITotal unsaturated fatty acids (mg/100 g) = Cl4:1 (mg/100 g) + Cl6:1 (mg/100 g) + CI8:1 (mg/100 g) + C18:2 (mg/100 g) + CI8:3 (mg/100 g)
+ C20:1 (mg/100 g) + C20:2 (mg/100 g) + C20:3 (mg/100 g) + C20:4 (mg/100 g) + C20:5 (mg/100 g) + C22:1 (mg/100 g) + C24:1 (mg/100 g)
+ C22:6 (mg/100 g).

9Total polyunsaturated fatty acids (mg/100 g) = C18:2 (mg/100 g) + C18:3 (mg/100 g) + C20:2 (mg/100 g) + C20:3 (mg/100 g) + C20:4 (mg/100 g)
+ C20:5 (mg/100 g) + C22:6 (mg/100 g).

DTotal trans fatty acids (mg/100 g) = 18:1t (mg/100 g) + 18:2t (mg/100 g) + 18:3t (mg/100 g).
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E57] 982, Axute] g AgT 58S B Hs|
Aol oA AN BESEARA] QA EEohs Ao
2 A" h(Khoury 5, 2022).

FEWPAA A T3Fo] H9-ox, A1Fo] 108.29 mg/100 g
O A1%4(49.80 mg/100 g)T+ 3]1H22.43 mg/100 g)of| H]a] S
OH O R EUTHp<0.05). 53], A EMAA AL &2
A AAEY] 1.12%E AFA]5ke] A7H0.75%) 7} 513H0.56%)
Hot =9, ol EfAA o] giE9] nl &l 9fsf A
g & AW 220 A== B Tl Ag AoE
Az = hPetri S, 2018; Xu 5, 2023). T3}, AR FHHo]
Ag 2Zo] Aoz o] Faxskil 9lo](Cho 5, 2023),
ol2]gt ¥k f#f EAARA] o 2 H[&E EFH Ao
2 HQIth

ZF o AW T2 A 9,668.78 mg/100 g, A%
6,613.65 mg/100 g, 3|7} 4,033.52 mg/100 g <02 YEREO
o, o]t H-9f 7 A% g Zpol= o 229 437} 7]
5 Aolof 7]Igitt. AL FHof A 20| FHIEE
A} ghego] wA| Vb Wi, A% £2 F-82 A (Emamt
Abugherin, 2019), 5]z F7]15HUeL SEO & o]FolA 9]

of AjHos FAF A dhgo] W A0 E HItH(Haut
= 2023).

3.2. “P-NMRS 0|83 £ BMSME NZ I
PC, PE &% 24

S & FAREAE, A, sloholA FEH F8 dAE
PCS} PE9] 2t (mg/100 g Z/gH|(w/iwoys EA5k7] S5k
IPNMRE &-83519ch A1%9] PCE -0.82 ppm, PE= -0.07
ppm, A& PC -0.78 ppm, PE -0.05 ppm, 3]1t= PC -0.79
ppm, PE -0.03 ppmof|A] UeL(Fig 1), Z+7+9] peakE &3
AAES At

PC} PEQ] ¥} 2/dH|E v w st A3N(Table 3), PC &F
L AFOA] 1,379.45 mg/100 g & 7F =9k, A174H(1,207.30
mg/100 g), 511H(1,152.75 mg/100 g) <=O.2 UERITE PE 94|
Aol A 1,035.28 mg/100 gO & 714 &qton, 3]uk430.17
mg/100 g)9F A17295.99 mg/100 g) &0 = Ueh}, AR
Sjue} Aol dir|sto] of 38 7o) &2 FAE Eit E

Sh IR YoM Z4zte] /o] ARRshe HlE(%)E AT E

B
(A) PC ® PC
PE
PE
1‘5 1‘0 0‘5 DI.O DIS ‘!‘ 0 15 115 110 075 D:O -DI.S -!‘.0 -1‘.5
Chemical shift (ppm) Chemical shift (ppm)
C
©) pC
PE
1‘5 ‘\lD 015 D!O -D‘ 5 -'\‘.D ‘1l.5
Chemical shift (ppm)

Fig. 1. The phosphorus-31 nuclear magnetic resonance spectra of phospholipids, including phosphatidylcholine (PC) and phosphatidylethanolamine
(PE), in lipid extracts obtained from the bovine kidney, heart, and lung. (A), bovine kidney; (B), bovine heart; (C), bovine lung.
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Table 3. Quantitative value (mg/100 g) and composition (w/w%) of phospholipids in lipids extracted from the bovine kidney, heart,
and lung determined using phosphorus-31 nuclear magnetic resonance

Phospholipids (mg/100 g of sample)” Kidney, boiled Heart, boiled Lung, boiled
pC? 1,379.45+57.85%* 1,207.30+135.53™ 1,152.75+63.15°
PE® 1,035.28+117.52° 295.99+141.20° 430.17+143.56°
Total crude fat 12,771.69+243.97° 8,288.96+58.29° 5661.27+283.66°
Phospholipids (w/w%)® Kidney, boiled Heart, boiled Lung, boiled
PC 10.70:£0.45° 14.50+1.66° 21.03£1.06°

PE 8.03+0.90° 3.56+1.70° 7.84+2.57°

I
YPhospholipids (mg/100 g of sample) =

L) X A X 100 X Phospholipid molecular weight

Lippp) X m
JPC, phosphatidylcholine.
DAl values are mean+SD (n=3).

“Means with different superscripts (“°) in the same row are significantly different at p<0.05 by Duncan’s multiple range test.

9PE, phosphatidylethanolamine.

.. Weight of each phospholipid
6) _
Phospholipids (w/w%) Total phospholipid

&0@ Uehton PES] AL ARH(8.03%), 55H7.84%),
3 56%) 019k

PC= A|ZEH0] 7% 25 FA5HAL 9] MF4S RAIsH
+ o 85 A&sh= AAEE(Kanno 5, 2007), RHF A1
0|55 FX P4l 71ofst= HHH, PEE B4 A2 =/ H
2719t & B4 TYoE A Alx i o g3, Alx B
= 95 29] HHA FE 7|53t (Calzada 5, 2016). O]
27154 Aolz 28] 24ue pes} PES] 24o] A 1
Epo, ol 7t 2] el a9 WP AuElolgls
A0 ArErh

5= o £40f H|3] PC HZo] F9A R #ok=t
(p<0.05), o]= HZ Y #AFES PSS} Qe HE #
WA (pulmonary  surfactant)®] FH A AHEO]
dipalmitoylphosphatidylcholine(DPPC)0]7] wj&Eo g Ajzte
SH(Bernhard 5, 2001; Veldhuizen 5, 2000). ¥4, 4%9] 7
% PEQ] A okt 2447} 7 RA UEh=H, ol 4l
& 229 tiAbE E4do] QA 2] WgE Ao e
o A A&AR1 £53) o] WHESIH HAS S8HA)7]
£ 7124 (Liu 5, 2025) AlZ299] b Ado] 715 FAl F
93 98-S stk Houang 5, 2019). ¥HH, PE= 2Ho] 35 §
goll 71ofste AAAR, Alxdte] 224 #golu I54 A
Hjgo] &t 2A|oA & EE7] fZol(Basu 5, 2018),
aro] 22 Qbg/Ao] 8 E= A RAM= B E &
Aol AgtAo|ug 1 fEo] WA fAIEE AoE Hel.

SH, Al 22 7t XA 24 Aol Bt AEA 8 9
ok, JAXE AP B= 249 Ao]oflA HIZE & Ut PC
+ de novo Kennedy 7 &20]|A] choline kinaseE %3f choline .

W, PC 2AH|= 319H21.03%), A (14.50%), A17(10.70%)
2~
=

https://www.ekosfop.or.kr

25E A4 M, PEE CDP-DAG A=A 4% %,
phosphatidylethanolamine N-methyltransferase(PEMT) ZAZE
23] 4% vjgslslo] P2 AT 4 QIrk(Tams £, 2019).
o] #g2 PEMTI % PEMT29] oJsf Zj=]w, o5 a4
W Sz 22 dEAY, $394 8904 oo 298 5
9l A0 A YckSun 5, 2023). E3], Ao]ALE PC
9} PEC] o] §ALSHA LERg=E], o) phosphatidylserine
(PS)] YA o 2R Tt 3L F5 PES AL
CDP-DAG 7% =(Dong 5, 2023)7} th& 220 v]3] 4lgolA
o &/g3tElo] Q7] WlE & H3lth(Jiao 5, 2019). °] ARE=
EZE2or YoM F2 S Em, A Al 43 Al
EZE Z9ste] n|EEEopt Wert w2 £20|E&(Doke
9} Susztak, 2022), CDP-DAG 22| &4Jo] 22 Y PE &34
o 7191 7Fs7dol 3tt. ¥hd, PES PCE H¥sh= PEMT
AR AR B 340 Id 4<Eo] Wol(Watanabe 7,
2014) CDP-DAG Z=z°f 23t PE A 45 Hhg,
PEMT 325 &3 PC A2 AlgHo|tt. wp2hA, thE 4]
I} 2] AAolA PCot PEVL RARRE 2082 FAEHE AL
2 HQlt}h

3.3, & SN, M SIS QIR LY AL XY

=
24

& AR, A, Sfehe A40] 2FE AR 24
g vESP] 9N, 2 ZHOIN 25T 2AFO=RE PCS
PES Refstol At 24

PCS AR 24 AT Ao Table 4), A 27 25

A} palmitic acid, oleic acid, linoleic acid’7} 8 A|=4to =
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e A% PCOl 7-9- palmitic acid7} 31.88%2 7Fg &  Soto] A9 Alxdt B35 9 of3} 715-& A Yshe o 48
2 H8S Byon, I HE 0]o] linoleic acid(20.77%), oleic 5 702 WETHALSF Szabs, 2023). 3, EX IR AR
acid(14.83%), stearic acid(8.89%)7} UEY, ES}A|HFALO] 43%, o] 8 =X o] HZulo] Meid] ENL -5t ¢ &

ExspAAlo] 57%%5 AA|otgTt. A2 EI Asid 238+ 9%Z 5 (Bianchetti 5, 2021), °] § TUERS}FA

Az ol5g FFstnE Mzl =24 gAdo] F83F AR A o|FF AEFAS} AR &2 gslsto] A A
Ch(Hac-Wydro 5, 2009). waa] AlZuje] 295t widss A2 < lﬂﬁov & Qlk(Pérez-Marti 5, 2022).
ZoA| Aol A9E PC(Catald, 2015y 2o Y 7152 7 AF PCE T2 = 232]9] PCOJA palmitic acid7} 714 &

Table 4. Fatty acid composition of phosphatidylcholine (PC) and phosphoethanolamine (PE) in the bovine kidney, heart, and lung (unit:
area %)

Fatty acid PC PE

Kidney, boiled  Heart, boiled Lung, boiled Kidney, boiled  Heart, boiled Lung, boiled
Myristic acid (C14:0) 0.81+0.19™° 0.35+0.02% 2.65+0.04° ND? ND ND
Pentadecanoic acid (C15:0) 0.72+0.07 ND 0.74+0.04 ND ND ND
Palmitic acid (C16:0) 31.88+0.02° 27.55+0.27° 43.12+0.05° 6.90+0.08" 2.67+0.07° 5.17+0.12°
Palmitoleic acid (C16:1) 1.08+0.04° 1.27+0.06° 2.02+0.06* 0.83+0.08° ND 0.68+0.04°
Heptadecanoic acid (C17:0) 0.70£0.09 0.54+0.12 0.660.02 0.84+0.05 ND ND
Stearic acid (C18:0) 8.89+0.17° 8.73+0.11° 11.20+0.06° 18.62+0.13° 35.3340.55% 15.77+0.10°
Oleic acid (C18:1n-9) 14.830.17° 15.10£0.10° 21.07+0.03" 18.28+0.09° 4.53+0.13¢ 31.4740.33"
Vaccenic acid (C18:1n-7) 3.6240.08° 3.56:0.04° 1.68+0.12° 1.17+0.06° 1.41+0.10° 1.68+0.08°
trans-Linoleic acid (C18:2t) ND ND 0.20+0.03 ND ND ND
Linoleic acid (C18:2n-6) 20.77+0.16° 34.24+0.13 7.28+0.15° 13.98+0.07° 22.36+0.69" 6.73+0.09°
Arachidic acid (C20:0) ND ND 0.28+0.03 0.50+0.03" ND 0.62+0.03"
Gondoic acid (C20:1n-9) 0.34+0.02° ND 0.510.03" 0.54+0.09° ND 0.96:0.12°
a-Linolenic acid (C18:3n-3) 0.36£0.10° 0.50+0.06" ND ND ND ND
Heneicosanoic acid (C21:0) ND ND 0.18+0.04 ND ND 0.59+0.00
Eicosadienoic acid (C20:2n-6) 0.91£0.06" ND 0.42+0.06° ND ND 0.61+0.01
Dihomo-y-linolenic acid (C20:3n-6)  3.04+0.10° 3.900.10° 1.84+0.05° 2.15+0.08° 4.81£0.36 4.25+0.16°
Arachidonic acid (C20:4n-6) 12.05+0.15° 4.28+0.03° 6.14+0.08" 35.85+0.00° 28.88+0.64° 31.4740.35"
Eicosapentaenoic acid (C20:5n-3) ND ND ND 0.35+0.03 ND ND
Total SFA® 43.00+0.13° 37.1740.25° 58.84+0.13" 26.85+0.14° 38.0120.50° 22.1440.20°
Total USFA® 57.00+0.13° 62.83+0.25" 40.96+0.16° 73.15+0.14° 61.99+0.50° 77.86+0.20°
Total PUFA® 37.13£0.40° 42.91£0.17° 15.69+0.22° 52.330.12° 56.05+0.36" 43.07+0.30°
Total trans FA” ND ND 0.20+0.03 ND ND ND

DAll values are mean+SD (n=3).

YMeans with different superscripts (“°) in the same row are significantly different at p<0.05 by Duncan’s multiple range test.

IND, not detected.

YTotal saturated fatty acid (mg/100 g) = C14:0 (mg/100 g) + C15:0 (mg/100 g) + C16:0 (mg/100 g) + C17:0 (mg/100 g)+ C18:0 (mg/100 g) +
C20:0 (mg/100 g) + C21:0 (mg/100 g).

JTotal unsaturated fatty acid (mg/100 g) = C16:1 (mg/100 g) + CI8:1 (mg/100 g) + C18:2 (mg/100 g) + C18:3 (mg/100 g) + C20:1 (mg/100 g)
+ C20:2 (mg/100 g) + C20:3 (mg/100 g) + C20:4 (mg/100 g) + C20:5 (mg/100 g).

9Total polyunsaturated fatty acid (mg/100 g) = C18:2 (mg/100 g) + CI18:3 (mg/100 g) + C20:2 (mg/100 g) + C20:3 (mg/100 g) + C20:4 (mg/100 g)
+ C20:5 (mg/100 g).

DTotal trans fatty acid (mg/100 g) = 18:2t (mg/100 g).
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2 "€ HQ A= =2, linoleic acid’} 34.24%=2 7V
o} TRRESAAY HlFo] 4291%& AAsH], A%
37.13%, 3|1} 15.69%0°] v]3] F-oj&o= l"—m":]'(p<0.05). L
3, A XA ESAIAL vE2 1.69%, 479
133, Sfae] 0705} 7] ehidch oleig 24 42

2 AR ol v A] gl tigsto] 2 54 At

2 I el 223 S 5 | 9% o 2a
(Yang 5, 2011). AAL w27 vkE o] 52 g9 93
wrH9l 243} ol o] HsH o]% o1x%o1: sz so)
$540] Folo sful, olo] wa, 43He] PC ZAoIN Tl
LSRR v]Fo] FA YEhdTti EJ—QEF(Bohannon 5>
2020).

5]7} PCOJJ A= palmitic acid H]&0| 43.12%%, Al 22 &
7 =A UEsEH ols HE RHE/EAY F8 ARl
palmitic acid’} ZA3%HE DPPCo]”7| wj&o|H(Ding 5, 2001),

0|9} Zro] ZIFA|HAF H|Zo] =& PC 2432 7|4 ek 774
o] wlA 0% ojolAk Hzte] ok SRS A B
A 240 7|osl= AoZ LEHAThMa} Allen, 2007).

W, 7 259] PE A 248 BT AT, A 24 B
0| A arachidonic acid(C20:4n-6)2] H]-&-0] A%} 35.85%, 4
A} 28.88%, 3T+ 31.47%% YERY, PC AR 12.05%,
428%, 6140 1 W A0 1] e PE
ofekgoluls1g A A AR, v o] wust 41 34

o)A 72 Aol gl gl ool 383 17 24
Z4o] $83 A4S Ath(Pately} Witt, 2017). Al 23] 9]
PEoﬂ arachidonic acid9] ¥]&©0] &4 YEd AL arachidonic
acid7} prostaglandin, thromboxane, leukotriene 5 THFSH
eicosanoid®] HA{A|Z Z-&35}H(Calder, 2015), AT AY %
oA 20| SR TS 2Hel] Y02 HHECK Turolo
5, 2021). ojof weh, A, A, slutet ol A &4o] &
2 ZAoAE of2ie A7) B4 Aho] 4o ANED
Z(Jenkins 5, 2009; Wang 5, 2019), o]of| = Q3} arachidonic
wid/h AES A P2 5 S0 AHE Aoz
o Az},

E5], A& PEX arachidonic acid”} 35.85%%, Th& & %
Ao Hls] FoHOoE EA YEEHTHp<0.05). Arachidonic
acide 4719 o]SZdE A 2H|7k-6 AG A4t =, o]}
Ze HEEA AR A2 §541 35 2E 7]
ofstel v 1 ehie] 72 QHRAS AN AT o
214 AtHDanielli 5, 2023). |23t £4-2 o7t 9 A&7
HHE 02 ojzol4 AEute] Feja wgo) Ml Yot
AZ 2 A oA EF] 298 Ao AAtECTH E3L arachidonic
acid= A%} ZZ]0] A eicosanoidQ] prostaglandin PGE,2] &
TFAZ &gt 7 28 9 AA oike 71 5 A
AE] 715 |40 #ojst 2= (Dotegowska 5, 2006), A% PE

https://www.ekosfop.or.kr

o &L v ZA51= arachidonic acid= F2& FgA} ¢
2o it 24 ZulAE FT PIA oJolg A o
2] A& PEO|A] 7A&H eicosapentaenoic acid(EPA, C20:5n-3)
£ HIE g0l 035%= A §95 8% € A2 /-5
J 240 7]ofsto] F7HAQ1 AEBdE Fog o U= AL
2 HoltKCalder, 2017; Nelson 5, 2021).

o, A&} PEO A= stearic acid”} 35.33%%2 7P =& H]
22 ARy, 1 E]—Q_O_E arachidonic acid(28.88%)2}
linoleic acid(22.36%)7} =& H|&E UENITE o]= A 23
oA ZIFAFALS] H|F0] E}~ ZA0] H|s] JTiA & ot
T8 AAE 4 248 HEAEO] QUS2 AJARIH olZ3t A
WHAE 242 AR AlEehe] 24 QAT 54 Al
FASE7] 913t A= A =™ (Levental 5, 2020), o1&

R
siEoR B A% AR 75d §AS ERAL 4%
A A o gt AE 7R 7154 a4 gl 88T
4 92 Ao Z 7|tjEth(Jackson 5, 2024).
3]1} PEOA|+= oleic acid(31.47%)%} arachidonic acid(31.47%)

k7 A RO, RESAANES A4 8] @o]
3.52&, A7) 2729} AA9] 1.630] H]3f =4t l;;—g L
SPAHA HIE-E A &A 2 AbA W glo] o] RojA| 1
o =E== ol 2AA Alzate] 3593 %oq*éé %LE
] olg FEA A0 JEL) tHRESATA o}
%_ ]Z7é01-_9_ Eﬂ-_/] o%/H.Q_ X0 ] O];(]X] Zl— I]‘H?] U]E_g.
Asteto] uto] Tt IAEE 2
O W (Baccouch &, 2023), 0|2} Z+
A WO ol ot g 3 4 i
7FsstA gtk ol=dt A ERE, Fju
¥ muto] AW obY A} ut
% 19] 7k~ wek aeat 3
o5 woEd

& BUEWR, 49, 9 49 ddde 7
1,] E'_/H.Q_ 1ok o];qxl ol o]xl;d ast xll:ﬂ-/\]- ZAJo
Uepgth olgat ol 224 olx|Zo] 7+ 22o] e o
T S| RO oo, olSL A2 T 48 75
98 AHOR %39 4G 754 NS ALY A T
A4S AT ULE o 4 Aok ARolHE 23 9 B
Apito] #32 olF UAE FAJo] A|aute] by gt ozt
715 SR 9 719451 (AL} Szabo, 2023), eicosanoid 2|
2 285} arachidonic acid o] ot thAr 24 9 FA
A8 Zyold 988 A4 28D % YckCalder, 2017;
Dotggowska &, 2006). 4749 4, tF7HERLoIAAto] 1t
$542 ol 3(Yang 5, 2011), 4 s pAlo] HHS
Realo] A2 71 §4 9 AEn A ool A5 47
2 148 < Sleackson 5, 2000). 98, Sfspl 4 2l
Wpito] B33 PCS} RESAMAL lgo] 2L PEVL BES10]

i‘:

upa} u] 9.0

EIN _11:(
ﬁ
N,
ol
2
ol
ko
=

—_

FIF
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9 ST AW S SAll FESE(Baccouch T,
2023; Ma®} Allen, 2007), 0] 74 mgho] wlHgH 3j3t 22
9] A4S Rhgste] 587 At B35 9 A7 SHE flgt 7]
5 AR L8 = USE AR

= 4 FAREGE, A, slihS o R AAt

AAAPC, P9 T 2AS BAlo], 24
3 543} 9 7154S BRI A 24 24
3}, A& palmitic acid(2,514.70 mg/100 g)& 402 E
SR o] wokoH, AT Slub= ZHZ oleic acid7}
2,050.79 mg/100 g, 1,451.38 mg/100 gO.& 7} A Ueht
ot 55| AFoME gE 2AoA HEHA > DHA,
cis-11,14,17-eicosatrienoic acid 52| RX|¥l4to] AEEoH,
nervonic acid 3t 23.52 mg/100 gO & A1%4(3.96 mg/100 g)T}+
S1H(11.85 mg/100 g)Et} FOH 02 =A UeTh(p<0.05).
SIP_NMR B4 A3}, PCQt PEZ} AAo|A ZZF 1,379.45
mg/100 g} 1,035.28 mg/100 gO & 714 =4 YEeltoH, 3
1= A4 AAE F PC H]&°] 21.03%E 7HF =4t Q1A
Aol Z3td A4 24 BA% 23, A% PC= linoleic
acid7} 34.24%, A% PCE} 3|1 PCE= palmitic acid7} 22}
31.88%%} 43.12%2 7} &2 H8-S Y on, PEOA=
Al 22 B arachidonic acid”} 28.88-35.85%=2 X} A|5}] 7}
& A Ueeth A% PCY A EXSAAY IR A
H[&0] 1.69% 417%(1.33)7} 5]2K0.70)0]] H]3f 7Fd &=A vet
Hoh & ATe & AR Ik 7IRE AREe, Vs
d AR ARTIHA E-E WRkE HASH= 7|2 ARE &
|49 5 AL AoE 4744t
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