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2o o]&=d, AE
o A4 Bof AgS
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FEXZHNA EtE o] E(flavonoids)E FAHLE
DB3} 2AE Aot on, Aol sAEALolA
ot 7154 A8 B4 DB & SUE 93t A
9] "g/go] AX} FHE AL

9 9 v 52 AF 39 ¥Wst £t F473]
Hogol| whet olof gk A& dlojg 7|gt =91 A%
AT AP Hote] A= BAMES] 7154 4E DB
£ P&t A&H o= YAl Qltt.

FUA sAEAY TRE 7158 4E DBe
F-71543 BE

o
A EZTHEx0o|=(catechin, isoflavone, quercetin,

1=
)
N,

~

i

N

anthocyanin 5)¢t #&4Hhydroxycinnamic acid,
hydroxybenzoic acid §)° st JEE =511
AoH, o]F DB A=+ zho|HE P W FAZL
=7 201598 A 54 9 A=t A =
SO UTHERE 0= DB: 4% 2684
&, H=At DB AF 3083 425 FF)(2.3).
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E, 7I2Eko|E, Ho|EXHE S22 Ziste] DB A Fa3% 714l 2

F5E AYSL ek

st opuel @4} ek B12

% AR AT AwE7] didl, AEd e
715 A dFEsTE o2 AREd & Y9 IR0l S5 HFHL ATG,0). v

AR JA4Eo] FAEAY TRE 71548 HE DB NHANES(National Health and Nutrition Examin-

752 "a7go] HAF SHEU. v=(USDA Agricul-

ation Survey)olA+ 2005~2006¥0] A= oA

tural Research Service) @ S%(INRA, Phenol- AF st Ao|2RE ZFI Ao|HFHFS IARII L,
Explorer)oAs ZetH o=, H&F(phenolics), H 2007 ~2008{0] A& @ 27 g HEQ] ZY Ao]A4F
ZAFSHo] AEoA ZF9 DB -

HF(terpenes), E¥(choline) 52 7154 JEEC] o 29 A% 334

23 DB7F EE o] A= v 53] #=(2008 2 At 2382

ine, free choline, glycerophosphocholine(GPC),
phosphocholine, phosphatidylcholine(PC), sphin-
gomyelin(SM) 5 7&9 JLE 53t 23 DBE + =2 g-stitk(10). @

ZHAH4,5). 292 MxZH(bilayer)ol A AXE 71E
&4, ME IEAL otEEd 4 9 294 AA =4
g, & A Sl F8% 7154 =olH5,06). 7|k

>

AHE gt A7t 7
of ol FW AEL K7, FFF. A,

&3t8 7 (grain-based mixed dishes), ‘I‘I’Xﬂ”\'ﬁ‘,

44 5

135199 tH4,9). 1998 wj= AlE
Do AE A& 630789 WSt betaine, total chol- FoF 3] ot ta: 29 &
g HHZ A TF &4 AFE
oL 425 mg/day,

YA e 2
AR Btof 194] o

Hm

550 mg/day=® A3 7]
A7 SNz S AH
5] o]FojR| 1L ]‘:}(5)

see Az GHQl 7ol Belskn ¥ we] 5 waw g a9 Sol Itk 1). BAL F= PO
23lu] Q4 F dol Yol FAF W5 JPYRolt 9 SM U4 FHE 2AS AL 284 2

(7.8). oleit B AolmEe Ao} s B
QPEos AAHT gon, AR WG] tael  Ath4s). Wt 24

A(free choline, GPC, phosphocholine)o& &7

6 ANARE FHoE T

» Percent contribution of food categories to choline intake, 2007~2008 (4).

Individuals Contribution
FOOD CATEGORIES' Roporting' | to Cholino

{%) (%)

Meat, Poultry, and Fish 24
Meats: beef, pork, lamb, game 24 9
Deli and Cured Meats: ham, luncheon meats, frankfurters, bacon, sausage 35 6
Poultry: fried and baked chicken, patties, nuggets, turkey, duck 28 [
Fish and Seafood: finfish and shellfish, cakes, salads 11 3

Grain-based Mixed Dishes 13
Pasta and Macaroni Dishes: spaghetti, ravioli, macaroni, lasagna, salads 17 3
Fast Food Sandwiches: sandwiches purchased from fast food outlets 12 3
Pizza: pizza, calzones, pizza rolls 12 2
Mexican and Latin-type Items: burritos, tacos, tamales, nachos, other mixed dishes 8 2
Indian and Asian-type Items: curries, egg rolls, fried rice, stir-fries, sushi 7 2
Rice and Rice Dishes: plain rice, rice dishes wisauces, meat, beans, andior vegetables 14 1

Dairy 13
Fluid Milk: flavored and unflavored milks 52 10
Ice Cream and Dairy Items: frozen dairy items, yogurt, shakes, smoothies 36 2
Cheese: all cheese and cheese items 39 1

Eggs and Egg Dishes: scrambled and fried, omelets, quiches, soufflés 19 12

T ————————————————————————————————————————————————————————————————————————————

Vegetables i
Vegetables: salads, canned, fresh, frozen, except white potatoes 54 4
White Potatoes: baked, boiled, mashed, fried, salads, except potato chips kYl 2
Beans and Legumes: dried and canned, bean dishes 10 1

tFood categories not listed including fruits, soups, savory snacks, nuts and seeds, candies, condiments, sauces and pickled
vegetables, salad dressings, spreads, and dips, baby foods, sugar and substitutes, other miscellaneous foods each contribute 3%

of choline.

*Percentage of individuals reporting the foods in the category at least once on the day.

O3 1. AF FHEUE SB G e 7I0E.
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SAEAYY 7154 DB #50] o|FojAof & Ao|t}.

AAAL glycerolol 1709] =48 A4H7]e} 2709] v]
=/ AH4to] AjtE o] Q= FRE 2= polar-lip-
id24 f2Ps= 7HAH, 29 /3 AREL E5]
AlAgote] gAat v Wrg A4 xA FAo 383 F
FA 715S YEPATH7,8). AAZL A Eu-S 145t
= 78 QAE AF Az=u okys), fd &3t 5
ZY2HE JfA o] HuE ot wEbA B2 EA}
dofl g4 JAAE TF &4 DB +52 A A
4 545 450 g2t 71548 BEAT, Lk QA

A

AL 3hOF) AE 2190] BEF 7|54 AlE A5}
A9 7Igto] & £ Stk

7lsd SAEXHE, AUXE e

O1X|=(phospholipids) 28 2! X

729 FAEA AEo EA5ts XA X4
0|53 (lipid bilayer)& olF™ AlZuZ LAd5t=
Q ABog FABIHhydrophilic molecule)?] QA
M7 BEE(phosphoryl head group)d H|ZAEXR}
(hydrophobic molecule)?l & 7H9] A|¥AL 1mE] H
E(fatty acid tails group)2& FAHHIH 2).

A (lipids)oll 1ol =gHe F+2E 2= AAEL
I 718 549 we} glycerol 7| 2422 2= 24
A ZA A2 (glycerophospholipid)®} glycerol t4l
o] sphingosines 7|EFZZ zt= AYIQIXHFA
(sphingophospholipid) @ W+olXth(2d 2). 54
=4 AEol EAsks diFEe] dxEL FFAE

AP 25 7MW, a7l ddste =4 72

Fatty acid tails Glycerol | Phosphoryl head
o
]
R1-C-0-CH,
o |
]
R2-C-0-CH
| o)
I
H,C-0 -P-0-X
I
o
< Glycerophospholipids >

[X; o, &9, oeZoil(ethanolamine), Al¥(se-
rine), ©|%=AlE(inositol) 19 ¥l wzt PC, pho-
sphatidylethanolamine(PE), phosphatidylserine(PS),
phosphatidylinositol(P) 522 FEHTHIE 1). 4]
FEAHo] =2 EAot= AA[AF+= PC}F PEO|H PS,
PI= v|=F Shgohal oy APIRIAFAF FolA =
A 2F(X)° ethanolamined %5 ZH= SM2 ¢}
ARZRAS A5, 2 5844 AF0A FHE

AZ0M Ix|Ee 2AY g

73715450l B MEd wEd AR7sAE
2 A 783 71sde 7 HEY 2 ARESE
of Az 7 AES risiH, AFFEtAA =
FH 715480 S T2 AES it A
Ao &ohe AAECHE E84) e AE =
2RI EU(PO2 A7184E 71e48 d==A
g3 FY2HE A0 =2 Fe Vs AREE
2 5550 =2 fiFot dFE YARE sk HAE
7FeAEel dREAL (1), DR FoZA Al

A FEY e IERolE 29 71-3(EPA, DHA) A

St okl QItH12). A7 64 AldHAE
QIR AFE0] cold acetone(0~5°C)ollA &80 43
2 0]83to], AAFELS cold acetoneHOE AME
9| F &, AANAY FHE FFEASIL ATH13).
AAAe] 24 ¢ T wisto] w2 dygyte] A o
TEo] syl $ka1, 71548 AEAA 7|6 d-E0]
s o] wet A JAAEES okt g 7

Fatty acid tails ~ Sphingosine | Phosphoryl head
OH
CHy(CHy)12CH=CH - CH
o |

R - (I:I - NH-CH

| )

H,C-0 - II;— 0-X
-
< Sphingophospholipids >

*R, R1, R2 = fatty acid residues (hydrophobic side chains)
X = hydrophilic head group

I8 2. XY J|ETE.
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B 1. AXES 2R &

CIXE 2R CIXE HY CIXIH 9f0{  pH 70IM &Fot X9 HY X9 A&
Phosphatidylcholine PC 0 choline —CH,CH,N*(CH3)3
Phosphatidylethanolamine PE 0 ethanolamine —CH,CH,N*H;3
_ _ _ -CH,-CH-N"H,
Phosphatidylserine PS -1 serine ‘
COO
Glycerophospholipids e T o
Phosphatidylinositol Pl -1 inositol @
OH
Sphingophospholipid Sphingomyelin SM 0 ethanolamine —CH,CH2N"H;3

5 H A
JAAHE9] AHFEAHEC] S7=HAH(14). W7t
AqA9 HAS 25 2ky Q= FAHufA ExH(am-

=0

phipathic molecule)?l IAA9] &3 HaliA+= &
A5t ¥]&9 chloroform®™ methanol 3-89 (folch;
chloroform : methanol=2:1, v/v)& F& Algst=
liquid-liquid extraction ¥Ho] AFEHT} Algz2F
B PS, PI®} &2 439 QIXAF &2 ¢Iste] HCI
I Z2 A A7beh7 & sk, ol B plas-
malogen(EEAE 244 sn-1 YAl vinyl ether
ZAgo] EA5tL sn-2 YA ester Ao] EA 5=
ether PLY 3t /)9 7I+EE FE3tH(14). A=
do A 8%t 2A 9 7]5H TS sh= plas-
malogen $2 154 4 5&E4 AEFERH
of ZAI5l3l ether-glycerophosphoethanolamine
(ether-PE)¥} ether-glycerophosphocholine (ether-
PC)ol 71 FH-otA EAstaL gloH, o]&2 Atol Hj
& dgste] &2 o A AHESHH EoiE AT
T ATH(15). AFIAME JdAE dFe] oF 18%7F
plasmalogen®o] Z}A|5t1 QQom, w3} Ld=3lo|H,
PGS, AEAEA 59 AT wHo] lvta Harg
th(15).

Algof A ghgo] =il QIA4E =
o A& liquid-liquid extraction WHOE
= 9 FFE g 771240 F&517]
AL ANRZHY folchHog &3 QX
AFEE=S
ARESte] A=) RAuFR-E(triacylglycerol 5)24%
AAEEZ 5okl 7E AAE S 22 AHT &+
AutA 0 & sjlica gel ARRS}
‘B‘P%k(ﬂ

=4
283t

ik

lo

Slfo]

=

o]

o o 1>

_ourlrr

O i

solid phase extraction(SPE)

oo ¥ oo o

=

koo &

o 1§32 45| 8T > Utk SPES
AR §5L 1) FUAL AR Aold] JEAEL

==X

&3t column conditioning, 2) folch &% load-
ing, 3) SXAL} FolA s gt EES AASH
7] 9%t vl & HE(FAZAEF AA), 4) SZA
o 2%4 Hst= &4 AAsH] A 34 &9 &
|74 &%) 59 w2 & o|Fojzrt. t¥gt ma-
trix®] SAFALOERY &3 AT AXFZ T
73 folch FEE2 4% |78 E AHESHA

o
9
s5tn GgHoR AAAL Hel ASHE WHow

uiSl)

Al

A SPEx 1 fjoto] & 4= Qlt}.
AAA EXHOo A ThestHA &2 A7t o
M) A=2E BAlO 7 ARAS B FHot= WH

oF vhutg 2 utE 241 (thin-layer chromatography,
TLOM ol F8A ol-&Ho] Yth(14). TLC 42
sto] oheFet A& uiEol et AEF S AL,
dutdo g ZERXE HHE, 2 FEI HEE
E3dsto] AE St A7 Bk o7]o] I acetic
acid, 92 Yo} & triethylamine 5= AR&35lo] 74
HRIAEE9 BYEE Eol|iA 5F3lrk(14,10). 4H
AAAF(PS, PDEY & floto] 4= E] 3
7}, 1.8% boric acid®] AHE & tHAgt HETL o]Fo
ReH16). TLC &4 & B|oy#Ql F&HW o= PLY
oA ZAels A9 Hlddos Auk
o|g Ao Adshe 325H 1831 UV lampE ©]

)

&sto] 7HHSHA ERIE 4= Q= primuline HEW &
o] AREET Uui(14). T HEHOoRE= AL <

A 59 Axngo]E o]-8sta] 180°C ol/follA 7HEst
of HAA I1&9= S AREH(17).

A HFS gt B =R v|=3-A]318H5](A0CS)
oA+ HAE QAXA EHHo=Z HPLC-ELSD HH
S AABETL LM (AOCS, Ja 7¢-07), ISOIAE &
AEof shaE AAd F7FS HPLC-ELSD WHoZ
AABEL QOISO 11701:2009), AleFA o= 2
deo] e AxA BEAHoz 31P-NMR(1H)¥}

LN |
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HPLC-ELSDQ2H)E AAstL Qieh. AAEFo| o4
H APARS] FF0 wEt 22 F9f 1A Hole} stz
T RT(retention time)7} & 4 947] w&of 31P-
NMR¥} HPLC-ELSD®o] AZ&EAHog AMEEI
ATH18). Z71FAHE7](evaporative light scat-
tering detector, ELSD)= E4E4E o543 s
Arg BEIlsto] BEAgo] & E4=4
o ARtEo] AEE= d8=E S3FE UV 57]9}
AZ7100 Hlste] /XA EAF W o|5ZAFY =, 7]
<7 €99 oA, 2% 5ol @ vty Ees2
FIAE = o™ matrix7t B3 A=A QIAE
AZo] &olstth19). AekA oA IAIRE JAXEAFES
PC, LPC, PE, N-acyl-phosphatidylethanolamine
(NAPE) 4%< &9 A=ty Ut o|df AHgsh= 2
H2 &AHnormal-phase)2Ho 2 UHIA O F silica
Adygo| ARREAT, BE4FHT9] 73 electrostatic
interaction W& tailing¥} H|7}94 &&o=F QIstH
29 2 59 EAFC] TR ALY Ees
S 11835}19] Diol-bonded silica Z2HS F& AMESH
tH(18). JAXE £ E AT ole 2= n-F4t, o]
ATZEE oM EAL EodottlS 747t ATt H
&2 AREstH, ojnf AREE= Ejodolvle] 7t H]
&2 243t /W AAA9 peak shapet £
MNAE & Qv 18 3= A9A AldHolA modi-
fied-gradientE o]&3dto] E43t QXA o] FAZutE
IS YeRQIt 31P-NMR E4HS WREZEEZ

(triphenyl phosphate, TPP)S AM&ste] Z+z+9] 7j
¥ XAES AFS= vHo g Al&sty v|myF

9l BAMO|TH(18,19). o] EAWe

folch

2AYS

=
%804 phosphate 15 Z= Q1A A

NAPE

SM

. HPLC-ELSDO| 3 2ME

A 4= 7] HZel
1ot &R (amphipatic) F+&9] AA]
4 31P-NMR E2A35112 & ufj A 1AofA
CDCl3: MeOH : EDTA £¥E9] H]&7} pH, AXH

/detergents(dl, sodium cholate, cholic acid, so-

Aoz

o] o]

Hwd =2 7L_1:._.§

o FE

NN
lo rrom
3.

dium dodecyl sulfate, taurodeoxycholic acid 5)

9 vl& 59 et EYEHE A8 AAZAE9 chem-
ical shift7} 24 yetdt. watba 5L3 2454

olg} stejte MA g 240 wet EeE= JiE 1A
ZE9 chemical shift7} & 4 7] W&o HAF
274 9T ff 97t g9y & 2004 = AAE
S 93t HPLC-ELSD, 31P-NMR, TLC H4Hoj
tfsto] QoFstqirt. wheba] AlEAMOA Q1AE 9
Aq-HF BE4S sto] HPLC-ELSD, 31P-NMR¥t
TLC 5]

oA AAFo] F2 olgu, A2 H‘%l 24
A, B3, Sfep] SR Fas AAYs
ARSI SIS0, G 31% et Aol o

Zo|A PC7} 70~80% QR &2 IS A5t
ATH21,22). FHAES H- *@J SHAA F H
AAAo| A YRE HEE o HAERF
= AE, RGeS AY, gReE 7154
59 €%), IEEIEE, AU YA 59 &)
5ol fokAl 2 EAHA|, BEA|, AEH 5o gofst
Al A= Uk

T w3} IFoA wrREe] Fa/do] tFEHA

AES FLASH= QX3 moleculed 7153 ZE

309

2XIE.
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Limit of detection

oA =4 oXE BF 3 = oie A EX
A = = IE T (I_OD, Ug/ml_) H IE EX'I
M XE FEEY Jzi0
HPLC- - J2 AESH -Non-linear response =
. ~ =K
etsp PG PELPC NAPE s o L E2 linear H9) 2015 wEA, 1819
=S Doz NS
ISR QKA FEEA  -LUKEH R J210
31P- PC, 1-LPC, 2-LPC, - XMN9| U8& - AN=E HAz(of w2t o
s , , ™ =K —
NMR  PE, NAPE, LPE S ES Mety 2 22es =Y 60~3.300 ffa“é 18720
. ﬂj_ = ?Eij_f =) . I7_<r8 |:||_|7D}E 1| ||_'rr
PC, PE, PI, PS, -QIXE HYEM -Lyso form £8| 0{2gg
e pe, LPE il riape CHe2 ngE 40~150 HAERE 19.20

mechanism®l| #gF A57F XgPHof| w2t 7E QX
Aol A 4 7540l RAEHA 754 oA o]
5] o]FolA L UTH?23). PCe MEOA 7P &
2 F(B0% ol AAst= AAERA QA W 1
F87d0] HuE Iok23). FPH == HARSH
2 ARRE= iR EAE sjE A" ] F$ PC
o] ool wet o REAZ (RS A, B, ww
5 M 32 AF 7158 AR AZEHIL Ao
(Solus Advanced Materials). QA= 59t &
FogRE QAAZ £ BAst, A&, FFE 4
ooFE So ¥Yga AFst YtHGoshenBiotech).
PE= 71404 & A2 =2 2 Uetd=d,
Ao|HZ& 9 giAE 53t PE o 7k £98S 9%
& Sle FRFYU AR Baska Qlrk(23,
24). PS9| 7 W2 w3} ¥ He aypF HaE
71998 &4 iAol EuEEA AR 7148 AR &
|HI JeH25). 7158 2AE ARREHI d= E
o1x|A 9] YR ZEE soy PSS milk polar lipidsZ%
B Ea-FAsto] HojA pS7} Qtt olEL HE H
Ao et +=(20~70% We)E thdFotA ok
AEALA D 7154 AE 9824 functional food,
health & nutritional food, dairy food, inner-
beauty supplement, emulsifier 52| Z2&o& &8
H311 QIek(Solus Advanced Materials).

Ui7|s FopollA FEHIAARORA QIXARE
FAE Fx9 FEZZ(iposome)] HEF AF(CHIA
M, 7+ 57 &S] olFojA WA A&, H&3
A7 beauty & health), ¥ 73t HoA ==
AAEE HEot= AFEo] dohFo] EA= ot
R HE FZEY19 AAolA =W A mRNA 24l
o /i do/gol FEHA = i Ak Y
Yo ZA mRNA HA 9 Ax7|&x} A AU

Q2HLipid Nanoparticle, LNP) 7|42 &H3l= A
o] ¥7o] =AUt LNP& Aol $UE mRNAZL &
=X LFOHA target cell7tA] AR FOoE ETSE
2 5= AgA 9L s} ol24 AGA IEE of
= AAEY T840 FAEHA mRNA AEAE 1L
&= EX AAAF[], DSPC(distearoyl PO)IE AZF
sto] A|-55tal AtHAvanti Polar Lipid).

2030¢ AlAI] HAE 2 QXA A &3
A" F RIXA AP HIA"o] mE2H, A E QI
AA A fEE=E 202149 519 7,0009F €9 E 7S
o, 2028H°0= 909 3,000%F €#lo o]& AL
2 A&5ATH206). olFA AR FE7F EHiE AL
7129 FAR3HA ol gt A4 2 HARSHA
QIR Ho] HZEHA 8 F7HE B9, oFF ¥
Ay Aol dANAY Y=7t SiEr] ool

BT IrH26). TebA HAEAU] eE A
(o)
o

A
A

49| DBE TEAORA ANUL TEEE FA3 £
S BAES HEste] A LS 913 Z|NhS vl

% 9la, ol B2 F HABAY K43 vrolo
Aol 4k A&l F1elg 4 9 Aol

dgsh A g3}, S EH2HE N 5 oY
7Is7de]l HilHal 9loH, 53] &
Az AR Z1ed ¥ e
gof o] Fa3 H4 J o
= 2§49 SolAe EehEkolE, HER,
4 59 7154 AEscl X DBE /sl A
5ot Qltt. ofof W3 ZolA= ETtE ol =e} ¥
ERE SH2E HAR 7|54 DB a/do] SHE
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3 A DB AR P& Ao ujet Aol g7 2449 4ES BE 23 xS £l

ot 7154 RS AL AEHVEEN AHREE ARFo] Aeket 7AW Y 4A=4dS XS DB

AAE RS0l R0, 2 4 fFE 982 5 4 FJEAFO] o]FoiAof gttt o]2qt HAFA

A= O] A, SR, QloRE SollA FIHA|, A, oA QAR HAY-AFF £4L ste d UiA

WA, A2A 5 sl ALET Atk QXS HPLC-ELSDS 31P-NMR, TLC 59 B4¥o] 28

£420] EAste FLHMZAAYERA PC, PE, PS, B % Atk HAEAY $RE /54 A4 @

PL SM 5 Qo] Agehe 472 £3) Wet  F 24 DB 75 W9 dlY % H4E 9o o

et F2E Uehfe], AdgsAEA A8 ANF 7154 YRS AFSHL, IALS DHER IR 2

o] g% 9 7|54l HAEUA 754 A2 Y U &5 sitEs Adste] 24 g AT 7S

o] & o|FofXaL et JE AAE9] 7 & ol & QA olF EdE =S4 sAEAY sS4

A N, UierlE FofollA FEHGAARCZA 2l "ol @ FAA 0] 4HY] Z]& gl 7o & S o]

A4 BEE A7, AAedR 7R, 2D 93k ok

Al 5 9orE 9 #HAE Ao AAA A —?&7}

Z7kgol et B4E AU AW DB TEL ZtALel 2

a7 A79 g0l WaY 71z ARE AFT & U

oh QAdY A FEF AR SEE g A4 B Anb 5E0TF SAB4U NSH4E 287

of Hsto] URHo] et AF FH= FE5IT AF ol W PESHIAME: RS-2022-RD010069)8] A9

Al EA0] gHrE IAEY DB 5 AsliAe A o5 o]Fojxl AME o]d] FAEHYT

ko
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