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Abstract

This study was performed to investigate the contents of fat-soluble nutrients (tocopherols,
retinol, carotenoids, fatty acids, and cholesterol) and phospholipids (PLs) in seven types
(imported SPA, SPS, SFS, and SSI; and domestic MLM, MPM, and NIX) of commercial infant
formulas (IFs). The contents of tocopherol and retinol activity equivalent (RAE) in the seven
IFs were 1.42 - 3.86 mg a-TE-100 kcal® and 64.90 - 144.95 ug RAE-100 kcal™, respectively. The
imported IFs contained high contents of lutein + zeaxanthin (29.68 - 32.49 pg-100 g*) and
lycopene (71.80 - 93.28 pg-100 g), while the domestic IFs did not contain lycopene. The
contents of linoleic acid (C18:2) and a-linolenic acid (C18:3) in the seven IFs were also within
the recommended ranges (C18:2, 300 - 1,400 mg-100 kcal* and C18:3, over 50 mg-100 kcal®) of

‘ Ministry of Food and Drug Safety. The ratio of arachidonic acid (ARA, C20:4)/docosahexaenoic

'.) acid (DHA, C22:6) was 2.42 - 2.74 in the imported IFs and 0.96 - 1.08 in the domestic IFs.
%r;)%calggr However, the DHA content of the domestic IFs (0.37 - 0.65 g-100 g fat%) was much higher
than that of the imported IFs (0.16 - 0.18%). Total PL contents were 108.02 - 135.93 mg-100

a OPEN ACCESS kcal™ for the domestic IFs and 6.05 - 66.70 mg-100 kcal™ for the imported IFs. The main

o ' . PLs of the domestic IFs were phosphatidyl choline (48.5 - 71.1% of total PLs), phosphatidyl
g;ttarféog;nﬁzzt?gfsf:rs;ﬁjbclgnr?l?tar?esr?tg ethanolamine (12.8 - 23.1%), phosphatidyl serine (7.0 - 11.6%), and sphingomyelin (4.3 -

and phospholipids in seven types of 21.5%).
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Al A 4= Jeke o] o] Qi AlokA] AERIHE 7|Et4ol dEH ZAEf= E4-8 A8l &oh=
ZARFEA 97 F2 A ES YRR 519 9 5
< 7Yeto] mfo] A2 fASHAl 7Has A o= A oJstal ITHMFDS, 2021a). ZAE-f-= 4817 |o] 2
g7 gF2 o7t /-5 A AT £ U= E 7S A0 E, 27 AE2 ol FFHEED, 7T AT 5)
o} HIeR, B7) A4S 7} A Zo]Qlth(Jin, 2005). X2 282 gold-standard = 3t ZA|E-5-0] JUHES &
et FAHE S BAske dqtE0] AEA 07 o] Fo|x| W A|lE50] At ot U fohg ZAIEH
£ 19700 o] F &2 R[e} JARHE S fd Tl d DA Hit Z H R 5ol A= }lom, 1990t o] &2
= Z2|v|Y 7H3 9] arachidonic acid (C20:4, ARA, omega-6) 47} L
Wt} o]F 2= docosahexaenoic acid (C22:6, DHA, omega-3)2] %7}
ZAEFE0] SAIE U 2AER2] 712 B/ GFFE=0l Z71ste] o] Fo]xoF 51, Duan 5(2019a)
o] &5tof] w2 FH2Q1 2-8(n = 34, mature milk 42 - 264 days)°ll*= 7} 2 E] - 0] E ZFof] 2E]| Q] (lutein)2} ] o}HEl
(zeaxanthin) $-Fo] B 3.85 ug 100 g' 02 71 =kal th2- v|ek 3 EZFE (B-crpytoxanthin) 2} HEF T2 El SF
ZH(B-carotene)°] ZF2} 3.60 pg-100 g1} 1.68 pg-100 ¢ 2-F-5FAT. ©] 20| lycopene ol B+ 0.34 pg-100 g
BRIt 2ol TSR A} F-2x 512 ¥hat Sheol ZH2Y 40.2%2) 59.1%°] A 2 H, o|w ARAS} DHA &
F2 27} 0.54%2F 0.77%3H--5 o Akl B skt Xue 5(2017)2] Ealo]| 2™ F=91 H-5-0fl+= B-carotene,
lycopene, 3-crpytoxanthin, lutein, zeaxanthin®| 2 HEE|H, o] & 7} 2E] o] ER= F2 A E3]|of £2H5hH QA
Uloll A §do] el B &2 S AT =M ShiE e =0l

ZA| 2ol s tiEA QI X84 JYAF -2 EFH|E(tocopherol), 2| E] & (retinol), 7 F2 E] = 0] =(carotenoid),
A|HAk(fatty acid), =2 A El|Z(cholesterol), 212 & (phospholipid) 5-°] ATt ZAE-G Zof] 2A5H= E A== (H]et
2 E)2 a-, -, Y-, O-tocopherolE0] 2 E2H5}taL 11 o] /g A1 a-, B-, y-, O-tocotrienol©] A% HEE 4~ glom, &
Foll= T2 dutETH EZ TRt ATHDuan et al,, 2021a). HIEFT Ei= QUA| W] E/4tASE AAAIA A
3} 2h8-S ko] Ak} 2| Shel(lipoprotein)2] AFSFR2ELE] Z|HHARS: H S 3 Ricciarelli et al.,, 2001). 5 H=
/d AekS ofiotal S FAI717] wiEol Ffotell ot YA EClThRicciarell et al., 2001; Xue et al.,
2017). HIEFY] A= 2llEl=2t HIERRI AQ] /& UEtH = 7t 2 E o] ERYup7t 26, eI 2, HEt A g E
Zheh)e] F3olot. =-5-2] HIEHTl A+ 22 A7 el 2]l o AH|2 et ofu g} T H|EFT ARl 7HEE]
olEg® EAshH, JuAzet Huke 7|52 fAIstaL, F-fote] Adael lojA FaAQl tiA 7] 5t A2
o)) F 83k A2 SHth(Xue et al,, 2017). FrotellZ]l B gt YL 8|2 (lutein) 2 A oFLH (zeaxanthin)
12t of| o] =32 51, lycopene AtE0 B33 1L HAH S FIAAS = A= tE
7} &2 E] e 0| E0|Th(Duan et al., 2019a). ZAE-Foll A A2 T34 Q1 of x| 0 = o]-&o] = FAlof] A&
[EFRIS(A, D, E, K)°] Y&t F4E =5 Lot JYAEolth(Son et al,, 2011). A4S F H7Fa23}
Q1 ARA (C20:4)2} DHA (C22:6)+= Yol 78 Eo] EAlistk= A|Aito 2] AgA| Fudrgdy 72t 7|5 5
= 4 A thMozaffarian and Rimm, 2006; Zou et al., 2021). =3+, ARAS DHAS] w83 += A3
of| ol F 25kl B 1% 31 QITkSimopoulos, 2011). A& k&P A 9] A5 7|& L 4o
ot ZA R0l A 2=l hlinoleic acid, C18:2, omega-6)2} a-2]==4H(a-linolenic acid, C18:3, omega-3)2] H]
€0]5:1-15: 19 H|-go] E| =& 7]|ZS AA|5FLJTHMFDS, 2021a). 2804} A2 human milk fat globule
(MFGM)°|2}1l oh= Z 20| & HUgA Fei= S5, QXA 445 = (phospholipid trilayer membrane) 2= E2]
Mo AtH(Zou et al,, 2012). E-Fof] 2 o= tiE4 Q1 Q12|22 phosphatidylehanolamine (PE), phosphatidylcoline
(PC), sphingomyelin (SM), phosphatidylserine (PS) 5°] &2 Z25}H, gF=29] Z-fof=SM©] 2.35 - 832 mg-100 g"
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].

=k
=
(o]

ol
o 32

o2 71 =2 gekg Holo, thS PC (1.13 - 3.14 mg 100 g )2} PE (0.68 - 421 mg-100 gy 2 HEH T
ChDuan et al., 2021b). °] 5 AA| AL A|ZuRS LAIGI | Al mf|o] vt ul = A7 A o] digho]] 29
Stth(Jiang et al., 2018). 55| PEQ} PC= 242t SEl| AHIE Aot 7HAS X 5ol =32 11, PCet SM
HEQ] B o gl & gy} 3 T o] 9lom, pS= S3AI3A|2] el 2.3 /IAFE B 1% 31 3ltK(Cohn et
al., 2008; Claumarchirant et al., 2016; Duan et al., 2021b).

B AR A= AlFo] FEEHI Y= $ULE ZAE-F 45(SPA, SPS, SFS, SSHT} = UAF 24|27 35(MLM,
MPM, NIX)°l| 3H-7- HIEFR] E(EFHE 2 EF Egjollz), HIEFRI A (retinol)2} 7 F2 E] i 0] ER(FE| ]I, Z|oFRHE,
H|EF Y EZFEL, lycopene, QL2 EL HIEZ LR E), 2 HbAE HeF 9 S| AH|E, Q1A A2 A)S BAso] H] st
Aot 2 A= ZAER S A 71 ZAE R o &2 4 S Ao AL H

Cly

o

Materials and Methods

M=

A3of AR AlFof GEE I Q= £UAF ZA| RS 455(SPA, SPS, SFS, SSHIF FUAF ZAE-F 3E(MLM,
MPM, NIX)Z Ui &3 Aol 4] Al-g-1kof FA o] AR5t 735:-0] ZA|E-7 7 E= Table 101l HLEHHO*E} =Ait

ZA S SPAL}, SPS, SFS+= 22H9] milk-based A =5 2 4] DHAS} lutein, B]EF E7| 4SHe A ZE50]3) a1, SSI A=
2 soy-based = HAHF- 2 2 A DHAL} lutein, BIEFY E7} 73HE #|&o] itk = uiAk A5 3—'—01] A MLM-& A}
A& 0] 3.2, MPMI} NIX+= milk-based =2 Al &-50]itt 7]7] 24 of] AFE-H 7-7]-8-01 S (n-hexane, chloroform,

methanol, acetonitrile, isopropanol, n-heptane)< HPLC grade (Fisher Scientific Korea LTD., Seoul, Korea)©] 2T}, Pyrogallol
(254002-250 g)2}+ hexamethyldisilazane (52619-50 mL, > 99.0% purity), chlorotrimethylsilane (92360-25 mL, > 99.0% purity)
2|31 ZF PSS A 2ol AREH T FE-S(cholesterol, C8667-5 g; retinol, R7632-25 mg; a-tocopherol,
T3251-5 g; rac-{3-tocopherol, Supelco 46401-U; y-tocopherol, T1782-25 mg; O-tocopherol, T2028-25 g; 5a-cholestane, C8003-
1 g; L-a-phosphatidylethanolamine, P7943-25 mg; L-a-phosphatidylcholine, P3556-25 mg; L-a-phosphatidyl-L-serine, P0474-
25 mg; sphingomyelin, 85615-50 mg)-2 Sigma-Aldrich Korea (Seoul, Korea)ol| 4] -5} Tt

Table 1. Nutrient information provided on packaging label of seven infant formulas.

Capacity

Sample Name  Material-based Periods Manufacture Fortified nutrients (weight [g]/water [mL]/ UeE s o
calorie [kcal]) )

SPA Powder milk-based ~ For baby’s first year USA DHA, lutein, vitamin E 21.99/156/100 658

SPS Powder milk-based  Brand fed in hospitals USA DHA, lutein, vitamin E 21.99/156/100 638

SFS Powder milk-based ~ For first year USA DHA, lutein, vitamin E 21.99/156/100 638

SSI Powder soy-based Birth-12 months USA DHA, lutein, vitamin E 21.99/156/100 658

MLM Liquid milk-based Birth-6 months SouthKorea ~ DHA 15 mg-100 mL" -/142.86/100 200 mL

MPM Powder milk-based 100 day-6 months South Korea - 20.89/149.25/100 800

NIX Powder milk-based 6 months-12 months ~ South Korea - 20.89/149.25/100 280

DHA, docosahexaenoic acid.
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agd| dolHo| ottt ETHE, ZEl5, II=E|L0|E, S AHIE SA FEH

ZAERolM EFHE, 2lElE, 7RE ol &, FRAEIEY A8/ HASEES S 2 A3 & A&
’d o2 the 3} ZHo] SA] 2&3}%THKFDA, 2012; Duan et al, 2019b; MEDS, 2021b). AJ2 2 ¢ 100 mLo] 32
ol FHstal FAFRIA = 6% pyrogallol ethanol 82 715t0] A5t 2 S3E =5 vortex 2 v A8} T
S %81} FZ7](JAC 2010, KODO Ultrasonic Co., Hwaseong, Korea)oll A 10559+ 271 F2SHS 21845 F 60%
KOH &% 8 mL2 3750 vortex® w351 20| YWR37]1 & AR 1250 X|es6iqitt. o &5
o] air condensers 25} 75°C2] 100 rpm 22 A3 H shaking water bath (VS-310SWR, Vision Scientific Co., Ltd.,
Dagjeon, Korea)Oll 4] 1A|7F5?F A3HE X35t s ehg3dt & FE3o] 55| Y2HE S mf 2% NaCl &
ol 20 mL¥} = -8l(n-hexane : ethyl acetate = 85 : 15, v/v, 0.01% butylated hydroxytoluene [BHT]) 15 mL-& %75kl
vortex & 22-=0F &315}9 k| S22 251 Q= Ba|H A5 H-2 anhydrous sodium sulfate columns S+
o 22 A75EAL 50 mL g5k A0 H AT ol2fe 5 S Al REE4alsto] dojl vl gekE

o2 50 mL F-§EetA oA = 7HA] A8 & 2 235t o] FA| Aojzl vjHSE FEH 50 mL= 2t

A3 2 Foto] EXEE, 2lElE, 7F=E wo| &, S| AHE SHF A0l AFgSQltt ol ZF A5l &
2 3RhE0 2 23|l 2el=} HIE AR/ S YEl= 7H2E| o] E= 2llEE 2/ d % (retinol activity
equivalent, RAE)2 &2 TH2-3} ZHo] SHAFSIITHRDA, 2016).

ol

M
o 1=
o 4

F

N

2
ox

1 RAE =(1 pgretinol) + (1/12 pg -Carotene) + (1/24 ug a-Carotene or 3-Cryptoxanthin) 1)

HPLCE 0|23t ETI|E Siat 24

A EFolA EXN S A5 duta|gHolA H]EFT] EQ] HPLC ol &oto] 2451
THKFDA, 2012; MFDS, 2021¢). A|5& &2 2|2 At & dojxl v|A3tE FEHYol|A 4 mLZ 25-mL screw-
capped vialol] o}l A A2 &l & 25| #| 7519 n-hexane 2 mLol| Z-&-3l5ATE. -85l F222 0.5 um
disposable syringe filter (PTFE, Advantec, Tokyo, Japan) & o 2}5}to] E 5|2 A 22 9|5t normal-phase HPLC (JASCO,
Tokyo, Japan) =44 0]] A25F T BA1A 72 LiChrosphere®Diol 100 (250 X 4 mm, 5 um, Merck KGaA, Darmstadt,
Germany)°| 213, ©]-5/F2 n-hexane : isopropanol (99.4 : 0.6, viv) T2 01E 1 mL-min'e] FFo=2 588 =71
oA EASIATE HE71+= A 71THHEXN) 290 nmeF S THHEmMA) 330 nmE A =] o] )= fluorescence detector
(FP-4025, JASCO, Tokyo, Japan)& ©|-8-5ttt a-EXHE(a-T), B-EZTNE(B-T), y-EZHE(y-T), S-EZHEO
1)) HFAL 0.625,1.25,2.5, 5, 10, 20, 40 pgmL'2] =52 23191, Al 2 F} S Aul4E 7Qbsko] Al
ollxle] 7t EXT|E (e 100 g) Q& FAFSIQIT 0] 59 2t 4F-2] EF E 2lofli(T3) o/d A &2 ZH2te] EX
& A2 o] &oto] FFottt EF ST = MU v]EM] E €432 LEFHA= a-tocopherol equivalent (a
-TE)E Th2at o] Hiksto] LFeR it

0o-TE=(a-T X 1.0)+ (B-T X 0.5)+ (y-T X 0.1)+ (0-T X 0.01)+ (a-T3 X 0.3)+ (3-T3 X 0.05) )

HPLCE 0|82t 2lIE|= & E4

ZAEFollA 2lEs B2 normal-phase HPLC #4122 o] Foj Ko} HIH3E F59 10 mLE 25-mL
screw-capped vialol| H3to] A2 GoiE 15| A A the %720 chloroform | mLE 47}k5te] A
B2t ¥ 0.5 pm disposable syringe filter= ©1}5}0] HPLC &A]0]] AR&-5HITt. 2llEl=2] HPLC 242 913 2
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212 LiChrosphere”Diol 100 (250 X 4 mm, 5 pm, Merck KGaA, Darmstadt, Germany)©| 11, ©]' 542 n-hexane :
isopropanol (95 : 5, viv) £+-&IE 582|204 | mL-min'9] FFoZ BASHIc 240 ALEE FBHE
7= A7|15PHEXN) 326 nme} S THEMM) 470 nm S 2 A5t el w ZEEe] AP 520625, 1.25,
25,5,10,20,40 pgmL 012100, A] 2055} B A2 Ziehaled Al ZolMe] elEhis Bk ug 100 ¢S ToHTH

HPLCE 0|83 72E|:-0|= et 2

ZA| B0l A 7R E]| 0] E= a-carotene, [3-carotene, 3-cryptoxanthin, lycopene, 12|11 lutein + zeaxanthin2] $HF
2 24519 thDuan et al., 2019a). A3t & HolZ B ASHE FEH 10 mLE 25-mL screw-capped vial®l] 33t S0
£ A4 2 73] A A5 n-hexane 1 mLOoA| ZH-&-85FA T TH- 0.5 um disposable syringe filter= 25} reversed-
phase HPLC 4] (Younglin, Anyang, Korea)©l] AF-8-5}%1th. 72 E] lo] = A of] A8 Z -2 Shiseido Capeell Pak
UG120 C18 (250 X 4.6 mm, 5 um, Shiseido, Tokyo, Japan)©] 1.0 Z}2] F-&38334 =7 % 7| (UV/Visible detector)”}
A2zl o] Qo] 450 nme] Tl A EAISIITE o] 52 7|2 7] &8 2 A £l acetonitrile:methanol:methylene
chloride &3H-8-02] H]-E0] 75:20: 5 (by volume)°| 2.1 B £0l+=A &3H&-02] H]-E°] 70 : 10 : 30 (by volume)©]
E =2 51k B 248 Aol H 13t Zloj 51 THDuan et al., 2019a). 7F2E] 0| & 6Z0] EEE-S 1] 5}0]
2}240.1,05, 1,5, 10, 20, 40 pgmlL 2] ‘5= 2 A& 25kl Al st 3| A4S Zetsto] AlBolx o] &
(ug-100 gy 513t o] lutein} zeaxanthin®] $Hg-2 §0 2 LFERYRI T

oF

} shak B
OO0

S| AHIE REASE R GCE 0|8

1z

I

ZAEoIA S AEE FF2 F23 HASE TS FHto] AE3 R0l wet EguwgAd
(trimethylsilane, TMS) Ol|E]| 23}t F-EX|8FSE &, gas chromatography (GC, YL6100, Younglin Co., Ltd., Anyang,
Korea)= A %F6FTHKFDA, 2012; Lee et al., 2015; MFDS, 2021b). 743} & Aozl 220 12,5 mL-S 25-mL vialol| 3
sto] AR BulE 5] A A5, acetone 3 mLZ 37151 vortex 2 w2 3loto] ThA] ZAE BulE 2Hd 5] A
At 129 vialoll dimethyl formamide (DMF) 3 mLS 3 7F5}aL vortex 2 X&9H & o] Fo|A] | mLE AlET
(test tube)©ll |5+ hexamethyldisilazane 0.2 mL2} trimethyl chlorosilane 0.1 mLS ¥31 PP7HE- Hro} 12 52t vortex
2 gsto] Ag-2ollA 1525t A x|sto] f=Ae} sttt o3 2F Algdaol] Ui #2321 5a-cholestane (0.1
mg'mL" in heptane, > 97%)2t S-F4* 10 mLE 7Fsto] tPiE Bl 18259k X1ga3let. A=oll A ®Fx]sto] &
2] 5 4$Z5(heptane 3)2 anhydrous sodium sulfate columne St} 4=2-& A SHIL 0] & GC vialoll &4t &
H AE|E £4]2 HP ultra-2 column (Crosslinked 5% PH ME siloxane, 25 m X 0.2 mm X 0.33 pm, Agilent, Santa Clara,
USA)°] A=te] o] Ql= GC (YL6100, Younglin, Anyang, Korea)S AF8-513ITE 24 oven 2%+ 27| 250°COlA] 5
259k F-A5kaL 285°C7HA] 10°C-min' @ & /F5510] 2042-5-9F R ASHE & oIl U} AE7] 2= 22
280°C2} 300°C= A7 5FA 2 H, carrier gas= He©| ATt ZEIAEIE AT= 9t A4S UREEE2d 22
AHE BEE9] 5= HAH](cholesterol area/5a-cholestane area ratio)S 7610 A&7 Hol up=} 2Hds5kiTh
(KFDA, 2012; MFDS, 2021b).
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TR 55 U GCE 0|83 Ayt e 2

e

ZAREROIM A 5 B AR FRFREA 2 AE3 7 E(MFDS, 2021d)H AOAC (2001)2] H8iol| w2t 4t
ZFerdll ez 53t & PASIUEF HEE-82(0.5 N NaOH)Z} BF; H|gHE -§2llo 2 2t mEo] Ax =
skslo] GCZ BASIATE A& 1 g2t 6% pyrogallol ethanol- &2 2 mL, triundecanoin (internal standard, 5 mg:mL" in
iso-octane) 1 mL2- 50 mL vialol] #5t0] #23} &+ & 83 M HCl 89 10 mL-S 371519 80°C, 200 ppm o2 A H
shaking water bathOl| 1|79t 7F=E5l513th B 5 diethyl ether®} petroleum etherS- ZH2} 15 mLA2] Z7Fsto] =
A& F2510 01, 28] HHE &3 S 8uE 25| Al At AW S-S it dofxl 2ol 0.5 N
methanolic NaOH -8 3 mLZ %7}5}o] 85°Col|A] 10252t 12} methylation= X883, th F55] Y245t &
14% BF, HgF2 890 5 mL2 7510 85°Coll A 108259k 23} methylationS X 3Y5HAck HHS- e+&

5 mLa}F 223} NaCl 84 1 mL& 37t vortex &F & 22| 52 GCEAoll ARSI At & ks
2JSF GC (Hewlett-Packard 6890 series, Agilent, Santa Clara, USA)= SPT™-2560 column (100 m X 0.25 mm, 0.2 um film
thickness, Sigma-Aldrich Co., St. Louis, MO, USA)°] 2E]of Q1 1, carrier gass= He Q& -3-3F0] 0.7 mL-min"'©] ¥t
FUAFt AZE7) 2= 212} 225°C2F 285°C o2 AR W, split ratio= 200 : 1 ©]JAT}. ZF A|HFALS ] 1]3 5
73 Supelco 37 Component FAME (CRM47885, Supelco., Bellefonte, PA, USA)°l| 2]5}to] o] 2o o | wkat 7
25100 g' ©F LEFHRATHDuan et al., 2019a).

FA Rl A A A ] & W BAL Duan 5(2021b)Q] R0l F3to] £= Ik ZAEF 0.5 g2 AlRE
254 6 mLol| &3] 50 A folch 22l (chloroform : methanol =2 : 1, v/v) 24 mLS % 7}sto] 2259k vortexst
o} oh3 €A E2(3,000 rpm, 102)5+%] 5F(chloroform &) FrZANEEO] X4 columng Ssto] &
2 A| 715 5 25 mL -8 ol Bt} T2 /dZoll chloroform 12 mL2} methanol 1 mL-& % 7}sto] HHESZ5t0] A
07l 5125 THA| 25 mL A-& 5ol &7 2ot N2 &1l E 5] A7 gt & BAIE S5t 5T Al Es
folch -89 100 pLol| 504 A] HPLC Aol A&t ZF QIA| A HFEE-2 0.05 -2 mgmL 2] =2 A
S A5 Q1A A HFEAS YMC-Pack PVA-Sil column (S-5 pm, 250 X 4.6 mm LD., YMC Co., Schermbeck,
Germany)™} evaporative light scattering detector (ELSD, ZAM3000, Bad Honnef, Germany)-2-2 72}=|0] Q)+= normal-
phase HPLC 2710 2 BX59tt ELSD HE712] B4 2712 set heating 65°C2} nebulizing gas flow 2.0 L-min" O
& A5kt o] 542 712782 2 A -&1l(2-propanol), B -8-l(hexane), C &P l(water)E 7] A 80l : B 871 :
C-81=58:42:0 (V)] Bl &2 SHFTZI4E7FA] 58:40:2 (A: B : C, vv/iv) B &2 HAE == 5191 0, o]
T 11E7HA] 52:40:8 (A: B : C, vivv) 2 HA = =5 51, 242 71H4] o] HI 22 F-A[sH3ith

Results and Discussion

ZHER 752 EIHIE g

Al E-olokEebd A o] AlFHE 7|& B 4ol EW, JfoF ZAE-R-2] HIEI EEZH &) 0.5 E=07
mg a-TE- 100 keal' 9] 7]Z712-S A|AI5FL QTHMFDS, 2021a). Duan 54(2021a)2] X 10j] wh2 ™, $H29] 2.Gojj=

% EF9E Ko, B, V- S-EFTZ)0] 0.09 - 0.75 mg-100 g'2] HY 2 AEE ek 519t} o] Fof|A] dut&
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FH[E0] 0.072 - 0.632 mg-100 g 2] ¥ S LEFNH 71 =2 SHFS LFER I THDuan et al., 2021a). A0l A] 3
)= o -fof ZAE-G 72(SPA, SPS, SFS, SSI, MLM, MPM, NIX)2] EFH|Z(a-, B-, y-, §-T)1} 152 o] Adxj|Ql
EFEZol5(a-, B, V-, 6-T3)2] TS 415107 Table 201 LFEFN QAT S BAISH 7t & | = Slef 2] 2 o]
85}o] AW vl E 2AdS UEH = o-TER ZHAFSITT =0l JFAF7 ]—v—(dletary reference intakes, DRIs)<

Hod o7 WIAHHD, FEAHT 2 ASHAHZ o R R E o] =], FRote] F9 2f 2 AR 52
AlERES AFH 7] wizell J }—J P72 SEAIHTC] Lol =23 QEHKNS 2020) Alokx] A&
71& 9 74 ol M= 2| tEFS 5 B 7 mg a-TE 100 keal ' 2 A AJSHIL Ut} ZAE-F 752 24 S 23} SPA

9} SPS, SFS, SSI A|Zof|A & E_-_nﬂi 3heFo] 22.11 - 24.33 mg 100 g' O & H| WA =2 &eko] 742H°*E} o|A
2 mga-TE-100 g' & FHAFSI-S ] 15.75 - 16.22 mg a-TE-100 g'ol| G == gHol it o] & Al 5o g &
FHE2 F2 YHE THZ(14.93 - 16.69 mg-100 g )&l ko ok ZAtE AW (127 - 1.92 mg 100 ") &
o2 vehgth BFEAE-RQA MLMS] & EFTE 72 2.00 mg-100 ¢' (1.13 mg a-TE-100 g')°] o, 22t
ZAE-F MPMI NIXE 2H2} 10.76 mg 100 g (6.79 mg a-TE-100 g2} 16.17 mg-100 g (9.07 mg a-TE-100 g")2] &
EFmE %P%% BRI o] & ZAEREE YotEs g Tl 7 =30, o AntE R E, detE

FHE o2 HEEHJTH AT MLMIF MPMol| A= EF Eg|oflisR(a-T32} y-T3)S°] 0.04 - 0.10 mg-100
g' W2 A% AZT AT £AAk Xxﬂ - SPAR} SPS, SFS, SSI2] 100 keal & mg a-TES] T2 3.46 - 3.86 mg
a-TE-100 keal' 2 H| 23] 2 3FS AT WG AEF MM} EUZAE-F MPM, NIX2] 100 keal & mg

a-TEQ] 32 1.42 - 1.89 mg a-TE- 100 kcall $F0 2 MZ AR RS UeRAQICh 750 ZAIEG B 5

o} ZA|E-8-9] AlZH 7] W 7oA H|E EQ] 7]2X]9] 0.5 = 0.7 mg a-TE- 100 keal ' 2.CF =0 A X
& 71591 7 mg a-TE-100 keal’ 0|55 LtERH O] 7]EX| S RSt 20| ith. U4t 45-(SPASE SPS, SFS, SSI)
o] EFu|Z §}afo] =2 A2 0] 50 A|HHAF 24 (Table 3 and 4)0l|A] B-L3FA A} Slefo] =th= A} E5] 2]
HAHC18:2, n6)2] ol &=9t7] wiEol FAEIA A EFHE ShakS 735t Zlo 2 AFRHTh A2 Aok
AEE 712 9 FAcIM = ZARERollA 2lEeiitaidol 1 g oldel 79 243 0.5 mga-TE 100 keal '] H[ &2
7} ojof Shetal Gl QITHMEDS, 2021a).

Table 2. Tocopherol and tocotrienol content (mg-100 g*) of seven infant formulas.

Tocopherol SPA SPS SES SSI MLM MPM NIX
o-T 1493+0.16 16.69 +0.99 15.54+0.12 15.34+£040 1.03£0.01 631032 8.35+0.56
B-T 0.54+0.04 0.52+0.02 0.68 +0.05 0.38+£0.07 0.05+£0.01 0.24+£0.03 0.34+£0.05
v-T 530+0.11 5.65+£0.12 5.92+0.50 6.69+1.64 0.74+0.01 343+0.38 535+£1.20
&T 1.33+£0.06 1.27+£0.04 1.84+0.66 1.92+0.21 0.15+£0.01 0.68+0.39 1.87+024
a-T3 ND ND ND ND 0.01+0.00 0.06+0.01 ND
B-T3 ND ND ND ND ND ND ND
v-T3 ND ND ND ND 0.03+0.00 0.04+0.03 ND
T3 ND ND ND ND ND ND ND
Total 22.11+0.25 24.14+1.09 2399+ 1.09 24.33+1.39 2.00+0.00 10.76 043 16.17+£0.73
mgo-TE100 g' 15.75 1753 1649 16.22 1.13 6.79 9.07
mg 0-TE"100 keal” 346 3.86 3.63 3.57 1.62 142 1.89

o~ T, a-tocopherol; B-T, -tocopherol; y-T, y-tocopherol; 8-T, 6-tocopherol; o-T3, a-tocotrienol; f-T3, B-tocotrienol; y-T3, y-tocotrienol; 6-T3, d-tocotrienol; ND,
not detected.
* o-TE, a-tocopherol equivalent [0-TE = (0T x 1.0) + (B-T x 0.5) + (y-T x 0.1) + (8-T x 0.01) + (0 T3 x 0.3) + (B-T3 x 0.05)].
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Table 3. Fatty acid composition (g:100 g* in sample) and cholesterol content (mg-100 g*) of seven infant formulas.

Fatty acids SPA SPS SES SSI MLM MPM NIX

C4:.0 ND ND ND ND 0.01+0.00 0.07£0.01 ND

C6:0 0.03 +0.00 0.03+£0.00 0.03+£0.00 0.02+0.00 0.01+£0.00 0.08 +£0.00 0.07+£0.00
C8:.0 044 +£0.04 0.38+£0.01 043 +0.05 0.39+0.00 0.04+0.00 0.29+0.00 0.35+£0.01
C10:0 0.39+0.03 0.34+£0.01 0.38+0.04 0.35+0.00 0.05+0.00 0.35+0.00 0.36:0.00
C12:0 325+022 2.84+0.00 3.09+0.32 2.87+0.01 0.24+0.00 1.93+0.00 1.78£0.01
C14:0 1.40+0.09 1.20+0.01 1.29+0.08 1.19+0.01 0.18+0.00 1.34+0.00 1.16£0.02
Cl4:1 ND ND ND ND ND 0.05+0.00 0.04+0.00
C16:0 227+0.13 1.87+0.03 1.99+0.12 1.95+£0.03 0.53+0.01 346+0.02 3.56+0.10
Cl16:1 0.03 +0.00 0.02+0.00 0.02+0.00 0.02+0.00 0.02+0.00 0.12+0.01 0.09+£0.00
C18:0 0.85+0.04 0.70+£0.01 0.79+£0.04 0.77+0.01 0.24+0.00 1.39+£0.01 1.24+£0.04
C18:1t 0.02+0.00 0.01+£0.00 0.01+£0.00 0.01+0.00 ND 0.04+0.00 0.02+0.00
C18:1n9 10.50+£0.57 9.16+0.16 9.84+0.57 9.59+0.17 0.76+0.01 6.09+0.04 5.75+0.17
C18:1n-7 0.23+0.01 0.194+0.00 0.20+0.01 0.21+0.01 0.03+£0.00 0.23+0.00 0.20+0.01
C18:2t 0.03+0.00 0.03+£0.00 0.04+0.00 0.03+0.00 0.01£0.00 0.13+£0.00 0.12+0.00
C18:2n-6 6244035 4.83+0.06 5.33+£0.32 5.24+0.05 0.62+0.01 5.05+0.02 472+0.11
C20:0 0.08 +0.00 0.07+£0.00 0.07+£0.00 0.07+0.00 0.01+£0.00 0.05+£0.00 0.05+0.00
C18:3n-6 0.02+0.00 0.02+0.00 0.03+£0.00 0.02+0.00 0.01+£0.00 0.06+0.00 0.060.00
C18:3t 0.01+0.00 0.01+£0.00 0.01+£0.00 0.01+0.00 ND 0.03 +0.00 0.03+0.00
C20:1 0.06 +0.00 0.05+0.00 0.05+0.00 0.05+0.00 ND 0.04+0.00 0.04+0.00
C18:3n-3 0.62+0.04 0.47+0.00 0.56 £0.04 0.48+0.00 0.08£0.00 0.53+0.00 045+0.01
C20:2 0.01+0.00 0.01£0.00 0.01+£0.00 0.01£0.00 ND 0.01£0.00 0.01£0.00
C20:3n-6 0.01+0.00 0.01£0.00 0.01+£0.00 0.01+£0.00 ND 0.02+0.00 0.01£0.00
C20:4n-6 0.11£0.01 0.11+0.00 0.11+0.01 0.10+=0.00 0.02+0.00 0.13+£0.00 0.08+0.00
C20:5n-3 ND ND ND ND ND 0.03+£0.00 0.02+£0.00
C22:5 ND ND ND ND ND 0.01£0.00 0.01+£0.00
C22:6n-3 0.04+0.00 0.04+0.00 0.04+0.00 0.04+0.00 0.02£0.00 0.13+£0.00 0.07+0.00
Total FA 26.63+1.55 22.38+0.27 2433+1.51 2342405 2.88+0.04 21.67+0.11 20.28 +£0.48
XSFA 8.72+0.56 742+0.04 8.06+£0.55 7.61£0.01 1.29+0.02 8.96+£0.05 8.56+0.17
YUSFA 17.86+0.98 1491+0.23 1621+0.95 15.77+£0.23 1.57+£0.02 12.51+£0.06 11.54+0.30
XSFA/XUSFA 049 0.50 0.50 048 0.82 0.72 0.74

C18:2/C18:3 10.00 1020 9.40 11.00 8.10 9.60 10.50

C20:4/C22:6 2.59 2.74 242 2.58 0.97 0.96 1.08

Crude fat% 29.68+1.20 2475+041 26.95+097 27.28+0.17 5.14+0.02 24.19+0.00 23.51+£0.29

Cholesterol (mg-100 g") 19.24+0.78 10.63+0.22 3.70+£0.05 0.25+0.04 11.33+£0.13 68.65+1.09 49.73£0.34
Total FA, total fatty acid content; XSFA, total saturated fatty acid content; XUSFA, total unsaturated fatty acid content; Crude fat%, fat content extracted by acid-
hydrolysis; ND, not detected.

Table 4. Major fatty acid composition and cholesterol content (mg-100 kcal?) of seven infant formulas.

Fatty acids SPA SPS SFS SSI MLM MPM NIX
C18:2n-6 (mg-100 keal) 1372 1,063 1,173 1,152 885 1,054 985
C18:3n-3 (mg-100 keal) 137 104 124 105 110 110 93
C20:4n-6 (ARA) (mg-100 keal ) 24 23 24 23 26 27 17
(€22:6n-3 (DHA) (mg- 100 keal) 9 8 10 9 27 28 16
TSFA (g-100 keal) 192 1.63 1.77 1.67 1.85 1.87 1.79
SUSFA (g 100 keal ) 393 328 3.57 347 224 261 241
Total FA (g-100 keal ) 5.86 492 5.35 515 411 453 424
Crude fat (g 100 kcal ) 653 544 593 6.00 734 5.05 491
Cholesterol (mg: 100 kcal) 423 234 0.81 0.06 16.19 14.34 10.39

ARA, arachidonic acid; DHA, docosahexaenoic acid; ZSFA, total saturated fatty acid content; ZUSFA, total unsaturated fatty acid content; Total FA, total fatty
acid content.
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ZHE7 752 gEl=2 FI=E| 0| =R S

ZAERolA HEl =z} 7HRE] o] =Rl FH| 1At x|optel, vt 2, dulrt2E, HEta 1 EZME, lycopene

IeFe 241610 Table 501 AH|ATSHATE HIEF] A= 2lE] =2t HEp IR, dupzt2 6, veta 3 EXE o] HIglT] AQ]
S ket HuEa glom, E HiEl AE Bl HEPI2E, dulpt2 8l Hieta H Exbe Zhof| vlelg] A%
AAIRE ZARbsto] BEls SATTHRAE)CE FE 715101 QITHRDA, 2016). 0] 2ol 7F2E] o] =& 5 ZE|Q1x} Z]of
ZHEl2 o-gofe] Alzbdrdol F 835t A3hE o7 wiEol 523 JFIAO| T Duan 5(2019)0l WhEH, $H=1Q1 25
(n= 34, mature milk 42 - 264 days)°l|A] 2 7}2E| 0] & TR 268 - 24.89 g 100 g' O & 7AZE|g] oM, o] Foj|A] ZE|
Q13 zjopztele] Fto] 1.15-9.68 pg 100 g 'H= HEE] o] B| w4 = 4al, ok HEF H EZME(0.53 - 1096 pe-100 g1),
HERFZE(049 - 946 g 100 g), lycopene (0.00 - 122 ug 100 g, 7 F2E(0.03 - 1.07 pg-100 ') =0 2 HEE| et 4]
oFx] A& 7]% 2 Zof wk2 i, H]eR A g2 Jokg 2A-2] 74260 - 180 pg- 100 keal ', 237718 ZA1|3-2] 749
75 - 225 ug 100 keal'$H-5HE2 511 QITHMEDS, 2021a). CodexOll A AAIGH= HIER A TS} 60 - 180 g RE-100 keal 7}
71| o] thMacLean et al., 2010). ZAE-- 720)| A 2E] s SRS SFSF SPSOIA 636.07 - 657.32 ugr 100 g' 2 71 =
2 3RS Bl om NIX®} SSI, SPA, MPM 40 & Z7F2} 53739, 418,05, 377.33, 308.57 pg 100 g2 BHa-5k ATk At
ZAR= 5730 pg 100 ') HEl =2 TR UAE ZAE-R- 45(SPA, SPS, SFS, SSDRllA= FE| 13t X|opzhel
©] §10] 29,68 - 3249 ug-100 g' © 2 H| WA -2 TS YERH A, Uit ZA -3 MPMOIA = 1850 ug 100 g 2=
AEE] oM, NIXO| A= FE| 1} 2| opRtel S $ha-51a QIA] S THFig. 1). W/dZAlFol=2.59 pg 100 '] FE|Q
¥} 2ol S ga-51elt) Hle 2 E Sk NIXAI S0l 81.95 pug 100 ¢' 02 7Fg =401, £U4t ZAE-3-5(SPA,
SPS, SFS, SSIF MPM A] £01IA1+=21.93 - 29.66 ug 100 ¢' 9] 92 S =] O, WZA|3- MLMON A= 4.28 pg 100
g'S sl Uk FHRE| o] =7 F E0] 0 2 lycopene©] 4%5-2] YA ZAIE-FollA] 71.80 - 93.28 pg-100 g
o] 92 =2 AFol AEH U oH, Fuiit ZAREFHMLM, MPM, NIX)ollA= ZHE= 4] g8k ThFig. 1). = &
SojlajEiat ol g} Z=-Q1 H-8n =540, 0 - 240 days)Oll A1 = lycopene©] 4.0 - 9.9 pg-100 mL U2 2 ZHZE| A THXue et al,,
2017; Duan et al., 20192). TE}A] F-FotRAE-RollA B lycopene FF2 E-R-2 FAHE S A2 H A FO R ALS
=} Al ZAEG 750 M = duprl2 eyt vl T H B2 HEE A] ookt vleb A E4)S UERl = BlEls
FITHRAE)S SFS2F SPSOIA] 659.15 ug RAE 100 g'2} 638.54 ug RAE 100 g' © 2 74 =k 1, 0] Z1-2 100 keal &
144.95 g RAE-100 keal "2} 140.42 pig RAE-100 keal ol] 313%=]= o] ATk NIXOllA| = 544.22 g RAE-100 ¢ (113.69 {1
g RAE-100 keal )$F-5]0] Q121 37, SPAL} MPMOI| A= 212} 37946 g RAE-100 g (8345 pg RAE-100 keal )2} 310.69 pg
RAE100g" (64.90 Ug RAE-100 keal )] HIEF] A 2 TS LFERAQATE. W 2A| ol A= 5765 ig RAE- 100 ¢' 2 A
Z5] =t 0]7-2 100 keal B 8236 g RAE-100 keal ' o] i}, A4 ZAE-7- 78 25 HIER] A 8/ F=o] 4]
2Fx] 4l Codex 7|55%1Q1 60 - 180 pg RE-100 keal 2] HS20] &5} 3T}, )4t ZAER-S0ll A= GRote] 173l 523t
QISR FH|Q, A|oFRH, Iycopene 5-0] 2 AlF-E0] AlEE| AL Q= A3k HAT

ol

Table 5. Retinol and carotenoid content (ug-100 g*) of seven infant formulas.

Nutrients SPA SPS SFS SSI MLM MPM NIX
Retinol 37733+4.04 636.07+6.61 657.32+0.60 418.05+25.08 5730+£0.57 30857+1832 537.39+10.74
Lutein + zeaxanthin 30.81£0.31 29.68+2.30 32.04+2.04 3249+3.55 2.59+0.03 18.50+3.80 ND
B-Cryptoxanthin ND ND ND ND ND ND ND
Lycopene 91.17+4.46 9328+1.13 91.77+2.61 71.80+0.12 ND ND ND
a-Carotene ND ND ND ND ND ND ND
[3-Carotene 2592+1.03 29.66+0.54 21.93+0.76 2295+0.55 428+0.04 2544 +537 81.95+043
ug RAE100 g 379.49+4.12 638.54+6.57 659.15+0.54 419.97+25.13 57.65+0.58  310.69+17.87 54422 +10.71
pg RAE"100 keal! 8345 140.42 144.95 92.35 82.36 64.90 113.69
ND, not detected.

“RAE, retinol activity equivalent [1 RAE = (1 pg retinol) + (1/12 pg B-Carotene) + (1/24 pg a-Carotene or B-Cryptoxanthin)] (RDA, 2016).
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Table 6. Phospholipid composition (mg-100 g* in sample) of seven infant formulas.

Phospholipid SPA SPS SFS SSI MLM MPM NIX

PE 31384625  2350+096  19.14+161  3848+063  1269+£032  8351+157  12533+977
(31.2%) (54.8%) (69.5%) (12.7%) (16.8%) (12.8%) (23.1%)

PC 5638+108  1861+0.38 2264015  15054=1511 5374260 4217242776 26339+849
(56.0%) (43.4%) (82%) (49.6%) (71.1%) (64.8%) (48.5%)

PS ND ND 5404038 114294659 593+049 75504301  37.90+246
(19.6%) (37.7%) (7.8%) (11.6%) (7.0%)

SM 12.88+0.75 0.81+0.05 0.72+0.05 ND 3244056 69994630  11695+425
(12.8%) (19%) (2.6%) @3%) (10.8%) (21.5%)

Total PLs (mg-100g") 100654658 42914139 27524133 3033042107  7561+123 6507243540  543.56+24.96
Total PLs (mg-100 keal ) 2.13 9.44 6.05 66.70 108.02 13593 11355

Values are mean + SD (% of total PLs).

PE, phosphatidyl ethanolamine; PC, phosphatidyl choline; PS, phosphatidyl serine; SM, sphingomyelin; Total PLs, sum of phospholipids such as PE, PC, PS,
and SM; ND, not detected.
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Fig. 1. Chromatograms of carotenoids in SFS (A) and NIX (B) infant formulas. Peak number: 1, lutein; 2, zeathantin; 3,
lycopene; 4, 3-carotene.
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ZRIEQ 750 TR U AN, BAAHE 3

9 oo

ZAEFY] AR deole F4A Y (triacylglycero) Tt o] F/JAIRE] /g AR AAE, 2l 22
AHEo] T AR @ M| 7E-3(w-3) AlE 2] a-linolenic acid (C18:3), eicosapentaenoic acid (C20:5, EPA),
docosahexaenoic acid (C22:5, DHA)Z}F 2| 7}-6(w-6) A2 linoleic acid (C18:2), arachidonic acid (C20:4, ARA) 52
2 2R 2AE 759 A Sk wive)tt ZF A it 24 (g 100 ¢') Y SR AHIE Ef(mg 100 ¢')S Table
30] YRR RJTE o] & ZAIE2] 100 keal & A HH(g 100 keal ) B A AR 24 (mg 100 keal '), S| AEH = SHF
(mg-100 keal )2 &2 7 2] &+ ZAIHE-2 Table 401l A|AISFATE. ZAE-Foll THa-H AWat 2/3-2 Table 301 AAIE A
2} Z0] butyric acid (C4:0)°141FE DHAZHA| thget AW 4hEo0] 2511 o, Z S| {4 SHH(ESFA)S
APZA|G-Ql MLM2- A 2]3t 6Z2] A|Zoi|A] 742 - 896 g'100 g' @2 LFEFRI T, & B SFA|HHAF SFHEUSFA)S
UAF ZA|E-G 4Z(SPA, SPS, SFS, SSIOIA] 14.91 - 17.86 g-100 g, WA ZA -5 MPMIF NIX©ol|A] 242} 1251
2100 g'2t 11.54 g-100 g'o] T--5] At whatr] F AAE SH2 A F2AF-20 MLMZ A 2J3t 65-2] Al E(SPA,
SPS, SFS, SSI, MPM, NIX)°llA] 20.28 - 26.63 g-100 g ' 9] H¢1E UEPHSATE. W2 A-F-Q MLM-2 & 2 8FA| 3 atat
Z B EokA| A&k Zh2E 129 g-100 g'9F 1,57 g100 g' 02 ZHAEE o, whabA & AHPAF SHFS 288 0:100
g'oldct & ESA|A SRS T SESA AL FEFO 2 LHE GHESFA/ SUSFA) UAF ZAI 2R 45(SPA,
SPS, SFS, SSI°lA] 048 - 0.502 B¢l o, ZuUjat ZAE-F 35(MLM, MPM, NIX)°llA1&= 0.72 - 0.825 YERH]
o}, wpeba] 2 AR g0l At ZAER 482 ERSIAATo] ZIARMAIET o =2 g S35kl Q9L
I A ZAES 352 E3A|AR0] EXSARAEC O =2 H]E-S ZFAISHAL QIQITE. Fig. 2014 = ZA1 &
7 75:9) A% 100 goll Tt 32 AR} S sEA] ko] H]-E&-2 LFERA QAT = AE 2427 435(SPA, SPS, SFS,
SSNE2 = ESHA| A SERFESFA, g-100 g fat%e)dt 2 EE A AT SRHTUSFA, g:100 g fat%)°] ZH2} 3247 -
33.16%2} 66.60 - 67.31%C1 R 0™, FUAF ZAE-F 3Z(MLM, MPM, NIX)2| & 3|2 -AF SHHESFA, ¢100 g
fat%%) 1} & = ESHRA|HPAF SIRKZUSFA, g-100 g fat%)2 ZH2} 41.37 - 44.89%2} 54.45 - 57.75%= LFEFH A THFig. 2).

A —~XSFA " ZUSFA B ARA DA
SPA
— 0.7
70 07
0.6 -
. NIX i 1 R <ps
NIX > SPS "‘:/ - T e > “““
40
MPM SFs
MLM ssi

Fig. 2. Percentage (%, g-100 g fat) of total saturated fatty acids (XSFA), total unsaturated fatty acids (ZUSFA), arachidonic
acid (C20:4, ARA), and docosahexaenoic acid (C22:6, DHA) in seven infant formulas.
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o5 A|HFAF SFEFS 100 keal7|F 0 2 SHAFSHH Table 401 A|A)E Ble} Zo|, 720] ZA|EG-Sof|A & A|HHAE
St & ToPA AL SRS ZF7E 411 - 5.86 2100 keal 2} 1.63 - 1.92 g-100 keal' -2 LFERN I, & E-35FA] 0}
A SFEFS QI AF Z A 8- 4Z(SPA, SPS, SFS, SSI)OIA] 3.28 - 3.93 g:100 keal !, SUIAF ZAE-G- 3Z(MLM, MPM,
NIX)OllA] 2.24 - 2.61 g-100 keal ' @2 AZE|QTh MBFEH 0 2 4014 XA B QEL YA 2| B QHTL = 21
SEALE St Z A o] w2 A BT Aok AlEE 7% 9 Aol whEd, 22 S o
oh& ZA|f2] 74944 - 6.0 2100 keal ', 2878718 ZA|-2] 49 3.0 - 6.0 g'100 keal' 2 & AHAIS}AL ITHMFDS,
2021a). Codex2] 749 A%eHaFo] 44 - 6.0 g-100 keal 7} E| =2 7]|&S A5&3L 1tHMacLean et al., 2010). A
7p4-R s o] o8l &% AR 752 2RI BHFS 491 - 734 2100 keal' 2] 9] 2 LFERHATH Table 4). 2]
oFx AlEHE 71E Y Aol 2R, F-fohs A2 2=2AkC18:2, w-6) TS 300 mg-100 keal' ©]/3©]
™, 2 HA7)EL 1,400 mg- 100 keal ' 2 AH|AJSHIL UL, a-2] S2AKC18:3, w-3)8HFS Fol8 ZA|-]ollA] 50
mg-100 keal” 0|42 2 PA5}aL QUEHMEDS, 2021a). o|w] 2li52lAkC18:2)3} a-2] =24kC18:3)2] Bl &©] 5: 1 -
15 : 10] E] =% skl ATHMFDS, 2021a). ZAER 759 2l=2il4h(C18:2)7} a-2] =74k (C18:3) e 22t
885 - 1,372 mg-100 keal 2} 93 -137 mg-100 keal 9] 9] S LFERH Alekx] Uk 7|28 vhE6}al QIQUTHTable
4). AR 750014 C18:2/C18:3 H] 22 8.1 - 1.0 YEFUM A]FA] U7 H]-&-5 TS5l Th(Table 3). A]9F4] &
Al7o] AEH 7| 9 Ao 2lEelit E5Fo] 1 g o]l -9 243 0.5 mg a-TE 100 keal 2] H|-&2 H|E}
HEZFE7bE] =5 bl Qlet, A4t 2AER-S2] 2lseilit e o] 4.83 - 6.24 ¢-100 ¢S UFEH O] mg a-TE 9
20l 3.46 - 3.86 mg a-TE- 100 keal & E.o|m H|EFY] E2] &5fo] 24 3] 71 71 0 2 AR HTHMEDS, 2021a).

ZAER 7500 THR-E ARA (C20:4, 0-6)2F DHA (C22:5, »-3)9] S-S H| w3l HH, ARA T2 £ Ak 24|
H.9 4Z(SPA, SPS, SFS, SSNT} U 2 A28 22 (MLM, MPM)OI|A] 23 - 27 mg- 100 keal' W2]9] &S BT,
NIXOIAE 17 mg: 100 keal' S H-5FATHTable 4). DHA $HF2 4= AF 24| B-8 43(SPA, SPS, SFS, SSIOlIA] § -
10 mg- 100 keal !, A ZA|E-8- 2Z(MLM, MPM)°JIA] 27 - 28 mg-100 keal", NIXO| A= 16 mg-100 keal 'S §-3-5}
2Ath ARA/DHA H]-8-2 4= AF A 2§ 4Z(SPA, SPS, SFS, SSI)lA1= 242 - 2.742] H|- &2 H YT, FUjAt 24
E-§ 3Z(MLM, MPM, NIX)Oll A= 0.96 - 1.082] B]-&-2 LFERARITh ARASF DHAT S 1% 100 gof] thet g (2100
g fatv) 2 BATR A3HE Fig. 20 UHERRIEE. A eFS 100 g0 2 B1912 W ARA B2 AT ZAIR R 43
(SPA, SPS, SFS, SSI)¥} NIXA| EOI[A] 0.40 - 0.47% (2:100 g fat%) ©] .2, MLMI} MPMOJIA 0.60 - 0.63%°] AT},
DHA 232 MLM} MPMOIIA] 0.62 - 0.65% &H-5F3130, NIXOIA 0.37% L8] 4=AF A2 4(SPA, SPS,
SFS, SSHONIA] 0.16 - 0.18% FHA-0FATE = UAF ZA 2752 ARA &do] DHA SR TH2 - 38l A= =7 A 3-=]
I Q)glom, I A 2 A B-QE-2 ARASH DHAS] H|-80| 10] 7}72t7] wlEo]] ARA FHefo] DHA &g} H|£&5) 3t
FO R A= ATt ESF, FUja ZAERFE-2 DHAS] Algo] Uit ZAE-F-EHCH2 - 3] F = =9k
o}, FUiAF 2A1E-5-2] ARA/DHAS] B]-&-2 Duan 5(2019a)7F 2115} 8h=iQl 2-5-0f 2|bAbz/dof| 4] ARA/DHAS)
H]8-0] H+ 093 (0.11-2.10 )& B 1% Aol g Ak H|-go|QiTh

SYAHE2 g-Rote] oA HAEAE W % AJo] o] o] H= F 235 JYAFEolth Codextt A2F
A AE 71 d A0 s AR SelAEHE o Aol A= o] QA ik AR 7E529] 22
2H|1Z 32 mg 100 g sample©ll T3t 21} mg-100 keal'of] tht ZH2 242} Table 33} 40l] A A|5FATh $H2el =
5o ZHAE2 L 5.17-26.71 mg-100 g'2] M2 Holm B 13.97 mg-100 ¢S LFEPATY SHHDuan et
al, 2021a). = UAF ZAHE-R MPM}F NIXOI A= 68.65 mg 100 g7} 49.73 mg'100 g 22 H| W 4] =2 FHol i,
SPA®} SPS, MLM2 10.63 - 19.24 mg'100 g'©] "9l 2 F2| 28 =0] T--5 o] 911aL, SFS2} soy-based milk! SSI
ofl+=0.25-3.70 mg: 100 g E-R-=ATh AN A] 100 kealF SR AHIE S FUZRAER 35 (MLM, MPM, NIX)
ol A1 10.39 - 16.19 mg- 100 keal' 2 B W% =2 kS AlZa}t1l QIglom, QA ZA|E-8 45(SPA, SPS, SFS,

SSDHONIA= 0.06 - 4.23 mg-100 keal ' 22 | AHZ-S 75kl J AT

_,_,
ol
2L
{0
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ZRIEQ 750 QXY Bt

Sh=Ql 1-gof] ZAY5k= thaE A Q1 Q1 X A2 phosphatidylehanolamine (PE), phosphatidylcoline (PC), sphingomyelin
(SM), phosphatidylserine (PS) 5°] == EA|5H, AlZats /dstal | I 9 S3A41737A|9] ddo)] S35 o
S Sk (Jiang et al., 2018; Duan et al., 2021b). A28 729] Q12| 2 kS Table 601 LFEFUH 1T MPM I} NIXO]]
A Z x]A FHFo] 22t 650.72 mg 100 g' T} 543.56 mg+100 g 0]} 2™, MPM ZA|2-8-2] Q122 o] J1A4H](% of
total PLs)= PC (64.8% of total PLs)2} PE (12.8%), PS (11.6%), SM (10.8%)2] <=2 & 3h-3-5}3ch NIX 2] Q1% 2! J14d
H]= PC (48.5%)2} PE (23.1%), PS (7.0%), SM (21.5%) 2.2 MPMI} HFF7 IR 2 pCo] §Hdo] 7MY =2 H| &2 =}
2|5} T} Soy-based milk?] SSIQ] & Q1A 2 &2 303.30 mg 100 g (PC 49.6%, PS 37.7%, PE 12.7%)°]21.2.H, PC
9] 3keFo] 150.54 mg 100 g' O 2 74 =ka1 Eo| 2 0 & pso] gHaFo] 11429 mg 100 g' A H2 kS HYlo
o, SMS SH3-%] 7] 9kokth SPAE & Q1A A SR 100.65 mg 100 g (PC 56.0%, PE 31.2%, SM 12.8%)°]1.0.H,
FH I lé% PC (56.38 mg'100 g")°I A 1L, PS= HAEEA] Ut HF2AF-QI MLMS] F QIAA 3k 7561
mg-100 g'0] 3L Q1A LAJH| = PC (71.1%)2} PE (16.8%), PS (7.8%), SM (4.3%) 2.2 A %]of Q191tt spse] &
Q1A A SHF2 4291 mg-100 g'o|RA oW, FH QXA PEZ A 54.8% (23.50 mg-100 g 'Y= ZFA|5FSITE. SPS ZA|
2O pSE=3H5hA] 249k, PCRF SMS ZH7} 18.61 mg-100 g (43.4%) 2} 0.81 mg 100 g (1.9%) = TH8-51L U
T} SFS ZAE-7-9] & AR A FaF2 27,52 mg 100 g' ZA] B] w2 W2 SHakS LR @l o1 S24dH]+= PE (69.5%)
2} PS (19.6%), PC (8.2%), SM (2.6%)2] =2 2 Z}FA|5FATE, ol Z] 100 keal G = Q1A A SHF2 UjAF Z A E-7
Z(MLM, MPM, NIX)°ll 4] 108.02 - 135.93 mg-100 kcal ' 2 H| 2] =2 SRS HA O m, £ UAF ZA| -5 4Z(SPA,
SPS, SFS, SSIOIA= 6.05 - 66.70 mg-100 keal' ®HE LFEPHRICE =191 B5-9] & Q1A hF2 4.89 - 17.85
mg100 g' (B 1039 mg 100 g') 2 2A] T LAJH]= SM 49.64%, PC 22.41%, PE 18.89%, PS + LPC 9.06%Z 2}A]
SHtal 5FATHDuan et al., 2021b). B3+ U291 B-7-0] QIZ| A SH/dH]<= PE 36.1%, SM 30.6%, PC 23.1%, PS 6.7%, PI
3.5% (phosphatidylinositol) 2.2 1 1% 21 ThWang et al., 2000). Al G-5&]= ZA|E-g-0] Q1| A ghaF 2! 71 9l
A F/gH] & ohefstelnt 2 A7 ATt BR/dwol 7k AR NES st 7| RAE R o] 82 £+ S
202 Atg Hrh

Conclusion

AZo A FEET Qe UM ZAIE-G 43(SPA, SPS, SFS, SSHTF U AR 24| 2§ 3Z(MLM, MPM, NIX)°]
Shae HER [EZHE U ET Eajoli), HEF A (retinol)2} 72 E] i o) EF(FH| QU 2|optEl, et P EZ
&, lycopene, ZTFI=E, HEZ LR ), 2|94t g 9 S| AHIE, A - RS A5t Hlwsiglnh dit =
A E-3 4Z(SPA, SPS, SFS, SSIoll= & EZT|E gHo] 22.11 - 24.33 mg-100 g' (15.75 - 16.22 mg a-TE-100 g")°] 31
O, MPM3} NIX+= ZH2} 10.76 mg-100 g (6.79 mg a-TE-100 g")} 16.17 mg:100 g (9.07 mg a-TE-100 g")2] & ER
2 S YERSItE AAEAF MIM2 Z EXH|E 37F0] 2.00 mg-100 g (1.13 mg a-TE-100 g")°| It} 100
keald mg a-TEQ] THF2 4-QIAF Z A E-G- 4Z(SPA, SPS, SFS, SSIOIA= 3.46 - 3.86 mg a-TE- 100 keal ! $-3-513 1,
SHHAE ZAE-T 35 (MLM, MPM, NIX)Ol A= 1.42 - 1.89 mg a-TE-100 keal' @2 7 & &| o] A|okx] AlZd 7|& 4l
AN A HIEFRT EQ] 71291 0.5 - 7 mg a-TE- 100 keal ' & THE51ITE. o] & ZAE-Foll= SR ET & o] 7}
=30, thg ArtESTHE 221 AEEREE O 2 TRE AT U4t ZAER 45(SPA, SPS, SFS, SSI)
of = H| WA =& gako] 2|Qlvt x|obrte 329,68 - 32.49 ng 100 g')2} lycopene $H(71.80 - 93.28 ng-100 g
S BN, FUAF ZA| B3 MPMI MLMOY| A= |1} okl 31K(18.50 pg: 100 g2+ 2.59 ug-100 g')o] A%F
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AZE| A NIXOA = FE| Q1 2|ofztel o] HEE]A] Rttt gk, UiAt 24|25 3E(MLM, MPM, NIX)°]|
A= lycopene®] -7 0] QUA] 93kt 100 keald mg RAE -2 SFSQ} SPS, NIXOY|A] 113.69 - 144.95 pg RAE-100
keal'?] HYZ SHR-Elof Q11 31, SSI?F SPA, MLMOI| A= 82.36 - 92.35 pg RAE-100 keal' &= -7-51%1 21, MPMO]|
A= 64.90 ug RAE-100 keal' 3-3-5FATE B4 ZA| 2R 735 25 HIEF] A 2/ d3Fo] 419k Y Codex 7154
Q1 60 - 180 pg RE-100 keal '] ¥ol] &3513Ath At ZAE-R-S0lA] FE|Q11}t Z|oPHEl lycopene®] FE21%]
Al &2 S Bt AR 759) 2l=alihC18:2)7t a-2l=sallakC18:3) S 22 885 - 1,372 mg-100 keal
3} 93 -137 mg-100 keal'2] LIS LFERH M 2]ekx] A= 7]5(C18:2, 300 - 1,400 mg-100 keal'; C18:3, 50 mg-100
keal o]/ THESIQITE A RAE 204 ARATHFS U A7 45(SPA, SPS, SFS, SSH LZAE-F- 2
Z(MLM, MPM)°lIA] 23 - 27 mg- 100 keal’ (0.41 - 0.44 g-100 g fat%)H < 2 §-3&] o] YA 1L, NIXOIA= 17 mg 100
keal! (0.40 g100 g fat%) S A5 T DHA 2 YA ZAE-R- 45(SPA, SPS, SFS, SSIOllA] 8 - 10 mg:100
keal” (0.16 - 0.18 g-100 g fat%), HUIAF ZA|E-3- 35(MLM, MPM, NIX)°1A] 16 - 28 mg-100 keal ' (0.37 - 0.65 g-100
g fat%) S SRSt theka] ARA/DHA H|-&-2 U4 ZAE-7- 45(SPA, SPS, SFS, SSIOllA= 2.42 - 2.742] H]
&S B0, FUiat ZAE-R 35:(MLM, MPM, NIX)Oll A= 0.96 - 1.089] H|-&-2 UERHIE it ZARFE
= ARA &0 DHA FET 2 - 38 H & &7 ehastal QIglon, Uit 24| 2752 ARA @Fgo] DHA 9HF
|5 FFo & A|lgE 1 QIGleh Mk o & Fujik A E-Foll A ARASH DHAgHFO| A ZA| 2/ E
Ch H| 24 9k} & SR RPAT Sefe Q)4 2 A3 45 (SPA, SPS, SFS, SSI)OHIA] 1.63 - 1.92 g-100 keal ' (32.47 -
33.16 2100 g fat%), = WA ZA| -7 35 (MLM, MPM, NIX)°l| 4] 1.79 - 1.87 g-100 keal ' (41.37 - 44.89 g:100 g fat%)
o|Qith & ERSFA| A GRS o0l Ak Z A Q- 4Z(SPA, SPS, SFS, SSIllA] 3.28 - 3.93 g-100 keal* (66.60 - 67.31
2100 g' fat%), TUAF ZAE-R 3F5(MLM, MPM, NIX)Ol|A] 2.24 - 2.61 g-100 keal ' (54.45 - 57.75 g:100 g fat%) 2=
AZ=Qlch MR 0 2 QR AER-52 FUHRAERET 5 B3R A eeo] =2 A Bt =2
AH|IE FFS FUA ZA B8 3Z(MLM, MPM, NIX)°lA] 10.39 - 16.19 mg-100 keal' 2 H] 4] =Qtom, 4=QlAk
Z A B 4Z(SPA, SPS, SFS, SSI)°I| A= 0.06 - 4.23 mg: 100 keal! 2] Z8| AH| 22 3Ha-51 AU

ZAE-F 789 QA g 2441 MPMIF NIXA| &0l 4] & A& FHFo] 650.72 mg-100 ¢ (135.93 mg-100
keal ")} 543.56 mg-100 g (113.55 mg-100 keal )2 7 52 =S B O™, SSIF SPAA] Z0f| A= 303.30
mg 100 g (66.70 mg-100 keal)2} 100.65 mg-100 g (22.13 mg-100 keal')2] & QA 22 55411 QUQich. HAr=A|
9ol MLMOJ|A & 122 S 75.61 mg 100 g (108.02 mg-100 keal)] .21, SPS} SFSOI| A= 42.91 mg100
" (9.44 mg-100 keal )2} 27.52 mg-100 g (6.05 mg- 100 keal)2] & QAW o] HEZE UL} FUAF ZA RS2 ¢
APETE Q122 Shego] vl w2 =9tom, thA| 2 25 QA2 PC (48.5 - 71.1%) ©] L 1L, ] 2|0l PE (12.8 - 23.1%),
PS (7.0 - 11.6%), SM (4.3 - 21.5%)= 2.5 g-7-5taL JAATH NIX A|5.2] 79 SM (21.5%)°] Eo]H o2 w2 3laf
S ZA|5HAT} YA ZA) 2521 SPSQ} SFSQ] 742, PE (54.8 - 69.5%)7} 5 Q1] o]} o SPA A|&2] A9
o= PC (56.0%)2} PE (31.2%)7} F5 o] 3101 42| SM (12.8%)Z $H3-3ILE SSIA| 2= Q1A A5 Zoj|A]
PC (49.6%)2} PS (37.7%), PE (12.7%)7} F2 T-EQ 1L, SMS ZHE 5] A &4th SPALE SPS A 280 A= PS
7 AEE]A] AT
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