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Abstract This study analyzed the total and individual phospholipid content in 16 Brassicaceae
vegetables, 19 Asteraceae vegetables, and 21 fruits commonly consumed in Korea using a validated
HPLC-ELSD method. The method demonstrated excellent linearity (R% 0.9997-1.0000) with limits
of detection (LOD) between 4.1-10.4 mg/100 g and quantification limits (LOQ) from 4.6-11.0
mg/100 g. Precision was validated through soybean flour analysis, achieving relative standard
deviations (RSD%) below 10%. Cooking increased phospholipid content in Brassicaceae vegetables
by 6.5-13.3 times, with phosphatidylcholine, phosphatidylethanolamine, and phosphatidylinositol as the
main components. Asteraceae vegetables showed similar trends post-cooking. In fruits, phospholipid
content averaged 79.20 mg/100 g, though orange juice contained significantly less at around 10
mg/100 g. These results provide a basis for developing a database of functional phospholipids in
agricultural and food resources.

Keywords phospholipid profiles, cruciferous vegetables, compositae vegetables, HPLC-ELSD,
method validation

1. MZ2

[ —

AZere] F83 74 2491 AAE2 AFoM AFH7RERET ofdst A Bx AF 3
g AEe] duw 9f] AGHL o dAAY FRE= ZAEIEY(PC), ZATEFo]ehEot
RI(PE), ZATFE|DAA(PS), ZATE|DO|lAE(PI) 5°] 12, o152 22
< gheth ZATEEEU(PO)Y ZATEPEEORI(PE)S ¥ 474 S, 395 4
[FEHE 7154 AlSolH(Bahn 5, 2005; Clarke, 2007), T3t 7154 AlEof &85t} Ao
nEd SR PCe 71 A 715 9l =a2 € 7 A2H(Roy 5, 2022), PE=
9] PE At H 715 S490 71018 5 th(Sagaror¥t Amenta, 2023). E3}, Pl 73
AEYLHEESS golotal 2 Ul FHAHE 42 BASH S AHE HAE sk
E B35 9ltk(Shirouchi &, 2009). o]=fgt 2] &4 7]e®% ofyzt 7154 &840l w2
AAEL A7 23] ofFAL loH, FopA|z BEE oM AR/ 4= FE-L
AL FzrHoz F o] AAto] STAHE backboneo] o|AE Aoz AAEo] 44

+T"0
(hydrophobic)S Z=

gt 3

<
)

(-

I35} AAE719F =4 head groupo] A= 0] W44 (hydrophilic)S ZH=
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B2 Aol 27] W2l 3} HdAE Uetlie AR AL
|51 itk @A AXA Y] T 3Tl et Belt 71E
A= UA Fo, nl= AFFLHES = PCY AA QL
o] s A2 FAolA 5HF 550 mg, o gol|Al= 425 mg®]
AFIE ARSI Arh(Zhao 5, 2011). Aol L opA|
929 4 2 94 ABAY, WE 25 tAF 5ol Hofstod
Aaze] AAQ 75} ¥ Wl 583 T PRI
wizoll YAl 5 Ejot Wl S83tK(Shim 5, 2022). ofof] }
2} A o] 3HE FY R E 2= PCY| AR FRY
THHOEA 583 7|54 AECE FEIN Qlth

A\ A3} Brassicaceae) AAFo= tjEFOR HEZET,
o, AL So] 2™, glucosinolates, carotenoids 51} 7
< B 242 RSt QoA ket F Fd At
A= Ao & A#A Qrh(Jahangir 5, 2009; Raiola 5, 2018).
U o] AEQ1 faFet HAF= HE, 7714, Aol
F 59 ot JYAE ARG lon, SYsgAetdd
Al E7bete 7SRO 1 QU8R ol AAIE
71z e E8sta Qioh J3y FoA ohHlEE A
HE = AR fak 2 A7 e 9 /3 PCE
HIZSE QA1 gFgol thet A= AR A9 ARt Aol
ol5 thaH] FAE Aol R 7154 AAEY e o]
EjHo]A 52 F5to] AFAY AXE FEAZH 75
d a2t At 9 Z8o] BRg 7RARE ATE & U
Ao g AlmEr

Aol el QAW TS BASE WloR: w2
2bE e(TLC), TS 9] 22 uke 15 (HPLO), 34t
71382371("P-NMR) 5o] E-853 SlthBary 5, 2016;
Rombaut 5, 2005). @4 QAAXEL o E ELEZA FAE
Z7J5t= A|"H1} refractive index detector(HPLC-RID)E ©]-&
3+ AJSIH, evaporative light scattering detector(HPLC-ELSD)O]|
oJgt PS FF AldH 5ol A771541F Sl A= o] Atk
(MFDS, 2025b). 181 AEFHo&= g7 g3t oeF
9] Q12 A& “P-NMRZ EA45}= A[HH(MFDS, 2025a)0] 9}
o} HPLC-RID 42 259} guff 7]&7] Hale] yiztsto]
ofg] JIXEES T4 28 2 A7 E4ske dole AdsHAl
O}t Wangd} Zhou, 2017). ¥Halo] HPLC-ELSD BAH2 7
7} 53 71971 82710 Sego] Sslel chaet 41 o]
ERlzolA Y AADES BA0] 4 BAT 4 s Y
07 oAdrl ¢tk (MengeshaZ} Bummer, 2010; Rombaut 5,
2007; Soyseven &, 2022).

2 AFo|A= HPLC-ELSDE &3t A4 £4HS &
ok, oS olB3le] HAE AU ARSI} 163, T2} 19
T, BT 2150 = 7HE JAAEE(PE, PC, PS, PI, LPC
)= A B4R skoint. AEe] E A EY R
4] database 752 AEdR0 Het 7154 AL HEE A
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Fo0, 4 A4S BEA 7154 245 A7) AP 75
SHe o Z1ofe 4 9 Aol

2. Mg % diH

2.1. M

FAE Yoz HE AAA FE0] AFHEH normal grade
209l methanol¥} chloroform, 7]7]840] AFEE 14E00
acetic acid®} triethylamineS5-2 T SlZ-AKSiheung, Korea)o]|
A Fdstch A& HA 2o AR anhydrous sodium sulfate
= Junsei Chemical Co.(Tokyo, Japan)of|A] F]5}itt. Q1A
A AT B4 A8 AHE #EHE52 L-o-phosphatidyleth
anolamine(PE), L-a-phosphatidylcholine(PC)+= Sigma-Aldrich
(St. Louis, MO, USA)ZEE 5} 2™, sphingomyelin(SM),
L-a-lysophosphatidylethanolamine(LPE), L-a-phosphatidylinositol
(PI), L-o-lysophosphatidylcholine(LPC)= Avanti Polar Lipids
(Alabaster, AL, USA)2HE F45H{th. A1AE A &4
ARE-H &ull= n-hexane, 2-propanol, methanol, chloroform .2
HPLC grade®] Fisher Scientific Korea Ltd.(Incheon, Korea)
£ A483%ch

2.2 AlE9 mif2/

B A AE F 5659 ARE ARESIR oY, o]= ARk}
I 16FHEZE YA, 222 b3 A, ], 25 5),
=3k} 1989, T, AA 5), BLF 215QAA,
7191, 7] §)22 F4EAT. B4 AH ARES o
AH] K-541F A99 754 A DB+E9 ¥
20233} 20249 B9 HERXSHOEHE AFuEk
AL, juiceHFE AT RE ARE FAAZRH A
SHAL. HEE ARE 95 AHE FHYot9,
7HA] 27°Co|A Belgith A4S Sstr] A,
25°C9] EoflA] 208 ol siEst & S| +4
A4 2488 93t S50l A8ttt
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2.3. Folch&l0f 9/3t ZA[8 ==

AlZOfA QI EE F2517] f18f Folch®(Folch 5, 1957y
A gsto] 22 FESIT AT ARt 2 g& 50
mL vialo]] 21, o}7]o] £5F< 8 mLe} Folch &% (chloroform:
methanol=2:1, v/v) 24 mLE H7}5Fct o E3HE-S vortex
mixer(KMC-1300V, Vision Scientific Co., Ltd., Daejeon,
Korea)Z 5& 39 &395F the, 582 59 sonication(JAC
2010, Kodo Technical Research Co., Hwaseong, Korea) 5}
ot & 22E 98l 3,000 rpmofA 102 59 A E 2 (Fleta
5, Hanil Scientific Inc., Gimpo, Korea)E 4o} ct. £al¥

N
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1% anhydrous sodium sulfate columne S35l E4&
9 52g AT, Tt 2 S g BaS S
sfol 7189 s AAT 5, QA BAo] AAgalsiTh

2.4. HPLC-ELSDOJ S5t PIX|E FEHZAIE

AAE FFRAS AE3HY U 6.3.2.3 ol
oA Q1AA B4 gradient elution 5 YEE WA}
2 =S JNASHAUTHMEDS, 2025a). IAA #42 ELSD
(Agilent 385 model, Santa Clara, CA, USA) A&7]7} A2H=
HPLC(Agilent 1100 series, Santa Clara, CA, USA) A|AHS
o]-8-5}99tt. ELSDY] drift tube 2%+ 60°C, %2 1.60 SLM
o7 AA43519ck Column LiChrospher®100 Diol(250x4 mm,
5 um, Merck KGaA, Darmstadet, Germany)& A}8-5}%.01,
column oven 2=+ 40°CE G459 AR FUHF 20 L=
A5 oH, o] 54 | mL/min®] {eF0 8 BASI) o]
54} A(n-hexane:2-propanol:acetic acid:triethylamine = 81.42:
17.00:1.50:0.08 by volume)-&1|2} 0]54} B(2-propanol:water:
acetic acid:triethylamine = 84.42:14.00:1.50:0.08 by volume)
L& AE-5F0] gradient elution® 2 A3}t & 24 A
ZEZ 60201221, 0-32(100% A-&), 3-8%(95% AGH,
8-15%(80% A-Z1l), 15-30E(70% A-E1H), 30-358(60% AL
o), 35-435(20% ALT), 43-555(0% AL, 555-60%
(100% Agrho = HAsH3ct. 78 JAXH(PE, PC, SM, PS,
PI, LPE, LPC)9] S 9dlo] EFES 3.125-200 pg/mLo]
S5 9 Table 13} o] AYAS A4S Amol 3
28 E 9489 FFES mg/100 gO.E ehfeic

=
2.5, 24H ZF

A4 AL g BAY FEL 5ol International

Council for Harmonization2} AOAC guideline®] wetA] 21414

(linearity), £90]43(specificity), B E(precision), 7&SHA|(limit
of detection, LOD), &3t (limit of quantification, LOQ)S
gHolst i th(Horwitz, 2002; ICH, 2022). ZAAL ZF QA&
RBFEEN Frd nawdoz S A JIAS
(RHE olgsto] fHAS RIS S0l /E AAH2
peak ] E(resolution)7} 1.5 ol/FYe &lsto] 7Hd FaFol
52 ASOATH(Suh 5, 2016). FUE= FAFEHZ A
23t in-house material?l 7237} (black soybean powder,
Designnongboo, Jeon-ju, Korea)S £4J5}0] &9ls}¢ict. HHE
A(repeatability)2 5}50] 43] 3 HHE AFsto] Frl51oH,
A& (reproducibility)2 44 &<t stFof 114 3 HHEo=
EA5o] A & H A (relative standard deviation, RSD%)=Z
Uejo] helsksit 44 R4Sl BERALOD)S B
SHA(LOQ)S A HE(blank)ZHE AL signal-to-noise W4
9] HHET EFHAK(standard deviation, SD), HHA 9] 7|
&7|(slope)ell A3t} 4z} LOD=3.3xSD/slope®t LOQ=
10xSD/slope©] H45to] Ak LT

2.6. Z4FEEC
\=]

EAEATYE ot AEE E4ote 71T T WRE 2
A 22312 (In-house quality control, THQC) A&l J-5-0o}-&
H3-(Imperial dream XO All New Adition 3, Namyang,
Seoul, Korea)S AlZ251 37 W3] 4519 quality control
chart(QC chart)E 2F4J5}9tt. QC chartd] H4#HS 7|&0=2
] AFsHA(upper control lines, UCL)T} 2] s}etAl(lower
control lines, LCL), 23] A}$H(upper action line, UAL)¥}
%] sFgkAl(lower action line, LAL)E o<} Zro] A4
THAhnT} Shin, 2023).

UCL and LCL = mean value + (2 x SD)

Table 1. LOD, LOQ and linearity of individual phospholipids obtained using HPLC-ELSD

Analytes Regression equation Correlation coefficient LOD" LOQ?
(R (mg/100 g) (mg/100 g)

Phosphatidylethanolamine (PE) y=0.0154x>+3.7263x-9.1087 0.9997 8.9 9.6
Phosphatidyl choline (PC) y=0.0243x’+5.1508x-26.121 0.9997 7.7 8.8
Sphingomyelin (SM) y=0.0092x*+8.874x-24.815 0.9997 4.1 46
Phosphatidylserine (PS) y=0.0159x2+1.8616x+4.0609 1.0000 10.4 11.0
Phosphatidylinositol (PI) y=0.0175x>+2.3324x+1.408 1.0000 9.8 10.8
Lysophosphatidylethanolamine (LPE) y=0.0073x’+0.4949x+14.887 0.9999 4.8 8.1
Lysophosphatidylcholine (LPC) y=0.0221x*+3.3676x-5.424 0.9999 9.0 9.3

YLOD, Limit of detection.
JLOQ, Limit of quantification.
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UAL and LAL = mean value £ (3 x SD)

JAA A HFEAS A9t HPLC-ELSD 2492 244, 7
E3A(LOD), AZBRHA(LOQ), 181 7% AAEE(PE, PC,
SM, PS, PI, LPE, PI, LPC)9] £&] L (resolution)E UEIH &
0]43& Table 13} Fig. 10 YR IITt. 78 AALES] 5=
(3.125-200 pg/mL) AFAY] AASR)ZEE 0.9997-1.0000
o] MR YeRt 95t F A4S Blstoict. AR 24
AEE = et AFA] AAAL Kelly 5(2016)T FA

3t AFfo|gitt. 7% AAHE2] LOD 22 4.1-10.4 mg/100 g
o] W92 YEREI, LOQ Fe 4.6-11.0 mg/100 g H %
7% AALES 2 EoldL AANE BFEEHS HAoto]
peak E2] % (resolution)S Q151 tHFig. 1). Fig. 19141 7
Z 91Z ™ 9] retention time(RT)I} peak®] Z(width), 1211
AAE peak £2| % (resolution)S YERAT). PES} PCY &
2 514 o]glom, PCot SMO] BE|Ek 79602 71 =
otch. PSe} LPEQ] Heki 2410]9lon, LPEQ} PI9] HE:
335, PI9} LPCY] BT 7.660.8 7% Qx| H9| Bax
7} BE 15 o4O BolHoR o £ 58S Uehie
BQl5l gtk Shin S, 2023; Suh =, 2016).

AAA BAo] AU F7HF A4S $=05to] Table 29

Rl 3 6
1
Peak  PLs RT(min) Width Resolution
0. PI
o 1 PE 21.163 0.3847 5.14
2 PC 22964  0.3160 7.96
3 SM 25075  0.2147 5.70
o 4 PS 26.633 0.3319 2.41 7
5 LPE 27340  0.2551 335 LrC
6 PI 28239  0.2809 7.66
=iy 7 LPC  30.243 0.2420 2
e
1 PS5
200
100 -
o RANAVY. ' e s
0- PE PC SM LPE
0 10 30 40

Fig. 1. Resolution of individual phospholipid peaks in chromatogram analyzed by HPLC-ELSD. Resolution = 2 x (RT of peak 2 -

RT of peak 1) / (width of peak 1 + width of peak 2).

Table 2. Precision (repeatability and reproducibility) through the phospholipid analysis in soybean powder

Phospholipids Repeatability” Reproducibility”

Mean+SD RSD%” Mean+SD RSD%
Phosphatidylethanolamine (PE) 241.43£18.20 7.54 249.59+23.50 9.42
Phosphatidylcholine (PC) 582.35+23.55 4.04 595.27+30.86 5.18
Phosphatidylinositol (PI) 98.40+8.83 8.98 96.11£1.95 2.03
Total phospholipids 922.19+37.96 4.12 940.96+55.85 5.94

DRepeatability, refers to the results of independent determinations obtained by analyzing SP (soybean powder) samples four times on a same day.
JReproducibility, refers to the results of independent determinations obtained by analyzing SP (soybean powder) samples four times on a different

day.
JRelative SD (%) = SD / mean x 100.

https://www.ekosfop.or.kr
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UeRSlth g 249 WHEAT AT S repeatability
(intra-day)®} reproducibility(inter-day) = WEFH SO H, 0|59
HREAQ] BAgkE0] At EE A (relative standard deviation%e,
RSD%)E ot FLEE Bl HFoIt F71F0l= PE
241.43-249.59 mg/100 g} PC 582.35-595.27 mg/100 g, PI
96.11-98.40 mg/100 g& M35l lglon, vk x HH A
oAl RSD%7} Z+Z+ 4.04-8.98%2} 2.03-9.42%9] HYE YEr
Yotk Ma SQOITE QAW BAMol vy meld)
8.5-108.7 mg/LY] B804 4-12%2] RSDE LfER} L) o]
2 2 Q7o ST A4 BAe] 948 FUEE 1t
CECEREE LY

@
N

. 2AEZEEE2 (analytical quality control)

o S ot 44 aQloju Ay 279 HE o <l
a7 S 4 7|wEe] EAEERE7T 8
AEATYE A5 2AWo] A HEEH1
A&H o2 BGrfstal fAol= ol wabA &
ot ALErt w2 At gHE dHolH
3 AUt £ AtoA = i FEBAE(IHQC)
FHoME ERE B4t SRy} 2240 A
QC chartg ZHJSIATHAOAC, 2002). JUA|H] FHHAH:E
¥(quality control chart, QC chart) Z3= Fig. 20] YEF ]
ot Fforg ol e S0AE(Total PLs) $HF2 71
2 275.555 mg/100 go] gl om, T AHA(UCL) sk
(LCL)2 ZF7} 306.931 mg/100 g} 244.180 mg/100 go].om,
2] ASHA(UAL)T sl3HA(LAL)YS Z+2F 322.619 mg/100 g3t
228.492 mg/100 go|3ith. A& EA F9QF Total PLs $Hgo|
25 7] 1Y ol E0i7ke AE gRlskH. dhoke 5
o 3-9-€ PE, PC, SM, PI9] 7|ZZ5-2 ZH2} 68.797 mg/100
g, 142.519 mg/100 g, 11.671 mg/100 g, 52.567 mg/100 g°]
Rom, AEe} 3 EASIAE JRore B/ BE w4
So] FAUYM(UCLI} LCL, UALT LAL)Q] %9 o] &
ojetd EAgtECl Wit 41E/82 EHSITHAMT Shin,
2023). mEhA 2 AtoflA ARERE QIAE A AESA
“ol 9] QXA BAH(6.3.2.3.1) BAHo|A 7F XA
TE E0)7] st olsAY &EHleS 785k &
ASAY} 2 et AU HYow, AE | Q1A

dere BAsle d AU PUYS B S Aotk

>
f

RV
.—Qn%
AL

O o xo 4 Hm
e e
i)
=
AU

o

o IE

7
/};l]
FéT
3.3. 2iXtetif(Brassicaceae) A F9l OIX|E SfaF
Azl tigt A E = Table 30 AA5HH 0w, Azsit 24
FAE 163(ERZT, ZH|, Yol, wiS, s, HHA, Al
A B)oll eFE AAE F=H(mg/100 )y Table 40 HEFH S
t}. o] A QAT AE 16552 4lo] W] what A3
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A g7 Ao g FLEsto] zejyo] wE IAE FHE v
sttt ARt iR 2AH gFS S Z5(Cr 7-1,
0.10%)S AQ3t A EE0)A 1.53-7.78%2] WQIZ Blmd &
2 FHS YepQich B2 ge, Yol, BEulS, Fuis, 47
9] A NZAAHLE ZQ1A4 FHeFo] 27.79-210.81 mg/100
g9 HE Eoth 535 EEZY AA(Cr 1-HT £7] BA
(Cr 2-1)°)l4] &4 &2 27.79-28.66 mg/100 gO] 2.
F2 PC PP} AEH A o5& 247 dl#(blanched) &
29144 2 313.52 mg/100 g(Cr 1-2)7F 201.15 mg/100
g(Cr 2-2)0.2 A A& thy] 7.2-10.98) BE Z7}st9ict. ]
Z BEEP oA JAAEF FolA PC7} 68.5-70.4%F AFA|
5t9.om, ThS PE 18.3-23.6%, PI7} 7.8-11.2% 0.8 B35}
At} Bernhardt®} Schlich(2006)°] W2, B 2F&]9] ¢
Z8 T Az o2 glste] 284 HEIEC] 44 &
=]7] wjoll A-84 BlERIES] ol o =4 "HE= T
stoich mEkA 2184 AEQI AR 2] IgoA dofl 9
o Alzejo] ot =HA St matrixof 4] § @ol Ea] o]
|&5%lon, o|2 Qs 1 3go] &4 HEH A& Hel
o} E3H Hwang®} Thi(2015)0] W2H, Fuij=E HA7], A
7], AAEIAA 718 59 o R S wf dF AEA
E49] o] F7kote A Bt ol A7t Al2H
< FEFH 07 mhysto] A2 Y JEY &L &olsHA o3l
L et oj#gt AiHe2 ARSI AARTE AR
ZEol9s o AAE o] F7HE 5 = Ak
A9 22144 FFE 100.61 mg/100 g(Cr 3-1)°]S,
, PE(42.2%), PC(35.7%), PI(17.7%) 181 LPC(4.5%)
2 B3x35}9ch o]= PC7} phospholipase A°f ]3] 7}
BaiE|HA LPCE A% Ao R wtEthLee 5, 1997). 4
A} Afjas Sl A Yol(Cr 4-1), w5 HIF(Cr 5-1), FBA
(Cr 8-1) A AZAE 76.11-170.71 mg/100 go &1 &
o] A& 91, 0|5 HA FoA 951.04-1110.45 mg/100 g
o= A A4 6.5-13.38 % FRIXE FFo] Flok= A
S B9t} Yol glRAE(Cr 4-2)0= PC 59.7%, PE 33.7%,
PI 6.6%= TJ=0] AJoH, 55 HiF HHAE(Cr 5-2)%
golet FAFsHA PC 3ol 7P =0tk HAA HiZ AlE(Cr
8-2)ol= PC 47.2%9} PE 45.4%% A=t A% o
(Cr 6-1)&}F AY(Cr 9-1) BA A=ol= Z+z} 210.81 mg/100
g3+ 126.80 mg/100 g2 QJAAES HFotHoH, AF Fafjsl
L PE 43.6%, PC 19.4%, PI 19.0% <02 Q1A do] Eixs}9)
31, AL PI 52.3%9} PE 34.5% 7} 2 X5t AF
FifS=E dzl A(Cr 6-2)3F A A(Cr 6-3)= FAAE T=F
o] 289.38 mg/100 g7} 351.61 mg/100 go] AZE|QJ.oH, o]=
A H] 1.4-1.78 =2 ot 22t Al Sl
FE PCe PEE ottt ESH P19 2 =3 A
(18.44-32.62 /100 g)°] ABZ(39.95 /100 g)°] H]3] 1.2-2.2

e dy jo m L
W
=
£

2 jo &
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(&)
60 -
—~—
a0
g UAL=322.619 mg/100 g
Eﬂ a0 ¥ UCL= 306931 mg/100 ¢ _
= 300
£ " " .
g 20 |
< u Mean= 275.555 mg/100 ¢
g 20 m
& LCL=244.180 mg/100 g _
= g m e ——m e — e PRI gl
- J U LAL=228 492 mg/100 g_
B L
200 L L i L 1
1 2 3 4 5 6
Trials
©) 180
170 |
o= UAL=162.375 mg/100 g
S 160 TCLE (35757 mg/100 g
S L. ORI T me/l00 g
Eu 150 u -
z 140 i M= ST me Tl g
=
£ 1 L u LC1=129.282 mg/l00 g
g LAL=122 663 mg/100 g
o 120 F
&
10
100 '
1 2 3 4 5 6
Trials
(E) 90
S0
~
[-T1]
S M b _______ UAL=68.613 mg/t00g _ _
= e e CLE63.204 mEf100 5
g 60 r | -
= . Mean=52.567 mg/100 g
E 50 T
= LCL=41370mgl00g m
S 40 [ LAL=36.522 mg/100 g
R S - R
Roag f
2'} 1 1 1 1 ]
1 2 3 4 5 6
Trials

®) 110
100 | UAL=95.779 mg/100 g
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Fig. 2. Quality control chart for phospholipids analyzed using infant formula (IHQC). (A), Total phospholipid (Total PLs); (B),
phosphatidylethanolamine (PE); (C), phosphatidylcholine (PC); (D), sphingomyelin (SM); (E), phosphatidylinositol (PI); UAL=Upper
action line, UCL=Upper control line, LCL=Lower control line and LAL=Lower action line.
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Phospholipid profiles in vegetables and fruits

Table 3. List of samples and related information used in phospholipid analysis

Food group No. Sample description Abbreviation
Brassicaceae vegetables (16) 1 Broccoli, raw Cr 1-1
2 Broccoli, blanched Cr 12
3 Broccoli, stem, raw Cr 2-1
4 Broccoli, stem, blanched Cr 222
5 Kohlrabi, raw Cr 3-1
6 Shepherd's purse, naeng-i (Hongseong), raw Cr 4-1
7 Shepherd's purse, naeng-i (Hongseong), blanched Cr 42
8 Chinese cabbage, bomdong (Wando), raw Cr 5-1
9 Chinese cabbage, bomdong (Wando), blanched Cr 52
10 Cabbage (Jeju), raw Cr 6-1
11 Cabbage (Jeju), blanched Cr 6-2
12 Cabbage (Jeju), steamed Cr 6-3
13 Cabbage, juice Cr 7-1
14 Bok choy, cheonggyeongchae, raw Cr 8-1
15 Bok choy, cheonggyeongchae, blanched Cr 82
16 Kale, raw Cr 9-1
Asteraceae vegetables (19) 1 Burdock, ueong, raw Ca -1
2 Burdock, ueong, blanched Ca 1-2
3 Burdock, wueong, stir-fried Ca 1-3
4 Lettuce, sangchu, head type, green, raw Ca 2-1
5 Lettuce, sangchu, loose-head type, romaine, red, raw Ca 3-1
6 Lettuce, sangchu, loose-head type, romaine, green, raw Ca 4-1
7 Lettuce, sangchu, leaf type, cheongchima, red, raw Ca 5-1
8 Lettuce, sangchu, leaf type, cheongchima, green, raw Ca 6-1
9 Chicory, raw Ca 7-1
10 Crown daisy, ssukgat, raw Ca 8-1
11 Crown daisy, ssukgat, blanched Ca 8-2
12 Fischer’s ragwort, gomchwi, leaf, raw Ca 9-1
13 Fischer’s ragwort, gomchwi, leaf, blanched Ca 9-2
14 Rough aster, chamchwi, raw Ca 10-1
15 Rough aster, chamchwi, blanched Ca 10-2
16 Rough aster, chamchwi, boiled and dried Ca 10-3
17 Rough aster, chamchwi, boiled and dried, blanched Ca 104
18 Korean thistle, gondeure, boiled and dried Ca 11-1
19 Korean thistle, gondeure, boiled and dried, steamed Ca 11-2
390 https://doi.org/10.11002/fsp.2025.32.3.384
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(continued)

Food group No. Sample description Abbreviation
Fruits (21) 1 Orange, raw F 1-1

2 Orange, juice F 1-2

3 Mandarin, gyul, juice F 2-1

4 Grapefruit, jamong, raw F 3-1

5 Grapefruit, jamong, juice F 3-2

6 Kiwifruit, gold, raw F 4-1

7 Kiwifruit, green, raw F 5-1

8 Kiwifruit, juice F 6-1

9 Strawberry, ttalgi, seolhyang (Nonsan), raw F 7-1

10 Strawberry, ttalgi, jukhyang, raw F 8-1

11 Strawberry, ftalgi, king's berry, raw F 9-1

12 Strawberry, jam F 10-1

13 Cranberry, dried F 11-1

14 Peach, boksung-a, nectarine, raw F 12-1

15 Pineapple, raw F 13-1

16 Mango, raw F 14-1

17 Mango, dried F 15-1

18 Mango, apple mango, raw F l6-1

19 Fig, dried F 17-1

20 Fig, masui dauphine, raw F 18-1

21 Jujube, daechu, raw F 19-1
AR A FHES WA (Ca 1-1, 25.73 mg/100 ET}F B4 ZA(Ca  9-2)9 46.2%(Ca 10-2)F &7 Z71sI5ith. ol#fdt gL A
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Phospholipid profiles in vegetables and fruits

Table 4. Extracted lipid content and phospholipid composition of Brassicaceae vegetables

Brassicaceae Lipid

Phospholipids” (mg/100 g of freeze-dried) / percentage (wt%) of individual PL

vegetables  contents (%)
PE PC SM PS LPE PI LPC Total PL

Cr 1-1 423+0.08? NDY 10.19+0.21 ND ND ND 18.47+0.76 ND 28.66+0.97

(35.6%)" (64.4%)

Cr 12 3.5340.14  57.5246.73 220.82+18.34 ND ND ND 35.17£1.52 ND 313.52426.59
(18.3%) (70.4%) (11.2%)

Cr 2-1 2.1440.02  7.14+1.56 13.42+0.99 1.28+0.16 ND ND 5.96+0.14 ND 27.79+£2.26
(25.5%) (48.3%) (4.6%) (21.5%)

Cr 222 1.63+0.06  47.56+0.93 137.86£5.28  ND ND ND 15.73+0.15 ND 201.15+6.36
(23.6%) (68.5%) (7.8%)

Cr 3-1 1.53+£0.09  42.43+2.09 35.91£1.16 ND ND ND 17.76+0.20 4.5+0.01 100.61+3.07
(42.2%) (35.7%) (17.7%) (4.5%)

Cr 4-1 3.8340.57  34.60+1.55 32.63+1.28 15.16£1.76 ~ ND ND 33.55+2.29 ND 115.94+0.26
(29.8%) (28.1%) (13.1%) (28.9%)

Cr 4-2 458+030  320.68+15.89 567.41+40.76 ND ND ND 62.95+6.95 ND 951.04+63.60
(33.7%) (59.7%) (6.6%)

Cr 5-1 5.39+0.08  29.48+0.69 ND 8.59+0.49 ND ND 38.04+0.97 ND 76.110.22
(38.7%) (11.3%) (50.0%)

Cr 522 6.5040.39  337.60+15.19 629.86+31.41 ND ND ND 43.36+2.26 ND 1010.82+48.86
(33.4%) (62.3%) (4.3%)

Cr 6-1 1.99+0.08  92.02+5.26 41.02+2.88 ND ND 37.81+0.74  39.95+0.55 ND 210.8148.32
(43.6%) (19.4%) (17.9%) (19.0%)

Cr 6-2 1.58+0.05  119.44+4.66  151.5046.72 ND ND ND 18.44+0.05 ND 289.3842.00
(41.3%) (52.3%) (6.4%)

Cr 6-3 1.93+0.06  147.76+1.87  171.23+0.13 ND ND ND 32.62+0.56 ND 351.61+2.57
(42.0%) (48.7%) (9.3%)

Cr 7-1¥ 0.10+£0.01  0.29+0.00 0.35+0.01 ND ND ND 0.28+0.01 ND 0.92+0.01
(31.3%) (37.8%) (30.9%)

Cr 8-1 435+0.02  61.10+£1.30 29.08+2.23 21.57+1.82 ND ND 58.96+4.00 ND 170.7149.35
(35.8%) (17.0%) (12.6%) (34.5%)

Cr 82 492+0.15  504.03+3.28  524.08+3.08 ND ND ND 82.34+3.27 ND 1110.45+3.06
(45.4%) (47.2%) (7.4%)

Cr 9-1 7.78+0.17  43.69+0.63 ND 16.76+0.63  ND ND 66.35+3.35 ND 126.80+4.61
(34.5%) (13.2%) (52.3%)

DPhospholipids (PL) are PE, phosphatidylethanolamine; PC, phosphatidylcholine; SM, sphingomyelin; PS, phosphatidylserine; LPE, lysophosphatidylethanolamine;

PI, phosphatidylinositol.
IValues are mean+SD (n=2).
IND, not detected.

“The values represent the weight percentages (wt%) of individual phospholipids relative to the total phospholipid content.
SPhospholipids were extracted from juice-type samples made from raw materials (mg/100 g of fresh weight). The information regarding the samples

is presented in Table 3.
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Table 5. Extracted lipid content and phospholipid composition of Asteraceae vegetables

Asteraceae  Lipid Phospholipids” (mg/100 g of freeze-dried) / percentage (wt%) of individual PL

vegetables contents (%)
PE PC SM PS LPE PI LPC Total PL

Ca 1-1 0.90+0.03?  8.98+0.28 5.04+0.21 ND? ND ND 8.30+0.07 3.41+0.06 25.73+0.36
(34.9%)” (19.6%) (32.3%) (13.3%)

Ca 12 1.37+0.04 77.68+1.62  12691+224 ND ND ND 17.1540.01 ND 221.74+3.88
(31.4%) (51.3%) (6.9%)

Ca 1-3 0.65+0.03 38.32+0.84  64.53x027  ND ND ND 15.13£0.44  3.50+0.01 121.47+0.66
(31.5%) (53.1%) (12.5%) (2.9%)

Ca 2-1 3.04+0.06 25.88+0.66  19.22+2.07  ND ND ND 29.74+2.05 ND 74.84+4.79
(34.6%) (25.6%) (39.7%)

Ca 3-1 7.77+0.12 40.46+0.59 ND ND ND ND 5236+1.67 ND 92.82+2.26
(43.6%) (56.4%)

Ca 4-1 6.10+0.12 32344146 ND ND ND ND 43354267 ND 75.69+4.13
(42.7%) (57.3%)

Ca 5-1 6.88+0.07 36394229 ND ND ND ND 43.6242.71 ND 80.0145.00
(45.5%) (54.5%)

Ca 6-1 8.4620.04 50.77+1.55 ND ND ND ND 62.36+0.95 ND 113.13+0.60
(44.9%) (55.1%)

Ca 7-1 6.36+0.26 37.59+0.76  ND ND ND ND 46.89+1.61 ND 84.48+0.85
(44.5%) (55.5%)

Ca 8-1 5.80+0.23 3133+1.91  20.83+0.73  ND ND ND 51.48+3.01 ND 103.65+5.65
(30.2%) (20.1%) (49.7%)

Ca 8-2 6.46+0.21 227.40+£3.66 349.89+7.96 ND ND ND 52.8040.15 ND 630.08+4.15
(36.1%) (55.5%) (8.4%)

Ca 9-1 7.53+0.11 39.45+025 ND ND ND ND 57.85+027 ND 97.30+0.02
(40.5%) (59.5%)

Ca 9-2 8.42+0.10 298.3745.46 796.43+1.04 ND ND ND 89.05£0.73 ND 1183.86+5.77
(25.2%) (67.3%) (7.5%)

Ca 10-1 6.58+0.17 20.94+1.72  28.54+0.81  ND ND ND 101.29+4.58 ND 150.77+2.06
(13.9%) (18.9%) (67.2%)

Ca 10-2 7.74+0.06 219.1140.43  368.564+3.29  31.3240.67 ND ND 110.4940.09 ND 729.48+3.62
(27.4%) (46.2%) (3.9%) (13.8%)

Ca 10-3 9.25+0.04 95.4040.37  367.95£18.24 30.05£1.99  ND ND 147.55£7.00 ND 640.95+26.85
(14.9%) (57.4%) (4.7%) (23.0%)

Ca 104 12.1240.2 142.3743.96  562.04+17.66 37.26+1.13  ND ND 157.30£3.25 ND 898.97+15.82
(15.8%) (62.5%) (4.1%) (17.5%)

Ca 11-1 9.97+0.05 162.5242.61 477.21421.69 19.56+1.07  58.7245.05 ND 113.1743.40 37.81+0.09  868.98+28.51
(18.7%) (54.9%) (2.3%) (6.8%) (13.0%) (4.4%)

Ca 112 9.36+0.10 152.71£11.43 431.28+11.67 18.15£0.62  51.52+1.28 ND 02414248  42.0242.56  788.09+21.12
(19.4%) (54.7%) (2.3%) (6.5%) (11.7%) (5.3%)

DPhospholipids (PL) used are PE, phosphatidylethanolamine; PC, phosphatidylcholine; SM, sphingomyelin; PS, phosphatidylserine; LPE, lysophosphatidylethanolamine;
PI, phosphatidylinositol.

Values are mean+SD (n=2).

IThe values represent the weight percentages (wt%) of individual phospholipids relative to the total phospholipid content.
YND, not detected. The information regarding the samples is presented in Table 3.
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Table 6. Extracted lipid content and phospholipid composition of fruit samples

Fruits Lipid Phospholipids” (mg/100 g of freeze-dried) / percentage (wWt%) of individual PL
contents (%)

PE PC SM PS LPE PI LPC Total PL

F 1-1 2.73+0.08?  53.97+0.84  44.49+0.00 ND” ND ND 22.63+034  ND 121.08+1.17
(44.6%)” (36.7%) (18.7%)

F 129 0.33£0.01 4.04+0.01 4.57+0.11 ND ND ND 2.43+0.28 ND 11.03+0.41
(36.7%) (41.4%) (22.0%)

F 2-1% 0.300.01 3.72+0.05 5.05+0.11 ND ND ND 1.84+0.04 1.08+0.00 11.69£0.12
(31.8%) (43.2%) (15.8%) (9.2%)

F 3-1 1.68+0.07 62.45+1.65  59.46+2.06  ND ND ND 13.33+0.62 ND 135.23+3.09
(46.2%) (44.0%) (9.9%)

F 3-29 0.38+0.03 2.94+0.17 2.6240.13 ND ND 0.75£0.07  2.49+0.06 1.46+0.18 10.26+0.13
(28.6%) (25.5%) (7.3%) (24.3%) (14.3%)

F 4-1 3.24+0.44 24.15£1.45  29.60+0.88  ND ND ND 17.48£027  ND 71.23+2.06
(33.9%) (41.6%) (24.5%)

F 5-1 5.30+0.08 32.08+0.80  34.76+143  ND ND ND 25.00£0.66  ND 91.84+0.03
(34.9%) (37.9%) (27.2%)

F 6-19 0.31+0.01 1.61+0.03 1.52+0.03 ND ND ND 1.45+0.02 ND 4.58+0.01
(35.1%) (33.3%) (31.6%)

F 7-1 2.34+0.14 132.74+6.38  109.30+4.00 ND ND ND 33.2442.16  10.12+1.15  285.41+13.69
(46.5%) (38.3%) (11.6%) (3.5%)

F 8-1 2.48+0.07 111.35£3.81  99.02+4.06  ND ND ND 5.87+0.43 6.03+0.63 222.2748.07
(50.1%) (44.5%) (2.6%) (2.7%)

F 9-1 2.09+0.02 117.9145.85 194.61+7.96 ND ND ND 27.02¢1.76  ND 339.54+12.05
(34.7%) (57.3%) (8.0%)

F 10-1 9.64+0.01 ND ND ND ND ND ND ND ND

F 11-1 2.61+0.16 ND 8.42+0.17 ND ND ND ND ND 8.42+0.17

(100.0%)

F 12-1 1.2120.04 2546+0.77  37.93+224 ND ND ND 7.14+0.29 6.08+0.21 76.61+2.92
(33.2%) (49.5%) (9.3%) (7.9%)

F 13-1 1.02+0.04 25.89+024  ND ND ND ND ND 5.42+0.00 31.31+0.24
(82.7%) (17.3%)

F 14-1 0.99+0.04 21.824223  33.14+282 ND ND 220+0.02 ND 2.48+0.20 62.25+1.05
(35.0%) (53.2%) (3.5%) (4.0%)

F 15-1 1.8140.09 6.98+0.22 ND ND ND ND ND 6.70+0.47 13.69+0.45
(51.0%) (49.0%)

F 16-1 0.78+0.02 5.40+1.41 2.984+0.53 ND ND 1.69+0.16  ND 1.49+0.11 11.55+2.11
(46.3%) (25.8%) (14.9%) (13.1%)

F 17-1 1.29+0.06 ND 9.80+0.24 ND ND ND ND 5.90+0.28 15.70+0.25

(62.4%) (37.6%)

F 18-1 1.13+0.06 31.74£2.60  77.62+6.45  ND ND ND ND 2.87+0.22 112.2349.16
(28.3%) (69.2%) (2.6%)

F 19-1 1.09+0.07 1447£1.05  26.38+0.75 ND ND ND ND ND 27.23423.62
(35.4%) (64.6%)

DPhospholipids (PL) used are PE, phosphatidylethanolamine; PC, phosphatidylcholine; SM, sphingomyelin; PS, phosphatidylserine; LPE, lysophosphatidylethanolamine;
PI, phosphatidylinositol.
IValues are mean+SD (n=2).
JThe values represent the weight percentages (wt%) of individual phospholipids relative to the total phospholipid content.
“Phospholipids were extracted from juice-type samples made from raw materials (mg/100 g of fresh weight).

JND, not detected. The information regarding the samples is presented in Table 3.
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