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Method Validation and Quantification of Lutein and Zeaxanthin from
Green Leafy Vegetables using the UPLC System

Suna Kim* and Ji-Sun Kim

Department of Home Economics, College of Natural Science, Korea National Open University

Abstract The objective of this research is to present method development and validation for the simultaneous
determination of lutein and zeaxanthin using ultra performance liquid chromatography (UPLC). Also, rapid quantification
was performed on six green leafy vegetables (Allium tuberosum, Aster scaber, Hemerocallis fulva, Pimpinella brachycarpa,
Sedum sarmentosum and Spinacia oleracea) that are commonly consumed in Korea. Separation and quantification were
successfully achieved with a Waters Acquity BEH C18 (50x2.1 mm, 1.7 um) column by 85% methanol within 5 min. Two
compounds showed good linearity (1*>0.9968) in 1-150 pg/mL. Limit of detection (LOD) and quantification (LOQ) for
lutein and zeaxanthin were 1.7 and 5.1 g/mL and 2.1 and 6.3 g/mL, respectively. The RSD for intra- and inter-day
precision of each compound was less than 10.69%. The recovery of each compound was in the range of 91.75-105.13%.
Aster scaber and Spinacia oleracea contained significantly higher amounts of lutein (4.06+0.24 and 3.97+0.10 mg/100 g

of fresh weight), respectively.
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A luteinZ zeaxanthing #A3k= WHL vlE]F=(Tugetes
erecta L) FEEZ5E HPLCE o|&3t o] AT HE

Clhab=3
Z1ETHA) g 2 3] sl sleko), RO carotenoidss
HPLCZ B4 A] SAFEz7Ie] AR

dEtA o] WEsA o] FoiA|A|
e EAK0e] dom, Fu 4L 93] o= HPLCE ©
Bt ok AlERe] MAE AFe =24 Kromasil C18 2
H(250x4.6 mm)yS ©|-8-3ted A8t A3 lutein? zeaxanthinS -
YA EEI (1), BN 5 lutein?} zeaxanthin®] S AT
3 E=Eo)A % Spherisorb ODS-2 Z#(250x4.6 mm)2 ©]&-3lo]
AT A 7 2Ho] EEEA] fot do g A7Dirk12).
ot Huck 5(13)% A& & lutein?} zeaxanthin &S A3l
9]8l HPLC-MS-MSE ©]8-31512™, Sander 5(14)> C30 #H
< ©]83} carotenoid w4 ATE RIS T
Ultra performance liquid chromatography(UPLC)= HPLCR.T} %
2 Aol HAgo] 2k AYS AAFtete] sk oM E4E T
gat7] well EAAZe] dEHA Bl A=t =2 A
o] Ark(15). th¥ Z anthraquinone AJ% ¥41S HPLCS} UPLC
o g Hwsk Ao WEW UPLCE AMESIAS o E4A1%F
o] 8AIZF SIS W ollEt 4 £ F AU o U
RIS 0m(16), 94 HPLCSF UPLCE o83l 24 Whis
Hgh Aol o]k UPLCE ©l8-3 ¢ Ee=o] 93-S 7
1A oM BT o] 4] Fobd & ¥ ol Aatiite
] (signal-to-noise ratio, S/N)7} S thal B3I TH(17).
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lutein?} zeaxanthin®] A7

3l BAWS A83l0] luteind} zeaxanthin® FHH 02 H7lsial

R

ME I Al

B A% ALg3t AgEe 52 QAT F5EUllium tuberosum),
FHUYE(Uster scaber), D52 (Hermerocallis fulva), - +2(Pimp-
inella brachycarpa), EV&(Sedum sarmentosum), *1=X|(Spinacia
oleracea)°l™, 2011%d 4ol 7FAPoIA F9dsisitt. 48 4
sl RE AEE AT & 54 71xste] Ay ARl

Lutein3} zeaxanthin< Carotenature GmbH(Lupsingen, Switzer-
landllA FYBIFLH, Ui EFE0=Z AR-E B-apo-8'-carotenal
2 Sigma-Aldrich Co.(St. Louis, MO, USA)3lA F3k3it). &4
4 279l methanolMeOH)2 Burdick & Jackson(SK Chemicals,
Ulsan, Korea)®] LC gradeS AME-31590m, F58 8] acetone,
diethylether, sodium chloride, sodium sulfate:= Junsei Chemical
(Tokyo, Japan)ollA] st A&-3ldTh. H,O= AquaMAX™-
Ultra(YoungLin Instrument Co. Ltd., Seoul, Korea)S A}-&3}<]
182mQ FFo® FAE SHTE AHSIith

x| 2y

Z} NJE 7580357 (ASE, accelerated solvent extraction,
ASE 150, Dionex, Sunnyvale, CA, USA)E ©]&al] FZa13it}.
FE8 cell22mL)°ll cellulose filter(ASE-NON-Stick Thimbles for
extraction, Whatman, Schleicher & Schuell, Bioscience, Dassel,
Germany), ASE Prep Diatomaceous Earth(Dionex, Sunnyvale, CA,
USA)S M2 Y3 kst & 7)o #23F | 7zF A8E 7t
1g¥ Yol =3t 7171272 static time 5min, static cycles
43], solvent flush% 60 vol, nitrogen purge 60s, pressure 1,500
psi, temperature 100°Ce]™, FZ8l= acetoneS ©]-8-3FHTH18).
FE°] B9 T collection vialdll +3E & E TurboVap LV
(Biotage, Uppsala, Sweden)& ©]-8-3}c] 25°C 874X N, 7k~
2 FF3 3mLE &3 F Attt Hske oME F=
4 3 mLell 30% KOH/MeOH 1mL3} methanol 3 mLS &35}
g 2t A 2217 302 FoF s § 2 e diethyl-
ether® 33] o) FZ3IAth 5 F FEE A fl# F
7 20mLE 33] ¥Hg H7F F 10% NaCl 10mLS A7kt &
W3] WAsle] T EEE AlA sSdE Bt 3 sk
Yol 2% Na,SO, 10mLE 33| o) W F7lsle] &5 diethyl-
ethersS 35381t 3548 diethylethers 2 55 & &2
A ES oME 3mLol =9 MILLEX-HV 022um PTEF
syringe filter(Millipore Corp. Bedford. MA. USA)Z &334}3t & &
Aol ARSI gk AR B F AR A4 AEE WA &
43k 5 A8 BA Al ZF ujx|e] AR Abolvitt #FES 548
o Fx WY ool EojoER] Felsh AT

727l ¥ 2M=A

Lutein?} zeaxanthin®] A #<S 15+ Acquity UPLC H-Class
(Waters, USAYE ©|-&3F3th 4 7]171¢] /42 Tunable UV
(TUV) AZ7], ZHE sample manager(Flow Through Needle
injector, FTN), Quaternary Solvent Manager(QSM) % Empower
3 chromatography softwareZ ©]Foixom RFEA HIE ¢
A A Acquity UPLC BEH C18(1.7 um, 2.1x50 mm)<
o] &3] &MUt

ofN
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Lutein?} zeaxanthin®] ¥4 ZA thS-3 7t} o854 meth-
anol? H,08 AM&-399m(85: 15, viv), 842 0.5mL/min, 4
Z94S 470 nm, FYZS 1.0 L, ZHLEE 40°CE 4614
2% ek B3

MY A4S
Lutein, zeaxanthin, B-apo-8'-carotenal> Z}7} dimethyl sulfoxide
(DMSO)°ll =9 stock solutions THE F ARE-3IT. Lutein}
zeaxanthin® 0.1-150 pg/mL B9 WollX 127F4] =2 EJIEFE
|ds TEoH, HEFEZZE B-apo-8-carotenalS 50 png/
mLE o] HA 7kl AFNE RFAIEE WHEC] UPLCE
AT A kol WE v WAoR HAYFM Z
As v AFIAFAY FER p3te] FFAE ZAEA

A8 AL ol ghe Bl AHYS Busigon, rol
grol 0.99 o19Q1 A5 AR G Hrlshe APHOT A
sk,

N

2} Aol g 7E3H (Limit of Detection, LOD)$} &34
(Limit of Quantification, LOQ)= X T892 AZrlEIHS A}
g3te] A} Ao 71e71e A At

LOD=3.3x(standard deviation/slope of calibration curve)
LOQ=10x(standard deviation/slope of calibration curve)

A= (precision)® 78 g (accuracy)y= FAF AlE FF &)
F EUs ReR Faiglon, Aade] HAE vepie ®
2l & 25, 50, 100 pgmLe] FE7F E == lutein?} zeaxanthin]
EHRFEAS Axsle, 7ol S 53] wHEske] ddfi(intra-
day) BR=E TolL, 5U7F e Wk Aldste] d7k(inter-
day) AEEE 3th AEEE 4%l RSD(Relative standard
deviation, %)= Al4Fston, A (accuracy)y= R #
o thet =4 Hagkel 4 (recovery)Z AL

‘o

sy

RE BH 33 ol uE Yy, de PR
ZHmean+SD)E 71& 3t th zt 48 Ax= SPSS T2
(PASW Statistics v.18; SPSS Inc., Chicago, IL, USA)S ©]&3}
one-way ANOVAS} Duncan’s multiple-range test(p<0.05)Z H| 2L
staart.
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274 9 I tiste EA2AS HES A3 AlZe E4
AL st FUE BAML 0]L235}9] [utein 2 zeaxanthin
I WH-EFEZ2] B-apo-8'-carotenal®] UPLC A ZrFE1#S Fig,
1@ 2t & B4 12ioH, EFFS A5 o
v39] HEE AI7HE zeaxanthin®] 4.38%, lutein®] 4.68%-0]%] S
W, B-apo-8-carotenal:> 9.573T-0|3Ath & AT FAZ0NA Al
ETEde 8 HEe e, A48 dAF AEF
sl Agx FEES ARrEINS v Wt lutein} zeax-
anthin®] =27} B HE=AE g1 43 Fig. 1(b)st 2ol ZF
S0l e Faet Adglel EElENer FF89 ¥
FAANZS AgA] FE2ES AAFAAZR] Ak S &
g 4 AT 71E9] HPLCE ©]-8-3t lutein?} zeaxanthing
A3t ATES AHHEH Pineau 5(11)2 methanol} ethyl ace-
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Fig. 1. Chromatogram of zeaxanthin, lutein and B-8'-apo-carotenal (internal standard) (a) and lipophilic extracts of Spinacia oleracea

(b) in UPLC.

tate®] &322} 2.5 mM tetrabuthylammonium phosphate”} &
# 85% methanol &1 E ©]&ste] ul-§uj32/dH (gradient sys-
tem)S. 2 EA315 04, lutein?} zeaxanthino] #2]FA] &2 A
AEstEom, Su 5(12)2] A= 0.05% ammonium acetate
7} $+¥ methanol#} 0.1% triethylamine©] 3% acetonitrile}
chloroform &7l & °]-&3te] FujEmjRHoRE A8l =
lutein?} zeaxanthin®] 2] =A] 282 A AFS 3Tk HPLCE
ol&3le] 844 F xantholhyllF-S 43 Aol C-30 29
© 2  methano/MTBE/water(81:15:4)9} methano/MTBE(9:91)E
o] g3 Tl HO R luteind} zeaxanthinS E2] 2 A3}
ATH(19). HPLCE o&-ste] Trglrle] 72 mo|= Mg #
Mg o] AFeME C18 Y-S ©]&3to 85% methanol
acetone/methanol(50:50)- ©] &3k FTul & ZAHCZ lutein}
zeaxanthin £2] #4319 TH20). & ATolA S EAUEe
vl Zhsk gul) AJ2EQ1 85% methanolS AME-SE] UA&
v 23 ¥ (isocratic system)©-2 UPLCE C18 AHLE o] &35t 3
Azke] 7hAgle] sE ol lutein?} zeaxanthing 25} Th.

Lutein} zeaxanthin?] 2AMH H=
A AES 3 lutein? zeaxanthin®] EFAIE T HE
£ 0.1-150 pgmlLolReH, 12719 T2l AFES THE § o

N

71o)] WH-FFEZQ B-apo-8'-carotenal”’} 50 pg/mL =7+ EA|
Arbste] HAEgAE EFAIEE THEY] UPLCE #4359
o AoJF utein?} zeaxanthin 7 A1) F XA (linearity) &3
Al 2 A=Al = Table 13 2} Zeaxanthin®] 7 &A1 Q] 21X
< 93 3L y=25268x-1170130] 32 AAAFE)E 0.99689]

™, lutein®] ] S AT 37142 y=21585x-46182°]
I AIAFEE 0997622 F RFEF BT 2 B2 sl
Al Ee AR YeERISITh FAAAE UEhE HE WelA
zeaxanthin? lutein®] LODZS ZHZF 213 1.7 pg/mLo|™, LOQ
e Z47b 633 5.1 pg/mLe|Att. o] AR ZHE zeaxanthind}
lutein®] EAo 488 ¢ A& 747} 2.1 pgmL# 1.7 pg/mL,
A 717 63 pgmlt 5.1 pgml FE7HAIYS ov]gich 7
Sk IS ARkt ol 8E= AEthEEIE baseline



lutein?} zeaxanthin®] A7

Table 1. Measurement of LOD, LOQ and linearity for zeaxanthin
and lutein

Zeaxanthin Lutein
LOD (ug/mL)" 2.1 1.7
LOQ (ug/mL)? 6.3 5.1
Calibration equation (y=Ax+B)
Slope (A) 25268 21585
Intercept (B) -117013 -46182
Correlation coefficient (1) 0.9968 0.9976

YLOD, limit of detection
JLOQ, limit of quantification

Ho| Foixl AN I HAEHUE 2ulE YeRITH21). Guil-
larme 5-(22)2 PHAAIQ rapidocane®] & 4 WS vk
Aol A UPLCHol HPLCH Bls) 3-8v] o W& EA4AZk
S UEE JRIT BT & dAolx] dye £
£ utein?} zeaxanthin®] #2418 ¢33 AEIA e} ALIAE 7
3 AR FE3] &8o] e AR AlREh

1)
£

o o

A% (precision)y= TU 3 AAZFE oz W A3t A&
AEE A 204w S45AS o 47 SHJUE A
ole] ZHAEHE)S E3TH23). UPLCE ©]8-3F H21 9

7= A3K(Table 2), zeaxanthin®] U RSDZHS 541 7.31%, L7+
RSDZES 3.79-9.82%¢120.0H, lutein®] U] RSDFES 4.65- 733%,
A7} RSDZES 4.04-10.69%0] A}, B3}, zeaxanmmﬂr lutein 3

F9 35&S e A3 25, 50, 100 pg/mLe] 37HA] F= t'é
el ZhzF 91.75-103.24%2F 95.76-105.13%]131 . o238k Az}
= s EAuhEo] lutein? zeaxanthin®] B ZFHEAjo] 7153k
A& A (reproducibility S 7FX] 3L °‘E]~E AL Uik = 2 o
TollA] N AL FEAESS B9k zeaxanthin? lutein
= RS 7*53} AR 2 Ad=el 4

olN
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A shld = AT

&

UMFT = luteinzl zeaxanthin| &2

AAF AEES dA-E= Kim 50)°] HES o]
gEom, dxe A8 F acetone_i /\]E% FE3= 4
< 78 FE A (ASE)S ol8dte] FEEIUT. ASEE F&
Al =8} s ddte] guet ’\]7101 AA 2oEHH F2
FZ 282 vehlle o] Ath24). Richter 5(25)2] Aol
Al ASER FZ3 3¢&o] HFH FEPHEY Hojure &
TAIE BHISP|E st & AFelx] Aol t} wihd wfj7lx]
ﬁ‘ﬂ%}oq FE3h= 71 Wyl vlste] ASEE o|&ste] F&3)
Ag W FE8ulot A7kl A AEI dubd oz A
A 2=2] carotenoids= carotenol acyl ester FENZ EA| ST} o=
lauric acid, myristic acid, palmitic acid®} 732 ZA| Ak} o 2~
B3} Hol Sl= dejolw, st IS Aok THE carotenoid
AEES 29 2 AFE T ArhQ6). °lHg o|fFE ASEE
FAF AMEES] acetone FE=ES A3 S A
o] &3sted B4 A @Y carotenoidEWH & EEE &
sttt
AHo g ”—ﬂﬁ}l‘— luteinil} zeaxanthing 413517] $J8) =
19 hEAR! AR 5, Fv=, 4F, e, SUE,
A FAE A5t lutema»‘r zeaxanthin® 439 o™, 1 3F
< Table 337 7t} Lutein® AlFX|oA 49.64+1.28 mg/100 g dry
weight(dw)2 7} o] 3950} glom, 1 peogE BE
o A 35.05+£0.52mg/100g dw, FUE 30.4511.78mg/100g dw,
HUHE 29794380 mg/100 g dw, 152 2542+1.12mg/100 g dw
ol oem, EUES 1.84+128 mg/100g dwE lutein o] 7}
& AT}, Zeaxanthing AFA, e, 952, Fv=el 47
7.1340.13mg/100g dw, 7.08£0.03 mg/100g dw, 7.170.06 mg/
100g dw, 7.16:0.04mg/100 g dw= H|5=3 32 Yehfiglen,

r
rUlo
30 M 3

b ot ofo o
1o it o o

¢}

S FA BN 2= 9] 2 57} 6.88£0.02mg/100 g dwiE AlFA], Fhte, A5, FUE
Table 2. Inter- and intra-day accuracy and precision, and recovery of the newly developed method
Anal Concentration Inter-day (n=5) Intra-day (5 days)
alyte
v (ng/mL) Recovery (%) RSD (%)" Recovery (%) RSD (%)
25 98.71 3.82 95.02 6.34
Zeaxanthin 50 94.25 9.82 91.75 7.31
100 101.67 3.79 103.24 5.41
25 96.35 10.69 101.07 7.33
Lutein 50 95.76 6.81 97.32 7.02
100 101.37 4.04 105.13 4.65

YRSD, relative standard deviation

Table 3. Zeaxanthin and lutein contents in leafy vegetables cultivated in Korea

Scientific name

Korean name

Content, mg/100g of dry weight"?

Zeaxanthin Lutein
Allium tuberosum buchu 6.88+0.02° 35.05+0.52°
Aster scaber chuinamul 7.16+0.04* 30.45+1.78°
Hemerocallis fulva wonchuri 7.17£0.06* 25.42+1.12¢
Pimpinella brachycarpa chamnamul 7.08+0.03* 29.79+3.80°
Sedum sarmentosum dolnamul 1.54+0.03¢ 1.84+0.11°
Spinacia oleracea sigumchi 7.13£0.13% 49.64+1.28°

YEach value is the mean (mg/100 g of dry weight) of four replications+standard deviation.
YMeans in each column with sonic letters are not significantly different (p<0.05).
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Fig. 2. Comparison of lutein and zeaxanthin contents between selected leafy vegetables cultivated in Korea.

Huhe Ao dake Jehlith BuEel A9 154+ 0.03 my
100g dwZ zeaxanthin®] o] AR F 7FF HUTh Leedt
Kim(27)2] A9 A &aFolA Iutein TS 48 ATtelA Al
A HAUES luein FFe]l ZH2 10.115mg/100 g2 11.989
mg/100 g2 £ A Axprt R =& FFo2 Yeid & I
Qg 4= AT Lim(28)y2 Alaxle] Xl wZ carotenoids
S AsE BAs Aol dAFE AIFAA luein FES
153.1+1.3 pg/gel2t 8192 ™, steam¥} microwave 2|3+ 739 <F
2-7% RE U7k Fadshe A Holu FAN felg 2ole
STk BSIGITE B AFeA ARSE AR FREEe
3 92.00%, FH= 86.67%, AFT] 88.67%, b= 88.63%, =
UE 94.67%, AE3] 92.00%US 2Hste AxTH FRFH
< HAB|RH 2T DRloM = AlFA lutein FEFo] 71
Eokoy, FREE dd o, AlEXe AYUES] lutein FFS
Zbz} 3.97£1.01 mg/100 g fresh weight(fw)2} 4.06+0.24 mg/100 g
W2 FHUEY lutein o] oi =4 Yoy SAHe=
FrolabAl e tTh(Fig. 2). Zeaxanthin HA| FH-5F S9I= T
< AREIE o, FAvEF A5 27 0.95+0.00 mg/100 g
fwet 0.96+0.01 mg/100 g fwE THE A|EE ®Hit folakA =3t
o} Kim 529 28 AFA M9 lutein T3] 327 my
100 g wet weightZ}aL 31020, A AS19] lutein $HF 4.45 mg/
100 g wet weightthal B3] & ArAFeA 9] HUES] lutein
S} vls2g 15 YERITE. Chanan-Taber 56y 12 &
oF = A ES A2 carotenoid FF <} W] AHH
ATE 33 A7 luteind} zeaxanthin HFH oA AT =
(relative risk, RR)7} 0.78(95% A1& 77t 0.63-0.95)Z Wi Ay
AL 2% ¥E F At 3o m, E3] lutein? zeaxanthin
< 6,047 pugs AT 26578 AA AR ETF 0.81(95% A=+
7F 0.69-0.96)% T2 AHA = Hla) o g@Holgt sl
o). ESE Seddon S5y luteind} zeaxanthino] F-H-gt 34 2 A
2Fe] A =4 AT BARke] ARAAE AR F
3}, 31 6mg 0149 luteing AFHE HEA =94 Fubd

)=}
ko
5

Z9] AL 43% Wrvly B Ut =elo] 2 A FH e}
= FAFY lutein?} zeaxanthin -2 A Fsla <kl A 4

(<]

| & lutein?} zeaxanthin®] FFHFS o|a|s}7] flste] F235}t).
2 AT A3 FHUE 100gS AFHSHE lutein? zeaxanthin®: 7]

o] S5mg A= FFLE F Jdon, AlFRet FUE, 93

A e 45mg A= FFHE T AUTHFig. 2). Ju TG0

2010 AR Holl= BuvE, 54, FEC] AiF

o FUIEELRE AAHIYTL BRI o] AL gh=gle] o
A

=
21 F w8t

5 QAT AA N 9 gl Bk AL oudt. £e E
e A% 2¥e) BAL TR QAW 1 ©9 G| @
A8 Ayt

AL Aolfrart gob A
oA AT

7EF AAE £ A7

B AoAE UPLCE o83t luteind} zeaxanthing A7+

o B4 BHT £ e A2 g N F B o
X

T AR
g WRE o, e o R 650 AARIA lutein
7 zeaxanthing A% FA3IATE 4 HH-2 Acquity UPLC
BEH C18(1.7 um, 2.1x50 mm), ©]&% &= 85% methanol
AHEEI o, A& 450 nm, ©1%57dC] 42 0.5 mL/min,
EE 40C, AEFAFS 1L0pLE AAste] £

B Z7ANA lutein?} zeaxanthin®] 3] A HF-EAIZHRT)S
3583 456901, FFEN| BIAHTEAILT FAF
9] FIAHFEFAZS LA ST lutein?} zeaxanthinol] T
AAZALE 1-150 pygmL SEH YA ABAF)=
9968 ©Fe] Yoet AHdE vEplo] EX AEe &
ANeH, HEFA= lutein?} zeaxanthin®] ZH2} 1.7 pg/mL} 2.1
pgmL, A FIAE lutein? zeaxanthin©] ZHz} 5.1 pg/mL3}+
63 pgmLZ A F AT} Lutein? zeaxanthin®] 3]¢=&-S zhzt
95.76-105.13%%} 91.75-103.24% WS EATh Lutein® AU
RSD#E2 4.65-7.33%, Y7+ RSD#E 4.04-10.69%C]1 01, zeax-
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