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Abstract: Lutein is a major carotenoid component of macular pigment and is known to contribute to the
prevention of age-related macular degeneration through its antioxidant properties and blue light filtering effects.
It is widely used in various forms of dietary supplements. However, the current lutein assay method specified
in the Health Functional Food Code of South Korea shows limited accuracy and applicability when applied
to powdered formulations. In this study, a new analytical method suitable for powdered lutein dietary supplements
was developed and its performance was evaluated. The proposed method involves extraction of lutein using
n-butanol 1 followed by quantification by spectrophotometry and high-performance liquid chromatography
(HPLC). Method validation was performed according to the Ministry of Food and Drug Safety guidelines, and
the method satisfied all required criteria, including linearity (> = 0.996 + 0.0031), specificity, lower limit of
quantification (20.04 pg/mL), accuracy (recovery 100.63-103.67 %), repeatability (RSD 0.37-1.68 %), and
reproducibility (interlaboratory RSD 2.24 %). The applicability of the method was further evaluated using five
commercially available powdered lutein dietary supplements, all of which showed contents within the acceptable
range of 80.04-99.70 % of the labeled amounts (acceptable range: 80—120 %). These results indicate that the
proposed method provides a reliable and practical alternative to the current assay for powdered formulations

and may contribute to improved quality control of lutein-containing dietary supplements.
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Fig. 1. Chemical structure of lutein.
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2.1. Algf

Ethyl acetate (¢l € o}AH| ©] E), water (), n-butanol
(n-F-E2), ethanol (EH2)S J. T. Baker (Phillipsburg,
NJ, USA)e] HPLC 5+ A1k A&-31%9Th n-Hexane
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(n-3)2H)S Honeywell Burdick & Jackson (Muskegon,
ML, USA)$] HPLC 55 AlkS ARS8+ 2™, tert-Butyl
methyl ether= Samchun Chemical Co., Ltd. (Seoul,
Republic of Korea)2] HPLC 55 A1 52, Sodium chloride
(F3N}EF)E Sigma-Aldrich (St. Louis, MO, USA)<]
Al oFe AMEEIATE FH|Q EFEEE L Sigma-Aldrich
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EEQ AL o] A (n-E ko oA H 0] E(7:3, viv))
o2 3]43te] 53.28, 88.80, 124.32, 159.84 ¥ 195.36
pg/mL &0 FFEAS ZAskh

22.1.3. A1 88 =A

FHO 5% = 10% 95 47 & 3
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UV-Vis spectrophotometers AH8-3t92™, 1 cm 419
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FE 89 AFAq 250 uLE FH sk 24 HPLC
vlo|gef £71 & Ak 7kAR 98] ARA A o]
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module & 996 photodiode array detector)= A3}
1, Z-4-2 Phenomenex Luna Silica column (4.6 x
250 mm, 5 pm)S ARE-SFATE o] n-EAksE old
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Transferring 10 mg as Lutein into a 50-mL volumetric flask ]

a

Addition of 15 mL of water and Sonication for 30 min

.

Addition of 20 mL butanol and 3 g NaCl into volumetric flask l

«

Centrifugation (at 900 X g, for 10 minutes)

e ¥ <9

1 mL of the top layer — 25 mL w/ ethanol

Evaporation of 250 pL of the top layer
— 1 mL of the MP

Vortex and measure Abs at 446 nm ] I Vortex and LC analysis

Fig. 2. Schematic diagram of the developed lutein quantification method. The procedure involves ultrasound-assisted extraction,
followed by phase separation using n-butanol, spectrophotometric determination of total carotenoids, and HPLC-UV
analysis of lutein at 446 nm.
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AglA §5 FA B2 AF FHA 5 1771 32 AT AIEY LS 2EH AEY 2t um ¥
SHE 5TE e, 98 A7 eAEed FEHl nE
Al el 284S Hrtekithn=3). Alg A3e EA B AE AlsolA FEHQ BAHS s 9
SHE iH] 80-120 % W] W AR E Vo ® A3 ste] #d 3 B 7| A S v HdEST
2 stk o Ay, BE AF0A 34§ d3 A7 ETA AEHE A 78 gl F
] 23.77-60.49 % 2] FHeFo] Eluof, FxlolA Ag BAHS ALt v, v (USSP =
AN sHE A 71 WRE S55A Eale Aeg A& A vifE AAd wet dAE S
Uebth(Table 1). o138 e Adb= A8 1747152F st AN A FRISATES o]H e F22 A
A A EHol B A AEo] H8E A, AA Fo) ME wEYX B4 AolE 1S o g At
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o wEbd B2 AE FEQ AFol 8 7ed AL AT et IS8 NAKRI 53] B A1F e

Table 1. Applicability of the current lutein assay in the Health Functional Food Code of South Korea to powdered dietary
supplements (n=3)

Product Dosage Nominal AMean of Standard d.eviation B/A x 100 “Pass (P)/
No. name form content (A)  experimental content of experimental %) Fail (F)
(mg/g) (B) (mg/g) content (mg/g)
1 Product 1 Powder 10.00 597 0.43 59.70 F
2 Product 2 Powder 10.00 6.04 0.23 60.49 F
3 Product 3 Powder 5.00 1.20 0.50 23.77 F
4 Product 4 Powder 8.00 3.08 0.54 38.58 F
5 Product 5 Powder 10.00 3.44 0.66 34.41 F

*The acceptable range of B/ A x 100(%) is 80—120 %.
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Table 2. Applicability of the current lutein assay under increased sample amount conditions

Product Dosage

Nominal content Mean of experimental

Standard deviation of

B/Ax100  ?*Pass (P) /

No. (A) content (B) experimental content .
name form % Fail (F
(mglg) (mglg) (mglg) oo ®
1 Product 1 Powder 10.00 5.25 0.27 52.50 F

*The acceptable range of B/ A x 100(%) is 80—120 %.

Table 3. Effects of sample amount and extraction solvent conditions on the applicability of the lutein assay in powdered dietary

supplements
Amount of Extraction Nominal VOl.u me of .Mean of B/Ax100  “*Pass (P) /
No. lutein (mg) solvent content (A) extraction solvent experimental content %) Fail (F)
(mg/g) (mL) (B) (mg/g)
1 10 Ethyl acetate 10 25 7.70 77.04 F
2 10 Ethyl acetate 10 20 7.40 74.00 F
3 10 Ethyl acetate 10 15 6.75 67.53 F
4 20 Ethyl acetate 10 25 545 54.49 F
5 20 Ethyl acetate 10 20 5.22 52.27 F
6 20 Ethyl acetate 10 15 5.30 53.00 F
7 10 MTBE 10 20 6.54 65.40 F
8 10 n-butanol 10 20 9.85 98.50 P

*The acceptable range of B/ A x 100(%) is 80—120 %.
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Table 4. Comparison of analytical conditions among the developed method (A), the current method in the Health Functional
Food Code of South Korea (B), the USP method for non-capsule formulations (C), and a literature-reported method

for powder formulations (D)

Category A

C

‘D

Target product form  Powder

NA

Non-capsule formulations

Powder

Ultrasound-assisted
extraction in water for 30 min
followed by liquid-liquid
extraction using n-butanol
and sodium chloride

Extraction method

Ultrasound-assisted
extraction in water for 30 min
followed by liquid-liquid
extraction using ethyl acetate
and sodium chloride

Dissolved in the mobile phase
consisting of hexane and ethyl
acetate (75:25, v/v).

Extraction with water-satu-
rated n-butanol followed by
centrifugation at 10,000 x g
for 5 min and filtration.

Instrumental analysis
method for total carot-
enoid content

Spectrophotometry
(446 nm)

Spectrophotometry
(446 nm)

Spectrophotometry
(446 nm)

Spectrophotometry
(450 nm)

*NP-HPLC (w/an absorbance
detector)

Column: Silica (4.6 x 250 mm)
Wavelength: 446 nm

Instrumental analysis
method for lutein peak
%

*NP-HPLC (w/ an absorbance
detector)

Column: Silica (4.6 x 250 mm)
Wavelength: 446 nm

“NP-HPLC (w/ an absorbance
detector)

Column: packing L3 (4.6 x
250 mm)

Wavelength: 446 nm

"RP-HPLC (w/ an absorbance
detector)

Column: C30 (4.6 x 100 mm)
Wavelength: 450 nm

“Normal phase high pressure liquid chromatography
PReversed phase high pressure liquid chromatography
°E.-S. M. Abdel-Aal and 1. Rabalski, J. Agric. Food Chem., 63(44), 9740-9746 (2015).

025 446.0 A2 0.20 Al
/\?\3.9
\VA .
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\ .
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< \ < &
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N AN ]
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0.15 000 T T T T T T T T T T T T U
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nm Minutes
446. OA 473.9 0.25]
025 /, /\ B2 . Bl
v \ 0204 Lutein
// (17.04 min)
0.15]
=} \ 5 \\
< \ 2
M/\f/g/ ~ 0.10]
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o.osf‘_/wk\ /
0.15 0.007
250.00 450.00 700.00 - — —— —— — —— ——— —
nm 200 400 600 800 1000 1200 1400 16.00 18.00 2000 2200 24.00
Minutes

Fig. 3. Specificity of the developed method for lutein analysis. (A1) Chromatogram of the lutein standard. (A2) UV spectrum
of the lutein standard peak (17.04 min). (B1) Chromatogram of the sample containing lutein. (B2) UV spectrum of
the corresponding sample peak (17.04 min). The retention time and UV absorption spectrum of the sample peak

matched those of the lutein standard.
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(%9 SHEIA, 2003), o] wef Wello) e
T8 3} q ]— JEOoFTE= Eo ]/H Z])v]/ﬂ A 2k
A, A3, WA % AEAS EeTale)

5ol FHA 25893 ]Eé‘l"“«] ELEU}E

FHS BFEZ L 17.0459] FA A 7Fo)| A %ﬁ an%
UeRlISlom, Al goM T L s FAIAIZ A F =27}
Th(Fig. 3). 8+ EFF 939 Al 939

A9
UV §4 29EYe] 9AS BT, EE
EREEERE EEREE Y RS
Aohzkelel 71918 Aoz 1=k

4age AR W FHC ZAG e WA

=
T3 = 57) FE(53.28, 88.80, 124.32, 159.84,

195.36 pg/mL)9] EFGNE o3t Hrtskct. 7+
&9 FFE@46 nm)S A8t TE-FRFE 2}
s

Fale] ARAF(?)E 0.996+0.0031%
HERY 1%@2 >0.99)S “}56‘}°3\E}(Table 3).

7 &5l (the lower limit of quantitation, LLOQ)+=
A4 BrF FAZNA Aojx y A BFEA9}
714719 BEZS ol fate] AR, AN

oleeh 2.

LLOQ = (10 x standard deviation of y-intercept) /
mean of slope

Al2kE LLOQE
Aol A
H APy o
Well S-S <fm gt

20.04 ugmLE UEoH o=
(5328 pgml) BTk e FFEO R,
de BE AFke] A% THse E e

LOD = (3 x standard deviation of y-intercept) /
mean of slope

1 pgmL=E RIS

FfalA] 2 B AR AR
.16, 124.32, 186.48 mg/g)2] FH| oS
ANEE o] &ste] HI7eAtHn =5).
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(92-105 %)S W=t tH(Table 6).
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Table 5. Linearity and lower limit of quantitation (LLOQ) for lutein determined by HPLC (n = 3)

Range (ng/mL) Slope

y-Intercept r

“LLOQ (png/mL)

53.28-195.36

+
(5 Concentrations) 28130 £ 2,841.23

99344 + 56408.12

0.996 = 0.0031 20.04

“LLOQ = (10 standard deviation of y-intercept) / mean of slope

Table 6. Accuracy, repeatability, and reproducibility of the developed lutein assay in powdered dietary supplements. Accuracy
is expressed as recovery (%), repeatability as the relative standard deviation (RSD) of recovery (intra-laboratory),
and reproducibility as the RSD of recovery (inter-laboratory)

Dosage c d Fortified Conc. Recovery (Lab 1, n=5) Recovery (Lab 1-3,n=5 x 3)
ompoun
Form P (mg/g) Mean = SD (%) RSD (%) Mean £ SD (%) RSD (%)
62.16 103.67 + 0.56 0.54 - -
Powder Lutein 124.32 100.63 + 1.69 1.68 100.16 + 2.24 224
186.48 102.50 + 0.38 0.37 - -
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Table 7. The practical sample applicability of the present lutein assay

Nominal content Mean of experimental

Standard deviation of

No. Prr?ai;l:t Df(()) sam%e (A) content (B) experimental content B/A(OZ )100 “};aasisl ((}F); /
(mg/g) (mg/g) (mg/g)

1 Product1  Powder 10.00 9.85 0.26 98.45 P

2 Product 2 Powder 10.00 9.00 0.27 90.00 P

3 Product 3 Powder 5.00 4.00 0.50 80.04 P

4 Product 4 Powder 8.00 6.68 0.60 83.50 P

5 Product 5 Powder 10.00 9.97 0.20 99.70 P
*The acceptable range of B/ A x 100(%) is 80-120 %.
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