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Abstract: Lycopene, a carotenoid hydrocarbon is known to have effects on reducing cardiovascular risk factors,
blood lipids, and blood pressure. Thus, a lot of supplementary foods with lycopene in several dosage forms
like soft capsule filled with liquid and hard capsule filled with powder are available in a market. Recently,
however, our research group found that the lycopene assay in Supplementary Food Code of South Korea is
only valid for oily lycopene preparation. Thus, here, we developed a simple method to determine lycopene
in solid preparations for Supplementary Food Code of South Korea using saponification and liquid
chromatography with an absorbance detector. The method was validated following Ministry of Food and Drug
Safety guidelines. All validation parameters observed in this study were within acceptable criteria of the
guidelines (selectivity, linearity of r* > 0.991, lower limit of quantification of 0.0149 mg/ml., accuracy as
recovery (R) between 92.70 and 97.18 %, repeatability as relative standard deviation (RSD) values of R between
0.85 and 1.59 %, and reproducibility as the RSD value of interlaboratory R of 3.70 %). Additionally, the practical
sample applicability of the validated method was confirmed by accuracy between 98.81 and 101.59 % observed
from its lycopene certified reference material (CRM) analyses. Therefore, the present method could contribute
to fortify the supplementary food safety management system in South Korea.
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Fig. 1. Chemical structure of lycopene.
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[ Homogenization of sample at 50 C ]

P

[ Transferring sample equivalent to 5 mg of lycopene into a 200-mL volumetric flask ]

«

[ Addition of 25 mg of butylated hydroxy toluene & 2.5 mL of 2% NH,OH ]

p

[ Sonication (at 50° C, for 10 minutes) ]

P

Addition of 5 mL of tetrahydrofuran & 40 mL of ethanol anhydrous
Vortexing (for a minute) & sonication (for a minute)

«

l Addition of tert-butyl methyl ether to make up to the mark of the volumetric flask l

2 4

[ Shaking vigorously & LC analysis of the filtrate ]

Fig. 2. Schematic diagram of the present method using
saponification and LC.
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Table 1. The practical sample applicability of the current lycopene assay in Supplementary Food Code of South Korea (n=3)

No Product Dosage Nominal content Mean of experimental Standard deviation of ~ B/Ax100 “Pass (P)
’ name form (A) (mg/g) content (B) (mg/g) experimental content (mg/g) (%)  /Fail (F)
1 Product 1  Soft capsule 10.91 10.52 0.21 96.43 P
2 Product 2 Soft capsule 14.00 13.10 0.40 93.56 P
3 Product 3  Soft capsule 30.00 25.87 0.25 86.24 P
4 Product 4 Soft capsule 61.54 56.89 0.61 92.44 P
5 Product 5 Soft capsule 60.80 60.32 0.43 99.22 P
6  Product 6 Soft capsule 14.00 11.35 0.10 81.08 P
2.31
b
7 CRM Powder 64.00 (BLLOQ) 0.14 3.61 F

“The range of B/A"100(%) to satisfy the practical sample applicability is 80-120 %.

°Certified reference material
“Below the lower limit of quantitation
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Table 2. Comparisons of the present lycopene assay (A) with the current lycopene assay in Supplementary Food Code of

South Korea (B)

Category A

B

Target product form
Sample preparation method

Instrumental analysis method

Solid form
Saponification & oragnic solvent extraction
*RP-HPLC (w/ an absorbance detector)
- Column: C18 (4.6 mm ID®)
- Flow rate: 1.0 mL/min
- Wavelength: 472 nm

NA
Organic solvent extraction
*RP-HPLC (w/ an absorbance detector)
- Column: C18 (4.6 mm ID®)
- Flow rate: 0.6 mL/min
- Wavelength: 472 nm

“Reversed phase high pressure liquid chromatography
®Internal diameter
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Fig. 3. LC chromatograms (1) and absorbance spectra (2) from LC analyses of a lycopene standard solution (A) and a
supplementary food including lycopene (B).

Table 3. Linearity and the lower limit of quantitation from LC of lycopene standard solutions (n=3)
Range (mg/mL) Slope y-Intercept r? “LLOQ (mg/mL)

0.0171-0.0857
(5 Concentrations)

125,057,23143,872,771 101,198+186,099 0.9932+0.0022 0.0149

“The lower limit of quantitation (LLOQ) = (10"standard deviation of y-intercept)/mean of slope

Table 4. Accuracy (recovery, R), repeatability (the relative standard deviation, RSD of R) and reproducibility (the RSD of
interlaboratory R) from LC of lycopene in supplementary foods

Dosage c d Fortified Conc. Recovery (Lab 1, n=5) Recovery (Lab 1-3, n=5x3)
ompoun
Form (mg/g) Mean+SD (%) RSD (%)  Mean=SD (%) RSD (%)
Powd 10 96.11+0.83 0.87 - -
oweer Lycopene 20 95.61£1.52 1.59 100.26+3.71 3.70

from h |
(from hard capsules) 30 93.42+0.79 0.85 ; ;

0.9932+0.00222] =2 AA4-S &8I tHTable 3). o] ZA L spikingdle] e 3] 5& AE(10, 20, 30
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o] ¥ 7HF we F= el 0.0171 mg/mL EE} 2 BE3 L, 58 AEEAHAE 0.85~1.59 %
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A A H 5 ukE Ay = HHE A1E .S
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s . Fate] ER1E FFEo FHEFAATF 3.70 %= Al

deviation of y-intercept)/mean of slope } B
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Table 5. The practical sample applicability of the present lycopene assay

Product

Nominal content Mean of experimental Standard deviation of

B/Ax100  “Pass (P)/

No. Dosage form (A) content (B) experimental content N .
name % Fail (F
(mglg) (mglg) (mglg) oo ®
1 °CRM Powder 64.00 64.64 0.98 101.00 P
2 Product 1  Soft capsule 10.91 12.88 0.13 118.11 P
3 Product 5  Soft capsule 60.80 71.77 0.54 118.04 P
*The range of B/A"100(%) to satisty the practical sample applicability is 80-120%.
°Certified reference material
7z Ao A 243 LC system> ZHZ} Waters 2695 A AR 3 A7 HF A&l AV A=
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(with a Waters 2487 detector), Shimadzu LC-20 system HPLCY] 71Wt3t A} AZ}7152E = gro]|ZH A

(with a Shimadzu SPD-20A detector)®] T}, wpghr], 21

T EE AEHE RE dyold FEoA 2FE

oJoFERbAA Thel=giele] VES WEIe R
I Z8A0] AFAoE EIFHAT

o

?:Sj = —o T o
TAE AE 2% © CRME A 7/ Aoz £
Aste] H8448 Hr7hn=3)3t9 L, A7 TAEFTA

%

S AR st = AlE A3 FA T Ui
80~120 % R AR5 A, FAFY 7EoE &8
A CRME] 739, A1 EHaF tiB] 101.00£1.52 %
o] 9-pg A 2o, Al N Al e A Al
ol tig A& A7 flag JIAA FAJTh
(Table 5). ¥ A77% i
4] 118.04~118.11 %] AH=Z AT 7|&ES BHF
7171 B, dlEd AlEe | AlEY A8 Hot
7(96.43~99.22) BthE= HA] $EF) thh Aol &

ATH(Table 5). o1& EA §5 AFo] & F

o]j/_

ol
of
=

>
frei)
e
Y
2
4
=
3
>,
i)
e
)
=2
e
=

ol
ol

) >
o oo
=2 EE
N o =
ro, N
g e
fr )
POy oy
lo i
fru e
=) i
e o
(i kY
‘ﬂ o
i L
i
o
O—E‘ -
Nob g
o i T off fff Ko lmomy >

>

o
w o ooff X
o

A2 2 A7 W AN FAERR F ol

Vol. 36, No. 3, 2023

HS NSt Al A A
A W o] 7hol=
glo]Z#l CRMS &&3
FHEAT wEkA, Al
gto| A A7 HF
Fere e 7194 &

> o2 WA oo

HE ) SFF A (N F S FFNAH )

1046)S ol 3 = 3T},

=

?_
(22192m] 4]

N

rﬁ 2

References

1. P. Perkins-Veazie, J. K. Collins, A. R. Davis, and W.
Roberts, J. Agric. Food Chem., 54, 2593-2597 (2006).
https://doi.org/10.1021/jf052066p

2. J. Clotault, D. Peltier, R. Berruyer, M. Thomas, M. Bri-
ard, and E. Geoffriau, J Exp. Bot., 59, 3563-3573
(2008). https://doi.org/10.1093/jxb/ern210

3. E. N. Story, R. E. Kopec, S. J. Schwartz, and G K. Harris,
Annu. Rev. Food Sci. Technol., 1, 189-210 (2010).
https://doi.org/10.1146/annurev.food.102308.124120

4. 1. R. Bunghez, M. Raduly, S. Doncea, 1. Aksahin, and
R. M. lon, Dig. J. Nanomater. Biostructures, 6, 1349-
1356 (2011). https://aperta.ulakbim.gov.tr/record/92109

5. A. V.Rao and S. Agarwal, J. Am. Coll. Nutr:, 19, 563-569
(2000). https://doi.org/10.1080/07315724.2000.10718953

6. M. Kelkel, M. Schumacher, M. Dicato, and M. Died-
erich, Free Radic. Res., 45, 925-940 (2011). https://
doi.org/10.3109/10715762.2011.564168



112

7.

10.

11.

12.

13.

14.

Young Min Kim et al.

H. D. Sesso, S. Liu, J. M. Gaziano, and J. E. Buring, J.
Nutr., 133, 2336-2341 (2003). https://doi.org/10.1093/
jn/133.7.2336

. Z. Fazekas, D. Gao, R. N. Saladi, Y. Lu, M. Lebwohl,

and H. Wei, Nutr. Cancer, 47, 181-187 (2003). https://
doi.org/10.1207/s15327914nc4702_11

. Y. C. Shen, S. L. Chen, and C. K. Wang, J. Agric. Food

Chem., 55, 6475-6481 (2007). https://doi.org/10.1021/
jf070799z

A. Basu and V. Imrhan, Eur: J. Clin. Nutr., 61, 295-303
(2007). https://doi.org/10.1038/sj.ejen. 1602510

X. Li and J. Xu, Nutrients, 5, 3696-3712 (2013). https:/
/doi.org/10.3390/nu5093696

1. F. Strati and V. Oreopoulou, Int. J. Food Sci., 46, 23-29
(2011). https://doi.org/10.1111/j.1365-2621.2010.02496.x
ARNeAEL A% D FAGE B FERAA T
Al A2018-12E, 2018.02.28.)

United States Pharmacopeia and National Formulary

Authors’ Positions

Young Min Kim : Graduate Student
Ye Bin Shin : Graduate Student
Min Kyeong Kwon : Graduate Student

Jin Hwan Kim

: Graduate Student

Ji Seong Kim : Graduate Student
Dong-Kyu Lee : Professor
Myung Joo Kang : Professor
Yong Seok Choi : Professor

15.

16.

18.

19.

20.

2021 (USP 44-NF 39).

N. E. Craft, In ‘Current Protocols in Food Analytical
Chemistry’, F2.3.1-F2.3.15, John Wiley & Sons, New
York, 2001.

T. Cucu, K. Huvaere, M. A. Van Den Bergh, C. Vinkx,
and J. Van Loco, Food Anal. Methods, 5, 1221-1228
(2012). https://doi.org/10.1007/s12161-011-9354-6

. Luna HPLC/UHPLC column tips for care and use, https://

az621941.vo.msecnd.net/documents/bececd8a-92c0-4¢c2b-
98e3-1641827a994.pdf, Accessed 2 June 2023.
Process for the isolation and purification of lycopene crys-
tals, https:/patents.google.com/patent/ WO1998043620A1/
sv, Accessed 2 June 2023.

A7 HE 71578 97 8L A AEAE 2
7Y = (2] F- 2] oRE oA 2] ¢hl A -0769-05, 2022.07.18.)
Validation of analytical procedures: Text and methodol-
ogy Q2 (R1), https://database.ich.org/sites/default/files/
Q2%28R1%29%20Guideline.pdf, Accessed 2 June 2023.

Analytical Science & Technology



