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Abstract This study aimed to simultaneously determine various carotenoids from different colored paprika using an ultra
performance liquid chromatograph (UPLC) equipped with a HSS T3 column. Analysis was performed at 450 nm using
gradient conditions with acetonitrile/methanol/methylene chloride (65/25/10) and distilled water. We improved the peak
resolution and performed carotenoid analysis within 30 min. We qualitatively analyzed 11 carotenoids (neoxanthin,
capsorubin, violaxanthin, capsanthin, zeaxanthin, lutein, a-cryptoxanthin, B-cryptoxanthin, lycopene, a-carotene, and f-
carotene). For the validation of UPLC methods, we validated the precision and accuracy of capsanthin. Capsanthin showed
good linearity (R*=0.9998) in the concentration range of 1-200 ug/mL with 2.4 and 7.2 pg/mL of limit of detection (LOD)
and limit of quantification (LOQ), respectively. The relative standard deviation (RSD) for intra- and inter-day precision was
less than 3.83%. Recovery was in the range of 91.86-99.87%. We quantitatively analyzed carotenoid contents from 8
different colored paprika (red, orange, yellow, and green). The most abundant carotenoids were capsanthin in red paprika,

and zeaxanthin in orange, yellow, and green paprika.
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S FAIAEQA F)EAHES(Gimje, Korea)ZHE Y&t
AlgE & Ex)oF AE AAstL 4 Ax3 o S8R THEo

Ao ARslATh F5 2 AA T ARESE f71-8 = Junsei
Chemical (Tokyo, Japan)ellA] +43titt. oJ=el] AR&-gF MILLEX-
HV 022um PTEF syringe filterv= Millipore Corp. (Bedford,
MA, USA)PIA FJ3Iitt FFF20 2 ALE-3 neoxanthin, cap-
sorubin, violaxanthin, capsanthin, zeaxanthin, lutein, o-cryptoxan-
thin, B-cryptoxanthin, lycopene, o-carotene, B-carotene Carotenature
(Lupsingen, Switzerland)ollX] 943t o™, 7 FFFOE AR
Sl B-apo-8-carotenal> Sigma-Aldrich Co. (St. Louis, MO, USA)
oA FYslATE UPLCE €vll9l acetonitrile, methanol, methyl-
ene chloride= Avantor (Center Valley, PA, USA)9] LC gradeZ
Tdstd AFESATE H,0= AquaMAX™ Ultra (YoungLin
Instrument Co. Ltd., Seoul, Korea)& AM&-3ld 182mQ 02
AAE F/RTE ARSI
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A7 FEF 71E5E0FE7X|(ASE, accelerated solvent
extraction, ASE 150, Dionex, Sunnyvale, CA, USA)E ©|-&3}%
3, FEEN] F3=2 TurboVap LV (Biotage, Uppsala, Sweden)
= o8t 444, 474 42 Acquity UPLC H-Class
(Waters, Milford, MA, USAYE ©|-&3I3t}. 4 717]9] #+4&
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5 1g¥ FZE(ASE Prep Diatomaceous Earth, Dionex)& thim-
ble Stoll Har 2 4ojx &gt FHoll FEATh 717 242
static time 3 min, static cycles 3%], nitrogen purge 60s, pressure
1500 psi, temperature 80°C®]™ acetone> 2 FZ3IAUT. F+& &
collection vialel 3% €7lE TurboVap LVE ©]-83l 50°C 4~
SAM Fa 722 3mLE FE3I

Table 1. UPLC condition for carotenoids
Column HSS T3 column (2.1x100 mm, 1.8 um)
Column temperature 35°C

Run time 30 min
Flow rate 0.5 mL/min
(A) Acetonitrile/methanol/methylene chloride
Mobile phase (65/25/10, v/v/v)
(B) Distilled water
Wavelength 450 nm
Gradient Time (min) (A) (B)
0 70 30
6.5 70 30
7 75 25
11 75 25
11.5 70 30
17 70 30
17.5 100 0
27.5 100 0
28 70 30
30 70 30
Alg X2

FE99] Aslk= acetone F=EU 3 mLoll methanol 3 mL2} 30%
KOH/MeOH 1 mLE E33 5, hdollA 2417k 3022 WAg
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LVE o]&3le] 7% 553 H acetone 2mLol 0], 0.2 um
PTEF syringe filter® J3}5}o] 1 mLE 83 & 124 A7EK] 70
°C W&ol Bt
=Mz {4
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sulfoxide (DMSO)° 9] stock solution (2 mg/mL)S A|Z3F 3
1-200 pg/mL ] <Stolld 12BHA|2 3)48le] w3741
< 7o e e & A AR E E]let
]| o] &3t} o] oA capsanthin®] 7AE 3| (limit of detec-
tion, LOD)2} 2 3t (limit of quantification, LOQ)= 7 =FAollA
y Ao 3L 71715 ol gste] thed 7o) AlLtsistt

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

BN (7]

A= (precisiony= 24143 UERll= HE 5 50, 75, 100 png/
mLe| FEolA &hFol 53] whE A3ste] Ufi(intra-day) HE =
S F3laen, 597 v Agste] U7Kinter-day) JEEE T
SHAtE. =43k RSD (relative standard deviation, %)E &3}
HAA=ZE AT A& (accuracy) s | ol tigh
Haikel 34-&(recoveryyS F3t AlLtsiRon, Fduze}
TR A, U7 AE=E ALkt

l

AN
@i

d

]_



7F2E| o] 20| 54

49 g %7} 3

0.160]
0.1501
0.140

0.1301
0.1201

Al

4
0110 7

0100 2 10 1
0.090 1 I 3 i u
0.080 6

0.0701 LU LV A

STD

0.060
0.050
0.040]
0.030] 3 5

0,020
0.010] 1 3 MML,\_J_,_JA 104
|

0.000]

8 11

0.00 200 400 600 &00 1000 1200 1400 16.00 18.00 20.00 2200 2400 26.00 28.00 30.00

Minutes

Fig. 1. Carotenoid chromatogram from red paprika 1, neoxanthin; 2, capsorubin; 3, violaxanthin; 4, capsanthin; S, zeaxanthin; 6,
lutein; 7, a-cryptoxanthin; 8, B-cryptoxanthin; 9, lycopene; 10, a-carotene; 11, f-carotene.
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Atk 72 A3 A= IBM SPSS T2 I3(PASW Statistics v.18,
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Table 2. Measurement of LOD, LOQ and linearity for capsanthin

Capsanthin (pg/mL)
LOD" 2.4
LOQ? 7.2
Calibration equation (y=Ax+B)
Slope (A) 18040
Intercept (B) -13796
Correlation coefficient (R?) 0.9998

YLimit of detection
ILimit of quantification
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Table 3. Intra- and inter-day precision and accuracy of developed method

Concentration Intra-day (n=5) Inter-day (5 days)
(ng/mL) Recovery (%) RSD" (%) Recovery (%) RSD (%)
50 91.86 2.75 98.10 3.83
Capsanthin 75 94.12 3.09 99.87 3.66
100 94.98 1.57 98.20 1.98
YRelative standard deviation
Table 4. Carotenoid compositions in different colored paprika (unit: mg/100 g of dry weight)
Neoxan- . Violaxan- . . . B-cryptox- Total
. Capsorubin . CapsanthinZeaxanthin Lutein . Lycopene a-carotene B-carotene  Caro-
thin thin anthin .
tenoids
Red Paprika 0.73+ 1.31+ 0.34+ 14.70+ 543+ ) 0.15+ i 0.05+ 0.29+ 22.98+
(Red Mountain) ~ 0.04*"? 0.04° 0.01¢ 0.13¢ 0.04° 0.01® 0.01 0.02° 0.02¢
Red Paprika 0.59+ 2.15+ 0.27+ 17.23+ 3.87+ ) 0.06+ i ) 0.09+ 2424+
(Veyron) 0.04° 0.03 0.08% 0.57° 0.26" 0.01° 0.01¢ 0.88"
Red Paprika 0.60= 237+ 0.17+ 18.46+ 3.85+ ) 0.12+ 0.03+ 021+ 25.79+
(Scirocco) 0.03 0.15% 0.01° 0.01° 0.08" 0.01* 0.01 0.02 0.14°
Orange Paprika 0.63+ 0.14+ 0.35+ _ 31.37+ 5.38+ 0.22+ ) 0.11+ 0.14+ 3831+
(Orange pro) 0.09 0.01¢ 0.04%¢ 2.81° 1.38 0.06° 0.05 0.04° 1.21°
Yellow Paprika 0.14+ 0.05+ 0.48+ 0.53+ 223+ ) ) i ) 0.05+ 3.48+
(Fiesta) 0.01° 0.01¢ 0.07* 0.01¢ 0.04% 0.00° 0.09%
Yellow Paprika 0.08+ 0.03+ 0.23+ 0.43+ 0.81+ ) ) i ) 0.05+ 1.62+
(Volante) 0.01¢ 0.00° 0.05% 0.04¢ 0.42¢ 0.01 0.54¢
Green Paprika 0.09+ ) 0.68+ ) 3.87+ ) ) ) ) 0.11+ 4.74+
(Red Mountain) 0.01¢ 0.04* 0.60" 0.02 0.67
Green Paprika 0.09+ 0.49+ ) 4.40+ ) ) ) ) 0.06+ 5.03+
(Veyron) 0.01° 0.11° 1.69" 0.03¢ 1.84¢

DAl results are expressed as mean+SD for three replicates.
IDifferent superscripts in the same column are significantly different at p<0.05 by Duncan’s multiple range test.
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