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Abstract mean of total carotenoid contents was showed as brown
(286.1 mg/100 g dw) > dark green (217.0) > orange (153.4)
BACKGROUND: Carotenoids which are a major source of > primrose (85.8) > dark yellow (80.3). On the basis of

vitamin A are contributed to have great potential role in carotenoid information, PLS-DA score plots showed
anti-carcinogenic effects and eyesight. Carotenoids which different patterns by cluster in pumpkin germplasms. It was
can not synthesize in human body are required for food considered that these differences of phenotype were relative

supply. The objectives of this study are to investigate closely to genotype.
compositions and contents of pumpkin (Cucurbita spp.) CONCLUSION: This study indicated that dark color of

germplasms based on their pulp color. pumpkin pulp was presented in high-level of biological
METHODS AND RESULTS: Carotenoids were extracted pigments. It may contribute to develop potentially
with 0.2% ascorbic acid in ethanol and saponified with beneficial functional food ingredients.

80% potassium hydroxide. Insoluble compounds were

extracted into hexane. A total of nine carotenoids (three Key words: Carotenoids, Lutein, PLS-DA score plotting,
xanthophylls and six carotenes) were identified from Pumpkin germplasm, Trans-carotene

pumpkin germplasms using HPLC equipped with

photodiode array detector (450 nm). Especially, lutein and

[G-carotenes were major compound in germplasms. Among M E
isomers of [-carotene, all-trans-[S-carotene (16-27% of
total carotenoids) was predominant compositions. The <8} (Cucurbita spp.) A AlAZA R AHlHI =

4ERA 4, 9, AE BE 5 5 1A 23 o8
SAYG A, A 5 FAEEA HrkEe] AREE I QltHLee
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A 2n7 S QAT (Park YK ef al, 1997; Ahn
et al, 2001). 3t AEJAHE, HE3itE, 7tEH o=
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(carotenoids) F°] FHrElo] Qe ACE d=glon, 53
GAsta AL Q= Barotene FHO] ob 715 AAE
8= 77} Skl Tt (Palozza et al, 1995; Kim et
al, 2012)

7} E| 0] B isoprenedlA] fEE o] Cypl] T2 2
© ShkEolh T2 9, 3, ol EAek i, F4,
A 5 ookt AE yehfs A AlEA4e|t (Khoo et
al, 2011). 7}2H 0= §Asl FAv A Ho9)E
carotene?} AHAE 743l QI hydroxy, keto, epoxy”t
3234 xanthophyll (or oxycarotenoid)® T-t¥ o] Xtk
(Oliver and Palou, 2000). 72 Wl o|5 Al whA
Azl Aglels EAJef| 7]of $l(Britton, 1995). cis-3 3}
trans® TXAOR HFE ol JHAE EASkL 700 o]
Aol dHA AtiYou et al, 1996). BIEF A2l Aol
FhEE ol B Ats), 39k a3 § uds e g
= 2t glo] o] 87HAI7E Ehh SN AAlR 289
oA st ds = 0w deA vk (Kim et al,
2005). [B-Carotene<> A3, #te] st &S 2=
ki &2 Utk (Omenn ef al, 1996). E3F lycopene>
AgAete] tgt g5 YeR) 1, lutein, zeaxanthin 52
A WUy ARes AaAATE AerE BHIuFH
(Brown et al, 1999; Chen ef al, 2001). ©]# F}ZH|w0]
E Y AeEn £3= FHE AHSE W Bk a4
¢l Ao7 A4#HA QlrkStahl and Sies, 2005).

Zhz o) == AvlelA AEA] 7] el
ZHE AFelof gtk whebd B AgelM= )

Y 7tz H ol &3S w4kl JtRH ol igHr
2 A gl Ao whE S HlwE Feke] o
Mks QI8 7|2AE R E88taat silar etk ofuet
N 2AEA G8THRE AREA SISt
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2 FAAQAE I F 1005 Btk s )

o w7, A 25%, TR 52%, A% 6%

FEA 10522 EHF3)
KeN

of HE fAI7

7171 A AI%F

FZ W BN g2 A3 ethanol (EtOH), hexane,
methanol (MeOH) % %5+ Fisher Scientific (Fair
Lawn, NJ, USA)E AH-3t31al methyl tertbutyl ether
(MTBE)+= JT Baker (Phillipsburg, NJ, USA)S AH-35}91
t}. Triethylamine, ascorbic acid ¥ UF-EFHCE tfrans
8’-apo--carotenal (Sigma Aldrich; St. Louis, MO,
USA)E AHE-33ITE Potassium hydroxide (KOH) Junsei
Chemical Co., Ltd. (Kyoto, Japan)& AH&-3}3itF 34 U

7} E ol #A]> 2998 photodiode array detector
(PDA)7} 2 Alliance €2695 HPLC system (Waters
Co., Milford, MA, USA)& A3tk

AlZ HXE

743tE Al 05 g 50 mL Falcon-tube®l
0.2% ascorbic acid in EtOH 20 mLE Y& v &
Z(80C)olA 1521 % g § YZH10D) st =
80% KOH £ 5 mLS Yil &-&4ZoA 1083t v
3} ubs 5 Wz 10)dh W F ukso] A E tube
o %4 5 mL, hexane 5 mL&} WHEFEZ (#rans8'
-apo-f-carotenal, 25 ppm)= 1 mLE ¥ & s
(vortex)dt 1L 9241%-2] (1800 rpm, 47C, 10 min)3tch. 435
¥ (hexaneZ)< micro-pipette % # 3l 50 mL Falcon-
tubed]l %71tk FUF 2AO0 R %55 5 mL, hexane 5
mLE Y1l 4SS ke S 23] o AAs (% 3
3)). Ny 7122 FE5F9 (hexane 15 mL)S &3
MeOH:TBME (1:1, v/v) 1 mL& o] €3] s5¢it)
Syringe filter(PTFE, 0.45 um)Z o3} $ #4]3tc},

j&r

0

HPLCE 08¢t 7I2H|0|=2| =Y ! &iE =AM

21 A2 YMC carotenoid (250 x 4.6 mm, i.d., 5 u
m) (YMC Inc., Wilmington, USA)E AH-3I9ith A9 2
T 2EE 40T dAstsion, s FU%S 10 uL,
Z342 210-600 nm (FHEZ 450 nm)E SFSITE ©)F
ForE §9A (MeOH:MTBE:water:triethylamine=81:15:4:
0.1, v/v/v/v)e} €1iB (MeOH:MTBE:water:triethylamine
=6:90:4:0.1, v/v/v/v)E AFFSIA T, 2 1.0 mL/min
2 39k 4 PHlRAE BE 0% Al&ske] 55744 &
AXNZAIL 3587 DA 50%E F7HAIZTE 45874
100%% S7HAZaL 53 59t FAsklth 55%7HA] thA
0%2 A7)l 60%7HA] 54313 thmodified from Kim
et al, 2014). /|8 Jt2H o= AR WA U EsE
28] HAlE o]gsto] AhAo® K mg/g dry weight,
DW)siek

Che S 24

BE §AA9) AReeol= 4% W $44 FuE )
gog dHolHE #E3RE ¥, SIMCA-P 11.0 software
(Umetrics, Umea, Sweden)®] #4238 (partial
least squares of discriminant analysis: PLS-DA) 29
ol FelnE B4 Soih

Za o o

38 YO REEH F 9% (lutein, zeaxanthin,
cryptoxanthin, 13-cis-a-carotene, 15-cis-G-carotene, 13-cis-
[-carotene, all-frans-a-carotene, all-frans-{3-carotene, 9-
cis--carotene) ] 7FEE|-0|EE R SiTt (Fig. 1). 7}
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Fig. 1. HPLC chromatograms from different color of
pumpkin (Cucurbita spp.) germplasms. a), primrose; b),
dark yellow; c), orange; d), dark green; e), brown.

Zt2H ol B UH-EFEZAR] trans-8'-apo-F-carotenal &
AHE-3F3 01, relative response factors &8k @il 4
% (mg/100 g dry weight, dw)3t3lch 2t 71 gt
(Kim et al, 2014)%] +38S& Fuste] F43Hck
HgAel g sH FARY o FhEHRo|E 3
M AR, F 7R molE 3 W9le Aw(23.0-1935
mg/100 g dw), X=3(16.33-273.7), F34(20.8-689.7),
2152 (113.7-359.5), FEA (119.7-947.1) 0.2 H]5=3E 3-8
A YoM b 7F A7t vs Flo® ek (
Table 1). Z12u} & &=F Hi2 50 XS5, SFEA
(37 286.1 mg/100 g dw) > F&HM(217.0) > T4
(153.4) > Aw-2K85.8) > A-2K80.3) w202 =gk} o)
Fo| O aHN Cucurbita maxima L.) | 7}2 8| xo|= 8t
&S H7FSH(Kreck et al, 2006)2] A1 AT}e} vizbrpA] 2
lutein®}  B-carotene®] F& AEAS el ort
lutheoxanthin 54| &oteh B3k F 7f2H o= ¢
2H4.4-57.0 mg/100 g dw)=t} =& faxkgde] B 2
ERIgE = Qilty. AFA e wet Bojxow HEH A
AR FF zpolnt Tk A5 daglo], AEE A

i+ % xanthophyllF(lutein, zeaxanthin, cryptoxanthin)

r_{

do =

13

9} carotene (13-cis-a-carotene, 15-cis->carotene, 13-cis-3
-carotene, all-frans-a-carotene, all-frans-{3-carotene, 9-
cis-[3carotene)®] F J}ZH| o= 8= B|&2 77 72,
28%%. xanthophyll 77} ©F 2.6¥ =9kc}. F-54ef] whE
B oglol 3u U 2 FFZE|:0] =1 xanthophyllFoll 4
3= lutein® 2 & 9] 62-74%% AASFR AL all-trans-
[B-carotene (16-27%)%} all-trans-a-carotene (3-10%)2] <=
o2 =9MKFig. 2). (Seo et al, 2005)°] <atd g
-carotene¥ lutein®] ko] F Jl2H o)t ek & 747k
79, 2%% T A¥FS HYERHSIHE Lutein 3 SR
(8t 201.0 mg/100 g dw)olA Higks yepllon, X
(G5t oF 3.6H] ESITE SHIeRNE AEH
-carotene¥} [G-carotenes E5 o|AAA FE|R tiekalA
EABHE A0R FAHGOH, rans B2 TF=F v]E0| cis

o F

Table 1. Carotenoid contents (mg/100 g dry weight) in different pulp color of pumpkin (Cucurbita spp.) germplasms

) Primrose Dark yellow Orange Dark green Brown

No.  Chemical names
Range Mean Range Mean Range Mean Range Mean  Range Mean
1 Lutein 13.5-128.7 639 10.4-22.6 559 5.0-589.0 1074 54.4-259.0 134.5 50.5-743.3 201.0
2 Zeaxanthin 0.4-4.0 1.3 08-13.7 1.7 0.5-129.8 51 0.7-3.1 1.5 0790 45
3 Cryptoxanthin 0.8-1.1 03 0337 02 0284 07 0744 23 1272 1.9
4 13-cis-a-carotene ND” ND 02-11 02 03-19 04 07-13 03 1521 04
5  15-cis-[Fcarotene ND ND 0.3-0.6 0.1 0.1-11 02 03-08 02 07-16 0.2
6  13-cis-[-carotene 0.4-39 09 04-28 1.0 0.5-5.5 21 2240 29 05-84 3.0
7  all-trans-a-carotene 1.1-8.7 2.7 0.6-203 81 19417 115 3.1-388 143 1.7-741 24.1
8 all-trans-(F-carotene  5.0-71.7 16.1 1.9-50.2 12.6 3.6-66.8 251 36.2-98.0 585 6.8-1004 485
9  9-cis-[-carotene 04-25 06 0.1-17 04 0227 1.0 1435 24 09-114 25
Total 23.0-193.5 85.8 16.33-273.7 80.3 20.8-689.7 153.4 113.7-359.5 217.0 119.7-947.1 286.1

IND, not detected.
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Fig. 2. Pie chart of ratio of carotenoid contents in different pulp color of pumpkin (Cucurbita spp.) germplasms.

all-trans-4-
1
en

W Primose a)

§ N

Fig. 3. Scores plotting chart of principal components 1 and 2 of the PLS-DA results obtained from the data set by
carotenoid profiling of pulp color in Pumpkin (Cucurbita spp.) germplasms. a), classifications by origin of the all samples;
b), influence of variable for this classifications.

& W oF 3w 3 asThRH o= olF AR f1A (Schieber and Carle, 2005). Wb #§ajo] AL Fuke
o Wt HoE43-4 330-350 nmE 2E7] Wil cis-trans cis-carotene &&Fo] kAR FulH T AA 02 ol I
oA Al wh AZo] depxivtal Halse] SQltk oS w=t) 7918 A o7 ALEHT) all-trans-BGearotene
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=533t 585 mg/100 g dw)e] 7P =9kom, F
27%% AASFITE 1 TRy o % SEA (48,5 mg/100
dw) > F3A (25 1)%02 =9ky 77t & 8eke] 17, 16%
= A B AE Ul EAEHE R H R0 B fans S
0] cis¥RY SHY3skal  all-trans-Fcarotenex 9-cis or
13-cis-[3-carotene Rt} =384 g7} vty &4 Sl
(Deming et al, 2002) st all- trans-F-carotene®| cis-f3
-carotene T} Aol &47F AEtiy 44 QthBen-
Amotz and Levy, 1996). webA all-frans-carotene &5F
o] 2 T FAAd e FF FF 49 9 Ve A=
8717} lvkal AbE
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