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Abstract

Investigations were conducted on the changes in carotenoids content, and quantification of cis-trans-f
-carotene Isomers in pureed and cooked carrot and spinach during storage. The isomerization and degradation of
carotenoids were monitored by high-performance liquid chromatography on a Cj reversed-phase column with
diode-array detection. The results showed that lutein, all-trans-B -carotene, @ -carotene, 9-cis-f -carotene and
13-cis-f -carotene were present in carrot and spinach. Zeaxanthin and cryptoxanthin were present in raw
spinach. The contents of lutein, zeaxanthin, cryptoxanthin, « -catotene and all-trans-f -carotenc in pureed and
cooked carrot and spinach decreased with increasing storage period. The 9-cis and 13-cis carotenoid isomers
were the major types formed in cooked carrot during storage. Cooking was not found to alter the carotenoid
profile of the sample, but increased the total amount of carotenoids compared with pured ones. This increase

could be explained that cooking
degradating carotenoids.
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zeaxanthin, cryptoxanthin, @-carotene, trans-B-carotene,
9-cis-f-carotene  13-cis-B-carotene 2] SFHHSE FAlSL
A+ AlZE raw/pureed jcooked H2 A Xdt= AFS
Fig. 1] Yehl At

lutein,

3. AlEd

ZAF AEE 1, 2, 350 YFEC) F& Y5
(70c)y AZSHEA 7td 2 wrrAA) %
carotenoids ¢+#-& HPLC(Perkin-Elemer, Norwalk, CT)
2 2ASch HPLCEA S A% goF AFRA e
AZEE L Ade] I carotenoids®] £4 &
&3al7] 9jsiA 2 Hdwe] Ya GRujEsy
2 A 23sdrct
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All-trans-B-carotene, a-carotene®] EFEZAL Sigma

Wash (Carrot: peel & wash, Spinach: wash) 600g
Raw : |fresh whole sample with distilled water and
remove the D.W

|
Cut{Carrot: cut & shred, Spinach: cut) and place
200g into brown plastic bag

l
Pureed - Take out 400g raw sample and grate finely by
blender
|
Cover 200g pureed sample with aluminum foil
and store
!
Cooked - Coyer 200g pul.reed .sample heat(Carrot:  1min.
Spinach: 50sec.) in microwave oven
!
Measure total weights after heating —|
{

Cover heated sample with foil and store for 3
weeks in cold room

Fig. 1. Procedure for preparation of pureed and cooked
carrots and spinach
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Chemical Co.(St. Louis, MO)ol A T8l aL, lutein
L. Kemin Industries, Inc.(Des Mones, A)o]A], 9-cis-
B-carotene, 13-cis-S-carotene, zeaxanthin, cryptoxanthin
£ Hoffmann-La Roche Inc.(Nutley, NI)oll 4 7]Zutgkt),
EE carotenoids &2 AMEHA A g AP
A 2W|ERT, RE HPLC £vl= I T. Baker
Chemical Co.(Philipsburg, N))olA TFate] A& A
0.454m membrane filtero| A o] A1) o}

2) Carotenoids &

HPLCEAE 4% 22 A)1FA9] lutein, zeaxanthin,
cryptoxanthin, @-carotene, trans-f-carotene, 9-cis-f-carotene,
13-cis-B-carotene®] FZ&2 Fig. 29} 2}

Z A8 05g2 F&} 50ml screw-top glasso] &3
% 10ml methanol& 7}8}¢d vortex mixer® 30%7+
0] ) 120pm) A 9083 S F polytron
S A8+ ice bathell A 1023+ 72 3H(Kinematica
Gmbh, made in Switzeland)A] A} THA] 3,000rpmell

A 583 A4 EE & ¥ methanolZ S H3| =

&) THF(Tetra Hydro Furan)® 43 w©H& F&3514
th o] &9 Iml& FH3H N; gasZ FAS) A
71 & Iml ethanol® £8]3l3, ©] & 50ulE 59

HPLCel| F=Apste 2A ekt

3) Carotenoids #4

Lutein, zeaxanthin, cryptoxanthin, a-carotene, trans-
B-carotene, 9-cis-B-carotene 13-cis-fB-carotene®] %
Y olgRA wAE @ 579 PEe ogsdo

I Sampling 0.5g

l
| Add 10m! methanol and vortex

!

l Incubation in shaking incubator
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©, High Performance Liquid Chromatography System
[ (Water 994 Series)S o] &3ta] 2Aaqth.

oluf A &3 extinction coefficent(E 1% lcm)+=
lutein®] 2,400, zeaxanthin® 2,440, cryptoxanthin
2,550, a-carotene2 2,550, trans-f-carotene< 2,590,
13-cis-B-carotene 2 1,7500] 1.1, R E Carotenoids
BEAS 93 Amax:s 450nmo] LT}

HPLCY] o] 542 MeOH/MTBE/H20(83:15:2, v/vlv,
15% HO in acetonitrile(£v] A)$} MeOHMIBEHO
(8:90:2, v/v/v, 1% HO in acetonitrile(-€&u] B)9] F
£E g2 2L R EFEsi AMEEeH,
2] 9] flow rate:= 1ml/min.ZA] linear gradient
oA o} FolH k. Lutein, zeaxanthin,
cryptoxanthin, a-carotene, all-trans-f-carotene, 9-cis-f#
-carotene, 13-cis-B-carotene®] BF I o]y AA EIE
AehA] Waters 994 programmable photodiode array
detector= 450nmE A}E35}51 Tk Carotenoids®] &2
F3E4 ¢ HPLC chromatogram®] peak arcaZ ZQ13}
gom, IntergrationS carotenoids®] 7z+zte] 37 4Aof
vehd Fo R Zed it

procedure ]

{Internal standard area A}AF>

Internal standard echinenone(Sigma co.)¥} retinyl
acetate(Sigma co.)E A}&3FIt) Carotenoids &4 7}
A B APeAd R g5ee weNos ¢
71 el ok Internal standardi= stock solution® 2
Zn}sle] 450nmol A spectrophotometer(Perkin-Elemer,
Lambda, UVjvis)2 274 34t

Recoverity of carotenoids = chanel 1 internal standard
in sample / direct internal standard

Table 1. HPLC system 1 conditions for carotenoids
analysis in carrot and spinach

I U B W B

[ Homogenize in ice bath Requester Conditions
! Instrument Series 510 pump(Perkin-Elemer, Norwalk, CT)
] Centrifuge and transfer methanol J Waters 717 plus autosampler(Milipore, Milford, MA)
Waters 994 programmable photodiode array detector
L Waters 840 digital 350 data station
l Extract with Tetra Hydro Furan and centrifuge J HPLC column temperature controller(model 7950;
! column heater/chiller, Jones Chromatography,
' Remove and dry 1ml of the methanol under N, gas:I Lakewood, CO)
l C30 Carotenoid ~ Particle : S-3zm
i Resuspend in 1ml cthanol J ;glalg:)n(Reverse Size  : 150 x4.6mm(YMC, Wilmington, NC)
: l : Detector, 450nm for carotenoids
L Inject 50x 1 for HPLC analysis ] Gradient flow rate 1 Omi/min

Fig. 2. Carotenoids extraction from carrot and
spinach
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Fig. 304 A8 32 Z A5AAqA &9 &
2}e]  carotencids®] EBXEEE HW 9o AL
all-trans-B-carotene(61%)>a-carotene(33 %)>lutein(3%),
13-cis-B-caroten(2%)>9-cis-f-carotene(1%) 2] &2 2, A]
X9 A% lutein(61%)>ell-trans-pB-carotene(30%)>9-cis-
B-carotene(5%)>13-cis-B-carotene(2 %) >a-carotene(1%)>
zeaxanthin(0.96%)>cryptoxa1thin(0.04%)¢] «o2 &
S+4S B v} All-trans S-carotene, a-carotene, 9-cis-
B-carotene, 13-cis-f-carotene, cryptoxanthin< provitamin
A9 gA4& carotenoidsQl 5] ©]2]3t carotenoids
Zo] Al all-trans-f-carotenz©] provitamin A2] FA]o]
71 e ARos g2 718 B3l Zeaxanthin}

o
Ze

Raw carrot

1%3%2%

mLUT
13CBC
NAC
oTBC
E9CBC

7HeAT % Az Be F2F AFAFH Y Carotenoids FEFAS} o] YA F4of

.~
T

Q7

ol

cryptoxanthin FZd A AEHA| ¢grod, 13-cis-
B-carotene2 all-trans-fB-carotene®] o] A A ZA] A
Ao wlate] g2ol o =i, 9-cis-f-carotene> Al
Aol o A Uepsth olgd A AT
A HEZ3F %9 9l chlorophyllo] S-carotened]]
Wt o)gd@Aste FE&AZ FEIS  all-trans-f
-caroteneS 9-cis® &) B-carotene o] AAAE FAAF)
7] &l FAFHFAA HFEE 9-cis-f-carotene 2
Y= sAdcta Bastag.

2. 71Xl ¥ MEEA0| e =223 AlFX|e|

cis/trans-f-carotene isomers?| EakHs|

7tEgAE ¢ tEAE A Fe FEH AFAE
3F YBEATC) FE EECT0C)AZEEA ARG
717 7tgA gl wet carotenoids 4 B-
carotene @] cisftrans isomersE B9 A= Fig 5
¢} Fig. 67 2t}

gxzle g TAglel F A"T BE 74
carotenoids 9] F8& FAMIF v, Z+7+2] carotene
2 HPLCE RF £ - &AFHAT

)
=

Fig. 3. Distribution of Carotenoids in Raw Carrot and Raw Spinach analized by HPLC

LUT : lutzin,

13CBC : 13-cis-B-carotene, AC : a-carotene, TBC : all-trans-f-carotene

9CBC : 9-cis-S-carotene, ZEA : zeaxanthin, CRYP : cryptoxanthin
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Fig. 4. HPLC chromatogram of carotenoids in raw carrot and spinach
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Fig. 5. Concentration changes of carotenoids in pureed and cooked carrot during storage at 4°C
Pureed/C: Pureed carrot / Chilled storage
Cooked/C: Cooked carrot / Chilled storage
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Fig. 6. Concentration changes of carotenoids in pureed and cooked spinach during storage at 4°C and -70°C
Pureed/C: Puwieed spinach / Chilled storage Cooked/C: Cooked spinach / Chilled storage
Pureed/F: Puieed spinach / Frozen storage Cooked/F: Cooked spinach / Frozen storage
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AZo] wtE D29 carotenoids®] FHFL R HX
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@ NaA
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2 Bo] &A 3= carotene L2 VJERYTL

748 A 43.256pg/gel M 72 F 45.058ug/g2 <F
273 BEFE 2 Granado 5209 A7
M AFAE E Fola 1083 2 & 48.30%
7t 274E%3 gtk $8 Lessin 502 AN E
camning¥t 2 718 AF & o7t glvkal BRI
Ho] dth

WAAZA AN 7tdE NEe 1F
2 % 36%8E AT FLE Y

H71 AlFRen, wztgAgd A

[
e

A

Barh dEA8Y Ze rMEAE g
all-trans-fB-caroten®] A FFHSIo] I FFS FA
gow, Yad wse] WEAde] WLy e
#g #4832 YAk weH A|FA proviamin
Ag &de wo7] AdME 7HEAE S da]lol
YEAgHo] o Als

2) 9-cis-f-carotene?] 3k
O g
All-trans-f-carotene 2]
o JlaAE T 2.54lug/gl A 3.503ug/g 37.850
relg 7VEF F7belelEn), Lessin 579 A7 E
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% 32 7mg/g(dry weigh) o2 B H Yt olzigk &
= 7t9x g7} all-trans-B-carotene?] H3=& &R
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Vg, 7}g9x1a8 7} carotene AbstE o] e B&A
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=
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314} carotenoprotein B A 2] I E As FE9
U 848 FUHAIRY] dEol#a Ao

u7td A E F2E 35 5 4CoAA AZAE
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A71Zkol Agte] we} Fidte FFE HIL
Y, 7129 Alge A 15 @AM ZaE F
AF717re] E71e A 1.605pgle, 1.821pglg2 <k
7t 274591tk Chen 579 ATFAME 7HdxT B

ok

F2E AS 12537 dF & all-trans-f-carotene©]
B H o] 9-cis-f-carotenc?] FFL I ZUMAIA T
L gtk

@ A=A

719 A A FA A= 9-cis-f-carotenec] H] L H
A Uebged olEd a4 AEXRH S 3
chlorophyllo] f-caroteneo]] thgF o)A 24 9l
&4 Agsdd Jidste F2 54 AfiF
o] BEE Ul ol n st ol w
all-trans-B-carotene-S B-carotene ] o] HAA] FoA =
F= 9csP g I g H.

ARG F 7.544ug/go) A 8.266ug/g R 9.5%7 =
ARROY  Lesin FVY  AFAM AFAY
canning FHFANA JFGART 11~250%9 TI3)
Welel A F7hsdc
Agero] wWE 9-cis-f-carotencd] FFHA}E X
BFAA BAAAY T ARV ek o
FaEAoG AT A5 AF 17
W% Fad T AFBA okt 7Y

, BE5AZANNE AZAZA Bl nF A o
AL AF 254 wnsA FUHEHAT ols T
29 A$3¥E AF = all-trans-B-carotene)
5o ol J&A 9-cis-f-carotened] Fgdol B A
ozl

o

o &2 » rlr #f

olo

Mo A

=30
o

=z

3) 13-cis-B-carotenes] =

O 22

13-cis-B-carotene-2 7} DA F FT 4.299ug/go A
7.781pg/g2 81%7} Z7}50] Cheng S¥3} Pesek S
Dol A7Eng e 3782 YT old
Z7182 < 38%7}%F Z71E 9-cis-B-carotened =
AZRTG GASA EA debdth £ Lessin 5
9 AFANME F29 AL 7t Ao ALY HEFHA
oA 13-cis-f-carotene©] canning@A ol A 90.5mg/g
(dry weigh) & e O] 9-cis-B-carotenecl A} B} &
q4 w2 2ok oHG AFAE 13-cisf

i wng

!
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-carotend] oA S PGATIeE QTHE &
Agte AR 7} 9-cis-B-caotened]] B]Ete XA ty)
WEolet: Pesck §7: Hisrh
7HEAE A G @22 ARVIzre] ZAHFe
wal 4.299¢ g/gel A 2.336pg/g, 1,157rg/g, 0.524ug/g
2 gaggen, tax P8 ANBE AAME @izl
o A 3FA ot Fubste A®E Eied 9-
cis-B-caroteneo) A} 9} Z-o] all-trans-B-carotenc] E-5 5
o] 13-cis-B-carotene®] ¥ A& A1zl ZAAe )

R,

@ AlEA

7}E A A1ZX) 9 13-cis-B-carotene?) T EL 9-cis-
f-carotene Tt YA HHHAEd ol g2 a7
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Fig. 7. Concentration changes of total carotenoids,

provitamin A carotenoids and Non provitamin A

carotenoids in pureed and cooked carrot during storage

at 4C

Provitamin A Carotenoids: all-trans-#-carotene,
9-cis-B-carotene, 13-cis-f-carotene, a-carotene

Non Provitamin A Carotencids: lutein
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carotenoids in pureed and cooked spinach during storage

at -70C

Provitamin A Carotenoids: all-trans-#-carotene,
9-cis-f-carotene, 13-cis-B-carotene, a-carotene

Non Provitamin A Carotenoids: lutein, zeaxanthin,
cryptoxanthin
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Sz B3 A A198 A 15(2003)
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