


.29, . L.
( YHPLC 0. ... ..
() 31
() 2. ...
() BHT 33
C ) <
C)y 4. ...
() <R
....................... 38. . . . ..
...................... 39. .. ...
HALCcC 9. ... ..
() HRLC ... ...
() 2. ...
.......... O
sBH1 L. 52. .
......... 2 ... ...
....... 8. .. L L.
....... 62. . . . ..
......... 65. . . . ..
( )Trolox ... 68 . . . . ..






............... 6. .. . ..
........ 7. ... ..
................ 2 ... ...
............. 3. ... ..
Ambersep 900 OH 16
............. 18 .
18 18 30
450nm). . . . . ... 9. ... ..
(B)
450 nm). . . . ... L L. 4. . . . ..
HPLC (
..................... 42 ... . ..
(A) (B)
40nm). . . . . ... 43 . . . . ..
(A) (B)
450n$m). . . ... L. 4 . . . . ..
(A) (B)
450nm). . . . . . ... 4. . .. L.
3-
40nm). . . . . . . .. 46 . . .. ..



(A) (B) HRLC
( 450nm). . ... L Lo 53. . . . ..
......... 5 . ... ..
(A) (B) TEAC
........................ 69 . . . . ..
(A) (B) TEAC
........................ 70 ... ...
(A) (B)
................ 2. ... ..
(A) (B)
................ 3. ... ..
(A) (B)
................... B
(A) (B)
................... % ... ...
..................... ...



. 10. .
. 21

. 26. . .

49, ...

BHT



...... . f



(carotenoids)
(Willis and Wians, 2003 )

(carotene) b- (b-carotene)
(xanthophyll) (lutein) (zeaxanthin)
(Shi and Maguar, 2000)

(long chain of conjugated
carbon-carbon double bonds)
(Willis and Wians, 2003)
(Takashashi et a., 2003 Maes-Perlman et d., 2001,
Bolton-Smith et a., 1992) b- A
(dl-trans) 13-
A (Tee 1992

(macular pigment)

(Kruger et a., 2002)
(Landrum and Bone,
2001) (cataracts)
(aged-related macular degeneration AMD) (Olmedillaet al., 2001)
(Stahl. et a., 2000)

/ (cigltrans
Isomers) (Von Doering et a., 1995)



(Chen et al., 1994)
(Chen et d., 1995 Mortensen and Skibsted,
2000 Updike and Schwartz , 2003)
b-

(photodiode-array detector) /

(Semba
and Dagnelie, 2003)

(Hart and Scott, 1995)



(carotenoids) (Berg et

al., 2000)
(Willis and Wians, 2003)
8 (2-methyl-1,3-butadiene)
(conjugated carbon-carbon double bonds)
400-500 nm
(Tee, 1992) (Goodwin, 1986)
(carotene) 3- (R-carotene)
(lycopene)
(xanthophylls) (lutein) (zeaxanthin)
[>ionone (Shi and Maguar,
2000) (Sander et a., 1994)
(Chen et al., 1994)
(Berg et a., 2000 Stahl et al., 2000)
(conjugated
polyene) (triplet oxygen)

(snglet oxygen)
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Carotenoids

Xanthophylls Hydrocarbons
W w-Carotens
Astaxanthin
W B-Carotens

M Capsanthin f;)

" &-Carotena
M Canthaxanthin i ~ Ao ..-\..-..ﬂ,\i? Lycopene
w Echinenone

15-cls p-Carotene

M Lutein M Tj‘

o 13-cls -Carotene

W Zeaxanthin

W B-Cryptoxanthin g-cls -Carotene

Figure 1. Structures of polar and nonpolar carotenolds

(Sander et d., 1994)
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(free peroxyl radicals ROO )

(Anguelova and Warthsen, 2000)

A (Bauernfeind, 1981) 700
10 A a -
carotene (& carotene 3 cryptoxanthin (Rodriguez-Amaya, 1989)
[3-carotene 3
(& -15,15'-oxygenase
A (Tee, 1992) 100% A
(Willis and Wians, 2003)
3
(Burton and Ingold, 1984) (&
3 3

(Takashashi et a., 2003  Willis and Wians, 2003)

3
A A
(macular lutea) (macular pigment)
(Landrum and Bone, 2001)

(lipoprotein)



"o

B-carotene

B-carotene 15, 15 - oxygenase
(Intestine, liver)

CHO

retinaldehyde

retinaldehyde reductase /M alcohol dehydrogenase

(+NADH?2)
{Intestine, liver, eye)

\/J\/w“\ﬂgﬂ

retinol

3 A
Figure 2. Biosynthesis of vitamin A from (3-carotene.

(Tee, 1992)
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Intiation: production of R from
a molecular precursor

Propagation:
R+ Oj — ROO

ROO + RH — ROOH + R

CH,
CHy4 CH,4 CH, HaC |
ROO" + {fii;_ RN “7fﬂﬁw’“}fﬂ%;j:;:]
CH p
3 Hg  CH,

3 5
. CHy C
CH,
R—O
s 0 P
3,1\_/?13 CHy HaC
@ l\/\,/’l‘“wﬁﬁ VS
CH '
| 3 CHﬂ CH:’_ CHa
GHq

3
Figure 3. Theinhibition of oil autooxidation by (3-carotene.

(Burton, 1984)
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(light-initiated
oxidative damage) (Landrum and Bone, 2001)

(Kruger et d., 2002 (cataracts)
(aged-related macular degeneration AMD)
(Olmedillaet d., 2001)

(Mares-Perlman et a., 2001; Bolton-Smith et a., 1992)
(Stahl et d., 2000)

(Lee and Min, 1990)

(carrots) (¥
(spinach) (sweet potatoes) &
(Berg et a., 2000) (¥
(green leaf vegetable)

(chloroplasts) (chromoplasts)

(membrane stabilizers) (Havaux, 2003 Minguez-Mosquera et d., 2002)

(al-trans)

(Cis-isomers)
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(Von Doering et al., 1995)
(Edelenbos & d., 2001; Humphries and Khachik, 2003)

(Godoy and
Rodriguez-Amaya, 1994)

(Sembaand Dagnelie, 2003)

Chen and Chen (1992)

() (Hart and Scott, 1995)

(Chenet d., 1994) (blanching)
(pasteurization) (canning)

(Updike and Schwartz, 2003)

Chen (1995) pH 4.0 /

(Mortensen and Skibsted, 2000) 100°C

16



Table 1. The carotenoid content of vegetables (ug/100g* wet weight’ as eaten)

Lutemn Fean fFeryp Lyco ce-gar H-car ein P-cur

Brussels frozen raw &L i= = = - dd| 112
Brussels frozen cooked 2] — — — — 4il 144
Beans green fmeen T 4494 = == — i 2 T
Beans green frozen covked. hE 26 323 3
Beans baked T8 catmed 25 1650 an nd
Beans broad raw S = — = — 215 Ay
Bean hroad cottked 620 34 = — — 58 4
Beans French raw 475 — = = — 6 7
Beans French conrkad 517 - - I 55
Besns runper AW 555 — — — 13 277 iy
Beans rinner cooked 632 — — — Tr 400 45
Brocealy fresh TAwW 614 — — = — A 19
Broceoli fresh cocrked 1944 {25 k.
Cabbage green faw &0 5 E
Cahbage green coaked 111 — — = - 3 f
Cabbage Suvoy i 13 — — — — Sih nd
Calshage Savoy cookid 34| — — — —_ 240 i3
Carrois (May) riaw 170 266 £321 76
Carrons ( May) couked 149 — — — 2838 ARl 2128
Crrpots (Sept) raw 283 - - - bl | (1B Te
Carrois (Sept) conked Bl | - - - IThT [11487 [815
Carros ftozen raw 26k - - - 3268 LRELE nl
Carrods frozen cooked 306 = = 1851 4017 nd
Caulilower AW Tr — —= — - | il
Cauliflower eookid Tr — = = — nd nd
Cueumbir raEw 670 — = = — m 73
Ciroens Taw 6 — — - — I 643 286
Cirgens cooked 4437 — 2700 445
Lieeks raw 16 — — - — ik I
Leeks cooked i6d — — — — 70 4
Lettuce iceherg TIWw Hn - - - 74 i7
Lettuce butterhead raw [611 - - | fiE13 EH )
Marrow Tl 128 - 36 12
Muarmow corked 135 — — — — 44 g
Mixed veg frozen raw B2 #4 — — TE 3670 515
Mized veg frozen cookad 97k St = — 045 363G iy
Parsley THw 2 = = 3505 fOLE
Peas frozen raw 1633 3 7%
Peas (Tozen corkel 195 — — — — A [1d
Pepper green THW Bl = = = — 235 63
Pepper preen fried 1073 - - _ - 495 a7
Pepper green® ruw 1116 - - 626 B8
Pepper orangs raw 303 | 6018 Wl — [&T i |97
Pepper orange® raw 2482 hE L] T — G365 BEE 240
Sweelcor {rowen raw 522 437 = — fill 45 14
Sweelcorn [rosen cooked e 378 i 24 nd
Spnach raw 5369 - g7 624
Spinach cooked 7410 = = = 4461 1040
Spring onions raw 233 - — — — 142 30
Tomata raw 78 - - a7 — 415 24
Tomato conrhed 120 — — 3703 - 544 e
Tomatoes canned in sauce s = BR0E = 153 0
Tomatoes canned reheated 16 - — 613 a 5K Tr
W lereress AW [ 13 - 4777 142
L ahbage Savoy outsde 4457 — — - — 102y &9

leaves
* Supomified,
Tr = trace; — = nod present or nd = not detecied.

( Hart and Scott, 1995)
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b- (Chen et d., 1995)

9-cis b-carotene 13-cis

b-carotene  15-cis b-carotene (Sander et d.,
1994) Chen (1996) 121°C
13-cis-b-carotene 30 %
Updike and Schwartz

(2003) /
dl-trans lutein  13-cis lutein  132cis lutein  9-cis lutein  92cis lutein
al-trans zeaxanthin  13-cis zeaxanthin  9-cis zeaxanthin ( )

(broccali)
(kale) (green peas)

0 22% 13-cislutein

04 17 % Aman & 4d.

(2005)

12 0% 7 25%

A
A 13-cis b-carotene 53 % A
9-cis b-carotene 38 % A (Minguez-Mosguera et al.,
2002) (biocavailability) /

Ben Amotz and Levy (1996)
b-
dl-trans b-carotene 9-cs  13-cis b-carotene

(Deming, Teixeiraand Erdman, 2002)
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15-cis p-Carctene

W B-Carotene
O 2

13-cis B-Carotene

g-cls (-Carotene

R-
Figure 4. Chemical structures of the geometrical isomers of [3-carotene.

(Sander et dl., 1994)
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13-cis lutein 13’-cis lutein

9’-cis lutein

all-trans rzeaxanthin

13-cis zeaxanthin O-cis zeaxanthin

Figure 5. Chemical structures of the geometrical isomers of lutein and
zeaxanthin.
(Updike and Schwartz, 2003)



(Yeum and Russdll, 2002)

/ A
(antioxidant capacity) b-
b- (Stahl and
Sies, 1993)  Jimenez and Pick (1993) b-
13-cis b-carotene
dl-trans b-carotene Bohm e d. (2002)
(Trolox equivaent antioxidant capacity TEAC)
b- TEAC

TEAC

Khachik et . (1997)
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(tetrahydrofuran THF) ( , 1997)
KOH
(Hark and Scott, 1995)

(Butylated hydroxyanisole BHA) (Butylated
hydroxytoluene BHT)
Chen and Yang (1992)
BHT
2-4% 19-30%

Granado et d. (2001)
Larsen and Christensen (2005)
Ambersep 900 KOH

Ambersep 900 OH (phytol)
Ambersep 900 OH
HPLC
(chromatography)
(normal-phase) (reversed- phase)

2



Ambersep 800 OH

HC

Ester hydrolysis, —Phytol

-

Chlorophyll a, R = CH3
Chlorophyll b, R = CHO

Ambersep 300 OH

Ambersep 900 OH

Figure 6. The most likely reaction between chlorophylls and the strong basic
resn Ambersep 900 OH, which is composed of a quaternary amine
tyrene-divinylbenzene copolymer of the OH form.

(Larsen and Christensen, 2005)



18 (reversed —phase Cygcolumn)

18 (polymeric C,g column) 18
(monomeric C,gcolumn) (Sander et d., 1994) 18
18
(carotenes) (xanthophylls)
(sterecisomers) 18
30  (Cs
column)
/ Sander & d. (1994)
18 18 30 /
30
R-
30

HPLC-MS (mass spectrometry)
HPLC-NMR (nuclear magnetic resonance spectroscopy)
(Dachtler et d., 2001)

HPLC
330-350 nm ( ,
2000)
HPLC
(photodiode-array detector)
al-trans zeaxanthin 450 nm 478

nm 13-cis zeaxanthin  al-trans

24



i GH,
$i—nH # X—Si—C18 =t
| CH, H,0

monomaric silane

i CHy
#i—ﬂ —8i—C18
| ¢n,

|
5 0—8—C18

!

|
1 ?
—OH + :-:—Isi—mﬂ E;- !i.l—ﬂ—?i—l.':iﬂ
S |
—OH Si—0—5—C18
i
polymeric sillane
X = CH,0, CH,CH,D, CI
18
Figure 7. Chemical structures of monomeric and polymeric C,g stationary

phases.
(Sander et a., 1994)



echinenone
nonpolar carotenolds

PF~cryptoxanthin ——

canthaxanthin
luteln + zeaxanthin

f LA M P [T S [N AT YRS S RN LA E | e T —_— —rT T T

10 20 30 40 50 €0 70 ao

o

B-carctene and isomers
[

u-caru'lnnall
echinenane 'l,\
f-cryptoxanthin \

Bing
\
\\

lutein \ f=carotens
umnn'lhlnﬁ\ \ / lycapana
“p“"m"ﬁ I-" /

L o T e G T

T — T T T T T T T T T T T T T T T T

o 10 20 30 40 50 60 70 :14]
15-cis ﬁ-mruum\ 'f1 3-cls f-carotene
canthaxanthin
|
schinenone
zeaxanthin
\\. a-carotens
' p-eryptoxanthin | trans f-carotene
lutein \\ \\I | r ,9-cls f-carotens
‘ |
capsanthin ' ‘ ]

\Il"! \ 1
\\\ y
“m'”‘"'"xll II"ul | — |
c J k\AJ L H Wh ]

I 1 ] ] Y T T T | I TTr=r—r—r—T
a 10 20 30 40 &0 60 T0 80

18 18 30

Figure 8.Separation of carotenoid standards on (A) monomeric Gg columns,
(B) poiymeric Cigcolumns, (C) polymeric C30 "carotenoid column
". Separation conditions were as follows: 81: 15: 4 to 6: 90: 4
methanol / methyl— tert- butyl ether (MTBE) / water over 90 min;

1mL/ min; 20°C.
(Sander et ., 1994)
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zeaxanthin
470 nm

(Updikeand Schwartz , 2003)

(NMR)

()

6-8 nm
338 nm

444 nm

(autoxidation)

Farmer et al.(1942)
reaction theory)

(propagation)

(hydroperoxide)

(free radical chan
(initiation)

(termination)

(unsaturated fatty acid  RH)

(fatty acid radical? R )

Initiation

(peroxyl radical ROO )

hydroperoxides ROOH)

RH? R +H

(faty acid
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Table 2. Electronic absorption maxima and molecular weight of the
geometrical isomers

absorption molecular
isomer maxima? (nmy mass (mlz)
all-trans lutein 331, (444), 473 568
13-cis + 13’-cis lutein 330, (439), 466 568
9-cis lutein 330, (440), 467 568
9’-cis lutein 330, (440), 468 568
all-trans zeaxanthin (450), 478 568
13-cis zeaxanthin 338, (444), 470 568
9-cis zeaxanthin 338, (445), 472

2 Measured in the LC mobile phase [methanol-MTBE (85:15)] using a photodiode
array detector. Values in parentheses represent the main absorption maxima,

( Updike and Schwartz, 2003)
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Propagation R +0,? ROO
ROO +RH? ROOH+R

(dimer) (trimer)
(polymer)

Termination R R ? RR
R ROO ? ROOR
ROO ROO ? ROOR O,

(antioxidant  AH)

R AH? RH A
R A ? RA

(AH) R ) (RH)
A ) (RA)

(phenolic hydroxyl
group)

(Labuza, 1971)

(Burton and Ingold, 1984)
BHA BHT



()

(photosensitized oxidation)
(photosensitiser)
(ground state) (excited state)
(triplet oxygen °0,)
('0,)
Bando et d. (2004) b- (Car)
(‘02) (°0,)
'0, +Car? °0, +°Car
Car ? Car+ hest
()
(citric acid) EDTA
F&€ ROOH? Fe® RO OH
Fe© ROOH? F€ ROO H'
b-
(methyl linoleate) (Burton, 1989)



Trolox (trolox equivalent antioxidant
capacity TEAC)

31



()

( )
( ) (
) ( ) ( A )
()
dl-translutein 90 % Fluka
adl-trans zeaxanthin Extrasynthese dl-trans b-carotene
95 % Sigma b-gpo-8' -carotenal
96 % Fluka
()
1
2,6-di-tert-butyl-4-methylphenol (BHT) 99 %
Sgma Ambersep 900 OH (strong basic resin)
Fluka
2.
Q) (Total phenolic compounds TPC)
HPLC gdlic acid 98 % Fluka
Folin-Ciocalteu’'s phenol reagent Fluka sodium

carbonate (Na,CO5) 99.8% Riedel-de Haén
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Table 3. The name of vegetablesin Tawan

Abelmoschus esculentus L.Moench

Okura, okra

Allium tuberosum Rottl. Ex K. Sprengel

Chinese chive, leek

Asplenium nidus L.

Nest fern fern

Asparagus schoberioides Kunth

Chaylte vine, gracilaria

Brassica campestris L. Japonicagroup |Rape
Brassica chinensis L. cv. Ching-Geeng |Ching-geeng, pak choi
Basellarubra Linn. Ceylon spinach

Brassica rapa var. chinensis

Chinese white cabbage

Brassica oleracea L. Alboglabragroup |Chinese kae
Brassica oleracea L. var.Capitata L. Cabbage
Brassica oleracea var. botrytis Broccoli
Capsicum annuum L. Green pepper

Chrysanthemum coronarium L.

Garland chrysanthemum

Coriandrum sativum Coriander, parsly (
Diplazium esculentum (Retz.) Sw Vegetable fern
Hemerocallis fulval. Day lily
| pomoea aquatica Forsk. Water convolvulus
Water spinach
| pomoea batatas (L.)Lam. Sweet potato |eaf
Lactuca sativa L. Garden lettuce (A
Lettuce sativa. Lettuce
Notoginseng radix Sanchi
Ocimum basilicum Basl
Soinacia oleracea L. Spinach
Zea maysLi. Corn




(

)

(2) Trolox (Trolox equivaent antioxidant
capacity TEAC)

Peroxidase from horseradish 1280 unit/mg solid 2,2 -
azino- bis ( 3-ethyl benzothiazoline-6- sulfonic acid ) diammonium
sat ( ABTS) 98 % 6- hydroxy- 2, 5, 7, 8 tetramethyl
chroman -2- carboxylic acid ( Trolox ) 97 %

Sigma Hydrogen peroxide solution (H,O») 30 %
Riedel-de Haén

(3 (Ferric  thiocyanate
method)

Linoleic acid P % polyoxyethylene-sorbitan
monolaurate (Tween 20) ammonium thiocyanate (NH,SCN)
a-tocopherol (Vitamin E) 95 % ascorbic acid
(Vitamin C) 2,6-di-tert-butyl-4-methylphenol (BHT)

P9 % Sigma Iron(I1) chloride
tetrahydrate (FeCl, 4H,0) 95 %

sodium phosphate, monobasic (NaH,PO,-H,0)
99.6 % JT. Baker

(4) (Chelating the ferrous ions)

Iron(l1) chloride tetrahydrate (FeCl, 4H,0) 95
% 3- (2-pyridyl)- 5, 6- diphenyl- 1, 2, 4-
triazine- 4, 4’- disulfonic acid sodium sdt (Ferrozine)
ethylenediaminetetraacetic acid disodium sat dehydrate (EDTA)
99 % Sigma



HPLC  acetonitrile ethanol chloroform Merck HPLC

methyl acohol (MeOH) Mallinckrodt HPLC
methyl-tert-butyl ether (MTBE) Tedia acetone
Fluka hydrochloric acid (HCI) 35%
() (HPLC)

YMC™Waers Cso
(4.6mmx250mm I.D.) Sum
SHIMADZU LC-10AT
SHIMADZU SIL-9A
SHIMADZU SPD-M20A
Phenomenex DG-4400

KinematicaAG PT-3000

()
Hitachi himac CF-15R
()
BUCHI RE111
BUCHI 461

Tokyo Rikakikai A-3S
Firstek Scientific B403L

Power sonic 420

Firstek Scientific S300



) -

Vaian 50 Conc

) Vortex Mixer
Thermolyne 37600, Maxi Mix |1
)
SANKYO DENKI GL15
)
)
1 (* Standard” saponification method )
Updike and Schwartz (2003) 29
20 mL 1 min
Whatman No. 42
20 mL

15mL 30 %  methanolic
KOH 30
10 mL hexane: diethyl ether (70: 30, v/v)

hexane: diethyl ether (70: 30, v/v)



10 mL 0.2mMm (nylon

filter) HPLC
2. (* Shortcut” saponification method)
Granado et d. (2001) 29
20 mL 1 min
Whatman No. 42
20 mL
2 mL 2 mL 40 % (w/v) methanolic KOH
Vortex Mixer 3min 4mL
8 mL hexane/diethyl ether (70: 30 v/v)
Vortex Mixer 30 sec 10000 rpm 5min

10 mL 0.2mMm (nylon filter)
HPLC

3. ( Resn” saponification method)

Larsen and Christensen (2005) 29
20 mL 1 min
20 min 10000 rpm 5min
20 mL

10 mL 1 g Ambersep 900 OH
30 min
0.2mm (nylon filter) HPLC

( )HPLC
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Cao

1. (Updike and Schwatz, 2003)

Cxo (4.6mm x 250mm 1.D.) MeOH (2
% ammonium acetate, pH 4.6) MTBE = 85: 15

1mL 10 u photodiode -array
190-800 nm
2.

Sander et d. (1994) Cao
(4.6mmx 250 mm1.D.) A MeOH MTBE
HO=81 15 4 B MeOH MTBE=6 90

Omin A 100 % B
0% Omn A 0% B 100
% 1 mL 10 u photodiode-array

190-800 nm
)

1.
al-trans lutein
zeaxanthin  [3-carotene (chloroform)
150 pg/mL 01 35 10 20min
10 pL HPLC 1 35 10
20 min dl-trans lutein  zeaxanthin  3-carotene

HPLC (Updike and Schwatz,

2003)



(

( 436 mm X
25.5 mm ) 15  (Watts) 0.300
(Ampere) 40 cm

dl-trans lutein, zeaxanthin  [3-carotene

lutein,
zeaxanthin [3-carotene
photodiode-array
(Updike
and Schwartz, 2003; Chen and Lin, 2003)
450 nm
)
1.
(chloroform) al-trans

lutein 1 5 25 50 100 pg/mL dl-trans zeaxanthin ~ 0.04
04 2 10 20 pg/mL al-trans 3-carotene 0.4 2 10 20

40 pg/mL 3 10 uL 450 nm
HPLC

(correlation coefficient, R?)

2.



Khachik e d. (1992)

(3-8p0-8' -carotenal
450 nm HPLC
[3-gpo-8' -carotendl [3-gpo-8' -carotenal

3. /
dl-trans lutein, zeaxanthin ~ 3-carotene
dl-trans
lutein, zeaxanthin [3-carotene dl-trans lutein,
zeaxanthin [3-carotene
lutein dl-trans lutein
dl-trans lutein zeaxanthin  3-carotene
dl-trans

zeaxanthin  RR-carotene
/

) BHT
lutein, zeaxanthin
[3-carotene (Chen and Yang 1992) 29
BHT 001 01 05
1% 450 nm HPLC

BHT
)

10 g -20



% = (10 ) /10 x 100 %

()

1.

59 3 (1) (boiled)

59 200mL 100 1min (2)
(stir-fried) lcc 160 — 180
59 1min (3) (deep - fried) 59
200mL  190- 200 25eC

2.

59 200mL 100

0 1 5 10 20 30min

S¢)
450 nm
HPLC dl-trans lutein, zeaxanthin  [3-carotene
/
()
1.
59 200mL 100
O 1 5 10 20 30min 20 mL
1min 20 min 10000 rpm
5min 20 mL

20 mL

a4



450 nm HPLC
Julkunen-Titto et a. (1985)
(total phenolic compounds)
gdlic acid 31.25
625 125 250 500 1000 ug/mL 50 pL 1mL
0.5 mL 100 % Folin-Ciocalteau’ s phenol reagent

2.5 mL 20 % NaCOs; 20
min 735nm
gdlic acid
gdlic acid
equivalent
3.
(1) Trolox (Trolox equivaent antioxidant

capacity TEACQC)

ABTS peroxidase H,O,

ABTS * ABTS *
734 nm
(Miller et al.,1993) Trolox
Kg Trolox

TEAC (Trolox Equivalent Antioxidant
Capacity) Trolox E

42



peroxidase

H,0: ABTS » 2H0 ABTS *
Miller et d. (1993) peroxidase (44 unit/ml)
0.25mL H,O, (500 uM) 0.25 mL  ABTS (1000 puM) 0.25 mL
15mL 1hr
ABTS” 0.25 mL
trolox (5 10 20 40 80 pug/mL)
10min 734 nm trolox
TEAC trolox
equivalent TEAC
)

(Ferric
thiocyanate method) (linoleic acid
emulsion system)

Fe™ Fe* Fe” SCN
[F(SCN)s™ ] 500 nm

ROOH + F&* _. ROH + HO. + Fe*'

Fe*+ 6NH,SCN - Fe(SCN)> + 6NH,"

Mitsuda et d. (1996) 50
50 ug/mL BHT ascorbic
acid  a-tocopherol 0.5 mL
0.5mL 0.02M linoleic acid emulsion
25mL 0.2 M sodium phosphate buffer (pH 7.0) 2 mL
37



24 hr 0.1mL 75 %
47mL 30%  ammonium thiocyanate 0.1 mL  0.02 M
3.5 % HCI iron () chloride tetrahydrate 0.1 mL
3 min 500 nm

37

IP % IP %

(Inhibition of peroxidation % P %) =

1 ( 500 nm )/ ( 500
nm )] x 100 %

Linoleic acid emulsion (pH 7.0) 50 nL
0.2 M sodium phosphate buffer (pH 7.0) 0.2804 g

linoleic acid 02804g  Tween 20

(3)

Fe™
Fe™" ferrozine 562 nm
Fe’ Fe™*
562 nm

Fe’* + ferrozine — ferrozine-Fe** complex (violet )



Dinis et d. (1994) 50

100 ygmL EDTA  0.25mL 0.25 mL
0.8mL 2mM  FeCl, 4H,0 0.025
mL Vortex Mixer 30sec 5mM  ferozine 0.05
mL 10 min
9562 nm

(chelating effects %) = [1 (

562 nm )/ ( 562nm
)] x 100 % 562 nm =
562 nm 562 nm
+ (Mean £ SD)

SAS (Statistical Analysis System) 8.0
(Duncan’s multiple range test )
0.05



HPLC
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lutein zeaxanthin [3-carotene  lycopene 12.7
148 307 702min(  B) lutein
zeaxanthin  [3-carotene HPLC
143 195 743 min lycopene 90 min (
A) HPLC
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(Hart and Scott, 1995 ; Larsen and Christensen, 2005)
HPLC
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45 min
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Figure 9.HPLC chromatogram of standard carotenoids under an (A)
Isocratic elution system or (B) gradient elution system (detection
waveength : 450 nm ). Peaks (1) lutein, (2) zeaxanthin, (3)
[3-carotene, (4) lycopene.
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FHgure 10. HPLC chromatogram of carotenoids in extract obtained from
sweet potato leaf under a gradient elution system (detection
wavelength : 450 nm ). Peaks: (1) lutein, (2) zeaxanthin, (3)
[3-carotene.
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FHgure 11. HPLC chromatograms of dl-trans lutein standard (A) before
Isomerization and (B) after isomerization with UV light. Peaks:
(1) 13-cislutein, (2) 132cislutein, (3) dl-trans lutein, (4) 9-cis

lutein, (5) 92cislutein.
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Fgure 12. HPLC chromatogram of dl-trans zeaxanthin standard (A)
before and (B) after isomerization with UV light (detection
wavelength : 450 nm ). Pesks: (1) 13-cis zeaxanthin, (2)
dl-trans zeaxanthin, (3) 9-cis zeaxanthin.
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Fgure 13. HPLC chromatogram of al-trans [3-carotene standard (A)
before and (B) after isomerization with UV light (detection
wavelength : 450 nm ). Peaks (1) 13-cis R-carotene, (2)
adl-trans [3-carotene, (3) 9-cis 3-carotene.
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10

Minntes

HPLC ( 450 nm)

Fgure 14. HPLC chromatogram of lutein, zeaxanthin, 3-carotene and
their srerecisomers under a gradient elution system (detection
wavelength : 450 nm). Peaks: (1) 13-cis lutein, (2) 13-cis
lutein, (3) al-trans-lutein, (4) all-trans zeaxanthin, (5) 9-cis
lutein, (6) 9-cis lutein, (7) 9-cis zeaxanthin, (8) 13-cis
[3-carotene, (9) al-trans [3-carotene, (10) 9-cis [3-carotene.



luten zeaxanthin  [3-carotene /

hypsochromic shift
lutein
13-cislutein, 132cislutein, 9-cislutein ~ 92cis lutein ( (B))
zeaxanthin 13-cis zeaxanthin ~ 9-cis zeaxanthin (
(B)) [R-carotene 13-cis [3-carotene 9-cis
[3-carotene ( (B)) dl-trans lutein
444nm 13-cis 132cis 9-ds  9?ds
hypsochromic shif al-trans lutein 4-6
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( B) dl-trans RR-carotene 451 nm 13-cis
9-cis 57nm 13-ds 9-ds
444 446 nm 337-340 nm
13-cis 9-cis 3-carotene ( O
(B) (B) 13-cis zeaxanthin  dl-trans lutein

luten zeaxanthin [3-carotene
13-cis zeaxanthin  all-translutein
13-cis zeaxanthin Dachtler et d. (1998)
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Figure 15. UV/VIS light absorption spectra of (A) lutein isomers, (B)
zeaxanthin isomers, (C) [3-carotene isomers. Peaks: (1) dl-trans
lutein, (2) 13-cis lutein, (3) 132cis lutein, (4) 9-cis lutein, (5)
92as lutein, (6) dl-trans zeaxanthin, (7) 13-cis zeaxanthin, (8)
O9-cis zeaxanthin, (9) dl-trans [(-carotene, (10) 13-cis
[3-carotene, (11) 9-cis 3-carotene.



(3
Table 4. Tentative identification and chromatographic data for all-trans and cis forms of lutein  zeaxanthin and 3-carotene
standard in figure 14

Peak  Carotenoid Retention ? (nm)(in-line)* ?(nm)(reported)
no. time
(min) (P’ (Pmad)

1 13-cis-lutein 10.748 330 417 (438) 465 330 - (439) 466
2 132cis-lutein 11.785 330 418 (438) 465 330 - (439) 466
3 al-trans-lutein 12.816 =420 (444) 4Nl 3Bl - (444 473"
4 all-trans-zeaxanthin 14.896 — 420 (450) 476 — —  (450) 478"
5 9-cis-lutein 15.909 329 418 (439) 467 330 - (440) 467"
6 92dis-lutein 18.040 329 420 (440) 468 330 - (440) 468"
7 9-cis-zeaxanthin 18.932 339 418 (445) 471 338 - (45 472"
8 13-cis-R-Carotene 26.955 337 420 (444) 469 — 419 (447) 471
9 al-trans-3-Carotene ~ 30.836 - - (451) 477 — 429 (453) 477
10  9-ds-R-Carotene 32.936 340 420 (446) 471 — 48 (447) 4711

*A gradient mobile phase of MeOH: MTBE: H,O = 81: 15: 4and MeOH: MTBE = 6. 90 was used.

Vaues in parentheses represent the main absorption maxima.

% _ " Datanot available

*An isocratic mobile phase of MeOH (2% ammonium acetate, pH 4.6): MTBE = 85: 15 was used by Updike and
Schwatz (2003).

°A gradient mobile phase of methanol (100%) and methylene chloride (100%) was used by Rajendran and Chen
(2007).



13-cis zeaxanthin

( Hark and Scott 1995)
(* Standard " saponification method) KOH 30

(* Shortcut ” saponification method)

KOH 3min
(“ an ”
saponification method) Ambersep 900 OH KOH
30 min
Ambersep 900 OH
(p

0.05) Chen and Yang (1992)

Granado et a. (2001)
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Table 5. Effect of saponification methods on determinging values of all-trans carotenoids of broccoli, spinach, sweet
potato leaf and Chinese kae

Vegetables Moisture Saponification All-trans carotenoids ™

% method Lutein Zeaxanthin [3-carotene

Broccoli ( ) 88.73
Standard 9.25+0.12° 3 2.14+0.08°
Shortcut 10.24+1.09" — 6.78+0.52"
Resin 12.04+0.21° 0.26+0.01° 7.16+0.43°

Spinach () 93.56
Standard 30.33+2.63° 2.63+0.04° 9.78+1.11°
Shortcut 35.11+3.24" 4.46+0.07° 10.2240.74°
Resin 41.93+2.32° 4.47+1.06° 13.63+0.82%

Sweet potato | eaf 89.12
( ) Standard 28.99+2.35° 0.58+0.03" 6.23+1.10"
Shortcut 38.04+4.32° 0.56+0.13 5.41+0.22°
Resin 46.32+1.24° 0.59+0.07% 8.60+0.67°

Chinese kale ( ) 92.87
Standard 23.87+2.20° — 15.74+1.25"
Shortcut 29.87+0.22" — 16.11+0.23"
Resin 33.6440.18° — 22.43+1.87°

'Data are based on the average of three duplicate experiments + SD. Different letters within column of same vegetable
are significantly different (p<0.05)

“Concentrations are in micrograms per gram of fresh vegetables tissue.

% _ 7 Not detectable.



Ambersep 900 OH HPLC

Ambersep 900 OH
(A) 18.3min
chlorophyll a ( Larsen and Christensen, 2005) 13.3 min
dl-translutein /

BHT
BHA BHT
lutein, zeaxanthin  3-carotene
(Chen and Yang, 1992)
BHT
BHT
BHT 0% 01%

(Wiv) BHT

BHT 0.1%

BHT 10%

BHT BHT

0.1 % (w/v)
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Fgure 16. HPLC chromatograms of carotenoids extract obtained from
fresh sweet potato leaf (A) before saponification (B) and after
saponification (detection wavelength : 450 nm).



BHT
Table 6. The effects of BHT concentration on determinging values of al-trans carotenoids in sweet potato leaf and

Chinee kde
Vegetables Moisture BHT ; All-trans carotenoids™”
% Conccg/r;tratl on Lutein Zeaxanthin [3-carotene
Sweet potato |eaf 89.78
( ) 0.00 41.55+2.03° 0.61+0.05° 5.64+0.12°
0.01 46.36+1.25° 0.68+0.01™ 8.93+0.47"
0.10 53.75+2.86" 0.90+0.04% 12.63+1.85%
0.50 49.00+1.39 0.75+0.01" 8.90+0.54"
1.00 40.05+2.52° 0.67+0.01™ 7.35+0.16™
Chinesekae( ) 9255
0.00 28.85+3.53" 4 23.062.79"
0.01 36.81+1.02° — 28.94+0.48%
0.10 39.35+0.51° — 30.14+1.85°
0.50 35.11+2.59° — 27.6242.21%
1.00 39.09+2.89° — 30.68+0.36"

'Data are based on the average of three duplicate experiments + SD. Different letters within column of the same
vegetable are significantly different (p<0.05).

ZConcentrations are in micrograms per gram of fresh vegetables tissue.

3BHT is added at the concentration of extracting solvent volume (w/v).

% _ " Not detectable.
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[3-apo-8 -carotend (

al-trans lutein dl-trans lutein
dl-trans [3-carotene  al-trans zeaxanthin
(Chinese white cabbage) (okura) (3-carotene
(day lily) [3-carotene
zeaxanthin  lutein dl-trans lutein

(pardy) dl-trans zeaxanthin

dl-trans [3-carotene 3
(basil) (sweet potato
|eaf) (rape) (spinach) (vegetable fern) (fern)
(Chinese kale) 50 yg /g fresh
vegetables (water convolvulus) (sanchi) (Chinese
chive) (Ceylon spinach) (grecilaria) (ching-geeng)
(garland chrysanthemum) A  (garden lettuce)
20~50 pg /g fresh vegetables (broccoli)
(day lily-green) (day lily-yellow) (corn)
(green pepper) (lettuce) (cabbage) 3
20 ug /g fresh vegetables
104.76
83.68 ug /g fresh vegetables

7596 6232 ug /g
fresh vegetables 4

(Hart and Scott, 1995; Updike and Schwartz, 2003; Larsen and
Christensen, 2005)
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Parsly
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Sweet potato leaf

ahove 50 Rape
ug /g fresh vegetahbles Spinach
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Fgure 17. Quantitative distribution of various all-trans carotenoids in fresh
vegetables commonly consumed in Taiwan. Bar represent mean *
SD, n =3. Mean contents of totd dl-trans carotenoids in fresh
vegetables with different |etters are significantly different (p<0.05



Table 7.The all-trans carotenoids contents of broccoli, spinach and corn in study were comparable with references

Vegetables All-trans carotenoids’ Extractive Saponification Source
Lutein  Zeaxanthin R-carotene solvent method
Broccoli( )
16.14 — 8.00  THF/MeOH KOH® Hart and Scott(1995)
4 .
1013 B B Acetone, KOH Updike and Schwartz (2003)
hexane/diethyl ether
33.00 — 1750  Acetone Resin’ Larsen and Christensen (2005)
9.81 0.35 8.87  Acetone Resin’ This study
Spinach ( )
58.69 _ 3397 THF/MeOH KOH® Hart and Scott(1995)
KOH* Updike and Schwartz (2003)
55.50 — — Acetone,
hexane/diethyl ether
63.80 — 34.10 Acetone Resin’ Larsen and Christensen (2005)
41.98 5.06 14.60  Acetone Resin’ This study
Corn( )
5,97 4. 37 045  THF/MeOH KOH®  Hart and Scott(1995)
KOH* Updike and Schwartz (2003)
2.74 5.43 — Acetone,
hexane/diethyl ether
5.71 4. 48 021  Acetone Resin’ This study
“Concentrations are in micrograms per gram of fresh vegetables tissue.
2« _ " Not detectable.

*The extract was saponified with a 30% methanolic potassium hydroxide solution for 30 min at room temperature.
*The extract was saponified with a 5% methanolic potassium hydroxide solution for 30 min at room temperature.
>The extract was saponified with a strongly basic resin (Ambersep 9000H) for 30 min at room temperature.
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dl-trans lutein 10 ~ 33 ug/g fresh vegetables
55~64 2.7~5.3 ug/g fresh vegetables

al-trans lutein 0.81 41.98
5.71 pg/g fresh vegetables dl-trans zeaxanthin
4.0 ~ 5.5 pg/g fresh vegetables 4.48 ug/g
fresh vegetables al-trans 3-carotene 8.0~
17.5 pg/g fresh vegetables 33.9 ~ 34.1 ug/g fresh vegetables
0.2 ~ 0.5 pg/g fresh vegetables
dl-trans (- carotene 887 14.60 0.21 pg/g fresn
vegetables

lutein, zeaxanthin 3-carotene

(Chen and Chen, 1992 Hart
and Scott, 1995)

6 mg lutein 43 % AMD
( Seddon et a., 1994)
al-trans lutein 65.52 ug/g fresh vegetables
100 g 6.55 mg all-trans lutein lutein
(boiled)
(dtir-fried) (deep-fried) lutein zeaxanthin  [3-carotene

/ ( )



Table 8 The effects of processing methods on the contents of carotenoids and related geometrical isomers in vegetables

. T
Carotenoids isomers

Vegetables Tota , Lutein isomers Zeaxanthin isomers [3-Carotene isomers

caroteroids  total all- 13-ds 13-ds 9-ds 9'-ds total  all- 9-ds total all 13-ds 9-ds
trans trans trans

Pasy ()

fresh 0883  79.12° 7189 335" 180" 111*° 0.96° 267° 220 046 17.042 1027° 1.31*° 546

boiled 94.48" 7477% 6748 290° 214° 120° 1.05° 234° 185 049" 17.37% 1028" 1.22°° 588"

tir-fried 66.60° 5552° 4975 159° 157 141° 1.21° 213 151° o062° 894" 488" 112° 296

Basil( )

fresh 8592 6758 63.02° 211* 134 059" 051° 6.06° 551 055% 1229 656 1.84° 3.88°

boiled 85.11° 6525 59.95° 1.89* 143 091° 1.08 726 6.70* 055 12.61* 722 157° 381°

tir-fried 7325  60.92° 5716 1.00° 117° 085 075  600* 560* 040° 6.3 352° 130° 151°

deepfried 5415 4736° 4167° 194 106° 188 083 499° 435 064 181° 181° - -

Sweet potato leaf ( )

fresh 79777 69.84° 66.07° 1.69° 104 066° 048 092° 078 014 891° 439" 138 314

boiled 71.37° 60.90° 57.04° 158 1.00° 068 0.60° 083 070° 013 064> 405® 181° 378

ir-fried 54.88° 50.57° 46.67° 153 089" 076 0.62° 072 053" 019 369" 223" _ 1.46°

Rape( )

fresh 65.68" 6023 56.79° 205 1.32° 076" 049 049° 049 _°3 496° 247 083F 165

boiled 67.02% 61.50° 55.62° 200*° 1.31° 083" 056 042% 042° - 511° 239 o088 183"

tir-fried 43,55 4001° 3582° 129° o088 123 0.7 031° 031° - 323" 078" 047° 198°

*Concentrations are in micrograms per gram of wet vegetables tissue. Different letters within column of the same vegetable are
significantly different (p<0.05).
’Data are based on total isomers of Iutein, zeaxanthin and R-carotene.

3“ ”

— " Not detectable.



al.,1995) 13- 13 -ds
Khachik et d. (1986)

carotenoids)
36.97 % 14.75 %
32.61 31.20 33.69%
10.53 %

2.04 %

(2003)

4.49%

etal. (1996)  Updike and Schwartz (2003)

(Chen et d., 1994)
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(O Neil et

9 9-cs

(total

0.94 %

4.40

Marx et al.

Liu et d. (2007)

289 384 1232

Chen



Table 9.The effects of processing methods on the % loss or increase of carotenoidsand related geometrical isomers in vegetables

. . . 1
Carotenoids isomers (loss or increase %)

vegetables Total carotenoids Lutein Zeaxanthin R-Carotene
tota  adl-transS  totd cis dl-trans  totd cis dl-trans  tota cis dl-trans totd cis
Parsly ()
boiled -4.40 -5.65 2.89 -6.14 0.87 -16.17 6.25 0.06 4.82
stir-fried -32.61 -33.48 -27.58 -30.80 -20.18 -31.41 34.38 -52.68 -39.72
Basil ( )
boiled -0.94 -1.63 3.84 -4.88 16.33 21.52 1.63 10.04 -5.90
stir-fried -14.75 -11.74 -35.63 -9.30 -17.41 156 -26.51 -46.32  -51.02
deep-fried -36.97 -36.31 -41.60 -33.88 24.76 -21.09 16.51 -72.42  -100.0
Sweet potato leaf ( )
boiled -10.53 -13.26 12.32 -13.67 -0.26 -10.26 -7.14 -7.71 23.71
stir-fried -31.20 -30.62 -36.06 -29.36 -1.81 -32.05 35.71 -49.31 -67.63
Rape( )
boiled 2.04 -2.21 4.49 -2.06 2.04 -14.13 0 -3.19 9.04
stir-fried -33.69 -38.23 -6.45 -36.93 -9.14 -36.41 0 -68.46 -1.46

Loss or increase % of carotenoids = (carotenoids procesing  CArOLENOIAS freq,)/ CArotENOIdS fresn*100

’Data are based on total isomers of lutei n, zeaxanthin and 3-carotene.
3Data are based ontotd all-trans isomers of utel n, zeaxanthin and 3-carotene.
*Data are based on totd cis isomers of Iutei n, zeaxanthin and R-carotene.



3

al-trans
[3-carotene

al-trans 3-carotene 5268 4632 4931 68.46 %
7242 % dl-trans lutein al-trans

zeaxanthin 9.30 % 1.56 %
dl-trans lutein
dl-trans zeaxanthin al-trans [3-carotene Henry
e d. (1998) (safflower seed ail)

lycopene dl-trans 3-carotene  9-cisf3-carotene lutein

lutein  zeaxanthin  [-carotene 9 9-cis
lutein  zeaxanthin  9- 9 -cis
R-carotene 9 9-cis
al-trans [3-carotene lutein

R-carotene 9 9-cis lutein zeaxanthin  9- 9 -cis

1 min ( 0
min ) (p 005)
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Table 10. The effects of boiling time on the contents of carotenoids and their related geometrical isomers in pardy and bas|

. T
Carotenoids isomers

Ve%.?trfgles Tota Lutein isomers Zeaxanthin isomers (3-Carotene isomers
(min) caroterpids”  total al- 13-cds 13-ds 9-ds 9-ds total al- 13-cs total all- 13-ds 9-ds
trans trans trans

Pady ()
0 10203 7089° 7426 299° 140" o081° 044 167% 128 039" 2048° 1583 096" 369
1 10141 7917°  7394° 269" 156 064° 0.35° 139° 101 038" 2085 1512° 123° 450
5 11114 87.93% 8105 341° 1.72° 125° 049° 163" 119" 044 2158° 1607 116" 4.36
10  112.71° 86.01° 7855 267° 212° 195 072 1.71* 1.25% 046° 2498 1627° 158 713
20 9173 67.10° 6051° 2.09° 145" 225° 079" 154 093° 061° 2310° 1425° 103° 7.82°
30  85.02° 62.18° 5352° 272" 187 302° 105 159® 101 o058 2124 1258° 054° 812

Basil( )
0 9490° 75.64° 69.80° 1.86° 224 118" 056 533° 488" 045° 1392 769 210 41%°
1 9153 7367°  6749° 192° 251° 112¢ 063 520° 478 050° 1257 715" 145° 397°
5 10334° 80.46° 7259 258 300° 159° 0.70° 6.02° 542° 060° 1686 9774 1777 532
10 8388 65.82° 5773 217° 295 208" 092° 353° 294° 059° 1453 831 o088 534°
20 801" 49.46°  41.75°  195° 192° 281 1.02° 262° 223° 038 1593 903" 083" 608
30  5851° 4360° 37.49° 102" 117" 289* 103 148° 125° 023"  1342° 671° 062° 6.10°

*Concentrations are in micrograms per gram of wet vegetables tissue. Different letters within column of the same vegetable are
significantly different (p<0.05).

’Dataare based on atota isomers of lutel n, zeaxanthin and (3-carotene.



Table 11. The efects of boiling time on the contents of carotenoidsand their related geometrical isomers in sweet potato leaf and
rape

. T
Carotenoids isomers

Vegetables Tota

. Lutein isomers Zeaxanthin isomers (3-Carotene isomers
Time  caroterpids” : : : : : . :
(min) total all- 13-ds 13-ds 9-ds 9-ds total  all- 13-as total all 13-ds 9-ds
trans trans trans
Sweet potato leaf ( )
0 80.37° 67.97° 6350° 1.81° 089° 104° 074° 072 072° _3 1168° 662° 178 329
1 88.15° 76.26°  7013* 196" 172° 132° 114° 070° 070" - 1120 689 128" 305
5 101.89° 8552  76.81° 314 205" 2068 147° 091* 0901* - 1547%  972* 192* 384
10 103.56 8861 7797 356° 258 244 207° 1.09° 109 — 13.87*° 813° 089° 486
20 66.36° 51.69°  4456" 145 1065 252° 210 070° 070" - 13.08%° 779" 073 546
30 50.19° 36.71° 2054° 1077 084 248 279" 042° 042° - 1307 667" 060" 5.80°
Rape( )
0 71.81% 64.82° 5848 386° 1.14° 086" 047 046 046" - 652 410° o088 154°
1 73.55° 6594 60.00° 339" 1.13° 098 043 040%* 040" - 722 461 100° 161°
5 70.18% 6093 5438 350° 118" 1.30° 057 045 045" - 880" 5977 101° 1.8
10 68.57 57.60° 51.96° 236 1.20° 148" 059° 044> 044 - 1053° 695 127* 231°
20 57.42° 4789° 4169" 211° 121° 200 o088 039" 039* - 914° 514° 109° 291°
30 59.97° 51.07° 4393 263° 138 2177 095 033 033 - 857° 411° 110® 336

“*Concentrations are in micrograms per gram of wet vegetables tissue. Different letters within column of the same vegetable are
significantly different (p<0.05).

’Dataare based on atota isomers of lutel n, zeaxanthin and 3-carotene.

%« _ 7 Not detectable.
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10 min
1047  30.02 % 5 min
8.89% 1min
244 %

(Updike and Schwartz, 2003)

10 5 10 1min

(Anguelova and Warthsen, 2000 Willis and Wians, 2003)

(Labuza,1971 Caddluccio et al., 1995)

(Byers and Perry, 1992? Védioglu et al., 1998)
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1min
(p 0.05)
10 min 5min
27.30

3488 1572 1.271%
20 30
min 83.14% 85.21% 1min

14.66 %
30 min 73.82% 5min
5 min 30.61 %
30 min 32.67 % Zhang and
Hamauzu (2004)
4

Trolox
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Table 12. The effects of boiling time on totd carotenoids and phenolic
compounds in pardy, basil, sweet potato leaf and rape

Vegetables  Time Total Carotenoids™ Total polyphenols’
(min) (Mg /g wet vegetables) (Mg GAE/g wet vegetables)
Parsly ()
0 64.94+5.46°° 1496.44+99.94°
1 61.79+6.04°¢ 1337.67+45.10°
5 67.65+3.24™ 745.67+22.16°
10 82.67+4.22° 568.78+9.27°
20 72.62+5.20" 252 .28+24.51'
30 58.13+4.30" 391.56+3.14°
Basil ( )
0 64.05+3.16" 1905.04+71.97°
1 65.95+6.43%" 2232.33+147.86"
5 86.39+2.80° 1892.11+102.92°
10 80.15+7.78° 1324.89+8.17°
20 67.4446.11% 627.56+6.91°
30 52.12+4.30° 498.67+20.11°
Sweet potao leaf ( )
0 56.69+3.32" 2027.33+104.98°
1 54.36+2.33" 2639.67+87.03"
5 65.60+2.25 2921.50+95.57°
10 47.23+3.14° 1755.17+88.96"
20 39.29+4.12¢ 1566.83+77.18°
30 33.61+2.30° 1365.00+52.91"
Rape( )
0 41.68+0.12° 827.11+46.51°
1 39.035.11° 673.78+27.18"
5 44.72+4.91° 473.11+6.60°
10 43.02+1.17° 194.56+31.58"
20 42.99+2.92% 147.41+8.19°
30 43.65+1.18% 122.37+13.41°

“Data are based on the total isomers of lutein, zeaxanthin and R-carotene.
“’Daaare the average of three duplicate experiments = SD. Different

letters within column of the same vegetable are significantly different
(p<0.05).

74



() Trolox (Trolox equivalent antioxidant capacity

TEAC)
Trolox E
TEAC
(
) 4 TEAC
TEAC
1min TEAC
1303.30 1409.36 pg Trolox/g fresh vegetables 7.53
% 20 min TEAC
359.27 ug Trolox/g fresh vegetables 7243 % (
A) TEAC
5 min 142495 1666.43 ug Trolox/ g fresh
vegetables 376 7.59%
30 20 min 784.40 685.41 ug Trolox/g
fresh vegetables 42.80 55.49 % ( B A)
TEAC
30 min 419.63 ug Trolox/g fresh vegetables
66.70 % ( B) 1~5
min TEAC TEAC
Zhang and Hamauzu (2004)
TEAC

()
(Ferric
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Figure 18. The effects of boiling time on the TEAC vaue and total
phenolic compounds (TPC) of (A) pardy and (B) basil.Bar
represent mean + SD, n =3. Means of TEAC with different
|etters are significantly different (p<0.05).
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Figure 22. The effects of boiling time on the inhibition of peroxidation %
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Capacity to inhibit the peroxide formation in linoleic acid at 48
hours. Bar represent mean + SD, n =3. Means of |P % with
different letters are significantly different (p<0.05).
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(Dinis et a., 1994)
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Appendix 1.Quantitative distribution of various all-trans carotenoidsin fresh
vegetables commonly consumed in Taiwan

Vegetables

Basil
Broccoli
Cabbage
Ceylon spinach
Chinese Chive
Chinese kae
Chinese white
cabbage
Ching-Geeng
Corn
Day lily (green)
Day lily (yellow)
Fern

Garden lettuce

Garland
chrysanthemum

Gracilaria

Greenpepper

Lettuce
Okura

Parsly

Rape

Sanchi

Spinach

Sweet potato |eaf
Vegetable Fern

Water
convolvulus

Moisture

%
92.80
89.33

93.66
93.46
90.67
93.63

95.40

94.64
75.37
82.61
88.22
92.66
95.07
94.91

91.89
93.86

95.71
89.67
88.80
93.70
95.10
94.33
89.98
90.43

93.03

Totd
caroteroids’
83.68+3.39"
19.03+1.35"

0.48+0.04"
38.11+0.60"
43.15+1.00
50.29+4.99°
18.23+1.01¢

32.02+2.22"
10.40+0.14"
15.5040.57
12.67+0 . "6 8
52.46+1.54°
26.6120.79"
28.32+1.10"

35.2621.08%"
8.49+0.64™
2.38+0.12"

16.68+1.17

104.76+10.09%
62.32+4.77"
49.64+3.38°
61.63+4.23"
75.96+2.34°
53.62+2.71°
49.98+4.41°

All-trans carotenoids "

Lutein Zeaxanthin [3-carotene
62.65+1.98°°  7.50+0.55" 13.44+0.86°
9814038  0.35:0.03" 8.87+0.94
0.10+0.01 — 0.38+0.03™
35.39+0.53%  1.68+0.03° 1.04+0.03™
33.1820.71"  0.2920.01" 9.68+0.28%"
30.22+¢4.89"  0.6620.05°"  10.41+0.05"
6.8720.41°  025:0.01"  11.11+0.58"
26.50+1.93°  0.28+0.01" 5.15+0.29"
5.7120.06%  4.48+0.07° 0.2120.01"
8.05:0.08  0.92+0.01 6.53+0.48"
224+0.2 1  455:0. 50 588:02%
2811+0.32°  1.05:0.01" 23.30+1.21"
23.87+0.74"  1.93+0.02° 0.81+0.03™
20.95:0.64"  0.60:0.03""  6.77+0.43
21.324027" 0782007  13.1620.74°
8.02+0.62  0.27+0.01" 0.20+0.01"
1.95:0.10Y  0.1420.01 0.29+0.02™
7.2810.66  0.13+0.01 9.27+0.50"
77.65¢7.73%  0880.03°  26.23+2.34°
60.28+4.58°  0.3820.02" 1.67+0.16"
36.19+2.63%  2.67+0.27° 10.78+0.48'
41.98:2.61°  50620.70 14.6020.91°
65.52+1.38°  0.94+0.09' 9.510.87"
32.75:0.99°  2.83+0.23" 18.03+1.48°
43.30+3.86°  0.40+0.03" 6.28+0.52%

'Data are based on the average of three duplicate experiments + SD. Different lettersare

significantly different (p<0.05).
Z Concentrations are in micrograms per gram of fresh vegetables tissue.
3Data are based on atotal of al-trans lutein, all-trans zeaxanthin and all-trans R-carotene.

4 _ " Not detectable.
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Appendix 2. The effects of processing methods on the contents of carotenoids and related geometrical isomers in vegetables

. T
Carotenoids isomers

Vegetables Moidture Total_ , L_utein isomers, . _ _
% caroteroids total al-trans 13-cs 13'-ds 9-as 9'-ds

Pady () 88.75

Fresh 98.83+3 0°0 791240 . %8 3 71.89+0 . 4 1 3350 . 2218020 . 07 11140 . 0 2 09620 . *1 0
Boiled 9448+6 . %6 1 747715 . %2 5 67.48+4 . 8 3 29040 . 1 821440 . 1 0 12040 . 1 3 1.05+0 . 0 2
tir-fried 66.60x4 4°1 555243 . %5 4 49.75+3 . "1 8 1.50+0 . "0 315740 . 1 0 14120 . %1 3 1210 . 0 9
Basil( )  91.99

Fresh 859243 . 09 67580 . "9 7 63.02¢0 . % 8 21140 . 0 31.34+0 . 0 7 0590 . "1 8 05140 . 0 1
Boiled 851148 . %6 3 652545 . %0 9 50.95+5 . 8 1 1.890.06°  1.43+0.%0 7 09120 .°3 1 1.08:0 .%3 6
tir-fried 73.25+1 . %91 609240 . %5 5 57.1620 . *1 3 1.0020 . "0 21.17+0 . °08 0850 . "1 4 0.75:0 . 4 7
deep-fried 5415¢2 . %6 2 47.3622 . °0 7 41.67+1 .°32 19440 . *1 11.06+0 . °01 1.86+0.% 50830 . 8
Sweet potato leaf 88.75

( )

Fresh 79772 . %18  69.84+0 . %7 4 66.07+0 . 0 7 1.69+0 . 2 11.04+0 . 0 4 06640 . 3 30480 . 1 0
boiled 713743 .°08 60.90+2 . % 6 57.04+2 . "2 3 1.58+0 . %1 51.00+0 . 0 7 0.68+0 . 0 7 0.60+0 . *1 4
gir-fried 54.88+3 . 97 5057+3. 77 46.67+3 .12 153+0 .2 20890 . 07 07610 . *1 6 0.62+0 . 2 0
Rape ( ) 92.86

fresh 65.68+1 . “1 7 60.23t0 . % 9 56.79+0 . %2 9 2.05:0 . 2 4 13240 .06 0.7620 . °0 8 04920 . 0 1
boiled 67.0245 . 40 6150+4.a515562+4. 13200+o.a19 1.31+0 . a10 0.830 . "0 6 0.56+0 . "0 3
dtir- fried 4355+4 . °4 0 40014 . "0 4 358243 . °55129:0 . 23 08820 .10 1.23:0 .1 10.79¢0 . 0 6

“Data are based on the average of three duplicate experiments + SD. Different letters within column of the same vegetable are

significantly different (p<0.05).
*Concentrations are in micrograms per gram of wet vegetables tissue.
*Data are based on total isomers of lutein, zeaxanthin and R-carotene.
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Appendix 2. (Continued)

. T2
Carotenoids isomers

Vegetables Zeaxanthin isomers ' B—Caroteneisgmers .
total al-trans 9-as total al-trans 13-cs 9-as

Pardly ()

fresh 267+0 .23 22040 .71 5 046:0.°08 17.04+1 .0 4 1027+1 . %5 9 1.3120 . 0 7 54610 .2 9
boiled 23410 .24 185:0.%17 049:0.°06  17.37+1 . %1 3 10280 . % 5 1.22¢0 . 1 7 588:0 . 3 2
tir-fried 213+0 . "1 4 15120 . °0 8 0.620.06° 8.94+0 . "4 6 4.86:0 . "3 2 1.120.02" 296+0 . "1 2
Basil( )

fresh 60620 . 95 551+0.%8 8 055:0. B 7 122041 .1 7 65620 .% 1 18420 . 09 3880 . 7
boiled 72651 .03 67040 .96 055:0 . B6 1261+1 .% 2 7.22¢41 .1 9 15740 .07 38120 .3 5
tir-fried 6.00:0 . %66 5600 .50 040:0.% 6 633t0 . "7 1 35240 .% 1 130:0. %0 1 1510 .% 8
deep-fried 49940 .°36 435:0.°17 06420.%1 9 18140 .19 181¢0."19 - _
Sweet potato leaf ( )

fresh 092¢0 .08 078:0.%03 01420 .%05 891+1 .36 439+1 .%1 3 13820 .02 3140 .72 1
boiled 083:0 .10 070:0.%7 013:0.% 3 06410 . 32 4.05:0 . B 5 18120 .%1 3 3.78:0 . % 4
dtir-fried 07240 .11 0530 .°07 01920 . % 4 369020 .09 223:0.%01 - 1.4620 . °0 8
Rape( )

fresh 049+0 .07 049+0 .°0 7 _3 49620 . % 1 247+0 .*16083:0 . 05 1.65:0 .2 0
boiled o42+o.302 o42+o.aoz - 5.11+0 .387 2.3940 . 10088+0 a07 1.83:0 . 4 7
dtir-fried 03120 .03 03120 . "% 3 - 323:0 ."3 2 078:0.°08047+0 .01 1.98:0.% 2

“Data are based on the average of three duplicate experiments + SD. Different |etters within column of the same vegetable are
sgnlflcantly different (p<0.05).
*Concentrations are in mi crograms per gram of wet vegetables tissue.

%« _ 7 Not detectable.
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Appendix 3. The effects of boiling time on the contents of carotenoids and related geometrical isomers in pardy and basi

. T
Carotenoids isomers

Vegetables M oiosture Totd Lutein isomers
Time % caroterpids’ total al-trans 13-ds 13'-as 9-ds 9'-ds
(min)

Pady( ) 87.98

0 102.03+4 . °2 2 79.89+3 . "0 9 742643 . ¥ 1 299+0 . "1 1 140:0.%1 1 081+0.°0 3 04420 .0 3
1 101.4147 . "1 8 79.17+7 . "0 5 73.94+6 . "6 2 269+0 . "3 1 156:0 .06 0640 .°01 0.3520.° 6
5 1111443 . %0 887.93+3 . %22 81.05+2 . 8034140 . 25 17240 .%01 125:0.% 0 049:0.° 6
10 1127145 . %2 2860143 . Y 5 7855:2 . B 426720 .71 6 21240 .01 195:0.°15 072¢0.°08
20 91.73+2 . °3 4 67.10+1 . °9 8 605141 . 4 6 2.090+0 . “1 4 145:0 . %11 225:0 .23 0.79:0."% 3
30 85.02¢4 . 7 2 621843 . 5 9 535242 . 8327240 .23 18740 . V7 30240.%25 1050.%20
Basil( ) 9196
0 94.90+4 . %6 1 75.64+3 . * 0 69.80+3 . 2 4 1.8620 . “1 5 224+0 .9 118:0.%5 05620."°1 8
1 91.53+6 . %5 573674 . °7 4 67.49+4 .37 19240 . 05 251+0.°1 3 112¢0.%1 5 063:0.% 5
5 103.3443 . %9 2 80.46+1 . 9 4 7259+1 . 2 2 25840 . 1 4 30020 .24 15920 .%24 07020.°%0 9
10 83.88+6 . °3 7 658245 . 59 57.73+4 . "7 1 21720 . "1 6 295:0 . %31 20620 .°24 0920 .%1 7
20 68.01+1 . %6 1 49.46:0 . 624175+0.C45195+0. 02 19240 08 28120 . 03 102¢0.%5
30 58.51+2 . °8 1 43.60+1 . %5 1 37.49+1 . ©22 1.02¢0 . 06 117:0.%8 289+0 .08 1.03:0.%0 7

“Data are based on the average of three duplicate experiments + SD. Different letters within column of the same vegetable are
significantly different (p<0.05).

*Concentrations are in micrograms per gram of wet vegetables tissue.

*Dataare based on total isomers of lutein, zeaxanthin and R-carotene.
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Appendix 3. (Continued)

L R 1,2
Carotenoids isomers

Vegetables

Time Zeaxanthin isomers [3-Carotene isomers
(min) total all-trans 9-ds total al-trans 13-cis 9-ds
Pady ()
0 167+0.%02 128t0.% 2 0390 .% 1 20480 . ©2 115.83+0 . 07 096:0 .°09 3690 .°0 5
1 139+0.%20 101#0.% 9 038:0.% 2 20.85+0 . °4 3151240 . 1 7 1.23+0.°1 6 45020 .°1 0
5 163:0.% 4 119013 0.44+0 . °0 1 215840 . %6 2160740 . 23 11640 .°1 8 43620 .22
10 17140 .13 12540 . %12 04610 . 1 24.98+2 . %0 4162740 . 40 1580 .2 2 713+l .°4 2
20 15420 . % 0 093:0. 69 06120.°% 1 231040 . %2 614.2520 . 1 2 1030 .°1 0 7.8240.°7% 4
30 159:0.% 5 10120." 4 058:0.% 1 21.24+0 . °9 8125840 . 45 05440 .°1 0 812+0.% 3
Basil( )
0 5330.°5 488:0.°3 045:0.°% 2 139240 . °7 6 7690 . 4 1 21020. £5 4.13:0.%2 0
1 520¢0.%5 478:0.% 3 05020.% 3 1257+1 . 56 71551 . B 0 14520 . ‘1 3 39740 . % 3
5 60240.°06 54240.°%01 0600 .%0 5 168621 . 92 97740 . %55 177¢0.°09 53241 .29
10 353:0.° 7 29440 .°1 0 0590 .%0 6 1453+0 . %6 283140 . 2 088:0.% 4 53410 .3 6
20 262¢0.%9 223:0.% 8 038:0.°% 2 1593+0 . "8 9 9.03:0 . B9 0830.%5 608:0.%7 5
30 148:0.°31 125¢0.%9 023:0.% 2 134240 .99 67140 . °0 4 062¢0 .05 6.10:0.%9 0

“Data are based on the average of three duplicate experiments + SD. Different letters within column of the same vegetable are
sgnlflcantly different (p<0.05).
*Concentrations are in micrograms per gram of wet vegetables tissue.



Appendix 4. The effects of boiling time on the contents of carotenoids and related geometrical isomers in sweet potato |eaf

and rape
Veaetzb| _ Carotenoids isomers ™
YRS M0|osture Tota Lutein isomers
Time % caroteroids’ total al-trans 13-ds 13'-ds 9-as 9'-ds

(min)

Sweet potato leaf  89.54
( )

0 80.37+3 . °0 0 67.97+2 . 2 6 6350+2 . °1 31.81+0 . "6 3 08920 .02 10420 . 02 0740 .0 6
1 88.15+7 . "4 8 762646 .°7 7 70.13+6 . "3 51.96:0 . "1 8 17240 .°1 1 132¢0.°5 1140 .% 8
5 101.8945 . %7 9 8552+4 . %59 76.81+4 . B 831420 . 28 205:0 . 07 2060 .09 147:0.° 7
10 1035647 . °3 3 886145 .8 3 77.97+4 . 8 735620 . 2 7 258:0 . %4 1 24440 .1 3 2070 .°1 5
20 66.3624 . 0 1 51.69+2 . 1 6 4456+1 . 1 914520 . ‘4 5 1.06:0 7°2 25240 .08 210:0 ."1 7
30 50.19+2 . %6 8 36.71+1 . °5 1 2954+1 . %2 21.07+0 . 06 084:0.°08 248:0.%08 279:0 .0 7
Rape( ) 93.21
0 718142 . B 2 648242 . *1 6 58.48+1 . 2 938620 . 1 6 1.14+0 .09 0860 . 0 047:0.% 2
1 7355+2 . %1 9 6594+1 6°3 60.00+0 . 9333920 . "1 6 1.13t0."°1 1 098:0.°1 3 043:0.% 3
5 70.18+2 . ™ 6 60.93+1 . B 054.38+1 . " 7350+0 . 22 11840 .°23 130+0."1 4 0570 . 4
10 685742 . "4 0 57.60+2 . °0 1 51.96+1 . °5 72.36:0 . 0 2 1.20+0 .2 2 148:0 ."1 6 0590 . o 3
20 57.42+2 . 2 9 47.89+1 . 2 3 41.69+0 . d7 421140 . 0 4 12140 .°1 4 200:0.%2 9 088:0.°% 3
30 50.97+2 . °4 0 51.07+1 . °7 2 43.93+1 . 1 426320 . 05 1.38:0.%1 9 217+0 .31 095:0 . 0 4

“Data are based on the average of three duplicate experiments + SD. Different |etters within column of the same vegetable are
significantly different (p<0.05).

*Concentrations are in micrograms per gram of wet vegetables tissue.

*Data are based on total isomers of lutein, zeaxanthin and R-carotene.
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Appendix 4. (Continued)

. . 1,2
Carotenoids isomers

Vegetabl (STime Zeaxanthin isomers (3-Carotene isomers
(min) total all-trans 9-ds total al-trans 13-cis 9-ds

Sweet potato leaf ( )
0 0720.%2 o0720.%2 _3 11.68:0.72° 66240 . "1 2 1.78:0 .1 7 3.29+0 .°% 3
1 070¢0.%4 070:0.% 4 - 112040 . %6 7 68940 .90 126:¢0.° 5 30540 .°32
5 001:0.81 09120.B1 _ 154741 .19 97240 .%7 3 19240 .01 384+0.°% 5
10 1.09+0 .35 1.09+0 . 3 5 - 1387+1 . °5 813+0.°%5 0 089+0.°08 4860 .% 7
20 070:0.°00 070:0.%0 - 1398+1 . B85 779+0 ."8 2 0730 .96 546:0.% 7
30 042¢0.°%3 04240 .° 3 - 13.07+1 . "°4 667+0 . %5 060:0.% 4 580:0.% 5

Rape( )
0O 046:0.%03 04620.%03 - 65240 . 63 410:0 .56 088:0.%0 6 154:0. § 1
1 04020 . B4 04020. B4 - 72240 .80 46120 .64 100:0 .41 1 16120.%5
5 045¢0.%03 045:0.%03 - 8800 . "33 59720 .°08 101+0 .4 3 1840.% 2
10 04440 .05 04440 . 0 5 - 1053+0 . %34 695+0 . 01 12740 .1 5 2310 .1 7
200 039:0.B1 o0390.B1 - 914+1 .°05 51440 . 47 1.09:0 .4 8 2910 .3 9
30 033:0.%8 0330.%8 - 85740 . %6 0 41140 .31 1.10:0 .0 8 336:0.%1 1

“Data are based on the average of three duplicate experiments + SD. Different letters within column of the same vegetable are
significantly different (p<0.05).

*Concentrations are in micrograms per gram of wet vegetables tissue.

3“ ”

— " Not detectable.
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Appendix 5. The effects of boiling time on total carotenoids, polyphenols and the antioxidant activity of pardy and basil

Tota Carotenoids’ TPC” TEAC® o
Vegetables ~ Moisture Chelating effects’ Inhibition of
Time % (Hg/ gwet (Mg GAE/ g (Mg TroloxX g % peroxidatior” %
(min) vegetables) wet vegetables) wet vegetables)
Pasy( ) 8845
0 64.9445,46°¢ 1496.44+99.94° 1303.30+48.14" 97.88+3.22° 84.82+3.66%
1 61.79+6.04°° 1337.67+45.10 1409.36+8.17% 08.10+6.86" 82.22+0.39%
5 67.65+3.24™ 745.67+22.16° 781.47+55.01° 86.96+7.31% 81.77+1.54°
10 82.67+4.22° 568.78+9.27" 501.38+46.97° 83.70+7.35 86.71+0.56°
20 72.6245.20" 252.28+24.51' 359.27+4.50' 59.31+7.51° 60.72+4.03°
30 58.13+4.30" 391.56+3.14° 457.52+24.07° 55.53+7.70° 47.68+1.00°
Basil( ) 92.05
0 64.05+3.16° 1905.04+71.97" 1371.38+48.14° 84.62+7.32" 71.4146.23%
1 65.95+6.43% 2232.33+147.86° 1420.92+41.10° 92.74+2.53° 68.63+0.26"
5 86.39+2.80% 1892.11+102.92° 1424.95+3.94% 74.74+1.17° 73.56+1.03%
10 80.15+7.78% 1324.89+8.17° 1223.49+7.15° 62.36+2.57" 41.80+1.27°
20 67.44+6.11%" 627.56+6.91° 087.89+42.12° 53.23+2.51° 37.21+1.36°
30 52.12+4.30° 498.67+20.11° 784.40+21.06° 43.03+3.51' 27.55+0.05"

“Data are based on total isomers of lutein, zeaxanthin and -carotene. Concentrations are in micrograms per gram of wet vegetables tissue.,
“Total phenolic compounds. Concentrations are in pg gallic acid equivalent g* wet vegetables tissue,
*Trolox equivalent antioxidant capacity. Concentratiors are in g trolox equivalent g wet vegetables tissue.
4Capac:i ty to chelating the ferrous ions.
5Capacity to inhibit the peroxide formation in linoleic acid at 48 hours.
Data are based on the average of three duplicate experiments + SD. Different letterswithin column of the same vegetable are  significantly
different (p<0.05).
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Appendix 6.The effects of boiling time on total carotenoids, polyphenols and the antioxidant activity of sweet potato |eaf

and rape
Total Carotenoids TPC® TEAC® , nhibition of
Vegetables Moisture Chelating effects rnibItion o 5,
Time % (Mg/ gwet (g GAE/ g (Mg Trolox g % peroxidatior™ %
(min) vegetables) wet vegetables) wet vegetables)
Sweet potato |eaf
( ) 88.89
0 56.69+3.32" 2027.33+104.98°  1539.96+3.36° 86.13+1.15% 67.29+0.44%
1 54.36+2.33" 2639.67+87.03" 1654.71+35.20° 01.46+4.86° 67.51+0.70%
5 65.60+2.25° 2921.50+95.57% 1666.43+45.65" 83.33+4.55° 67.26+2.15%
10 47.23+3.14° 1755.17+88.96" 1086.78+79.08° 52.92+2.35° 51.22+2.30°
20 39.29+4.12° 1566.83+77.18° 685.41+67.29° 56.21+5.28° 50.56+3.92°
30 33.61+2.30" 1365.00+52.91' 849.00+38.50" 45.81+3.17° 29.12+2.08°
Rape ( ) 93.08
0 41.68+0.12% 827.11+46.51% 1260.18+35.96° 75.91+4.91° -44.69+1.39°
1 39.03+5.11° 673.78+27.18" 1096.15+6.26" 83.54+5,18% -12.35+1.10°
5 44.72+4.91° 473.11+6.60° 871.01+36.85° 88.29+5.19% -14.23+0.14°
10 43.02+1.17% 194.56+31.58° 569.17+42.12° 52.58+6.13° -6.78+0.30"
20 42.99+2.92% 147.41+8.19° 434.50+3.45° 46.22+2 82°° -21.97+1.43°
30 43.65+1.18% 122.37+13.41° 419.63+18.43° 38.87+7.29" -48.19+0.068

“Data are based ontotal isomers of lutein, zeaxanthin and B-carotene. Concentrations are in micrograms per gram of wet vegetables tissue.
*Total phenolic compounds. Concentrations are in pg gallic acid equivalent g wet vegetables tissue.

*Trolox equivalent antioxidant capacity. Concentrations are in ug trolox equivalent g* wet vegetables tissue.
4Capa(:i ty to chelating the ferrous ions.

5Capacity to inhibit the peroxide formation in linoleic acid at 48 hours.

Data are based on the average of three duplicate experiments = SD. Different letters within column of the same vegetable are significantly
different (p<0.05).
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