(pigment) 4
2520)
1

(chlorophyll)

2

(carotenoids)

carotenal)

(p-ionone)

anthocyanins

(tetrapyrole

(heme)

derivatives)

(isoprenoid derivatives)

?

(p-carotene)
(canthaxanthin) 8§

?

200

(p-apo-8-

400

(benzopyran derivatives)
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o)« , TaaiOB
4, (caramel)
(cochineal) Cococcus cacti
1 (turmuric) (saffron)
(Carotenoids)
(aliphatic) (aliphatic-ali
cyclic) 40
(isoprene)T 8 (Goodwin, 1984) 2
1:6 1:5

conjugated (C=C) double bond
(Britton, 1985)

I parent compound

(double bond)

(hydroxyl) (keto) (methoxyl)
(cyclization) (oxidation)
1 (isomerization) ( Klaui and Bauuernfeind, 1981)



C
¥
R
~—=0 05\;l\x

! oxidation

A-ALL TRANS A

ROD SHAPED EXTENDED FORM

BCENBIF\D%S \c\—x_/j/

V-SHAPED

(}3%3&E§D N

isomerization



2 (Klaui and Bauernfeind, 1981)

1. (carotenes)
(a-carotene)
2. (oxycarotenoids)

xanthophyll

p-carotene, p-apo-8-caro

tenal, canthaxanthin, bixin xanthophyll ni p-carotene
p-apo-8-carotenal canthaxanthin
! (pro
vitamin A) p-carotene p-apo-8-carotena
p-apo-8-carptenal p-carotene

canthaxanthin !

(orange-red)

( "' 2529; Engle,
1979)

(Philip, 1975)
FD&C color



6. ™ I

7. ? (reducing agent)

9, ™ ? (antioxidant)

11,

( . 2529;

Engle, 1979)

(Tangerine) ( , 2528)

Citrus reticulata Blanco

™



(Goodwin, 1984)

subtropical fruit 3 '
3
1 (peel) (endocarp)
2 (Gross, 1977)
1.1 flavedo (chromo
plasts) (oil vesicles)

gssential oil

! 3 (Ting and Rouseff, 1986)
1.2 albedo flavedo
flavonone limonin (pectin) (fiber)
(mandarin) flavedo
2. (endocarp) segment carpel

9-13 segments (Ting and Rouseff, 1986)

segment (juice vesicles) waxy cuticle
juice vesicle (juice oil) (citrus juice)
endocarp (membrane) segment wall (core)

(seed) (Tressler and Joslyn, 1961;



0
!
0 0
0
pheophytin
0
0
0
0
flavedo

OIL SACS IN

FLAVEDO

JUICE VESICLES

SEED

CENTRAL CORE

ALBEDO

SEGMENT

SEGMENT MEMBRANE

0
0
chlorin
0

35 )
0
0 (Mg++) porphyrin
0
purpurin
0 tf chlorophyllase
chlorophyllin 0
chlorin purpurin 0
(plastids)
(Gross, 1977)

10



mai

trollixanthin

1981)

47

8'-carotenal,

[uteoxanthin

11

juice vesicles (Stewart, 1980) 70

(Ting and Rouseff, 1986)

hydroxy-a-carotene

(Gross, 1977; Klaui and Bauerfeind,

(dancy)
., 2530)
carotenes xanthophylls
(carotenes) 0.84 xanthophylls
91.6 (Klaui and Bauernfeind, 1981)
p-carotene, a-carotene, apo-
p-cryptoxanthin, lutein, zeaxanthin, antheraxanthin,

violaxanthin (Mackinney, 1961) 4



N NN NN NN RN

0-Corotcno

(,p-Carotene)

N R NIRRT

U-Carotene
(0,e-Caroiene)

[rApo-s'-carotenal
(S'-Apo-~-caroten-o'-al)

g NN NIRRT
HO
Cryptoxanthin
(0./I-Cnroicn-3-ol)

‘ 0

N N S

(0]

HO

Violaxanthin
(5,6,5\6,-Diepoxy-5.6,5,.6,*letrahydro-£,/& -carotene-3.3,-<Jiol)

OH

12



OH
A Y Y Y Vgl gl
HO
Lutein
(p,c-Cni010 0-3,3*-diol)
OH
N R
HO
Zeaxanthin
(8.8-Carotene-3,3"-diol}
OH
0
N D
0
HO

uteoxanthin

(S.E.S""-Diepoxy-S.S.S‘L.S't-tetrahydro-/EJJ-carolene-G"'-dioti

OH

NIRRT
2 0
HO
Antheraxanthin
(5,6-Epoxy-5,6-dihydro-0.0-carotene-3 (3f-diol)

13
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Curl Bailey (1956; 1957; 1961)
(peel) (pulp) (Valencia)
(tangerine) (navel) 1:1
2 1
filter aid. Bushner funnels filter aid
0 4
|
Lol

(absolute alcohol)

Mo saponifi

cation (KOH) 20
(|
(benzene) Evelyn colori
meter filter 440 (p-
¢arotene) 98
24 186
26.5
67 |
23

countercurrent distribu
tion column chromatography magnesia filter aid
1:1 (acetone)

(ethyl alcohol) I (petroleum ether) (benzene)



Hydrocarbon

Monol

(peel)

phytoene

phytofluene

a-carotene

phytofluenelike

p-carotene

d-carotene

if-carotene

lycopene

hydroxy-a-carotenelike

cryptoxanthin epoxide

cryptoxanthin

hydroxy-a-carotene
furanoxidelike

cryptoflavinlike

rubixanthinlike

(tangerine)

33.0

0.8

(pulp)

4.2
3.5
0.2
0.1
0.4

2.0

0.02
0.6
1.4

24.0

0.4
3.4

0.1

15
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()
(K )

Diol lutein 2.9 3.3
zexanthin 3.3 3.5
hydroxy-canthaxanthinlike 0.1 2.1

Monoether antheraxanthin 9.7 6.2

diol mutatoxanthin 2.2 2.8
Diether violaxanthin I ° 24.0
diol luteoxanthin 3.5 9.1
auroxanthin 0.4 1.9

Polyol valenciaxanthin 0.2 0.4
sinensiaxanthin 0.2 1.1
trollixanthinlike 1.0 2.6
trollein 0.9 -
trollichromelike 0.3 0.7

Highy  (1962) («
(hamlin) (manda
rin) (isopropyl alcohol-
hexane)

packed column chromatography

f( 1.6 10 Hyflo super-cell



activated magnesia 1:1
( dl
c = A X 100
250xLxW
C = AN
A =
L =
Vo= ( )
7l
250 = absorptivity (

425

21 425

21 450
2 ! 450

! 2 2

Curl  (1967) (
900 1200

magnesium carbonate 10

40

450

100

7

425

2

2

filter

2-3

17

454

450

?1

recovery

(methanol) 1500

aid
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(ether) (Nad)
(henzene) 440
84
( ) 1
saponification countercurrent distribution column
chromatography magnesia celite 5:1
saponification apo-10'-violaxanthanal
saponification '
saponification
Ting Hendrickson (1969) ‘ flavedo
(pineapple)
column chromatography flavedo albedo
1/8 (36:65 )
3 10 2.0-2.5
40 1
column chromatography florisil ( 60-
80 mesh) activated 1250 '
(10:90 )
flavedo 300 600
1.75 52
100 3.5 55 100

hunter color difference meter



Kew Berry (1970)

«
tangerine) (pineapple)
(temple orange) (hamlin)
1000
113
0.31
(2.1

(0.34

11 b

60 74 87 93 96

2-3

methanolic KOH

113500

Berry, Bissett Kew (1971)

Kew

19

(dancy
(blood Valencia)

2

98

saponification

30-60

off-flaver

Berry (1970)
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? ‘ -20.5
7 (-5 ) 243 4.4 7 (40
) 127 26.7 ? (80 )
9 ? ? single-strength
1 1000 45
4 1000 48.9 ? (120
) 2-3 single-strength
1.7 7 (35 ) 21 7 (70
29.4 ? (85 ) 10 1.7
7 (35 ) 10 79
21 7 (10 ) 29.4 7 (85
) ? ? (browing reaction)
45 ? -20.5 [? (-5
) 1.7 7 (35 ) 10
20.5 ? 1.7 ? ?
?
Wilson, Bissett Berry (1971)
? (Valencia) 3 ? (albedo flavedo)
2 ? “frits" ?
? ? 3 flavedo
? 11 ) 5
7 ? 50
? 28 ?
saponified methanolic KOH (KOH 100 250
methanol 750 ) 1 2

saponified material pH
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7.5 KH"PO4 10 40
? 28 TLC
silica gel G 250 ? (25:
75 )
frits (402 )
(545 ) flavedo (669
) ? 1/300-1/6000
? 17600 ?
Berry, Wilson Bissett (1972)
3 ( albedo flavedo ,frits, flavedo)
? 7
(hamlin) (temple) (pineapple) 17 (Valencia)
? (dancy) ? Wilson (1971)
10 2-proponal
saponification ?
TLC  (Wilson, Bissett and Berry, 1971)
? ? frits
3
?
frits
flavedo frits
? 12.5 ? 0.25
0.041 367.5
( 176000 )



Rosenberg, Mannheim Kopelman (1983)
d-limonene
1 2 )
gel permeation chromatography

Sephadex LH-20

Kanner, shalomn, Benand River (1984 )
(pectinase) (cellulase) d-limonene
d-limonene
oH 4.5 8
75 d-limonene
3
AOAC (1990)
2-5 40
60 MgC03 0.1 5 ff suction
25 25
100 5 100
column
chromatography magnesia diatomaceous earth
11 19
Aravantinos-Zafiris (1992)

-18



)f 8
NaCl 10 40
) 450
1.5:1 5
2.0:1
« « 16-26
« 26
!
80 )
76 5
| « 3
? ?
liquid chromatography, HPLC)
HPLC
« HPLC
« (Khachik et al., 1992)
Bureau Bushway HPLC

(tetrahydrofurane)

23

35

10

85

15

(High performance

1986
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Partisil 5 ODS acetonitrile
tetrahydrofurane water (85:12.5:2.5 ) (flow
rate) 2.0 470 I Fisher
Rouseff " HPLC (p-cryptoxanthin)
C-18 acetronitrile
methylenechloride . methanol (65:25:10 ) 1.5
50 450 HPLC
HPLC
Relis De Leenheer (1983) ?
Zorbax ODS 7 (mobile phase)
acetronitrile : dichloromethane: methanol (70:20:10 )
1-2 50 450

HPLC column chromatography

! Adewusi
Bradbury (1993) HPLC reversephase
Spherisorb ODS-2 5 acetonitrile : dichloromethane
methanol (70:20:10 ) 1.5
340 450 column chromatography
magnesium oxide Hyflo supercel (1:1 )
activated 120 ? 4 ?
)
300-520 HPLC
HPLC ( )

column chromatography

HPLC
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? ,
L. (oily suspension)
' (apocarotenal) (Gordon, 1972)
microcrystal
5-10 ( , 2531)
43-49
20-30 (antioxi
dant) }
23 37 ( 45
3 23 retention (%)
20-24 (Klaui and
Bauernfeind, 1981)
2. (oily solution)
antioxidant
2-10
(Engle, 1979) « (5 )
(Emodi, 1978; Philip, 1975)
3. (colloidal dispersion)
(chloroform, trichloroethyllene, carbon
tetrachlride) surface active agent sucrose, fatty acid

ester

(emulsifier)
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In
(dry
headlet) (spray drying) (Emodi, 1978)
methylcellulose
4, 1 (emulsion)
(gum arabic)
(plasticizer) (Emodi,
1978)
( 30-80 mesh
1-5 < , 2531; , 2529)
5. (concentrated color extract) Kew

Berry (1970; 1971)

saponification
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