,2541)

( ,2521)
85% " (fiber”d 1%
(protein”® 1% (lipid)1J
, 2523)

0.1%

(carbohydrate” 15%
( ) 0.5% (
(elly seed)
(maturity)

(Leveringtion Mayer, 1960)

( , 2542)



Climacteric
4
(1) pre-climacteric (2) climacteric rise (3) climacteric peak (4) post-climacteric
21
10 s 2
/-/ trult growth {
|
® | climactenic |
reshirstian i 2 4 |
- fesniFation . monchimagten é
edi . F---—-ceOenlargement - ;; .. F-——-crirracreric
division | ~maturation phase Senescence

21 :
(1- pre climacteric, 2-climacteric rise, 3-climacteric peak, 4-post climacteric)

: Salisbury Ross, 1985.

21 cell division cell enlargement

maturation phase

climacteric
(respiration rate)wm 1
senescence (Seymour,

Taylor Tucker, 1993)

(maturity index) (harvesting index)



2542)

1)
100-110
( , 2523)
2)
(specific gravity)
3)
(pigment)
( ,2537)
1.000
TSS 7.0-8.0°brix pH 3.0-4.0
%TA (%ititration acidity) 2.6-2.8 ( ,2529)
2
1)
(ethylene)
2)

(calcium carbide CaC2



i « Jvifjinmi

climacteric

(acetylene)
(Sy Wainwright,1990 ; Dara ,1988 )
CaC2 + 2HD Ca(OH)2+ CH2

Ca(OH)2 —» CaO + HD

Chandraprema (1995) 0 02
4,9 12 g/ 4 kg 7 M
86.51% TSS 8.95 °brix %AIS
12.76% TSS %TA, %Al
CaC2 CaC2
12g /4 kg (p<0.05)
CaC2 129g/4kg 7 TSS 18.9 °brix
%TA 0.88
TSS 16.0-18.0°brix
pH 4.0-5.0 %TA 0.3-0.6 ( ,2541)
climacteric
2.2
1 (starch)
2) (sugar)

3) (organic acid)



citric acid 1 malic acid (substrate)
(Krebs cycle)
pH (Seymour .Taylor Tucker, 1993)

stage 3
complete oxidation

of acetyl CoA to HjO
and COj involves
production of much
NADH, which yields
much ATP via electron
transport

2.2
:Albert 1Bray, Lewis, Raff 1Roberts Watson 11983
4) (pigment)
I (chlorophyll)
! (climacteric
phase) (senescence)

(carotenoids)

Hulme (1971) Patwardhan (1972)

3-4 !



(carotenoids)
(chromoplast)

(pigment)

visible light 350-600

?
long unsaturated hydrocarbon chain
end group (C"H%end

(isoprene unit : C5H8 diene) 8

group) end group
end group (Goodwin, 1984)
CH2=C-CH=CH2
ch3
2.3 isoprene 1
: Goodwin, 1984

methyl

1,6 methyl

5 15

—C=CH-CH=CH-C =CH-CH =CH-cH=c-CH=CH-CH=C—
| | | i
Centre ot CH,

L) .(,._.*_._..A.}.@\,

1
CH, CH t ‘
TN 7N :
- O} mctecuie D=
9 ~{&)
2.4 methyl

Goodwin, 1984



2 (Klaui Bavemfemd, 1981)

1) carotenoid hydrocabon carotene
carbon hydrogen ' beta carotene (J3-
carotene), alpha carotene (Ot-carotene) lycopene

A\ A 6 ZEN \' \/\,/\/\/'\/\Y
{ |

91111 2.5 : Tmsaa¥raand lycopene

N

\ /\\, \/\ \, - A . J\ ’(
7 N \,, A+ -\V,/\\\ .
:\ ?l S '” B :" ‘\
2.6 : OC-carotene
- Gross, 1991
' (beta carotene ; (3-carotene) CoHH%
2 (3-ionone rings  conjugated double bonds 450-460
2.7 : (beta-carotene)
: Gross, 1991
2) oxygenated carotenoid xanthophyll , '
carbon, hydrogen oxygen myxoxanthophyll,

zeaxanthin

Ce Hln0<"0
Zj\/ \)\/\\/ \/ \/\\/\/ ‘T %J)\‘(
]

OH

2.8 : myxoxanthophyll



i !
> NN Wi\/"\\/\.]/\\v/\\j/\ \J\Q/

(i
,_,Qfl\/d\
2.9 : zeaxanthin

. Gross, 1991
(Haigh.1994)

1) (droplet)

2) colloidal

3) agueous phase
4) (esterification)

(Block Langseth,1994)

1 pro-vitamin A

alcohol retinol

(metabolism)

2.10 : (retinol)

: Block Langseth,1994

P-ring 1

P-ring 2 (pro-vitamin A activity)



2.1 pro-vitamin A activity
carotenoids
all-trans beta-carotene
9-cis-beta-carotene
13-cis-beta-carotene
all-trans-alpha-carotene
all-trans-CP/ptoxanthin
beta-carotene 5,6-epoxide

:Gross, 1991

: Gross, 1991

pro-vitamin A activity(%)

100
38
53
53
57

12

|3-carotene

End-position-oxidation
I
(3-apo-8'-carotenal
4,
P-apo-10'-carotenal
4
|3-apo-12'-carotenai
4
(3-apo-14'-carotenal

o

Retinal

4

Retinol (vitamin A)

beta-carotene

Vitamin A

1c



2) antioxidant
antioxidant (free radical)
DNA, protein molecule, carbohydrate molecule
52 (Block Langseth, 1994)
(Goodwin,1984 ; Chen, Chen Chien,1994 )
2
1 isomerization (position)
(geometrical) trans-isomer cis-isomer
9-cis-isomer 13-cis-isomer

™I N

>k\ \Lk\ ' N

o
X 3
| g
5 N O
9-cis-isomer 13-cis-isomer e
%
212 : 9-cis-beta-carotene 13-cis-beta-carotene

: Goodwin,1984
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2) degradation volatile

compound (oxidative degradation)

Polymer, Volatile compound , short-chain water-soluble compound

1 & \\
NG TN
B - carotene 5,6- epoxide Mutochrome
Chemical Ox:dauo\ Aht- Catalyzed Oxication
B - carotene
Cooking and Canning High temperature
|
m
s
Neo (3- carotene B and m-Xylene

2,6-Dimethylnaphthatene

Tuluene

2.13: (degradation) beta-carotene

: Goodwin,1984



long unsaturated hydrocarbon chain

oxidation reaction (Goodwin,1984)

1

Thermal isomerization

all trans-form 180
trans-form cis-from
molecular extinction coefficient '
Thermal isomerization
high temperature short time
190-200°c
Chen, Peng Chen (1995)
105-110

121 30

2)

Bree, 1972)

cis-form 2.12

136-140°c

(Josse,1987)

10-30

13-cis-beta-carotene

(hydroperoxide)

direct oxidation (Chou

(3-nng
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(canthaxanthin)

' (Gross,1991)

3

Goldman 1Horev Saguy (1983)
dry CMC model system 35°c

(02 (N202  0-20.9%

Iddamaria Hoffmann (1994) beta carotene radical

Beta carotene + 02 —> Dbeta carotene-00* —> Carotenal + Carbonyl

3)
oxidizing

agent (epoxide)*

L E

J-carotene

v iicid

f\ ".(b‘\'/&\\/\\\/ NN e g /
£ ko TR R
HO NA I < k<

g-Curotene-S.6-rpoxiae

o'
ok

furanoid oxides
2.14 epoxide isomerism

: Goodwin,1984
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4)

linoleic acid
(autoxidation) co-oxidation

indirect oxidation (Goodwin,1984)

9)
‘ cis-trans isomerism
Pesek Warthesen (1987)
(fluorescent
light) 250 ft-c 4°c 8
(first order reaction)
(rate constant) 0.309 day1l
yellowness () (r2=0.97)
Pesek Warthesen (1990)
v ' 28°c 130
all-trans beta carotene 9-cis beta caratene 13-cis beta carotene
13-cis beta carotene 9-cis
beta carotene 13-cis beta carotene (
C-13 C-9)
isomerization
all-trans beta carotene 9-cis beta caratene 13-cis beta
carotene
degradation isomerization

6)
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Peroxidase Lipoxidase Lipoperoxidase (Klaui
Bavemfeind, 1981)
(Park,1987)
Carotenoid --—- Raoickse------- , 5 6- epoxide-------- daiaad......... ;» furanoid oxide
2.15:

: Goodwin,1984

7)

2

7.1) free radical activity (hydrogen bond )

(hydroperoxide)

7.2) metal catalyst activity formation insoluble metal

hydroxide
Goldman 1Horev Saguy (1983) water activity
water activity 0.84
water activity 0.33 free

radical pigment oxidation
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(Browning reaction)

2

1 Enzymatic browning

phenolic compound + Phenolase(PPO)+ oxygen+ copper

0-quinone : reactive molecule

1

brown pigment

2.16 : (Enzymatic browning)
: Lee ,1983
Substrate

0-

guinone (reactive molecule)
polymerize

Enzymatic browning

phenolic compound Phenolase

- (inactivate) Phenolase
80-90°C Sakho (1998)
Endogenous pectolytic enzyme Phenolase enzyme
60°c 5
- ' pH<3.5 Phenolase pH
Phenolase pH - 5.5-5.8 (Singh ,1960)
- (ascorbic acid) 0-quinone

ascorbic acid dehydroascorbic acid
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- bisulfite

0-quinone

2. Non enzymatic browning
3
21 Maillard reaction

non enzymatic browning reaction

Maillard reaction

OC-amino acid amine
(glucose) (fructose)
(@] OH NH
R-C-H + R-N-H2'-——-- > R-C-H-----— > R-C-H —pgynizz—> melanoidin
RNH (browning pigment)
217 : Maillard reaction
. Lee ,1983

Maillard reaction

bisulfite

- pH

2.2 Caramelization reaction
non enzymatic browning

(acid) (alkali)
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dehydration,  fragmentation

condensation

2,3 Ascorbic acid oxidation
ascorbic acid reducing agent
(brown pigment)®

ascorbic acid

ascorbic acid + oxygen + heat + acid —> brown pigment (melanoidins)

l; —, O X 0 !
c f-Cl :;-CCC !
w
Hr
L -H
| GHCH
Hf'ov/ P 1tjir.o | fme !“5>0 1iH)
2.18 : Ascorbic acid oxidation
. Belitz Grosch ,1987
Lee Chen (1998) non-enzymatic
browning 4°c, 14°c
24°c 19 (L,a,b) non-enzymatic browning
420 nm 4°c

non-enzymatic browning



14°c 24°c
non enzymatic browning
(slope)m
1l4°c 2 24°c
non enzymatic browning
(vitamin ¢ degradation)
(reactive carbonyl group)

(Clegg ,1964)

3.2

6-8

20
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