41 -
4.1.1
(mature)
TSS~7.0-8.0°brix, pH- 3.0-4.0, %TA~ 2.6-2.8
( , 2529)
1.000-1.015 TSS 7.30 pH 3.53 %TA 2.78 %AIS
10.13 AIS
%AIS %
(Ranganna,1978) 1.000-
1.015 TSS, pH %TA
1.000-1.015
TSS, pH, %TA %AIS
TSS pH %TA %AIS
(p<0.05)
2 4.11
4111 :
specific gravity TSS(°brix) pH %TA %AIS
<1.000 6.37¢t0.58 3.41c+0.03 2.97at0.16 8.78a0.51
1.000-1.015 7.30ct0.79 3.53kct0.07 2.78a1t0.09 10.13a+0.23
1.015-1.028 9.40ht1.22 3.63b+0.16 2.47ht0.28 8.27ht1.45
1.028-1.042 15.40at0.53 4.07at0.04 0.97ct0.09 4.89¢t0.47
3 +

(P<0.05)



412

()
<0.05)

(P<0.05) (

()

(chlorophyll)

(carotenoids)

(L, .

) (48.20,-14.84,+28.72)

(78.44,-5.41,+40.16)

4.1.1.2

response

(kg/cm2

(p<0.05)

(L.a, )

specific gravity

<1.000
51.34at+ 1.44
-14.79a:0.71
+27.65ht 2.39
81.93at3.39
-5.51a+ 3.08

+37.98°+ 4.87

1.000-1.015

specific gravity

1.000-1.015
48.20bt 2.36
-14.84a+ 0.90
+28.72bt+ 3.37
78.441+ 1.04
-5.41 a+ 0.80

+40.16"+ 1.78

3.64at 0.07 3.62at+ 0.13
+
(kg/cm2
1.000-1.015 '

1.015

(L,a,b)

1)

(pigment)

(Lizada, 1990)

specific gravity

kil

P

maturation

specific gravity

1.015-1.028 1.028-1.042
49.48ht 7.77 58.76at 1.93
-14.03at 0.89 -4.430t2.94
+32.95nt8.83 +45.95at4.06
77.67ht 1.98 71.64bt+ 1.09
-1.39at 4.08 +7.85ht1.42
+46.56ht 6.46 +69.17at 2.06
3.33kt 0.25 2.21°+ 0.10
(P<0.05)
penetrometer
1
1.000 4.1.1.2
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2 polygalacturonase(PG)

pectinesterase(PE) pectin protopectin
pectic acid
(Lizada,1990) 1.000-1.015
3.62 kg/cm2
412 CaC2
1.000-1.015 CaC2
0,3 5 g/kg 0-5
CaC2: 3 g/kg 4
CaCz 3 g/kg 4 TSS 17.00°brix 1pH 4.66 , %TA
0.56 1%AIS 2.93 61.62 ugl/g
(2541)

TSS -16.0-18.0°brix, pH~4.0-5.0

%TA~0.3-0.6
4121 Cac2»
TSS, pH, %TA, %AIS
(p<0.05)
4 CaC2 0 g/kg
CaC2 3 5 g/kg CaC2
(Dara, 1988) TSS , pH
%TA %AI
Kapur (1974) Desheri,
Safeda Samarbabhist TSS, pH

CaC2W 3 5glkg 4 5
(P>0.05)

( , 2541)



4121
C3C2 aging
(Okg) time

(days)
0 0

1
2
3
4
5
8
3 0
1
2
3
4
5
5 0
1
2
3
4

0 02

(CaC2:

TSS
fbrix)

7.35at 0.21
10.05k+ 0.78
11.75ad 0.35
12.50dt 0.71
15.25a+ 0.35
15.75°+ 0.35
17.50 +0.30
8.00a+ 0.28
11.60°d: 0 7
13.75et 0.75
15.0013 0.71
17.00h 0.15
17.75h 0.35
7.70at0.42
10.90kzt 0.42
14.25¢t+ 0.35
15.759¢ 0.35
17.00h 0.50
17.75h 0.35

3 g/kg

;a/kg )

pH

3.47&¢ 0.03
3.42at 0.03
3.50&+ 0.03
4.44et 0.03
4.50et 0.01
4.60"°+ 0.00
4.78 £0.12
3.50e 0.14
3.57ket 0.07
4.17dt 0.01
4.39et 0.02
4.66( 0.05
4.77h 0.01
3.50& 0.14
3.65ct 0.01
4.20dt 0.02
4.43et 0.01
4.65e+ 0.01
4.75h 0.12
2 =

4

0 02

%TA

3.568 0.01
3.53t 0.12
3.22¢k+ 0.07
0.88at 0.09
0.67at 0.05
0.53at 0.06
0.42+ 0.02
3.27¢+ 0.57
2.74dk 0.50
2.31bt+ 0.20
0.79at 0.07
0.56a+ 0.04
0.44a+ 0.03
2.89ckx 0.37
2.04bt 0.04
2.14k 0.05
0.81at 0.21
0.55at 0.06
0.39at 0.04

3g/kg 4

%AIS

12.20tt 0.95
8.31et 0.67
5.88ct 0.33
3.74k+ 0.64
3.43a&¢ 0.64
3.26a& 0.11
2.32+0.14

12.03tt 0.99
7.71ckt 021
5.67ct 0.08
2.99& 0.22
2.93& 0.04
2.61at 0.15
11,48t 0.77
7.29d: 0.18
5.63ct 0.27
3.24&x¢ 0.22
294 0.10
2.60at 0.19

33

CaCa

CaC2

total
carotenoids

(ug/g)
1.75a0.08
3.45at 0.29
4.94at 0.94
29.55kt 0.72
40.977°3.11
45.89'+ 3.45
70.66x 4.21
1.78at 0.02
4.39%t 0.18
7.40a 0.89
43.640+6.59
61.62f 2.69
57.26% 6.25
1.55at 0.47
2.84at 0.69
5.12ar 2.34
35.48ct 0.40
43.08ckt 3.11
54.63ft 3.37

(P<0.05)



4121 :

02

34

CaC2w
3g/kg 0

uzdingNhind9n CaC, :uzaing

3g/kg W2 9u

CaC2w

CaCz2:

3a/kg
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3 0 02
(La, )
' ! (P<0.05) 4121
CaC2 3 g/kg 0,24 5
pLHu“ i ||ll*IR»|MUNIIH']3!l"\ ?U!;wl ]_I“'( lie'el |'4 Il\‘ |( !6” ATI\H\%@ ii |4|/|H\/I4te&|w(:niql<!‘te‘4¥ Munl \z{l
( , 2542 : Gross,1991) 4
5
5
1.000-1.015 CaC2w 3gkg 4
0 (2 3 g/kg 2,34 5
(a)
(La, )
(P<0.05)
5 .6 1
( ) 1
(Singh, 1960 ; Blanshard,
1989)
4 5
(Kapur, 1974 ; Kalra
, 1995) pro vitamin A
(Klaui Bavemfeind, 1981) 4 5
(p>0.05) 4131
T1 0 *24



4122

() (lightness)

33.92+0.25
33.07+0.68
33.5U0.88

aa A W DN

33.42+0.84

(33.51,-2.90,+8.61)

703.72 ug/100m|

(La )

CaC2

(viscosity)
a
(redness) (yellowness)
-3.37a0.12 +6.00H0.25
-3.24a+0.03 +6.47a+0.31
-2.90bt+0.23 +8.61h+0.63
-2.88ct0.11 +8.64ht0.53
3 +
( )
CaCz2: 3 g/kg 4
103.80 cPs

36

3 a/kg
viscosity total
(cPs) carotenoids
(ug/100ml)
115.43a+2.97 335.13'+4.88
106.27h+2.53 474.46h+1.55
103.80kt1.28 703.72°+49.5
102.30ht0.78  688.33 +42.2
(P<0.05)
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4.2

3 (1) ‘ 1
25%, TSS 15°%brix  %TA 0.4 ' 312
(2) 80-85°C 5
hot fil 250 | d
(boiled) 15
4.2.1
, 7 (), (), vitamin C non enzymatic
browning (P<0.05)
g, .8 9
4211 :
response
(80-
85°c, 5 min) (boiled 15 min)
1) L(lightness)rs 34.43+£1.95 35.30+0.58 34.07+0.48
2) a(redness) -3.51at0.20 -2.91ht0.06 -2.66ht0.24
3) (yellowness) +9.41at0.38 +7.86ht0.15 +6.85¢+0.11
4) pH" 3.49 +0.01 3.49 +0.01 3.50+0.01
5) vitaminC(mg/100ml) 3.970 a+0.001 1.024 1h+0.004 0.816c¢+0.007
6) non-enzymic browning 0.058 a+0.004 0.091 b+0.007 0.091 b+0.002

7) total carotenoid(ug/100ml)  1126.37 a50.20 859.76 ht5.44 556.42 @14.72

8) Dbeta carotene (ug/100ml) 392.37 at22.71 329.07 ht15.74  303.37c¢+19.88

( ) (P<0.05)
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80-85°C 5
15
non enzymatic browning ' 4211
14.2.1.2 4.2.1.3
(P<0.05)
80-85°C 5 ,
266.61 ug/100ml 63.30 ug/100 ml
hot fill 15 303.34 ug/100 ml
25.70 ug/100ml
80-
85°c 5
isomerization degradation
(Goodwin, 1984 ;Hutchings, 1994)
4211 4211
50%

TOtal carotenoid; and beta carotene content during

proce5Jing.
12#
Y
E o c
! m 80-85°C 5
? «
C 15
2*
TC (i f/1 0 0ral) BC (if Mnk0

4211 : '
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L 80-85 °c 5
15 (p>0.05)
() 80-85°C
5 15
80-85°C 5 15

(P<0.05)

() ()

Color of mango juice
4

25 e
B lLitwanuieu
ERIl
, -l
<48 B 80-85C 5umm
Q
o1
o 1 v -
: t' O fuuisum
[ S
T h—
-‘ .
Lrvalwe 3 valee brvalue

91N 4.2.1.2 : MaulaBunasd(L a,b) ssudnduneunisadntinnssioant

non-enzymatic browning
4211 80-85°C, 5

2.95 mg/100ml

(Gaman Sherrington,
1990) ascorbic acid oxidation (browning reaction)
( 3.5)

(Belitz Grosch, 1987)

non-enzymatic browning (P<0.05)
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ascorbic acid + oxygen + heat + acid —> browning pigment ( elanoidins)
(Lee,1983) Nagy (1989) non-enzymatic browning
non-enzymatic browning sugar, amino acid ascorbic acid
organic acid, furans, furanones, ketones,
cyclopentanonoes, pyranones pyrroles
hot fill
15 021 mg/100ml

ascorbic acid oxidation

non enzymatic browning non

enzymatic browning (p<0.05)
421
2
Dietz Gould (1986)
[
2 1) (pigment)
2 (browning reaction)”
(L,a,b)

non-enzymatic browning
isomerization degradation 9-cis-
beta carotene 13-cis-beta carotene

(Goodwin, 1984)

Chen (1995)



4

isomerization trans-isomer cis-isomer

421 2
non enzymatic browning ascorbic

acid oxidation

422 antioxidant ~ (vitamin ~ «c)
421 80-85°C 5
15
(P<0.05)
antioxidant (Gross,1991)
4.2.2 antioxidant
antioxidant
(ascorbic acid) (oxidized”
Q139 (2527)
0.05%

60 mg (Block Langseth, 1994)

A2, .15 .18

: (P<0.05)
80-85°C °
(p<0.05)

4221 4221
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4221 .
response ro vitamin C added  0.029vitamin C Q05%aitarrin C
added added
total carotenoids (ugfioom)
- 1126.37+50.20 1101.20+29.43 1085.49+41.93
- 859.76at5.44 772.470t4.49 846.26at17.42
(80-85°C, 5 min)
- 1 566.42ht14.72 782.23at29.42 814.24at14.52
15
beta carotene Oigfioom)
- 392.37+22.71 417.60+22.69 426.07+10.07
- 329.07ht15.74 386.00at24.10 399.53a+23.88
(80-85°C, 5min)
- 303.37ht19.88 368.20at4.70 368.07at9.79
15
3 +
( ) (P<0.05)
0.02% 0.05% 26-31
ug/100mi 60 ug/100ml 80-85°C 5
2
degradation oxidizing
agent
(chain reaction) free radical
molecule (Klaui Bavernfeind, 1981)
free radical (Goodwin,
1984) Goldman, Horev Saguy

(1983) antioxidant
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antioxidant antioxidant

free radical initiation step

Initiation step :

antioxidant :
RH
4222
0.02%
15
20-30 ug/100 ml
80-85°C
15
303.37 ug/100
80-85°C

0.02%

(P>0.05)

RH - —> R® + H*
R* + AH —— —»  RH + A»
AH antioxidant
0.02%
4221
‘ 15
(p<0.05)
293.34 ug/100ml
10 ug/100 ml
5
(P<0.05)
5

0.05%



Total carotenoids and beta carotene content of
mango JUICe .4 different vitamin € content.
1000
$00
E
g 608 [reridsmin C
> 400 ] '-o.ou
3
sib . C]0.05%
[ .
TC (ugftotmD BC (ugfO0dmD)

91 4.2.2.1 - MaasunlastFunaualsNues snanug wasiinuwalsuaes

80-85°C 5

Total carotenoids and beta carotene content of
mango juice at dIffere tvitamin ¢ content.

144
0 (44 - Eeasvitsnin C
0> M4 - Wo.e2%

e.e5%
T BC (9 00,)
4,22.2:
15
4222 (%)

80-85°C, 5
23.67%



Bree, 1972)
15

0.02%

80-85°C 5

15

4222 :

total carotenoid

(80-85°C, 5 min)

1 15

beta carotene

(80-85°C, 5 min)

ml
16.14%
0.02%
2
22.66 %
0.02%
0.02%

(%)

no vitamin C added

45

(Chou

49.72%
28.97%
(P£0.05)
7.57%
11.83 % 4221
0.05% (P>0.05)

0.02%vitamin C added  0.05%vitamin C added

0.00% 0.00% 0.00%
23.67% 29.95% 22.04%
49.72% 28.97% 24.95%
0.00% 0.00% 0.00%
16.14% 7.57% 6.23%
22.66% 11.83% 13.61%
(%) fresh juice

4221
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A1, .14 A7
pH
(P<0.05) 4223

4223 : pH enzymatic browning

response no vitamin C added  o.02%vitamin C 0.05%vitamin C
added added
pH
- 3.49a+0.01 3.29ht0.01 3.24c+0.01
- 3.50at0.01 3.26ht0.01 3.20ct0.01
(80-85°C, 5 min)
- 3.49at0.01 3.24h+0.01 3.20ct0.01
15
vitamin C
- 3.95¢t0.03 23.31ht0.24 32.81at0.40
- 1,02¢t0.04 21.15ht0.14 28.06a+0.88
(80-85°C, 5 min)
i 0.82ct0.06 20.76kt0.49 27.72at0.51
15
non-enzymatic browning
- 1 0.0576+0.0039 0.0601+0.0019 0.0604+0.0050
- 0.0925at0.0078 0.0778kt0.0023 0.0905a+0.0014
(80-85°C, 5min)
- 0.0906+0.0021 0 0852+0.0050 0.0938+0.0055
15

(P<0.05)
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42.2.3 non-enzymatic browning
non-enzymatic browning

ascorbic acid oxidation 42.1

non-enzymatic browning

1
15
(P<0.05)
non enzymatic browning
(Charles Linder, 1991)
4224
2
(p>0.05) .10,
A3 .16
2
(Hutchings, 1994 ; Goodwin, 1984)
non enzymatic browning non
enzymatic browning
(Clegg,1988) 2

non enzymatic browning



? 4224 :

response

L(lightness)

(80-85°C. 5 min)

15

a(redness)

(80-85°C, 5 min)

15

b(yellowness)

(80-85°< , 5 min)

La )

no vitamin C added

35.741+0.20

35.301£0.58

34.07c+0.48

-3.51+0.20

-2.91+0.06

-2.66+0.24

+9.41+0.38

+7.86+0.15

+6.85+0.11

0.02% vitamin C added

36.22e+0.68

37.05at1.10

35.681+0.19

-3.18+0.20

-2.63+0.30

-2.55+0.22

+9.01+0.68

+7.87+1.20

+7.51+0.91

0.05% vitamin C added

39.66at+0.03

37.65at0.44

37.09at+0.04

-3.49+0.49

-2.92+0.54

-0.63+3.43

+8.89+0.63

+7.86+0.75

+7.40+1.01

(P<0.05)
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4.3

(high acid food)  pH 35
100°c ( , 2524)
6

(Godoy Rodriguez-Amaua,

1987)
43.1
21
(P<0.05)

Total carotencids conmtent during storage .
1200

1200

1100
1000

ue.1100 mi.
§

911%14.3.1.1 : MR a1 BunninalsNuas ANIUNA SEN9N9NISALSNEA
24
) %total carotenoids retention



4311

storage condition

dark

light

violaxanthin

4311

30

isomerization

24

time (weeks)

4311

total carotenoids

(ug/100ml)
0 1235.18at6.58
4 906.77ht4.31
8 652.11dt15.02
12 318.44 £4.48
16 281,37°+7.12
20 263.15Qn2.95
24 216.70+10.01
0 1223.36 +13.13
4 771.91ct24.22
8 497.07et11.81
12 256.86ht3.13
16 151.60*111.26
20 138.64j+1.58
24 115.43+8.07
Chgeta
( )
(0-12 )
(12-24 ) '
degradation

beta carotene
(ug/100ml)
615.15a+9.55
463.78ht14.74
353.00d+9.40
238.44+16.56
233.19+16.56
169.70at22.20
146.37dt2.14
607.00at11.67
413.70ct10.47
308.76et11.98
234.41 +8.87
138.161+1.87
125.09h+3.90

112.99+3.41

(P<0.05)

50

beta-carotene, alpha-carotene, cryptoxanthin, zeaxanthin,

neoxanthin

']



3050% (Cano  Ancos ,1994)

( )
(Goodwin, 1984 ; Klaui Bavernfeind,1981)
degradation
(12-24 )
degradation
free radical molecule
free
radical molecule
4311

Bda cardere content during Storage.

700 _

€00

400

= —— =Ry
§ et
S 300 =
200 J
160 15.61%
|
° ] T L] L] T I ll
0 4 ) 12 1€ z0 24
weekr
43.1.2:
24
(%) % beta carotene retention
4311 4.3.1.2
(P<0.05)

isomerization degradation
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52

23.79% 18.61%
4312 :
24 '
storage time TSS(°brix)rs pH vitamin C non-enzymatic
condition  (weeks) (mg/100ml) browning
dark 0 15.10+0.14 3.50at+0.01 5.54a+0.03 0.0941'+0.0006
4 15.25+0.07 3.44b+0.01 4.20ht0.05 0.0993ht0.0006
8 15.40+0.01 3.37at0.01 3.10ct0.11 0.1073gt0.0004
12 16.00+0.01 3.30f:0.01 1.68et0.11 0.1099¢+0.0011
16 16.00+0.01 3.19ht0.01 0.62s+0.02 0.1118at0.0006
20 15.70+0.01 3.10+0.01 0.54s+0.08 0.1635dt0.0053
24 16.00+0.01 3.04'+0.01 0.44a+0.09 0.1787ct0.0036
light 0 15.25+0.07 3.49a+0.01 5.56at0.04 0.1008ht0.0011
4 15.30+0.14 3.42¢+0.01 2.98c+0.14 0.1076+0.0004
8 15.45+0.07 3.35et0.01 2.46dt0.11 0.1128g+0.0022
12 16.00+0.01 3.27g+0.07 1.06+0.09 0.1203+0.0008
16 16.10+0.14 3.20ht0.01 0.52g+0.05 0.1290et0.0027
20 15.50+0.01 3.09+0.01 0.58g+0.03 0.1856b+0.0020
24 16.00+0.01 3.03j+0.01 0.62g+0.06 0.2007at0.0049
2 +
( ) (P<0.05)
4.3.1.2 43.1.3, 4314
*
non enzymatic browning (P<0.05)
.20 0-16
16

0-16
16

non enzymatic browning
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non enzymatic browning reaction

(Hutchings, 1994) ascorbic
acid oxidation Belitz Grosch (1987)
Dominic (1989) non
enzymatic browning Maillard reaction!!
ascorbic acid oxidation malic acid pH
2.2-45
Vitamin ¢ content during storage.
€
3
%
1S
0 4 8 12 16 20 24
weeks
43.13 :
24

Nonenzymic browning during storage.

0.25 _

—&— no light

— W light

Absorbance at 420 nm.
o
|

o 4 s 12 16 20 24
weeks

v
°

5111 4.3.1.4 : non enzymatic browning T8RN ZNMNANTNFANANLFIAUIA
gina.o.1.4 zy g 1

24
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4.3.1.3 :

storage condition

dark

light

time(weeks)
0
4
8
12
16
20
24

12
16
20
24

4313

(L, )

Ans

36.90£0.13
34.03+0.01
33.4520.63
32.80+0.18
32.44+0.24
32.28+0.06
32.26%0.26
36.10+0.26
33.18+0.12
33.4610.06
32.56%0.16
31.89+1.15
32.37+0.37
32.4210.23

-1,83¢fax 0.37
-1,58fs£0.48
-3.91ab£0.22
-2.44¢d£0.05
-2.20cdex0.14
-2.27cdex0.21
-2.42°+0.26
-1.99d £0.10
-1.46Q0.10

54

1
(La, )
(P<0.05)
19
24
a
-4.01a20.07 +9.77a+0.09
-3.48b+0.24 +7.49b£0.23
-2.62¢t0.06 +5.46¢+0.32
-2.44¢d+0.02 +4.35¢det0.71
-2.43¢dx0.02 +4 14cdet0.22

+3.56det0.46
+3.64det0.30
+9.92a£0.18
+4.87¢d£0.14
+4.34 6£0.05
+4.07cdex0.02
+5.20¢£2.20
+3.29e£0.15
+3.11ex0.04

(P<0.05)



4315 ()

(0-12 )
(12-24 ) 4316
() (0-12 )
(12-24 )
(P>0.05)
4.3.1.3

0-12

Redness (a value) of mango juice during storage.

T T T T T T 7
2 —@—nu light
>
e @ W gkt
=ARE
<
-4 o

weeks

7UN 4.3.1.5 : AMduAd(a) Teninzsinsanstinfesanussqmanseudnensiiy

24

(%) 4.3.1.6 %b value retention ( %
) 0-4
%b value retention
49.09 %b value retention
76.67 2

24 %b value retention

31.25



b value (yellowness) during storage.

bvale
L)
1

—@—nre lisht

— - lisht

25%

° 4 3 12 16
weeks

Z0 z24

56

77 4.3.1.6 : AMANRDI(D) TRIUINTHNAINTNTBNANLIIIIINTININNAAY

(%) C
4311 4316 1
432
4.2.2 4.2.3
23, .24 25

non enzymatic browning

(p<0.05)

24

% value retention

(), vitamin C

4.3.2.1,43.2.2

4.3.2.3



4321
24
vitamin C time (weeks) total carotenoids
(ug/100ml)
no vitamin ¢ added 0 1223.36h+13.13
4 771.91dt24.22
8 497.07et11.81
12 256.86ht3.13
16 151,60j+11.26
20 138.64 1.58
24 115.4338.07
0.05% 0 1348.94at26.28
vitamin ¢ added 4 1021.20ct70.77
8 784.32dt8.92
12 537.23et16.66
16 429.30 5.51
20 373.77%4.17
24 337.24at14.45
e
( )
4321 4321 4322
(P<0.05)
24
9.43% 18.61%
0.05% 24.99%

34.29%

beta carotene
(ug/100ml)
607.00kt11.67
413.70et10.47
308.769:11.98
234.41 8.87
138.16+1.87
125.09133.90
112.9 +3.41
694.18a+10.01
540.75 19.16
472.280dt16.44
368.55f:13.93
325.32 +5.07
249.00ht6.36
238.02ht5.68

(P<0.05)
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1600

1400 o

1200

200

ug./100 ml.

€00

Total carotene content during light storage.

m 100%

‘10‘%

B 75.70%

€2.09m S%.14%

vitamin 0

0.03%

q0.¢3% 39.33%
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T _31.32%
400 b St 2T.71% o4
Z1.00% T
209
9.4
¢ T T T T T T 1
0 4 % 12 1€ 20 24
weeks
4321 :
24
%) %total carotenoids retention
Beta corotene conmtent during light storage.
s00 s 4 e Lt \\ —
700 m 100%
o0 100% ——""
‘m 77.30% vikamin C
. See W
I W €8.93% [
€3.15% [ v
§ a0e = 51.09% 1 B vibwin C
2 00 so.s6x W 46.86% f 0.05%
X |
33.62% m-35.87% 34,29%
zZoo
100 13,61%
. T 5 1 T T ] £ 1
° q z 12 16 20 24
weeks
4322 '
24
%) %beta carotene retention
(Gaman Sherrington, 1990) free radical

molecule

( )



degradation (Goldman, Horev Saguy, 1983)

4322 4.3.2.3 4324 !
non-enzymatic browning

0-16 non-enzymatic browning

16 non-enzymatic browning

enzymatic browning

Maillard reaction, carotenoids oxidation ascorbic acid oxidation (Beiltz

1987)

Vitamin C content during light storage.
40 —_—
35 a
e
30 = = 8 _
= | —o— o
l a
£ *A vitamin C
g 2 4
=
o 16 - = vitamin C
€
10 - 0.05%
5 - \—“’_‘
0 T T 1 e 1 A= 1 * 1 * L
0 4 8 12 16 20 24
weeks

43.2.3:

24

59

non-

Grosch,



4324 :

43.2.2

vitamin ¢

no vitamin ¢

added

0.05%
vitamin ¢

added

absorbance 420 nm.

time

0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

(weeks)

12

16

20

24

12
16
20

24

Nonenzymic browning during light storage.

1 I 1 A L I Nk A ilJ

8 12
weeks

16

no enzymatic browning

TSS

(°brix)
15.25e+0.07
15.300kt0.14
15.450+0.07
16.00&02t0.01
16.10at0.14
15.50d+0.01
16.00&02t0.01
15.25et0.07
15.30ckt0.14
15.50dt0.01
15.45¢+0.07
15.50d+0.01
15.90kct0.14
15.80ct0.01

2
(

pH

3.49a+0.01
3.420:0.01
3.35¢+0.01
3.27d:0.01
3.20910.01
3.09'+0.01
3.03n:0.01
3.25e+0.01
3.23fg0.01
3.209:0.00
3.18ht0.01
3.16'+0.00
3.14'+0.01

3.10k-0.01

............ P —
*

24

vitamin ¢

(mg/100 mi)
5.569+ 0.04
2.98ht 0.14
2.46'+ 0.11
1.0 1 0.08
0.52kt 0.05
0.58k+ 0.03
0.62k+0.05
34.97a+0.33
33.50ht0.11
32.08ct0.34
31.78ct0.11
30.61dt0.37
28.99¢et0.08

26.24f+0.34

24

24
non-enzymatic
browning
0.1008ht 0.0011
0.1076%t+ 0.0004
0.1128/0+0.0022
0.1203€+0.0008
0.1290d+0.0027
0.1856b+0.0021
0.20073+0.0049
0.1003ht0.0083
0.11019t0.0005
0.11426g+0.0023
0.1212et0.0006
0.1335d+0.0006
0.1718ct0.0036
0.1811k+0.0057

(P<0.05)



43.1.3, 4314 on-
enzymatic browning 4323, 4324

non-enzymatic browning

(0-16 ) 16
43.2.3 4324
non-enzymatic browning
16 non-enzymatic browning

non-enzymatic browning

420 nm
Robretson Samaniego (1986) non-enzymatic browning
non-
enzymatic browning
ascorbic acid — 0%a hea—> furfural + hydroxylmethyfurfural ........ ->  browning
(intermediate substance) (Abs. 420 nm)
1 furfural 1 hydroxylmethyfurfural browning
substance 6 furfural hydroxylmethyfurfural
browning substance
lag period intermediate furfural
hydroxylmethyfurfural browning substance
420 nm lag period
(dissolve oxygen)
lag period 5-6
lag period
browning substance Robretson
Samaniego 4313, 4314 4323, 4324

lag period



62

( -enzymatic browning

1 lag period
lag period
lag period
browning substance
4323 : (L,a,b)
24
vitamin C time (weeks) b

no vitamin c 0 36.10+0.26 -3.91+0.22 +9.92at0.18
added 4 33.18+0.12 -2.44+0.05 +4.87€f+0.14

8 33.46+0.06 -2.20+0.14 +4.34f20.05

12 32.56+0.16 -2.27+0.21 +4.07fa+0.02

16 31.89+1.15 -2.43+0.26 +5.200k+2.19

20 32.37+0.37 -1.99+0.10 +3.299+0.15

24 32.42+0.27 -1.46+0.10 +3.119+0.04

0.05% 0 36.41+0.67 -3.78at0.11 +9.71at0.25
vitamin ¢ added 4 35.51+0.52 -2.72ht0.01 +7.781£0.23
8 34.60+0.08 -2.28a10.20 +7.34710.20

12 35.34+1.27 -2.15a1t0.38 +7.44710.38
16 32.30%+0.09 -1,98ckt0.07 +6.45710.29
20 33.55+0.18 -1.71€£0.20 +6.03710.09

24 33.36+0.56 -1.69¢+0.11 +5.79cH0.06

+
( ) (P<0.05)

(W (a)
(P>0.05)

43.2.3

4.3.25



()

24 33.06%
0.05% 62%

(P<0.05)

Yellowness (b value) during light storage.

n
BT &lox
3 ) \ D,z>» . *« . ;l]'M’]C
G - \ (428 mit
a J >R (Lt
1. 0.45X
7-
1 -
t_
0 4 i EA If D 4
43.25: ()
24
(%) % value retention
433 ,
(. ()
TSS, pH 1lvitamin C non-enzymatic browning,
(P<0.05) 2, .26
43314332 4333
4331 4331
4°c

45°c
45°c

63

()

27

27°c



degradation

4331 :

temperature
)

4°c

room temp.

(27-30°C)

45°c

time

(weeks)

12

16

20

24

12

16

20

24

12

16

20

24

I+

total carotenoids
(ug/100mI)

759.713+17.85

560.76"1 36.17

511.390¢t 18.61
450.56,9+1.41
298.89' +5.19
221.0 +9.58
180.78k+11.55
784.09a+1.32
574.78b+9.95
484.64ckt 6.74
424.23% 2.35
290.66+ 7.82
233.63V 5.44
165.12k+ 21.87
757.16a+11.84
544.37¢+19.25
459.56€+6.01
381,02h 2.07
76.141+17.73
74.14+6.64

63.11+ 6.02

24
beta carotene
(ug/100mI)
424.01b+11.35
397.34° +5.57
369.49d+ 3.87
344.76 + 4.35
264.73ht 15.20
122.50V 7.14
106.2 +5.34
461.90a+1.03
423.97b+6.06
381.31d+ 4.35
333.36+3.01
223.161+16.44
12255V 2.76
88.20k+12.52
471.39at 2.56
406.06°+ 5.71
353.74et 5.03
302.999+10.69
56.40+ 3.37
> 40.00

> 40.00

(P=0.05)
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Total carotenoids content during storage at different
termperature.
e e ———— =
ks A 100% ‘
} —o—4ac
& 31% |-a—=e
3
S e e
(=]
- 33.34%
200 M«-s-*”f z279%
10.06% 3.36% .,,‘.‘
. Ll L) Ll T T T g‘l
o 4 s 1z 1% 20 4
weeks
4331 :
24
(%) % total carotenoids retention
Beta carotene content during storag e at different temperature.
500
400
- 300 o5
: a-2C
; 200 | &sC
100 | a:'::
. L) T L) A T L]
L] 4 3 12 16 20 24
weeks
43.3.2:
24
' (%) % beta carotene retention
4332
4°c 27°c

0-12



9-cis-beta <--—- > all-trans-beta <----- > 13-cis-beta

degradation products

isomerization ( ) all-trans-beta carotene (
) cis-beta carotene 9-cis-beta carotene 13-
cis-beta carotene
cis-beta all-trans-beta
cis-beta all-trans-beta degradation ( )
(0-12 )

isomerization (all-tra -<----m cis-beta)

degradation 12
degradation isomerization
(Goodwin,1984 ; Pesek
Warthesen, 1990)
4°c ( ) 27°c 45°c
(L,a,b)
4332 4.3.3.3
45°c
4334 non enzymatic browning 45°c
non enzymatic browning 45°c

4°c 27°c



433.2:

temperature

(°C)

4°c

room temp.

(27-30°C)

45°c

time
(weeks)
0

4

16
20

24

16
20

24

(o]

16

20

24

TSS
(°brix)
15.500d+0.00

15.35d+0.21
15.50a0.00
15.500t:0.00
15.55a0.07
15.65a0.07
15.67+0.21
15.500:0.00
15.35ad+0.21
15.35a+0.21
15.90&+0.14

15.55a0.07

15.80axt0.28

15.65710.21
15.50a0.00
15.90e+0.14
15.90ex+0.14

16.10a+0.14

15.707+0.14

15.50ad:0.00

15.90e+0.14

24

pH

3.51at 0.01
3.47b+0.01
3.41d+0.01
3.36+ 0.01
3.27h+ 0.01
3.21' +0.01
3.16k+0.01
3.50a+0.01
3.45c+0.01
3.38e+0.01
3.299+0.01
3.26' +0.01
3.16k: 0.01
3.08m0.01

3.48b+0.01
3.39e+0.01
3.30s+0.01
3.220+0.01
3.13+0.01

3.08m+0.01

2.92n+0.01

vitamin ¢

(mg/100ml)
4.61a+0.06
3.981t0.17
3.17dt0.13
2.10£0.03
1.51°+0.17
0.52ik+0.01
0.42k+0.06
4.69a+0.08
3.61ct0.28
2.44et0.14
1.19ht0.24
0.80+0.08
0.68ikt0.04
0.63iik-0.06
4.59a+0.06
3.12d£0.08
1.47at0.16
0.76i+0.02
0.50ik+0.01
0.24'+0.06

0.16+0.03

67

non-enzymatic
browning

0.0930In+0.0015
0.0965Im+0.0032
0.1013+0.0008
0.1099k+0.0021
0.1303'1+0.0016
0.1371 +0.0043
0.1590ht0.0025
0.0885n+0.0032
0.1150kt0.0053
0.1266+0.0029
0.1384+0.0039
0.1579h+0.0033
0.1684s+0.0028
0.1988et0.0101
0.0938In+0.0022
0.1276'+0.0035
0.1798+0.0032
0.2634d+0.0071
0.2898c+0.0018
0.3195h+0.0036

0.3462a+0.0063

(P<0.05)



Vitamin C content during storage at different

temperature.
s
4 -
€ 3 - —4—4cC
‘8; 90/ —m—27¢C
g o) ascC
0

0 4 8 12 16 20 24
week:

519 4.3.3.3 : MaAaguuLlaaFundm R uTreNE NA NN aNAN
24

(%) % vitamin ¢ retention

Nonenzymic browning during storage at different

temperature.
0.4 W—- - TAEEER L.
E 0.3 4
(= |
o \
(.: —$—4C
g ‘
n [| —m—27 ¢
2
3 0.1 ‘ 46c
£
L] |
‘
o T T T T T T 1
0 4 3 12 16 20 24
weeks

4.3.3.4 : non enzymatic browning
24
(L,a,b)
(P<0.05) 4°c
27°c 45°c
4°c 27°c

45°c (P<0.05)

68
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45°¢ 4333

43.3.5,4.3.3.6 433.7
4333 : (L.a, )
' 24
temperature ((C) time (weeks) L a
4C 0 36.50at0.48 -3.56&i10.04 +10.2840.49
4 36.28*10.11 -3.32ai0.04 +8.60L0.30
8 36.29a1+0.09 -3.13&i0.07 +7.7000.09
12 36.33at0.11 -2.85a&d0.18 +6.98*10.17
16 35.65*10.28 -2.55ari0.14  +6.48€i0.29
20 35.04*10.08 -2.53a d0.37 +5.93fG0.18
24 35.11*10.08 -2.04a d0.19  +4.91hi0.42
room temp. 0 36.03*10.30 -4.24d0.18 +10.1240.01
(27-30°C) 4 35.63%10.32 -3.49&i0.30 +8.6060.41
8 35.25*10.09 -2.55**10.25 +7.46%10.28
12 35.03*10.55 -2.10&ri0.09 +6.56*10.08
16 34.93*10.15 -2.09**i0.04 +6.03fg0.13
20 34.3110.52 -1,97& d0.27 +5.45¢10.35
24 34.0710.35 -1.42*a0.21 +4.72ii0.41
45°c 0 35.65*10.25 -3.84*10.25 +10.1740.23
4 34.76*10.22 -3.28&10.04 +7.73d0.31
8 33.9810.11 -2.61a d0.23 +6.2010.35
12 33.27g0.19 -2.14& d 0.05 +4.20j0.18
16 32.8890.29 -1,46¢i0.29 +3.5810.12
20 32.24KH0.18 -0.57*10.24 +3.5310.34
24 31.92*10.38 0.09€60.20 +2.6710.14

+

(P<0.05)



Lightness (L value) during storage atdifferent
temperature.
3 _— -
36
——d ¢
-] 34
.E —- 2t ¢
- 12 45 ¢C
30
z’ T T Ll T
L . 3 12 i e s
weeks
4335 : L
24
Redness [a value) during storage atdifferent
temperature.
1 ‘ s — - 1
i
’ - . — -
- ° ] 3 12 16 z0 24 ‘
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weeks
4336 ()
24
Yellowness(b value) during storage atdifferent
temperature.
11 —
19 4
s 4

b vamlue
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1

weeks

9111 4.3.3.7 : Mmaulanuuilasi@iaes(b)senhuzinaninieniu

24

(%) % b value retention




4°c 24

27°c
24 4°c
45°c 24
4°c 27°c
4.3.4
4°c
4.2.2 4.3.2
4.3.3
4°c
4°c
.28, .29 .30
L), ( ), pH, vitamin C non-enzymatic browning
4°c (p<0.05)
43.4.1,43.4.2 4.34.3
4°c (p<0.05)
4341

434.2 4°c



72

434.1
1
4°c 24

vitamin C time (weeks) total carotenoids beta carotene

(ug/200ml) (ug/100 mi)

no added vitamin C 0 759.71at17.85 424.01 11.35

4 560.73ct36.17 397.34 557

8 511.39f3t18.61 369.49 3.87

12 450.569t1 .41 344,76 4.35

16 198.8 +5.19 264.73 15.20

20 221.06kt9.58 12250 7.14

24 180.78'+11.55 106.23 5.34

0.02% 0 764.61at7.32 465.32axt2.38
vitamin ¢ added 4 711.71bt19.42 460.27&dxt+1.93
8 594.84ct16.85 444.28at8.17
12 550.09dt9.35 435.88d 12.66

16 484.37 5.64 347.07 7.66

20 375.71ht4.00 281.50 9.83

24 322.57 23.78 229.51 11.83

0.05% 0 760.23at17.08 477.63 2.58
vitamin ¢ added 4 709.510t17.83 469.17e0t3.27
8 616.43 11.18 452.45kc 2.40
12 532.81+17.88 449.53kc 13.36

16 432.97 4.38 332.08 13.57

20 387.09 0.19 281.28 16.02

24 342.24 10.93 235.40 9.57

+
(P<0.05)

4.3.3)



isomerization degradation
degradation 0.02% 0.05% ]
(P>0.05)
Total carotenoids content during storage at4 c .
306 _
800 —— e
i 100% i
700 vibmin C
600 _
g vibmift ¢
€ 500
o 0.0Z2%
2 aee
g
300 vibmiit ¢
200 0.05%
100
° T T Ll I\ Al T
L 4 % 12 i¢ z0 z4
weeks
434.1
4°c 24
(%) % total carotenoids retention
Beta carotene confent during storage at4 C
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190 2595 % 0.05%
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4°c 24

(%) % beta carotene retention
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non-enzymatic browning
non-enzymatic browning
non-enzymatic browning

enzymatic browning

74

non-

ascorbic acid

oxidation 4.3.4.2 4.3.2.3 4324
Vitamin C content during stroage at 4 C
40 -
35 - 1
30 || —#—no
E 264 m__ ‘ vitamin C
S 20 N -
i. 15 | -, 7 || @ vitamin ¢
& 10 4 _~ = - 0.02%
s ]
NA vitarain C
o Al L] L] L] N T - 1 0.05%
o 4 s 12 16 20 24
weeks
4.34.3:
' 4°c 24
Nonenzymic browning during storage at 4 C
0.2 188
E' 0.15 S——
g vitamin C
% 8
g o]
»  vitamin C
—
§ 005 - 0.02%
]
| vitamin C
0
] L g T L) T T 1
0.05%
0 4 8 12 16 20 24
weeks

1% 4.3.4.4 :n19vlasunas non enzymatic browning 189UNNE 1A

4°c 24



4342 :

vitamin ¢

No vitamin ¢

added

0.02%
vitamin ¢

added

0.05%
vitamin ¢

added

time
(weeks)

0

4

8

12

16
20
24

16
20
24

o

12

16

20

24

TSS's
(°bnx)
15.50+0.07
15.35+0.21
15.50+0.07
15.50+0.07
15.55+0.07
15.55+0.07
15.65+0.21
15.55+0.07
15.35+0.21
15.35+0.21
15.65+0.21
15.70+0.14
15.35+0.21
15.65+0.21
15.35+0.21
15.35+0.21
15.35+0.21
15.55+0.07
15.50+0.07
15.75+0.35

15.55+0.07

pH

3.51at 0.01
3.47hrt0.01
3.41° +0.01
3.36d+0.01
3.27et 0.01
3.21Hi+0.01
3.16k+ 0.01
3.191+0.01
3.20hii+0.00
3.22ftht 0.01
3.22f0h+0.01
3.21i0i+0.01
3.25e+0.01
3.21ith+0.00
3.23f0+0.01
3.23f+0.01
3.22ftht 0.01
3.21i(1+0.01
3.23,0:0.01
3.2141+0.01

3.1 +0.01

75

4°c 24
vitamin ¢ non-enzymatic

(' g/200ml) browning
4.61'+0.06 0.0930&0.0015
3.98In0.17 0.0965"+0.0032
3.17m+0.13 0.1013r+0.0008
2.10 +0.03 0.1099at0.0021
1.51 +0.17 0.i303et0.0016
0.52°+0.01 0.1371et0.0043
0.42°+0.06 0.1590°+0.0025
25.03+0.11 0.093 10.0017
22.25st0.66 0.1103st0.0013
19.66ht0.48 0.1202f+0.0028
17.76+0.74 0.1320et0.0035
13.13j+0.24 0.1501dt0.0022
10.53k+0.19 0.1701ht0.0033
10.47k1.01 0.1857at0.0035
34.56a+0.13  0.0959i+0.0045
3147kt 049  0O.1041htO.0037
30.42° +0.37  0.1185+_0.0027
28.73d+0.81  0.1367e+0.0052
27.85ckt 0.27  0.1502d+ 0.0014
27.45et 0.24  0.1583° +0.0027
24.61et 0.50  0.1764kt 0.0057

(P<0.05)
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4343 (La, )

4°c 24
vitamin C time (weeks) L
no vitamin c 0 36.50a+0.48 -3.56+0.04 +10.28at 0.49
added 4 36.28ab+0.11 -3.32+0.04 +8.60a1+0.30
8 36.29ab+0.01 -3.13+0.07 +7.70€fst 0.09
12 36.33ab+0.11 -2.86+0.18 +6.9841 +£0.17
16 35.65ak+0.28 -2.55 +0.14 +6.48hii+0.29
20 35.04s+0.08 -2.53+ 0.37 +5.93*+ 0.18
24 35.1 9 0.08 -2.04 +0.19 +4.91 +0.42
0.02% 0 35.84h01t0.08 -3.64 +0.54 +9.93a+0.30
vitamin ¢ 4 35.94bxt0.11 -3.02+0.09 +8.92bc+0.21
added 8 35.62ck+0.05 -2.96+ 0.21 +7.890+0.20
12 35.53d +0.16 -2.39+ 0.10 +7.17f+0.43
16 35.72akt0.23 -2.86 £0.10 +6.950H +0.18
20 35.039+ 0.33 -2.68 £0.16 +6.42* £0.79
24 35.12fs+0.27 -1.71 +0.03 +6.78ht 0.05
0.05% 0 36.14ax+0.18 -3.96 +0.15 +9.55eb+0.46
vitamin ¢ 4 36.154xt0.12 -3.44 £0.22 +8.35ak+0.09
added 8 36.34a8b+0.13 -3.12+0.03 +7.80ef+0.24
12 36.33at 0.11 -2.86 +0.18 +6.980H +0.17
16 35.99b010.06 -2.63 £0.02 +7.261h+0.10
20 36.01 &dt0.44 -2.56 +£0.37 +6.80hH +0.68
24 35.34€f3£0.18 -1.86+ 0.03 +6.64hj £0.08
2
( ) ' (P<0.05)
4°c
(p>0.05)
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