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' h ‘ 95%
« 5(3)
4
it
«
(
49.82¢ + 2.58
10.94e + 0.92
95 % 41.04b + 2.25
a,bh,c..

2.3

41
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4 1/ 8
Source of variance df MS F
Treatment 2 1663.435 397.199¢
Error 9 4,188
* (p0).05)
! (p<0.05)
95%
3 4
6o Carotenoids(mg betacarotene/kq dry peel)

Petroleum Ett

49.82 Ethanol 95%
4 1 .04 Bl /cotone
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95%

95%

80

43



95%

40.63

16.77

10.05

83.24

95 %

3.28

30.88

15.68

71.43

13.82

95%

80(

44

86.92)
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Carotenolcte(mg betacarotene/kg dry peel)

Petroleum Ether
téM Ethanol 95%
40 [ | Acetone
30
20
10
N
- \
I\
1
Number of sucessive extraction
a8 7
3.
? 2.1 (7 h)
4
5 1.0:1 1.5:1 2.0:1
2.5:1 3.0:1 | )
6 5 10 15 20 25 30 21
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10
15
20
25
30

34.
53JkE£1.093
54" 21,261
671 £0.212
651 £0.028
. 13kT+0.882

44
40
42
42
43

a,b,c..

1.0:1

13" +0.601

1.5:1

34.52"£0.602
48.27 1£0.492
45.990£0.547
59.37°£1.093
52.653£0.779
56.70d+0.598

2.0:1

45.22 ) £1.640
48.46 1 £0.302
56.27dc£ 1.093
53.14* £1.148
60.32¢ £0.690
59.33° +1.145

2.5

52.765

55.15d® % 0.505
54 .54%<S£0.929

54.320%
69.09a
54.27f

1

£1.039

£0.573
£0.683
+0.225

3.0:1
53.79fa £0.411
52.94s £0.561
55.21de% 0.960
55.55 ¢ +0.884
66.69b £0.725
50.81h +0.453

95



(p<_0.05)
7
!
Source of varaince df
(A) 5
(B) 4
AB 20
Error 30
* (p<0.05)
!
0.05) !

MS

217.379

477.410

44.883

0.697

48

311.99*

685.19°

64.42"



- Carotenoids(mg betacarotene/kg dry peel)

—>— 3.0:1
- 51
- = 2.0:1
—+ 151
1.0:1
20
1 1 1
0 10 20 30 40
Time (min)
9
!
6 9
1 1.5:1 ) ? !
2.0:1  2.5:1 3.0:1 ( ) ?
30 !
? 2.5:1 ) 25
! ?
4 |
? 2.1 5) ?



25

10

15

20

26

30

35

40

a, b,c,. ..

10 15

89.

90.

85.

85.

84.

80.

74

58

95

22"

27

20

0.194

0.562

0.628

0.736

0.431

1.260

0.865

0.440

25 30

35

50



Source of variance

5l

df MS F

7 339.030 809.14

Error 16 0.419
* (P<0.05)
<p<0.05) 10 tf
8 9

65 Carotenolds(mg betacarotene/kg dry peel)
20 —
80
70
60 X
60 1 % 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45

Temperature(C)

10



(

11-2)

(

10

11-1)

10

10-40

15-25

25

52

2.5:1
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? 7
7 2.1 5)
' b
2.5:1 25 10
? ? ?
60 ? 25:75
R1 ?
(absorption spectrum) UV-visible-spectrophotometor
can ?  200-600

( ) 12-14 10

2.0
>
Q
=
<
-2}
@ L
o)
2]
o
<
+ t t f
200 300 400 500 600
WAVELENGTH (NM)
12 (absorption spectrum)

? R1=0.95 ?



ABSORBANCY

ABSORBANCY

20+
4 3 + 1
200 300 400 500 600
WAVELENGTH (NM )
13 (absorption spectrum)
! Re=0.91 I
2.04
200 300 200 500 600
WAVELENGTH (NM )
14 (absorption spectrum)

! Re=0.83
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Rf Ao

A ran)l <™>

0.95 425, 450, 477

0.91 380,-400, 425

0.83 407, 427, 454

f
2.1 5)
2.5:1 25 ! 10
tf saponifi
cation
60 25:75

saponification

saponification

saponification



? 21 (p-carotene)
2.1 | 5)
2.5:1 25

saponification

71 HPLC
7 retention time 12.55 7
HPLC peak retention time
peak 71 15
standard curve ( )
7 *10.14
2 ?1

) 71

56

7

10

methanolic KOH

i
12.54 2
7! 7!
21
11.15
(90.91
9:1



start 23.06.34.43

!

, e - ]
STOP
C-R1A
SMPI ft 00
FILE « 2
REPT ft 1665
method 43
If
J NANE 1£II\7/I$ CONC nk AREA
0 12-55 2.6064 1598
totall 97.3935 V 59728
99.9999 63326
(1)
START 21.06.15.15.
g__,_‘i?_‘q.sfz
14,69
swo&é‘el
A
QM%]I ft 00
I -
method 1
ft name T1ME CONC MK AREA
0 10.92 7.7499 144 19
0 11.84 26.0206 v 48412
6 12.55 56.4456 V 105019
e 14.69 1.0368 1929
0 15.81 §.7466 16273
TOTAL 100 386054
(2)
15 (chromatogram) (1)

57



25 10

saponification

atomic absorption spectrophotometry

11

3 ppm

methanolic

(As)

2.5

KOH

(ppb)

0.100

0.500

0.500

10 ppm

58

FDA



59

2.
1 2.1 (75
?|
2.5:1 25 7
10 saponification
methanolic KOH (gas chromatography, GC)
12 retention time
2!
retention time ()
0.75
-m
2! 1.15
13 retention time
2!

retention time ()

21 2.90
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ih peak retention time
tfu
2.1(  5) ?
2.5:1 25
) 10 ? saponifi-
cation methanolic KCH (16
) 3 ) (18D ) )
(442 ? ) ) (3012 7 )
8 ) )

carotenoids retention (%) 3 14



14

co —~J o o BBoOw NN, o

retention (%)

a,b,c..

carotenoids

carotenoids retention (%

100.00“ +0.00
99 78h +0.13
99.51%°+0.13
99.12°d+0.28
98.8809%0.13
98.37% 4029
97.73d +0.28
96.96K +0.20
96.11 ¢ 10.35

| (p£0.05)

100.00“ +0.00
99.36bod +0.42
98.59°% J}+0.32
97.17h +0.23
96.231 +038
94.85"1 +0.19
91,471 +0.48
87.36"  +0.46
83.62°  +0.40

95

100.00“+0.00
96.1170.41
92.79k+0.25
90.401a+0.46
87.32°40.47
83.20°+0.37
78.36°+0.42
73.66°+0.22
68.64"+0.62

«

61



15

Source of variance

df VB F

(A) 2 1166.075 1064
(B) 8 303.946 2144
I 16 64.938 592
Error 54 0.111
(p<0.05)
carotenoids retention”/) (p<_0.05)
carotenoids retention (%) 15
14
17
y = a+bx

<<
|

y
t1l/e = 751

carotenoids retention (%)

()

100.38-0.47t <RZ=0.99) ..cccnonn

62



y = 102.16-1.97t (Rz=0.95) _ !
tifz = 187

y = 100.86-3.81t (RZ=0.99) ... !
t1/e = 94

Carotenoids retention (%)
20

y—

4 y = 100.88-0.47t
‘y = 102.16-1.87t

y = 100.88-3.81t

40t
20}
O A1 i § i 1
0 2 4 G 8 10
Storage time (week)
Freezing Temp.  ~t— Refrigerator Temp. Room Temp.
17 carotenoids retention (%)
a 8
N 17 carotenoids retention (%)
N n o 8
N ! no n o

63

2f£e-



(-18"2

10

16

10
methanolic KOH
20
]
)

12

2-5:1

(472 )

carotenoids retention

64

saponifica-

40

»

(30%2

(%) 3
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carotenoids retention

12

O© OO ~N O O = W O s o

10
11
12

1

(%)
BHT

carotenoids retention (%)

BHT

BHT

100.00 j_0.00 100.00 + 0.00

99.80 + 0.14
99.57 + 0.12
99.31 j_ 0.09
99.06 + 0.10
98.89 + 0.15
98.45 + 0.06
97.86 + 0.23
97.12 + 0.42
96.76 + 0.32
95.81 +0.90
94.27 + 0.60
92.84 + 0.59

I+ +

-+

99.66 + 0.15
99.52 + 0.54
99.21 + 0.44
99.07 + 0.40
98.45 + 0.54
97.53 + 0.56
96.91 + 1.30
96.21 + 0.81
95.68 + 0.65
94.83 1 0.15
93.90 + 0.64
91.62 + 0.54

100.00 +0.00 100.00 4 0.00

99.19 + 0.35
98.65 + 0.38

98.81 + 0.23
98.16 + 0.44



16 ()

© O©o ~N o o B oW

10
11
12

O N O O B O NN - O

carotenoids retention (w)

BHT

97.64 + 1.3
96.80 + 0.67
95.26 + 147
93.95 + 0.71
9155 + 1.64
90.20 + 0.54
88.95 + 1.02
87.72 + 132
85.08 +0.32
83.95 + 0.69
100.00 + 0.00
97.09 + 0.30
94.47 | 160
92.46 | 1.71
91.23 | 1.07
90.19 + 0.42
88.02 j_ 0.66
86.02 +0.27
83.03 + 0.94

+

97.10
95.60
94.28
92.70
90.71
89.38
68.00
86.87
84.74
82.81
100.00
96.46
95.36
92.86
91.43
89.36
87.32
85.29
82.85

BHT

+0.75
+0.93
+0.72
+0.17
+ 114
+0.15
+0.38
+ 131
+0.52
+ 0.66
+0.00
+ 081
4 0.77
+ 1,07
+0.99
+ 0,61
+0.59
+0.40
+0.68

66



16 ()

10
11
12

carotenoids retention (%)

81.58
78.98
14.56
11.82

BHT

+0.53
+ 0.66
+0.93
+ 0.77

BHT

80.57 +0.82
77.44 + 138
73.83 +0.95
70.08 + 0.54

67
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17

BHT
Source of variance df
BHT(A) 1
(B) 2
AB 2
(C) 12
AC 12
BC 24
ABC 24
Error 156
* (p<0.05)

VB

19.674
2267.900
0.511
559.146
0.924
64.361
0.249

0.580

carotenoids retention (50

(p< 0.05)
carotenoids retention (50

Iy

68

33.90*
3908.37*
0.88
963.60"
1.59
110.92¢
0.43

18



18

retention (%)

12

carotenoids

carotenoids retention (%)

100.00"
99.73" +0.15
99.54"h +0.35
99.26"bc+0.29
99.07"bc+0.26
98.67bcd+0.66
98.04dc +0.66
97.38*' H).95
96.67<d ~0.76
96.22dh +0.75
95.32hi +0.79
94.09 ik +0.59
92.23"* +0.84

«

10.00 100.00" +0.00

99.00" +0.34
98.40°0+0.46
97.37%%1.00
96.200dK+0.98
94,771 +1.16
93.32k1+0.82
91.13" +1.35
89.79° +0.55
88.48° +0.86
87.29° +1.27
84.91*" +0.43
83.38" +0.87

9

Hu

100.00" +0.00
96.77t'd+0.65
94.92 17+1.22
92.661m+1.23
91.33° +0.93
89.78° +0.65
87.67°°+0.67
85.65° +0.50
83.28" +1.26
81.07%* +0.83
78.04% +1.11
74.19° +0.93
70.95“ +1.12

69



| | (p<J).05)

y =a+ht

y = carotenoids retention (%

5 ()

100.73-0.56t (R2=0.95) !
696

-
I

tile

101.12-1.42t (Rz=0.99). !
252

<<
11

tile

100.16-2.25t (R2=0.99) |
t. = 156

<<
1

10



[

OCarotenoids retention {%)

1 a a
= 100.73-0.56t
80
y = 100.156-2.2561
60 =
40
20}
O 1 1 = } 1 1 &
0 2 4 6 8 10 12 14
Storage time (week)
Freezing Temp. Refrigerator Temp. - Room Temp.
19 carotenoids retention (% a
12
19 carotenoids retention (%)
12
® )
( 62-63)

151 187 94 ! ’



y=100.30-0.40t
176

2-5 1

0.04 0.06 0.08
10
chromameter

12

882
276 ' y=100.70-1.2t

y=99.18-1.96t

2.1( 5)
25 10
saponification methanolic KOH
6 0.00 0.02
0.10 100 45
| _ZE0R b 19



(+

19

0.00
0.02
oo
0.06
0.08
0.10

= yellow,

(p<;0.05)

100

19

0 =gray, -

L

41.47
39,61
39.49
39.50  +43.08
39.37% +4).06
39.26° +0.05

+0.04
+43.01
+0.01

b

d

9

= blue)

ft

d

b

( 100 = white

(+ta = red, a0 = gray, -a = green)

73

-3.71740.02 35.10 J+0.04

d

-3.22 +0.01 35.52744).20
-3.047+0.00 35.86 +0.16
-2.78 +0.04 36.09 +0.09

b

-2.40°40.02 36.74%44), 12
-2.09°40.02 38.19°40.07

0 = black)
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