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( Bnx)

14-18

1822

BmmbmoammbNOBmmbwo‘a‘mmbwo

I+

(ppm)

21.25" + 177
46.75k £ 1.06
6L75" + 247
6225 + 1.06
75.13% 159
86.40b + 5.09
2450" +£2.12
55.251+ 1.06
69.88s+ 1A
77.75d £ 0.35
8LO0ak 141
94.30° + 3.82
18.75" + 3.89
50.75k+ 0.35
51.25*+3.18
50.501 +1.41
71.25fs+ 177
78.82ak+3.58
2350 =071
37.251+ 247
61.13h+ 159
67.63s+ 0.88
75.00e + 2.83
83.71" £ 1.82

(p<0.05)



AB
AC

ABC

®
©

(A)

df

(P <0.05)

o 01 01 R 01l b R

37453
4080.82
8143
1668
4783
304
544

Hest

92.36*
68.81*
751.40*
14.96*
3.06
8.79*
7.25



WML Aundu + Hoaunasg
(1fow) YTnwAyn (ppm)
0 2200 +2.99
2 4750 +7.18
4 61.00" + 7.28
6 66.78" + 7.49
8 7559 + 4.02
10 85.81" + 6.63

a, bici.......

( Brix)
1418

18-22

I+

58.90b+ 2184
&71%+ 2000
55.05e+ 2344
5803 + 22.09

v v £
Aunaeniaonysaenulunmasdginuuananedaiisdnyp < 0.05)

(p < 0.05)




ab,c
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(Ppm)

20.00'+2.86
48.75h+ 240
56.50s + 6.49
60.88f + 189
73.194* 263
82.61h+ 566
2400 +1.41
465" + 1051
65.50e+ 5.26
12.69 +587
78.00e+ 392
89.00* + 658

(p < 0.05)
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a b, c,

B ©o o o M © B o o & M ©@ B o o ~ N O

B ©o o ~ v ©

(Ppm)

2125 + 1.77
46.75h+ 1.06
61.75% 2.47
62.25% 1.06
75.13¢+ 1.59
86.40b+ 2.06
4.00k+ 0.00
4.00* + 0.00
4,00 + 0.00
4.00* + 0.00
4.00* + 0.00
4,00 + 0.00
24.50 +2.12
55.25s+ 1.06
69.88% 1.94
77.75d+ 0.35
81.00° + 141
94.35a+ 3.49

4.00* + 0.00
4.00* + 0.00
4.00* + 0.00
4,00 + 0.00
4.00* + 0.00
4.00* + 0.00

(p < 0.05)
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AB

AC

ABC

abc,.....

5OOCT)-hI\.)O

A)
B)
©

(p< 005

df

g o 0 O

79

Ftest

(Ppm)
11519+
23870.09*

4.76*
4.76*

I+

(Ppm)

1344f + 1022
2750e+ 533
%91 + 3420
37.00e+ 35.76
4103 + 3966
47.1%+ 46.29

(P < 0.05)



abc

? (Ppm)

53920+21.80

4.00et 0.00

67.12F + 2345
4.00e+ 0.00

(p <005
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B ©® o » M o B ® o ~ N o

(Ppm)

22.88f + 246
51.00e+ 4.98
65.8/d+ 503
70.00e+ 897
78.06b+ 361
90.38a+ 515
4.00s+ 0.00
4.00s% 0.00
4.00s+ 0.00
4.00s = ().
4,008+ 0.00

4. )8 +0.0

(p< 005

8l
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I+

(Ppm)

12.631+ 10.01
25.38h + 24.69
32.88f + 33.37
33.n + 33.64
39.56d + 41.07
45.20b + 47.59
14.25'+ 11.90
29.638 + 29.60
36.94° + 38.05
40.88 + 42.58
42.50° + 44.46
49.n" + 52.20

(P < 0.05)

82



a b c...
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+

lycopene(ppm)

22.16b+ 0.82
18950+ 071
19.89° £ 0.30
1737+ 16
16.17& + 061
14.76f + 147

23282 +0.18
20.00" £ 0.4
1641 + 081
20.98"+ 159
1583+ 0.24
1502* + 138

(p < 0.05)
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BN ad

P-carotene cryptoxanthin

+

P-caratene  (ppm) cryptoxanthin (ppm)

1315+ 1% <1
883+ 049 0
658+ 022 0
437 + 059 -
578+ 025 -
401 + 098 -
1308 + 056 <1
860+ 08 0
5%t 016 0
506 +0.12 -
521+ 023 -
436 + 051 -

(>0.09)



14 lycopene

p-carotene
df F test
lycopene(ppm) p-caratene(ppm)
A 1 082 007
(B) 5 31.20% 99.82*
AB 5 5.42* 058
* (p<0.05)
! lycopene
P-carotene
+
( ) lycopene (ppm) P-caratene (ppm)
0 2212 +081 1311a+ 0.95
2 1948 +0.76 871" +057
4 18150+ 207 6.26e+ 0.40
6 1917 +2.47 471° + 052
8 1600 +0.43 550" +0.38
10 14.8%+1.18 4.18e+ 0.67

abc (p<0.05)
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(p>0.05)

(Ppm)

1845 + 0.55
1661 + 055
14.90 + 0.48
18.19+1.04
1349 + 0.69
10.64 + 2.60
1711 + 0.66
1334+ 0.23
9.60 + 0.76
1229 + 058
8.06 = 0.34
745 + 0.64
20.10 + 091
17.05 + 0.13
16.28 + 0.23
1615+ 021
14.97 +0.18
1291 + 097
18.87 + 0.52
1528 + 0.76
10.67 + 0.83
1084 + 0.20
813 +0.15
8.03+ 0.38

I+

(mg/100g)

4120 £ 1.70
33.10 + 4.10
2455 £5.16
1855 + 205
17.80 + 141
1375 + 106
40.80 + 255
26.60 £ 2.55
1825 + 247
1340 + 0.57
995 + 2.33

6.45 + 106

42.60 + 198
3315 + 205
2320 £ 255
1725+ 1A
14.85 + 0.35
11.80+ 141
4385 + 191
28.30 + 297
2055 +£ 290
1065 + 191
6.20 £3.11

6.00 + 0.84
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ABC

A)
(B)
©

-h-h-bp_h(_.l—\

12.11*
5.19*
119

(>0.09)

(Ppm)

1863at 125
1557 + 158
1286d+ 303
14.37e+ 317
11.16e+ 334
9J6 t+ 257

I+

87

Rest

(My/100g)

0.4
55.55*
223.55*

0.58
3.16*
153

031

(My1OCg)

21]axt 202
0.9 £3.85
21.64e+ 368
1496d+ 355
1220et 502
9.50f + 368
(p<0.05)
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(Ppm)

1927 + 113
1683+ 041
1559d+ 085
17.17e+ 13
1423+ 05
11776+ 207
17.9%+ 113
143le+ 121
10.148+ 0.90
1157 + 091
80%h+ 0.2
7.741+ 0.4

(mg/1009)

41.90a+ 171
331+ 265
23.88d+ 341
17.90e+ 160
1633+ 190
\2.11 £ 152
233+ 254
27.45e+ 246
1940e+ 257
1202 + 195
8078+ 312
6.22g+ 0.83

(p<0.05)



a b, c,

.20

10

I+

(Ppm)

17.78b+ 0.92
14.98e+ 1.92
12.25e+ 3.10
15.24e+ 3.47
10.78f £ 3.17
9.05s + 241
19.49° + 0.93
16.16e+ 1.11
13.48d = 3.28
13.50d + 3.07
11.55ef £ 3.95

10.47f £ 2.88

(p<0.05)
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a, b, c,.

%acidity pH

)

°Bnx

Yeacidity

0.271 + 0.004
0256 +0. 3
0252+0. 6
0.249 +0.010
0246 +0. 6
0240 +0. 3
0278+0. 3
0258 +0. 8
0.256 + 0011
0.269 + 0.018
0.249 + 0.010
0242+0. 3
0.342 + 0.017
0.316 + 0.017
0.276+ 0. 8
0.269 + 0.001
0272+0. 6
0258+0. 8
0.316 + 0.012
0.291+0.011
0.2 +0013
0.268 + 0.010
0271 + 0.013
0254+0. 8

I+

pH

401 + 001
3.95+ 0.02
3.94+ 0.06
395 + 0.07
392+ 005
393 + 0.07
401 + 0.01
393 + 0.03
397 £ 0.0
3.91+ 0.01
392+ 005
3. %0.
3. =001
3.96+ 0.04
3.94+ 0.03
395 + 0.07
392 +£0.02
392+0.
401 + 001
3.95+ 0.02
397 + 001
3.94 + 0.08
393 £ 001
3.95+ 0.

90

Bnx

161 + 014
158+ 0.28
1I57x021
159+ 014
157+ 014
157+ 014
165 + 0.07
163 + 042
159+0.15
158 + 0.28
157+ 014
157+ 014
162 + 0.28
161 +£0.14
158 £ 0.
16.0 + 0.
159+ 042
158+ 0.
165 +0.14
16.0 = 0.28
161 +£0.14
158+ 0.18
160+ 0.28
157+ 021

(p<0.05)
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ABC

23

B o o » v O

a b, c

A)
(B)
©

df

U'|U'|U-||_\U-|'_\|_\

(>0.09)

Yeacidity
0302° + 003
0.280b+ 0.03
0.268et 0.02
0.264e+ 001
0.260e+ 001
0.250d+ 001

Y%acidity pH

Yeacidity
108.23*
005
28.22%
5.69*
166
6.38*
141
Y%ecidity pH
+
pH
4.00a+ 001
3%+ 002
3.9%et 002
39%d+ 006
392e+ 003
3.93e+ 003

"Brix

F test
pH

042
201
4.26*
0.88
0.00
0.00
0.00

Brix

228
228
8.62*
121
184
028
063

°Brix

°Brix

16.31° + 0.72
16.0%+ 0.30
1586° + 021
15874+ (018
1580d+ 021
1570e+0.12

(p<0.05)
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abc

Yeacidity

I+

Yeacidity
0.255° + 001
0.262b+ 001

0.29%a:t 003
0.2873+ 0.02

(p<0.05)
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a b, c,

—~

B ©o o A M OB oo o b N O

N

93

Yeacidity

+
Yeacidity

0.275a+ 001
0.257c¢k: 001
0.254ck+ 001
0.259k+ 0.02
0.248e+ 001
0241h+0. 2
0.329s+ 0.02
0.303b+ 0.02
0.283C+ 001
0.268ak+ 001
0.272ak: 001
0.256dht 001

(p<0.05)
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.26

27

abec, ...

6.5% 105
65+ 16
577+ 111
56+ 103
53+ 121

53 .81

o T

Tr 8

7.0a+ 0.89
6.20+ 0.75
6.3+ 103
55e+ 104
51e+ 116

6.6at 136
63 + 163
57’ 103
55 + 106
5304121
52+ 117

7.2a+ 0.89
6.8+ 116
6.2b+ 100
53e11.21
5.1e+ 180
5.1e+ 080

7.6a+ 103
7.3$i 136
7.0 £0.89
67 121
68 116
61 + 110

75a+ 104
6.80+ 116
6.80+ 116
6.2% 0.75
5.6% 181
55d+ 104

75a+ 110
78% 1%
71 +0.70
68 + 100
63 + 18
62 + 116

(p<0.05)

7.3a+ 120
6.8% 116
6.3+ 103
56e+ 121
5.2e+ 098
5.0e+ 063

(p<0.05)
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co oo ~ N O

abec,....

3 +1.21
a

7.3 H0.81

7.0 +0.89

65 + 106

60 +1.21

58 + 116

8.2a+ 0.75
76+ 103
72"+ 163
665 121
6204075
53 #0.81

7.3a% 081
6.8tei 102
76% 141
65 + 104
58 + 116
58 + 104

8.02+ 0.89
77+ 121
73+ 12
65C+ 14
60% 126
550+ 166

7.3a 081
715 126
71% 1@
6.8bi 116
63 + 081
58 + 175

8.0a+ 0.89
75°+ 137
70°+ 14
72 + 116
65+ 104
53 + 108

7.3ax+ 106
70 £ 126
68"+ 116
68 +0.81
62 + 116
58 + 104

(p<0.05)

80at 0.36

73 + 12

70"+ 121

65 + 14
C

63 + 103

55 + 104

(p<0.05)
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df sum of square
3 884
5 4.73
15 0.39
(P<0.05)
!
df sum of square
3 0.74
5 1441
15 059

(P<0.05)

mean souare

2945
0.%47
0.026

mean souae

0.246
2831
0.040

Rest

11327
36.41*

Rest

6.21*
72.69*
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df sumof sqare mean souare Fegt
3 014 0047 2.61*
S 7% 1501 90,22+
5 026 0018
(P<0.05)
df sumof sqare meen sqere Feg
3 006 0020 051
5 1783 3566 88.24*
b 06l 0.040

(P<0.05)

97



atomic absorption spectrophotometer (AOAC 15,1990 ; 985.16)

1 (Moulinex, 588)
2 (Sartorius, L 4209)
3 Hlectro thermal

4. Atomic absorption spectrophotometer (Varian Model Spectr AA-300)

1 concentrated nitric acid ( 65%9

2. concentrated hydrochloric add ( 37%

3 potassium chloride 191 100

1 20+0.06 Kjeldahl flask

120 C
2 conc.HNO0330
36
3 conc.HCl 25 15
1015

4, Kjeldahl flask

( Kieldahl flask volumetric flask
(rinse) Kjeldahl flask 10

chloride 1

300

100
potassium
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Whatman No. 1

99

Atomic absorption
spectrophotometer(A, = 2355 nm, flame  N20(! Il/min)-acetylene(7Lmin), slit width = 0.5 nra)

blank

0, 25, 50, 100, 200, 250 ppm

p-carotene
uv-visible spectrophotometer (Ranganna, 1978)

(Sartorious, L 420)
Homogenized (Nissei, AM 7)
Filter with suction
Rotary evaporator (Buchi, RE 111)
UV-visible spectrophotometer (Shimadzu, UV-160A)

acetone BHT .005%

petroleum ether (b.p. 65-70 C)

anhydrous sodium sulfate (Na0S04)

standard P-carotene (Zigma)

adsorhent ; magnesium oxide (MgO)  hyflo supercel

Eluent ; 3% acetone  petroleum ether

1000 ppm

13



25 chl
ether 250
working solution ; stock
petroleum ether

10
2
30

petroleum ether
05, 10, 15,20, 25

3 calibration curve
(slit wicth = 0.5 nm)

(

carotenoids

acetone 50
vacuum filter

2. extract solution

anhydrous sodium sulfate 5

carotenoids

petroleum ether 10-15
acetong
carotenoids

volumetric flask 50
aliquot

(3-carotene stock solution ;

volumetric flask 100

acetone 3%

carotenoids

100

P-carotene
petroleum
P-carotene 100
volumetric flask 100
P-carotene

oroform 2.5
1
10

working 5, 10, 15, 20, 25

acetone 3

P-carotene

p-carotene

3.0

(2)

p-carotene
spectrophotometer
petroleum ether  blank

P-carotene(

452

Y) X)

20 homogenized

3
acetone  extract solution
petroleum etherlO-15
10
petroleum ether
) separating funnel
( 2) 3

separating funnel

acetone
separating funnel(acetone

petroleum ether

petroleum ether
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column chromatography

I} column adsorption glass tube 19
20 Buchner flask adsorption
tube column
adsorbent column 2-25
adsorhent column
adsorbent column 12
anhydrous sodium sulfate column 1
2 adsorption ~ elution column petroleum  ether
25-50 petroleum ether
anhydrous sodium sulfate adsorption column Buchner flask
(aliquot) 10 column
column acetone 3%  petroleum ether(eluent) 60-100
P-carotene column
p-carotene
volumetric flask 50
column
spectrophotometer 452 acetone 3%  petroleum
ether  Dblank P-carotene
P-carotene
p-carotene - 3 u Lcarotene (pg/m1i x Dilution

myl000y ©
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3 cryptoxanthin
uv-visible spectrophotometer (ACAC 12 , 1975)

(Sartorious, L 4205)
Homogenized (Nissei, AM 7)
Filter with suction
Rotary evaporator (Buchi, RE 111)
UV-visible spectrophotometer (Shimadzu, UV-160A)

acetone BHT .005%

petroleum ether (b.p. 65-70 C)

anhydrous sodium sulfate (Na504)

standard (-carotene (Zigma)

adsorbent ; magnesium oxide (MgO)  hyflo supercel 12

6. Eluent ; 5% acetone  petroleum ether b acetone  petroleum
ether

carotenoids
) 20 homogenized

acetone 50 3
vacuum filter carotenoids acetone  extract solution
2. extract solution separating funnel  petroleum etherl0-15
anhydrous sodium sulfate 5% 10
carotenoids acetone petroleum ether
3 separating funnel(acetone ) separating funnel
petroleum ether 10-15 (2) 3
acetone
4, carotenoids petroleum ether
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petroleum ether

column chromatography

volumetric flask 50
aliquot
1 column
20
tube
adsorbent
adsorbent
adsorbent
anhydrous sodium sulfate
2 adsorption
25-50

anhydrous sodium sulfate

60-100
Buchner flask
acetone 10%
cryptoxanthin

acetone 10%
450
blank
(E*IcL450nm = 2460)

cryptoxanthin
my1000g

petroleum ether
(slit width = 0.5nm)

Q5 x

adsorption glass tube 19
Buchner flask adsorption
column

0 1 2-2.5
column
column 12
column 1
elution column petroleum  ether
petroleum  ether
(aliquot) 10 column
column acetone 5%  petroleum ether(eluent)
adsorption column
column
petroleum ether(gluent) 60-100
column
cryptoxanthin
volumetric flask 50
spectrophotometer

acetone 10%  petroleum ether
cryptoxanthin

x Dilution



104

lycopene
uv-visible spectrophotometer (Ranganna, 1978)

(Sartorious, L 4205)
Homogenized (Nissei, AM 7)
Filter with suction
Rotary evaporator (Buchi, RE 111)
UV-visible spectrophotometer (Shimadzu, UV-160A)

acetone BHT .005%
petroleum ether (b.p. 65-70 C)
anhydrous sodium sulfate (Na”*so4)
standard lycopene (Sigma)

I} lycopene stock solution ;- lycopene 25
petroleum ether 100 volumetric flask 500
petroleum ether 1 lycopene
50 working solution ; stock 25 volumetric
flask 250 petroleum ether 1
lycopene 5
2, working 10, 20, 30, 40, 50
60 volumetric flask 100 petroleum ether
lycopene 1 0.5, 10, 15,20, 25
30
3 calibration cur/e lycopene ( 2)
spectrophotometer 503 (slit wicith
= 0.5 nm) petroleum ether  blank

(Y (X
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I} 20 homogemzecrd
acetone 50 3 ,
vacuum filter carotenoids acetone  extract solution
2. extract solution separating funnel  petroleum etherlO-15
anhydrous sodium sulfate 5% 10
carotenoids acetone petroleum ether
3 separating funnel(acetone ) separating funnel
petroleum ether 10-15 (2) 3
acetone
4, carotenoids petroleum ether

volumetric flask 50 petroleum ether
aliquot (
15)  petroleum ether spectrophotometer
503 petroleum ether  blank
lycopene lycopene

lycopene - lycopene (jig/mll x Dilution

my1000y )
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nitrate ion electrode orion model, 92-07(Standard Methods for the Examination of
Water and Wastewater, 1989)

. Homogenized (Nissei, AM 7)
(Sartorious, L 420S)
pH meter (Scohtt, CG 840)
Double junction reference electrode
Nitrate ion electrode (Orion model, 92-07)
Magnetic sterrer teflon

=2 NN S o T Y ICRNY N N

1 stock nitrate solution anhydrous potassuim nitrate (KNQj) 721.8

1000 1 (N03-N) 443
1000
2. standard nitrate solution stock nitrate 4, 10 50
volumetric flask 100 l
10 50 (ppmA
3 sodium hydroxide 0.1 sodium hydroxide 4
1000
4, aluminium sulfate (A12504).18HX) 17.32
silver sulfate (Ag2508 343 boric acid (H3B03) 1.28 sulfamic acid
(HNS 3H) 252 800 pH 31001
sodium hydroxide 0.1 1000
1 calibration curve (NO3-N)
1 20 100
20
1

10 50



(semilogarithmic graph paper)
( linear, ordinate)

abscissa) (slope) 57+3/decade
2
20 100
20 f
potential
0

uv-visible spectrophotometer (Pearson, 1976)

1 (Moulinex, 588)

2 (Sartorius, AC 2109)

3 (Sartorius, L 420)

4. Homogenized (Nissei, AM 7)

5. uv-Visible Spectrophotometer (Shimadzu uv-1604)

1 oxalic acid (CH2 4. 2H2u) 04%
2 2,6-dichlorophenolindophenol 0012
3. ascorbic acid

ascorbic acid 0.1000 oxalic acid 0.4%

1 ascorbic acid 1

solution 12 3 4 5 volumetric flask
oxalic acid 04%

1234 s 100

107

potential
( logarithmic,

04 100

I0H

stock solution

100
" stock

1H

ascorbic acid
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1 oxalic acid 1 2,6-dichlorophenolindophenol 9

(olass tube)
Spectrophotometer 520 blank
L1

2 ascorbic acid 1 2,6-dichlorophenol

indophenol 9
Spectrophotometer 520 ascorbic

acid 1 9 blank
Lstandard

3

LI-Lstandard( Y) ascorbic acid(Ji - X)

I} oxalic

acid Lsample I
1:10)
2 L1 L1
3 Lsample Lstandard
ascorbic acid
4, L 1-Lsample
?

= ' (mg/100mlf) X Dilution

(mg/200ml)
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T (% Acidity”
titrate(glass electrode) (AOAC 15 , 1990 ; 942.15 B))

1 (Moulinex, 588)
2. pH meter (Scohtt, CG 840)
3 (Sartorius, AC 2109)

4. Incubator (Memmert, ULM 500)
B. Magnetic sterrer (Electrothermal, HS 2000 MK2)

6. Dessicator ( ertheim, GL 32)

I} sodium hydroxide(NaOH) 0.1 sodium
hydroxide 4 100 1000
standardized
standardized potassium hydrogenphthalate (C8H5K04)
120C 2 2.0423
100 potassium hydrogenphthalate
0.1 sodium
hydroxide
1 20
50
2 magnetic sterrer magnetic bar
3 sodium hydroxice 0.1 glass electrode
pH pH = 8.1+0.2

sodium hydroxide



%

Y%

NaOH X NaQH( mil X

(mi)

(milliequivalent of citric acid) = 0.06404

X 100



1-3

46

79
1-3
4-6
79
13
46
79

13

46



(correlation  analysis)

(correlation coefficient)K

1 " (+)
2, r> 08
r 05 < 03
r -1.00 +100  -1.00<r<+100
(r)
roo= n(ZXY) - (IX) (1Y)

{(Do-(1X)2)In(IY2(1X)2)



113

24 2508

.. 2536
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