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1 (/ acidity) (AOAC.1995)
1) sodium hydroxide (NaOH) 0.1 N

2) phenophthalene

5 5 mi flask 250 ml
50 mi sodium hydroxide 0.1 N
phenophthalene

% acidity (as citric acid) = (N* vV* 0.7* 100) / sample(g or ml)

N 1 ' (N) sodium hydroxide
Vv (ml) sodium hydroxide
2 (TSS)
TSS (°brix) Hand Refractometer 0-32°brix
3 - (pH) (A0AC.1995)
?
pH pH meter (Schott CG 825)
(standard buffer) 4 7
4 ;
(% alcohol insoluble solid %A|S) Ranganna (1978)
(
2%) %AIS @

? alcohol solution 80% (ethanol 80%)



1) ( ) 10-20 g 600 ml
alcohol solution 80% 300 ml aluminum foil
hot plaie 30
2) residue alcohol solution 80%
3) solid dry disk 100°c 2
4) desiccator
(AIS) = - dry disk -

%AIS = (AIS/ sample weight)*100

(viscosity)
Brookfield viscometer DVI 1
60 rpm cPs
.6 (AOAC.1995)
(ascorbic acid) pKa= 4.17 ascorbic acid

Oxidation-reduction 2,6-dichlorophenoiindophenol(dye)

ascorbic acid + dye(indicator) —> dehydroascorbic acid + dye(colorless)

2,6-dichlorophenolindophenol(dye)

ascorbic acid + dye(excess) —>

metaphosphoric acid-acetic acid
oxidation interference
1. metaphosphoric acid-acetic acid solution
metaphosphoric acid (HPO3) 60 g 800 ml glacial acetic

160 ml 2

7 (HP03—> H3P 04

86

auto-

acid
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2. indophenol standard solution
2,6-dichlorophenolindophenol sodium salt 250 mg 1sodium bicarbonate 210 mg

250 ml 1

3. ascorbic acid standard solution

ascorbic acid 50 mg 1 (HPOj-HOAC) 50 mi

standardization of indophenol solution
1) ascorbic acid standard solution 2 ml flask 125 ml HPOj-HOAc 5 ml

indophenol solution

2) blank HPO3HOAc 7 ml
@)
3) indophenol standard solution ascorbic acid
(mg) indophenol standard solution 1 ml
1) : 100 g HPO3HOAc 80 ml blender 2
HPO3HOAc
100 mi 20 mi flask 125 ml HPO3HOAc 5 ml
indophenol standard solution
2) : 1 10 ml HPO3HOAc 2 ml indophenol
standard solution
3) blank HPO3HOACc
mg ascorbic acid / g sample = (X-B)* (F/E)*(V/Y)
X indophenol standard
B indophenol standard blank
F mg ascorbic acid indophenol standard 1 ml
E )
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mg ascorbic acid / ml sample = (X-B)* (F/10)

X indophenol standard
B indophenol standard
F mg ascorbic acid

blank

indophenol standard 1 ml

7 ‘ non-enzymatic browning Ranganna(1978)
? 420
alcohol (absolute ethanal)
1) 10g 10 mi
absolute ethanol 30 ml (Whatman No 1)
420 60% blank
2) (centrifuge)
2000 g 15 20 mi absolute ethanol 30 ml
(Whatman No 1)
420 60% blank
8 (total carotenoids) ' ((3-
carotene) Ranganna(1978) (2538)
1

acetone (AR grade)

petroleum ether (AR grade, b.p. 65-70°C)
anhydrous sodium sulfate (Na2504 1AR grade)
potassium hydroxide (KOH, AR grade)

ethanol (AR grade)

2. mobile phase
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acetonitrile (HPLC grade)
methanol (HPLC grade)

dichlorometane (HPLC grade)

mobile phase acetonitrile : dichlorometane : methanol 70 :30:20
3. standard p-carotene (Sigma)

HPLC

453 1
flow rate mobile phase 1.00 ml / min

injection volume 10.00 ul

runtime 15 minutes

? 1 (standard curve of P-carotene)
1 P-carotene stock solution
25 mg chloroform 2.5 ml petroleum ether
volumetric flask u 250 ml 0.1mg/ml
100 ug/ml
2. stock 10 mi volumetric flask 100 ml
100 petroleum ether 10 ug/ml
3 2 5,
10, 20 50 mi volumetric flask 100 mi 100 ml
petroleum ether 1ml 0.5,

1.0,2.0 5.0 ug/ml

4.

453 Spectrophotometer

HPLC

10 g ( ) 10-20 ml (

ot acetone 10-15 ml



acetone

petroleum ether

acetone

Separatory funnel

petroleum ether 10-15 ml petroleum ether
acetone Na2S04 anhydrous
petroleum ether
evaporator) saponification ( fatty acid
) 10% KO+ methanol
petroleum ether
Rotary evaporator mobile phase
mi
1) (as beta-carotene)

453

2)

Spectrophotometer

HPLCt
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(Rotary

10



SCV df
Ls as
specific 3 66.866rs  77.242*
gravity
error 8 17.930 2.687

sov :source of variance

MS :mean square

*

ns

2
SOV d,
TSS %TA
specific 3 49.423* 2.475*
gravity
error 8 0.681 0.031

ns

( .as 9 (Lpap,bp
MS
bS tp ap b P
211.978* 54958 118.151* 611.164*
27.901 5411 7.200 18.220
(P<0.05)
(P>0.05)
TSS, %TA, pH, %AIS
MS
pH %AIS
0.246* 44.716* 1.375*
0.007 0.661 0.024
(P<0.05)

(P>0.05)



SOV

CaC2
time
CaC2 time

emor

SOV

CaC2
time
CaC2 time

emor

(Lsas, 3

CaC2:

L» as bS Lr 3P

2 23.978* 56.058* 43.800*  2.298rs 5.593rs
5 353.050* 380.232* 845.577* 39.007* 244.363*
10 2.592rs 14.153* 12.351*  4.456rs 8.006*

18 3.362 2.498 2751  14.364*  77.239*
* (p<0.05)

(PX3.05)

92

(Lp.a.b)

b P

120.984*
1103.889*
62.542*

6.251

TSS, pH, %TA, %AIS total

carotenoids CaC2:
5

df MS

TSS pH %TA %AIS
2 12.431* 0.156* 1.084* 1.232*
5 75.389* 1.701* 9.337* 76.017*
10 0.597* 0.044~ 0.189* 0.071'rs
18 0.189 0.004 0.046 0.212
* (P<0.05)

(p>0.05)

total

carotenoids

543.885*

3469.244*

160.616*

7.837



SOV

aging time

error

SOV

aging time

error

SOV

processing

error

df

df

df

CaC2

0.723rs

0.519

viscosity
103.979*

4.374

93

(L,a,b)

34 5
MS
a
0.129* 1.308*
0.008 0.025
(p<0.05)
(P>0.05)
viscosity total carotenoids
CaC2 3 4
MS
total carotenoids
67.180*
0.012
(p<0.05)
(p>0.05)
(La, )

(fresh juice, heated juice, pasteurized juice)

1.193rs

1.452

MS
a
0.580* 4.964*
0.035 0.061
(P<0.05)

(P>0.05)



SQoV

processing

error

SOV

processing

error

.10

SOV

vitamin ¢

error

enzymatic browning

d,

TSS
2 0.031*
6 0.004
*
ns

df

df

total carotenoids

235339.560*

922.203

1.748*

94

TSS, pH, vitamin C non-
MS
pH vitamin ¢ ncn-enzymatic
browning

0.00014rs 9.335* 0.00110*
0.00006 0.002 0.00002

(P<0.05)

(P>0.05)

total carotenoids beta carotene

MS
beta carotene
6294.190*
386.303
(P<0.05)
(p>0.05)
(L,a,b)
MS
a b
0.101rs 0.220rs
0.150 0.333
(P<0.05)

(p>0.05)



SOV

vitamin ¢

error

A2

SQoV

vitamin ¢

error

A3

SOV

vitamin c

error

95

TSS, pH, vitamin C non-

enzymatic browning

Df

TSS

0.114*

0.178

MS
pH vitamin ¢ non-enzymatic
browning
0.07700* 648.993* 0.000007
0.00009 0.072 0.000015
(P<0.05)
(P>0.05)
total carotenoids beta carotene
MS
total carotenoids beta carotene
1275.942"8 922.048"5
1714.703 377.346
(p<0.05)
(P>0.05)
( .ab)
80-85°C 5
MS
L a b

4.476* 0.081rs 0.00013rs
0.581 0.126 0.67300

(P<0.05)

(P>0.05)
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14 TSS, pH, vitamin C non-

enzymatic browning

80-85°C 5
SOV df MS
TSS pH vitamin ¢ non-enzy matic
browning
vitamin ¢ 2 0.148* 0.10700* 591.875* 0.00019%
errer 6 0.016 0.00006 0.265 0.00003
* (p<0.05)
ns (P>0.05)
A5 total carotenoids beta carotene
80-
85°c 5
SovV D, MS
total carotenoids beta carotene
vitamin ¢ 2 6623.178* 4195.053*
error 6 117.731 466.266
* (P<0.05)
ns (P>0.05)
A6 : (L,a,b)
15
SOV Df MS
L a b
vitamin ¢ 2 6.850* 3.883rs 0.375rs
error 6 3.958 3.958 0.618
* (p<0.05)

ns (P>0.05)



A7

SOV

vitamin ¢

error

18

SOV

vitamin ¢

error

19

Ko\

light
time
light * time

error

97

TSS, pH, vitamin C non-

enzymatic hrowning

df

ns

df

14

15
MS
TSS pH vitamin ¢ non-enzymatic
browning
0.093* 0.07400* 586.41* 0.000057*
0.002 0.00003 0.167 0.000020
(p<0.05)
(p>0.05)
total carotenoids beta carotene
15
MS
total carotenoids beta carotene
54507.607* 4194.743*
431.142 171.079
(P<0.05)
(p>0.05)
(L,a,b)
MS
L a b
0.682rs 0.387* 1.862*
9.244* 2.480* 20.272*
0.180* 0.159* 1.302*
0.162 0.045 0.388
(p<0.05)

(P>0.05)
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SQV

light
time
light * time

error

21

Nie)

light
tine
light * time

error

98

TSS, pH, vitamin C non-

enzymatic browning

d, MS
TSS pH vitamin ¢ non-enzymatic
browning
1 0.00036rs 0.00143* 0.78400* 0.001210*
6 0.54800* 0.11800* 14.86300* 0.005400*
6 0.02120* 0.00015rs 0.25700* 0.257000*
14 0.00536 0.00009 0.00663 0.000006
* (P<0.05)
ns (P>0.05)
total carotenoids beta carotene
D, MS
total carotenoids beta carotene
1 73822.814* 11164.428*
6 652647.484* 124214.075*
6 2488.909* 920.275*
14 112.130 132.497
* (p<0.05)

ns (p>0.05)



.22
SOV d,
L
vitamin ¢ 1 11.791*
time 6 7.214*
vitamin ¢ * time 6 0.867'ls
error 14 0.307
*
23
enzymatic browning
SOV d,
TSS
vitamin ¢ 1 0.116*
time 6 0.256*
vitamin ¢ * time 6 0.125*
error 14 0.007

99

(La, )
MS
a
0.020rs 35.469*
2.122* 12.630*
0.071rs 1.622*
0.033 0.380
(p<0.05)
(p>0.05)
TSS, pH, vitamin C non-
MS
pH vitamin ¢ non-enzymatic
browning
0.04166* 5968.100* 0.000086*
0.04620* 20.650* 0.005050*
0.01550* 3.087* 0.000086*
0.00004 0.039 0.000012
(p<0.05)

(p>0.05)
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SOV df
vitamin ¢ 1
time 6
vitamin ¢ * time 6
error 14
*
ns
25 :

SOV df
temperature 2
time 6
temp. * time 12

error 21

ns

total carotenoids

100

heta carotene

MS
total carotenoids beta carotene
401823.577* 128390.349*
632756.988* 120893.100*
3135.874* 1018.020*
529.719 109.178
(P<0.05)
(p>0.05)
(La,)
4°c, 27°c 45°c
MS
L a b
19.961* 2.817* 13.597*
4.489* 5.490* 26.980*
0.435* 0.506* 0.649*
0.081 0.040 0.080
(p<0.05)
(p>0.05)
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26 TSS, pH, vitamin C non-

enzymatic browning

4cC, 27°C 45°c

sov d MS
TSS pH vitamin ¢~ non-enzymatic
browning
temperature 2 0.277* 0.05460* 2.157* 0.04990*
time 6 0.082* 0.15000* 15.927* 0.01640*
temp. * time 12 0.064* 0.00210* 0.227* 0.00350*
error 21 0.021 0.00007 0.014 0.00002
* (P<0.05)
(P>0.05)
27 total carotenoids beta carotene
4°c,
27°c 45°c
sov d MS
total carotenoids beta carotene
temperature 2 35963.156* 12424.252*
time 6 318912.030* 140735.940*
temp. * time 12 4072.017* 3618.858*
error 21 185.449 56.897
* (p<0.05)

(p>0.05)
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SOV df
L
vitamin ¢ 2 0.910*
time 6 0.942*
vitamin ¢ * time 12 0.141*
error 21 0.044
29
enzymatic browning
SOV Df
TSS
vitamin ¢ 2 0.004rs
time 6 0.061*
vitamin ¢ * time 12 0.026rs
error 21 0.030

(La )

4°c
MS
a
0.144rs 0.804*
2.013* 10.930*
0.073rs 0.424*
0.042 0.118
(P<0.05)
(P>0.05)
TSS, pH, vitamin C non-
4°c
MS
pH vitamin ¢ Non-enzymatic

0.07170* 2631.406*

0.01200* 65.334*

0.01220* 10.096*

0.00009 0.183
(p<0.05)

(P>0.05)

browning
0.00150*
0.00500*
0.00007*

0.00001
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SOV

vitamin ¢
time
vitamin ¢ *time

error

ns

4°c

total carotenoids

total carotenoids
62437.032*
69958.857*
2571.256*
230.277

103

beta carotene

MS

beta carotene
40520.372*
185890.940*
1018.310*
84.288
(p<0.05)
(p>0.05)



22
2
18
16
'«: 14
< 12
z 1H
?
®08 4
06 4
04
02 4
5 10
A
(ug/ml)
0.50
1.00
2.00
5.00
10.00

20.00

r =0.9989
y=0.113 x + 0.0283

15 20

(ug/ml)

. (as beta carotene)

453
(spectrophotometer)
0.0902
0.1536
0.2595
0.5989
1.1525

2.1465



9 000e+005
SO0:+0B
7000c’ 005
6.000e+0C5-
5 000e+005
#0000
3.000e+006
21100eX006

1000e+005

-1.000e-1005

0.00

2
Name
beta-carotene
beta-carotene
beta-carotene
beta-carotene
beta-carotene
beta-carotene
beta-carotene
beta-carotene
beta-carotene

beta-carotene

1™ 20 3w

value(ug/ml)

0.50000
0.50000
1.00000
1.00000
2.00000
2.00000
5.00000
5.00000
10.00000

10.00000

Calibration Plot

4.00 5.00

Amount

response
38274.4872
40749.8786
78697.9496
78409.8993
147799.3856
150085.6284
389617.4971
392880.7096
791134.7003

794560.7605

0.00

r =0.999712

7.00 8.00

900

calc. value(ug/ml)

0.48490
0.51626
0.99703
0.99338
1.87248
1.90145
4.93610
4.97745
10.02297

10.06637

1000

HPLC

-3.019

3.253
-0.297
-0.662
-6.376
-4.927
-1.278
-0.451

0.230

0.664

%deviation
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Auto-Scaled Chromatogram
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