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Appendix A

1. Chromatogram and standard curve of Naringin
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Figure A Al Chromatogram of standard naringin at 100 ppm
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Figure A 2 Chromatogram of standard naringin at 200 ppm
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Figure A Chromatogram of standard naringin at 300 ppm
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Figure A Chromatogram of standard naringin at 400 ppm
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Naringin Standard Curve
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2. Chromatogram and standard curve of Limonin

™~ VWO1 A, Vavelength=214 nm of UMONIN\GGO000010.0
mAU
a_
G_
4
2 B
0
0 y 10 50 min
R ST
Sorted by Retention Txme
Multiplier
Dilution
Signal 1: VWDl A, Waveleng
Peak RT Sig Type A Aped | 2l Hei Area
# | [min) o [ mAU* J’ : |
1 I-==1= | . Wrepsp
i ! 0.750 1 I — = 329C - " 25.9961
2 1.074 1 y / 8.1870
3 J..728 i 3 ) 8.6170
4 1.803 i 5.4841
5 22.828 b 4 | 2 . 385e- 'j] 51.7158
dl
Totals : 47.45303 4.36626

ﬂ‘lJEJ’J‘VIEWl‘ﬁWEJ’]ﬂ‘ﬁ
ammnimumwmaa

Figure A Chromatogram of standard limonin at 2.5 ppm
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Figure A 9 Chromatogram of standard limonin at 7.5 ppm
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Figure A Chromatogram of standard limonin at 12.5 ppm
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Figure A 11 Chromatogram of standard limonin at 17.5 ppm
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Figure A Chromatogram of standard limonin at 22.5 ppm
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Limonin Standard Curve

Peak area (mAu*s)

Figure A 14 Standard curve
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Table A 1 %Recoveries of naringin of initial and reused Extra Sep C-18
cartridge

%Recoveries
Replications Initial C-18 column 1* Reused C-18 column 2"Reused C-18 column
1 75.60+0.17 78.2010.62 71.60+0.95
2 85.47+2.05 66.70+1.57 67.50+1.06
3 82.90+2.38 84.97+0.55 : 87.60+0.98
. Average 81.32+5.11 6;62+9.23 75.57+10.62
%C.V. 6.29 14.06

erent at 5% level by Duncan's

Table A 2 % Recoveri f initial Extra Sep C-18 column
¥
Replications Initial C- ol . éd » u 2™Reused C-18 column
1 so.72514f812 f 1) 69.1762£0.319
2 84.08510.286 ' 4| &) 0. 66.559£0.152
3 82.72010.2 p .: " g0i300. 7 64.86410.283
Average 83.17610.785" ""éi 78 32 66.866+2.172
%C.V. 0.944__do At SIS 3.248

Note: a, b, c means with’ % level by Duncan's

multiple range test with thrée replicati e
| Iy

TableA 3 Limonin conténts,of each sample juice

ﬁﬂ%lf”ﬁl RINAS
Sam Iqll | Li 5 m)—g I !O\\lergge %C.V

A TR T s

Juice chilled at 6 °C for | 4.010 | 4.081 | 4121 | 4.071%+0.057° 1.40
24 hours
Pasteurized juice 4526 | 4579 | 4.703 | 4.602+0.091° 1.97

Note: The samples were analyzed with three replications.
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Table A 4 Limonin contents at each heating temperature

Column Limonin(ppm)
Heated at 60°C Heated at 70°C Heated at 80°C
for 15 min for 15 min for 15 min
1 7.864 8.202 8.285
2 7.916 8.217 8.188
3 7.916 TR 8.330
= I
Average 7.89910.03% &“ : .ﬂ;;. y 8.26810.072°
——— n
%CV 0.376 — 0.693 . 0.878

Note: a, b, c means with the sa S are SiQ nt at 5% level by Duncan'’s
multiple range test (n= 3), When naepresents > ¢ .

Table A S Limonin é € juice of each heating time

 “Heating \\ n)
in 15 min
! RS E 9.3792
P ESRSS—— E— ¥,
2 ’” xd| 9.5625
8 : a 9.8336
Average+SE 9.0451£0.13° 9.258010.14 9.5917+0.2286"
AUINUNT
%CV 1} 1.44 1.51 2.38

test anal

Sl 1 E N RIT R AT 1 e
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Table A 6 Operating cost for B-CD polymer column (Laboratory scale)

Iltem Uniit Quantity Cost/unit Cost (%)
(Bahts/unit) (Bahts)

a) Tangerine fruit kg 1 10 10 0.826
b) B-CD polymer g 3 400 1,200 99.07
c) NaOH N 1.06 0.0857
d) Electricity 0.016  0.0013
e) Water . 0.0 0.2 0.017

1,211.276

Total cost (Bahts/column) //m N\\\

Practical maximum capagi / -@ mﬂﬁ k olymer) 0.8088
Productivity (ml juice/col Iif / ;— ’ “ 21

Note: The dimension of bed = 4.2 cm id.

ﬂﬂﬂ?ﬂﬂﬂiﬂﬁl’]ﬂ‘i
qmmﬂimum'mmaa



Appendix B

Calculation of limonin content in tangerine juice

Standard limonin equation : Y = 9.5466 * X

Slope (S)

Il
©
»
B
(o2}
(o]

When Y represents

X represe

From HPLC analysis

Peak area of the i

Thus limonin concentra s r," f_ - P/S ppm or pg/ml

The 3 mi of extrg prepared frol piguice

*(Pg
AU INENTNEINS

RIANIUNRIINY1AY

Finally, limonin content in/the sample
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Appendix C

Statistical Analysis
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Table C 1 ANOVA for the study of regeneration of Extra-Sep C-18 column for

naringin determination

SOURCE DF SUMOESQUARE MEANGQUARE FVALUE  Pr>F

Model 2 0.38 0.7012
Error 6

Corrected total 8

Duncan’s Multiple Rangg

Duncan Grouping Between group

1.

]-
| - -

A T . initial use

.ll
|
¥

t
1% reused

ﬂumwamwmm e

A

Qﬁ?@ﬁﬂimmﬂﬂﬂﬂqﬂﬂ

R-square®
C.v. 11.10957
Root MSE 8.64743

Data Mean 77.8377
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Table C 2 ANOVA for the study of regeneration of Extra-Sep C-18 column for

limonin determination

SOURCE DF SUM OF SQUARE MEAN SQUARE F VALUE Pr>F
Model 4 24.0324220 6.00810551 162.61 0.0001
Error 22 0.81285021 0.03694774

Corrected total 26 24.84527"

Duncan’s Multiple Ra

Between group

0. 967

Ff““ﬁ'mwswmm

Root MSE 0319221

DataMQnWWﬂﬂ‘iﬁu UNIAINYAY

R-square



Table C3 ANOVA for the study of limonin content in the fresh, chilled and

pasteurized juice.

156

SOURCE DF SUM OF SQUARE MEAN SQUARE FVALUE Pr>F
Model 2 0.689 0.344 87.21 0.0001
Error 0.024_ 0.004
Corrected total
Duncan’s Multiple
Duncan Grouping / “ M \ Between group
A 3
B W ===E0E= 2
B 1

o ?fTJEJ’JVIEJVﬁWEJ’m'i

CV

RootMaW’lMﬂ‘iﬂJ UNIAINYAY

Data Mean 4.215
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Table C 4 ANOVA for the effect of temperature on limonin content for juice

preparation
SOURCE DF SUM OF SQUARE MEAN SQUARE F VALUE Pr>F
Model 2 2.14192689 1.07093644 40.65 0.0003
Error 5 0.15808333 ~0.02634722

Corrected total

Duncan’s Multiple Ra

Duncan Group

Between group

A 3

A 2

B 1
R-square 0.931268 ¢ . 'y,

o QHEINUNTNYINTG
=@ RARINTUUNIINYINY

Data Mean 23.59455



Table C 5 ANOVA for the effect of heating time on limonin content for juice

158

preparation
SOURCE DF SUM OF SQUARE MEAN SQUARE FVALUE  Pr>F
Model 2 4121236522 2.03031811 7.82 0.0213
Error 6  1.58139467 0.26355578

Corrected total 8

A

Duncan Grouping // N Between group
A N
¥ W\
J

AB

R-square 0.722690 ¢a

o RUEIMENINYING
RTINS NN INGAE

Data Mean 27.8931
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Table C 6 ANOVA for the optimum of batch process for debittering

SOURCE DF SUM OF SQUARE MEAN SQUARE FVALUE Pr>F
Model 7 14862.9180722 2123.2740103 87.56  0.0001
Error 36 873.003555562 24.25009877

Corrected total 43 15735.9216279

SOURCE DF SUM.QESQUA QUA F VALUE Pr>F

Temp 1 27.63 0.0001

Conc 1 562.59 0.0001

Temp*Conc 1 17.95 0.0002

Time 1 2.66 0.1118

Temp*Time 1 2817 0.22 0.6426

5.311281 T 7

Conc*Time 1 "';

T 093 0.3413

]
Temp*Conc*time1 ,B.39672 +22.396722 jrﬂ 0.92 0.3429
ﬂMJ’J‘ﬂB‘ﬂ‘iW e1nN9
7 97730

Rootmﬂ RIBANTUNAINE A Y

Data Mea 61.57295
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Table C 7 ANOVA for the effect of rotor speed and mixing time on limonin

reduction in tangerine juice by 3-CD polymer

SOURCE DF SUM OF SQUARE MEAN SQUARE F VALUE Pr>F
Model 5 32.35433294 6.47286659 515 0.0093
Error 12 15.06118200 1.25509850
Corrected total
Time 7.48 0.0078
Speed 0.79 0.3928
Time*Speed 502 0.0261
Duncan’s Multiple Range
Duncan Grouping Time
A 2
B 3
69.431p , 6 p
N e1NS 9 "N\ S
R-square y ile
L2

o RN TUNNINE

Data Mean 70.34105
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Appendix D

1. Capacity of B-CD polymer in limonin adsorption for batch process
at the optimum condition

Initial limonin content in juice load = 7.34 ppm
Juice load

Amount of B-CD polymer uset

Thus Amount of limonin 68 x 184 = 125 g

:'-_ g limonin/g B-CD polymer

D.17 mg limonin/g B-CD polymer

2. Capacity of B-ﬂ) polymer column in limoﬂn adsorption at the

A N aNINYINg

Initial limonin cofifent in juice load = 8 70 ppm

J”'”'@W’m\ﬂﬂ‘mmﬁq’mma d

Amount of B-CD polymer used

Total limonin in 100 ml juice 870ug
% limonin reduction of batch = 94 %

Thus Amount of limonin adsorbed by B-CD polymer = 0.94 x 870 = 818 llg
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Capacity of B-CD polymer in limonin reduction = 818 /3
=273 Mg limonin/g B-CD polymer
=0.27 mg limonin/g B-CD polymer

3. Capacity of B-CD polymer column in limonin adsorption at
practical maximum load

Basis : 1 column operatm | maximum loa@tial limonin content in juice

was 10.11 ppm

Productivity of the la
At maximum load, it prod f debittered juice
Flow rate

Process time for 240 ml load dndared - B8 utes or 11.43 hours / colurmn

Productivity of labora ;,;;:_..;'.;—-_—_...ﬁ_____‘ e/ column / 1.43 hours
\ Y

T
E = 21 mljuice/colu wh/hour

admﬁlyﬂamﬂm lE
IR AT A A R

808.8 Lig limonin /g B-CD polymer

I

0.81 mg limonin /g B-CD polymer



4. Capacity of XAD-16 in limonin adsorption at the optimum
condition

Initial limonin content in juice load = 10.11 ppm

100 ml

Juice load

Amount of XAD-16 resin used = 56¢g

Total limonin in 100 ml juice
% limonin reduction of batch
011 =1011 pug

Thus Amount of limonin adsorbed &

Capacity of B-CD polymg

]
AULININTNEINT
ARIAATUAMINYAE

limonin/ g XAD-16 resin

onin/ g XAD-16 resin
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