CHAPTER II
MATERIALS AND METHODS

2.1 Equipments

1. Analytical sieve 60, 80, 120 and 170 mesh and receiver. Retsch, F.Kurt

Restch GmbH & CoKG, Germany.

2. C-18 column (250 NA 5um i.d., Phenomenex, U.S.A
3 facturing Crop. U.S.A

4,

5.

6.

7.

8 0.45 micron, 1.3 mm i.d., Sartorious

—_,
9.

h@mcua Biotech. Sweden

10 Refﬁeﬁﬁw @dﬁgeﬁﬂ; ﬁn%entlnc.,U.S.A.

¢trophotometer : Jenw§y UV/VIS 6400, England

fr] ma»m SRRIANYNAY

13. Vortex: model K-550GE, Scientific Industries, U.S.A.
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2.2 Chemicals

1. Acetonitrile (HPLC grade): Scharlau, Scharlau Chemie S.A., Spain.
2. Amberlite XAD-16 resin: Rohm and Hass, Philadephia, U.S.A
3. PB-Cyclodextrin epichlorohydrin copolymer gift from : Cerestar U.S.A., Inc.,

Indiana, U.S.A.

4. Hydrochloric acid: Merck,

5. Methanol (HPLC grz cn__‘ fau, SGhauad’ Chemie S.A., Spain.
6. Sodium Hydroxide pelleis
7. Standard Limonil

8. Standard Naring

AU INENINYINS
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2.3 Sample preparation

No.3 commercial size of Thai tangerines, harvested from an orchard at Rangsit,
Pathumthani province, were purchased from a local market in April — June, 2000.
The fruits were washed and cut in half, then extracted with laboratory juice extractor.

The tangerine juice was kept at -20 °C and thawed before used. All sample were

centrifuged to remove pulps before:

2.4 Determination of naringi

2.4.1 Determinat
The na v E‘" od by everse-phase HPLC method

using analytical urin’ (octade -yl silane emically bonded to < 10 lm

acetonitrile as rgbile and

ﬁum%mwmm

The naringin étandard curve was establlshed The standard

A VAR B LRI B v e o
in acetonitrile (HPLC grade). Twenty pl of each concentration was injected

onto C-18 column and run at the condition described in 2.4.1 Appendix

A1-7 shows the chromatograms of standard naringin at 100 - 600 ppm.
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The naringin standard curve, shown in Appendix A 7, was plotted
between standard naringin concentrations and peak areas, representing
by axial X and Y respectively. The equation derived for the naringin

standard curve was shown in Appendix A (Figure A 7).

2.4.1.2 Preparation of naringin extract by solid phase extraction

tangerine j ; 7 1drop/20sec) passed through the column.
The sugar Vqrﬂf_' y the column with 3 ml of 10%
methanol. i ne glycosides including naringin were

methanol (HPLC grade).

The nariin
NEATEMS NN

2.4.2 Detérmination of llmomn content by HPL

AW AT TINE T =

usmg analytical C-18 column (octadecy! silane chemically bonded to < 10 1m

ough 0& pm nylon filter membrane

porous microsilica packing, 250 mm x 4.6mm i.d. ) as recommended by Mozaffar
et al (2000). HPLC analyses were performed with HP series 1050 4 pumps

(shown in Figure 16). The chromatographic conditions: 40°C  column
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temperature, pressure 120 bar, and flow rate of 1.0 ml/min using 37% acetonitrile

as mobile phase. Detection was done at 214 nm.

L
o™

- P

I
&

Figure 16 HPLC (Hewlett Packard Series 1050 with 4 pumps)
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2.4.2.1 Standard curve of limonin

To prepare 25 ppm of limonin standard solution, 1.25 g of limonin
crystal (Sigma) was dissolved in 50 ml of acetonitrile (HPLC grade). The
standard limonin was diluted with 37% aqueous acetonitrile aqueous to
various concentrations (2.5, 7.5, 12.5, 17.5, 22.5 and 25 ppm).

Twenty pl of
injected onto

e tration of standard limonin solution was

analyzed using the condition

‘ '_"'Mu standard limonin solutions

. :f i I " . . . . .
curve which was ‘uséc cstimy he limonin content in juice sample

l-'"

was shown in Ap N

2.4.2 Zmeparation of limonin extract ]D

AUEInETIRD Y

namely %sorptlon (solid phas°e extraction) and partition (solvent extraction).

VATV B ol bt oAV bcion s

(Shaw and Wilson, 1984)

An Extra Sep C-18 column (Lida®) was fitted at one end
of the column with an adapter and was connected to a vacuum

manifold as illustrated in Figure 17. The column was activated
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consecutively with 2 ml acetonitrile (HPLC grade) and 5 ml
water. Three ml of the clarified tangerine juice was then slowly
passed through the Extra Sep C-18 column (0.35 ml/min) and
followed by 3 ml of water to remove sugar. Eventually, it was

slowly flushed with 3 ml of acetonitrile (0.35ml/min) to collect the

i al’ ‘ ) AL Q
’5’
TTY— e@rtorious, Germany) before

e

¥
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Figure 17 Limonin separation wsing Extra Sep C-18 and vacuum manifold

(12 ports)
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2.4.2.2.2 Limonin extraction by solvent extraction (SE)
(Mozaffar et al., 2000)

Mozaffar et al (2000) recommended to heat the juice in
40% aqueous acetonitrile at 90°C for 5 min (1:1 dilution), in order
to dissolve any precipitated limonin and convert all limonin

precursors to limonin before HPLC analysis.

2.5 Evaluation of reliability of |

Two hun . of li d solution (100 ppm) were
passed through thes ol ) » 2 ml of acetonitrile (HPLC

grade) and 5 m! s el was then washed with 3 ml

would be th VV.:::::-:::::--.--—----——--1 ------ A \J mn. Before reused, the

Extra Sep C-18- ‘olumn was regenerated by wasrﬂ; with 5 volumes of 2 ml of

oG YT 12171

2.5.2 Reltability of the methed for limonin, determination, ,
o VAT b g il Vi 2t EJ'}@%J imonin was

prepared at the concentrations of 0.1, 0.2, 0.3, 0.4, 0.5 and 1.0 ppm. One ml of
each standard was passed through the preconditioned Extra Sep C-18 column

at the flow rate of 0.35 ml/min, then washed with water and acetonitrile (HPLC
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grade) respectively as described previously in the section of 2.4.2.2.1. The
limonin extract from the column was analyzed by HPLC.

For assessment of the precision of the method, five replications were
assayed and reported as % C.V. that should be less than 10. Accuracy of the
method was represented by % recovery of limonin in the eluant.

, ¢'study of limonin reduction
e ption conditions

Before exp opti ‘w juice preparation for the

limonin reductiOK oY \ e treated at the general

consumption conditiéns/e.g. fresh juice, ¢ ‘ L 'ce (at 6 °C for 24 hours) and

2.6 Optimization of juice prepa

2.6.1 Limonin conte

pasteurized juice > minat vere explored. These samples were

derived from the s of fresh tangeri juice but were treated at different

debittering, the jUI(i,e was heated at 60 70 and 80 °C for 15 min and centrifuged

at 4° Cﬂ) u ﬂr\’a w &1 nﬁhw &l\asﬂ id through Extra-Sep
TRTANT TN TRy

separatlon as a procedure described in the section 2.4.2.2.1, the sample was
injected onto HPLC as mentioned in the section of 2.4.2 for determining limonin

content.
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2.6.3 Effect of heating time on limonin content in Thai tangerine juice

To estimate the effect of heating time on limonin content in tangerine
juice, the juice was heated at the appropriate temperature from 2.5.2 for 5, 10
and 15 min respectively. Then the limonin was separated using Extra Sep C-18
column and determined by HPLC (2.4.2).

NS *,}amum condition for juice preparation

should be at the lowest temp ture time, which could completely

Slymer;, o ined as a gift from Cerestar

company, i AL we hed

5
!

ith acetone. The acetone

concentration was decredsed 'm“ 1( ) % with water by 10 % decrements.

The B-CD polyme with 10 X 75 ml of water until

Y ' ' &'\-‘
pH of the solum\ - X75 ml of ethanol and dried.

This method was régemmended by Alan Hedge, the director of Cerestar U.S.A,,

. UEINENINEINT
G i UM LARE

Two debittering processes were employed in this study.

2.7.2.1 Batch process
For the batch process, 0.25, 0.75 or 1.25 g of B-CD polymer was

added to 25 ml of preheated clarified juice sample (1, 3 and 5g%B-CD

polymer). The resulting mixture was magnetically stirred at cold room
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temperature (6 °C) and room temperature (~30°C) for 0.5, 1.0, and 1.5
hour respectively. The experiment was designed as 3x3x2x3 factorial
design. At designated time, the polymer was removed by filtration
through 170 mesh screen. After that the treated juice was passed

through Extra Sep C-18 column in order to separate limonin before

determination by in 2.4.2.2.1 and 2.4.2 respectively.

-de@cess.

\ ion of the batch debittering
'Q< yle \\\ - vestigated by varying into
' ‘a Ne \ ] r model MR3003 Heidolph,

Germany) u ﬁk -. \ w the above studies.

Figure 18

AL
2.7.2.2 Coluiin process - |

The process was-conducted al temperature (~30°C). Three grams
) --'tf—'c.-'t.'fk:: R b f

)
of B-CDjpol 0.03 g p-CD 5ed| volume) from 2.7.1 were

suspend@d in water for 30 minutes and werﬂ)acked in glass column (12

A JEIRVT TN L ITIT Y —
Q Wﬁ fi @ﬁ %ﬁj"i] Iumfnﬁ" ﬁhb'a‘ed with water for 1 hour

before loading 100 ml of sample juice at the same ﬂow rate. Five ml
fraction of debittered juice fraction was collected and subjected to the
determination of limonin content. The column process was illustrated in

Figure 13 B.



B) Debittering by column process

Figure 18 Batch and column processes
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2.7.3 Practical maximum load of B-CD polymer column for debittering

process

To study the practical maximum load of B-CD polymer column for
debittering process, the B-CD polymer was packed into the column as
mentioned in section 2.7.2.2. Various amount of sample juice was loaded onto

ebittering profile. Estimation of the practical

)e amount of the limonin in eluant
;
\

the column and analyzed for th

was based on the cri

should not exceed

2.7.4 Regencr

For re ‘was treat | (3 Bed volume) of water,
action was limpid (determined
inally the B-CD polymer was

washed with absolut et ..m ind dr air before reused (Shaw and Wilson,

—*;!--'*."--"“"i N 2 ; 2

2.8 Comparison of limg

XAD-16 resin co 'l n

Fﬁfﬁ % EWT%WET’T?T?WSW% adsorbent

avallabla"n commercial deb;ttfnng process was used for companson with 3-CD

ol bl S AARAINYAY

2.8.1 Resin preparation

1983).

D polymer column with

XAD-16 resin was prepared before used by Mozaffar et al (2000)
method. Five point six grams of XAD-16 resin  (80-120 mesh particle

size) were swelled in excess water for 30 min. (with 0.56 g resin/ml)
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followed by 50 ml of 95 % ethanol before placing into the glass column
(20 cm x 1.2 cm i.d.). Atthe flow rate of 0.35 ml/min, the XAD-16 column
was treated with 50 ml of distilled water followed by 50 ml 0.5 N HCI, 50
ml distiled water, 50 ml 0.5 N NaOH and 50 ml distilled water

respectively. The sample juice was preheated and clarified by

reliability of the data. ="

3
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