CHAPTER III
RESULTS

3.1 Determination of naringin in Thai tangerine juice by HPLC

Naringin and limonin were major bitter compounds generally found in citrus fruits

but the naringin was not a major bi

r pound in tangerine (Nagy et al.,1977).
To confirm, the fresh Thai ta through Extra Sep C-18 column

to separate naringin a ingin content by means of HPLC

using the condition descii

The % recove
method for naringin d '1). Using standard naringin,
it can be seen that the agc rag P was (8 recovery) with the reasonable
precision (%C.V.=6_.29).

The HPLC chromatograms of standard r.;,o' extract from fresh juice

and spiked sample (mndard naringin + naringin extra£ were shown in Figures 20,

21, and 22 reﬁ%ﬂ r’anw 8%&5 wgﬂrﬂo m, it could be stated
that, tﬁ ﬁxgﬁ ﬁﬁ ﬁe nﬁJ %ejk was anﬂmd 14 min, ﬁwe 22 showed that

naringinl gave a distinct peak and was well dlfferentjated from the rest in the condition
used. When HPLC profile from the naringin extract was compared with that of the
spiked sample, it was found that Thai tangerine juice did not contain the naringin peak

(Figure 21)
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Therefore, further work of this thesis will be concentrated on limonin, another

major bitter compound in citrus.
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(Means with thé'same letter are not sngmficantly different at P<0 05, n=3)
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Figure 21 Chromatogram of naringin extract (20 pl sample injection, C-18

column, acetonitrile:water (20:80 v/v), flow rate 1.0 ml/min, 280 nm )
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(20 pl s mple injection containing 1 pg standard naringin, C-18 column,

acetonitrile:water (20:80 v/v), flow rate 1.0 ml/min, 280 nm )
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3.2 Determination of limonin in Thai tangerine juice by HPLC

Two methods for limonin separation from tangerine juice, recommended by
Shaw and Wilson (1984) and Mozaffar et al. (2000) as described in section of 2.4.2.2.1
and 2.4.2.2.2, Chapter I1, were studied.

Limonin was extracted from tangerine juice and determined by HPLC using the

condition described in section ‘ yh pter II). The standard limonin

/@hat the retention time of limonin

It
. —

was around 22 min. W atograms of limonin sample

d Mozaffar et al (2000)

respectively. It could \ pared by using Extra Sep

C-18 column gave much clearerand & 3 _‘_‘ 'eS0  than the SE method.
The SPE method w Aer- confim ) ymparing the chromatograms of

limonin sample and the spiked | ‘ $.26 and 27). The results strongly

indicated that it was V or i onin fractionation due to

g

greater resolution of the p‘eaks Thereafter, extractlon of limonin will be carried out by

theSpEmemoﬂ‘UEl\’J‘VlEW]‘ﬁ‘WH']ﬂ‘i
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(20 pl sample injection, C-18 column, acetonitrile:water (37:63 v/v), flow rate
1.0 ml/min, 214 nm)
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sample injection, C-18 column, acetonitrile:water (37:63 v/v), flow rate

1.0 ml/min, 214 nm )
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(20 pl sample injection containing 1 pg standard limonin , C-18 column,

acetonitrile:water (37:63 v/v), flow rate 1.0 ml/min, 214 nm )
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3.3 Assessment of the efficiency of Extra Sep C-18 column for limonin separation

3.3.1 Efficiency of initial and reused Extra Sep C-18 column

To estimate the efficiency of Extra Sep C-18 column for limonin
separation, 250 pl of 100 ppm standard limonin was loaded onto the Extra Sep
C-18 column as the procedure described previously in section 2.5.1, Chapter IL.

Then the limonin content in samH luted from the Extra Sep C-18 column was

determined by HPLC ( o
' ,_‘7_
Figure ZBW recovery oflimg -1 sing Extra Sep C-18 column

\ ' of the method for limonin
\.\\

determination wa i D reased gradually from 83 to

\. ere was significant difference

of reuse. Therefore, for effective

at each cycle.

66 (~20% reducti
at the confidence
determination, the Ext@ _ : } column. was recommended to be used only
once (83% lin r‘-m—m=: 3 ta was confirmed by %

C.V. which was 34 as showr . In tern@f % C.V., it could be stated

o ‘ﬂtEWT’fEm TNUNT
A9 AININUNIINYINY
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3.3.2 Sensitivity of the method for limonin determination

The sensitivity of the technique using Extra Sep C-18 column and HPLC
was also investigated (2.5.2).
Peak area of each concentration of standard limonin before and after

passing through the Extra Sep C-18 column and % recoveries of limonin were

the lowest concentration of standard

limonin which could be detected : as at 0.3 ppm.

\\\\ ecovery of limonin at each

concentration in thi iccurred (~63% recovery) and

they were low | \\. t

f limonin was loaded (83%

hod, five replications of 0.3 ppm

standard limonin were he result was shown in Table 4.

rrorof + 0.07 and %C.V. less

than 10 even atms ppm. @
ﬂUEI’J‘VlEWlﬁWEﬂﬂ‘i

QW’]MﬂiﬂJ UANINYIAY

The precision 6
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Table 3 Limitation of limonin determination using Extra Sep C-18 column and
HPLC

Standard limonin ‘ Pe are; “v ra

(ppm) “\\ q assing through | % Recovery
-18 column

1 I/ 8 g ‘\ \\\ 94 68.29
0.5 I/ J@ \\\\\ 63.60
6 T\,

0.4 59.38
0.3 67.34
0.2
0.1

Note - UD = Undetectable

]
ﬂuEJ'JV]EWﬁWEJ"Iﬂ'ﬁ
Qma\m‘mum’mmaﬂ



Table 4 Peak areas of 0.3 ppm standard limonin for 5 replications

Replications Peak area (mAUs) %Recovery

2 62.28

" .9 ’ // | 67.34
= s =

3 F"’Eﬁ-—.‘ 65.74

> 77//2 1N S
77/ PN
Average:+SE "/ / &;.:_, :‘\ \\\ 55.30+2.44

SO /2 N

n=5 \
] - ,J',.
‘ - ‘ri ..
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3.4 Optimization of juice preparation for study of limonin reduction

3.4.1 Limonin content in juice kept at different conditions

The limonin contents in fresh tangerine juice, pasteurized juice (70°C for
15 min) and chilled juice (kept at 6 °C for 24 hrs) which are the general condition
for consumption were explored. The three samples were derived from the same

pool of tangerine extract. Limonin was separated by Extra Sep C-18 column and

AULINENTNEINS
ARIANTUNNING Y
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Figure 29 indicated that limonin content in fresh juice was low and
slightly increased after 24 hours even when kept at low temperature. The
limonin content in pasteurized juice was the highest (4.60+0.09 ppm) and
significantly different from others at the confidence level of 0.05 with %C.V. 1.49
(Table A 3 and C 3). From the above data, it could be stated that temperature
I | in juice.

n Iﬂlon@in tangerine juice

Since the i ated juice are too small for debittering study,

onin content because there are

rea '\\\ will elevate limonin level
i \\
984; Shaw and Buslig, 1986).

\

and storage time might a

3.4.2 Effect of te

juice were preh
several reports
(Shaw and Willso

To find the ‘s

heating juice sample, the juice

was heated at 60, 70 and-80°

en limonin in each sample was

separated b .4.‘, described in section

2.4.2.2.1 (Chapter ‘II) and analyzed by HPLC.

& uﬂenam el or| o dreaiment it e
TRTANT TRV Y e

temperature increased (7.9010.03, 8.24%0.06 and 8.2610.07 ppm
respectively). However, there was no significant difference of limonin contents

between 70 and 80 °C at the confidence level of 0.05. % C.V. of each treatment
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was shown in Table A 3. Base on this experiment, the heating temperature for

debittering study was selected at 70 g,

AU INENTNEINS
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3.4.3 Effect of heating time on limonin level

To determine the suitable heating time for treating juice sample, the
tangerine juice was heated at 70 °C for 5,10 and 15 min. Then the juice was
suddenly cooled down at 2 °C and centrifuged at 10,000 rpm for 10 min.
Limonin was then separated and determined.

From Table A 4, it hat the limonin content in the tangerine

juice gradually increase hediing was extended (2 - 6 % increase
- e —

with %C.V. less o yas no s c.’g\;\ difference between limonin
:
content heating f ninu s @ he confidence level of 0.05. The effect
of heating time \ gure 31.
The preheati , i \.\. ed on the obtained results,
would be at 70 °C for10 r = - ice was used for following debittering

- -
Y — -y

In co ’w preparation for debittering

study was usedu‘heating at 70 C for 10 minutesm
AUEINYNINYING
RINNINUNINEIAY
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3.5 Reduction of limonin by B-CD polymer
3.5.1 Preparation of B-CD polymer beads

Prior to use, the B-CD polymer beads were washed with acetone, water
and ethanol as mentioned in 2.7.1. Figure 32 presents the color difference

between pre-washed and washed B-CD polymer. It can be seen that, the fluffy

polymer was cleaner, brighter nore uniform after washing with organic

solvent followed by wal the pli‘was_neutral. The treated polymer was

AU INENTNEINS
RIANTUNRIINYAY



| Mgﬁheéﬁ’@D polymer

i .'f:ii

-

(B) Washed B-CD polymer

Figure 32 Pre-washed and washed B-CD polymer
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3.5.2 Batch process
3.5.2.1 Effects of temperature, amount of B-CD polymer used and

processing time on % limonin reduction

The best condition for limonin reduction in batch process was explored.
Temperature, time of process and the amount of B-CD polymer used were varied

as 6, and 30°C for temperature; 30, 60, and 90 min for processing time; and 1,

wxmg speed of the rotor was set at

No.3 (magnetic stir | ‘ph R3 xperiment was designed by

——

using Factorial desi ‘ -‘\wm- the SAS 'V 6.12 program.

3, and 5% for B-CD poly

nerized in Appendix C (Table C 6). It showed
that the testing mo ‘ 7' % CV. around 8. The interaction between

temperature and B- lym centration was observed. It can be seen that

batch process 2

Table mu pbservations in batch process.

{

It can be proposédsthat % limonin geduction increased with the increasing

amountﬂ J’élﬂpolymer aEJ nj ﬂﬁ] fl n‘jMarked increased of
PR Y EN SV AP R oo 015

mcreased in debittered juice occurred for increment of 3g% to 5g% B-CD

polymer.



Table 5 % Limonin reduction for batch process at each processing time, temperature and B-CD polymer concentration (Mean+SE)

: . . o
Process time %Limonin reduction a

(min) Room ._.maumﬂmea

30¢C)
\\\.h

19% CDJjuice 4 WN \\ \\\ \\.\\. ‘ . CDljui o.hoxn\wah.om 59% CDjuice

30 42.7340.65 _ 124.8 ua‘dm.mﬁw b 80.6010.07 °
a [ 1 ” k i d
60 43.8510.98 _ 56.69 80.9610.24

‘ _ ‘

90 43.5610.59 ° ‘ | / _ 66.501:1768 ' 80.15+1.53
b .

Note: Means with the same letter in the column and row are ot Signi y different at P<0.05, n= _.w_ ﬂ.
My
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It was also shown that, except for 5 g% B-CD polymer, debittering at normal
room temperature (~30°C) resulted in higher limonin reduction than at cold room
temperature (6 °C). The effect of processing time on % limonin reduction was
also observed. Although % limonin reduction moderately increased when

debittering processing time was longer, the % limonin reduction became stable

gave the highest % i } r atch process was to mix

tangerine juice with B%ag;’ mer at cold room temperature (~6 °C) for 60

minutes. Neverthel A-practice,” ly fimonin reduction efficiency was

r e
_—
&

0 ¢

considered but,a ctors such ﬁ cost, processing time,
e A
nutrition loss dumg - u ceptable level. Employing

the standard of limonin, level in acceptable citrus products issued by the State of

SIS R LA e—
RAAREATH U TN

In the above condition, the researcher decided to operate the batch debittering
process at the condition of: room temperature (~30 °C), 3g% of B-CD polymer

and 30 minutes, which gave around 68 % limonin reduction with ~ 2.80 ppm
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Table 6 Limonin content (ppm) in debittered juice for batch process at each processing time, temperature and B-CD polymer

concentration (Mean+SE)

ol
0
Process time Limonin 603 , U m
(min) (Cold Rodm(6°C )
o [
1g%CD/juice 39 %CDYjuice 59%CD/juice
30 4.417%0. N.wmw@ 1.6710.06
i} e \\ _ AN 0 07 1.5020.04
90 4.34+0.03 | NN "2, :”am 1.520.04
Note: n=3 u a
«? C
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limonin left in final juice product (Table 6). The limonin absorption capacity of

this batch process was at 0.17 mg limonin/g -CD polymer

3.5.2.2 Effect of mixing speed on % limonin reduction

The effect of mixing speed on % limonin reduction at each

processing time was also investigated. At the chosen condition of the

batch debittering process, the i ¥8 speed of stirrer was varied into two
levels - at speed.Ne-2 and No.5-as.mentioned in section 2.7.2.1 (Chapter

II). The™ i \ \ g speed were displayed in

Table 7 Effect of stifrer speed on %limonin reduction’(Mean+SE)
pems i >

Processing time

of JET T TRV TTE T i
Y

% limonin reﬁtion

‘o o/

ARIANNTUUMANINAY

1 30 68.0611.12 70.801+1.11
60 71.831+1.50 71.0411.64
90 70.4410.38 69.2110.51

Note: a and b are not significantly different at P< 0.05, n=3
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From ANOVA analysis, it also confirmed that processing time
affected on % limonin reduction especially at 60 minutes, which gave the
highest % limonin reduction and was significantly different from the
results obtained at 30 and 90 minutes (Table C 7).

In case of the effect of mixing speed on % limonin reduction, it

/uction between 2 levels of stirrer

anged (we level of 0.05). However it

s deterioration occurred when

\\

can be seen th

speed re

.?"‘ |

1

consideration, the optimum

A\

5s should be as follows: room

temperature 3%’ lymer, 30 minutes and mixing speed
1 7".!,} 2/

i
et

No.3' , 7
l" 1'-,
3.5.3 Colum - 0 -

The condit n of the column was calibrated tﬂave similar sample contact

mwﬂ%&@ﬂ@W®W&?Fi
9 TN

into 12 cm x1.2cm i.d. glass column by the procedure described in section

2.7.2.2. The sample juice was passed through the column at the flow rate of

0.35 ml/min (30 minutes contact time). Five ml fraction was collected and

determined for limonin content. The initial limonin content in the juice before
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debittering was 8.70 ppm. The total amount of limonin in 100 ml of whole juice
sample was 0.87 mg.

Table 8 shows the limonin content of each debitterred fraction. The
average % limonin reduction of all fraction was around 94% and the capacity of

B-CD polymer in limonin absorption at this condition was 0.27 mg limonin/g

iF

AUt INENIneng
ARIANTAULNIINGIAY
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Table 8 Limonin content in debittered tangerine juice fractions (3g%

B-CD polymer, flow rate 0.35 ml/min)

Fraction no. Average limonin content (ppm) | limonin in juice 5 ml (LLg)
1 0.47 2.36
2 0.24 1.20
3 0.29 1.43
4 0.41 2.06
5 2.39
6 s 2.50
7 — ) 100 2.42
8 - 2.34
9 44 2.18
10 .41 2.05
1 .028 1.38
12 . o%e 3.29
s Py 2
14 a’@éﬁ’i 2.26
15 AT H0.85// 2.76
16 . 1.78
17 - 2.27
18 o 0.27 % 1.34
19 3 ara 1.92
20 g : J 181

o5 o1 2%,

3 0! O Thisd
23 0.47 2.34
24 0.23 1.14
25 0.26 1.28
26 uDb ub
Total limonin in debittered juice (LLg) 50.82

Note: UD=Undetectable, The initial limonin content 8.7 ppm (870 pg).
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3.5.3.1 Practical maximum load of B-CD polymer column for
debittering process

The practical maximum load of the B-CD polymer column was
determined as maximum volume of juice by which the B-CD polymer

column could still remove limonin from the juice to < 5 ppm limonin.

polymer ice was loaded. Twenty-five

ml fractio _jlice we *-. from the B-CD polymer
column. _conté ) each fraction was determined as
describe 221 and 2:4.2. Figures 81 and 32 show respectively

the result fro 350 ml of clarified tangerine juice

nn. The running conditions of these

onto the B-CD polymer packe

experi StS WeTe Sir Ii."‘

iy
AU INENTNEINS
RIAINTUUMINYINY

U
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Juice load
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~

Figure 33 Limonin content in debittered ju@e with 100-200 ml load
a and s e i b ivigialdi in-content of 8.70 and
8.43 pm‘yﬂnﬁﬂﬁﬁ:ﬂcﬂlﬂlﬁﬂeaed for limonin
detﬁ'ﬁinaﬁon. In ex erinfent b, the first collection ‘was at 125 ml
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From Figure 33, it can be seen that the limonin content in
debittered juice was marginal (around 0.2 ppm limonint) at the first of
160 ml of eluted juice, after that the value slowly increased. Even so,

with 200 ml juice loading, the limonin content in the final fraction

debittered juice w. ’ pm That means B-CD polymer

column could b 1 0 ml volume. Then 350 ml

g 10.11 ppm of limonin

\\\\

was loaded '_ in eluted juice was sharply

increased aftg absorbable level at 350 ml volume
(Figure 34 and ."u:'»; = the limonin taste threshold level
(5 pp ,-*‘ h Jicle ical maximum load for

Y. ' |
this colurm g 'ﬂ ndition used. In term of
I

absorptlon ‘amcnty, it was 0.8% mg |mon|n/g B-CD polymer at the
prqtlca maxnmum loaﬂAppendlx D).

Jalip
RINNINUNIININY
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Juice load
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s\ revious result
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Figure 34 Deblttemlg of 350 mli juice load /' B-CD polymer column
The initial lim m wasqﬁ- % -five ml fractlons were collected and

th et colech u&l’as NIWBEINT
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Table 9 Limonin content and % limonin reduction of 350 ml load by B-CD

polymer column

Eluted juice (ml) Limonin (ppm) %limonin reduction

Before debittering 10.11 100

100 =100

125 ~100

150 =100

MK\

97.26

96.47

96.07 -

94.86

83.21

63.19

—_W inad 9 T
QWT‘G’NﬂﬁWﬁJ’ﬁ’]’W Taki:

8.46 16.28
325 9.38 7.19
350 10.38 =0

Note: UD = Undetectable
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3.5.3.2 Visual comparison of juice color

The objective of this experiment was to evaluate the debittered
juice color which is the important consideration in citrus juice products
affecting consumers’ acceptance. The pulp was separated from the

clarified juice and kept in the refrigerator. After the clarified juice was

column, the chilled pulp was blended

into the debittered juice. ﬁbmered juice before and after
adding \\\

observatic S nF _ ' ' bé seen here that the

and also compared with the

fresh andep nt was estimated by visual

debittering pfocess did not caused a isual color change on all

occasions tes

ﬂ‘L!El’JVIEJVI?WEJ"Iﬂi
ammmmummmaﬂ
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" I

&
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|
3
5
\

FER

Tube 1 = Fresh}yice

SN 222
Tube2-= Pasteurized juice

4 -

Tube 3 = Clarified juice before’f:debittering
Tube 4 = Clarified juice after debittering

Tube 5 = Debittered juice after.adding pulp

Figure 35 Color comparison hetween debittered and fresh juice
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3.5.3.3 Regeneration of B-CD polymer

Regeneration of the polymer for reused was done by means of
Shaw and Wilson (1985) who proposed that resulting with the reaction of
flavonoid and alkali solution, the resulting mixture was yellow and easy to
be assayed. Due to the ratio of Flavonoid and limonin was consistent

‘ y#’monm removal for regeneration.

ssnve amount of water and 2%

this method was

NaOH a le ethanol.as mentioned in section 2.7.4
action was initially yellow and

(Figure 36). To follow the color

x c‘tra of the NaOH washed was
there were three peaksv at 220, 275

and | 360 espectively. ar¢her chose to follow the

Y )

regenemo : because the sodium peak was
!

at 220 nm# .

ﬂummmwmm
ammmmumfmmaa



98

F10 F20—  E30 F40 F50

ed fractions (F=Fraction
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Figure 36  Color comparison of each
number) u N
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During washing process, each 5 ml fraction of the NaOH washed
was collected and measured by spectrophotometer at 275 and 360 nm
as mentioned in 3.5.3.2. Figure 38 shows the absorbancy profile of the
NaOH washed fraction from the B-CD polymer column. It could be seen

that the absorbency gradually decreased and approached zero at the

40" fraction (200m o) words, the regeneration process could be
,‘ » < p

done by washing-wit I 2%NaOkfor this column.

AULINENINeINg
ARIANTANNINGIAY
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Figure 38 Absorptlon profile of NaOH washed &ctlon at 275 360 nm
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3.6 Comparison of limonin reduction in Thai tangerine juice between batch and

column process

Comparison of batch and column debittering processes was demonstrated in
Table 10. It clearly indicated that the capacity of limonin absorption in column process

was approximately 1.6 times higher than that obtained from the batch process.

Table 10 Comparison of lim ] iency between batch and column

processes

- Column process

Process Temperature (° 30

Contact time (minutes) 30: BV
Initial limonin content in sample Ji lice-{ppr) , 0. 8.70710.003
% Limonin reduction’; e / 94
Capacity of B-CD polyri]jr for limo 0.27

(mg limonin/g lﬁﬂﬂ'ﬁﬁ '*Vl EJ Qn %Jw EJ’] ﬂ i

Polymer destruction LITTLE AT

AR AINTOI NN AN g

Note: BV = Bed Volume 10 ml
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3.7 Column debittering process using XAD-16 resin

The XAD-16 resin was tested for column debittering process using the same bed
volume (10 ml) and flow rate condition of the B-CD polymer column (section 2.8.
Chapter II). Since XAD-16 resin has less sweeling property, 5.6 g% XAD-16 was used

to provide 10 ml bed volume in the column. In this experiment, the initial limonin

‘was found that the limonin content

content in tangerine juice was 0.38 mg pe , -

,_j

resin was effective for li : ‘even at room temperature. The capacity in

limonin reduction of this ol it the en condition was 0.15 mg

.;

AULINENTNEINS
RIAINIUNRIINYIAY
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Table 11 Limonin reduction efficiency using XAD-16 column (5.6 g% XAD-16,

flow rate 0.35 ml/min)

Eluted juice Limonin content (ppm) %Limonin reduction
(ml)
Start 8.385 0
5 uD ~100
10 u ~100
15 ~100
20 | =100
25 uo, =100
30 ~100
35 ) =100
40 1o ~100
45 4.UD- ~100
50 I ~ 100
55 3 ~100
60 a0 . ~100
65 D) ~100
70 ~100
75 ~100
80 . ~100
85 ‘a u ~100
90 Fi“ﬁ JHB&IENEJ 100
95 b D o =
O TR AT T I e
%05 UD ~100
110 UD ~100
115 uD ~100
120 uD ~100
125 uD ~100

Note: UD = Undetectable
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3.8 Evaluation of debittering cost

Evaluation of debittering cost using B-CD polymer was described in Table A 8.
The debittering cost was around 1,200 bahts/column and gave the productivity of 21 ml

juice/column/hour. It was noticed that the 99 % of the operating cost was due to the

-CD polymer.

AUEINENINGINT
ARIANTAUNNINGAE



	Chapter III: Results
	3.1 Determination of naringin in Thai tangerine juice by HPLC
	3.2 Determination of limonin in Thai tangerine juice by HPLC
	3.3 Assessment of the efficiency of Extra Sep C-18 column for limonin separation
	3.4 Optimization of juice preparation for study of limonin reduction
	3.5 Reduction of limonin by Beta-CD polymer
	3.6 Comparison of Limonin Reduction in Thai Tangerine Juice Between Batch and Column Process
	3.7 Column Debittering Process Using Xad-16 Resin
	3.8 Evaluation of Debittering Cost


