CHAPTER 1V

RESULTS AND DISCUSSION

4.1 The Preparation of BF #y GE.HCIl, and BFDGE.HCIL.H,0

Z.

In this research, n-_ﬂl GE namely BFDGE.H,0,
BFDGE.HCI, and BFD sing reactions of two mole
equivalents of BFDGE ole equi \ of reactants (Table 4.1). Separation
and purification were ac fanbii] chromatography obtaining

light yellow syrup co vith: afid putity as shown in Table 4.1.

Table 4.1 Reactants, yield, afd pusity data'of BFDGEH,0, BFDGE.HCI, and
BFDGE.HCLH;0 pegpatation

Product Purity (%)
BFDGEH,0 | % 2 , 94
R ﬁ*ﬂ‘ﬂ 'W‘%’ Al )

BFDGE. H(!leO 1.5%H w EJ h ‘j 85

YW iﬁﬁfiﬁiﬂﬂ]“ﬁ‘ ATTEA 8

BFDGE exists in three forms: o0,0-, o,p-, and p,p-isomers, and because the
attack of the o,p- isomer can occur in 2 orientations, four possible products are

produced as illustrated in Table 4.2.
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Table 4.2. The four structures of BFDGE.H,0, BFDGE.HCI, and BFDGE.HCI.H,0.

Compound 0,0-isomers p,p-isomers 0,p-isomers

BFDGE.H,0

BFDGE.HCI

BFDGE.HCL.H,0

After purification; s#he compoundsawere tested for their chromatographic

characteristics ﬂgu £h7 3 ¥ bisdrih Raileh hedhitlvelmaintains the original

isomeric charactﬂ'istic and can be separated into'&espective peal&slof 0,0-, o,p-, and

po R 00 B8 PG /340 1l ) oo

BFDGE.HCLH,0, but the resolution of BFDGE.HCI is not sufficient and peaks are

co-elute, only 2 peaks are observed.
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The characterization of these compounds were performed by UV and HPLC-
MS with ESI interface to match the profiles of each compound. UV spectra of
BFDGE.H,0, BFDGE.HCI, and BFDGE.HCL.H,O provide no useful differential
information, but their mass-spectra allow for distinguishing by the mass spectrum
pattern. The main ions observed on the ESI-MS spectra were the ammonium adduct

jons [M+NH4]", as illustrated on the ESI spectra of BFDGE.H,O (m/z 348),
BFDGE.HCI (m/z 366), and BFDGE.HC1.H,0 (m/z 384) in Figure 4.2-4.4.
:in 2 derivatives, BFDGE.HCI and

7 * , the selative abundance of the M" and
[M+2]" ions reflect the abundane: Cl and~‘Cl+As illustrated in Figure 4.2-4.4,
there are m/z at 366 and.365for /BFDGE.HCL and m/z at 384 and 386 for

The occurrence of one chlor:

Max: 62088

= o

Figure 4.2. Mass spectrum of BFDGE.H,O analyzed by LC-ESI-MS as described in

Experimental Section 3.3.
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Figure 4.4. Mass spectrum of BFDGE.HC1.H,0 analyzed by LC-ESI-MS as

described in Experimental Section 3.3.



46

4.2. HPLC Method Development

Injection volume of 5 pL was used for all samples. The HPLC method was

developed and the optimum condition is reported in Table 4.3 The chromatogram of

standard mixture solution is shown in Figure 4.5.

Table 4.3. High Performance Liquid Chromatographic conditions.

% 4
HPLC Parameter LC Conditions
Analytical column " . m Hypersil ODS
Mobile phase : T wai 3 methanol
Flow rate / / ‘min
Gradient program ethanol

40
50
55
70
90

90

Detector

ﬂletector
exc1tat10n and emlsswn wavelengths of 227 and 313 nm

Separation 0 (H z:lg'tjsq wgﬁrst testennﬂyperg ES 4.0x125 mm, 5 pm
separatlﬁ a:] therefore co fﬁc1ency was

insufficient. Separations were improved on Hypersil ODS 4.0x250 mm, 5 pm column
except for peaks of BADGE.H,0 and BADGE.HCLH,0. Adjustment of gradient

elution or using different isocratic conditions did not improve the separation further

but instead resulted in co-elution of other compounds. Therefore, a new tactic of
changing the selectivity or varying the band spacing was tested. Result of changing
organic mobile phase from acetonitrile to methanol was successful to achieve baseline

resolutions of all 12 analytes. Figure 4.5 shows the separation of standard mixture



47

containing all 12 compounds using the HPLC condition in Table 4.3. Because of the
difference in polarity of BADGE/BFDGE and their more polar reaction products, it is
possible to use gradient RPLC to separate them. The chromatogram in Figure 4.5
showed 4 peaks of BFDGE.H,0 and BFDGE.HCL.H,O (consist of 1 peak of o,0-,
p.p-, and 2 peaks of o,p-isomers), 3 peaks of BFDGE (o,0-, o,p-, and p,p-), and 2
peaks of BFDGE.HCI (4 isomers co-elute). For quantification purposes, it is
necessary to use separate calibration curve of each individual isomer because their

isomeric distribution in the sample matrixes and in pure solvent are different.

9
U
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4.3 Result of Selectivity Evaluation

Because it is very important for the analytical method to have no (or minimal)
interference from other species contained in the sample metrix, method selectivity
must be proved. The selectivity of HPLC method was evaluated by peak retention
time (tr) matched with the value of standards and resolution values of critical pairs
(Rs). Table 4.4. summarized the selectivity data. As shown in Figure 4.5, resolution

of all critical pairs are at least 1.48 (baseline resolution) which is acceptable for

A theﬁOf BFDGE.2H;,0 representing
their si ity 1 Structure, UV spectra of all

quantitative analysis.

UV spectrum in
all other compounds. E

analytes are the same afid a werejusec \ iate these compounds from
interference only. Becalise fluores snce” detect S wvery sensitive to phenolic and

ether functional group haring “to- UV_ detecti ith no interference from
- *f

-

S recOmiménded e fluorescence for the detection
ooy ¥

Ll 4
J{ﬁf:;:‘ J

AUEINENINYINg
AN TUNNINGA Y



50

Table 4.4. Retention time and resolution of BADGE, BFDGE, and their derivatives
by HPLC condition listed in Table 4.3 (n = 10).

No. Compound Retention time (min) Resolution
1 BFDGE.2H,0 10.20+0.04 -
2 BADGE.2H,0 17.17+0.08 Fi2?
3 BFDGE.H,0 18.15+0.08 2.07

20.03+0.09 4.02

Vy 5740.10 1.22
&om 2.61

4 22675009 1.75
Y" £0.06 1.75
3 \\n\ 3.79
: ’ \k\i\\‘\o 1.48
5 2 (28 4 97)5330.08 413
6 . f‘" 2 ‘N 1.75
‘ﬁgb \ \ 08 2.83

2 540.
i 25+0.11 171
7 HCLE§G 2 /& +0.07 1.51
8 " 1.95
o 04 2.97
9 BFDQEQHCl 35.04+0.2 2.65

o AgdEneniyemy L




51

4.4 The Preparation of Standard Calibration Curves

The aim of this research is to determine the contamination level of 12
compounds of BADGE, BFDGE, and their derivatives regulated by the European
Union that have combined SML equals 1.0 ppm. To determine the amount presents in
the samples, linear calibration curves of pure standards were constructed for all 12
analytes from 0.0160-1.00 ppm, the expected contamination range, using the optimum
HPLC condition listed in Table 4.3. The plots and regression lines of peak area and

From plots in A . e relationship are all linear.
The corresponded le orrel A oefficients (R?) in Table 4.5
are greater than 0.9900 ajor iso ynfirm strong linear relationships. The
calibration curves wergdprepared af ) i \ 5 (duplicate analyses), all fit
well with the linear mod P thER? 3 iated from 1.00 but these are
values of the less abund n yery small amount in this range
of study. The slope values are aft-d: g different detector response of
different analytes. The detecti. DGE is the largest (slope = 178.57

AUEINENINYINT
RIAINTUNRINIAY
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Table 4.5. Linear least-squares regression coefficients of BADGE, BFDGE, and their

derivatives at a range of 0.0160-1.00 ppm, (7 points, duplicate analyses).

No. Compound 10° lelff; &) y'h(‘ﬁrﬁem R
I BFDGE2H,0 147.53 01717 0.9976
2 BADGE:2H,0 149.81 1.2057 0.9958
3 BFDGE.H,0 20.1469 0.9980
-0.2367 0.9892
-0.0808 0.9938
-1.1604 0.9877
4  BFDGE. HCl -0.2968 0.9904
-0.0813 0.9895
0.5223 0.9853
_ 0.7393 0.9790
5 BADGE.H; ., 428, L 09192 0.9983
6 BFDGE eada 0.6845 0.9979
1.0112 0.9975
‘ 272N 0.1776 0.9902
7 BADGEHEUHO 386 4.982 0.9975
8 BFDGE.HB o -1.5217 0.9959
273, -0.4609 0.9920
SRR LA
0.9977
. Q Mﬁ?ﬂ‘im NINYIRY o
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4.5 The Linearity Range

From previous section, we are confident that the instrument response is
linearly proportional to the analyte concentration from 0.0160-1.00 ppm. To be very
useful, an analytical method should have a large magnitude of linear range. To
further tested the linearity or dynamic range of the analytical method, concentration
levels were extended to near the lowest concentration at which quantitative

measurements can be made up to the concentration at which the instrument response

departs from linearity or become e extended our study to 0.0160 to 10.0
ppm using linear least-square regre pre sest fit curves over this range. All
plots are linear (see APP. Qﬁﬁciems data are reported in
Table 4.6. , -

Excellent line ssion, coeff s (>0.9900) were obtained
for all compounds cov; :cl ?’1\ nge agreed well with our previous
observations. And xcellent “precision, we observed over several
concentration levels, we ifident tha t the \ 'w ical procedure can accurately
determine amount of analyt r? - : f | over the EU limit.

,

§
AU INENINGINS
AN TUNM NN Y
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Table 4.6. Linear least-squares regression coefficients of BADGE, BFDGE, and their
derivatives ranged from 0.0160-10.0 ppm, (11 points, duplicate analyses).

Slope y-Intercept

No. Compound (10°LU.cm’ g™ (LU) R?

1 BFDGE.2H,0 145.81 -0.2849 0.9997
2 BADGE.2H,0 -0.0272 0.9997
3 BFDGE.H,0 -0.1167 0.9996
0.1240 0.9997

-1.6116 0.9986

0.9801 0.9966

E 0.8970 0.9997
0.4962 0.9988

1.1530 0.9982

0.6184 0.9919

3 0.6589 0.9998
6 BFDGE 0.5984 0.9995
0.4 0.9241 0.9998

28— 20.473 09993

7 36 m 4.6492 0.9998
8 BFDGE.HCI 98. 67 -0.9880 0.9998

: BF@E%EJ’J‘VIEJY!"JWEJ’WIE o
amﬁmmwmmﬁ’ﬂ -

BADGE.2HCI 134.75 2.7282 0.9998
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4.6 The Detection Limits and Quantitation Limits

The detection limits (LOD) and quantitation limits (LOQ) were defined as the
amount of analyte in standard solutions that yielded an instrumental signal
significantly different from the blank or background signal equal to 3 and 10,
respectively. It is very important to establish the lower end of the practical operating
range of a method to be certain that the result is accurate. LOD and LOQ data are

As expected, compo ’% (larger slope) showed low LOD

and LOQ values (BFDG ADGE. ZmGE H,0, BADGE.HCLH,0,
BADGE and BADGE.2E he | contrd 5 pounds of lower sensitivity
(smaller slope) showeds hi N C values (BFDGE.H0,
BFDGE.HCLH,0, BFE3 JHCI). Because of BFDGE
and their derivaitves e 7, formsi(3 A\ '‘BFDGE and 4 isomers for
BFDGE.H,0, BFDGE.HELH0/ 2 d.:" D E 1), the abundance of each peak is
not the same. Therefore, ged e'& fesponaa et x et leading to higher LOD and

.J

LOQ values for these compounds thie, ore jient used in the HPLC method

wadt
all oz

summarized in Table 4.7.

caused baseline drift and chang;&;n}fsys ( s that can interfere with the analysis
as can be seen mth@ADGEjﬁ'Cl that rdle i g{i'gh sensitity has slightly
higher LOD and LOQ values due to th ed by system peak and
background. D

ﬂUEJ’mEJ‘Vl‘ﬁ'WEJ']ﬂi
QW’Waﬂﬂim UANINYA Y



56

Table 4.7. Detection limits and the quantitation limits of BADGE, BFDGE, and their

Derivatives.

No. Compound Detec(:;i;g)limit Quanti(t;t,ibo)n limit
1 BFDGE.2H,0 s 7
2 BADGE.2H,0 5 58
3 BFDGE.H,0 29 {03
' 210
210
400
a 153
200
250
350
. 22
@ 45
42
180
7 GE.HC »
8 JGE. E 44
il 40 - 150
. AEinendnens
B ﬂﬂﬁ(} INING N

s MENHS 0 i Inend e
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4.7 Result of Matrix Calibration Curve

Because the linearity of the response to pure standards may be different from
real samples, it is crucial to construct the matrix calibration curves. All 12 matrix
calibration curves ranged from 0.0160-1.00 ppm were constructed (see APPENDIX

B) and the regression coefficients data are summarized in Table 4.8.

All plots are linear with good regression coefficient data indicating linear

7 X
J

AULINENINYINg
RINNINUNINGAY
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Table 4.8. Regression coefficients of matrix calibration curves for BADGE, BFDGE,

and their derivatives (7 points, duplicate analyses).

No. Compound 10’ lelj"fri & y'h(‘ﬁrjc)ept R?
1 BFDGE.2H;0 178.75 27736 0.9966
2 BADGE.2H,0 176.96 -5.1817 0.9979
3 BFDGE.H,0 -1.8616 0.9975
-0.4934 0.9937
-0.8763 0.9921
— G -0.3567 0.9912
4  BFDGEH -0.8433 0.9884
0.2276 0.9838
-0.5277 0.9924
0.1241 0.9938
5 3.4435 0.9978
6 -1.8217 0.9976
-2.3381 0.9958
| A3 1.5186 0.9855
7 Y‘_“— Rie—— ‘- 960 0.9958
8 7611 0.9936
26.64 21.8209 0.9909

mﬁw UINTTE O
W’Tﬁﬁﬂ‘im SWHANEARY oo
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4.8 Result of The Matrix Effect Study

The effect of fish matrix on the separation of all 12 compounds was
determined as described in Experimental Section 3.13. A suitable statistical tool for
comparing results of 2 methods (two calibration curves) is the paired r-test. Taking the
null hypothesis that there is no significant difference in the peak area given by pures
standard solution (Section 4.4) and standard in fish matrixes (Section 4.7). The -
values are given in Table 4.9 compared with the critical values (P = 0.05) which are
2.57 (n=6) and 2.78 (n=5). Most -calc | alues are less than #-critical except for
BFDGE.2H,0, BFDGE.H,0, BFDGE, atd_. GE.2HCI. Therefore, the null
hypothesis is ignored for these-coimpous aﬁeffect should be countered for

for the analysis of these Competnds tix calibration curves instead of

methanol calibration curve al ¢ \\

throughout this study.

f;

%
AUEINENINYINT

RIAINTUNRINIAY
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Table 4.9. t-calculated values of two tailed paired -test at 95% confidence level.

Concentration Pea are pair -
i Companel (ppm) Standard Standard in  test
solution fish metrix
1 BFDGE.2H,0 0.100 15.48 16.24 3.03
0.200 27.80 28.89
0.400 56.71 67.95
92.41 110.04
/ .76 142.62
142 171.98
2 BADGE.2H,0 16.71 1.60
27.20
64.58
102.64
132.96
) . 184.51
3 BFDGEH0 (1) =i ' 4.67 2.06
9.14
20.86
32.90
44.37
€a 100 as 4932 54.02
BFDGE. 0 261 1.80 3.77
1] 0.200
QRRIN TR IN 2
0.600 15.43 13.12
0.800 20.87 16.67

1.00 25.59 21.93
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Peak area

No.  Compound Conf:;':;?tm e R i
solution fish metrix
BFDGE.H,0 (3) 0.100 222 1.63 2.26
0.200 4.19 3.50
0.400 8.07 7.80
0.600 12.26 - 11.29
0.800 16.37 16.46
2127
BFDGE.H,0 (4) 1.62 2.03
3.31
5.50
7.28
9.20
4 BFDGE.HCLH,Q 3.29 0.83
5.46
11.43
19.17
25.73
- 2975
BFDGEHCLE,G(Z) 0.10¢ T 168 0.38
Iﬂ : 89 m 3.83
0.400 8.06 7.74
AUE IO NENg s
0.800 1623 ué 37
BFRGEHCLH,0 (3)  0.200 3.63 ¢ 3.6 0.54
0.400 6.41 6.68
0.600 10.37 10.11
0.800 13.22 13.16

1.00 15.85 17.55
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No.  Compound Conf;;l;?ﬁon Standarzeak aresatandard in p?eiztt'
solution fish metrix
BFDGEHCLH,0 (4)  0.200 1.81 1.68 2,01
0.400 3.42 3.52
0.600 4.55 5.13
0.800 561 - 6.43
1.00 6.91 8.42
5 BADGEH,0 . 15.82 1140 028
' 22.70
57.06
90.69
11825
149.69
6 BFDGE (1) 4.69 0.47
9.94
(v 24.60
660 0 41.07
6800 ; 51.60
T60 7 , 68.37
BFDGE()7 0100 808wy | 575 2.04
Iﬂ 0.200 1. 12.51
¢~ 0400 27.94 27.41
AL 908811 Y 1) s
0.800 59.04 58380
AWIAIATAINI AN
“BFDGE (3) 0.200 271 4.35 7.02
0.400 5.49 8.55
0.600 8.08 10.82
0.800 10.13 14.28

1.00 13.61 17.43
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Concentration e air £-
No. Compound T Skt sl b
solution fish metrix

7  BADGE.HCLH,0 0.100 19.41 13.92 0.59
0.200 32.92 25.69
0.400 60.26 59.80
0.600 91.04 - 91.94
0.800 117.34 121.00
1.00 139.49 141.76

§  BFDGE.HCI (1) 653 5892 121
| 15.120
41.949
64.626
85.092
100.284
BFDGE.HCI (2) 9.73 1.60
9.22
14.41
18.98
25.03
9  BFDGE2 9.58 134
, 28.83
0.400 53.98 56.96
AU NEN ey ve
0.800 105.16 s
AMIANAIAI IR
10 4 BADGE 0.10 8.99 1431 2.11
0.200 33.71 31.84
0.400 68.39 7721
0.600 112.01 124.30
0.800 145.98 163.19

1.00 176.44 192.13
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Concentration Pealcara pair ¢-
Bk ICHmpaER g Standard  Standardin tegy
solution fish metrix
11 BADGE.HCI 0.100 12.40 8.53 0.15
0.200 22.44 16.00
0.400 43.79 42.23
0.600 69.78 - 10.25
0.800 92.55 91.30
122.60
12 BADGE.2HCI 15.03 2.78
28.79
62.88
98.06
122.13
154.27

4

N )
AUEINENINYINS
ARIANTAUNNIINGIAY
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4.9 The Effect of Acidity in Aqueous-based Samples

Chromatograms in Figure 4.6-4.9 demonstrated the effect of solution acidity to

%recovery in aqueous-based samples.

Chromatogram of lychee in syrup (sample blank, Figure 4.6) are not different
from chromatogram of adjusted pH sample blank (pH 7.0, 1.0 M di-sodium hydrogen
phosphate dihydrate) in Figure 4.7.

BADGE.2HCI

o
x
N
w
<©
[~}
w
o

1

&
5 -

10 __mig

Figure 4.6. Chromatogram

BADGE.2HCI

Figure 4.7. Chromatogram of lychee in syrup (sample blank) adjusted to pH 7.0 by
1.0 M di-sodium hydrogen phosphate dihydrate.
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However, percent recovery of spiked lychee in syrup matrix at 10-fold MQL
concentration (Figure 4.8) was unusually low for BFDGE.H,0, BADGE.H,0,
BFDGE, BFDGE.HCI, BADGE, and BADGE.HCI; compounds with remaining
epoxide ring(s). Because the epoxide ring can readily be opened and reacted with the
components in acidic foods forming new derivatives. This is also true for spiked
materials and as a result, percent recovery are unusually low leading to
misinterpretation of the result. By adjusting the food pH to 7.0 prior to standard

addition step, help lowering the activity of the epoxide rings and improve percent

recovery of the extraction (Figure 4. &‘ , ,/

.-J
L
7 ] —
&
6 A °
g i _ g
1§ ek % g .
u Fy=Ix 3 £
4 1 e 5 54— 2 S 7] 3 2
= . o o O it . x
£ ek - g
3 g LAt s
e L a‘, m m
] R T
1 T = T T T 5z
10 15 ¥ _30 35 40 min
Figure 4.8. Chromatogram of lycéx;!ﬁl TSPl ed with standard solution at 10-fold
..-.-'__..a-‘" e, -

MQL without pH controlled.
: ﬂuﬂpwﬂwsWSQﬂi
AR B

BADGE.2HCI

@
2H20
GE.HCL
~BFDGE.HCI»
BADGE.HCI

oF vos HC|
8 -oE.HcLHzo

-

arﬁl H20
BFDGE
= BFD
BFDGE $
D
HCI

— * E.2HCI
ADGE
=

W s
BFjOE H20
BFDG,
BFDGE:
BFDGE.
BFDGE.

T T T T T T = -
10 15 20 25 30 35 40 mii

Figure 4.9. Chromatogram of lychee in syrup adjusted to pH 7.0 by 1.0 M di-sodium
hydrogen phosphate dihydrate and spiked with standard solution at 10 fold
MQL.
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4.10 Method Detection Limits (MDL) and Method Quantitation Limits
(MQL)

Method quantitation limit (MQL), is defined as the lowest amount of analytes
that can be quantitated at S/N = 10 after passing through sample preparation steps.
MQL is determined from corresponded LOQ and concentration factor. Similary,
method detection limit (MDL) is defined resemblingly tﬁe MQL, but it is the lowest
amount of analyte that the method can detectable at signal-to-noise ratio equal to 3. In

this study, MDL values obtained by the tion from the corresponded to MQL at
signal-to-noise equal to 3. The MDL & es determined in fish matrix are

summarized in Table 4.10 -
"""--a.

Because the spl/ ed 6.67-fold during sample

preparation process,

ould be lower than the
previously establishe 10 (comparison with Table
4.7). Hence, trace am d be estimated from these

concentration factors.

ﬂ‘lJ?J’J“fIEJ‘V]ﬁW?J’]ﬂ‘i
Q‘W’Wé‘l\"lﬂiﬁu AN Y
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Table 4.10. Method detection limits and method quantitation limits of BADGE,
BFDGE, and their derivatives in fish matrixes.

Method Method
No. Compound Detection Limit Quantitation Limit

(ppb) (ppb)

BFDGE.2H,0 094 3.15
2 BADGE.2H,0 1.26 420

BFDGEH,0 4. 15.22
31.50
31.50
60.00
23.88
30.00
37.50
52.50
3.22
6.68
6.30
27.00
2.40
6.52
6.75 - 22.50

L SN
2 YR Wbaiha 4 AV THEINE 5o
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4.11 Method Precision

As mentioned before that detector responses may be different between pure
solutions and sample matrixes either from matrix interferences or different
distribution of isomers in real matrixes. Therefore, it is necessary to carry out method
precision studies in real matrixes to evaluate the reliability of our procedure. Methods
precision were studied at 2 concentration levels, Method Quantification Limit (MQL)
and 5-fold MQL, as show in Table 4.11.

Table 4.11. Spiking level at ' oncentration.
d -

"’ Spiking level (ppb)

No. 7 ¥ R\;b 5-fold MQL level
; ﬁijﬁﬁamw}mi .
> qrsensol N ing e

12 BADGE.2HCI 3 15
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4.11.1 Method Precision for Spiked Fish Matrix at MQL Level

The method precision at MQL level was studied by repeated analyses on the
same day (intra-assay precision) and on different days (intermediate precision). The

results are summarized in Table 4.12-4.14.

The intra-assay precision at MQL level (2-23 ppb) was demonstrated as
percent relative standard deviation (%RSD) which implied reproducibility of the

the same day (AOAC ms“——’ od %RSD Values should not be greater than
15% at ppb-level). Fro

able 2 \ ellent intra-assay precision
and intermediate preci

ved: | ar = 0.98-8.90) at 2-23 ppb
indicating that data obtai { comparable.

Y

g
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Table 4.12. %Recovery and %RSD of spiked fish matrix at MQL level (first day)

n=6.

%Recovery
No. Compound Mean %RSD
1 2 3 4 5 6

BFDGE.2H,0 49.57 4793 4575 4570 47.83 53.13 4832+278 5.75

s

2 BADGE.2H,0 7542 81.07 8238 82.12 8441 81.77+347 4.24

3 BFDGE.H,0  110.25 105.73 10022 105.66 +4.14 3.92

4 BFDGE.HCLH,0 102. , : 3 114.86 108.32+4.53 4.18

5  BADGEH0 3/ 5.100.2 89.57 9548+4.12 431

6  BFDGE 90.17 9753772 191
7 BADGEHCLH,0 80' 11877 105.56 + 11.82 11.20
8  BFDGEHCI  98.03f 10460 404.74/% 102.19 105024478 4.5
9  BFDGE2HCI i 9783 9027 9699 9925603 6.08
10 BADGE 11285 822 10 10267 9639 10393+577 5.5

1l BADGEHCI |$I58 6847 72 415796 69.52+7.67 11.04

12 BADGE.2HCI m.65 129.91 2471 IISB 100.05 118.66 + 10.91 9.20

AU INENTNYINS
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Table 4.13. %Recovery and %RSD of spiked fish matrix at MQL level (second day)
n=6.

%Recovery
No. Compound Mean %RSD

—

BFDGE.2H,0  48.03 4720 49.70 51.14 4634 5144 4898+2.11 4.3I

7093 6736 67.48 70.19+341 4.85

&Zv’% 35 9173 9539+4.13 4.33

97.18 100.95+2.58 2.56

2  BADGE.2H,0 70.76 76.37 6"
3 BFDGE.H,0 101.87 |
4 BFDGE.HCLH,O 101.
5 BADGE.H,0 92.74 97.23+3.55 3.66
6 BFDGE 88.35 95.10+4.86 S5.11
7 BADGE.HCLH,O 94.81 9329%4.12 441

98.83 104.84 +9.53 9.09

(=]

BFDGE.HCI

9 BFDGE.2HCl  69.54 82.90 87.60+10.25 11.70

10 BADGE 98.78 95.34 97.87+4.65 4.5

1l BADGEHCI | 4918615360 - 17601 67.56+5.76 8.53

12 BADGE.2HCI IE.IS 113. 09.86 99.@ 117.49 110.02+7.12 6.47

ﬂ‘lJEI’J‘VIEWlﬁWEJ\’m‘i
’Q‘Imﬂﬂﬂﬁm AN Y
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Table 4.14. %Recovery and %RSD of spiked fish matrix at MQL level (third day)

n=6.

%Recovery
No. Compound Mean %RSD
1 2 3 4 5 6
I BFDGE2H,0 5139 4830 4925 5028 49.80 4846 49.58+1.17 236
2 BADGE2H,0 6645 6823 456 8006 64.76 7049575 8.15
3 BFDGEH,0  96.59 ' /6.73 90.14 95.05+3.12 3.28
4 BFDGEHCLH,0 96. 99,61 1@ 101.93 100.88+2.71 2.69
5  BADGE.H,0 08y 437h \9600  GB6kn 9499 9698257 265
6 BFDGE 9293 97.83+3.52 3.59
7  BADGE.HCLH,0 90.85 9641929 9.64
8  BFDGE.HCI 103.53 105721221 2.09
9  BFDGE2HCI 11356 /0175 9528 900 9455 98.53+7.75 7.87
I
10  BADGE 9694 9654 9883 04.14 94.15 98.99+3.85 3.89
1l BADGEHCI L7956 6427 741 0~ 69.93 71.82+5.09 7.09
12 BADGE:2HCI 9m7 101.10 10435 105.44 100.@ 10127 101.06+4.09 4.04

= .7
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Table 4.15. Overall %recovery and %RSD of spiked fish matrix at MQL level (n=3).

%Recovery
No. Compound Mean %RSD
1 2 3
1 BFDGE.2H,0 48.32 48.98 49.58 48.96 + 0.63 1.29
2 BADGE.2H,0 81.77 70.19 70.49 74.15 £ 6.60 8.90
3 BFDGE.H,0 95.05 98.70 + 6.03 6.11
4 BFDGE.HCLH,0 ( 00/ 100.88  10338+4.28  4.14
S BADGE.H,0 7 96.56 + 0.95 0.98
6 BFDGE . 96.82 + 1.50 1.55
7 BADGE.HCI. 98.42 +6.38 6.48
8 BFDGE.HCI 105.19 £ 0.46 0.44
9 BFDGE.2HCI 95.13 £ 6.52 6.86
10 BADGE 100.26 £ 3.22 an
11 BADGE. 69.64 +2.13 3.06
12 BADGE.2 *:"_ 109.91 + 8.80 8.00

i

.!.
/]
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4.11.2 Method Precision for Spiked Fish Matrix at 5-fold MQL Level

The method precision at 5-fold MQL were determined in a similar way to the

previous study at MQL level. The results are summarized in Table 4.16-4.18.

The intra-assay precision at 5-fold MQL level was calculated from 6
extractions of fish matrix. Repeat analyses were performed for 3 consecutive days.

Data are reported as percent relative standard deviation (%RSD) in Table 4.16-4.18.

%RSD are good for intra-assay pree; .27 to 8.38%) as can be observed
7 verall (3 days) %RSD are

igh intermediate precision

from individual day date
summarized in Table 4.1
also observed at spikin,

In conclusion, els (MQL and 5-fold MQL)
are very precised judging (1 /orece ta carried out in spiked fish
matrix. As expected, result héehn sentration (5-fold MQL) are better than at
lower concentration (MQL) bgeausé of less if iference from background. Therefore,
the sample preparation procedure: ca 'LC method are reliable and can be used

for the analyses of 1 ith high precision over an

extended concentration fange.

AUEINENINYINT
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Table 4.16. %Recovery and %RSD of spiked fish matrix at 5-fold MQL level (first
day) n=6.

%Recovery
No. Compound Mean %RSD
1 2 3 4 5 6

1 BFDGE2H,0 4738 49.73 5427 55.08 5331 53.69 5224+3.01 5.76

2 BADGE2H,0 6733 6973 70.82 7252 7182 69.14 7023+190 2.70

3 BFDGE!LO  79.39 ' 8290 8243 83.66:3.51 4.19
4 BFDGEHCLH,0 100. 56 1 100.41 100.43%3.72 3.70
5 BADGEH,0 87.54 87.57+342 391
6 BFDGE 80.95 81.88+641 7.83
7 BADGE.HCLH,0 107.68 101.64 +5.53 545
8  BFDGEHCI 105.11 104.83 +2.83 2.70
9  BFDGEZHCI 10323 01,6903 A 36 105.83 104.50£2.37 227
10  BADGE

83.95 81.81

86.13£4.28 4.97

11 BADGE.HCl T 0%#i—090 G004 04:85—104:55.-100.23 101.08 +2.94 291
L7 AY

12 BADGE.2HCI 9&6 94. 06.0 104.9 9347 97.75+6.01 6.14

AULINENTNEINS
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Table 4.17. %Recovery and %RSD of spiked fish matrix at 5-fold MQL level
(second day) n=6.

%Recovery
No. Compound Mean %RSD
1 2 3 4 5 6
| BFDGE2H,0 5172 4817 4674 5303 53.66 53.80 51.19+3.02 590
2  BADGE2H,0 6721 65.76 6662 6804 7061 6693+242 3.6l
3 BFDGEH,0 8524 89.13 8602 8552+361 422
4 BFDGEHCLH,0 96 98.75 96.62+4.05 4.19
5 BADGEH,0 / 91.44 89.46+4.18 4.67
6 BFDGE 102.13 89.59+7.51 8.38
7 BADGE.HCLH,0 101.22 10023 £5.57 5.55
8§  BFDGEHCI 105.82 103.02 £5.04 4.90
9  BFDGE2HCI  101.84 08— 97.4¢ 103.71 10328 +3.49 3.38
10 BADGE 91.39 92.53 89.77+4.58 5.10
11 BADGEHCI | % id6—109:241 10234 101.59£4.26 4.19
12 BADGE:2HCI Iﬂo.n 99. 104.31 102.70 £2.82 2.75

AUEINENTNEINT
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Table 4.18. %Recovery and %RSD of spiked fish matrix at 5-fold MQL level (third

day) n=6.
%Recovery
No. Compound Mean %RSD
1 2 3 4 5 6
| BFDGE2H,0 4948 4453 5362 4776 5343 5227 50.18+3.61 7.19
2  BADGE2H,0 6472 63.93 72.15 6852 7044 69.17+437 632
3 BFDGE.H,0 8342 82.65+3.14 3.80
4 BFDGE.HCLH,0 10633 99.18+7.55 7.61
5  BADGEH,0 8693 86.95+2.57 296
6 BFDGE 8269 85.10+4.52 531
7 BADGE.HCLH,0 129.76 118.43+6.58 5.55
8  BFDGE.HCI 101.88 97.44+3.55 3.64
9  BFDGE.2HCI 116.26 105.33+6.99 6.63
10 BADGE " 94 80.88 8445+3.37 3.99
Il BADGEHCI | 030610384 H224—ibi36—i6239( 11093 10550461 435
12 BADGE.2HCI Iﬂo.w 105.26 111.48 108.13+3.38 3.12

AULINENTNEYINS
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Table 4.19. Overall %recovery and %RSD of spiked fish matrix at 5-fold MQL level

(n=3).
%Recovery
No. Compound Mean %RSD
1 2 3
1 BFDGE.2H,0 52.70 51.55 50.64 51.63£1.03 2.00
2 BADGE.2H,0 71.62 68.51 68.93 +2.51 3.64
3 BFDGE.H,0 85.03 + 1.49 1.75
4 BFDGE.HCLH;O 10 - 98.97 £2.96 3.00
5 BADGE.H;O 88.45+1.71 1.93
6 BFDGE 84.96 +2.08 245
7, BADGE.HCIL.H;C 105.52 £ 7.56 7.17
8 BFDGE.HCI 104.49 + 1.70 1.63
9 BFDGE.2HCI 104.24 £ 1.14 1.10
10 BADGE 88.81 + 1.53 172
11 BADGE.H *;. 103.22 +2.84 2.5
12 BADGE.ZHCLB 101.16 103.58 + 3.67 3.54

AU INININYINS
RIANIUNRINYAE
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4.11.3 Method Precision for Spiked Lychee in Syrup Matrix at 5-fold MQL Level

To simulate the matrixes of fruits and vegetables, canned lychee in syrup was
chosen as the representative of aqueous-based samples. The method precision was
studied on the same day and different-days for 3 consecutive days at spiking level

range 10-115 ppb. The result are summarized in Table 4.20-4.22.

Percent relative standard deviati the analyses of aqueous-based samples

on 3 consecutive days ranged:3.46 -15.09% dmplie ‘acceptable intra-assay precision
—J .

of the method. The overall"%RS! 23) ranged 2.41-13.84% also indicated

-'\~ AOAC standard. The method can be

\ <&
: u\%}\\:\ﬂ ferent analyses.

AN

AULINENTNEINS
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Table 4.20. %Recovery and %RSD of spiked lychee in syrup matrix at 5-fold MQL
level (first day) n=6.

%Recovery
No. Compound Mean %RSD
1 2 3 4 5 6

1 BFDGE2H,0 105.79 9526 9127 105.10 114.48 10492 102.80+8.31 8.08

2  BADGE2H,0 11432 99.11 11073 92.62 9436 99.96+10.37 10.37

3 BFDGE.H,0 94.65 86.64 89.30+4.32 483

4 BFDGE.HCLH;O 12497 114.32+12.18 10.65
5 BADGE.H;0 77.12  8020+3.02 3.76
6 BFDGE 63.63 69.81+6.11 8.75
7 BADGE.HCLH;O 19448 98.78+7.39 748
8 BFDGE.HCI 90.81 87.88+3.82 434
9 BFDGE.2HCI 03.19 103.04 103.13+ 5.82 5.64

10 BADGE 40

7126 72.77+540 743

11 BADGEHCI %9441 9210 8485 ¥ 8548 90.80+6.13 6.75

12 BADGE.2HCI lm.22 103.11 87.67 10135 91.@ 67.58 92.49+13.96 15.09

AUEINENINGINT
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Table 4.21. %Recovery and %RSD of spiked lychee in syrup matrix at 5-fold MQL

level (second day) n=6.

%Recovery
No. Compound Mean %RSD
1 2 3 4 5 6
| BFDGE2H,0 11271 9061 9835 10022 107.70 108.30 102.98+8.09 7.86
2 BADGE2H,0 11230 99.13 1 102.41 11147 122.79 108.63+8.67 7.98
3 BFDGEH,0  94.03 & 93.86 9472 87.69+9.54 1088
4 BFDGEHCLH,0 108. 108.49 WO 115.19 107.87+£6.96 6.45
5  BADGEH0 / 33133 \ 8547 85631640 747
6 BFDGE ; A3 7923 7534+798 10.59
7 BADGE.HCLH;O ~~ . 9724 101.99+7.11 697
8  BFDGEHCI 979 \\ 77 125.63 101.68+12.65 12.44
9  BFDGE2HCI 10573 934l msp 9.87 101.74 115.19 10595+7.62 7.19
T TR
10 BADGE 92.00 ~72:39-" 80.9: 7. 78.61 78.18 78.90+7.44 9.43
11 BADGEHCI LA 35 30 10385 97.13+623 641
12 BADGE.2HCI mszl 88.69 105.81 105.30 10&2 11820 104.07+9.49 9.12

ﬂ‘lJEl’J“lelﬁwmﬂ‘i
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Table 4.22. %Recovery and %RSD of spiked lychee in syrup matrix at 5-fold MQL

level (third day) n=6.

%Recovery
No. Compound Mean %RSD
1 2 3 4 5 6
1 BFDGE2H,0 10625 91.56 94.02 88.18 9795 9257 9500633 6.66
2 BADGE2H,0 111.87 9451 80.15 91.49+11.83 12.93
3 BFDGEH,0  70.54 799 7373 73.14+3380 520
4 BFDGE.HC].H;OV 99.78 104.42+3.62 346
5  BADGEH,0 7691 70.00+3.99 5.69
6 BFDGE 8026 79.60+9.13 11.47
7 BADGE.HCLH,0 9229 9729+6.11 6.28
8  BFDGE.HCI 7529 77.13+£9.79 12.70
9  BFDGE.2HCI 91.53 96.80+539 5.57
10 BADGE 74.19 7743+551 1712
11 BADGEHCI -!"ff: « 3 16940 7830£7.99 1020
12 BADGE.2HCI Im.so 9332 9277 92.07 99.@ 9169 96.50+7.01 7.26

— —
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Table 4.23. Overall %recovery and %RSD of spiked lychee in syrup matrix at 5-fold

MQL concentration level (n=3).

%Recovery
No. Compound Mean %RSD
1 2 3

1 BFDGE.2H,0 102.80 102.98 95.09 100.29 £ 4.51 4.49
2 BADGE.2H,0 99.96 91.49 100.02 £ 8.57 8.57
3 BFDGE.H,0 83.38 £8.90 10.67
4 BFDGE.HCLH,;O 108.87 £5.02 4.62
5 BADGE.H,;0 78.61+7.93 10.09
6 BFDGE 7491 £491 6.55
7 BADGE.HCIL.H, 99.35+2.40 2.41
8 BFDGE.HCI 88.90 + 12.30 13.84
9 BFDGE.2HCI 101.96 £ 4.68 4.59
10 BADGE 76.37 £3.20 4.19
11 BADGE.H «y_— 0.80 88.75£9.58 10.80
12 BADGB.ZHCIE 92.49 04.0 97.69 +5.88 6.02
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4.12 The Method Accuracy

Accuracy of the analytical method is indicated by the closeness of the
measurements to its true or accepted value. In this research, back-calculations to
determine the spiked concentration of standards at MQL and 5-fold MQL levels are
chosen as means to determine method accuracy for oil-in-water samples and aqueous-
based sample as described in Experimental Section 3.17. The accuracy of the method

is evaluated by using the recovery of eac

j Iompound as illustrated in Table 4.24.

Recovery data of spi
52 -106% at 5-fold M
yielding recovery (70%
BFDGE.2H,0 (<70%)..
per structure, they have

!2-23 ppb) ranged 49 -110% and
OAC standards for method

eir solubilities in MTBE are

\

low and extraction is senices are not regulated by the

European Union becau

at 5-fold MQL (10-115 ppb) ranged
' Jimplied acceptable accuracy of this
ed foods.

For the spiked lycheé maiti: 411_ ,1'
75-109% which met the AOACs ndar

method for the analysis ot these analytes in agueous-bas ed.c

_:f-r'
| j

g
ﬂumwﬂmwmm
Q“maﬂﬂﬁm URIAINYIAY
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Table 4.24. %Recovery of method at MQL and 5-fold MQL levels for oil-in-water

and aqueous-based samples (n=3).

Oil-in-water-based sample

Aqueous-based sample

No. Compound
MQL level 5-fold MQL level 5-fold MQL level
1 BFDGE.2H,0 48.96 + 0.63 51.63 £ 1.03 100.29 + 4.51
2 BADGE.2H,0 . 68.93 £251 100.02 + 8.57
3 BFDGE.H,0 7 3 +1.49 83.38+£8.90
4 BFDGE.HCILH,0 108.87 £5.02
5 BADGE.H,0 78.61 £7.93
6 7491 £4.91
7 BADGE.HCLH,0 99.35 +£2.40
8 BFDGE.HCI 1.70 88.90 + 12.30
9 BFDGE.2HCI SA3 6 -__" D4.2 :£1.14 101.96 + 4.68
10 BADGE 0026 4 3 K. 76.37£3.20
11 BADGE.H h- ‘E‘ 88.75 +£9.58
T
12 BADGE.ZHCIE - 10991 +8.80 103.58 + J 07 97.69 +5.88
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4.13 Comparison Between Two Sample Preparation Methods

As mentioned earlier, separated extraction methods were used for oil-in-water
samples and aqueous-based samples. When compared chromatograms of sample
blank in fish matrix with spiked fish at 5-fold MQL (Figure 4.10 and 4.11), the blank
chromatogram showed rather clean baseline and excellent baseline resolutions were
obtained in spiked oil-in-water matrix (uncanned fish). Previous sections already

demonstrated acceptable precision and accuracy values.
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Figure 4.10. Chromatograni of fish mat
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Figure 4.11. Chromatogram of spiked fish matrix at 5-fold MQL level.
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The method for aqueous-based samples used lychee in syrup (from can) as
blank. We were concerned that the matrix may be contaminated and may interfere
with our study. However, the chromatogram of blank (Figure 4.12) showed only trace
amount of BADGE and BFDGE derivatives but no interference from other
constituent. Chromatogram of spiked lychee (Figure 4.13) showed excellent baseline

resolution with no background interference.
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4.14 Sample Stability

The stability of analytes should be determined to see how long a sample can
be stored without degradation. The sample stability was determined by extraction of
spiked standard solutions in fish matrix as procedure in Experimental Section 3.10. A
batch of sample was prepared and stored in the same condition up to 42 days. Samples
were pull and analyzed at 8 different intervals using the same HPLC condition in

Table 4.3. The results are summarized in form of Y%recovery in Table 4.25.

!@ ervals, the mean, and acceptable

trol chart. Control charts are

a graphical display of statistical

deviation to set the control

d the lower control limits or

time.

The control chartsfof-almost all analytes throughout 42 days were significantly

deviated fronﬂuu ohirol Jinits Tekoept! BADGESH0, BADGE.HCLEO,

BADGE.HCI, aﬂl BADGE.2HCI as illustrateci;in Table 4.2&, Therefore, it is

@RI IPREIR
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4.15 Method Robustness

Many method development or validation protocols require that sensitivity to
particular parameters be investigated directly. This is usually done by a preliminary
robustness test, in which the effect of one or more parameter changes is observed.
Robustness test provide information on the effect of important parameters to the
analysis. Robustness of our analytical method was investigated by comparing a

reference condition (A) with two varied conditions (B and C):

A is reference condition
: A\
34 °C and extract with 15 mL of feré-

e er (MTBE) 2 times.

B is varied ion 1; using temperature of a rotary evaporator at

mperature of a rotary evaporator at

C is varied#Condit p-using temperature of a rotary evaporator at

. ] C *\ and varied conditions (B and
C) were illustrated in Table'4.27. '/~ \

AULINENTNEINS
PRI TUAMINYAE
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Table 4.26. Comparisons of %recovery of spiked samples of extraction parameters

(A, B, and C as described as below, n=2).

% Recovery

No. Compound
A B C
1 BFDGE.2H,0 65.59 £6.73 65.44 +2.65 73.22 £0.50
2 BADGE.2H,0 80.55+7.84
3 BFDGE.H,0 101.62 +£4.28
4  BFDGE.HCLH,0 82.43 +1.59
5 BADGE.H,0 88.97 £ 1.91
6 BFDGE 86.39 + 1.14
7 BADGE.HCLHO 86.12 £7.54
8 BFDGE.HCI 103.12 £2.25
9 BFDGE.2HCl 87.06 +£2.08
10 BADGE 96.36 +£7.20
9/
11 BADGE.HCI E 103.27 £1.37
12 BADGE.2HCI ¢ 93.30+£2.46 Qs 93.73+437 87.35+£4.02
L™ 0 D

Il

Ais refet%lnce condition; using the temperature of rotary gvaporator at 34 °C
otni R BATHIR NI MBI

is varied condition; using the temperature of rotary evaporator at 40 °C and
extract with 15 mL MTBE two times.
C is varied condition; using the temperature of rotary evaporator at 34 °C and

extract with 30 mL MTBE one time.



917

The recovery results of reference condition (A) and varied conditions (B and

C) were compared by two-tailed paired -test and reported in Table 4.28.

Table 4.27. t-calculated values of two tailed paired #-test at 95% confidence level.

Parameter Pair #-test ; t-critical
Evaporation temperature 0.80
2.20
Number of extraction

Taking the null v pothesis i & significant different in the
%recovery given by ref '\ VO Varie nditions. For 11 degrees of
freedom the critical value®of 2.2 | lie calculated value of | | at
95% confidence level Jfor fcg ' gre ( dition using evaporating
temperature at 34 °C (A) it varied ‘condifi °C (B) equal 0.80. Since the
observed value of | ] is les; the eritical v the null hypothesis is retained and
can be conclude that there is ¥ t caused by changing the temperature
of the rotary evaporator. The' the time of sample preparation,

A l_‘_.-;,l-‘:'.-'
evaporation temperatujg could beused a

The observed vg,\e of |
and (C) was 2.22. Becaupe& exceeded a @ical value then the null hypothesis is

rejected and thﬁ;%ﬁf’%ﬁ%&]%ﬁ]w fia it} cffect on the final result.

Therefore, all safidple preparation muyst be done by extraction tw1ce with MTBE to

AR ) UANINYAY

ce lﬁel between conditions (A)
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4.16 The Determination of BADGE, BFDGE and Their Derivatives in
Real Foods

Various types of oil-in-water and aqueous-based canned foods were randomly
purchased from supermarkets in Bankok metropolitan area. Two cans of the same
products manufactured on the same batch were selected. Types of samples chosen
were sardines in tomato sauce, tuna in brine, orange juice, fruit in syrup, etc. Sample
preparation was performed with procedure in Experimental Section 3.10 and 3.11
followed by HPLC analysis (Tabla\\.\u inal concentrations were calculated
using linear regression equ@;—’l‘éial ‘____ions of BFDGE, BFDGE.H;0,
BFDGE.HCIL.H,0, and I?EEBGI w fewme total sum of all present

peaks. To identify source trorg, the\imKal coatings of the cans were
tested by Beilstein’s te rimental Section 3.20.4). The results of

l‘u.-_-

comparable similar results excﬁpt‘ﬁk I
of different coatlngs _ysed BABéE wgs detected _M?’Out of 42 samples. In 11
samples (25%), BA s GE alone exceeded 1 mg/
The hydrolysis produc‘tjof BADGE were found in levqj up to 2.08 and 3.92 mg/kg
(BADGE.H,0 and BADGE.2H,0). BADGE.2H,0 was found in only 4 samples

o BADG]ﬁauoBe@taﬂlﬁj $68y T el BADGE was totally hydrolyzed

to BADGE.H;O?“IBADGE.ZHZO. The levels of c}}égrohydroxy proqc_i}lcts of BADGE in

preser/ BREVERERIG REJVET IV R B Baocm

BADGE HCI.H,0, and BADGE.2HClI, respectively.

The migration of BFDGE was found up to 8.21 mg/kg. Eleven samples
showed the amount of BFDGE higher than 1 mg/kg. However, the amount of
BFDGE.H,0 and BFDGE.2H,0 derivatives were lower than the hydrolysis products
of BADGE. For the chlorohydrins of BFDGE (BFDGE.HCI, BFDGE.HCLH;O, and
BFDGE.2HCI) concentration reached 16.69, 5.44, and 0.26 mg/kg, respectively.
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The data of extractable contaminants from internal can coatings are illustrated
in Table 4.29. The emptied food cans were extracted with acetonitrile as mentioned in
Section 3.20.3. Of 42 analyzed cans, 19 cases exceeded the sum of the EU regulation.
The coatings of several cans contained higher derivative products than the starting
materials. This could result from reactions with water and chloride in food matrixes.
Or it could also come from the original coating. Furthermore, the Beilstein’s test
revealed the presence of chlorine in both the coatings of cans and lids (Table 4.30).
Positive Beilstein’s test suggested that the coating was organosol. Usually, easy-open
cans used two types of lacquers a&f\g Egéatlve one on the side wall and the
bottom end and a Bellstem- one o n the other hand, classic cans

were coated solely with Bulstem-ncgatﬁe resumably epoxy polymers.

data. We suspected th hydroxy derivatives in food were formed by the

based lacquers for" ing. ° sis products of BADGE
(BADGE.2H,0) was fd,uhd in 36 sampl not BADJBE.HZO. It is possible that
BADGE was complet ghpirolyzed to BADGE.2H,0 in aqueous foods. Another

I'J) %ll‘ig %ﬁd«wﬂaﬂg compounds, which

presented in 35” samples. Amongs these 32 samples, BA[@E.HCI.Hzo and

s0oiB ] o G ) B3 e,

BFDGE.HCI was found as the main product of BFDGE.

group of detec

The Beilstein’s test data in Table 4.33 were negative to young sweet corn in
brine and champignons mushroom in brine (sample no.29-34). However, the
chlorohydroxy derivatives were “detected in foodstuffs. The presence of these
compounds may result from the reactions of chloride from salt with the epoxy rings of
BADGE or BFDGE.
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Our data suggest that the contamination from can coating is in great distress.
Contaminations were detected in all analysis, many at much higher than the EU’s
limit. Sixty-seven percent of oil-in-water based samples and 13% of aqueous-based
samples contained more than 1 mg/kg of these compounds and the highest
concentration reached 22.54 mg/kg. This suggested that the consumer may be ingest
up to 3.5 mg/can of possible toxic substances. Amoung 80 samples of oil-in-water and
aqueous-based foods tested during the course of this work, 41% were contaminated at

levels higher than the EU regulation.

x4

"
0
i¥

AULINENINeINg
PRIAATUAMINYAE




101

4|

6TS 610 £5°0 00 200  SE0 SO’ €1°0 sE'1 I'0 020 AN A v
sauIpJes winx woJ,
$09 920 L9°0 dN €00 aN oIl 1480} vz cro vI'0 AN LE'T 134 1
S B
vI'E  ZI0 170 dN 200 SO0 €L'1 60°0 an 600 800 SO0 zs'0d ANMQ 01
Qlﬂ saulpJes paLy ALnd ulain
1S 600 SY'0 aN 90°0 eso C 1a 6
601 AN AN AN aN (TaN g 8
s£0 daN aN  daN ool % L
vL0 AN anN an ﬁo 9
90 aN AN  aN o8O 5
1 aones ojewol 5 moﬂmv.—&m
001 AN €0°0 100 mm v
€'l AN 00 an ) ; nm €
89T LI'O 80 91'0 200 +T X i 0 : ﬁo.o A z
§ST 910 8L°0 vI'0 100  LTO €L°0 z1o aN 210 ¥I'0  aN ﬁ@ Al..< I
IDHZ OPHIOH' [OH° O'HZ O'H d9ddd [OHZ OHIOH' [IDH° O%HI OH m@%mﬁ
[eloL JUSIUOD POO] "ON

(3%/3w) saAneALISp pue O JO UOHBIUIIUO)D)

q(831/8wr) saAnRALISp pUB FOAVH JO UOHRLIUIIUOD m m

'SPOOJ PaUUED Paseq I2JEM-UI-[I0 Ul SIATBALISP 119} PUe ‘FOUAY ‘IOAVE JO UONENUSOUOD) “§T°p IqEL



102

SL'S 900 €0°0 aN anN €00 el L0 89°C anN 148" aN 'l Zd 144
89°¢ aN 200 aN aN 91°0 66°0 600 8LC aN seo anN wN._Uﬂm €C
a, saulpJes a3yony)
6v'C 11°0 6£°0 €0 €00 €00 0 L00 780 L0'0  LOO anN Qlﬂm.o ﬁlua (44
99°¢ 810 ¥S0-  6¥°0 10 aN ﬂo; HQ 1T
¢
€20 AN aN aN AN g 100 q hl@m wooIysnuw 0z
ﬂ YIM J00YSs ooquieq
970 anN anN aN QV o C 13 UELIE}9FIA PauOSeds 61
iro o=
S6'L anN 1449 600 i 81
J98wIS ynm eung,
(439 anN 1233 90°0 L1
80 200 anN L00 91
[ea)s eun ],
0’0 200 60°0 100 Sl
60'1C 910 IS°1 6991 AN L1ro L¥'0 €0°0 14!
.ﬁﬂ cC Auno u2213 yIod
8¢6  vI'0 Il SL'S anN cro Sv'0 00 aN §60 610 aN ¥9°0 W_m £l
IDHZ OHIOH [DH OWHT O d0ddd [DHT OHIOH [IOH OHT OH mogmﬁlﬁl. -
[L20AH spuelg JUSU0D POO] ‘ON

(8¥/8wr) saAneALISp pue FOJIH JO UOIBIUIIUOD

(8>/8wr) saAnRALISP pue FOAV JO UolRNUadU0)




103

_de=

A =)

gL ¥10 60°C 91'0 AN rAN(} aN aN aN LTl IsC 91’1 Qlﬂm.o ﬁlmm 143

- ALmd uewse Joog
s9or  LI'O ST 620 g ( L ! 68 LTl mm.o Hm €€
60vl 100 AN 800 [ gl 0 aN orb9'1 4% 43
euny yudwnN
1S°C1 aN 170 a mﬂh._ ﬁ 19 Ie
o -
86'1 1o ¥9°0 aN ﬂm.o c| 13
u A1 o1y} pal uayoIyd
£8°C €ro 960 6C
€50 100 aN aN G i BEGED 8¢
ueLe)a3a A pauosed
€0 100 aN anN ’ ek . L
0Z'0 anN aN 100 anN €ro 9¢
dnos ojed uenelefoA
1740 aN aN €00 €00 aN aN S1°0 100 anN aN Y4
OHZ OWIOH IDH OHz O d0ddd [OHT OHIOH IOHT OHe OH doavale -
[el0L spuelg 1U9IU0D POO,] "ON

(85/3w) S9AIRALISP puB FO.IE JO UOHRLUDUOD (8>/3w) saAnRALISP puE FOVE JO UORLUDUOD




104

IDOHZ D4 0§ qdd 6¢'7> ‘OH'TOH dDAdd
Jo s1owost 10§ qdd G£°GT ‘ST'IT ‘00°6 ‘91°L> ‘TOH 'ADAAM Jo s1owost 7 10§ qdd 6/°9 °96°[ ‘OHZADALE 103 ¥6°0> ‘O°H IDAAd JO
s1owos! ¢ 10§ qdd 00°81 ‘S¥'6 ‘St'6 ‘LS v> ‘HOAAM Jo s1owost ¢ 103 qdd 01°8 ‘681 ‘00'T> m_omm.m@ame qdd 660> ‘O*H'IOH'dOAVd

10§ qdd 72°0> ‘IDH"IOAVE 103 qdd £6°1> ‘O*HZ DAV 103 qdd 971> ‘0H'EDAVY ADAY qdd £6°0>) S1qe10910p UOU (AN
sued JISSe[I SI9N9] [[ewS

(—  mado-Asea yym sues :s1o19] ende)

cﬁﬁd&mﬁmo 10] sures 3y} Juasaidal 7y-1V,
6L'6 AN 1o an 100 arghT qco 42
6I'8 AN 800 an an w L1'T C It
UQ.O % Jeo] [1seq 1[Iy yyim eun]
1€sT AN 6€'1 110 aN ﬂ._ = oy
o
vS'TC AN ¢e'T  LTE an ﬂ._ mv 6¢
190 100 aN 100 an q A.l%.o ; 8¢
: A, —
010 aN an 200 OT=¢gN orlbo oo LE
, ollmv ouLIq Ul yeals euny,
9’0 AN €00 an an 200 aN  IT0 AN %_ _.ﬂ_w 9¢
0S'T AN €00 an an 010 00 vTo0 AN 100 ﬁ 93
o
IOHZ OHIOH [IOH OHZ OH H0add [DHZ OHIOH IOH OHZ O doava L&
[el0L spuelg JU9IU0D POO,] "ON

(3>1/3wr) saAneALIap pue GDJAF JO UOIIBIUIIUOD

(8y/8w) saAneALISp pue GOV JO UOHBIUIDUOD)




105

pe6z  88'€ €87 909 AN LSO b0y  LET 861 68 €60 AN 08T TV 2l
sauipJes wn X wWo
Z'0 80T 981 06€ 610 I€0 €8T 9€1 €91 ST LT AN W0T 1V RESEEE W
607 S60 961  STE 800 Ol 8T AN 901  8¥E LTO 980  6I'Y umr I o1
s 1€0 01 g1 AN AN »80 AN w0 LET ozo  g€0 U8l (1@ . 6
2o aN  aN  aN n_:..“:, m 8
Zzo aN  aN  aN an aAdro IC® L
601 aN aN  aN N_.ﬁm_.c mo 9

ol AN aN an o mm_.o o S
. 20nes 0jewo] Ul saulpIeg
oc0 Sdgo mm y

3 4 aN aN aN

o1 aN daN 2 aN d 0 Az €20y ﬂl.wv.o U €
—

I8l Tl 95T €E QN v0 oads1 oV B

Levl zg0 861 T AN dN LT STI ov0  EI'T bEo  LEo nll.wﬁ Gy I

IDHZ OHIOH [OH° OHZ OH d0ddd [OHT OHIOH [OH' O'HT O'H d5avd
[e10L puelg JU2JUOD POO] 'ON
(;wp/3ur) SSAEALISp pue FDAAE JO UOHRRUIOUCD (;wp/3w) SSANALISP pUe OV JO UONENUIUOY q

*Spo0J pauued 9dA31-191em-Ul-[10 JO sued A1dUId WOIJ PIJOBIIXS SPAIRALISP 10y} pue ‘FOALL ‘HOAVE JO UoNenuaouoy 67y 2qe.L



106

991 adN aN aN aN aN §T0 900 810 L1°0 970 1o €0 cd ¥e
£9'Y aN aN aN aN €20 0 171 Lo Lzo TI'r 610 850 U a%_ £C
069  £€0 98°0 €9°l aN €20 10°1 ¥S0 veo 660 E.o €T0 jm.o Ca (44
LS €0  L¥0  OFT 0 e n_ sourpIEs 59yoNY)) s
€€0 AN AN AN an QLE qd nldm wooxysnu 0z
[IIMm J00YS ooquieq
89°0 aN anN anN €1 9_ m~ 0 “w UBLIE}aS9A PaUOSeas 61
ceo0 aN aN anN 81
J08uIS yum eun
661 aN L0l aN Ll
v8°0 aN aN aN 91
yeals eunj,
840 aN aN aN aN aN Sl
949 aN 6’1 9T AN aN aN aN aN 610 S90 14
Auno uaaI3 yiod
123 dN aN 98°0 aN anN dN aN dN S1’o £9°0 €l
C2
[DHZ OHIOH IDH OfHZ OH d9ddd [OHT OHIOH [OH O'HT O'H d5avd
[elI0L spuelgq JUIUOD POO, "ON

(;wp/3u) S9AIRALISP puE FOCAE JO UOHRHUIOU0D (;wp/3w) SIAIBALISP PUE FOAVE JO UOHEIUIOUOD




107

u_mmh.
s€0 AN aN AN aN aN aN  aN  aN €0 _aN AN o Ca pE
8€0 AN an  aN N €10 mm A1md uewse Joog 33
0Tz AN an  LIo an ﬁm.on (2o (4
w ﬁl eung yudump
8¢ AN aN 020 a{n.o ﬂo 1€
sT81 AN VLI AN el ! AN | lae cveoll ) (oo | AN Sef1'0 28 0€
7 SE F __. : ﬂ . A1md YOIy} pal uayoIyD
ISl AN vEYI AN al \...\\_ (0 ! gN oz & aN 10 mm 62
._-... 4 ’ 5 _ -
780 AN an an  da (] 710 « . E.nﬁlﬂaz U 42| 8¢
ﬂ wooJysnw ym aeqqe)
| ‘o ueLIR}o89 A pouoseas
o1 AN L60 AN AN @ a IN . g0y 10 ordan e Lz
8c'8 AN anN 88, AN AN an 9z0 600 aN aN aN .ﬂﬁ.om mmm 9
dnos ojed uereadap
STL AN anN €9 AN AN aN €20 010 aN €€0 €10 TI'0 wm ST
p——
[DHZ OHIOH [IOH OHT OH d5add [OHZ OHIOH [OH' OHT OH moa<mnu
[e10], spuelg JUSIUOD POO "ON

(;wp/3w) SARALISP pUE FOIE JO UOHENUIOUOD

(;wp/3w) S9ANRALISP pue IOV JO UOHENUIIUOD)




108

4! anN anN aN [4%
wl anN anN anN 8%
Jeaj 1seq IIIYo Yim eun ],
€8°LI anN r'Ll anN or
18°L anN 6TL aN 6¢
sT0 aN anN anN 8¢
9v°'0 aN anN anN , _ L LE
) auLIq Ul Yea)s eunj,
$8°0 aN aN anN aN anN anN aN €1ro aN 9’0  SI0 .ﬂ% ﬁle 9¢
0L0 anN aN anN anN aN anN aN €10 aN o aN €10 ﬁo 93
[DHZ OHIOH [DH OHT O'H d9Dddd [OHT O'H'IOH' [OH° O'HT O'H d5avd m

[el0L spuerg JUIUOD POO,] 'ON

ANEEwEV SOANIBALISP puB D1 g JO Uonenuaduo)

(;wp/3wr) S3AlRALISP puE FOAVE JO uonenUIdUC)




109

Table 4.30. Characterization of can coatings for cans of oil-in-water-type foods.

Characterization of can

No. Food content Brands Results of Beilstein test
Type of can
Upper lid  Side wall Bottom end
1 Al <k = s
2 A2 + - “
3 + = <
4 ) + 5 .
Sardines in tomato sauce
5 - -
6 - -
7 - -
8 - -
9 . 5
Green curry fried sar
10 S = s
11 + = =
Tom Yum sardines
12 - -
13 _ _____ = A
Pork green curzy-
14 Y 3 2
15 , . -
Tuna steak ; 3-p, e.0.
16 ‘a & + - -
v Tuna with ginger : PR, i )
18 ¢ — q EUE -
19 Seasofied vegetarian bamboo 2-p, €.0. .
20 shoot with mushroom B2 & _ .
21 Di 3-p, e.0. # ) )
22 D2 + s -
Chuchee sardines ,
23 F1 2-p, €0 o < E

24 F2 +
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Characterization of can

No. Food content Brands Results of Beilstein test
Type of can
Upper lid  Side wall Bottom end
25 El + - -
Vegetarian Palo soup BB,
26 E2 + - -
2 Seasoned Vegetarian El 2-p, €.0 * . )
28 Cabbage with mushroom ® . .
29 + - z
Chicken red thick curry
30 - " -
31 = e
Numprik tuna
32 = :
33 - -
Beef Masman cur;
34 = -
35 - E
36 s -
Tuna steak in brine it 4
37 N— - .
38 = -
39 ) ’r_ F - -
0 g : :
Tuna with chilli basi

41 -9 + E =
o ﬂﬂﬂ?%ﬁ?l%ﬂﬂlﬂ‘i _

’Qﬁﬂﬂﬂﬂ‘iﬁuuﬁﬂﬂﬁﬂﬁﬂ
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Table 4.33. Characterization of cans coatings for cans of aqueous-type foods.

Characterization of can

No. Food content Brands Results of Beilstein test

Type of can
Upper lid  Side wall Bottom end

Orange juice

Tomato juic

10
Coffee
11

12

13

14 7
Lychee in syfup
15 |

s

16 € I2 'Y + - -

18 vX 3

PRIRMNITUUNTINGINE

1

=]

20

21 M1 * = =

22 M2 + & B
Rumbutan in syrup 3-p, e.0.

23 n * “ ®

24 12 + A #
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Charaterization of can
No. Food content Brands Results of Beilstein test
Type of can
Upperlid  Side wall Bottom end
25 N1 + - -
26 N2 + " "
Carbonated beverages 3-p, e.o.
27 01 + = S
28 20 ' + . 5
29 Y [ \ -.j”{/] 8 i i i
oung sweet corn T -p,€lass g
30 i i —_—i2 — n 3
31 - -
32 - -
Champignons mushr6o
33 in brine - -
34 - -
35 - -
36  Pineapple pieces in syrup = =
in brine
37 - -
38 - -

AULINENTNEINS
ARIANTAUNNING 1A Y
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