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Abstract

Domoic acid (DA) molecular imprinted polymers (MIP) were successfully synthesized by a bulk polymerization method using 2-
hydroxyethyl methacrylate (HEMA) as a functional monomer and ethylene-glycol dimethacrylate (EGDMA) as a cross-linker.
Non-imprinted polymers (NIP) were also synthesized using similar procedures, but without the addition of template molecules
(DA). The presence of DA templates in MIP and the absence of DA templates in NIP was proven by Fourier-Transform Infrared
(FT-IR) Spectroscopy, Brunauer, Emmett, and Teller (BET) method, and Scanning Electron Microscopy (SEM) analysis. All MIP
analyses were done using a UV-Vis spectrophotometer. Binding efficiencies of MIP with domoic acid were determined using
batch rebinding experiments, where the optimum mass and time obtained were 5 mg and 15 minutes, respectively. The correlation
coefficients (R?) of NIP and MIP were 0.8989 and 0.9933, respectively. The calculated limit of detection (LOD) was 1.418 ppm,
and the limit of quantification (LOQ) was 4.2983 ppm. An adsorption isotherm experiment indicated that the Freundlich isotherm
model yielded a better fit towards the equilibrium adsorption data. The MIP was successfully applied in the determination of DA
in shellfish tissues of cockles and mussels, where the percentage recovery obtained for the spiked samples was 95.88% for cockles
and 82.71% for mussels.
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Abstrak
Polimer tercetak molekul (MIP) domoik asid (DA) telah berjaya disintesis melalui kaedah pempolimeran pukal menggunakan 2-
hidroksietil metakrilat (HEMA) sebagai monomer berfungsi dan etilena-glikol dimetakrilat (EGDMA) sebagai penghubung silang.
Polimer tidak tercetak (NIP) juga disintesis melalui kaedah yang sama tetapi tanpa penambahan templat molekul (DA). Kehadiran
templat DA didalam MIP dan ketidakhadiran templat DA didalam NIP dibuktikan melalui analisis Fourier-Transform Infrared
(FT-IR) Spectroskopi, kaedah Bruneaur, Emmett and Teller (BET) dan mikroskopi pengimejan elektron (SEM). Semua MIP
dianalisa menggunakan UV-Vis spektrofotometer. Kecekapan pengikatan MIP dengan domoik asid ditentukan melalui ujikaji
pengikatan semula secara berkelompok dimana berat dan masa optima yang diperolehi adalah 5 mg dan 15 minit masing-masing.
Pekali korelasi (R?) bagi NIP serta MIP adalah 0.8989 dan 0.9933 masing-masing. Pengiraan had pengesanan (LOD) adalah 1.4148
ppm dan had kuantiti (LOQ) adalah 4.2983 ppm. Ujikaji isoterma penjerapan menunjukkan bahawa model isoterma Freudlich
menghasilkan data keseimbangan penjerapan yang lebih sesuai. MIP ini telah berjaya diaplikasikan dalam penentuan DA dalam
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tisu kerangan iaitu kerang dan kupang dimana nilai peratusan pemulihan yang diperolehi bagi sampel yang dipaku adalah 95.88%

bagi kerang dan 82.71% bagi kupang.

Kata kunci: molekul polimer tercetak, domoik asid, kerangan, kecekapan pengikatan, neurotoksin marin

Introduction

Domoic acid (DA) is a type of marine neurotoxin that is
responsible for Amnesic Shellfish Poisoning (ASP). It
was first documented in 1987, where consumers
reportedly fell ill after consuming DA contaminated
blue mussels harvested from eastern Prince Edward
Island [1]. ASP can cause several illnesses such as
diarrhea, degeneration of the nervous system in brain,
and short-term memory loss [2]. In the human body, DA
is known as an agonist to the glutamate receptor in the
brain, where it causes disruption of the flow of mineral
ions (Ca, Mg, Zn) across the cell membranes, thus
affecting the hippocampus and amygdale glands in the
human brain [3]. The DA toxin can be transferred to
humans through the food chain via the consumption of
toxic microalgae accumulated in seafood [4]. DA bio-
accumulation in shellfish is aided by filtration of toxic
species of red algae diatom, pseudo-nitzschia [5,6]. The
DA molecule (shown in Figure 1), though unstable due
to the oxidation of the conjugate double bond, has a
strong UV chromophore, marking it as one of the most
easily detected toxins [7].

Domowe Acid

Figure 1. Chemical structure of DA

In order to protect consumers from DA poisoning, i.e.,
ASP, relevant permitted levels of DA concentration are
established by many regulatory authorities, such as in
the EU and USA, which is 20 pg of DA concentration
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per gram (g) shellfish meat [8, 9]. The outbreak of DA
poisoning in shellfish tissue typically relates to the red
tide phenomenon, which occurs during harmful algae
blooms [10]. These blooms can be associated with cool
and high nutrient water discharge from freshwater
reservoirs [11]. Over 52 known species of Pseudo-
nitzschia have been recorded globally, and 27 of these
species are known to produce DA toxins [12]. In
Malaysia, two types of DA producer algaec have been
recorded: Nitzschia navis varingica, which was
discovered in peninsular Malaysia [13], and Pseudo-
nitzschia cuspidata, which was discovered in Borneo
[14].

Researchers have been using many means of analysis to
detect DA in seafood. Instruments such as HPLC, GC-
MS, and LC-UV are known as the established
instruments used for the accurate and precise analysis of
DA [15, 16]. However, these methods of analysis are
time consuming and expensive. Therefore, in order to
provide an alternative sensing method for DA detection,
molecular recognition using imprinting polymers is
being studied.

Molecularly imprinted polymers (MIPs) are specially
designed sorbents that exhibit enhanced selectivity
towards a specific structure [17, 18, 19]. They are able
to obtain high affinity, robust and stable artificial
receptors for the analyte of interest in harsh chemical
and physical conditions [20, 21, 22]. The template binds
with cross-linkers, monomers, and initiators to produce
a set of imprinted memories for the target molecule [23].
The working mechanism of MIPs used in this study is
shown in Figure 2. Template molecules (DA), monomer
(HEMA), cross-linker (EGDMA), initiator (BPO), and
solvent (DMSO) were used for the synthesis of MIPs.
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Figure 2. The schematic diagram for the working mechanism of MIP

The pre-polymerized solution was refrigerated for 1
hour in order to slow down the interaction between
existing compounds in the solution with oxygen [24].
The polymerization of the MIP was conducted under
low temperature conditions ranging from 40°C to 60°C.
The cavities were formed by a washing method where
the MIP was immersed in methanol/acetic acid (9:1, v/v)
to remove the template (DA) [25]. The cavities provide
a set of imprinted morphologies and memories capable
of selectively binding the template. The imprinted
polymer formed after template removal was used in this
study to determine the adsorption capacity of MIP with
DA.

Materials and Methods
Chemicals and samples
Domoic acid (DA), ethylene glycol dimethacrylate
(EGDMA, 98%), hydroxyethyl methacrylate (HEMA,
98%), and benzoyl peroxide (BPO) were purchased
from Merck. All other chemicals used in polymer
synthesis including acetic acid, methanol, dimethyl
sulfoxide (DMSO), and acetone were all analytical
grade, and were purchased from Sigma Aldrich.
Shellfish samples (cockle and mussel) were purchased
from local fishermen and grocery stores.

Instrumentation

The characterization of MIPs and NIPs was conducted
using Scanning electron microscopy (SEM), Fourier
Transform Infrared (FTIR) spectrometry, and Brunauer,

Emmett, and Teller (BET) Analysis. Meanwhile, the DA
detection analysis was performed using Ultraviolet-
Visible (UV-VIS) Spectrophotometer.

Synthesis of molecularly imprinted polymers

DA MIP was synthesized by a non-covalent bulk
polymerization method. 313.3 pL DA template
molecule and 520 pL of monomer (HEMA, 98%) were
added into a beaker containing 4.9ml of DMSO. The
solution mixture was allowed to stand for 5 minutes.
Then, 3.96 mL of cross linker (EDGMA, 98%) was
added into the solution, followed by 0.20g of benzoyl
peroxide, to initiate the polymerization process. The
solution was sonicated for 20 minutes and cooled at -
20°C for 1 hour. Then, the polymerization process of
MIP was allowed to occur at 40 °C - 60°C for 24 hours
using a water bath. The polymers obtained were then
filtered and dried for 6 hours at 50°C in an oven.
Meanwhile, NIP was synthesized with the same
procedure as MIP, but without the addition of a template
molecule.

Removal of DA template molecule from MIP

A template removal process was conducted to remove
the imprinted DA molecule from the polymer matrix. A
successive immersion technique was implemented for
the removal of the template. The imprinted polymer was
immersed in methanol/acetic acid (9:1, v/v) and shaken
using an orbital shaker at 160 RPM for 24 hours at room
temperature. The supernatant was filtered and analyzed

355



Muhamad et al.: MOLECULARLY IMPRINTED POLYMERS FOR DOMOIC ACID DETECTION IN

SELECTED SHELLFISH TISSUE

to confirm the removal of DA from the MIP. The
template removal procedure was conducted until no DA
was present in the collected supernatant. The MIP
powder was then washed with methanol to remove
excess acetic acid. Lastly, the polymer particles were
washed with distilled water to remove the remaining
solvents. The end product was dried in an oven at 50°C
for 6 hours.

Characterization of MIP and NIP

MIPs and NIPs were characterized before and after the
template (DA) removal. Morphology and physical
characterization studies were carried out using Scanning
electron microscopy (SEM), Fourier Transform Infrared
(FTIR) spectrometry, and Brunauer, Emmett, and Teller
(BET) Analysis.

Batch rebinding experiment
Batch rebinding experiments
evaluate the performance of MIP binding capacity with
DA. Mass and reaction time data was collected using
UV-VIS spectrophotometer analysis. The data was
analyzed using the Langmuir and Freudlich isotherm
model in order to determine the heterogeneity and
binding affinity of the MIP with DA.

were conducted to

Reproducibility and Reusability of MIP

Three batches of synthesized MIP were analyzed for
their reproducibility by testing their responses with DA
analyte for five times. The reusability of MIP was also
tested by measuring several detection responses of DA
analyte with the same MIP. This involved the repeated
processes of reacting, re-washing, and re-reacting MIPs
with DA analyte for five reusability cycles. The
absorptivity of DA was measured and recorded, and the
percentages of relative standard deviations (%RSD)
were calculated for the reproducibility and reusability
performance of MIP.

Analysis of real samples

The 20g of shellfish tissue and viscera was blended in
25 mL of distilled water and extracted by immersing 10
mL of pureed shellfish samples with 40 ml of
methanol/distilled water (1:1; v/v) in a centrifuge tube.
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The sample mixture was shaken with a vortex and
filtered using a filter paper. The remaining filtered
mussel puree was removed and the supernatant collected
was labeled as shellfish samples. Spiked and non-spiked
samples were prepared by injecting Sppm of DA for the
spiked samples. The spiked and non-spiked shellfish
samples were poured into clean vials, labeled, and
refrigerated for storage at 4-5°C for further use.

Results and Discussion

Synthesis of MIP and NIP

The MIP and NIP were successfully synthesized through
a non-covalent approach using the bulk polymerization
method. The functional monomer, HEMA was used in
the polymerization process for its neutral functionality,
stability, and resistant bond strength [26]. Previous
research by Ceolin et al. [27] has proven that the highest
imprinting factor for MIPs can be achieved by using the
molar ratio of 1:3.5:19.5 for templates, monomers, and
cross-linkers. The MIP was synthesized using a 1:4:20
molar ratio of DA template to HEMA monomer to
EGDMA cross-linker to provide an MIP with the
highest affinity sites, higher selectivity, and adsorption
capacity towards analogous compounds [28]. According
to Cormack, the ratio of 1:4 of template to functional
commonly used in non-covalent
polymerization in favor of the template for the formation
of imprinted binding sites. Large amounts of functional
monomer will influence the adsorption effect and pore
volume of the MIP. Additionally, the molar ratio of
template to cross linker (EGDMA) used in the
polymerization process is 1 to 20. The polymer to cross-
linkers ratio in excess of 80% is often used in the
polymerization method. The amount of EGDMA in MIP
was studied by Zhao et al., proving the significant effect
of cross-linkers dosage on the recognition and
adsorption ability of the imprinted polymers. A low
amount of EGDMA will cause poor stability and
deformation of the polymer cavity, wherein, a high
amount of EGDMA will affect the removal process of
the template molecule. The polymerization process of
MIP was initiated with the presence of BPO in DMSO.
The final product obtained was in the form of white
powder for both NIP and MIP [29, 30].

monomer is
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Characterization of MIP and NIP: Scanning electron
microscopy

The structure and surface morphology of MIP and NIP
were observed by using a Scanning Electron Microscope

EFraCHE.  eeTT

(SEM) at a magnification of 1000x. The NIP and MIP
were synthesized in the form of white powder. The SEM
micrographs for MIP and NIP are shown in Figure 3.

Figure 3. The morphology of MIP and NIP under SEM. A1 and A2 indicates the NIP before and after template
removal. Meanwhile, B1 and B2 refer to the MIP before and after template removal

The NIPs before and after the template removal process
(A1, A2) exhibit clean surface characteristics with no
distinctive pores. The NIP was synthesized without the
presence of a template (DA). The NIP after template
removal (A2) shows a rougher surface characteristic,
which was caused by the removal of unreactive
substances from the polymer.

The MIP-DA complex can be seen in Figure 3 (Bl and
B2). The pore diameter in B2 is clearer and more
prominent when compared to B1. These pores in MIP
are the cavities used for embedding the DA template
molecule. After the template removal process, the MIP
surface was cleaner as all the unreactive particles were
flushed from the imprinted polymer, showing complex
binding sites and a more distinctive shape than NIP. This
difference may be caused by the stable interaction
between DA and monomer, where the template was

successfully imprinted onto the polymers during the pre-
polymerization process. From Figure B1 and B2, it can
be seen that both prepared polymer particles are non-
spherical and not completely in uniform size and shape,
as well as aggregation. This might be caused by the
structure of monomer (HEMA) which is quite
complicated and has a branched hydrocarbon tail when
compared to other monomers such as methacrylic acid
(MAA). Therefore, a homogenous spherical shape was
unable to be maintained for both MIP and NIP. Another
possible reason might due to the inconstant temperature
setting (40 °C - 60°C) utilized in the polymerization
process. According to Mayes and Whitcombe (2005)
[31], the polymerization temperature should be
controlled to stabilize the interactions between template
and monomer. Low polymerization temperature and low
polarity solvents will favor the hydrogen bonding
interactions.
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Fourier transform infrared

The NIP, MIP-DA, and leached MIP were analyzed
under FT-IR spectroscopy as shown in Figure 4. A wide
OH stretch can be seen at 3471.68 cm’!, which might
indicate the presence of carboxylic acid from the ester
group. The presence of imine group (-NH) can be seen
at the wavenumber 3408.22 cm™', where a weak stretch
in MIP-DA and MIP spectra exists. The intensity of the
NH stretch in MIP is lower than MIP-DA; this might be
due to the lack of DA presence in MIP after template
leaching. The peak of sp®> CH can be seen at 2954.95 cm®
!, The intensity of the sp3 CH stretch is almost similar
for NIP and MIP-DA, while MIP shows a decrease in
the peak intensity. The decrease of peak intensity in the
leached MIP might indicate the successful removal of
unreacted particles in polymers. At 1720.50 cm™, a peak
of C=0 stretching can be seen, with NIP and MIP-DA
spectra exhibiting the highest intensity value, albeit
MIP-DA spectra showing a slight decrease in intensity,

due to the ester groups of EGDMA [32]. The decrease
in intensity of C=0 in MIP-DA might be due to the
reaction of the cross-linker and DA in the polymer
matrix. The low intensity of C=0 functional group in
MIP might be due to the successful removal of the
template (DA). A peak of N-H bend at 1581.63 cm™! can
be seen in MIP-DA and MIP spectra, indicating the
presence of DA in the imprinted polymer. The O-H bend
of carboxylic acid was exhibited at 1444.68 cm™' which
can be seen present in all spectra. The presence of OH
functional group denotes the esters of monomer and
cross linkers in the polymer matrix. The stretching of C-
O functional group was exhibited by all the spectra at
1188.15 cm™ and 1139.93 cm!. The C-O peak of MIP
shows a lower intensity than NIP and MIP-DA, as the
unreactive particles were removed from the polymer
during the leaching process. The sp2 CH bend of alkene
can be seen at 991.34 cm™! in the spectra of NIP, MIP-
DA, and MIP.
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Figure 4. Infrared spectra of Non-Imprinted Polymer, NIP, Molecular Imprinted Polymer, MIP-DA, and MIP after

template removal

BET porosity analysis

Figure 5 shows the adsorption-desorption isotherm
analysis for NIP, MIP-DA, and MIP polymer matrix.
The physisorption isotherm of all polymer matrices
exhibits a type IV isotherm. Type IV isotherm is a

monolayer-multilayer  adsorption and  capillary
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condensation with complete pore filling. The result
indicates that the polymer matrix is mesoporous, with
pores in the range of 1.5 — 100 nm. The type IV isotherm
can be characterized by capillary condensation which
occurs in mesoporous polymer structures that exhibit a
hysteresis loop. In Figure 5 (A), the NIP exhibits H4
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type, where polymer contains narrow slit pores
including the pores in the micropores region, which
conclude that no existing imprint is present in the NIP
polymer matrix [33]. Figure 5 (B) and 5(C) prove that
MIP was included in the H3 hysteresis type, indicating
that the imprinted polymer structure is a non-rigid
aggregate with slit shaped ‘ink-bottled’ pores [34].
Figure 5(C) shows a slightly wider adsorption and
desorption region, which indicates an increase in the
pore size of MIP after the template removal process.
This can be further proven by Table 1, where the pore
size of MIP before and after template removal is 11.7nm

and 12.9nm respectively. The surface area and pore
volume of NIP is 102 m?/g and 0.29 cm?/g respectively
as shown in Table 1, which is smaller than MIP (a) and
MIP (b). The result indicates that almost no imprint
exists in NIP.

The resulting pore size of NIP might be due to swelling
of non-rigid pores in the polymer matrix during the
condensation process. The pore size of NIP, MIP(a), and
MIP(b) is in the range of 0-100 nm, which verifies that
the polymers are mesoporous.

A (B)

bthwrrs i Plot

)

R )
Pt Provson (52"

Figure 5. BET adsorption-desorption isotherm analysis of NIP (A), MIP-DA (B), and MIP after DA removal (C).
Quantity adsorbed (mmol/g) versus relative pressure (p/p°)

Table 1. Analysis of MIP and NIP porosity using BET

Sample Surface
Area
(m?/g)
NIP 102
MIP a 170
MIP b 153

Pore Pore
Volume Size
(cm’/g) (nm)
0.29 11.5
0.50 11.7
0.49 12.9

a: before template removal, b: after template removal

Validation study of DA standard solution

The standard solution of DA was validated using a UV-
VIS spectrophotometer at wavelength of 242nm. The
validation study was conducted for DA of various
concentrations in distilled water. The absorbance value
of domoic acid was used to construct a calibration plot
as shown in Figure 6. The increasing absorbance value

was clearly shown with increasing DA concentration.
The regression correlation for the calibration curve is
R?=0.9888 with a slope value of 0.051. The limit of
detection (LOD) and limit of quantification (LOQ) for
DA was calculated using the formula,
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3.30

_ 100

LOQ=— 2

Where o refers to the standard deviation of the response
and S is the slope value from the calibration curve. The
LOD and LOQ values calculated for DA using the
formulas are 1.418 and 4.2983 ppm, respectively.

1.200 -
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Abs (a

0.400 -

0.200 -

y=

0.051x - 0.0789
R?=0.9886
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5 10

-0.200 -

Concentration of DA (ppm)

15 20 25

Figure 6. Calibration plot of absorbance (a.u) against concentration of DA (ppm)

Batch rebinding experiments: Adsorption capacity
of DA with MIP

The effect of immersion time and mass of molecularly
imprinted polymer over domoic acid adsorption
capacity was investigated for optimization purposes.
Figure 7 shows the graph of adsorption capacity, Q.
against immersion time of different masses of MIP with
DA at fixed concentration. The binding capacity of MIP
was calculated using formula 3.

_ (Ci—CpV
m

Qc 3)
Where Q is the adsorption capacity (mg/g), Ci and C¢
indicate the initial and final concentrations of DA (ppm),
V is the volume of the aqueous solution (ml), and m is
the weight of the polymer (g).

The increasing trend of adsorption capacity (Q.) values
for MIP against time in different imprinted polymer
weights from zero to fifteen minutes is shown. From 15
to 25 minutes of reaction time, no significant difference
in Q. values can be seen, indicating that the equilibrium
concentration of DA in the system was achieved.
Meanwhile, the increasing mass of imprinted polymer
shows a significant decrease in Q. values of the MIP-
DA reaction. In Figure 7, 5mg of MIP shows the highest
adsorption value when compared to other masses of MIP
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used in the study, with a significantly large Q. value.
Low adsorption capacity shown in 10mg, 15mg, 20mg
and 25mg of MIP was contributed by deep imprinted
pores that cause the bleeding of excess templates in
molecular imprinted polymer, resulting in the collapse
of the equilibrium system [35]. The equilibrium
adsorption capacity for MIP was achieved with the best
reaction time and mass of MIP at 15min and 5mg,
respectively. The optimum weight and reaction time
obtained were Smg and 15min, respectively.

Reaction response of DA with NIP and MIP

The study for reaction response of NIP and MIP with
different concentrations of DA was conducted to
determine the selectivity of the sensing system at
equilibrium condition as shown in Figure 8 below. The
adsorption capacity of DA from a concentration of 1 to
20 ppm shows increasing values for both MIP and NIP.
The positive value of adsorption capacity for MIP shows
an increasing trend from lppm to 20ppm. However, the
Q. value for MIP is not significantly large. The results
might be due to the low imprinting effect of the MIP
where weak imprinted complexes are formed due to the
dominant role of the cross-linker during the pre-
polymerization process [36]. The adsorption capacity of
NIP during the adsorption study shows positive results
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starting from 10ppm to 20ppm, which indicates the
presence of non-selective binding sites on the surface of
the polymer. This might be due to the swelling of

polymer surface and the hydrogen bonding interaction
between the COOH functional group of DA and the
acidic non-specific binding sites of NIP [37].

1.6 e SMg
el
1.4 + —} i 10mg
12 15mg
e 2 0
! e SZ

o
o

<
~

——0—0

Adsorption Capacity, Qe
j=J
(o]

e

<
o

(=]

15 20 25 30
Time, min

Figure 7. Optimization study of MIP with mass and time as the parameter

—_
1

R2=10.9933 @ Qe MIP

m Qe NIP

R>=0.8989

Adsorption capacity, mg/g
[\S)

10

Concentration, ppm

15 20 25

Figure 8. The adsorption capacity of NIP and MIP with various concentrations of DA in equilibrium condition

Adsorption isotherm study

Adsorption isotherm is described as the retention
(release) of substances on a solid
concentrations [38]. The Langmuir isotherm is defined
as a system where homogenous adsorption of fixed,
localized, identical sites project similar affinities to
adsorbate, where no further reaction occurs approaching

in various

equilibrium saturation point [39]. The model can be
linearized and non-linearized according to the formulas
4 and 5 shown below.

_ QoKLCe
Qe = 1+K1Co @
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L ©

e \Qoki/ce ' Qo

Where Q. indicates the binding capacities at equilibrium
(mg/g); Q. denotes the maximum adsorption capacities
of the adsorbate (mg/g); Kp refers to the Langmuir
constant (L/mg); C. is the concentration of domoic acid
at equilibrium (ppm). The data was fitted into a
Langmuir isotherm model of 1/C. versus 1/Q. as plotted
in Figure 9(a). The separation factor, Ry, of the Langmuir
isotherm was calculated using formula 6.

1
1+K1.Co

(6)

L

Where K indicates the Langmuir constant (L/mg) and
Co refers to the initial concentration of DA (ppm).

a) Langmuir adsorption isotherm

The Freundlich isotherm model is used to analyze the
adsorption isotherm in order to define the surface
heterogeneity and adsorption intensity of the adsorbate
sites. The linear and non- linear equations of the model
indicated as shown in formula 7 and 8,
respectively.

were

1
Qe = KfC;' (7
logQ. = logK; + %logCe ®)

Where Ky indicates the adsorption capacity (L/mg) and
1/n refers to the adsorption intensity. This isotherm
model was fitted into a graph by plotting log C. against
log Q. as shown in Figure 9(b).

b) Freundlich adsorption isotherm

1.6 -

14 1 y=6.0926x - 0.1122
R>=0.997

1.2 1

0 0.1 1/Ce 0.2 0.3

0.9 -

0.7 A

y=1.2132x - 0.8887
R*=0.9986

0.5 1

log Q,

0.3

0.1

0.4 0.6

0.8
log C,

Figure 9. The graph of adsorption isotherm model study of MIP with DA where; a) Langmuir adsorption isotherm,

b) Freundlich adsorption isotherm

The separation factor (Rr) value was used to conclude
the favorability of adsorption. Ry values more than 1
indicate that an unfavorable adsorption occurs in the
system. Linear adsorption occurs when Ry = 1, while
irreversible adsorption occurs when R.=0. However, 0
<Ry <1 indicates favorable adsorption [40]. From table
2, the Ry values for the Langmuir isotherm were
calculated, where Ry >1. It indicates unfavorable
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adsorption reactions occurring in the environment. The
value of Ky is less than zero, which implies that a large
surface area and pore volume of MIP results in a lower
adsorption capacity [41].

The experimental data was fitted into the Freundlich
isotherm model in order to define the surface
heterogeneity and adsorption intensity of the adsorbate
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sites. Meanwhile, for the Freundlich isotherm model, the
value of 1/n that represents the adsorption intensity is
more than 1, indicating cooperative adsorption between
DA and MIP.

The R? of the Freundlich model is 0.9986 which is
approaching 1 compared to the Langmuir model where

the R? is 0.997. From R? values, the Freundlich model
isotherm is better fitted for DA and MIP binding systems
rather than the Langmuir isotherm model. The result
suggests that multilayer chemisorption occurs for DA in
MIP [42]. The calculated data for parameters
representing the Langmuir and Freundlich isotherm
models is tabulated in Table 2.

Table 2. Constant parameters of Langmuir and Freundlich Isotherm model for MIP

Isotherm Model Langmuir Freundlich
Equation y=6.0936x-0.1122  y=1.2132x-0.8887
Q. (mg/g) -8.9126 -
Kt (L/mg) -0.0184 -
RL 1.1013 -
I/n 1.2132
n 0.8243
K (mg/g) 0.4112
R? 0.997 0.9986

Reproducibility of MIP

This study was conducted to analyze the effectiveness
and practicability of the preparation method and whether
it can be reproduced in its entirety under changing
conditions [43]. Five batches of MIP were synthesized
in triplicates under optimized conditions. The data
collected was analyzed, and a graph was constructed (as

shown in Figure 10) to exhibit the reproducibility of the
MIP sensing system. The five (5) batches of MIP
showed no significant difference in absorbance values.
The %RSD for the reproducibility of MIP was
calculated, with the value ranging from 3.22% — 5.19%
(n=5). The low values of %RSD reflect the good
performances of MIP in DA determination.

5 0.12

Absorbance.
o 2

o o °

N o0 —

0.04
0.02

3 4 5
No. of MIP batch

Figure 10. The reproducibility study of MIP in optimized condition

363



Muhamad et al.: MOLECULARLY IMPRINTED POLYMERS FOR DOMOIC ACID DETECTION IN

SELECTED SHELLFISH TISSUE

Reusability of MIP

Reusability is defined as repeat measurements made on
the same subject under identical conditions. The
reusability study was conducted by using one (1) set of
MIP for five cycles of DA adsorption. The MIP was re-
washed and re-used to reflect the reusability of the
sensing system. The absorbance values for each cycle in
the reusability analysis are shown in Figure 11. From
Figure 11, cycles 1 to 3 show no difference in

absorbance values, indicating the stability in DA
detection. However, the fourth cycle shows a high value
of DA present in the system. This condition might occur
due to the bleeding of un-leached template molecules
that are retained in the MIP from the first three cycles.
The %RSD value calculated for the reusability test is
2.97% (n=5), which indicates the suitability of MIP as a
disposable sensor for the detection of DA, which can be
used three times.

0.185 1
0.18 -
0.175 A
0.17 A

Absorbance, a.u

0.165
0.16
0.155 A
0.15 -
0.145
0.14
0.135 A T T
1 2

3 4 5

Cycle

Figure 11. The reusability of MIP for adsorption of DA in 5 cycles

Application of MIP with real samples
The selected shellfish (cockle and mussel) used for this
study were purchased from local fishermen and grocery

stores. Table 3 shows the final concentration and
percentage recovery for spiked and non-spiked cockle
and mussel samples.

Table 3. Spike and recovery results of domoic acid in cockle and mussel tissue

Types of Non- Spiked (5 ppm)
Shellfish spiked Final Concentration, %
ppm Recovery
Cockle Undetected 4.79 95.88
Mussel Undetected 4.13 82.71
From the initial concentration (5ppm) of DA used, Conclusion

4.79ppm and 4.13ppm were recovered from the spiked
tissue of cockle and mussel, respectively, using the MIP
sensing system. The percentage recovery for cockle and
mussel was calculated to be 95.88% and 82.71%,
respectively. However, no DA was presence was
detected from non-spiked samples when analyzed using
UV-VIS spectrophotometry.
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In this study, a selective and sensitive MIP sensing
system was successfully synthesized using non-covalent
bulk polymerization techniques. The lower values of
%RSD for reproducibility and reusability of MIP
indicate better performances for the sensing system.
From the adsorption isotherm analysis, the Freudlich
isotherm model was found to be a better fit for analyzing
the binding affinity of MIP with DA. The MIP sensing
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system for DA was successfully applied to real samples
(cockle and mussel).
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