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Abstract: Chloramphenicol is an antibiotic commonly used in aquaculture. The overuse of antibiotics poses a danger. CAP
will precipitate, and the residue will accumulate in the human body, threatening human health. Efforts are made to make
media to overcome the CAP problem, one of which is the manufacture of molecularly imprinted polymers. The characteristic
of this polymer is a mould or template that is reacted during synthesis and then withdrawn in the extraction process to form
a selective mould. One factor that affects extraction is temperature. This study aimed to determine the effect of extraction
temperature on chloramphenicol adsorption. The polymerisation was carried out using the precipitation polymerization
method, and extraction was done using the batch method. The test used diazotation-based Uv-Vis spectrophotometry. The
temperatures used were 60,70 and 80°C, which resulted in extraction percentages of 75.64%, 89.63% and 74.08%,
respectively. For the adsorption process, the concentration variation for each MIP was 10, 25, 50, 75 and 100 ppm. Higher
concentrations resulted in more adsorption, but the 100 ppm concentration decreased. The test showed that temperature
affected the extraction and CAP adsorption results. Polymer characterisation was carried out with FTIR Polymer NIP results
showing the presence of NO; groups characteristic of CAP found at wave numbers 1536 cm™ and 1322 cm™ In MIP, there

is an Imprinting Factor (IF). The IF value obtained is more than 1, so it can be said that the moulding results are good.
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Introduction

Molecularly imprinted polymers are a synthetic
polymer that can recognise specific target molecules;
compared to commonly used adsorbents such as activated
carbon, molecularly imprinted polymers exhibit higher
selectivity and greater reusability [1]. The MIP method
continues to be developed because it is easy to make
polymers and inexpensive. MIP is also used on many target
molecules, known as templates. Several studies have been
conducted regarding MIP with various templates, such as
using nano caffeine [2] carbaryl [3] atenolol [4] template
and, in this study, chloramphenicol (CAP) [5].

CAP is commonly used to treat bacterial diseases in
farmed fish such as shrimp and ornamental fish. CAP
antibiotics can increase the growth and production of aquatic
products [6]. The continual use of antibiotics on biota can
also lead to the accumulation of residues. Aquaculture
products consumed by humans can cause accumulation and
threaten human health. CAP antibiotics can cause bone
marrow suppression, leukaemia, and aplastic anaemia in
humans [7].

The creation of imprinted polymers begins with
polymer synthesis to form NIP (Non-Imprinted Polymer).
The synthesis process is carried out by mixing template
(CAP), monomer (methacrylic acid), and crosslinker
(ethylene glycol dimethacrylate) using the precipitation
polymerization method [8]. The composition of materials for
NIP synthesis has been optimised. In previous research, the
best results were 1: 3: 18 (mmol) [9]. After that, polymer
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extraction was carried out. The purpose of extraction is to
remove the template in the polymer so that the polymer takes
the form of a template mold. The type of solvent, soaking
time [3], and extraction temperature [10] are the determining
factors for the success of MIP extraction. Therefore, this
study varied the extraction temperature to determine its
effect on chloramphenicol adsorption.

The choice of temperature variation is important
because too high a temperature can damage the polymer
[10]. The temperature variations used are 60 °C, 70 °C, and
80 °C extraction with variations in CAP concentrations of
10, 25, 50, 75, and 100 ppm in each MIP.

Extraction using the maceration method (batch) is by
direct immersion in a solvent. The solvent used was
methanol with acetic acid. The solvent was chosen because
the polar solvent, with the addition of acid, can break the
template bond with the monomer so that the template can be
pulled from the polymer, forming a cavity according to the
mold [11]. The adsorption process is carried out using the
batch method, namely direct contact with the adsorbent for a
specified time. The success of MIP can be seen in the value
of adsorption ability and the Imprinting Factor (IF) value
[12]. IF can be calculated from the results of MIP adsorption
with blank polymer adsorption (PB).

In previous studies, there were several methods used
to analyse CAP, namely High-Performance Liquid
Chromatography  (HPLC) [13], Enzyme  Link
Immunosorbent assay (ELISA) method [14] and Liquid
Chromatography-Electrospray lonization Tandem Mass
Spectrometry (LC-ESI-MS) [15]. One of the shortcomings
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of analysis with this method is that the test requires
expensive costs, a long time that can cause the test to be less
accurate, and the operation of the tool is difficult, which
requires a specialised technician. Based on this, this study
was conducted using a simpler method, namely the
diazotation method, for forming azo compounds. The test
was conducted using a UV-Vis spectrophotometric
instrument [16].

Research Methods
Materials

Black lid Erlenmeyer (lwaki Pyrex), magnetic
hotplate stirrer (WiseStir MSH-20D), thermometer, vortex
(Wizard IR Infrafed Vortex Mixer), analytical balance,
micropipette, volume pipette, test tube, UV-Vis
spectrophotometry (Shimadzu UV-1800), and Perkin Elmer
FTIR  spectrophotometry.  Chloramphenicol  (Sigma
Aldrich), ethylene glycol dimethacrylate (EGDMA),
methacrylic acid (MAA) (Sigma Aldrich), benzoyl peroxide
(BPO), methanol (Merck, Germany), ethanol (Merck,
Germany), acetonitrile (Merck, Germany), nitrogen gas (N2)
(UHP), acetic acid (Merck, Germany), aquabides, formic
acid (Merck), Zn powder (Sigma Aldrich), 37% concentrated
HCI, NaNO; (Sigma Aldrich), ammonium sulfamate (Sigma
Aldrich), and N-(-1-Naphthyl)ethylenediamine
dihydrochloride (Sigma Aldrich).

Methods
Synthesis of Non-Imprinted Polymers (NIP)

The NIP synthesis process followed the procedure
(Sianita et al., 2019). Acetonitrile as a porogen, 1 mmol of
chloramphenicol (CAP) as a template, 3 mmol of
methacrylic acid (MAA) as a monomer, and 18 mmol of
ethylene glycol dimethacrylate (EGDMA) as a crosslinker.
To assist the polymerisation process, benzoyl peroxide
(BPO) was used as an initiator and nitrogen gas was
supplied. The materials were mixed, then put in a water bath
at 70 °C with stirring until they became a paste and dried in
an oven at 40 °C. Polymer blanks were prepared in the same
way without the presence of a template.

MIP Extraction

Molecularly Imprinted Polymer is made using
template removal extraction. Extraction by maceration
method by soaking 0.5 grams of NIP in a mixture of
extractants, namely methanol and acetic acid, in a ratio of
80:20 (v/v) [11]. The mix of NIP and extractants was
extracted in a bath with 60, 70 and 80 °C temperature
variations. The extraction was carried out for 5 hours with a
stirrer. The extraction results were vacuumed and washed
with methanol, acetonitrile and aquabides to remove the
remaining extractant on the polymer, then oven-dried at
40°C.

CAP adsorption using MIP as an adsorbent

Batch method adsorption was conducted by adding
0.05 grams of MIP to a test tube and 25 mL of 10, 25, 50, 75,
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and 100 ppm CAP solution. The mixture was vortexed for 20
minutes. The adsorption results were filtered, and the
resulting  filtrate  was  tested using  UV-Vis
spectrophotometry.

Analysis CAP by spectrophotometry UV-Vis with the
Diazotation Method

Reduction of CAP with Zn and 90% formic acid.
Furthermore, the formation of the diazo salt filtrate was
taken 7 mL and HCI, 0.2% nitrite acid and 0.5% ammonium
sulfamate were added. The solution of each 1 mL of each
addition is carried out in the cooling process. The diazo salt
filtrate is coupled with the addition of 0.1% Naphthyl and
forms a purple colour to be tested with Uv-Vis
spectrophotometry at a maximum wavelength of 567 nm.

Results and Discussion
Polymer Synthesis and Extraction

NIP synthesis is making polymers by mixing
templates, porogens, monomers, crosslinkers and initiators.
The synthesis is carried out using the precipitation method.
Precipitation polymerization on MIP is an effective
technique for synthesising MIP by understanding the basic
principles and factors that influence it; then, the synthesis of
MIP can be done specifically [8]. Next, the template
extraction process is carried out from the polymer to form
the mold cavity. The template extraction process uses a batch
extraction or maceration method. This method is a simple
extraction method; the solvent will be in direct contact with
the polymer and then assisted with the stirring process using
amagnetic stirrer. So this method has the advantage of being
easy to do and can produce good MIP cavity printing [17].
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Polymer Characterization with FTIR

Characterization with Fourier Transform Infa-Red
(FTIR) instrument to determine the functional groups
contained in the polymer. The working principle of FTIR is
the interaction between energy and matter. Infrared light
passes through the sample slit to control the amount of
energy delivered to the sample. The sample then absorbs
some infrared radiation while other infrared radiation is
transmitted through the sample surface. Furthermore, the
infrared light passes through the detector, and the measured
signal is sent to the computer and recorded in peak form [18].
This study's characterization with FTIR aims to determine
the differences in functional groups contained in blank
polymers (PB), NIP, and MIP. Pure Chloramphenicol (CAP)
testing was also carried out to compare the presence of CAP
in the polymer.
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Figure 2. Spectrum FTIR

The figure compares FTIR spectra of blank polymer
(PB), NIP, MIP and CAP. In the NIP spectrum, the -NO;
group was found at wave numbers 1536 cm™ and 1322 cm™.
The presence of nitro groups indicates that there is CAP in
the NIP polymer. The -NO; group is a typical group of CAP
groups that can be proven in the CAP spectrum. The -NO;
group is found at 1561 cm™ and 1342 ¢mt Wave numbers - Ag jpy
the research [9] on NIP, the -NO; group was found at wave
numbers 1521 cm* and 1348 cm™. Furthermore, the MIP and
PB spectra did not find the -NO; group. MIP indicates that
CAP has eluted during the polymer extraction process, while
PB indicates that PB was successfully made as a control
polymer that does not contain CAP.

Analysis with UV-Vis Spectrophotometry

CAP is a white powder that, when dissolved in
ethanol, is a colourless solution, generally tested using
HPLC. Alternatively, testing using UV-Vis
spectrophotometry can be performed. The assay is based on
a diazotation reaction. The reaction procedure starts by
reducing CAP. The purpose of the reduction is to convert the
nitro group on CAP with an; the amine group will be used
for the diazotation reaction. Reduction optimization has been
carried out in the research [19] using formic acid as a source
of H* and Zn as a reductant. The reaction is using catalytic
hydrogenation in an acidic atmosphere.
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Figure 3. Prediction of CAP Reduction Reaction

Next is the reaction of diazonium salt formation,
namely the reaction of primary amines that have been formed
from reduction with the addition of nitrite (NaNO;) and
hydrochloric acid (HCI), which will form nitric acid as a
precursor to nitrosonium ions (NO*). Then, ammonium
sulfamate was added to remove the nitrite gas produced so
as not to interfere with the reaction of forming azo
compounds [19]. The diazotation reaction has low stability,
S0 it must be carried out at low temperatures (0-5 °C) and in
stages [20]. The final diazonium salt structure is shown in

Figure 4.
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Figure 4. Structure Diazonium Salt

Additionally, to create a colour that can be tested
using uv-vis spectrophotometry, coupling with the
compound N-(1-Naphtyl) ethylenediamine dihydrochloride
(NEDA) is carried out to form an azo compound that will
have a violet purple colour as in Figure 6. The following is a
prediction of the reaction of azo compound formation using
the NEDA coupling agent:
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Figure 5. Prediction Coupling Reaction
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Figure 6. Differences before and after reacting.

Figure 6 shows the difference in the diazo salt
solution, which was previously colourless (Figure 6(a)) and,
after coupling with NEDA, produces a violet-purple colour
(Figure 6(b).
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Figure 7. Standard CAP in Different Concentrations

Figure 7 shows the result of making a standard
solution of CAP for calibration curves. The concentration of
CAP is directly proportional to the intensity of the color
formed. A high concentration will produce a concentrated
color.
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Figure 8. The Calibration Curve of CAP

The CAP calibration curve results in linear regression
coefficient R? =0.9966 with the equation y=0.1179x-0.016.
Linearity is one of the test parameter requirements because
it can show the accuracy of the analysis method based on the
linear regression coefficient value (R?) with the equation y =
ax + b [21]. The equation will be used to calculate the
concentration of CAP in samples of unknown value.

Effect of MIP Extraction Temperature

The extraction process in MIP removes the template
to form a cavity mold in the polymer. The cavity formed will
be imprinted like the template molecules used [22].
Increasing the temperature can reduce the solvent's viscosity
so that the solvent can enter the polymer matrix to disrupt the
sample matrix relationship caused by hydrogen bonds, Van
Der Waals forces and dipole interactions [23]. As a result,
template release from the polymer is easier and can increase
the extraction yield. The effect of increasing temperature will
decrease the quality of the extraction at a certain point. High
temperatures can cause polymer decompaosition and decrease
the molecular weight of the polymer [10].

Figure 9. shows the difference in the percentage of
MIP extraction in every variation temperature at a
temperature of 70 °C, and shows the highest per cent
extraction between temperatures of 60 °C and 80 °C. The
result is 75.64%, 89.63%, and 74.08%. Based on this
diagram, 70 °C has reached the optimum point of extraction
temperature on MIP because at 80 °C, there is a decrease in
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extraction results. Furthermore, adsorption is carried out on
in each MIP to determine the adsorption ability of the MIP.
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Figure 9. Percent Extraction of MIP
Chloramphenicol Adsorption with MIP

The adsorption process of MIP on CAP was carried
out using the batch method. Batch adsorption is an
adsorption process in which the adsorbent is in direct contact
with the sample solution in one container with a stirring
process within a certain time [24]. This simple adsorption
process allows the adsorbent to adsorb more analysts in the
sample because of the direct contact interaction that occurs
in one container.

Table 1. Adsorption of MIP

Concentration Q Adsorption (mg/g)

(ppm) MIP 60 MIP 70 MIP 80
10 0.8997 1.1396 0.9997
25 1.2996 1.6995 0.9597
50 2.8592 3.5390 2.7792
75 9.3375 9.9773 8.4777
100 6.6982 9.6774 7.4380

Table 1 shows the adsorption ability of MIP in each
variation. MIP with an extraction temperature of 70 °C has a
higher value of adsorption ability at each concentration. To
prove its effect, a statistical test was carried out with SPSS,
namely with Two-Way Anova. This test is carried out
because the data has 2 independent variables (x) to determine
its effect on the dependent variable (y)[22]. Temperature and
concentration are independent variables, and adsorption
results are the dependent variable.

The results show normal distribution and
homogeneous data with a significance value > 0.05. This
indicates that Two-Way Anova testing can be done to
determine the effect of temperature and concentration on the
adsorption ability of MIP. The results showed that the
temperature variation showed a significance value of 0.044
(Sig = 0.044 < 0.05) and a concentration variation of 0.000
(Sig = 0.000 < 0.005), so both variables had a significance
value < 0.05. Both variables affect the adsorption ability of
MIP on CAP.

In addition, the LSD Post Hoc Test was conducted to
see significant differences in each group. The results
obtained in the temperature variation showed a significant
difference at 70 °C. At 70 °C has a higher adsorption capacity
compared to temperatures of 60 and 80 °C. In the
concentration variation, significant differences were seen at
concentrations of 50, 75 and 100 ppm.
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Imprinting Factor (IF)

Molecularly imprinted polymers are characterized by
the creation of mold cavities in the polymer. The efficiency
of successful polymer imprinting can be measured by the
imprinting factor (IF). The Imprinting Factor is the ratio of
adsorption results obtained from the printed polymer (MIP)
to the adsorption results on the blank polymer (PB) [25].
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Figure 10. Comparison Q MIP and Q PB

In the figure, the adsorption capacity (Q) value of
MIP is much higher than the adsorption capacity of PB. This
shows that the formation of a mold cavity in MIP so that
template binding occurs is characterised by MIP's high
adsorption capacity value. In PB, there is no mold cavity, so
the adsorption that happens is very low only on the surface
of the adsorbent—f26].

Table 2. Imprinting Factor
Concentration

IF 60 IF 70 IF 80
(ppm)
10 6.4285 8.1428 7.1428
25 5.4167 7.0833 4.0012
50 6.5004 8.0455 6.3181
75 9.1568 9.7843 8.3137
100 5.6779 8.2033 6.3050

The results of the IF value are shown in Table 3.
IF values greater than one (IF>1) indicate good printing
[27]. In this study, the IF value is more than one, which
indicates that the MIP manufacturing successfully makes the
CAP mold cavity. The best MIP extraction temperature
variation is 70°C, as indicated by the higher IF value than
other variations.

Conclusion

Based on the results of research on the effect of
extraction temperature of Molecularly Imprinted Polymer
(MIP) on the adsorption ability of chloramphenicol (CAP)
based on diazotation reaction, it can be concluded that the
characterization of PB, NIP and MIP using FTIR shows the
similarity of groups between polymers. In NIP, the NO;
group, a typical chloramphenicol group, was found at wave
numbers 1536 cm™ and 1322 cm™. The results of the per cent
extraction test at each temperature variation of 60, 70, and
80 °C are 75.64%, 89.63% and 74.08%, respectively, directly
proportional to the adsorption results, at a temperature of 70
°C has the highest value. The results of the Two-Way Anova
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test resulted in a significance of 0.044 (Sig = 0.044 < 0.05),
so the extraction temperature affects the adsorption ability of
CAP. The temperature of 70°C showed the best adsorption
results. Imprinting Factor (IF) values of all variations are
greater than one (IF>1), indicating good imprinting. The
highest IF value is shown in MIP with a temperature
variation of 70 °C.
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