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Abstract

The aim of this research is to determine the optimum concentration of the coupling agent used in chloramphenicol
analysis, then calculate the limit of detection of that photometric reaction. Chloramphenicol is a colorless compound
that is often abused in animals whose products are consumed by humans. Chloramphenicol has side effects on the
human body. So, chloramphenicol must be analyzed. To facilitate the analysis process, chloramphenicol must be
converted into colored compounds called azo compounds. To make azo compounds must go through the process of
reduction, diazotization, and coupling. A coupling agent is an important compound that played a role in an azo
compound formation and was analyzed using UV-Vis spectrophotometer. This research, used N-(-1-Naphthyl)
ethylenediamine dihydrochloride (NEDA) with variations concentrations of 0.1%, 0.3%, 0.5% at 565 nm. The optimum
coupling concentration that gives maximum absorbance was 0.1%. The detection limit (LOD) obtained by using the
optimum coupling is 0.0498 pg/mL, the limit of quantitation (LOQ) is 0.1660 ug/mlL, the sensitivity value is 0.1425, and
a correlation coefficient (R2) of 0.999 with a concentration range of chloramphenicol is 0,14 - 1,4 ppm.
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1. Introduction

Chloramphenicol (CAP) is a colorless compound used as an antibiotic with a broad spectrum originally isolated from
the bacterium Streptomyces venezuelae but is now produced through a relatively straightforward synthesis [1].
Chloramphenicol is commonly used to treat Gram-positive and Gram-negative bacterial infections. Chloramphenicol
can enter the human body through the food chain then accumulate, resulting in adverse effects. The chloramphenicol
side effects include aplastic anemia, kidney damage, and diarrhea [2]. Therefore, it has been restricted and even banned
in most country. The Maximum Required Performance Limit (MRPL) for chloramphenicol in foods of animal origin
established by the European Union (EU) is 0.15 pg/kg [3]. However, there are still numerous illegal uses of
chloramphenicol because it is cheap and widely available. According to a study titled "Natural antimicrobial resistance
of the Chicken Food Chain" conducted by World Animal Protection and the Indonesian Consumers Foundation (YLKI),
120 samples contained E.Coli bacteria were resistant to five antibiotics, including chloramphenicol. It is anticipated that
as many as 761.27 tons of antibiotics will be administered to animals in Indonesia by 2020 [4].

Therefore, research must be conducted on the analysis of chloramphenicol. So far, chloramphenicol analysis has been
carried out using instruments including High Performance Liquid Chromatography (HPLC) [5] [6] [7], Liquid
Chromatography Mass Spectrometer (LC-MS/MS) [8], ELISA [9] [10], immunoassays[11] and others. HPLC is typically
the instrument of choice. However, there are several disadvantages to chloramphenicol analysis using HPLC, such as
the high cost, infrequent HPLC instruments, complicated procedures, and long waiting time, so it is necessary to develop
analytical methods that are simple to observe, quick, and inexpensive. One method that is fast and easy to observe is the
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photometric reaction-based method because it produces a colored solution that is easy to be observed [12]. The
chemical structure of chloramphenicol is as follows:
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Figure 1 Structure of Chloramphenicol [13]

The photometric method for the analysis of chloramphenicol can be carried out with the formation of azo compounds
[14]. A reduction, diazotization, followed by a coupling reaction, are necessary for the formation of azo compounds. N-
(-1-Naphthyl)ethylenediamine dihydrochloride (NEDA) is used as coupling. The absorbance was then determined using
UV-Vis spectrophotometer. (Hussein, K et al. 218) [15] conducted their experiments of analyzed chloramphenicol using
a naphthalene-1,5-diamine coupling and found the Limit of Detection (LOD) of 0.241 g/mL and the Limit of Quantitation
(LOQ) of 0.804 pg/mL. Then, based on the research form (Wafi A. et al., 2020) [16] analyzed chloramphenicol using a 2-
naphthol coupling, the Limit of Detection (LOD) and the Limit of Quantitation (LOQ) of 0.36 ug/mL and 1.19 ug/mL. This
research utilized an N-(-1-Naphthyl) ethylenediamine dihydrochloride (NEDA) coupling, and concentration was
optimized to achieve a lower detection limit.

2. Material and methods

2.1. Materials and Tool

The following materials were used in this research: chloramphenicol (Sigma Aldrich), aquabidest, ethanol (Sigma
Aldrich), formic acid (Merck), Zn powder (Sigma Aldrich), HC1 37% (Merck), NaNO2 (Sigma Aldrich), ammonium sulfate
(Sigma Aldrich), and N-(-1-Naphthyl)ethylenediamine dihydrochloride (Sigma Aldrich).

The tools used in this research is an analytical scale (OHAUS PA244), Vortex (Wizard IR Infrafed Vortex Mixer), Magnetic
stirrer 8x40 mm (Velp Scientifica), Hot Plate Stirer (WiseStir MSH-20D), Glass Funnel, Beaker, Erlenmeyer, measuring
pipette, volume pipette, and UV-Vis Spectrophotometer.

2.2. Research Method

2.2.1. Preparation of chloramphenicol 100 ppm

A total of 0.1 grams of chloramphenicol powder was weighed and dissolved in 100 mL of ethanol to make 1000 ppm
chloramphenicol solution. Then, 1 mL of 1000 ppm chloramphenicol solution was taken and dissolved in 10 ml of
ethanol. so that it becomes a 100 ppm chloramphenicol solution.

2.2.2. Preparation working solution of chloramphenicol

Diluted stock solution so that it becomes a chloramphenicol solution with a concentration of 0.14 - 1.4 ppm.

2.2.3. Reduction

A 5 mL of chloramphenicol solution was added to the Erlenmeyer, followed by 2.5 mL distilled water and 2.5 mL of 90%
formic acid. Then, 0.3 grams of zinc (Zn) powder was added. Then, stirred at 350 rpm for 40 minutes. The filtrate and
precipitate were then separated by filtration.

2.2.4. Diazotization

Diazo salts were prepared by mixing the reduced filtrate with concentrated HCI, NaNO2z, and ammonium sulfamate. After
each addition, it was vortexed and cooled at a temperature of 0 - 5 2C. It was then coupled with the coupling N-(-1-
Naphthyl) ethylenediamine dihydrochloride (NEDA).
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3. Results and discussion

3.1. Formation of Azo Compounds

This research analyzed chloramphenicol using a UV-Vis spectrophotometer instrument to convert it to a purple azo
compound. Chloramphenicol contains -NOz, -NH, and -OH groups. The first step is reduction of chloramphenicol. Figure
2 showed the mechanism of the reduction.
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Figure 2 Reaction for the Formation of Reduced Chloramphenicol [17]

Reduced chloramphenicol is formed by adding formic acid and Zn powder during the reduction step, the nitro group in
chloramphenicol will be converted into a primary amine group. Zn powder can reduce nitro groups to primary amine
groups in acidic conditions [18]. The Nitro group in chloramphenicol is reduced to the nitroso group and is followed by
the reductive addition of two hydrogen atoms to form the hydroxylamine. The last step is water elimination to
chloramphenicol's formed primary amine group.

The second step is diazotization to formed diazonium salts. Diazonium salts are formed by the reaction of nitrites with
primary aromatic amines under acidic conditions. The reaction of reduced chloramphenicol with concentrated HCl as
an acid agent and NaNO:z produces nitric acid (HONO) and water. Because it produces a stable diazonium salt, HCl is
utilized as an acid donor. Furthermore, ammonium sulfamate is added to remove excess nitric acid, and water molecules
are lost along with the formation of the diazonium salt [19]. The removal of excess nitric acid is necessary because it
can damage the formation of color in azo compounds such as reaction oxidation of coupling components. The reaction
to form diazonium salts must be carried out at low temperatures, around 0 - 5 2C, because it has low stability at high
temperatures If the diazonium salts are unstable, can be possibility of losing nitrogen [20]. The diazotization reaction
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isinfluenced by several things. Namely, the temperature must be low, from 0 - 5 2C, carried out in an acidic environment,
and the reaction speed because the formation of diazonium salts tends to be slow, so it is necessary to shake it [21].
Figure 3 showed the mechanism of the diazotization.

cl OH al

H H
N R N
cl == H
0 H |
- (o]
OH .+ HN=o0: OH N—N=—O0:

cl ! OH ol o
N |- H
cl o
o] “ . o
o N—N=0—H OH rI»J—N\
H \
H \0 +H,;0"
cl OH
H
ol N cl OH
._‘—:- H
I d .. |==AI_x
OH N==N—0H
o] .
— — OH N=—N
\/ A
l OH+ H,0'

Cl OH

N
o cl ’ OH
P N
o (. cl
OH N=N
0 i
OH N==N—0H,

Diazonium Salt

Figure 3 Diazonium Salt Formation [18]

The mechanism of diazonium salt is, first, the formation of nitrosonium ions. Sodium nitrite is protonated with a strong
acid such as HCl to produce nitric acid. Then, nitric acid forms nitrosonium ions through protonation of OH and resultant
water loss. HCl is used because it can convert nitric acid into electrophile NO*, the nitrosonium ion. The next step is the
formation of the diazonium ion, which also requires acid. The primary amine group will react with the nitrosonium ions
to give N-nitrosamine. When the nitrosonium ion reacts with a primary amine group, its positive charge shifts on the
nitrogen of the primary amine group as nitrogen attached with aromatic amine gives its lone pair of electrons to the
nitrosonium ion. As a result, a nitrogen-nitrogen bond is formed between the primary amine group and nitrosonium
ions. Now deprotonation takes place, which gives N-nitrosamine as a product. In excess acid, N-nitrosamine can be
converted into a diazohydroxide by protonation and deprotonation. The final step is forming the nitrogen-nitrogen
triple bond accompanied by the expulsion of water to produce diazonium salt [22].

The last step is formation of azo compound. azo compounds are formed by reacting diazonium salts with coupling
compounds, in this case, N-(-1-Naphthyl)ethylenediamine dihydrochloride (NEDA), which has an ortho or para-directed
group and concentrated HCl under acidic conditions to produce purple azo compounds. The electrophile of the
diazonium salt reacts with a NEDA coupling containing an NHz-containing electron-releasing group. The diazonium
salt's terminal nitrogen attacks the para position of the NEDA. The use of NEDA compounds because can be used in
acidic conditions and is commonly used to analyze samples containing primary amine groups [23]. Figure 4 showed the
mechanism of azo compound formation.
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Figure 4 Azo Compound Formation [12]
This research determined the optimal concentration of NEDA as a coupling agent for chloramphenicol analysis. The
variations concentration of NEDA coupling is 0.1%, 0.3%, and 0.5%. To determine the absorbance of each NEDA

concentration using chloramphenicol at 0.4 - 1 ppm. Table 1 showed the resulting absorbance.

Table 1 Comparison absorbance of various concentrations of NEDA

Concentration (ppm) | NEDA 0.1% | NEDA 0.3% | NEDA 0.5%
0.4 0.057 0.059 0.062

0.6 0.083 0.088 0.085

0.8 0.116 0.111 0.112

1 0.145 0.145 0.15

In the regression equation y = ax + b, the value of a is the slope that indicates the sensitivity of a method, while the value
of b is the intercept [24]. Figure 5 showed the linear curve for variations in the concentration of NEDA 0,1% to the
absorbance and obtained the regression coefficient (R2) 0,9981 with the line equation y = 0.1485x - 0.0037 . The value
of the sensitivity is 0, 1485.
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Figure 5 Curve between concentration and absorbance of NEDA 0,1%

Figure 6 showed the linier curve for variations in the concentration of NEDA 0,3% to the absorbance and obtained the
regression coefficient (R2) 0,9948 with the line equation y = 0.1405x + 0,0024. The value of the sensitivity is 0,1405.
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Figure 6 Curve between concentration and absorbance of NEDA 0,3%

Figure 7 showed the linier curve for variations in the concentration of NEDA 0,5% to the absorbance and obtained the
regression coefficient (R?) 0,9863 with the line equation y = 0.1455x + 0,0004. The value of the sensitivity is 0,1455.
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S 015 y = 0.1455x+0.0004
g R? =0.986
2 01 L
Q
wv
S 005

0
0 0.2 0.4 0.6 0.8 1 1.2

Concenfration

Figure 7 Curve between concentration and absorbance of NEDA 0,5%

The regression coefficient (R%) and regression equation for the three NEDA concentrations are compared in Table 2.
Based on the value of the regression coefficient (R?) and the slope at the three concentrations of NEDA, it can be
conducted that a concentration of 0,1% gives the highest regression coefficient ( RZ) and sensitivity value. Therefore,
the concentration of the NEDA coupling compound used is 0.1%.

Table 2 Comparison of correlation coefficient (R2) and regression equation of various concentrations of NEDA

NEDA Concentration (%) | Regression Coefficient (R?) | Regression Equation
0.10 0.9981 y =0.1485x - 0.0037
0.30 0.9948 y =0.1405x + 0.0024
0.50 0.9863 y =0.1455x + 0.0004

Azo compounds were measured by UV-Vis spectrophotometer at a wavelength of 565 nm. The working principle of the
UV-Vis spectrophotometric instrument used to analyze chloramphenicol is based on the interaction between
electromagnetic radiation and matter, which can be molecules, ions, or atoms. Electronic absorption spectra result from
the interaction of molecules having chromophore groups and electromagnetic radiation in the ultraviolet and visible
regions [25]. A chromophore group is a functional group with an ultraviolet or visible light absorption spectrum. In
addition, there is also an auxochrome group, a functional group that gives absorption intensity in the UV region.
Typically, the auxochrome is bound to the chromophore and does not absorb radiation by itself. Examples of
chromophore groups include C=C, C=0, N=0, and N=N, while auxochrome groups include OH, NHz, and CH3s [26].
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3.2. Determination of the Detection Limit of Chloramphenicol

This research is to determine the validation parameters using chloramphenicol concentrations of 0.14 - 1.4 ppm.
Validation parameters, such as the determination of linearity, Limit of Detection (LOD), and Limit of Quantitation (LOQ),
can be used to evaluate the performance of the analytical method used in this research. Table 3 showed the resulting
absorbance of chloramphenicol concentrations

Table 3 The absorbance of chloramphenicol concentrations

Concentration (ppm) | Absorbance
0.14 0.0178

0.28 0.0367

0.42 0.0563

0.7 0.092

0.98 0.1375

1.4 0.1968

Through the calibration curve used to determine the response of an analytical method, linearity can be determined. The
equation y = ax+b and the correlation coefficient (R%) are derived from the calibration curve. y represents the method's
response, the slope, and b is the intercept. The regression equation y = 0.1425x - 0.0036 with a regression coefficient
(R?) of 0.999 is derived from Figure 4. The slope of 0.1425 indicates that the calibration curve demonstrates a linear
relationship between concentration and absorbance with a sensitivity value of 0.1425. In addition, the calibration curve
with the following formula can be used to determine LOD and LOQ [27] :

Standard deviation (S,,/,) = 2‘(3:1‘—__2?‘)2 (D

Limit of Detection (LOD) = yz + 3Sp (2)
Limit of Quantitation (LOQ) =y + 105z (3)

Description

yB = intercept

S = standard deviation

The following is the calibration curve for chloramphenicol analysis:

0.25

0.2 y =0.1425x-0.0036
v R?2=0.999
e
< 015
2
2 01
=
<

0.05

0
0 0.5 1 15
Concenfration

Figure 8 Calibration curve by UV-Vis spectrophotometer

The limit of detection value (LOD) was used to determine the smallest concentration of chloramphenicol that still
produced a significant photometric reaction response. Meanwhile, the limit of quantitation value (LOQ) indicates the
lowest concentration of analyte contained in a sample that can be quantified. Consequently, the limit of detection (LOD)
is 0.0498 pg/mL and the quantitation value is 0.1660 pg/mL.
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4. Conclusion

Based on UV-Vis spectrophotometry photometric reactions, the optimum concentration of N-(-1-Naphthyl)
ethylenediamine dihydrochloride (NEDA) was 0,1%. The limit of detection (LOD) and the limit of quantitation (LOQ)
were 0.0498 pg/mL and 0.1660 pg/mL, the sensitivity value is 0.1425, and the calibration curve's correlation coefficient
(R2) was 0.999.
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