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A pretreatment-free immunochromatographic assay for detection of chloramphenicol (CAP) in milk was
developed. The assay is based on competition between CAP molecules in the sample and immobilized
CAP-protein conjugate for binding to monoclonal anti-CAP antibodies conjugated with colloidal gold
particles (average diameter 30 nm). The assay is carried out in the course of sample flowing along test
strip with immobilized reactants, and its results can be detected by the naked eye or by a photometric
device. Effect of the concentration of immunoreactants on assay characteristics was studied. The assay
protocol with maximal sensitivity and reliability was optimized using measured values of brightness of
lines. Detection limit for CAP is 10 ngmL~!. Assay duration is 10 min, and it can be carried out at room
temperature without any additional devices and reactants. The developed test strip has been applied to
CAP detection in dairy products.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Antibiotics are intensively used both in the medical and
veterinary practice. However, their therapeutic action can be
accompanied by a number of undesirable effects such as disbac-
teriosis, allergic reactions, suppression of certain enzymes, etc. On
top of that, excessive use of antibiotics may lead to selection of
antibiotic-resistant strains. Consequently, monitoring of antibiotics
in food is extremely important task [1-4].

Chloramphenicol (CAP) is one of the most widely used antibi-
otics with comparatively slow elimination rate. Maximal CAP
content varies substantially for different countries and foodstuffs.
Thus, a maximum residual permisable limit (MRPL) of 0.3ngg~! in
foodstuffs has been established for CAP in EU countries [5,6] and
also in New Zealand in 2008 [7]. The maximum residue level (MRL)
of CAP in Russia for milk, meat and eggs is 10ngg-! [8,9]. Com-
parison of the CAP content with its MRL is a necessary element
in quality control of both row and commercial milk. Thus, efficient
analytical methods need to become available to allow for extensive
monitoring in the dairy industry.

A number of methods for CAP detection in foodstuffs have been
developed including microbiological assays [10,11], liquid and gas
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chromatography [12-17]. Among different analytical techniques,
immunochemical detection methods are considered promising
due to their high specificity and sensitivity [10]. Known immune
techniques for CAP detection include ELISA [18,19], chemilumi-
nescent enzyme immunoassay [20,21], immunosensor [22,23] and
small-molecule microarray [24]. ELISA Kkits for chloramphenicol
manufactured by Ridascreen (R-Biopharm AG), CAP EIA (Eurodi-
agnostica) and others are now available on the market. However,
ELISA is a comparatively time consuming technique (the assay
duration is in the range of 1-2 h) and requires special registering
equipment. Thus, developing rapid, out-of-laboratory techniques
for monitoring CAP in milk is extremely important.

Immunochromatographic analysis is a promising solution to
the problem of rapid CAP monitoring. It is based on the use of
membrane carriers (test strips) with immobilized immunoreac-
tants [25,26]. In this assay, contact of the test strip with the sample
initiates movement of reactants along the membrane, followed by
immunochemical reactions and formation of easily detectable col-
ored lines.

To date, two papers that describe immunochromatographic
assays of CAP have been published. The system of Jang et al. [27] is
designed for analysis of plasma, tissues, and milk. The system of Li
et al. [28] has been developed for analysis of fish (Nile tilapias) tis-
sues. However, both systems require pretreatment of samples and
therefore are not suitable for field testing.

Research described here focuses on the creation of
immunochromatographic test for rapid and simple monitor-
ing of CAP in milk that overcomes the above-stated restrictions.
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The assay is based on video-digital registration of the color change.
Quantitative criteria were used to optimize the assay conditions
in order to reach the necessary sensitivity. This paper presents the
data on the assay development and its application for CAP content
analysis in milk.

2. Materials and methods
2.1. Chemicals

Chloramphenicol, chloramphenicol succinate sodium salt (CAP-
Su), gentamicin, streptomycin, amoxicillin, ampicillin, penicillin
V, penicillin G, cloxacillin, bovine serum albumin (BSA), 3,3,5,5'-
tetramethylbenzidine (TMB), sodium azide, glycerol, Triton X-100
and Tween-20 were from Sigma, USA. Soybean trypsin inhibitor
(STI), 1-cyclohexyl-3-(2-morpholino-ethyl)carbodiimide metho-
p-toluence sulphonate (CCMS), N-hydroxysuccinimide (NHS),
N,N-dimethylformamide (DMF) were from MP Biomedicals, USA.
Gold chloride was from Fluka, Switzerland. Monoclonal antibody
against CAP was from Meridian Life Science, USA (G35222M). Goat,
rabbit and sheep anti-mouse immunoglobulins (GAMIss, RAMIss
and SAMIss, correspondingly ) were from Imtek, Russia. Peroxidase-
labeled anti-mouse immunoglobulins were from the Gamaleya
Institute of Microbiology and Epidemiology, Russia. All other chem-
icals (salts and solvents of analytical grade) were from Khimmed,
Russia.

Solutions of colloidal gold and its conjugates were prepared
using de-ionized water (MilliQ, Millipore, USA). Stock solutions of
CAP (10mgmL-') in ethanol were stored at 4 °C. Stock solutions of
other antibiotics were prepared in 50 mM sodium citrate buffer, pH
6.4, directly before analysis.

2.2. Apparatus

UV spectra were recorded using a Shimadzu UV-1201 spec-
trophotometer (Shimadzu, Japan). The ELISA was carried out using
a WellWash 4 MK 2 washer (Thermo Electron Corporation, USA),
and its results were registered by a Zenyth 3100 microplate reader
(Anthos Labtec Instruments, Austria).

Electron microscopy of the colloidal gold particles was carried
out using a CX-100 electron microscope (Jeol, Japan). The following
equipment was used for preparation of immunochromatographic
test strips: IsoFlow dispenser (Imagene Technology, USA), Index
Cutter-1 (A-Point Technologies, USA), and FR-900 mini-conveyor
(Wenzhou Dingli Packing Machinery Co., China).

Costar microplates 9018 (Corning, USA) were used for
ELISA, and mdi Easypack (Advanced Microdevices, India) kits of
membranes to manufacture immunochromatographic tests. ELISA
kits “RIDASCREEN® Chloramphenicol” (R-Biopharm AG, Germany)
were used for reference assay of CAP.

2.3. Preparation of hapten—protein conjugates

The CAP-Su hapten was covalently attached to BSA and STI using
the NHS ester method [29] with modifications. To prepare the CAP
ester, 8.5mg(75 wmol) of NHS, 32 mg (75 pwmol) of CCMS and 22 mg
(50 wmol) of CAP-Su were sequentially dissolved in 1 mL of DMF
and kept overnight at room temperature. Next day, 10 mg of BSA or
STI was dissolved in 0.6 mL (for BSA) or 1.0 mL (for STI) of 50 mM
sodium carbonate buffer, pH9.6, and 5% (v/v) of DMF was added.
The protein solutions were stored at 4°C for 1 h and then the solu-
tion of activated CAP ester was slowly added drop wise (120 uL
for BSA or 200 L for STI solution) with vigorous stirring. The sus-
pension was shaken for 2 h at room temperature and kept at 4°C
overnight. The conjugates obtained in this manner were dialyzed
against 5changes of 50 mM potassium phosphate buffer, pH 7.4,

0.1 M Nacl (PBS) for 3 days at 4°C. Molar incorporation of CAP was
estimated based on adsorption at 260 and 280 nm.

2.4. ELISA testing of antibodies

CAP-BSA or CAP-STI was added into the microplate wells
(2 pgmL~1in PBS, 100 L per well) and incubated overnight at 4°C.
The wells were washed four times with PBS containing 0.05% Triton
X-100 (PBST). Antibody dilutions (from 3 wgmL-! to 50 pgmL-1,
100 wL per well) in PBST were added and incubated for 1h at
37°C. After washing, peroxidase-labeled anti-mouse antibodies
were added into the wells (dilution of the commercial product in
PBST was 1:6000, 100 wL per well) and incubated for 1h at 37°C.
The microplate was washed three times with PBST and once with
distilled water. To detect bound peroxidase activity, substrate solu-
tion containing 0.42 mM TMB and 1.8 mM H,0, in 0.1 M sodium
citrate buffer, pH4.0, was added (100 p.L per well). After 15 min
incubation at room temperature the color reaction was stopped
using 50 L of 1 M H,S0O4. The optical density of the reaction prod-
uct was measured at 450 nm using a Zenyth 3100 microplate reader
(Anthos Labtec Instruments, Austria).

2.5. Competitive ELISA of CAP

CAP-BSA or CAP-STI was immobilized in the microplate wells
as described above. The stock CAP solution was diluted in PBST to
obtain a series of solutions in the range of 1 g mL~! to 0.2 pgmL~!
that were added into the microplate (50 L per well). Alterna-
tively, other antibiotics (gentamicin, streptomycin, amoxicillin,
ampicillin, penicillin V, penicillin G, cloxacillin) diluted in PBST
in the range from 1mgmL-! to 1ngmL-! were added. Subse-
quently 50 p.L of anti-CAP antibodies (40 ng mL~! for CAP-BSA and
400ng mL~! for CAP-STI, in PBST) were added into the wells, and
the microplate was incubated for 1 h at 37 °C. The incubation with
peroxidase-labeled anti-mouse antibodies, enzymatic reaction and
photometric measurements were carried out as described above.

Dependences of the optical density (y) from the antigen con-
centration in the sample (x) were fitted using a four-parameter
logistic function y=(A—D)/(1+(x/C)B)+D by the Origin 7.5 soft-
ware (OriginLab, USA). The value of C corresponds to the antigen
concentration inhibiting 50% of maximal antibody binding (ICsq).
The antigen concentration resulting in 10% of inhibition (IC1¢9) was
calculated using the same function.

2.6. Preparation of colloidal gold particles

Colloidal gold particles with 30 nm average diameter were pre-
pared according to the protocol described in [30]. Briefly, 1.0 mL
of 1% water solution of HAuCl, was added to 97.5 mL of water. The
mixture was heated to boiling and 1.5 mL of 1% sodium citrate solu-
tion was added. After boiling for 30 min the preparation was cooled
and then stored at 4°C.

2.7. Electron microscopy of the colloidal gold particles

The colloidal gold preparation was applied in chloroform to
nets (300 mesh, Pelco International, USA) covered by supporting
polyvinyl formal film. Images were obtained using a CX-100 elec-
tron microscope (Jeol, Japan) under accelerating voltage 80,000V
and enlargement 3,300,000.

2.8. Optimization of antibody concentration for conjugation with
colloidal gold

A series of aqueous solutions of anti-CAP antibodies in concen-
trations ranging from 5 to 200 g mL~! was prepared. One hundred
microliters of each solution was mixed with 1.0mL of the col-
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loidal gold preparation (D550 =1.0). The mixtures were incubated
for 10 min at room temperature with stirring. Then 0.1 mL of 10%
NacCl solution was added to each preparation and Dsgg was mea-
sured after 10 min stirring at room temperature.

2.9. Conjugation of anti-CAP antibodies with colloidal gold

The antibodies were dialyzed against 10 mM sodium carbonate
buffer, pH 8.5. Potassium carbonate solution (0.1 M) was added to
the colloidal gold solution (D53 =1.0) until it reached pH 8.5, and
then the antibodies were added using the ratio of reactants chosen
based on the analysis described above. The mixture was incubated
for 30 min with stirring at room temperature. BSA solution (10%)
was added to a final concentration of 0.25%. The colloidal gold par-
ticles were separated from unbound molecules by centrifugation at
8000 x gfor30 min at4 °C. The pellets were re-suspended in 50 mM
potassium phosphate buffer, pH 7.4, containing 0.1 M NaCl and
0.25% BSA. For long-term storage, 0.05% sodium azide was added
to the conjugate.

2.10. Preparation of immunochromatographic test strips

Reagents were applied onto membranes using an IsoFlow dis-
penser (Imagene Technology, USA). Conjugate of colloidal gold with
anti-CAP antibodies was dispensed from solution with Dsy¢ =2.0;
the conjugate load was 32 L per 1 cm of strip width.

The analytical zone was formed by CAP-BSA or CAP-STI conju-
gate, the control area—by SAMIss (0.25 mg mL~! in PBS, containing
10% (v/v) of glycerol in both cases). Two microliters of CAP-protein
conjugates and SAMlIss was applied per 1 cm of strip width.

After assembling membrane components, the cards were cut
into strips of 3.5 mm width by an Index Cutter-1 (A-Point Tech-
nologies, USA). Length of test strips was 75 mm. Each test strip
was packaged inlaminated aluminum foil by FR-900 mini-conveyor
(Wenzhou Dingli Packing Machinery Co., China), using prepackaged
silica gel (0.5 g) as desiccant. Splitting and packing were carried out
at 20-22°C in a special room with relative humidity under 30%.

2.11. Sample preparation

Milk with the fat content of 0.5-4.2%, kefir with the fat con-
tent of 3.2% and 1%, and drinkable yogurts were purchased in
a supermarket. Samples of these products were supplemented
with different amounts of CAP and mixed thoroughly. Milk sam-
ples were analyzed in immunochromatographic assays directly,
whereas kefir and yogurt samples were diluted with water (1.5 mL
of sample +0.5 mL of water).

2.12. Immunochromatographic assay and data processing

The assay was carried out at room temperature. The proposed
test strip was vertically submerged into a sample for 2.5-3 min,
removed and placed on a horizontal surface. After 10 min the assay
results were recorded.

Binding of the colloidal gold particles at control and analyti-
cal zones was registered using a Bear Paw 4800TA pro scanner
(Mustek, Taiwan) followed by digital processing of the images or
using a Reflekom photometric device (Octa-Medica, Russia)[31,32].
Brightness value of 1.0 relative unit, as registered by the Reflekom,
corresponds to the limit of reliable visual detection of the lines.

3. Results and discussion
3.1. Obtaining and characterization of the test system compounds

The anti-CAP antibody was characterized preliminary in the
ELISA format of immunoassay. As demonstrated in Fig. 1, the work-
ing range of CAP detection by the competitive ELISA technique
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Fig. 1. Calibration curve of CAP ELISA using CAP-BSA (1) and CAP-STI(2) conjugates.
The ELISA was carried out as described in Section 2.

corresponds well to concentrations relevant for control of dairy
products (IC10 is 0.4ngmL-! for CAP-BSA and 0.5ngmL-! for
CAP-STI). Cross-reactivity of the G35222M antibody with other
antibiotics was extremely low, less then 0.001% for gentamicin,
streptomycin, amoxicillin, ampicillin, penicillins G and V (data
not shown). Both coating conjugates, CAP-BSA and CAP-STI, had
similar characteristics in ELISA and both were utilized in the
immunochromatographic studies.

The principle behind the test (Fig. 2) is based on the compe-
tition between CAP in the sample and immobilized CAP-protein
conjugate for binding to anti-CAP antibodies labeled by colloidal
gold. Intensity of a colored line in the zone with the immobilized
protein—-CAP conjugate is reversely proportional to the amount of
CAP in the sample.

Fig. 2. Composition of immunochromatographic tests: (1) polyester backing, (2)
sample pad, (3) conjugate release matrix (a—anti-CAP antibodies, b—colloidal gold
particles), (4) nitrocellulose membrane, (5) analytical zone (c—CAP, d—protein, BSA
or STI), (6) control zone (e—anti-mouse antibodies), (7) adsorbent pad.
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Fig. 3. Electronic microphotography of the colloidal gold preparation. Images were
obtained using a CX-100 electron microscope under accelerating voltage 80,000V
and enlargement 3,300,000.

Preparations of colloidal gold were obtained and conjugated
with anti-CAP antibodies as recommended by Chandler et al. [33].
Colloidal gold particles were obtained under conditions that allow
them to reach an average diameter of 30-40 nm. Fig. 3 presets
the data of electron microscopy of the particles. Data for 90 iden-
tified particles (after exclusion of overlaps) were processed. The
average value of major axis of particles was 37.2 +7.9 nm, minor
axis—29.6 +5.2 nm, i.e. particles were relatively uniform in size.
The degree of ellipticity of the particles was 1.25 4 0.15, reflecting
that the shape of particles was close to spherical.

The concentration of antibodies required for conjugation with
colloidal gold particles was determined based on dependence of
optical density at 580 nm from antibody concentration (so called
adsorption isotherm). When increasing the amount of antibodies,
Dsgg increases, reaches a maximum, and starts to decline, reaching
the plateau that corresponds to saturation of the particles by immo-
bilized antibodies (Fig. 4). According to common recommendations
[30], concentration of antibodies equal to 12 wgmL~! was chosen
for the conjugation. This concentration results in antibody:colloidal
particle molar ratio of 312:1 during synthesis.

T T T T T —T T
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10 15
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Fig. 4. Concentration dependence of colloidal gold optical density at 580 nm after
adding different concentrations of anti-CAP antibody for the choice of the optimal
concentration for conjugation.
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Fig. 5. Choice of CAP-STI dosage for analytical zone of the test strip. CAP-STI con-
centrations were 1, 0.5,0.25,0.12 and 0.06 mg mL~! for curves 1-5 correspondingly.
The conjugate of colloidal gold with antibodies was applied from the concentration
that corresponded to Dsgp = 2.0. The profiles were registered after 5 min of the assay.

Selection of membrane compounds of the test strip was carried
out according to Millipore recommendations on optimal condi-
tions for immunochromatography of different kinds of samples.
Test strips included a nitrocellulose membrane CNPF (average pore
size 10 um), conjugate release matrix PT-R7, a sample pad GFB-R7L,
an absorbent pad AP045 and a cover tape MT.

3.2. Development and optimization of the
immunochromatography protocol

At the initial stage of development, the ability of the synthesized
antibody-colloidal gold conjugate to bind with specific reagents at
the analytical and control zones of the test strip was tested. The
testing results were used to select optimal preparations of these
reagents for immobilization.

A series of polyclonal (goat, rabbit and sheep) antibody prepa-
rations raised against mouse immunoglobulin G were compared as
potential agents for binding the colloidal conjugate at the control
zone. At saturating concentrations of the anti-mouse antibodies,
brightness of the formed line was equal to 35 relative units for the
preparation from goat, 19.5 units—from rabbit, and 45—from sheep
(data not shown). Therefore, we selected the sheep antibodies for
further use in the analysis.

Coloration of analytical zone is different for immobilization of
CAP-STI and CAP-BSA conjugates. The CAP-BSA conjugate provides
a fuzzy analytical zone, whereas the CAP-STI conjugate—a zone
with clearly defined edges. This observation led to the choice of the
CAP-STI conjugate for immobilization.

The concentration of the CAP-STI conjugate in analytical zone
was varied from 0.06 to 1mgmL-! (Fig. 5). The concentration of
0.25mgmL-! was optimal, as it provided for the desired sensi-
tivity (10ngmL-1 according to MRL), sufficient brightness of the
analytical zone, and low consumption of the reagent.

The optimal signal was registered for the colloidal
gold-antibody conjugate solution with the Dsyg of 2.0, which
provided a satisfactory brightness of the control zone and no
membrane background staining.

3.3. Characterization of analytical properties of the assay

A series of test strips was manufactured based on the optimized
parameters of the proposed immunochromatographic system. Effi-
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Fig. 6. Detection of chloramphenicol in PBST. (a) Test strips, (b) calibration curve.
CAP concentrations in the samples (from left to right): 0, 0.1, 0.3, 1, 3, 10 and
30ngmL'.

ciency of chloramphenicol detection in milk and buffer solutions
was compared. Figs. 6 and 7 present the results of analysis of sam-
ples with different concentrations of chloramphenicol in PBST and
in milk with 3.5% fat content.

At the conditions of the assay its cut-off level (point of
(dis)appearance of the line in the analytical zone) corresponds to
the MRL CAP value of 10ngmL-!. The assay duration is 10 min. In
contrast to other available membrane tests for antibiotics, anal-
ysis described here can be carried out at room temperature. The
results of the assay can be controlled visually or documented using
areflectometric device, which is based on a digital camera with the
appropriate software.

The test systems were applied for analysis of milk, kefir and
drinkable yogurts. For the all samples tested, possibility of reliable
detection of chloramphenicol with the same cut-off level has been
confirmed.

For comparison with existing analytical techniques milk sam-
ples with 1.5% and 3.5% fat content and different concentrations of
CAP were tested using the manufactured test strips and commer-
cial “RIDASCREEN® Chloramphenicol” ELISA kits. It should be noted
that the application ofimmunochromatographic test for qualitative
assay (exceeding the controlled threshold level) gives possibil-
ity only to compare assay data in terms of presence or absence
of the controlled antigen. In this respect full conformity between
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Fig. 7. Detection of chloramphenicol in milk (3.5% fat). (a) Test strips, (b) calibration
curve. CAP concentrations in the samples (from left to right): 0,0.1,0.3, 1, 3, 10 and
30ngmL'.

conclusions about CAP content (as compared with MRL value of
10ngmL-') was demonstrated for all 28 milk samples that were
tested both by immunochromatography and ELISA. Considering the
immunochromatographic assay with quantitative registration of
the brightness in the analytical zone, it is possible to estimate cor-
relation between its results and determination of CAP content by
reference ELISA technique. Our measurements with scanner use
have shown that for milk samples with 3.5% fat content and CAP
content in a range from 0.1 to 10ngmL~! the correlation coeffi-
cient of the assays results was equal to 0.932 (n=10), and for milk
samples with 1.5% fat content and the same CAP content the corre-
lation coefficient was equal to 0.960 (n =10). These data testifies to
suitability of the developed method for a quantitative estimation
of CAP content in dairy production.

4. Conclusions

The intensive and not always justified use of antibiotics in veteri-
nary medicine and their accumulation in foodstuffs lead to risks to
human health. Here we describe development of a system for rapid
detection of chloramphenicol. The application of immunochro-
matographic technique will allow to realize rapid (10 min) assay
with deposition of complete set of reactants onto test strip, direct
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induction of specific interaction by strip’s contact with sample to
be tested and possibility of visual detection of label (colloidal gold)
binding in defined zones of the test strip. Since no sample treatment
and heating is required unlike described earlier immunochromato-
graphic techniques, the assays can be carried out directly at places
of sampling. The assay is labor-consuming one and can be carried
out without any additional devices and reactants. Due to their speed
and simplicity, the assay developed here can become efficient tool
for quality monitoring in dairy industry.
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