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Abstract A capillary immunochromatographic assay (CICA)
using colloidal gold-labeled monoclonal antibodies was de-
veloped for semi-quantitative detection of clenbuterol (CLE)
in this paper. This novel system fabricated in a competitive
format was supported by glass capillary because of its easily
modified, low cost, favorable optical properties. Here, two
different-sized gold nanoparticles (13 and 26 nm) were pre-
pared and corresponding assay conditions were optimized. By
comparing the results between the two different-sized AuNPs,
the 26-nm-AuNPs manifested higher sensitivities which the
detection limit was estimated to be 0.35 ng/ml and the cut-off
level with the naked eye of 2.5 ng/ml was observed. Using the
optimized parameters, the intra-assay and inter-assay coeffi-
cients of variation (CVs) were ≤10.2 % and the recovery
reached 70.8–115.5 % in pig urine, pork, beef, pork sausage
and luncheon meat. The performance, including sample prep-
aration, could be accomplished within 24 min. These results
suggest that CICA holds promising use for sensitive, simple
and low-cost on-site detection of CLE.
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Introduction

Clenbuterol (CLE), a representative ß2-adrenoreceptor ago-
nist, could enhance the growth rate of animals and reduce fat

deposition (Mitchell and Dunnavan 1998; Mersmann 1998;
Song et al. 2013). However, CLE can be accumulated in an-
imal tissues and remain for a long time, which causes severe
adverse effects on human health such as cardiovascular and
central nervous diseases (Parr et al. 2009; Martinez-Navarro
1990). Hence, it was prohibited to use in food-producing an-
imals in many countries including China, the USA, and
European Union (Song et al. 2013; China’s Ministry et al.
2007; EU Council et al. 1996).

Various methods have been developed for the detection of
CLE residues including chromatography, immunoassays,
electrochemical analysis et al. (Bo et al. 2013; Wang et al.
2013). Chromatography-based techniques are specific, accu-
rate and sensitive enough but require complicated sample pre-
treatment and time-consuming procedures (Morales-Trejo
et al. 2013; Nicoli et al. 2013; Zhao et al. 2010; Ramos et al.
2003), which makes them mainly used as confirmatory anal-
ysis. Immunoassays are widely reported as fast screening
methods (Song et al. 2013; Ren et al. 2009; Bucknall et al.
1993; Zhang et al. 2006; Lai et al. 2007; Gao et al. 2014), and
the lateral-flow immunoassay (LFIA) is especially preferred
for on-site qualitative detection for its significant advantages
such as simplicity, rapidity (less than 20 min), and cost-
effectiveness in comparison to other techniques.

However, now the application of LFIA for CLE is still
mainly limited to simple samples such as urine (Song et al.
2013; Zhang et al. 2006; Lai et al. 2007). For most of complex
food stuffs, the matrix interference seems a challenge for the
nano-gold immunochromatographic assays. Wu et al. crea-
tively coupled LFIAwith magnetic nanobeads to detect CLE
in meat with an excellent sensitivity, but quite complex pre-
treatments of samples were still required, such as disassocia-
tion and nitrogen blowing, which reduced the whole simplic-
ity of the technique (Wu et al. 2014). LFIA itself has been
verified some disadvantages including towing phenomena,
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diffusion phenomena, and significant deviation owing to com-
plicated and heterogeneous structure of nitrocellulose mem-
brane (NCM) (Du et al. 2014). Washing step is not supported
by NCM, which may also reduce its selectivity, reproducibil-
ity and repeatability to some extent (Posthuma-Trumpie et al.
2009; O’Farrell et al. 2009). To solve the problem, there is an
increasing attention on the development of new supporting
materials to replace NCM, such as paper (Nery et al. 2013),
polyethylene (Fernández-Sánchez et al. 2005), polyethersul-
fone (Kalogianni et al. 2007) and cotton thread (Zhou et al.
2012; Mao et al. 2015; Reches et al. 2010). Also, a glass
capillary-based nano-gold immunochromatographic assay
(CICA) was firstly proposed (Du et al. 2014). Due to some
unique advantages of the glass capillary such as uniform
smooth surface, transparent texture, chemical inertness, and
tolerance to ionic strength and organic solvent, the developed
CICAwas expected to demonstrate better precision, simplicity
and accuracy in complex biological matrix, and this has been
preliminarily verified by the analysis of parvalbumin and fu-
razolidone in fishery products (Du et al. 2014; Du 2015).
Based on these works, here the CICA for CLE was improved
to provide a new and more efficient technique for the routine
fast screening of such hazard in food samples. To fulfill the
strict requirements of on-site analysis in farms, supermarkets
or factories, the size of gold nanoparticles and corresponding
CICA procedures were carefully optimized to increase the
sensitivity, and the tolerance of the technique to complex ma-
trix was evaluated with much simpler pretreatments for pork,
beef and other food stuffs.

Materials and Methods

Reagents and Instruments

Anti-CLE mouse monoclonal antibody and CLE–BSA con-
jugates were obtained from Fopan Biotechnology Inc.
(Shenzhen, China). Goat anti-mouse IgG were purchased
from Immuno Reagents, Inc. (North Carolina, US). CLE,
Ractopamine, Salbutamol, Formoterol, were provided by
Di tengmin Bio techno logy Co. (Wuxi , Ch ina ) .
Isoproterenol and Epinephrine were obtained from
National institutes for Food and Drug Control (Beijing,
China) 3-glycidyloxypropyltrimethoxysilane (98 %,
GPTMS) was obtained from Sigma-Aldrich (St. Louis,
MO, USA). Hydrogen tetrachloroaurate (III) (HAuCl4),
trisodium citrate, toluene, acetone, triethylamine (TEA), su-
crose were purchased from Nat ional Chemical
Pharmaceutical Co. (Shanghai, China). Bovine serum albu-
min (BSA), tris (hydroxymethylamino) methane (Tris) and
Tween-20 were purchased from Solarbio (Beijing, China).
Unless otherwise stated, all other regents were of analytical
reagent grade or better. Aqueous solutions were prepared

using 18.2 MΩ purified by Unique-R20 from Research
Scientific Instruments Co. (Beijing, China). The urine sam-
ples were collected from local farms in Qingdao, and pork,
beef and other food samples were collected from local su-
permarkets in Qingdao. All these biological samples were
confirmed to be free of CLE by LC-MS-MS (Jin et al.
2007).

The glass capillary (d= 1.1 mm) was purchased from
Instrument factory of West China University of Medical
Sciences (Chengdu, China). The UV–vis spectra were recorded
with a UV-1101 from Techcomp (Shanghai, China). The AuNPs
were characterized by transmission electron microscope (TEM,
JEOL JEM-1200EX, Japan). All centrifugations were accom-
plished with Z36HK (HERMLE Labortechnik GmbH,
Germany). The final results used for semi-quantitative analysis
were collected by HP Scanjet G4050 scanner from Seiko Epson
Nagano (HP, Japan). Vortex mixer employed throughout exper-
imentation was MS1 Minshaker (IKA, Germany).

Preparation and Characterization of AuNPs
and AuNPs–mAb

Two different-sized gold nanoparticles (AuNPs) were pre-
pared by the sodium citrate method as previously reported
(Liu et al. 2006). In brief, 100 ml 1 mM HAuCl4 solution
was loaded into a three-neck flask and heated to boiling ade-
quately. By quickly adding a suitable amount (10 ml for 13-
nm-AuNPs and 6.5 ml for 26-nm-AuNPs, respectively) of
38.8 mM sodium citrate, the color of the solution would
change from pale yellow to red in 1 min. The system was
boiled for another 15 min and the solution was naturally
cooled down to room temperature. After being filtered
through 0.45 μm water membrane, the mixture was stored at
4 °C in the dark for further use. The prepared AuNPs were
characterized by UV–vis spectroscopy and TEM in Medical
College of Qingdao University.

The optimal pH and concentration of anti-CLEmonoclonal
antibody to AuNPs were selected according to Slot (1985).
The anti-CLE monoclonal antibody labeled with AuNPs
(AuNPs–mAb) was prepared according to the method of Li
with some modification (Li et al. 2013a). In summary, the
AuNP solution was adjusted to the optimal pH with K2CO3

(0.1 M). While gently stirring, 1 ml anti-CLE mAb at the
optimum concentration was added to 10 ml colloidal gold
solution by dropping and the mixture was incubated for
40 min at room temperature. Subsequently, the AuNPs–mAb
conjugates were blocked by adding bovine serum albumin
(10 %) and polyethylene glycol (PEG)-20000 (1 %) to the
final concentration of 1.0 % (w/v) and 10 % (w/v), respective-
ly, incubating for 40 min. Next, the mixtures were centrifuged
at 4 °C, 2500g for 15 min and the supernatant was
centrifuged at 4 °C, 8500–10000g for 50 min. Then, the pre-
cipitates were washed by repeated centrifugation with 1 %
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BSA in 0.01 M Tris–HCl. Finally, the labeled anti-CLE mAb
was re-suspended in 1 ml Tris–HCl (0.01 M, pH 8.2, contain-
ing 5 % sucrose, 1 % BSA, 0.1 % Tween-20, and 0.02 %
NaN3), and stored at 4 °C for further use.

Construction of CICA Apparatus

The glass capillary was pretreated according to previousmeth-
od with some modification (Du et al. 2014). Briefly, glass
capi l lar ies were sonicated in Bpiranha solut ion^
(H2SO4:30 % H2O2=3:1, <80 °C) for 15 min and washed
with excess ultrapure water to remove the residual acid.
Then the capillaries were dried at 105 °C for 60 min.
Subsequently, the capillaries were sonicated in KOH (1 M),
ultrapure water, HCl (1 M), ultrapure water and acetone in
order, at each step for 15 min. Next, the capillaries were dried
at 105 °C for 60 min. After cooling to room temperature, the
capillaries were immersed in modifying solution (toluene con-
taining 5 % GPTMS, 0.5 % triethylamine) for 12 h at 37 °C.
Finally, the capillaries were subsequently rinsed in toluene
and acetone for 5 min and can be used after fully air-drying.

CLE–BSA conjugates were immobilized on the one end of
the capillary as test zone, while goat anti-mouse IgG on the other
end of the capillary as control zone. Specific operation as fol-
lows: 2 μl CLE–BSA conjugates were injected into the capillary
by a pipettor incubated at 37 °C for 40 min. Then, the capillary
was washed by phosphate-buffered saline with Tween-20
(PBST, 1 g/l Tween-20 in 0.01 M PBS, pH 7.4) for 5 min.
2 μl anti-mouse IgG were injected into the other end of the
capillary incubated at 37 °C for 40 min, and then, washed again.
Finally, the modified capillary was blocked with 2 % BSA in
0.01 M PBS, incubated at 37 °C for 40 min, and washed again.
The fabricated capillary was stored at 4 °C before use.

To optimize the concentration of CLE–BSA conjugates and
goat anti-mouse IgG, the AuNPs–mAb conjugates were diluted
with the same volume of PBS (0.01M, pH 7.4), and the reaction
time was 10 min. For further optimization of the dilution ratio of
AuNPs–mAb, the reaction time was also fixed as 10 min. With
the optimal parameters mentioned above, the effect of reaction
time on the brightness of CICAwas investigated.

CICA Performance

The capillary immunochromatographic assay was carried out
by injecting 3 μl of mixture (AuNP-mAb and sample at 1:4,
v/v) into test zone. After 7 min of reaction at room temperature,
the capillary was placed upside down to make the mixture
moving down to control zone, reacting for another 7 min.
Then, unbound conjugates were discarded and the capillary
was rinsed in PBST three times. After removal of the residual
moisture in the capillary, the result was observed. A range of
CLE standard solutions were prepared and determined to es-
tablish the calibration curve according to the assay procedure.

The reaction mixture was AuNPs–mAb and PBS (0.01 M,
pH 7.4) with a ratio of 1:4. For qualitative analysis, the cut-
off level by naked eyes was defined as the lowest CLE concen-
tration sufficient to make the color in test zone disappeared. For
semi-quantitative analysis, the image of the CICA result was
obtained by a flatbed scanner. The relative brightness value of
test zone was calculated by subtracting background gray value
from the test zone signal. Then, the calibration curve was ob-
tained by plotting Bx/B0 against the concentration of CLE and
was fitted by a four-parameter logistic function (Du et al. 2014).
B0 and Bx were used to designate the relative brightness of test
zone at zero (B0) and a given concentration of analyte (Bx),
respectively. The semi-quantitative detect limit (LOD) was de-
fined as the mean determined concentration of blanks plus
threefold standard deviation (n=3).

The specificity of the CICA for CLE was evaluated by
ractopamine, salbutamol, formoterol, isoproterenol, and epi-
nephrine at the concentration of 10, 100, 500, and 1000 ng/ml
in PBS (0.01 M, pH 7.4) respectively (n=3). The accuracy
and precision of the CICA were estimated by calculating the
recoveries and the intra- and inter-assay coefficients of varia-
tion (CV) (Li et al. 2013a). The intra-assay CV was analyzed
with blank sample (AuNP-mAb and PBS at 1:4, v/v) by six
different batches of CICA (n=6) and the inter-assay CV was
calculated by the same batch CICA at three spiked concentra-
tions (n=6). The recoveries were conducted by CLE spiked
urine, pork, beef, pork sausage, and luncheon meat at the
concentrations of 0.5, 1.0, 2.0, and 3.0 ng/ml. The quantitative
results were calculated by the calibration curve.

Validation with Real Samples

The urine samples were adjusted to neutral by 2 % 5-
sulfosalicylic acid dehydrate, followed by centrifuge
(2500 g) for 2 min. The supernatants were collected for detec-
tion by CICA. For pork, beef, pork sausage, and luncheon
meat, the spiked samples were homogenized with extraction
buffer (2 % 5-sulfosalicylic acid dehydrate in water: methanol
(95:5; v/v)) at a ratio of 1:1 (w/v). Then the mixture was heated
in boiling water for 5 min, followed by centrifuge (2500g) for
3 min. The supernatants were collected and adjusted to
pH 7.0–7.5 with 2 M NaOH (10–20 μl in per milliliter extract
with a slight difference among samples), followed by centri-
fuge (7200 g) for 2 min. The supernatants were collected for
CICA performance as mentioned above.

Results

The Principle of CICA for CLE

The proposed CICA for CLE is based on the competitive
theory similar with that of traditional LFIA (Fig. 1). CLE–
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BSA conjugates and Goat anti-mouse IgG are immobilized by
epoxy groups on the inner wall of both ends of the capillary
and represent the test zone and control zone, respectively. As
the mixture of AuNPs–mAb and sample incubates on the test
zone, CLE residues in the sample compete with CLE–BSA
conjugates for the limited number of AuNPs–mAb binding
sites, which decreases the accumulation of AuNPs–mAb on
the test zone and reduces the intensity of color. Therefore for
negative samples, red bands will be formed on both of test
zone and control zone, and for positive samples, the intensity
of red band on test zone will decrease and even disappear.
Within certain ranges, there is a specific functional relation-
ship between the brightness of the test zone and the concen-
tration of analyte in samples (Blažková et al. 2009). Thus, the
image of results can be used not only for qualitative analysis
but also for semi-quantitative analysis.

Optimization of the CICA Conditions

Respectively, 13 and 26 nm (diameter) gold nanoparticles
(AuNPs) were made to test the influences of the particle size
on CICA. The absorbance peak in UV–vis (517 and 524 nm,
respectively in Fig. 2a) indicated the success of preparation as
well as the uniformity of the particles, and based on the trans-
mission electron microscope (TEM), the average diameter
was approximately calculated as 13.5 ± 1.0 and 26.3
±2.5 nm, respectively in Fig. 2b (Lou et al. 2012).

The pH value and the concentration of antibody used in
labeling process were critical for the stability of AuNPs–mAb
conjugates. In principle low absorbance values (ABS) at
520 nm usually indicates the appearance of aggregation and

poor stability of AuNPs–mAb conjugates. Here, with an in-
crease of the amount of K2CO3 (in the range of 0–50 μl in per
milliliter AuNPs: 0–50 μl/ml), the absorbance value (ABS) of

Fig 1 The principle of the CICA
system and the illustration of
results judgment
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anti-CLEmonoclonal antibody and bTEM images for two different-sized
gold nanoparticles: 13 nm (left) and 26 nm (right)
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AuNPs–mAb conjugates climbed up firstly and then slightly
declined. The maximum ABS was corresponding with the
optimal addition of K2CO3 which was 30 μl/ml (pH 8.0) for
13-nm-AuNPs and 25 μl/ml (pH 7.5) for 26-nm-AuNPs
(Fig. 3a). As well, with the growth of the antibody concentra-
tion (in the range of 0–50 μg in per milliliter AuNPs: 0–
50 μg/ml), the absorbance value (ABS) of AuNPs–mAb con-
jugates was significantly increased firstly and then tended to
be stable. Thus the antibody concentration was optimized to
be 25 μg/ml for 13-nm-AuNPs and 30 μg/ml for 26-nm-
AuNPs (Fig. 3b). Based on these results, the conjugation of
AuNPs with anti-CLE monoclonal antibody was also verified
by the significant red shift in the UV–vis spectrum (Fig. 2a,

12 nm for 13-nm-AuNPs and 10 nm for 26-nm-AuNPs,
respectively).

The amount of capture reagents and the dilution ratio of
AuNPs–mAb conjugates were believed to significantly affect
the color intensity of the test zone and therefore the cut-off
level of the assay (Li et al. 2013a). Considering the com-
petitive format of CICA, the concentration of CLE-BSA con-
jugates and the dilution ratio of AuNPs–mAb conjugates
should be as minimal as possible while the color intensity of
the test zone is enough to distinguish in blank samples. The
concentration of the goat anti-mouse IgG should make color
intensity of the control zone close to that of the test zone (Du
et al. 2014). According to these criteria, the concentration of
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CLE-BSA conjugates, goat anti-mouse IgG and the di-
lution ratio of AuNPs–mAb conjugates were optimized
and the results were summarized in Table 1. The

relative brightness rose rapidly with reaction time in-
creased from 1 to 7 min, and then flattened out slightly,
indicating that 7 min was enough for the color

Table 1 The comparison of various parameters between two different-sized CICA

Particles
size (nm)

Preparation of AuNPs–mAb Requirement of capture
reagents (mg/ml)

Performance of CICA

pH value Anti-CLE
monoclonal
antibody (μg/ml)

CLE-BSA
conjugates

goat
anti-mouse
IgG

Dilution ratio of
AuNPs–mAb
conjugates

Relative
brightness
of test zone

Cut-off level
(ng/ml)

Semi-quantitative
detect limit
(ng/ml)

13.5 ± 1.0 8.0 25 0.05 0.61 5 25 5.0 1.22

26.3 ± 2.5 7.5 30 0.02 0.25 5 35 2.5 0.35
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1.0

B
/B

0

Model Boltzmann

Equation

y = A2 + (A1-A2)/(1 

+ exp((x-x0)/dx))

Reduced Chi-Sqr
0.84113

Adj. R-Square 0.99655

Value Standard Error

C1 A1 1.12591 0.04445

C1 A2 0.06128 0.009

C1 x0 1.59062 0.10198

C1 dx 0.84038 0.06902

B
/B

0

Concentration ng/ml

Control zone

Test zone

0   0.25   0.5  1.0  1.5  2.0  2.5   3.0  3.5   4.0   5.0 ng/ml

B

A

Equation y = a + b*x

Weight Instrumental

Residual Sum 

of Squares

7.35652

Pearson's r -0.99619

Adj. R-Square 0.9913

Value Standard Error

C1 Intercept 0.96582 0.01911

C1 Slope -0.23977 0.00794

Fig 4 CICA results for CLE in
PBS: a test zones with CLE
concentrations from 0 to 5 ng/ml,
and b the calibration curve
constructed by plotting the Bx/B0

ratio against the concentration of
CLE. Individual value represents
the mean ± SD of the different
concentrations of CLE (n = 3)
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development. Therefore, the total performance can be
accomplished within 14 min.

Performance Evaluation of the CICA

The sensitivity of the developed CICA was determined by a
range of CLE standard solutions. With 13-nm-AuNPs, the cut-
off level by naked eyes was estimated about 5.0 ng/ml and the
semi-quantitative detection limit (LOD) was calculated as
1.22 ng/ml, while for 26-nm-AuNPs the value was 2.5 ng/ml
and 0.35 ng/ml, respectively (Fig. 4). Based on calibration
curves, the linear range was 1.22–6 ng/ml with 13-nm-AuNPs
and 0.35–3.5 ng/ml with 26-nm-AuNPs, respectively. The size
of AuNPs showed significant influence on the efficiency of
CICA, and the performance with 26-nm-AuNPs exhibited 2–3
times higher sensitivity than that with 13-nm-AuNPs.

The specificity of the CICAwas examined by running some
structural analogs of CLE including ractopamine, salbutamol,
formoterol, isoprotereno and epinephrine. The cross-reactivity
was estimated less than 2.5% to salbutamol and less than 0.1%
to ractopamine, formoterol, isoprotereno and epinephrine,
which indicated a satisfactory specificity of the technique
(Table 2).The precision of CICA was evaluated by the intra-
and inter-assay coefficients of variation (CV), and the intra-
assay CV was observed within the range of 5.9–9.4 %, while
the inter-assay CV was calculated as 8.5 % (n=6).

The accuracy of CICA was evaluated by urine and food
samples fortified with different concentration of CLE.
Besides urine samples, the developed technique demonstrated
excellent tolerance to the complex food matrix. After simple
pretreatments (less than 10min) without nitrogen blowing and
other cleaning procedures (except centrifugation), satisfactory
recovery (70.8–115.5 %) and precision (CV≤10.2 %) were
observed in pork, beef and even meat products such as pork
sausage and luncheon meat (Table 3) For testing blank

samples, the red signal on the test zone was still stable after
two month storage at 4 °C.

Discussion

The sensitivity of nano-gold immunochromatographic perfor-
mance is usually poor in comparison to ELISA or other im-
munoassays, and in many situations it limits the real applica-
tion of such techniques, especially for the detection of trace
hazards. Here the task was solved by a careful selection of
AuNPs. The amount of CLE–BSA conjugates with the 26-
nm-AuNPs was about 2.5 times lower than that of 13-nm-
AuNPs. For a competitive analysis, reduced amount of coat-
ing antigens would indicate improved sensitivity. Moreover,
with the same dilution ratio, the conjugates with larger AuNPs
demonstrated relatively higher brightness, which therefore
significantly increased the sensitivity of the CICA with 26-
nm-AuNPs. These results consisted well with previous reports
for NCM-based immunochromatographic strips (Lou et al.
2012; Safenkova et al. 2012), and the reasons may be attrib-
uted to the preferable optical properties and the superior affin-
ity of larger AuNPs–mAb conjugates (Safenkova et al. 2010;
Safenkova et al. 2012; Liu et al. 2007).

Different methods for detection of CLB residues were sum-
marized including chromatography, electrophoresis and ELISA
(Table 4). The developed CICA demonstrated similar sensitivity

Table 2 The specificity study of CICA by running CLE structural
analogs

Analogs Concentration of analogs (ng/ml)

10 100 500 1000

Ractopamine − − −a − − − − − − − − −
Formoterol − − − − − − − − − − − −
Isoprotereno − − − − − − − − − − − −
Epinephrine − − − − − − − − − − − −
Salbutamol − − − − − +b + + +c + + +

Clenbuterol + + + + + + + + + + + +

a Bnegative^, Red band was revealed in the test zone
b Bweakly positive^, Red band was weakened but remain visible in the
test zone
c Bpositive^, Red band completely disappeared from the test zone

Table 3 The recovery study of CLB in pig urine, pork, and beef

Sample CLE spiked
(ng/ml)

Calculated
CLE (ng/ml)

Recovery
(%)

CV (%, n= 3)

Urine 0.5 0.56 112.4 6.2

1 1.15 115.5 8.2

2 1.87 93.5 4.5

3 2.48 82.7 10.0

Pork 0.5 0.44 88.3 1.8

1 0.85 85.5 7.7

2 1.86 92.8 4.9

3 3.22 107.3 9.0

Beef 0.5 0.42 84.0 4.5

1 0.88 88.0 6.1

2 2.09 104.5 7.0

3 3.34 111.3 9.5

Pork sausage 0.5 0.56 111.3 2.3

1 1.16 115.0 10.2

2 2.07 103.5 7.6

3 2.91 97.3 8.9

Luncheonmeat 0.5 0.45 90.0 4.2

1 0.87 87.0 3.5

2 1.81 90.1 6.3

3 2.12 70.8 9.2
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with the traditional NCM-based immunochromatographic strips,
but just as expected, since no need for complicated sample pre-
treatment, it was simpler and more time-saving. Also the tech-
nique exhibited superior precision and excellent tolerance to
food matrix, which could be illustrated by the much lower CV
values in urine, pork, beef, and even food stuffs containing mul-
tiple rawmaterials as well additives. To large extent such advan-
tages of the CICA may be attributed to the unique features of
glass capillaries, especially its uniform surface smoothness, ionic
strength and organic solvent tolerance and easiness for cleaning.
In addition, the covalent immobilization of capture regents on
glass capillaries may also contribute to increase the reproducibil-
ity and stability of CICA through the formation of more homog-
enous binding sites and the significant decrease in non-specific
sites (Du et al. 2014; Tang et al. 2016).

It is also interesting to imagine the possible reuse of
the CICA. Unlike NCM and other disposable materials,
glass capillaries have the potential to be recycled by suit-
able dissociation of antibody-antigen complex on the sur-
face (Kandimalla et al. 2004; Venkatesh and Murthy
1996). In fact such a re-generation has been realized in
previous analysis of furazolidone (Du 2015). Therefore,
one can also expect a CICA for CLE with even higher
economical efficiency, which is important to the routine
on-site screening in a large number of food samples.

Conclusions

A new immunochromatographic assay fabricated by glass
capillary (CICA) was developed for semi-quantitative detec-
tion of clenbuterol (CLE). The size of gold nanoparticles was
verified to have significant effect on the performance, and the
CICA with 26-nm-AuNPs showed satisfactory sensitivity,
precision and specificity. With simpler and faster

pretreatments in comparison to traditional techniques, such
efficiency was also validated with biological samples includ-
ing urine, pork, beef and pork sausage, and luncheon meat,
which allowed us to suggest the CICA as a new and promising
technique for on-site screening of CLE.
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