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ABSTRACT - Antibiotic Detection Kit (Combination I), a lateral flow immunoassay (LFIA) developed for the

detection of antibiotic residues in milk, was utilized for the analysis of antibiotic residues in the muscle tissue of olive

flounder. After 60-min treatment by dipping in water dosed with ampicillin (200-g/ton water), the residue depletion of

ampicillin was investigated in 25 cultured olive flounder (Paralichthys olivaceus). Muscles of fish were sampled on

the 1st, 2nd, 3rd, 4th and 5th day after drug treatment. The concentration of ampicillin in the muscle was determined

by LFIA. The absorbance ratio of the sample to the control blank (Bs/Bo) was employed as an index to determine the

muscle residues in olive flounder. To investigate the recovery rate, standard solutions were added to muscle samples

to give final concentrations in the muscle of 4 and 8 ng/ml. The recovery rates of all spiked samples were > 96% of

the spiked value. Ampicillin was detected in the muscle of fish treated with the drug until the 2nd day of the with-

drawal period. The present study showed that the LFIA can be easily adopted to predict ampicillin residues in tissue

of farmed fishes.
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Introduction

Recently, aquaculture continues to be the fastest growing

animal food producing sector, and aquaculture accounts for

46% of the total food fish supply1). As is the case with

terrestrial animal production, antibacterials are also used in

aquaculture in an attempts to control bacterial disease2,3).

Ampicillin is a beta-lactam antibiotic, a semi-synthetic peni-

cillin that has been used extensively to treat bacterial diseases

caused by gram-positive and gram-negative bacteria, and

controlled since 19614,5). In some people, ampicillin, like its

congeners, may result in severe hypersensitivity reactions6).

As the ingestion of ampicillin as a residue in seafood is of

public health interest, since September 2007, the Korean

Food and Drug Administration (FDA) has set a tolerance

level of 0.05 mg/kg in farmed fish and seafood7). 

Excessive use of antibiotics such as ampicillin has led to

a wide emergence of antibiotic-resistant bacteria8). To prevent

the emergence of antibiotic-resistant bacteria, unnecessary

dosing of antibiotics should be minimized and the use of

antibiotics in fish farming should be tightened by monitoring

antibiotic residues in different biological samples9). 

There are traditional approaches for the detection of ampi-

cillin residues such as microbial inhibition tests, immuno-

assays and chromatographic methods. Widely used microbial

inhibition methods are relatively complicated, time-consuming

and non-specific to ampicillin10). On the other hand, chroma-

tographic methods, such as high-performance liquid chro-

matography (HPLC), have a sensitivity and specificity for

the analysis of antibiotic residues. However, chromato-

graphic methods are unsuitable for analyzing large numbers

of samples because of certain disadvantages such as high

price, requirement of special equipment, and sample extrac-

tion protocols requiring expert personnel11).

Various immunoassay methods have been developed and

adopted for the detection of antibiotic residues in animal and

fish products. Immunoassays have been popularly used for

the detection of antibiotic residues in food due to their
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simplicity and ability to screen large numbers of samples12,13).

LFIAs are simple devices used to detect analytes in a

sample and are often produced in a dipstick format. The test

sample is dispensed into the sample well of the kit and flows

along a solid substrate by capillary action14). After the sample

has been applied to the test, it encounters a colored reagent

that mixes with the sample and moves the substrate, encoun-

tering lines that have been pretreated with an antibody.

Depending on the analytes present in the sample, the colored

reagent can become bound at the test line15). Fig. 1 represents

the schematic diagram and photograph of representative

results of a lateral flow immunoassay (LFIA).

In the present study, LFIA was utilized for the detection

of ampicillin in the muscle of a farmed fish, olive flounder. 

Materials and Methods

Regents and immunoassay kit

Ampicillin was purchased from Sigma-Aldrich Korea

(Yongin, Korea). Aqua-Ampi powder (100 g (ampicillin

sodium 100 g (activity))/kg, withdrawal period, 7-days) was

obtained from Dae Han New Pharm Co. Ltd. (Seoul, Korea).

Antibiotic Detection Kit (Combination I) was kindly

supplied by 3M Korea (Seoul, Korea). 

Drug treatment and collection of samples

The fish used in this study were 25 healthy olive flounders

(Paralichthys olivaceus) weighting an average of 270 ± 26 g

with no previous history of antibiotic treatment. After for 7

days, twenty-five olive flounders were treated by dipping in

water dosed with ampicillin (200 g/ton) for 60 min. Muscles

were sampled from each of five fish on the 1st, 2nd, 3rd,

4th, and 5th day after drug administration. 

Analysis of ampicillin residues 

According to the manufacturer’s protocol, residual ampi-

cillin was extracted from muscle samples. One gram of

ground muscle from each olive flounder was weighed in a

50-ml tube and 5 ml of 10-time-diluted extraction buffer was

added, and the contents were vigorously mixed for 3 min in

a vortex mixer. After centrifugation for 10 min at 30,000 ×

g, 120 µl of the supernatant was dispensed into the sample

well of the immunoassay kit and incubated on a heating block

at 45oC for 10 min. After incubation, the kit was inserted into

the absorbance reader. From the absorbance ratio (Bs/Bo, Bs,

sample absorbance, Bo, control absorbance), the level of

ampicillin residue in the sample was obtained using a

standard curve of ampicillin. 

Preparation of standard curve

The standard curve of ampicillin was constructed to deter-

Fig. 1. Schematic diagram (A) and photograph of the representative results of LFIA (B). C, control; B, β-lactam antibiotics; Q, quinolone

antibiotics; N, negative for β-lactam antibiotics; P, positive for β-lactam antibiotics.

Fig. 2. Standard curve of ampicillin in muscle of olive flounder.

Detection limit of ampicillin was calculated as 4 ng/g. Absorbance

ratio obtained with blank tissue (Bo) and with muscle tissue spiked

with ampicillin (Bs).
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mine the detection limit of the drug. A stock solution of

100 µg/ml of ampicillin was prepared and stored at −20oC.

This standard solution was used for the preparation of both

calibration solutions and fortified samples. Just before use, the

stock solution was diluted in muscle extracts from non-treated

fish, to prepare 1, 2, 4, 8 and 16 ng/ml working standard

solutions. 

Recovery test

To obtain the recovery rate, the standard solutions were

added to muscle samples to give final concentrations in the

muscle of 4 and 8 ng/ml. After blending, these samples were

extracted as described above and then analyzed in a blind

fashion. 

Results

The standard curve of ampicillin was constructed to

determine the detection limit of the drug. As shown in Fig.

1, the detection limit of ampicillin was less than 4 ng/ml

based on the Bs/Bo ratio of 1.0 in the assay system. The

standard curve of ampicillin showed linear regression between

1 and 8 ng/ml (R2= 0.972). In a previous study9), ampicillin

residue in the muscle tissue of olive flounder was determined

using a solid-phase fluorescence immunoassay and the detec-

tion limit of ampicillin was less than 5 ng/ml based on the

Bs/Bo ratio. Furthermore, the ampicillin standard curve

showed linear regression between 5 and 50 ng/ml (R2 =

0.996). Douglas et al. carried out the validation of a β-

lactam and flunixin rapid lateral flow test in raw milk, and

the detection limit of ampicillin was 6.8 ng/ml15). 

In the present study, the detection limit of ampicillin was

similar to the study of Jung et al.9) and slightly higher than

that of Douglas et al.15). 

Recovery of 4 and 8 ng/ml of ampicillin from spiked, non-

treated muscle is shown in Table 1. All recoveries were

greater than 96% of the spiked value. 

Jung et al.9) reported that that recovery rate of 10 and

50 ng/ml of ampicillin from the spiked muscle of olive

flounder was 93.4 and 91.4%, respectively. Han and Ko16)

investigated recovery rates using high-performance liquid

chromatography (HPLC) after spiking muscle tissues with

ampicillin at concentrations of 0.1 and 1.0 µg/ml. The re-

covery rate for ampicillin was greater than 91%. In addition,

Wenhong et al.17) reported that the recovery rates of ampi-

cillin from catfish muscle fortified at 5, 10 and 20 ng/g levels,

ranged from 89.9 to 95.2%. Considering the kind of samples,

the flounder muscle residue concentrations of ampicillin in the

present study were similar or slightly higher than those from

the studies described above. It was assumed that the different

results for recovery rates were due to the experimental

conditions and methods of sample extraction.

The analytical results of ampicillin in olive flounder muscle

are shown in Table 2. On the 1st day after drug treatment,

all muscle samples showed positive results (Bs/Bo ratio

> 1.0). After the 3rd day of withdrawal, all muscle samples

showed a negative reaction (Bs/Bo ratio < 1.0), and were

believed to decrease under 4.0 ng/ml. 

In the research by Cho et al.18), muscle samples from olive

flounders orally treated with ampicillin (100 mg/kg body

weight) for 5 consecutive days were analyzed at the residue

level of the drug using a HPLC system, and the concentration

of ampicillin in muscle was 52 ng/g on the 2nd day after drug

treatment. Son et al.19) investigated ampicillin residue in the

muscles of olive flounder after oral treatment at a dose of

40 mg/kg body weight for 5 consecutive days, and ampi-

cillin concentration analyzed by HPLC was 23 ng/g on the 3rd

day. Considering the dosage, treatment period and admin-

istration route, the flounder muscle residue concentrations of

ampicillin in the present study were similar or slightly lower

than those of the studies described above.

According to the results of this study, LFIA can be adopted

easily to screen for ampicillin residue in the muscle tissue

of farmed fishes after minimal sample preparation. It is

suggested that LFIA may be applied to screen for ampicillin

in the tissue of fishes on fish farms. If the inspected fishes

show positive results, these could be banned from shipping

until retest results come back negative, and then they can be

shipped.

Table 1. Recovery of tetracyclines in muscle of olive flounder

using a Solid-phase Fluorescence Immunoassay

Spiked concentration 
(ng/g)

Bs/Bo ratio1) Recovery (%)2)

4 1.121 ± 0.030 105.5

8 1.653 ± 0.026 96.1

Values are expressed as mean ± SD.
1)Bs/Bo ratio was calculated as the absorbance of muscle spiked

with ampicillin (Bs)/the absorbance of blank (Bo).
2)Recovery obtained from the formula, (concentration from the

spiked muscle/concentration of the spiked standard solution) × 100. 

Table 2. Depletion profiles of ampicillin in flounder muscle dur-

ing the withdrawal period

Withdrawal 
(days)

No of 
positive results

Bs/Bo ratio1) Concentration 
(ng/g)

1 5 2.271 ± 0.083 22.62 ± 0.92

2 3 0.814 ± 0.152 2.93 ± 0.68

3 0 0.467 ± 0.061 1.87 ± 0.24

4 0 0.295 ± 0.027 1.08 ± 0.11

5 0 < 0.200 < 0.50

Values are expressed as mean ± SD.
1)Bs/Bo ratio was calculated as the absorbance of muscle spiked

with ampicillin (Bs)/the absorbance of blank (Bo).
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