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Abstract

Background: Oxytetracycline (OTC) is commonly used in aquaculture industry and has high potency against bacterial diseases.
Objectives: The present study aimed at examining the rate of oxytetracycline (OTC) antibiotic residue in the tissues of cultured
rainbow trout (Oncorhynchus mykiss).
Methods: Samples were taken randomly from the livers and fillets of 45 rainbow trout from 15 large aquaculture ponds in Hamadan
province, West of Iran. The OTC residue was measured using high performance liquid chromatography (HPLC). Data analysis was
performed with SPSS (V.18) (mean and standard deviation), and Man-Whitney test was employed for statistical analysis.
Results: The results revealed that OTC residue were 389 to 641 ppb in the livers and 175 to 295 ppb in the fillets, respectively. However,
in 86.66% of the samples (liver and fillet) the amounts of OTC residue was found to be higher than the maximum residue limits
(MRLs) in codex alimentarius commission, and 13.33% of the samples (liver and fillet) were within the standard range. Analysis of
input and output data using Man-Whitney test showed significant differences in liver and fillet (P < 0.05).
Conclusions: This research determined that the use of OTC must be reduced to an acceptable level in aquaculture industry. Also,
antibiotic residue in rainbow trout must be controlled before their delivery to the market.
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1. Background

Today, antibiotics are widely used for prophylactic pur-
poses and treatment as well as for stimulating growth in
livestock. There are several concerns about veterinary drug
residues that exceed the maximum residue limits (MRLs)
in products consumed by humans because they may cause
several disorders such as carcinogenesis, teratogenic, mu-
tagenic, and allergy (1-3). Bioaccumulation of antimicro-
bials in edible food sources can occur in fish, crustaceans,
water, sediment, and plants (4-6). A concern for agencies
regulating food safety is the development of antimicrobial
resistance among potential on food-fish, as a result of an-
timicrobial use in aquaculture ponds (7). In the United
States, it has been found that the rate of resistance to tetra-
cycline products has increased from 2% in 1950 to 80% in
1998. Nevertheless, in 1997, the center for diseases con-
trol and prevention (CDC) reported that 50% of antibiotics

were consumed for nonmedical benefits (8). The study
of Darwish et al. (2013) on antibiotic residues in food in
African countries found that 41.17% of samples had higher
OTC residue levels in their foods than the standard level (9).
Also, Barani and Fallah (2014) studied tetracycline residues
in 138 rainbow trout samples and found that tetracycline
was about 1.43 - 101.4 ppb in 63.1% of the samples. Therefore,
tetracycline residues in all the samples were not higher
than the MRL levels based on institute of standard and in-
dustrial research of Iran (ISIRI) (200 ppb) (10, 11). In an-
other research, Baydan et al. (2015) studied OTC residues
in some samples of the fish in the sediment and sea wa-
ter and found no oxytetracycline residues higher than the
standard level in the samples (12).

Oxytetracycline, a broad-spectrum antibiotic discov-
ered in 1940s, is active against a wide variety of bacteria
(13). This antibiotic is widely used in aquaculture indus-
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try because of its wide range of application and low price
(14). This drug is administered to fish for the prevention
and treatment of bacterial diseases such as ulcer, furun-
culosis, red moth ulcer, etc. The mechanism of its effect
is done through the connection to ribosome and control
of bacterial protein synthesis (15). The Iranian veterinary
organization general department states the standard dose
of oxytetracycline to be 200 ppb in the fillet and 600 ppb
in the liver of rainbow trout based on codex alimentarius
commission (16) and ISIRI (11). Also, FAO (17), FDA, and EPA
(18) levels relating to safety attributes of fish products pub-
lished in regulations and guidance for oxytetracycline lev-
els are presented in Table 1.

Table 1. Maximum Residual Limits (MRLs) of Oxytetracycline in animal-derived
foods according to the FAO, FDA and EPA

Antibiotic Tissue MRLs, ppb

Oxytetracycline

Muscle 200

Liver 600

Kidney 1200

In many developing countries including Iran, there is
currently no national plan to evaluate the residue of prod-
ucts from aquaculture ponds despite the antibiotic over-
dosing in that industry (19).

With the increasing human consumption of aqua-
culture products, the probability of exposure to poten-
tially occurring antimicrobial resistant bacteria, resis-
tance genes, or antimicrobial residues in seafood is in-
creasing. Therefore, the residue antibiotic in the fish tis-
sues has reduced the quality of fish food. Today, high per-
formance liquid chromatography (HPLC) is a simple and
sensitive technique for determining antibiotic residues in
various products (20, 21).

2. Objectives

This study aimed at measuring OTC residue using HPLC
in the tissue of rainbow trout from great aquaculture
ponds in Hamadan province, West of Iran.

3. Methods

3.1. Study Area
City of Nahavand is located in the Southwestern side

of Hamadan province. There are several permanent, sea-
sonal spas, and springs throughout this area and some im-
portant of which are Farsban spa, with a water discharge of
1.5 m3/s, and Gamasiab spa (the largest spring in Iran), with
a water discharge of 5m3/s and an average temperature of
5°C. Large aquaculture ponds have been placed near these
two spas.

3.2. Sample Preparation

A total of 45 rainbow trout were randomly extracted
from 15 aquaculture ponds during fall. The mean weight
of the samples was 600 ± 50 g and they were of the same
age (7 months). Each sample was appropriately packaged
and placed in a cold box, transported to the laboratory,
and kept in a freezer (-20°C) prior to the analysis (9). In
the preparation phase, the samples (25 g of fillet per fish)
were first weighed using a Sartorius digital scale (precision
rate: 0.0001; made in Germany) (15). Then, to homoge-
nize the fish’s tissue, the samples were treated uniformly
by a mixer for 2 minutes. Two grams were extracted from
this mixture and 0.1 g citric acid, 1 mL nitric acid 30%, 4
mL methanol (HPLC grade), and 1 mL deionized water were
added. Afterwards, each sample was placed in an ultra-
sonic bath for 15 minutes and then centrifuged (4000 rpm)
for 10 minutes (21). The supernatant was filtered with 0.45
µm. To measure oxytetracycline residue, 20 µL of the pre-
pared sample was injected into the HPLC device (Model:
Waters, US). The mobile phase included methanol (HPLC
grade) and acetonitrile (0.01 M with ratio 1:1.5:2.5v/v with
a flow rate of 1.5 mL/min) at a temperature of 25°C, and the
isolation phase was done using Nuclosil (100) - C-18 inverse
column with specifications (250 mm × 4.6 mm i.d., 5 µm,
Germany) and UV-VIS detector at wavelength 360 nm (15,
21). Three replicates of each analysis were performed and
the result was taken as the average value of the experiment.
All materials were of analytical grade and purchased from
Merck Company. We analyzed laboratory and instrumen-
tal blanks throughout the experiment and found no sign of
interference or contamination in the samples. Spiked ma-
trixes recoveries were computed and found to be greater
than 90%.

3.3. Preparation of Calibration Curve

Oxytetracycline hydrochloride of the analytical grade
was bought from Sigma Company and utilized to draw the
calibration curve. With an injection of the standard so-
lution, oxytetracycline was prepared with concentration
rates of (0.25, 0.5, 1, 2.5, 5, and 10 mg/L) in a 10-mL volumet-
ric flask so that the calibration curve was derived in peak
areas. The derived line equation is as follows: y = 19.142x
+ 7.1787, where y denotes peak area and x is concentration
of oxytetracycline (mg/L). The correlation coefficient was
acquired (R2 = 0.9961), and this signified the linearity of
the equation (Figure 1). The indicated limit of OTC in 0.05
mg/L was derived when the mean time was derived for the
period of oxytetracycline inertia with the range of 4.9 to 5
minutes. Figure 2A and 2B show chromatograms of oxyte-
tracycline: (A) standard OTC and (B) OTC residue in a sam-
ple of rainbow trout.
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Curve of Oxytetracycline Line Standard

y = 19.142x+ 7.1787
R2 =  0.9961
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Figure 2. Chromatograms of Oxytetracycline

3.4. Statistical Analysis

The data were analyzed by statistical package for the
social science (SPSS) software, V.22.0. P value was calcu-
lated using analytical Man-Whitney test and value less than
0.05 was considered as significant. Nonparametric tests
are basically used to overcome the underlying assumption

of normality in parametric tests. The values of each param-
eter were compared to standard regulations.

4. Results

Table 2 displays the results of measurements of OTC
residue in the livers and fillets of cultured rainbow trout.
OTC residue was found in all samples. The mean value and
standard deviation in sample No. 36 in pond No. 12 (295 ±
0.062 ppb for fillet) and sample No. 20 in pond No. 7 (641±
0.013 ppb for liver) were higher than other samples, while
the lowest values of mean and standard deviation of OTC
residue were found in sample No. 10 from pond No. 4 (175
± 0.021 ppb for fillet) and sample No. 11 in pond No. 4 (389
± 0.041 ppb for liver). Similarly, the results indicated that
the (OTC) residue level was higher than MRL in 86.66% of
the samples (liver and fillet), while 13.33% of the samples
were within the standard level.

Man-Whitney test (Table 3) was used for statistical anal-
ysis at confidence level of P < 0.05. The results of the statis-
tical analysis revealed a significant difference among the
rates of oxytetracycline residue in the liver and fillet sam-
ples of the rainbow trout.

5. Discussion

The use of antibacterial agents in food products with
animal origins has created major concerns in advanced
countries (22). In many European and American countries
such as Canada and Norway, only a few antibiotics are used
in aquatic ecosystems. In Canada, the verified antibiotics
used in aquaculture ponds, include oxytetracycline, sulfa-
diazine (trimethoprim), and sulfadimethoxine (ormetor-
pim). Tetracycline and sulfonamide are widely used in the
United States within aquaculture ponds to treat fish infec-
tions (23) and HPLC is employed as an analytical method
with high sensitivity and accuracy to evaluate drug residue
(21). The study of Olatoye and Basiru (24) on oxytetracy-
cline residue in catfish indicated that antibiotic residue
was observed in the livers (61.3%) and fillets (52.5%) of cat-
fish. The mean of of oxytetracycline residue derived from
catfish liver samples was 875.32 ± 45 ppb and that of the
fillets was 257.2 ± 133 ppb. Therefore, the rates of residue
in the livers (26.9%) and fillets (18.8%) were higher than the
standard level. Similar to the investigation of Olatoye and
Basiru (24), oxytetracycline residue was found in the fil-
lets from the sampled fish in the present study. Accord-
ing to studies conducted on bacterial resistance in fish, re-
sistant genes originated from the antibiotic-resistant ex-
crement bacteria in wastewaters, which are discharged to
rivers and finally to wetlands, and they were the reason for
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Table 2. Oxytetracycline Residues (ppb) Aquaculture Ponds in Hamadan Province,
West of Irana

Farm Sample Number OTC Residual Liver OTC Residual Fillet

No.1

1 612 ± 0.015 231 ± 0.08

2 623 ± 0.012 224 ± 0.07

3 616 ± 0.003 256 ± 0.05

No.2

4 621 ± 0.014 212 ± 0.034

5 625 ± 0.023 234 ± 0.075

6 637 ± 0.036 226 ± 0.032

No.3

7 456 ± 0.018 196 ± 0.065

8 432 ± 0.013 183 ± 0.021

9 417 ± 0.023 192 ± 0.031

No.4

10 437 ± 0.010 175 ± 0.021

11 389 ± 0.041 189 ± 0.010

12 420 ± 0.050 194 ± 0.031

No.5

13 621 ± 0.012 265 ± 0.015

14 633 ± 0.015 247 ± 0.021

15 612 ± 0.010 258 ± 0.011

No.6

16 618 ± 0.011 231 ± 0.09

17 613 ± 0.022 227 ± 0.066

18 620 ± 0.003 218 ± 0.050

No.7

19 637 ± 0.011 241 ± 0.044

20 641 ± 0.013 235 ± 0.005

21 621 ± 0.016 224 ± 0.002

No.8

22 613 ± 0.003 267 ± 0.016

23 632 ± 0.018 252 ± 0.014

24 615 ± 0.015 249 ± 0.002

No.9

25 618 ± 0.001 232 ± 0.012

26 623 ± 0.015 241 ± 0.022

27 621 ± 0.052 223 ± 0.001

No.10

28 618 ± 0.005 265 ± 0.013

29 612 ± 0.009 274 ± 0.001

30 620 ± 0.021 248 ± 0.014

No.11

31 619 ± 0.020 233 ± 0.010

32 635 ± 0.030 241 ± 0.070

33 623 ± 0.006 257 ± 0.107

No.12

34 633 ± 0.002 287 ± 0.032

35 624 ± 0.005 276 ± 0.064

36 621 ± 0.021 295 ± 0.062

No.13

37 613 ± 0.087 237 ± 0.054

38 617 ± 0.031 241 ± 0.027

39 621 ± 0.031 255 ± 0.069

No.14

40 624 ± 0.041 225 ± 0.063

41 618 ± 0.052 246 ± 0.037

42 624 ± 0.023 251 ± 0.057

No.15

43 626 ± 0.026 237 ± 0.029

44 619 ± 0.182 223 ± 0.031

45 618 ± 0.151 226 ± 0.125

a Values are expressed as mean ± SD.

transferring such a resistance to the flora of regions in the
Mediterranean sea (25). In another study, Barani and Fallah
(2014) studied tetracycline residues in 138 rainbow trout

samples. They found a high occurrence of tetracycline
in rainbow trout samples obtained from Iranian aquacul-
ture. However, the residues of tetracycline in samples were
not higher than the MRLs by the ISIRI (10, 11). Nonetheless,
the high level of tetracycline could be a potential hazard
to the public health. In 2012, Fadaeifard investigated an-
other antibiotic, fluoroquinolones, in rainbow trout sam-
ples from aquaculture ponds in Chaharmahal-va-Bakhtiari
province of Iran (26). He found that none of the samples
had any antibiotics higher than the ISIRI (11) recommenda-
tion.

Several studies have investigated the multiple antibi-
otic resistances to some antibiotics such as ampicillin,
tetracycline, streptomycin, and chloramphenicol in the
pathogens of existing fish and bacteria in the aquatic
ecosystem, which is generally caused by certain drugs. Ev-
idence has also reported multiple antibiotic resistances
from aquatic ecosystem in the West of the Mediterranean
Sea (27). Antibiotic residues significantly affect microbio-
logical results and may create false results; thus, if there
are some antibiotic residues in consumed fish, this prod-
uct cannot be considered free of any microbial pollution
by relying on microbiologic experiments nor be recom-
mended for use. Therefore, it is necessary to remove an-
tibiotic residues from the consumed residues to confirm
results from microbiological findings (28).

The results of the current study and the percentage of
pollution indicate that samples, which have been screened
by means of microbiological techniques, should be gath-
ered via execution of a general project throughout the
country. By collecting adequate samples from aquacul-
ture ponds in several provinces considering the expense
of HPLC, positive cases should be detected by HPLC. Then,
considering the results of the project and the percent-
age of pollution, a surveying project should be executed
and the antibiotic residues be controlled by employing a
proper plan and through determination of the required
samples throughout the country (19). Despite antibiotic
overdosing, accurate healthcare supervision, and control
for the relevant regulation about antibiotics in most coun-
tries, due to some reasons such as legal gap, ambiguous
behavior with law-breakers, treatment with polluted prod-
ucts, absence of professional officials, lack of a national
MRL, lack of diagnostic laboratories for veterinary drug
residues, and absence of the relevant experts this trend
may seriously endanger the health of the users (28, 29). The
subject of drug residue in aquatic ecosystem with respect
to bacterial resistance has been less explored in Iran. As for
livestock, a regular and permitted plan should be formu-
lated for the use of drugs in aquaculture ponds. The time
interval between omission of antibiotic and consumption
of products from aquaculture ponds should be consid-
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Table 3. Statistical Analysis Oxytetracycline Residues Aquaculture Ponds in Hamadan Province Using Mann-Whitney Testa

Group N = 45 Mean Rank Test Statisticsb Acceptable
Levelc , ppb

Mean ± SD Mann-Whitney
U

Wilcoxon W Z P Value

Fish
Liver 595.73 ± 69.14a 68.00

0.000 1035.000 -8.174 0.0001
600

Fillet 236.42 ± 26.37b 23.00 200

aThe means with different letter (a, b), differ significantly at P < 0.05
bGrouping variable: group.
cCodex alimentarius commission (2011).

ered. A treatment period of either less or more than the
recommended time may lead to failure of therapy and/or
occurrence of the afore-mentioned disorders. The rate of
omission of antibiotics from the tissue of fish varies sig-
nificantly depending on water temperature. The exclusive
period for dieting from drug use before the withdrawal
time also depends on type of drug (30). To prevent harm-
ful residues, governmental agencies should establish re-
quired withdrawal periods (withdrawal periods for fish 25
days at 20°C (8, 31)). The time needed to reduce the concen-
tration of OTC when drug residue is higher than MRL be-
fore entering the consumer market has been determined
to be 37 days in the Mediterranean order (32). Some impor-
tant strategies for handling this problem include aware-
ness of the range of effect, drug composed dose and pre-
scription, high quality water usage, reduced stress, the
consumption of appropriate rations, antimicrobial drug
use as prescribed by a veterinarian and controlled by a reg-
ulatory and scientific system, and the use of suitable an-
tiseptics (33). Vaccination is recommended as the most
effective method in the treatment and prevention of dis-
ease, particularly upon occurrence of multiple resistances.
Likewise, a series of exclusive antimicrobial drugs could
be produced by means of modern techniques and reduced
production, release, and transfer of resistant bacteria by
conducting a series of studies (34). To reduce the nega-
tive effect of antibiotics, appropriate strategies must be
used based on scientific evidence. It is recommended to
take such drugs properly and rationally; therefore, inter-
sectoral cooperation and further studies are suggested.

5.1. Conclusions

The present study investigated OTC in aquaculture
rainbow trout. The results revealed that in 86.66% of
the samples (liver and fillet), the amount of OTC residue
was found to be higher than the maximum residue lim-
its (MRLs) in codex alimentarius commission and the ISIRI
(2011); and this is alarming as a potential hazard for pub-
lic health. Therefore, some limitations must be consid-
ered for aquaculture industry in Iran. On the whole the

followings are suggested: approving laws, procedures and
executive instructions for veterinary drug residues; com-
pelling officials in aquaculture ponds to record date and
type of drug(s) prescribed by veterinarians; establishing
laboratories for diagnosing veterinarian drug residues at
province centers; establishing a national reference labora-
tory and uniformity of the used synthesis standards; and
techniques.
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