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ABSTRACT

Residues of oxytetracycline, tetracycline and chlortetracycline in seafood products of Saudi Arabia were
detected by using a simple, sensitive and rapid method via HPLC-PDA.

The protein precipitation method that was used for sample extraction demonstrated high recoveries of
OTC, TC and CTC. The limits of detection were 0.015 pg/g and 0.025,0.062 ng/g for all TCs in fish and shell-
fish, respectively. The limits of quantitation were 0.125 pg/g and 0.175 pg/g for all TCs in fish and shell-
fish, respectively. The method was precise and accurate since the RSD was less than 2%, while the %
recovery was 95-105%. This study determined the occurrence of OTC, TC and CTC in seafood products
that are sold in KSA’s markets. The overall occurrence of these three medications in 249 seafood products
was 24%(n = 60), while 15%(n = 37) exceeded the MRL. Thus, our recommendations are to enhance the
monitoring of food production prior to marketing and to educate people regarding the proper disposal
of antibiotics.
© 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Environmental pollution is a critical issue that is faced all over
the world. One of the leading causes of pollution is using antibi-
otics in an improper way (Liu et al., 2018). Antibiotics were ranked
as the second most consumed drug in Saudi Arabia in 2010-2015,
representing 17% of the total consumed drugs in Saudi Arabia
(AlKhamees et al., 2018). They are widely used in agriculture, aqua-
culture, and livestock for the treatment and prophylaxis for many
infections and as growth promoters (Gothwal and Shashidhar,
2015). As a result, there is an increase in the occurrence of antibi-
otics in the natural environment in many ways. Some are excreted
in their active form via the urine or faeces after antibiotic admin-
istration (Li et al., 2015). In addition, some people dispose of
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remaining, unwanted antibiotics via flushing down drains or toi-
lets. Additionally, some of the industries that manufacture antibi-
otics and other related products may generate environmental
pollution if they do not use proper disposal methods. Furthermore,
giving antibiotics to affected animals and applying antibiotics in
the production of organic vegetables may also contribute to raising
their presence in the environment (Li et al., 2015). All of these
pathways lead to the ubiquitous presence of antibiotics around
humans, such as in streams, lakes, rivers, soil, groundwater, plants,
seawater and aquatic animals (Larsson, 2014). Antibiotics appear
to be persistent or pseudo-persistent since the rate of their elimi-
nation is less than that of entering the environment (Gothwal
and Shashidhar, 2015). The most crucial issue related to the pres-
ence of antibiotics in the environment is the potential resistance
development in human and animal pathogens, which contributes
to the increasing morbidity and mortality worldwide (Larsson,
2014).

Tetracyclines are a group of antibiotics that include tetracycline,
oxytetracycline, chlortetracycline, doxycycline, and minocycline
(Fig. 1) (Chopra and Roberts, 2001). They are widely used in veteri-
nary medicine for many reasons: they are wide-spectrum, com-
monly available and inexpensive (Biswas et al, 2007).
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Fig. 1. Chemical structure of (a) tetracycline, (b) oxytetracycline, and (c)
chlortetracycline.

Particularly, enrofloxacin and oxytetracycline are commonly found
veterinary drug residues in seafood products in many countries,
such as Thailand, Vietnam, Indonesia, and Korea (Kang et al., 2018).

More than 70% of tetracycline antibiotics are excreted in their
active forms into the environment through the urine and faeces
of humans and animals. Tetracyclines are hydrophilic in nature
and have a low volatile characteristic, which results in their contin-
uous presence in the aquatic environment for long periods of time
(Daghrir and Drogui, 2013).

The over- and misuse of tetracyclines may lead to the presence
of its residues in edible animal tissues, which may cause allergic
reactions in sensitive individuals. Moreover, the ingestion of tetra-
cyclines may show undesirable effects, such as tooth discoloration
and pigmentation (Vennila et al., 2014). In addition, teratogenicity
may occur in a foetus if tetracyclines are administered to pregnant
women (Speer et al., 1992). Additionally, they can cause retarda-
tion of skeletal growth in premature infants (Speer et al., 1992).
Additionally, even food that contains only low residual levels of
antibiotics, when consumed for a long period of time, may cause
a person to develop antibiotic resistance (Cetinkaya et al., 2012;
Liu et al,, 2017).

Tetracycline resistance has many consequences, such as
increasing morbidity and mortality rates, as well as extended hos-
pital stays, therefore leading to an increase in medical costs. To
minimize or prevent this serious issue, the world must change
the practice of purchasing antibiotics in community pharmacies
without prescriptions. In addition, a maximum allowed limit to
be used or detected in animals should also be implemented.
Although many new antibiotics are currently being developed to
treat resistant infections, behaviour change regarding the use of
antibiotics without a prescription is required (Liu et al., 2017).
From this point forward, the SFDA set a rule that prohibits commu-
nity pharmacies from selling antibiotics without a prescription.

In recent years, seafood has become one of the most consumed
foods by humans due to the increase in the awareness of sources of
healthy food (WHO, 2019). As per the Dietary Guidelines for Amer-
icans in 2010, 8 oz of seafood consumption per week is recom-
mended (WHO, 2019). Oily fish are preferably recommended
since oily fish, such as salmon and sardines, contain long-chain
omega-3-fatty acids that help to keep the heart healthy (NHS,
2019).
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To meet the demand in the increase in the consumption of sea-
food, the supply has also increased; therefore, aquaculture has
been continuously developing to satisfy the need for seafood prod-
ucts (Seafood Production, 2019). However, enhancing productivity
by intensive cultivation systems leads to the dissemination of dis-
eases and infections. For this reason, medications, including antibi-
otics, are administered to the fish. As a consequence, residues from
improper use or overdose of antibiotics adversely affect humans.
Therefore, regulatory agencies have set a clear maximum residue
limit for each medication of every animal to ensure human safety
(FAO, 2015).

Although seafood is not a dietary staple in Saudi Arabia, there is
a high request due to the increased annual fish consumption from
3 kg in 1977 to more than double (6.5) kg in 1998 (Lin, 2019). In
2002, the number of fish farms increased to 109. In 2008, that
number significantly increased to 277 fish farms. Saudi Arabia pro-
duced 41% of all seafood from aquaculture sources in 2011. Cur-
rently, Saudi Arabia is one of the largest aquaculture producers
in the Middle East (National Aquaculture Group, 2016).

Aquaculture has a very important role in food production. Pro-
ductivity enhancement should be taken into consideration through
intensive cultivation systems, which may cause the spread of dis-
eases, including infections. Under these conditions, the health of
the fish is threatened, and medications such as antibiotics are
given to the affected fish (Olatoye and Basiru, 2013). In addition,
antibiotics are administered for growth promotion. Oxytetracy-
cline was the first antibiotic approved by the USFDA to be used
in fish farms. It is widely used either for prophylaxis or treatment
because of its wide spectrum. The second challenge faced by fish
farms is improper medication choice or dose. In addition, some fish
farms misuse antibiotics by using them in an uncontrollable way
(Olatoye and Basiru, 2013).

To ensure the safety of foods for human consumption, the Saudi
food and drug authority set a maximum residue level (MRL) in fish
for some antibiotics as follows: oxytetracycline, 200 pg/kg; tetra-
cycline, 200 pg/kg; and chlortetracycline, 200 pg/kg. On the other
hand, the acceptable daily intake of these three medications is 0-
30 pg/kg (FAO, 2015).

To ensure food safety, national and international regulatory
agencieshaveestablished tolerance levels for authorized veterinary
drugs, including tetracycline antimicrobials. Therefore, numerous
sensitive and specific methods have been developed for the quan-
tification of these compounds indifferent food matrices. More than
eighty publications in a review by Pérez-Rodriguez et al. (2018)
updated the overview of the determination of tetracycline residues
in foodstuffs.

Various analytical methods have been developed for the multi-
residue analysis of tetracyclines in fishery products, such as shrimp
and fish, using liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS) (Chafer-Pericas et al., 2010; Guidi et al.,
2018; Kang et al., 2018; Li et al., 2006; Lopes et al., 2012; Susakate
et al., 2019).

One of the latest studies conducted by Barani and Fallah (2015)
was published in 2014, and they used an ELISA kit for tetracycline
determination because it is an inexpensive, convenient and rapid
method. In addition, sample pre-treatment is not needed (Barani
and Fallah, 2015). Moreover, two studies were published in 2013.

Olatoye and Basiru (2013) and Liu et al. (2013) used HPLC as an
analytical method for the determination of antibacterial residues
in fish because it is a rapid, sensitive and reliable method
(Susakate et al., 2019). Additionally, in 1,999, Ueno et al. (1999)
chose to use HPLC in their study due to its high sensitivity, and
the pre-treatment procedure did not take a long time. Additionally,
in 1995, Touraki et al. (1995)conducted a study that also imple-
mented HPLC for its high level of efficiency
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The available literature shows that to date, no study has been
conducted in Saudi Arabia regarding the determination of antibi-
otic residues in seafood products. Therefore, the goal of this study
was to detect and quantify the presence of oxytetracycline, tetracy-
cline and chlortetracycline in seafood that is present in Saudi Ara-
bia by using HPLC-PDA, which was chosen for its advantages of
sensitivity and specificity and can therefore differentiate between
different classes of antibiotics. In addition, HPLC-PDA gives ade-
quate quantitative validation outcomes (Cristofani et al., 2009).

2. Experimental
2.1. Instrumentation and HPLC conditions

The HPLC system was equipped with a Waters 1525 binary
pump and a 20 pl loop injector. A photo diode array 2998 detector
and Empower software were used. The analytical column was a
C18 column (250 mm x 4.6 mm, 3.5 pm particle size) from
Macherey-NAGEL. The optimized mobile phase for separation
was a mixture of 0.05 M oxalic acid, acetonitrile and methanol
(70:20:10 V/V/V). The mobile phase was filtered through an MS®
Nylon membrane filter with a pore size of 0.45 pm and then
degassed by sonication for 15 min prior to use. The flow rate
was1 ml/min. Detection was performed at 355 nm with a scanning
range of 250-600 nm.

2.2. Materials and reagents

Pure standard chlortetracycline hydrochloride (95%), tetracy-
cline and oxytetracycline (98%) were obtained from Medchemex-
press, USA. Methanol was obtained from Fisher Chemical, UK.
Deionized water was obtained from a milli Q water purification
system and was filtered through a 0.22 um Millipore membrane fil-
ter (Milford, MA, USA). Acetonitrile was purchased from Sigma-
Aldrich (France). Sodium acetate, sodium hydrogen phosphate,
potassium dihydrogen orthophosphate, trifluoroacetic acid and
ethylene diamintetraaceticacid were purchased from LOBA CHE-
MIE, Mumbai, India. Oxalic acid dihydrate was obtained from WIN-
LAB, UK. Citric acid and tri-sodium citrate2-hydrate were
purchased from Avonchem, UK.

Acetic acid was obtained from S.D.FineChem Ltd., India.

2.3. Method

2.3.1. Stock solution and working solution preparation

Stock solutions were prepared by weighing 0.01 g from each
standard and dissolving it in 10 ml of methanol to obtain a concen-
tration of 1000 pg/ml. These stock solutions are kept protected
from light, stored at —20 °C, and prepared monthly. The working
solutions were prepared by taking 1 ml from the stock solutions
and combining them each with 10 ml of methanol to obtain a con-
centration of 100 pg/ml. working solutions were prepared weekly,
protected from light and stored at 4 °C.

2.3.2. Preparation of Matrix-Matched calibration standards

A series of calibration standards were prepared by spiking 2 g of
antibiotic-free samples with standard solutions of the three
antibiotics to yield final concentrations covering a range of
0.25-12.5 pg/g for oxytetracycline (OTC), tetracycline (TC) and
chlortetracycline (CTC). Spiked samples were then treated as
mentioned later under “Sample Preparation”.

2.3.3. Sample collection
Seafood products were purchased from different areas around
Saudi Arabia within three months (February-April) in 2019. A total
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of 249 seafood product samples were collected; 71 samples were
fresh from the sea and collected in Jeddah, Dammam, and Jazan,
including different types, and 22 samples were obtained from fish
farms inside and outside the Kingdom of Saudi Arabia. A total of
106 samples were purchased frozen from local supermarkets and
grocery stores, and 25samples were canned products, such as tuna
and sardines. The remaining 24 samples were processed products.
The samples information is shown in Table 1.

2.3.4. Sample preparation

As per a previous study, the muscles of fish, which are the edible
tissues, were chopped and kept frozen (-20 °C) until the analysis
time. Two grams of each sample was weighed into a polypropylene
tube, and then 0.8 ml of 20% trifluoroacetic acid and 0.4 ml of
0.01 M EDTA were added (Cristofani et al.,, 2009; Hermansson,
1982). The mixture was vortexed for 2 min. A mixture of methanol:
0.01 M citrate, (pH4) (80:20), was added to obtain a total volume of
5 ml. The mixture was vortexed for 2 min and sonicated for 10 min
at room temperature. After that, it was centrifuged at 4000 rpm for
20 min. The supernatant was filtered through a 0.22 um nylon filter
and injected into the HPLC for analysis.

3. Results
3.1. HPLC condition optimization

Different HPLC conditions were optimized for the purpose of
obtaining good separation between the analysed tetracyclines,
with good response and within a reasonable runtime. In this
respect, both the stationary and mobile phases were investigated.

Based on previous studies for the separation of tetracycline,
oxytetracycline and chlortetracycline standards, with minor
changes (Biswas et al., 2007), the analytes were separated by using
HPLC with a PDA set at wavelength 355 nm and a mobile phase
composition of 0.01 M oxalic acid buffer:acetonitrile:methanol
(77:18:5 V/V/V). The pH of the oxalic acid buffer was 1.87, and that
of the final mobile phase was 2.32. The flow rate was 0.6 ml/min, a
C18column (4.6 mm x 250 mm, 3.5 pm particle size) was used at a
temperature of 35 °C, and the injection volume was 20 pul (Biswas
et al., 2007). Unwanted outcomes were observed, as there was
peak broadening and poor resolution. The retention times were
as follows: OTC = 3.4 min, TC = 3.9 min and CTC = 7.8 min.

In the study by Abbasi et al. (2011), the best resolution and
results (Fig. 2) were achieved with a mobile phase consisting
of0.05 M oxalic acid buffer (pH 1.7)/acetonitrile/methanol
(70:20:10, V/V/V),a flow rate of 1 ml/min, a C18 column (4.6 mm
x 250 mm, 3.5 pm particle size)and an injection volume of 20 pl.
The detection wavelength was set to 355 nm (Abbasi et al.,

Table 1
Samples information of seafood products from different areas around Saudi Arabia.
Category Food items
Fresh (n = 71) Hamour(6), mullets (7), salmon(2), sardine(3), saddle
Grouper (5), bagha (3), seabream (5), emperor(5),
zbaidi(3), sirar (1), white fish (4), kanad (3),shari
(3),faskar(2),oyoun (1), hamamarabi(4), lobster(1),
squid (4), shrimp (7), red squid (1),white squid (1)
Frozen (n = 106) Menimar(7), rohu(7), fish fillet (18), bana(6), bouh(6),

marghal (1), banjash (5), calamari (4), crab (4), ayar
(1), shrimp (22), fish* (25)

Barramundi (2),baltiAlgassim (1),milk fish(1),bajash
(3), rohu (8),banjash (5), white fish (1),shrimp (2)
Different brands of tuna (20) and sardine (5)
Salmon (1), fish finger (1), fish ball (1), fish nuggets
(12), fish burger (8), herring fish (1)

Aquaculture (n = 23)

Canned (n = 25)
Processed (n = 24)
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Fig. 2. a) A typical chromatogram of a mixed standard solution of the optimize condition (i) 10 pug/ml OTC, (ii) 10 pg/ml TC and (iii) 10 pg/ml CTC. b) The corresponding

absorption spectra of each drug.

2011). The retention times for OTC, TC, and CTC were 4.361, 5.177,
and 10.343 min, respectively.

3.2. Sample extraction optimization

In this method, protein precipitation (PPT) was used as a sample
preparation technique. Trifluoroacetic acid (20%) was used for this
purpose (Dasenaki and Thomaidis, 2015; Hermansson, 1982).
Additionally0.4 ml of 0.01 M EDTA was added to improve the
extraction recovery of the tetracyclines since it acts to prevent
their rapid chelation with metal ions (Hermansson, 1982).
Although many other studies used more advanced sample prepara-
tion techniques, e.g., solid-phase extractions (SPE) (Abbasi et al.,
2011)or liquid/liquid extractions (LLE) (Liu et al., 2013), PPT has
many advantages compared with SPE and LLE. PPT is simpler, less
time-consuming, and more economic because it does not require
any special apparatus, particular gases or machinery (supplies,
pumps, syringe, etc.). The extraction efficiency was evaluated using
selected seafood samples with negligible “ND, not detected” TCs
levels, being taken as blank samples. The extraction efficiency
was evaluated by calculating the recoveries of the three TCs from
spiked samples compared with standard solutions with the same
nominal concentrations at three levels (0.25, 2.5, and 12.5 pg/g).
After many trials, it was found that the best recoveries were shown
by the extraction method of the studies (Cetinkaya et al., 2012;
Shalaby et al., 2011) with minor changes, the separation of TCs in
matrices shown in Figs. 3 and 4.

3.3. Method validation

To evaluate the analytical methods, analytical parameters were
measured based on the ICH Guidelines to confirm the validity of
the method (ICH, 2019).
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3.3.1. Linearity

The linearity of the chosen method was evaluated by using
blank fish and shellfish samples spiked with standard solutions
to construct calibration curves, which were populated with the
area under the curve versus the concentration at five levels. The
calibration curves were generated for each tetracycline in both fish
and shellfish samples, and they showed excellent linearity within
the concentration ranges that are shown in Tables 2 and 3.

3.3.2. Limits of detection (LODs) and limits of quantization (LOQs)

The limits of detection and quantitation were measured by
using the signal-to-noise ratio. The LOD was defined as the concen-
tration yielding a signal-to-noise ratio of 3:1, and the LOQ was
defines as the concentration yielding a signal-to-noise ratio of
10:1 according to the ICH guidelines. The LODs and LOQs of OTC,
TC and CTC in the fish sample and shellfish samples are shown in
Tables 2 and 3.

3.3.3. Precision and accuracy

To assess the accuracy and precision of the optimized method, %
recovery, % error and relative standard deviation were calculated
by spiking three blank fishsamplesat three different concentrations
(0.25, 6.25, and 10 pg/g) and injecting them three times (n = 3) to
obtain the intra-assay results, which were then repeated for 2
more consecutive days to obtain inter-assay variation (n = 9).
The same procedure was performed for the shellfish matrix but
with different concentrations (0.5, 10, and 20 ug/g). Since the
RSD was less than 2%, the optimized method was determined to
be precise

3.3.4. Extraction recovery
The extraction recovery was assessed using selected seafood
samples that did not have detected levels of tetracyclines, which
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Table 2
Regression analysis data in the fish sample.
TCs Linearity range (ug/g) Regression equation R? LOD (pg/g) LOQ (ng/g)
OTC 0.125 - 12,5 y = 10389x + 941.22 0. 99,995 0.015 0.125
TC 0.125 - 12,5 y =9422.1x — 309.43 0.9994 0.025 0.125
CTC 0.125 - 12,5 y = 3669.8x + 976.9 0.99834 0.062 0.125
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Table 3
Regression analysis data in the shellfish sample.
TCs Linearity range (ng/g) Regression equation R? LOD (ug/g) LOQ (ng/g)
OTC 0.175-25 y =12611x - 1998.5 0.9996 0.015 0.175
TC 0.175-25 y = 14380x — 1890.9 0.9999 0.025 0.175
CTC 0.175-25 y =7031.3x — 1879.1 0.9994 0.062 0.175

were used as a blank and fortified with OTC,TC and CTC at three
different concentration levels (low, 0.25 pg/g; medium, 2.5 pg/g;
and high, 12.5 pg/ g). The signal responses obtained after the sam-
ples underwent the extraction procedure were compared with
those of standard solutions having the same nominal concentra-
tions. The obtained recoveries ranged from 76.13 to 110.50%, indi-
cating the high efficiency of the extraction procedure for
tetracycline determination in seafood samples.

Fresh sample:

|
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3.4. Occurrence of OTC, TC and CTC residues in seafood products

Following sample preparation, each sample was injected in trip-
licate into the HPLC system using the optimized chromatographic
conditions. The identification of each tetracycline was performed
via comparison of both the retention time and absorption spectra
obtained using PDA to those of standards. Additionally, spiking
samples with the suspected tetracyclines was essential in some sit-
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Fig. 5. . Typical chromatograms in some of detected samples of each seafood categoryshowing the TCs analyzed in each sample.
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Fig. 5 (continued)

uations. The calculated purity index within the threshold limits
indicated the peak purity. OTC, TC and CTC were examined in the
analysed samples. Typical chromatograms in some of the sus-
pected samples of each seafood category are given in Fig. 5. The
presence of tetracyclines within seafood categories is shown in
Fig. 6.

The overall occurrence of these three medicationsin249 seafood
products was 24% (n = 60), while 15% (n = 37) exceeded the MRL.
Moreover, the findings showed that the occurrence of OTC in the
frozen fish was 9% (n = 7), and 4% (n = 3)of them exceeded the
MRL. On the other hand, OTC was found in 10% (n = 3) of the frozen
shellfish. In addition, the results showed that 88% (n = 22) of the
canned fish had detectable OTC levels, 52% of which exceeded
the MRL, while OTC was found in 33% (n = 8) of processed fish,
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and 36% (n = 5) of the fresh shellfish samples had OTC. However,
TC was detected in 10% (n = 3) and 9% (n = 7) of the shellfish and
pure fish muscle, respectively, while one of the detected frozen
shellfish samples had a TC concentration that exceeded the MRL.
Additionally, TC was found in 4% (n = 1) of the canned fish samples,
and it was higher than the MRL. Furthermore, TC was found in 54%
(n=13) of processed fish. In regard to CTC, the results showed that
2% (n = 1) of the fresh fish samples contained CTC. Moreover, it was
detected in 58% (n = 14) and 11% (n = 8) of the processed and fro-
zen fish, respectively, and all the samples containing CTC had con-
centrations that exceeded the MRL. Additionally, CTC was found in
13% (n = 4) of the shellfish samples, and the detected levels were
higher than the MRL. The data show that the most common med-
ication detected in our samples was oxytetracycline, followed by
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chlortetracycline and tetracycline. A study conducted in South
Korea proved that oxytetracycline was one of the most commonly
detected medications in fishery products (Kang et al., 2018). The
outcome of a study from Iran highlighted hat 63% of the samples
contained tetracycline residues (Barani and Fallah, 2015). A study
from Nigeria also reported that 30.0% of catfish samples and
18.8% of fillets contained oxytetracycline residues (Olatoye and
Basiru, 2013). OTC, TC, and CTC were mostly detected in processed
samples, followed by frozen samples.

However, CTC was not detected in the canned samples. On the
other hand, none of these three medications were found in the
aquaculture products. The most frequent combination of the two
medications presented in the detected samples was OTC with
CTC, which may result from the approved use of chlortetracycline
and oxytetracycline as feed additives in USFDA (Tables 4 and 5)
(Dasenaki and Thomaidis, 2015).

4. Conclusion and recommendations

This study is the first study conducted in the kingdom of Saudi
Arabia aimed at detecting the residues of OTC, TC and CTC in sea-
food products. Although there is a clear guideline set by the SFDA
regarding the MRL of tetracyclines in seafood products, our find-
ings show that more than 50% of the detected samples had higher
levels than the MRL. This indicates the possibility of poor compli-
ance with SFDA guidelines regarding the use of tetracyclines in
seafood products. Therefore, we recommend more auditing in food
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Table 4
Occurrence of TCs residues (pg/g) in fish samples.
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Pure fish muscle

Fresh (n = 57)

Frozen (n = 76)

Aquaculture (n = 21) Canned (n = 25) processed (n = 24)

OTC Number of positive samples (% of total) - 7 (9%) - 22 (88%) 8 (33%)
Mean of positive samples (pg/g) - 0.207 ng/g - 0.314 pnglg 0.419 pg/g
Range of positive samples (ug/g) 0.104-0.305 png/g - 0.084-1.3 pug/lg 0.167-1.81 pg/g
Mean overall (pg/g) 0.019 pg/g 0.275 nglg 0.14 pg/g
Exceed of MRL 3(4%) 13 (52%) 5 (20%)

TC Number of positive samples (% of total) - 7 (9%) - 1 (4%) 13 (54%)
Mean of positive samples (ng/g) - 0.135 ng/g - 0.276 nglg 0.077 nglg
Range of positive samples (ug/g) - 0.085-0.233 png/g - 0.276 nglg 0.028-0.302 pg/g
Mean overall (pg/g) - 0.0125 pg/g - 0.011 pg/g 0.041 pg/g
Exceed of MRL - 1(1%) - 1 (4%) 1(4%)

CTC Number of positive samples (% of total) 1(2%) 8 (11%) - - 14 (58%)
Mean of positive samples (ng/g) 0.094 pg/g 0.60 ng/g - - 0.761 pg/g
Range of positive samples (ug/g) 0.094 ng/g 0.39-0.75 pglg - - 0.23-4.03 ng/g
Mean overall (pg/g) 0.0016 pg/g 0.06 ng/g - - 0.44 pglg
Exceed of MRL - 8 (11%) - - 14(58%)

Table 5

Occurrence of TCs residues (ug/g) in shellfish samples.

Fresh (n = 14)

Frozen (n = 30) Aquaculture (n = 2)

OTC Number of positive samples (% of total) 5 (36%) 3 (10%) -
Mean of positive samples (ng/g) 0.076 pglg 0.097 nglg -
Range of positive samples (ug/g) 0.055-0.098 ng/g 0.021-0.18 ng/g -
Mean overall (pg/g) 0.0271 pglg 0.009 ng/g -
Exceed of MRL - - -

TC Number of positive samples (% of total) - 3 (10%) -
Mean of positive samples (ng/g) - 0.133 pg/g -
Range of positive samples (pg/g) - 0.019-0.224 ng/g -
Exceed of MRL
Mean overall (pg/g) - 0.013 pg/g -
Exceed of MRL - 1(3%) -

CTC Number of positive samples (% of total) - 4(13%) -
Mean of positive samples (ng/g) - 2.145 nglg -
Range of positive samples (ng/g) - 1.19-3.068 ng/g -
Mean overall (ng/g) - 0.286 ng/g -
Exceed of MRL - 4 (13%) -

production to ensure human safety. In addition, this study

enhanced the importance of increasing the awareness of the proper

disposal of antibiotics by health care’s providers and the public.
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