
 

 

INTRODUCTION 

 

Fish, rich in protein, minerals, and vitamins, is an important 

food source for human and farm animals (Okocha et al., 2018; 

Sobral et al., 2018). Nowadays, aquaculture production is 

becoming increasingly widespread in the world. The most 

significant problem of aquaculture is bacterial, viral, parasitic 

and fungal infections that cause great economic losses 

(Chang, 2017; Sobral et al., 2018). Antibacterial drugs such 

as florfenicol (FF), tetracycline, oxytetracycline (OTC), 

erythromycin, sulfadimethoxine + ormetoprim, and 

sulfamerazine can be used in the control and treatment of fish 

diseases (Okocha et al., 2018). However, in many countries, 

drugs such as chloramphenicol (CAP), malachite green, 

nitrofurans, and fluoroquinolones are forbidden in food 

animals due to their undesirable effects on human health 

(Chang, 2017). Florfenicol is a broad-spectrum antibiotic 

widely used in fish farming (Yanong et al., 2005; Granja et 

al., 2012) and other animal diseases in the worldwide (Smet 

et al., 2018). Florfenicol is commonly used as a licensed drug 

for antibacterial purposes in aquaculture production in Turkey 

(Türe et al., 2018). 

Veterinary drugs used in food animals can cause residues in 

animal products (meat, milk, eggs, etc.). Florfenicol residues 

have also been determined in previous studies conducted on 

fish (Ansari et al., 2014; Barani and Fallah, 2015). Drug 

residues in food cause a variety of adverse effects such as 

allergy, suppression of the immune system, teratogenic and 

carcinogenic effects in humans and the development of 

resistance against drugs in bacteria (Lozano and Trujillo, 

2012; Baynes et al., 2016; Tian et al., 2017). To avoid these 

effects, the specified legal withdrawal time and maximum 

residue limit (MRL) for each veterinary drug are compiled 

(EU, 2010). However, the data on the withdrawal times of all 

veterinary drugs have not been established (Elbagory et al., 

2016). These data are very limited especially for fish and 

other aquatic organisms. Metabolism of drugs in fish, which 

are poikilothermic species, can vary significantly according 

to body temperature and environmental conditions such as 

water temperature, pH, mineral content, etc. (Aboubakr et al., 

2014). The determination of MRL for veterinary drugs is 

usually performed on unprocessed (raw) animal products. 

However, animal products are generally used after some 

processing (Fadwa et al., 2015). Thermal treatment (hot or 

cold) affects the chemical structure of the drugs 

(decomposition and ultimately the development of active or 

inactive products) and its resolution in tissues etc. (Baynes et 

al., 2016). Thus, the levels of the main compound in the 
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This research was performed to determine the effect of boiling, grilling and cold storage processes on florfenicol residues in 

muscle tissues of sturgeons. A total of 16 sturgeons, 10 of which have received single dosage of florfenicol at 10 mg kg -1 bw 

day-1 level and remaining 6 have not received any florfenicol were used in this study. The analyses were performed by HPLC. 

The mean recovery rate and repeatability pooled-RSD r% of analytical method for florfenicol analysis of sturgeon muscle were 

determined as 83.4±1.07% and 17% respectively. The florfenicol levels were 40.30±8.23% in the muscle tissue of boiled fish, 

57.80±7.46% in the boiling juice, 101.10±4.01% in the grilled tissue and 78.01±15.40% and 62.36±11.60% in the muscle 

tissues of fishes, which were stored at -20oC, on the 20th and 50th days respectively. The initial florfenicol level in the fish 

muscle was significantly reduced (P<0.05) by boiling and cold storage processes. A decrease occurred in florfenicol level in 

boiling process due to the transfer from muscle tissue to boiling juice, and there was no decrease in the florfenicol level as a 

result of grilling. 

Keywords: HPLC, florfenicol, residue, sturgeon, cooking and cold storage 

http://www.pakjas.com.pk/


Gürbüz, Baydan, Türe, Taçbaş, Akbulut & Özcelep 

 422 

tissues may vary (Cooper et al., 2011; Heshmati, 2015; Sever 

and Baydan, 2015). However, there are few studies on the fate 

of veterinary drug residues in processed animal products 

(especially in fish) (Lan et al., 2001; Mitrowska et al., 2012). 

It has been reported that cooking is ineffective on the residues 

of quinolones such as oxolinic acid and flumequine in fish. 

Similarly, enrofloxacin and ciprofloxacin residues in flatfish 

are resistant to high temperature (Heshmati, 2015). 

Florfenicol is stable at 25oC in environmental conditions 

(under a range of simulated field conditions) (Hayes et al., 

2003). However, florfenicol degrades into a metabolite, 

florfenicol amine (FFA), rapidly in the deep sea sediment 

environment (Hektoen et al., 1995). 

Filazi et al. (2015) investigated the effects of storage 

conditions and cooking methods on florfenicol and FFA 

residue levels in eggs and they found that the residue level 

decreased with the duration of storage and was still detected 

on the 28th day without any significant difference between 

storage conditions at 20˚C and 4˚C. Although, they detected 

a significant decrease in residue levels as a result of frying and 

boiling, the decomposition was insufficient and they claimed 

that FF and FFA residues are heat-labile. In a study of Franje 

et al. (2010) investigating the heat-stability of amphenicols 

[FF, thiamphenicol (TAP) and CAP], they found the heat-

stability as the highest in water and the lowest in chicken 

meat. Florfenicol was found more heat stable than TAP and 

CAP in water whereas in chicken meat, TAP was more stable 

than FF and CAP. 

Sturgeons are among the world's most valuable wildlife 

resources. These northern hemisphere fishes can be found in 

large river systems, lakes, coastal waters, and inner seas. All 

sturgeons and parts or derivatives thereof (e.g. caviar, meat, 

skin, etc.) that enter international trade require the issuance of 

CITES permits or certificates (CITES, 2019). A total of 35 

countries are presently involved in sturgeon aquaculture for 

meat and caviar. The most commonly used species is the 

Siberian sturgeon (Acipenser baerii), the Russian sturgeon 

(Acipenser gueldenstaedtii), the sterlet (Acipenser ruthenus) 

and the stellate sturgeon (Acipenser stellatus) (Bronzi et al., 

2011). 

In this study, it was aimed to determine the effect of cooking 

and cold storage processes on the FF residues in muscle tissue 

of sturgeon (Acipenser gueldenstaedtii) reared in Black Sea 

water. 

 

MATERIAL AND METHODS 

 

Samples: A total of 16, approximately one-year-old and 150 

g in weight sturgeons (Acipenser gueldenstaedtii) consisting 

of 10 sturgeons treated with a single dose (10 mg kg-1 bw day-

1) of florfenicol intramuscularly, and 6 sturgeon samples, 

which were not received any florfenicol were used for residue 

analyses and, for the estimation of recovery rate and 

repeatability pooled-RSD r% in this study. The muscle 

samples of 10 fish were taken at 1th, 3th and 6th hours were 

analyzed by high-performance liquid chromatography 

(HPLC) to determine the FF residue level. A total of five 

samples for each of the boiling, grilling and cold storage 

processes were used in the analyses. Samples were taken from 

the FF pharmacokinetic study in sturgeon, which growing in 

the Black Sea, carried out by Veterinary Faculty of Ankara 

University and Trabzon Central Fisheries Research Institute 

(CFRI). This study was conducted with the permission of the 

Local Ethical Committee of the Trabzon CFRI with protocol 

number 42208298-040-04-02. 

Cooking and cold storage processes: Five fish were used for 

boiling process. The skinless muscle tissues of each fish were 

mixed separately before the process. For boiling, 1 g of tissue 

from each sample was put in a volumetric flask and 5 ml 

deionized water was added. The sample was boiled in electric 

heater with thermostat (Heating Mantle-Thermal Laboratory 

Equipment) for 10 min. at 98oC. Boiling juice and muscle 

tissue of each sample were put in separate glass tubes and FF 

extraction analysis was started. For grilling, 1 g of muscle 

tissue from samples was grilled in a teflon pan without oil on 

the electric cooktop at level 4 for 5 min. For cold storage 

process, five fish samples stored at -20oC on the 0th, 20th, and 

50th day of cold storage were tested for FF extraction in order 

to find the effect of cold storage on FF residue level. An 

internal standard of 1.5 ppm CAP concentration was added to 

all samples analyzed to see its wavelength in HPLC. 

Method: The calibration curve was prepared by using 100 μg 

ml-1 stock FF standard solutions. Serial dilutions (0, 0.375, 

0.75, 1.5, 3, 6 μg ml-1) were prepared by diluting the stock 

solution with 0.1% acetic acid. The prepared standards were 

read in a 20 μl volume on an HPLC device and a calibration 

curve was drawn from the mean values obtained from 

repeated readings (n=6). Recovery (as μg/g 0.75, 1.5, 3) and 

repeatability pooled (RSD r%) were estimated as shown in 

Table 1. 

Table 1. Results of recovery and repeatability pooled-RSD 

r% for FF analysis from fish muscle. 

FF 

concentration 

(μg/g)  

FF recovered from 

fish sample (μg/g) 

(mean±se) n:6 

Recovery 

% 

Repeatability 

pooled 

RSD r% 

   17 

0.75 0.61±0.063 81.3  

1.5 1.27±0.055 84.6  

3 2.53±0.131 84.4  

Average 

recovery rate, 

mean±sem 

 83.4±1.07  

*sem: standard error of mean 

Analysis of the samples: The prepared FF (0.375, 0.75, 1.5, 3 

and 6 ppm) and CAP (1.5 ppm) internal standards were read 

in a 20 μl volume on HPLC and a calibration curve was drawn 

from the mean values obtained from repeated readings. 

After the cooking and cold storage process, 1 g sample (tissue 
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or water after boiling) put in glass tubes with a screw cap and 

then 1 ml of 0.1% acetic acid, 4 ml of 0.1 M phosphate buffer 

(pH: 7) and 4 ml ethyl acetate were added. Samples were 

mixed in shakers (Heidolph-Unimax 1010) for 10 min. and 

then centrifuged at 5000 r.p.m. (Hettich Universal 320 R) for 

another 10 min. After centrifugation, 3 ml clear supernatant 

from the upper side of each tube was transferred to another 

tube. The supernatants in the tubes were evaporated at 40°C 

nitrogen evaporator (VLM EVA). The process was ended 

after complete evaporation of the supernatant and 1 ml mobile 

phase (725 ml deionized water, 265 ml acetonitrile, 4 ml 10% 

acetic acid) was added to the tubes. This mixture is drawn into 

a 5 ml plastic syringe and filtered through 0.25 µm Cronus 

filter and put into 20 μl HPLC vials to read (Van de Riet et 

al., 2003; Anadón et al., 2008). 

HPLC conditions; Detector: Photo Diode Array Detector, 

Flow: Isocratic flow, Mobile phase: 725 ml ultrapure water, 

265 ml acetonitrile, 4 ml 10% acetic acid, injection volume: 

20 μl, column temperature: 25oC, C18 column: Phenomenex 

HperClone ODS (150 mm × 4.60 mm × 5 μm) with guard 

column (Phenomenex), Wavelength: 223 nm, Flow rate: 0.8 

ml / min., duration: 30 min. 

Statistical analysis: To compare the difference among data, 

paired sample t test and analysis of variance in repeated 

measurements (RM-ANOVA) were applied for continuous 

variables. Post-hoc comparisons on parameters were 

performed using the TUKEY procedure. Analyses were 

conducted using TURCOSA Cloud 

(http://www.turcosa.com.tr, Turcosa Analytics Ltd Co, 

Turkey) statistical software. The result of P value less than 

<0.05 was considered as statistically significant. 

 

RESULTS 

 

No pollution was observed in the chromatograms in the 

selectivity studies (Fig. 1). Recovery and repeatability pooled 

as RSD r%, results are shown in Table 1. The curves of 

linearity and recovery results are shown in Fig. 1 and 2 

respectively. Chromatograms of standard of 1.5 μg g-1 CAP 

and 3 μg g-1 FF, blank muscle tissue sample added 1.5 μg g-1 

CAP and blank muscle tissue which was added 3 μg g-1 FF+ 

1.5 μg g-1 CAP are given in Fig. 3, 4 and 5 respectively. 

 
Figure 1. Calibration curve of different concentrations of 

FF (n= 6). 

 
Figure 2. The recovery curve obtained by adding 0.75, 1.5 

and 3 μg/g FF to the fish muscle (n= 6). 

 
Figure 3. Chromatograms images of standard solutions of 

FF (3 μg/g) and CAP (1.5 μg/g). 

 
Figure 4. Chromatogram images of blank muscle samples, 

to which 1.5 μg/g CAP was added. 

 
Figure 5. Chromatogram image of blank fish muscle 

sample, to which 3 μg/g FF and 1.5 μg/g CAP was 

added. 
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The determined FF levels in the fish muscle samples after 

boiling, grilling and cold storage are given in Tables 2, 3 and 

4 respectively. 

 

DISCUSSION 

 

Recovery and repeatability pooled (RSDr%) results were 

proved to be capable of determining the residues of FF in the 

muscle of Acipenser gueldenstaedtii by HPLC-DAD. In order 

to maintain the pharmacological effects of the drugs, they 

should not be affected by thermal changes during different 

storage conditions, pellet form preparations or extrusion 

processes in aquaculture. For this reason, pharmacologically 

active substances are tested for stability (Hsieh et al., 2011). 

In a study, it was found that amfenicols were mostly stable in 

the form of medicated feed for up to 1 month in freezer, FF 

and CAP were not changed, only TAP was reduced by about 

10%, in refrigerator FF, CAP and TAP decreased by 15-25% 

while it was recorded to be unstable when kept at room 

temperature in the dark (Pietro et al., 2014). 

The FF is exposed to high temperatures (up to about 149°C) 

during the extrusion process for the production of floating 

feeds in fish farming. In a study performed for this purpose, 

no significant degradation of FF concentration was observed 

after production of both floating and sinking pelleted fish 

feeds (Merck Animal Health, 2013). In another study, FF was 

found to be unstable at 80°C -100°C at pH 10 that had been 

adjusted with phosphate buffer (Elimam et al., 2017). In a 

study on the heat stability of FF, TAP and CAP, it has been 

reported that matrix and heat technique are effective on the 

heat stability of drugs (Franje et al., 2010). 

Florfenicol levels (except sample 2, Table 2) found in this 

study, which was conducted to determine the effect of thermal 

processes on FF residues, were much higher than legal MRL 

Table 2. FF levels in fish muscle and boiling juice after the boiling process and rate of change in the level of FF. 

Sample No Untreated 

fish samples 

Fish muscle after boiling Juice after boiling Fish muscle + juice after 

boiling 

n: 5 μg/g μg/g % μg/g % μg % 

1 14.68 5.67 38,62 4,33 29,49 10,00 67,76 

2 6.22 0.97 15,59 4,21 67,76 5,18 82,44 

3 8.89 3.22 36,22 5,91 66,54 9,13 102,14 

4 5.15 3.45 66,99 2,88 55,98 6,33 121,78 

5 6.41 2.82 43,99 4,44 69,35 7,26 112,46 

Mean±sem 8.27±1.71 3.23±0.75 40.30±8.23 4.35±0.48 57.80±7.46 7.58±0.88 97.30±9.86 

P 0.014  df:4 

P<0.05 

Table 3. FF levels in fish samples after the grilling process and rate of change in the FF levels. 

Sample FF level 

n: 5 untreated fish sample (μg/g) grilled sample (μg/g) grilled sample (%) 

1 8,43 8,66 102,65 

2 8,43 8,43 100,02 

3 3,58 4,16 116,40 

4 3,58 4,24 118,61 

5 3,32 3,35 101,10 

Mean±sem 5.47±1.21 5.77±1.14 101.10±4.01 

P 0.094 df:4 

P> 0.05 

Table 4. FF level, found in cold storage (-20°C) process of fish samples, and change ratio of the levels by days. 

Sample FF level (μg/g) by day FF change ratio by days% 

n: 5 0 20 50 0-20 20-50 0-50 

1 12.77 6.70 4.87 52,47 72,69 38,14 

2 5.17 5.84 5.13 112,96 87,84 99,23 

3 6.22 3.09 3.30 49,78 106,80 53,05 

4 8.89 5.04 3.79 56,69 75,20 42,63 

5 8.43 9.97 6.64 118,27 66,60 78,77 

Mean±sem 8.30±1.31a 6.13±1.13ab 4.75±0.58b 78.01±15.40 81.82±7.14 62.36±11.60 

P 0.048 df:2   
Values with different superscripts differ significantly (P<0.05) 

 



Effects of some processes on florfenicol residues in fish 

 425 

(1000 μg/kg) levels, set by EU (EU, 2010), in the raw and 

cooked samples, taken at the times at which residues can be 

at the highest level (samples of 1st, 3rd and 6th hours). The 

mean FF levels of untreated fish muscles were obtained as 

8.27±1.71μg/g. After boiling, the mean FF levels in fish 

muscle significantly decreased to 3.23±0.75μg/g (P=0.014) 

(P< 0.05) and 4.35±0.48 μg/g in boiling juice. The finding 

indicates that FF residues were significantly infused into juice 

(57.80±7.46%) by boiling. The total FF amount in tissue and 

juice was close to the value of untreated tissue 

(97.30±9.86%). No significant difference (P>0.05) could be 

detected between the raw (5.47±1.21μg/g) and treated 

(5.77±1.14μg/g) samples (Table 3) when the samples grilled 

on the oil-free pan. 

The mean FF levels in the freezing fish muscles were obtained 

as 8.30±1.31μg/g, 6.13±1.13μg/g and 4.75±0.58μg/g for 0 th, 

20th and 50th days, respectively. Compare to the initial levels 

(day 0), on the 20th and 50th day of freezing at -20 °C, the 

residue level were detected as 78.01±15.40% and 

62.36±11.60% respectively. The mean differences were 

found to be statistically significant among the three time 

points (P=0.048). The mean FF levels obtained on 50th day 

were found to be statistically lower than 0th day (P<0.05) 

(Table 4). Similarly, decreases in FF and FFA residue levels 

in eggs during storage at 20˚C and 4˚C were reported by Filazi 

et al. (2015). 

There are very limited researches on veterinary drug residues 

in fish and the effects of cooking and cold storage or other 

conservation processes on them. Franje et al. (2010) have 

reported that the main compound is reduced by the heating 

process applied to amfenicols (include FF), but degradation 

products having antimicrobial activity can be produced, so 

that the heating of amphenicol residues in the food cannot 

always be considered safe. In this study, a decrease in the FF 

level in boiled fish tissue was determined similar to the results 

of the studies in different matrices conducted by Franje et al. 

(2010) and Filazi et al. (2015). However, this decrease 

occurred as FF transition to boiling juice in this study. The 

differences in the rate of decrease in FF level between the 

studies can be attributed to the differences in the studied 

matrices. 

In a study conducted in Nigeria, in which the fate of 

tetracycline and CAP residues in fresh and frozen Clarias 

gariepinus and Oreochromis niloticus fish species were 

investigated, and the antibiotic level was found to be higher 

in the raw fish samples compare to the frozen ones (P<0.05), 

and also antibiotic levels (tetracycline 2.185 ± 0.412 ppm, 

CAP 0.837 ± 0.165 ppm) in tilapia and catfish varied 

according to sources of the fish (MRL set by both local and 

international safety agencies for tetracycline is 0.2 ppm; for 

CAP is zero) (Olusola et al., 2012). The effect of boiling, 

baking, and frying on the stability of OTC residues in shrimp 

samples was studied and a 30-60% reduction was recorded 

(Uno et al., 2006). Processes applied to foods cause the 

degradation of the residual main compound (antibiotics, etc.) 

and reduced its level whereas it may increase degradation 

products (Nguyen et al., 2015). 

In conclusion, the results of this study have shown that 

grilling is not caused any decrease in the FF level, boiling 

reduces the residue level in fish muscle, but FF was 

transferred boiling juice and the amount of drug residue is 

decreased with the duration of freezing. However, it cannot 

be assumed that these residues will always decrease to a safe 

level in terms of consumer health with boiling and storage 

processes that cause a decrease in FF residues, especially 

when the FF residues in fish are quite higher the MRL. 

Therefore, implementations of drug residues monitoring 

program by competent food authorities in order to ensure food 

safety are of importance. 

 

Conflict of Interests Statement: The authors declare that 

there is no conflict of interests regarding the publication of 

this article. 

 

Acknowledgements: This study was performed with the fish 

samples obtained from the study on “Determination of 

Florfenicol Pharmacokinetics in Acipenser Gueldenstaedtii 

Grown in the Black Sea Water” with the permission of the 

Local Ethical Committee of the Trabzon CFRI with protocol 

number 42208298-040-04-02. We thank Dr. Erkan TAÇBAŞ 

and Trabzon CFRI for providing the test materials in this 

study. 

 

REFERENCES 

 

Aboubakr, M., A.M. Abdelazem and A.M. Abdellatif. 2014. 

Influence of Aeromonas hydrophilia infection on the 

disposition kinetic of norfloxacin in Goldfish (Carassius 

auratus auratus). J Forensic Toxicol Pharmacol. 3:1-15. 

Anadón, A., M.A. Martínez, M. Martínez, A. Ríos, V. 

Caballero, I. Ares and M.R. Martínez-Larrañaga. 2008. 

Plasma and tissue depletion of florfenicol and florfenicol 

amine in chickens. J. Agric. Food Chem. 56:11049-

11056. 

Ansari, M., M.Raissy and E. Rahimi. 2014. Determination of 

florfenicol residue in rainbow trout muscles by HPLC in 

Chaharmahal va Bakhtiari Province, Iran. Comp Clin 

Pathol. 23:61-62. 

Barani, A. and A.A. Fallah. 2015. Occurrence of 

tetracyclines, sulfonamides, fluoroquinolones and 

florfenicol in farmed rainbow trout in Iran. Food Agric 

Immunol. 26:420-429. 

Baynes, R.E., K. Dedonder, L. Kissell, D. Mzyk, T. 

Marmulak, G. Smith, L. Tell, R. Gehring, J. Davis and 

J.E. Riviere. 2016. Health concerns and management of 

select veterinary drug residues. Food Chem. Toxicol. 

88:112-122. 



Gürbüz, Baydan, Türe, Taçbaş, Akbulut & Özcelep 

 426 

Bronzi, P., H. Rosenthal and J. Gessner. 2011. Global 

sturgeon aquaculture production: an overview. J. Appl. 

Ichthyol. 27:169-175. 

Chang, G.R. 2017. Surveys on banned veterinary drugs 

residues in marine bivalves and gastropods in Taiwan 

between 2010 and 2015: A Mini Review. J Aquat Pollut 

Toxicol. 1:1-16. 

CITES (Convention on International Trade in Endangered 

Species of Wild Fauna and Flora). 2019. Sturgeons. 

Available online at 

https://www.cites.org/eng/prog/sturgeon.php   

Cooper, K.M., M. Whelan, M. Danaher and D.G. Kennedy. 

2011. Stability during cooking of anthelmintic veterinary 

drug residues in beef. Food Addit Contam A. 28:155-

165. 

Elbagory, A.M., N.A.Yasin and E.A. Algazar. 2016. Effect of 

various cooking methods on some antibacterial residues 

in imported and local frozen dressed broilers and their 

giblets in Egypt. Nutr Food Technol. 2(3) doi 

http://dx.doi.org/10.16966/2470-6086.127 

Elimam, M.M., S.W. Shantiera, E.A. Gadkariema, 

M.A.Mohameda and Z. Osman. 2017. Stability studies 

on florfenicol using developed derivative 

spectrophotometric methods. Ann. Pharm. Fr. 75:40-44. 

EU (European Union). 2010. Commission Regulation (EU) 

No 37/2010 of 22 December 2009 on pharmacologically 

active substances and their classification regarding 

maximum residue limits in foodstuffs of animal origin. 

OJ of the EU L.15:1-72. 

Fadwa, F.M., A.M. Ahmed and M.K. Moursi. 2015. Effect of 

cooking methods on antibiotic residues in broiler 

chicken. 2nd Conference of Food Safety, Suez Canal 

University, Faculty of Veterinary Medicine Volume I:76-

.81. Available at 

http://vet.scuegypt.edu.eg/attach/004_Effect_of_Cookin

g_Methods_on_Antibiotic_Residues_in_Broi.pdf 

Filazi, A., U.T. Sireli, B.Y. Dikmen, F.G. Aydin and A.G. 

Kucukosmanoglu. 2015. The effect of cooking and 

storage on florfenicol and florfenicol amine residues in 

eggs. Ital. J. Food Sci. 27:351-356. 

Franje, C.A., S.K. Chang, C.L. Shyu, J.L. Davis, Y.W. Lee, 

R.J. Lee, C.C. Chang and C.C. Chou. 2010. Differential 

heat stability of amphenicols characterized by structural 

degradation, mass spectrometry and antimicrobial 

activity. J. Pharm. Biomed. Anal. 53:869-877. 

Granja, R.H.,A.C. de Lima, R.K. Patel, A.G. Salerno and A.C. 

Wanschel. 2012. Monitoring of florfenicol residues in 

fish muscle by HPLC-UV with confirmation of suspect 

results by LC-MS/MS. Drug Test Anal. 4:125-129. 

Hayes, J.M., J. Eichman, T. Katz and R. Gilewicz. 2003. 

Stability of florfenicol in drinking water. J. AOAC Int. 

86:22-29. 

Hektoen, H., J.A. Berge, V. Hormazabal and M. Yndestad. 

1995. Persistence of antibacterial agents in marine 

sediments. Aquaculture. 133:175-184. 

Heshmati, A. 2015. Impact of cooking procedures on 

antibacterial drug residues in foods: A Review. JFQHC. 

2:33-37. 

Hsieh, M.K., C.L. Shyu, J.W. Liao, C.A. Franje, Y.J. Huang, 

S.K. Chang, P.Y. Shih and C.C. Chou. 2011. Correlation 

analysis of heat stability of veterinary antibiotics by 

structural degradation, changes in antimicrobial activity 

and genotoxicity. Vet Med (Praha). 56:274-285. 

Lan, C.C., B.S. Hwang and M.F. Tu. 2001. Effect of 

microwave and roast treatment on the degradation of 

sulfamethazine residue in Tilapia Meat. J. Food Drug 

Anal. 9:102-106. 

Lozano, M.C. and M. Trujillo. 2012. Chemical residues in 

animal food products: An issue of public health, public 

health. In: J. Maddock (ed.), Methodology, 

Environmental and Systems Issue. In: Tech. Croatia. pp. 

163-188. 

Merck Animal Health. 2013. Stability of Aquaflor® in 

Pelleted Feeds. Technical Bulletin. Available online at 

www.aquaflor-

usa.com/pdfs/2013_GAH_AQ_001%20Aqua%20Stabilt

ity%20Bulletin.pdf. 

Mitrowska, K., A. Posyniak and J. Zmudzki. 2007. The 

effects of cooking on residues of malachite green and 

leucomalachite green in carp muscles. Anal Chim Acta. 

586:420-425. 

Nguyen, V., N. Van Toan, C. Li and G.H. Zhou. 2015. The 

degradation of oxytetracycline during thermal treatments 

of chicken and pig meat and the toxic effects of 

degradation products of oxytetracycline on rats. J. Food 

Sci. Technol. 52:2842-2850. 

Okocha, R.C., I.O. Olatoyeand O.B.Adedeji. 2018. Food 

safety impacts of antimicrobial use and their residues in 

aquaculture. Public Health Rev. 39: 21. 

Olusola, A.V., P.A. Folashade and O.I. Ayoade. 2012.Heavy 

metal (lead, cadmium) and antibiotic (tetracycline and 

chloramphenicol) residues in fresh and frozen fish types 

(Clarias gariepinus, Oreochro misniloticus) in Ibadan, 

Oyo State, Nigeria. Pak. J. Biol. Sci.15:895-899. 

Pietro, W.J., A. Aneta Woźniak, K. Pasik, W. Cybulski and 

D. Krasucka. 2014. Amphenicols stability in medicated 

feed – development and validation of liquid 

chromatography method. Bull Vet. Inst. Pulawy. 58:621-

629. 

Sever, E. and E. Baydan. 2013. The effect of various cooking 

and freezing processes on the levamisole residues in 

broiler tissues. Kafkas Univ. Vet. Fak.19:239-244. 

Smet, J., F. Boyen, S. Croubels, G. Rasschaert, F. 

Haesebrouck, P. de Backer and M. Devreese. 2018. 

Similar gastro-intestinal exposure to florfenicol after oral 

or intramuscular administration in pigs, leading to 



Effects of some processes on florfenicol residues in fish 

 427 

resistance selection in commensal Escherichia coli. 

Front. Pharmacol. 9, 1265. 

Sobral M.M.C., S.C. Cunha, M.A. Faria and I.M.P.L.V.O. 

Ferreira. 2018. Domestic cooking of muscle foods: 

Impact on composition of nutrients and contaminants. 

Comp. Rev. Food Sci. Food Saf.17:309-333. 

Tian, L., S. Khalil and B. Stéphane. 2017. Effect of thermal 

treatments on the degradation of antibiotic residues in 

food on the degradation of antibiotic residues in food. 

Crit. Rev. Food Sci. Nutr. 57:3760-3770. 

Ture, M., I. Altinok and H. Alp. 2018. Effects of cage farming 

on antimicrobial and heavy metal resistance of 

Escherichia coli, Enterococcus faecium, and 

Lactococcus garvieae. Microb Drug Resist. 24: 1422-

1430. 

Uno, K., T. Aoki, W. Kleechaya, V. Tanasomwang and L. 

Ruangpan. 2006. Pharmacokinetics of oxytetracycline in 

black tiger shrimp, Penaeus monodon, and the effect of 

cooking on the residues. Aquaculture. 254: 24-31. 

Van de Riet, J.M., R.A. Potter, M. Christie‐Fougere and B.G. 

Burns. 2003. Simultaneous determination of residues of 

chloramphenicol, thiamphenicol, florfenicol, and 

florfenicol amine in farmed aquatic species by liquid 

chromatography/mass spectrometry. J. AOAC Int. 

86:510-514. 

Yanong, R.P.E., E.W. Curtis, R. Simmons, V.A. 

Bhattaram,M. Gopalakrishnan, N. Ketabi, N.V. Nagaraja 

and H. Derendorf. 2005. Pharmacokinetic studies of 

florfenicol in koi carp and threespot gourami 

Trichogaster trichopterus after oral and intramuscular 

treatment. J. Aquat. Anim. Health. 17:129-137. 

 

[Received 2 Feb. 2020; Accepted 18 Jan 2021; Published 

(online) 18 April 2021] 

 


