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ABSTRACT 
 

This study was performed to detect the antibiotic residues in marketed fresh and frozen liver samples using 

microbiological bioassay method. One hundred fresh and frozen beef liver samples (50 samples for each) were examined 

by microbiological bioassay for antibiotic residues, 20 fresh samples (40%) react positive and 2 frozen samples (4%) 

were positives. Tetracyclines residues were found in all positive fresh and frozen liver samples with an average of 

28.7±5.5 and 14.9±5.7µg/g for fresh and frozen liver samples respectively. Aminoglycosides (Gentamycin) residues 

were found in 1 fresh liver sample (2%) with a concentration 35µg/g while not found in frozen liver samples. The HPLC 

technique was used for all positive samples for detection of oxytetracycline residue. All positive samples were above 

the permissible limit according to (National Organization of Food Safety Resolution (13/2020). Effect of cooking has a 

great effect on elimination of oxytetracycline while freezing has lower effect on oxytetracycline. 
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INTRODUCTION 

 

The requests for edible offals are increasing with fast 

growing population. Edible offals could be sold 

commercially for animal and human nutrition and are 

economically more profitable. Animal byproducts are rich 

sources of trace elements; the levels of the trace elements 

are mostly much greater in animal offal than in muscular 

tissues (Wioletta et al. 2019). Cattle liver in our society is 

the most common widely used edible offals. Animal liver 

is a rich source of protein, which provides the body with 

energy to maintain cellular functions and it is also rich in 

vitamins and minerals (Hassan et al. 2020). Health-risk 

related drugs administration like antibiotics are repeated 

problems in animal production as those drugs are used to 

minimize breeding costs and to maximize the productivity 

(Toffolatti et al. 2006). 

Antibiotics are used in veterinary medicine for 

prophylaxis and treatment of various diseases, and they 

might be used as feed additives and growth promoters. 

Antibiotics used for animal production are listed by generic 

groups as follows: 1) Beta-lactams including penicillins 

and cephalosporins are bactericidal acting on cell wall 

synthesis. 2) Tetracyclines including tetracycline, 

oxytetracycline, doxycycline, chlortetracycline, 

rolitercycline and minocycline are bacteriostatic broad-

spectrum antibiotics. 3) Aminoglycosides including 

streptomycin, dihydrostreptomycin, gentamicin, 

neomycin, kanamycin, tobramycin, spectinomycin, 

amikacin, netilmycin, apramycin and paromycin are 

effective against Gram negative bacteria and are rarely 

absorbed from intestine. 4) Macrolides including 

erythromycin, tylosin, oleandomycin, josamycin, 

troleandomycin, kitasamycin, spiramycin and rosaramicin 

are bacteriostatic and mainly effective against Gram 

positive bacteria and to some extent against Gram negative 

bacteria (Lee et al. 2001). 

Tetracyclines are broad spectrum antibiotics widely 

used in animal husbandry for growth promotion and for 

prevention and treatment of diseases. In food-producing 

animals, it could be orally administrated via drinking water 

or food, intra mammary infusion or parenterally. Because 

of enterohepatic circulation, a small amount of 

administrated dosage may remain in the body tissues for a 

longer time after administration (Botsoglou and Fletouris 

2001). Oxytetracycline is distributed into body tissues and 

found in high concentration in the excretory organs 

especially liver (Prescott and Baggot 1993). Several studies 

detected tetracyclines residues from both bovine tissues 

and  liver  samples  in  varying   percentages   (Olatoye  and 
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Ehinmowo 2009; Muriuki et al. 2001; Abbasi et al. 2012; 

Morshdy et al. 2013; Kimera et al. 2015). 

Maximum Residual Limits (MRLs) and withdrawal 

periods for the use of veterinary medicines shall be 

considered to avoid unacceptable residues in meat and the 

consequent consumer ’ health hazards. According to 

(FAO/WHO 2000 and National Organization of Food Safety 

Resolution, 13/2020) the Maximum residue limit (MRL) for 

tetracycline is set to be as 600μg/kg for liver tissue. 

Bioassay technique, seven plates agar diffusion 

technique using monolayer plates could detect and 

quantitate antibiotic residues in meat and poultry 

byproducts including liver (USDA/FSIS 2011). Bioassay 

technique is a widely used screening technique for 

monitoring antibiotic residues in liver tissue because of its 

simplicity and lower cost. High performance liquid 

chromatography (HPLC) is preferred not only for its 

capability to analyze thermolabile compounds, but also for 

its specific, certain and sensitive power (Sırmagül 2010; 

Sara and Antonio 2009). 

Heat treatments like microwaving, boiling and 

roasting were the effective heat treatment methods on 

degrading oxytetracycline residues to safe level. Therefore, 

efficient heat treatment of meat is highly recommended 

before serving to human to minimize the risk of antibiotic 

residues in animal tissue (Martin et al. 1996; Abou-Raya et 

al. 2013; Nashwa et al. 2016; Tian et al. 2017; Vivienne et 

al. 2018; Heba et al. 2019). Boiling and frying cause 

reduction in antibiotic residues concentrations owing to 

migration of the antibiotic residues from tissue to cooking 

medium (water and oil). The effect of freezing on 

oxytetracycline resulting in lower reduction effect 

(Shaltout et al. 2019; Heba et al. 2019). OTC residue not 

detected after freezing of liver from rabbit for 1 month after 

3 Weeks of its injection by OTC (Morshdy et al. 2014). 

The main public health significances of antibiotic 

residues are development of hypersensitivity reaction and 

antibiotic resistance, mutagenicity, carcinogenicity, 

teratogenicity and disruption of intestinal normal flora 

(Beyene et al. 2016). The objective of the present study was 

to investigate the qualitative and quantitative detection of 

antibiotic residues in marketed fresh and frozen beef liver 

using the microbiological bioassay and HPLC. Also, to 

clarify the effect of heat treatment and frozen storage on 

liver tissues containing antibiotic residues. 

 

MATERIALS AND METHODS 

 

Collection of Samples 

Fresh and frozen cattle liver samples (fifty each) were 

randomly collected from meat shops and supermarkets at 

Cairo and Giza Governorates, Egypt. Every sample was 

packed separately in a sterile plastic bag then, labeled and 

transferred as soon as possible in an ice-box to the 

laboratory. 

 

Detection of Antibiotic Residues in Cattle Liver Samples 

by Bioassay Method: According to (USDA/FSIS 2011). 

The test principle based on the presence or absence of 

an inhibition zone on seeded plates with sensitive bacteria. 

The presence of an inhibition zone can indicate the 

presence of different antimicrobial group residues 

according to the seeded plates. 

Seven Plate Bioassay Systems 

Plate 1 with B.cereus and Penicillinase at pH 4.5 for 

Tetracycline residue detection, Plate 2 with K. rhizophila 

at pH 6 for Beta-Lactam residues detection, Plate 3 with K. 

rhizophila and Penicillinase at pH 6 for Beta-Lactam 

residues detection, Plate 4 with B. subtilis and Penicillinase 

at pH 8 for Streptomycin or Dihydrostreptomycin residues 

detection, Plate 5 with K. rhizophila ATCC 9341a & 

Penicillinase at pH 8 for Erythromycin residues detection,  

Plate 6 with K. rhizophila ATCC 15957 & Penicillinase at 

pH 8 for Tylosin residues detection, and Plate 7 with S. 

epidermidis and Penicillinase at pH 8 for 

Aminoglycoside’s residues detection. 

 

Microorganisms Used for the Bioassay System 

a) K. rhizophila (formerly Micrococcus luteus), ATCC 

9341a (KR)  

b) K. rhizophila, ATCC 15957 (KRER)  

c) S. epidermidis, ATCC 12228 (SE) 

d) B. cereus, ATCC 11778 (BC)  

e) B. subtilis, ATCC 6633 (BS) 

 

Reading the Bioassay 

1) After incubation of the plates, the spiders or cylinders 

were removed by inverting the plates in a bucket. The spiders 

or cylinders were covered in the bucket with distilled water, 

then, decontaminated by autoclaving or chemically, 2). The 

test plates were arranged according to consecutive numbers 

of the plates, 3) The plates were read starting clockwise 

from the first well at the marked line and read the zone of 

inhibition, 4) Use the caliper to record the diameter of each 

zone of inhibition (to the nearest millimeter) for both the 

unknown and the standard reference antibiotic, and 5) The 

prepared standard curve is used to calculate the quantitative 

determination the results. 

 

Detection of Oxytetracycline Residue in Cattle Liver 

Samples by HPLC Method: According to (FSIS 2011) 

1. Preparation of Controls: Five±0.1g of blank liver 

tissue was weighed (analyzed previously and has no 

oxytetracycline residues) into two polypropylene tubes 

(50mL). One tube is used as -ve control and the other tube 

is fortified with 100μL of 0.5ppm standard for detection the 

percent of recovery. 

 

2. Identification and Calculation: 1) The percent of 

recovery of oxytetracycline which is fortified with 0.5ppm 

was calculated using the peak height or area of 

chromatograms of the same concentrations of standards, 

and 2) to identify the sample as positive, the following 

criteria were used a) of each analyte at 0.5ppm level, the 

recovery percent should be ≥20%, b) at 0.5ppm level, the 

signal to noise ratio(s) should be >3, and c) the retention 

time of oxytetracycline recovery should be matched with 

the retention time of sample peak(s) within ±0.2min. 

 

Heat treatment & freezing storage of positive samples 

The positive raw samples were selected for cooking 

and freezing methods then performed HPLC analysis for 

processed samples like raw samples after completing 

thermal processing of them. 1) Cooking (Grilling): 15-20g 

of positive liver samples were placed onto a grill and 

cooked for 15min, then removed and allowed to cool and 
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examined for the detection of antibiotic residues by HPLC 

method, and 2) Freezing: 100g of positive liver samples 

were kept in the freezer at (-20°C) and examined by HPLC 

method monthly till disappearing of oxy-tetracycline 

residues or obtaining the same oxytetracycline residue 

concentrations in two consecutive months. 

 

RESULTS AND DISCUSSION 

 

Antibiotics were added to feeds that cause growth-

stimulating effects by preventing infectious diseases at 

lower doses than therapeutic ones. Induction of 

antimicrobial resistant bacteria and inactivation of human 

intestinal flora are major concerns affecting human health. 

Regulatory guidelines, such as ADIs and MRLs, were 

reflecting the effect on human intestinal bacteria (Jeong et 

al. 2010). The bacteria, which resist the antimicrobial drugs 

was represented a reservoir of transmissible resistance 

genes for pathogenic or commensal bacteria in the 

gastrointestinal tract (Alvarez et al. 2013) and thus 

represented an intermediate solution in the treatment of 

bacterial infection. 

In this study a total of 100 random samples of fresh and 

frozen liver (50 samples of each) obtained from abattoirs 

and supermarkets in Cairo and Giza governorates were 

examined for detection of antibiotic residues (Table 1). 

Results of antibiotic residues using microbiological 

bioassay in fresh and frozen beef liver samples presented 

in Table 1 revealed that oxytetracyclines could be detected 

in 20 fresh and 2 frozen liver samples, however only one 

fresh liver sample was positive for aminoglycosides 

residues. B-Lactams and macrolides failed to be detected 

from all the examined liver samples. Nearly similar result 

was recorded by Elnasri et al. (2014) from liver tissue 

samples (28.3%). 

Higher results were reported by Abbasi et al. (2012) 

(31.8%) for tetracyclines residue from liver samples. Also, 

Muriuki et al. (2001) could detect tetracyclines residue 

from (45.6%) beef samples of which 24% were liver 

samples. However, lower results were obtained from 

slaughtered cattle tissue samples (8.3%) by Oboegbulem 

and Fidelis (1996), from beef liver samples (7.66%) by 

(Mohamed et al. 2011), from cattle muscle and kidney 

tissue samples (0.6%) by Piotrowska et al. (2011), from 

cattle liver tissue samples (8%) by Polakova et al. (2014), 

oxytetracycline residues were detected in (2%) from 

examined bovine tissues by Morshdy et al. (2013) and from 

fresh bovine liver samples (5%) while not detected in 

frozen bovine liver samples (El Atabani et al. 2014). 

From the results recorded in Table 2 and Table 3, it’s 

evident that the mean concentrations of oxytetracyclines 

residue are 28.7±5.5 and 14.9±5.7µg/g for fresh and frozen 

liver samples respectively while the concentration of 

aminoglycosides (Gentamycin) residue was 35µg/g for 

fresh liver sample, however it could not be identified from 

frozen liver samples. 

Table 1: Antibiotic residues in all samples of fresh and frozen 

liver using microbiological bioassay (n=100) 

Antibiotic Group No. of Positive samples 

Fresh samples % Frozen samples % 

Tetracyclines 20 40 2 4 

B-Lactams 0   0 

Aminoglycosides 1 2  0  
Macrolides 0   0 

 

Table 2: Tetracyclines residue levels (µg/g) in the positive 

samples of fresh and frozen liver samples using microbiological 

bioassay 

Samples Total 

number 

No. of +ve 

samples 

% Min. Max. Mean±SE 

Fresh liver 50 20 40 14.8 54.8 28.7±5.5 

Frozen liver 50 2 4 9.2 20.6 14.9±5.7 

 

Table 3: Aminoglycoside’s residue levels (µg/g) in the positive 

samples of fresh and frozen liver samples using Microbiological 

Bioassay 

Samples Total 

number 

Positive samples % Concentration 

Fresh liver 50 1 2 35 

Frozen liver 50 0 0 0 

 

 
 

Fig. 1: Accepted and rejected liver samples (%) due to antibiotic 

residues. 
 

Tetracycline is associated with changes in peripheral 
blood, changes in the color of bones and teeth due to 
binding to calcium ions, and allergic reactions in humans. 
Low doses (20 mg oxytetracycline/person/day) were affect 
human fecal anaerobic microflora in gastrointestinal tract 
of human. These observations are used to determine the 
acceptable daily intake for humans of 0.003ppm (David 
and Scott 1994; Wlatner-Tows and Mc Ewen 1994; 
Muriuki et al. 2001; Samanidou et al. 2007). 

Table 4 showed that using HPLC, oxytetracycline 
residue could be identified from 90% of tetracyclines positive 
fresh liver samples with a concentration of 33.9±3.4µg/g 
while it could not be recognized in positive frozen samples. 

It is worthy to mention that the maximum residue limit 
for tetracyclines residue in cattle liver is 600µg/kg and that 
for aminoglycosides residue is 200-2000µg/kg 
(FAO/WHO 2000). Consequently, all positive examined 
liver samples were exceeding the permissible limit and 
should be rejected (Table 5).  Higher concentrations were 
obtained by (Olatoye and Ehinmowo 2009; Olatoye and 
Ogundipe 2013; El Atabani et al. 2014; Kimera et al. 2015). 

 

Table 4: Oxytetracycline levels (µg/g) in the positive tetracyclines samples of fresh and frozen liver using HPLC 

Samples No. of TC positive samples No. of OTC positive samples % Min. Max. Mean±SE 

Fresh liver 20 18 90 23.4 48.7 33.9±3.4 

Frozen liver 2 0 0 0 0 0 

TC: Tetracyclines; OTC: Oxytetracycline. 
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Table 5: Accepted and rejected samples due to antibiotic residues 

in liver samples 

Sample  

Type 

No. Samples 

Accepted 

Samples 

Rejected 

No. % No. % 

Fresh liver  50 30 60 20 40 

Frozen liver 50 48 96 2 4 

Total  100 78 78 22 22 

 

The level of antibiotic residues is highest in liver 

samples because of the role of the liver in the metabolism 

and detoxification of most antibiotics by its microsomal 

enzymes which lead to higher levels of antibiotic residues 

through its tissues (Salama et al. 2011). This high incidence 

result of tetracycline residues may be due to its uses in the 

treatment of Rickettsia, Spirochetes, Mycoplasma and 

Chlamydia infections and its uses as broad-spectrum 

antimicrobial in all veterinary clinics and produced on large 

scale by many pharmaceutical companies (Hsu 2008). The 

effect of cooking by grilling on antibiotic residues in liver 

samples is highly effective to eliminate up to 100% of 

oxytetracycline residues which agree with (Javadi et al. 

2009) who couldn’t detect OTC in positive liver tissue after 

roasting. 
 

Table 6: Effect of freezing (-20oC) on oxytetracycline residues in 

positive samples (µg/g) using HPLC 

Month Residues Reduction (%) 

First 32.7±3.3 3.4 

Second 32.5±3.3 4.0 

Third 31.0±3.1 8.7 

0-time Residues reading: 33.9±3.4. 

Nearly similar results reported by Vivienne et al. 

(2018) for OTC residue in liver tissues. Also, Heba et al. 

(2019) and Shaltout et al. (2019) recorded a great reduction 

for OTC residue in meat caused by different cooking 

methods. Moreover, OTC residue not detected after boiling 

of liver from rabbit after 3 Weeks of its injection by OTC 

(Morshdy et al. 2014). Lower result reported by Khan et al. 

(2015) who reported that OTC residue level in broiler liver 

reduction percent by grilling is 33%, by roasting is 55%, by 

boiling is 62% and by microwaving is 64%. 

Boiling and roasting of meat samples has a greater 

effect on reduction of oxytetracycline residues (Vivienne et 

al. 2018). Besides, Microwaving was more effective on 

oxytetracycline residues than boiling and roasting (Abou-

Raya et al. 2013).  

Furthermore, conventional sterilization at low-

temperature, long-time treatment would destroy more than 

98% of the initial concentration of oxytetracycline residues 

while Ultra Heat Treatment (UHT) at high-temperature, 

short-time treatment would leave unaffected residues in the 

50–90% range (Hassani et al. 2008). Although cooking will 

degrade antibiotic residues, it is converted to its metabolites 

which may be more harmful on human health than 

antibiotic itself. Degradation of oxytetracycline residues by 

cooking resulted in formation of degradation products (alfa 

and beta-apo-OTC) with a concentration of 0.7 to 1.2% of 

initial OTC content. Beta-apo-OTC could damage kidney 

and liver tissues of rats and lead to necrosis and 

degeneration of hepatocytes (Van Boeckel et al. 2015). 

Oxytetracycline residues in vegetable oil and water are not 

stable. In vegetable oil more stable at 180°C with a half-

life of 8min and in water at 100°C with a half‐life of 2min 

(Martin et al. 1996). 

Degradation rate of antibiotic residues for aqueous 

matrix at 100°C were β-lactams equal to tetracycline (most 

heat-labile) more than lincomycin more than amphenicols 

more than sulfonamides (most heat-stable). Degradation of 

by-products is still present although thermal processing 

resulted in minimizing the concentration of parent residues 

of antibiotics. Some of these by-products causing hazards 

for human health. So, further investigations will be needed 

to determine their risk on human health (Tian et al. 2017). 

Effect of freezing (Table 6) at -20oC has low effect on 

oxytetracycline residues as it decreased by only 3.4% after 

first month of freezing then reduced by 4% and 8.7% after 

second and third month respectively. Nearly similar result 

was stated by (Shaltout et al. 2019) where OTC residue 

concentration in meat reduced by 2.05% after freezing for 

6 months. Higher result was described by (Morshdy et al. 

2014) where OTC residue not detected after freezing of 

liver from rabbit for 1 month after 3 Weeks of its injection 

by OTC. 

 

Conclusion and Recommendations 

In conclusion the present study indicated that some 

local and imported bovine liver samples contain antibiotic 

residues and such residues were at levels exceeding the 

permissible limits. Moreover, it is of great importance to 

denote that most of antibiotic distinguished was from 

tetracyclines group and mainly oxytetracycline. However, 

cooking was sufficient to eliminate oxytetracycline residue 

completely, but it might be incapable to eliminate or reduce 

its metabolites that may be more hazardous to human 

health. It is commendable to mention that fresh liver had 

more antibiotic residues than frozen one. Such observation 

specified the unawareness of withdrawal period which 

could lead to a serious threat for consumers. Therefore, 

antibiotic residues monitoring in bovine liver is a 

challenging and necessary issue to safeguard consumers’ 

health as well as minimize negative impact of antibiotics 

usage for food animal. 
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