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HPLC- Ms/Ms-based Estimation of Oxytetracycline, Ciprofloxacin 
and Gentamicin Residues and Assessment of the Effect of Boiling 
and Frying on their Reduction in Table Eggs

A total of 180 eggs (20 batches each represented by 3 eggs) of the farm, balady, and organic egg samples 
were collected in October 2021 from markets in Ismailia governorate, Egypt, and examined for detection 
of the oxytetracycline, ciprofloxacin, and gentamicin residues by using HPLC-Ms/Ms. The farm and balady 
eggs contained 20% with mean values of 69.95±1.78 and 43.6±2.65 ppb, respectively, and all of them were 
below the permissible limits and accepted. They contained 20% and 60% with mean values of 26±0.21 and 
39.58±5.58 ppb, respectively, and all positive samples were unaccepted. Both egg types were free from genta-
micin residues, meanwhile, all organic eggs were clear from the three antibiotic residues under investigation. 
The study also revealed the distribution of oxytetracycline and ciprofloxacin in albumin and yolk after oral 
administration and their residues in the 6th-day eggs were (750 and 500 ppb) and (500 and 319 ppb), respec-
tively. The effect of boiling for 15 minutes on oxytetracycline and ciprofloxacin residues in albumin and yolk 
was also investigated and showed a reduction% of (88 and 90) and (90.5 and 87.5), respectively. Meanwhile, 
the frying of whole eggs for 5 minutes reduced their concentration by 94.3% and 94.5%, respectively. In con-
clusion, the antibiotic residues in edible eggs are a serious risk that should be monitored, and it’s significant to 
highlight the importance of efficient boiling and frying of eggs in reducing these residues and relieving their 
hazards to the consumer’s health.
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INTRODUCTION

Table egg is considered a complete, economic with high nu-
tritive values food that is suitable for a healthy diet, infants, and 
patients. The predictable worldwide egg production will be 85 
and 91 million tons by 2030 and 2050, respectively (FAO, 2018). 
Eggs contain high-quality and digestible protein which includes 
essential amino acids. They also contain essential fatty acids such 
as lecithin and choline which are important for the nervous sys-
tem and brain development. They are rich in fat-soluble vitamins 
(A, D, E, and K) and other vitamins such as B1, B2, B12, and folic 
acid but poor in vitamin C. Eggs are a good source of minerals 
such as phosphorus, iron, calcium, copper, iodine, magnesium, 
potassium, sodium, zinc, chloride, and sulfur (Gbylik- Sikorska et 
al., 2021).

Antibiotics are compounds that are natural, semi-synthetic, 
or synthetic and possess antimicrobial properties. They are used 
in poultry production for therapeutic or prophylactic purposes 
and may also enhance growth and egg production and allow the 
consumer to purchase eggs at a reasonable price (Nagiub et al., 
2021). Their use is quite common in developing countries and 
oxytetracycline, ciprofloxacin, and gentamicin are examples of 
the predominately used antibiotics (Sara et al., 2021).

The administration of antibiotics may result in residue accu-

mulation in meat and eggs causing public health hazards includ-
ing allergic manifestation, gastrointestinal disorders, develop-
ment of antibiotic-resistant bacteria, and damaging the normal 
microflora of the digestive tract. Thus, the withdrawal period 
must be observed until no residues are discharged in the edible 
eggs (Al-Aboudi et al., 2021).

MATERIALS AND METHODS

Egg sampling

A total of 180 eggs from 20 batches each represented by 3 
eggs of a farm, balady, and organic egg samples were collect-
ed in October 2021 from local markets in Ismailia governorate, 
Egypt. All eggs were transported to the food control unit, Animal 
health research institute, Dokki in Giza for analysis. 

Residues of Oxytetracycline and ciprofloxacin in egg compo-
nents after oral administration by laying hens (Billah et al., 2015)

Three groups of native balady laying hens (2 groups for the 
experiment and a control group; 6 hens for each) were 6 months 
of age and 1.750-1.800 kg in weight. Hens were fed on an anti-
biotic-free ration and kept for 2 weeks before treatment. The 1st 

group received 40 mg/kg bw oxytetracycline and the 2nd group 
administrated 10 mg/kg bw ciprofloxacin, the dose given once 
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daily orally for 5 days. The 3rd group was used as a control group. 
The eggs of the 6th day were subjected to the estimation of an-
tibiotic residues in albumin and yolk separately. The eggs on the 
7th day were exposed to boiling and frying processes.

   
Preparation of boiled eggs samples according to Al-Aboudi et al. 
(2021) 

Examined egg samples were boiled at 100°C for 15 minutes 
and the albumin and yolk were collected separately, blended, 
and 3gm of each were weighed and transferred into a centri-
fuge tube. 5 ml EDTA solution (pH 4) was added to the tube and 
the mixture was homogenized by using T25 Digital Ultra Turrac 
Homogenizes, and become ready for the extraction procedures.

Preparation of fried egg samples by frying 

Fried eggs were prepared for for 5 minutes according to Mo-
sha (2017).

Analysis of antibiotic residues

Methods of analysis

The samples were analyzed as a procedure described by Dar-
ko et al. (2015) using high-performance liquid chromatography 
(HPLC–MS/MS Agilent 1260) operating at 270 nm wavelength 
with a 50 nm bandwidth. 

Chemical and reagents

Acetonitrile (MeCN), methanol (MeOH), hexane, potassium 
dihydrogen phosphate, and sodium dihydrogen phosphate were 
of HPLC grade. Moreover, the standards of oxytetracycline, cipro-
floxacin, and gentamicin antibiotics were required.

Standard solution

Stock solutions (100 mg/ml) of each 3 antibiotics standards 
were prepared by dilution with MeCN: MeOH (30:70) solution. 
Working solutions of standards (100 ug/ml-10 ug/ml) were fresh-
ly prepared through dilution of an appropriate aliquot of the 
stock solutions with MeCN: MeOH (30:70) and stored in the re-
frigerator. The blank standard was the dilution solution of MeCN: 
MeOH (30:70) without adding the drug. All solutions prepared for 
HPLC were filtered through a 0.45-um nylon filter before usage. 

Sample preparation

Whole eggs or the egg components were extracted by ho-
mogenized in an ultra-turra T25 basic homogenizer for 1 min-
ute at 7000 rpm. A 2 ml aliquot of homogenized egg sample 
and 20 ml of MeCN were blended at high speed in homogenized 
for 5 minutes and the supernatant was filtered through What-
man 0.45 um filter paper. Two additional homogenizations with 
MeCN and filtration were performed. The combined filtrate was 
transferred into a separatory funnel containing a 30 ml portion of 
MeCN - saturated hexane and the mixture was shaken for 5 min. 
The MeCN layer was collected into a concentration bottle and 
reduced to dryness under a vacuum. 

Sample clean-up

Extracts were cleaned up using C18 sorbent columns. The ab-

sorbent was pre-conditioned by sequential washing with 10 ml 
of methanol and 10 ml of 0.05 M sodium dihydrogen phosphate 
solution. The semi-dry residues coming from the egg extraction 
were re-dissolved in 10 ml of sod. dihydrogen phosphate and 
applied in the SPE cartridge. The eluate was collected into a 15 
ml polypropylene centrifuge tube and evaporated to dryness 
at 40°C. The dry matter was reconstituted with 1 ml of MeCN/ 
H2O(3/7 v/v) and spiked with 0.5 ml of MeCN-saturated hexane. 
The resulting solutions were centrifuged at 3000 rpm for 5 min-
utes. The acetonitrile layer was collected and filtrated through a 
0.45 um nylon membrane before HPLC analysis (Kao et al., 2001).

HPLC analysis

Five calibration standards were prepared from their working 
stock solutions by using MeCN/KH2Po4 buffer. Calibration stan-
dard solutions and reagent blanks for each antibiotic were HPLC 
and analyzed in the same way as the sample. The concentration 
of antibiotics residues in samples was determined by interpola-
tion from a five-point calibration curve generated via measure-
ment of the HPLC peak area, where the calibration curve of dif-
ferent standards was used to convert the samples’ peak area to 
concentration.

Calculation

A standard curve of three examined antibiotic standard solu-
tions (concentration versus peak area) was made and from the 
measured peak area of test samples, the antibiotic concentra-
tion was calculated by using the line equation as follows Y= MX, 
where: Y= peak area, X= antibiotic concentration (ppb), M= slope 
of curve intercept of Y.

Statistical analysis

Data were statistically analyzed by a one-way analysis of vari-
ance (ANOVA) using the SPSS Ver. 18 (Chicago, IL, USA).  At a 95% 
confidence interval, the P-value was calculated and P < 0.05 was 
considered statistically significant. 

RESULTS AND DISCUSSION

Eggs may incorporate antibiotic residues after illegal or ex-
tra-label use of the drug, failure to meet the withdrawal times, 
use of feed unintentionally cross-contaminated during feed mix-
ing, and mislabeled use (Sara et al., 2021). In this study, the anti-
biotic residues were determined by Liquid Chromatography with 
tandem mass spectrometry (LC-MS-MS) which is efficient due to 
its selectivity and sensitivity at low concentrations (Ji et al., 2021).

Oxytetracycline residues in Egg samples

Twenty percent of the examined farm and balady eggs con-
tained oxytetracycline residues, as the results revealed in Table 
(1). Their values in farm eggs were 60.5-88 ppb with an average 
of 69.95±1.78 ppb, and in balady eggs were 31-69.5 ppb with 
a mean of 43.6±2.65 ppb. According to the Codex Alimentarius 
Commission (2012), all examined egg samples were below the 
recommended limit (200 ppb) and were accepted. 

These findings agreed with the results reported by Yoshimura 
et al. (1991) and Darko et al. (2015). On the other hand, high-
er concentrations were stated by Furusawa (2001); Fath El-Bab 
(2012); Nagiub et al. (2021) and Sara et al. (2021). Nevertheless, 
Widiasih et al. (2019) and Kamali et al. (2020) reported lower oxy-
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tetracycline residues. All examined organic egg samples had no 
oxytetracycline residues. Similar results were recorded by Dipeolu 
et al. (2005) in Japan, also Hafez et al. (2013) and Ubayd et al. 
(2021) in Egypt. However, the joint FAO/WHO Expert Committee 
on Food Additives (JECFA) stated that the acceptable daily intake 
(ADI) of tetracycline compounds is 0-0.03 mg/kg body weight 
(WHO, 2019), their consumption may lead to poor development 
or teratogenic effects in fetuses, staining of teeth in young chil-
dren, hypersensitivity, gastrointestinal and renal disorders, and 
cytotoxic and Immuno-pathological effects (Idowu et al., 2010). 

Ciprofloxacin Residues in Egg Samples

The ciprofloxacin residues were detected in 20% and 60% of 
examined farm and balady egg samples, respectively. The mini-
mum and maximum values for the ciprofloxacin residues in farm 
eggs were 25- 28 ppb with a mean value of 26±0.21 ppb, while in 
balady eggs were 26.6- 60 ppb with a mean value of 39.58±5.58 
ppb (Table 1). No ciprofloxacin residues were detected in the or-
ganic eggs. All samples containing ciprofloxacin residues were 
unaccepted according to the European Commission (EU, 2010) 
which declared that the presence of any ciprofloxacin residues in 
eggs is not allowable. These results are nearly like those stated 
by Huang et al. (2006). Nevertheless, Gorla et al. (1997) detected 
lower levels, while a ciprofloxacin higher concentration was re-
ported by Fath El-Bab (2012) and Al-Aboudi et al. (2021). Treiber 
and Knaner-Berank (2021) failed to detect any ciprofloxacin resi-
dues in examined egg samples. Consumption of food containing 
ciprofloxacin residues may lead to chondrogenic effects and the 
production of drug-resistant bacteria (Al-Aboudi et al., 2021). 

Gentamicin Residues in Egg Samples

Gentamicin was not detected in any examined farm eggs, 
balady eggs, and organic eggs, and egg samples were accepted 
(100%). Similar findings were confirmed by the Australian gov-

ernment, the Department of Agriculture (2019), the Canadian 
food inspection agency (CFIA, 2006) and Treiber and Knauer - Be-
ranek (2021). High levels of gentamicin residues were informed 
by Olatoye et al. (2019) and Cornejo et al. (2020). Gentamicin 
may be mutagenic, nephropathic, and hepatotoxic or may cause 
reproductive abnormalities or bone marrow toxicity (Cornejo et 
al., 2020).

Distribution of oxytetracycline and ciprofloxacin residues in albu-
min and yolk separately after oral administration by laying hens

The eggs of the 6th day after oral administration were collect-
ed for detection of the oxytetracycline and ciprofloxacin residues 
in the egg’s albumin and yolk separately. As revealed in Table 
(2), the average oxytetracycline residues in albumin was 750 ppb. 
Lower levels were recorded by Roudaut (1989); Yoshimura et al. 
(1991); Furusawa (1999) and Kamali et al. (2020). The oxytetra-
cycline residues in the yolk were 500 ppb that is matching the 
findings reported by Munoz et al. (2014). A higher concentration 
was recorded by Roudaut et al. (1989), meanwhile, Yoshimura et 
al. (1991); Furusawa (1999) and Kamali et al.  (2020) estimated 
a lower level of oxytetracycline in yolk samples. Concerning the 
ciprofloxacin residues in albumin and yolk were 500 and 319 ppb, 
respectively. A higher level of ciprofloxacin residues in albumin 
was obtained by Billah et al. (2015) and a lower value was detect-
ed by Gbylik-Sikorska et al. (2021). Higher values of ciprofloxacin 
residues in yolk were detected by Gorla et al. (1997) and Billah et 
al. (2015), meanwhile, lower concentration was distinguished by 
Gbylik- Sikorska et al. (2021). 

Nagy et al. (1997) mentioned that oxytetracycline residues 
appear more rapidly in albumin than in yolk, they were detected 
until the 9th and 12th day in albumin and yolk, respectively. Billah 
et al. (2015) found that ciprofloxacin increased through the first 5 
days of the medication period in albumin and yolk and depleting 
these residues in them, it’s required a withdrawal time of 8 days 
and 14 days, respectively.
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Antibiotic residue Examined egg
Incidence (%) Concentration (ppb) Accepted according to MRL

+ve -ve Min Max Mean±SE Accepted (%) Unaccepted (%)

Oxytetracycline

Farm 20 80 60.5 88.0 69.95±1.78a 100 Zero

Balady 20 80 31.0 69.5 43.6±2.65 b 100 Zero

Organic Zero 100 N. D N. D N. D. 100 Zero

ciprofloxacin

Farm 20 80 25.0 28.0 26.0±0.21c 80 20

Balady 60 40 26.6 60.0 39.58±5.58d 40 60

Organic Zero 100 N. D N. D N. D. 100 Zero

Table 1. Incidence and concentration of oxytetracycline, ciprofloxacin and Gentamicin (ppb) in examined table egg samples (n= 60).

ppb: part per billion; MRL of Oxytetracycline residues are 200 ppb according to Codex Alimentarius Commission (2012); MRL of Ciprofloxacin residues are not 
allowed to be present according to European commission (2010); The means with different letters show significant difference where p-value < 0.05 at confidence 
interval 95%.

Egg section
Antibiotic residues after oral administration (ppb) Level of reduction after boiling for 15 minutes

Oxytetracycline Ciprofloxacin Oxytetracycline Ciprofloxacin

Albumin 750 500
Concentration (ppb) Reduction Concentration (ppb) Reduction

93 88% 49 90.20%

Yolk 500 319 50 90% 40 87.50%

Whole egg 
(Total) 1250 819

143 88.50% 89 89%

Level of reduction after frying for 5 minutes

71.5 94.30% 45 94.50%

Table 2. level of oxytetracycline and ciprofloxacin concentration in albumin and yolk after oral administration and their reduction after boiling (15 min) and frying 
(5 min).
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The different distribution of the antibiotic residues in albumin 
and yolk may be conveyed by the differences in solubility and 
physicochemical properties, such as molecular weight and bind-
ing capacity to albumin (Furusawa, 2001).

Effect of boiling and frying on oxytetracycline and ciprofloxacin 
residues

The eggs of the 7th day were collected and thermally heated 
to detect the efficacy of this treatment in deteriorating the oxy-
tetracycline and ciprofloxacin residues. As demonstrated in Table 
(2), the boiling of the egg for about 15 minutes reduced the oxy-
tetracycline residues in albumin from 500 to 93 ppb with an 88% 
reduction rate. The oxytetracycline residues in the yolk were di-
minished from 500 to 50 ppb with a reduced rate of 90%. Mean-
while the ciprofloxacin residues in albumin and yolk degraded 
from 500 to 49 ppb and from 319 to 40 ppb with a reduced rate 
of 90.2 % and 87.5%, respectively. Consequently, the reduction 
rate in the whole egg after boiling was 88.5% and 89% for oxy-
tetracycline and ciprofloxacin, respectively. The oxytetracycline 
reduction rate after boiling for 15 minutes was also estimated 
by Kamali et al. (2020) and Fath El-Bab (2012) and their results 
were a 20% and 52% reduction in the oxytetracycline residues, 
respectively. Nearly similar ciprofloxacin results were revealed by 
Al-Aboudi et al. (2021). 

The frying of the whole eggs for 5 minutes could diminish 
the oxytetracycline residues from 1250 to 71.5 ppb with a 94.3% 
reduction rate (Table 2). A relatively similar result was reported by 
Al-Aboudi et al. (2021), while Mosha (2017) recorded a lower re-
duction rate. The ciprofloxacin residues declined after frying from 
819 to 45 ppb with a 94.6% reduction rate which matched the 
findings of Al-Aboudi et al. (2021). Subsequently, it is noticeable 
that frying for 5 minutes could degrade the oxytetracycline and 
ciprofloxacin residues in the examined eggs more than boiling 
them for 15 minutes.

CONCLUSION

The presence of antibiotic residues in table eggs is consid-
ered a serious health hazard that must be controlled and mini-
mized by decreasing the usage of antibiotics for prophylaxis and 
treatment through controlling infectious diseases and substitu-
tion the use of natural substances and probiotics to enhance the 
growth and immunity of the laying hens. Strict observation of 
withdrawal time in laying hens and eggs should be applied and 
cooking time and temperature can play roles in the antibiotic res-
idue’s reduction.
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