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ABSTRACT Antibiotic residues contained in poultry
eggs pose threat to human health. However, the classes
and concentrations of antibiotics in poultry egg in
southwestern China is unknown due to insufficient mon-
itoring and research. A total of 513 egg samples were
collected from supermarkets and farm markets in
Kunming city in 2020 and the levels of 7 antibiotics
were analyzed using ultra high performance liquid chro-
matography-tandem mass spectrometry (UHPLC-
MS/MS) method. The linear correlation coefficients
were above 0.990 for all antibiotics tested. The limits of
detection and limits of quantification in poultry eggs
were 0.002 to 0.010 mg/g and 0.007 to 0.033 mg/g,
respectively. The average recoveries of the 7 analytes
from poultry egg samples were 80.00 to 128.01%, with
relative standard deviations of less than 13.97%. A total
of 93 (18.13%) samples tested positive for antibiotics,
with the highest concentration being 2.48 mg/g. The
concentration range of ofloxacin, danofloxacin, difloxa-
cin, sulfadimethoxine, sulfamonomethoxine, sulfame-
thoxypyridazine, and sulfamethoxazole in poultry eggs
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was 0.01 to 0.37 mg/g, 0.06 to 0.48 mg/g, 0.05 to 0.29
mg/g, 0.03 to 0.16 mg/g, 0.06 to 1.00 mg/g, 0.05 to 0.37,
and 0.07 to 2.48 mg/g, respectively. Sulfamonomethox-
ine was detected from hen eggs with the highest concen-
tration level at 1.00 mg/g. Sulfamethoxazole was
detected with the highest concentration level from both
duck and quail eggs, at 1.87 and 2.48 mg/g, respectively.
The antibiotic with the highest residue level in pheasant
eggs was danofloxacin, which was 0.37 mg/g. Sulfame-
thoxypyridazine was identified in 30 samples with the
highest positive rate of 5.85%, sulfadimethoxine was
identified in 3 samples with the lowest positive rate of
0.58%. We observed that 7 targeted antibiotic residues
in quail eggs and 3 targeted antibiotic residues in pheas-
ant eggs. We also found that there were antibiotic resi-
dues in free-range hen eggs and the concentration was
not low. The antibiotic with the highest residue level in
free-range eggs was sulfamonomethoxine, which was
1.00 mg/g. These findings suggest that continual antibi-
otic residue monitoring of poultry eggs is essential in
China.
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INTRODUCTION

China is not only one of the world’s largest consumers
of antibiotics, but also a big country in the production
and consumption of poultry eggs (Masuda and Gold-
smith, 2012; Van Boeckel et al., 2014; Zhang et al.,
2015). The use of antibiotics in poultry production is
common among farmers in China due to its effects in
reducing poultry morbidity and mortality as well as
growth promotion. Worldwide, antibiotics are often
added to animal feed as growth promoters and are used
to prevent and treat animal diseases (Okerman et al.,
2007; Nisha, 2008). European Union has banned the use
of antibiotics as growth promoters in animal feed since
2006 (Marshall and Levy, 2011), and China, as a rising
developing country, banned the use of antibiotics as
growth promoter since 2020 (MARA, 2019a). However,
studied conducted in many countries showed that farm-
ers are, unfortunately, not very well aware about the
antibiotic withdrawal period and they seem to be more
concerned about the economic impacts of their products
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and they frequently treat the whole flock with antibiot-
ics without consulting veterinarians, physicians, or pub-
lic health experts (Hassan et al., 2021). They also do not
typically maintain the prescribed antibiotic withdrawal
period before marketing their food products such as eggs
(Nonga et al., 2010). The unregulated use of antibiotics
in poultry production poses a serious risk for the devel-
opment of antimicrobial resistance.

The use of antibiotics in poultry production may also
lead to the accumulation of antibiotics in poultry meat
and other products such as eggs. Fluoroquinolone drugs
(FLQs) and sulfonamide drugs (SAs) are widely used
in present poultry breeding (Premarathne et al., 2017;
Wang et al., 2017b; Yamaguchi et al., 2017), therefore,
their residues in eggs pose health threats to consumers,
including allergic reactions, child development problems
and potential harmful effects of drug-resistant strains
(Chang et al., 2015). Many countries have paid great
attention to the monitoring of antibiotic residues in food
of animal origin in recent years, in order to prevent anti-
biotics-associated food safety risks (Ellis, 2008). Minis-
try of Agriculture and Rural Affairs of China has
banned the use of some FLQs for food animals since
2015 (MARA, 2015). The Chinese national food safety
standard − maximum residue limits for veterinary drugs
in foods (MARA, 2019b) issued in 2019 indicated maxi-
mum residue limits (MRL) of 100 mg/kg for SAs in ani-
mal derived foods such as meat and liver, but there is no
specific MRL for egg. However, FLQs and SAs are
banned for poultry use during egg laying period, there-
fore in theory, the MRL of SAs and FLQs in egg should
be zero. Monitoring antibiotic residues in poultry eggs
helps to avoid potential risk to human health, but stud-
ies on FLQs and SAs residues in poultry eggs are rela-
tively fewer in China, not to mention Kunming, the
capital city of Yunnan province located in southwestern
border area of China.

Many analytical methods have been developed for
the measurement of the FLQs and SAs residues in ani-
mal foods, including high performance liquid chroma-
tography with diode-array detection (HPLC-DAD)
(Premarathne et al., 2017), high performance liquid
chromatography coupled to fluorescence detection
(HPLC-FLD) (Choi et al., 2011), ultra high perfor-
mance liquid chromatography−tandem mass spectrom-
etry (UHPLC-MS/MS) (Robert et al., 2013),
chemiluminescence analysis (CL) (Pulgarín et al.,
2011), capillary electrophoresis (CE) (Lombardo-Ag€uí
et al., 2010), enzyme-linked immunosorbent assay
(ELISA) (Zhang et al., 2007), chemiluminescence
enzyme immunoassay (CLEIA), and microbiological
assay (Cho et al., 2008). These methods have been
proven sensitive and accurate, but an analytical
method for detection of FLQs and SAs residues in poul-
try eggs must be precise, simple, economical, and
environmentally friendly. Based on the all abovemen-
tioned considerations, the aim of this research was to
investigate the presence of antibiotic residues in differ-
ent poultry egg samples (hen, duck, quail, and pheas-
ant) in Kunming city by using UHPLC-MS/MS. We
also detected and analyzed antibiotic residues in caged
and free-range hen eggs, which to our knowledge has
not been previously studied. The residues of 7 com-
monly used antibiotics, namely ofloxacin (OFC), dano-
floxacin (DAN), difloxacin (DIF), sulfadimethoxine
(SDM), sulfamonomethoxine (SMM), sulfamethoxy-
pyridazine (SMP), and sulfamethoxazole (SMX) were
selected for this study and rationale behind this selec-
tion was our previous investigation on farmers and the
experimental laboratory test results of antibiotic resi-
due in poultry egg samples collected in Kunming
(Fang et al., 2020). By analyzing the antibiotic residues
in different poultry eggs, our research would help food
safety workers to formulate appropriate food safety
control measures.
MATERIALS AND METHODS

Chemicals and Reagents

Formic acid (≥95%), HPLC-grade acetonitrile and
methanol solvents were purchased from Sigma-Aldrich
(St. Louis, MO). Ethyl acetate was obtained from Tian-
jin Hengxing chemical preparation (China).
Standard Solutions

Standard products of the 7 selected antibiotics includ-
ing 3 FLQs (OFC, DAN, and DIF) and 4 SAs (SDM,
SMM, SMP, and SMX) (≥98% purity) were obtained
from Sigma-Aldrich (St. Louis, MO). A stock standard
solution of each antibiotic was prepared in methanol to
obtain a final concentration of 1.00 mg/g. Stock stan-
dard solutions were stored in amber colored glass bottles
at �20°C and were stable for 1 mo. The working solu-
tions for UHPLC injections were prepared daily from
the stock solution in acetonitrile. Calibration standards
were prepared at concentrations ranging from 0.01 to
2.5 mg/g for each antibiotic.
Samples Collection

The samples of poultry eggs were purchased from 6
supermarkets and 6 famer’s markets located in three pla-
ces of Kunming city, namely Wuhua district, Luquan
county and Anning city in October 2020 with 2 super-
markets and 2 farmer’s markets in each of the three pla-
ces. For each of the selected supermarket or farmer’s
market, egg sample was collected only once with hen egg
being collected from all 12 markets while duck egg, quail
egg and pheasant egg being collected from some of the
12 markets depending on their availability. In total, 265
hen eggs, 105 duck eggs, 120 quail eggs, and 23 pheasant
eggs were purchased and those egg samples were trans-
ported to the laboratory in Kunming Medical Univer-
sity, and stored at 4°C for 1 wk (see Supplementary
material for more detailed sample collection informa-
tion).
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Sample Preparation

A total of 513 egg samples were used for pretreatment.
Whole eggs (yolk and albumen combined) were blended
using a vortex mixer (QILINBEIER, China). A 10.00 §
0.01 g of homogenized egg sample was added with 30 mL
ethyl acetate and mixed thoroughly by vortexing (1 min)
and ultrasonic (15 min) and left for 1 h. After the solu-
tion was stable and divided into 2 layers, the supernatant
was decanted into a 100 mL flask. Repeat the extraction
twice, and transfer the final 60 mL supernatant to the
rotary evaporation instrument for concentration. Then,
the dry residue was dissolved in 1 mL acetonitrile.
Finally, resulting solution was filtered through a 0.22-
mm filter and transferred to a UHPLC vial.
UHPLC-MS/MS Analysis

Eksigent ekspert Ultra LC 100-XL (AB SCIEX, Fra-
mingham, MA) matched with 3200 Q TRAP mass spec-
trometer (AB SCIEX, Framingham, MA) was used to
analyze the samples. A Cosmosil packed column (5C18-
MS-II 4.6 mm I.D. £ 150 mm, 5 mm, Nacalai Tesque,
Japan) packed with totally porous spherical silica-based
materials was used for the separation. The column tem-
perature was controlled at 30°C. The injection volume
was 10.0 mL. UHPLC gradient elution system consisted of
solvent A (water - formic acid 100:0.01, v/v) and solvent
B (acetonitrile - formic acid 100:0.01, v/v) with a flow
rate of 1.0 mL/min: 0 min, 5%B; 5 min, 40%B; 10 to
20 min, 65%B; 25 to 30min, 5%B. UHPLC-MS/MS analy-
sis was conducted with electrospray ionization source and
detected in positive ion mode. For detection and quantifi-
cation, the following electrospray ionization inlet condi-
tions were applied: gas 1, nitrogen (60 psi); gas 2, nitrogen
(50 psi); ion spray voltage, 5,500 V; ion source tempera-
ture, 550°C; and curtain gas, nitrogen (40 psi). Extracted
ion chromatogram (EIC, targeted molecular fragment at
m/z§ 0.5) was applied to analyze the fragments of antibi-
otics. Analyst 1.6.2 Software was employed to analyze
total ion chromatogram and mass spectra.
Antibiotic Analysis

Seven antibiotics were selected from 2 classes, includ-
ing 3 FLQs (OFC, DAN, DIF), 4 SAs (SDM, SMM,
Table 1. Linear regression equation and parameters of detected antib

Analyte

Y = mx+c

r2m c

OFC 1.278E-06 0.045 0.998
DAN 1.169E-06 0.006 0.994
DIF 1.898E-06 0.034 0.996
SDM 5.210E-07 0.041 0.990
SMM 4.830E-06 0.079 0.999
SMP 2.729E-06 0.069 0.991
SMX 9.238E-06 0.152 0.997

Abbreviations: DAN, danofloxacin; DIF, difloxacin; LOD, limit of detectio
SMM, sulfamonomethoxine; SMP, sulfamethoxypyridazine; SMX, sulfamethox
SMP, SMX), for this analysis. According to the retention
time (§0.5 min) and molecular mass of antibiotic stan-
dard solution to determine whether the sample contains
antibiotic (see Supplementary material). Standard solu-
tions were prepared for each compound at concentrations
ranging from 0.01 to 2.5mg/g. The concentration of anti-
biotic residues in samples was obtained by establishing
the linear regression equation of concentration and ionic
intensity. The limits of detection and limits of quantifica-
tion are the smallest concentrations from which it is pos-
sible to deduce the presence of and quantify the analyte
with reasonable statistical certainty. Each additive con-
centration of antibiotics with signal-to-noise ratio ≥3
was defined as the limit of detection (LOD), and the
additive concentration of antibiotics with signal-to-noise
ratio ≥10 was defined as the limit of quantification
(LOQ). See Table 1 with the linear regression equation
and parameters of detected antibiotics.
Method Validation

The method was validated as described in the Chinese
national standard GB/T 21312-2007 (AQSIQ, 2008a)
and GB/T 21316-2007 (AQSIQ, 2008b) and the parame-
ters used for validation including specificity, recovery
and precision. The specificity of the method was deter-
mined by analyzing 30 blank egg samples of different
sources. The absence of any indigenous or interfering
compounds at the same retention time of the analytes
was observed. Control positives were carried out in egg
samples by spiking analyzed samples with different con-
centrations (0.05 mg/g, 0.1 mg/g, 0.5 mg/g) of antibiotic
standard solution. The test was repeated 5 times for
each concentration, and the average recovery rate and
relative standard deviation (RSD) were calculated
(Table 2).
Statistical Analyses

Statistical analyses were performed using R software
(version 4.1.0). The positive rates of antibiotics in eggs
were compared by Chi-square test, and the concentra-
tions were compared by Rank-sum test. All statistical
tests with a P-value of less than 0.05 were considered sig-
nificant.
iotics.

Range (mg/g) LOD (mg/g) LOQ (mg/g)

0.01−1.0 0.002 0.008
0.05−1.0 0.010 0.033
0.01−1.0 0.002 0.007
0.01−1.0 0.002 0.008
0.05−1.0 0.009 0.031
0.05−1.0 0.010 0.033
0.025−2.5 0.007 0.023

n; LOQ, limit of quantification; OFC, ofloxacin; SDM, sulfadimethoxine;
azole.



Table 2. The average recovery and relative standard deviation of
antibiotics in blank egg matrix.

Analyte

0.05 mg/g 0.1 mg/g 0.5 mg/g

Rec(%) RSD(%) Rec(%) RSD(%) Rec(%) RSD(%)

OFC 93.45 4.26 100.34 10.35 93.20 4.46
DAN 128.01 13.97 101.66 4.67 97.65 10.15
DIF 84.19 10.65 98.75 4.80 101.46 7.90
SDM 96.36 8.44 93.02 8.48 98.55 11.61
SMM 88.00 12.45 98.67 3.02 100.80 4.35
SMP 84.00 10.65 90.00 11.11 95.00 11.77
SMX 80.00 13.97 86.67 8.60 106.25 12.48

Abbreviations: DAN, danofloxacin; DIF, difloxacin; OFC, ofloxacin;
RSD, relative standard deviation; SDM, sulfadimethoxine; SMM, sulfa-
monomethoxine; SMP, sulfamethoxypyridazine; SMX, sulfamethoxazole.
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RESULTS

The Positive Rate of 7 Antibiotic Residues in
Poultry Egg Samples

In this study, a total of 513 egg samples collected
included specimens of 4 egg species: hen egg, duck egg,
quail egg, and pheasant egg. All samples were detected
for 7 antibiotics including OFC, DAN, DIF, SDM,
SMM, SMP, and SMX using UHPLC-MS/MS. Among
the 513 egg samples, 86, 6, and 1 samples were detected
positive for one, two and three targeted antibiotics
respectively and the total positive rate was 18.13% (93/
513). Of which, the positive rate of antibiotic residues of
hen egg, duck egg, quail egg, and pheasant egg were
18.49% (49/265), 20.95% (22/105), 15.83% (19/120),
and 13.04% (3/23), respectively. There was no signifi-
cant difference in the positive rates of antibiotic residues
in 4 species of eggs (x2= 1.414, P = 0.702; Figure 1A).

Among the 7 antibiotics detected in poultry egg sam-
ples, SMP had the highest positive rate, followed by
SMX, SMM, DIF, OFC, DAN, and SDM. Six antibiotics
were detected in hen egg samples, including OFC, DAN,
DIF, SDM, SMM, and SMP. Five antibiotics were
detected in duck egg samples, including OFC, DIF,
SDM, SMM, and SMX. All of the 7 antibiotics were
detected in quail eggs and 3 antibiotics, namely DAN,
DIF, and SMM were detected in pheasant egg sample
(Figure 1B).

Caged eggs were produced from hens that were housed
in cages inside large, climate-controlled sheds. All the
samples we collected from the supermarket were labeled
as caged eggs by the manufacturer. Free-range eggs were
produced from hens that were free to walk around the
hen house, to perch on roosts, and to lay eggs in nests. In
farmer’s market, we collected free-range eggs from small
farmers who raised their chickens on natural pasture.
Among 265 hen eggs, 85 were caged eggs and 180 were
free-range eggs. There was no significant difference in
the positive rates of antibiotic residues between caged
hen eggs and free-range hen eggs (x2= 3.756,
P = 0.053). Among 105 duck egg samples, 10 were caged
eggs and 95 were free-range eggs. There was no signifi-
cant difference in the positive rates of antibiotic residues
between caged duck eggs and free-range duck eggs (x2=
1.698, P = 0.193) (Figure 1C). One hundred and twenty
quail eggs and 23 pheasant eggs were all free-range eggs.
The Concentration of 7 Antibiotic Residues
in Poultry Egg Samples

We calculated the concentration of antibiotic residues
in poultry egg samples by using the established linear
regression equation of antibiotic standard. The detection
concentration ranges of OFC, DAN, DIF, SDM, SMM,
SMP, and SMX were 0.01 to 0.37 mg/g, 0.06 to 0.48 mg/
g, 0.05 to 0.29 mg/g, 0.03 to 0.16 mg/g, 0.06 to 1.00 mg/
g, 0.05 to 0.37 mg/g, and 0.07 to 2.48 mg/g, respectively.
There was statistically significant difference in the resi-
due of SMX between duck eggs and quail eggs
(z = �2.704, P = 0.007). The concentration of SMX resi-
due in quail eggs was higher than that in duck eggs.
There were no significant differences in the residues of
OFC, DAN, DIF, SDM, SMM, and SMP in different
species of poultry eggs (P > 0.05).
SMM was observed with the highest residual concen-

tration in hen eggs, with a median of 0.36 mg/g, and
OFC was the lowest with a median of 0.04 mg/g. SMX
was observed with the highest residual concentration in
duck eggs, with a median of 0.51 mg/g, and OFC was
the lowest with a median of 0.02 mg/g. SMX was
observed with the highest residual concentration in quail
eggs, with a median of 1.34 mg/g, and OFC was the low-
est with a median of 0.01 mg/g. DAN was observed with
the highest residual concentration in pheasant eggs,
with a median of 0.37 mg/g, and SMM were the lowest
with a median of 0.08 mg/g (Figure 2A).
In this study, OFC, DIF, SMM and SMP were

detected in caged hen eggs. OFC was detected at a range
of 0.01 to 0.37 mg/g in 2 samples; DIF was detected at a
range of 0.07 to 0.25 mg/g in 3 samples; SMM was
detected at a range of 0.06 to 0.56 mg/g in 4 samples;
SMP was detected at a range of 0.05 to 0.06 mg/g in 2
samples. OFC, DAN, DIF, SDM, SMM and SMP were
detected in free-range hen eggs. OFC was detected at a
range of 0.01 to 0.35 mg/g in 5 samples; DAN was
detected at a range of 0.14 to 0.48 mg/g in 3 samples;
DIF was detected at a range of 0.05 to 0.07 mg/g in 2
samples; SDM was detected at 0.07 mg/g in 1 sample;
SMM was detected at a range of 0.36 to 1.00 mg/g in 3
samples; SMP was detected at a range of 0.05 to 0.37
mg/g in 27 samples (Figure 2B).
DISCUSSION

A reliable residue analysis method is essential to detect
and quantify antibiotic residues in poultry eggs. In this
study, a total of 513 poultry egg samples from Kunming
city were detected by using UHPLC-MS/MS. The corre-
lation coefficients between the concentrations of 7 antibi-
otics and ion peak intensity were greater than 0.990, and
the linear relationship was good. The Rec was in the
range of 80.00 to 128.01%, and the RSD was between
4.26 to 13.97%. The detection conditions of UHPLC-MS/



Figure 1. (A) The number of antibiotics detected in 4 classes of poultry egg samples collected in Kunming city. (B) The positive sample number
of OFC, DAN, DIF, SDM, SMM, SMP, and SMX in 4 classes of poultry egg samples. (C) The positive and negative sample number of antibiotics
detected in caged eggs and free-range eggs.
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MS were set appropriately, with high precision and accu-
racy. However, some limitations should be noted. We
were unable to evaluate whether there was matrix effect
of the samples in this study. Moreover, often in complex
matrix samples, the matrix-matched standard curve is
essential in the quantification of external standard
method. Yet, we did not use matrix-matched standard
curve for quantification due to limitations in study design
and methods. As well, we did not assess the recovery and
precision at the LOQ level, which should be noticed when
reading and understanding this research results. Despite
the shortcomings, this study provides useful information
on antibiotic residues in poultry eggs sold in markets in
Kunming city and clue for future research.
The MRL in foods set up by the Codex Alimentarius

Commission (CAC) was displayed in the form of data-
base, and can be checked online (FAO/WHO, 2021).
However, there was no provision on the residue limit of
FLQs and SAs in poultry eggs. According to Commis-
sion Regulation 37/2010/EC, the use of FLQs in laying
hens was strictly forbidden. Ministry of Agriculture and
Rural Affairs of China has banned the use of OFC for



Figure 2. (A) The residual concentration of 7 antibiotics detected in poultry egg samples. (B) The residual concentration of 6 antibiotics
detected in caged hen eggs and free-range hen eggs.
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food animals since 2015 (MARA, 2015). The Chinese
National Standard issued by Ministry of Agriculture
and Rural Affairs of China in 2019 banned the use of
DAN, DIF, and SAs during egg laying (MARA, 2019b).
However, we found FLQs and SAs residues in poultry
eggs in this study. FLQs and SAs residues in poultry
eggs were also found in other countries (Mian et al.,
2012; Premarathne et al., 2017; Yamaguchi et al., 2017).
This means that the current situation of antibiotic resi-
dues in poultry eggs is not optimistic. In China, a recent



FLUOROQUINOLONES AND SULFONAMIDES IN EGGS 7
study found that 2 FLQs were detected in chicken eggs
sold in Shenzhen with the total concentration of
1.64 ng/g ww (Hu et al., 2021). Another study showed
that 8 of 110 egg samples contained traces of enrofloxa-
cin at levels ranging from 1.09 to 5.22 mg/kg. Traces of
ciprofloxacin were also found in egg samples in Guangz-
hou, whereas OFC, DAN and DIF were not detected in
all egg samples (Lu et al., 2019). Similarly, a study in
Xiamen reported that five antibiotics (orbifloxacin, sul-
faquinoxaline, ciprofloxacin, enrofloxacin, and doxycy-
cline) were detected in three egg samples. There was an
outbreak of bird flu in Xiamen city during the sampling
period. It was possible that farmers might feed laying
hens with additional antibiotics to prevent the spread of
bird flu (Wang et al., 2017a). Residues of forbidden anti-
biotic in eggs need more attention.

Many studies showed that antibiotics have been fre-
quently detected in various environment, including
water, sediment, air, and soil (Philip et al., 2018;
Qiao et al., 2018; Yang et al., 2018). Consequently, anti-
biotics are increasingly being viewed as an emerging
environmental contaminant (Martinez, 2009; Mili�c
et al., 2013). Pheasants are an important bird species for
hunting purposes. Their eggs are considered to be quite
dietetic (Guga»a et al., 2019). In this study, DAN, DIF,
and SMM were found in pheasant eggs. Therefore, direct
contact of pheasant with the contaminated environment
might be a probable reason for the presence of antibiot-
ics in pheasant eggs. This will lead to the production of
drug-resistant bacteria and cause major public health
hazard. Moreover, some studies showed that the meat
samples of pheasant were the reservoirs of resistant-
Campylobacter species (Sabzmeydani et al., 2020). Simi-
larly, drug resistant bacteria in pheasant eggs should be
concerned. Unfortunately, there is no relevant research
at present.

In developing countries, there is an increased demand
for poultry products as a result of population increase,
urbanization and improved economic status. Respond-
ing to this increased demand, farmers tend to shift to
intensified poultry production systems and antibiotics
are often used to manage diseases in these operations
(Hao et al., 2014). At a household level, free-range hens
are likely eating forage for their food rather than being
fed with commercially-prepared feeds, so they are not
likely to be exposed to antibiotics (Rugumisa et al.,
2016). Chinese residents prefer to free-range eggs. They
believe that free-range eggs are healthier and safer than
caged eggs. However, few studies have compared the dif-
ference of antibiotic residues between caged eggs and
free-range eggs. Our study found that 6 antibiotic resi-
dues were detected in free-range eggs, while only 4 anti-
biotics were detected in caged eggs. The concentrations
of antibiotic residues in free-range eggs were not low.
The concentration range of OFC, DAN, DIF, SDM,
SMM and SMP in free-range hen eggs was 0.01 to 0.35
mg/g, 0.14 to 0.48 mg/g, 0.05 to 0.07 mg/g, 0.07 mg/g,
0.36 to 1.00 mg/g, and 0.05 to 0.37 mg/g, respectively.
Especially, the highest residual concentration of SMM
and SMP in free-range eggs was higher than those in
caged eggs. This suggests that free-range eggs are not
safer than caged eggs. Further research is needed to
identify causes behind this phenomena and greater
attention need to be paid to closely monitor antibiotic
residues in poultry egg so as to reduce the associated
health risks.
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