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Introduction: The gut microbiota may be altered following changes in diet or
exposure to drugs. Humans can be exposed to antibiotic residue in food. People
may be exposed to these compounds for years. But in determining the maximum
residue level (MRL), the effects of antibiotic residue on the intestinal microbiota
are not investigated. Some evidence suggests that antibiotics in small amounts
also lead to changes in the intestinal microbiota. Therefore, a systematic study
was conducted with the aim of investigating the effect of antibiotic residues in
food on the intestinal microbiota.

Method: The main criterion of this research was to investigate the effects of
antibiotics at low doses. For this purpose, a search was made in the databases
with keywords antibiotic, veterinary antibiotic, food, residue, microbiome, and
microbiota. The investigated doses of each of the antibiotics in the studies were
compared with their MRL in food.

Results: The most significant change in the structure and function of the
microbiota was made by tetracycline, sulfamethoxazole, cefquinome, florfenicol
and tylosin. The lowest observed effect was related to the antibiotics fosfomycin
and amoxicillin.

Discussion: Exposure to antibiotic residues through food is usually a long-term
exposure. In vivo studies, changes in the intestinal microbiota were observed.
Therefore, it is necessary to inform the breeders and competent authorities in
order to comply with the principles of treatment. The gut microbiota may be
altered following changes in diet or exposure to drugs.
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Introduction

The human intestinal microbiota includes all kinds of microorganisms, including
fungi, protozoa, bacteria, and viruses (Pificiro and Cerniglia, 2021). The intestinal
microbiota has several physiological roles, including in host immunity and metabolic
processes and in the integrity of the intestines and gut epithelium (Ahn et al, 2021;
Ma X. et al,, 20215 Sadighara et al., 2022). Colonic bacteria are gram-negative anaerobic
bacteria that perform several metabolic activities, including carbohydrate fermentation,
production of vitamins B and K, and polysaccharide hydrolysis (Riley et al, 2013;
Jung et al, 2018). The dysbiosis of the intestinal microbiota causes metabolic disease
(Chen et al, 2022). Antibiotics are one of the most effective drugs in the treatment
of diseases, but their excessive use will lead to changes in the intestinal microbiota
and antibiotic resistance (Li et al, 2019; Rahman et al, 2021). In children, it leads to
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complications, such as obesity and an increased risk of allergies,
caused by changes in the microbiota of the intestines (Li et al,
2019). Exposure to antibiotic residues in childhood interferes with
the maturation and colonization of intestinal microbiota (Chen
et al., 2022). Furthermore, disruption of microbiota homeostasis
leads to neurological disorders, such as anorexia, depression,
Alzheimer’s, autism, inflammatory bowel diseases, and Parkinson’s
disease (Van den Abbeele et al, 2013; Pifieiro and Cerniglia,
2021). According to the reports of the American Food and Drug
Administration, 80% of antimicrobials are used to treat livestock
that produce food products of animal origin (Rahman et al,
2021). In addition to treating diseases, they are used as a growth
stimulant in livestock (Qian et al., 2021; Chen et al, 2022). In
the USA, since 1951, the use of antibiotics as a growth promoter
for livestock has been allowed (Castanon, 2007). Foods of animal
origin may contain antibiotic residues. In a study, four veterinary
antibiotics, enrofloxacin, chlortetracycline, sulfachlorpyridazine,
and sulfadimethoxine, were isolated in the intestines of healthy
people, which indicates that they were ingested through food
products of animal origin (Duan et al., 2020). Food of animal origin
include edible tissue, muscle, liver, kidneys, and animal products,
including eggs and milk (Subirats et al.,, 2019). In a study conducted
in India, ~11.3% of raw milk samples contained antibiotic
residues. In this study, enrofloxacin and oxytetracycline were the
most detected antibiotics in milk samples (Moudgil et al., 2019).
In another study, 45% of chicken samples contained antibiotic
residues. Amoxicillin, enrofloxacin, and sulfamethoxazole were
reported more than other antibiotics (Lee et al., 2018). The residue
of veterinary antibiotics was also observed in food products of
marine origin, as in the case of the residues of the antibiotic
trimethoprim that were isolated in shrimp samples (Willis et al.,
1999).

Furthermore, some antibiotics prescribed in poultry and
livestock are usually not absorbed from the intestines and
are mostly excreted without being converted into metabolites
(Rafig et al, 2022). Some sulfonamide antibiotics, including
sulfadimidine, sulfamethazine, and sulfadiazine, are completely
metabolized and removed from the animal’s body. However,
some other sulfonamide antibiotics are less likely to undergo
degradation in the gut and are excreted unchanged through
the feces and urine of humans and animals (Li et al, 2021),
entering the environment via this route. Pharmaceuticals are
similar to organic compounds found in the environment and
are currently classified as contaminants (Abed and Faisal, 2022).
Therefore, these components may enter the human food chain
from the environment (Rafiq et al., 2022). Some antibiotics in the
environment are absorbed by plants, and even some antibiotics
accumulate in the plant body (Riley et al., 2013). Therefore, it is
also possible to be exposed to antibiotics through food products of
plant origin.

There is evidence that the residues of some antibiotics in
food, such as enrofloxacin, remain active in the human colon
(Ahn et al, 2012). These components disturb the microbial
balance of the intestines and cause the colonization of pathogenic
bacteria (Subirats et al., 2019). This systematic study aimed to
investigate the effects caused by residual doses of antibiotics in
food on the structure and physiological function of the intestinal
microbiota.
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Methods

This systematic review was done based on the Prisma checklist.
First, a proposal with specific aims and inclusion and exclusion
criteria was determined by the research team. To avoid bias,
all procedures were performed by two authors. Disagreements
regarding inclusion and exclusion criteria were resolved by the
corresponding author.

Search strategy

The search formulation was defined as follows: (antibiotic
OR “veterinary antibiotic’) AND (food) AND (residue) AND
(microbiome OR microbiota). The search was done on 7 January
2023 in the PubMed, Web of Science, and Scopus databases. To
prevent bias, the search was conducted by two authors (P.S and
Y.M). The results of both searches were the same.

Inclusion and exclusion criteria

The study design was defined based on PICO (populations,
The
population in this systematic review was the intestinal microbiota.

interventions, comparators, and outcomes). selected
The intervention included interventions that were investigated
by veterinary drugs in the doses found in food. Studies that
investigated the effects of therapeutic doses were excluded from
this research. The outcome also included the changes made to
the structure and physiology of the microbiota. Furthermore,
similar to systematic studies, review articles and chapters of books

were excluded.

Extraction of data

The necessary data according to the research objectives were
extracted from the articles after the final selection by two authors
(P.S and SH. R). These data included the name of the first author,
year of publication, country, type of antibiotic, selected doses, the
unit of doses, type of trial and study, and the most important
achievements of the manuscript.

Results

The process of search

A total of 302 articles were obtained after removing the
duplicate manuscripts, and 209 articles were selected for the initial
screen. Review and congress articles and articles that were about
antibiotic alternatives, risk assessment, and diagnostic methods
were excluded from the initial screen. In the next step, 64 original
scientific articles were selected to fully evaluate the text. The full text
of five articles was not available, so the remaining 59 articles were
carefully evaluated. Five points were considered for the qualitative
evaluation of the articles. The articles that received three points
or more were selected as final and their data was extracted. This
step was carried out by two of the authors of this study (A.S
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The diagram of the study.
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and Y.M). In case of disagreement, the corresponding author’s
opinion was obtained. Finally, 16 manuscripts were selected
(Figure 1).

The data extracted from selected
manuscripts

This systematic review contained 16 articles. The necessary
data were extracted from articles in accordance with the purpose
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of this study. The data are summarized in Table 1. The studies
were both in vitro and in vivo models, with half of the studies
being in vitro and the other half being in vivo. Most studies
were carried out in recent years, which indicates that this issue
is new and recently important to researchers. As seen in Table 1,
the antibiotics were inserted based on their category. A total of
40% of studies were related to the tetracycline antibiotic. After
tetracycline, most research was conducted on cephalosporin. In
the case of the country where the research was conducted, the
highest share was of the US (25%), followed by China and the
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TABLE 1 Data extracted from selected manuscripts according to the inclusion criteria.

10.3389/fsufs.2023.1163885

Type and amount of Type of study Statement Country References
antibiotic
Tetracycline In vitro study: A decrease in the number of aerobic bacteria | Republic of Korea | Ahnetal (2021)
0,0.015,0.15, 1.5, 15, 150 jug/mL bioreactor culture of the fecal was seen in the culture media.
suspension
Tetracycline (0, 1.5, 15, 150 mg/ml), In vitro study: The number of bacteria did not change. USA Carman et al. (2005)
Neomycin (0, 1.78, 17.8, and chemostat medium of the
178mg/mL), human colonic flora
Erythromycin (0, 1.5, 15, 150 mg/ml)
Doxycycline 1 and 4 mg/L In vitro study: Propionate and butyrate decreased Belgium De Mulder et al. (2019)
bioreactor culture significantly. Taxonomic group changes
were not observed.
Tetracycline In vitro study: The barrier integrity of the cells was USA Gokulan et al. (2017)
0,0.015,0.15, 1.5, 15, 150 jug/mL cell culture disrupted and the permeability of the cells
increased.
Tetracycline In vitro study: Diversity was seen in the bacterial Republic of Korea | Jungetal. (2018)
0,0.015,0.15, 1.5, 15, 150 jrg/mL fecal suspension population of intestinal microbiota.
Oxytetracycline, doxycycline, florfenicol | In vivo study: Decreased secretion of mucus in the China Qian et al. (2021)
in amounts of 0, 10, 30, and 100 g/L male zebrafish intestines. At a high dose of Florfenicol, the
population of Bacteroidetes increased and
the population of Fusobacteriota decreased
in all three antibiotics.
Chlortetracycline 75 mg/kg In vivo study: The diversity of the gut microbiota China Ma X. etal. (2021)
Feeding pigs with food decreased.
containing antibiotic residues
Oxytetracycline (2 g/kg) Exposure of prawns to Intestinal goblet cells and the activity of China Sun et al. (2020)
Sulfamethoxazole (2.5 g/kg) antibiotic residues through digestive enzymes decreased.
their food
Tylosin 0.37, 0.047 mg/kg In vivo study: It caused changes in the intestinal Taiwan Chen et al. (2022)
exposure of mice to tylosin microbiota population through the
during pregnancy downstream FGF15 signaling pathways in
their male infant.
Fosfomycin 0.85 jLg/ml In vivo study: It did not cause significant changes in the Argentina Ferndndez Paggi et al.
feeding piglet with milk physiology and morphology of intestinal (2018)
containing antibiotic residues microbiota.
Florfenicol 20 pg/kg In vivo study: Mucosal epithelial cell infiltration was seen USA Ma Z. et al. (2021)
feeding rats with antibiotic in the intestinal area.
residues
Amoxicillin 1% (w/v) In vitro study: There were no significant changes in Italy Nissen et al. (2022)
bioreactor culture of the intestinal microbiota.
piglets’ colonic flora
Cefquinome In vivo study: Increase in the number of Ecoli bacteria in France Dupouy et al. (2021)
2.000, 20.000 g/L feeding calves with milk the intestine.
containing antibiotic residues
Cefalexin feeding calves with milk In vivo study: Major changes were observed in the Ttaly Penati et al. (2021)
containing 727 ng/ml exposure of calves through intestinal microbiota. Pathogenic bacteria
milk containing antibiotics increased.
Ciprofloxacin In vitro study: chemostat The number of Bacteroides fragilis group USA Carman and
0,0.43,4.3, and 43 pug/mL medium of the human colonic | decreased significantly. Butyrate increased. Woodburn (2001)
flora
Enrofloxacin In vitro study: A decrease in bacteroidetes proteobacteria Republic of Korea | Kim etal. (2012)
0,0.1,0.5, 1, 5,10, 15, 25,50, 150 mg/ml | fecal suspension genera and an increase in Firmicutes genera
were observed.

Republic of Korea with equal shares (18.75%). The number of
chosen doses was higher in the in vitro studies. In most in vivo
studies, one or two doses were selected. Most of the in vivo studies
were carried out on farm animals (62.5%), whereas 30% of the
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in Table 1.

04

in vivo studies were related to laboratory animals. According to the
extracted data, the selected laboratory animals included mice, rats,
and zebrafish. The important findings of the studies are mentioned
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Discussion

In this study, we considered residues that are usually reported in
food. The effects of therapeutic doses of antibiotics on the intestinal
microbiota were not considered. The Joint Expert Committee on
Food Additives (JECFA) has developed a maximum residue level
(MRL) for each antibiotic in food of animal origin (Ahn et al,
2021). In tests to determine the MRL of these compounds in food,
the effect of these compounds on the microbiota of the intestines
has not been investigated (Wagner et al., 2008).

The human intestines have 1,000 species of bacteria (Jung et al.,
2018). Factors affecting the intestinal microbiota are genetics, diet,
age, and antimicrobial drugs (Ricker et al., 2020; Ma X. et al,
2021). Diets are the most important factors affecting the growth and
maturation of intestinal microbiota (Chen et al., 2022). Antibiotic
residues also play an important role in disrupting and changing the
diversity and abundance of intestinal surface microbes (Ma X. et al.,
2021).

In this systematic review, most research was done on
tetracycline, a broad-spectrum antibiotic against gram-positive
and gram-negative bacteria, which is used both in human and
veterinary medicine (Gokulan et al., 2017). Oral absorption of
tetracycline is poor, so higher amounts of it will remain in the
digestive tract (Gokulan et al., 2017). In particular, a relatively high
concentration of this antibiotic is found in the cecum and colon
of pigs following the intake of food containing its residue (Peeters
et al., 2016). This antibiotic interferes with calcium absorption
(Gokulan et al., 2017). In Gokulan’s study, which was conducted
in intestinal cell culture, the permeability of cells exposed to
tetracycline decreased. The study was conducted in five doses
0.015, 0.15, 1.5, 15, and 150 pg/mL, and changes were seen in
doses 15 and 150 wg/mL (Gokulan et al., 2017). The integrity
of the intestinal cells is made by a series of proteins that are
expressed by some genes. Claudin is one of the components
of tight junctions that seal the space between epithelial and
endothelium cells (Watanabe et al, 2021). The claudin-15 gene
is responsible for the tight junction of intestinal cells and the
expression of this gene decreases in cells exposed to tetracycline
(Gokulan et al., 2017). Furthermore, gap junctions are the channels
between cells that allow the passage of substances between cells;
in cells exposed to tetracycline, the expression of the gap junction
gene decreases (Gokulan et al, 2017). In Jung et al. (2018)s
study, suspensions were prepared from human feces and exposed
to concentrations of tetracycline for 40 days. The human fecal
suspensions were exposed to five doses: 0.015, 0.15, 1.5, 15,
and 150 pg/mL. Changes in the microbial population living in
the intestines were seen: the clostridium family XI population
increased after 40 days and these changes were observed even
in low doses (Jung et al, 2018). A fecal culture medium was
also used in Ahn’s study. Stool samples were collected from a
healthy man who had not received antibiotics in the past 6 months.
The samples were transferred to an anaerobic chamber hood and
the culture medium was exposed to five doses (0.015, 0.15, 1.5,
15, and 150 pug/mL) of tetracycline (Ahn et al, 2021). At the
highest dose of tetracycline (150 pg/mL), the number of anaerobic
bacteria increased. With sequence analysis, it was observed that
the number of Enterobacteriaceae bacteria also increased (Ahn
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et al., 2021). In vitro laboratory models provide the possibility
to evaluate the effect of residual antibiotics on the production of
fatty acids and enzymes by bacteria (Wagner et al., 2008). The
most important fatty acids produced in this study include n-butyric
acid, acetic acid, and propionic acid (Ayesh et al., 1999). With
increasing the dose of tetracycline, two fatty acids, acetate and
propionate, also increased (Ahn et al., 2021). A long-term study
was also conducted with chlortetracycline in an animal model.
Pigs were exposed to this antibiotic through feeding for 90 days,
and changes in their intestinal microbiota and its function were
observed, with lipid biosynthesis, vitamin B6 metabolism, and
oxidative phosphorylation decreasing (IMa X. et al., 2021). However,
it is worth mentioning that, in these abovementioned studies,
the selected doses for the three antibiotics, chlortetracycline,
oxytetracycline, and tetracycline, were more than the standard limit
of Codex. Codex standard has set 100 pg/L for milk and 200 pg/kg
for beef, fish, and chicken.

In another study, shrimps were exposed to two antibiotics,
oxytetracycline and sulfamethoxazole, and were divided into three
groups: a control group, a group with antibiotic oxytetracycline at
a dose of 2 g/kg, and a group with antibiotic sulfamethoxazole at
a dose of 2.5 g/kg. The shrimps were exposed to different doses of
antibiotics through their food (Sun et al., 2020). The advantage of
this study was that antioxidant parameters in the gastrointestinal
tract were also evaluated. A decrease in antioxidant activity will lead
to oxidative damage (Sadighara et al., 2016). Antioxidant activity
was evaluated in superoxide dismutase and catalase enzymes,
glutathione, and malondialdehyde. It was observed that glutathione
and enzyme activity decreased and malondialdehyde increased
(Sun et al., 2020). This evidence indicates that antibiotic residues
can lead to oxidative stress. Of course, this study was conducted in
shrimps and the MRL for these two antibiotics in shrimps has not
been determined.

There were two studies on doxycycline. One was done in vivo
on zebrafish and the other was done in vitro in a bioreactor culture
(De Mulder etal., 2019; Qian et al., 2021). Taxonomic changes were
seen in the fish model, but not in the bioreactor culture model.
In the bioreactor culture model, two concentrations of 1 and 4
mg/L of doxycycline were selected. Changes were not seen at these
concentrations. Probably, the difference in these results is due to the
type of designed model. As a rule, the in vivo models are more valid.
Furthermore, in the zebrafish model, the duration of exposure was
long, lasting for 21 days (Qian et al., 2021). The observed symptoms
will be more with the increase in the duration of exposure. Residual
exposures to antibiotics through food are usually long-term and
considered chronic exposures. The doses designed in the study of
the bioreactor culture model were higher than the MRL, but in
the fish model, the highest dose was equivalent to the MRL, which
should be considered.

Florfenicol is a broad-spectrum antibiotic in veterinary
medicine (Yang et al., 2020) and the effects of its residues in food
were investigated in two animal model studies (Ma Z. et al., 2021;
Qian et al., 2021). Rat pups were exposed to doses of florfenicol
for 15 days with a dose of 20 pg/kg by oral gavage. In the rat
animal model, necrosis and degeneration of intestinal epithelial
cells and increased mucus secretions were observed. Changes in the
diversity of bacteria were also seen in the zebrafish model (Table 1).
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In this study, three doses of 10, 30, and 100 pg/L were examined
in zebrafish. Dysbiosis was observed in the intestinal microbiota
at the dose of 100 pg/L. Codex has not established an MRL for
florfenicol. The American Food and Drug Administration has set
a range of 0.3-3.7 ppm for different tissues of cattle (Anderson
et al., 2016). The small changes observed in the dose of 100
ng/L were lower than the approved MRL, which should be taken
into consideration.

Tylosin is an antibiotic used as a growth promoter in livestock.
It both reduces infection and increases weight, so it has an
economic advantage (Chen et al., 2022). Tylosin residue in milk is
a global health problem (Gomes Marques de Freitas et al., 2021).
An amount of 71.80 pg/kg of this antibiotic has been detected in
sheep meat (Sallam et al., 2022). In one study, pregnant rats were
exposed to tylosin at doses of 0.37 and 0.047 mg/kg. This exposure
continued for their male infants as well. Changes in the intestinal
microbiota population were made through the downstream FGF15
(fibroblast growth factor 15) signaling pathway in these mice
(Chen et al., 2022). Suppression of this pathway causes metabolic
abnormalities and obesity (Chen et al., 2022). Furthermore, this
factor plays a role in liver regeneration (Kong et al., 2018). The
selected doses in this study were theoretical maximal daily intake
(TMDI) and the Maximum Residue Limits (MRL) for Tylosin are
set at 100 pg/kg for muscle and 100 pg/L for milk according to
the Codex standard in different animal species. Therefore, this
issue is important in tylosin, which leads to changes even in
low doses.

Fosfomycin is a broad-spectrum antibiotic and, in the study,
the effects of fosfomycin were investigated on the anatomical
and physiological structure of the intestines in piglets exposed
through their milk. High Performance Liquid Chromatography-
Mass Spectrometry (HPLC-MS/MS) was used to evaluate how
much antibiotics were in the calves and 0.85 pg/ml was measured.
No significant difference was observed between the exposed and
control groups (Ferndndez Paggi et al., 2018). The investigated
factors were the number of bacteria, the amount of pH, the
amount of absorption from the intestines, the production of
volatile fatty acids, and the activity of the disaccharidase enzyme
(Ferndndez Paggi et al, 2018). A decrease in the number of
goblet cells was seen only in some areas (Fernandez Paggi et al,
2018). The MRL for fosfomycin has not been defined by Codex
and the European Union, only the Food Chemical Research
Foundation of Japan has determined 0.5 ppm for animal tissues
(Pérez et al., 2014).

A study on the effects of enrofloxacin, an antibiotic that has
been widely used in veterinary medicine since 2005, was done in
vitro. Ten concentrations of 0, 0.1, 0.5, 1, 5, 10, 15, 25, 50, and 150
mg/ml were selected. Bacteroidetes and Proteobacteria decreased
significantly with increasing concentration of enrofloxacin
exposure. However, the proportions of Firmicutes increased
(Kim et al, 2012). In inflammatory bowel diseases and obesity,
the ratio of Firmicutes/Bacteroidetes increases (Strati et al,
2017). Therefore, these changes caused by antibiotic residues are
likely to be related to such conditions. Furthermore, observing
changes in a dose-dependent manner is a confirmation of
changes due to antibiotic residues. The most changes were
observed in the dose of 150 mg/ml. This dose is more than the
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determined MRL. According to the European Union standards,
the residual amount of the antibiotic enrofloxacin in meat is
100 pg/kg.

In another study, a fecal culture medium was placed with
three antibiotics: tetracycline, neomycin, and erythromycin. For
each antibiotic, three consecutive doses that were lower than the
therapeutic dose and with residues that are normally detected
in food were selected. The number of bacteria did not change.
Neomycin led to an increase in propionate at the highest dose
(Table 1) (Carman et al., 2005). The selected doses for neomycin in
this study were 0, 1.78, 17.8, and 178 mg/mL. The MRL for milk and
beef is 1,500 and 500 jg/kg, respectively. The doses in this study
were lower than the MRL of the Codex standard. Some changes
have been observed in this and other in vitro studies.

In Nissen’s study, the effect of milk with residual antibiotic
amoxicillin (1%) on the microbiota of piglets was investigated
with a bioreactor model. Receiving milk containing amoxicillin
residues did not lead to significant changes in the piglets intestinal
microbiota (Nissen et al., 2022).

Cephalosporins are an important class of antibiotics that are
widely used in veterinary and human medicine. The use of eight
of these antibiotics has been approved in the treatment of animals
producing human food (Baeza et al, 2016). In the extracted
data, there were two antibiotics of this category, cefalexin and
cefquinome. In Penati’s study, conducted in Italy, calves were fed
with milk containing the antibiotic cefalexin. These calves were
fed with the milk of cows that had received an intramammary
injection of 210 mg of cephalexin monohydrate. Major changes in
the intestinal microbiota were observed; beneficial bacteria such
as Faecalibacterium decreased and pathogenic bacteria such as
Campylobacter, Pseudomonas, and Chlamydophila spp. increased
(Penati et al., 2021). Codex has not set an MRL for this antibiotic.
The European Union has set 100 and 200 pg/kg for milk and
muscle, respectively (Rageh et al., 2019). In the study, calves were
fed with milk containing 727 ng/ml of antibiotics, an amount
that is higher than the MRL determined for this antibiotic. In
the experimental study by Dupouy et al. (2021), calves were
fed with milk containing residual antibiotic cefquinome with
concentrations of 2,000, 20,000 pg/L. This treatment continued
for 3 days. According to the rules of the European Union,
the MRL for cefquinome in milk is 20 ng/g (Bachmann et al,
2018). The doses investigated in this study were higher than
this limit. By examining the bacterial feces of calves, it was
observed that the number of Escherichia bacteria increased.
The observed changes were not dose-dependent (Dupouy et al,
2021). A fecal medium was used in a study to evaluate the
residual effect of the ciprofloxacin antibiotic on the intestinal
microbiota. For this purpose, the feces of healthy people were
transferred to an anaerobic chamber. Ciprofloxacin was added at
three concentrations (0.43, 4.3, and 43 wg/mL). Bacteroides fragilis
bacteria decreased and, among short-chain fatty acids, butyrate
increased at 4.3 and 43 pg/mL. In this study, it was observed that
lower doses of acceptable daily intake (ADI) led to changes in
the intestinal microbiota (Carman and Woodburn, 2001). It has
been observed that the administration of ciprofloxacin reduces
Bacteroides fragilis group bacteria in other studies (Wagner et al,
2008).
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The
conditions. Bacteria face many stressors in the intestines,
2023). As a rule, this
makes the bacteria living in the gut more likely to survive.

survival of bacteria depends on the intestines

including antibiotics (Sharma et al,

The altered gut environment will lead to adaptive mechanisms.
Adaptive mechanisms lead to the survival of bacteria and
2023).
Therefore, for future research, it is necessary to consider the

the development of new infections (Alreshidi et al,

residual effects of antibiotics on the adaptation mechanism of
pathogenic bacteria.

Conclusion

The residual amount of antibiotics in food of animal origin
is low but, usually, exposure to these compounds through food is
considered long-term exposure. The studies reviewed were done
both in vivo and in vitro. In vitro studies showed no significant
changes in the intestinal microbiota. Whereas, several side effects,
including changes in the diversity of resident bacteria, disruption
of intestinal cell integrity, decreased mucus secretion, decreased
activity of goblet cells, decreased activity of digestive enzymes, and
decreased antioxidant activity of the intestines, were observed in
various types of in vivo studies. The major problem observed in this
systematic review was the selected doses of the studies. In choosing
doses, the determined MRL of antibiotics in food was not taken
into account. Some studies selected doses higher than the MRL,
which should be considered for future research. Furthermore, the
majority of the studies were about antibiotic resistance, and in this
regard, it is suggested that a systematic review is conducted for
future studies.
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