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ABSTRACT Antibiotics are used by the poultry indus-
try to enhance the health and productivity of flocks. The
use of antimicrobials is strictly regulated by the Food and
Drug Administration (FDA) and the USDA to warrant
their safety and efficacy. Prior to regulatory approval, the
pharmacokinetics and tissue tolerances of an antimicro-
bial are determined to set the proper dosage. To ensure
proper use, both the FDA and USDA have research, sur-
veillance, and compliance programs to develop detection
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INTRODUCTION

Antibiotics are used by the poultry industry and poul-
try veterinarians to enhance growth and feed efficiency
and reduce disease. Antibiotic usage has facilitated the
efficient production of poultry, allowing the consumer to
purchase, at a reasonable cost, high quality meat and
eggs. Antibiotic usage has also enhanced the health and
well-being of poultry by reducing the incidence of dis-
ease. Although these uses benefit all involved, unfortu-
nately, consumer perceptions are that edible poultry tis-
sues are contaminated with harmful concentrations of
drug residues. In a recent consumer survey, Resurreccion
and Galvez (1999) reported that 77% of consumers re-
sponding considered animal drug residues in meats to
be an extreme health concern (Figure 1). Only 23% re-
sponding thought that drug residues were not a problem.
These perceptions are supported by popular media in-
cluding the recent article by Gaskill (2002) recommending
“organic produce and chicken, because of the hormones
and antibiotics conventional producers use.” These com-
ments were published in the in-flight magazine (Ameri-
canWay) for American Airlines. Although antibiotics are
approved for use in poultry, there is extensive regulatory
oversight to ensure the safety of our foods (see following
section). Furthermore, hormones are not approved for
use in poultry, are illegal to use, and are closely monitored
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methods and monitor poultry tissues for antimicrobials.
Unfortunately, there is the perception among many con-
sumers that our food supply contains high concentrations
of drug or hormone residues causing significant health
concerns or problems. In fact, foods produced in this
country (including poultry) are very safe and meet the
highest standards to exclude chemical contaminants. An
overview will be presented on the federal oversight and
monitoring of antimicrobial residues in poultry tissues.

by the federal government to ensure they are not used
in poultry.

DRUG APPROVAL PROCESS

The use of antibiotics is strictly regulated by the Food
and Drug Administration (FDA) and the USDA. The FDA
is the regulatory agency responsible for approval of anti-
biotic usage in poultry. Once approved, both the FDA
and its sister agency, the USDA, have active surveillance
and compliance programs to ensure the proper use of
antibiotics and the safety of the food supply. The author-
ity to approve drugs (including antibiotics) is granted to
the FDA by the Federal Food Drug and Cosmetic Act
(1958). As part of this law, the FDA is mandated to ensure
the safety and efficacy of drugs prior to approval. The
burden of proof to demonstrate safety and efficacy is on
the sponsor (usually a pharmaceutical company) and not
the FDA. The sponsor is required, with FDA input, to
perform scientific research to meet the regulatory stan-
dards for drug approval. The FDA’s role is to provide
input and proper guidance and evaluate the safety and
efficacy data to determine the suitability for drug ap-
proval. From a safety standpoint, extensive toxicology
and pharmacology studies are required to demonstrate
consumers will not be exposed to harmful concentrations
of antibiotic residues in edible poultry tissues.

PREAPPROVAL REQUIREMENTS

Prior to approval, the FDA requires several different
types of toxicology and pharmacology studies to access
the safety of antibiotics in edible tissues (see www.fda.-
gov/cvm/guidance/published.htm for specific require-
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FIGURE 1. Consumer survey: concern about potential food contami-
nation in meat. Reprinted with permission from Food Technology (Re-
surreccion and Galvez, 1999). [AUTH QUERY: Please provide copy-
right permissions to the PSA editorial office]

ments). The types of toxicology tests required will depend
upon the knowledge and history of use for specific antibi-
otics. For example, requests to use an antibiotic in broilers,
which has a history of safe use in other food-producing
animals, will probably require less extensive toxicology
testing. For a newer, untested antibiotic, however, exten-
sive safety testing will have to be performed. Thus, the
drug approval process can vary for different antibiotics.
There are general guidelines, however, followed for all
drug approvals.

For toxicology testing, the sponsor has to perform acute
and chronic dosing studies. The acute studies evaluate
animals for problems such as allergic reactions, whereas
long-term chronic studies identify if problems such as
cancer are associated with a particular drug. These studies
will determine a dose that does not create any health
problems. This is called no observable effect level (NOEL)
and is the antibiotic dose at which no adverse effect on
an animal’s health can be observed. Once established, this
information is used to calculate a tolerance concentration
for the antibiotic in edible tissue. This is accomplished
by taking the antibiotic dose at the NOEL, reducing this
dose by 100- or 1,000-fold (safety factor), and multiplying
by the average daily intake of the edible tissue (e.g., poul-
try muscle) for a 60-kg adult. A safety factor of 100 is
usually used for antibiotics already in use (e.g., other
animals, humans) with a known safety record. Otherwise,
a safety factor of 1,000 is used.

Tolerance = NOEL (dose, no observable effect)
× safety factor (100 or 1,000 times less

than the NOEL dose)
× ADI (average daily intake) × 60-kg adult

Once an antibiotic is approved for use, the tolerance is
published in the U.S. Code of Federal Regulations. Thus,
a person eating a chicken breast from an antibiotic-treated
chicken would, at most, consume a dose of antibiotic of
100- or 1,000-fold less than the dose demonstrating no
health effects. In other words, based on sound scientific
research, the chicken or eggs we consume are extremely
safe with respect to residues.

FIGURE 2. Theoretical depletion of antibiotic residues in edible poul-
try tissue.

Once the tolerance is established for an antibiotic, the
FDA requires the sponsor to perform pharmacokinetic
studies to ensure the tolerance is not exceeded for the
proposed dosing, according to label directions. Usually,
a C14radiolabeled-antibiotic depletion study is conducted
by the sponsor (www.fda.gov/cvm/guidance/pub-
lished.htm). Following dosing, edible poultry tissues are
evaluated at different time points to determine when total
residue concentrations decrease below the tolerance. A
theoretical example of a depletion study is depicted in
Figure 2. In this theoretical example, a tolerance of 0.3
ppm has been established in poultry muscle (as described
previously). Following oral dosing of chickens, total
C14radiolabeled antibiotic residues exceed the tolerance
during the dosing and the first day of drug withdrawal.
By the second day of drug withdrawal, however, the
residues in edible tissues are lower than the tolerance.
Therefore, the FDA would only approve use of this antibi-
otic with at least a 2-d withdrawal period. Thus, when
the antibiotic is used according to label directions, poultry
tissues should not contain harmful residues.

POSTAPPROVAL DRUG MONITORING

Although the FDA requires extensive scientific studies
to ensure the safe use of antibiotics by the animal industry,
there is the possibility that inappropriate use of antibiotics
could cause harmful residues. Inappropriate use could
be due to unintentional misuse (not following label direc-
tions) or intentional, illegal usage. To guard against these
possibilities, both the FDA and USDA have active postap-
proval monitoring programs for our food supply. This
extensive effort requires collection and analysis of sam-
ples by field scientists throughout the country. Tissue
samples are analyzed for numerous analytes (including
antibiotics) to determine if they exceed established toler-
ances. If a violation is determined, corrective action is
taken to prevent recurrence. Usually, violations are due
to simple misuse (not following label directions), and
education corrects these problems. However, enforce-
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TABLE 1. U.S. Food Safety Inspection Service (FSIS) national
antibiotic residue monitoring results (1997 to 2000)1

Violations Violations Violations Violations
1997 1998 1999 2000

Production class (%) (%) (%) (%)

Young chickens 0.0 0.0 0.0 0.2
Mature chickens 0.0 0.0 0.0 0.4
Young turkeys 0.0 0.0 0.2 0.0
Mature turkeys 0.0 0.0 0.0 0.0
Ducks 0.0 0.0 0.0 0.0

1Website: www.fsis.usda.gov/ophs/red2000/index.htm.

ment can include legal remedies including criminal prose-
cution and incarceration. Thus, violations are taken very
seriously by the regulatory authorities.

DEVELOPMENT OF METHODS FOR
RESIDUE MONITORING

During the preapproval process, the FDA requires the
sponsor to develop an official analytical method to test
for residue concentrations in edible tissues. These meth-
ods can be used by the FDA or USDA to test for violative
residue levels of antibiotic in poultry tissues. The FDA
cannot, however, require sponsors to develop testing
methods for antibiotics (or other drugs) in tissues that
are not part of the drug claim. For example, the FDA
cannot require a method for enrofloxacin in eggs when
the sponsor only requests approval for use in meat-type
broilers. Thus, the burden to develop methods to detect
antibiotic residues in edible tissues for off-label uses falls
on the federal government.

Extensive federal resources are dedicated to develop-
ment of monitoring methods and research pertaining to
the pharmacokinetics of antibiotics in edible animal tis-
sues (including poultry). Results of these efforts allow
the federal government to monitor antibiotic residues in
tissues for label and off-label usage. There are numerous
research scientists at the FDA and USDA involved in
these efforts, some of which include the laboratories of
the FDA, Center for Veterinary Medicine (Laurel, MD),
Office of Regulatory Affairs (e.g., Atlanta, GA; Denver,
CO) and USDA/ARS, Microbial Biophysics and Residue
Chemistry (Wyndmoor, PA), and Animal Metabolism
Agricultural Chemical Research Unit (Fargo, ND).

In addition, veterinary or pharmacokinetic programs
at numerous universities or private research facilities also
provide research in support of the federal monitoring
effort. An example of the extensive effort on the part
of the federal government and universities include the
author’s collaborative research with federal scientists.
These collaborations have produced pharmacokinetic
models for antibiotic and pesticide transfer into poultry
(Donoghue et al., 1996a,b, 1997a,b; Donoghue and Hairs-
ton, 2000; Donoghue and Myers, 2000; Donoghue, 2001)
and analytical methods for detection of antibiotic (e.g.,
tetracyclines, sulfonamides, floroquinolones, chloram-
phenicol) and pesticide (e.g., organochlorine, organo-
phosphorus) residues in poultry (Pensabene et al., 1998;

Cohen et al., 1999; Donoghue and Hairston, 1999; Fiddler
et al., 1999; Maxwell et al., 1999; Pensabene et al., 1999;
Shaikh et al., 1999; Chu et al., 2000; Pensabene et al., 2000;
Schenck and Donoghue, 2000; Schneider and Donoghue,
2000, 2001; Lehotay et al., 2001; Heller et al., 2002).

U.S. RESIDUE MONITORING RESULTS
FOR POULTRY

Data from the federal monitoring program contradict
the perception held by many consumers that harmful
antibiotic residues are abundant in meats (including poul-
try, Figure 1). The most recent 4 yr of monitoring results
from the USDA (1997 to 2000) indicate that few if any
violative (exceeding tolerances) levels of antibiotics were
detected in poultry tissues (Table 1; www.fsis.usda.gov/
ophs/red2000/index.htm). In both 1997 and 1998, no vio-
lative residue levels were detected. In 1999 and 2000, only
0.2, 0.2, and 0.4% of the samples had violative residues
in young turkeys, young chickens, and mature chickens,
respectively. These levels of violative residues would not
realistically support most consumer perceptions that edi-
ble meats contain residues that pose extreme health con-
cerns (Resurreccion and Galvez, 1999). Furthermore, it
must be remembered that violative levels of antibiotics
in poultry do not necessarily mean they are harmful. This
is because the FDA requires the tolerance to be 100- to
1,000-fold below the dose of the antibiotic at which there
are no health effects (NOEL). Thus, the safety factor re-
quired by the FDA ensures that residues exceeding the
tolerance even by as much as 100-fold in edible poultry
are still safe to consume.

Conclusions

Both the FDA and USDA provide extensive regulatory
oversight to ensure the safety of our food supply. This
includes mandatory and rigorous safety (toxicology and
pharmacokinetic) studies prior to the approval of an anti-
biotic for use and monitoring of the food supply to ensure
the antibiotic is being used correctly. Furthermore, the
federal government, universities, and private research
facilities conduct research that allows for monitoring of
antibiotics that may be used illegally. Federal monitoring
of the U.S. food supply reveals few, if any, violative antibi-
otic residues in poultry tissues. The intensive efforts of
the U.S. government, state agencies (e.g., universities),
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and the private sector (e.g., pharmaceutical companies)
have arguably produced the safest food supply in the
world.

REFERENCES

Chu, P., D. J. Donoghue, and B. Shaikh. 2000. Determination of
total 14C residues of sarafloxacin in eggs of laying hens. J.
Agric. Food Chem. 48:6409–6411.

Cohen, E., R. J. Maxwell, and D. J. Donoghue. 1999. Automated
multi-residue isolation of fluoroquinolone antimicrobials
from fortified and incurred chicken liver using on-line mi-
crodialysis and HPLC with programmable fluorescence de-
tection. J. Chromatogr. B 724:137–145.

Donoghue, D. J. 2001. Mechanisms regulating drug and pesti-
cide residue uptake by egg yolks: Development of predictive
models. World’s Poult. Sci. J. 57:373–380.

Donoghue, D. J., H. Hairston, C. Cope, M. Bartholomew, and
D. Wagner. 1996a. Incurred arsenic residues in chicken eggs.
J. Food Prot. 57:218–223.

Donoghue, D. J., H. Hairston, S. A. Gaines, M. Bartholomew,
and A. M. Donoghue. 1996b. Modeling residue uptake by
eggs: I. Similar drug residue patterns in developing yolks
following injection with ampicillin or oxytetracycline. Poult.
Sci. 75:321–328.

Donoghue, D. J., H. Hairston, M. Henderson, M. McDonald, S.
A. Gaines, and A. M. Donoghue. 1997a. Modeling residue
uptake by eggs: Yolks contain ampicillin residues even after
drug withdrawal and non-detectability in the plasma. Poult.
Sci. 76:458–462.

Donoghue, D. J., F. Schenck, H. Hairston, and L. V. Podhorniak.
1997b. Modeling drug residue uptake by eggs: Evidence of
a consistent daily pattern of contaminant transfer into devel-
oping preovulatory yolks. J. Food Prot. 60:1251–1255.

Donoghue, D. J., and H. Hairston. 1999. Oxytetracycline transfer
into chicken egg yolk or albumen. Poult. Sci. 78:343–345.

Donoghue, D. J., and H. Hairston. 2000. Food safety concern:
Antibiotics may rapidly contaminate egg albumen during
the process of formation. Br. Poult. Sci. 41:174–177.

Donoghue, D. J., and K. Myers. 2000. Imaging residue transfer
into eggs. J. Agric. Food Chem. 48:6431–6434.

Federal Food, Drug, and Cosmetic Act. As amended, the Food
Additives Amendments of 1958. 72 Stat. 1784. 85th Congress,
2nd session, p. 331.

Fiddler, W., J. W. Pensabene, R. A. Gates, and D. J. Donoghue.
1999. Supercritical fluid extraction of organochlorine pesti-
cides in eggs. J. Agric. Food Chem. 47:206–211.

Gaskill, M. 2002. Strictly granola. American Way June 1:42–45.
Heller, D. N., M. A. Ngoh, D. J. Donoghue, L. Podhorniak, H.

Righter, and M. H. Thomas. 2002. Identification of incurred
sulfonamide residues in eggs: Methods for confirmation by
liquid chromatography-tandem mass spectrometry and
quantitation by liquid chromatography with ultraviolet de-
tection. J. Chromatogr. B 774:39–52.

Lehotay, S. J., A. R. Lightfield, J. A. Harman-Fetcho, and D. J.
Donoghue. 2001. Analysis of pesticide residues in eggs by
direct sample introduction/gas chromatography/tandem
mass spectrometry. J. Agric. Food Chem. 49:4589–4596.

Maxwell, R. J., E. Cohen, and D. J. Donoghue. 1999. Determina-
tion of sarafloxacin residues in fortified and incurred eggs
using on-line microdialysis and HPLC/programmable fluo-
rescence detection. J. Agric. Food Chem. 47:1563–1567.

Pensabene, J. W., W. Fiddler, and D. J. Donoghue. 1998. Super-
critical fluid extraction compared with a solvent method for
incurred sulfamethazine in chicken eggs. J. Food Sci.
63:25–26.

Pensabene, J. W., W. Fiddler, and D. J. Donoghue. 1999. The
isolation of chloramphenicol from whole eggs by supercriti-
cal fluid extraction with in-line collection. J. AOAC Int.
82:1334–1339.

Pensabene, J. W., W. Fiddler, and D. J. Donoghue. 2000. Super-
critical fluid extraction of atrazine and other triazine herbi-
cides from fortified and incurred eggs. J. Agric. Food Chem.
48:1668–1672.

Resurreccion, A. V. A., and F. C. F. Galvez. 1999. Will consumers
buy irradiated beef? Food Technol. 53:52–55.

Schenck, F. J., and D. J. Donoghue. 2000. Determination of or-
ganochlorine and organophosphorus pesticide residues in
eggs using a solid phase extraction cleanup. J. Agric. Food
Chem. 48:6412–6415.

Schneider, M. J., and D. J. Donoghue. 2000. Analysis of fluoro-
quinolones antibiotics in eggs and chicken tissue using auto-
mated microdialysis liquid chromatography. Pages 998–1004
in Proceedings of the EuroResidue IV Conference: Residues
of Veterinary Drugs in Food. National Institute of Public
Health and the Environment (RIVM), Veldhoven, The Neth-
erlands.

Schneider, M. J., and D. J. Donoghue. 2001. Multiresidue deter-
mination of fluoroquinolones in eggs. J. AOAC Int.
83:1306–1312.

Shaikh, B., N. Rummel, and D. J. Donoghue. 1999. Determination
of sulfamethazine and its major metabolites in egg albumen
and egg yolk by high performance liquid chromatography.
J. Liq. Chromatogr. Rel. Technol. 22:2651–2662.


