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ABSTRACT Previous research regarding Salmonella
contamination in poultry has focused predominantly on
cecal and intestinal contamination. Recently, the crop
has been implicated as an important source of carcass
contamination within the processing plant. In the
present study, broiler chickens were orally challenged
with 1 × 108 cfu S. enteritidis at 6 wk of age. At 7 wk of
age, birds were randomly divided into two groups
consisting of full access to feed, or total feed withdrawal,
18 h prior to sample collection. At the time of sample
collection, crops and ceca were aseptically removed and
cultured for the presence or absence of S. enteritidis by
enrichment. The incidence of S. enteritidis-positive crops
was consistently higher (range: 2.8- to 7.3-fold increases)
following feed withdrawal than the incidence in samples
collected from full-fed broilers in four experiments.
Similarly, the incidence of S. enteritidis isolation was
consistently higher (range: 1.4- to 2.1-fold increases) in
ceca following feed withdrawal than in samples col-

lected from full-fed broilers in these experiments. In a
subsequent experiment, ceca and crops were aseptically
collected and cultured for the presence of Salmonella
immediately prior to or following 8 h feed withdrawal
at a commercial broiler house. Similar to the laboratory
experiments, the incidence of Salmonella isolation was
significantly (P < 0.01) greater from crops following feed
withdrawal (36/100) than from samples obtained im-
mediately prior to withdrawal (19/100). However, the
incidence of Salmonella in the ceca was not significantly
higher following feed withdrawal (31/100) than in
samples obtained immediately prior to withdrawal (25/
100) in this field experiment. These studies indicate that
feed withdrawal increases the incidence of Salmonella in
broiler crops prior to slaughter and provide further
evidence that the crop may be an important critical
control point for reducing Salmonella contamination of
broiler carcasses.
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INTRODUCTION

Salmonella contamination of broiler carcasses con-
tinues to be a potential problem for the broiler industry.
Carcass contamination has been shown to increase with
successive stages of processing (Lillard, 1989). To date,
the primary focus, with regard to Salmonella contamina-
tion, has been cecal and intestinal colonization (Fanelli et
al., 1971; Snoeyenbos et al., 1982; Corrier et al., 1990).
Recently, we reported that the crop may potentially
serve as an important source of Salmonella contamination
on broiler carcasses (Hargis et al., 1995). In that study,
we reported a higher incidence of Salmonella in crops
than in ceca and a higher incidence of ruptured crops
than ruptured ceca during commercial evisceration.
Humphrey et al. (1993) recently reported that the

recoverable colony-forming units of a virulent Salmonella
enteritidis phage type 4 isolate increased in the crops of
broiler chickens with increased feed withdrawal times,
indicating that ante-mortem management practices may
influence carcass contamination at slaughter. The pur-
pose of the present experiments was to evaluate the
effect of feed withdrawal on the incidence of crop and
cecal colonization with a less virulent strain of S.
enteritidis (phage type 13A) and with common field
serotypes of Salmonella under laboratory and commercial
conditions.

MATERIALS AND METHODS

Experimental Infection with
Salmonella enteritidis

A primary poultry isolate of S. enteritidis, phage type
13A, was obtained from the USDA National Veterinary
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1Sigma Chemical Co., St. Louis, MO 63178-9916.
2Difco Laboratories, Detroit, MI 48232.
3Tekmar Stomacher 80, Laboratory Blender, Cincinnati, OH 45242.
4Ames, IA 50010.

Services Laboratory. This isolate was resistant to novobi-
ocin,1 No. n-1628, (25 mg/mL) and was selected for
resistance to nalidixic acid,1 No. n-4382, (20 mg/mL)
within our laboratory. For these studies, S. enteritidis was
grown according to the method of Lee and Falkow (1990),
allowing for attainment of log-phase growth. Cells were
washed three times in distilled water by centrifugation
(3,000 × g) and spectrophotometrically quantified to a
stock concentration of approximately 1 × 109 cfu/mL in
distilled water, using a standard curve generated from
comparison of multiple spread platings and optical
densities, and then diluted to challenge concentrations as
described below.

Salmonella Recovery from
Crops and Ceca

Commercial broiler chickens, subsequently shown to
be Salmonella free, were obtained at 6 wk of age from a
commercial broiler grower for use in each of four
experiments. Broilers were housed in floor pens (18.6 m2)
on new pine shavings in an isolation facility located near
the Texas A&M University College of Veterinary Medi-
cine. Broilers were provided ad libitum access to a corn-
soybean ration and water. A total of 29, 50, 40, and 40 birds
were used in Experiments 1, 2, 3, and 4, respectively. In
each experiment, all broilers were challenged with 1 × 108

cfu S. enteritidis per milliliter saline by oral gavage. Five
days following Salmonella challenge the broilers were
euthanatized and the crops and ceca were collected. In
each of the four replicate experiments, half of the birds
were randomly selected and subjected to feed withdrawal
18 h before crop and ceca collection; the remaining birds
continued to have free access to feed. All birds had
continuous access to water.

Crops were collected by clamping across the pre and
postcrop esophagi using a surgical Carmalt forcep and
immersion in boiling water for 1 s to reduce external
contamination of the crop. Preliminary laboratory experi-
ments demonstrated that immersion of crops or ceca in
boiling water for 1 s effectively removed all detectable S.
enteritidis from the surface of intentionally contaminated
crops and ceca while not affecting recovery of S. enteritidis
injected into the lumen of the tissues (data not shown). The
crop was sectioned aseptically below the clamp and the
body of the crop, with the lumen and contents exposed,
was collected aseptically in individual Whirl-Pac bags.
Ceca were also manually collected, clamped at the cecal
neck, immersed in boiling water for 1 s, and the body of
each cecum was macerated and aseptically collected into
sterile Whirl-Pac bags.

Following crop and ceca removal, 20 mL of
tetrathionate broth base,2 No. 0104-17-6, was added to

each Whirl-pac bag containing the samples. The samples
were subsequently stomached3 for 30 s and incubated for
approximately 24 h at 37 C. Following this enrichment
phase, each sample was individually streaked on brilliant
green agar,2 No. 0285-01-5, plates containing 25 mg
novobiocin and 20 mg nalidixic acid/mL to prohibit
growth of Salmonella other than the antibiotic-resistant
challenge isolate. The plates were then incubated for 24 h
at 37 C and examined for the presence or absence of the
antibiotic-resistant challenge isolate.

Field Study

Experiment 5 was a field trial conducted at a commer-
cial broiler facility, measuring natural Salmonella levels
within the flock. A total of 200 7-wk-old broilers were used
in this experiment. One hundred birds were collected
immediately prior to feed withdrawal and an additional
100 were collected 8 h later at the time birds were crated
for transport to the processing plant. At each time point,
the crops and ceca were collected immediately after the
birds were killed as described above. Culture was
performed as described above with the following modifi-
cations. The samples, within Whirl-Pac bags, were held on
wet ice for transport to our laboratory (8 to 16 h). Upon
arrival at the laboratory, 20 mL of tetrathionate broth was
added to the samples collected prior to feed withdrawal
and these samples were stomached and placed in the
incubator. Addition of enrichment broth to samples
obtained 8 h after feed withdrawal was delayed by 8 h to
ensure that all samples were held on wet ice for equivalent
time periods. Following enrichment, the samples were
streaked for isolation on brilliant green agar plates
containing 25 mg novobiocin/mL to reduce non-Salmonella
growth. After 24 h incubation, suspect Salmonella colonies
were confirmed biochemically (Andrews et al., 1978).
Selected colonies determined to be Salmonella by biochem-
ical methods were further confirmed as Salmonella by the
National Veterinary Services Laboratory.4

Statistical Analysis

The chi-square test of independence was used to
determine significance differences within experiments
(Zar, 1984).

RESULTS AND DISCUSSION

In each of the four replicate challenge experiments
(Exp 1 to 4), the incidence of Salmonella-positive crops
was significantly (P < 0.05) higher following feed
withdrawal than the incidence from full-fed broilers
(Exp 1: 80 vs 29%; Exp 2: 88 vs 12%; Exp 3: 80 vs 15%;
Exp 4: 80 vs 25%; Table 1). Similarly, the incidence of
Salmonella-positive crops was increased (P < 0.01)
following feed withdrawal as compared to samples
obtained immediately prior to withdrawal at a commer-
cial broiler house (Exp 5: 36 vs 19%; Table 1). In general,
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TABLE 1. Effect of feed withdrawal on Salmonella colonization
of the crop and ceca in market age broiler chickens

1FF = full-fed, WF = feed withdrawal (18 h withdrawal in Experiments 1 to 4, 8 h withdrawal in
Experiment 5). Broilers were orally challenged with 1 × 108 Salmonella enteritidis at 6 wk of age and samples
were collected at 7 wks of age (Experiments 1–4). Naturally occurring Salmonella were cultured from a
commercial broiler house at 7 wk of age in Experiment 5.

†Values (positive/total) differ significantly within experiments and columns (P < 0.025).
*Values (positive/total) differ significantly within experiments and columns (P ≤ 0.05).
**Values (positive/total) differ significantly within experiments and columns (P ≤ 0.01).
***Values (positive/total) differ significantly within experiments and columns (P ≤ 0.001).

Positive crops/ Positive ceca/
Experiment Treatment1 total total

1 FF 4/14 (29%)* 9/15 (60%)*
WF 12/15 (80%) 14/15 (93%)

2 FF 3/25 (12%)*** 11/25 (44%)
WF 22/25 (88%) 11/25 (44%)

3 FF 3/20 (15%)† 7/20 (35%)†

WF 16/20 (80%) 15/20 (75%)
4 FF 5/20 (25%)** 14/20 (70%)**

WF 16/20 (80%) 20/20 (100%)
5 FF 19/100 (19%)** 25/100 (25%)

WF 36/100 (36%) 31/100 (31%)

the incidence of Salmonella-positive ceca was greater
following feed withdrawal, with significant feed
withdrawal-related increases observed in Exp 1 (93 vs
60%); 3 (75 vs 35%); and 4 (100 vs 70%) (Table 1).
However, the incidence of Salmonella-positive ceca was
not significantly affected by feed withdrawal in Exp 2,
(44 vs 44%), nor in the field trial (Exp 5: 31 vs 25%).

These experiments indicate that feed withdrawal of
market age broilers results in increased incidence of
Salmonella-positive crops. Furthermore, we observed a
general trend for increased Salmonella-positive ceca
following feed withdrawal in these studies. Whether
these increases are related to alterations in normal
microflora populations favoring Salmonella proliferation
and persistence or increased consumption of contami-
nated feces immediately prior to termination was not
evaluated in this study. Nevertheless, the common
practice of feed withdrawal prior to slaughter may
increase the levels of Salmonella within the enteric
system at processing. Clearly, the role of the crop as a
potential critical control point for reducing Salmonella
carcass contamination warrants further investigation.
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