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Summary

Purpose: To investigate whether feed trucks and feed could be

sources of Salmonella contamination in swine operations.

Materials: Five hundred forty-nine swab samples were taken

from approximately 25 different places in the grain box on 22 dif-

ferent feed trucks and cultured for Salmonella spp. In addition, a

sample of the feed components from 17 of those trucks was cul-

tured for the presence of Salmonella.

Results: Culture of both truck swab and feed samples indicate

that Salmonella was present on five of the 22 (22.7%) trucks. A to-

tal of 549 swabs were cultured and the rate of isolation was 0.7%

(four of 549 positive for Salmonella). Positive swabs were recov-

ered from three trucks for a recovery rate of 13.6%. Feed was sub-

mitted for 17 of 22 trucks and Salmonella was recovered from

four of 17 samples (23.5%). However, positive swabs and feed

samples only matched for two trucks. No trucks had been used to

transport livestock within the past 30 days nor were any trucks

cleaned or disinfected between loads.

Implications: While sample prevalence of Salmonella in feed

trucks is low (0.7%), the overall contamination rate for feed trucks

is much higher (22.7%). The presence of positive feed samples

suggests that feed could be a source of Salmonella contamina-

tion for swine.

Keywords: swine, Salmonella, feed, trucks, food safety

Received: October 3, 1996

Accepted: April 15, 1997

almonella spp. are ubiquitous in nature, having been recov-
ered from nearly all vertebrates,1 and are associated with
foodborne illness in human beings.2 Human infection with Sal-

monella typically occurs when contaminated food products are in-
gested, resulting in severe gastroenteritis. Contaminated swine, cattle,
and poultry have been implicated as sources of human infections,2,3

and humans themselves have been demonstrated to be both short- and
long-term carriers.4,5 Additionally, swine have been observed to be
carriers of S. typhimurium,6–8 a serotype generally associated with
Salmonellosis in humans, and S. choleraesuis.9–11 Factors that
influence the epidemiology of salmonellosis in animals and humans in-
clude by-product meals, feed components, mixed feeds, water, farm
and slaughter animals, abattoirs, by-product plants, transport, waste
water, milk, and other dairy products.12

Salmonella is now considered to be a geonosis, not just a zoonosis,13

making Salmonella contamination of animals, feedstuffs, and the envi-
ronment a global concern. Since 1961, the Swedish government has
mandated that all isolations of Salmonella from animals, feedstuffs,
and the environment in Sweden be reported to the Board of Agricul-
ture.14 Salmonella infections in swine are responsible for millions of
dollars in lost revenue to the swine industry,15,16 prompting a world-
wide interest in the production of “Salmonella-free” feeds and foods
in Europe, Canada, and the United States.12

In pigs, observed sources of contamination include rodents, insects,
humans, and contaminated feed and feedstuffs.17 Flies and dust can
also act as mechanical vectors that spread Salmonella throughout the
facility or environment.18,19 It is well known that animal feeds fre-
quently contain Salmonella and that animals fed contaminated feed of-
ten become infected.20 The rate of contamination of animal protein de-
livered to a large feed mill in the southeastern part of the United States
was reported over a 10-month period.21 Of 311 samples, 68% con-
tained one or more of the 68 Salmonella serotypes identified in the
study. Eighty-six percent of the meat meal and 18% of the fish meal
sampled was found to be contaminated. In another study to determine
the prevalence of Salmonella in swine feeds, 2.8% of the feeds and
feed ingredients taken from farm environments were positive for
Salmonella.22

Salmonella spp. contamination in rendered products and finished
feed is most likely due to recontamination from rodents and fomites in
the environment of the respective processing plants. Recently, an FDA
survey of animal and plant protein processors demonstrated that
56.4% of the animal protein and 36% of the vegetable protein products
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taken from 124 processors were positive for Salmonella.23

Global concerns about the potential for Salmonella contamination to
create health problems in both humans and animals require investiga-
tion of all potential sources of Salmonella contamination.24 Although
feed trucks are not included in the official list of hazard analysis criti-
cal control points (HACCP) in swine production, it is possible that feed
trucks might serve as a source of Salmonella contamination on swine
farms. Because there is a paucity of information regarding Salmonella
contamination originating in feed trucks, this study investigates the
transportation of feed and feed ingredients in trucks as a source of
Salmonella contamination.

Materials and methods

Sample collection
Culture transport swabs (Difco; Surrey, United Kingdom) in Cary-Blair
medium were used to take samples from approximately 25 different
areas of the grain box on 22 different trucks in Nebraska, Illinois, and
Missouri (Figure 1). Each truck grain box was swabbed in 25 different
locations to have a high probability of recovering Salmonella spp.
Care was taken when swabbing the bottom of the truck to avoid step-
ping in the area that was to be sampled. Prior to use, all swabs were
moistened in PBS (0.02 mol/L, pH 7.2). After the samples were col-
lected, the swabs were returned to the transport tubes containing the
medium.

A sample of the feed being hauled by 17 of the 22 trucks (5–10 g) was
placed into the remaining PBS (approximately 25 mL) for culture.

All samples were shipped by overnight mail to the laboratory for
processing.

Qualitative bacteriology
All swabs were qualitatively analyzed for the presence of Salmonella by
a modification of methods previously described.9–11 Briefly, the swab
was removed from the transport medium and placed into a tube con-
taining Tetrathionate (Tet) broth (Acumedia; Baltimore, Maryland).
Then, an additional sterile swab was inserted into the remaining me-
dium in each transport tube, rotated, removed, and placed into a sepa-
rate tube containing GN Hajna (GN) broth (Acumedia).

The Tet broth culture was incubated for 48 hours. The GN broth was
incubated for 24 hours. After this initial incubation, both Tet broth and
GN cultures (approximately 100 µL) were subcultured into Rappaport
Medium (R-10) (Difco; Detroit, Michigan) and incubated at 37°C for
24 hours. The R-10 broth was then streaked onto brilliant green agar
with sulfadiazine (BGS) plates (Acumedia).

All BGS plates were incubated overnight at 37°C. Colonies exhibiting
typical salmonellae-like morphology were transferred to triple sugar
iron agar and lysine iron agar slants for biochemical confirmation. All
slants were incubated overnight at 37°C. Presumptive positive isolates
were serogrouped with Salmonella typing sera (Difco; Detroit,
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Figure 1

Schematic drawing of the 25 areas within the feed trucks that were swabbed
Arrows indicate direction in which the swab was dragged against the truck. Numbers indicate the order in which swabs were obtained.
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Michigan) prior to being submitted to the National Veterinary Services
Laboratories in Ames, Iowa, for serotyping.

Based on information obtained by the investigators, a survey for each
truck was also completed to ascertain:

• whether the truck had been used to transport livestock within the
past 30 days;

• whether the truck had been washed and/or disinfected or steamed
between loads;

• whether the truck was open to environmental contaminants; and
• whether there were any visible signs of environmental

contamination.

Results

Salmonella was cultured from the truck swabs or feed samples from
five of the 22 trucks (22.7%) (Table 1).

Of the total of 549 truck swabs cultured, the rate of Salmonella isola-
tion was 0.7% (four of 549). Positive truck swabs were recovered
from three trucks (trucks 19, 20, and 22) for a recovery rate of
13.6%. Only one sample from the bottom of the truck was positive. The
other positive swabs were obtained from the left side, back of grain
box, and front of grain box.

Salmonella was recovered from four of the 17 feed samples (23.5%)
taken from the trucks. However, positive swabs and feed samples only
matched for two trucks.

The shipment hauled prior to the meat and bone meal shipment
sampled from one truck (truck 10) contained Tylan 40™, an antibi-
otic commonly used as a feed additive. While all truck swabs were
negative for Salmonella, the meat and bone meal sample from truck
10 was positive.

Some part of the shipment on three of the 22 trucks (trucks 16, 17,
and 18) had been exposed to environmental contaminants. Truck 16
also had a positive feed sample. However, only one truck (truck 21)
had visible signs of environmental contamination (but was not among
those identified on the survey as having been open to contamination);
the contaminant was identified as soybean mold.

The feed types found positive for Salmonella included meat/bone
meal, fish, bonemeal, meatmeal, and soybean meal.

The survey revealed that none of the trucks included in this study had
been used to transport livestock within the past 30 days nor had any
been cleaned or disinfected between loads.
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Table 1

Summary of truck contents and bacteriology results

* Tylan-40 in truck in previous shipment prior to loading meat and bone meal
† n = 24 for this truck

†
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Discussion

While sample prevalence of Salmonella in feed trucks in our study was
low (0.7%), the overall contamination rate for feed trucks was much
higher (22.7%). A positive feed sample did not necessarily mean that
the truck was positive. However, the low sample (swab) prevalence we
observed may be attributed to the limited surface area swabbed. Re-
covery of present pathogens may be improved by increasing the sur-
face area sampled. One such method may include the use of drag
swabs.25 Culture transport swabs were used in this study because they
are easy to use and because the samples were placed into transport
medium prior to shipment.

The positive feed samples (from trucks 10, 16, 19, and 22) might have
served as a source of Salmonella contamination in the herds feeding
those feeds—there is anecdotal evidence suggesting a positive correla-
tion between serotypes found in contaminated swine feed and those in
pigs fed that feed.26 However, because we did not measure the num-
bers of Salmonella or match the serotypes found in the samples to se-
rotypes found in the pigs eating that feed, we can only speculate as to
the impact of this potential contaminant on the prevalence of Salmo-
nella infection in the herds. Additionally, the feed samples we collected
were smaller than those collected for previous studies, reinforcing the
observation that Salmonella is ubiquitous and may represent a pos-
sible source of contamination for animals.22

Salmonella in pig feed can generally be killed or reduced by pelleting.
Pellet feeding in a contaminated environment can result in a distinct
decrease in infection by Salmonella during the life of the pigs and after
slaughter.27 It may be possible to prevent infection by using pellets in
feed preparation.28 If the concentrations of Salmonella within the feed
were sufficiently high, and were not killed in significantly high num-
bers during pelleting, it would be possible for pigs to become infected
with Salmonella after ingestion of this contaminated feed. Low levels
of contamination would probably be significantly reduced or elimi-
nated by pelleting while higher levels may not. Therefore, the use of
properly processed feed cannot be overemphasized.

It is interesting to note that 22.7% of the trucks and 23.5% of the feed
were positive for Salmonella. When compared to the prevalence of
Salmonella found in feeds on the farm (2.8%),22 this reduces by ap-
proximately 86% the prevalence of contamination potentially present
on trucks prior to processing, although further research is needed to
test this hypothesis.

Purchasing feed ingredients free of Salmonella spp. is the most effec-
tive way to prevent infection of a herd via feedstuffs. To minimize the
likelihood of cross-contamination between batches of feed, the equip-
ment, storage bins, and transportation vehicles should be sanitized.29

When designing a control program, it’s important to know the survival
and proliferation rates of Salmonella. Salmonella survives as long as
14 weeks in poultry feed and meat and bone meal.27 Salmonella can
increase from one organism per mL in liquid feed immediately after it
is prepared to 200,000 organisms per mL after 48 hours at 20°C
(68°F) and at 28°C (82°F).20 In Denmark, commercial mills are re-

quired to heat-treat swine feeds to a minimum of 81°C (178°F) to kill
Salmonella.30 Because none of the trucks were cleaned or disinfected
between loads, it is possible that the contaminant was passed to subse-
quent loads on the trucks from which we obtained Salmonella-positive
samples.

Recovery of positive samples from more trucks containing meat, bone,
or fish meal than those containing vegetable-based feeds supports the
observations made in an FDA study, which reported that Salmonella
was recovered from 62% of animal processor plants versus 37% veg-
etable processor plants.23

The Salmonella serotypes that were isolated in this study—Salmo-
nella oranienberg, S. orion, S. montevideo, and S. infantis—are not
listed among the 10 top serotypes recovered from swine as reported by
the National Veterinary Services Laboratories.31 Without confirming re-
covery of these serotypes from animals after being fed feed contami-
nated with these serotypes, the significance of the presence of these se-
rotypes in feed is unknown. Only S. montevideo was recovered during
the FDA survey.23 However, the presence of S. oranienberg, S.
infantis, and S. montevideo may be a food safety concern as all three
serotypes are listed in the top 20 serotypes recovered from
humans.32–34

Implications

• The recovery of Salmonella from the truck swabs taken in this study
suggest that feed trucks might serve as a potential source of
contamination.

• Proper sanitation methods between loads, including washing with a
disinfectant and hot water, should be implemented to minimize the
likelihood that the truck would contribute to contamination of sub-
sequent loads.
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