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Abstract

Public concern with the incidence of antibiotic-resistant bacteria, particularly among foodborne pathogens such
as Salmonella, has been challenging the poultry industry to find alternative means of control. The purposes of the
present study were to evaluate in vitro and in vivo effects of chitosan on Salmonella enterica serovar Typhimurium
(ST) infection in broiler chicks. For in vitro crop assay experiments, tubes containing feed, water, and ST were
treated with either saline as a control or 0.2% chitosan. The entire assay was repeated in three trials. In two
independent in vivo trials, 40 broiler chicks were assigned to an untreated control diet or dietary treatment with
0.2% chitosan for 7 days (20 broiler chicks/treatment). At day 4, chicks were challenged with 2 · 105 colony-
forming units (CFU) ST/bird. In a third in vivo trial, 100 broiler chicks were assigned to untreated control diet or
dietary treatment with 0.2% chitosan for 10 days (50 broiler chicks/treatment) to evaluate ST horizontal
transmission. At day 3, 10 birds were challenged with 105 CFU ST/bird, and the remaining nonchallenged birds
(n = 40) were kept in the same floor pen. In all three in vitro trials, 0.2% chitosan significantly reduced total CFU
of ST at 0.5 and 6 h postinoculation compared with control ( p < 0.05). In two in vivo trials, at 7 days, dietary 0.2%
chitosan significantly reduced total CFU of recovered ST in the ceca in both experiments. Dietary 0.2% chitosan
significantly reduced total ST CFU recovered in the ceca of horizontally challenged birds in the third in vivo trial.
Chitosan at 0.2% significantly reduced the CFU of recovered ST in vitro and in vivo, proving to be an alternative
tool to reduce crop, ceca, and consequently carcass ST contamination as well as decreasing the amount of ST
shed to the environment.

Introduction

Serovars of Salmonella enterica remain among the
most important foodborne pathogens worldwide due to a

significant number of human illnesses reported (Scallan et al.,
2011). There are an extensive number of animals that serve as
hosts for the members of this genus and are able to spread
these agents to animal and human populations; however,
salmonellosis in humans is most frequently associated with
the consumption of contaminated fresh and processed poul-
try products (Lynch et al., 2006; Foley et al., 2011). According
to Foley et al. (2011), Salmonella Typhimurium continues to be
among the most common serovars isolated from poultry and
a common cause of human salmonellosis. Furthermore, public
concern associated with antibiotic-resistant strains is chal-
lenging the poultry industry to find alternative means of
control and consequently, continuous studies on alternative
methods to control foodborne pathogens are necessary (Boyle

et al., 2007; McNulty et al., 2007). Chitosan is a biocompatible
polymer derived by deacetylation of chitin from shellfish, and
its use in industry, agriculture, and medicine is well described
(Rabea et al., 2003; Senel and McClure, 2004; Friedman and
Juneja, 2010). The interest in chitosan as a biological sanitizer
arises from several studies reporting its antimicrobial and
antioxidative effects in foods (No et al., 2002; Friedman and
Juneja, 2010). The antimicrobial activities of chitosan against
foodborne pathogens have been extensively investigated in
the food industry (Singla and Chawla, 2001; No et al., 2002;
Senel and McClure, 2004; Petrovich et al., 2008; El Hadrami
et al., 2010; Kong et al., 2010; Vargas and Gonzalez-Martinez,
2010). However, to the best of our knowledge, nothing is yet
known on the effect of chitosan against Salmonella in poultry.
Therefore, this study was designed to evaluate the effect of
dietary chitosan on ante mortem control of Salmonella enterica
serovar Typhimurium (ST) recovery via in vitro crop assays
and infection and horizontal transmission in broiler chickens.
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Materials and Methods

Chitosan

Deacetylated 95% food-grade chitosan was obtained com-
mercially (Paragon Specialty Products, LLC, Rainsville, AL)
and was used in all experiments. The chitosan molecular
weight was 350 kDa with viscosity of 800 mPa, and particle
size of 100 US mesh (sieve size 0.152 mm). For in vitro crop
assay experiments, 0.2% (wt/vol) chitosan was prepared by
dissolving it in a solution containing 0.2% (vol/vol) acetic
acid. Further dilutions were made in sterile distilled water.

Animal source and diet

Day-of-hatch, off-sex broiler chickens were obtained from
Cobb-Vantress (Siloam Springs, AR) for all the trials men-
tioned below. All animal-handling procedures were in com-
pliance with Institutional Animal Care and Use Committee at
the University of Arkansas. In all experiments, diets were fed
in mash form, and were formulated to meet or exceed Na-
tional Research Council (NRC, 1994) estimated nutrient re-
quirements. The common starter diet was a typical corn

soybean-meal diet (chemical analysis of nutrients is presented
in Table 1). The diet with chitosan was similar to the common
starter diet but was supplemented with 0.2% chitosan.

Bacterial strain and culture conditions

A poultry strain of Salmonella Typhimurium, selected for
resistance to nalidixic acid (NA, Catalog no. N-4382; Sigma,
St. Louis, MO), was used for all experiments. The amplifica-
tion and enumeration procedure for this strain has been de-
scribed previously (Tellez et al., 1993). For these experiments,
ST was grown in tryptic soy broth (Catalog no. 22092; Sigma,
St. Louis, MO) for approximately 8 h. The cells were washed
three times with 0.9% sterile saline by centrifugation
(1864 · g), and the approximate concentration of the stock
solution was determined spectrophotometrically at 625 nm.
The stock solution was serially diluted and confirmed by
colony counts of three replicate samples (0.1 mL/replicate)
spread plated on brilliant green agar (BGA, Catalog No.
278820; Becton Dickinson, Sparks, MD) plates containing 25
mg/mL novobiocin (NO, Catalog No. N-1628, Sigma) and 20
mg/mL NA. For all experiments, ST recovery was completed
on BGA plates containing NO and NA at these concentrations.
The CFUs of ST for inoculation were determined by spread
plating and are reported as concentration of CFU/mL for
in vitro experiments and total CFU/bird for in vivo challenge
experiments.

In vitro crop assays

An assay previously described (Barnhart et al., 1999) was
used with slight modifications. Briefly, 1.25 g of unmedicated
chick starter feed was measured and placed into 13 · 100-mm
borosilicate tubes and sterilized by autoclaving. The feed was
suspended in 5 mL sterile saline as a control or 5 mL of a
0.05%, 0.1%, or 0.2% chitosan solution. Tubes were inoculated
with a ST culture at a final concentration of approximately 106

CFU/mL. Each treatment had five replicates. After adminis-
tering the treatment, the tubes were agitated via vortex stir-
ring and incubated at 37�C for 6 h. The tubes were then
agitated, and 20 lL of the content was serially diluted and
plated in triplicate on BGA containing NO and NA. Typical
ST colonies were counted after 24 h of incubation.

A second experiment to measure the effects of 0.2% chit-
osan on recovery of ST was conducted following the same
experimental procedures, but with sampling at 0.5 and 6 h of
incubation at 37�C. This assay was repeated for three replicate

Table 1. Composition of the Starter Diet for

Broiler Chickens (kg)

Item Chitosan free Chitosan 0.2%

Ingredient
Corn 551.14 551.14
Soybean meal 372.57 372.57
Vegetable oil 33.52 33.52
Dicalcium phosphate 15.99 15.99
Calcium carbonate 14.57 14.57
Salt 3.57 3.57
dl-Methionine 2.58 2.58
Vitamin premixa 1 1
Powdered cellulose 2 —
l-Lysine HCl 0.99 0.99
Chitosan — 2
Choline chloride 60% 1 1
Mineral premixb 0.500 0.500
Antioxidantc 0.150 0.150
Total 1000 1000

Calculated analysis
ME, kcal/ kg 3061.40 3061.40
CP, % 21.89 21.89
Lysine, % 1.34 1.34
Methionine, % 0.60 0.60
Met + cist, % 0.99 0.99
Threonine, % 0.87 0.87
Tryptophan, % 0.28 0.28
Total calcium, % 0.91 0.91
Available phosphorus, % 0.45 0.45
Sodium, % 0.16 0.16

aVitamin premix supplied the following per kilogram: vitamin A,
20,000,000 IU; vitamin D3, 6,000,000 IU; vitamin E, 75,000 IU;
vitamin K3, 9 g; thiamine, 3 g; riboflavin, 8 g; pantothenic acid, 18 g;
niacin, 60 g; pyridoxine, 5 g; folic acid, 2 g; biotin, 0.2 g; cyanocobal-
amin, 16 mg; and ascorbic acid, 200 g.

bMineral premix supplied the following per kilogram: manganese,
120 g; zinc, 100 g; iron, 120 g; copper, 10–15 g; iodine, 0.7 g; selenium,
0.4 g; and cobalt, 0.2 g.

cEthoxyquin.
ME, metabolizable energy; CP, crude protein.

Table 2. Evaluation of Different Concentrations

of Chitosan in Inhibiting Salmonella Typhimurium

Growth in an In Vitro Crop Assay

Treatment Log10 ST/mL of crop assay content

Control 8.22 – 0.065a

Chitosan 0.05% 6.80 – 0.161b

Chitosan 0.1% 6.18 – 0.226b

Chitosan 0.2% 5.63 – 0.210d

Five tubes were inoculated with 106 Salmonella enterica serovar
Typhimurium (ST) in each treatment.

Data are expressed as log10 mean – standard error.
Values within a column with no common superscript differ

significantly ( p < 0.05).
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trials. Additionally, a trial to compare the effects of chitosan
solution (chitosan 0.2% and acetic acid 0.2%) and acetic acid
(0.2%) on Salmonella Typhimurium was conducted and fol-
lowed the same procedures.

In vivo experimental design

On the day of placement for each trial, 10 chicks were
harvested for evaluation of wild-type Salmonella spp. infec-
tion. Chicks were humanely killed by CO2 inhalation; ceca
and cecal tonsils, liver, and spleen were aseptically removed,
enriched in tetrathionate broth (Catalog no. 210420, Becton
Dickinson), and plated on BGA containing 25 lg/mL of NO.

In two direct-challenge trials, day-of-hatch chickens were
randomly assigned to untreated control diet (n = 20) or dietary
treatment with 0.2% chitosan (n = 20) for 7 days. Chicks were
housed in brooder batteries with feed and water provided ad
libitum. On day 4, all chicks were challenged with 2 · 105 CFU
ST/bird. At 7 days, chicks were humanely killed by CO2 in-
halation, and both ceca and cecal tonsils were aseptically
collected and cultured for ST. A third experiment to evaluate
effect of 0.2% dietary chitosan on ST horizontal transmission
was done. Chickens were randomly assigned to untreated
control diet (n = 50) or treatment with 0.2% chitosan (n = 50)
for 10 days. Chicks were housed in floor pens with feed and
water provided ad libitum. On day 3, 10 birds per group were
challenged with 105 CFU ST/bird to act as seeders, while the
other 40 birds per group were contacts challenged by hori-
zontal transmission from the seeders. At 10 days of age, 10
seeders and 20 contact chicks were humanely killed by CO2

inhalation; ceca and cecal tonsils were aseptically harvested
and cultured for ST recovery.

For all experiments, cecal tonsils were enriched in 10 mL of
tetrathionate broth overnight at 37� C. Following enrichment,

each sample was streaked for isolation on BGA. The plates
were incubated at 37�C for 24 h and examined for the presence
or absence of colonies typical of antibiotic resistant ST. For
direct plating to determine ST/g of cecal contents, ceca were
weighed and homogenized in sterile sample bags (Catalog
No. B00679WA; Nasco, Fort Atkinson, WI) using a rubber
mallet. Sterile saline (4X weight:volume) was added to each
sample bag containing homogenized cecal contents and hand
stomached. Serial dilutions were spread plated on BGA; the
plates were incubated at 37�C for 24 h and colonies typical of
antibiotic-resistant ST were counted. All animal-handling
procedures were in compliance with the Institutional Animal
Care and Use Committee at the University of Arkansas.

Statistical analysis

In vitro crop assay and cecal CFU data were converted to
log10 and compared using the GLM procedure of SAS (SAS
Institute, 2002) with significance reported at p < 0.05. The in-
cidence of ST recovery within experiments was compared
using the chi-square test of independence (Zar, 1984) to de-
termine significant ( p < 0.05) differences between control and
treated groups.

Results and Discussion

All chitosan concentrations significantly reduced the total
recovered CFU of ST from crop assays (Table 2). However, the
concentration of 0.2% showed a marked reduction of more
than 2.5 log10, and it was selected for further in vitro and
in vivo evaluations. Chitosan at a concentration of 0.2% sig-
nificantly reduced the total recovered CFU of ST at both 0.5
and 6 h postinoculation when compared with control in all
three additional crop assay trials (Table 3). When comparing
the chitosan solution containing acetic acid with the acetic
acid solution, the results showed that at 0.5 h only the chit-
osan/acetic acid solution was able to significantly reduce ST
levels. In the 6 h of incubation, acetic acid solution reduced ST
levels in 2.29 log10 and chitosan/acetic acid solution reduced
ST by 3.24 log10, which shows a synergistic effect of the acetic
acid with chitosan (Table 4). However, it has been reported
that acetic acid at the concentrations of 0.01, 0.1, and 1% are
ineffective in reducing Salmonella Enteritidis levels in an
in vitro crop assay (Barnhart et al., 1999).

For all in vivo trials, chicks were negative for wild-type
Salmonella spp. at placement. The effect of dietary chitosan on
ST intestinal colonization at 7 days of age in broiler chickens is
described in Table 5. Dietary 0.2% chitosan significantly re-
duced CFU/g of ST recovered from the ceca in both experi-
ments. However, no significant reduction in the incidence of
ST from cecal tonsils was observed. In the ST horizontal

Table 3. Effect of 0.2% Chitosan on Levels of Salmonella Typhimurium Recovery in an In Vitro Crop Assay

Trial 1 Trial 2 Trial 3

Treatment 30 min 6 h 30 min 6 h 30 min 6 h

Control 5.22 – 0.15a 7.62 – 0.01a 5.19 – 0.11a 6.99 – 0.03a 6.05 – 0.18a 7.95 – 0.31a

Chitosan 0.2% 3.94 – 0.20b 3.04 – 0.20b 3.49 – 0.24b 4.40 – 0.21b 5.05 – 0.19b 5.31 – 0.26b

Five tubes were inoculated with 106 Salmonella enterica serovar Typhimurium (ST) in each treatment. Each sample was plated in triplicate.
Data are expressed as log10 mean – standard error.
Values within a column with no common superscript differ significantly ( p < 0.05).

Table 4. Effect of 0.2% Acetic Acid and 0.2% Chitosan

Solution on Levels of Salmonella Typhimurium

Recovery in an In Vitro Crop Assay

Treatment 30 min 6 h

Control ST 5.79 – 0.13a 7.94 – 0.04a

Acetic acid 0.2% 5.65 – 0.11a 5.65 – 0.11b

Chitosan 0.2%* 4.70 – 0.18b 4.70 – 0.22c

Five tubes were inoculated with 106 Salmonella enterica serovar
Typhimurium (ST) in each treatment.

Data are expressed as log10 mean – standard error.
Values within a column with no common superscript differ

significantly ( p < 0.05).
*Chitosan 0.2% = solution containing 0.2% acetic acid and 0.2%

chitosan.
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transmission experiment, seeder chicks were harvested and
100% ST infection was confirmed for both control and treated
chickens (data not shown). For contact chicks, dietary 0.2%
chitosan significantly reduced the CFU/g of ST recovered
from the ceca (Table 6), showing a reduction in the horizontal
transmission of ST in birds treated with dietary chitosan.

Chitosan is a molecule that has antimicrobial activity
against many Gram-negative and Gram-positive bacteria
(Rabea et al., 2003; Zheng and Zhu, 2003; Ganan et al., 2009;
Friedman and Juneja, 2010; Batista et al., 2011; Islam et al.,
2011). For example, Lee et al. (2009) demonstrated both in vitro
and in vivo (mice) that chitosan oligosaccharides have anti-
bacterial effect on the Gram-negative bacterium Vibrio
vulnificus, which causes sepsis and gastrointestinal illness in
humans. However, most of the studies are related to the
in vitro effect of chitosan in reducing bacteria, not considering
its effects in the presence of organic matter and more impor-
tantly under in vivo conditions. Moreover, to our knowledge,
there are no previous reports in the literature about the effect
of chitosan on Salmonella in poultry.

The mechanism of antimicrobial activity of chitosan has not
yet been fully elucidated, and different hypotheses have been
proposed. A common hypothesis is alteration of cell perme-
ability due to interactions between the positive charge of
chitosan molecules (amino group at C-2) and the negative
charge of bacterial cell membranes (Helander et al., 2001; No
et al., 2007; Friedman and Juneja, 2010). Additionally, chela-
tion of metals and essential nutrients by chitosan molecules
has been hypothesized to inhibit bacterial growth (Rabea et al.,
2003). Zheng and Zhu (2003) also suggested that high-mo-
lecular-weight chitosan could be able to form a polymer
membrane around the bacterial cell, preventing it from re-
ceiving nutrients. They also proposed that low-molecular-

weight chitosan could move into cells through pervasion, and
disrupt the physiological activities of the bacterial cell (Zheng
and Zhu, 2003).

Chitin and chitin derivatives (chitosan and chitosan oligo-
saccharides, for example) have also been shown to have an
effect on innate and adaptive immune responses such as ac-
tivation of innate immune cells and induction of cytokine and
chemokine production (Lee et al., 2008; Lee et al., 2009). Ac-
cording to Bueter et al. (2013), the chitosan particles are rec-
ognized via specific receptor(s) and phagocytosed, inducing a
response, which is not all defined, and up-regulating the in-
nate immune system in mammals. It has been suggested that
dietary oligochitosan can act as a prebiotic in chickens (Huang
et al., 2005, 2007). Huang et al. (2007) suggested that the pre-
biotic effect of chitosan could be related to a chitosan attach-
ment to the bacteria, leading to an immune response to this
antigen, or by direct stimulation of the immune system.
Chitosan could be also improving nutrients utilization by the
host and/or facilitating beneficial bacteria growth (Huang
et al., 2007). Wang et al. (2003) described a reduction in
Escherichia coli recovered from the ceca of chicks treated with
0.1% of oligochitosan in the feed, and also an improvement of
small intestine microvilli density and growth performance.
Dietary oligochitosan has been related to an increase of ileal
digestibility of nutrients and performance improvement in
broiler chickens (Huang et al., 2005). According to Huang et al.
(2007), dietary supplementation of oligochitosan improved
serum levels of immunoglobulin A (IgA), IgG, and IgM,
suggesting that this increase may be related to cytokine pro-
duction stimulation. An increase of the relative weight of
spleen, bursa, and thymus in broilers after oligochitosan
supplementation has also been reported, suggesting an im-
provement in the immune response (Huang et al., 2007; Deng
et al., 2008).

Conclusions

The in vitro studies were designed to mimic conditions in
the crop of birds because colonization of Salmonella in this
organ is a persistent problem associated with processing-age
birds (Byrd et al., 1998a, 1998b). In vivo reduction in cecal
Salmonella Typhimurium may decrease the overall pathogen
load in birds, making them less likely to spread the infection
further. Overall, the addition of 0.2% chitosan in the diet was
able to reduce colonization of ST in broiler chicks. In the
present study, the bactericidal activity of dietary 0.2% chit-
osan was able to significantly reduce ST both in vitro and
in vivo, thus proving to be an alternative tool to reduce crop,
ceca, and consequently carcass ST contamination as well as

Table 5. Effect of 0.2% Dietary Chitosan on Incidence and Levels (Colony-Forming Units/g) of Salmonella

Typhimurium Recovery at 7 Days of Age in Broiler Chickens

Trial 1 Trial 2

Treatment Cecal tonsils Log10 ST/g of ceca content Cecal tonsils Log10 ST/g of ceca content

Control 15/20 (75%) 4.20 – 0.82a 15/20 (75%) 5.00 – 0.62a

Chitosan 0.2% 9/20 (45%) 2.28 – 0.75b 12/20 (60%) 3.34 – 0.72b

Cecal tonsils data are expressed as positive/total chickens for each tissue sampled (%).
Log10 S. Typhimurium/g of ceca content data are expressed as mean – standard error.
Values within a column with no common superscript differ significantly ( p < 0.05).

Table 6. Effect of Chitosan on Horizontal

Transmission of Salmonella Typhimurium

in Broiler Chickens

Treatment
Cecal tonsils

incidence
Log10 S. Typhimurium/g

of ceca content

Control 17/20 (85%) 4.09 – 0.75a

Chitosan 0.2% 13/20 (65%) 1.14 – 0.62b

Incidence of recovery expressed as positive/total chickens for each
tissue sampled (%).

Log10 S. Typhimurium/g of ceca content data are expressed as
mean – standard error.

Values within a column with no common superscript differ
significantly ( p < 0.05).
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decreasing the amount of ST shed to the environment. Further
studies are in progress to evaluate the additive or synergistic
effects of chitosan with other natural agents and compounds
such as direct-fed microbials.
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