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ABSTRACT Two experiments (EXP), utilizing the skin
attachment model (SAM), were conducted to determine
the bactericidal activity of six potential carcass disinfec-
tants [EXP 1: 20, 400, and 800 ppm sodium hypochlorite;
EXP 2: 5% acetic acid (AA), 8% trisodium phosphate
(TSP), and 1% sodium metabisulfite (SS)] during simu-
lated scalder (50 C for 2 min), chiller (0 C for 60 min), or
post-process dip (23 C for 15 s) application. Efficacies of
treatments were determined against populations of
Salmonella typhimurium that were “loosely” or “firmly”
attached to chicken breast skin (10 cm diameter). For
comparison, activity of the six disinfectants was also
determined against S. typhimurium in aqueous suspen-
sion. All disinfectants except SS reduced numbers of
freely suspended S. typhimurium by ≥ 4.5 log10 cfu/mL.
The sodium metabisulfite did not reduce populations of
salmonellae. In both EXP, there were disinfectant by
application interactions (P < 0.05) on activity against
loosely and firmly attached cells. Sodium hypochlorite

at 20 ppm had little activity regardless of application,
whereas higher levels were more effective (P < 0.001),
particularly in the chiller application, in which loosely
and firmly attached populations were reduced by 2.3 to
2.5 and 1.3 to 1.9 log10 cfu per skin, respectively. In EXP
2, SS showed no activity regardless of application.
Trisodium phosphate was similarly effective (reduction
by 1.2 to 1.8 log10 cfu per skin) in all applications (P >
0.05). In contrast, AA activity was affected by the
application method (P < 0.05). Against loosely attached
cells, AA was most effective in the chiller application
(2.5 log10 reduction), whereas against firmly attached
cells, AA was effective only in the scalder application
(2.0 log10 reduction). Attachment of S. typhimurium to
poultry skin apparently increased the ability of the
bacteria to resist various disinfectants, and efficacy was
influenced by extent of attachment of bacteria to skin
and method of disinfectant application.
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INTRODUCTION

Poultry has become an important food source in most
countries around the world. In the United States,
consumption of poultry is on the increase, with
Americans consuming approximately 33 kg per capita
annually (Aho, 1991). This increased consumption of
poultry has contributed to an increase of poultry
associated foodborne disease, particularly salmonellosis
(Todd, 1980). Based on Centers for Disease Control
estimates, 4 million people a year contract salmonellosis
(Oblinger, 1988). Of the documented outbreaks of
salmonellosis in which the food vehicle was identified,
9% were associated with poultry products (Todd, 1980;
Shackelford, 1988). Thus, a major concern facing the
poultry industry is that consumers often perceive

chicken as a potential health risk because of its
association with salmonellae.

Poultry products have been identified by some as the
most important reservoir of salmonellae in the human
food chain (D’Aoust, 1989; Tauxe, 1991). Salmonellae can
occur naturally in the intestinal tracts of birds and can
be widespread throughout broiler production and
processing environments.

Bacterial contamination during processing is unavoid-
able. The presence of bacteria, including salmonellae, on
or in the live bird can result in contamination of the
retail product. A Food Safety Inspection Service (FSIS)
survey reported that 4% of the broilers entering the
processing plant tested positive for salmonellae,
whereas, 35% of the carcasses leaving the plant were
salmonellae positive (Lillard, 1989). This particular study
clearly indicated the potential for cross-contamination
during processing. In other reports, up to 65% of all
processed carcasses tested positive for salmonellae
(Anonymous, 1989). Therefore, emphasis must be placed
on processing methodology that would reduce
salmonellae contamination before the product reaches
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the consumer. Of the processing procedures, the scalder
and immersion chiller have been identified as the major
sources of cross-contamination (Shackleford, 1988).

A variety of methods have been used to reduce the
levels of salmonellae on poultry carcasses, with primary
focus on carcass disinfectants that are practical and
effective (Dickson and Anderson, 1992). Chlorination of
chiller water has been widely studied. High (> 100 ppm)
and low (18 to 40 ppm) levels of chlorine have been
shown to be effective (May, 1974; Lillard, 1980; Izat et al.,
1989). Organic acids have been studied because of their
documented bactericidal activity and because they are
generally recognized as safe (GRAS) (Chung and
Goepfert, 1970; Dickson and Anderson, 1992). Organic
acids used as sanitizing sprays, carcass dips, or chiller
additives effectively reduce levels of salmonellae on
carcasses (Mountney and O’Malley, 1965; Izat et al.,
1989; Dickson, 1991).

Presently, commercial processing plants in the U.S.
are permitted to use up to 50 ppm chlorine disinfectant
in carcass washes and immersion chillers (Anonymous,
1989). Trisodium phosphate (TSP) has also been ap-
proved for use (8 to 12%) in the processing plant to
reduce incidence of foodborne pathogens. Research
indicates that treating carcasses with TSP reduces
incidence of salmonellae to below 5% (Giese, 1993).
These methods often reduce, but rarely eliminate,
salmonellae on poultry carcasses during processing
because they are ineffective against bacterial cells that
are attached to skin. Lillard (1988) reported that bacteria
may be entrapped in the skin during scalding or
chilling, thereby increasing their resistance to carcass
treatments. This information suggests a need for poten-
tial carcass treatments that will reduce or eliminate
salmonellae that are attached to broiler skin.

The purpose of this study was to utilize the skin
attachment model (SAM), an improved method for
testing antimicrobial agents, to determine the bacterici-
dal activity of six potential carcass disinfectants. Specifi-
cally, the efficacy of 20, 400, and 800 ppm sodium
hypochlorite (Experiment 1), and 5% acetic acid, 8%
TSP, and 1% sodium metabisulfite (Experiment 2)
against Salmonella typhimurium attached to broiler skin
during simulated chiller, scalder, and postchill dip
applications was determined. Sodium hypochlorite solu-
tions (20 to 50 ppm) and TSP (8 to 12%) are currently
approved for use in the processing plant to reduce levels
of bacterial contamination; whereas acetic acid and
sodium metabisulfite are commonly used GRAS food
additives at the levels tested in the present study.

MATERIALS AND METHODS

Culture Preparation

A nalidixic acid-resistant strain of S. typhimurium,
provided by N. A. Cox3 was used. Cultures were
maintained at –80 C in brain heart infusion (BHI4)
containing 50% glycerol. Inocula were prepared via two
successive transfers of the culture in BHI at 23 C for 24 h
(Conner and Bilgili, 1994).

Skin Preparation

Chicken breast skins were obtained from a local
processor and cut into 10 cm diameter pieces, then
individually packaged in polyethylene bags. Skin samples
were irradiated (∼10 kGy) to eliminate background
microflora. Irradiated samples were stored at –20 C until
they were used.

Carcass (Skin) Disinfectants

In Experiment 1, sodium hypochlorite5 solutions were
prepared at 20, 400, and 800 ppm. In Experiment 2, sterile
5% (wt/wt) acetic acid,6 8% (wt/wt) trisodium phos-
phate7 solutions and 1% (wt/wt) sodium metabisulfite7

solutions were prepared using deionized water. Sterile
deionized water was used as a control for both experi-
ments. All disinfectant solutions were placed in beakers
and held in either an ice water bath to attain a temperature
of 0 C (chiller), a hot water bath to attain a temperature of
50 C (scalder), or left at room temperature (23 C,
postprocess dip) prior to application.

SAM Experiments

The procedure of Conner and Bilgili (1994) was utilized
and the general procedure was as follows. Chicken breast
skins were inoculated with 1 mL of S. typhimurium (105 cfu
per skin) using a coarse aerosol spray. A 10-min contact
time was allowed for bacterial cells to attach to the skin
surface prior to application of treatments. Four skins
(replicates) for each treatment (disinfectant-application
combination) were used. Disinfectants were applied at 0 C
for 60 min to simulate chilling, 23 C for 15 s to simulate a
postchill dip, and 50 C for 2 min to simulate scalding (four
replications per disinfectant per application method).
Following treatment, skins were placed in 20 mL of 0.1 M
phosphate buffer and shaken for 2 min. Populations of S.
typhimurium on each skin were enumerated. Cells reco-
vered at this point were denoted as “loosely” attached
cells. Skins were then transferred to 20 mL of fresh 0.1 M
phosphate buffer and blended with a laboratory blender8

for 2 min. Populations of S. typhimurium were then
enumerated and denoted as “firmly” attached cells. All
samples were plated on tryptic soy agar using a Spiral
Plater.9 Plates were incubated at 37 C for 24 h. Salmonella
typhimurium in the original inoculum were enumerated
using the same plating procedure.
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TABLE 1. Effect (log10 reduction colony-forming units per skin)
of chlorine carcass treatments and application method

against Salmonella typhimurium loosely and
firmly attached to broiler skin

a–cMeans within a column with no common superscript differ
significantly. n = 4.

*P ≤ 0.05.
***P ≤ 0.001.

Factor Loose cells Firm cells

Disinfectant (D) *** ***
20 ppm Sodium hypochlorite 0.19c 0.25c

400 ppm Sodium hypochlorite 1.18b 0.71b

800 ppm Sodium hypochlorite 1.62a 1.42a

SEM 0.082 0.122
Application method (A) *** ***
Chiller (0 C/60 min) 1.62a 1.12a

Dip (23 C/15 s) 0.38c 0.25b

Scalder (50 C/2 min) 0.98b 1.01a

SEM 0.082 0.122
D × A interaction *** *

TABLE 2. Effect (log10 reduction colony-forming units per skin)
of various compounds and applications against Salmonella

typhimurium loosely and firmly attached to broiler skin

a–cMeans within a column with no common superscript differ
significantly. n = 4.

**P ≤ 0.01.
***P ≤ 0.001.

Factor Loose cells Firm cells

Disinfectant (D) *** ***
5% Acetic acid 1.52a 0.55b

8% Trisodium phosphate 1.48a 1.60a

1% Sodium metabisulfite 0b 0c

Pooled SEM 0.113 0.098
Application method (A) *** **
Chiller (0 C/60 min) 1.37a 0.51b

Dip (23 C/15 s) 0.55b 0.61b

Scalder (50 C/2 min) 1.03a 0.96a

SEM 0.113 0.098
D × A interaction *** ***

TABLE 3. Effect (log10 reduction colony-forming units per skin)
of sodium hypochlorite treatments in different applications

against Salmonella typhimurium loosely and firmly
attached to broiler skin

a–cMeans within a column with no common superscript differ
significantly (P ≤ 0.05). n = 4

Sodium hypochlorite concentration

20 ppm 400 ppm 800 ppm

Application method Loose Firm Loose Firm Loose Firm

Chiller
(0 C/60 min) 0.07b 0.22b 2.27a 1.28a 2.53a 1.87

Dip (23 C/15 s) 0.01b 0c 0.52b 0b 0.61c 1.08
Scalder
(50 C/2 min) 0.50a 0.79a 0.74b 0.90a 1.71b 1.33

Pooled SEM 0.07 0.12 0.14 0.12 0.19 0.33

Expression of Antibacterial Activity

Efficacy of the treatments was assessed by determining
the reduction in viable populations of attached S.
typhimurium. Reductions (log10 cfu per skin) were ob-
tained by taking the cell population recovered from the
inoculated skin treated with water (control), and subtract-
ing the cell population recovered from the treated skin.
The difference was defined as the reduction due to
disinfectant.

Statistical Analysis

Data for each experiment, expressed as log10 cfu per
skin, were individually subjected to ANOVA (3 × 3
factorial arrangement of disinfectant and application
method) using SAS (SAS Institute, 1989). Differences in
means were determined using Tukeys Studentized test
(SAS Institute, 1989). Data for loosely and firmly attached
cell populations were analyzed separately.

Suspension Tests

For comparison, the activity of each disinfectant was
determined against freely suspended S. typhimurium.
Salmonella typhimurium (109 cfu) was added to 99 ml of the
appropriate carcass disinfectant. Disinfectants and appli-
cations were consistent with those used for the SAM
experiments. Four replications per disinfectant per appli-
cation were used. Salmonella typhimurium surviving each
treatment were enumerated using the plating method
previously described. Reductions (log10 cfu per ml) were
obtained by taking the cell population recovered from the
water control and subtracting the cells recovered from
each treatment solution.

RESULTS AND DISCUSSION

The two experiments were conducted using the SAM
(Conner and Bilgili, 1994) because it had many advan-
tages over other methods of testing (Conner and Bilgili,
1994). The SAM utilized irradiated chicken skin as a
carrier for the test bacteria, which were allowed to
attach to broiler skin prior to treatment with an-
timicrobial agents. Irradiation eliminated background
microflora and allowed for testing of antimicrobial
agents against test bacterium (S. typhimurium) in a pure
culture situation. This methodology allowed recovery of
bacteria in a nonselective medium, and permitted
recovery of surviving cells, including those that may
have been sublethally injured.

Treatments were considered effective if they were
able to reduce salmonellae levels by 2 logs, because
carcasses are known to be contaminated with < 100
salmonellae cells on average following processing (Jet-
ton et al., 1992). In both experiments, a disinfectant by
application method interaction was detected for loosely
and firmly attached S. typhimurium cells (Tables 1 and 2).
The efficacy of sodium hypochlorite from Experiment 1
against both loosely and firmly attached cells is
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TABLE 4. Effect (log10 reduction colony-forming units per skin) of various compounds in different
applications against Salmonella typhimurium loosely and firmly attached to broiler skin

a–cMeans within a column with no common superscript differ significantly (P ≤ 0.05). n = 4.
1Acetic acid.
2Trisodium phosphate.
3Sodium metabisulfite.

Compound

5% AA1 8% TSP2 1% SS3

Application method Loose Firm Loose Firm Loose Firm

Chiller (0 C/60 min) 2.53a 0b 1.65 1.82a 0 0.09
Dip (23 C/15 s) 0.35c 0.02b 1.26 1.84a 0.05 0
Scalder (50 C/2 min) 1.70b 2.00a 1.52 1.16b 0 0
Pooled SEM 0.16 0.24 0.29 0.11 0.07 0.13

summarized in Table 3. Sodium hypochlorite at 20 ppm
had little activity, regardless of application. Kotula et al.
(1967) also reported that salmonellae found on broiler
skin and in drip water were not significantly affected by
spray washing carcasses with 10, 20, or 50 ppm
chlorinated water. Although numerous studies have
been reported, it is difficult to compare the results of
carcass disinfectant studies due to differences in initial
microflora and experimental design.

Higher levels of sodium hypochlorite were more
effective, particularly in the chiller application where
loosely attached cell populations were reduced by 2.3
and 2.5 log10 cfu per skin with 400 and 800 ppm sodium
hypochlorite, respectively (Table 3). Firmly attached
cells were reduced by 1.3 and 1.9 log10 cfu per skin with
400 and 800 ppm sodium hypochlorite, respectively.
However, at these concentrations, skin discolorations
were observed. These results are consistent with previ-
ous research indicating that sodium hypochlorite, when
added to immersion chillers in excess of 200 ppm,
significantly reduced bacterial counts on carcasses
(Morrison and Fleet, 1985). Our observations that higher
reductions occurred against loosely attached cells, rather
than against firmly attached, suggest that sodium
hypochlorite may be effective in preventing cross-
contamination.

The effectiveness of chlorine and related compounds
as bactericidal agents is dependent upon the conditions
in which it is used in the processing plant, including
concentrations of chlorine, temperature, and chemical
composition of the water (Ranken et al., 1965; Morrison
and Fleet, 1985; Lillard, 1989). Low levels of chlorine
may be effective in reducing bacterial counts on
carcasses, but only if the amount of water per carcass is
high and the relative amount of organic matter is low
(Mead and Thomas, 1973). This technique, however,
would not be cost effective under typical processing
conditions. Higher levels of chlorine are effective, but
produce off-flavor and carcass discoloration (Ranken et
al., 1965). Sodium hypochlorite and other chlorine-
containing disinfectants must be handled properly
because they irritate the skin of plant personnel, and are
corrosive to plant equipment.

Sodium metabisulfite showed no activity, regardless
of application (Table 4). Trisodium phosphate showed
similar bactericidal activity in most applications. Maxi-
mum reductions were in the chiller and dip applications;
1.82 and 1.84 log10 cfu/skin, respectively, for firmly
attached cells. These results are similar to those reported
by Lillard (1994) who found that salmonellae levels on
broiler carcasses were reduced by 2 logs following a 10%
TSP dip treatment at 10 C. The mode of action of TSP in
reducing bacterial numbers on carcasses is not fully
understood. Scientists responsible for its development
speculate that TSP removes the fat coating on poultry
skin, thereby allowing bacteria to be washed from the
skin more effectively (Anonymous, 1989). Lillard (1994)
suggested that the action of TSP could be attributed to
the high pH of the solution. High pH of residual TSP
treatments may potentially interfere with recovery of
Salmonella on plating media. In the present study, the
diluent was buffered; therefore, recovery of salmonellae
would not have been compromised due to residual TSP
effects.

Acetic acid was effective against loosely attached cells
in the chiller application in which a 2.53 log10 cfu/skin
reduction was observed (Table 4). This result suggests
acetic acid potential use in preventing cross-
contamination during chilling. Acetic acid was most
effective in the scalder application against firmly
attached cells, in which a 2.0 log10 cfu per skin reduction
was observed. A synergistic affect between the acid and
heat may be responsible for the activity of the acid
against firmly attached cells. These results are consistent
with previous research that indicates that high levels of
organic acids are effective against bacterial contamina-
tion (Dickson, 1992; Dickson and Anderson, 1992). The
bactericidal activity of organic acids has been shown to
increase with an increase in concentration (Dickson and
Anderson, 1992). However, the higher concentrations of
acids that are usually more effective produce undesira-
ble carcass characteristics (Ranken et al., 1965; Lillard,
1988). We observed discoloration of skin samples treated
with 5% acetic acid. Carcass discoloration may not be
appealing to consumers (Kotula and Thelappurate,
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TABLE 5. Effect (log10 reduction colony-forming units per skin) of various potential carcass
treatments in different applications against freely suspended Salmonella typhimurium

Application

Chiller Dip Scalder
Compound (0 C/60 min) (23 C/15 s) (50 C/2 min)

20 ppm Sodium hypochlorite >6.7 5.1 >6.7
400 ppm Sodium hypochlorite >6.7 >7.0 >6.7
800 ppm Sodium hypochlorite >6.7 >7.0 >6.7
5% Acetic acid >6.7 4.5 >6.7
8% Trisodium phosphate >7.0 >6.8 >7.0
1% Sodium metabisulfite 0 0 0
Deionized water 0.1 0 0.6

1994); on the other hand, improved microbiological
quality may be more important to consumer acceptance
than skin appearance.

The mode of action of organic acids in inhibiting
microbial growth or killing cells is not fully understood.
Research suggests that it is related to changes in the
acid-base equilibrium, proton donation, and interference
in the production of energy by the cell (Doores, 1993).
The inhibitory effect of the acid is associated with the
undissociated molecule. Acetic acid, for example, which
exhibits a great amount of bactericidal activity, has a
low dissociation constant.

For comparison, the activity of each treatment was
also determined against freely suspended S. typhimurium
and was found to be considerably higher than that
against attached cells of the SAM experiments (Table 5).
All treatments, except sodium metabisulfite, reduced
numbers of freely suspended salmonellae cells by ≥ 4.5
log10 cfu/mL. Sodium metabisulfite showed no activity.
The results of this study, utilizing the SAM, clearly
indicate that salmonellae firmly attached to poultry skin
have increased resistance to carcass antimicrobial treat-
ments or are protected against their bactericidal effect.

In the present study, several of the disinfectants
provided for effective kills of S. typhimurium, but only
when applied at high concentrations. Although these
disinfectant treatments may be impractical for commer-
cial applications because of their associated high costs
and adverse effects on carcass color, our results
underscore the difficulty and challenge in developing
effective methods of improving microbiological quality.
Potential carcass disinfectants must target the problem
of firmly attached bacterial cells to be truly effective.
Efficacy of potential disinfectants can be influenced by
the extent of bacterial attachment and method of
treatment application. Further investigation into this
area will be needed to provide the poultry industry with
more effective means of eliminating salmonellae on
ready to cook poultry.
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