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Abstract

Effects of trisodium phosphate (TSP) and/or sodium chloride (NaCl) dipping on microbial quality
and shelf life of chicken breasts were investigated during refrigeration. Chicken breasts were dipped
in aqueous solution (w/v) of 10% TSP, 10% NaCl, combination of TSP and NaCl (7.5% + 7.5%) or
distilled water (control) for 10 min, followed by tray-packaging storage at 2°C. During storage,
chicken breasts dipped in TSP maintained almost constant pH, while pH of control or NaCl-treated
samples significantly increased (P<0.05). TSP dipping resulted in initial reduction of 0.48 and 0.91
log;o CFU/g in aerobic plate counts and Enterobacteriaceae count, respectively, when compared
with control. By storage day 6, APC of control chicken breasts reached 6.91 logyg CFU/g, while
TSP-treatment either alone or in combination with NaCl significantly delayed microbial growth
(P<0.05) and extended shelf life of refrigerated chicken breasts up to 12 days, at which APC were
6.87 and 6.39, respectively, versus 9.58 logig CFU/g for control. Significant reductions in
psychrotrophic and Enterobacteriaceae count were detected at the end of storage period in chicken
breasts treated with TSP alone or in combination with NaCl, whereas such treatments had no
significant effects on lactobacilli or mold and yeast populations.
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Introduction

Consumption of poultry meat has increased remarkably over the past two decades due to the
perception that it is "healthier” alternative to red meats. However, increase in the consumption
of poultry products has been accompanied by an increase in food-borne illnesses associated
with poultry. Chicken and other types of poultry have higher pathogenic and spoilage bacterial
counts than most other foods (1). Pathogenic bacteria associated with poultry include
Salmonella spp., Campylobacter jejuni, Staphylococcus aureus and Listeria monocytogenes.
In fact, poultry represents the single most important food source of Salmonella (2,3) and C.
jejuni (4,5).
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In addition to general hygienic practice, the use of chemicals as decontaminating agents for
reduction or elimination of spoilage and pathogenic organisms from poultry meat and for
extension of shelf life had been reported. Organic acids, such as lactic, citric, acetic, and
propionic acids and/or their salts were evaluated, both at the laboratory level and in processing
plants (6—-10). Phosphates have been used as antimicrobial surface treatment agents to decrease
populations of pathogens, prevent growth of spoilage microorganisms, and extend the shelf
life of fresh poultry (11-13). In particular, trisodium phosphate (TSP) treatment yields superior
antimicrobial effect compared to other phosphates (11,14).

TSP is generally recognized as safe by the US Food and Drug Administration and has been
approved by the US Department of Agriculture-Food Safety and Inspection Service (USDA-
FSIS) at levels of 8-12% as an antimicrobial agent on raw chilled poultry carcasses that have
been passed for wholesomeness. Carcasses are either sprayed with or dipped in the TSP solution
for up to 15 s at a solution temperature of 13-17°C (15).

Treatment of poultry carcasses with TSP was effective in reducing populations of food-borne
pathogens including Salmonella, Campylobacter, Escherichia coli O157:H7, Listeria,
Staphylococcus aureus as well as spoilage bacteria including Pseudomonas and
Lactobacillus (16-18). At present, the mechanism of TSP action is not completely understood:;
however, at the cell membrane level, TSP at a high pH (pH 12) helps to remove fat films and
exerts surfactant or detergent effect (16). Sampathkumar et al. (19) demonstrated loss of cell
viability and membrane integrity, and disruption of cytoplasmic and outer membranes of S.
enteritidis strains treated with different concentrations of TSP at pH 10 to 11. Moreover, It has
been indicated that treatment of poultry carcasses with 8 to 12% TSP did not produce any
negative effect on the organoleptic quality of the treated poultry meat (13,20,21).

Sodium chloride (NaCl), a naturally occurring mineral, acts as a preservative and flavor
enhancer. The use of NaCl in meat to increase shelf life and enhance flavor is an old practice.
Addition of NaCl to meat has been associated with antimicrobial properties. It is also used to
improve water-holding capacity and results in subsequent improvements in purge loss and
cooking yield. Little is known, however, on the possible synergistic antimicrobial effect of
TSP when used in combination with NaCl. Therefore, this work was aimed to study the effects
of TSP dipping either alone or in combination with NaCl on the microbial growth and shelf
life of tray-packaged chicken breasts stored at 2°C.

Materials and Methods

Sample preparation

Fresh boneless chicken breasts with skin (6 kg in 20 portions) were purchased on five occasions
from a local commercial source on the day of slaughtering and immediately transported in a
cooler containing crushed ice to the meat science laboratory in the Department of Food Science
at Rakuno Gakuen University (Ebetsu, Hokkaido, Japan). Chicken breasts were prepared for
treatment within 1 hr of arrival. TSP (Kanto Chemical Co., Inc., Tokyo, Japan) and NaCl
(Katayama Chemical, Osaka, Japan) were the salts used for the treatment of chicken breasts.
Chicken breast samples were divided into four batches (five portions per batch, of about 300
g per portion), which were dipped for 10 min in 3 L aqueous solution of either 10% TSP (w/
v; pH 12.45), 10% NaCl (w/v; pH 6.02), combination of TSP and NaCl (7.5% + 7.5 % wi/v;
pH 11.80) or distilled water (control), and gently swirled with a sterile glass rod. They were
then removed from the solution and allowed to drain on a stainless wire mesh screen for 5 min.
Subsequently, the samples were placed on Styrofoam trays, over-wrapped with polyvinyl
chloride film, labeled, and stored at 2°C. Chicken breasts were sampled at storage days 0, 3,
6, 9, and 12 for microbiological analyses and pH measurement.
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pH measurement

Ten grams of each sample was homogenized with 50 mL distilled water in a blender for 30 s.
The homogenate was filtered, and pH of the filtrate was determined using a digital pH meter
(model HM-5S; TOA Electric Industrial Co. Ltd., Tokyo, Japan) standardized at pH 4 and 7.

Microbiological analyses

Composite chicken samples of 25 g (about 15 g of meat and 10 g of skin) were aseptically
excised from the trays and homogenized in 225 mL of sterile buffered 0.1 % peptone water
(Katayama Chemical, Osaka, Japan) for 1 min using a Stomacher 400 Lab Blender (Seward
Medical, London, UK). From this homogenate, decimal serial dilutions were made in the same
sterile peptone water and used for microbiological analyses of the chicken breast samples at
appropriate time intervals during refrigerated storage. Aerobic plate counts (APC) were
determined by surface spreading 0.1 mL of the sample homogenate, at selected dilutions, onto
duplicate sterile plates of pre-poured and dried Standard Plate Count Agar (Nissui
Pharmaceutical Co., Ltd., Tokyo, Japan), and incubating the plates at 35°C for 48 hr.
Psychrotrophic counts (PTC) were determined in a similar method to that for APC except that
plates were incubated at 7°C for 10 days (22). For lactic acid bacteria (LAB) determination,
diluted samples were plated on deMan, Rogosa, and Sharpe (MRS) agar (Merck, Darmstadt,
Germany) previously incubated at 30°C for 2-3 days in an anaerobic jar with disposable
Anaerocult C bag (Merck, Darmstadt, Germany) for the generation of an anaerobic medium.
To determine Enterobacteriaceae counts (EBC), 1 mL of the appropriate dilution was
inoculated by the pour-plated method on violet red bile agar (VRBA; Difco Laboratories Inc.,
Detroit, MI, USA) and overlaid with approximately 5 mL of the same growth medium (7). The
plates were then incubated at 35 °C for 24 hr. Mold and yeast counts (MY C) were determined
by cultivation on acidified (pH 3.5) potato dextrose agar (Elken Chemical Co., Ltd., Tokyo,
Japan), followed by incubation at 25°C for 5 days (23).

Statistical analysis

All measurements were carried out in triplicates, and all microbial counts were converted into
base-10 logarithms of colony forming units per g of chicken breast samples (log;g CFU/g).
Data were subjected to analysis of variance (ANOVA) using the General Linear Models
procedure of the Statistical Analysis System software of SAS Institute (24). Least significant
differences were used to separate means at P < 0.05.

Results and Discussion

pH value

Changes in pH values of chicken breasts during storage at 2°C are shown in Table 1. TSP
dipping resulted in a significant increase of the initial pH. In addition, during the first 6 days
of storage, pH values of the samples dipped in TSP, either alone or in combination with NaCl,
were significantly (P<0.05) higher than those of control and NaCl-dipped samples. This result
was attributed to the high alkalinity of TSP. At day 12, however, no significant difference
(P>0.05) was observed in the pH value among all treated samples. Kim and Kim (12) repotted
that pH values of chicken legs treated with TSP (5-15%) gradually increased during 16 days
storage at 4°C. On the contrary, our findings indicated that, over the storage time, dipping in
TSP either alone or in combination with NaCl maintained the chicken breasts at almost constant
pH (Table 1). However, pH of control and NaCl-treated samples showed no significant changes
(P>0.05) for 6 and 9 days of storage, respectively, while by day 12 of storage, it significantly
(P<0.05) increased. This increase in pH of control and NaCl-treated samples by the end of
storage time may be attributed to their higher bacterial population (> 8 log,g CFU/g for APC
and PTC), which may include higher proportion of proteolytic bacteria, which are capable of
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releasing basic amine compounds and free ammonia responsible for increasing the product pH
(25). Most likely, TSP suppressed distinctly different bacterial groups than did NacCl.

Microbiological evaluation

As expected, increase in storage time produced significant proliferations in APC, regardless
of the treatment conditions (Fig. 1). Initial (day 0) APC (logyg CFU/g) of chicken breasts ranged
from 3 in TSP-dipped samples to 3.48 in the control. This indicated that TSP dipping initially
did not result in drastic reduction of APC (0.48 logg CFU/g). Yang et al. (26) reported an
initial decrease of 0.74 log1g CFU/chicken carcass sprayed inside and outside with 10% TSP.
On the other hand, little changes were noticed in initial APC of chicken carcasses dipped in
10% TSP solution for 15 min (27), as well as in sliced pork loin chops dipped in 10% TSP for
30 sec and stored at 2°C (28). By day 6 of storage, APC of control chicken breasts reached
6.91 log1g CFU/g, which is closed to the maximal recommended limit (7 logg CFU/g) set by
ICMSF (29) for APC of raw poultry. While TSP-treatment, either alone (10%) or in
combination with NaCl (7.5% + 7.5%), significantly (P<0.05) delayed the microbial growth
and extended the shelf life of the refrigerated chicken breasts up to 12 days, at which APC
were 6.87 and 6.39, respectively, versus 9.58 log,g CFU/g for the control. Dipping of chicken
breasts in NaCl alone (10%) had no significant effect (P>0.05) on APC, although its count was
1 log lower than the control (6.98 versus 7.98 log,g CPU/g) by day 9 of storage. This result
was in agreement with that of Kim and Marshall (13), who reported that dipping of chicken
legs in 5-10% TSP solution for 10 min significantly reduced APC and extended their shelf life
to approximately 12-16 days at 4°C.

At storage day 0, the initial PTC of chicken breast samples ranged from 3.04 logig CFU/g in
chicken samples dipped in TSP and NaCl combination to 3.6 logig CFU/g in control. In
addition, the growth pattern of PTC was comparable to that of APC, with control also being
the highest at day 12 (9.93 log;g CFU/g), followed by samples treated with NaCl (8.39 log
CFU/qg), while much lower counts were detected in samples treated with TSP either alone (7.27
log1g, CFU/Q) or in combination with NaCl (6.89 logig CFU/q) (Fig. 2). However, the
psychrotrophic population was relatively higher than APC, and, by day 12 of storage, the
difference in count ranged from 0.3 log in NaCl-dipped chicken breasts to 0.5 log in samples
dipped in TSP and NaCl combination, which was attributed to the refrigerated storage (2°C)
condition of chicken breasts.

Significant differences (P<0.05) were detected in PTC between samples dipped in TSP either
alone or in combination with NaCl, and that of control. This result is in accordance with that
of Capita et al. (30), who noted a significant decrease in psychrotrophic population on the skin
of chicken carcasses immersed in 8-12% solution of TSP for 15 min during refrigerated storage
at 2°C.

Length of refrigerated storage (2°C) had a significant (P <0.05) effect on PTC, which tended
to increase as the storage time increased. However, Egbert, et al. (31) claimed that the length
of refrigerated storage (14 days at —2 to 0°C) or retail display (48 hr at 5 to 7°C) of low-fat
ground beef had no effect on PTC, which remained between 7.8 and 7.9 log;g CFU/g during
this period.

The initial count (log1g CFU/g) of LAB ranged from 3.17 in TSP-dipped samples to 3.37 in
control meat. At storage day 12, however, no significant differences (P> 0.05) in LAB
populations were observed between control and all other treatments, although it was about 1
log lower for samples dipped in TSP either alone (6.66) or in combination with NaCl (6.48)
in comparison with control (7.61) (Fig. 4). This finding is in agreement with that of Ellerbroek
etal. (32), who claimed that spraying or dipping of chicken meat with 10% TSP did not produce
any significant effect on lactobacilli counts when compared with control.
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The growth of Entembacteriaceae was slower than those of APC, PTC, and LAB (Fig. 4). The
initial EEC of chicken breast samples dipped in TSP solution either alone or in combination
with NaCl was about 1 log lower than that of control (1.54 and 1.43 log,¢o CFU/g, respectively
versus 2.45 log, o CFU/g for control). Whyte et al. (33) reported a significantly higher reduction
of 1.86 log;¢ CFU/g for Enterobacteriaceae counts in broiler neck skin samples dipped in 10%
TSP solution for 15 s. In addition, Ellerbroek et al. (32) claimed that spraying or dipping of
chicken meat with 10% TSP significantly reduced the Enterobacteriaceae count.

By storage day 12, both TSP-dipped samples and samples dipped in TSP and NaCl combination
exhibited significantly (P < 0.05) lower EBC of 5.21 and 4.78 log,g CFU/g, respectively in
comparison with control which reached a higher level of 6.98 log;o CFU/g.

Changes in MYC (log1g CFU/g) of chicken breasts during storage at 2°C (Fig. 5) revealed that
the initial count ranged from 3.41 in control to 3.57 in NaCl-dipped samples. By day 12,
however, all treatments, as well as control, exhibited MY C ranging between 4.38 and 5.12,
which indicates no significant effect of storage on mold and yeast populations. This finding is
in agreement with that of Egbert et al. (31), who reported that the length of refrigerated storage
of low-fat ground beef had no significant effect on mold and yeast populations. The present
study also revealed that dipping of chicken breasts in TSP or NaCl solutions either alone or in
combination did not show any significant effects on MYC after 12 days of storage when
compared with control. Ismail et al. (34) suggested that yeasts might play a more prominent
role than previously recognized in the spoilage of fresh and processed poultry stored at
refrigeration temperature. Molds are very rarely a problem, whereas yeasts play an important
role in the alteration of flavor characteristics of meat products (35).

It conclusion, dipping of chicken breasts in TSP either alone or in combination with NaCl was
effective against the proliferation of aerobic microorganisms, psychrotrophic bacteria, and
Enterobacteriaceae. Therefore these treatments could be utilized successfully to improve the
microbial safety, and extend the shelf life of chicken breasts during refrigerated storage.
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Storage time (days)

Fig. 1. Effects of TSP and/or NaCl dipping on aerobic plate counts (APC) in chicken breasts during

storage at 2°C

Values represent means of three replicates; LSD is defined at P < 0.05. (=): 10% TSP; (2): 10%

NaCl; (#): 7.5% TSP + 7.5% NacClj; (o): Control.
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Fig. 2. Effects of TSP and/or NaCl dipping on psychrotrophic counts (PTC) in chicken breasts

during storage at 2°C

Values represent means of three replicates; LSD is defined at P < 0.05. (=): 10% TSP; (2): 10%

NacCl; (#): 7.5% TSP + 7.5% NaClj; (o): Control.
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Fig. 3. Effects of TSP and/or NaCl dipping on growth of lactic acid bacteria (LAB) in chicken breasts

during storage at 2°C

Values represent means of three replicates; LSD is defined at P < 0.05. (=): 10% TSP; (2): 10%
NaCl; (#): 7.5% TSP + 7.5% NacClj; (o): Control.
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Fig. 4. Effects of TSP and/or NaCl dipping on Enterobactericeae counts (EBC) in chicken breasts

during storage at 2°C

Values represent means of three replicates; LSD is defined at P < 0.05. (=): 10% TSP; (4): 10%

NaCl; (#): 7.5% TSP + 7.5% NacClj; (o): Control.
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Fig. 5. Effects of TSP and/or NaCl dipping on mold and yeast counts (MYC) in chicken breasts
during storage at 2°C
Values represent means of three replicates; LSD is defined at P < 0.05. (=): 10% TSP; (2): 10%

NaCl; (#): 7.5% TSP + 7.5% NacClj; (o): Control.
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