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Abstract

Regulation (EC) No. 853/2004 of the European Parliament and of the Council provides a legal basis permitting the use of antimicrobial
treatments to remove surface contamination from poultry. This paper reports the results of research into the effects on natural microflora, pH, and
sensorial characteristics achieved by dipping chicken legs (15 min, 18±1 °C) into solutions (wt/vol) of 12% trisodium phosphate (TSP), 1200 ppm
acidified sodium chlorite (ASC), 2% citric acid (CA), 220 ppm peroxyacids (Inspexx 100™; PA), and water. Samples were collected immediately
after evisceration, subjected to the treatments listed or left untreated (control) and tested after 0, 1, 3 and 5 days of storage (3 °C±1 °C). For most
microbial groups similar counts were observed on water-dipped and on untreated legs. All the chemical compounds were effective in reducing
microbial populations throughout storage, with TSP, ASC and CA showing the strongest antimicrobial activity. The average reductions (mean±
standard deviation) relative to untreated samples caused by chemical treatments when considering simultaneously all storage days ranged (log10
cfu/g skin) from 0.53±0.83 (PA) to 1.98±0.62 (TSP) for mesophilic aerobic counts, from 0.11±0.89 (PA) to 1.27±1.02 (CA) (psychrotrophs),
from 1.34±1.40 (PA) to 2.15±1.20 (CA) (Enterobacteriaceae), from 1.18±1.24 (PA) to 1.98±1.16 (CA) (coliforms), from 0.66±0.99 (PA) to
1.86±1.80 (TSP) (Micrococcaceae), from 0.54±0.74 (TSP) to 2.17±1.37 (CA) (enterococci), from 0.72±0.66 (TSP) to 2.08±1.60 (CA)
(Brochothrix thermosphacta), from 0.78±1.02 (PA) to 1.99±0.96 (TSP) (pseudomonads), from 0.21±0.61 (PA) to 1.23±0.60 (TSP) (lactic acid
bacteria), and from 1.14±0.89 (PA) to 1.45±0.61 (ASC) (moulds and yeasts). The microbial reductions throughout storage increased, decreased,
or did not vary, in accordance with microbial group and chemical involved. Similar pH values were observed for untreated samples and for those
dipped in PA and water on all sampling days. ASC-treated samples showed a lower pH than controls to day 1. TSP-treated legs exhibited the
highest pH values and CA-treated ones the lowest, throughout storage. Hedonic evaluation (nine-point structured scale, untrained panellists)
showed similar colour, smell and overall acceptability scores for dipped and untreated samples on day 0 and day 1. From day 3 sensorial attributes
scored lower for untreated, PA- and water-dipped legs, as compared to legs treated with TSP, ASC and CA. Only for these three groups of samples
were average scores higher than 6 (shelf-life limit value) observed by the end of storage. Results from the present study suggest that the treatments
tested improve the microbial quality of chicken without adverse sensorial effects.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

At present approximately 30% of the world's total meat
consumption is poultry, only pork exceeding this share (FAO,
2006). The high consumption of poultry leads to concern that
the products marketed should be safe, have a low spoilage rate
and show the right composition, packaging, colour, taste
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and appearance. Products excessively contaminated with
microorganisms are undesirable from the standpoint of Public
Health, storage quality and general aesthetics. Mesophilic
aerobic counts, psychrotrophs, Enterobacteriaceae, coliforms,
Micrococcaceae, enterococci, Brochothrix thermosphacta,
Pseudomonas spp., lactic acid bacteria, and yeasts and moulds
are used in meat and poultry industries as general indicators of
processing hygiene, storage quality and potential shelf-life both
in oxygen atmosphere and in vacuum-packed meat (Capita
et al., 2001, 2002a; Álvarez-Astorga et al., 2002; Alonso-
Calleja et al., 2004).
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Strict and continuous adherence to good farming, manufac-
turing and hygiene practices, together with plan operation under
the effective and obligatory Hazard Analysis and Critical
Control Points (HACCP) system, is the basis for controlling
microbial contamination in meat. Within this context decon-
tamination technologies are perceived as complementary to
HACCP in improving the microbiological status of carcasses at
specific points (the CCPs) in the process (Capita et al., 2002b;
Huffman, 2002; Gonçalves et al., 2005).

At slaughtering plants in North America it is a normal practice
to submit carcasses to a variety of decontaminating treatments
during the carcass-dressing process so as to reduce microbial
loads. Many of these interventions are approved by the United
States Food and Drug Administration (FDA) in poultry
processing plants as GRAS (Generally Recognized As Safe)
substances, this being the case for 8% to 12% trisodiumphosphate
or 1.5% to 2.5%organic acids, e.g. citric acid. Other chemicals are
considered processing aids and approved by the FDA as
secondary direct food additives permitted in food for human
consumption, these including sodium chlorite at 500 to 1200 ppm
combined with a GRAS acid that achieves a pH between 2.3 and
2.9 in the solution, and peroxyacids up to 220 ppm expressed as
peroxyacetic acids (Dinçer and Baysal, 2004; Oyarzabal, 2005).
However, in the European Union (EU) antimicrobials have not
been permitted for treating poultry carcasses, parts or viscera
since 1971 (Directive 71/118/EC). The EU meat hygiene
regulations do not allow any method of product decontamination
other than washing with potable water or applying steam.
Regulators have argued that processors would use antimicrobials
to mask unhygienic slaughtering or processing practices.
However, Regulation (EC) No. 853/2004 of the European
Parliament and of the Council laying down specific hygiene
rules for food of animal origin (OJEC, 2004), applicable with
effect from1 January 2006, provides a legal basis to permit the use
of a substance other than potable water to remove surface
contamination from products from animal origin. In Annex II to
the draft regulation the Commission introduced a provision
aiming to authorize trisodium phosphate, acidified sodium
chlorite and chlorine dioxide as decontaminants for poultry
carcasses (SANCO 55/2005, revision 3, Annex II). These
chemicals are currently under review for final approval by the
EU authorities. The European Food Safety Authority (EFSA)
panel on food additives, flavourings, processing aids and
materials in contact with food has recently reported that poultry
carcass decontamination with trisodium phosphate, acidified
sodium chlorite, chlorine dioxide or peroxyacid solutions, under
the FDA approved conditions of use, poses no toxicological risk
to human health (EFSA, 2005). For these reasons, together with
the favourable opinions of experts (SCVPH, 2003), it is expected
that such decontamination procedures will soon be authorized for
poultry carcasses in the EU countries.

Avariety of antimicrobial solutions have been tested for their
effects on poultry carcasses or parts inoculated with bacterial
cultures and most have been reported to reduce bacterial num-
bers under such experimental conditions. However, fewer
chemical compounds have been tested against the natural flora
on carcasses, and findings from such studies have been far from
uniform (Gill and Badoni, 2004). Moreover, of the antimicro-
bials that have been considered, only a few have been tested for
their sensorial influences on meat. In addition, the majority of
studies so far carried out relate to decontamination treatments in
non-EU countries, where prevailing conditions are not the same
as those in the European environment (SCVPH, 2003). Hence,
information currently available does not allow the selection
with confidence of an antimicrobial solution that would be
certain to be both effective and commercially acceptable for the
treatment of poultry carcasses. The objective of the research
being reported here was to study the effects of several chemical
compounds on the natural microbial loads of chicken and the
hedonic scores for that meat in order to identify the most
appropriate antimicrobial solutions for developing poultry
decontamination procedures.

2. Materials and methods

2.1. Samples

A total of 132 chicken legs (66 for microbiological and pH
tests and 66 for hedonic evaluations) were collected from a local
poultry processing plant immediately after evisceration. Sam-
ples were transported to the laboratory in an ice chest and stored
at 3 °C±1 °C for no longer than 1 h before use.

2.2. Chemical treatments

The chicken legs were randomly divided into six batches,
each containing twenty-two legs. Samples in four batches were
dipped for 15 min into 500 mL of sterile solutions (wt/vol),
respectively of 12% trisodium phosphate (Merck, Darmstadt,
Germany) (TSP); 1200 ppm sodium chlorite (Fluka, Madrid,
Spain) acidified to pH 2.7 by adding citric acid (Panreac,
Barcelona, Spain) (ASC); 2% citric acid (Panreac, Barcelona,
Spain) (CA); and 220 ppm peroxyacids (Inspexx 100; Ecolab,
St. Paul, USA) (PA). The pH values of the chemical solutions
measured at the time of application were: 13.03±0.05 (TSP),
2.70±0.02 (ASC), 2.15±0.04 (CA) and 3.75±0.03 (PA). Sam-
ples in the remaining two groups were dipped into 500 mL
of sterile tap water (water-dipped control) or not dipped
(untreated control). The temperature of each solution tested
was 18 °C±1 °C. After treatment, the chicken legs were drained
for 15 min at 20 °C±1 °C. The samples were individually
placed in sterile bags and stored at 3 °C±1 °C. Samples were
evaluated for microbiological quality, pH values, and hedonic
scores, after 0, 1, 3 and 5 days of storage. On day 0 the legs were
tested immediately after the inoculation and dipping treatment
had been completed.

2.3. Microbiological analysis and pH determinations

Each sample was prepared by excising 5 g of skin with a sterile
knife blade. The samples were placed in a sterile stomacher
bag containing 45 mL of sterile 0.1% (wt/vol) peptone water
(Oxoid Ltd., Hampshire, UK) and homogenized (Masticator IUL,
Barcelona, Spain) for 2 min. Serial dilutions in sterile 0.1% (wt/
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vol) buffered peptone water were prepared from this homogenate.
Details of the culturemedia (all fromOxoid Ltd., Hampshire, UK)
and incubation parameters used are shown in Table 1. Duplicate
plates were incubated under aerobic conditions. Extension of the
shelf-life of chicken legs by the use of these decontaminants was
also investigated on the basis ofmicrobial data, using the naturally
present mesophilic aerobic flora and pseudomonads as index
microorganisms. The figures of 7 log10 cfu/g (ICMSF, 1986) and
6 log10 cfu/g (Mehyar et al., 2005) for these, respectively, were
used as indications of the shelf-life endpoint. The pH of the
homogenates was measured using a pH meter (Crison MicropH
2001, Barcelona, Spain).

2.4. Sensorial analysis

The six panellists who participated in the taste tests were
lecturers and students at the University of León (Northwest
Spain). Each group of samples was labelled, at random, with a
two-digit code number. Panellists were asked to evaluate each
batch of samples, presented in a randomized order, and to assign
scores for overall colour, smell and general acceptability on a
structured nine-point hedonic scale (1 to 9, with 1 constituting
the worst possible condition and 9 the best). The shelf-life on
the basis of these scores was deemed to be the storage period
after which unacceptable general acceptability scores were
given, with “unacceptable” being interpreted as an average
lower than 6 (Patsias et al., 2006).

2.5. Statistical analysis

Microbial counts were converted to log10 cfu/g values. The
reduction in bacterial populations attributable to dipping treat-
ments was calculated by subtracting the log10 cfu/g of dipped
samples from the log10 cfu/g of untreated control samples. The
effects of type of treatment and sampling day on the microbial
data (counts or reductions) and pH levels were evaluated by
analysis of variance techniques. Mean separations were obtained
using Duncan's multiple range test. The figures obtained from
sensorial quality evaluation on the various sampling days were
compared for statistical significance using the Wilcoxon
matched-pairs test. To compare the data obtained on the same
Table 1
Culture media, incubation times, temperatures and references for microbiological an

Microbial group Culture medium

Mesophilic aerobic counts a Plate count agar (PCA)
Psychrotrophic b Plate count agar (PCA)
Enterobacteriaceaea Violet red bile glucose agar (VRBGA)
Coliformsa Violet red bile agar (VRBA)
Micrococcaceaeb Mannitol salt agar (MSA)
Enterococcia Kanamycin aesculin azide agar (KAA)
Brochothrix thermosphactab Streptomycin sulphate thallous acetate agar (STAA
Pseudomonadsb Pseudomonas agar with cephaloridine, fucidin and
Lactic acid bacteriaa Man, Rogosa, Sharpe (MRS) agar
Yeasts and mouldsb Oxytetracycline glucose yeast extract agar (OGYE
a Pour-plate technique (1 mL).
b Spread-plate technique (0.1 mL).
day (different groups of samples or different attributes) the
Mann–Whitney U-test was used. Significance was determined
at the Pb0.05 level. The tests were carried out using the
Statistica® 6.0 software package (Statsoft Ltd., Chicago, Illinois,
USA).

3. Results

The microbial loads on dipped and untreated poultry legs
during the course of storage can be seen in Fig. 1. Data (mean±
standard deviation) for the untreated control samples on day
0 were (log10 cfu/g): 5.10±0.59 for the mesophilic aerobic
bacteria count, 4.34±0.77 for psychrotrophs, 2.78±0.57 for
Enterobacteriaceae, 2.86±0.58 for coliforms, 4.50±0.49
for Micrococcaceae, 2.88±0.48 for enterococci, 4.06±1.21
for B. thermosphacta, 4.70±0.92 for pseudomonads, 3.50±0.39
for lactic acid bacteria (LAB) and 3.96±0.47 for moulds and
yeasts.

With the exception of psychrotrophs and enterococci, no
significant differences were observed in microbial counts for
water-dipped and untreated legs. All chemical treatments tested
were effective in reducing microbial populations both immedi-
ately after treatment and during storage. The chemical used, the
microbial group and the time in storage significantly (Pb0.001)
influenced microbial loads. On the basis of naturally present
mesophilic aerobic bacteria and pseudomonad counts, chicken
legs reached the end of their shelf-life on day 1 in the case of
those dipped in PA or water and of the untreated controls, while
samples treated with TSP, ASC and CA did so on day 3.

Table 2 shows the mean log reductions, with regard to
untreated controls, in microbial counts after treatment with 12%
TSP, 1200 ppm ASC, 2% CA, 220 ppm PA and water. There
were obvious reductions in microbial numbers following decon-
tamination treatments. As well as for microbial counts, statisti-
cal analysis revealed the influence (Pb0.001) of treatment,
microbial group and storage day on microbial reductions.

TSP, ASC and CA showed the largest reductions during
storage for most microbial groups. On the other hand, PA
showed strong antimicrobial activity, especially towards the end
of storage, for Enterobacteriaceae, coliforms, Micrococcaceae,
enterococci, B. thermosphacta and moulds and yeasts.
alysis

Incubation Reference

T (°C) Time

30 72 h Jay (2002)
7 10 d Cousin et al. (2001)
35 24 h Baird et al. (1987)
35 24 h Baird et al. (1987)
35 24 h Anonymous (1990)
42 24 h Baird et al. (1987)

) 25 48 h Anonymous (1990)
cetrimide (CFC) supplement 25 24 h Anonymous (1990)

30 3 d Baird et al. (1987)
A) 25 5 d Baird et al. (1987)



Fig. 1. Average microbial counts on the skin of chicken legs treated with different chemical solutions, with plain water or left untreated and stored for 5 days
at 3 °C±1 °C. A: mesophilic aerobic count; B: psychrotrophs; C: Enterobacteriaceae; D: coliforms; E: Micrococcaceae; F: enterococci; G: Brochothrix
thermosphacta; H: Pseudomonas; I: lactic acid bacteria; J: moulds and yeasts. Means relating to the same microbial group and storage day with no letters in
common are significantly different (Pb0.05).
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Table 2
Microbial reductions (log10 cfu/g), relative to untreated samples, on decontaminated chicken legs over the course of storage (3 °C±1 °C)

Storage day Average

0 1 3 5

Mesophiles TSP 1.74±0.73aabA 2.13±0.63aaA 2.04±0.57aabABC 2.05±0.52aaAB 1.98±0.61aA
ASC 1.97±0.68abaA 2.35±0.50aaA 1.53±0.63baABC 1.70±0.36babABC 1.91±0.61aA
CA 1.21±0.54abAB 1.90±0.64bcaAB 2.47±0.75cbAB 1.34±0.77abbAC 1.70±0.83aAB
PA 0.33±0.75acAB 0.87±0.82abAB 0.49±0.94acAB 0.41±0.85acABCD 0.53±0.83bAB
Water 0.17±0.53acA 0.04±0.37acA −0.01±0.36acA 0.22±0.28acA 0.11±0.40cA

Psychrotrophs TSP 1.01±0.83aaAB 1.50±1.03aaAB 1.29±0.58aaAB 1.23±0.76aaAC 1.26±0.82aB
ASC 0.83±0.69abaB 1.29±1.06aabBC 0.12±0.94bbD 0.48±1.09abbAB 0.71±1.02bB
CA 1.05±0.79abaAB 1.75±1.09acaAB 1.98±0.63ccAB 0.42±0.77bbAD 1.27±1.02aA
PA 0.16±0.82abAB 0.45±1.20abAB −0.05±0.52abdA −0.14±0.82abcAB 0.11±0.89cA
Water −0.61±0.57acB −0.60±0.53acB −0.63±0.49adB −0.57±0.52acB −0.60±0.51dB

Enterobacteriaceae TSP 0.74±0.54aaB 1.20±0.66abaAB 1.78±1.01bcacABC 2.11±0.72caAB 1.46±0.90aBC
ASC 1.54±0.63abbAB 1.32±0.74aaBC 1.74±0.71abacAB 2.02±0.69baAC 1.65±0.72aAC
CA 1.51±1.08abA 1.83±1.24aaAB 2.96±1.16bbcA 2.32±0.96abaBE 2.15±1.20bBC
PA 0.24±0.19aacAB 1.11±0.80abaABC 2.43±1.62ccB 1.67±1.02bcaC 1.34±1.40aC
Water −0.01±0.32acAB 0.06±0.44abA 0.22±0.37adA 0.01±0.47abA 0.07±0.40cAC

Coliforms TSP 0.93±0.62aaAB 0.99±0.53aaBC 2.19±0.71baBC 2.39±0.71baAB 1.61±0.92aABC
ASC 1.40±0.66aaAB 1.45±0.75aaAB 2.51±0.72baA 2.37±0.73baCD 1.92±0.86aA
CA 1.29±0.93aaAB 1.56±0.88aaAB 2.88±1.09baA 2.16±1.15abaBCE 1.98±1.16aBC
PA 0.28±0.84abAB 1.02±0.56aaAB 2.19±1.46baAB 1.22±1.18abCD 1.18±1.24bCD
Water −0.02±0.31abbAB −0.13±0.25abAB 0.25±0.53bbA 0.02±0.39abcA 0.03±0.40cAC

Micrococcaceae TSP 1.35±0.94aaAB 1.29±1.12aabAB 1.98±1.54aaABC 2.75±1.70aaB 1.86±1.80aAC
ASC 1.44±0.91aaAB 1.49±1.21aaAB 1.31±0.59aaBCE 2.66±1.79aaC 1.77±1.73aAC
CA 0.90±0.60aabAB 0.74±0.53abcAC 1.89±0.64baAB 1.76±0.84baABC 1.32±0.82aA
PA −0.27±0.50acA 0.58±0.40acdA 1.43±0.85baAB 1.40±0.70babCD 0.66±0.99bABD
Water 0.29±0.58abcA −0.02±0.33adAB 0.04±0.56abA 0.08±0.28abA 0.10±0.46cAC

Enterococci TSP 0.54±0.43aaB 0.50±0.47aabB 0.84±0.91aaAD 0.32±0.98aaC 0.54±0.74abD
ASC 0.69±0.48aaB 0.59±0.60aabB 0.78±0.67aaBCD 0.69±0.81aaAB 0.68±0.62aB
CA 1.21±0.68abAB 1.36±0.85acABC 2.89±1.06bbAB 3.50±1.31bbE 2.17±1.37cBC
PA 0.72±0.76aaAB 0.92±0.96aacAB 2.67±1.12bbB 3.67±1.31cbE 1.96±1.62cE
Water 0.05±0.30acAB 0.18±0.47abA 0.07±0.27aaA 0.18±0.49aaA 0.12±0.39bA

Brochothrix thermosphacta TSP 0.53±0.78abaB 1.07±0.77aaAB 0.85±0.78abaA 0.42±0.42babC 0.72±0.66aD
ASC 0.95±0.94abaAB 1.14±0.63aaBC 0.58±0.45abaCD 0.42±0.39babB 0.78±0.69aB
CA 1.07±0.96aaAB 2.45±1.27abB 2.16±1.09aaAB 1.94±1.46acBC 2.08±1.60bBC
PA 1.07±1.56aaB 2.16±0.99abC 0.95±1.60aaAB 1.11±0.86aaBCD 1.33±1.07aC
Water −0.24±0.52aaAB 0.11±0.53acA 0.21±0.49aaA 0.13±0.48abA 0.05±0.52cAC

Pseudomonads TSP 1.28±0.99aaAB 1.78±0.84abaAC 2.89±0.76caC 2.12±0.44baAB 1.99±0.96aA
ASC 1.69±1.35aaAB 1.62±0.59aaAC 2.23±0.55abAE 1.51±0.60aaABC 1.75±0.88aAC
CA 1.40±0.92abaA 2.01±0.99aaB 2.94±0.72caAB 0.68±1.26bbACD 1.76±1.25aAC
PA 0.86±1.05aaAB 1.40±0.74aaBC 1.00±0.79acAB −0.31±0.69bcAF 0.78±1.02bBCD
Water −0.27±0.67abAB −0.11±0.34abAB −0.01±0.51adA −0.01±0.27abcA −0.11±0.47cC

Lactic acid bacteria TSP 0.98±0.54aaAB 0.97±0.79aaB 1.46±0.32abaAB 1.54±0.45baABC 1.23±0.60aB
ASC 0.95±0.52aaAB 0.99±0.49aaBC 0.99±0.54abDB 0.96±0.37abABD 0.97±0.47bB
CA 0.23±0.37abbB 0.30±0.67abbC 0.54±0.60abcB −0.06±0.51bcD 0.24±0.57cD
PA 0.01±0.54abAB 0.20±0.65abAD 0.50±0.65abcAB 0.14±0.58acABD 0.21±0.61cAB
Water −0.08±0.52abAB 0.02±0.57abA 0.21±0.45acA 0.01±0.33acA 0.04±0.47cAC

Moulds and yeasts TSP 0.76±0.33aabB 1.06±0.48aaAB 2.03±0.41baBCD 1.68±0.40baABC 1.38±0.65aB
ASC 1.10±0.50aaAB 1.22±0.43abaBC 1.86±0.65caAE 1.68±0.54bcaABC 1.45±0.61aC
CA 0.74±0.67aabAB 1.09±0.30aaABC 2.34±0.92baAB 1.26±0.70aaABCD 1.38±0.90aA
PA 0.50±0.41abAB 1.16±0.55abaBCD 1.79±1.04baAB 1.12±0.97abaBC 1.14±0.89aCD
Water −0.24±0.41acAB 0.23±0.39bbA 0.20±0.24bbA 0.13±0.20bbA 0.08±0.37bAC

Means in the same row (days 0, 1, 3 and 5) with no superscript letters in common are significantly different (Pb0.05); means in the same column relating to the same
microbial group with no subscript letters in common are significantly different (Pb0.05); means in the same column relating to the same antimicrobial treatment with
no capital letters in common are significantly different (Pb0.05). TSP, trisodium phosphate; ASC, acidified sodium chlorite; CA, citric acid; PA, peroxyacids.
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The mean log reductions in the mesophilic aerobic counts
remained steady throughout storage. No differences were ob-
served in psychrotroph reductions by TSP and PA on different
storage days. However, reductions caused by ASC and CA
showed their lowest values compared to controls on day 5. On
Enterobacteriaceae and coliforms, the relative effect of all
chemical treatments increased as the storage period grew longer,
the strongest impact being recorded on day 5. The reducing
effect of TSP and ASC on Micrococcaceae and enterococci
remained almost constant during storage. However, there was a
progressive relative increase in the reductions achieved with CA
and PA treatments, the highest values being recorded on day 3



Table 3
Skin pH values (mean±standard deviation) for decontaminated, water-treated
and untreated chicken legs over the course of storage (3 °C±1 °C)

Decontamination
treatment

Storage day

0 1 3 5

Trisodium
phosphate

8.51±0.56aa 7.33±0.19ba 7.08±0.48ba 6.91±0.30ba

Acidified sodium
chlorite

6.05±0.24ab 6.21±0.12abb 6.32±0.15bb 6.50±0.10cb

Citric acid 4.46±0.23ac 5.43±0.18bc 5.87±0.20cc 6.13±0.07dc
Peroxyacids 6.32±0.16ad 6.44±0.13ad 6.37±0.15ab 6.57±0.11bb
Water 6.52±0.11ad 6.42±0.13ad 6.47±0.14ab 6.61±0.24ab
Non-treated 6.51±0.09ad 6.48±0.07ad 6.54±0.08ab 6.61±0.23ab

Means in the same row with no superscript letters in common are significantly
different (Pb0.05); means in the same column with no subscript letters in
common are significantly different (Pb0.05).
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and day 5. As in the case of mesophilic aerobic counts, similar
B. thermosphacta reductions were observed with these chemi-
cals at the beginning and the end of storage. On pseudomonads,
the reduction effect in comparison with controls of TSP in-
creased, that of ASC did not vary, and that of PA decreased, as
storage progressed. The reduction achieved by CA increased up
to day 3 of storage, but fell off drastically by day 5. Treatment
with TSP showed a reduction effect on LAB, increasing prog-
ressively from day 1 of storage. On the other hand, reductions
after ASC, CA and PA treatments did not vary as storage time
lengthened. Finally, the reduction effect of TSP, ASC and PA on
moulds and yeasts became stronger as storage time increased.
The CA treatment results showed an inconsistent pattern of
effects: while the log reduction increased between day 0 and day
3, it decreased substantially by day 5.

Average reductions, based on simultaneous consideration
from all days, were varied. In terms of log10 cfu/g the range was
Table 4
Hedonic scores for decontaminated, water-treated and untreated chicken legs over th

Sensory
attribute

Decontamination
treatment

Storage day

0

Colour TSP 8.07±0.80aa
ASC 8.67±0.62ab
CA 8.60±0.51ab
PA 8.60±0.63ab
Water 8.40±0.51aab
Non-treated 8.20±0.56aab

Smell TSP 8.47±0.92aa
ASC 8.87±0.52aa
CA 8.80±0.56aa
PA 8.87±0.35aa
Water 8.87±0.35aa
Non-treated 8.87±0.35aa

Overall
acceptability

TSP 8.40±0.63aa
ASC 8.73±0.46aa
CA 8.60±0.51aa
PA 8.60±0.63aa
Water 8.47±0.52aa
Non-treated 8.20±0.56aa

Means in the same row with no superscript letters in common are significantly differen
no subscript letters in common are significantly different (Pb0.05); means underlined
the same antimicrobial treatment. TSP, trisodium phosphate; ASC, acidified sodium
from 0.54±0.74 for enterococci to 1.99±0.96 for pseudomo-
nads in the case of legs treated with TSP. With ASC, there were
figures running from 0.68±0.62 for enterococci to 1.92±0.86
for coliforms, and with CA from 0.24±0.57 for LAB to 2.17±
1.37 for enterococci. In the case of PA, the range was from
0.11±0.89 for psychrotrophs to 1.96±1.62 for enterococci,
while with plain water figures ran from −0.60±0.51 for psy-
chrotrophs to 0.12±0.39 for enterococci, as shown in Table 2.

Samples treated with TSP had the highest, and those treated
with CA and ASC the lowest, pH values after dipping. Similar
pH values, ranging from 6.32±0.16 to 6.51±0.09, were
observed in PA-treated, water-treated and untreated control
samples (Table 3). The pH of TSP-treated samples tended to
return to normal during the initial 24-hour period and then
remained relatively constant throughout the rest of the study
period. The pH of legs treated with ASC and CA tended towards
normal values over the five days of storage. The pH of the
surface of the skin of samples dipped in PA increased slightly
from day 3 of storage. The values for pH of chicken legs treated
with plain water and those left untreated remained almost
unchanged throughout storage. On day 5 the highest average pH
value (6.91±0.36) was observed for legs treated with TSP and
the lowest (6.13±0.07) for legs treated with CA. Similar figures
were observed for samples dipped in ASC, PA and water and for
untreated samples.

Table 4 shows the results of the sensory evaluation (colour,
smell and overall acceptability) of all groups of chicken legs
during the course of storage. Similar average scores were
obtained for decontaminated and untreated samples on day 0
and day 1. A change from the normal pinkish-white to a slightly
darker, brownish, colour was reported in chicken legs when
they were treated by dipping in TSP. On the other hand, ASC,
CA and PA treatments caused legs to turn slightly whiter, this
e course of storage (3 °C±1 °C)

1 3 5

7.27±0.80ba 7.07±0.59ba 6.20±0.41cabc
7.47±0.92ba 7.07±0.70ba 6.40±1.06ca
7.47±0.99ba 7.27±0.59ba 6.27±0.88cab
7.53±0.52ba 6.73±1.10cab 5.47±0.64dbd
7.20±0.77ba 6.73±0.46bab 5.20±1.26cd
7.20±1.01ba 6.40±1.18bb 5.47±1.51ccd
7.67±0.49ba 7.20±0.68ba 5.80±0.42cab
7.73±0.59ba 7.20±0.68ca 6.53±0.83dc
7.78±0.74ba 7.20±0.68ca 6.47±0.92dac
7.87±0.35ba 6.93±0.80cab 5.27±0.80dbd
7.73±0.70ba 6.80±0.86cab 5.07±1.10dd
7.87±0.83ba 6.53±1.13cb 5.13±1.25dbd
7.33±0.72ba 7.07±0.46bab 6.13±0.35ca
7.53±0.64ba 6.93±0.80cabc 6.27±0.80da
7.53±0.83ba 7.27±0.59ba 6.20±0.86ca
7.53±0.52ba 6.60±1.12cabc 5.20±0.68db
7.20±0.77ba 6.53±0.74cbc 4.87±0.99db
7.27±1.03ba 6.27±1.33cc 5.07±1.58db

t (Pb0.05); means in the same column relating to the same sensory attribute with
are significantly different (Pb0.05) from means in the same column relating to
chlorite; CA, citric acid; PA, peroxyacids.
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proving rather pleasing to panellists, as they showed higher
colour scores than those for TSP-treated legs. No “off” odours
were detected in any sample after dipping. Panellists were
unable to detect differences in smell and general acceptability
scores between the various sample batches on day 0 and day 1
of storage.

When the values from the sensorial quality evaluation of
chicken legs at the beginning and at the end of storage were
compared, differences were observed for all groups of samples,
with the lowest figures noted on day 5. From day 3 of storage
onward, the colour, smell and general acceptability scores for
untreated control samples and those treated with PA and plain
water were lower than those for legs treated with TSP, ASC and
AC. Only for these groups of samples were scores higher than 6
still observed at the end of storage in all the sensorial attributes
tested. Hence, the shelf-life on the basis of sensorial attributes
was 3 days for samples left untreated and those treated with PA
or water, but 5 days for samples dipped in TSP, ASC, and CA.

No differences between sensorial attribute scores were ob-
served for most treatments and sampling days. Only in the case
of water-treated and untreated samples were there higher scores
for smell than for colour and overall acceptability on day 0.

4. Discussion

The contamination levels on untreated control legs over the
period of storage exceeded the maximum limits established in
the microbiological criteria for fresh poultry both in Spain
(Pascual-Anderson, 1992) and elsewhere (Wehr, 1982;
CNERNA-CNRS, 1996; Smoot and Pierson, 1997). These
findings suggest it is advisable to implement additional
measures, such as decontamination procedures, so as to improve
the microbiological quality of this type of food.

Water-treated leg samples were used as a physical parameter
control in order to determine whether microflora is removed by
a mere mechanical effect. The absence of differences in the
numbers of bacteria found on the untreated and on the water-
dipped samples is congruent with the findings of other authors
with respect to both of poultry (Yang et al., 1998; Kanellos and
Burriel, 2005) and of red meats (Lim and Mustapha, 2004).

The antimicrobial effectiveness of chemicals that was ob-
served in the present study supports the observations of most
authors consulted. Mehyar et al. (2005) reported that the ap-
plication of antimicrobials to poultry legs prolonged the lag
phase and reduced the maximum numbers of most microbial
groups that were reached at the end of the period of study. As in
the case of the present study (Fig. 1), these authors found that
the numbers of bacteria on control samples increased from the
beginning of storage, while on treated samples the total bacteria
remained relatively constant up to 24 h before growth occurred.

The patterns of reduction obtained in this present study are in
agreement with the work of several other researchers. It should
be noted, however, that comparisons between reports should be
considered with caution because the effectiveness of deconta-
minants depends on numerous factors like the sample type and
the conditions affecting treatment, such as time, temperature,
method and concentration (Kemp et al., 2000; Capita et al.,
2002b,c, 2003; Kanellos and Burriel, 2005; Mehyar et al., 2005;
Okolocha and Ellerbroek, 2005). Varying effects of chemicals
on microbial loads noted in different reports might be due to
differences in the composition of the flora on carcasses from
different processing plants. Thus, it is not safe to assume that
an antimicrobial solution will have identical effects on the
microflora of raw meat from different sources (Gill and Badoni,
2004).

The average 1 to 2 log reductions in mesophilic aerobic
counts and psychrotrophs when TSP was used that were ob-
served in the present work are in agreement with the findings of
other authors (SCVPH, 2003). Bautista et al. (1997) found
reductions in mesophilic microorganisms on turkey carcasses
of 1.95 log, very similar to those in the current work, after they
were sprayed with 10% TSP for 10 s. Other figures reported for
reductions in mesophilic aerobic counts through the use of TSP
in terms of log10 cfu/g are 0.1 to 1.8 after dipping chicken
carcasses in 10% TSP for 15 s (Colin and Salvat, 1996), 1.3 to
2.1 after 0 to 6 days of storage for chicken carcasses dipped in
10% TSP for 6 s (Ellerbroek et al., 1996), 1 to 1.1 after treatment
of chicken carcasses with TSP using the AvGard™ procedure
(Salvat et al., 1997; Coppen et al., 1998) and 1.21 after treatment
of chickenwings with 8%TSP (Ismail et al., 2001). In a previous
report (Capita et al., 2000a), reductions of 1.78 log cycles were
observed in chicken skin fragments after dipping in 12%TSP for
15 min.

Lower mesophilic aerobic count reductions than those in the
present study (0.74 log units) were observed by Yang et al.
(1998) after spraying with 10% TSP for 17 s. Some other
authors (Giese, 1993; Morris et al., 1997) did not even find any
significant reductions in total counts after treating carcasses
with TSP. On the other hand, very large reductions achieved by
using TSP have been reported by other authors. Rodríguez de
Ledesma et al. (1996) showed that treatments with 10% TSP for
5 s and with plain water, heated to 95 °C, for 5 s reduced by
3 log units the number of spoilage microorganisms (counts on
nutrient agar) found on chicken wings after 7 days of storage.
Similar reductions were observed by Kim and Marshall (1999)
on poultry treated with 5% TSP for 10 min and stored for
12 days.

Reductions in the numbers of psychrotrophs similar to those
in the present study have previously been found (Capita et al.,
2000a) after dipping skin fragments in 12% TSP for 15 min
(0.92 to 1.94). Other authors have also observed similar
reduction figures: 1.8 after dipping chicken skin fragments in
1% TSP for 30 min (Hwang and Beuchat, 1995) or 1.72 after
treatment with 12% TSP (Kanellos and Burriel, 2005).

It has been reported that under commercial conditions ASC
can achieve microbial count reductions of 1 to 2 log units on
poultry carcasses (SCVPH, 2003). Reductions in mesophilic
aerobic counts attributable to ASC in the present study are higher
than those observed by Kemp et al. (2000), who found 0.77 log
cycles under aerobic reductions after dipping broilers in
1200 ppm ASC for 5 s. Using the same antimicrobial treatment,
Schneider et al. (2002) observed 0.65 to 0.91 log reductions.

Although some organic acids, mainly lactic and acetic, have
been extensively studied, there are limited studies on the effects
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of citric acid on microbial loads of poultry. Data in the literature
show that, just as 2% citric acid did in the present study, 2%
lactic acid causes decreases in mesophilic counts ranging from
lower than 1 to higher than 2 log reductions (Woolthuis and
Smulders, 1985; Van der Marel et al., 1988; Hwang and
Beuchat, 1995; Bautista et al., 1997; Smulders and Greer, 1998;
Xiong et al., 1998; Yang et al., 1998; Dinçer and Baysal, 2004).
Other authors (Richards et al., 1995; Tamblyn and Conner,
1997) reported similar levels of antimicrobial activities for lactic
acid and citric acid. Pipek et al. (2004) tested the effectiveness
of lactic and citric acids against mesophilic and psychrotrophic
microorganisms on pork and beef. These authors observed that
both acids caused reductions of 1 to 2 log cycles over the course
of five days of storage at 3 °C. Fu et al. (1994) observed
mesophilic aerobic count reductions of approximately 1 log
when pork carcasses were sprayed with citric acid at con-
centrations of between 1% and 5%. These authors noticed that
treatment with CA reduced the microbial loads of pork loins for
up to 14 days.

Whereas a great deal of information is available on the
effects of TSP, ASC and organic acids in decontaminating red
meat and poultry carcasses or parts, research on peroxyacids is
scarce. Moreover, the data hitherto published refer to patho-
genic microorganisms and are derived from specially commis-
sioned studies. Similar to what was reported by Mehyar et al.
(2005), the results in the present study showed that peroxyacids
were not strongly antimicrobial under the treatment conditions
used. A 5% solution of hydrogen peroxide has been found to
reduce mean bacterial counts in the tissues of beef and lamb
carcasses by 1 to 2 logs (Sofos and Smith, 1998). Dickens and
Whittemore (1997), however, reported that 0.5% to 1.5%
hydrogen peroxide solutions had no effect on the microbiolog-
ical quality of chicken carcasses.

Similar reductions in mesophilic aerobic counts observed for
TSP, ASC and CA treatments in the present study concur with
the findings by Ellerbroek et al. (1996). These authors dipped
chicken carcasses for 6 s into 10% TSP or 1% lactic acid,
finding reductions of 1.3 to 2.1 for TSP and 1 to 1.25 for lactic
acid in the course of six days of storage in refrigerated con-
ditions. Similar reductions of psychrotrophs after acidic and
alkaline treatments were observed by Hwang and Beuchat
(1995), who found 1.1 log for TSP and 1 log for lactic acid, and
by Gill and Badoni (2004), who recorded 0.60 to 2.94 for TSP
and 0.97 to 3.20 for ASC. In contrast, other authors have found
alkaline treatments to be more effective than acidic. Thus,
Kanellos and Burriel (2005) observed greater reductions after
treatment with 12% TSP, at 1.72 log cycles, as compared with
1.5% lactic acid, achieving 0.67, in counts of both mesophiles
and Enterobacteriaceae. Mehyar et al. (2005) also observed
that TSP brought about greater reductions in bacteria (psychro-
trophs, pseudomonads, Salmonella and Escherichia coli) than
ASC, organic acids and PA. Nonetheless, a greater antimicro-
bial effectiveness has been reported by other authors (Sofos and
Smith, 1998; Gill and Badoni, 2004) for acidic treatments as
compared with alkaline.

Enterobacteriaceae and coliform bacteria have been tested
because one benefit of all carcass decontamination treatments
would be that, if effective, they should reduce the incidence of
faecal pathogens on the carcass (Sofos and Smith, 1998). The
results obtained for Enterobacteriaceae and coliforms in the
present study (Table 2) agree reasonably well with the findings
of other authors consulted, in that the treatments tested remove
both bacterial groups. Thus, Colin and Salvat (1996) found
reductions of up to 2 log units in Enterobacteriaceae and up to
1.8 in coliforms in poultry carcasses after they were dipped in
10% TSP for 15 s. Reductions in Enterobacteriaceae achieved
by using TSP similar to those being reported here have been
found by other authors with respect to poultry: 1.1 to 1.8
(Coppen et al., 1998) and 1.86 (Whyte et al., 2001). Coppen
et al. (1998) observed reductions in coliforms of 2.7 logs after
TSP treatment of chicken carcasses, and Bautista et al. (1997)
observed a 1.7 log reduction in coliform counts on turkey after
treatment with 20% TSP. Reductions in Enterobacteriaceae of
as much as 3.43 log cycles were observed by Kanellos and
Burriel (2005) on poultry after treatment with 12% TSP. Figures
for the reduction in coliforms after dipping in 1200 ppm ASC
for 5 s have been reported as 0.93 log cycles (Kemp et al., 2000)
or 0.96 to 1.13 (Schneider et al., 2002).

The reductions in both Enterobacteriaceae and coliforms
observed after treatment with CA in the present study are
greater than the figures reported by other researchers after
decontamination with organic acids. Under 1.5 log reductions
were recorded after lactic acid (Kanellos and Burriel, 2005),
acetic acid (Anderson and Marshall, 1990) or citric acid (Fu
et al., 1994) treatments. As other authors (Gill and Badoni,
2004) have observed, PA caused the smallest reduction of all the
compounds tested.

No studies would appear to have been performed to
determine the effectiveness of TSP, ASC, CA or PA against
Micrococcaceae on poultry. In a study carried out by Rodríguez
de Ledesma et al. (1996) Staphylococcus aureus reductions of
about 1 log unit were observed.

The reductions in enterococci and B. thermosphacta caused
by acidic compounds are greater than those achieved by TSP.
This is probably because, as previously suggested (Yang et al.,
1998) some bacteria, especially Gram-positive, are resistant to
alkaline compounds. In the case of CA solutions, the low pH
resulted in a greater reduction in these microbial groups, since
most aerobic bacteria cannot survive in an extremely low-pH
environment (Shelef, 1994).

The results in the present study show that pseudomonads
were very sensitive to antimicrobial compounds. It appears that
TSP, ASC and CA strongly inhibit the growth of pseudomonads
in poultry. This suppression could extend the time before the
onset of spoilage resulting from their presence in this type of
food. As indicated in previous paragraphs, a two-day extension
of shelf-life was observed in the present study for poultry
treated with TSP, ASC and CA.

Other authors have also observed considerable reductions in
pseudomonads after decontamination treatments. Reductions
greater than those being reported here were obtained by Mehyar
et al. (2005), these being 2.42 to 3.79 log cycles after dipping
poultry carcasses for 1 min in 10% TSP and 2.52 to 3.16 log
cycles after the same treatment with 1200 ppm ASC. As in the
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present study, the smallest reductions observed by the above-
mentioned authors were those resulting from the use of PA, at
0.05 to 2.10 log units. The considerable effectiveness of TSP
against pseudomonads on poultry has also been demonstrated
by other authors: 0.7 to 1.8 log reductions (Ellerbroek et al.,
1996), more than 1.8 log cycles (Colin and Salvat, 1996),
1.5 logs (Coppen et al., 1998) or 2 logs (Salvat et al., 1997).

Lactic acid bacteria reductions on decontaminated poultry
similar to those in the present study have been obtained by other
authors. Ellerbroek et al. (1996) reported reductions on poultry
during storage in the range −0.1 to 0.9 with 10% TSP and 0 to
1.1 with 1% lactic acid. Dorsa et al. (1997) observed LAB
reductions of approximately 2 logs per square centimeter after
beef was treated with 12% TSP or organic acids (lactic and
acetic) at concentrations of 1.5% to 3%. The greater ef-
fectiveness of organic acids found by these authors does not
coincide with the results in the present work, where the
reductions caused by TSP were significantly larger than those
achieved by organic acids.

Although many researchers have traced the effects of decon-
tamination treatments on several microbial groups on poultry
there are few published data about the effects of chemical
treatments on yeasts and moulds. Only minimal differences
were observed, at both the beginning and the end of storage, by
Woolthuis and Smulders (1985) on untreated control and treated
beef carcasses when a 1.25% solution of organic (lactic) acid
was used. In contrast, Dinçer and Baysal (2004) observed
immediate reductions in aerobic yeasts on fresh turkey breast
fillets after treatments with lactic acid at concentrations of 1% to
3% and with 0.5% fumaric acid.

Changes reported over the course of storage in the log mi-
crobial reductions in decontaminated poultry samples vary with
studies. Some authors (Kim and Marshall, 1999; Okolocha and
Ellerbroek, 2005; Capita et al., 2002c) have observed an increase
in the microbial reductions (mesophiles, Enterobacteriaceae,
pseudomonads and LAB) as storage after treatment with TSP and
organic acids progressed. On the other hand, Mehyar et al. (2005)
reported that reductions in E. coli after TSP treatment remained
stable over 5 days of storage.

As had been previously reported from both in vitro and in
vivo studies (Somers et al., 1994; Ellerbroek et al., 1996; Capita
et al., 2002b; SCVPH, 2003; Mehyar et al., 2005) TSP was
shown to be more effective against Gram-negative than Gram-
positive bacteria on chicken. This circumstance is related to the
ability of TSP to dissolve the outer membrane of Gram-negative
bacteria and consequently increase trans-membrane permeabil-
ity (Mehyar et al., 2005). However, results in the present study
show that Gram-positive bacteria are also susceptible. The
strong antimicrobial effect of ASC on Gram-negative bacteria in
the present work is also consistent with other researches (Lim
and Mustapha, 2004). In contrast, the powerful effects of CA on
enterococci and B. thermosphacta found in this study do not
coincide with the results of other authors (Dinçer and Baysal,
2004), who reported that the effects of organic acids (mainly
lactic and acetic acids) on Gram-positive bacteria are not as
great as they are on Gram-negative species. It should be pointed
out that the type of organic acid tested might be responsible for
these differences among studies. Comparative studies of the
effectiveness of PA against Gram-positive and Gram-negative
bacteria would not appear to be available.

With respect to pH values, the results being reported here
coincide with those ofMehyar et al. (2005), who found that of all
the chemicals tested TSP caused the largest initial increase in skin
pH after treatment, while organic acids had the opposite effect.
The significant pH reduction in PA-treated samples observed by
those authors, however, does not agree with the findings in the
present study. It has been suggested that the rather restricted
antimicrobial activity of PA is due to the limited changes in pH
that it causes in treated samples (Ellebracht et al., 2005).

According to Kanellos and Burriel (2005) the pH values
observed after treatment with TSP and CA are within ranges
that inhibit the multiplication of most bacteria, thus adding to
the bactericidal effect of both these compounds. The low pH
observed in ASC-treated samples may be due to the presence of
citric acid, used to acidify the sodium chlorite (Lim and
Mustapha, 2004).

The fact that pH remained steady throughout storage for
water-treated and untreated legs is in agreement with the results
from the work of Kanellos and Burriel (2005). Both the
decrease in the pH of the skin from day 0 in samples treated with
TSP and its increase in those treated with ASC and CA are also
in accordance with previous reports (Capita et al., 2000a;
Mehyar et al., 2005). The buffering capacity of the skin and
meat tissue, together with drip losses of the chemicals, is likely
to be responsible for the reversion of pH to normal values after
treatment. Chemical compounds formed from decontaminants
(Su and Morrissey, 2003) or as a consequence of microbial
growth (Mu et al., 1997) could be also responsible for these pH
movements during storage. The fact that on day 5 of storage the
highest pH was observed in samples treated with TSP and the
lowest in those treated with CA is a finding that concurs with
the observations of other authors (Gill and Badoni, 2004).

Sensorial studies are important when an antimicrobial
procedure is evaluated because, ideally, the use of any
decontamination intervention should reduce microbial loads
without reducing sensorial quality. The results obtained from
the sensorial assessment show that the organoleptic properties
of the poultry legs were not significantly affected by the
treatments. It should be noted that taste was not determined at
the present study. Similar scores awarded to the treated and to
the control samples on day 0 of storage agree with the previous
findings relating to meat and poultry. These have used TSP
(Bolder, 1997; Ellerbroek et al., 1997; Capita et al., 2000b,
2002b; Jiménez-Villarreal et al., 2003; Okolocha and Eller-
broek, 2005), ASC (Alcide, 2002; Schneider et al., 2002) and
organic acids (Prasai et al., 1992; Hinton and Corry, 1996;
Smulders and Greer, 1998; Dinçer and Baysal, 2004) at similar
concentrations to those in the present study. The opinion of the
Scientific Committee on Veterinary Measures relating to Public
Health (SCVPH, 2003) with regard to the evaluation of anti-
microbial treatments for poultry carcasses is that the sensorial
effects of TSP, ASC, and PA on poultry are negligible.

The brownish colour of chicken legs treated with TSP and
the whitening of samples treated with ASC, CA and PA that
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were observed in the present study are coincident with reports
from other researchers. Thus, Kim and Marshall (1999) found a
brownish colour in chicken legs treated with 15% TSP. Kanellos
and Burriel (2005) observed that when treated with an organic
acid (lactic acid) poultry drumsticks appeared soft and oede-
matous and had a gelatinous skin, while those treated with TSP
merely showed some skin discolouration and differences in hue.
These authors observed that the sensorial changes brought
about by TSP were milder than those caused by LA when
treatment times were the same.

As in the present study, Hollender et al. (1993) did not find
any significant difference between the surface appearance of
fresh whole broilers dipped in 12% TSP and those dipped in
plain water after one day of storage under refrigeration. Even
after 8 days in storage, the two groups of samples showed no
differences, according to these authors. Ellerbroek et al. (1996)
found that the organoleptic properties (smell, taste and accept-
ability) of poultry carcasses were not affected by treatments
involving dipping for 6 s into 10% TSP and 1% LA. In con-
sumer studies sponsored by commercial companies, similar
acceptability scores and purchasing preferences were observed
immediately after treatment for samples dipped for 15 min in
water and those dipped for the same time in 12% TSP (Giese,
1992).

On the other hand, in a study concerning chicken breasts and
thighs, treatment with 12% TSP did not affect consumer
acceptance (measured as purchase intent) of raw and fried
pieces. However, the colour of samples treated with TSP scored
lower than untreated controls (Hathcox et al., 1995). In studies
of the sensorial changes in chicken legs treated with TSP at
different concentrations a detectable chemical “off” odour and a
darker brownish colour were observed for chicken legs treated
with concentrations of that chemical of 10% or higher (Kim and
Marshall, 1999). Rodríguez de Ledesma et al. (1996) observed
that TSP treatment resulted in organoleptic changes to the
poultry skin surface and exposed muscle tissue with the result
that consumers preferred the untreated controls. However, this
preference disappeared if the chicken was stored under
refrigeration for a few days.

Colour is an important sensory attribute of meat because it
greatly affects the purchasing decisions of consumers (Djenane
et al., 2003). A number of researchers have investigated the
effect of organic acids on the sensorial quality of meat and
poultry and most of them found that unacceptable colour scores
(as well as “off” odours) were brought about when using more
than 1.5% to 2% of such chemicals. Bleaching of the carcass
surface, as also a brown discolouration, is recognised as a side
effect of acid treatment (Smulders, 1995; Ellerbroek et al., 1996;
Zeitoun et al., 1996; Tamblyn and Conner, 1997; Huffman,
2002; Mehyar et al., 2005). Discolouration of the skin may be
the result of oxidation reactions and becomes more apparent as
concentrations increase (Bautista et al., 1997). According to
Lim and Mustapha (2004) whitening of decontaminated meat
coincides with decreases in pH relative to control samples.

Deumier (2004) reported that the colour of chicken skin was
modified (turning yellowish or greenish) after pulsed vacuum
immersion in lactic acid solution. As was observed in the
present study, this author found that slight acidification seems to
improve the sensorial quality of chicken products. Hathcox
et al. (1995) reported that on both day 0 and day 7 of storage
overall acceptability, colour and purchase intentions for chicken
treated with 0.5% lactic acid scored lower than controls. Dixon
et al. (1991) sprayed beef strip loin steaks with a mixture
containing citric and ascorbic acids and found no difference in
sensorial properties in comparison to control steaks. It should be
pointed out that differences between reports could be partially
due to the types of pieces of meat tested. Bleaching of the skin
by organic acid treatments was reported in poultry carcasses,
especially with respect to wings and breasts (Villarreal et al.,
1990).

The slight effect of ASC on poultry skin colour observed in
the present study agrees with the reports from other authors. In a
study carried out using beef samples, Bolisevac et al. (2004)
showed that treatment with ASC at 600 ppm had a significant
effect on both colour and odour when compared with controls.
However, the flavour of samples treated with 300 ppm ASC was
scored as typical or even better than the untreated controls.
Schneider et al. (2002) studied the effect of 1200 ppm ASC
treatment on the sensorial quality of poultry carcasses. These
authors observed a slight visual change in skin colour
(whitening of the skin surface) immediately after treatment in
both sprayed and dip-treated carcasses. Unlike the results being
reported in this paper, the above-mentioned authors observed
that the colour of untreated carcasses was scored higher than
ASC-treated samples. No changes in meat texture or aroma
were observed by these authors. The whitening effect of ASC
on poultry has been also observed by Kemp et al. (2000), who
noticed that the only notable adverse effect of dipping in
1200 ppm ASC for 5 s was a transient, mild whitening of the
skin surface. However, these authors observed that this mild
colour change was subsequently lost during hydrocooling and
did not result in any organoleptic changes in raw (post-chill) or
cooked poultry products. Similar colour scores for all groups of
samples from day 1 of storage onwards coincides with the
reports by Smulders (1995) stating that, unless they are applied
in very high concentration, discolouration due to organic acids
tends to revert to normal after 24 h.

There would appear to be no published information specifi-
cally on the sensorial effects of peroxyacids on poultry. Hinton
and Corry (1996) observed that the bleaching action of
hydrogen peroxide may result in carcasses having an unaccept-
able appearance. Hwang and Beuchat (1995), Mulder et al.
(1987) and Lillard and Thomson (1983) observed that hydrogen
peroxide causes discolouration and swelling of broiler carcasses
because of the catalase activity of the skin, producing oxygen
gas. Dickens andWhittemore (1997) reported that 0.5% to 1.5%
solutions of hydrogen peroxide had no effect on the micro-
biological quality of chicken carcasses, while they did result in
the bleaching and bloating of the skin of carcasses.

The decrease in sensorial scores over the course of storage in
both treated and untreated poultry samples that was observed in
this study has been previously reported (Capita et al., 2000a,b).
The absence of any difference in the scores for water-dipped
and for untreated samples as storage progressed that was noted
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in this research did not coincide with observations by Kim and
Marshall (1999) who found that water-treated poultry legs had
significantly lower odour and appearance scores after 12 days
when compared with untreated controls.

The higher hedonic scores obtained by legs treated with
TSP, ASC and CA at the end of storage indicate that these
samples are much more acceptable for consumers. This ob-
servation corroborates the findings mentioned above and
the observations of other authors (Hollender et al., 1993;
Bolisevac et al., 2004), showing that these decontamination
treatments control the spoilage bacteria that adversely affect
poultry (mainly Pseudomonas spp.). The acceptability and
purchase preference prolongation of red meat and poultry after
decontamination treatments support reports from several other
researchers both for TSP (Giese, 1992; Rathgeber and
Waldroup, 1995; Colin and Salvat, 1996; Kim and Marshall,
1999; Capita et al., 2000a,b; SCVPH, 2003), ASC (Alcide,
2002) and organic acids (Hinton and Corry, 1996; Dinçer and
Baysal, 2004; Pipek et al., 2004).

Hollender et al. (1993) measured the external appearance on
day 1 and day 8 of storage at 4 °C of fresh broiler carcasses dipped
in 12% TSP for 15 s. These authors demonstrated that on day 8, a
large number of respondents indicated a purchase preference for
the treated product. Rodríguez de Ledesma et al. (1996) designed
an organoleptic test to measure consumer preferences, based on
smell and appearance, with respect to TSP-treated and untreated
chicken wings. This study showed that after 6 days of storage the
decontaminated wings achieved the highest scores. According to
the above-mentioned authors the differences between control and
TSP-treated samples may be due to increased water-holding
capacity of the protein, improving the appearance of the muscle
and skin, when the wings are dipped in TSP. The lower spoilage
effect on TSP-treated wings, as compared with untreated controls
with higher contamination loads, might also be responsible for
this preference.

As far as we know, no studies have been performed to de-
termine the prolongation of acceptability of poultry treated with
PA. Fletcher et al. (1993) observed a slightly longer shelf-life in
poultry treated with hydrogen peroxide and sodium bicarbonate.

The increase of two days in poultry shelf-life observed in the
present study for legs treated with TSP, ASC and CA, on the
basis both of microbiological and sensorial criteria, has been
reported previously by other authors (Fletcher et al., 1993;
Rathgeber and Waldroup, 1995; Dinçer and Baysal, 2004;
Mehyar et al., 2005).

To sum up, the high microbial loads observed in poultry
suggest it is advisable to implement additional measures reduc-
ing contamination, in order both to prolong the shelf-life and to
increase the safety of this foodstuff. The present study shows that
decontamination with trisodium phosphate (TSP), acidified
sodium chlorite (ASC), citric acid (CA) and peroxyacids (PA)
can substantially improve the microbiological condition of
poultry held in storage. The results obtained from sensorial
evaluations showed that the organoleptic properties of the
samples were not adversely affected by the treatments, even TSP,
ASC and CA treatments making poultry much more acceptable
than untreated samples by the end of the period of storage.
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