@ foods MBPY

Article

Efficacy of Lactic Acid and Modified Atmosphere
Packaging against Campylobacter jejuni on Chicken
during Refrigerated Storage

Elena Gonzalez-Fandos *, Naiara Maya, Alba Martinez-Laorden and Iratxe Perez-Arnedo

Food Technology Department, CIVA Research Center, University of La Rioja, 26006 La Rioja, Spain;
naiara.maya@unirioja.es (N.M.); alba.martinezl@unirioja.es (A.M.-L.); ipearn@gmail.com (I.P.-A.)
* Correspondence: elena.goznalez@unirioja.es; Tel.: +34-941-299-728

check for

Received: 12 November 2019; Accepted: 16 January 2020; Published: 20 January 2020 updates

Abstract: The present study was conducted to evaluate the combined effect of lactic acid washing
and modified atmospheres packaging on the counts of Campylobacter jejuni on chicken legs stored
at 4 °C. In experiment 1, inoculated chicken legs were washed with either 1% or 2% lactic acid
solution for 5 min or distilled water (control). The treatment with 2% lactic acid reduced C. jejuni
counts 1.42 log units after treatment (day 0). In experiment 2, inoculated samples were packaged
under different conditions: air, 100%N,, vacuum, 20%CO,/80%Ny, or 40%CO,/60%N,. C. jejuni
counts were higher in samples packaged under vacuum or atmospheres containing CO, than
in air. In experiment 3, inoculated chicken legs were washed with a 2% lactic acid solution for
5 min or distilled water (control). Samples were packaged under different conditions: air, vacuum,
20%C0O,/80%N5;, or 40%C0O,/60%N;. C. jejuni counts were lower in samples treated with lactic acid
than in samples non-treated. However, C. jejuni counts were higher in chicken legs treated with lactic
acid and packaged in modified atmospheres than in those treated and packaged in air. Immersion of
chicken legs in a solution containing 2% lactic acid can reduce C. jejuni counts on fresh chicken
packaged in modified atmosphere.
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1. Introduction

Campylobacteriosis is one of the most frequently reported foodborne illness in the European
Union, with 246,158 confirmed human cases in 2017, and an incidence rate of 64.8 cases per 100,000
population [1]. The prevalence of Campylobacter spp. in chicken meat is high [1-3]. In fact, chicken meat
is considered as the main foodborne source of human campylobacteriosis [4].

Risk assessments for Campylobacter have concluded that a 2 log reduction of the counts of
Campylobacter on chicken meat will lead to a 30-fold reduction of human campylobacteriosis cases
associated with chicken meat [5]. Organic acids are generally recognized as safe substances (GRAS),
being traditionally used as food preservatives [6]. In order to reduce Campylobacter spp. counts on
chicken meat the treatment with organic acids could be useful [7,8]. The effectiveness of organic
acids for reducing pathogens depends on the acid type, acid concentration, temperature, contact time,
tissue type, or organisms [9].

Several research reports have addressed the efficacy of lactic acid for reducing microbial counts
in meat and poultry [9,10]. Treatments with lactic acid at varying concentrations result in microbial
reductions ranging from 1 to 3 log units on meat surfaces [10]. Decontamination of beef carcasses
with solutions of lactic acid at concentrations between 2% and 5% has been permitted in the European
Union since 2013 [11]. Recently, the safety and efficacy of lactic acid to reduce microbial contamination
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on pork have been evaluated by the European Food Safety Authority (EFSA) [12]. EFSA has concluded
that the treatments using lactic acid for decontamination pork are of no safety concern, provided that
the substance used complies with Union specifications for food additives and are effective to reduce
microbiological surface contamination [12]. The decontamination of poultry carcasses with lactic acid
is currently not yet allowed for poultry meat in the European Union.

Different research reports have addressed the use of lactic acid for reducing Salmonella [13] and
Listeria monocytogenes [14]. The ability of lactic acid to inhibit Campylobacter jejuni has been studied in
laboratory media [15-17] and meat [18,19].

Chicken meat is a very perishable food, packaging in modified atmosphere can extend its shelf
life, since aerobic spoilage bacteria such as Pseudomonas are inhibited [20]. Nevertheless, there is a
great concern about the microbiological safety of modified atmosphere packaging (MAP) products,
since some pathogens are able to grow before spoilage becomes evident. As a microaerophilic and
capnophilic microorganism, C. jejuni requires an atmosphere with reduced oxygen and elevated carbon
dioxide concentration for its growth [21]. The effect of different modified atmospheres packaging on
the survival of C. jejuni has been studied by Meredith et al. [22]. Some studies evaluate the survival
of C. jejuni in culture media treated with lactic acid and incubation under different atmospheres [23].
However, there are few studies on the combined effect of lactic acid and modified atmospheres against
C. jejuni in chicken meat [24].

The aim of this work was to evaluate the effectiveness of lactic acid washing to reduce C. jejuni on
chicken meat packaged under modified atmospheres and stored at 4 °C. Microbiological and sensorial
quality were also evaluated.

2. Materials and Methods

2.1. Preparation of Bacterial Inoculum

C. jejuni ATTCC 33291 was grown in Preston Campylobacter enrichment broth (Oxoid, Hampshire,
UK) under microaerobic conditions at 42 °C for 24 h. The inoculum was prepared according to the
methodology described by Gonzalez-Fandos and Maya [8]. Campylobacter jejuni cells were diluted in
sterile peptone water to yield a concentration of about 10° cfu/mL.

2.2. Inoculation of Poultry

Fresh chicken legs were collected from a poultry processing plant immediately after chilling
(La Rioja, Spain). The legs were placed on crushed ice and transported to the laboratory. The chicken
legs were inoculated with C. jejuni by dipping them into a suspension of this pathogen for 5 min at
room temperature. After inoculation, the legs were removed and kept for 30 min at room temperature
to allow the bacteria attachment.

2.3. Experiment 1. Treatment with Lactic Acid

Inoculated legs were divided into three groups, each containing 15 legs. Samples of each group
were immersed for 5 min into the following solutions: 1% lactic acid, 2% lactic acid, or distilled water
(control). Lactic acid was provided by Scharlau (Barcelona, Spain). After treatment, the legs were
removed and drained for 5 min at room temperature. Afterwards, legs were placed individually in
sterile bags and stored at 4 °C for 8 days. Samples were taken on days 0 (after treatment), 1, 3, 6, and 8.
On the sampling days, three legs of each group were taken out of storage to perform microbiological,
pH, and sensorial analysis.

Since better results were obtained in samples washed with 2% lactic acid, these washing conditions
were selected in the experiment 3 carried out with modified atmosphere packaging.
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2.4. Experiment 2. Packaging in Modified Atmosphere

After inoculation chicken legs were divided into five groups, each containing 24 legs. Group 1
samples were used as the control and were packaged in air (Batch AC). Legs from Groups 2-5 were
placed in plastic bags provided by Dixie (Dixie, Bern, Switzerland) and packaged under different
modified atmospheres: 100%N5;, vacuum, 20%CO,/80%N,, and 40%CO,/60%N.

The characteristic of the plastic film used were as follows: CO, permeability less
than 13 cm3/m?2/24 h/atm at 25 °C, O, permeability less than 5 cm3/m?2/24 h/atm, water vapor
transmission rate less than 1.8 g/m?/24 h. A Vaessen-Schoemake machine was used for packaging
(Vaessen-Schoemake, Barcelona, Spain). The gases used were provided by Praxair (Madrid, Spain).
After packaging all the samples were stored at 4 °C for 15 days. Samples were analyzed on day 0
and after 1, 3, 6, 8, 10, 13, and 15 days of storage. On the sampling days, three legs of each group
were removed of storage to determine gases concentration and perform microbiological, sensorial,
and pH analysis.

2.5. Experiment 3. Combined Treatment of Lactic Acid and Modified Atmosphere Packaging

Inoculated legs were divided into two groups. Samples from Group 1 containing 120 legs were
immersed for 5 min into a solution containing 2% lactic acid, samples from Group 2 containing
30 legs were immersed in the same conditions on distilled water (control). After treatment, the legs
were removed and drained for 5 min: legs from Group 1 were packaged under different modified
atmospheres as described in experiment 2. The modified atmospheres selected in this experiment were
20%C0O,/80%Ny, 40%CO,/60%N;, and vacuum. Legs from Group 2 were packaged in air (Batch BC,
control). Samples were taken on days 0 (after treatment), 1, 3, 6, 8, 10, 13, 15, and 17. On the
sampling days, three legs of each group were taken out of storage to perform microbiological, pH,
and sensorial analysis.

2.6. Microbiological Analyses and pH Determination

Ten grams of skin were aseptically weighed and homogenized in a Stomacher (IUL, Barcelona,
Spain) for 2 min with 90 mL of 1% sterile peptone water (Oxoid). Decimal dilutions were made with
the same diluent. Mesophilic microorganisms were determined on plate count agar (PCA, Merck,
Darmstadt, Germany) using the pour plate method, incubating at 30 °C for 72 h [25]. Psychrotrophic
bacteria were determined on PCA (Merck) with an incubation temperature of 7 °C for 10 days, using
the pour plate method [25]. Pseudomonas spp. were determined on King’s B medium (Merck) with
an incubation temperature of 25 °C for 48 h. [8]. Enterobacterales were determined on violet red bile
glucose (VRBG) (Merck) following the pour plate method with an incubation temperature of 37 °C for
48 h [25,26]. Enumeration of C. jejuni was carried out on modified Charcoal cefoperazone desoxycolate
agar (Oxoid) with an incubation temperature of 42 °C for 48 h under microaerobic conditions according
to ISO 10272-2 [27]. Confirmation of five presumptive colonies was performed according to the ISO
10272-2 principles [27]. Measurements of pH were made using a Crison model 2002 pH meter with a
penetration electrode (Crison Instruments, Barcelona, Spain).

2.7. Sensorial Analysis

The samples were evaluated for overall acceptability with regard to odor, color, and overall
appearance by a panel of nine members as described by Gonzalez-Fandos and Maya [8]. A structured
hedonic scale with numerical scores ranging from 7 to 1 was used. A score of 3 was considered the
borderline of acceptability.

2.8. Statistical Analysis

Analysis of variance was performed using the SYSTAT program for Windows; Statistics version
5.0 (Evanston, IL, USA, 1992). For assessing the data were normally distributed the Shapiro-Wilk
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test was carried out. The homogeneity of variance was evaluated according to the Bartlett’s test.
Tukey’s test for comparison of means was performed using the same program. Plate count data were
converted to logarithms prior to their statistical treatment. Significance level was defined at p < 0.05.

3. Results

3.1. Effect of Lactic Acid

The effect of lactic acid washing on mesophilic, psychrotrophic, Pseudomonas, Enterobacterales,
and C. jejuni counts in chicken legs is shown in Table 1. Significant differences (p < 0.05) in
mesophile, psychrotroph, and Pseudomonas counts were observed between the legs treated with
lactic acid and the control legs. The results obtained showed that washing with 2% lactic acid reduced
psychrotrophs counts between 1.31 and 2.07 log units compared to the control legs throughout storage.
Significant differences (p < 0.05) in psychrotrophs counts were observed between the legs treated with
1% lactic acid and those treated with 2% lactic acid on days 6 and 8 of storage. Significant differences
(p < 0.05) in Enterobacterales counts were observed between the legs treated with lactic acid and the
control legs. The results obtained showed that washing with 2% lactic acid reduced Enterobacterales
counts between 0.5 and 1.94 log units compared to the control legs throughout storage. No significant
differences (p > 0.05) in Enterobacterales counts were observed between the legs treated with 1% lactic
acid and those treated with 2% lactic acid, except on day 1 of storage, although lower counts were
observed in chicken legs treated with 2% lactic acid.

Significant differences (p < 0.05) in the C. jejuni counts were observed on legs treated with 2% lactic
acid compared to the control samples. After 1 day of storage, C. jejuni counts were 1.5 log units lower
in legs treated with 2% lactic acid than in control ones. Significant reductions (p < 0.05) in the C. jejuni
counts were also observed on legs treated with 1% lactic acid on days 0, 1, and 3 of storage compared
to the control samples. However, no significant differences were observed on days 6 and 8 of storage.

Table 1. Effect of lactic acid on the mesophilic, psychrotrophic, Pseudomonas, Enterobacterales,
and Campylobacter jejuni counts on chicken legs (log cfu/g).

Microbial Group Treatment Day of Storage

0 1 3 6 8
Control 530+0302 7.08+006% 7.85+0062 883+0.022 884+0.032
Mesophiles 1% Lactic acid 371+028° 641+039P 772+008% 7.84+009° 8.06+0.14°
2% Lactic acid 371+028°% 588+026° 719x015° 775+004P 7.87+0.04P
Control 454+0312 656+0.092 7.65+0132 880+0262 889 +0.032
Psychrotrophs 1% Lactic acid 293+098° 533+032° 692+040° 737+026P 7.56+0.13P
2% Lactic acid 247 £022°%  507+0.19P  634+023° 686+023° 698+0.18¢
Control 455+0062 550+0.172 717+008% 7.43+0052 7.98+0.04°
Pseudomonas 1% Lactic acid 296 £052°  503+004P 614+012P 611014 7.07+024°
2% Lactic acid 263+023%  405+054¢ 541+0.11° 593+0.04P> 670+0.06P
Control 31140132 524+0.182 639+029° 7.74+004% 7.75+0.032
Enterobacterales 1% Lactic acid 273+£0.10°  406+025P 579+012P 602+030° 625+021°
2% Lactic acid 261+055P 335+038° 560+0.69° 580+029P 6.23+025°
Control 475+0222%  468+0222 400+006° 3.84+0022 3.61+0.03°
C. jejuni 1% Lactic acid 365+022° 351+026° 347+007° 374+0.122 354+0.132
2% Lactic acid 333+029° 318+030° 324+023P 321+011P 3.09+009P

Mean + standard deviation; Mean values in the same column within the same microbial group that are followed by
the same letter were not significantly different (p > 0.05).

Lactic acid treatment significantly reduced (p < 0.05) the pH of legs. Initial pH values in chicken
legs treated with 1% or 2% lactic acid were 5.83 + 0.15 and 4.96 + 0.17, respectively (0.6 and 1.47 units
lower than in control samples). Significant differences (p < 0.05) in pH values between legs treated with
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1% lactic and those treated with 2% lactic acid were only observed on day 0 (after treatment). On day 8,
pH values were 6.80 + 0.29, 6.04 + 0.04, and 5.91 + 0.38 in control legs, legs treated with 1% and 2% lactic
acid, respectively. Lactic acid at concentrations of 1% and 2% did not negatively affect the sensorial
quality since scores of 7 in overall acceptability were observed after treatment (Table 2). Control legs
were rejected on day 6 of storage, while those treated with 2% lactic acid remained acceptable until day
8 of storage. Chicken legs treated with 1% lactic acid were rejected on day 8 of storage. Since better
results were obtained in samples washed with 2% lactic acid, these conditions were selected in the
study carried out with modified atmosphere packaging.

Table 2. Overall appearance of chicken legs treated with lactic acid and stored at 4 °C.

Treatment Day of Storage
0 1 3 6 8
Control 7.00 + 0.002 7.00 +0.00 2 4.67 +0.472 233 +0472 1.11+0.312
1% Lactic acid 7.00 +0.00 2 7.00 +0.002 6.11+0.31° 4.67 +0.47° 244 +0.50P
2% Lactic acid 7.00 +0.002 7.00 +0.002 6.33 + 0.47 P 6.11 +0.31°¢ 4.67 +0.47 ¢

Mean =+ standard deviation; mean values in the same column that are followed by the same letter were not
significantly different (p > 0.05).

3.2. Effect of Modified Atmosphere Packaging

Table 3 shows the effect of packaging in modified atmospheres on mesophilic, psychrotrophic,
Pseudomonas, Enterobacterales, and C. jejuni counts in chicken legs. Significant differences (p < 0.05) in
mesophilic, psychrotrophic, and Pseudomonas counts were observed between the legs packaged in
vacuum or atmospheres containing CO; (20%C0O,/80%N, and 40%CO,/60%N;) and the control legs
packaged in air, except on day 0. Packaging in 40%C0O,/60%N; (Batch AC40) reduced psychrotrophic
counts between 1.24 and 2.12 log units compared to the control legs (Batch AC) throughout storage.
Only significant differences (p < 0.05) in Enterobacterales counts were observed between the control legs
packaged in air and the legs packaged in atmospheres containing 40% CO; except on day 0 and the
legs packaged in atmospheres containing 20% CO, on day 1 of storage.

Significant differences (p < 0.05) in the C. jejuni counts were observed on legs packaged in modified
atmosphere (Batches AN, AV, AC20, and AC40) and control samples (Batch AC) after 3 days of storage,
being the counts of this pathogen higher in the samples packaged in MAP.

Significant differences (p < 0.05) were found in pH values between samples packaged in modified
atmospheres containing CO, and those packaged in air, vacuum, or 100%Nj, except on day 0. On day 1
pH on control samples was 6.45 + 0.16, while in samples packaged in 40%CO,/60%N, was 5.80 + 0.05.
Changes in packages atmospheres (CO,, O;, Nj) exhibited no significant differences (p > 0.05)
during storage among samples packaged in the same atmosphere condition. Slight changes in CO,
concentrations in the pack atmospheres were detected in Batches AC20 and AC40. CO, concentrations
decreased by about 4% during storage in MAP samples. The sensorial acceptability of chicken
legs was not adversely affected by the packaging conditions, receiving higher scores than control
samples after 1 day of storage (Table 4). Control legs were rejected on day 6, while those packaged
in 40%C0O,/60%N; (Batch AC40) and 20%CO,/80%N, (Batch AC20) were rejected on days 15 and
13, respectively. Samples packaged in 100%N, were rejected on day 8, while those packaged under
vacuum were rejected on day 13 of storage.
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Table 3. Effect of different atmosphere packaging conditions on the mesophilic, psychrotrophic, Pseudomonas, Enterobacterales, and C. jejuni counts on chicken legs (log cfu/g).

Day of Storage
Microbial Group Batch y &
0 1 3 6 8 10 13 15
AC 6.55 +0.04 2 7.78 +0.042 8.95+0.392 NI NI NI NI
b b a a
AN 51540447 5.39 +0.13 7.01+0.16 8.59 + 0.38 9.19 £0.15 NI NI NI
Mesophiles AV 5.35+0.11° 6.80 +0.13° 7.53 £0.11° 829 +0.11° 8.62+0.122 9.00 +0.432 NI
AC20 4.89 +0.17°¢ 6.52 +0.08 726+017  779+048P¢  810x0.12P 8.80 +0.312 NI
AC40 461 +0.09 ¢ 6.43 +0.04 ¢ 7.00 +0.15¢ 747 £0.14°¢ 7.81£0.11° 7.85+0.10P 8.25 + 0.04
AC 6.62 +£0.072 7.65+0.032 8.71+0432 NI NI NI NI
b b a a
AN 458 4 043 2 5.40 + 0.14 6.99 + 0.14 8.49 + 0.04 9.02 + 0.01 NI NI NI
Psychrotophs AV 538+0.15°  672+009°  7.44+008P>  8.00+0.09° 850 +0.022  890+0212 NI
AC20 478 +022°¢ 6.50+0.14°¢  716+0.17> 764029  800+0.05P 8.70 +0.202 NI
AC40 450 +0.03¢ 6.41+030°¢ 6.90 +0.20°¢ 7.35+0.02°¢ 7.75 + 0.05° 7.78 £0.11° 8.00 + 0.12
AC 6.58 + 0.042 770 £0.112 8.60 £0.392 NI NI NI NI
Al . 14P . 147P 29 +0.162 84 +0.122 1 I I
N 43040147 5.40 + 0.14 6.80 + 0.14 8.29 £ 0.16 8.84+0 N N N
Pseudomonas AV 5.35 + 0.04 ° 6.74 +0.17 7.40 +0.15° 8.00 +0.09° 843 +0.152 8.70 +0.022 NI
AC20 4.88 +0.05¢ 6.46 +0.23P 7.02+030°  752+040° 790+ 0.06P 8.60 +0.062 NI
AC40 442 +0.12°¢ 6.35+0.04 € 6.81+0.18°¢ 7.30 +0.08 753 £0.44° 771 £0.07° 7.98 +0.05
AC 4.67 +0.07 2 5.54 +0.352 6.25+0.322 NI NI NI NI
AN 424 +0482 5.40 +0.382 6.19 +0.16 6.00 £0.122 NI NI NI
—  268%0.192
Enterobacterales AV 438 +0.36° 551 +0.142 6.09 +0.152 6.31+£0.112 6.57 +0.30 @ 6.72 £0.132 NI
AC20 3.63+0.14P 546 +0.122 6.18 +0.182 6.30 0382 6.36 +0.112 6.58 +0.022 NI
AC40 343 +0.11° 499 +0.19" 5.38 +0.17P 543 +0.14" 5.80 +0.30 6.35+0.092 7.09 +0.30
AC 4.44 +0.07° 4.00+0.132 3.79 £ 0.092 NI NI NI NI
AN 453 +0.082 41 +0.03P 33+021b 434+0.122 NI NI NI
4594 0,152 441 +0.03 433+0.21
C. jejuni AV 449+0.12%  441+017°  437+0.18P  438+034°  428+0.16%  418x0152 NI
AC20 452 +0.182 450 022" 449 +0.17° 445+0.142 4.41+0.092 420 +0.172 NI
AC40 470 £0.082 453 +0.04° 457 +0.18" 455 +0.092 442 +0372 430+0.122 421 +0.12

Mean + standard deviation; mean values in the same column within the same microbial group that are followed by the same letter were not significantly different (p > 0.05). NI, not
investigated; treatment conditions: Batch AC: packaging in air; Batch AN: packaging in 100%N,; Batch AV: packaging in vacuum; Batch AC20: packaging in 20%C0O,/80%N,; Batch AC40:
packaging in 40%CO,/60%N,.
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Table 4. Overall appearance of chicken legs packaged under different conditions and stored at 4 °C.

Batch Day of Storage
0 1 3 6 8 10 13 15
AC 7.00£0.00% 667+0472 411+0312 211+0312 NI NI NI NI
AN 7000002 7.00+0.00% 567+047° 433+£047P 267+0472 NI NI NI
AV 700+0.00% 7.00+0.00% 611031 467+047° 411+031P 367+047% 233+0.67°2 NI
AC20 7.00£0.002 7.00+000% 667+047° 611031 567+047° 411+0312 267+0472 NI

AC40 700+0.00% 7.00+0.002 633+047P  633+£047° 633+047° 567+047° 411+031P 267+047

Mean + standard deviation; mean values in the same column that are followed by the same letter were not
significantly different (p > 0.05). NI, not investigated; treatment conditions: Batch AC: packaging in air; Batch AN:
packaging in 100%N5;; Batch AV: packaging in vacuum; Batch AC20: packaging in 20%C0O,/80%N,; Batch AC40:
packaging in 40%CO,/60%N,.

3.3. Combined Treatment of Lactic Acid and Modified Atmosphere Packaging

Table 5 shows the effect of 2% lactic acid on mesophile, psychrotroph, Pseudomonas, Enterobacterales,
and C. jejuni counts on chicken legs packaged in different modified atmospheres. Significant differences
(p < 0.05) in mesophiles, psychrotroph, and Pseudomonas counts were found between the legs treated
with 2% lactic packaged in air (Batch BA) and those packaged in atmospheres containing CO, (Batch
BC20 and BC40) throughout storage. Significant differences (p < 0.05) in psychrotroph and Pseudomonas
counts were found between the legs treated with 2% lactic packaged in air (Batch BA) and those
packaged in vacuum after day 6 of storage, although lower counts were observed in those packaged in
vacuum throughout storage. The air-packaged legs non-treated with lactic acid had the fastest increase
in psychrotroph and Pseudomonas counts (Batch BC). The lowest psychrotroph and Pseudomonas counts
were observed in those samples treated with lactic acid and packaged in 40%CO,/60%N, (Batch BC40),
with psychrotroph reductions counts between 2.02 and 4.74 log units compared to the control legs
non-treated with lactic acid and packaged in air (Batch BC) throughout storage. Significant differences
(p < 0.05) in Enterobacterales counts were found between the legs treated with 2% lactic packaged in air
(Batch BA) and those packaged in atmospheres containing CO, (Batch BC20 and BC40) or vacuum
after day 3 of storage.

Significant differences (p < 0.05) in the C. jejuni counts were observed on legs treated with 2%
lactic acid (Batch BA, BV, BC20, and BC40) compared to the control samples non-treated with lactic acid
(Batch BC). No significant reductions (p > 0.05) were found in the C. jejuni counts among legs treated
with 2% lactic acid and packaged in air, 20%C0O,/80%N;, 40%CO,/60%N,, or vacuum, except on day
13 of storage, although the counts were higher in those samples packaged in atmospheres containing
CO, than in air or vacuum conditions. On day 3 samples washed with 2% lactic acid and packaged in
an atmosphere containing 40%C0O,/60%N; showed a reduction of C. jejuni counts about 1.41 log units
compared with poultry legs non-treated and packaged in air.
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Table 5. Effect of 2% lactic acid on the mesophilic, psychrotrophic, Pseudomonas, Enterobacterales, and C. jejuni counts on chicken legs packaged under different modified
atmospheres (log cfu/g).

Day of Storage
Microbial Group Batch

0 1 3 6 8 10 13 15 17

BC 471+0.022 625+0152 720+0.132 872+0.102 NI NI NI NI NI

. BA 390 +0.15° 490+003" 628+041° 683+0.15P 791+0.102 8.14+0.162 8.84+0.102 NI NI

Meosphiles

BV 390 £0.15° 476+039° 587+039° 611+029° 6.16+005° 624+0.15P 754+006P 807+0312 857+0.122
BC20 390+0.15> 385+021¢ 419+053¢ 534+011¢ 552+011¢ 567+018¢ 689+0.13¢ 7.85+0452 8.48+0.332
BC40 390+0.15° 373+007° 3.86+005° 4890309 495+0139 518+0.088 595+0.084 695+011P 793+0.11°

BC 432+0.082 616+0432 739+0.112 898+0.022 NI NI NI NI NI

P BA 230+0.63> 488+024 595+041P 683+0.15° 676+0.022 813+0352 875+0202 NI NI

sychrotophs

BV 230+0.63° 465+032° 559+016° 623+0.08° 586+0.12P 618+051P 778+0.13P 835+0442 840+0.122
BC20 230+£0.63° 344+029° 414+063° 524+022° 530+045P 574+020P 6.87+010°¢ 7.82+029P 8.18+0.082
BC40 230+0.63P 310+0.14°¢ 380+034° 4240329 459+028° 516+011° 565+0329 657+036° 7.80+0.17P

BC 431+0.062 573+0.082 7.00+0412 7.47+0282 NI NI NI NI NI

BA 233+£0.14° 475+054P 533+051P 572+010° 698+0.022 816+0322 8600102 NI NI

Pseudomonas

BV 233+0.14% 4264030 495+017P 516+038° 526+026° 6.07+015P 7.82+0.16° 821+0302 8.44+0.382
BC20 233+014° 322+024°¢ 372+015° 491+0.04°¢ 519+049P 575+0.18° 670+039°¢ 7.80+0.132 829+043%
BC40 233+0.14% 300+0.10° 3.34+022° 415+0329 438+0.15° 505+039°¢ 530+0239 645+0.39a 7.40+023P

BC 276+033% 4490382 590+0322 7.86+0.06° NI NI NI NI NI

BA 206+015° 224+018" 421+011° 591+0.12° 6.13+0.052 6.58+0232 7.00+0.062 NI NI

Enterobacterales

BV 206+0.15° 200+015P 3.83+008° 496+0.07° 526+026°> 565+0.12° 682004 645+0142 6.60+0.362
BC20 206+0.15° 218+035° 355+059¢ 386+0249 503+009° 504+024° 600+0.09° 640+016% 6.45+0.172
BC40 206+015° 214+034° 294+0179  326+0299 482+018P 496+039° 550+0.14°¢ 593+0.13P 594+0.17P

BC 488+0.062 4.61+0052 441+0092 3.85+0072 NI NI NI NI NI

C. jejuni BA 333+0.12° 301+003P> 281+033> 270+027° 278+0112 270+0.102 230+0.152 NI NI
BV 333+0.12° 320+0.13P 284+039P 290+006° 290+0322 271+0162 277+0.13%® 268+0202 2.75+0.252
BC20 333+012° 325+013P 290+019° 298+0.15P 295+0392 291+0.092 3.06+049P 284+0.122 3.13+0.182
BC40 333+012° 349+023P 300+0.13P 310+0.02° 298+0132 3.08+0.062 314+012°> 287+0122 3.13+0.182

Mean =+ standard deviation; mean values in the same column within the same microbial group that are followed by the same letter were not significantly different (p > 0.05). NI, not
investigated; treatment conditions: Batch BC: control without lactic acid treatment, packaging in air; Batch BA: 2% lactic acid, packaging in air; Batch BV: 2% lactic acid, packaging in
vacuum; Batch BC20: 2% lactic acid, packaging in 20%CO,/80%N,; Batch BC40: 2% lactic acid, packaging in 40%CQO,/60%N,.
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Initial pH values in legs treated with solutions containing 2% lactic (day 0) were 4.93 + 0.02,
1.5 units lower than in control legs (Batch BC). Significant differences (p < 0.05) were found in pH
values between samples washed with 2% lactic acid and packed in atmospheres containing CO, and
those packed in air or vacuum after 3 days of storage. Changes in packages atmospheres (CO,, O,, N»)
exhibited no significant differences (p > 0.05) during storage among samples packaged in the same
atmosphere condition. Slight changes in CO, concentrations in the pack atmospheres were detected in
Batches BC20 and BC40. CO; concentrations decreased by about 4% during storage in MAP samples.
Legs non-treated with lactic acid and packaged in air were rejected on day 6 (Batch BC), while those
treated with lactic acid and packaged in 40%CO,/60%N; remain acceptable until day 17 (Table 6).
Chicken legs treated with lactic acid and packaged in 20%CO,/80%N, were rejected on day 17. The use
of modified atmosphere packaging in combination with lactic acid resulted in a shelf life extension of
refrigerated fresh chicken legs.

Table 6. Overall appearance of chicken legs treated with 2% lactic acid and packaged under
different conditions.

Day of
Batch ay of Storage
0 1 3 6 8 10 13 15 17
BC 7.00+£0.00% 6.67+047% 433 +047° 211+031% NI NI NI NI NI
BA 7.00+0.00% 7.00+0.00% 633+047° 611+031P 4.67 +0472 411+0312 244 +050° NI NI

BV 7000002 7.00+£0.00% 6.67+047° 644+050° 633+047° 567+047P 511+031P 344+050% 2110312
BC20  7.00+0.00® 7.00+0.00% 6.67+047° 6.67+0.47® 644 +050°  611+031P  567+047° 3.67+0472 244+050°
BC40  7.00+0.00® 7.00+0.00® 667 +047° 6.67+0.47 ® 6.44+050°  611+031P  567+047° 411+031* 367 +047P

Mean + standard deviation; mean values in the same column that are followed by the same letter were not
significantly different (p > 0.05). NI, not investigated. treatment conditions: Batch BC: control without lactic acid
treatment, packaging in air; Batch BA: 2% lactic acid, packaging in air; Batch BV: 2% lactic acid, packaging in vacuum;
Batch BC20: 2% lactic acid, packaging in 20%CO,/80%N;; Batch BC40: 2% lactic acid, packaging in 40%CO,/60%Na.

4. Discussion

In the present work it was observed that washing with 1% or 2% lactic acid caused significant
reductions (p < 0.05) in mesophilic, psychrotrophic, Pseudomonas, and Enterobacterales counts compared
to untreated samples. These results agree with those reported by other authors as can be observed in
Table 7 [28-31]. The differences found among the studies could be explained since longer treatments
were applied by some authors (10 min instead of 5 min). In the present work, all the samples were
dipped in a suspension with C. jejuni. Therefore, the cell counts of mesophliles, psychrotrophs,
Pseudomonas, and Enterobacterales could be biased by the treatment.

A decrease in C. jejuni counts were observed in all the samples stored at 4 °C, other authors have
also observed this decrease under refrigeration storage [32]. C. jejuni is a thermophilic bacterium
and it is not able to grow under refrigeration [33]. Moreover, as a microaerophilic and capnophilic
microorganism, Campylobacter jejuni requires an atmosphere with reduced oxygen and elevated carbon
dioxide concentration for its growth [21]. Moreover, Campylobater spp. survive better in CO, than in air
conditions [22]. According to the results of the present study washing in lactic acid caused a significant
reduction (p < 0.05) of C. jejuni counts compared to untreated legs. Baserisali et al. [15] observed that in
culture media lactic acid is more effective against C. jejuni than other organic acids such as citric or
propionic. The efficacy of lactic acid to inhibit C. jejuni appears to be higher in laboratory media than
in chicken meat according to the results reported by other authors [17]. Chicken meat may have a
protective effect due to their buffering capacity [34]. This fact could explain the lower effect against C.
jejuni of lactic acid on chicken meat compared to the effect in broth. In contrast, Zhao and Doyle [16]
reported that a treatment with 1% lactic acid did not reduce substantially C. jejuni counts in broth.
Other authors have also reported that the treatment of chicken meat with lactic acid was effective for
reducing C. jejuni counts as can be observed in Table 7 [19,32,34,35]. The higher reductions observed
on chicken skin than in breast could be explained by the buffer capacity of chicken breast, thus pH
values of breast treated with lactic acid were higher than those of treated chicken skin. The higher
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reduction observed in breasts compared to legs could be explained by the lower pH in breast compared
to leg meat [36]. The antimicrobial effect of lactic acid is correlated with the level of undissociated acid
form. The lower the pH, the higher level of undissociated organic form that can passively cross the cell
membrane and enter the cell [37]. On other hand, lactic acid has a low molecular weight (90.08 Da)
and is water soluble, thus this organic acid can easily penetrate the membrane of bacteria and modify
its integrity [38]. The differences in efficacy of lactic acid on C. jejuni found in previous studies can be
explained by variations in the portion of chicken meat (legs, breast, wings), concentration of lactic acid
used, exposure times, temperature, application method (spray, immersion), inoculum size, and strains
of C. jejuni.

Table 7. Efficacy of lactic acid treatment on the decontamination of chicken.

Reduction log Storage

Microorganism Product Lacic Acid (%) (CFU) Exposure Time Sampling Time Temperature (°C) Reference
Psychrotophs Legs 3% 0.79 5 min After treatment 4 [28]
Psychrotophs Breasts 3% 0.9 5 min After treatment 4 [28]

Mesophiles Carcasses 2% 2.54 10 min Day 8 2 [29]
Psychrotophs Carcasses 2% 2.21 10 min Day 8 2 [29]
Enterobacterales carcasses 2% 2.65 10 min Day 8 2 [29]
Mesophiles Breasts 1-2% 0.53-2.36 10-30 min After treatment 4 [30]
Pseudomonas Breasts 1% 0.89 10 min After treatment 4 [30]
Pseudomonas Breasts 2% 1.18 10 min After treatment 4 [30]
Pseudomonas Breasts 1% 244 10 min Day 7 4 [30]
Pseudomonas Breasts 2% 2.23 10 min Day 7 4 [30]
Mesophiles Carcasses 1% 0.3 10s After treatment 0 [31]
Mesophiles Carcasses 2% 0.6 10s After treatment 0 [31]
Psychrotophs Carcasses 1% 0.7 10s After treatment 0 [31]
Psychrotophs Carcasses 2% 1 10s After treatment 0 [31]
C. jejuni Legs 1% 0.36 10 min After treatment 4 [19]

C. jejuni Breasts 1% 127 10 min After treatment 4 [19]

C. jejuni Legs 3% 1.06 10 min After treatment 4 [19]

C. jejuni Breasts 3% 1.98 10 min After treatment 4 [19]

C. jejuni Legs 1% 0.05 10 min Day 7 4 [19]

C. jejuni Breasts 1% 0.81 10 min Day 7 4 [19]

C. jejuni Legs 3% 0.45 10 min Day 7 4 [19]

C. jejuni Breasts 3% 1.15 10 min Day 7 4 [19]
Campylobacter spp. Chicken skin 1% 0.63 15s After treatment 4 [32]
Campylobacter spp. Chicken skin 3% 112 15s After treatment 4 [32]
Campylobacter spp. Chicken skin 1% 0.68 155 Day 5 4 [32]
Campylobacter spp. Chicken skin 3% 2.33 15s Day 5 4 [32]
C. jejuni Chicken skin 2.5% 0.74 1 min After treatment 5 [34]

C. jejuni Breast fillets 2.5% 0.4 1 min After treatment 5 [34]

C. jejuni Breast fillets 2.5% 15 1 min Day 1 5 [34]

C. jejuni Wings 5% 2.3 30s After treatment 5 [35]

The shelf life of chicken legs was extended in those samples treated with lactic acid. Mesophilic and
psychrotrophic counts remained below 8 log cfu/g in legs treated with 2% lactic acid, while counts
above 8 log cfu/g were reached in control samples on day 6 of storage. These results agree with those
reported by other authors [28,31]. As Kolsarici and Candongan [28] we did not observe any adverse
effect on sensory quality in chicken meat treated with 2% lactic acid. As in the present work Van der
Marel et al. [30] observed that lactic acid treatments caused a decline in the pH of the poultry meat
depending on the lactic acid concentration used.

Additionally, Meredith et al. [22] observed that packaging in 30%CO,/70%N, reduced mesophile,
psychrotroph, and Pseudomonas counts in poultry breast fillets. As in the present work Jimenez et al. [39]
reported that Pseudomonas counts were higher in breast samples packaged in air than in those packaged
in 30%CO,/70%N,. However, these authors reported similar Pseudomonas growth in breast packaged
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in air or under vacuum. These differences could be due to the high permeability of the film used by
these authors.

The reduction in Enterobacterales counts observed in the chicken legs packaged in 40%CO,/60%N»
is consistent with the findings of other authors [22,35]. However, Jimenez et al. [39] reported that
Enterobacterales counts did not reach counts of 6 log cfu/g in breast packaged in 30%Co0,/70%N; and
stored at 4 °C. In the present study Enterobacterales counts of 6 log cfu/g were reached on legs packaged
in 40%C0O,/70%N, on day 13 of storage. It should be noted that pH of legs is higher than pH of
breasts [36], thus the first ones support better microbial growth. Meredith et al. [22] observed significant
Enterobacterales reduction after 7 days of storage under 30%CO,/60%N5. In the present study significant
reductions in Enterobacterales counts in legs packaged in MAP compared to control were only observed
in legs packaged in 40% CO,/60%N, after day 1 of storage and only on day 1 on legs packaged in 20%
CO,/80%N;. No significant reduction (p > 0.05) in Enterobacterales counts in breast packaged in 10%
CO, were observed by Meredith et al. [22].

The use of vacuum or atmospheres containing CO, delayed the time to reach mesophiles and
psychrotrophic counts of 8 log cfu/g. These results coincide with the findings of other researchers [22,39].
Jimenez et al. [39] detected signs of spoilage in breast packaged in 30%CO,/70%N, at day 14 of storage.
In the present study chicken legs packaged in 20%C0O,/80%N; and 40%CO,/60%N, remained acceptable
until day 10 and 15, respectively. As reported by Jimenez et al. [39] it was observed that the higher the
CO, concentration, the longer shelf life for chicken meat. Aerobic spoilage bacteria, mainly Pseudomonas
are inhibited by concentrations of 20% CO, or greater. A minimum CO; concentration is needed
to exhibit and inhibitory effect [20]. The efficacy of packaging chicken in atmospheres containing
CO; in extending the shelf life relies on the antimicrobial properties of CO, [20]. Carbon dioxide has
antimicrobial properties whereas N is used as a filling gas replacing O,, and is used as an alternative
to vacuum packaging.

MAP can affect the survival of Campylobacter jejuni. It was observed that C jejuni was able to survive
better in carbon dioxide atmospheres than in aerobic conditions or vacuum packaging. While MAP is
effective at slowing growth of some pathogens, it is not effective against Campylobacter spp. These results
are consistent with the observation of Beuchat [40] who reported that CO, had a protective effect on C.
jejuni on chicken meat stored at 5 °C. Additionally, Meredith et al. [22] observed that Campylobacter spp.
counts were reduced during the storage at 4 °C in all the packaging conditions tested (air or atmosphere
containing CO;). These authors also reported that the Campylobacter decline was faster in poultry
samples packaged in air than in those packaged in 30%CO,/70%N5, although these differences were not
statistically significant (p > 0.05) with the exception of packaging in 30%CO,/70%N; compared to the
control samples packaged in air after 17 days of storage. In addition, Boysen et al. [41] observed that C.
jejuni survived longer in modified atmospheres than in air. Other authors have also reported that MAP
is not effective against Campylobacter spp. [42]. These findings could be explained since atmospheres
containing CO, inhibit other pathogenic and spoilage bacteria [43]. Moreover, Balamurugan et al. [44]
observed that spoilage bacteria present in beef and pork meat are able to use the oxygen making the
environment more suitable for Campylobacter spp. On the other hand, Hilbert et al. [45] pointed that C.
jejuni is able to survive under oxygen conditions when cocultured with Pseudomonas. Thus, the high
microbial load of poultry meat, mainly Pseudomonas, could encourage the survival of C. jejuni as it is
observed in the present study. Producers in the poultry industry have used high concentrations of
oxygen to pack fresh poultry (>60%) [46]. Rossaint et al. [46] have studied the effect of atmospheres
containing high oxygen (70%C0O,/30%CO;) and high nitrogen (70%N5/30%CO,) on the spoilage process
of poultry breast fillets. These authors observed that the composition of the spoilage bacteria differed
between both packaging conditions. However, no differences were observed in mesophilic counts
and sensory parameters between both packaging conditions [46]. Enriched O, atmospheres (80%
0,/20%N5) has been reported as effective in reducing C. jejuni counts [24]. Meredith et al. [22] reported
that Campylobacter counts were reduced in poultry packaged in 80% O,/20%N5, but these packaging
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conditions also favored the growth of other bacteria on chicken, thus they suggested that the best
gaseous mixture for reducing Campylobacter counts and extending shelf life was 40%C0O,/30%0O,/30%N5.

Other authors have also reported the reduction of mesophilic, psychrotrophic, Pseudomonas,
and Enterobacterales counts in poultry meat treated with organic acids and packaged in MAP [47-49].
Zeitoun and Debevere [47] studied the combined effect of buffered lactic acid treatment and modified
atmosphere packaging (90% CO,/10% O;) on poultry meat. According to these authors there is a
synergistic effect of CO, and lactic acid treatment. Sawaya et al. [48] reported that a combination of
vacuum packaging and sorbate treatment reduced microbial counts and extended the shelf-life of
poultry carcasses. Jimenez et al. [49] observed that the combined effect of acetic acid treatment and
MAP is useful for extending the shelf life of chicken breasts.

Atmospheres containing CO, are often used for packaging chicken since they increase the product
shelf-life by decreasing the growth of spoilage bacteria. However, our results suggest that after lactic
acid treatment C. jejuni survives better under CO, enriched atmospheres than in air. These findings are
in agreement with those reported by other authors [23,24]. Smigic et al. [23] studied the survival of C.
jejuni cells treated with 3% lactic in broth incubated under 80%CQO,/20%N,, air or micro-aerophlilic
conditions (10%CO,/85%N5/5%0,) at 4 °C over 7 days. According to these authors C. jejuni survives
better in CO, enriched atmospheres than in air. Smigdic et al. [23] pointed the importance of combing
decontamination with other preservation methods in order to control the growth and survival of
foodborne pathogens. Rajkovic et al. [24] reported a reduction of 1.8 log units of C. jejuni in chicken
legs treated with 10% lactic acid buffered with sodium lactate. However, no additional reductions
were observed in chicken packaged in 80%C0O5/20% N.

5. Conclusions

Poultry legs packaged in atmospheres containing 40%CO,/60%N5;, had an extended “sensorial”
shelf life. A treatment with 2% lactic acid before packaging in MAP is effective in reducing the initial C.
jejuni counts and spoilage bacteria, in consequence this combined treatment could improve both the
microbial safety and the shelf life of chicken meat.
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