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Abstract: The efficacy of washing and the investigation of alternative sanitizing treatments for the
reduction of microbial population are major issues for fresh fish and seafood. Limited work on the
effect of alternative washing media on fish, particularly gilthead sea bream, one of the important
popular fish species, has been published and no industrial scaling-up has been reported. The objective
of this study was to systematically evaluate the effect of surface decontamination treatments on
the microbial load of fish and the quality and shelf life during subsequent chilled storage. Citric
acid (200 ppm for 0–10 min), lactic acid (200 ppm for 0–10 min), and peracetic acid (0–200 ppm for
0–4 min) were tested as alternative washing media by immersion of gutted gilthead sea bream by
evaluating their effect on microbial growth and physicochemical and organoleptic degradation of
fish. The results of the study indicated that washing with citric (200 ppm, 10 min) and peracetic acid
(200 ppm, 4 min) significantly delayed the growth of spoilage microorganisms (total viable count,
Pseudomonas spp., Enterobacteriaceae spp., and H2S-producting bacteria) in gutted fish and extended
the shelf life to 18 days at 0 ◦C, compared to 11 days without washing treatment. Appropriate
handling and processing of fish and shelf-life extension may enable longer transportation and
thus open new distant markets, as well as contribute to reduce food waste during transportation
and storage.

Keywords: gilthead sea bream (Sparus aurata); surface disinfection; organic acids; peroxyacids; shelf
life; spoilage; quality

1. Introduction

Microbial spoilage is a major cause of quality deterioration during storage of fresh
and minimally processed fish and fish products. For the effective control or inhibition
of microbial growth in chilled fish, parameters regarding the aquaculture practices, fish
processing, transportation, and storage conditions, as well as other parameters, such as
temperature and water quality at farming and harvesting facilities, should be considered [1,2].
As the perishability of fish products is a commercial drawback for transportation to distant
markets, effective methods for shelf-life extension are continuously investigated. New
minimal and nonthermal food processing methods are sought by the industry in the
pursuit of producing better quality fish products with extended shelf life and retention of
nutritional and sensory properties [3,4]. The incorporation of chemical disinfectants into
the washing water is one of the most commonly studied methods to reduce or deactivate
spoilage bacteria and pathogens in food and to avoid the risk of cross-contamination due
to reuse or recirculation of process water [5–8]. Since the washing water may also increase
the bacterial counts by cross-contamination, it is important that the washing step not only
decreases bacterial load in food but also maintains water quality [9]. Despite chlorine
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being a widely used disinfectant of low cost that is simple to apply and effective against
vegetative bacteria [10], it has been criticized for generating carcinogenic byproducts, such
as trihalomethanes. These drawbacks have encouraged research for alternatives to chlorine
in washing water [11]. Several studies have been conducted regarding the efficacy of
washing and sanitizing treatments in reducing microbial populations on food products,
mainly vegetables. However, limited work has been published regarding fish and no
industrial scaling-up has been reported so far [12].

Organic acids, which are considered ‘Generally Recognized as Safe’ (GRAS) by the
FDA [13], have been reported as effective antimicrobial agents due to a disturbance of
membrane transport and/or permeability, anion accumulation, or reduction in internal
cellular or environmental pH [14]. They constitute an inexpensive and effective means of
reducing the microbial population, and for that reason they are frequently used in decon-
tamination applications in various food commodities [15–17]. Data from several research
studies have shown that organic acids (e.g., acetic, citric, fumaric, lactic, malic, oxalic,
low-molecular-weight polylactic, propionic and tartaric acids) are capable of suppressing
bacterial proliferation during refrigerated storage of various food products, thus allowing
a considerable extension of shelf life. Lactic acid is commonly used as an inexpensive,
environmentally friendly, and effective intervention to reduce the levels and prevalence of
bacterial pathogens in food products, which can act as a permeabilizer of the outer mem-
brane of Gram-negative bacteria [17–19]. Citric acid is not considered as a conventional
weak organic acid (i.e., lipophilic, undissociated acids), owing to the fact that it acts more
as a chelator, exerting its antibacterial activity by sequestering metal ions (Ca2+, Mg2+, Fe3+)
from the external medium required for bacterial homeostasis [20,21] and may also act as
a permeabilizing agent of the outer membrane of Gram-negative bacteria [22]. Previous
studies have reported that the use of citric or lactic acid at concentrations 0.1–0.2 M for a
washing pretreatment of refrigerated green mussel stored at 4 ◦C led to a shelf-life exten-
sion up to 20 days for the treated samples compared to the control [23]. Additionally, the
antibacterial effect of citric acid has also been reported by Seo et al. [24], who showed inac-
tivation efficiency of the aforementioned acid against Salmonella Typhimurium, Pseudomonas
aeruginosa, and Listeria monocytogenes. Besides common organic acids, peracids have also
been used for the disinfection of the washing water of fresh fish. Peracetic acid (PAA) is
a strong oxidizer formed from hydrogen peroxide and acetic acid. The mode of action
of peracids, such as PAA, is based on their high oxidation ability [25]. Moreover, unlike
chlorine and ozone, PAA is noncorrosive, unaffected by changes in temperatures, remains
effective in the presence of organic matter [25], and during its spontaneous decomposition,
only harmless byproducts are produced (i.e., acetic acid, water, and oxygen) [8,10]. PAA is
commercially available in the form of an aqueous quaternary equilibrium mixture of acetic
acid and hydrogen peroxide [10,26]. According to Thi et al. [12], washing of Pangasius
fillets with 150 ppm PAA resulted in up to 2.0 logcfu/g reduction in TVC and 1 logcfu/g
in lactic acid bacteria. Previous studies by Wang et al. [27], showed that PAA may be
effectively used as a sanitizer for the inhibition of histamine formation in fish and seafood,
whereas Zhao et al. [28] used a combined application of ultrasound, plasma-activated
water, and PAA to investigate its effect on the microbial and physicochemical quality of
mackerel fillets.

Gilthead sea bream (Sparus aurata) is one of the most widely farmed fish species in
the Mediterranean region, with high commercial value due to its desirable characteristics
(aroma, taste, white flesh). Products such as chilled, gutted, Mediterranean fish have
high commercial potential if their shelf life can be extended through appropriate minimal
processing. The investigation of the effect of alternative washing media on the microbial
load and shelf life of gutted gilthead seabream has not been reported in the literature yet.
The objective of the study was to provide a comprehensive and systematic evaluation and
mathematical modelling of the effect of mild organic acids (lactic acid, citric acid, and PAA)
as alternative washing media to decrease the microbial load and extend the shelf life of
gutted gilthead sea bream during subsequent refrigerated storage. Shelf-life modelling
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is based on the growth of spoilage bacteria and sensory evaluation during refrigerated
storage at 0–10 ◦C, corresponding to the recommended temperature range and to abuse
conditions, which are often reported in the actual cold chain.

2. Materials and Methods
2.1. Experimental Set Up

Whole gilthead sea bream (Sparus aurata) (weight: 200–400 g) was slaughtered using
conventional ice shock in Philosofish Aquaculture SA farming facilities (Larymna Fthioti-
das, Greece) and transported to the Laboratory of Food Chemistry and Technology (NTUA)
within 24 h, in polystyrene boxes containing adequate quantity of flaked ice. The incorpo-
ration of organic acids at different concentrations in the washing water and washing times
(0–200 ppm and 0–10 min for lactic acid or citric acid, 0–200 ppm and 0–4 min for PAA)
during gutting, by immersion in the respective aquatic solution for predetermined times,
was investigated for its efficacy to reduce microbial load and therefore prolong shelf life.

Preliminary experiments based on the literature [10,12,25–28] were performed so as to
investigate the effect of PAA on the microbial load of fish during gutting. As far as citric
and lactic acids are concerned, literature for applications on fish and seafood is limited.
Although higher concentrations have been reported for other types of food, the purpose
of their use was different, mainly to attenuate the browning reactions, and thus were
inadequate for fish products. Preliminary experiments were implemented to define the
concentrations which did not affect the sensory parameters of fish (mainly appearance
and taste). Therefore, a range of 0–200 ppm was used in the present study for systematic
evaluation of surface disinfection on quality and shelf life of gutted gilthead seabream.
The contact time of PAA was based on the literature [12]. Contact time for citric and lactic
acids was longer since these acids have been reported as milder than PAA and had a
less detrimental effect on fish flesh color. Citric and lactic acid have been used for the
disinfection of mainly leafy products, have an antimicrobial effect, are cost effective, and
are natural organic acids. Additionally, PAA is an acid that can replace chlorine, which is
extensively used, but adversely it is noncorrosive, and most importantly, only harmless
by-products are produced (i.e., acetic acid, water, and oxygen) during its spontaneous
decomposition. Results of the latter were used in order to decide the optimum parameters—
organic acid concentration/disinfection time—to be applied for the investigation of the
effect of the surface disinfection on the microbiological, physicochemical, and sensory
qualities, as well as on the shelf life of the gutted gilthead sea bream.

For shelf-life evaluation, gutted gilthead seabream was individually packed at aerobic
conditions (non-sealed polyethylene/polyamide pouches) and stored at controlled isother-
mal conditions in high-precision (±0.2 ◦C) low temperature incubators (Sanyo MIR 153,
Sanyo Electric, Ora-Gun, Gunma, Japan) at 0, 5, and 10 ◦C. Temperature in the incubators
was constantly monitored with electronic, programmable, miniature dataloggers (COX
TRACER®, Belmont, NC, USA). Samples were taken in appropriate time intervals to allow
for efficient kinetic analysis of quality deterioration. Based on the experimental design,
samples were coded as: C, untreated gutted fish (Control), W: samples disinfected with
water (for 10 min or 4 min, depending on the acid used), CA: fish disinfected with 200 ppm
citric acid (for 10 min), and PAA: fish samples disinfected with 200 ppm PAA (for 4 min).
The primary goal of washing was to clean and remove the accumulated bacteria on the fish.
The effective washing of fish depends upon the water:fish ratio, the quality of water, and
kinetic energy of the water stream. The washing water:fish ratio selected in the present
study was 2:1 [29].

2.2. Microbiological Analysis

In order to prepare the first decimal dilution, ten grams (10 g) of sea bream tissue
were placed aseptically into a stomacher bag with 90 mL sterilized Ringer solution (Merck,
Darmstadt, Germany) and was homogenized for 60 s with a Stomacher (BagMixer ®

interscience, France). Counts determined included total viable count (TVC), Pseudomonas
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spp., H2S-producing bacteria (e.g., Shewanella putrefaciens) and Enterobacteriaceae spp.
Microbial load was expressed as the average logcfu/g. Samples (0.1 mL) of 10-fold serial
dilutions of fish homogenates were transferred into the appropriate media on Petri dishes
for the enumeration of TVC and Pseudomonas spp. TVC was enumerated on plate count
agar (PCA, Merck, Darmstadt, Germany) after incubation at 25 ◦C for 72 h, whereas
Pseudomonas spp. were enumerated on Cetrimide agar (CFC, Merck, Darmstadt, Germany)
after incubation at 25 ◦C for 48 h. For H2S-producing bacteria and Enterobacteriaceae spp.
enumeration, the pour-plate method was used. H2S-producing bacteria were enumerated
on Iron Agar (Iron agar with L-cysteine) followed by incubation at 25 ◦C for 48 h. For
Enterobacteriaceae spp. enumeration, violet-red bile glucose agar (VRBG, Merck, Darmstadt,
Germany) was used, which was incubated at 37 ◦C for 18–24 h. Two replicates of at least
three appropriate dilutions were enumerated. For microbiological analysis, three individual
fish samples were used.

Microbial inactivation was modelled using the Weibull Model (Equation (1)).

log
N
No

= −
(

t
δ

)p
(1)

where N represents the number of surviving cells after a duration of a treatment t and No
is the initial size of the alive population. For a given temperature, parameter distributions
are p and δ. Parameter p has no immediate physical significance. Parameter δ has the
dimension of time and is defined as time of the first decimal reduction [30]. For curve
fitting, the GInaFiT tool was used [31].

Microbial growth was modelled using the Baranyi Growth Model (Equations (2)–(4))

y(t) = yo + kA(t)− ln

[
1 +

ekA(t) − 1
e(ymax−yo)

]
(2)

A(t) = t +
1
k

ln

(
e(−kt) + qo

1 + qo

)
(3)

λ =
ln
(

1 + 1
qo

)
k

(4)

where y(t) is cell concentration at time t, yo is the initial cell concentration, k is the microbial
growth rate, ymax is the maximum cell concentration, qo is a parameter expressing the
physiological state of cells when t = to and λ = lag phase [32]. For curve fitting, the program
DMFit was used (available online: http://www.combase.cc/index.php/en/ accessed on
31 March 2022). Kinetic parameters, such as the lag phase (λ) and rate (k) of the microbial
growth, were estimated.

2.3. pH Measurement

The pH of fish samples was measured using a pH-meter (pH-meter 338, AMEL
Instruments, Milan, Italy). The pH-meter was calibrated using standard buffer solutions.
10 g of each sea bream sample was diluted in 90 mL Ringer’s solution (1:10 dilution), and
its pH was recorded.

2.4. Sensory Analysis

The sensory attributes of raw and cooked fish were evaluated by a sensory panel
of eight trained evaluators using descriptive tests with practice evaluation methods of
determining spoilage characteristics in fish. Gilthead sea bream samples were cooked
individually and wrapped in aluminum foil at 180 ◦C for 40 min in a pre-heated oven,
as described by Tsironi et al. [33]. The sensory parameters (appearance, texture and odor
of raw and cooked samples, and taste of cooked samples) were evaluated, and sensory
scores were recorded in appropriate forms, reflecting the organoleptic evolution of quality

http://www.combase.cc/index.php/en/
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deterioration. Additionally, panelists were asked to score the overall impression and
acceptability. Rating was assigned separately for each parameter on a 1–9 scale. A sensory
score of five was taken as the average score for minimum acceptability.

2.5. Statistical Analysis

Analysis of variance (ANOVA) at a significance level of 95% was used for the evalua-
tion of the impact of the different washing treatments on the microbial load and quality
deterioration rates of gutted gilthead seabream (STATISTICA® 7.0; StatSoft Inc., Tulsa, OK,
USA). Significant differences were calculated according to Duncan’s multiple range test
(a = 0.05).

3. Results and Discussion
3.1. Efficacy of Organic Acids against Microbial Load of Fish

The efficacy of the alternative organic acids (i.e., lactic, citric and PAA) was evaluated
concerning the microbial load of fish samples. Surface decontamination up to 3.5 logcfu/g,
depending on microbial species and washing conditions, by the addition of organic acids
in the washing water was observed in gutted gilthead sea bream (Figure 1a–d, Figure 2a–d,
and Figure 3a–d). The Weibull model adequately described the inactivation of TVC,
Pseudomonas spp., Enterobacteriaceae spp., and H2S-producing bacteria in gutted gilthead
seabream after washing with lactic acid, citric acid, or PAA (R2 = 0.953 − 0.999 in all tested
washing conditions indicated in Figures 1–3). The Weibull model was also applied to
describe inactivation of Listeria monocytogenes and Escherichia coli by citric and lactic
acid in broth systems [34]. The kinetic parameters of the Weibull model for the microbial
inactivation after washing of gutted fish using lactic acid, citric acid, and PAA are presented
in Table 1.
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spp., and (d) H2S-producing bacteria. Lines illustrate the fit of the Weibull model.
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Table 1. Kinetic parameters of the Weibull model for the microbial inactivation (TVC, Pseudomonas
spp., Enterobacteriaceae spp., and H2S producing bacteria) after washing of gutted gilthead seabream
using alternative washing methods.

Solution
Concentration Total Viable Count Pseudomonas spp. Enterobacteriaceae spp. H2S Producing

Bacteria

Lactic acid

0 ppm (water)
δ = 732,050 ± 2006 a

p = 0.28 ± 0.10
R2 = 0.987

δ = 8720 ± 1108 a

p = 0.78 ± 0.17
R2 = 0.956

δ = 1390 ± 128 a

p = 1.01 ± 0.06
R2 = 0.999

δ = 7155 ± 506 a

p = 0.72 ± 0.10
R2 = 0.984

50 ppm
δ = 3464 ± 1261 b

p = 0.81 ± 0.17
R2 = 0.992

δ = 3248 ± 827 b

p = 0.76 ± 0.11
R2 = 0.996

δ = 182 ± 9 b

p = 0.56 ± 0.02
R2 = 0.999

δ = 29 ± 5 b

p = 0.24 ± 0.09
R2 = 0.988

100 ppm
δ = 3052 ± 1090 b

p = 0.72 ± 0.15
R2 = 0.991

δ = 1319 ± 71 c

p = 0.57 ± 0.18
R2 = 0.955

δ = 79 ± 3 c

p = 0.39 ± 0.07
R2 = 995

δ = 2.89 ± 0.35 c

p = 0.17 ± 0.04
R2 = 998

200 ppm
δ = 2340 ± 905 c

p = 0.53 ± 0.13
R2 = 0.989

δ = 653 ± 17 d

p = 0.53 ± 0.17
R2 = 0.982

δ = 75 ± 8 c

p = 0.39 ± 0.12
R2 = 0.986

δ = 2.44 ± 7.82 c

p = 0.18 ± 0.11
R2 = 0.983

Citric acid

0 ppm (water)
δ = 732,050 ± 2006 a

p = 0.28 ± 0.10
R2 = 0.987

δ = 8720 ± 1108 a

p = 0.78 ± 0.17
R2 = 0.956

δ = 1930 ± 128 a

p = 1.01 ± 0.06
R2 = 0.999

δ = 7155 ± 506 a

p = 0.72 ± 0.10
R2 = 0.984

50 ppm
δ = 2492 ± 1907 b

p = 0.47 ± 0.09
R2 = 0.993

δ = 5088 ± 641 b

p = 0.58 ± 0.13
R2 = 0.942

δ = 380 ± 21 b

p = 0.45 ± 0.01
R2 = 0.999

δ = 26.99 ± 9 b

p = 0.31 ± 0.06
R2 = 0.987

100 ppm
δ = 2239 ± 1457 b

p = 0.40 ± 0.07
R2 = 0.996

δ = 3540 ± 45 c

p = 0.45 ± 0.03
R2 = 0.999

δ = 8.77 ± 1.40 c

p = 0.18 ± 0.01
R2 = 0.999

δ = 11.58 ± 3 b

p = 0.20 ± 0.03
R2 = 0.961

200 ppm
δ = 1024 ± 15 c

p = 0.46 ± 0.01
R2 = 0.999

δ = 545 ± 64 d

p = 0.38 ± 0.05
R2 = 0.998

δ = 0.61 ± 0.03 d

p = 0.12 ± 0.06
R2 = 0.995

δ = 0.000040 ±
0.000003 c

p = 0.05 ± 0.01
R2 = 0.997

Peracetic acid

0 ppm (water)
δ = 6517 ± 803 a

p = 0.73 ± 0.28
R2 = 0.964

δ = 417,470 ± 85,616 a

p = 0.29 ± 0.08
R2 = 0.969

δ = 73,894 ± 1463 a

p = 0.13 ± 0.08
R2 = 0.959

δ = 41,161 ± 3744 a

p = 0.33 ± 0.06
R2 = 0.987

10 ppm
δ = 2859 ± 208 b

p = 0.30 ± 0.08
R2 = 0.972

δ = 169 ± 42 b

p = 0.41 ± 0.08
R2 = 0.984

δ = 52 ± 4 b

p = 0.20 ± 0.08
R2 = 0.954

δ = 2032 ± 171 b

p = 0.30 ± 0.06
R2 = 0.966

20 ppm
δ = 1777 ± 889 b

p = 0.44 ± 0.11
R2 = 0.977

d = 27 ± 9 c

δ = 0.24 ± 0.03
R2 = 0.995

δ = 11 ± 4 c

p = 0.18 ± 0.04
R2 = 0.984

δ = 371 ± 19 c

p = 0.30 ± 0.10
R2 = 0.953

50 ppm
δ = 124 ± 37 c

p = 0.19 ± 0.03
R2 = 0.994

δ = 6.67 ± 1.78 d

p = 0.20 ± 0.01
R2 = 0.995

δ = 0.70 ± 0.14 d

p = 0.22 ± 0.03
R2 = 0.974

δ = 4.76 ± 0.74 d

p = 0.15 ± 0.01
R2 = 0.999

150 ppm
δ = 26 ± 3 d

p = 0.13 ± 0.05
R2 = 0.968

δ = 5.08 ± 1,07 d

p = 0.24 ± 0.04
R2 = 0.989

δ = 0.020 ± 0.001 e

p = 0.13 ± 0.02
R2 = 0.995

δ = 0.010 ± 0.002 e

p = 0.06 ± 0.01
R2 = 0.996

200 ppm
δ = 1.75 ± 0.36 d

p = 0.10 ± 0.03
R2 = 0.991

δ = 0.28 ± 0.02 e

p = 0.17 ± 0.04
R2 = 0.987

δ = 0.00010 ± 0.00001 f

p = 0.08 ± 0.02
R2 = 0.993

δ = 0.012 ± 0.001 e

p = 0.09 ± 0.01
R2 = 0.999

a–f Different superscripts in the same column and tested acid, for each one of the Weibull parameters (separately
for δ and p-values), indicate significant differences (p < 0.05).

Data from the microbiological analysis concerning the effect of washing with citric
acid on the microbial load of gutted gilthead sea bream showed that the use of citric acid
led to a decrease in the populations of TVCs and Pseudomonas spp. by 1 logcfu/g compared
to the samples treated with water (Figure 2a,b), whereas the load of Enterobacteriaceae spp.
and H2S-producing bacteria decreased to values below the detection limit (<1.0 logcfu/g),
corresponding to a decrease of approximately 2–2.5 logcfu/g (p < 0.05) (Figure 2c,d).
Microbial load reduction was higher for increased washing solution concentrations and
longer washing durations (Figure 2a–d). The effect of lactic acid had a similar pattern but
lower reduction of the microbial load, as compared to citric acid (Figure 1a–d). Higher
reduction of the microbial load was observed after treatment with citric acid for TVC
(Figure 2a), Pseudomonas spp. (Figure 2b), and H2S-producing bacteria (Figure 2c) and with
lactic acid solution for Enterobacteriaceae spp. (Figure 1d) (p < 0.05).
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Based on the microbiological analysis of gutted gilthead seabream after washing with
PAA solutions for 0–240 s, significant microbial inactivation was observed for all the tested
microorganisms (Figure 3a–d) (p < 0.05). A decrease of approximately 1–1.5 logcfu/g for
TVCs (Figure 3a), 3.0 logcfu/g for Pseudomonas spp. (Figure 3b) and 1–2 logcfu/g for
H2S-producing bacteria (Figure 3c) was achieved for the treated samples compared to the
samples treated with water, whereas the numbers of Enterobacteriaceae spp. decreased to
counts below the detection limit (<1.0 logcfu/g), leading to a decrease of approximately
3–3.5 logcfu/g (Figure 3d) (p < 0.05).

Data overall showed that surface decontamination in the range of 1.0–3.5 logcfu/g may
be achieved by the addition of mild organic acids in the washing water (p < 0.05). Higher
microbial load reduction was achieved for increased washing solution concentrations and
longer washing treatments. The inactivation efficiency of citric acid has also been verified
for Salmonella Typhimurium, Pseudomonas aeruginosa, and Listeria monocytogenes by
Seo et al. [24]. According to Thi et al. [12], washing Pangasius fillets with 150 ppm PAA re-
sulted in up to 2.0 logcfu/g reduction in TVC and 1 logcfu/g in lactic acid bacteria. Dipping
of iceberg lettuce in 0.5% citric acid or lactic acid for 2–5 min resulted in 1.5–2.0 logcfu/g
reduction in L. monocytogenes and E. coli [35].

The pH of the treated samples was determined before and after disinfection with
the alternative washing media. The initial pH values for the control and water-treated
samples ranged between 6.09–6.42, whereas for the acid-treated samples, the respective
range was 5.86–6.47. The lowest pH values were recorded for the PAA-treated samples.
No statistically significant differences in the pH values of fish flesh within the alternative
washing treatments was observed (p > 0.05), which were also not reported by the sensory
panel during the shelf-life evaluation tests (Sections 3.2.1 and 3.2.2). The pH of the live
fish muscle is approximately 7.0. Postmortem pH values may vary from 6.0 to 7.1, which
is in accordance with the values recorded in the present study [36]. Any variations in the
obtained pH values may be attributed to the studied species, the seasonality, and other
environmental factors.

Taking into consideration the results obtained from the disinfection experiments, it
was concluded that the highest microbial inactivation on gutted gilthead sea bream was
observed after washing with 200 ppm citric acid for 10 min, as well as 200 ppm PAA for 4
min (p < 0.05). Therefore, the aforementioned washing treatment conditions were selected
for the investigation of their effect on the quality and shelf life of gutted gilthead sea bream
during subsequent refrigerated storage at 0, 5, and 10 ◦C.

3.2. Evaluation of the Effect of Washing with Organic Acids on the Quality and Shelf Life of
Gutted Fish
3.2.1. Application of Citric Acid as a Washing Medium for Gutted Fish

TVC has been used as an appropriate quality index for quality and shelf-life evaluation
of perishable food products, such as fresh fish. Pseudomonas spp. are considered Specific
Spoilage Organisms (SSOs) associated with spoilage of chilled or iced fish stored under
aerobic conditions [37].

The effect of the washing process with citric acid (200 ppm/10 min) on the growth
of the spoilage microorganisms on gutted sea bream is depicted in Figure 4a–d. Figure 4a
shows the growth of TVC of all samples aerobically stored at 0 ◦C. At the beginning of the
storage (day 0), the TVC in gutted fish was 2.6, 2.8, and 2.5 logcfu/g for the C, W, and CA
samples, respectively, which was similar to counts reported from other researchers [35] for
fresh fish. TVC increased during storage, reaching levels of 8.08, 7.68, and 7.15 logcfu/g at
the end of the storage (day 17) at 0 ◦C, for C, W, and CA samples, respectively (Figure 4a).
Both initial and final TVC of fresh sea bream stored was found to be similar to those
reported in the literature for Mediterranean fish stored aerobically and under a modified
atmosphere [36,37]. The significant inhibitory effect of citric acid was observed for the TVC
growth as lower growth rates observed in the fish samples treated with the organic acid
compared to the untreated samples (p < 0.05) (e.g., 0.430 ± 0.042 d−1 for the CA samples
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compared to 0.533 ± 0.049 d−1 for the C and 0.483 ± 0.062 d−1 for the W samples stored
at 0 ◦C). Similar trends were obtained for the fish samples stored at 5 ◦C (Figure S1a) and
10◦C (Figure S2a). The growth rates for the samples treated with citric acid were lower
(p < 0.05) compared to either control or water-treated samples.
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The initial populations of Pseudomonas spp. were 2.32 ± 0.02, 2.65 ± 0.05, and
1.84 ± 0.02 logcfu/g, whereas populations of H2S-producing bacteria were 1.86 ± 0.06,
1.48 ± 0.07, and 1.25 ± 0.02, and Enterobacteriaceae spp. 2.00 ± 0.01, 2.06 ± 0.14, and
1.41 ± 0.01 logcfu/g, for C, W, and CA samples (Figure 4b–d), respectively, thus showing
that the populations of Pseudomonas spp. were higher compared to those of H2S-producing
bacteria and Enterobacteriaceae spp. (p < 0.05) at the beginning of storage. Counts of
Pseudomonas spp. for gilthead sea bream in the present study were lower compared to val-
ues between 3.31 and 3.78 logcfu/g, which was reported for fresh gilthead sea bream in pre-
vious studies [37,38]. At the end of storage time, Pseudomonas spp. counts reached the levels
of 7.86 ± 0.12, 7.20 ± 0.11, and 7.05 ± 0.02 logcfu/g for the C, W, and CA gutted sea bream
samples, H2S-producing bacteria loads 5.44 ± 0.06, 5.74 ± 0.14, and 4.96 ± 0.02 logcfu/g
and Enterobacteriaceae spp. were 6.30 ± 0.01, 6.10 ± 0.10, and 4.80 ± 0.14 logcfu/g for C,
W, and CA gutted fish, indicating the domination of Pseudomonas spp. followed by H2S-
producing bacteria in gutted gilthead sea bream in all the processing and storage conditions
examined in the present study (p ≤ 0.05). Similar results were noted for samples stored
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at 5 and 10 ◦C (Figures S1c,d and S2b–d). Growth rates were lower for the CA samples
as compared to both C and W sea bream samples (p < 0.05). The use of citric acid led to a
retarded growth of the microorganisms determined at the temperature range of 0–10 ◦C.

Therefore, results of the present study showed that primarily Pseudomonas spp. and
secondarily Shewanella putrefaciens (representing the main population of H2S-producing
bacteria) were found to be the main spoilage microorganisms of fish from the Mediterranean
region stored aerobically at low temperatures. The results of the present study showed an
increase in Pseudomonas spp. growth counts during storage at 0 ◦C, with counts reaching
the higher values of 7.0 logcfu/g on day 10, 12, and 14 of storage for the C, W, and CA sea
bream samples (Figure 4b). The antimicrobial effect of the citric acid used as a disinfection
medium was shown by the lower growth rates of Pseudomonas spp. on the treated samples
as compared to the control samples, showing that water disinfection with citric acid was
effective in controlling the growth as compared to no disinfection. Moreover, results
indicated that Pseudomonas spp. served as a good spoilage index in fish stored at 0 ◦C.
Pseudomonas spp. have been recognized as SSOs of various seafood from the Mediterranean
Sea, such as gilthead sea bream [39] and European sea bass [40,41] stored aerobically at
refrigerated conditions (0–10 ◦C).

Similar results were obtained for H2S-producing bacteria. The effect of citric acid was
also clear, as far as the growth of these bacteria is concerned (Figure 4d, Supplementary
Figures S1d and S2d). The growth rates were lower (p < 0.05) at CA samples (0.341 d−1) as
compared to the C (0.388 d−1) and W samples (0.481 d−1), indicating that the use of citric
acid may control the growth of H2S-producing bacteria as well. Regarding the growth of
Enterobacteriaceae spp., microbial loads were lower for the treated samples compared to the
control fish. Lower growth rates were noted for the treated fish samples during isothermal
storage at 0–10◦C (Figure 4c, Supplementary Figures S1c and S2c).

At all storage temperatures studied (i.e., 0, 5 and 10 ◦C), the time of sensory rejection
(score 5 by the sensory panel for overall impression) coincided with an average Pseudomonas
spp. level of 107 cfu/g. This level was similar with the respective rejection limits reported
in the literature for chilled Mediterranean, whole fish [33,42,43].

The results of the sensory analysis for the samples stored at 0 ◦C are shown in
Figure 5a–d. The freshness (appearance, odor, and taste) for all sea bream samples was
retained at high levels for approximately 4–6 days. For the CA samples, the scores for
the freshness parameters remained at high levels for approximately 8–10 days, when fish
was stored at 0 ◦C. It was observed that CA samples showed significantly lower rates of
sensory degradation compared to the C and W sea bream samples (p < 0.05). A score of
5 for overall acceptability was considered as the limit of acceptability equivalent to the time
of the development of a slight off odor and off taste. The shelf life of the samples, based on
the aforementioned limit for the sensory parameters tested, was found to be 10 days for
the C and W samples and 14 days for the CA samples, showing an approximately 4-day
extension of the shelf life of treated samples, thanks to the antimicrobial effect of the citric
acid used as a disinfectant.

Overall, the shelf life (SL = xx days + 1 day of slaughtering) of gutted gilthead sea
bream for different washing treatments is presented in Table 2. The results of the present
study were in accordance with Masniyom and Benjama [23], who reported a shelf-life
extension of up to 20 days for refrigerated green mussel stored at 4 ◦C after a washing
pretreatment with citric or lactic acid at concentrations 0.1–0.2 M. According to Sallam [44],
a shelf life of 12, 12, and 15 days was achieved for salmon stored at 1 ◦C treated with 2.5%
sodium acetate, sodium lactate, or sodium citrate, respectively, versus 8 days for untreated
fish, indicating that salts of organic acids may be also used potential preservatives for fish
under refrigerated storage.
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Figure 5. Scores of (a) appearance and (b) odor of raw samples, (c) taste of cooked samples, and
(d) overall acceptability of gutted sea bream samples stored at 0 ◦C after washing with 200 ppm citric
acid for 10 min.

Table 2. Shelf life (days) of gutted gilthead sea bream for different washing conditions during storage
at 0, 5, and 10 ◦C.

Control Water Citric Acid
(200 ppm/10 min)

Peracetic Acid
(200 ppm/4 min)

0 ◦C 11 12 16 18
5 ◦C 6 7 11 9

10 ◦C 4 5 6 6

3.2.2. Application of PAA as a Washing Medium for Gutted Fish

Disinfection with PAA was also tested in the present study for gutted gilthead sea
bream fish stored aerobically at 0, 5, and 10 ◦C. Growth curves of all the tested microorgan-
isms are shown in Figure 6a–d.
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Results from the experiments regarding the effect of the washing process with
200 ppm/4 min of PA on the growth of the spoilage microorganisms in gutted gilthead sea
bream indicated significant antimicrobial effect of PA. PA addition in the washing water of
gutted fish delayed microbial growth during isothermal storage of fish at 0, 5, and 10 ◦C
(p < 0.05). Microbial load increased with storage time in the temperature range 0–10 ◦C.
The growth rates of all microorganisms were lower for the PAA samples in comparison
with the C and W samples. The aforementioned difference was higher in the case where
the samples were stored at 0 ◦C, in contrast to those stored at either 5 or 10 ◦C, showing a
significant antimicrobial effect of PAA on the growth of spoilage bacteria (p < 0.05). It was
observed that (Figure 6a) TVCs of the samples aerobically stored at 0 ◦C was 3.82 ± 0.11,
3.72 ± 0.01, and 3.19 ± 0.11 logcfu/g for the C, W, and PAA samples on day 0, respec-
tively. TVCs increased during storage, with counts reaching 8.22 ± 0.01, 7.78 ± 0.07, and
7.34 ± 0.11 logcfu/g at the end of the storage time (day 22) at 0 ◦C, for C, W, and PAA
samples, respectively (Figure 6a). The inhibitory effect of PAA led to lower growth rates
and longer lag phases for the treated samples with PAA compared to untreated, gutted
gilthead sea bream (0.265 ± 0.035 d−1 and 4 d lag phase for the PAA samples compared to
0.260 ± 0.022 d-1 and 0 lag phase for the C and 0.284 ± 0.015 d−1 for the W samples stored
at 0 ◦C). Similar results were obtained for fish samples stored at 5 ◦C (Figure S3) and 10 ◦C
(Figure S4). The growth rates for the PAA samples were lower (p < 0.05) compared to either
C or W samples.

Pseudomonas spp. were the dominant spoilage bacteria in all samples during storage
at 0–10 ◦C (Figure 6b, Supplementary Figures S3 and S4). The populations of Pseudomonas
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spp. on day 0 were 3.95 ± 0.15, 3.65 ± 0.04, and 3.14 ± 0.15 logcfu/g, whereas populations
at the end of storage at 0 ◦C were 8.02 ± 0.22, 7.36 ± 0.04, and 7.23 ± 0.15 logcfu/g. The
use of PAA as a disinfectant resulted in lower growth rates of Pseudomonas spp. as well
as longer lag phases and therefore leading to a longer shelf life for the sea bream samples
treated with PAA as compared to the C and W samples (0.280 ± 0.028 d−1 and 4 d lag
phase for the PAA samples compared to 0.298 ± 0.039 d−1 and 1 d lag phase for the C and
0.303 ± 0.017 d−1 and 1 d lag phase for the W samples stored at 0 ◦C). The results of the
present study showed an increase in Pseudomonas spp. counts during storage at 0 ◦C, with
counts reaching the higher values of 7.0 logcfu/g on days 12, 11, and 17 of storage for the
C, W, and PAA samples, respectively.

Results for H2S-producing bacteria (e.g., Shewanella putrefaciens) and Enterobacteriaceae
spp. were similar. The effect of PAA was reflected in the lower growth rates of these bacteria
on PAA samples at all storage temperatures (Figure 6c,d and Supplementary Figures S3c,d
and S4c,d), showing that the use of the acid could control the growth of both H2S-producing
bacteria, as well as Enterobacteriaceae spp. at 0–10 ◦C. Counts of H2S-producing bacteria
were 3.95 ± 0.15, 3.48 ± 0.05, and 1.00 ± 0.02, and for Enterobacteriaceae spp., 3.28 ± 0.15,
2.95 ± 0.04, and 2.30 ± 0.03 logcfu/g, for C, W, and PAA samples, respectively, at the
beginning of storage. At the end of storage time (day 22 at 0 ◦C), the populations of
H2S-producing bacteria were 7.57 ± 0.22, 7.30 ± 0.05, and 6.56 ± 0.27 logcfu/g, whereas
for Enterobacteriaceae spp., they were 6.45 ± 0.22, 6.19 ± 0.09, and 5.12 ± 0.01 logcfu/g
for C, W, and PAA respectively. Similar results were noted for fish stored at 5 and 10 ◦C
(Figures S3 and S4).

At all storage temperatures studied (i.e., 0, 5 and 10 ◦C), the time of sensory rejection
(score 5 by the sensory panel for overall impression) coincided with an average Pseudomonas
spp. level of 107 cfu/g. All bacteria tested increased throughout the storage period for all
fish samples. The results of the sensory analysis are presented in Figure 7a–d. The scorings
for freshness (appearance, odour and taste) for all samples were high for approximately
6–8 days, in contrast to the PAA samples for which the respective scores remained high
for approximately 12–13 days when stored at 0 ◦C. Fresh fish had a sharp seaweed odor
and red-pink gills with neutral odor, whereas the sensory spoilage characteristics were
sour, fishy, putrid off flavor, with a grey-yellowish color and intense ammonia odor of the
gills. The sensory degradation of the PAA samples was slower, showing lower degradation
rates compared to C and W samples (p < 0.05). The shelf life of gutted fish, based on the
aforementioned limit for the sensory parameters, was determined as 11–12 days for the C
and W samples and 15–16 days for the PAA samples at 0 ◦C, indicating 4–5 days of shelf-
life extension in gutted gilthead seabream with the application of PAA as an disinfectant
medium (Table 2). According to Wang et al. [27], PAA may be effectively used as a sanitizer
for the inhibition of histamine formation in fish and seafood. Zhao et al. [28] introduced a
combined application of ultrasound, plasma-activated water, and PAA on the microbial and
physicochemical quality of mackerel fillets. Vandekinderen et al. [45] reported a shelf-life
extension of 1 day in grated carrots after washing with 250 mg/L PAA at 7 ◦C.
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4. Conclusions

The results of the study indicated that the application of washing treatment with
mild organic acids may result in significant deactivation of spoilage microorganisms
(Pseudomonas spp., H2S-producing bacteria) in gutted fish. Decontamination up to 3.5 logcfu/g,
depending on microbial species and washing conditions, was observed by the addition of
lactic acid, citric acid, or PAA in the washing water of gutted gilthead sea bream. Washing
of gutted gilthead seabream by immersion in an aquatic solution of 200 ppm citric acid for
10 min or 200 ppm PAA for 4 min significantly delayed the growth of spoilage microor-
ganisms (TVC, Pseudomonas ssp., Enterobacteriaceae spp. and H2S-producting bacteria) in
gutted gilthead seabream during chilled storage and extended shelf life to 16 and 18 days,
respectively when stored at 0 ◦C, compared with 11 days for control fish. The alternative
washing media did not affect the sensory characteristics of the gutted fish, while at the same
time, delayed the quality deterioration of fish during chilled storage. A shelf-life extension
of fish is of great importance and may open new distant markets currently inaccessible to
fresh fish products as well as contribute to the reduction of food waste. The systematic
evaluation of the effect of processing conditions on the quality and shelf life of fish may
provide technological solutions for fish handling to improve quality and shelf life and
reduce food losses from harvesting up to the consumer level.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10.339
0/su14105887/s1. Figure S1 Growth of (a) total viable count, (b) Pseudomonas spp., (c) Enterobacteriaceae

https://www.mdpi.com/article/10.3390/su14105887/s1
https://www.mdpi.com/article/10.3390/su14105887/s1


Sustainability 2022, 14, 5887 15 of 17

spp. and (d) H2S-producing bacteria in gutted gilthead sea bream stored at 5 ◦C, after washing with
200 ppm citric acid for 10 min. Figure S2. Growth of (a) total viable count, (b) Pseudomonas spp.,
(c) Enterobacteriaceae spp. and (d) H2S-producing bacteria in gutted gilthead sea bream stored at
10 ◦C, after washing with 200 ppm citric acid for 10 min. Figure S3 Growth of (a) total viable count,
(b) Pseudomonas spp., (c) Enterobacteriaceae spp. and (d) H2S-producing bacteria in gutted gilthead
sea bream stored at 5 ◦C, after washing with 200 ppm peracetic acid for 4 min. Figure S4 Growth of
(a) total viable count, (b) Pseudomonas spp., (c) Enterobacteriaceae spp. and (d) H2S-producing bacteria
in gutted gilthead sea bream stored at 10 ◦C, after washing with 200 ppm peracetic acid for 4 min.
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