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Introduction

Abstract

The effects of chitooligosaccharide (COS) at different concentrations (0.05, 0.1 and
0.2%, w/w) without and with the application of high voltage cold atmospheric plasma
(HVCAP) at different ratios of argon (Ar) and oxygen (0), 90%Ar/10%0, and
80%Ar/20%0, on the growth of Pseudomonas aeruginosa inoculated (6 log CFU/mL)
on Asian sea bass slices were monitored for 0 and 24 h incubation at 42C. Impact of
COS on the changes in lipid and protein oxidation caused by HVCAP was also
determined. All the HVCAP treated slices showed reduction in Pseudomonas count
(PC) as compared to control (without any treatment) at both 0 and 24 h of incubation
(p<0.05). However, decrease in PC was enhanced when HVCAP treated slices were
combined with COS, particularly with higher O, ratio (20%). COS inhibited lipid and
protein oxidation of the slices treated with HVCAP as indicated by lower peroxide
value, thiobarbituric acid reactive substances (TBARS) and total carbonyl content. For
all treated slices, total volatile base nitrogen (TVB-N) was decreased at both incubation
times, compared to the control. Micrograph analysis showed perforated, deformed
and distorted cells of Pseudomonas after treatment alone or in combination.
Therefore, COS could lower microbial load when combined with HVCAP and
simultaneously could reduce the adverse impact of both protein and lipid oxidation, in
slices treated with HVCAP.

ultrasound, and gamma irradiation, etc. for shelf-life
extension, quality maintenance, and product safety

Fish and fishery products are not only nutritional
but also play an important role in global trade for a
number of countries. Asian sea bass (Lates calcarifer) is
one of the highly consumed fishes in Southeast Asia
(Arfat et al., 2015). The high water content (70-72%) and
fat (6.5-7%) especially polyunsaturated fatty acids
(PUFA) and protein (19-20%) of Asian seabass made it
more susceptible to microbial spoilage microorganisms
and lipid oxidation (Sae-leaw & Benjakul, 2017; Arfat et
al., 2015). With increasing demand for seafoods, several
innovative techniques such as modified atmospheric
pressure, high pressure processing, pulsed electric field,

have been introduced (Arfat et al., 2015). To achieve the
current demands, novel natural additives and non-
thermal processing have gained increasing attention
due to lower losses in sensory and nutritional properties
of finished products than thermal processing such as
canning, pasteurization and sterilization (Arfat et al.,
2015; DeWitt & Oliveira, 2016). Cold atmospheric
plasma (CAP) has been implemented since 1990s,
however its use for preservation of food has been
highlighted recently. Plasma is an ionized gas containing
molecules or atoms with approximately zero net
electrical charge in its metastable state (Singh &
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Benjakul, 2020). High voltage has been used to ionize
gas molecules to electrons, atomic ion species, free
radicals, UV photon, and ozone (Smet et al., 2018) so
called high voltage cold atmospheric plasma (HVCAP).
Nonetheless, the exact microbial inhibition mechanism
of HVCAP is not fully unraveled. HVCAP causing the
rupture of cell and modification of microbial DNA,
proteins, lipids, etc. via accumulated free radical and
charged particles was proposed by Smet et al. (2018).
Although those radicals or active species can induce the
damage of microbial cells, they augment oxidation of
lipids and proteins, causing the loss in nutrients and
acceptability of foods (Singh & Benjakul, 2020).
Olatunde et al. (2019a) reported that gas composition,
treatment time, and post-treatment time determined
the antibacterial efficiency of HVCAP and quality of sea
bass slices. Moreover, HVCAP produced with argon (Ar)
has excellent antibacterial potential; however, argon
alone was unable to produce ozone as the reactive
species due to the absence of oxygen. Generally, ozone
is produced from the interaction of a molecular diatomic
oxygen with an oxygen atom (de Mendonga Silva &
Gongalves, 2017). Therefore, inclusion of oxygen is
necessary to obtain HVCAP with superior antimicrobial
properties. Generally, ozone and other reactive species
at high concentrations act as prooxidant which induce
lipid oxidation in foods containing lipid (Gavahian et al.,
2018). In our previous study, Asian sea bass slice treated
with HVCAP caused higher oxidation of lipids and
protein, resulting in development of off-flavor (Singh &
Benjakul, 2020). Therefore, the use of antioxidant in
combination with HVCAP might help overcome the
aforementioned limitations.

Various studies have been performed to use
HVCAP as a shelf-life enhancing tool for various foods
(Gavahian et al., 2018; Olatunde et al., 2019; Pankaj et
al., 2017). Moreover, antibacterial impact of HVCAP on
spoilage and pathogenic bacteria has been documented
(Rothrock et al., 2017). On the other hand, scarce
information is available regarding the use of HVCAP in
food challenged with microbes, especially seafoods.
Pseudomonas has been known to grow under the
aerobic atmospheric condition in the refrigerated
seafood and is the major contributor for spoilage in
seafood (Gram & Dalgaard, 2002). This microorganism
could determine the efficacy of HVCAP to reduce the
growth of challenged microbe (Spanu et al., 2014).
Challenge study might therefore help to determine the
inactivation rate of Pseudomonas in refrigerated ready-
to-eat Asian sea bass slices (ASBS) using the selected
preservation method and additive.

Squid (Loligo formasana) pen, a source of B-chitin,
is generally considered as waste by the squid processing
industry (Singh et al., 2017; Singh et al., 2020). B-chitin
shows higher reactivity towards various solvent (NaOH,
acetic acid, etc.) than a-chitin due to its looser
confirmation, therefore it can be easily deacetylated to
chitosan followed by hydrolysis using non-specific

enzymes to produce chitooligosaccharide (COS) (Lodhi
et al., 2014; Singh et al., 2019b). COS has been used in
various medicine and food due to its non-toxicity,
numerous bioactivities and high solubility (Lodhi et al.,
2014). COS is known to possess excellent antibacterial as
well as antioxidant properties (Lodhi et al., 2014).
However, less information has been available for the
utilization of COS from squid pen as the natural additive
in seafoods, particularly in ASBS.

The aim of the current study was to elucidate the
individual and combined effects of COS and HVCAP
under various conditions against P. aeruginosa
inoculated on ASBS at time 0 and 24 h of incubation at
4°C. The impact of COS at various levels on lipid and
protein oxidation of ASBS induced by HVCAP with the
different working gases (argon and oxygen) was also
investigated.

Materials and Methods
Chemicals, Lipase, Bacterial Strain and Asian Sea Bass

Analytical grade chemicals and lipase from porcine
pancreas were acquired from Sigma-Aldrich, Inc. (St.
Louis, MO, USA). Microbial media were obtained from
Oxoid  (Hampshire, England). P.  aeruginosa
PSU.SCB.16S.11 was gifted by the Food Safety
Laboratory, Prince of Songkla University, Hat Yai,
Thailand.

Freshly caught Asian sea bass (weight: 1.2-1.5 kg,
length: 42 cm) were obtained from a local market of Hat
Yai, Thailand. The fishes were brought to laboratory
within 1 h under cool condition maintained by ice
(ice/fish ratio of 3:1, w/w). One batch containing two
fishes were filleted using a sharp knife, which were
further sliced into pieces having thickness of 1.5-1.8 cm
with the weight of 10-12 g each. The moisture, protein,
fat and ash contents were found to be 71.25+1.26,
19.89+0.36, 6.58+0.12 and 1.84+0.02%, respectively as
determined by AOAC methods (AOAC, 2002). The pH of
the fresh fish was around 6.6+0.5.

Preparation of Chitooligosaccharide (COS)

Firstly, squid pen chitosan was extracted as per the
procedure of Singh et al. (2019b). For COS preparation,
chitosan (1 g) was dissolved in 1% (v/v) acetic acid to get
a final concentration of 1% (w/v). Final pH of prepared
solution was adjusted to 5 using 6 M NaOH. The
hydrolysis was performed at 502C for 12 h followed by
the termination of the reaction by heating at 952C for 10
min. The obtained hydrolysate was adjusted to pH7
using 6 M NaOH followed by vacuum filtration. The
obtained filtrate was subsequently freeze-dried using a
freeze-dryer (CoolSafe 55, ScanlLaf A/S, Lynge,
Denmark). The COS had the average molecular weight of
75 kDa, intrinsic viscosity of 0.40 dL/g as determined by
the procedure of Singh et al. (2019a).
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Microbial Strain and Sub-Culture

Glycerol stock of P. aeruginosa culture preserved
in a deep freezer (-80°C) was revived and cell number
was adjusted to 6.0log CFU/mL in 0.85% saline
prepared in 0.1 M phosphate buffer (pH 7.4) as per the
method described by Singh et al. (2019a).

Treatment of Slices with COS and Pseudomonas
Inoculation

The COS was dissolved in least amount of water (25
mL for 1 kg of slices). One kilogram (1 kg) of slices having
the thickness of 1.5-1.8cm was manually mixed
thoroughly for 2 min with COS solution (25 mL) to obtain
the final concentrations of 0.05, 0.1 and 0.2%. COS
treated slices were inoculated with Pseudomonas (2
mL/100 g) using a UV treated (15 min) brush to obtain
approximately 6.0 log CFU/g slices. The treated samples
were allowed to dry for 60 min under sterile conditions
using Laminar air flow hood at 202C (Singh & Benjakul,
2020). All the treated samples were divided into two
batches. One batch was put into multilayer low-density
polyethylene bags (30 g each) (18 x 28 cm?). Another
batch was placed on polystyrene foam plates (30 g each)
and covered with food wrap and used as the control.

Effect of HVCAP Treatment on the Inoculated ASBS
Added without or with COS at Various Levels

The HVCAP operating system included dielectric-
barrier discharge with a high voltage transformer (50 Hz,

230 Vinput voltage) and a voltage variac (output voltage
controlled within 0-120 kV). All the samples were
treated as shown in Figure 1. Firstly, the bags containing
slices were filled with working gas, the mixture of argon
and oxygen (80%Ar/20%02 and 90%Ar/10%02) using a
gas/slice ratio of 3:1 (v/w) using a vacuum-packaging
machine Henkovac type 1000 (Tecnovac, Grassobbio
(BG), Italy) and heat-sealed. The sealed bags were then
treated with HVCAP at 16 kV root mean square for 5 min
(2.5 min for each side of bag) at 28+2°C following the
method of Olatunde et al. (2019b). Samples were kept
at 4°C and analyses were conducted at 0 and 24 h after
HVCAP treatment.

Microbiological Analysis

Microbiological analysis was done by means of
spread plate method as described by Shiekh et al.
(2019). Briefly, the sample (10 g) was blended with 90
mL of saline (0.85%) using an M400 Stomacher blender
(Seward Limited, Worthington, England). The mixture
with appropriate dilutions was inoculated Pseudomonas
isolation agar plates and incubated at 252C for 24 h.

Chemical Analyses

Total volatile base nitrogen (TVB-N) and
trimethylamine (TMA) contents of all samples were
examined using the Conway disc method as described
by Prabhakar et al. (2019). A sample (2 g) was added to
8 ml of 4% trichloroacetic acid (w/v) and homogenized
with a homogenizer (IKA Labortechnik, Malaysia) at a

Pseudomonas noculation
(6.0 log CFU/g slices)

Control

Without COS addition and
HVCAP treatment

*HVCAP: High Voltage Cold Atmospheric Plasma

Chitooligosaccharides addition (%, w/w)

Total number of treatments=12

Figure 1. Schematic illustration of fish slices without and with chitooligosaccharide addition (COS) and high voltage cold atmospheric

plasma (HVCAP) treatment.
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speed of 11,000 rpm for 2 min and filtered using
Whatman filter paper no. 4. The supernatant (1 ml) was
placed in the outer ring of the Conway apparatus. The
inner ring solution containing 2% boric acid, 0.1%
bromocresol, and 0.1% methyl red was then pipetted
into the inner ring. To initiate the reaction, K2COs3 (1 ml)
was mixed with sample. The Conway unit was closed and
incubated at 37°C for 45 min. The inner ring solution was
then titrated with 0.02 N HCl until the green color turned
to pink. Determination of TMA content was carried in
the same manner except that 1 ml of 10% formaldehyde
was added to the sample extract to fixammonia present
in the sample prior to the assay. TBA and TMA contents
were expressed as mg N/100 g sample.

The procedures for determination of peroxide
value (PV) and thiobarbituric acid reactive substances
(TBARS) were adopted from Arfat et al. (2015). Samples
(0.5 g) were homogenized with 2.5 mL of TBARS solution
(containing 0.0375 g/100 mL thiobarbituric acid, 15
g/100mL trichloroacetic acid and 0.25 mol/L HCI),
followed by boiling for 10 min. The mixture was
centrifuged for 15 min at 8000 xg and absorbance was
measured at 532 nm. The TBARS values were expressed
as mg malondialdehyde (MDA)/kg sample.

For PV, the sample (2 g) was homogenized with 22
mL of methanol/chloroform (MC) mixture (1:2, v/v) at a
speed of 15, 000 rpm for 1 min. Thereafter, 7 mL of
homogenate was vortexed for 30 sec with 2 mL of NaCl
(0.5%, w/v) and centrifuged for 3 min at 3000 xg at 4 °C.
The 50 pL of sample was mixed with 2.5 mL MC mixture,
50 uL of 30 g/100 g ammonium thiocyanate and 50 pL of
20 mmol/L iron (ll) chloride. Then mixtures were
vortexed before determination of PV at OD500. The
values were denoted as mg cumene hydroperoxide/kg
sample

Total carbonyl content (TCC) was determined using
2,4-dinitrophenylhydrazine (DNPH) (Olatunde et al.,
2019a). In brief, sample (1 g) was homogenized with 10

mL of 20 mM Tris buffer containing 0.6 M NaCl (pH 6.8)
and the obtained solution was treated with 2,4-
dinitrophenylhydrazine (DNPH) to determine TCC. The
content was expressed as L mole carbonyl/g protein.

Scanning Electron Microscopy (SEM)

Impact of selected condition of COS and HVCAP
treatment on Pseudomonas was studied using SEM.
Pseudomonas suspension (6 log CFU/mL) without and
with COS at minimum inhibitory concentration (0.31
mg/mL) was prepared (Singh et al., 2019a). Additionally,
suspension treated with HVCAP using 90%Ar/10%0; as
working gases for 5 min added without and with COS
was also prepared. All suspensions were nurtured for 24
h at 37°C and visualized using SEM following the
protocol of Olatunde et al. (2019a).

Statistical Analysis

All experiments were performed in triplicate and
data was applied to the one-way analysis of variance
(ANOVA). The confidence level (a) was used at 95%.
Duncan’s multiple range test from SPSS package (SPSS
22 for Windows, SPSS Inc., Chicago, IL, USA) was used
for comparison of means. Paired comparison was done
using t-test.

Results and Discussion

Effect of COS and HVCAP under Different Conditions on
the Inactivation of Pseudomonas Inoculated on ASBS

The influence of COS at various levels without and
with HVCAP treatment using different working gases on
the counts of Pseudomonas inoculated on ASBS is shown
in Table 1. With addition of COS, the Pseudomonas
count (PC) decreased in a dose dependent manner at

Table 1. Effects of COS and HVCAP under different conditions on Pseudomonas count of Asian sea bass slices (ASBS) at 0 and 24 h

of incubation at 42C

Pseudomonas count (PC)

HVCAP/working gas COS(OI/G)VEIS (log CFU/mL)

? oh 24 h
o* 6.47+0.08%AY 6.68+0.10°A
No treatment 0.05 5.30+0.095x 4.35+0.075%
o treatmen 0.1 5.14+0.13< 4.15+0.09<CY
0.2 5.00+0.11¢0x 4.04+0.0240y
0 3.97+0.12°8% 4.020.10°
0.05 3.56+0.06/Cx 3.58+0.10Cx
80%Ar/20%0; 0.1 3.49+0.07¢0x 3.52+0.079x
0.2 3.37+0.11& 3.41+0.090x
0 4.05+0. 145 4.10+0. 118
0.05 3.57+0.11x 3.61+0.09°C
90%Ar/10%0; 0.1 3.54+0.10fx 3.58+0.11¢dCx
0.2 3.47+0.09¢x 3.50+0.13¢0x

Values are expressed as mean * SD (n=3). Different lowercase superscripts (a,... d,... h) in the same column indicate significant differences (p<0.05).
Different lowercase superscripts (x, y) in the same row indicate significant differences (p<0.05). Different uppercase superscripts in the same column
within the same HVCAP treatment including the control indicated significant difference (p<0.05).

*Control (without HVCAP and COS treatment)
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both 0 and 24 h of incubation (p<0.05). PC at different
concentrations of COS was in the range of 5-5.14 and
4.04-4.35 log CFU/mL for 0 and 24 h of incubation,
respectively. On the other hand, PC increased in control
samples after 24 h, while the treatment with COS at
different levels significantly decreased PC (p<0.05).
Slices incorporated with COS at different concentrations
(0.05, 0.1 and 0.2%) showed approximately 1.0-1.5 log
reduction in PC as compared to the control at 0 h
(p<0.05). With increasing concentration of COS to 0.2%,
the lowest PC was observed at 0 h (p<0.05). This was
plausibly associated with antimicrobial activity of COS
(Lodhi et al., 2014). Pseudomonas is a Gram negative
bacterium in which the cell wall contains only a single
layer of peptidoglycan, which makes it more susceptible
to antibacterial agents. The positively charged —NHs*
groups of COS might interact with negatively charged
compounds of bacteria (Raafat & Sahl, 2009). This more
likely caused the leakage of intracellular substances,
resulting in the failure of various intracellular
metabolisms of bacterial cells (Lodhi et al., 2014).
Additionally, chelation of essential nutrients and metals
for microbial growth could be the plausible mechanism
for inactivation of microbes by COS (Lodhi et al., 2014).
After 24 h of incubation, more than 2 log reductions in
PC was observed for the slices added with COS, as
compared to that of control. The higher reduction in PC
after 24 h is plausibly due to the penetration of COS into
the cytoplasm of bacterial cell, causing modification of
lipids, proteins, RNA, and DNA and leading to the death
of microorganisms (Lodhi et al., 2014).

For HVCAP treatment, both working gases
(90%Ar/10%0, and 80%Ar/20%02) reduced PC of the
slices, irrespective of COS addition (p<0.05). In the
absence of COS, the mixture of 80%Ar/20%0; and
90%Ar/10%0: reduced the PC by 2.5 and 2.4 log than
the control (p<0.05), respectively after the treatment (0
h). However, different working gases had no significant
impact on the inactivation of bacterial cells. Similar
finding was observed by Olatunde et al. (2019a) against
various pathogenic and spoilage bacteria enumerated
from ASBS stored at 42C for 18 days. Generally, when
the O: level was augmented from 10 to 20%, ozone
generation was not sufficiently increased to cause
significant reduction in microbial population (Olatunde
et al., 2019a). Thus, compositional O level in working
gas had no marked impact on inhibition of Pseudomonas
inoculated on slices. The decrease in PC was more likely
due to the antimicrobial activity of reactive oxygen
species (ROS) and reactive nitrogen species (RNS)
generated by HVCAP (Misra et al., 2011). Moreover, the
injured cell wall and oxidation of proteins, lipids, and
nucleic acids due to HVCAP treatment also could
account for its antibacterial activity (Laroussi et al.,
2003). Antibacterial properties of ozone in trout species
and striped red mullet against various pathogenic and
spoilage bacteria were reported by Dehkordi and Zokaie
(2010) and Bono and Badalucco (2012), respectively.
Slices treated with HVCAP using both working gases

showed higher decrease in PC when being treated with
COS, particularly at higher levels for both 0 and 24 h of
incubation, ascertained by the higher inactivation rates
compared to the use of HVCAP or COS alone (p<0.05).
This is more likely due to the increase in penetration of
COS into bacterial cells through the pore generated by
HVCAP treatment. Olatunde et al. (2019) reported that
ROS and RNS generated during HVCAP disappeared after
one hour of the treatment. Similar findings were
observed by Han et al. (2016) against Escherichia coli
and Staphylococcus aureus. Thus, the addition of COS
with antimicrobial activity could enhance the shelf-life
of slices when active species generated from HVCAP
such as ROS, RNS etc. were decomposed. Therefore, a
shelf-life study should be performed to assess the
antimicrobial activity of the treatments and their
influence on the quality attributes of the ASBS.

Effect of COS and HVCAP under Different Conditions
on PV and TBARS Values of ASBS

Effect of COS and HVCAP treatment alone or in
combination on PV and TBARS values of ASBS stored for
0and 24 h at 42Cis shown on Table 2. Slices without COS
addition showed higher PV than those subjected to
HVCAP, using both working gases at 0 h (p<0.05). Lowest
PV was noticed for all COS incorporated samples (at 0 h)
(p<0.05). The alleviation in PV was more probably owing
to the antioxidant activity of COS. After 24 h of
incubation, there was an increase in PV of the control
(without COS addition and HVCAP) (p<0.05). No
significant difference in PV was detected for slices added
with COS at the levels of 0.05 and 0.1% (p>0.05).
Nevertheless, the slices treated with COS at 0.2%
showed lower PV, as compared to that found at 0 h
(p<0.05). Asian sea bass is prone to oxidation even
stored at lower temperature (Magsood & Benjakul,
2010). Decomposition of primary oxidation products to
secondary ones can lead to the lower PV (Magsood &
Benjakul, 2010). Additionally, the increase in PC might
cause release of microbial lipase, which could generate
free fatty acids by lipid hydrolysis. Free fatty acids are
act as prooxidant, which might cause the increase in PV
of the control (Singh & Benjakul, 2020). Lipase from
various microbes including Thermomycetes
lanuginosus, Candida antarctica and Rhizomucor miehei
are reported to hydrolyze lipid from various oils
(Karlovec et al., 2012). The decreased PV values at both
0 and 24 h of slices added with COS, were mainly caused
by antioxidative as well as antibacterial activity of COS.
Antioxidative activity of COS was due to -NHz and -OH
groups present in pyranose ring (Lodhi et al., 2014). Free
radicals can be stabilized by the interaction with the free
-NH2 groups of COS. Moreover, ammonium groups
(NHs*) generated due to the absorption of hydrogen
from solution by -NH2 groups, can work as H-donor to
the radicals (Je et al., 2004). Additionally, -OH group of
COS might react with free radicals by the typical H-
donation (Xie et al., 2001).
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The slices treated with HVCAP using 80%Ar/20%0-
as working gas without COS showed the highest PV,
followed by those with HVCAP using 90%Ar/10%0: at
both incubation times (p<0.05). However, PV was
decreased drastically when slices were treated with
HVCAP and COS, especially with increasing COS levels
from 0.05 to 0.2% at both 0 and 24 h (p<0.05). Seafoods
are rich in polyunsaturated fatty acids and
monounsaturated fatty acids, which are easily oxidized
by ROS, RNS and light generated during HVCAP
treatment (Olatunde et al., 20193, b). Therefore, COS
more likely acted as a radical scavenger and lowered
lipid oxidation chain reaction. HVCAP treated slices
added without and with COS showed decreased PV after
the incubation for 24 h (p<0.05). This was more likely
due to the decomposition of primary oxidation product
such as hydroperoxide to the secondary products
(Magsood & Benjakul, 2010). Additionally, inhibition of
Pseudomonas growth by COS might contribute to the
lower peroxide value (PV) after 24 h of incubation.

TBARS values, representing the secondary
oxidation products of lipids, without HVCAP treatment,
were decreased when COS was added in a dose
dependent manner as compared to the control (without
COS addition) at both incubation times (p<0.05), which
confirmed antioxidant activity of COS. When slices
treated with HVCAP without the addition of COS, the
highest TBARS values were obtained, especially as
80%Ar/20%0: working gas was used, followed by
90%Ar/10%02. Higher rate of Oz could produce higher
amounts of active species or radicals, which could
induce lipid oxidation more efficiently. Nevertheless,
TBARS values were decreased with increasing levels of
COS and lower values were obtained in slices added with
0.2% COS at both 0 and 24 h. Higher TBARS values were
obtained for all the slices at 24 h as compared to 0 h
(p<0.05). However, no difference was detected in TBARS
values for slices added with 0.1 and 0.2% COS without

HVCAP treatment (p>0.05). Higher TBARS values were
more possibly due to higher degradation of primary
oxidation products to secondary oxidation products
generated during HVCAP treatment (Magsood &
Benjakul, 2010). The increased TBARS values were in
agreement with lower PV obtained for most of the
treatments after 24 h of incubation (Table 2). The higher
concentration of COS might terminate the Ilipid
oxidation by scavenging free radical or inhibition of
Pseudomonas growth, resulting in the lower levels of
free fatty acids. Therefore, COS showed the potential
inhibition towards lipid oxidation of slices caused by
both HVCAP treatment and microbial spoilage.

Effect of COS and HVCAP under Different Conditions on
Total Carbonyl Content (TCC) of ASBS

TCC of Pseudomonas inoculated ASBS treated with
or without COS and HVCAP alone or in combination at 0
and 24 h of incubation at 42C is shown in Table 3. The
slices added with COS and without HVCAP treatment
showed a decrease in TCC as the concentration of COS
was increased up to 0.2% (p<0.05) indicating protein
oxidation of Pseudomonas inoculated slices was
impeded. After incubation for 24 h, protein might
undergo oxidation to higher extent. Microbial protease,
which could lead to the formation of free amino acid,
leading to the ease of carbonyl formation (Chanarat et
al., 2015). Moreover, 4-hexyl-2 nonenal or
malondialdehyde, secondary lipid oxidation products,
could attach to the cleaved peptide, thus resulting in the
formation of carbonyl in protein (Estévez, 2011). The
result was in accordance with the occurrence of lipid
oxidation as indicated by increased PV and TBARS values
of slices without COS addition (Table 2). Lower TCC
values in slices treated with COS (and without HVCAP)
compared to control samples could be more probably
associated with antibacterial and antioxidant activities

Table 2. Effects of COS and HVCAP under different conditions on peroxide value (PV) and thiobarbuturic acid reactive substance
(TBARS) of Asian sea bass slices (ASBS) at 0 and 24 h of incubation at 42C

. COS levels PV (mg cumene hydroperoxide equivalent/g sample) TBARS (mg MDA/kg of fish)
HVCAP/working gas (%) oh 24 h oh 2ah
o* 0.63+0.10hAEY 0.79+0.058ADx 1.60+0.09AECY 1.86+0.18eACx
No treatment 0.05 0.45i0.18?3" O.45i0.037‘3>< 1.26+0.0388Y 1.3440.02f
0.1 0.41+0.1178 0.37+0.03i¢ 1.14+0.09n¢x 1.19+0.098x
0.2 0.40+0.1178 0.34+0.01i% 0.45+0.05iPx 0.46+0.031>x
0 6.32+0.312Ax 5.87+0.652AY 3.08+0.122AY 4.34+0.302A%
0.05 3.95+0.31¢Bx 1.61+0.14¢8y 2.32+0.20<8Y 2.88+0.18¢Bx
80%Ar/20%0; 0.1 1.70+0.28fCx 1.0740.15% 1.84+0.07¢% 1.95+0.059Cx
0.2 1.24+0.2780x 0.55+0.05AY 0.56+0.077Y 0.68+0.05hDx
0 4.63+0.57bAx 3.87+0.19bA 2.69+0.17bAY 3.04+0.15bAx
0.05 3.42+0.2148x 1.50+0.29¢By 1.99+0.0948Y 2.13+0.4848x
90%Ar/10%0, 0.1 2.4140.33e% 1.38+0.074¢y 1.67+0.08fCy 1.83+0.04e¢x
0.2 1.85+0.37x 0.93+0.14f0y 0.53+0.09idy 0.70+0.11hDx
Values are expressed as mean + SD (n = 3). Different lowercase superscripts (a,... €,... i) in the same column indicate significant differences (p<0.05).

Different lowercase superscripts (x, y) within the same parameter tested in the same row indicate significant differences (p<0.05). Different
uppercase superscripts in the same column within the same HVCAP treatment including the control indicated significant difference (p<0.05).

*Control (without HVCAP and COS treatment).
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of COS, resulting in inhibition of Pseudomonas growth
and retarded lipid oxidation, respectively.

For HVCAP treated slices, the highest TCC value
was observed when 80%Ar/20%0; mixture was used as
a working gas in the absence of COS for both 0 and 24 h
of incubation, followed by those treated with
90%Ar/10%0: (p<0.05). However, with the addition of
COS, TCC was decreased in a dose dependent manner
for HVCAP treated slices for both working gases
(p<0.05). The data was in concomitant with the protein
oxidation caused by ROS and RNS generated when
HVCAP was implemented. After 24 h of incubation, TCC
was increased in the samples treated with HVCAP using
both working gases (p<0.05). This was more likely owing
to the increase in protein oxidation caused by ozone and
other reactive species (Olatunde et al., 2019b). After 24
h, a slight increase in TCC was observed for slices
containing 0.05 and 0.1% COS and treated with
80%Ar/20%0: as a working gas (p<0.05). Nevertheless,
slices added with 0.2% displayed no difference in TCC
after 24 h of incubation (p>0.05). On the contrary, there
was no difference in TCC observed in slices treated with
HVCAP using 90%Ar/10%0: as a working gas at all COS
concentrations after 24 h of incubation (p>0.05). This is
more probably due to the formation of lower amount of
ROS and RNS in slices treated with 90%Ar/10%0.,
compared to 80%Ar/20%0:, in which higher amount of
02(20%) was used. The decrease in TCC was more likely
due to the antioxidative ability of COS (Lodhi et al.,
2014). COS was able to react with unstable free radicals
via amino and hydroxyl groups (Fernandes et al., 2010).
Rajapakse et al. (2007) documented that carboxylated
COS inhibited membrane protein oxidation via direct
scavenging of radicals. Similarly, COS from crab shells
ceased protein oxidation via radical scavenging in the
living cell (Ngo et al., 2008). During oxidation, side chains

of proteins can produce carbonyl groups such as ketones
and aldehydes (Chanarat et al., 2015).

Consequently, COS reduced the detrimental effect
of HVCAP towards slices by lowering the lipid and
protein oxidation. COS in combination with HVCAP
treatment could be used to lower the off-flavor
generated by oxidation products during the treatment
of slices.

Total Volatile Nitrogen Base (TVB-N) Content

The highest TVB-N content was observed for the
control (inoculated with Pseudomonas) without HVCAP
treatment and COS addition at 0 and 24 h of incubation
(p<0.05) (Table 3). For slices inoculated with
Pseudomonas without HVCAP treatment (without
working gases), TVB-N content was decreased with
increasing levels of COS, in which the values were from
9.94 to 7.19 mg N/100 g sample at 0 h (p<0.05). After 24
h, TVB-N content was increased in the control without
any treatment. This correlated well with the increased
PC (Table 1). Pseudomonas has been documented as the
major spoilage bacterium in fish or other seafoods
(Olatunde et al., 2019b; Singh & Benjakul, 2020).
Similarly, TVB-N content of slices was decreased with
HVCAP treatment using both working gases, regardless
of COS addition. However, no significant difference was
observed in TVB-N content for slices treated with HVCAP
using both working gases in the absence of COS
(p>0.05). Therefore, the composition of working gases
had no significant impact on TVB-N content. The lower
TVB-N content in HVCAP treated slices suggested the
decrease in de-amination of non-protein nitrogenous
compounds or rapid inactivation of bacterial population
or both (Olatunde et al., 20194, b). The acceptable TVB-
N limit for fish is 35 mg N/100 g (EU, 1995). For the slices
stored for 24 h, no changes in TVB-N content were

Table 3. Effects of COS and HVCAP under different conditions on total carbonyl content (TCC) and total volatile base nitrogen (TVB-
N) of Asian sea bass slices (ASBS) at 0 and 24 h of incubation at 42C

. TCC TVB-N
HVCAP/working COS levels . .
gas %) (umole carbonyl/g protein) (mg nitrogen/100 g sample)
Oh 24 h Oh 24 h
0* 0.61£0.01eACy 0.8310.071¢A8x 10.58+0.502AY 16.17+0.392Ax
0.05 0.30£0.01¢Bx 0.31+0.0198x 9.94+0.19b8x 9.68+1.01b8x
No treatment 0.1 0.27+0.00/Cx 0.2810.011cx 7.240.18< 7.3240.35¢
0.2 0.14+0.01ix 0.15+0.00i%* 7.19+0.29¢Cx 7.22+0.38¢x
0 3.32+0.032AY 3.91+0.0024 6.62+0.3948x 6.79+0.1948x
o o 0.05 1.21+0.01¢8y 1.36+0.02¢% 5.3940.17dex 5.46%0.29deCx
80%Ar/20%0; 0.1 0.6310.02¢% 0.68+0.040x 5.18+0.53% 5.25+0.19¢%
0.2 0.32+0.0180x 0.33+0.00hEx 4.69+0.11x 4.83+0.9x
0 2.28+0.02bAY 2.81+0.01bAx 6.09+0.514Bx 6.37+0.9148x
90%Ar/10%0; 0.05 1.02+0.0698« 1.10£0.02d¢x 5.3940.20deCx 5.53+0.00deCx
0.1 0.52+0.00f0x 0.5310.018Px 5.04+0.19% 5.12+0.96°%
0.2 0.29+0.00MEx 0.31+0.02hEx 4.97+0.090x 5.00£0.38¢fcx
Values are expressed as mean + SD (n = 3). Different lowercase superscripts (a,... €,... j) in the same column indicate significant differences (p<0.05).

Different lowercase superscripts (x, y) in the same row within the same parameter tested indicate significant differences (p<0.05). Different

uppercase superscripts in the same column within the same HVCAP treatment including the control indicated significant difference (p<0.05).

*Control (without HVCAP and COS treatment).
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noticeable (p>0.05), except for the control, where it was
increased to 16.17 mg N/100 g (p<0.05). Olatunde et al.
(2019b) documented the higher increase in TVB-N
content (45.43 mg N/100 g) of untreated ASBS during 9
days of refrigerated storage than the HVCAP treated
slices using 90%Ar/10%0: for 5 min, which had lower
TVB-N content. Conversely, slices treated with both
HVCAP and COS had the lower TVB-N content,
particularly when COS concentration was increased
(0.05-0.2%). The lowest TVB-N content was obtained for
slices added with 0.2% COS in combination with HVCAP
using both working gases either at 0 or 24 h (p<0.05).
This could be owing to the antibacterial properties of
both COS, which was synergistically enhanced by HVCAP
treatment.

Overall, higher O: ratio in working gas for HVCAP
did not have significant impact on the microbial
inactivation, while it enhanced the adverse effects on
protein and lipid oxidation. HVCAP at higher oxygen
concentration (20%) caused more oxidation of lipids and
proteins as compared to the lower concentrations
(10%). Therefore, 90%Ar/10%02 gas mixture would be
selected for working gas in further study.

Scanning Electron Microscopic (SEM) Images of
Pseudomonas as Affected by COS and HVCAP Alone or
in Combination

Morphology of Pseudomonas as affected by COS
and HVCAP treatment (90%Ar/10%0:) alone or in
combination is illustrated in Figure 2. Pseudomonas
treated without COS and HVCAP showed typical smooth
and rod-shaped cells (Figure 2A). However, cells treated
with COS at 0.2% become deformed, lysed and distorted
(Figure 2B, marked as yellow arrows). Some bacterial
cell showed a thin layer around the cell (marked with
black arrows) for the bacteria culture added with COS,
which might be due to the electrostatic interaction of -
NH2 and -OH of glucosamine unit of COS with various
biomolecules of cell membrane such proteins,
phospholipids etc. (Liu et al., 2004). Additionally,
lipopolysaccharides of Gram negative bacterial cell wall
can also interact with chitosan or its derivatives, thus
negatively affecting membrane integrity and

permeability (Davydova et al., 2000; Helander et al.,
2001). Several

interactions could facilitate the

Figure 2. Micrographs of Pseudomonas cell subjected to different treatments. Without treatment (A), with chitooligosaccharide
(COS) (B), with high voltage cold atmospheric plasma (HVCAP) and (C), with the combination of COS and HVCAP (D). Cells were
treated with HVCAP using 90%Ar/10%0, gas mixture for working gas and COS concentration used was 0.2%. Magnification at
25,000X. Yellow arrows: indicating rupturing of cells; red arrows: indicating poration into cells, black arrow indicated COS binding

to cell wall (Figure 2B).
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penetration of COS into bacterial cytoplasm and caused
modification of biomolecules such as mRNA, DNA,
proteins, etc. This could affect various cellular
metabolisms such as protein translation and DNA
replication etc., leading to cell death (Lodhi et al., 2014).
Bacterial cells treated with HVCAP treatment showed
injured and porous cells with a large amount of cell
debris (Figure 2C). HVCAP could induce the perforations
of surface and alter the inner components of the cell via
bombardment induced by various reactive species and
plasma particles (Singh & Benjakul, 2020). Deng et al.
(2006) reported slight shrinkage and breakage of the
spore membrane, resulting in the leakage of cytoplasm
content of Bacillus subtilis spores, when treated with
cold atmospheric plasma. Moreover, ROS, UV photons,
other charged particles and electric field formed by
plasma discharge can cause structural damage of
microbial cells (Laroussi et al., 2003). Addition of COS
along with HVCAP treatment resulted in the cell with
more deformed and distorted structure having higher
number of pores (Figure 2D). Pores created by HVCAP
treatment augmented the penetration of COS into the
cellular cytoplasm. Hence, HVCAP in combination with
COS caused the alternation of morphology such as
perforation, leaching of nutrient and modification of
various biomolecules of bacterial cells and caused the
death of cells.

Conclusions

COS alone showed potential to inhibit the
proliferation of Pseudomonas on ASBS in a dose
dependent manner. However, it also enhanced the
efficiency of HVCAP in microbial inactivation. HVCAP in
combination with 0.2% COS caused approximately 3 log
reduction of Pseudomonas count for both working gases
and lowered TVB-N content. However, different ratios
of working gases used for HYCAP showed no significant
impact on Pseudomonas count. Nevertheless, a high
oxygen ratio in working gas resulted in more oxidation
of both lipids and proteins of slices. Lipid and protein
oxidation were less noticeable in HVCAP treated
samples, when COS was added at the level of 0.2%.
Therefore, HVCAP treatment (90%Ar/10%02) in the
presence of 0.2% COS caused death or inhibited the
growth of Pseudomonas, as well as lowered lipid and
protein oxidation facilitated by HVCAP. In conclusion,
HVCAP in combination with COS could be implemented
to extend the shelf-life of Asian sea bass in terms of
microbial and oxidative quality.
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