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Sturgeon (Acipenser spp.) fish was one of the most valuable aquaculture species in the world owing to
its excellent-quality muscle. This fish was highly susceptible to microbial contamination during
processing and preservation. Supercritical carbon dioxide (SC-CO2) was one of the non-thermal
treatment effectively applied in meat and fishery industry for the goal of pasteurization. This research
verified the effectiveness of supercritical carbon dioxide (SC-CO2) at different conditions of
pressure/temperature/time (control, 10/30/20, 12/35/15, 14/40/10, 16/45/5 MPa/°C/min) on the
physicochemical, microbial and sensorial characteristics of sturgeon fish fillet during 28 days of cool
storage. Supercritical carbon dioxide at 12/35/15 MPa/°C/min was optimal to maintain water holding
capacity (93.02+0.27%), texture hardness (42.80+0.11 N), and overall acceptance (8.12+0.02 score)
while minimizing the accumulation of total volatile base nitrogen (5.02+0.10 mg/100 g) and Thiobarbituric
acid reactive substances (0.62+0.02 mg malonaldehyde/kg); proliferation of total plate count (3.69+0.20
log CFU/g), Coliform (1.42+0.00 log CFU/g) during cool storage. It was recommended that supercritical
carbon dioxide would be considered as a promising non-thermal treatment to enhance physicochemical,
microbial and sensorial properties of sturgeon fish fillet.
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INTRODUCTION capacity inducing cellular exposure and

Supercritical carbon dioxide (SC-CO2) was
non-thermal treatment effectively applied in food
industry for both liquid and solid product to
inactivate spoilage and pathogen microorganisms
(Erkmen, 2000; Ferrentino and Spilimbergo, 2011;
Perrut, 2012). This method also maintained
thermal-sensitive element, nutritional proximate
and sensory characteristic with a better shelf-life
(Norton and Sun, 2008). Main parameters of SC-
COz included pressure, temperature and duration
directly affecting to microbial inactivation. The
higher pressure, the more inactivation would be
obtained. It was a result of better CO2 solvating

acidification. High temperature also created better
CO:2 diffusion leading to more fluidity (Wimmer
and Zarevucka, 2010). SC-CO:2 enhanced the
exploitation of membrane elements like
phospholipids (Budisa and Schulze-Makuch,
2014). Much more microbial inactivation would be
greatly visible at higher pressure, temperature and
longer duration compared to lower pressure,
temperature and shorter time (Jung et al. 2009).
Cell membrane of the microorganism was
severely vulnerable under high pressure. This
pressure modified the molecular structure of the
peptide-lipid crosslink, disrupting the mechanism
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of membrane bilayer phosphatidic acid and losing
its functionality (Patterson, 2005). SC-CO2 was
suggested on pork meat at pressure 7.4 and 15.2
MPa (Choi et al. 2008; Rawson et al. 2012; Choi
et al. 2013).

Demand of sturgeon (Acipenser spp.) fish has
increased dramatically in recent years due to its
nutritional and markefigure values (Matteo et al.
2021; Samad et al. 2021). Sturgeon had a
heterocercal caudal fin, a cartilaginous skeleton
(Silas, 2017). It was mostly distributed in
temperate marine and brackish water regions
(Billard and Lecointre, 2001). This fish contained a
rich source of soluble collagen, purine bases,
vitamins and minerals (Badiani et al. 1996).
Sturgeon muscle was also rich in
monounsaturated and polyunsaturated fatty acids
and low cholesterol content. Therefore sturgeon
could be believed as a healthy seafood. The
proportion of connective and muscular tissues
was beneficial for the muscular one (Simeanu et
al. 2015). Poor hygiene condition during
processing of sturgeon created microbial cross-
contamination (Heshmati et al. 2013). Purpose of
our study investigated the the influence of
supercritical carbon dioxide (SC-CO2) at different
conditions of pressure/temperature/time on the
physicochemical (water holding capacity, texture
hardness, total volatile base nitrogen,
Thiobarbituric acid reactive substances), microbial
(total plate count, coliform) and sensorial
characteristics of sturgeon fish during 28 days of
cool storage.

MATERIALS AND METHODS

2.1 Material

Raw fresh sturgeon fish was collected in Thu Duc
market, Ho Chi Minh city, Vietham. It was moved
to laboratory quickly for experiment. Chemical
reagents were all analytical grade originated from
Fluka (Switzerland) and Sigma Aldrich (USA),
purchased from Ho Chi Minh city, Vietnam.
Petrifilm plates were supplied from 3M-Vietnam.
Lab equipments and utensils included UV-Vis
spectrophotometer, texture analyzer, stomacher,
vortex mixer, weigh balance, incubator, colony
counter, autoclave, test tube, and micropipette.

2.2 Researching method

Raw fresh fish was carefully gutted, dressed and
filleted by sharp knife. These fillets were
separated into 5 groups (G1, G2, G3, G4, G5)
were kept aseptic plastic bags. Each bag was
subjected to SC-CO2 equipment at three different

conditions: G1  (control), G2  (10/30/20
MPa/°C/min), G3 (12/35/15 MPa/°C/min), G4
(14/40/10 MPa/°C/min), G5 (16/45/5 MPa/°C/min).
After treatment, samples were stored in cool
storage at 4+0.5°C for 28 days. In 7 day-interval,
samples were taken to determine
physicochemical properties (water holding
capacity, texture hardness, Total volatile base
nitrogen or TVB-N, Thiobarbituric acid reactive
substances or TBARS), microbial loads (total
plate count, coliform) and overall acceptance
(sensory score).

Water holding capacity (%) was determined
following protocol described by Nopianti et al.
(2012). Texture hardness (N) was examined using
a texture analyzer (Sfigure Microsystem Inc.)
described by Nurkhoeriyati et al. (2012). Total
volatile base nitrogen or TVB-N (mg/100 g) was
determined following AOAC (1990). Thiobarbituric
acid reactive substances or TBARS (mg
malonaldehyde/kg) was determined following the
2-thiobarbituric acid spectrophotometric method
(Anna et al. 2017). Total plate count (log CFU/g)
and Coliform (log CFU/g) were enumerated by
3M-Petrifilm plates. These plates were incubated
at 37°C for 24-48 h. Overall acceptance (sensory
score) was determined by a group of specialists
using 9-point Hedonic scale.

2.3 Statistical analysis
The experiments were run in triplicate with
different groups of samples. The data were
presented as meantstandard deviation. Statistical
analysis was performed by the Statgraphics
Centurion version XVI.

RESULTS

3.1 Effect of supercritical carbon dioxide
treatment to physicochemical characteristics
of sturgeon fish fillet during cool storage

Water holding capacity expressed as the capacity
of fish fillet to hold its inner moisture under
gravitational force, cutting or squeezing (Yang and
Park, 1998). It was a key variable of muscle
protein gel because it not only affected the yield of
production but also its physical property. In our
research, significant difference in the water
holding capacity was observed among treated
samples. The initial water holding capacity of fish
fillet was observed from 95.18+0.06 to
95.23+0.05%. There was a trend of gradual
reduction of water holding capacity during cool
storage in all samples. Fish fillet treated by SC-
CO2 at G3 (12/35/15 MPa/°C/min) maintained the
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highest water holding capacity (93.02+0.27%)
while the control showed the Ilowest one
(82.41+£0.23 %) at the end of 28 days of cool
storage. There was no significant difference of
water holding capacity between the G2 (10/30/20
MPa/°C/min) and G3 (12/35/15 MPa/°C/min).
Water holding capacity commonly represented for
the degree of denaturation of the myofibril protein
(Kristinsson and Liang, 2006). More releasable
water was a signal of degradation of water holding
capacity due to denaturising of protein (Suvanich
et al. 2000). Water holding capacity decreased
under SC-CO: treatment, it could be explained
that the denaturation of the muscle protein
happened as a result of the synergistic effect of
temperature and high acidity (Jauhar et al.
2020b). Fresh chicken meat treated by
supercritical carbon dioxide at 14 MPa and 45°C
for 40 min had no significant difference of water
holding capacity (Jauhar et al. 2020a). SC-CO:
treatment at 7.4 and 15.2 MPa, 31.1 °C for 10 min
caused no significant impact on the water holding
capacity of porcine muscle (Choi et al. 2008). A
slightly lower water holding capacity was noticed
on breast fillets after SC-CO: treatment (Min and
Ahn, 2012).

Hardness was defined as the optimal strength
of the initial compacting power (Szczesniak,
1963). There was significant (p = 0.05) difference
of hardness on the control and treated samples.
The initial hardness of fish fillet was observed
from 44.59+0.01 to 44.62+0.03 N. There was a
gradual decrease of hardness during cool storage

~&—G1{control) ~—-G2(10/30/20) G3(12/35/15)

100

95 -+

Water holding capacity (%)

85 1

——G4(14/40/10)

in all samples. There was no significant difference
of hardness between the G2 (10/30/20
MPa/°C/min) and G3 (12/35/15 MPa/°C/min). Fish
fillet treated by SC-CO2 at G3 (12/35/15
MPa/°C/min) maintained the highest hardness
(42.80£0.11 N) while the control showed the
lowest one (31.92+0.13 N) at the end of 28 days
of cool storage (figure 2). At increasing pressure
(10-12 MPa), the hardness became higher due to
the rising of muscle compactness presumed by
the myofibrils disintegration (Ros-Polski et al.
2015). Consumers preferred to fresh meat in
tenderness (Ma and Ledward, 2013), meanwhile
fresh fish in firmness (Sriket, 2014). The texture
firmness of bluefish muscle treated by SC-CO2
was better than the control (Ashie and Simpson,
1996). SC-CO:2 treatment at 7.4 and 15.2 MPa,
311 °C for 10 min caused no significant
difference on the hardness of porcine muscle
(Choi et al. 2008). Hardness
of Penaeus monodon increased along with the
accelerated pressure of SC-CO: (Kaur et al.
2016). High temperature and long exposure of
SC-CO2 could negatively affect the texture
firmness. Fresh chicken meat treated by
supercritical carbon dioxide at 14 MPa and 45°C
for 40 min resulted to harder firmness (Jauhar et
al. 2020a). Tilapia exposed with SC-CO. at 80
bar, 40 °C within 15 min maintained its texture
firmness for 14 days of cool storage (Sugeng et
al. 2020).

+—G5(16/45/5)  (MPa/°C/min)

8241

21 28
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Figure 1: SC-CO, (MPa/°C/min) to water holding capacity (%) of sturgeon fish fillet during cool

storage
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Figure 2: SC-CO, (MPa/°C/min) to hardness (N) of sturgeon fish fillet during cool storage

TVB-N exerted detrimental effects for human
health (Bekhit et al. 2021). TVB-N derived from
the decomposition of proteins and amines and
following production of trimethylamineN-oxide,
trimethylamine, dimethylamine and formaldehyde,
and the deamination of adenine nucleotides
(Chen et al. 2019; Howgate, 2010; Servillo et al.
2018). Total volatile base nitrogen (TVB-N) was
considered as one of the key biochemical
parameters to estimate the microbial
decomposition of fish (Wu and Bechtel, 2008).
TVB-N content could be considered as an
important index of meat freshness. Quality of fish
was classified basing on TVB-N (mg/ 100 g)
values as follows: 25 (very good), 30 (good), 30 -
35 (markefigure), over 35 (spoiled) (Duyar et al.
2019). In our research, the initial TVB-N value
was recorded from 2.59+0.04 to 2.73+0.03
mg/100 g in fish fillet, following a gradual increase
during preservation. The highest TVB-N was
noticed at 28.07+0.10 mg/100 g on the 28t day of
the control sample. Meanwhile, the most
significant retardation of TVB-N was noticed at the
sample treated by SC-CO: at 12/35/15
MPa/°C/min (5.02+0.10 mg/100 g) (figure 3). TVB-
N content in fish accumulated with storage
duration reflecting microbial spoilage, formation of
volatile substances, and degradation of overall
acceptance (Li et al. 2019). TVB-N value was not

affected by supercritical CO2 treatment (Huang et
al. 2017). TVB-N was mostly released from
Pseudomonas sp. and coliform, subsequently
causing adversely affect the fish quality (Sicuro
2019).

Fat in fish muscle was normally existed in
form of triacyl glycerides, phospholipids, and
sterols. These substances were unsfigure and
quickly oxidized to release rancid smell, off-flavor,
and went-down stability of fish. Iron composition,
apportion of unsaturated fatty acids, acidity, and
antioxidant degree significantly affected to the
kinetic of lipid peroxidation (Falowo et al. 2014).
Lipid oxidation commonly happened in fish
products during processing and storage (Selami
and Sadok, 2008). Thiobarbituric acid reactive
substances (TBARS) was also one of the most
important indicators to determine the oxidative
rancidity of polyunsaturated fatty acids via
formation of malonaldehyde facilitating to release
ketones and aldehydes by peroxidase reaction
(Bremner, 2002; Feliciano et al. 2010). TBARS
should not over 2 mg malonaldehyde/kg fish to
avoid bad smell and poor taste accumulation
(Connell, 1990). In our research, the initial TBARS
value was recorded from 0.16+0.00 to 0.19+0.01
mg malonaldehyde/kg in fish fillet. During storage,
this variable greatly increased on the control
sample (3.10+£0.01 mg malonaldehyde/kg) while
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the lowest value was reported at sample treated
by SC-CO2 at G3 (12/35/15 MPa/°C/min)
(0.62+0.02 mg malonaldehyde/kg) (figure 4).
Oxidative rancidity directly affected to overall
acceptance, leading the finished sturgeon
unaccepfigure for consumption (Rostamzad et al.

an accelerated value of TBARS after SC-CO:2
treatment (Huang et al. 2017). Supercritical
carbon dioxide at 14 MPa and 45°C for 40 min
significant retarded the lipid peroxidation in fresh
chicken meat for 7 days of storage (Jauhar et al.
2020a

2011). In another report, the fine pork meat had

—4—G1(control) —8-G2(10/30/20) ~h—G3(12/35/15) ——G4(14/40/10) —+—GS5(16/45/5)  (MPa/°C/min)
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28.0%
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11.14
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14 21 28
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Figure 3: SC-CO; (MPa/°C/min) to TVB-N (mg/100 g) of sturgeon fish fillet during cool storage
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Figure 4. SC-CO; (MPa/°C/min) to TBARS (mg malonaldehyde/kg) of sturgeon fish fillet during
cool storage
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3.2 Effect of supercritical carbon dioxide
treatment to microbial characteristics of
sturgeon fish fillet during cool storage

The initial total plate count (TPC) of fish fillet
was 2.29+0.03 to 2.34+0.02 log CFU/g. During
preservation, the TPC remarkably increased in the
control (7.00+0.21 log CFU/g) while the lowest
microbial proliferation was found at fish fillet
treated by SC-CO2 at G3 (12/35/15 MPa/°C/min)
(3.69+0.20 CFU/g) (figure 5). Coliform was
normally considered as an indicator of post-
process contamination of fecal contamination
(Verdos et al. 2019). The initial Coliform of fish
fillet was from 0.21+0.03 to 0.27+0.02 log CFU/g.
During preservation, the Coliform remarkably
increased in the control (5.24+0.03 log CFU/qg)
while the lowest microbial proliferation was found
at fish fillet treated with SC-CO2 at G3 (12/35/15
MPa/°C/min) (1.42+0.00 log CFU/g) (figure 6).
Accepfigure limit of total plate count on fresh fish
was 7 log CFU/g (ICMSF, 1986). High pressure
require short exposure time to kill microbial cells
(Lin et al. 1993). Pressure affected the gradient of
CO2 solubility directly facilitating the acidification
of the internal cells and external environment.
High CO: pressure contributed to a higher level of
diffusivity. The inactivation efficiency increased
with accelerating temperature by promoting the
dispersion of CO2, and the fluidity of the cell
membrane to induce more penetration (Hong and

—4—G1l{control) —-G2(10/30/20)

75

%
6.5

6

S5 1

Total plate count (log CFU/g)

63(12/35/15)

Pyun, 1999). Microbial inactivation under SC-CO:
could be explained as follows: CO: dispered in the
cell membrane of microorganisms causing cell
membrane alteration with a decrease in
intracellular acidity (Giulitti et al. 2011). Enzymatic
reaction and cellular biotransformation would be
damaged by the alteration of the molecular
metabolism (Spilimbergo et al. 2009). Finally, the
intracellular electrolyte equilibrium would be
collapsed and eventually essential constituents
would be released from the cell (Garcia-Gonzalez
et al. 2007). CO:pressure was applied to
sterilize Listeria monocytogenes and Salmonella

(Wei et al. 1991). A treatment of 15.2 MPa SC-
CO:2 caused no significant difference of microbial
load on marinades and marinated pork (Choi et al.
2009). SC-CO2 at 100 bar, 37 °C for 30 minutes
significantly decreased 2 and 3 logarithmic of total
plate count on oysters (Meujo et al. 2010). 2.2 log
reduction of Salmonella spp. was reported in
ground pork (Bae et al. 2010). SC-CO2 was
applied for microbial inactivation on shrimp (Ji et
al. 2012). 3 log reduction in Listeria
monocytogenes in dry cured ham was observed
(Ferrentino et al. 2013). There was a closed
correlation of the cell suspension and CO:
proportion in microbial inactivation (Soares et al.
2013). A remarkable reduction of the total
mesophilic count in raw pork meat was observed
by SC-CO2 (Cappelletti et al. 2015).

—=—G4(14/40/10) +—GS(16/45/5)  (MPa/°C/min)

S.13

14 21 28

Storage (days)

Figure 5: SC-CO, (MPa/°C/min) to total plate count (log CFU/g) of sturgeon fish fillet during cool

storage
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Figure 6: SC-CO, (MPa/°C/min) to Coliform (log CFU/g) of sturgeon fish fillet during cool storage

Staphylococcus aureus in raw salmon was
significantly inhibited by SC-CO: (Cuppini et
al. 2016). SC-CO;z was effective to
inactivate Vibrio parahaemolyticus on oysters
(de Matos et al. 2018). 2.5 log reduction of
mesophilic microorganisms was observed
after 15 min of SC-CO: (Morbiato et al. 2019).
There was a reduction the total plate count
(5.90 to 2.00 log CFU/g) on fresh chicken meat
treated by supercritical carbon dioxide at 14
MPa and 45°C for 40 min (Jauhar et al. 2020a).
Two logs reductions of microbial counts were
noticed at SC-CO; at 80 bar, 40 °C within 15
min (Sugeng et al. 2020). E. coli inactivation
had a great dependence on SC-CO, duration
(1.4 log CFU/g reduction of after 15 min, and 5
log after 45 min) (Gonzalez-Alonso et al. 2020).

3.3 Effect of supercritical carbon dioxide
treatment to overall acceptance of sturgeon
fish fillet during cool storage

Sensory score was also one of the key

parameters influencing to acceptance of
consumer in commerce. Figure 7 showed the
influence of SC-CO: treatment on overall
acceptance of sturgeon fish fillet during 28 days of
cool storage. The control sample revealed the
highest reduction of sensory score after 28 days
of cool storage (8.88+0.02 down to 6.38+0.03);
meanwhile the samples treated by SC-CO2 at G3
(12/35/15 MPa/°C/min) showed the least reduction
of overall acceptance (8.93+0.00 down to
8.12+0.02) after 28 days of cool storage. Results
expressed that SC-CO: effectively contributed to
the extended shelf-life of sturgeon fish fillet during
storage. SC-CO:2 greatly changed the meat color
of raw chicken, ground pork, chicken breast meat
(Omana et al. 2011; Zhang et al. 2016; Huang et
al. 2017). Discoloration was derived from globin
denaturation and ferrous myoglobin oxidation to
ferrous metmyoglobin (Choi et al. 2013). Low
temperature and short SC-CO: treatments caused
no significant difference on sensory value of the
chicken meat (Jauhar et al. 2020b).
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Figure 7: SC-CO, (MPa/°C/min) to overall acceptance (score) of sturgeon fish fillet during cool

storage

CONCLUSION

Sturgeon (Acipenser spp.) had high-quality meat
with high commercial value. We have successfully
verified the impact of SC-CO2 on the quality of
sturgeon fish fillet during cool storage. Findings of
this research suggested that SC-CO2 retained
water holding capacity, texture hardness, and
overall acceptance; minimized the production of
total volatile base nitrogen and Thiobarbituric acid
reactive substances, retarded the growth and
proliferation of total plate count and Coliform of
sturgeon fish fillet during 28 days of cool storage.
SC-CO2 treatment would be potential candidate
for preservation of fish with a low microbial load
as well as a minimal modification of
physicochemical and sensorial quality attributes.

CONFLICT OF INTEREST
The authors declared that present study was
performed in absence of any conflict of interest.

ACKNOWLEGEMENT

We acknowledge the financial support for the
publication provided by Thu Dau Mot University,
Vietnam.

AUTHOR CONTRIBUTIONS
Nguyen Phuoc Minh arranged the experiments
and also wrote the manuscript.

Copyrights: © 2021@ author (s).

This is an open access article distributed under the
terms of the Creative Commons Attribution License
(CC BY 4.0), which permits unrestricted use,
distribution, and reproduction in any medium,
provided the original author(s) and source are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not comply
with these terms.

REFERENCES
Anna R, Monika S, Jozef N, Slavomir M, Boris S,
Milan C and Tatiana K. Lipid peroxidation

process in meat and meat products: a
comparison study of malondialdehyde
determination between modified 2-

thiobarbituric acid spectrophotometric
method and reverse-phase high-performance
liquid chromatography. Molecules 2017;
22(11):1988.

Bioscience Research, 2021 volume 18(4): 2707-2718

2714


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Nguyen Phuoc Minh

https://doi.org/10.3390/molecules22111988

A.O.A.C. Official Methods of Analysis. 15"
Edition, Association of Official Analytical
Chemist, Washington DC. 1990.

Ashie N and Simpson BK. Application of high
hydrostatic pressure to control enzyme
related fresh seafood texture deterioration.
Food Research International 1996; 29:
569-575. https://doi.org/10.1016/s0963-
9969(96)00012-9

Badiani A, Anfossi P, Fiorentini L, Gatta PP,
Manfredini M, Nanni N, Stipa S and Tolomelli
B. Nutritional Composition of Cultured
Sturgeon (Acipenserspp.). Journal of Food
Composition and Analysis 1996; 9(2): 171-
190. https://doi.org/10.1006/jfca.1996.0024

Bae YY, Kim NH, Kim KH, Kim BC and Rhee MS.
Supercritical carbon dioxide as a potential
intervention for ground pork
decontamination. Journal of Food Safety
2010; 31: 48-53.

Bekhit AE-DA, Giteru SG, Holman BWB, Hopkins
DL. Total volatile basic nitrogen and
trimethylamine in muscle foods: Potential
formation pathways and effects on human
health.  Comprehensive Review Food
Science Food Safety 2021; 20: 3620-3666.
https://doi.org/10.1111/1541-4337.12764

Billard R and Lecointre G. Biology and
conservation of sturgeon and
paddlefish. Review Fish Biology

Fishery 2001; 10: 355-392.

Bremner HA. Safety and quality issues in fish
processing. Cambridge: Woodhead
Publishing. 2002.

Budisa N and Schulze-Makuch D. Supercritical
carbon dioxide and its potential as a life-
sustaining solvent  in a planetary
environment. Life 2014; 4: 331-340.

Cappelletti M, Ferrentino G and Spilimbergo S.
High pressure carbon dioxide on pork raw
meat: inactivation of mesophilic bacteria and
effects on colour properties. Journal of Food
Engineering 2015; 156: 55-58.

Chen HZ, Zhang M, Bhandari B and Yang CH.
Development of a novel colorimetric food
package label for monitoring lean pork
freshness. LWT - Food Science and
Technology 2019; 99: 43-49.

Choi YM, Ryu YC, Lee SH, Go GW, Shin HG, Kim
KH and Kim BC. Effects of supercritical
carbon dioxide treatment for sterilization
purpose on meat quality of porcine
longissimus dorsi muscle. LWT - Food
Science and Technology 2008; 41(2): 317-

322.

Choi YM, Bae YY, Kim KH, Kim BC and Rhee
MS. Effects of supercritical carbon dioxide
treatment against generic Escherichia coli,
Listeria monocytogenes, Salmonella
typhimurium, and E. coli O157: H7 in
marinades and marinated pork. Meat
Science 2009; 82: 419-424.

Choi YM, Lee SH, Choe JH, Kim KH, Rhee MS
and Kim BC. Effects of supercritical carbon
dioxide treatment on meat quality and
sensory evaluation in soy sauce and hot-
pepper paste marinated pork. Korean
Journal of Food Science Animal 2013; 33:
581-586.

Connell JJ. Control of fish quality. 3rd ed. Oxford:
Fishing News Books. 1990.

Cuppini M, Zeni J, Barbosa J, Franceschi E,
Toniazzo G and Cansian RL. Inactivation of
Staphylococcus aureus in raw salmon with
supercritical CO2 using experimental design.
Food Science Technology, Campinas 2016;
36(Suppl. 1): 8-11.
http://dx.doi.org/10.1590/1678-457X.0038

Duyar HA, Kalayci ZH and Bilgin S. Effect of garlic
(Allium sativum L.) on the microbiological,
chemical and sensorial quality of smoked
Atlantic  Mackerel (Scomber scombrus
Linnaeus, 1758) stored in vacuumed packets
at refrigerator temperature (+4°C). Alinteri
Journal of Agriculture Sciences 2019; 34(2):
132-141.
https://doi.org/10.28955/alinterizbd.665207

Erkmen O. Antimicrobial effects of pressurised
carbon dioxide on Brochothrix
thermosphacta in broth and foods. Journal of
the Science of Food and Agriculture 2000;
80(9): 1365-1370.

Falowo AB, Fayemi PO and Muchenje V. Natural
antioxidants against lipid—protein oxidative
deterioration in meat and meat products: A
review. Food Research International 2014;
64: 171-181.

Feliciano L, Lee J, Lopes JA and Pascall MA.
Efficacy of sanitized ice in reducing bacterial
load on fish fillet and in the water collected
from the melted ice. Journal of Food Science
2010; 75(4): 231-238.
https://doi.org/10.1111/j.1750-
3841.2010.01583.x

Ferrentino G and Spilimbergo S. High pressure
carbon dioxide pasteurization of solid foods:
current knowledge and future outlooks.
Trends Food Science Technology 2011; 22:
427-441.

Bioscience Research, 2021 volume 18(4): 2707-2718

2715


https://dx.doi.org/10.3390%2Fmolecules22111988
https://doi.org/10.1016/s0963-9969(96)00012-9
https://doi.org/10.1016/s0963-9969(96)00012-9
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/article/abs/pii/S0889157596900241#!
https://www.sciencedirect.com/science/journal/08891575
https://www.sciencedirect.com/science/journal/08891575
https://www.sciencedirect.com/science/journal/08891575/9/2
https://doi.org/10.1111/1541-4337.12764
https://doi.org/10.28955/alinterizbd.665207
https://doi.org/10.1111/j.1750-3841.2010.01583.x
https://doi.org/10.1111/j.1750-3841.2010.01583.x

Nguyen Phuoc Minh

Ferrentino G, Balzan S and Spilimbergo S.
Supercritical carbon dioxide processing of
dry cured ham spiked with Listeria
monocytogenes: inactivation kinetics, color,
and sensory evaluations. Food Bioprocess
Technology 2013; 6: 1164-1174.

Garcia-Gonzalez L, Geeraerd AH, Spilimbergo S,
Elst K, Van Ginneken L, Debevere J and
Devlieghere F. High pressure carbon dioxide
inactivation of microorganisms in foods: the
past, the present and the future. International
Journal of Food Microbiology 2007; 117(1):
1-28.

Giulitti S, Cinquemani C and Spilimbergo S. High
pressure gases: role of dynamic intracellular
pH in pasteurization. Biotechnology
Bioengineering 2011; 108: 1211-1214.

Gonzalez-Alonso V, Cappelletti M, Bertolini FM,
Lomolino G, Zambon A and Spilimbergo S.
Microbial inactivation of raw chicken meat by
supercritical carbon dioxide treatment alone
and in combination with fresh culinary herbs.
Poultry  Science 2020; 99: 536-545.
http://dx.doi.org/10.3382/ps/pez563

Heshmati MK, Hamdami N, Shahedi M, Hejazi
MA, Motalebi AA and Nasirpour A. Impact of
Zataria multiflora  essential oil, nisin,
potassium sorbate and LDPE packaging
containing nano-ZnO on shelf life of caviar.
Food Science Technology Research 2013;
19: 749-758.

Hong SI and Pyun YR. Inactivation kinetics of
Lactobacillus plantarum by high pressure
carbon dioxide. Journal of Food Science
1999; 64(4): 728-733.
http://dx.doi.org/10.1111/j.1365-
2621.1999.tb15120.x.

Howgate P. A critical review of total volatile bases
and trimethylamine as indices of freshness of
fish. Part 2. Formation of the bases, and
application in quality assurance. Electronic
Journal of Environmental, Agricultural and
Food Chemistry 2010; 9(1): 58-88.

Huang S, Liu B, Ge D and Dai J. Effect of
combined treatment with supercritical CO:2
and rosemary on microbiological and
physicochemical properties of ground pork
stored at 4°C. Meat Science 2017; 125: 114-
120.

International Commission on Microbiological
Specifications for Foods (ICMSF). Sampling
for microbial analysis: principles and specific
applications. In Microorganisms in Foods 2 -
Sampling for Microbiological Analysis:
Principles and Specific Applications. Oxford:

Blackwell Scientific Publications. 1986.
Jauhar S, Ismail-Fitry MR, Chong GH, Nor-
Khaizura MAR and Ibadullah W2zZW.
Application of supercritical carbon dioxide
(SC-CO2) on the microbial and
physicochemical quality of fresh chicken

meat stored at chiling temperature.
International Food Research Journal 2020a;
27(1): 103-110.

http://lwww.ifrj.upm.edu.my/27%20(01)%2020
20/11%20-%20I1FRJ19383.R1.pdf

Jauhar S, Ismail-Fitry MR, Chong GH, Nor-
Khaizura MAR and Ibadullah WZW. Different
pressures, low temperature, and short-
duration  supercritical carbon  dioxide
treatments: microbiological, physicochemical,
microstructural, and sensorial attributes of
chill-stored chicken meat. Applied Science
2020b; 10: 6629.
https://doi.org/10.3390/app10196629

Ji H, Zhang L, Liu S, Qu X, Zhang C and Gao J.
Optimization of microbial inactivation of
shrimp by dense phase carbon dioxide.
International Journal of Food Microbiology

2012; 156(1): 44-49,
https://doi.org/10.1016/j.ijffoodmicro.2012.02.
020

Jung WY, Choi YM and Rhee MS. Potential use of
supercritical carbon dioxide to decontaminate
Escherichia coli 0157:H7, Listeria
monocytogenes, and Salmonella
typhimurium in alfalfa sprouted seeds.
International Journal of Food Microbiology
2009; 136(1): 66-70.

Kaur BP, Rao PS and Nema P. Effect of
hydrostatic pressure and holding time on
physicochemical quality and microbial
inactivation kinetics of black tiger shrimp
(Penaeus monodon). Innovative Food
Science and Emerging Technologies 2016;
33: 47-55.
https://doi.org/10.1016/j.ifset.2015.12.002

Kristinsson HG and Liang Y. Effects of pH- shift
processing and surimi processing on Atlantic
croaker muscle protein. Journal of Food
Science 2006; 71(5): 304-312.
https://doi.org/10.1111/j.1750-
3841.2006.00046.x

Li Y, Tang X, Shen Z and Dong J. Prediction of
total volatile basic nitrogen (TVB-N) content
of chilled beef for freshness evaluation using
viscoelasticity based on airflow and laser
technigue. Food Chemistry 2019; 287: 126—
132.

Lin HM, Yang ZY and Chen LF. Inactivation of

Bioscience Research, 2021 volume 18(4): 2707-2718

2716


http://dx.doi.org/10.3382/ps/pez563
http://dx.doi.org/10.1111/j.1365-2621.1999.tb15120.x
http://dx.doi.org/10.1111/j.1365-2621.1999.tb15120.x
http://www.ifrj.upm.edu.my/27%20(01)%202020/11%20-%20IFRJ19383.R1.pdf
http://www.ifrj.upm.edu.my/27%20(01)%202020/11%20-%20IFRJ19383.R1.pdf
https://doi.org/10.1016/j.ijfoodmicro.2012.02.020
https://doi.org/10.1016/j.ijfoodmicro.2012.02.020
https://doi.org/10.1016/j.ifset.2015.12.002
https://doi.org/10.1111/j.1750-3841.2006.00046.x
https://doi.org/10.1111/j.1750-3841.2006.00046.x

Nguyen Phuoc Minh

Leuconostoc  dextranicum  with  carbon
dioxide under pressure. Chemical
Engineering Journal 1993; 52(1): 29-34.
http://dx.doi.org/10.1016/0300-
9467(93)80047-R.

Ma H and Ledward DA. High pressure processing
of fresh meat — Is it worth it? Meat Science
2013; 95(4): 897-903.
https://doi.org/10.1016/j.meatsci.2013.03.025

Matteo Z, Basilio R, Valentina N, Cristina T,
Elisabetta G, Gloriana C, Lorenzo F, Stefano
R, Federico G, Andrea O, Valentina N,
Vesna M, Paola R, Nunzio I, Francesca T,
Giorgia G and Ike O. Physiological
responses of Siberian sturgeon (Acipenser
baerii) juveniles fed on full-fat insect-based
diet in an aquaponic system. Scientific
Reports 2021, 11: 1057.
https://doi.org/10.1038/s41598-020-80379-x

de Matos KO, Lerin L, Soares D, de Lima M,
Monteiro A, Vladimir Oliveira J. Effect of
supercritical carbon dioxide processing
on Vibrio parahaemolyticus in nutrient broth
and in oysters (Crassostrea gigas). Journal
of Food Science and Technology 2018;
55(10): 4090-4098.
https://doi.org/10.1007/s13197-018-3335-3

Meujo DF, Kevin D, Peng J, Bowling J, Liu J and
Hamann M. Reducing oyster-associated
bacteria levels using supercritical fluid CO:2
as an agent of warm
pasteurization. International Journal of Food
Microbiology 2010; 138: 63-70.
https://doi.org/10.1016/j.ijffoodmicro.2009.11.
012

Min B and Ahn DU. Sensory properties of
packaged fresh and processed poultry meat.
In Advances in Meat, Poulty and Seafood
Packaging; Kerry, J.P., Ed.; Woodhead
Publishing: Cambridge, UK, 2012; pp. 112—-
153.

Morbiato G, Zambon A, Toffoletto M, Poloniato G,
DallAcqua S, de Bernard M and Spilimbergo
S. Supercritical carbon dioxide combined
with high power ultrasound as innovate
drying process for chicken breast. Journal of

Supercritical Fluids. 2019; 147: 24-32.
https://doi.org/10.1016/J.SUPFLU.2019.02.0
04.

Nopianti R, Huda N, Fazilah A, Ismail N and Easa
AM. Effect of different type of low sweetness
sugar on physicochemical properties of
threadfin bream surimi (Nemipterus spp.)
during frozen storage. International Food
Research Journal 2012; 19: 1011-1021.

http://www.ifrj.upm.edu.my/19%20(03)%2020
12/(32)%20IFRJ%2019%20(03)%202012%2
ONurul.pdf

Norton T and Sun DW. Recent advances in the
use of high pressure as an effective
processing technique in the food industry.
Food and Bioprocess Technology 2008; 1(1):
2-34. http://dx.doi.org/10.1007/ s11947-007-
0007-0.

Nurkhoeriyati T, Huda N and Ahmad R.
Physicochemical properties and sensory
analysis of duck meatfillets containing duck
meat surimilike material during frozen
storage. Journal of Food Science 2012; 77:
S91-S98. https://doi.org/10.1111/j.1750-
3841.2011.02519.x

Omana DA, Plastow G, Betti M. Effect of different
ingredients on color and oxidative
characteristics of high pressure processed
chicken breast meat with special emphasis
on use of B-glucan as a partial salt replacer.
Innovation of Food Science Emerging
Technology 2011; 12: 244254,

Patterson MF. A review: microbiology of pressure-
treated foods. Journal of  Applied
Microbiology 2005; 98(6): 1400-1409. http://
dx.doi.org/10.1111/j.1365-
2672.2005.02564.x

Perrut M. Sterilization and virus inactivation by
supercritical fluids (a review). Journal of
Supercritical Fluids 2012; 66: 359-371.

Rawson A, Tiwari BK, Brunton N, Brennan C,
Cullen PJ, O’Donnell CP. Application of
supercritical carbon dioxide to fruit and
vegefigures: Extraction, processing, and
preservation. Food Review International
2012; 28: 253-276.

Ros-Polski V, Koutchma T, Xue J, Defelice C and
Balamurugan S. Effects of high hydrostatic
pressure processing parameters and NacCl
concentration on the physical properties,
texture and quality of white chicken meat.
Innovation of Food Science Emerging
Technology 2015; 30:31-42.

Rostamzad H, Shabanpour B, Shabani A and
Shahiri H. Enhancement of the storage
quality of frozen Persian sturgeon fillets by
using of ascorbic acid. International Food
Research Journal 2011; 18: 109-116.
http://www.ifri.upm.edu.my/18%20(01)%2020
11/(11)%20IFRJ-2010-
036%20Rostamzad%20Iran[1].pdf

Samad T, Yongkang L, Joe MR, Ehsan D, Amit B,
Yuqging T and Hui H. Sturgeon, caviar, and
caviar  substitutes: from production,

Bioscience Research, 2021 volume 18(4): 2707-2718

2717


https://doi.org/10.1016/j.meatsci.2013.03.025
https://doi.org/10.1007/s13197-018-3335-3
https://doi.org/10.1016/j.ijfoodmicro.2009.11.012
https://doi.org/10.1016/j.ijfoodmicro.2009.11.012
http://www.ifrj.upm.edu.my/19%20(03)%202012/(32)%20IFRJ%2019%20(03)%202012%20Nurul.pdf
http://www.ifrj.upm.edu.my/19%20(03)%202012/(32)%20IFRJ%2019%20(03)%202012%20Nurul.pdf
http://www.ifrj.upm.edu.my/19%20(03)%202012/(32)%20IFRJ%2019%20(03)%202012%20Nurul.pdf
https://doi.org/10.1111/j.1750-3841.2011.02519.x
https://doi.org/10.1111/j.1750-3841.2011.02519.x
http://www.ifrj.upm.edu.my/18%20(01)%202011/(11)%20IFRJ-2010-036%20Rostamzad%20Iran%5b1%5d.pdf
http://www.ifrj.upm.edu.my/18%20(01)%202011/(11)%20IFRJ-2010-036%20Rostamzad%20Iran%5b1%5d.pdf
http://www.ifrj.upm.edu.my/18%20(01)%202011/(11)%20IFRJ-2010-036%20Rostamzad%20Iran%5b1%5d.pdf

Nguyen Phuoc Minh

gastronomy, nutrition, and quality change to
trade and commercial mimicry. Reviews in
Fisheries Science and Aquaculture 2021; 1-
16.
https://doi.org/10.1080/23308249.2021.1873
244

Selami S and Sadoki S. The effect of natural
antioxidant (Thymus vulgaris Linnaeus) on
flesh quality of tuna (Thunnus thynnus
(Linnaeus)) during chilled storage. Pan-
American Journal of Aquatic Sciences 2008;
3(1): 36-45.

Servillo L, D’onofrio N, Giovane A, Casale R,
Cautela D, Castaldo D, lannaccone F, Neglia
G, Campanile G and Balestrieri ML.
Ruminant meat and milk contain delta-
valerobetaine, another  precursor  of
trimethylamine N-oxide (TMAO) like gamma-
butyrobetaine. Food Chemistry 2018; 260:
193- 199.

Sicuro B. The future of caviar production on the
light of social changes : a new dawn for
caviar. Review Aquaculture 2019; 11(1):
204-216. https://doi.org/10.1111/raq.12235

Silas SOH. Recent advances in sturgeon nutrition.
Animal  Nutrition 2017;  3(3): 191-204.
https://dx.doi.org/10.1016%2Fj.aninu.2017.0
5.005

Simeanu D, Creanga S and Simeanu C. Research
on the meat quality produced by Polyodon
spathula sturgeons species related to human
nutritional requirements. Research Journal of
Biotechnology 2015; 10(6): 36-43.

Soares D, Lerin LA, Cansian RL, Oliveira JV and
Mazutti AM. Inactivation of Listeria
monocytogenes using supercritical carbon
dioxide in a high-pressure variable-volume
reactor. Food Control 2013; 31(2): 514-518.
http://dx.doi.org/10.1016/j.foodcont.2012.11.
045.

Spilimbergo S, Mantoan D, Quaranta A and Della
Mea G. Real-time monitoring of cell
membrane modification during supercritical
CO2 pasteurization. The Journal of
Supercritical Fluids 2009; 48: 93-97.

Sriket C. Proteases in fish and shellfish: Role on

muscle softening and
prevention. International Food Research
Journal 2014; 21(2):

433-445. http://www.ifrj.upm.edu.my/21%20(
02)%202014/2%20IFRJ%2021%20(02)%202
014%20Sriket%20014.pdf

Sugeng PS, Nursigit B, Joko NWK and Yudi P.
Supercritical carbon dioxide pasteurization to
reduce the activity of muscle protease and its

impact on physicochemical properties of Nile.
Research Ideas and Outcomes 2020; 6:
€56887. https://doi.org/10.3897/ri0.6.e56887
Suvanich V, Jahncke ML and Marshall DL.
Changes  selected chemical  quality
characteristics of channel catfish frame
mince during chill and frozen storage.
Journal of Food Science 2000; 65(1): 24-29.
Szczesniak AS. Classification of textural
characteristics. Journal of Food Science
1963; 28: 385-389.
Verdos Gl, Makrigiannis A, Tsigaras E, Boziaris
IS. Survival of food-borne bacterial
pathogens in traditional Mediterranean
anchovy products. Journal of Food Safety
2019; 39(1): e12576.
https://doi.org/10.1111/jfs.12576
Cl, Balaban MO, Fernado SY, Peplow AJ.
Bacterial effect of high pressure CO2
treatment on foods spiked
with Listeria or Salmonella. Journal of Food
Protection 1991, 54(3): 189-193.
https://doi.org/10.4315/0362-028x-54.3.189
Wimmer Z and Zarevucka M. A review on the
effects of supercritical carbon dioxide on
enzyme activity. International Journal of
Molecular Sciences 2010; 11(1): 233-253.
Wu TH and Bechtel PJ. Ammonia, dimethylamine,
trimethylamine, and trimethylamine oxide
from raw and processed fish by-products.
Journal of Aquatic Food Product Technology
2008; 17(1): 27-38.
https://doi.org/10.1080/10498850801891140
Yang H and Park JW. Effects of starch properties
and thermal-processing conditions on
surimi—starch gels. LWT - Food Science and
Technology 1998; 31: 344-353.
https://doi.org/10.1006/fstl.1997.0366
Zhang H, Wu J, Guo X. Effects of antimicrobial
and antioxidant activities of spice extracts on
raw chicken meat quality. Food Science
Humanity Wellness 2016; 5: 39-48.

Wei

Bioscience Research, 2021 volume 18(4): 2707-2718

2718


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5941233/
https://dx.doi.org/10.1016%2Fj.aninu.2017.05.005
https://dx.doi.org/10.1016%2Fj.aninu.2017.05.005
http://dx.doi.org/10.1016/j.foodcont.2012.11.045
http://dx.doi.org/10.1016/j.foodcont.2012.11.045
http://www.ifrj.upm.edu.my/21%20(02)%202014/2%20IFRJ%2021%20(02)%202014%20Sriket%20014.pdf
http://www.ifrj.upm.edu.my/21%20(02)%202014/2%20IFRJ%2021%20(02)%202014%20Sriket%20014.pdf
http://www.ifrj.upm.edu.my/21%20(02)%202014/2%20IFRJ%2021%20(02)%202014%20Sriket%20014.pdf
https://doi.org/10.3897/rio.6.e56887
https://doi.org/10.1111/jfs.12576
https://doi.org/10.4315/0362-028x-54.3.189
https://doi.org/10.1006/fstl.1997.0366

