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This study was carried out to evaluate the effect of high hydrostatic pressure on
quality changes of cultured yellow croaker (Pseudosciaena crocea) muscle during storage
time at 4 °C. High hydrostaticpressure (HHP) treatments were applied at 100, 200, 300,
400, and 500 MPa for 10 and 15 min. Quality changes include pH, water activity, total
volatile basic nitrogen (TVB-N), thiobarbituric acid content(TBA) and trimethylamine
(TMA). Total bacterial count of P crocea muscle’s samples were determined immediately
after treatment and throughout subsequent storage at 4 °C as well. Results have shown P.
crocea muscle’s pH value, TBA value content and TMA content increased significantly
with the increase of treated pressure, while Aw and TVB-N content decreased as the
pressure increased, and the growth of total bacterial count significantly inhibited with
increasing pressure. The results showed that the pH value and Aw of P. crocea muscle
treated with HPP increased and then decreased during storage; the TVB-N and TMA
contents both increased (no more than 35 mg/100 g and 5 mg/100 g, respectively) and were
effectively controlled on day 45 after the treatment at 500 MPa for 15 min; and the total
colony count of P. crocea was 5.7 X 10* CFU/mL on day 45 after the treatment at 500 MPa
for 15 min. Together these results indicate that the HHP treatment at 500 MPa for 15 min
is optimal for the preservation of cultured P. crocea.
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The aquatic products of particular
economic fish species are of high significance to
economic development. Thelargeyellow croaker
(Pseudosciaena crocea) is becoming one of the
most important marine fish species and is widely
favored by domestic and overseas consumers for
its tender meat, delicious muscle, high protein
content, and low steroid levels as well as its
beneficia effectsof treating anemiaand nourishing
the body (Lu, 2011). In thelate 1990s, cultivation
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technologiesfor P. croceaimproved gradually and
farming of P. crocea rapidly increased. The
resulting annual output of P. crocea soon
exceeded 50,000 tons in China, which indicated
that cultured P. crocea was one of the most val uable
aquatic products for export. However, due to the
perishable mature seafood, the development of
satisfactory methods for shelf life extension that
ensures quality maintenance and continuous
supply of refrigerated quality products with
minimum |osses, has occupied the attention of food
technologists. With the aid of processing
technology, these large yellow croakers can be
stored and transported with minimal quality
degradation, and processed to value-added
products that will draw attention from consumers
worldwide. Moreover the use of safe preservation
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technologiesisof practical significanceto seafood
security as well as long-distance transport and
quality stabilization during their processing and
storage (Yang, 2004).

High hydrostatic pressure (HHP)
treatment isapure physical processing technology
that has been applied to food preservation. Its
advantages include preserving freshness and
quality, extending storage life, retaining original
nutrients and flavor, and improving food quality;
thus, itisconsidered apromising method of seafood
preservation, Liu, 2008 & Wei, 2009. High pressure
processing is a promising seafood preservation
method. HHP treatment isincreasingly employed
for the commercial processing of sea cucumbers,
eng, 2009, oysters (Murchie et al., 2005) , fish
(Erkan, Uretener, & Alpas, 2010) and surimi(Chung
et a.). The HHP technology can aso be used for
disinfection, enzyme inactivation, improving
texture, and sterilization. This new technology
reportedly provides long shelf-life and minimum
quality loss since it does not have many
undesirable changes, which are associated with
thermal processing becauseit retainsafresh taste,
and has shown enhanced flavour with no
indication of oxidation. However, structure, texture
colour and biochemical can be negatively
affected(V. Briones-Labarca, 2012).

Nevertheless, the effects of HHP
treatments on quality changes of P. crocea muscle
have not been reported. The aim of this study was
to investigate the effects of high hydrostatic
pressure on quality changes (pH, water activity
(Aw), total volatile basic nitrogen (TVB-N),
thiobarbituric acid (TBA), trimethylamine (TMA),
as well as total bacterial count) of cultured large
yellow croaker (Pseudosciaena crocea) during
cold storagetime.

MATERIALS AND METHODS

Samplepreparation and HHPtreatment
Largeyellow croaker (Ilength: 20+ 1 cm)
were purchased from an aquatic products market
in Ningbo City, Zhejiang Province, China. They
weredelivered alivein plastic bagsacclimated with
aerated seawater to thelab. Thefishwerekilled by
knocking head. Their headsand tailswereremoved.
Theremaining part was eviscerated and the muscle
fillets (100+£10 g) weretransferred into polyethylene
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flexible pouches. Samples were kept under a
refrigerated room (4 °C) no more than one hour
beforefurther analysis. The sampleswere prepared
in duplicate for water content, protein and fat
content, and in triplicate for other parameters.

The fillets were individually vacuum
packed and hermetically sealed in high density
polyethylene bags. The prepared muscle samples
wereloaded into cylindrical loading container and
HHP-treated at 100, 200, 300, 400, and 500 M Pafor
different time at room temperature (25 °C) ina5L
high pressure device (Tianjin Huataisen Biological
Engineering Technology Co., Ltd., Tianjin, China).
The HHP treatment was conducted at room
temperature (20 °C) with water as the pressure-
transmitting medium at 10 MPa/s.

Determination of pH

The prepared and ground muscle samples
(10 g) were transferred into a volumetric flask
followed by the addition of distilled water to a
constant volume of 100 mL. The suspensionswere
mixed thoroughly and then allowed to stand for 30
min. Thereafter, the suspensionswerefiltered ona
filtration machine and the filtrate was used for pH
measurements using acalibrated pH meter (Mettler
Toledo Fe20, Zurich, Switzerland). M easurements
were carried out intriplicate.

Determination of Water activity

The water activity values of
homogenised were determined by the AW-Sprint
Novasina water activity instrument (TH-500,
NovasinaCo., Ltd., Switzerland). Thesamplesat a
constant temperature (15-25 °C) wereweighed into
sample boxes and flattened. A gauge outfit
equipped with a sensor was then placed on the
sample boxes and gently tightened. The sample
boxeswere kept at a constant temperaturefor 2 h,
during which the changes in the sensor’s pointer
were continuously observed. Oncethe pointer had
stabilized, the value it indicated was recorded as
the Aw value of the sample at this temperature
(Gan, 2012). Measurements were carried out in
triplicate.

Determination of Total volatile basic nitrogen
(TVB-N)

Muscle tissue was thawed at room
temperature by lotic water for use. It weighs about
10.0gand placeitinaconical flask. Add 90 mL of
water, shakeit fromtimetotime, andfilter it after 30
min of dipping to be prepared for use.
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Prepare 40 % NaOH solution and 4 % boric acid
solution. Add mixed indicator into the boric acid
solution (add 10 ml of indicator into 4 % 1000 ml of
boric acid solution). So set them respectively at
the specified position of the automatic Kjeldahl
apparatus (automatic Kjeldahl analyzer UDK 152,
Italy VEL Pcompany, Brianza, Italy).

Correctly imbibe 5.0 ml of the above
filtrate in the digestive tract and then set it in the
didtillation reaction chamber of UDK 152 automatic
Kjeldahl analyzer. Place the calibrated standard
hydrochloric acid solution in the absorbing place.
Then operate the page of the analyzer and set the
standard value. After pressing the “ Start” button,
the analyzer automatically starts to distill and
titrate. At last, the value of the volume of
hydrochloric acid consumed was recorded, and
the reagent blank control group was made(Huang,
1993). Measurementswere carried out in triplicate.
All used reagents were of analytical grade. The
solvents and reagents were purchased from
Sinopharm Chemical Reagent Co., Ltd., Shanghai,
Chinawith analytical grade.

The result can be expressed by the mg
number containing N in the sample per 100g.
TVB-N, mg/100g=[(V,-V,)xCx14/(mx5/50)]x100

Where, for the volume of hydrochloric
acid standard titrant consumed by V 1-sample, the
unit is mL; For the volume of hydrochloric acid
standard titrant consumed by V 2-sample blank, the
unitismL. For the concentration of C-hydrochloric
acid standard titration solution, the unit is mol/L.
m isthe volume of the sample.

Determination of Thiobarbituricacid (TBA)

The TBA valuewas measured asfollows
(Huang, 1993): homogenized P. crocea muscle
samples (10 g) wereweighed into colorimetric tubes
with stoppers, followed by the addition of 50 mL
of 7.5% trichloroacetic acid (containing 0.1%
ethylenediaminetetraacetic acid [EDTA]). The
suspensions were oscillated for 30 min and then
filtered with double-layer filter paper. Andiquot (5
mL) of 0.02 M TBA solution was taken and
incubated in aboiling water bath for 40 min, then
cooled for 5-min centrifugation. The supernatant
was mixed thoroughly with 5 mL of chloroform and
then allowed to stand for 30min. The resulting
supernatant was subjected to colorimetric assays
at 532 nmand 600 nm, respectively. The absorbance
of the supernatant was recorded and then used for
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calculation with the following formula (TBA
solution: 0.288 g of TBA was heated and dissolved
in 90% water to afinal volume of 100 mL; 7.5%
TBA:7.5g0of TBAand0.1gof EDTA weredissolved
inwater to afina volume of 100 mL):

TBA (mg/1009) = (A, -A,,,) / 155%x 1/10x 72.6
x 100.

All reagentswere of analytical grade. The
solvents and reagents were all purchased from
Sinopharm Chemical Reagent Co., Ltd.
Determination of Total bacterial count

Total colony counting was conducted
according to Huang (Huang, 1993). The processed
P. crocea muscle samples (10 g) were aseptically
weighed into disinfectant conical flaskscontaining
100 mL of disinfectant saline solution. The
suspensionswere oscillated to form 1: 10 uniform
solutions. Aliquot (1 mL) of the 1: 10 solutions
weretransferred using al-mL disinfectant pipettor
into test tubes containing 9 mL of disinfectant
salinealong thetubewall at 1 cm abovethe surface
of the diluent. The resulting solutions were mixed
toform 1:100dilutions. The 1: 10 dilution procedure
wasfollowed withanew 1-mL disinfectant pipettor
each time.The resulting solutions were mixed
thoroughly before further dilution. The solution
serieswasdiluted to 10 or an appropriatedilution
for colony counting. All reagentswere of analytical
grade. The solvents and reagents were all
purchased from Sinopharm Chemical Reagent Co.,
Ltd.

Deter mination of Trimethylamine(TMA)

Gradient volumes of TMA standard
solution (0, 1, 2, 3, 4, and 5 mL) were dispensed
into 125-mL separatory funnelsand filled with water
to avolume of 5 mL. Next, 1 mL of magnesium
carbonate formal dehyde solution, 10 mL of toluene,
and 3 mL of saturated potassium carbonate
solution were added to each funnel. The resulting
mixtureswere oscillated vigorously for 1 min and
then allowed to stand for 5 min. Thetoluene layer
of each mixture was separately transferred into a
capped tube containing 0.5 g of anhydrous sodium
sulfate for dehydration. A 5-mL aliquot of the
resulting sol ution was taken and mixed thoroughly
with5mL of picric acid solutionintoluene, followed
by chronometric assay at 410 nm. Sample
absorbance was measured with 1-cm cuvettesand
areagent blank was used as a reference sol ution.
P. crocea muscle samples (5 g) were weighed into

532
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250-mL conical flasks, followed by the addition of
40 mL of distilled water. The suspensions were
oscillated for 15 min and then filtered into separate
100-mL volumetric flasks. Thefiltrateswerediluted
with distilled water to the mark of the maximum
volume and mixed thoroughly. Aliquot (5 mL) of
the diluted solution were transferred into 125-mL
separatory funnels, with 5 mL of water used as a
blank control. The following procedure was the
same asthat used to prepare the performance curve,
and a reagent blank was used as a reference
solution. The corresponding TMA content of the
test samples was derived from absorbance
measurements using the performance curve(Xu,
2005). All used reagents were of analytical grade.
The solvents and reagents were purchased from
Sinopharm Chemical Reagent Co., Ltd.
Statistical analysis

The effect of high hydrostatic pressure
on each quality parameters were estimated using
SPSS19.0 (SPSS Corp., Norman, California, USA).
Theresultswere analyzed by analysis of variance
(ANOVA) and Duncan’s multiplerangetestswith
asignificance level of + = 0.05 and a confidence
interval of 95% (P< 0.05). One-way ANOVA was
conducted for analyzing the factor of storagetime
within a pressure and within a pressure-holding
time. For all of the samples, two or three different
groups (n = 2 or 3) were considered and analyzed
separately to perform a statistical analysis. The
resultswere displayed as: mean + SEM

RESULTSAND DISCUSSION

Effectsof different HHP treatmentson quality
indicatorsof cultured P. croceamuscle

Thefresh P. crocea muscle had aslightly
acidic pH (6.72). Thepressurelevel had asignificant
effect on pH (P < 0.05; Table 1). After the HHP
treatment, the P. crocea muscle pH valueincreased
dightly, indicating that theincreasein the samples
water content might have resulted from adilution
effect of the HHPtreatment. Alternatively, the HHP
treatment might have changed the protein
conformation and, thus, caused certain protein
denaturation; the resulting unfol ding of the protein
structure led to the exposure of a number of
essential amino acids.

The Aw does not represent the absolute
moisture of the food but is a measure of the level
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Table 1. Effects of same pressure and different holding pressure times on cultured yellow croaker characteristics

TMA (mg/100 g) TBA (mg/100 g) CFU/mL

TVB-N (mg/100 g)

pH Aw

Pressure (MPa/min)

7.24 + 0.01f 0.508 + 0.002* 0.508+0.0022 21x10°+ 1.4 x 104
3.1x10°+ 1.1 x 10%

0.901 + 0.001°

6.72 £ 0.10®

CK

0.875 + 0.003° 6.84 + 0.16° 211+ 0.032 7.520 + 0.0022

6.71 + 0.022

400/5

0.870 + 0.003° 6.79 £ 0.01° 2.46 + 0.01° 8.760 + 0.007° 2x 10°+ 2.8 x 102

6.77 + 0.01°

400/10

6.51 + 0.23° 3.01+ 0.04° 9.699 £ 0.119° 9.3 x 10°+ 14°
4.1 x 10?+ 12°

0.865 + 0.001°

6.81 + 0.02°

400/15

0.774 + 0.021 5.61+ 0.322 3.32 + 0.02¢ 11.227 + 0.325¢

6.83 + 0.01°

400/20

a b, c, d, e f, and g denote differences among various pressures (P < 0.05)
TVB-N, total volatile basic nitrogen; TMA, trimethylamine; TBA, thiobarbituric acid
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and experience of microorganismsto enduredrying.
The results of the present study showed that the
P. crocea muscle Aw under HHPtreatment showed
adecreasing trend with increasing pressure (Table
1). The pressure level had significant effects on
the fish muscle Aw (P < 0.05), whilethe Aw of the
control group was 0.901. The significant influence
of Aw on the preservation effect of HHPtreatment
isthat alow Aw can enhance the sterilization and
inactivation effects of HHP(Guan,1996). Thelower
Aw of a food, the stronger its ability to retain
moisture and the less available water provided for
the propagation of microorganisms (Hao, 2012).

Factors that affect the freshness of
aquatic products include physical, chemical, and
biological elements. These factors are mutual
constraints, of which microbially induced
deterioration isthe most popular and active el ement
(Zhang, 2007). In a study by Gram et al. (Gram,
1996), the deterioration of aquatic products was
mainly reflected by the growth and metabolism of
certain microorganisms and the resulting
production of amines, sulfides, alcohols,
aldehydes, ketones, and organic acids with
undesirable smells and odors, which are not
consumer friendly. Theresults of the present study
showed that the total bacterial counties P. crocea
muscle samples under HHP treatment decreased
with the increasing of treated pressure (Table 1).
And the pressure level significantly affected the
total bacterial counties P. crocea muscle samples
(P <0.05). At an HHP < 300 MPa, increasing the
treatment pressure significantly reduced the total
bacterial counties the muscle samples. Further
increasing the pressure was associated with
slowed growth of the number of colonies. That is,
only increasing the pressure had aslight sterilizing
effect, whereas at the HHP of 500 M Pa, the total
bacterial countiesP. crocea muscle samplewas 3.4
x 10? CFU/mL.

The TBA value can be used to measure
thelevd of lipid oxidation. The experimental results
showed that the TBA value of P. crocea muscle
samples under HHP treatment slightly increased
withincreasing pressure (Table 1). The TBA value
of the P. crocea control group was0.508 mg/100 g
on day 0 and reached 9.797 mg/100 g after the 500
M Patreatment. Thisresult demonstrated that HHP
treatment had a strong effect onthe TBA value of
P. crocea muscle. The pressure level had
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significant effects on the TBA value of the P.
crocea muscle samples (P < 0.05). HHP treatment
can improve myoglobin and deoxymyoglobin,
thereby promoting lipid oxidation withinthemuscle.
The TVB-N level is an important indicator for
determining the freshness of protein-rich foods.
In the deterioration process of aquatic products,
bacterial growth and reproduction and enzymatic
reactions induce the breakdown of proteins and
the subsequent production of volatile basic N-
containing substances such as amines and
ammonia(Liu, 2008). The experimental results of
thisstudy showed that the TVB-N level of P. crocea
muscle samplesin the control group was 7.24 mg/
100 g on day 0, which declined to 6.59 mg/100 g
after the treatment of 500 MPafor 15 min. There
was a decreasing trend in the TVB-N level of P.
crocea muscle samplesunder HHP treatment with
increasing pressure. Pressure level had significant
effectsonthe TVB-N levelsof the P. croceamuscle
samples (P <0.05).

The TMA isareduction product of TMA
N-oxidein aquatic animals (especially marinefish
species) by facultative anaerobes, whose content
gradually increases due to fish freshness
deterioration(V. Briones-Labarca, 2012). The TMA
content of the P. crocea muscle samples showed
no significant changes between the 100 and 200
M Patreatments but significantly increased to 3.07
mg/100 g under the 500 M Patreatment for 15 min.
The level of pressure significantly affected the
TMA content of P. crocea muscle samples (P <
0.05).

Together, the above experimental dataand
the data analysis results indicate that 400 MPa
preservation treatment of cultured P. croceaismore
suitable than other pressure conditions. Thus, the
P. crocea muscle samplesweretreated at 400 M Pa
for 5, 10, 15, and 20 min, followed by determination
of the changesin terms of quality indicators. The
determination of pH value is one of the most
frequently used methods for controlling the
physical quality of seafood products.

The results showed that pH values of
the P. crocea muscle samples slightly increased
with increasing pressure-holding time (Table 2).
The pressure-holding time had asignificant effect
on the pH value of P. crocea muscle samples (P <
0.05). Under the same pressure condition, different
pressure-holding times can change the balance of
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oxidation-reduction reactions in the sample and
result in the variations of freeradical and hydroxyl
group concentrations, thereby changing the pH
value.

In the present study, the Aw of P. crocea
muscle samples showed a decreasing trend with
increasing pressure-holding time. Theholdingtime
had no significant effects on the Aw of P. crocea
muscle samples (P > 0.05). Although adecreasein
the Aw may help microorganisms resist the
destructive effect of pressure, the low Aw can
suppresstherepair capacity of sublethal microbial
cells. Different pressure-holding timesresultedin
significant differences in the TVB-N content of
the samples (P < 0.05). With increasing pressure-
holding time, the protease activity continued to
decrease, thereby inhibiting the protein
decomposition.

The TMA content of P. crocea muscle
samples increased with increasing pressure-
holding time, and the pressure-holding time
showed significant effectson the TMA content of
the samples (P < 0.05). The TBA value indicates
the tissue accumulation of aldehydes and is a
measure of the level of lipid oxidation. The
pressure-holding time had significant effects on
the TBA value of P. crocea muscle samples (P <
0.05), as longer pressure-holding times would
promote lipid oxidation in fish fat. Additionally,
the pressure-holding time had a significant effect
on the total colony counts of P. crocea muscle
samples (P <0.05).

Thelonger the pressure-hol ding time, the
stronger the sterilizing effect. HHP treatment mainly
inhibited bacterial growth by degenerating the
necessary enzymes. However, when the residual
bacterial rate reached a certain value, simply
increasing the HHP treatment time had no
significant sterilizing effect but further improved
the sterilizing effect in combination with other
treatments.
pH of cultured P. crocea muscle during storage
after different HHP treatments

The detection of pH is one of the most
frequently used physical quality control methods
for seafood products, which is affected by the
changes in the concentrations of free hydrogen
and hydroxyl ions because of the shifts in the
oxidation—reduction balance of the food by the
activity of microorganismsor enzymes (Varl1k, C.,

J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.

Table 1. Effects of different pressures and the same holding pressure time on cultured yellow croaker characteristics

TMA (mg/100 g) TBA (mg/100 g) CFU/mL

TVB-N (mg/100g)

pH Aw

Pressure (MPa/min)

0.901 + 0.001° 7.24 +0.01f 0.508 + 0.0022 0.508+0.0022 21x10°+ 1.4 x 10*

6.72 + 0.10*
6.70 + 0.022

CK

7.09 + 0.01¢ 1.79+0.11° 3.598+0.011° 14 x 10°+ 2.8 x 10*

0.874 £ 0.020®
0.877 £ 0.001°

100/10

4.,129+0.012¢ 2.8 x10*+ 35 x 10%
2x10°+ 2.8 x 10

1.95+0.072

6.98 + 0.02¢

6.73+ 0.27*

200/10

2.33+0.01° 6.69620.004¢

6.86 + 0.05

0.872 £ 0.003*
0.869 + 0.001%*

6.78 + 0.25%¢
6.70 £ 0.11%¢
6.81 + 0.01°

300/10

2.46 + 0.01° 8.760+0.007° 2x10%+ 2.8 x 10

6.80 + 0.01*

400/10

6.65+ 0.17® 290+ 0.01° 9.797+0.005' 4.1 x 102+ 142

0.863 £ 0.001%®

500/10

a b, c, d, e f, and g denote differences among various pressures (P < 0.05)
TVB-N, total volatile basic nitrogen; TMA, trimethylamine; TBA, thiobarbituric acid
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2000). During storage, the pH value of untreated P.
crocea muscle samples in the control group
decreased from 6.72 on day 0 to 6.41 on day 45
(Table 3). Differently, the pH value of HHP-
processed P. crocea muscle samples showed a
decreasing trend within 12 d of storage, with
increases to different extents observed in the late

storage period. Therewere significant differences
in the pH value of P. crocea muscle samples
between different HHP treatments (P < 0.05). The
pH of cod, turkey and beef also increases on HHP
treatment; this has been proposed to be linked to
protein denaturation (Angsupanich & Ledward,
1998).

Table 3. Effects of high pressure treatment on pH changes of cultured

large yellow croaker samples during 4°C preservation

Preservation High pressure

days 0.1 MPa (control) 100 MPa/10 min 300 MPa/10 min 500 MPa/10 min 500 MPa/15 min
3 6.66 + 0.06 6.65 + 0.04™ 6.75 £ 0.03*® 6.76 £ 0.03>2 6.78 £ 0.01>2
6 6.64 + 0.02* 6.63 £ 0.08*® 6.69 £+ 0.01°® 6.76 £ 0.01>¢ 6.76 £ 0.03¢
9 6.63 + 0.56™ 6.56 + 0.06™8 6.60 + 0.02&¢ 6.69 + 0.01%®¢ 6.71+ 0.01*
12 6.42 + 0.52* 6.66 £ 0.03® 6.75 + 0.015¢ 6.70 £ 0.01%®¢ 6.70 + 0.01*¢
15 6.50 + 0.01™ 6.75 + 0.02® 6.74 + 0.02%® 6.74 + 0.04"® 6.78 £ 0.01>2
30 6.48 + 0.01% 6.76 + 0.04<c 6.78 £ 0.03%® 6.79 + 0.02® 6.80 £ 0.02«®
45 6.41 + 0.06® 6.80 + 0.02® 6.83 + 0.05® 6.80 + 0.03® 6.79 £ 0.03%®

a, b, ¢, d, e and f denote significant difference between the column samples and the control group (P < 0.05); A, B, and

C denote significant differences between the line samples and the control group (P < 0.05).

Inthe early storage stage, lactic acid was
produced through glycolysis, and acid substances
such as phosphoric acid were produced from the
decomposition of ATP and phosphocreatine. In
the late storage stage, the volatile basic N-
containing substances were produced as a result
of the decomposition of N-containing substances
such asamino acids, which increased the pH value
of the fish muscle. The active compensation for a
progressive acidosis stops when death occurs and
thepH rapidly falls: therefore decreasing pH values
isaclear indicator of death (Aaraaset al., 2004).

Aw of cultured P. crocea muscleduring storage
after different HHP treatments

During storage, the Aw of the P. crocea
muscle samplesfirst increased and then decreased
in both the control and experimental groups (Table
4). In the storage period, there were significant
differencesin the Aw of samples processed under
different HHP treatments (P < 0.05), with higher
valuesfound in the experimental group thaninthe
control group. The decreased Aw may help the
microorganisms resist the damaging effects of
pressure, but alow Aw can aso inhibit their ability

Table 4. Effect of high pressure treatment on water activity changes
of cultured large yellow croaker samples during 4°C preservation

Preservation High pressure

days 0.1 MPa (control) 100 MPa/10 min 300 MPa/10 min 500 MPa/10 min 500 MPa/15 min
3 0.902 + 0.001*¢  0.878 + 0.001® 0.881 + 0.003*  0.867 + 0.002%® 0.864 + 0.001*

6 0.905 £ 0.001*°  0.883 +£ 0.001°®  0.885 + 0.001%¢  0.871+0.001®  0.869 + 0.001*

9 0.906 + 0.001° 0.891+0.001®® 0.888 + 0.003*¢  0.875+ 0.001* 0.872 + 0.002

12 0.907 £ 0.001®  0.901 + 0.001¢  0.891 + 0.002* 0.879 + 0.005*»  0.879 + 0.002*

15 0.898 + 0.001¢  0.898 + 0.002¢  0.886 + 0.001®  0.876+0.001®»  0.875+ 0.001%

30 0.878 £ 0.001°¢  0.889 + 0.002®®  0.874 + 0.004*®  0.871 + 0.001*&  0.870 + 0.001>4
45 0.873 + 0.003* 0.879 + 0.003* 0.868 + 0.002*  0.877 £ 0.002*  0.865 + 0.002*

a b, ¢, d, e and f denote significant differences between the column samples and the control group (P < 0.05); A, B, C,
D, and E denote significant differences between the line samples and the control group (P < 0.05).
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torepair semi-lethal cells. Theexperimental results
demonstrate that the HHP treatment decreasesthe
P. crocea muscle Aw within an acceptabl e range.
TVB-N of cultured P. crocea muscle during
storageafter different HHP treatments

Changes in total volatile basic nitrogen
(TVB-N) analysisfor all ssmplesaregiveninmg/
100 g samples(Table5). The TVB-N content of the
P. crocea muscle samplesgradually increased with
progressing deterioration, demonstrating apositive
correlation with the level of deterioration. This
TVB-N analysis is often used as an index in
assessing the shelf-life and storage quality of
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seafood products (Botta et al., 1984). Higher
pressure was more favorable for suppressing
deterioration than untreated sample. Neverthel ess,
the TVB-N valuesin the different seafood samples
analysed, based on the results of the studies of
thefreshness, the suitability limitsof TVB-N values
werefixed range of appropriate TVB-N content as
follows: TVB-N <25 mgN/100 g, excellent; 25mg
N/100g < TVB-N < 30 mg N/100 g, good; 30 mg N/
100g<TVB-N <35mgN/100g, sdable; and TVB-
N > 35 mg N/100 g, deteriorated (Blylkcan,
Bozoglu, & Alpas, 2009).

Table 5. Effect of no treatment versus high pressure treatment on TVB-N changes
of breeding large yellow croaker samples during 4°C preservation (mg/100 g)

High pressure

300 MP&/10 min

500 MPa/10 min

500 MPa/15 min

Preservation

days 0.1 MPa (control) 100 MPa/10 min
3 10.130 £ 0.017*¢ 9.877 £ 0.011*
6 17.993 + 0.566"° 18.553 + 0.574°°
9 27.163+ 0.006®® 20.873 + 0.012¢
12 35.937 + 0.006* 32.730 + 0.010®®
15 45.837 + 0.508%°° 41.713 + 1.154
30 87.817 £ 0.110°  69.967 + 0.473
45 225.313 + 0.046% 150.543 + 0.769%

8.127 £ 0.012*
17.677 + 0.015
16.233 £ 0.011
24.847 + 0.012®
31.503 + 1.155%
56.840 + 0.035®
91.017 + 0.263%

12.110 £+ 0.104*
15.407 + 0.618"™®
20.537 + 0.586¢
25.683 + 0.006
30.237 + 0.453*
30.387 £ 0.514**
35.503 + 1.132®

10.953 £ 0.021%*
12.797 + 0.127*
20.130 + 0.641
23.883 + 0.011*
27.557 +0.384%
30.577 + 0.185"
33.137 + 0.962

a, b, c, d, e f, and g denote the significant difference between the column samples and the control group (P < 0.05); A,
B, C, D, and E denote the significant difference between the line samples and the control group (P < 0.05). TVB-N,

total volatile basic nitrogen

The TVB-N content of the P. crocea
muscle samplesin both the control and experimental
groups increased with storage time, but the
changes were significantly different among the
pressure treatments. Compared with the control
group, the experimental group of the P. crocea
muscle samples had significantly lower TVB-N
content. The greater the pressure is applied, the
slower theincreaseisinthe TVB-N content. After
9 days of storage, the TVB-N content of the P.
crocea muscle samples in the control group
exceeded the raw food standards, whereas that of
the HHP-processed group remained <25 mg/100
0+0.00. During the storage period, significant
changesinthe TVB-N content of P. crocea muscle
samples were detected among the different HHP
treatments (P < 0.05). Based on theresults obtained
from this study, TVB-N value could be useful in
assessing the level of P. crocea muscle samples
deterioration more than in evaluating the changes
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occurring during the first stages of storage.

The formation of TVB-N significantly (p< 0.05)
increased with the storage time with values of
225.313 mg/100 g +0.046 at day 45 in control
samples when compared with HHP-treated
samples, which attained much lower values of
150.543 mg /100 g+0.769,91.017 mg /100 g
+0.263,35.503mg/100g +1.132 and 33.137 mg/100
0+0.962 for 100,300,500 M Paat 10 minand 500 M Pa
at 15min,respectively, at day 45 (Table5). 500M Pa
HHP-treated sampleswere classified as salable (30
mg N/100 g < TVB-N <35mgN/100 g). Sikorski,
Kolakowska, and Burt (1990) reported an
acceptability level of TVB-N of 17 mgN/100gin
oysters. Lopez-Caballero et al.(2000) observed the
HHPtrestment at 400 MPa, 7 °Cfor 5minincreased
the TVB-N values of non purified (13.3 mg N/100
0) and purified (11.2 mg N/100 g) oystersup to 25—
30 mg N/100 g after 6 weeks of storage. Because
the slow increasein TVB-N was reported to exist
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because of general acidification of the high
glycogen content that is converted to lactic acid.
TMA of cultured P. crocea muscleduring storage
after different HHP treatments

TMA content is often used as a
biochemical index to assess keeping quality and
shelf-life of fresh fish and seafood. Fresh fish
inherently contain TMA N-oxide, the content of
which changes with aquatic product type,
environment, season, size, and age (Hunkar & Esra,
2009). The quantity of TMA found in fishisused
as an index of spoilage.

In the storage period, the TMA content
of the P. crocea muscle samplesafter different HHP
treatmentsvaried widely (P < 0.05, Table 6). With
prolonged storage period (number of days), the
TMA contents of P. crocea muscle samplesin both
the control and experimental groups increased
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gradually, suggesting that the freshness of thefish
muscle had decreased. The TMA content of the
samplesin the control group was 1.75mg/100 g on
day 0 and increased to 33.88 mg/100 g on day 45.
After the treatment of 500 M Pafor 10 and 15 min,
the TMA contents of sampleswere 6.222 and 4.957
mg/100 g, respectively, only on day 45 of storage.
About the untreated samples stored at 5°C, the
trimethyl content reached the upper limit of 10 mg/
100 g on day 21. According to the experimental
data (Table 6), the TMA content of the P. crocea
muscle samplesprepared at 500 M Padid not exceed
the abovementioned upper limit even after 45d of
storage. Together these results indicate that the
HHP treatment helps suppress the reduction of
TMA N-oxide levels and, thus, reduces TMA
production.

Table 6. Effect of no treatment versus high pressure treatment on the TMA
changes of breeding large yellow croaker samples during 4°C preservation (mg/100 g)

High pressure

300 MP&/10 min

500 MPa/10 min

500 MPa/15 min

Preservation

days 0.1 MPa (control) 100 MP&a/10 min
3 1.723+0.067*  1.906 + 0.121*

6 1.467 +0.011»  2.080 + 0.121*

9 1617 +£0.012»  2.313 + 0.144*8
12 3.740 £ 0.451°¢  3.057 + 0.029°¢

15 12.880 +£ 0.156*® 11.977 + 0.820°
30 20.190 + 0.086® 19.163 + 0.681%
45 33.857 + 0.150%  27.923 + 0.629®

2.560 + 0.017*
2.009 + 0.137%
2.730 + 0.156%
3.113 = 0.040%®
6.160 + 0.061°®
16.067 + 0.150%®
20.893 + 0.755%

1.850 £ 0.069*8
2.167 + 0.063*®
2.333 + 0.0068
2.427 + 0.092"
2.923 £ 0.051
3.407 + 0.275"
6.222 + 0.468*

2.873 + 0.065*°
3.011 + 0.010%<P
2.833+0.127*
3.102 + 0.199%©
3.063 + 0.064vA
3.283 + 0.109*
4,957 + 0.064*

a, b, ¢, d, e and f denote significant differences between the column samples and the control group (P < 0.05); A, B, C,
D, and E denote significant differences between the line samples and the control group (P < 0.05); TMA, trimethylamine.

TBA of cultured P. croceamuscleduring storage
after different HHP treatments

Table 7 gives the TBA content of
untreated and treated P. crocea muscle samples.
During storage, the TBA valuesof P. croceamuscle
samples prepared under different HHP treatments
showed significant variations (P < 0.05). The
experimental datashowed that the control and 100
MPa-processed P. crocea groups had increasing
TBA values, while the HHP-processed P. crocea
muscle samples had decreasing TBA values with
storageduration (Table 7). The higher the pressure
was applied, the greater the decrease was in the
TBA values of the HHP-processed sampl es except
those of the control and 100 MPa-processed

groups. The formation of TBA increased
significantly (p<0.05) with storage time from
1.434mg/100 g+0.023 at day 0 to 33.765mg/100
0+0.225 at the end of day 45 inthefresh P. crocea
sample (control) , when compared with those
treated sampl es, which attained much lower values
of 27.811+0.002, 16.586+0.011,6.413+0.021 and
4.330+0.061mg /100 g at day 45, respectively(Table
7). Wada(1992) stated that lipid oxidation
decomposition after HHP treatment involves the
release of metal ions under the synergistic effect
of denaturalized proteinsin muscle, which causes
the changes in muscle productsin terms of color,
smell, tissue structure, and even nutritional
compositions.
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Table 7. Effect of no treatment versus high pressure treatment on TBA changes

of breeding large yellow croaker samples during 4°C preservation (mg/100 g)

Preservation

days

High pressure

0.1 MPa (control)

100 MP&a/10 min

300 MP&/10 min

500 MPa/10 min

500 MPa/15 min

1.434 + 0.023**
1.249 + 0.082*
1.303 £ 0.012%
9.707 + 0.008™
13.299 + 0.430
21.427 + 0.075%
33.756 = 0.225%°

1.993 £+ 0.007<

3.874 + 0.003®

3.497 = 0.021

6.198 + 0.006

9.008 = 0.007*

19.511 + 0.003P
27.811 + 0.0029¢

2.004 £ 0.0129¢
6.541 + 0.094'
5.942 + 0.854
5.845 + 0.005%
4,984 + 0.079*®
10.137 + 0.035"
16.586 + 0.011*

2.968 = 0.061%®°
4,915 + 0.087®
3.301 £ 0.009%°
5.404 + 0.271®
5.067 = 0.067
6.475 £ 0.032°¢
6.413 = 0.021*8

3.077 £ 0.187%
5.811 + 0.266™
4.594 + 0.174°
4.411 + 0.051%®
4.105 + 0.108*®
3.395 + 0.033%®
4.330 = 0.061*

ab,c,def & g denote significant differences between the column samples and the control group (P < 0.05); A,B,C,D
& E denote significant differences between the line samples and the control group (P < 0.05). TBA, thiobarbituric acid.

Total bacterial count of cultured P. croceamuscle
during storageafter different HHP treatments
The changesin total bacterial countin P.
crocea muscle samples prepared under different
pressure conditionswere examined after 3, 6, 9, 12,
15, 30, and 45 days of storage (Table 8). Theresults
showed that the total bacterial counties P. crocea
muscle samples of the control group were
uncountablefrom day 9, whilethose of the samples

processed at 500 MPahad <10° CFU/mL on day 45
of storage. In the storage period, there were
significant variationsin thetotal bacterial counties
P. crocea muscle samples prepared under different
HHP conditions (P < 0.05). Together these
experimental results demonstrate that HHP
treatment both has astrong instant sterilizing effect
and effectively extendsthe shelf life of P. crocea.

Table 8. Effect of no treatment versus high pressure treatment on TV C changes
of breeding large yellow croaker samples during 4°C preservation (CFU/mL)

Preservation High pressure

days 0.1 MPa 100 MPa/ 300 MPa/ 500 MPa/ 500 MPa/
(control) 10 min 10 min 10 min 15min

3 1.7 x 105+ 12x10°+ 1.6 x 10*+ 10%+ 2.8 x 10% 7.3 x 107+ 98
1.4 x 10%¢ 2.8 x 10%® 5.6 x 103

6 8.6 x 105+ 57 x 105+ 3.8x10°+ 53x10°£9.9 x 10% 3.1 x 10°+ 1.4 x 10%*
4.2 x 10°® 4.2 x 10°® 2.8 x 10

9 " 5.1 x 10°+ 104+ 2.8 x 10 6.8 x 10%+ 2.8 x 10%®

4.2 x 10®

12 " " " 2 x 10*+ 2.8x10%* 104+ 2.8 x 10*¢

15 " " " 2.8 x 10*+ 2.8x10%* 1.7 x 10*+ 1.4 x 10%

30 " " " 8 x 10*+ 2.8x10* 3.8x10%+5.6x10%

45 " " " 1.1 x 10°+ 1.4x10%* 5.7 x 10*+ 7 x 10%

a, b, ¢, d, and e denote the significant differences between the column samples and the control group (P < 0.05); A, B, and
C denote the significant difference between the line samples and the control group (P < 0.05); TVC, tota viable counts.

CONCLUSIONS

The HHP technique can effectively kill
themajority of harmful microorganismsin aquatic
products for consumer safety and inhibit the
activities of anumber of endogenous enzymes. It
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can completely preserve the color, flavor, taste,
and nutrients of aquatic products and effectively
extend their storage life and qualities. HHP
treatment significantly changed pH, Aw, TVB-N,
TMA, TBA and total bacterial count of P. crocea
muscle compared with untreated P. crocea muscle.



YANG et a.: STUDY OF HIGH HYDROSTATIC PRESSURE TREATMENT 391

This research provides an initial specific
characterization of theimpact of HHP treatment on
specific chemical and physical components that
may influence P. crocea qualities.

ACKNOWLEDGEMENTS

The research is funded by the Ministry
of Science and Technology of Chinese People’'s
Republic Spark Plan Project (Grant no.
2011GA701001), Zhejiang Provincial Natural
Science Foundation of China (Grant no.
LY 12C20001), Zhejiang Provincia young academic
leadersclimbing project (Grant no. PD2013329), and
State Key Laboratory of Aquatic Products
Processing of Zhejiang Province (Grant
no.2011E10002).

REFERENCES

1 Lu, C. X..The optimization of degreasing
process and composition analysis of cultured
large yellow croakers. Ph. D. thesis. Zhgjiang
Gongshang University, 2011; pp 128.

2. YANG, H..Study on Degreasing and Deodorizing
Technology and Quality of Farmed
Pseudosciaena Crocea. MHA thesis.Ningbo
University, 2004; pp68-71.

3. LIU, Y. Q., WU, S. B.. Theeffects of ultrahigh
pressure on the food quality. Food Research
and Development, 2008; 29:137-140.

4, WEI J,, XIE X. A..Advancein Food Sterilization
by Ultra-high Pressure. Science and Technology
of Food Industry, 2009; 11: 363-367.

5. Deng J. S..Preservation study on rare seafood
with Ultra-high pressure processing. MHA
thesis, Dalian University of Technology, 2009;
52-63.

6. Murchie, L., Cruz-Romero, M., Kerry, J. P,
Linton, M., Patterson, M. F., Smiddy, M., Kelly,
A. L. High pressure processing of shellfish: A
review of microbiological and other quality
aspects. Innov. Food Sci. Emerg. Technol ., 2005;
6: 257-270.

7. Erkan,N.,Uretener,G.,Alpas, H.. Effect of high
pressure (HP) on the quality and shelf life of
red mullet (Mullus surmelutus).Innov. Food Sci.
Emerg. Technol., 2010;11: 259-264.

8. Chung, Y. C., Gebrehiwota Farkasd F.. Gelation
of surimi by high hydrostatic pressure. J. Food
Sci., 1994; 59: 523-524.

9. V.Briones-Labarca, M.Perez-Won M.Zamarca,
J. M. Aguilera-Radic. Effectsof high hydrostatic

pressure on microstructure, texture, colour and
biochemical changes of red abalone (Haliotis
rufecens) during cold storage period. Innov. Food
Sci. Emerg. Technol., 2012; 13: 42-50.

10.  Gan X.L.Effect of ultrahigh-pressure treatment
onthequality of South American shrimps. Ph.D.
thesis, Zhejiang University, 2012; pp 146.

11. Huang, W. K.. Food determination and
analysis.Beiding: China light industry press,
1993; ppl2-58

12, Guan, Z.M.. Water activity and itssignificance
in the aquatic food preservation. Fisheries
Science, 1996; 15: 35-37.

13. HAO, M. Z., HU, Z. H.. Application of ultra
high pressure technology in aquatic product
processing. Food Science, 2012; 33:298-304.

14. Zhang, Y., Duan, X.C., LI, S.F, etal..Influence
factorsof sterilization and deactivation enzyme
of ultrahigh pressure processing. Food Research
and Development, 2007; 28:140-143.

15. GRAM, L., HAN, S. H..Microbiological
spoilage of fish and fish produce. International
Journal of Food Microbiology, 1996; 33: 121-
137.

16.  Varllk, C., Baygar, T., Ozden, O., Erkan, N.,
Metin, S.. Sensory evaluation and determination
of some physical and chemical characteristics
of shrimp during cold storage. Turk J Vet Anim
Sci., 2000; 24: 181-185.

17.  Angsupanich, K., Ledward, D. A..High pressure
treatment effects on cod (Gadus morhua)
muscle. Food Chem., 1998; 63: 3-50.

18. Aaraas, R., Hernar, 1.J., Vorre, A., Bergdlien, H.,
Lunestad, B.T.,Skeie, S.,Slinde, E., Mortensen,
S.Sensory,histological and bacteriological
changesin flat oysters(Ostrea edulisL.) during
different storage conditions. Journal of Food
Science, 2004; 69: 205-210.

19. Botta, J.,Lauder, R., Jewer, M.. Effect of
methodology on total volatile basic nitrogen
(TVB-N) determination as an index of quality
of fresh Atlantic cod (Gadus morhua). J. Food
Sci., 1984; 49: 734-750.

20. Buyukcan, M., Bozoglu, F., AlpasH..
Preservation and shelf-life extension of shrimps
and clams by high hydrostatic pressure. Int. J.
Food Sci. Technol., 2009; 44: 1495-1502.

21. Sikorski, Z. E., Kolakowska, A., Burt,J. R.. Post
harvest biochemical and microbia changes. In
Z. E. Sikorski (Ed.), Seafood: Resources,
nutritional composition and preservation.Boca
Raton, FL: CRC Press, 1990; pp 55-75.

22. Lopez-Caballero, M. E., Pérez-Mateos, M.,
Montero, P, Bonderias, A. J.. Oyster reservation
by high-pressure treatment. Journal of Food
Protection, 2000; 63:196-201.

J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.



392

23.

24.

25.

26.

YANG et a.: STUDY OF HIGH HYDROSTATIC PRESSURE TREATMENT

Hunkar, A. D., Esra, E.. Production and quality
determination of marinade from different fish
species. Journal of Animal and Veterinary
Advances, 2009; 8: 1270-275.

Wada, S. In High Pressure and Biotechnology.
Montrouge: John Libbey Eurtoext Press, 1992;
pp 235.

Witte, V.C., Krause, G.F,, Baileym, E, A new
extraction method for determining thiobarituric
acid valuesed pork and beef during storage.
Journal of Food Science, 1970; 35: 581-585.
Xu,L.F,Yu,F L., Hu,Z.Y.,eta.. Amendment
of method for determination of trimethylamine

J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.

27.

28.

29.

nitrogen in Ham. Literature and Information On
Preventive, 2005; 11: 641-642.

Zhang, L., Lu, H. X, Li, J. R.. Effects of ultra
high pressure treatments on the qualities of
Litopenaeus Vannamei. Food Research and
Development, 2010; 31:1-6.

Zhang, Y. L., Xia, W. S..Effect of ultra high
pressure on preservation of salted fish. Journal
of Anhui Agricultural Science, 2007; 35:2636-
2638.

Zhou, Y. X.. Aquatic products processing
problems and development direction in China.
Scientific Fish Farming, 2003; 3: 57.



