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　　Abstract：This study is aimed to observe the effect of different pressure (300，400，500 MPa)and different
pressure holding time (5，1 0，1 5 min)on vacuum packed grass carp fillet.The fillets were stored at chilling tem-

perature (4 ℃)for 1 5 d，and the observations were carried out every 3 d.The electron micrographs showed that
there were modifications on longitudinal sections (sarcomere disorganization)of muscle fiber treated by high

pressure for 5 min.The K-values of fish fillets treated by 400 and 500 MPa were below 70%，and they were still
considered fresh at least until 6 and 1 2 d，respectively.Therefore，the application of high pressure processing
was able to improve the shelf life of grass carp fillets.However，the application of high pressure treatment re-
duced the water holding capacity and increased the hardness of fish meat.In addition，the values of L∗，a∗ and
b∗ were all increased with the increase of storage time，and both L∗ and b∗ were increased with pressure，while
a∗ was reduced with pressure.

　　Key words：high pressure；ultrastructure；K-value；color；water holding capacity；texture
　　CLC number：O52 1.9；S983　　　 Document code：A

1　Introduction
　　In human nutrition，fish and fish products play an important role as a source of biologically valua-
ble proteins，fats and fat-soluble vitamins.Grass carp (Ctenopharyngodon ide l la)，a freshwater fish
from Cyprinidae family，is a type of fish commonly cultivated in China for food.
　　Fresh fish has K-value less than 50%，high water holding capacity (WHC)and white color.Com-
pared to the fresh fish，the muscle fibers of the fish after storage are not firmly bundled anymore，thus
it has low WHC.Stale fish also has high K-value，grayish，yellowish，and reddish meat as low quality.
　　The two main causes of fish spoilage are action of endogenous enzymes autolysis and bacterial
spoilage[1-2].Nowadays，preservation techniques are not only aimed at preserving foods，but also focus
for keeping the intrinsic nutrition and sensory qualities.High pressure processing (HPP)is an emer-
ging non-thermal technology for food preservation that retains the essential function，flavor，and nutri-
tion of food products.In animal tissue muscle，HPP is used for preservation[3-8] and texturation[8-1 3].
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　　It is known that HPP brings some changes related to the texture and WHC of fish through dena-
turing the protein components[12，14].For example，the toughness of Norway lobster increased when
subj ected to pressurization (200 MPa，50 ℃)or high-pressure shift freezing (200 MPa，－18 ℃)[1 5].
　　The color is gradually changed by either the increase of the pressure level or extending the hold-
ing time.A study carried out showed that pressure-shift frozen (PSF)turbot obtained an increase in
L∗(L∗＝0 yields black and L∗＝100 indicates diffuse white)value，known as the whitening effect[1 5].
This whitening effect is also found in pressurized turbot fillets[5]，carp[1 6-1 7]，and minced sardine
meat[18].It has also been reported that a∗(a∗，negative values indicate green while positive values indi-
cate magenta)values of mackerel and cod fish decrease after pressurization[1 9-2 1]，while b∗(b∗，negative
values indicate blue and positive values indicate yellow)values increase with increasing of pressure and
holding time[5，1 5-1 6].
　　The obj ective of this research is to analyze the effects of pressure and holding time on the physical
and chemical quality of vacuum-packed grass carp fillet stored at chilling temperature of 4 ℃.

2　Materials and Method

2.1　Fish
　　Fresh grass carp fish with similar size ((3.0±0.2)kg each)were obtained from the local market
at Hunan Agricultural University.The fish was immediately gutted，cleaned，filleted ((120 ± 20)g
each)and vacuum packed within 2 h.Then，the vacuum packed fish fillets were stored at 4 ℃.

2.2　High Hydrostatic Pressure Treatment
　　HPP of vacuum packed grass carp fillet was carried out in a designed and constructed lab-scale
high-pressure system (High Pressure PATS Equipment，HHP-700-6，developed by China Agricultural
University)at College of Food Science and Nutritional Engineering，China Agricultural University.
The maximum design pressure of the system is 700 MPa at an ambient operating temperature of 2 5 ℃.
Vacuum packed grass carp fillet samples were treated at 300，400，and 500 MPa for 5，10 and 1 5 min.
Observations and analysis were done every 3 d during 1 5 d，including K-value，WHC，color and texture
profile.

2.3　K-Value Analysis[21]

　　K-value is used as an indication for the freshness of fish.The K-value indicates the level of ATP
(Adenosine Triphosphate)degradation.5 g of fish muscle was ground and homogenized for 1 min with
2 5 mL of chilled 0.6 mol/L perchloric acid at 0 ℃.Samples were subsequently centrifuged for 1 0 min in
6 000 r/min.The decantate was neutralized with 1 mol/L KOH to pH 6.5-6.8 and placed in a 2 ℃
freezer for 30 min for precipitation.The precipitated potassium perchlorate was filtered (0.45μm)，di-
luted to 20 mL and stored at －80 ℃ until analysis.20μL of samples were inj ected into a Agilent-1 100
HPLC (High Performance Liquid Chromatography) instrument equipped with a 5 μm column
(250 mm×4.6 mm，Thermo Scientific)at 30 ℃.The mobile phases used were 0.04 mol/L potassium
dihydrogen phosphate and 0.06 mol/L dipotassium hydrogen phosphate，with the flow rate of
2 mL/min.Detection was done at 2 54 nm UV.
　　The K-value was calculated as follows

K ＝ w Ino ＋w Hx

w ATP＋w ADP＋w AMP＋w IMP＋w Ino ＋w Hx
× 1 00% (1)

where w ATP，w ADP，w AMP，w IMP，w Ino and w Hx are mass fractions of ATP and its degradation products
ADP (Adenosine Diphosphate)，AMP (Adenosine Monophosphate )，IMP (Inosine Monophosphate)，

716　第 4 期 　　YAKHIN Lisa Amanda，et al：Effect of High Pressure Processing on the Quality of Chilled Stored Grass Carp (Ctenopharyngodon idella)Fillet



Ino (Inosine)and Hx (Hypoxanthine)respectively.

2.4　Ultra-Structure Observation
　　Samples (0.3 cm×0.3 cm)were cut and sent to Institute of Life Sciences，Hunan Normal Univer-
sity for Transmission Electron Microscopy observation (80 kV，JEOL-1230).The longitudinal sections
of muscle fiber were observed to characterize the modifications of myofibrils induced by high pressure
treatment.

2.5　WHC Analysis[22]

　　5 g of fish meat，wrapped by filter paper，was centrifuged at 500 g (or 800 r/min)，10 ℃ for 10 min
(Hitachi CF1 6RXII，Japan).WHC is expressed as the total water retained divided by the total initial
water content.

2.6　Color Analysis
　　The color of fish meat (4 cm×4 cm)was tested by L∗ a∗ b∗ color system (BOIF Colorimeter
5003/WSC-Y，Beij ing Optics Instrument，China).The L∗a∗b∗ color system is a color-opponent space
with dimension L for lightness and a and b for the color-opponent dimensions，based on nonlinearly
compressed CIE XYZ color space coordinates.
2.7　Texture Profile Analysis
　　Texture profile analysis (TPA)was carried out in order to know the effect of pressure on the me-
chanical properties related to the sensory properties of human.P/50 cylindrical probe was assembled to
the TA-XT plus texture analyzer.The computer software (Exponent Stable Micro System V5)was set
to plot a force versus time plot.Test was performed on fillet samples with a size of 1.5 cm×1.5 cm×
1.5 cm.Each sample was measured six times.Two cycles of compression were performed to reach 50%
of their original heights at a speed of 2 mm/s.Two parameters were then calculated：the hardness and
chewiness.Hardness is the peak force of the first compression cycle，while chewiness is the energy re-
quired to masticate solid food to a state of readiness for swallowing，obtained from the calculation of
hardness，cohesiveness and springiness.

2.8　Statistical Test
　　Analysis of variance (ANOVA)was carried out by SPSS 1 6.0 statistical program (SPSS Inc.，

Chicago，USA).Multiple comparisons were performed using the Tukey test (P＜0.05).

3　Results and Discussion

3.1　Effect of HPP on K-value

Fig.1　Effect of pressure on K-value for the
muscle of grass carp fillet stored at 4 ℃

　　As a parameter to determine the fresh-
ness of fish，K-value is shown to be signifi-
cantly affected by storage time and pressure
applied，but not by the pressure holding time.
The effect of pressure on K-value can be seen
in Fig.1.
　　The increasing rates of K-value are re-
duced by the increase of the treatment pres-
sure.The same result is also obtained in tilapia
fillet during high-pressure storage (100-
300 MPa，25 ℃，2-12 h )[23].High pressure
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above 200 MPa leads to irreversible protein denaturation[3，5]，thus the high pressure may inactivate the
enzymes.Inactivation of phosphatase is obtained during 600 MPa treatment at 5 5 ℃[24].High pressure
reduces holothurians auto-enzyme activity to 88.25% after pressurization (200 MPa，20 min，room
temperature)and reaches the lowest level of 2 9.81% at 5 50 MPa[25].Papain enzyme activity also
decreases to 90.04% after 1 80 MPa dynamic high pressure microfluidization treatment[26].Other re-
searchers also found the inactivation of exoproteinase of Bacil lus subti li s，which is correlated with its
lethal rate[27].
　　The fish products with the K-value higher than 70% are considered as stale[28].After 3 d of stor-
age，the K-values of grass carp fillet by 300，400 and 500 MPa treatment are 46.68%，38.14% and
37.5 1%，respectively，indicating that HPP has the ability to lengthen the shelf life of grass carp fillet
meat at least 3 d for 300 MPa，6 d for 400 MPa，and 1 2 d for 500 MPa.Compared to the results of micro-
biological testing，it is also found that the total aerobic plate count is below 7 lg(CFU/g)for treatment
of 500 MPa，after 7 d of storage[14].HPP is an effective approach to reduce the microbial growth and
improve the shelf life of fish.

3.2　Effect of HPP on Ultrastructure

Fig.2　Ultrastructure of the fresh grass carp muscle sample

　　The fresh sample shows normal align-
ment of sarcomeres and normal ultrastruc-
ture of thick and thin filaments.Fresh mus-
cle has a standard ultrastructure of sarcom-
eres built from the z-line，light I-band and
dark A-band，as shown in Fig.2.All high
pressure treatments (300-500 MPa，5 min)

disorganize the alignment of sarcomeres
(Fig.3).After 300 MPa，the sarcomeres are
contracted，and the thick and thin filaments are aggregated.After 400 and 500 MPa，the sarcomeres are
totally disrupted，and no thick or thin filament can be observed clearly anymore.

Fig.3　Ultrastructure of pressurized grass carp muscle samples

　　For post-rigor steaks of Bicep s femoris muscles (2 d post-mortem)pressurized at 5 20 MPa，the
myofibrillar cross section are completely modified，the myofibrils appear as indistinguishable shapes，

and the myofilaments appear to be dissociated[29].The effect of high pressure treatment on the ultra-
structure of grass carp fillets is considerable and significant，especially at higher pressure.

3.3　Effect of HPP on WHC
　　The effect of HPP on WHC of grass carp fillet is shown in Fig.4.WHC of grass carp fillet decrea-
ses due to the pressurization and storage.The initial WHC of fresh grass carp fillet is 8 9.903%，which

916　第 4 期 　　YAKHIN Lisa Amanda，et al：Effect of High Pressure Processing on the Quality of Chilled Stored Grass Carp (Ctenopharyngodon idella)Fillet



Fig.4　Effect of high pressure on WHC of

grass carp fillet stored at 4 ℃

is much higher than that of pressurized grass
carp fillet.
　　 High pressure processing results in some
changes related to the texture and WHC of the
fish through denaturing protein components[19].
Above 200 MPa，the oligomeric structure of pro-
teins dissociation are induced，and partial unfol-
ding as well as denaturation of monomeric struc-
tures，protein aggregation and gelation also take
place[30-32].These facts explain the decrease of
WHC after pressurization.
　　A decrease of WHC is also observed in all
pressure levels (100-200 MPa，10-20 min，room temperature)for fresh，cold smoked salmon[12] and sea
bass fillets (100-500 MPa，5 min，10 ℃)[14].

3.4　Effect of HPP on Texture Profile
　　The texture profile analysis results indicate that the hardness and chewiness are all affected by the
high pressure treatment.Generally the hardness and chewiness of the fish are gradually increased as
the increase of pressure and gradually decreased with the storage time.The results show that there are
no significant differences of hardness and chewiness in different holding pressure time.The effect of
high pressure on the texture profile can be seen in Fig.5.

Fig.5　Effect of high pressure on hardness and chewiness of grass carp fillet stored at 4 ℃

　　High pressure treated thawed Atlantic salmon fillets (100-200 MPa，20 ℃)，as well as salmon，

whiting，haddock，cod and rainbow trout (200 MPa，room temperature，60 min)has a tougher texture
compared to the atmospheric pressure[7，33].The increase of hardness after pressurization is also found
in Norway lobster[1 5]，cod[3]，cold smoked salmon[30]，turbot[34]，beef and pork[35].
　　During storage，a decrease in hardness and chewiness are observed.Softening of fish muscle is
commonly caused by enzymatic degradation of myofibrils and collagen，as well as physical separation of
myotomes called gaping.The application of high pressure treatment increases the hardness of fish after
storage，thus it kept the hardness in an acceptable range，not to be rej ected as soft fish[14].
　　The changes of texture profile are also related to protein denaturation[1 5] as well as coagulation，

stiffening and aggregation of myofibrillar structure[34-3 5].The undesirable hardening following high-
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pressure treatment may be reversed by subsequent cooking[36].
3.5　Effect of HPP on Color
　　In high pressure treatment，discoloration is one of the results that have been widely observed[37].
The initial values of L∗，a∗ and b∗ are 3 6.72±1.20，4.23±1.98 and －3.12±0.56，respectively.The
change of color is shown in Table 1.It can be seen that the values of L∗，a∗ and b∗ all increase with
the increase of storage time，and both L∗ and b∗ increase with pressure，while a∗ reduces with pres-
sure.

Table 1　The effect of high pressure on color of grass carp fillet stored at 4 ℃

Pressure

/(MPa)

t

/(min)

Storage

time/(d)

Color parameters

L∗ a∗ b∗

Pressure

/(MPa)

t

/(min)

Storage

time/(d)

Color parameters

L∗ a∗ b∗

3 39.66±0.92a 4.69±0.50a －3.48±0.20a 3 55.70±0.98j 2.78±0.65 cm －2.47±0.33e

6 39.08±0.88a 5.38±0.83ab 1.45±0.34b 6 55.54±0.99j 3.41±1.55 cdn 2.31±0.23 f

300 5 9 40.42±1.19b 5.01±0.50b 2.51±0.26 c 400 15 9 57.42±1.15k 3.60±0.29deo 3.58±0.47g

12 41.18±1.73b 5.27±0.45b 2.68±0.19 cd 12 57.55±0.45k 4.46±0.38e 3.58±0.48gh

15 41.51±1.37 c 5.49±1.18b 2.80±0.64d 15 58.52±0.72 l 4.70±0.94ep 3.94±0.82h

3 39.61±0.27d 4.15±0.56a －3.39±0.87a 3 55.22±0.95g 3.00±0.89 fm －1.71±0.46 i

6 39.56±1.96d 4.95±0.95ab 1.53±0.37b 6 56.19±0.42g 3.56±1.62fn 3.41±0.58j

300 10 9 41.41±0.28e 5.06±0.59b 2.22±0.81 c 500 5 9 56.12±2.03h 3.75±0.69 fo 4.33±0.81k

12 41.71±0.22e 5.17±0.55b 2.79±0.63 cd 12 57.13±1.00h 3.66±1.10f 4.52±0.41kl

15 42.62±0.67f 5.43±0.30b 2.85±0.76d 15 57.95±1.05 i 4.90±0.73gp 4.76±1.04 l

3 39.95±0.33d 4.64±0.62a －3.47±0.33a 3 55.67±0.35j 3.55±1.30fm －1.62±0.36 i

6 39.75±1.46d 4.80±0.51 ab 1.59±0.33b 6 55.68±0.50j 3.54±0.35 fn 3.44±0.48j

300 15 9 41.14±0.74e 5.06±0.77b 2.27±1.72 c 500 10 9 56.77±0.58k 3.18±0.58fo 4.40±0.64k

12 41.36±0.82e 5.55±1.07b 2.72±0.32 cd 12 56.96±0.40k 3.23±0.35 f 4.18±0.36kl

15 42.27±0.87f 5.76±0.42b 2.92±0.73d 15 57.72±0.46 l 4.46±0.89gp 4.76±0.41 l

3 55.35±2.41g 2.76±0.21 cm －2.15±1.22e 3 55.20±0.68j 3.66±0.27fm －1.38±1.19 i

6 55.27±1.36g 3.06±1.26 cdn 2.64±1.20f 6 55.86±0.76j 3.61±0.30fn 3.75±0.66j

400 5 9 56.56±0.30h 3.97±0.64deo 3.47±0.75g 500 15 9 56.77±0.55k 3.42±0.60fo 4.04±1.16k

12 57.14±2.59h 4.19±0.20e 3.63±0.66gh 12 57.27±0.55k 3.94±0.43 f 4.38±0.26kl

15 56.55±0.94i 4.18±1.02ep 3.79±0.84h 15 57.82±0.71 l 4.51±1.50gp 4.62±0.61 l

3 55.64±0.73j 3.08±1.54cm －2.34±0.29e

6 55.56±0.75j 3.00±0.44cdn 2.68±0.46 f

400 10 9 57.06±1.04k 3.62±1.05deo 3.50±0.25g

12 57.19±0.11k 3.88±0.34e 3.52±1.14gh

15 58.06±1.01 l 4.20±1.50ep 3.88±0.47h

Note：t represents pressure holding time，and different letters (a，b，c，d，e，f，g，h，i，j，k and l)in the same column indicate significant differences (P ＜0.05).

　　The immediate effect of HPP on lightness can be visually observed (appeared as cooked).L∗ val-
ues increase when higher pressure and longer storage time are applied.A similar effect is also observed
in turbot fillets[5]，PSF treated turbot fillets[34]，sea bass[14]，and oyster[1 3].Immediate effect on the
lightness is noticed in cold smoked salmon even in a very short holding time (400-900 MPa，10-
60 s)[29].The whitening effect is related to the denaturation of the myofibrillar and sarcoplasmic pro-
teins[37].Gradual disintegration of myofibrils during spoilage gives rise to a wider and more random in-
tracellular distribution，resulting in unevenly scattered light and opaque appearance[38].
　　Compared to 300 MPa，a∗ value is lower at higher pressure of 400 and 500 MPa.It is suggested
that pressure-induced coagulation of sarcoplasmic and myofibrillar proteins are possibly responsible for
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the observed changes in a∗ values[37，3 9].The decrease of a∗ values resulted by the increase of pressure
has also been reported in other seafood[40]，including mackerel[1 9]，salmon[41]，raw cod[20]，and PSF tur-
bot[34].
　　With respect to the storage time and pressure applied，a significant increase of b∗ value indicates
that the fish fillets are more yellow after pressurization and storage.The same results are also presen-
ted in some other studies[5，7，30，34].The color change in fish meat is closely related to the lipid and carot-
enoid pigment oxidation[3，38].Lipid oxidation is observed at turbot fillets after high pressure-low tem-
perature treatment[5].
　　Changes in color may limit the use of HPP treatment，but because the changes by HPP are similar
to that by heat treatment，high pressure application can still be considered.After heat treatment，the
effect of pressure in cooked-fish fillets is not as high as the uncooked ones.Uncooked pressurized fish
product has bigger color difference compared to uncooked untreated fish product[33].

4　Conclusions
　　HPP conducted at room temperature is able to delay the spoilage and improve the texture quality
of grass carp meat.Color changes (appeared as cooked)may limit the application of HPP in fresh fish，

but this change is inconsiderable after being cooked.High pressure treatment reduces the WHC and
increases the toughness of fish meat.
　　Changes in texture and color of fish fillet have particular significance for seafood which is not
cooked prior to consumption.A research to observe the effect of high pressure treatment after cooking
in fish and its effect to consumer acceptance is required to broaden the application of HPP in fish prod-
ucts.There is a new development in HPP technology which enables the high pressure to be reached in
few seconds；this development may reduce the undesirable changes.Decreasing the working tempera-
ture during treatment will likely reduce the changes of color and texture，thus the effect of HPP is im-
proved to prolong the shelf life of grass carp fish.
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超高压处理对草鱼片的影响

YAKHIN Lisa Amanda1，张丽丽 1，王远亮 1，2，李宗军 1

(1.湖南农业大学食品科技学院，湖南长沙　4101 28；

2.湖南省食品科学与生物技术重点实验室，湖南长沙　4101 28)

　　摘要：实验研究了不同超高压(300、400 和 500 MPa)和不同处理时间(5、1 0 和 1 5 min)对
真空包装草鱼片的影响，其中草鱼片在 4 ℃下贮藏，每隔 3 d 检测 1 次，共贮藏 1 5 d。电子显微

镜观察结果表明：高压处理 5 min 后，所有草鱼片肌肉纤维的纵向都发生了变化，且采用超高

压处理后，货架期显著延长。对于经过 400 和 500 MPa 处理的草鱼片，其 K 值降低了 70%，
保鲜期分别为 6 d 和 1 2 d。但是，超高压处理降低了草鱼肉的持水力，使鱼肉变硬。随着贮藏

时间的延长，高压处理后的草鱼肉的 L∗、a∗和 b∗值均升高，且 L∗和 b∗与处理压力呈正相关，
而 a∗值则相反。

　　关键词：高压；微观结构；K 值；色泽；持水力；组织结构

　　中图分类号：O52 1.9；S983　　　文献标识码：A
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