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a b s t r a c t

This study was carried out to evaluate the chemical changes, microbial load and sensory attributes of
silver carp (Hypophthalmichthys molitrix) fillets when packaged at two vacuum levels (30 and 50 kPa) and
stored at 4 �C for 14 days. The fillets packaged at 30 kPa had significantly lower pH values and total
volatile basic nitrogen (TVBN) contents than those packaged at 50 kPa and normal atmospheric pressure
(control). The increase in viable bacterial population was significantly lower in samples packed at 30 kPa
and the control. The results of sensory evaluation and electronic nose (E-nose) analyses showed good
agreement with the results obtained from chemical and microbial analyses. Both vacuum levels com-
bined with refrigerated storage resulted in an extension of the shelf-life of fillets; up to 11 days at 30 kPa,
9 days at 50 kPa compared to 6 days in control samples. The headspace vacuum level of 30 kPa combined
with storage at 4 �C was found to significantly slow down the undesirable chemical changes, retard the
lipid oxidation, improve the sensory attributes and extend the shelf-life of silver carp fillets.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Carp is one of the most widely cultured and traded species all
over theworld due to its fast growth rate, easy cultivation, high feed
efficiency ratio and high nutritional value. In China, the silver carp
(Hypophthalmicthys molitrix) species is extensively cultured. Sta-
tistical data show that 3,713,900 tons of silver carp were caught in
China in 2011 which accounted for 30.9% of the harvested fish (Li,
Hu et al., 2012; Li, Li et al., 2012; Li, Sinclair & Li 2011; Shi, Cui,
Yin, Luo, & Zhou, 2014).

Freshness is one of the main quality attributes for processing,
marketing and consumption of fish. Fish is increasingly becoming
the favored food of people in many countries as it is rich in proteins.
However, the disadvantage associated with broader consumption
of fish products is their comparatively short shelf-life (Morsy et al.,
2016). The inherent susceptibility to deterioration of fish and fish
products makes them more susceptible to food-borne hazards.
Therefore, effective methods for extending shelf-life and improving
d Technology, Jiangnan Uni-
quality of fresh silver carp fillets are necessary. Fresh fish is highly
perishable due to its biological composition. The short shelf-life of
fresh fish and fish products is brought about biological reactions
such as lipid oxidation, enzymatic and microbial activities (He &
Xiao, 2016; Ojagh, Rezaei, Razavi, & Hosseini, 2010). The spoilage
of fish is a complicated process in which activities of the fish's own
enzymes and chemical reactions are usually responsible for the
initial loss of freshness, whereas the metabolic activities of micro-
organisms are involved in the whole spoilage (Ramezani, Zarei, &
Raminnejad, 2015). It has also been documented that freshness is
difficult to be clearly defined and accurately measured because it
involves many factors (Huang, Zhao, Chen, & Zhang, 2014). The
freshness quality features include a series of parameters related to
safety, nutritional quality, and edibility, all of which can be affected
by handling, processing and storage procedures from the catch to
the consumers (Cheng, Sun, Zeng, & Pu, 2014).

A number of methods have been used to assess fish freshness.
Sensory evaluation and chemical methods including evaluation of
total volatile basic nitrogen and microbial assay are three key
methods of assessing freshness in fish. Researchers have been
studying the potential of using the electronic nose (E-nose) as a
non-destructive method for evaluating the freshness of pork
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(Huang et al., 2014). E-noses refer to gas sensors that measure the
ambient gas atmosphere based on the general principle that
changes in the gaseous atmosphere alter the sensor properties in a
characteristic way (Papadopoulou, Panagou, Mohareb, & Nychas,
2013). In recent years, E-Nose comprised of metal oxide semi-
conductor (MOS) gas sensors or biosensors has beenwidely studied
in different research fields such as air contaminant detection, food
analysis, medical diagnosis, and explosion detection (Zhang, Tian,&
Pei, 2014).

It is looking more likely that human beings are going to face
worldwide food shortage in future. Food waste is one of the
important causes of this crisis. Therefore, preserving food for longer
time is very important from food security perspective. In this re-
gard, vacuum storage has gained considerable attention due to its
effectiveness in preserving freshness of foods. Vacuum packaging is
widely used in the food industry because of its relatively low cost
and effectiveness in reducing oxidative reactions in the products
(Mbarki, Ben Miloud., Selmi, Dhib, & Sadok, 2009). Vacuuming
process removes oxygen from the headspace of a product and re-
duces the oxidation reaction thereby contributes to the freshness of
oxidation sensitive products such as fish fillet (Zaragoz�a et al.,
2012).

The aim of this study was to evaluate and understand the effect
of different vacuum treatments (30 Kpa and 50 Kpa) on the quality
of silver carp fillets in order to establish an effective vacuum stor-
age. The effects of different vacuum treatments on the quality of
silver carp fillets were studied by evaluating the physiochemical
and microbial changes as well as determining total volatile basic
nitrogen (TVB-N) of fillets during vacuum refrigerated storage.

2. Materials and methods

2.1. Sample preparation

Fresh silver carp was purchased from a local fish market. The
fish was kept in ice throughout transportation to the laboratory.
The fish was hand-filleted using knives and cut into 2e3 cm cubes.
The cutting boards were cleaned using dish washing detergent and
then rinsed with 1% chlorinated water (sterile water). These fillets
were packed under 2 vacuum (50 kPa and 30 kPa) in fresh keeping
boxes and refrigerated at 4 �C for 2 weeks. The control sample was
placed in the same refrigeration condition (4 �C) without vac-
uuming. Sensory, chemical and microbiological analyses were car-
ried out at 0, 2, 4, 6, 8, 10, 12, and 14 days. After image acquisition,
microbiological tests were implemented immediately to determine
the total viable counts in each sample using standard plate count
method.

2.2. Measurement of pH

Approximately 5 g of grounded fish muscle samples was ho-
mogenized in 90 mL of 7.4% KCl solution and pH value of the ho-
mogenate was measured using a laboratory pH meter (PB-11,
Satorius) standardized at pH 4.01 and 6.86. pH tests were carried
out every two day of the experiment from day zero to day 14.

2.3. Determination of color parameters

The color parameters of the fillet samples were determined in
triplicate on the medial surface (bone side) of fillets. The bone side
was used to avoid discolorations of the fillet surface. L* (lightness),
a* (green to red) and b* (blue to yellow) of CIELAB color space
system were measured with a portable colorimeter (Minolta
ChromaMeter Model CR-300) using a D65 standard illuminant and
a 10� standard observer according to (O'Sullivan & Kerry, 2013).
These tests were carried out in triplicate.

2.4. Determination of total volatile base nitrogen (TVB-N)

TVB-N content in the sample was measured by a stream distil-
lation method (http://www.sciencedirect.com/science/article/pii/
S0308814609011844Goulas & Kontominas, 2005). The surface fat
was removed from the sample, and then each sample was ground
using a meat grinder with 4 mm diameter holes. The ground fish
muscle (10 g) was transferred into a beaker, blended with 100 mL
distilled water, and held still for 30 min. The beaker was shaken
briefly at every 10 min during holding. This blend was centrifuged
at 3000 rpm for 10 min. The supernatant was filtered through a
filter paper. About 5mL of the filtratewas taken out andmixedwith
5 mL of 10 g/L magnesium oxide (MgO). Steam distillation was
performed using Kjeldahl distillation unit (Shanghai Jianqiang glass
Co., China) for 5 min. The distillate was absorbed by 10 mL of 20 g/L
boric acid, and then titrated with 0.1 mol/L HCl. Results were
expressed as TVB-N mg N/100 g, respectively.

2.5. Sensory evaluation

The sensory evaluation of the fillet samples was carried out by a
7 semi-trained member panel. Sensory assessment included the
color, odor and texture using a 5-point scale (5 ¼ the best and
1 ¼ the worst). The specifications for each quality parameter were
defined according toMichalczyk et al. (2008) developed for grading
fishery products (Howgate et al., 1992). Prior to the analysis, the
panel was trained according to Polish Standard (1996). The panel
scores for each quality attribute were averaged. The mean value for
each attribute is reported as an overall sensory score. The lowest
limit of acceptability was 3.5.

2.6. Total viable count (TVC)

Microbiological tests were carried out at storage days of 0, 2, 4,
6, 7, 8, 10, 12, and 14. One fillet sample was removed from the
package on each specified day and cut aseptically. These prepared
samples were transferred into individual sterile Petri dishes in or-
der to avoid contamination during image acquisition. The total
viable cell count of each sample was measured using the standard
spread plate method (Yao-Ze Feng, 2013). Each fish sample was put
into 90 mL buffered peptone water (BPW). This mixture was then
homogenized to produce initial dilution. Serial dilutions were also
made by adding 1 mL of suspension into 9 mL BPW. Subsequently,
0.1 ml aliquots of appropriate dilution were inoculated onto pre-
pared plate count agar and spread homogeneously on the agar
surface. After setting, the plates were inverted and incubated at
37 �C for 48 h. All the colonies appearing on the plates were
counted. The reported colony count data only involved plates
where the number of colonies was between 25 to and 250. The
microbial load is reported as log10 CFU per gram sample (http://
www.sciencedirect.com/science/article/pii/
S0308814609011844Arashisara, Hisara, Kayab, & Yanik, 2004;
Khalid, 2007). These experiments were performed in triplicate.

2.7. E-nose analysis of volatile compounds

The aromas profiles of fish fillet samples stored under different
vacuum conditions were measured using an E-nose instrument
(ISENSO INTELLIGENT., China). Many metal oxide semiconductor
sensors combined with pattern recognition algorithms were used
to construct the intelligent bionic olfactory (E-nose) system. This E-
nose instrument was comprised of three components: (1) gas in-
jection and sampling system (2) sensor array (3) intelligent pattern
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recognition software (Wang& Liu, 2012). The sensor array system is
composed of 14 metal oxide semiconductors (MOS) of different
chemical composition and thickness to provide selectivity towards
volatile compounds. At each sampling day and for each storage
condition, 5 g of minced fish sample was placed in 45 mL glass vials
and was sealed with a PTFE/silicone septum and a screw cap. The
sample was left 2 h at room temperature prior to analysis. The
measurement device sucked the gas compounds from headspace of
the sample through the sensor array at 400 mL/min for 180 s. After
sample analysis, the system was purged for 120 s at a flow rate of
600 mL/min with filtered air prior to the next sample injection to
rebalance the system. Three replicate tests were performed for each
storage condition and at each sampling time.

2.8. Statistical analysis

All the experiments were carried out in triplicate. Data obtained
from these tests was averaged and subjected to the analysis of
variance (ANOVA) using SPSS software (Chicago, USA). The results
are presented as mean standard deviation. Statistical analysis was
runwith a confidence level of 95%. Differences between treatments
were established with the Duncan test. Mean value of P < 0.05 was
considered significant. The data obtained from the sensor array of
the electronic nosewere analyzed by Principal Component Analysis
(PCA) and Cluster Analysis (CA). PCA enables extraction of useful
information from available data pool. It also allows examination of
the data structure and establishment of correlation between ob-
jects and global variables (Limbo, Sinelli, Torri, & Riva, 2009). CA
performs agglomerative hierarchical clustering of objects based on
measure of dissimilarity or similarity. The hierarchy of clusters can
be represented by a radar graph (Limbo et al., 2009).

3. Results and discussion

3.1. Microbial analysis: total viable count (TVC)

Microbial deterioration is one of the most common causes of
fish spoilage. TVC of control silver carp fillets varied from 3.53 to
9.56 log10 CFU/g (Fig. 1), which was comparable to what had been
reported in previous studies (Li, Hu et al., 2012; Li, Li et al., 2012;
Wang, Luo, Huang, & Xu, 2014). The initial microbial load in
freshwater fish depends on several factors such as species; water
temperature; good agricultural and manufacturing practices; and
transportation conditions. These conditions can make the initial
microbiological load to vary from 2 to 6 log10 CFU/g (Rodrigues
et al., 2016). Therefore, initial TVC of 3.53 log CFU/g, indicated
that silver carp fillets were of good quality. The variations of bac-
terial count of silver carp filets stored at 4 �C are shown in Fig. 1. The
Fig. 1. Total bacterial count data of silver carp fish fillet at different vacuum conditions:
(A) control samples, (-) samples stored at 50 kPa and (:) samples stored at 30 kPa.
The control sample was not vacuumed and its head space pressure was 101.325 kPa.
results showed that microbiological growth was significantly
(p < 0.05) decreased due to vacuum storage condition, especially in
samples stored at 30 kPa. After 10 days, TVC in control sample
reached 7.56 log10 CFU/g, which exceeded themaximum acceptable
level of 7.0 log10 CFU/g for freshwater fish (Wang et al., 2014). This
indicated that the microbiological shelf-life of control samples was
about 9e10. In comparison, a shelf-life of less than 10 days has been
measured for air-packaged whole crucian carp (Carassius auratus)
stored at 4 �C (Li, Hu et al., 2012; Li, Li et al., 2012). The maximum
acceptable level of 7.0 log10 CFU/g microbial load was exceeded in
samples stored at 50 kPa on the 12th day of storage. The TVC of the
samples stored at, 30 kPa almost reached the maximum acceptable
microbial load on the 14th day of storage. However, this samplewas
found to be spoiled and rendered unhealthy for human consump-
tion. Data presented in Fig. 1 shows that the vacuum packaging
significantly slows down the growth of bacteria during chilled
vacuum storage, which can be attributed to the reduced oxygen
concentration within the package.
3.2. Changes in pH value

Changes in pH values of silver carp fillets during storage are
shown in Fig. 2. The initial pH value (day 0) of silver carp fillets was
6.41. The initial pH value of fish varies between 6.0 and 7.0
depending on the species, diet, season, and the level of activity or
stress during the catch as well as the type of muscle (He & Xiao,
2016). During storage, the pH values decreased up to the 4th day
and then increased gradually. Similar observations were made by
Li, Hu et al. (2012); Li, Li et al. (2012); Song, Liu, Shen, You, and Luo
(2010). The initial decrease of pH might due to accumulation of
lactic acid produced through glycolysis. The increase of pH starting
from 6th day of storage may be due to the accumulation of alkaline
compounds, such as ammonia and trimethylamine, produced
during the bacterial growth as reported by previous researchers
(Wenjiao et al., 2009; Li, Hu et al., 2012; Li, Li et al., 2012). The pH
values of vacuum stored samples were consistently lower than that
of the control sample during storage. Storage time had a significant
(P > 0.05) effect on the pH values and that it tended to increase over
time (after 4th day of storage) for each treatment until the end of
the storage period (day 14). Significant difference was observed in
the pH values between control (7.58) and all of the other vacuum
packed and stored samples.
3.3. Reduction of TVB-N by vacuum packaging

The TVB-N value, an indicator of spoilage, which is mainly
composed of trimethylamine, dimethylamine and ammonia, came
Fig. 2. pH values of silver carp fish fillet packaged and stored at different vacuum
conditions ( ): control samples ( ), samples stored at 50 kPa and ( ) samples stored
at 30 kPa. The control sample was not vacuumed and its head space pressure was
101.325 kPa.



Fig. 4. Overall acceptability scores obtained from sensory evaluation: (A) control
samples, (-) samples stored at 50 kPa and (:) samples stored at 30 kPa. A scale of
1e5 was used in these tests, where 5 ¼ extremely weak odor, 1 ¼ extremely strong
odor. Silver carp fish fillets receiving overall scores of less than 4 were considered
acceptable. A score between 3 and 4 was considered the border line of acceptability.
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from the degradation of proteins and non-protein nitrogenous
compounds by endogenous enzymes. The initial concentration of
TVB-N in freshly caught fish is typically reported to vary between 5
and 20 mg N/100 g sample (Muhammet & Sevim, 2007). The pro-
duction of ammonia increases due to the deamination of amino
acids during spoilage. Thus, TVB-N has been proposed as an index
of freshness of fish and fish products. The products with TVB-N
values of <25 mg N/100 g are considered to be of high quality.
The products with TVB-N values of in between 25 and 30 mg N/
100 g are considered to be of limited of acceptable quality. Similarly,
the products with TVB-N values � 35 mg N/100 g are considered to
be spoilt (Khalid, 2007; Wu et al., 2014). The changes in TVB-N of
silver carp fillets during storage are shown in Fig. 3. The initial TVB-
N value of 12.60 mg N/100 g on the zero day of storage indicated
that the silver carp was of good quality. TVB-N values of silver carp
fillets increased progressively with storage time in all the treat-
ments. However, it was obviously observed that the rate of TVB-N
enhancement was significantly slower in samples vacuum stored
at 30 and 50 kPa than the control samples. At the end of the storage
period, vacuum packed samples (30 kPa and 50 kPa) had signifi-
cantly (P < 0.05) lower TVB-N values than that of the controls.
Furthermore, there were significant difference (P < 0.05) in TVB-N
values among 30 kPa and 50 kPa treatments on days 8 and 12, while
TVB-N values in 30 kPa samples were 21.34 and 28.34 mg N/100 g
of fish, and in 50 kPa samples were 23.6 and 33.22 mg N/100 g of
fish, respectively. According to Rodrigues et al. (2016), lower oxygen
concentration potentially inhibited the growth of microorganisms
and decreased deamination capacity of bacteria, resulting in lower
volatile compounds production. This fact corroborates our micro-
biological results (Fig. 1), since 30 kPa samples present in general a
lower number of colonies. Based on these TVB-N values, control
silver carp fillet samples is expected to have a shelf-life of 8e9 days.
The vacuum packaging at 30 kPa extended the silver carp's shelf-
life to 11e12 days.
3.4. Sensory evaluation

Fig. 4 shows the overall acceptability scores of silver carp fillets
stored at 4 �C for 14 days. Sensory quality for all fillets showed a
significant (p < 0.05) decline with increasing storage time. There
was no significant (p > 0.05) difference in the organoleptic char-
acteristics of all samples during the first 6 days of storage. After 6
days, sensory score of 30 kPa and 50 kPa were higher compared to
that of the control. In contrast, no significant (p > 0.05) difference in
sensory scores was found between 30 kPa and 50 kPa vacuum
packing conditions during the entire storage period. Due to high
lipid oxidation and microbial growth, the control samples of silver
Fig. 3. Trend in TVB-N values of silver carp fish fillet packaged and stored at different
vacuum conditions: (A) control samples, (-) samples stored at 50 kPa and (:)
samples stored at 30 kPa. The control sample was not vacuumed and its head space
pressure was 101.325 kPa.
carp fillet showed spoilage. This spoilage was associated with off-
odor, loss of flesh firmness and formation of yellowish slime on
the surface of fillets observed after 8 days of storage. Ramezani et al.
(2015) observed a significant decrease in the overall acceptability of
none chitosan and chitosan nanoparticles coated silver carp
(Hypophthalmicthys molitrix) fillets during refrigerated storage after
8 days of storage, which agreed well with a concomitant shift in
bacterial counts. Similarly, in this study, sensory evaluation results
appeared to be correlated tomicrobial and chemical value analyses.
The samples packed at 30 kPa retained better sensory quality than
those packaged at 50 kPa and the control samples throughout
storage.
3.5. Quality assessment using E-nose

The PCA result is shown in Fig. 5. This figure shows the data on a
two-dimensional plane, with the first principal component 1 (PC1)
and the second principal component 2 (PC2). PC1 explains 77.1% of
the sample variance and PC2 explains only 14.4%. Therefore, the
variation of volatile compounds captured by PC1 allows for the
distinction between fish samples submitted to different vacuum
storage conditions. Although PC2 represents only small variation
(14.4%), it is still important in determining certain factors pertain-
ing to the effects of the storage treatments. The samples of different
treatments were clearly distinguishable from each group by PCA.
While a clear separation was achieved among most of the groups
Fig. 5. PCA plot of e-nose data for silver carp fillets vacuum packed and stored at 4 �C
( ): day 0 of sampling (( ) day 4 ( ), day 6 ( ), day 14) control samples, (( ) day 4
( ), day 6 ( ), day 14) samples stored at 50 kPa and (( ) day 4 ( ), day 6 ( ), day 14)
samples stored at 30 kPa.
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(day 0, day 4, day 6 and day 14), only two groups of the samples, i.e.
packed at 50 kPa and control on day 4, partially overlapped with
each other. Fig. 5 shows that the dots corresponding to samples
stored under 30 Kpa are farther away from those corresponding to
50 kPa and control samples, indicating that the benefits of main-
taining 30 kPa vacuum during storage were more apparent. The
results are consistent with those of chemical, microbial and sensory
analysis, indicating that 30 kPa vacuum storage conditionwas more
efficient in retaining a longer shelf life and preserving good aroma
of silver carp fillets. The data obtained from E-nose and sensory
evaluation showed that the integral aroma profiles of samples
stored at 30 kPa were different from the profiles of samples stored
at 50 kPa and control.

Fig. 6 shows radar graphs depicting the sensors’ response
generated by 14 sensors from day 0 to day 14. Sensors S1, S2, S5, S8
and S11 exhibited higher values than the rest of the sensors of E-
nose out of which S1 and S8 exhibited the highest values. This
implies that the data obtained from these 5 sensors was of primary
importance in evaluating the quality of silver carp fillets under the
prevailing packaging and storage conditions.

3.6. Effect of vacuum packaging/storage conditions on color
parameters

Color expressed as L*, a* and b* of silver carp fillets during
refrigerated storage is shown in Fig. 7. The L* value of control and
samples packed at 50 kPa decreased slightly during storage,
whereas L* value of sampled packed at 30 kPa did not change
Fig. 6. Radar plots of sensor response. (A) Day 0, (B) Day 4, (C) Day 6, and (D) Day 14: (-
significantly (P > 0.05) during the 14 days of storage. However, L*
values samples vacuumed and packed at 50 kPa and 30 kPa were
significantly (P < 0.05) higher than that of control during the entire
storage time. These L* datawere similar to those reported earlier by
Shi et al. (2014) on silver carp that used grape seed and clove bud
extracts as antioxidants and stored under vacuum. There was a
significant (P < 0.05) decline in a* value of all samples with
increased storage time. The control sample had the lowest a* value
at the end of storage time. The decrease of redness value in control
samples could be an indication of oxidation of hemoglobin which
increases the accumulation of brown-colored methemoglobin
(Wetterskog & Undeland, 2004). A significant (P < 0.05) increase of
b* value was observed in control and 50 Kpa samples during the
entire storage period. The b* values of 30 Kpa samples fluctuated
during the first 8 days of storage and then increased from �1.75 on
day 8 to 0.30 on day 14. The b* values of 50 Kpa and 30 Kpa samples
were higher than that of control during the entire storage period.

4. Conclusions

This study showed that both vacuum packing of silver carp fil-
lets at 30 kPa and 50 kPa and subsequent storage at refrigerated
condition (4 �C and 14 days) better preserved the freshness.
However, 50 Kpa samples exhibited higher microbial activity than
30 Kpa samples during the storage period. Furthermore, silver carp
fillet samples packaged at 30 kPa showed stronger ability to inhibit
the TVB-N content than the samples packaged at 50 kPa and
packaged at normal atmospheric pressure. Therefore, maintaining
) control samples ( ), samples stored at 50 kPa and ( ) samples stored at 30 kPa.



Fig. 7. CIELAB color parameters of silver carp fish fillets at different vacuum condi-
tions: (A) control samples, (-) samples stored at 50 kPa and (:) samples stored at
30 kPa. L* for lightness, a* for redness and b* for yellowness).
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the headspace vacuum at 30 kPa and storing at 4 �C can slow down
the microbial growth, delay the chemical deterioration and main-
tain or improve the sensory attributes and extend the shelf-life of
silver carp fillets up to 11e12 days. With principal component
analysis (PCA) of E-nose obtained data, the spoilage of silver carp
fillets could be easily detected. Proving that sensory evaluation and
electronic nose analysis could be an efficient method of spoilage
detection of control and vacuum stored samples of silver carp
fillets.
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