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Abstract The effect of vacuum packaging on the quality
changes of Aurigequula fasciata fillets treated with or
without phosphate during refrigerated storage of 16 days
was investigated. The results showed that the fillets treated
with polyphosphate significantly maintained tissue hard-
ness when compared to the control. The polyphosphate
especially sodium tripolyphosphate (STPP) treatment also
inhibited the microbiological and chemical properties
throughout the storage times. Sulfhydryl (SH) content of
fish actomyosin increased in fillets storage at refrigerator.
Pretreatment with tetra sodium pyrophosphate resulted in
the retarded protein denaturation as evidenced by the
reduced changes in sulthydryl content during the extended
storage. Therefore, Pretreatment by soaking the A. fasciata
fillet in STPP prior to storage was more effective in
improving the quality properties during refrigerated storage
when compared with other samples.
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Introduction

Aurigequula fasciata is one of the marine fish species in the
Persian Gulf, which due to its high nutritional quality and
excellent sensory properties, is preferred by the customers
in the south of Iran. A. fasciata is generally consumed
fresh, in whole or filleted form, in Iran. Because this spe-
cies is consumed domestically, it is very important to
extend its shelf life, which is normally quite limited when
kept refrigerated. Vacuum packaging (VP) is one of the
methods of the natural preservation in order to delay the
degradation and maintain the quality of the products longer
[37]. Although VP is widely used as a supplement to ice or
refrigeration to decrease the supply of oxygen to the aer-
obic bacteria in the flesh to extend the shelf life of product,
loss in water-holding capacity of fish stored under VP
generally occurs [2]. So, phosphate compounds have been
used in seafood products to improve the functionality
before VP, especially to increase the water holding
capacity [16]. Addition of phosphates to fishery products
inhibited the growth of bacteria in stored fish in refrigerator
and retarded the oxidation of unsaturated fatty acids in fish
muscle [27]. Increase water retention ability by the phos-
phates is achieved by muscle fiber expansion caused by
electrostatic repulsions, which allows more water to be
immobilized for the myofibril lattices [34]. The antimi-
crobial effectiveness of various orthophosphates,
pyrophosphates and polyphosphates was determined by
changes in pH and the ability to chelate metal ions essential
for bacteria metabolism [31]. Phosphates may prevent lipid
oxidation through the chelating of prooxidative metal ions
[28]. The effectiveness of phosphates on functional prop-
erties and water holding capacity of fish products depends
on the type of phosphates, the amount used, and the
specific food products [23]. Phosphates activity may be
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because of efforts on pH and ionic strength and specific
interactions of phosphates anions with divalent captions
and myofibrillar proteins [49]. Through the shelf life of A.
fasciata could be extended by VP, drip was produced. This
problem causes unacceptability of seafood. Therefore the
use of phosphate in combination with VP would provide an
effective means to improve the quality of seafood products.
Thus the objective of this study was to determine the
combinative effect of phosphate, VP and air packaging on
the shelf life of A. fasciata fillets by monitoring microbi-
ological, chemical and sensory changes throughout the
storage at 4 °C [4].

Materials and Methods
Fish Preparation

Aurigequula fasciata with an average weight of 600 g were
caught with beach seine in the Persian Gulf, Khorramshahr,
Iran. Fish were placed in crushed ice with a fish/ice ratio of
1:3 (w/w) and transported to the fish processing laboratory
of Khorramshahr University of Marine Science and Tech-
nology within 1-2 h after catching. They were then washed
with tap water, filleted and cut into slices with a thickness
of 1 cm.

Phosphate Pretreatments

Sodium tripolyphosphate (STPP), tetra sodium pyrophos-
phate (TSPP) and mixture of tetra sodium pyrophosphate
and STPP (1% TSPP + 1% STPP) were individually dis-
solved in the distilled water to obtain a final concentration
of 2 g/100 ml. A. fasciata slices were soaked in five vol-
ume of the solution (4 °C) for 10 min and drained for
10 min at 4 °C. Control samples were soaked in the dis-
tilled water and drained under the same condition. After
draining, the slices weighing approximately 500 g were
packed. Fish samples with and without phosphate pre-
treatments were packed in vacuum bags and in air,
respectively. All packs maintained at refrigerator and were
taken for microbiological, chemical, color, textural and
sensory analyses every 4 days for up to 16 days.

Microbiological Analysis

The samples (25 g) were placed in a stomacher bag con-
taining 225 ml of 0.85% saline water. After mixing for
1 min in a stomacher blender, further serial dilution was
done using the same diluent. Thereafter, 0.1 ml of appro-
priate dilution was used for microbiological analysis by
spread plate method. The media and condition used were:
Plate Count Agar (PCA, Merck, Denmark, Germany)
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incubated for psychrotrophilic bacteria count at 4 °C for
10 days and for total viable count at 30 °C for 24-48 h [38].

The pH Measurement

The pH measurement was carried out using a Metrohm
model 713 pH meter. Fish muscle (2 g) was homogenized
thoroughly with 10 ml of distilled water and the homo-
genate was subjected to pH determination according to the
method of Masniyom et al. [27].

Determination of Total Volatile Base (TVB)

TVB muscle was determined according to the method
proposed by Goulas and Kontominas [9]. Ten grams of
meat was homogenized with 2 g MgO and 300 ml distilled,
and seven drops of anti-foam and some boiling stones were
added. The blend was heated for 45 min until the volume
of boric acid solution reached 150 ml. Boric acid con-
taining methyl red reagent, which initially due to its acidity
was red, gradually became alkali and turned green. Finally,
the solution obtained from the accumulation of distillation
gases by 0.1 N sulfuric acid to reach the onion skin color
was titrated.

Determination of Thiobarbituric Acid (TBA)

Thiobarbituric acid (TBA) was determined according to the
method proposed by Siripatrawan and Noipha [43]. Ten
grams of meat were homogenized for 2 min with 97.5 ml
distilled water and 2.5 ml 4 N HCI solution, and then three
drops of anti-foam and some boiling stones were added.
The blend was distilled until a 50 ml of TBA reagent
(0.02 M 2-thiobarbituric acid in 90% acetic acid) were
blended and heated in a boiling water bath for 35 min.
After cooling under running water for 1 min, the absor-
bance was measured at 538 nm against a blank, which was
5 ml of distilled water with 5 ml TBA reagent.

Determination of Free Fatty Acid (FFA)

The free fatty acid content was determined in the lipid
extract by Woyewoda’s method. Results were expressed in
% of oleic acid [53].

Determination of Water Holding Capacity (WHC)

Each minced meat sample (10 g) and 15 ml of 0.06 M
NaCl solution were added into a 15 ml centrifuge tube and
mixed with a vortex mixer for 1 min the tube was then
refrigerated at 4 °C for 15 min before being centrifuged at
4 °C and 3000g for 15 min according to the method of
Zhuang et al. [54].
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Preparation of Actomyosin

0.5 g (0.5-1 cm of tissue) of muscle tissue from fish (be
sure to avoid the fat) and transfer it to the appropriately
labeled microfuge tube containing Laemmli sample buffer.
The microtube flick 15 times with your finger to mix the
fish tissue into the sample buffer. Alternatively, the sample
can be vortexed for a few seconds. The samples incubate
for 5 min at room temperature to extract and solubilize the
proteins. The buffer containing the extracted proteins pipet
into a new 1.5 mL screw cap tube. Fish protein samples
boil, as well as the purified actin and myosin samples.
Additionally, protein standards (ladder) boil to denature the
proteins in preparation for electrophoresis.

Determination of Total Sulfhydryl Content

One milliliter of actomyosin (0.4 g/ml) solution was added
to 9 ml of Tris—HCI buffer (0.2 M), pH 6.8, containing urea
(8 M), SDS (2 g/100 ml) and EDTA (10 mM). To a 4 ml
aliquot of the mixture, 0.4 ml of DTNB (0.1 g/100 ml)
solution were added. The mixture was incubated at 40 °C for
25 min and the absorbance was measured at 412 nm with a
spectrophotometer. A blank was prepared by replacing the
sample with KCl using the molar extinction coefficient of
13,600/M/cm and was expressed as mol/10° g protein [3, 27].

SDS-Polyacrylamide Gel Electrophoresis (SDS-
PAGE)

Sodium dodecyl sulfate—polyacrylamide gel electrophore-
sis (SDS-PAGE) was used to monitor the polymerization of
the modified proteins. The cuttlefish paste was solubilised
in 5% SDS (1:9, w/v) and dissolved in sample buffer with
and without b-mercaptoethanol. SDS-PAGE was per-
formed using 4% stacking gels and 10% running gels [21].

Color Measurements

A Minolta Chroma Meter CR400 (Minolta, Osaka, Japan)
was used for color measurements. Colors were expressed
as CIELab coordinates. In this system, L* represents the
color lightness on a 0—100 point scale from black to white;
a* is the position between red (+) and green (—); and b* is
the position between yellow (+) and blue (—). The color
intensity is expressed by a chroma value (C};), while hue
(H;,) corresponds to the name of the color as found in its
pure state on the spectrum. These values were calculated
according to the formulae:

Chp = (a”+ b*z)l/zand HY, = arctan(b*/a*)

Texture Measurements

Textural profile analysis (TPA) were performed using an
LFRA-4500 texture analyser (Brookfield Engineering
Laboratories, inc., Middleboro, MA) equipped with a 4.5-
kg load cell and texture Pro Lite V1.0 software. Samples
removed from the dorsal part of the fish of size
3.5 x 3.5 x 0.7cm were compressed perpendicularly
using a 20-mm diameter cylindrical probe. The testing
conditions were two consecutive cycles at 25% compres-
sion, cross-head movement at a constant speed of 0.8 mm/
s, and a trigger point of 22.5 g. Texture variables (hard-
ness, cohesiveness, springiness, chewiness, adhesiveness
and gumminess) were calculated as described by Kilinc
et al. [16] and Hernandez et al. [13].

Sensory Evaluation

Samples were prepared by steaming for 60 min at 80 °C.
Salt (1.5%) was added. The cooked samples were evalu-
ated by 17 panelists from the Department of seafood pro-
cessing with the ages of 23-28 (14 females and 3 males),
using the 5-point hedonic scales where 5: like extremely; 3:
neither like or nor dislike; 1: dislike extremely. Panelists
were regular consumers of fish and had no allergies to fish.
All panelists were asked to evaluate for odor and flavor.

Statistical Analyses

Significant differences between means were determined by
one-way analysis of variance (ANOVA) using SPSS16.0
for Windows (SPSS Inc., Chicago, IL, USA). Duncan$ test
was used to compare the means. A significance level of
p < 0.05 was used.

Results and Discussion

Effect of Polyphosphate Pretreatment
on Microbiological Changes

Variations in the value of total viable counts (TVC) of
phosphate pretreatment in combination with VP during the
refrigerated storage are presented in Table 1. The initial
TVC in the control fillet was 3.13 log;o CFU/g, it was 3.37,
3.11, 2.66 and 2.77 log;y CFU/g for VP, TSSP + VP,
STTP + VP and TSSP 4 STTP + VP, respectively. The
number of bacteria in fresh fillet with high-quality vary
from 3 to 4 log,;o CFU/g [42]. TVC of A. fasciata fillets
stored in air increased rapidly and was generally higher
than other treatments (P < 0.05). Among all treatments,
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Table 1 Changes in total viable count (TVC) and psychrotrophilic bacteria counts (PTC) in Aurigequula fasciata fillets stored under different
condition during refrigerated storage

Days of storage 0 4 8 12 16

TVC
Control 3.13 + 0.40% 5.29 + 0.39°4 6.70 £ 0.36°* 9.71 + 0.91°4 13.03 + 0.70°*
VP 3.37 £ 0.57% 3.97 + 0.26%B 5.94 + 0.30°AB 7.83 + 0.35°B 11.44 + 0438
TSPP + VP 3.11 + 0.25% 3.44 + 0.16%® 4.81 £ 0.29°¢ 6.22 £+ 0.11°B 7.23 £ 0.06°¢
STPP + VP 2.66 £+ 0.25°4 3.29 + 0.52°8 4.55 + 0.36°¢ 6.29 + 0.48%B 6.96 £ 0.31%¢
TSPP + STPP + VP 2.77 £ 0.39°A 3.60 + 0.63°8 5.29 + 0.06°B€ 6.60 £ 0.09°B 6.86 £ 0.31%¢

PTC
Control 3.66 £ 0.60%4 441 + 02698 6.01 £ 0.33%A 7.39 £ 0.29°4 8.80 + 0.37%"
VP 3.69 + 0.3294 4.14 4 0.0894B 5.14 £+ 0.09°B 5.94 + 0.11°8 6.84 + 0.34°B
TSPP + VP 3.83 + 0.16% 4.52 4 0.14°AB 491 + 0.32B 6.00 £ 0.17°B 6.84 + 0.04°8
STPP + VP 3.86 £ 0.14° 3.81 + 0.29°B 4.89 4+ 0.32°8 5.68 + 0.23%B 6.86 + 0.22°8
TSPP + STPP + VP 3.82 + 0.39%4 4.58 + 0.19%94 4.97 £+ 0.20°8 5.84 + 0.29B 7.16 &+ 0.31°B

Mean values and standard errors from the three replicates are presented

The different capital letters in same columns within the same storage time indicate the significant differences (P < 0.05)

The different small letters in same rows within the same treatment indicate the significant differences (P < 0.05)

sample pretreated with phosphate and kept under VP had
the lowest TVC. The effectiveness of phosphates as
antimicrobial agents in flesh depends on the type of
phosphate, the amount used, specific food product and
conditions under which they are used [45]. TVC of samples
pretreated with phosphate and kept under VP increased
more slowly than those stored under VP without phosphate
pretreatment, indicating that phosphate might show the
synergistic effect on the retardation of bacterial growth in
the sample kept under VP.

It is well recognized that gram-negative psychrophilic or
psychrotrophilic organisms are the major group of
microorganisms responsible for spoilage of aerobically
stored fresh fish at chilled temperature [10, 38]. Psy-
chrotrophilic bacteria counts (PTC) of A. fasciata fillet
treated with and without phosphate under VP under
16 days of refrigerated storage in comparison with the
control are shown in Table 1. The initial PTC of the fish
samples ranges from 3.66 to 3.86 log;o CFU/g, indicating
the good quality of the fish used in this study. PTC of all
samples increased with increasing time of storage at
refrigerator (P < 0.05). Higher counts of psychrophilic
bacteria were also observed in samples kept in air, com-
pared with those stored under VP and treated with
polyphosphate (P < 0.05). After 16 days of storage, no
marked difference in PTC of samples pretreated with dif-
ferent phosphate types was observed. The results indicated
that pretreatment by soaking the A. fasciata fillets in
polyphosphate solution prior to storage was more effective
in reducing microbial numbers compared with control
samples. This results was in accordance with Masniyom
et al. [27] who found that seabass slices treated with

phosphate had lowered PTC, compared with the control
during refrigerated storage of 21 days. Phosphate might
show synergistics effect with VP on inhibition of PTC in A.
fasciata [5]. reported that STTP in combined with VP
reduced PTC in Rutilus frisii kutum fillets.

A microbiological acceptability limit is 7 log CFU/g for
fresh water and marine species that is fit for human con-
sumption [14]. By the day 12 of storage, control samples
exceeded the value of 7 log CFU/g for TVC and PTC,
which was regarded as the upper acceptability limit for raw
fish [14] while that of all samples pretreated with phos-
phate and kept under VP did not achieve this count to the
end of 16 days storage time. Polyphosphate may suppress
the growth of bacteria by the chelation of metal ions in cell
membranes which leads to cation deficiency with resulting
loss of membrane integrity and inhibition of normal cell
division [51]. Other mechanisms include effect of pH,
increase in ionic strength, interactions with cell walls and
membranes, and interference with various transport func-
tions [40, 19]. Other researchers have proposed that
enzyme inhibition may be responsible for the antimicrobial
mechanism [52].

Effect of Polyphosphate Pretreatment on Chemical
Analysis

Changes in TBA Content

TBA index is a widely used indicator for the assessment of
degree of lipid oxidation of product, some of which have
unpleasant flavors and odors [38, 15]. TBA values of the
different treatments during storage are presented in
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Table 2 Chemical changes of Aurigequula fasciata fillets treated with polyphosphates during refrigerated storage
Days of storage 0 4 8 12 16
TBA (mg MDA/kg muscle)
Control 0.23 + 0.06"* 1.25 £ 0.23% 1.25 £ 0.10™ 0.99 + 0.33% 1.32 + 0.06™*
VP 0.44 + 0.17°A 1.25 £ 0.15* 1.33 £ 0.13* 0.78 + 0.03%°AB 1.05 + 0.09°PAB
TSPP + VP 0.27 + 0.14%A 0.63 + 0.14%A 0.86 £ 0.21*AB 0.70 + 0.21%PAB 0.79 + 0.09°°BC¢
STPP + VP 0.65 + 0.02°4 0.63 £ 0.30° 0.41 + 0.07°8 0.22 + 0.06*® 0.61 + 0.15°C
TSPP + STPP + VP 0.58 + 0.21* 0.92 + 0.50°* 0.98 + 0.27°48 0.55 + 0.05°4B 0.83 & 0.11*B¢
FFA (% oleic acid)
Control 0.94 + 0.49*4 1.66 + 0.37°A 0.95 + 0.15"® 523 + 1.79*4 5.94 + 0.44°4
VP 0.70 + 0.07°4 1.42 + 0.08"4 1.27 + 0348 4.07 + 1.22°48 3.24 + 0.88%B
TSPP + VP 1.03 £ 0.15°4 0.89 + 0.18"* 2.24 + 038 1.31 £ 0.19°"® 1.90 + 0.51°"®
STPP + VP 1.06 + 0.084 1.30 £ 0.22%4 0.79 + 0.19*B 1.91 + 0.34*B 1.78 + 0.56*®
TSPP + STPP + VP 0.89 + 0.02*4 1.35 + 0.31*4 1.06 &+ 0.14*B 0.91 + 0.16*® 1.24 + 0.50*B
pH
Control 6.18 + 0.06"* 6.92 + 0.03*4 6.66 + 0.18™* 6.68 + 027 7.30 £ 0.28%
VP 6.18 + 0.06°* 6.55 + 0.157AB 6.85 + 0.08™* 6.45 + 0.17°A 7.23 £ 031748
TSPP 4 VP 6.18 + 0.06°* 6.61 + 0.05%B 6.12 + 0.06*® 7.72 + 0.09%4 6.64 + 0.11748
STPP + VP 6.18 + 0.06* 6.21 + 0.14%8 6.56 + 0.14%AB 6.35 + 0.08% 6.52 + 0.20°®
TSPP + STPP + VP 6.18 + 0.06** 6.40 + 0.29°AB 6.47 + 0.20°AB 6.23 + 0.11*4 6.55 + 0.12%4B

TVBN (mg N/100 g muscle)

Control 14.00 + 0.00°* 19.13 £ 4454 36.86 + 0.93°* 49.93 + 6.58"*
VP 14.93 + 0.46°4 16.80 & 2.13°* 32.46 + 3.42°°4B 38.33 + 2.53PAB
TSPP + VP 18.20 & 3.52° 20.06 + 0.93™ 21.46 + 0.46"¢ 20.06 + 1.68°¢
STPP + VP 14.46 + 0.46™ 23.33 £ 6.17° 26.46 + 1.62°5€ 27.06 + 4.14°B€
TSPP + STPP + VP 15.86 + 1.86°* 25.66 + 2.33% 28.93 + 4.87°ABC 21.93 4+ .93%€
WHC (%)
Control 85.33 £ 0.33% 68.33 £ 0.33° 70.33 £ 0.33°P 62.00 £ 0.574¢
VP 85.33 4 0.33*A 68.33 + 0.033°P 70.33 + 0.33°P 61.33 + 0.334¢
TSPP + VP 85.33 £ 0.33** 81.33 & 0.33%® 77.33 & 0.33° 70.33 & 0.33%
STPP + VP 85.33 £ 0.33%* 83.33 + 0.33"* 80.66 + 0.66°2 72.33 & 0.33%®

TSPP + STPP + VP
SH (mol/105 g protein)

85.33 + 0.33%A

78.33 + 0.33°¢

84.00 + 0.57°4

78.66 + 1.85°4

Control 1.65 + 0.48%4 0.44 £ 0.00°8 0.30 £ 0.01°¢ 0.20 £ 0.019P
VP 1.46 + 0.59*4 0.55 & 0.03%°8 0.37 £ 0.02*¢ 1.06 £ 0.02%°B
TSPP + VP 1.91 &+ 0.32%4 1.54 £ 0.24%4 0.09 + 0.01°P 0.44 £ 0.03¢
STPP + VP 1.53 4+ 0.22*4 1.19 £ 0.00°* 0.94 + 0.02°B 0.13 £ 0.00°°
TSPP + STPP + VP 1.90 &+ 0.15*4 1.47 £ 0.02°4 1.84 + 0.06™ 1.26 + 0.02°4

120.46 + 7.21°4

70.93 + 11.66™®
56.33 + 18.75°®
48.53 + 5.19%8
53.20 + 2.80°®

52.33 £ 0.33°4
52.33 £ 0.33°4
50.33 £ 0.33°B
54.00 £ 0.57°*
44.66 + 0.88°¢

0.87 + 0.02°¢
0.98 + 0.07°°¢
2.98 + 0.43%A
0.93 + 0.01°
1.94 + 0.08°®

Mean values and standard errors from the three replicates are presented
The different capital letters in same columns within the same storage time indicate the significant differences (P < 0.05)

The different small letters in same rows within the same treatment indicate the significant differences (P < 0.05)

Table 2. The initial TBA values ranged from 0.23 mg
malondialdehyde/kg sample in samples stored in air to
0.65 mg malondialdehyde/kg samples in samples pre-
treated with STPP and stored under VP. TBA values was
increased in all samples when the storage time increased
(P < 0.05). Higher increase in TBA value was observed in
A. fasciata fillets stored in air and VP. An increase of TBA
values in VP may be due to denaturation of muscle proteins

because of carbonic acid formed of muscle during storage
in refrigerator, leading to the release of free haem iron, a
potential pro-oxidant in the muscle system. The increase in
TBA value in air also was due to interacting lipids with air
oxygen [6] and may be attributed to the partial dehydration
of fish and to the increased oxidation of unsaturated fatty
acids [17]. However, phosphate pretreatment resulted in
lower TBA values of samples kept under VP to some
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extent. Samples pretreated with STPP tended to have lower
TBA values, compared with that TSPP and mixture of
STPP + TSPP pretreated during refrigerated storage.
Polyphosphates are stronger chelators and antioxidants
than mono- and diphosphates (Food lipids). Polyphosphate-
metal complexes are stronger than pyrophosphate com-
plexes which are stronger than orthophosphate complexes
[50]. Lipid in fish muscle typically has a high percentage
on polyunsaturated fatty acids and considered to be sus-
ceptible to oxidation during storage compared with satu-
rated fatty acids [46]. Thus, phosphate, especially STPP
pretreatment, potentially retard the oxidation in A. fasciata
fillets through the chelation of pro-oxidant metal ions
[44, 27]. Shahidi et al. [39] stated that phosphates are
reasonably effective when compared with other chelators.
It has been proposed that the TBA value of 1-2 mg
malondialdehyde/kg muscle is an acceptable limit [41]. In
the current study, TBA values of all samples were lower
than such proposed limits throughout the 16 days storage
period.

Changes in FFA Content

It is well known that hydrolysis of glycerol-fatty acid esters
is one important change that occurs in fish muscle lipids
with the release of FFA which catalyzed by lipase and
phospholipase. The initial FFA value was from 0.70 to
1.06% of oleic acid. A gradual increase in FFA formation
in all samples was observed, but samples stored under VP
with phosphate pretreatment, decelerated developing pro-
cess of FFA production during storage of refrigerated
(Table 2) due to the action of lipase and phospholipase on
phospholipids and triglycerides [36]. FFA value of control
samples was higher than treated samples, significantly
(p < 0.05). At the end of the storage, FFA value was 5.94,
3.24, 1.90, 1.78 and 1.24% of oleic acid for control, VP,
TSSP 4+ VP, STTP + VP and TSSP + STTP + VP,
respectively. A separate effect on lipids attributed to TSPP
and STPP is one of saponification of free fatty acids.
Alkaline phosphates interacted with free fatty acids in meat
emulsions and thus contributed to fat emulsification.

Changes in pH Content

Changes in pH of A. fasciata muscle as affected by storage
air and phosphate pretreatment during storage are pre-
sented in Table 2. The pH of the muscle on day 0 was 6.18.
During storage, pH of samples pretreatment with phosphate
such as control samples, an increase in pH was observed
throughout the storage time (P < 0.05), presumably due to
accumulation of basic compounds generated from both
autolytic processed by endogenous enzymes and microbial
enzymatic actions [33] although it could also be associated
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with the increase in bacterial counts especially psy-
chrotrophilic bacteria counts (Table 1). This results was in
accordance with Masniyom et al. [27] and Etemadian et al.
[6]. The sharp increase in pH was observed in the samples
stored in air to end day. Among all phosphates used, STTP
retreatment resulted in a lower pH of sample, compared
with TSPP and TSPP + STPP. Thus, the Ilowered
increased in pH value of phosphate pretreatment samples
was more likely related with the lower microbial growth in
the sample during the refrigerated storage. Moreover,
phosphates are employed in food processing for a variety
of function as pH stabilization and acidification. Ludorff
and Meyer [26] showed that the acceptable upper limit for
the pH of fish is 6.8-7. In this study, the pH values of
samples stored under VP with phosphate pretreatment did
not exceed this limit.

Changes in TVBN Content

TVBN content of all samples was showed in Table 2. At
day 0, TVBN content of all samples was found between
14.00 and 18.20 mg N/100 g muscle. Generally, control
samples had the higher TVBN, compared with samples
pretreated with phosphates throughout the storage. TVBN,
products of bacterial spoilages (Aeromonas spp., Enter-
obacteriaceae, P. phosphoreum, Shewanella putrifaciens
and Vibrio spp.) which were capable of reducing TMAO to
TMA, and decarboxylating amino acid to biogenic amines,
is widely used as an index to assess the keeping quality and
shelf life of seafood products [11, 25]. A level of 25 mg N/
100 g muscle has been considered the highest accept-
able level [17] and above 25-30 mg N/100 g muscle
indicate that fish and fish products are decomposed and
inedible [6]. For all of the samples except samples stored in
air and VP, TVBN level was less 30 mg N/100 g muscle
after 12 days, indicating that the fillets of fish maintained at
a good quality during storage. From the result, it was found
that TVBN content in the sample correlated well with the
increase in microbial load and pH, especially the sample
stored in air. Thus, inhibitory effect of phosphate against
microbial growth could retard or lower the production of
microbial degradation products.

Changes in WHC

Water-holding capacity or water-binding ability of food
product is one the most important quality parameters that
affects both profitability and quality because it affects the
weight change during storage and the juiciness and ten-
derness of the muscle [35, 54]. WHC of A. fasciata fillets
kept under different conditions are shown in Table 2. WHC
of all samples decreased as the storage times increased.
Decreases in WHC with storage time may originate from
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proteolytic activity in the muscle during storage. The initial
WHC of all samples was 85.33% that with increasing
storage time in samples stored under VP with phosphate
pretreatment especially STTP reached 54.00% and in
samples stored in air and VP without phosphate were
52.33%. Increased WHC of samples stored in VP with
phosphate may be related to the lower myosin denaturation
of fish samples and the protective effect of the phosphate,
due to interact with the positive charges of the protein
molecule to increase the net negative charges, resulting in
the increased WHC [18, 48]. Moreover, cryoprotectants,
act as water binders, could also bind water by hydrogen
bonding [24]. The phosphate split actomyosin into its
component proteins and converted them from a gel to sole
state. On the other hand, the lower microbiological
degradation of fish fillets treated by phosphate also led to a
higher WHC.

Changes in Sulfhydryl (SH) Content

The functional and textural characteristics of seafood
depend mainly on myofibrillar proteins and actomyosin,
which is the main protein in myofibrils [32]. Changes in the
composition of actomyosin result in changes to the frac-
tional groups, such as sulfhydryl groups and hydrophobic
groups, and physicochemical properties such as ATP
activity [12]. The changes in total SH content of acto-
myosin extracted from A. fasciata fillets under different
conditions are shown in Table 2. In all fish samples, the
values of SH decreased gradually, followed by an increase
over the 12-days refrigerated storage in all of the samples.
The reduction of SH content may be explained by the
denaturation and aggregation of muscle proteins as a result
of cysteine thiol group oxidation, located at the catalytic
center of the myosin head, or disulfide interchanges, leading
to the formation of disulfide bonds [3, 12].The reduction in
the SH content in samples stored in air might be due to the
sulfhydryl groups forming cross-linkages or the exposed
sulfhydryl groups in protein interacting with additives or
small molecular weight compounds in the water soluble
protein fraction [22]. From the results, it was suggested that
SH groups in A. fasciata muscle underwent oxidation to the
highest extend when kept in air, especially as the storage
time increased. The rate of oxidation was lower in sample
stored under VP with and without phosphate pretreatment.
After 18 days of storage, samples stored under VP pre-
treated with TSSP contained the highest SH content. From
the result, phosphate pretreatment in combination with VP
could retard the oxidation of SH group in muscle proteins,
which might be associated with the denaturation of muscle
proteins [3]. Masniyom et al. [27] and Etemadian et al. [6]
noted that the combination of cryoprotectants and packag-
ing could clearly prevent a decrease in SH contents. Kong

et al. [20] demonstrated that the addition of cryoprotectants
could serve as a protective barrier against oxidation initia-
tors, so it can reduce the increase in carbonyl contents and
the decrease in SH contents. In refrigerated fish, oxidation
of sulfhydryl groups and the increase in TVBN was retard
by the addition of phosphate with cryoprotective effect and
this was coincidental with the decreased disulfide bond
formation [27].

Effect of Polyphosphate Pretreatment on Color
Changes

The appearance of food products is an important parameter
to consumer, both from the point of view of acceptability
and preference. Surface color is influenced by both muscle
structure characteristics and pigment concentrations [8].
Color values including lightness (L* coordinate, redness
(a*) value and blueness (b*) value of control and sample
stored under VP with and without phosphate pretreatment
during storage 4 °C are shown in Table 3. The a* value of
all samples gradually decreased during the refrigerated
storage. On the other hand, L* and b* values of A. fasciata
fillets increased as storage time increased (P < 0.05),
reflecting an evolution toward lightness and grey-blue
tones respectively. The chroma (color intensity) (C*,,)
value decreased with time in storage, indicating a reduction
in color intensity. No significant changes were seen for hue
of polyphosphate pretreatment stored under VP over stor-
age time. Color loss in fish fillets during storage might be
attributed to the lipid oxidation, oxidation of proteins with
haemo groups (haemoglobin and myoglobin), non-enzy-
matic browning reactions between lipid oxidation products
and the amine groups in proteins, and microbial spoilage
[43]. The greatest rate of decrease in a* value was found in
control sample. The highest increase in L* and b* values
was also observed in control sample. From the result,
degree of changes in color caused by VP could be lowered
with phosphate pretreatment, especially dipping fillets in
STPP of A. fasciata. The phosphates have been reported by
a number of investigators to improve the color of fish flesh
[27, 16]. The beneficial effect of polyphosphates on flesh
color also has been documented [16, 7]. STTP reduced
myoglobin oxidation in refrigerated fish. However, it
should not be constructed that STPP has not direct effect on
meat pigment. In fact, the binding of polyphosphates to
heme has been shown [29].

Effect of Polyphosphate Pretreatment on Textural
Changes

The texture of fish is considered an important quality
attribute for fish products and seafood processing industries’
palatability. In the present study, hardness was found to be

H m @ Springer
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Table 3 Changes in color of Aurigequula fasciata fillets treated with polyphosphates during refrigerated storage

Days of storage 0 4 8 12 16

a*
Control —0.63 £ 0.01*4 —0.77 £ 0.00%4 —0.20 + 0.51%4 —0.82 + 0.03%4 —1.50 + 0.18°¢
VP —0.63 + 0.01* —0.88 + 0.02°* —0.92 + 0.00°AB —1.01 + 0.01°B¢ —0.91 + 0.00°4
TSPP + VP —0.63 + 0.01** —0.89 + 0.01°4 —0.89 + 0.01%AB —0.99 + 0.02® —1.06 £ 0.029AB
STPP + VP —0.63 £+ 0.01** —0.94 + 0.01°* —0.95 + 0.01°*B —0.95 + 0.01°B —1.09 + 0.02°B
TSPP + STPP + VP —0.63 £+ 0.01* —0.58 &+ 0.26* —1.00 £ 0.01°® —1.11 £ 0.05¢ —1.21 £+ 0.01°®

b*
Control —3.51 £ 0.09% —3.15 £ 0.02°4 —2.25 + 0.06°4 —2.14 £ 0.01°4 —0.87 + 0.05*
VP —3.51 £ 0.09% —3.31 £ 0.029B —2.88 + 0.04°B —2.54 + 0.07°B —1.64 + 0.12°8
TSPP + VP —3.51 + 0.09°4 —3.40 + 0.09°5¢ —2.90 + 0.13%B —2.65 + 0.07°B —2.65 + 0.07%¢
STPP + VP —3.51 + 0.09°4 —3.54 £ 0.04€ —3.20 + 0.06"¢ —3.02 + 0.05°¢ —2.55 + 0.15%
TSPP + STPP + VP —3.51 + 0.09% —3.43 + (.02°9BC¢ —3.20 + 0.06>€ —3.04 £ 0.07°¢ —2.45 + 0.09%¢

L*

Control 58.99 £ 1.19°4 49.24 £ 0.56¢ 45.56 + 0.82°¢ 40.68 & 0.38%8 37.04 £ 0.30eD
VP 58.99 + 1.19°4 51.96 & 0.85°® 50.94 + 0.15"® 42.70 4 0.64°B 40.86 + 0.16°¢
TSPP 4 VP 58.99 + 1.19°4 55.08 & 1.12° 52.26 + 0.58"8 46.70 &+ 1.25° 43.09 4+ 0.98®
STPP + VP 58.99 + 1.19°4 56.14 4 0.59°4 54.62 + 0.46™ 48.42 4 1.17°4 4543 4 0.10%
TSPP + STPP + VP 58.99 + 1.19** 52.30 & 0.54°B 50.62 + 0.31°8 43.31 + 0.66°8 40.67 & 0.25%¢
C*ap
Control 3.56 + 0.09°4 3.24 + 0.02°¢ 2.37 + 0.06°¢ 2.29 + 0.00°¢ 1.73 £ 0.18%®
VP 3.56 + 0.09%4 3.41 + 0.03%® 3.05 + 0.04"B 277 + 0.07°® 2.04 + 0.08%®
TSPP + VP 3.56 + 0.09°4 3.52 + 0.08%4B 3.05 + 0.12"B 2.81 + 0.07°B 2.59 + 0.05°4
STPP + VP 3.56 + 0.097A 3.64 + 0.04%4 3.32 + 0.06"4 3.18 + 0.05°4 270 4+ 0.14%
TSPP + STPP + VP 3.56 + 0.09%4 3.53 + 0.02°4B 3.31 4+ 0.05%4 3.19 + 0.06"* 2.66 + 0.09°4
H®
Control 1.32 £ 0.07%%4 1.32 £ 0.00°* 1.24 + 0.00°"® 1.19 + 0.01°AB 0.52 + 0.03°P
VP 1.32 4 0.07* 1.39 £ 0.07* 1.22 4 0.01%8 1.08 & 0.07>F 0.92 4 0.04°¢
TSPP + VP 1.32 &+ 0.07*4 1.29 4+ 0.00°4 1.24 + 0.01*® 1.21 £ 0.00%°4 1.13 + 0.00°®
STPP + VP 1.32 + 0.07°4 1.32 + 0.00°* 1.28 + 0.00°* 1.24 + 0.00°* 1.22 £ 0.01%4
TSPP + STPP + VP 1.32 £ 0.07°4 1.31 £ 0.00°* 1.29 + 0.00°* 1.25 £ 0.01%4A 1.15 £ 0.01°AB

Mean values and standard errors from the three replicates are presented

The different capital letters in same columns within the same storage time indicate the significant differences (P < 0.05)

The different small letters in same rows within the same treatment indicate the significant differences (P < 0.05)

decreased in all the samples during storage (P < 0.05).
Texture analyses results during storage for A. fasciata fil-
lets are shown in Table 4. Hardness was found to be
decreased in all the samples during storage (P < 0.05). In
samples treated with polyphosphates and control, hardness
at first was 23.14 N, but gradually over time, hardness of
fillet fell in all samples. This result is in accordance with
those obtained by Alasalvar et al. [1] using Sparus aurata
fillet, Kilinc et al. [16] using Oncorhynchus mykiss fillet,
Hernandez et al. [13] using Argyrosomus regius fillet and
Etemadian et al. [5] on Rutilus frisii kutum studies.
Reduction in fillet hardness is probably due to the weak-
ened endomysium as part of the connective tissue and also
due to degradation in the Z-line of myofibrils [27] and is
also due to increase in microbial load, that make the muscle

softer and less elastic. Our results indicated that the
denaturation (aggregation and/or hydrolysis) that could
occur in the myofibrillar protein of A. fasciata fillets during
the storage period affected its texture in accordance with
the hardness, gumminess and chewiness data. At the end of
storage, the hardness of the treated samples with phosphate
was significantly higher than that of the control sample
(P <0.05). It was obvious that the texture of the
polyphosphate treated fillets was better kept than that of the
control sample during storage, showing that these TSPP
and STPP somehow could reduce the action of endogenous
enzymes and microbial activity in fillets (Table 1), the
former consisted of collagens, cathepsins, and calpains,
resulting the degradation of proteins, and the later there-
after was accelerated along with the breakdown of protein.
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Table 4 Texture changes of Aurigequula fasciata fillets treated with polyphosphates during refrigerated storage

Days of storage

0

4

8

12

16

Hardness (N)

Control

VP

TSPP + VP

STPP + VP

TSPP + STPP + VP
Cohesiveness

Control

VP

TSPP + VP

STPP + VP

TSPP + STPP + VP
Springiness (mm)

Control

VP

TSPP + VP

STPP + VP

TSPP + STPP + VP
Chewiness (N mm)

Control

VP

TSPP + VP

STPP + VP

TSPP 4 STPP + VP
Adhesiveness (N)

Control

VP

TSPP + VP

STPP + VP

TSPP + STPP + VP
Gumminess (N)

Control

VP

TSPP + VP

STPP + VP

TSPP + STPP + VP

23.14 £ 0.42°4
23.14 + 0.42%4
23.14 + 0.42%4
23.14 + 0.42°4
23.14 + 0.42°4

0.47 + 0.02%4
0.47 + 0.02°°4
0.47 £ 0.02%4
0.47 £ 0.02%%4
047 + 0.02*4

1.28 + 0.09°4
1.28 + 0.09°4
1.28 + 0.09°4
1.28 + 0.09*
1.28 + 0.09*4

14.14 £ 1.60*
14.14 + 1.60**
14.14 £+ 1.60*
14.14 + 1.60**
14.14 + 1.60**

—1.29 & 0.12°4
—1.29 + 0.12°4
—1.29 £ 0.12*
—1.29 + 0.12°4
—1.29 + 0.12°4

11.02 + 0.62*4
11.02 £ 0.62*4
11.02 £ 0.62*4
11.02 £ 0.62°4
11.02 &+ 0.62**

20.32 + 0.60°°
22.48 + 0.60™*
22.05 £ 0.32%°AB
2221 + 0.71%°AB
22.47 + 0.60°*

0.49 + 0.00°*
0.49 + 0.01*
0.49 + 0.00°*
0.48 + 0.01*
0.46 £ 0.02°4

1.13 + 0.04%B
1.18 £ 0.01°PAB
1.28 £ 0.02%
1.27 £ 0.03*4
1.21 + 0.02%PAB

11.39 £ 0.87*B
13.06 & 0.46%°AB
13.82 + 0.19%4
13.69 & 0.41%4
12.76 + 0.89°°AB

—0.93 £ 0.00°*
—0.79 + 0.01°*
—0.20 + 0.51%
—0.75 &+ 0.01°*
—0.76 & 0.00°*

10.03 & 0.41%4
11.00 £+ 0.27°4
10.80 + 0.28%*
10.80 £ 0.36**
10.47 & 0.54*4

20.40 + 1.54°
21.39 £ 0.57°
21.82 £ 0.36™
21.21 £ 0.57°A
20.83 £ 0.39°*

0.43 + 0.00*B
0.44 + 0.007AB
0.45 + 0.0170°AB
0.46 + 0.00°°AB
0.47 £ 0.00**

1.08 + 0.04B
1.14 4 0.01%°AB
1.15 £ 0.01°PAB
1.18 £ 0.01%°4
1.15 £ 0.01°PAB

9.64 + 0.83B
10.86 £ 0.14°°AB
11.39 £ 0.29%4
11.67 £ 0.43%°A
11.28 4 0.20°4

—0.84 & 0.01°®
—0.69 + 0.05%4
—0.68 + 0.01%4
—0.64 £+ 0.01%4
—0.70 £ 0.01%4

8.90 & 0.69°
9.47 4 0.14°A
9.88 + 0.33%"
9.89 + 0.36™*
9.79 + 0.29°4

15.00 & 0.23°¢
18.31 + 0.03°®
19.27 + 0.51°4B
19.68 + 0.22°94
18.95 + 0.30%B

0.42 + 0.00°*
0.45 + 0.01%4
0.43 + 0.00"4
0.43 + 0.01°4
0.43 + 0.00**

0.95 + 0.01°®
1.05 + 0.02>4A
1.06 + 0.02°4A
1.08 + 0.01%4
1.06 + 0.02%4A

6.09 + 0.13B
8.64 + 0.39°4
8.86 + 0.51°4
9.19 + 0.30"4
8.69 + 0.12°94

—0.76 £ 0.01°°B
—0.54 + 0.01**
—0.58 =+ 0.03°*
—0.57 £ 0.02°°*
—0.57 £ 0.02°°*

6.40 + 0.15B
8.23 + 0.30°*
8.35 4+ 0.32°4
8.45 + 0.16"*
8.20 &+ 0.06°*

14.23 4+ 0.63°¢
16.72 &+ 0.3298
18.73 + 0.26°*
19.38 + 0.54%
18.72 + 0.30%

0.41 + 0.00°®
0.42 + 0.00°AB
0.42 + 0.00°AB
0.43 + 0.00°4
0.42 + 0.00*4B

0.91 + 0.00%
0.95 + 0.01°*
0.95 + 0.01°4
0.73 + 0.30°4
0.95 &+ 0.01°4

5.34 + 0.20°"
6.74 + 0.289
7.55 £+ 0.24°4
6.22 + 2.64°4
7.55 £ 0.21%

—0.64 + 0.02°8
—0.51 £ 0.00**
—0.52 £ 0.00°°*
—0.53 £+ 0.01**
—0.54 £ 0.02**

5.87 + 0.26°¢
7.07 + 0.208
7.92 + 0.17°4
8.33 & 0.30°*
7.92 + 0.10°*

Mean values and standard errors from the three replicates are presented

The different capital letters in same columns within the same storage time indicate the significant differences (P < 0.05)

The different small letters in same rows within the same treatment indicate the significant differences (P < 0.05)

For hardness, cohesiveness, springiness, chewiness, adhe-
siveness and gumminess of A. fasciata fillets, there were no
significant differences (P > 0.05) between the type of
phosphates. However, there were significant differences
between fillets treated with polyphosphates, specially
STTP and TSPP treatments and the control sample from
the eighth day until the end of storage period in chewiness

and gumminess.

Effect of Polyphosphate Pretreatment on Sensory

Changes

Fresh A. fasciata fillets were generally considered to pos-
sess very high acceptability. Sensory attributes of fish were
divided into 2 elements, whose preference levels were
scored from 1 to 5, the higher preference level, the higher
element score. All samples started with score of 5. Upon
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Table 5 Sensory changes of Aurigequula fasciata fillets treated with polyphosphates during refrigerated storage

Days of storage 0 4 8 12 18

Odor
Control 5.00 £+ 0.00%4 4.42 £ 0294 4.00 £+ 0.21°8 2.00 £ 0.30°B 1.14 £ 0.14%8
VP 5.00 £ 0.00*4 475 + 0.16* 425 + 0.16°4B 3.87 + 0.22%4 2.50 £ 0.18%A
TSPP + VP 5.00 + 0.00** 4.85 + 0.14** 471 + 0.18** 3.64 + 0.41%4 2.64 + 0414
STPP + VP 5.00 &+ 0.00** 4.85 4 0.14*A 4.57 4 0.20°°AB 3.85 + 0.45% 2.85 + 0.45°4
TSPP + STPP + VP 5.00 £ 0.00** 4.85 4 0.14%A¢ 4.57 4+ 0.20*4B 3.71 + 0.28%4 271 £+ 0.284

Flavor
Control 5.00 £+ 0.00%* 471 +0.18°*4 3.71 £+ 0.28%8 2.92 + 0.35% 1.57 &+ 0.20°B
VP 5.00 £ 0.00%4 478 £+ 0.14°4 4.57 + 0.20°4 3.57 £ 0.29%4 2.64 £+ 0.17°4
TSPP + VP 5.00 £+ 0.00%4 4.85 £+ 0.14°4 4.14 £ 0.14°48 3.35 + 0.28%4 2.35 + 0.28%
STPP + VP 5.00 &+ 0.00%4 471 + 0.18*4 471 + 0.184 3.85 + 0.28% 2.85 £ 0.28A
TSPP + STPP + VP 5.00 + 0.00** 471 +0.18*4 4.54 + 0.19°* 3.64 + 0.28%4 2.64 + 0.284

Mean values and standard errors from the three replicates are presented

The different capital letters in same columns within the same storage time indicate the significant differences (P < 0.05)

The different small letters in same rows within the same treatment indicate the significant differences (P < 0.05)

the judgment made by the members of a sensory panel,
odor and flavor were given unacceptable scores by the 16th
day. On the other hand, the sensory scores of fillets treated
with polyphosphate stored under VP were in the range of
2.35-2.85, after 16 days of storage. Among treatments, the
highest score was recorded for the samples treated with
polyphosphate. The result of the sensory evaluation was
correlated with the microbial and chemical analyses
(Tables 1, 2). The results of the sensory evaluation (odor
and flavor) of cooked A. fasciata fillets are presented in
Table 5. The sensory evaluation results showed that odor
and flavor scores decreased with increasing storage time.
For control samples, the deterioration occurred after 4 days
of storage as evidenced by strong fishy and putrid odor.
Also the deterioration in favor occurred after 8 days during

0, 8 16
MHC 1 f
Paramyosin
Actin
TroponinT
Tropomyosi

STPP

Fig. 1 Electrophoresis patterns
of SDS-PAGE gels of
actomyosin from Aurigequula
fasciata fillets during
refrigerated storage. MHC
Myosin heavy chain

storage at refrigerator. Odor and taste showed a similar
pattern of decreasing acceptability. The antioxidant and
antimicrobial effects of polyphosphate has been shown to
prolong the shelf life of fish by 16 days as compared to the
control sample. The result suggested that the polyphos-
phate was more effective in maintaining the quality the A.
fasciata fillets.

Effect of Phosphate Pretreatment on SDS-PAGE
Pattern

Changes in fish protein affect the functional and textural
characteristics [47], so such changes and the reduction of
myofibrillar proteins during storage in refrigerator is evi-
dence of proteolytic activity in the muscle [3]. Major

08 16 10816
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0, 8 16 0 8 16
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proteins of muscle are myosin and actin, which contribute
to most of the functional properties [30]. Thus, a reduction
in myofibrillar proteins during storage are evidence of the
proteolytic activity in the muscle. As shown in Fig. 1, five
major protein bands, which correspond to myosin heavy
chain (MHC), paramyosin, actin, troponin T and tropo-
myosin bands, were observed in the A. fasciata muscle.
The band intensity of these proteins in all of the treatments
decreased with increased storage time. After 16 days of
storage, the protein band intensities of MHC, paramyosin,
actin, troponin T and tropomyosin in the samples treated
with phosphate was markedly higher than those obtained
for the samples without phosphate. The molecules of
phosphate may bind to or associate with protein molecules
at one of the functional groups through either ionic bonds
or hydrogen bonds. Thus, each protein molecule is coated
by the phosphate, and this coating inhibits proteolytic
changes. Etemadian et al. [6] showed that significant dif-
ference in protein band intensity of myosin, actin and
tropomyosin Rutilus frisii kutum among treatment were not
observed until the end of storage.

Conclusion

The TBA and FFA values remained significantly lower,
compared to control, over the same period of storage in the
polyphosphate treatments. These results indicated that the
rancidity of lipids was retard in the treated fish. Thus, flavor
and odor were improved in samples treated with polyphos-
phate. The results of the present study revealed that there is a
direct relationship between fat oxidation and the loss of color
in refrigerated A. fasciata fillets. Addition of polyphosphate
especially STPP to vacuum- packed A. fasciata fillets has a
profound effect on sensory quality, TVBN value, pH, WHC
and SH and microbiological growth, and improve textural
qualities. Thus, treatments with polyphosphates are an
alternative way to improve the shelf life of fish.
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