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ABSTRACT

In recent years, natural phosphates have been successfully used in food processing. They are multi-purpose,
generally recognized as safe (GRAS), and legally permitted additives to improve the quality of many foods.
Therefore, the objective of this study was to assess effects of food grade trisodium phosphate (TSP), or water
dip (control) treatments on the chemical, physical, sensorial,and microbiological quality attributes of decapitated
white marine shrimp (Penaeus spp.) during frozen storage at -20°C up to six months. Results indicated that
control shrimp samples have been shown to lose flavor and texture, and show a gradual deterioration in quality
attributes with frozen storage. The rates (p < 0.05) of these deteriorations are increased as the time of frozen
storage progressed. On the other hand, phosphate (TSP) treated shrimp samples exhibit higher (p < 0.05)
moisture retention, protein content, protein solubility, WHC, tenderness, bound water, and cooking yield at any
given time of frozen storage as compared with control samples.The present data also demonstrate lower values
(p < 0.05) of drip loss, TVBN, TMAN, TBARS, NPN, total plate counts (TPC) and psychrotrophic bacterial
counts (PBS) are recorded in phosphate treated samples. Hunter L* and b* values of white marine shrimp
samples were increased (p < 0.05), while Hunter a* value of all samples gradually decreased during the storage.
However, TSP treated shrimp were more redness, less lightness and yellowness than the control
group.Panellist’s evaluation indicated preference for TSP-treated shrimp when compared with control samples.
Results indicated that economic, chemical, physical, sensorial and microbiological quality advantages have been
resulted from soaking white marine shrimp in cold 5% trisodium phosphate (NasPO,) solution for 10 minutes
prior to freezing and frozen storage.TSP dip treatment can be an alternative way to improve the quality of
decapitated white marine shrimp during frozen storage.
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Introduction

Shrimp is very popular in the world, with high nutritional value, what explains the high demands on the part
of consumers. On the other hand, seafood are highly susceptible to both chemical and microbiological
deterioration due to its high water content, neutral pH, large quantities of free amino acids, and naturally
presence of autolytic enzymes (Fang et al., 2013). Shortly after the capture, a series of complex alterations
occurs on the surface and inside the edible portion of all seafood, resulting in a decrease of its quality (Tsironi et
al., 2009). Therefore, shrimp should be frozen to limit microbial and enzymatic activity which causes
deterioration;consumers should be able to obtain “frozen seafood products” of high quality, best appearance and
little weight loss (Gongalves and Ribeiro, 2008).

Freezing and frozen storage is able to prevent microbial spoilage effectively, but it cannot terminate
chemical and physical deteriorations (Ali, 2011). The quality deterioration in frozen shrimp is mainly due to
lipid oxidation, protein denaturation, and dehydration (Sundararajan, 2010). These changes can result in the
development of off-flavors, toughening and reduced water-holding capacity (Boonsumrej et al., 2007). Industry
is therefore vitally interested in factors controlling these problems because reduced product quality results in
reduced consumer acceptance (Nirmal and Benjakul, 2010).

Dehydration occurs during frozen storage and can lead to weight loss which directly translates to loss of
value. Freezer burn can result from dehydration; it affects the quality of a product and can reduce consumer
acceptability. In addition, recrystallization of ice during frozen storage leads to higher drip losses which can
cause increased dehydration, and result in tougher seafood (Turan et al., 2003; Kolbe and Kramer, 2007). Thus,
the seafood processing companies have a great concern in retaining this water, first for economic reasons
(seafood is sold by weight) and secondly, for the quality of the final product, because an excessive loss of water
generates an undesirable appearance; reduces the size of the shrimp and makes the seafood unfit for
consumption (Masniyom, 2011).
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Lipid oxidation is a major quality problem occurring during frozen storage of seafood. It is relative to off-
flavor and off-odor development in shrimp muscle which typically contains a high percentage of
polyunsaturated fatty acids (Goulas and Kontominas, 2007). In addition, the products formed from the
breakdown of lipids can interact with proteins, leading to alterations affecting texture, functionality and
nutritional value (Buttkus, 1970; Erickson and Hung, 1997).

Shrimp muscle proteins are very sensitive to denaturation during freezing and frozen storage,the
denaturation of myofibrillar proteins is more pronounced than sacroplasmic and stroma proteins (Sirket et al.,
2007 and Diaz-Tenorio et al., 2007). This freeze denaturation can lead to changes in texture, water-holding
capacity, and protein solubility (Hui et al., 2006). However, these undesirable biochemical and physical changes
can be reduced by dipping seafood products into solutions recommended by food regulations. Sodium acetate,
sodium lactate and sodium citrate (Sallam, 2007), as well as phosphate derivatives, can be used for improving
seafood quality (Goncalves et al., 2008; Kilinc et al., 2009 and Paul et al., 2012).

Phosphates are present normally in all living things and are therefore present in almost all food. They are
multi-purpose, generally recognized as safe (GRAS), and legally permitted additives to improve the quality of
many foods, particularly that of meat and fish products (Campden BRI Report, 2012). In USA, according to
FDA (USDA, 2004), there is neither prohibition of the phosphates use in seafood nor a limit for their usein
accordance with good manufacturing practices (GMP), whilst in the EU and Canada, phosphates can be added
to frozen molluscs and crustaceans to a level of 5g/kg (ECD, 1995 and CFIA, 2004). However, Codex
Alimentarius (92-1981) is a little more flexible and tolerate a higher percentage of phosphates (1%) in the final
product.Phosphates should never be used to mask an inferior or deteriorated quality product,also phosphate
solutions should only be used once (Lampila, 1992).

In terms of shrimp, the phosphates do not penetrate the shell and therefore to improve shrimp quality the
shell would need to be removed before the phosphate solution was added (Unal et al., 2004). Among the
functional properties changed by the treatment of phosphates in seafood and its products are: (a) the retention of
the moisture and natural flavor, inhibiting the loss of fluids during the distribution and the commercialization,
(b) stabilize the protein structure of seafood, form a surface layer of coagulated (solid) protein, swell muscle
fibers and solubilize muscle proteins, (c) enhancing WHC and tenderness of seafood by restricting protein
denaturation,(d) the inhibition of the process of lipid oxidation (by the quelation of metallic ions), (e) the
stabilization of the color, and (f) the cryoprotection (by decreasing populations of pathogens, and prevent
growth of spoilage microorganisms), which contributes to the extension of its shelf life (Love and Abel, 1966;
Applewnhite et al., 1993; Turan et al., 2003; Goncalves et al., 2008; Kilinc et al., 2009; Rajkowski and Sommers,
2012). Thus, there could be advantages to treating fresh shrimp with such food additive before freezing and
frozen storage.

Although phosphates have a wide application in the seafood industry and are proving many functional uses
particularly sodium tripolyphosphate (STPP), tetrasodium pyrophosphate (TSPP), sodium hexametaphosphate
(SHMP), or their blends, there are limited studies on the effect of trisodium phosphate (TSP) on the quality of
seafood during storage. Therefore, The objective of this study was to assess effects of dipping deheaded,
deshelled and deveined (decapitated) white marine shrimp (Penaeus spp.) in cold (3-5°C) trisodium phosphate
solution (5% NasPO,/10 min.), or water dip (0.0%TSP/10 min., control) treatments on microbiological,
chemical, physical and sensorial quality attributes of shrimp samples during frozen storage at -20°C for six
months.

Materials and Methods
Materials:
Shrimp Samples and Treatments:

Five kg large size (45-65 shrimp/kg), white marine shrimp (Penaeus spp.), were purchased a live directly
from local fishermen at Abi-kier, Alexandria, Egypt in October, 2011. Shrimp were killed by crushed ice in ice
box and transported to the laboratory of Food Technology, National Research Centre, in ~ 5 h. Shrimp were,
then, hand shelled, headed, deveined and washed with tap water several times, then divided into two equal
groups (each contains 140 whole headed, peeled and gutted shrimp), and immediately cooled on ice before
being treated in similar way to Rajkowski and Sommers, (2012). One group was divided, soaked once every
time in 2L. cold 5% trisodium phosphate (NasPQO,) solution for 10 min at 3-5°C, with moderate agitation,
drained well for 3 min, then shrimp samples were packed in polyethylene bags, with seven shrimp pieces in
each bag (phosphate treated samples). The second group was soaked in cold distilled water for 10 min, drained,
subdivided and packed as previous group (Control, Water dip Samples). Then, phosphate and control shrimp
samples were subjected to freezing and frozen storage at -20°C for different intervals of time up to 6 months.
For each specified time, four bags (28 large shrimp) from each treatment were removed for examination.
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Analytical methods:

White marine shrimp samples were analyzed before freezing (zero time) and after 1, 2, 4 and 6 months of
frozen storage at —20 °C for their chemical composition, chemical indices, physical properties, organoleptic
evaluation and microbiological quality. At each time of interval, the shrimp samples were thawed at 3-5°C
overnight prior to analysis (Turan et al., 2003). All analyses were performed by triplicate determinations.
Microbiological and chemical determinations were carried out on finely ground shrimp samples.

Moisture, protein, fat, ash contents and trimethyl amine nitrogen (TMA-N) values were determined as
described in AOAC (1995). Total volatile basic nitrogen (TVB-N) and thiobarbituric acid reactive substances
(TBARS) were performed according to Pearson (1991). The pH value was determined for homogeneous
mixtures of 1g shrimp flesh and 10mL distilled water, using Hanna, HI 9021 pH meter, as described by Ozyurt
et al., (2009). Water-holding capacity (WHC), plasticity (tenderness) and bound water (BW) were measured by
following the filter press method of Soloviev (1966), using Placom Digetal Planimeter (KP-90 N). Protein
solubility: total soluble nitrogen (TSN), soluble protein nitrogen (SPN), and non-protein nitrogen (NPN) were
performed according to the methods of El-Ghrabawi and Dugan (1965). Total plate counts (TPC) and
psychrophilic bacterial counts (PBC) as mean log10 CFUg-1 of shrimp samples were determined by plate count
agar (PCA), employing an incubation condition at 37°C for 24-48 h and 7°C for 10 days; respectively,
according to standard American Public Health Association method (APHA, 2001).

The procedures of Goncalves et al., (2008) were used to estimate % drip loss, and % cooking loss (boiling
in water for 5 min) and were expressed as {DL and CL % = [(W0 — WF)/WQ] x 100}. Where WO is the initial
sample weight and WF is the final sample weight (in grams). Sensory panel evaluation of boiled shrimp samples
was applied by aid of 10 untrained panelists according to the method described by Botta (1995). Panelists
familiarities in shrimp quality assessment were asked to score appearance, odor, texture, taste and overall
acceptability of cooked (boiled in water/5 min) shrimp. Rating was assigned separately for each parameter on a
nine descriptive hedonic scale. A score of 5 of sensory acceptability was taken as the average score for
minimum acceptability. Color Measurements: Lightness (L*), redness (a*) and yellowness (b*) values were
measured using a Hunter Lab Scan XE Colorimeter (Hunter Laboratory INC. Restonva). An average of three
measurements over shrimp samples on each side to compute mean scores for each of the color parameter.
Statistical analysis: For data analysis, ANOVA and standard deviation were used. Significant differences were
defined as P<0.05, according to PC-STAT, 1985.

Results and Discussion
1.Proximate Analysis:

The proximate composition of raw fresh control and phosphate-treated white marine shrimp are presented
in Table 1. These values are within the normal limits for the species and are in agreement with those found in
the shellfish literature for white shrimp by Sriket et al., (2007), who reported 77.21, 18.70, 1.30, and 1.47%, for
moisture, protein, fat and ash contents, respectively. Recently, Sundararajan (2010) found that white shrimp
exhibited 77.36, 18.69, 1.02 and 2.10 %, for the same mentioned proximate constituents, respectively. Table 1
also reveals that shrimp meat is characterized by a high protein and ash contents and very low fat content. These
results confirmed the findings obtained by Boonsumrej et al., (2007). However, slight differences may be due to
the differences in the catching season, geographical location, species and shrimp size variation (Rodde et al.,
2008).

Table 1: Proximate chemical composition of control (C) and phosphate treated (TSP) white marine shrimp samples.

Constituents Control Samples Phosphate Treated Samples
F.W. % D.W. % F.W.% D.W. %
Moisture (%) 77.04+1.18 - 77.32+1.36 -
Protein (%) 19.13+0.16 83.32 18.94+0.14 83.51
Fat (%) 1.54+0.40 6.71 1.50+0.28 6.61
Ash (%) 1.89+0.10 8.23 1.91+0.12 8.42
Carbohydrates(%) 0.4040.13 1.74 0.33+0.17 1.46

Values are given as mean + S.D. from triplicate determinations.
2. Quality Deterioration During Frozen Storage:
2.1.Dehydration:
The water loss of thawed shrimp is a negative economic factor (Erickson and Hung, 1997). Results depicted

in Table 2 reveal that as the time of frozen storage progressed, the moisture content of shrimp samples gradually
decreased with a higher rate (P<0.05) in control samples than in TSP-treated samples. Moreover, at any given
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time of frozen storage phosphate-treated samples showed higher moisture content than control samples, which
indicated that TSP protected the shrimp samples from dehydration during frozen storage. Turan et al., (2003)
and Sundrarajan, (2010) reached the same decreasing trend of moisture content during frozen Storage of white
shrimp samples. However, evaporation process especially at low relative humidity that could prevail in the
freezer atmosphere reduces the moisture content (Hui et al., 2006), besides the reduction of WHC as a result of
protein denaturation and/or protein insolublization decreases the moisture content and raises the amount of drip
loss (Goncalves et al., 2008). On the other hand, phosphates help the muscular protein solublization, when there
is an increase of space around the proteins and, thus, larger amount of water can be kept (immobilized) within
the proteins (Offer and Trinck, 1983; Pdrarinsddttir et al., 2010). Another explanation is the ability of phosphate
to interact with shrimp proteins producing a surface film on the treated samples; such a film would seal in fluids
and thus not only reduce thaw drip, but also minimize moisture loss during frozen storage (Love and Abel,
1966; Unal et al., 2004 and Goncalves et al., 2008).

2.2.Protein Loss:

As can be seen from the results of Table 2, there was also a significant difference (P < 0.05) in the protein
content of shrimp, decreasing from 19.13 to 17.07, and from18.94 to 18.20% for control and TSP-treated shrimp
samples; respectively at the end of frozen storage. Boonsumrej et al., (2007) and Beklevuk et al., (2005)
achieved similar results for tiger shrimp and sea bass fish fillet; respectively. Concerning protein loss during
frozen storage of white shrimp, Sundararajan (2010) reported that, water soluble nutrients, including proteins,
minerals and B-vitamins can be lost along with the thaw exudates, and thus reduced nutritional value of frozen
shrimp. However, the loss of protein could be attributed to the breakdown of proteins by proteolytic enzymes
that are not completely inactivated during frozen storage (Pan and Yeh, 1993), and also due to the loss of the
nitrogenous compounds either as volatile substances caused by microbial effect or separated in drip (Orak and
Kayisoglu, 2008). Meanwhile, the higher protein retention in TSP-treated samples could be explained by the
effect of phosphate in reducing drip loss and microbial load and hence reduce protein breakdown and total
volatile nitrogen (Kilinc et al., 2009; Rajkowski and Summers, 2012). Another explanation is the ability of TSP
to interact with meat proteins producing a surface film on the treated samples, such a film would seal in fluids
and thus not only reduce thaw drip, but also minimize protein breakdown during storage (Love and Abel, 1966;
Gonclaves et al., 2008).

2.3.pH Changes:

Table 2 also demonstrates that, the initial pH value of phosphate-treated shrimp increased from 6.83 to 6.95
after being placed in TSP solution, and slight changes in pH values was found throughout the storage,reaching
value of 7.13 at the end of storage. In compared with control samples their pH values were lower due to the
buffering capacity and antimicrobial properties of phosphates. Similar results were achieved in seafood after
phosphate treatments (Goncalves et al., 2008; Kilinc et al., 2009 and Etemadian et al., 2011). On the other hand,
the pH of control shrimp increased sharply reaching 7.36 after 6 months of frozen storage at -20°C. (Table
2).Microbial enzymes released before freezing can contribute to changes in pH and quality loss during frozen
storage (Hui et al., 2006). Tsironi et al., (2009) have reported initial pH values of 6.95 which increased to 7.85
during 74 days storage of shrimp samples at -8°C. Sundararajan (2010) reported an initial pH value of 7.0 and
this was found to increase to 7.4 after 180 days of frozen storage of white shrimp at -20°C. These results are
comparable to the results obtained in the present study. However, the increase in pH is related to accumulation
of alkaline compounds such as TMA, TVB, volatile amines and ammonia (Sriket et al., 2007). Generally, the
pH of fresh shrimp is found to be in the range of 6.5-7.0 and a pH value of 7.8 is reported to be a critical value
in determining the acceptability of shrimp (Cobb et al., 1976 and Sundararajan, 2010). Considering these
studies, both control and TSP-treated shrimp samples in this study had an acceptable and good quality;
respectively with regard to pH index.

2.4.TVB-N and TMA-N Assessment:

Changes in TVB-N and TMA-N values are presented in Table 2. Both indices are well documented as
freshness indexes. Their increase is related to the activity of spoilage bacteria and endogenous enzymes, which
impart the characteristic unpleasant “fishy” odor (Kilinc and Cakli, 2004). As shown in Table 2, the TVB-N and
TMA-N contents were initially higher in control shrimp as compared to TSP-treated shrimp, because of the
effect of phosphate treatment. During frozen storage both indices increased steadily with a higher rate (P<0.05)
in control samples than in phosphate-treated samples (Table 2). These results confirmed the findings obtained
by (Yamagata and Low, 1995; Boonsumrej et al., 2007; Orak and Kayisoglu, 2008).



3727
J. Appl. Sci. Res., 9(6): 3723-3734, 2013

Table 2: Quality changes of control (C) and phosphate treated (TSP) white marine shrimp samples during frozen storage at -20°C for 6
months (on fresh wt. basis).

Storage Zero time 1 month 2 months 4 months 6 months
(month) [ TSP c TSP C TSP C TSP [ TSP
Components
Moisture 77.04° | 77.32° | 76.18° | 77.08° 75.00° 76.64° 73.86° 76.12% | 72.19° | 75.53°
Content(%) +1.18 +1.36 | +1.68 +0.78 +0.47 +0.76 +0.85 +1.03 +1.16 | +0.91
Protein 19.13° | 18.94° | 18.87° | 18.83° 18.49° 18.70° 17.83 18.52° | 17.07° | 18.20°
Content (%) +0.16 +0.14 | #0.12 +0.18 +0.17 +0.10 +0.19 +0.13 +0.23 | +0.18
pH Value 6.83° 6.95° 6.97° 7.01° 7122 6.98° 7.25° 7.09° 7.36° 7.13°
+0.10 +0.12 | +0.14 +0.11 +0.08 +0.13 +0.09 +0.12 +0.10 | +0.11
TVB-N 11.9° 10.2° 14.7% 11.6° 18.2° 14.1° 23.5° 17.4° 28.6° 21.0°
(mgN/100g) +0.96 £0.72 | +0.41 +0.50 +0.64 +0.36 +0.44 +0.20 +058 | +0.45
TMA-N 0.67% 0.48° 1.04° 0.69° 1.60° 0.93° 2.17° 1.45° 2,73 1.87°
(mg N/100g) +0.12 +0.26 | #0.35 +0.19 +0.10 +0.14 +0.12 +0.17 +0.11 | +0.10
TBARS 0.62? 0.48° 0.87° 0.54° 1.30° 0.73° 1.95% 0.90° 1.69° 1.12°
(mg MDA/kg) +0.04 +0.10 | +0.19 +0.12 +0.08 +0.11 +0.12 +0.07 +0.13 | +0.16

Values are given as mean £S.D. from triplicate determinations.

As can be noticed from the same results of table 2, samples pre-treated with phosphate exhibit less protein
deterioration as evident from lower TVBN and TMAN contents than control shrimp throughout the storage.
This could be explained on the basis that phosphate-protein film formed on the surface of treated samples
protects shrimp meat proteins from the action of enzymes (Love and Abel, 1966; Goncalves et al., 2008).
Another explanation is the ability of phosphate to reduce microbial load, thereby decreasing protein breakdown
and hence lower values of TVBN and TMAN were formed (Kilinc et al., 2009; Rajkowski and Summers, 2012).
However, it is worth mentioning that a level of 30 and 5 mg N/100g flesh for TVBN and TMAN; respectively
are usually regarded as the limit beyond which seafood will develop an objectionable odor/taste (Cobb et al.,
1976 and EOS, 2005). Consequently, control samples under investigation were of acceptable quality, while
TSP- treated shrimp exhibit good quality regarding the both indices after six months of frozen storage at -20°C.

2.5.TBARS Alteration:

Display of data demonstrated in Table 2, it is obvious that at the beginning of the storage period TBARS
values of control and TSP-treated samples were determined as 0.62 and 0.48 mg MDA/kg flesh; respectively.
The outcome was in agreement with the results for white shrimp (Sriket et al., 2007 and Ali, 2011). As can be
seen from the results of the present study (Table 2) there is a trend towards an increase in TBARS values up to a
certain point during the storage period, followed by either a decrease in these values or a lower increase rate.
These results confirmed the findings reported by Ozyurt et al., (2009) and Erkan et al., (2011), on their
frameworks on other fish species. At the end of the storage period TBARS values of control and TSP-treated
shrimp were found to be 1.69 and 1.12 mg MDAV/kg flesh; respectively. Similarly, Sundararajan (2010) reported
that TBARS values of white shrimp increased from 0.51 to 2.96 mgMDA/kg after 180 days of frozen storage at
-20°C. However, TBARS values first increased during frozen storage due to accumulation of lipid oxidation
products, particularly malonaldehyde (MDA) and then decreased due to the interaction between MDA and
protein, amino acids, glycogen etc. resulting in lower amount of free MDA as has been reported previously
(Goulas and Kontominas, 2007). Malonaldehyde formed during lipid oxidation has been reported to form cross-
links with protein and can form insoluble protein aggregates (Buttkus, 1970).

Referring to Table 2, it is apparent that compared to the control, phosphate-treatment had significantly
(P<0.05) lower TBARS values at each analytical period during the course of frozen storage, indicating that TSP
dipping treatment was effective in retarding the lipid oxidation process, due to its ability to complex “quelation”
prooxidant metallic cations (Goncalves et al., 2008). Another explanation is that phosphate interacts with meat
proteins producing surface protein layer, which could act as a barrier to oxygen and consequently reduce lipid
oxidation during storage (Love and Abel, 1966).This finding is consistent with published data (Kilinc et al.,
2009 and Paul et al., 2012). Concerning TBARS of shrimp samples, it is worth mentioning that, seafood
products of good quality will have TBARS values less than 2 mg MDA/kg, while consumption limits should be
less than 5 mg MDA/Kg flesh (EOS, 2005; Goulas and Kontominas, 2007). According to these values control
and TSP-treated shrimp samples remained acceptable and in good quality; respectively during the 6 months
storage period.

3. Physical properties Alteration:
3.1.Water-Holding Capacity, Tenderness and Bound Water:

As can be noticed from the results of Table 3, TSP-treated shrimp samples exhibit higher WHC, plasticity
(tenderness) and bound water initially and at any given time of frozen storage as compared to control samples.
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Increase in water holding capacity accompanied by the decrease in hardness was observed in phosphate-treated
seafood samples (Goncalves et al., 2008; Kilinc et al., 2009 and Etemadian et al., 2011). Furthermore, these
parameters were decreased as a function of storage time indicating some biochemical changes and protein
denaturation associated with frozen storage. Similar results were achieved by (Boonsumrej et al., 2007 and
Sirket et al., 2007). In the present study, WHC, plasticity and BW values are consistent to TBARS and protein
solubility changes (Tables 2, 4) hence, as the protein solubility and lipid stability are increased due to phosphate
treatment, the WHC, plasticity (tenderness) and bound water of shrimp are also increasedand vice-versa. In this
respect,malonaldehyde (MDA) formed during lipid oxidation has been reported to form cross-links with protein
and can form insoluble protein aggregates (Buttkus, 1970). The aggregation of myofibrillar proteins caused by
secondary interactions and disulfide bonds, leads to a decrease in water holding capacity (Hui et al., 2006). With
a decrease in water holding capacity, there will be more drip loss which can lead to a tougher product
(Sundararajan, 2010). Another explanation is the ability of phosphate to disassociate actomyosin to actin and
myosin, as well as to depolymerization of thick and thin filaments and subsequently increase protein solubility,
WHC, tenderness and bound water (Goncalves et al., 2008).

3.2.Drip loss, Cooking loss and Moisture Retention:

Referring to Table 3, it could be observed that at any given time of frozen storage phosphate-treated
shrimps also showed lower drip loss and cooking loss percentages and higher moisture retention after cooking,
as compared with control samples.In addition DL and CL of both samples are found to increase (P<0.05) as the
time of frozen storage progressed. These results confirmed the findings of Turan et al., (2003), Kolbe and
Kramer (2007), Boonsumrej et al., (2007) and Goncalves et al., (2008). Concerning drip loss, it is worth
mentioning that drip results from the inability of the thawed muscle to reabsorb all of the separated water, which
had been previously frozen. Formation of drip brings about the loss of weight, nutrient and flavor components,
an unpleasant appearance of seafood, and a tough texture. Therefore, the more drip loss the lower the biological
value and palatability properties of shrimp samples would be (Sundararajan, 2010). Meanwhile, cooking loss
reflects the WHC. However, the higher salt-soluble protein values in TSP-treated shrimp samples (Table 4),
would increase moisture retention, and hence reduce the amount of drip loss and cooking loss (Turan et al.,
2003). Another explanation is the ability of phosphate to interact with shrimp meat proteins producing a surface
film; such a film would seal in fluids and thus not only reduce thaw drip, but also minimize moisture loss during
cooking, hence the hydration characteristics of protein increased and consequently better retention of the flavor
and better texture (Unal et al., 2004 and Goncalves et al., 2008).

Table 3: Physical properties changes of control (C) and phosphate-treated (TSP) white marine shrimp samples during frozen storage
at -20 °C for 6 months (on fresh wt. basis).

Storage Zero time 1 month 2 months 4 months 6 months
(month) C TSP C TSP C TSP C TSP c TSP
Measurments

*WHC 4.3 38 45 3.9° 4.8 4.1° 5.3 43° 5.7 4.6°
(Cm?/0.3g) +0.33 +0.18 +0.56 +0.45 +0.24 +0.32 +0.20 +0.45 +0.29 +0.17
*Plasticity 317 3.2 2.9 3.1° 2.6° 3.0° 2.3 2.8° 2.0° 2.6°
(Cm? /0.3g) +0.12 +0.08 +0.15 +0.21 +0.23 +0.56 +0.70 +0.19 +0.28 +0.56
Bound Water 71.6° 73.3° 71.3° 73.0° 70.8° 72.42 69.7° 72.3° 68.8° 71.8°
(BW) % +0.18 +0.24 +0.12 +0.16 +0.21 +0.10 +0.15 +0.19 +0.16 +0.11
Drip Loss - - 4.46° 2.17° 6.51° 3.10° 8.93° 3.85° 11.8° 4.62°
(DL) % +0.52 +0.19 +0.36 +0.41 +0.76 +0.65 +1.12 +0.50
Cooking Loss 22.4° 14.8° 23.7° 15.3 25.1° 16.8° 26.7° 18.6° 29.2° 20.5°
(CL)% +1.36 +1.18 +1.47 +1.12 +1.23 +1.45 +1.80 +1.64 +1.52 +1.08
Moisture 65.4° 67.2° 63.8° 66.1° 62.4° 65.8° 62.1° 65.3 61.0° 64.9°
(Cooked) % +1.40 +1.18 +0.98 +0.72 +1.48 +1.00 +1.71 +1.30 +1.11 +0.87
L* value 345 33.1° 35.6° 33.9° 36.2 34.4° 37.1° 35.1° 38.0° 35.8°
(lightness) +1.70 +1.13 +1.25 +0.74 +0.60 +1.76 +1.50 +2.70 +1.98 +0.74
a* value 0.94° 1.04? 0.82° 0.95° 0.71° 0.86° 0.53° 0.78° 0.36° 0.70°
(redness) +0.25 +0.32 +0.21 +0.36 +0.18 +0.31 +0.20 +0.16 +0.13 +0.37
b* value -1.24° -1.86° -0.93 -157° -0.58° -1.12° 0.15* -0.67° 0.74% -0.18°
(yellowness) +0.07 +0.15 +0.18 +0.12 +0.04 +0.10 +0.08 +0.12 +0.10 +0.04

* The greater area (cm?) indicates lower water-holding capacity and higher plasticity (tenderness).
Values are given as mean + S.D. from triplicate determinations.

3.3.Color (L",a"and b’values) Changes:

Color is an important quality attribute for consumer’s acceptance of seafood products (Paul et al., 2012). As
can be seen from the same results(Table 3) L*, a* and b* values of raw control shrimp samples were 34.52,
0.94 and -1.24; respectively. These results are in accordance with the findings obtained for white shrimp (Sriket
et al., 2007 and Sundararajan, 2010). Table 3 also demonstrates that over storage time Hunter a* values tended
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to decrease, while Hunter L*and b*values tended to increase as the storage time progressed, with a higher rate
(P<0.05) in control samples than in phosphate-treated samples. Similar trend of changes were achieved by
Tsironi et al., (2009) and Sundararajan, (2010) for white shrimp during frozen storage; Kim and Marshall
(1999) in chicken leg meat treated with selected phosphates; Kilinc et al., (2009) and Etemadian et al., (2011)
for fish fillets pretreatment by phosphates.

Concerning color deterioration, degradation during frozen storage can be caused by oxidation of the
pigments (carotenoids can be degraded), freezer burn (leaves behind grayish spots), and/or lipolysis (yellow
coloration of fat). The size of ice crystals present in a frozen product can also affect the perception of its color;
larger ice crystals will scatter less light and make the product appear pale (Hui et al., 2006). However, increases
in lightness might be caused by the increase in water released to the surface as well as denaturation of muscle
proteins (Erickson and Huang, 1997; Hui et al., 2006). Metmyoglobin reductase found in fish muscle has also
been reported to cause redness reduction (Benjakul and Bauer, 2001). The increases in b~ values (yellowness)
were possibly caused due to lipid oxidation and also due to protein degradation/denaturation (Okada et al.,
1994).

Table 3 also reveals that, at any given time of frozen storage TSP-treated shrimp had higher a’values and
lower L"and b’values compared to control samples, which could be explained on the basis that buffering
activity, antioxidant and antimicrobial properties, as well as the ability of phosphate to improve moisture
retention and retard protein denaturation might also contribute to color stability in seafood (Goncalves et al.,
2008).

4. Protein Solubility:

In the present study protein solubility was used as an index of protein denaturation (EI-Ghrabawi and
Dugan, 1965; Hui et al., 2006). Results depicted in Table 4 reveal that at the beginning of storage fresh shrimp
exhibited higher TSN, SPN and lower NPN percentages than the corresponding frozen samples.As the time of
frozen storage progressed, TSN and SPN% of shrimp samples sharply decreased with a higher rate (P<0.05) in
control samples than in treated samples. However, at the end of frozen storage TSN% were decreased from
78.77 and 80.39% to 52.14 and 65.71% from the total nitrogen of control and phosphate-treated samples;
respectively, while SPN% dropped from 66.62 and 68.71% to 33.20 and 50.58% from TN% of the same
samples; respectively. These findingsare very consistent with the results reported for whitefish by Awad et al.,
(1969).

Table 4: Protein solubility changes of control and phosphate-treated white marine shrimp during frozen storage at — 20°C for 6 months (on

dry weight basis).
Storage Zero time 1 month 2 months 4 months 6 months
(month) C TSP C TSP C TSP C TSP C TSP
Components
TN (%) 13.33° 13.36° 12.68° 13.14° 11.83° 12.81° 10.91° 12.41° 9.82° 11.90°
+0.69 +0.62 +0.50 +0.79 +0.68 +0.43 +0.73 +0.54 +0.83 +0.74
T.S.N (%) 10.50° 10.74° 9.46° 10.27° 8.15° 9.65° 6.74° 8.93 5.12° 7.82°
+0.52 +0.48 +0.34 +0.57 +0.46 +0.63 +0.42 +0.67 +0.58 +0.74
S.P.N (%) 8.88° 9.18° 7.72° 8.67° 6.38° 7.98% 4.92° 7.20° 3.26° 6.02°
+0.41 +0.37 +0.28 +0.50 +0.36 +0.24 +0.18 +0.44 +0.14 +0.25
N.P.N (%) 1.62° 1.56° 1.74° 1.60° 1.77° 1.67° 1.82° 1.73° 1.86° 1.80°
+0.18 +0.32 +0.21 +0.16 +0.38 +0.25 £0.12 +0.40 £0.17 +0.23

Values are given as mean+SD from triplicate determinations.

Regarding protein solubility, it is worth mentioning that, total soluble nitrogen contains sarcoplasmic
protein nitrogen, myofibrillar protein nitrogen and non-protein nitrogen, while the soluble protein nitrogen
contains only the sarcoplasmic and muscle protein nitrogens (Hashimoto et al., 1979; Erickson and Hung,
1997). The loss in salt soluble protein (Table 4) suggests that protein denaturation was induced by the freeze-
thawing process (Sirket et al., 2007 and Tsironi et al., 2009). While, the high protein solubility in phosphate-
treated samples indicated that phosphate dip treatment restricted protein denaturation during frozen storage
(Goncalves et al., 2008 and Kilinc et al., 2009).

Results (Table 4) further indicate that shrimp muscle proteins are very sensitive to denaturation during
frozen storage. The increase in trimethyl amine, the interaction of lipid oxidization products and the breakdown
of trimethyl amine oxide (TMAO) have all been associated with the denaturation and aggregation of proteins
and subsequently loss of their solubility during frozen storage (Buttkus, 1970; Torrejon et al., 1999; Kolbe and
Karmer, 2007). On the other hand, phosphate acting as ATP analogues for actomyosin dissociation to actin and
myosin as well as depolymerization of thick and thin filaments, consequently increases protein solubility and
hence improve the technological properties of frozen shrimp (Unal et al.,2004). Moreover, the ability of
phosphate to protect shrimp lipid from oxidation and subsequently minimizes the accumulation of
malonaldehyde, which renders the protein insoluble (Roubal, 1970). Phosphates have also been shown to
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stabilize the protein structure, form a surface layer of coagulated (solid) protein around shrimp meat, swell
muscle fibers and solubilize muscle proteins (Love and Abel, 1966; Goncalves et al., 2008).

Table 4 also reveals that, NPN% of control and phosphate-treated samples at zero time were determined as
12.15 and 11.68% from their TN%,; respectively. These values increased to 18.94 and 15.13% of TN%;
respectively by the end of the six month. However, at any given time of frozen storage phosphate-treated
samples showed lower NPN% than control samples. These results confirmed the findings reported by
(Hashimoto et al., 1979). NPN includes free amino acids, peptides, protein degradation products and other
extractive nitrogenous compounds, these water-soluble fractions are of significance to food technologists
because of their association to the taste of the seafood and contribution to spoilage (Sirket et al., 2007). It is well
known that, proteolysis is the main reason for NPN accumulations during frozen storage (Pan and Yeh, 1993).
While, the reduction of NPN in phosphate-treated samples could be due to the ability of phosphate to react with
shrimp proteins producing a surface film that protect treated samples from the action of proteolytic enzymes
(Love and Abel, 1966; Goncalves et al., 2008). Another explanation is the ability of phosphate to retard protein
breakdown and microbial growth, and hence decrease NPN compounds (Kim and Marshall, 1999; Kilinc et al.,
2009; Rajkowski and Sommers, 2012).

5.Bacterial changes:

Shrimp is considered a suitable medium for the growth of many organisms (Nirmal and Benjakul, 2010).
The changes in bacterial counts of shrimp samples during frozen storage at various time intervals are
summarized in Table 5, from which it is apparent that control samples showed initially TPC and PBC of 5.16
and 3.23 logCFU/g flesh; respectively. Bacterial counts around 4.5-5.24 log CFU/g flesh in freshly caught
shrimp samples have been reported (Sriket et al., 2007; Tsironi et al., 2009 and Ali, 2011).

Table 5 further shows that TPC and PBC decreased after shrimp being placed in phosphate solution
indicating the antimicrobial activity of TSP. Moreover, considerable reduction in total bacterial counts due to
frozen shock was observed after one month of frozen storage. Subsequently, TPC gradually increased up to 6
months (Table 5). Similar trends in TPC were found in white shrimp during frozen storage (Sirket et al., 2007
and Ali, 2011). PBC continuously increased in the control samples throughout the storage (P < 0.05). Lopez-
Caballero et al., (2007) reported that microbial spoilage was retarded during frozen storage, but continued in
defrosted shrimp, it was postulated that the nutrient released after thawing could promote the growth of bacteria
in shrimp.

Table 5:Total plate count (TPC) and psychrotrophic bacteria count (PBC) of control and TSP-treated shrimp during frozen storage at -20°C
for 6 months.

Frozen storage TPC (log CFU/g) PBC (log CFU/g)
(month) C TSP C TSP
Zero time 5.16+0.10° 3.45+0.12° 3.23+0.18° 2.77+0.14°
1 month 3.48+0.11° 2.65+0.17° 3.68+0.10° 2.46+0.12°
2 months 3.80+0.14% 2.34+0.12° 4.06+0.08° 2.59+0.13°
4 months 4.27+0.11° 2.78+0.13" 4.48+0.16° 2.91+0.11°
6 months 4.76+0.16 3.12+0.10° 4.92+0.10° 3.24+0.14°

CFU/g : Colony forming units per gram shrimp samples.
Values are given as mean £SD from triplicate determinations.

From the same results (Table 5), it can be observed that after the first month, as the storage time increased,
bacterial counts for all samples increased. At any given time of frozen storage control samples exhibited
significantly (P<0.05) higher TPC and PBC than phosphate-treated samples. However, the TPC and PBC for all
examined shrimp samples were well below the critical limit of 10° CFU/g recommend by EOS (2005), even
after six months of frozen storage. Such findings confirmed the results obtained by Kilinc et al., (2009), Kim
and Marshall, (1999), Rajkowski and Sommers, (2012), who reported that TSP treatments yield superior
antimicrobial effects. Generally, growth inhibition induced by phosphate was accompanied by changes in
cellular morphology (Zaika et al., 1997). In addition, phosphates have indirect antimicrobial effects due to
chelation of metal ions essential for bacterial metabolism and cell integrity (Goncalves et al.,2008).

6. Sensory Evaluation:

Changes in sensory scores of storage shrimp samples at -20°C were given in Table 6. Taste panel
evaluations for the cooked shrimp (boiled in water) indicated that all fresh cooked shrimp samples (at zero time)
rated as excellent & 9), at that time the samples had fresh seaweedy odor; white color of shrimp flesh; bright
shining appearance; firm and elastic texture and sweet in taste. Throughout the storage period there were
decreases and significant changes (p < 0.05) in all sensorial criteria (appearance, odor, taste, texture, and overall
acceptability). However, at the end of frozen storage time overall acceptability scores indicated that control
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samples were organoleptically acceptable, they rated as “fair” quality, when there was some loss of neutral odor
with slight discoloration and the flesh became slightly pink; the texture became soft and watery (spongy) and
loss of elasticity; with definite dullness appearance.

The degree of freshness of the shrimp having treated with phosphate was higher than those treated in water
containing no phosphate (Table 6). TSP-treated shrimp samples organoleptically were in “good” condition up to
6 months, at that time, the samples had neutral odor and natural flesh color; the texture became less firm; and
there was some loss of brightness. Similar trend of sensory changes were achieved for boiled shrimp by other
authors (Applewnhite et al., 1993; Sirket et al., 2007; Tsironi et al., 2009 and Paul et al., 2012). As can be
noticed from the results of Table 6, no evidence of melanosis, off-flavor or undesirable changes was detected in
all decapitated shrimp samples even after 6 months at 20°C. In this respect, Yamagata and Low (1995) and
Sundararajan (2010) reported that samples of frozen shrimp remained acceptable after 6 months at -20°C.

Regarding sensory evaluation of shrimp samples, it is worth mentioning that Texture is an important
characteristic of seafood, and a change in texture of shrimp may indicate a change in quality (Boonsumrej et al.,
2007 and Diaz-Tenorio et al., 2007). Changes such as denaturation, cross linking, loss in water holding capacity,
and solubility will affect the texture (Hui et al., 2006). Display of data demonstrated in Table 6 it is obvious
that soaking shrimp samples in phosphate solution prior to freezing and cooking exhibit higher sensory scores
compared to control samples, which could be explained on the basis that antioxidant properties, as well as the
ability of phosphate to improve moisture retention, WHC, tenderness, and protein solubility might also
contribute to better retention of the flavor (odor and taste) and can provide a consumer benefit in terms of
texture and appearance scores (Love and Abel, 1966; Kim and Marshall, 1999; Unal et al., 2004 and Goncalves
et al., 2008). However, sensorial criteria (Table 6) were considered as good quality indexes, as they were well
correlated with chemical indices determined (Table 2).

Table 6: Sensory panel scores of cooked (boiled in water) control and TSP-treated white marine shrimp samples during frozen storage at
20°C for 6 months (mean + SD, n=10).

Storage Zero time 1 month 2 months 4 months 6 months

(month) c TSP c TSP C TSP C TSP C TSP
Components

Appearance 9.3° 9.2%® 8.9% 9.0° 8.2 8.7 6.8° 7.6° 5.2° 6.4°
+0.35 +0.27 +0.24 +0.32 +0.57 +0.61 +0.39 +0.50 +0.44 +0.38
Odor 9.3 9.1 8.6° 8.5 7.7 7.6™ 6.5° 7.0° 5.1° 6.3
+0.71 +0.40 +0.50 +0.35 +0.59 +0.86 +0.38 +0.42 +0.26 +0.53
Taste 9.2° 9.0° 8.4° 8.2° 7.4 7.3%® 6.3° 6.6° 5.1 6.0°
+0.66 +0.71 +0.35 +0.42 +0.52 +0.30 +0.48 +0.21 +0.86 +0.45
Texture 9.0% 9.1° 8.1° 8.7 7.1° 8.0° 6.0° 7.2° 5.0° 6.1°
+0.56 +0.91 +0.35 +0.59 +0.24 +0.46 +0.41 +0.32 +0.62 +0.27
Overall 9.2° 9.1 8.5 8.6° 7.6° 7.9° 6.4° 7.18 5.1 6.2°
Acceptability +0.18 +0.24 +0.36 +0.12 +0.19 +0.35 +0.52 +0.28 +0.61 +0.42

Conclusion:

From the results it is apparent that, the assumption that frozen shrimp are immune to quality deteriorations
is false, since chemical reactions, enzymatic as well as non-enzymatic reactions could proceed at temperatures
below freezing. All of reactions have the potential for reducing the quality attributes of frozen shrimp,the rates
of these deteriorations are increased as the time of frozen storage progressed. We could conclude that, TSP is an
indispensable additive for the maintenance of the functional properties of the seafood proteins which helps the
preservation of the muscle integrity, inhibits the drip loss and helps to prevent the economic loss during the
thawing and the cooking. Phosphates dip treatments were effective in inhibition of flavor, color and lipid
oxidation by the quelation of metallic ions; enhancing tenderness of seafood by restricting protein denaturation;
and reduces microbial growth and other deterioration of shrimp quality during frozen storage.
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