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Abstract
Farm-raised Pacific white shrimp (Litopenaeus vannamei) freshly harvested was evaluated for
differences in proximal composition (moisture, ash, fat, and protein contents), water activity (aw),
water retention index (WRI), pH, colour and texture of up to 12 days of iced storage. Shortly after
harvest, the proximate composition of shrimp appeared comparable across the farms. With ice
storage, the pH significantly increased whereas fat content slowly decreased particularly between
days 3 and 9 (P < 0.05), after which it stayed unchanged (P > 0.05). Expressly, the protein content
of shrimp specimens gradually decreased after day 8 (P < 0.05). In addition, the moisture content,
water retention index (WRI) and water activity (aw) of shrimp specimens exhibited inconsequential differences during iced storage. While the lightness (L*) was significantly affected from day 2
onwards, the yellowness (b*) colour was so but only between days 6 and 10 (P < 0.05). In addition,
the adhesiveness and hardness textures of shrimp specimens registered peak values at day 11.
Overall, the physicochemical differences in farm-raised shrimp during iced storage of this study
provide valuable information for relevant stakeholders of the shrimp industry. Importantly, the
data provided at this study can serve as baseline for comparison and evaluation of preservative
treatments applied to shrimp.
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1. Introduction

Worldwide, shrimp are considerably sought for probably considering its high protein, low fat contents and cholesterol attributes. In the Western hemisphere, Pacific white shrimp (Litopenaeus vannamei) are important
aquaculture species more commercially available over Penaeus monodon and Penaeus chinensis [1]-[6]. Food
and Agricultural Organization (FAO) reported the global production of L. vannamei has exceeded 1,000,000
tons by 2004 exceeding that of P. monodon [7]. Ma et al. [8] reported that global production of L. vannamei had
reached 2,328,000 tons equalling a profit of 9218 million US dollars. In Mexico, it represents greater than 70%
of aquaculture production and the revenue provides over 80% of total economic aquaculture resource to the
population [9]. It has been shown that the sensory quality of many products, particularly flesh foods actually
improve for short periods of time post-mortem. However, the quality of shrimp obtained immediately after harvest is recommended for consumption, as it is healthier compared with during post-mortem storage where it undergoes physicochemical deteriorations [10]-[13].
Many studies concerning the characteristics properties of shrimp that were subject to range of preservative
treatments have been reported elsewhere [3]-[5] [12]-[19]. Typically, the breakdown of fat and protein are important stages of decomposition observed in fishery products that are kept either chilled or frozen [14] [15] [18].
The differences in moisture and water activity (aw) of shrimp may reflect the freshness as well as the degree to
which it is subject to degenerate [17]. The water-holding capacity (WHC) plays an important role in the determination of the physical property of shrimp such as texture. In addition, the colour and texture can partially depend on the WHC [20]. While the reduction in WRI suggests a greater release of less “free” water and thus, an
increase in WHC of the shrimp meat [21], other researchers have demonstrated the significance of physical
attributes such as colour and texture during shrimp processing [19] [22]. Further, ice is widely accepted as
means to chill foodstuff as it is poised to cool faster than refrigeration. If well distributed, the ice shows potential
to uniformly impact on food products [16]. Previous researchers have shown that applying ice directly after
catch could fast chill the shrimp and result in the lessening of formation of nitrogenous compounds as well as
holding-up pH increases of fishery products [19] [23]. In addition, the quality and shelflife of untreated shrimp
freshly harvested and stored on ice was recently investigated. Apart from the fact that a baseline investigation of
shelflife and quality of shrimp is useful to supplement existing information, it is imperative to quantify the quality and shelflife of the untreated shrimp prior to application of preservative treatments [2]. Nonetheless, considering the increase in demand of fishery products globally [24] as well as existing scientific literature about raw
and processed shrimp, there is still paucity of information concerning physicochemical differences of untreated
Pacific white shrimp during cold storage.
Therefore, it was of interest to investigate how iced storage would influence the physicochemical properties
of farm-raised Pacific white shrimp (L. vannamei) freshly harvested from three different farms.

2. Materials and Methods
2.1. Collection of Shrimp Specimens
The L. vannamei shrimp used for this study were of between 60 and 80 shrimp/kg and harvested from three different farms in Selangor, Peninsular Malaysia. The three shrimp farms identified as Farms A, B and C because
permission was not given to indicate the names of the farms, was no more than 5 km apart. A total of 30 kg of
shrimp were used for the study (10 kg per batch × 3 farms). The harvest of shrimp was done by cast net, which
was considered to provide a random sample. The shrimp with signs of visual defects or breakage were removed.
It is considered the samples are representative of shrimp harvested in the region.

2.2. Experimental Program and Study Design
The schematic overview of the experimental program is presented in Figure 1. The design of this study was
adapted from previous research [2] and modified slightly to investigate the physico-chemical differences of untreated Pacific white shrimp during iced storage. Immediately after harvest, the live shrimp were washed using
clean flowing water and thereafter placed in sterile Reynolds® zipper (26.8 × 27.9 cm) polyethylene bags (Alcoa Products Inc., Richmond, VA, USA). Then, the shrimp were arranged uniformly in styrofoam boxes between layers of ice at a shrimp/ice ratio of 1:2 (w/w) and transported to the laboratory within approximately 2 h.

907

C. O. R. Okpala

Figure 1. The schematic overview of the experimental study; The proximal composition refers to moisture, fat, protein, and ash contents; The Wh. refers to whiteness; The “n” refers to number of replicates of different shrimp samples independent of farm.

Upon arrival the ice-packed shrimp boxes were kept in a walk-in cold room (~4˚C) until required for analyses.
Prior to all the analyses, the shrimp were beheaded, peeled and deveined by hand. Time zero was taken as the
day of harvest. With the exception of the determination of fat content that began no more than 6 h after harvest,
all other experimental analyses were carried out at intervals of no more than two days for up to 12 days. Per
batch, approximately 200 g shrimp (that is, between 14 and 17 shrimp) were contained per polyethylene pack.
For each day of laboratory analyses, two to three packs per batch were used from which the data of the present
study was generated. Thereafter, the data representing each farm (Farm A, B and C) were pooled together (n = 3,
where three represented the total number of farms sampled). All chemicals used in the present study were of
analytical grade. Unless otherwise indicated, all analyses were repeated four times on different shrimp specimens.

2.3. Physico-Chemical Analyses
2.3.1. Proximate Measurements
Proximal compositions, expressed in g/kg (ash, fat, moisture and protein contents), were carried out on shrimp
samples on a wet weight basis. To determine moisture content, approximately 10 g of shrimp meat were placed
in a vacuum oven (Memmert®, D 91107 Schwabach, Germany) and heated at 105˚C ± 2˚C overnight (18 - 24 h)
and cooled to ambient temperature (desiccators) until it achieved constant weight [25]. The fat content of shrimp
samples was assayed using the Werner–Schmidt Process [25]. This was done using approximately 2 g of shrimp
meat homogenized with HCl, then water bath heated (~80˚C) for ~5 min. After it cooled, alcohol and diethyl
ether is applied and vortexed briefly for fat separation, then total fat measured by weight difference after drying
at ~30˚C [25]. Nitrogen content was determined by AOAC Official Method 928.08 (Kjeldahl Method) [26] using conversion factor of 6.25 to calculate protein content [25]. Ash content was determined by AOAC Official
Method 920.153 using furnace at 550˚C [26].
2.3.2. Determination of pH
The pH measurements were carried out using a pH Meter (SevenGo Duo™, Mettler-Toledo Inc., Columbus, OH
43240, USA). Approximately 20 g of whole shrimp was homogenised using a blender with 80 mL distilled water (Waring Pro®, Waring Laboratory Science, Winsted, CT, USA). The pH Meter probe was calibrated with
standard buffer at pH 4.0 prior to use [4].
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2.3.3. Determination of Water Activity
Water activity (aw) was determined on ~3 g of shrimp meat using a water activity meter (AquaLab Model 4TE,
Decagon Devices Inc., Pullman, WA, USA). Prior to aw measurements, samples were placed in a disposable cup
supplied by the manufacturer that was then placed in the water activity instrument, which was then sealed with
the sample chamber lid [4]. The aw was carried out six times on different shrimp samples from each of the bags
per farm per day of analysis.
2.3.4. Determination of Colour Attributes
The colour measurements were carried out using the Hunter L, a, and b scales, according to the method of Arfat
and Benjakul [27] with slight modifications to evaluate the surface of shrimp samples. All colour determinations
were carried out six times on different shrimp samples. The colormeter (Hunterlab ColorFlex®, Hunter Associates Laboratory Inc., Reston, VA, USA) employed was calibrated first with a black standard followed by a
white standard to obtain the final setting, both placed centrally over the sample port. The dressed shrimp meat
(~5 - 7 g) was placed in an optically clear glass cup, which was placed on the port and covered with an opaque
cup cover. The glass cup had sufficient space to contain the dressed shrimp sample while totally covering the
bottom surface. The opaque cup cover whilst accommodating the shrimp sample contained, it excluded any external light interference. Using the Hunter L*, a*, and b* scale, L* represents lightness on the scale of 0 (dark)
to 100 (white); + a* for redness and −a* for greenness; and + b* for yellowness and −b* for blueness. According to Schanda [28], whiteness colour indicates the degree by which a given surface is white and should not be
confused with lightness, which depicted the scale from light to dark of a given specimen. For that reason, the
whiteness (W) colour of the shrimp was determined from the commonly used equation below:
2
Whiteness (W ) = 100 − (100 − L *) + a *2 +b *2 



(1)

2.3.5. Determination of Water Retention Index (WRI)
To determine the water retention index (WRI), the filter paper press method as previously described by Lin and
Chao [21] that was modified by Okpala [4] was applied to the shrimp samples (Figure 2). The amounts of expressed or “free water” can be estimated [29]. Approximately 2 g of dressed shrimp meat was placed on Qualitative Circles® filter paper (125 mm diameter) (GE Healthcare, Buckinghamshire, UK) on a clean IKEA white
chopping board (~1/4 inch thick) (IKEA Damansara, Malaysia) (Step 1) and another filter paper was placed on
top of the sample. The plastic white surface was selected because it is tough and capable to withstand hand press
pressure required to achieve this procedure as well as to ensure the clarity of view of the emerging wet filter paper and meat spread thereafter. A stainless steel weight of 2 kg was placed on the filter paper and rapidly pressed
by hand (between 5 - 10 sec) until mince had become as flat as possible. The press time thereafter was 3 min
(Step 2) after which the stainless steel weight of 2 kg was carefully removed (Step 3). The filter paper on top
and below the shrimp enabled an even spread of the mince. The press time was previously estimated during a
pilot study to show that the results were consistent and in agreement with that of Lin and Chao [21] and Lin and
Keeton [29]. All these steps are shown in Figure 2.
After the weight was removed, the wet and meat area could be observed physically without any difficulty. Lin
and Chao [21] used a planimeter to measure the spread of the meat and wet areas on the filter paper. Repeated
trials of this procedure during the pilot study consistently gave an almost spherical-like shape for both the wet
filter paper and the meat spreads on the filter paper as can be seen at Step 3 of Figure 2. Therefore, in the absence of a planimeter and given the consistently spherical-like shaped wet spot on the filter paper and meat
spreading, the formula for the area of a sphere was deemed an appropriate and simple method to use to estimate
the wet filter paper and meat areas:

Area ( wet paper or meat area )( measured in mm ) = 4 × π × r 2

(2)

where π = 22/7, and r is the radius. Measuring four diameter lines and recording the radii, the area was calculated. This was done independently for the meat and wet spreads. The water retention index (WRI) is expressed
as a ratio between the wet and meat spread areas. The WRI was carried out six times on different shrimp samples obtained per farm after which the data was pooled together.
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Figure 2. The determination of water retention index (WRI) using the filter paper press method according to Lin and Chao [21] slightly modified
and reported by Okpala [4]. Step 1 shows the dressed shrimp meat placed
on a filter paper, the stainless steel weight of 2 kg beside and all kept on a
plane white surface. The next step shows the hand-pressed stainless steel
weight of 2 kg on the filter paper with the shrimp sample underneath. After a press time of 3 min, the margins of the wet and meat spread are observed (depicted with the traced lines) as shown in Step 3.

2.3.6. Determination of Texture Attributes
The texture of shrimp samples was measured using a texture analyzer (TA.XT. plus®, Stable Micro Systems,
Surrey, Godalming, UK) equipped with a stainless steel needle probe. The parameters for the automatically operating compression test mode were movement at the rate of 2 mm∙s−1 using a 5 kg cell load capacity. The
dressed shrimp samples were placed on the test bed and the position limit was set at a level that would assure
sufficient space within the sample test area. After probe test had completed and with the help of texture profile
analyses (TPA) graph, the hardness, fracturability and adhesiveness textures (all expressed in Newton second
[N.s]) were determined [30]. The Texture Exponent (TEE software version 4 for Windows, Stable Micro Systems Ltd., Surrey, UK) is software that enables the calculation of TPA outcomes and this was used to process
the data [31] [32].

2.4. Statistical Analysis
Statistical analysis was applied using one-way analysis of variance (ANOVA) for all data.While the means and
standard deviations (SD) were determined, differences between the means were resolved, by post-hoc, usingTukey’s Honestly Significant Difference (HSD). Level of significance was defined at P < 0.05 [2] [3].
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3. Results and Discussion

For emphasis, the measurements carried out in the present study included proximal composition (ash, fat, moisture, ash, fat, and protein contents), water activity (aw), water retention index (WRI), pH, colour and texture of
shrimp from these farms for up to 12 days.

3.1. Initial Proximal Composition, pH, Colour, Water Activity, Water Retention Index, and
Fracturability of Pacific White Shrimp Freshly Harvested from Different Farms
The feed fed to farm-raised shrimp could strongly influence the proximal composition. Usually, fish products
are considered to be of higher quality between the end of the main feeding season and the initial stages of gonad
development, as well as at their poorest condition just after spawning. In addition, the feeding season could influence their characteristic properties [24]. Table 1 presents the initial proximate composition, pH, colour, WRI,
water activity and texture parameters of the Pacific white shrimp freshly harvested from different farms. Generally, the initial proximate composition of freshly harvested shrimp showed very minor differences across the
farms. This initial proximate composition of Pacific white shrimp could therefore be compared with other similar shrimp species such as black tiger shrimp (P. monodon) and white shrimp (P. vannamei) previously reported
by Sriket et al. [33], Cao et al. [34] as well as Nirmal and Benjakul [13]. Shortly after harvest, there was no difference in initial moisture and protein contents, as well as a* colour value and water activity (aw) of shrimp between the farms of this study (P > 0.05). Specifically, the initial moisture contents ranged between 76.379 ±
0.793 and 77.042 ± 0.949 g/kg whereas protein contents ranged between 18.041 ± 0.432 and 18.249 ± 0.432
g/kg across the farms. The results are comparable to moisture (77.21%) and protein contents (18.8%) of Thailand farm-raised Pacific white shrimp reported by Sriket et al. [33]. The Pacific white shrimp reported by Nirmal
and Benjakul [13] farmed in Thailand had 13.4% protein which seems below the initial protein content of the
present study. Also, the species and variety, state of nutrition, reproductive cycle of specimen as well as parts of
organism are useful candidates capable of affecting the protein content of any given fishery product [35].
Across the farms, the initial fat and ash contents, pH, the L*, b* and whiteness colour values, water retention
index (WRI), as well as fracturability of fresh Pacific white shrimp showed considerable differences (P < 0.05).
Specifically, the fat content ranged between 1.203 ± 0.001 and 1.239 ± 0.026 g/kg whereas the ash content
Table 1. Initial proximate composition, pH, colour, water components and texture of Pacific white shrimp (L. vannamei)
freshly harvested from different farms.
Pacific white shrimp (L. vannamei)
Parameters
Farm A

Farm B
a

77.042 ± 0.949

Farm C
a

76.379 ± 0.793a

Moisture (g/kg)

76.971 ± 1.540

Protein (g/kg)

18.197 ± 0.601a

18.041 ± 0.432a

18.248 ± 0.432a

Fat (g/kg)

1.203 ± 0.001b

1.239 ± 0.026a

1.209 ± 0.034b

Ash (g/kg)

2.072a ± 0.051a

2.022 ± 0.214a

1.783 ± 0.498b

pH

6.771 ± 0.148b

6.723 ± 0.009c

6.802 ± 0.018a

L*

27.021 ± 4.118b

32.428 ± 3.318a

33.961 ± 2.972a

a*

−1.288 ± 0.459a

−0.480 ± 0.690a

−0.662 ± 0.824a

b*

2.589 ± 0.790b

2.790 ± 0.481ab

3.903 ± 1.389a

Whiteness

27.201 ± 4.472b

31.362 ± 3.099ab

34.553 ± 2.102a

WRI

1.544 ± 0.461a

1.392 ± 0.165ab

1.103 ± 0.047b

Water activity (aw)

0.901 ± 0.041a

0.902 ± 0.034a

0.917 ± 0.024a

Fracturability (Ns)

0.162 ± 0.033b

0.301 ± 0.139a

0.110 ± 0.034b

Different letters (a, b, c) in the same row indicate the significant differences (P < 0.05); Moisture, protein, fat and ash expressed on wet weight basis;
WRI = Water Retention Index; Values presented as means ± standard deviation (Refer to Figure 1 for the number of replicates during respective analysis).
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ranged between 1.783 ± 0.498 and 2.072 ± 0.051 g/kg. The fat and ash result were respectively below the
~1.30% of fat and above the ~1.47% of ash content values previously reported by Sriket et al. [33]. At the beginning of cold storage, fishery products of good condition usually show relatively low pH and this is understood to reflect the degree of freshness [36]. In the present study, the initial pH of fresh Pacific white shrimp
across farms ranged between 6.723 ± 0.009 and 6.802 ± 0.018, which fell below the initial pH of 7 of untreated
farmed Pacific white shrimp recently reported by Mu et al. [37]. The initial L*, b* and whiteness colour values
in the present study ranged between 27.021 ± 4.118 (Farm A) and 33.961 ± 2.972 (Farm C), 2.589 ± 0.790
(Farm A) and 3.903 ± 1.389 (Farm C) as well as 27.201 ± 4.472 (Farm A) and 34.553 ± 2.102 (Farm C), respectively. Generally, the initial colour values obtained at the present study are comparable to the values of other
shrimp species (harvested as wild and non-targeted species) previously reported by Eid et al. [38]. Across the
farms, the water retention index (WRI) of shrimp ranged between 1.103 ± 0.047 and 1.544 ± 0.461 (P < 0.05).
The result suggested that the WRI of shrimp might differ among similar species obtained from different harvest
locations. Additionally, the fracturability ranged between 0.110 ± 0.034 and 0.301 ± 0.139 N.s and this might
resemble the texture data reported by Tsironi et al. [39] where shrimp prior to iced storage showed some form of
elastic and firm texture.

3.2. Changes in pH during Iced Storage
The pH of L. vannamei shrimp significantly increased during iced storage of 12 days (P < 0.05) (Figure 3) in
agreement with the behaviour of pH of white shrimp previously reported by Nirmal and Benjakul [12]. Generally, pH of fresh fishery products range between 6.0 and 6.5 and often show increases during cold storage [40]
but as the present study tends to suggest this occurrence may not be consistently so for all fishery products. In
addition, the action of enzymes to produce ammonia and other amines could cause the pH to increase in shrimp
during ice storage [41]. Nevertheless, microbial processes may also be involved with the accumulation of alkaline metabolites that could affect the pH [42].

3.3. Changes in Fat and Protein Contents during Iced Storage
Seasonal changes, the feed fed to fishery products as well as degree/stage of maturity are believed to influence
the fat content of fishery product [24]. In L. vannamei shrimp particularly within the first three days of iced storage of this study, the fat contents of showed no statistical difference (P > 0.05). Thereafter, fat gradually decreased up to day 9 (P < 0.05) after which it stayed unchanged (P > 0.05) (Figure 4). Some authors believe that
ice contributes to the breakdown of fat [14] [18]. During the first 8 days of ice storage of the present study, the
protein content of L. vannamei shrimp showed no statistical differences (P > 0.05). Thereafter, there appeared a

Figure 3. Changes in pH of Pacific white shrimp during 12 days of iced
storage. Different letters indicate significant difference (P < 0.05). Bars
represent standard deviations (n = 3).
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Figure 4. Changes in fat content of Pacific white shrimp during 12 days of iced storage. Different letters indicate significant difference (P < 0.05). Bars represent standard deviations (n = 3).

Figure 5. Changes in protein contents of Pacific white shrimp during 12 days of
iced storage. Different letters indicate significant difference (P < 0.05). Bars represent standard deviations (n = 3).

gradual decrease in protein content of shrimp (P < 0.05) (Figure 5). This gradual decrease in protein of shrimp
here shown could be associated with the decrease in the available amino acids as reported by Fatima et al. [15].
It is also understood that the muscle of shrimp possess thick (myosin) and thin (actin) filaments linked by connective tissues (stroma). For this reason therefore, quantities of moisture might be held between the myofibrillar

913

C. O. R. Okpala

spaces. During iced storage however, protein contents might then aggregate and result in the formation of filament lattice up to the subsequent gradual shrinking of the collagen [19]. In addition, the break down of protein
into trimethylamine oxide that reduces to trimethylamine may result in the emission of ammonia [25].

3.4. Changes in Moisture Content during Iced Storage
Generally, moisture has been an important factor in food quality, preservation and could play a role with regards
to resistance to deterioration of foods [43]. In the present study, differences in moisture content of L. vannamei
shrimp were inconsequential throughout ice storage. The moisture content ranged between 75.13 ± 0.46 and
76.79 ± 0.98 g/kg (Figure 6(a)). The result can be compared with the moisture differences that were reported by
Huidobro et al. [23] concerning iced-stored deep water pink shrimp that were processed on-board a ship. These
authors indicated that the moisture content of shrimp from day 1 up to 4 ranged between either 76.10% and
77.10% or 77.10% and 77.50% when kept on flake and liquid ice, respectively. It was after 24 h as well as after
day 4 of chilled storage, that minor increases in moisture content was found for the shrimp that were kept on
liquid ice [23]. Other authors believed that the fish caught either during or after spawning could exhibit increases in moisture content, yet would be relatively low in lipid and protein contents, compared with those caught
during the intense feeding periods [24].

3.5. Changes in Water Activity (aw) during Iced Storage
It has been argued that moisture content alone is not reliable and sufficient food quality indicator considering the
differences occurring between associations of water with other food constituents. In addition, when tightly
bound with other food constituents, water is less available for microbial growth and biochemical decomposition
[43]. According to Richardson and Finley [44], water activity is able to influence the oxidation of fresh foods
particularly during storage. In addition, the water activity of any given food system is an important index worthy
to consider particularly because of the resultant chemical effects during food processing. Although the differences in temperature may have a somewhat pronounced effect on the water activity of food products, it is very
likely to be of little significance in most food storage situations. Other researchers reported that both aerobic and
anaerobic degradation reactions are able to increase exponentially between low and intermediate moisture of
food and model systems when the water activity range between ~0.1 and 0.8 [44]. Nonetheless, the water activity (aw) might be an indicator of choice with regards to food perishability [43]. In the present study, no difference
in aw of L. vannamei shrimp occurred particularly during the first four days of iced storage (P > 0.05). Thereafter, aw fluctuated significantly reaching a peak of 0.97 ± 0.01 at day 10 (P < 0.05) (Figure 6(b)). The high water
activity recorded at this study might be attributable to the direct impact of ice in exerting its influence towards
the shelf of the shrimp of this study. A high aw is understood to potentially hinder the growth of microorganisms
that could be harmful on shrimp products [17].

3.6. Changes in Water Retention Index (WRI) during Iced Storage
During the first four days of ice storage, the water retention index (WRI) of L. vannamei shrimp fluctuated
some- what widely but with an overall decreasing trend. Particularly from day 6 until the end of storage the WRI
remained unchanged (P > 0.05) (Figure 6(c)). The results suggests a slight initial decrease in WRI of shrimp,
which might depict that the amount of water the shrimp could hold tight enough might not be involved in syneresis. Further, the decrease in WRI might be associated with the overall reduction in protein reactive groups
that are probably involved in the binding of water molecules. Generally, many physical properties such as colour,
texture and firmness partly depend on the water holding capacity (WHC) of a given food material [20].

3.7. Changes in Colour Attributes during Iced Storage
Colour is a well-known attribute relevant for consumer evaluation of quality of seafood. To understand the colour variations that occur during the processing of seafood is therefore imperative [22]. In a recent study that assessed the quality and shelf life of untreated Pacific white shrimp stored on ice, the colour attributes with respect
to both metric chroma and total colour differences were reported, which focused on a holistic quality description
of colour and therefore did not consider the individual L*, a*, and b* colour parameters [2]. Metric chroma describes the correlate of saturation as well as measure of vividness of colour whereas the total colour differences

914

C. O. R. Okpala

(a)

(b)

(c)

Figure 6. (a)-(c) Changes in (a) moisture content, (b) water activity (aw), and (c) water retention
index (WRI) of Pacific white shrimp during 12 days of iced storage. In Figure 6(b), different
letters indicate significant difference (P < 0.05). Bars represent standard deviations (n = 3).
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(TCD) indicate the magnitude of colour changes [2] [45] [46]. Notably, Schubring [47] was convinced that the
action of freezing could contribute to influence the overall colour change in the brown shrimp. Given that researchers like Du and Sun [48] highlighted that colour could be among essential parameters that determine quality attributes of foods, to comprehend how iced storage would impact on the individual L*, a* and b* colour indices of untreated Pacific white shrimp is crucial and this was undertaken in the present work.
During iced storage, there were significant differences in lightness (L*) of L. vannamei shrimp (P < 0.05).
Specifically from day 2 the lightness remained unchanged up to day 8 (P > 0.05) and would increase up to a
peak (42.27 ± 4.39) at day 10 after which a decline is shown (P < 0.05) (Figure 7(a)). The increases as well as
the peak of lightness of shrimp obtained at day 10 of the present investigation seem to be in agreement with the
previous observations of Okpala et al. [2] that reported increases in metric chroma and total colour differences
(TCD) of untreated Pacific white shrimp during iced storage. The authors also understood that the colour of
shrimp would increase in both magnitude and vividness particularly during the later part of iced storage. Their
observation however seems not to agree with the colour data reported by Huidobro et al. [23] with respect to
pink shrimp (Parapenaeus longirostris) that were processed on-board under iced storage conditions. Through
sensory evaluation, Huidobro et al. [23] recognised the maximum initial colour score to shrimp chilled with
flake ice and recognised the lower score to that subjected to liquid ice, considering the much less characteristic
colours amidst the more brightness colours. Furthermore, the sensory assessors detected a fair increase in whiteness
of shrimp and suggested that it may have decreased the colour quality, coincidental with loss of pink colour of
the measured shrimp sample at that study. The authors further suggested that, perchance the colour observations
were to be holistically considered, it could contribute to depreciate the commercial value of shrimp product.
Concerning a* colour value, no significant difference with iced storage was observed (P > 0.05) (Figure
7(b)). Concerning yellowness (b*) colour value and particularly during the initial 6 days of storage, no significant difference was observed (P > 0.05). It was after day 6 that the b* colour significantly increased up to a peak
(8.43 ± 1.31) by day 10 and thereafter, it decreased noticeably (P < 0.05) (Figure 7(c)). The significant increase
in yellowness (b*) observed for the untreated shrimp with iced storage reflects a colur shift, from somewhat red
to a more yellow appearance. Probably, this might have occurred due to fair breakdown of astaxanthin, which
might attribute to partial up to high pressure exerted by presence of oxygen [49]-[51].
Generally, the colour of shrimp has been associated with certain groups of carotenoids, such as astaxanthin,
canthaxanthin, β-carotene and xanthophylls. Essentially, the astaxanthin is suggested to have much influence on
the total carotenoids of shrimp [19] [52]. In the present study, the L*, a* and b* colour values had relatively
large standard deviations, which might possibly suggest an uneven washing-out of colour during iced storage.
Also worth considering at the present study is that the shrimp were not homogenised prior to the colour determinations. Other contributing factors that could influence the colour of shrimp have been reported, for example,
the natural pigment variations with different parts of black tiger (Penaeus monodon) as well as white (Penaeus
vannamei) shrimp meat was shown to influence the differences in L*, a* and b* colour scales with iced storage
[53].

3.8. Changes in Texture Attributes during Iced Storage
Hardness refers to work done to achieve peak force at the first compression of force-time in a typical texture
analysis profile [54]. Adhesiveness refers to the combination of both adhesive and cohesive force [55]. The texture of fish flesh could be influenced by a number of factors, such as the age, distribution of muscle lipids, fat
content, feeding management, fish species, as well as handling stress prior slaughter [56]. In the present study,
the ANOVA test indicated no noticeable difference in the adhesiveness (Figure 8(a)) and hardness (Figure 8(b))
textures of L. vannamei shrimp during iced storage (P > 0.05) even though both texture attributes revealed peak
values particularly at day 11. The peak values might suggest the shrimp to be less marketable at later stages of
iced storage—a possible and quick signal by retailers/sellers to check the physical condition of shrimp. While
investigating thawed white shrimp, Diaz-Tenorio and colleagues suggested that the differences in protein structure of shrimp could be associated with the differences in hardness during processing, which might possibly
contribute to affect and define other characteristic properties as well as the overall consumer acceptability [57].
However, in agreement with the present study, the deep water pink shrimp investigated by Huidobro et al. [23]
that found differences in hardness and elasticity during iced storage, particularly suggested that ice might have
the potential to affect the myofibrillar protein to bring about an immediate up to intense contractions of muscle
of the shrimp meat.
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(a)

(b)

(c)

Figure 7. (a)-(c) Changes in (a) L*, (b) a*, and (c) b* colour values of Pacific white shrimp during 12 days of iced storage. In
Figure 6(a) and Figure 6(c), different letters indicate significant
difference (P < 0.05). Bars represent standard deviations (n = 3).
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(a)

(b)

Figure 8. (a) (b) Changes in (a) adhesiveness and (b) hardness textures of
Pacific white shrimp during 12 days of iced storage. Bars represent standard deviations (n = 3).

4. Conclusion
The physico-chemical changes of farm-raised untreated Pacific white shrimp as influenced by iced storage were
investigated. The results indicated that the iced storage contributed significantly to the physico-chemical
changes of farm-raised shrimp. Across the three farms investigated, the proximal composition, pH, colour and
texture parameters of freshly harvested shrimp between the three farms showed marginal differences. With ice
storage however, pH appreciably increased with slight differences in fat and protein contents. In addition, the
moisture, aw and WRI values showed inconsequential changes. The peak L* and b* colour as well as the hardness and adhesiveness values respectively obtained at days 10 and 11 and might suggest the shrimp less marketable at later stages of iced storage, which can possibly serve as quick signal for retailers/sellers regarding the
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possible decline of the quality condition of shrimp. In addition to this work, a recent baseline investigation
showed that biometrics and physicochemical attributes of freshly harvested L. vannamei shrimp do not correlate,
but could do so independently [58]. Overall, the physicochemical differences in farm-raised shrimp during iced
storage provide valuable information for the shrimp industry. Importantly, the data provided at this study can
serve as baseline for useful comparison and evaluation of preservative treatments applied to shrimp.
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