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Effect of individual quick freezing on performance, 

storage and frozen storage characteristics of white-leg 

shrimp (Litopenaeus vannamei) 

 
Chande NS, Patange SB, Chavan DR, Bhujbal PK and Dalavi PD 

 
Abstract 
White-leg shrimp (Litopenaeus vannamei) is an important cultured species, accounting for more than 

53% of the total production of farmed crustaceans and their production and consumption are increasing 

notably every year. The experiment entiltled “Effect of individual quick freezing on performance, storage 

and frozen storage characteristics of white-leg shrimp (Litopenaeus vannamei)” was conducted factorial 

completely randomized design (FCRD) for different parameters with 5 main treatments viz. T1 raw, T2 

with glaze (20%)+ IQF freezing, T3 treated with NaCl (2%) + STPP (3%) + glaze (20%)+ IQF freezing, 

T4 Treated with NaCl (2%) + STPP (3%)+ blanching (75 °C) +IQF freezing + glaze(20%) and T5 treated 

with NaCl (2%) + STPP (3%)+ cooking (95 °C)+ IQF freezing + glaze (20%) and frozen storage at – 18 

°C for 120 days were analyzed for changes in physical, biochemical, microbiological and sensory 

parameters. It was observed that samples with pretreatment of NaCl (2%) + STPP(3%) + blanching ((75 

°C) +IQF freezing + glaze (20%) and with NaCl (2%) + STPP (3%)+ cooking (95 °C)+ IQF freezing + 

glaze (20%) were opted the best treatment during frozen storage of 120 days and changes into the core 

parameters i.e. protein, fat, ash, moisture, drip loss, NPN, TVB-N, TMA-N and total plate count were 

observed decreasing trend with respect to other treatments. 

 

Keywords: IQF, frozen storage and freezing 

 

Introduction 

White-leg shrimp (Litopenaeus vannamei) is an important cultured species, accounting for 

more than 53% of the total production of farmed crustaceans (FAO 2018) [7], and their 

production and consumption are increasing notably every year. Shrimps are considered 

perishable due to easy loss of freshness during storage and distribution, especially when 

transported with the viscera intact. Various enzymatic and bacterial activities occur in the 

shrimp during storage and distribution, leading to spoilage accompanied by the production of 

unpleasant odor, discoloration, and chemical changes in the meat (Du et al. 2015 and Ginson 

et al. 2013) [5, 11]. The reduction of unpleasant odour, occurrence of black spots, and meat 

softening are principle sensory and biochemical quality index features due to their close 

correlations with decreases in freshness (Du et al. 2015) [5]. Unpleasant odour is known to be 

caused by aldehydes, ketones, trimethylamine, ammonia, and volatile sulfur compounds 

produced by degradation of lipids and proteins by microorganisms (Ocano-Higuera et al. 

2011, Tsironi et al. 2009, Du et al. 2015 and Jaffres et al. 2011) [29, 40, 5, 16]. Black spots occur 

mostly due to discoloration, which is a defect caused by the activity of tyrosinase during 

storage (Mu et al. 2012, Tsironi et al. 2009) [22, 40]. The decomposition and softening of meat 

due to a rapid freshness drop is a result of protein degradation caused by microorganisms (Dai 

et al. 2016) [6]. White-leg shrimps (Litopenaeus vannamei, formerly Penaeus vannamei), also 

known as Pacific white shrimp, are native to the Eastern Pacific, from Sonora in Mexico to 

Northern Peru (Holthuis, 1980) [13]. To maintain quality of seafood some additives have been 

widely used. The ability of muscle to absorb & added water during processing& capacity of 

retaining the water after cooking & freezing are the important factors governing quality of 

seafood & seafood products. Moisture content generally influence meat juiciness, tenderness 

& mouthfeel (Ogawa et al., 1994) [30]. Salt and phosphates are commonly used in combination 

to exploit their synergistic action (Murphy & Zerby, 2004) [24] At present, it has become the 

popular and major species of shrimp cultured worldwide. The shrimp is an excellent source of 

protein and essential high-unsaturated fatty Acids (Feliz et al., 2002; Yanar and Celik, 2006) [8, 

42]. Besides, the white shrimp is a good source of minerals and vitamins such as calcium, iron,  
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zinc, copper, vitamin B12 and essential amino acids (Yanar 

and Celik, 2006) [42]. Sodium tri-polyphosphate from a light 

film around the shrimp, holding moisture in. This decreases 

the moisture loss and improves yield as well as overall 

physical appearance. Use of sodium tripolyphosphate must be 

in accordance with good manufacturing practice, maximum 

level in the final product is 5g/kg or in combination (Codex 

alimentarius standard). Usually abbreviated IQF, is a freezing 

method used in food processing industry. Products commonly 

frozen with IQF technologies are typically smaller pieces of 

food products and can range from all types of berries, fruits 

and vegetables diced or sliced, seafood such as shrimps and 

small fish, squids, meat, poultry and even pasta, cheese and 

grains. Products that have been subjected to IQF are referred 

to as Individually Quick Frozen or IQF. (Alfaro and Danilo, 

2017) [2] Another significant advantage of IQF technology is 

its ability to separate units of the products during freezing, 

which produces higher quality product compared to block 

freezing. 

 

Blanching: It is a unit operation previous to freezing, 

canning, drying in which substances are hotted for the 

purpose of inactivating enzymes; modifying texture; 

conserving colour, flavour and nutritive value and removing 

trapped air. (De Corcuera et al. 2004) [4]. 

 

Cooking: Cooked shrimp are still raw, however, they are 

cooked quickly in order to preserve their sweet and delicate 

flavours. 

The present study was undertaken for the following 

objectives: 

1. To study the effect of treatment (NaCl (2%) +Sodium tri-

polyphosphate (3%) on physical characteristics and 

frozen storage performance of peeled devined tail-on 

white-leg shrimp. 

2. Effect of blanching (75 °C), cooking (95 °C) and glazing 

on freezing and frozen storage characteristics of white-

leg shrimp. 

 

Material and Methods 

White-leg shrimp (Litopenaeus vannamei) were procure from 

the market. The white-leg shrimp were taken to the factory. 

The samples were then washed and peeled, undeviened and 

tail-on divided into 5 different treatments as T1, T2, T3, T4 and 

T5 firstly the raw sample (T1) were frozen by IQF. Then the 

remaining samples were treated with NaCl (2%) And STPP 

(3%) for 2 hrs. T1 raw sample, T2 with glazed (20%), T3 NaCl 

(2%) + STPP (3%) + glazed (20%), T4 NaCl (2%) + STPP 

(3%) + glazed (20%) + blanched (75 C) and T5 NaCl (2%) + 

STPP (3%) + glazed (20%) +cooked (95 C) + IQF freezing. 

At last all samples were put into separate LDPE packates 

according to their treatments and packed in a corrugated fibre 

board & kept in frozen storage – 18 °C for 120 days. 

 

Procedure for Individual quick freezing of white leg 

shrimp 
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Methods of Analysis 

The stored samples were analyzed for different proximate, 

biochemical, microbiological quality and sensory parameters 

at 0 day (day of storage) and regular interval of every 15 days 

from the day of storage. 

 

Proximate chemical composition 

Proximate chemical composition analysis of shrimp samples 

including to tal ash, moisture, crude protein and crude fat 

contents were determined according to method of AOAC 

(2000) section 923.03, 925.09, 979.09 and 4.5.01, 

respectively. Crude protein amd crude fat were analyzed 

using kjeldahl block digestion and steam distillation (2200 

kjeltec Auto distillation, Foss Tecator AB, Hoganas, Sweden) 

and Soxhlet extraction (Sox tec service unit 1046, Foss 

Tecator AB apparatus, respectively.  

 

Colour 

Konica minolta colour reader was used. The Color readings 

were expressed by machine (L*, a* and b*) system (Marc et 

et al., 2018) [11]. L*, a* and b* indicate the 

whiteness/darkness, which could be white. The minimum for 

L* would be zero, which could be black. The axes have no 

numerical limits. Positive a* is red and negative of a* is 

green. Positive of b* is yellow and negative of b* is blue. The 

Color of the samples was evaluated after 10 min cooling at 

room temperature. 

 

Drip loss 

Take a sample day 0 were individually weighed and recorded 

as initial weight (W1).The samples were then placed in sealed 

polyethylene plastic bags, vacuum-packaged, placed within a 

container and were stored in a chiller at 4 degrees. After 1 and 

7d of storage, the samples were immediately removed from 

bags, gently blotted dry, weighed and recorded as W2 (final 

weight).The percentage of drip loss was calculated and 

expressed as the percentage of differences of sample initial 

weight. The sample weight after 1 and 7d of storage was 

divided by sample initial weight (Honikel 1998) [14]. 

 

Sensory evaluation 

Samples were subjected to sensory evaluation after brining. 

The fillets were kept out of the packet at room temperature for 

half an hour and then used for brining for sensory evaluation. 

Carried out for 5 minutes and allowed to cool down and then 

give it to the panel for sensory analysis.10 member’s panel 

composed of students and faculty conducted sensory 

evaluation. Each panel list was asked to evaluate the 

characteristics like Appearance, colour, texture, odour, 

flavour, and overall acceptability of each sample on 9– point 

hedonic scale (Ranganna, 1986) [34]. 1 very poor and 9 

excellent. 

 

Statistical Evaluation 

The data were analysed to test significant differences by 

applying an analysis of variances (ANOVA) tool available in 

MS-Excel 2010. The significant differences were tested by 

5% level of significance and are mentioned as p<0.05 for 

significant differences (Panse and Sukhatme, 1989) [33]. The 

experimental data was analysed statistically using Factorial 

Completely Randomized Design (FCRD). 

 

 

Results and Discussion 

Proximate Composition 

The results of proximate composition of white-leg shrimp are 

presented in Table 1. 

 
Table 1: Proximate composition of IQF white-leg shrimp stored at -

18 °C for 4 months [initial (0) day] 
 

Treatment Moisture Fat Ash Protein Non protein nitrogen (NPN) 

T1 74.66 1.21 1.46 19.33 0.755 

T2 74.66 1.21 1.46 19.33 0.754 

T3 78.00 1.21 1.46 19.63 0.754 

T4 73.33 1.21 1.33 19.27 0.751 

T5 73.00 1.21 1.23 19.22 0.748 

 
Table 2: Proximate composition of IQF white-leg shrimp stored at -

18 °C for 4 months [final (120) day] 
 

Treatment Moisture Fat Ash Protein Non protein nitrogen (NPN) 

T1 73.00 1.20 1.46 16.22 0.751 

T2 73.33 1.21 1.36 16.56 0.752 

T3 76.33 1.21 1.43 18.54 0.751 

T4 71.66 1.21 1.26 18.24 0.749 

T5 71.33 1.21 1.16 17.66 0.746 

 

Moisture decreases slightly at the end of storage period. 

Thermal denaturation of proteins and shrinkage of fiber could 

lead to loss of moisture (Niamnuy et al. 2007) [25]. When the 

temperature of muscle was higher than 60 °C, the connective 

tissue network and the muscle fibers began cooperatively 

shrink longitudinally, and the extent of shrinkage increased 

with increasing temperature, thus causing the increase water 

loss during cooking (Tornberg, 2005) [39]. The decrease of 

WHC is often described as the effect on denaturation of 

myofibrillar protein in the muscle during cold storage. 

Selvaraj et al. (1991) [35] also reposted a gradual decrease in 

moisture content of squid during frozen storage. In case of fat 

Ghaly (2010) [9] reported that the moisture content of prawn 

tissue decreases with blanching and cooking. The observed 

decreases in lipid content, during the ice storage may also be 

due to auto oxidation and hydrolysis of shrimp lipids. T Sironi 

et al. (2009) [40] reported that the storage reduced the lipid 

oxidation in shrimp and lower deep frozen temperature has 

more significant inhibitory effect. With respect to ash it 

slightly decreasing at end of storage period. Similar results 

observed by jeyakumari et al. (2018) [17]. There is increase in 

protein and NPN at the end of a storage period of 120 days. 

 

Drip loss 

The mean value of treatments for drip loss content in all 

treatments was observed 11.69% on initial (0) day while at 

the final (120) day of storage period the drip loss content was 

observed to be 1.07%. Thus, it was clear from the data that 

drip loss varied with different treatments. Similar results were 

observed by Suyani et al. (2019) [37] at any given time frozen 

storage STPP treated shrimp showed lower drip loss as 

compare to control sample. Sutton (1969) [38] has found that 

STPP definitely reduces the drip loss during frozen storage. 

also Warrier et al. (1975) [41] found that the treatment of 

muscle with sodium tri-polyphosphate could reduce the level 

of hydrolytic enzymes released into the drip. Pre-treatments in 

sodium chloride or sodium tri-polyphosphate were found to 

reduce the drip loss and to maintain good quality of fish 

during frozen storage. 
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Fig 1: Effect of IQF treatment on drip loss of white-leg shrimp 

during frozen storage 

 

 
 

Fig 2: Effect of IQF treatment on L*value of white-leg shrimp 

during frozen storage 

 

 
 

Fig 3: Effect of IQF treatment on a* value of white-leg shrimp 

during frozen storage 

 

 
 

Fig 4: Effect of IQF treatment on b* value of white-leg shrimp 

during frozen storage 
 

Colour values decreased as storage period increased. The 

treatment conditions greatly influenced the colour of shrimp. 

An increase in L* is anticipated with cooking at 60 and 70 °C 

during the early stage. Oxidation and browning resulted in a 

decrease during the later stage for temperatures higher than 80 

°C, The pink/red color of shrimp is due to the presence of the 

carotenoid astaxanthin, obtained from ingestion of carotenoid-

containing marine plants (Muriana et al. 1993.  

 

TVB-N 

There is a significant increase of TVBN values which varied 

with different treatments. TVB-N increase in the present 

study may be due to the action of autolytic enzymes and 

spoilage bacteria. Similar observations were recorded by 

Benjakul et al. (2003) [3]. A level of 30 mg N/100g was 

acceptable for consumption of shrimp Lopez-cabellero et al. 

(2007) [20]. Similar results were observed by Lee and Um 

(1995) [19] that TVBN increased from initial 5 mg/100g to 

14.8 mg/100g after 8 months by storing shrimp at -18 °C. 

 

 
 

Fig 5: Effect of IQF treatment on TVB-N content of white-leg 

shrimp during frozen storage 

TMA-N 

There is a significant increase of TMAN values which varied 

with different treatments. TMA increased gradually in both 

the samples during frozen storage (Selvaraj et al., 1991) [35]. 

TMA is a typical fishy odour component produced by 

trimethylamine oxide (TMAO) due to bacterial action and is 

also occasionally present in fresh meat (Olafsdottir et al. 

1997) [32]. DMA is produced by the degradation of TMAO 

and the decomposition of amino acids, and ammonia is 

mainly produced by the decomposition of amino acids due to 

the action of bacteria (Huss. 1995) [15]. Among these volatile 

nitrogen compounds, TMA is occasionally used as a freshness 

judgment criterion for fish. The TMA value for the initial 

decomposition baseline in fish is well known to be 3 mg/100 

g (Song et al. 2005) [36]. Okpala et al. (2014) [31] reported a 

significant increase in TMA values during iced storage of 

Pacific white shrimp. Lu et al. (2011) reported that the TMA 

value increased from an initial 7.93 mg/100g to 16.06 

mg/100g after 14 days of shrimp storage at 37 °C. 

 

 
 

Fig 6: Effect of IQF treatment on TMA-N content of white-leg 

shrimp during frozen storage 
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The results clearly revealed that the microbial growth was 
more with increasing storage period. Similar increment on 
total bacterial load in at low temperature storage was reported 
by (Lawire, 1998: Obemeta et al. 2011) [18, 28]. The reason for 
microbial growth promoting effect of moisture on microbes in 
meat stored in chiller thid due to less acid enzymatic reaction 
of fish flesh. 
 

 
 

Fig 7: Effect of IQF treatment on total plate count of white- leg 
shrimp during frozen storage 

Sensory analysis 

The shrimp samples stored at – 18 °C condition for 4 months 

showed different performance in sensory score. The shrimp 

sample of T4 and T5 obtained the highest sensory score for 

colour (8.75 and 8.70), texture (8.6 and 8.7), odour (9.0 and 

9.0) as well as overall acceptability (8.8 and 8.8) respectively. 

 

 
 

Fig 8: Effect of IQF treatment on Colour of white-leg shrimp during 

frozen storage 

 

 
 

Fig 9: Effect of IQF treatment on odour of white-leg shrimp during frozen storage 

 

 
 

Fig 10: Effect of IQF treatment on texture of white-leg shrimp 

during frozen storage 
 

 
 

Fig 11: Effect of IQF treatment on overall acceptability of white-leg 

shrimp during frozen storage 

Conclusion 

Present investigation concluded that different treatments to 

shrimp prior to freezing have an additional effect on storage 

performance in relation to proximate, biochemical, 

microbiological parameters on final (120) days of storage. 

Thus, the study suggest that the shrimp should be given pre-

treatment of NaCl + STPP + Balnching (75 °C) +glazing 

(20%) + IQF freezing (-40 °C) and NaCl + STPP + Cooking 

(95 °C) + Galzing (20%) + IQF freezing (-40 °C) to improves 

their storage performance as well as organoleptically accepted 

till the 120 days of storage period.  
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