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Impact of Various Pre-Freezing Treatments on Drip Loss of Tilapia (Oreochromis niloticus) Fillets during Long-Term Storage at -18 °C

ABSTRACT

The present study focused on studying the effects of different pre-treatments and freezing schedules on the drip-loss kinetics of Oreochromis niloticus fillets stored at -18 oC for 120 days. Drip-loss is an important quality parameter in frozen fish products since it negatively influences textural properties, flavour and nutritional content. In this research, four experimental conditions were applied: (T1) control group including untreated fillets, (T2) fillets pretreated with NaCl and STPP (sodium tripolyphosphate) followed by individual quick freezing (IQF), (T3) fillets pretreated with NaCl and STPP and an intermediate blanching step before IQF and (T4) fillets treated with NaCl and STPP and then blast frozen. Results showed that there was a statistically significant increase in drip-loss for all treatment groups over time spent in storage. However, the treatment of NaCl and STPP before freezing coupled with the blast freezing method resulted in the lowest drip-loss value (1.408%) at the end of 120 days while fillets treated with NaCl, STPP, and blanching recorded a significantly higher value (7.753%). Significant inter-group differences were observed by statistical comparison, thus confirming the greater effectiveness of blast freezing in maintaining water-holding capacity and reducing nutrient losses. The combined action of NaCl and phosphate has been shown to elevate the water-holding capacity (WHC) and cooking yield. Nevertheless, excessive use of phosphate can lead to undesirable effects such as a slimy texture, translucent appearance, and a soapy flavor (Rattanasatheirn et al., 2008), and may also result in phosphate residues exceeding legal limits in the final product.These findings have significant implications for the seafood industry, providing empirical-based solutions in order to increase shelf-life, enhance textural attributes, and retain nutritional quality of frozen tilapia fillets. Therefore, the present study contributes to the existing knowledge in the field of freezing technologies, particularly with respect to the preservation of the product quality in the domestic and the international market. The results obtained in this research can be used to guide further research and industrial processes related to the development of the quality of frozen fish products and improved acceptance by consumers.
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1. INTRODUCTION

Seafood has a high nutritional value due to its high content of essential amino acids, essential fatty acids, minerals, and vitamins, as well as its low content of saturated fats and cholesterol. In the tropical areas, fish is one of the most important sources of animal protein and is well known as a good source of other nutrients that will help maintain a healthy body (Andrew, 2001). Due to the superior quality of the product, fish has been preserved by freezing for thousands of years (Persson & Londahl, 1993). The value of fish is dependent on its freshness; the less exportable it is, the less it looks, tastes and feels (i.e. texture and consumer acceptability) (Kagawa et al., 2002). Fish fillets include the edible part of the fish and are mostly made up of skeletal muscle and fat, without the bones and internal organs. Tilapia are usually reared in ponds under extensive, semi-intensive or intensive farming systems. Their high production rate is attributed to rapid growth, broad environmental adaptability to varying salinity and oxygen levels, robust resistance to stress and disease, reproductive capability in captivity, short breeding cycles, efficient utilisation of low nutrient feed and early acceptance of artificial diets following yolk sac absorption. Fillets are usually acquired by slicing the fish parallel to the backbone, as opposed to steaks, which are sliced perpendicular to the backbone. Both marine and farmed fish can be preserved by freezing point refrigeration, which is freezing between 0 °C and the freezing point of the fish; the freezing point of tilapia is about -7 °C (Chen and Pan, 1995). Individual Quick Freezing (IQF) is a sophisticated freezing technology that enables long term preservation; often for more than a year, while preserving the colour, flavour and texture of the product almost exactly as it is fresh (Syanya et al. 2023). In this method, each piece of the product is frozen separately by means of fluidisation, which makes it possible to freeze in a short time (10 to 12 minutes) as compared to 3 to 4 hours or more in conventional blast freezing (Pruthi, 1999). Air blast freezing, on the other hand, is the freezing of products that are usually pre-chilled (or at ambient temperature) by exposure to cold air for 12 to 48 hours until the desired storage temperature is reached which depends on the product, e.g., -20 °C for fish and -18 °C for beef (Dempsey & Bansal, 2012). 
Drip losses refer to nutrients and value that could otherwise be utilised for human consumption but are lost due to spoilage, physical damage or reduction of nutritional quality, making the fish or fish products unsuitable for consumption or sale (FAO, 1977). The phenomenon of drip was explained at first as a result of cell damage, which is still valid for exudates formed during freezing and thawing. Additional water release is related to muscle protein dehydration as a result of protein denaturation. In fish stored on ice (either on board vessels or onshore), drip losses are related to factors such as storage time, species, season, fish size, pressure applied and handling practices. Typically, these losses can be from 5-10% within a week of storage (Castell, 1969); in severe cases, there may be muscle contraction, resulting in even greater drip loss. Drip loss from muscle is important for a number of reasons. Firstly, it is a huge economic loss to both processors and consumers, depending on the processing method. Secondly, too much fluid loss results in a drier and tougher textured cooked product. As proteins and minerals are lost with the drip, the nutritional value of the muscle is also reduced (Sutton, 1969). Whole fish frozen in the pre-rigor stage often have higher drip loss than those frozen in rigor or post rigors, a phenomenon often linked to thaw-rigor. If not handled properly, fillets cut before the onset of rigor may experience shrinkage, which will cause distortion of shape and a corrugated surface; these changes will persist through subsequent freezing and thawing. Blanching is a preliminary processing step that is performed before freezing, canning or drying, in which food materials are heated to inactivate enzymes, alter texture, preserve colour, flavour and nutritional quality, and eliminate entrapped air (De Corcuera et al., 2004).
major barrier for effective cold-chain operations in resource-limited countries. For maintaining effective cold chain operations without stable electricity to power freezers, cold rooms, transport refrigeration, the quality of fish degrades quickly, drip losses increase, microbial risk rises, and economic value is lost. For resource-limited or off-grid communities, this means fishers cannot store or transport their catch effectively, resorting to selling quickly at low prices or experiencing large waste. Thus, any study on thawing, freezing, storage etc must consider that the upstream cold-chain (freezing, storage, transport) may itself be compromised by energy constraints meaning practical protocols need to be designed with local energy realities in mind. paraphrase without changing their meanings (Lailossa, 2015).
Objective:
To evaluate the effect of frozen storage at –18 °C on the drip loss of Tilapia fillets over a 120-day period.

2. MATERIAL AND METHODS

List of Materials used for experimental setup:
1. Tilapia Fillets
2. NaCl (Sodium Chloride)
3. STPP (Sodium tripolyphosphate)
4. LDPE Bags (Low-Density Polyethene)
5. Corrugated Fiberboard Cartons 
6. Deep freezers (-18°C)
7. Blast freezers
8. Refrigerator (Use for thawing purposes)

2.1 Experimental setup:

The Mumbai market was used to obtain freshwater tilapia (Oreochromis niloticus), which is locally known as Chilapi and then filleted. Sanchita Marine Products Pvt. Ltd. Taloja was used to transport the fillets to the processing plant using ice-cooled containers. After thorough washing, the specimens were divided into four different treatment groups (T0, T1, T2, and T3) with 15 fillets each (Table: 1). The untreated group (T0) was used as a control and was frozen using the IQF technique. The rest of the fillets were placed in solutions with 2 % NaCl and 3 % STPP and allowed to stay two hours. In this sub-group, fillets with the T1 and T2 labels were glazed and blanched, respectively, and fillets in group T3 were frozen using a blast freezer. The T1 and T2 samples were also then frozen using IQF technology. Finally, each fillet was separately wrapped in LDPE bags according to the treatment assigned to it, packed into corrugated fiberboard cartons and kept at a temperature of -18 oC over a 120-day period. The safest thawing method is in a refrigerator at about 0 °C to 4 °C (32–39 °F), which takes 30–60 minutes for fillets to thaw. 
(Note: The laboratory chemicals were purchased from Fine Chem Corporation, Panvel, Mumbai, India).



Table: 1 Experimental Treatment Conditions for Freezing Freshwater Tilapia (Oreochromis niloticus) Fillets

	Treatments
	Treatment Details

	T0
	Control/Untreated IQF at freezing temp - (- 40 °C) & storage at (-18 °C) for 120 days.

	T1
	Pre-treatment of NaCl (2%) + STPP (3%) for 2 hrs + glazing 10% + IQF freezing (Temp: - 40˚C) & frozen storage at (-18˚C) for 120 days.

	T2
	Pre-treatment of NaCl (2%) + STPP (3%) for 2 hrs + blanching at temperature 75 °C, Time: 2 Min + glazing 10% + IQF freezing (temperature: 40 °C) & frozen storage at (-18 °C) for 120 days.

	T3
	Pre-treatment of NaCl (2%) + STPP (3%) for 2 hrs, blast freezing & frozen storage at (-18 °C) for 120 days.



Flow Chart 1:
         Raw material
↓
         Fish Filleting
↓
        Fillets are washed with tap water
↓
1. (Control/Untreated Sample T0)
2. Treatment (Nacl + STPP)
↓
IQF Freezing (T1,T2,T3)
↓
Air blast freezing (T3)
↓
Weighing
↓
Packaging and labelling
(Primary packaging material- LDPE and Secondary packaging material – 3-5 ply Corrugated fire board)
↓
Frozen storage at -18°C for 4 months

2.2 Methods of Analysis:
The samples stored were analysed after every 15 days starting on the day of storage. 

2.3 Drip loss: 
On day 0, samples were weighed separately to get the starting weight (W1). All the specimens were then packed in polyethylene plastic bags, vacuum packed, put in appropriate containers and stored in a chiller at 4 oC. After 1 and 7 days of storage, the samples were removed out of the bags and dried by blotting them and weighed once more to obtain the ultimate weight (W2). The difference between the initial and final weights was used as the percentage of drip loss. Drip loss calculated at 1 and 7 days of storage was done by dividing final weight of the sample by the initial weight as explained by Honikel (1998) using the following formula: 



2.4 Statistical Analysis:
Data collected was analyzed to determine any significant difference through Analysis of Variance (ANOVA) which was done using MS Excel 2010. The level of statistical significance was measured at the 5 percent (p < 0.05) as per the method described by Panse and Sukhatme (1985). The results of the experiment were further analysed using a Factorial Completely Randomised Design (FCRD).

3. RESULT

Table 2: Changes in Drip Loss of Tilapia fillets due to different treatments during                         storage
	Treatments1
	DRIP LOSS (%)
	Mean

	
	Storage period (DAYS)
	

	
	0
	15
	30
	45
	60
	75
	90
	105
	120
	

	T0
	1.520
	1.710
	1.550
	1.550
	1.660
	1.700
	1.560
	1.530
	1.800
	1.620

	T1
	2.820
	2.820
	4.470
	6.120
	6.230
	6.140
	6.270
	6.230
	6.050
	5.239

	T2
	3.040
	4.440
	5.250
	8.350
	8.580
	9.130
	10.900
	9.940
	10.150
	7.753

	T3
	1.320
	1.480
	1.560
	1.380
	1.670
	1.390
	1.270
	1.250
	1.350
	1.408

	Mean
	2.175
	2.613
	3.208
	4.350
	4.535
	4.590
	5.000
	4.738
	4.838
	

	
	SEM ±
	CD at 5%
	

	Treatment (T)
	0.006
	0.016

	Storage (S)
	0.009
	0.024

	Interaction (TxS)
	0.017
	0.048



1Treatments:T0, Control/Untreated IQF at freezing temp - (- 40 °C) & storage at (-18 °C) for 120 days; 
T1, Pre-treatment of NaCl (2%) + STPP (3%) for 2 hrs + glazing 10% + IQF freezing (Temp: - 40˚C) & frozen storage at (-18˚C) for 120 days; 
T2, Pre-treatment of NaCl (2%) + STPP (3%) for 2 hrs + blanching at temperature 75 °C, Time: 2 Min + glazing 10% + IQF freezing (temperature: 40 °C) & frozen storage at (-18 °C) for 120 days; 
T3, Pre-treatment of NaCl (2%) + STPP (3%) for 2 hrs, blast freezing & frozen storage at (-18 °C) for 120 days


Table 2 and Fig. 1 show the data on the impact of treatments on the content of drip loss (%) in tilapia fillets at the time of storage. The observations show that there is a small increment in drip loss during the storage. There were considerable variations between treatments during the storage period. As it was observed, the data showed that the treatment T2 had the highest drip loss (7.753 %), then treatment T1 and T0. The treatment T3 recorded a lowest drip loss (1.408 %) that was very low compared to other treatments. Therefore, it was evident in the data that the drip loss depended on the various treatments. The average content of drip loss in all treatments was found to be 2.175 % on the first day (0 d) of storage period and on the last day (120 d) of the storage period the average moisture content was found to be 4.838 %. The interaction effects between the various treatments and storage were found to be statistically significant. The lowest (1.320%) was recorded in the treatment T3, followed by treatment T0 (1.520 %) while highest (10.150 %) drip loss was recorded in treatment T2, followed by treatment T1 (6.050%).




Fig. 1: Changes in drip loss of tilapia fillets due to different treatments during storage

4. DISCUSSION

The treatments had a significant effect on drip loss that increased from 2.18% to 4.82% at the conclusion of the storage period compared to the time when storage began. Similar results were obtained by Turan et al. (2003) who found that drip loss was not significantly reduced by the use of sodium polyphosphate and sodium metaphosphate in combination with NaCl in rainbow trout. This result can be explained by the insufficient penetration of the given chemicals into the fish muscle. In frozen storage, a white desiccated crust was found on the surface of the trout, which was presumably due to unabsorbed phosphate solution, which then crystallised or deposited. Similarly, Dyer et al. (1950) established that the treatment with sodium tripolyphosphate (STPP) did not have any significant influence on drip loss although the overall muscle weight increased, but MacCallum et al. (1964) found efficacy only under specific conditions. The ability of fish muscle to maintain its inherent water content- and hence maintain juiciness- is a vital quality parameter of fresh fish, especially to the consumer perspective. Drip loss is often attributed to denaturation of proteins partially during processing, and this reduces water-holding capacity (WHC). The percentage of drip loss tends to rise with longer refrigerated storage, and this percentage change is greater in slow-frozen than in rapidly frozen samples (p < 0.05). It has been demonstrated that the drip loss and weight loss are more pronounced after thawing. The high rate of freezing usually results in smaller ice crystals that are more evenly spread, which causes less physical harm to muscle fibres (Zhao et al. 2022). Drip loss is a loss of nutrients and edible value; in storage or transportation, the losses can make the product weigh less than acceptable tolerance levels, although the fish may still be edible and safe to eat (FAO, 1996). Sivertsvik et al. (2002) also found that exudation is reduced by the use of super-chilled storage because the low temperatures increase the WHC. Phosphate compounds are widely recognized as functional additives in fishery products, as they enhance processing and storage qualities by increasing water retention in fresh products, minimizing thawing losses, and reducing cooking losses in frozen fish (Masniyom et al., 2005). When used together with NaCl, phosphates effectively improve moisture retention (Thorarinsdottir et al., 2004) and enhance the overall flavor of seafood products. The combined action of NaCl and phosphate has been shown to elevate the water-holding capacity (WHC) and cooking yield. Nevertheless, excessive use of phosphate can lead to undesirable effects such as a slimy texture, translucent appearance, and a soapy flavor (Rattanasatheirn et al., 2008), and may also result in phosphate residues exceeding legal limits in the final product.
 In the current experiment, tilapia fillets air-packed and kept at 1 oC (T2) had better quality in terms of physical characteristics. Karami et al. (2018) established that drip loss was more pronounced in slow-frozen rather than quick-frozen red tilapia (p < 0.05). During the six months storage, drip loss in slow-frozen samples increased by 4.8% to 11.4% whereas in rapidly frozen samples, it increased by 2.1% to 6.1%. In the same manner, Suyani et al. (2019) found that the drip loss of shrimp frozen with STPP was lower compared to the untreated controls. Sutton (1969) affirmed that STPP is effective in preventing drip loss in frozen storage and Warrier et al. (1975) proved that the use of sodium triphosphate could suppress the release of hydrolytic enzymes into the drip. Sodium triphosphate or sodium chloride pre-treatments have been found to reduce drip loss and maintain fish freshness in frozen storage, which is consistent with the results of Chande et al. (2022) and Drobac et al. (2025). Overall, the duration of refrigerated storage was directly related to the increase in the volume of drip (p < 0.05).



5. CONCLUSION

The combined action of NaCl and phosphate has been shown to elevate the water-holding capacity (WHC) and cooking yield. Nevertheless, excessive use of phosphate can lead to undesirable effects such as a slimy texture, translucent appearance, and a soapy flavor, and may also result in phosphate residues exceeding legal limits in the final product.The present study found that fillets treated with a 2% NaCl and 3% STPP solution for 2 hours, followed by blast freezing and storage at −18 °C for 120 days, demonstrated the lowest drip loss values at the end of the storage period, outperforming all other treatment groups.  
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