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ABSTRACT: One of the most significant problems for the food preservation industry is 

maintaining the quality of food products for an extended period. Fish and fishery products are 

highly perishable foods that degrade easily during harvesting and processing as a result to a 

combination of chemical, physical, and microbiological changes. The current study focuses on the 

changes in the chemical composition, nutritional value freshness indicators, quality features, 

microbiological safety, and sensory evaluation of fish and fishery products as affected by freezing 

storage periods. Therefore, this study aims to give a combined overview of the changes that occur 

to different types of fish and their various products during the process of preservation by freezing, 

so that it is a collected source for all these changes in one place, in order to facilitate the process of 

comparing the changes that occur during the freezing process between different types of fish and 

their products. 

Key word: Fish products, Frozen storage, Chemical composition, TVB-N, Amino acid 

Received: Sept. 1, 2023 

Accepted: Oct. 21, 2023 

INTRODUCTION  

Fish is a highly nutritious, rich in 

micronutrients, minerals, polyunsaturated 

fatty acids and proteins, and it represents a 

valuable supplement in diets lacking these 

nutrients, essential vitamins and minerals. In 

many countries, especially developing 

countries, the average per capita fish 

consumption may be low however, even in 

small quantities, fish can significantly 

improve the quality of dietary proteins by 

complementing the essential amino acids that 

are often present only in low quantities in 

vegetable-based diets (Gulyavuz and 

Unlusayin, 1999; Ryder et al., 2014).  
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Harvesting and processing of fish are usually 

accompanied by the gradual loss or the 

development of different compounds that 

affect quality of fish products. Since fresh fish 

spoil easily, they need to be processed and 

preserved. Preservation provides a long shelf‐
life for fish and fish products. Preservation 

affects food by two ways: (1) it keeps the 

original freshness and properties of fish; (2) it 

changes the original properties of the food and 

creates new product. The main purpose of both 

of these is to prevent spoilage, especially by 

microorganisms. Several preservation 

methods have been developed, some of them 

providing a longer shelf‐life than others. The 

choice of a preservation method depends on 

the product, properties of the product, 

availability of energy, the storage facilities, 

and the costs of the method. It is sometimes 

necessary to combine methods. Freezing is the 

process that lowers the temperature to below 

the freezing point. The temperature allows 

most of the water to turn into ice. The freezing 

point depends on the substances dissolved in 

the fluid of the tissue. The freezing process 

concerns the removal of latent heat during the 

phase transition of water from liquid to solid 

and removal of sensible heat, depending on the 

reduction of temperature (Gokoglu and 

Yerlikaya, 2015).  

 

1.Effect of Frozen Storage on Chemical 

Composition of Fish and its products 

Chemical composition of fish and its products 

generally means percentage composition of 

basic constituents such as moisture, protein, 

fat, and minerals. In recent times, the 

importance of fishery products as a source of 

nutrients refers to high quality proteins, 

unsaturated lipids, vitamins, and minerals has 

been realized. Several fishery items have 

attracted the attention of nutritionists and 

dieticians as a source of therapeutically 

important polyunsaturated fatty acids 

(Venugopal, 2005).  El-Akeel (1983) found 

that moisture content was gradually decreased 

in Bolti fish from 80.34 to 79.95% during 

storage at -30 ºC for 12 weeks. Abo-Zied 

(1995) reported that moisture content of Silver 

and Common carp decreased during storage 

at-10º C and -20 ºC for 16 weeks. The decrease 

in moisture during frozen storage may be due 

to of drip separation during thawing process of 

the frozen fish. Also, total lipid contents of 

Silver and Common carp were slightly 

decreased during the storage period and 

attributed to lipid oxidation. On the other side, 

crude protein (TNx6.25) was gradually 

increased in Silver and Common carp during 

storage which could be due to the 

corresponding decrease in moisture content 

and the dehydration of tissue during frozen 

storage. Abo-Taleb (1997) observed that 

protein content of Silver carp fish muscles was 

decreased during storage at -18±1ºC for 180 

days.  This alteration in protein content might 

be due to the loss of volatile nitrogenous 

compounds throughout storage period and 

protein hydrolysis by enzymes which 

improved led to loss of water-soluble nitrogen 

with separated drip. Arannilewa et al.  (2005)  

reported  that  the  protein and fat  contents of 

fresh Tilapia fish samples  decreased from  

60.65% and 9.72 % (on dry weigh basis), 

respectively, at zero time, to  43.70 and 7.20% 

after  frozen  stored  for  60 days.  Gomma 

(2005) noticed that moisture content of raw 

Catfish and Tilapia sausage decreased from 

69.57 and 69.21% at zero day of storage at -18 

ºC to 60.08 and 59.72% at the end of 4 months 

storage, respectively. Also, protein content 

reduced from 62.63 and 58.30% at zero time 

of storage to 59.97and 56.87% at the end of 

storage (on dry weight basis), respectively. 

While, fat content    increased from 3.57 and 

4.72 % at zero time of storage to 5.43 and 6.68 

% at the end of storage period, respectively. 

Also, ash content increased from 1.66 and 

1.88% at zero time of storage to 3.92 and 

2.40% (on wet weight basis) at the end storage, 
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respectively. Ibrahim and El-Sherif (2008) 

reported that moisture content of frozen raw 

Tilapia fillets that treated with some plant 

extracts was slightly decreased during storage 

at -18 ºC for 4 months. Gandotra et al. (2012) 

investigated the effect of preservation at the 

temperature of -12.0 ± 2.0 ºC on the proximate 

composition of (Labeo rohita) fish stored for 

3 weeks.  The initial moisture content was 

84.74% and decreased significantly to 80.84% 

after 21 of storage. Also, protein, fat and ash 

contents decreased significantly from 15.93%, 

3.86% and 1.79±0.01% at zero day to 13.06%, 

3.00% and 1.36   after 21 days of storage at -

12±2 °C. El-lahamy (2018) found that 

moisture, protein, fat and ash contents of fresh 

Mullet fish steacks recorded 71.45%, 19.4%, 

7.41% and 1.46% respectively. After 180 days 

of frozen storage, these values to 69.1%, 

18.5%, 7.0% and 4.55% respectively. The 

moisture content of raw (uncooked) fish 

products burger and finger prepared from sand 

smelt fish was tested throughout a 90-day 

storage period at -18 C. The moisture content 

of burger samples immediately after 

producing was 60.22, 60.63, and 62.22% for 

the control sample and those produced with 

15% Soybean flour and 15% Minced boiled 

potatoes, respectively. These moisture content 

levels gradually reduced during storage, 

reaching 56.31, 55.15, and 57.54%, 

respectively, at the end of 90 days. Fish finger 

moisture contents changed similarly after 

frozen storage (El-Lahamy et al., 2018). 

 

1.1.Amino Acids  

Fish is a suitable source of good quality 

protein which is essential for health (Kim and 

Lall, 2000). The protein quality depends on its 

content of amino acids, essential amino acids 

ratios and the physiological utilization of 

amino acids after digestion, absorption and 

oxidation (Friedman, 1996). The nutritional 

quality of protein is connected to its content of 

essential amino acids (Acton and Rudd, 1986). 

The protein of fish muscle is rich in essential 

amino acids, has a high biological value and 

can be digested easily. The amount of 

connective tissue is low (1–2%) compared 

with warm-blooded animals (10–13% 

(Rehbein and Oehlenschlager, 2009). Several 

studies were carried out to determine effect of 

frozen storage on fish content of amino acids. 

Alvarez et al. (1990) showed that lysine 

diminished in Hake fish (Merluccius sp.) 

stored at -12°C for 4 months was attributed to 

the reaction between lysine with formaldehyde 

into formal lysine. Castrillon et al. (1996) 

showed that amino acid composition of 

Sardine (Clupea pilchardus) changed during 

frozen storage at -20°C, especially; S-amino 

acids have decreased, while histidine, tyrosine, 

leucine, lysine and phenylalanine were 

diminished during storage. Wesselinova 

(2000) showed that the extended storage at−35 

ºC did not dramatically affect the amino acid 

values of several species of fish included 

Mackerel (Scomber scombrus), Black sea 

bream (Spondyliosoma cantharus) and Belted 

bonito (Palamic sarda). Their results showed 

that after 12 months of storage of these 

species, Methionene slightly decreased, Lys 

did not change, Iso was reduced in the Black 

sea bream and Belted bonito, while Thr 

showed significant variations only in 

Mackerel fish. Moreover, Val, Leu and Phe 

did not change at all up to the end of storage 

and Iso was reduced on the 12th month in the 

Black sea bream and Belted bonito. The 

investigators reported that the oxidation was 

only done in methionine, during frozen 

storage. Ziaeian et al. (2008) reported that 

lysine and methionine contents of long tail 

Tuna decreased during frozen storage at -18 

for 9 months. El-Lahamy et al. (2018b) 

observed that frozen storage indicated no 

considerable changes on amino acids contents 

of fresh Mullet fish. Cystine showed the 

highest loss about 13.0%, while tyrosine, 

serine and argnine slightly increased. Data 

showed that after 6 months of frozen storage, 

the essential, non-essential and total amino 

acids were 40.35, 43.81 and 84.16 g /100g 

protein, respectively which represented more 



Amin et al. 

 

28                                                                                Mediterranean Aquaculture Journal 2023 10 (2):25-35   

 

than 97.0 % of their concentrations in the raw 

samples before storage. 

 

2. Physiochemical Quality Parameters Fish 

and its products  

 

2.1.pH value: 

The natural pH of live fish is just above 7.0, 

typically about 7.3, but this falls markedly 

after death as the fish goes through rigor 

mortis and glycogen is converted to lactic acid. 

In most species, the post mortem pH is 

between 6.0 and 6.8, but in some species, for 

example tunas, it is below 6.0 because of high 

initial concentrations of glycogen. Within a 

species, the glycogen content in a fish at death 

depends on biological factors such as 

nutritional status and activity, which depletes 

glycogen content, just before death. The 

results of pH measurements during spoilage 

invariably show that after the resolution of 

rigor mortis the pH increases, usually after a 

dwell of a few days depending on the 

conditions of storage. However, the great 

variability of intrinsic pH between species, 

effects of biological conditions and harvesting 

procedures, and between fish within a batch, 

precludes it being an effective measure of 

spoilage (Rehbein and Oehlenschlager, 2009). 

Arannilewa et al. (2005) concluded that pH 

value of frozen Tilapia fish increased as the 

period of frozen storage increased.  It was 5.20 

at zero time of storage and increased to 6.90 

after 60 days of frozen storage. Ozyurt et al., 

(2007) determined the changes in the pH 

values of Sea bass, captured in autumn and 

winter, during storage at -18 ̊ C and they found 

that the initial value slightly increased from 

6.60 at zero time to 6.69 at the end of 9 months 

storage. Ibrahim and El-Sherif (2008) showed 

that pH value of Tilapia fillets slightly 

increased from 5.72 - 6.07 at the beginning of 

frozen storage to 6.13 - 6.50 at the end of 4 

months storage at -18±1ºC. The pH values of 

P. elevatus and S. undosquamis burgers were 

6.83 and 7.00 respectively, at the end of 

storage period at-18 ºC (Mahmoudzadeh et al., 

2010).  

El-Sherif et al. (2011) observed that pH values 

of Tilapia and Mullet slightly increased during 

storage period at-18 ºC from 6.07 and 5.94 to 

6.37 and 6.58 after 180 days of storage, 

respectively. This increase may be due to the 

deterioration of fish protein and liberation of 

ammonia and other volatile bases. Izci, et al. 

(2011b) reported that pH value of pre-fried 

fish fingers prepared from sand smelt fish was 

6.49 at zero time of storage at -18ºC increased 

to 6.73 at the end of 6 months storage. The 

initial pH values of control, 15% soybean flour 

(SF) and 15% minced boiled potato (MBP) 

Sand smelt fish burgers increased from 6.48, 

6.58 and 6.45 to 6.80, 6.68 and 6.60 after 90 

days storage period at -18 °C. Also, pH values 

of control sample, 20% SF and 15% MBP 

Sand smelt fingers increased from 6.70, 6.69 

and 6.79 to 7.03, 6.95 and 6.79 after 90 days 

storage period (Abd-Elsalam, 2013). 

 

2.2.Total Volatile Basic Nitrogen (TVB-N) 

Total volatile basic nitrogen (TVB-N) and 

trimethylamine nitrogen (TMA-N) content are 

the most important chemical parameters that 

are used for the assessment the quality of fish 

and fishery products. The levels of these 

compounds increase with the onset of 

spoilage. There is a good correlation between 

chemical compounds are the primary cause for 

the fishy odors with sensory analysis (Ozoğul 

and Ozoğul, 2000 and Ruiz-Capillas and 

Moral, 2001). Tokur et al. (2006) observed 

that TVB-N value was not stable during frozen 

storage of fish and could be changed according 

to species, processing methods and storage 

temperature. The increasing of TVB-N value 

during storage is related to the bacterial 

spoilage and the activity of endogenous 

enzymes (Chomnawang et al., 2007). The 

European Commission as per the Council 

Regulation No. 95/149/EEC of March 1995 

has permitted the use of TVBN for freshness 

determination of the freshness of fish. Critical 
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limits of TVBN ranging from 25 to 35 mg per 

100 g were established for different families of 

fish species. Varlik and Gokoglu (1991) 

reported that Bluefish (Pomatomus saltator) 

samples packed with and without vacuum at -

18˚C still retained the ‘high quality’ 

characteristic during the 9 months storage 

period. Abo-zied (1995) showed that TVB-N 

of Silver and Common Carp gradually 

increased during storage at -10ºC and -20ºC 

for 16 weeks which was attributed to the 

enzymatic activity beside the breakdown of 

proteins. Similarly, Abo-Taleb (1997) 

observed that TVB-N value of Silver carp fish 

muscle was gradually increased during storage 

at -18±1 ºC for 180 days. Such increment may 

be due to proteolytic enzymes of microbial 

origin which resulted in the breakdown of 

nitrogenous substances. Tokur et al. (2004) 

reported that TVB-N value decreased from 

8.89 mg/100g in tilapia burger at zero time of 

frozen storage at -18 ºC to 7.69 mg /100gm 

flesh after 3 months then increased to 9.28 mg 

/100g after 5 months and decreased to 7.75 mg 

/100g at the end 8 months of storage. Ozyurt 

et al. (2007) determined the changes in the 

TVB-N values of Seabass during storage at -

18˚C and found that the initial TVB-N value 

slightly increased from 12.72 at zero time to 

15.59 mg /100gm sample at the end of 9 

months storage. Asgharzadeh et al., (2010) 

studied the sequence   of washing process then 

frozen storage at 18 ºC for 6 months on the 

quality of minced Silver carp muscles. They 

reported that TVB-N of washed minced Silver 

carp muscles decreased from 5.8 mg/100g at 

zero time to 4.9 mg/100 g after 60 days of 

frozen storage, and then increased to 7.3 

mg/100 g at the end of frozen storage period. 

On the other hand, TVB-N of unwashed 

minced Silver carp muscles increased from 

13.2 mg/100 g at zero time to 17.6 mg/100 g 

at the end of storage for 6 months. The low 

TVB-N values in washed mince could be 

explained as a result of a partial removal of 

nitrogenous containing molecules susceptible 

to breakdown during washing. 

 

 Mahmoudzadeh, et al. (2010) found that 

TVB-N in fish burgers made from deep 

flounder (Pseudorhombus elevatus) increased 

from 11.66 mg /100g to 20.97 mg / 100g after 

2 months storage at – 18 °C and then decreased 

to 14.60 mg/100g at the end of 5 months 

storage. Similarly, fish burgers made from 

brush tooth lizard fish (Saurida undosquamis) 

increased from 10.68 at zero time of storage to 

22.44 after 3 months and then decreased to 

14.60 mg/100g after 5 months. Also, 

Nazemroaya et al., (2011) reported that (TVB-

N) was 15 mg TVB-N/100g in Spanish 

mackerel (Scomber commersoni) stored at -18 

ºC for 6 months. El-Sherif et al. (2011) 

determined the changes in the TVB-N of 

Mullet and Tilapia fishes during storage at -18 

˚C and they found that the initial TVB-N 

values increased from 12.90 and 

14.31mg/100g at zero time to 27 and 29.31 

mg/100g at the end of the 6 months storage, 

respectively. Izci, et al. (2011b) found that 

TVB-N of pre-fried Sand smelt fish fingers 

was 19.33 mg/100g at zero time of storage at -

18ºC increased to 23.78 mg/100g after 4 

months followed by decreasing to 19.58 

mg/100g after 6 months. Talab (2014) 

determined TVB-N content of raw, fried, 

microwave and halogen cooked samples of 

Carp fish cutlets by 12.21, 11.75, 11.04 and 

11.46 mg/100 g, respectively at zero time of 

frozen storage and these values increased 

significantly (P<0.05) during frozen storage. 

Agustinelli and Yeannes (2015) studied the 

effect of frozen storage at -19 ºC for 9 months 

on the biochemical changes of Mackerel 

(Scomber japonicus) and they showed that 

TVB-N content increased significantly 

(P<0.05) during the 9 months of storage 

reaching to 47.9 mg /100g.  

The initial TVB-N content of raw (uncooked) 

Mullet fish steaks were 13.25mg/100g,.  

During storage, this value increased to 26.75 

mg/100g at the end of 180 days storage period 

at -18 °C, (El-Lahamy et al. 2018a). 
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3. Trimethylamine nitrogen (TMA-N) 

Trimethylamine-oxide (TMAO) is a natural 

nontoxic compound, generally associated with 

the osmoregulatory function of marine fish. 

After the death of the fish some bacterial 

species such as Alteromonas, Proteus, 

Photobacterium, Vibrio, and S. putrefaciens, 

and also intestinal bacteria of the 

Enterobacteriaceae present are able to carry 

out anaerobic respiration by using TMAO as 

an electron acceptor. The bacterial enzyme 

TMAO-reductase reduces TMAO to TMA. 

Formation of TMA depends primarily on the 

content of TMAO in the fish. Most marine 

animals contain TMAO in appreciable 

quantities, with elasmobranchs and deep-sea 

fish species containing higher levels 

(Venugopal, 2005). The perfectly fresh fish 

had 3.37 mg/100 g of TMA-N, good grade fish 

3.79 – 5.90 mg /100g and fair grad had 12.56 

– 16.02 mg / 100 g while spoiled fish 

contained 59.01 mg/100g (Maga, 1978).   

 

Abo-Zied (1995) revealed that TMA-N of 

silver Carp and common Carp increased 

during storage period at-10 ºC and -20 ºC for 

16 weeks. This increase may be due to the 

enzymatic activity and breakdown of proteins. 

Abo-Taleb (1997) reported that TMA-N value 

of fresh silver carp fish muscle was1.26 

mg/100g (on dry weight basis) increased to 

6.89 mg/100g at the end of 180 days of frozen 

storage at -18 ±1 ºC. The progressive 

increment of TMA-N during frozen storage 

was attributed to the activity of specific 

proteolysis enzymes which survived the 

conditions frozen of storage. Gomma (2005) 

found that TMA-N value of raw catfish and 

tilapia sausage increased from 0.69 mg/100g 

at zero time of frozen storage at -18 ±1 ̊C to 

2.54 mg/100g (on wet weight basis) at the end 

of storage period (120 days). This increasing 

in TMA-N during storage might be due to 

several factors included the microbial action, 

cleavage of trimethylamine oxide naturally 

present in fish muscle and / or the formation of 

TMA itself from betaine and choline which 

also are present naturally in the fish.  El-Sherif, 

et al., (2011) investigated the effect of frozen 

storage at - 18 °C for 180 days on TMA-N of 

tilapia and mullet and they found that TMA-N 

values of frozen tilapia and mullet fish 

increased markedly from 0.92 and 0.68 mg/ 

100 g at zero time of storage to 3.98 and 3.72 

mg/ 100 g at the end of storage period, 

respectively. Such increasing in TMA-N 

during frozen storage might be attributed to 

the conversion of TMAO to TMA by non-

enzymatic process, or by native tissue 

enzymes or by bacterial enzymes (TMAase) 

which are not completely inactivated at low 

temperature.  

TMA-N content of control burger sample and 

15% soybean flour (SF) and 15% minced 

boiled potato (MBP) formulated samples 

gradually increased from 1.30, 1.05 and 

0.81mg/100g, before storage up to 2.17, 1.89 

and 1.62 mg/100g, respectively at the end of 3 

months of storage period. The initial TMA-N 

value in control sample of Sand smelt finger, 

the 20% SF and 15% MBP formulated 

samples increased from 2.23, 2.10 and 0.90 

mg/100g, respectively to 2.87, 2.76 and 1.95 

mg/100g 3 months of storage period, 

respectively (Abd-Elsalam, 2013). 

 

4. Thiobarbituric acid (TBA): 

At the first stage of oxidation, peroxides are 

formed through the connection of oxygen to 

the double bonds of the unsaturated fatty acids. 

As the peroxides are flavourless and odourless 

compounds, they cannot be distinguished by 

the consumers. However, peroxides lead to the 

production of secondary products, such as 

aldehydes, ketones and carboxylic acids, 

which resulted in the detection of oxidative 

rancidity (Melton, 1983). Thiobarbituric acid 

(TBA) test is one of the most commonly used 

methods to determine rancidity in fishery 

products. The test relies upon the reaction 

between 2-TBA and aldehydes to result a 
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colored alkanal which can be measured 

spectrophotometrically at 450 nm.  

Despite its widespread use, there are a few 

drawbacks for the technique. These include 

uncertainty about the nature of the color 

generation reaction, lack of specificity of the 

TBA reaction, and its reactivity with only 

malonaldehyde, one of the components of 

lipid oxidation (Bremner, 2002). Slurry ice 

slowed down the formation of thiobarbituric 

acid reactive substances in horse mackerel 

(Losada et al. 2005). TBA values of horse 

mackerel significantly increased up to 14 day 

of storage in ice (Aubourg, 2001). Ice storage 

protected Rohu fish against oxidation; low 

TBA values and limited oxidative rancidity 

were observed during the storage (Dhanapal et 

al., 2013). Yanar and Fenercioğlu (1999) 

made minced fish meat from Carp and 

determined TBA at the beginning   and the end 

of 6 months storage at -18ºC by 0.6 and 2.2 mg 

malonaldhyde/kg sample, respectively. Tokur 

et al. (2004) reported that TBA value of 

Tilapia burger was still in acceptable level at 

the end of the 8 months of frozen storage. 

Ozyurt et al., (2007) determined the changes 

in TBA values of Sea bass during storage at -

18 ˚C and observed that TBA values were 

0.066, 0.044, 0.047and 0.086 mg 

malonaldhyde/kg sample after 0, 3, 6 and 9 

months of storage, respectively. Gomma 

(2005) found that TBA value of raw catfish 

and tilapia sausage increased from 0.48 and 

0.66 mg MDA/ kg sample at zero time of 

storage at -18 ±1 ̊C to 2.33 and 2.12 MDA/ kg 

sample, respectively at the end of 120 days of 

storage. This increasing in TBA value during 

frozen storage was mainly due to autoxidation 

of fish lipids during storage. Mahmoudzadeh, 

et al. (2010) determined TBA of deep flounder 

and lizardfish burgers by 0.22and 0.26mg 

MDA/kg, respectively at the end of the 5 

months storage (-18 ºC).  Izci, et al., (2011b) 

found that TBA of pre-fried fish fingers 

prepared from sand smelt fish was 0.283 mg 

MDA/kg at zero time of storage increased to 

0.317 after 3 months of storage then decreased 

to 0.29 mg MDA/kg after 6 months of storage 

at – 18 °C.  

El-Sherif et al. (2011) determined the changes 

in TBA values of Mullet and Tilapia fish 

during storage at -18 ˚C and they found that 

the initial TBA values were 0.95 and 0.55 mg 

MDA/kg sample at zero time, respectively. 

These values slightly increased during storage 

to 2.30 and 1.92 mg MDA / kg at the end of 6 

months storage, respectively. This increase of 

TBA values may be due to the ice crystals 

formed which could injure the cell and cause 

the release of pro-oxidants for lipids oxidation, 

especially free iron. Agustinelli and Yeannes 

(2015) followed the development of lipid 

oxidation in the whole fish and muscles of 

Mackerel during frozen storage at -19 ºC and 

they observed that TBA increased (P<0.05) in 

the whole round Mackerel and in both tissues 

during the frozen storage.  

5. Microbiological Aspects: 

Fish is considered one of the most perishable 

foods, mainly due to the action of the 

bacteriological activity that occurs on the 

surface of the newly caught fish. In fish 

technology, the microbiological control is an 

essential for controlling the quality of raw 

fresh and other ingredients used in order to 

produce the final fishery products has being 

safe for the consumers and having good 

quality, according to Egyptian and 

International Standard Specification and 

Legislations of food (Gerasimov and 

Antonova, 1979 and ACPSFPI2001).  

The freezing process partially or completely 

hinders disruptive microbiological or 

enzymatic reactions, nevertheless, it cannot 

repair damage already caused. The fish should 

be frozen after handling for a better quality. 

The great advantage of the freezing process is 

the ability to achieve stability without 

damaging the initial quality. The material to be 

processed should be fresh and qualified, and 

handled in accordance with the technique of 

freezing in order to obtain long‐lasting 

products. Çaklı et al. (2005) examined the 

microbial load of fish fingers made from 
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different species. The loads of microorganisms 

in fish fingers made from S. pilchardus, M. 

merlangus and S. luciopercawere fall down 

from 4.61, 4.62 and 4.50 log cfu/g sample to 

4.34, 3.86 and 3.73 log cfu/g, respectively at 

the end of 240 days of frozen storage. Tokur, 

et al., (2006) examined the microbial quality 

of Carp fish fingers as affected by washing 

process. The total bacterial counts of 

unwashed fish and washed fingers samples 

were 2 ×105 and 8 × 104 cfu/g sample, 

respectively. These values did not exceed 

106/g sample during frozen storage. EOS 

(2009) stated that frozen fish shouldn't have 

Clostridium and E. coli, while aerobic bacteria 

and Staphylococcus auras shouldn’t exceed 

106 and 103 cfu /g sample, respectively. 

Mahmoudzadeh, et al., (2010) reported that 

burgers from P. elevatus and S. undosquamis 

had low number of microorganisms at the end 

of storage period (-18 ºC). El-Sherif et al. 

(2011) found that the total bacterial count 

(TBC) of raw Mullet fish during storage 

period at -18°C were 2.01, 4.32, 3.05 and 2.65 

log10 cfu /g sample after 0, 60, 120 and 180 

days of storage, respectively, while TBC of 

raw Tilapia fish were 2.35, 5.75, 4.15 and 2.95 

log10 cfu /g sample after the same periods of 

frozen storage. Izci et al. (2011a) found that 

the total count of mesospheric aerobic 

microorganisms of fish fingers made from 

sand smelt fish decreased from 5.998 log10 cfu 

/g to 4.874 and 4.658 log10 cfu /g after 90 and 

180 days of storage period at -18°C, 

respectively. Yeast and mold count were 0.989 

log cfu /g in fresh fish fingers and did not 

detected during the storage period of 90 days. 

Gandotra et al. (2012) reported that the total 

plate count (TPC) of fish muscle Labeo rohita  

stored  at  -12±2 °C  for  21 days increased 

from initial load of  2.04log (cfu/g) to  5.10±  

0.2 log (cfu/g) at the end of storage.  

 

The results indicated that the microbial growth 

increased with extending the storage. The 

microbiological examination of sand Smelt 

fish products indicated that the initial total 

bacterial counts (TBC) for control sample, 

15% SF and 15% MBP burger before storage 

were 1.81×103, 5.24 ×103and 10.2×103 cfu/g 

sample, respectively. Also, the initial values of 

TBC for Sand smelt finger samples were 

4.16×103, 13.1×103 and 28.18×103 cfu/g for 

control, 20% SF and 15% MBP finger 

samples, respectively. These values of TBC 

declined during frozen storage. The initial 

counts of mold and yeast in the different 

samples of burgers and fingers ranged between 

1.04×102 to 7.07×102 cfu/g sample at zero-

time storage and no detection could be found 

for mold and yeast during storage period of the 

sand smelt product (Abd-Elsalam, 2013).  

 

El-Lahamy et al. (2018a) showed that the 

initial total bacterial count (TBC) for raw 

(uncooked), fried and grilled Mullet were 3.3, 

2.95and 3.04log cfu/g, respectively. Upward 

trends were shown until the end of four month 

of frozen storage of raw sample to be 4.06, 

3.71and 3.86log10 cfu /g, and then the 

downward was taken place until the end of 

storage period to reach 3.92, 3.11and 3.34cfu 

for raw, fried and grilled mullet respectively. 

Also, they found that the initial mold and yeast 

counts were 1.94, 1.3and 1.69 cfu/g for 

raw(uncooked), fried and grilled Mullet at 

zero time. During 180 days of storage period, 

raw (uncooked) sample, no detection could be 

found for mold and yeast in the cooked 

samples expect the raw sample; mold and 

yeast showed growth after 2.0 months. 

 

CONCLUSION 

Freezing technology is one of the most 

common methods of keeping quality and 

safety of fish and their products. Although, 

there are some changes in the chemical 

composition, chemical quality indicators, 

microbial quality and nutritional value, but 

these changes are minor during the frozen 

storage for fish and fishery products. 

Therefore, freezing process is one of the best 
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methods used in the keeping of fish and their 

products 
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