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Abstract 

The effect of delayed icing on the quality of banana shrimp (Fenneropenaeus merguiensis) was 

investigated by determining sensory, physicochemical (pH, TVB-N and WHC), microbial 

(TMC, total mesophilic counts and TPC, total psychrophilic counts) and microstructure aspects 

over 20 days during ice storage. The fresh shrimp stored in the immediately iced after caught 

(lot I) were organoleptically acceptable for 12-13 days while a 2 h delay in icing (lot II) 

shortened the shelf life up to 8-9 days. Physicochemical indexes showed significant differences 

(P < 0.05) in both samples during the ice storage time. TMC values remained under the limited 

acceptability until the end of storage while TPC reached to limited acceptability after 8 and 12 

days in 2 h delayed and immediately iced samples respectively. The recognition of the muscle 

fibres in 2 delayed iced samples was very difficult after 8 days of storage time, while 

disintegration of myofibrils was observed in immediately iced after 12 days. 
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1. Introduction 

Seafood, including finfish and shellfish, are a 

major portion of human foods. Crustaceans, among 

aquatic food products, are a type of shellfish of great 

economic importance in many parts the world. Food 

and Agriculture Organization (FAO, 2009). Among 

different shrimps, the family Penaeidae is widely 

distributed in the tropical and sub-tropical areas of 

the world. They are particularly abundant in 

Southeast Asia, India, the Gulf of Mexico, Australia 

and Persian Gulf (Fischer and Bianchi, 1984).
 
The 

banana shrimp, Fenneropenaeus merguiensis, is an 

important species for commercial fisheries and 

widely disturbed in the Indo-Pacific region (Grey et 

al., 1983; Ikhwanuddin et al., 2012).  

Crustaceans like to the other seafood are highly 

perishable, because of their small size, high water 

activity, high contents of non-protein nitrogenous 

(NPN) compounds, polyunsaturated fatty acids 
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(PUFAs), neutral pH and presence of autolytic 

enzymes (Aubourg et al., 2007; Jeyasekaran et al., 

2006). Shrimp fresh after death is still active and 

biochemically alive (Boonsumrej et al., 2007). The 

post-mortem organic decomposition shrimp meat is 

mainly caused by enzymes and microbiological 

activities (Sharifian et al., 2019). “Spoilage” can be 

defined as a change in fish or fish products that 

renders them less acceptable, unacceptable or unsafe 

for human consumption (Hayes, 1985). Several 

methods have been used to extend shelf-life of 

shrimp and other seafood (Banergee, 2006; Gelman 

et al., 2001; Savvaidis et al., 2002), but the use of ice 

is possibly the simplest method to preserve seafood 

during handling and post-mortem storage. 

Nevertheless, delayed icing and high storage 

temperature may be the major causes of aquatics 

spoilage, because it accelerates bacterial growth and 

chemical reaction (Amos, 2007).  

In Iran, shrimp are traditionally caught in the night 

during high tide using a trap or cast net and they are 

not iced until the arrival in port. Previous studies 

showed that post-harvest delayed chilling exert 

serious threat on the quality of fish and shellfish 

(Dawood et al., 1986; Rahman et al., 2001). 

However, to our knowledge there is no research on 

the effects of delayed icing on the post-mortem 

quality of banana shrimp. Therefore, the aims of this 

study were to investigate the effects of delayed post-

caught icing on the sensory, physicochemical and 

microbial quality of banana shrimp and determine its 

shelf-life during iced storage. 

2. Materials and Method 

2.1. Sample preparation and storage of shrimp 

Banana shrimps were caught from the coastal 

waters of Hormoz Island, Bandar Abbas, Iran. The 

samples were divided into two lots. First lot (lot I) 

was ice-stored immediately after catch and second 

lot (lot II) was allowed to remain at ambient 

temperature for 2 h and then ice-stored and 

transported to the Processing Laboratory of the 

Persian Gulf and Oman Sea Research Institute, 

Bandar Abbas, Iran. The average weight and length 

of shrimp were 40±10g and 15±2 cm, respectively. 

Both lots were iced with flake ice at shrimp-to-ice 

ratio of 2:1 (w/w) in the polystyrene boxes with a 

drain valve. The ice was renewed when necessary. At 

predetermined set intervals, desired number of 

samples were removed from the box, weighed, and 

their sensory attributes determined. Then, chemical 

and microbial analyses of samples were done after 

heading, peeling and mincing/mixing by passing 

three times through a meat grinder with 4mm 

diameter holes. All analyses were performed in 

triplicate on days 0, 2, 4, 8, 12, 16 and 20 of storage. 

2.2. Sensory analysis 

 Sensory evaluation analyses were carried out on 

whole raw samples by 7 trained panellists, using the 

guidelines presented in Table 1 (Lupin, 1996). Four 

categories were ranked: highest quality (E), good 

quality (A), fair quality (B), and unacceptable quality 

(C). Sensory assessment of the shrimp included the 

examination of the following parameters: colour 

(external), cephalotorax and tail (union), legs, shells 

and antennae, eyes, odour and flesh (texture/colour 

vain). 

2.3. Physicochemical analysis 

The proximate composition was determined as 

followed: total crude protein by the Kjeldahl method 

Association of the Official Analysis Chemists 

(AOAC, 1984), moisture and ash content by the 

AOAC (1995) method and Total lipid by Soxhalet 

method (AOAC, 1990). 
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Table 1: Scale used for sensory evaluation of raw whole banana shrimp 

Unacceptable (C) Fair quality (B) Good quality (A) Highest quality (E) Attribute 

Generalized 

blackening (in 

cephalotorax, tail fans 

and shells).  

Cephalotorax dark/black; 

some tail fans are black; 

some black lines in the 

shells 

Natural, less of brilliant, 

some indications of 

darkening; cephalotorax 

gray (opaque), tail lines 

(with black lines) 

Natural and brilliant; 

complete absence of 

discoloration (black 

spots) 

Colour 

(external) 

Most cephalotorax 

and tail detached 

Cephalotorax and tail 

easily detached; naturally 

prolapsed, part of 

cephalotorax flesh can be 

seen; a few tails and 

cephalotorax detached 

Cephalotorax and tail 

attached, but increased 

movement (not firm); in 

some prolapse starts 

Cephalotorax and tail firm 

and perfectly attached 
Cephalotorax 

/ Tail (Union) 

Most antennae and 

legs detached; some 

shells detached 

Some detached legs and 

antennae in storage box 

Complete; legs and 

antennae less firm (easily 

detached) 

Complete, firm Legs, shells, 

Antennae 

Most eyes lost Colour lost; some eyes 

lost ( search in storage 

box)  

Less  brilliant; some opaque Brilliant, firm Eyes 

Nauseating; strong 

ammoniacal and 

sulphurous smell 

Some slight "fishy" odour  Neutral (no odour)  Fresh, like seaweeds, 

seawater; pleasant 
Odour  

Blackening of 

caphalotorax and tail 

flesh; some yellow to 

green colour in tail 

flesh; veins burst 

Some blackening of 

caphalotorax flesh; 

autolysis of veins starts 

(deveining is difficult) 

Less firm, soft; white 

opaque; vein still intact, but 

resistant; no blackening 

Firm, juicy; white 

brilliant; vein firm, 

resistant 

Flesh 

(texture/colo

ur vain) 

 

The water holding capacity (WHC) was 

determined according to the method of Cheng 

(Cheng et al., 1979). WHC was expressed as ‘‘loss 

of water” which was the percentage of weight lost by 

the sample compared to the initial weight.  

For pH value assessment, 5 g of minced shrimp 

were homogenized for 1 min with 45 ml of deionised 

water and then measured using a pH meter (HM-205, 

Japan). 

Total volatile base-nitrogen (TVB-N) content was 

determined and evaluated as described by Kılınç et al 

(2003) by Kjeldahl distillation mechanism and 

expressed as mg TVB-N per 100 g muscle. The 

method was based on water vapour distillation and 

separation of volatile base. 

2.4. Microbial analysis 

Total mesophilic counts (TMC) and total 

psychrophilic counts (TPC) of banana shrimp were 

counted on 3 shrimp samples per treatment during 

storage period. The sample (10 g) was mixed with 

Ringer solution (90 ml) and stomached (IUL 

instrument, Barcelona, Spain) for 3 min. Further 

serial dilutions were made in tubes before plating. 

The media and incubations for mesophilic aerobic 

and psychrotrophic bacteria were plate count PCA 

agar (PCA, Merck, Kat No: 105463), 37 °C, 24-48h 

and PCA agar (PCA, Merck, Kat No: 105463), 5°C, 

72 h, respectively. 

2.5. Microstructure analysis 

The modified method of Pan and Yeh (1993) was 

used to prepare tissue for microscopic analysis. A 

light microscope (Nikon UFX-DX) equipped with a 

digital camera (Nikon FX-35DX) was used to take 

picture. 
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2.6. Statistical analysis  

All data were analyzed using SPSS software, 

version 13.0. The separation of means or significant 

difference comparisons were done using the least 

significant difference (LSD) test and the statistical 

significance was defined as P < 0.05. Results were 

reported as mean values ± standard error (SE). 

3. Results 

3.1. Proximate composition 

Table 2 shows moisture, fat, protein, and ash of 

banana shrimp meat. Statistical analysis showed that 

there was a significant difference (P < 0.05) in the 

moisture, protein, and ash of banana shrimp during 

storage time. On the contrary of other proximate 

compositions, the content of moisture increase at the 

end of storage. There was no observed significant 

difference (P > 0.05) of proximate compositions 

between immediately and 2 h delayed iced samples. 

Table 2: Proximate compositions of banana shrimp at the 

first and end of iced storage time. 

sample 

 

Proximate 

composition 

Immediately iced 2 h delayed iced 

 

0 

 

20 

 

0 

 

20 

Protein% 21.35 ± 

0.57 

15.60 ± 

0.49 

21.72 ± 

0.14 

15.26 ± 

0.75 

Moisture% 74.76 ± 

0.75 

81.33  ± 

0.99 

74.94 ± 

0.18 

81.62 ± 

0.78 

Fat% 1.45 ± 

0.21 

1.33 ± 

0.37 

1.36  ± 

0.29 

1.09 ± 

0.09 

Ash% 1.66 ± 

0.08 

0.81 ± 

0.16 

1.91 ± 

0.05 

0.82 ± 

0.05 

 

3.2. Sensory assessment 

The changes in sensory properties of banana shrimp are 

shown in Table 3. 

 

Table 3: Effects of delayed icing on the sensory attributes of banana shrimp during ice storage 

 Immediately iced (lot I) 

(days of storage) 

 Delayed iced (lot II) 

(days of storage) 

 0 2 4 8 12 16 20  0 2 4 8 12 16 20 

Colour E E A B B C C  E A B B C C C 

Cephalotorax, tail E E A A B B C  E A A B B C C 

Legs, shells, Antennae E E A A B C C  E E A B C C C 

Eyes E E A A B C C  E A B B C C C 

Odour E E A B C C C  E A B C C C C 

Flesh E E A A B C C  E A B B C C C 

  

3.3. Physicochemical assessment 

Effect of delayed icing on the pH changes of 

shrimp muscle during iced storage is present in 

Figure 1. The initial pH values of immediately and 

delayed iced shrimps muscle were 7.03 and 7.08 

respectively. With increasing of storage time, the pH 

of all shrimp samples increased (P < 0.05) and 

reached to 7.73 and 7.86 (days 20) in two treatments. 
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Fig 1: Changes in pH values of shrimp samples 

(F. merguiensis) during ice storage 

Changes in TVB-N value are shown in Figure 2. 

The initial TVB-N values of immediately and 

delayed iced samples were 23.01 and 27.42 mg/100 

g, respectively, and increased progressively with 

time of storage for both shrimp samples (P < 0.05). 

The initial and final TVB-N values of delayed iced 

samples were significantly higher than those of 

immediately samples. 

 

Fig 2: Changes in TVB-N values of shrimp samples 

 (F. merguiensis) during ice storage 

It was observed significant difference for WHC 

during the storage period in both immediately and 

delayed iced samples (P < 0.05). It decreased from 

71.76 (day 0) to 57.66 (day 18) for immediately iced 

samples and from 65.48% (day 0) to 41.4% (day 18) 

for delayed iced samples (Figure 3). No significant 

(P > 0.05) difference was observed between two 

treatments during storage period, except days of 0 

and 12.  

 

Fig 3: Changes in WHC of shrimp (P. merguiensis) 

during ice storage 

3.4. Microbial assessment 

The initial TMC (log10 cfu/g) of immediately and 

2 h delayed iced samples were 3.42 and 3.69, 

respectively which increased continuously up to 6 

log10 cfu/g at the end day of storage (day 20)   

(Figure 4). 

 

Fig 4: Changes in TMC of shrimp samples 

(P. merguiensis) during ice storage  

Figure 5 shows the effect of delayed iced on the 

total psychrophilic counts (TPC) of shrimp samples 

during iced storage. In samples immediately and 

after 2 h, TPC was 3.44 and 3.11 log10 cfu/g on day 

0 and significantly (P < 0.05) increased to 7.17 and 

7.44 log10 cfu/g on day 20 respectively. On days 4 

and 8 of storage time, TPC showed significant 

difference (P < 0.05) between both samples. Both 

groups of bacteria increased in number during 
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storage (P < 0.05) but TPC increasing was higher 

than TMC in the final days of storage. 

 

Fig 5: Changes in TPC of shrimp samples 

(P. merguiensis) during ice storage 

3.5. Microstructure assessment 

Effects of delayed icing on the microstructure of 

banana shrimp muscle during ice storage are 

illustrated in Figure 6. On day 0, the microstructures 

of both treatments were much same and fresh shrimp 

had the well-organized structure of the myofibrils. 

With increasing of storage time, a slightly extra-

cellular space and fibre shrinking were observed. 

After 8 days of storage, it was very difficult to 

recognize the muscle fibres in the delayed iced 

samples, while disintegration of myofibrils in the 

immediately samples was observed after 12 days of 

storage. On day 20, muscle structures of both 

treatments were indiscernible.  
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Fig 6: Effects of delayed icing on the microstructure of banana shrimp muscle during ice storage 

  

4. Discussion 

In the present study, F. merguiensis had 74.76 ± 

0.75 moisture which is between reported range of 

74.70%- 75.77% for fresh shrimp (Yanar and Celik., 

2006). According to results, banana shrimps are rich 

in protein (21.35 ± 0.57) which make them as a 

valuable healthy food source. Yanar and Celik 

(2006) reported protein content of 20.8 and 21.68 for 

green tiger and speckled shrimp respectively. 
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According to results of Jeyakumari et al (2015), 

white shrimps have protein content of 18.8. 

However, Slabyj (1982) stated that the protein 

content of shrimp is between 17 to 22% of their 

whole body weight. The results showed that fat 

content of the banana shrimp is low (1.45 ± 0.21) 

which can classify among low fat content species 

(Ackman, 1980). The one of major constituent in fish 

and shellfish is fat which shows wide variation with 

species and season (Jeyakumari et al., 2015). In this 

study, the ash content of banana shrimp was 

calculated as 1.66 ± 0.08 which was negligible 

higher than obtained range (1.55-1.65) for Penaeus 

semisulcatus and (1.59-1.62) for Metapenaeus 

monoceros (Yanar and Celik., 2006). Furthermore, 

several factors can affect proximate compositions of 

shrimp muscle which are species, growth stage, feed 

and season (Karakoltsidis et al., 1995). 

According to results, there was an increase in 

moisture content during storage (Table 2) which is 

similar to findings reported for white shrimp 

(Litopenaeus vannamei) (Jeyakumari et al., 2019; 

Jeyakumari et al., 2015). The increasing trend in 

moisture content during chilled storage may be due 

to loss of proteins and other soluble through drip 

fluid (Binsi et al., 2014).  

Although the shrimp have a bright natural color, 

odor and firmness (excellent elastic and rigid 

characteristics), presenting a very good overall 

quality but, storage condition can affect shrimp 

quality. Accordingly, in the present study, the 

immediately iced sample showed good quality which 

classified in the E or A categories up to day 4. 

Further on the five day of storage, quality of 

immediately iced shrimps decreased. In the 

following, shrimps were no longer acceptable up to 

day 12. The 2 h delayed iced sample only maintained 

good quality up to day 2 and was acceptable up to 

eight day of storage time. The external colour (black 

spots) and odor were the first parameters which 

limited shrimps acceptability in both samples. 

However, temperature is one of the most important 

factors that it affect post harvest quality of the 

products (Amos, 2007) and increasing of temperature 

before storage results in faster bacterial growth 

which lead to degradation of protein and formation 

of off-odors, especially malodorous amine 

compounds (Bazemore et al., 2003; Lakshmanan et 

al., 2002). In addition, the results of this study are 

similar to findings of Shamshad et al (1990) who 

reported shelf life of 13 and 9 days for Penaeus 

merguiensis when stored at 0 and 5 °C, respectively. 

Also, Rahman et al (2001) reported that shelf life of 

immediately iced Penaeus monodon is 3 days more 

than 4 h delayed iced sample. Jeyakumari et al 

(2015) indicated that the shelf life of white shrimp 

iced immediately after catch and 2 h delayed iced is 

approximately 9 days, whereas 4 h delayed iced 

sample has shortened shelf life of 6 days. 

The pH is one of factors which use an index of 

shrimp quality. Both sample showed an increasing 

trend of pH during storage. The increase of pH was 

associated with production of volatile basic 

components, such as ammonia and trimethylamine, 

mainly by spoilage bacteria (Ruiz-Capillas, 2001; 

Binsi et al., 2014). Increasing trend of pH in this 

study was similar to other studies (Rahman et al., 

2001; Nirmal and Benjakul., 2009; Jeyakumari et al., 

2015; Jeyakumari et al., 2019;  Osibona and Ezekiel., 

2014) which confirm our results. 

Total volatile basic nitrogen (TVB-N) is widely 

used as an indicator of meat deterioration which is 

mainly composed of ammonia and tertiary amines 

and increasing TVB-N content is related to the 

activity of spoilage bacteria and endogenous 

enzymes (Huss, 1995; Zhong-Yi et al., 2010). 

According to Tavares et al (1988) and Huss 

(1995) a level of 30 mg TVB-N/100 g muscle has 

been considered the highest acceptable level. In the 

present study, immediately and 2 h delayed iced 

samples reached to the limited value of TVB-N after 

8 and 12 days of storage time, respectively which 
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were associated with sensory evaluation. The results 

showed that TVB-N could be considered as a good 

index for quality assessment of banana shrimp during 

ice storage time. Similar results of increasing TVB-N 

trend reported for Northern shrimp (Pandalus 

borealis), brackish water shrimp (Penaeus monodon) 

and freshwater prawn (Macrobrachium rosembergii) 

during ice storage time (Leitão, 2000; Qingzhu, 

2003; Zeng, 2005; Jeyakumari et al., 2015; 

Jeyakumari et al., 2019).  

WHC effects on the profitability and quality of 

food products because of change of weight during 

storage and the juiciness and tenderness of the 

muscle (Olsson et al., 2003; Zhuang et al., 2008). 

Both samples showed decreasing trend of WHC 

during storage time which may be due to higher 

activity of microbiological degradation (Ghanavatia 

et al., 2020). Similar reports of decrease in WHC 

values of shrimp (Pandalus borealis) and Cazon fish 

during ice storage reported by Zeng et al (2005) and 

Ocaño-Higuera et al (2009), respectively. It is well 

known that fish and shrimp meat properties change 

along decreasing freshness that amount of changes 

depends on initial condition of muscle (Ocaño-

Higuera et al., 2009). Progressive loss of fluid and 

reduction of water-holding capacity lead to tougher 

and wrinkled of muscle (Ocaño-Higuera et al., 

2009). On the other hand, the WHC of muscle 

regards as an essential qualitative parameter and 

effective factor to muscle texture (Olsson et al., 

2003) which can due to destruction of myofibrillar 

integrated protein during storage (Flores and 

Bermell., 1984). Our results indicated that 

denaturation (aggregation and/or hydrolysis) of 

myofibrillar protein in banana shrimp during period 

of storage affected by WHC which were in 

accordance with the captured microstructure graphs 

(Figure 6). 

The low initial number of bacteria indicated very 

good banana shrimp quality. The microbial growth 

rate was faster in shrimp iced after 2 h of catching 

than immediately iced during the storage period. The 

increasing of TMC in shrimp has been demonstrated 

by Zeng et al (2005) and Rahman et al (2001) during 

iced storage. In the present study, although the levels 

of TMC were significantly high (P< 0.05) but, the 

number of bacteria did not exceed the maximum 

limit for acceptability of 10
6
 cfu/g (Lapa-Guimarães 

et al., 2002) until the last day of storage time. We 

hypothesize that low temperatures inhibit spoilage 

bacteria growth, especially mesophilic bacteria. Cann 

et al (1971) in their review on tropical shrimp 

indicated that the mesophilic population are not 

active at ice temperatures and little spoilage occurs 

until the psychrotrophic population develop. Also, 

Shamshad et al (1990) reported that thirty 

percentages of initial banana shrimp bacteria are 

gram positive organisms that they can change 

predominantly to psychrotrophs bacteria at lower 

temperatures or change to mesophiles bacteria at 

higher temperatures. Several studies confirm our 

results: for cultured Pennaeus monodon and 

Macrobrachium rosenbergii (Lalitha and Surendran., 

2006), for Litopenaeus vannamei (Jeyakumari et al., 

2019), for cultured prawn (Ninan et al., 2003), for 

Litopenaeus vannamei (Jeyakumari et al., 2017). It 

seems that TMC cannot be considered as a good 

microbial spoilage index during ice storage of the 

shrimp. 

Conversely, TPC reached to 6.11 log10 cfu/g 

(immediately iced sample) and 6.49 log10 cfu/g (2 

delayed iced sample) on day 8 and 12 of storage 

when the samples were rejected based on 

organoleptic analysis which shows a correlation 

between sensory and microbiological analysis in 

banana shrimp.  

Figure 6 shows the microstructure of banana 

shrimp muscle during ice storage. Muscle fibres of 

both samples demonstrated relatively uniform and 

regular shapes of the cross section at the first day 

(day 0). The slightly destruction of texture were 

observed after 8 and 12 days for delayed and 
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immediately iced samples respectively. These 

destructions were most visible at the end of storage 

(day 20). The increase of muscle fibre dissociations 

during storage time found in the present study is 

similar to results of Bahuaud et al (2008), Ofstad et 

al (2006), Taylor et al (2002) and Sharifian et al 

(2015). Degradation of tissue starts from 

perimysium, endomysium, Z line, and H zones 

which is concurrent with degradation of connective 

fibres and the sarcoplasm due to action of 

hepatopancreatic enzymes (Baranowski et al., 1984; 

Nip et al., 1985). The microstructure graphs showed 

that sensory, microbiological and chemical analysis 

of shrimps correlated well myofibrils changes.  

5. Conclusion 

On the basis of results, immediately iced banana 

shrimp (P. merguiensis) has a shelf life 12-13 days 

whilst 2 h delayed in icing has shortens shelf life of 8 

days during ice storage. 
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