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ABSTRACT 
Proteins of shrimp muscle suffered chemical and physical changes during frozen storage which may re-

sult in quality deterioration. There are lots of parameters widely used to assess the degree of protein 

changes. While, not much information was available on using different parameters to investigate changes 

in proteins of frozen shrimp. The present study was conducted to evaluate the changes in proteins using 

different parameters, including myofibrillar solubility, myofibrillar size distribution and myofibrillar UV 

absorption spectrum. Meanwhile, in order to make clear the direct effects of these protein changes on 

frozen shrimp quality, the variation in total volatile basic nitrogen (TVB-N), texture and microstructure 

were determined as well. The results of this research may help to better understand the mechanism of 

frozen shrimp quality deterioration. The results showed that the protein had been changed during shrimp 

frozen storage which could result from protein freeze denaturation, protein oxidation, protein degrada-

tion and other biochemical actions. All the three parameters could well characterize the changes in pro-

tein during shrimp frozen storage. It was shown that the TVB-N levels increased, and the texture and 

microstructure went worse over shrimp frozen storage. These variations could be the results of protein 

changes.  
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1. INTRODUCTION 

Shrimp is a good source of high-quality protein, addi-

tionally, since it is low in fat and rich in omega-3 fat-

ty acids, it has become the most-favored seafood 

product all over the world. While, fresh shrimp is 

highly perishable after capture leading to its quality 

deterioration which is associated with microbial 

spoilage, chemical changes and melanosis 

(blackening) (Ghaly et al., 2010). It has been estimat-

ed that chemical deterioration and microbial spoilage 

are responsible for loss of 25% of fishery products 

every year (Manheem et al., 2012). And around 4-5 

million tons of trawled shrimp are lost every year due 

to enzymatic and microbial spoilage because of im-

proper storage (Ghaly et al., 2010). In general, quality 

spoilage of shrimp starts within 24 h after their catch 

due to chemical, enzymatic or microbial activities. It 

not only results in nutritional value loss but also leads 

to significant economic loss in shrimp. Thus, many 

methods are used to retard quality loss during shrimp 

and other muscle foods storage, such as adding pre-

servatives, pre-cooking, modified atmosphere pack-

ing, freezing and high pressure storage, etc. (Zhou et 

al., 2010). Among them, freezing is most common 

and more easily available. While, although freezing is 

the best way to inhibit microbial growth and slow 

chemical changes, it is reported that frozen shrimp 

also suffered quality deterioration due to oxidative, 

enzymatic and microbial spoilage continue at slower 

rate (Neumeyer et al., 1997). These changes from 

freezing could lead to shrimp quality deterioration in 

texture, water-holding capacity, protein solubility, off

-flavors, rancidity, dehydration, weight loss, juiciness 

loss, drip loss and toughening, as well as microbial 

spoilage and autolysis (Jackson et al., 2001; Hassan 

and Ali, 2011). 

 

Protein is the most abundant solid material for muscle 

food. On average, shrimp muscle tissue contains 

around 20% crude protein which formed by three 

large groups, they are referred to myofibrillar protein, 

sarcoplasmic protein and stromal protein (Lu et al., 

2011). There are lots of parameters widely used to 

assess the degree of protein changes including protein 

solubility, SDS-PAGE, protein oxidation, protein 

degradation, etc. The changes of these biochemical 

parameters in shrimp are closely related to quality 

changes (Wang et al., 2013). While, not much infor-

mation was available on using different parameters to 

investigate changes in protein during shrimp frozen 

storage. The present study was conducted to track 

protein changes using different parameters, including 

myofibrillar solubility, myofibril size distribution and 

myofibrillar UV absorption spectrum during shrimp 

(Metapenaeus ensis) frozen storage. Meanwhile, in 

order to make clear the possible effects of these 

changes on frozen shrimp quality, the variations in 

total volatile basic nitrogen (TVB-N), texture and 

microstructure were determined as well. The results 

of this research may help to better understand the 

mechanism of quality deterioration in frozen shrimp.  

 

2. MATERIALS AND METHODS 

2.1. Materials 

Sample collection  

The shrimps (Metapenaeus ensis) were obtained from 

a local aquaculture farm in Dalian, Liaoning prov-

ince, China. The shrimps were kept in an ice bath and 

transported to the laboratory in 2 h. Shrimps were 

packed in the polyethylene bags (polyethylene, 2,300 

mL/m2/24 h at 0 ℃, Rande Packaging Products, 

Shanghai, China). And then samples were frozen at -

18 ℃ for up to 7 weeks. The quality of shrimp was 

analyzed before freezing (0 wk) and after 1, 3, 5, and 

7 weeks frozen storage. At each storage point, protein 

changes (solubility, size distribution, UV absorption 

spectrum), TVB-N, texture and microstructure were 

determined. 

 

2.2. Methods 

2.2.1. Myofibrillar determination  

Myofibrillar protein extraction  

The myofibrillar protein was extracted according to 

the method of Srinivasan et al (1997) with slight 

modification. Shrimp muscle (10 g) was homoge-

nized in 50 ml buffer containing 0.1 M KCl, 2 mM 

MgCl2, 1 mM EDTA and 10 mM K2HPO4 (pH 7.0) at 

a speed of 20,000×g for 15 s. And then it was centri-

fuged at 2,000×g (4 ℃) for 10 min. After decanting 

the supernatant, the sediment was collected. Then 

repeated above steps for more than three times. After 

the suspension was filtered with gauze. The protein 
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concentration was determined using Bradford method 

(1976), and then the myofibrillar protein was collect-

ed and stored at -80 ℃. 

 

Protein solubility determination  

Based on the method of Srinivasan et al (1997), the 

solubility of myofibril was determined. Briefly, the 

myofibrillar protein solution of 10 mg/ml was centri-

fuged for 40 min at 4000 ×g at 4 ℃, the absorbance 

value of the supernatant was determined by Biuret 

method. The solubility was calculated according to 

the following formula: 

s=m1/m2  ´100%   

s---solubility, % 

m1--- protein content in supernatant, mg/ml 

m2--- protein content in sample, mg/ml 

 

Protein size distribution determination  

The size distribution of myofibrillar protein was 

measured by dynamic light scattering (SZ-100, Hori-

ba Scientific, Kyoto, Japan) according to the method 

of Pan and Yeh (1993). Briefly, the myofibrillar pro-

tein solution of 1 mg/ml was prepared with deionized 

water. The particle size and distribution were meas-

ured at room temperature (25 ℃), the distilled water 

was used as dispersion medium and the refractive 

index of dispersant was 1.330. 

 

UV absorption spectrum  

The myofibrillar protein was diluted with 0.6 M NaCl 

followed by centrifuge at 10,000×g for 15 min at 4 

℃. The supernatant was diluted to a concentration of 

0.5 mg/ml and the absorption spectrum was obtained 

through measuring the absorption spectrum over the 

range of 220 to 360 nm. 

 

2.3. TVB-N  

Total volatile base-nitrogen (TVB-N) measurement 

was conducted following the method described by 

Aubourg et al (1997). Briefly, finely mincing shrimp 

muscle (5 g) was dissolved with distilled water. The 

mixture was prepared for use after efficiently stirring 

and 30 min standing. The extracted solution was ob-

tained after filtering, and then it was analyzed by 

Semi-micro kjeldahl nitrogen determination apparatus 

(KDY-9820, Tongrunyuan Electromechanical Tech-

nology, Beijing, China). The results were expressed 

as mg TVB-N/100 g muscle. 

 

2.4. Texture determination  

The texture of the shrimp samples was measured us-

ing a texture analyzer (TAXT-2, Stable Micro Sys-

tem, Make, UK) equipped with 25 kg load cell. Sam-

ples were thawed at room temperature for 30 min be-

fore analysis. The second quarter of the shrimp was 

compressed to 40% of its original length using a cy-

lindrical probe with a test speed of 1 mm/s. The val-

ues of adhesiveness, springiness, hardness, cohesive-

ness and chewiness were obtained directly from the 

acquired force-time curve.  

 

2.5. Microstructure  

The second segment of shrimp was cut into 5 mm 

wafer and then it was fixed using 2.5% glutaralde-

hyde at 4 ℃ over night. The sample was washed us-

ing 0.1 M phosphate buffer for three times and dehy-

drated with ethanol. After freeze-drying, the samples 

were scanned using a Scanning Electron Microscopy 

(JSM-6460LV, Jeol Ltd., Tokyo, Japan). 

 

2.6. Statistical analysis  

The changes in protein, TVB-N and texture were ana-

lyzed using SPSS program (Version 22.0, SPSS inc, 

Chicago, USA). Two-way analysis of variance 

(ANOVA) was used for differences in the means of 

the values of protein, TVB-N and texture. These dif-

ferences were further identified using two-sample 

Student-t tests assuming equal variances. The statisti-

cal significance was set at p ≤ 0.05.  

 

3. RESULTS AND DISCUSSION 

3.1. Protein changes 

Protein solubility  

Many scientists reported that frozen storage resulted 

in shrimp quality deterioration which was accompa-

nied by loss in muscle protein characteristics mainly 

solubility, water retention, gelling ability, etc. 

(Colmenero and Borderias, 1983; Lee and Um, 1995). 

As shown in Fig.1, myofibrillar soluble protein con-

centration decreased over storage time, the significant 

(p<0.05) decreases were found at first (0-1 wk) and 

third (3-5 wk) stages. The decrease in myofibrillar 

soluble protein concentration could be caused by the 

http://www.labcompare.com/14-HORIBA-Scientific/
app:ds:phosphate
app:ds:buffer
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process known as freeze denaturation which resulted 

in protein tertiary structure destroyed and the precipi-

tation of protein-protein cross-linking occurred. Sul-

tanbawa and Li-Chan concluded that, during muscle 

food frozen storage, the decrease in protein solubility 

was a primary criterion of protein denaturation, 

which mainly triggered by hydrophobic interaction, 

oxidation and ionic interaction (Sultanbawa and Li-

Chan,1998). The results of present study were in line 

with previous reports which carried out in shrimp and 

fish. Sriket et al (2007) reported that white shrimp 

and black tiger shrimp protein solubility decreased as 

the freeze-thaw cycles increased. Faruk et al (1997) 

reported that myofibrillar protein solubility of rohu 

fish (Labeo rohita) decreased to 32% during 24 days 

of ice storage. While, Duum and Rustad (2007) found 

that Atlantic cod’s salt soluble protein concentration 

(mainly myofibril) increased during frozen storage. 

Fig.1. The soluble myofibrillar protein concentration 

changes during shrimp frozen storage. Bars represent 

the standard deviation (n=5). Different letters on the 

bars indicate the significant differences (p<0.05). 

 

3.2. Myofibril size distribution  

To our knowledge, very rare information was availa-

ble about the changes of myofibril size distribution 

during seafood or shrimp storage. In current study, as 

shown in Fig.2, at wk 0, the myofibril size distribu-

tion was presented three characteristic peaks, which 

distributed from 1 nm to 1000 nm. As storage time 

prolonged, the main typical characteristic peak 

moved to the right along the abscissa, which means 

the myofibrillar diameter increased gradually and 

became larger and larger with storage time extended. 

This phenomenon could be attributed to the de-

creased proportion of lower molecular-weight protein 

and protein aggregation induced by protein oxidation 

and other biochemical reactions. As a result, the my-

ofibrillar diameter increased over frozen storage. 

These data were consistent with the decreased myofi-

brillar solubility during shrimp frozen storage which 

were obtained in pork (Pan, 2011). 

Fig.2. The changes of the protein size distribution 

during shrimp frozen storage 

 

3.3. UV absorption spectrum  

The UV absorption spectrum of myofibril during 

shrimp frozen storage was shown in Fig.3. It was 

demonstrated that, for fresh shrimp (wk 0), a charac-

teristic absorption peak at 270 nm was observed in 

myofibril. With storage time prolonged, the square of 

characteristic absorption peak decreased. From wk 5 

to wk 7, the characteristic absorption peak almost 

disappeared. For muscle food, the characteristic ab-

sorption peak at 270 nm is closely associated with the 

concentration of aromatic amino acid (such as Tyr, 

Trp and Phe) (Park and Xiong, 2007; Pan, 2011). The 

severe changes of the characteristic absorption peak 

could be attributed to protein freeze denaturation and 

oxidation in shrimp which subjected to freezing pro-

cess which were found in fish (Hao and Sterling, 

1970) and pork product (Pan, 2011). 

 

In this study, three different parameters were used to 

track the changes of protein over shrimp frozen stor-

age. All the data indicated that the protein had been 

changed during shrimp frozen storage. And these pa-

rameters gave us evidences why and how did the pro-

tein change. As for which parameter is better indica-

tor, we could not give the clues, because all three pa-

rameters could characterize the changes of protein in 

https://www.siftdesk.org/articles/images/551/1.png
https://www.siftdesk.org/articles/images/551/2.png
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different ways. And it is no doubt that using multiple 

indexes to characterize protein changes is better than 

the single index.  

Fig.3. The UV absorption spectrum of myofibrils dur-

ing shrimp frozen storage 

 

3.4. Texture  

Texture is an important quality index for aquatic 

product which was used to represent comprehensive 

feeling, including the tissue state, structure and taste. 

Many studies showed that fresh shrimp was relatively 

firm, and then became mushy during further storage 

(Ashie and Simpson, 1996; Hultmann and Rustad, 

2004). It is reported that fish stored several months in 

freezer (-18 ℃) became tough, chewy and rubbery 

(Sikorski and Kołakowska, 1995). In this study, tex-

ture of shrimp was measured using texture analyzer in 

TPA mode to simulate fingers. As shown in Table 1, 

the adhesiveness of fresh Metapenaeus ensis showed 

an increase trend over frozen storage duration. This 

phenomenon maybe attributed to protein denaturation 

which was discussed above. Meanwhile, the reduced 

binding force between cells resulted in adhesiveness 

increased. Springiness reflects the recovery degree 

after the external force actions, and it can also reflect 

the visual effect (Jiang and Wu, 2004). As shown in 

Table 1, compared with the fresh shrimp, the springi-

ness of the Metapenaeus ensis declined rapidly during 

the initial 5 wk storage. Hardness reflects the internal 

binding force for keeping certain shape of food 

(Malcolm, 2002). In the present study, it was indicat-

ed that the hardness of the shrimp significantly de-

creased during the initial 5 wk frozen storage (Table 

1, p<0.05). This could partially due to the freezing 

denaturation process happened in shrimp. And the 

formation of ice crystals led mechanical damage to 

muscle cells which resulted in protein damage and 

lower hardness. Cohesiveness expresses resistance 

when chewing food, and it is used to simulate the in-

ternal binding force of sample (Storey et al., 1984). 

The cohesiveness of the shrimp showed a decreasing 

trend over freezing storage (Table 1). It may be 

caused by the action of enzymes and microorganism 

which resulted in degradation in protein. Chewiness 

is defined as the ability to chew solid food which is 

connected with hardness, springiness and cohesive-

ness (Malcolm, 2002). As shown in Table 1, the 

chewiness of the shrimp decreased significantly from 

wk 0 to 3. The reduced chewiness could be a result of 

the combined effects of muscle hardness, elasticity 

and cohesiveness.  

 

Overall, from our study, it was shown that the texture 

of shrimp went worse over storage duration, and the 

rapid changes were found in initial storage stages. 

These variations could be the results of protein chang-

es we discussed above.  

 

Table 1. Changes of adhesiveness, cohesiveness, springiness, hardness and chewiness during shrimp frozen 
storage1 

Structure 
Storage time (weeks) 

0 1      3      5     7 

Adhesiveness  (g/sec) -30.87±1.83a -21.45±2.7b -19.51±1.96b -14.64±2.03c -14.48±2.34c 

Springiness (mm) 0.85±0.04a 0.75±0.06b 0.62±0.05c 0.54±0.07d 0.52±0.04d 

Hardness (g) 1105.91±90.07a 891.35±81.46b 840.79±75.81b 723.30±53.12c 705.60±35.31c 

Cohesiveness 0.58±0.08a 0.53±0.06ab 0.48±0.07ab 0.46±0.07b 0.45±0.054b 

Chewiness (g/mm) 1055.17±213.44a 937.70±152.64b 556.55±132.28c 494.52±105.54c 472.93±112.79c 

1The values are mean±standard deviation. On the same row, means with different letters differ significantly (p<0.05), n=5.  

https://www.siftdesk.org/articles/images/551/3.png
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3.5. Microstructure  

The effects of different freezing time on the muscular 

transection were shown in Fig.4. It was shown that 

the transection of fresh metapenaeus ensis was 

smooth and dense. And the structure was complete. 

There were some small and regular holes between the 

muscular tissue. After one week frozen, the muscular 

structure was relatively dense and the holes became 

bigger. At wk 7, the transverse had been gelatinized. 

This maybe caused by freezing process which con-

verted most of water in muscle into ice. Sultanbawa 

and Li-Chan (2001) reported that surimi without cry-

oprotectant lost more water due to freeze denatura-

tion. As the storage time extended, the number of 

small ice crystals was reduced even finally vanished, 

while the number of big ice crystals increased. The 

formation of large ice crystals damaged the walls of 

cells which could result in these changes. Besides, 

the endomysium of muscle tissue especially connec-

tive tissue could degrade during frozen storage, 

which caused more gaps forming between tissues. 

The results were consistent with the data which the 

size of the protein particle increased during frozen 

storage we found above. Chantarasataporn also found 

the microstructure of Pacific white shrimp became 

more swollen in width, detachable in length and dis-

torted in sacromere during storage (Chantarasataporn 

et al., 2013).   

Fig.4. The changes of the protein microstructure dur-

ing shrimp frozen storage  

3.6. TVB-N  

It is known that determination of TVB-N is an indica-

tor of freshness commonly used in aquatic trade 

(Storey et al., 1984), and the low value of TVB-N is 

an indication of freshness. And it can indicate quanti-

ty of nitrogenous bases (trimethylamine, dimethyla-

mine and ammonia) produced from spoilage of 

shrimp (Galleguillos, 1996). In current study, the 

changes of TVB-N during shrimp frozen storage 

were shown in Table.2. The initial TVB-N value was 

3.15 mg N/100 g muscle, and then the value contin-

ued to increase until reached a maximum at wk 7. It 

is reported that when the TVB-N concentration of 

shrimp was greater than 30 mg N/100 g muscle, it 

would have a significant negative effect on the con-

sumption (Ricque et al., 1998). In present study, the 

concentrations of frozen shrimp were much lower 

than the critical value. It means that shrimp could 

keep fresh and it can be accepted by consumers after 

7 weeks frozen storage. Similar results were observed 

by Imran, Chawalit and Somrote (2013). The de-

creased levels of TVB-N during shrimp frozen stor-

age could result from proteolysis and protein oxida-

tion evidenced by the changes in protein we found 

above, and the microbial action could be another rea-

son. 

 

CONCLUSION 

In this study, three different parameters (myofibrillar 

solubility, myofibril size distribution, myofibrillar 

UV absorption spectrum) were used to track the 

changes of protein over shrimp frozen storage. All 

the data indicated that the protein had been changed 

during shrimp frozen storage which resulted from 

protein freeze denaturation, protein oxidation, protein 

degradation and other biochemical actions. It was 

shown that the TVB-N levels increased over frozen 

storage. The texture and microstructure went worse 

for shrimp subjected to freezing process. These varia-

Table 2. Changes of TVB-N value during shrimp frozen storage1 

Parameter 
Storage time (weeks) 

0 1      3      5     7 

TVB-N (mg/100 g) 3.15±0.13a 5.13±0.20b 5.24±0.11b 6.03±0.23c 6.11±0.20c 

1The values are mean±standard deviation. On the same row, means with different letters differ significantly 
(p<0.05), n=5. 

http://www.sciencedirect.com/science/article/pii/S0268005X1300026X#
https://www.siftdesk.org/articles/images/551/4.png
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tions could be results of protein changes. 
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