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Effect of Season and Chilled Storage On Biochemical Composition of 

Tunisian Caramote Shrimp Head and Common Cuttlefish Viscera 

Introduction 

 

Fishing has been an important socioeconomic 

activity for a long time on Tunisian coasts. It 

produced about 119000 tones and created 

employment for roughly 54 miles persons (DGPA, 

2014). Among seafood products, shellfish 

(Parapenaeus longirostris, Penaeus kerathurus, 

Metapenaeus monoceros, Aristeus antennatus) and 

cephalopods (Sepia officinalis, Octopus vulgaris, 

Eledone moschata and Loligo vulgaris) were 

extremely researched by the majority of processing 

industries to be exported to European markets. A 

great part of these products were distributed to 

freezing’s industries where they were processed and 

inedible fractions were eliminated. During shrimp 

processing, head, tail and shell could be removed and 

residues represented approximately 33–65% of the 

raw material weight and they depended on species 

and their size (Sachindra and Mahendrakar, 2005; 

Pacheco et al., 2009). For cephalopods species, 

cuttlefish by-products (viscera, gonads, beak, 

skeleton, ink sac, skin, eyes, and gills) presented 30- 

35% of raw material weight (Aloulou et al., 2006; Le 

Bihan, 2006). Several studies were conducted to look 

for potential uses of seafood by-products because they 

proved that shrimp wastes are a main source of, 

proteins, chitin, calcium, carotenoid and lipids with a 

high contents of astaxanthin / ω–3 fatty acid ratio 

(Sadighara et al., 2014) such as docosahexaenoic 

acid: DHA and eicosapentaenoique acid: EPA (Babu 

et al., 2008; Sánchez-Camargo et al., 2011). These 

components could be used in diverse applications 

including food, feeds, cosmetic, agriculture and 

medical industries (Park et al., 2001; Nargis et al., 

2006; Oliveira Cavalheiro et al., 2007). Cephalopods 

by-products were rich in proteins, amine acids, 

minerals and vitamins (Abdelmouleh, 1997; Sadok et 

al., 2004). It was demonstrated in particular the 

interest of ink for its antibacterial activity and its use 

in food, cosmetic and painting industries (Saidane, 

2001). Nevertheless, the industrial processing of these 

by-products is limited by the variability of their 

chemical composition and their production. (Palpandi 

et al., 2009) proved that amount of components 

(humidity, ash, protein and fats) of shellfish and 

cephalopods by- products vary according to species 

and seasons (Green and Martrick, 1979; Cho et al., 

 Harrabi Belfékih1,*, Nesrine Boukattaya1, Nabil Kechaou1, Nourhène Mihoubi Boudhrioua2 

 
1University of Sfax, National School of Engineers of Sfax,. Process Engineering and Environment, Laboratory of Applied 

Fluid Mechanics and Production, Street Soukra Km 3.5, BP: 1173, 3038 Sfax, Tunisia. 
2University of Mannouba, Higher Institute of Biotechnology of Sidi Thabet, Research unit of Ecophysiology and Food 

Processes (UR11ES44), BP:66, 2020, Ariana-Tunis, Tunisia. 
 

 
 

* Corresponding Author: Tel.: +216.276 57347; Fax: +216.742 75595; 
E-mail: houwaidaharrabi@outlook.fr 

 Received 16 May 2016 
Accepted 22 July 2016 

 Abstract 

 

Seasonal changes of biochemical composition of caramote shrimp head (CSH) and common cuttlefish viscera (CCV) 

were investigated. The effect of chilled storage (5°C) of these by-products during 21 days on the physicochemical quality 

indicators was evaluated for every season to assess a suitable storage period. All biochemical components varied significantly 

(P<0.05) overall season for both types of by-products except moisture and chitin contents, which remained constant in CSH 

(79.77±0.33% and 8.33±1.11% respectively). CCV and CSH by-products were a main source of proteins (28.37±5.44% and 

20.37±5.77% respectively on dry weight basis (d.w.b)) and ash (23.60±4.18% and 28.28±2.32% respectively d.w.b). Principal 

component analyses (PCA) proved that CSH could be upgraded to obtain a rich product in minerals and chitin components at 

any time regardless the season. CCV collected in spring and summer could be assimilated as a homogenous group rich in 

protein and lipid. The chilled storage CCV and CSH during 21 days showed significant (P<0.05) variations of some 

physicochemical indicators and according to PCA, by-products might be stored just for few days (not more than a week) as 

proteolysis and lipolysis increased from the first week.  

 

Keywords: Seafood by-products, components characterization, refrigeration, quality indicators. 
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1998), in addition to anatomic fraction analyzed 

(Thirunavukkarasu and Shanmugam, 2009). Besides 

seafood processing and storage conditions accelerate 

their alteration. 

In Tunisia, seafood by-products are still 

discarded in great quantity and then contributed to 

heighten environmental pollution. Because shrimp 

and cephalopods by-products stocks are irregular and 

depend extremely on several factors (annual 

production, processed quantity, seasonal variation of 

biochemical composition), up-grading of these 

organic matter needs to look for useful, economic and 

environment friendly processes. The knowledge of 

physicochemical composition variation of seafood by-

products is a very important step before application of 

any processing. Furthermore, as seafood products are 

highly perishable due to bacterial activity, their 

storage at low temperature until use is necessary. 

Freezing at temperature inferior to -10°C stopped 

completely and irreversibly any metabolic activity 

and allowed to preserve for a long time more than a 

year these products (Cheftel and Cheftel, 1977; 

Gonçalves and Gindri Junior, 2009). 

The present study is the first work dealing with 

biochemical characterization and variation of quality 

indicators during chilled storage of caramote shrimp 

(Penaeus kerathurus) and common cuttlefish (Sepia 

officinalis) by-products from Tunisian industries. 

Seasonal changes of biochemical components 

(moisture, protein, lipid, ash and chitin) of CSH and 

CCV throughout the year were determined. For each 

season, effect of storage at 5°C along 21 days on 

physicochemical quality indicators : pH, Soluble 

Nitrogen (SN), Total Volatile basic nitrogen (TVB-

N), Thiobartituric Acid Reactive Substance (TBARs) 

and Acid Value (AV) were determined. The by-

products were examined weekly in order to decide the 

suitable storage period, ensuring minimal degradation 

of the principal biochemical components of CSH and 

CCV. 

 

Materials and Methods 

 
Raw Material Samples 

 

P. Kerathurus head (CSH) and S. officinalis 

viscera (CCV) were collected from a Tunisian 

freezing industry (Sfax, Tunisia) within the 24 hours 

following products processing. These species were 

caught in the gulf of Gabes (Tunisia). By-products 

were transported immediately in icebox to the 

laboratory. A total quantity of each by-products (1.25 

kg i.e. 30% of raw P. Kerathurus and 24% of raw 

S. officinalis) was separated in five aliquots and kept 

frozen (-25°C) until analysis. 250 g of each by-

product was conserved to biochemical composition 

and the four aliquots of 250g each one were 

conserved to evaluate physicochemical quality 

indicators during storage at 5°C. Mixed-sex of CSH, 

corresponding to cephalothoraxes (heads) were 

sampled on July, November and April (2011-2012). 

Mixed-sex of CCV and consisting of gonads, ink sac, 

hepatopancreas, gills, eyes and skins were gathered on 

July, October, February and May (2011-2012). 

 

Chemicals 

 

Hydrochloric acid (HCl, Purity 37%, analytical 

degree) and concentrated sulfuric acid (H2SO4, 98%, 

analytical degree) were supplied by Panreac Quimica 

S.L.U®. Butylated Hydroxy Toluene (BHT), 

potassium hydroxide (KOH) and sodium hydroxide 

(NaOH); were obtained from Labo Chemie®. 

Trichloroacetic acid (TCA, 20%) was provided by 

Carl Roth®. The 2-thiobarbituric acid (TBA) and 

chloroform (CHCl3), were obtained from Sigma-

Aldrich®. Nitric acid (HNO3, 65%) was purchased 

from Carlo Erba® and ethanol (C2H6O) from 

Scharlab S. L®. All the solvents used were of 

analytical-grade. 

 

Biochemical Composition 

 

Raw material samples were analyzed according 

to AFNOR (2001) procedures. All analyses were 

determined in triplicate during every season: autumn, 

winter, spring and summer. Each sample of CSH and 

CCV were ground in a blender (Moulinex 400W) and 

then dried at 47°C until obtained 12-13% of residual 

moisture. Dried matter was homogenized in flour for 

protein, lipid and chitin analyses. Moisture was 

quantified by oven-drying at 105°C to constant 

weight. Ash was obtained by incinerating the dried 

residue for 4 hours at 550°C in a muffle furnace 

(Schaltplan Modell, NABERTHERM Brand, and 

KARL KOLB Home). Total nitrogen (N) was 

estimated according to Kjeldahl (1883) method and 

protein was estimated as Nitrogen corrected x 6.25. 

Correction consisted of subtraction of total nitrogen 

from chitin’s nitrogen. The lipid contents were 

analyzed according to Soxhlet (1879) lipid extraction 

method by using chloroform at 60°C for 6 hours, 

followed by removal of the solvent under vacuum at 

40°C. Chitin contents were estimated according to 

Welinder (1994) method. Determination of chitin is 

based on demineralization followed by 

deproteinization, drying and incineration. 

Demineralization was carried out by using a solution 

of Ethylenediaminetetraacetic acid (EDTA: 1 mol l-1) 

instead of using of hydrochloric acid solution (1 mol 

l-1). Deproteinization was performed by using a 

solution of NaOH (2 mol l-1). 

 

Determination of Physicochemical Quality 

Indicators 

 

In order to evaluate physicochemical quality 

indicators of CSH and CCV collected after a series of 

industry processing steps, an aliquot of each by-

product was taken and grounded with a blender 
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(Moulinex® 400W). Fresh matter was used for pH, 

TVB-N, SN, AV and TBARs. pH value was measured 

according to AOAC (2000) with the use of pH-meter 

(Mettler Toledo GmH, MP220). Stage of advanced 

spoilage of CSH and CCV was evaluated by TVB-N 

analyses according to the regulation CE 

N°2074/2005. Values were expressed as mg of N/100 

g of sample. Autolysis reaction and degree of 

hydrolysis of protein into other components such as 

amino acids and short chain peptides was estimated 

by determination of SN according to the method 

described by Lo, Liao, Bullock and Jones (1993). 

Lipid hydrolysis was determined by acid value 

(AOCS, 1997) after fat extraction according to Folch, 

Lees and Sloane-Stanley (1957) method. Lipid 

oxidation was evaluated by the 2-thiobarbituric acid 

method (TBARs) as described by Vyncke (1975). The 

result is expressed in mg malonaldialdehyde/kg 

sample. 

 

Statistical Analysis 

  

Results are given as the mean values ± standard 

deviation for triplicate analysis. All data were 

analyzed using the STATISTICA 8.55 Software 

(1984-2004; StatSoft, Inc., Tulsa, OK, USA). 

Samples of CSH and CCV collected at every season 

were considered independent. Biochemical 

components (moisture, protein, lipid, ash and chitin) 

and physicochemical quality indicators (pH, TVB-N, 

SN, AV and TBARs) were the dependant variables. 

Seasonal variation of biochemical components was 

analyzed using ANOVA one-way. Previously, 

normality and variance homogeneity were checked by 

Shapiro-Wilk test and Levene test, respectively. 

When data did not obey to ANOVA condition, the 

non-parametric ANOVA equivalent (Kruskal–Wallis 

test) was performed. Significant differences were 

revealed by Tukey HSD test and multiple comparison 

of mean rank Test, respectively. To compare the 

nutritional quality of shrimp and cuttlefish by-

products, mean values of biochemical components 

were compared using T-Student test (or non-

parametric test Mann-Whitney U). 

Effect of storage at every season on 

physicochemical quality indicators for each type of 

seafood processing by-products was evaluated using 

ANOVA tow-ways factors with replications (paired 

samples). Differences were considered statistically 

significant when P<0.05. Significance level of all 

tests applied was fixed at 95%. In order to decide to 

upgrade samples of each by-product regardless the 

season and storage period, principal component 

analysis (PCA) was performed on the correlation 

matrix of the biochemical variables (PCA1) and on 

the correlation matrix of physicochemical indicators 

variables (PCA2). A measure of association between 

each original variable and the obtained principal 

components was provided.  

 

Results 

 
Seasonal Composition of Caramote Shrimp and 

Common Cuttlefish By-Products 

 

The proximate composition of caramote shrimp 

head (CSH) and common cuttlefish viscera (CCV) 

determined in summer, autumn, winter and spring is 

shown in Figure 1. 

 

Moisture 

 

P. kerathurus and S. officinalis by-products 

showed elevated moisture content, with a mean 

content of 79.77±0.33% and 79.76±1.44% 

respectively. No significant difference (P>0.05) in 

moisture value during seasons was recorded for CSH, 

although CCV demonstrated seasonal significant 

variation (P=0.04) with maximal value recorded in 

autumn (82.02±0.11%). Comparison of moisture 

content between CCV and CSH showed no significant 

difference (P=0.00) according to Student test.  

 

Ash 

 

Ash mean content varied from 23.60±4.18% 

(CCV) to 28.28±2.32% (CSH), with a significant 

seasonal difference (P<0.05) observed for both by-

products (Anova and Kruskal–Wallis test). 

Concerning CCV, maximal value of 29.14±0.10% 

was observed in winter and minimal value 

(18.04±0.88 %) was noticed in summer. According to 

Student test, CSH was significantly richer in ash than 

CCV.  

 

Protein 

 

CCV were characterized by an average protein 

value equal to 28.37±5.44% against 20.37±5.77% for 

CSH, with significant difference (P<0.05) throughout 

the year for both by-products. The HSD Tukey test 

showed that higher value of protein was recorded in 

summer CCV. For CSH, protein content didn’t differ 

from summer and autumn season. Thus, mean value 

of protein for CCV was significantly higher than 

protein content for CSH (Student test).  

 

Lipid 

 

P. kerathurus and S. officinalis by-products were 

a lower fatty product according to Ackman (1989) 

classification as mean percents of lipid were 

respectively 9.84±2.52% and 10.29±8.56%. Seasonal 

means of lipid for both by-products varied 

significantly (P<0.05) and significantly higher values 

of lipid percentage were observed in spring for CCV. 

Student test proved that CSH and CCV had no 

significant difference (P=0.10) on lipid content.  
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Chitin 

 

Chitin is a naturally abundant polysaccharide 

after cellulose (Das and Ganeds, 2010). Chitin 

contents in CSH were constant during the year and the 

average value was 8.33±1.11%.  

 

Principal Component Analysis and Seasonal 

Biochemical Components of Shrimp and Cuttlefish 

By-Products (PCA1) 

 

The relationship between biochemical 

components (moisture, protein, lipid, ash and chitin) 

determined at every season were investigated by 

principal component analysis (PCA1). Results of 

PCA1 revealed that 85% of the variation among the 

seasonal samples of shrimp and cuttlefish by-products 

was attributed to the first three principal components 

(Table 1 and Table 2). The first principal component 

(PC1) explained 44% of the variance. It associated 

protein, chitin and ash contents (Figure 2). Protein 

content was positively opposed to the group of ash 

and chitin values presented in the negative side of 

PC1. Regarding the relationship between seasonal 

samples of CSH and CCV and principal components, 

PC1 associated CCV, determined in summer and 

spring (in positive side), to CSH samples determined 

in summer, autumn and spring (Figure 2). Thus, it 

could be concluded that PC1 showed that CCV are 

rich in protein (in summer and spring respectively) 

than CSH, which presented high value of chitin and 

ash (summer, autumn and spring, respectively). The 

second principal component (PC2) explained 22% of 

the variance and it was defined by the lipid and 

moisture contents which are also opposed. The 

observation of the distribution of by-products samples 

 

 

 
Figure 1. Seasonal variation in moisture (% wet weight basis) ash, protein, lipid and chitin (% dry weight basis) contents 

in caramote shrimp head (CSH) and common cuttlefish viscera (CCV). Vertical rectangles of histograms with different 

letters are significantly different (P<0.05). 
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showed that only CCV analyzed on autumn and spring defined the PC2. Samples of spring had the 

Table 1. Eigenvalues of correlation matrix using CSH and CCV and five variables (mean data- PCA1) 

 

Value number Eigenvalue % Total of variance Cumulative eigenvalue Cumulative 

1 2 44.33 2.22 44.33 

2 1 21.93 3.3 66.26 

3 1 19.18 4.27 85.44 

4 0 9.61 4.75 95.05 

5 0 4.95 5.00 100.00 

 

 

 

Table 2. Eigenvectors of correlation matrix using CSH and CCV and five variables (mean data, PCA1) 

 

Variable Factor 1* Factor 2** Factor 3 Factor 4 

Moisture -0.11 -0.7 0.65 -0.13 

Protein 0.58 -0.04 -0.24 -0.34 

Lipid 0.083 0.69 0.67 -0.23 

Ash -0.53 0.01 -0.23 -0.81 

Chitin -0.59 0.17 -0.07 0.38 
*Factor1: Protein, chitin and ash 
**Factor 2: Lipid and moisture  

 

 

A 

 
B 

 
Figure 2. Projection of the variables (A) and shrimp and cuttlefish samples (B) on the factor plane Factor1: Protein, chitin 

and ash; Factor 2: Lipid and moisture (PCA1) CSHS: Caramote shrimp head summer; CSHA: Caramote shrimp head 

autumn; CSHSP: Caramote shrimp head spring; CCVS: Common cuttlefish viscera summer; CCVA: Common cuttlefish 

viscera autumn; CCVSP: Common cuttlefish viscera spring; CCVW: Common cuttlefish viscera winter. 
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highest value of lipid content inversely to autumnal 

samples much richer on moisture content. 

The third principal component (PC3) contributed 

by 19% to the variability and it was represented also 

by lipid and moisture contents. For the other principal 

components, having an eigenvalue less than 1.0 and 

explaining a small percentage of the variance, were 

not considered.  

 

Seasonal Evolution of Physicochemical Quality 

Indicators During Chilled Storage 

 

Changes in physicochemical quality indicators 

(pH, TVB-N; SN, FFA and TBARS) of shrimp and 

cuttlefish by-products (CSH and CCV) were 

investigated during chilled storage (5°C) for 21 days 

at every season.  

 

pH 
 

Averages pH values of CSH and CCV 

determined before chilled storage were 8.29±0.13 and 

7.53±0.21 respectively. A significant (P<0.05) 

decrease of pH was observed during chilled storage at 

every season (Figure 3) followed by a significant 

increase (P<0.05). Although the significant fall of pH, 

CSH kept basic character and CCV became acid at the 

14th days in autumn and winter then neutrality of 

viscera was observed. Fluctuation on pH mean values 

was significantly (P<0.05) observed after a week of 

storage.  

 

                                C                                                                             D 

E                                                                               F 

G 

 

Figure 3. Evolution of pH (C), soluble nitrogen (g N/100 g w.w.b, D), total volatile basic nitrogen (mg N/100 g w.w.b, E), 

Acid value (mg KOH/g, F) and Thiobartituric Acid Reactive substance (mg MDA/kg) mean values of shrimp and 

cuttlefish by-products during chilled storage. CSHS: Caramote shrimp head summer; CSHA: Caramote shrimp head 

autumn; CSHSP: Caramote shrimp head spring; CCVS: Common cuttlefish viscera summer; CCVA: Common cuttlefish 

viscera autumn; CCVSP: Common cuttlefish viscera spring; CCVW: Common cuttlefish viscera winter.
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Soluble Nitrogen (SN) 

 

SN resulting from the protein decomposition 

varied significantly (P<0.05) during chilled storage 

respectively for CSH and CCV (Figure 3) at all 

seasons. Maximal values of SN were recorded at 21th 

days of storage for CSH in autumn (85% of total 

nitrogen) and spring (73% of total nitrogen) seasons. 

For CCV, the high value of SN was observed in 

spring (60% of total nitrogen) at the 14th day. Thus, 

proteolysis activity was more pronounced in CSH 

than CCV. Student test showed that seasonal mean 

values of SN for both by-products differed 

significantly (P<0.05) in exception values taken at 

day 0 for autumnal samples and at 14th day for 

summer samples.  

 

Total Volatile Basic Nitrogen (TVB-N) 

 

Determination of TVB-N (mg/100g of sample) 

showed a significant increase (P<0.05) during chilled 

storage in all seasons. Maximal value was recorded in 

21th day for both CSH and CCV (Figure 3). 

Comparison of TVB-N determined in both by-

products revealed seasonal significant differences 

(P<0.05) for the whole period of storage.  

 

Acid Value (AV) 

 

During chilled storage, seasonal mean values of 

acid index varied significantly (P<0.05) for CSH and 

CCV (Figure 3). According to Anova test, mean 

values of acid index of CSH (49.39±27.13mg/KOH) 

were slightly superior to acid index of CCV 

(42.61±0.00mg/KOH) with maximal value observed 

in winter (77.57±5.85mg/KOH) for CCV.  

Thiobartituric Acid Reactive Substance (TBARs) 

 

Both CCV and CSH showed low initial values of 

TBARs with the exception of the autumnal value for 

CSH which was a little superior (Figure 3). This result 

could be in accordance with the fact that higher lipid 

content gives the higher values in fish samples (Tokur 

et al., 2006) and as mentioned above, P. kerathurus 

and S. officinalis by-products were a lower fatty 

product. During chilled storage, means values of 

TBARs showed no seasonal significant difference 

(P>0.05) for CCV and maximal value was recorded at 

the 21th day in spring (0.84±0.01meq of MDA/kg). 

However, seasonal mean values of TBARs of CSH 

varied significantly (P<0.05) during storage.  

 

Principal Component Analysis and Seasonal 

Physicochemical Quality Indicators of Shrimp and 

Cuttlefish By-Products (PCA2) 

 

Principal component analysis (PCA2) was 

applied to physicochemical quality indicators (pH, 

SN, TVB-N, AV and TBARs) which measured the 

spoilage evolution of CSH and CCV during chilled 

storage. The results are presented in Table 3 and 

Table 4. The first principal component (PC1) 

explained 36% of the variance. It was presented by 

SN, TVB-N and pH variables which are negatively 

projected. SN and TVB-N variables presented a group 

and pH variable another group (Figure 4). The 

projection of seasonal CSH and CCV determined at 

every storage period on the factor plan opposed the 

samples of CCV, analyzed in the summer (day 14), 

autumn (day 14), winter (day 0) and spring (day 7), to 

both groups composed of autumn and spring samples 

of CSH (storage day 7 and 14 and 21). Therefore, the 

Table 3. Eigenvalues of correlation matrix using CSH and CCV and five variables (mean data; PCA2) 

 
Value number Eigenvalue % Total of variance Cumulative eigenvalue Cumulative 

1 2 36.14 1.81 36.14 

2 1 28 3.21 64.13 

3 1 18.47 4.13 82.61 

4 1 10.67 4.66 93.28 

5 0 6.72 5 100 

 

 

 

 

Table 4. Eigenvectors of correlation matrix using CSH and CCV and five variables (mean data; PCA2) 

 

Variables Factor 1* Factor 2** Factor 3 Factor 4 Factor 5 

Soluble nitrogen (SN) -0,54 0,36 0,09 0,69 0,31 

Total volatile basic nitrogen (TVB-N) -0,51 0,46 0,19 -0,41 -0,57 

Acid value (AV) 0,35 0,36 0,76 -0,18 0,37 

Thiobartituric Acid Reactive substance 

(TBARs) 
-0,15 -0,61 0,61 0,30 -0,38 

pH -0,56 -0,39 0,06 -0,48 0,55 
*Factor1: SN, TVB-N and pH; 

** Factor 2: TVB-N and TBARs 
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results lead to deducing that CSH collected in autumn 

and spring presented higher values in SN and TVB-N 

than CCV. The evolution of SN and TVB-N were 

inversely correlated to the pH value of the product. 

The second principal component (PC2) explained 

28% of the variance and it was defined by the TVB-N 

variable which is opposed positively to TBARs 

variable (Figure 4). Samples of CCV stored during 21 

days in autumn and winter presented elevated values 

of TVB-N than samples CSH, taken at every season 

(day 0), and summer samples of CCV. The third 

principal component (PC3) contributed by 18.5% to 

the variability and it was represented by TBARs and 

AV (Figure 4). The factor opposed samples of CCV 

collected in summer (storage days 0, 7), autumn 

(storage days 0, 7) and spring (storage days 0) to 

samples of CCV collected in winter (storage days 0, 

7) and spring (storage days 21) and autumnal samples 

of shrimp (storage day 0). The result proved that lipid 

oxidation and hydrolysis was important in samples of 

CCV collected in winter and spring for the storage 

period ranging from a week to three weeks. 

 

Discussion  
 

The biochemical composition of caramote 

shrimp head (CSH) and common cuttlefish viscera 

(CCV) collected from Tunisian seafood processing 

industries was investigated. Obtained results could 

help industries decide to look for economic process to 

valorize this organic matter. Both CSH and CCV 

showed elevated moisture content and these results 

agreed with the fact that humidity is the major 

component in seafood products (up to 80%) and water 

activity was high (Zakhia, 2002). In comparison with 

other results, moisture content in CSH found in our 

study was similar to the value (79.1±0.8%) obtained 

by Heu et al. (2003) in the case of Pandalus borealis 

by-products (head, shell and tail). Although, our value 

was superior to the moisture average values reported 

by Babu et al. (2008) in the heads of Penaeus 

monondon (67.4±4.6%), Penaeus indicus (73.6±1.0%) 
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and Metapenaeus monoceros (75.8±0.6%). Mizani 

and Aminlari (2007) described a little superior value 

of moisture in the shrimp head (80.5±0.3%). 

Concerning CCV, Abdelmouleh (1997) reported that 

moisture content varied from 75.9% (autumn) to 

78.7% (spring) and the mean value (77.2%) was 

inferior to mean value found in our study. In addition, 

Castro, Garriw and Sow (1992) and Soufi-Kechaou et 

al. (2009) obtained inferior values of moisture in S. 

officinalis viscera (74.4 and 77.2%). Difference in 

moisture amount may be explained by difference in 

anatomical structure of by-products as the shrimp 

head was supported by the shell, so water retention 

capacity could be different. Furthermore, time elapsed 

from fishing to processing steps, in addition to 

freezing, which affected cells contributed to loss 

important quantity of water (Cheftel and Cheftel, 

1977).  

Concerning ash content, richness of shrimp 

species in ash was documented by several authors and 

values ranged from 7.50 to 40.50% on a dry basis 

(Abulude et al., 2006; Sánchez-Camargo et al., 2011). 

As CSH contained shell, which was composed of 

organic molecules and minerals in particular calcium 

carbonate, that’s explained higher values of ashes. 

Synowiecki and Al-khateeb (2000) observed similar 

values to our results for shrimp shell (29.2±0.2%). For 

CCV, ash values were more superior to the values 

found by Soufi-Kechaou et al. (2009) for viscera of 

the same species collected from the same fishing area 

(2.0% w. w. b against 4.83%). The significant 

difference in amount of ashes was more important for 

CCV than CSH and the difference could be the result 

of heterogeneity in nutriments (shells, fishes and 

skeletons) remained in the stomach.  

Furthermore, CSH and CCV were a main source 

of protein. Several studies proved that protein 

represents the major component of shrimp heads 

(Fagbenro and Bello-Olusoji, 1997; Cira et al., 2002; 

Randriamahatody et al., 2005; Coward-Kelly et al., 

2006; Limam et al., 2008; Cao et al., 2009) and 

values differed according to shrimp by-products. 

These values varied from 13.7% to 70.3% on a dry 

basis (Mirzah, 1990; Okoye et a.l, 2005; Dey and 

Dora, 2011; Balogun and Akegbejo-Samsons, 1992). 

For CCV, significant seasonal variations of protein 

content were also observed by Kacem et al. (2011) in 

their study of S. officinalis viscera. Ozogul et al. 

(2008) found that S. officinalis had significant 

(P<0.01) high level in proteins in autumn than in 

spring and winter. This result was different to our 

results. In the other hand, results obtained in this 

study were inferior to the protein value obtained by 

Blanchier and Boucaud-Camou (1982) (86% on d. w. 

b) in viscera and by Rosa et al. (2005) in digestive 

gland of S. officinalis (49.3±3.6%). In his work, 

Abdelmouleh (1997) found inferior protein value in S. 

officinalis viscera (16.2% on d. w. b) in comparison 

with values obtained in our study.  

The fact that CSH was a lower fatty product was 

confirmed by Sánchez-Camargo et al. (2011), who 

found in Brazilian redspotted shrimp 

(Farfantepenaeus paulensis) waste (head, shell and 

tail) a value of lipid content equal to 4.83 ± 0.06% 

d.w.b. Also, Tsape et al. (2010) reported that P. 

kerathurus fished on October in North Aegean 

contained fat in the proportion of 2.4±0.1% (wet 

weight basis) in the head. This value was near values 

found in this study, although shrimp was caught in 

November (1.9±0.7% w.w.b). Because of absence of 

adipose tissue in shellfish, the midgut gland or 

hepato-pancreas present in the head was the main 

storage organ of energy reserves (Chang, 1995; 

Garcia et al., 2002). However, fat could be stored in 

muscle tissue and in female gonads (Komatsu and 

Ando, 1992; Shenker et al., 1993). According to 

Wouters et al. (2001), dietary requirements of shrimp 

are generally higher in sexually maturing adults and 

during maturation. The weight of the ovaries 

increases four to eightfold (Mourente and Rodriguez, 

1991; Ravid et al., 1999). Furthermore, molt cycle 

influenced significantly lipid content of the midgut 

gland increased in inter-molt shrimp cycle (Chang, 

1995). Guary et al. (1976) documented that lipid 

content of shrimp varied in amount and composition 

with the time of the year and these seasonal changes 

have been attributed to one or more of the following 

factors: water temperature, food, stage of 

development, sex and photoperiod (Bottino et al., 

1980). About CCV, seasonal changes may be 

associated with size, stage of sexual maturity and 

spawning period limited to spring and in some area to 

late June (Gauvrit et al., 1997). These confirmed our 

results consisting that high level of lipid was recorded 

in spring (24.41±0.93%). Meanwhile, it could be 

explained by nutritive conditions (Blanchier and 

Boucaud-Camou, 1982; Rosa et al., 2005). Blanchier 

and Boucaud-Camou (1982) and Castro, Garriw, Sow 

(1992) have found slightly higher value (12% and 

16.9% on d. w. b) of lipid content in S. officinalis 

viscera and digestive gland respectively.  

Besides protein, lipid and ash components CSH 

was characterized by chitin content. Ashford et al. 

(1977) observed superior value of chitin of shrimp 

(14-27% on d. w. b) and crab (13-15%) processing 

wastes, respectively. In the work of Mizani and 

Aminlari (2007), the chitin content of P. semisulcatus 

head (6% on d. b) was inferior to our value. However, 

Synowiecki and Al-Khateeb (2000) and Cao et al. 

(2009) found superior value (11%) on shrimp head 

and Crangon crangon by-products respectively. 

Results obtained in this study (2.1±0.1% wet basis) 

agreed with those obtained by Babu et al. (2008) who 

found near value (2.4±0.6% wet basis) in CSH.  

Based on the principal component analysis 

(PCA1), season seems to be the most important factor 

in the fluctuation of biochemical components for both 

species. Furthermore, CSH could be considered as a 

homogenous group, regardless of the season and 

could be upgraded to obtain a rich product in minerals 
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and chitin components at any time of the year. CCV 

collected in spring and summer could be assimilated 

as another homogenous group rich in protein and 

lipid.   

The second part of this study dealing with 

storage of CSH and CCV at 5°C at 21 days showed 

the limit of refrigeration to conserve these by-

products for a long period until valorization. Changes 

in biochemical composition during storage were 

mentioned at each season for both CSH and CCV. 

About pH values, inferior value (pH = 6.5) was 

recorded by Le Bihan et al. (2007) in S. officinalis 

viscera generated by transformation factories. This 

value remained significantly stable during 24 hours 

for CCV preserved at 4°C. After 4 months of storage, 

pH increased progressively and reached 6.8. The 

observation of pH in samples mantle of S. officinalis 

stored on ice during 13th day, showed an increase of 

pH over time (Sykes et al., 2009). They explained that 

the increase of pH might be related to the ‘‘sponge’’ 

effect, since the individuals accumulate water in their 

tissues leading to a loss of acidity. According to other 

authors, the increase of pH after decrease could be the 

result of proteolysis activity which release amine 

acids, volatile bases nitrogen (Jackson et al., 1997; 

Ruiz-Capillas et al., 2002) and of releasing of free 

amine acids due to microorganisms (Sainclivier, 

1985). Concerning CSH, the profile of decreasing and 

increasing of pH was observed as well as by 

Gonçalves and Gindri Junior (2009) in frozen shrimp 

immerged in ice and stored at -18°C during 180 days. 

In the work of Jeyasekaran et al. (2006), the pH value 

of Penaeus indicus catched in May decreased from 7.9 

to 7.3 during 12 hours of storage under ice. Decrease 

of pH during storage could be the result of the 

anaerobic production of acids (lactic, acetic, butyric, 

propionic) produced by spoilage anaerobic bacteria 

characteristic of marine seafood products (Huss, 

1999; Qingzhu, 2003). In general, pH value depends 

on several factors such as time spent since fishing, 

temperature of storage and physiological state of the 

animal (Moral, 1987). Consequently, pH value 

changes after chilled storage and tends to exceed 7.0 

due to accumulation of basic metabolites during 

bacterial spoilage (Hebard et al., 1982).  

Proteolysis activity in both CSH and CCV was 

significantly proved by the simultaneous fluctuation 

and increasing of SN and TVB-N during storage. 

TVB-N resulted from protein degradation due to 

bacterial enzymes or endogenous enzymes present in 

the fish. It represents the sum of ammonia (NH3), 

dimethylamine (DMA), trimethylamine (TMA) and 

others amines with low molecular weight (volatile). 

TVB-N is an indicator of spoilage of some fish 

species (red fish, flat fish, gadoids, hake and Atlantic 

salmon). However TVB-N cannot be used as a 

freshness indicator in the early stage of storage 

(constant level during the first days of iced storage) 

and does not reflect the mode of spoilage, bacterial or 

autolytic (Huss, 1995, Baixas-Nogueras et al., 2002). 

In general, it reflects only stages of advanced spoilage 

of fish (Sykes et al., 2009) and it is considered 

unreliable for the measurement of spoilage during the 

first 10 days of cod’s ice storage as well as for several 

other species (Huss, 1999). Values of TVB-N found 

in our study were higher than values found by Heu et 

al. (2003) for both species of shrimp Pandalus 

borealis and Trachypena curvirostris where values 

didn’t exceed some 10mg/100g in by-products 

composed of head, sell and tail. The studies 

mentioned the increase of TVB-N for different marine 

species (Trachurus mediterraneus, Sepia aculeata and 

Photololigo duvaucelii, Sepia officinalis and Illex 

illecebrosus) during storage under ice at 2±1°C 

(P<0.01) (Vaz-Pires et al., 2008; Mbarki et al., 2009; 

Tantasuttikul et al., 2011). This increase could be the 

result of producing ammonia from bacterial 

catabolism of nitrogenous compounds (Okeyo et al., 

2009; Liu et al., 2010). According to Ruiz-Capillas et 

al. (2002), main changes of this parameter were 

occurring when animals were stored in cool 

temperature. In their study, Abu Bakar et al. (2008), 

observed a rapid increase in TVB-N at 10°C due to 

the increase in total aerobic bacteria in fresh and 

preserved Macrobrachium rosenbergii. The microbial 

activities caused the decrease in the amino acids 

arginine, lysine and histidine, which correlated well 

with the increase in the corresponding biogenic 

amines such as putrescine, cadaverine and histamine 

respectively.  

High content of SN observed after processing of 

marine product resulted from bacterial degradation 

and also the manipulation after capture in cephalopod 

species (Ruiz-Capillas et al., 2002). According to 

Sykes et al. (2009), cephalopod spoilage is mainly 

autolysis. Due to their composition, protein fraction 

undergoes a fast degradation after death caused by 

both endogenous and bacterial enzymes, where 

proteases play a major role (Hurtado et al., 1999). 

Lipid changes of CSH and CCV stored at 5°C during 

21 days were followed by determination of AV and 

TBARs. When lipids were decomposed, important 

quantities of free fat acids were accumulated in the 

tissue during storage (Aubourg et al., 2004). This 

phenomenon was more observed in CCV than CSH 

due to lipase present in digestive gland (Mancuso et 

al., 2014). Values of acid index recorded in both raw 

materials of by-products were highly superior to 

values characteristic of cod oil liver (5.6mg of KOH/g 

oil; Speight and Lange, 2005). Lipid hydrolysis was 

due to lipid enzymes and this phenomenon was highly 

active at temperature ranging from –4 to 4°C and 

weak at freezing (Aubourg et al., 1998).  

Concerning TBARS, the 3-carbon compound 

malonaldehyde (MDA) is a major carbonyl 

decomposition product of auto-oxidized, 

polyunsaturated lipid materials and TBARs present an 

important quality indicator for fatty fish (Tokur et al., 

2006). The TBARs values of CCV samples 

determined in autumn and winter increased during the 
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first week of storage and decreased for the rest of the 

period. These variations could be the result of 

decomposition phases of peroxides, formation of 

carbonyls and interactions of components with 

nucleophiles molecules or use of MDA by microflora 

(Kasimoglu et al., 2003). Studies have shown that 

increases in the TBARs number up to a certain point 

during the storage period, followed by a decrease in 

these values (Gomes et al., 2003). During the 

evaluation of lipid oxidation in stored foods, 

decreases in TBARs values are probably due to 

interactions between malonaldhyde and protein (Igene 

and Pearson, 1979). Another reason is that during the 

analysis method of TBARs value, addition of 1% 

BHT in the sample during fat extraction method 

resulted in the lower value of TBARs (Salih et al., 

1987). Tsaknis et al. (1999) observed that in non-

oxidized dried-salted Octopus vulgaris, MDA 

concentration was 0.12mol/L of MDA, and in 

oxidized products, this value was 2.21 mol/l of MDA. 

Non-oxidized product was similar to the values found 

in shrimp head. In non-oxidised salted fatty fish 

(Clupea harengus), TBARs test was 2.84±0.12 mol/L 

MDA and this value increased to 8.50 mol/L MDA. In 

our study, the raw materials stored during the 21 days 

at 5°C contained lower concentrations of oxidized 

compounds and it was concluded that storage period 

has no effect on oxidation of shrimp and cuttlefish by-

products.  

According to principal component analysis 

(PCA2), season and storage period contributed 

significantly to enhance spoilage of shrimp and 

cuttlefish by-products. A group of samples of CCV 

stored for a week presented inferior value in SN, 

TVB-N, pH, TBARS and AV in comparison with 

samples stored for more than a week (14-21 days). 

Concerning CSH, storage period (day 0) showed a 

product with a very low oxidized product even 

though, from the first week, high levels of 

decomposed nitrogenous product were detected.  

 

Conclusion 
 

Penaeus kerathurus head and Sepia officinalis 

viscera are a good source of organic (protein, fat and 

chitin) compounds and ash. These components varied 

significantly (P<0.05) during season and results 

showed the limit of fluctuation of each variable. 

According to principal component analyses, shrimp 

head could be considered as a homogenous group 

regardless of season and could be upgraded to obtain 

a rich product in minerals and chitin components at 

any time of the year. Cuttlefish by-products collected 

in spring and summer could be assimilated as another 

homogenous group rich in protein and lipid. The 

evaluation of quality indicators (pH, SN, TVB-N, AV 

and TBARs) of P. kerathurus and S. officinalis by-

products during chilled storage at every season 

revealed that these by-products couldn’t be stored 

more than a few days at 5°C (not more than a week) 

as proteolysis and lipid activities were elevated from 

the first week. Other analyses (amino-acids, fatty 

acids) and microbial analyses will be completed in the 

next investigation to provide a complete 

characterization of these seafood by-products which 

will be useful for industrial valorization. 

 

References 
 

Abdelmouleh, A. 1997. Experimental study of valorization 

of sardines (Sardinella aurita) and common cuttlefish 

(Sepia officinalis) in Tunisia. Biology thesis. Faculty 

of Sciences: university of Sfax.  

Abu Bakar, F., Salleh, A.B., Razak, C.N.A., Basri, M., 

Ching, M.K. and Son, R. 2008. Biochemical Changes 

of Fresh and Preserved Freshwater Prawns 

(Macrobrachium rosenbergii) During Storage. 

International Food Research Journal, 15: 181-191. 

doi: 10.1080/09670870903324198. 

Ackman, R.G. 1989. Nutritional composition of fats in 

seafoods. Progress in Food and Nutrition Science, 13: 

161-289. 

Abulude, F.O., Lawal, L.O., Ehikhamen, G., Adesanya, 

W.O. and Ashafa, S.L. 2006. Chemical composition 

and functional properties of some prawns from the 

coastal area of Ondo state, Nigeria. Electronic Journal 

of Environmental, Agricultural and Food Chemistry, 

5: 1235-1240. 

AFNOR .2001. Viandes, produits à base de viandes et 

produits de la pêche. Saint Denis, France, 459 pp. 

Aloulou, I., Walha, K., Ben Amar, R., Quemeneur, F. and 

Jaouen, P. 2006. Étude préliminaire du traitement 

d’effluents contenant de l’encre de seiche par 

centrifugation et procédés à membranes. Journal of 

Water Science, 19: 383-392. doi: 10.7202/014422ar. 

AOAC. 2000. Official Methods of Analysis 17th ed.: 

Association of Official Analytical 518 Chemists. 

Washington D.C, USA. 

AOCS. 1997. Sampling and analysis of commercial fats and 

oils, Acid Value. AOCS Press, Champaign, USA, 54 

pp. 

Ashford, N.A., Hattis, D. and Murray, A.E. 1977. Industrial 

prospects for chitin and protein from shellfish wastes. 

Report No MITSG 77-3, Massachusettes, Cambridge. 

Aubourg, S., Medina, I. and Gallardo, J. 1998. Quality 

assessment of blue whiting (Micromesistius 

poutassou) during chilled storage by monitoring lipid 

damages. Journal of Agriculture and Food Chemistry, 

46: 3662-3666. doi: 10.1021/jf980362e. 

Aubourg, S.P., Perez-Alonso, F. and Gallardo, J.M. 2004. 

Studies on rancidity inhibition in frozen horse 

mackerel (Trachurus trachurus) by citric acid and 

ascorbic acids. European Journal of Lipid Science and 

Technology, 106: 232-240. doi: 

10.1002/ejlt.200400937. 

Babu, C.M., Chakrabarti, R., Surya Sambasivarao, K.R. 

2008. Enzymatic isolation of carotenoid-protein 

complex from shrimp head waste and its use as a 

source of carotenoids. LWT-Food Science 

Technology, 41: 227-235. doi: 

10.1016/j.lwt.2007.03.006.  

Baixas-Nogueras, S., Bover-Cid, S., Veciana-Nogués, M.T. 

and Vidal-Carou, M.C. 2002. Chemical and sensory 

changes in Mediterranean hake (Merluccius 

merluccius) under refrigeration (6-8°C) and stored in 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ackman%20RG%5BAuthor%5D&cauthor=true&cauthor_uid=2699043
http://www.ncbi.nlm.nih.gov/pubmed/2699043
http://dx.doi.org/10.1021/jf980362e
http://dx.doi.org/10.1002/ejlt.200400937
http://dx.doi.org/10.1016/j.lwt.2007.03.006.


 1022 H. H. Belfékih  /  Turk. J. Fish. Aquat. Sci. 16: 1011-1024 (2016)  

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ice. Journal Agriculture of Food Chemistry, 50:6504-

10. doi: 10.1021/jf025615p. 

Balogun, A.M. and Akegbejo-Samsons, Y. 1992. Waste 

yield, proximate and mineral composition of shrimp 

resources of Nigeria's coastal waters. Bioresource 

Technology, 40: 157-161. doi:10.1016/0960-

8524(92)90202-9. 

Blanchier, B. and Boucaud-Camou, E. 1982. Lipid content 

of the digestive gland of Sepia officinalis L. to sexual 

maturity. Malacologia, 22 : 691-696. 

Bottino N.R., Gennity, J., Lilly, M.L., Simmons, E. and 

Finne, G. 1980. Seasonal and nutritional effects on the 

fatty acids of three species of shrimp, Penaeus 

settferus, P. aztecus and P. duorarum. Aquaculture, 

19: 139–148. doi: 10.1016/0044-8486(80)90015-0. 

Cao, W., Zhang, C., Hong, P., Ji, H., Hao, J. and Zhang, J. 

2009. Autolysis of shrimp head by gradual 

temperature and nutritional quality of the resulting 

hydrolysate. LWT-Food Science and Technology, 42: 

244– 249. doi: 10.1016/j.lwt.2008.05.026. 

Castro, G., Garriw, J.L. and Sow, C.G. 1992. Changes in 

composition of digestive gland and mantle muscle of 

the cuttlefish Sepia offcinalis during starvation. 

Marine Biology, 114: ll-20. 

CE N°2074/2005. Règlement (CE) No 2074/2005 DE LA 

COMMISSION du 5 décembre 2005. Journal officiel 

de l'Union européenne, France: 27-59 p. 

Chang, E.S. 1995. Physiological and biochemical changes 

during the molt cycle in decapod crustaceans: an 

overview. Journal of Experimental Marine Biology 

and Ecology, 193: 1–14. doi: 10.1016/0022-

0981(95)00106-9. 

Cheftel, J.C. and Cheftel, H. 1977.Introduction à la 

biochimie et à la technologie des aliments. Technique 

et Documentation, Lavoisier, Paris. 381 pp. 

Cho, Y.I., No, H.K. and Meyers, S.P. 1998. 

Physicochemical Characteristics and Functional 

Properties of Various Commercial Chitin and 

Chitosan Products. Journal of Agricultural and Food 

Chemistry, 46:3839-3843. doi: 

http://dx.doi.org/10.1021/jf971047f. 

Cira, L.A., Huerta, S., Hall, G.M. and Shirai, K. 2002. Pilot 

scale lactic acid fermentation of shrimp wastes for 

chitin recovery. Process Biochemistry, 37: 1359-1366. 

doi: 10.1016/S0032-9592(02)00008-0. 

Coward-Kelly, G., Agbogbo, F.K. and Holtzapple, M.T. 

2006. Lime treatment of shrimp head waste for the 

generation of highly digestible animal feed. 

Bioresource Technology, 97:1515–1520. doi: 

10.1016/j.biortech.2005.06.014. 

Das, S. and Ganesh, E.A. 2010. Extraction of Chitin from 

Trash Crabs (Podophthalmus vigil) by an Eccentric 

Method. Current Research Journal of Biology 

Science, 2:72-75. 

Dey, S.S. and Dora, K.C. 2011 Optimization of the 

production of shrimp waste protein hydrolysate using 

microbial proteases adopting response surface 

methodology. Journal of Food Science and 

Technology, 48: 699-705. doi: 10.1007/s13197-011-

0455-4. 

DGPA .2014. Annuaire statistique de la pêche et de 

l’aquaculture en Tunisie, Tunis, Tunisie. 135 pp. 

Fagbenro, O.A. and Bello-Olusoji, O.A. 1997. Preparation, 

nutrient composition and digestibility of fermented 

shrimp head silage. Food Chemistry, 60: 489-493. 

doi: 10.1016/s0308-8146(96)00314-7.  

Folch, J., Lees, M. and Sloane-Stanley, G.H. 1957. A 

simple method for the isolation and purification of the 

total lipid from animal tissue. Journal Biology 

Chemistry, 226: 497–509. 

García, F., González-Baró, M. and Pollero, R. 2002. 

Transfer of lipids between hemolymph and 

hepatopancreas in the shrimp Macrobrachium 

borellii. Lipids, 37: 581–585. doi: 10.1007/s11745-

002-0936-9. 

Gauvrit, E., Le Goff, R. and Daguzan, J. 1997. 

Reproductive cycle of the cuttlefish (Sepia officinalis 

(L.) in the northern part of the Bay of Biscay. Journal 

of Molluscan Studies, 63: 19-28. doi: 

10.1093/mollus/63.1.19. 

Gomes, H.A., Silva, E.N., Nascimento, M.R.L. and 

Fukuma, H.T. 2003. Evaluation of the 2-thiobarbituric 

acid method for the measurement of lipid oxidation in 

mechanically deboned gamma irradiated chicken 

meat. Food Chemistry, 80:433–437. doi: 

10.1016/S0308-8146(02)00499-5. 

Gonçalves A.A. and Gindri Junior C.S.G.2009. The effect 

of glaze uptake on storage quality of frozen shrimp. 

Journal of Food Engineering, 90: 285-290. doi: 

10.1016/j.jfoodeng.2008.06.038. 

Green, J.H., Mattick, J.F. 1979. Fishery waste management. 

In: J.H. Green and A. Kramer (Ed.). Food processing 

waste management.AVI publishing, West port, UK: 

202-307. 

Guary, J.C., Kayama, M., Murakami, Y. and Ceccaldi, H.J. 

1976. The effects of a fat-free diet and compounded 

diets supplemented with various oils on molt, growth 

and fatty acid composition of prawn, Penaeus 

japonicus Bate. Aquaculture, 7: 245-254. doi: 

10.1016/0044-8486(76)90143-5. 

Hebard, C.E., Flick, G.J.J., Martin, R.E. 1982. Occurrence 

and significance of trimethylamine oxide and its 

derivates in fish and shellfish. AVI Publishing 

Co.,Westport, Connecticut: 367-404. 

Heu, M.S., Kim, J.S. and Shahidi, F. 2003. Components and 

nutritional quality of shrimp processing by-products. 

Food Chemistry, 82: 235–242. doi: 10.1016/S0308-

8146(02)00519-8. 

 Hurtado, J.L, Borderías, A.J., Montero, P. and AN, H. 

1999. Characterization of proteolytic activity in 

octopus (Octopus vulgaris) arm muscle. Journal of 

Food Biochemistry, 23:469-483. doi: 10.1111/j.1745-

4514.1999.tb00031.x. 

Huss, H.H. 1995. Quality and quality changes in fresh fish. 

In: H.H. Huss (Ed.), FAO Fisheries Technical Paper 

No. 348, Food and Agriculture Organization (FAO) of 

the United Nations; Rome, Italy. pp. 195-202. 

Huss, H.H. 1999. Quality and quality changes in fresh fish. 

FAO Fisheries Technical Paper No. 348, Food and 

Agriculture Organization (FAO) of the United 

Nations; Rome, Italy. 196 pp. 

Igene, J.O. and Pearson, A.M. 1979. Role of phospholipids 

and triglycerides in warmed-over flavour development 

in meat model systems. Journal of Food Science, 

44:1285–1290. doi: 10.1111/j.1365-

2621.1979.tb06420.x. 

Jackson, T.C., Acuff, G.R. and Dickson, J.S. 1997. Meat, 

poultry, and seafood. In: Doyle, M.P.; Beuchat, L.R.; 

Montville, T.J. (Ed.), Food microbiology-

fundamentals and frontiers. ASM, Washington: 83-

100. 

Jeyasekaran, G., Ganesan, P., Anandaraj, R., Jeya Shakila, 

R. and Sukumar, D. 2006. Quantitative and qualitative 

studies on the bacteriological quality of Indian white 

http://dx.doi.org/10.1021/jf025615p
http://dx.doi.org/10.1016/0960-8524%2892%2990202-9
http://dx.doi.org/10.1016/0960-8524%2892%2990202-9
http://dx.doi.org/10.1016/0044-8486%2880%2990015-0
http://dx.doi.org/10.1021/jf971047f.
http://dx.doi.org/10.1016/s0308-8146(96)00314-7.
http://dx.doi.org/10.1007/s11745-002-0936-9.
http://dx.doi.org/10.1007/s11745-002-0936-9.
http://mollus.oxfordjournals.org/
http://mollus.oxfordjournals.org/
http://dx.doi.org/10.1016/S0308-8146(02)00519-8
http://dx.doi.org/10.1016/S0308-8146(02)00519-8
https://www.researchgate.net/researcher/80076099_JOSE_LUIS_HURTADO
https://www.researchgate.net/profile/AJ_Borderias
https://www.researchgate.net/profile/AJ_Borderias
https://www.researchgate.net/profile/P_Montero2
https://www.researchgate.net/researcher/2091285765_HAEJUNG_AN
https://www.researchgate.net/journal/1745-4514_Journal_of_Food_Biochemistry
https://www.researchgate.net/journal/1745-4514_Journal_of_Food_Biochemistry


  H. H. Belfékih  /  Turk. J. Fish. Aquat. Sci. 16: 1011-1024 (2016) 1023 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

shrimp (Penaeus indicus) stored in dry ice. Journal of 

Food Microbiology, 23: 526-533. doi: 

10.1016/j.fm.2005.09.009.  

Kacem, M., Sellami, M., Kammoun, W., Frikha, F., Miled, 

N. and Ben Rebah, F. 2011. Seasonal variations in 

proximate and fatty acid composition of viscera of 

Sardinella aurita, Sarpa salpa and Sepia officinalis 

from Tunisia. Journal of Aquatic Food Product and 

Technology, 20: 233-246. doi: 

10.1080/10498850.2011.560365.  

Kasimoglu, A., Denli, E. and Erhan, I., 2003. The extension 

of the shelf-life of sardine which were packaged in a 

vacuum stored under refrigeration and treated by 

irradiation. International Journal of Food Science and 

Technology, 38:529–535. doi: 10.1046/j.1365-

2621.2003.00697.x. 

Kjeldahl, J. 1883. New method for determination of 

nitrogen. Scientific American, 405: 6470. doi: 

10.1038/scientificamerican10061883-6470bsupp. 

Komatsu, M. and Ando, S. 1992. Isolation of crustacean egg 

yolk lipoproteins by differential density gradient 

ultracentrifugation. Comparative Biochemistry and 

Physiology Part B, 103: 363-368. 10.1016/0305-

0491(92)90305-b. 

Le Bihan, E., Perrin, A. and Koueta, N. 2007. Effect of 

different treatments on the quality of cuttlefish (Sepia 

officinalis L.) viscera. Food Chemistry, 104: 345–52. 

doi: 10.1016/j.foodchem.2006.11.056  

Le Bihan, E. 2006. Valorisation des co-produits issus de la 

pêche des céphalopodes: application à la seiche : 

Sepia officinalis. Thèse de Doctorat Sciences 

Agronomiques, Biotechnologies Alimentaires: 

Université de Caen. 

Limam, Z., Sadok, S. and El Abed, A. 2008. Enzymatic 

hydrolysis of shrimp head waste: functional and 

biochemical properties. Food Biotechnology, 22: 352-

362. doi: 10.1080/08905430802458461. 

Liu, Y.R., Zheng, Y.M., Shen, J.P., Zhang, L.M., He, J.Z. 

2010. Effects of mercury on the activity and 

community composition of soil ammonia oxidizers. 

Environmental Science and Pollution Research, 

17:1237–1244. doi: 10.1007/s11356-010-0302-6.  

Lo, K.V., Liao, P.H., Bullock, C. and Jones, Y. 1993. Silage 

production from salmon farm mortalities. Aquaculture 

Engineering, 12: 37–45. doi: 

http://dx.doi.org/10.1016/0144-8609(93)90025-7. 

Mancuso, M., Giordano, D., Denaro, M.G. and Caruso, G. 

2014. Study of digestive enzymes in wild specimens 

of Sepia officinalis (Linnaeus 1758) and Octopus 

vulgaris (Cuvier 1798). Cahiers de Biologie Marine, 

445-452. 

Mbarki, R., Sadok, S. and Barkallah, I. 2009. Quality 

changes of the Mediterranean horse mackerel 

(Trachurus mediterraneus) during chilled storage: 

The effect of low-dose gamma irradiation. Radiation 

Physics and Chemistry, 78: 288–292. 

10.1016/j.radphyschem.2008.12.004.  

Mirzah, 1990. Influence of shrimp waste meal processing 

and non processing level in ration for broiler 

performance. Thesis, Pajajaran University,Bandung, 

Indonesia. 

Mizani, A.M. and Aminlari, B.M. 2007. A new process for 

deproteinization of chitin from shrimp head waste. In: 

Proceedings of European Congress of Chemical 

Engineering (ECCE-6). ,Copenhagen: 1-8. 

Moral, A. 1987. Métodos fiscoquimicos de control de 

calidadde pescados. Alimentación Equipos y 

Technolgia, 5: 115–122. 

Mourente, G. and Rodriguez, A. 1991. Variation in the lipid 

content of wild-caught females of the marine shrimp 

Penaeus kerathurus during sexual maturation. Marine 

Biology, 110: 21-28. doi: 10.1007/BF01313088. 

Nargis, A., Ahmed, K.N., Ahmed, G.M., Hossain, M.A. and 

Rahman, M. 2006. Nutritional value and use of 

shrimp head waste as fish meal. Bangladesh Journal 

of Scientific and Industrial Research, 41: 63–66. doi: 

10.3329/bjsir.v41i1.270. 

Okeyo, G.O., Lokuruka, M.N.I. and Matofari, J.W. 2009. 

Nutritional composition and shelf life of the Lake 

Victoria Nile Perch (Lates niloticus) Stored in ice. 

African Journal of Food Agriculture Nutrition and 

Development, 9: 901-919. doi: 

10.4314/ajfand.v9i3.43017. 

Okoye, F.C., Ojewola, G.S. and Njoku-Onu, K. 2005. 

Evaluation of shrimp waste meal as a probable animal 

protein source for broiler chicken. International 

Journal of Poultry Science, 4: 458-461. doi: 

10.3923/ijps.2005.458.461. 

Oliveira Cavalheiro, J.M., Oliveira de Souza, E. and Bora, 

P.S. 2007. Utilization of shrimp industry waste in the 

formulation of tilapia (Oreochromis niloticus 

Linnaeus) feed. Bioresource Technology, 98: 602–

606. doi:10.1016/j.biortech.2006.02.018. 

Ozogul, Y., Duysak, O., Ozogul, F., Serhat Özkütük, A. and 

Türeli, C. 2008. Seasonal effects in the nutritional 

quality of the body structural tissue of cephalopods. 

Food Chemistry, 108: 847-852. doi: 

10.1016/j.foodchem.2007.11.048. 

Pacheco, N., Garnica-González, M., Ramírez-Hernández, 

J.Y., Flores-Albino, B., Gimeno, M., Bárzana, E. and 

Shirai, K. 2009. Effect of temperature on chitin and 

astaxanthin recoveries from shrimp waste using lactic 

acid bacteria. Bioresource Technology, 100: 2849–

2854. doi: 10.1016/j.biortech.2009.01.019. 

Palpandi, C., Shanmugam, V. and Shanmugan, A. 2009. 

Extraction of chitin and chitosan fro shell and 

operculum of mangrove gastropod Nerita (Dostia) 

crepidularia Lamarck. International Journal of 

Medicine and Medical Science, 1: 198-205.  

Park, J.N., Fukumoto, Y., Fujita, E., Tanaka, T., Washio, T., 

Otsuka, S., Shimizu, T., Watanabe, K., and Abe, H. 

2001. Chemical composition of fish sauce produced in 

southeast and East Asian countries. Journal of Food 

Composition and Analysis, 14: 113-125. 

Qingzhu, Z. 2003. Quality indicators of northern shrimp 

(Pandalus Borealis) stored under different cooling 

conditions. Fisheries Training Programme, final year 

project: The United Nations University. 

Randriamahatody, Z., Sylla, K.S.B., Nguyen, H.T.M., 

Donnay-Moreno, C., Razanamparany, L., 

Bourgougnon, N. and Bergé. J.P. 2005. Proteolysis of 

shrimp by-products (Peaneus monodon) from 

Madagascar. CyTA-Journal of Food, 9: 220-228. doi: 

10.1080/19476337.2010.518250. 

Ravid, T., Tietz, A., Khayat, M., Boehm, E., Michelis, R. 

and Lubzens, E., 1999. Lipid accumulation in the 

ovaries of a marine shrimp Penaeus semisulcatus (De 

Haan). Journal of Experimental Biology, 202: 1819–

1829.  

Rosa, R., Pereira, J.M.F. and Nunes, M.L. 2005. 

Biochemical composition of cephalopods with 

different life strategies, with special reference to a 

giant squid, Architeuthis sp. Marine Biology, 146: 

739–751. doi: 10.1007/s00227-004-1477-5.  

http://www.tandfonline.com/author/Kacem%2C+Mohamed
http://www.tandfonline.com/author/Sellami%2C+Mohamed
http://www.tandfonline.com/loi/wafp20?open=20#vol_20
http://dx.doi.org/10.1080/10498850.2011.560365.
http://dx.doi.org/10.1016/j.foodchem.2006.11.056
https://www.researchgate.net/journal/0890-5436_Food_Biotechnology
http://dx.doi.org/10.1007/s11356-010-0302-6
http://dx.doi.org/10.1016/j.radphyschem.2008.12.004
http://link.springer.com/journal/227
http://link.springer.com/journal/227
http://dx.doi.org/10.4314/ajfand.v9i3.43017
http://scholar.google.com/citations?view_op=view_citation&hl=fr&user=2HWZ6zEAAAAJ&citation_for_view=2HWZ6zEAAAAJ:Tyk-4Ss8FVUC
http://scholar.google.com/citations?view_op=view_citation&hl=fr&user=2HWZ6zEAAAAJ&citation_for_view=2HWZ6zEAAAAJ:Tyk-4Ss8FVUC
http://scholar.google.com/citations?view_op=view_citation&hl=fr&user=2HWZ6zEAAAAJ&citation_for_view=2HWZ6zEAAAAJ:Tyk-4Ss8FVUC
http://dx.doi.org/10.1007/s00227-004-1477-5


 1024 H. H. Belfékih  /  Turk. J. Fish. Aquat. Sci. 16: 1011-1024 (2016)  

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ruiz-Capillas, C., Moral, A., Morales, J. and Montero, P. 

2002. The effect of frozen storage on the functional 

properties of the muscle volador (Illex coindetti). 

Food Chemistry, 78: 149-156. doi: 10.1016/s0308-

8146(01)00392-2. 

Sachindra, N.M. and Mahendrakar, N.S. 2005. Process 

optimization for extraction of carotenoids from 

shrimp waste with vegetable oils. Bioresource 

Technology, 96: 1195–1200. 

doi:10.1016/j.biortech.2004.09.018. 

Sadighara, P., Vakili Saatloo, N., Jafary Omid, N. and 

Araghi, A. 2014. Shrimp waste oil: a natural 

supplement of resistance carotenoids against 

oxidation. Pharmacologia 5: 107–109. doi: 

10.5567/pharmacologia.2014.107.109. 

Sadok, S., Abdelmoulah, A. and El Abed, A. 2004. 

Combined effect of Sepia soaking and temperature on 

the shelf life of peeled shrimp Penaeus kerathurus. 

Food Chemistry, 88: 115–122. doi: 

10.1016/j.foodchem.2003.12.031. 

Saidane, B. 2001. Effect of chemical, physical and 

biological treatments on shrimp conservation. Thesis, 

Higher School of Food Industry, Tunis: Carthage 

University. 

Sainclivier, M. 1985. Les industries alimentaires 

halieutiques : salage, séchage, fumage, marinage, 

hydrolysas. In : Bulletin Scientifique et Technique de 

l'Ecole Nationale Supérieure Agronomique et du 

Centre de Rennes, France: 272-285. 

Salih, A.M., Smith, D.M., Price, J.F. and Dawson, L.E. 

1987. Modified Extraction 2 thiobarbituric acid 

method for measuring lipid oxidation in poultry. 

Poultry Science, 66:1483–1488. doi: 

10.3382/ps.0661483. 

Sánchez-Camargo, A.P., Meireles, M.A.A., Lopes, B.L.F. 

and Cabral, F.A. 2011. Proximate composition and 

extraction of carotenoids and lipids from Brazilian 

red-spotted shrimp waste (Farfantepenaeus 

paulensis). Journal of Food Engineering, 102: 87 - 93. 

doi: 10.1016/j.jfoodeng.2010.08.008.  

Shenker, O., Tietz, A., Ovadia, M. and Tom, M. 1993. Lipid 

synthesis from acetate by the in vitro incubated 

ovaries of the penaeid shrimp, Penaeus semisulcatus. 

Marine Bioloy, 117, 583–589. doi: 

10.1007/bf00349769.  

Soufi-Kechaou, E., Dumay, J., Donnay-Moreno, C., Jaouen, 

P., Gouygou, J.P., Bergé, J.P. and Ben Amar, R. 2009. 

Enzymatic hydrolysis of cuttlefish (Sepia officinalis) 

and sardine (Sardina pilchardus) viscera using 

commercial proteases: Effects on lipid distribution 

and amino acid composition. Journal Bioscience 

Bioengineering,107:158-164. doi: 

10.1016/j.jbiosc.2008.10.018.  

Soxhlet. F.R. 1879. Die gewichtsanalytische Bestimmung 

des Milchfettes, Dingler’s Polytechnisches Journal, 

232: 461-465. doi: 10.3403/00091852. 

Speight, J. G. and Lange, N. A. 2005. Lange’s Handbook of 

Chemistry. McGraw-Hill, Inc., New York, 1623 pp.  

Sykes, A.V., Oliveira, A.R., Domingues, P.M., Cardoso, 

C.M., Andrade, J.P. and Nunes, M.L. 2009. 

Assessment of European cuttlefish (Sepia officinalis, 

L.) nutritional value and freshness under ice storage 

using a developed Quality Index Method (QIM) and 

biochemical methods. LWT - Food Science and 

Technology, 42: 424–432. doi: 

10.1016/j.lwt.2008.05.010. 

Synowiecki, J. and Al-khateeb, N. A. A. Q. 2000. The 

recovery of protein hydrolysate during enzymatic 

isolation of chitin from shrimp Crangon crangon 

processing discards - commercial uses and potential 

applications. Food Chemistry, 68, 147–152. doi: 

10.1016/S0308-8146(99)00165-X. 

Tantasuttikul, A., Kijroongrojana, K., Benjakul, S. 2011. 

Quality indices of squid (Photololigo duvaucelii) and 

cuttlefish (Sepia aculeata) stored in Ice. Journal of 

Aquatic Food Product Technology, 20:129-147. doi: 

10.1080/10498850.2010.548114.  

Thirunavukkarasu, N. and Shanmugam, A. 2009. Extraction 

of chitin and chitosan from mud crab Scylla 

tranquebarica (Fabricius, 1798). International Journal 

on Applied Bioengineering, 4: 31-33. 

Tokur, B., Özkütük, A.S., Atici, E., Özyurt, G. and Özyurt, 

C.E. 2006. Chemical and sensory quality changes of 

fish fingers, made from Mirror Carp (Cyprinus carpio 

L., 1758), During Frozen Storage (-18 ºC). Food 

Chemistry, 99: 335-341. doi: 

10.1016/j.foodchem.2005.07.044. 

Tsaknis, J., Lalas, S. and Evmorfopoulos, E. 1999. 

Determination of malondialdehyde in traditional fish 

products by HPLC. Analyst, 124: 843–845. doi: 

10.1039/a902026h.  

Tsape, K., Sinanoglou, V.J. and Miniadis-Meimaroglou, S. 

2010. Comparative analysis of the fatty acid and sterol 

profiles of widely consumed Mediterranean 

crustacean species. Food Chemistry, 122: 292–299. 

doi: 10.1016/j.foodchem.2010.02.019.  

Vaz-Pires, P., Seixas, P., Mota, M., Lapa-Guimarães, J., 

Pickova, J., Lindo, A. and Silva, T. 2008. Sensory, 

microbiological, physical and chemical properties of 

cuttlefish (Sepia officinalis) and broadtail short fin 

squid (Illex coindetii) stored in ice. LWT - Food 

Science and Technology, 41: 1655-1664. doi: 

10.1016/j.lwt.2007.10.003. 

Vyncke, W. 1975. Evaluation of the direct thiobarbituric 

acid extraction method for determining oxidative 

rancidity in mackerel (Scomber scombrus, L.). 

European Journal of Lipid Science and Technology, 

77: 239–240. doi: 10.1002/lipi.19750770610.  

Welinder, B.S. 1974. The crustacean cuticle I. Studies on 

the composition of the cuticle. Comparative 

Biochemistry and Physiology – Part A, 47: 779-787. 

doi: 10.1016/0300-9629(74)90037-1.  

Wouters, R., Lavens, R., Nieto, J. and Sorgeloos, P. 2001. 

Penaeid shrimp broodstock nutrition: An updated 

review on research and development. Aquaculture, 

202:1-21. doi: 10.1016/S0044-8486(01)00570-1. 

Zakhia, N. 2002. Adaptation of a quality assurance 

methodology to traditional fish drying in Mali. In: E., 

Hanak, E. Boutrif, P. Fabre and M. Pineiro (Ed.), 

Food Safety Management in Developing Countries, 

CIRAD, FAO, Montpellier, France:121-123. 

 

 

http://dx.doi.org/10.1016/j.biortech.2004.09.018
http://dx.doi.org/10.1016/j.foodchem.2003.12.031
http://dx.doi.org/10.1016/j.foodchem.2003.12.031
http://dx.doi.org/10.1007/bf00349769
http://dx.doi.org/10.1016/j.jbiosc.2008.10.018
http://dx.doi.org/10.3403/00091852
http://dx.doi.org/10.1016/S0308-8146(99)00165-X
http://dx.doi.org/10.1080/10498850.2010.548114
https://www.researchgate.net/journal/0308-8146_Food_Chemistry
https://www.researchgate.net/journal/0308-8146_Food_Chemistry
http://dx.doi.org/10.1039/a902026h.
http://dx.doi.org/10.1016/j.foodchem.2010.02.019.
https://www.researchgate.net/profile/Roeland_Wouters
https://www.researchgate.net/researcher/18279582_Patrick_Lavens
https://www.researchgate.net/researcher/72639542_Julia_Nieto
https://www.researchgate.net/profile/Patrick_Sorgeloos
https://www.researchgate.net/journal/0044-8486_Aquaculture

