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 Abstract 

 
This study was conducted to investigate the effects of chitosan treatment on the quality criteri as of shrimps for a long time “in 

chilled” storage. Fresh deepwater pink shrimps (Parapenaeus longirostris), caught from Marmara Sea were dipped in different 

solutions containing the combinations of sodium metabisulphite (2500 mg/L), 4-hexylresorcinol (50 mg/L), chitosan (5 g/L), citric 

acid (200 mg/L) and rosemary extract (50 mg/L) for ten minute, over-wrapped in styrofoam plates and stored at 4°C for six days. 

During the storage period, pH, microbiological counts of total aerobic mesophilic bacteria (TAMB), total psychrotrophic bacteria 

(TPB), lactic acid bacteria (LAB), Pseudomonas spp. and Enterobacteriaceae, instrumental texture (shear force), moisture, TVB-N, 

TMA-N and sensory characteristics of shrimps were evaluated. TVB-N and TMA-N amounts in shrimps treated with polyphenol 

oxidase inhibitors alone are significantly higher than treated with chitosan throughout storage. Reduction in odor and flavour scores 

of chitosan treated samples was more slowly than others, while rosemary extract addition caused an undesirable flavor changes in 

shrimps. Coating with chitosan reduced moisture loss, textural softening and increase in pH of shrimps. The microbial counts of 

shrimps were gradually increase during storage, but addition of chitosan reduced the growth of spoilage bacteria and showed further 

inhibitory effect than samples treated with only antimelanosis agents. Incorparating of citric acid and rosemary extract into dipping 

solutions containing chitosan were inadequate to meet the commercial expectation. As a result, shrimps coated with chitosan after 

capture can provide an increase of up to twice the shelf-life by slowing down the biochemical reactions during cold storage. 

 

Keywords: Chitosan, shrimp, quality parameters, chilled storage. 

Kitosan Uygulamasının Soğukta Muhafaza Sırasında Karidesin (Parapenaeus longirostris) Kalite 

Parametreleri Üzerine Etkileri  

 
Özet 

 
Bu çalışma kitosan uygulamasının uzun bir sure için soğukta saklanan karideslerin kalite kriterleri üzerindeki etkilerini 

araştırmak için yapılmıştır. Marmara Denizi’nden yakalanan pembe renkli taze derinsu karidesleri (Parapenaeus longirostris) sodyum 

metabisülfit  (2500 mg/L), 4-heksilresorsinol (50 mg/L), kitosan (5 g/L), sitrik asit (200 mg/L) ve biberiye ekstresi (50 mg/L) 

kombinasyonlarını içeren değişik çözeltilere 10 dakika sure ile batırıldı; stirofom plaklar içinde sarıldı ve 6 gün süreyle 4°C’de 

muhafaza edildi. Saklama süresi boyunca karideslerin pH, toplam aerobik mezofilik bakteri (TAMB), toplam psikrotrofik bakteri 

(TBP), laktik asit bakterileri, Pseudomonaslar ve Enterobacteriaceae sayıları, enstrumental tekstür (kesme gücü), nem, duyumsal 

özellikleri, TVB-N ve TMA-N miktarları değerlendirildi. Tüm muhafaza süresince sadece polifenol oksidaz inhibitörleri uygulanan 

karideslerdeki TVB-N ve TMA-N miktarları kitosan uygulanmış olanlara göre anlamlı olarak daha yüksekti. Kitosan uygulanmış 

örneklerin koku ve tat skorlarındaki azalma diğerlerine göre daha yavaştı, öte yandan biberiye ekstresi ilavesi karideslerde 

istenmeyen tat değişliklerine neden oldu. Kitosan ile kaplama karideslerde nem kaybını, tekstürel yumuşamayı ve pH değerinin 

yükselmesini azalttı. Karideslerin mikrobiyel sayıları muhafaza sırasında yavaşça arttı, ancak kitosan ilavesi bozulma yapıcı 

bakterilerinin üremesini azalttı ve sadece antimelanoz ajanları uygulanan örneklere oranla daha yüksek inhibitör etki gösterdi. 

Kitosan içeren daldırma çözeltilerine sitrik asit ve biberiye ekstresi ilavesi ticari beklentileri karşılayabilmek için yeterli değildi. 

Sonuç olarak, yakalandıktan sonra kitosan ile kaplanan karidesler soğukta muhafaza sırasında biyokimyasal reaksiyonların 

yavaşlamasıyla raf ömründe iki misline kadar artma sağlayabilmektedirler. 

 

Anahtar Kelimeler: Kitosan, karides, kalite parametreleri, soğukta muhafaza. 
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Introduction 
 

Shrimps are very rich in protein and free amino 

acids and poor in connective tissue. Moreover, they 

have a high aw and a pH between 6.5-7.0. This means 

that shrimp is an ideal substrate for microbial growth. 

In addition, a rapid autolysis happens in shrimp tissue 

during post-mortem storage. Therefore, shrimps are 

highly perishable and have a short shelf-life 

(Shamshad et al., 1990; Abu-Bakar et al., 2008). In 

practice, shrimps are processed with polyphenol 

oxidase (PPO) inhibitors such as metabisulphite and 

4-hexylresorcinol, drained and then packed with ice in 

order to maintain the quality (Mendes, 2006). Cold 

storage provides a limited increase for shelf-life of 

shrimp. During storage, protein, glycogen and fat 

content of shrimps are exposed to oxidization, 

hydrolysis and decomposition. The process results 

with formation of chemical metabolites such as TVB-

N, TMA-N that can be used as deterioration indicator. 

Microorganisms which cause spoilage have 

significant role in formation of these metabolites. 

Commonly used melanosis inhibitors have 

antimicrobial effects, but their effects are not 

sufficient to increase the shelf-life (Nirmal and 

Benjakul, 2010). Stopping or slowing down the 

growth of existing microflora is essential to extend 

the shelf-life. 

Chitosan, the deacetylated derivative of chitin, is 

a natural D-glucosamine polymer that can be 

extracted from the shells of seafood (Shahidi et al., 

1999; Rinaudo, 2006). It is biologically safe, non-

toxic, biocompatible and biodegradable 

polysaccharide (Terbojevich and Muzarelli, 2000). 

Chitosan has been approved by FDA for use in certain 

food applications (FDA, 2005). Several studies have 

established that chitosan, as a natural preservative, is 

effective against a range of microorganisms (Liu et 

al., 2001; Chung and Chen, 2008). Although there are 

several theories about the mechanism of the 

antimicrobial activity of chitosan, the common 

opinion is that chitosan disrupts the structure of the 

cellular membrane (Andres et al., 2007; Helander et 

al., 2001). Liu et al. (2004) reported that chitosan 

increased the permeability of the outer and inner 

membrane of Escherichia coli and Staphylococcus 

aureus and ultimately disrupted bacterial cell 

membranes, with the release of cellular contents, and 

asserted that this damage was likely caused by the 

electrostatic interaction between NH3
+ groups of 

chitosan acetate and phosphoryl groups of 

phospholipid components of cell membranes. 

Several studies reported that chitosan extended 

the shelf-life of foodstuffs (Aldemir and Bostan, 

2009; Mohan et al., 2012). However, only a limited 

number of the mare present on the effect of chitosan 

derived from their shells on the quality parameters 

during storage of shrimps. From this point, this study 

was conducted to investigate the effect of chitosan 

treatment on the sensory and quality parameters of 

shrimp in combination with PPO inhibitors and other 

additives (citric acid, rosemary extract) during chilled 

storage. 

 

Material and Methods 

 
Shrimp Samples 

 

The deepwater pink shrimps (Parapenaeus 

longirostris) were caught using a drag net (beam 

trawl) in Marmara Sea (Tekirdağ offshore). The 

shrimps were immediately mixed with ice in 2:1 ratio 

in polystyrene boxes after being caught, and were 

brought to the processing laboratory within 90 

minutes. The shrimping was carried out on three 

different dates between May-June 2011 and 

approximately 25 kg of shelled shrimps were used in 

each experiment. 

 

Treatment of Shrimps with Preservatives 

 

Shrimps were washed with tap water in a large 

plastic bowl and were divided into eight equal batches 

of 3 kg each and treated for 10 min by dipping in 6 L 

of solutions prepared with sodium metabisulphite 

(Merck, 106528), 4-hexylresorcinol (Merck, 820647), 

deacetylated (75-85%) chitosan (Sigma-Aldrich 

448877), acetic acid (Merck, 100056), citric acid 

(Merck 100244) and rosemary extract (Sigma-

Aldrich, W299200) combinations at the ratios given 

on Table 1. (Preliminary analysis showed that the 

shrimps treated chitosan alone exposed to the 

discoloration in a very short period. Therefore, PPO 

inhibitors were included in all combinations). The 

active ingredients of Groups A and B were directly 

dissolved in tap water. For the other groups using 

Table 1. Experimental design and composition of dipping solutions 

 
Group 

 

Acetic acid Chitosan Rosemary extract Citric acid Sodium metabisulphite 4-Hexylresorcinol 

A - - - - 2500 mg/L - 

B - - - - - 50 mg/L 

C 10 ml/L 5 g/L - - 2500 mg/L - 

D 10 ml/L 5 g/L - - - 50 mg/L 

E 10 ml/L 5 g/L 50 mg/L 200 mg/L 2500 mg/L - 

F 10 ml/L 5 g/L 50 mg/L 200 mg/L - 50 mg/L 

G 10 ml/L 5 g/L - - - - 
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chitosan (C, D, E, F), first of all, 1% of acetic acid 

solution was prepared, then chemicals were added 

when chitosan was completely dissolved in this 

solution. After treatment, shrimps removed and 

drained for 10 minutes by using a filter (colander), 

and then each shrimp group was placed in styrofoam 

plates and covered with polyethylene film. Packages 

were kept in refrigerator (4°C) for 6 days and each 

group was periodically analyzed in terms of sensorial 

and chemical qualities at 2, 4, and 6 days of chilled 

storage. 

 

Microbiological Analysis 

 

Twenty five grams of chopped shrimps from 

each group at each storage interval was transferred to 

a sterile bag with 250 mL sterile peptone water 

(Oxoid, CM0009) and was homogenized for 90 sec 

using a stomacher (LabBlender 400, Steward Lab., 

UK). Serial decimal dilutions were prepared using the 

same diluents. A 0.1- or 1-mL inoculum of 

appropriate dilutions was plated on Standard Plate 

Count agar (Merck 1.05463), and poured plates were 

incubated at 35ºC for 48 hours for total aerobic 

mesophilic bacteria (TAMB) counts, and at 7°C for 

10 days for total psychrotrophic bacteria (TPB) counts 

(Harrigan, 1998). Lactic acid bacteria (LAB) was 

enumerated on de Man, Rogosa, Sharpe agar (Merck, 

1.10660) by incubating poured plates at 30°C for 72 

hours (ISO, 1998). Pseudomonas spp. were 

determined on Pseudomonas agar (Merck, 1.07620) 

supplemented with Pseudomonas CFC selective 

supplement (Merck, 1.07627) after incubation at 25°C 

for 48 hours and confirmed by the oxidase test 

(Merck,1.13300)(ISO, 2000). Enterobacteriaceae 

were examined in Modified HiCrome UTI Agar 

(Himedia, M1418) by incubating spread plates at 25–

30oC for 24 h and enumerating all blue and red 

colonies (Merlino et al., 1996). Results are recorded 

as the arithmetic means of the duplicate tests at three 

indipendant time and were expressed as log10 CFU/g. 

 

Determination of pH 

 

Ten gram of shrimps were homogenized and 

mixed thoroughly with 100 mL of distilled water for 

measuring of pH using a digital pH meter (Hanna HI 

9125) at room temperature (AOAC, 1990). 

 

Determination of Moisture Content 

 

Approximately 5 g of samples were weighed and 

dried in an oven (Heraeus, Germany) at 115ºC more 

than three hours until a constent weight was 

determined (AOAC, 1990). 

 

Determination of Trimethylamin Nitrogen (TMA-

N) 

 

Ten grams of homogenized samples were 

weighed, blended with 90 mL of 7.5% trichloracetic 

acid solution and filtrated. Four milliliters extract was 

transferred into test tubes and 1 mL of formaldehyde, 

10 mL of anhydrous toluene, and 3 mL of K2CO3 

solution were added. The tubes were shaken and 5 mL 

of toluene layer was pipetted. Five millilitres of picric 

acid solution (0.02%) was added. The contents were 

mixed and transferred to a spectrophotometric cell 

and absorbance was measured at 410 nm against the 

blank. At the same time, standards were prepared and 

measured (AOAC, 1998). Results of TMA-N were 

expressed as mg/100 g sample. 

 

Determination of Total Volatile Basic Nitrogen 

(TVB-N) 

 

The vapour distillation method (Manthey and 

Oehlensclaeger, 1983) was used to determine the 

amount of TVB-N. Samples were boiled with catalyst 

(MgO), and vapour components were trapped with 

hydrochloric acid (0.1 N). The amount of TVB-N was 

calculated after titration with sodium hydroxide (0.1 

N). Results of TVB-N were expressed as mg/100 g 

sample. 

 

Texture (Shear Force) Analysis 

 

Shear force was measured using a texture 

analyzer equipped with a Warner-Bratzler shear 

device (3343 model, Instron, UK). Raw shrimp 

samples without shell were placed on the flat base 

plate of measuring machine and each measurement 

was made from the second segment of shrimps. A 

graph of high strength (kg/cm2) and force x time was 

obtained using 50 mm/min of constant speed and 

cutting up to 70% of the deformation depth of the 

samples. The results of each group were evaluated 

after calculating the arithmetic means of 15 different 

shrimps (Niamnuy et al., 2007).  

 

Sensorial Evaluation 

 

Raw and cooked (kept in boiling water for 3 

minutes, cooled and peeled) shrimps of each group at 

each storage interval were presented to eight trained 

panellists (2 females and 6 males), ranging in ages 

between 26 and 45 years and trained according to ISO 

(1993). Prior to the analysis, vocabularies of the 

sensory attribute were developed by the panellists in a 

round-table session, using a standardized procedure 

(ISO, 1998), and training was conducted in two 

separate sessions approximately 2 h for the evaluation 

of selected attributes and was followed by an open-

discussion session to familiarize panellists with the 

attributes and the scale to be used. All assessments 

took place in individual temperature-controlled booths 

in a day-light conditions. Each sample was labelled, at 

random, with a three-digit code number. The panelists 

were received a set of 6 samples (with 3 samples of in 

each plate) served in a complete randomized order. It 
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was requested to evaluate odour, texture (firmness), 

flavor (for only cooked samples) and overall 

acceptability of shrimps by marking a position on the 

unstructured line scale (a graphic rating scale having a 

100 mm line, 0: unacceptable; 100: perfect). Ratings 

were measured by a ruler and converted to numerical 

scores and the means of panellists scores were defined 

using SPSS programs (Botta, 1995). 

 

Statistical Analysis 

 

Analysis of variance (ANOVA) was conducted 

for each variable measured to investigate the effect of 

treatments during storage time. The trial was 

performed triplicate and significant differences were 

defined with SPSS 13.0 using Tukey’s and Duncan’s 

multiple range tests (P<0.05) (SPSS, 2001). 

 

Results and Discussion 
 

The changes in TAMB and TPB counts during 

refrigerated storage are summirazed in Table 2. 

Before treatment, the initial TAMB and TPB of 

shrimps were 4.56 and 3.83 log CFU/g, respectively 

and reduced up to 0.3-0.9 log for mesophilic bacteria 

and 0.9-1.5 log for psychotrophic bacteria depending 

on the chemical treatments which proofs that the 

melanosis inhibitor has also antibacterial effect. In 

fact, the combination of chitosan with melanosis 

inhibitors resulted in higher reduction. The total 

bacteria counts in all groups gradually increased 

during storage, while the counts in samples treated 

with chitosan containing solutions were lower than 

samples treated with only sodium metabisulphite or 4-

hexylresorcinol at each stage of storage. Likewise, 

Mohan et al. (2012) reported that chitosan treatment 

lowered the total bacterial counts in sardines with an 

increase more slowly than others during storage. Tsai 

et al. (2002) also emphisazed that addition of 1% 

chitosan solution retarded the increase in the counts of 

mesophilic and psychrotrophic bacteria in fish fillets. 

In the present study, the highest antimicrobial effects 

were found in the chitosan groups’ fortified with the 

rosemary extract and citric acid, but this effect 

between groups has not significant difference 

(P>0.05). 

Bacteriological spoilage in refrigerated fish and 

fish products under aerobic storage conditions is 

caused by gram-negative psychrotrophic organisms 

such as Pseudomonas spp. (Hubbs, 1991). Studies on 

the bacteriological quality of shrimp reported that 

Pseudomonas was the dominant bacterial flora during 

refrigerated storage (Jeyasekaran et al., 2006; Lalitha 

and Surendran, 2006). In the present study, the mean 

count of Pseudomonas, which is 2.06 log CFU/g on 

the untreated samples, was determined between 1.43-

1.79 log cfu/g after treatment, but no significant 

difference was observed among groups (P>0.05). 

Pseudomonas counts increased gradually with storage 

time (Table 2) and may play an important role in the 

deterioration of refrigerated shrimps besides the effect 

of other microflora and autolytic factors in the decay 

process. Meanwhile, chitosan treatment reduced the 

growth of Pseudomonas in shrimps reaching 4.43-

5.48 log CFU/g at the end of the storage, whereas the 

counts for those treated with only melanosis inhibitors 

were about 6.5 log cfu/g. Additionaly, the inhibitory 

effect of chitosan was significantly enhanced with 

citric acid and rosemary extract supplementation. 

Similarly, Chen et al. (1998) reported that the growth 

of Pseudomonas on oysters was retarded by chitosan 

addition. 

The initial enteric bacterial counts were 

determined to be very close to the total bacteria 

counts (Table 2) and a fast increase was recorded in 

enteric bacterial counts during cold storage. Similar 

results were reported in previous studies (Mendes et 

al., 2002; Nirmal and Benjakul, 2012). It was 

observed that the majority of Enterobacteriaceae 

counts in the present study was consisted of 

Enterococcus faecalis. On the basis of this results, it 

can be concluded that E. faecalis would be among the 

bacteria facilitating the decay of shrimps. Dipping 

into the solutions with chitosan significantly reduced 

the Enterobacteriaceae counts of shrimps, and 

inhibited their growth during storage (Table 2). 

Likewise, Chen et al. (1998), Tsai et al. (2002) and 

Georgantelis et al. (2007) indicated that the inhibitory 

effect enhanced with chitosan treatments. 

Lactic acid bacteria are among the 

microorganisms which cause spoilage for most 

foodstuffs. Jeyasekaran et al. (2006) stated that LAB 

counts of shrimps kept in ice were determined as 102-

106 cfu/g. In the present study, LAB counts of shrimp 

were not detectable level (<1.0 log cfu/g) in the 

beginning of the storage; but increased slowly (2.30-

2.91 log CFU/g at the 6th day) in all groups during 

storage period (Table 2). However, their levels were 

not sufficient to cause microbial deterioration in 

shrimps, it can be interpreted that LAB is not an 

important part of spoilage flora in some cases for 

shrimps. 

During storage of shrimps, the increase in the 

pH value is associated with the accumulation of basic 

compounds as a result of the enzymatic activity, both 

endogenous and microbial (Lopez-Caballero et al., 

2007). In the present study, pH value of fresh shrimps 

was determined between 6.67–6.82. Initial pH value 

increased rapidly and steadily during storage and 

reached to 7.65 and 8.23 on the 6th day (Table 3). 

Similarly to our findings, Varlık et al. (2000) 

determined that pH value of shrimps stored in 

refrigerator was increased from 6.73 to 7.81 at the 4th 

day of storage. Bilgin et al. (2006) reported that pH 

value of brown shrimps kept in refrigerator was 6.83 

and increased up to 7.95 on the 5th day. Erdem and 

Bilgin (2004) reported that pH value of raw shrimps 

(Palaemon adspersus) was 7.60 at the beginning of 

cold storage period and increased up to 8.06 on the 5th 

day. Other studies displayed a relatively slow increase 
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of pH values during cold storage (Abu-Bakar et al., 

2008; Nirmal and Benjakul, 2010; Mendes et al., 

2002; Nirmal and Benjakul, 2009). The differences 

between studies in terms of increase in pH values can 

be associated with microbial loads of shrimps. 

Generally, shrimps with a pH of 7.5 and above are 

described as deteriorated product (Shamshad et al., 

1990; Abu-Bakar et al., 2008). 

Treatment with chitosan was in capable to 

significantly slow down the increase in pH value of 

shrimps. Mohan et al. (2012) investigated the 

effectiveness of chitosan coating on pH changes in 

sardine, and reported that untreated sardine showed a 

faster increase during storage period, while chitosan 

treated samples was significantly (P<0.05) lower pH 

value than the untreated ones. 

Dehidration is considered to be an important loss 

of quality during storage of most foodstuffs. In the 

present study, the moisture rates of samples partially 

decreased during storage. Chitosan dipping reduced 

the loss of moisture. The rates of moisture of chitosan 

treated samples were significantly higher than others 

(Table 3). The moisture loss is due to dehydration by 

evaporating or leaking of the existing water from 

shrimp tissue. The current findings suggest that 

covering shrimp with chitosan prevents dehydration 

in vapor phase and thus effectively decreases the loss 

of moisture. On the other hand, some authors stated 

that although chitosan film was highly impermeable 

to oxygen, it had poor water vapour barrier property 

(Butler et al., 1996; Xu et al., 2005). Yingyuad et al. 

(2006) reported that chitosan coating did not protect 

the grilled porks against moisture loss probably 

because of large volume of NH2 side groups on 

Table 2. Mean counts of bacteria in shrimpsduring chilled storage (4°C) (log CFU/g) 

 

 

Grup 

Chilled storage (day) 

0 2 4 6 

T
A

M
B

 

A 4.110.14ab 5.330.11b 6.880.13a 7.640.12a 

B 4.280.17a 5.670.11a 6.680.10ab 7.440.12ab 

C 3.720.11bc 4.550.09c 6.280.13bc 7.180.14b 

D 3.640.13c 4.610.14bc 6.130.13c 7.040.11b 

E 3.750.13bc 4.890.11bc 6.300.20bc 7.090.13b 

F 3.860.09bc 4.920.11b 6.420.16bc 7.160.12b 

P * *** * * 

T
P

B
 

A 2.840.09ab 4.690.12ab 5.900.12ab 7.160.14ab 

B 2.920.11a 4.970.15a 6.160.12a 7.380.14a 

C 2.540.13bc 4.420.12bc 5.650.13bc 6.780.16b 

D 2.490.08c 4.350.18bc 5.420.17c 6.850.10b 

E 2.330.11c 4.140.12c 5.450.11c 6.980.10ab 

F 2.370.11c 4.200.13c 5.600.12bc 7.120.16ab 

P * ** * * 

P
se

u
d

o
m

o
n
a

s 

sp
p

. 

A 1.700.12 3.320.13ab 4.730.15a 6.480.14a 

B 1.790.12 3.520.14a 4.740.11a 6.610.13a 

C 1.640.08 3.020.14b 4.590.13a 5.480.12b 

D 1.600.12 2.890.14bc 4.410.15a 5.030.12c 

E 1.460.17 2.580.12c 3.760.13b 4.570.15d 

F 1.430.16 2.560.14c 3.560.18b 4.430.13d 

P NS *** *** *** 

E
n

te
ro

b
a

ct
er

ia
ce

a
e 

A 3.770.09a 5.150.13a 6.280.15a 7.110.14a 

B 3.550.16a 4.960.11a 6.140.18ab 6.880.17a 

C 2.910.15b 4.400.13b 5.870.17abc 6.380.15b 

D 2.940.14b 4.220.16bc 5.740.13bc 6.210.08b 

E 2.670.15b 3.850.12c 5.520.09c 6.040.16b 

F 2.580.17b 3.810.13c 5.420.14c 6.090.13b 

P *** *** ** *** 

L
A

B
 

A <1.0 1.490.08a 1.800.12c 2.380.08cd 

B <1.0 1.060.16b 1.690.08c 2.300.06d 

C <1.0 1.850.21a 2.260.10b 2.670.02ab 

D <1.0 1.690.09a 2.250.08b 2.610.11bc 

E <1.0 1.960.11a 2.580.10a 2.910.13a 

F <1.0 1.550.17a 2.170.12b 2.620.09bc 

P NS * *** ** 
a,b Means within a column with different letters are significantly different (P<0.05). (*): P<0.05, (**): P<0.01, (***): P<0.001, (NS): not 

significant. 
(A)sodium metabisulphite (2500 mg/L), (B) 4-hexylresorcinol (50 mg/L), (C) chitosan (5 g/L) + sodium metabisulphite (2500 mg/L), (D) 

chitosan (5 g/L) + 4-hexylresorcinol (50 mg/L), (E) chitosan (5 g/L) + citric acid (200 mg/L) + rosemary extract (50 mg/L) + sodium 

metabisulphite (2500 mg/L), (F) chitosan (5 g/L) + citric acid (200 mg/L) + rosemary extract (50 mg/L) + 4-hexylresorcinol (50 mg/L). 
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chitosan which has strong affinity to water molecules. 

In our study, shell of shrimps may have been effective 

on the moisture loss in combination with chitosan. In 

addition, chitosan may have indirectly contributed by 

preventing the leakage resulted from tissue softening 

due to its retarding effect of the microbial 

deterioration.  

In the present study, pH, TMA-N and TVB-N 

values obtained during storage of shrimps also 

confirmed that chitosan delayed deterioration process. 

Amount of TMA-N is a substantial indicator of 

freshness for fish and shellfish. There is also wide 

variation in critical values suggested for individual 

species. This value was recommended as 8 mg/100 g 

for shrimps (Varlık et al., 2000; Malle and 

Poumeyrol, 1989). In the present study, the initial 

TMA-N contents of shrimps were determined 

between 0.24-0.33 mg/100g. The value rapidly 

increased during storage and exceeded the stated 

limits on the 4th day in all groups (Table 3). Other 

studies conducted with shrimps stated that amount of 

TMA-N exceeded the level of 8 mg/100 g within 4 to 

8 days (Varlık et al., 2000; Bilgin et al., 2006; Erdem 

and Bilgin, 2004; Stockemer and Nieper, 1984). The 

TMA-N content of shrimps processed with chitosan 

increased significantly slower in comparison to the 

shrimps not processed with chitosan during 

refrigerated storage. This can be explained with anti-

microbial effect of chitosan. Pardio et al. (2011) 

argued that there is a direct relationship between 

TMA-N level of shrimps and the count of 

psychrotrophic bacteria. 

TVB-N, which is useful indices of spoilage in 

different fresh and lightly preserved seafood, includes 

Table 3. Physical and chemical quality changes in shrimps during chilled storage (4°C) 

 

    Group Chilled storage (day) 

0 2 4 6 

pH A 6.820.09 7.290.06ab 7.740.09a 8.230.11a 

B 6.810.06 7.350.06a 7.800.08a 8.120.11a 

C 6.740.07 7.130.07ab 7.450.11ab 7.770.08ab 

D 6.820.05 7.120.06ab 7.390.07ab 7.690.08ab 

E 6.670.05 7.050.05ab 7.450.07ab 7.710.07ab 

F 6.670.06 6.980.08ab 7.320.07ab 7.650.10ab 

P NS ** ** *** 

Moisture 

(%) 
A 77.890.40 77.450.37 77.030.31ab 76.430.22b 

B 77.680.13 77.300.18 76.780.21b 76.390.21b 

C 77.950.18 77.780.15 77.560.13a 77.140.17a 

D 77.880.17 77.760.11 77.490.11a 77.210.12a 

E 77.720.16 77.630.10 77.450.11a 77.070.14a 

F 77.800.21 77.670.26 77.420.15a 77.130.18a 

P NS NS * ** 

TMA-N 

(mg/100g) 
A 0.240.03 8.100.51a 23.562.25a 35.622.37a 

B 0.300.06 7.640.67a 25.301.86a 36.381.45a 

C 0.280.06 4.430.50b 15.770.91b 26.801.25bc 

D 0.270.04 4.060.49b 16.841.43b 29.441.07b 

E 0.330.04 3.790.56b 14.641.16b 23.632.06c 

F 0.260.03 4.130.45b 15.411.30b 25.331.58bc 

P NS *** *** *** 

TVB-N 

(mg/100g) 
A 13.351.51 33.502.01a 71.873.22a 140.563.78a 

B 13.791.79 35.921.92a 73.492.31a 146.623.54a 

C 13.501.08 24.672.58b 48.012.76b 112.293.58b 

D 13.061.24 25.192.73b 50.191.85b 116.133.73b 

E 13.661.07 21.292.23b 42.262.16b 105.353.24b 

F 13.451.32 21.692.45b 47.182.71b 108.242.47b 

P NS ** *** *** 

Shear force 

(kg/cm2) 

 

A 0.920.03 1.130.03 0.820.03c 0.510.04c 

B 0.890.04 1.140.02 0.900.03bc 0.600.04c 

C 0.930.02 1.210.02 1.020.05ab 0.780.04ab 

D 0.880.03 1.190.02 1.050.05a 0.750.05b 

E 0.900.02 1.160.04 1.140.06a 0.880.04a 

F 0.920.03 1.200.02 1.100.04a 0.830.03ab 

P NS NS *** *** 
a,bMeans within a column with different letters are significantly different (P<0.05). (*): P<0.05, (**): P<0.01, (***): P<0.001, (NS): not 

significant. 

(A) sodium metabisulphite (2500 mg/L), (B) 4-hexylresorcinol (50 mg/L), (C) chitosan (5 g/L) + sodium metabisulphite (2500 mg/L), (D) 
chitosan (5 g/L) + 4-hexylresorcinol (50 mg/L), (E) chitosan (5 g/L) + citric acid (200 mg/L) + rosemary extract (50 mg/L) + sodium 

metabisulphite (2500 mg/L), (F) chitosan (5 g/L) + citric acid (200 mg/L) + rosemary extract (50 mg/L) + 4-hexylresorcinol (50 mg/L). 
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primarily trimethylamine, ammonia, and 

dimethylamine (Malle and Poumeyrol, 1989). Critical 

limits of (25-40 mg-TVB-N/100 g) were established 

for different groups of sea foods. Limits of TVB-N of 

30 mg N/100 g in shrimp have been reported (Cobb et 

al., 1976). In the present study, the rapid increase of 

TVB-N content of shrimps during storage was 

observed (Table 3). In some groups, level of 30 

mg/100 g was exceeded on the second day of storage, 

and in all groups, the amounts of TVB-N were above 

the upper limit on the 4th day. A rapid TVB-N 

(increase??) in untreated shrimp samples was reported 

in a short time in most of the even though they were 

stored in refrigeration temperatures as in our study. 

Erdem and Bilgin (2004) reported that TVB-N 

content of raw shrimp (Palaemon adspersus) stored in 

refrigerator (4°C) was increased to the level of 44.64 

mg/100 g on the 5th day of storage, whereas it was 

1.02 mg/100 g at the beginning. Stockemer and 

Nieper (1984) reported that TVB-N content of brown 

shrimps (Crangon crangon) stored at 7ºC was 37.1 

mg/100 g on the 4th day and 150 mg/100 g on the 6th 

day. Varlık et al. (2000) emphasized that initial TVB-

N value of shrimps stored in cold chain (4ºC) was 

22.9 mg/100 g and increased up to 109.15 mg/100 g 

on the 4th day of storage. Bilgin et al. (2006) reported 

that the amount of TVB-N in the brown shrimps 

stored in refrigerator was reached to 42.53 mg/100 g 

on the 5th day, whereas this value was 8.87 mg/100 g 

at the beginning. In some other studies, slower 

increase for TVB-N content was determined during 

storage. Shams had et al. (1990) found an increase in 

TVB-N values of untreated shrimps from 4.5 to16.7 

mg/100 g after 9 days of storage at 5°C. However, 

Abu-Bakar et al. (2008) observed that TVB-N content 

in freshwater prawn sample in iced storage exceeded 

the level of 30 mg/100 g at the 16thday. Cheuk et al. 

(1979) reported that the upper limit in iced storage 

brown and rose shrimps was reached after 12-16 days 

of storage. TVB-N level in shrimps is closely related 

to the microbial quality, as well as other factors 

(Malle and Poumeyrol, 1989). The differences 

between studies may be due to the different microbial 

loads of shrimps. 

TVB-N content of shrimps treated with chitosan 

was significantly lower than shrimps treated with 

common PPO inhibitors at all stages of storage (Table 

3). The results indicated that chitosan treatment 

inhibited the formation of TVB-N. Mohan et al. 

(2012) examined the effectiveness of edible chitosan 

coating on TVB-N level in sardines, and reported that, 

on the day of sensory rejection for untreated samples, 

the formation of TVB-N was less by 14.9% for 1% 

chitosan treated sardine and 32.7% for 2% chitosan 

treated samples. Muşabak (2008) who studied the 

effects of chitosan (2%) coating on chemical 

parameters of Atlantic bonito (Sarda sarda) fillets 

determined that TVB-N values were significantly 

lower in chitosan group than control group during 

storage. In another study, Tsai et al. (2002) found that 

coating with chitosan significantly delayed the 

increase of TVB-N content on fish fillets during 

storage. 

The sensorial assessments showed that texture 

(firmness) scores of all groups gradually decreased 

during storage indicating to softening (Figure 1). 

Shrimps become loose and juicy in a varying period 

depending on storage temperature after catching. 

Softening oft issue originates from in biochemical 

activities including bacterial and autolyticenzymes. 

On the other hand, muscle proteins become watery 

due to the increased water binding capacity as a result 

of the increased pH value during storage, and thus 

muscle tissue becomes softer (Ray, 2004). In the 

present study, rapid increase in pH value is also 

parallel to the tissue softening. The shear force of 

shrimps partially increased on the 2nd day of storage 

but then displayed a tendency to decrease (Table 3). 

The slight increase of shear force in the first days can 

be explained by probably water leaking from tissue to 

harden it. Subsequent decreasing may be due to 

excessively decomposition of tissue compenents.  

Although the texture points of shrimps treated 

with chitosan were relatively higher, there was no 

statistically significant difference between groups 

(P>0.005). However, chitosan treated samples had 

significantly higher shear force values than the ones 

treated with both sodium metabisulphite and 4-

hexylresorcinol on the 6th day of storage. It is known 

that chitosan improves tissue characteristics. But, the 

difference in this study may be associated with earlier 

deterioration of shrimps treated only PPO inhibitors. 

Contrary results have been obtained in other studies 

conducted in different foods. Mohan et al. (2012) 

stated that chitosan coating sardine fillets improved 

the textural properties significantly compared to 

untreated ones. Yingyuad et al. (2006) determined no 

significant texture differences among packaged grilled 

pork with and without chitosan coating during the 

whole storage period.  

Changes in colour during storage were defined 

sensorially and instrumentally in previously published 

article (Varlık et al., 2014).  It was well demonstrated 

that chitosan alone had no effect on discoloration, but 

in combination with PPO inhibitors showed an 

additional inhibitory effect on melanos is formation. 

All groups scored less than half of maximum score on 

the 4th day to the panellists and it was concluded that 

50 mg/L of 4-hexylresorcinol were more effective 

than 2500 mg/L of sodiummetabisulphite in the 

prevention of melanosis development after shrimping. 

Paralelly to the sensory scores, lightness (L*) value 

that is directly associated with melanosis, decrease 

continuously on the storage period and a similar 

decrease was observed fortheredness (a*) values. 

However, yellowness (b*) value, which is associated 

with deterioration was increased in relation to the 

microbial growth in all groups.  

Regardless of the beneficial effects, food 

additives may cause adverse changes in foods. In the 
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present study, sensory characteristics of shrimps were 

not adversely affected by different treatment 

combinations. Odour and flavour changes that affect 

the acceptability of shrimps occurs in a period of time 

ranging depending on the quality and storage 

conditions of raw material. Bilgin et al. (2006) 

reported that the initial odour and flovour scores of 

brown shrimps (Crangon crangon) kept in the 

refrigerator were determined as 8.70 and 8.82, 

respectively, however these scores were decreased to 

1.49 and 1.87 on the 5th day of storage. Erdem and 

Bilgin (2004) reported that the odour and flavour 

scores in the shrimp (Palaemon adspersus) stored at 

refrigerated temperatures (4°C) reduced from 8.71 

and 8.71 at the beginning to 3.08 and 3.17 at the 

3rdday of storage, respectively. Varlık et al. (2000) 

determined that the cold storaged shrimps have 

become sensorially unacceptable in four days. 

Stockemer and Nieper (1984) found that the untreated 

shrimps stored at 7°C became unacceptable on the 4th 

day of storage. In the present study, shrimps were 

graded with scores indicating spoilage in four and six 

days of chilled storage similarly to the results of the 

above-mentioned studies. On the other hand, there are 

studies indicating a longer shelf-life during cold 

storage. For examples, Pardio et al. (2011), who 

studied the sensory changes in shrimp (Panaeus 

aztecus) during at -1°C, reported that the untreated 

control samples were scored as putrid flavour at day 

19 of storage. This difference in shelf-life related to 

lower storage temperature as well as other factors.  

The panelists gave a mean odour score of 

approximately 85 over 100 point for shrimps in the 

beginning, but the scores rapidly decreased during 

refrigerated storage (Figure 1). In evaluation at the 4th 

day, Group A and B shrimps treated with only sodium 

metabisulphite and 4-hexylresorcinol received about 

20 point, whereas the chitosan treated samples (C, D, 

E and F group) had significantly higher scores 

(between 40.0 and 42.9). Similar results were 

obtained from flavour evaluation. Shrimps that scored 

almost a perfect point at the beginning were exposed 

to significantly decreased points during subsequent 

days of storage. 

In Group A and B shrimps processed with only 

common PPO inhibitors, flavour scores decreased 

more rapidly than in Group C-E shrimps processed 

with chitosan. The changes in odour and flavour 

points affected directly the overall acceptability 

points. Existing findings indicate that the application 

of chitosan coating decreased the severity of sensorial 

changes of shrimps and markedly improved sensory 

quality. Other researches also confirmed that chitosan 

treatment delays the sensorial changes in different 

  

  

 

 
Figure 1.  Changes in sensory scores of shrimp during the chilled storage period (on the sixth day,overall acceptability and 

flavour evaluation for the A and Bgroups were not conducted due to excessive decomposition). 
(A)sodium metabisulphite (2500 mg/L), (B) 4-hexylresorcinol (50 mg/L), (C) chitosan (5 g/L) + sodium metabisulphite (2500 mg/L), (D) 
chitosan (5 g/L) + 4-hexylresorcinol (50 mg/L), (E) chitosan (5 g/L) + citric acid (200 mg/L) + rosemary extract (50 mg/L) + sodium 

metabisulphite (2500 mg/L), (F) chitosan (5 g/L) + citric acid (200 mg/L) + rosemary extract (50 mg/L) + 4-hexylresorcinol (50 mg/L). 
a,bMeanswithin a columnwithdifferentlettersaresignificantlydifferent(P<0.05). (*): P<0.05, (**): P<0.01, (***): P<0.001, (NS): not 
significant. 

 

 

http://tureng.com/search/decomposition
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foodstuffs. Mohan et al. (2012) studied the 

effectiveness of edible chitosan coating on the quality 

changes of Indian oil sardine in iced condition, and 

concluded that the eating quality was maintained up 

to 8 and 10 days for 1 and 2%chitosan treated samples 

respectively, compared to only 5 days for untreated 

samples. Tsai et al. (2002) also observed that the 

shelf-life of salmon fillets dipped in chitosan solution 

(1%) was extended from 5 to 9 days. Yingyuad et al. 

(2006) investigated the effects of chitosan coating on 

the quality and shelf-life of retail packaged grilled 

pork during refrigerated storage, and reported that 

vacuum-packaged samples without chitosan coating 

reached unacceptable sensory scores after 14 days, 

while samples coated with chitosan maintained 

acceptable sensory qualities throughout the storage 

period up to 28 days. Chitosan, by inhibiting the 

microorganisms, retards spoilage and thus slows 

down the formation of degradation products that 

cause odour and flavour changes 

In the present study, the combinations of 

chitosan with citric acid and rosemary extract were 

included in the experiments to determine the possible 

synergistic effect. Although most of parameters were 

partially improved, there was no statistically 

significant difference between groups. Moreover, the 

addition of rosemary extract (50 mg/L) to the dipping 

solution negatively affected the flavour of shrimps. 

The panelists expressed the taste and smell of 

rosemaryas ascore lowering factor. Citric acid can 

create a synergistic effect with antimicrobials used in 

conjunction and increase their effectiveness (Theron 

and Lues, 2010). Rosemary extracts have a potent 

antioxidant activity and are widely used in food 

industry. In addition to inhibition of lipid oxidation, 

several authors have been reported that some of the 

compounds present in rosemary extracts inhibited or 

slowed the growth of some microorganism and thus 

delayed the process of spoilage (McBride et al., 2007; 

Uçak et al., 2011). In the present study, the 

unsatisfactory effect of rosemary extract or citric acid 

may be associated with the low application of low 

dose or very rapid progression of degradation process 

in shrimps. 

The results of the present study pointed out that 

dippipg into solutions containing chitosan enhanced 

the sensory acceptability period of shelled shrimps. 

This effect of chitosan has been associated with 

slowing down of the formation of TVB-N and TMA-

N by its antimicrobial activity. In addition to positive 

effects of chitosan on quality criteria of shrimps, the 

reducing on the loss of moisture with chitosan is also 

considered to be an important advantage. Addition of 

rosemary extract and citric acid to the solutions 

containing chitosan was insufficient to meet the 

commercial expectations. It is known that consumers 

have anegative approach against synthetic chemical 

preservatives. The availability of chitosan to enhance 

the shelf-life of foodstuffs as well as functional 

characteristics will provide a significant advantage in 

meeting the consumer demand as a natural alternative. 

However, dissolving of chitosan in only acidic 

solutions may cause difficulty in practical application. 

In case of the production of water-soluble chitosan 

preparations, application will become widespread. 

The use of chitosan in food industry will also 

contribute torecycling of large amounts of chitin 

seperated as waste in shellfish processing. 
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