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ABSTRACT ARTICLE INFO  

In this study, we aimed to produce environmentally compatible 

double-layer films with fish processing waste and orange leaf 

extract as additives. The double-layered films were based on 

carboxy-methyl-cellulose hydrolyzed protein obtained from 

fish waste (first layer) and using orange extract at levels of 10, 

20 and 40 (weight/volume) (second layer). Evaluation of the 

effect of films on the shelf life of green tiger shrimp during 15 

days of storage at 4 degrees Celsius was analyzed through 

microbial, chemical and color parameters. The obtained results 

showed that the shrimp samples closed with double-layer films 

decreased the number of total aerobic bacteria, mold and yeast 

and cold-loving bacteria by 3, 1 and 3 log compared to the 

control treatment. The double-layer film containing 40% orange 

extract was able to reduce K-value, H-value, TVB-N and 

TBARS in shrimp compared to other treatments. Histamine, 

cadaverine, spermidine and spermine increased with increasing 

storage time in the treatments. The amount of a ⃰ in shrimp 

samples did not have a significant difference between the 

treatments (P>0.05), but the values of b ⃰ and L ⃰ of shrimp 

showed a statistically significant difference between the study 

treatments (P < 0.05). The results of the correlation coefficients 

were confirmatory and consistent with the results of the 

principal components analysis. The results of this study showed 

that double-layer films can be a substitute for plastic materials. 
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1-Introduction 
According to the World Food and 

Agriculture Organization (2024), the raw 

material residues obtained from the fishing 

industry constitute up to 70% of its original 

weight. The majority of the remaining raw 

materials are currently converted into flour 

or oil or used to produce animal feed, but 

these processes and products have low 

profitability. Therefore, it is important to 

develop solutions to utilize fish waste by 

processing them to produce new materials 

for human and animal consumption [1]. 

According to the Food and Agriculture 

Organization of the United Nations (2022), 

about 1.3 billion tons of the total food 

resources produced for human consumption 

are wasted annually worldwide. The 

composition of food waste varies depending 

on the type and source of food. Food waste is 

preferably used for animal feed, but it can 

lead to food-borne diseases. Therefore, 

products produced from food waste, with 

proper valuation, can have practical and 

commercial applications [2]. The processing 

industry (heading, skinning, finning, gutting, 

scaling, filleting) of commercial fish 

generates waste. Canning of aquatic animal’s 

accounts for 70% of the solid waste, 

including dark meat, head, bones, and skin. 

On the other hand, shrimp processing 

generates approximately 50% of the waste 

[3]. Studies have shown that aquatic animal 

waste is rich in proteins, polyunsaturated 

fatty acids, minerals, vitamins, and 

carotenoids that have functional properties 

[4, 5, 6]. However, fishery waste can carry 

pathogenic bacteria that, if not properly 

managed, pose a threat to human health and 

the environment [7]. On the other hand, there 

are current concerns about environmental 

pollution due to plastic packaging. This has 

led to the development of biodegradable 

films and packaging. Films can be made 

from carbohydrates, proteins, and lipids that 

are biodegradable, nontoxic, and derived 

from renewable resources. Biodegradable 

films may be used as coatings, wrapped, or 

sprayed onto foods, acting as a barrier to the 

transmission of salts, vapors, and gases, 

improving food quality [8]. 

Various food proteins such as corn, milk, 

soy, wheat and whey have been used to 

prepare biodegradable films. Also, due to the 

economic use of by-products and wastes of 

aquatic processing, there is interest in using 

myofibrillar proteins [2]. On the other hand, 

plant extracts can be used in edible films due 

to their safety, preservation and stability of 

food at low concentrations [9]. Plant extracts 

are rich in antioxidants, having high amounts 

of phenolic acids, flavonoids, anthocyanins, 

tannins and other polyphenol subgroups 

[3,10]. 

Several works have been carried out on films 

based on fish myofibrillar proteins. Lima et 

al. (2024) investigated the properties of films 

based on myofibrillar proteins obtained from 

hydrolyzed protein of tuna waste [11]. 

Another study investigated the production of 

edible films based on pectin, gelatin and 

hydroxypropyl methylcellulose and 

evaluated their application as biodegradable 

packaging materials for shelf life. Golden 

breathes films produced were able to increase 

the shelf life of fish fillets by 7-8 days 

compared to the control film [12]. Leite et al. 

(2024) used Nile tilapia waste to produce 

myofibrillar protein film. Their results 

showed that 1% hydrolyzed protein in film 

production could provide the best result [13]. 

Protein obtained from shrimp waste was used 

to produce biodegradable film. The results 

showed that higher protein concentrations 

could affect the film properties [14]. By-

products produced from aquatic waste with 

high protein content (approximately 17%) 

[15, 16] are a valuable opportunity for film 

production that can contribute to the main 

functions of food packaging related to 

product protection and its integrity, 

protection and external control. Therefore, 

the aim of this study was to extract 

hydrolyzed myofibrillar protein from the 

waste of Hover fish (Katsuwonus pelamis) and 

then producing a protein-based film, orange 
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leaf extract (Citrus aurantium) and its use in 

increasing the shelf life of green tiger shrimp 

(Penaeus semisulcatus) was. 

2- Materials and methods 
1-2- Collecting waste and performing 

hydrolysis 

Bluefin tuna waste, including head and skin, 

were purchased from canned fish factories in 

the industrial town of Sistan and Baluchestan 

province - Chabahar city, then packaged in 

sterile bags and sent to the laboratory in 

boxes containing ice and stored at 4°C. Then, 

after washing several times, they were frozen 

at -20°C until laboratory procedures were 

performed.In order to perform the 

hydrolysis, papain enzyme purchased from 

Novozyme, Denmark, was used and stored at 

4°C until the time of the experiment. 50 g of 

the waste sample was poured into a 250 ml 

Erlenmeyer flask, then 100 ml of distilled 

water was added to it in a 2:1 ratio, 

homogenized with a digital mixer for 2 

minutes, and then placed in a water bath at 

85°C for 20 minutes to inactivate the internal 

enzymes. For the hydrolysis, the frozen 

samples were stored in the refrigerator for 24 

hours until thawing. Then, they were diluted 

with 0.2 M phosphate buffer solution (8.5 M) 

in a ratio of 1:2 pH was diluted. They were 

completely homogenized for 2 minutes using 

a homogenizer. Then the homogeneous 

solution was diluted using 1N sodium 

hydroxide Dilute the solution to 5/8 ph. The 

optimal enzyme is papain. Papain enzyme 

was added to the samples at a ratio of 1% and 

transferred to a shaking incubator at a 

temperature of 55 ° C with a constant speed 

of 200 rpm. After the above periods of time, 

in order to stop the enzymatic reaction, the 

samples were placed in a water bath at a 

temperature of 95 ° C for 15 minutes. After 

cooling to normal room temperature, the 

samples were incubated at a temperature of 

10 ° C for 30 minutes at a speed ofgThey 

were centrifuged at 7000 × g. The 

supernatant was collected for further analysis 

 
1-Attenuated total reflectance Fourier transform infrared 

spectroscopy 

and placed in a freeze-dryer at -60 to -70 °C 

to become a powder [17]. 

2-2- Film production 

To prepare the film, a solution of 1% 

carboxymethylcellulose (wt/vol) was mixed 

with 1% (wt%) glycerol (plasticizer) (along 

with Tween 80 in a suitable solvent which 

was a mixture of 34 ml ethanol and 66 ml 

distilled water) and then stirred for 12 hours 

at room temperature. 5 g of hydrolyzed fish 

waste powder was diluted with 100 ml 

distilled water and stirred for 30 minutes at 

50°C. Then it was added to the solution 

containing carboxymethylcellulose and 

glycerol. Then concentrations of 10, 20 and 

40% (v/v) of orange leaf extract (CA) (Citrus 

aurantium) (Provided by the Safiabad-

Dezful Agricultural and Natural Resources 

Research and Education Center) (Previous 

studies by the corresponding author showed 

that the leaves of the orange plant have 

antimicrobial and antioxidant properties and 

were selected in this study [18 and 19]) were 

added separately to the final solution and 

stirred for 20 minutes. The control group was 

without orange extract. Then, 0.2% Tween 

80 (emulsifier) was added to the samples and 

mixed using a homogenizer for 25 minutes. 

In the final stage, the resulting solutions were 

poured into 15 cm diameter Petri dishes to 

form a gel state and then allowed to dry 

completely and take the shape of a plate [20]. 

3.2- Fourier transform infrared 

spectroscopy 

 Spectrum ATR-FTIR1 All films obtained 

using the model spectrometerIFS-48 Made in 

Germany, manufacturer User, to show the 

functional groups. 1.5 mg of film powder 

was mixed with potassium bromide powder 

in a ratio of 1:100 and made into a 1 mm 

tablet. Then it was placed in a spectrometer. 

The percentage of light transmitted in the 

frequency rangecm-14000 to 450 was 

calculated and then the resulting graph was 

drawn.Device resolutioncm-1It was 0.9. 



Amir Ghalandari &Laleh Roomiani              Study the biodegradable bilayer film... 

78 

 

4.2-Preparation of shrimp samples 

Green tiger shrimp(Penaeus semisulcatus), as 

one of the most important native and 

commercial species of Iran and with a wide 

distribution in the Persian Gulf and the Sea 

of Yemen [21],Shrimp were purchased from 

shrimp fishing centers in Bushehr and sent to 

the laboratory in ice-filled boxes and stored 

at -20°C until the study was conducted. At 

the beginning of the experiment, the shrimp 

were defrosted at 4°C and washed several 

times, then the head and carapace were 

removed and their intestines were removed. 

Then the shrimp were immersed in the 

prepared film solution for 35 minutes and 4 

treatments were obtained. Treatment 1: 

Shrimp without orange extract, Treatment 2: 

Shrimp in a film containing 10% orange 

extract, Treatment 3: Shrimp samples in a 

film containing 20% orange extract, 

Treatment 4: Shrimp samples in a film 

solution containing 40% orange extract. 

After rinsing the shrimp for 3 minutes, they 

were placed at 4°C for 15 days and 

microbial, chemical and color quality tests 

were performed on days 0, 4, 7, 9 and 15. 

5-2-Microbial tests  

To count total aerobic bacteria (TVC
2) 

fromISO 4833-1:2013For this purpose, 5 grams 

of shrimp samples from each treatment were 

placed in a sterile Stomaker bag with 45 ml 

of distilled water (InterScience, France) and 

homogenized for 180 seconds. Then the 

sample was diluted to5-Diluted to 10 ml. 1 ml 

of each dilution was placed in a plate 

containing Count Agar medium. After a few 

minutes, all plates were inverted and placed 

in an incubator for 48 hours at 30°C.To count 

psychrophilic bacteria according toISO 

17410:2019, Culture was performed 

superficially on the culture medium of the 

Count Agar plate and after keeping the plates 

at 10°C for 7 days, the number of colonies on 

the plate was counted. Shrimp samples were 

taken at specified intervals for mold and 

yeast tests. To prepare the initial suspension, 

 
2-Total Viable Count 

dilution1-10 (10 grams of shrimp sample with 

90 milliliters) of Ringer's solution were 

homogenized in a Stomaker for 2 minutes. 

Then, decimal dilutions were prepared from 

the resulting suspension. In culture 

mediumSDAand incubation temperature 

25°C according toISO 21527-1:2008For 120 

hoursDone. 

2-6-Chemical experiments 

1-6-2-MeasurementK-valueandH-value 

2 grams of shrimp samples from all four 

treatments were homogenized with 10 ml of 

trichloroacetic acid (6%) for two minutes. 4 

ml of 1 M potassium hydroxide was added to 

the solution and vortexed.g× 3438 was 

centrifuged for 12 minutes at 4°C. The 

supernatant was filteredµm0.45 smooth and 

then to enter the vialsHPLC (Shimadzu، LC-

10ATseries (Made in Japan) with 

columnCOSMOSIL 5C18-OAQStationary phase 

and phosphate buffer inpH=6.7 as mobile 

phase and methanol in a ratio of 95:5 for 20 

minutes at 254 nm [22]. The amountKandHIt 

was calculated using equations 2 and 3: 

K-value (%) = 
𝐼𝑁𝑂+𝐻𝑥

𝐴𝑇𝑃+𝐴𝐷𝑃+𝐴𝑀𝑃+𝐼𝑀𝑃+𝐼𝑁𝑂+𝐻𝑥
× 100  

 

H-value (%) = 
𝐻𝑥

𝐼𝑀𝑃+𝐼𝑁𝑂+𝐻𝑥
× 100  

 
Hx: Hypoxanthine,NOW: Inosine,IMP: Inosine 

monophosphate,AMP: adenosine 5-monophosphate, 

ADP: adenosine 5-diphosphate, ATP: Adenosine 

triphosphate. 

 

2-6-2- Assay of Biogenic Amines 

2 ml of the supernatant prepared above was 

mixed with 1 ml of 2 M sodium hydroxide. 

Then 1 ml of 2% benzoyl chloride was added 

and the solution was vortexed and kept at 

room temperature for 20 minutes to facilitate 

the extraction of biogenic amines. In the next 

step, 2 ml of saturated sodium chloride 

solution was added and the benzylamines 

were extracted with diethyl ether. The 

solution was evaporated under liquid 

nitrogen at 30°C and the residue was mixed 

in 500 µl of acetonitrile and water in a ratio 

of 90:10 and was taken to the device.HPLCIt 
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was prepared for the detection of biogenic 

amines cadaverine, histamine, spermidine 

and spermine. Using the device (Shimazdzu 

LC-10A, Japan)HPLCWith columnC18(5 μm, 

250 × 4.6 mm) and fluorescent marker were 

injected. Acetonitrile (Sigma, USA) and 

distilled water (75:25 v/v) were used. The 

flow rate of the mobile phase was 1 mm/min. 

Biogenic amines were determined based on 

the matching of the peak retention times of 

the unknown samples with the standard 

samples (Sigma-Aldrich, St. Louis, MO, USA) and 

according to the area under the curve, the 

peaks were determined using the 

corresponding standard curve [23]. 

3-6-2-MeasurementpH 

AmountpHWith a digital devicepHGauge 

(MI150, Milwaukee Martini Italy) was 

determined, for which 10 grams of shrimp 

were homogenized in 100 ml of distilled 

water and then measured [24]. 

4-6-2- MeasurementTBARSandTVB-N 

Thiobarbituric acid was measured using a 

colorimetric method. 200 mg of shrimp 

samples from all four treatments were 

transferred to a 25 ml volumetric flask and 

made up to volume with 1-butanol. 10 ml of 

the resulting mixture was placed in dried 

capped tubes and 5 ml of thiobarbituric acid 

reagent was added to them. The tubes were 

placed in a hot water bath at 96°C for 2 hours 

and then cooled to room temperature. The 

results were measured using a 

spectrophotometer (UV-VIS-NIR, modelUV-

3600Made in Japan (Absorption value at 530 

nm)As(vs. absorption of control sample)Ab) 

was read. The amountTBAIt was calculated 

in milligrams of malondialdehyde per 

kilogram of shrimp tissue based on equation 

1 [25]: 

TBA (mg MDA/ kg) = 
(𝐴𝑠−𝐴𝑏)×50

200
 

 

 

For measurementTVB-N5 grams of shrimp 

muscle from each treatment was mixed with 

90 ml of distilled water and homogenized for 

4 minutes at 25,000 rpm. Then, at 

4°C,×g3438 was centrifuged for 10 minutes. 

The supernatant or supernatant liquid was 

filtered with Whatman paper and 50 ml of it 

was transferred to the distillation tube of an 

automatic Kjeldahl apparatus and 6.5 ml of 

20% w/v sodium hydroxide was added to it. 

The distilled material was transferred to a 

flask containing 40 ml of boric acid solution 

and the volatile bases present were titrated 

with 0.01 M hydrochloric acid until 

reachingpH=5The results were expressed as 

milligrams of nitrogen/100 grams of shrimp 

muscle and calculated according to the 

following formula [26]: 

TVB-N (mg N/ 100 g) = 
(𝑉𝑠−𝑉𝑏)×0.14×2×100

𝑚
 

The volume of hydrochloric acid consumed 

for the sample and control is 

respectivelyInsandInbIt was shown.mThe 

weight of the sample is in grams. 

 

5-6-2- Color analysis 

Using a Hunterlab 4510 colorimeter, made in 

the USA, color indices include:a ⃰، b ⃰and 

L ⃰Which respectively indicatesa⃰ < 0= 

Vegetable,a ⃰> 0= redness,b ⃰< 0= blue,b ⃰ > 0= 

jaundice,L ⃰ = 0Blackness andL ⃰ = 100 The 

whiteness was measured. The color 

difference (ΔE) was obtained using the 

following equation [27]: 

∆𝐸 = √ (𝐿0
∗ − 𝐿∗)2 + (𝑎0

∗ − 𝑎∗)2 + (𝑏0
∗ − 𝑏∗)2 

 𝐿0
∗ ، 𝑎0

∗ and 𝑏0
∗ Color parameters are zero on 

the day.  

6-6-2-Statistical analysis 

To analyze information from 

softwareSPSSVersion 17 was used. All 

analyses of this completely randomized 

design were performed with 3 replications. 

Data normality was tested using the 

Kolmogorov-Smirnov test. One-way 

analysis of variance (One-way ANOVA) and at 

a probability level of 5%, was used to 

analyze the data. Means were compared 

using the Tukey test. The data results were 

expressed as mean and standard deviation. 

Excel software was used to draw graphs. 

3-Results and Discussion 
1-3-FT-IR 

Spectrum resultsFT-IRThe films of the four 

treatments studied are shown in Figure 1. No 

significant change was observed in the 
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spectra of the films with increasing 

concentration of orange extract. This result 

was also observed in the study of Jamrooz et 

al. (2019) who studied the film of forsalaran 

and several plant extracts and its effect on 

fish fillets [28]. The broadening of the 3600-

3000 band in the two-layer films containing 

orange extract can be related to the formation 

of hydrogen bonds between the polyphenols 

of the extract and the polysaccharide [29]. 

The absorption peak cm-13500-3200 can be 

related to the functional groupO-HandN-

HAvailable in glycerol and water. Functional 

groupC-HIt can be in the range ofcm-12850-

2880 can be seen. The peak is related tocm-

11700-1740 to the working groupcm-1 

C=OThe strong peak at 1689 is related to the 

presence of aldehyde groups.C=Cwhich was 

seen in the fourth treatment. Peakscm-11440-

1450 related to the linkC-Hmethyl groups. 

Peakscm-11200-1250 related to stretchingC-

Oare related to the properties of cellulose and 

hemicellulose derived from lignocellulosic 

materials [30]. 

 
Figure 1- FTIR spectroscopy for double-layered film groups. Film 1: control (without CA); Film 2: 10% CA; 

Film 3: 20% CA; Film 4: 40% CA 

 
Figure 2- Change in wrapped shrimp quality microbial count during storage. Film 1: control (without CA); Film 

2: 10% CA; Film 3: 20% CA; Film 4: 40% CA

 

2-3-Microbial changes 

The results of microbial changes in shrimp 

samples in the film treatments prepared are 

shown in Figure 2. On all sampling days, the 

amount ofTVCTreatment 1 or control showed 

the highest value, which had a statistically 

significant difference with other treatments 

(P<0.05).P<Initial amount of bacterialog CFU/ 

g During the storage period, the effect of the 

film on bacterial growth was determined, so 

that from day zero to the fifteenth in the 
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control group or treatment 1, the rate 

ofTVCIn shrimp samples, there was a 6-log 

increase and a 3-log increase in the fourth 

treatment. Before the fourth day, a 

significant decrease was shown in the 

treatments compared to day zero, but from 

the fourth day to the last day of storage, the 

amount of bacteria increased, the lowest 

amount being in treatment 4, which had a 

statistically significant difference with other 

treatments (p<0.05).P<).  

 

Throughout the storage period, the amount of 

mold and yeast increased from the fourth day 

onwards in all shrimp samples packaged in 

film. On the seventh day of storage, the most 

statistically significant difference between 

the studied treatments was shown in the 

amount of mold and yeast (P < 0.05).P<On 

the fifteenth day, the amount of mold and 

yeast in treatment 4 waslog CFU/ g 11.5 and in 

the control treatment tolog CFU/ g6/19. In the 

two-layer films containing orange extract, on 

the fifteenth day, no statistically significant 

difference was observed in the amount of 

mold and yeast in the shrimp samples 

(0.05).P>Film packaging in the fourth 

treatment was able to reduce the amount of 

mold and yeast in shrimp samples by 3 logs 

compared to the control group (4 logs). The 

growth pattern of psychrophilic bacteria 

from the growth behaviorTVCInitial levels of 

psychrophilic bacteria in shrimp samples 

packaged with two-layer film without extract 

and containing orange extractlog CFU/ gwas 

4.31. In the control group, the amount of 

psychrophilic bacteria increased from 4.31 

on day zero tolog CFU/ g It reached 9.67 on 

the fifteenth day. On the fourth day, in all 

shrimp samples that were wrapped with the 

film containing the extract, a significant 

decrease was observed in the amount of 

psychrophilic bacteria, which was 

statistically significantly different from the 

control group (0.05).P<). The limit set for the 

number of bacteriaCFU/g 107-106But 

spoilage can be detected mainly due to odor 

in most foods with more thanlog CFU/g6 was 

detected [31]. Therefore, the shelf life of the 

control samples was 7 days. Shrimp samples 

wrapped in film containing 20% orange 

extract contained the following 

microorganisms:CFU/g 107They were stored 

until the fifteenth day, which increased the 

shelf life of shrimp by 8 days compared to 

treatment 1. The amount of microbes in 

shrimp samples from the fourth treatment, on 

the fifteenth day of storage, wasCFU/g 

106They went beyond, but even after 15 

days, below the surfaceCFU/g  107remained. 

The inhibitory effect of microorganism 

growth in shrimps up to the fourth day of the 

study may be due to the presence of 

hydrolyzed protein in the films, as such films 

increase the oxygen diffusion barrier and 

thus prevent the proliferation of 

microorganisms by forming a protein biofilm 

around the shrimp samples [32]. In various 

studies, it was shown that hydrolyzed protein 

from various aquatic wastes contains di-

peptide alanine-tyrosine, which has 

antioxidant effects and has a low molecular 

weight [33]. Studies have shown that 

caryophyllene and limonene were the most 

abundant compounds in the leaves of the 

orange plant [18, 19]. The inhibitory effect of 

orange leaf extract on shrimp 

microorganisms may be due to the action of 

hydrolyzable tannins, anthocyanins and 

benzoic acid. Mechanisms explaining the 

antimicrobial activity of such compounds 

include inhibition of extracellular microbial 

enzymes, deprivation of substrates required 

for microbial growth, or direct action on 

microbial metabolism through inhibition of 

oxidative phosphorylation or iron 

deprivation [34]. Remya et al. (2017) used 

chitosan-based film containing ginger 

essential oil as an active antimicrobial agent 

to prevent fish spoilage. They found that the 

film was a good inhibitor against lactic acid 

bacteria andBrochothrix thermosphactaIt was 

[35]. 

3-3-Chemical parameters 

Use ofK-valueAs an indicator of freshness, it 

has been controversial due to its significant 

dependence on the type of muscle food, 

species, and external factors such as handling 
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conditions, season, and slaughter method. 

Regardless of the type of food and species 

containing meat, endogenous 

enzymesATPafter deathAMP، NOW، Hxand 

finally decompose uric acid [36]. The 

freshness of fishery products can be assessed 

based onK-valueclassified into three 

categories: (1) products with values of 20K≤ 

Very high percentage(2) those in the range of 

20 to 50 percent are classified as semi-fresh 

and (3) products with values of 70 to 80 

percent are classified as fresh.K≥ It indicates 

the stage of corruption [37]. Figure 3-A-F 

Product changes related toATPIn shrimp 

samples packaged in two-layer films without 

extract and containing different percentages 

of extract, the initial concentrationATPIn 

shrimp samplesµmol/ gIt was 0.99.

 
Figure 3- Changes in ATP-related products (A–F), K-value, and H-value of shrimp samples over the storage 

period. Different letters within each parameter represent statistically significant differences (p< 0.05).

 

From day zero to day four of storage, the 

amountATPandADPShrimp samples showed 

a decrease (Figure 3).AMPBy the seventh day 

of storage, the rate of decline was steep and 

then the rate of decline slowed. On the 

fifteenth day, the rate ofAMPIt reached zero. 

ConcentrationIMPIn shrimp of different 

treatments, it increased from day 0 to day 4 

and then decreased and reached zero on day 

15. At the end of the storage period, the 

highest amount was in the fourth 
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treatment.IMP µmol/ g11.2 and the lowest 

value in the control treatmentµmol/ g1.01 was 

observed. With increasing holding time, the 

amountNOWincreased and the highest 

amount was in the control treatmentµmol/ 

g3.15 was observed. In treatments 2, 3 and 4, 

theNOWshowed a decrease from the ninth 

day onwards. Lee et al. (2022) and Seki et al. 

(2017) showed that the 

decompositionATPToIMPIt takes place in 

less than a few hours to two days and is 

mainly related to the activity of endogenous 

autolytic enzymes rather than the activity of 

microorganisms, while the 

decompositionIMPby bacteria [38,39]. 

During storage, the amount ofHxIt increased 

in all treatments.Pseudomonas 

spp.andShewanella putrefaciensThey can 

produce inosine nucleosidase, 

whichNOWtoHxConverts [40]. FigureGIt 

shows that the amountKShrimp samples in 

treatments 2, 3, and 4 were semi-fresh by the 

end of the storage day, and the 

amountKShrimps in the control treatment 

exceeded 50%. The study by Mohammad 

Alinejad et al. (2024) showed that the 

rateHxIn shrimp samples up toµmol/ g2.07 

increased during 7 days of storage [41]. The 

amountHAnother quality parameter for 

assessing seafood spoilage is hypoxanthine 

accumulation, and the higher its amount, the 

poorer the quality of seafood products 

[36].ParameterHAt the beginning of the 

storage period, it was close to zero in the 

film-packed shrimp sample and reached 

10.5% in the control treatment and 5.2% in 

the fourth treatment at the end of the period. 

The amountHIt increased continuously, 

followed by a sudden increase on the last day 

in four treatments (Figure 3). 

Edible films in the form of active packaging 

have been shown to prevent the formation of 

biogenic amines, including histamine. 

Changes in biogenic amines are closely 

related to the safety and quality of aquatic 

animals, including shrimp [42,43]. 

Histamine is the most important biogenic 

amine in aquatic animals, which increased 

during storage (Figure 4). On day 0, the 

initial histamine level was 17 mg/kg, which 

increased to 71.19 and 53.67 mg/kg on day 

15 in the control and treatment 4, 

respectively. This result indicated that the 

applied films not only did not prevent the 

formation of histamine in shrimp samples, 

but even increased its formation. However, 

in none of the shrimp samples did its level 

exceed 10–50 mg/100 g, which is the risk 

range for histamine [44]. Histamine 

production is attributed to the number of 

bacteria capable of synthesizing histidine 

decarboxylases. Histamine formation is 

usually due to Enterobacteriaceae [45].
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Figure 4- Changes in biogenic amine content (mg/ kg) of shrimp during storage at 4 °C for 15 days. 

Cadaverine is associated with off-flavors in 

aquatic products [45]. As shown in Figure 3, 

cadaverine levels were low throughout the 

storage period. Spermidine and spermine 

levels increased during storage, but spermine 

levels were undetectable until day 9. 

Spermine levels were increased in treatments 

2 and 3 compared to the control. Since 

biogenic amines in food products are mainly 

produced by decarboxylation of the 

corresponding amino acid precursors, either 

by bacterial decarboxylases or endogenous 

enzymes, the availability of free amino acids 

is essential for the formation of biogenic 

amines [42]. According to Tohidinsab and 

Roumian (2023), hydrolyzed protein, which 

is the main component of the films in the 

present study, is a good source of free amino 

acids, 3.396 g free amino acids per 100 g 

hydrolyzed protein [46]. Part of the 

hydrolyzed protein in a non-bound form 

could be a source of free amino acids, which 

leads to an increase in the production of 

biogenic amines in the film-coated samples. 

However, it should be noted that despite 15 

days of storage, the levels of all biogenic 

amines in the samples treated with the film 

containing 20 and 40% of the extract 

frommg/kg  50 (the permissible level of 

histamine in seafood) [44]. In the study of 

Pongstkol et al. (2022), an increase in 

biogenic amines was observed in shrimp 

packaged in polyethylene, glass, vacuum-

sealed nylon, and polypropylene containers 

during storage, with the highest and lowest 

levels measured in vacuum-sealed nylon and 

glass packaging, respectively [47]. In the 

study of Li et al. (2021), histamine and 

tryptophan were identified as the most 

abundant biogenic amines in farmed shrimp 

[48]. The type and amount of biogenic 

amines formed during storage depend on 

many factors such as shrimp species, 

microbial flora, packaging type, temperature, 

and other factors [41, 43]. In this study, 

shrimp stored in different film treatments, 

which can have different permeability to 

water and gas, may lead to different 

formation and accumulation of biogenic 

amines. In the study by Pongstkol et al. 
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(2022), the histamine level in packaged 

shrimp samples was 27.79-48.14 mg/kg [47]. 

ChangespH ، TVB-NandTBARSIn shrimp 

samples wrapped with a two-layer film 

containing hydrolyzed protein and orange 

extract, it is shown in Figure 5.TVB-NIt is 

formed from the breakdown and 

decomposition of proteins and their 

conversion to trimethylamine oxide, 

dimethylamine, trimethylamine, 

formaldehyde, and from the deamination of 

adenine nucleotides. This process causes an 

increase inpHand the activity of endogenous 

enzymes and microorganisms that target 

methylated amines [42]. The amountTVB-NIt 

varies based on the type of food, microbial 

contamination, and storage conditions [27]. 

Bakhit et al. (2021) Acceptable limitTVB-

NFor raw shrimpmg N/ 100g < 12, 20-12 

edible, 25-20 for border line andmg N/ 100g 

> 25 were determined to be inedible [49]. 

The amountTVB-N، mg N/ 100g9.07 was 

obtained in shrimp samples on the first day 

of storage. With increasing storage time, the 

amountpHandTVB-NThe highest values of 

these two indices were in the control 

treatment (7.47,mg N/ 100g21.43) and the 

lowest in the fourth treatment (24.7,mg N/ 

100g13/25) was measured. The 

amountpHThere was a significant difference 

(0.05) in different days of storage in a 

treatment.P<In this study, on day zero, the 

rate ofpHwas higher than shrimp samples in 

other studies. This could be partly due to 

their high content of non-protein nitrogenous 

compounds and free amino acids. In 

addition, their low carbohydrate content 

leads to limited lactic acid production and a 

significant reduction inpHPrevents [50,51]. 

Initial valueTBARSIn shrimp samples, 0.51-

0.91 mg/kg was obtained (Figure 5). From 

day 0 to day 4, the changes in this parameter 

were low and decreased in the control and 

treatment 2, and had a statistically significant 

difference with treatment 3 and 4 

(P<0.05).P<From the fourth day onwards, the 

amountTBARSIt increased, which was more 

steep in the control or 1 treatment.

 
Figure 5- Changes in pH, TVB-N and TBARS level of shrimp during storage at 4 °C for 15 days.

 

The lowest on day zero and the highest on 

day fifteenTBARS It was observed in shrimp 

samples wrapped in a two-layer film 

containing orange extract. In the third and 

fourth treatments, no statistically significant 

difference was observed in shrimp samples 

on different days of the study (0.05).P>). A 

similar result was obtained in a study by 

Diabro et al. (2011) who showed that in blue 

shark fillets packaged in low-density 

polyethylene film containing natural 

antioxidants, a reduction in the rate of lipid 

oxidation occurred, however, this effect did 
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not persist in subsequent days of storage 

[52]. Hydrolyzed proteins are a mixture of 

active and inactive peptides [46]. In another 

study, it was shown that shrimp packaged in 

low-density polyethylene with 

nanoparticlesNot.2caused a decrease in the 

oxidation rate compared to the control 

treatment [53], which was consistent with the 

present study. They also showed that lipid 

oxidation in shrimp is catalyzed by microbial 

activities. In another study, a similar result 

was observed, where the rate ofTBARSA two-

layer film containing hydrolyzed gelatin 

from carp skin with the addition of peptide as 

an antioxidant, compared to the control 

treatment without peptide, failed to show a 

significant difference with the control 

treatment [25]. These results can be 

explained by the delayed release of active 

molecules from the film matrix or 

interactions between the film matrix and the 

active molecules in the film. 

4-3-Color changes 

In Figure 6, the color parameter changes ⃰ a، b ⃰ 

andL ⃰  Samples of packaged shrimp are 

shown in four film treatments. Maintaining 

color stability for fishery products that are 

sensitive topHare very important. This is 

essential to ensure that the indicator 

maintains its color throughout the shelf life 

of the product and provides consumers with 

reliable and accurate visual feedback [25]. 

According to Figure 6, different trends were 

observed in the color components of the 

shrimp samples of the 4 treatments studied. 

The degree of whiteness orL ⃰ In the studied 

shrimps, it increased until the seventh day 

and then decreased on the ninth day and 

increased again. The highest whiteness 

parameter was observed in shrimps wrapped 

with double-layer film containing orange 

extract on day zero. Between the parameter 

values ⃰ aNo statistically significant 

differences were observed in the 4 treatments 

studied until the end of the experiment 

period. (05/0P>)Amount ⃰
 aIn shrimp samples, 

it was between 7.97 and 9.04. The pattern of 

changes in the indexb ⃰In shrimp samples, it 

was different from other color parameters. 

The amount b
 ⃰In shrimps wrapped with a 

two-layer film containing hydrolyzed protein 

and orange extract, it did not follow the same 

pattern. In treatment 2, it decreased until the 

seventh day, then increased and decreased 

again. In treatments 3 and 4, the amount 

b
 ⃰Shrimp samples decreased until the fourth 

day, then increased and then decreased. In 

the control treatment, the amountb ⃰ It showed 

a decrease from day zero to the end of the 

storage period. 

 

 
Figure 6- Changes in color parameters of shrimp during storage at 4 °C for 15 days.

  Lin et al. (2022) stated that astaxanthin and 

anthocyanin are naturally found as pigments 
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in shrimp and are the source of the red color 

in shrimp [54], so the darker color of shrimp 

could be a reason for the reduction of the 

factor.b ⃰ OrL ⃰ During storage. Other studies 

conducted on shrimp and shrimp products 

concluded that storage time causes browning 

and darkening of shrimp color [48,50]. On 

the other hand, The mechanism of color 

change in active films may be based on the 

fact thatNH3Escape withH2THEIn the 

combined film, which leads to the production 

of ionsNH4+andOH-Hydroxyl ions create an 

alkaline environment in which the 

anthocyanin structure is converted to 

chalcone, which in turn changes its color 

[54]. The amountΔEAbove 5 means that the 

color change can be detected by eye, while 

valuesΔEAbove 12 allows for the detection 

of differences by untrained members [41]. 

Principal component analysisPCA
3To 

identify microbial, chemical and color 

parameters, understand the relationships 

between them and detect patterns of changes 

during storage of shrimp samples wrapped in 

a two-layer film containing hydrolyzed 

protein and different concentrations of 

orange extract during 15 days of storage at 

refrigerated temperature (Figure 7). 

Multivariate analysis of the quality 

properties of shrimp samples allowed the 

 
3- Principal Component Analysis  

variables to be reduced to two principal 

components. As shown in Figure 7A-The 

components of treatment 1 or control 

showPC1(85.58 percent) andPC2(58.6%) 

explain a total of 92.16% of the variance. 

Figure 7B-In the second treatment, the 

componentsPC1 (88.67 percent) 

andPC2(63.5%) 30.94% variance, Figure 7C- 

Related to the third treatment of 

componentsPC1(81.14 percent) 

andPC2(11.53 percent) 67.92 percent of 

variance and Figure 7D-(Fourth treatment) 

ComponentsPC1(81.68 percent) 

andPC2(42.9%) explain 10.91% of the 

variance. Although the percentage of 

variance of the second treatment orBIt is 

more than other treatments, but the third and 

fourth treatments show a more balanced 

distribution between the components. 

Treatments 3 and 4 showed a more effective 

relationship between microbial, chemical 

and color parameters, which can be a good 

separation of the relevant time changes. On 

the other hand, the relationship between the 

components was higher in the last days of 

storage, which indicated shrimp spoilage. In 

all four treatments, color parameters had no 

correlation with other microbial and 

chemical parameters. 
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Figure 7- PCA score quality parameters (black color), plots of shrimp stored in different film containers for 15 

days (other colors)

 

From the seventh day of storage, the amount 

of psychrophilic bacteriaandTVB-N(Given 

the close relationship between these two 

indicators), increased. So, considering the 

onset of spoilage from the seventh day to the 

end of the storage period, the quality 

indicators were more closely related to each 

other, and this coherence is better seen in the 

third and fourth treatments. In the four 

treatments studied, the color components had 

a positive correlation with the second 

component, which was quite clear in the 

fourth treatment, while the microbial and 

chemical parameters showed a positive 

correlation with the first component and a 

negative correlation with the second 

component. In the four treatments studied, 

the color parameterL
 ⃰and⃰ 

bshowed a high 

correlation with each other. Also, the 

relationship between yeast and mold and 

psychrophilic bacteria was well shown in the 

4 treatments. As Figure 8 shows, the 

parameterL
 ⃰and b ⃰In the four treatments 

studied, they had negative coefficients with 

other quality parameters. In the fourth 

treatment, all three color parametersa
 ⃰، L ⃰and  

bs⃰howed negative correlation with all 

microbial, chemical and color parameters. 

Microbial and chemical parameters had 

positive correlation coefficients. The results 

obtained from the correlation coefficients 

confirmed the results obtained from the 

principal component analysis. 
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Figure 8- Correlation coefficients between microbial, chemical and color characteristics of shrimp samples in 

the four studied treatments

 

4- General conclusion 
Different levels of changes in microbial, 

chemical and color characteristics of shrimp 

samples packaged in different film 

treatments were measured. Results: The two-

layer film containing hydrolyzed protein and 

carboxymethylcellulose (treatment 1) was 

able to preserve shrimp shelf life for 8 days 

(compared to treatment 4) less than other 

treatments containing orange leaf extract at 

different concentrations. Hydrolyzed protein 

from white tuna waste and the use of orange 

extract were able to reduce microorganisms 

and shrimp oxidation. The results obtained 

showed the developmental nature of the 

work. Improving the protective effect along 

with reducing the amount of environmental 

pollution can develop the field for the effect 

of such bioactive compounds in the 

packaging and preservation of other types of 

food products.
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ی  پذیر بر پایه پروتئین هیدرولیزشده و تاثیر آن در ماندگاری میگوتخریبمطالعه فیلم دولایه زیست  

 سبز ببری
  ⃰  2، لاله رومیانی 1امیر قلندری 

 کارشناسی ارشد گروه علوم و صنایع غذایی، واحد اهواز، دانشگاه آزاد اسلامی، اهواز، ایران   -1

 دانشیار گروه شیلات، واحد اهواز، دانشگاه آزاد اسلامی، اهواز، ایران  -2

 دهیچک اطلاعات مقاله                        

 مقاله :   یخ هایتار

 2/8/1403افت: یخ دریتار

 19/3/1404رش: یخ پذیتار

پروتئین هیدرولیزشده  با    ستیزطی سازگار با مح  هیدولا  لمیف  دیمطالعه، هدف ما تول  نیدر ا

از   آمده  فرآوری  عات یضابدست  عصاره  شده  هوورمسقطی  نارنج و  گیاه  عنوان    برگ  به 

ف  یافزودن پا  هیدولا  ی هالمیبود.  پروتئین  متیل کربوکسی  هیبر  و   ه ی)لاهیدرولیزشده  سلولز 

نارنج در سه سطح  اول( و   )وزنی/ حجمی( )لایه دوم(   40و    20،  10بکارگیری عصاره 

ارز ببریبر    هافیلم  ریتاث  یابیبودند.  روز نگهداری در    15در طول    سبزماندگاری میگوی 

و    هیورد تجزاز طریق پارامترهای میکروبی، شیمیایی و رنگ م   ،گراددرجه سانتی   4دمای  

نمونهداد  آمده نشان  دست به  جینتاگرفت.  قرار    لیتحل   ی هالمیبا ف  شدهمیگو بسته  یهاکه 

های سرمادوست  های هوازی کل، کپک و مخمر و باکتریسبب کاهش تعداد باکتری   ه،یدولا

درصد عصاره    40لوگ نسبت به تیمار شاهد شد. فیلم دولایه حاوی    3و    1،  3به میزان  

کاهش   سبب  تیمارها  سایر  به  نسبت  توانست  و    K-value  ،H-value  ،TVB-Nنارنج 

TBARS    زمان افزایش  با  اسپرمین  و  اسپرمیدین  کاداورین،  هیستامین،  شود.  میگو  در 

داری  های میگو دارای تفاوت معنیدر نمونه  a ⃰ نگهداری در تیمارها افزایش نشان داد. میزان  

دار آماری بین تیمارهای میگو اختلاف معنی  ⃰ L  و  ⃰ b( اما مقادیر  <0P/ 05)  بین تیمارها نبود

(. نتایج ضرایب همبستگی، تاییدکننده و منطبق با نتایج حاصل از  P<0/ 05مطالعه نشان داد )

  ی نی گزیجاتوانند  می  هیدولا  ی هالمیفهای اصلی بود. نتایج این مطالعه نشان داد که  آنالیز مؤلفه

 ی شوند.  کیمواد پلاست یبرا
 

 : یدیکلمات کل

 فیلم،

 ماندگاری، 

و  شاخص میکروبی  های 

 شیمیایی، 

 میگو  
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