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      INTRODUCTION 

Most fishermen have long used synthetic preservatives such as formaldehyde to preserve 

unsold catches. Given its technical advantages of being simple to get, affordable and useful, 

formaldehyde is justified for use in preserving fresh fish (Utama et al., 2021). According to the 

Regulation of the Minister of Health No. 33 of 2012 concerning food additives, formaldehyde is 

a preservative with dangerous adverse effects. Formaldehyde is a carcinogenic and mutagenic 

chemical that can cause cell and tissue damage (Desvita et al., 2020). People also frequently use 

borax in addition to formaldehyde. Borax is a white, odorless, crystalline chemical that is soluble 

in water (Xie et al., 2017). It is frequently misapplied as a food additive to enhance the flavor 

and longevity of food products (See et al., 2010). It is typically used as a preservative, antiseptic 

and cockroach repellant. Therefore, a substitute for synthetic preservatives in the form of natural 
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Given its superior bioactivities and biocompatibility, chitosan (CS), a natural 

polymer that is biodegradable and nontoxic, is widely used in food and 

biomedical industries. The presence of anionic elements is required to 

achieve the superior gelling characteristic of CS, which is attributable to its 

polycationic nature. Additionally, compared to the free form, the chitosan 

nanoparticles (CSNPs) enhanced bioactivities, such as antioxidant and 

antibacterial activities and improved stability during storage and continuous 

release. This study attempted to explore the main uses of CSNPs as a fish 

preservation agent for Sardinella aurita. Antimicrobial activities of CS and 

CSNPs were tested against S. aureus and E. coli. Moreover, CS and CSNPs 

were sprayed over two fish groups, with a third group left untreated (control 

group). Results delineated the significant antibacterial potential of CSNP 

compared to CS and control (Gentamycin). Additionally, compared to the CS 

and control groups, the fish exposed to CSNPs had higher organoleptic 

indices in their eyes, gills, mucus, flesh, texture and smell. Conclusively, the 

spray made from shrimp shell waste as CSNPs has good antibacterial and 

preservation properties. When processing or transporting fisheries products, 

CSNPs might work as an antibacterial agent and a natural preservative. 
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preservatives is required. As a result, a natural preservative solution is required to reduce the use 

of synthetic preservatives including formaldehyde and borax. The chance of developing health 

issues is lower when using natural preservatives because they are derived from nature. Before 

distribution, fishermen’s catches can be preserved using natural materials’ antioxidant and 

antibacterial properties (Lourenco et al., 2019). Examples of natural preservatives are salt, sugar 

and chitosan. Salt can inhibit the microorganisms’ development and reduce water content so that 

food is more durable (Dwivedi et al., 2017). Sugar can bind to water so that it can prevent food 

spoilage. According to Goy et al. (2009), chitosan serves as an inhibitor of microbial progress. 

Shrimp is one of the crustaceans whose shells are used to make chitosan (Li et al., 2021). 

The shrimp (Portunus pelagicus) has a high commercial value, resulting in a significant 

enough demand for shrimp catching. Solid waste in the form of shell trash is produced in large 

quantities by the shrimp industry. The processing of shrimp is directly proportional to the waste 

produced, so handling efforts are needed to reduce the negative impact on the environment 

(Bhattacharjee et al., 2019). One tiny shrimp produces trash that is made up of 57% shell, 3% 

body rejects and 20% boiled water. The problem of environmental pollution and garbage that 

keeps growing can be solved by using shrimp shell waste (Nguyen et al., 2020). 

Improved hazardous detection, shelf life and packaging techniques are now possible 

thanks to advanced nanotechnology, which has also sped up the process of addressing food 

safety issues involving microbial contaminants (Bajpai et al., 2018). Food nanotechnology has 

the effect of enhancing the nutritional content and solubility of food. Nanotechnology can 

improve food safety, extend shelf life, improve flavor and detect pathogens/toxins/pesticides, as 

well as creating/making functional food (Seabra et al., 2013). Chitosan nanoparticles, or nano-

chitosan, are one of the by-products of the nanotechnology process. All prior research; however, 

concentrated on the production of chitosan and its use as an antibiotic. As far as we are aware, 

not many studies have been done on the production of nano-chitosan as a natural preservative for 

fisheries goods. Nano-chitosan is ideal for use as a natural preservative since it has a stronger 

antibacterial and antifungal absorption capacity than chitosan (Abdeltwab et al., 2019). 

The study's goals were to assess and ascertain the efficacy of nanochitosan spray as a 

natural preservative in captured fish. To increase shelf life and assure the food safety and security 

of fisheries products, research results were required to identify the best antibacterial, preservative 

and additive options.  Fishermen would be able to easily apply this study to their catches, 

preventing large and ongoing losses.  

 MATERIALS AND METHODS 

         1. Sample preparation 

Shrimp shells obtained from fishermen in Alexandria, Egypt, served as the study’s 

primary source of data (Fig. 1a). They were cleaned from remaining meat and dirt using water, 

and then the shells were dried in the sun for approximately two days (Fig. 1b). After that, with 



787                                                                                                      Elmotyam et al., 2023 

_____________________________________________________________________________________ 
 

 
 

the aid of a blender and a sieve shaker, shrimp shells were ground into a powder measuring 60 

meshes or 250 microns (Supriyantini et al., 2018). 

 

 

 

 

 

Fig. 1. Shrimp shell waste showing: (a) Raw shell waste, and (b) Cleaned shell waste after 

dryness 

         2. Chitosan production from shrimp shell waste 

Demineralization, deproteination and deacetylation are three steps in the production of 

chitosan from shrimp shells (Supriyantini et al., 2018). To demineralize the shrimp shell 

powder, a 1:7 (w/v) solution of 1.0 N HCl was added, and the mixture was agitated using a 

magnetic stirrer at 200 rpm for 30 minutes until becoming frothy. The mixture was baked at a 

temperature of 80-90°C for 1.0 hour, then cooled and filtered to obtain a solid, and finally 

cleaned by using distilled water to a neutral pH. The solid was heated to a constant weight and 

baked at a temperature of 100°C. After cooling to room temperature, the yield was measured and 

weighed. By adding 3.5% NaOH solution to the demineralized product at a ratio of 1:10 (w/v), 

stirring with a magnetic stirrer while heated for an hour at 70-80°C, and then cooling the 

mixture, deproteinization was achieved. The precipitate was filtered, rinsed with distilled water 

until the pH was neutral, and then heated at 100˚C to maintain a constant weight. It was left to 

cool down to room temperature, and the final weight was adjusted. The deproteinized product 

then moved on to the deacetylation stage, where it was dissolved in 50% NaOH at a 1:15 (w/v) 

ratio and stirred for 2 hours at 80–90°C, using a magnetic stirrer at 200 rpm. Afterwards, it was 

cooled and filtered. After washing with distilled water to achieve pH neutrality, the residue was 

baked to a consistent weight at 100°C. The yield was left to cool to room temperature before 

weighing. Chitosan is the end- product. 

         3. Preparation of nano-chitosan by ionic gelation 

Using ionic gelation, 0.2% chitosan solution in acetic acid solution was made, and then 

1% NaTPP solution was added with stirring speeds of 600 rpm for an hour. Dispersed solids, a 

kind of nano-chitosan, were produced (Arsyi et al., 2018). 

 

 

 

a b 
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4. Particle size and morphology determination using TEM 

CNPs size and morphology were observed by transmission electron microscope (TEM), 

Faculty of Science, Alexandria University. All samples for TEM analysis were prepared 

by allowing a single drop of nanoparticle suspension to dry overnight at room 

temperature on a Formvar
®

 coated 200-mesh copper grid (TAAB Laboratories Equipment 

Ltd., Aldermaston, England).  

5. Fish groups 

         Nine Sardinella aurita fish samples were freshly collected from Abu-Qir Bay, Alexandria, 

Egypt. Each group had three fish after being split into three (Fig. 2). The first group (control 

group) (1-3) was sprayed with water; the second group (4-6) was sprayed with chitosan solution, 

and the third group (7-9) was sprayed with chitosan nanoparticles solution. Length (L) and 

weight (W) of each fish individual were determined in order to unify their starting W and L 

parameters (data not shown). 

 

 

 

 

 

 

 

Fig. 2. Fish samples (Sardinella aurita) showing: (A) Control group; (B) Chitosan-sprayed 

group, and (C) Nano-chitosan sprayed group 

 

6. Manufacturing and application of nano-chitosan spray 

               Nano-chitosan spray was obtained by mixing nano-chitosan powder and acetic acid 

solvent at a ratio of 3:1 (w/v) in a 100ml spray container, and the mixture was homogenized. The 

application of nano-chitosan spray was made by spraying it evenly on the surface of the fish. 

This is the same as what was done in the research of Hamdayanti et al. (2012), who used a 

sprayer to apply a chitosan solution to the sample’s complete surface in order to administer 

natural preservatives as a spray. Controls were sprayed with sterile water. 

 

 

A B C 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/electron-microscopy
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/polyvinyl-acetate
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          7. Antibacterial activity test with disc diffusion method 

             The disc diffusion method was executed by wetting the disc paper with a solution of CS 

and CSNPs, and then placing it on Mueller Hinton Agar covered with E. coli (ATCC 8739) and 

S. aureus (ATCC 6538). S. aureus is a Gram-positive spore-forming bacterium (Lestari et al., 

2019), and E. coli is a short-rod Gram-negative bacterium (Bambang et al., 2014); these bacteria 

are often found in water and caught fish. After that, 2% of amoxilin was drip-applied, while it 

was incubated for 24 hours at 37°C. Disc paper with a clear zone surrounding it indicates a 

favorable disc diffusion (Prasetiowati et al., 2018).  

 

         8. Organoleptic test 

           The organoleptic test was performed on 9 individuals of Sardinella aurita that had been 

sprayed with chitosan and nanochitosan as well as control treatment for each fish species. An 

organoleptic evaluation was performed on the eyes, gills, mucus, meat, texture and smell based 

on the study of Syafitri et al. (2016), and a thorough evaluation was given. The data obtained 

from the outcomes of the organoleptic assessment were descriptively analyzed to determine the 

level of freshness of the fish. 

  

         9. Preservative-effectiveness test 

           A preservative-effectiveness test was conducted by measuring the resistance time of fish 

against bacteria. The measurement started right after spraying the fish until it decayed. The long 

resistance of fish to bacteria shows the preservative effectiveness. This is similar to the research 

of Cahyaningsih et al. (2021), who observed the physical changes of the sample until its optimal 

storage period (days) to determine the sample’s level of resistance to test the preservative 

activity. 

 

        RESULTS AND DISCUSSION 

 

           Fish is a highly perishable item that needs to be handled, processed and distributed 

properly in order to be productively and economically used. The demand for fish is increasing, 

and reducing postharvest losses can significantly help meet this demand, while also enhancing 

the quality and quantity of fish for consumers and raising producer profitability. One alternative 

to overcome the lack of fish freshness during transportation can be done by adding natural 

preservatives (Thulasiraman et al., 2021). The antibacterial activity of chitosan has been 

highlighted to extend the product’s shelf life. Natural nano-chitosan is a high-quality product 

with unique physicochemical characteristics. The physical cross-linking of nano-chitosan by 

ionic gelation with particularly negatively charged macromolecules such as sodium 

tripolyphosphate has been studied using a variety of methods. Additionally, coating chitosan 

nanoparticles with chemicals or natural antibacterial agents, antioxidants, enzymes, or active 

ingredients is a possibility (Abdeltwab et al., 2019). Since nano-chitosan has a bigger surface 
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area and a stronger attraction for bacterial cells than chitosan, it exhibited higher antibacterial 

activity during product storage than chitosan (Ramezani et al., 2015). 

1. Chitosan from shrimp shell waste 

              The chitosan yield was achieved by dividing the resulting chitosan by the initial weight 

of the sample multiplied by 100%. Chitosan yield declined from 100% at the beginning to 30.2% 

at the end, and this happened as the temperature and the concentration of the NaOH solution 

increased. The yield of shrimp shell chitosan was higher than that reported in the study of  

Supriyantini et al. (2018) who concluded that, the yield of chitosan from shrimp shells obtained 

reached 36.84%. The total chitosan produced from 250 grams of shrimp shells was 75.5g 

(30.2%) (Table 1).  

                                 Table 1. Results of the production process of chitosan 

 

 

 

 

           2. Nano-chitosan with ionic gelation 

             Nano-chitosan is the application of nanoparticle technology to chitosan. Chitosan from 

the deacetylation stage is then made into nano-chitosan using the ionic gelation method. Ionic 

gelation is a method that is widely used since the process is effective and simple and easily 

controlled. Chitosan is diffused in acetic acid; polyanions are then added, and with constant 

stirring, nanoparticles are spontaneously formed (Qonitannisa et al., 2020). This is the ionic 

gelation mechanism. Since natrium tripolyphosphate (NaTPP), a nontoxic polyanion chemical, 

interacts with chitosan through electrostatic forces to create ionic crosslinks, this substance is 

employed as a polyanion.  

3. Particle size and morphology determination using TEM 

              TEM scans revealed that CSNPs had a diameter between 31 and 82nm, making them 

appear to be tiny and distinct; larger particles are due to the aggregation of single small particles 

that tend to fuse generating a larger entity. This aspect is clearly shown by subsequent TEM 

images. Air-dried samples are not completely desiccated, especially not nanogels as chitosan-

TPP particles. During TEM analysis, when magnifying a CSNPs aggregate as much as possible, 

a very fast fusion (seconds/minutes) of single particles into one entity was observed: the heat of 

the electron beam promoted intermolecular links thanks to the still present aqueous environment 

inside the gel-network. In order to confirm that this behavior was caused by a linking agent, 

TEM images (Fig. 3) of chitosan solution were collected showing small particles of 40 nm in 

Table 2. Results of the production process of chitosan. 1 

Stage Product mass (g) Yield % 

Demineralization 107 42.8 

Deproteination 82.3 32.9 

Deacetylation 75.5 30.2 

 2 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nanogel
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/electron-microscopy
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diameter but with a completely different behavior. Upon magnifying on several close entities, 

their structure did not change, and no fusion occurred even if the ray was left on them for a 

considerable amount of time (data not shown). 

 

 

 

 

 

 

 

Fig. 3. TEM scans of chitosan nanoparticles. Scale bar: 100nm. TEM: transmission electron 

microscopy 

          4. Antibacterial activity test with disc diffusion method  

            This study tested nano-chitosan against E. coli and B. subtilis bacteria because these 

bacteria are amongst the most prevalent in fisheries’ products during the process of fish quality 

deterioration. B. subtilis bacterium plays a role in the decay of meat and protein ingredients like 

fish (Sari et al., 2019). Meanwhile, E. coli spreads easily through contaminated water, thus 

contaminating fresh fish (Sumampouw, 2018). If the growth of these bacteria is not stopped, it 

will cause foodborne diseases that will harm consumers and fishermen. 

            The disc diffusion method in the antibacterial activity test aimed to determine the 

potential of nano-chitosan in inhibiting the growth of E. coli and S. aureus bacteria. When 

utilizing disc diffusion to test an extract or compound for antibacterial activity, a favorable result 

is exposed by the appearance of a clear or inhibitory zone surrounding the paper disc (S. 

Magaldi et al., 2003). 

           With an inhibitory zone surrounding the test point, a quantitative study of shrimp nano-

chitosan's antibacterial properties may be possible. As shown in Table (2), the findings of the 

nano-chitosan activity test were able to inhibit the growth of S. aureus and E. coli with three 

different concentrations. Nano-chitosan’s antibacterial properties may be related to its extremely 

potent positive charge, which attracts negatively charged amino acid molecules that are used to 

make proteins in germs. Given the electrostatic interaction between these positive and negative 

charges, the membrane experiences a leaky pressure. This imbalance in the osmotic pressure 

inside the cell hinders the growth of microbes. In addition, intracellular hydrolysis events occur 

in the cell wall, leading to the release of cell electrolytes, and thus causing the death of a 
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microbial cell (Sarwono, 2010). On the other hand, chitosan was effective against S. aureus but 

not effective against E. coli in the tested concentrations (Fig. 4). 

Table 2. Antibacterial activity test disc diffusion method* 

 

*Antimicrobial activity was determined by using agar diffusion or disc diameter: 6.0mm. 

*Results are means of three readings ± S.E.  

* NA:  No activity. 

*Positive control: Gentamycin. 

 

 

 

 

 

 

 

Fig. 4. Agar disk diffusion method of the following: (A and D) Chitosan nanoparticles; (B and 

E) Control (Gentamycin); (C and F) Chitosan against E. coli (1) and S. aureus (2) to evaluate 

the antimicrobial activities 
 

5. Organoleptic test 

             The organoleptic test utilizes the human senses as the main tool in measuring the quality 

of a product. The organoleptic test parameters for tilapia, mullet, milkfish, mackerel, kipper and 

catfish comprised the eyes, gills, mucus, flesh and texture, whereas those for squid, cuttlefish, 

and shrimps included appearance, smell and texture. Aspects of fish product quality that can be 

assessed by these senses are depicted in Table (3). As we describe quality, it is important to note 

that it goes beyond just how delicious the fish is to eat: the eating quality is perhaps the most 

important aspect of overall quality and is greatly affected by how well the fish is kept, whether in 

ice or frozen storage. But quality also includes factors such as the fish’s value, its processing 

suitability and its size, whether it is damaged or blemished. A judgment may occasionally be 

Bacterial strain Control 

(Gentamycin) 

Chitosan Chitosan nanoparticle 

Staphylococcus aureus (ATCC 

6538) 

15.33 ± 0.19 16.50 ± 0.16 21.33 ± 0.19 

Escherichia coli (ATCC 8739) 
 

20.00 ± 0.00 NA 22.17 ± 0.09 

A B C 

D E F 

2 

1 
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made using just one sense. Therefore, identifying a whole fish as a whiting or a haddock is based 

solely on appearance. Some situations call for the utilization of two or more senses. For instance, 

just by looking at a fish, a suspicion that its freshness is questionable can be sparked. This 

suspicion can then be verified by the fish’s aroma or flavor. On the fresh fish organoleptic 

assessment sheet, the test results are recorded (based on FAO in partnership with Support 

unit for International Fisheries and Aquatic Research, SIFAR, 2001). The sample in the 

organoleptic test is suitable for consumption if it has an organoleptic score of at least 7 (Table 4). 

The organoleptic analysis data using chitosan and nano-chitosan spray are presented in the Table 

(3). 

 

Table 3. Some quality aspects of fish products and the senses used to assess them 

                       (based on (FAO, 2001) 

Sense Aspect of quality 

Sight General appearance and condition, size, shape, physical blemishes, color, gloss and 

identity. 

Smell Brightness, off-odors and smells, stains, oiliness, rancidity and shadiness. 

Taste Glow, off-tastes and scents, blemish, greasiness, staleness, blackness, sourness, the 

primary tastes of acerbity, tartness, aroma and sugariness. 

Tongue and 

finger contact  

General texture, hardness, softness, elasticity, brittleness, roughness, smoothness, 

grimness, fusion, facility, moisture, drought, concision and existence of bones. 

Hearing Brittleness and crispness. 

 

The organoleptic results on the first day showed that the fish sprayed nano-chitosan recorded an 

organoleptic value of more than 7, thus it was suitable for consumption. In contrast, the fish with 

the control treatment had an organoleptic value below 7; therefore, it was unsuitable for 

consumption. As for the chitosan-sprayed group, it demonstrated a freshness value lower than 7 

but greater than 5. After 5 days, findings confirmed that the nano-chitosan spray had an 

organoleptic value of more than 5. Conversely, the fish with the control treatment and chitosan 

had an organoleptic value below 3 and 4, respectively (Table 5). 

Biochemical spoilage of fish occurs with a marked change in pH due to the autolysis process, so 

it will accelerate the decline in fish quality. Fish’s flavor and scent can be affected by the quality 

of fisheries’ goods, which would lower their selling price because it is unfit for human 

consumption. Nurhayati et al. (2019) explained that, the decline in fish quality is influenced by 

the type, size of fish, bacteria or enzymes, oxidation, the fishing process, the environment and 

how the catch is handled; all contribute to the loss in fish quality, which affects the consumers’ 

interest and purchasing power directed to the catches of fishermen that will be caught for sale. 
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Table 4. Sensory score sheet for fishery products (adopted from (FAO, 2001)). 

Score Odor Flavor Texture, taste, and 

appearance 

Score 

10 Originally mild scents 

of sweet, boiled milk, 

and flour that gradually 

became stronger 

Initial flavors are watery, 

metallic, and starchy; they may 

eventually develop subtle 

sweetness as well as meaty 

flavors 

Short stiff fibers that are 

brittle and dried 

10 

9 Seafood, seaweed, 

cooked meat, and 

uncooked green plants 

Sweet, savory, whipped, 

vegetal, and distinctive 

 9 

8 Loss of scent and a 

neutral odor 

Characteristically sweet 

flavors yet less intense 

Initially stiff but becoming 

softer with storage; the 

succulent, fibrous material 

starts off white and opaque 

but turns yellowish and waxy 

over time 

8 

7 Wood shavings, 

woodsap, and vanillin 

Neutral Initially stiff but becoming 

softer with storage, the 

succulent, fibrous material 

starts off white and opaque 

but turns yellowish and waxy 

over time. 

7 

6 Condensed milk, 

caramel, and toffee-like 

smells 

Tasteless  6 

5 Milk jug fragrance, 

cooked potato, and 

boiling garments 

Tad sourness and faint “off” 

flavors 

 5 

4 Lactic acid, acidic milk, 

and “byre-like” 

Faint bitterness, sourness, and 

“off” tastes 

 4 

3 Lower fatty acids (e.g., 

acetic or butyric acids), 

composted grass, soapy, 

turnip-like, and tallow-

like flavors 

Strongly bitter, rubbery, and 

barely sulfuric scents 

 3 

 

Table 5. Organoleptic results of the tested fish groups 

 

 

 

 

 

Table 6. Organoleptic results of the tested fish groups. 1 

Group First-day score Fifth-day score 

Group 1 (control) 6 3 
Group 2 (chitosan-sprayed) 7 4 

Group 3 (nanochitosan sprayed) 9 6 

 2 
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           6. Preservative-effectiveness test 

             A preservative-effectiveness test is used to determine the ability of preservatives when 

applied to a fishery product based on the appearance of fish body upon spraying. Based on the 

effectiveness test results, data revealed that the nano-chitosan spray had the ability to preserve 

shrimp for up to 5 days (Fig. 5). Fish spraying with nano-chitosan was effective for shrimp 

preservation because it has a smaller particle size to be well absorbed on the surface of the 

shrimp. This finding concurs with that of Abdeltwab et al. (2020) who stated that, the 

antimicrobial activity and permeability of chitosan nanoparticles increase when their size gets 

smaller. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The appearance of fish groups (preservation-effectiveness test) showing: (A) Control 

group; (B) Chitosan-sprayed group, and (C) Chitosan nanoparticles sprayed group 

 
      CONCLUSION 

 

          Chitosan nanoparticles can be used as a preservative agent in fishery products. The study 

found that the use of chitosan nanoparticles as a preservative agent in fishery products was more 

effective in inhibiting microbial growth than normal chitosan (CS), and they allow retaining high 

A 

A 

B C 

B 

C 
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sensory scores of the tested fish groups. Additionally, chitosan nanoparticles (CSNPs) have been 

prepared using several methods. Ionic gelation is the most exploited method for the preparation 

of CSNPs, showing high potential to enhance the absorption and availability; this could explain 

the effectiveness of CSNPs compared to CS. The augmented antimicrobial activity of CSNPs can 

enhance the shelf life of various foods. Moreover, the ability of CSNPs to exert antioxidant 

activity and add value to food products, such as tea polyphenols, vitamins, etc., can help reduce 

the lipid or protein oxidation of foods. Hence, nanostructured forms of CS can be considered as 

profitable value-added products, which are used in a wide array of foods, packaging, 

encapsulation, biomedical remedy and health promotion. Conclusively, spray nano-chitosan from 

shrimp shells was effective in the preservation process of Sardinia aurita given that it was able to 

inhibit the deterioration of fish quality for 5 days. 

    ACKNOWLEDGMENTS 

Prof. Hatem H. Mahmoud, Dean of the College of Fisheries and Aquaculture Technology, Arab 

Academy for Science, Technology, and Maritime Transport, is greatly acknowledged by authors 

for his unwavering assistance and support. The creation of CS and CSNPs would not have been 

possible without the technical and practical help of Dr. Mostafa Ahmed, the NanoFab Scientific 

Laboratory.  

   AUTHORS’ CONTRIBUTIONS 

Under the direction of Dr. Haiam M. Aboul-Ela, College of Fisheries and Aquaculture 

Technology, Arab Institute of Science, Technology, and Maritime Transport, the first five authors 

completed this study as part of their graduation project in the previous year. From the beginning 

through the completion of the final publication, all writers contributed and discussed the 

findings. The contribution of each author is as follows: Haiam M. Aboul-Ela was responsible for 

the main conceptual ideas, supervising the work and writing the manuscript; Abdelaziz H. 

Elmotyam, Mayar A. Belal, Mina H. Fouad, Nada A. Mohamed, and Neveen E. Elkasas were 

equally responsible for collecting the data and drafting the manuscript. 

CONFLICTS OF INTEREST 

All authors of this research declare that they have no conflicts of interest. 

DECLARATION OF GENERATIVE AI IN SCIENTIFIC WRITING 

The authors declare that they did not use AI-assisted tools in this paper. 

FUNDING INFORMATION 

No specific grant was given to this research by funding organizations in the public, private, or 

not-for-profit sectors. 

 



797                                                                                                      Elmotyam et al., 2023 

_____________________________________________________________________________________ 
 

 
 

          DATA AVAILABILITY STATEMENT 

The data supporting the findings of this study are available on request from the corresponding 

author. 

      REFERENCES 

 

Abd El Tawab AA; El-Hofy FI; Abou El Roos NA and El-morsy DA. (2020). Detection of 

Virulence Genes in Bacillus cereus isolated from Meat Products Using PCR. J. World Poult. 

Res., 10 (2S): 292-298.  

Abdeltwab W. M.; Abdelaliem Y. F.; Metry, W. A. and Eldeghedy M. (2019). Antimicrobial 

effect of chitosan and nano-chitosan against some pathogens and spoilage microorganisms. 

Journal of Advanced Laboratory Research in Biology, 10(1):8-15. 

Arsyi N. Z.; Nurjannah E.; Nurahlina D. and Budiyati E. (2018). Karakterisasi nano kitosan 

dari cangkang kerang hijau dengan metode gelasi ionik. Jurnal Teknologi Bahan Alam, 2(2):106-

111. 

Bajpai V. K.; Kamle M.; Shukla S.; Mahato D. K.; Chandra P.; Hwang S. K.; Kumar P.; 

Huh Y. S. and Han, Y. K. (2018). Prospects of using nanotechnology for food preservation, 

safety, and security. Journal of Food and Drug Analysis, 26(4):1201-1214. 

Bambang A. G.; Fatimawali dan Kojang K. S. (2014). Analisis cemaran bakteri coliform dan 

identifikasi Escherichia coli pada air isi ulang dari depot di Kota Manado. Pharmacon, 3(3):325-

334. 

Bhattacharjee B.; Mishra V. K.; Rai S. B.; Parkash O. and Kumar D. (2019). Structure of 

apatite nanoparticles derived from marine animal (crab) shells: An environment-friendly and 

cost-effective novel approach to recycle seafood waste. ACS Omega, 4(7):12753-12758. 

Cahyaningsih E.; Megawati F. and Artini N. P. E. (2021). Uji efektivitas ekstrak daun pare 

(Momordica charantia L.) sebagai bahan pengawet alami buah tomat. Jurnal Ilmiah 

Medicamento, 7(1):41-46. 

Desvita H.; Faisal M.; Mahidin and Suhendrayatna. (2020). Preservation of meatballs with 

edible coating of chitosan dissolved in ricehull-based liquid smoke. Heliyon, 6(10):1-6. 

Dwivedi S.; Prajpati P.; Vyas N.; Malviya S. and Kharia A. (2017). A review on food 

preservation: methods, harmful effects and better alternatives. Asian Journal of Pharmacy and 

Pharmacology, 3(6):193-199. 

FAO in partnership with Support unit for International Fisheries and Aquatic Research, SIFAR, 

2001. https://www.fao.org/3/x5989e/X5989e00.htm#Contents 

Goy R. C.; Britto D. D. and Assis O.B.G. (2009). A review of the antimicrobial activity of 

chitosan. Polímeros: Ciência e Tecnologia, 19(3):241-247. 

Hamdayanti R. Yunita; N. N. Amin and T. A. Damayanti. (2012). Pemanfaatan Kitosan untuk 

Mengendalikan Antraknosa pada Pepaya (Colletotrichum gloeosporioides) dan Meningkatkan 

Daya Simpan Buah. Jurnal Fitopatologi Indonesia, 8(4): 97-102. 

https://www.fao.org/3/x5989e/X5989e00.htm#Contents


798                   Potential Application of Chitosan Nanoparticles as Preservative Agent for Fishery Products 

_____________________________________________________________________________________ 
 

Lestari S. D.; Baehaki A. and Meliza R. (2019). Aktivitas antibakteri kompleks kitosan-

monosakarida terhadap patogen dalam surimi ikan gabus sebagai model matriks pangan. Jurnal 

Pengolahan Hasil Perikanan Indonesia, 22(1):80-88. 

Li B.; Wu X.; Bao B.; Guo R.; and Wu W. (2021). Evaluation of α-chitosan from crab shell 

and β-chitosan from squid gladius based on biochemistry performance. Applied Science, 11(7):1-

19.  

Lourenco S. C.; Martins M. M. and Alves V. D. (2019). Antioxidants of natural plant origins: 

From sources to food industry applications. Molecules, 24(22):1-25. 

Nguyen V. B.; Nguyen D. N.; Nguyen A. D.; Ngo V. A.; Ton T. Q.; Doan C. T.; Pham T. P.; 

Tran T. P. H.; and Wang S. (2020). Utilization of crab waste for cost-effective bioproduction of 

prodigiosin. Marine Drugs, 18(11):1-13. 

Nurhayati T.; Abdullah A. and Sari S. N. (2019). Penentuan formaldehid ikan beloso (Saurida 

tumbil) selama penyimpanan beku. Jurnal Pengolahan Hasil Perikanan Indonesia, 22(2):236-

245. 

Prasetiowati A. L.; Prasetya A. T. and Wardani S. (2018). Sintesis nanopartikel perak dengan 

bioreduktor ekstrak daun belimbing wuluh (Averrhoa bilimbi L.) uji aktivitasnya sebagai 

antibakteri. Indonesian Journal of Chemical Science, 7(2):160-166. 

Qonintannisa S.; Fadli A. and Sunarno S. (2020). Sintesis nanokitosan dengan metode gelasi 

ionik menggunakan pelarut asam asetat dengan variasi konsentrasi kitosan. Jurnal Online Maha-

siswa Fakultas Teknik, 7(2):1-4. 

Ramezani Zahra.; M. Zarei. and Raminnejad N. (2015). Comparing the effectiveness of 

chitosan and nanochitosan coatings on the quality of refrigerated silver carp fillets. Food 

Control, (51):43-48. 

S. Magaldia; S. Mata-Essayaga; C. Hartung de Caprilesa; C. Pereza; M.T. Colella a; 

Carolina Olaizolaa and Yudith Ontiverosb. (2004). Well diffusion for antifungal susceptibility 

testing. International Journal of Infectious Diseasesm 8:39-45. 

Sari L. R.; Sumpono and Elvinawati. (2019). Uji efektifitas asap cair cangkang buah karet 

(Hevea braziliensis) sebagai antibakteri Bacillus subtilis. Jurnal Pendidikan dan Ilmu Kimia, 

3(1):34-40. 

Sarwono R. (2010). Pemanfaatan kitin/kitosan sebagai bahan anti mikroba. Jurnal Kimia 

Terapan Indonesia, 12(1):32-38.  

Seabra A. B.; Haddad P. and Duran N. (2013). Biogenic of nanostructural iron compounds 

application and perspektive. IET Nanobiotechnology, 7:90-99. 

See A. S.; Salleh A. B.; Bakar F. A. and Heng N. A. (2010). Risk and health effect of boric 

acid. American Journal of Applied Sciences, 7(5):620-627.  

Sumampoue O. J. (2018). Uji sensitivitas antibiotik terhadap bakteri Escherichia coli penyebab 

diare balita di Kota Manado. Journal of Current Pharmaceutical Sciences, 2(1):104-110. 



799                                                                                                      Elmotyam et al., 2023 

_____________________________________________________________________________________ 
 

 
 

Supriyantini E.; Yulianto B.; Ridlo A.; Sedjati S. and Nainggolan A. C. (2018). Pemanfaatan 

chitosan dari limbah cangkang rajungan (Portunus pelagicus) sebagai adsorben logam timbal 

(Pb). Jurnal Kelautan Tropis, 21(1):23-28. 

Syafitri S.; Metusalach M. and Fahrul F. (2016). Studi kualitas ikan segar secara organoleptik 

yang dipasarkan di Kabupaten Jeneponto. Jurnal IPTEKS Pemanfaatan Sumberdaya Perikanan, 

3(6):544-552. 

Thulasiraman V.; M. S. Giri N. and Anjineyulu K. (2021). Need for a balance between short 

food supply chains and integrated food processing sectors: COVID-19 takeaways from India. 

Journal of Food Science and Technology, 58(10):3667-3675. 

Utama C.; Nurwidiyanto Baehaki F. and Ekawati S. (2021). Analysis of formaldehyde 

content in salted fishat ciroyom market, Bandung. Journal of Sustainability Science and 

Technology, 1(1):35-43. 

Xie W.; Zou C.; Tang Z.; Fu H.; Zhu X.; Kuang J. and Deng Y. (2017). Well-crystallized 

borax prepared from boron-bearing tailings by sodium roasting and pressure leaching. RSC 

Advances, 7(49):31042-31048. 

 

 

 


