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Table 1: Treatment related to physical and mechanical properties

Row Treatments Abbreviation
1 Alginate A
2 Alginate+Nanoclay A+NC
3 Alginate+Nanoclay+Essence oil (500 ppm) A+NC+E500 ppm
4 Alginate+Nanoclay+Essence oil (1000 ppm) A+NC+E1000 ppm
5 Alginate+Nanoclay+Essence oil (1500 ppm) A+NC+E1500 ppm
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Table 2: Treatment related to frying test and shrimp shelf life
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Row Treatments Abbreviation
1 Control C
2 Alginate A
3 Alginate+Nanoclay A+NC
4 Alginate+Nanoclay+Essence oil (1000ppm) A+NC+E1000 ppm
5 Alginate+Nanoclay+Essence oil (1500ppm) A+NC+E1500 ppm
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Table 3: Amounts of peroxide (PV; megO2/kg fat) during the storage period in different treatments

Treatment

Storage period (day)

0 4 8 12 16
Control 0.024¢+0.97 0.25A%+2.46 0.17A°+4.30 0.187°+6.19 0.33%2+8.23
A 0.02/¢+£0.95 0.08B9+2.02 0.08B¢+3.31 0.128b+5.66 0.20%3+6.76
A+NC 0.02/¢+£0.93 0.03%%+1.77 0.07¢°4+2.94 0.06*+5.06 0.08%+6.04
A+NC+E1000 ppm 0.05%¢+0.93 0.06P°+1.59 0.04Pc+2.14 0.07P¢£3.25 0.22Pa+4.77
A+NC+E1500 ppm 0.047¢+£0.95 0.0289+1.40 0.085%£1.90 0.058°+3.03 0.145%+3.89

b3l otal3l Wy GRS s b slaons lg S
polie oy iicn aS g 9bar (P<A/20) ab I3 595
rolodl s o polie (neS g wald led o
a5 odmlie Gerkie )3 CeondVOr e Luilube el
WS Jlesd (0l (6,105 0590 sletl jo Lol «(P<+/+0)
Vooo uill + et + Slodl s b lo s

P>+ +0) il (geles ) Ceond

b TVB-N I8 J5gyi b3 polie Ol puts

Gl e
2led 5 18 (G5e sl Gl pley LiliEl L
(F Jguz) conl aidly (2l 50 sne 55 4 Lajlocs
Lo ool Jloigas s gl 4 az g5 L (P< /- 0)
o b Gl gae WS ()l e g, 0 alite
09938 6l losg, ple jo Lol (P>-/-0) ailas

liso gl yloud 53 (5,55 oy W (b (0,5 e 30 0,5 (Lo TVB-N) 5153 595 Lol ggamo prolio :F Jgur
Table 4: Amounts of total volatile basic nitrogen (TVB-N; mg/100g) during the storage period in different treatments

Storage period (day)

Treatment
0 4 8 12 16
o 0.317+11.20 0.57A9+20.39 0.487°+£30.01 0.92A+£37.04 3.10%2+49.39
A 0.12Ae+10.97 0.7184+18.34 1.188¢4+24.19 0/278+£30.53 0.7582+43.25
A+NC 0.267e+11.15 0.23%4+14.55 0.72¢¢+19.14 0/83¢h+£25 .51 0.76%2+£32.22

A+NC+E1000 ppm
A+NC+E1500 ppm

0.18%¢+11.16 0.37P%+13.60
0.397¢+11.04 0.504+13.31

0.19P¢+16.13 0/56°¢+21.69 0.30P+27.33
0.48P°+15.63 0/46E°+£18.92 1.01P325.00
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Table 5: Amounts of total viable count (TVC; Log CFU/g) during the storage period in different treatments

Storage period (day)

Treatment
0 4 8 12 16
C 0.117+2.98 0.12Ad+4.92 0.08°+7.06 0.03AP+8.38 0.06”2+£10.05
A 0.207e+£2.97 0.11Bd+4.02 0.1284+6.37 0.05Bb+7.59 0.19824-8.74
A+NC 0.08”e+3.05 0.10¢4+3.84 0.08¢+5.67 0.17¢0+7.03 0.010%+7.49
A+NC+E1000 ppm 0.09%e+£2.97 0.04C4+3.72 0.16P°+4.81 0.13Pb+6.11 0.19Pa£6.91
A+NC+E1500 ppm 0.08%¢+£3.08 0.10°4+3.68 0.03E+4.39 0.13E2+5.84 0.11F++6.38
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Table 6-Amounts of psychrotrophic count ( PTC; Log CFU/g) during the storage period in different treatments

Storage period (day)

Treatment

0 4 8 12 16
C 0.0472+2.64 0.1079+3.88 0.18a"°+6.56 0.064°+8.05 0.2224+9.70
A 0.087¢+2.57 0.038¢+3.38 0.135%+6.12 0.158b+7.19 0.0984£8.15
A+NC 0.08%¢+2.64 0.13%4+3.13 0.12%°+4.86 0.13°"+5.63 0.05%4+7.02
A+NC+E1000 ppm 0.08¢+2.66 0.06%9+3.05 0.10P°+3.85 0.09+4.97 0.06P£6.51
A+NC+E1500 ppm 0.047¢+2.61 0.09°%+2.97 0.05P°+3.74 0.045°+4.70 0.13544+6.13
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Figure 9: Sensory score at the beginning and end of
the maintenance period in different treatments
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Table 7: Comparison of different plants for storage period of vanami shrimp based on different evaluations with the
present study

Different plants/ Antimicrobial,

Row Nanocomposite Antibacterial

Antioxidant Shrimp storage Reference

Alginate +
1 Nanoclay + +
Different Essence

Alginate + Essence
Avishan

N
1

Alginate +
Nanoclay +
Essence of
Rosemary

Eryngium planum
4 L+ Froriepia +
subpinnta

Alginate +
Nanoclay +
Essence Eryngium
caeruleum

+ Alboofetileh et al., 2015

- Reyhani Poul et al., 2024

+ Abdolahi et al., 2011

- Hasanzadeh et al.,2017

+ Present study
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Introduction

Seafood has been an important source of nutrients and has attracted human attention from a health
perspective (Dehghani et al., 2018; Khanlar et al., 2018). Important marine sources include shrimp,
which are highly perishable and are associated with microbial, chemical, and physical changes during
storage (Na et al., 2018). The growth of decay-causing bacteria in shrimp leads to protein degradation,
resulting in the production of ammonia, indole, methanethiol, putrescine, trimethylamine, and other
odorless compounds. Hence, it is vital to maintain the quality of white shrimp using effective methods
(Liu et al.,, 2020). In general, artificial or chemical preservatives pose potential toxicity and
carcinogenicity risks; therefore, consumers tend to prefer natural additives. Many studies have focused
on natural food coatings for food preservation, such as alginate/nanocomposite active films containing
essential oils, which have been produced and evaluated for their antimicrobial properties. These active
films exhibited antimicrobial effects on a wide range of microorganisms, and it was also found that, in
the presence of nano-receptors, they maintained their antimicrobial properties for a longer duration
(Albofetileh et al., 2014). Additionally, due to the microbial changes in shrimp during cold storage and
the issues associated with artificial preservatives, the use of biodegradable natural materials that can
simultaneously maintain the quality and safety of food products is necessary. The present study
examined the comparative effects of a nanocomposite coating (alginate/nano-clay) combined with
Chuchagh plant extract on the quality of western white shrimp (Litopenaeus vannamei). Chuchagh plant
extract is known for its phenolic and flavonoid compounds, as well as its antioxidant and antimicrobial
properties. Alginate film is recognized for its gelling properties, ability to enhance tissue strength,
stabilize structures, and form films (Liu et al., 2020). The research objectives include: 1) studying the
phenolic composition of chuchagh plant extract; 2) determining the physical and mechanical
characteristics of alginate-based films containing various concentrations of Chuchagh essential oil; and
3) assessing the physicochemical and sensory changes in fried shrimp coated with alginate-nanoclay
films containing different concentrations of Chuchagh essential oil. Overall, the use of Chuchagh extract
at a concentration of 1500 ppm as a natural preservative, along with clay nanoparticles in the active
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edible coating structure based on alginate, delays chemical and microbial decay and increases the shelf
life of western white shrimp.

Methodology

Preparation and extract of the essence of Chuchagh was done and total phenolic compounds were
measured (Hasanzadehaidenlu et al., 2017). The alginate-nanoclay film containing the essence of the
Chuchagh plant was prepared (Ojagh et al., 2010; Eslamian, 2021). Identification of films containing a
better concentration of the essence was conducted by performing physical and mechanical tests across
five treatments. The thickness of the films was measured according to ASTM (1996). The humidity of
the films was measured (Ojagh et al., 2010). The rate of water vapor permeability through the films and
also opacity of the films were measured (ASTM, 1996; Pang and Li, 2014). The mechanical testing of
the films was based on the modified method ASTM D0882-02 (1996). After examining the results of
indicators related to the physical and mechanical properties of the films, better concentrations of the
essence (1000 and 1500 parts per million) were identified. To evaluate the efficacy of the nanocomposite
activated by the essence produced in a real environment, and to compare it with the nanocomposite
without essence and the alginate coating, five treatments were selected: alginate+nanoclay+essence oil
(1500 ppm), alginate+nanoclay+essence oil (1000 ppm), alginate+nanoclay, and control. Preparation
and processing of shrimp were carried out (Basiri et al., 2015). Physicochemical tests conducted after
frying the shrimp included measuring the moisture percentage (Avak, 2005), frying efficiency (Daraei
Garmkhanei et al., 2012), measuring peroxide levels (Ronald and Ronald, 1991), and measuring the sum
of volatile nitrogen bases (Avak, 2005). Chemical, microbial, and sensory tests were performed to
determine the total viable count (TVC) and psychrotrophic bacteria (PTC) (Arancibia et al., 2014). The
sensory test was evaluated using a five-point hedonic scale (Dehghannasiri et al., 2012).

Results

This study investigates the effects of alginate and nanocomposite coatings containing Chuchagh
essential oil on the microbial load, chemical properties, sensory characteristics, and oxidation properties
of white shrimp during their shelf life at refrigeration and frying temperatures. First, the phenolic
compounds in the Chuchagh essential oil were determined. The results indicated that the Chuchagh oil
contained high levels of phenolic compounds. Five edible films were then prepared: alginate; alginate
combined with nano-clay; alginate combined with nano-clay+Chuchagh essential oil at 500 parts per
million (ppm); alginate combined with nano-clay+Chuchagh essential oil at 1000 ppm; and alginate
combined with nano-clay+ Chuchagh essential oil at 1500 ppm. The physical and mechanical
characteristics of the films were examined according to ASTM standards. Based on the results of the
physical and mechanical tests, the optimal concentrations of Chuchagh essential oil (1000 and 1500
ppm) were identified. The mechanical tests demonstrated that increasing the concentration of Chuchagh
essential oil decreased the tensile strength of the alginate film until the point of tearing, while the
physical tests indicated that the addition of Chuchagh essential oil improved the film's physical
properties. Overall, the best characteristics of the film were observed in the formulations containing
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nano-clay+Chuchagh essential oil at 12000 ppm and at 1500 ppm (Ojagh et al., 2017). To further explore
the effects of the alginate-nanocomposite coating and Chuchagh essential oil on extending the shelf life
of shrimp during storage, five treatments were produced: a control group, alginate, alginate+nano-clay,
alginate+nano-clay+ Chuchagh essential oil at 1000 ppm, and alginate+ nano-clay+Chuchagh essential
oil at 1500 ppm. These treatments were periodically evaluated for microbial and chemical properties
(Arancibia et al., 2014). The results of the present study indicated that the alginate-nanocomposite
coating possesses antioxidant and antimicrobial properties, and the addition of Chuchagh essential oil
enhanced these characteristics. Specifically, shrimp treated with alginate+nano-clay+Chuchagh
essential oil at 1500 ppm exhibited a significant delay in the processes of microbial growth and
oxidation, thereby increasing their shelf life (Dehghannasiri et al., 2012). In conclusion, the addition of
Chuchagh essential oil helps maintain the quality of shrimp in terms of chemical and microbial
indicators and extends their shelf life in refrigeration compared to the other samples.

Discussion and conclusions

The present study showed that the alginate- nanoclay coating possesses antioxidant and antimicrobial
properties. Compared to previous research on the addition of essential oils, this study demonstrated that
shrimp containing the alginate-nanoclay-essence not only exhibited antioxidant properties (similar to
those of (Thymus vulgaris and Froriepia subpinnata plant) but also significantly delayed the microbial
spoilage and oxidation processes, thereby increasing the shelf life of the shrimp. According to the results,
incorporating essence into shrimp preserves its quality in terms of chemical and microbial indicators
and extends the shelf life in refrigeration compared to other samples. Recommendations for the use of
natural preservatives include: 1) investigating the feasibility of replacing artificial preservatives with
alginate film combined with nano-clay and clay essence at a concentration of 1500 ppm in meat products
such as sausages and hamburgers, 2) using native nano-capsule essences with alginate film and nano-
clay to produce active packaging to extend the shelf life of meat products and reduce microbial
contamination, and 3) studying the simultaneous application of essential oil in both free-form and micro-
encapsulated forms, as well as packaging under vacuum conditions, to enhance the shelf life of various
meat products.
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