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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

O 00,5 998 Vb sles @ a5 b (! Sbgh) (0,5
il WagSan (59,5 & s g (3LF s a5 YOY)
5 98,8 13 il e S SO0 ddiges 0,8
ok 5l g ooliial 3,50 (129, Wad jgabse Els (8,
Nz Gladiged 5 Wb (3l o3l o) b sl
(O Eye 3 BT B (0,8 & e w8 0 50
SLal b8y 5 w8 3 3 g, L3l B (5, lags
Dehghannasiri et al., ) oo gjlulos Ll zhw
WA 3y 3BT glood jo 4iB0 V- Do 4 logXwe (2012

iz )5 1,8 colinl 5550 (sam glagygesl ez s

(950 (30,5 &y 1) (0 Lonrnlo g5 5 (sl cy 905
S d sl

Cagh ) doyd (i

Vol Gloo b oygl 506X digad 5l 0,8 0=V s>
@ ol 5l el ¥ 5l Gy 5 28,5 518 oS (luaz o
O Oy 3 e digad Bl Jal [ eilSaws s @ g
aolol gloy b ol Sas Jas 9 005 ()98 Joaome
Olpee 9 M3 000 digald ;3 (wgmina ()9 i &5 3L
Avakand ) cé 3 |8 aulxe 5,50 b3 abal) 5l cugh,
«Glaser., 2005

Cagb, o yo= (ol 039 = oz U3 Ogfadsl Hix) -+
005 & plondly

20,5 dwlre 3 dlobie S 4 (48,5 Fpw olendl,
:(Daraei garmkhanei et al., 2012)

F
F%)= —— *100

oy

& o s A Jslme b (2o idn oloy U lasSie
(Basiri et al., 2015) (celo V )l aS) ab s oSS
g o8 o3litul (5 y9abgé () 5l lgSn (B Sg S
D8 2o b e slxe o adli Ve Do 4y ladiges
30 Uibe Ol wald sladige a5 Jl> s wal ools
WIS s i o8 15 ke Ol 0 olej e
Olz Lol po 5 a8 )18 Sl sleaslds (o5, laaigas
Sis el O Soe ol 5 lowas 10 YO sles L lgn
IRV

Slagiles] (%0 50,5 Emw oig03]) Jol i
b5 plonil (50,8 E e a1 5l o olaendsSo 5
slaiales] 45 (950 5,8 wle (yg031) pgo iy
0,99 5117 9 AV A o (lajg, 1o (9,5 5 (pliernd
plml oy )50 05,5 a2 2 Jlte 50 GRS
P19 sl 595 5 $Kee diges (o> (b)) eiznen 23,5
Lyl Ojg0 (5,

sSn (3955 & yos i3
sladsle o Ll (293 5 laiged 3luoslel 51 1y
YO les jo 2olgr Cou lbaiges (20 i)
ol 0 S g 8 LYo aias Sias ol 5 sileas o
SV S o)lal Glgie 3550 Wiz A lagSis (03,5 £
GRIBIY (g, i RalSY (i fuie el
s Lol JSas 5l ooy -V lie cdlg o5
S 7 @l Jpame b sgne -0 (ide 2>
Kim) o5, 3l (8 =Y 5 09,5 ¢ wnlf e
Cad b b Slegil oS w0 4l L(et al., 2018
ol F ilwaz 0 V70 glos jo S BB sbes g 2 J 0
(Y- V) USDA (solpian (g, wlul p aiBo d o) g
Ere Pgate) oo aghal lo SLST (89, ol ¢


https://isfj.ir/article-1-2805-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

o (ol [ol3l) ) salS 6 g )

OolSan 5 4l IS s,

L TVB'N )L.\.{Lo W) J.A)S e)L5o s.i))y ..L...u‘ as uBlJ
dal; 4 a2 g b 50 LS 05 o y0 0 S (e )90

o] Cawods b3

TVB-N =3 a0 G155 000 sl olye xV/Fx) + ¢ [aiged (59

$IEWle) (o> 3 (19550 3 (lean slocyg0s]
(ks ¢y 55

9550 Sl

b JW slagits (298 wo SISl e o
Jlru )3 651K 0)93 Jsb 9 9e sladiged (29,50
syt s (TVO) oni; slogySt U5 (s
(Arancibiaetal., 2014) u.i sl PTC) csgole s
Lulp 55 550 diged 51 0,5 VO (05,800 slagtalesl (s
CiS Lams) suoys /) Jsbrs 2 as YYO by S
@GS bolde o L (eaisS 38, S plie 4 1y oo
o Al bglone peta lae (los jo agli £ Do
Sy gl gl 5 oo ) S a5l osliiul L
5 (V7 23, 1) ab agd 5ls 3)90 sl Gy Ve @
BT eis glabme p i dee 1) Gl 25, 4o
55 Gl cor b i @Sk S cex
2 @IS 5 TS e Sl eai; glag S
ol oolawl el FA o 4 ol 5 ilbas 0 Ve gleo
o 31 gl slos 55 e (sl o5 o
Al ookl gg, Ve o 4 ol S leas o Y
50,8 s o, YU g (Abdolahi et al., 2011)
S 2 Sl g wiged o5l 1SS d (29,800 la )
b a8« obyl 5e) e 50 el 285 ke
S ) a8 & ead bl sla Lot Buly
28 s CFU) 5l 6 5 IS8 slaoly

> 0903
3heslatnl b 6w sladiges gux 50j] plil Cpx
3 (SOSE e rgate (BLS (89, 9 (ST o
dalol 1o 0508 Sy 428y B Do a4z VY gles

Sondy g b eg oS5, Sk ) (s yeel) bl Y -

sbgin 0 F o)) 005 e gl Y
NF (p,5) oo Fpw valis b iligy oy900) Jlo e

(p55) 00 F o idiss sl S 1 )59

ol sl i Lo

el RIS

YO+ plo o)l e cdsa |y ol sl (g, 5l sliges
Sl sheo YO 390 5 00905 (59 (Slosleo jo0 (57 e
G PRl Cad) (o0)89)lS Seiwlannl Jslxe ]
O s d8la] ) Slgiore ay (VY Saslal
N RER IS S T PR PV N EOS TR ER
degozna & 0oy Sy &l Jylone 5l o <10 5 e
(Ronald and Ronald, 1991) ws,5 5 Jley +/+)
3 oSt Ys Sl cam STy ol
1D denbre Jid dlolas ulul 25 (252 0,5 kS

PV=lidgugs (B pae pom x aidloyi x Voo o /g, dige ()39

P (395 Gl g oo g S0l
X 0,5 (Avak and Glaser., 2005)\ g, @lae
JUYPRUI RO VS SERNPUSTE PRV 1 P G W[OS
W) IO R CE ORI V.V E T | KVL SN PR ES K
20,5 Ll o 4 (Sas) Jloy ST ol ot a5 (o>
Jog oKiws 4 Jleaslsl ,o (Vogel et al.,1989)
ple )l SO U3 o ools &yl T a5l g ws S
Y SO gl Jolowo 51 i (Lo YO ¢35 (6 5 Lo YO
4 Ghite O 2l (oo Ve 30 Sy pmanal 0,5 1) o0
P ed dee 08 ) 508 Jte B yme 0yb siz ol pen
Lot ;0 50,8 e .ol eols 18 (Jill od Lo Ve
o cal K5 0,5 g5l Lo j0 9 Ky 50,8 (gul
(b 9,0 dlge gz leg 5l ddBs Ve ClbdS U ey
alewgay ol oL aze 4 SO gl Joloe 28l
Oy Joe 0l S5 055 c0nds pudady 8 a3l glasl
sl ol b Jloy o/ SO 9adgm duwl b Joloxs (4l

! Plate count agar
OA


https://isfj.ir/article-1-2805-en.html

[ Downloaded from isfj.ir on 2026-01-31 ]

Film humidity
IS
o

0,
Treatment '%/') %’b '90/,>
Glizeo G jlowd 50 plud Caugb ) duojyo t) ST
Figure 1: Percentage of film humidity (%) in different
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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
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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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