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Introduction

Recently, the use of new packaging materials and natural additives for improving the durability and preservation
of foods has been increasingly considered. Edible coatings containing plant extracts lead to increase the shelf life of
food, do not cause environmental contamination, and do not endanger the health of the consumer. Fish is a food rich
in amino acids, vitamins and minerals, and polyunsaturated fatty acids, especially omega-3, which has made it more
and more popular in the human diet. However, the presence of a significant amount of polyunsaturated fatty acids as
well as easily digestible proteins has turned fish into a highly perishable commodity. Fresh seafood spoils rapidly due
to the enzymatic and bacterial activities that occur after death, as well as the spoilage caused by the oxidation of
polyunsaturated fatty acids and the high concentration of hematin compounds and metal ions of fish muscle, such as
iron, and their pH which is close to neutral. Therefore, the use of natural coatings that can increase the shelf life of
food and attract the consumers should be given more attention. Iran is the largest fishery producer in the region, thus,
providing new methods to increase the shelf life of these products until the time of consumption can guarantee the
safety and be effective in the economic prosperity of this industry. Therefore, the present study was designed to
investigate the effect of chitosan coating along with the volatile oil of ginger plant on the shelf life of salmon fillets
stored in refrigerator to reduce microbial growth, reduce chemical reactions, and increase the storage life of salmon
fillets in refrigerator.

Material and Methods

Rainbow trout fish with an approximate weight of 600 grams were purchased from the market. Fish were washed
with sterile distilled water, and cut into 60-gram pieces after separating the head and tail and eviscerating. The prepated
fish were randomly divided into 4 groups. The control group was without any treatment but the treatment groups were
immersed in chitosan containing different concentrations of Ginger essential oils. All the samples were kept in zipped
bags at refrigerator (4°C) for 15 days. Microbial tests (Mesophilic, Psychrophilic, Coliform, and Lactic acid bacteria
count), chemical tests (pH, TVN, TBARS), and sensory tests (color, smell, taste, texture, and overall acceptance) were
performed on days 1, 4, 7, 12 and 15. The data obtained from the microbial and chemical tests were analyzed by one-
way analysis of variance and the data obtained from the sensory tests were analyzed by the Kruskal-Wallis test in
Sigma Stat 4 statistical software, considering P<0.05.

Results and Discussion

The results of bacterial tests showed that chitosan coating with ginger essential oil had a significant effect on
reducing the growth of mesophilic, coliform, lactic acid bacteria and psychrophilic bacteria compared to the control
and chitosangroups during 15 days of storage in the refrigerator (P<0.05). During the storage period, chitosan-treated
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groups containing 1.5% and 0.75% of ginger volatile oil had the best microbial quality in terms of mesophilic bacteria,
Psychrophilic bacteria, lactic acid- bacteria, and coliforms. Also, in samples immersed in chitosan coating with ginger
essential oil, the pH, TVN and TBARS values at the end of the storage period were significantly lower than the control
and chitosan group (P<0.05). The results showed that pH, TVN, and TBARS did not exceed the defined standard for
fish meat at the end of the storage period in the groups treated with ginger volatile oil. Sensory characteristicsindicated
that the groups treated with chitosan coating containing ginger essential oils showed better sensory characteristics in
terms of color, taste, smell, texture, and overall acceptance than the control and chitosan groups during the storage
period (P<0.05).

Conclusion
Based on the results of the present study using the chitosan coating combined with ginger volatile oils has
antimicrobial and antioxidant properties, which can reduce the oxidation of fats and microbial loads, while maintaining
the organoleptic quality and increasing the shelf life of fish meat at refrigerator temperature. In comparison between
treated groups, the use of chitosan along with 0.75% volatile oil of ginger is recommended, because by using a smaller
amount of volatile oil, the microbial, chemical, and organoleptic properties can be kept at the standard level until the

15th day.

Acknowledgments
The authors are grateful to Shahrekord University's Research Vice-Chancellor for supporting this project.

Keywords: Chitosan coating, Essential oils, Ginger, Rainbow trout, Shelf life



olnl 218 alus g pale Gltrgly 4 245
https://ifstrj.um.ac.ir

&’%"‘u}:ﬁ ;,

;w.h"’ 3}; Jls
PEV-FSY .o IFe¥ lT- pe0 oF 6 ke Yo ale

VI3 b s 8L ga,y » Jooss oS L5 oy ol on 4 O35S gy 1 om)
Jlgo'q sles 4o

ch Al R _=Y

Olaliy (sioms =" gl e U

VYAV P 1EBL 5 dsb

A ZANVAT-RAEYPR G

LRV

adllae oyl 531l o jlad 4y ]y 045 B e oMo g codd (2l Blge (B0l ljil sl (LS 8 slaty) ol (Shsd slapiis

09y Y1 - w pll Jos slod 5 oo’ 05y YIS (ol ald ()le 2 s )8 89y s> ligisS G oop B L
4 oiges b o (g0,8 v labad & g s ol shafio Ol b eliin] g eluol (9,8 )6 51 Gy g 4t Sl 5l 25 5o e ) 039 b oleS
Joc) SlrdusS ) g g 00 ygabogl Luos )8 (g, e slaclle (g9l (g )3 slagd (5loog)S NAd mand 09)5 ¥ 4y ol yobo
{SSY sl 5 py3 IS g oo Jidgio slos ySLh 2is) 29)Sse (slogygeil 505 (5)00K5 59, 10 Sodody ol S s 23 ¥ (gled o
Pl adisal 59, V0 5 WV ¥ &F O (glajg) 5o (IS Sl 5 2l qoab e «5)) s (sloyg0j] s TBARS TVN PH lord (slagyge]]

b duglio )3 b9l 5 S8 sl opplS (Jidgje (slocs Sl 0y (2l ) o )3 89y ol> OligS gy o5 oy (LS gls S
S5 O3S g b baiges )3 omen (P0.05) sy (gl inn 3l Jlxs )3 ()5 53y 10 e 3 (ligaS JyuS 5 aali 098
015 slog (sl )5 (P<0.05) 35 (lj9iS 9 sali 09,5 5l a8 (gl (sine yoboss 0095 0Lk > TBARS s TVN PH ol « o5 5118 (9,
o 22 ) e sl Shy (ligeS 9 ald 0g)S 4 Cund S (opdy 5 Sl g e oS0y )3 1 o5 J8 ) gl OligS de b
S Bxle ploj SRRl sy (amlie gy Jeo) 58 09y gl QligS e Sl eslatl (S jglay (P<O.05) siols (i (5l sl

A2 o li8l 59,30 U ly ol (B8l lo; e g 0dg Jlxsu (slod o VI 5 ale

@5l V1 U35 (ale oy ol () (i Sibs 1S (sBojly

Siss ge 1S Y K 0353813 a5)ke Syss slagiin
o g wan (Sl (2)lse g o 4 39)9 g )3 &S (slosle)
0% o O 98 O Gkl & (238 dlge g9 (3980
5 09 Jgamo I id plgisds 5 20d 00 JSiT (35 gyl
Leyva-Lopez et al., ) slo o (BL Joazo (59, odliiwl z8se
9 by a8 Jlasl ply o bl s S sy pl 4 (2017
GBSl Lil8l s cunsS bais &y o 533,50 2wl ods > dlge
Uibe wixed (Giacometti et al., 2018) 39 o 2l lge
1 o plidgel doosiiSp s Jio (S 5 b wlsico (S sl

Aol

2972 5 sy s lagdyy Sl edlatwl T GULs )
S92 39y sebar (2l Blge (5SS 5 B Nle Sl b s
olyom &y STy5 (sl jiisgy .(Krochta, 2017) cowl ably i yius
Lo Sogll el ol slgs (o) 50ke T30l 5 S gojlas
Putnik ) cusly salgss a6 pao (sl (60 5 Lo ol Connws
.(etal., 2018

Oyl 0,8 e 0,8 paes o8l ¢ S jpld 018>  ol3E lge S xS g Cudligg 09,5 Sliwl g A5 wlis, S ais gel yEils Cud i Y 9

https://doi.org/10.22067/ifstrj.2024.85460.1300

(Email: boniadian@sku.ac.ir 2 e 0 ka5 —3)


mailto:boniadian@sku.ac.ir
https://doi.org/10.22067/ifstrj.2024.85460.1300
https://orcid.org/0000-0001-5970-9469
https://ifstrj.um.ac.ir/

VEoY T st F oylosds Fo aler ol ] (2108 aobio g pole Sltpg}y 4, YOO

L ol olge gading 53 Cul Sen &S Sliblows 4 a5 |
Gpas bl Wl 939 008 pas ¢lp gxo dlgo I ool
BB copd 3 crmb dlge b glagsandiuy 4 idp S
{(Pateiro etal., 2021) cusl 03,8 1oy Gow 0855 8l 5L g 4y o0
Sgo (6,5 le Llgt 4 anbs (slajidey ) odlisel Lolol )
3 i 205 )8 ES B pae dngi 3)90 5 03 (I ol
sloygiS 5 (S olpl & ol 08 )18 de g 50 B e
oIPl Glp g slagbey Gl g 0392 (b ) (2lE dlge 0aiS A5
Cuilige s & Wl o Bpan zBgo U OY oo opl (6 8wl
38 51 o gl coolai] 5igy 5 aSh dylos yandi | 015 b e
dlyod & (ligS (apide fly (2l ol adlle W ail
Jbse Y138 (alo dld (Bl 59y 2 Juzs olS )15 )
ol g olend b iiSly (EalS g (ag)Sue My (BN jolateds
285 B sy 3y90 Sl VI (e dlid (5SS pes

L g, 9 2lge

o €855 3 Jeey 8 ey tdeey 48 €9, saRS
2oy Ky o Bl 45 g b gl QL= ) Gl S
b ) Jloe

i 92 «0lighS slalesd 4t sl il 908 Jolono aed
slp b oyl 3 (Ko pel) S €805 Sl lawgio J3Sdge ()39 L
b G 5 s doyd SO ol Sl Joloes bl Gidgy el
2 (0] 039) 203 ¥ oligiS” Jolone el 4 (98" 1390 (39581
Olyear At g e 518 029y 029531 5 U b ang Al
A e b BLS 5608 Jobe duopd fY lise 4 pland sl
slacdgol B ool aoldl 1) 05en Jos puin o (gl aads Ve e
o sabye AT 3 093 i JligkS Jgme > gt &
@ (Fig /o) 203 MO 5 VD Cani L )18 lagidy) Jole
Pl o Sas 2o s coles o s LSl wb gla Jsle
IpUisen (sYL jod b (Sen ot dndd B Cdedy b gl banjls
¥V olisnS dslre jdidee 000 5l e o g ol a8 )S )8
.(Yuan et al., 2016) 1 odliiwl duo )

a8 51555 VI ale S5l ¥ a1 hlo (g ltolol
Fom 988 ol kil o) @0t p)5 Foe bawgie 1jg L
)3 i lod )3 g s (o0)S Fr Olabad & g gutiiand oyl
RN IPS KL g

sladgbre 3 ol ad i oale g9y 2 by dbw)
@ Jol Syl SaS @ g yeabge Jlod o ond odlel 23 i

)5 3)50 sl b 898 S5 (ag,Seatds Slgo g Lyl
(Sotelo-Boyas et al., 2017) s ol
Lo g iz 3 ()1 by 53 &S Canl (o)L g
Comj osow & S Sy 9o b gyl Jsko o)lpd 4
o) prien Cusl odsy Sl 4 o] ()83l g i 59
chedls il e 5 Ssde gyl bl j s
g0 15 5 (Gl 15 ¢ S| Bl el ol (5ol
(Ass et al., 2017) wlosss adlis

4, Zingiberaceae »lgls 5l (Zingiber officinale) Juoo;
b 9 e slogyld ) (29)1 ol L 493l lgiedr los 1S 5l
b ) & din bpgl) JuoS) (29)ld Cend 9 oo odliiul
daxite Cilalllas g o o3liwl Calisee (sla glons loyd (gl st
15 Lol el olS ol )b s, g ojlas a5 sl odls L3
(Mahboubi, 2019) cuul _lups) T 5 as,See

o gypoling catpel sl | (8 (lis odlo S (lsisa ole
Cuol ¥ Kol 09 el pue dix Cy> laduwl 5 (Jimo dlge o
Gl 55 58 sl e S )3 ey ) et 005 e S
O Al B rano g osds adlis alo Cyune Cuodl ol )5 059l
JB Jlude yaas (Dehghani et al., 2018) cuwl Lisliél Jb j»
SoSon oexed 9 (Sl po Lo o gl w2y
03,5 5 pddld Jlaw (23S odle S ] (Lo ian Lo
cled Jdods ol oLy slalic .(Angiolillo et al., 2018) ¢l
Oz 9 Amd 0 &) Spo il am &S 2Vl 2l Sl g el sla
chld g oldl i w Cp sl omlis] 5l 86 olus
PH 5 ol wile alo alae (g36 slapys: 5 olon S8 5 (VL
M (oyme > CusS Elgil ks I Fap S S 4 S35
21 S ols o5l (Richards & Hultin, 2020) W)l )3
Ohs 8 4 olig e 5l e (iblie )3 (b 2l Y gz
Lb il Y same ol (680l s &S sl p3Y diwy 0
Y game (o) Bule auisu 340 (Chemat et al., 2020)
bl Gl 5l s 9 0ld I (86 Chlus el L Sy 2l
Whplo g wa bylib )3 (99)8 9 3595 Jolsh 4 @iy Sl
Hassan et al., ) aisb awsh o o ege sdbaidl sl
) Gpae b spo cdloge j ale i Lin oyl (2018
eSS 5 gl B 4 byye gl g Cusl o) (YL Cenl
Bpan by 0 53 5 CulsS )] )3 lgiee (2byd OV gae
b Joo ool &8 05k S5e wpe 503,918 ol ) edlisl 4y S
Abloe Sl (ple s sty I esliial



YOV Ul slos 50 YTJ38 oalo o) ilo 59y 32 Juumiy obS j158 (129 ol pod &y (39S’ Siigy 31 (omy 2 o3y 10 3 (2l 0

Sl ps :A) (Rajabian et al., 2019) 1 apwle ol dges
(S sl

TVN=14x (0.15-A)
PH (s 280 3l

e YO b (e diges 5l )50 lade PH (555051l sl
PH (g 5 013g0m Mol (5 boglseo L g 3l iy 4 55 oo O
M g pSoilul (S usll ie pH oSiwd o edlatwl b adiges
.(Yuan et al., 2016)

(L2 2 O gaeslasas!) TBARS (g0

WO L oalo p)5 0 Hlie ) dpal G y5003ba (6 S0l (gly
i9e Jslo ) 5l e S g 3 58 igm ie  lo
4 i) Moy V0wl Sizwlg S 65 Jolore i Lo ¥ L ois
4 Jobre 45 03] w9 bolse ;Wge Ve sl S0 90)bos5 (02>
8,5 805 ol a3 Voo plan jd diBd Yo Cidedy ool Cod
oS syl b SeBgy ySlu 4@Bd Vo dody Yoor yo3 b s o
65 ke ¥ Jals U5 e aly siegighy S
Y aslal 4y Vge Ve ol S5t )bas 9 duoyd VO duwl Siwlg IS
e s 5 0yl o9l OVY g Jobo 5 slaiie Ol 2 Lo
Fogidy Sl olSiwd 13 (29) Blad ) (J)pe Jobre ()98 >
@y Jgeyd 5l oolitel b uls s <8l \8 jregil OYY zge Job ,
G55 o oS oS 1 > amll 65 lle . o 0
()9 i :A) (Hernandez et al., 2009) 15

A X 72x1000 x4

TBARS = —— =105

s slag sa)]

CbgS S by g 050 (2l gy oK) Jolds s (slaygo]]
oyd 2bi)l ol 2 085 o (glopei O By el i (2le
g Egdno ¥ (goudnol (WS (godnol 0L Y cpauas b a4 )
T gy 4 digel Couy hgy g Bdub Gl 45 8 sl 4l
b O LY oy a5 oladiged yge5l ol )0 g Mo 3,5
Rajabian et ) Lus 8 ws ,a5 5l Jod bl ladiges 3
«al., 2019
Lodly Julodi g 4 3o

Jc.wy UJLMAJ 9 ‘_5.59)5\‘.0 Lgtmuy)i )1 oda] [WWRY) Lngo)b
0903] 51 odel sty (slaosls g 4d o S uilly 56T (5 Lol (g0

Jar 2 3 Jlesd p ly b e jogase DS sladia
F O lajgy 3 g w5 518 55 olu ax > ¥ (slod b Jlrs
Pl ool (g5) o 5 (lrond 190500 Slopisesl 10 5 VY Y

950 sLagy 905

Ledigas 1 Sy il p)S Ve bl bedigad (09,80 (b))
p o 5l o e s 2 o0l J] gt S 5 & 5 539
Oisen MolS’ Sagsl olSis )3 5 Lol ol 4y oyl (539)ge 38
09031 5 23,5 4d (2le> €8 sla Sl s adgl €8, I g 0
Syl il Jdgse sl IS hled sl
Pyl Slas Sl 5 SSY sl Wgo sag Sl ungilo
cuiShme jl Ldgie slosySl (IS hled caa b pbsl
32 b9 4 28, e Sy ad ol (ol 5 50) PCA
5 Jizta PCA cutSlaen 4 il Ly ot sleg¥go
S5l S celw FA Gty oS 5l a0 VY slod jo
b plol Vb () Billas J Camgalop (slas ySL (h)lad 25
5oy Ve dedy 3,8 Sl ax 2 ¥ gled b ey oS cglas ol b
bz 5l S8Vl Sl St hled sl a8 65l
23 e Ko e 5 45 eslil (el oS ye) MRS cuiS
SBIMRS cuiSlamo b 5 Jito coly 4 il byl ys coo 3
a0 YY oo o el ab cuiS Y9 g balswe cuiS oy, 4
Oled Cax Bad (£)I8 A S el VY Gdedy oS il
e Sl g sl yd bolsee cutS (b9 | 3 )2l slas S
YE Coe el gl s oslizul (ol «S,e) VRBA cuis
Sud (g Salw S ol S e axp YV gl cels
.(Rajabian et al., 2019)

e slag 9o
(A8 slajls s aSe asl) TVN (905

5 a5y JAS ogasio Gialesl Al o 1y ale 57V e
dg) 5 a8l 5l 4 450 lgisas paajeie ST p)5 Y o
Gynn 0 ad Az 1 (5,38 sl JIS (Silagh ol > Lyl
a8l oiwd saiS sl )l yoyd b Sl leicds 5y Jute
Ol 09y Sligome b 03l 515 il g)> (2955 Ay jw g 038
1Y Syl el b 1y 8 5505 51 o debiate 146 4551 (slasl 45
09l 5 S (B ool (e 303 518 L s A5 15 Jlo
P35 V0 33 0jar PS5 ke s 8 5l slile 05 Jge 8 5



VPo¥ T s oF oylosds Fo aler (]l (108 @slio g pole leidsly 4 o5 YOV

ol loss 53 o g J 58 09,5 )3 w0 slon Jidgie slaes S
09)5 b dunlie )3 jlos (sloog)S 53 il cnl g, Ll 28
b Jdgse 23y (VO 59)) oleSS g0y95 bk 5> g S s
09,5 Oloj el > D9 b ;N> laog)S den I J5uS 095 5
Jeoi B 9y VD 9 do 3 VB S gy b pligiS e
y silon Jidgse sl yiSh (byladd Hlai 5l (ag)Sue CudS cn pike
A5 odaliie Hlai ol 5l 09,8 93 pl e 3 4l e glas g Al
2955 b 2o d ¥ 558 Jlow 5 J5S (sloog S (Jg (P>0.05)
e Sl Aoyd VB g IV 18 49y 55> ligS e sl

(V Ji) (P<0.05) cuils 2939 5yl

100000000
10000000
1000000
100000
10000

1000

£S5 IS sl
CFU/g

100

10

1

Sigma g,lel )153le 5 3 ¢yl S )S (y905] Aluwgs s sl
.8 5 s g 43555 3,0 (P<0.05) 8,5 i s |, Stat 4

=W
295 sLagy ge T i

29,5 plw 9 JyiS 09,5 oy Jol 595 50 By se Ly (swyp )
20 )3 VO 5+ IVO bl olyed 4y 15505 o3 ¥ 1)l5508 Jlows)
Jedgie slacs ySb bled )0 (5l gxe ©old (o )8 (169,
a5 65 le; Jsb 5> g (P>0.05) 1 salia (sjlsn

=@ Ch+ 1.5
«=@=Ch+ 0.75

Ch

Day

39

Jl bl 42 (6,105 59510 (b VI8 (Blo ;> it 5l jlosi ;5 Judgio (glag 58l dlasi - UK
Cale b o ) gy sl olishS Sy shls YT U8 (ale CNO.T5 cao o Y st gy sl Y1 U35 (e Ch (g 186 (YT 35 (e :C)
olol OS] 34 g LSS 5,y 50 bnyles )3 ailite jué By (o )d VO clale b 13 4e9) 0gMe 4 ()98 Lidgr s YT U358 (ale :Ch1.5 s> +/V0
.(P<0.05) cuul 5 size
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treatments on each day indicate the presence of statistically significant differences P<0.05).
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Fig. 3. The number of coliform bacteria in different treatments in salmon during 15 days of storage in refrigerator conditions
(C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: coated salmon Chitosan containing ginger essential oil with a

concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences P<0.05).
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Fig. 4. The number of lactic acid bacteria in different treatments in salmon during 15 days of storage in refrigerator
conditions
(C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: coated salmon Chitosan containing ginger essential oil with a

concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the existence of a statistically significant difference P<0.05).
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Fig. 5. pH values in different treatments in salmon during 15 days storage in refrigerator conditions
C: uncoated salmon, Ch: 2% chitosan coated salmon, Ch0.75: chitosan coated salmon containing ginger essential oil with a

concentration of 0.75%, Ch1.5: Salmon coated with chitosan plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences (P<0.05).
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Fig. 6. TVN values in different treatments in salmon during 15 days of storage in refrigerator conditions
C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing oil Ginger essential with

a concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences (P<0.05).
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Fig. 7. TBARs values in different treatments in salmon during 15 days storage in refrigerator conditions
C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing Ginger essential oil with

a concentration of 0.75%, Ch1.5: chitosan coated salmon plus essential oil with a concentration of 1.5%. Different letters in the
treatments on each day indicate the presence of statistically significant differences (P<0.05).
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Fig. 8. Odor changes in different treatments in salmon during 15 days of storage in refrigerator conditions

C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing Ginger essential oil with
a concentration of 0.75%, Ch1.5: Salmon coated with chitosan plus essential oil with a concentration of 1.5%

D15
—8—Ch

Ch0.75
—8—Chl.5

Jls bl )3 (5514 59, 10 (b VI35 (o 5 cilises (5o lowd )3 S5y Ol -4 S0
Clale b Jeoj )18 ofey sl g by Lo VI (ale CNO.T5 wo s ¥ s by il VI3 (ol :Ch iy 186 (Y138 (oo :C
2o M0 chle b 3 e, sogMe & olienS Lide b YT Ll :Ch1.5 wsy +/V0
Fig. 9. Color changes in different treatments in salmon during 15 days of storage in refrigerator conditions

C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: salmon coated with chitosan containing Ginger essential oil with
a concentration of 0.75%, Ch1.5: Salmon coated with chitosan plus essential oil with a concentration of 1.5%
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Fig. 10. Tissue changes in different treatments in salmon during 15 days of storage in refrigerator conditions

(C: uncoated salmon, Ch: 2% chitosan-coated salmon, Ch0.75: chitosan-coated salmon contains Ginger essential oil with a
concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%
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Fig. 11. Changes in taste in different treatments in salmon during 15 days of storage in refrigerator conditions
(C: uncoated salmon, Ch: 2% chitosan-coated salmon, Ch0.75: chitosan-coated salmon contains Ginger essential oil with a

concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%).
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Fig. 12. Overall acceptance changes in different treatments in salmon during 15 days of storage in refrigerator conditions

(C: uncoated salmon, Ch: salmon coated with 2% chitosan, Ch0.75: coated salmon Chitosan containing Ginger essential oil with a
concentration of 0.75%, Ch1.5: salmon coated with chitosan plus essential oil with a concentration of 1.5%)

losd Ot @l olol Al 5 Jlg slod o (plo culigs S oS A
O el i 518 8 30yd VD ol e & 35S 5l ool SisiS Libe 5| ool CiS g3 e LS (6 pSdon Sy

(95 Slhogad (lgie ol gy peS e I eslitl L
sl o5 5wl s 3 235l o) b1y Sl | g liad

g e M5 oled s Lo S sbaggsy b plys
)b 9 LmuaP uwlml uu.hlf L)""o ..\leL;o as 0dg dlw‘
GBSk cue Gulidl o SadelE)l cuas bas > 09,5



VFor T st F oylodds Fo alor oyl ] (2108 aobio g pole Slipg}y 4 pis  YPY

Syl ¢ ja0
S ilopgtde 1Ll (oo daodly (5)5laex 1l e 3!
kel gty silwoslel M Wljge (2dg 5 (ulid b

o ol b
Coglae Jlo ol 03,8y oSl K suold 0aSitsly VE - V/Y/Y

&8lo o)l
5185 K0S b blie o) S e () B

Sl 3wl
Seales (gl 3,8 e oKl (cdingy Cglae I Bt
WI-\-Q:‘ oK».ﬁglo)’i u»l.l..iv)lf 9y 4.".\;. R dlé'] 9 C)J" Cﬁ‘
15758l ygei] ol )3 (5)le I Slpn S S5 s

23,8 s ol g S e

References

1.

2.

3.

10.

11.

12.

13.

14.

15.

Amiza, M.A., & Kang, W.C. (2013). Effect of chitosan on gelling properties, lipids oxidation,and microbial load of
surimi gel made from African catfish (Clarias gariepinus). International Food Research Journal, 20(4), 1585-1594.
Angiolillo, L., Conte, A., & Del Nobile, M.A. (2018). A new method to bio- preserve sea bass fillets. International
Journal of Food Microbiology, 271, 60-66. https://doi.org/10.1016/j.ijfoodmicro.2018.01.010

Ass, F., Jafarizadeh-Malmiri, H., Ajamein, H., Vaghari, H., Anarjan, N., & Ahmadi, O. (2017). Chitosan magnetic
nanoparticle  for drug delivery systems. Critical Reviwes in Biotechnology, 37(4), 492-5009.
https://doi.org/10.1080/07388551.2016.1185389

Atarés, L., Bonilla, J., & Chiralt A. (2010). Characterization of sodium caseinate-based edible films incorporated
with  cinnamon or ginger essential oils. Journal of Food Engenearing, 100(4), 678-87.
https://doi.org/10.1016/j.jfoodeng.2010.05.018

Cai, L., Li, X., Wu, X,, Lv, Y., Liu, X., & Li, J. (2014). Effect of chitosan coating enriched with ergothioneine on
quality changes of Japanese sea bass (Lateolabrax japonicas). Food and Bioprocess Technology, 7(8), 281-90.
https://doi.org/10.1007/s11947-013-1215-4

Chemat, F., Vian, M.A., Fabiano-Tixier, A.S., Nutrizio, M., Jambrak, A.R., & Munekata, P.E. (2020). A review of
sustainable and intensified techniques for extraction of food and natural prouct. Green Chemistry, 22(8), 2325-53.
https://doi.org/10.1039/C9GC03878G

Dehghani, S., Hosseini, S.V., & Regenstein, J.M. (2018). Edible films and coatings in seafood preservation: A
review. Food Chemistry, 240, 505-13. https://doi.org/10.1016/j.foodchem.2017.07.034

Fan, W., Sun, J., Chen, Y., Qiu, J., Zhang, Y., & Chi, Y. (2009). Effects of chitosan coating on quality and shelf life
of silver carp during on quality and shelf life of silver carp during frozen storage. Food Chemistry, 115(1), 66-70.
https://doi.org/10.1016/j.foodchem.2008.11.060

Farjami, B., & Hosseni, S.V. (2014). The effect of thyme extract (Zataria multiflora) on the microbial and chemical
quality of surimi common carp (Cyprinus carpio) during refrigerated storage (1+4°C). Journal of Utilization and
Cultivation of Aquatics, 3(1), 55-66. (In Persian)

Fazlara, A., Pourmahdi, B., & Zarei, S. (2017). The effect of edible chitosan-rosemary coating on the quality and
shelf-life of fresh chicken fillet at refrigerator temperature. Iranian Veterinary Journal, 13(1), 78-90. (In Persian).
https://doi.org/10.22055/1VVJ.2017.17675.1453

Georgantelis, D., Ambrosiadis, 1., Katikou, P., Blekas, G., & Georgakis, S.A. (2007). Effect of rosemary
extract,chitosan and a-tocopherol on microbiological parameters and lipid- oxidation of fresh pork sausages stored
at 4 C. Meat Sciences, 76(1), 172-81. https://doi.org/10.1016/j.meatsci.2006.10.026

Giacometti, J., Kovac¢evi¢, D.B., Putnik, P., Gabri¢, D., Bilusi¢, T., & Kresi¢, G. (2018). Extractin of bioactive
compounds and essential oils from Mediterranean herbs by conventional and green innovative techniques: A review.
Food Research International Journal, 113, 245-62. https://doi.org/10.1016/j.foodres.2018.06.036

Giatrakou, V., Ntzimani, A., & Savvaidis, I.N. (2016). Effect of chitosan and thyme oil on a ready to cook chicken
product. Food Microbiology, 27(1), 132-6. https://doi.org/10.1016/j.fm.2009.09.005

Gimenez, B., Roncales, P., & Beltran, J.A. (2002). Modified atmosphere packaging of filleted rainbow trout. Journal
of Science and Food Agriculture, 82(10), 1154-59. https://doi.org/10.1002/jsfa.1136

Goulas, A.E., & Kontominas, M.G. (2007). Combined effect of light salting, modified atmosphere packaging and
oregano essential oil on the shelf-life of sea bream (Sparus aurata): Biochemical and sensory attributes. Food
Chemistry, 100(1), 287-96. https://doi.org/10.1016/j.foodchem.2005.09.045


https://doi.org/10.1016/j.ijfoodmicro.2018.01.010
https://doi.org/10.1080/07388551.2016.1185389
https://doi.org/10.1016/j.jfoodeng.2010.05.018
https://doi.org/10.1007/s11947-013-1215-4
https://doi.org/10.1039/C9GC03878G
https://doi.org/10.1016/j.foodchem.2017.07.034
https://doi.org/10.1016/j.foodchem.2008.11.060
https://doi.org/10.22055/IVJ.2017.17675.1453
https://doi.org/10.1016/j.meatsci.2006.10.026
https://doi.org/10.1016/j.foodres.2018.06.036
https://doi.org/10.1016/j.fm.2009.09.005
https://doi.org/10.1002/jsfa.1136
https://doi.org/10.1016/j.foodchem.2005.09.045

YAY s los 50 YT 38 ool o )5 wilo (59 32 Juumiy obS 5158 (129 ol pod &y (395’ Siigy 31 (omy 2 o3l IK0 3 (2l 0

16.

17.

18.

19.
20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Hassan, B., Chatha, S.A., Hussain, A.l., Zia, K.M., & Akhtar, N. (2018). Recent advances on polysaccharids, lipids
and proteins based edible films and coatings: A review. International Journal of Biological Macromolecules, 109,
1095-1107. https://doi.org/10.1016/j.ijbiomac.2017.11.097

Hassanzadeh, P., Moradi, M., Vaezi, N., Moosavy, M.H., & Mahmoudi, R. (2018). Effects of chitosan edible coating
containing grape seed extract on the shelf-life of refrigerated rainbow trout fillet. Veterinary Research Forum, 9(1),
73-79. PMID:29719667

Hernandez, M.D., Lopez, M.B., Alvarez, A., Ferrandini, E., Garcia, B., & Garrido, M.D. (2009). Sensory, physical,
chemical and microbiological changes in aquacultured meager (Argyroso musregius) fillets during ice storage. Food
Chemistry, 114(1), 237-45. https://doi.org/10.1016/j.foodchem.2008.09.045

Krochta, J.M. (2017). Food Proteins and their applications. 3 ed. CRC Press. London, UK.

Leyva-Lopez, N., Gutiérrez-Grijalva, E.P., Vazquez-Olivo, G., & Heredia, J.B. (2017). Essential oils of oregano:
Biological activity beyond their antimicrobial properties. Molecules, 22(6), 989-96.
https://doi.org/10.3390%2Fmolecules22060989

Mahboubi, M. (2019). Zingiber officinale Rosc essential oil, a review on composition and bioactivity. Clinical
Phytosciences, 5(6), 1-12. https://doi.org/10.1186/s40816-018-0097-4

Manju, S., Jose, L., Gopal, T.S., Ravishankar, C.N., & Lalitha, K.V. (2007). Effects of sodium acetate dip treatment
and vacuum-packaging on chemical, microbiological, textural and sensory changes of Pearlspot (Etroplus suratensis)
during chill storage. Food Chemistry, 102(1), 27-35. https://doi.org/10.1016/j.foodchem.2006.04.037

Noori, S., Zeunali, F., & Almasi, H. (2018). Antimicrobial and antioxidant efficiency of nanoemulsion-based edible
coating containing ginger (Zingiber officinale) essential oil and its effect on safety and quality attributes of chicken
breast fillets. Food Control, 84, 312-20. https://doi.org/10.1016/j.foodcont.2017.08.015

Ojagh, S.M., Rezaei, M., Razavi, S.H., & Hosseini, S.M. (2010). Effect of chitosan coatings enriched with cinnamon
oil on the quality of refrigerated rainbow trout. Food Chemistry, 120(1), 193-98.
https://doi.org/10.1016/j.foodchem.2009.10.006

Pateiro, M., Munekata, P.E., Sant'‘Ana, A.S., Dominguez, R., Rodriguez-Lazaro, D., & Lorenzo, J.M. (2021).
Applicaton of essential oils as antimicrobial agents against spoilage and pathogenic microorgaisms in meat products.
International Journal of Food Microbiology, 337, 108966. https://doi.org/10.1016/j.ijfoodmicro.2020.108966
Petrou, S., Tsiraki, M., Giatrakou, V., & Savvaidis, I.N. (2012). Chitosan dipping or oregano oil treatments, singly
or combined on modified atmosphere packaged chicken breast meat. International Journal of Food Microbiology,
56(3), 264-71. https://doi.org/10.1016/j.ijfoodmicro.2012.04.002

Putnik, P., Lorenzo, J.M., Barba, F.J., Roohinejad, S., Rezek Jambrak, A., & Granato, D. (2018). Novel food
processing and extraction technologies of high-added value compounds from plant materials. Foods, 7(7), 106.
https://doi.org/10.3390/foods7070106

Rajabian, M., Bonyadian, M., Abbasvali, M., & Khanjari, A. (2019). Effects of potato starch edible coating
containing Ziziphora clinopodioides and Thymus daenensis essential oils on chemical organoleptic properties of
chicken breast. Journal of Veterinary Research, 74(4), 450-463. https://doi.org/10.22059/jvr.2018.237327.2662
Ramanathan, L., & Das, N.P. (1992). Studies on the control of lipid oxidation in ground fish by some polyphenolic
natural products. Journal of Agriculture Food Chemistry, 40(1), 17-21. https://doi.org/10.1021/jf00013a004
Richards, M.P., & Hultin, H.O. (2002). Contributions of blood and blood components to lipid oxidation in fish
muscle. Journal of Agricultural Food Chemistry, 50(3), 555-64. https://doi.org/10.1021/jf010562h

Shadman, S., Hosseini, S.E., Langroudi, H.E., & Shabani, S. (2017). Evaluation of the effect of a sunflower oil-based
nanoemulsion with Zataria multiflora Boiss. essential oil on the physicochemical properties of rainbow trout
(Oncorhynchus mykiss) fillets during cold storage. LWT-Food Sciences and Technology, 79, 511-17.
https://doi.org/10.1016/j.lwt.2016.01.073

Sotelo-Boyaés, M.E., Correa-Pacheco, Z.N., Bautista-Banos, S., & Corona-Rangel, M.L. (2017). Physicochemical
characterization of chitosan nanoparticles and nanocapsules incorporated with lime essential oil and their
antibacterial activity againt food-borne pathogens. LWT, 77, 15-20. https://doi.org/10.1016/j.lwt.2016.11.022
32.Yuan, G., Zhang, X., Tang, W., & Sun, H. (2016). Effect of chitosan coating with green tea extract on the
melanosis and quality of Pacific white shrimp during storage in ice. Cyta Food Journal, 14(1), 35-40.
https://doi.org/10.1080/19476337.2015.1040459

Zolfaghari, M., Shabanpour, B., & Falahzadeh, S. (2010). Comparison of Zataria multiflora, Onion and Ziziphora
extracts on the shelf life of rainbow trout (Oncorhynchus mykiss). Iranian Food Sciences and Technology, 12(2),
121-129. (In Persian). https://doi.org/10.22067/ifstrj.v6i2.7821


https://doi.org/10.1016/j.ijbiomac.2017.11.097
https://pubmed.ncbi.nlm.nih.gov/29719667
https://doi.org/10.1016/j.foodchem.2008.09.045
https://doi.org/10.3390%2Fmolecules22060989
https://doi.org/10.1186/s40816-018-0097-4
https://doi.org/10.1016/j.foodchem.2006.04.037
https://doi.org/10.1016/j.foodcont.2017.08.015
https://doi.org/10.1016/j.foodchem.2009.10.006
https://doi.org/10.1016/j.ijfoodmicro.2020.108966
https://doi.org/10.1016/j.ijfoodmicro.2012.04.002
https://doi.org/10.3390/foods7070106
https://doi.org/10.22059/jvr.2018.237327.2662
https://doi.org/10.1021/jf00013a004
https://doi.org/10.1021/jf010562h
https://doi.org/10.1016/j.lwt.2016.01.073
https://doi.org/10.1016/j.lwt.2016.11.022
https://doi.org/10.1080/19476337.2015.1040459
https://doi.org/10.22067/ifstrj.v6i2.7821

