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Abstract

Today, fish plays a significant role in human diets, particularly in developing countries. Its high digestibility and
balanced amino acid profile, as well as its richness in essential nutrients such as lysine and methionine, make it a
valuable food source. The recognized health benefits of essential polyunsaturated fatty acids, especially omega-3
and omega-6, have encouraged increased seafood consumption. However, fresh fish are highly susceptible to
spoilage due to due to the rapid activity of endogenous enzymes and microbial growth. This study focused on
developing chitosan-based biofilms with varying concentrations of orange peel extract (0.5%, 1%, and 1.5%). The
objective was to evaluate the effects of these films on the counts of mesophilic aerobic bacteria and psychrotrophic
bacteria, as well as the chemical properties of sturgeon fish fillets during storage at 4°C. The results of the biofilm
thickness analysis, prepared with different concentrations of orange peel extract, showed that film thickness
increased with extract concentration up to 1%, reaching a maximum of 52 micrometers (p<0.05). Examinations
revealed that the maximum tensile strength of the biofilm without extract was 5.66 MPa, with a strain point of 60.
The average total viable bacterial counts of the samples at time intervals of 0, 4, 8, 12, and 14 days in fillets coated
with extract-containing biofilms were significantly lower than those of the control and extract-free biofilm
(p<0.05). Over time, the total viable bacterial counts significantly increased in all treatments except for the 1.5%
biofilm treatment (p<0.05). Additionally, over time, the total counts of Staphylococcus aureus and Escherichia
coli in the samples significantly increased in all treatments except for the 1% and 1.5% biofilm coatings (p<0.05).
This study demonstrated that chitosan coatings containing orange peel extract, due to their phenolic compounds
with high antioxidant activity and other bioactive components, are capable of inhibiting the growth of spoilage
microorganisms and reducing lipid oxidation in sturgeon fish fillets. These findings highlight the high potential
of these coatings as a natural and effective protective system for maintaining the quality and safety of aquatic
products.
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Introduction:

Fish, particularly sturgeon species like beluga (Huso huso), is a cornerstone of human nutrition worldwide, valued
for its high-quality protein, rich in essential amino acids such as lysine and methionine, and its abundance of
omega-3 and omega-6 fatty acids. These nutritional attributes have driven increased seafood consumption,
especially in developing countries. However, fresh fish is highly perishable due to rapid endogenous enzyme
activity and microbial proliferation, posing significant challenges to its shelf life and safety. Traditional chemical
preservatives, such as benzoates and sorbates, raise toxicological concerns, prompting a shift toward natural
alternatives. Consumer demand for "green" products—natural, chemical-free, and environmentally friendly—
further fuels this trend. Plant-derived extracts, including those from agricultural byproducts like orange peel, offer
promising antimicrobial and antioxidant properties. When combined with biopolymers like chitosan, derived from
crustacean shells, these extracts can enhance food preservation while minimizing environmental impact. Orange
peel, a cost-effective waste product, is rich in bioactive compounds such as flavonoids and phenolic antioxidants,
making it an attractive candidate for edible coatings. This study investigates the efficacy of chitosan-based
coatings enriched with orange peel extract as a natural preservation system for sturgeon fillets, addressing both
microbial and chemical degradation during refrigerated storage.

Objective:

The primary objective of this research was to evaluate the effects of chitosan biofilms enriched with varying
concentrations of orange peel extract (0.5%, 1.0%, and 1.5%) on the microbial load (total viable bacteria,
psychrotrophic bacteria, Staphylococcus aureus, and Escherichia coli) and chemical properties (e.g., peroxide
value, thiobarbituric acid, total volatile basic nitrogen, and pH) of beluga sturgeon fillets stored at 4°C. The study
aimed to assess the potential of these coatings as a sustainable, natural method to extend shelf life and maintain
the quality and safety of aquatic products.

Methods:

Beluga sturgeon (47-50 kg) were sourced from a fish farm in Sari, Mazandaran, Iran, and filleted under sterile
conditions (average fillet weight: 10 g). Orange peel extract was prepared by drying peels at 60°C, grinding them,
and extracting bioactive compounds with 96% ethanol. Chitosan (medium molecular weight, Sigma, Germany)
was dissolved in 1% acetic acid, mixed with glycerol (0.75%) as a plasticizer, and combined with orange peel
extract at concentrations of 0.0%, 0.5%, 1.0%, and 1.5%. Biofilms were formed by homogenizing the mixture,
removing air bubbles under vacuum, and spraying it onto nylon polymer films, followed by drying at ambient
temperature and further dehydration with magnesium nitrate. Five treatment groups were established: control (no
biofilm), 0.0% extract biofilm, and biofilms with 0.5%, 1.0%, and 1.5% extract. Fillets were coated and stored at
4 + 1°C, with physicochemical and microbial analyses conducted on days 0, 5, and 14. Chemical parameters
(protein, lipid, ash, PV, TBA, TVB-N, pH) were measured using standard methods (e.g., Kjeldahl, Soxhlet, AOAC
protocols). Microbial counts were determined via pour-plate techniques on plate count agar, with S. aureus and
E. coli assessed per Iranian national standards. Statistical analysis employed one-way ANOVA and Duncan’s
multiple range test (SPSS v17, p <0.05).

Results:

Biofilm thickness increased with orange peel extract concentration, peaking at 52 um with 1.0% extract (p < 0.05).
Tensile strength was highest in the 1.0% extract biofilm (14.58 MPa) compared to the extract-free biofilm (5.66
MPa), though strain points varied (51.9 vs. 60). Initial chemical analysis of uncoated fillets revealed 14.90%
protein, 3.33% lipid, 11.42% ash, PV of 0.93 meqg/kg, TBA of 0.91 mg MDA/kg, TVB-N of 10.12 mg N/100 g,
and pH of 6.35—all within acceptable limits for fresh fish. Over 14 days, total viable bacterial counts in extract-
coated fillets were significantly lower than in control and 0.0% extract groups (p < 0.05), with the 1.5% extract
coating showing the least increase over time. Similarly, S. aureus and E. coli counts rose significantly in all groups
except the 1.0% and 1.5% extract coatings (p < 0.05), with the latter demonstrating superior inhibition by day 14.
Chemical deterioration (e.g., lipid oxidation, TVB-N accumulation) was notably reduced in extract-enriched
coatings, attributed to phenolic compounds and bioactive agents in orange peel. The 1.5% extract biofilm
exhibited the strongest antimicrobial and antioxidant effects, maintaining fillet quality most effectively.

Conclusion:

This study demonstrates that chitosan coatings enriched with orange peel extract significantly enhance the shelf
life and quality of beluga sturgeon fillets under refrigeration. The 1.5% extract concentration proved most
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effective, reducing microbial growth (total bacteria, S. aureus, E. coli) and lipid oxidation while preserving
chemical integrity. These findings highlight the potential of this natural, biodegradable coating as a safe alternative
to synthetic preservatives, aligning with consumer preferences for sustainable, chemical-free food options. By
leveraging the antimicrobial and antioxidant properties of orange peel—a widely available agricultural
byproduct—this approach offers an economically viable, environmentally friendly solution for the seafood
industry. Future research could optimize extract concentrations and explore scalability for commercial
applications, further advancing food safety and sustainability.

AR 2108 g buo 50 (69 1,5 (58)gu9 Ko aolilias


http://amfi.ir/article-1-133-fa.html

PO U YPY Olrias e (Yo, lows — 1Y 0,90) ‘511.3.6 é)l.uo 30 603 (559 g9 )0 aolilad I

Plg 9 B S b ol p JB 3 Slolo oslas bond (b8 Blighs” smig B (i
Jeu Sbd 58 5,165 (b 50 Grbgl Obab Ald (o b
S 205 SE TS e (ol (rls gl i
Ol ¢l ¢ Dol 31T o8l (lidiond 5 pshe dmly IS 5150 Sty 035

Q‘ﬁ‘ 4Q|J€3 ‘(5{‘;}3- u:’J}"Tﬁ QL«): 4@..3:‘4.@.3 Q)U) c))\:) fde QLA)'Lw cj)\:) |de ‘SAK.&{'LA)T QL&;.E:J ;j‘ Y

Ve[ oUWy sl VET/N /YT idl 5o ol

[ Downloaded from amfi.ir on 2026-01-29 ]

o>

- ow

Aol Sliasein 5 YL pdn Cobl ol a5 b )5 Slay 538 50055 4 Sl (@12 0355 03 (e A Sy (Ble 055 4l
Sbln el 03,5 Jods B30 b (oMe e &S5 w15 OT (e 5 03 Ao (655 5 (6eke 3 g0 51 5L e 0T sl ate
auS\J_ﬁ&u\.’@g,mu:ﬁlpl@ﬁmcout@mélﬁ&tiﬁ\jrKﬁnb«{‘tulﬁ;gﬁéu@nma.u
w,h;:j,;J_\.@\;uw)tﬂu)&u,,&bduﬁ;T@ﬂ;ﬂngwgu@mJua\p.w|
anllla ol Codan o S paze (1.0 540 ov ) S g gy o jlae Ciliie (gla Sl L 05287 (n (sl ol s ann
Pl Jb bl dd olad ol s Cangs by Sle STL s oo 5e Sl Sle STLole 5 b odd ol 56 b5
du:,,a)w@J:suéuc,mapo.\.:H;L;urg;}ﬁ@wwwgu.;ﬁ;\Ji:zu@);n;m);wuﬁfgw;,;
.(p<0.05)m,,e;¢,J§:aaYquﬁﬁu,,\{gu@lpmv@uw“);\Ua)wwbdzgpw‘«{mow
losg 0Ll S Akl s MPAOFF L ol ejlas Doy (ki sn 53 atty S plSoual & s 0L b )
ol lapkd s bodd as idg la dd 5o VF )Y A F e @Lﬁjébﬁéjl{).}Lnd}aic.\}jdusjflfdf.}‘.\ﬂaijgﬁ
4 god 03 sl ST S 15 0loj SB 8L (RS /00) 35 05kas 09k b 5 J ST 51 ST (513 e o0 0 lae
L;h&fflfdf>|wgbj¢$fl{.(p<~/~b)¢.§l€_ﬂl}lrl:'e}:{M)z\.O)Lgk@u)lmgw)>d)\>u.;m)}b4{u
oI kS g 1o )3 10 5V b o basle aen 3 (015 (sme ssb 4 s S (UTLE L g sl g oS oS kil
b Js2 LS 5 03g Lyls s 4 I, Cn gy oylas (gsl 1528 Glaib s 45 513 Ol bl anlllas (P<t /40) 5L
O eSS 5 1550d (a5 Sm iy Sl 0 536 ¢ S b s 5 LS 5 oo 5 VU S8 T S leb
P35 reb Bl e 6 Olge 4 b R g ol VU Jouilly S (STl el ol iz (5l 5l Olale ald )3 Lot

Qb}:._.'f (ol Jzécdl}.a"]; gy 0 5le :03‘5 u\.ﬁ.b’

Vo 218 2aluo 15 (693,15 (§59)gmg YKo dolidial


http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

Oldle ald  slwowds (plas g b (6L slowd w W Slals ojlac boud S8 l5e5s Gibgy wl oy y

(V) Azt 0 Sl gubsl b (sla o SOl Ol i
o LG5 ol Rl b SLS 5l S Sl s
Slos Vb sls o il oo (L 55 Ll (5 p i
23 d SLS 5 e J ST 5Ll feily 5 olss ol 658
conl posdhe S 3 pdoe |y LT ee 3,8 Wiy o 1de
sl gosls 2S5 10 gl b ol SKan LS 5 51 S0

.(F)wdw,:;l,m)',\é&

oop b oo Olise da Cusgdome ol ade Gl
ol adeie Slidss 5 |l dites 4l 5T 5 slas S,
S T ess 4 (b A Gl oslas S 5 68
bl o Cws & 5l Sl Ol Sluls
1y () oSl gubal o oy 01528 il pomnaes (sla jacks
s gy 3ok i ) yed ¢S5 0128 as oo 4l
o) b DS 5 (5 ol & 0l g 4 Ol gy S

Okily Jold= 4 5 o J 287 Hliasl 0l 5 A4S o Jos

V=0) &8 o ol 315 o pllasl SV 5 Job st

b ST ST 5 g S s ol 5 sl
Colee b e 53 5 ST o enlizel ALE (gla ojlas
ook 50 &S5 55 01528 il y o Pl 4 15 6T lazs!
JSE5 ol 5 )85l s s a4 oSl 2550 L
sl 6l T el Wil &G 0 15 0T 5 sl ) spn ol
s (oM ol ge (ks e g1 o 5 (STH e 2

A as s

3 b b OIS (ST (22 pte Iy 055 4 0 LS e
b bl 5 b opsla ST clads gD a1 (05 Sr 5
Sls ar g b Jpame K B, Sy s
LS 5 opl 5l a0 09 e 5 oo fnd 53 (et (5558

g odn b asdllas 1 (VY =) das o 1,11, de

Jwﬂ@ﬁa)WLaMd&db}%{dh&lﬁ@wJﬂ

Jlax slos jo (5 luesS (b 4o 5Ll

4oddo

oo 03 Glads SleMbl i3l L as 5 L g 5960 Ol s
B Ol ol o 3 (M 55 sy K 4y ale e e
e YL S g s 4 Jsemes opl .l 0l
L 35 Db st 5 i e (65500 4T (Sladu
OT e Lo, # Kl o ¥ Kl O o sladanl Slsl 5.l
o3 8 2by5 Glalde o pan (il Bl 50350 2 )

(Y) e

Ll g Pl G 036 gl 13 (5 dysled Jl- I L
o b (,,M:;\?)\,Jg,a Ly 5 Bl gl 5T e Jos
Slols & Jb 55 das o 2alS 1 0T ClS S
4 35 om0 Vb Olimas 036 ool (51 OEAS 5 e
R O [ e L S S Py JER D
Az (Jazee Sy SIS Pl b pleacd Slse Sl s5le
Y games (58 Ll il 5l 45 Ll 03 gas adein Solalllae
@bl Syl )13 ol jen 41y g 5 BB sblse olie
San Dlulo b bas o (oo Sy j oL 5 das (o SRl
Olaiows s SIS ol @) Sl iy (oo il 41 12
Ao el b adb LS 5 S eslanal pwyp Jb= s

Sl s s S iy J ST sl SlanST (ST 5 oy S

V) s S s 1de 3l 50 5 e

s&b&:.bdhaub)‘wk&wméwbq’mﬁa‘
slge ol gl SIS 3500 53 ol Sl SIS I
Y gone 8 ol Oy g 5 g 5 ASle o siume gloss
3 A claeslas b gi o oslinal LldE sl pe Lai> (ol

Y dalde s i) Lha}:ﬂ ¢C)l>=if.w o yjlas das

Vo) 108 @aluo 55 (693,15 (659l gmg Ko dolidiad


http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

D35 b OGRS oy oS Yo oiby Jiloe a8 lp
ol sl 28 o Vo (QWIT LK) Lo e IS0 50
Ojer ki bylue w5 i wlsl (VIV 7)) Sl
4 GBI glos 5 (aids 53 553 VYo OLT AKA) bl
¢SS o gland 3190 &S ,8) Jg el o il ¥ Do
oS o5 Olsie 4 o ys 1 VO LIS L 018 4 (OWT
NP Sode 031 8 o am y5 0 gl 3 5 s LS
ils Blo Lo 5 b SO RST s Jgloes b 03

V- PNT- ) FECH P SUPR AR IR (P

rhdge &

(olT L&) (Y1) Tween 80 L Uiy S gy o jlas
Frogles 5o (T a5 i bglinn plid gol Ol 2o 4 (OLIT
JLAG}}?UMMJ’V&A{@:ﬁ Q.ug:lji:ﬁl.wou:
i Sy ol 6810 slajles 558 ol i sl
Jboen & (N0 5 Vo0 00 crr) Calies gla Clale s
(OWIT dKA) ultra Turrax ;G5 sen b 5 i a5L51 O 28
Lghgb..x&&i&&jﬁ-q@:a;;m«ﬂnn)}.s).s
oo s odd dge b Jglos Ldd Dol ol 5D L | g8
5 Ultrafine 2sb) O4bL g eaks NERTTS IS
VY s g o 4 sla o5 s (6 el (O ) el
Colo § Sode s 9 0dkd S Lases glos j3 Cslas
Sl Spgloms 5y St glad js o5 Sias &K s
i 0 alS a o gy elos B s 3l 13 o
235 e 0T (S35 6l (S35 e

Db s Hlos

J-;é)d;&f(}y}TJALidujzd\)sa&gBd\éhJL&;
Q&ﬂd}%J@ﬂ@ﬁﬁ)W&@MabbﬁﬁLSALA
Loodd osls jidg ool 1)) [l ((J 4505 Ol e
Y)Loé'c(dwjg:@xa)ww)b'.'l{oﬂ‘_gl.&rl:‘;x

uh,a).snbl;.a.Liu;.'ch:é}ﬁL:oMa:bb;Miﬁ. Al )

oy op ¢ &l

bl Olale (glaals CoiS” Lis 5 s ke il 55l 5
oS 5 b2, cal s el i 3 (E50) (ale b
S5l o B L By Ty ke s U ol
iS5 gel e Sl S s Il o ol Ol S

A < 4@‘)\ a‘j\: Gbl.a Q‘y‘yﬂ:u

w9y 9 olge
JlﬁSﬁ oy oslas g’

SoIT 68 gn 09 5 Il Iy (G ) ) slate
Sz 5 SO A& ol DS o Dlidos S5 5l (256
0315 1,3 Ao y3 A% J bl 5o ards Yo e 4 5 odd oS
QM@;\J@LW@)M?' Gl 3 ol Cangy e LS
W by olad elaw 213 (sl ks oS ol S
ARELST CLaT L g ods 5 5 ol ¢S gls Sy
e T L gy 5 e 80 ey e s s S
5 Sl YF 51 s s s bl SIS 55 Ll J bl 2
Slge 1Y oyled eily dlo 8L U 56 (BB gles
a3 =F (glod 55 s & gad (Mo 35l e ol I ALE

L (6,45 s sl ILT b s Kl

Do b sl digoi (53w o3kl 9 (59T xe
4550 85 5 e SAS 0 BV S35 o Kile b ale 3
Ok Ol (golw Oliw b 55 5L Olale Jy
okl > 5 (S 9y Ayl Sls amr )5 Al cpl AS 6l &
8 3 ge ot Bl lo STy ol Ll 3 )3 528 813
A Jame Ol 51T oty glde slge Ctlag 0g 5
dd Cns b s 5 ek (BS J ST UL i 2o
> 4ads Y Q.L“\{).sﬁ(ajf\u' Al:.ejﬁsu)}wi\:ﬁu

R JH V)V N

ONRS iy Jodxo dug

oy 108 @aluo 55 (693,15 (659l gmg Ko dolidiad


http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

Oldle ald  slwowds (plas g b (6L slowd w W Slals ojlac boud S8 l5e5s Gibgy wl oy y

23 Cangalepm glo 6 STL 5 IS sl (6 STL sl S oled
dau@,;vvéuu;,;%;@)lﬁu&%@
ISTS DTN PP T g R P TT) RGNV
ol 188 el oy (555 3z e sla ST Bl
Sioles 3 S 2,18 log CFUIG &y 4 b i jlad
w287 gy Sl eslizal b sl S e amys ¥ s IS
Sk Sl e sy OYVY skl ojlt @)
CBEASL (o impen S plawl a1 S
S\ e syl oylad 4 g b gty af e oSS plilen]
ol 3Bl lal 3 IS S sy ¢ PAF
skl olal A5 15,5 6la &g Sylas 5 V1SS

™) (l};.;‘ YA¥? o bl a0l ) o

5)%7 sk J.i.bd
s b esls <l SlaobesT s edel Cows @L:J
S o311 51 shme Ol il E o K0le )0 4 (2o 3T)
SN edias S5 s dsly s 0L LSS aw b sl
58 T e, slis 4 SlislesT el s (CFUS)
a2 b Olisl 3T e osls . dd o5 (gyleT Lo 5 4 520
awlis (One-way ANOVA) & LS, bl Julos
50 Kk slie pu LT Lls me sl sl s
O 5o 3T Shoslial b (Asl s sme bajles 57 51457 (63,150
@uwuﬂ;uo}ﬁﬂ.u@faQﬁw\ms.\%&a
L 2ol WV 4503 SPSS 13 o 5 S eslizel b e T s 4,
o baesls gl anlie sl gl sp</e0 Ls)lau.;;ucla.»

s as § L
Lodld gl

JLE,;UL»L;,BH:&}:{;.«W
S 55 i 05lae ol O3S ol e 4 )
b g s 3 8 i s (b s ol (S5 e

Jlax slos jo (5 luesS (b 4o 5Ll

Lodd osls 2 g ale )Y 5l (U, sy o)lae
D) F b 5 (& 3 Sy ojliae 7)r Lods b (Lo
S g o)l IO Lol (58 @b gu boddosls 15y oals
5 Gk s L 05 8 ey 4 ok g sl ol 5 (WS,
s IS 1S sl am s FEY Gles s dlae s
5 e sl lss 5 L oled S5 ol
A1 8 I3 s 3sm 68 Bl sk s easler
o3ls 4 pliws gl (Bolai sk 4 Calis atas &y les

V) s 43 8 i fg o 5 25 5 (5bT sla
2 o S 3307

Ll plond 2l Glajatls Sl (S 5 B S S
sl (PV) a8, i S o coSs
53 (TVB-N) ,1 5 S &l 055,25 5 (TBA) &, 525l 55
Chas 4 b s U5 AS nt ei (55T 3 B sk e
Sl S s By 5O 2/Y0 (o6 o o b JIllxS”
Sl G5 Gk Sl mSTe 5 (V) A e e
Sl (1) i s 3] Kl a3 00+ (slos 3 b & ga
ol 2 TBA (M) i eslizal J is, 5IPV lidis o
k& JITVB-N s gl (Y4) A s AOAC s,
oslizel L3y s o gl s PH (6,5 o310 .(Y+) s asbinul
(OWIT) YA+ e PH AZ-Metrohm Jlmys oas |
Sy0 0 SV s p Je it oS 5 55 S0l e
) (T s plonil (/45 505 WIV V2 /Y) e OT 55 05 se

b 45905 (2950 (i y

M8 3lsn (ST 05 S asetia 05T ool plonil 51 ot
P wsad gL L ks gl O 5 iy AU
ot 8 o el Tl s e dld 2 8 g Sl p SN
Cilte 5 A O gen 5 bslie TAD oy IS Jslome 2
Sl 85 a5l 2 ) s a5l 5, se sla 25, 0T
3 8 15 eslimal 300 by iy Sl g SL oS

Vov 108 @aluo 55 (693,15 (659l gmg Ko dolidiad


http://amfi.ir/article-1-133-fa.html

OB g glxds

Lo e as Sn OF & 0T ooy STl 5 ilo 5153l o Olas I o jluae Calibes la Clale L odd ags sla
.(p<0.05) ol Lals A5 ) boslae clale 2ol 3L aS 505

60

50

40

(um) Cweliia
w
o

20

10

0 % BioFilm Sample 0.5 % BioFilm Sample 1 % BioFilm Sample 1.5 % BioFilm Sample
B oolas do )3 VO b i Calibes (gla CLIE L ods 4 slaphd Cualins (g duslis 1 50 1) IS

XYLl 25 S dbs smpa YN0 L il eslas

Baldgw 10 il Camglio guld
M):Qom.gjéur@ﬁjadqujw@tj
b3 Gy JE  Cgy oyl Calies gl
CK;;:W\ S ols Ol b ey Sl o 03T
Mpa b7 |y ul s oslas Oy ohd g 5> 4l A28
S ag Iy ol Cwlosg o b ol 558 abeis
Aoy b ool Gl 5o ks S (K,;M\

ajww):\djb-&éﬁjsw.@\aﬂ
MPa N FOA L ol p aihy  2S oSl Iy oy
L oo ol ol S5 OVA L il 55 S abaii
Qs gy oslae doys VD (sl ohisy )3
S dal sMPA YN L ol it 5SSl

RC PRT-CL A

[ Downloaded from amfi.ir on 2026-01-29 ]

Vof 108 2boo 15 (68 1,5 (5580 gu9 5o aoliliad



http://amfi.ir/article-1-133-fa.html

] lple Al lans (ol 5 B (63T sl s JU 3 ol ol b ouds (i (13558 Siudigs 3G gy

Jlax slos jo (5 luesS (b 4o 5Ll

Tensile stress MPa 0.0%

6
5
g 4
=
g 3
@
o 2
@
T 1
'_
0
0 10 20 30 40 50 60 70 80 90
-1
Tensile strain %
Tensile stress MPa 0.5%
12
10
8
6
4
2
0
0/00E+00 2/00E+01 4/00E+01 6/00E+01 8/00E+01 1/00E+02 1/20E+02
2

[ Downloaded from amfi.ir on 2026-01-29 ]

Voo 108 @aluo 55 (693,15 (659l gmg Ko dolidiad



http://amfi.ir/article-1-133-fa.html

OB g glxds

Tensile stress MPa 1.0%

16

14
12
10

0

0/00E+00 1/00E+01 2/00E+01 3/00E+01 4/00E+01 5/00E+01 6/00E+01
Tensile strain %

Tensile stress MPa

N B O

Tensile stress MPa 1.5%

14

12
o 10
s
o 8
[}
E 6
9
c
O
= 2

0

0 10 20 30 40 50 60

Tensile strain %

T 53 Iy S 0 )lae o> S @ b s 53 (ST gl (o) 2 B oulins OLES (slals g 1Y JSCo

sl gl jesls 51 S sy OlS 5 ks

=2 . . “nn" (a5 e
' ' 5okt ol Al Gl bt S
el ol 0303 QLS o3 Jgda 55 sy 3y 50 :

[ Downloaded from amfi.ir on 2026-01-29 ]

\OF

18 pluo 10 (69 9,5 ($59)gug S aolidliad



http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

bl Al o bl (oles o W (6 5iSL oluad p JU » Sluld olac bodds (o8 bl et sabigy 35U (w2

Jlax slos jo (5 luesS (b 4o 5Ll

(SE £ . Kke) ot (65T 5 oale b onle ald glacd 3Lud Lo 540 o 5 (o8 oS 5 0) Jad>

Lﬁ-“:"‘:‘:' j:"‘JL ol ng:f U'U_;\ _ﬂbu.a
Jf S e 3.33+0.41

IS o555 Aoy 14.90 + 1.04

TVB-N (mg N /100 gr) 10.12 + 1.15

pH 6.35+ 0.10

VOV

"-arl:éj:{‘i“\*:g“ﬁ};éhﬁﬂJJr“)Lﬁ'
Seoeed (p>0.05) w3 K sdalive s ys V. 5 )
L;;bgghrl:éﬁjaamg}jwéhs,:flis\.xd
3 S ol gae Djse aoplias Ao y3 VO 5V
slaws Oley Ci 08 L (p<0.05) 54 Lo ys +.0 o, lae
dan 53 (Gyls e ysb 4 b wged ol Gl STL S
110) 3 Il o s o 53 1.0 5o o 4 bl

(p<e

bt sl

Crude ash (%)

PV (meq/Kg)

TBA (MDA/Kg sample)

okl Lgﬂf o3Il sl
11.42+ 0.15

0.93+0.02
0.91+ 0.01

b digod oi) S (S b 5 Slxi gy
Lo g 03 (slacs STy IS sltad (S0ln Al a5
3 lsgai 53 3, VP VY AP o Slej glaejl s
o) sl S S sliw o Sle el o &)
o als 3 VF VY A o Sl slaejl s e sl
Cose aooles ol Gleadd s Lol 2> il
bosoobas 0oy ohd g 5 J 87 51 S (65ls (gme

3 e Giss 0 Nl awlie BB 4 ey

18 pluo 10 (69 9,5 ($59)gug S aolidliad


http://amfi.ir/article-1-133-fa.html

OB g glxds

B Elank Sample
[ 0 % BioFilm Sample

I 0.5 % BioFilm Sample
[ 11.0% BioFilm Sample
B 1.5 % BioFilm Sample

S VE Y A e Slej slaosl 55 e ges oif Slags ST S sl 5Kk dnglie gl e ¥ IS

Loodd oy 2y o 4}A):H>)L€.g),5¢
Ll (p>0.05) 45 55 odalie oy 1.0 5\ ki
S oo 4 wm3 ke ) 05 b 4 s ol Ol
do)s 0 iy ):J,ils V.L_é}:{).se\.!;,.:.d&)\:
soled b (S sl cioman g aBl )5
)Jo)w&p):\.a‘,\.' éjb-‘surl:;}ﬁ)éaﬁ
'.ba)Wj‘}Z«fLQJ‘Jk;MQ)vaAJJLG};})‘)
JS sl ol csd& L L(p<0.05) sy dwys
osb e Wgad sl e sSShil] Sl STl
o3 V0 9 ) g e bayled aes 3 g)ls Jxe

(p<e 140) Z3y Sl ok 5

85 85 shdlinl S (STl 5T AT gy

99
SheSL 5 o oSl agle g
CAF oo LS’Lﬁ-) LQLA"J.L.’ BE w_}fjj/wj}/_}rfé‘gb/
SSGke Sl odd @yl b3 lsgei 53 sy VF 5\Y
Wi god sl eSS shedlin] Gl ST S sl
oy gl 53 VF VY A e Sl el s
xSy ojlas ol Glaghds L sdd (8o
2y ekas Ogby (ldse 5 RS I ST ol
S35 53 s ealis @l & 45 L (p<0.05)

[ Downloaded from amfi.ir on 2026-01-29 ]

VOA

18 pluo 10 (69 9,5 ($59)gug S aolidliad



http://amfi.ir/article-1-133-fa.html

] lple Al lans (ol 5 B (63T sl s JU 3 ol ol b ouds (i (13558 Siudigs 3G gy

Jlax slos jo (5 luesS (b 4o 5Ll

B Biank Sample
[0 % BloFilm Sampls

B 05 % BioFilm Sampla
[ 11.0% BioFilm Sample
I 1.5 % BioFilm Sample

VSV CACF o Sls a5 i gos o slsf o a5 S alilen] Slas 7S S 3t ke aglin gl s goad F S

BT3)
ok (83 1 g sla 4 gai 53 wad,ler 5 Sae sl
)lﬂfo\ﬁdljua»w.&ap\a}\ r'l:’)':’l‘

YO 3V sl gl il g sl Skl la

Loyl Sy S35b 5 dlowd  gsled ol
AT G S S sl ke anglie il
J‘.SJ"}“’.Jéjﬁ) VF VY CA K L_leﬁ) ‘_;LAoJ'L:J>
L3 Glag SU S slan Kk ol ol &1
s VP VY AR e Sl slasl s b 65
4 oles ol Glgaldsn Loodd as g e
osbas 05 old s 5 J 2SI eS 6l (e D) 50
2 5Nk amlie @b 4 5 L (p<0.05) sy

Soge 4 @ 235105 5 wr3sler 53, 3 eolas Lo
L .(p<0.05) 55 A U Y slajg, 51 i ol g
b & g ALt 8 Sla s 2STL S sl e 8
VO 5V s o a bled aen 53 (6515 (e ysb 4

(p<e /00) sl il ! V.L;}:a Loy

[ Downloaded from amfi.ir on 2026-01-29 ]

V04 108 2boo 15 (68 1,5 (5580 gu9 5o aoliliad



http://amfi.ir/article-1-133-fa.html

OB g glxds

I Blank Sample

[ 0 % BioFilm Sample
I ¢.5 % BioFilm Sample
| 1.0 % BioFilm Sample
I 1.5 % BioFilm Sample

5V NY A F @b)&ha}p)budﬁféﬁfﬁ/éhdﬁpy:‘Mﬁ@ww@uﬁ}dibJgolb

[ Downloaded from amfi.ir on 2026-01-29 ]

15

18 pluo 10 (69 9,5 ($59)gug S aolidliad



http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

\ld

Obplo ald o lwowds (plgs g b (6L dlaad g JW 3 Slsls ojbac bowd (S (5955 Gibgy il (oawy y9

S 0k Jue s gMe DY e o
o T Sl 1Sy s 4 ded )l SLS 5
oslitnl 53 Jgine Cusgdome Sl ¢ olg OV guames
(V) Sl ol 10 0y lugSS Olse & T
Gsl AL la oylae S Wl esls OLi Slallas
Jsbo 55 P sk 4 o8 Lz Jlb OLS 5
S ey o B4 S (o fee gL S Gl
5 80T Caale s 4 bas T o5 Sn s b
S5 AL sl b S pke 5 b ol
b Cd 05l 5 b (AL Sl sl o jlae
s PBEILLS (0 O S Wile (ol sla oy
O35 6,8 sl 5l ojluae ol 533 ShalS (gl
S 5l Ol A8 Sl (VW) il LT O pllasls
DLl Ol &S Sl cpl 608 opl ol oo
F 0T 5388 S 5315 93 S A5 Julgs
&S o b o yls 15 b SL ST 6 me s

(A

S el pbadise 25 e S SN 0SS
St sl s 5 b oldsw ole 61, 058U
2yt gla (s U5 (1) Sl ol ool
Loy GMeST ST SlS 5 bl Ol
3L O35 S Gl d Jelse ple s s S
S g Sats 53 0L 3T (58 dile 5 oS 5 g
Sluls 5 DS e (Yh) Sl odd At 95 &
G e 1) s oy b il sl T
s 5 M b b oy Ko s 5 s OIS T
LE 5y oS SIS (sl s SIS
ol () s b bl g Jgé b oJg me s
s s 4 BOT (il SV s 5 Lao g
5 s b bl b b oal s i (3Ll
(e o5l sbise 3l D8 WS o ms AT
(Citrus sinensis L) JW ,; Cow gy . Aitas 2l ol
WSSl el ASle (e 3lge S sege o
Ly 6 03 28 ysb e oS g 5 s g3,

Jlxss slod o ()l (b yo bl

Lodld S

SLS S s 4 b I3 o e 4 0Ll Olale
Bl U 5l o s5rs oy 4 255 (5o
Oldl 4085 sl (25 pgr 2ME e 51 (SS o
5 0Ssn YL el CAB s 4 ale ol
5 o Ll s wnl Gladl Cls LS5
(Bl 58 wdE 5 Cedl (Gl i sie
N 6o9,2 gldl po o A ladal 2Dl il 58
Sl a e Kl 57 Kol sla o e
S5 AT o S L 2hs GliE O e
@i by o S Cleb 5 oSl 51 sl =T
05,8 ks BIAE o 5 st 51 S w1y 0T
e w3 o3 Al 1 eslil L(VF) ol
s o 5 me Ll 5l o0L ) slols o8 s
PN Il el sl Rl 3l a5, 5o ok (s
RPN R P F S RCH SV [
Gl 5l walg o 0w e oles
S8 S oslimal plass la G395l Ok an
A lte 3lge 53 5 s Wl 05 S
I o G e T Lan L, S
e S 5 Jlo 0L 51 gl slse B WL
o wam g Ll b (OVF) wals = 61\.'\.'9 GLA
OB WS s pme frles 5 Olasl Cdls 5 o IdE 3150
Rl OLS 5l eslasal (ke OLS 5 5l eslanal 4
05 o1y ST (ST 5 5,50 45 ol b
oRIP 5 s S dby IS Gln S R
o D) oDl Cdls 555 50 B AL
Sl DS 5T 5 alas sla o116 o4l
Sl gl sy b adls 0T 1) Oliioes (o sune
O P RV SN P IN K P N H P A
Lo b 5l sl e 28 b b b LS
2l LL00) was arw s SlunS 5T 5 o5 S
Sd b b (2l sl 5 BT Sleslitul au o o Jl-

J\}A‘ﬁ‘cmdﬁf)m‘d‘fujw‘WJy

1o @luo )0 (699,35 (559l gm9 Yo aolilias


http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

\VEY

Gl Olabe cladd B Ll aiy sl

Sl (5 G1F L Gilae s 45l () s
P e iy GMeST ST ol 0T s S
(28, 29) ol o 0315 Cd LT b DS 5 o
ol oS L 5 L b g 6,80 G )
R G
Jsle 013 25" 5 (Cynoglossus semilaevis) ale
VIV ¢ 7 v X0 b ) chle | (CH) OT s
S sl olas b ey JB, Gy el
OT CIM SVl Jge ¢ iS” o glie p slie
osbas CLlE 4 ey OT Jbu (5 20358 5 Cagb )¢
b o 5w dsate X W, Sy
Ol 1y b s Rl s s o Osale (i
oelal sla J}g}x e ol el &7 sy
L35 355 ba ok 53 FSG/CH 5 Jlis 5 oy
o5 BB 2l iy G gy eslel il ) )
polas £ o5& Lol o A g L polas o
L;;B&hrl:é.MoML&Arl:éQ)jAfjAEcB*
05 Sl 5 o gl W, Sy il
ol st osde isls LS dals o As L anlie > oS
Cdls 15l el JUS o gy il O
33T gla ISl 2y 55 (SS5sm slo ok (s0lee
Sl sla M;\f,l,;,,, 5 (ABTS 4 DPPH)
4 A5 (AL 3 5 o5 e 5555 shle) o
wfjéurl_s«f;l;owwduau_gs,,b
I oy ilul L & FSGICH e Jla
sl o sl (o a3l go il 57 (0 Ll 0k S 5
@il (F) dias w11 olde sl S L ol
53Ol gla 4Bl b G315 55 5l G sl
oAl Ghls el g8 (lb s & ol OLE el
S 3 035 29,5 b 5 Ol ST 0kl
Sl Obale ald B Wb L2131 3 o5 sl

2 ok Gl iy a5 )l e 5o

OB g gl

YY) Gl g ol s 53 SIS 0 65 o 5 il
O5S Sidg SU y p addlln ol ol s
5 i I3l B, Sluls ojlae Lol
Obale slaaks os S sb 2alS 5 slend ol
b 53 53 0 (IS (Al 3 ()bl

.5}3

s s a5 TVBN KL
YO-YD Ol &S Jl= 55 54 V+/)Y mgN/100 gr
JB oY a0l geay Ysona p S N/L00 o 5 Lo
(22) 548 0 45,5 a5 53 Slail O s (g 5
Iy ple b @505 a7 505 OLis ad sl o &5 (la;JUT
3 o S lin Gt Lo &S 015t 4 015 o0
ol (238 s 0B uS o pas (sl Ssn
S ol S5l 0, 8a 5 Bongiomo L b
Y o Sl b 050 e b ol Olals
53 b ges PH o Sils i (28) izl (0
Syl pH L Gillas 457 Al cns #/Y0 Pl 4500
o3U Al (gl o Cay i slas,lllinl 43 a5 5
Voe=f A Edgde VU d> AL £.0-F o Wb
plie copl poosdle (24, 25) as a5 ki s
4 (TBA) sl &, 5205b55-Y 5 PV) aST,
MDA/Kg + V2 4Y ymeg/Kg + - Y AY¥ s 5
23 odd ao g e 5lie Gl S Sl &S 5

SIS ST S OLa 5 g ol
cale oS ol sl Yy Shs Siba
e bess sLé » (Nasturtiumn officinale) acio
SIS sk 53 ale b 036 5L sbt Olale ald
iy S 513 0l 5587 LSl Jlo sles s
Chle 5 daio Cile olS o jlae imen 5 OV Iy
b dd Ol (g 55 S 5 5b 4 ppm Y e
TBA Wg 5PV jialS dbauly b € sed e 5l 5o
L basl ol (27) (p<0.05) cxlusl G

ks,:puj.?\ o3l 9039 suned axdloe O‘L‘ slasl

1o @luo )0 (699,35 (559l gm9 Yo aolilias


http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

\2Y

Obplo ald o lwowds (plgs g b (6L dlaad g JW 3 Slsls ojbac bowd (S (5955 Gibgy il (oawy y9

S5 dom
S eslial &8 das e Ol ragn opl cbaasl
osbas 3l DS pdys S5 S Sl S
Sl Gl LTS (Sl I, Sy anb
el Solsl Olale CiST B> 5 5,80k
osbas 8 ST ST 5 (05,8 Lo ol
PR PR PRI [y
il 1ol 51U 5l S Jame L L6 L
53 0kl G K & ar g bl 008 s
3 Oldl Sl (aland Blge de DI JS1 s ) g0
23 e #8 go eb SEs nl e § ae

A3 oML s Sl GMHE DY e ) 5 g

Jlxss slod o ()l (b yo bl

S Ol JB 3 Sy 0 luas Lok 25 015 5287
L3 5 posins) o sS 5S sldli] ioman a6 ST,
OLE riopan anllls (pl 5 5 ide 2l 5L 5o LS
Syt 05105 ol (15 0 28 ol sy oS 515
Cslbs (g 5 Collasil Ll g5 o 503 9 OIS T
osbae 3T ke TEwsa s ool y LS slowl
ARy iy Gl eled 3 B ey
3(P</00) 35 sla ime I 557 4 S (05 S0 L
I, Gy opliae o )s VO L odd 28 Hles
Fsles 53 09, sk aals 3 1) Shee o g

13 Ol 31 8 sl 4o s

1o @luo )0 (699,35 (559l gm9 Yo aolilias


http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

A Yu D, Wu L, Regenstein JM, Jiang Q, Yang

F, XuY, et al. Recent advances in quality retention
of non-frozen fish and fishery products: A review.
Critical Reviews in Food Science and Nutrition.

2020;60(10):1747-59.
Y Losey RJ, Guiry E, Nomokonova T, Gusev

AV, Szpak P. Storing fish?: a dog’s isotopic
biography provides insight into Iron Age food
preservation strategies in the Russian Arctic.
Archaeological and Anthropological Sciences.

2020;12:1-12.

Ay Nwaigwe U. Fish preservation and
processing. Food ¥\-Y:);Y.\v .

¥ Sampels S. The effects of storage and

preservation technologies on the quality of fish
products: A review. Journal of food processing and
preservation. 2015;39(6):1206-15.

0 Malihi N, Danafar F, Moosavi-nasab M.

The effect of Oliveria decumbens Vent. essential oils
and lysozyme on physicochemical and functional
properties of fish gelatin film. Journal of Food

Measurement and Characterization.
2022;16(3):2356-64.
K4 Mallatt J. Fish gill structural changes

induced by toxicants and other irritants: a statistical
review. Canadian Journal of Fisheries and Aquatic

Sciences. 1985;42(4):630-48.

v Mei J, Ma X, Xie J. Review on natural

preservatives for extending fish shelf life. Foods.
2019;8(10):490.

A Mahmud A, Abraha B, Samuel M,

Mohammedidris H, Abraham W, Mahmud E. Fish
preservation: A multi-dimensional approach. MOJ
Food Process Technol. 2018;6:303-10.

A Miguel GA, Jacobsen C, Prieto C, Kempen

PJ, Lagaron JM, Chronakis IS, et al. Oxidative
stability and physical properties of mayonnaise
fortified with zein electrosprayed capsules loaded
with fish oil. Journal of Food Engineering.

2019;263:348-58.
N Mo WY, Man YB, Wong MH. Use of food

waste, fish waste and food processing waste for
China's aquaculture industry: Needs and challenge.
Science of the Total Environment. 2018;613:635-43.

OB g gl

&b

1 Mohamad R, Saad A, Yassin M. Effect of

Cryopreservation on the Chemical Quality
Indicators in Meat of the Mullet (Liza aurata, Risso,

1810) Fishing from Syrian Marine Waters.
AY Mohamed M, Abdi R, Ronagh M, Abadi S-

A, Basir Z. Comparative histomorphology of
epidermis of head and caudal peduncle in Otolithes
ruber, Huso huso and Pangasius hypophthalmus
fish. Iranian Journal of Aquatic Animal Health.

2021;7(1):10-20.
AY Safari R, Hoseinifar SH, Imanpour MR ,

Mazandarani M, Sanchouli H, Paolucci M. Effects
of dietary polyphenols on mucosal and humoral
immune responses, antioxidant defense and growth
gene expression in beluga sturgeon (Huso huso).

Aquaculture. 2020;528:735494.

NF Antognazza CM, Vanetti I, De Santis V,

Bellani A, Di Francesco M, Puzzi CM, et al. Genetic
Investigation of Four Beluga Sturgeon (Huso huso,
L.) Broodstocks for its Reintroduction in the Po

River Basin. Environments. 2021;8(4):25.
Ao Boscari E, Marino IA, Caruso C, Gessner J,

Lari M, Mugue N, et al. Defining criteria for the
reintroduction of locally extinct populations based
on contemporary and ancient genetic diversity: The
case of the Adriatic Beluga sturgeon (Huso huso).
Diversity and Distributions. 2021;27(5):816-27.

RT4 Beridze T, Boscari E, Scheele F,

Edisherashvili T, Anderson C, Congiu L.
Interspecific hybridization in natural sturgeon
populations of the Eastern Black Sea: the
consequence of drastic population decline?

Conservation Genetics. 2022;23(1):211-6.
AV Rivers N ,Daly J, Temple-Smith P. New

directions in assisted breeding techniques for fish
conservation.  Reproduction,  Fertility = and

Development. 2020;32(9):807-21.
MA Bernos TA, Jeffries KM, Mandrak NE.

Linking genomics and fish conservation decision
making: a review. Reviews in Fish Biology and

Fisheries. 2020;30(4):587-604.
AL Lima MdM, Carneiro LC, Machado MRG,

Dias ARG, Zavareze EdR, Prentice C, et al.
Application of films based on chitosan and xanthan
gum in refrigerated fish conservation. Brazilian

Archives of Biology and Technology. 2020;63.

ol 2108 g buo 50 (69 1,5 (58)gu9 Ko aolilias


http://amfi.ir/article-1-133-fa.html

[ Downloaded from amfi.ir on 2026-01-29 ]

Obplo ald o lwowds (plgs g b (6L dlaad g JW 3 Slsls ojbac bowd (S (5955 Gibgy il (oawy y9

AR Rathod NB, Bangar SP, Simat V, Ozogul F.

Chitosan and  gelatine  biopolymer-based
active/biodegradable packaging for the preservation
of fish and fishery products. International Journal of

Food Science & Technology.#\-A0F:(Y)OA; Y+ YY .
A Terzioglu P, Giiney F, Parm FN, Sen I, Tuna

S.  Biowaste orange peel incorporated
chitosan/polyvinyl alcohol composite films for food
packaging applications. Food Packaging and Shelf

Life. 2021;30:100742.
Yy Khoshnoudi-Nia S, Moosavi-Nasab M.

Prediction of various freshness indicators in fish
fillets by one multispectral imaging system.

Scientific Reports. 2019;9(1):1-11.
Yy Bongiorno T, Foglio L, Proietti L, Vasconi

M, Lopez A, Pizzera A, et al. Microalgae from
biorefinery as potential protein source for siberian
sturgeon (A. baerii) aquafeed. Sustainability.

2020;12(21):8779.
¥ Chen Y-w, Cai W-q, Shi Y-g, Dong X-p, Bai

F, Shen S-k, et al. Effects of different salt
concentrations and vacuum packaging on the shelf-
stability of Russian  sturgeon (Acipenser
gueldenstaedti) stored at 4° C. Food Control.
2020;109:106865.

Yo Vilkova D, Cheéné C, Kondratenko E,

Karoui R. A comprehensive review on the
assessment of the quality and authenticity of the
sturgeon species by different analytical techniques.

Food Control. 2022;133:108648.
A L4 John AVF, Ogheneughwe GA, Temitope O.

Effect of storage methods on the nutritional qualities
of African Catfish Clarias gariepinus (Burchell,
1822). African Journal of food science.

2017;11(7):223-33.
Yy Shahhoseini SR, Safari R, Javadian SR.

Evaluation antioxidant effects of Pullulan edible
coating with watercress extract (Nasturtiumn
officinale) on the chemical corruption of fresh
beluga sturgeon fillet during storage in a refrigerator.

ISFJ. 2021;30.f£-1vv:(Y)
YA Kuntzler SG, Costa JAV, de Morais MG.

Development of electrospun nanofibers containing
chitosan/PEO blend and phenolic compounds with
antibacterial activity. International journal of

biological macromolecules. 2018;117:800-6.
AL de Farias BS, Junior TRSAC, de Almeida
Pinto LA. Chitosan-functionalized nanofibers: A

Jlxss slod o ()l (b yo bl

comprehensive review on challenges and prospects
for food applications. International journal of

biological macromolecules. 2019;123:210-20.
A LiY, Tang C, He Q. Effect of orange (Citrus

sinensis L.) peel essential oil on characteristics of
blend films based on chitosan and fish skin gelatin.

Food Bioscience. 2021;41:100927.

V7o 218 2aluo 15 (693,15 (§59)gmg YKo dolidial


http://amfi.ir/article-1-133-fa.html
http://www.tcpdf.org

