[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

M 398 5 ol elne

YSILR N SIPR W
ﬁ)/_,{.,;agg;’ FAA U YAD Colxio VFev Lo oY ,lowd Y+ 59

(ol Sy 5 05 1 5el Y5 o 31 YISl ey 2 S5, UslS 31
(Acipenser baerii, Brandt, 1869) 5 yuw

#Y9)

T 9 58 555 o] e s T s il Mo e T bl by o ! (5500l 290000 ¢ Sgwga 12

e oS> 559l oSl cunj Lama 5 (b @lie cwbige (i )

Sl o> ¢65ygliS” 0uSutils (bl (591,38 0aSuingy -V

e oSS ((5559LS" 0aSils (IS o g pole i Y

o ol ¢ S8 joals 2l ¢ i Slge cuiligg i ¥

oo g4 D>

Jeo!l (Mg dlie S Jole b 5 (ale 55 slapld (o5 5 (Solo (olgd oy solito 4 gy ol

sl 38 Ll 5 ol (Y Il wogSan 15 Jole ey JS 2 155

Ve[V il s gl A0 plo 5V 5l ord ad plid 4 5 <85 el (casting) SuaulS’ g, 4 old s

o9 b ol mls s alsl o pY L /-0 o (glutaraldehyde) wsuligls

bVl nlS (JISllSn SIA-) (S gl I3l crgo (oalo 55V ol & 2501 5l8

welul o (oo 0,8 YI¥) O Jbu 4 (cpddeis Lials (L A0) cagb, LialS (4 YAIDY)

pmo stbmrg’ 425 g IS gt 5 cilo s bl g plsadl 5 ST I3l { Sl oS g2y ol

Babaelsedigheh@gmailcom  (crosslinker) jSalul)S ol yoabigm 5l cnp Y Ik el (oizron 3,5 SEM gl o
s-babaei@shirazu.ac.ir o )

Ppolie o gatwal (o okl sl 4 g Lo ye YLl slool s 4 3531 )UelS jluasis Jole b

e 5 ey 5 5 (sl 5 00 M7 (slmld Sz 5 (Sle oo 4 4257 25

3515 g0 A5 lS Lt Joe 7 1+ (sl ol sunyepm it cnn Y Il (g Seoded

WNgas dlpiiy (Sbdwld Y guaze (6 )Buile cps jo

V[N s E iy Fu,l
Vool o8l o8 SogpSdl Cla )b

o plowll (29,5500 b (jluasSes Jole sl bols ¢ alo o5V JEYS{PRCWILY

o

Ao

9 138 loslo LT g, o oy 5l e 31 9 ygmmolinnST davg, 8 o g 5Sb s> g alawlgs (Z0+ JIT+ 3g05) ol3é lge 5l (3L iso 4Vl
A5 Sl sty GBS 5 i 55 o (sloyody 5le 5l (st ) odlial y, (EC) Lyl (umse 5 (FDA) gl
Gy 5 (29)Se0 2 (Skasien (S gy 0l ol jhual b (gaivatiny w5l i oSS 31 ol )3 [T 3l
I 18l o o8 5 s 551 S5 S5 S comlio o (58l (oaSaoded (siztin Slio () 39 o Cond 4L dmogs Maiin
oS 138 gk Ja0,8 53 g Suoduss dlge ¢ i (gindinn )0 &S yolay D)3 Dgng g, SKue Wb S 5 5l st edlaiwl o Sy
ple Ce 4y Cpiored e oo LiBgio ey & (olie odlo clblis g Loy o ol (oldE Dlas paw b iiSTg 40 sy 4 &S WD e
Sygo &y gSad dgo b Jlub oS5 51 (Bl ke w0 25 ] (59 3lud (sla STy ey &S (e eole g bl g


mailto:Babaei.sedigheh@gmail.com
https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

VEe o oS 5 S3mge oY o 31 YISl By gt 5T, UslS 5 s

Sl 5 015 iy i 5 CAIE S5 U g5 om o yasligns il b 005 S (slacsindion 33 I g o 8Ll Llié ool & (595
2,5 ade Codgazme 93 cpl o da)] ] Liols, S g Jbd

ol dy90 U.:IA.C .)‘90 (Eudiluw dLﬁpLﬁ 0 )a.>1 dLmJL» Pl aS ol ‘5].«01 Usu.;.‘o dLm)m.l.s}u )‘ ALY ):..\.sw).’xa S J.J.) 4 U""\j)
o83 5l exd g5 (slagkd [ Wl o s &) Slg (3N LB L (el 35 5114 sl s yesbign o (Y5 T 5,8 0 4118
.[;] R P uL»J .)5> )l LS°§ walsbo u] )l>u .)90.) )J.I)J. PN ] c.\i)b)?ﬁ ‘5:9> uSv;lSw uo|9> )1 UtbLo

(T 595 0 Sloml (g du (laaSed St 5 (V15 i b (uiVlgS lasisey Lawgi 4 (5 yeky oo o (Sl )S) (o0 L]
S5 Sl () ol dlge (gaindin (slojody 3 (o8ye slmonind Jlasl (gblje 51T cunl jorly Mol (gl (ol SlaSiSS 5l (S
g 2bord dge 5 do)S ply ) Caglia Ll (¥ jod pyg5 9 O > culdlo tals (Y (SUlSe (ol Gl g (s porly (slao s
el ppizman 056U g0 |y i g2 (oo sloplid 9 )Ly (i o 55 50 30 (0 5 g pdydllanil (2131 (F o D
Sl 5 sloaljl S8 el e Jlub (sloJgSUge g yorly 0055 (50308 o8 (1l b (e Slgo (gt (Slaptuns ) 150 slaosind

I 595 o (g3 dlgo 4355 ¢ )Ll s o S cpyg LidlS ¢ olde Do o 4 dis 5l Jled

lsnss Sl S S AT lS 305 o o3l (20t g Dol sl & o Sisul S (gt 31 (S olsie & 25T )
S oo (ye SYLasl 3oo] Caw W pordy Conn ol (slaog,S g (s (slmog,S oy (Schiff's base) cans ab sbol b &8 ol
5 (WVP) Ol b & o pnisdsis 5 py58 2ol el 3 cadMlo il sl eolid 4y a5l BslS 30380 ol (L 42338 cllllas gl L]
28l Gl b OS5 ] ol ASIE s (slaor 1085 39y e & D) 39 o Ul | U S 5 b nls
YY-Y0 5l 4 conl anb (09,800 2o S0l At b S cppY I L el -Polylysine (€-PL) ¢ o9 Sess ol 5 opl 51 (S
€-PL 34380 a8 ols )l Slallas [ 558 o a8 lis opou) ol3e &Y guame )3 o3l (gl ple job & g 0l LSS (Sed oy 3 !
e oS8 Sl odlial ol 008 ) e 01 am> 31y Y5 51 it slapls (ST 15 ol e
I s aaltie Sl S5l odlizal b (s ppglie 95Sesss 3l g osd Sl marmligs ol Sl cus YUl polte 5 dtnl e,
trete 3l S ()T L) (s3lwe psS plin &y (2138 slge JUb (lagainainn jl n Y Ik w5l (09)Sa i Slge laley S8 5 390
s pols adllhe > plply A8 o ol 1y )l alo Y5 b sy 5> S5AGS SluaSds Jelgs ) ool e 1,55
s Escherichia coli slasySl ply > ol (9500 15 fl p jloeSed Jole b dajles (S0 5 S9lSo old o)

bS8 oy dyee (dlo (Y5 b i 5l 55 cpp Yl Liley JynS oBislejl Wulys j> Staphylococcus aureus

. g, 9 dlge
od Calw g 2l iV

wle gy 555 LT 2l sl (WAA) ) e g (sgmse (s, (3o ACiDENSEr DACTIT (g ps (plowsl Cuwsgy 3l op5Y 5 il )
03l 5,8 488> VO o 4y 31,5 Bl 4 0 ¥ (slod o Il yips Mol g pyg5 jekate 4y b o e O ) ezl S39) o yd ¥ ljee &
WJoloe (gilwodlel I us L 05 035 ob wmblite yjed b g b 03ls @)lps 5L5 Slo a3 )3 O (clod ;D 4ddd Yo Codo dy Lyarwr o
BLal Jobmo a3V ISk 7 /-0 g 55k oty plsis 4y JgpuelS (oo 539) 7o VO Gloaeds Jole e s 1501 glS 70/ -0


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

VFee )LQ.gcY b)lo.az‘\‘ 0,93 w;l&al&bﬂsw UMQWSP#M

¥l 05Y5 ok (Gl ale Y5 whd ol o5 & B cul slaless 17 M0 (fged cols Sy o & 9 035
39 (GIGP) (YISl bsl5 - ale 05Y5 okd 5 (GIG) a3l isls— ol (15Y5 oL (Glp)

pld (Sl slayge ]

TX-XT2 Texture Analyser) guwscdl oS b lagld (YE) ad o) alasd b youiS o(TS) iiS conglie ()ljun (555010l
VX8 lal 4 et S5 4 ol cloiges 1an) 05 (g, Sojlul (YY) ASTM D882-02 3 ik 5l odlizol b (uslSil Surrey
el VY ke 4y 51,5 b do )3 VO (slod )0 g (AOF s Carghoy 3l (glp) mosuie &lyis (sgls )glKimsd 1D g o o wope yio Sl

9 Foghe 80 ply e 4 VLSS S 5 G 5 SS9 G Ayl Alols 2855 118 ol S8 95 (4 badiged s A5 (5SS
29,5 dewlre ) dlaly 5l lapké  iuiS Cuglio L 13 )5 €S 5guolS bawgs Wodld g Cpund 4dB/ yio Juo B+

S gl (3 i el 3 5,5 51as = (ol 2 X ol cslind)
ohd (K253 Sl yg0
D)5 ookl yio duo o+ o) B b pl5 Mitutovo No. 293-766) yieg,Se oK | apld cuslbus (6 pSojlil gly icuolbus
ks (SSle g (Soid o Shy oms lp b (ol culius (:S0le 0d 1S5 diges jl abli i 53 (Bolal ©jg0) s S0l
PUys 3 eslazal
O)S ol dz o Vo (slod jo Cels YF Cdo & L W 0000 H18 gl slaculy 31 5 e dises | atuine jlade Cugb,

0 laokd Cusby (glgime 3,8 (pjsd Ddore 1lKed 13 3Ad S I e 5 005 2l el 3 e ey b olyan diged 13,8 Sis
D008 dulme 5 gl 5l gboye 059 4L

() gy = Vo (5 digad (yjg = Sl diged 09 [ 5 Hige 0jg)

9ot Jhaie I il Lo de ) lem»,_u.xw 059 sl YXY o301 b cogby e (slapld «ol )3 culMa s jobates 10l > cdMs

MBI L M as Sis (ol 59 B) oL, Kl dnj0 V00 (slod )0 ladiges Ly i385 51,8 el VY b 50 51 (glod 53 5 .50

Sygo & Mo gl g 0 plool ol o (clp ST A D s (gy9dbogé 5| B adgl (59 9 0nis o Ol jd a8 Sis edle (439
DL olo (4) ao )

(£)edMe = [adgl Sis o3lo 59) ((adgl SCis o3lo (155 = (5y9abgé | Ly SiS Wlid j9) X Ve

b s 15 asbeaASTM E96 315l b ol 5 & Cons bl (6o olinn (oo sl 0 s 3 (6 s olje
(323 (018" sl 51 J8) J558” i S5 g (o (oo o) o (90 (CACTZ) oS’ )18 )5 F (g9l (20 s FXTXY) jlad
@ e whd Cuows 93 (o Cagloy S pl a2 )5 )15 (VO s Casho)) el (398 31518 s (gsl> (gellaime Sy )0 b lod 5
L) ol 59 ol pois s 03l e oyloud 59 il 5oy 5l Ol o ] g e Sl WYOY/OB oluil 4 o HLid G sl
ey b diges plod 33 o0 musy yloj 5 (ol laie 4 oy5e (iol380 laged g (g pSojlil ofe vy CB3 L g5l 3l eolatnl b (el Juolgd
oS oo yioishe el o o o) o Ol JliS] 655 09 Sy a3 oo S cloj s sk g Sl ioxie

D4 15 gl o5 ey 1 65 ol oo s s s < Jolo b s b Jobuo Jcsly


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

VEe o oS 5 S3mge oY o 31 YISl By gt 5T, UslS 5 s

Snde8 Glje = b5 o X (MM) ol + (MM2) (loxid o (ploxid (g Y jLid = plowd S )b )Lid)

o5y oS & oiges o | ol o Ngn SS9 Jlail byl gl ((SEM) (uagy (39801 osSng Se 505l
sloylislo JSuts pas b JSis ;Sily (98Ul oSy 1o I Jols guls 8 (g5l pgal (S (6910 TESCAN-Vega 3)SEM
Slazdly SouSo b (55 6550 Syedly sl LT &S el s ol oS ol izren g sl Jlai 3y50 plid ) CEIGS, g dtagey
olKwd 5 )3 bl 55 okl oguimagl] Al (69 p 0y o KaS L g 0k 0k S5 Hlww dlal ;> lapls il [T
2 bdiges I g)hypgas Lad ooy Lide kdSS) Quorum Technologies (R- ES150Q) Mb osil, /oxad jiubg

85 plnil il gy oleiS) 5

oy JUj)l

A oalil Liolay base lgie 4 ime (glaygSIB )3 (PH= VD) pbais Jbgd Ol jlolKilojl base )3 cp VIl (isley (wyp sl
55551 3 o306 05 e 331 e Jlgd T Sl o ¥ (sgl o8 05506 S5 4y 9 05 (33 Ll 5| S o 5l .8 o /Y0 Sl
A sl )hSS b dw b oy sSIB 1 dg350 Jalowe 1 g Sl YO+ Jlade FA o YF Y o oy slacus o .80 (6l 1,5
z9o Job g Vo 4 Yo cons b o yisginl g Ol i M €18 520 HPLC (Knaver Jue) olfeuws b ladiges | Jleb Jole il s

DT Al 608 0jl8l yiogil VYO

Weled (ot Sam a5 Cullad (5 53151
S. aureus ySb ,o ) e /) .5 edliwsl (Optical Density) (g,5 J&s (o9, 5l bpkd (09,50 1o el Lbj,l <y
ps5 VD g A 4]y sl BHI S lases yiud o YA (55l alKialojl sladlg) 4 (1)) S +/0) Lol ¢, L E. colig
lod 5 By b 13,5 a8lsl 09ySie grmilwgw (sols (Eilejl cladly) 4 g i byl 483> Ve e 4 UV CwoV bawgs dagl ;|

I 055 €l yiagil £e e zgo Jobo )0 1Vl olSiod bawgs g Ad abuy olAl A8 glacul ;5 diges (e

=W
(E%) CunSis abaiis 13 Job Linl3dl g (TS) oS olSoxius!

ot SIS LS e ol 03 a3yg1 ) gt 53 (oale Y ol (Sl olyS 1 eV 5 I S
b sybline olss laold 4y cp Y L 393380 Lol (P < 0.05) sl yzul53l JSubKe £/A« 4 Y0¥ 51, (TS) oS Conglio (g,loline
Uyt 3o el (5l 5 5 ol S 1 S e s a3 o il (P > 0.05) 313 s (GI) snls o
ahline iglds sl s Lol 0 (jlusdSis Jole) ,Sibiol ) (gl Hlow 55 sl dlails 13 Jobo puuss (Sl o oo p Yl 9958 )

AL IS b 5 o e 4 s laplid (60303085 5 tgh] Sl Cunl (Ses g5090 (] 4 (P < 0.05) s


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

V¥ oo ,ka ¥ o loud Vv 090 oy s 0509 A Wi 494 9 ale dlomo

085 o) GIG (00 YISk ale (05Y5 whd) GIP((oalo (3¥5 whd) Gl . oalo (15Y5 whid (Sl (S piules] @l ) Jgoa
S5 im0 BB 3529 8023 (WS (i ST 53 rlduo yud B9y (YISl 21,5 - (lo (15Y5 olid) GIGP (a5, Ul - Lo
(P < 0.05) ol

u.i:.i&n s S
(JBusl i)

YY/OA £ ¥/5 .2 Y/o¥ £ «/-Ab Gl

YY/aY £ Y/ava ¥/AA £ V/a¥d Glp

F./¥. £ /b SIA- £ 3/f-a GIG

£./PF £ Y/veD Flsa £ /552 GIGp

el (S 58 (olss
(WVP) Of jlo a1 (55253985 9 O 3 Sl ol b,

oY\ 5 3501655 35 (P 0.05) < (GIGP3 GIG)sallbolS (ool cslaslest & bysye ooy ol (1505 ¥ s 3o
Caolbud )d Cpismad D yio duo +[+¥AL <[40 oy laeld Cuolbus 1 Ske Cawl 0 03l isled F Jga ;5 oo 5Y5 pld Cuolbus p
333 (VAF) Y Oy ale 55V ol ol (P > 0.05) st sloms] (o foline ol o321 5 25 0T,bslS (a5 Ll by ol
9 csblas gl iVl (25581 oS 55 ol 20IS TTNIDY &1y cadblo s (oS le > 350 5lS J lizal 5 (¥ Jy22)
55 ks 4 & Con (508 WP olize sl 558 (g5l slol 10350 05 ¥ Jyiz (P > 0.05) a5 Lo I o ol
(P> 0.05) 15 laylos ;5 g blins @glis sbgl el oyl 45 il Liulsél S5l WVP b lass 4 o3Iy 09580 b (P < 0.05)

o) GIG (Yl h-dle (Y5 kd) GIP(Loale (Y5 hed) Gl . oalo (5 o (S5 olgs S lojl s Y Jgaa
Y] 599 oidd Wi ygimw S 55 dslibio gl By (o YU -1 U gls— 2l 0¥ olad) GIGP (T, Ugls— alo opi¥s
(P < 0.05) <ol yI> gxo

N ERI YA/ £ ¥/v.a o0t .2 ARV Gl

PIAY £ +/\\a Aefoy £ 3/yya NN VoA £ V/ova Glp
/oY £ «/¥ab YA/DY £ V/-4b oYt 2 A0 % [syb GIG
Y/\O £ -/avb YA/¥Y £ v/14b JJofAL .2 A5 % - [¥\b GIGp

(SEM) (oig) (59,51 oSuwg S y2gliai

ol (L V IS8 53 oYl 9 353TB5IS Loas 8 e 55V pld sladiges (oo e alaile 5 xdaw Jlsls ) il Jobs jglas
oSeple 4 a3l 39380 b ol sanliin BB Jdio b 5 w5 o 5 e (8L (35 Y] ok pdaw I pgeal )3 Canl o


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

YFee ool 9 (sowge Y5 oked 5 VU1 SRy 5 a1, Gel 51 oy

ool (g0 el 5 o > i pi 5 U Saslys bl o 3535 b VIl 095581 5 45 s ol plosa] 5 oST5 ool
(Y Jgss) wisb oo el 0 odaliio WVP ogiad )5 48" ouls b Liwly oo gols opl cosl oy 0

SEM HV: 20.0 kV WD: 10.17 mm | VEGA3 TESCAN  SEM HV: 20.0 kV WD: 22.33 mm L i VEGA3 TESCAN

View field: 92.8 ym Det: SE 20 pm View fieid: 77.3 pm Dat: SE 20 pm
SEM MAG: 2.04 kx  Date(m/dly): 11/26/19 SEM MAG: 2.45 kx  Date(midiy): 112619

SEM HV: 20.0 kV WD: 15.43 mm || VEGA3 TESCAN| SEM HV: 20.0 kV WD: 13.73 mm |
View field: 94.9 ym Det: SE 20 ym View field: 189 pm Det: SE 50 pm
SEM MAG: 2.00 kx Date(m/dly): 11/26/19 SEM MAG: 1.00 kx Date(m/dly): 11/26/19



https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

YFee )LQ.)‘Y b)l.o.h:}c\’ 0,93 w)tﬁalﬁbﬂsw uwoﬁgpslﬂ@

 SEMHV:200KV  WD:14.57 mm Bt VEGA3 TESCAN  SEM HV: 20.0 kV WD: 7.58 mm
20 pm View field: 94.8 pm Det: SE
SEM MAG: 2.00 kx Date{m/dly}: 11/26/18 SEM MAG: 2.00 kx Date(m/dly): 11126119

SEM HV: 20.0 kV WD: 13.21 mm 1 VEGA3 TESCANisiﬁ'I HV: 210 kv 77\'!0: 24mm
|

View fisld: 94.7 pm Det: SE 20 pm. View field: 94.9 pm Det: SE
SEM MAG: 2.00 kx Date(midfy): 11/26/19 SEM MAG: 2.00 kx Date(m/dly): 11/26/19

(b)
k) GIP((plo (V5 pld) GL (<Y oo (leiS)30) (b) (o056 ghaile 9 (a) haw (SEM) (39 pSUI 0gSiuwrg ;e (s e ) JS0d
(o Y-8 VT, 6 95— le (Y5 ohd) GIGP (31,59l ~ alo (Y5 o) GIG o o2 ¥ I k-l (oY

pld s 51 o YUl Gale, b5y

okd 5l e pY Ik le)y wdgl lels (om0 i ale (5Y5 old 51 cp Y IL Giola) 58 kel Jole 230 Y IS
od .l il Jop jeba o e csle YA (b 53 L (P < 0.05) 391 jlodSas Jols (ol jlos 51 sy jloaSid Jole o
DS 50 1540,UslS (lyls whid G pokar oy L 355 31 (o yae ialay oyl wslo FA oy b 55 a5l belS sloased Jole (ol
sl gt 0Sdee p YL Lile)


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

Voo oy e g Gowge o5 o 51 YU Gla By 2 Ul ST (o 2

50.00

45.00

40.00

35.00

o

30.00 2
25.00
20.00

15.00

p Released (mg/ml)

10.00
5.00 b

0.00
0 12 24 36 48

time (h)

Glp —e—GlGp

43) GIGD 5 (e ¥ ISk (2o (Y5 ok) GIp.(mg/ml) (ol daoma ;> (Ao (¥ whed 31 i3l i (o 3 Ul Sy sl Y JSD
.(O.lky‘)vug_.\g.ci,l:,f_@u oo

Lok (9,50 W Cullad

Sl Y US> amelsSSl el YF L S, aureus cuio p)8 555k o EL Coli Liio p)5 (558 Ay ale caliseo slapld glgil I
(GIP, oYl 53 oo 3 a5 (G, GIG) 22T Il sy sl sSim 25 Sl foges b e sl o ol
s B s & Yl 09981 b (ple Y5 (e slapkd (290 b b o il &S jglailen .355,GIGD)
S. QUIeus cuzs pS 5 a8 E. Coli Lito p.5 (6,5 1) Yoo sly oY Il b ¥ US5 b gslla (P < 0.05) cély l3dl
(P< 0.05) 53 555L 53 5 355 31 s s (s3I el b (GIp) Slaid e (i ¥l 5o o (e
Lo 55 Y Ik polie 5 atnl (tole) o jloaSed bole (5231 L 45 35 GIGP plid 4 bssjo (651 0 )lae oyt &Sl

(P<0.05) w
S.aureus E.coli
200 180
180 160 5
160 L0
140 0
=120 E
= 100 B
% 2080
3 080 s
060
060
040
040
020
020
000 000
0o 2 4 & 8§ 10 12 14 16 18 2 2 24 0z & 6 8 0 12 W16 BN 2 N
Time () Time (h)
-G —+—Glp —8—GIG ——GiGp ~—Gl —*—Clp ——CG ——GlGp


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

VFee )LQ.gcY b)lo.az‘\‘ 0,93 w;l&al&bﬂsw UMQWSP#M

Log ) ¥k b osd (g5l i (o i whid (g5l S.aaurenss Cudo @5 3 E. Coli o o5 5 7Sy by 2igy gl ¥ JSub
— 2l 5wY5 pld) GIGP (AT, g5~ dlo (pi¥5 old) GIG (o ¥ Il b o2l ¥ 5 wld) GIp(2le (Y5 pkd) G (CFU/mL
(o2 ¥l -2 B gls

3 )

slo o) (Siwgn p b oS lend Jldbo 4 & Cunl ol plSottl (hoxin i (el (aiS Cunglie b (S plSocial
ol b S Caaglie oI5l cowr poudigw 50 1SWT,UolS 5l enlatul s 5))5 a8 jekaslen [T 51y St laphd oo ye yiam 1 pouds
Bly > 1 salie MM ygalls (alo (Y5=0)5 (385 S 5 ohd L] ataliti=(5Y5 o )3 3BT oIS ] oolital (ogas 5> ol
31 )3 (odlyyily (slagys 9 (Sioram digm diile) Jsge (i plomd] Glagyed 5 (VIS (sladign Coshi sl (1258 odimd Jlai]
0Y5 )3 390 slagyel 5 ) i aly (cloiSly 3y 51 sasly 10 S350 el (sloog,S b BT SIS [ 505 o laelid S il
O s owiYleeS gy olewd slo STy 5,k 5l Wl o Cpiomen WS o Sl pes] sladigy g 0ol STy ¢yl Al
(71 223 (28g 565 hopdedlges 5 JotaosllsS e Joilaonl (gl (U8 (sloog S aisle (B9 iy STy soog)S 5 (iSslS slopBon
ol 4 Yl o9l b elie @l Grizmen w e Gl 1) (S Pl ey )3 JB (slalad tals L gl bsls
OB s 2m5 )3 5 (J9Sge (o (SR hund e (9399 U olid LSl 3 n Y Iy aBly 53 1 0 oamliie (Y-S
ySad 5 b A5 (LF 1Y+ 4 YVIOA ) E% LtnlS ceely il BglS SlodSd ol 29580 45l ys [ 350 ol (5 piycillas
5 el dbas ) Jgbo objl Gl s pgalls (ple (Y503 085 (S5 pkd 4 ABILUSIS (9381 45 a3l (VIA)
05255 S 25 Sl ey )3 (JB (slaliad alS s pdye Y Lail sl L a3 T,BglS Yiars| .M 55 o oS plSoctal 53]
b g LialS o ol & 5 UslS 29580l 3l nlS |y e abaii )3 Jgb 3L3j) donst )3 00 pomanie 6 L Sl 5
On 5y Glodigy dbul b .cuidly cills [ (pgalls alo (5Y5-05 (55 (S5 i 2 28I SluaSis Jule 30 Ll &S
pld Mo 5 Cugby o] Jlis 4y 5 (el Ol 4 Cond (g Casgsl (gloog,S iles SIS sasil 098 5 05V sloBisn
Clo ol lagSge b cppY Uk ol (ol @Mels (il b wlgi o whd wSopile 4 55 wpY I 2958 ™ ke talS
§ B g hodSed ol g ol Ml LialS AT 538 (15 3 Mo 5 aghe il e A )3 03 il ] O
loyedy () 5 S (ol gt s 4 ABL AAUSIS sy 4y (o8 VLT ool ey sady (S le i3y i
yosly (532 A (6yske 4 g sanly G 0285 Sl St 6580 55y 2 Wl S5 ccnl 1 ogMe [V 50l o
g oo s Lt 1M1 &5 5 sl ale Casss 5Y5 wh 53 3300 Ug8 oslizul ogas 5 slaslio gl [T 1 43l IS b
S 15 o)Ll ety slapadls pogas 3 & polailen [ o)l O Jbu &) s (60398 ) ok B plid WSl sl
alols ials’ 5 ol Lo 5515 Cao (350LU5IS) JShbul )8y 10 olid 50 4185 IS abolie )bl (Y5 o )3 (o255 Slaisy
SEM (5)ls,mSe 45T 15,8 WVP tals 5 loplid sloJsSUge o sl 5l ol slo JsSUge )Ll | gilo 990 ol o (J5SUse oy
oS Canl 00l LIS Lol 5 G (698 53 i Sl e YU 09381 4251 () USS) cwl g nl sbsS 5
395 5l ek xS IS5 Gl (o8 byl Y Ik o bl s (I3 O Gl Wi o8 4 casgul Y Ik 0938l
29 g0 b StS Sl b (b )3 CEIeSy e Loy il dbul cel old Jobre b YUl Gl cnlple M smo e oLt

AN 5138 o 36 WVP ) ases


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

VEe o oS 5 S3mge oY o 31 YISl By gt 5T, UslS 5 s

Gib 3 o e il pria e ¥l o ok > 5y Bk Sy rimed 5 4 e e o SEM gl | 5l
(s s 4S5 ool s |y JySge o SV 5 b 5 o ol LS5 ol 53 oYl (o] sl ol e il
Sl S 5 e b5 b sl imgs ol I 53,5 e laold olaiel il sbul cage amed )3 S e |, ol 1S,
aSaosid Jolge situsll LS ) cutls s oligtS o5 ol 5 e UIsk 55 T €59 8505 ol 5 5,585
SBgdige A3l Ik s b irmo Sk (Gl 88 29,50 15 bole )18 o U ] 0Send ol s y3bo & ol )3 29250
Sllllas MM ool o8 s le )3 O (slo oS50 Ll 4 )3 lapld 51 (6 ks (53Lsln) il [ isdo lie Slgo (55 3Lo (4l
35T 56l8 Tl b Sl 55 s ye YLl 155 panly e T3 s 4y eoled st 5 Jlb S 5 Ltala, ials sl L
ude SIS IS 4 o £9:590 Cnl 05800 Y Ik 9 yeskiom S NH'S 09,5 L CHO= 09,5 (3 (098 (0550 ¥l sbomi] ey
w3l o0 J S Ll b sillao aSlo )3 S oo it 5 pgbie ) (oY UIGk ialey i g 0ad ey clile (13l 5 YUl
oshy S g Al oSy pouds cdale (2l381 b A sdalie «ojenelS yud Jsle | Armoracia rusticana s adsy STy,
B3l (L5 55 (Vo)) oK o Hiwale [T conl aibl ialS 5lanSTy w3l o yiwd j3 oljl oo 55 9 e yile 0 Mo Lzl l5ee
VLl & 1y T oS g 3615 ool gl 5l sl s 15bS SloaSd ol s 1> Y5 3l 5l maas) csslol,
oy ol lidass ™Y Wols om0 Y5 Sk e ple Ol o JoSge yieS HLitl g wajosd yida U8l pl 4y g jiin ooye
4 o (S 5SL medligiow (b 2 @5 5 Som Sl o o O JUd 4 g Jske e 4 ¥ Ik Sl Sl Gl
slie g Golite 5l canl (San ito p)5 5 Cute )5 slae i SL gl (Su05L ST 55 @olas [N 50 o So5olen jud o]
ssSen 15 1 o 3 6 350 (1) oS 5 K> i b e 3l gy I 358 3 lof] 2,50 (S s ol
Y5 ol & YISl 93l e e a8y G o BB b & YUk b S J e Y 5 (e sl
Jole e phd iams 5,Slas e .l cqolin Guis pl zolo b o M ol )55 0l Hloe duoyd ialjél )5 Lol Jole G b
i3logy bl bame 4y olid S 5l Sl Y Il (il 315150 Y USS 2ol b Ll o Mol 4500, glS ey Jale b jloeSis
35 polie colleb o )3 g whd ) Y Ik Giale) (b 395t o 5N 5IS SluaSid Jole dlsgy 00 2wl j52 5 ez 5 o820
L1 Sl S jgan b oIl mosw— 5958 Sldgb whd 3 cp Yl 51 pogas [T adlas b gols cpl .ol o o] (29,50

sl cillae Micrococcus luteus B. subtilis < S. aureus « E. coli sl s yiSU jlhe 5 aundS

6 5 o

Cuoglio (hal3l g O b 4 (6 3idei 5 Cushy ol 13 (6l Mol JialS el 15101,68 /0 (380 ol (L5 gl ol @l
h ol (95Sess (olss (alo Y5 olid 4 YUk (938 man b laplid )3 @58 5 JB (g 9 Bl (xdaws Sl 5 tS
Segle g el (1 (U8l pls 4 g (o5ye VLl sbnl s 4 43a,Lg SilulS g9l yerbion 5l cw Yl h il 058 Cagls
OV ol sy o0 sl (YUl (29)Seeds S Ly S g s)lul g 0ad adg slapld (Sjdlen culled @ dxgi b g
5l 42l kol ¥ guasma (65 le g 15 (amolin 3,Slae 1515 o AT BIS St Jalge (gol 6y (onlossls

oSl e mlio s pole olSialel 5 oM olSiylol e Jioy gy Kan j Alis ) Bbingsi abugity 1 15,08 o S

izlei o (6|l L5905 (eli yolate 4y eyl 11 53 &Bly g 038 5)kgl il ol Sl omen iales oo (6] Ruslew g S5 10


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

VFee )LQ.gcY b)lo.az‘\‘ 0,93 w;l&al&bﬂsw UMQWSP#M

&be

1- Motelica L, Ficai D, Ficai A, Oprea OC, Kaya DA, Andronescu E. Biodegradable antimicrobial food
packaging: Trends and perspectives. Foods. 2020;9(10):1-36.

2- Sohail M, Sun D-W, Zhu Z. Recent Developments in Intelligent Packaging for Enhancing Food
Quality and Safety. Critical Reviews in Food Science and Nutrition. 2018;58(15):2650-2662.

3- Almasi H, Jahanbakhsh Oskouie M, Saleh A. A review on techniques utilized for design of controlled
release food active packaging. Critical Reviews in Food Science and Nutrition. 2020;61(2):1-21.
4-Mujtaba M, Morsi RE, Kerch G, Elsabee MZ, Kaya M, Labidi ], et al. Current advancements in
chitosan-based film production for food technology; A review. International Journal of Biological
Macromolecules. 2019;121:889-904.

5- Xu ], Wei R, Jia Z, Song R. Characteristics and bioactive functions of chitosan/gelatin-based film
incorporated with e-polylysine and astaxanthin extracts derived from by-products of shrimp
(Litopenaeus vannamei). Food Hydrocolloids. 2020;100:105436-105446.

6- Uranga ], Nguyen BT, Si TT, Guerrero P, De la Caba K. The effect of cross-linking with citric acid on
the properties of agar/fish gelatin films. Polymers. 2020;12(2):291-303.

7- Benbettaieb N, Karbowiak T, Debeaufort F. Bioactive edible films for food applications:Influence
of the bioactive compounds on film structure and properties. Critical Reviews in Food Science and
Nutrition. 2019;59(7):1137-1153.

8- DengL, Li X, Miao K, Mao X, Han M, Li D, et al. Development of Disulfide Bond Crosslinked Gelatin/e-
Polylysine Active Edible Film with Antibacterial and Antioxidant Activities. Food and Bioprocess
Technology. 2020;13(2):577-588.

9- Menzel C, Olsson E, Plivelic TS, Andersson R, Johansson C, Kuktaite R, et al. Molecular structure of
citric acid cross-linked starch films. Carbohydrate Polymers. 2013;96(1):270-276.

10- Scopel BS, Pretto GL, Corréa JIP, Baldasso C, Dettmer A, Santana RMC. Starch-Leather Waste
Gelatin Films Cross-Linked with Glutaraldehyde. Journal of Polymers and the Environment
Polymeric. 2020;28(7):1974-1984.

11- Lopez De Dicastillo C, Rodriguez F, Guarda A, Galotto M]. Antioxidant films based on cross-linked
methyl cellulose and native Chilean berry for food packaging applications. Carbohydrate Polymers.
2016;136:1052-1060.

12- Liu F, Liu Y, Sun Z, Wang D, Wu H, Du L, et al. Preparation and antibacterial properties of ¢-
polylysine-containing gelatin/chitosan nanofiber films. International Journal of Biological
Macromolecules. 2020;164:3376-3387.

13- LiuJ, Xiao ], Li F, Shi Y, Li D, Huang Q. Chitosan-sodium alginate nanoparticle as a delivery system
for e-polylysine: Preparation, characterization and antimicrobial activity. Food Control.
2018;91:302-310.

14- Mousavi Z, Babaei S, Vardizadeh F, Naseri M. Evaluation of Gelatin Extracted from Siberian
Sturgeon (Acipenser baerii , Brandt , 1869) Skin and Biodegradable Film Fabrication. Journal of
Fisheries Science and Technology. 2019;8(4):241-9. (in Persian)

15- Lopez-Caballero ME, Goémez-Guillén MC, Pérez-Mateos M, Montero P. A chitosan-gelatin blend as
a coating for fish patties. Food Hydrocolloids. 2005;19(2):303-311.

16- Chaibi S, Benachour D, Merbah M, Esperanza Cagiao M, Balta Calleja F]. The role of crosslinking
on the physical properties of gelatin based films. Colloid and Polymer Science. 2015;293(10):2741-
2752.


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

VEe o oS 5 S3mge oY o 31 YISl By gt 5T, UslS 5 s

17- Samadi M, Shekarforoush SS, Gheisari HR. Antimicrobial effects of magnesium oxide
nanoparticles and € -poly-L-lysine against Escherichia coli 0157: H7 and Listeria monocytogenes.
Journal of Medical Microbiology. 2016;10(2):33-41. (in Persian)

18- Ojagh SM, Rezaei M, Razavi SH, Hosseini SMH. Effect of chitosan coatings enriched with cinnamon
oil on the quality of refrigerated rainbow trout. Food Chemistry. 2010;120(1):193-198.

19- Ballesteros LF, Teixeira JA, Mussatto SI. Extraction of polysaccharides by autohydrolysis of spent
coffee grounds and evaluation of their antioxidant activity. Carbohydrt Polymer. 2017; 157:258-266.
20- Lee ], Bhattacharyya D, Easteal A], Metson ]B. Properties of nano-ZnO/poly (vinyl
alcohol)/poly(ethylene oxide) composite thin films. Current Applied Physics. 2008;8(1):42-47.

21- Haase H, Jordan L, Keitel L, Keil C, Mahltig B. Comparison of methods for determining the
effectiveness of antibacterial functionalized textiles. PLoS ONE. 2017;12(11):1-16.

22- Jiménez A, Fabra M]J, Talens P, Chiralt A. Edible and Biodegradable Starch Films: A Review. Food
and Bioprocess Technology. 2012;5(6):2058-2076.

23- Fan HY, Duquette D, Dumont M], Simpson BK. Salmon skin gelatin-corn zein composite films
produced via crosslinking with glutaraldehyde: Optimization using response surface methodology
and characterization. International Journal of Biological Macromolecules. 2018; 120:263-273.

24- Garavand F, Rouhi M, Razavi SH, Cacciotti [, Mohammadi R. Improving the integrity of natural
biopolymer films used in food packaging by crosslinking approach: A review. International Journal
of Biological Macromolecules. 2017; 104:687-707.

25- Yeng CM, Husseinsyah S, Ting SS. Chitosan/corn cob biocomposite films by cross-linking with
glutaraldehyde. BioResources. 2013;8(2):2910-2923.

26- Bourtoom T. Edible protein films: Properties enhancement. International Food Research Journal.
2009;16(1):1-9.

27- Aider M. Chitosan application for active bio-based films production and potential in the food
industry: Review. LWT - Food Science and Technology. 2010;43(6):837-842.

28- Wu ], Sun Q, Huang H, Duan Y, Xiao G, Le T. Enhanced physico-mechanical, barrier and antifungal
properties of soy protein isolate film by incorporating both plant-sourced cinnamaldehyde and facile
synthesized zinc oxide nanosheets. Colloids and Surfaces B: Biointerfaces. 2019;180(August):31-38.
29- Han Y, Yu M, Wang L. Physical and antimicrobial properties of sodium alginate/carboxymethy]l
cellulose films incorporated with cinnamon essential oil. Food Packaging and Shelf Life.
2018;15(October 2016):35-42.

30- Zinn S, Betz T, Schnell M. Structure determination of trans -cinnamaldehyde by broadband
microwave spectroscopy. Pccp. 2015; 17:16080-16095.

31- Dammak I, Lourenco RV, Sobral P] do A. Active gelatin films incorporated with Pickering
emulsions encapsulating hesperidin: Preparation and physicochemical characterization. Journal of
Food Engineering. 2018; 296:9-20.

32- Wang L, Wang X, Wu H, Liu R. Overview on biological activities and molecular characteristics of
sulfated polysaccharides from marine green algae in recent years. Marine Drugs. 2014;12(9):4984-
5020.

33- Zhang W, Shu C, Chen Q, Cao ], Jiang W. The multi-layer film system improved the release and
retention properties of cinnamon essential oil and its application as coating in inhibition to
penicillium expansion of apple fruit. Food Chemistry. 2019;299(May):125109.

34- Arcan I, Yemenicioglu A. Development of flexible zein-wax composite and zein-fatty acid blend
films for controlled release of lysozyme. Food Research International. 2013;51(1):208-216.

35- Sun Z, Wang CH. Quasielastic Light Scattering from Semidilute Ternary Polymer Solutions of
Polystyrene and Poly (methyl methacrylate) in Benzene. Macromolecules. 1996;29(6):2011-2018.


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

VFee )LQ.gcY b)loa::‘\‘ 0,93 w;l&al&bﬂsw UMQWSP#M

36- Ziiberman & sofer. A Mathematical Model for Predicting Controlled Release of Bioactive Agents
from Composite Fiber Structures. Journal of Biomedical Materials Research Part A. 2006;79(4):963-
973.

37- Hiwale P, Lampis S, Conti G, Caddeo C, Murgia S, Fadda AM, et al. In vitro release of lysozyme from
gelatin microspheres: Effect of cross-linking agents and thermoreversible gel as suspending medium.
Biomacromolecules. 2011;12(9):3186-3193.

38- Lin L, Gu Y, Cui H. Novel electrospun gelatin-glycerin-e-Poly-lysine nanofibers for controlling
Listeria monocytogenes on beef. Food Packaging and Shelf Life. 2018;18(June):21-30.

39- Li YQ, Han Q, Feng JL, Tian WL, Mo HZ. Antibacterial characteristics and mechanisms of poly-
lysine against Escherichia coli and Staphylococcus aureus. Food Control. 2014; 43:22-27.


https://dorl.net/dor/20.1001.1.23225513.1400.10.3.8.2
https://jfst.modares.ac.ir/article-6-51680-en.html

[ Downloaded from jfst.modares.ac.ir on 2025-07-05 ]

[ DOR: 20.1001.1.23225513.1400.10.3.8.2 ]

Journal of Fisheries Science and Technology
Special issue on Persian Gulf ecosystem
Volume10, Issue 2, Spring 2021

Pages: 385 - 398 Tarbiat Modares
University

Effect of glutaraldehyde on poly-l-lysine release from gelatin film,;

extracted from Siberian sturgeon (Acipenser baerii, Brandt, 1869) skin

Zahra Mousavi!, Mahmood Naseri?, Sedigheh Babaei!2*, Seyed Mohammad Hashem

Hosseini?, Seyed Shahram Shekarforoush3

1- Department of Natural Resources and Environmental Engineering, School of Agriculture, Shiraz University, Shiraz, Iran.
2- Seafood Processing Research Group, School of Agriculture, Shiraz University, Shiraz, Iran.

3- Department of Food Science and Technology, School of Agriculture, Shiraz University, Shiraz, Iran.
4- Department of Food Hygiene and Public Health, School of Veterinary Medicine, Shiraz University, Shiraz, Iran.

ABSTRACT ARTICLE TYPE

This study was designed and conducted to investigate the mechanical and Original Research
physical properties of fish gelatin films and the effect of Glutaraldehyde

crosslinking on antimicrobial control of poly-l-lysine. In this study, the film was ARTICLE HISTORY
prepared by casting method and then 0.05% Glutaraldehyde and 0.05% poly-1- Received: 30 April

2021
lysine added to fish gelatin film. After that, physical and mechanical properties, Accepted: 220 June
antimicrobial activity and release of poly-l-lysine from the film were observed. 2021

The results showed that the addition of glutaraldehyde to the fish gelatin film ggg?lished: 23 August
increased tensile pressure (6.80 MPa) and reduced solubility (38.51%),
moisture (8.05%), and water vapor permeability (2.03 mm/h mm2kpax10-6-).
The fish gelatin film with glutaraldehyde as a crosslinking agent was showed a
smooth surface without porosity according to the SEM results. Moreover, the
release of poly-l-lysine from the biopolymer containing the Glutaraldehyde was
slower and more continuous due to crosslinking. Considering the mechanical
and physical properties of the films and release control of the antimicrobial
compound, it seems that films containing crosslinking agents can be used in food
storage.
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