[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

olp!l 188 buo g 4% pole alxo
163-173 wixiwo 1392 ylivwso 4 o ylouis g Jlw

300 ;50 9 Fobuwaili = ol jgiu’ Loy jonalS il (1 Senoid 3 )l > Gl S50 (o
00,5 E 2 ligS (Bl G gl 38l

56.'2;1.31.: Sxw ‘46;5-‘? EMe s ‘Swful (3 ‘26{1}# Al Lolims JLshs

Al oldS Tl mlie g (53,5l psle oSl ¢ liE mulio 5 psle 0aSitils ( lié mlio 5 psle 0l ol )5 gomids -1

OB S b mlis 5 (55,5l pole olXiils (2138 mlio b g slpe pwiige 0aSidly ( Slie mlio b g dlge waige 09,5 JLaiils | Jotuws odin g -2
habibmirzaei @yah00.ca | S.5g xS Sy )l ! eyl

Sl @S Ol olEils ks gl 5 (55,5leS Lund ¢85 y5liS (5,5lid g omdige 0aSCES ( liE glio (pwdige § pole 05,5 oliwl -3
u‘)ﬂ ‘UL......lf ‘ulf)f u’.v....Ja é}LZ.n 9 6})5“ I"?J" olKzsls ‘&5““\‘ byL...o k_,’.'>|).|o 9 3'9.0 (R saSlisly ‘k.")'“\" @L...o 9 |a9l$ 05; )L,_ot;....l '4

Il Olps oy o qilie 5 (63)5laS s 155,9LES (6 y9lid 5 (gt 0SS (IS mlio g pole 615 gemiils -

92/6/120: 3 pd 5,6 921312 18,0 5,6
oS>

s £ I Hobnl, 356 095 00 Jladd 4 lag B 5 Lajesie das ISl )0 (2)Seedd 5 b (S5 (OliskS (DA g Al
Sl 6Bl Glsn ol pl ol ragh Bas aites SljlelyS eaimsds GlacS ngl plu 4 i 5 YL pdhen S
03,57 riingS (6 Baile Bae 5o (g ks re dgugr (] 5l oliil b g 4 Vb Sl Sl b o0 5emelS 6l cands o (lls ool g0
S Jol>

S 8 b slogil o slogls 800-600 JsSUso (139 L olisnes o3 3l oolinsl b Sshogil = (5555 (slac 55,0551k 1 aug y g SMgo
Gl pgail (bl (g, (iwle S )l 95] Co b5l sl sind agd Bl 4z )0 JymedS 5 5 gl 50-20
Jsame g Baile e (alidl o (Sss old cnl 218 L-’Lér’ iz S8 o, BT baome jo il (o8 (9031 5 Sl axdl STy
A plesl Box-Behnken )b g zeuly sdaws ig, [Design-Expert j138ls 5 5l oolawl b wlisle;l ol ials gy 00 SF,2iiiss
slapks il als Lpls glases il 5 osd loo (oS 0idSigae® 2 4 sho 5l Jslogl lie SRl L (B
el Gl (05, Seans Cools (e )5 5 Cute £ Sl @ S 355 pled gl Cang o3l Slslugile S
e B e 6 1, e S5Vl las 5L Conmar Sl 09,58 2055 535 5 Fobostle 528 CaspaalSylh (6,05 18
s (als (J5S aisel a4 Sond) (oo

okl Ol 29,Sees Sole 5 Vo Sl ik e 5l Hskesilir OlisnS Ca e 5l oy Sliosas 4 azgi L 6 A
2,5 dpogi (SsS Ygams 2l oS g Bule (loj 5 YL olud 25 sl Slse sanates ln |,

G F ke Sote wipmysl Sl woniiS letS o STss oLt gl G 319

doNio ©
ilitee slaog, 5 ade (b (0 Seeus DS 5 g ol oSl eadigiie oo, laid (Ol
e & lag )l g b peso dlas 5STL ol (gonnclS g S OhS dgd (oo S8L Ly S Sy 53 3L (e
Oo3lle o a1 el 5 PH= 6 0 (3655 (1) wig) 0 535S 515 (50m im puTar 2= 5212 (sl 51 Ll
SIS 0ol 35 515 yagis0 2 g0 lads (25 (55 S sl 2= gopabisk 2 (Sl polie ol az ST g 0 JeSt5
e S b (2)5eed cdlid g Plosl el D135 5 oS bl s 5 il sS oS- o L ST


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

S g3k Jlb L 0)Sors 5 ()l o Shy sy

164

Sy ) (288 yob A Jpaze (59,0 4 awal uls 05
Gace (11) 8,30 e o y90 o) polie jo 5 (ad>
o yo00lS 95U 5l oolatwl b lesy a5 sl ol ol g
4 G W phdm Jgame led mhaw o 1) 65T 0l
Sde 50 (6,00 e Sgg v S (i g Sl ),.>L

Ligygslge o
A8 L sl &l,340 o IS 0] ACros oS i 51 edlogls
o5 Asahi Kasei Corp o5, % 5l yag5ls 50-20 LI
ceiS slala s om0 ,5 4y LIl Merck oS i
;I Agar «eMRS  Broth <BHI  (Agar) <Nutrient Broth
Hi 5,5 ;| Bacto-Peptone ;.5 5 ;LJ1 Merck s i
PTCC oMl i/ sl pSL s 4y oun Media
Migallw 5551 g ol (G g (ole slaings
oSl S el Sl 51 PTCC 1381wty il

35 s Gl
T g, 5l esliinl b CuealS 5l slapld leded and
9 Rhim .Ia_.wj.: o.)._.woobc.»._,o}: J"j) d.}L_.‘OA 98—
(12) o 4 ool (Sl 2009 Jlo o o e
ks 40 4 (1 Jguz) aseitio oliee 2 3555 5052
JERUUERVRIC gt (-1 (‘5«»-‘50::}) WS 1 Sl o
2 599200 ce o U g ol , 5 8l 4> ;050 sleo 4o
Stuart® S 4 Jgase CB162 Jas) (0500 Joe aids
(Sl yebo an o bl cael 2 b ((lndSSl g8
20 4 Jolw ol 3gls 51 (L Joas) (—astie jlaie
a alie e bulps Cov g adlsl e i Lo
4 Hhieo] Jolxe wulys o008, idu celw 2 Sus
JoymadS 0l a8Ls| (13528 Jolxe b ol giore ol o
Lo ools o5lal g adlsl oles Jokme 40 oo (1 Jgo)
33,5 C 39S Mol S welw 24 o a4 ol Jelmo
el IKA®T25 digital Jow) oS Ko b YU Joloxe
1598000 ;50 b (LT 525 ULTRA-TURAX® =5 5
oK 3l ooliiwl s s 9 aiBo 15 e 4 aids jo
S Elma® oS s el TIHH-10 Jos) &gl
4 9o, 100 g g 35,84l 35 Wils 3 cou (LedT
Ol oKws 48 6 Slem 00,5 Ken aids 30 Gus

535 9IS et S 5 S 3k (2) el
-gomayaun iyl 4 g 1 L slasly 5l a8 el YU JoSUge
sk o Slaiin (ol o LS5 g5 l8
09,3 daw sl ol sl jogio I Sy o a S el ol
@UI5 5 JeeSg)0un slaog 5 ool 0l o JouS 9000
IS 5o 1y (ool G (G0 Wigey S o il
(3) w55 o osle (ol (Sazd Lol 5 sl L
A s sl 55,5 b s ol azl b
s 05 a3 008,55 L 1955 5,5 oy ol
Syl (>l g spabost (e 9n)lS) Gaee
ke el 45 Jlor 13 555 gn S 1 33 ot s
(4) ile go (Bl 00,958 s

S as,S i) 2011 Lo o o, LSan o Kim
- ke 200 5 100) YL, ey 555y shls (slagylipS
A S (S 5l A (4l JSly
sl Las 06 5l pgar g0 il Migall 5 (oML 25/
P ouizgblagipo bt 6551 4 s S J> o
4S Ws,S 5,135 2002 Jlo yo o, Kea 9 NO.(5) wog
Ol basi (s F9 yob 4y (Lo p3) (5L 0D,
S g L dmnlie ;8) YU bws J5SIgacy3e Tyl
(6) 22555 6ylo3t (s J5¥Use 39

3 @otael (e i (Jgene b 4 (0)Se 08
Olg= azsliz 10 (7) 0,038 o >y g8 (g oLl Jsbo
@ G dey ot Jpame wlod mhaw o ) 6551w,
Sde [0 (6 pSoiiz g 0,5 agie b clwl b
Jelse 39,5 45 Lxil 51.(8) ols walss (55, cuigS (s Fwils
g 55,0 4 4 ot ol b ol 5L goit
JLsd slgs (s Gl JUd el £9d90 b (355 sl
AP 595 o a2l Jyama 555 oS5 sz o
salss S sS (b y3ll (5, 3990 S else ol
Tob— 59, (Seeimd Jalse padine 9 ) LS il
Sl s a5 o2AL b s 5abee 35k 5l ecidsS
Cod Al SL i ool pans S 5o Jlab olgs gy
5o 5le 9y 4 (AT slaaral 595 51 Bas (9 10)
a9 = L] e 65,55 4 Gl 4 JlisnS
Ol @lsoee lasl le; Sae GlBl(Jgaze
s el Jgmame Gla)lil Jsbo 5o (2,5 ile))
Girb 5l g i by (T glaa sl 45 55050
48,5 San Jyame mhw (g5, » 69 4o b 2L


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

165

(18) 0zt 5 ly3 02 ST 154 gs Jsbo Ly S
455 2 5 1S, sblss eagame jo (ST, sle s
0002 sl5 L gaids o ax,0l g cepw baxyo
aalllas jolite 4,8 36 4 2 slaaiges (16) woel cowo
byl - pligS CsgnalS b (Jls S Sloasine
Cadge g Dod wlaal ( Sgy0 slaa¥el alols fols)
sl it 505 0325 5 5 (1 e joralS il slacSy
WD o2 Ol LSl il
Sl 9ol gl (2 Saoid Cllnd (o)
(Lo 3 o S PJolwgili- (59—
9y 7= et 1 Migall g ug gl msSsS oLl
a0 4 slas o o0l cisS Jlocas gdae BT s
BUF EPRLIA S UV P I 67 SRR AR NS G SN g &1 e
9 Bl (65U el ;o 5l 1 o) SO a5
BHI (sl oo 55 e 50 o 0390 SlS” Ll
a0 37 los jo el 24 Sow 0 s g 00l S
Sae o L ol - ailre S ol (4,0 ol ) 5 (Bl
50 ad ploml 6, laFa il 5 aids ,o 490 150-140
Fhieo] leslawl b Lacas 003,568, Joo <ol
S (6l 5l 990 (e Comez 4 (e B g e
Cre (raw 2iS plSin L85 Djg0 (e
e b e n ol w05 10%-10° CFUMI S
b jo bzl Ghg, 5l Shss slapk= (o)Seess
Oladad gy B 5l ookl b baplid Lo oolasiul s, 51
5 w0t oo e e 151 10 5 18wy S5 e
BHIA oS Lo (59, 7= 9 laalpd o G
&l y— a8 ,5 ,I_5(Brain Heart Infusion Agar)
3 ool eSS shedlio] 5 (SXBTio 3] slags S
i 3l Sigallo 755 sl g (6 koo 10 Slaba
51 s ooliil lacy j5pelS 53l (520 oo 15 el |
S Jrae 2etS buzmo mhaw (55 » S (0,13
5l o male Jglo i e OIL 5l oslial b (el
2oty s 1285 plnil (alej] 5550 slas S
(17) Socs 5 laFaslhe 3 ol .5 il a0 37 sles
ad) (1) Uy pae L g (5) oLy @50 a0 mls
2005 A1 CajeeS Bl b uled a0 b S
38 50 oudiand by el gl ()l (o)
Glapld o Slas e 00 IF 2 elgs 5,Fwile L
slramio oy mhe 5 Ll op)lS Gk 5l (2 Sead

Townson & Mercer Js—axs Croydon gq) W o
o Loo Jleel (o g 09> o oo 600 Lié o (Ltd.
2 ol a0 (5 e 60) Jghomo .o plnil el 1 e
3beesS) 03l 09y o ools b glated Culy 35 5
100 colus lyls =01, 5 il ax ;0 37 ()5 colo
J5i5 sl ¥ pley Dae i i) (@ e e Hle
@ gl LB 5l oL doles w05 Jleel el 48 (o Ls
37 9l 3o Pl sowilesdl Bl g 508 59, 90 S
Sy (59,0 g s o0l 13 ol 8 il a0
2l o pia il 18K14) CoSmc ) o naty
285 )15 (olnl ol a5

Lo i ol okt 05,53 sl s 50T 51 oy
i35S (o206 S5) om0 1 jlackie (28 5 ai
30 5 sbsili (1555 059 ——59) 9,0 0.18
95 ExS I 4 sl Jo S (03555 039 soz) a0
55 5 VU sy illan (2555 s
solisl b b j5alS sl 55l (ol [ (515> (903
Mettle Toledogss ;| Bludl iug, ouwle,S oSiws
g h (o) g 5925 &S DSC T Jus
(b8 8 eolitl 0550 a2 e olsie 4 (JB portesl]
(yabite (i o ol maocil b olfiws (40,8 6 plS
o gimle 5 olKws Lawgi diged 5 p,5 Lo 10/1 i
ol G s i3 ke 20 ce s b 0551 bz
a>,0 160 slos L5 caids 5ol 5 ilo ax,0 10 oo
99, o, 5 lw a0 =106 o &)l > ol F solw
50(13) s ools &)l > ol 5 le a0 200 b losze
s ool s 0gd Sy 5 (T e > e,
S5 oslsl i s JLisl sles pes ()l g, 5o
aalllas jglite au 14 45 3 1 ladasges (14) we )5
CeheS) Pbosili- (15 CajeralS sl Sl sla s
s s sd edgaimme Crlis 5 ST s gd slacSy
Sl iie 5T 09 5 5 (slaind JUinl blis Slogas
RAL (g el U (Gl L8, s
il aalllae oo any i Sl g8 STy (905
s S jppolS 5 sle b sl 32y 5 (IS
S i sl D8 Advance Jo. Bruker giw sl
95 3 e cyg0)) plml g1y o solaiwl LeJT Siemens
KV sozaoolis 5Ldg ;0 Cu Ka il sl eolazwl b WSSl

5y o yre yd bdiges g 0 pias 30 MA L > 540


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

OhlSen g2l JUib [ (280l 5 Sl sl Sh o

166

0/3-0/2 culrs) S35 6l @Y (65U Coman olas
o L a8 nlas ol s (g5, 5 (e il
G 5950 5 9l 09 lad o (o, Seas
15 05 (o2 g5) oy 0L (5255 (g0uiss 3.5
Sl Sen 50 4l 120 Gae 4 YU je0 j0 g ocs S
(bndSS1 95 Seward =S 5 <L) Stomacher 400
i g ooli] (Kam Jslowe 5 canlin slacd, .ol Llss
s ocby o Sy apnl slas Sl i led skt
Lo (595 p (b i ezl (G900, 0L l5as
<oy 9,0 (de Man, Rogosa and Sharpe Agar) MRSA
42,525 a5l 5 oy,0 Lacedy oles Bules wis plosl
9o do gulis a5 1,8 5e0 3 wae a ol,S ol
S o =l saime LSis glaaslg slass ooy LS
(1) was 3,55 (logy CFUMI) zJ L

5 el s by, c3edod ol 50 1obel Juloxd g 4y
OlygiS Jolds S yuiie dw (gl Box-Behnken # b
90-30) Jg S § (0,0 2-0) Jokwgil (oo ,0 1/3-1)
Sz S o dhi 0 (IS5 aw g maw aw 0 (a0
Design-Expert® 6.0.2 13l 5 lawy wlivlel )b
(1 Jgaz) s s 5 )15 o,

5 roiskee B0 Jolao (5,k5 (sl)ls 00,5F 2t (g5l
cigS 0,5 100 jlade .oz ob;,) e e 15 coalses
Sl B3 e Ll 1391 olo wiawl yo oulz =
L gy Ll 8 Cod oS (5ol slaamio o8
O (65 90 g9 0okel Hla5 0500 ol jo LIB 5l eolanl
L 5 ezl 5 Ly JoolS ol 4y (s iS5 )5 Lo
a5z o4y 5 W ewligy (U5 olsie ) sk
13K13) (5S4 35 i slnti oy o
L (ol Sty s S 2l o sta il
0355) oMy oy (555l 55550 o 5l ooli
o1, 8 le 42,025 53,0 5 oo (! ble o
e Laales B a0 5 50 55,6 54 2 e
2SS sladlse 29 A)led 03 Sul ) slas ST
Laais 09,0 5l gy bl d oo aseiio sloo 50
Lo ol oS (S G )lads (50T 5 i 00,51 (90
PH (ot sl 235 plonil adigos PH (a0l o
Knick pH-Meter 766 Calimatic ol ws 5l Lo asgas
L @olae PH (5 550510l yg03T 0 soliswl (LT csla)
4w (18) =8 3 plxil 1028 g0\l ol (Lo o sl
5 Lol PH e)] alowl g oot cilises galas
Sebiie dn ol ()38 edkl caws 4 gleaxs Sl

Jis slopuite gl a8, S 4 Box-Behnken iolosl b .1 Jgus

oS Ol5ee Hskosil olsee OlysS Ol Sass 0 lsll o Lo
(03555 iglsnmmao o) (D5 3dl ione ) (o206l 55900)0)
60 0 1/00 1
60 0 1/30 2
60 2 1/00 3
60 2 1/30 4
30 1 1/00 5
30 1 1/30 6
90 1 1/00 7
90 1 1/30 8
30 0 1/15 9
30 2 1/15 10
90 0 1/15 11
90 2 1/15 12
60 1 1/15 13
60 1 1/15 14
60 1 1/15 15



http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

167

1392 uL.AM) c4 o)Lo.A:'J ‘M le ‘ul))l u’)l.)..c @L.ao 9 do.)au P}LC dlm

G50 L3 g1 sladsiges auslio 5l as ol a8 Cgd
28,5 4 O ojles
losm Sley 03 ST (b o jenalS il Gt g3 a3
1Sl 0 609m0 (s 9 (J95 Oy50 4 ol aSols &,
S 55 P 1 Cldises oo yin 5&3) LA oaelie Ll
=9y° Sratgn a5 Cewl ploaimolis ladiged plo 4
Saie doel )0 09 Hoduzt § HeSoe iy bdiged oyl
u)L..C 4 .)._:o)fd)_.\a.a coole u5o 6‘]’ 6W 6)1,..\‘
Wiges 9 35 gy pae o ] o leds digas ;500
Sl (JgyndS polie oy iaS 092g Jdo @ 5 o lous
ey bais oo 1 Ko wisls LSe35 6 gplite Jly S
Jolss a9 cd ST e s tS g0 0l S S
g odboaiSTy oo 10 (il &ly3gk g (SlisS S5l

gy 4189,

basdle

O3 @l lealg plad (> sl S
ol 00 08,91 2 Jga 5o Sl siagy iwle S
o)lo aiges 4 slated JUiil slos g osguze o SV
dslin ;3 slugil aoys a8 (sl a5 cels sl 1
1 laaigai L 14 (saigai (gaulin jl0g 0o jlas aw b
V15 a0 151 o5 (iolisl L a8 os asine 35 3
JUis! slos o Jgymals” o1 @il 5 (s> 0/6] 5535) 005
il Ll glai s

ol a5 cobls 5l 1 asges 4 0gd (sles o 5L
4t 30 51 JgyedS SI531 Lo lossil 9oy (o yias
039030 Crluws § (T (3555 (339 (sozr) a0 50 60

JsreelS 5 Jslogil fi5S s polie syl lsbosili =55 slo Cajsnalisilh )l Slasie 2 Jgu

oopims Cols Sy gl wgd ] bbbl akE 35 oogazmas bl bl aki JU clos  oogame £9p5  oyled
o9l o9 Q") o9l o alai Gladed Jabl glased Jles) Glades Glades Js) B
(mJ) (mw) (‘o) (c) (‘c) o (c) (‘o) (c) (c)
-1221/07 3/85 -123/34 136/57  98/99  52/67 134/10 124/88 123/06 121/16 1
-882/78 2/64 -88/28 13378  97/73  49/76 132179 121/33 119/95 118/54 3
-1226/09 3/53 -121/39 137/68  97/87  48/18 131/50 123/77 121/45 118/71 5
-872/41 2/50 -86/38 136/08  97/44  47/09 128/55 117/87 115/88 114/04 14
o it Jizd Jogei (o 58 Joges (0

Sl gy (riale 5 (5051 (smole T g0 Al o 5l ol (slasicds Jlal (oo g gl aloyo | ol ogd (il slnloges 1 S
Lojlod o9l il a0 Jloe!


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

OhlSen g2l Jlib [ (S0 5 Sl sl Sy

168

Sy o Vgl Lol 3gs 00y S0 Holuwgil S (00905
oS 5 Ol (o alols a5 (pl pgo ccdl malS loa
S5 x>yl odimoylid Olxas o oS alold s )§
3 emlie 976 4 Aoy sl (3ol gl (sl yumsy oS
gl gl Al jlais s 5L (lieS Slxdo Gl
polie (mals b aS o asein 8 o)leds aiges L 6 o)les
b Dlmbo G alols g 8l Rl Sy Sad (Jg perdS
s ol ase 5 Sy g e Gl A5 0l iy

(2 ) o5

B 59 L peS) anl STy (g0l @l

a3 o 03 ynS s Sy b o255y (6550 onBisn,
G ygal Ao Cands Silo a5 ols yLis as 0 20 50> 26
Cinle 1) o3l 50 sl sl 35 oljS phd
s basgs oads plowil et (g% a5 g (b S
Sy 05 10,355 et (59, 2011 Lo o oS
3logs 00, S auli ]y 4y 30/26 CosBge 40 (598 S
3 Jgaz 04 ojleis 505 b 2 o ety dige uls annlio
Cpabye a5 ol 35k oyl L o wi e
o900, ;s SV Ll S GliS Sy

JsymealS 5 Hpboogili cilizes jolie (g5l Hshogilim 0352’ S joralS sl aiges 4 (uSol il (ST (9051 il 3 Jour

A colas oABL colus (o) S s (ks2ax,0) aysl; (pguT) d-space Agos 0,Les
(Cps x 2-Theta®) (Cps x 2-Theta")

164/60 32217 16/4 20/304 4137 2
52114 104/3 10/2 21/160 4120 4
218/60 3317 18/2 19/791 4/48 6
86/55 202/8 17/0 20/874 4125 8

- e F aipas

. P aigal

!

T Teetn _ Some

T U Scme

836 4 2 (locy ;55 5l onnlcwns a5 wSol anil (1S, 9051 mls .2 S


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

169

IS B L5 Lo s S LSS Yol cpmes ials
3 o)L IS B o090 b 5 Sl sles yo (oo
Cmrd S dged dy Cound 0,5 il 4z jo 25 sles
2 03l 8l (Falosl b it (5 Jgaz) il
"985 35,8 54 SlactsS 4 J S saiges s i
o=l 45 cils g las ol 5 Sle ax 50 25 sles yo oas
S j9ealS il 550 Lo g0 0 4 ol las wa PH (49031
A S sdiges b anlie jo 1) cilsS PH wisgs aiuilys
L dplio ;8 CojopelS il (S5 )lol il o a8 sl
3 0956l g, 90 LuligS A bogype 5 J5US (gaiged
Ledsges PH (5 ,—So5lasl g 0 o5 6l 4,0 25 sles
Ciia) 6y D90 Aiwiilys (STyes olid a5 0,5 aul

les sl coigS PH (liae 50 (55 (Gaiges 4 o

Ly 5o )Latl g0l @l L0 ySmend yg03T g
= oS sl jeualS iU el ool 4 Jgaz o LI, 51
oS phSliw] o 0,5 (6 251y d S 3lobagil
MWigallow g (XL 3] (o 05 Slos ySb g sl
Aels plois sg 2 5l Sa S cools i,
Sy ojlailan b Jelugil- ()5S slacej9elS ol
Soles 4 130, ) o Kot Copols 55 olod rhans
Cble 51 s oy j5alS 5l o Smnds Copols (S0
23 4] 05 (Byan Syl 5 skl (lisS
Sialidl g (ol Lragh 0 sadobxsl ke godgame
Ll 8l assf s wlaw slo)sisth juals L
il by jsmlS 6l o, was ples Lasl o Lials
(3 4s2)
L idgamo 59 2 el il )l 4 gl
"o sk 4 Jolugiln ()5S Cujeligl 2T
4 Ol5 0 bl sonding Glr 4 00 SE S a0

Hobosl lisieS slacejsealS 5l 4 sleie S 5T Lo 15 JLisl ge)] ults 4 Jouor

Sgolles Ly 2l

I Syl eles

ey il gyl
OO +

+

+
+ 4+ + 4+ 4+ + + + 4+ o+ + o+ + o+ +

© 00 N o O b W N -

I el
w N B o

+ 4+ + 4+ + + o+ 4+ 4+ + + + + +
—
~

15

O a5 L D u...LQ..CJa...)_\,GL)..SL. Ay - u...LQJCJa...)_\,@li);;Sl.,b\.i.),ab\sW


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

O g3k Jub L o)Seons 5 Sl o Shy (w)p 170

e Coles ,0 {ewy @) Ltu pil (oo sS shilinl Migalle 4 ooyl (slalae (59, o Jloel 12 39 8 sla o jeualS il 3 YKt
oad il 5 ol las |y ady poe g g oad Jlael oS s shdlivl 4 ooyl laxe (59, » &5 (Cuds 35 10) 8 wiges CujeualS il oy

.w‘

AL ez Jled e 03, 5E 2SS ag slais AL (S5, 2 okl oli5teS el (Faslosl 565 Jgur

Sl e Ll Jlasl Sl as ladigas pH 5 (P ig))

6ol Ll 65503l EenS
ol 3 ole 4>, 25 ol 3 ol a0 3 ods

(35,) 6 (35,) 4 (5,) 2 o (35,) 6 (9,) 4 (35)) 2 o

2/36 [5/321 3/07  [5/02] 5104 2/48 [4/991 3/94 4/68 4/00 2148 -6 Sl SeaS Yo

[5/44] [5/31] “[5/30] la

5/98 [5/4415/32  [5/2] 5/32 579 [5/5115/71  [5/6]5/79 [5/715/88  5/79 pH

[6/18]

ol s o0l i 4y S 9,8 (U5S) sl 5o e ganates 03 SE 2 cdsS sladige 4 by e polae *


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

171

0395 sl ;5 sy slos ;o (US4 ) (25
AT ol (gilaslsl a5 )9 il 5l 55 o
Olee O Sale ol aS 090 slal o HligS So 5le
G Sl 0 g Bame 9 el oS 5l (90
GialS o5luohsT sy o STy byt b Lol aly e
42025 glos o Sl aghy CujseelSyil il oo
oS S 3 Jobas asin Sy (b 5 o, 5 il
Jo ol rals ], S dbses 4y Cad 1) Bus Cosex
&sldlsT syl Ll il slales 4 s YU slales
= a8 )l S0 sy (005 lo5h Jlge 5l as - Soiul apl
GalS aas e 5 e roek Sl -l o
20 9melS 66 L saeniligs (saiges ,0 02 Jolas pH
AU s oo 5 Les ol o S8 L el
a5l Slail 5o GlisnS ol 5l eadalil Srulal
0,5 0l 1) b pncilE g ,Se

45 Dgd g0 (6 yS azed Wlie (] Ho ouls &Il cxlis
Sye ol ol okl S lacs oS 5l
bl glils 5 00gn cennds jo gl 8 ola e 3l as ISCG]
> olub sl 5 Vb ol Gpdice e
GlocllB g (s sl ey plo 4 Cod b
(ol 335,00 (g5 (gl ey 4y Ced (g5 (BL5L
oS plate Cum oS 6l (il (695 (9)Sesd Sl
T Sao )3 Jslie sl ey ol 5 (SThes whd
ol oS Cel i (nl ke 5 2Bl oo (2 Slge o
Sl cmbe Gl Ol @ Glgioe |y sonaie g5
(oS 65,5000 Sue g YU ol ey L 0lge (gaisaiug
25 Sl
&l Sl

slag LSen Spz 4 5l (65l dryi o Sl
SSen b gl (nl 005 oo (S10)08 ((agid Colex
OS5 srmb e 5 (659liS pole (slaoliiasls S e
plasl Gl ol (ol wlis 9 (55,9L8S 3 9
Soyud hd s pdgtun g 5950 oRiils go jlas e )8
otglel po ol hagiy (ae slagtolejl osd oo
oBils gk @l 5 (55,58 o JUES slaosssy
oS glogT ol IS yiliess ydstos 5 45 wi aloxil )3
e Jos @ alogas )il

- o

Ol CmjeeeS ol 5o Jo a8 SYL slacdile
5 ol S5l U5 o il s e ksl
doyd il b.(19) we glses Jlsl sles zals
Sy lated JLal glos 55 5 wsd (ST kgl
olidlan e o ) 0 Sles ol cde by lid Jg3
L Jlaisl s Jod 1 50 lsS rehy oo ey S
slod Fsboogil Sal381 b (20) ols s Jolursil slaasy
adl yrals Jlg 5 Sl asis jo coly juals ogd
mCwd 4 2 (g0 e CuigmelS il b anolie ;0 4 o Lot
Syt g0 o pSal (g ax il 1ST 1 gl lawgs sl
Lo i3 05155 LS sy i Fslaosls (slo et
Gl S 5420 b )bl Joam ax 50 5 (leS
(21 22) ws pomb

(eom 016/ S 59) a0 13-1 jlais ¢ yol> i yo
Lol S 0 5l S j5-bo 4 05 506 ()9S
Jlw yo 3w L, Ke g Park cwlice jsb 4 caslad (5,050
3o, 017 5013 Lolin 89,9 45 ass,S 3,135 2010
(o5 amadls Ly Oty 050 4 ol (59 559)
b pd (DL p3l sl iSL Comax Lo Cunilys
3 Sl g yho a1y Gegands Ul Migallo 5 uizsislogise
S lisnS (539 Sis) ey 21-11A 555 45
|).la?_7:.o)o Lg)lfl_gﬁo u")ﬁ"” J.eLf)e.locg el 48
el 0ads 53 wolie ;0 a5 job len (23) Wil yao 4
(uizss ol y0 ax S1¢24) el T s SOl cwge]
Sl ol 81 el gl 5 Aokl ol ol
L il 6,8l (g ot CujenlS ol O Jo Sl
RORIRUSIRATYCI QRN SOV PE RX [SRR-Y Ly

S= o Hslwsil - lisS cjseligil Jlosl L
15 03,8 Fym eosS slas 2l ST Yol slas cazin
Ages d S (ool )8 S a2 0 1 glos b oy
2000 Jlw ;5 ol,LSen g Ouattara se sl tals J s
Jyame (59) 9 42,0 3 (slad ;5 45 Widg 03,5 i)l3F
Slags Sl oz (2ol ol " el ol (255
(UrsS L amlin 1) SlymiS ol anngy S Youwl
Uged Cpmor LEalS 09 o )L S0 06 Jolas


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

OhlSen 52w JUib [ (S0l 5 Sl sl Sh o

172

e References

1. Ouattara B, Simard RE, Piette G, Begin A, Holley
RA. Inhibition of surface spoilage bacteria in
processed meats by application of antimicrobial
films prepared with chitosan. Intl J Food Micmbiol.
2000;62:139-48.

. Yalpani M, Johnson F, Robinson LE. Antimicrobial
activity of some chitosan derivatives. In:Brine CJ,
Sandford PA, Zikakis JP, editors. Advances in chitin
and chitosan. London: Elsevier Applied Science;
1992. p. 543.

3. Klemm D, Heublein B, Fink HP. Cellulose:
fascinating biopolymer and sustainable raw material.
Angew Chem Int Ed. 2005;44:3358-93.

4. Dadashi S. The effect of adding Nanoparticles on
mechanical and thermal properties of PLA films
[dissertation]. Karaj:  University of Tehran,
University College of Agriculture & Natural
Resources, Faculty of Agronomy Engineering &
Technology; 2011 [in Persian].

5. Kim KW, Min BJ, Kim Y-T, Kimmel RM, Cooksey
K, Park SI. Antimicrobial activity against foodborne
pathogens of chitosan biopolymer films of different
molecular weights. LWT - Food Science and
Technology. 2011;44(2):565-9.

6. No HK, Park NY, Lee SH, Meyers SP. Antibacterial
activity of chitosans and chitosan oligomers with
different molecular weights. Intl J Food Micmbiol.
2002;74:65-72.

7. Korkeala HJ, Bjorkroth KJ. Microbial spoilage and
contamination of  vacuum-packaged cooked
sausages. J Food Prot. 1997;60:724-31.

. Holley RA. Asymmetric distribution and growth of
bacteria in sliced vacuum-packaged ham and
bologna. J Food Prot. 1997;60:510-19.

. Siragusa GA, Dickson JS. Inhibition of Listeria
mono-cytogenes on beef tissue by application of
organic acids immobilized in a calcium alginate gel.
J Food Sci. 1992;57:293-6.

10. Torres JA, Motoki M, Karel M.. Microbial
stabilization of intermediate moisture food surfaces.
I. Control of surface preservative concentration. J
Food Proc Pres. 1985;9:75-92.

11. Quattara B, Simard RE, Piette G, Begin A, Holley
RA. Diffusion of acetic and propionic acids from
chitosan based antimicrobial packaging films. J
Food Sci. 2000;65(5):768-73.

12. Rhim JW, Hong SI, Ha CS. Tensile, water vapor
barrier ~and  antimicrobial properties  of
PLA/nanoclay composite films. LWT- Food Science
and Technology. 2009;42:612-17.

13. Cerqueira MA, Souza BWS, Teixeira JA, Vicente
AA. Effect of glycerol and corn oil on

N

(0]

©

physicochemical properties of polysaccharide films
— A comparative study. Food Hydrocolloids.
2012;27(1):175-84.

14. Mucha M, Pawlak A. Thermal analysis of chitosan
and its blends. Thermochimica Acta. 2005;427(1-
2):69-76.

15. Li B, Li J, Xia J, Kennedy JF, Yie X, Liu TG. Effect
of gamma irradiation on the condensed state
structure and mechanical properties of konjac
glucomannan/chitosan blend films. Carbohydrate
Polymers. 2011;83(1):44-51.

16. Zong Z, Kimura Y, Takahashi M, Yamane H.
Characterization of chemical and solid state
structures of acylated chitosans.  Polymer.
2000;41(3):899-906.

17. Pranoto Y, Rakshit SK, Salokhe VM. Enhancing
antimicrobial activity of chitosan films by
incorporating garlic oil, potassium sorbate and nisin.
LWT - Food Science and Technology.
2005;38(8):859-65.

18. Institute of Standards and Industrial Research of
Iran, Meat and meat products—Measurment of pH-
Reference test method. ISIRI no 1028. 1rd revision,
Karaj: ISIRI; 1999 [in Persian].

19. Roos Y, Karel M. Plasticizing effect of water of
thermal the behaviour and crystallization of
amorphous food models. J Food Sci. 1991;56(1):38-
43.

20. Kubies D, Scudla J, Puffr R, Sikora A, et al.
Structure and mechanical properties of poly(L-
lactide)/layered silicate nanocomposites. Eur Polym
J. 2006;42: 888-99.

21. Hassan M, Hassan E, Oksman K. Effect of
pretreatment of bagasse fibers on the properties of
chitosan/microfibrillated cellulose nanocomposites.
J Mater Sci. 2011;46(6):1732-40.

22. Noushirvani N, Ghanbarzadeh B, Entezami A.
Effect of cellulose nanocrystal and polyvinyl alcohol
on the physical properties of starch based
bionanocomposite films. Iran J Nutr Sci Food
Technol. 2012;7(1):63-74 [in Persian].

23. Park S-i, Marsh KS, Dawson P. Application of
chitosan-incorporated LDPE film to sliced fresh red
meats for shelf life extension. Meat Sci.
2010;85(3):493-9.

24. Kong M, Chen XG, Xing K, Park HJ. Antimicrobial
properties of chitosan and mode of action: A state of
the art review. Intl J Food Micmbiol.
2010;144(1):51-63.


http://nsft.sbmu.ac.ir/article-1-1534-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-02-20 ]

Iranian Journal of Nutrition Sciences & Food Technology 173
Vol. 8, No. 4, Winter 2014

Assessing thermal and antimicrobial properties of chitosan-nanocellulose
nanocomposites to enhance the shelf life of ground meat

Dehnad D', Mirzaei H*?, Emam- Djomeh Z*, Jafari S.M.*, Dadashi S°

1- M.Sc student in Food Science and Technology, Faculty of Food Science and Technology, Gorgan University of Agricultural
Sciences and Natural Resources, Golestan, Iran

2- *Corresponding author: Associate prof, Dept. of Food Material and Process Design Engineering, Faculty of Food Science and
Technology, Gorgan University of Agricultural Sciences and Natural Resources, Golestan, Iran. Email:
habibmirzaei@yahoo.ca

3- prof, Dept. of Food Science and Technology, Faculty of Agriculture Engineering and Technology, College of Agriculture and
Natural Resource, University of Tehran, Karaj, Iran

4- Assistant prof, Dept. of Food Material and Process Design Engineering, Faculty of Food Science and Technology, Gorgan
University of Agricultural Sciences and Natural Resources, Golestan, Iran.

5- Ph.D. student in Food Science and Technology, Faculty of Agriculture Engineering and Technology, College of Agriculture and
Natural Resource, University of Tehran, Karaj, Iran

Received 23 May, 2013 Accepted 11 Sept, 2013

Background and Objectives: Chitosan is a natural antimicrobial compound against bacteria, yeast, and
fungi. Cellulose nanoparticles have high biodegradability rates and are less expensive than other
nanofillers. The present research prepared nanocomposites with high thermal stability that could
significantly improve the shelf life of ground meat.

Materials and Methods: Chitosan-nanocellulose nanocomposites were prepared using chitosan powder
with a molecular weight of 600-800 kDa, nanocellulose (20-50 nm in diameter) and absolute glycerol. The
nanocomposites were examined using differential scanning calorimetry, x-ray diffraction, and agar disc
diffusion tests. The performance of the edible film on improving the shelf life of ground meat was studied.
The experiments were designed using Design-Expert software, response surface methodology and the
Box-Behnken design.

Results: Results showed that increasing the nanocellulose level from 0 to 2% (W/wcnt) decreased the
melting point and glass transition temperature of the nanocellulose. Chitosan-nanocellulose
nanocomposites provided antimicrobial effects against gram-positive and gram-negative bacteria
throughout the contact area. The application of chitosan-nanocellulose nanocomposites to ground meat
decreased the lactic acid bacteria population of the product up to 3 logarithmic cycles over the control
sample.

Conclusions: The distinctive features of chitosan-nanocellulose nanocomposite (high thermal stability and

antimicrobial properties) recommend this polymer as packaging for products that experience high spoilage
rates and short shelf lives, such as meat products.
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