[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

Ol ‘5.3]3.5 &Ll g a5 pole alxo
AY-2) Olxio AP+ F lio oF o0 Loy cpiwas Jlw

210 bl (59l ()l (o p s Al p s old s (S w99l
¥ ehie ;e ML T golT e ol oo N a5 ape

(S et (S5 pole olF21s ( SI0E alio pole g AT 0uSEls 19iS LIAE mlio 5 ludss liiod gl o oliE mlio 5 peke il ol IS 4 gel iils -
RUARRU

S STy pode o5l ( olie mlio 5 ki pgle 0aSiails (eiS SIE wlio 5 sludis Slidss st (2ldé mlio 5 pole 05,5 JLtils gt sdiangi -Y
saeedeh.shojaee@gmail.com : S.sg mSUl o o))l ol 5 < i

S >5_..;).v eg_l.c o5iils “5[1;\5': é;l....a 9 Al f}l.c oaSsle ‘)3.&'5 s:lae @Lw 9 Sludss Sladss protem H s@‘&é @Lw 9 r:gl.c as)f )L,&Jb :JW‘ oy g -V
le_mirmoghtadaie@yah00.Com : S5 =Sl oy .ol eyl 05 o g

VECFIVIVY i 5 dy ol VE-FIPIVY cdl o &b

oS>

cw)mbd)lf)l.ueuosJ ).a.\a w):u &M)\.ALCAJLSMM é:Lw)b ‘;|)5—‘> 61.&&..3 )| oolazw! f..‘>‘ 61.‘73 JL.u 3 :JM,AEQM
@lisee slo g 9 dngs ez )l il 5l glate sl cdale gol> 5l utig g sl o ek addllas ol o el ails 6, Kot o,

055 oo & ySozhl ]

G S 5 4 Glo phd Jslos wsbye i3y (hgy 4 Ve VD Y LUV sle cble il o)) Getign slapkd sagugy g g
9 U’”’“‘S g_))J@ J.ALH: L‘bwl.oﬁ bS_ulS.c LSLQQ;)"j l)"l » 05>L€- b).»f = )‘)3 6)5 o)lJ.ol b)s.c QLMT Cawdo LSLQWJJ ‘;A.».SM 9 é)—d

A0 ,8 et s 8L ols oK bawgy plid sle diged CanSl alai U Job o34l
5 Cagby EalS 5 s, BBITA 4 aoys FYIYA 5l el ols 4 e o ohd Jolome 4 uilil (09331 a5 ols )lis mls slaaidly

5o Ll emal8l 2V cdale U o uill 1509381 b old cieisS Canglin w00 )5 ol b« Srddeds Shg Mol o 1 VIV 4y Vo /8F
oobed) 9ies Suud g, dawgs Aspergillus niger S ade uilul g5l slapld S5 as Codlad o)l a5 Y clale

gy bl Sl T8 L piiis olad 55 el 55l wld (Failosh i1 ial33l saims ol (55 56 5 s

IS gy aile 2w )15 5 eslil sl (293 Sy Wl oo ezl el LY (g5l 003 e Al ke 3T Aol
285 sales 8 w0550 goay Slalllas 50 45wl il

Slle sla Shg o 2B as sla Fhs wld ozl Guilol ()] s Sl B 319

shol sbply

D0 0929 45yl g 10 Jele loolainl b ol JSCis Sl e

Ol By 4 spdides (Shy ol 5 Cusby 5 Cdl> 1alS @ zmie o) (aBsn Sle pled Jslme 4 ezle (el (2538 e
RXY P

ol b 3 el ass ols Las Aspergillus niger GS™ ol (59, Sai)losb Sl ez lo il ol o35l eSgpm s b o ks @
Al oo Giali8l uilul clale



http://dx.doi.org/10.61882/nsft.20.4.83
https://nsft.sbmu.ac.ir/article-1-4054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

hlSen 9 (855 maye [ 05y 0xBgn 5wl sl Wld by (S wyp g Mg At

oIl Sel Gumgn clile gl eh o (Fgp
05,5 Lok (K5, M e 5 908 (oS Caoglie
ols IS 1 lopld S i 5 oL JEl i s
N

ST (ST g (29,800 0o laShy Gl sl
b bl wiile 0 g0 Slge (g9l SlaS 5 51 Glgs (o0 b ol
osill o Slead SLuS 5 olawd 4y az gy b 0,5 colanul
22 5 7B ws Sl 6l asls peilSe Glg5 o0d OlaLS
worge il (65,8 T (S 28,8 L o Ll byt
5 wsen Jobo Sid sl @ oy ol 358
slml g il plazsles jo DS cams 5 95 50 bags ;05 5500
9 T9> wzge Altan (nl 0gdige Jolo fdon 50y 348
() 990 Jshoo S50 g (Joho Shgime S8 5 layg ot

wor e V) Jlo o LK s Hoque dLwly ol 5o
9SS ez )ld il 55l (Y5 slapld la S
S o en Oype90 4 &S WSy (oo (ks o)las
ol (gl slapld anl Casdy g 0 a0y g duo o VY
S 5 (29,500 2S (ole> sl wald saiges b anslia o
(V)85 (5 i (7)1

ez I bl 53981 S (guw) 2l (6 anlllan ) Saa
Ceion 5l el s @ slagks o Shs slaShs 2
oo 0998 wld a4 L YN O cdale ¥ s as el )
30,8
Lvgy g oige o
Slgo

$598 Sl JU5 5 s Dol (5 g 31 53] s
oS ol SG 00 IS 0S990 i g 0D A 25
S 5 IS S e S o g e Dl s A - 3
gl ;o850 5l Al ez ls bl g Ll S e
a5 Al 29,10 QLS 0 geolse 0aiiS (55518 5

Aspergillus niger ) ,zwl uslirw] S hge
5 oo @lo ipgi bl ¢ dwesge 5l (PTCC5011
9,5l ly (gt sl CuiS b s agd Ll sake
Potato ,%YDextrose Agar Sabourraud 51 ;54 xS
WA (6,0, ol S e oS 5 5l Dextrose Agar

Aoddio ©
Slge adgs yo Jlb oy @ axg 3l gl Jlo yo
LS5 o a5 golse 5 S (V) ol adly iglihl la
Joily 2Bl e g n 9500 4 (St slapkd
445 Cel Ll I3 gla S 5l (20 o eig  5lopkid
o 3 il iRl g basslgnel leS 5 polie
sabii oL @iy dosise ple (LS9 n slao )
(VX)) conl dinly (o aw oSl S0 9 S uSdlg )
sl p slapkd IS b 4y a5 aas o0 (lis Slidos gl
9 O3Sl oz Blis 50 e (Sxiles Sloogas o5y
JoSis S (F) wjls (8l (oo Cagb) o el g shae
L LS by Cambioe nfon a3 o0 Ll ol
bawgs bnoyezsy ol 5l 5l am sl 5L dajl 5 b Pl
oo 4 SIS g (Gigen (Se «Figter sladisy
Oles &5 d9doe Sl phd JSis el &5 Wign o
Sl oo yooniy (7S 5 GRS Gaz 0 & o (S
550 sleeg,S msh 0ad o slaseulsial g
2 oeed 5 Al (S Gilsusd Gladisn o olad
53U e Jslons s a3lS 5 Ol 4y (6233588 5 oled (5 0y Sllas]
@ FiNeR 5 S G bwgs a5 sy (pl 0105
ookl 5nST Jle slooaiSaw laicdy Wdigy co o
B) sl asbyty ol Ll Cins abas Ll 55 o
s Sl &8 5 Ol b 4 s Canglie Sl
odd dgdze A8 (gassding 4o ldo IS (g Lgl.mpl#é
3,8 il el wilgi co Cuel bapld ol ZMol g ol
30 o) Kea g Meshkan Lewly cpl ,0 .(F) 0gi oo o Lyl
dopl 5l Shsr phd o GGl (wyp @ YOV L
Sble g 0950 (g Aol Clale Sl st 9 0956 (59
sy (Shes ohd oSy Fr 65 Hrleadly
axlllas 550 00game H0 ) luciudly ws o aS ols lis s
ez o) LBy 4 (500 55, ) (G S
Comd 38 lie Gl el (g clale a8l
5 Ameri Shahrabi 5,50 adlle o (V) o Ol,bw @
@z 25l oeSsn dopl 6 4 4 VY Jlo o ol Sen
gl ol s i g (L8 gl Sl gy 095 48,5
crge JapmeslS CLlE il aSols lis mlbs auxbls
DS Gl (iS5 Gl e JE e sl
slapkd a8 ©ju8 galS 5 o508y cubs (X,


http://dx.doi.org/10.61882/nsft.20.4.83
https://nsft.sbmu.ac.ir/article-1-4054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

AD

G By il 50 ks (62034398 (yliae (5 5 ol
gy 3 ekl L a4 baeld (g ndidei ol
(V330 ASTM) w55 cymss ASTM 45 Gogua E96 o Lot
Blos Eolan b (6l aind Gyl (55, b diges (10)
A&ob‘o)‘)égiosdgmwlsdg.)lsdjb@)ﬁ)la o[+« YAY
3l Hplemd (9,0 50 9 08 sy mbe (il SeSTL
w2y YD glod 15 o (VD o Casb)) gldl i ]
S oley b Bgyb 5y Sl ol ool 13 egend
30,5 (o8 ey (o) 4 S Bg51 ()59 Dl Jl3ged 0a
&P wsmar g0 ok gl p dols b ok i L
25 Wolee by Ol Jlou (ddss plie 5 5,5 ejll

10,5 Al

/ wid S g0 4O D290 )Lm_‘! db‘) (V—Y’)
e Jisl £ = (o e il £ x wled Caslins

Sewd r9)) Bl (29)Saead Culled o)y
((podiisnn (polod) (331 339

s oy (Sl slapks s Seas Sollad
03259800 Saand ST g1 eolitnll (o8 &jgm e
aw b 903,80 w5 (Solid Disc Diffusion Method)
(OF) 0 sl S5
(55 518) Scmnd (59, 31y o9

Vapor Disc Diffusion ) Sss (g9, 5l s o9,
Ot (6l (V-Y0) o)) Ken g LOpez g, &:lkae (Method
AOY) 0l solawl 535 58,0 bekd 09,50 o cdled
cuiS iy S B0 5l oolial b oxbaws S asds jelay
2 obeyl 390 S5V CRUMI Ly sgmime aole
b bl a8 ol 5T 55,253 55,5l EiS Lans
gl 59y el Inlyd o s pld 5l tesdee V-
e b eiie obad 30) 0 o0ls 5 Sl o I51s
S5 o> lp kb Loty (gon50 5l (2eiS Laons
el YY S 0 YO C° gloo jo 0 dpila] @l e s 5
ailaie olgieay ool sbxl alla Jhd S wad 6,158 ailke S
b A )S L s s lesk
hed (S sla g s pFojl]

oS a8 fels bels SOl sl S
Gl Ggoi (1) Sl adats B Jobo ]38l 5 (JSKWLIK)
ciLs M350-10CT) s il olfis olfiws bawgs wlid
ASTM gas D882 olad Lis, b (LSl ,5iS

& 9,
03l 9 gl Al

b @bl gzl gy b @l o)1 (9 glyme!
S Gegn Sl Aiged (L35 O 90 Lawgs FIA S Syl
SIS b 58 a5 G 0900 Ul 2y Bk s ead
AOV)) Bal
oilel ol 05l oeen sal » slapkd i
o sle

ok e A B9y 4 (3l (eSen sk 2 ekd 6 as
3 oLl g osly gy gy b Bllas jle old Joloe
eSS 0 asds gb 4 (IYAY) 285 Ojse Sl
Sz g ad adlol jhaie Of i) e Ve e a0l eis
4 Jlay Vg Lags Jpbous PH 5y JulS s I
A 00 o2 oo (glod ;o ad s FO e 4 g 0ail, 1,0
S 42,0 AD oo o Joloo (glos adBo Ve oo 4y o
98 0536 pled JSAT Sz (9 n U (65l gl
Olee 4y plecitadly (lote 4 Jo S 31 (5 adds V0 o
3asm uilel Glls slapls s (glp ol aslsl UF.
Ag.e) d‘fw A oolaiwl A e 0.59.: )’LﬂMJ?A‘ )l JS)AAA-\K
(ST (T A.o)oY 9 VIO o) el A 65L>' Lgl.mplté
30 Jolore 4280 ¥ Sae 4y g adlal el sl (il
Al R Caomd (pl j0 o2 ad B0

008 e (@) SegSen b ol Cwlks
Al LS diged o 0 Galidee aladi Ve 0 bag uSojlall
OYF) 00,5 oolwl &,908 g ol Ju 4 (g pdudes
ol Ho b W ld Caddlo> (g S0 31l

Oyt 3l e g 00 00y ¥V CM bl o o Ld (sl diges
gad)S 518 ke OF 2 (o B0 (55,0 o igel cadsl (39
OO Cot ugmmdis 430 YO glos jo cull Lol 1l cow
&l lawg alols Joloe 28,5 )18 el £ o 4 dlo
..)..n))f Slo \)ycs)u:l u.»)yjow)wb 0)949){».945‘59[,5
OF) 00,5 dculbre a5l Ol o Wl cldl> sy

S sele e = ggs dlosd 5l ey S2A W LE ns)d e

JERN Y EWEC
ald o damas dlol SL2A sala y3s


http://dx.doi.org/10.61882/nsft.20.4.83
https://nsft.sbmu.ac.ir/article-1-4054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

e 5 (855 mye [ 50 ey 6 Al 2 b Wld Slb (Shs wyp 9 Mg NG

oS sald old 4 Cons OF )by 4 6 pdydsh o ine
(p<+/+0)
gl ol SSilSo sla 15

ezl el 0938l T o 2 ¥ Jgazr 5l a5 lizren
ool 00T old S Canglie il el 1),0 s b
b ar G Lel 09 Jlo gme vl old ay Cd 238
oezle ool gol> Whd TY mhaw 0 o pxe b jles
b aals old 4 S ol Cnglie o e halS 4 e
JEly Ko = FYYY 228 Canglio b /1.0 ezl ol
5 Job il polie s 55 Cunglia e VL sl
Sl S sably L8 Ceaglie ppolie b St gabais
5 sl il g eVl e o5 L o 4550 4
Sl ket (SIS (e 09 S ()] S gabais
6 riaS polia sLls (YFISF YFIADY) VB §) 7 cpazylo
10 pligabl a3 0I5 ol 3t s 4
D1 ,lo e
Wgnmd 9ol SLoplid (229,500 b B ST g

2 Cllad )y Sl (ade ¥ Jgax 5l &S limes
9 prine olad by, 90 & dlol> digndsal slapld (S5
el ol o5 ol (Lid el upl oSS 55558
g S5 a Eelad a3ls (sl Luilud 03l 5l s
ezl el jed 50 szl ushpn] S5 Al L
RV IT e RVRYS WESPRIS oA FURWAR
ol a5 (gy5b @y ol 2ol T, (g losh e o
il el g el |y S0l ol ooty 1Y cpaz o
R R R R O SREIL S
Sd o Blbloals slonl dle lawgs SO o) 5l s ,lo50
ooled jo bl ghlash SIS jelay au0 5 asie
G 5B 0 LY e ls uslal gy (655 50 51 s i
2l b Gl ol g ctls 1y (Saijlosl @508 on 5YL s
ols s g B o Lo

iy ples 00) (Too) ASTM) 50,5 cymess
3903 el 3550 sle aiges (mupe yiewlu} /D x Vo)
03l 3 clis FA Sooto 4 LAY o Cushs, 5 YO'C (glos
Mﬂgﬁ&ﬁb&o&wb;ﬁsow&oﬁ.&oyoﬁ
bl Julexd g 49 35

SPSS 1531 a5 b dlol> sla ools o el Lo 5 4325
5losel Coaws @ lo uSlie anslie jghate 4 . pdy el
byl uilyly LT S 295 5 leend glo (il
90,5 colazwl
badle
SRNSed g Lol (ugh) Hluie) (S 8 s S g
ol (o Hl 4

ol ghls lapld gaals (L3 (Sod sla Sy
PRI ) ER W LN S Kv- PRIV - S VAR K
wLw‘ 005)3‘ L: O PRV J9A> o u_:] )L’>u EY ‘5)4‘.\.:05.04
ohd Sl vl old 4 bl asye iliEl g e lo
omlol (9938 g0 jlo pxe BTl Ll il igl5al
5 &5 phd Cugb, alS a4 e vald old 4 ezl
Gl s g ez)ls Guilul jga> jsaals (Ls cosb,
Ao S 40 Ghle gme WS (p <+/00) ool als
s oy 1o ilisl (5110 Wigad ol (slolid T o oSl
5 ol o3l bp </+0) wb sunlie wals oL a
canls zals Ol o whd el e (ilal oy ol 58l
el o s ezl Guilel ol slapld yo (P </ 0)
3529 (P<+/+0) o5 o gme gl > yals o
ol HBu a4 cas aphd (6 pddea o cdale asa jo sl
o098l il sals 13 5L cou wald old b awslie o |,
JBu a5 deis jlogine Rl 2ie Y (e lo il
Saals @ e Y B il cdale il Wl ol

ol bl Shls slapksd g vals ol (G358 slo Sy N gue

PP YRPSPR R ol s el Cugh ) jlade Cualses old g
VX Sl el e S » @ Gosleo)
AN ERVAN FYIYAL/ ¥ (RZZ3NE SNFEf 5P sals
OIFFE/\TY OVIYYH\/FAR AYYVE /5 ASE YRR JARESN
FASE) Y OF/- 0F - V1 VIYYAEN YV NARE TR JAR RN
Y/AAYE- YR OOIYAEN YA ATENYAs ARE-TYRRS i JARRVED

&Skt s ke Bl sl

2551810 gime M K aSel g o 0 (P <o+ 0) mhaw o Sils ygel ol glite g by olie


http://dx.doi.org/10.61882/nsft.20.4.83
https://nsft.sbmu.ac.ir/article-1-4054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

AY

() oSy (g 4bais G Jgbo s 331

Ozl bl s slapld g wald ol (SO sla S5y ¥ Jgux

S Cuaglie Job 1381 ok £5
(JSuLKe) (8]

< IYAAQE- [+ Y4C £ IVYENN VP asls

FTYE-)OF AR S AR

CFYRYE LN YEADEFAAY? AR

VOFAZ /- YA O8I\ Y£A/FA° ARORSS

eSlee E o sl Gl il

Al o gime BB S080L g ;o 0 (P <+/+0) pdaw s (SSls 093] bl Sglite gL polie

S35 5B g pein wled B9, 90 b ezl Lulsl (9l (355 g sl p slapkd (ST ws el Y Jgue

Aspergillus Niger

piiane puf olad s poled ol

ofeo? ofs .8 ol

\YY/AsEA/0TP FEVIFOESEN <P JANRNESS

FAY/EY AT FoVIDAEY/Y - PN Dozl

FEO/FVE- (598 AVA/- £EY/AYY AR
oSl £ lasbiul Bl

51,18 g BTS00 gt o 30 (P <4/ 0) mhaw o Sl Q,.cﬂ bl Sglaie By >l polie

= N Wb g o
o o o o o o

1oy cdale

o

LA clale LY clale

ol cdale

(JBels K S englie

0.4
0.35
0.3
0.25
0.2
0.15

0.05

all

ol Ly edle LV cdle Y cdale

owbel cdale

Oz ld il 5l ) g Sl oo gl (@) okt Jobo ol 3l g () (oS Conglin (6 dunlin Y yl0 90
130 ol s 55 SIS (o365 5051 5 4yl s ey 56T cpga3l ol o (greo S35 5 0 GLES s o 5 St SrsS B,)

(a2l (oo


http://dx.doi.org/10.61882/nsft.20.4.83
https://nsft.sbmu.ac.ir/article-1-4054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

e 5 (855 mye [ 50 ey 6 Al 2 b Wld Slb (Shs wyp 9 Mg AA

5 2als oLd > doy0 YV ez (Y0) cenl jiS Ol
g5 Sk wes o olid Ol o 1) aigedsel claglid
Las 1) 093 S Lsle Ol 4o (5,9 abse el Y 5l o
Olime bl wsyo ioli8l g usll 504581 L .aiogs 00,5
> e gmals cde culs rals O jo old codl>
Sl 32,5 T Cnle & 0l (on |, digradpal (slopl
Sl Gdu Cand oS caw a5 olo S oolaiul 050
Olee (RiSany Geizman 355 (oo hid 52,5 o 4 Cesg
5 b 58 ) ey JenSgy00e slaog,S g Lpesilil LS 5
GlS 4 e 095 o iSenp (ol 3929 |y bl Sl
I g 0nds S5 000 sloog 5 @ T sl JsUse (o ymd
stelie @S 055 oo s |y Ol @ yioglio glaplid adss
g Galus ¢ (YV) Y+ V\Y Lo o o, 4 S Pries C Lawgs
O PREEIC 4 2 DR SRS WS NLINS
Pl &) S gl gal (slapled (60045985 ol a0

@ e ol Qi datie o3b) Jlade @ b el
IS @l b a6 ndidsh lie x5 o3l Jds (en
@218 dlge b alal) )0 050 (0 wgeme Jpazs Sliogas
Cagby Ol 1y Cosl jige 28l e (el (pl jadz e
(29,500 Slad WiBls ot 5 )INSS (5 0)90 b yo Jgaze
(YY) 05 (ood olml o1 o olend g

5 92l lapld Ol 4 cnidsh polis \ Jyor
Ol waare Gl 1) o35 0ef9n b » dgradsal
alb s o S YIOAX V7l L 1o STl a4y (o pdydeis
Gialdl 4 ymie 1) ezl il 038l gy Sl e
ol GBI il Ll s Ll 4 6 g o sies
@ S B0 a1 (6 23035800 )0 gine 2ol 4 e LY L
Gl azie Jaaz 1S aisSilen .(P<- /- 0) 0l vald L8
a1y SLbu 4 e didei ol ezl Gl 1Y 3938
S e 85 s, JISaly e 456 5 o5 YIAAX )
OF) 0l o Tl 3585 S l3l 5o il (05381 6Vl
i Cugb) Sed 4 Cueglite Yl bl ilale ol L
Sl cunle a ol o lyoanay ool cde ol las ol58l
SledsSse ilos A5 o 45 8l S a5 ol
ol 3925 a8 wils cplailgige o] cde 0gd oo b a0 O
e (S 9y a5 @ e ohd S5l
okd LSl plxasl alS 5 ey asi (Cohesion forces)
2V YD) 05 oo oIy 4 5 pdudsa ialidl 1 g
O0938l aS wiaus wisls bl ) Sen g Atares a5 glasillas
RalS 1) Ol by 4 (g pdy 9 o5 Jlaieys ezl il
(YF) aoo oo

(WO TR
ol odond 4y (1l yakin 41 adgl (sl Lo
ohl o9 n wb »

OeSgp b polie (sl jolate 4y 4yl Slalllas la
sebie cpl lp ol el bapls cSle o caiSe s
)90 plie) g nl O 5/ ¥ slacdale b (S1y55 slapks
038 10 o/ ¥l YO JgpuadS polio L (Y lie (o oolat!
coolie cdale Glae 4 V0 cdale ol agd S p
G295 Ol 5o s n 00 Slapld nle ad 5o eFsn
Sor Y 5 elel Ll slaphd 3 90 50 0 S Sl
95550 18 (o) 2l 2835 (sl il cnlie il
O Gl cbale an (SISl g (s S b))
038,5 l azfs gl il 1 oz oz Y o ¥
Seld  obosdy (S SRy e
XWRW Y
oy oyl sl pled caolid

mh wind I gl o), 4 end Kis el
ssnlie 5T 40 Isn ol b o5 5 aisSoms 5 008y Lo Lyl
391 yho b /VF (Lmilul G3B) walls WL culbrs 0o S
Cealeds T le |y enlio g uilool (505381 L 45 (1 o)
4 bgiye Cwlbs ( fling 9550 50 a5 (gl Sy dly ol
o lapld s il oe ulul 1Y s slapkd
19 52 ge dalz dlge lsee a3l Sy Yloiml Luilul jga
A g g il sl 58050 (6 55518 092 el consl sl
U 55 bl ol i Caslies Liglidl 0o 505 pled 4o
olal 7Y o ¥ cdale 0438l 4 sy ae ol g 50 VoY
Sl bge efisn 5l oad A Sen old 4 ol
OA) 958 s ohed aaliess i3l
digrmd gol slaplsd O )3 Caddle g Cugh ) oo

Oy JObS il a5, aelid Cosbo) (e ) Jgur
i Sl ol ygilSems) LT g Cashys Ll
Ol Ll 1Y (0958l ams co ylid caya )8 s (gL
235 laphkd Cusk) ol 50 b S8 o
g malS 4 e lo uilul Cgdg 0 coale (S ¢/ 0)
ORalS 4 yzeie g oad Cawgd Ol sl 09,8 5 T (JsSUse o
Vor e po ol Bes 5 (i 130 5 (o0 plid Zusb)
5 S ez ) lel Gl ligS whd 5 A 0
V) aaBl cows sl gl 4y ol

anlllas 3 )90 wge S S 3 (o Ty Pl colls
Sroglie il ylivn Sl az ol Sy slaphsd 5


http://dx.doi.org/10.61882/nsft.20.4.83
https://nsft.sbmu.ac.ir/article-1-4054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

A4

& Sorbatdy Sl s & ez Y cdale jo g il
s ol panS Cwglis el a4 e clls old (s,
Sl Caws 4 Yoo q Jlo ,o o, Ken g Fabra lawgs opolie
(YO)

Conglia ppolie b ConSit (5 alaii b Jsb _ialsl polie
Coaglin 5 Ly 2 o5 5,5 4o L5 oK (5 el 225
Dy pyeS ol CwnSls (5 alaii b Jobo Sil3El g o 5L
olie Gl VB §) ez s osl pled Saal LS o5
gl 3 Gl nl g o yles ple 4 Cund S
ASOD 00y (6,550 (6 dnlllas ;o g o gme o[+ D Lol
S St uilol oly0 ity ol (eg 3l oad 4y olid
SO P Y] RSO SN NYERRIENY
9 oled i Had el iy Guilal Gog38l wisew,
(F)) 958 oo oSy (g abais b Jsbo ytl33l
Sgrlgol Glapld (S5 s sla S i

Sleeslal shls (5, (g9 slapksd (S5 ws el
sl S5 G B g s oled 50 ezl
oled (N Jg92) &b (o) 2 OioRad Samd gy 4 2l
b cd) )16 wals plom Gulol e 03] oean b
358 (et bl e ol (29,500 0o Sl 4T e
REPRTNSNIE & SRS T PHCNIIRESNIE
ekt olod miins wlod g, 50 45 ol (Lt gl ol
adlls 500 LS Ay 3l akiadlys ezl el gl
S a5 Collad 23, o ] Silizan S (5
oS o) WSy 0 Cysh uilel YL slacdile o lagls
bl g5 95 ;2 1Y lilale o g5k 6 Wl (S )5
oobed 5o Lslol (g lo5L 31 ST jehay (< +/+0) 0l oy
G B 0 Y eyl bl g (65550 5l iy pedtine
2l b Gl g ctls 1) (Sasylosl @508 cn 5YL 58
sl ols b anlllas ol gl cels I ime LS L Lo
YAVl jo o) Ken g Avila-Sosa 3.axd 5l ool s 4
(YY) o)ls Slyzean

e References

1. Shen, XL, Wu JM, Chen Y, et al. Antimicrobial and
physical properties of sweet potato starch films
incorporated with potassium sorbate or chitosan. Food
Hydrocolloid 2010; 24: 285-290.

2. Embuscado, ME and Huber, KC. Edible films and coatings
for food applications. Springer, New York. 2009.

Wgrmd gol opled (S0 Gl T 9 (o

S ols (St slapkd mee sla Sy 5l S
oyl 3y30 0 oS SleMbl yiadls a5 el L]
ks (Jsb (mlB aoys 5 (2iS Cwglie) (Sl
@Uls (o i 5 @b anld (b cax (ST
Siptim Slyiar osliial Jgb 55 355 S Sy i 1 L
O A olid Coglie ¢ oiniS Cunglie (YY) Conl oo b
ol 5y illanil 5 kot 5y 25 oo Gl 2y
Sl yorly 4 Cod (S1ys3 slapkd (Vo) s (o lis |,
A (6 yieS Cenglie lylo gy

S S 2 Gzl slamilul it polie (35331 31
sl 0ol ¥ oz 50 (335) g 4ty » slapkd (Sl
VARl i Cesglie ghls el s okt
oy JSub K

S gl 1 ol oS ile 33 ll LD 5
s b ez 1o il 038l il 1 oo Laaliil aos o g
Gl ol oS wls LAAS Ceaglie LilEl el 7110
b slars b dr Cod Lol 095 o ine ol o8 4y Cons
O e el Guilil gols L8 LY mhaw 0y o Sxe
(YA) o salss old 4y cons old Cuglin o pxe ials
JEl Ko /YVYY 225 Conglio b 7 VD fpuz s ke
Sgy S Cunglie o 5YL gl

pa> 53 o))l HFan ekt SRS Cwglie hals
lowlol LS 5 L o (iiSon 5l (06 Yleis] uslal
& (YD sl T g 2SIl GleaSig Slny 955 a5 o
2E ool g (b el Ole ns GlaiSen (ol
023 Ole 5 693 lo iSen p olass falS o (oad
1o el anllan oyl o 4l (¥+) 058 oo yarky clo
508,55 gl T3l i V1B ) s o
G551y Sl o S )b 5 eyl il (Sg 4 atnly oS
STl S e ezl 89y el eis Sl by
b ool sloign LSt b ond ol Jlslo o ayos

08,5yt |y a4t plnadl o1 (el (sloog 5 0509 (raSs

Rhim, JW and Ng, PKW. Natural biopolymer-based
nanocomposite films for packaging applications .Critical
Rev Food Sci Nutr 2007; 47: 411-33.

4. Bamdad, F, Goli, AH, Kadivar, M. Preparation and

characterization of proteinous film from lentil (Lens
culinaris) edible film from lentil. Food Res Int 2006; 39:
106-111.


http://dx.doi.org/10.61882/nsft.20.4.83
https://nsft.sbmu.ac.ir/article-1-4054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

e 5 (855 mye [ 50 ey 6 Al 2 b Wld Slb (Shs wyp 9 Mg -

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Mihalca V, Kerezsi AD, Weber A, Gruber-Traub C,
Schmucker J, Vodnar DC, Dulf FV, Socaci SA, Farcas A,
Muresan CI, Suharoschi R. Protein-based films and
coatings for food industry applications. Polym 2021; 13:
769 [Internet].

Wittaya, T. Protein based edible films: Characteristics and
improvement of properties. Springer, Thailand. 2012.

Meshkani, SM, Mortazavi, SA, Milani, E, Bakhshi
Moghadam, F. Effect of physical properties and optimized
formulation of edible film with using from chickpea
protein isolated (Cicerarietinum L.). JFST 2012; 36
(9):109-117.

Ameri Shahrabi, A , Badii, F, Maftoonazad, N, Ehsani,
MR. Evaluating the properties of edible pea protein-based
films using response surface methodology JFST 2013;
38:89-101 .

BURT, S. Essential oils: Their antibacterial properties and
potential applications in foods. Int J Food Microbiol 2004;
94: 223-253.

Sazedul Hoque, MD, Benjakul, S, Prodpran, T. Properties
of film from cuttlefish (Sepia pharaonis) skin gelatin
incorporated with cinnamon, clove and star anise extracts.
Food Hydrocolloid 2010; 25(5): 1-13.

Kamara Mohamed, T, Zhu, K, Issoufou, A, Fatmat , T,
Zhou, H. Functionality, in vitro digestibility and
physicochemical properties of two varieties of defatted
foxtail millet protein concentrates. Int J Mol Sci 2009; 10;
5224-5238.

Sarmadizadeh D, Badii F, Ehsani MR, Maftoonazad N,
Goodarzi F. Effects of soy-protein isolate coating on the
properties of French fries using response surface
methodology JFST. 2010; 6: 75-86.

Cho, Y S, Park, JW, Batt, H T, Thomas, R L. Edible films
made from processed soy protein concentrates. LWT
2007; 40:418- 423.

Sothornvit R, Hong S, DJ, Rhim JW. Effect of clay content
on the physical and antimicrobial properties of whey
protein isolate/organo-clay composite films LWT 2010;
43: 279-284.

ASTM D882. Standard test method for tensile properties
of thin plastic sheeting. Annual Book of ASTM, American
Society for Testing and Materials. Philadelphia, PA. 2001.

Kamaliroosta L, Ghavami M, Gharachorloo M,
Azizinezhad., R. Isolation of cinnamon extract and
assessing its effect on the stability of sunflower oil. Iran J
Nutr Sci Food Tech 2010; 6 (1):13-22.

Lopes Al, Melo A, Afonso TB, Silva S, Barros L, Tavaria
FK, Pintado M. Alginate edible films containing essential
oils: characterization and bioactive potential Polym
2025;17(9):1188.

Salarbashi D, Tajik S, Ghasemlou M, Shojaee-Aliabadi S,
Shahidi Noghabi M, Khaksar R. Characterization of
soluble soybean polysaccharide film incorporated
essential oil intended for food packaging. Carbohyd Polym
2013; 98 (1):1127-36.

Hosseini M, Razavi S, Mousavi M. Antimicrobial,
physical and mechanical properties of chitosan-based

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

films incorporated with thyme, clove and cinnamon
essential oils. J Food Process Preserv 2009; 33 (6):727-43.

Chana-Thaworn, J, Chanthachum, S, and Wittaya, T.
Properties and antimicrobial activity of edible films
incorporated with kiam wood (Cotyleobium lanceotatum)
extract LWT 2011; 44: 284-92

Pires C, Ramos C, Teixeira B, Batista I, Nunes ML,
Marques A. Hake proteins edible films incorporated with
essential oils: Physical, mechanical, antioxidant and
antibacterial properties. Food Hydrocolloid 2013; 30
(1):224-31.

Galus S, Kadzinska J. Whey protein edible films
modified with almond and walnut oils. Food
Hydrocolloid 2016; 52:78-86.

Pereda M, Amica G, Marcovich NE. Development and
characterization of edible chitosan/olive oil emulsion
films. Carbohydrate Polym 2012; 87(2):1318-25.

Ghamari MA, Amiri S, Rezazadeh-Bari M, Rezazad-Bari
L. Physical, mechanical, and antimicrobial properties of
active edible film based on milk proteins incorporated with
Nigella sativa essential oil Polym Bull 2022; 79(2):1097-
117.

Fabra, M J, Jimenez, A, Atarés, L, Talens, P, Chiralt, A.
Effect of fatty acids andbeeswax addition on properties of
sodium caseinate dispersions and films. Biomacromol
2009; 10: 1500-1507.

Atarés, L, Bonilla, J, Chiralt A. Characterization of sodium
caseinate based edible films incorporated with cinnamon
or ginger essential oils J Food Eng 2010; 100:678-687.

Shah YA, Bhatia S, Al-Harrasi A, Afzaal M, Saeed F,
Anwer MK, Khan MR, Jawad M, Akram N, Faisal Z.
Mechanical properties of protein-based food packaging
materials. Polymers. 2023 Mar 30;15(7):1724.

Cheng J, Velez FJ, Singh P, Cui L. Fabrication,
characterization, and application of pea protein-based
edible film enhanced by oregano essential oil (OEO)
micro-or  nano-emulsion. Cur Res Food Sci
2024;1(8):100705.

Bourtoom, T. Edible films and coatings: characteristics
and properties. Int Food Res J. 2008; 15: 1-12.

Tao R, Sedman J, Ismail A. Characterization and in vitro
antimicrobial study of soy protein isolate films
incorporating carvacrol Food Hydrocolloid
2022;122:107091.

Ervandi M, Indrianti MA, Suparwata DO, Yasin IA, Gobel
YA, Mokoolang S, Mokoginta MM. Mechanical
properties of whey composite edible film with the addition
of clove essential oil and different types of plasticizer. In
IOP conference series: Earth and environmental science
2021; 755(1): 012004.

32) Avila-Sosa, R, Palou, E, Munguia, MT, Nevarez-
Moorillén, GV, Cruz, AR, Ldpez-Malo A. Antifungal
activity by vapor contact of essential oils added to
amaranth, chitosan, or starch edible films. Int J Food
Microbiol 2012; 1;153: 66-72.


http://dx.doi.org/10.61882/nsft.20.4.83
https://nsft.sbmu.ac.ir/article-1-4054-fa.html

[ Downloaded from nsft.sbmu.ac.ir on 2026-06-23 |

[ DOI: 10.61882/nsft.20.4.83 ]

Iranian Journal of Nutrition Sciences & Food Technology 91
Vol. 20, No. 4, Winter 2026

Production and Investigation of Millet Protein-Based Edible Film Containing
Cinnamon Essential Oil

Najafi M, Shojaee- Aliabadi S**, Mirmoghtadaie L*"
1- MSC student, Dept. of Food Sciences and Technology, Faculty of Nutrition Sciences and Food Technology, National Nutrition and
Food Technology Research Institute, Shahid Beheshti University of Medical Sciences, Tehran, Iran

2- *Corresponding author: Associate Prof, Dept. of Food Sciences and Technology, Faculty of Nutrition Sciences and Food
Technology, National Nutrition and Food Technology Research Institute, Shahid Beheshti University of Medical Sciences, Tehran,
Iran. Email: S_Shojaee@sbmu.ac.ir

3- *Corresponding author: Associate Prof, Dept. of Food Sciences and Technology, Faculty of Nutrition Sciences and Food
Technology, National Nutrition and Food Technology Research Institute, Shahid Beheshti University of Medical Sciences, Tehran,

Iran. Email: le_mirmoghtadaie@yahoo.com

Received 2 Sep, 2025 Accepted 12 Oct, 2025

Background and Objectives: In recent years, the use of edible films in the packaging industry has grown significantly
due to their biodegradability and environmental compatibility. In this study, millet protein based films containing different
concentrations of cinnamon essential oil were prepared and their various properties were measured.

Materials & Methods: Millet protein films containing concentrations of 1, 1.5, and 2% v/v were prepared by wet
dispersion of the film-forming solution, and the physical and barrier properties of the obtained films were measured. In
addition, the mechanical properties of the films, including tensile strength and elongation to break were determined by a
texture analyzer.

Results: The results showed that adding essential oil to the film-forming solution led to a decrease in solubility from
62.39% to 55.28% and a decrease in moisture content from 10.66 to 7.25%, and improved water vapor permeability. The
tensile strength of the film increased with the addition of cinnamon essential oil up to 1.5%, but decreased at 2%
concentration. The investigation of the anti-mold activity of the films containing essential oil against Aspergillus niger
by the disk diffusion method (direct contact and gas phase) showed an increase in the inhibitory effect of the film
containing essential oil in direct contact with increasing essential oil concentration.

Conclusion: The film based on millet protein containing 2% cinnamon essential oil can have good potential for use in
applications such as cake coating, which will be investigated in future studies.

Keywords: Millet protein, Film, Antifungal properties, Cinnamon essential oil, Mechanical properties
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