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2 Folin-Cicalteus Phenol Reagent

3 2,2-Di-phenyl-1-Picryl-Hydrazyl (DPPH)
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2 -Differential Scanning Calorimeter (DSC)

3 -Fourier transform infrared spectroscopy (FTIR)

67

Er 0 oYL SO S o S g e e £0 5 o
A eda adds e s

Sl g, —Y-)

Shoeslaal LA ghadiged s bl
MIRA3 TESCAN Jue ' s s S Sy Koo

on e Sy AS Ve SEs Ly O iS5 L
[Y\es S 53

Gl s S3s —¥))

DSl e IS S Gl ol Sl sy
METTLER TOLEDO ),DSC 1) '} .lis
b iw los 5l anl b opl s eslizad ((Switzerland
oSl amys Ve b S 5 5L sl Kl 4 s Yoo
Lajlsgod (polod A plomil 05555 Obr o 4235 o
VB o 5 a5 5550 STARYE 1531 p 5 3l eslinal L
[YV]azs $

Ty 0s3le 4558 JidS (b Y-

o5 033k b a5 ale slaes S ) pim
Jolod 5 a2 gl 8 S 3 o s e 5 s
5o e ey S L Wl 5l e S e Ve s
Thermo -AVATAR 370 FT-IR) &> =l
doys 5 dd esls 13 (K 6] edsze VLI Nicolet
Lo omemle o fove Bt g sliel o JUsl
YAl 4é oo b= 7 585

ST o 5 438 XY

ke Do g sl 1SS a3 a0 g

Jobs 5 4 a8 (SD) Hles Sl il
L ot 5 a3l 330 IS b G o S (sobel
e sleslizad LP /00 53 (ANOVA) &b
A plowil (YY a5 SPSS

Cow ) @b_r

1- Scanning Electron Microscopy (SEM)



1440 53T VY 6,05 VA o, led

Q|ﬁ| &L'\.b @W}f}b‘d}u

S L reo 53 e JeuS st gl os S (VL
sl & 5 35,5 o of b sl 5 Jed 2033l
Lol LS S e SeS Wb Olele s ol
e ol il sl a3 edel Cews
ks WVP a8 5ls oL (Y01 6) OSes 5 Haq ol
oIl A Sa s 5l U Olse a4 Loy S e
V] sl

Db 6o (0740 0L 5 bl & Lo,
LS s 5 1S o il Sh slaphs O
Sl Sl b salisd Gy ol @l alie
chle o S S0 Cod 1S s b lagkd
Sakdsd 8 GliS w p JsmdS 5 1S pew
Dol 5 168 g CBle (5050 L (odd Ol
s Saravani Pak a5 55 oomes [YAJCSL 1580
(YY) 0, 5 Sadeghi-Varkani 5 (Y+ Y+ )0l
b slpe chle BIEIL 5 W Jolb alie mb
St 53 Sl Ll [YY 0TS S iy il WVP
Slgmes il 531 L (Y21Y) 0L, 5 Sadeghi-Varkani
b sl s (o) VY) peme e U adis
D30 Sme i3 G2 iin s 4y WVP oSy 5
Db 358 53 o e Cailes 5 ol Sl
[YY]esl Jals

slapks WVP (ol sprpe mld 4 g L
Slekd ag ks WVP i€ Ol e M)
5 mie a2l Vel s BSREP il glachle
G o Sascale b g lagds WVP
ssd= 5 (/A VX M g/mPas Lol IS pddiss
S8 Canilon b 5 5 Slankd WVP SIS VY
L.l e (WEY Ve X 7" g/m Pa sl O4dl) ol
o T B B 1 N P
Olse 4 A3l oas 0T Sl s oslel STy (slaokd
S Jas fge b stiSniles

Slapks Jlle 4 Of glad jSUge 358 o815 il
S ESREP WL clackle
2 S slads 55 3 S Sl 4]0 55

L;\A)Lé @J E) (Y'\-\ co\)l.i.a.h 9 Arham) JKT 4.’:‘L:

Sl

o jor 4y gl C’L" (Y Y+ 0, 5 Saravani Pak)
2 Lilg e Yo e Loglaghs ¥ ]l
dd ols 5 bl slagld ahax 51 )l 51 &5
o 3 ok Ol b b G esll (slalde 5 s
ESREP (slanks c5y onl 51l dode ST s 0l 5
Shs gl 48 ¢l W bl e |
s Coslos

Slib g pdy3 s —Y-Y

Looeess Gl Gk o SO elilasl ol
Sl OF 53 et gdoatay e ol (g 8Ll oo i
WVP (55, »BSREP Cilisn e s 36 o s
Laokd WVP s sl -l o o33 0L | s )
WVP ESREPCLle 2l LGp  /00) 34 s sxe
Slapks WVP 5 S 1y (5l AN 4 0 /0 5l Ll
O dhosr 5l a8 ool 4zl (35 slay 55U 4 S 55
Sy oy St a5kt L ploncil a4 015 0
g VIS 53 adaoden 4 B asdes i o
Lol 3 ool 4 Coale (ol s oS 5 e
355 oL [Y4 (i sy 5 W) ams

LS 5 350 s el L B o slagls 5o
255 2 358 sl il gr da g il S
LLSL L cdale 5l a ol 5 opl ole s s sl
sl el i Bl L el casle s o
I A ) B e N S
oy, S Vgane Gl 45 Gl 0l Lasie o
oy s e Ol Y| LgLAV.L:é WVP L s
ok O Jes 5 jee chle Bl L WVP

a3 4 e aies ol Y] WL e sl

ESREP ilizeo gbedalé b (lame Byt (yuSileo) plad (oK b Sloogas ) Jgax

<100 gm s 'Pa) O,y (s pidudeds

(d2,0) cudl>

68

(oo heo)imlies ESREP Ls



OLer 5 55 = 125

R A
o/ and
AR FAL

iz
£ 10
Y5IY

Sl N R (AR oy )
A R YRR KSRV
SalAl RN R VERS i doyo ¥

Sl soe Dglay onims las gt o y0 alie 8 By,

che Bl el bagls gl ol
O Slp ekiS e bl SO landd (S35 50 e
S Ll oo o5 U5k S el D508 55 Sl
D3 e = ok led ey o Sle (Rea U
S S s  5Kan VL o K> Dls 4,8
VIS o al 3 5 58 |

s Saravani Pak a5 55 casdllas oyl CLJ alie
sl S SPG I il (YY) Ol as
I ]l b ks o s8

Sk L alis 53 ESREP (sla b 313 0LES s
Lo)3 WO L)' oS andls b plsl L il o s
Loy A L) s Shusn ks (UV L5 e
557 LUV 5 g2 bt Oy 4 (UV 50 50
Cuilis 5 S, gl ull [EY dY]aas s e
Al b oamlis LB 5 Js3 LB ESREP (cla,ls

Ll 5SS 55 slagld

P < 10) el (Sils gyl bl

Ul 5 2,588 K)) 6u5 Sleo g Y-t
UV Sl

JW&Q}@‘ﬁW‘WuW&)
Sl (SIS osb a2l b etiS G pas b s
5 Slid Sy old iy 5 gy 5 skl
e ¥l YU s,
53 BSREP (slads cuslid 5 Ky lamelil
ESREP il |5l 53 L .l o osls OLES ¥ Ui
My Rl ks B* s a% gla byl 5 tals LY il
slagkd b bl RIS s 4 (op /00058
ESREP ;55 L Lo e a5 azils [Sjya,5 ol gl s
Al e ad !

JOWENIIITHE S PV TTIE I P
o (gl ot amtle sla b 3 008 lds o 5V
Aoy Y V.L:éé\ﬁ&)jﬁ)lmwﬁwb:jw‘)b\/o

ol ESREP luds il el Cows o ESREP

ESREP ilizeo gbs clilé b old cudlih 9 5y b yiolyl ¥ Jgo

(FF-nm) i & ygaS YA- (m) L b a ESREP ,Ls
£+ -nm)
<Yy YA (VS0 \IYYENYE VIVEEY/A? VIYoo/AP NENYC oy )
2%k vt v? -natond ViEFEN YO YIYVEY/a® E RUSRRY/A
- IbAEYIYE SIvE./fC -natond V0 EABC YV VIYEYIA RN |

P <o 140) col (Sils 03l bl 3 ()10 (e glas saims HLis gt o 10 alie 8 By,

TS Jsde L OSaV s 57 S aki > Jsb
G35 2 ESREP Ll 0555 26 sk e sl

Lol ol osls LS ) IS5 )5 lags 228 ol g

4 -Elongation at break (EB)
5 -Elastic modulus (EM)

6 -Young’s modulus (YM)

69

LLES ol g —0-Y
b pdice 59/ S glaphd 225 sla S5

Sl & asS Caglis i seme byl a6 S50

1 -LOW-density polyethylene (LDPE)
2 -Oriented polypropylene (OPP)

3 -Tensile strength (TS)



1440 53T VY 6,05 VA o, led

Q|ﬁ| @L'\.b @W}f}l&d;u

(oAl Tl = das e OLE 1y a2 W, SO e
by SOl 5 4 ey Gl el GBI e
BA] ol (b Sl o T b 5 A Gl o
clle il LEB e il ) s esdle [£4
Cole s O (I Cad b L s 4 ek o
s Atham hass b lags cnl 53 e d5 S5l
Cilaa(Ye V) 0, s Murdinah 5(Y+ V1) 0,
[or XV ]s,ls
015 oo ESREP (L3 225 ol ot sl 4y 55
Jsde lils 5 cilanis (g5 ESREP (L b S e
Sl 4 e 85 Lol elge ool VL SVl
(S Sl S s e e LIS ol
S glapkd [or]ail (s ey s, 5 e liSe s
Jsb il 5 JKLLEe Vo= Vo o3 5dme 55 OT TS
O byl dos Ve Sl zi ol (SHL dais s
35 Gy akk O IS el b pland s
Sl 53 e St slagos Y pens ol oDl (YT
3Gk Slp (el G55 220 ) 2p0) (S
0 gaeo Slad gl (VL a5 S s 51 A0 OIS
wruy 5 el (b)) Solepld il >
BB w s bl [Y4] a5 e eslial (55
Olse a1y ESREP doys ) ol Ol oo ool o
Jsd JB SSG Supd ol Lo o S
38 bl

70

oS L glan Bl 5 (g lsbiae D b aary
Lo edalie baakd oo (SO i s dgb 05
Li;\i J_}Jw_} ‘_;Z.JS Q.AJULA sl QLJ;.: @L’b('p /'0)
iy Lol 65 ins 55k 4 ESREP lals 155l |
Qﬁ”&m‘ﬁ :.:.g C*‘juﬁw";m (.p /no) ;JS
Yookle bold @ by SO ki 5o Jb bl
chle il LS gysb 4 s ESREP s s
Yo/Ne 5l L2iS Cwslis o )3 ¥ 4y Aoy ) I ESREP
dais j5 Jsb Ll 5 JKLLK Ao/t 4 JISLLKS
3l Ll doss YVE 4 asys ATY 1 S
SeSad o bl 4 e ESREP (glgee il
le 03 s et Sk e o S5
Ol ol 4 A8 o Lo |y Shs slapld
LgLAaﬂ;u) O dols }J.Ta)]ié Sl o A V1Y
Syhis S (B oS Ceglie ASL S e
sy Bl A5 s o TS e S5l 1]
hmge LTV BT 5 e sladd ctlans 5
S T8V =88] wali 5 s, 5 [VT] S il
ol 0
SEe Sy S SLakE s b Ll
Sl S 5 g pduilanl sdasglis oS ol (gl
S oy Blash e slaals s il oL
b Bl L sl L) ol sls e

S ol NS i (o250 Il Jule b oS



w3 dgloadi Sl bl ok s oL OO 5 o o 185

] 100 - c
7 80 -
ﬂa 60 -
N b
v 40 - a
J 20 -
3
0_

1 1.5 2
(aw,3) ESREP —lils

w
(S
J

(@]

SRS A S

o

1 1.5 2
(4o,5) ESREP il

71



1440 53T VY 6,05 VA o, led

O|ﬁ| ua_L'\.'ﬁ @W}f}\.ﬁdﬁ

3000 -~
2500 -
2000 -
1500
1000

(Il Ke) ¥l Jgoke

500 -

1.5 2

(as,3) ESREP lals

A(€) S Jguw 9 (b) Sl a0 Jab g3l (A) cilhS Cooglio :ESREP spld Lls olgs N Sl
o glds osale 09‘0}]— bl 1 g 3B (69) lio jul Bgye .0pd < ol |y (SD) Hze Gl il Uas slalgi
.(P < ’/’A) v\-bé‘so OL»;J ') 6)‘0

S s pd e eslinul ol Culis s 5 mla
A2l o i 5 S Osd s, 5 alSe ok S S
Sl ol it s s ol plnndl Gl
[0V ] il e OF o slls
(Y JS2) ESREP (L3 SEM sl il 5 432
oSl skl S bw s ag ESREPV,L_;, aS sls Olis
Wl b (55058550 Ll 5l s LSS
RO K GNP

SEM A S0 WY Weix 557 mm
Viarwy b 130 s Dut S2
SERE MRG0 00 kx  Dlanofmeyy 01 2904

<4 ESREP 15 oo pas —¥-Y
Ssle 5, YY)
o e b sl el a8 5 sl 35 S
WVP Lile (L3 Sl Sns 03 Scpdsy sl b
Osa5] s dde @S5 Dol (S ol
Sl Kool b)) @l S, Olse o SEM

u;el..o ch&}jd)(]& S ‘)bﬁ;u SEPY LS“".’.Y Lr.L;—é

MIRAS TESCAN



OLes 5 55 Cpom 125

SEM MV 100 &Y
View Nt 130 jm
SEM MAG 100w

SEAE VN T0L0 WY YO58 mm
View flede 27,7 g et Indoam
SEM MAG 500 ka  Datefmstyl) (110% 4

MBAT TESCAN

WO SAY e
Dt ntie it
Dasa(maryl 01774

View fissct: 4 60 pm

SIM e S0 kY WIS 67 mm
Det: 55

Dlatwtmiary) 2004

*am
SEM MAG: OO t b

Glizo o G&Lo.&f)}.g L ESREP a0y ) ol Gig,’&ﬂ‘ (&P wg ;S0 polai ¥ SCS

[OT’].L}..; V.LML’ L;t._:_Ld @ J‘i"\"; 9 okl C)b- S~
ol sy ol Sed 03 SOl LIS e
YA+ /87 ‘_dl.ab 63 gd>=s > 6).?_5.,\4‘ ;{.ﬁ & Sy ee
by Ly oaS s 8 od ol S Sl as s YoYAY
NN LN O
%vngSC See D r):j.,\}‘ggﬁj;ﬁa‘f))\&
a5 VoY sea- gl (aj*))f\ Sy K el
o yochis 4 by o Yool &S sl sdalie L5 51 S sl

LOE] AL oo (s packy 0 o3 DD a2 5 O

73

o sle S oYY
ESREP 3l o3 4 ot sl 500l ™ U5
-\oY/no 63 gd>we 2 4.:.‘_9‘ (aj.?j.b\ ;iﬁ & J_<JL.LJ (v
& Loblae S oopl g ol S sle axys UM
Wy Jooden sla os S L Al Wism Cusb, e
o3 O s e BUST s jardy oy 5k Lo

ok Glaolle Sl ek slae oy oS s 0 )



1440 53T VY 6,05 VA o, led

b‘ﬁ‘ &l.'\.'ﬁ @W}f}l&d:u

a0,3 ) ESREP Lé 5l b ynl)b ¥ Jguo

g S £3° S Jsl e (31,8 5l dr 3) Les
303 Yov/ev 4dAld g3,5 aaii
-— YOY/¥Y \+4/FY S
— YA+ /% \OY/50 S abis
——- —AAY/VO —\YAQ/F (Js5 o) ST

0.6 -
0.4 -
N
2
O
VM, 0.2 -
3
3
..\. 0 T T T T T T 1
“, 50 100 150 200 250 / 300 350 400
702 -
0.4 -
-0.6 -

(:1; Sl a=,3) s

G0 y0 ) Cdale L EDKIE 51 00 dugd pdued DU ol 45 g0 5. Y ST

sde b pde Sl O-H L2is lale )l aasiin
Slals,l ag by e aS 3l 30 FEVV/YE > se
il e o8 JSUse s 0ss el s
ol Cogby @ by s S pl L EL e iS50
L3 adls fSoods gl oy S L Jo S sl
Sl asiie SYAY s Yrrs o3pdome s o
5 YAVA e sde L ol S ol C-H 22S
s el Olge a pdor Dl nla)ls 3 e s YATY

@\m}ud)ﬂ,@}lﬁﬁ

74

}o}b;:bg,,}&.&;@q& Y.y.v
2 pp Ol ans bAS ameckb )
Sdls g5 son Slr Vs bl
250 ale slaos S 5 e Sl sise £ 5 (s SIS

358 o 3 esliad
53 BSREP awjs ) clile b oL ol FTIR Cib
ISl s oS 40k Ll sl 3ls OIS £ S

4SS Ya0+-Yo04:

639w 3D odalin

‘)j_».erA



laoy, S e gladsl 5 C-H la 055 ies
20 5300 o aslsgd el o O-H S
5 8RS C-0-C 5C-0 Sblas w by i sl

[¥4] cenl C-O-H slail

Yo/

AYAIAF
Y YY/K' X

YEYV/YE

o bl G gel bl 1 (5okme 4 ) i
odaline du& Ju.:l) ‘bfja [/\] Q_})\J»:w\ C:OJL.&S

sl Slola e mle s VVeeY00e 4l js el

/Y& vy \ R ATANS

YFVPIA.

4000 3500 3000 2500 2000

1500

1000 500 0

(Goile ) (rge 20

20,51 ESREP oL FTIR Gib f JS.is

Razavi s Shahrampour iss% 53 (AoysYe —04) s S
Sl oy VVAA — YOV 5 VAXA 55w (YeYY)
[4 0]wsls olas |y DPPH JISGsl, S s )l

Sl Jsd OlS 5 i (Y4))Y) OlSs 5 Karaman
Gloslas Il il (os S Ao ¢ Slast sl gla
sppe by Wl aikes 51 Jols i ol 5 ke (J 5G]
oozl 3 USSP Dl s e s LIS e s
(o)l KIS S (p Fedes A bt o bSC
b DLS S MR i Lo s WD STl 5 WOl
SeS S VAT EA s 4 gk gla ojlas s
A edalie S ojlas 0 S S sl 4 S el OV
Bl ol s 5l JGsl ds el op i J b1 e las
oabe Yl ojlas > Gles Sl casls S
[oviws 8

18- CARVACROL

75

WL IO [PER 4 B

dr i 5 sl b s Wl e sk JlAS) ST b
Aol azslsy B oA sl g8k

ESREP dojs V old wsed kb OLS5 Ol
()las 535 5 Vv 53 SUE dl p 5 L)V FO/YE VA
Ao 3 Yo/ 0 DPPH 5131 JGsl,  Sais jles oous
St sl el o8 s oLzl (Y0IA) 01K 5 Soni .3 5
/05 528 L;La(..l,;? s ey Ved/v 5 S5 Ay VO/YO
JCsl, Llge 4 S (CNFS)TEMPO (ke GUI 5L
05 0> SV 5 cdlas 0 5 L) MY 5 YN 5 5« DPPH
el & ey S ol @ addlles gyl Sl s (8503
[00] 505 ot aaly Ol 28 chale b Sl

Jouki ytags 53 e ails PDhwse 4l byl LW Ld
e gl CllE L essses) ohd s (YY) OLSes

17 -CARVONE



(1]

[6]

1800 3T VY 6,05 VA o, led

C)|)‘o‘| g;l"lb @L&Jf}l&&u

L b pile sl 4.3;@,&45.\3)15& ekl o8
b s S LI leddatlid asd s,
3pd A IS St e ) s eds 3,158

(b el sl

Sbolg Sl ol Jb Cole & Soms hash gl
el 05 SO il elasl e Lol ds

S8 dns 5 oS )l

Sl (a5l s 5 ) GBS R e |25
Wisg Capde (emeoliel el 4Bl 65w
o e w0l (Gl s 5 il) GBS (g 5lap sehe
(sl s s u,'ﬁjb.)di)lfj ipdde e ls jdeme Lacsls

u:u)li.:uu;- Lf‘fw 4 gaee Lassls o pke cC.J)U&J

Laesls &:«\iﬁv\-ﬁ LQ)M ‘(f"i‘ﬁﬁ 9 Lff)b)

L oosls & s 3

lesls d;@ Shedlie cpl s eddcin g Sags s

el s i onlanu!

FFar s sl

RGSUH Iy WLV RSPV SR Y S|
@\.2.0—0

[1] Wu, X., Liu, P., Shi, H., Wang, H., Huang, H., Shi,
Y., & GAO, S. (2021). Photo aging and fragmentation of
polypropylene food packaging materials in artificial
seawater. Water Research, 188, 116456.

Fu, X.; Chang, X.; Ding, Z.; Xu, H.; Kong, H.; Chen, F.;
Wang, R.; Shan, Y.; Ding, S. (2022). Fabrication and
Characterizationof Eco-Friendly Polyelectrolyte Bilayer
Films Based on Chitosan and Different Types of Edible
Citrus Pectin.Foods,11,3536. https://doi.org/10.3390/
foods11213536

Abdalkarim, S.Y.H.; Chen, L.M.; Yu, H.Y.; Li, F.; Chen,
X.; Zhou, Y.; Tam, K.C. (2021).Versatile nanocellulose-
based nanohybrids: A promising-new class for active
packaging applications. Int. J. Biol. Macromol. 182,
1915-1930.

Udayakumar, G. P., Muthusamy, S., Selvaganesh, B.,
Sivarajasekar, N., Rambabu, K., banat, F., sivamani, S.,
Sivakumar, N., Hosseini-Bandegharaei, A., & Show, P.
L. (2021). Biopolymers and composites: Properties,
characterization and their applications in food, medical
and pharmaceutical industries. Journal of Environmental
Chemical Engineering, 9(4), 105322.

Safia, KH., Amina, B., Houda, T., & Hamdi, 1. 2024.
Edible biofilm formation based on gum Arabic from
acacia Senegal. Studies in Engineering and Exact
Sciences. DOI: 10.54021/seesv5n2-211

Huang , S., Dong, Q., Che,S., Li, R, & Tang,
K.H.D. 2025. Bioplastics and biodegradable plastics: A

& S domit
2k S (s e Shs e nl
iy Sl edd zl sl Sl s Jsbeds Sl b wly
BB 3 eon s el 65 e
clle 2l L KL e 5 58S Caslie sl OLES
Glp bl 38 lay Sl ols e ,sb 4 ESREP
Jhoee (WL a5 Sy 5 S0 OIS 51 (5,5 5k
Lo ) ekt il ol il e 53 pes e
Sl (Sosd ol b ag ohd S Ol g 4 ESREP
SEMsla 0 g3 oo od (555 pidd Sl dpd L6
L | PR R g KW 51 el SFTIR DSC
Sl b () 38 AL L s oS sl 0L anlllas
Sl o S e Slad lagld L LGl
s el on o185l 5o gty b )8 (gl Y

dalgz ) Sde slanld 6 ndy o B S Rl
A

CéL'.e alas

review of recent advances, feasibility and cleaner
production.The Science of the Total Environment. doi:
10.1016/j.scitotenv.2025.178911

[7] Hassan, M.E., Bai, J., & Dou, D.Q. 2019. Biopolymers;
Definition, Classification and Applications. Egyptian
Journal of Chemistry,62(9),1725-1737.

[8] Lazo, L.; Melo, G.M.; Auad, M.L.; Filippa, M.;
Masuelli, M.A.( 2022). Synthesis and Characterization
of Chanar Gum Films. Colloids Interfaces, 6, 10.
https://doi.org/10.3390/ colloids6010010

[9] Shahrampour, D., Razavi, S. M. A.( 2022).
Physicochemical and structural properties of a bio-based
antioxidant packaging film derived from Eremurus
luteus root gum. Materials Today Communications, 33
(12), 104756-10.

[10] Fatemi, h. 2018. Food chemistry. Publishing company.

[11] Dashti, M., Zarif Ketabi, H., Paryab A., & Tavakoli, H.
(2005). “Study OF Ecological Requirements of Foxtail
Lilly (Eremurus Spectabilis M.B.) In Khorassan,” Iran.
J. Range Desert Res., vol. 12, p. 153 To 165.

[12] Zargari, Ali. 1369 medicinal plants. Volume 4, Tehran:
Tehran University Publications.

[13] Khorasani, M.M., Yousefi, A.A. and Langroudi, A.A.
2015. Viscoelastic behavior of Cerish-Borax gels.
Journal of Polymer Science and Technology 3: 1-11.

[14] Rubin, R. (2002). The Melagria: on anchorites and edible
roots in Judaean Desert. Liber Annuus, 52: 347-352.

[15] Jahanbin K., Abbasian A., & Ahang , M. (2017).
Isolation, purification and structural characterization of a
new water-soluble polysaccharide from Eremurus

76



stenophyllus (boiss. & buhse) baker roots. Carbohydrate
Polymers, 178. 386-393.

[16] Shahrampour, D., Razavi, S. M. A. (2023). Fabrication
and characterization of novel biodegradable active films
based on Eremurus luteus root gum incorporated with
nanoemulsions of rosemary essential oil. Progress in
Organic Coatings.

[17] Muhidinov, Z.K., Bobokalonov , J.T., Ismoilov , L.B.,
Strahan , G.D., Chau, H.K., Arland T. Hotchkiss, A.T.,
& Liu, L. (2020). Characterization of two types of
polysaccharides from Eremurus hissaricus roots growing
in Tajikistan. Food Hydrocolloids, 105.

[18] Baratian Garghi, S., Mohebi, M., & Koocheki , A. 2017.
Investigating the properties of a new biodegradable film
from Sirish: evaluating the effect of the type and
concentration of plasticizer. Master thesis of food
science and industry. Ministry of Science, Research and
Technology. Ferdowsi University of Mashhad - Faculty
of Agriculture.

[19] ASTM E96-00 . (1995). Standard Test Methods for
Water Vapor Transmission of Materials. In Annual Book
of American Standard Testing Methods. Philadelphia,
PA: American Society of Testing and Materials.

[20] Shaygannia, Sh., Eshaghi, M.R., Fazel, M., &
Hashemiravan, M. (2020). Phenolic compounds and
antioxidant activities of lemon wastes affected by
microencapsulation using coatings of Arabic, Persian,
and basil seed gums. Journal of Food Measurement and
Characterization, 1-11.

[21] Salehi, E., Emam-Djomeh,Z., Askari, Gh., & Fathi,
M. (2019). Opuntia ficus indica fruit gum: Extraction,
characterization, antioxidant activity and functional
properties. Carbohydrate Polymers, 206, 565-572.

[22] Niazmand, R., & Yeganehzad, S. (2020). Capability of
oxygen-scavenger sachets and modifed atmosphere
packaging to extend fresh barberry shelf life. Chemical
and Biological Technologies in Agriculture, 7:28.

[23] Roy, S., & Whan Rhim, J.( 2020). Carboxymethyl
cellulose-based antioxidant and antimicrobial active
packaging film incorporated with curcumin and zinc
oxide.  International  Journal of  Biological
Macromolecules, 148, 666-676.

[24] Hasheminya, S., Mokarram, R.R., Ghanbarzadeh, B.,
Hamishekar, H., Kafil, H.S., & Dehghannya, J. (2019).
Development and characterization of biocomposite films
made from kefiran, carboxymethyl cellulose and
Satureja Khuzestanica essential oil. Food Chem, 289,
443-452.

[25] ASTM D882. (2009). Standard test method for tensile
properties of thin plastic sheeting. West Conshohocken,
PA: ASTM International.

[26] Niazmand , R., & Razavizadeh, B.M. (2021). Active
polyethylene films incorporated with B-
cyclodextrin/ferula  asafoetida  extract  inclusion
complexes: Sustained release of bioactive agents.
Polymer Testing, 95.

[27] Kian, L.K., Saba, N., Jawaid, M., Alothmanb, O.Y., &
Fouad, H. (2020). Properties and characteristics of
nanocrystalline cellulose isolated from olive fiber.
Carbohydrate Polymers, 241, 1-7.

[28] Malsawmtluangi , C., Thanzami , K., Lalhlenmawia ,
H., Selvan , V., Palanisamy , S., Kandasamy , R., &
Pachuau, L. (2014). Physicochemical characteristics and
antioxidant activity of Prunus cerasoides D. Don gum
exudates. International Journal of Biological
Macromolecules, 69, 192-199.

[29] Zahedi, Y. (2019). Edible/Biodegradable Films and
Coatings from Natural Hydrocolloids. Emerging Natural
Hydrocolloids: Rheology and Functions.

[30] Saravani Pak, E., Najafi Ghaghelestani, S., & Najafi,
M.A. (2020). Preparation and characterization of a new
edible film based on Persian gum with glycerol
plasticizer. Journal of Food Science and Technology. 1-
11.

[31] Arham, R., Mulyati, M.T., Metusalach, M., & Salengke,
S. (2016). Physical and mechanical properties of agar
based edible film with glycerol plasticizer. International
Food Research Journal 23(4): 1669-1675.

[32] Kokoszka, S., Debeaufort, F., Hambleton, A., Lenart, A.
and Voilley, A. (2010). Protein and glycerol contents
affect physico-chemical properties of soy protein isolate-
based edible films. Innovative Food Science and
Emerging Technologies 11: 503-510.

[33] Sadeghi-Varkani, A., Emam-Djomeh, Z., & Askari,
Gh.( 2017). Physicochemical and Microstructural
Properties of a Novel Edible Film Synthesized from
Balangu Seed Mucilage. International Journal of
Biological Macromolecules.

[34] Carneiro-da-Cunha, M. G., Cerqueira, M. A., Souza, B.
W., Souza, M. P., Teixeira, J. A., & Vicente, A.A.
(2009). Physical properties of edible coatings and films
made with a polysaccharide from Anacardium
occidentale L. Journal of Food Engineering, 95,379-385.

[35] Javanmard, M., & Golestan, L. 2010. Water vapor
permeability of edible films based on whey protein
concentrate and olive oil Iranian Chemical Engineering
Journal , 9 (46).

[36] Ameri Nasab, A., & Khodaiyan, F. 2014. An attitude on
the properties of edible films based on kefir extracellular
polysaccharide. The first national snack conference

[37] Haq, M.A., Hasnain, A.,, & Azam. M. (2014).
Characterization of edible gum cordia film: Effects of
plasticizers. LWT - Food Science and Technology,
55(1), 163-169.

[38] Rezaei Taqiabadi, M., Moftun Azad, N., Badiei, F.,
Hosseini, S. A. 2018. Evaluation of factors affecting
mechanical properties, turbidity and water vapor
permeability of tragacanth based edible films using
surface response method. Quarterly Journal of Food
Science and Industry. 37(9).

[39] Razavi, S. M. A., Amini, A. M., Zahedi, Y. (2015).
Characterisation of a new biodegradable edible film
based on sage seed gum: Influence of plasticiser type and
concentration. Food Hydrocolloids, 43, 290-298.

[40] Ren, J. (2008). Study on edible film based on whey
protein concentrate. Wuxi:Jiangnan University.

[41] Kibar E.A.A., & Ferhunde, US .(2017). starch-cellulose
ether films: microstructure and water resistance. J Food
Process Eng 40:1-8.

[42] Dick, M., Costa, T.M.H., Gomaa, A., Subirade, M.,
Rios, A.D.O., & Flores, S.H. (2015). Edible film
production from chia seed mucilage: Effect of glycerol
concentration on its physicochemical and mechanical
properties. Carbohydrate Polymers, 130, 198-205.

[43] Haq, M.A., Jafti, F.A., & Hasnain, A. (2016). Effects of
plasticizers on sorption and optical properties of gum
cordia based edible film, JFST 53 (6) , 2606-2613.

[44] Al-Hassan, A.A. and Norziah, M.H. (2012).

[45] Starchgelatin edible films: water vapor permeability and
mechanical properties as affected by plasticizers. Food
Hydrocolloids 26: 108-117.

77



1800 3T VY 6,05 VA o, led

C)|)‘o‘| g;l"lb @L&Jf}l&&u

[46] Jongjareonrak, A., Benjakul, S., Visessanguan, W.,
Prodpran, T. and Tanaka, M. (2006). Characterization of
edible film from skin gelatin of brownstripe red snapper
and bigeye snapper. Food Hydrocolloids 20: 492-501.

[47] Polnaya, F.J., Talahatu, J., Haryadi and Marseno, D.W.
(2012).  Properties of biodegradable films from
hydroxypropyl sago starch. Asian Journal of Food and
Agro-Industry 5(3): 183-192.

[48] Fazilah, A., Maizura, M., Abd Karim, A., Bhupinder, K.,
Rajeev, B., Uthumporn, U. and Chew, S. H. 2011.
Physical and mechanical properties of sago starch —
alginate films incorporated with calcium chloride.
International Food Research Journal 18(3): 1027-1033

[49] Ren, Y.Y., Fang, J.L., Gong, R.Z., Xiang, Z.L., & Sun,
P.P. 2023. Preparation of alkali-soluble polysaccharide
from Clausena lansium (Lour.) Skeels and its effects on
properties of chitosan-based edible film. Sec.
Sustainable Food Processing,7.
https://doi.org/10.3389/fsufs.2023.1185951

[50] Murdinah, Darmawan, M. and Fransiska, D. (2007).
Characteristics of edible film of the composite alginate,
gluten and beeswax. Jurnal Pascapanen dan Bioteknologi
Kelautan dan Perikanan 2(1): 19-25.

[51] Zhang, P., Zhao, Y., & Shi, Q. (2016). Characterization
of a novel edible film based on gumghatti: Effect of
plasticizer type and concentration. Carbohydrate
Polymers, 153: 345-355.

[52] Embuscado, M. E., & Huber, K. C. (2009). Edible films
and coatings for food applications (pp. 213-214). New
York, NY, USA:: Springer.

[53] Kamboj, S., & Rana, V. (2014). Physicochemical,
rheological and antioxidant potential of corn fiber gum.
Food Hydrocolloids, 39.1-9.

[54] Rajaei, A., Shekarchizadeh, H. 2018. Investigating the
physical and mechanical properties of biodegradable
film prepared from Javashir gum Food science and
industry. 91 (16).

[55] Soni, B., Mahmoud, B., Chang, S., El-Giar, EM., &
Hassan, E.B. 2018. Physicochemical, antimicrobial and
antioxidant properties of chitosan/TEMPO biocomposite
packaging films. Food Packaging Shelf Life;17:73-9.

[56] Jouki, M., Khazaei, N., Ghasemlou, M., &
HadiNezhad,M. (2013). Effect of glycerol concentration
on edible film production from cress seed carbohydrate
gum, Carbohydr. Polym. 96 (1) ; 39-46.

[57] Karaman, K., Polat, B., Ozturk, 1., Sagdic, O., &
Ozdemir, C. (2011). Volatile Compounds and
Bioactivity of Eremurus spectabilis (Ciris), a Turkish
Wild Edible Vegetable. Journal of Medicinal Food,
14(10).

78



JFST No. 178, Vol. 23, December 2026

(1] Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Fabrication of biofilm based on water-soluble polysaccharide extracted from the Eremurus Spectabilis
root: investigation of physicochemical, mechanical and antioxidant properties

Zahra Hosseinpour !, Razieh Niazmand ?*, MohammadReza Abdollahi Moghaddam 3, Mahboobe Sarabi- Jamab #

1- PhD student, Department of - Food Chemistry, Research Institute of Food Science and Technology, Mashhad, Iran.
2- Professor, Department of - Food Chemistry, Research Institute of Food Science and Technology, Mashhad, Iran.
3- Assistant Professor, Department of Green technologies in Food Processing, Research Institute of Food Science and

Technology, Mashhad, Iran.

4- Associate Professor, Department of Food Microbiology Research Institute of Food Science and Technology, Mashhad, Iran

ARTICLE INFO

ABSTRACT

Article History:
Received: 2024/12/01
Review: 2025/04/28

Accepted: 2025/05/04

Keywords:

polysaccharide,
biodegradable film,
mechanical physical properties,

antioxidant activity

10.48311/fsct.2026.83936.0
*Corresponding Author E-

r.niazmand@rifst.ac.ir

Bionanocomposite materials provide an opportunity to use new,
high-performance, light-weight, and environmentally friendly
composite materials that can replace traditional non-
biodegradable plastic packaging materials. In the present study
A biofilm based on water-soluble polysaccharide extracted from
the root of Eremurus Spectabilis species was prepared And the
effect of different concentrations of polysaccharide (1, 1.5 and
2%) on the physical and mechanical properties of the film was
investigated. The results showed that with increasing polysaccharide
concentration, film thickness and water vapor permeability increased,
but its solubility decreased. Also, with increasing polysaccharide
concentration, the tensile strength of the films increased significantly.
The color analysis of the films showed that parameters a and b
increased with increasing polysaccharide concentration, but
parameter L decreased. The highest transparency and visible light
transmission was related to the 1% polysaccharide film. 1%
polysaccharide film was chosen as the final film due to its acceptable
mechanical properties, The SEM test of the selected film also showed
that the polysaccharide film is a solid and compact film without cracks
or holes. According to the results of the DSC test, the melting process
of the film was carried out in the temperature range of 202.63-
280.46°C. The findings of the current research demonstrate that
polysaccharides derived from E. Spectabilis root possess the
capability to create an efficient film or coating suitable for food
preservation, as well as serving as an intermediary layer in multilayer
film applications.
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