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Table 1 The fabricated CMC-based bioactive film samples.

Samples CNF (% wiv) Inulin (% w/v)
CMC(1) - -
CMC/CNF2.5%(4) 2.5 -
CMC/CNF5%(9) 5 -
CMC/IN10%(5) 10
CMC/IN20%(8) - 20
CMC/CNF2.5%/IN10% 2.5 10
CMC/CNF2.5%/IN20% 2.5 20
CMC/CNF5%/IN10% 5 10
CMC/CNF5%/1N20% 5 20

CMC: carboxymethyl cellulose, CNF:
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cellulose nanofiber, IN: inulin.

b Sl gt LT -2-2-2

T Sl 4 e gt 5 358 (s S0 -1-2-2-2
(WVP)

s S eslial L O Jlse 3 agdd (6 50055k Ol
) 6 [15] s s S5l (2005) ASTM E96-05
gy O Oy O ndS lais Gladls 05, skt
N R R e e P R A N i
Ladlos e - 3,8 5wl L5 0553 Ao s o s,

3.Water Vapor Permeability



ket (2ol 55 Sl e s s S

(SEM

ool ok laasised w5585 sl Gl
SIGMA ZEISS i) s 25 s Sl o pKns Son
33 5 C S B s 3se GBI e s (OWT sl
T o el Ay Cabs b Ly S Sl
L SEM Lslas js o3lasl s Al ools idig SanSs
3 ool 15 o5 31 sl

X $ 5 il 0 ga3l =6-2-2-2

Gosh bl aalllas st 4 WS ot sad 3 (5 S
Ao SUI U iy o os end 5 Sl 5l s slaphd
dae) X 55 ol o Sleslizal b (g peds oS5 5l 53
o sly acals L (0L el eiew 3 Kristalloflex D500
3 S s BLI gles 3 5-40° andllas 5 40

ST s 5 15 ~3-2-2

i (sl Sl Sl 5 b LSS 45 0 4 s W0 gesl plas
dle 5 L ol (slaesls s eslizal Sl IGT gl ekel
Ly Laesls 58l asslin ol (21 o) "SPSS
56T s, 0/05 Ul o 53 5 OSSIs (glals i Osa3l

W

M}@L‘S—?J

A Conns l_ar.\:ﬁ ‘5ﬁ.'\g:5_9.53 6;"}"‘3‘ -1-3

Cl ol
Jdr 3 ool b & o (52 00358 Sl ol b
Ao dte oS08 ol (s pdid sl el eals 1l 2
L.czls (P<O/05) (g,ls some a8 3l UL 055550 L
J=e oSS ket wsed 53 o Gl ZslE &S
WVP L 5l ke GUISE @glie slacble o5l 5k
Spdgdsh e SULIISL VL BE 5o B0 s
dals (b (6 pddsh 5l eSOl Jy il Al
oml Sble 55 (6200558 Ulpe JialS .ol 05 CMC

8. Statistical Package for the social sciences

142

24 £33 oeosd Sl eslial Ly sl wit L bl
ol gl » -Se (Microsoft, LifeCam, H5D-00013)
[14]1s ons IMage.d 1/48 15l 5 L 5

SSSa ol g5 ~3-2-2-2

(UTS)® le ais ol oz (SO sla el
L ks plos (sl (ETB) el o b J b 53l Ao
el dnstron 5566) iis osesl olKaws O 5l eslizd
55 (2012) ASTM 5. D8B2-12 25, 5k (IS,
o=l a8 By J16] s w8 S Sl a3 25%] gles
35 slaekd 5l Sy a1 S s dpei a0 D) 50
o gt B L g e Lo 05 X 8 bl b e
33 cpm ad sl abolb .5 13 oy B 5 s e esls
Lyt S0 o (VL S8 28 sy 5 SO
S Sl SaS a Lresls 1y S sl aids e s
Tl 2 s Ak e s 4 EES Sl 5 as S
23 S Olgs s s 0 ((SA28) Jsb 5l 5 )
Lodel s Lakd adsl Ul Laodd €503 O o)y alad
[17]

ol s ~4-2-2-2

Sl sl ) s a5 ,S00 G L akd gl s
A S s Oslm) ol e sl slar candse B s (K]
L) S bl s (Sl as (5 Sesll (s
s Sl 5 035 o5 0 SO 5 (Ssd sla S
ot Sagby 531 S e a3 2032 glos 3 W3 (e s
[18] L3 5 wreloms 1o, 5045

Fob e S0 S b 1l gl 3550 53 S SO g
SLISE 4000 5 ool sk Jue o555 L3 (CMC)
S5l S e oS5 ks (CMCICNF5%) L.
e oS35 phs 5 (CMC/IN20%) 1 sl a5 20
oAl Ao 53 20 5 Jsl UL w35 sl ok
(238 el (CMC/CNF5%/IN20%)

FE-) " e i (o5 AU @ g5y S -5-2-2-2

5. Ultimate tensile strength
6. Elongation to break
7. Field emission scanning electron microscopy



1399 :‘:jp'- c17 69 ‘100 D)La-:-'

DOI 10.29252/fsct.17.03.11

b b 5 o5l

e LAl jo badipei slad 5o uled sl 5 al 158l
o3l 4l 51531 (P<O/05) (ol prs oy seo 40 al
ol sy 5 i Gl ke SUIEE ol el
o GUISE 6 o eled apsly il s o stalie
23 omly slac Bl s GUIGE el Sasty, 5l 3t
S P Jmo oS5 S L Ay sl 5 [19] (e oSS S
Cools g odd oS g den laey S halS 4 e Culg o
[22] b e 53l oles asls 5wl RalS i auss O
b ol s il a5 L s 23 e sl oS S S0k
sl S a edalice (Of Sl 4 Cd R385
S Sose e Sl Sl el e LIBIL el
e by 0 (55/03°) elas 4l o pi
by plis bt ol oay CMC/IN20%/CNF5%
ek eles sl Il e (2018) OLKes 5 ) sl
SUIHL 0o 558 At 5o s e oS5 S wl ngla
~ T Rl el ) s e el S 518 S
YL O g iy S mla o 51 30 Ll s mla e (551 S
L8 Oy ok oS5l 4 (Si cnl sl sl SUISL

5 g S bl 5 (el oSG Sl s OF bie 012
ol 55 sl 035530 [19] Wl e O Sl 356 g o
0> ol o e (5200354 (PO/05) s ixs S
L odST5 (oS 5 Ol e Gl el 1o ad od gladd o
Ko pUlsy J5 Sl 5 dln S5 S 1S5 ULy
23 T 4 pdb el Olpe 288 el culg 5o ol
Olsen (g S & 5ope 0 [2010] sl o (13 (slads sa
ek © by e 156(x 10° g.mhhPa’) s is,e
it CMC/CNF5%/IN20% , CMC/IN20%
CMC i ks ol sy b (2015) o T 5 05T
e el ml e L3S0 5 ke SUISL sl
Fow OUISL cales glacble 36 cos WVP &l s
m—?‘ﬂ 563 by K alie s [19] s 5 218
Lol i a3 melS slsm ol ol s b (2014)
[21] et ens 218 gels sk 5 LT

s gty (g S el -2-3

B3 0L 2 Jsdr o3 rlad ansly gl 3l ol s
ook hawr g3 ST ol sl 5 sk SUIIL 035331 L oS

[23]
Table 2 Water barrier properties of CMC-based bioactive film samples.

Samples WVP(x10°g.m™.h".Pa’)  Water contact angle (°)
CMC 2.08+0.17% 37.49+2.00°
CMC/CNF2.5% 1.62+0.06" 47.0242.15%¢
CMCI/CNF5% 1.71+0.08" 43.68+1.05%°
CMC/IN10% 1.7+0.08° 42.41+1.00%°
CMC/IN20% 1.56+0.04 53.15+1.61°
CMC/CNF2.5%/IN10% 1.62+0.05" 40.09+1.27%¢
CMC/CNF2.5%/IN20% 1.91+0.09° 50.75+1.33%
CMC/CNF5%/IN10% 2.77+0.13° 38.87+1.11%
CMC/CNF5%/IN20% 1.56+0.03" 55.03+1.42°

Data are expressed as mean = standard deviation (n=3) and different letters show significant difference at the 5%
level in Duncan’s test (p < 0.05); CMC: carboxymethyl cellulose, CNF: cellulose nanofiber, IN: inulin, WV/P: water
vapor permeability.
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Table 3 Mechanical properties and thickness of CMC-based bioactive film samples.

Samples UTS(MPa) ETB (%) Thickness(mm)

CMC 30.63+2.17" 30.88+2.02% 0.16+0.012"

CMC/CNF2.5% 29.27+1.24% 31.18+2.15% 0.1620.007f

CMC/CNF5% 39.76+2.08° 26.19+1.35% 0.20+0.003*

CMC/IN10% 15.93+0.08° 38.37+2.60% 0.17+0.002¢

CMC/IN20% 20.51+3.04° 41.45+2.61° 0.18+0.001°

CMC/CNF2.5%/IN10% 25.03+2.00% 40.96+3.23° 0.18+0.006°

CMC/CNF2.5%/IN20% 21.70+1.09% 39.48+3.05% 0.19+0.011°

CMC/CNF5%/IN10% 33.43+2.13%¢ 36.31+2.11%¢ 0.17+0.002°

CMC/CNF5%/IN20% 38.28+3.02% 21.35+1.42° 0.18+0.012°

Data are expressed as mean * standard deviation (n=3) and different letters show significant difference at the 5%
level in Duncan’s test (p < 0.05); CMC: carboxymethyl cellulose, CNF: cellulose nanofiber, IN: inulin, ETB:
elongation to break, UTS: ultimate tensile strength.
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Fig 1 FE-SEM images of surface of CMC-based bioactive film samples.
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Biodegradable polymers have supplied most of common packaging materials because they present several
desired features. The purpose of this study was to prepare and investigate the physicochemical properties
of carboxymethyl cellulose based nanocomposite film containing inulin with three different
concentrations (0, 10 and 20%) and cellulose nanofiber in three levels (0, 2.5 and 5%). Thickness, Water
vapor permeability (WVP), Water contact angle, mechanical properties, field emission scanning electron
microscopy (FE-SEM) and X-ray diffraction were evaluated for film samples. WVP decreased with
adding cellulose nanofiber and inulin and water contact angle increased significantly (p <0.05). The
mechanical properties were also improved by adding the cellulose nanofibers. Whereas inulin had a
negative effect on mechanical properties by decreasing tensile strength (UTS) and increasing elongation
to break (ETB), this effect of inulin was compensated by cellulose nanofiber in the composite films
containing inulin and cellulose nanofiber. The FE-SEM and X-ray diffraction results showed that the
cellulose nanofiber and inulin were dispersed in the polymeric matrix and formed a dense and compact
structure in compared to the control film. Results showed that cellulose nanofiber and inulin improve the
properties of carboxymethyl cellulose based nanocomposites and the obtained film can be used as a new
choice in food packaging.
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