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Abstract

Introduction: The biodegradability of synthetic plastics derived from petroleum is a very slow process and complete
decomposition of them lasts several years. This increases environmental pollution. Extensive efforts have been made to
develop and improve biopolymers-based packaging. Biopolymers derived from renewable agricultural resources are an
appropriate alternative to synthetic plastics. The use of nanotechnology in the field of polymer science has led to the
production of nanocomposite polymers. The valuable nanocomposites would be produced if natural nanoparticles are
used in composites preparation. Because of the importance of nanocomposites in the production of biodegradable films
and due to desired properties of gelatin and carboxymethyl cellulose in film production, this study aimed to investigate
the effect of glycerol and nanocellulose on the properties of gelatin-carboxymethyl cellulose nanocomposites.

Materials and Methods: To prepare 12 different treatments based on statistical design, 1 g of gelatin and 1 g of
carboxymethylcellulose were dissolved in distilled water to form a uniform solution. Then, glycerol as a plasticizer was
added to the prepared solutions at different levels (20 to 60% w/w). The determined amount of nanocellulose (0- 30%
w/w), based on the biopolymers weight, was added to the cooled blend at 70°C. Nanocellulose was extracted from cotton
through the chemical method, cotton was gone under chemical hydrolysis by the sulfuric acid solution (65% wi/v). The
properties of gelatin-carboxymethylcellulose nanocomposites were studied. The produced nanocellulos evaluated by
scanning electron microscopy and X-ray diffraction techniques. The thickness of the films was measured using a caliper
with a precision of 0.01. At five different parts of each film. Water vapor flux and water vapor permeability through the
film samples were determined. The dry matter of 20x 20 mm film samples before and after immersion in 50 ml of distilled
water for 24h at 25 °C was determined to calculate the solubility in water of the films. To measure the moisture absorption
of the nanocomposite samples, 20x 20 mm film pieces were kept in a container containing potassium sulfate saturated
solution (RH= 97%) at 25°C for 4 days. Films were weighted initially and at the end of the experiment. Sessile drop
method, a common technique for determining the wetting properties of solid surfaces, was then used to determine the
contact angle. Ultimate tensile strength and elongation at break were measured. The belt-shaped sample (8% 1 cm) of the
film was stretched by the instrument at a velocity of 1 mm/s. The color and transparency of the samples were evaluated
in the black box by image processing technique. Total color difference (AE), yellow index (YT), and white index (WI) of
the samples were calculated. Treatments were prepared according to central composite design (CCD) and were statically
analyzed by response surface method (RSM).

Results and Discussion: The prepared films showed low water vapor permeability (3.62x 10 to 2.23x 1012
gm/m?Pas). The lowest amount of water vapor permeability was obtained when the low level of nanocrystalline cellulose
(4.4%) was used. The high amounts of glycerol and nanocellulose increased the solubility of the films and even in some
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treatments the samples were completely dissolved in water. The hydrophilic nature of the gelatin and carboxymethyl
cellulose used in the preparation of composites may be the reason for the high solubility of the produced films. At the
same time, the samples showed high moisture absorption. Moisture absorption decreased as a result of the glycerol content
increased, also the effects of the presence of nanocrystalline cellulose as a filler on the moisture absorption decrease
cannot be neglected. A moderate contact angle of about 60° was observed, the interactions between the polar and the
hydroxyl groups of the biomaterials used in the production of composites caused different behaviors observed in the
various treatments. The interaction of nanocellulose and glycerol had a significant effect on the contact angle. The films
had high ultimate tensile strength (84.37 MPa) while the elongation at break was 4.14% for the same treatment, which
indicates low flexibility of the produced films. The color of the samples was evaluated as suitable. The use of 60% glycerol
and 4.4% nanocellulose results in the production of films with desirable properties. The use of gelatin and
carboxymethylcellulose produced composites that had improved properties in the terms of water vapor permeability and
surface wetting compared to pure films.

Composites made of gelatin and carboxymethylcellulose showed high ultimate tensile strength, although the
elongation at break of them was not desirable. In terms of barrier properties against the water vapor, prepared composites
demonstrated improved properties when compared to other bio-based made films. On the other hand, in terms of
hydrophilicity, they are classified as moisture-sensitive films, which limits their use for foods with high moisture content.
The use of carboxymethyl cellulose can improve the water vapor permeability of pure gelatin films. Also, the use of
gelatin increases the contact angle of water of pure carboxymethyl cellulose films. Gelatin-carboxymethyl cellulose
nanocomposite contains 60% glycerol and 4.4% nanocellulose presents improved and desirable properties.

Keywords: Gelatin, Carboxymethyl cellulose, Nanocellulose, Hudrophilicity, Mechanical properties.
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Table 1. The combination of different treatments and measured characteristics including thickness, water vapor permeability
and color characteristics of nanocomposites

Treatments Glycerol (%) NCC (%)  Tickness (um) WVP (x1012 AE vi Wi
slowd Jg s Holwgili Colsus gm/m’sPa)
1 26 4.4 50 2.23 3.01 0.04 83.77
2 26 25.6 50 11.17 4.50 0.08 82.74
3 54 4.4 30 5.36 458 0.09 82.95
4 54 25.6 80 17.87 2.38 0.04 84.39
5 40 0 30 2.68 2.16 0.05 84.99
6 40 30 70 1251 2.39 0.06 85.21
7 20 15 80 21.44 2.40 0.04 84.45
8 60 15 120 16.08 412 0.08 83.64
9 40 15 160 71.46 2.69 0.05 84.34
10 40 15 135 60.30 4.58 0.09 82.95
11 40 15 45 12.06 6.04 0.12 82.08
12 40 15 90 36.18 3.03 0.06 84.05
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Fig 1. Contour plot of solubility in water of nanocomposites contain different glycerol and NCC levels
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Fig 2. Response-surface plot of moisture absorption of nanocomposites contain different glycerol and NCC levels

s 336 o dej cpl 3 0 Oy Jolo Sl S6b g
53 ol ool (JB slalas 5)lg ol Jlws Seib ol polie )
4 Cailos O sl JoSlo AT 8 a5l 5 30500 ohd Syl
& o5 o3lisl Polo Sl S ol zgbaw Sial33l b (Jg 3p9l 0 Joo
Gl e oy iy oo Wl 1) 393 (285 Xlg5 0 S 0 e S

O dinS el yeuls (lro o g 0diSe S Al 3l

5 olSp) o Nl s (Fioyih blisy 9 5 laxigy
gy opl JuSis (Turhan et al., 2001) 15,8 JuSis (S5 sl
4o 53 25 Al JouS 9)0em (glmog ) (305 )l (g0 e Sl e
Ll 295 oo dlS Cugby o polie ) Jg el i 133 L



£47

e S0 g (gl SS9 2 Febwail g Jg S 53U [ Ldd sunes g HLLS 08l juecne S

ooliel ol b ] Gl @ Cogby 4 (peubow
Mle S Jl 3 ol mlio 3 pgal (3l p GSESS
oo ept Slagbyy s (g i oS g g e &S
VO USS  aS jshailes (DU and Sun 2004) 5gd ge oogucxe
3 raw b ol ophd uled argly bajles cdel )3 345 oo oaliio
Hobor St 5515 st Wiz 5198 gl 4l 40,95+ 3925
305 sl gine Sl apkd oo b Ol o)aB (poles drgl; 2 Jg pualS
b sk Jtu S 5l b zolaw )5 il ol oy (p<0.05)
JorudS &8 Lo cunl aidly (ials” wloS gl Jgpuals ke il
Iy 52 63k gl Cpol ) IS S 5 Sy
L) pogas 5 (REZ78.24)  Stused iy b o dlokeo .

1l ol Candas o3lizl 3550 Jolge g oled a5
Contact angle=17.7-0.0790 NCC *Glycerol (0+)

Glycerol (%)

0 4 8 12 16
NCC (%)

20

JUas 9L 203 V7 g Jopuals 003 OF L (2 j5rels” )3 Casho,
g o) 3 de sl odel Cosds 1o )> WSS Ll ol
10,0 V0 g JgyulS 103 Ve b (g)losd 4 (3laite Cogby ol jlade
5 Siork SBLgn S sl 103 VOVIVY b ol Jolugls
4 gk Jite (S90S (2938 b by Gl el ol @5 4,

Ghanbarzadeh et al., ) casl osi (5,55 55 diwlis glaphd
(2010

owled 43
500,68 52 5Vl gl 5 &S (gymalise (slaplid 5)50 5
L ks (odaw (SSgd Cgbye okl g (gl Glise s
wib o aisoj opl @l lagges] 5l (o S Loled agly oygejl
Spld Cawlus Gl o @l 0 gy S Sl

Contact
angle ()
< 40
- 50
- 60
- 70
- 80
> 80

o v b
o © o

EEEN
3

24 28

Hohw w5 9U g Jg pulS’ iiSeo Zobans (G9lo Ly joralS 93U (lod a9l 58" jl3905 -V S5
Fig 3. Contour plot of water drop contact angle of nanocomposites contain different glycerol and NCC levels

oS 95l CaliSes golaw s Hld e glds dn )T el adly i3l
oo &y Giolial cpl Ly adiore 150,50 sdalie ol odldiu]
9 oS om el g S5k slakign dlml S sl LUl
.(Sahraee et al., 20170) sl o (Y3
S 9)S ok 4 Cuishyge Coge (199381 b led ayglj talS
oA okd Gl el gl e cusl oaalie jlole Jte
b &S ol odd ody9] Cowddy dn)> FONY Jolo Juio wSe)S
Bhioo il axps YOV & cudshyse cige ZNe 395
oaals s pdidse ol (Quilaqueo Gutiérrez et al. 2012)

S oyl g (bl (glaog) S e (lajiSeny (ioren

2ol U sl 00 o W juels” il 53 ool 590 oS 5
2 Jie lysa medl Bise lajlog o > (Solate la)ls,
s o S S5 ol ot e Lot e
o> 53l sl Lol gl e g sl 05 paled gl L5
a3 FAFA ol Jluw S6b ji (g 9 Syl 20y ¥
90 JgpalS 305 zolaw 3 &S Syg0 50wl odel Conday
0a5 gaus b Ol oled aygly polie d9ugr el ol Sty S5
5 A 55 oAl oL s bl o ol sl
e gl i 535 4 S ol bl o )5S



1Fe) 60 —3T Boylos IA sl iyl ! 108 aolio 5 pale Gleiurgly 4 pits Y

ol 035 03zl JgpuclS S s 5 45 o 55 39350
(¥ Jses) oo Sl 003 0 oj 4 CnsSls aba )3 Jobo oLl
a5 Jsbo 3U3j1 i s g pelS sl ] S35 3 (g lof 50T
2o )20 e b uygil (499381 .(p<0.01) 5)ls Jlo xe 3l s
S s > Jgo b33 Sl s 555 s slol 4
OBl e (JTGL (39331 jlade cul | Gl & (G903 298
plSowwl (Limetal., 2010) 1 sales cunsls dlais 3 Jobs 3L
S ol S S5 5 ox g Slagld sly i
U5 2o 3 YEIAS s dlaits > Jobo 2bd3l 5 JSwbKoe VY/VD
aads 4 Job sbajl uals” (Dashipour et al. 2015) cusl o
s > e 5l esliel s & Wlgi e pSle oS ) S
ol 00 Canw (45Y5 050,84 K00 Byl 514" Wbl ey jou0lS”
b Rl Rl dix ead g lagkd (paiS Pl

YL 0,18 ) ol clapld a8 plowl osmas
AEIYY asS plSominl piSlis oS (gyobay diwd 8y
2oy ¥ a8 sl (gylesi 90 53 Hlade ol del Cndaty JKwbKe
@ Johogl (19581 392 005 anes Jshoglh (199381 (g JgpnlS
el 59 oo oisS Pl 3 S pials el do)d B jlaie
olie )3 (J 2,05 3925 slos 93 ol ot g )b sine Sl (g ylel L
Mo 8IS 35 S oIS Pl SV

Cige (938l b apld (gl Cool (RIBH ) el agl;
Wil e Caigh yoe

b & Slgie il oS )3 led gy (9 ol S
o 5 oxh a5 Slagld o 15l Jobo Jie uS 505§ oolisad
sy s Jliun S5 3 eolit yslatzan 35 o8 oles gl
Ol oyhad oled aygly el )o cle 150 Llg5 oo o] Jls
S35 3 Johosth a5 5 Holo sl 23k oL gla b
(Morais .S o 43Ls) Pohwgil  wgsl Conold 4 (el jgydun
Olgl asle Godgyium (sla,lid 5l eslatwl &yg0 4o et al. 2013)
L9 h Cuols Jols Cojonsls gaw g (al8l (wlos dyglj 0,8
B35S wled agly il (Rhimetal., 2013) 5,8 aalgs lay
> 2 Wl oo 58 Pol Jute (S 925 (AlS ohd 4 Cons Sl
Pobogl (Rl L andl asl cojorelsill g > Y5 5l oslizal
ol a8l oS yolad 4l

SH olgs
el g W oSS Jgene ysbds Y5 al p ol
b3l i S5 s o s o s 2 3l Lams SO
Ll oo duopd Vel S 00d Mg (glapld Sl dai > Jobo
odalie JgplS oy B¢ 1 o b slapld o s oliee opl g

EUTS EIEB

90
80 o
70

60 3
50 .
40
30
20
10

UTS (MPa)

N e

10
8
]

6 —
§
[aa]

4|.I_I

2

NN
9 10

8

Treatments

Hobos o guS 5155 ~ 55 SO 3ral 5 oSy el 5 S 3 e S ISkl — S

Fig. 4. UTS and EB of gelatin- carboxy methyl cellulose nanocomposites
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Fig. 5. The optimization process and the obtained solution due to the permeability to water vapor, solubility in water,
moisture absorption and contact angle parameters.
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