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Reinforced modified carboxymethyl cellulose films with graphene
oxide/silver nanoparticles as antimicrobial agents
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Abstract

Ultra sonicated graphene oxide/silver nanoparticles (GO@ Ag’) which prepared by green chemistry approach in a microwave
from sugarcane bagasse (SCB) were mixed with carboxymethyl cellulose (CMC) at varied loading ratios (5—15wt %) to create
biopolymer films. The GO@ Ag’ forms a network with the CMC matrix, which was first proved by the MHBS calculations,
SEM, thermal and mechanical data. This finding confirmed that the GO@Ag has high compatibility within the CMC matrix
owing to the oxygenated graphene oxide (GO). Furthermore, with the addition of 15wt% GO@ Ag’ (i.e. CMC-GO@Ag
15%), 14.31% increase of thermal  stability,96.13% of YM, and 16.82% of TS were achieved. Moreover, the CMC-
GO@Ag5%, CMC-GO@Ag10% and CMC-GO@AQ15% films exhibit greater efficacy against both Gram +ve and -ve
bacteria as well as yeast compared to pristine CMC film. We might suppose that these films' outstanding performance made
them suitable for food packaging (due to its anti-microbial properties)and electrochemical biosensing (due to the presence of

AgY).
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1. Introduction

Because of the environmental issues of the plastic
industry, there is an importance of looking at
sustainable packaging materials. The aim focuses on
replacing out plastic based polymers to biodegradable
ones (i.e. biopolymers)1,2. Utilizing biopolymers has
several  benefits, including  biodegradability,
biocompatibility, low cost, and sustainability 3. The
edible biopolymers are alternatives to plastics in food
packaging applications. The edible films are made
from polysaccharides such as carboxymethyl
cellulose (CMC) 1. CMC 1is a characteristic
polysaccharide prepared from the agricultural wastes
such as sugarcane bagasse (SCB) by the
mercerization of cellulose which extracted from SCB.
Agricultural wastes are abundant, ecofriendly
materials that can easily be recycled into valuable
products. The primary component of these wastes is
cellulose, which is made up of 1,4-glycosidic
linkages of the D-glucose unit which can be modified
to CMC 4. CMC is a hydrophilic form of cellulose
which was better to be used in packaging applications

than other biopolymers such as methyl cellulose,
gelatin, etc. due to its good film forming ability 1,4-6.
The drawback is that the edible CMC matrix
properties may not be the best and need more
modifications to enhance the end use properties 7. To
meet market needs, the edible films can be reinforced
by suitable nanofillers such as graphene (G). This can
be thought of as a trustworthy method to improve the
mechanical and thermal features of the pristine
biopolymer film. Graphene oxide (GO) has been used
as a nanofiller instead of G due to its compatibility
with organic biopolymers 2. It can be easily obtained
by eco-friendly and attractive economical technique
from SCB in a muffle furnace. GO is an oxygenated
form of G with a superior surface area properties.
This can enhance the dispersion of GO nanosheets
and producing high interfacial interactions with the
functional groups of hydrophilic biopolymers such as
CMC matrix 2-4.

At the same time, food can become polluted while
being stored, prepared, and transported. This will
enhance food deterioration. Silver nanoparticles (Ag
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NPs), which are more efficient antimicrobial agents
than other metallic NPs, can be incorporated into the
film matrix to deal with this problem and promote
microbiological safety and food preservation§,9.
Green synthesis approach of Ag NPs in a domestic
microwave is considered more economical and eco-
friendly approach as compared to classical
techniques10.

Current research has focused on integrating
AgNPs with another biocompatible polymer i.e., GO
to produce microwave assisted in-situ GO@ Ag0.
This synthesized GO@ AgOcan be added to pristine
CMC matrix to improve its antibacterial activity,
thermal and mechanical properties. Additionally,
these films can be used in our future researches in
food and electronic packaging, as well as,
electrochemical biosensing.

Experimental materials and devices:

Sugarcane bagasse (SCB) was obtained from
Quena Company for Paper Industry (Egypt). All
materials and reagents were applied without further
purification.

Fourier-transform infrared spectra were performed
employing Mattson 5000 spectrometer using the KBr
disk method. The crystallinity was studied on X-ray
powder diffraction as the diffraction patterns were
measured by Bruker D-8 Advance X-ray
diffractometer (Germany) applying a40 kV voltage
and a 40 mA current employing copper (Ka)
radiation (1.5406 A) peak, respectively 6.

Cr.I(%)=A_C/A_t X100 )

ACr.1(%)=(Cr.lofadjusted samole-Cr.lofunadjusted
sample)/(Cr.lofadjustedsample) X100
()

Where AC= area of the crystalline domain, At =
area of the total domain, Cr.I (%) = crystallinity
index and ACrI (%) = change of crystallinityo®.

The d spacing (thickness) was calculated using
Bragg’s law and the crystallite size can be calculated
by using Scherrer’s equation4,6. TGA analysis was
performed on the prepared polymer powder
employing Perkin Elmer thermogravimetric analyzer
by heating the sample to 1000°C at a rate of
10°C/min under N2atmosphere.Kinetics of thermal
decomposition was explored for pristine CMC film
and CMC-GO@Ag 15% samples by Coats-
Redfernapproach.The enthalpy (AH), entropy (AS)
and free energy change (AG) were also estimated eq.
3):

AHM=EM*-RT,  AGM=[AH]™-TAS"*  and
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ASM=2.303(log AW/KT)R 3)

where (h) and (k) are Planck and Boltzman
constants, respectively 3,4,0.

The morphology of samples was performed by
using scanning electron microscopy (SEM, Quanta-
250). The mechanical properties were performed by
using ‘Universal Testing Machine’ model 4201.
Young’s modulus (YM), tensile strength (TS) and
elongation at break (EB) were estimated by visual
examination of the film breakage from linearity of the
plot. The antimicrobial activity was performed by the
disc diffusion method. The inhibition zones were
measured in millimeters.

Preparation of cellulose from sugarcane bagasse
(SCB)

SCB was hydrolyzed with 1.5% HCland 20%
NaOH. Mercerization of cellulose was carried out by
17.5% NaOH to remove the traces of lignin and other
constituents 4.

Synthesis of carboxymethyl cellulose (CMC)

A typical process involved adding a 30% NaOH
solution dropwise for 30 min. to cellulose suspended
in 400 ml isopropanol, followed by 1 hr of stirring at
room temperature. Then, the mixture received
dropwise additions of 18 g of mono chloroacetic acid
(MCA) dissolved in isopropanol for 30 min. For 3.5
hrs, the mixture was allowed to react at 55 °C while
being stirred. The fibrous result is mixed in 70%
methanol, filtered, and dried at 60 °C. the produced
CMC has a degree of substitution ~ 0.7 4.

Microwave in-situ preparation of GO embedded
with silver (GO@AQg0)

500 mgSCBand 100 mgferrocene was placedintoa
muffle furnace at 300 °C for 10 min 3,4,6. The as-
produced GO was mixed with 500 ppm AgNO3and
subjected to ultra-sonication for 30 min. Then, it was
put in a domestic microwave for 120 sec at 90 W.
The obtained dry black powder is GO@ Ag0 10.

Preparation of CMC films embedded with GO@
Ag0 (CMC-GO@AQ)

lgm of CMC was dissolved in 20 ml H20
andultrasonicated with different ratios of GO@ Ag0
i.e. 5, 10 and 15% which denoted as CMC-GO@Ag
5%, CMC-GO@Agl0% and CMC-GO@Agl15%
and poured separately onto teflon plate and dried at
45°C to film of constant weight 11.

Results and discussion

FTIR spectroscopy

FT-IR spectrum of Cellulose and CMC reveals
peaks centered between 3351-3361, 2879-2917,
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1594-1643, 1417-1438, 1322-1332 and 105-1060 cm-
1 which attributed to stretching vibration modes of
OH, CH, C=0, 0-C=0, C-0 and C-O-C groups,
respectively3,4. While, GO@ Ag0 shows peaks at
3311, 2925, 1604, 1452, 1400 and 1076 cm-1 which
attributed to stretching vibration modes of OH, CH,
C=0, 0O-C=0, C-0 and C-O-C groups, respectively
6. As shown in Fig. 1, the FTIR spectra of CMC—
GO@Ag 5%, CMC-GO@Ag 10% and CMC-
GO@Ag 15% were similar to GO@ Ag0 with small
band shift toward low wavenumbers (i.e. from 1594
to 1564, 1569 and 1575 cm-1), which indicates the
strong interaction operates between CMC and GO@
Ag0 through the formation of H-bond, n — =*
interaction or electrostatic attraction 4,12. H-bonded
OH stretching vibration of CMC appeared at 3361
cm-1 was shifted to lower frequency at 3359, 3355
and 3349 cm-1 for CMC-GO@Ag 5%, CMC-
GO@Ag 10% and CMC-GO@Ag 15%, respectively.
The change of the absorbance value of OH stretching
vibration may be due to intermolecular H-bonding.
The relative absorbances (RAs) of the O-H were
0.99, 1.04, 0.98, 0.98 and 0.97 for pristine CMC
matrix, GO@ Ag0, GO@Ag 5%, GO@Ag 10% and
GO@Ag 15%, respectively. It is clear that the RAs of
the O-H strongly decreased compared to that of
pristine CMC film. This means that the cross-linking
reaction took place between the OH group of pristine
CMC film and GO@ Ag0 4,6. Measuring mean
hydrogen bond strength (MHBS; AOH/ACH)
revealed the higher values of CMC-GO@Ag 15%
than other modified films. This may be due to the
strong interaction between CMC matrix and GO@
Ag0.
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Figurel: FTIR of (a) Cellulose, (b) pristine CMC
film, (c¢) GO@Ag0, (d) CMC-GO®@Ag 5%, (e)
CMC-GO@Ag 10%, and (f) CMC-GO@Ag
15%.
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Table 1: MHBS of cellulose, Pristine CMC film,

GO@Ag0,CMC-GO@Ag 5%, CMC-GO@Ag
10% and CMC-GO@Ag 15%.
Sample MHBS (AOH/ACH)

Cellulose 0.95
Pristine CMC film 0.91
GO@Ag' 1.04
CMC-GO@Ag 5% 0.97
CMC-GO@Ag 10% 0.97
CMC-GO@Ag 15% 0.98

X-ray analysis

X-ray diffraction patterns of cellulose showed
peaks at 11.45, 19.97 and 21.46 °6, the splitting in the
reflection bands at 19.97 and 21.46 °0 correlated to
(110), (110) and (020); which are related to the
cellulose-I1 pattern. However, the XRD pattern of the
neat CMC film indicates reflections at 13.29, 19.22
and 21.12 °0. The broadening of 19.22 and 21.12 °0
peaks indicates the amorphous structure of CMC 4,6.
The GO@ Ag0 shows reflections at 9.03 and 21.20°0
correlated to (001) and (002) plans of GO 3,4,6,12-
17, as well as, the reflections at 27.94, 33.68, 44.66
and 47.04 °0 correlated to the (111), (200), (220) and
(311) planes of face-centered-cubic Ag 18,19.

The modified samples (i.e. CMC-GO@Ag 5%,
CMC-GO@Ag 10%, and CMC-GO@Ag 15%) have
a broad diffraction peak at26 = 7.06°, 9.00 and 10.00,
as well as, other one at 20 = 21.24, 21.62 and 22.00°
that are characteristic of GO@Ag0. The intensity of
the peaks correlated to GO@Ag in CMC-GO@Ag
5% are very small due to the low concentration of it.
The variations in the crystalline constitution of
pristine  CMC film, CMC-GO@Ag5%, CMC-
GO@Agl0% and CMC-GO@Ag15% occur due to
graft copolymerization on the CMC matrix.

The crystallinity indexes calculated for cellulose,
pristine CMC film, GO@ Ag0, CMC-GO@Ag5%,
CMC-GO@Agl0% and CMC-GO@Ag15% were
61.02, 46.16, 398, 5.01, 095 and 2.55%,
respectively. It is clear that Cr.l (%) of modified films
(i.e., CMC-GO@Ag5%, CMC-GO@Agl0% and
CMC-GO@Ag15%) decreased, compared with that
pristine CMC film and GO@Ag0. This may be due to
the sonication process during the preparation. The
XRD Cr.I (%) values didn’t agree with the MHBS
values calculated from the FIR spectra of cellulose.
This may be due to the type of H-bonding (i.e., intra
and inter H-bonding) 3,4. As shown in table 2, d (nm)
of CMC-GO@Ag 15% is decreased compared to
other modified films (i.e. CMC-GO@Ag 5% and
CMC-GO@Ag 10%). This may be due to the strong
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interaction between CMC matrix and GO@Ag which
decrease the distance between them 4.

Table 2: Crystallinity, d and crystal size of
Cellulose, pristine CMC film, GO@Ag’, CMC-
GOwAg 5%, CMC-GO@wAg 10%, and CMC-
GOwAg 15%.

Sample Crl ACrl d Crystal

(%) (%) (nm) size

(nm)

Cellulose 61.02 - 26.66 0.32

Pristine 46.16 - 16.58 3.55
CMC film

GO@Ag’ 3.98 -1059.79 | 19.32 0.84

CMC- 5.01 -821.35 32.59 1.18
GO@Ag
5%

CMC- 0.95 -4758.94 | 27.59 1.00
GO@Ag
10%

CMC- 2.55 -1710.19 | 23.22 0.48
GO@Ag
15%
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Figure 2. XRD analysis of (a) Cellulose, (b)
Pristine CMC film, (c) GO@Ag", (d) CMC-
GO@Ag 5%, (¢) CMC-GO@Ag 10%, and (f)
CMC-GO®@Ag 15%.

Morohological properties

Figure 3 shows the surface morphology of
Cellulose, pristine CMC film, GO@Ag0 and CMC-
GO@Ag15%, and how the modification process
affected on CMC and GO@Ag0 surface morphology.
The ordered structure of cellulose changed after
mercerization and the formation of pristine CMC
film. As it seems in Fig. 3a&b the rodlength was
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decreased from 345.09 to 60.36 nm due to the
backbone structure of cellulose is destroyed as a
result of the ring-opened formation.The morphology
of the synthesized GO@Ag0 is sheets randomly
aggregated with rounded folds 4,6. In addition, the
insertion of Ag NPs was occurred over the surface of
GO (Fig. 3c) with the creation of porous structure
(pore size ~ 68.31 nm) and the depositedglowy spots
(particle size ~ 11.44 nm) on the surface of GO is
observed due to formation of AgOthrough heating in
the microwave. The prepared CMC-GO@Agl15%
film was solid and the pores are hidden,which was
explained by thefact that the GO@Ag0 aggregate
when GO@Ag NPs loadingbecame higher
than10%. The films porosity were calculated from the
SEM figures and introduced in Table 3. The porosity
and surface area of pristine CMC film was increased
with addition of GO@Ag0~11.78 and 402.68 %,
respectively, for CMC-GO@Ag 15% compared to
pristine CMC film.

Thermal properties

The TGA/DTG of pristine CMC film blank and
CMC-GO@Ag 15% showed a weight loss ~70.03
and 68.83%, respectively, at 1000°C, which indicated
the presence of a fraction of non-volatile
components.The thermal decomposition processes of
CMC-GO@Ag15% could be divided into two major
reaction steps, where the Ist weight loss was
between38.48-158.59°C, with a maximum ~ 99.31
°Cand mass loss (ML %) ~ 4.88% because of the loss
of moisture content. The main 2nd decomposition
step was between 195.96-452.12°C, with a maximum
~ 338.08°C, Y Ea~ 26.99 kJ/moleand ML ~ 63.95%,
ascribed to the depolymerizations and carbonization
3,4,6,20.

Pristine CMC film could be divided into four
major reaction steps, where the 1st decomposition
step between 28.95-183.25°C, with a maximum ~
122.52°C and ML ~4.88%, ascribed to the moisture
content. The main 2nd and 3rd decomposition steps
between 209.01-351.22 and 368.18-515.07°C with
the total activation energy (3>Ea) ~23.61 kJ/mole,
ascribed to the dehydroxylation and pyrolytic
fragmentation. The 4thdecomposition step between
856.59-986.09°C, with a maximum ~ 923.10°C and
ML ~ 5.19%, ascribed to the decomposition of the
carbonaceous residues 3,4,20.
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Table 3: Porosity (%), area (nm”) and pore size
(nm) of cellulose, pristine CMC film, GO@Ag"
and CMC-GO@Ag 15%.

Sample Porosity Area Pore size
(%) (nm?) (nm)

Cellulose 70.23 191.00 -

Pristine 59.49 24.60 515.06
CMC film

GO@Ag’ 59.55 4627.71 68.31

GO@Ag 66.44 123.66 11.21
15%

SEM HV: 20.0 kV WD 15.69 mamn ' iy VEGA3 TESCAN
View fieid: 139 pm Det: SE
SEM MAG: 1.00 kx  Date(midly): 03/23/22 Performance in nanospace

SEM HV: 20.0 kV WD: 12.10 mm VEGA3 TESCAN
View field: 92.6 pm Det: SE 20 um
SEM MAG: 1.50 kx | Date(m/dly): 05/31/22 Performance in nanospace

00 A0 W0 A0 S0 K0 T B0 W40 G0 B0 50 6N 60 T

;
Area(m”)

SEM HV: 20.0 kV WD: 12.91 mm l VEGA3 TESCAN

View field: 34.7 um Det: SE | 10 pm
SEM MAG: 4.00 kx | Date(m/dly): 07/05/22 Performance in nanospace

SEMHV:20.0kV |  WD: 14.80 mm | | VEGA3 TESCAN
View field: 46.3 pm | Det: SE 10 pm
SEM MAG: 3.00 kx | Date(m/dly): 07/05/22 Performance in nanospace
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Figure 3.SEM analysis of (a) Cellulose, (b) pristine
CMC film, (c) GO@AQ", (d) CMC-GO@Ag 15%.
The increase in the maximum peak of the 1st
stage for CMC-GO@Ag 15% compared to pristine
CMC film indicating that the GO@Ag0 were evenly
distributed throughout the CMC matrix, operating as
an interconnected network within the CMC matrix
and preventing the CMC-GO@Ag 15% film from
absorbing water when exposed to
moisture2.Increasing in Y Ea of the 2ndmain stage for
CMC-GO@Ag 15% (26.99 kl/mole) compared to
the 2nd and 3rd main stages of pristine CMC film
(23.61 kJ/mole), indicates thermal stabilization of
CMC-GO@Ag 15%. Therefore, it requires high Ea
to degrade. The residual weight (RW %) of CMC-
GO@Ag 15% is higher than pristine CMC film
which proves the thermal stability of CMC-GO@Ag
15%. This may be due to the adhesion between CMC
chains and GO@Ag0. There is an agreement between
the data of Ea and that of MHBS calculated from
FTIR. But, there is no conformity with Cr.l1 (%) data
which calculated from XRD. This may be due to the
type and degree of H-bonding formed 4,6,20.

d (om)

According to Table 3, all samples under
investigation have values for AS that are negative,
indicating that the system is becoming less disordered
and that degradation won't happen naturally. The
CMC-GO@Ag 15%'s high AS (-0.45 KJ mol-1)
indicates that its thermal degradation was more
complex (requiring more time and external energy to
breakdown) than the pristine CMC film (-0.95 KJ
mol-1) 21, 22. Additionally, the value of AH for the
pristine CMC decreases from about -3.28, 59.01, and
45.83 kJ mol-1 at the early stages of the reaction to
about -9.94 kJ mol-1 at the final stage, indicating a
very low energy requirement as the reaction
progresses. With lowering n (0.5) value, the AH was
reduced (-9.94 kJ mol-1). The pristine CMC film
may be broken down with very little energy,
according to this. The presence of activated
carboxymethyl terminal groups, which are regarded
as an excellent leaving group, can be responsible for
the observable fall in H for the pristine CMC film. A
decrease in H is also suggested by the CMC's
bifunctionality (i.e., the presence of both COOH and
OH groups), which has a strong probability of
crosslinking. As the reaction progresses, a very minor
change in the value of AH with respect to n and T is
observed. At the start of the reaction, it was roughly
19.27 kJ mol-1, and at its completion, it was roughly
20.62 kJ mol-1.For the pristine CMC film and CMC-
GO@Ag 15%, the G changes ranged within 91.61-
285.90 and 107.07-180.68 kJ mol-1, respectively.
The CMC-GO@Ag 15% is more non spontaneous
and requires external heat input than the pristine
CMC film 22, according to the AG observations.

Table 3: TGA/DTG data of pristine CMC film and CMC-GO@Ag 15%

Sample Stage | TGA DTA Mass loss n R’ A(s™) AH As AG SE E,
range, | peak, (%) (Kj (Kj (Kj (kJ mol™)
°C °C mol™) | mol™) | mol?)
1% | 2895 | 12252 4.88 0 0.9978 242 | 328 | -023 | 91.61 | 49X10° 481
Pristine 183.25 }
CMC 2" 17209.01- | 29835 42.58 05 0.9987 284 | 59.01 | -024 | 197.09 | 30X10° 9.08
film 351.22 }
37 | 368.18- | 456.84 17.38 25 0.9997 428 | 4583 | -024 | 22120 | 17X10° 1453
515.07 }
4™ 1 856.59- | 923.10 5.19 0.5 0.9998 3.00 | 9.94 | -024 | 285.90 | 57X10° 19.85
986.09 YML=70.03 yS=- ¢ Y E=49.08
SRW=29.97 0.95
1 38.48- | 9931 4.88 15 [ 0.9390 | 3.74 | 1927 | -023 | 107.07 | 86X10 | 22.37
CMC- 158.59 ) ) 2
GO@Ag 2" 17195.96- | 338.08 63.95 15 [ 09721 | 0.26 | 2062 | -026 | 180.68 | 74X10° | 26.99
15% 452.12 Y ML=68.83 ) ' >S=- 2 SE=49.36
SRW=31.17 0.49
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Figure 4.(a) TGA/DTG of pristine CMC film and
CMC-GO@Ag15% & (b) kinetics of thermal
analysis.

Mechanical properties

Tensile properties of pristine CMC blank film
have been remarkably affected by adding varied
GO@Ag0 concentrations. Mechanical properties of
pristine CMC film, TS of 4.28 MPa and YM of 46.43

MPa, are significantly enhanced after adding
GO@Ag0. For both low and high GO@Ag0
loadings, the addition of GO@Ag0 progressively
enhanced the CMC matrix's chosen tensile
characteristics.Uponaddition of GO@Ag0; CMC-
GO@Ag 15%tensile properties have been enhanced
(TS of 5.00 MPa and YM of 90.28 MPa). There was
conformity between the data of TS and thermal Ea
calculated from TGA/DTG. This is an indication for
the effect of GO@Ag0 on the elasticity of CMC
films. Consequently, it is clear that the
reinforcement efficiency of CMC-GO@Agl15%, at
high loading level, is large superior than other
ratios (i.e. CMC-GO@Ag 5% and CMC-GO@Ag
10%). The rigidity of CMC-GO@Ag 15% was
increased and allowed less flexibility, which is good
for the rigid packaging applications for fragile food
products such as yogurt 2, 22, 23. Regarding EB (%),
it generally tended to decrease with addition of
GO@Ag0. This may be due to the strong interaction
between CMC matrix and GO@Ag0 which suppress
the mobility of the CMC chains2. Comparing the
improvement in TS and YM achieved in the current
work to the aforementioned findings clearly shows
the advantage of using reinforcement GO@Ag
isolated from SCB pulp by direct microwave
treatment.

Table 4: Mechanical properties of Pristine CMC film, CMC-GO@Ag 5%, CMC-GO@Ag 10% and

CMC-GO@Ag15%.

Sample Tensile strength (MPa) Elongation at break (%) Young’s modulus (MPa)
CMC blank film 4.28 72.77 46.03
GO@Ag 5% 4.61 71.61 53.00
GO@Ag 10% 4.63 44.06 58.03
GO®WAg 15% 5.00 17.22 90.28
(@) (b)
7 - 90 -
80
T 6 -
E 570 1
: el
g4 =250
& ®
E 3] E 40
E %30 -
=
B2 220 -
1 10
0 1 0 B T T
CMCblankfilm ~ GO-Ag5%  GO-Agl0%  GO-Ag15% (MCblankfim ~ GO-Ags% ~ GO-Agloh  GO-Agls
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Figure 5. Mechanical properties of Pristine
CMC film, CMC-GO@Ag 5%, CMC-GO@Ag
10% and CMC-GO@Ag15%.Anti-microbial
activity

To promote the antimicrobial activity of pristine
CMC film, it was supported with the GO@Ag which
prepared from SCB to prepare CMC-GO@Ag5%,
CMC-GO@Agl0% and CMC-GO@Ag15% films.

The samples' antimicrobial efficacy was examined
against Escherichia coli, Pseudomonas aeruginosa,
Micrococcus leutus, Staphylococcus aureus and
Candida albicans. Table 5 displays the inhibitory
zones measurements (mm) in comparison to the
generated one by gentamicin and miconazole. The
CMC-GO@Ag5%, CMC-GO@Agl0% and CMC—
GO@Agl15% films exhibit greater efficacy against
both Gram +ve and -ve bacteria as well as yeast
compared to pristine CMC film. On the other hand,
GO@Ag0Oonly possesses antibacterial efficacy
against Escherichia coli and Candida albicans. As can
be seen in Table 5,CMC-GO@Ag15% causes greater
inhibitory zones than gentamicin and miconazole.

Table 5: Inhibition zones generated by Pristine CMC film, GO@Ago, CMC-GO@Ag 5%, CMC-GO@Ag

10% and CMC-GO@Ag15%.

Sample Gram —ve bacteria Gram +ve bacteria Pathogenic yeast
Escherichia coli Pseudomonas Micrococcus leutus Staphylococcus Candida albicans
Test bacteria aeruginosa aureus
Gentamicin 20.0 13.0 25.0 18.0 -
Miconazole - - - - 11.0
Pristine CMC film 19.0 Nil Nil Nil 20.0
GO@Ag" 22.0 20.0 24.0 13.0 Nil
GO-Ag 5% 22.0 19.0 12.0 17.0 17.0
GO-Ag 10% 35.0 31.0 31.0 22.0 22.0
GO-Ag 15% 22.0 22.0 30.0 21.0 21.0
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Figure 6. Inhibition zones generated by Pristine
CMC film (denoted as BL), GO@Ag® (denoted as
GA), CMC-GO@Ag 5% (denoted as Anti 1),
CMC-GO@Ag 10% (denoted as Anti 2) and
CMC-GO@Ag15% (denoted as Anti 3).

Conclusion
To develop antibacterial, mechanical, and

thermally stable films, GO@Ag0, which was
synthesised using a green method, was dispersed into
CMC biopolymer with a range of concentration ratios
(5, 10 and 15wt%). It is proved that CMC matrix
acquired strength by adding GO@Ag0 ratios as an
interconnected framework.Withaddition of 15wt %

Egypt. J. Chem. 65, No. 12 (2022)

GO@Ag0 (i.e. CMC-GO@Ag 15%), 1431 %
increase of thermal stability,96.13 % of YM, and
16.82% of TS were achieved. Morecover, the CMC—
GO@Ag5%, CMC-GO@Agl0% and CMC-
GO@Agl15% films exhibit greater efficacy against
both Gram +ve and -ve bacteria as well as yeast
compared to pristine CMC film. From these findings,
we can say that the prepared CMC-GO@Ag 15% has
combined between the properties of edible, eco-
friendly films, tough, thermal stability and
antimicrobial. So, these films have the capability to
be used as packaging materials.
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