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ABSTRACT

Background: One of the methods to improve the properties of
biodegradable packaging films is to combine one biopolymer with
other biopolymers and produce blended films, as well as adding nano-
materials as filler and reinforcement.

Aims: The aim of this study was to improve properties of basil seed
mucilage (BSM) biopolymer with the help of carboxymethyl cellulose
(CMC) and nanoclay (MMT).

Methods: BSM film, blend films of BSM and CMC (100, 162.5 and
225% wiw of mucilage), and nanocomposite films by adding MMT (0
and 8% w/w the mucilage) to the blend films were fabricated by casting
method. Water vapor permeability (WVP), water solubility, moisture
absorption, color, light transmission, opacity and X-ray diffraction
(XRD) tests were performed on the films.

Results: Values of WVP, water solubility and moisture absorption of
BSM film decreased due to the addition of CMC and MMT (p<0.05).
Different ratios of CMC and MMT in the BSM film had no significant
effect on L* and a*, while b* showed a decreasing trend with
increasing CMC concentration in nanocomposites. Opacity of control
sample was higher than other nanocomposites, and it was reduced at
presence of MMT and CMC so that the T7 films were five-fold more
transparent than BSM film. XRD spectra indicated a semi-amorphous
structure for BSM film, and crystallinity of nanocomposites was
slightly increased as a result of MMT incorporation.

Conclusion: The use of CMC and MMT improved various
characteristics of BSM film, and T7 can be recommended as the best
film sample for application.
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Extended Abstract

Introduction: The seeds of Ocimum basilicum
L., also known as basil, include a remarkable
content of mucilage with great functional
properties. According to literature, two major
fractions of glucomannan (43 %) and xylan
(24.3 %) are the main polysaccharidic
components of basil seed mucilage (BSM).
Some outstanding advantages of BSM such as
biocompatibility, low production cost,
hydrophilicity, biodegradability and worthy
rheological properties are qualified it for
making edible films and coatings. One of the
most important ether derivatives of cellulose is
carboxymethyl cellulose (CMC) accompanied
by many applications in the pharmaceutical,
cosmetics and food industries. Also, CMC is a
good material for synthesis edible film or
coating because of efficient barriers to oils,
gases and aromatic compounds. In order to
reform the defects of biopolymeric packaging
films, researchers have loaded different nano-
scale materials into the films matrix. As a
result, mechanical, thermal and barrier traits of
the produced nanocomposites considerably
improved in comparison with conventional
composites and unmodified biopolymers.
Layered silicate clays have been received
much attention for use as nanomaterial due to
their more availability, low cost and
biocompatibility. In the recent two decades,
montmorilonite was incorporated into the
films from various sources such as hydrophilic
biopolymers (starch, chitosan and CMC) for
improvement of the mechanical and barrier
properties against water vapour, oil, aroma,
etc.

Materials and methods: Firstly, mucilage
extraction from basil seeds (T =50 °C, soaking
time = 20 min, water to seed ration = 50 : 1)
was carried out, mucilage purified and dried at
50 °C for 48 h. BSM net film (T1) was
fabricated from mixing of 0.4 g BSM powder
with glycerol as plasticizer (100% w/w BSM
powder) by casting method. Blended films
were made from combination of BSM powder
and CMC (100, 162.5 and 225% w/w of
mucilage powder) as T2, T3 and T4
treatments. For preparation of
nanocomposites, a nanoclay suspension was

prepared, gradually added at constant
concentration of 8% w/w to T2, T3 and T4 film
solutions. After drying of casted film solution
on polypropylene moulds, the casted films
were conditioned and used for next
examinations. Water vapour permeability
(WVP) of the films was measured by ASTM E
96 - 00 method. Solubility in water was
determined by Zahedi et al (2018) and water
uptake was evaluated by method of Fathi-
Achachlouei and Zahedi (1397). A colorimeter
was used to determination of L*a*b*. Opacity
and light absorbance of the films were assayed
by a UV-Visible spectrophotometer at 200 to
800 nm wavelengths. Crystallinity of the
nanocomposites was investigated by X-ray
diffraction at 26 = 10-80°. The experiments
were performed at a completely randomized
design, and results were analyzed using one-
way ANOVA.

Results and discussion: Results showed that
WVP of BSM film was the maximum and it
was reduced significantly due to CMC
addition, and by incorporation of MMT more
than two times decrease for WVP was
recorded (p < 0.05). The BSM film showed the
maximum solubility in water due to
hydrophilic nature, that was gradually
decreased by rainforcement of film matrix via
loading of CMC and MMT materials (p <
0.05). An increased water solubility is a
favourite trait when a film is discarded in the
nature  because of an  accelerated
biodegradability. The moisture uptake of
control film reduced from 95 to 63% by adding
225% CMC, and continuously reduction up to
58% took placed at simultaneuous presence
both of CMC and MMT (p < 0.05). A
decreased water uptake is of importance when
application of films on hygroscopic foods.
Employment of different ratios of CMC and
MMT did not significantly change L* and a*
color values, while b* wvalues of
nanocomposite films indicated a decreasing
trend with increasing CMC (p < 0.05). BSM
film had a opaque appearance, and opacity was
positively influenced by both of CMC and
MMT so that T7 nanocomposites were 5
orders transparent than that of the control
films. The efficiacy of all films for UV
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absorption was very higher than visable
region, and the maximum light absorption
obtained at 230 - 240 nm. BSM films
superimposedly absorbed more light at both
UV and visable regions, and light absorption
remarkably reduced by CMC addition because
net CMC films are basically transparent. XRD
spectra of MMT and CMC powders showed a
crystaline and semicrystaline  structure,
respectively. For the films, XRD spectra
revealed a semicrystaline structure for BSM
films, and crystalinity was increased to some
extent by loading nanomaterials.

Conclusion: Simultaneous employment of
CMC and nanoclay improved all
physicochemical properties of basil seed
mucilage-based biodegradable films, with the
minimum  negative effects because of
hydrophilicity of CMC and heterogenicity of
nanoclay. Take together, the treatment with
the most content of CMC and montmorillonite
(T7) showed the best results among the
treatments and we can advice for application in
primary packaging of different foods and
decrease the layers of packaging.
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Table 1- Formulations of basil seed-based films
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Film composition (treatment) * BSM (g/100 ml CMC (g/100 ml MMT (g/100 ml

water) water) water)
T1=BSM 0.40 0 0
T2 = CMC100%+BSM 0.40 0.40 0
T3 =CMC162.5%+BSM 0.40 0.65 0
T4 = CMC225%+BSM 0.40 0.90 0
T5 = MMT%8+CMC100%+BSM 0.40 0.40 0.032
T6 = MMT%8+CMC162.5%+BSM 0.40 0.65 0.032
T7 = MMT%8+CMC225%+BSM 0.40 0.90 0.032

* BSM = basil seed mucilage, CMC= carboxymethyl cellulose, MMT= montmorillonite.
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Figure 1- Effect of CMC and MMT addition on
water vapour permeability (WVP) of BSM-
based composite films (T1: BSM, T2: BSM +
100% CMC, T3: BSM + 162.5% CMC, T4:

BSM + 225% CMC, T5: BSM +100% CMC +
8% MMT, T6: BSM +162.5% CMC + 8%
MMT, T7: BSM +225% CMC + 8% MMT).

Different lowercases on the top of bars indicate
significant differences (p<0.05) among treatments.
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Figure 3- Effect of CMC and MMT addition
on water absorption of BSM-based
composite films (T1: BSM, T2: BSM +
100% CMC, T3: BSM + 162.5% CMC, T4 :

BSM + 225% CMC, T5: BSM +100%
CMC + 8% MMT, T6: BSM +162.5%
CMC + 8% MMT, T7: BSM +225% CMC
+ 8% MMT)

Different lowercases on the top of bars
indicate significant differences (P<0.05)
among treatments.
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Figure 2- Effect of CMC and MMT addition
on water solubility of BSM-based composite
films (T1: BSM, T2: BSM + 100% CMC,

T3: BSM + 162.5% CMC, T4 BSM +

225% CMC, T5: BSM +100% CMC + 8%
MMT, T6: BSM +162.5% CC + 8% MMT,
T7: BSM +225% CMC + 8% MMT)
Different lowercases on the top of bars indicate
significant  differences (p<0.05) among
treatments.
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Table 2- Effect of CMC and MMT addition on color and opacity of BSM-based composite films.

Properties | L* a* b* Opacity
Treatment (AU.nm/mm)
T1 52.80 + 0.64% -11.05+0.50* 52.07 +0.76° 16.52 +2.722
T2 52.25+1.24% -11.38+0.45 5197 +159° 7.71+0.98°
T3 51.85+ 1.60* -11.30+0.69* 52.03+0.95° 4.70 +0.96°
T4 51.86 +1.12% -11.38+0.74% 52.99 +0.83% 4.64 +0.47°
T5 52.09 + 0.99% -1150+0.61* 53.84+1.09° 847 +1.63°
T6 51.75+1.77% -11.30+0.55% 53.40 +0.89° 6.09 + 0.97"°
T7 51.33+0.87° -11.73+0.48* 52.30+0.58" 3.74+0.17°

#:11: BSM, T2: BSM + 100% CMC, T3: BSM + 162.5% CMC, T4 :.BSM + 225% CMC, T5: BSM

+100% CMC + 8% MMT, T6: BSM +162.5% CMC + 8% MMT, T7: BSM +225% CMC + 8%
MMT. Different lowercases within a column indicate significant differences (p<0.05) among

treatments.
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Figure 4- Effect of CMC and MMT addition on UV-Vis absorption of BSM-based composite films (T1:
BSM, T2: BSM + 100% CMC, T3: BSM + 162.5% CMC, T4 :BSM + 225% CMC, T5: BSM +100%
CMC + 8% MMT, T6: BSM +162.5% CMC + 8% MMT, T7: BSM +225% CMC + 8% MMT).
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Figure 5- XRD patterns of MMT and CMC powders
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Figure 6- XRD patterns of BSM (BSG) powder and different BSM-based composite films (1:
BSM film, 5: BSM +100% CMC + 8% MMT, 6: BSM +162.5% CMC + 8% MMT, 7: BSM

+225% CMC + 8% MMT).



Ay 039U 9 Polo Jito S 2,5 b o Cogli g oy 4> Hhewge jlodd 4 Gy baomo L ) jl (slacyjoralS b sla Shg

@ pdidsh gl gl sl e MMT ,CMC 5 S o
Sl 5 S (agby 5 O s e O sy 3 Fh et eSS 02558 GRS Gl bkl
pn Sl dy @b S5y koS A b 5 Sl lse S Jmol (hd ) (e 0 Sk sl s
>0 MMT ;s> ;CMC jliis o 2o L(TT) 035330 als Ol baggesl JS S 3 Ol 4l

Sl olid 1y 4

References

Yo-Yq :(L)YV ‘u’lU& @Lu.ﬁ dl’“u:"“}}.’. 4.3']&.3 Cwli CE« uj“ﬁ) )l oslail L’ ‘;‘:L«««A}.ls 05 4.;[.: 2 quf

Lol sl ol Joto o S8 S ymd SluisalS 5L sla Sy bl 5 My YAV (6 saali 5 o JSsknlrl o

YOo—£V (A0 Ol glie mlo 5 pske 40 TIO025 il sasse S350

AYAA &j)\bj‘;;\.l& .)‘}A éJ\.\J Al 3 92 A}S‘)_}}}Ji'&ﬁ %JPJ Com 2 LthMx.o AYAA «S LSM\)}"L;"’L‘J‘ — aJ\)JJ
.ﬁﬂ\kfwg@\é ol Lasl

Achachlouei BF and Zahedi Y, 2018. Fabrication and characterization of CMC-based
nanocomposites reinforced with sodium montmorillonite and TiO2 nanomaterials. Carbohydrate
Polymers 199: 415-425.

Alboofetileh M, Rezaei M, Hosseini H and Abdollahi M, 2013. Effect of montmorillonite clay and
biopolymer concentration on the physical and mechanical properties of alginate nanocomposite
films. Journal of Food Engineering 117(1): 26-33.

Almasi H, Ghanbarzadeh B and Entezami AA, 2010. Physicochemical properties of starch-CMC-
nanoclay biodegradable films. International Journal of Biological Macromolecules 46(1): 1-5.
Asmatulu R, Mahmud GA, Hille C and Misak HE, 2011. Effects of UV degradation on surface
hydrophobicity, crack, and thickness of MWCNT-based nanocomposite coatings. Progress in

Organic Coatings 72(3): 553-561.

ASTM, Designation E96-00. 2000. Standard method for water Vapor transmission of materials. In
Annual Book of ASTM Standards. American Society for Testing and Materials.

Diaz=Visurraga J, Melendrez M, Garcia A, Paulraj M and Cardenas G, 2010. Semitransparent
chitosan=TiO2 nanotubes composite film for food package applications. Journal of Applied
Polymer Science 116(6): 3503-3515.

Ebrahimi B, Mohammadi R, Rouhi M, Mortazavian AM, Shojaee-Aliabadi S and Koushki MR, 2018.
Survival of probiotic bacteria in carboxymethyl cellulose-based edible film and assessment of
quality parameters. LWT 87: 54-60.

Farahnaky A, Dadfar SMM and Shahbazi M, 2014. Physical and mechanical properties of gelatin-
clay nanocomposite. Journal of Food Engineering 122: 78-83.

Fasihi H, Noshirvani N and Hashemi M, 2023. Novel bioactive films integrated with Pickering
emulsion of ginger essential oil for food packaging application. Food Bioscience 51: 1022609.
Gahruie HH, Eskandari MH, Van der Meeren P and Hosseini SMH, 2019. Study on hydrophobic
modification of basil seed gum-based (BSG) films by octenyl succinate anhydride (OSA).

Carbohydrate Polymers 219: 155-161.



VEY o /F 0)led Y s /ol mlio sla g lSen g o Ay

Gahruie HH, Ziaee E, Eskandari MH and Hosseini SMH, 2017. Characterization of basil seed gum-
based edible films incorporated with Zataria multiflora essential oil nanoemulsion. Carbohydrate
Polymers 166: 93-103.

Ghanbarzadeh B, Almasi H and Entezami AA, 2010. Physical properties of edible modified
starch/carboxymethyl cellulose films. Innovative Food Science & Emerging Technologies 11(4):
697-702.

Ghanbarzadeh B, Almasi H and Oleyaei SA, 2013. A novel modified starch/carboxymethyl
cellulose/montmorillonite bionanocomposite film: structural and physical properties. International
Journal of Food Engineering 10(1): 121-130.

Gutirrez MQ, Echeverria I, Ihl M, Bifani V and Mauri AN, 2012. Carboxymethylcellulose-
montmorillonite nanocomposite films activated with murta (Ugni molinae Turcz) leaves extract.
Carbohydrate Polymers 87(2): 1495-1502.

He Y, Fei X and Li H, 2020. Carboxymethyl cellulose-based nanocomposites reinforced with
montmorillonite and e-poly-L-lysine lysine for antimicrobial active food packaging. Journal of
Applied Polymer Science 137(23):48782.

Hoang-Minh T, Le T, Kasbohm J and Gieré R, 2010. UV-protection characteristics of some clays.
Applied Clay Science 48(3): 349-357.

Jha P, Dharmalingam K, Nishizu T, Katsuno N and Anandalakshmi R, 2020. Effect of amylose-
amylopectin ratios on physical, mechanical, and thermal properties of starch-based
bionanocomposite films incorporated with CMC and nanoclay. Starch/Starke 72(1-2): 1900121.

Khazaei N, Esmaiili M, Djomeh ZE, Ghasemlou M and Jouki M, 2014. Characterization of new
biodegradable edible film made from basil seed (Ocimum basilicum L.) gum. Carbohydrate
Polymers 102: 199-206.

Khazaei N, Esmaiili M and Emam-Djomeh Z, 2017. Application of active edible coatings made from
basil seed gum and thymol for quality maintenance of shrimp during cold storage. Journal of the
Science of Food and Agriculture 97(6): 1837-1845.

Kong I, Degraeve P and Pui LP, 2022. Polysaccharide-based edible films incorporated with essential
oil nanoemulsions: Physico-chemical, mechanical properties and its application in food
preservation: A review. Foods 11(4): 555.

Li X, Ren Z, Wang R, Liu L, Zhang J, Ma F, Khan MZH, Zhao D and Liu X, 2021. Characterization
and antibacterial activity of edible films based on carboxymethyl cellulose, Dioscorea opposita
mucilage, glycerol and ZnO nanoparticles. Food Chemistry 349: 129208.

Ma X, Chang PR and Yu J, 2008. Properties of biodegradable thermoplastic pea
starch/carboxymethyl cellulose and pea starch/microcrystalline cellulose composites.
Carbohydrate polymers 72(3): 369-375.

Mohammad Amini A, Razavi SMA and Zahedi Y, 2015. The influence of different plasticisers and
fatty acids on functional properties of basil seed gum edible film. International Journal of Food
Science & Technology 50(5): 1137-1143.

Muller P, Kapin A and Fekete E, 2014. Effects of preparation methods on the structure and
mechanical properties of wet conditioned starch/montmorillonite nanocomposite films.
Carbohydrate Polymers 113: 569-576.

Naeeji N, Shahbazi Y and Shavisi N, 2020. Effect of gamma irradiation on physico-mechanical and
structural properties of basil seed mucilage=chitosan films containing Ziziphora clinopodioides
essential oil and MgO nanoparticles for rainbow trout packaging. Journal of Food Processing and
Preservation 44(10): e14781.



¥ 039U 9 Polo Jito S 2,5 b o Cogli g oy 4> Hhewge jlodd 4 Gy baomo L ) jl (slacyjoralS b sla Shg

Naji-Tabasi S and Razavi SMA, 2017. Functional properties and applications of basil seed gum: An
overview. Food Hydrocolloids 73: 313-325.

Oleyaei SA, Zahedi Y, Ghanbarzadeh B and Moayedi AA, 2016. Modification of physicochemical
and thermal properties of starch films by incorporation of TiO2 nanoparticles. International Journal
of Biological Macromolecules 89: 256-264.

Peighambardoust SJ, Zahed-Karkaj S, Peighambardoust SH, Ebrahimi Y and Peressini D, 2020.
Characterization of carboxymethyl cellulose-based active films incorporating non-modified and
Ag or Cu-modified Cloisite 30B and montmorillonite nanoclays. Iranian Polymer Journal 29:
1087-1097.

Razavi SM, Mortazavi SA, Matia-Merino L, Hosseini and Parvar SH, Motamedzadegan A,
Khanipour E, 2009. Optimisation study of gum extraction from Basil seeds (Ocimum basilicum
L.). International Journal of Food Science & technology 44(9): 1755-1762.

Ren J, Wang S, Gao C, Chen X, Li W and Peng F, 2015. TiO2-containing PVA/xylan composite films
with enhanced mechanical properties, high hydrophobicity and UV shielding performance.
Cellulose 22: 593-602.

Rhim J-W, 2011. Effect of clay contents on mechanical and water vapor barrier properties of agar-
based nanocomposite films. Carbohydrate Polymers 86(2): 691-699.

Rohini B, Ishwarya SP, Rajasekharan R and VijayaKumar AK, 2020. Ocimum basilicum seed
mucilage reinforced with montmorillonite for preparation of bionanocomposite film for food
packaging applications. Polymer Testing 87: 106465.

Tantiwatcharothai S and Prachayawarakorn J, 2019. Characterization of an antibacterial wound
dressing from basil seed (Ocimum basilicum L.) mucilage-ZnO nanocomposite. International
Journal of Biological Macromolecules 135: 133-140.

Tongdeesoontorn W, Mauer L, Wongruong S and Rachtanapun P, 2009. Water vapour permeability
and sorption isotherms of cassava starch based films blended with gelatin and carboxymethyl
cellulose. Asian Journal of Food and Agro-Industry 2(4): 501-514.

Torabi A, Mohebbi M, Tabatabaei-Yazdi F, Shahidi F, Khalilian-Movahhed M and Zahedi Y, 2020.
Application of different carbohydrates to produce squash puree based edible sheet. Journal of food
science and technology 57:673-682.

Umaraw P and Verma AK. 2017. Comprehensive review on application of edible film on meat and
meat products: An eco-friendly approach. Critical Reviews in Food Science and Nutrition 57(6):
1270-1279.

Yousefi A,Savadkoohi B, Zahedi Y, Hatami M and Ako K. 2019, Fabrication and characterization of
hybrid sodium montmorillonite/TiO> reinforced cross-linked wheat starch-based nanocomposites.
International Journal of Biological Macromolecules 131: 253-263.

Zahedi, Y, 2019. Edible/Biodegradable Films and Coatings from Natural Hydrocolloids. Pp. 571-
600. In: Razavi S.M.A (eds). Emerging Natural Hydrocolloids: Rheology and Functions. John
Wiley and Sons Ltd.

Zahedi Y, Fathi-Achachlouei B and Yousefi AR, 2018. Physical and mechanical properties of hybrid
montmorillonite/zinc oxide reinforced carboxymethyl cellulose nanocomposites. International
Journal of Biological Macromolecules 108: 863-873.



