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2 -Lactobacillus casei
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3- Solvent Casting Method
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Table 1. Physical properties of PLA/nano cellulose (NC) composite films containing L. casei

Film Thickness Moisture Solubility (%) WVP Turbidity
(mm) (%) (10 gs'mPa
)
PLA 0.043+ 0.001° 18.51+ 0.502 23.02+ 0.502 1.60+ 0.022 0.96+ 0.02°
PLA+ NC 0.050+ 0.0012 17.04+0.19° 20.42+ 0.56° 1.52+0.03° 1.05+0.03°
PLA+ NC+ L. casei 0.057+ 0.0022 16.55+ 0.49° 19.44+ 0.60° 1.48+0.01° 1.21+0.032

Different letters in the each column show a significant difference between treatments at p<0.05.

Data are shown as mean valuez standard deviation.
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Table 2. Mechanical properties of PLA/nano cellulose (NC) composite films containing L. casei

Film Tensile strength (MPa) Elongation at break (%)
PLA 43.26+ 0.74° 2.96+ 0.03?
PLA+ NC 48.34+ 0.472 2.71+0.03°
PLA+ NC+ L. casei 42.39+ 0.58° 2.43+0.09°

Different letters in the each column show a significant difference between treatments at p<0.05.

Data are shown as mean valuez standard deviation
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Figure 1: X-ray diffraction of different films.
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Figure 2: Viability of Lactobacillus casei in the nano composite films during storage at 4 °C.

Different letters in the each day show a significant difference between treatments at.

sl ohd S0 L g pama 5o A sdallne (LS S0 &
St elis ol S Ol 4 5 e /PLA
23 2ME sl huanay o L.ocasel S s St
oy e b wlg e o] Sldlas Al Jlnse (les
S SR oy 2 S ok 0 S, 035581
el ol slpe gduanay )3 ol 5,08 sk 4

.J}.j:

[1] Rezaeigolestani, M., Misaghi, A., Khanjari,
A., Basti, A. A., Abdulkhani, A. Fayazfar, S.
2017. Antimicrobial evaluation of novel poly-
lactic acid based nanocomposites
incorporated with bioactive compounds in-
vitro and in refrigerated vacuum-packed
cooked sausages. International Journal of
Food Microbiology. 260, 1-10.

[2] Shakour, N., Khoshkhoo, Z., Akhondzadeh
Basti, A., Khanjari, A., Mahasti Shotorbani,
P. 2021. Investigating the properties of PLA-
nanochitosan composite films containing
Ziziphora Clinopodioides essential oil and
their impacts on oxidative spoilage of
Oncorhynchus mykiss fillets. Food Science
and Nutrition. 00:1-13.

[3] Heydari-Majd. M, Ghanbarzadeh. B, Shahidi-
Noghabi. M, Najafi. M. A. Mohammadyar.
H, 2019. A new active nanocomposite film
based on PLA/ZnO nanoparticle/essential oils
for the preservation of refrigerated Otolithes

41

S 4o 8
/PLA  Slys sl (..L.e $b ol asdlas s
£ los y5 ol 0,5 L.casel ¢ SL gl Ikl
malis 3l 639,01 SIS 6y 95 6@51@;\;@;&”@-):
23 ol Rl g la 52 S s (6 S Sl
(oS S glie 53 (653 pae JalS 5 Cdlid (Cwlkhs
Cored S s S 508 50 3 @bl 5 b

CLA -0
ruber fillets. Food Packaging and Shelf Life.
19: 94-103.
[4] Salimiraad. S, Safaeian. S,

Akhondzadeh Basti. A, Khanjari. A, Mousavi
Nadoushan. R. 2022. Characterization of
novel probiotic nanocomposite films based
on nano chitosan/ nano cellulose/ gelatin for
the preservation of fresh chicken fillets. LWT
- Food Science and Technology. 162. 113429.
[5] Jensen, A., Lim, L. T., Barbut, S., and
Marcone, M. 2015. Development and
characterization of soy protein films
incorporated with cellulose fibers using a hot
surface casting technique. LWT-Food
Science and Technology. 60 (1). 162-170.
[6] Zabihollahi, N., Alizadeh, A., Almasi, H.,
Hanifian, S., & Hamishekar, H. 2020.
Development and characterization  of
carboxymethyl cellulose based probiotic
nanocomposite film containing cellulose
nanofiber and inulin for chicken fillet shelf


http://dx.doi.org/10.22034/FSCT.21.147.34
https://fsct.modares.ac.ir/article-7-67211-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-03-11 ]

[ DOI: 10.22034/FSCT.21.147.34 ]

S U e (S 5 (S s S o

UL 5 Sl a0 pnns

life extension. International Journal of
Biological Macromolecules. 160 (1). 409-
417.

[7]1 Soni, E.B. Hassan, M.W. Schilling, B.
Mahmoud, Transparent bionanocomposite
films based on chitosan and TEMPO-
oxidized cellulose nanofibers with enhance
mechanical and  barrier  properties,
Carbohydrate Polymers. 151. 779-789.

[8] Abdulkhani, A., Hosseinzadeh, J., Ashori, A.,
Dadashi, S., and Takzare, Z. 2014.
Preparation and characterization of modified
cellulose nanofibers reinforced polylactic
acid nanocomposite. Polymer Testing. 35. 73-
79.

[9] Niu, Y. Liu, Y. Song, J. Han, H. Pan. 2018.
Rosin modified cellulose nanofiber as a
reinforcing and co-antimicrobial agents in
polylactic acid /chitosan composite film for
food packaging, Carbohydrate Polymers.
183. 102-109.

[10]Odila Pereira, J. Soares, S. Sousa, A.R.
Madureira, A. Gomes, M. Pintado. 2016.
Edible films as carrier for lactic acid bacteria,
LWT - Food Science and Technology. 73.
543-550.

[11] Aymerich, T., Rodriguez, M., Garriga, M.,
Bover-Cid, S. 2019. Assessment of the
bioprotective potential of lactic acid bacteria
against Listeria monocytogenes on vacuum-
packed cold-smoked salmon stored at 8° C.
Food microbiology. 83. 64-70.

[12] Espitia, P. J. P., Batista, R. A., Azeredo, H.
M. C., Otoni, C. G. 2016. Probiotics and their
potential applications in active edible films
and coatings. Food Research International.
90. 42-52.

[13] Mozaffarzogh, M., Misaghi, A., Shahbazi, Y.,
& Kamkar, A. 2020. Evaluation of probiotic
carboxymethyl cellulose-sodium caseinate
films and their application in extending shelf
life quality of fresh trout fillets. LWT - Food
Science and Technology. 126. 109305.

[14]Pavli, F., Tassou ,C., Nychas, G. J. E., &
Chorianopoulos, N.  2018.  Probiotic
incorporation in edible films and coatings:
Bioactive solution for functional foods.
International Journal of Molecular Sciences.
19. 1-17.

[15] Atallah, A. A. 2016. The production of bio-
yoghurt with probiotic bacteria, Royal jelly
and Bee pollen grains. Journal of Nutrition &
Food Sciences. 6 (3). 510.

[16] Ghasemi, Zh., Alizadeh Khaled-Abad, M.,
Almasi, H., Nikoo, M. 2022. Carboxymethyl
cellulose based bioactive edible films with
Lactobacillus casei and fish protein
hydrolysates. Iranian Food Science and
Technology Research Journal. 17 (6). 85-102

42

[17]Soukoulis, C., Behboudi-Jobbehdar, S.,
Yonekura, L., Parmenter, C., Fisk, I. D.
2014a. Stability of Lactobacillus rhamnosus
GG in prebiotic edible films. Food Chemistry.
159. 302-308.

[18] Erdohan, Z. O., Cam, B., Turhan, K. N. 2013.
Characterization of antimicrobial polylactic
acid based films. Journal of Food
Engineering. 119 (2). 308- 315.

[19]ASTM. 1996. Standard test methods for
tensile properties of thin plastic sheeting,
D882-91. Annual book of ASTM.
Philadelphia, PA: American society for
Testing and Material.

[20] Ojagh, S. M., Rezaei, M., Razavi, S. H,,
Hosseini, S. M. H. 2010. Development and
evaluation of a novel biodegradable film
made from chitosan and cinnamon essential
oil with low affinity toward water. Food
Chemistry. 122 (1). 161-166.

[21] Bertan, L. C., Tanada-Palmu, P .S., Siani, A.
C. Grosso, C. R. F. 2005. Effect of fatty acids
and Brazilian elemi on composite films based
on gelatin. Food Hydrocolloids 19: 73- 82.

[22] Soukoulis, C., Yonekura, L., Gan, H.H.,
Behboudi-Jobbehdar, S., Parmenter, C. Fisk,
I. 2014b. Probiotic edible films as a new
strategy for developing functional bakery
products: The case of pan bread. Food
Hydrocolloids. 39. 231-242.

[23] Soukoulis, C., Behboudi-Jobbehdar, S.,
Macnaughtan, W., Parmenter, C., Fisk, I. D.
2017. Stability of Lactobacillus rhamnosus
GG incorporated in edible films: Impact of
anionic biopolymers and whey protein
concentrate. Food Hydrocolloids. 70. 345—
355

[24] Shahosseini,  S.R.2023.  Evaluation  of
Physical, Mechanical and Antimicrobial
Properties of Pullulan Films Enriched with
Free and Encapsulated  Tragopogon
graminifolius DC. Extract for use in Food
Packaging. Journal of Innovation in Food
Science and Technology. 15 (3). 57-76.

[25] La Storia, A., Di Giuseppe, F. A., Volpe, S.,
Oliviero, V., Villani, F., & Torrieri, E. 2020.
Physical properties and antimicrobial activity
of bioactive film based on whey protein and
Lactobacillus curvatus 54M16 producer of
bacteriocins. Food Hydrocolloids. 105959.

[26] Mirabolghasemi S, Najafi M, Azizi A, Haji
Bagherian M. 2021. Preparation and study of
physical and mechanical behavior of
polylactic acid bionanocomposites reinforced
with  Cellulose Nanocrystal and silver
nanoparticles. Journal of Applied Research of
Chemical -Polymer Engineering. 5 (3). 25-13.

[27]Paralikar S. A., Simonsen J., Lombardi J.,
2008. Poly (Vinyl Alcohol)/ Cellulose


http://dx.doi.org/10.22034/FSCT.21.147.34
https://fsct.modares.ac.ir/article-7-67211-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-03-11 ]

[ DOI: 10.22034/FSCT.21.147.34 ]

VY C,.«i.@,ﬂ.))l AR e)jbc\iv e)l.«.i

J‘J’.’.\ J,'J’@W}tﬂ-‘“‘-"“

Nanocrystal Barrier Membranes. Journal of
Membrane Science. 320. 258-248.

[28] Souza, B. W., Cerqueira, M. A., Teixeira, J.
A., Vicente, A. A. 2010. The use of electric
fields for edible coatings and films
development and production: A review. Food
Engineering Reviews. 2(4). 244-255.

[29] Kanmani, P., Lim, S. T. 2013. Development
and characterization of novel probiotic-
residing pullulan/starch edible films. Food
chemistry. 141(2). 1041-1049.

[30] Bekhit, M., Arab-Tehrany, E., Kahn, C. J. F.,
Cleymand, F., Fleutot, S., Desobry, S. 2018.
Bioactive films containing alginate-pectin
composite microbeads with lactococcus lactis
subsp. Lactis: Physicochemical
characterization and antilisterial activity.
International Journal of Molecular Sciences.
19(2). 1-12.

[31] Ebrahimi, B., Mohammadi, R., Rouhi, M.,
Mortazavian, A. M., Shojaee-Aliabadi, S.,
Koushki, M. R. 2018. Survival of probiotic
bacteria in carboxymethyl cellulose-based
edible film and assessment of quality
parameters. LWT - Food Science and
Technology. 87. 54-60.

43

[32]Jonoobi M., Mathew A. P., Abdi M. M.,
Makinejad M. D., Oksman K., 2012. A
Comparison of Modified and Unmodified
Cellulose Nanofiber Reinforced Polylactic
Acid (PLA) Prepared by Twin Screw
Extrusion, Journal of Polymers and the
Environment. 20 (4). 997-991.

[33] Kord B., Jari E., Najafi A., Tazakorrezaie V.
2014. Effect of Nanoclay on the Decay
Resistance and Physicomechanical Properties
of  Natural  Fiber-Reinforced  Plastic
Composites against White-Rot  Fungi
(Trametes versicolor), Journal of
Thermoplastic Composite Materials. 8 (27).
1096-1085.

[34]Dai, L., Yuan, Y., Song, Z., Qiu, Y., Yue, T.
2018. Preparation and characterization of
Lactobacilli-loaded composite films with
sustaining  antipathogenic  activity and
preservation effect. Journal of Food Science.
83(10). 2511-2519.

[35]FAO. 2018. The State of World Fisheries and
Aquaculture 2018-Meeting the sustainable
development goals. License: CC BY-NC-SA
3.01GO.


http://dx.doi.org/10.22034/FSCT.21.147.34
https://fsct.modares.ac.ir/article-7-67211-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-03-11 ]

[ DOI: 10.22034/FSCT.21.147.34 ]

JEST No. 147, Vol. 21, May 2024 ABSTRACT

SJ Journal of Food Science and Technology (Iran)

x;'l_"‘/ Homepage:www.fsct.modares.ir

Scientific Research

Investigating the physical and mechanical properties of polylactic acid-nanocellulose
nanocomposite film containing Lactobacillus casei probiotic bacteria

Masoumeh Khanjani!, Peiman Ariaii'*, Leila Najafian?, Mahro Esmaeili*

1- Department of Food Science and Technology, Ayatollah Amoli Branch, Islamic Azad University,

Amol, Iran.

2- Department of Food Science & Technology, Sari Branch, Islamic Azad University, Sari, Iran.

ARTICLE INFO

ABSTRACT

Avrticle History:

Received:2023/3/15
Accepted: 2024/1/2

Keywords:

Nanocomposite,
Nanocellulose,
Edible film,
Probiotics,
Viability.

10.22034/FSCT.21.147.34.

*Corresponding Author E-Mail:

Nowadays, increasing the viability of probiotics by directly adding them to edible films
to prevent their mortality is of great interest. In this study, the survival of Lactobacillus
casei probiotic bacteria added to polylactic acid-nanocellulose nanocomposite film was
investigated. For this purpose, three edible films including polylactic acid, polylactic
acid + nanocellulose, polylactic acid + nanocellulose+ L. casei (9 log CFU/g) were
prepared and the physical and mechanical characteristics of the film , as well as the
survival of L. casei bacteria, as well as the survival of L. casei bacteria were
investigated. The results of the mechanical test showed that the use of probiotic bacteria
decreased the tensile strength and elongation at the break of the polylactic acid-
nanocellulose film (P < 0.05), but the addition of nanocellulose improved the
mechanical properties of the polylactic acid film. The results of physical tests including
humidity, solubility, and water vapor permeability showed that the addition of probiotic
bacteria and nanocellulose improved the physical properties of the film, but the opacity
of the films increased (P<0.05). Based on the results of the present study, during storage
at 4°C, the survival of probiotic bacteria in the nanofilm decreased, so that
Lactobacillus casei bacteria decreased from 8.25 log CFU/g on the zero-day of the
study to 6.12 log CFU/g reached at the end of the study (day 16), but it was within the
permissible range (6 log CFU/g). Therefore, adding L. casei probiotic to polylactic
acid-nanocellulose nanocomposite film can be a suitable carrier at refrigerator
temperature.
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