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Figure 1. The effect of studied variables at different levels (1, 3, 5%) on water vapor permeability.

Table 1 - Turbidity and water vapor permeability in the

film.
] Clumsy
Type film 600 nm mm™ )
PLA+CH 1.97 +0.19°

PLA+CH+ZnO NPs 1% 2.38+0.79 ¢
PLA+CH+ZnO NPs 3% 2.60+0.67°
PLA+CH+ZnO NPs 5% 3.48 +0.68 ?

PLA 2.06 +0.69 ©
PLA+ZnO NPs 1% 2.25+0.37°
PLA+ZnO NPs 3% 2.51 +0.78°
PLA+ZnO NPs 5% 3.42 +0.80°

Different letters in each column are due to the existence of
significant differences at the 5% level in the films.
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Figure 2. The effect of studied variables at different levels (1, 3, 5%) on turbidity.
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Figure 2. The effect of the studied variables at different levels (1, 3, 5%) on oxygen permeability.
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Table 2 - Oxygen permeability in films.

Filme Oxygen permeability
PLA+CH 2.08 £%0.12
PLA+CH+ZnO NPs 1% 1.26 +°0.09
PLA+CH+ZnO NPs 3% 1.240.21°
PLA+CH+ZnO NPs 5% 1.17 +0.06 ¢
PLA 1.66 +°0.17
PLA+ZnO NPs 1% 1.75 +0.02 °
PLA+ZnO NPs 3% 1.73+°0.21
PLA+ZnO NPs 5% 1.7 £0.04°

The different letters in each column are due to the existence of a significant difference at the 5% level in the films.
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Figure 1. Electron microscope images a) Polylactic acid-chitosan b) Polylactic acid-chitosan-zinc oxide 1% c)
Polylactic acid-chitosan-zinc oxide 3% d) Polylactic acid-chitosan-zinc oxide 5%.

Table 3 - Comparison of mechanical properties of films.

Samples a
(weight percent) E(MPa) 8y(MP2) eb (%)
PLA+CH 3100+210® 40 +3° 0.77 +1.8°

PLA+CH+ZNnONPs1%  2566+320°¢ 035%5%  073+1.4°
PLA+CH+ZnO NPs 3% 2680 +98°  31.6+3° 084+1.2°
PLA+CH+ZnO NPs5% 2446 +130-° 333+3° 076+1.7°

PLA 2501+180:° 29+3° 0.83+1.22
PLA+ZnO NPs 1% 2697 +£298° 374572 0.72+3.1°¢
PLA+ZnO NPs 3% 2762 +140° 35372 0.78 +1.3°
PLA+ZnO NPs 5% 27214998  3443°  (079+14°

The different letters in each column are due to the existence of a significant difference at the 5% level in the films.
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Figure 3- Comparison of the effect of zinc oxide at levels (1, 3 and 5%) on the tensile strength of films.
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Figure 4- Comparison of the effect of zinc oxide at levels (1, 3 and 5%) on the elongation of films.
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Figure 5- Comparison of the effect of zinc oxide at levels (1, 3 and 5%) on the Young Modulus of films.
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Figure 6- Moisture percentage of seven-grain toast during 15 days of storage at 25 degrees Celsius.
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Figure 7 - Hardness of the texture of seven-grain toast during 15 days of storage at 25 degrees Celsius.
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Table 4 - Investigation of fungal growth results in different slices of seven-grain toast with different films at 25 ° C.

Intensity of fungal growth

(log CFu/g) The number of mold and yeast

Growth

Package type delay D?y [iasy [;asy I%%y Day 7 Day 15 Day 25

Control 2+03° 4 4+ 4 ek Blaa® 6.32 £0.03" *3'2‘8‘ :

pLA-CH 6413°  +  ar s ae L7200 3.93£0.03" ig.gg )

PLACIHZNO  14s13° - -+ e NDES N.D £0.0° o a
PLASIZNO 241220 - - - . N.D £ +/+? N.D 0.0 ® N.D £0.0 ®
PLASIZNO  2g131® - - - . N.D £ +/+? N.D 0.0 ® N.D £0.0 ®

pLA 612.2° + e 124 ¢ 4.1+0.05" ig'g‘ll :

PLACIHZNO  1as22¢ - -+ e NDES N.D £0.0° e a
pLA-Zn03%  21+1.3° - - - + N.D & /" N.D 0.0 N.D +0.0 2
pLA-ZnO5% 28 +1.3% - - - + N.D & /" N.D 0.0 N.D +0.0 2

No fungal growth, + fungal growth less than 25% of the surface, ++ fungal growth between 25 and 50% of the plate surface, +++ fungal growth

more than 50%.

513 355 06 (L8l yil5l gl ool sleal, . Aib
5333 (MAP) ol ol sl b (s 4y ils

sbe Blie 4 O3l Ll s Ol LSS 0333l

V¥

S s ¥

Je

QU Gl s 5 ) G 3l ol & age gla, 556

e s bt Dl 5 0 S slld 550 o


http://dx.doi.org/10.22034/FSCT.20.139.68
https://dorl.net/dor/20.1001.1.20088787.1402.20.139.4.8
https://fsct.modares.ac.ir/article-7-65144-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-05-21 ]

[ DOR: 20.1001.1.20088787.1402.20.139.4.8 ]

[ DOI: 10.22034/FSCT.20.139.68 ]

...... g,.l_)):alsj.v\.n U’”""ﬁ 65}5}5) LSLA;}L} ;,;'L.'.))‘

Oan 5 oy Kol oy

Sob= sl b e 2SI (6,36 ZnO NPs
4w a5 aS sl Ol B US55, » ZNO NPs
Zn0  doys ilil 5 ad edalie SWslssl 3 Sl
sk s B sy 0f (SauS e I 5l NPs
05,5 b 0L i ajls JLs 4 (P<0/00) yls e
PLA 5CH sls (L3 5 iS55 b als 0L 5 i 58
sl O s cusby his ioan 55 ZNO NPs (651>
Sliglesl sy 200 Zn0 Sl3 g ok 5 iS5, bl
5ok Sl s S Ly SalS (g ks Ol o5 S
0> S e oS e5s ZNO NPs (g5l sla iS
ZnO laie _5al55l L.l o o313 0Lis ZnO NPs 5%
ol sbls PLACH-ZnO NPs ls ks NPs
06 Bl 5030 VL oy S 5 (Kb (SO

Al e SRl B s gy

c‘.l.o -0

[1].Besbes,E.,Jury,V.,Monteau,J.Y.,and Bail A.L.
2014, Effect of baking conditions and storage with
crust on the and staling kinetics of pan bread, LWT-
Food science and Technology, 58(2), 1-9.

[2].Maizura, M., Fazilah, A., Norziah, M.H and
Karim,A.A. 2011.Short communication antibacterial
activity of modified sago starch alginate based edible
film incorporated with lemongrass oil,International
Food Research Journal, 15(2), 233-236.

[3]. Tabari M. Investigation of Carboxymethyl
Cellulose (CMC) on Mechanical Properties of Cold-
Water Fish Gelatin Biodegradable Edible Films.
Foods. 2017; 6(6):41.

[4]. Jayas,D.S.2010 Nanotechnology for the food and
bioprocessing  industries,Food and  Bioprocess
Technology,4(1),39-47.

[5]. Famil Zzirakl, M., Tabari, M., PLA-SiO2
nanocomposite films: morphological and mechanical
properties and specific end-use characteristics.

Yo

A gl shy e 5 SO Jes A1
53 o gles ol wtasb s ol sy Slan]
SiSeds Caolt 5 UV 5 Caslie a3lE 30
5 S (bt s Slo et 3ph e eslinad
S350 sl CH 5 PLA (g5l sl (L3 s
D3 o 350 Ao y3 0 5 Y ) slads ;s L ZNO NPs
Sal&in oS 3ls Sl ol ol SO ol g b S
O LY Sl abge sle b s g LS Ao
sLajl Ol a5 A0S 4 Cwglie il Aulsilas s
Ll (P<e/00) Cil jials b ol ol & by Job
Sl o p 3 S SSL e Jhlsl Sl
T 5 sl CH 5 PLAGL oL sl WVP LTl

334 53) S S pdidsh (S ST D3 S0 Ao
o Ol Sy AemS) L la @b 4y e (oo
G St VL sladsss sl s(P<e/00) aas
22 OpeSh G pidsh RS Gl sdalie (g ks

ol 53l 5 5 e ZNONPs 3% (¢l )ls sla (,L:_e

Nanomedicine Research Journal, Volume 3, Issue 3,
Summer 2018, Page 140-145.

[6].Silvestre,C.,Cimmino,S.,Pezzuto,M.,Mara,A.,Am
brogi,V and Dexpert, J. 2013. prepartion and
characterization of isotactic polypropylene/zinc oxide
microcomposites with antibacterial activity, Journal
polym,45(2): 1-8.

[7].Llorens,A. ,Lloret,E., Picouet, P.A.,
Trbojevich,R., and Fernandez, A. 2012. Metallic
based micro and nanocomposite in food contact
materials and active food packaging ,Trends in Food
Science & Technology, 24,19-29.

[8]. Tabari M. Characterization of a new
biodegradable edible film based on Sago Starch
loaded with Carboxymethyl Cellulose nanoparticles.
Nanomedicine Research Journal, 2018. 3(1): 25-30.

[9].Harada,M.,Ohya,T.,lida,K.,Hayashi,H.,Hirano,K.
and Fukuda,H. 2007. Increased impact strength
biodegradable poly lactic acid/poly butylen succinate
blend composites by using isocyanate as a reactive
processing agent, Journal of Applied Polymer
Science, 106 (3),1813-1820.


http://dx.doi.org/10.22034/FSCT.20.139.68
https://dorl.net/dor/20.1001.1.20088787.1402.20.139.4.8
https://fsct.modares.ac.ir/article-7-65144-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-05-21 ]

[ DOR: 20.1001.1.20088787.1402.20.139.4.8 ]

[ DOI: 10.22034/FSCT.20.139.68 ]

\FeY )ﬁj@"" A 092 AL D)LA.J:

[10]. Tabari, Kh., Tabari, M. Characterization of a
biodegrading bacterium, Bacillus subtilis, isolated
from oil-contaminated soil, International journal of
Environmental Science and Technology, 2017.
14(1):1-8. DOI: 0.1007/s13762-017-1313-3.

[11].Cabedo,L., Feijoo,J.L., Villanueva ,M.P.,
Lagaro,M.,and Nez,E.G. 2006. Optimization of
Biodegrabale Nanocomposite based on aPLA/PCL
blends for food packaging applications. J. Macromo.
Symp, 233,191-197.

[12].Tian,F., Decker,E.A and Goddard,J.M. 2012 .
Development of an iron chelating polyethylene film
of active packaging applications. Journal of
agricultural Food Chemistry,60: 2046-2052.

[13]. Tabari, M., Tabari, Kh., Karimzadegan, H.,
Mohammadi, M. Study on Bacillus Isolated from
Intestine of Persian Sturgeon (Acipenser persicus)
Comparing with Commercial Probiotics, 2016. 60,
59-65.

[14].Mihaly Cozmuta, A., Peter, A., Mihaly
Cozmuta,L.,Nicula,C.,Crisan,L  and  Baia, I
2014.Active packaging system based on Ag/TiO,
nanocomposites used for extending the shelf life of
bread,Chemical and
Microbiologicallnvestigations,Packaging Technology
and Science, 28(4), 271-284.

[15].Balaguer, M.P., Cerisuelo, J.P., Gavara, R.,
Hernandez-Mufioz, P., 2013. Mass transport
properties of gliadin films: effect of cross-linking
degree, relative humidity, and tem- perature. J.
Membr. Sci. 428,380-392.

[16].Otani,C.G.,Pontes,S.F.O., Medeiros,E.A.A and
Soares,N.D.F.F. 2014.Edible films from
methylcellulose and nanoemulsions of clove
bud(Syzygium Aromaticum) and oregano(Origanum
Vulgare) essential oils as shelf life extenders for
sliced bread,Journal of Agricultural and Food
Chemistry,62(22): 5214-5219.

[17]. Mohammadi, M., Tabari, M., Tavakolipor, H.,
and Mohammadi, Sh., 2023. The effect of Allium
saralicum RM Fritsch nanocapsules in yogurt on type
2 diabetes in  male rats: physicochemical
characterization and pharmacodynamics assessment.
3 Biotech, 13, 222.

\&4

[18].Li, X. H., Xing, Y. G, Li, W. L, Jiang, Y. H, and
Ding, Y. L. 2010. Antibacterial and Physical
properties of Poly (Vinyl Chloride)-based Film
Coated with ZnO Nanopartical, Food Science and
Technology International, 16 (3),225-232.

[19].Salehifar,M., Beladi Nejad, M.H., Alizadeh, R
and Azizi, M.H. 2013. Effect of LDPE/MWCNT
films on the shelf life of Iranian lavash bread,
European Journal of Experimental Biology,3(6):183-
188.

[20].Pantani,R.,Gorrasi,G.,Vigliotta,G., Murariu,M.,
and Dubosi,P. 2013. PLA/ZnO nanocomposite
films:water vapor barrier properties and specific end
use characteristics, European Polymer Journal,49:
3471-3482.

[21].ASTM. 2000. The test evaluates the water vapor
transfer through semi-permeable and permeable
samples.

[22].ASTM. 2002.Standard test method for Tensile
Plastic sheeting, Annual book of ASTM,
Philadelphia, PA: American Society for Tensting and
Material.

[23].Piermaria, J. A., Pinotti, A., Garcia, M. A., and
Abraham, A. G. 2009. Filmes based on kefiran, an
exopolysaccharide obtained from kefir graine
Development and characterization, Food
Hydrocolloids, (23), 684-690.

[24]. AACC, 1995. American Association of ceral
chemists, Approved methods of the AACC.
Committee. Method 74-09, The Association St Paul,
MN.

[25].Phan, T. D., Debeaufort, F, Luu, D and Voilley,
A. 2002. Functional properties of edible agar based
and starch-based films for food quality preservation,
Journal of Agricultural and Food Chemistry, 53: 973-
981.

[26].Ghazihoseini, S., Alipoormazandarani, N.,
Mohammadi Nafchi, A. 2015. The Effects of Nano-
Sio2 on Mechanical, Barrier, and Moisture Sorption
Isotherm Models of Novel Soluble Soybeam
Polysaccharide Films, International Journal of Food
Engineering, 1-883.

[27].Shahabi-Ghahfarrokhi, 1., Khodaiyan, F.,
Mousavi, M and YOusefi, H. 2015. Preparation of uv
protective kefiran/nano-ZnO nanocomposites:


http://dx.doi.org/10.22034/FSCT.20.139.68
https://dorl.net/dor/20.1001.1.20088787.1402.20.139.4.8
https://fsct.modares.ac.ir/article-7-65144-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-05-21 ]

[ DOR: 20.1001.1.20088787.1402.20.139.4.8 ]

[ DOI: 10.22034/FSCT.20.139.68 ]

...... g,.l_)):alsj.v\.n U""""ﬁ 65}5}3) éu;ﬂ) ;,;’L.'.))‘

OLen 5 ol Kol s 30

Physical and mechanical properties, International
Journak of biological macromolecules, 72, 41-46.

[28].Arunvisut, S.,  Phummanee, S. and
Somwangthanaroj, A. 2007. Effect of Clay on
Mechanical and Gas Barrier Properties of blown film
LDPE/clay Nanocomposites. Journal Appl. Polym
Sci, 106, 2210-2217.

[29].Yeh, J.T., Chang, C.J., Tsai, F.C., Chen, K.N.
and Huang, K.S. 2009. Oxygen barrier and blending
properties of blown films of blends of modified
the use of light polyethylene-clay nanocomposites in
increasing the quality, shelf life and reducing the
waste of flat bread (Barbari), Journal of Agricultural
Engineering Research, 12 (4), 1-10.

[34]. Alhendi,A.,Choudhary,R.2013. Current
practices in bread packaging and possibility of
improving bread shelf life by Nanotechnology,
Internatinal Journal of Food Science and Nutrition
Enginering, 3(4),55-60.

Yy

polyamide and polyamide-6 clay  mineral
nanocomposites, Appl Clay Sci, 45,1-7.

[30]. Gasariego, A., Souza, B, Cerqueira, M,
Teixeria, J, Cruz, L, Diaz, R, and Vicente, A.2009.
Chitosan/clay films properties as affected by
biopolymer and clay micro/nanoparticles
concentrations, Food Hydrocolloids, 23 (7), 1895-
1902.

[31].Shafiee-Nasab, M., Tabari, M and Azizi, M.H.
2018. Morphological and mechanical properties of
poly (lactic acid)/Zinc oxide nanocomposite
films,Journal Nanomed Res, 3(2), 96-1013.

[32]. Soltani, Z., Tavakolipour, H., Tabari, M. 2023,
The influence of chitosan and titanium dioxide
nanoparticles incorporated with polylactic acid on
prolonging rye bread shelf life. Journal of Food
Measurement and characterization, 17, 1806-1816.

[33]. Hematian Soraki, A., Tabatabayee Yazdi, M.,
Davoodi, M., & Mortazavi, S. A. 2012. Investigating


http://dx.doi.org/10.22034/FSCT.20.139.68
https://dorl.net/dor/20.1001.1.20088787.1402.20.139.4.8
https://fsct.modares.ac.ir/article-7-65144-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-05-21 ]

[ DOR: 20.1001.1.20088787.1402.20.139.4.8 ]

[ DOI: 10.22034/FSCT.20.139.68 ]

JFST No. 139, Vol. 20, September 2023

ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran)

Scientific Research

Evaluation of film rheology and coating of nanocomposites (polylactic acid and chitosan)

during shelf life in Seven grain Toast

Mahsoumeh Yosefi Siagorabi !, Mahsa Tabari 2", Hamid Tavakolipor?, Sirous Bidarigh*

1. Ph.D. student of Food Science and Food Industry-Food Chemistry, Faculty of Marine Science and Technology,
North Tehran Branch, Islamic Azad University, Tehran, Iran
2". Department of food science and technology, Rasht Branch, Islamic Azad university, Rasht, Iran.
3. Department of food science and technology, Faculty of Marine Science and Technology, Islamic Azad University,

North Tehran Branch.

4. Department of Agriculture, Lahijan branch, Islamic Azad university, Lahijan, Iran.

ABSTRACT

ARTICLE INFO

Nowadays, In today's world, the issue of food packaging to improve the quality of
food during its shelf life. In this study, the use of a film and a nanocomposite
coating based on polylactic acid and chitosan containing zinc oxide nanoparticles
was investigated to reduce microbial contamination and increase the shelf life of
seven-grain bread. Zinc oxide nanoparticles were added to the polylactic acid and
chitosan nanocomposite at three levels: 1%, 3%, and 5%, and the quality
properties of the bread, physical and chemical parameters of the film, as well as
its electron microscopy (SEM) characteristics were evaluated. The results showed
that the films containing polylactic acid and chitosan had an irregular and dense
structure, and with the addition of zinc oxide nanoparticles, the structure became
more regular and cohesive. Additionally, the water vapor permeability (WVP) of
the film and nanocomposite coating increased significantly at the 3% level of zinc
oxide nanoparticles, leading to a significant increase in water vapor permeability
(P<0.05). The results obtained from the texture analyzer showed that with the
increase of nanoparticle concentration, the tensile strength of the film and
nanocomposite coating were significantly lower than the control treatment
(P<0.05). The changes in length up to the breaking point did not show a
statistically significant difference (P>0.05). The effect of the nanocomposite film
based on polylactic acid and chitosan containing zinc oxide nanoparticles on the
microbial properties of the seven-grain test bread during the shelf-life period had
an inhibitory effect on fungal growth, and this inhibition increased significantly
with the increase of zinc oxide nanoparticle concentration (P<0.05). Finally, it can
be concluded that the shelf life of the seven-grain test bread in the nanocomposite
packaging based on polylactic acid and chitosan containing zinc oxide
nanoparticles will have a considerable increase compared to the control treatment.
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