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2. Montmorillonite (MMT)
3. Cloisite 30B

4. Cloisite 30B

5. Southern clay
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8. Total color difference

9. Whiteness index

10. water vapor transmission rate
11 water vapor Permeability
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Table 1 Thickness of the kefiran films as a
function of MMT content

Sample Thickness (mm)
Kefiran 53.15 +3.61
Kefiran- 1 % MMT 55.12 +4.81
Kefiran- 3 % MMT 61.48 + 0.1
Kefiran- 5 % MMT 68.31+4.7™

Means with different letters within a column indiea
significant differencesp<0.05)
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12 Analysis of Variance
13. Duncan Test


http://www.sid.ir

OLKs 5 o dne A

e ) &S Col Ao 3 YVAA 350> s Q\ﬁ.éS(..l:.é SN
0 chle 5 sk 4wl JialS O glacy;mlS sl o
0% 4 ol il odeny Lo y3 VE/AA S0 4 5L Ao s
" e el e g 5 sbaald ez 5l gk L s,

[Y-\] Sl 0l a.lAL.wAJ:; w)—ubj;':s; [YO] C»:.:}L_‘)}A

2l S Sl Glanks Slogas op e 3l S
sl Coolt a4 0T CI Dl (Stinaty St
Jadr 4 a5 LYY (V] ol (ol (Sas baphs S 5
B o ol Gl Ul 5 Cugby Gl dilea Y

Table 2 Moisture content, water absorption and water slitylof the kefiran films as a function of

MMT content
Sample Moisture content (%) Water absorption (%) téNsolubility (%)
Kefiran 36.23: 1.15 14.17+ 0.35 37.18+ 1.09
Kefiran- 1 % MMT 21.00: 1.48 9.40+ 0.54 30.95+ 0.92
Kefiran- 3 % MMT 18.5% 0.74 9.19+ 0.22 24.75+ 0.76
Kefiran- 5 % MMT 18.24- 0.57 8.07+0.17 14.98+ 0.66'

Means with different letters within a column indieaignificant differenceg£0.05)
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Fig 1 Effect of MMT level on the transparency.

3 %MMT

Columns with the same letter are not significantly

different (<0.05)
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14. Exfoliation
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Table 3 Hunter color values (L, a, and b), total colofatiénce AE) and whiteness index (WI) of kefiran
films as a function of MMT content

Sample L a b AE Wi

Kefiran 85.86:t 0.08  -0.81+ 0.09¢ 2.91+0.08 11.56+0.03 85.36= 0.0
Kefiran- 1 % MMT  85.30: 0.02 -1.15+0.20¢ 5.41+0.80 12.80+0.3¢ 84.25: 0.30
Kefiran- 3 % MMT  84.92:0.38  -1.73+0.04° 6.32+ 0.2 13.54+0.23 83.55+ 0.25
Kefiran-5 % MMT  84.810.14  -1.94+ 0.1  7.92+0.46 14.45:0.18 82.75+0.17

Means with different letters within a column indieaignificant differenceg£0.05)
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Fig 2 Effect of MMT level on the water-vapor

1 %MMT

permeability. Columns with the same letter are not

significantly different <0.05)

15. Aspect Ratio
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Fig 3 Effect of MMT level on the mechanical
properties. Columns with the same letter are not
significantly different <0.05)

& 7S4S 4
g S beaY O s bses nlics 55 Can s slagld
ol S e o ol el o b ol slge () e
Gl Il 5 Sl s s 1 ege B [EE
Slpkd G opl e S e Wl e SV s
3 M5 sl il Glacans g5l O (5l s 5L
S0 Lol SuScmles 5 olend 5 5d Sls gast e
GB350 ol Ol s 2SS 1 e
o Ol Clr ugbsy Gl a5 b
Clis (555 S Jl s edd baghd OF Sl @ g pdd sk
Koy Ogesl ol ol me 80 (doys ¥ oChE b)) Lol
5ol LW 5@ sla, 556 Sl 5 ol das o OLES s
b Sl s was e il 1 AE 5Dl st
e D3U el remes G L eSU g, solsbie

S BOT L3 Ll sd e lagl (228 oSzl 20530


http://www.sid.ir

\V‘\'\ J‘JJA N 092 Al a)ij»

L;il.,\:f@l«é;(jl&

[18] Bourtoom, T., & Chinnan, M. S. (2008).
Preparation and properties of rice starch—
chitosan blend biodegradable film. LWT-Food
Science and Technology, 41(9), 1633-1641.

[19] ASTM (1995). Standard test methods for
water vapor transmission of material, E 96—-95.
In Annual book of ASTM: Philadelphia. PA:
American Society for Testing and Material.

[20]JASTM (2001). Standard test method for
tensile properties of thin plastic sheeting.
Standard D882. In Annual book of ASTM:
Philadelphia. PA: American Society for
Testing and Materials.

[21] Petersson, L., & Oksman, K. (2006).
Biopolymer based nanocomposites: comparing
layered silicates and microcrystalline cellulose
as nanoreinforcement. Composites Science and
Technology, 66(13), 2187-2196.

[22] Li, Y., Jiang, Y., Liu, F., Ren, F., Zhao, G.,
& Leng, X. (2011). Fabrication and
characterization of TiO 2/whey protein isolate
nanocomposite film. Food Hydrocolloids,
25(5), 1098-1104.

[23] Cyras, V. P., Manfredi, L. B., Ton-That, M.
T., & Vazquez, A. (2008). Physical and
mechanical properties of thermoplastic
starch/montmorillonite  nanocomposite films.
Carbohydrate Polymers, 73(1), 55-63.

[24] Ghasemlou, M., Khodaiyan, F., Oromiehie,
A., & Yarmand, M. S. (2011). Development
and characterisation of a new biodegradable
edible film made from kefiran, an
exopolysaccharide obtained from kefir grains.
Food Chemistry, 127(4), 1496-1502.

[25]Pandey, J. K., & Singh, R. P. (2005). Green
Nanocomposites from Renewable Resources:
Effect of Plasticizer on the Structure and
Material Properties of Clay filled Starch.
Starch]Starke, 57(1), 8-15.

[26]Casariego, A., Souza, B. W. S., Cerqueira,
M. A., Teixeira, J. A., Cruz, L., Diaz, R., &
Vicente, A. A. (2009). Chitosan/clay films’
properties as affected by biopolymer and clay
micro/nanopatrticles' concentrations. Food
Hydrocolloids, 23(7), 1895-1902.

[27]Zeng, Q. H., Yu, A. B., Lu, G. Q., & Paul,
D. R. (2005). Clay-based polymer
nanocomposites: research and commercial
development. Journal of Nanoscience and
Nanotechnology, 5(10), 1574-1592.

WY

and nanoclays on the mechanical properties of
red algae film. Journal of Food Science, 76(3),
N30-N34.

[9] Galdeano, M. C., Mali, S., Grossmann, M.
V. E., Yamashita, F., & Garcia, M. A. (2009).
Effects of plasticizers on the properties of oat
starch  films.  Materials Science and
Engineering: C, 29(2), 532-538.

[10] Muller, C. M. O., Laurindo, J. B., &
Yamashita, F. (2009). Effect of cellulose fibers
addition on the mechanical properties and
water vapor barrier of starch-based films. Food
Hydrocolloids, 23(5), 1328-1333.

[11] Sothornvit, R., Rhim, J. W., & Hong, S. I.
(2009). Effect of nano-clay type on the
physical and antimicrobial properties of whey
protein isolate/clay composite films. Journal of
Food Engineering, 91(3), 468—473.

[12] Zolfi, M., Khodaiyan, F., Mousavi, M., &
Hashemi, M. (2014b). The improvement of
characteristics of biodegradable films made
from kefiran—whey protein by nanoparticle
incorporation. Carbohydrate Polymers, 109,
118-125.

[13] Mook Choi, W., Wan Kim, T., Ok Park, O.,
Keun Chang, Y., & Woo Lee, J. (2003).
Preparation and characterization of poly
(hydroxybutyratélcohydroxyvalerate)—
organoclay nanocomposites. Journal of
Applied Polymer Science, 90(2), 525-529.

[14] Piermaria, J. A., Pinotti, A., Garcia, M. A.,
& Abraham, A. G. (2009). Films based on
kefiran, an exopolysaccharide obtained from
kefir grain: Development and characterization.
Food Hydrocolloids, 23(3), 684—690.

[15] Dehnad, D., Emam-Djomeh, Z., Mirzaei,
H., Jafari, S. M., & Dadashi, S. (2014).
Optimization of physical and mechanical
properties for chitosan—nanocellulose
biocomposites. Carbohydrate Polymers, 105,
222-228.

[16] Gontard, N., Duchez, C., CUQ, J., &
Guilbert, S. (1994). Edible composite films of
wheat gluten and lipids: water vapour
permeability and other physical properties.
International Journal of Food Science &
Technology, 29(1), 39-50.

[17] Tang, S., Zou, P., Xiong, H., & Tang, H.
(2008). Effect of nano-SiIO 2 on the
performance of starch/polyvinyl alcohol blend
films. Carbohydrate Polymers, 72(3), 521-526.


http://www.sid.ir

eSS Cailas 5 sl 558 sla S5 oy oL S

OLKs 5 o dne A

and characterization. Journal of Applied
Polymer Science, 99(4), 1684-1691.

[31] Bae, H. J., Park, H. J., Hong, S. I., Byun, Y.
J., Darby, D. O., Kimmel, R. M., & Whiteside,
W. S. (2009). Effect of clay content,
homogenization RPM, pH, and ultrasonication
on mechanical and barrier properties of fish
gelatin/montmorillonite nanocomposite films.
LWT-Food Science and Technology, 42(6),
1179-1186.

[32] Almasi, H., Ghanbarzadeh, B., & Entezami,
A. A. (2010). Physicochemical properties of
starch-CMC-nanoclay biodegradable films.
International Journal of Biological
Macromolecules, 46(1), 1-5.

AR}

[28] Sothornvit, R., Hong, S. I, An, D. J., &
Rhim, J. W. (2010). Effect of clay content on
the physical and antimicrobial properties of
whey protein isolate/organo-clay composite
films. LWT-Food Science and Technology,
43(2), 279-284.

[29] Kumar, P., Sandeep, K. P., Alavi, S.,
Truong, V. D., & Gorga, R. E. (2010).
Preparation and characterization of bio-
nanocomposite films based on soy protein
isolate  and montmorillonite using melt
extrusion. Journal of Food Engineering,
100(3), 480-489.

[30] Xu, Y., Ren, X., & Hanna, M. A. (2006).
Chitosan/clay nanocomposite film preparation


http://www.sid.ir

JEST No. 66, Vol. 14, Aqu 2017 ABSTRACT

Effect of nanoclay on physicochemical and barrier properties of
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Biodegradablefiims and coatings are developed to improve quadityl to extend shelf-life of food
products. In the present research, physicocherain@lbarrier characteristics of nano-biopolymer g$ilm
composed of kefiran-montmorillonite (MMT; O, 1, Bda5 % w/w) were studied. Results showed that
thickness, chromaticity parameters b (yellow—blaay the total color differenceAE) increased by
increasing the nanoclay content, whereas, the mreistontent, water absorption, water solubilitytava
vapor permeability, chromaticity parameters a (geden) and whiteness index (WI) decreased by
increasing it. Also, the nanoparticles had no sicgunt effect on transparency and lightness paranig)

of films. Study the mechanical properties showed that naypdotaeases the tensile strength of films
whereas, its effect on the elongation at breakifferdnt in various concentrations, so that thistda
increase until concentration of 3% of the nanoelagt decrease in higher concentrations (5%).

Keywords: Film, Kefiran, Nanoclay, Permeability, Mechani@abperties
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