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1. Carboxymethyl cellulose(CMC)
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1. Tensile strength(TS)
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2. Water Vapor Transmission Rate (WVTR)
3. Moisture Absorption
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1. Water Vapor Permeability(WVP)
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Table 1. Results of physical properties of biopolymer with central composite design.

sl 5 Sla rze Jos (sla o3
Dependent variables Independent variables
e Coby ol e gkl S el % “”_L“' 4 el
Sy Sl . . FAessential (1) Jsbe e ses
Solubility M0|stu_re Water vapor Tensile oil =
bsorption permeability strength CMC Treatment
(%) a i (%) %
(%) (x107 ¢/ m.h.pa) (Mpa) ¥ (%)
2 X1
28.49 14.10 1.62 3.42 1 5 1
24.35 12.51 1.33 5.80 1 10 2
28.72 14.43 1.81 3.77 0.5 5 3
20.88 10.25 1.14 6.97 15 15 4
25.90 12.48 1.37 5.41 1 10 5
21.05 11.20 1.20 7.01 1 15 6
23.51 12.18 1.27 4.68 15 10 7
23.79 12.27 1.35 5.36 1 10 8
26.15 13.36 1.48 5.97 0.5 10 9
22.75 11.81 1.26 7.50 0.5 15 10
24.55 12.82 1.29 5.03 1 10 11
24.30 13.28 1.39 5.84 1 10 12
26.80 13.79 1.49 3.37 1.5 5 13

o= 57 9 Xy = shos Jrio oS 52 5) (b (K578 509051 il U1 gl Jgur oY s
Table 2. Results of ANOVA from physical tests carried out for the prepared films (CMC=X;, FA=X,)

Sy Pl Cogby e N P TR TR ION G gr S sl o
Solubility Moisture absorption Water vapor permeability Tensile strength Source
N RY
+34.12 +15.54 +2.523 +2.04 o
(Constant)
-0.714 -0.122 -0.1098 +0.458 X1
-3.30 -0.32 -0.595 -0.68 X,
_ _ +0.002290 -0.00410 XXy
X1x X5
_ -0.916 +0.02000 _ o .
(R%
0.95 0.96 0.98 0.96 o35 culiS
(Pred R?)
0.91 0.93 0.97 0.94 e
(Model)
0.000 0.000 0.000 0.000 Ui .
et
(F-Value)
28.14 34.11 84.62 38.00 3 ol
0.695 0.971 0.953 0.513 (Lack-of-Fit)
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Figure 1. 3-D and Contour plots of results from simultaneous effect of CMC (X;) and FA essential oil (X;) % on
tensile strength.
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Figure 2. 3-D and Contour plots of results from simultaneous effect of CMC (X;) and FA essential oil (X;) % on
water vapor permeability.
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Figure 3. 3-D and Contour plots of results from simultaneous effect of CMC (X;) and FA essential oil (X;) % on
moisture absorption.
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Figure 4. 3-D and Contour plots of results from simultaneous effect of CMC (X;) and FA essential oil (X;) % on
solubility.
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Table 3. The Optimized points suggested for physical tests of starch films
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Table 4. The results of chemical tests for butter packed in composite starch film containing Chavill essential oil
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Acid value Peroxide value Chavill essential CMC Time Treatr;1ent
(mg KOH/qg Qil) (meq O,/kg Qil) oil (X3%) (X,%) (Xy, day)

0.170 0.245 1 5 5 1
0.136 0.193 1 15 5 2
0.042 0.105 1.5 15 0 3
0.116 0.176 1.5 10 5 4
0.149 0.211 1 10 5 5
0.182 0.254 0.5 15 10 6
0.159 0.224 1 10 5 7
0.054 0.114 1.5 5 0 8
0.102 0.162 1.5 15 10 9
0.145 0.201 1 10 5 10
0.155 0.221 1 10 5 11
0.075 0.137 0.5 15 0 12
0.127 0.183 1.5 5 10 13
0.189 0.262 0.5 10 5 14
0.197 0.268 0.5 5 10 15
0.077 0.139 0.5 5 0 16
0.168 0.239 1 10 10 17
0.069 0.129 1 10 0 18
0.153 0.216 1 10 5 19
0.162 0.230 1 10 5 20
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Table 5. ANOVA results for peroxide and acid values.
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(Model)
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(F-Value)
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Figure 5. 3-D and Contour plots of results from simultaneous effects of time (X;) and CMC concentration (X,) (a),
time (X;) and FA essential oil (X3) (b) on peroxide value
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Figure 6. 3-D and Contour plots of results from simultaneous effects of variables time (X1) and CMC (X2) (a) and
time (X1) and FA essential oil (X3) (b) on acid value
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Abstract

Background and objectives: Nowadays, due to the increasing use of plastics in food
packaging and the problems arising from the lack of environmental degradation of them, using
starch-based natural polymer in food packaging has increased. Edible films and coatings act as
barriers against moisture, oxygen transfer, aroma and oil, and increase the quality and shelf-life
of the products. These films can be incorporated with active agents such as anti-oxidants. In this
research, in order to fix the flaws and to improve the physical and mechanical properties of
starch film, different concentrations of carboxymethyl cellulose (CMC) and Chavill essential oil
were incorporated into the films. The composite prepared films were used for butter packaging
to reduce oxidation and to increase the shelf-life. The effect of these factors on chemical
properties of final product was evaluated.

Materials and methods: In this research, starch films containing CMC (5, 10 and 15%) and
Chavill essential oils (0.5, 1, 1.5 %) were produced by casting method. Chavill essential oil was
prepared with water distillation. Physical tests including tensile strength, water vapor
permeability, moisture absorption, solubility were done. After packing of butter, the chemical
tests including the peroxide value and acid value were assessed in different time intervals.
Results: The results showed that tensile strenght of starch films containing CMC and Chavill
essential oils was increased with increasing CMC concentartion; while it was decreased with
increasing the Chavill essential oils. With increasing the amounts of CMC and Chavill essential
oil, water vapor permeability was reduced. Increasing CMC and Chavill essential oils cauesd a
decrease in water absorption and solubility of the prepared films. In addition, the effects of these
two factors on chemical properties of butter showed that they could reduce the rate of peroxide
and acid values elevation.

Conclusions: Regarding the different effects of CMC and Chavill essential oils, it can be
concluded that by increasing the amount of these two variables, physical and mechanical
properties of films were improved and a reduction in acid and peroxide values of butter was
observed. Finally, considering the improvement of physical and mechanical properties of
prepared films and reduction of peroxide and acid values of butter, starch-CMC containing
Chavill essential oils is recommended as replacer for aluminum foil.
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