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Table 1 Independent variables and their contents b s S5 iy s e e sy i e S

Independent Experimental and coded _ . . i )
variables values el Bl 5 Oldy puilel JBs jeite 52 ln 65
-1 0 1 uuT&fijLjJngé;Mduﬂmd J)J;.-)b.ca_é;
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Table 2 List of Experiments in the CCD and the Responses of each Run

Run Independent Variables Response

CCE Ca}:’;t:ne Moisture  Thickness wyp  RSA

(BW/V) (%WIV) (o) (mm) (%)

1 0 0 21.21 0.12 0.00088 7.1
2 0.25 0 19.64 0.139 0.0008 10.6
3 0.5 0 18.6 0.148 0.9912 233
4 0 0.015 17.94 0.123 0.0006 53
5 0 0.03 17.17 0.112 0.00073 64.2
6 0.25 0.015 19.2 0.126 0.000827 833
7 0.25 0.03 19.04 0.118 0.00067 43
8 0.5 0.015 17.8 0.131 0.00096 517
9 0.5 0.03 17.33 0.122 0.0006 53.6
10 0.25 0.015 19.64 0.121 0.000794 40.1
11 0.25 0.015 19.58 0.119 0.000683 289
12 0.25 0.015 19.8 0.128 0.000735 33
13 0.25 0.015 18.96 0.123 0.0008 29.8

*RSA: Radical Scavenging Activity
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Table 3 List of Experiments in the CCD and the Responses of each Run

Independent
Run Variables Response
Beta
(O/C \?V]/EV) carotene L* a* b* AE YI WI
° (%W/V)
1 0 0 90.11 -4.18 4.19 6.78 6.64 88.47
2 0.25 0 88.79  -5.11 7.54 89.25 12.13 85.55
3 0.5 0 88.12  -5.79 10.17 88.89 16.48 83.32
4 0 0.015 6993 30.79 84.63 114.01 172.89 5.055
5 0 0.03 65.85 38.82 81.27 111.57 176.31 3.67
6 0.25 0.015 7127 2731 89.21 1174 178.82 2.37
7 0.25 0.03 6847 34.71 83.64 113.52 174.5 4.11
8 0.5 0.015 70.51 2954 86.07 115.11 17438 434
9 0.5 0.03 67.71 3596 76.19 108.08 160.75 9.77
10 0.25 0.015 70.1 28.68 90.1 129.08 170.89 2.55
11 0.25 0.015 69.8 27.5 92.08 128.09 172.09 3.16
12 0.25 0.015 7156 2712 90.67 110.76  179.67 2.23
13 0.25 0.015 7023  26.84 91.34 12345 181.69 2.32
Table 4 Some characteristics of the constructed models for responses
Response Regression equation Model Summary
. . _ 2 R-sq=0.82
Moisture Moisture Content=-150.75B+18.84A R-sq(adj)=0.69
. . B R-sq=0.86
Thickness Thickness= 0.04A-0.311B-1.2AB R-sq(adj)=0.82
_ R-sq=0.73
VA% WVP=0.00083A-0.0022B-0.03AB R-sq(adj)=0.64
RSA RSA=3260.53B-1786.67AB+230.86A%-49425B> R-5¢=0.94
R-sq(adj)=0.9
R-sq=0.99
* *— _ 2 q
L L*=-1837.9B+256.6AB+3504.5B Resq(adi)-. 0.99
. R-sq=0.99
% _ 2_ 2 q
a a*=-19.04A+3178 9B+32.95A2-59133 9B R-sq(adi)~ 0.99
R-sq=0.99
% *_ _ B 2. 2 ¢}
b b*=8458.5B-737.33AB-64.48A>-194624B R-sq(ad)~ 0.99
AE Delta E= 255.6A+6778.6B-5706 4AB-123491 B R-5q-0.88
R-sq(adj)=0.8
_ 2 R-sq=0.99
YI YI=16842.1B-1693.7AB-370878B R-sq(adj)= 0.99
Wi WI= - 8447.8B+749.8AB+29.37A%+186535 4B R-sq0.99

R-sq(adj)=0.99
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Table 5 Antimicrobial activity of pectin films incorporated with Carum copticum essence (CCE)

Films Inhibitory zone (mm)
B.cereus E. coli
Blank 6° 6°
Pectin+CCE 0.25% 7.37+027° 7.09+0.32°
Pectin+CCE 0.5% 9.57+0.09* 7.69+0.14*

Different letters in the same column indicate signifcant differences (P < 0.05).

Fig 6 Inhibitory effects of pectin film (a) and pectin-CCE films on the growth of E. coli (b), Inhibitory effects of
pectin film (c) and pectin-CCE films on the growth of B. cereus (d).
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Preparation of colored pectin film containing Carum copticum
Essential oil and Beta-Carotene Pigment and investigation of its
physicochemical and antimicrobial properties
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In this research, the Carum copticum essential oil (0.25, 0.5 %) and beta-carotene (0.015, 0.03 %) were
used in film containing citrus pectin to modify and determine the functional properties of the films. The
dependent variables included moisture content, thickness, water vapor permeability, antioxidant
properties, color indexes and microbial properties. The results showed that adding Carum copticum
essential oil and beta-carotene reduced the amount of moisture significantly, the lowest moisture was in
the film that contained the highest amount of essential oil and beta-carotene. The thickness of the films
decreased significantly with the addition of essential oil and beta-carotene. The water vapor permeability
decreased and increased by adding essential oil and beta-carotene, respectively. Addition of Carum
copticum essential oil and beta-carotene increased the antioxidant properties of the films. The lightness
index increased in films containing Carum copticum essential oil. Addition of B-carotene up to 0.015%
reduced the amount of lightness, but at higher concentrations, the lightness increased significantly, the
yellowness index was increased but whiteness index was decreased by adding beta-carotene. The
antimicrobial effect of Carum copticum essential oil on B. cereus was more than E. coli. Due to the fact
that the beta-carotene pigment changes the color of food products in different conditions, the films will be
used in intelligent packaging of food products.

Keywords: Biodegradable film, Carum copticum essential oil, Beta-carotene, Functional properties
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