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3- Film thickness
4 -Moisture content
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9 -Film transparency
10- Scanning electron microscopy
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6- Water vapor permeability
7 -Tensile strength
8 -Elongation at break
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14- Halochromic behavior
15 -Antioxidant Activity
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11- Fourier transform infrared spectroscopy
12- X-ray diffraction
13 -Total volatile nitrogen-base
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18 -Inhibition Zone
19- Biodegradability
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16 -Agar diffusion method
17- Mueller Hinton Agar
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Fig 1 Color changes of (a) barberry extract and
(b) Abbasi tulip flower extract in different buffer
solutions (2-13 pH)
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Table 1 Physical and mechanical properties of gelatin and capacarrageenan films with different
concentration of barberry extract and Abbasi tulip flower.

Films type
Characteristics Blank Abbasi tulip 6% Abbasi tulip Abb;z:%s ulip Barberry 6% Barberry 12% Barberry 24%
Physical properties
Thickness (um) 9242 ¢ 101+1° 10707 10942 3 102+1° 107402
W,‘n’fm(zx_lf‘;;)g' 1.9140.01°  1.28+0.05¢  1.35+0.05¢ 1.38+0.05¢  1.45+0.03°  1.46+0.02°  1.59+0.01
Waer ol 80.1940.02° 92738003 77.12£001° 7321#0.06° 43110059 49.08+0.03'  68.36£0.02°
co“:gj;“(g;) 16.03£0.05¢  19.23+0.03°  23.12+0.04> 28.16+0.02¢ 17.91+0.04° 16.04+0.03¢  8.67+0.019
Visual feature
Transparency  15.68+0.05¢  10.5+0.03¢  10.04+0.04¢  9.46£0.03" 10.33+0.019  10.6620" 8.6920 9
Mechanical properties
TS (MPa) 1.010 ¢ 2.89+0 @ 22+40.03°  1.7620.01¢ 1.84+0.01"  1.17+0.01¢  0.73%0.55°¢
YM(MPa)  1.70£0.01°  3.85:0.01°  511+0.02° 47109  2.02+0.01° 526401  2.19+0.039
EAB (%) 16.72+0" 55.47+02  33.69+0.03° 21.28+0.02¢ 39.52+0.03" 22.19+0.04¢ 16.21+0.01°
Functiona properties
DPPH radical 87.97+0.03
doonthinglo  4:2%0.019 6.3£0.02F  10.38+0.03¢ 31.39+0.02¢ ; 89.18+0.04%  90.2+0.03

TS: tensile strength, YM: young modulus, EAB: elongation at break, DPPH: 2,2-diphenyl-1-picrylhydrazyl. The data are presented as mean
+ standard deviation. Any two means in the same row followed by the same letter are not significantly (P > 0.05) different from Duncan's
multiple range tests.
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Fig 5 TVB-N, pH and color changes during storage of lamb meat at 25°C for 72 hours
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Fig 6 (a) Color changes of barberry extract and Abbasi tulip flower films with different concentrations after being
exposed to ammonia (b) Color changes of barberry extract and Abbasi tulip flower films with different concentrations
after immersion in buffer solutions (pH=2-13)
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Table 2 Antimicrobial properties of gelatin and capacarrageenan films with different concentrations of

barberry extract and Abbasi tulip flower

Antimicrobial Films type
properties of Abbasi tuli Abbasi tuli Abbasi tuli Barb
films Blank %‘Z}o ulip f;('%u P 24% P Barberry 6%  Barberry 12% 62’409/;fy
Inhibition zone (mm)
E.Coli 15+0 ¢ 15+1 9 16+2 ¢ 20+0°¢ 19+1°¢ 23+1° 26402
Staphylococcus  12.33+0.57 1040 18+1° 20.67x0.57 11+1¢f 12+00¢ 14+1°
aureus d a
Bacillus 9+1° 11+1¢d 13+1° 15202 920 ¢ 10+1¢ 12410

The data are presented as mean + standard deviation. Any two means in the same row followed by the same letter are not significantly (P >

0.05) different from Duncan's multiple range tests.
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Fig 7 investigating the biodegradability of gelatin and capacarrageenan films with barberry and Abbasi tulip flower
extracts under simulated environmental conditions in a period of 21 days
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Today, the utilization of smart indicators in food packaging to monitor
and detect food quality through analyzing quality data and color
changes in packaging films based on the food's condition is on the
rise. In this comparative study, halochromic films made of gelatin and
k-carrageenan with mirabilis jalapa extract (6, 12, and 24%) and
barberry extract (6, 12, and 24%) were developed and examined.
Through SEM images and FTIR spectroscopy, it was observed that
both types of films incorporating barberry and mirabilis jalapa
extracts were uniformly dispersed in the gelatin and k-carrageenan
polymer matrix, displaying notable molecular interactions like
hydrogen bonding and electrostatic forces. However, films containing
mirabilis jalapa extract exhibited more irregular and rough surfaces
compared to those with barberry extract. Both types of films displayed
good antioxidant properties and responsiveness to changes in pH and
ammonia levels. Films with barberry extract demonstrated higher
antioxidant activity and greater sensitivity to pH variations. The
gelatin and k-carrageenan films with barberry and mirabilis jalapa
extracts effectively indicated the freshness of lamb meat stored at
25°C by correlating with the presence of ammonia gases in the storage
packages and pH fluctuations. Our results highlight that the structural,
physical, and functional attributes of gelatin and k-carrageenan films
incorporating pH-responsive extracts are significantly influenced by
the extract type and concentration.
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