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Fig 1 Examples of different films prepared
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Table 1-A Statistical analysis table of prepared film samples

Run Extract% SnO: NPs%
*1 (Blank) 0 0
*2 (Max NPs) 0 4
3 3 0
4 0 2
5 3 2
6 3 2
7 3 2
8 3 2
9 3 2
10 6 2
*11 (Max Extract) 6 0
*12 (Optimum) 6 4
13 3 4

Blank Film: Chia seed mucilage nanocomposite film

Max SnO: Film: Chia seed mucilage nanocomposite film containing the highest percentage of tin oxide

nanoparticles

Max Extract Film: Chia seed mucilage nanocomposite film containing the highest percentage of

barberry extract

Optimum Film: Chia seed mucilage nanocomposite film containing the highest percentage of tin oxide

nanoparticles and barberry extract

Table 1-B. Selected films for Cheese samples packaging

Run A: Extract (%) B: SnO2 NPs (%)
Ri 0 0

R 0 4

Rt 6 0

Ri2 6 4

Oly e 86 (bl Ll 5w slas

S 3ad andel 5 PH Olpe (vt ¢35 5 IS

2R A o bl gy RVGIE Sy

4 - The highest percentage of tin oxide nanoparticles on Chia Seed

Mucilage film

5 - The interaction of both variables (on barberry extract and tin

oxide nanoparticles) on Chia Seed Mucilage film
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Table 2 The results of pH and acidity of UF packaged cheese

pH Acidity (2/100)

Sample 15th day 30th day 15th day 30th day
Control 4.7£0.6M 4.7+0.47 1.081£0.2874 1.098+0.11%¢
CSM 4.7£0.5" 4.6£0.3% 12212025 1.3140.12°
CSM/Ex 4.820.6" 4.6£0.5% 1.303£0.17°% 1.336+0.34%
CSM/NP 4.8+0.5% 4.6+0.4% 1.299:0.21A 1.343+£0.17%
CSM/Ex/NP 4.6+0.4° 4.4+0.2% 1.35120.154 1.384:0.225

Capital dissimilar letters in each row indicate significant differences between different days (P<0.05)

Small non-identical letters in each column indicate significant differences between different samples (P<0.05)
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Table 3 The results of moisture of UF packaged cheese
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Moisture (g/100)
Sample 15th day 30th day
Control 64.243£1.8% 61.069:1.95
CSM 62.711£1.4" 62.31£1.6%
CSM/Ex 62.748+2.5% 61.066+1.8%
CSM/NP 62.743£1.5% 61.068+2.1%
CSM/Ex/NP 62.74122.17 61.06+2.1%

Capital dissimilar letters in each row indicate significant differences between different days (P<0.05)
Small non-identical letters in each column indicate significant differences between different samples (P<0.05)
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Table 4 The results of salt of UF packaged cheese

Sample Salt (g/100)
15th day 30th day

Control 2.62+0.174 2.58+0.475<

CSM 2.55+0.54"P 2.60+0.245b¢

CSM/Ex 2.52+0.324¢ 2.61+.024

CSM/NP 2.530.18¢ 2.62+0.32°"

CSM/Ex/NP 2.5120.247 2.640.17%

Capital dissimilar letters in each row indicate significant differences between different days (P<0.05)
Small non-identical letters in each column indicate significant differences between different samples (P<0.05)
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Table 5 The results of proteolysis of UF packaged cheese

Proteolysis (g/100)
Sample 15th day 30th day
Control 0.245+0.01842 0.115+0.01152
CSM 0.158+0.0214° 0.098+0.01158"
CSM/Ex 0.108+0.1344 0.086+0.0098¢
CSM/NP 0.13+0.174¢ 0.083+0.0098¢
CSM/Ex/NP 0.095+0.0254¢ 0.073+0.0128¢

Capital dissimilar letters in each row indicate significant differences between different days (P<0.05)
Small non-identical letters in each column indicate significant differences between different samples (P<0.05)
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Table 6 The results of lipolysis of UF packaged cheese

Lipolysis (meq/g)
Sample 15th day 30th day
Control 0.265+0.044% 0.92+0.652
CSM 0.202+0.124P 0.851+0.078>
CSM/Ex 0.148+0.094¢ 0.789+0.0784
CSM/NP 0.164+0.077¢ 0.814+0.058¢
CSM/Ex/NP 0.141+.0114¢ 0.78+0.098¢

Capital dissimilar letters in each row indicate significant differences between different days (P<0.05)
Small non-identical letters in each column indicate significant differences between different samples (P<0.05)
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Table 7 The results of sensory evaluation of UF packaged cheese

Sample 15th day
Color Texture Odor Total acceptance
Control 5+0.01* 4+0.014 4.6+0.014 4.2+0.001°
CSM 5+0.0014 4+0.0024 4.2+0.02P 4.4+0.002€
CSM/Ex 4.75+0.028 4+0.014 4.55+0.0018 4.6+0.014
CSM/NP 5+0.01* 4+0.024 4.5+0.001¢ 4.5+0.028
CSM/Ex/NP 5+0.0014 4+0.014 4.5+0.01°¢ 4.6+0.014
Sample 30th day
Color Texture Odor Total acceptance
Control 5+0.014 4+0.02* 4.6+0.02* 3.8+0.01F
CSM 5+0.014 4+0.014 4.15+0.03F 3.95+0.003€
CSM/Ex 4.740.01° 440.014 4.50+0.01° 4.1+0.028
CSM/NP 4.9£0.0024 4+0.0014 4.45+0.01€ 3.9+0.01°
CSM/Ex/NP 4.9+0.014 440.014 4.4+0.001° 4.25+0.01*
Non-identical letters in each column indicate significant differences between different samples (P<0.05)
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In this study, the physicochemical and microbial properties of ultra-filtrated
cheese packaged with biodegradable nanocomposite films based on chia seed
mucilage containing barberry extract and tin oxide nanoparticles based on
the central composite design were investigated. The aim of this research was
to enhance the shelf life and sensory quality of this type of cheese through
the use of edible films. The results showed that using the developed films
significantly reduced the pH and increased the acidity of the samples during
the storage period (15 and 30 days), which was attributed to the antimicrobial
activity and phenolic compounds of the barberry extract and nanoparticles.
Moisture analysis also revealed that films containing chia mucilage and
active compounds significantly reduced moisture compared to the control
sample, which was related to the hydrophilic nature of the mucilage and its
interaction with phenolic compounds. Moreover, the use of these films
reduced the extent of lipolysis and proteolysis in cheese samples, attributed
to the restricted activity of proteolytic and lipolytic enzymes due to reduced
moisture permeability and increased salt concentration. Microbial culture of
the samples indicated the absence of growth of coliforms, molds, and yeasts
in the optimal films for ultrafiltration packaging during the storage period.
Sensory evaluation indicated that films containing barberry extract and tin
oxide nanoparticles exhibited better overall acceptance in terms of color,
texture, and aroma and prevented undesirable changes during storage.
Additionally, these films improved mechanical strength and barrier
properties, preventing oxygen penetration into the product, which resulted in
reduced spoilage rates and better preservation of product quality.
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