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Abstract

Background and objectives: Some medicinal herb extracts have the antibacterial capability.
On the other hand, herb extract is one of the organic, natural, and environmentally friendly
substances. In recent years, the production of environmental and safe packaging materials has
attracted the attention of scientists and industrialists. Paper is one of the biodegradables and low-
cost options for packaging in various industries, including the food industry. Also, the raw
materials of paper can be modified and changed with different materials. As a result, paper fibers
can be treated with herb extracts and used in the production of renewable papers with antibacterial
properties.

Methodology: In this research, thyme plant residue (Zataria Multiflora) was used for
extraction. The thyme obtained from the research farm was dried and then powdered. 10 grams
of thyme powder was poured on 100 ml of ethanol and then it was treated with an ultrasonic
probe. In this method, two amplitudes of 40 and 60 amplitudes and three time levels of 3, 6, and
9 minutes were used for extraction. Then the papers with 120 grammage were treated with herbal
extract prepared using two dosages of 15 and 20% based on the dry weight of the paper by
spraying. The antibacterial properties of the papers were investigated with Escherichia coli and
Staphylococcus aureus bacteria. The chemical structure of the extract from the thyme was
investigated by Fourier transform infrared spectrum (FTIR) analysis. Also, gas chromatography
(GC-MASS) analysis was used to investigate the components of thyme extract. The optical
properties of the paper, including brightness and opacity, and the strengths properties of the
produced papers were measured by tensile, tear, and burst strengths.

Results: The highest inhibition zone diameter in the treated paper with the thyme extracted by
ultrasonic method was 20 mm in 40 amplitude and 9 minutes for Escherichia coli bacteria. Also,
the highest inhibition zone diameter for Staphylococcus aureus bacteria was 14 mm in 60
amplitude and 6 minutes. According to the results of the papers analysis, the papers showed better
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antibacterial properties and higher inhibition zone against the Escherichia coli bacteria. The
chemical compounds in the thyme extract including various substances such as hexane and
furans. The most important chemical components that caused the antibacterial properties of the
papers is carvenone, which was observed in the thyme extract. The results of the strength test of
the treated papers showed that the sample of the thyme extracted by the ultrasonic method at 40
amplitudes, 3 minutes, and the 20% consumption amount based on the dry weight of the paper
has the highest tensile and burst index. As well as, the highest tear index of the treated papers was
in the treated sample with the thyme extracted at 60 amplitudes, 3 minutes, and 15% consumption
amount based on the dry weight of the paper. The results of the optical tests showed that the
opacity of the papers decreased and the brightness increased.

Conclusion: The results of this research showed that the paper as a biodegradable and
environmentally friendly material has the ability to be treated with herbal and natural antibacterial
materials such as the thyme extract. Also, the herbal extracts are a suitable alternative to inorganic
and metallic materials in the production of materials with antibacterial properties due to the herbal
extracts are cheap, available and natural materials.
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Figure 1. The components chromatogram of thyme extraction by ultrasonic
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Table 1. The components of thyme extraction by ultrasonic

Components Time (min) Percentage (%)
Carvenone 6.802 1.33
2(4H)-Benzofuranone 7.210 1.92
Dodecanoic acid 70782 2.97
n-Hexadecanoic acid 12.660 13.38
Phytol 15.576 1.09
Phthalic acid 26.825 25.64
Diisooctyl phthalate 26.913 22.44
2-Propyn-1-one 45.136 3.16
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Figure 2. FTIR of papers with thyme extraction by ultrasonic methods and control paper
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Table 2- The inhibition zone diameter of papers with thyme extraction for Escherichia coli and Staphylococcus
aureus bacteria by ultrasonic method with 40 amplitudes

Time Extraction

amplitudes (min) amount (%) Escherichia coli Staphylococcus aureus
3 15% 11 0
20% 12 0
15% 13 0
40A 6 20% 13 14
9 15% 14 0
20% 15 0

O min
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Figure 3. The antibacterial reaction for papers with thyme extraction for Escherichia coli (a) and Staphylococcus
aureus bacteria (b) by ultrasonic method with 40 amplitudes

£oamals 5o, pas Al ks o3l o i ams e oL sl oslas boad Hleg siels oL SL as juST,

Yo chle s aids 4 ol Ls oML al o L §o als 3 0ad gl Sl o3
ol o s Yol 4 5 A2 Sas 55 oy Sl SLASY JSs 5 as) pae b B Y Jpus

I, 0 als s eau C\,;aw\ ol oyt sl oslas b sus

sl s 5lae U sad Sl GRIES U il oS o5 il 5 IS 21 slas U sl 0 pote e s ¥ Jsir

Fo aely j3oad C‘J.?t:.u‘ Sl

Table 3. The inhibition zone diameter of papers with thyme extraction for Escherichia coli and Staphylococcus
aureus bacteria by ultrasonic method with 60 amplitudes

. Extraction o .
amplitudes Time amount (%) Escherichia coli Staphylococcus aureus

(min)

3 15% 0 0

20% 0 0

60 A 6 15% 0 0

20% 0 17

9 15% 0 0

20% 20 0
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Figure 4. The antibacterial reaction for papers with thyme extraction for Escherichia coli (a) and Staphylococcus
aureus bacteria (b) by ultrasonic method with 60 amplitudes
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Table 4. The strengths and optical properties of papers treated with thyme extraction

. Tensile index Burst index Tear index . .
amplitudes Opacity (% Brightness (%
P Time (mir) (N.m/g) (kPa.m?/g) (mN.m2/g) pacity (%) g (%)
Control 26.11 6.59 17.19 82 75
smin  15% 30 2 14 98 30
20% 30 2 14 98 30
. 15% 30.39 2.05 14/84 99 21
40A Emin - 500 34.32 2.39 14.4 99 22
omin 1% 14.38 2.39 15.75 100 16
20% 34.59 2.24 17.31 100 16
amin  15% 32.62 2.44 17.12 100 25
20% 36.9 2.65 9.02 98 24
60 A emin  15% 30.18 1.82 14.3 98 23.18
20% 22.38 1.61 12.88 98 22.38
omin  15% 31.59 2.65 14.87 98 15
20% 26.79 2.72 13.01 99 15
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