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Enhancing the Oxygen Removal Rate for Its Application in Food Packaging
Through the Impregnation of Porous Materials with the Non-metallic Oxygen
Scavenger Sodium Metabisulfite

Suyeon Jeong, Hyun-Gyu Lee, and Seung Ran Yoo*

World Institute of Kimchi, Gwangju 61755, Republic of Korea

Abstract The addition of oxygen scavengers to food products helps to reduce oxygen exposure, thereby mitigating dete-
rioration, including changes in taste, odor, and color, as well as inhibiting microbial growth. Despite the advantages of the
existing non-metallic oxygen removal materials in terms of safety for the human body and suitability for use in microwave
ovens, their utilization has been limited due to their slow reaction initiation speed. Therefore, in the current study, sodium
metabisulfite was impregnated into various porous media, including halloysite nanoclay, activated carbon, montmorillonite,
and silica gel. The oxygen scavenger, produced by impregnating silica gel with sodium metabisulfite, demonstrated a 425%
improvement in the initial oxygen removal rate compared to pure sodium metabisulfite. Additionally, sachets containing
an oxygen-removing composition with an enhanced oxygen removal rate effectively decreased the oxygen concentration
to less than 0.5% on the third day of storage in apple packaging, without elevating carbon dioxide levels. Moreover, it
proved effective in preventing the browning of the apple surface. Therefore, the SM/SG oxygen-removal composition can
be effectively applied to active food packaging by controlling the oxygen concentration within the packaging.

Keywords Food packaging, Active packaging, Non-metallic oxygen scavenger, Sodium metabisulfite, Porous material
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Fig. 1. FT-IR spectra of sodium metabisulfite impregnation porous materials.
Abbreviations: SM, sodium metabisulfite; HN, halloysite nanoclay; AC, activated carbon; M, montmorillonite; SG, silica gel.
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Fig. 2. Oxygen scavenging properties of sodium metabisulfite impregnation porous materials.
Abbreviations: SM, sodium metabisulfite; HN, halloysite nanoclay; AC, activated carbon; M, montmorillonite; SG, silica gel
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Table 1. Oxygen scavenging properties of sodium metabisulfite
impregnation porous materials

Oxygen scavenging | Initial oxygen |Oxygen scavenging
material removal rate (ml/h) capacity (ml/g)
Pure SM* 1.58+0.131 64.58+0.92°
15% SM/HN 1.98+0.05' 10.89+0.33
30% SM/HN 3.56+0.08" 22.99+1.88¢
45% SM/HN 3.72+0.03° 29.26+1.37"
60% SM/HN 3.92+0.03¢ 36.80+0.74¢
15% SM/AC 0.22+0.19% 6.49+1.33
30% SM/AC 2.18+0.141 16.94+1.56"
45% SM/AC 3.78+0.14°F 29.26+0.19"
60% SM/AC 5.78+0.05° 40.73+0.80¢
15% SM/M 1.4120.03} 8.58+0.331
30% SM/M 2.57+0.03" 27.83+2.48"
45% SM/M 2.93£0.14¢ 46.61+1.24°
60% SM/M 2.07£0.08 57.18+1.00°
15% SM/SG 3.61+0.03f 18.26+1.01"
30% SM/SG 5.04+0.08¢ 30.58+1.25°
45% SM/SG 6.2620.06 41.95+1.24¢
60% SM/SG 6.710.08? 55.52+1.71°

Values are the meantstandard deviation (n=3).
*Abbreviations: SM, sodium metabisulfite; HN, halloysite
nanoclay; AC, activated carbon; M, montmorillonite; SG, sil-
ica gel

*kyalues with different lowercase letters within a column are
statistically different as per Tukey test (p<0.05).
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Fig. 3. Scanning electron microscopy (SEM) images of sodium metabisulfite impregnation porous materials.
Abbreviations: SM, sodium metabisulfite; SG, silica gel
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Fig. 4. Transmission Electron Microscope (TEM) images of sodium metabisulfite impregnation porous materials.
Abbreviations: SM, sodium metabisulfite; SG, silica gel
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for 3 days.
Abbreviations: SM, sodium metabisulfite; SG, silica gel
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