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Fig 1 Solubility of SPI-CMC conjugatesas a function of voltage and exposure time to DBD plasma Different
uppercase letters indicate a significant difference between plasma exposure times and different lowercase letters
indicate a significant difference between different voltages (p<0.05).
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Fig 2 Effect of voltage and exposure time of DBD plasma on emulsifying capacity (A) and emulsion stability (B) of
SPI-CMC conjugates.Different uppercase letters indicate a significant difference between plasma exposure times
and different lowercase letters indicate a significant difference between different voltages (p<0.05).
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Table 1 Average size of emulsion droplets (D 3,2) prepared with 10% v/v oil and 4.5% w/v SPI-CMC
conjugate (ratio 1:1) and SPI before and after 14 days storage at 4°C.

Voltage Time (min) Mean droplet size 1¥ Meagl droplet size Droplet size increase

kV) day(pm) 14" day (um) (%)
0 0 3.51 8.41 1.39
16 5 5.74 8.38 0.45
16 10 3.53 12.37 2.50
16 15 5.83 11.97 1.05
18 5 4.25 8.30 0.95
18 10 4.14 12.75 2.09
18 15 4.83 11.48 1.37
20 5 4.32 11.20 1.59
20 10 4.62 10.75 1.32
20 15 5.81 13.88 1.38
SPI 3.32 8.14 1.45
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Fig 3 Effect of voltage and exposure time of DBD plasma on the glycation degree of SPI-CMC conjugates.
Different uppercase letters indicate a significant difference betweenplasma exposure times and different lowercase
letters indicate a significant difference between different voltages (p<0.05).
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Table 2 Wavenumber and intensity of the SPI and SPI-CMC conjugate FTIR spectrum.

Amide o TCH3 fsymmetric Amide T Amide Amide 111 (Tn‘:;f; V(Okl{‘;‘)ge

3282 2928 - 1633 1535 1232 Wavenumber

0.0252 0.021 - 0.065 0.065 0.042 Absorbance SPI
3294 2920 - 1629 1535 1240 Wavenumber

0.020 0.0240 - 0.030 0.034 0.028 Absorbance 0 0
3294 2923 - 1631 1529 1240 Wavenumber

0.025 0.0280 - 0.042 0.037 0.029 Absorbance 3 16
3294 2920 - 1633 1533 1240 Wavenumber

0.018 0.0230 - 0.032 0.029 0.025 Absorbance 10 16
3294 2923 1644 1631 1537 1240 Wavenumber

0.018 0.0246 0.010 0.031 0.027 0.022 Absorbance 15 16
3294 2922 - 1633 1541 1240 Wavenumber

0.031 0.0351 - 0.055 0.048 0.037 Absorbance 3 18
3294 2922 - 1631 1539 1240 Wavenumber

0.020 0.0255 - 0.032 0.029 0.023 Absorbance 10 18
3294 2922 1644 1633 1539 1240 Wavenumber

0.020 0.0251 0.034 0.033 0.030 0.024 Absorbance 15 18
3294 2920 - 1633 1537 1240 Wavenumber

0.020 0.0245 - 0.038 0.034 0.027 Absorbance 3 20
3294 2920 - 1635 1537 1240 Wavenumber 10 20
0.022 0.0249 - 0.042 0.036 0.029 Absorbance
3294 2923 1644 1633 1533 1240 Wavenumber 15 20
0.016 0.0216 0.024 0.025 0.022 0.018 Absorbance
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Fig 4 Effect of DBD plasma treatment on the SDS-PAGE patterns of SPI-CMC mixture and conjugate. (M column

is marker and Columns 1 to 10 are related to SPI-CMC mixture, treatment at 16 kV for 5 min, 16 kV for 10 min, 16

kV for 15 min, 18 kV for 5 min, 18 kV for 10 min, 18 kV for 15 min, 20 kV for 5 min, 20 kV for 10 min and 20 kV
for 15 min, respectively.)
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The aim of the present study was to investigate the possibility of
the soy protein isolate-carboxy methylcellulose conjugate via
non-thermal plasma. Therefore, a 1: 1 mixture of soy protein
isolate and carboxymethylcellulose was treated with DBD plasma
for 5, 10 and 15 min under the voltages of 16, 18, and 20 kV.
Then, the solubility, Emulsifying activity and emulsion stability,
the average particle size of the emulsion, the glycation degree, the
Fourier transform infrared spectrum (FTIR), and the
electrophoretic pattern of the resulting complexes were
investigated. The results of electrophoresis, FTIR, and glycation
degree proved the formation of soy protein isolate-
carboxymethylcellulose conjugate after plasma treatment. The
amount of conjugate formation depends on voltage and time of
plasma treatment. The resulting conjugates had significant
solubility and emulsifying activity compared to the mixture of
these two compounds (p <0.05). The smallest droplet size of
emulsion was observed in 18 kV treatment for 5 min, which has
better stability over time compared to the mixture of soy protein-
carboxymethyl cellulose. In general, it can be said that the non-
thermal plasma process is able to rapidly form a protein-
polysaccharide conjugate with a very good emulsifying ability.
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