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2.4. Determination of reaction time, pH, temperature, and substrate concentration by single-factor analysis
2.4.1. Effect of pH
The effect of pH on the enzyme activity on untreated and treated papain was determined by a similar procedure as described above in the protease activity determination using the Tris-HCl buffer. The 100 µl of enzyme solution, 700 µl of 50 mM Tris–HCl buffer, and 200 µl of 50 mM cysteine-20 mM EDTA at various pH ranging from pH 7, 8, 9, 10, 11, and 12 using an appropriate blank for each pH. The mixture was pre-incubated for 5 min at 37 °C before starting the reaction and then the reaction was initiated by adding 1 ml of 1 % (w/v) casein solution. After 10 min of incubation, the reaction was stopped by adding 3 ml of 5 % (v/v) TCA solution. After cooling and centrifugation, the absorbance of the supernatant was recorded at 280 nm.
2.4.2. Effect of Temperature
[bookmark: _Hlk159163319]The 100 µl of enzyme solution, 700 µl of 50 mM Tris–HCl buffer, pH 8.0, and 200 µl of 50 mM cysteine-20 mM EDTA. The mixture was pre-incubated for 5 min at different temperatures ranging from 70 °C, 75 °C, 80 °C, 85 °C, 90 °C, and 95 °C before starting the reaction and then the reaction was initiated by adding 1 ml of 1 % (w/v) casein solution. After 10 min of incubation, the reaction was stopped by adding 3 ml of 5 % (v/v) TCA solution. After cooling and centrifugation, the absorbance of the supernatant was recorded at 280 nm.
2.4.3. Effect of reaction time
[bookmark: _Hlk159163796]The 100 µl of enzyme solution, 700 µl of 50 mM Tris–HCl buffer, pH 8.0, and 200 µl of 50 mM cysteine-20 mM EDTA, pH 8.0. The mixture was pre-incubated for 5 min at 85 °C before starting the reaction and then the reaction was initiated by adding 1 ml of 1 % (w/v) casein solution. After incubation of the reaction at different time intervals 10 min, 30 min, 60 min, 90 min, and 120 min using appropriate blank, the reaction was stopped by adding 3 ml of 5 % (v/v) TCA solution. After cooling and centrifugation, the absorbance of the supernatant was recorded at 280 nm.
2.4.4. Effect of substrate concentration
The 100 µl of enzyme solution, 700 µl of 50 mM Tris–HCl buffer, pH 8.0, and 200 µl of 50 mM cysteine-20 mM EDTA, pH 8.0. Similarly, a tube was made without an enzyme (reaction blank). The mixture was pre-incubated for 5 min at 85 °C before starting the reaction and then the reaction was initiated by adding 1 ml of the substrate (casein) concentrations ranging from 1, 2, 3, and 4 % (w/v) using an appropriate blank for each substrate concentration. After 60 min of incubation, the reaction was stopped by adding 3 ml of 5 % (v/v) TCA solution. After cooling and centrifugation, the absorbance of the supernatant was recorded at 280 nm.



Supplementary Table 1. 

	Voltage
(V)
	Treatment time
(min)
	Enzyme activity
(Units/ml)
	Specific activity
(Units/mg)
	Residual activity
(%)

	
	
	
	
	

	Untreated
	0 min
	10.78 ± 0.22e
	269.7 ± 5.66e
	100

	170 V

	5 min
	8.92 ± 0.32a
	223.01 ± 8.14a
	82.68 ± 2.35a

	
	10 min
	8.88 ± 0.29a
	222.18 ± 7.29a
	82.36 ± 1.18a

	
	15 min
	8.88 ± 0.24a
	222.08 ± 6.05a
	82.34 ± 1.37a

	
	20 min
	8.55 ± 0.12a
	213.93 ± 3.17a
	79.33 ± 1.42a

	190 V
	5 min
	8.88 ± 0.30a
	222.10 ± 7.36a
	82.34 ± 1.56a

	
	10 min
	8.64 ± 0.16a
	216.03 ± 3.92a
	80.10 ± 1.13ab

	
	15 min
	8.40 ± 0.24a
	210.11 ± 5.65a
	77.92 ± 2.57b

	
	20 min
	8.62 ± 0.27a
	215.58 ± 2.28a
	79.93 ± 2.29ab

	210 V
	5 min
	8.34 ± 0.17a
	208.57 ± 4.36a
	77.34 ± 1.59a

	
	10 min
	8.44 ± 0.21a
	211.05 ± 5.47a
	78.27 ± 2.50a

	
	15 min
	8.37 ± 0.10a
	209.49 ± 2.67a
	77.71 ± 2.49a

	
	20 min
	8.11 ± 0.16a
	202.92 ± 4.07a
	75.26 ± 2.20a

	230 V
	5 min
	8.06 ± 0.21a
	201.50 ± 5.39b
	74.71 ± 1.22b

	
	10 min
	7.84 ± 0.26a
	196.09 ± 6.68ab
	72.70 ± 1.99a

	
	15 min
	7.96 ± 0.20a
	199..04 ± 5.01bc
	73.80 ± 1.30b

	
	20 min
	7.90 ± 0.34a
	197.67 ± 8.61c
	73.28 ± 2.41b



Supplementary Table 1. Effect of pin-to-plate atmospheric cold plasma treatment on enzymatic studies. The values were given in terms of mean ± SD, n=4. Different subscripted letters in the same value indicate a significant difference (p < 0.05).  



