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ANN and RSM approach for optimization of an eco-friendly and detergent-stable lipase production from Actinomadura keratinilytica KC447297
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Table 1. Experimental design used in RSM and ANN studies with the values of selected independent variables and the corresponding observed and predicted responses (Y).

	X1 (°C)
	X2 (days)
	X3 (%)
	Ya (U/mL)

	
	
	
	Observed values
	RSM predicted values
	ANN predicted values

	50
	5.0
	3
	147
	142.63
	146.71

	35
	5.0
	4
	157
	155.50
	157.44

	20
	3.5
	2
	51
	49.88
	51.25

	35
	5.0
	2
	122
	121.75
	122.33

	35
	2.0
	4
	57
	61.75
	57.13

	35
	3.5
	3
	158
	159.33
	159.05

	50
	3.5
	2
	73
	77.38
	73.44

	35
	3.5
	3
	156
	159.33
	159.05

	35
	2.0
	2
	31
	28.00
	30.74

	20
	2.0
	3
	24
	21.38
	24.25

	50
	2.0
	3
	48
	48.88
	48.05

	20
	3.5
	4
	86
	83.63
	85.88

	35
	3.5
	3
	164
	159.33
	159.05

	50
	3.5
	4
	112
	111.13
	111.99

	20
	5.0
	3
	109
	115.13
	108.60

	a: values represent means of three replicates. Y: lipase activity (U/mL)


Table 2. All estimated regression coefficients for response (Y).
	Term
	Coefficient
	Significance (P-value ≤ 0.05)

	X1
	13.95
	0.000

	X2
	124.10
	0.000

	X3
	216.54
	0.000

	X12
	-0.197
	0.000

	X22
	-14.69
	0.000

	X32
	-34.54
	0.000

	X1 X2
	0.156
	0.153

	X1 X3
	0.067 
	0.651

	X2 X3
	1.500
	0.328


Table 3. Significant estimated regression coefficients for response (Y).

	Term
	Coefficient
	Significance (P-value ≤ 0.05)

	X1
	13.95
	0.000

	X2
	124.10
	0.000

	X3
	216.54
	0.000

	X12
	-0.197
	0.000

	X22
	-14.69
	0.000

	X32
	-34.54
	0.000

	R2 and P-values indicate the significance of the model.


Table 4. ANOVA for the obtained model of RSM (Eq. 3).
	Source
	DF
	Sum of squares
	Least square mean
	      F
	P-value ≤ 0.05

	Regression
	6
	35018
	5896
	292.42
	0.000

	Linear 
	3
	21369
	5766
	289.00
	0.000

	Square 
	3
	13649
	4550
	228.00
	0.000

	Residual Error
	8
	160
	20
	221.00
	0.000

	Lack of fit
	6
	125
	21
	1.20
	0.520 >> α = 0.05

	Pure Error
	2
	35
	              17
	
	

	Total 
	14
	35177
	
	
	

	DF: degree of freedom. α: significance level. R2 = 99.6 %


Table 5. Significant ANN architecture and their effects on the estimation and prediction of lipase activity (Y).

	Model
	Learning Algorithm
	Transfer function, output
	Transfer function, hidden neurons
	Training set, R2 (%)
	Validation set, R2 (%)
	Training set, AAD
	Validation set, AAD

	3-3-1
	MLP
	Linear
	Tanh
	99.73
	99.80
	0.013
	0.0002

	3-2-1
	MLP
	Linear
	Tanh
	95.12
	95.10
	0.055
	0.0007

	3-1-1
	MLP
	Linear
	Tanh
	79.24
	76.60
	0.114
	0.0021


Table 6. Lipase activity recorded in some Actinomycetes.

	Organism
	Substrate 
	Optimum pH and  temperature
	Lipase activity (U/mL)
	Reference

	A. keratinilytica strain Cpt29
	Tween 80
	8 and 37.88 °C
	188
	This work

	Streptomyces sp. Al-Dhabi-49
	Glucose 
	8 and 35°C
	162
	5

	Streptomyces variabilis NGP 3
	Lactose 
	8.5 and 45°C
	39.4  
	23

	Streptomyces exfoliates
	Triacylglycerides
	6 and 37°C
	6.9
	24

	Streptomyces sp. TEM 33 strain
	P-nitrophenyl palmitate
	9 and 37°C
	3
	25


Table 7. Flow sheet of the AKL29 partial purification.

	Purification step
	Total activitya (U)
	Protein amountb (mg)
	Specific activity (U/mg)
	Activity recovery (%)
	Purification factor

	Culture supernatant
	31800 ± 1200
	450 ± 36
	70 ± 1.5
	100
	1

	Acetone precipitation
	30000 ± 700
	89 ± 4
	337 ± 2.7
	94
	5

	S-75 chromatography
	7800 ± 165
	4 ± 0.4
	1880 ± 79
	24.5
	27

	a 1U corresponds to 1μmol of fatty acid released per minute using olive oil emulsion as substrate. b Protein amounts were estimated using Bradford’s method.


Table 8. Effect of partially purified AKL29 on removing sample stains from fat / fat (olive oil) sauce from cotton fabric with various commercial laundry detergents.
	Laundry detergent (7mg/mL)
	Oil removal (%)

	
	Detergent
	Detergent + AKL29

	ISIS
	40 ± 0.7
	98 ± 1.4

	ARIEL
	28 ± 1.2
	81 ± 1,3

	LE CHAT
	35 ± 1.9
	79 ± 1.7

	OMO
	32 ± 0.6
	70 ± 0.8

	NICE
	30 ± 1.3
	62 ± 0.7











