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Table 1 The Effect of Different Factors on of Phospholipase and Biomass production from 7.
atroviride sp.ZB-ZH292 by Plackett Burman Method

C (g/L) N(g/L) P(g/L) S. S. (%) S. A. (%) Temp. (°C) Time (Day) PL (U/ml)  Biomass (g/L)
1 -1 1 -1 -1 1 -1 1 3.02 11.64
2 1 -1 -1 1 -1 1 1 3.75 12.34
3 -1 -1 -1 -1 -1 1 1 3.32 11.14
4 -1 1 -1 1 1 1 -1 3.28 10.15
5 1 1 1 -1 -1 -1 1 3.37 11.36
6 1 -1 -1 -1 1 -1 -1 2.63 7.86
7 1 -1 1 -1 1 1 -1 3.23 8.81
8 -1 -1 1 1 1 -1 1 3.02 10.52
9 -1 -1 1 1 -1 -1 -1 2.50 7.71
10 1 1 -1 1 -1 -1 -1 2.90 10.21
11 1 1 1 1 1 1 1 2.92 13.86
12 -1 1 1 -1 -1 1 -1 3.08 9.06

C: Carbon Source (Soy Phospholipid); N: Nitrogen Source; P: Phosphate Source; S.S: Seed Source; S.A: Seed
Age; Temp: Temperature; PL: Phospholipase

Table 2 The Effect of Different Factors on Phospholipase Activity from 7. atroviride sp.ZB-ZH292
by Plackett Burman Method

Factors Effect t-value p-value
Temp. 0.278 6.19% 0.0024**
Time 0.248 5.52% 0.0042**
C 0.148 3.30%* 0.0208*
N 0.076 1.70 0.0996
S. S. 0.076 1.70 0.0996
S. A. -0.001 -0.04 0.9736
P 0.001 0.04 0.9736
Temp.*Time -0.046 -1.04 0.2661
Temp.*C 0.008 0.19 0.8707
Time*C 0.030 0.67 0.4846
Temp.*N 0.015 0.11 0.9226

C: Carbon Source (Soy Phospholipid); N: Nitrogen Source; P: Phosphate Source; S.S: Seed Source; S.A: Seed
Age; Temp: Temperature; PL: Phospholipase; t-value=2.447; *: P<0.05; **: P<0.01
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Table 3 The Effect of Different Factors on Biomass from 7. atroviride sp.ZB-ZH292 by Plackett

Burman Method
Factors Effect t-value p-value
Time 1.437 6.22% 0.0033*
N 0.674 2.92% 0.0287*
Temperature 0.520 2.25 0.0504
S.S. 0.424 1.83 0.0908
C 0.337 1.46 0.1541
P -0.154 -0.67 0.5627
S.A. 0.071 0.31 0.7921
Time*N 0.050 0.21 0.8505
Time*Temp. 0.074 0.32 0.7844
N*Temp. -.0173 -0.75 0.4315
Time*S.S. 0.046 0.20 0.8598

C: Carbon Source (Soy Phospholipid); N: Nitrogen Source; P: Phosphate Source; S.S: Seed Source; S.A: Seed
Age; Temp: Temperature; PL: Phospholipase; t-value=2.447; *: P<0.05
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Table 4 Variable Levels for Optimization of Phospholipase Production T.atroviride ZB-ZH292 by

RSM
Name Unit Maximum level Intermediate level Minimum level
Soy Phospholipid % +1(9) 0(6) -1(3)
Temperature °C +1 (30) 0(26) -1(22)
Time day +1 (5) 0(4) -1 (3)

Table 5 Results of Optimization of Phospholipase Production from T.atroviride ZB-ZH292 by RSM

Run Temperature Time SPL PL.A (U/ml)
Actual Values  Predicted values
1 1 -1 1 3.26 3.25
2 -1 0 0 2.37 2.21
3 0 0 0 3.01 3.35
4 0 0 0 3.34 3.35
5 1 1 -1 3.56 3.47
6 -1 1 1 3.26 3.25
7 -1 -1 -1 0.86 0.94
8 0 -1 0 3.02 2.87
9 1 0 0 3.47 3.56
10 -1 1 -1 2.39 2.42
11 0 1 0 3.48 3.65
12 0 0 0 3.45 3.35
13 1 1 1 3.58 3.52
14 0 0 0 3.49 335
15 -1 -1 1 1.51 1.61
16 0 0 -1 3.21 3.11
17 0 0 1 3.47 3.44
18 0 0 0 3.23 335
19 0 0 0 3.41 3.35
20 1 -1 -1 3.11 3.18

PLA: Phospholipase Activity; SPL: Soy Phospholipid

Table 6 Analysis of Model Quadratic for optimization of Phospholipase Production from T.atroviride ZB-ZH292 by RSM

Source Sum Square Mean Square Df F Value P Vaue
Model 1.83 0.61 3 17.61 0.0003"
Lack of Fit 0.17 0.035 5 1.00 0.5014"
Net Error 0.17 0.035 5
Total Error 192.05 0.60 20
R’=0.96 R’ djusted= 0.91 R’ redicted = 0.83

n: non-significant ; **: significant in 1% level (P<0.01)
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Table 7 Analysis of Variance to Optimization Condition for Phospholipase Production from
T.atroviride ZB-ZH292

Sources Sum of Square Df Mean Square F Value P Value
Model 9.48 9 1.05 3042 <0.0001"
B, 452 1 4.52 130.43  <0.00017"
B> 1.92 1 1.92 55.41 <0.0001"
Bs 0.32 1 0.32 9.25 <0.0124"
Bi* B, 0.71 1 0.71 20.45 <0.0011"
Bi*Bs 0.19 1 0.19 537 <0.0429"
Bo* B3 0.0002 1 0.0002 0.5776 0.9409"
B2 0.60 1 0.60 17.41 <0.0019"
B, 0.053 1 0.053 1.52 0.2463"
B’ 0.011 1 0.011 0.32 0.5858"
Remaining 0.35 10 0.035 - -
Lack of fit 0.17 5 0.035 1.00 0.5014"
Net Error 0.17 0.035 - -
Total Error 9.82 19 - - -

*: significant in 5% level (P<0.05); **: significant in 1% level (P<0.01)

Table 8 The values of different parameters on optimal point to phospholipase activity from
T.atroviride sp.ZB-ZH292

. .. Phospholipi ; T t
Phospholipase Activity(U/ml) Soy o‘sp olipid Time emp())era ure
) (Day) cC)
Predicted Actual
values Value
3.56 3.57 4.32 424 29.73
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ABSTRACT

ARTICLE INFO

Phospholipases are important groups of enzyme with wide applications in various
industries. In this study, two-step optimization including Plackett-Burman screening
design and response surface methodology (RSM) optimization were done with the
goal of higher production level of phospholipase by selected mutant strains of
Trichoderma atroviride sp.ZB-ZH292. First step was done by screening and
evaluation of seven factors affecting the enzyme activity and biomass production by
selected mutant, using Plackett-Burman design at two levels each namely
temperature, time, amount of soybean phospholipids (as a carbon source), peptone
level (as nitrogen source), equal ratio of mono and di-potassium hydrogen phosphate
(as phosphorus source), seed size, and seed age. According to the result of screening
design, incubation time (P<0.01), incubation temperature (P<0.01), and soybean
phospholipids as a carbon source (P<0.05), had significant effect on the enzyme
activity, so they were selected and used as independent variables in central composite
design (CCD) under response surface methodology (RSM). In the analysis of 20
experimental runs, the effects of three independent variables including incubation
temperature (20-30 °C), incubation time (3-5 day), and phospholipid concentration
(3-9%) were evaluated on phospholipase activity. Analysis of variance (ANOVA)
showed that the optimum values of soybean phospholipid, incubation temperature
and incubation time were 4.32%, 29.73°C, and 101.76 h, respectively. At this
optimum point, the phospholipase activity was found to be 3.57 (U/ml) which is in
good agreement with the predicted value (3.56 (U/ml)) by the model.
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