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Growth Prediction of Mycelial Mat and Fruiting Zone Diameters of
Aspergillus niger subjected to Temperature Changes
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Mycelial mat diameter and germinated conidia zone (fruiting zone diameter) of Aspergillus niger during
culture on potato dextrose agar (PDA) medium were analyzed under various temperature conditions. In this
study, several growth prediction models (modified Logistic, Gompertz and Weibull models) were applied and
compared to describe fungal growth curves. The Weibull model proved to be the most suitable fungal
growth model, describing growth as a function of temperature. The new Weibull model best described the
growth of mycelial mat and fruiting zone diameters between 18°C and 35°C. Measurements for mycelial mat
and fruiting zone diameters of A. niger subjected to a temperature change between 20°C and 30°C closely
matched values predicted with this new Weibull model. Since the growth prediction of fungal colonies
under temperature changes has not yet been reported, the results of this study can be applied to fungal
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control and fungal fermentation.
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Fig.1 Explanation for fungal colony of Aspergillus niger
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Fig.2 Changes in mycelial mat diameter (a) and fruiting zone diameter (b) under various
temperatures at 18 (O), 22 (A), 26 ((1), 30 (), 32 (@) and 35°C (A)

The curves were simulated using a new Weibull equation (5).

Gray colored curves indicate the

calculation values at 32°C, and dotted curves indicate the calculation values at 35°C.
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Table 1 Evaluations of the prediction of fungal colony growth of Aspergillus niger

by modified Logistic model, modified Gompertz model and Weibull model

Temperature RMSE
Modified Logistic model Modified Gompertz model = Weibull model
Mycelial mat diameter
18 2.789 1.849 1.170
22 3.464 2.161 0.949
26 3.934 2.519 1.143
30 3.468 2.003 1.125
32 3.554 2.168 1.231
35 2.872 1.889 1.470
Fruiting zone diameter
18 2.479 1.748 1.925
22 3.401 2.070 1.930
26 3.904 2.314 2.121
30 2.973 1.476 1.577
32 3.369 1.918 1.861
35 2.329 1.461 1.179
Average 3.211 1.965 1.473
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Fig. 3 Temperature dependencies of parameter values of A (@), B (O) and n () in Weibull
model (3) for mycelial mat diameter (a) and fruiting zone diameter (b)

The curves were fitted by equations (4) using the parameter values at temperature between 18 and 35°C.
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Fig.4 Changes in mycelial mat diameters (A, C, E) and fruiting zone diameters (B, D, F) at

temperature change conditions

O indicates the mycelial mat or fruiting zone diameter under temperature change conditions. 4 indicates the

mycelial mat or fruiting zone diameter at constant temperatures of 25 (A, B), 27.5 (C, D) and 22.5°C (E, F).

The

curves were predicted by a new Weibull model with equations (6) and (7), gray line curves were predicted by
equation (b) with giving average temperature for each condition. The temperature change conditions applied

in those experiments were indicated with dotted lines.
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Table 2 Evaluations of the prediction of fungal colony growth of Aspergillus niger under tempera-
ture change conditions by a new Weibull model (Eq. 5) and Eqs 6 and 7 with giving moving
temperature (WM), and by the model with giving constant temperature at average value of
each temperature change condition (WC)

Temperature conditions Average toemperature RMSE
(©) WM weC
Mycelial mat diameter
30°C (24 h), 20°C (24 h)* 25 0.915 2.851
30°C (24 h), 20°C (24 h), 30°C (48 h)* 27.5 1.138 2.775
20°C (24 h), 30°C (24 h), 20°C (48 h)* 22.5 1.233 2.796
Fruiting zone diameter
30°C (24 h), 20°C (24 h)* 25 1.097 3.795
30°C (24 h), 20°C (24 h), 30°C (48 h)* 27.5 1.079 2.851
20°C (24 h), 30°C (24 h), 20°C (48 h)* 22.5 1.333 2.791
Average 1.133 2.977

*The program was repeated during measurement
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