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In this study, we investigated the induction of the biological function of Aspergillus niger by pulsed electric field (PEF)
stimulation. In particular, the profiles of growth and citric acid fermentation were focused on. PEF treatment was carried out at
the germination phase, logarithmic growth phase, and early stationary phase of cultivation. All PEF-treated A. niger cultures
showed significant increases in mycelial clump size and dry cell weight. The average diameters of the mycelial clumps of the
PEF-treated culture and non-PEF-treated culture were 7.8 and 3.5 mm, respectively. The maximum dry cell weight was obtained
in the PEF-treated culture at the germination phase, which was 1.8-fold higher than that of the non-PEF-treated culture. These
increases changed the profiles of glucose consumption and citric acid production in citric acid fermentation. Combining PEF
stimulation with fed-batch citric acid fermentation increases citric acid productivity. The fermentation times to reach the
maximum citric acid concentration in the fermentation of PEF-treated and non-PEF-treated A. niger were 16 and 29 days,
respectively. Moreover, the volumetric citric acid production rates in the fermentation of PEF-treated and non-PEF-treated
A. niger were 1.67 and 0.96 g 1" day’, respectively.
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Fig.1 Schematic of the circuit diagram used in this study
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Fig.2 Schematic of the electrodes used in this study (a) and
picture of PEF treatment (b).
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Fig.3 Typical waveforms of voltage (a) and current (b) when
PEF was applied to the culture.
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Pictures of mycelial clumps of A. niger after 10 days of
incubation. Each picture shows non-PEF-treated A. niger
(a) and PEF-treated A. niger at germination phase (b),
logarithmic growth phase (c), and early stationary phase
(d) of cultivation.
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Table 1 Dry cell weights of 50 ml of A. niger cultures after
incubation for 10 days.

A. niger culture Dry cell weight [ mg]

Control (non-PEF-treated ) 193 £ 50
PEF-treated at germination phase 346 * 48
PEF-treated at logarithmic phase 279 £ 27
PEF-treated at stationary phase 241 £ 19
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Fig.5 Citric acid fermentation profiles in medium at various initial
glucose concentrations of 35 (a), 50 (b), and 70 (c) g/L.
Circles indicate glucose concentration and triangles indicate
citric acid concentration. The closed and open symbols
indicate the fermentation of non-PEF-treated and PEF-
treated A. niger, respectively. The data points represent the
average of three independent experiments.
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Table 2 Results of citric acid fermentation in medium at various initial glucose concentrations.

Initital glucose Maximum citric ~ Fermentation

Glucose

Glucose Volumetric citric

. Treatment . . . . . . Citric acid yield
cocentration acid concentration time consumed  consumption rate acid production rate
gl gl day gl day’ gl day’ conSLElnoc}drj;;(ﬁlcose'1
35 None 11.98 £ 1.10 17 32.18 £ 1.27 1.89 £ 0.07 0.70 £ 0.06 0.34 £ 0.02
35 PEF 7.57* 143 7 2285+ 1.72 326 £ 0.25 1.08 = 0.20 0.32 £ 0.08
50 None 16.90 = 0.65 20 4752+ 243 238+ 0.12 0.85 + 0.03 0.33 = 0.03
50 PEF 9.20 £ 0.75 10 45.10 = 0.97 4.51 +0.10 0.92 + 0.07 0.19 + 0.02
70 None 21.75 = 3.10 32 64.42 + 0.80 2.01 £ 0.02 0.68 = 0.10 0.32 £ 0.05
70 PEF 18.31 + 2.81 16 58.26 + 2.60 3.64 £ 0.16 1.14 £ 0.18 0.29 *+ 0.04
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Table 3  Results of citric acid fermentation in fed-batch fermentation.
Treatment Maximum citric Fermentation Glucose Glucose Volumetric citric Citric acid vield
catme acid concentration time consumed  consumption rate  acid production rate caadye
gl day gl g 1" day” g 1" day” mol mol- consumed-glucose
None 27.80 = 1.58 29 6791 = 1.52 2.34 = 0.05 0.96 = 0.05 0.38 = 0.02
PEF 26.76 = 2.20 16 67.33 = 1.38 421 = 1.98 1.67 = 0.14 0.35 = 0.01
@ % 0 _ HV-PEF LB %2 1T > TV WA DIRAK 7 T 2 BRiJE
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Citric acid fermentation profiles in the fed-batch
fermentation of non-PEF-treated (a) and PEF-treated (b)
A. niger. Circles indicate glucose concentration and
triangles indicate citric acid concentration. The data points
represent the average of three independent experiments.
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