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it 2 (Aspergillus niger) & B Br 2 A AP H A T 5
BEMAEY 2 —. N 1919 4 8 M55 4 P Fr B R ak Tl
WTF R B RIRAF L bR N 4R, 24 FR it — 2 Tk
P B E RO G0 H i, 2 R AR 2 R A
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HOAT F AR P, R 2 2 B R R U 1k AT AN
(1) A1 Yt A 1 RO P A P A T, AR P R B ALl L 4 5
LT RAAL T R S 1 HL A7 A B R 2 28 it 5 TR T
5 H £ 25 ) % 21 )5 (Food and Drug Administration,
FDA) A N & GRAS (Generally regarded as safe) 7= i, JL4F
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IRk H i E N AMIES R s WE 9 R A TR 22 AR KRS
VR S M B 1 I P 5 v 7K 2 R T T P DG R AR
A A 7 T2 e R R o SRR B N I R PED, SR
FH °Co 5 8 F 28 M R 45 45 Ab 31 28 T 25 T 1 3RS TR S A )
7K fift i Cepoxide hydrolase, EH) /5 7= B AR . IX SE 4 R A &
HA — 8 BRI, ™ A2 AN 55 B A 27 5 B )R i AR A N
ETB o (T SL R/ E (B E IS A B E S NIV R SR 7N 7
T2 B YR N T i I L A A A R R R TR ), B
R Ry il X A i) ) A AR

Jik ' B, 3% (pulsed electric field, PEF) &b #f & — F
R TR 40 e H 2 AL BORS . fEAM I PEF AE R, 40 B |
TERCNLI IS FERD g g flo 78— 2 454 T IR R ri 28
FLAEA T, A M ZE T, o] DAAT 0 K& i i 2 b
AU, B MO R BUR Y ) T R SR R s N
TR 5 B B SR PR 2R O A i, B i ot 5 s A
= 2 R N A V89T BRI B 3 va 97 7 ik 30 AT I 40 g
AVRUF AR R AR T R T ] 30 R A 2 AL, 4
SEVE IR, (A0 HE PR 3G K, 3X A T A g YA P A
P70 P 1 B R e B G ) 7 7 N =Th R B 2 SO
AT AF 2k PEF 0] 3% 40 i i i) 08 i B 5z 1) )7z ki, T
(R SE AR 0 P T R OVRI O R B R A, i FH PEF AL B 1R
» W R A TR VY R 1) i 7 ) A A oy 2 TR 2P
AP0 T S R A R A R R RG A e 2R S I R
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R, 3 i I B TR0 A 5 Sk 0 Uk 2B 4 s 8 R
RO AR T HE, HEr, T PEF X 8 il 2445 F ik
B AW LA PR i R W A I v 7 1R R R A N S R
Jik b A 2 BO6 B i R AR I RD P R A R e S, TSk
RAT P9 ) ) ELAE R, P8 il B A 7= R RE IR i = e it
— PR AR R T ¥

1 MR 57A%

1.1 iR wr A

B0 B K - 2B M EE AS3.4309, I 3K T [E RR B i
G .

TR « 588 2 4 45 B% (PD A potato dextrose agar)
WAREFRHE : TR T 200 g VIR, i f7K 2396 30 min
b 98, PEVE N 20 g RERE , FH 21K Ab 22 1 000 mL; 55 5%
FEIMIN 20 g Tl B 8 [ (R 55 97 0 . 2 IR IR 281K
1 000 mL, 5B 4N 3 g, HEHE 30 g, R &0 40 1 g, AR £
(MgSO,-7H,0)0.5 g, #ALE 0.5 g, MR £k 0.01 g, T fi
20 g, INFAVE M. AR 1 g A MK, RBKEMR, e /72
1000 mL , K 1 75 H

R AL AS : SW-CI-2G BUHE ¥ & 5 70 PN VL ARG 25 AN 4%
A BR 2\ s ECM830 A ik b & A4 45 5 55 B BTX 2 #]
JS-2000W-A A7 it HL Y v TR 4 e 2%, g e g% 1 R
Fi A5 B A #] s SPX-300-F A AL B 7740, il b BRAN 2% % 4
A7 BR 2> 7 5 ML ER T B (QIUTING , 25 K x 16 #48) , L ifg sk
K AR A B AT PR 28 7] s E100 288 S5 1 s, b iy 4 iy
L BH 2 AT R 23 7] ; Megafuge SR & 2 i B V& 1% 250 ML
Thermo Fisher 3¢ [€ /2 & ; DH5000-AB T/ 46 , 8 JH 117 52
WS I A A A PR A H) ; THZ-98A TH IR ¥R 3% 15 97 46, Ll
—H R 22 A B R A s UVTS2N KA Al WL 4y 6ok &
ih s B RS AR AT PR A 7] s HH-42 7K 84, 46 I RS
R BALH A PR 23 7] s DYCZ-24A HLK A, B3t i/ —
2% ) ;s Chemixrsf b 27 R OGEERE AZAX , 5 [E] Bio-Rad {H
IRATEE .

1.2 R FH*
12.1 BwEeEfieT 2asé

ML EE R TR R 7R3 1,28 CREFET d,4 CHE
fEo I FIRER TR NI & JC w1 A R AR AR B
TR, ORI D AT U8 25 B 2 AR A AT AT, ek TE
Eh & 3 IR A4, SR I ME 19 B IR BE R 4.2
10° AN /mL ) T AR
1.2.2 ¥ &% 69 PEF 4L 32 B 3% 7%

W M 150 wL 7878 T o i 48 CR B R TR A 0, 7Y
FEL B TR) 20 2 mm) Hh R AT ikt Ak B - B 100 wL TN B
25 mL PDA ¥ A& 85 77 it 85 .0 %+, 28 °C . 150 r/min
BE 9% 60 h, M 5E B 22 i s 5 H 10 wL 32 13645 30 mL
PDA YA 55 7% 16 HE T2 il b 5% 7% 108 h, I 52 4 1 i
T 2 pL BEAT P A B IR (B2 IR 92 360 10~12 h, WA
B N AL T A s B 1 Ll $2 T- PDA [ 2 ~F-p b e, W
SR 22 B, DURHEAT PEF AL B 22 i B 6 . BT
R ERE 3K

1.2.3 F8AFM & 75 %

DB 221 B W E: H € s g4 uE 55 R ),
70 C A2 fH i & .

2 BEA RS PR (R 5E - 55 92 J5 B, 4 °C 5 700 r/min
B0 20 min, 37 V80 R A R R, S U R 3,5
TR IR

fil Vi B A pHARL 5440 ‘C AT 15 min Sz W IS A 2 i
ERY AR 1 umol 52 B (0.18 mg) FT 7 il 124

30 78t 0 A R I E R B 22 KR B A T ELAR
PRI, AR EE R

T R =0 A AT H /A R A7 B8R
RILTHO*100%.

4) [A) T fig)

7 B % T3 25 mL PDA Y A4 5% 757 55 1 HE T
R RE TR 72 h, 1 PE IR B A, K IR . R
P 22 AN P4 TR R i #2499 00 F1 0.1 mol/L pH
{H 8.0 Tris-HCIFE R (1 g 18 22/ 2 mL $E B UK G F B
RIRE R 0.5 hEiid & . 12 000 r/min 4 °C 5.0 15 min, |
T TG EE (EST) [R] Tl 4> B

TG UK < 70 B IR & 73 4 12%, pHAH 8.9
WA 5%, pHAH 6.8 , HLUK Z2 i 4 Tris-Gly pH {1 8.3 &
G WIERHL S 160 V, 40 B R HL 4 240 Vo BLiiC ) 2
FSCHER[291RIVE 15 5 : 50 mg [ 5 B #h (5046 DY &U4F — H 4
FEHNE), ¥ T 150 mL 0.1 mol/L pH 11 6.2 PR 22 P, it
JE€:50 mg a- LR ZE R A 50 mg f- LR ZEWEVE T 1 mL A
PN DN e S v R 1B 71 S SN ol B O
YL, 37 °C BRI Y A 3 4 0 4 AT T b, KIS,
7% [RITE 1 ] 5 5 FH e R e A5 AN
1.2.4 X%t

A K S I i RV A 32 RE T DR AR 6 T Y
SRR S M S EE . SR =R AR
2H 4 ¥ 11 (central composite experimental design, CCD)fiff
SRR B (5~15 kV/em) Bk RF ZE I [R] (10~100 ws) Fl
ik £ (50~99)3 /N ik i Z 504l 4, DA SR i 75 B 42 T i i
=B A R 2 e R R bR, B SO S bR R A [
ik Z 50T AR, Lt ikl T2 &8 R K gm s
T ANSE PR 1,

1.2.5 %itor

P &5 R HFBME R R« Bl gevt o A AT A4 i
Design Expert 10.0.7 4t 1 73 1 # |- (Stat-Ease 2w , W] J&
B e BT T, 2 D SE e I8 B HEAT 2 Je A RN 2
PR B (P<0.05) o M [B] Y= A58 288 v A= gl g )37 17 ], B0
W NYAE S H AR AR OC R B LA AT
2 HER55H

PEF 4k B4 AR W] DLy A2 22 i A ) 2 380, Gn % KB
P50 B, T2 F TS i i s
SR8 TR A7) R PR A S [ 2 R A% T, g N v B AR B
U AR HEAE A B AREIE B, 3R T 105 D0 s R M Rk
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TR A I AN TSP TR IR s AR R oy
AT B B A0 M A ST o 1T EIA B LA BB R 5 280N 1)

A $2 & AT AH Y ) PEF N T 240, #5913k 4% T PEF L.
VESHOnS 38 il B A A BEAL B R &R

F1 RWIRITERMER
Tablel Experimental design and measured results

% Factors

i 3 45 4L Response result

R poMEE WeRE TR g - Bk e U A )
Serial Pulse intensity Pulse width Pulse Pulse intensity kv E.E Pulse number i 5 22T e Activity of
number X Y. number by Pulse width z Dry weight of Aspergillus niger ~ glucoamylase
! 2 X, (kv -lcm") Z,/us 3 mycelium Y,/mg Y,/(U-mL")
0 - - 16.67+1.25 15.70+0.31
1 -1 -1 1 7.025 28 60 9.66+0.47 15.95+0.12
2 -1 -1 1 7.025 28 89 20.66+1.70 16.55+0.91
3 -1 1 -1 7.025 82 60 15.42+1.70 15.07+0.18
4 -1 1 1 7.025 82 89 19.07+1.63 16.54+0.92
5 1 -1 1 12.975 28 60 29.40+1.62 15.92+0.54
6 1 -1 1 12.975 28 89 16.06+0.81 12.75+0.66
7 1 1 1 12.975 82 60 23.51£2.49 16.55+0.77
8 1 1 1 12.975 82 89 17.60+1.70 11.3040.02
9 1.682 0 0 5.00 55 75 12.47£1.63 16.18+0.56
10 1.682 0 0 15.00 55 75 20.66+1.63 15.59+0.71
11 0 -1.682 0 10.00 10 75 21.80+1.24 13.56+0.80
12 0 1.682 0 10.00 100 75 21.80+2.49 14.74x1.72
13 0 0 -1.682 10.00 55 50 10.15+2.16 16.47+0.45
14 0 0 1.682 10.00 55 99 17.84+2.05 13.98+0.85
15 0 0 0 10.00 55 75 27.62+2.49 18.61+0.44
16 0 0 0 10.00 55 75 30.41+0.47 18.58+0.86
17 0 0 0 10.00 55 75 34.49+1.25 17.76+0.53
18 0 0 0 10.00 55 75 26.49+2.49 17.81+0.82
19 0 0 0 10.00 55 75 34.58+0.94 17.87+0.59
20 0 0 0 10.00 55 75 26.49+0.94 19.70+1.61
2.1 PEFBYMEBEMBHL TREM~REUEELESZW 200~
PIIE:] Y,=29.94 +2.60X:0.013X, + 0.61X:1.06X X,~4.24X X, +
2.1.1 PEFAE AT 2 B W LF Ao = $EALEE 5 %0 0.010X,X, —4.28X >~2.43X,>-5.19X 2 (1)

PEF Ab B} P 1 57 B 22 1 o o R 7 W A0 i 0 e A 1
B, ANFZSHR AR . K2 PEF A B 2 il 75
22 J5t & FUBE Ak 35 PE 2 0 R (16.67 +1.25) mg Fil
(15.70+0.31)U/mL ; PEF &b H Ji5 , 14 22 -+ i 2 AP AL B3
PE 5z K3k (34.58+0.94)mg F1(19.70+1.61)U/mL, kX 1
Sy T 107% A125.47%CLEK Do FEAN S E R H
24 - Jo e FOORE A S P LU AR AL G, R L AR Y, 75
I L3756 R Ah BT TR 22 5 R 3 S B T kot £
B AL B, P R B . Zhao 55K 20 kV/em.
100 1200 ms ) % B[] PEF Ab B8R 9 7 B 40 i, & 30 a-
A BT N - S - B-WE 17 B RN o- H 558 0 17 g 3 1 Y
B0 s 24 PEF &b BRI [R]85k 200 ms B, 00 %< 3] T 45 11 [ 5
BTG 1% [) I 2 33X 6 g i 2 B8 AR B 22 58 4 e OB,
FEABTFA ok i Ak AN E sy, Bk b A IR TR) AR 22000 &
BRI PSR, 5 R E R —E

DRI, 3 3R Ik 2 550 B 2 B8 D) AH T A FH O 1 . $8 A 5%
WiV RRARE , A N7 Rk b S 0 e N AR B ) (9 A DG R0 T2
2.1.2 PEFHEAAHL M m 4847w )3 5 A2 5 5 547

FAGETE o3 B A 6 22 1 25 FEHEAT 190 5 43 B R =5
L0, G N7 T Pk i FEE R TR R i b 4 3 A 1 AR R
L R B 22 T TR A B GE ) 2 AN N ER BR DG R T

Y,=18.38-0.63X,+0.020X,-0.77X,+8.750x10X X ,—
1.31X X,-0.15X,X,-0.84X,>~1.46X,>-1.08X,> (2)
X, X, X430l A Jok pois Bk e e 8 B 1) R Jk p gk
B GiAS ZKF5 Y, o BB R 22 T iR, mg s Y, R BEAL S
77,U/mL.

KT 22 53 B VR PR AR L (1) 70 20 P RS A5 B S LAAH
N PIEVEFM AR R S v (3R 2) . BB HL T iE
(V) F{EN 6.89, BEALEEIG T (V,) FAE A 12.02, FEHEK,
P B T A (1 TE A P 5 P<0.01, #5750 147 W 35 5 T 4 78 2 1)
T A 8 2, HLUe R RBCR 4359 4 0.861 2 10.915 4, 1K
B, R RT o 7 B RE R ORI TN R 5 1 S S
v [ 3 Ak S 5 S 2 AN B AR BR TE] G & .

5] VA ZR B5ORG 6 J s < ) B gl B B 22 T TR R e K
6 R 25 2 ik o5 BE (P<0.01) , HE VR 2 ik b 50 fbk 4 22
B ] o AR i m] U A8E 78 Ty 25 45 B 24 3D U R K : A 1a
A LLE S i BB BE S 2R ki B2 5 ik e B AR,
Xof L R B 22 TR R B (P<0.01). 1T ik v i
ik i g B A S Ik e v 5 5 ko IR AR T P i B e 22 T
JEE R AN 2 (R 2)

55 TR 22 T W AT AN [ 5% DR A i A K ) AT 35
Jik £ (P<0.01) , LU0 ik a5 5 (P<0.05) A ik ot 5 JiE
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A i L 1T PRI 5 AR, AT ke o R B o
I EL A 250 3D Wi 7 s T 1 PO o A 8 A it » A AR Y
& P<0.05, 50 2w T R AR AE R — S 1b) . 25
3 Jk st 2 BORE 2 A4S W0 N AR S W AT bk 5iR B2 P R
PR 2, X5 AT 5EIA ) PEF B94E 32 200k 1
R R FEC G R — 5. S 4, Tk B ki 8 (0 AR
W0 252 M P R AR AR A, B I B 75 R L&
R2 PEFSH M EMBRELZ TREM~HELEEEZ M
RESH
Table 2 Variance analysis from influence of PEF parameters
on Aspergillus niger mycelium dry weight and activity of

glucoamylase
1 { F{H F value PAii P value
Item Y, Y, Y, Y,
R Model 6.89 12.02 0.002 9 0.000 3
X, 6.50 7.64 0.028 9 0.020 0
X, 1.668E-004 7.818E-003  0.9899 0.9313
X, 0.36 11.52 0.563 2 0.006 8
X, X, 0.64 8.678E-004 0.443 0 0.977 1
X, X5 10.10 19.49 0.009 8 0.001 3
X, X, 5.625E-005 0.26 0.994 2 0.621 6
X2 18.60 14.56 0.001 5 0.003 4
X,? 6.00 43.40 0.034 3 <0.000 1
X2 27.32 23.72 0.000 4 0.000 7
L:f:litgffﬁﬁt 0.99 1.52 0.506 0 0.329 4
Stand:fc:%?ziation 3.77 0.84
Tt
M;n’jfl“ue 21.81 16.07
it 17.29 5.23

Variable coefficient

H:P<0.01( W) P< 0.05(5k 7)o
Note: P<0.01 ( extremely significant ); P < 0.05(significant).
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a. kBN Kb o ELAE R B b szﬁ%ﬁﬂﬁzkﬁ'ﬁ/%iﬁ%ﬁ‘%
A 22 T TR 5 AT T 11 5 i
a. Influence from the interaction of  b. Influence from the interaction of
the pulse intensity and pulse num-  the pulse intensity and pulse num-
ber of PEF on Aspergillus niger my-  ber of PEF on Aspergillus niger
celium dry weight mycelium activity of glucoamylase
= s [ 8 AE 0 7K
Note: Pulse width fixed at 0 level
B 1 PEF Bk oy Aok 32 B AR AR 2l H W 2T
B o P2 AL S o
Fig.1 Influence from the interaction of the pulse intensity and
pulse number of PEF on Aspergillus niger mycelium dry eight

and activity of glucoamylase

2.2 PEFX EHEREEH SN

PEF &b 3 %F 52 fih 8w v AR KB 42 7 B B 52
(F2), fER KM SHUCEL R, i Wi v BAR AR 2 17
Az K, AH R A B () T 9 (B 2 v 0) Al L3 I FC) B % B s 1T
PEF Ab 31 5 , 7 S5 1 v Bl [ 2 /=, H B0 IR 4, v v Pl
By 0 A S RN, AT B B AR (AR
HH IR BH 5 A [R] R v e (1] 2 v PEF-7 R PEF-11 43 1 4
KA 7R A . Ui, PEF ANME I T 2 ih 5
A K g SLAR

PEF-11

B2 PEF 2w E R %G SN0

Fig.2 Influence of PEF on Aspergillus niger colony shape feature
2.3 PEFMEMEMR FiFAREN

ST LS RN G v R B AR T T RS UL (T 3D
K28 PEF Ab 1) 28 il 540 1 0 K %4 14.06%+0.59% , K-
J 3% 1 v PEF TAE S B HL S , 8 71 & R N 25.00%+
0.33%~46.54%+0.55%, LL X N T 77.8%~231%. 4
1A 4 PEF i3 B 22 A K i DR 2 — 2B 7 461

PEF-11

0(CK)

B 3 PEF #F 2 o F 350 81 & 49 % 0 (x400)
Fig.3 Influence of PEF on Aspergillus niger spore germination
(x400)

2.4 PEF ¥ EST [5] THEgRY %20

PEF 4b BRAE B 20541 TR m] BEXT TR AR ™ AR 5 AR A FHE,
i T K PEF b1 )5 () 28 a2 15 R A AR, B T TR e
AR, 0 Az KRG A o R g 2 i SR I 22 R 1
Ab BRI T[] B SR AR, B AT TR ) LA % 2 A

HH 1€ 4a FI1 4b A7 %0, 2 i 22 1 EST [R) TEGH LT 10
BB, FRiC N EST-01~EST-10, JLT# %4 0.267~0.750.
EST-01~ EST-05 4% i 5 5 B W i T oAb 4 717, DA HHIX 5
24t 6 EST i MEDiik 4 Ko 1 EST-08~EST-10 4571 fit
55, 6F BST % P vt ik pe /s o [R) A2 S DR 3R IA =4, A2 ot
6 578 S (R LB SR b 5 00 BRI IR) TR T 2 A, R
A2 0 YAE AR Wtksc . )iz
T A B R Y R e ooy RS 3 E T
FRBessl K SC, PEF AL B2 5 X6 B 41 (1) EST-01~EST-08 [1]
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TR R F A F . 160 PEF &b BE I %) 22 fh 35 (14 EST [w] T
g FE B B R AR AR S . S AN, B S T T A A A
JOAR U PERE I FEbr , B 4 5 7~9 FE A EST-01 A1 EST-02

1 2345 67 89101112131415161718192021222324

a. HLK i 14

a. Enzyme electrophoretic band diagram

2 I LR IR 11~16 5 FEA 5 6 ROE B A 22 5%, 1
FOA AR A EE X k. X — &5 3R W] PEF S0 1 K #h %
A RE -

=B T Ry T RggHr © gal
12345678 9 10111213141516171819 20 21202324
Rf
EsT-01~_| [l | {11 _______________/8:%2%
esT-02—EEE MO EEERELE B0 SO0 E0EE-"0367
EsT-03—HAA80000000000808 80880000429
EST-04—=H=FREE EEEEAEEE E EEEEEE— 0450
EST-05 == e AR e e H H H = H e ——
EST-06 0.475
EST-07”_-ARCCACH ::-'=i'="="==\0‘500
EST-08" m || 0650
EST-09 0.708
EST-10 .

b. A b

b. Enzymatic pattern diagram

VE G 1~3 N XHIE (R 155 0),4~24 4 PEF A #41( 4~6 3 1 1 PEF-1; 7~9 Jy PEF-7; 10~12 24 PEF-8; 13~15 24 PEF-9; 16~18 Jj PEF-11; 19~21 4 PEF-12; 22~
24 JJPEF-13 ), B ALAb 3 =k . LA 10 5547, v 44 4 EST-01~EST-10, B ¥ IL# 24 0.267~0.750.
Note: Number 1—3 are blank control groups( The serial number is 0 in Table 1 ), and number 4—24 are the PEF treatment groups( in Table 1, number 4—6 is PEF-1,
number 7—9 is PEF-7, number 10—12 is PEF-8, number 13—15 is PEF-9, number 16—18 is PEF-11, number 19—21 is PEF-12, number 22—24 is PEF-13 ), every
treatment group are process by three times. There are 10 bands named from EST-01 to EST-10, and the band mobility changed from 0.267~0.750.
B 4 PEF x} % o % 85 85 ) T B85 vh
Fig.4 Influence of PEF on esterase isozyme of Aspergillus niger

2.5 ITZSEMMHIIIE

P i AT 22 T R PR g R A T E A Y 2 R
AR AR Nk B e KAE, BI Y, Y, ST A H bR R 8
2t Design Expert 10.0.7 S5 v 70 1 8K A5 A A A B 43
FARACR R . USSR b, R 2 H AR P R B e A AR LR
PEOUAL 71, 256 H bR B8 BCR FH 42 1 B 2R AT R sk
i, TR A B P 2 2 2 H AR, SO R 2K HR 0.6, 1)
R B 22 T TR I IR B K R 0.4 SRAFEEA UL
A K IP R 12.974 95 KV /em K 55 4 53.517 us- ik ol
£166.052 , AH N (1) 5 Hh 5% R 22 T i 5 A 28.662 mg, B AL
fitf 35 PE 4 17.746 U/mL. 218 1F , ¥ % ik ob 38 5 4
12.975 kV/em. ik 5 4 54 us k5 66 , 3K 13 24 #h %7 1) 14
22~ J5T 5 AR AL 35 1 23 501 o4 28.05 mg A1118.01 U/mL,
S TRAE AR — 2, R WA 25 F A B nT 5, Lo B
T 68.27% F114.71%, n] IAE A ik — 0 i it 5 1 F =
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Pulsed electric field promoting Aspergillus niger growth
and enzyme activity
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Abstract: Aspergillus niger is an important microorganism in biotechnology and its metabolites play an important role in fermenting
feed, food ingredients, enzymatic production and medicine; it is known as a cell-production plant for heterologous proteins and en-
zymes. Glucoamylase produced by Aspergillus niger is widely used to hydrolyze starch into glucose in brewery industry, calcium lactate
industry and a variety of fermentation industry; it is regarded as a generally safe product by food and drug administrations. Although glu-
coamylase produced by Aspergillus niger has been studied for many years, there is still room for improvement such as enhancing glu-
coamylase activity, reducing energy and production costs. As such, Aspergillus niger still attracts research interest. Compared with chem-
ical mutation and recombination technology, the pulsed electric field is able to improve microbial activity and its fermentation ability
with limited chemical residues and short cultivation period. In this work, we cultured and processed aspergillus niger spore suspension
under different pulsed electric field in attempts to understand the responsive changes in its biological activities and glucoamylase pro-
duction. The pulsed electric fields we examined had pulse intensity: 5-15 kV/cm, pulse duration: 10-100 s and pulse numbers: 50-99,
and they were compared to the surface method. The results showed that both pulse intensity and pulse number affected the dry weight of
Aspergillus niger mycelium and the production of glucoamylase. When the pulse intensity and pulse width were 12.975 kV/cm and 54 us,
respectively, and the pulse number was 66, the dry weight of Aspergillus niger mycelium was 28.05 mg and the productivity of the glu-
coamylase was 18.01 U/mL, increasing by 68.27% and 14.71% respectively up the control. Compared with clear colony circles of un-
treated colonies, the colonies processed by the PEF was round while the colony circles were hardly distinguishable from the star-shaped
folds and higher colony circles. The PEF treatment significantly increased the spore number, with a distinct dark yellow appearing
around the spores while the color of the spores remained unchanged. The observed colony morphology showed that the PEF treatment
boosted the growth of Aspergillus niger due to the change in its metabolism. Statistical analysis showed that PEF treatment improved the
spore germination rate by 77.8%-231%, thereby promoting mycelial growth. Esterase isozyme analysis showed that PEF treatment al-
tered the brightness and width of the bands but not the band number. It was also found that the PEF treatment affected the enzymatic ac-
tivity in all experiments although it did not have significant effects on genetic mutagen. This work provides a theoretical basis to improv-
ing enzyme synthesis of Aspergillus niger and its industrial production.

Keywords: electric field; enzyme; optimization; pulse electric field; Aspergillus niger; glucoamylase; esterase isozyme



