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Optimization of fermentation conditions for Aspergillus niger strains with
high-yield a-glucosidase
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ABSTRACT: Objective To optimize the fermentation conditions for Aspergillus niger strains with high-yield
o-glucosidase. Methods Using Aspergillus niger as the fermentation strain and a-glucosidase activity as the
evaluation index, single-factor optimization was employed to investigate fermentation conditions including
temperature, rotation speed and inoculum size. Orthogonal experiment was applied to optimize the components of
the fermentation medium. Results The optimal fermentation conditions for a-glucosidase production by
Aspergillus niger were as follows: Malt extract powder 4%, yeast peptone 3%, Tween X-100 0.10%,
K,;HPO, * 3H,0 0.5%, MgSO, * 7H,0 0.05%, initial fermentation pH 5.9 and inoculum size 2%. Under these

conditions, the a-glucosidase activity reached 0.530 U/mL, which was 28% higher than that before optimization.
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Conclusion The optimized fermentation conditions and medium components for a-glucosidase production by

Aspergillus niger in this study significantly enhance the a-glucosidase activity compared with the unoptimized ones

(P<0.05). The optimized strategy is simple and feasible, which lays a theoretical foundation for the further industrial

application and commercial development of a-glucosidase.
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1.1 MR5RF

R a- R NE TV SR B AR ASP004-G HARZRITITE R

M. M. AN . ATUETEVER . T EEN .
FLAHE . NaNO; . Zh48 2L %M Bilg 15 7% 5L (potato  dextrose
agar, PDA). K,HPO,*3H,0. KCI. MgSO, * 7H,0 .
FeCly » 6H,0 . MnCl,, CaCl,. FeCl;. NaCl. NH,CI .
(NH4),S0,. Na,CO;., 3,5- “fl3/Kizie . BERR . BEIRAN .
FRZ . nhie 80, miHiiE X-100. FIPE 80, IEgky . windin
LL(orHrdl, 1254 LI ERRIA BRA A, 4R I -a-
Mt W A %5 BE FF (4-nitrophenyl-a-D-galactopyranoside,
PNPG) . a-H £ 28 (a-D-methylglucoside, a-MG)(43Hr4ii,
T ] SR It R R e AR ), 22 SRR (R AR, 95 3
I RBHCABR AR, BEEER . RO, NEE
FR . B EAMRCERRN, ZBREARRAR), FoARE
B BRI R, LigBTh T AR A R D
12 UFE5EF

PB-10 % pH 1. SQP # L FFRF-(FEE 0.0001 g)(E
[ 58 Z F 28 7]); DRY-TIRLHE i 378152 [ 4% 208 IR (%0
B ABRAT]); SW-CI-2D B TAHE G RN deas S5
ARAEBRAFE); R1-250 BURHEAERSEE A . SorvallRC-6plus
RIAVRE O ML (E E SR I RBIHEARA R AR
Milli-Q % F /K & A 25 (15 [ 1k 4 jti 35 4 2R v 48 [ );
Cytationl 7 [ifg A7 43 7 4% (35 [ 22 $E A B4 A7 B2 W) );
HIJF-136 7 i SR YR S XU T (Y BRE BT 3808 ) e

1.3 EFEOCH
AR M - 353 PDA; WA K EER; 3t %
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LERH 40 g/L, BERRRHY 20 g/L, K,HPO, » 3H,0 5 g/L,
MgSO, * 7H,0 0.5 g/L, pH 5.9; L B3N 121 °CK
7 20 min,

14 SKWHEE

141 Z o ERAkGELSRR

i FH 32 Fl 3RO S50 = PR R AY W R R A MR
ASP004-G AT L HIHUE - FF 800 T #rfif PDA #HH, 30 °C
K32 60 h )5, T 4 °CUKFE P ARAE
142 Zw BT ZiktiH %

£ 1.4.1 QA2 1) PDA A #HE A 15 mL 0.1%
M TR TR 80 /KA, FH KA 1k 3 Fh IR S B 1, f31
NEEA BEES R /N = AP, 30 °C. 200 r/min $EIRIR
30 min 5, THETAEGHEAC KEBAERDE, ¥
1 U JE A A m Bk B T B A N g, RS
M
1.4.3 BHABET %

W BN 107 CFU/MML T80, LA 2%
PR T4 50 mL WA & BEEE SR 3EAY 250 mL #RMAT,
AL SR 3 AT, 30 °C, 200 t/min RIS 5 A
WIRE o~ 2 W5 1T B o
1.4.4 BEMNZE T %

o ) BT G T AL Y PNPG R OGS il 25 7 1}
(p-nitrophenol, pNP), pNP 7EG 544 T W fa, "l
BRI E pNP 77 B oA /R BTG A = I, WL 10 L 22
& SRR DML T 96 fALARH, JIA 20 pL JE# PNPG
(5 mmol/L). 70 pL PHR-FFR AN 5% v (pH 5.5, 0.1 mol/L)
F 50 cCHHERFEM B 15 min J557BIMA 100 pL
Na,COj5 (1 mol/LYZ& 11 5 7 F i 8 o (5 AR (S F 405 nm
TNE RO AR, WS B SO 7E pH 5.5, 50 °CEFF,
FAMMEALAE T 1 pmol pNP I 5 S — MR RS /1
EEA(O)N
1.45 AH=n ek

FUEACE T 80 CliiEs XN TRsah Mt T 2HE, &
S UGk R e, FZIBAK b e R 3 R, Kk dtE
FIARET 80 CHE RS R T A T BT, FREMT
S B AT T A B, a2 g 4 R B O T A AR R DO
1.4.6 LRAEN Tk

M 3,5- h S K AR i 1l
1.4.7 KRBT EAkAA

VL o7 25 BT B 05 S R AR, SR A DR 300 0] 2R
M= a- AN N B 25 4 R TRk, dn Rt
(0.1%. 0.5%. 1.0%. 2.0%. 3.0%. 4.0%. 8.0%), FEEX
BRI G pH H 5.9; RIEEWIMA pH (3.9, 44, 49, 54, 59,
6.4, 6.9, 7.4), EEHEAER 2%, BANLWAEEL 3
W, BERBCFHME

1.4.8 EEFRXIACL Bz R AR S

DA o) 26 WY T TG 035 A4 B, X 5% 7 B v 1 i 5 AL
URRPEAMR I T Ab . DAFZZRIR NG . 222000, wiAIhE.
FEME . FIVAMETER . DR EER . TR MR —aRIE, L
WERRHR A . B EAMN . BEREAK. NERAK. BX
W, OMHIREN . BREL . EALEFIRE N R, fE—EWRE
T, PR Ao R R R R IR Ry o W e AR
Jii, L 2%, 3%, 4%. 5%. 6% PR IS Al
HilBE 3R 2k, REFRELILA AL AN AR o DAJRUAR 15 3% 56 2 IR
PP PR MR A TR (5107 CFU/mL), M 1.4.3 KI5
Wk EE, WEBHG  E RATEE, 291 1%.2%.3%.
4% ., S% ) Fe LIRS I = Bl 5 R 3L, B S R R
A5, DURGREEFREN X IR, Hemh s AR R, H R
1.4.3 TR 71 R, I i

A3 ] 2 BERE FEIE AR IR AN 0.10% . 0.25% . 0.50% 7 &
Ryt iR 80, ®IBE 80 FIHLE X-100 3 FhR I HHER], LIS
GRIRFRIE X IR, B R R TR, R 142k
P 0 R T, U T

4y B KWK K& OWE KR SR PO M 0.5% 1
FeSO, * 7H,0. FeCly;. MnCl,, NaCl, CaCl,, #3775 At
WS o DURIRREFRIL AN R, R = B bR A B,
Fe M 1.4.2 R R R, DN E W
149 EZXIEMALK B3R RS

3 3k B D] 22 9 50 45 SR A3 b X R e R R 3
ANPRR R IR A 2R IR W EE (A) . RIS BRIV (B)
T BT P9 i B8 X-100 HeBE(C) 3 AR 2 ARANR ik
B3 AKFEAT 3 EE 3 7KF(Lo3%)IE SIS, #4645 508
HA TSR, AR, WEKLRAEH a-
WA, EORIB R R EERE 1.

®1 EXRBEERRKEE

Table 1 Factors and leves table of the orthogonal test

K- Ak
A% BI% Cl%
1 4 2 0.10
2 5 3 0.25
3 6 4 0.50

1.4.10 /= H#k ASP004-G 494Xt £ &

£ P TR R T B (B0 S, 5%107 CFU/mL), LA
1.4.8 H L AA5 S 00 e 0 B2 Rl i e P 10 58 36 45 5] 1) I
e & B MR IR h, HE08 1.4.3 th R skttt KB, o
BT 0.9, 12, 18, 24, 36, 42, 48, 60, 72, 84, 96,
108, 120, 144, 168 h BYHUFE, MIER G . £ . pH X
5
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F ORGSR AR Z [ B 2 22 5%, A P<0.05 W45 i
EVEZESE, P<0.01 AR EEZ S R GraphPad prism
7.0 FEATEIFRL

2 FERES
21 KREEFHMK

R TRE IS AN () 2 P %o - 5] 70 00 R I 045 1490 5% T 2
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So ETFHE R, MEEFETE 0.5%~4.0%F, X5 = wik s
FERE SR MK o MR8 R 2.0%KF, FE S 52 i mE N
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39, 44,49, 54,59, 64, 69, 7.4, LIRS N
PR, HERh T AR R, IR 1.4.3 hOREE AR R TR,
M o-F AP BEAIG, 25L& 1(B)FR. Kl 1(B)FRM,
KBRS RN I pH X ASP004-G FAEFRE 1SS MECR, BEE
WikR pH MIBER, BREE LR TR, M9s pH TER#AE
4.9~5.9 i5F, ASP004-G PR &, 4 & BEvIth pH N 5.4 B,
it 346 3 31 % 15 {8 (0.4 11£0.017) U/mL ., H itk ASP004-G 7
WAL IR pH JEREN 4.9~5.9, PRI 5.9 ik k
B L IR pH.
22 BERAEMUCLEBEFRERSER
BB R AT o-F) B4R BB 0 e
SRILAZEZENE . A . TERE . AR . D
VERY . FORTVERY RBRIR, DA IR & BERE 5% I A6, 5
S [RIRR IR K Hvfe BE %o B8 i 25 ASP004-G 7% - 2 M T 0
o, G5 2 R

2.2.1

045

0.40 |

035 F

0.30 |-

0.25 F

0.20

39 44 49 54 59 64 69 74
REHRFRHAGpH

BB R BRI 4G pH X P bk ASP004-G 77 fiff Y 52

Effects of inoculation and initial pH of fermentation on enzyme production of high-yield strain ASP004-G

B 0.5p

ffii%/(U/mL) =~
o o o
8] w N

e
=

(=]

2 3 4 5 6
FFRM R Y%

e AETFREFRR 2257 B3 (P<0.05), 3 [H,

& 2

TRIFEFNIE(A) B 22 2RI U B (BT AP004-G 7= it (14 2 i)

Fig.2 Effects of carbon source species (A) and maltextract concentration (B) on the enzyme production of AP004-G
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B 2(A)EH, REBRENT ASP004-G F2HERE J1 52004
K, VAZZZERERIZE 2RI M A IR, WG Ers, 5 hak g
A, EL& B B2 S (P<0.05), LLEZ 2B IR,
T35 3 5 5 1(0.366+0.008) U/mL, 33 ] B I8 K Sk 22 ZEMHFI
RHEMER a-MH P EROEFIRY), &2 TSRk
FPEERYER, 75 SRR PR S B LT (—
M RIRYD), hif SS9 SmiE R Eg, K25
Yy A B K S R IR T S0 . X DL ZERE AN 2R Rk
SRR R SR BTG U TR R O 20, R A E
F(P<0.05). XWREZE N S5EZ ML, ZHEMGRT &
B 70%HIIEFAESS, S 1.6% M EE N 0.6%KE LA LK
— Sl A RN IR R 2R PR A . MRHEGED X R
BET™ - AR TT B IR R A T OUARRS, TE 2Rl
BAUielR. B 2B)FRM, BREME 22 Ak T
TEURE Hy 6% ik B = {H(0.4560.006) U/mL, Afff573H],
F AR ASP004-G HEALIR, Bl EASIEREEN 6%,

A) o5
04
Z 03
2
5
%0.2
0.1
0
B E B % E 8 & Kk =
o oo x% € 838 B 7
oM O R ETE R o
£ 2 W -
a4 B <
SRR &

222 RRRBRX a-H # ¥ EEEE R

S CARERRE Y . Oy R . BERRER MR L /AR
FIVR . FORIK . MR . Gl . S AL IR M AE, A
DU 2 T B 5 B R X B, AR [ R0 R HLve 3 v 2 i
ASP004-G 7~ a- &M EFIE M, 2558 aE 3 BiR,

& 3(A)FM, RRIZWEXT ASP004-G F=REHE J1 R miEs
K, HA TEHURE 7 BRI, DATEEE IR A B 2 1 Ry
FURHT, BEREACE . b DU REEE MO ZURET, B 5
F R 0.406 U/mL, H% HEES R SE 7= = 10.9%, X
VAT RE 2R 11 R RN I BRIy S AU G 75 56 ™ G ) A T 5T
Bl M, SHAREML, HA 8 EME2ER(P<0.05),
B 3(B)FHA, MWl b 19 ) 2R MRk B i B, AR
FEH 4% AR S E 0.412 U/mL, H. 4%F1 5%T6 8 %4k
£, BEANE, ®iF 2. 3. 4 NIEZIKBFE,

AR RY, WEREE R BBk ASP004-G 1 a- i %]
W e P RUR, AR IRl 4%,
B) 05

04 F

<
w

i 1%/(U/mL)
o

e
pat

(=]

1 2 3 4 5
e B4 1 A BE /%

B3 SRR (A)FIREBE L P RV (B)XT AP004-G )™ il 32 1)

Fig.3 Effects of nitrogen source species (A) and yeast peptone concentrationon (B) the enzyme production of AP004-G
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Fi I8 1.4.8 FF RS20 2% ASP004-G HEATAS N i v
PERI LS, S5RNE 4 Fin. B 4 RB, TR mE R
X ASP004-G J B g J1 M4 K, i SPSS 22.0 #AFX R
O 2 T 9 A AR TR A I g g 1 5 i ey s 7 Rl
PR R )T 2007 . BP0t iR 80, BIFE 80 LR N
0.10%H), S5RFEFFREMEMILEER ENER
(P<0.05), BB ASP004-G 1P~ BFRE 1 . 24 i X-100
WEN 0.25%0F, 155 hn 1% 9% SR mG T AH L B A i i 25
P22 5 (P<0.01), BEREIE S ASP004-G WY HERET), M
0.444 U/mL, %0 BREE 3737 H8(0.370 U/mL)$ = 20%. 1M
LA U 1) R TV PR A 5 DR R B R A L, T
PEZE S (P>0.05) HHTRINEEI™ o4 WE 1T 5y B N
FI AN A, B AMNEE: P 40 A A S5 A A A 4 i
Tt R B, e T i o v 9 A ) o8 5 0 P 1

T, DT A5 S PRl B2 S R e, AT A% 4 T

I - " 1 mo.10%
051 f xx o E0.25%
0l £10.50%
— il
=
E 03
2
Ho0.2
=
0.1
0 1 H £
P80 kIS0 RAFIEX-100 X
B RWTEHERFZE
T R B B3 25 57 (P<0.05); ** Fn AW B 1 2E5
(P<0.01),

4 AN[R) RS ER T ) S R BE X ASPO04-G 77 it ) 5%
Fig.4 Effects of different kinds of surfactants and their
concentration on the enzyme production of ASP004-G
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iR 1.4.8 HUTIR LI I E T IR INJEMLER 25, S
WK 2 Pk, ER 2 mATLIEH, B 0.5%
FeSO, * 7H,0. NaCl, MnCl, X} ##k ASP004-G 7= I JC
FME(P>0.05); A8H0 0.5% FeCly, CaCl, Xtk ASP004-G

7 AT R AN R (P<0.01). NI, JoffE K IET IR 4R o
S A TCHLER B> o

R2 TEMAETHEI ASP004-G F~BEHISI
Table 2 Effects of different kinds of inorganic salts on the
enzyme production of ASP004-G

TEALER RN Jii 7% /(U/mL) AEXT B /%
FeSO, * 7H,0 0.351%0.009 92
FeCl; 0.315+0.015 82"
NaCl 0.384+0.017 99
MnCl, 0.380£0.007 99
CaCl, 0.2970.009 77"
PO 0.383+0.008 100

T R 500 BORE LA 0 2 35 1 22 57 (P<0.01).

2.3 EXRREMULEREFER DS
R4 2.1 B S50 25 S 52 X R Bk ASP004-G 7 B2 i
IR 3 AN BIRBRIEE 228 . BIRBEREE % .

FETEPEF M HIE X-100, XFiX 3 HEEEEE 1 HHIE
LH BT AT 3 WK 3 ACFERRK T, EAgit
W SR K 22 R 3. &K 4.

R 3 IECLE Mg R 22 M E AL,
ASP004-G & %™ il 1 DR R AK IR O 22 255 by e B > T B 2
FIR B> Pam X-100 M. R K KR AN
AB:Cy, HIZH A ARTER 3 bl B, 1IECIRIGAE 2
RGN 4,B,Cy, ML T HFE M (0.441£0.014) UmL, #
2.2.3 YRR & B 55 57 2L 3% (0.350+0.009) U/mL #25
26%. 3R 4 FFEANEERH, 2R X RS 15200
B, TR AR (R A X-100 XS RN B3
S 4,B,Cy 1 AB,C, WA, HZEHEZEFHhFIE X-100
HOMERE, T HIRGE X-100 X EHE LA T, BT Y
IFIA, R AN 4,B,C0

Uk, A4 B B ALk K B SRR B R 2SS b
R SRR AT 50, TRRE ASP004-G ™ o~ 25 Wi 11 il
RN ZHEBRW 4%, BEREAR 3%, MPEE X-100
0.10%, K,HPO, * 3H,0 0.5%, MgS0, * 7H,0 0.05%, #Jih
KM pH 5.9, HERE 2.0%.

—_

2.4 EEHE ASP004-G (X Lk 0N ELE R
i B DA A5 B 0 dee 00 2 I8 S A2 P i B % 7 B X
e R ASP004-G AR 2R 2, 255 5 FiR .

B/
, 52

#3 EXRERITEER
Table 3 Design and results of orthogonal test

LTS AGE KU % B U )/ % COITHE3E X-100 ¥ BE)/% Jiti 1 /(U/mL)
1 4 2 0.10 0.412+0.016
2 4 3 0.25 0.441+0.014
3 4 4 0.50 0.422+0.014
4 5 2 0.25 0.338+0.016
5 5 3 0.50 0.396+0.013
6 5 4 0.10 0.387+0.011
7 6 2 0.50 0.368+0.013
8 6 3 0.10 0.391+0.015
9 6 4 0.25 0.436+0.017
K 0.425 0.373 0.415
K 0.374 0.405 0.399
K; 0.398 0.395 0.384
e 0.051 0.042 0.010
F4 EXRBHERFESH
Table 4 Analysis of variance of the orthogonal test results
B 2V i 1 e i FI F i A T
A 0.004 2 8.000 6.940 *
B 0.003 2 6.000 6.940
C 0.000 2 0.000 6.940
BRI 0.000 4

xR 2257 B35 (P<0.05)
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= Bt on
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Fig.5 Metabolic curve of the high-yield strain ASP004-G

wmE s Fros, fEm iR &M, BBl E Rk
ASP004-G A, 7E 0~48 h i[RI B N AR W) it KR U,
48 h Z G THRE, 72 h BT BIGA S & AN, H(22.5340.031) g/L,
T2 h G R TTIAIEAR, 144 h IS HEA RBEGH, TS5
R R A7, EATET . KBRS R AE
K IE 0~42 h BT F RE, 3055 28 e R B e ) A — 3,
2 hJFIREREETRE, 2h FREE 2 gL Af. ati%
TR S 76 T P2 Ktk ARS0E B 48 h 5 FF LRI 3 i,
120 h JE3gERAE, (HARZES TN, 168 b BHA7EE K, N
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