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simulated by fresh bran medium on the growth of predominant strain Aspergillums hennebergit and
the main stress conditions of glucoamylase and protease secretion were analyzed in this paper. One
hundred and three strains were obtained and identified as A.niger,A.oryzae ,A. terreus,A.tubingensis ,
A flavus ,A.hennebergii ,A.fumigatus ,A.niveus ,A.candidus and Monascus ,respectively. The suitable
conditions for the growth and protease secretion of Aspergillums hennebergii were 50% water
content of the fermentation substrate and the pH value of 3.5-4.0. The suitable growth temperature of
Aspergillums hennebergii was 30~35 ‘C ,whereas the suitable enzyme secretion temperature was
32~35 °C . High alcohol contents (>8% ,v/w)inhibited the growth and enzyme secretion of
Aspergillums hennebergii ,while low alcohol contents (2% ,v/w),lactose,and maltose promoted its
growth and enzyme secretion. The salt of (NH;),SO, and NaNO, and yeast could promote its growth,
glucoamylase and protease secretion. Moreover,sorbose,sucrose and fructose could promote its
glucoamylse secretion. The individual addition of sodium sulphate could promote its growth and
enzyme production. Fresh bran,which was rich in carbon source, nitrogen source, inorganic salts and
trace elements, could provide high-quality natural carrier for Aspergillums hennebergii growth and
enzyme production. The application of Aspergillums hennebergii can satisfy the need of bilateral

fermentation and flavor forming mechanism in traditional solid fermentation of liquor.

Keywords: Jiangxiang liquor fermentation,ecological distribution of Aspergillus,Aspergillus

hennebergii ,enzyme secretion, stress conditions
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Table 1 Aspergillus and their distribution in Jiangxiang liquor fermentation environment in Maotai village
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Table 2 Characteristics of glucoamylase and protease secreted by some of the prodominant Aspergillus strains

BB 635/ (Ulg) & (RN (Ulg)

1 242.92+3.27
1 709.23+£2.52
2 173.51+2.64

A. niger 1sq21
A.tubingensis gt06
A.hennebergii hx08

A.terreus mt27 615.02+2.96
A fumigatus mt15 959.56+3.02
A.oryzae mt32 2 208.06+3.17
A flavus 1sql1 610.13+£2.62

A. hennebergii 53 Wi AL TG (4 5E J1 #5985 A. niger A.
terreus A. tubingensis \A. hennebergii A. fumigatus
31 35 IR PR 5 AT A T 3 i T XU W AR B
T AL niger A. tubingensis \A. hennebergii T3 1
AR G [ A5 I ERE A BT, o I e AL
A1 ) S HC O L 091 B A e R XA K T
AN 17 N N B =T N B2 S i
INF P 2 T B 35 1 ke 285 2% A1 R 32 2 ) 5 3R AR 2
53 M1 ,A. niger A. tubingensis A. henneberguii 43 W
B AT P A ol 2 0 A T ST BTG 2 15 8 1

A il 25 1 i

373.49+1.68 3.33
296.07+1.94 5.77
368.59+2.11 5.89
326.56+2.04 1.88
371.71+1.87 2.58
248.27+1.73 8.89
280.74+1.91 2.17

AR R BT R | TR AT £ S5 fE=2T AL
hennebergii 5 H.2& T Wi K I 04 AL BE o 42 A 42, 7]
PLBIB PR N FH T 4% 40 18 285 3 T R BB A W A 38
R FR 5060 LW Re R

2.3 FERIE B B F X ER IS Th BE B 43 i B9 &2 I
RAE

231 A K3t AL hennebergii £ K B 7 B b %
v Ak R e i K AR A S R R
PR SR A Wy A VR NS B 0 A O R G Y
B RE W SRR ARG Rt R I8 A ) 46 UK O3 %

LHStHRASIL 2015 FE 34 5% 81




HUANG Yongguang,et al: Isolation of Aspergillus from Jiangxiang Liquor
RESEARCH ART'CLE Fermentation Environment and Enzyme Secretion
Stress Conditions of Aspergillus hennebergii

A. hennebergii "=+ FN 53 WAWE AL i | 25 11 I 14 52 ) 25
RUWE 1,

300 350004 ayr 1600
+j§§ﬁ:%@&(ﬁ

5 27 3 000 > EIIMHGE P
> | = )
202 1400 2
5 $22 5000 it
<stE 1300
E o2 2
]l L a0
e 1.0 ggz 000 200

05t | ook 1100

o 35 40 45 50 55 60 65 °
IR R RS /%

B 1 BRI EIRDEXT A, hennebergii & R F=EaHI 00
Fig. 1 Effect of initial moisture content on the growth and

enzyme production of A. hennebergii

B 1R, B4R K 73 AR BUS  AE 409%0~60% 2
[8] ,A. hennebergii #0584z ¥ A1 52 BLEG 4 70 0, H
T AR KR GRS U Sy 50% 7 4+, A W R AR
P F) fi e A2t 249 1 BUAE AR R BUBRRE D 50900 5 7K 73
PRBUB R 5590, B AL Al o3 W6 AT i )R (EL DA
AT 7y Wbt 1) #a B o B K e PR B B i 3 559% f5
PR TR, 25575 18, e 509% 199 1R K 73 R BRLST
w AR TF A, hennebergii WARIY A 77 Bl L2l TG
RN, T 2SR MR I AR K S b 7 A R AT e
AR , A T A= Yyt B9 T8 A0 7= i, 5 S50l 4 2
AR A 0 DR JBE T I AR K 23 A A R T 00 30
IR 5 S B AR R R A0 40 T 22 B PR AR, THIERL
P B R ORI DR ROR 25 W 22 B Ak, R
AN T TR B A= R B 3B
2.3.2 A14& pH 3t A. hennebergii £ K B /= B 49 %
o MR K AU R A H 27— S e )
Jit, A A AS R B Y R R ) I G A K e 52 B B B
W JEE 26 1) I3, 3 i G A R RS 20 6 o AE AR AT
SE R E VUG pH 25140 T ,A.hennebergii 194 1 o H
g o3 WA SR LI 2,

MIEL 2 R, BEAE pHAEAY 3, T A 0 48
B, 3 BB BRI UG 25 AF 8 cpHL 3.5, 5 I T I S
459.63 Ulg, ‘LW R 2.31x107 4N/g;pH 4.0, B {L il
fif§ 7%k 2 775.25 Ulg, A. hennebergii Bi% F+ & —J7
755 A= W G A O, 55— T T T A e
pH W45 & A, hennebergii R A 78 H &G B W pH T
7 RESE B AR W B Y B KR AR TR 22 4 RE 23 R Y

AT 5 [A)IE HOA AR RO TR pH T RS M A RE
RN TSR, TEIE B pH G S 5 1 3 W i A
it 1) 1% 1 R 23 32 B B2 el DIEL 2 FT R AL hennebergii
TR B Akl 2R A Bl 7 i) 46 pH o 3.5~4.0,

3.0 3500 —aEYiE 1600
—— BHLGTS

25 3 000F —o—TE [l S 1500
= | @ =
Z 20t 8 2500 400 2,
= |sE2000 i
x 150 300&
& 21500 E
= Kini
ﬁ 10 221000 200

0.5 500 4100

0 ) 3 4 5 6 70
pl'lﬁ

2 #1% pH Xt A. hennebergii 4 < % 7= g i) % 1

Fig. 2 Effect of initial pH on the growth and enzyme
production of A. hennebergii
233 AR E AT AL hennebergii £ K B F By 6 %
why AN T A R R A K P B R R B I M A
— T O A R A3 0 T P I S R AN —
FE IR EXT A. hennebergii 24 S HL il 43 DA 1) 52 1) D,
K3,

3.0p 3500 - 1600
i
L 3000} = PEILHRES _
R R I (1 0w _
o o L X
z 2.0-32500 400 2
= $Z 2 000 1
X 15tE 3002
® | 21500 &
| i
o 2
§ LOFE | g0l 00
05F 5ok {100
0 05530 35 40 45 50 °
R C

3 EFIBREXT A. hennebergii £ K K =g 1 &2
Fig. 3 Effect of temperature during starter culture on the

growth and enzyme production of A. hennebergii

M & 3 AL, BERE A, hennebergii 1) il ‘B AL
KR 30~35 °C, SEH 2 R R WA 28~
40 CHIRRA K, M 40 CXF P Ay 28 K 6™ A=
—E W (BT SR RE AL 77 9 s 1 45 CTF AR Kl
AT AL AR AR AT R AR B
H 2R FIIET- G . A. hennebergii 15038 ™= B iR 2
1 32~34 °C,
234 RBE A BRI E A A, hennebergii &
KB =6y % A, hennebergii TH KR 43 B 0 ¥E T

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.8 2015



B3

i

ot

FoRk,F . EHA G BEBEIRS b F 0 5 B & Aspergillus hennebergii By 5> ik 8 A+

PR s B2, L B 88 T AN [E W) i £ B AR R o
X TR AR A K AP il A 2 ) 25 SR LR 4,

3.0r 3500 o .

M 600

251 3000 (LG PO
=7 = —~— &g 2% _
= 207 500F )
£202 400 5
S 32 000F W2
<15tz 300 &
I & 1500F
N ol I
10 & 10001 200%

0.5 500F 100

o % 2 4 6 3 T
AR /%

B4 WEZEEBRBEEI A hennebergii £ K R =%
il
Fig. 4 Effect of initial alcohol content on the growth and

enzyme production of A. hennebergii

M4 TR, & OB (>8% ) X
A. hennebergii W) Wi A AEID ] I £ B A
R (2% ) A AT H A AR 64 33, AL o A
SERVEAE . 1o B VR BT X A Al ) 00 82 W) 2
EEBER, BB B 8% )5 WAL 14 733
IR EE TR, SEERFR T i Ik B 8% )5 T bk Y
ARG T R B TR B AR VL AR R ) R
I PSS
235 FRF RR AT A. hennebergii £ K & 7 B i %
vy A 1A Y TR IR N I T 1 AT SRR A 3 AT
A. hennebergii WK K Big45 K UKL 5,

3.0r 3000 mem A4y Lk 1600
-

2.5p 2500 w1 EERHG 1500
CE ) c
£ 2008 400 2
= & 5
<15t 300 &
] = s
ﬁ LOp S 200 I

=
0.5 1100
0 A ()50, NaNO, NHCI ZE 5 RERRRR NaNO, O

R

B 5 SRiEXt A. hennebergii & K F 7= B #1851
Fig. 5 Effect of nitrogen source on the growth and

enzyme production of A. hennebergii
5 Al F AR AN A, hennebergii £
Ko BiAF AR 22 5 5 AR W R 5 W Y O3 WA A A — € Y IE
M AN 5E 2 RS AH G, (NHL),S0, A M T HE AL i
(4973 W5, NaNO, FIEE BRI T A7 A 1 T8 Bk 19 2F 1 A2

FIRGE Wb o Jr BT 2 SRR B, 23 1R B e 2k e Sy 2
A ) 2 il , G BRT R A B 0 T R R S B ——
B A i 0 2 P a0 B AR RCR A L, 22 57
K, E 2 WAEN A. hennebergii A= 7™ TR 4 01 il il
I B R SR A

2.3.6 AR FE#IR AT A. hennebergii % K & 7= B i %
e X A. hennebergii "1 5 WAHEAT 43 AT I E
IR ILEG

3.0p 3500 mm /Wi 1600
A
2sp 3 O00F mm i A 1500
2 | 2500} @
& 2,0-32500 400 5
= |sE2000 B
L1stE 300 &
E g 150 =
| I
O 2
%_v 1.0 1000 OOHH
0.5F 500 1100
ot 0 0

FUBE LAY

AH R ZORNE WK RER
Tt

B 6 W®iREXt A. hennebergii %< B 7= B 19 5 i

Fig. 6 Effect of carbon source on the growth and enzyme

production of A. hennebergii

M1 6 Al A, FLHE AN 22 ZE X AL hennebergii
8 A A 7 il A ) L AR RERE RO T (L e
AT 1) 43 W, B 66 2k 12 2800k 25 L RE R AR ) i (TG )
WEARTE R —F8 b8 BN RAR & (2 AR AL T 2
it B AR S U 1 i R AR N GRS E A
TP P 32t Ao R 1) U e 1 R AUBR I T ML) b 0 ,
fief 5K R AV Ay A W DA R 1, IR AT 6 Ay ok i
Bk R w S IR R TCHLER TR T R S BRI
JE A. hennebergii A= {H 5N AAS [R] (1) SRS 57 B
Sy, i TN EE AT E B L AR T
AW R AR S BOR Y ) e T
3R R AR | 52 e M A0 Y B AR BLAR Y AR PIL
il ATy s E— 5T
23.7 ARF RAMEA A hennebergii £ K B 7= B 84
e 1.4 WA AL R T kiR AT S,
A. hennebergii WA K Bg45 R WL 7,

MNIEL 7 AT 75T 6 K f 35 37 v 5oph 78 i oA
[ 4R Bh B BE BESEER  XT AL hennebergii A K
7 5 ) A7 A 25 5 o BEARGE SR LU RO 5, B R B4
A RITF A. hennebergii 01 FEGH 4306, R ol 25
F1 I B 2K R 5 B0 A R B K R I ORI R A AR
A A TN A A 6T TR A R G  8  B dn

LHStHRASIL 2015 FE 34 5% 81




HUANG Yongguang,et al: Isolation of Aspergillus from Jiangxiang Liquor
RESEARCH ART'CLE Fermentation Environment and Enzyme Secretion
Stress Conditions of Aspergillus hennebergii

NaCl \NH,NO; KCl NaH,PO,, 3t H i AT g 4 AR [+
B TR T E R RO T A
H A7 1, DA 52 o) R 2 A 0 40 i 1) 3 1, —
R LT REGI S A. hennebergii g0 Wb 1 AR 8] & 72
G Jo B Tl 92 5 P RS 5 TR) I, AN (] B T Y e AR
T — 8 T b 2 5 B0 T B 5 2R 4 A s
pH %A B 2k He b B TR T4 AL hennebergii F
FHE 35 NTTiE— 255200 1 A. hennebergii HE
Py A HOBE f Tl K B Y AR

3.0 3500r e 2600
000l ™ BRI

25 AR 1300
L0 o | o~
<20t 52300 400 5
= 22 000 W
< 15HE 300 &
g 21500 g
| 3 I

o 2

T 10 1000 00%{

0.5 500 100

ot 0

Well, NatLPO, Nas0, NaS0, 7080, 0
HIER

B 7 EFEHX A hennebergii FIERKF =5
Fig. 7 Effect of nutritional salts on the growth and

T

enzyme production of A. hennebergii

IR

N T I R T 2R M LR g PR
Febn It B 103 Bk, 20 4 0 10 4Bl

S

H A.niger A.oryzae A.terreus A.tubingensis A.flavus |
A.hennebergii A .fumigatus A. niveus A. candidus Fl
Monascus , WEALHE 85 B0 A 45 S 3R B AL niger
A. tubingensis A. hennebergii 5 ifi ‘H. 1% 40 [8 2% & 18
F9 X301 e I ML A TR 3t o e W AL I | 2 1 0
e TR R R M2 A. hennebergii

R T T W) s K 53 AE AR AR5 B 509% A1) i pH
TE 3.5~4.0 5514~ A F T A. hennebergii 194K Hl
fifg 1) 43 Wb ;A hennebergii W) B A K IR B2 [ A
30~35 °C, B/ AR Ly 32~34 °C 5 i SRR BB i
(>8%) %} A. hennebergii /)4 N 7= WA AE TP, XT
AT 1 23 W0 52 W) 506 P iR, IR 2 B AR AR
(2% ) JT A A 3 A ARG Y 23 0 o

ROUR LB AR R W, (NHy) S0, A A F
A. hennebergii FEALBEI 73 W, NaNO, I 112 5 A
AT AR ORI A A o 5 FLOWE A 2B X
A. hennebergii WA F WA A, 11 ZL0E FERE R
AT 2 T TR R BE A T ) 0 05

TE BT 6 K e 1 37 ik v BTSN AR TR B A R T
A. hennebergii 1A FIRGY 7306, LR O 25 118 fif
B B 5 B B Ak B R S R IR AR TEALER R TR
%0 A. hennebergii AR P Kl B 6 P K SR 2%
A Bl A 90 11 25 10 TR o o R g L3 & T A XL
WRIE ML 5 5K

[1]XuY,Ji K. Moutai (Maotai):production and sensory properties. Alcoholic beverages :sensory evaluation and consumer research

[J]. Cambridge : Woodhead Publishing,2012.:315-330.

(2] AR Bk SR AR S 45 20 e At A 1 8 XU JXURS 0 B 2 el ], P [ R ,2012,31(3) :87-91.
YU Weimin,ZENG Zhi, WU Shengwen, et al. Influence of Monascus on the style and flavor components of special-flavor liquor

[J]. China Brewing,2012,31(3):87-91.(in Chinese)

[3]kta7r. A H R4 A5 M. bt A B 4 ol i it 1998 :93-627.

[4 ] Lessard M H,Belanger G, St-Gelais D, et al. The composition of camembert cheese-ripening cultures modulates both mycelial

growth and appearance[J]. Applied and Environmental Microbiology,2012,78(6) :1813-1819.

[5]Le Dré an G,Mounier J, Vasseur Vet al. Quantification of Penicillium camemberti and P. roqueforti mycelium by real-time PCR

to assess their growth dynamics during ripening cheese [J]. International Journal of Food Microbiology,2010,138 (1-2):

100-107.

[ 6] Zheng X W ,Tabrizi M R,Nout M J R, et al. Daqu-A traditional Chinese liquor fermentation starter[J]. Journal of the Institute

of Brewing,2011,117(1):82-90.

[ 714500, bR, T A0 R, 4. 05 25 B 2 & B =9 2 B (0], BRI RF 8L ,2011,205(7) :41-43 ,46.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.34 No.8 2015



FoRk,F . EHA G BEBEIRS b F 0 5 B & Aspergillus hennebergii By 5> ik 8 A+

YANG Fan,LIN Lin, WANG Heyu,et al. Analysis of metabolites of Paecilomyces varioti by solid fermentation [J]. Liquor —
Making Science & Technology,2011,205(7):41-43,46.(in Chinese)

[ 8 ] Zhang X,Wu Z,Zhang S, et al. Phylogenetic analysis of 18S rDNA sequence of mold from Luzhou-flavor daqu [J]. Journal of
Appplied Environmental Biology,2012,17(3):334-337.

[9] ¥k, B0, BT, 25 6 11 TR 08 A i P 455 5 A0 o TSRS £ 2 0 [T, S BB, 2006, 12(150) :47-50.

HUANG Yongguan, HUANG Xu,HUANG Pin. Extreme liquor-making environment & extreme liquor-making microbesof
maotai liquor[J]. Liquor-making Science & Technology,2006,12(150) :47-50.(in Chinese )

[10] Huang Y G, Wu Q,Xu Y. Isolation and identification of a black A spergillus strain and the effect of its novel protease on the aroma
of Moutai-flavoured liquor[J]. Journal of the Institute of Brewing,2014,120(3) :268-276.

[11] Wang H Y,Gao Y B,Fan Q W, et al. Characterization and comparison of microbial community of different typical Chinese liquor
Daqus by PCR-DGGE([J]. Letters in Applied Microbiology,2011,53(2).134-140.

[12] rh A R LA E T AEFS. GB/4789.15-2010 £ 5 i AE W 27 K 3 25 A AN e 1 31 2 [S). b mt - Jb Bt bs o H Mkt , 2010.

[13] & & fd, 2= 0. T 2L P24 M. 55 R db o Bl 22 1 Mt , 2009 .98-131.

[14] Chen B,Wu Q,Xu Y. Filamentous fungal diversity and community structure associated with the solid state fermentation of
Chinese Maotai-flavor liquor[J]. International Journal of Food Microbiology,2014,179.80-84.

[15] Wu Q,Chen L, Xu Y. Yeast community associated with the solid state fermentation of traditional Chinese Maotai-flavor liquor[J].
International Journal of Food Microbiology,2013,166:323-330.

[16] Anson M. The estimation of pepsin, trypsin, papain,and cathepsin with hemoglobin [J]. Journal of Genetic Physiol, 1938,22.
79-89.

[17] Michelin M, Ruller R, Ward R J, et al. Purification and biochemical characterization of a thermostable extracellular glucoamylase
produced by the thermotolerant fungus Paecilomyces variotii [J]. Journal of Industrial Microbiology & Biotechnology,
2007,35(1):17-25.

[18] Michelin M, Silva T M, Benassi V M, et al. Purification and characterization of a thermostable a -amylase produced by the fungus
Paecilomyces variotii[J]. Carbohydrate Research,2010,345(16):2348-2353.

[19] Postollec F, Falentin H, Pavan S, et al. Recent advances in quantitative PCR (qPCR) applications in food microbiology [J]. Food
Microbiology ,2011,28(5) :848-861.

[20] Yot 2, TR, Il , 25, 3 &0 AR =l B b 0 S A W A o 0k SR (D], B BB , 2006, 148(10) 1 75-77.

FAN Guangxian, WANG Heyu, CUI Tongbi. Researching development of Maotai microorganisms [J]. Liquor—Making Science
& Technology,2006,148(10) : 75-77.(in Chinese)

[21] Xiu L,Kunliang G,Hongxun Z. Determination of microbial diversity in Daqu,a fermentation starter culture of Maotai liquor,
using nested PCR-denaturing gradient gel electrophoresis [J]. World Journal of Microbiology and Biotechnology,2012,28
(6):2375-2381.

[22] A ARK , JE S, TR | 25 e i il e 8% A (0], R A, 2007, 155(5) :37-38.

YANG Daiyong, FAN Guangxian, WANG Digiang, et al. Microbes in high temperature starter [J]. Liquor—-Making Science &
Technology,2007,155(5) :37-38.(in Chinese)

[23] S LLZE. 20 69 A A8 FREE v et B A ) 22 R 1k ) 0T 9 0 R BE[T]. TFT, 2003 ,30(4) :22-25.

JIANG Hongjun. The prospect and study of the multiformities of the brewing microbe of the environments in maotai liquids[J].
Liquor Making,2003,30(4) :22-25.(in Chinese)

[24] Li X R,Ma E B,Yan L Z,et al. Bacterial and fungal diversity in the traditional Chinese liquor fermentation process [J].
International Journal of Food Microbiology,2011,146(1):31-37.

[25] Fei D B,Quan Y Y,Ye L L,et al. Studies on the characteristics of feed acid proteinase by Aspergillus niger strain 6042 and its
application[J]. Acta Agriculturae Zhejiangensis, 1997,9( 6) :300-304.

[26] Adler-Nissen J. Determination of the degree of hydrolysis of food protein hydrolysates by trinitrobenzenesulfonic acid[J]. Journal
of Agricultural and Food Chemistry,1979,27(1):256-262.

[27] Li Z,Bai Z,Wang D,et al. Cultivable bacterial diversity and amylase production in three typical Daqus of Chinese spirits [J].
International Journal of Food Science & Technology,2013,64(5):1-11.

LHStHRASIL 2015 FE 34 5% 81



