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Abstract: In order to explore the community composition of pure-culture mold in the fermented grains of Songhe Nongxiang liquor, and
to examine the activities of the functional enzymes related to the pure-culture fermentation process, the pure culture method was used to isolate
the molds in fermented grains obtained after different fermentation times and from different positions. The 18S rRNA gene was cloned and
sequenced according to the morphological characteristics (after the removal of those repeated ones) to determine preliminarily the classification
status. Five kinds of functional enzymes related to fermented grains were screened by the point connection method. The results showed that the
fermented grains of Songhe Nongxiang liquor were rich in molds, with totally 63 isolated strains, and 15 strains obtained after the removal of
morphological repetition (which belonged to Cladosporium herbarum, Aspergillus niger, Talaromyces wortmannii, Talaromyces pinophilus,
Aspergillus versicolor, Aspergillus oryzae, Trametes hirsuta, Penicillium citrinum, Penicillium freii, Byssochlamys nivea and two potentially new
taxa). The detection rate of pure-culture molds in the fermented grains of Songhe Nongxiang liquor was higher from Day 3 tol5 after
fermentation, and then decreased gradually with the screening rates of amylase, cellulase, pectinase, protease and esterase were 100%, 93.3%,

33.3%, 73.3% and 46.7%, respectively, which lays a increase of fermentation time. The pure-culture mold strains in the fermented grains were
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rich in active functional enzymes, and the activity foundation for further development and utilization of the strains.

Key word: Songhe; Nongxiang liquor; fermented grains; mold; composition; functional enzymes
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Table 1 The samples information of fermented grains
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1 0 KB 0d ZF BB R

2 37 RBE3dERPRERESES (B P F)
3 3B KBE3dZMNEAEEREARS: (£ P F)
4 6Z  KEE6dEXFRBEMSE (L, P TF)
5 6B KM 6dEMMAREAS (L. F. T)
6 97 KB od P EiEEMAS (£ P T)
7 9B  KBE9dZMNEEEEEARSE (L. . F)
8 152 KB 15d EdebEsEHFE (£ F. F)
9 15B  AB% 15d ZRAEREAES (£ F. TF)
10 21Z KE21d &2 REEHS (£ F. F)
11 21B AB21dEZeiAREAAE (L. . F)
12 272 RE27dEiFREEHS (L. F. F)
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14 33Z KE33d&2efAEEHAS (£ F. F)
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16 487 KE448d & AlEEAS (L. F. F)
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Table 2 Number of molds detected in fermented grains samples

with different dilution concentrations

o FHEA
S 100 100 a0
0 * * 2 1
37 * * 2 I
3B * * 3 1
67 * * 2 1
6B * * 3 0
9z * * 3 1
9B * * 2 0
157 * 1 3 0
15B * | 1 1
212 * 2 1 0
21B * 2 2 0
272 * 0 1 0
27B * 0 1 1
337 1 | 2 0
33B 0 0 0 0
487 0 | 1 0
48B 0 0 0 1
60Z 1 0 1 0
60B 0 0 0 0

A WA REHEHEFLS, "ok, LEEFHRLE
HRENBELE.
2.12 #h3EHH B HCRA 18S rRNA A B w5
AT

=R IR, Bt AR 63 MRER . SRS RE
JE RS 15 R . RAETAMTRE (R Bifa
FRAFIFEAT 18S rRNA ZEFI mEpEIfT, £ NCBI #i#s
JEE EE st R0 HIWIX 15 RRAlEs 77 B AR 23 S A 43 )
N: BRI (Cladosporium herbarum ) & #H %

S o= Vs

(Aspergillus niger) K¢ 2 WARB (Talaromyces
wortmannii)~ VEFATEAREE (Talaromyces pinophilus)-
It & (Aspergillus versicolor) KMl (Aspergillus
oryzae)~ EFEH (Trametes hirsuta) K575 2 (Penicillium

citrinum) FEHEEFE (Penicillium freii) « 524K
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% (Byssochlamys nivea) VL] PHANIELERT 70 R HT0
New taxon. New taxon 2. HAREHRT IS E WK 3
F7se

i R AL (B 1), KB GPF006 5
GPF022 ST — 7052, AlAI 1T 18S rRNA LK 5
Paecilomyces pascuus ¥t N AL, A AL EE 53 51 N
94.90%- 94.83%; 5 Sagenomella griseoviridis AR
PE 4y 5 H 93.90% « 93.86% 5 5 OM: W 42 K B

(Byssochlamys spectabilis) WIFRMEST 7] 94.05%-

93.90%, MAGLIL NI W EWEEE T, GPFO06 5
GPF022 M5y > 5HAME BT AR5, Hik
PR, 454 18S rRNA 45 AL HIKT AT g
RFE—AH/F58 0. GPFO07 5 GPF008 1) 18S

RNA B 52245 (Byssochlamys spectabilis)
AL, AHALEE 2 3 8 9035% . 90.71% ., 5
Byssochlamys  zollerniae [FJAHALLE 73 74 90.23%
90.60%, 5 Paecilomyces pascuus HIFHAUNE 751
90.01%- 90.36%, 5 Sagenomella griseoviridis [FIFH1LL
PS50 89.90%. 90.21%. MRS NI B FAH6E
% 11, GPF007 5 GPFO08 4973 32 5 HoAt g Bl AL T-AS
[F5332, HBHUERERHEE, 454 18S rRNA MIFF4
WL T e AR — D HT 7 R8T S T
AV FEOR A T BV LEE LT, 2RI
PIAMBE BT 0 K s FEHIAE 6~15d, HiRVIZAE
FENTERERHTT 7> BB, FrELHIMT AT RER B TR
TR I I TR .

R 3 RMRERERSAIESRER 185 rRNA EEMME . KSEHERESGEMERIEER
Table 3 The information of 18S rRNA gene similarity, strain morphological characteristics and functional enzymes screening of mold

isolated from Songhe nongxiang liquor fermented grains

A8

\ BRI EG BRI
3 & W A AE g .
H 5 AL E AR /% AL H ] B s B
B AMHI PDA 3544k E 37 C34c3d, W R
GPF001  (Cladosporium ~ 100.00 K, ZREE, PHEMD, BLF4HE @ + + - + +
herbarum) EH@AHEE. THAFIERE 3 BT,
2wk PDA 32754 £ 37 C3AR3d, BEMks
GPF002  (Aspergillus ~ 100.00 SR, ZEAEE, TN GFRARA L + + - + +
niger) BATEATBE, T EWE 3 PR,
RAF R AR PDA 344 £ 37 T4 3d, HERW®
GPF003 (Talaromyces 100.00 Bk, mAE. HE, BEAHBE,; + + - - +
wortmannii) FwiE., DHAFIERE 3 P,
NGRS PDA 3474 £ 37 C34x3d, BEAR
GPF004 (Talaromyces 100.00 K, PRIRRAL T4, AEeHaE; + - - + +
pinophilus) BAET@OE., BMRFIEWA 3 T .
P PDA 3774k £ 37 ‘C#AR3d, HBEFMER
GPFO0S ;f ;’f oooo K TR, ZHMARE, dka EALR N N ) )
(vgj;’cgoll;g - AT BESBZIBE, AEBEE
T TiAAT. RAMFERA 3 FTE.
oo PDA 337ck £ 37 C3FR3d, A%
GProos ¢ o | ;es 94.90 IR, PRRRAHREE, DGAREE; L S S
v HEFORGE. DHIHEWE 3 FTx.
HMLRE ; O3 . ax
PDA #3474 £ 37 C3AR3d, BAERHEK,
GPF007 (Byssochlqmys 90.35 b6 BEEEGE. DR 3 FE + + + +
spectabills)
P RE PDA #7475 £ 37 CHRA3d, dEAR
GPF008  (Byssochlamys ~ 90.71 BK, mhal, BARRE, A%AHRE + + - + +
spectabills) &, BAETERGE., IMFIEWE 3 FTF,
TR
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ELER

ey ) PDA 35c3k F 37 C32r3d, HEMEK,
GPF010 (Trametes 100.00 vk ENKLRE, A% RGERME B + + - + +
hirsute) AR BERGE, DMIFIERE 3 T,
Y] PDA ##4r& 37 C3AR3d, BERESK,
GPFOIl  (Trametes ~ 10000  FSRAFZINRGEE, Bk EHKT4H; + + - + +
hirsute) WAEYEZEGE, MFIEWRE 3 P,
NP PDA 3470k £ 37 T34 3d, HEFSHBK
T E Rk BRI, HEEF i T
GPFO12  (Penicillium ~ 100.00 RAL AR, ARET j’fj’ff’é’ HEA s + &/

B E, N%AE; AETERE,

freid) HABE i, TAIEE 3 F7,
FOURE PDA ¥4 £ 37 CHA3d, BAEZHE
GPFO13  (Byssochlamys ~100.00  #4HK, FERMSAR, @G RF, 24%P48  + - - - +
nivea) 4 BAEFEOAHEE. DR EWE 3 TR,
K E > 3 Ci3 EESS &
PDA ¥4 £ 37 CHA3d, HEEZEHRE
; X 5 o » , _ + + + + +
GPFO20 (dspergillus 10000 oy i\ @ 2.6, DA 3 7.
oryzae)
REEL PDA 34k b 37 CRA3d, BREAR
GPF021  (Penicillium ~ 100.00 BHK, FRARZRE, WAREE,; + + + - -
citrinum) AT mRGE., S IEwR 3 T,
Procil PDA 3774 £ 37 C34c3d, Ak
Gpro2 “;le é’;’%es 94.83 SR, FHIRAHRGE, DEAHREE, + + + + +

%K, FORE., RMFIEWE 3 P,

E: o, Ak -, M,

100 Aspergillus sp. GPF020 (MK615876)
'A.spergillus orvzae RIB40 (XR_002735719)
Byssochlamys sp. GPF0013 (MK615875)
100'Byssochlamys nivez ATCC 22260 (BY SRR18S)
Aspergillus sp. GPF005 (MK615870)
Aspergillus sp. GPF002 (MK615867)
100! Aspergillus niger ATCC 16888 (MF093522)
99| Penicillium citrinum PA-33 (MG456717)
Penicillium sp. GPF021 (MK615877)
Talaromyces sp. GPF003 (MK615868)
Penicillium freii IBT 3464 (AJ005446)
99| Penicillium sp. GPF0012 (MK615874)
Talaromyces wortmamnii CBS 391.48 (GU733355)
Talaromyces sp. GPF004 (MK615869)
1001 Talaromyces funiculosus JAMS1 (KT148636)
|Cladosp0rium sp. GPF001 (MK615866)
100! Cladosporium herbarum CPC:12177 (MH047193)
Trametes versicolor K-41 (LC312414)
100\-{ Trametes hirsute Bm-2 (AB084607)

89199

O

99

Trametes sp. GPF0010 (MK615872)
Trametes sp. GPF0011 (MK615873)
100—GPF007 (MK615864)
'GPF008 (MK615865)
_99|——Byssochlamys spectabilis TAM 13426 (AB023946)
Byssochlamys zollerniae JCM 22714T (AB023940)
Paecilomyces pascuus JCM 12798 (AB033528)
4':{ GPF006 (MK615871)
100° GPF022 (MK680502)

0.01
—

1 RIAKER QBB 1575 185 rRNA EERGLE N-J
Fig.1 Neighbour-joining phylogenetic tree based on 18S rRNA gene sequences of culturable mold isolated from Songhe nongxiang
liquor fermented grains
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16
14

W Aapergillus niger

& Talaromyces wortmamii
® Talaromyces pinophilus

N ® Cladosporium herbarum
12+
w Aspergillus versicolor
10F i New taxon 1
W New taxon 2
L ® Byssochlamys nivea
W Penicillium freii
- W Trametes hirsuta
I  Aspergillus oryzae
o I I I B Penicillium citrinum
0d3d 6d9d15d21d27d33d48d60d
E 1 SRR ERREERE AR A BB ISR B RO R AR
DWER

Fig.1 Community composition of culturable mold isolated from

(= S e

different fermentation stages of Songhe nongxiang liquor
fermented grains

TS R B U BN AR, T v Frg 2
W SEGWAEIO RN SRR B — AR,
S e R 51Xt DU )1 R S Y L A R P 4l 9
PINFESAF IR BN R (Aspergillus sp.)~ 41
228 (Monascus sp.)~ 1R%)E (Rhizopus sp.). F)&
FEECIE R e A A BB 4 B B RERS 1 R
Bl BREEDH. B, Zih. MR, EE. TE.
MERENEES: 5B R AR AR 2

GPE0O1

N

i

E 3 S EEMNEESRERTS

WM, CHRKEEEI, — B TR
. NaiRsFRER A Rgr (E 2 KE,
AR A TR PG I P B TR (A R B B T R
PR ) L AT — 52 AR AL U . ZE R VI, O d AT
FE PRI, K H 87 R A SRl b, &
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Fig.3 Colony morphology and microscopic morphology of isolated strains
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