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Microbial diversity of soybean meal hydrolysate treated by
keratinase
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Abstract: [Background] The nutritional value and flavor of feed ingredient was improved after
fermentation and keratinase hydrolysis because microbiota compositions in the enzymolytic feed can be
atered. In addition, enzymolytic soybean meal has significant improvements in growth performance and
intestinal health. [Objective] Therefore, in this study, enzymolytic soybean meal (ESBM) was produced
by fermentation and keratinase hydrolysis. The aim of this study was to explore the effect of two kinds of
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ESBM (keratinase hydrolyzed soybean mea (KHS) and keratinase hydrolyzed SBM with 30% inclusion of
wheat bran (KHS-WB) on the microbiota diversity in the process of hydrolysis to drying. [M ethods] First
of al, the numbers of total bacteria, total mildew and yeast were measured by plate counting in laboratory.
Additionally, Illumina MiSeq sequencing of 16S rRNA gene and ITS rDNA were employed to test the
bacterial and fungal diversity dynamics of hydrolysis samples (0—36 h) in the pilot experiment. [Results]
The plate counting result showed that the numbers of bacteria of two kinds of ESBM were 1 000—-10 000
times higher than that of raw materials after treated with keratinase for 24 h. However, after drying, the
counts of bacteria and fungi of ESBM were significantly decreased by 90%—-99% than that of before
drying. Moreover, the Illumina MiSeq sequencing results of 16S rRNA gene and ITS rDNA indicated that
two kinds of ESBM had a similar apha diversity index and microflora richness level. Additionally, the
beta diversity of 16S rRNA sequencing result showed that Fructobacillus in KHS and Weissella in
KHS-WB kept sustainable growth, occupied the privilege and became dominant bacterial genus (36 h),
respectively. The results of ITS rDNA sequencing demonstrated that Aspergillus occupied the privilege in
al genus of KHS while the diversity of dominant fungi was more abundant of KHS-WB in the process of
hydrolysis. [Conclusion] Wheat bran as ESBM substrate can influence the microbiota diversity of ESBM,
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as well as the Weissella and yeast fungi will be the diversity of dominant microbesin the ESBM.

Keywords: Soybean meal, Wheat bran, Enzymolysis, Diversity, Bacteria
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AT T SRR R P BRI, TSR E A A
T, SRAPEAO RGN E YRS AT A B A
FERE AL SR TS, i#id 16SrRNA
FEAFNITS rDNA SEdE I, At v 240 & Fn
BLRH 2 FEPE B AN ] (0-36 h)FOZS LIS E, AT
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MR 1 R, b, 5 A 28 1 il i -
4fi o1 (Keratinase hydrolyzed SBM, KHS)%E
200 kg &A1, 160 L FR/KA 1.2 kg £ 8 F1HE; 6
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Tablel Thecontentsof ingredientsand process parametersfor soybean meal enzymatically

7 eV TS
Items Contents
J5U#H Ingredients (%) 2 A KHS THIEFIRAR KHSWB
K1 Soybean meal (%) 50.0 35.0
/NFZ %k Wheat bran (%) - 15.0
A3k /K Tape water (%) 40.0 40.0
£ 2 i Keratinase (%) 0.3 0.3

W% 250 Parameters of enzymolysis
SER{EE Observed temperature

2 PR A AR PURE O (R 25 em)ii

Indoor temperature/humidity and enzymolysis material center (depth 25 cm) temperature
pH 10-15 cm B4k, kRS, pH &
10 to 15 cm depth, material in situ pH measurement

[ [E] Time 36 h?
T4 28 Parameters for drying
T4 75 1% Drying method

BrBeT . IR IR T AN A SR By

Stage drying: fluidized bed drying and air drying

it 6] Time 36 h°
7K 43 Moisture

LG TRRRT . PR T35 RSB IS B kLK

Including moisture prior to drying, moisture of fermented substrate after fluidized bed drying

and after air drying

T % AR PR R R BGOSR O R ) R AR EER 6 b, H HAR 6 h, R 12 h AR H H B 12 h;

- RUTN.

Note: % Making appropriate adjustments according to the temperature of the enzymolysis environment; *: This time includes fluidized
bed drying time of 6 h, first day sunshine 6 h, first reversion 12 h and next day sunshine 12 h; —: No addition.

FAHEARTIE X Bt S B 78 4TRSS AT, Rl
VIR T . BAERTZ) 6 h, SEXRERh RS 2
SEREHIE AL IRAT 2-3 K, ERVYIRNE UGE I ZHE
i 1.0-15h, JZuld BFERTZY 1 h, w1
HIE, WIRK & T L 50% F R 2 30% /A 4 -
2t 2/ 2 d B, PrRkiE—2L TR, B SR
/N F 10%,
1.4 BEERRSRRVRE AR ST
141 TREZFHTHEIHELRRERMEY
ME

SEERE ST, A3l Rk . BRI T
PRV AR T | TRk DA AN R AR A >R 0.85%
(P AR L) A BEER K A T E R RN RR R, Rl B
FESI T o BORE . FRFE RSN 45 S0 oA
BILEB v AR NS T TR A 3 FPRE S R T
BB FHE (Nutrient agar, NA), 37 °C #3;

24 h JE XA AT DL BAVE A T, DU A AT E
VRAT 3 FIRE S A TRTE VR T R R ER O i B R 2 (Salt
Czapek Dox agar, SCDA), 25°C ¥i# 3d J5 - tRit
BT R LR AR DA 8, SES 7 d X
DU DA 75 TR 25 A 7 S 0 RN T
142 FRALHWEETHERXERNMEY
M E

AR, X RR R T R Y, A
T T A o 2 P AN [ 4R 4 43 M T R L 1 22 R
AR FIZE S . 76 36 h NFEEEIR 5 B[] f E 1T
KFRE, srHE 0. 9, 18, 27 Hl 36 h, FEACKA
MiSeq -4 #E1T 16S rRNA EE[K Fl ITS rDNA ¥ .
143 ERMESFHTHER DNA ZBRSSCENRF

PRIFIAS ]I 0 () T SR 20 TR . DNA B
B4 QlAamp DNA Mini Kit #:47. DA3RIA 40 R
DNA msit, kM54 515F (5-GTGCCAGC

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ERUAGE AR 5y SR i G Y/EZ e e i)

733

MGCCGCGGTAA-3)#il 806R (5-GGACTACHVGG
GTWTCTAAT-3)%f 16S rDNA () V3-V4 X174~
B, PCRIRZ(B50uL): b FiF514(10 pmol/L)4%
2uL, dNTPs (2.5 mmol/L) 4 uL, 10xPyrobest buffer
5uL, Pyrobest DNA A T#2 U/uL) 0.3 uL, 4K
Wi DNA 36.7 L. PCR F2)Wi &414: 95°C 5 min;
95°C30s,56°C30s, 72°C40s, 3L 25 MFHf; 72°C
10 min; 4 °C 4%, PCR F=#y4ifb)5 ik, %H NEB
NEXT® Ultra™ DNA Library Prep Kit for llluminai/1 7
SCERIFEE, i FH MiSeq PE300 _EALIN: .
144 MFERSH

Wy 5 15 3 1Y J5 id Bt 22 0 B4 73 . PE
Reads Pf#% . Tag 1l U8 A1 L & A7 9145 2434 Tag.
K FH Uparse AR AT 35 Tag RIS R ) HA
4325255 (Operational taxonomic unit, OTU), Jif
AP RI R it S 2 AR FE 43 HT
15 HEAIE

K FH SPSS # itk K Metastats 751 6] 45 b R34
(RS TE N
2 HR5HH
21 FRTECENEBBEIEPHNEDHREDN
Tk

JEOREFI AR 2 B0 B R R SR L3R 2, 4521
LU, ORI AR /N AR 7.4 6%, TR
T} o R B A S/ NEER Y 1105 ARGk
WA RSN, #0Eh 9.71 LogCFU/g, [FIRTX
KGR 52— E AR, T LATE S #h 28 IR B
g bAK, %k 5.37 LogCFU/g.

*2 FERBSETH(LogCFU/g, FHIEREA, n=3)
Table 2 Total germs counting for ingredients (LogCFU/g,
DM basis, n=3)

JskL el 5 RBUR
Ingredients NA SCDA
EH Soybean meal 5.07 3.09
/INAZEk Wheat bran 4.20 4.20
175 1 Keratinase 9.71 5.37

Xof T AR D Rk T A W R T I ) S B TR s R
W% 3. S5RFKY], TMEE 2405, EAHEE L
% 911 LogCFU/g, JwH: e FHEL LT+ =
6.66 LogCFU/g ; /N 27 &k 1) o 40 o £ | ot =
8.05LogCFU/g , A fi% NEWH AR
4.97 LogCFU/g; SMIZZZRIR G _E A XA T 5
HIRUNZZRZ 0] 65 °C T4 12 h i, ORI EH]
ZERRA Y A T K 2 80%FN 95%, BERETA
ITEREBONII T 99%L L ; /N2 Sk A Kt
R 1%, BT /25 TR B0 R IR B2l 66%.

22 M REPIMNESHR IR

it R P A RHR EE A pH ASfR LI 1. iR
T FR PRI B (AR B EIFE 20-27 °C, - HBEE
FANEEE R H A Z, (B2 N PREE IR B2 A
VB (R ARG L T SR 2 O, AR Tl
fif it R LA o AV RHREE A pH bS5 R
N, BRI N B ) Y 21 °C 9218
TR B4 B Mo IR (E . 26 GRIBHEY
(KHS)7E 90 hitik3] 285 °C e A iR EEMR A, T
GO BR A Y (KHS-WB)7E 72 h A ik %
30 °C AATMTREERAA . 6 H e B R 2 i e

#F 3 BRI TIRETFTIREMNEETH(LogCFU/g, THIREA, n=3)
Table3 Total germscounting for enzymatic hydrolyzed substrates before and after drying (LogCFU/g, DM basis, n=3)

T Rt M INAE THIANEZER(7:3)

Drying Mediums Soybean meal Wheat bran SBM and WB (7:3)
THEHT HIRE NA 9.11 8.05 8.98
Before drying = #h£2 [RBiE SCDA 6.66 4.97 6.05
THE HIRDUE NA 8.52 8.04 7.81
After drying = EhZ2 LB SCDA 3.58 4.49 472
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- pH: KHS
-=- pH: KHS-WB

Temperature: KHS
Temperature: KHS-WB

Temperature (°C)

0 12 24 36 48 60 72 84 96
t(h)

1 BSMEEAREREF pH FIZELL
Figure 1 The dynamics of pH and temperature in
different enzymatic hydrolyzed soybean meal
TE: A SRR A th 2 8 R AR TR A 3d X, pH
AR 2 B s R AR TR pH L. BBl pH hzk, KEh
ML, 2R oAl GHITI(KHS), ML h B sR &1
(KHS-WB). JREEAE 20 min B 3l 5—1K, pH A1AIFE 9 h AT
Wik, = S B4 3.
Note: The data of the temperature change curve of the soybean
meal were collected by temperature automatic recorder, and the
data of the pH change curve were collected in the portable pH
meter. The black line is the pH curve, the gray line is the
temperature curve, the solid line is the pure soybean meal type
(KHS), the dashed line is the soybean meal wheat bran mixed
type (KHS-WB). The temperature is recorded automatically once

every 20 min, and pH is interval 9 h manual measurement. The
study was measured repeatedly 3 times.

40h Ay, MG AR B R e ETH L R
BEYIH 26 °C A4 o IFIMIRLY pH i i 1) 5.9-6.5
F| 40 h I} FFEZE 5.4 (KHS)FI 5.7 (KHS-WB).
23 EREHSKENTL

it fift SR S K AR AR LR 4 i BE 1
RVRNZ R JFORHS K RE 1 10.8%, 4N ARkl
K H 5:4 (J5i & FR) A NS5 FH K, BRI R 4R

KN 50.4%. F#E R HETT, BT EERY
BRI A YITE S, YRS KRS BT JF
H, 2SI G YRS 18] 5258 % 5 P T K 55
W7, 3R] 7K 433 23 W A _b I (f Tl K 43
D22 AR Tk D A7 000 2 ] AT PR e iR 40 22) o
H2% 4 WA, WIRR AR SORAE AR 2 5 AR A AN ]
FEREMIK AT, Sl TR, Koraemk >
25 40%; T4 ARG, KasEaSTHRE
10%L4F .
24 HiAINEREIEPHEDZHEES T
24.1 BEefhdiEREEMERNFREIFMN . OTU
B o 1 B ZHEMEIEFRS T

o ZFEHARRR IR IR S R i A x) =E
JE, T B AR R S Z R G AR =
JER A E S 22 501

it i 3k A T 200 TR RN TR A 22 R R AR AL e
[llumina MiSeq #4777 504fr . 4 5 FI3R 6 4351l
7N T PRI SRR R T A R R LAY o 2
FEPEFEAR

G BdER . PHE . IR Rk SRS —
RIS, K IRAl B 2R AN 22 AR T
BT T S 2 L SR Rk i . 7656 18 h
JRAR PSR BN RS, /AT AR H3E 91 284 4%,
AR 99.14%. AN [ R] 5 19 fe A %507 1)
HEAT 47 770 5%, FRUMER 99.10%. il i SR K
RS W A0 B ZAEPEAE 0-27 h 25 16 A i 1] 1) 2
K2R, 5 36 h PR 2 AEE
FEA . 7256 27 h 3 A R A 0T 41 98 005 2%, 14K
PEIAF] T 99.3%., LA 7% B EIME, TE
% 18 h, WFPEEARE GANFEARAIEA OTU 433k

x4 FRIBEPEEIHIKENETNG, THREM, n=6)
Table4 The changes of moisture of enzymatic hydrolyzed soybean meal in drying process (%, DM basis, n=6)

IR, U

WH M3 36 h Initial drying, times F AR

Items Enzymolysis of 36 h 1 5 Natural drying
4l G AR KHS 53.9 38.7 323 9.0
EHEZ IR AR KHSWB 51.7 36.3 31.8 5.2
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#*5 HABVNBHLE 16SrRNA EEH Illumina MiSeq UFL R o ZHEMIERR
Table5 Observed 16SrRNA genelllumina MiSeq sequencing of bacteriaresultsand alpha diversity indicesin samples

HAGS TS ARFH A8 Q20 Q30 GC AR OTU  Chaol Shannon

SampleID Rawtags Effectivetags Nucleotides (%) (%) (%)  Effective(%) (97%)  index index
AO 63 459 58 817 24635856 98.75 94.73 54.73 98.83 72 106.25 1.78
A9 54 400 47 770 20649985 98.78 94.85 50.41 99.10 56 96.00 2.17
Al8 113 846 91 284 39494471 98.78 94.94 49.31 99.14 72 91.20 1.55
A27 106 461 83977 36357613 98.67 9454 49.53 99.07 64 46.75 1.42
A36 104 798 86 188 37274929 9884 95.19 49.57 99.18 59 64.00 1.44
BO 29 560 28 424 11909592 98.90 95.15 55.07 97.82 95 153.13 2.15
B9 39 356 36 475 15802015 98.73 94.68 53.70 98.12 84 107.25 2.34
B18 45 937 43 452 18761852 98.84 9514 49.51 99.33 53 66.00 0.94
B27 98 005 84 413 36463117 98.86 95.23 49.74 99.30 68 72.30 1.46
B36 97 745 84 593 36498412 9884 95.12 48.96 99.42 62 54.20 1.28

e ARSCRIE T A A . BEM S B R SR R RN (AT A, SRMZERR AT B) S RAE MBI L0, 9. 18, 27 M
36 4. ARUTFIHTE Qiime F-F Hl Uclust - 5 TR IS0, Q20 KR 99%kE i &, Q30 7~ 99.9%4E 1 & . A% FicdE Sk
T O7%HMIEE N Y o ZFEMEFEHR, QIR 35 805 (Operational taxonomic unit, OTU). Chaol %175 4¢ 45 % (Shannon).

Note: Samples were collected in pilot production. Sample ID was made of the type of keratinase hydrolyzed SBM (A meant KHS and B
meant KHS-WB) and time point of the enzymolysis (0, 9, 18, 27 and 36 h). Effective tags were used for cluster analysis in Qiime and

Uclust. Different levels of effective tags were explained by Q20 as 99% accuracy and Q30 as 99.9% accuracy. Alpha diversity indices
contained operational taxonomic unit (OTU), Chaol and Shannon and based on 97% similarity.

#=6 MHARPVVBHER ITSrDNA HHlumina MiSeq MFLERF o ZHEMIELR
Table6 Observed ITSrDNA Illumina MiSeq sequencing results of fungi and alpha diversity indicesin samples

Feidi's RS ARFH RREL Q20 Q30 GC ARE OTU  Chaol  Shannon

SampleID  Rawtags  Effectivetags Nucleotides (%) (%) (%)  Effective(%) (97%) index index
AO 12 998 986 38923 9 958 030 99.89 99.59 49.80 96.09 527 550.23 5.18
A9 22 712 858 67 428 17 129 452 99.89 99.60 49.15 95.82 723 659.21 5.70
A18 18 112 073 54 915 13771739 99.90 99.61 48.73 96.11 693 639.21 5.69
A27 17 902 878 53516 13602 478 99.88 99.56 4881 95.73 658 654.01 5.80
A36 31610117 93719 24205473 99.86 99.52 49.66 96.03 768 680.46 5.70
BO 18 461 534 57 154 14 334 742 99.90 99.62 48.05 96.62 676 736.84 5.24
B9 22 564 766 69 763 17 533 408 99.88 99.57 48.80 96.71 701 687.69 5.74
B18 27 387 388 84 827 20933 330 99.88 9955 4858 96.91 772 656.27 5.74
B27 6 527 787 19 258 4516 747 99.84 9942 46.16 96.56 422 565.57 5.32
B36 11 180 645 32 843 8510912 99.86 99.50 50.51 96.55 498 628.93 5.22

T FEACRIET Al A ™. FEfgS R SO SSELSEEMBL A, SMZESR G B) S REMM A L0, 9, 18, 27 #
36 YLk, ARUFHIHAE Qiime -5l Uclust -5 AT IR/, Q20 #IK 99%KE T &, QB30 3K/ 99.900K4 3. FeAs &gy 3k
T 7% N Y o ZFEMEFEHR, QIR 35 80 (Operational taxonomic unit, OTU). Chaol #4175 4¢ 5 %X (Shannon).

Note: Samples were collected in pilot production. Sample ID was made of the type of keratinase hydrolyzed SBM (A meant KHS and B
meant KHS-WB) and time point of the enzymolysis (0, 9, 18, 27 and 36 h). Effective tags were used for cluster analysis in Qiime and

Uclust. Different levels of effective tags were explained by Q20 as 99% accuracy and Q30 as 99.9% accuracy. Alpha diversity indices
contained operational taxonomic unit (OTU), Chaol and Shannon and based on 97% similarity.

72 F1 53, FE5 27 h, WiFPfE SAIFEA) OTU 4
Bk 64 F1 68, B I ERIR G OTU 80K T
4R S OTU %k, 76 97%MUEAET, 4l
JiEHi SR 4 & Chaol il Shannon F5X7E4S 0 h I
55 9 hig K435 106.25 F1 96.00 L) % 1.78 i1 2.17,

R SRR A AN Chaol Al Shannon $54%
FESS O h 15 9 h K45k 153.13 1 107.25 DL )
2.15 fi1 2.34, LT 2lREf%E ZRI(ER 5).

Ll BEPR PR iR R SRS —
ROV , K IRLl AR SA7E R AR ()55 36 h JRihs
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FEHNR B EIEAE, A HT A RUTHIAE 93 719 4%, I
HA RN 96.03%. B2 TE 97%ER 2 S (E AR JEE
JK, OTU . Chaol #il Shannon {E43- 71>~ 768.680.46
F1 5.70. Hf GANE ERR &Y TR 18 h IR )7
KB E A, S A RUF 5 84 827 2k, A3k
KFT 96.91%, HAE 97%HE 2 FE AL EE K,
OTU. Chaol #1 Shannon {43512k 772, 656.27 Fi
5.74. Wi SR EE A YN R ZHETE OTU,
Chaol Fl Shannon 545 kR Rl &R (3 6).
242 EEIEPARMERESESH
Bl 2 FIE 3 Wk p ZAEVERSE R . 410§ 16S

A2 F 20 Fructobacillus 4 . Bl (Weissella) |
i ER 7 (Saohylococcus) . ZEALFT B (Bacillus) FIFL
BR A (Lactococeus) . MifHfifE i) e ) 2 AT 1 o0 = 24400
W, 25.11%AHXT B . B TRBE R AR
FEIZHAFATE, 3 A R A AR 3 (R R A AT

16 0-9 h Hi[A], #%gBRe A A 5 2R B2
36.56%, IMifE 18 h ZJ5 LA N%% 4.81%, 5
ULIRIF, Fructobacillus PR RS FRLLRafg
e, JFHAE 36 h ik E] 1 66.05% AT 4=

FUTIAALTE 36 h BFIAR] T 24.77%HXTF B 5 Bk
T WA H (Enterobacteriaceae) i 17 7E LA AN, K]

rRNA JENZHEVEZIR R R SO SO 22300 A % R b = 2 A 20 104 25 31 5 40 R

A

;@ 100 o | W Lactobacillales
= 80k W Bacillales
] W Enterobacteriales
-§ 60 W Phaseolus acutifolius
E 40 Ric!cet!sia{es _
;’ r W Oryza sativa Japonica Group
E Others
s 20+t
2 M
o ol
A0 A9 Al8 A27 A36 B0 B9 BI8 B27 B36
Sample and enzymolysis time (h)
B

= 100 W Weissella

s W Fructobacillus

g 80 B Unidentified

_§ 60 1 W Staphylococcus

E Phaseolus acutifolius
g 4l W Aegilops tauschii

] Oryza sativa Japonica Group
g 20} W Bacillus

o) Lactococcus

= ot Others

AO A9 Al18 A27 A36 BO B9 B18 B27 B36
Sample and enzymolysis time (h)

2 EBMRERAPAEE(A)FREB)D KT TR FEMEEME

Figure2 Dynamics of relative abundances of the major bacterial orders (A) and genera (B) in enzymatic hdrolyzed SBM

e X FEE (Relative abundance) 3 Rk i B A AN B T AW B 4t EE BEfEUE T, FLAFE H (Lactobacillales)Hif 4l &opH 7l
% S (AO-A36) H 1 ZEHUAT T H (Bacillales) Fl 5H1 22 2k 1R A B B % =1 (BO-B36) H 14 i 4T %1 B (Enterobacteriales) i R Tk #
B, MFLFE HH A Fructobacillus J& 134 T)&E (Wei ssell a) 76 B R iR B I 0 A AN —#E. 4SRRI/ 21 Fructobacillus
JRANELIR I R, {2 Fructobacillus J& ORI & 5 T GOHIZE SRR & RIEG% TR h BUNUR LB RS, HES 18 h LG
Fructobacillus J& i4 - BE A& 1 Ik, esh, 1 Other RIARAYZTERTA 19 10 MEA AN £ B2/ T 1% HAb . e #udli ok
HF lllumina MiSeq il F 4558, Rl i 0-5F 751 X I8Ch 16S rRNA JE[H | V3-V4 [X.

Note: The relative abundance meant the percentage of total effective bacterial sequences. With the enzymatic hydrolysis processed,
Lactobacillales becomed the dominant order and replaced the domaint role of Bacillales in KHS and Enterobacteriales in KHS-WB.
Fructobacillus and Weissella were rich in KHS (A9-A36) while only Weissella had absolute predominance in KHS-WB (B18-B36).

Besides, the abundances of other orders and genera inhabited < 1% in all samples. All values were obtained by Illumina MiSeq
sequencing targeting the V3-V4 regions of 16S rRNA genes.
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A
& 100 ¢ = = = = &= &= = = m = = Unidentified Trechisporales
= gl m S | m -~ H e n . Eurotiales m Capnodiales
g - . = . m Pleosporales Mortierellales
-53 60 + = m Hypocreales Tremellales
E Incertae sedis m Cystofilobasidiales
= 40 + m Sordariales u Dothideales
2 Saccharomycetales m Cystobasidiales
= 207 m Poales m Diaporthales
= Wallemiales Others
ot
A0 A9 Al8 A27 A36 BO B9 BI8 B27 B36
Sample and enzymolysis time (h)
B ® Unidentified u f]‘:llff;:f”m
100 ¢ u Aspergillus W lrechispord
.,\3 E = = i = E = = i E n A[ir;»irm m Schizothecium
g 801 o9 = = O = B | m Gibberella m Cryptococcus
g ] = = || . Mycothermus Pseudeurotium
"é: 60 r — m Wallemia u Acremoni%m?
£ 4l Oidiodendron o Aureob'asrdmm
D) m Remersonia u Occultifur
g 0l Epicoccum ] Smci.zy.bonys
E Pichia n gav..la'.llel{[a
L u Pyrenochaetopsis ™ reniciilium
" A0 A9 AI8 A27 A6 BO B9 BIS B27 B36 = Candida Wickerhamomyces
Sample and enzymolysis time (h) Mortierella = gﬁfggpwhm

3 EBMREAHTEEER(A)MEB)DFKF THEMFEETSHE

Figure3 Dynamics of relative abundances of the major fungal orders(A) and genera (B) in enzymatic hdrolyzed SBM

TE: BUFER H (Eurotiales)— B4 4l BB EHE M LA, A% 214 F (Pleosporales)y A1 #kiR & RUBGA% SHITT 18 h AL
B, HAXT RS R kb, AR H (Saccharomycetales) I 7E 18 h J5 B Wi L. IR IMKE BE, dis ¢S
HAHF ) 25 T8 (Aspergillus)— B o5 5 Bt B xP 0% . BRI BRIE 5 U MRV SN HH BEAR f PR (Alternaria) . 7% 74 (Gibberella)
Nl 25 1 (Aspergillus) I 2E T 18 h AT O BEREES , WA AR IET TILAIX e 2. IR, HEJR# R (Pichia) il Remersonia 44
U YRR . B Other /R IR AEFTA FEA sPARRS 3= BE XN T 19609 M TE 3 Unidentified 3878 iR REMERR I A
ZRR PSR, Fraddisk BT llumina MiSeq I FF45 2R, A B4 £3 <1 Fe 1) DX Iy 1A 26 7 (] R X (] (Internal - transcribed
spacer-1, 1TS-1).

Note: The KHS mainly riched in Eurotiales aways. Pleosporales was the dominant order in KHS-WB at the first of 18 h while its
relative abundance decreased with the time gone by. Saccharomycetales dominated gradualy in KHS-WB after 18 h. In genus view,
Aspergillus was dominant in KHS aways. In KHS-WB, Alternaria, Gibberella and Aspergillus was domiant in first 18 h and their
relative abundances decreased on the process. At the same time, Pichia and Remersonia dominated gradually. The relative abundances of
other orders and genera inhabited < 1% in all samples. There were unidentified tags representing the relative abundances identified and

classficated uncertainly. All values were obtained by Illumina MiSeq sequencing targeting the internal transcribed spacer-1 (ITS-1)
genes.

FUAEML . 534N, PRPEEA# SOHI7E Fructobacillus 7 %24 ke, i it &5 i (Aspergiillus flavus) (545 14~ OTU.,
BT IR A e B A7 AE 225 . A% 36 h B, SR Wt WA R T, Asperdillus cibarius FARXT =B 7E
FEIR TR T Fructobacillus B4 5 20.05%  0-36 h i1 27.95%F4% % 22.34% ., (BT G Hi& /r A i,
PR 2R, AR A 71.44% A F B T o5 25 TR A AR YT 2 EE7E 36 h N 0.11%M& i Tt
FLH ITS IDNA ZREVESE R T R . 4TI = 0.58%. b4, Wallemia, ¥4 (Oidiodendron)
fifp K HR P U 2 B LAHLRE A H (Eurotiales) hy FIHERS A T (Alternaria) A o5 UL ERS K, e %
T rp UL Hh 5 1 )@ (Aspergillus) & £ o AR PRI 2% A 3% A% A FEE . X T G ERR A T
P, EMCOE T —364 34 OTU MRS & R . SIS, 7€ 36 h AU S A F B o H ok
Hr Aspergilluscibarius #1554 24~ OTU FHEHoM . Bl/IMRIR R 4R H-44 (Tremellomycetes) 16.30% .
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Remersonia J& 13.18%. He4Ri#L))E (Pichia) 6.49%,
XSS AR TE AP R R AR =E BE4/N T 3%,
SR, B3R (Epicoccum) . 7775 )% (Gibberella)
FA R 5ER (Nectriaceae) 7 it 12 2 H (1A X 3
FRE AR, 5o R SRR, ks 1
WAER I SN ERR G A 24.27%MF 1,
TIAEEHR 36 h JE {547 4.61%, 5 ISIE AT H
Ky HLPE A1 Schizothecium fi% A 4 B S e R R A7
HIHEAA I
3 Wi
31 M REPMEDNRENTHCEERITECE)

MAGIEE R B, Bl B SRR /N2 Skt
BRZMWEY . K, TERHE AP A/NZ 2k
VERARE, BT HEHTZ BN, BT
Wi ek nbh, TEfEa R A B T
KNG, AR R AN TR SR B B B G A
Wr, ATRERTEA: R R b A A e — [R] TR hoR
() Tl FH AR 2548141 1 (Bacillus lincheniformis), %
R HEHEER N, vz —a R &R, H
WAGERK ST, 5Bk, Kitk, 7EBHR SR T
PR, A ZEIRAT B — EAETE , (IR AL
ST, 30X DO TR 50, T Tt 7 i 240 1 R AT 1) A A AT
DLk S Tk SRk v S g A 0 2B K, A 2R T
ORI TR D B T A R T AN IR 7 2 11
BT AR &
32 MERREREPINESHMIEE

HNIG AR R A B AR b B 00, e AR
WERAANA A T [RIE , I T SRS i =R
JBT, AL A5 i SR ) SR L0 AR A AN A Wy 2H A%
o ABJE, BEFRRFHAE YRR IR 2 5 EL
A HOXT R S A T AT, IEANRBARR PRI A
g5 R, FREIR e T AR M A
PUTE RE % LA i 8] 25 A1 B0 %) 38 Bk ) 3= o 1)
AIRENE . IR EENE AW AEAREE
it i T V4 L FTARAE  A RBR . A 38 i FH
£ 85 (B e SN R R 50 °C, IR i AIKAT,

SE 4 R AT BHRAE TR A AR R A . Rk, o
A R R SRS R R B AR, A o ) 5 2
FHRHBAE R 5 D34, B A v PRl o T AT Y
ARKES, RERUK S SRR ST W
TH v B h b R (IR, R IZ IR X A B
FREOIE EIREE , REEARES: BT 27 S WIS R
WG R Ak A ISR 36 h W EFFZS, 1%
220 24k AN Rt S ek TR T HH R B, JRH
BYRRR A, ILBEAY ZF TR, i HL
Tk 32 35 AP G 2 S A AT R o

A0 R FH A A 2 11 il IS R pH o 8.0, T
A=K pH i 7.0-8.0, NuKJE ¥kl LS pH
4 6.0-6.5, ARLIEWFFLER K, pH 4 6.0-8.0
B, EE R SR R O R AR AR LT R —
FIEER AN B, A5 pH A2 &
SLURBAE A D2 o AR = A O | AT
aigHN S, SRR AN pH T
FEASEINZENS, 76 36 hivf, —% pH A2 0.3-0.5;
B B LEE  BR,  4l G RABEARY pH BERS T %
JREZR 5.0 LI, MEHZZEREAYIN pH KIH
FaEAE 5.0 b XU F M Y B R
PERE DAFES B X, PRI RT BB S A T4 114 1)
FROR, BRI E IR 2 5 MR A 75 )
SRR .
33 EMEMESKENTK

IK A3 Xt A AR R M R
TEPI R s (1) TPk R A A EE LA A i
FERIAEE o SRR A B SN 5 (2) FKIEREm AR
FERAS B O, K sy SR R SR A
TN, R TR T BRI T K o
PETE LA SR T e, (R 5 K o
BRI T I S0 RUIN T, R AR S PR L% 1E
YEF AR T

MARDEHERH) B EE, 9.0%F1 5.2%0 % 7K i
SEREHEA PR DRL . SR MR RN T
Pt A N RSN [ [l bR ifE GB/T 22492-2008 %K,
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AR ORI B R AR 1 A et P A sl A )
AR R SRR K A3 S EfE 7.0%L0F o FIE AT,
R KO AN E I S SRRl R TR, 8
S FLT s 1) T B 4

34 FEBEMNREYEREEENF)

1 2 B TR R T T SR S R E B B0
MR EARMIEH, BfERTEREE S 36 h MR
12 h s A AR, ARG 1 T R AR AT
PR DRUASAS BI04 2000 a1 1 K 5 BA 1 i SR
Fructobacillus /2 — K IE 4 AR FLRRTE , 05l
BT RS EEENIRE D, WakEymge ., R
Tk B S0 BT LT R RS L AN
T 3ge FEFH DR R E R I A AR, o
Al BT AR BUR B R , R B AR O
X T R 2 A KR 2 A,
SR E SR S Fructobacillus FIERITTE
5 H At E W LR AN A Y2, Fructobacillus F1&RHT
PRIE BRI N 25-30 °C il 37 °C. figfEn]
DABRBRIT Rk Fructobacillus i 21— & B BRI fE
DRI AN RSERE, 78BS &,
T E G A1 AN X5 S AR A Tl BRI 5 17 22 G2 e
SebrA e R FATTHED, Fructobacillus Fi
030 AT RE 6% 78 Il A SR Hh AR R Y B R A R
P R SR T R o 2R RS R /Ny 1) 2 IR
AR, [FIRHREE . MR pH S HAE K
Fructobacillus FIERIT IR 731 46 ORI SR 2
BRI R BGR SRR, 1 B A~ X 0 ) 5 ]
HEFEZERIRING T, ZERAIMASUE T Pk E
FRIGy, DR e R R 1) P AR B AR 1 . AT,
KT Fructobacillus B L BEFN N 0 75 Lk 7 e 4L
R ABFSE

FEELH Z RIS, Al SRR R TR Bk
TRA AU SORAETE 2 D FEARIR S . — 1
AR e, s e B h a5 e
Y X AR, TE ORI BRIR & B A Z A L 3
BIFAARIIEDL; 53— 7 AN RS T M 25 T 2

Tkt b i AR R, A2k GO i 2 R AR K
SEATRIVERR, SRR RS R
(TR 22 A BRI . AR R B 2 A 1 288 i 8 1T
Aspergillus cibarius # i T & BT HP i # il
B NIRRT P B B R TR AN, X AFISh )
(e A 5 T B BN DRI, TR A A5 PP AT AT
B A KEREA T RN, WAL EAE
F B E I

4 G

N2 FRAE D A SR E 6 T A A A
FRREI ZREE, FFEH A YRR A 1 5 g 7]
TR 240 T P RS R
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