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W OE ARG ARRIAEARTHELS S, RO LA R, KEEER T iHitd
HUhAHMBRA, SBRBMFRILRARALERILESE N E035E A REAITRA LB, APk
4 4 (NDF) Mg % Ay vy i 4 | 38 3T Plackett-Burman X 36 3% 7 | %7 % vf 2 8035 1 4 8 BE o ST 09
10 A~% v B F 347 7% i, R & 3% T Plackett-Burman X 3 45 & | % 3t & & e 3% X 35 4= Box-Be-
hnken X 36 %t % v B F 2 — F A, 3 5 56035 M K BEAE A | Sl iE R AR )3 7 A2 17 B K BE Y
RS, ERAN )RRt 3 BT % F 5 MRS H R, 5 3 24 E 5 5847 B (Bacillus
subtilis) . 2. v % (Aspergillus niger) . 2 K K% ( Trichoderma reesei) , = P AL F 0418 L E
Ao AL AR, S e B R SR 8 (AR e A S AR B 3 (2013) ) P AT AR A 4R R e A 89 AR
A G B R BRI A, 2) Bl @RI SRR AT LA AL FRFY
S52ZWERRL(X,)AN 194100, HEFRFALEZHERMEN A4.T%, KL KM E A
10.4% , 5K &4 46.1% , L B8 4 8 d, AT, A FN 4 NDF %% 4 21.86% , i
i B E X 3 3K 13 49 NDF M % 4 21.08% , 5 Fm {4 2 % R 2 % (P>0.05) ,NDF [ fi# &y 4k 4k
WRZHT 15.33%, 3 ERMA LS T, 5OLAREANAIZRS , REAARAHANT
WREKE HEOR MBS ERLBRATARKEES THUFERARBIAF R A RA
B 20 ( P<0.05) ,NDF  BR M 2t 4 47 42 (ADF) 4% = pH 2 Z 1K T 8045 B 4 RAT A Fo R B iR &
B2 (P<0.05) ,F A& B 2 & ik ¥ & & % B,(AFB,) #9142 (P<0.05) 2 st BLA T i 4% 71
H M 55 (DON) #v 2 R ok B W B8R (ZEN) 89 8 Z %" R 2% (P>0.05) , A Bw G 3 Fr AR FF 0
SEHHARBANFG (AR T AIFE) (GB 13078—2017) . @il h B @ kAL % & 5 B H
MRALEFET B L EFERFAEART LIS T REANTHANE, LAM WG, FA
FEEEIHA/FS(AHZATE),
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strate, SMS) B /= A AE AR WG I, HE S8 8 H
T SR A 50 T R 1) TR A, 3 R AR R AR R OKGES
R A e R TR B, B AR 1 kg BT KY
LA SRR AR L PR RN K B BB
WRAFAS BN G 3R BE 2% 20 58 1 il 7, )2
XPVEAEGTIRAIR 2, H HT X T 08 R A 5 v
LA BRI KRG IR s ort
RAEW M, B WERMEFEZA T
e KR TR AT EA R, WSRO
B A 7 O B b By R A X T D 4 ok
FE SRR kA T I AR Ak 3 A B R T R AR AR
K SRR HL 27 2 5345 31— 8 2 B Y R
AR It R A A i, R
EAS RS, 1 R A sk RA RS,
T2 R R R AT R R 2 2 S i —
S T A B OB B TR, B K G i VR £
P ZA —E BB R AT IR 4 R 1 55 /K-
Wy e LA A6 R T s 02 B S T OBR S K &2 &
(60%~70%) , W RlBitn Z 4L, 5 KT, Mk
W) R WA Ry — b o €6, 1) A= 1 Ak 307 =X, Sl TR 1Y
TPEMER 4R, T ey 2 IR W R, B
A LT 2R W AR A S W T RE 0 B B T LA
GRIBEEAT I — 20 o e R B ARORL 7 4 & &, 42 5
FEIR T i, LR T A BR TR AT LORE A] i v i
MRS BEFE WRR G Y, sl 1k, A
TR IR AE

AR 56 M A ] 425 TR B ( Pleurotus eryngii spent
mushroom substrate , PESMS ) H 43 & i 1% 2T 4 & 43
R, 53 F BB ( Pediococcus acidilactici ) FE
T 5% £ ( Saccharomyces cerevisiae ) 41 1,2 & 7 7
X A5 ) 5 DR R A T A I 3 3 g T 9%, DA rp R T
V2T 4k (NDF ) R fiff 232 hy i) 1WA D0 Ak A T 25 18, 42
e LT R B A 3 el st 3l Pk R A R A B
T TROEAE R 2 30y iRk 1 R B AR R O vk

1 #MR5FZ*
1.1 REEH

LR R AR TR 16 FR, FLIR A BRTA 1 Bk, TR
1AR, 3L 18 R, b R T AR 35 DA 6 2 TR v 3
2,005 25% M CE H 1:1 1B E, -80 CrkAa
RIS
1.2 REEEN

A s TR (s 1 AE) B OB L

it IR BN LR 1, 2k Bz i A B A A
FA AL, 20 cmx30 em T HE R EY)
K B BRI A RN AR AL

F1 THFTIEFEHAN
Table 1 Composition of Pleurotus eryngii medium
%

i [ GE S

Items Content

JERLH A% Raw material composition

FE K3 Corncob 40
PERK Sawdust 20
#k Bz Bran 20
THH Soybean meal 10
FK# Corn flour 10
A1 Total 100
B2 B Excipient composition

£1%8 Gypsum 1
kR4S Light calcium carbonate 1
A JK Lime 1

FPRHE R o RS AT L]
Excipient composition were the proportion of raw materi-

als in total.

1.3 RIS

ZEALWAY-G154DW %I & [k K i 4% , EPOCH
B Y, THERMO TECH-320 KIfiE ¥
JK ¥ 5% , EPPENDORF-5810 & .0> ., VORTEX -5
RUR TEYRE % %% , THERMO FISHER #8417k % , SAR-
TORIOUS Pb-21 AR i i1, AIRTECH # ¥ T.1F
£, SUKUN SKY -200B {8 i £ 5% £ &K, BIO —
RAD-C1000 PCR 1%,
1.4 RIEFE

LB RIS F7 5 | 8 B AW iR (PDA) 1)
PREE SR MRS W AR IR 3 7l 8 5 3 R AL
LY Z B ( CMC-Na) R G E8E F7 5L, DL F #5572
¥ 2w e 45 1 ik e
1.5 KB H*E
1.5.1 2452 53 ik /i W) i

PR AE T —80 C ML 4k £ 7 it w1 U & T
4 CUKEE FRR , LA A% L9 42 T I AR B 9% 3
F 160 r/min, 37 CHEE 5 I 7K P is ik 2 18, &
REEFR 12 h, $EFREE A KT i 2 R 7K 6] &4F
Y5 Z 53 A HEA TR FE R R B 3 38 R B IR A
FAIR AR R 37 56 37 CHEIEE 5% 48 h, RiFR4h



4804 EZ/|

=4
[=]

It

L
&

Eitd 31 %

WA, PREBA KRS R4 i 7%, s fh 2
CMC-Na [ {4 i £ 35 7% 2, 37 CHH K 5% 48 h
J& , 1 mg/mL BRI SR L R G4 6 30 min, G4
IR 56 412 B R 75, B 1 mol/L 1Y NaCl %5
e 30 min, U &5 3% B BB B AR (d) 5 WK AR
(D), ¥t d/D KT 3 Bk,
1.5.2  ZF4E S 53 fifk v I 1k B D o

N7 9 5 45 28] 10 28 248 2 53 ik T 1 R Y R 2F 4
i (CMCase) FIUEACHE (FPA ) Wi M, W 5E 5 ik S
i FEY ) M e XA EIRY
(CMC-Na € 4%) Je A i 1 wmol 38 Ji 8% I 7
B, O 1 AEENE AL, DL U ROR, AL
B et 3 BREFYE R 4 (P12 L6 \L8) .
1.5.3 SRR 58

P 3 bR T 4E R o R T o T
JE P12 1 50 DNA £ Bl FH 4 A 2 D] 41 48 B 5)
& (D3350 - 01, Omega, J~ M), f# J 40 &# 16S
rDNAE H 5] ¥ F27.5 - AGAGTTTGATCMTG-
GCTCAG - 3', R1492. 5' - TACGYTACCTTGT-
TACGACT-3', ¥ 3% H Y v Bt; L6 L8 1Y & DNA
FEEBOR 175 b 3 = H 3L R L &% (CTAB) i,

i/ B 7 18S rDNA i ] 5] %) 1TS1:5 - TCCG
TAGGTGAACCTGCGG - 3', ITS4: 5' — TCCTC-
CGCTTATTGATATGC-3', ¥ 3 H # & B:, PCR
PRk 2 R W s w) AT IO W 4 R AR
NCBI M3l #£47 BLAST HXF 40 0 5E B AR T E |
1.5.4 Plackett-Burman = %% K7 B4 i 16

Plackett-Burman i % 8 9% 25 & W 58 2 A~ 56
7 F PR R T A EE DA O 2 X g 5 SR Y )
TR BRI TAE & DB AT IS S
ik, HEr T oM ge” SR ER T EAR
% NDF [N HA & 7 4 i 2F 4 R By 4 Rk 280857,
WA N FRM A Y S R AR AR ik
FHALE B Run =12 AR5, % B2 B Bk 06 7 o
il £ 10° CFU/L , % 5 A5 fifi a5 PRTME & ot i v 41 4
RIEMACHT 10 DR [ AR 2 A 5 R i w
AR LG (X)) Al B2 96 R R 2R il B S o i
(X,) FLIR B BR TR U i (X)) | PR T B 5 n o
(X,) KB (X,) B (X,) B BR B 45
H(X,) EKE(X,) A (X)) 48w (X,,) ]
AT, Forh A P2 3 KOF (+1) FHIR K
(=1)2 DK R KT 11 8 S5 Bl s 45 51
B R KoKk 2 s

% 2 Plackett-Burman iR 36 F 2= & 7k

Table 2 Plackett-Burman factors and levels

[K| 2% Factors

P12 f1L6  FLERFER R ¥ el T R B
mmE EEnG 751 S, o i &K L AR
K . o U . . Fisf ]
. P12 and  Pediococcus  Saccharomyces Ammonium Moisture . Amount
Levels P12 :L6 . . . Bran Temperature/ Time/ .
eve (X)) L6 acidilactici cerevisiae dditi °C sulfate content/ in
additive
! additive additive additive /% (X.) additive % (X,) bag/g
amoun o
amount/%  amount/% amount/ % (X.) ’ 0 amount/%  (X,) ’ (Xi)
(X,) (X,) (X,) : (X,)
-1 1:1 1 1 5 30 0.5 40 400
+1 3:1 2 2 10 37 1.0 50 600

1.5.5 fBENRHHAL:

i E € 3% 3 36 & T Plackett-Burman if 5 2%
T AR 0 8 1 0 R e T A 2R R R Y T
A IE TN AT — 20, DA 2 3 S5 R i DX 3
A a5 R = o i) 7 AL 19 5% ) Ay TE AR, T T 3 T
) B R ik 3 K I B =, B =2, T B T 1)
R,

1.5.6 Box-Behnken if 4

Box-Behnken 2t 56 2 i i 11 38 56 % 11 A —
Pk, OB B AR fE R i R 5 ST A R R Y
IO AL B 17 450, DR] I AT DA sl B 78 A ity PR 2R 2% AR T
AT IR A 25 AR 221 ) Z84 Plackett-Burman i,
5 A BE E 3 i e 25 2R | I ¥ Box-Behnken i 4w H?
O R4 KT 2B K LA NDF B fife 5 Sy o 17 {8, fiff
HH Design-Export 10.0.4 K {4 X} i 56 #4f 28 17 4k
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B, ST R LA B A A o7 1 ] 0 B i
TP AT
1.5.7  PeAb/KE B ki g6 S8 B o 1 1 D
KT 4T E 3 H 1l 5,

NDF [ fiff 258 52 W0 5 000 B 326 47 %5 bb 36, I
B JFURM AN I B VR e T 2RI A TR VR R T A 1
HAER GRHERSELEETN, ®HESR
By & I E 2% SCEk[ 18] ; it & 8 R B,
(aflatoxin B,, AFB,) . flX it B 2 ( deoxynivalenol ,
DON) 1 & K 7% %5 # ] ( zearalenone , ZEN ) 75 & It
T A P A 7 ) Tl 36C 9 922 I B ( ELISA) i 7] &
(Beacon, 32 [H ) ; & B B M BCE PR S % X B
T By T IR ( DMR) 3B A K
mr.

T ISR (% ) = 100 ( & 8 S B i o i

RE GRS T i) /(K T RITRE i JoT <

RBERIFES TR & i) o

1.6 HiESt

fi FH Excel 2016 X 2t 56 $ 4 #F 17 9) 20 %% 3
21 4 RS M 45 55 R 1 SPSS 20.0 St 1 : XT 4L
P AT A K 17 2243 B ( one-way ANOVA) , >k H
Duncan [CIEVEAT L & L, 25 0 DL 2408 = b5 1
257 RN 5 A M5 TR R A 4K 58 4 45 R R H Design-
Export 10.0.4 #EA7 081, ¥ LA P<0.05” N 22 5 i
HEFIBARE

2 BR55H
2.1 HAEZESBREHOVE

SR FH I SR 1 2 o 7 6T i 3O DA B 4 B v o
TET B 16 MREF 4L 2 43 R E AT 00 0, 245 2R L 3R
3, HRAT TR RS SR A A5 R UL IE 1, 2 6 #kd/D
KT 3 W@, 098 P2 P7 P12 L6 L7 L8,

x3 ZHBEER EXERR-EIE

Table 3 Transparent circle diameter, colony diameter and their ratio

" Wik HR W R H AR . Wik HR EYREHRA
R R A
. Colony Transparent . Colony Transparent
Strain d/D Strain d/D
diameter circle diameter diameter circle diameter
number number
(D)/mm (d)/mm (D)/mm (d)/mm
P1 2.42+0.12 5.13+0.15 2.12 L1 1.82+0.02 5.06+0.03 2.79
P2 1.34+0.06 4.30+0.08 3.21 L3 1.96+0.03 5.69+0.12 2.90
P5 1.38+0.04 3.52+0.09 2.56 L6 2.13+£0.07 10.39+0.09 4.89
P6 1.81+0.05 4.94+0.05 2.73 L7 2.07x0.11 6.75+0.14 3.27
P7 2.21+0.10 7.37+0.06 3.34 L8 2.33x0.07 13.97+0.10 5.99
P10 2.37+£0.31 7.04+0.45 2.97 L9 1.96+0.13 5.87+0.15 2.99
P11 2.68+0.03 7.12+0.04 2.66 MU1 1.88+0.06 5.25+0.04 2.79
P12 2.59+0.10 8.22+0.08 3.17 MU9 1.70+0.08 4.22+0.09 2.48

1 BoBEKREREERE ERARERE
Fig.1

Transparent circle formed by some

strains on selection medium

2.2 HHERSBEEEEHNNE
XS A B ) 6 BRET 24 2R o3 K i AT 2T 4k R
BTG PRI A, 25 R LR 4, B3R 4 AT LR 1, P12,

L6 L8 1144 HY BE 2T 2 2 il #1198 40 M % Pk 2 35 v T
HoAly 3 BRTA (P<0.05) , & FY B 21 2 3% Wi 1% 14 d5 s
Bk A L8, 155 1.31 U/mL, 5 Lo 253 K ¥
(P>0.05) o U8 4CHG 5 1 f = WO B AR O Lo, 5 3
33.10 U/L, & & T P12 L8(P<0.05) ,
2.3 HFERSBEHEE

il 7E NCBI dls J H4  bk P12 L6 L8 (1Y
LD PP #E4T BLAST AHIME L XS, %85 H P12 4
i ¥ ZE LT R ( Bacillus subtilis) , L6 i A %% (As-
pergillus niger) ,1L8 & B [C A %% ( Trichoderma ree-
sei) HERIVER 5. MR b AR A RN Al 7 Kk
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A B CHRDRHER TIN50 af b H SR (2013 ) ), bl 5 28 AT
[CRE E INDR(ESEEE SR) | Pol INTTIE AN S 37

75 H S, P I 22 FOR RS B 28 ST 1 A0 R R
AR IEAT 7 Bl R N K B SR S

R4 AERHWEEEME

Table 4 Enzymatic activity of cellulose-decomposing bacteria

B Fh %5 Strain number

R H LA 4 Z il CMCase/ (U/mL)

JEALHE FPase/(U/L)

P2 1.05+0.04¢
P7 1.10+0.02°
P12 1.17+0.01°
L6 1.27+0.02°
L7 1.04+0.03°
L8 1.31+0.02°

19.60+0.36°
22.27+1.59¢
27.93%1.19°
33.10+1.32°
25.80+0.89¢
29.63+0.41°

[RIH) B L 8 AR AS [R) P R 22 B W2 (P<0.05) AR PR R 22 B AR B E (P>0.05)

In the same column, values with different letter superscripts mean significant difference ( P<0.05) , while with the same let-

ter superscripts mean no significant difference ( P>0.05).

® 5 4AE 16S rDNA R EH 18S rDNA KIE E F 5 [F R 14 b 3
Table 5 Bacterial 16S rDNA and fungal 18S rDNA gene sequences homology comparison

L ¥R ot 1o AR B BE P R 44 R 15 = FH AL B GenBank AH L
Strain number Most similar strain %55 GenBank No. of the most similar strain Similarity/ %
L6 B Aspergillus niger KT963790.1 98

L8 H KRB Trichoderma reesei KU729028.1 99

P12 Mt ZERUAT T Bacillus subtilis NR113265.1 99

24 BHAFFREREBSENAL
2.4.1 Plackett-Burman 3= %% R B4 i 1k

Plackett-Burman i 55 15 11 S 7% i %5 P& Bt NDF
Wi R 25 SR L5 6, R ] Design-Export 10.0.4 4k
X e S0 235 SR 1A 2 A LA 4 A, S5 gk 7
N GWIARLA A, 158 455 F E 5 b E
NDF [ fift 2 2 [6] i [11 5 J5 2. Y= 15 +2.23X, +
1.4X,+0.53X,+0.14X,+1.64X. —0.75X, +0.84X, +
1.17X,+1.9X,-0.2X, .

BiR F {H K 301.81, P {9 0.045, % B %
AT E b 2 A R 20 A fif 4 TR NDF B fie
R[5 M RO E RN, AR B IMKR IR X X, X
X, Xy X X Xy X X, RN X X, Horp
X, Xy X, X X, iR B E K (P<0.05)
LA E X, X, X X X, HIE LI 5
AR F
2.4.2  fBECH AL

X Plackett-Burman 55 7 %€ H i 5 %} NDF
ok ik 25 i e 2 1) 1k PR R R AT A BE E B 5

R M RIER 8, k8 Al LA 1 NDF [#
fifr R B R WA 3 AR I, IR DLk 3
2H R 25 H o0 5 54T Box-Behnken 55
2.4.3 Box-Behnken &4
32 8 ks 3 4 il 50 45 R I BN Box-
Behnken 155 H0 f0(0) , 05 2 21 0956 ZF
K (=1), 358 4 4 A9 56 5 4 0 & K F
(+1) ,NDF [ 2= e W AE , 51t 5 &R 3 KF
9 Box-Behnken % , 05 HEh 46 4H iR 5015 1T
WLZ% 9, fii i Design-Export 10.0.4 %4 X% i 56 4%
SRAEAT 813 J3 A, A5 380 e )07 A2 i 55 PR AR o 22 ] Y
2 mL e
Y=20.46+0.82X,+0.077X,+0.83X. +
0.39X,+1.48X,+1.78(X,X,) -1.14( X, X,) +
0.73(X,X,)-0.43(X,X,)-1.13(X,X.) -
0.96( X,X,) —0.34(X,X,) +0.97(X.X,) +
1.19(X.X,)-0.26( X, X,) —1.84X7-2.25X;—
1.2X2-3.42X;-0.8X; ,
(819 73 Br 45 2R W3k 10,
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% 6 Plackett-Burman X 3% 1% i+ 1 NDF P& %
Table 6 Plackett-Burman experimental design and NDF degradation rate

it K 2 7K F Factor levels NDF [t
Experimental degIr\;gzl:tion
groups X, X/ %  X/% X% X /% XJ/C X/% X% X/d o X,/g rate/%
1 3:1 2 2 2 10 30 0.5 40 7 400 18.48
2 1:1 4 2 2 5 30 0.5 50 5 600 12.46
3 3:1 2 1 1 10 30 1.0 50 5 600 17.75
4 1:1 2 2 1 10 37 0.5 50 7 600 15.16
5 1:1 4 2 1 10 37 1.0 40 5 400 12.95
6 1:1 2 1 1 5 30 0.5 40 5 400 5.75
7 1:1 4 1 2 10 30 1.0 50 7 400 19.93
8 3:1 2 2 2 5 37 1.0 50 5 400 14.11
9 1:1 2 1 2 5 37 1.0 40 7 600 10.31
10 3:1 4 1 2 10 37 0.5 40 5 600 15.51
11 3:1 4 2 1 5 30 1.0 40 7 600 19.96
12 3:1 4 1 1 5 37 0.5 50 7 400 17.58

X, M B ZEFAT B 5 B i B ARFLLE volume ratio of Bacillus subtilis to Aspergillus niger; X, i 5 SE AT B A1 22 (il 25 75
8 Bacillus subtilis ; Aspergillus niger additive amount; X, : 7LFR i BRI IS it Pediococcus acidilactici additive amount; X, ; FiR i
FEEEAR i Saccharomyces cerevisiae additive amount; X : £k & S Il & bran additive amount; X : il temperature ; X, : SR 24
SN ammonium sulfate additive amount; X, : 75 7K i moisture content; X, ; i [H] time; X, : 433 i amount in bag, T3 & [&
2 [fi] the same as below tables and Fig.2,

%7 Plackett-Burman &t 5 Z 45

Table 7 Variance analysis of Plackett-Burman design

5 S R . MUSES Y7 -

Variation Rk HhE Regression Mean FiE PE At
Sum of squares df . F-value P-value  Significance

source coefficient square

FEH Model 194.48 10 19.45 301.81 0.045 ¢

X, 59.94 1 2.23 59.94 930.12 0.021 *

X, 23.61 1 1.40 23.61 366.36 0.033 *

X, 3.31 1 0.53 3.31 51.44 0.088

X, 0.23 1 0.14 0.23 3.58 0.310

X, 32.10 1 1.64 32.10 498.18 0.029 *

X 6.32 1 -0.73 6.32 98.11 0.064

X 8.45 1 0.84 8.45 131.12 0.055

Xy 16.42 1 1.17 16.42 254.76 0.040 *

X, 43.64 1 1.91 43.64 677.29 0.024 *

X 0.46 1 -0.20 0.46 7.12 0.228

5% 2% Residual 0.064 1 0.064

BB % Total deviation 194.55 11

* R 27 B3 (P<0.05) , * mean significant difference ( P<0.05).
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Table 8 Experimental design and results of steepest climbing test

PEN R K2 /K3 Factor levels NDF [ %
Experimental groups X, X,/ % X./% X,/ % X,/d NDF degradation rate/%
1 1:2 2 5 35 5 14.24

2 1:1 3 7 40 6 18.38

3 211 5 9 45 7 19.62

4 311 5 11 50 8 19.13

5 411 6 13 55 9 16.75

% 9 Box-Behnken iXI&i& 1t

Table 9 Box-Behnken experimental design

o] K Z /K Factor levels NDF [ 2
Experimental groups X, X,/ % X./% Xy/ % X,/d NDF degradation rate/ %
1 2:1 5 9 45 7 20.95
2 2:1 4 11 45 7 19.20
3 1:1 5 9 40 7 15.57
4 2:1 5 7 45 6 18.45
5 2:1 5 11 40 7 16.05
6 2:1 5 7 40 7 15.43
7 2:1 4 9 40 7 13.40
8 2:1 6 7 45 7 17.78
9 1:1 5 7 45 7 14.15
10 2:1 6 9 40 7 15.26
11 1:1 6 9 45 7 12.74
12 1:1 5 9 50 7 14.87
13 2:1 5 7 45 3 18.02
14 1:1 5 9 45 8 19.47
15 2:1 5 11 45 6 16.47
16 2:1 5 9 50 3 18.18
17 2:1 4 7 45 7 15.60
18 2:1 6 9 50 7 14.56
19 2:1 6 9 45 8 18.96
20 3:1 5 9 45 6 17.54
21 2:1 5 9 45 7 21.03
22 3:1 4 9 45 7 15.85
23 2:1 4 9 45 3 19.16
24 1:1 4 9 45 7 16.03
25 2:1 6 9 45 6 15.93
26 2:1 6 11 45 7 16.84
27 3:1 5 9 40 7 14.31
28 2:1 5 11 45 8 20.79
29 1:1 5 9 45 6 15.47
30 3:1 5 11 45 7 18.25
31 2:1 4 9 45 6 14.75
32 2:1 5 9 45 7 20.37
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R K Z /K Factor levels NDF [ fift %
Experimental groups X, X,/ % X./% Xo/ % X,/d NDF degradation rate/ %
33 2:1 5 11 50 7 17.73

34 2:1 5 7 50 7 13.22

35 3:1 5 9 45 3 19.82

36 1:1 5 11 45 7 18.79

37 2:1 5 9 45 7 20.04

38 3:1 5 9 50 7 16.55

39 2:1 5 9 40 6 13.72

40 3:1 5 7 45 7 18.16

41 2:1 5 9 45 7 20.56

42 2:1 4 9 50 7 16.54

43 3:1 6 9 45 7 19.68

44 2:1 5 9 45 7 19.78

45 2:1 5 9 40 3 17.29

46 2:1 5 9 50 6 15.63

2 10 W LLE H R P<0.000 1, 32 B i 0]
VARBE AL TR B K AT e R A R =0.938 3, 3%
HH U ] S B R 40L 5 A B R 4F, AR ‘3%?&7@ 4.48%
F W g0 R0 B O BE /N o 3 3k %o (] 05 Oy #R 4y

Mol g, — I X, X, . X,, 28 BT X, X, X, X. .
X, X5 X5 Xy AT A 1 R 308 Wi 1y {F 5% nm&@
F(P<0.01) , ZZHIF X, X, X X, Wi 1 {85 0
#(P<0.05) .

% 10 Box-Behnken if 3& Bl JF =8I 75 2 43 #7

Table 10 Variance analysis of Box-Behnken regression model

5 IR AR #95 v ri o
Variation Sum of Regression Mean

df . F-value P-value Significance
source squares coefficient square
B Model 224.16 20 11.21 19.01  <0.000 1 o
X, 10.69 1 0.82 10.69 18.13 0.000 3 Hk
X, 0.095 1 0.077 0.095 0.16 0.691 1
X 11.05 1 0.83 11.05 18.75 0.000 2 Hik
Xs 2.44 1 0.39 2.44 4.14 0.052 6
X, 35.22 1 1.48 35.22 59.75 <0.000 1 ik
X, X 12.70 1 1.78 12.70 21.55 <0.000 1 Hk
X, X5 5.17 1 -1.14 5.17 8.77 0.006 6 ok
X, X 2.16 1 0.73 2.16 3.66 0.067 2
X, X, 0.75 1 -0.43 0.75 1.26 0.271 5
X, X5 5.14 1 -1.13 5.14 8.73 0.006 7 ik
X, X 3.70 1 -0.96 3.70 6.27 0.019 1 *
X, X, 0.47 1 -0.34 0.47 0.80 0.378 3
XXy 3.79 1 0.97 3.79 6.44 0.017 8 *
X, X, 5.65 1 1.19 5.65 9.58 0.004 8 Hk
XX 0.26 1 -0.26 0.26 0.45 0.509 4
X3 29.44 1 -1.84 29.44 49.95 <0.000 1 #ox
X; 44.24 1 -2.25 44.24 75.05 <0.000 1 #ox
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L T T S ST pw pm wEk
Variation Sum of Regression Mean
df . F-value P-value Significance

source squares coefficient square
X2 12.54 1 -1.20 12.54 21.27 0.000 1 ok
X2 101.84 1 -3.42 101.84 172.78  <0.000 1 s
X2 5.64 1 -0.80 5.64 9.58 0.004 8 s

#% 2% Residual 14.74 25 0.59
JeHUE Lack of fit 13.52 20 0.68 2.77 0.130 9

4fi% Pure error 1.22 5 0.24

LB 2% Total deviation 238.89 45

AT R 5 R 0.938 3

RERE CV/ % 4.48

* RRNEFBE(P<0.05), == FrR2EFWEFE (P<0.01),

* mean significant difference ( P<0.05) ,and #** mean extremely significant difference ( P<0.01).

i H Design-Export 10.0.4 #4422 il W [H & 22
LY 3D e )7 T ] A A e 2k L T AT A b UL T
R 2K 1958 HAE X NDF B fif 28 14 5% 0, 585
SR UL 2, e 1 T PR ARE SRR K XTI 1Y) 45 e B
% (EEMRIELIR ) | 2R 7R P IR R 22 (8] 9 32 B AR B
W3 W 2w R, Y E B A2 5AE AR Ak
fyHAD 2 D AE A, K 2-A Kl 2-B & 2-C K&l
2-D [&l 2-E [l 2—F (1) NDF [t 3 bt % 19 58 . A

T3, IS KR N R

T A A T T A Y AT 4 B, A5 B A
VAR e T 1) 55 D0 4% 14 R A O 28 004 0 . 2R i &5
(X,) A 1.94:1.00 A4k 5L ZF AT B F1 08 i 25 45 0 i
HAT% FRZ IR 10.4% , & K8 H 46.1%,
RERFTE] Ry 8 d, 78 I 55 11 T A T, A5 AU ) ) A5
i 75 TR B NDF B % 21.86%

A B C
S T - T .
X 22 1 D 22, 41 ] % 22, T L]
=S " | { { = | —— 3 ] “—
M‘q‘ézo -_ o = 20 2 2l —
¥ 518 N ¥ 2 1871 gg 18
g 16 | | = L
% = 16. ! % -‘?j LT —" & _§ 16. ' N
[ o e 14 w2y
Z 3 ot z 3 . o .
3 12% - 12 Z S 12
g 230 Z 530 8 3.0
z o = . i '2.0.0 GERtE 10 2.0" Z 50 2.5
29 50 45 _11.5 X 9 . 5 = 48 46 = 1 ?.0
X 0 ' X; 7 ! 12 401,07 X
XH
D - i E , , . o ,
S 2 e— e L] T S 22
2 20, 2 g - —— 2 90 el
¥ E g 3 L M = -
&g 18 w5 18 ES B4
S g=4 = S | B
2 164 l g 16 £ 1677 | y
b3 E — % S i % .§ 1l P! ]
= 4 v a5 4 . 2 g g
zZ 2 12 3 12 8 12 Y
< :3.0 9 6.0 28 0.0
g 2.5 2 | 55 a £33
8.0 -z 2.0 G § 5.0 Z 5074 5.
Z 5 7% ) 10 g A4 64— s
X 65 60107 X, 740 X 42 4020 X,
4 X X,

2 AWEFRXE(ERAX NDF MR 200

Fig.2 Effects of interaction of experimental factors on NDF degradation rate

2.5 EMEESHXBERRIE

e AL K W 4 0 0 Al 3 41 A7l 5, 8

NDF [ fi# 3 52 {E Ky 21.08% , 5 46 78 i ) 2%
21.86% 2% %A BE(P>0.05) , KA IS 5] 1
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[l AR B 5 #4F, NDF [ R A AL AT 5 v 1
15.33% o JEURMAL AN I B 80K B A5 3R 5 T &
TP A4 Lo % e L2 11 (FRrp 3 2R U0 K a2 2
FEXT I B T B Al g ) . ANER 11 AR LR
MR R R A T 2 R T B IR R R

FLRE W 3 b & 1 M ZL R TS AU S TR
BLH AN N B W & BE4H ( P<0.05) , NDF . ADF %
Al pH I 2K T IR RS N TR W R B4 TR S
R &% B 2 BRAK AFB, 19 & (P<0.05), %t
DON Fl ZEN & & A2 A B 2% (P>0.05)

R11 EHREEREBAIER ST

Table 11 Composition contrast of before and after fermentation of Pleurotus eryngii spent mushroom substrate

TiH JERHA
Items Raw material group

AN e A

Fermentation group without

TR A R A e
Mixed bacterial

bacterium liquid fermentation group

T# 5 DM/ % 93.12+0.80"
T9 5 E % DMR/ % -

HE M CP/% 12.34+0.38°
H PR AT 4 NDF/ % 64.33+1.43°
FRMEVEUR AT 48 ADF/ % 44.41+1.25°
FLEE T EE/ % 0.22+0.02°
K4y Ash/% 14.22+1.94°
FLBR W Viable Lactobacillu/ ( X107 CFU/g) -

A JF B Reducing sugar/( mg/g) 31.67+4.51°¢

pH 5.48+0.09°

WX -7 % DON/(pg/kg) 191.08+6.21
TR ARERE ZEN/ (ng/ke) 151.23+5.26
i #5# % B, AFB,/(ng/kg) 4.66+0.12°

JREIRAS Sensory state

BUipa i, kB G A AR BRI,
B AR RS

91.69+0.58" 91.35+0.42°
93.03+0.47" 95.17+0.35"
14.00£0.21° 14.56+0.09°
60.63+0.63" 50.77+1.81°
41.97+0.79" 37.70+0.52°
0.55+0.06" 1.02+0.18*
11.28+0.44° 11.75+1.41°
2.03+0.61" 6.33+2.08°
41.33+4.04° 47.00+2.65°
4.62+0.05" 4.06+0.05°
182.46+3.52 185.31+4.88
147.16+3.42 146.88+5.82
2.98+0.66" 1.92+0.03°
FTHLAATL, B 0 A
VER YAV B B I A LR AR

FIATECHE B AR AS Rl P8 22 7 3 (P<0.05) MR B PR R 22 B AR B E (P>0.05) ,

In the same row, values with different letter superscripts mean significant difference ( P<0.05) , while with the same letter or

no letter superscripts mean no significant difference ( P>0.05).

3 #
31 AEESRAENRIHE

OB IOHR IR S R R TR 5 R 7T
AL F AL, AT A AR P
HLAE 1 77 B, A 3 45 51 T 30 1 £
BE L RTBEA K B P R AT A
522 X 7% 638 A 4 XL 069 K50
IS0 A5 90 F 0 9 4 0
W L, S 0 2 IR (6 00 9 00 5 T
B T B T R A 72
S xR RN ILICET 4 3 R4
i SR 2

O R — A € 20 2 4 6
TSRO B 2 R £ R
FURIARS WA BRI ™ L AR R (7 42

VFZ RS 53 WA 27 4t 3% Wi, JF LA4T 2 325 32 2k IR
PSR R , DRLIG O 35 1 2 2% Il 0 M v i R
Wy 2 58 AV A 6 2 TRV T AR R R A 1 B, B
I, BFFE N G0N [ AR 5 i 18 1 00 2F 4k 38 i 1A
FE NN B P BRSO
7 39 4% 77 e AR A 2 1L ey € e ) 4 8 v 7 B O 3k
T3 RRETYE R 3 A, HP R AR X1-2 B M O
i Oy AR R E AR X2 AR AT
( Bacillus sp.) , ZEWEF527 R [A] B 55 1Y £ 4
Gy 2 PR RO A R OR A A I B, R 15 d,
T K AEFE R AR R A3 )35 5 59.43% 1 59.13% , 5
O F YT, 2 KRB B N AR R T B T R Y
A i 5 PR A A o O 2 1 8 o v AR 4 R O il
WAEY), P ARG AN B 4 bR (ZEAAF ) ik 2
RO BREEZ TR, 1 PR/ANBUILTR ) (LT 2 BR (1 B R
BB, 1 MR/NIET ) o MRS 0 B 45 2R m] LA



4812 o ¥ B F

% i 314

FHHEM Le ML8 B d/D Bk, R ILeF 4 R
il 0 0 0K il 0 A A RE R A v, TR AER P12 1Y /D 7E
W 6 AR TR Bl R /N, (5 L8R FY O 2F 4k 3R il Fi R
YRRTE PR AR AR . X R WIAE CMC-Na [ {4 i
VEREFREE I d/D IS REE A S R H L £ 2 R il
IS AR TG R R/ 3 5 e 2 0 R ZE i 0 1Y
WroEas R —5, Wik, d/D 75— @R b al [ e
BRI X £ 4 2 68 70 05 55, (R AFFE iR 25, IR T
HE— 25 7 £ 4 R Wl s M 255 PE A TR R 1 £F 4
ROMRAE 1, AR 38 i £ 4 4 i AE CMC-
Na B RTGBERT 725 I A /D K/, 454 B
S 2T Y 2 g R 308 4K T 6 ME A 5 25 A T TR AR
LR AR , A 0 2 TRORE O R R 3 MREF4E R
Sy TR AL R ZE AT R R A B ROR SR, Horp
R B 2 AT B 0 i 2 Dy rh A N R L R [ A
b 2 A7 B CRRRR IS T )RR E SR (2013) ) R
LR
32 FHAREREBREEAE

AR — A NY) -1, 45 KM EG S
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Screening of Cellulose-Degradation Strains and Condition Optimization of
Mixed Strains Fermentation of Pleurotus eryngii Spent Mushroom Substrate

LI Jiateng YANG Fanti WANG Shikang ZHANG Enping”
(College of Animal Science and Technology, Northwest A& University, Yangling 712100, China)

Abstract; The purpose of this study was to reduce the cellulose content in Pleurotus eryngii spent mushroom
substrate (PESMS) and improve its feeding quality. The cellulose-degradation strains were screened out from
PESMS, and mixed with Saccharomyces cerevisiae and Pediococcus acidilactici to ferment PESMS. The 10
factors affecting the fermentation quality of PESMS were screened by Plackett-Burman design ( PBD) with the
response value of the degradation rate of neutral detergent fiber ( NDF). Based on the PBD results, the steepest
climbing test (SCT) and Box-Behnken design ( BBD) were designed to further optimize the influencing fac-
tors. The fermentation model of PESMS was established, and the optimal fermentation conditions were obtained
by solving the regression equation. The results showed as follows:1) three cellulose-degradation strains were
screened, Bacillus subtilis, Aspergillus niger and Trichoderma reesei. Among them, Bacillus subtilis and As-
pergillus niger can be added as feed in the Catalogue of Feed Additives Varieties (2013) published by the Min-
istry of Agriculture of the People’ s Republic of China, and were used as follow-up fermentation test strains. 2)
Response surface methodology (RSM) was implemented to optimize the fermentation process of PESMS. The
optimum fermentation conditions were 1.94:1.00 for the volume ratio of Bacillus subtilis to Aspergillus Niger,
4.7% for the inoculation of cellulose-degradation dominant strains, 10.4% for the addition of bran, 46.1% for
the moisture content, and the fermentation time was 8 days. Under these conditions, the degradation rate of
NDF predicted by the model was 21.86% , and the degradation rate of NDF obtained by the validation test was
21.08%. There was no significant difference between the model and the predicted values ( P>0.05), and the
degradation rate of NDF increased by 15.33% compared with that before optimization. 3) Under the optimum
fermentation conditions, the nutritive value of PESMS was significantly increased. The dry matter recovery rate
(DMR) , crude protein, ether extract contents and viable Lactobacillu number of fermentation group were sig-
nificantly higher than those of raw material group and fermentation group without bacterium liquid ( P<0.05) ,
NDF and acid detergent fiber ( ADF) contents and pH were significantly lower than those of raw material group
and fermentation group without bacterium liquid ( P<0.05), and fermentation could significantly reduce the
contents of aflatoxin B1 ( AFB1) (P<0.05), but had no significant effect on the contents of deoxynivalenol
(DON) and zearalenone (ZEN) ( P>0.05). The contents of three mycotoxins before and after fermentation
were in accordance with the Hygienical Standard for Feeds ( GB 13078—2017). The response surface method
is used to optimize the fermentation conditions of the cellulose-degradation strains, which can significantly re-
duce the cellulose content of PESMS, and improve the nutritional value of feeding. The content of mycotoxin
before and after fermentation conform to the Hygienical Standard for Feeds.| Chinese Journal of Animal Nu-
trition , 2019, 31(10) :4802-4816 ]
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tion; response surface methodology
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