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2.5 B IRBTG R SRR EOR F R TR E R SRR, KD 410125)

i OE. ARREEARAABA SN N A EIRRFORELAHL G ALHAR, EAHY
BRI, A PSR AR TR BRI L EEREFA B 384 AT F0 R £ -F £ H ( Phan-
erochaete chrysosporium ) 37 & 4 4 Z B fo K RAEEG R m 5 B A B R4 4 AW Z #4706k, 5F
A BERRBATIEMN A, EREAN . ABASHANABHERARFGTHR MEER
SEREFEDTRABAM(P<0.05) , BEERARRE PHRERS S BRERESLELTLEK
T RKEBEAFF(P<0.05) , KRFRFTHRFORER LSS N HEEZHIME 0.2 g/kg, REHE
BrikmE0.1 g/kg, R RETFEH BT 20% , L BERK19d; EREH T, ELRBFO P RE

B LR R Fe B SR A T R R S A B T 23.47%F2 20.13% .,

KB, EREA, AARETFER  H T,

HE S ES:S816 MEFRIRAD A
ARk Bl A 3R A A 77 B R AKCF B A B
e  REEBAEET RECRAEY R AT B
WAEARWIE NN, A RO AR AE Y75 FFAE by 1) ) B¢
TEAALT i N G X — 7 &, 38 ] DL AR A
AL B ) B AR I 9 /0 B8 8 A B Sfe 1 AR TS
SRS AT 200 JH B 25 4y 5 % ik LA 3l W T A I i
AT 3 GRS AT A HE R 2% T K AS A1 b 40 il BE vh
YA 5T 2= 1P 27 4 25 A B A BK T4 41 4k 25 ik T
DAL, D [T 1) Tk e s T S 3% 4 5 TR B, R BT R A
Bl 6 21 4 22 08 il — i A [l 25 5, 008 1A ) F il
PO S e o ] 3 | S IS RTIE 77K S
P = R R SRR B R OK R
FF R FH A, 38 ok v 7, IR AT e A A A 19 2
A2 Jp 5, XOnT el AT L T, i A R TR T AR
PN SR Y UL LR NG ) Ee o o |
( Phanerochaete chrysosporium) , Fo AR it & [ fift 2%
BN BEZH TS T 10.9% 5 Zhi %5 3 3 iR 56 N A

%5 B #8:2020-01-31

TVE Bl o BB St
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FEAFAE 30 CAMF T B A EE 12 d, HOA 5T 2 B i
RIRF] (28.5£1.3) %, [ A 5 4T 4k K 2549 91 &
IR ; Chen 451V 78 T K A% AT AR T IR 28 1 5% 5 v 22
Tl 760 S B, S5 R R AR AR TR
TR AR T 40.0% F1 64.3% , [HNINE L FE
FF I (I 5% 22 45 v 78 2L IR TR B ™ &F 24k 25 1 4t oA
A7 T AH AN SRS A DK 5T R 1Y [R) R, HL 2 4k R il
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1 #MR5FZE
1.1 iR
11T i ol 751)

AR BB E CICC 40299 Wy H A E Tl
oA W T b AR R B P, TR BBl 1 x
10° CFU/mL ; £F 4 Z F#is £ =100 00 U/g; KRB
fitg 75 P =300 00 U/g,

1.1.2 T KFEFF

FORFE AR B R BT JE g 7, 78 H AR AT
Ja , A NI R 1~2 cm,

1.1.3 %

L SO FE IR (PDA) 35 95 . DR B E R
3 g, WANE20 g, 3008 14 g B BT SR AR
P74 98 0k, R PR IO 1 L, A A5 B 20 ¢,

KH,PO, 3 g,MgSO, - 7TH,0 1.5 g, 44 & B, 1%
., 121 CK% 15 min,
1.1.4 WG

PR TG AL« B 90 R O TR R T B R A
F| PDA B3k [ 7628 CE&M R 5 d, 4%
WAk 2 T 4 CTHAAFR AL

WA TE ARG 35 0% PDA 535 5L F i B R &
SR TR 2 o B B AR DR O R R R R R
FrF 28 T 150 r/min &4 FIEZGE IR 7 d,
1.2 R®H*E
1.2.1  KEES R

FEEZS R TS AF Rl ad ¥ 5 B HS) X £F 4k
ENU RPN 3R | ) S O ol R L
AR % W R B0 AT 0 3R 58, UK 4 B R Y &
60% ~65% . ¥ISJRITHZEKFENFE 1,

x1 BHERITERKTE

Table 1 Levels of uniform design factors
# Factors
K-
Levels TR AR it Eg(U)EER O ] REREL
Cellulase/ ( g/kg) Xylanase/ (g/kg)  Phanerochaete chrysosporium/%  Days of fermentation/d

1 0.2 0.1 10 5

2 0.4 0.2 15 10

3 0.6 0.3 20 15

4 0.8 0.4 25 20

5 1.0 0.5 30 30

1.2.2 RFRESFIFRY S UE

B 2 1~2 om B9 T KRS FF 42 1 40 B3
VB SR R WA, WA IR A A2 6 o ), O K 4y
FEPHE 60% ~65% , %A 33 cmx40 cm R 2K
SN, B48 1 kg, HE S WML (AT-620) fl B2
JEEIT,EIR T (25~32 C) &8 19 d, KBS IE
R E 3 AHEE  JFEEHTRSIE,
1.3 IEHRE
1.3.1  EHUE IR B Il E

MR M vk % K B & (ADL) | M Uk 3% 41 4
(NDF) MR YE VIR 4T 4 ( ADF) & i 2 % 0 G B %
YT, WU IR R S IR
Lo BT B A ek R A AR ) VOV s R
PEVE I 2T 4 8 Pk Uk U 2 4 Rl R R DL R A =R
IHE.

TP PR AT AR R R (% ) = 100%

[my=(m,xe,) 1/ m;
PR PRk U £ Ak B R % (%0 ) = 100
[my,—(m,xc,) 1/m,

Krfom, HaA8TE s m WA T m, N2
AL 35 B R +IR A4S T o s 0, WA IS TR IE
AR (TG R/ JFOR i) |
1.3.2  REASFRCE W E

TF &F I S BIAR B & e S FERE & 20 g, Tm A
180 mLZEMR /K, FI4 BT A4A4T 90 s 4R ST,
FEEAT I U8, U8R 00 5 B R pH KA HLER
TR I E AR U AT IR VT, 48 R
R PR T S K R pH HEF TSR AT L 100
Sy rBE. pH b 25 41, &K 20 4, FE N 20
a3, AMR 25 43, B 10 4, 75 ~100 4 R AR
45 51~76 43 K B, 26~50 —%,25 43 B DL R
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1.3.3 AL A2 AR (NH,-N) ¥ B Al

A LR W B R FH 22 48 1200 B 2 8% 7 A0
TSI 2 A LR & 4354 300 mmx7.8 mm, 47
JEHRE I 2%, KR 55 T, K 1 32 bar, W ECH
0.55 mL/min; i 31 /M 0.1% 5 FR K IE e, L&
B 0 5 B RS FF U8 5 mL il 25% Y i B R
1 mLIEA), BUR AWK 1 mL 7£ 4 °C .12 000 r/min
B0 15 min B EIE TR 0.22 wm K 2218 1k
Ja , BNZI A FES DAL A LR MR, BAEE R
5 pL, il it AR i, B AW E S ISR &
SR R RE
1.4 iz

% 56 B0 fF ] Excel 2016 % 14 % 3 5%

DPS V7.05 #4135 57 v v H 1 H o $odis it 17 £ o0
TR BNA T, B AR & SR IR i 56 iE
SPSS 19.0 SeitF A i S AR A ¢ K 30 7 1% g0
s F A bR IR R

2 #R595W
21 EHPEAFEAEL

rh Y U 2T A RN R M R A% AT 4R I A 0 D
#2, ULFAERN(X,) AREN(X,) HH5EE
PR (X,) KBERE(X)ENBZR, LI
VR AERE MR (Y, ) FRVEVE R A 4B R (Y,)
Ve R A B A 22 o0 k% A [l 09 28 57 (8] 19
Tt

®2 HEREFEMERERETERRBER

Table 2 Degradation of neutral detergent fiber and acid detergent fiber

‘ \ e RRER K PV R
a1l ﬁg’ﬁm AREEG AARETRE Days of ST A %
ellulase Xylanase Phanerochaete .
Groups (X)) (X,) chrysosporium (X, ) fermentation NDF degradable rate  ADF degradable
' (X)) () rate (Y,)

1 1(0.2) 2(0.2) 3(20) 4(20) 23.07 21.27

2 2(0.4) 4(0.4) 1(10) 3(15) 16.70 14.97

3 3(0.6) 1(0.1) 4(25) 2(10) 10.75 8.95

4 4(0.8) 3(0.3) 2(15) 1(5) 3.89 2.12

5 5(1.0) 5(0.5) 5(30) 5(30) 22.64 20.65

Fhy, Y, MSEME . 155 T RUE N A B R ARF

The Y, and Y, in this table were measured values. Values in brackets were levels of uniform design factors.

SRRV RES AR S R ST
Y, =7.272 9-8.580 4X,+0.926 6X,-0.256 7X,X,

K.y, R AR R (%) 5 X, A
YRR IR N (g/kg) 5 X, A BB I i
(g/kg) s X, WA B EFEME (%) ; X, N
REERK(A) o

AR 19 R B R AF 53 5 X, =0.20 X, =
0.12.X,=20 X, =19.07, 7E 4k 2 04 #0 o o
VEVRET YR 2N 22.59%

2 M Ve AR T 4 e A ) R 7 7
Y,=5.776 3-8.920 4X,+0.912 6X,-0.238 9X,X, .

Kb Y, WMV AR (%) X, N
AR AN (g/kg) 3 X, KA B0 G 78 fn &
(g/kg) s X, WEAMIFEE R EME (%) X, A
REERE(A) o

GARAC I 19 R BE R AE 43 5 X, =0.20 X, =
0.13.X,=20.01 X, =19.24  7EH Ak & 1 F i 0 iR

PRV AT HE R R 20.80%

3 M, F,  F,>F=6.94(a=0.05),P<
0.05, [HIH 7 FEEA W% & L, IR i R kA
T Y R BN 0.2 g/kg, A B OBE RIS 0 &
0.1 g/kg, Bl )5 &V 5 B HE PP 20% , K TR AL
19d,

22 REABEHWIE

ST UE R 50 R R G E A M A BRI TR A
T AT R B R UE . 48 S48 5 1 i 52 5
R R MRS A R WS B, R iR R RS
P, S B 00 A5 UL I 4N 3% 4 T TR AR A A R
R RS AT (R 2 1 BT T BT o 0 ol R R T
AT T 60.00% 11 3.75% ( P<0.05) , TR 1 Pk %
A RETHBEARKBERFEMT 6.95% (P<
0.05) ; T il 2 6 ) 00 A I s A 104 o 1 Ok A 47 4
PR T U U 2 Ak o i R R BE RS AR REAR T
23.47% .20.13% ( P<0.05) , 5 T il {& ( 22.59% Fil
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22.80% ) ZEFEA K RIS XT R 2243 0 3.91% . W LAJE KB R B4R BRI ARk 30
3.22% | HIRHRE 2 HE /N, 7T BT MO e WA,
®3 EAFENEEEKRE
Table 3  Significance test of regression equation
i H r P VR VA T A I Ml PR 15 A 2T 4R P i 3
Items NDF degradable rate (Y, ) ADF degradable rate (Y,)
F {8 F-value 71 657 66 667
P {H P-value 0.018 0.024
AH K Z %L Correlation coefficient 0.999 8 0.999 6
H H & Degree of freedom (3,1) (3,1)
R4 ERERRBUEEFRBSSELR
Table 4 Comparison of nutrient component contents of corn straw before and after fermentation %

WA R R TR FT VI 52 5 1 57 R B RS

Items Unfermented straw Straw mixed fermentation with fungi and enzyme
FLEE BT CP 5.30+0.07" 8.48+0.17"

T4# 5 DM 92.48+0.11° 95.95+0.41°

FRPEUE IR AR TR ADL 7.19+0.11° 6.69x0.14°

H PR 4T 48 NDF 67.44%+0.58° 51.61£0.45"

R PR A 47 4k ADF 39.79+0.27° 31.77+0.37"

[T R R AR AN Rl 7B s 22 5 3% (P<0.05) . FR ],

Values in the same row with different letter superscripts mean significant difference ( P<0.05). The same as below.

2.3 RERRHEIE
H 5 A1, AR A 50 & BERS AT pH 3%
TR L BEREFT (P<0.05) , 2% B 48 0 1 i o1 75 mf

AR Y pH 7 7 UK B
Y I7 T S RS AT a5 W S0 T R e WA A, 4k
DL A

x5 REEABFHBRERE
Table 5 Sensory evaluation of fermented corn straw
5 AR Tk mw  PEER
pH Water Evaluation
Items Color Odor Texture
content/ % results
A& WERE AT Unfermented straw 5.51£0.07* 62 PO BT AR R g;;%zi —
TS 6 R TR T W7 bk
Straw mixed fermentation with 4.13%0.04° 64 R 1E 8, B U Hl R R AT
fungi and enzyme A
24 AHNBMESEASE
HI 6 AT R0, T A A 0 R R AT FLIR S 3 I iR
R TARKBERAT (P<0.05) , 28 A& b 5 UE P R 1SR 0 5 7 5 1 R 44
FACTRLREREFF(P<0.05) , LB IMATRES: S, 5 1 3SiR U0 M He , 77 KKt ik 0 B, WA

ANEE(P>0.05), TRAKH,

T 2 i) P 2 B Al A RO T 200 e
o AR R 44 2 B T3k X i g 52 45 il 571 F) f¢
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DA B 26 P AT, 8 0 32 25 [l 03 7 B 49 1) 1
Wi S 500 B B HE AL 4, 2 B R 45 B By o 1k

VEVRETZE [ i R TR R O % 28 48 9 i 25 5 9000 {1
AT

R6 ABERBEFANBNSSASELR

Table 6 Comparison of organic acid and ammonia nitrogen contents in fermented corn stalk g/kg
W H KK BERGAT WS 5 KBRS AT
Items Unfermented straw Straw mixed fermentation of fungi and enzyme
FLER LA 1.78+0.06" 2.14+0.14°
LTR AA 0.26+0.03 0.22+0.05
WNIR PA 0.06+0.02 0.06+0.03
A A NH,-N 3.67+0.12° 2.99+0.12°

R TRk B T Y OGS AE T PR A Y AR
R B IR A BB B JFORE R S5 K o3 5 s b AR
ANy FESZ ) BT DA — R0 e T ) k3 1 1Y) K 3 5 o
PN 65% ~70% ", AT 56 38 13 2 40 I B 7
PRI [T AR & B T 7= A 1 3 o il R A I A Joit 36 1 R
SERYLOT PR TR IR T 2 A B AIK 6.95% , AT R
AR AE R TN 25 A 2, ORI T R0 A e PR X
LU RP A e R AATRE AR, LU B & FOKRFS AF
PSSR . A BESS RJ5 BOKRFEFF A9 J8CE P Al
B & i AR AR BT WS N g A2 o 3R AT
DI 35 4 e B R S BT, 5 OR R EAS AT A
W, KGR AF 8 A R AR T H 2R
Wt [AlET R R T i A iR
pH P Uk ¥k 2F 4k 5 R 1 R U AT 4k S R
Song %3 o £F 4 AR BB L[] Ab BEAL R
KFEFF AL RIE T 48.5% , H HAESE T 41 4 £ il -
A TN B DI TR o T — g A B, Bger
WIS NINEF AE 2R W R AT A LR AT TR
KGRI, PRV R A 4 TRYE VR IR AT 4 A4 .
AR B W R AR, O TR AR SR A,
A A5 1) DR T A B A AR B R R A
REEFEKRFEF, KW EBRAS AW & TR —F
PR W, H 28 4 2 F0OK it & B iR 3% g 0l Gk #)
36.80% M128.87% , ABI SR 5 Ll 1 L 0F 58
AR5, AT A DR 0 AR ) Z [ AR
AR AR R DT R ATl Y L A
Al B2 U A W FHASOR . — Bkl pH 7E4.0
DA R0 A Bt R AR A S A RS A A I
VA By ) 700 R AR R e R TR DR BT R
1% pH, 90 A 3 AR P B 38 5, s D R REE SR
BTk A ke Wi R B AR TR 2 B R B, 5

W AN FLRR B RS B PR S R
R I TORAS AT, 4 A PR 85 b pHL IR 20 LAY
pH, I FE A HE R ARG, FEARBETE iR 8
JRJEUE - 4 T AT 4 R, pH s FE AR, HoR
B LR (AT I i AT 1) B 8 A3

AAE T, ABEHFARSERER T RL
R AT, LR (9 7= 4 15 e AR R B i OO 43
Wi, LI B9 7 A i A 250 o G Al A M A 2R
BRI 52 5 T 790 IR A e O LR % BT BE PR T
2124 3R I A B 9 B O A BRI TR 0 A A ) 440 i
BE | DTS84 010 58 A B T R 40 R B IS 90, 3 K Ak
BYBAT YRR AN A LR, 5OR KBRS
FEAR LE TR R A e W i o 1 Bl 52 5 o) ) I S
FFAY pH BLIK, X v] BE P BUR BER AP A S A5 2 1%
i AR ER AR5 7E TR FF 3 I P A 0 LR
L2 A 3 AR A I A 5 UK T o 1Y 25
_i&[ZU—ZI]D

LG W gE R W], R HE A S
i SR SR, X B 2 AN, 2 1R 2 10 24 1 1)
B A TRR  BRARGE F P 7 AR Sk, T
P I v IO S sl A 1 B A LR, TR 2 U
H & Z AL S0 0 i, 0838 F 5000 A, O AR LR
I, ARE T, R M IR & B 5 R KBS
FEAH EC X0 R 38 22 57, kB i 429 R A ok T 1R
R B A I R S M A SR T AR R K
A B R B RO, LG H ™ 4

B A Y KRS FE R s R oML R
FBCE RS BT S, 0 PO B ) KA
JEOREHR B Al PR T M) AR R B D, AT
ML PR O & 5 Tk, R RS K
e A P B AR ) B L S S SE T BT A Y T A
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BT R A A, A R R
B RN B AR 22 ) I A o SRR AT R R AR
a2 18.79% ", RA& KBl PR Al A
HAMOER, BX A — RIS R EA —En
SR AT AR R, NI 38 n 2 il R AT A 2R il T
P, AEd, REAAFOHEAR S ®EES
X B, AT AR O B 16 I R P B R R R
SERE) O SRR O M O 1) 21 A 3R 2 4F 2 g 4T 4k R
it 43 fift by BELOWE AR E TR 22 AR K BB AR R
Mg T R RSP E A B &, EKF
FEA—EMERNE,BRRR FHE T
o, PR R A E T ARSI R RS T
PIRPEVER A T 2 | P DR U £ 2 | R P Uk Uk £F 4k
i BE TR R BERSFE, 48 & T RS FF AR A
B, 7R AURR 0T R PP AN O I, & A AT
i 0 B B TR R RS AT, ek U R

4 5 it

3k 8 50 e 0 Y B R R TR AR A A - 4T 4
RGN 0.2 g/kg AR RBERGR NG 0.1 g/ke.,
B B R R R 20% R ERE19 d,
T v R U 1 4 I A 2 23.47 % | TR VR VR MR AT
HEREfRRR 20.13% , TERAERBERAFT %0 1
0245 IR0 2 T 5 K R R T S8 2 R 0 % I
FTRE SR A

SE
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Screening Experiment of Fermented Corn Stalk with Fungi and

Enzyme Mixed Preparation

WU Lipo'?

JIANG Ning'?

ZHANG Aizhong'?**

(1. Key Laboratory of High Efficiency Utilization and Nutrition Manipulation of Feed Resources in Cold Areas of

Heilongjiang Province, College of Animal Science and Technology, Heilongjiang Bayi Agricultural

Reclamation University, Daging 163319, China; 2. National Engineering Laboratory for Pollution

Control and Waste Utilization in Livestock and Poultry Production, Changsha 410125, China)

Abstract; The purpose of this experiment was to explore the optimum fermentation condition and effects of

corn stalk fermented with fungi and enzyme mixed preparation. The degradable rate of neutral detergent fiber

(NDF) and acid detergent fiber ( ADF) were used as the evaluative indices in the uniform design, the fermen-

tation days and the supplemented proportion of Phanerochaete chrysosporium, cellulase, xylanase were evalua-

ted and screened. The results showed that the contents of dry matter, crude protein in fermented stalk were sig-

nificantly higher than those in the unfermented stalk ( P<0.05) and the contents of acid detergent lignine, NDF

and ADF in fermented stalk were significantly lower than those in unfermented stalk ( P<0.05). The optimum

ferment condition; cellulase is 0.2 g/kg, xylanase is 0.1 g/kg, Phanerochaete chrysosporium is 20% and fer-
mentation day is 19 days. The degradable rates of NDF and ADF are 23.47% and 20.13% , respectively.[ Chi-

nese Journal of Animal Nutrition, 2020, 32(7) :3358-3364 |
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