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i E AHRIBREDAAN G ERBEFTLABESRR EAMAANERSBIGCHREGYh, FikSHAFE
A AN IR R ERN G EREAA AT R, ARAFNE R T RE 32 B A RBMF, £ H Mo
FEAEBH A BHANABE LS, RAMMN XL, E 5ARLE, RARAME . EARLHE . HAT
FE60dE . RAEREREZIMERLFRANRBNELBERR EARSFBREBRE, EREAN, ZREBHF
AR AL EASBRAEREH AN TRE B LA EELRT LSS AL TEHHF B4R, 2 RBH
FmAKBARE 1 g/3 kg  RAH 1 g/3 kg B-H BABH 1 g/3 kg SLATH 3 g/3 kg S £ 1 g/3 kg(MCL,) & 32 fo
FmKFEAEH 1 g/3 kg BB 1 g/3 kg B M EAEH 1 ¢/3 kg SLAFH 3 g/3 kg B 1 g/3 kg(MCL, ) 4 32 5L 8% 4
FRG.2A A 4.03%DM F= 3. 95%DM(P<<0.05) ;MR AP AL ZERBAFLAH. FTHRLEETLFRR
F(P>0.05); MEGEFTEERTB(P<0.05), ERARFZHH AN BHERALSLEFLE, F MM NDF,
ADF B4 % £ 4% 2 F K& (P<<0.05), £ % MCL, & # %1%, 45 % 4 52. 17% DM, 31. 94% DM #= 22. 86% DM
(P<<0.05) ;4 4 EBifimE 1 g/3 kg £ 34 (CE, .MCL, MCL; ## MCL ) 4 %% 72 h 58 § B M & & T & th &
AR EZFARLHFP>0.05) L ML, ¢ FBMER S, A 37.38%(P<C0.05), % b, shiR A% H ALt =
AL BrFEARETANMEA RENETRDRBAGHAE . ZOEIRBHFAHRR . ERRT ALY
BEMSME BAASRESHBAESHAE, L b MCL, X B B R A LT HBEIKERBTF MG 4
FORMRAA G PR AL ST REFEFTHAIAMEAN 1 g/3 ke,

KEW EREA; AYRN; TR ABER; BEEMRE
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Effects of exogenous biological agents on silage quality and
ruminal degradability of corn stalk
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Abstract The object of this study was to research the effects of exogenous biological agents on fermentation quality,

nutritive value and in situ ruminal degradability of corn stalk silage. The high efficiency biological agents were screened
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and the efficient and practical conversion methods of corn stalk were explored. There were 15 exogenous biological
agents treatments by randomined complete experimental design. Corn stalk was chopped and then packed in
polyethylene bags. Fermentation quality, nutritive value and in situ ruminal degradability were analyzed using
laboratory chemical methods and in situ technology of corn stalk silage after 60 days of fermentation. The results
showed that all of the treatments sensory evaluation were superior grade. The content of lactic acid of MCL, treatment
(xylanase 1 g/3 kg, B-glucanasel g/3 kg, pectinase 1 g/3 kg, lactobacillus 3 g/3 kg, cellulase 1 g/3 kg) and MCL,
treatment (xylanase 1 g/3 kg, B-glucanase 1 g/3 kg, pectinase 1 g/3 kg, lactobacillus 3 g/3 kg, laccase 1 g/3 k@)
were the highest, which were 4.03% DM and 3. 95 % DM respectively (P<C0.05). There were no significant differences
in dry matter content of exogenous biological agents treatments (P>>0.05), and the crude protein content were lower
than the control (P<C0.05); Neutral detergent fiber (NDF), acid detergent fiber (ADF) and cellulose content of
enzyme preparation treatments and enzyme mixed fungus preparation treatments had decreased, among which the
MCL, treatment were the lowest. They were 52. 17% DM, 31.94% DM and 22. 86 % DM, respectively (P<C0.05).
Ruminal degradability of 72 h of MCL, treatment was the highest, which was 37.38% (P<C0.05). The exogenous
biological agents promoted fermentation and increased the nutrients storage of corn stalk silage, and also improved the
in situ ruminal degradability for ruminant. The effects of exogenous biological agents from great to small were enzyme

mixed fungus™>enzyme>fungus treatments. The MCL, treatments had the best effects in this regard. And 1 g/3 kg

was the best cellulase addition amount.
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FIHI, AW RS AT L 4 4] R e 2 3 in T 4] i
Kb IR E RS AF SR 25, 0%, R AR
Wy ) 700 P A R e e oK G AT AR Ak [ i T
LA A5 AT 58 58 S BB PR BT 15 e fm) it . 5870 AT A
FRBE U 4 v HE SR 3 0P ORI P R i
R W Z % g2 52 AR 0 F Bl AR AL A
AR R R R Y R kAR

FORFERAE L R R & & R
HLET 4 IF HOR SO AR B o B LAGE 1 22 4 X LAAE
TR R TR AR AR A . R AR R, EOKES
TR AR Py i 550 5 07 R LR B2 24 3l 0 1 A 5 1l
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. SRRISECIBEFE R BN 5 log ofu/g 5 R Bk
TR i K T Ak BELRS T 18 AT 8 25 B AR S AR SR
LRSI/ CRRILE . B T R
A Py Ak PR TR AS AT o N 580 2 4 B R R X
I 5 KA AT AR F T A 0T 4 i 37, 304, T W) ik
fift S L B AL 15. 07 % . 40T BF ST
RS AT R L F A2 4 Wi i 57 (SFES) w51 & (5 mg/g
JEP A A Ab B, KRS AR F AR R L
PEVE VR AT 4 RVEVE IR AT 4E R TR R A R S
WEff R E P . Yang 5 HRIE 78 W FL R0 4
KRN TR 7% 52 5 Tl A 590 3 R R R AL OF
F PR T BRI (B AL R . Gado N
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WA A O ) T ) 0] b T OK R A AR Y SF v B N
PR FEAR S B/, 0 HOR AR 3 b 22 Wl 55 K R
fifk I (9 285 45 1 TR ST AT e o DRt AR F 5l )
B STl o FORFE AT 0 A I L 42 0 5 IR I (i 2
IR o198 8 A A B AN IR A W R B AL AL AT &,
T FARFEFAE AR S e A X & IS %,

1 HBEFE

AR I T 2020 4F 8 H—2021 4F 1 A 7F B BT
A A Bk 27 B R 32 e X3 56 35 b BRI VA8 AR L B
4 BE T S 5 & AT
1.1 FMiEH

TR0 A8 R KR 3 FH A oK (Zea mays L) A
JRHL 32 A5 FF . 2020 4E 5 H#EM .9 H 29 HUYHR)S .
W EARBEFHGEDENEL 2~3 cm, IR A
5L FREL 1 000 g, #0638 T4 45 Ak B A W 1 ) i
FERBK SEEMESYAR, EARLHLE
(24 emX40 em) MBS FH O, ER LM T ABF
60 d Jo AL HEAT I % L O BURE 43 A7 7 U RS 1)
BF R T TS bR BE SR LAY (L 1.3)
1.2 REi&it

BEE 15 AL EAL (R 1) .4 A B b B
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H (hric A CE,.CE,.CE, 1 CE,) ;1 4> il 7] &b
FELH (LAB) ;9 il 18 &2 A b ¥4 (MCL, . MCL, .
MCL; . MCL,, MCL;, MCL;, MCL,, MCL; #I
MCL,) 5 [ B 15 8 X B 41 (CKD . 4% Ak B 41 J5R)E I
TR S 3 R E A L I A e ) R LA

WA T EE R ERARAR . K, K
BB G TS 10 180 000 U/ g B4 B4 1 g 75 )
10 000 U/gs H B B 15 1 2 500 U/g; 2F 4t K 1
BTG 11000 U/g: BEMERETE 71 10 000U/ g FLAT
Bl 210" cfu/g.

F1 A&t

Table 1 Designing of experiment in the study

AIBIESES b ¥ Wt/ (g/3 kg)

Type of additives Treatment Amount
CE, R SR Tt +- 2R g I+ -7 SR+ £ 4 R i 1+14+1+1

i CE, R SR M I - 2R I I - - 2R W B - 4T 4 R 1+14+1+2
CE; A TR+ SR T - B SR I+ A 1+14+1+1
CE, K O T+ SR S T - - 5 W A 1+1+1+2

] LAB LA 3
MCL, K R T - 2R P T - - SR M I+ FL AT R 1+14+1+3
MCL, N R Tl - 2R IR T - B SR M - FLAT I+ A 4R R I+14+14+3+1
MCL, N SR - 2R I T8 - - SR OME T - LT+ AT 4R R 1+1+1+3+2
MCL, N SR T - 2R I T - - R W T - LA B TR I+14+14+3+1

i+ B MCL; N SR T - 2R I I - B SR G+ FLAT e+ R 1+14+1+3+2
MCL, N TR TG 4 2 JE T+ B SR E G+ FLAT 7+ 4 4R Rl R I+1+1+3+1+1
MCL; AR SR I+ R Wl + - R - FLAT TR + AR 4E R S R 1+1+1+3+1+2
MCL N R - 2RI Tt - B0 SR Il LT T 2T R e 1+1+1+3+2+1
MCL, SR i+ R I T+ B SR M+ LA T+ £ A 3+ 1+1+1+3+2+2

X A CK T 0

1.3 MEHEREAZE
1.3.1 HrEAEFMN

R VT M R A B &k B 25 (Deutche Lan
Geseutschaft, DLG) ¥E43 R i,
1.3.2 AB&mpalE

WU K A AF IR ORERE A 20 g, i 2R 4 K
180 mL, IR A], e )a H 4 J2 2 1 A & g 4Kt
U8 S W pHYY s R IR SRR Lk I S A
FEDY  SHIMADZE-10A B 5 280 0AR (538 {0 5
IR A DL A R @S A A
Shodex Rspak KC-811 S-DVB gel Column 30 mm X
8 mm, ¥ M #§ & SPD-MI10AVP, 10 pL 3k ¥t &,
1 mL/min Ji # ., 3 mmol/L & & R & Wi oh M.
50 °C AEWE.210 nm RIS

1.3.3 EHhmenE

FOK A A F R T B (DM & & R H
105 °C Mt 5 B A B (CP) R AL 2 37
BRBE I E L 5 M Y R 4T 4 (NDF) | R 1k Bk 4% £F
4k (CADF) FIR PV % A i 2 (ADL) R FH i 48 15 )
FEN AT PR K AL A 0 (WSO R i BCER- B R HE €2
BN e Yl Z /Y =NDF/ % — ADF/ %1,
1.3.4 BAEME

VEF 6 RAd AR E N (6042, 0) kg A KA
o B IR XONRBIEE F R LA
o2 4, dl 3 R, U B R 3R, S H RO
TaRE e 60 %, B F B\ 5 GG 7S 5 4% — Y f M
1200 g, A HOK, BRI 7 d. SR H AR 4K
BRI F 2, FREL 2.5 g £ 40 3 A IR B KA
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AR SO A (65 ‘CHET 48 h, M1 24 h, Ky )5
iF 1 mm ), A 10 em X 6 cm 300 HJE 48, %
B2 AFATL72 h JEEUEC ST RIS K, 20k
KW, B 3AEHEE BIEE 1 H¥E,

72 h WA R,

A% = (B—C)/B X 100% ¢h)
A A R AR A E SR E 72 h iy
TR, Y03 B g R 0 RE i v B s 3% B 0 & i
g3 C o B M FE dh JE e 48 5% i vh B R s 3R g &

HL,Q,

®2 EMBERABREEFRKE(TURERM)

Table 2 Composition and nutrient levels of the basal diet (DM basis)

Js Rk T/ %
Ingredient Content
3 Chinese wild-rye hay 60.041. 34
EK Maize 24.5%0.62
Z K1 Soybean meal 12.540.18
B A4 CallPO, « 2H, 0 0.640.04
f1 ¥ Limestone 0.840. 05
£ NaCl 0.6=0.05
TRkl Pre-mixa 1.0£0.09
AT Total 100

B FHRIKT Bt

Nutrition Content
TR/ % DM 93.6142.33
ALY/ % OM 88.5742. 04
fRighE (MJ/kg) GE 8.6540.15
HEAR/ % CP 11.8840. 20
PR R A4/ Y NDE 39.2040.78
Mg PE VR R 4k / % ADF 24,0840, 57
#5/% Ca 0.68+0.05
/% P 0.3040. 04

1.4 HESH

K SAS 8. 1(SAS Institute Inc. , 2006) 4t it
BA%, A R EUE H Mean=+ SD 78, 7E 0. 05 /K F
X 45 R #4757 22 53 T Al Duncan 2 8 L.
AREWER 3., P<0.05 RnERwF,.P>
0.05 RIRERARE,

2 FHRE5SMH

2.1 BEEREEM

ASTA] A BRI % B 60 d Ji . T KA FF 35 I 46 R
¥R 5 H AR AL CE, &b B 55 B 0k B IR 5 45 Ab
SRR DR A BT, BT R RN, TORS T4,
HAEN A A, (7 E MCL, S gk, HAb b3
YIhsr e (£ 3, SO MEEIEMAS S >16.
IRFIL A,
2.2 EXBERECAMLZEBRR

H e 4 Al A, KA AT OB AL PEAH (LAB)
A B b HE 40 (MCL,, MCL,, MCL,., MCL, .
MCL; .MCL; . MCL; , MCL; Hl MCL,) pH 1% Tl
LbBR4H (CE, .CE, .CE; #il CE,) (P>>0.05), )t H]FL
FF A AT B AR 7 IV R 58 pHL, O 35 048 & B A
- L

Tt b A AT Ak 3 % G AT b 3R A L I ARDRL L
BRI 218 % & i 3 8 T % B (P<<0. 05) , Hip MCL,
1 MCL, Ab 3 ZL IR 7 2 B &5, 43 90l o 4. 0326 DM
3.95 %DM F AL S P B Rkt TR . MCL, Ab 3
BAASE AT, 7.57% 5 H A b BEAH L, 25
S 3 (P<0.05),

2.3 EXBHBEVNEMERYRESERT2hES
P R R

M 5 LA B R FS AT I J50RH 4 B
N 33,07 W FM L BT PR HI B3 A et . J50RE
BRI E 72 h BRI T 50 %, ik 3]
52.28% . EARFEATH R E R AR R &
R 7.19 %DM, BEfR ALK 1,07 %,

2.4 BEABEFRYR

H1 2% 6 W1, 5 ) BEORE B G A R L L AT B R e
B2 A AL B TR FFE WA R T RS R 2E R
2 (P>>0. 05) 5 ¥S 0 A= 49 il 571 45 b 3RO 2 1) &5 it
i E T AR (P<C0. 05) . T KRS AT 2 A= W il 57 5
T Ak L ET P T AR A e T X R G o Ak 3L
it TR 2 A A 3 TS R W R T O R A B

K506 HEAH FE L T R RS FF 2 i o) 500 Rl 1R AR A A
P . I R NDF,ADF R 4T 4 % & 8 B %
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Table 3 Sensory evaluation of silage

Ak 2 Ak Jit st JGRES Ay
Treatment Odor Texture Color Score
CE, I5 AR 14 AN SRR B R SRR AL 4 SR 2 20
CE, I7 A R R 13 AN S5 R TR B R AT SR AN 4 SEH A 2 19
CE; I5 AR 14 A SR PR R A SRR AL 4 SR 2 20
CE, I5 AR 14 AN SRR R R AT RN AL 4 S 2 20
LAB I5 AR 14 5SS M OR B AT SRR HL 4 SEH A 2 20
MCL, I5 AR 14 A SR PR R R SRR AL 4 SR 2 20
MCL, 57 LR 14 ZENT A AR R R 4 R 20
MCL, I7 R 14 25 S5 M DR AT SRR L 4 LAk 2 20
MCL, 55 AR 14 ZENF A AR LA R 4 SaRE 2 20
MCL, 57 LR 14 ZENT A AR R, R 4 S 2 20
MCL, IR 14 ZE S R R RN 4 WA 1 19
MCL; 55 AR 14 ZENT A AR LA R 4 SERE 2 20
MCLg 77 7 R 14 2R S5 R TR B R AT SR 4 S 2 20
MCL, IR 14 ZEF S R R RN 4 SEER 2 20
CK 57 4 R 14 A SE R PR B R AT SR BAN AL 4 S 2 20

R4 RMAALIEIERFEFS R Z B RRER 0

Table 4 Effect of additives on the fermentation quality of the corn stalk silage

i BAR/BE/Y  AR/YDM  ZR/%DM  WE/%DM TH/%DM

Treatment pH NH;-N/TN Lactic acid Acetic acid Propionic acid Butyric acid
CE, 4,0040.03 b 8.69+0.10b 3.69740.04 be 0.5440.01 b 0.0140.01 ¢ 0
CE, 4,074+0.05 b 8.32740.09 be 3.71740.05 be 0.534+0.01 be 0d 0
CE; 4,154+0.05 b 7.947+0.12 cd 3.6740.03 be 0.50£0.02 ¢ 0.0240.01 b 0
CE, 3.9940. 06 be 8.41+0.14 bc  3.70740.06 bc 0.534+0.01 be 0.01+0.01 ¢ 0
LAB 3.83£0.04 d 7.89£0.11 cd 3.4840.04 be 0.50%0.01 b 0d 0
MCL, 3.72+0.05 ¢ 8.03%0.10 ¢ 3.4240.06 d 0.58+0.01 b 0.0140.01 ¢ 0
MCL, 3.6540.06 f 7.57£0.08 ¢ 4,03%0.03 a 0.61%0.01 a 0.03£0.01 a 0
MCL,; 3.91£0.07 ¢ 8.00%0.15 ¢ 3.7940.05 b 0.53740.01 be 0d 0
MCL, 3.6940.04 f 7.8240.17 d 3.9540.06 a 0.59£0.01 a 0d 0
MCL; 3.78£0.02 de 8.2140.12 be 3.43740.02 cd 0.50£0.01 ¢ 0d 0
MCL; 3.947+0.08 ¢ 8.6440.10b 3.8240.08 b 0.554+0.02 b 0.01%0.01 ¢ 0
MCL; 3.7620.03 de 8.05+0.10 ¢ 3.51%0.05 ¢ 0.59£0.01 a 0.0240.01 b 0
MCLg 3.7740.04 de 8.38%+0.13 be 3.69%0.04 be 0.55%0.01 be 0d 0
MCL, 3.8540.05 d 8.6140.09 b 3.70%0. 04 be 0.5240.01 be 0.01%0.01 ¢ 0
CK 4,2740.03 a 8.90%0.11 a 3.2140.06 f 0.44=40.01d 0d 0

TE « [ 5 B0 A 7 74 08 22 53 35 (P<<0. 05) 5 1A,

Note: Different letters in the same column indicates significant differences (P<Z0. 05); The same below.
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Table 5 Contents of nutrition composition and in situ ruminal degradability of

72 h of the corn

stalk stuff

Ei= o 72 h B AR %

Index Content In situ ruminal degradability of 72 h
T/ %FM DM 33.0740. 50 52.2841.19
HMEH/ %DM CP 6.89+0.71 20. 5440, 24
PP A 4/ % DM NDF 64.3541.52 30.0340. 28
PR Bk U 47 4k / Y% DM ADF 37.60+0. 48 14.70+0. 17
4% /%DM Cellulose 26.5440. 23 28.8140. 25
L4 /% DM Hemicellulose 26.75=40. 20 30.5940. 33
e PEvE i AR TR/ % DM ADL 7.1940.08 1.072+0.01

BEAE (P <<0. 05), Hifr MCL, &b B & i, 4 5 4
52.17%DM, 31. 94% DM #il 22. 86% DM (P <<
0. 05) 3 U8 i A= 490 i 77) 45 Ak B R Xof 1 e £ 4 25 35 i 22
SRR G, BB N4 (CE, . CE, . MCL, \ MCL, |
MCL; \MCL; \MCLg F1 MCL,) 7 It {8 B} B 7 ¥ 7%
AR S5 FR B it 34 b 3 AT At R S n % il Ak B (P <<
0.05); JF HE AN 2 ¢/3 kg A BE(CE, \MCL; .
MCL,; #1 MCL,) 2 ¥ Uk % K it R & & 50 L g A%
THMRIME 1 ¢/3 kg AR (HEF AR EH (P>
0.05),
2.5 EXREHENREAMERES 72 h BEKRBER

25 A o ) A B A T I S R T ORFS AE T
FVER [ R 1 AR, o MICL, 4 5 R0 AL 8
72 R B R . 43 R 58, 7T Y0 Fl 32,89
(P<<0.05)(F£ 7,

FALPE 72 h AR F I B AR R R R
o 4 % W 4b B (CE, . CE,, MCL, , MCL, , MCL; ,
MCL; .MCL; #it MCL,) ¥ It 45 B} # i 34 1 2 i T
HoA R A AT 2 2K B AL BE (P <0, 05) , Hih A 4 &R
BN & 1 g/3 kg 4 # 4 (CE, . MCL, , MCL, .
MCL; ) 27 4t 22988 5 R fiff 25 e T HoAth b 31, 156 ) 3 &7
AR WARM S .1 g/3 kg G 46 XA N K H
MCL, £F-4E % 98 H B i 5 e, 8 37. 3800 (P<<
0.05), T3 W ARDRIRR b R U A 4T 4 IR P R A AT 4
BT 4 200 B B R R AR S AR . EKRFEFF
HIRRE L R MRS E R AR (P>
0. 05), % W 4 (CE;. CE,, MCL, , MCL; .
MCL; \MCL; \MCLg Fl MCL) % 4@kl 72 h BRI

VBV T 20 B R R 2 B 35 o T A R AN i
b2 (P<<0. 05) , Hirp MCL; F W4kt 72 h i@t
Ve B 2R R R b= . 3.93%

3 #

3.1 SMEEHFEIFIAREERBFENLE

A WETEFR B L WA b B EORFE AT RS
D Jspet LR 5 e TV R L PR pHL R A e R FL IR
KW EORFEAFE A B AEAE BA
PUAELRE 75 I AR P DR AT 2020 M 1) T 220 1 4 A
Z U BROR B AET B TR L VN R AT
BRI bk BT A S AW . A, 5t
HEAR LE L A [5] 68 25 W ) 590 Ak B0 B R RS AT i A S S
SRR L] R IR EE pH R PR AR, BB
AWy R AE — € R EE BT LA i R A A 7 I
i, FORFEAF A A By 0 0, R H BN
TR OB P 2R 4R R PRI AT A IR VE VR TR AT
Y |~ 2T 2 324 2 A ) T S Dl I B L e
FRFEFFF IR A . AW D, B B
T A PR i A A P2 I RLFLR L TR B
o O R, LG o 790 Ak B A R i B AR A b B R
BT EORFH AR I R o 1 o U4 £ 4 TR Pk o Ok 47
Y N 2T 4 22 7 i Ul D i Ak B AR R A2 b B )
A R o it I OB 41 A W o R KN T R
JEEH A8 LR T R T 3 e 1 OK A AT B K I
B, X5 H SR A I Nkosi 5527 B #F 52 25 1 —
B BT A B W R A S AR B X TR A AT I A
P 1) AR A P L e ) 59 Ak BLRE K
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