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Abstract: This study aimed at evaluating the effects of silage-specific mixed cellulase on alfalfa silage quality and nutrient
components. We designed four treatments with six replicates per treatment according to completely random single factors.
The cellulase, xylanase, amylase, and B-glucanase activities were = 60 000, = 2 500, = 300 000, and = 300 000 U - g{1 of
the silage cellulase used in the experiment. These factors were added to alfalfa silage in four different treatment
concentrations: 0 (T}), 2.5%o (T,), 5.0%0 (T3), and 7.5%o (T,4). The results showed that after 60 days, the supplementation of
the silage-specific compound enzyme improved the content of crude protein content in group T, (P < 0.05). The contents of

acidic detergent fiber in groups T; and T, were significantly lower than those in group T, (P < 0.01), whereas the relative

RS AEA: 2020-12-09  FEFHHEA: 2021-04-06

EEWB: EXERRIEES (31660694); T H M5 A8 — AR ¥ (B %2R} i) (NXYLXK2017A01)

B—1EH: =EE (1998), &, BeAROLA, FiEARA. E-mail: 1756773805@qq.com

BIEIEE: KEEAR (1983-), 3, WWAREMAN, #I, Wt WFRT5mEE 7= S5AEA . E-mail: Guijiezhang@nxu.edu.cn

http://cykx.lzu.edu.cn



%7 FEE S H R G B0 1 R R A R TR Ry 1403

feeding values of T5 and T, were significantly higher than those of T, (P < 0.01). The pH of the silage significantly reduced

on adding cellulases (P < 0.01); the lactic acid and lactic acid/acetic acid contents of groups T, and T; were significantly

higher than those of group T; (P < 0.05), and the stable aerobic exposure times of T, and T; were significantly lower than

those of Ty and T, (P < 0.05). In summary, under the conditions of this study, the silage-specific cellulase improved the

fermentation quality and nutritional value of alfalfa silage, and the optimum supplementation level of silage-specific cellulase

was 5.0%eo.

Keywords: alfalfa silage; nutritional composition; fermentation quality; microbial; acrobic stability; complex cellulase; V-score
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1.1 RIEsR
111 B R R

R EH T E R EE AR MERR Y 45
LA E TS, T 2018 4F 5 A 19 H HLE #1648 X
), M EE 7 em. ME G, E7E AT, B Aurora 1Y
FRAIE A EIEN e K S =& TR 65% £
HFETHEL. HEERRD 250N T YR
37.40%, FH 5 F1 19.33%, G Wi 1.90%, AT ¥ 1 B K
1k W 2.03%, MG ik 4T 4k 48.54%, B2 ME UG ik T
Yk 37.32%, MRMEVE R RT3 6.12%, 2T 4E % 31.33%,
FEOS ] AN B 114,656
1.1.2 IR

RIS EAAERBEHRES T2 EE
VB ARA A G, 2—FMEHTEESTNNE
SEEHIF, Hh 4 EEE S = 60000U-g |, KB
YERRIG /7 =2 500 U-g ', JERERIG 77 = 300000 U-g ',
B-7 B EREIE 1 = 300000 U-g
1.2 It

K R 2R 5E AL T, KR (T, H) A%
MELHEGaHRE, T, 4. T, 4. T, 45 3
TSI 2.5%0~ 5.0%0 A1 7.5%0 75 1% F &2 & £F 4k K iy,
A 6 ANFEE . 5 5E R )R 2 cm
/N, 4T 4 R S M TRk 2 h, 25T
I /< 1 F 7 7 48 (20 em x 30 em) T 3E 4T 4 R 4 5
3, BB S % BN 705~725 kg'm O, iR 25 °C, HIE
i B8] 60 d.
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43 ) BUE B A E A8 A 500 g HIERLE TR T
Bl R T, %15 B E, tHE T2 (dry matter,
DM) &8 BENLR B, 3k 0.425 mm FLAR 0, 258 & T
1 A R A7 . R H (crude protein, CP). i JI§ I/ (ether
extract, EE). 7] ¥& P& Bk /Kt & ¥ (water soluble
carbohydrate, WSC). H' ¥ ¥ ¥ 41 4k (neutral detergent
fiber, NDF). B2 14 ¥t % 47 4 (acid detergent fiber,
ADF). & P ¥ ¥ K i & (acid detergent lignin, ADL).
FH 2F 4 (crude fiber, CF) & & 2 M (KL 7 b 2 4 k)
B AR AT R o AR AR AR E (relative
feed value, RFV) 115 775N

RFV = [(88.9—0.779ADF) x 120/NDF]/1.29. (1)
132 KE# R

pH M & 77 20 FREL 5 g #F 5 T H#ETE R, A
45 mL Z& K, &% 30 min, JF 7 5 58 23R A K
t, A B3 E, T4 °C NRPE24h, 4 ZS AT
JEH ISR, 4 E5 W PHS-3G F6 % pH HEEAT I 5E .

A B/ RR (NH5-N/TN) K 28 1y — ik e
Pb e vkl 52 5 FLER (lactic acid, LA) 1 A 55) &2 0 52,
R S B R R ) TR AT

¥ % 1% I W7 B8 (volatile fatty acid, VFA) H il 72
HCIE R 0.5 mL, I S5 AR B 8.2% i % 2, 13 000
rmin | B0 10 min, B EIE I\ AR B SRR, {8
HI GCMS-TQ8040 B4 < AH ¢ 3 A% (H 4 & #: 2 #]),
Rix®-Wax & 48 A%, 7500 ille EiE s e,
LR TR S 5.
1.3.3 AR E A E Tt

FLIR BA « T8 BE TR 55 TR £l 2 10 I A6 A A R U
ARG, 1 MRS B R R R AR W, DR EH
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B A EE. LM EEFRRE v JEna
0 B P& R AT VE B R B T s R R IR AR BRI
JEHE AN ORI R B V& AT TH . R IE RN
B R 2 G VR AL 2 9B IR T ZUIR B
VEBEAT UG AT B AL 1g cfurg ! FoR .

BEREMERNE : /£ K% 60 d 54T H A& A
PR T 7, 4R RS il 5% X (HOBO Pendant Temperature/
Light, USA) JBUN K& B 4% J LA HRoC b, $F 0 FF 78 5 I
8 ERINFL, BT =W (26 C) FRAE, 2 0] LA
HEEANR S, BB AEENARMERE 3 AN EE

ORAL . WA TP IR & T =0 2 °C, 3 e
T FF UG T8 WA o, TF 55 7 48 25 76 A% o fA) st ]
1.4 BUEEDH

15 F Excel X £ 4 Ak 22, P {4 FH SPSS 23.0 4t
T M B E B 4T ANOVA J7 2 4 M ELBE 31, IF K
] Duncan’s VA AT 2 LB . P<0.05 N & #F %=
S, P<0.01 AW EZE R

2 HR50H

21 B ERAEAALEZEBYEEEINERK
wal: 05!

T, T; M T, 4 CPE EX & T T, 40, T, 411
CPEEmRm (&), RE®T T, 4 P<0.05); %4
] EE JC i & M2 5 (P> 0.05); T 4 WSC & &4k &
FiE T HAR A A (P < 0.01); £F 4k & i 4L B 75 I
CFEEWREEMT T,4, H T, MEZEMRT
T, 4l (P < 0.01); T; 41 NDF & & W% & & 1% T HoAth &b
P (P<001); T, 5 T, 4l ¥ ADF % & 5 RFV
R ERT ST T, 408 T, 41 (P < 0.01); 274
ZhFA P H ADL & BT E & T T, 4 (P <0.01),
{H 4b 312 18] 22 7 AN 3 (P> 0.05).

22 B EHEAAHKEZHIMEEELXESR
= NEA

Wik 2 Fr A, W8 021 24 25 I 0] A 2 3 PR AR I
pH (P <0.01), H T, 4 5 i, 4 4.43, [ 4k 35 41 7]
ZRARE (P>005). XML HEARSH S E
W2 EART T, 4 (P <0.01). 48I04F 4k K 3 4
Ab 3 b, FLIR Fr A B AT 4 21 A 0 1R 3G 0 i B
K, L,A5 T, AW WEZEST T,4 (P <0.01),
T, A5 T, HERANEZE (P>0.05). T, 4 T, 41
CREEMBEMT T, 4 P<0.01), i T, 45
T HERARE. T, T, AWARSEWEZES T
AR T T, 2H (P <0.01), {H T\ T, H 2 [0 N L& &
EZRAEEP>005), T T, HZHHAREEER
INA R ZE (P>0.05). TR =AE Ty 4RI F], H
REAGTERPHEHLER.
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Table 1 Effect of silage-specific compound cellulase on alfalfa silage nutrition components

Ak R T GikiqE! kL] A TERR RIS Y Water kB AT 4
Treatment Dry matter/% Crude protein/% Ether extract/% soluble carbohydrate/% Neutral detergent fiber/%
T, 33.55+0.39B 21.35+£0.53bA 3.83+£0.0laA 0.82 +0.06bB 40.24 +£ 0.43aA
T, 33.73+0.78AB 22.75+0.51bA 3.77 £ 0.02aA 0.94 +0.02bB 39.22 £ 0.20abAB
T; 34.02 £0.22A 22.14 £ 0.54bA 3.80 £ 0.02aA 1.21 +0.02aA 37.01 £0.09¢C
T, 33.62+0.53AB 23.14 £ 0.27aA 3.83+£0.03aA 0.89 +0.05bB 38.50 = 0.39bB
UFEH RV Ve 21 4 R AR FLET 4 FEXS IR IRAN B
Treatment  Acid detergent fiber/%  Acid detergent lignin/% Crude fiber/% Relative feeding value
T, 38.15+0.41aA 7.03+0.31bB 33.15+0.45aA 136.86 +2.18bB
T, 37.82 £0.38aA 8.19 +0.09aA 29.62 +0.35bB 141.05 + 1.39bB
T; 35.61 £0.53bB 7.82+£0.32aA 27.79 £0.20cC 153.79 £ 1.35aA
T, 35.41+0.30bB 7.76 £ 0.14aA 28.68 £ 0.39bcBC 148.16 + 0.94aA

IR /N S 7 BRI [ 5 7 B 53 2 R A 28 )2 53 5 25 (P < 0.05) FIRE 2 (P < 0.01); Kz BEEA /NS 7R RER A BEP > 0.05);
Tiv Tov TRRIT, M AIERIN0 2.5%0 5.0%0F1 7.5%0 5 W& IS A 4T 4K TR
Different lowercase and capital letters within the same column indicate significant differences between different treatment groups at 0.05 and 0.01 level,

respectively, and no letter or the same letter superscripts indicate no significant differences at the 0.05 level; T, T,. Tj, T, indicated the concentrations of added

silage-specific mixed cellulase were 0, 2.5%o, 5.0%o, 7.5%o; this is applicable for the following tables as well.

*2 B ETRAEAALZBYNEBEE L LABRRNFME

Table 2 Effect of silage-specific compound cellulase on alfalfa silage fermentation quality

Ab# BER LR FLIR VL
Treatment pH Ammonium nitrogen/Nitrogen/% Lactic acid/% Acetic acid/%
T, 4.86 £ 0.05aA 2.67 +0.04aA 5.38 £ 0.15bB 1.49 + 0.03aA
T, 4.43 +£0.03bB 2.27+0.03bB 6.73 £ 0.30aA 1.15£0.08¢cC
T, 4.44 £ 0.04bB 2.43 + 0.04bB 6.41 +0.18aA 1.19 £ 0.05bB
T, 4.45+0.03bB 2.07 £ 0.03¢C 5.00 +0.15bB 1.42 £ 0.02aA
Qb B LR/ 1R IR TR
Treatment Lactic acid/Acetic acid Propionic acid/% Butyric acid/%
T, 3.61 +£0.14cBC 0.20+0.01bB 0.01 +£0.00
T, 5.85+0.13aA 0.16 + 0.02bB 0.01 +£0.00
Ts 5.39+£0.03bB 0.22 +0.01aA
T, 3.52+0.10cC 0.29+0.01aA 0.01 +£0.00

SO, BER R TRE 3 R E T, &
EIE. TREHEIRT, HARE S EEEIKT
HoAth 3 41 (P<0.05); T, 4l (B B B B W0 8 35
T H A 344 (P <0.01), 5 HEHE MK, N 3.30
lgcfurg o 553 R T, LA BB E 2% m T HAb
3N (P <0.05), 3K 7.46 Ig cfurg |, 4 A4 B 4 1 5
HHEZRREZ (P>0.05), T, 418 B 5 58K
BEMRT T, AM T, 4 P<0.01). FFEEF 6 KT, 41

AMRE R EE ST HA 3 N (P<0.05), T, A
P BF B A B W = T HAR 3 AN 4 (P < 0.01), H
T, 4H )P B B B A K

24 BN EHEAGAKXZHBIEREENSE
E M B #20

EHAREG, BRI AR e e 3R 3
Ty A (53.5h), T, 4l (51 h). T, AT, 416 %

i
B
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Table 3 Dynamic changes between different treatments on microbial populations after opening days of alfalfa silage (DM basis)

AW & & Microbe content/(lg cfu-g )

FEESI [A] AbFEZH
Opening time/d Treatment FLER T Lactobacillus 1 Mould B Saccharomycetes
T, 6.03 = 0.83bA 3.30+£0.15¢B 6.05 £ 0.34aA
T, 6.45 £ 0.31abA 3.85+0.64bB 3.50+0.67cC
1
T; 5.77 £ 0.49cA 5.15+ 0.86aA 5.30+ 0.56bB
Ty 6.68 £0.33aA 4.85+0.35aA 5.41 +£0.82bB
T, 7.25 £ 0.14bA 4.50 + 0.50aA 3.35+0.17bB
T, 7.25 £0.25bA 4.47 +0.24aA 2.75 £0.36¢C
3
T; 7.32 £ 0.55bA 5.15+0.68aA 3.90 + 0.24aA
Ty 7.46 £0.18aA 449 +0.31aA 3.08 £ 0.38bcBC
T, 7.27 +£0.34bB 6.25 £0.22aA 6.91 £ 0.23aA
T, 7.30 £ 0.59bB 5.02 +0.14bB 5.30+£0.10cC
6
T; 7.65+0.41bAB 5.97 £ 0.57aA 6.08 £ 0.42bB
Ty 8.07 £ 0.98aA 5.94 + 0.18aA 6.05+0.35bB
T FR I 1A R KT T, ATy 41 (P <0.05) (K 1) o
ke o <=
25 EEBEWNABEME V-score iE5 7 S st . .
. 5 L ] b
K M V-score ¥ 7 & 2 0 4 4195 2 1 T 2 g > + +
=2 |
ITEE 7T (R 4). &5 REW, & H1H PHEL E‘i g ¢
9 -
1z|sﬁ—mi@ja BLUF (> 80 4%), Herb Ty 2L 1K) 75 4 e 5 « gz
'g o5
3 ik g 49|
wn
‘ 48 . . . ;
3 BN ERHECAHEZHBMEEETINEFRK T, T, T, T,

val-0pA)

2T 24 2Kl T LIRS 75 T SRRk o 10 28 0 0 A o fi
O L BOOURE DR LR 1 AR RSB B R R P O B
Y, RN 2T 24 2% I 5 AT AU A B, AT DU PR AR
ST FE, T SR A PR IR B, 0 B iR [ 2R
KMo o 2 g T R e AR, R PR 4 4

AL P Treatment

E1 B EtREAAE RSB EEE N AEREMHNRI
Figure 1 Effect of silage-specific compound cellulase on
alfalfa silage aerobic stability

AN )N T BER IR AN [F) A B4 TR 72 S5 2 35 (P < 0.05).
Different lowercase letters indicate significant differences between
different treatment groups at the 0.05 level.

T4 FELEBHEEEED

Table 4 V-score of different treatments on microbial populations

V-score 43

M5 Group  EAZE/EE NH;-N/TN (YN) LIR + A AA+PA (YAP)  TEZBA(YB)  V-score (YN + YAP +YB)
T, 50.0 0 39.2 89.20
T, 50.0 1.46 39.2 90.66
T, 50.0 0.69 40.0 90.69
T, 50.0 0 39.2 89.20
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FK B T LT Yk 3 HEAT o0 i, BG IR ERR KA A
e E, NILRBE SRR, 4R A T
AR, ARICEE A58, X5 A5
hAEAHEASEY S TRAHEA RS E
MR —. M T, HASE B = HARE & &R
A G E AR POE R, AR R AR AR B
sig L,y O T R R R N 2T 4 g 3 AN kb B
Ts AU 8 A & S A S AR . AW RIS L
5 A YR B A A AR E A5 5 I NDF A1 ADF 5
B, X 55 R s X 38 (Vicia villosa Roth)
T R — 5. RBRE —Fha W E R0+
REY), FE. ME . TR BE S5 U YA A g 25 1)
JiE W] DA R e R T 3R, AR J 3R AE IR A TR
MEWE AR BT INAT 4 R A B 18 e AU
H BN, A A ] 2 SR A A R A 7 SRR AR
F IR, BT DUE AW 5T s In 41 45 21 il I 0% A kS
B AR AT 0 A0, Ty AT VE MR K AL S )
TR, H NDF & & 830 T HoAth 3 4, 04
o 2R T KA FEL 0 A i B 7 AR 1 o AT R B K AL
BRI E T2 R A, T, HIF8 1 KA
B AR T AR 3 A, R A & E WS, )
T, HAHEEOK NS & 2T Ty 4.
32 BN tHREAALZEHRYEGEEINABM
RV Ml

pH FH 2 A B VF & 0K B i ot ) HE ZE 4B A o
FAEF AR S B T HAE IR, 2REES
THRRM TR, K, BEHEREE T AR K
HHEMR K S & R G R, AR & maid
T pH A A9 R PR P, 2 75 95 b pH AR
HEEAE 47 UR I, ) T FERE T RRE ALK,
FLIR B RN A0 35 B R R AT B0, IR FLIR AR &R,
A DB OR . ATIEPEROK AL S YD) B L
T LR T P S T R R R A R T S, T
ok FE R O BE 2 R A R OB, A8 T BT A R
o ok S (0 VR N T SR = &Y, R, e T
fREM—CIEREEN, &2 a4 RmAR T A
MRS R BRI R, SRR SR TR, X
78 AW T A 4R W B 3 AN EE A AR B EKIRT
B 1 i R 2 —, 3 5 R AR BR AT X K 4 MR K
53 RE H I 5 ) 5 e RIE AT A5 SR — B

PR AE 3 M HLIR Hh it 5 & AE ) Bk, (HER M

B 55, 0 1 T BE pH B AR T 4 38 B Hristov®!
W 9T 3R B, US4 4E 35 I« 1 2 4 25 5 S5 0 R mT
DL B AK 3 2 (Avena sativa) F1 Y 18 35 & (Astragalus
propinquus) &G H I EE P E S RN AN E, X5
AW TS A I, AT RE 2 BT AW T DU E N R
BLFEREASETGIE. BiEEE T TRR
B AT BAP= AR TR, e B AR B A R AR S A
S T, BRGE O, R Y, Ty A
B ARWE TR, HERSEAEE & T HA
3, RHTHEOHA SRR

33 B EREAA4EBYEEETMEY
MAHERREMNEI

FLIR B e 0 i 2 BRI AE A AR R
Y, w1 CALE RS2 A R R B oK Ak & 9 7= AR LR .
FE DR SRAT T, B BETE AT DUR) 5 oh i o0 28 B
IErE A G AR, 8L B WA R, (R B
R PR 20 B 22 5l B I ZIROR B, AR T
5 AHE A, TCR AL LR A RIS, R
WS ER A, ININE & A4 R0 R B B
B R AL, X 5 2R P X R B (Leymus
chinense) T5 W it JiL W 5% 45 SR AH [A], 10 BH 4 4E R B 10
I BEAR B R pH 2 A R 1 Bz BE B B B
e

EHFEFRE, HTHERS 2SS, 33
T 1) I A AR T LR TR BR, (545 T R AR i
FEFF UG, HoA i A AR e i 72
ARSI A A R N A G, 2 T A
PR B R B A, AME B ENKEE, 5
S7 11 2 I g ob LR T B R A I 5 SR R X AT
FiE A2 DR A B 480 BT ) PR Tl S BV FE T I b R AR,
IREW T RSEE., HEFTCATRS1I~53h0)E
TV T UG 78 5T, U B I S A W 1) 5 B RN I B B T
GEPE B . BUICH pH IR AL T AR E B K T
8, T DL S G b A o R B I ARG, R R E
IR B) & K, 17 1 BE B AT DAR) H FLER 7 AR TR IE R
AR R, wRomEE s 3 AN A RH SRR E T
TR, Hop Ty 4R R R M A U Ak
T, HM T, AR AR S B8 s, ILREA — 2t
B PR, DR T, 1R T 20 1 B 18 A A fs e B

HiRE
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AT 4 AABINAFIREF L HE 4404
M E T E IR R R AL B R A
RS E MR AR bR AT T I, SRR, KAl E A
T VY RE B REIA B R A I AR . IR
B LT YR 2l AR T T I AE bk e R A 4R AR A

£ £ Y Ek References:

Vel A e & &, WA T TR PR, e T EE
TS FRANAE; I I B 4 4 R Tl v] BR AR S 78
W pH MM & &, e AR S EMEE e K
EHEEEEREERR . PFRg LR, 4 M H
(35 W Fh R R BN Ty 4 (5.0%0) > T, 41 (2.5%0) >
Ty 4 (7.5%0) > T, 41 (0), BF I 5.0%o ) F I % F
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