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compared; a control (ME) (no cellulase), 0.1% cellulase (CA) and 0. 3% cellulase (CB). All silages were en-
siled for 60 days in airtight containers. Chemical composition and fermentation quality were measured over a 30
day period. Microbial community diversity was analyzed using Miseq high-throughput sequencing technologies.
The results showed that neutral detergent fiber (NDF), acid detergent fiber (ADF) and cellulose (CL) in
groups CA and CB were significantly lower than ME after 30 days (P<C0. 05); pH and ammonia nitrogen to to-
tal nitrogen ratio (AN/TN) were also significantly lower than ME after 30 days (P<C0. 05). Lactic acid (LA)
and water soluble carbohydrates (WSC) were significantly higher than the ME treatment (P<C0. 05). Lactic
acid to acetic acid ratio’s (LA/AA) were greater than 3 and LA to total organic acid ratio’s (LA/TOA) were
greater than 0. 6 for all treatments after 60 days, but fermentation intensity was highest in the CB treatment.
The microbial community diversity results showed that Firmicutes and Proteobacteria were dominant at the
phylum level, the dominant microflora at the genus level were Paralactobacillus, Lactobacillus and Enterobact-
er. Over time, the abundance of Enterobacter gradually decreased and the abundance of Paralactobacillus and
Lactobacillus increased, which indicated that the addition of cellulase improved the abundance of lactic acid bac-
teria and reduced the abundance of spoilage bacteria. It was concluded that low cellulase (0.1%) was the most
appropriate application rate; it was conducive to the preservation of hemicellulose (HC), CL and WSC and im-
proved fermentation quality.

Key words: dry corn straw; cabbage waste; cellulase; mixed storage quality; microbial community diversity
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1
1.1
(dry corn straw,DCS) , N
1~2 cm, 10.23%; (cabbage waste, CW) s
91.41%, 2 cm X2 cm o
( 10 U-g™hH .
DNA Water DNA Isolation Kit, .
1.2
(F800, )3 GCI979011 ( )
(752N, )5 (DYY-11, );PCR (MGY96+,
) (TG16-W, ).
1
Table 1 Chemical compositions of dry corn straw (DCS) and cabbage waste (CW)
Ensilage materials Dry matter Neutral detergent Acid detergent Acid detergent  Cellulose Hemicellulose Water soluble
(DM. % FW) fiber (NDF, fiber (ADF, lignin (ADL, (CL, (HC, carbohydrates
% DM % DM % DM) % DM) % DM) (WSC, % DM)
Cabbage waste (CW) 8.5940.15 36.2541.20  33.27+0.97 16.21+£0.45 17.06+£0.64 2.9840.46 8.0540.03
Dry corn straw (DCS) 89.77-+0.01  76.854+0.02  47.15+0.01  8.1240.03 39.03+0.0229.70+0.02  14.57+40.02
1.3
L, 3.23 kg 9.87 kg .
; , 3% CA (
0.1%), CB ( 0.3%) (ME )3 , 3 ;
17 °C , 60 d(2015 1—-3 ), 30 d N N
1.4
2 200 g, 1 20 g 1:9 , 4
,3900 r * min ! 10 min, pH —20 °C , . .
1.5
1.5.1 , (r > 15~20 ., (2 ) 10~15
. B ) 4~10 ., ) 0~4
1.5.2 (DM) 105 °C o (NDF) ., (ADF)
(ADL) A (CL), (HO) (holocellulose, HoC)
,CL=ADF—ADL,HC=NDF—ADF, HoC=CL+HC, (WSO

[4]
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1.5.3 pH PHS3D pH . (ammonia nitrogen, NH;-N)
_ . SBA-40X o N
. 200 °C, (99.999%0) , , :40 °C 2 min,
2 °C + min' 100 C 5 min, 10 °C « min' 200 C, 5 min, N N
o V-score , 100 ,80 ,60~80 ,60
fs
1.5.4 60 g 3, 200 mL ,37
C 2h , 47 mm, 0.22 pm o
, 2 mL ; Water DNA DNA, 2%
Illumina MiSeq . 0.1%
1.6
Excel 2007 ., SPSS18.0 , Duncan
2
2.1
2.1.1 2 , .ME CL.HoC NDF
.CA CB ADF . NDF  ADL ,HC . 30d 60d
CA CB CL.ADF NDF ME (P<C0.05);30 d CA CB HC.
ADL ME (P>0.05), HoC ME (P<C0.05);60d CA ADL
ME CB (P<{0.05),CB HoC ME CA (P<C0.05),
2

Table 2 Changes of chemical composition during silage (% DM)

ME CA (Dose of 0. 1%) CB (Dose of 0.3%)

Treatment 0d 30 d 60 d 0d 30 d 60 d 0d 30 d 60 d
Cellulose (CL) 34. 06Ba 38.80Aa  37.67Aa 34.06Ba 36.38Ab 32.95Bb 34.06Aa 32.64Ac 27.28Bb
Hemicellulose (HC) 23.66Ba 25.89Aa  25.37ABc 23.66Ba 24.49Ba 29.62Aa 23.66Ba 24.03Ba 28.02Ab
Holocellulose (HoC) 57.72Ba 64.73Aa  63.05Aa 57.72Ba 60.86Ab 62.56Aa 57.72Aa 56.66Ac 57.30Ab
Acid detergent fiber (ADF) 44.01Aa  45.45Aa  44.42Aa 44.01Aa 42.07Ab 36.22Bb 44.01Aa 39.84Bc 34.94Cb
Neutral detergent fiber (ND) 67.67Ba 71.34Aa  71.13Aa 67.67Aa 66.56Bb 64.84Cb 67.67Aa 63.86Bc 62.94Cc
Acid detergent lignin (ADL) 9.95Aa 6. 61Bab 6. 75Ba 9.95Aa 5.69Bb  3.28Cb 9.95Aa 7.20Ba 5.66Ba
(P<C0.05), (P<<0.05),

Note: The same line with different lowercase indicate significant difference at P<C0. 05 among different groups at the same treatment time, the same

line with different capital letters indicate significant difference at P<C0. 05 for the same groups within different treatment time.

2.1.2 (WSO cP) 3 ) ,3 CP
, ; 30d 3 CP (P>0.05),60 d
CA CB ME , CA CB (P>0.05), »3 WSC
. 30d CA CB WSC ME (P<C0.05), CB
;60d  CA WSC ME (P<C0.05), CB ME.CA (P>

0.05),
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2.2 3 WSC CP
4 , ME .CA CB pH Table 3 Changes of WSC and CP during silage
s CB pH
, CA CB pH Treatment Time Water soluble carbohydrates  Crude protein
3.90~4.10;30d CA CB pH (d) (WSC, % DM) (CP, % DM)
(P<<0.05), 60d (P>0.05), ME 0 9.5340. 20Aa 10.7540. 26 Aa
30 d CB LA ME 30 1.9440. 05Bc 0.5840. 05Ba
(P<0.05),60 d 60 2.1240. 05Bb 0.4140.05Bb
LA (P<0.05). AA CA 0 9.5340. 20Aa 10. 75+0. 26 Aa
.,60d CB AA ME 30 2.6570. 28Bb 0.6470.13Ba
CA (P<0.05), 3 PPA  BA 60 4.39741,55Ba 0.82740.13Ba
, BA CB 0 9.5340.20Aa 10. 7540. 26 Aa
1%. CA EA 30 3.80=0. 14Ba 0.7340.13Ba
(P<0.05). ME CB (P> 60 2.99+0.19Cab 0.76+0.05Ba
0.05);30d CA CB EA : (P<
ME (P<0.05).60 d (P=>0.05), 0-057» (P=
.3 LA/AA 3,LA/TOA 09

Note: The same column with different lowercase indicate significant

0.7 , CB LA/AA LA/TOA

difference at P<C0. 05 among different groups at the same treatment

’ time, the same column with different capital letters indicate significant
’ ., CA CB difference at P<C0. 05 for the same groups within different treatment
AN/TN , time. The same below.
(P>0.05), °

4

Table 4 Changes of organic acids during silage

pH / /
Treatment Time Ethanol Lactic acid Acetic acid  Propionic acid Butyrate LA/AA AN/TN
(D (EA, % DM) (LA, % DM) (AA, % DM)(PPA, % DM) (BA, % DM) LA/TOA
ME 30 4.1540.00Ba 0.7140.04Aa 3.7840.04Bb 0.7740.02Bb 0.0940.01Ab 0.2540.03Ab 4.91 0.77  2.10%+0.19Aa
60 4.36=40.01Aa 0.6740.05Aa 5.07=40.03Ac 1.2740.05Aa 0.08=+0.01Aa 0.2140.01Bb  3.99 0.77 1.8340. 25Aa
CA 30 4.0840.01Ab 0.3340.01Bc 3.5340.07Bc 0.8740.02Ba 0.09+0.01Ab 0.2340.03Bb  4.06 0.75 1.2040. 22Ab
60  3.9340.00Bb 0.7340.06Aa 5.76+0.01Ab 1.36%0.10Aa 0.1040.01Aa 0.4340.11Aa 4.24 0.75 1.2540.19Ab
CB 30 3.9140.00Bc 0.63740.03Ab 6.25+0.02Ba 0.84=40.03Ba 0.17-40.02Aa 0.3740.06Aa 7.44 0.82  1.4940.27Ab
60 3.9340.01Ab 0.66+0.13Aa 7.1340.07Aa 1.0640.02Ab 0.11+0.02Ba 0.40+0.05Aa 6.73 0.82 1. 2340. 08Ab
2.3
2.3.1 1 , DCS (Firmicutes)
(Proteobacteria) , 33.78% 65. 26% ; (Actinobacteria) (Bacte-
roidetes) 1.00%., CW  Proteobacteria  Bacteroidetes s 80.
23% 18.57% ;Firmicutes  Proteobacteria 1.00% ., DCS CW 30 60d ME
Firmicutes  Proteobacteria, Firmicutes , Proteobacteria ;30 d

51.10% 48.30%,60 d 56.60% 40.40%; Actinobacteria  Bacteroidetes,
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Lactobacillus »30 d 22.90%  20.70%.60 d 15.40%  35.40%,

s . ME Enterobacter, 30 d 44, 90% 60 d
36.00%, (Serratia) 1.40% Sphingomonas ., Pseudomonas  Chryseobacteri—
um 1.00% .

,CA.CB (Enterobacter) | (Lactobacillus) (Para-

lactobacillus) .30 d 3 CA 38.80%.,18.10% 20.90%,
60 d 27.40%0.33.70% 18.70%;CB  30d 35.80%0.37.10% 13.20%,60 d

32.20%.40.80% 13.80%., .30d  ME.CA CB 49.00% ,44. 40%

52.80%, ME ,CB , CA ;CA CB (Pedio-
coccus) | (Stenotrophomonas) . (Sphingobacteriaceae) | (Sphin-
gomonas) (Agrobacterium) , 5.00%, 60d LCA CB

ME , CB ,  58.90% ; Enterobacter , CA 30 d 38.80%
60d 27.40%, ;CB 30 d 35.10% 60 d 32.20%, ME
(30 d 44.90% 60 d 36.00%), ) Enterobacter ,
, CB CA , o

2.3.3
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W Paralactobacillus M Lactobacillus
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b b
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um) 96.50%  95.56%. g sof
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CW 1.00%. o
DCS. 3 2200
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; 1%,
, \ o pH
4,2 el , CP AN/
TN , o
, 60 d 3 . V-score .
s ,  V-score . .
, ., Filya* .
pH 3 ., CA CB o s
; ; pH NH;N , (0. 3%)
3.3
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lus.Paralactobacillus.,Pediococcus.Lactococcus,Carnobacterium Serratia 30 , ,

[27]

. Duniére Paenibacillus ., Flavobacte—

riaceae Sphingomonas.,Exiguobacterium root nodule bacteria,Acinetobacter ~— Buchnera (28]

Lactobacillus, Enterobacter ., Enterococcus . Clostridium . Aerococcus . Sporolactobacillus .

Lachnospira .Ruminococcaceae Weissella ,Pantoea  Serratia ,.CA CB
ME , , Enterobacter
. CB 55.70%,
pH ) ’ 0 N
, Cai [V 161
Lactococcus . Lactobacillus . Leuconostoc.Enterococcus  Pediococcus , ,
66.00%, , Carnobacterium, DCS CW Carnobac-
terium 10%, Paralactobacillus Lactobacillus R
,CA CB Paralactobacillus  Lactobacillus , CA Paralactobacillus CcB ,
CB  Lactobacillus CA , ,
4
, pH )
. ADL WSC,HC HoC ;
. . 0.1%),
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