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Abstract: To explore the feasibility of corn stover (CS) and cabbage waste (CW) mixed silage, the effects
of different ratio on ensilages quality were studied to assess the best ration of two materials. Meanwhile,

conventional identification methods and 16SrRNA sequence analysis were employed to analyze the lactic
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acid bacteria diversity from the optimum mass ratio of CS and CW ensilages. The results showed that the
pH value of all the mixed silages were lower than CS solely ensilages (SECS, P<C0. 05) which mean that
the quality of mixed ensilages were better than CS sole ensilages. The ME5 group was the optimal mass ra-
tio in mix-ensiling groups. A total number of 12 lactic acid bacteria were isolated from the ME5 group,
which belonged to the three different generas (Lactobacillus, Pediococcus and Enterococcus). Among
these isolates, Lactobacillus and Pediococcus were the predominant strains (91. 7% of the total isolates).
They were composed of 1 strain of L. brevis, 3 strains of L. plantarum, 7 strains of P. pentosaceus and 1
strain of E. hirae which mainly were homofementative of lactobacillus. The research result supported that
the way of CS and CW mixed ensilages was feasible and had laid the foundation for preparing an excellent
lactic acid bacteria addictive for silage.

Key words: corn stover; cabbage waste; mixed ensilages; ensilages quality; lactic acid bacteria; 16SrRNA
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Table 1 Chemical compositions of corn stalk and cabbage waste %
Feed stock DM NDF ADF HC
Cabbage waste 5.58=+0.15 21.29+1. 20 13.1940.97 8.1140. 46
Corn stalk 53.75%£0.08 49.10+1.61 27.64+0.90 21.55+1.23
Feed stock CL HoC ADL WSC
Cabbage waste 10.92+0. 64 19.03+0. 35 0.74=+0. 45 23.7440. 04
Corn stalk 25.74+0.63 47.29+0.52 1.724+0. 14 28.15+0. 15
1.5 L . b 0. 2 mL
65%.67%. MRS . 3 .37 °C
69%.7T1%.73%  75%. MEI.MEZ2, 72 h,
MEZ ME3 ,ME4 , ME5 MES6 s
(SECS) . 25 °C 60 d, .4 °C .
3 ’ 21 o N N
1.3 JH.S . J0.1% W10 °C
50 g 1:10 45 °C .pH4.5 pH9.6 .6.5% NaCl
, [15]
(Dry matter, DM) 105 C . )
pH PHS-3D pH (Am- (Lactobacillus bulgaricus) JCM1002

monia nitrogen, NH;-N) -
(Neutral Detergent fiber,

o

NDEF) | (Acid detergent fiber, ADF)
(Acid detergent lignin, ADL)
. (Cellulose, CL) |
(Hemicellulose, HC) (Holocellu-
lose, HoC) ,CL= ADF —

ADL,HC=NDF—ADF,HoC= CL+ HC""",

(Water soluble carbohydrates, WSC)
[5]

SBA-40X o
, 200 C,

(99.999%) , ; 40 °C 2 min,

2 °C « min' 100 C 5 min, 10
C « min ' 200 C, 5 min,
1.4

25 g 225

mlL .37 C 2 h ,

. 107,107,107 3

(Laccoccus lactis subsp. lactis)

1F012007 o
16SrDNA
) 27f: AGAGTTTGATCCTGG
CTCAGH* 1492r. CTACGGCTAC-
CTTGTTACGA",
o DNA
. PCR 50 pL.2 X Taq
MasterMix 25 pl., 2 ul, DNA 1
:94 C

pL.RNase-Free Water 20 pl.,
2 min; 94 C 30 s,55 C 30 s,72 °C 90 s,30

572 °C 10 min,4 C
1 500 bp, PCR
DNAstar , NCBI Chttp://
www. ncbi. nlm. gov/blast)  Microbes Nucleotide
, MEGA 5.1
Clustal W ,
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, Bootstrap o WSC )
1 000 , 0.01% DM, , 60 d
(s .
1.5 2.2
SPSS 18. 0 SECS pH 6 (P
s s 0.05)( 3).pH 7.95, ,
, P<C0. 05 , pH ,
. MES pH 4.2 . ME2 AN/TN
SECS 5 ,
2 s AN/TN
2.1 (ME6 ). ME4 MES AN/
SECS DM, CL,NDF,ADF,ADL HoC TN , . AN/TN
6 (P<<0.05)C  2), , pH
s ,CL.HC 5.0
HoC (  MES6 1] pH 5.0
), ME2 ME3 ,ME6 ME4 . MES5 HoC ,
(P>0.05), ADL . SECS
2
Table 2 Chemical compositions of mixed silage for different ratios %
Group DM NDF ADF ADL
SECS 66.4810. 15a 75.73£0.01a 48.8240.02a 0.07+0. 54a
ME1 35.83+0. 04e 61.94+0.01d 36.34+0.01c 0.03+£0.27b
ME2 37.69+0.60d 63.39+0.01c 37.827+0.02b 0.03+0.17b
ME3 49.37=+0.04b 64.52+0.03b 37.424+0.01b 0.03%£0.47b
ME4 40.46+0.01c 59.16+0.03e 33.84+0.01d 0.02+0. 30b
MES5 27.64+0.03f 59.30+0. 0de 33.237+0.02d 0.02+0. 23b
MES6 21.66=0.05¢ 64.4140.03b 37.9140.01b 0.0340. 06b
MSE 0. 236 0.229 0.229 0.027
Group CL HC HoC WSC
SECS 40.5140. 63a 26.91+0.77a 67.42+0. 54a <C0.01
ME1 32.77+0. 40c 25.61+0.05d 58.38+0.21c <0.01
ME2 34.25+0.67b 25.5740. 64d 59.82+0.57b <C0.01
ME3 32.70£0. 34c¢ 26.90+0.41a 59.60+0.32b <C0.01
ME4 30.49+0. 28d 25.31+0.49d 55.80+0. 38d <0.01
ME5 29.527+0. 24e 25.0740.13¢ 54.59+0. 16d 0. 01
MES6 33.2440.49¢ 26.50+0. 33b 59.74+0.25b <C0.01
MSE 0.022 0.022 0.019 <0.01
(P<<0.05),
Note: The means in the same column with different lower case letter indicate significant difference between different groups at 0. 05 level. The

same below.
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Table 3 Effects of mixed ratios on fermentation characteristics of silages %
pH /
Group pH value Lactic acid(LA) Acetic acid(AA) Butyric acid(BA) AN/TN
SECS 7.9540. 04a 3.2340.05e <C0.01 <<0.01 0.53%0.01b
ME1 4,24+0.05d 6.8140. 04a <0.01 <0.01 0.56+0. 16b
ME2 4.3240.02¢ 5.4340. 03¢ <0.01 <0.01 1.12+0.02a
ME3 4.2740.02b 6.56£0.04b <0.01 <0.01 0.17+0.17c¢
ME4 4,58+0.01b 4,85+0.03d <0.01 <0.01 0.03+0.03d
MES5 4,1740.05e 6.7940.02ab <0.01 <0.01 0.04+0.02d
ME6 4.220.02d 5.63=£0. 02¢ <0.01 <0.01 0. 16£0. 06c
6 , ME1,ME3 MES5 , o
ME2 ., ME4 ME6 . AA CSCWL 2-2,CSCWL 2-3,CSCWL 24,
BA ) 0.01% DM, CSCWL 2-5,.CSCWL 2-8,CSCWL 2-9 CSCWL
, BA, 2-11 C 3, N
. .pH 9.6 6.5% NaCl
2.3 20.1% . 15°C
2.3.1 MRS s ; CSCWL 2-12
2~3 mm, N N N s N
. N 20.1% .pH 9.6  6.5% NaCl
s 12 s , 15 45 °C s
CSCWL 2-2, CSCWL 2-3, CSCWL 2-4, °
CSCWL 2-5,CSCWL 2-6 ,CSCWL 2-8,CSCWL 2- CSCWL 2-6 15 C .45 °C
9.CSCWL 2-10,CSCWL 2-11,CSCWL 2-12,CSC- C 6, ,
WL 2-15 CSCWL 2-17, , s
2.3.2 CSCWL 2-6 ,CSCWL , (Lactobacillus brevis) ,
2-10,CSCWL 2-15 CSCWL 2-17 CSCWL 2-6 o CSC-
« 1, N N WL 2-10,CSCWL 2-15 CSCWL 2-17
R ,pH 4.5 R R
4
Table 4 Identification of Lactobacillus
pH 4.5
Strain Gram staining Catalase test Nitrate Gelatin Indole Hydrogen sulfide Growth at
reduction test liquefaction test  test production test pH 4.5
JCM1002 + — — - - - +
CSCWL 2-6 + — - - - - +
CSCWL 2-10 + — — — — - +
CSCWL 2-15 + — — — - — +
CSCWL 2-17 + — — — — - +
it 3 —

Note: +, positive; —, negative. The same below.
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Table 5 Identification of spherical lactic acid bacteria

15 °C 45°C  pH9.6 6.5% NaCl 0.1%
Strain Gram Catalase Nitrate Growth  Growth Growth Growth at Methylene blue
staining test reduction test at 15°C  at45°C atpH 9.6  6.5% NaCl reduction test
1F012007 + - — + - — - +
CSCWL 2-2 - — — + — — — +
CSCWL 2-3 + - - + - - — +
CSCWL 2-4 - - - + - - - +
CSCWL 2-5 - — — + — — — +
CSCWL 2-8 + - - + - - — +
CSCWL 2-9 - - - + - - - +
CSCWL 2-11 - — — + — — — +
CSCWL 212 + — — + + + + +
. . . . N N 1 ; CSCWL 2-2,CSCWL 2-3,
, o CSCWL 2-4 ,CSCWL 2-5, CSCWL 2-8, CSCWL
(Lactobacillus plantarum ) , 2-9  CSCWL 2-11 1
CSCWL 2-10,CSCWL 2-15  CSCWL  100%, .
2-17 . 5 6 ) 7 )
CSCWL 2-12 15 C.45 C.pH 9. 6 (Pediococcus pentosaceus)
6.5% NaCl ,0.1% ; CSCWL 2-10, CSCWL 2-15
) , ) CSCWL 2-17 2
N N N N . N 100% , 3
, N N N s (Lactobacil-
. s lus plantarum) ; CSCWL 2-6
. CSCWL 2-2, CSCWL , 2 )
2-3.CSCWL 2-4,.CSCWL 2-5, CSCWL 2-8, CSC- (Lactobacillus brevis) ;
WL 2-9 CSCWL 2-11 CSCWL 2-12 3
, N N . 100% , CSCWL 2-12
, . ) (En-
, (Pediococcus pentosaceus) terococcus faecalis) o
) o , CSCWL 2-6 (Lac-
2.3.3 16SrRNA 12 tobacillus brevis) ; CSCWL 2-10,CSCWL 2-15
DNA, 1% s CSCWL 2-17 (Lactobacillus plan-
, PCR . tarum) ; CSCWL 2-2,CSCWL 2-3,CSCWL 2-
16SrRNA , 4 ,CSCWL 2-5,CSCWL 2-8,CSCWL 2-9 CSC-
PCR s WL 2-11 (Pediococcus pentosaceus) ;
1 500 bp, teo] | tz1] CSCWL 2-12 ( Enterococcus
, PCR . hirae) , Pang %% .
DNAstar s Microbes Nucle- 12 GenBank,
otide , KM668044 —

C D, KM668055,
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CSCWL2-11

Pediococcus pentosaceus L105 (KI1649285.1)
81 I” cscwL2-4
CSCWL2-5
CSCWL2-3
CSCWL2-2
CSCWL2-8
91 N CSCWL2-9
Pediococcus stilesii LMG 23082T (AJ973157.1)
Pediococcus lolii NGRI 0510Q (NR 041640.1)

100 Pediococcus acidilactici IMAU10073 (FJ915729.1)
Pediococcus claussenii DSM 14800T (AJ621555.1)
Pediococcus parvulus LZ261 (FM878598.1)
Pediococcus inopinatus DSM 20285 (NR 025388.1)

100 Pediococcus cellicola Z-8 (AY956788.1)
Pediococcus ethanolidurans 7-17 (DQ400914.1)
CS CWL2-6
50 100 — Lactobacillus brevis-CSCWL 1-2 (KM985449.1)
Lactobacillus sanfranciscensis JCM 5668 (NR 118974.1)
Lactobacillus buchneri ICM 8609 (AB690197.1)
Lactobacillus  plantarum CSCWL1-18 (KM985457.1)
CSCWL2-15
CSCWL2-17
CSCWL2-10
Lactobacillus paraplantarum NRIC 1733 (AB362736.1)
Lactobacillus helveticus IMAU20026 (FJ844955.1)
56 | Lactobacillus pentosus C-25 (EU443755.1)
Lactobacillus arizonensis NRRL B-14771 (AJ965485.1)
{ Lactobacillus casei XM2-1 (EU715321.1)
58 Lactobacillus  reuteri KLDS 1.0735 (EU626020.1)
Lactobacillus ruminis CCFM8418 (KP159619.1)
ﬂl: Enterococcus camelliae FP15-1(NR 044121.1)
Enterococcus sulfureus ATCC 49903 (NR 041706.1)

_I: Enterococcus dispar SS1295 (GQ337024.1)
4p Enterococcus casseliflavus MMB1 (FJ357239.1)

Enterococcus mundtii WFE20 (KC291249.1)

CSCWL2-12
o7 Enterococcus faecalis H13 (EU887827.1)
73 Enterococcus hirae ATCC 8043 (NR 114452.1)

90  Enterococcus faecium H2 (EU887814.1)

Lactobacillus  sakei DGH5 (KP179418.1)

100

67

o8

34 |

|

100

74|

100

007 006 005 004 003 002 001 000

1 16SrRNA
Fig. 1 Phylogenetic tree based on the 16SrRNA sequence
Bootstrap 5 o

Note: Numbers in tree branch represent percentage of confidence for each branch; scale represent difference in sequence.

3 WSC 60~ 70
g+ kg ! DM, R
. 53.75%, 94.42% ,WSC
, . 23.74%.,
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R [19]
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4.2 , 2-5,CSCWL 2-8 ,CSCWL 2-9 CSCWL 2-11
Lol .ME5 pH 4.2 . ; CSCWL 2-12
) o N o CSCWL 2-6
WSC ) ,
»pH i [24]
R 16SrRNA , (Hor-
AN/TN deum vulgare var. nudum Hook. {.)
R ME5 AN/TN , ( Lactobacillus planta-
R £7] rum) . ( Pediococcusacidi lactici) .
o (Pediococcus pentosaceus) , Lol
) 16SrRNA
, ME5 ( ( Pedio-
21 :27) » 16SrRNA coccus pentosaceus ) ( Lactobacillus
N . 16SrRNA plantarum) (Lactobacillus curvatu)
L26] 16SrRNA
. 16SrRNA (Kobresia littledelei)
., MES5 12 17 , 6
3 4 o 3 (Weissella confusa) ,
(Lactobacillus) . (Pediococcus) (W. cibaria) ,
(Enterococcus) , 4 (Lacto— 16SrRNA
bacillus brevis) | (Lactobacillus planta- .
rum) (Pediococcus pentosaceus) ,
(Enterococcus hirae) , 12 s o
) CSCWL 2-6, CSCWL 2-10, CSCWL
2-15  CSCWL 2-17 . ; )

CSCWL 2-2,CSCWL 2-3,CSCWL 2-4,CSCWL
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