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Abstract: The effects of freeze-thaw conditions on the fermentation quality and aerobic stability of oat silage were

investigated. Four strains of freeze-thaw-resistant lactic acid bacteria (LAB) with rapid growth and efficient acid
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production were screened from 437 strains, which had been isolated from the Qinghai— Tibetan Plateau. Based on
physiological and biochemical characteristics and 16S rRNA gene sequence alignment, the four strains were identified
as Lactobacillus plantarum 157 (LP157), L. plantarum 160 (LP160) , Lactobacillus brevis 248 (LB248) , and
Lactobacillus pentosus 260 (LPE260). In order to investigate their effects on the fermentation quality, nutrient
composition, microbial counts and aerobic stability of oat silage under freeze-thaw conditions, seven treatments were
tested as follows: 1) LP157; 2) LP160; 3) LB248; 4) LPE260; 5) LP160-+ Lactobacillus rhamnosus 753 mixture
(MIX); 6) A commercial bacterial silage additive (COM) ; 7) The same amount of sterilized distilled water (CK).
All treatments were ensiled for 60 days at a constant temperature of 20 °C and under a 20 “C/—5 °C regime alternating
every 12 h (freeze-thaw). LP inoculation improved silage quality: The pH and dry matter loss in silages inoculated
with LP157, LP160, LB248 and LPE260 were significantly lower than CK (P<C0.05) and lactic acid and acetic
acid contents were significantly higher than CK (P<C0.05) , and the growth of spoilage micro-organisms such as
coliform bacteria, yeast and mold were inhibited, both with fermentation at constant 20 ‘C and under freeze-thaw
conditions. After aerobic exposure for 5 days, the pH and NH;-N of silages treated with LP157, 1.LP160, .LB248 and
LPE260 were significantly (P<C0.05) lower than CK, MIX and COM. The aerobic stability of oat silage was
improved, especially when inoculated with LP160 (70 h vs. CK 11 h). The results show that the four screened
strains can be used as effective LAB inoculants for silage preparation in the freeze-thaw environment of the Qinghai—
Tibetan Plateau.

Key words: lactic acid bacteria; freeze—thaw; fermentation quality; aerobic stability; oat silage
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W, — 20 ‘CLR A7 , 7E deMan-Rogosa-Sharpe (MRS) 55 3¢ 5 v 6 46 J5 , AR 41 7 1 b X 9 e 2k 3 22 I 1) <L 5 B8
WHE 1) —5CHzE24 h;2)E—5°C,12h 5 20°C,12h(—5C/20°C);3)420°C,12h 5 —5°C,12 h(20°C/—5°C)
X 3 B S B IR 24 bR AR pHAE AT OD A, &~ B 3 UCEL AT, DA i 56 H) A 4 R A di R L7 IR AR A v
FR9 15 R AR Ay ¢ 36 T PR L 7E 3 AT A B A AR 00 0 B e IR e (RER BB A BR 2 W), A G 50 5 A LA B 10°
cfusmL " Zc A7 $E i 28 07 i e A 2 TR L CE T A 3R R AR B R L AT B 0 .

1.2 SLBE %R

f87 F 40 78 DNA $2 BUR ) & CRAR A= AL B A BR 2 R o [ b 50) % 0 18 3 19 4 Bk B #E 4T 16S rRNA 741 1 §2
B, L 27F (5" -AGAGTTTGATCCTGGCTCAG-3" ) # 1492R(5'-GGTTACCTTGTTACGACTT-3" ) A PCR
I AT PCRY™ G, 938 = 16 28 TAEW) TR (LU ) A A B Wl , 73 45 5 1 1% 31 NCBI(http: //blast.
Ncbi. nlm. nih. gov/Blast) #k 17 [7] # 5 51 [ XF . M Genbank ¥& B 51) A0 3T 9 b5 v 18 L ARG 55 28 #004F 18 (Bacillus
subtilis)NCDO1769 K4 F I , R FI MEGA 7. 18 fFi2 - 4R 5 R R B W .

1.3 FeEs 7%

TR A4 R P4 T PR R 2 7 R e DA T B 20 DA 0 M 2021 AF FAE (4 HEAE S AR R Sl T LBV
B = B2 10 emo X H S e THER WL Rk 22, 2 R W s e 701 20 o 130 R FH UL R 58 2 B AL, iR
JEE 43 531 2 20 "CHIN 20 °C/—5 "C(20 "CHI—5 "CHE 12 h 328 1) , 45 1 Ak B3 59 2 45 4 TG 1 28 1 7K (CKO) A FLAT
@ 157 (Lactobacillus plantarum 157, LP157) (4 ¥ 3L FF & 160 (L. plantarum 160, LP160) | f L #T & 248
(Lactobacillus brevis 248, 1L.B248) JXHKEFLAT W 260( Lactobacillu pentosus 260, LPE260) A8 ) FLAT IH 160+ R 4=
BEFLAT A 753 (mixture, MIX IR G B, BZSHEZLAT I8 753 Hy PR320 i 3 6 26 ) A1 3Tk B (commercial, COM, 3K A
BT8O AR R A PR w3 M T A A FLAT ) o A& L IR T A K R TG T R K R R R B 10° cfu-
mL ", 2 R A WEAE , DL AR 100 g JSURHBEI 3 mL BECA AR e, S8 00 IR AT R, MU 700 g e A SR 0 SR ORHAR b T S b
FLA5 RN A B 3 A2 (R Ak 2 [ A 3 4%, T AT S 3R B K ) |, 23 0l B 78 20 "CAHT 20 °C/ —5 CRE SR A
TH W60 dFFLE, T FF fh AT AR 0 T80 AR 22 Gy R T o ot R S8R M 2 AT
1.4 HEXBE®RR SRR 5
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(dry matter, DM) % & o WFE G &8 1 mm 5 H F L2200 A o SR A BILEC E &0 & KL 2K 11 (crude protein, CP)
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S CRMBHG A BAR A BRA R v B IR ) W 2 7K 3 M K Ak & 9 B ik 5 R F Van Soest 55 1 J5 1 I e v 1
% 2T 4 (neutral detergent fiber, NDF ) Fll R 4 ¥k i £ 4 (acid detergent fiber, ADF) & & . I 20 g#£ 5 F 180 mL &
WK R BE 24 h g 2 ug , — 350 H pH T (5 # pHS-3C, LA A 20 A AL A7 PR &) v i g ) I & pH, )
AR S 5 T 2GS M LR A I e . SR ORI — R R A L R I S A A R IR R e
0. 22 pm U8 Sk ik U8 2 3F FE b, BB 80 35 AL (8RR UltiMate3000, 38 [E) W2 FLR2 LW (IR A1 T R %
i, % SR : RSpak KC-811 a3 41, i 84 0. 1% H,PO,, Jii# 0. 5 mL-min ', H:ii& 55 °C.
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R A& MK B R 10 7, NP BUSE 10 7010 " = A BB EEAS 0. 1 mL #EAT ¥R Al o 2393 1 MRS 5 97 5 37 “CIK
ARG IR A8 h X FLIR W HE AT 1180 25 4% 22 7] 4 B 315 (potato dextrose agar, PDA) #5373 30 ‘CH A K5 77 72 h X i
B T FIEE T PR AT TR, 45 2 b 2T I 3501 (violet red bile agar, VRBA ) 15 35 3k 37 “CA & 55 7 24 h XA 4
HEATTHE, B B R b s IRk 3 AT
1.6 HAZREXE

FHI60 d AR5, BIA 800 g MFEah T 2 L K B BEAR rf 52, I 2 KA AR 20 A0 3 o K FE R TE R IR A5 R
B S do 3 S R BRI SR AL (MT-X, ff AR B A BR 2wl v B BRI B 5 miin ) d — UCF A0 KOOI
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1.7 HFELHEL

FH Excel X %540 2547 Aif 14 3, SR ] SPSS(IBM SPSS statistics 26) 3% 48 #E 47 XA K 97 22 5007, /0 Wr i 2 i
7 R W5 3 58 B I BT T H 20 JF R G (Duncan”s) J7 ik #E 47 AL BR8] 2 5 4 (P<<0. 05) .

2 HBREHGH

2.1 MMM ANAERAN BABSREALT

Bk 157,160,248 Fl 260 £ 5~50 C4 M F#HE 4 K, Wbk 157 .160 A1 260 A] £ pH & 3 H 10 ‘C& 4 F IE# 2k
K (F 1) W 157,160 F1 260 0] Fl H )ik IR 38 2, B BR 248 (R85 & B RRPE LU RS RRIR (R 2) o W& 1 B, BB 157
F 160 540 W FUAT 1R 0 % OC R, A Pk 248 50 FUAT IR 4% ¢ R fc i, AR 260 5 OB FLAT 1 R 4 ¢ R il .
W 07 0 159 ) A 3 Bk B Ak 59 16S rRNA 5 %1l I £ & GenBank, ¢ 51 5 43 % b 4 L AT & 160 (SUB10183158
Lactobacillus MZ749501) | % ¥ #F B 248 (SUB10183450 Levilactobacillus MZ768870) F1 1% ¥ FL #F & 260
(SUB10188144 Lactiplantibacillus MZ768872) o ¥ HARAF 2 v 5385 38 G A= 4 B A O 36 7 B ep ol L 2 5 43031 R 160
(CGMCCNo. 23166) .248(CGMCCNo. 23167) F1 260( CGMCCNo. 23168) .
2.2 HFRERAG TR EMEDKE

16770 T 2 09 T4 & iy 28. 96 % 8 7 (fresh weight, FW) B 11 11.01% DM, /K Bk K 1L & 4
HH N 13.30% DM, M EFLRR # & M 3.70 1g cfu-g ' FW, BT i B RF AR & 20 2 4. 12.2.89.3. 14
lg cfu-g "FW(33).
2.3 ok akSLER AT AR R R A B ST YR

R 60 d 5, TCIBTE 20 “C A1 b Bk fil 44 F ,LP157 \LP160.,1.B248 F1 LPE260 4b P 41 f pH ¥ ik T CK
H MIX A COM A (K 4), £ WX pH I A B (P>0.05) , FLRE B F W T F I pH(P<<0.05) . &
BAE/BA(NH-N/TN) FLWR LML KFLER/ 2 (LA/AA) 5 IR B FLIR 1 LA K 9 3% 32 A1 P #0435 A ¢
(P<<0.01). 20 CEMF,BR T MIX 4b 2 41 4 H: At b B8 20 2L AR & 34 B % (P<<0. 05) & T CK 4, H v LB248 4b
PR A LR & B d s UR A SRR L 5 CKOM BE 48 1> Tk Ak 320 1 2L IR & 2 # tk % (P<<0. 05) Tt , HLLP157.,
LP160.LB248 Fil LPE260 Ab #2119 %t 48 CKIG N T — %, 8 20 CHRAMF P F- @i K. 20 ‘C4&A44F T, LB248 Ab 3
WO & e, (A5 LP157 Ml LPE260 4 20 ¥ A7 .35 (P=>0. 05) 2 5, LP160 A BRAL 1) £ TR % 1 1B 3% (P<<
0. 05) ik T LP157 .LB248 il LPE260 &b B 2H 5 VR il 25 71 & , & L R 11 T bk Ab B 2H 1) £ 1R 7 £ Wl 3 (P<<0.05) & T
CK4l. 20 CH&MT B LP248 Ab PR A , oA A BRAL (% LA/AA # 5 3 (P<<0.05) i/ CK 41, H op LP160 Ak B
W f e s TR AR MIX R LP160 4 #E4H /& F CK L HJE 25 7oA 35 (P>>0. 05) , AR BR T CK, 78 A [ 19 1 B2
IR BT AR LA/AA AR A a3, 78 BT A 11 A 2 v 35 2 K6 00 28 D9 R F TR
2.4 HABILBRANELZFLHREDHZTO YR

o HWN TG B8 T LP157 Ml LP160 kb BHA , A kb BE 41 0 7L AR 1 B0 39 2 TRk, Rl &1 F L 45 7L IR
FA A B2 04 i FF B RO IE T CK 4L, FLBR LP157 &b B 41 41 H: 4y Ak BES A 4G 0 21 B 47 B o 20 “C4& 4+ F , LPE260.,
MIX F1 COM Ak 3120 (Y 5% BE T8 22 T J50RE, TAE VRl 25 178 T, CK 21 AT COM &b 38 21 (%) T BE RT3 A, JHG 4% 4% 2L 18 7 Ak
FZH B I RE R BCRL D o URER SRR TR, 45 TR R AL B2 Y R A B . LR Gk E L LPL60 AL B LR AE 20 °C A&
PR30 R VR A AS AT B A ASCm] T B FE TE ERE TRRNEE R  AEK (BR 5) .
2.5 WABRILIBEMNREFEE RS AG S H

FHI60 d 5, B 1 K4, HoA 8 3548 b 35 5 1R B2 R0 20 R B R A IR A I 3 A OG L1 DMLUNDF \ADF fl WSC
5P E 2 AR I 35 A 6 (P<<0.01 K 6) o Rl 2% 1 F & 40 3 DM &% &t W 2% (P<<0.05) % T 20 ‘C&AMF T .
20 CHAMF L 854 FL IR B A BRAH 09 T 9 B 51 25 (DM loss) i % T CK 4, H v LPE260 4b B 4H i) DM loss f ik,
HJE 25 A~ FL IR TR Ak B2 IE] 119 22 57 A8 0 35 (P=>0. 05) s AE VR A& 1F T L B T MIX LB 19 DM loss i T CK 414k, H A4y
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Table 2 Carbohydrate fermentation patens of lactic acid bacteria strains isolated from silages

7] T Bk Strain
Substrate 9 10 67 74 103 117 157 160 248 260 270 286 365 376 407
A58 Inulin + + + + + + + + - o+ - = o+ o+
K HF Salicin (1% NaCl) Y+ + 4+ o+ o+ o+ -+ - 4+ = =4 =
MOlaZL#% MOla actose — + + — — + w - — + — — w — —
M — B HE M — saccharose + + + + + + + + — + — — + + —
114 Sorbitol — — w + — — — — — — — — w w —
FLBE Galactose - - — — w — — — — — w + — — —
S Fructose +oow o -+ o+ o+ 4+ o+ o+ o+
AHERS Xylitol R
L4 Esculin + o+ o+ o+ o+ o+ o+ o+ =+ = =+ o+ o+
A B Ralfinose — — — — — — — — — — — — — — —
L— B M L —saccharose + + + + + + + + — + — — + + +
H #2 Mannitol i
H % Mannose + + + o+ o+ o+ o+ o+ =+ = =+ 4+ o+
K 1F Salicin o+ o+ o+ o+ o+ o+ o+ = = = =+ 4+t
R 2= % Rhamnose — — — + — — — — — — — — — — —
£F 4 Cellobiose N S T S S
Bl B AT B Arabinose w — — — — — w — + — + + — — —
AT Glucose + o+ o+ o+ 4+ o+ o+ o+ o+ o+ o+ o+
4 34 Maltose S e e S S R
# 4 Melibiose e
T JR % Hippuric acid + + + + + + + + — + + — + + +
% BE Glucose (77X Gas production) — — — — — — — — — + + + — + + +
T 7,902 R UL B R AT R BRI — 7, 90% B UL LB MRS AT R BEZ IR w AR R R
Note: “+7, 90% or more of the strains positive;“—", 90% or more of the strains negative;“w”, weakly positive.

IEHEAL T CKAL AR 2ZF AR E(P>0.05), 20 C&M4 T ,LP157 LP160 4k #H41 /) NDF F1 ADF #B & & (X T
CK YL VRl £ T, 4 FLIR B Ab BE AL ) NDF (B MIX 4148 il ADF 5 CK 41 22 S ¥R 35 0 20 °CHY, 45 kb BRAL (1)
CP 5 CKAIF JE B % 2 5 & LP157 . LP160.1.B248 Al LPE260 4k F 4] CP & W 5 T CK 4 ; i &1 F
LP157.LP160.1.B248 f1 LPE260 Zh ¥4 CP &t 5 CK 41 22 52 A 0 3, Hovh  LB248 b FRA e i . 5 JFORIAH EL , 75
)5 CP A1 WSC & it #B A7 BT R AR .
2.6 AARRILBREA AR L F A R A YA

M FIW A A RTESdE, 7620 CE&IME T, LP157 . LP160 fl LB248 4b # 40 # pH i 3 (P<<0. 05) ik T CK
M, AR 4 2 A B K s W Rl &40 F L LP157 . 1LP160 . 1.B248 Fil LPE260 4t 41 i pH 1 & 2 (P<<0. 05) 1% T CK
4, H CK MIX Hl COM 4b B (1 pH ¥ T 8(R 7)o VRl 451 F ,LP157 .LP160.1L.B248 FI LPE260 &b HfL 21 11 7
iR & 3 (P<<0.05) @ F CK M COM AR BEAL . JGig 20 “CA MR A fl 41 F , LP160 kb FEAL Y 20 1% & JE 39 8
FALT LP157.LB248  LPE260 fil MIX Zb 40 . 20 “CZ& 44 F , CK . LPE260 fl COM 4k B ZH i LA/AA i 3 (P<<
0. 05) I F Hofth R bR AL BRAH ; VR 25 18, 5 D BAR AL FRZH ) LA/AA 3% (P<<0.05) & F CK AL, 2 MR &1 F
LP160 4 #4019 LA/AA S d5c i o i A AL B rh S R 4G 0 2 N BR AT R o 2 MR 25T, LP157 . LP160,
LB248 Al LPE260 4b Hf £H (1) A %748 W it K 35 .3 (P<<0. 05) i T CK . MIX Fil COM 4b B 2 , Ji Ho 2 LP160 4b 2 £
T, B3 (P<<0.05) 1 T HAWALH (K 2)
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Fig.1 Phylogenetic dendrogram of lactic acid bacteria strains isolated from silages
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Table 3 Chemical, microbial composition of oat before ensiling

I H Item

T4 it Dry matter (DM, %FW)

% i Content

HL & 4 Crude protein (CP, % DM)

W4y Ash (% DM)

P R I AT 4E Neutral detergent fiber (NDF, % DM)
W% 1 Uk % 27 4k Acid detergent fiber (ADF, % DM)

TRV P 7K Ak A 9 W ater-soluble carbohydrates (WSC, % DM)

FLER H Lactic acid bacteria (Ig cfu-g ' FW, LAB)
W #F B Coliform bacteria (lg cfu-g ' FW, CB)
J# B Yeast (1g cfu-g ' FW)

% Mold (lg cfu-g ' FW)

28.96+0. 350
11.01£0. 129
8.90£0.175

65.17+1.169

29.69£0.982

13.30=£1. 050
3.70

4.12

2.89

3.14
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R4 HEBT60 dEN LB

Table 4 Fermentation characteristics of oat silage ensiled at 60 days

e [kl pH NH,-N/TN A LA R AA Wiz PA T BA LA/AA
Temperature (‘C)  Inoculation (%) (mg-g 'DM) (mg-g 'DM) (mg-g 'DM) (mg-g 'DM)
20 Xt HE CK 4.59abc 3. 86a 46. 86g 21.95b ND ND 2. 14g
LP157 4.01c 1. 34fgh 69. 31ab 24.70ab ND ND 2. 81def
LP160 4.02¢ 1. 65def 58. 44d 12. 60de ND ND 4.68a
1L.B248 4.02¢ 1. 39fgh 71.41a 27.78a ND ND 2.59%efg
LPE260 3.99¢ 1. 09h 69. 56ab 24.71ab ND ND 2. 85def
MIX 4. 37abe 2.08bc 44. 46g 13. 46de ND ND 3. 3led
COM 4.90a 1. 49efg 54.27ef 18. 04c ND ND 3. 0lcde
20/—5 X CK 4.8lab 2.33b 27.73h 6.61f ND ND 4.21ab
LP157 4.00c 1. 75de 56. 82def 15. 75cd ND ND 3. 64bc
LP160 4.02¢ 1. 84cd 66. 75be 15. 50cd ND ND 4. 34a
1.B248 4. 04c 1. 38fgh 57.93de 17.83c ND ND 3. 26cd
LPE260 4.03c 1. 35fgh 64. 15¢ 22.93b ND ND 2. 83def
MIX 4.07c 1. 24gh 53. 22f 11.67e ND ND 4.58a
COM 4. 16bc 1.97cd 55. 39def 24.16ab ND ND 2.32fg
FrifE iR SEM 0.228 0.027 0.341 0.317 ND ND 0.054
7 Inoculation (1) * ok % *k ND ND ok
it & Temperature (T) NS ** ok *k ND ND ok :
IXT NS K ** *ok ND ND ok

[F 8 A [/ /NG R 78 0. 05 K F I 22 5% & 3% Different lowercase letters in the same column indicate significant differences at 0. 05 level; *: P<<
0.05, **: P<0.01; NS: A i % Not significant; SEM: #5 #f i% Standard error of mean; LA: ¥L & Lactic acid; AA: Z R Acetic acid; BA: N &
Butyric acid; PA: T2 Propionic acid. DM: T#J it Dry matter; TN: &% Total nitrogen; ND: ¥4 # i 2] Not detected ; F [i] The same below.

x5 HEBI60dFHEDITH
Table 5 Microorganism counts of oat silage ensiled at 60 days (Ig cfu'g”' FW)

fib ¥ FLER T LAB A FFE CB MR TR Yeast 4 1 Mold
Treatment 20 °C 20°C/—5C 20 °C 20°C/—5C 20 °C 20°C/—5C 20 °C 20°C/—5C
X CK 4.62 4.63 ND 4.06 2.30 3.78 ND 2.00
LP157 2.95 3.32 ND 2.95 0.90 1.25 ND ND
LP160 3.46 4. 00 ND ND ND 1.70 ND ND
LB248 4.21 4.03 ND ND 0.08 0.63 ND ND
LPE260 5.26 4.71 1. 60 ND 4.29 ND 2.70 ND
MIX 4.79 4.77 1.54 ND 3.62 ND 2.48 ND
COM 5.83 4.06 4.70 ND 4.37 3.72 3.75 ND
3 iTig

3.1 ABILRA N HLERERL

7 34 1 0% 4 bk L TR TR AT AR R T T TR L IR R R AR ) T R R TE VR AR R AT UIE AR K U FLR T
LP157 .LP160 .LB248 I LPE260 A] LA AR & 4 38 )i/ 75 ; ?Jﬁi&gﬁﬁ&%%km&fﬁ%%%,iﬁm’iﬁﬂfﬁﬁm/ 1
27 T W ) A A8 8 TR PR o T U T R DO B L IR TR O S v TR 2T A DA 2 I b X RS B (Kobresia tibetica) B
M BOH RS P A T A BRI IR FLIR T, A R A FLAT T T BE FLAT B (Lactobacillus casei) JHE KA
(Pediococcus pentosaceus) SR FLFT 1 (Lactobacillus corynefyrmzs)o 2SN G b i FE XA R AR T I R
[ (%15 2 (Elymus sibiricus) (32 | b i ¥& H 19 T A 3R 2L B8R B 40 90l 2 48 9 FLFF 18 | 2% 85 BR B (Enterococcus
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K6 HEFTOINEZERR

Table 6 Nutritional components of oat silage ensiled at 60 days

M Tem-  E#HlInoc- THHEDM  THEH#iL K4 Ash AR U TR AT 4E TRV Uk % 21 4 MEHACP KBRS )

perature (°C)  ulation (%FW)  DMloss (%)  (%DM) NDF (%DM) ADF (%DM) (%DM) WSC (%DM)
20 Xt CK 28. 35 1.22a 8. 09a 54. 28cd 29. 76bc 9. 05abed 4. 84def
LP157 28.67ef 0.09e 7.99a 48. 36e 23.01le 9. 18abc 4. 64defg
LP160 29. 18ef 0. 39cde 7.96a 46. 24e 21. 26e 9. 15abed 5. 36¢de
1.B248 28. 61ef 0. 24de 7.98a 54.21cd 26.75d 9.67a 4.00fg
LPE260 28. 53ef 0.07e 8. 00a 53.53d 27.84cd 9. 24ab 7.70b
MIX 29. 20ef 0. 12de 8. 38a 56. 61bed 30.01be 8. 71bcd 6.93b
COM 28. 60ef 0. 19de 7.25a 56. 35bed 29. 26bed 8. 82bed 3.73g
20/—5 X IR CK 31.38b 0. 89abc 7.84a 58.45bc 31.76ab 8. 78bcd 5.85¢
LP157 30. 60be 0.43cde 7.46a 59. 06b 31.01b 8. 55cde 5.73cd
LP160 29. 58de 0. 52cde 7.98a 55. 28bed 30. 44be 8. 48de 4.59%fg
1.B248 31.03bc 0.37cde 7.88a 56. 22bced 31.73ab 9. 36ab 4.20fg
LPE260 32.49a 0.67bed 7.38a 56. 48bed 29. 25bed 8. 91bed 5.92c
MIX 32.70a 1. 13ab 8.13a 63. 82a 34.10a 7.76f 10. 39a
COM 30. 31cd 0.49cde 7.97a 56. 77bed 30. 68be 8. 06ef 5. 38cde
tRifE iR SEM 0.090 0. 045 0. 370 1. 340 0.930 0.050 0.300
T 7 Inoculation (1) ok ok NS ok ok ok ok
N=0ES Temperature (T) *k sk NS *k ok *ok ok
IXT Kk * NS ok *k NS *k
x7 HKEBFEVNEHERESIGHNENBRNESESE
Table 7 Content of organic acid and ammonia nitrogen of oat silage aerobically exposed for 5 days
it Rl pH NH,-N LR LA LR AA WR PA TR BA LA/AA
Temperature (C)  Inoculation (mg-g 'DM) (mg-g 'DM) (mg-g 'DM) (mg-g 'DM) (mg-g 'DM)
20 X IR CK 8. 68ab 3. 38bc 23. 65de 13. 59bc ND ND 1.74¢g
LP157 4. 24e 2.79d 41. 56b 14.27b ND ND 2.91cd
LP160 4.01e 1. 35f 25.68d 7. 36f ND ND 3.49b
1L.B248 4.33e 1.60f 79.29a 31.92a ND ND 2.49e
LPE260 8. 06b 2.84d 20. 311 12.77c ND ND 1.59¢g
MIX 8.99a 3. 48bc 20. 191 9. 2% ND ND 2.171
COM 8.97a 4.39a 11. 00h 6. 50f ND ND 1.69g
20/—5 X CK 8.79ab 4. 54a 13. 14gh 5.59¢g ND ND 2.35e
LP157 6.62c 3.03cd 25.41d 9.21e ND ND 2.76d
LP160 5.70d 2.22e 35.73¢ 5.47¢ ND ND 6. 54a
1.B248 7.07c 2.59de 21. 68ef 7.271 ND ND 2.99c
LPE260 6. 86¢ 3.41bc 42.24b 11. 60d ND ND 3. 64b
MIX 8. 76ab 3.53b 41.81b 11.76d ND ND 3. 56b
COM 8. 44ab 4.30a 15.15¢g 5.27¢g ND ND 2.87cd
PR SEM 0.277 0. 040 0.253 0.076 ND ND 0.016
T 7 Inoculation (1) ok ok ok ok ND ND ok
i & Temperature (T) . Aok ** ** ND ND ok
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Jaecium) Tt £ 1 BRE& (Pediococcus ethanolidurans) 140 E§157
LT 1% FLAT B (Lactobacillus paracasei) o it iz g 120 ELP160
WA o o O SR LR B A R LA e 2100 MLPE260
FL AT i (Lactobacillus delbrueckii) 1 F, W & Bk B E 80 1 ?34(1))1\(/[
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TEMAZHE o BEAh A0 ) A 0 E 21 2 BR U0 OR il R 4

)
S
Q
)
S
a
T
[
@

4 ¥ Treatment
2 HREBMHEREN
Fig. 2 Aerobic stability of oat silages with inoculants
RIRIING F 8RR AE 0.05 K 122 5 8 % . Different lowercase letters

indicate significant differences at 0.05 level.

FLAF B LP157 f1 LP160, AT UL , 45 9 7L AT 8 AR Sk 4 Bk 0
FHECH T Z W I FLRR B, B A B0 BR 8 3 0 5 1 il
1o 7 R AR E T e T DX b A B R N RS T AR TR MR AR A A — e 25 . T A, AR OB RN T Ak R R 1Y
R, G B R R FH LR DA TR S0 A 2 AN [ DX A ™ g ot JOT 7 T DG A
3.2 RABILBRAN KLLMD R A

LR TR A R AL X A T o A AR DK i, 2L R TR ) V2 K R R AR 9 e T s o 7 AR 1
A2 AV 2 O B 6 R R B ZL IR TR R FH R b i R M B A A LR A pHL, 490 o T 1) AR K B Lk A
HHAR 5T O S0 A LR B ]2 BT LA I pH A R AE & AR B (0 T S8, o T AR 5 OB AR B 3L RR 1A
B AT EE EER M S g cfu-g ' FM BT DL CK ALY & BT BER 52 4%, pH AR i, Jo HOR VR AL A A T, 1K &5 o Y B
M LR TR W By 3 AN T A IR JE O K T SR T 7 I K AR A7 . LP157 A LP160 Ab B 21 4K 7L o 4500 4
AMEE pH A, LI & 8 B 3 T A AR B AL, 7T B R X 2 Bk R 4 FUAT T EL AT A B P LR ORI R 1R T I AR
e, LR B AR Y FLRR G R I vk B e (0 R, FLIR X T R I O R b pH R R Y STk R K. LP157,
LP160.1.B248 1 LPE260 &b H 20 7E 7k flt 2% 14, i 3ef MR B2 42 e FLIR L SR 1 % &, BRI TR 2803 Ok AR pHL, PR TIE
S T B4 1 R AT A AR A R AR P K AR R, MU AR NHL-N 3 o ik S A A AR g 4 SR — 30 (B M
5 1 Y [F) B R T FLIR T LP157 AL PRAAAEFLIR LR % 1 5 T 5 S 28 & ¥ 1 LB 248 Fl LPE260 1R A AL , JC H:
LA/AA 55 BUR B JC 0 35 26 5%, T LA LP157 R % 2 AR Y ZLAF 78 L (0 AT e J2 e vk 5= B R e SL R 1A , A WF
T 3% WAE ) FLAT 18 1R B 1T AR 8 25 1 R IO 7= A R . A5 IR 9 DA A A ) LT B 2 7 Bl D P 45 1R F
He FLRR A L TR
3.3 RABILBRANFREELZA AL TR R

VR Tl Jp 360 2 % AL 2 R A A0 AR A 400 A L A R, DT A R T e AR eh LR A Y AR L R —
18 30 AR O 5 100 T B T S TR, BT LA R il R R M T I B R AN R R B, AR F 5 R 2R A
I K BB B R A AR I B CK AL FLIR £ 1R & i35 0 AT 20 “CHY CK 4L, U B R il 2% 140 T M 22 75 It
FAR R BEAR 5 LM, X 5 Zhang %™ DR o0 45 R — 34, B2 &0 7 b ok ah 3L RR 18 () b B 41 LP157 \LP160,
LB248 F1 LPE260 47 A 2 # 5 d J5 H pH #l NH.-N & 28 T CK 4, H A A Z WK 2% & T CKA., HETEEN
S, LP160 7E R Al 25 A1 T 3R B T 4 55 9 R TR AR PR AT 0B M L X S Guan 6 I IF 58 25 R — 80, i RAR Z 00
v [ Y T 0 A ) LT DR A A AR SR B B A A R AN S L Ay [ R R I TR O i AR, A 5 WA TR TR, A
717 35507 ) el e O i S R A EROAR 2 R A R T TR R AR Sl i 2 R 1 R ok iR A R
R vE o (HJR e A 5T o W) B % 2L R B LP160 78 A 480 5% 2 B Bt pH A NHL-N 75 5 2 51K T HAb kb B 41,
LA/AA B2 FIH A AL 2 A7 AR e 1k W 2 0 T At b B A, 53X T 8 5 ZL IR TR RN I R 9 R M G A R
HE— BT . ASHIF ST 45 SR IR PR S8 A R B 5 b M T I A SRR TR 25 L 3K R R S A AR R I R B O AR BF
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FEAT AR R W BRI LA o T B RO BT Y R I o i s 3 PR S B I A A S e A AR IS
VREZEPF T BT W B T 20 CCAR R LA AR Sl A e R BT R R A 4R AT R R e R e R
ZMETT R BB K SR R EBOE I8 MR A SR BT B R, BRI IR AESE

AT ST P IR A T Ak B2 R () 2R e T L TR T P S R A T LR T L TS T R, (LR ROR IF A BEAH  IX 5 Driehuis
AU IE T S AR B, I VA I8 B R R 2 S P A R R o AT BB R DR D K 2 R R R A [ 3 X R
FEA TGO o R T R RIOR A AN | E 52 PR T T R B — i 0 b DRIV R O 1 B ek b RO,
HUTT S BRI IR & 4 ZURR B 5% I o 4 M 77 I R AR R A SCEBR AT, 53 81, B b ] A9 EL AR 5T 2 LA AN e
(T S B 0 S22 TR 5 TR O T S92 Btk iy i ik, (B AR R TR T

4 it

AT 5 AT R e D M DO 20 T 4 PR FLIR R, BT PUORE , R PR AR AR R IR, 20 iR A FLAT 1 157 A4 L
FFB 160 i FLAT B 248 R AEFLAF B 260, 4 MR OL 126 7L IR TR 78 VR il 2% 176 RE A AL AR 2 5 IV pHL 4R = LR L &
PRy i, Wl D T W) AR K B AT SRR RE R L N T TR e D Ml DX T SR DR A R A I G R LA AR B R
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