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Effects of Sucrose and Lactic Acid Bacteria Inoculantion on Dominant Clostridia
and Lactic Acid Bacteria Communities in High-moisture Alfalfa Silage
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Yu-xia"
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Abstract: The aim of this study was to investigate the diversity of dominant Clostridia community and screen
targeted bacteriostatic lactic acid bacteria in high-moisture alfalfa silage through high-throughput sequencing
combined with correlation network analyses. Sucrose group (sucrose added at 20 g-kg~' fresh matter, FM) ,
LLAB group (LLAB inoculant was composed of Lactiplantibacillus plantarum and Lentilactobacillus buchneri
and applied at 10° cfurg~' FM) , and control group were established. All groups were subjected to 56 days of
anaerobic ensiling at ambient temperature. The results showed that severe butyric acid fermentation occurred in
both the control and LAB groups. Compared to the control and LAB groups, the sucrose group significantly
increased the lactic acid content (P<Z0. 05), while significantly decreased butyric acid, ammonia nitrogen, and
Clostridia counts (P<C0.05). Clostridium sp. BTY5, Garciella sp. GK3, and Clostridiales bacterium mt11
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were significantly positively correlated with butyric acid, ammonia nitrogen, and Clostridia counts (P<Z0. 05).
L. buchneri and Lactobacillus melliventris were significantly negatively correlated with these three key Clos-
tridia (P<C0.05) and were significantly negatively correlated with pH, butyric acid, ammonia nitrogen, and
Clostridia counts (P<Z0.05). In conclusion, Clostridium sp. BTY5, Garciella sp. GK3, and Clostridiales
bacterium mtl1l were identified as the key Clostridia responsible for butyric acid fermentation in high-moisture
alfalfa silage. The addition of sucrose can effectively improve silage fermentation quality. L. buchneri and L.

melliventris have the potential to inhibit targeted key Clostridia.
Key words: Alfalfa silage ; Clostridia; Lactic acid bacteria; Fermentation quality
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40 T8 SR ) NA B 7% 2 (Nissui, H A&, 7 40 & %
BLB #% 5% % (Nissui, H A , BB B R JH PDA 55 37
3 (Nissui, H A, BT 30°CHH IR F- 4, {92 48 h
JEiH . BRI T 80°C/K A 10 min J&5 , SR I 4 iR
BRI MR R IR AL (B AL, h B R 7 w5 RR IR SRR
BARFATRE T

pH 8 & F pH i+ (B 52 7, ST3100, Hr [ ) il
FE o A HLER R e R0 AH €8 1% A (B e, LC-20A,
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B, ORI —REAS 9 PCR P W)IR G J5 1 2% B lE
B BE S Bl Wi PCR 7™ %), #] 1l AxyPrep DNA Gel
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Biosciences, 3 ED#EATI T o 4G HLEHE #4742
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2 HERESH

2.1 EEMERSE

HY 3% 1 AT, B 6F A5 Bk K 4 B i A
804.37 g-kg ' FM, WSC & & il & 25.60 g-kg '
DM . i 20 T G 48040 B 2 8 A D5k B B A 0 32
oA, & 0 o 7.76X10° cfu-g ! FM Al
6.61>X10° cfu-g ' FM; LAB R & & B 421, 43 51
H92.95X10" cfurg ' FM A139. 8 cfurg ' FM,

®1 BEMERESHE
Table 1 Characteristics of fresh alfalfa

i H Ttem B 7E Alfalfa
TH 195.634+1.97
Dry matter/ (g-kg ' FM)

(=3 Wi ML A Crude protein 212.6341.25
Chemical " EmR KA A 25.6040.53

compositions/ Water soluble carbohydrates
(g-kg ' DM) s o U £ 4 435.90+9.04

Neutral detergent fiber
I L % ik 2T 4 330.17+6.48
Acid detergent fiber

A ) E: FLAR I Lactic acid bacteria 4.47+0.27
Microbial counts/ T Clostridia 1.604-0.30
(g clu-g™" FM) J6 481 B Entero bacteria 6.890.22
U4 40 1 Aerobic bacteria 6.824+0.15
i) Yeast 3.55+0.10
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2.2 AMEFAMIABREANEESRAERERN (Butyric acid, BA) fl NH,-N & £ (P<<0. 05) , {H }
20 TN 1K 5. 25 g-kg AT103. 31 g-kg ' TN,

mE2fhoR,EHAGEET W pHER 2 550 BRI FL IR PR AL A LL IR A B AR S
4.38, B F AR F X A MILR B 4 (P<0.05 ., 5 I B L R (Lactic acid , LA) & & (P<C0.05) , i & [#
XTHRAMI IIMEAARERBEETN MR X T3 R (Propionic acid, PA) 1 NH,;-N £ & (P<<
(Acetic acid, AA) # B (P<C0.05) , i & K% T M 0.05), HARK M E] BA .

R2 AMEHAMIBEANEESOAERRNMN

Table 2 Effects of Ssucrose and LAB inoculant addition on the fermentation quality of alfalfa silage

i H Ttem X4 Control FLER W 41 LAB group HEFELL Sucrose group PAA P value
pH 6.0940.06" 6.002£0.03" 4.3840.09" <<0.001
FLHR Lactic acid/ (g-kg ' DM) 47.8343.67" 44.5940.94 145.05+2.03" <0.001
L Acetic acid/ (g-kg ' DM) 77.05+5.49 87.23+3.10" 69.42+3.82" 0.006
N2 Propionic acid/ (g-kg ' DM) 4.2540.50" 4.074+1.35 0.4340.42° 0.003
TR Butyric acid/ (g-kg ' DM) 6.37+0.36" 5.2540.20 0.00° <0.001
S A8 Ammonia nitrogen/(g-kg ' TN) 128.4045.02° 103.31+2.16" 76.1942.61° <<0.001

T« AT AR [ 7R 0 7 B R 25 5 R 35 (P=>0. 05) , R [Al/INE FRE R R 25 5 3% (P<<0.05) . F[H
Note:Data in the same row marked with the same letter or no letter indicate no significant difference (P=>0.05), while different lowercase let-
ters indicate significant differences (P<Z0. 05). The same as below

2.3 FAMEHMIAIBEACNEEIIEEASD EFEE 0 CP & B (P<<0.05), S5XF A MILiRE
A1 ZHAH L, 4 2 3 5 DMLLCP fl WSC & & (P<<
MFESH A, SXTHAMIL, A REH B EF#RE 0.05), i ZF %K NDF A1 ADF % 12 (P<<0. 05) .

R3 FMEBETNABREFNNEESLNE RN S BN

Table 3 Effects of sucrose and LAB inoculant addition on nutritional components of Alfalfa Silage

iH Ttem ¥R Control  FLERWH 4L LAB group  HEHEZ Sucrose group P P value
+4 % DM/ (g-kg ' FM) 172.18+6.77" 171.30+£4.73 197.26+0.40° 0.001
HMLAE 1 Crude protein/(g-kg ' DM) 151.17+1.82° 167.13+8.17" 228.3347.79* <0.001
ALEERR K A4 Water soluble carbohydrates/(g+kg ™' DM) 5.27+0.64" 5.37+0.81° 8.834-0.83" 0.002
FRPE VR AT 4E Neutral detergent fiber/(g-kg ' DM) 446.33+7.11° 436.77+21.72" 340.77422.90 0.001
R PE PRI 2T 4k Acid detergent fiber/(g-kg ™! DM) 393.23+14.49° 366.63-16.05" 283.40+18.54 <20.001

2.4 FAMEBMABRFANNEETESCREDEE W DA LA A0 A MR RE RS 5 (P<<0.05) ., JE
I 22 I WH 2L A8 7500 rb oA R I 3 M TR R S A T, LAB JAF

gk 4 FroR , 5 xR AR L, 2LR TR 4 3 A EE S T A (A RO M I T N e
HEE TE I LAB B 5 (P<<0.05) , &k 3 3 il 42 (P<<0.05),

R4 FMEENIBREANNEESOREMEENZI

Table 4 Effects of sucrose and LAB inoculant addition on microbial counts of alfalfa silage

i H Ttem Xt BR4H Control FLERHE 41 LAB group T4 Sucrose group P{H P value
FLMRE LAB/(g cfu-g ' FM) 4.06+0.03" 6.1940.03" 3.4240.07° <20.001
K Clostridia/(Ig cfu-g ' FM) 4.28+40.02° 4.16+0.03" ND¢ <0.001
#7417 Enterobacteria/(lg cfu-g™ ' FMD 3.2240.05" ND" ND” <0.001
U4 40 % Acrobic bacteria/(lg cfurg ' FM) 4.074+0.01° 2.60+0.30° 3.524-0.04" <<0.001
WERE Yeast/(Ig cfusg™ ' FM) 5.0940.10° 5.38+0.08" 3.9140.02° <£0.001

I ND R KA
Note:ND indicates not detected
2.5 AMEBMIABREANGEESMNABES  HEEERERTXRAMILIREZH(P<<0. 05);Shan-
EZ=2cd: 0k A non FEEHARA ) ZREPE LR T 4 R 2 A0 TR
Chaol F8 BUTRA B AL R -6 B2, FERE 2 40 TR T AT R B R 22 oA & (BT D,
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Fig. 1 Analysis of the Chaol (a) and Shannon (b) indices of

the bacterial community in alfalfa silage
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bium) (11.00%0) , FL¥F W & (Lactobacillus) (FLAE )

¥ # & (Lactiplantibacillus) F1iR 2% FLFF 5 & (Lenti-
lactobacillus) B A0 XF = B 43 5 b 6. 25% , 2. 38% H
0.02% . SxF B4 b, LR P8 4 2 1= Bifidobacte-
rium. Lactobacillus. Lactiplantibacill. Lentilactoba-
cillus TR R ZE B AT B & (Clostridium sensu stricto
12) (9 FH XS 3= B2 BEAR Weissella (1 FH XS 3 B2, JL
Bifidobacterium (19. 76 ¥%0) N B o 5 XF B 4 41
L, B 2H 25 Lentilactobacillus N Lactobacillus 55
A 25 F AR B FEAIK Clostridium sensu strictol2 .
Bifidobacterium . Rhabdanaerobium . Vi B ¥ 1§ J&
(Sedimentibacter) . JK & 3 f ¥ Wi J& (Anaerosporo-
bacter) NV IR & ( Tepidimicrobium) %5 A K 1Y
XS =B, Lentilactobacillus F1 Lactobacillus B9 0 %}
FREEAF A 67. 98 %0 F127. 5100 , ok Hi ot % R 3

FACE I 6 R A8 B I A3 B AR T g
Garciella sp. GK3(10. 95%) \Clostridium sp. BTY5
(10. 27%) . Clostridiales bacterium mt11 (6. 07 %) .
Clostridium luticellarii (3.52%) Fl  Clostridium
cochlearium(0. 77 )55, 5T HELAR LY, ZLIR B 4142 5
T Clostridium sp. BTY5 (10.83%) 1 Clostridium
luticellarii(8. 13 Vo) SR A LA K X HEFLAEIAT R (Lacti-
plantibacillus pentosus)(10. 33%) . Lactobacillus hels-
ingborgensis(7. T4YOM L. buchneri(6. 65 %) EFLIR H
B9 A X 3 BE L BRAR T Garciella sp. GK3(4.92%) F
Clostridiales bacterium mt11(3. 26 %) 4E 2 B A AHXT
. ST RA M, BRI S T L. buchneri
(67.96%) L. kullabergensis(10. 39%) L. helsingbor-
gensis(9. 14YO M L. kimbladii(4. 56 %) 45 FLIR 7 A9 AH
X Clostridium luticellarii F1 Garciella sp. GK3
SRR PR BYARDN R IR T 0. 01 %0,

R T A R LR R E S IR A K H 5 R
T it B0 22 TR B D99 2465 5C A% L iE AT 1 AH DGR 5 A DG HK
W28 5 B o DL AR T -5 L R TR AH O R I 2% 18] 12 7
(K 4a), L. buchneri 1 L. melliventris ¥ 5 Clos-
tridium sp. BTY5, Garciella sp. GK3 F1 Clostridi-
ales bacterium mt11 & i 3 7 A ¢ (P<<0.05) . #H
K AEBE o3 B 45 R B R CIE 4b) |, Clostridium sp.
BTYS5. Garciella sp. GK3 Hl Clostridiales bacterium
mtl15 BA & & NH-N &5 5 bR s 80 i e 2% 1E
M (P<C0.05), 10 L. buchneri M1 L. melliventris 5
pH.BA % i \NH,-N & 5 J2 b2 1 £t 2 18 3% f A
F(P<<0.05),
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Fig. 3 Bacterial community structure of alfalfa silage at the genus (a) and species (b) levels
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Fig. 4 Interaction networks of the dominant Clostridia and ILAB species (a) and Spearman correlation heatmap of the dominant
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