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Effects of Various Additives on the Quality and Microbial Community
Structure of Mixed Silage Composed of Tea Stems and Broad Bean Straw
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Ecological Process of Red Soil Mountain, Fuzhou, Fujian Province 350013, China; 2. Institute of Animal Husbandry and Veterinary Medicine,

Fujian Academy of Agricultural Sciences, Fuzhou, Fujian Province 350013, China)

Abstract: To investigate the effects of various additives on the quality and microbial diversity of mixed silage
prepared from tea stems (Camellia sinensis) and broad bean straw ( Vicia faba) , mixed at a ratio of 2: 8, the
experiment comprised one control group (CK) and four treatment groups: T, (with Lactobacillus acidophilus
added) , T, (with Lactobacillus plantarum added) , T, (with Bacillus subtilis added) , and T, (with a mixture
of Lactobacillus plantarum and Bacillus subtilis added) , with three replicates per group. After 60 days of ensil-
ing, the sensory quality, ensiling quality and microbial diversity were analyzed. Results indicated that all the
additive treatments significantly improved sensory scores compared to CK (P<C0. 05). Compared with CK, all
treatment groups exhibited significantly higher concentrations of water-soluble carbohydrates (WSC) and sig-
nificantly lower pH values (P<C0.05). Crude protein content increased significantly in T,, T, and T, (P<<
0.05) , while the lactate-to-acetate ratio was significantly elevated in T,, T,, and T, (P<C0.05). Microbial
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profiling revealed a significant reduction in the relative abundance of certain Lactobacillus operational taxonomic

units (OTUs) in T, T,, and T,—suggesting potential niche competition or functional redundancy among lactic

acid bacteria (P<C0.05). Notably, the T, group displayed significantly greater phylogenetic diversity
(PD_whole _tree index) and alpha diversity (Shannon index) than CK (P<C0.05). Furthermore, principal
coordinate analysis indicated that bacterial community composition in T,, T,, and T, correlated positively with
both WSC content and relative feed value (RFV). Collectively, these findings demonstrate that microbial addi-
tives enhance silage fermentation quality and reshape the silage microbiome; moreover, distinct additives confer

complementary benefits across key quality and ecological metrics.
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Table 1 Characteristics of raw materials of tea stems and broad bean straw before silage

T F & RS AT AHE Wi H w SRS AHE

Ttems Broad bean straw Tea stem Ttems Broad bean straw Tea stem
T4 55 DM/ % FW 21.3 100 LR Amino acid/ % DM 5.1 12.0
M CP/ %DM 9.3 20.7 5 Ca/ % DM 0.5 0.1
RPEVE LT 4E NDF/ % DM 45.4 43.3 P/ %DM 0.3 0.2
R M Uk VR £F 4 ADF/ % DM 34.0 33.9 XL TP/ %DM / 2.3
AR PR KA P WSC/ %DM 14.7 4.7 HHESE Caf/ % DM / 1.8
MR EE/ % DM 1.0 1.2 KR Y WSE/ %DM / 33.8

HMLEF4E CF/ %DM 24.4 13.1 JE Y Total saponins/ % DM 2.0 /

MK 5 CA/ %DM 6.6 3.6 4512 Tea saponin/ % DM / 16.7

T :DM A T FW i &

Note: DM means dry matter, FW means fresh weight
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Table 2 Source and addition amount of microbial additives (inoculants) used in the silage experiment

W E W 7 Microbial inoculants

V5 5 % ik Source and addition amount

WEFRFLAT 1 Lactobacillus acidophilus {0252 10 B ) PN T B2 W BF T ), 48 4k o L0 R8G5 0 5 7R Bk 10° cfu-kg

Youzhubao Type II (Guangzhou Institute of Microbiology) utilizing lactose and glucose as carriers; addi-

tion amount:10° cfu-kg

M FLHE Lactobacillus plantarwm  R55 2 8535 A0 107 cfu-kg ™' Laboratory culture, addition amount:10° cfu-kg ™'

Ah B ZEAT B Bacillus subtilis

IR I FE, W 107 cfu-kg ! Laboratory culture, addition amount:10° cfu-kg ™'
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gent fiber, ADF) (Il 5 J7 ¥ 43 1| 2 B GB/T 20806~
2022 FINY /T 1459-2022) ;2% FH B -8 B2 20 52 7] %%
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FHEAE R A E (Relative feed value, RFV) ,RFV=
120/NDF X (88.9—0. 779ADF)/1. 29,

1.3.3 A®& a2 20 g7 WA &80 mL
ZRIRK 4 CIE AR 24 D5 ks, D05 B A pH{H 5 K
TRV e 0 i R L R R, SR R RO 3
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T A7 & 772 18 Tlumina 2 7 9 3 K 2 DNA 3¢
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Table 3 Sensory quality evaluation results

i 3% Color b Smell 45H Texture SE4 V) Comprehensive evaluation
N
5 5 @ Y 4
Ttems fik Description ;jo]iz Hi38 Description ;:0 . fik Description :;jj\e Totjlio . (:r ﬁe
T T T SCOr T

CK  fifWii8 @ Dark brownish-tan 1 BRUKWIR AR SHASHTE 10 ZARFESROIRES R A5 BEHESEAR L GSLSTL 4 15 2

T, B Tan 2 FREEHRE®HCASHTE 14 ZEMHSEHIME REE B SE IR GSLSTL 4 20 1

T, Fi# G Tan 2 MEEE HREFCASHTF 14 EMEH AR RAF LR GSLSTL 4 20 1

T, FR# i Tan 2 MERREREECASHTF 12 ZERPESHOIS R I B GSLSTL 4 18 1

T, F## 6 Tan 2 MEHE WEEECASHTF 14 ZMEHAHE R B GSLSTL 4 20 1

TR CKOU X BRAL, T e R FLAT AL, T, M FLAT R AL,

T o Rl B2 AT B AL, T o B FUAT B Al 2R fAT . T A

SHASHTE : Bk W] &, #2075 & s CASHTFE : BR & 738 A7 2R 15 & s GSLSTL : S5 S5 44 DR dp RLAF  BEFE 52 4 L
Note: In the table, CK denotes the control group, T, denotes the Lactobacillus acidophilus group, T, denotes the Lactobacillus plantarum

group, T, denotes the Bacillus subtilis group, and T, denotes the combination group of Lactobacillus plantarum and Bacillus subtilis. The same
as belowSHASHTF : Slight harsh acid smell with a hint of tea fragrance; CASHTF : Comfortable acid smell with a hint of tea fragrance;

GSLSTL:Good stem and leaf structure, Stirred loose (GSLSTL)

2.2 AMFAMEEEEERETREEEINEERSH
=AU

mF4AH, 5 CKAM, T, T, T, 419 CP
SR ZEFE(P<<0. 05), &4 F 4] 1) WSC & &

YW 2R S (P<<0.05) , {H £ 41 [a] i DM, NDF ,
ADF & s M RFV LR E 25, DL B4R, A
(7] 5 o 5] Ak B 25 A 5 A SRS ARIR G e CP ORI
WSC 15 i 5k WY S

R4 ORMAXEIE IS H R
Table 4 Effects of additives on nutritional components of silage

it H T HER M TR R AT 4 P2 P e i £F 4 AR AL A AFDG ] WA
Items DM/%FW CP/ %DM NDF/ %DM ADF/(%DM) WSC/(%DM) RFV

CK 39.8240.99° 17.30+£0.53¢ 51.36+2.74° 40.72+1.63" 1.54+0.15° 103.8447.92"
T, 39.454+0.25° 17.784+0.15" 49.32+1.22% 39.47+0.94° 2.3640.10" 109.754+4.13°
T, 39.66+0.98" 18.39+0.03° 49.3343.66" 37.84+3.33° 2.4640.16" 112.72+13.55*
T, 38.7940.35 18.144-0.25% 51.54+2.08" 39.0840.66" 2.38+0.44" 105.6544.93"
T, 39.944+0.52¢ 18.0740.12% 48.33+1.28" 37.87+1.84° 3.1140.04° 114.424+5.71¢

T RS R /NG b 08 28 5% 12 3% (P<C0.05), T[]

Note: Different lowercase letters in the same column mean significant different(P<<0. 05) , the same as below
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WAL BT, T, M T, 40 LA/AA B & & T
CKH(P<C0.05), 3455 B3R B, i in ) b B 4%
R A LR AT IR G 7 T TR TR R e R R R
K pH (B R 2 LA 7= A, H v VR A 4 LT B Ak 3
XA 5 A SR AR IR A I I B B R
iERORsER o

2.4 AMFINFEEEEFHREAGELMEDE
&R R0

2,41 FRL5HRARSFLCEHBGHAOH
Bl (DAEJRKE B R D A% 3 5 HE4 R 10 89

A W0 o FLAE AT BB (Lactiplantibacillus) R B K
Y 8 (Vibrionimonas) . % 1 ¥T B J& (Rhodano-
bacter) W18 A AR B B & (Mesorhizobium) 18 H R
Jo 1 )& (Bradyrhizobium) 53 B ¥ 1 J& (Mycobacte-
rium) , VLAWY FT B 8 (Asinibacterium) ¥ FUFT
J& (Companilactobacillus) . W FEFTF 1 J& (Methylovir-
gula) T A= AT & (Levilactobacillus) , iX J& Z5 48
H®RGHEFREG T W E R o, T, A7
FF 1 B S AR X e, 37,4800 ¢
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Table 5 Effects of additives on fermentation quality of silage

I H Items pH {E FMLA/(%UDM)  ZFAA/(%DM) Hme/ 2 LA/AA AR/ BA NH;-N/TN/(%DM)
CK 3.7540.01" 1.5440.18" 0.2940.03" 5.504+0.78° 13.984+0.60™
T, 3.6440.01° 1.9740.69" 0.294-0.01° 6.8442.55" 11.7642.78"
T, 3.64+0.01° 2.29+0.20" 0.28-+0.03" 8.10+0.32" 14.30+0.83"
T, 3.7340.01° 1.60+£0.15" 0.2840.01° 5.6441.06° 13.9040.44™
T, 3.6440.01° 1.87+0.16" 0.2740.02" 6.9841.12" 13.3620.47"
100
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Fig.1 The dominant bacterial genera in mixed silage composed of tea stems and broad bean straws
B CK R BRAL, T o W R FLATF B AL, T, WA ) FLAEAT B AL, Ty 0l B 2E TR AT T AL, T A ZUAE A I A S 2E AP 4l . T
Note: In the figure, CK denotes the control group, T1 denotes the Lactobacillus acidophilus group, T2 denotes the Lactobacillus plantarum
group, T3 denotes the Bacillus subtilis group, and T4 denotes the combination group of Lactobacillus plantarum and Bacillus subtilis. The same

as below
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Fig.2 Comparative analysis of microbial communities in the mixed silage of tea stems and broad bean straws at the genus level
TE ARG PR R A B 22 57 i 3% (P<C0.05), T[]
Note: Different lowercase letters indicate significant differences among treatments (P<Z0.05), the same as below
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Fig. 3 Heatmap of microbial communities in mixed silage of tea stems and broad bean straws at the genus level
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