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Abstract: This study investigated the effects of different additives on the quality and microbial diversity of broad bean

straw silage. The experiment included seven additive treatments (T, with 3% sucrose, T, with lactic acid bacteria,
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T, with lactic acid bacteria+ 3% sucrose, T, with lactic acid bacteria + 0. 2% citric acid, T, with 0. 2% citric acid,
Ts with 0.03% NaCl, and T, with 0.1% vitamin C) and a control group without additives (CK group) , with 3
replicates for each treatment. After 30 days of ensiling, samples of the silages were analysed of sensory quality,
ensiling quality, and microbial diversity. It was found that: 1) In terms of sensory quality, all the seven additive
treatment groups were grade 1, and were superior to the CK group. 2) In terms of ensiling quality, compared with
the control group, acetic acid (AA) content in the T, group was significantly increased (P<C0.05) ; Lactic acid
(LA) content in the T, group was significantly increased (P<C0.05), and pH value was significantly decreased (P<C
0.05). The contents of water soluble carbohydrates (WSC) , LA and AA in the T, group were significantly
increased (P<C0.05), and the content of acid detergent fiber and pH value were significantly decreased (P<Z0.05).
The WSC and LA contents in the T, group were significantly increased (P<C0.05) , while the pH value and
ammoniacal nitrogen content were significantly decreased (P<C0.05) ; The contents of LA and AA in T, and T,
groups were significantly increased (P<C0.05) , while the crude protein (CP) content was significantly decreased
(P<C0.05); The contents of WSC, LA and AA in the T, group were significantly increased (P<Z0.05), while CP
content was significantly decreased (P<C0.05). 3) In terms of microbial diversity, the dominant bacterial groups at
the genus level in each group were Enterobacter (accounting for 19.3% —41.3%) and Lactiplantibacillus
(accounting for 12.0% —40.0%). Compared with the control group, the relative abundance of Lactobacillus,
Pediococcus, and Weissella in the T;, T, and T, groups was significantly increased (P<C0.05), and the Alpha
diversity and Beta diversity in the T, group were significantly different (P<Z0.05). In summary, the additive
treatment enhanced the sensory and silage quality of broad bean straw silage and regulated the microbial community
structure of silage fermentation. Among the treatments, combining lactic acid bacteria with 3% sucrose had the best
fermentation effect.

Key words: broad bean straw ; additives; silage quality; microbial diversity
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hypogaea) T #+ W76k b 43 &8 Br 45, 28 b & Tk 2R 90 B i DR A7 o0 28 0 S A W) 3L AT T (Lacrobacillus
plantarum) , i %5 M Lactobacillus plantarum Hua 37 L1, ¥R T MRS R R HE(EAMK 10.0 g . 4F R
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detergent fiber, ADF) & & , 2 £F 4k & (hemicellulose, HC) & & # #l§ A X : HC=NDF—ADF it %" ; % H
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XF16S V4,188 VAFITTS1 = A IX Rk AT PCRY™ 3G o XF B PCR ™ Wy £ 47 8 Bk 4l Ak , WA 5 B ALK — b, 4y 2
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analysis, PCoA) [l ; ffi H] R 2 '} 4+ 1 Alpha . Beta 2 # 1 18 £ 41 18] 25 5%, IF £ 47 Tukey £ 55 . Wilcox i 5 DA I
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2 ERESW
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T (10 Jo B o

7

x1 FABTIHMNBREREITN

Table 1 Sensory quality evaluation of silage in various groups

215 {57 Color KR Smell 2548 Texture 24 PF#r Comprehensive evaluation
Group ik 155y ik 5y EiiBa 55y KAy £
Description Score Description Score Description Score Total score Grade
CK  #& (% Yellow-green 1 i R ) 8 SHAS 10 I 458 5 e 22 PMILS 2 13 2
T, #4:(4 Yellow-green 1 Wiz Tk CAS 14 ZENZ5 R PR HE R 3T GSLS 4 19 1
T, %3 Green 2 B2 A0k CAS 14 2R G5 (R 4F R AF GSLS 4 20 1
T, 440 Green 2 i CAS 14 SR R A4F GSLS 4 20 1
T, 4 (%, Green 2 R CAS 14 S5 R4 R4 GSLS 4 20 1
T, %4 Green 2 Rk CAS 14 RN S5O RS AT GSLS 4 20 1
T, #H 4k (7 Yellow-green 1 TR AR CAS 14 MR R R GSLS 4 19 1
T, 434, Green 2 2 &k CAS 14 I 25 4 R 45 22 PMLS 2 18 1

SHAS: Slight harsh acid smell; CAS: Comfortable acid smell ; GSLS: Good stem and leaf structure; PMLS: Poor maintenance of leaf structure; 1: 1
(L) Grade 1 (excellent) ; 2: 2 (1 4f) Grade 2 (good) ; CK: %I #4] The control group; T,: 3% HEMELL The 3% sucrose group; T,: FL& B 41
The lactic acid bacteria group; T,: FLER B +3% J 4% 41 The lactic acid bacteria+3% sucrose group; T,: FLER B +0. 2% #7 8 ik 41 The lactic acid
bacteria<0. 2% citric acid group; T: 0. 2% #7141 The 0. 2% citric acid group; Tg: 0.03% NaCI4l The 0. 03% NaCl group; T,: 0.1% VC 4] The
0.1% VC group; F[A The same below.

2.2 AR FWA LN ELREFFET ARG YA

55 0F HE 2 M L, 45 B0 30 A BEAEL 1A] ) DM AR T, T, T, TLA A CP & i B B % 22 53 (P>0.05), T,
T AT, 411 CP & i 8 3 FEIK (P<<0. 05) , T, 40/ ADF & it i & AR (P<<0.05), T, . T, Ml T, 411 WSC & it i 3
5 (P<C0.05) o L g5 U0 I, A 5] 5 0 590 b B0 % 7 0 RG AF 95 I3 35 00 i S i S ], P SLIR 15 3 0 IER
8 2045 R IR RT i R AT A I SR R S O B B (R 2) .
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Table 2 Nutrient composition of silage in various groups

4151 T HEA e o 4T 4 PR M Yk % 2T 4 NeLF Y F Al PR OK AL &
Group DM (% FM) CP (%DM) NDF (%DM) ADF (%DM) HC (%DM) WSC (g-kg 'DM)
CK 29.85+0. 79a 9.70+0. 15a 36.2341.48a 12.8340. 81a 23.40+0. 85a 6.49+0. 28cd
T, 30. 6670. 53a 9. 08=0. 35abc 34.4240. 84a 12.444-0. 33a 21.9870. 68a 6.46=0. 19cd
T, 29.30+5. 48a 9.53+0. 32ab 35.6440. 94a 12.6740. 20a 22.97+0. 96a 7.13+0. 38bc
T, 31.80%1. 16a 9.3470. 42abe 34.5541.09a 9.74=2.99b 24.82744.07a 7.9970. 46a
T, 30.7140. 35a 9.55-+0. 18ab 34.70+2.92a 11.784+1. 34ab 22.92+1.70a 7.26-+0.69b
T, 27.90740. 59a 9.03740. 45bc 35.1741. 29 12.8140. 46a 22.3740. 82a 6.3140.23d
T, 30.3140. 98a 8.75+0. 0dc 35.8440. 69a 13.05+0. 10a 22.79+0. 63a 7.397+0. 22ab
T, 29.50740. 55a 8.8170. 47¢ 36.604-0. 69a 13.1770. 24a 23.42740. 54a 6.26740. 42d

7

I RS R/NG P8 308 22 53 8 3% (P<<0. 05) , F I,

Note: Different lowercase letters in the same column mean significant difference (P<C0. 05), the same below.

2.3 RE)RAA] AL D & T AR AT A B R A R

5T R A EL, 25 WS 7R b B2 [R) B PA B i o i 25 R (P>0.05,% 3), T, 4l BA & & 2 Z 7t (P<
0.05) ;B T 44k, H Ay 6 A4~ T i 70 b #1409 pH (B 359 5 AN W] B2 32 0 B AR, v T, U T R0 T, 4009 pH fB 389 B 8 P A1
(P<C0.05) ; B T 414k, HAx 6 AU il b #H 41 /9 LA & 535 3 32 35 (P<<0.05) , Horp T 41 A LA & i d5e i T
Ty T5 T T, 20 AA 5 5 8 35 458 55 (P<<0. 05) , T, 41 A9 NH-N & & 1 F FEAR(P<C0. 05) . LA g5 R ui i, 48 fin
FR Ao T e G I R W TOAT S AR R, v ()RR I LR R 5 3 00 TREARE A AR AN A A R YR pH
A m LA AA & & ERCR .

®3 FEBURORERR

Table 3 Fermentation quality of silage in various groups

24 5] Group pH FLKR LA (g-kg 'DM)  ZBAA (g-kg 'DM)  WIRPA (%DM) T BA (%DM) &% NH,-N (g-kg 'DM)
CK 4.5740.06a 34.65+6. 46d 0.1740. 05¢ 0.3140.11a 0.124:0. 00b 0.174+0.01a
T, 4.5740.06a 37.99=6. 26¢d 0.4140.09a 0.3140.08a 0.16240. 06ab 0.15%0.0la
T, 4.4340. 06bc 52.1540. 54ab 0.1840. 03de 0.3440.07a 0.1640. 06ab 0.1540.03a
T, 4.3740. 06¢ 55.7145. 89a 0.2540. 03cd 0.3740. 04a 0.0940.02b 0.1320.0lab
T, 4.4040.00c 45.46+5. 86he 0.2040. 03cde 0.3240.05a 0.0940.01b 0.080.03b
T, 4.50=0. 00ab 48. 26+ 3. 69ab 0.3440. 02ab 0.3340.10a 0.1840. 04ab 0.1540.03a
T, 4.5340.06a 49.6140. 62ab 0.2540. 03cd 0.4140.01a 0.1840. 04ab 0.1640.07a
T, 4.50=40. 00ab 47.0440. 94D 0.2740. 01bc 0.2740.11a 0.1840.03a 0.1720.00a

2.4 RREFmARESHZIBAFLHBLENOH A

2.4.1 &GRSR W RE R W) B0 o A A O TEJE K- B (B TA) 4 2075 ORI 00 3 B RO =R B2 i 10 %) 3
F W ¥ W & (Enterobacter) FLAEFT W & (Lactiplantibacillus) v 3K J& (Pediococcus) Z W J& (Pantoea) V) 8 [
W& (Serratia) AT K I8 (Weissella) Fli% 7 [CH & (Kosakonia) , VL J /b i () 1 5. MU 5 J& ( Pseudomonas) | il
FF & (Acerobacter) FAE A= FUAT 18 & (Levilactobacillus) ; Jorp Ty T T, 240 B FLAE AT B8 L 2R 0 J&8 A BT [G A
Joi 24 3 b L R T R AR X F B 46. 720~55. 4%, i T CKAL(37%) o IFK AT (I 1B) , 45 41 X 32 J3 55w 1
T ERAR Y FLAF B OB R BRI 2 g M B I T G B U 7 I TR AT A
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Fig.2 Comparative analysis of microbial community at genus level in broad bean straw
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Fig.3 Species clustering heat map of microbial communities at genus level in broad bean straw silage
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Fig.4 Alpha diversity index difference of microbial communities in broad bean straw silage
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