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Effect of Silage Additives on Silage Quality of Different Varieties of
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(1. College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China; 2. Yuyang District Forestry and
Grassland Ecological Restoration Center, Yulin, Shaanxi Province 719000, Chinaj; 3. Yuyang District Grassland Work Station, Yulin, Shaanxi
Province 719000, Chinaj; 4. Yulin Animal Husbandry and Veterinary Service Center, Yulin, Shaanxi Province 719000, China)

Abstract: This study was designed to systematically investigate the effects of different hybrid Pennisetum variet-
ies and microbial additive treatments on the silage quality of hybrid Pennisetum. A total of six hybrid Pennis-
etum genotypes were employed, with each genotype assigned to a control group (CK), Lactobacillus paracasei
(LP) group, Bacillus subtilis (BS) group, and Lactobacillus paracasei + Bacillus subtilis (LP+BS) group.
The inoculation dosages for both L. paracasei and B. subtilis were standardized at 1X10° CFU-g ' fresh
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weight (FW). Following a 30-day fermentation period, nutritional parameters and fermentation indices were
quantified, with comprehensive evaluation conducted via Flieg scoring system and principal component analysis
(PCA). Results demonstrated that probiotic amendments significantly enhanced crude protein (CP) content in
‘PI_587000" and ‘536321 genotypes, while markedly reducing neutral detergent fiber (NDF) content in
£5363217 and ‘103’ genotypes. Supplementation with LP and LP+ BS notably decreased the ammonia nitrogen
: total nitrogen (NH;-N: TN) ratio in ‘ Sunongke No. 2’ 536321° *102” and ‘103" (P<C0. 05) , whereas all
BS-treated groups exhibited significantly higher NH;-N: TN ratios than LP+ BS treatments (P<C0. 05). Geno-
types ‘102’ and 103’ showed elevated lactic acid (LA) accumulation. Integrative analysis of Flieg scores and
NH;-N: TN ratios indicated that ‘late-maturing Pennisetum’ displayed optimal fermentation performance, with
LP+BS demonstrating the most pronounced improvement in forage silage quality. PCA yielded five principal
components with a cumulative contribution rate of 86. 558% , confirming ‘late-maturing Pennisetum’ as the top-
performing genotypes and LP+BS as the most effective additive treatment. Conclusively, ‘late-maturing Pen-
nisetum’is preferable as silage substrate for hybrid Pennisetum, and the LP+BS consortium represents the opti-
mal probiotic additive for enhancing silage quality.
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Table 1 Effects of silage additives on silage nutrient components of different varieties of hybrid Pennisetum
V”Z*jiy Treﬁrlims DM/ %FM CP/ %DM NDF/ %DM ADF/ %DM WSC/ %DM
e AR B CK 31.6840.09" 3.3640.58"%¢ 51.9241.35" 31.760.90" 1.8420.10%"
LP 31.00+1.88" 3.5840.27"¢ 52.0543.40° 32.49+4.96" 2.264-0.177
BS 30.42+4.49° 3.5940.41% 53.9940.38" 32.44+0.56 1.5240.23
LP+BS 31.71£0.67" 3.6640.217 52.0842.02"¢ 33.18+1.16%" 0.90£0.21PF
TAFL CK 27.60+0.19¢ 4.18+0.25" 59.1543.43% 39.063.70 0.1540.09
LP 29.5441.18" 5.23+1.45% 57.0443.417" 35.88+1.86"" 1.2340.04"
BS 28.0940.34"¢ 4.164-0.34" 52.154+4.21" 33.2441.84 0.2340.07"*
LP+BS  27.53%+1.53° 5.1040.394 56.2242.05" 36.434-0.86""  0.32-£0.03%
PI1_587000 CK 36.56+2.28" 1.6240.25" 60.3241.82% 37.2940.36%" 2.3940.49%
LP 35.1341.74% 3.054-0.04 55.5440.05*"C  34.6341.58" 1.7240.97"
BS 35.16+2.57* 2.214-0.10" 57.8244.298 36.14+2.81 2.79+0.12"
LP+BS 36.54+2.12% 2.7940.15" 57.6143.22% 35.80+4.16% 2.3040.13"
536321 CK 33.70+2.92" 3.0340.18" 57.2543.56"" 37.20£3.98  1.7940.64""
LP 34.7741.98% 3.0240.38 59.66+2.16™ 36.52+0.35%"  3.1140.87%
BS 35.8340.85" 3.7440.1778 56.5041.14" 34.7340.74" 0.9740.15""
LP-+BS 34.3441.4478 4.2240.425 50.8942.60"" 32.960.93  1.4340.44"
102 CK 26.5440.68" 3.66+0.16"" 52.9442.54" 31.7043.93% 1.4840.36"
LP 26.7941.55" 3.4440.42"¢ 53.4542.80"¢ 32.6542.19" 1.1140.04"
BS 25.10+1.89¢ 3.0940.46" 51.0543.64" 30.914£2.58 2.0140.45"
LP+BS 25.64+2.45° 3.19+0.07"F 50.7241.70¢ 31.61+1.96" 1.67+0.70"%¢
103 CK 24.3240.90" 4.1440.21* 62.084.29 40.9343.20™ 0.094-0.01°
LP 25.2340.70° 4.514-0.54"8 59.0542.28M 39.6541.21% 2.0840.77"1
BS 24.40+0.86" 4.0640.34" 63.79+1.85M 35.74+5.55" 0.1740.04"
LP-+BS 24.38+2.47¢ 4.054-0.12%¢ 53.1242.90*"  33.8541.60*"  3.5740.42%
P-Value
SR Variety P<20.01 P<20.01 P<20.01 P>0.05 P<20.01
Ab B Treatments P>0.05 P<<0.01 P<<0.01 P<<0.01 P<20.01
st o O o ) Ak 3L P>0.05 P<20.01 P<20.05 P>0.05 P<<0.01

Variety X Treatments

DM, T B FM, 4% CPHLEE s NDF, HP VDR U AT 4 s ADF R PE VR 41 4 s WSC KB P K 1664 s CK, X BRZL s LP, &I T i 5L
FET s BS Al 20 28 AUAT 5 LP+BS, @l 7 B FLAT B 4 4 5 2R 40 AT 1 o [ 50 55088 R Bn AN 1] /N5 7 B 28 0% ] Rl AS ] b B i) 22 5tk 35 (P<<
0. 05) , A [A) R -k s A IR) b BRAS [5) it o ) 22 S 3% (P<C0. 05) , M [7) 28 TG B 4678 22 578 8.3 (P>>0. 05)

Note: DM, dry matter; FM, fresh matter; CP, crude protein; NDF , neutral detergent fiber; ADF, acid detergent fiber; WSC, water-soluble

carbohydrates; CK, control group ; LP, Lactobacillus paracasei; BS, Bacillus subtilis ; LP+BS, Lactobacillus paracasei + Bacillus subtilis. For

data in the same column, different lowercase letters as superscripts indicate significant differences among different treatments for the same variety

(P<<0.05) ; different uppercase letters as superscripts indicate significant differences among different varieties for the same treatment (P<<0. 05) ;

identical superscripts or no superscripts indicate no significant difference (P=>0. 05)
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Table 2 Effects of silage additives on silage fermentation quality of different varieties of hybrid Pennisetum
Jii; IfiﬁimS pH LA/ %DM AA/ %DM PA/%DM  BA/%DM NH,N:TN/%
e ST e CK 3.8340.08" 5.4540.15%" 0.7240.05"%  0.44+0.10""  0.124£0.02 2.95+1.07"
LP 3.76£0.12 5.9540.44%"  0.614£0.08° 0.414-0.08" 0.124£0.02  1.6340.37"
BS 3.860.09¢ 5.7540.30%"  1.41+0.05° 0.5540.11 0.1240.03  2.82+0.95
LP+BS  3.7240.02° 6.9540.77" 1.0240.30"  0.58+0.05 0.1340.05 1.2240.23
AR =5 CK 4.2240.10 5.2840.61*" 1.6240.12%  0.524:0.09" 0.1340.05  7.41£1.06*
LP 3.81+0.02" 7.00+0.34M 1.354+0.24  0.7940.31% 0.09+0.08 2.5040.79¢
BS 411011 6.6440.17™ 1.31£049  0.3940.08 0.0640.01  5.7140.99*"
LP+BS  3.82£0.03""  6.7840.30" 1.3640.12  0.4140.07 0.104£0.07 3.1040.25"
P1_587000 CK 3.75+0.03" 5.7140.07% 1.0640.06"  0.374+0.10*®  0.0640.02  3.40+0.80""
LP 3.75+0.05 6.1140.74" 1.1840.05  0.484-0.05" 0.0640.01 1.834-0.54°
BS 3.85+0.06° 5.18+0.21°  0.9840.09  0.5140.13 0.06+0.01 5.344-0.47"
LP+BS  3.764+0.04" 5.4840.19 0.9940.06  0.3940.15 0.04+0.01  3.6540.49"
536321 CK 4.2840.32" 3.7640.92" 1.03£0.17"  0.30420.03" 0.0540.01 8.04+£2.16*
LP 3.73+0.03" 5.92+0.33% 0.924+0.09  0.514£0.07""  0.044+0.01 1.97+0.21°
BS 4.0140.04B“"  4.9840.27" 0.7840.04  0.560.08 0.0740.03  5.03+0.55"
LP+BS  3.7440.01"™ 5.8440.22* 1.01£0.07  0.5640.23 0.0840.06 1.5340.27"
102 CK 4.1640.09" 5.524-0.50"" 0.9540.46"  0.320.08"  0.0940.06 6.0520.49"%
LP 3.780.02¢ 7.8140.58" 0.9940.24  0.5540.31"""  0.0840.05 2.1340.36"
BS 4.0240.11%  7.784-0.72" 1174012 0.6540.18" 0.0640.03  7.184£1.31*
LP+BS  3.7340.01% 8.5142.25° 1.58+0.57  0.794-0.08" 0.13+0.11 2.1040.48"
103 CK 4.2740.23M 5.40+1.217" 0.9940.42"  0.49£0.07% 0.0840.04  7.03£2.59*
LP 3.8740.03" 7.53420.48™ 0.9840.53  0.57£0.08*"  0.07£0.02 1.9840.32"
BS 4.2440.21% 5.54+0.80%™  1.16+0.32  0.4640.24 0.06+0.04 6.1440.78"%
LP+BS  3.8540.02"" 8.4740.97" 1.2240.70  0.6040.43 0.1440.10  3.21£0.64*"
P-Value
WA Variety P<<0.01 P<<0.01 P<<0.01 P>0.05 P>0.05 P<C0.01
Kb P Treatments P<20.01 P<<0.01 P>0.05 P<20.05 P<<0.05 P<20.01
st A >R N AR A 2 P<<0.01 P<<0.05 P>0.05 P>0.05 P>0.05 P<20.01

Variety X Treatments

HpH, BRI ;LA FLE s AA, ZFR s PA IR s BA, TR s NH,-N: TN, & AR - BA CK X R 1P, BT B U BS, A5 25 AT 14 5
LP+BS, &l i FUAT B A o 2R J0 AT B [R50 a8 An AN ) /N 55 18 3 7S A ) it oA [) b B ) 22 5 42 2% (P<<0. 05) , AR R E T8 2R A
(5] Ak FHA [ o o 1) 22 55 2. 55 (P<20. 05) , A R sl 6 7 1 7R 22 5 A8 35 (P=0. 05)

Note: pH, potential of hydrogen; LA, lactic acid; AA: acetic acid; PA, propionic acid; BA, butyric acid; NH;-N: TN, ammonia nitrogen:

total nitrogen; CK, control group; LP, Lactobacillus paracasei; BS, Bacillus subtilis; LP-+BS, Lactobacillus paracasei + Bacillus subtilis. For
data in the same column, different lowercase letters as superscripts indicate significant differences among different treatments for the same variety
(P<20.05) ; different uppercase letters as superscripts indicate significant differences among different varieties for the same treatment (P<20.05) ;
identical superscripts or no superscripts indicate no significant difference (P=>0. 05)

2.3 AEMMERIREETSIABMRBEIN 43 b B ARAGF B P (61~80 43 , HiAx Y i B
HH 3 3 AL, 6 4 dh Fl 22 28 R 2 B 35 2 LA, 00 5 5 HB AR B (81~100 43 ) o AL WA ] 35 It 5
AA R BA 7 8PP0 22 5 80 o AR 90 TP 4 3 XF BEIEAT PR A I, 1027 F I & 4k 3P 3 24 2 100
6 Fift i 22 AR B 9 I S BBEAN (4 52 B L 6 4 R G5 T BT o AU [R5 IS i 50 2R 47 P
IR T A e AR R R R AR B S I, 205 R B0 o B s BE R LP IR Z .
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Table 3 Scores of fermentation quality of silage of different varieties of hybrid Pennisetum

. i LA:TA AA:TA BA:TA N %%
Variety Treatments R 31 31 wri 131 Total score  Grade
Content/ % Score Content/ % Score Content/ % Score
e AR R i CK 86.65 30 11.45 20 1.91 30 80 I
LP 89.07 30 9.13 20 1.80 30 80 It
BS 78.98 27 19.37 18 1.65 30 75 It
LP+BS 85.80 30 12.59 20 1.60 50 100 Fiy
AT CK 75.11 24 23.04 17 1.85 30 71 by
LP 82.94 30 16.00 20 1.07 50 100 R4t
BS 82.90 30 16.35 19 0.75 50 99 R4
LP+BS 82.28 30 16.50 19 1.21 50 99 45
P1_587000 CK 83.60 30 15.52 20 0.88 50 100 R 4s
LP 83.13 30 16.05 19 0.82 50 99 R 4F
BS 83.28 30 15.76 20 0.96 50 100 AR by
LP+BS 84.18 30 15.21 20 0.61 50 100 R br
536321 CK 77.69 27 21.28 18 1.03 50 95 R 4f
LP 86.05 30 13.37 20 0.58 50 100 R by
BS 85.42 30 13.38 20 1.20 50 100 R br
LP+BS 84.27 30 14.57 20 1.15 50 100 Fii3dg
102 CK 84.15 30 14.48 20 1.37 50 100 AR by
LP 87.95 30 11.15 20 0.90 50 100 R b
BS 86.35 30 12.99 20 0.67 50 100 Rt
LP+BS 83.27 30 15.46 20 1.27 50 100 R by
103 CK 83.46 30 15.30 20 1.24 50 100 R 4s
LP 87.76 30 11.42 20 0.82 50 100 R4
BS 81.95 30 17.16 19 0.89 50 99 R 4s
LP+BS 86.16 30 12.41 20 1.42 50 100 R 4r

M LA:TAER AR AATA, LR MR BA:TA, TR SRR s CK, X HRAL s LP, @ T g ZLAT 04 s BS , A % 2F AT 1 LP+BS, @l T i
FUFT B 44 R 2 FAT B, ARG DR 2 RO T I 8 BT 20 D LR 4 AR AREF (81~100 43 ) HF(61~8143) (f i (21~4073) FIZR M (0~2043)

Note: LA:TA, lactic acid: total acids; AA:TA, acetic acid: total acids; BA: TA, butyric acid: total acids; CK, control group; LP, Lacto-
bacillus paracasei; BS, Bacillus subtilis; LP+BS, Lactobacillus paracasei + Bacillus subtilis; according to the scoring results, silage quality is
classified into the following four grades: Excellent (81-100 points), Good (61-81 points), Qualified (21-40 points) and Failed (0-20 points)

2.4 AESRMELTIREENERS S
6 A~ il A 2% 32 MR R R I 0T S L3 4 BT

WAz 4o B 5 ERFRIEME (D =0. 723, 2t viik
5 86. 5580 , Bl it A7 45 b5 86. 5580 1Y 17 KL 9 £&
BA L R ot B BRORT % S8 AR R R 7 T U e K
A5 A28 A TR F R AT 20 B 2 LA 35 0 o Jo 4 1 2
TPV o 2 1 A5 78 pH A NH,-N: TN _E 28 fof {5
BEOR B R B0 B R 0,923 F1°0. 9505 48 2 4
1£ NDF , ADF #1 BA | #faf {6 8 K, A E & 053 %)
90.929,0.930 F1 —0.494; 55 3 T 14> 7£ DM, LA
FPA b fr 15 58 K, BUCTE R B0 51 o —0. 800,

0.806 F1 —0. 545; % 4 F A 57 CP A1 WSC | 3% fuf
&, BT BB —0. 855 F1 0. 772 45 5 & 1% 4%
EAA LR AE RECN0. 912,

2.5 AEMMEARREEERSESNEEES
H1 3% 5 Al AR AR 25 5 T H A U AT S AR Y 2
BRI, 6 AR B F Rl R, 103 B 2R 15
AR, M BR R FF B 28 5 15 0 e v o A S R
Ab PR 25 A A% o3 BEAT B R T 22 20 M L 45 HH A% R )
AbPRAL LR Ao T, AR LA R B

=)
Foe T IR A e
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Table 4 Principal component analysis of different varieties of hybrid Pennisetum

FE 4y Principal component

i H Ttems

1 2 3 4 5
DM 0.385 —0.073 —0.800 0.386 —0.093
cp 0.035 —0.075 0.356 —0.855 0.031
NDF 0.199 0.929 0.115 —0.002 0.002
ADF 0.105 0.930 0.066 0.135 —0.032
wsC 0.368 0.071 0.170 0.772 —0.229
pH 0.923 0.220 0.012 0.253 0.029
LA 0.357 0.271 0.806 0.011 0.250
AA —0.132 —0.014 0.188 —0.189 0.912
PA —0.393 —0.084 —0.545 0.049 —0.518
BA —0.194 —0.494 —0.259 0.452 —0.205
NH, N: TN 0.950 0.176 0.085 —0.047 —0.079
FEEH Eigenvalue 3.583 2.923 1.352 0.941 0.723
Tiik % Contribution rate/ % 32.57 26.57 12.292 8.551 6.576
S TTHR{H Accumulative contribution rate/ % 32.57 59.14 71.432 79.982 86.558

DM, T 5 FM, B8 CPHLEE (1 NDF, i PE PR IR 45 4k 5 ADF, i P 0k U 45 4k s WSC, K IE PR K (b & 90 5 pH , BRI s LA, FLAR 5
AA, TR PA IR ; BA, TR s NHy-N: TN, Z A A B % CK, A IRAL LP, & T BE FLAT 3 3 BS , Al 20 28 04T 1 s LP+BS, B T % FLAT 7 -+ A
ZEALFFTE

Note: DM,dry matter; FM, fresh matter; CP,crude protein; NDF ,neutral detergent fiber; ADF, acid detergent fiber; WSC, water-soluble
carbohydrates; pH, potential of hydrogen; LA, lactic acid; AA, acetic acid; PA , propionic acid; BA, butyric acid; NH3-N: TN, ammonia nitrogen
:total nitrogen; CK, control group; LP, Lactobacillus paracasei; BS, Bacillus subtilis; LP+BS, Lactobacillus paracasei + Bacillus subtilis

RS5 ARARMARREEEIRSBINEEES

Table 5 Principal component score and comprehensive score of different varieties of hybrid Pennisetum

fhAP Variety AbBE Treatments F, F, F, F, F. F HEFF Ranking
e AR CK 1.965 1.897 —0.120 0.610 —0.442 1.331 7
LP 2.302 1.914 0.010 0.665 —0.576 1.477 4
BS 1.844 1.701 0.250 0.280 0.345 1.306 8
LP+BS 2.469 1.968 0.367 0.235 0.131 1.618 3
TR 5 CK 0.168 0.451 0.224 —0.553 0.670 0.230 21
LP 2.072 1.121 0.800 —0.101 0.598 1.273 9
BS 0.680 1.289 0.164 —0.010 0.140 0.685 19
LP+BS 1.520 1.077 0.439 —0.353 0.296 0.952 14
PI_587000 CK 1.846 0.527 —0.824 1.479 —0.380 0.856 16
LP 2.166 1.159 —0.330 0.938 —0.093 1.209 10
BS 1.550 0.722 —0.600 1.367 —0.329 0.830 17
LP+BS 1.816 0.712 —0.763 1.298 —0.462 0.887 15
536321 CK 0.005 0.226 —1.009 0.765 —0.505 —0.035 23
LP 2.232 0.624 —0.390 1.360 —0.429 1.078 12
BS 1.276 0.867 —0.551 0.553 —0.335 0.697 18
LP+BS 2.373 1.730 —0.058 0.528 —0.108 1.460 5
102 CK 0.601 1.471 0.018 0.274 —0.335 0.682 20
LP 2.050 1.711 0.634 0.403 0.042 1.430 6
BS 1.064 1.769 0.807 0.630 0.260 1.140 11
LP+BS 2.471 2.364 1.369 0.227 0.937 1.943 1
103 CK —0.065 —0.158 0.137 —0.363 0.000 —0.089 24
LP 1.795 0.574 0.740 0.223 —0.009 0.978 13
BS 0.061 0.139 0.129 —0.188 0.056 0.070 22
LP+BS 2.147 1.960 1.318 0.372 0.335 1.659 2

TE:CK BREH s LP, @)1 B FLAF 85 BS, Al 0 28 AUFF 8 LP+BS , &I 1 W FLAF 18+ R 5525 14 1
Note: CK,control group; LP, Lactobacillus paracasei; BS,Bacillus subtilis; LP+BS, Lactobacillus paracasei + Bacillus subtilis
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