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ABSTRACT

A ) Inoculation of Bacillus subtillis (BS) in corn silage improves the quality of the silage. Moreover, the microbial
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activator super LDD2 (LDD2) contains microorganisms that digest fiber and can produce lactic acid. Therefore, the

Received: 2023-10-21 objective is to use BS and LDD2 to ensile with corn to improve the quality of silage and its digestibility in the rumen.
Revised:  2024-05-30 The experiment was designed as a 3 x 4 factorial, completely randomized design. Three Suwan corn varieties were
Accepted: 2024-07-23 used: 4452, 5731, and 5819 (factor 1) along with four groups of microorganism inoculations: whole plant corn, corn

silage, corn silage ensiled with BS and corn silage ensiled with LDD2 (factor 2). The results showed that the corn

varieties did not affect the quality and digestibility of corn silage (P>0.05), but did affect neutral detergent fiber and

Keywords: soluble carbohydrates (P<0.05). The interaction between corn varieties and microbial inoculation affected crude protein
corn silage; in corn silage (P<0.05). Inoculation of Bacillus subtilis and microbial activator super LDD2 resulted in an increase in
Bacillus subtillis; crude protein (P<0.05). In addition, the digestibility of dry matter, crude protein, and neutral detergent fiber in the
microbial activator super LDD2; microbial inoculation treatments was better than the control corn silage (P<0.05). These treatments also resulted in a
silage quality; higher total bacterial count (P<0.05) and increased total volatile fatty acids in the rumen (P<0.05). Therefore, ensiling
in vitro technique Suwan corn with BS and LDD2 can increase the quality of corn silage, affecting its nutritional value and digestibility,

and can be considered an alternative option for improving roughage quality.
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Table 1 Physical quality of Suwan corn and Suwan corn silage ensiled with microorganisms

Treatment 1
Smell Texture Color pH Total score
Factor 1 Factor 2
Fresh 8.20° 3.90° 2.10¢ 4.91° 20.11¢
Silage 10.12° 3.30° 2.60° 4.11° 21.13°
Suwan 4452
Silage+BS? 11.502 3.10° 2.75° 3.54°¢ 21.89°
Silage+LDD23 10.55° 2.90° 2.45° 3.97° 20.87°
Fresh 8.40° 3.702 2.00¢ 4.96% 20.06°
Silage 10.68° 3.50° 2.50° 3.72% 21.40°
Suwan 5731
Silage+BS? 11.232 3.20° 2.80° 3.94° 22.17%°
Silage+LDD23 10.93% 2.80° 2.50° 3.66° 20.89°
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Table 1 (Continuous)

Treatment 1
Smell Texture Color pH Total score
Factor 1 Factor 2
Fresh 8.10° 3.80° 2.20¢ 4.97° 20.07¢
Silage 10.75° 3.60° 2.70% 3.77% 21.82°
Suwan 5819
Silage+BS? 11.842 3.30° 2.90° 3.76™ 22.80%
Silage+LDD23 11.12% 3.00° 2.60° 3.65 21.37°
SEM* 1.32 0.36 0.28 0.55 0.87
P-values Treatment <0.05 <0.05 <0.05 <0.05 <0.05
Suwan 4452 10.09 3.30 248° 413 21.00°
P-values Suwan 5731 10.31 3.30 2.45° 4.07 21.13%
(Significant effect due to corn breed) Suwan 5819 10.45 3.43 2.60 ° 4.04 21.52°
Breed 0.204 0.226 <0.05 0.78 0.03
Fresh 8.23° 3.80° 2.10° 495° 20.08°
Silage 10.52° 3.47° 2.60° 3.87° 21.45°
P-value
Silage+BS? 11.522 3.20° 2.82° 3.75" 22.29°
(Significant effect due to inoculation)
Silage+LDD23 10.872° 2.90° 2.52° 3.76° 21.04°
Inoculation <0.05 <0.05 <0.05 <0.05 <0.05
Interaction Breed* Treatment 0.33 0.07 0.55 0.57 0.64

' Total score 20 — 25 = excellent, 15 — 19 = good, 6 — 4 = medium, and 0 — 5 = bad.

2 BS = Bacillus subtilis, *LDD2 = Microbial Activator Super LDD2, *SEM = standard error of mean.

@ Means (n=5) with different superscripts within the same column under the same factor are significantly different among treatments (P < 0.05).
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Table 2 Chemical compositions (% on DM basis) of Suwan corn and Suwan corn silage ensiled with microorganisms

Treatment
DM Ash oM CP EE WSC GE Lactic acid
Factor 1 Factor 2
Fresh 26.58° 4.96 95.04 7.59¢ 5.72 15.23? 4.1 5.39¢
Silage 24.53° 5.05 94.95 7.10° 5.52 12.25° 4.08 5.25¢
Suwan 4452
Silage+BS? 24.56° 7.528 92.48 7.02¢f 5.33 12.10° 4.07 6.78°
Silage+LDD23 25.52° 7.26° 92.74 8.56° 5.40 11.52° 4.26 5.85%
Fresh 27.76° 4.51 95.49 8.53° 5.08 15.56° 4.01 5.09¢
Silage 24.22° 5.31 94.69 7.94° 5.30 12.55° 4.03 5.39¢
Suwan 5731
Silage+BS? 24.47° 7.04° 92.96 7.99° 5.78 12.37° 4.05 7.31¢
Silage+LDD23 25.76° 7.21° 92.79 8.942 5.35 12.52° 4.05 6.23°
Fresh 27.30°2 5.99 94.01 7.86° 5.76 15.26° 4.06 5.85%
Silage 24.49°¢ 5.07 92.93 7.524 543 12.47° 4.01 6.12°
Suwan 5819
Silage+BS? 24.54° 6.40 93.60 6.85' 5.19 12.24° 4.04 7.29°
Silage+LDD23 25.85° 6.58 93.42 8.932 5.70 12.49° 4.24 7.532
SEM* 1.21 1.04 1.04 0.72 0.23 1.42 0.08 0.99
P- values Treatment <0.05 0.13 0.13 <0.05 0.98 <0.05 0.06 <0.05
P-values Suwan 4452 25.30 6.20 93.80 7.57° 5.49 12.78 413 5.57°
(Significant Suwan 5731 25.55 6.02 93.98 8.35° 5.38 13.25 4.04 6.01°
effect due to Suwan 5819 25.55 6.01 93.49 7.79° 552 13.12 4.09 6.70°
corn breed) Breed 0.51 0.67 0.67 0.02 0.78 0.06 0.1 <0.05
Poval Fresh 27.21° 5.15 94.85 7.99° 5.52 15.352 4.06 5.11°
-value
Silage 24.41° 5.14 94.19 7.52b¢ 542 12.42° 4.04 5.59°
(Significant
Silage+BS? 24.52°¢ 6.99 93.01 7.29° 5.43 12.24° 4.05 7.13°
effect due to
Silage+LDD23 25.71° 7.02 92.98 8.812 5.48 12.18° 4.18 6.54°2
inoculation)
Treatment <0.05 0.06 0.06 <0.05 0.97 <0.05 0.06 <0.05
Interaction Breed* Treatment 0.97 0.02 0.02 0.79 0.48 0.57 0.46 0.01

' DM = dry matter, OM = organic matter, CP = crude protein, EE = ether extract, WSC = water soluble carbohydrate, GE= gross energy (kcal/g).

2 BS = Bacillus subtilis, *LDD2 = Microbial Activator Super LDD2, *SEM = standard error of mean.

abedel Means (n=5) with different superscripts within the same column under the same factor are significantly different among treatments (P < 0.05).
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Table 3 Structure and non - structure carbohydrate compositions (% on DM basis) of Suwan corn and Suwan corn silage ensiled with

microorganisms

Treatment
NDF ADF ADL Hemicellulose Cellulose NFC
Factor 1 Factor 2
Fresh 66.75° 34.942 5.59° 31.81 29.35° 15.28¢%
Silage 56.48° 31.43° 5.23° 25.05 26.20% 25.85°
Suwan 4452
Silage+BS? 56.92° 28.00% 4.57¢ 28.92 23.43° 23.21°
Silage+L.DD2? 66.20° 26.25% 5.06° 32.48 27.75° 12.58°
Fresh 65.45°2 32.63% 6.29° 32.82 26.34%° 16.03¢
Silage 58.79° 29.11° 5.64° 29.68 23.47° 22.66°
Suwan 5731
Silage+BS? 59.73° 27.39¢ 5.57° 32.34 21.82° 19.46¢
Silage+L.DD2? 66.62°2 25.20° 5.60° 24.05 26.68%° 11.88°
Fresh 67.86° 31.48° 5.71° 36.38 25.77° 12.53¢
Silage 55.60¢ 24.12° 4.69¢ 31.48 19.43¢ 24.38%
Suwan 5819
Silage+BS? 54.249 23.03f 4.35¢ 31.21 18.68¢ 27.328
Silage+LDD23 60.74° 23.26' 4.54¢ 28.06 19.17¢ 17.85¢
SEM* 5.01 3.91 0.60 3.45 3.58 4.71
P- values Treatment <0.05 < 0.05 <0.05 0.37 < 0.05 0.02
Suwan 4452 61.59 30.16° 511° 29.57 26.68° 19.23
P-values
Suwan 5731 62.65 28.58° 5.78° 29.72 24.58° 17.51
(Significant effect
Suwan 5819 59.61 25.47° 4822 31.78 20.76 2 20.52
due to corn breed)
Breed 0.19 <0.05 <0.05 0.58 < 0.05 0.50
Fresh 66.69° 33.022 5.86° 33.67 27.15° 14.61°
P-value Silage 56.96 ° 28.22° 519° 28.74 23.032° 24.30°
(Significant effect  Silage+BS? 56.96 ° 26.14°°¢ 4.83° 30.82 21.31° 23.33°2
due to inoculation)  Silage+LDD23 64.52°2 24.90° 5.07° 28.20 24.532b 14.10°
Treatment <0.05 <0.05 <0.05 0.25 0.02 <0.05
Interaction Breed* Treatment 0.95 0.08 0.06 0.68 0.18 0.73

" NDF = neutral detergent fiber, ADF = acid detergent fiber, ADL = acid detergent lignin, NFC = non fiber carbohydrate.

2 BS = Bacillus subtilis, >LDD2 = Microbial Activator Super LDD2, *SEM = standard error of mean.

acdet Means (n=5) with different superscripts within the same column under the same factor are significantly different among treatments (P < 0.05).
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Table 4 In vitro rumen digestibility (% on DM basis) of Suwan corn and Suwan corn silage ensiled with microorganisms

Treatment
DMD OMD CPD NDFD DE
Factor 1 Factor 2
Fresh 43.349 43.36¢4 71.70° 39.32° 43.229
Silage 48.56° 48.55° 74.75% 43.88° 48.55°
Suwan 4452
Silage+BS? 51.32° 50.00° 75.712 44.05° 50.09°
Silage+LDD23 49.66"° 48.98° 70.55° 46.84° 50.84°
Fresh 42 .46¢ 40.95° 73.33° 38.71° 48.30°
Silage 50.87" 52.73° 76.412 43.89° 51.232°
Suwan 5731
Silage+BS? 53.62° 54.632 80.83? 45.82% 53.812
Silage+LDD23 56.10° 55.232 72.31%¢ 48.38° 55.372
Fresh 53.20° 52.01° 71.70° 39.32° 43.394
Silage 54.20° 53.65° 74.75% 43.88° 48.55°
Suwan 5819
Silage+BS? 57.60° 56.54°2 75.712 44.05° 50.09°
Silage+LDD2? 57.75°2 56.582 73.15° 47.782 50.27°
SEM 4.98 4.99 2.78 3.25 3.56
P- values Treatment <0.05 0.02 0.02 <0.05 <0.05
Suwan 4452 48.22° 47.72° 73.18 43.52 48.18°
P-values
Suwan 5731 50.76° 50.89° 75.72 44.20 52.18°
(Significant effect
Suwan 5819 55.69° 54.70° 73.83 43.76 48.08°
due to corn breed)
Breed <0.05 0.03 0.08 0.39 < 0.05
Fresh 46.33° 45.44° 72.24° 39.12°¢ 44 .97°
P-value Silage 51.212° 51.642° 75.302° 43.88° 49.44°
(Significant effect  Silage+BS? 54.18° 53.72° 77.42° 44.64° 51.33°
due to inoculation)  Silage+LDD23 54.50° 53.60° 72.00° 47.67° 52.16°
Treatment 0.02 0.02 <0.05 < 0.05 < 0.05
Interaction Breed* Treatment 0.04 0.13 0.87 0.27 0.07

'DMD = dry matter digestibility, OMD = organic matter digestibility, CPD = crude protein digestibility, NDFD = neutral detergent fiber digestibility, DE = digestible energy.
?BS = Bacillus subtilis, *LDD 2 = Microbial Activator Super LDD 2, *SEM = standard error of mean.

aedel Means (n=5) with different superscripts within the same column under the same factor are significantly different among treatments (P < 0.05).
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Table 5 Rumen of microorganisms and total volatile fatty acid (VFA) production of Suwan corn and Suwan corn silage ensiled with

microorganisms

Treatment Total bacteria Protozoa Total VFA
actor actor ctu/m cell/m o
Factor 1 Factor 2 (10°cfu/ml) (10°cell/ml) (%)
Fresh 2.11¢ 2.10 55.32°
Silage 2.15° 2.04 58.32°
Suwan 4452
Silage+BS' 2.23° 1.95 61.24°2
Silage+LDD2? 2.35% 1.83 61.582
Fresh 2.03¢ 1.81 57.49°
Silage 2.14° 1.98 60.242°
Suwan 5731
Silage+BS' 2.313 2.15 62.712
Silage+LDD2? 2.25° 2.19 62.35%
Fresh 2.31% 2.37 59.32%
Silage 2.452 2.16 60.23%
Suwan 5819
SiIage+BS1 2.48° 1.92 63.04°
SiIage+LDD22 2.47° 1.85 63.08°
SEM 0.15 0.17 2.43
P- values Treatment < 0.05 0.94 < 0.05
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Table 5 (Continuous)

Treatment Total bacteria Protozoa Total VFA
Factor 1 Factor 2 (10°cfu/mi) (10°cell/ml) (%)
SEM 0.15 0.17 2.43
P- values Treatment <0.05 0.94 < 0.05
Suwan 4452 2.21° 1.98 59.12°
P-values Suwan 5731 2.18° 2.03 60.70 2
(Significant effect due to corn breed) Suwan 5819 2.43° 2.08 61.42°2
Breed <0.05 0.82 <0.05
Fresh 2.15° 2.09 57.38°
Silage 2253 2.06 59.60°
P-value
Silage+BS’ 2.342 2.01 62.33°
(Significant effect due to inoculation)
Silage+LDD22 2.362 1.96 62.34°
Treatment <0.05 0.86 < 0.05
Interaction Breed* Treatment < 0.05 0.02 0.05

' BS = Bacillus subtilis, 2LDD2 = Microbial Activator Super LDD2, “SEM = standard error of mean.

¢ Means (n=5) with different superscripts within the same column under the same factor are significantly different among treatments (P < 0.05).
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