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The objective of this study was to evaluate the in vifro effects of organic acids on methane emission
and ruminal fermentation characteristics. We expected our methodology to result in a decrease of
methanogens attached to the surface of rumen ciliate protozoa by addition of organic acids and in
particular a decrease in methane emission. A fistulated Holstein cow of 650 kg body weight was used
as a donor of rumen fluid. Organic acids (aspartic acid, fumaric acid, lactic acid, malic acid, and suc-
cinic acid) known to be propionate enhancers were added to an inn vitro fermentation system and in-
cubated with rumen fluid. The microbial population, including bacteria, protozoa, and fungi, were
enumerated, and gas production, including methane and fermentation characteristics, were observed
in vitra Organic acids appeared to affect the rumen protozoan community. The rumen protozoal pop-
uation decreased with the addition of aspartic acid, fumaric acid, lactic acid, and malic acid. In partic-
ular, the methane emission was reduced by addition of lactic acid. The concentration of propionate
with all organic acids that were added appeared to be higher than that of the control at 12 h
incubation. Addition of organic acids significantly affected rumen bacteria and microbial growth. The
bacteria in added fumaric acid and malic acid was significantly higher (7<0.05) and protozoa was sig-
nificantly lower (p<0.05) than that of the control. Microbial growth with the addition of organic acids
was greater than the control after 48 h incubation.
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Table 1. Effects of organic acids on pH value

Incubation Treatments
(hr) Control Aspartic acid ~ Fumaric acid Lactic acid Malic acid Succinic acid SEM
3 6.71° 6.69° 6.69° 6.65° 6.58° 6.58° 0.02
6 6.70° 6.67% 6.71° 6.64° 6.59° 6.58° 0.02
12 6.65° 6.72° 6.70° 6.61° 6.59° 6.62% 0.02
24 6.5 6.54° 6.56" 6.49° 6.45° 6.46" 0.05
36 6.38" 6.39° 6.42° 6.39°° 6.28" 6.30° 0.12
48 6.26° 6.36" 6.40° 6.23% 6.16° 6.18" 0.12

abc

Means with different superscripts in the same column differ significantly (p<0.05).

Table 2. Effects of organic acids on in vitro dry matter disappearance (%)

Incubation Treatments
(hr) Control Aspartic acid ~ Fumaric acid Lactic acid Malic acid Succinic acid SEM
3 11.30° 1.09° 419° 6.22" 2.82° 3.30° 3.38
6 11.58° 151° 8.40™ 414° 6.13" 574 2.86
12 14.35° 9.92° 9.67° 8.85° 9,03 7.82° 3.76
24 22.94° 28.35° 22.14% 17.60° 18.08° 25.97% 258
36 37.50° 35.94° 31.30° 32.77° 32.78° 31.99° 3.61
48 37.85" 44.29° 39.33 4210° 39.41° 4352° 6.16

®Means with different superscripts in the same column differ significantly (p<0.05).
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Table 3. Effects of organic acids on rumen microbial growth rate (OD at 550 nm)

Incubation Treatments
T ontro spartic aci umaric acl actic acl alic aci UCCINIC acl
(hr) Control Aspartic acid ~ Fumaric acid Lactic acid Malic acid  Succinic acid SEM
3 0.49° 0.647 0.82° 0.70° 0.64° 0.66™ 0.11
6 0.64° 0.67° 0.71° 0.67° 0.68° 0.67° 0.08
12 0.60° 0.59® 0.70° 0.66™ 0,58 055 0.07
24 0.79° 0.97 0.81° 0.74° 0.87° 0.78° 0.13
36 0.82° 0.87 0.93° 0.87 078" 0.80° 0.06
48 0.75° 0.85° 1.05° 0.91° 0.79 0.89° 0.08

abe

Means with different superscripts in the same column differ significantly (p<0.05).
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Table 4. Effects of organic acids on microbial diversity after 12 hr incubation
Microbe
Item Bacteria Protozoa Fungi
Live cell Dead cell
cfu’x107 cellx10° cellx10° tfu?x10
Control 47.50+17.02° 13.50+2.84° 1.00£0.41° 12.00+5.00°
Aspartic acid 11.7540.25 12.50+2.90° 0.50£0.29° 425+1.49°
Fumaric acid 72.50+3.30° 2.25+1.25° 5.50£1.85" 7.50£3.86°
Lactic acid 9.50+1.66° 9.75+1.11° 0.50+0.50" 3.67+0.33"
Malic acid 171.5045.81° 3.00+1.68" 3.00+0.82° 7.33+2.03°
Succinic acid 17.25+1.60° 15.50+2.90° 0.25+0.25° 4.00+1.15°
Meanzstandard error
1)Colony formation unit/ml
Ythallus formation unit/ml
*d\eans with different superscripts in the same column differ significantly (p<0.05).
Table 5. Effects of organic acids on total gas and methane emission in in vitro
Incubation time (hr) - - - Tr.eatment - - - - — -
Control ~ Aspartic acid  Fumaric acid = Lactic acid = Malic acid  Succinic acid SEM
Total gas, ml/g
3 5.23° 6.30° 5.37° 6.47° 7.10° 8.00° 0.50
6 6.83" 9.27° 8.30° 8.40° 9.13° 9.10° 0.60
12 1057 9.93° 11.93% 11.83% 13.83° 13.17° 1.10
24 16.73" 2027 1857 15.87° 21.07° 19.80" 241
36 20.97™ 24.40™ 20.50° 1737 26.33° 24.50™ 3.15
48 24.30° 29.67° 217 2147° 30.63° 27.87° 3.56
Methane, mMol/g
3 1.63° 3.38° 1.85° 2.67° 152° 221 071
6 2.95¢ 8.13° 556" 5.36" 3.69° 338 0.69
12 3.73% 2.92° 487° 4.75° 3.61° 3.67° 0.88
24 5.98% 6.82" 9.06" 5.02° 7.1% 7.07" 1.78
36 7.87™ 11.54° 11.48° 5.72° 9,59 10.02* 171
48 9.94° 11.79° 10.18° 7.05° 11.05° 10.16" 2.63
*Means with different superscripts in the same column differ significantly (£<0.05).
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Table 6. Effects of organic acids on ruminal fermentation characteristics at 3 and 12 hr (ppm)

Incubation Item Treatments

(hr) Control  Aspartic acid Fumaric acid Lactic acid Malic acid  Succinic acid SEM
Total VFA 2,120 1,456 2,711%° 3,412° 3,413 3,358" 72041
Acetic acid 526 553 624° 1,443 1,648° 1,211 284.44
3 Propionic acid 884 472° 667" 1,016™ 1,088" 1,058 231.30
Butyric acid 710° 4371° 1,420° 953° 677" 1,089 42341

Lactic acid 2,552 2,637 566,695 12,816° 6,092° 5,106 182931.21
Total VFA 1,404° 2,963 1,972° 2,329° 2,489° 3,304° 85433
b Propionic acid ~ 928° 2,075 1,418° 1,517° 1,787° 2,516° 656.75
Butyric acid 477 888° 554° 811° 702° 788" 21218
Lactic acid 3127 7,988 3,687° 4281° 4476 3,962 560.19

®Mean with different superscripts in the same row differ significantly (p<0.05).

=43 Egteto] W W HgAd QAo B3 A H
A77t B9@ Aoz Aed
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