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This study was conducted to evaluate effects of halogenated compounds on in vitro rumen fermenta-
tion characteristics and methane emissions. A fistulated Holstein cow of 650 kg body weight was used
as a donor of rumen fluid. Five kinds of halogenated compounds (bromochloromethane (BCM), 2-bro-
moethane sulfonic acid (BES), 3-bromopropanesulfonic acid (BPS), chloroform (CLF), and pyromellitic
diimide (PMDI) known to inhibit methyl-coenzyme M reductase activity were added to an in vitro
fermentation incubated 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 The pH values ranged from 6.25 to 6.72 in all the treatments, and these showed
a similar level at 48 hr. The total gas production in the treatments showed a similar pattern with C
at 48 hr, whereas methane production in the treatments was lower (p <0.05) than C. Concentrations
of total volatile fatty acids (VFAs) and propionic acid were higher (p <0.05) in the treatments than
in C at 12 hr. Therefore, halogenated compounds (BCM, BES, BPS, CLF, and PMDI) inhibited in vitro
methane emissions by inhibiting methanogens in the rumen. Further studies on safety are needed.
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Table 1. Effects of halogenated compounds on in vitro pH value

Treatment

. 1
Incubation (hr) C BCM BES BPS CLF PMDI SEM
3 6.71° 6.67° 6.68" 6.72° 6.69" 6.70" 0.02
6 6.70° 6.66" 6.68" 6.68" 6.66" 6.66" 0.01
12 6.65" 6.63" 6.66° 6.67° 6.64% 6.64° 0.01
24 6.55™ 6.49° 6,53 651 6.51" 657" 0.02
36 6.38" 6.34° 6.45° 6.37" 6.36° 6.44 0.11
48 6.26" 6.28° 6.25° 6.28" 6.28° 6.34° 0.12
C, control; BCM, bromochloromethane; BES, 2-bromoethanesulfonic acid; BPS,
3-bromopropanesulfonic acid; CLF, chloroform; PMDI, pyromellitic diimide
! Standard error of the mean
** Means in the same row with different superscripts differ at p<0.05.
Table 2. Effects of halogenated compounds on the in vitro dry matter disappearance (%)
. Treatment 1
Incubation (hr) C BCM BES BPS CLF PMDI SEM
3 11.30™ 617" 1.70™ 752" 13.20° 9.01™ 401
6 11.58° 8.74% 3.45° 11.84° 7.02° 13.84° 351
12 14.35° 11.71° 12.33° 13.07° 1149° 11.74° 3.10
24 22.94° 24.25° 22.82° 21.99° 27.65" 14,55 297
36 37.50° 35.74° 36.30° 37.81° 37.09° 33.84° 259
48 37.85" 34.91° 40.42° 41.05° 40.70° 34.98° 6.22

C, control; BCM, bromochloromethane; BES, 2-bromoethanesulfonic acid; BPS, 3-bromopropanesulfonic acid; CLF, chloroform; PMDI,
pyromellitic diimide

! Standard error of the mean

** Means in the same row with different superscripts differ at p<0.05.

Table 3. Effects of halogenated compounds on the in vitro ruminal microbe diversity after 12 hr incubation

Population of anaerobic microflora Treatment
C BCM BES BPS CLF PMDI
Bacteria, cfu’ x 10’ 633:120°  933t176°  1533t1.86° 633067  17.33+2.96'  7.33+1.20°
Protozoa, cell x 10°
Live cell 15.75:250°  1050+1.76°  1450+247°  11.00+1.83°  1325:214°  9.75+1.11°
Dead cell 200£0.71° 2504065  4.75+149°  1.75:0.63° = 1.75:025° = 1.75:0.63"
Fungi, cfu x 10’ 12.00:2.89°  22.66+1.76°  17.00+551°  33.67+6.74" 1733754  23.33:7.36"

C, control; BCM, bromochloromethane; BES, 2-bromoethanesulfonic acid; BPS, 3-bromopropanesulfonic acid; CLF, chloroform; PMDI,
pyromellitic diimide

Meantstandard error

** Means in the same row with different superscripts differ at p<0.05.

o dYi rgedE Y MAA FE Ao AZH A FIHER0.05)0.2 F7ETh
W9 9] protozoa™ Methanobrevibacter ruminantium,
S7|A DJME 4 B} Methanobacterium formicicam ~12) 1. Methanomicrobium mobile
g2 335 HIWL in vitro FAN A E714 v AE 7% 22 methanogens®} SR A Aat, ¥ Ul A
o) W3l )X JeFE Table 337 2t} & 7]4 bacteria2l AEs HE T 37%E AASte], FEA =S
T iz Bls] BPST-& Aol Aol B2 BFE methanogen®] 242 54 718t A8 JAAT
By, E3 BEST % CLF77F o239 Hg §934 © 424, o] methanogendl 23l WE A9 HFUA

(7<0.05)2.2 %34Tt Methanogen?t B e Ao] e A& o A ©]-8-%= Methyl-coenzyme M reductase®] &5< Al
atal A= (live) protozoad] & Tl BIS) A 2]l A gFozx madds AN Ao EEA Uth4l
HaE o, A714 fungid = tx2Tol HIF AT Goel 5[14]2 BCM9| #7}7} methanogensE 7HAA1 A W&



1190 A3 38k %] 2012, Vol. 22. No. 9

Table 4. Effects of halogenated compounds on total gas and methane emission in in vitro

Treatment

. 1
Incubation (hr) C BCM BES BPS CLF PMDI SEM
Total gas, ml/g
3 523" 6.13° 6.07° 417 563 417 041
6 6.83° 6.97° 7.10° 7.23° 6.77° 6.03 0.34
12 1057 10.30° 10.07° 9,63 9.40° 9.70° 0.98
24 16.73% 17.17°° 16.30% 18.00° 16.60 1527 0.84
36 20.97™ 2203 17.70° 21.50° 20.50° 19.40 0.97
48 24.30° 22.70° 24.10° 24.30° 217 2320° 3.35
Methane, mMol/g
3 1.63° 0.60° 187° 1.67° 0.85° 0.50° 0.37
6 2.95° 0.44° 249 417° 0.44° 0.43° 046
12 3.73° 0.27° 0.69° 247° 0.33¢ 0.27¢ 0.19
24 5.98" 0.2¢ 0.75° 7.08° 0.31¢ 0.23¢ 0.24
36 7.87° 0.16° 299 8.74 0.21° 0.19¢ 0.88
48 9.94° 019 156 943° 019 0.20° 2.28

C, control; BCM, bromochloromethane; BES, 2-bromoethanesulfonic acid; BPS, 3-bromopropanesulfonic acid; CLF, chloroform; PMDI,

pyromellitic diimide

! Standard error of the mean
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Table 5. Effects of halogenated compounds on ruminal fermentation characteristics after 3 hr and 12 hr incubation (ppm)

) Treatment 1
Incubation (hr) C BCM BES BPS CLF PMDI SEM
Total VFA 2,119° 3,848 5,094" 1,888" 2,313 2,744 1242.88
Acetic acid 525° 1,379° 54° 763 873" 1,095° 379.32
3 Propionic acid 884 1,238 1,166" 615" 772° 936" 353.48
Butyric acid 710° 1,231° 4,196" 510° 668° 713° 1121.39
Lactic acid 2,551° 3,521° 2,526 2,268 2,955 3,100° 781.38
Total VFA 1,403° 3,330™ 2,007 5,148 2,681 3,228" 859.20
b Propionic acid 927° 1,265% 1,283" 3,104° 1,687* 2,025 357.57
Butyric acid 476" 2,067° 724° 2,044° 994° 1,203 710.01
Lactic acid 3,127° 3,738% 3,891% 5,826 4,150™ 5,747 944,88

C, control; BCM, bromochloromethane; BES, 2-bromoethanesulfonic acid; BPS, 3-bromopropanesulfonic acid; CLF, chloroform; PMDI,

pyromellitic diimide

'Standard error of the mean
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