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ABSTRACT

Methodological variations in the amount of sample 
incubated and the type of rumen fluid used are commonly observed. 
This study evaluated the effect of three sample amounts (0.6, 1.3 
or 2.6g DM 100mL-1 of rumen fluid) incubated in rumen fluid 
buffered (BRF-buffered rumen fluid) or not (PRF-pure rumen fluid) 
on total gas volume (TV), methane (CH4) production, dry matter 
degradation (DM Deg) and final pH of corn silage incubated in 
vitro. The highest DM Deg was reached with the lowest amounts of 
sample (0.6 and 1.3g of DM 100mL-1 of rumen fluid). The sample 
amount of 2.6g associated with PRF reduced CH4 production 
(P<0.05), compared with the amounts of 0.6 and 1.3g DM 
100mL-1, which had similar CH4 production (P>0.05). The use of 
BRF caused no effect on CH4 production (P>0.05), independent of 
the sample amount. Increasing the amount of substrate resulted in 
lower final pH of incubation in both fluids (P<0.05). Our results 
indicate that incubations should be performed with the smallest 
amount of sample (0.6g of DM 100mL-1 of rumen fluid), using fluid 
without buffer. Incubation without buffer solution overestimates 
the CH4 production of corn silage. Further studies should be 
conducted to verify the possibility of in vitro ruminal incubation of 
other ingredients using pure rumen fluid.
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RESUMO

Variações metodológicas sobre a quantidade de 
amostra incubada e o tipo de líquido ruminal utilizado são 
comumente observadas nas pesquisas. O objetivo deste estudo foi 
avaliar os efeitos de três quantidades de amostra incubada (0,6; 
1,3 ou 2,6g MS 100mL-1) e dois tipos de líquidos ruminais (LRT-
líquido ruminal tamponado ou LRP-líquido ruminal puro) sobre 
a produção total dos gases (VT) e de metano, a degradação da 
matéria seca (DegMS) e o pH final da incubação in vitro da silagem 

de milho. A maior DegMS da silagem de milho foi obtida com as 
menores quantidades de amostra incubada (0,6 e 1,3g MS 100mL-1). 
Para o LRP, a quantidade de 2,6g MS 100mL-1 reduziu (P<0,05) a 
produção de metano em comparação às quantidades de 0,6 e 1,3g 
MS 100mL-1, as quais não diferiram entre si (P>0,05). Utilizando o 
LRT, a quantidade de amostra não modificou (P>0,05) a produção 
de metano. Com o aumento da quantidade de amostra, houve 
redução do pH final da incubação em ambos os líquidos utilizados 
(P<0,05). Os resultados do presente experimento sugerem 
proceder a incubação com a menor quantidade de amostra, por 
proporcionar pH e DegMS mais elevados. A utilização de líquido 
ruminal tamponado reduz a produção de metano da silagem de 
milho. Novas pesquisas devem ser conduzidas para verificar a 
possibilidade de incubação ruminal in vitro com líquido ruminal 
puro utilizando outros ingredientes.

Palavras-chave: degradação, gases, incubação, metano, pH.

The in vitro gas production technique is 
used to estimate methane (CH4) production, rate and 
degree of digestibility of feed given to ruminants. In 
this technique, it is indicated to use rumen fluid diluted 
with buffer solutions, and the values obtained for CH4 
production have good correlation with respirometric 
methods (BLUMEL et al., 1997; RYMER et al., 1999, 
2005; BHATTA et al., 2006, 2008; STORM et al., 2012).

According to the review on gas production 
technique conducted by FONDEVILLA & BARROS 
(2001), several dilutions of rumen fluid (10, 25, or 33% 
rumen fluid) and sample amount (0.66, 0.83, 1.0, and 
1.25g of DM 100mL-1 rumen fluid) have been used, 
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but there is no study using pure rumen fluid (PRF). 
MOULD et al. (2005) stated that the use of buffer 
solution had little influence on gas production and 
only minimized pH variations. However, RYMER et 
al. (2005) found that the increase in the ruminal fluid/
buffer solution ratio reduced the time of colonization 
and pH of the medium, and increased gas production.

In this study, it was evaluated the effect of using 
ruminal fluid buffered or not and three sample amounts in 
the in vitro fermentation of corn silage on final pH, total gas 
volume, CH4 production and DM degradation.

The study evaluated the effect of three sample 
amounts (0.6, 1.3 and 2.6g of DM 100mL-1 of rumen 
fluid) incubated in rumen fluid buffered (BRF-buffered 
rumen fluid) or not (PRF-pure rumen fluid) on total gas 
volume (TV), CH4 production, dry matter degradation 
(DM Deg) and final pH after 24 hours in vitro incubation 
at 39°C. The incubated sample consisted of corn silage 
dried at 55°C for 72h and ground to 1mm. Rumen 
fluid was collected before feeding from three cattle 
cannulated in the rumen and adapted to corn silage. A 
portion of fluid was used without adding buffer solution, 
and another portion of fluid was buffered at a ratio of 1:2 
(rumen fluid: buffer ANKON®).

Incubation was performed in 250-mL 
Erlenmeyer flasks closed with silicone stoppers, 
and gases produced were transported by capillarity 
to the storage bottle. There in, it was measured the 
gas column height to estimate TV. After determining 
the TV, an aliquot of 0.5mL gas was collected with 
a syringe and injected into a gas chromatograph to 
determine CH4 concentration.

Final pH was measured after 24 hours 
incubation using a digital potentiometer. DM Deg 
was calculated after centrifugation for 3 minutes at 

3000rpm, separation and drying the residue in an oven, 
subtracting the blank value (CHAUDHRY & KHAN, 
2012). Data were analyzed as a randomized complete 
block design in a 3×2 factorial arrangement (3 sample 
amounts × 2 types of ruminal fluid) with 3 replications 
and 3 blank for each type of fluid. Data were subjected 
to analysis of variance and means were compared by 
Tukey’s test. Statistical significance was set at P≤0.05.

There was no interaction effect between 
sample amount x type of ruminal fluid (P>0.05). 
Regardless of fluid, the greatest amount of sample 
incubated (2.6g DM 100mL-1) resulted in lower TV 
and DM Deg (P<0.05), while the amounts of 0.6 and 
1.3g DM 100mL-1 were not significantly different 
from each other (P>0.05; Figure 1).

Methane production per g of incubated 
DM (mL g-1 of DMI) was higher using the PRF 
(P<0.05; Table 1). Sample amount had no effect on 
CH4 production using BRF. However, with PRF, 
the greatest sample amount (2.6g of DM 100 mL-1 
of rumen fluid) resulted in lower (P<0.05) CH4 
production (mL g-1 of DMI), but the amounts of 
0.6 and 1.3 (g of DM 100mL-1 of rumen fluid) were 
not significantly different from each other for CH4 
production (P>0.05).

The greater the sample amount was, 
the lower the final pH of incubation, regardless of 
ruminal fluid types (P<0.05). PRF showed a higher 
final pH of incubation with sample amounts of 0.6 and 
1.3g of DM 100mL-1 compared with BRF (P<0.05). 
However, for the greatest sample amount (2.6g of 
DM 100mL-1 rumen fluid), there was no difference 
in final pH between the types of fluids used (P>0.05). 
The final pH was lower than 5.4 using 2.6g of DM 
100mL-1 rumen fluid.

Figure 1 - TV (mL g-1 DM incubated) and DM Deg (%) in vitro incubation of corn silage using PRF or 
BRF and three sample amounts (0.6, 1.3 or 2.6g of DM 100mL-1 rumen fluid). a, bDifferent letters 
indicate significant differences by Tukey’s test (P>0.05).
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In the present study, the reduction in pH 
with greater amount of sample was probably due to the 
saturation of fluid, which had higher concentration of 
volatile fatty acids produced by fermentation, which 
can inhibit the activity of rumen microorganisms. 
Consequently, it may reduce DM Deg and CH4 
production per g of DM incubated (RAMIN & 
HUHTANEN, 2012). Higher CH4 production using 
PRF, regardless of the sample amount, indicated no 
negative effect in the absence of buffer in the ruminal 
fluid. Thus, it is possible to conduct in vitro incubation 
of corn silage without buffer solution.

The final pH at 5.8 indicated the excess 
of sample, which is possibly the decisive factor in 
reducing DM Deg (Figure 1), since the microbiota 
fermenting fiber carbohydrates is inhibited by pH 
reduction. RYMER et al. (2005) incubated hay or 
wheat grain using different ratios of rumen fluid/buffer 
solution and reported reduction in final pH of in vitro 
incubation related to the decreased amount of buffer 
solution, differently from the findings of this study.

The lowest amount of sample incubated 
(0.6g of DM 100mL-1 rumen fluid) associated with 
PRF improved the DM Deg, resulting in higher 
TV, which may be related to lower production rate 
of fermentation end products. Unlike, in in vivo 
conditions, end products leave the rumen by absorption 
or passage, but in in vitro system, they remain in the 
rumen, indicating that the use of buffer is important 
when greater amounts of corn silage are incubated.

The results suggested the possibility of 
incubation with the lowest sample amount, because it 
provides higher final pH and higher DM Deg. The use 
of buffered rumen fluid reduces CH4 production from 

corn silage. Further studies should be carried out to 
verify the possibility of in vitro ruminal incubation 
with pure rumen fluid using other feedstuffs.
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