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INTRODUCTION

A new report from the Food and Agriculture Organization
of the United Nations (Steinfield et al., 2006) considers lives-
tock production as one of the major causes of the world’s most
pressing environmental problems. To optimize the rumen mi-
crobial system, feeds must be characterized according to their
ingestive and degradation behaviour in the rumen (Tammin-
ga, 1996). Improving the efficiency of feed nitrogen (N) uti-
lization is the most effective means to reduce nutrient losses
(Jonker et al., 2002). The challenge is to establish the minimal
amount of protein required by dairy cows to achieve optimal,
but not necessarily maximal, milk production.

This study was designed to investigate the minimal request
of N for normal microbial growth using in vitro gas produc-
tion technique, in different feedstuffs. As well as, the effects of
different levels of N on the in vitro fermentation kinetics.

MATERIALS AND METHODS

FEED SAMPLES AND CHEMICAL ANALY-
SIS

Using the gas production technique, six feedstuffs
(maize, maize gluten feed (MGF), soybean meal (SBM),
citrus pulp, tapioca and wheat) were evaluated. About 500
mg of sample were weighed into 300 ml serum bottles
and incubated with 60 ml of buffered rumen fluid (RF).
Each sample was incubated in RF mixed with an anaerobic
buffer/mineral solution in different dilutions, 1:2 and 1:9
(v/v), with or without N present in the buffer (NN or N-free
incubations). The dilution of RF with buffer had the aim to
reduce the content of N, and thus obtain different levels of
it in the medium. With the purpose to maintain the buffer
capacity in N-free incubations, ammonium bicarbonate in

Table 1 - Chemical composition (%) of substrates used for in vitro experiments.

Sample

Maize MGF SBM Citrus Tapioca Wheat
DM * 875.7 860.7 909.4 840.6 871.3 870.0
Crude protein (%) 9.6 215 47.0 6.5 3.0 13.0
NDF (%) 14.5 425 16.1 37.0 15.4 12.0
ADF (%) 2.6 9.9 8.0 19.0 6.4 2.6
Starch+Sugar (%) 75.0 25.5 14.5 25.7 75.0 71.0

DM = dry matter; NDF = neutral detergent fibre; ADF = acid detergent fiber; *- g/kg;

MGF = maize gluten feed; SBM = soybean meal; citrus = citrus pulp.
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the buffer was replaced with sodium bicarbonate on bicar-
bonate equivalents.

Pressure values were corrected for the quantity of sub-
strate organic matter (OM) incubated and gas released from
blanks (i.e., gas productions in buffered RF without sample).

Gas production of all samples were analysed in du-
plicate. Cumulative gas was expressed as millilitre of gas
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produced per mg of OM incubated (Figures la-4a). The
rate of gas production (Figures 1b-4b) was calculated by
first derivate from the cumulative gas production profiles
(Cone et al., 1997). The numerous combinations between
and within different samples, dilutions and N presence or
absence, as well as its interactions, were investigated with
multiple analysis (SPSS, 2007).
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Figure 1 - Cumulative gas production profile (ml/g OM incubated) (A) and rate (ml/g OM/h) (B) in 1:9 dilutions without N in the me-

dium.
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Figure 2 - Cumulative gas production profile in (ml/g OM incubated) (A) and rate (ml/g OM/h) (B) 1:2 dilutions without N in the me-

dium.
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Figure 3 - Cumulative gas production profile (ml/g OM incubated) (A) and rate (ml/g OM/h) (B) in 1:9 dilutions with N in the medium.
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Figure 4 - Cumulative gas production profile (ml/g OM incubated) (A) and rate (ml/g OM/h) (B) in 1:2 dilutions with N in the medium.

RESULTS

Analysing gas production curve profiles it was possible
to discern variations in fermentation kinetics and total gas
produced (TGP) among various feeds (Figures 1-4). There
were significant differences (P<0.05) in the cumulative gas
production between samples, dilutions and NN or N-free.
As expected, the gas production curves presented three
phases. An initial phase of rapid gas production, followed
by a phase with decreasing growth and finally by a phase
in which the rate of gas production slows and reaches zero.
Looking for the figures that represented the fermentation
rates, in general the samples that showed higher peaks also
showed faster decreases. The highest values were showed
mainly in the NN incubations associated with the starchy
feeds.

Within N-free medium it could be see that gas produc-
tion in the 1:2 dilutions was always higher than the 1:9
dilutions, at 72 h of incubation. However within NN me-
dium, gas production from citrus pulp and tapioca was hi-
gher in 1:9 dilution, contrarily to what was observed for
maize, MGF, SBM and wheat (Table 2). Thus the results
showed that with or without N that TGP increased with the
decrease of the dilutions rate, except for citrus and tapioca
in NN. Comparing within dilutions it is possible to discern
that 1:9 NN always presented higher values of TGP than
N-free. Already for 1:2, the NN produced always less gas
at the end of the incubations. Verifying the Table 2 it is
possible see that 1:2 incubations didn’t need so much time
to produce half of the total gas. The same was observed for
the NN incubations relatively to N-free medium.

Interactions between sample x dilution and dilution x N
were identified. In the interaction dilution x N is possible to
see that on average 1:2 N-free produced more 47.5 ml/OM
incubated than 1:2 NN (P<0.05). Already looking for 1:9
occur the opposite with NN present on average more 19.4
ml/OM incubated. The mean difference between dilutions
is significant (P<0.05), with 1:2 dilution created on aver-
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age more 40.3 ml/g OM incubated. Also the presence or
absence of N in the medium led to significant differences
(P<0.05). On average N-free produced more 14.1 ml/g OM
incubated.

Table 2 -Gas volumes produced (ml/g OM incubated) in expe-
riment 1 at 72 hours of incubation with different dilutions,
incubated in N-free or NN and time needed to produced
half of TGP (h).

Time incubation Time for produce

72 h 50% of total gas (h)
dilution dilution
Sample 1:9 1:2 1:9 1:2
Maize
N-free 339,4 450,2 25 13
NN 349,7 369,4 9,5 8,5
MGF
N-free 242,3 327,9 7,5 7
NN 252,7 278,3 7,25 6,75
SBM
N-free 144,9 237,8 6 5,25
NN 169,3 189,5 5,75 5
Citrus Pulp
N-free 327,5 361,7 13 6,5
NN 341,4 327,4 5,5 4,8
Tapioca
N-free 327,3 399,0 21 11
NN 363,3 349,2 5 4,4
Wheat
N-free 337,5 385,0 9,25 6,25
NN 359,2 362,7 6,5 5,25
DISCUSSION

In generally it is possible to see that the feedstuff used
which are known to contain a high proportion of soluble
carbohydrates or protein, were readily available and rap-
idly fermented. The inexistence of a lag time, even in 1:9
dilutions, can be explained by the fact that the number of
microorganisms was not too low. At the same time it indi-
cated that the feeds used provided easily fermentable com-
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ponents. Groot et al. (1996) found a rapid rate of subtract
digestion following incubation in the case of fermentation
of soluble feedstuff components, which do not require col-
onization, under high microbial densities. Also the diet of
the donor animals can influence the gas production profile
(Cone et al., 1996).

The three phases showed by gas production curves are
in agreement with Groot et al. (1996) who reported, that
the first phase of the curve represents the gas production
caused by fermentation of the soluble fraction, in the sec-
ond place the gas production caused by fermentation of the
non-soluble fraction and the last part like the gas produc-
tion caused by microbial turnover.

Nitrogen associated with the inoculum may be insuf-
ficient to support degradation (Mould et al., 2005). Starchy
feed ingredients showed a large response to N addition,
while SBM or MGF, richer in crude protein demonstrated
a response much more limited. Dryhurst and Wood (1998)
reported that supplementation response to be dependent on
both N content of the feed and its degradability. This is in
accordance with the results, tapioca a highly degradable
substrate with a low N content, showed the greatest re-
sponse to supplementation. Already for maize the inherent
degradability of this material, limited the response.

The constant level of fermentation rates showed in N-
free incubations may represent the level of microbial activ-
ity that can be supported by N in the RF inoculum plus
the sample. In contrast, N supplemented gas production
rate profiles showed considerably highest peaks and then
a quick decline. Groot et al. (1996) reported that a rapid
decline of the rate can occur after depletion of the substrate
component, which is most likely in the case where samples
have a large amount of soluble components. For insolu-
ble components, associated with the cell-wall fraction of
substrates, the rate is more likely to decrease slowly when
either chemical or structural barriers are encountered. De-
spite the N-free relatively to NN incubations presented
rates much more limited, her constancy, sometimes, re-
sulting at the end of the 72 hours of incubation on more
gas produced. A fast or slow fermentation can be a tool
for diet formulations. This higher fermentation can be re-
garded as more microbial activity and so more microbial
biomass being formed.

The more gas achievable in 1:2 N-free relatively to
1:9 N-free can be explained by an increase on N in the
medium, in addition to some increase in the OM. Greater
number of microorganisms presence in 1:2 could also have
influenced the results. This assumption was related by Jes-
sop and Herrero (1998) cit. by Nagadi et al. (2000) who re-
ported that if microbial activity is low, this would become
a limiting factor and a significant proportion of degraded
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carbohydrate would be incorporated into new microbial
matter rather than being fermented to products that gave
rise to gas production.

Krishnamoorthy et al. (1991) report a direct relation
between the volume of gas produced and the microbial
biomass. At first sight was expected for a greater gas pro-
duction in NN, though contrary to expectations this didn’t
occur. Melaku et al. (2003) suggested that this phenom-
enon could be due to the rapid rate of gas production lead-
ing to substrate exhaustion and limitation on the extent of
gas production. Velocity of microbial growth affects the
relationship between microbial growth and end products
(Naga and Harmeyer, 1975).

It is well established that relationship between short
chain fatty acids production and microbial biomass is not a
constant (Leng, 1993), the explanation for which resides in
the variation of biomass production per unit ATP generated
(Blimmel et al., 1997a).

Other possibility to justify the results was found. Sever-
al authors have shown that less gas is produced from feeds
high in propionate precursors relative to that in feeds high
in acetate and butyrate precursors (Getachew et al., 1998;
Williams, 2000). Substrates with proportionally higher gas
volumes had comparatively low biomass yields (Bliimmel
et al., 1997a). Gas production may be used to predict in
vitro microbial biomass yield if the amount of substrate
truly degraded is known (Blimmel et al., 1997b). Despite
no attempt was made to determine the composition of the
gas produced, there are reports that rapidly fermentable
carbohydrates yield relatively higher propionate as com-
pared to acetate, and the reverse takes place when slowly
fermentable carbohydrates are incubated (Getachew et al.,
1998). Such changes in volatile fatty acids pattern could
arise from either a shift of biochemical pathways within
the microbes present or a shift in types of microbes present
(Russell et al., 1979).

CONCLUSIONS

It was clearly demonstrated that the gas production
technique is a useful tool for predicting the fermentative
capacity of the samples used. Likewise, the apparatus uti-
lized is sensibly to the different amounts of N used in the
medium. This may allow it’s utilization as an instrument to
formulate rations according to the productive performance
of the target animals.

The results also show that the N increase in the solu-
tions with the aim to suppress the N deficits seems to origin
different pathways in fermentation. To determine the mini-
mal request of N more dilutions should be investigated. As
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well as, the relation between volatile fatty acids produced
and the substrate truly degraded.
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