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Summary

Techniques of forage evaluation based on in-vitro rumen gas production have the potential for monitoring rumen fermen-
tation kinetics of different energy yielding compounds. Observations in our laboratory led to identify proteins as a source
of error in gas pressure measurements and the underlying hypothesis was that dissolved CO, is uptaken by basic com-
pounds and prevented from escaping to the bottle head-space. Bases would be generated during hydrolysis of proteins,
and the higher the protein content the higher the potential for CO, uptake by ammonia. The experimental methodology was
based on in-vitro batch ramen incubation system, a pressure transducer, manual gas measurement and frequent gas relea-
se. In a purely chemical assay a protein-free rumen-like buffer incubation media was dosed with six levels of ammonium
hydroxide (NH,OH) as an alkaline agent and gas pressure recorded at hourly intervals. Gas production was depleted at a
rate of 0.24 psi/mgN/botile of 110 mL as NH,OH increased from 0 to 25 mg/bottle. In a rumen in-vifro incubation expe-
riment six levels of soy peptone or casein hydrolysate containing 0 to 160 mg protein/bottle were dosed to a basal subs-
trate of 300 mg purified cell walls of Lolium multiflorum Lam. Results showed an inverse relationship between gas pro-
duction and level of protein supplementation, being more severe at longer incubation time. Another experiment compared
soy peptone and ammonium sulphate as sources of organic and inorganic nitrogen supplemented o same basal substrate
at 15 mgN/bottle. A consistent depletion in apparent gas production was observed as the proportion of organic N was in-
creased. When ammonimm sulphate was substituted by 100% organic N, gas production at end point was underestimated
by 28%. In another experiment soybean meal and leafy fractions of lucerne, red clover and orchardgrass were dosed to
supplement the basal cell wall substrate with 10 or 25 mg protein/bottle. Opposite effects in digestibility and gas produc-
tion were observed by increasing supplementation. In-virro dry matter digestibility increased from an average 52.7 to
60.8%. However, gas production diminished from 410, 421, 418 and 409 mL-g"! to 392, 393, 377, and 347 mL-g"! fer-
mented dry matter in all four forages respectively. The results confirmed that ammonia resulting from ruminal hydrolysis
of nitrogenous compounds performs as sink for dissolved CO, thus interfering with the measurement of gas actually pro-
duced in the in-vitro system. This effect was large enough to offset the ammonia uptaken by rumen microbes and the CO,
released from buffer for fatty acids neutralisation. Modelling was sensitive to this artifact and kinetic parameters were alie-
red, particularly in pool sizes.
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INTRODUCTION times. The original two-stage technique was repla-
ced in many laboratories by a single-stage system
(Goering and Van Soest, 1970) which assumes that
plant cell contents are fully digestible and undiges-

ted cell wall is the only component in residue of

One of the most significant advancements in rumi-
nant nutrition was the early establishment of a met-
hodology for in-vitro rumen digestion studies by

Tilley and Terry (1963). Since then several modi-
fications have been adopted which rely on the
same principle: estimation of substrate disappea-
rance, or digestibility, based on measurement of
residual substrate at predetermined incubation
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plant origin.

An alternative method has been developed using
the gas produced during fermentation as an index
of microbial activity in the rumen. The relation-
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ship between the quantity of gas produced and
ruminal digestion was described in a pioneer work
by Quin (1943, as cited by Bliimmel et al., 1997a)
who monitored the gas production in rumen fistu-
lated sheep using manometers linked to the canu-
lae. Menke ez al. (1979) suggested the use of an in
vitro fermentation system by incubating the subs-
trate, culture media and inoculum in a well lubri-
cated syringe which would allow an easy measure-
ment of the quantity of gas produced. In a more
recent work Theodorou et al. (1994) proposed the
use of pressure sensors that allow the control of
intervals between measurements for timely release
of built pressure as well as more precise measure-
ments of gas production in larger number of sam-
ples.

Methods of in-virro rumen gas production have
two major potential advantages over those based
on substrate disappearance. First, they would allow
monitoring the rate and contribution of non-cell
wall components to total fermentation, and second,
the fate of not being destructive allows automation
as well as inexpensive measurements of fermenta-
tion rates. However, some problems have been
encountered regarding the use of gas techniques
for studies of rumen digestion, like the need for
stoichiometric adjustments in carbon dioxide and
methane when fermenting different substrates
(Huntington et al., 1998), the effects of releasing
the gas pressure in bottles head space by frequent
venting (Kohn and Dunlap, 1998, and Lowman er
al., 1997) the need for correction of changes in
atmospheric pressure (Pell ef al., 1997) and the
effects of substrate concentration in the fermenta-
tion vessel (Cone ef al., 1996). Alternative mathe-
matical models have been used to interpret gas pro-
duction profiles, some based on the simple expo-
nential, logistic, Gompertz and other known
models, including several modifications of them
(Beuvink and Kogut, 1993, France et al., 1993,
Schofield er al., 1994 and Groot et al., 1996)
These models have been applied with different cri-
teria to predetermined numbers of pools and diver-
gence in results has frequently been observed.
Their adequacy to asses actual pools and kinetic
parameters continues to be a challenge that needs
more research and discussion (Adesogan er al.,
1997).

Concerning the protein content in the system,
either as a component of the culture medium, the
inoculum or the substrate that is incubated, not
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enough attention has been paid to the interference-
erived from basic compounds in the system, which
had been presented by Menke and Steingass in
1988.  There has been an increasing interest in
adopting the gas technique for routine evaluation
of ruminants feeds (Rymer ef al., 1997) including
calibration of near infra-red reflectance spectros-
copy (Adesogan et al., 1998 and Herrero et al.,
1996) but apparently with little concern about the
magnitude of the above mentioned interference.
Some laboratories have used this gas technique for
evaluation of forages and feeds with contrasting
protein contents (Cone ef al., 1998). Moreover,
Wood er al. (1997) suggested the convenience of
supplementing nitrogen in the culture media for
low quality feeds without discussing the potential
interference on gas production. A negative gas
production can be observed in the figures reported
by Chamberlain (1994) when casein was supple-
mented. .

Regarding the CO, balance in the system, Menke
and Steingass (1988) suggested that the effects of
bases generated during protein hydrolysis would as
a rule be cancelled out by the acid production
during fermentation. But in our laboratory during a
study of aminoacid supplementation to poorly fer-
mented silages (Bianco, 1997) we observed a con-
sistent negative slope in gas pressure as aminoacid
level was increased during several hours of in-vitro
rumen incubation. This observation made evident
the need for better assessment of this potential
source of eryor,

This work was undertaken in order to investigate
the interference derived from different nitrogen
sources as well as from varying protein contents of
the samples and to explain the chemical mecha-
nism underlying such response.

MATERIALS AND METHODS

Two types of experiments were designed. First a
purely chemical assay that describes the behaviour
of a rumen-like buffer system in presence of
ammonium hydroxide as an alkaline agent.
Second, a set of experiments devoted to study the
physico-chemical behaviour of the gas system in
presence of biological catalysts and organic com-
pounds that could yield alkaline ions. These expe-
riments include rumen fluid and different types of
proteins, peptides and aminoacids as potential
sources of ammonia.
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Chemical experiment : Uptake of carbon dioxi-
de by the buffer.

Treatments. Six levels of ammonium hydroxide
were dosed, each to three bottles, by preparing
solutions of different concentration that would pro-
vide in one millilitre doses of 0, 3, 10, 15, 20 and
25 mg NH,OH per bottle.

Incubation procedure. The incubation media was
as in Goering and Van Soest (1970) modified to
exclude casein hydrolisate and cystein chloride
and, in order to compensate for lower reducing
power, sodium sulfide was increased by 100%.
Resazurin was used as reduction indicator. Three
bottles (110 mL) per treatment were filled with 40
mL media, thoroughly gassed and capped. CO,
was injected until the gas pressure in the bottle
head space raised to 3 psi.

Measurements. Gas pressure and volume were
monitored at hourly intervals daring 5 hours by
means of a pressure transducer (Mfg. 1GER, UK)
and a syringe coupled with a three-way valve to the
bottle septum.

In vitro rumen experimeni 1 : Effect of level of
organic nitrogen.

Treatments. Six levels of organic nitrogen as
casein enzymatic hydrolysate (Sigma N°C0626) or
soy peptone (Sigma N°P1265) were used as main
sources of nitrogen for the ruminal fermentation of
a basal substrate of 300 mg purified cell wall of
Lolium multiflorum Lam. A 2 mL solution contai-
ning 0, 40, 80, 120 or 160 mg protein of either one
source was added to each bottle prior to inocula-
tion.

In vitro rumen incubation procedure. Incubation
was done in 5 bottles per treatment with same
media and technique as described in previous
experiment, but using 15mg glucose/bottle as an
energy primer and reducing factor. The rumen
content was obtained from a donor cow fed a
medium quality lucerne hay at maintenance level
and fasted during 4 hours prior to collection. It was
homogenised in a waring blendor and strained
under CO,. Inoculum size was reduced to 5 ml/bot-
tle in order to minimize protein coming from this
source. Complete wetting of the samples was allo-
wed prior to inoculation.

Gas measurement procedure. Gas was measured
and released every hour during the first 6 to 8
hours, and at progressively longer intervals not
allowing the pressure to reach over 2.5 psi.
Cumulative gas production was expressed per unit
of substrate dry matter fermented at end point of
incubation, including the protein supplement as
part of the fermentable substrate. The residue of
unfermented cell wall substrate was obtained by
refluxing with neutral detergent and filtration in
coarse Gooch crucibles; consequently contamina-
tion from microbial mass was avoided. Analysis of
48 hours cumulative gas production was perfor-
med using a two pools logistic model (Doane et
al., 1998) that can describe two fractions with dis-
tinct kinetic behaviour.

In viiro rumen experiment 2 : Comparison of
organic and inorganic sources of nitrogen.

Treatments. Soy peptone and ammonium sulfate
were used as organic and inorganic sources of
nitrogen for supplementing a basal substrate of 300
mg purified cell wall of Lolium multiflorum Lam.
Different solutions were prepared in order to pro-
vide an isonifrogenous supplement confaining 15
mg N per bottle, equivalent to a final crude protein
content of 20% in the substrate. Treatments were
five combinations of soy peptone and ammonium
sulphate in the following proportions  0:100,
20:80, 40:60, 60:40 and 100:0.

In vitro rumen incubation and gas measurement
procedures were as in rumen experiment 1. In
order to adjust for small time delays in manual gas
recording of numerous bottles, the actual times of
infusions or gas measurements were recorded for
each bottle, plotted and submitted to curve fitting
(Curve Expert 1.34). In this way results shown at
determined incubation times have undergone the
corresponding time adjustment.

In viiro rumen experiment 3 : Comparison of
four forages as nitrogen sources.

Treatments, Four forages were used as main
nitrogen sources, offered at two levels, as supple-
ments to a basal substrate of 300 mg Lolium mul-
tiflorum Lam. purified cell walls. Finely ground
soybean meal (Glycine max Merr.) and leafy frac-
tions of lucerne (Medicago sativa L.), red clover
(Trifolium pratense 1..) and orchardgrass (Dactylis
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glomerata 1..) were dosed at 10 or 25 mg protein
per bottle. The composition of forages is shown in
Table 1 along with the quantity of each of them
that provided the levels of protein supplement.

Digestibility and gas measurement. In vitro
rumen incubation and gas measurement procedu-
res were as in rumen experiment 1. Plant cell wall
disappearance was measured in order to describe
cell wall digestibilities for each treatment. From
this information, dry matter true digestibility was
calculated as per Goering and Van Soest (1970).

RESULTS

Chemical experiment.

When the quantities of ammonium hydroxide
increased from 0 to 25 mg per bottle, a reduction in
the original gas pressure set in the botiles was
observed (Figure 1) and the extent of reduction
was positively correlated with quantity of ammo-
nium hydroxide dosed. In all treatments the reac-
tion was completed by 3 hours.
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Figure 1.- Effect of ammonia level on gas uptake in a rumen-
like buffer media. Six levels of nitrogen were infused as
NH4OH in each bottle.

In vitro yumen experiment 1.

The logistic model showed a fast and a slow pool
with their corresponding rates and lag times
(Table 2). Statistical analysis showed good fitting
of the model in all treatments. Increasing levels of
protein supplement had a dramatic effect on the
total cumulative gas production, being the size of
the slow pool responsible for most of this effect.
The depletion in gas production was consistent for
both protein sources, although the model partitio-
ned the pools differently, probably as a result of
the protein nature in each supplement. The levels
of soy peptone or casein hydrolisate added to the
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basal cell wall yielded for the complete substrates
crude protein contents from 7.3 up to 33.4%,
values that are within the ranges of feedstuffs used
in ruminant diets.

In vitro rumen experiment 2.

The fate of CO, uptake by ammonia released from
protein breakdown is clearly shown in Figure 2.
The greater the proportion of nitrogen in organic
form, the greater the apparent depletion in gas pro-
duction. At 12, 24 and 48 hours of incubation the
quantity of gas produced with 100% inorganic N
was 163, 291 and 405 mL per bottle. When subs-
tituted by 100% organic N, gas production was
underestimated by 20, 26 and 28% respectively. In
ihis experiment 1 mg of organic N was responsible
for a reduction of 7.56 mL in final gas production.
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Figure 2.-Effect of varying the proportions of organic (soy
peptone) and inorganic (ammonium sulphate) nitrogen sources
on gas producction of an isontrogenous diet.

In vitro rumen experiment 3.

The four plant species used in this experiment as
supplements had different levels of crude protein,
low fiber content and good potential for high
digestibility (Table 1).  All treatments had the
same basal diet and received the same quantity of
nitrogen supplementation, so we expected either
not to find differences in the quantity of gas pro-
duced per unit of fermented matter or to observe an
augmentation in view of the effects of a greater
availability of added carbohydrate sources. In fact,
gas production was similar among species when a
low level of protein was supplemented (Figure 3),
ranging from 409 to 421 ml.g! fermented.
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Table 1-Composition and quantities of supplemented forages

85

Protein Sﬁpplement composition Supplemented quantity
Supplement _ | _—
o Dry Matter Crude Protein NDF 10 mg Prot. 25 mg Prot.
. _— (%) - (mg DM/bottle) -
Soybean 89.9 45.9 9.8 21.79 54.47
Lucerne 93.2 39,4 17.5 25.38 63.45
Red Clover 92.1 23.1 22.4 43.29 108.23
Orchardgrass 90.9 183 57.9 54.64 136.61
Efuﬁc [)Iotem =N 6”25, VI»\iDF = neufral detergent ﬁber ) ‘
Table 2-Effects of protein level on kinetic parameters of in vifro rumen gas production !
Pool size (mD) Specific Rate lag (b)
Fast Slow Total Fast Slow Fast Slow 2 SE
Véase'in hydrolisate (mg/bottle) W -
0 161.1 204.8 365.9 0.080 0.039 2.9 119 0.994 9.6
40 130.9 197.8 328.7 0.097 0.040 2.3 9.6 0.996 7.1
80 151.0 148.3 299.3 0.088 0.040 2.6 11.0 0.994 8.7
120 166.1 115.0 281.0 0.078 0.035 2.8 12.9 0.995 6.9
160 167.2 92.9 260.1 0.073 0.038 3.0 13.5 0.992 8.4
Soy Peptone (mg/bottle)
0 93.2 256.1 349.3 0.071 0.032 9.9 13.8 0992 108
40 130.5 163.4 293.9 0.068 0.041 7.6 18.0 0.991 10.0
80 126.0 146.1 272.0 0.069 0.040 6.2 16.8 0.998 4.4
120 117.3 124.5 241.8 0.073 0.041 6.4 17.0 0.995 6.2
160 118.8 115.8 234.6 0.073 0.041 6.1 16.7 0.997 4.6

I Logistic model : V = Vpj- (1+e@4Sp Lyl vy - (1462452 (LphyL

V = gas production at time t; V= maximum volume; S; = Specific rate; 1; = Lag time.
t fi i i

However, when the supplementation was increased
to 25 mg, two phenomena were observed. First, a
significant difference among species, (393 mL.g"!
in lucerne and 346 mbL-g'! in orchardgrass),
second, a dramatic reduction in apparent gas pro-
duction within the same species, in the same incu-
bation run, as a response to the greater protein
supply. The depletion in gas pressure was higher
in orchardgrass and red clover than in soybean
meal and lucerne.
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Conversely, in-vitro digestibility showed a respon-
se opposite to gas production when the quantity of
soybean or forage leaf meals increased from 10 to
25 mg of protein per sample (Figure 3).

Digestibility of the purified cell wall substrate
enriched with low and high levels of supplements
were 52.6 and 60.1% respectively, being statisti-
cally different (P<0.01).
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Figure 3-Opposite responses to supplementation of a ryegrass cell wall subtrate with two levels and four sources of organic nitrogen.
a) in~ vitro true dry matter disgestibility and b) in-vitro gas production.
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Table 3.- In-vitro cell wall ( IVCWD) and dry matter true
digestibility (IVTDMD) of ryegrass cell wall supplemented
with four protein sources.

Protein IVCWD IVTDMD
Supplement. I0mg 25mg 10mg 25mg
Prot. Prot. Prot. Prot.
A
Soybean 47.5 57.3 50.5 58.6
Lucerne 499 52.6 524 59.7
Red Clover 50.9 553 55.8 64.6
Orchardgrass 48.7 53.8 52.2 60.1
Average 49.3 54.8 52.7 60.8

DISCUSSION

The measurement of in vitro ramen gas production
has a strong theoretical and empirical base, even
though stoichiometric relationships have not been
incorporated to a satisfactory extent. The validity
of the relationships of gas production with micro-
bial growth and organic matter disappearance is
high mainly in early stages of incubation, when it
is unlikely that data may be much confounded with
recycling processes in the batch culture system and
with gas derived from secondary fermentation.
Probably the greatest advantage of his technique,
other than simplicity, relies on the actual possibie-
lity of monitoring the early fermentation kinetics
resulting from substrates which differ in suscepti-
bility to enzymatic breakdown. The disappearance
of carbohydrates fractions like free sugars, non-
structural and structural polysaccharides and their
hydrolysis products, might be followed by measu-
ring the gas output, thus improving the information
in digestion studies with respect to the one collec-
ted from the “two fractions” system that consider
complete availability of plant cell contents and
measures the undigested plant cell wall. The rates
of fermentation of non-structural polysaccharides
has become increasingly important in the nutrition
of high producing ruminant animals.

However, the results in this paper show a signifi-
cant interference from nitrogenous fractions in
feeds, which may lead to severe underestimation of
the actual quantity of gas produced. The buffer
designed by McDougall (1948) used in the origi-
nalin vitro rumen technique by Tilley and Terry
(1963) and the one by Goering and Van Soest
(1970) involve carbonate/bicarbonate systems that
can handle acid or basic compounds generated
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through ruminal fermentation by shifting the equi-
librium to the production of bicarbonate or carbo-
nate respectively. Under such conditions the solu-
bility of CO, is different and it affects the measu-
rement of gas released to the atmosphere. This is
the reason why the addition of ammonium hydro-
xide induced an increased solubility of carbon dio-
xide with the consequent Joss of gas pressure in the
bottles.

The data support the hypothesis that ammonia
released during breakdown of proteins, peptides or
aminoacids, mainly from feed source but also from
microbial lysis, acts as a sink for CO, dissolved in
the rumen fluid. Such condition shifts the equili-
brium between gas in head-space and gas in the
solution towards the latter and consequently, mea-
surement of gas production is underestimated
when CO, is uptaken by ammonia to form ammo-
nium bicarbonate. Ammonia taken up by micro-
bial cells as well as ammonium that is already in
the form of bicarbonate salt would not be active as
CO, sinks. It is the ammonium ion produced in
excess of demand for cell synthesis the one that
potentially interferes with measurements of CO,

production.

During rumen fermentation an opposite effect
takes place due to neutralization of fatty acids and
the consequent release of CO, from the buffer.
Menke and Steingass (1988) proposed that the
depletion in gas production due to protein hydroly-
sis would generally be balanced by this effect.
However, the net result obtained in this work indi-
cates that protein did interfere, being very much
dependent on the composition of the N compounds
and this alteration in the true gas production was
significant. The neutralization of fermentation
acids and the production of CO, from the buffer
should be more important in high energy yielding
feeds thus offsetting to a greater extent the appa-
rent reduction in gas production due to protein
hydrolysis. In our experiments the fibrous nature
of the basal substrate made the system more sensi-
tive for studying the mentioned interference from
proteins. Bliimmel er al. (1997b) found that the gas
production per unit of degraded substrate was gre-
ater in isolated NDF than in the whole roughage,
what is consistent with the results of our work, but
rather than an increased degradability of cell walls
due to extraction of solubles or a shift in the parti-
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tion of carbon to fatty acids instead of microbial
mass, we think that the bases generated from pro-
teins in cell solubles did offset the additional quan-
tity of gas released from the buffer and the net
result was a diminished gas production in the
whole roughage sample. Similar observations
regarding greater gas production in isolated NDF
were reported by Doane ef al.(1998).

Increasing the quantity of protein supplement was
responsible for depleting the apparent gas produc-
tion particularly in the slow pool. The fast pool did
not suffer such a severe effect, probably because of
interactions with other factors during early fermen-
tation times. The initial hydrolysis of proteins pro-
vide small amounts of peptides, aminoacids and
ammonia which may have been largely utilised by
bacteria for growth; also, the glucose primer as
well as the readily fermentable energy compounds
brought in the rumen fluid inoculum, may have
released CO, from the buffer for fatty acids neu-
tralisation, thus compensating the gas uptaken by
nitrogenous bases.

Similarly, at later fermentation times, when there
has been a great gas uptake by basic compounds,
there is already a large quantity of gas produced
from fermentation of carbohydrates and neutralisa-
tion of fatty acids, what may explain why the nega-
tive effect on gas measurement from the protein
derived alkaline agent has been overlooked. This
experiment with several levels of purified protein
supplements and a plant cell wall substrate, allo-
wed to assess the actual underestimation of gas
production due to protein hydrolysis during in-
vitro rumen fermentation.

The composition and quantity of nitrogenous com-
pounds vary among forages according with spe-
cies, phenological stage, fertilization strategies and
climate (Buxton and Fales, 1994 and Van Soest,
1994), Some agronomic practices can also alter the
content and composition of crude protein in fora-
ges, namely wilting and silage conservation
(Broderick, 1994 and Pichard & Rybertt, 1994).
Thus a wide spectrum in complexity and availabi-
lity of nitrogenous compounds can be found, from
high molecular weight true proteins up to simple
molecules like urea, nitrate or ammonia, and there-
fore a great variability in the potential of different
forages for release of active ammonia. Feeds con-
taining” urea would yield free ammonia upon

hydrolysis in the rumen, thus taking up free CO,
and reducing apparent gas production. When total
mixed ratios or balanced diets inclode buffers in
their formulation, a new source of error can be cre-
ated for the evaluation of such feed by means of in
vitro gas production.

The microbial lysis should also be regarded as a
source of protein that may undergo the same routes
as the proteins from the feed, and this process in in
vitro batch cultures becomes increasingly impor-
tant at longer incubation times, when the remai-
ning fermentable substrate is depleted, environ-
mental conditions cannot support a net microbial
growth and a decline is observed in the microbial
mass.

The rate at which ammonia is released would also
have confounding effects on fermentation rate stu-
dies. Our results showed that carbon dioxide equi-
librium is slowly reached over an extended period
of time. Also, the variable amount and composi-
tion of nitrogen fractions in the feeds affected the
kinetic parameters. The high content of low mole-
cular weight ammonia precursors in silages
(McDonald et al., 1991) or the supply of nitrogen
in excess for potential microbial growth represent
two situations where ammonia can severely inter-
fere with measurement of actual rate and extent of
gas production. In this regard, the intrinsic patterns
of protein breakdown in each feedstuff suggest the
need for reassessing the strategy of curve subtrac-
tions used by some researchers to study gas pro-
duction in alternative substrates (Schofield and
Pell, 1995, Stefanon er al., 1996 and Doane et al.,
1998). For the same reason trying to overcome the
interference of the variable protein contents by
means of supplementation in order to attain isopro-
tein samples, would have restricted validity parti-
cularly in kinetics analyses.

Supplementation of the basal diet of purified cell
wall with highly digestible and protein rich forages
resulted, as expected, in higher in-vitro digestibi-
lity values of the overall sample. However, the
results of apparent gas production failed to agree
with the effect of enriching the substrate and a
decline in the quantity of gas produced per unit of
fermented matter was observed. This phenomenon
is explained by the depressing effect of basic com-
pounds derived from protein hydrolysis.
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The opposite responses to protein supplementation
observed in digestibility measurements and in
apparent gas production bring a serious backdrop
regarding the use of gas techniques for the evalua-
tion of ruminant feeds. Recent papers have also
pointed out the difficulties arising from the poor
correlation between gas production and digestibi-
lity found when comparing feeds with different
nitrogen contents. Abreu and Bruno-Soares (1998)
found poor correlations between gas production
and organic matter digestibility in nine legume
grains. Dryhurst and Wood (1998) described an
inhibitory effect in gas production when urea was
supplemented to barley straw. These papers con-
firm the interference derived from some nitroge-
nous fractions in feed evaluation techniques based
on in vitro gas production.

CONCLUSIONS

The evaluation of energy sources in ruminant
feedstuffs by means of gas production techniques
relies on strong theoretical concepts and has the
potential for enhancing nutritional information
about their dynamic behaviour, particularly during
early rumen fermentation times. However, there
are complex biological and chemical reactions in
the system that require an integrated approach and
careful examination in order to avoid errors in rou-
tine analyses and in application of mathematical
models used to provide information to nufritio-
nists.

The results suggest that there should be awareness
particularly with respect to the nitrogenous frac-
tions in feeds to be tested, where the potential
generation of free ammonia, that performs as sink
for dissolved CO,, varies according with diet com-
position and with the rate of uptake in microbial
cells. The generation of basic ions may severely
affect the pools identification and kinetic parame-
ters of gas production. Similarly, the contribution
of fermentation acids to the production of CO,
from the buffer should also be accounted for.

More research is needed in order to explore the
ways to overcome the interference born in the
nitrogen-buffer interaction without altering the
natural conditions of the rumen microbial ecosys-
tem. Fermentation occurs as a constant release and
uptake of acid and basic compounds from and to
the incubation media and the kinetics of such pro-
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cesses are governed to a large extent by the nature
of the feeds and the microbial reactions to them.

RESUMEN

Las técnicas de evaluacién de forrajes basadas en
la produccién de gas in vitro tienen la capacidad de
monitorear la cinética de fermentacién ruminal
propia de diferentes fuentes de energia.
Observaciones hechas en nuestro laboratorio han
permitido identificar a las protefnas como fuentes
de error en la medicion de gas, siendo la hipdtesis
subyacente que el CO, es capturado en solucion
por compuestos basicos lo cual impide su escape al
compartimento de gas en la botella. Las bases se
generarfan durante la hidrélisis de protefnas,
correspondiendo a un mayor contenido de proteina
un mayor potencial de captura de CO, por el amo-
niaco. La metodologia experimental se basé en un
sisterna de incubacién ruminal in vifro en batch,
con un transductor de presion, lectura manual de
las producciones de gas y frecuentes liberaciones
del exceso de gas. En un experimento quimico el
medio de incubacién raminal, libre de proteinas,
fue expuesto a seis niveles de hidréxido de amonio
como agente alcalinizante.La produccién de gas,
medida a intervalos de una hora, se deprimid a una
tasa de 0,24 psi/mgN/botella. En una incubacidn in
vitro con licor raminal, 6 niveles de peptona de
sova e hidrolizado de caseina, entre 0 y 160
mg/botella, se adicionaron a un sustrato base de
300 mg de paredes celulares purificadas de Lolium
multiflorum Lam. Los resultados mostraron una
relacién inversa entre produccion de gas y el nivel
de protefna suplementado, la cual se acentuaba a
mayores tiempos de incubacién. En otro experi-
mento se compard peptona de soya y sulfato de
amonio como fuentes de nitrégeno orgénico ¢ inor-
gdnico respectivamente, agregandolos al mismo
sustrato basal en cantidades de 15 mgN/bot. Una
consistente depresién en la produccion aparente
de gas se observo al incrementar la proporcion de
N orgédnico; cuando el sulfato de amonio se susti-
tuy6 completamente por N orgénico la produccion
de gas final fue subestimada en un 28 %. En otro
experimento, harina de soya y de fracciones folia-
res de alfalfa, trébol rosado y pasto ovillo se suple-
mentaron al sustrato basal de pared cetular en dosis
equivalente a 10 y 25 mg de protefna/botella; efec-
tos opuestos de digestibilidad y produccion de gas
se observaron al incrementar la suplementacion.
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La digestibilidad de la materia seca se incrementd
en un promedio de 52.7 a un 60.8%, mientras que
la produccién de gas disminuy6 de 410, 421, 418
y 409 ml a 392, 393, 377 y 347 ml..g" fermenta-
do respectivamente para los cuatro forrajes. Los
resultados confirman que el amoniaco resultante
de la hidrdlisis de compuestos nitrogenados captu-
ra CO, disuelto interfiriendo con la medicion de

produccién de gas en el sistema in vitro. Este efec-
to se manifiesta a pesar de la captura de amonio
por los microorganismos ruminales y del CO, libe-
rado desde el buffer por neutralizacién de los dci-
dos grasos volatiles. El ajuste a modelos matemd-
ticos fue sensible a este artefacto, resultando sus
pardmetros cinéticos alterados, en particular el
tamafio de los pools.
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