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Abstract: The addition of concentrates of different types (cereals, maize and white sorghum) in the diet of dairy
sheep leads to changes in rumen parameters and the end products of digestion in particular the total gas
production. The objective of the present work was the determination of total gas and methane production (CH4)
in the rumen of Sicilo - Sarde rams supplemented by different types of concentrates. Four Sicilo- Sarde rams of
4.8 years ±0.5 of age with an average live weight of 45.25±3.5 kg, fitted with permanent canulas and housed in
individual cages were used in the trial. They received a daily ration distributed in two equal meals. The ration
included 1.5 kg DM of oat hay and was supplemented by one of four concentrates: CC (10% barley, 43.3% corn,
25% wheat bran, 17.7% soybean meal, 4% sheep VMC, CS (66% white sorghum, 30% faba, 4% sheep VMC);
CT (71% triticale, 18% faba, 7%, soybean meal, 4% sheep CMV) or CO (71.5% barley, faba 17.5%, 7% soybean
meal and 4% sheep VMC). Total gas (CO2 and CH4) was determined on rumen content filtered through four
layers of surgical gas, collected before the distribution of the morning meal. Animals were deprived from water
the night before sampling. In plastic syringes of 100 ml each, we put 0.5 g of substrate (oat hay crushed at 1
mm), 10 ml of rumen fluid and 40 ml of artificial saliva. Then, the content of each syringe was bubbled with CO2
to eliminate oxygen and were then locked up by a piston lubricated with Vaseline. Syringes were then placed
vertically in a water bath at 39°C. The total volume of gas after 36 hours incubation was different (p <0.05)
among diets, the CO concentrate showed the highest value 87.00±17.29 ml while the lowest value was found
in the CT concentrate (56.58±13.06 ml). Intermediate productions were observed for DC and CS concentrates
with no significant differences between them (p> 0.05). The CH4 production in the rumen was 24.91±5.69 ml
representing 28.6% for the CO concentrate significantly different (p < 0.05) from 19.75±3.88 ml or 34.9% of total
gas production for the CT concentrates. Quantities produced by the CC and CS were similar (22.08±4.18 vs.
21.16±3.21). Models of the kinetics of gas production are as follows:

CC: Y= 58.7 * (1- e );- 0.001*t

CS: Y= 50.3 * (1- e );- 0.002*t

CT: Y= 48.1 * (1- e ); and- 0.002*t

CO: Y= 34.5 * (1- e- )0.003*t
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INTRODUCTION nitrogen, non protein nitrogen and energy, are usually

In a context of growing scarcity of raw materials, the factor for high production [3]. Moreover, to meet the food
use of seeking alternative solutions for livestock nutrition needs of ruminants, it is necessary to draw up plans for
is imperative [1]. Indeed, the use of grasses and protein rationing, adapted to the intake capacity and tastes of
produced at the farm (white sorghum, barley, triticale, animals  at the  lowest  cost  [4].  Indeed,   studies of
horse bean...) As a cost-effective solutions has become a Giger et al. [5], Sauvant et al. [6], Vermorel et al [7] and
common practice in animal production [2] to replace urea, Chikagwa- Malunga et al. [8]. Selmi et al. [1] showed that
soybean meal and corn, respectively rich in protein the  formulation  of feeds for ruminants results in a change

imported at attractive prices has not been a stimulating
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the parameters of fermentation in the rumen and
consequently the profile of animals vis-à-vis these foods.
On the other hand, Michalet-Doreau et Sauvant, [9]
reported that the digestibility in the rumen is influenced
significantly by the nature of the constituent ingredients
diet and consequently the end products of digestion,
namely the concentration ammonia nitrogen (NH3-N) and
volatile fatty acids (VFA) from the wall degradation that
is closely related to the production of total gas and
methane (CH4) in the rumen [10]. It is within this
framework that fits our work focuses on the effects of
replacement of imported raw materials (corn and
soybeans) from local resources on the total gas
production and methane (CH4).

MATERIALS AND METHODS

Animals and Diets: Four rams bred Sicilian - Sarde with an
average live weight at the beginning of trial 45.25±3.5 kg
and aged 4.8±0.5 years, fitted with a permanent canulas in
the rumen have was used in this experiment. They were
housed in individual boxes with wire length 1.6 m and
width 1 m in a building belonging to the farm from the
School of Higher Education in Agriculture in Mateur,
Tunisie.

The  animals  had  a  common  basal  diet  at  1.5 kg
DM / head / day of oat hay supplemented by four
concentrates (CC, CS, CT and CO) at 500 g / head / day
different by the nature of protein and energy ingredients
they contain. The ration was distributed twice a day at
fixed times throughout the trial (9am and 17h after noon).
The percentage composition of feed concentrates and
chemical composition of the various constituents of the
diet are illustrated in Table 1 [11].

Experimental Measurements: Determining the total gas
(CO2 and CH4) was performed on the filtered rumen
contents, collected before the distribution of the morning
meal. The animals were liquid diet the day before
sampling. In syringes, has put 0.5 g of substrate (oat hay
milled at 1 mm), 10 ml of rumen fluid and 40 ml of artificial
saliva [12]. The syringes are then placed vertically in a
water bath at 39°C, the reading is done every 2 hours after
mixing syringes, until a plateau. At the end of each
incubation were injected 5ml of NaOH (10 N) in each
syringe, the piston moves back, unlike volume reflects the
amount of methane produced. This technique applied to
model by Orskov et Mc Donald[13] to determine the value
of "plateau" of production and total gas production rate.
The mathematical model is as follows:

Table 1: Ingredient proportions and chemical composition (% DM) of
concentrate and oat hay

Type of Concentrate
------------------------------------------------------
CC CS CT CO Oat hay

Ingredient composition
Barley 10 - - 71.5 -
Corn 43.3 - - - -
white sorghum - 66 - - -
Wheat bran 25 - - - -
Triticale - - 71 - -
scotch bean meal - 30 18 17.5 -
soybean meal 17.7 - 7 7 -
VMC sheep 4 4 4 4 -

Chemical composition
DM (%) 94.7 94.7 95.2 95 92
Organic matter 91.0 88.3 83.8 90.8 92.1
Crude protein 16.3 14.65 15.2 15.26 4.9
Crude fiber 12.7 3.7 4.7 9.1 35.6

Gas (ml) = b (1 - e )-ct

Where
b : Potential gas production
c : Velocity of gas production
t : Time

Statistical Analysis: The results of the effects of
concentrates on the production of methane (CH4) were
subjected to analysis of variance by GLM procedure of
SAS [14] and compared by the Duncan's multiple range
test (1955) [15] he kinetics of production of total gas used
was adjusted by nonlinear regression model by Orskov et
Mc Donald [13] Y: b (1 - e ).-ct

RESULTS AND DISCUSSION

In the rumen, any biological reaction is accompanied
by a loss of energy as heat or gas production. Digestion
of various dietary ingredients is accompanied by gas
production from food, to carbon dioxide (CO2) removed
by eructation which by direct diffusion through the wall
of the rumen and methane (CH4) whose route of
elimination is exclusively belching. This production
depends mainly on the degradation rate and the nature of
starch and carbohydrates cell wall characteristics of the
ration as shown in Figure 1, the gas production in
syringes evolves rapidly after incubation without latency
since micro-organisms are already adapted to the
substrates. The total volume of gas after 36 hours
incubation  was  statistically  different  (p  <0.05)  between
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Fig. 1: Kinetics of gas production in syringes (0.5 g of oat hay)

Table 2: Gas volume and methane (ml) in the rumen

Type of Concentrate
-----------------------------------------------------------------------------------------------------------------------------------------
CCms CCsf CCtf CCbf SME

Gaz  (ml) 66.41±11.53 64.33±16.37 44.33±12.83 70.91±14.79 2.7824
a a b a

Gaz total (ml) 77.66±11.65 78.41±16.61 56.58±13.06 87.00±17.29 1.07a a b a

CH (ml) 22.08±4.18 21.16±3.21 19.75±3.88 24.91±5.69 1.254
ab ab b a

b 58.7 50.3 48.1 34.5 0.84a ab b c

c 0.001 0.002 0.002 0.003 0.03a a a a

With G24: gas to 24 h of incubation; CH4: methane; b: potential gas production, c: velocity of gas production
a, b and c averages in the same row with different letters are significantly different (p <0.05).

diets, the concentrate (CO) shows the highest  value CC : Y= 58.7 (1- e ); CS: Y= 50.3 (1- e ); CT: Y=
(87.00±17.29  ml),  which  is  similar  to   the   results   of 48.1 (1- e );
Selmi et al. [1]. This could be explained by the rich grain CO : Y= 34.5 (1- e ).
of barley and horse bean starch rapidly degradable in the
rumen  thereby  fostering  an   environment rich   in  VFA The proportion of methane (CH4) produced for the
and NH3-N used by bacteria and protozoa to their four concentrates are in the range of 25 to 35% from the
development and proliferation [9]. The lowest volume of total gas as shown in Table 2. CH4 production in the
gas is observed in the concentrate (CT) (56.58±13.06 ml). rumen was 24.91±5.69 ml) representing 28.6% for the
This low gas production can be explained by the fact that concentrate CO and 19.75±3.88 ml or 34.9% for CT with a
the grains of triticale contain trypsin inhibitors minimizing concentrated significant difference (p <0.05), which is
their digestibility compared to other cereals [16], while the similar to the work of [18]. This trend is attributed to the
concentrates (CC) and (CS) in an intermediate position close of CH4 and acetate in the rumen [10]. The quantity
without significant difference between them (p> 0.05) and produced by CC concentrated and CS occupies an
this is because they contain the same type of starch that intermediate position given the nature of their starches
is slowly degradable. Taking into account the influence of that are slowly degradable in the rumen.
the nature of the nitrogen source on the total volume of The potential gas production represented in the
gas, compared with two concentrated their energy model by Orskov et Mc Donald [13], by the constant "b"
sources are comparable (white sorghum and maize), is higher (p <0.05) for the CC system (58.7) while the
replacing soybean field bean does not the total gas system displays the CO value the lowest (34.5). The
volume  (p>  0.05),   this   finding   is   consistent   with statistical difference between the different regimes can be
Selmi et al. [1] and explains the nutritional value of horse explained by the nature of raw materials. Indeed, the
beans[17]. complex corn-soybean has the characteristics of protein

The kinetics of gas production follows an exponential and energy the most important and most digestible in the
model of first order: rumen. In comparing the two concentrates CC and CS

- 0.001*t - 0.002*t

- 0.002*t

0.003*t
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whose energy sources are botanically similar, the 2. Delmotte, C. et and P. Rampanelli, 2006. Utilisation de
replacement of soybean meal by horse beans did not
affect the production potential of gas. This result confirms
what is found by Selmi et al. [1]. While for the two
concentrates  from   cereals   and   beans  which  have
anti-nutritional factors like tannins and beta-glucan [19],
this production is evolving in the rumen with the same
speed (p <0.05) therefore substitution and the
substitution of imported raw materials from local raw
materials has no effect on the rate of gas production in the
rumen.

CONCLUSION

Replacement    of     complex     corn-soybean    meal
by  local  raw materials such as white sorghum, triticale
and horse bean can maintain a smooth digestion in the
rumen of sheep milk. While the substitution of corn by
barley is the practice more profitable for farmers
Tunisians.

Methane production represents a loss of energy
which can go up to 10% of the digestible energy of the
diet, it increases with the digestion of the ration and
production of acetate and thus the nature of the
ingredients. Various methods are available to reduce CH4
production by ruminants by inhibition of methanogenesis
in the rumen by acting on components of the diet that is
either by increasing the ingredients containing starch to
slow degradation where incorporation of halogenated
methane analogues, the introduction of antibiotics
ioniphores with indirect inhibition by reducing the
production of hydrogen, the most famous is Monensin
causes a significant decrease in the amount of methane
produced in the rumen by acting on bacteria responsible
for the production of hydrogen and formic acid, or by the
intervention in biotechnology as defaunation of the
rumen methanogens since bind ciliates entidiniomorphes
and that this physical association between the two
members of the microbial ecosystem would responsible
for 9-25% of the methanogenesis in the rumen where
implantation of bacteria capable of reductive acetogenesis
actively realize the expense of methanogenesis.
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