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Abstract 
Four groups each composed of six rams with 15 kg average body weight were submitted to one of 
the following diet: Panicum maximum C1 (PM), Panicum maximum C1 plus concentrate (PM_Co), 
Panicum m. C1 plus clay (PM_Ar ) and Panicum maximum C1 plus concentrate plus clay (PM_Co_Ar). 
The concentrate is composed of 90% weat bran, 9.25% cottonseed cake, 0.5% premix and 0.25 
cooking salt. The clay used was a mixture of 59% smectite, 14% kaolinite and 27% quartz. The 
significance of treatments on variation in physico-chemical characteristics (ruminal pH and con-
centration of ammonia nitrogen), as well as in the rumen fermentation profile i.e. Volatile Fatty 
Acid concentration and in the enteric methane (CH4) production, depending on the rumen fluid 
collection time (at 9 o’clock and 13 o’clock), were studied using AOV. The highest ruminal pH was 
recorded in animals fed the mixture of Panicum plus clay, which is 7.02 ± 0.12 against 6.96 ± 0.12, 
6.8 ± 0.06 and 6.69 ± 0.15, respectively in animals fed with PM, PM_Co and PM_Co_Ar. Incorpora-
tion of clay in the mixture of Panicum C1 plus concentrate had a stabilizing effect on ruminal pH. A 
significant decrease in the concentration of ruminal N-NH3 was recorded with PM_Ar (56.6 ± 15.2 
g/ml), compared to PM (89.0 ± 18.9 g/ml). However, the ruminal N-NH3 concentration of animals 
fed the PM_Co diet (71.0 ± 15.1g /ml) increased in comparison to that of the PM_Co_Ar diet fed 
animals. Compared to the enteric methane concentration of the PM ration fed animals, the de-
crease of CH4 concentration was 2% - 5%, 7% - 11% and 19% - 23% respectively in the PM_Ar, the 
PM_Co and the PM_Co_Ar diets fed rams. These results suggest that the methane reducing effect of 
clay might be emphasized by the concentrate supplementation of the diet. 
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1. Introduction 
Feeding of ruminants in traditional low input systems is based, mainly on the use of roughage, generally poor in 
nitrogen, but rich in fiber [1]. By the rumen fermentation process, feed stuff is degraded with the ultimate pro-
duction of methane that once expelled in the atmosphere, acts a greenhouse gas. Methane emission can be 
viewed as an energy loss for the animal as well as an economic loss for breeders [2]. With regard to its envi-
ronmental impact, methane (CH4) has a warming potential of about twenty-fold greater than that of carbon di-
oxide (CO2). Although its concentration in the atmosphere is much lower than that of carbon dioxide, methane 
contributes about 20% to the overall greenhouse effect [3]. Agriculture alone contributes about 50% to all CH4 
emissions globally, of which three quarters are due to rice cultivation and livestock production [4]. The present 
work aims to study the effect of dietary clay inclusion on the enteric methane emissions in Djallonké rams. For 
that we have used four diets with and without clay for four groups each composed of six rams. Clay is well 
known for its high cation exchange capacity (CEC) and its wealth in interlayer cations. The possibility of cation 
exchange (Ca2+ and Mg2+ against the H+ ions) corollary pH neutrality and the enrichment of rumen fluid with 
bivalent minerals [5]. Owing to the high CEC and buffering property of smectites like clay, it is thinkable that 
dietary inclusion of clay might be capable of causing an imbalance in favor of methanotrophic microbial activity 
in the rumen milieu. This is the rationale for the choice of clay as a methane emission mitigating feed additive. 

2. Material and Methods 
2.1. Experimental Design and Treatments 
The experimental design was a one-way classification with six replicates of each treatment. The treatments con-
sidered correspond to the following diets: Panicum maximum C1 (PM), Panicum maximum C1 plus concentrate 
(PM_ Co), Panicum maximum C1 plus clay (PM_Ar ) and Panicum maximum C1 plus concentrate plus clay 
(PM_Co_Ar). Each group composed of six rams were submitted to one of the four diets. The average body 
weight of experimental animals was 15 kg. The treatment lasts 4 weeks preceded by 2 weeks adaptation phase. 
Experiment took place at the laboratory of Animal Science of the Faculty of Agriculture of the University of 
Abomey-Calavi. The concentrate is composed of 90% wheat bran, 9.25% cottonseed cake, 0.5% premix and 
0.25% sodium chloride. In the PM_Ar and PM_Co_Ar rations, the proportion of clay represents 5% of the total 
dry matter. The clay used was a mixture of 59% smectite, 14% kaolinite and 27% quartz [6] which was extracted 
from Gbedji-Kotovi deposit located in the Atlantic department of the Republic of Benin between 2˚00' and 2˚02' 
East longitude and 6˚40' and 6˚42' North latitude and at 5 m above sea level. The aveage CEC of the clay was 
34.85 meq/100 g (Mg2+ (16.0286253), Ca2+ (16.330217), K+ (0.91177598), Na+ (1.57648702)) and its specific 
surface is 105.41 m2/g. 

Twice a day (at 09 o’clock and 13 o’clock), 15 ml of rumen juice was extracted non-surgically from each ex-
perimental ram by the means of a probe of 94 cm length and 12 mm diameter and a 60 ml syringe. All samples 
were collected by the same person. After each sample collection, the probe was rinsed thoroughly with warm water 
and then dried and lubricated with Vaseline. The pH of each sample was measured after collection using a 
pH-meter. Then three drops of toluene were added to each sample to stop fermentation. The Rumen juice was fil-
tered through a 1mm sieve and then two aliquots were immediately frozen and stored at −20˚C in a refrigerator. 

2.2. Laboratory Analyses 
Determination of ammonia nitrogen (N-NH3) was performed by the modified method of Nessler. Instead of a 
spectrophotometer as in Nessler, ELISA chain was used to assay N-NH3. After thawing, samples were centri-
fuged at 16,000 g for 30 min to remove coarse particles. Then 400 μl of Nessler’s reagent was added to the su-
pernatant which was previously diluted to 1/20th (1 ml of supernatant in 19 ml of distilled water). Ten min after 
addition of Nessler’s reagent, the absorbance and the concentration of N-NH3 were read at 420 nm using the 
ELISA system. 

The crude protein (CP) content of the test rations were determined by the Kjeldahl method. Determination of 
volatile fatty acids (VFA) was performed using a gas chromatograph equipped with an auto injector (GC DANI). 
A capillary column in molten silica was used (Portlab P-DB5 30 m × 0.25 mm × 0.25 μm). 

The temperature of ionized flame detector was maintained at 280˚C and that of the injector at 250˚C with a 
split ratio of 40:1. The carrier gas was helium with a constant pressure of 24 psi and a flow of 1.8 ml/min. The 
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volume of sample injected was 1 μl. The initial oven temperature (120˚C) was maintained for 1 min and then in-
creased by 10˚C/min to 250˚C. At 250˚C, the temperature was maintained for 5 minutes as described by Jaroslav 
F and Dvorak [7]. 

The analysis took approximately 15 minutes. The samples were thawed and then centrifuged at 4000 g for 20 
minutes to remove the coarse particles. Deproteinization was performed by mixing 1 ml of supernatant with 200 
μl of the mixture metaphosphoric acid (25% p/v) plus formic acid (3:1). After centrifugation at 16,000 g for 20 
min, a sample of supernatant was taken and diluted to 1/10th. The methane production was estimated using the 
multiple regression equation along the lines with Demeyer [8]. 

2.3. Statistical Analysis 
Significant tests of treatment effects on the pH and the fermentation profile were carried out by the GLM pro-
cedure of the SAS package. The model used was: 

( )ijk i j ijkijy eµ α β αβ= + + + +  

where ijky  is the observation on animal, μ the overall mean of observations, iα  the fixed effect of the ration 
used, jβ  the fixed effect of rumen fluid collection time, ( )ijαβ  the ration by rumen fluid collection time in-
teraction and ijke  the residual. The dependent variables studied were: the ruminal pH, the concentration of am-
monia nitrogen, (in mg/L), that of the total volatile fatty acids (in mmol/L) as well as the centesimal composition 
of VFAs in acetic acid (C2%), propionic acid (C3%) and butyric acid (C4%), the C2/C3 ratio and the concentra-
tion of enteric methane (in µmol/mmol total VFAs). The significance tests of the presence of clay or that of the 
concentrate on the dependent variables were performed by linear contrasts. Mean comparisons of factor levels 
were performed by the Ryan-Einot-Gabriel-Welsch method. 

3. Results and Discussion 
Results from AOV are summarized in Table 1 and averages of physico-chemical characteristics and that of ru-
men fermentation profile, as affected by the factors: ration and rumen fluid collection time, are shown in Table 2. 
From AOV results (Table 1), it appears that the physico-chemical characteristics of the rumen fluid (pH and 
N-NH3 concentration) as well as those of the rumen fermentation profile (VFAs and CH4 concentration), are sig-
nificantly influenced by the ration. Also the rumen fluid collection time significantly influences the rumen pH, the 
C2/C3 ratio and the CH4 production, but not the ammonia nitrogen concentration. There was no significant  
 
Table 1. Significance test of the factors: ration, rumen fluid collection time, interaction (ration by sampling time) and test of 
the linear contrasts (“presence of clay versus absence of clay” and “presence of concentrate” versus “absence of concentrate”) 
on physico-chemical characteristics of rumen fluid as well as rumen fermentation profile in Djallonké rams.                     

  Ration Sampling time Interaction# Contrast1 Contrast2 Model 

Physico-chemical characteristics 

Rumen pH pH *** *** n.s *** n.s *** 

Ammonia nitrogen (mg/l) N-NH3 *** n.s n.s *** n.s ** 

Characteristics of rumen fermentation profile 

Total VFA (mmol/l) VFA *** n.s n.s *** n.s ** 

Acetic acid (%VFA) C2% *** ** *** *** *** *** 

Propionic acid (%VFA) C3% *** *** *** *** *** *** 

Butyric acid (%VFA) C4% *** n.s *** *** *** *** 

C2/C3 rate C2/C3 *** *** *** *** *** *** 

Methane (µmol/mmol VFA) CH4 *** *** *** *** *** *** 
* = p < 0.05; ** = p < 0.01; *** = p < 0.001; n.s = non-significant; # = interaction ration*sampling time; 1) = contrast “presence of clay versus absence of 
clay”; 2) = contrast “presence of concentrate versus absence of concentrate”. 
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interaction found between the factors ration and rumen sampling time. However, the variation in the concentra-
tions of volatile fatty acid compounds (acetic acid, propionic acid and butyric acid) as well as the C2/C3 ratio 
and the CH4 concentration are significantly affected by the interaction: ration by rumen fluid collection time. 
The test of the linear contrast: ‘ration with clay versus ratio without clay’ (PM, PM_Co versus PM_Ar, PM_Co_ 
Ar) is highly significant (p < 0.001) for the rumen pH, the N-NH3 concentration and the characteristics of rumen 
fermentation profile (concentration of total VFAs, C2/C3 ratio, C2%, C%, C4% and CH4 concentration). 

The contrast: ‘ration with concentrate versus ration without concentrate’ (PM_Co, PM_Co_Ar versus PM 
PM_Ar) is not significant for the variation in the rumen pH, the concentration of N-NH3 and that of the total 
VFA. However, this contrast is not significant for C2%, C3%, C4%, the C2/C3 ratio and the CH4 concentration. 

3.1. The Ruminal pH 
The pH of the rumen fluid collected at 09 o’clock a.m. is higher than that collected at 13 o’clock in all rams fed 
the ration PM, PM_Co and PM_Ar. Only the PM_Co_Ar ration has undergone no significant decrease in pH 
from 09 o’clock to 13o’clock (Figure 1). 

Ruminal pH associated to the two rations without concentrate (PM and PM_Ar) are significantly higher than 
that recorded in the rations containing concentrate (PM_Co and PM_Co_Ar). Regardless of the sampling time, 
the highest pH was recorded in the rumen of with PM_Ar ration fed rams, followed by those obtained in the ru-
men of with PM, PM_Co and PM_Co_Ar fed ones in decreasing order of pH values (Figure 2). These results  
 

 
Figure 1. Averages of ruminal pH in Djallonké rams, as in-
fluenced by the ration and the rumen fluid collection time.      

 

 
Figure 2. Averages of ruminal pH in Djallonké rams as af-
fected by the type of ration.                                 
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indicate that clay incorporation into Panicum C1 hay induces an increase in the numinal pH toward the neutral-
ity threshold. On the other hand, the joint effect of clay and concentrate in the PM_Co_Ar ration had led to the 
stability of numen pH. As a consequence, the rumen pH remained unchanged in the rams fed the PM_Co_Ar 
diet, regardless of the rumen fluid collection time. It should be noted that no cases of acidosis (pH < 5) were ob-
served in rams subjected to the different diets studied. The neutrality of pH observed, even after a meal with 
PM_Ar ration, is very conducive to optimal cellulolytic and proteolytic activities [9]. The stability of ruminal 
pH in rams fed with PM_Co_Ar is very favourable to the degradation of the fibers in the ration. This clay effect 
on the ruminal pH is attributable to the high cation exchange capacity and buffering property of Smectites. In-
deed, Smetites peform inter foliar cation exchange between (Ca2+ and Mg2+) and H+ ions in excess in the rumen 
liquid. The subsequent H+ ions depletion in turn, lead to the increase of rumen pH. In other words, Smectites 
buffers the rumen liquid and enriches it with minerals which are useful for the attachment of cellulolytic flora to 
vegetal particles. Thus Fonty et al. [10] reported that the presence of Ca2+ and Mg2+ in the rumen is favorable to 
the cellulose degradation by bacteria. Moreover De Smith and Demeyer [11] showed that in sacco degradation 
of dry matter of straw increases with increasing pH. This finding is consistent with the increase of rumen pH 
observed in our experiment with rams fed with clay incorporated Panicum C1 hay. 

3.2. Ammonia Nitrogen 
In the rumen fluid collected at 9 o’clock am on animals fed with Panicum C1 hay only, the concentration of 
N-NH3 is higher than that recorded in the rumen fluid collected at 13 o’clock, while for animals fed Panicum 
plus clay or Panicum plus concentrate or Panicum plus concentrate plus clay, the concentration of N-NH3 is 
lower in the rumen fluid collected at 9 h compared to that collected at 13 o’clock (Figure 3). Subsequent Means 
comparison to AOV indicated a significant decline of rumen N-NH3 concentration in the PM_Ar fed animals 
compared to that of PM fed ones. Similarly, the presence of both concentrate and clay in the ration PM_Co_Ar 
induced a decrease of the rumen N-NH3 concentration compared to that recorded in animals fed with PM_Co. 
Corresponding results are illustrated by Figure 4. 

Compared to the PM ration, the PM_Co ration has higher crude protein content. Degradation of crude protein 
induces first an enrichment of the rumen medium with ammonia nitrogen, which in turn is used for microbial 
protein synthesis. This probably explains the decrease of the ruminal N-NH3 concentration after 4 hours rumina-
tion in rams subjected to the PM_Co ration. It is well known that ammonia nitrogen results from protein degra-
dation as well as from recycling of urea and from bacterial lysis. N-NH3 is removed from the rumen, ensuing 
microbial protein synthesis and absorption by the rumen wall [12]. Offner et al. [13] also showed that ammo-
nium nitrogen can come from the soluble proteins (26% of the crude protein). The decrease of the rumen N-NH3 
 

 
Figure 3. Average concentrations of rumen ammonia nitrogen 
in Djallonké rams, as influenced by the ration and the rumen 
fluid collection time.                                     
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Figure 4. Average concentrations of rumen ammonia nitrogen 
in Djallonké ramsas affected by the type of ration.                 

 
concentration associated with the consumption of PM_Ar and PM_Co_Ar rations, compared to the PM and 
PM_Co ones in our experience, is in agreement with the results of Ben Ahmed and Dulphy [14] and Dulphy et 
al. [15]. The concentration of ammonia nitrogen released in the rumen with PM_Co was much greater than the 
value of 50 mg/L considered as the upper limit for a good functioning rumen [16]. Decrease of ruminal NH3-N 
concentration in animals subjected to the clay incorporated rations (PM_Ar and PM_Co_Ar), is therefore a 
comparative advantage of the latter’s against the rations without clay (PM and PM_Co). This decrease may be 
attributed to the high adsorption capacity of the Smectite-like clays. Indeed, the nitrogen supplied by the PM_Co 
ration was immediately adsorbed by the clay. Clay can well play a key role in the nitrogen savings in the rations 
with explosive ammoniogenesis [5]. 

3.3. Characteristics of the Rumen Fluid Fermentation Profile (VFA and CH4) 
The characteristics of the rumen fluid fermentation profile in terms of VFAs and CH4 concentration, depending 
on the ration type and the rumen fluid collection time are shown in Table 2. In animals fed with PM and col-
lected at 09 o’clock, the average concentration of total VFA (69.1 mmol/L) is significantly higher than those re-
corded in animals fed with PM_Co (58.8 mmol/L) or with PM_Ar (51.1 mmol/L) or with PM_Co_Ar (60.5 
mmol/L). There was a significant decrease of the enteric methane concentration by the clay supplementation of 
Panicum irrespective of the rumen sampling time (Figure 5 and Figure 6). 

The decrease in the concentration of enteric methane production associated with the dietary inclusion of clay 
is much enhanced by the presence of concentrate (Figure 7). 

Compared to the volume of enteric methane in the PM ration fed animals, the decrease rates were 2% to 5%, 
7% to 11% and 19% to 23% respectively in those fed the PM_Ar, the PM_Co and the PM_Co_Ar rations. The 
reduction rates of enteric CH4 production were significantly higher in animals collected at 13h than those taken 
at 9 h. Results in Table 2 also suggest that the reduction of CH4 production is closely related to a significant de-
crease in the C2/C3 ratio, reflecting an increase in the C3 concentration at the expense of the C2 one. In a nor-
mally fermenting and stable rumen, that is to say, in animals fed with fiber rich diets, the proportions of VFA are 
generally about 66%, 19% and 11% for the acetic, the propionic and the butyric acids respectively [17]. The 
C2/C3 rate of such a profile is about 3.5 ([17] [18]). These authors found that the C2/C3 ratio of a normal func-
tioning rumen should exceed the value of 3. With reference to this author, we can state, that the rumen function 
is normal in the rams fed with PM and PM_Co PM_Ar, because in these rations, the C2/C3 ratio were greater 
than 3. Addition of the protein concentrate to the Panicum hay (PM_Co diet) caused an increase in propionic 
acid at the expense of acetic acid, which results in a reduction in the C2/C3 ratio. This positive effect of the 
concentrate is in agreement with the results of [18] according to which, the proportion of metabolizable energy 
loss ensuing methane production decreases significantly, when the proportion of concentrate (or grain) in the 
diet exceed 40%. The decrease of the C2/C3 ratio in the presence of the concentrate appears to enhance the 
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Figure 5. Average concentrations of enteric methane in diets 
with or without clay supplementation.                       

 

 
Figure 6. Average concentrations of enteric methane accord-
ing to the rumen fluid sampling time in animals fed with clay 
supplemented diets or not.                                  

 

     
Figure 7. Averages of enteric methane production as effected 
by the clay and or concentrate inclusion in the diet.               
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Table 2. Means of the rumen pH, that of the ammonia nitrogen concentration (N-NH3), the volatile fatty acid concentration 
(total VFA, C2, C3, C4) as well as the enteric methane concentration (CH4) as affected by the ration and the rumen fluid 
collection time (sampling time 1 = 9 h; sampling time 2 = 13 h) in Djallonké rams.                                        

  PM PM_Ar PM_Co PM_Co_Ar p SEM 

Sampling time 1 

Rumen pH PH 6958a 7022a 6798b 6693b 0.0001 0.339 

Ammonia nitrogen (mg/l) AAM 91,237a 47,147b 67,317b 63,797b 0.0005 4.298 

Total VFA (mmol/l) VFA 69,083a 51,083b 58,783ab 60,467ab 0.0081 2.015 

Acetic acid (%VFA) C2% 68,200a 68,100a 66,100b 58,500c <0.0001 0.828 

Propionic Acid (%VFA) C3% 13,167d 17,900c 19,900b 20,467a <0.0001 0.599 

Butyric acid (%VFA ) C4% 8533c 10,500a 10,500a 10,367b <0.0001 0.175 

C2/C3 ratio C2/C3 5180a 3804b 3322c 2859d <0.0001 0.181 

Methane (µmol/mmol VFA) CH4 304,825a 299,225b 284,725c 248,433d <0.0001 4.583 

Sampling time 2 

Rumen pH PH 6757ab 6858a 6612b 6693ab 0.0271 0.031 

Ammonia Nitrogen (mg/l) AAM 86,830a 66,010c 74,730b 69,290ab 0.02127 3.720 

Total VFA (mmol/l) VFA 68,383a 55,717b 62,850ab 59,500ab 0.00658 1.782 

Acetic acid (%VFA) C2% 70,517a 67,433b 65,900c 56,700d <0.0001 1.074 

Propionic acid (%VFA) C3% 14,750d 18,483c 19,900b 21,200a <0.0001 0.504 

Butyric acid (%VFA) C4% 8,933d 10,900b 9100c 11,100a <0.0001 0.208 

C2/C3 ratio C2/C3 4781a 3648b 3312c 2675d <0.0001 0.159 

Methane (µmol/mmol VFA) CH4 312,496a 296,221b 278,225c 241,250d <0.0001 5.525 

a, b, c, d means with the same superscript are not significantly different at 5% confidence limit. 
 
effect of dietary clay addition. As a consequence, the decrease in the CH4 production in the PM_Co_Ar fed rams 
is much more pronounced compared to all other diets. 

In the present experiment, dietary clay inclusion has significantly shifted the orientation of fermentation to-
ward a much lower C2/C3 ratio and a slightly higher C4%. Improvement of feed intake and digestibility might 
be the consequence of the significant drop in the C2/C3 ratio [16]. In the present work, the C2/C3 ratio (2.67) 
associated with the consumption of clay incorporated diets is significantly lower than the values reported by [1] 
(2.91) and [15] (3.79 to 4.05). It should be noted that in their experiments, the diet used by the first author con-
sisted of with urea treated straw plus clay, while the diet tested by second author was a urea-treated straw with 
or without addition of soy molasses. 

The decrease in the C2/C3 ration in our experiment with the PM_Co_Ar diet has resulted in a significant de-
crease in methane production (p < 0.001). Indeed, carbohydrate polymers (cellulose, hemicellulose, starch etc.) 
are degraded into simple molecules, the oligosaccharides and then the monosaccharides with 5 or 6 carbon at-
oms (C). These monosaccharides are then metabolized within microbial cells by the process of glycolysis re-
sulting in 3C molecules among which the pyruvic acid which constitutes a “metabolic crossroads”. From the 
latter, several fermentation pathways may take place in the rumen, leading predominantly to the formation of 
volatile fatty acids (VFA): acetic acid (C2), propionic acid (C3) and butyric acid (C4) [18]. These different 
pathways of degradation and fermentation process are associated with the synthesis and/or the use of molecular 
hydrogen transporters (denoted by H2 bound to its transporter) as well as the use of energy in the form of ATP 
and loss of carbon (C). Methane production is part of the rumen fermentation processes. Methane is synthesized 
by methanogen microorganisms, the Archaea, according to the following reaction which is high consumer of H2: 
CO2 + 8 H2 → CH4 + H2O + 1 ATP. The use of hydrogen can still lead to two other reactions, resulting in either 
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acetate or propionate in accordance with the following equations: CO2 + 8H2 → acetate + 2H2O + 0.25ATP 
(acetogenesis) or 2[pyruvate] + 4H2 → 2[propionate] + 2H2O. In our experiment, the C2/C3 ratio favors the 
production of propionate. The clay used might thus have an inhibitory effect on the activity of methanogenic 
microorganisms or could have shifted fermentation towards the propionate path. Biological methane production 
results from the balance between the production of this gas by methanogenic Archaea and its oxidation by 
methanotrophic microorganisms. It is also thinkable, that other feed additives might be capable of causing the 
imbalance in favor of methanotrophic microbial activity. Thus Leng et al. [19] has shown in an in vitro experi-
ment, that the incorporation of organic carbon alone or in combination with nitrate as non-protein nitrogen 
source, is likely to cause a reduction in enteric methane production (40.5% to 49%). In the present study, the 
proportion of clay incorporated into the diets represents 5% of the total dry matter of the ration. A greater reduc-
tion in the concentration of enteric methane is still possible by varying the concentration of clay in the PM_Ar 
and PM_Co_Ar rations. 

4. Conclusion 
From the results of the present study, it appears that dietary inclusion of clay with high CEC in fiber rich feed-
stuff such as Panicum hay is relevant for an environmentally friendly feeding in sheep. Indeed, the enrichment 
of rumen fluid with cations, due to the presence of clay, supports the cellulolytic degradation by rumen micro-
organisms. Furthermore, the presence of Smectic like clay induces a decrease of ammonia nitrogen concentra-
tion, which emphasizes the nitrogen savings ability of clay. Addition of clay to the Panicum hay induces a de-
crease of enteric methane production in Djallonké rams. This decrease is much more significant (21%) in the 
presence of both clay and protein concentrate in the diet. 
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