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Abstract: This study was conducted to estimate the organic matter digestibility, metabolisable energy and short 

chain fatty acid production of indigenous browses from rift valley of Ethiopia using in vitro gas production 

technique. Leaves of Acacia seyal, Acacia senegal, Acacia tortilis, Prosopis juliflora, Millettia ferruginea, 

Vernonia amygadalina, Croton macrostachyus and Cordia africana were collected, oven-dried, ground and 

analyzed for their chemical composition and in vitro gas production characteristics. General linear model 

procedure of SAS, Version 9.2 was used for statistical analysis. The highest (P<0.05) rate of gas production (c) 

and potential gas production (a+b) were observed for Acacia seyal and the least were for Cordia Africana. The 

highest (P<0.05) organic matter digestibility was observed for Acacia seyal and Vernonia amygadalina while 

the lowest (P<0.05) was for Cordia africana. The highest (P<0.05) metabolisable energy (ME) value was for 
Acacia senegal, Vernonia amygadalina and Acacia seyal while the lowest (P<0.05) was for Cordia africana. 

Short chained fatty acid (SCFA) was highest for Acacia seyal and lowest for Cordia africana. Crude protein 

(CP) was highest (P<0.05) for Acacia senegal and lowest for Acacia seyal. The neutral detergent fiber (NDF), 

acid detergent fiber (ADF) and acid detergent lignin (ADL) contents were highest for Cordia africana and 

lowest for Acacia seyal. The rate of gas production (c) and potential gas production (a+b) had positive and 

significant (P<0.001) correlation with CP and negative correlation with fiber (NDF, ADF) and condensed 

tannin (CT) contents of browses. All browse species studied had high CP contents, sufficient to be considered as 

high protein forages that can be used as supplements for low quality roughages. The high potential gas 

production (a+ b), highest metabolisable energy (ME) and SCFA production of Acacia seyal, coupled with its 

fastest rate of fermentation (c) would make the browse potential supplement of low quality roughages.  
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I. Introduction 
Tropical browses are believed to have high protein content, which makes them promising supplements 

to crop residues and poor quality natural pasture based diets [1]. The relevance of evaluating the nutritional 

value of forage makes an important contribution to the protein and energy intake of grazing animals [1]. This is 

particularly important in arid and semi arid regions where availability and quality of forage may be severely 

limited during the dry season. Traditionally, the energy value of forge consumed by grazing animals is estimated 

from in vitro organic matter digestibility or in situ organic matter degradability [2]. However, these methods are 

laborious, expensive and time consuming [3]. Menke and Steingass [4] developed the in vitro gas production 

technique to evaluate the nutritive value of forages and to estimate the rate and extent of DM degradation 

indirectly using the gas production during the fermentation. Determination of in vitro gas production 

characteristics is essential because it provides information on fermentation kinetics of forages consumed by 

ruminants, which is dependent on the rate of passage and the degradation rate [5].  The rate and extent of DM 

fermentation in the rumen are crucial determinants of nutrients utilized by ruminants [6]. In vitro gas production 

method has numerous advantages over in vitro and in vivo digestibility and degradability methods. The gas 

production method is less animal dependent, appropriate for characterizing the soluble and insoluble but 

fermentable fractions of the feeds [7]. This technique simulates the digestive processes generated by microbial 

activity and it helps us to understand feed fermentation and degradability as a function of nutritional quality and 

nutrient availability for the bacteria [8]. The in vitro gas production has been widely used to estimate the 

nutritive quality of cereal straws [9] as well as in improved forages [10]. However, there is little information 

about energy value of leaves of indigenous browses in Ethiopia. Hence, the aim of this study was to evaluate the 

nutritional quality of Ethiopian indigenous browses using the in vitro gas production technique.             
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II. Materials And Methods 
2.1Description of the study area 

The study area is located at the center of the Ethiopian Great Rift Valley extending from 7
0
 05' to 8

0 
00’ 

N and form 38
0
 20 to 38

0
 50' E at an elevation ranging between 1500 - 1700m above sea level. The area is 

generally characterized by semi-arid and sub-humid climate with mean annual rainfall of 700 – 1000 mm and 

range of temperature varying between 20
 
o
C and 26

 o
C. The long rainy season is from June to September and 

short rainy season from April to May.  

 

2.2 Sample collection  

Leaves and twigs (<3mm) of dominant browse species like Acacia seyal, Acacia senegal, Acacia 

tortilis, Prosopis juliflor from the bottom land and Millettia ferruginea, Vernonia amygadalina, Croton 

macrostachyus and Cordia africana  from the top land of the Rift Valley were hand plucked at the end of long 

rainy season (end of September, 2015). The harvested samples were pooled for each individual species, shed 

dried and composite samples were taken, oven dried at 60 
o
C for 48h and ground using 1.0 mm sieve size for 

chemical analysis and in vitro gas production study.  

 

2.3 Chemical Analysis 

All chemical analysis was conducted in triplicates. Leaves of the browses were analyzed for dry matter 

(DM), ether extract (EE), and ash according to AOAC [11]. The NDF, ADF and ADL were determined 

according to Van Soest et al. [12]. Nitrogen was determined by Kjeldhal procedure and CP calculated as N x 

6.25. Condensed tannin (CT) was determined using the method described by Makkar [13]. The CT (% in dry 

matter) as leucocyanidin equivalent was calculated by the formula: % CT = (A 550 nm x 78.26 x dilution 

factor)/ (% dry matter) 

 

2.4 In vitro gas production study  

In vitro gas production (GP) was measured according to the procedure described by Menke and 

Steingass [4]. The rumen fluid was collected from three rumen fistulated Arsi-Bale sheep fed with Chloris 

gayana grass hay ad lib and supplemented with 200 gm of concentrate (70% wheat bran and 30% linseed cake) 

daily. The rumen fluid was collected before morning feed and then prepared and purged with CO2 to maintain 

anaerobic conditions [14]. The rumen fluid was transferred to a large glass beaker inside a 39
o
C water bath 

being continuously purged wit CO2 and continuously stirred as recommended by Goering and Van Soest [15]. 

The media solutions (buffer solution, macro and micro mineral solution) were prepared and utilized as described 

in Goering and Van Soest [15]. 

Each sample weighing about 200 mg was put into 100ml calibrated glass syringe together with 30ml 

rumen liquid and culture media solution on a1:2 ratios.  Syringes were incubated in a water bath at 39°C, where 

a transparent plastic lid with holes held the syringes upright. Two blank syringes with the rumen liquid and 

culture media solution were also incubated. The incubation period was 96 hours.  The volume of the gas was 

recorded after 3, 6, 12, 24, 48, 72 and 96 hours. Gas production (ml/200 mg) at t hours was calculated as: Gt = 

[(Vt–V0–G0) ×200]/Ws 

Where:  Gt = gas production value (ml/200 mg) at t hours, G0 = gas production of blank syringes (ml), 

V0 = volume in ml at begin, Vt = volume in ml at t hours, Ws = weight of dried sample in mg. In vitro organic 

matter digestibility (OMD) at 24-hours was calculated from the equation: OMD (%) = 14.88 + 0. 889* GP + 

(0.45 *CP %) + (0.651*Ash%) [4]. Where: OMD = organic matter digestibility, CP = crud protein content of 

feed samples, GP = gas produce at 24-hrs. Metabolisable energy (ME) was calculated from equation: ME 

(KJ/kgDM) = 2.20 + 0.136*GP + 0.057*CP [4]. Where: GP = gas production over 24-hrs of incubation, CP = 

crude protein content of feed sample. Short-chained fatty acids (SCFA) were estimated as: SCFA (mmol) = 

0.0239*GP - 0.0601[16]. Where: GP = net gas volume at 24-hrs of incubation.  The kinetics of the gas 

production was estimated using the following equation: Y=a+b (1-e
-ct

).    Where: Y= the volume of gas 

produced with time (t), a = the gas produced from soluble fraction (ml), b= the gas produced from insoluble but 

fermentable fraction (ml), (a +b) = the potential gas production, c= the gas production rate, t = time. 

 

2.5 Statistical analysis  

Data were analyzed using general linear model (GLM) procedure of SAS, Version 9.2. Single-factor 

analysis of variance (ANOVA) was used to assess the effects of browses on nutrient composition, in vitro  gas 

production, OMD, ME and SCFA with the following model; Yij =  + Bi + eij.  Where: Yij is an observation,  is 

the overall mean, Bi is the effect of browses and eij is the experimental error. Multiple correlation analysis was 

used to establish the relationship between chemical compositions and in vitro gas production parameters. The 

means were separated by Duncan multiple range test. Differences between means were considered statistically 

significant if P < 0.05.    
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III. Results 
3.1 Chemical composition 

The chemical compositions of browses are given in Table 1. All browses used in the current study had 

a CP content above 13% DM. Acacia senegal had the highest (P<0.05) CP content while Acacia seyal had the 

lowest (P<0.05). The NDF and ADF of browses varied from 13.98 to 48.22 and 9.39 to 28.98% of DM, 

respectively. Cordia africana had the highest (P<0.05) NDF, ADF and ADL concentration while Acacia seyal 

and Acacia tortilis had the lowest (P<0.05).  The lowest (P<0.05) ash contents were observed in Acacia seyal 

and Acacia tortilis. The CT concentration of the browses ranged from 0.30 to 3.40% of DM. The CT content of 

Acacia tortilis, Acacia seyal and Millettia ferruginea was significantly higher than the remaining browse 

species.  

Table 1:  Chemical composition (% DM) of indigenous browses from Ethiopian Rift Valley 

 

3.2 In vitro gas production 

Values and trends of gas production during the incubation periods are given in Table 2. Gas production 

for all browses, except Acacia tortilis and Prosopis juliflora, increased with time up to 96 hours of incubation 

period. Gas production for Acacia tortilis and Prosopis juliflora increased up to 24 hours of incubation and after 

that it remains constant. Acacia seyal produced significantly (P<0.05) the highest gas volume at all incubation 

times followed by Acacia senegal. The lowest (P<0.05) gas volume was produced by Cordia Africana at all 

incubation time. Gas production of all other browses was statistically similar (P>0.05) up to 12 hours of 

incubation periods. After 12 hours of incubation significant (P<0.05) differences among all browses was 

observed. Rate of gas production from Cordia Africana, Prosopis juliflora and Acacia tortilis was slower during 

early incubation period.     

Table 2: In vitro gas production (ml/200 mg DM) of indigenous browses from Ethiopian Rift Valley 

 

3.3 Kinetics of gas production  

The in vitro gas production kinetics of browses is given in Table 3.  There was a significant (P<0.05) 

difference in potential gas production (a + b), rate of gas production (c), gas production from soluble (a) and 

insoluble (b) fractions among browse species. Gas production from both soluble (a) and insoluble (b) fractions 

for Acacia seyal was the highest (P<0.05) of all browse species. The rate of gas production (c) and potential gas 

production (a + b) for Acacia seyal were also highest (P<0.05) of all browse species. The least (P<0.05) gas 

production from insoluble fraction (b), least rate of gas production (c) and least potential gas production (a + b) 

were observed from Cordia Africana.  Gas production from soluble fraction of Cordia Africana was 

significantly (P<0.05) lower than that of all browses except Acacia tortilis.  The shortest (P<0.05) lag time, 

fastest fermentation rate and highest (P<0.05) gas production potential were observed for Acacia seyal and 

Acacia senegal. The longest (P<0.05) lag time was observed for Cordia Africana followed by Acacia tortilis. 

Table 3: In vitro gas production kinetic parameters of indigenous browses from Ethiopian Rift Valley  

3.4 Short chain fatty acids, metabolisable energy and organic matter digestibility 

The estimated values of short chained fatty acids (SCFA), metabolisable energy (ME) and organic matter 

digestibility (OMD) of browses after 24 hours of incubation are given in Table 4. Browse species significantly 

(P<0.05) differed in their SCFA, ME, OMD and gas production. Short chained fatty acid (SCFA) was highest 

for Acacia seyal while the lowest value was for Cordia africana. The highest (P<0.05) OMD was observed for 

Acacia seyal and Vernonia amygadalina while the lowest (P<0.05) was for Cordia africana. Metabolisable 

energy of browses ranged from 4.59 to 7.20% DM. Acacia Senegal, Vernonia amygadalina and Acacia seyal 

had the highest (P<0.05) ME value while Cordia africana had the lowest. Gas production at 24 hours ranged 

from 9.83 to 30.30 ml 200 mg
-1

 DM.  

Table 4: Organic matter digestibility, Metabolisable energy and Short chained fatty acids of browses at 24 hours 

post incubation  

 

3.5 Correlation between gas production estimates and chemical composition  

The correlation coefficient (r) of gas production characteristics with chemical composition is given in 

Table 5.  Gas production from soluble fractions (a) had a positive and significant (P<0.001) correlation with CP 

and negative correlation with cell wall (NDF, ADF and ADL) and CT contents. A negative and significant 

(P<0.001) correlation was observed between gas production from insoluble fractions (b) and ADF contents of 

the browses.   Rate of gas production (c) and potential gas production (a+b) had positive and significant 

(P<0.001) correlation with CP and significant (P<0.001) negative correlation with ADF contents. In general all 

gas production estimates had positive and significant (P<0.001) correlation with CP and significant (P<0.001) 

negative correlation with ADF contents.     

Table 5: correlation coefficient (r) of gas production characteristics with chemical composition of browses  
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IV. Discussion 
4.1 Chemical composition 

The range of CP contents of the browses in the current study is in line with the findings of Njidda and 

Nasiru [17] and Theart et al. [18] who reported 14 to 21% and 13 to 25%, respectively. It has been indicated that 

most tropical browses are high in CP and can be used to supplement poor quality roughages to increase 

productivity of ruminant livestock in the tropics [17 - 20] which is consistent with the results obtained in the 

current experiment. 
 

In this study, the NDF and ADF of browses varied from 14 to 48 and 9 to 29% DM, respectively, 

which is comparable with findings of Fadel Elseed et al. [21] and Kaitho et al. [22]. The low NDF, ADF and 

ADL contents in Acacia seyal and Acacia tortilis in this study indicate that these browses have better dry matter 

intake and high digestibility.  On the other hand, the high NDF and ADF contents of Cordia africana could be 

associated with poor dry matter intake and digestibility. This is because Schroeder [23] reported the negative 

correlation of NDF and ADF with dry matter intake and digestibility of browses. The high gas production and 

OMD values of Acacia seyal and the low gas production and OMD values of Cordia africana observed in Table 

2 of this study supports the above arguments.  

The range of CT concentration in the current study is in line with the findings of Fadel Elseed et al.
 

[21] who reported values ranging from 0.2 to 6 % of DM for similar browses from Sudan. The CT 

concentrations of Acacia tortilis, Acacia seyal and Acacia senegal in the current study were   comparable with 

the findings of Mahala and Elseed [24] who reported a CT content of 5, 3 and 3 % DM for Acacia tortilis, 

Acacia seyal and Acacia senegal respectively. Kechero and Janssens [25] reported CT content of Millettia 

ferruginea, Vernonia amygadalina, Croton macrostachyus and Cordia africana as 4, 0.2, 0.1 and 0.1 % DM, 

respectively, which are similar to the current results.  The CT concentrations of browses in this study are less 

than 4% of DM which are not high enough to reduce intake and digestibility of nutrients. Barry and Duncan [26] 

reported that plant species with low (< 5 of %DM) content of CT do not affect voluntary feed intake and 

nutrient digestibility. Hence, these browses in the current study can be good supplements to low quality 

roughages. 

 

4.2 In vitro gas production 

In the current study the cumulative volume of gas production increased with increasing time of 

incubation.  The gas production pattern in this study indicated that some browses (Acacia  tortilis, Prosopis 

juliflora, Vernonia amygadalina and Cordia africana) terminated fermentation before 72 h of incubation while 

more fermentation of dry matter were still possible beyond 96 hours for other remaining browses. Gas 

production after 96 hours of incubation ranged between 12 and 56 ml/200mg DM and this was comparable with 

the finding of   Mahala and Fadel Elseed [24], who reported a range between 21 and 55 ml/200mg DM. The 

highest gas volume and fastest rate of production throughout the incubation period from Acacia seyal could be 

attributed to its low cell wall (NDF, ADF and ADL) contents and highest proportion of soluble carbohydrate 

(Table 1). Generally, gas production is a function of fermentable carbohydrate and hence, the volume and rate 

depends on the nature of carbohydrates [27,28]. The gas production from Vernonia amygadalina increased at an 

increasing rate up to 24 h of incubation time and after that it did not increase. The possible reason for this 

production trend could be the high CP concentration and low fermentable carbohydrates or high non-

fermentable cell wall (ADL and ash) contents of the browse (Table 1). The incubation pattern of protein-rich 

feeds is usually characterized by initial fast fermentation and reach maximum after 20 h of incubation and after 

46 h of incubation protein content is likely fully fermented [29].   

 

4.3 Kinetics of gas production  
Ranges of gas production parameters (a, b, c) reported in this study are consistent with previous reports 

on tropical browses [30-32]. The fastest rate of fermentation (c) and highest potential gas production (a + b) for 

Acacia seyal could be due to its lowest cell wall contents (NDF, ADF ADL) which  indicates better nutrient 

availability for rumen microorganisms (Table 1.). This result is in line with findings of Kamalak [33]. The 

potential gas production (a + b) is associated with degradability of feeds [34]. Ndlovu and Nherera [35] found 

that gas production rate (c) was negatively correlated with NDF and ADF. Maheri-Sis et al. [36] found that low 

NDF and ADF contents of feedstuffs clearly resulted in higher in vitro gas production. The shorter lag time, 

faster rate of fermentation (c) and higher gas production potential (a + b) of Acacia seyal and Acacia senegal 

suggests that rumen microbes were able to utilize the feed better probably due to a higher content of fermentable 

nutrient. A higher potential gas production can contribute significantly to energy supply via short chain fatty 

acid production [37]. The longest lag time for Cordia africana and Acacia tortilis could be due to their negative 

value of the gas production from soluble fraction (a). Lag time is indicative of the time taken for microbes to 

attach themselves to the substrates, and microbial attachment to insoluble substrate has been reported to be a 

pre-condition for digestion to proceed [38].  
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4.4 Short chained fatty acids, metabolisable energy and organic matter digestibility 

The range of SCFA in this study was in line with the findings of Omoniyi et al. [39] who reported a 

range of 0.19 to 0.35 mmol for indigenous browses from Nigeria. The highest SCFA and ME for Acacia seyal in 

the current study could be due to its highest gas production after 24 h of incubation time. A higher gas 

production can contribute significantly to energy supply via short chain fatty acid (SCFA) production [37].  The 

highest gas production for Acacia seyal could in turn be due to the lowest cell wall (NDF, ADF and ADL) 

contents (Table 1). Gas production at 24 hours of incubation in the current study ranged from 9.83 to 30.30 

ml/200mg DM, which is in line with the findings of Brenda et al. [40] who reported a range of 18.4 to 30.5 

ml/200mg DM for multipurpose tropical tree leaves. Similarly Aderinboye et al. [41] reported a range from 22 

to 30.6 ml/200mg DM for leaves of browsers of Nigeria. In the current study OMD and ME ranged from 40.3 to 

56.86% DM and from 4.59 to 7.20 MJ/kg DM respectively. This result is in line with the findings of Njidda and 

Nasiru [17] who reported similar rage of 30.64 to 55.44% DM and from 3.33 to 6.23 MJ/kg DM for OMD and 

ME of tannin containing tropical browses, respectively. The highest value of OMD and ME for Acacia senegal 

in the current study could be attributed due to its highest CP content (Table 1). This result is in agreement with 

the findings of Karabulut et al. [42], Parissi et al. [43] and Tolera et al. [44] who found positive correlation 

between CP and ME and OMD for tropical browses with high CP content.  

  

4.5 Correlation between gas production estimates and chemical composition  

The positive and significant correlation between CP and all fractions of gas estimates (a, b, c and a+b) 

in the current study agrees with the findings of Ahmed et al. [45] and Kamalak et al. [46]. The negative and 

significant correlation between ADF and insoluble fractions (b), potential gas production (a+b) and rate of 

production (c) is in line with the findings of Ahmed et al. [45], Abdulrazak et al. [47] and Kamalak et al. [46].  

In the current study all fractions of gas estimates (a, b, c and a+b) were negatively correlated with CT contents 

of the browses and this was consistent with the findings of Frutos et al. [48]. The negative correlation between 

potential gas production and ADF and CT may be due to the reduction of microbial activity from increasingly 

adverse environmental conditions as incubation time progress [49].   

The positive significant correlation between gas production from soluble fractions (a) and CP in the 

current study could indicate the major contribution of CP to the rapidly fermentable fractions of the total dry 

matter. The negative significant correlation between gas production from insoluble fractions (b) and ADF could 

indicate that fermentation of insoluble fraction are affected more by poorly digestible cell wall components. In 

the current study all gas production estimates had positive and significant correlation with CP and negative 

correlation with cell wall (NDF, ADF ADL) contents and this is an indication of good quality feed. It is well 

accepted that forage degradation in the rumen is mainly affected by the cell wall content and its lignifications 

[17]. Theart et al. [18] reported negative correlation of NDF, ADF and lignin with in vitro digestibility. It is well 

established that low contents of poorly digestible cell wall (ADF and ADL) and a high CP content are indicators 

of good forage quality [50]. 

 

V. Conclusion 
All browse species studied had high CP contents, sufficient to be considered as high protein forages 

that can be used as supplements for low quality roughages. Browse species with higher crud protein and lower 

cell wall contents showed better potential for gas production and in vitro organic matter digestibility. The high 

potential gas and SCFA production of Acacia seyal, coupled with its fastest rate of fermentation would make the 

browse potential supplement of low quality roughages.  
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Table 1:  Chemical composition (% DM) of indigenous browses from Ethiopian Rift Valley 

 Ash EE CP NDF ADF ADL CT 

Acacia  tortilis  7.22
b
 3.09

 ab
 21.76

 c
 19.48

 f
 12.63

 e
 1.79

 bc
 3.0

 a
 

Acacia seyal 6.50
b
 3.30

 ab
 13.03

 e
 13.98

 g
 9.39

 f
 0.80

 c
 3.4

a
 

Acacia senegal 10.63
a
 4.38

 a
 28.81

 a
 22.04

 e
 12.07

 e
 1.79

 bc
 1.3

 b
 

Prosopis juliflora 12.95
a
 3.07

 ab
 21.33

 c
 30.86

 c
 21.13

 b
 3.16

 bc
 1.0

 b
 

Millettia ferruginea 10.62
a
 3.49

 ab
 22.46

 c
 40.77

 b
 22.42

 b
 7.44

 a
 3.0

 a
 

Vernonia amygadalina  12.6
 a
 2.86

 b
 22.51

 c
 22.08

 e
 14.35

 d
 3.65

 b
 0.4

 b
 

Croton macrostachyus  12.54
a
 2.92

 ab
 25.94

 b
 27.72

 d
 16.51

 c
 2.97

 bc
 0.3

 b
 

Cordia africana  12.97
a
 1.23

 c
 18.44

 d
 48.22

 a
 28.98

 a
 9.66

 a
 0.3

 b
 

SE 0.50 0.29 0.25 0.31 0.29 0.57 0.2 

Means in the same column with different superscript differ significantly (P<0.05). EE = Ether Extract, CP = 

crud protein, NDF = Neutral detergent fiber, ADF = Acid detergent fiber, ADL = Acid detergent lignin, CT = 

Condensed Tannin.  

 

Table 2: In vitro gas production (ml/200 mg DM) of indigenous browses from Ethiopian Rift Valley 

 Incubation time (hrs) 

Browse species 3 6 12 24 48 72 96 

Acacia  tortilis  2.84
de

 7.57
cd

 11.37
e
 15.15

d
 15.15

d
 15.15

e
 16.10

d
 

Acacia seyal 10.75
a
 13.68

a
 20.52

a
 30.30

a
 47.89

a
 53.75

a
 55.71

a
 

Acacia senegal 7.91
b
 10.88

b
 16.82

c
 24.73

b
 30.67

b
 34.62

b
 37.59

b
 

Prosopis juliflora 3.95
cd

 5.92
d
 8.39

f
 11.85

e
 11.85

e
 11.85

f
 11.85

e
 

Millettia ferruginea 3.95
cd

 9.89
bc

 14.84
d
 20.77

c
 24.73

c
 24.73

d
 27.70

c
 

Vernonia amygadalina  5.92
bc

 11.9
ab

 18.27
b
 26.67

b
 28.64

b
 29.63

c
 29.63

c
 

Croton macrostachyus  4.90
cd

 7.84
cd

 12.74
e
 19.61

c
 25.49

c
 30.39

c
 35.29

b
 

Cordia africana  0.98
e
 1.97

e
 5.41

g
 9.83

e
 11.80

e
 11.80

f
 11.80

e
 

SE 0.6 0.5 0.3 0.5 0.5 0.5 0.5 

Means in the same column with different superscript differ significantly (P<0.05). Gp = gas production, 

GP24/96 = ratio between gas production at 24 hrs and 96 h, GP48/96 = ratio between gas production at 48 h 

and 96 h. 
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Table 3: In vitro gas production kinetic parameters of indigenous browses from Ethiopian Rift Valley 

 a b a + b c Lag time 

Acacia  tortilis  -3.30
f
 18.80

f
 15.50

e
 0.04

e
 1.40

b
 

Acacia seyal 5.50
a
 55.40

a
 60.90

a
 0.14

 a
 0.00

e
 

Acacia senegal 4.70
 a
 32.90

c
 37.60

b
 0.11

 b
 0.00

e
 

Prosopis juliflora 0.80
c
 11.20

h
 12.00

f
 0.02

f
 0.00

e
 

Millettia ferruginea -0.20
cd

 26.30
e
 26.10

d
 0.07

d
 0.10

d
 

Vernonia amygadalina  -1.20
de

 30.80
d
 29.60

c
 0.07

d
 0.40

c
 

Croton macrostachyus  3.30
b
 34.10

b
 37.40

b
 0.09

c
 0.00

e
 

Cordia africana  -2.20
e
 14.30

g
 12.10

f
 0.03

f
 2.50

a
 

SE 0.2 0.2 0.4 0.001 0.004 

Means in the same column with different superscript differ significantly (P<0.05). a = gas production from 

soluble fraction (ml), b = gas production from insoluble fraction (ml), a + b = potential gas production (ml), c 

= rate of gas production (fraction/h) and lag time (h).  

 

Table 4: Organic matter digestibility, Metabolisable energy and Short chained fatty acids of browses at 24 hours 

post incubation 

 GP24 OMD ME SCFA 

Acacia  tortilis  15.15
 d
 42.80

c
 5.50

c
 0.30

d
 

Acacia. Seyal 30.30
a
 51.85

b
 7.06

a
 0.66

a
 

Acacia senegal 24.73
 b
 56.68

a
 7.20

a
 0.53

b
 

Prosopis juliflora 11.84
 e
 43.39

c
 5.03

d
 0.22

e
 

Millettia ferruginea 20.77
 c
 50.32

b
 6.3

b
 0.44

c
 

Vernonia amygadalina  26.67
 b
 56.86

a
 7.11

a
 0.58

b
 

Croton macrostachyus  19.61
c
 52.08

b
 6.35

b
 0.41

c
 

Cordia africana  9.83
 e
 40.3

d
 4.59

e
 0.17

e
 

SE 0.5 0.5 0.6 0.1 

Means in the same column with different superscript differ significantly (P<0.05). GP = gas production 

(ml/200mg DM), OMD = organic matter digestibility (%), ME = metabolisable energy (MJ/kg DM), SCFA = 

Short chained fatty acids (mmol).  

 

Table 5: correlation coefficient (r) of gas production parameters with chemical composition of browses 

Chemical composition a b a + b c 

Ash 0.33 0.22 0.10 0.05 

Crude protein 0.86
**

 0.79
**

 0.88
**

 0.90
**

 

Neutral detergent fiber -0.23 -0.43 -0.41 -0.39 

Acid detergent fiber -0.31 -0.58
**

 -0.56
**

 -0.56
**

 

Acid detergent lignin -0.38 -0.33 -0.37 -0.35 

Condensed tannin -0.28 -0.13 -0.17 -0.10 

a = gas production from soluble fraction, b = gas production from insoluble fraction, a + b = potential gas 

production, c = rate of gas production.  * = (P< 0.05) and ** = (P< 0.001) 
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