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Abstract: The potential of gas production technique to predict fractions of rumen fermentable organic

matter, kinetics of gas production, metabolizable and net energy, as well as organic matter digestibility

were studied in five species of roughages. The roughages were used are rice straw, linseed straw,

sugarcane bagasse, date stone and berseem hay. A gas production was continuously measured by

incubating samples in buffered rumen fluid from cannulated sheep for 96 h. Cumulative gas production

was recorded at 3, 6, 9, 12, 24, 48, 72 and 96 h of incubation periods and kinetics of gas production was

described. The chemical analysis of these roughages showed that sugarcane bagasse contained less ash

(21.0 g/kg) and protein (12.9 g/kg) but ash content in linseed straw was very high (259.5g/kg). Sugarcane

bagasse and linseed straw have the highest crude fibre content in comparison to other feedstuffs. Date

stone contained the highest ether extract and lowest crude fibre value. The NDF, ADF and ADL were

significantly different among roughages used in this study. The linseed straw, rice straw and sugarcane

bagasse showed the highest levels of NDF and ADF, while linseed straw contained the highest level of

ADL. The maximum gas volume (A) was highest for berseem hay followed by date stone, sugarcane

bagasse and rice straw. The cumulative gas production for the linseed straw was significantly low in

comparison to other roughages. Gas production kinetics obtained from the exponential model showed

significant differences among roughages. The fractional fermentation rate (µ) at different times of

incubation was highest for sugarcane bagasse, date stone, berseem hay and lowest for rate with rice straw.

There were significant (P<0.05) differences among feedstuffs in terms of metabolizable energy (ME), net

energy (NE) (MJ/kg DM), short chain fatty acids (SCFA, mM) and organic matter digestibility (OMD).

The organic matter digestibility values were ranged from 27.2 to 54.2 % for linseed straw and berseem

hay, respectively. The linseed straw showed the lowest (P<0.05) values for ME, NE, SCFA and OMD

in this study. It was concluded that there were considerable differences in the fermentability of

carbohydrates between different roughages. Date stone and sugarcane bagasse revealed that these by-

products could be interesting alternative animal feed sources and valuable in the ruminant feeding but need

to enhance system adaptability and feeding value.
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INTRODUCTION

In Egypt, animals suffer from under feeding and

mal-nutrition due to the shortage of local produced

feed which are not sufficient to cover the nutritional

requirements of animals. The annually amount produced

of agro-by-products in Egypt are around 2.5 million ton

of rice straw and one million ton of sugarcane

bagasse . These wastes are usually  burned  causing[28]

environmental   pollution.  The potential use of these

wastes in ruminant ration will participate  in  reducing

the  shortage  of  feedstuffs and  subsequently

increase  milk and meat production in Egypt. 

The knowledge about their potential feeding value

is insufficient. The nutrient composition of feeds is

commonly determined by chemical analysis. However,

this does not provide sufficient information to

determining the feed true nutritive value. In addition,

the determination of intake and digestibility of

feedstuffs in vivo is time consuming, laborious,

expensive, requires large quantities of feed and is

unsuitable for large scale feed evaluation . Therefore,[10,8]

the gas measuring technique has been widely used for

evaluation of nutritive value particularly to estimate

agro-industry by-products , various types of tropical[18]

plants , compound feeds , different feed classes ,[20,31] [1] [14]
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fermentation kinetics  and energy value of straws .[16] [23]

In addition, gas measurement provides a useful data on
digestion kinetics of both soluble and insoluble
fractions of feedstuffs. They are less expensive, less
time-consuming and allow incubation to be maintained
more precisely than in vivo. The in vitro methods of
Tilley and Terry , in sacco method of Mehrez and[36]

Ørskov , and enzymatic method of Jones and[24]

Hayward  have been widely used to predict[21]

digestibility of feeds, and used as a selection tool for
screening feeds for nutritional quality.

The in vitro gas production system helps to better
quantify nutrient utilization, and its accuracy in
describing digestibility in animals has been validated in
numerous experiments. Based on the strong relationship
between measured digestibility and that predicted from
gas production, regression equations have been
developed and the method has been standardized.

In 1974, Menke and Ehrensvärd  studied the[35]

stoichiometry of rumen fermentation with a syringe
closed system noticed a very reproducible gas
production data when the same substrate was incubated
in the same quantity in different runs. The main
innovation in such method was that the gas production
is recorded rather than degradation. The kinetics of gas
production during rumen fermentation may provide
valuable information about feeds that can be used to
formulate rations and model animal responses.
Therefore, the main objective of this study was to
assess the nutritive value of rice straw, date stone,
sugarcane bagasse and berseem hay using the in vitro
gas production technique. 

MATERIAL AND METHODS

Feed samples: Rice straw, Linseed straw, date stone,
su g a rc a n e  b ag a sse  a n d  b e r se e m  (T r i fo lu m
alexandrinum) hay were ground in mills to pass a 1
mm sieve prior to chemical analysis, in vitro gas
production measurements and rumen fermentation. The
chemical composition of the roughages used for in
vitro gas production is presented in Table 1. 

Chemical analysis: Roughage samples were analyzed
according to AOAC (1995) (DM; dry matter-ID
number 930.15; OM: organic matter- ID number
942.05; CP: crude protein – as 6.25 x N- ID number
954.01- and ADF; acid detergent fibre – ID number
973-.18) and Mertens (2002) (NDF: neutral-detergent
fibre and ADL: acid-detergent lignin) without addition
of sodium sulphite and á-amylase. Cellulose and
hemicelluloses were calculated.

In vitro gas production: In vitro gas production was
carried out using the method described by Menke and
Steingass . Buffer and mineral solution were prepared[25]

and placed in a water bath at 39ºC under continuous

2flushing with CO . Both solid and liquid rumen
fractions (50 % solid: 50 % liquid) were collected
before the morning feeding from three rumen-
cannulated sheep fed on berseem hay and commercial
concentrate mixture diet. Rumen fractions were
collected into pre-warmed insulted bottles, combined
among sheep, homogenized in a laboratory blender,
filtered through three layers of cheese-cloth and purged

2 2with CO . The well mixed and CO  flushed rumen
fluid was added  to  the  buffered  rumen  fluid
solution (1:2 v/v), which  was  maintained  in a water
bath at 39ºC, and mixed.

Samples (200±10 mg) of air-dry feedstuffs were
accurately weighted into syringe fitted with plungers.
Buffered rumen fluid (30 ml) was pipetted into each
syringe, containing the feed samples, and the syringes
were  immediately  placed  into  the water bath at
39ºC  . Three syringes with only buffered rumen fluid[4]

were incubated and considered as the blanks. The
syringes were gently shaken every 2 h, and the
incubation terminated after recording the 96 h gas
volume. The gas production was recorded after 3, 6, 9,
12, 24, 48, 72, and 96 h of incubation. Total gas
values were corrected for the blank incubation, and
reported  gas  values  are expressed in ml per 200 mg
of DM.

Cumulative gas production was fitted iteratively to
the exponential model proposed by  France  et  al., ,[13]

Y =A {1- exp[-b(t-T) -c(%t-%T)]}, with the exclusion
of the intercept, where y is the cumulative gas
production (in ml) at time t; A, the asymptote (in ml);
b and c, rate constants (in h ); and T, the lag time (in-1

h).
The fractional rate (µ, h ) was considered to-1

vary with time according to 
C µ = (b+ c)/(2% t),     t $ T 

REL1 and REL2 parameters: As a new approach to
evaluate feeds from those parameters, the ratio between
G48 and G96 (REL1) and the ratio between G96 and
A (REL2) were compared. Assuming a mean rumen
retention time of 48 h (i.e., outflow rate of 0.021 h ),!1

it would be desirable that the major part of digestible
nutrients would be fermented within this time. Thus,
REL1 suggests how much of the fermentation was
completed in the first 48 h, while REL2 represents how
close G96 (i.e., fermentation), is from potential gas
production (A). Thus the closer G96 is to A (higher
REL2), the better the feed quality and/or the incubation
time was long enough to express the fermentation
potential of the feed .[7]

Energy, short chain fatty acids and organic matter

digestibility estimation: The energy value of forages

can be calculated from the amount of gas produced at

24 h of incubation with supplementary analysis of

crude protein, ash and ether extract. This approach was
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Table 1: Chemical composition and fibre fractionations of berseem hay (BH), rice straw (RS), linseed straw (LS), date stone (DS) and
sugarcane bagasse (SB)

Roughages
Item (g/kg DM) ---------------------------------------------------------------------------------------------------------------------------------

BH RS LS DS SB

Ash 112 177.5 259.5 109.7 21
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Organic matter 888 822.5 740.5 882.3 979
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude protein 153.2 48.5 36.1 72.7 12.9
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crude fibre 298.2 365.1 543.4 199.4 411
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ether extract 10.3 4.7 14 76.4 5.2
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nitrogen free extract 426.3 404.2 147 541.8 550
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fibre fractionation
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NDF 549.2 775 845.8 613.5 770
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ADF 383.1 474.8 711.4 442.1 476
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
ADL 122.7 127.5 260 160.4 111
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cellulose 260.4 347.3 451.4 281.7 365
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Hemicellulose 166.1 300.2 134.4 171.4 294

NDF and ADF were assayed without a heat stable amylase and expressed inclusive of residual ash.

developed by the research group in Hohenheim

(Germany) and is based upon extensive in vitro

incubation of forages . Short chain fatty acids were[25,26]

predicted according to the Getachew et al., .[15]

C ME (MJ/kg DM) = 2.2 + 0.136GP + 0.057CP+

0.0029CF

C OMD (%) = 14.88 + 0.889 GP + 0.45CP +

0.0651 XA

where: ME is the metabolizable energy;

C OMD is organic matter digestibility;

C GP is 24 h net gas production (ml/200 mg DM);

C CP is crude protein (% DM);

C CF is crude fibre.

C XA is ash (% DM)

C NE (Mcal/lb) = (2.2 + (0.0272*Gas) + (0.057*CP)

+ (0.149*EE)) /14.64

where: Gas is 24 h net gas production (ml/g DM)

C CP is crude protein (% DM)

C EE is Ether extract (% DM)

Then net energy unit converted to be MJ/kg DM.

Statistical analysis: Data were subjected to analysis of

variance (ANOVA) using the General Linear Model.

Significant differences between individual means were

identified using Tueky test . [32]

RESULTS AND DISCUSSIONS

Chemical Analysis: The chemical composition and

fibre fractionations of rice straw, linseed straw, date

stone, sugarcane bagasse and berseem hay are

presented in Table 1. There was wide variation in the

chemical composition of the roughages, with CP

ranging from 12.9 to 153.2, ash from 21.0 to 259.5,

NDF from 549.2 to 845.8, ADF from 383.1 to 711.4,

ADL from 111.0 to 260.4, cellulose from 260.4 to

451.4 and hemicelluloses from 134.4 to 300.2 g/kg

DM. Sugarcane bagasse contained low ash (21.0 g/kg)

and protein (12.9 g/kg) while ash content in linseed

straw was very high (259.5 g/kg). Also, sugarcane

bagasse and linseed straw presented the highest crude

fibre content in comparison to other feedstuffs. Date

stone contained the highest ether extract and lowest

crude fibre value. The NDF, ADF and ADL were

significantly different among roughages used in this

study. The linseed straw, rice straw and sugarcane

bagasse showed the highest level of NDF and ADF,

while linseed straw contained the highest level of ADL.

In Vitro Gas Production: Cumulative gas production

profiles, corrected for blank are shown in Figure 1.

The cumulative gas production for the linseed straw

was significantly low in comparison to other roughages.

The highest cumulative gas production was observed in

berseem hay which, was followed by date stone, 
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Fig1: Accumulative gas production for berseem hay

(#), rise straw (×), linseed straw (� ), date

stones (M) and sugarcane bagasse (*) incubated

in vitro.

sugarcane bagasse and rice straw. This is due to low

NFE content for linseed straw, which has a positive

correlation with gas production. On the other hand, cell

wall content (NDF and ADF) were negatively

correlated with gas production at all incubation times

and estimated parameters. This may tend to reduce the

microbial activity through increasing the adverse

environmental conditions as incubation time progress.

This is consistent with De Biover et al., , who[12]

reported that gas production was  negatively related

with NDF content and  positively   with   starch. 

Also,   the  relatively 

high level of ADL in linseed straw as shown in Table

1 explained in part the limited in vitro degradation and

therefore the lower amount of gas produced. However,

since gas production on incubation of feeds in buffered

rumen fluid is associated with feed fermentation, and

carbohydrate fractions, the low gas production from

linseed straw and rice straw could be related to low

feeding value of these feeds. Sugarcane bagasse

contains more than 40 % of its dry matter in the form

of cellulose and hemicellulose but its degradability is

very low. One of the main reasons for this low

degradability is the presence of lignin which protects

carbohydrates from attack by rumen microbes.

Incubation of feedstuff with buffered rumen fluid in

vitro, the carbohydrates are fermented to short chain

2 4fatty acids (SCFA), gases, mainly CO  and CH , and

microbial cells. Gas production is basically the result

of fermentation of carbohydrates to acetate, propionate

and butyrate  and substantial changes in[37,34]

carbohydrate fractions were reflected by total gas

produced . Gas production from protein fermentation[11]

is relatively small as compared to carbohydrate

fermentation while, contribution of fat to gas

production is negligible . [37]

Kinetics of gas production obtained from the

exponential model  is  presented  in  Table  2. Both

rate constants b and c showed significant differences

among roughages. The  b    values    ranged   from

0.035 to 0.059 (h ) -1

Table 2: Cumulative gas production and estimated kinetic parameters model  for variety of roughages incubated with rumen fluid in vitro(1 )

Roughages(2 )

Parameter ------------------------------------------------------------------------------------------------------------------------------- SED(3 )

BH RS LS DS SB

A (ml/200 mg) 50.92 38.90 14.98 46.69 39.46 2.57 a  b  c a  b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
b (h ) 0.035 0.055 0.064 0.047 0.059 0.022-1  b  ab  a  ab  a

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
c (h ) 0.1174 0.0053 -0.0855 -0.1141 -0.0403 0.128-1 /2  a  b  b  b  b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T (h) 1.55 0.59 0.49 1.50 0.15 0.545 a  ab  ab  a  b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
µ6 (h ) 0.0310 0.0247 0.0305 0.0328 0.0203 0.008-1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
µ12 (h ) 0.0219 0.0174 0.0216 0.0232 0.0143 0.006-1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
µ24 (h ) 0.0155 0.0123 0.0152 0.0164 0.0101 0.004-1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
µ48 (h ) 0.0110 0.0087 0.0108 0.0116 0.0072 0.003-1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
µ96 (h ) 0.0078 0.0062 0.0076 0.0082 0.0051 0.002-1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
REL1 0.89 0.95 0.98 0.85 0.96 -
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
REL2 0.98 0.97 0.96 0.94 0.98 -

France et al. (1993)(1 )

BH: berseem hay, RS: rice straw; LS: linseed straw; DS: date stone; SB: sugarcane bagasse (2) 

 A: potential gas production; b and c: fermentation rate constants; T: lag time; µ6, µ12, µ24, µ48, µ96: fractionation rated at respectively(3 )

6, 12, 24, 48 and 96 h of incubation; REL1: G48/G96, where G48 and G96 are cumulative gas production after 48 h and 96 h of incubation,
respectively; REL2: G96/A; where A is the potential gas production

 means followed by distinct superscripts, within rows, are significantly different (Tukey test; P<0.05)a, b, c
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and berseem hay has the lowest value. There is no

significant difference for berseem hay, rice straw and

date stone but the sugarcane baggase showed the

highest fermentation rate. For the fermentation rate (c,

h ), berseem hay was significantly differ than other-1

roughages. There are no significant differences among

the other substrates. The fractional degradation rate (µ)

at 24 h were 0.0164, 0.0155, 0.0152, 0.0123, 0.0101

h  for date stone, berseem hay, linseed straw, rice-1

straw and sugarcane bagasse, respectively. The faster

rate was observed with date stone, berseem hay and

linseed straw. The lowest rate was observed for rice

straw and sugarcane baggase. But, there are no

significant differences among the roughages in the

fractional degradation rate at different incubation times.

Estimated lag time was highest with berseem hay and

date stone and lowest with sugarcane baggase. The lag

time (time from incubation to start of gas production)

is a very important digestibility parameter. The longest

lag time for date stone could be due to high whole

non-structural carbohydrates content. While, the shortest

lag time for sugarcane bagasse is related to the high

content of fermentable carbohydrates in sugarcane

bagasse which is rapidly fermented. 

There are contradictory between gas production

and kinetics parameters in linseed straw. Although the

gas production from linseed straw was very low, the

lag time was short and there are no significant

differences between linseed straw and other feedstuffs

in fermentation rate (µ, h ). Therefore, these results-1

suggest that gas production profiles are not necessarily

linearly related to degradation or fermentation of

feedstuffs according to the results of kinetics of gas

production parameters. Groot et al.,  reported that the[16]

fermentation was not linearly related to kinetics of gas

production. In the forage evaluation, it is important to

distinguish between degradation and fermentation, as

neither all degraded materials are necessarily fermented.

Since the utilization of roughages is largely dependent

upon microbial degradation within the rumen,

description of roughages in terms of their degradation

characteristics would provide a useful basis for their

evaluation . Kinetics of gas production is dependent[17]

on the relative proportions of soluble and insoluble

particles of the feed. The results suggest that gas

production profiles are not necessarily linearly related

to the degradation or fermentation of substrates. 

REL1 suggests how much of the fermentation was

completed in the first 48 h. The results showed that

85-98% of the fermentation occurred within the first 48

h from incubation. The highest value for REL1 was

observed for linseed straw and lowest REL1 was for

date stone. There are no significant differences among

rice straw, linseed straw and sugarcane baggase. While

REL2 represents how close G96 (i.e., fermentation) is

from potential gas production (A). The REL2 was

greatest for hay, sugarcane baggase, rice straw and

linseed straw and the lowest was for date stone. This

means that the incubation time was long enough to

express the fermentation potential of the feed.

Mathematical descriptions of gas production

profiles allow analysis of data, evaluation of substrate

and media-related differences, and fermentability of

soluble and slowly fermentable components of feeds.

Various models have been used to describe gas

production profiles. The sigmoidal model  is widely[13]

used in ruminant feed evaluation to describe

degradation kinetics as measured with the nylon bag

technique, but the model has also been used to

describe kinetics of gas production data as describing

by Blummel et al., , Siaw et al.,  and Khazaal et[5] [33]

al., . There are similarity between observed gas[19]

production and predicted gas production by exponential

model except at 12 h from incubation there were wide

difference for linseed straw and date stone (Table 3).

Energy contents, branched chain fatty acids and

organic matter digestibility: The energy values of

forage were calculated from the amount of gas

produced at 24h of incubation with the supplementary

analysis of crude protein and fat. The predicted

metabolizable energy (ME, MJ/kg DM), net energy(NE,

MJ/kg DM), short chain fatty acids (SCFA, mM) and

organic matter digestibility (OMD) from gas production

for rice straw, linseed straw, date stone, sugarcane

bagasse and berseem hay are presented in Table 4.

The predicted ME and NE profile were widely

varied in five forages particularly high in berseem hay

and sugarcane bagasse. Linseed straw had significantly

lower values of ME and NE. The data showed that

there was no significant difference among rice straw,

sugarcane bagasse and sate stone. There was a positive

correlation between metabolizable energy calculated

from in vitro gas production together with CP and fat

content with m etabolizable  energy value of

conventional feeds measured in vivo .[25]

The SCFA predicted from gas production were

65.86, 52.86, 48.25, 38.79, 18.50 mM for berseem hay,

sugarcane bagasse, rice straw, date stone and linseed

straw, respectively. There are significant differences

among the feedstuffs. The lower SCFA predicted from

gas production in linseed straw, due to a lower

absolute gas  production,  which  most  evident during

the first 24 h of incubation (Fig. 1). The gas

production from cereal straws , cereal grains  and[4] [30]

different classes of feeds  incubated in vitro in[5]

buffered rumen fluid was closely related to the

production of SCFA which was based on carbohydrate

fermentation. Getachew et al.,  [15]



J. Appl. Sci. Res., 3(1): 34-41, 2007

39

Table 3: Percent differences between the measured gas production in vitro and that predicted from the model for the roughages

Roughages(1 )

Incubation times ----------------------------------------------------------------------------------------------------------------------------------------------
BH RS LS DS SB

24 h 0.44 -2.01 5.50 3.39 0.13
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48 h -1.98 0.98 4.91 5.97 1.49
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
72 h 1.55 -0.85 -0.82 4.59 0.51
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
96 h -0.34 -2.53 -2.89 -1.98 -1.22

BH: berseem hay, RS: rice straw; LS: linseed straw; DS: date stone; SB: sugarcane bagasse(1) 

Note: Differences (%) = 100*((Observed –Predicted)/Predicted)

Table 4: Metabolizable energy (ME), net energy (NE), short chain fatty acids (SCFA) and organic matter digestibility (OMD) for different
roughages in vitro

Roughages(1 )

Parameters ---------------------------------------------------------------------------------------------------------------------- SED
BH RS LS DS SB

ME (MJ/kg DM) 8.01 6.11 3.93 5.59 6.29 0.161 a  b  d  c  b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
NE (MJ/kg DM) 5.19 3.92 2.56 4.25 4.02 0.086 a  c  d  b  c

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
SCFA (mM) 65.86 48.25 18.50 38.79 52.86 1.836 a  c  e  d   b

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
OMD (%) 54.2 41.5 27.2 37.6 41.1 0.0088 a  b  d  c  b

BH: berseem hay, RS: rice straw; LS: linseed straw; DS: date stone; SB: sugarcane bagasse
 means followed by distinct superscripts, within rows, are significantly different (Tukey test; P<0.05)a, b, c, d, e

reported the close association between SCFA and gas

production in vitro which, use of this relationship

between SCFA and gas production to estimate the

SCFA production from gas values, which is an

indicator of energy availability to the animal. The

organic matter digestibility (OMD) was highest for

berseem hay and lowest for linseed straw (P<0.05).

The OMD differs significantly among berseem hay, rice

straw, sugarcane bagasse and date stone in comparison

with linseed straw The OMD was no significant

difference among rice straw,  sugarcane bagasse and

date stone. Menke et al., , Steingass and Menke ,[26] [34]

Menke and Steingass  and Chenost et al.,  concluded[25] [9]

that the prediction of ME is more accurate when based

on gas and chemical constituents measurements as

compared to calculations based on chemical

constituents only. Also, there are significant correlation

between in vitro gas measurement and in vivo

digestibility. There was a positive correlation between

ME calculated from in vitro gas production together

with CP and fat content with ME value of conventional

feeds measured in vivo . Ranges of gas production[25]

characteristics reported in this study may partly due to

difference in CP, NDF and ADF contents. Nsahlai et

al.,  and Larbi et al.,  reported that there were a[29] [22]

positive correlation between CP and the rate of gas

production and negative correlations between NDF and

ADF, and the rate and extent of gas production.

Conclusion: The in vitro gas production technique can

be used to determine the nutritive value of the

roughages and to identify differences among their

potential digestibility and energy contents. Chemical

composition and in vitro digestibility can be considered

useful indicators for the preliminary evaluation of the

likely nutritive value of previously uninvestigated

shrubs. There are considerable differences in the

fermentability of carbohydrates between different

roughages. Date stone and sugarcane bagasse revealed

that these by-products could be interesting alternative

animal feed sources and valuable in the ruminant

feeding but need to enhance system adaptability and

feeding value.
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