
  
*Corresponding author: Switbert R. Kamazima
Behavioral Sciences Department, Muhimbili University of 

 

 
 
 

ISSN: 2395-5775 

EFFECTS OF Acacia albida 
MAIZE STRAW ENRICHED WITH MOLASSES IN THE PRESENCE OR ABSENCE

 OF POLYETHYLENE GLYCOL IN RUMINANTS

*Lemoufouet Jules, Tendonkeng Fernand, Miégoue Emile, Kana Jean Raphael, Mekuiko Watsop 
Hippolyte, Tchoffo John, Kamo Teponnou Huguette and Pamo Tedonkeng Etienne.

Department of Animal Science, Faculty of Agronomy and
 University of Dschang, P.O.Box : 222 Dschang, Cameroon

ARTICLE INFO                                         ABSTRACT
 

 
 
 

The study of the effects of 
with molasses was carried out in May 2018 in the Animal Nutrition and Production Research Unit of 
the University of Dschang. Bovine ruminal liquid, energy source (maize stovers enriched with 5% 
molasses) and a sourc
were used in this study. At the beginning of the test, sample of various rations containing maize stovers, 
associated to 
polyethylene glycol (PEG) was dried and crushed in order to determine the mineral, chemical 
composition and the evaluation of 
addition of the 
8.52% DM) of maize stovers with respect to the treatments. The digestibility of organic matter (35.43, 
35.55, 35.85 and 37.10% DM) and digestible nitrogen matter content (4.68, 5.47, 
dOM) also increased with the addition of 
proportions of 10, 15 and 20%. With the exception of rations containing 20% and 10% of 
pods respectively associated to PEG 
rations. The presence of PEG made it possible to obtain the best productions of gas (33.92 
ml/500mgMS), of volatile fatty acid (VFA) (0.72mmol/40ml), of IVDOM (48.56%) and metabolizable 
energy (ME) (7.20 MJ/k
reduction in the parameters of 
other rations. This study showed that addition of 
molasses increase the nutritional value and improves the digestibility in ruminants.
 
 
 
 

 

INTRODUCTION 
 

Animal feed constitute a huge challenge today particularly in 
sub-Saharan Africa were climate effects need to be mitigate. 
Hence, the use of agricultural by-products constitutes an 
interesting alternative in order to meet animal nutritive needs, 
production and productivity especially during the difficult 
period. Therefore, animals are exposed to diseases 
(Tendonkeng et al., 2011). With the aim to meet their nutritive 
needs, production and productivity especially for this difficult 
period these agricultural by-products are necessary. Among 
these by products, maize stover’s is an important source of 
cellulose for ruminants.   
 

In Cameroon, maize production is estimated at more than 1.6 
million tons per annum (Ecofin Agency, 2013). 
region, the cultivation of maize is common practice. 
most significant between August and September, thus providing 
a significant quantity of maize straw in field at the beginning of 
the dry season. However, these maize straws
value. Indeed, the energy value of untreated thatches accounts 
for only 70% of that of late graminace hay. 
nitrogen matter content of maize stovers is very weak (4 
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ABSTRACT 

The study of the effects of Acacia albida pods on the in vitro digestibility of maize stovers enriched 
with molasses was carried out in May 2018 in the Animal Nutrition and Production Research Unit of 
the University of Dschang. Bovine ruminal liquid, energy source (maize stovers enriched with 5% 
molasses) and a source of nitrogen (Acacia albida pods) associated with polyethylene glycol or not 
were used in this study. At the beginning of the test, sample of various rations containing maize stovers, 
associated to Acacia albida pods incorporated at different levels (0, 1
polyethylene glycol (PEG) was dried and crushed in order to determine the mineral, chemical 
composition and the evaluation of in vitro digestibility. The results of this study showed that the 
addition of the Acacia albida pods induced an increase in total nitrogen content (5.88, 6.80, 7.10 and 
8.52% DM) of maize stovers with respect to the treatments. The digestibility of organic matter (35.43, 
35.55, 35.85 and 37.10% DM) and digestible nitrogen matter content (4.68, 5.47, 
dOM) also increased with the addition of Acacia albida pods in maize stovers respectively in the 
proportions of 10, 15 and 20%. With the exception of rations containing 20% and 10% of 
pods respectively associated to PEG or not, all the in vitro digestibility parameters improved in different 
rations. The presence of PEG made it possible to obtain the best productions of gas (33.92 
ml/500mgMS), of volatile fatty acid (VFA) (0.72mmol/40ml), of IVDOM (48.56%) and metabolizable 
energy (ME) (7.20 MJ/kgDM) with the ration containing 10% of 
reduction in the parameters of in vitro digestibility with the increasing incorporation rates of pods in 
other rations. This study showed that addition of Acacia albida pods to maize
molasses increase the nutritional value and improves the digestibility in ruminants.

Animal feed constitute a huge challenge today particularly in 
Saharan Africa were climate effects need to be mitigate. 

products constitutes an 
interesting alternative in order to meet animal nutritive needs, 
production and productivity especially during the difficult 
period. Therefore, animals are exposed to diseases 

With the aim to meet their nutritive 
needs, production and productivity especially for this difficult 

products are necessary. Among 
these by products, maize stover’s is an important source of 

eroon, maize production is estimated at more than 1.6 
million tons per annum (Ecofin Agency, 2013). In the West 
region, the cultivation of maize is common practice. Harvest is 
most significant between August and September, thus providing 

in field at the beginning of 
raws are of low food 

Indeed, the energy value of untreated thatches accounts 
Moreover, the total 

is very weak (4 - 6% 

of DM), reason why their non
accounts for only 40% of that of the hays (Devun 
Maize stovers are low in energy and are quickly fermentable; 
out of minerals and vitamins; 
encumbering. However, if well complemented, they will 
constitute a usable resource for ruminant’s rations with 
moderate needs (Devun et al., 2011; 
 Many complentary technics have been develop as the used of 
urea-treatments but also, by the complementation with 
nitrogenized concentrates and the agro
However, these nitrogenized concentrates are not always 
affordable for the stockbreeders because of their high costs and 
unavailability in time of need. 
certain ligneous family can be used to improve the rations 
based on coarse fodder.  Hence, the use of 
can be considered. Indeed, Ac
belonging to the family of Fabaceae 
the Middle-East, and very resistant to dryness. 
content from the pods of this plant is approximately11.4% dry 
matter (DM). Taking into account their a
accessibilities during the whole dry season, the pods can be 
used as alternative source of nitrogen in ruminants feed. 

Available Online at http://www.journalijcir.com 
 

International Journal of Current Innovation Research 
, Issue, 04(A), pp. 1475-1480, April, 2019 

 

Emmy Metta and Agatha F. Ngowi. This is an open access article distributed under the Creative Commons 
ttribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work 

Salaam, Tanzania 

DIGESTIBILITY OF  
MAIZE STRAW ENRICHED WITH MOLASSES IN THE PRESENCE OR ABSENCE 

*Lemoufouet Jules, Tendonkeng Fernand, Miégoue Emile, Kana Jean Raphael, Mekuiko Watsop 
Hippolyte, Tchoffo John, Kamo Teponnou Huguette and Pamo Tedonkeng Etienne. 

Agricultural Sciences, 
University of Dschang, P.O.Box : 222 Dschang, Cameroon 

digestibility of maize stovers enriched 
with molasses was carried out in May 2018 in the Animal Nutrition and Production Research Unit of 
the University of Dschang. Bovine ruminal liquid, energy source (maize stovers enriched with 5% 

pods) associated with polyethylene glycol or not 
were used in this study. At the beginning of the test, sample of various rations containing maize stovers, 

pods incorporated at different levels (0, 10, 15 and 20%), and associated to 
polyethylene glycol (PEG) was dried and crushed in order to determine the mineral, chemical 

digestibility. The results of this study showed that the 
pods induced an increase in total nitrogen content (5.88, 6.80, 7.10 and 

8.52% DM) of maize stovers with respect to the treatments. The digestibility of organic matter (35.43, 
35.55, 35.85 and 37.10% DM) and digestible nitrogen matter content (4.68, 5.47, 5.76 and 6.97 g/100 g 

pods in maize stovers respectively in the 
proportions of 10, 15 and 20%. With the exception of rations containing 20% and 10% of Acacia albida 

digestibility parameters improved in different 
rations. The presence of PEG made it possible to obtain the best productions of gas (33.92 
ml/500mgMS), of volatile fatty acid (VFA) (0.72mmol/40ml), of IVDOM (48.56%) and metabolizable 

gDM) with the ration containing 10% of Acacia albida pods in spite of the 
digestibility with the increasing incorporation rates of pods in 

pods to maize stovers enriched with 5% 
molasses increase the nutritional value and improves the digestibility in ruminants. 

of DM), reason why their non-digestible protein in the intestine 
accounts for only 40% of that of the hays (Devun et al., 2011).  

are low in energy and are quickly fermentable; 
and vitamins; they also constitute a fodder 

However, if well complemented, they will 
constitute a usable resource for ruminant’s rations with 

., 2011; Lemoufouet et al., 2014). 
Many complentary technics have been develop as the used of 

treatments but also, by the complementation with 
nitrogenized concentrates and the agro-industrial by-products. 
However, these nitrogenized concentrates are not always 

ckbreeders because of their high costs and 
unavailability in time of need. Then, the sheets or pods of 
certain ligneous family can be used to improve the rations 

Hence, the use of Acacia albida pods 
Acacia albida is a woody plant 

Fabaceae originating for Africa and 
East, and very resistant to dryness. The protein 

content from the pods of this plant is approximately11.4% dry 
Taking into account their availabilities and their 

accessibilities during the whole dry season, the pods can be 
used as alternative source of nitrogen in ruminants feed. Former 
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work showed that addition of 21% Acacia albida pod in a ration 
containing the millet stem chopped and corn sound improve the 
daily average weight gain of 173 g/j of Gobra bull-calf 
(Safiétou et al., 1997). However, the presence of condensed 
tanin in Acacia albida pods (11.3% DM) limit its incorporation 
level in ration (Safiétou et al., 1997). Thus, to mitigate the 
effect of this antinutritionnel factor, the use of Polyethylene 
glycol is recommanded in order to support the use of nitrogen 
by the micro-organisms present in the rumen. No study had 
been carried out on the effects of Acacia albida pods associated 
or not with PEG or not on in vitro digestibility of maize straw 
enriched with molasses. This work therefore aimed to 
contribute to the improvement of the valorization of crop by-
products in ruminants feed.  
 

MATERIAL AND METHOD  
 

Zone of the study  
 

The study was conducted at the Experimental Farm of Dschang 
University in western Cameroon. The area is within the 
Sudano–Guinean zone of Central Africa (latitude 5–7°N, 
longitude 8–12°E; altitude 1400 m). The annual temperature 
varies between 16 and 27°C with a relative humidity of 40–
97%. There are two main seasons: the rainy season (April–
October) and the dry season (November–March), which is the 
main cropping season. The mean of the annual rainfall is about 
2000 mm (Tendonkeng et al., 2014). 
 

Plant Material 
 

The vegetable material consisted of maize straw (Zea mays) and 
Acacia albida pods. Stovers of corn (Shaba Variety or white 
corn) were collected at the Institute of Research and 
Agricultural Development (IRAD) of Dschang in November, 
two weeks after the harvest. Thatches collected were then 
manually chopped with a cutlass (2 - 3 cm in size) then sun 
dried for two weeks and, stored in air-tied polyethylene bags, 
prior to use in the experiment. In other hand, Acacia pods were 
collected in Koundoul, a village located 25 km from Ndjamena 
(Tchad). It is a Sahelian zone ranging between isohyets 200 and 
800 mm with ferruginous tropical sandy soil, low in organic 
matter.  These pods were conditioned in bags and were 
transported in Dschang where they were stored at the FAR, 
prior to use in the experiment. 
 

Preparation of the Diet  
 

Seven Rations were Used in this Study 
 

- MS5 + P0 (control) = maize stovers associated with 5% 
molasses + 0% of Acacia albida pods; 
- MS5 + P10 = maize straw associated with 5% molasses + 
10% of Acacia albida pods; 
- MS5 + P15 = maize straw associated with 5% molasses + 
15% of Acacia albida pods; 
- MS5 + P20 = maize straw associated with 5% molasses + 
20% of Acacia albida pods; 
- MS5 + P10 + PEG = maize stovers associated with 5% 
molasses + 10% of Acacia albida pods with 1g PEG; 
- MS5 + P15 + PEG = maize straw associated with 5% 
molasses + 15% of Acacia albida pods with 1g PEG;  
- MS5 + P20 + PEG = maize straw associated with 5% 
molasses + 20% of Acacia albida pods with 1g PEG. 
 

The molasses were diluted in water and the quantity of water 
used for dilution was function of the quantity of thatches to be 
treated at a rate of 250 ml of water for 600 g of thatches 

(Chenost and Kayouli, 1997). After drying at 60°C until 
constant weight in a ventilated drying oven of Gallemkamp 
mark, the samples were crushed using a hammer mill with 1 
mm mesh grid, then stored in plastic sachets. 500g of the 
sample of each ration was kept for the chemical composition 
analysis and in vitro digestibility. 
 

Chemical Composition Analysis of the Rations  
 

The determination of dry matter (DM), organic matter (OM), 
crude fiber (CF), lipids and the total nitrogen matters (TNM) 
contents of various rations were carried out according to the 
methods described by AOAC (2002). The cellular content of 
walls (NDF) was given according to the method suggested by 
Van Soest et al. (1991). 
 

In vitro Digestibility   
 

Preparation of the Samples and Reagents 
 

The evaluation of the quantity of gas produced and preparation 
of reagent were made according to the method and the 
procedure described by Menke et al. (1979). The rations (500 
mg) were weighed in triple, using an electric balance of KERN 
770 brand, with a range 210g and sensitivity 0.0001 g. The 
samples were deposited to the bottom of the syringes. One gram 
of polyethylene glycol 6000 was added to the rations containing 
10, 15 and 20% of Acacia pod respectively and covered with 
the piston previously embalmed with petroleum jelly to 
facilitate its movement. The reagent was prepared according to 
the method described by Menke et al. (1979).  
 

Similarly, a water bath was turned on and the temperature was 
maintained by two thermostats set at 39°C. The morning before 
the collection of rumen fluid, the reagent in which continually 
arrived a stream of gas (CO2) with a moderately pressure (4 
Bars) was placed in a water bath at 39°C. Then, the sodium 
sulfide (417 mg) and 6N NaOH (0.444 ml) were added to this 
reagent. 
 

The ruminal fluid was collected early in the morning before 7 
am just after slaughtering the adult bovines at the Dschang 
municipal slaughter-house and maintains in thermos flask 
heated containing boiling water, then transported immediately 
to the laboratory. This liquid was immediately filtered under a 
CO2 flow. To prepare a 2100 ml inoculum, 700 ml of this liquid 
were taken and introduced into the mother solution always 
under the CO2 flow. This mixture (inoculum) was homogenized 
for 10 mm using a magnetic stirrer, and40 ml of this inoculum 
were taken and injected into each syringe using a precision 
distributor (Fortuna Optifix). Then, the unit was placed in the 
water bath for incubation for 24 hours. Volumes of gas 
produced were recorded after 3, 6, 9, 12, 18 and 24h. The 
production of gas was calculated according to the following 
formula (Menke and Steingrass, 1988): 
 

GP (ml/mg DM) =
mxMS

mgxGPxGPVV h200)( 0024 
 

 

Where, V24 = Volume of gas read after 24 hours of incubation; 
V0 = Volume of incubation in the syringe at the beginning of 
incubation;  
GP0 = Volume of gas produced by the control after 24 hours of 
incubation;  
GPh = Volume of gases produced by the standard after 24 hours 
of incubation.  
 

Evaluation of in vitro Digestibility of dry Matter (IVDDM) 
  



International Journal of Current Innovation Research Vol. 5, Issue, 04(A), pp. 1475-1480, April, 2019 

 

 1477 

At the end of incubation, the contents of the syringes were 
transferred in beakers of 600 ml. These syringes were then 
washed twice using each time 15 ml of Neutral Detergent 
Solution (NDS) and emptied in the corresponding beakers. The 
samples were boiled for one hour and filtered in pre-damaged 
filter crucibles. These crucibles were dried at 103oC overnight 
and weighed. This operation made it possible to withdraw the 
micro-organisms from more or less not degraded substrates. 
The IVDDM calculated as the difference between the weight of 
the incubated substrate and the weight of non-degraded residue 
after treatment with NDS at the end of incubation, according to 
the following formula (Van Soest and Robertson, 1985): 
 

IVDDM (%) = 
100x

P

RP

e

e 

   Where,  Pe = Weight of the 
incubated sample;  
R = Weight of the sample after incubation.  
 

Evaluation of in vitro digestibility of organic matter 
(IVDOM) and metabolized energy (ME) 
 

After 24 hour - incubation, the gases produced and corrected by 
gases of the control tubes were used to calculate the in vitro 
digestibility of organic matter (IVDOM), using the following 
regression equation (Menke and Steingrass, 1988): 
 

IVDOM (%) = 14.88 + 0.889GP + 0.45CP + 0.065C  
Where, GP = Quantity of gas produces after 24 hours of 
incubation; 
 

CP = crude Proteins; 
C = Ashes.   
The content of the Metabolizable energy (ME) was calculated 
according to the following equation (Makkar, 2002): 
ME (MJ/kg DM) = 2.20 + 0.136GP + 0.057CP; 
Where, GP = quantity of gas produces after 24 hours of 
incubation;   
 

CP = crude Proteins. 
 

Determination of the partitioning factor (PF), Microbial 
Mass (MM) and Volatile Fatty Acids (VFA)  
 

The partitioning factor (PF), which is the quantity of organic 
matter fermented to produce 1 ml of gas, was calculated using 
from the following formula (Makkar, 2002): 
 

PF (Mg/ml) = 
GP

dOM
 

Where, dOM (Mg) = Degraded Organic Matter;  
GP (ml) = Quantity of gas produces after 24 hours of 
incubation.  
 

The microbial mass was calculated from the following formula 
(Makkar, 2002): 
 

MM (Mg) = dOM - (GP X FS)  
Where, dOM (Mg) = Degraded organic Matter;  
GP (ml) = Quantity of gas produces after 24 hours of 
incubation;   
Stoechiometric Factor (SF) = 2.20 for fodder. 
The Volatile Fatty Acids (VFA) was obtained from the 
following formulas (Makkar, 2002): 
VFA (mmol/ml) = 0.0239GP – 0.0601 (In absence of PEG);  
Where, VFA (mmol/ml) = 0.0207GP + 0.0207 (In the presence 
of PEG);  
 

GP (ml) = Gas produced after 24 hours of incubation.  
Calculated parameters  

The incubation of the various fodder samples made it possible 
to calculate the following parameters: 
- Gas production (GP); 
- Volatile fatty acids (VFA); 
- Metabolisable energy (ME); 
- Partitioning factor (PF); 
- Microbial mass (MM); 
- The in vitro digestibility of organic matter (IVDOM); 
- The in vitro digestibility of dry matter (IVDDM). 
 

Statistical Analyses  
 

The in vitro digestibility data were subjected to the analysis of 
variance (ANOVA) following to General linear model (GLM). 
The statistical software SPSS 20.0 was used. The statistical 
model used was as follows: 
 

Yij = µ + αi + eij,  
Where, Yij = observation of the syringe (j) having received the 
rations (i); 
 

 µ = mean; 
 αi = effect of the ration (i); 
 eij = residual error observed on the digestibility of corn (j) 
thatches in the ration (I). 
When differences existed between various treatments, means 
were separated by the Waller Duncan test at 5% significance 
level (Steel and Torrie, 1980). 
 

RESULTS  
 

Effect of Acacia albida pods on the chemical composition and 
nutriment content. The contents of dry matter, lipid and total 
carbohydrate recorded little variation with the level of addition 
of the Acacia albida pods in the rations (Table 1).  
 

Table 1 Chemical composition and nutrient content of the 
various rations 

 

Chemical Composition  Rations    
 MS5+P0 MS5+P10 MS5+P15 MS5+P20  

Dry matter (%) 89.87 89.05 88.28 89.38  
(% DM) 

    
Ashes 7.25 7.20 6.64 6.06  

Organic matter 92.75 92.80 93.36 93.93  
Total nitrogen matter 5.88 6.80 7.10 8.52  

Lipid 2.10 2.30 2.20 2.39  
NDF 67.66 66.60 62.57 58.53  

total carbohydrate 84.77 83.70 84.06 82.36  
Feed values      

dMO (% DM) 35.43 35.55 35.85 37.10  
DNM (g/100 G dOM) 4.68 5.47 5.76 6.97  

MlFU /Kg DM 0.72 0.74 0.72 0.74  
MtFU /Kg DM 0.62 0.65 0.63 0.65  

 

MS5+P0 (control) = Maize straw associated with molasses 5% 
+ 0% Acacia albida pod; MS5+P10 = Maize straw associated 
with molasses 5% + 10% with pod with Acacia albida; 
MS5+P15 = Maize straw associated with molasses 5% + 15% 
Acacia albida pod;MS5+P20 = Maize straw associated with 
molasses 5% + 20% Acacia albida pod; dMO: Digestibility of 
the organic matter; DNM: Digestible nitrogen matter; DM: 
Dry matter; dOM: Digestible organic matter; MlFU: Milk 
forage unit; MtFU:  Meat forage unit.  
 
The ash contents and the neutral detergent fiber (NDF) 
decreased with the increasing incorporation level of Acacia 
albida pods in the rations. On the other hand, the total nitrogen 
matter (TNM) and organic matter (OM) increased with the level 
of addition of Acacia albida pods. The highest values of TNM 
and OM were obtained with ration MS5+P20.The digestibility 
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of the organic matter (dMO) of Maize straw
molasses increased with the level of incorporation of the pods 
of Acacia albida in the various rations. The contents of 
and MtFU varied little with the various levels of 
pods in the ration. 
 

Gas Production  
 

The production of gas of the rations increased with time 
irrespective of the level of incorporation of Acacia albida
(Figure 1). 
 

 

 

Figure 1 Effect of Acacia albida pods associated to PEG on the gas production 
of Maize straw 

 

MS5+P0 (control) = Maize straw associated with molasses 5% 
+ 0% Acacia albida pod;MS5+P10 = Maize straw associated 
with molasses 5% + 10% with pod with Acacia 
albida;MS5+P15 = Maize straw associated with molasses 5% 
+ 15% Acacia albida pod;MS5+P20 = Maize straw associated 
with molasses 5% + 20% Acacia albida 
production.  
 

As shows in Figure 1 After 3 hours of incubation, gas 
production of rations MS5+P0 and MS5+P15 were comparable 
(p>0.05) and significantly (p<0.05) higher as compared to
of rations MS5+P20 and MS5+P10. After 6, 9 and 12 hours of 
incubation, no significant difference in gas production (p>0.05) 
was recorded within the rations MS5+P0; 
MS5+P20. The production of gases by these rations were 
significantly (p<0.05) higher than that of ration CM5+P10.
The amount of gases produced after 18 and 24 H of incubation 
with ration MS5+P20 was significantly (p<0.05) higher than 
that of other rations. Those of rations MS5+P0 and MS5+P15 
were comparable (p>0.05). Gas  production was lowest in 
ration MS5+P0 and MS5+P10 (Table 2). 
 

The incorporation of Acacia albida pods
enriched with 5% molasses significantly (p<0.05) improved the 
production of gases in ration MS5+P20. However, the volume 
of gas of this ration was significantly (p<0.05) higher than those 
of the other rations. The same observation was made for ME.
 

Table 2  Effect of Acacia albida pods without PEG on the 
vitro digestibility of the rations

 

Rations 

GP after 
24h 

(ml/200mgS
DM)  

ME 
(MJ/KgD

M)  

MM 
(Mg) 

PF 
(mg/ml) 

VFA 
(mmol/40

ml) 

IVDMD 

MS5+P0 30.62bc  6.70c  255.9a  3.1a  0.67a  

MS5+P10  30.39c  6.72bc  214.4a  2.79a  0.67a  56.1
MS 5+P15  32.50b  7.0ab  193.50a 2.57a  0.7a  52.37
MS5+P20  32.7a 71a 226.21a 2.6a 0.7a  56.8

SEM 0.42 0.06 9.05 0.09 0.01 
P 004 0.01 0.07 0.054 0.36 
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Maize straw enriched with 5% 
molasses increased with the level of incorporation of the pods 

The contents of MlFU 
varied little with the various levels of Acacia albida 

The production of gas of the rations increased with time 
Acacia albida pods 

 

associated to PEG on the gas production 

MS5+P0 (control) = Maize straw associated with molasses 5% 
MS5+P10 = Maize straw associated 

with molasses 5% + 10% with pod with Acacia 
MS5+P15 = Maize straw associated with molasses 5% 

ze straw associated 
Acacia albida pod; GP: Gas 

After 3 hours of incubation, gas 
production of rations MS5+P0 and MS5+P15 were comparable 
(p>0.05) and significantly (p<0.05) higher as compared to those 

After 6, 9 and 12 hours of 
incubation, no significant difference in gas production (p>0.05) 
was recorded within the rations MS5+P0;  MS5+P10 and 

he production of gases by these rations were 
(p<0.05) higher than that of ration CM5+P10. 

The amount of gases produced after 18 and 24 H of incubation 
with ration MS5+P20 was significantly (p<0.05) higher than 

Those of rations MS5+P0 and MS5+P15 
production was lowest in 

pods to corn thatches 
enriched with 5% molasses significantly (p<0.05) improved the 
production of gases in ration MS5+P20. However, the volume 

s ration was significantly (p<0.05) higher than those 
The same observation was made for ME. 

pods without PEG on the in 
digestibility of the rations 

IVDMD 
(%) 

IVOMD  
(%)  

NDF-N 
(%)  

63.3 a 45.22b  1.1a  

56.1ab  45.42b  1.3a  

52.37b  47.40a  1.3a  

56.8ab  48.30a  1.0a  

1.52 0.45 0.06  
0.05 0.009 0.16  

a, b, c:  The mean bearing the same letter in the same column 
are not significantly different (p>0,05).
Maize straw associated with molasses 5% + 0% Acacia albida 
pod;MS5+P10 = Maize straw associated with molasses 5% + 
10% with pod with Acacia albida;
associated with molasses 5% + 15% Acacia albida 
pod;MS5+P20 = Maize straw associated with molasses 5% + 
20% Acacia albida pod; 
Polyethylene glycol; SEM: 
P:Probability ME:  Metabolizable energy; 
mass; PF: Partitioning factor; 
IVDDM: In vitro digestibility of the dry matter; 
vitro digestibility of the organic matter, NDF
nitrogen. 
 

The level of inclusion of Acacia albida
enriched with 5% molasses significantly (p<0.05) improved the 
IVDOM of rations MS5+P15 and MS5+P20. However, the 
IVDOM of these rations were comparable and significantly 
(p<0.05) higher than those of rations MS5+P0 and MS5+P10. 
Production of VFA, PF, MM, and residual nitrogen (p>0.05) 
were not significantly influenced by the addition of 
albida pods in the rations. The highest values of MM and PF 
were recorded with the control ration. 
low values were recorded with the ration MS5+P15.
 

Effect of Acacia albida pods 
digestibility of the various rations 
 

Gas Production 
 

The production of gases in various rations increased with time 
whatever the level of incorporation of the 
with PEG (Figure 2). 
 

Figure 2 Effect of Acacia albida pods associated to PEG on the evolution of 
gas production from 

 

MS5+P0 (control) = Maize straw associated with molasses 5% 
+ 0% Acacia albida pod;MS5+P10 = Maize straw associated 
with molasses 5% + 10% with pod with Acacia 
albida;MS5+P15 = Maize straw associated with molasses 5% 
+ 15% Acacia albida pod;MS5+P20 = Maize straw associated 
with molasses 5% + 20% 
production. 
 

After a 3 hours of incubation, the production of gases in rations 
MS5+P0 and MS5+P15+PEG was comparable (p>0.05) but 
significantly (p<0.05) higher than those
MS5+P20+PEG and MS5+P10+PEG.
incubation, no significant difference (P>0.05) was recorded 
with the production of gases in rations MS5+P0+PEG and 
MS5+P10+PEG.The production of gas by these last rations was 
higher than that of rations MS5+P15+PEG and 
MS5+P20+PEG.  
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Maize straw associated with molasses 5% + 0% Acacia albida 
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SEM: Standard error of mean ; 

Metabolizable energy; MM: Microbial 
Partitioning factor; VFA: Volatile fatty acids; 

digestibility of the dry matter; IVDOM: In 
digestibility of the organic matter, NDF-N= Residual 

Acacia albida pods to corn thatches 
enriched with 5% molasses significantly (p<0.05) improved the 
IVDOM of rations MS5+P15 and MS5+P20. However, the 
IVDOM of these rations were comparable and significantly 

se of rations MS5+P0 and MS5+P10. 
Production of VFA, PF, MM, and residual nitrogen (p>0.05) 
were not significantly influenced by the addition of Acacia 

The highest values of MM and PF 
were recorded with the control ration. On the other hand, the 
low values were recorded with the ration MS5+P15. 

 associated to PEG on the in vitro 
digestibility of the various rations   

The production of gases in various rations increased with time 
whatever the level of incorporation of the Acacia albida pods 

 
 

pods associated to PEG on the evolution of 
gas production from maize straw  

MS5+P0 (control) = Maize straw associated with molasses 5% 
MS5+P10 = Maize straw associated 

with molasses 5% + 10% with pod with Acacia 
MS5+P15 = Maize straw associated with molasses 5% 

MS5+P20 = Maize straw associated 
with molasses 5% + 20% Acacia albida pod; GP: Gas 

After a 3 hours of incubation, the production of gases in rations 
MS5+P0 and MS5+P15+PEG was comparable (p>0.05) but 
significantly (p<0.05) higher than those of rations 
MS5+P20+PEG and MS5+P10+PEG. After 6, 9 and 12 hour of 
incubation, no significant difference (P>0.05) was recorded 
with the production of gases in rations MS5+P0+PEG and 

The production of gas by these last rations was 
that of rations MS5+P15+PEG and 
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The amount of gas produced after 18 hours of incubation with 
rations MS5+P0, MS5+P10+PEG and MS5+P15+PEG were 
comparable (p>0.05) and significantly (p<0.05) higher than that 
of ration MS5+P20+PEG. After a 24 hour incubation, no 
significant difference (p>0.05) was recorded with the 
production of gas in rations MS5+P10+PEG and 
MS5+P15+PEG, but were significantly (p<0.05) higher than 
those of rations MS5+P0 and comparable to MS5+P20+PEG 
(p>0.05). 
 

In Vitro Digestibility   
 

The addition of pods of Acacia albida with PEG, with corn 
thatches associated with 5% molasses significantly influenced 
(p<0.05) all the parameters of the in vitro digestibility of the 
various rations, except the microbial mass which was 
comparable (p>0.05) between the various rations (Table 3). 
  

Table 3 Effect of pods of Acacia albida associated to PEG on 
the parameters of in vitro digestibility of the various rations 

  

Rations  

GP after 
24h 

(ml/200mg
MS)  

ME 
(MJ/Kg

MS)  

MM 
(Mg) 

PF 
(mg/ml) 

VFA 
(mmol / 
40ml)  

IVDMD
(%) 

IVOM
D (%)  

NDF-
N (%)  

MS5+P0 30.62b  670b  255.9a  31a  0 .67b  63.3a  45.22b  1.12b  

MS5+P10+P
EG 

33.9a  7.20a  209.7a 2.62b  0.7a  55.47b  48.5a  1.23b  

MS5+P15+P
EG 

33.1a  7.11a  216.11a  2.69b  0.71ab  56.41b  47.9a  1.33b  

MS5+P20+P
EG 

29.14b  6.65b  220.89a  2.87b  0.62c  56.22b  45,06b  1.69a  

SEM 0.63 0.08 6.41 0.07 0.01 1.06 0.53 0.07  
P 0.002 0.003 0.15 0.012 0.004 0.003 0.003 0.009  

 

a, b, c:  The mean bearing the same letter in the same column 
are not significantly different (p>0,05).    MS5+P0 (control) = 
Maize straw associated with molasses 5% + 0% Acacia albida 
pod;MS5+P10 = Maize straw associated with molasses 5% + 
10% with pod with Acacia albida;MS5+P15 = Maize straw 
associated with molasses 5% + 15% Acacia albida 
pod;MS5+P20 = Maize straw associated with molasses 5% + 
20% Acacia albida pod;  GP: Gas production; PEG = 
Polyethylene glycol; SEM: Standard error of mean ; 
P:Probability ME:  Metabolizable energy; MM: Microbial 
mass; PF: Partitioning factor; VFA: Volatile fatty acids; 
IVDDM: In vitro digestibility of the dry matter; IVDOM: In 
vitro digestibility of the organic matter, NDF-N= Residual 
nitrogen. 
 

The production of gases in rations MS5+P10+PEG and 
MS5+P15+PEG improved with the incorporation of Acacia 
albida pods with PEG. Indeed, the amount of gases from the 
rations was significantly (p<0.05) higher than that of ration 
MS5+P20+PEG and the control. The same observation was 
made for the ME and the IVDOM. The PF of the control ration 
was significant (p<0.05) higher than that recorded by the other 
rations. Likewise, the same observation was made with 
IVDDM. On the other hand, the residual nitrogen recorded with 
ration MS5+P20+PEG was significantly (P<0.05) higher than 
those of the other rations. The production of VFA of ration 
MS5+P10+PEG was (p<0.05) higher and comparable (p>0.05) 
with that recorded with ration MS5+P15+PEG. The production 
of VFA of this last ration was also comparable (p>0.05) with 
that of the control ration. The lowest production of VFA was 
recorded with ration MS5+P20+PEG. 
 
 
 
 
 

DISCUSSION  
 

In this study, the dry matter contents of corn thatches associated 
5% molasses added to various levels of Acacia albida pods 
were similar to those obtained by Aregheore (2005), but 
different with those obtained by some authors (Boukila et al., 
2005; Azizi et al., 2013; Lemoufouet et al., 2014). The contents 
of organic matter, with the exception of nitrogen contain and 
lipids were higher in the rations. Ashes were similar to those 
obtained by Aregheore (2005) and Azizi et al.  (2013). The 
difference observed in the chemical composition of the rations 
might be related to the time of harvest of the plant material and 
also to the difference in the source of nitrogen used by other 
authors (hen urea and fecal material); the incorporation level of 
molasses (Matumuini et al., 2013; Lemoufouet et al., 2014) is 
to be considered too.  
 

The production of gas and VFA after 24h was influenced 
(p<0.05) by the addition of Acacia albida pods in various 
rations. The values obtained with corn thatches enriched with 
5% molasses associated with 10% Acacia albida pods (33.92 
ml/500 mg DM and 0.72 mmol/40 ml) were lower than those 
reported by Boukila et al. (2005) with corn thatches incubated 
alone (respectively 43.5 ml/200 mgDM and 0,98 mmol/40 ml) 
and Pamo et al. (2008) with maize straw associated with 
Desmodium uncinatum (43.7 ml/200 mg DM and 0.98 
mmol/40ml respectively). These values were higher than those 
recorded by Matumuini et al. (2014) with corn thatches 
incubated in the presence of Tithonia diversifolia leaves 
associated to 5% molasses (respectively 25.6 ml/200 mg DM 
and 0.55 mmol/40ml). On the other hand, the amount of gases 
produced was low when maize straw enriched with molasses 
5% were associated to 20% of Acacia albida pods in the 
presence of PEG. The low production of gas could be related to 
the increase in the microbial mass (220.89 mg). According to 
Menke et al. (1979), fodder having a low gas production has an 
increased microbial mass. The micro-organisms would use the 
energy brought by the molasses and ammonia produced by 
accelerated fermentation of feed proteins (Pathoummalangsy 
and Preston, 2008) for their growth and their development in 
order to effectively degrade the feed in the rumen (Getachew et 
al., 2000; Matumuini et al., 2014). 
 

The PF value (2.62 mg/ml) recorded in this study with maize 
straw enriched with 5%  molasses associated to 10% Acacia 
albida pods with PEG, was similar with those obtained by 
Pamo et al.(2008) with the incubation of corn thatches alone 
(2.52 mg/ml) and lower than those recorded by Matumuini et 
al. (2014) (3.27 mg/ml). The improvement of PF could be 
related to the significant increase (p<0.05) in MM. 
 

Metabolizable energy (ME) and IVDOM values recorded by 
Matumuini et al. (2014) (6.45 MJ/kg DM and of 44.25%) with 
maize stovers incubated in the presence of T. diversifolia leaves 
associated to molasses, incubated with ovine and caprine 
ruminal liquid, was lower than the data recorded in this study 
(7.20 MJ/Kg DM and 48.56% respectively) with maize straw 
enriched with 5% molasses associated with 10% Acacia albida 
pods with PEG.  ME and IVDOM values (8.4 MJ/kg DM and 
56.3% respectively) obtained by Boukila et al. (2005) with 
maize straw only incubated are higher than those obtained in 
this study. This difference could be due to the type and the 
variety of corn, the type or source of nitrogen used also.  
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CONCLUSION 
 

The effect of Acacia albida pods associated with PEG or not on 
the in vitro digestibility of maize straw enriched with molasses 
showed that: 
 

The inclusion of Acacia albida pods to maize straw improves 
the digestibility of organic matter, the total nitrogen contents 
and the organic matter. The mineral contents and cellular walls 
decreased in the rations with the increasing rate of 
incorporation of Acacia albida pods. The in vitro digestibility 
parameters were improved with the increasing level of 
incorporation of Acacia albida pods in the rations. 
 

In the presence of PEG, the production of gases decreased with 
the increasing level of incorporation of Acacia albida pods. On 
the other hand, the microbial mass increased with the increasing 
level of Acacia albida pods in the ration. Apart from the rations 
MS5+P10 and MS5+P20 + PEG, all in vitro digestibility 
parameters of the rations were improved with the inclusion of 
Acacia albida pods. The best ration was obtained with the 
incorporation of 10% of Acacia albida pods associated to PEG 
in maize stovers enriched with 5% molasses.  
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