
activities towards volatile fatty acid 
production. In developing countries like 
Nigeria, livestock are fed mainly on low 
quality roughages, including natural 
grazing and agro-industrial by-products, all 
of which contain large quantities of ligno-
cellulosic material. These feeds are 
deficient in protein, energy, minerals and 
vitamins. In addition, at certain times of the 
year, the quality of grazing and browse 
deteriorates substantially due to seasonal 
influences, and livestock productivity 
consequently declines. Addition of foliage 
from tree leaves or supplementation with 
seed meals, or urea in the form of urea-
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Abstract
This study investigated the rumen fermentation parameters and rumen microbial 
identification of West African dwarf (WAD) sheep supplemented with forage – based multi-
nutrient blocks (MNB). Twenty-five male WAD sheep, 9 – 12 months of age were used. The 
animals were randomly assigned to five formulated experimental multi-nutrient blocks 
having five animals per treatment and were fed with Panicum maximum ad libitum as basal 
diet for 84 days.  The multi-nutrient blocks were Ipomoea triloba-based multi-nutrient block 
(IMNB), Merremia aegyptia-based multi-nutrient block (MMNB), Tithonia diversifolia-
based multi-nutrient block (TMNB), Chromolaena-odorata based multi-nutrient block 
(CMNB) and Azadirachta indica-based multi-nutrient block (AMNB). The chemical 
composition, nutrient intake and concentration of rumen metabolites were statistically 
compared. Also, rumen microbes were isolated and identified. Results revealed that CMNB 
had highest (P < 0.05) dry matter and crude protein contents (87.48 and 22.75% 
respectively) and sheep fed this block recorded highest dry matter and crude protein intakes 
(756.08 and 85.26 g/day respectively). Total volatile fatty acid, acetate, propionate and 
ammonia nitrogen concentrations as well as total viable bacteria count were higher (P < 
0.05) in sheep fed AMNB. Ruminococcus spp and Lactobacillus spp were among the group of 
bacteria isolated from the rumen of sheep fed forage based multi-nutrient blocks. It was 
concluded that feeding of forage based multi-nutrient blocks especially CMNB and AMNB to 
ruminant could improve rumen microbial count and fermentation products which can also 
improve the efficiency of the animals towards better performance. 
Keywords: Urea-molasses blocks, ruminant microbiota, fermentation indices

Introduction
The complex rumen microbiome of 
polygastric animals plays essential roles in 
digesting feeds and supplying nutrients to 
host animals. To positively affect rumen 
functions, dietary interventions have been 
attempted to modulate this microbiome 
(Calsamiglia et al., 2007). The rumen 
microbiome as a whole and its individual 
populations are often analyzed to unveil the 
underpinning of dietary interventions.  
There is paucity of information on 
identification of rumen microbiota of West 
African dwarf breed of sheep prevalent in 
South Western part of Nigeria and their 
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molasses multi-nutrient blocks to ruminant, 
can improve the utilization of low quality 
roughages. Formulation of multi-nutrient 
blocks (MNB) from low cost and locally 
available feed materials that do not compete 
with human food has been described as very 
promising (Makkar, 2007).  The objective 
of this study therefore was to identify 
microbes present, and to evaluate the 
volatile fatty acid production, in the rumen 
content of West African dwarf sheep fed 
forage based multi – nutrient blocks as 
supplement to grass.  

Materials and methods

Experimental site, ingredients and 

preparation of multi-nutrient blocks 

This study was carried out at the Small 

Ruminant Unit of the Teaching and 

Research Farms Directorate of the Federal 

University of Agriculture, Abeokuta. Five 

different forage based multi-nutrient blocks 

(MNB) were made following the protocol 

of Molina-Alcaide et al. (2008) with little 

modification. Ipomoea triloba, Merremia 

a e g y p t i a ,  Ti t h o n i a  d i v e r s i f o l i a ,  

Chromolaena odorata or Azadirachta 

indica leaf meal with urea, sugarcane 

molasses, wheat offal, palm kernel meal, 

salt, vitamin and limestone were used to 

prepare the blocks (Table 1). Forage leaf 

meal was prepared from leaves of Ipomoea 

triloba, Merremia aegyptia, Tithonia 

diversifolia, Chromolaena odorata and 

Azadirachta indica harvested before 

flowering stage at the premises of Federal 

University of Agriculture, Abeokuta. The 

leaves were sun-dried separately for 2-3 

days, and all the stalks were separated and 

discarded. The dried leaves were 

subsequently crumbled by hand to form 

leave meal. Other ingredients were 

purchased from reputable feed mill in 

Abeokuta.

 The mixing of various experimental forage 

based multi-nutrient blocks was done by 

measuring known quantity (Table 1) of 

individual forage leaf meal in separate 

containers, wheat offal, premix and palm 

kernel cake were added and mixed 

thoroughly with hand. Limestone powder 

was dissolved in water (400mL/100g). 

Known quantity of urea and salt were also 

dissolved in another 400 mL of water after 

which molasses was added and thoroughly 

mixed; the resulting mixture (water, salt, 

urea and molasses) was added to the first 

mixture (forage leaf meal, wheat offal, 

palm kernel meal and premix) and stirred 

thorough by hand. Limestone/water 

mixture was also added and mixed 

thoroughly. Another 200 mL of water was 

added to the mixture and mixed. Plastic 

moulds were used in casting the multi-

nutrient blocks. Each separate mixture was 

heavily compressed separately into moulds 

and the blocks were made on the floor under 

a roofed open sided building. The moulds 

were removed and blocks were air-dried at 

room temperature for 3 – 4 days and stored 

until used. About 50g of each multi-nutrient 

block was taken, pulverised separately and 

used for proximate composition analysis 

according to AOAC (2005). Fibre fractions; 

neutral detergent fibre (NDF), acid 

detergent fibre (ADF) and acid detergent 

lignin (ADL) were determined according to 

Van Soest et al. (1991). Energy content was 

analysed using bomb calorimeter.

Experimental Animals and Management

For this study, twenty five (25) male West 

African dwarf (WAD) sheep of about 9-12 
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months of age, with an average weight of 

13.5 - 18.0 kg were used. The animals were 

housed in individual pens and had free 

access to clean water. The animals were 

randomly assigned to the five formulated 

experimental multi-nutrient blocks 

(200g/animal/day) having five animals per 

treatment in a completely randomized 

design and were fed with Panicum 

maximum (ad libitum) as basal diet.  The 

multi-nutrient blocks were Ipomoea triloba 

- based multi-nutrient block (IMNB), 

Merremia aegyptia - based multi-nutrient 

block (MMNB), Tithonia diversifolia - 

based multi-nutrient block (TMNB), 

Chromolaena odorata - based multi-

nutrient block (CMNB) and Azadirachta 

indica - based multi-nutrient block 

(AMNB). During this period, leftovers 

were weighed and discarded the following 

morning to determine voluntary intake. The 

feeding trial lasted 84 days. At the 

termination of feeding trial, a 21-day 

digestibility trial was conducted where 

three animals per treatment were 

transferred into individual metabolic cage 

and experimental feed and clean water were 

provided. Total faeces and urine were 

collected from individual animals on the 

last 7 days of the study.

Rumen studies 

At the end of the digestibility study, 50 mL 

of rumen content was collected from each 

animal 4- hour after feeding through the use 

of suction tube and was immediately 

measured for temperature and pH using pH 

meter ((pH meter CT-6020) designed for 

measuring both pH and temperature 

simultaneously. The rumen content was 

strained through 4 layers of cheesecloth and 

pooled for isolation of solid-associated 

microbes (SAM) and liquid-associated 

microbes (LAM). Volatile fatty acid 

concentration and its fractions were 

analysed from both the liquid and solid 

portions by steam distillation process as 

Table 1: Ingredient composition (%) of the experimental multi-nutrient blocks 
Ingredient IMNB MMNB TMNB CMNB AMNB 
Molasses 20.00 20.00 20.00 20.00 20.00 
Urea 5.00 5.00 5.00 5.00 5.00 
Wheat offal 30.00 30.00 30.00 30.00 30.00 
Palm kernel 20.00 20.00 20.00 20.00 20.00 
Limestone 10.00 10.00 10.00 10.00 10.00 
Common salt 0.50 0.50 0.50 0.50 0.50 
Vitamin premix 0.50 0.50 0.50 0.50 0.50 
Oyster shell 4.00 4.00 4.00 4.00 4.00 
Ipomea triloba leaf meal 10.00 - - - - 
Merremia aegyptia leaf meal - 10.00 - - - 
Tithonia diversifolia leaf meal - - 10.00 - - 
Chromolaena odorata leaf meal - - - 10.00 - 
Azadirachta indica leaf meal - - - - 10.00 
Total 100.00 100.00 100.00 100.00 100.00 

IMNB = Ipomoea triloba -based Multi-nutrient Block, MMNB – Merremia aegyptia -based Multi-nutrient 
block, TMNB – Tithonia diversifolia -based Multi-nutrient block, CMNB – Chromolaena odorata -based Multi-
nutrient block, AMNB – Azadirachta indica -based Multi-nutrient block    
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described by Kayol and Borilek, (1995) and 

ammonia-nitrogen concentration according 

to Lanyansunya et al. (2007). Total viable 

bacteria count was determined in roll tubes 

on a complete agar medium (Hobson, 1965) 

Also, Agar media and anaerobic jars were 

used for the incubation of anaerobic 

bacteria after which the agar plateas were 

examined for bacteria colonies, the 

microorganisms were identified according 

to their colonial and cellular morphology, 

gram reaction, spore formation and aerobic 

growth (Kumagai et al., 2004). 

Statistical Analysis

All data collected were subjected to one 

way Analysis of Variance (ANOVA), using 

SAS (1999) procedure. Significance 

differences among means were compared 

using Duncan's New Multiple Range Test 

of the same software. 

Results
Nutrient composition of forage-based 
multi-nutrient block
The proximate composition of the various 
forage –based multi – nutrient blocks 
(MNBs) used for the experiment is shown 

 

in Table 2. Chromolaena odorata - based 
multi-nutrient block (CMNB) had 
significantly higher (P < 0.05) dry matter 
and crude protein contents (87.48% and 
22.75% respectively) while other blocks 
had similar values. There was no significant 
difference (P > 0.05) in the ash content 
values obtained in Tithonia diversifolia - 
based multi-nutrient block (TMNB), 
CMNB and Azadirachta indica - based 
multi-nutrient block (AMNB) (23.10%, 
22.78% and 21.80% respectively) but these 
values were significantly higher (P < 0.05) 
than those recorded for Ipomoea triloba - 
based multi-nutrient block (IMNB) and 
Merremia aegyptia - based multi-nutrient 
block (MMNB). Ether extract content was 
highest in MMNB (3.83%) while TMNB 
(2.75%) and IMNB (2.77%) recorded 
lowest values. The energy content of the 
blocks was similar (P<0.05) and the values 
ranged from 8.50 MJ/kg in TMNB to 9.30 
MJ/kg in MMNB and AMNB.
Differences in nutrient intake by animals 
fed various MNB as supplement to grass 
were significant (P<0.05) (Table 3). 
Animals fed CMNB had highest intakes of 
dry matter from MNB, grass and 
consequently total intake (199.06, 557.02 
and 756.08 g/day respectively) but least dry 
matter intake was observed in grass and 
total intake by animals fed TMNB (511.68 

Table 2: Chemical composition (%) and nutrient intakes (g/day) of different forage-based multi-
nutrient block 
Nutrients (%) IMNB MMNB TMNB CMNB AMNB SEM 
Dry matter 80.76b 82.04b 81.53b 87.48a 82.37b 0.67 
Crude protein 21.47b 21.24b 21.22b 22.75a 21.08b  0.21 
Ash 19.77b 18.30b 23.10a 22.78a 21.80a 0.52 
Ether extract 2.77c 3.83a  2.75c 3.36b 3.74ab 0.13 
Energ y(MJ/kg) 8.60 9.30  8.50  8.70  9.30  0.22 
NDF 52.70a 52.12ab 51.48b 51.87ab 51.12b 0.19 
ADF 36.32 36.09  36.13 36.20  35.29 0.22 
ADL 19.27ab 19.56a 18.62b 18.98ab 18.97ab 0.13 
abc Means along the same row with same superscript are not significantly different (P> 0.05), IMNB = Ipomoea triloba -
based Multi-nutrient Block, MMNB – Merremia aegyptia -based Multi-nutrient block, TMNB – Tithonia diversifolia -based 
Multi-nutrient block, CMNB – Chromolaena odorata -based Multi-nutrient block, AMNB – Azadirachta indica -based 
Multi-nutrient block 
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and 704.79g/day respectively). Similar 
trend was observed in crude protein, neutral 
detergent fibre and acid detergent fibre 
consumption of experimental animals.

The rumen fermentation parameters and 

bacteria count in the fluid portion and solid 

portion of rumen content of WAD sheep fed 

different forage based multi-nutrient blocks 

are presented in Tables 4 and 5. There were 

significant differences (P < 0.05) across the 

treatments in all the parameters measured 

except in the butyric acid concentration and 

acetic to propionic acid ratio in the fluid 

portion (Table 4) of the rumen content. 

Furthermore, in the fluid portion of the 

rumen content, animals supplemented with 

AMNB had  h ighes t  (P <  0 .05 )  

concentration of total volatile fatty acid 

(252.75mmol/100mL) and acetic acid 

(69.00mmol/100mL)  which were not 

different (P > 0.05) from that obtained in 

sheep fed CMNB and TMNB. Butyric acid 

concentration was higher (P > 0.05) in 

sheep fed AMNB and CMNB (11.80 and 

11.35mmol/100mL respectively) and least 

in animals fed IMNB (10.15mmol/100mL) 

and MMNB (10.33 mmol/100mL). Sheep 

fed AMNB and CMNB had higher (P < 

0.05) total viable bacteria count (5.35 and 

5.11cfu/g rumen content respectively) 

(liquid associated microbes) compared 

with other treatments. IMNB had least 

concentration of ammonia nitrogen 

(12.55mg/dL). The value of acetic to 

propionic ratio ranged from 1.02 in MMNB 

to 1.13 in CMNB. Rumen pH was higher in 

animals fed CMNB, AMNB and IMNB 

(7.02, 6.98 and 6.82 respectively) than 

those fed other treatment diet. In the case of 

solid portion (Table 5) of rumen content, 

sheep fed TMNB, CMNB and AMNB had 

higher (P<0.05) but similar (P > 0.05) 

values of total volatile fatty acid and acetic 

acid concentration, while sheep fed IMNB 

recorded lowest (P < 0.05) value for total 

volatile fatty acid concentration. Propionic 

acid concentration was higher (P < 0.05) in 

Table 3: Nutrient intakes (g/day) of WAD Sheep fed different forage-based multi-nutrient block 
supplemented with Grass 

Nutrient Intake IMNB MMNB TMNB CMNB AMNB SEM 
DM block 192.34b 193.62b 193.11b 199.06a 193.94b 0.75 
DM Grass 525.93c 520.95d 511.68e 557.02a  540.21b 4.26 
DM total 718.27c 714.57c 704.79d 756.08a 734.15b 4.85 
CP block 41.29b 41.12b 40.99b 45.29a 40.88b 0.46 
CP grass 45.49c 45.06d 44.26e 48.18a 46.73b 0.37 
CP total 86.79bc 86.19c 85.26d 93.47a 87.61b 0.78 
NDF block 101.31b 101.91bc 99.41c 103.25a 99.14c 0.44 
NDF grass  354.22c 350.86d 344.62e 375.15a 363.83b 2.87 
NDF total 455.52c 451.78d 444.03e 478.40a 462.97b 3.14 
ADF block 69.86b 69.88b 69.77b 72.04a 69.05b 0.32 
ADF grass 228.94c 226.77d 222.73e 242.47a 235.15b 1.86 
ADF total 298.80c 296.65c 292.51d 341.51a 304.20b 2.05 
abc Means along the same row with same superscript are not significantly different (P> 0.05), IMNB - Ipomoea triloba -based 
Multi-nutrient Block, MMNB – Merremia aegyptia -based Multi-nutrient block, TMNB – Tithonia diversifolia -based Multi-
nutrient block, CMNB – Chromolaena odorata -based Multi-nutrient block, AMNB – Azadirachta indica -based Multi-
nutrient block, DM- dry matter, CP- crude protein, NDF- acid detergent fibre, ADF- acid detergent fibre. 
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sheep fed TMNB (5.65 mmol/100mL) and 

AMNB (5.35 mmol/100mL), but least in 

IMNB (2.95 mmol/100mL). Sheep fed 

CMNB and AMNB had higher (P < 0.05) 
8but similar values (3.54 and 4.00 x10 cfu/g 

rumen content) of total viable bacteria 

count (solid associated microbes) while 

animals on IMNB recorded the least value 
8(1.44 x10 cfu/g rumen content). 

Isolated rumen microbes in the liquid and 

solid portions (solid and liquid associated 

microbes) of rumen content of West African 

dwarf sheep are shown in Tables 6 and 7. 

The results showed that the liquid and solid 

associated rumen bacteria were made up of 

gram positive and negative micro-

organisms which comprises of cellulolytic, 

proteolytic, amylolytic and lactic acid 

bacteria. The isolates detected in the liquid 

portion (Table 6) of the rumen content of 

animals fed IMNB and AMNB includes 

Selenomonas sp. Ruminococcus spp was 

isolated from animals fed IMNB, MMNB 

and AMNB, Methanobrevibacter spp; a 

methanogen was isolated from all 

experimental animals, Streptococcus spp 

was found present in all animals, and 

Succinomonas spp was also found in all 

animals except those fed CMNB. Solid 

associated isolate (Table 7) includes 

Staphylococcus spp (IMNB only), 

Pseudomonas spp (MMNB, TMNB and 

AMNB), Bacteroides spp (TMNB only) 

and Lactobacillus spp (all experimental 

animals)

Discussion
The proximate composition of the forage 

Table 4: Rumen fermentation parameters and bacteria count in fluid portion of rumen content of 
WAD fed different forage-based multi-nutrient block 

abc Means along the same row with same superscript are not significantly different (P> 0.05), MNB = 
Multi - nutrient Block   
IMNB = Ipomoea triloba -based Multi-nutrient Block, MMNB – Merremia aegyptia -based Multi-
nutrient block, TMNB – Tithonia diversifolia -based Multi-nutrient block, CMNB – Chromolaena 
odorata -based Multi-nutrient block, AMNB – Azadirachta indica -based Multi-nutrient block    

PARAMETERS IMNB MMNB   TMNB CMNB AMNB SEM  

Total volatile fatty acids (mmol/100mL) 221.25c 240.25b 249.00ab 243.75ab 252.75a 2.88  
Acetic acid (mmol/100mL) 52.25b 54.25b 58.25ab 63.75ab 69.00a 2.12  
Propionic acid (mmol/100mL) 47.25c 53.50bc 54.25bc 56.25b 65.75a 1.73  
Butyric acid (mmol/100mL) 10.15 10.33 10.78 11.35 11.80 1.91  
Acetic : propionic 1.11 1.02 1.07 1.13 1.05 0.03  
Ammonia nitrogen (mg/dL) 12.55c 13.66b 14.79a 15.24a 15.36a 2.58  
pH 6.82ab 6.57b 6.69b 7.02a 6.98a 0.55  
Total viable bacteria (x108cfu/g rumen content) 3.95b 3.86b 4.46b 5.11a 5.35a 0.16  

Table 5: Rumen fermentation parameters and bacteria count in solid portion of rumen content of WAD sheep  
fed with different forage-based multi-nutrient block 
 

 

 

 

 

 

 

 

abc Means along the same row with same superscript are not significantly different (P> 0.05),  
IMNB = Ipomoea triloba -based Multi-nutrient Block, MMNB – Merremia aegyptia -based Multi-nutrient  
block, TMNB – Tithonia diversifolia -based Multi-nutrient block, CMNB – Chromolaena odorata -based  
Multi-nutrient block, AMNB – Azadirachta indica -based Multi-nutrient block    

 

PARAMETERS IMNB MMNB TMNB CMNB AMNB SEM 

Total volatile fatty acids (mmol/100mL) 11.05c 12.50b 14.85a 14.05a 15.45a 0.46 
Acetic acid (mmol/100mL) 3.45b 3.35b 3.75ab 3.60ab 4.35a 0.13 
Propionic acid (mmol/100mL) 2.95c 4.10b 5.65a 4.30b 5.35a 0.27 
Butyric acid (mmol/100mL) 3.50b 3.70ab 4.35ab 4.35ab 4.65a  0.17 
Total viable bacterial count(x108cfu/g rumen 
content) 

1.44d 2.25c 3.20b 3.54ab 4.00a 0.25 
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based multi-nutrient blocks in this study 
revealed their potentials as sources of feed 
supplement for ruminants. The dry matter 
content of the MNBs (80.76 – 87.84%) 
obtained in this study fell within the range 
(71.10 – 95.0%) reported for urea-molasses 
MNB made with locally available materials 
such as Leucaena, Gliricidia and Moringa 
(Onwuka, 1999; Aye and Adegun, 2010 and 
Mubi et al., 2011). The neutral detergent 
fibre content of the MNBs which ranged 
from 51.12% in A. indica based MNB 
(AMNB) to 52.70% in I.triloba based MNB 
(IMNB) were similar to the range reported 
by Omoniyi et al. (2013) but higher than the 
reported values (19.0% and 29.7%) by 
Ramchurn et al. (2000) and Tekeba et al. 
(2013) respectively. Isah and Okufi, (2014) 
reported lower variation. This variation 
could be attributed to the inclusion of 
forage in the composition of the MNB used 
in this study since forage was the only 
source of variation in the ingredient 

composition of the MNB. Crude protein 
content of Tithonia diversifolia leaves 
(9.62%) Essiett and Akpan, (2013), 
Ipomoea triloba (10.8%), Essiett and 
Obioboho, (2014), Chromolaena odorata 
(18.67%) Aro et al, (2009), Azadirachta 
indica (8.93%) Muhammed Kashif and 
Shafqat Ullah, (2013) were reported. The 
NDF and ADF contents of MNB observed 
in this study were indicative of the potential 
of the MNBs to support rumen microbial 
fibre requirement. The analysed crude 
protein range (21.08 – 22.75%) observed in 
all the forage based MNBs was in line with 
the reported value of 18.62% -21.70% 
reported by Isah (2012) for MNB made 
with different binders and 22% crude 
protein reported by Asaolu and Okewoye, 
(2013) for Moringa - based MNB but lower 
than 27.4% and 26.12% crude protein 
reported by Tekeba et al. (2013) and Aye 
and Adegun (2010) for urea molasses MNB 
and Gliricidia based MNB respectively. 
However, the crude protein content 

Table 6: Morphological identification of isolated rumen microbiota (liquid adherent microbes) of West African dwarf 
sheep fed with forage-based multi-nutrient Block 
Treatments Liquid Adherent Bacteria (LAB) Isolate 
 Ipomoea triloba based  
multi-nutrient block  

Selenomonas ruminatum,  Streptococccus faecium,  Ruminococcus albus, Streptococcus 
bovis,  Megashaera elsdenii, Ruminococcus flavefaciens, Clostridium lockheadii, 
Bacteroides succinogens,  Methanobrevibacter ruminatum, Bacteroides amylophillus, 
Succinomonas amylolytica,  Pseudomonas aureginosa. 
 

Merremia aegyptia- based 
multi-nutrient block 

Bacteroides ruminicota, Clostridium lockheadii,  Methanobrevibacter ruminatum,  
Succinomonas amylolytica,  Staphylococcus aureus, Lactobacillus acidophilus, 
Ruminococcus albus,  Ruminococcus flavefaciens,  Streptococcus  faecium,  Megasphaera 
elsdenii,  Bacteroides amylophyllus,  Streptococcus bovis. 
 

Tithonia diversifolia- 
based multi-nutrient block 

Clostridium lockheadii,  Ruminococcus flavefaciens,  Lactobacillus acidophillus,  
Succinomonas amylolytica, Megasphaera elsdenii,  Bacteroides siccinogens, 
Methanobrevibacter ruminatum,  Streptococcus faecium.  
 

Chromolaena odorata- 
based multi-nutrient block 

Lactobaccillus acidophilus,  Streptococcus bovis,   Methanobravibacter ruminatum, 
Megasphaera eldenii,  Ruminicoccus flavefaciens,  Streptococcus faecium,  Bacteroides 
ruminicola, Clostridium lockhaedii, Megasphaera elsdenii, Bacteroides amylophillus. 
 

Azadirachta indica- based 
multi-nutrient block 

Megasphaera elsdenii, Ruminococcus albus, Streptococcus faecium,  Succinomonas 
amylolytica, Lactobacillus acidophilus, Ruminococcus flavefacien, Bacteroides 
succinogens, Bacteroides amylophilus,  Methanobrevibacter ruminatum,  Selenomonas 
ruminatum. 

IMNB = Ipomoea triloba based Multi-nutrient Block,  
MMNB – Merremia aegyptia based Multi-nutrient block, TMNB – Tithonia diversifolia based Multi-nutrient block, CMNB 
– Chromolaena odorata based Multi-nutrient block, AMNB – Azadirachta indica based Multi-nutrient block.  
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obtained across the MNBs surpassed 8% 
crude protein reported as limit required by 
rumen microbes for optimum activity 
(Norton, 1994).
The high nutrient intake observed in sheep 
fed CMNB could be ascribed to the high 
crude protein content of the MNB. It is 
known that high crude protein content of 
feed stimulates more feed intake (Oldham 
and Alderson, 1980). The low voluntary 
total dry matter intake of animals fed IMNB 
and MMNB compared to those fed CMNB 
could be linked to the high neutral detergent 
fibre and acid detergent fibre and low crude 
protein content of the MNB consumed by 
the experimental animals. Neutral 
detergent fibre concentration is used as an 
index of gut fill to predict voluntary feed 
intake (Mupangwa et al., 2000). Crude 
protein intake is a major determinant of 
ruminant performance due to increase 

availability of fermentable protein and 
other nutrient required by rumen bacteria as 
well as a greater opportunity for dietary 
protein to escape rumen fermentation 
(Anele et al., 2010). 
The trend observed in total volatile fatty 
acid (VFA) concentration obtained in the 
rumen fluid of the animals fed the various 
MNB supplement was relatively directly 
proportional to the total viable bacteria 
count. This implied that the observed 
variation in VFA production might be due to 
activities of viable bacteria transforming 
ingested feed in the rumen to microbial 
protein and energy – yielding VFAs. 
Supplementation of forage diet with readily 
fermentable carbohydrate, such as 
molasses used to compound the MNB, 
usually results in increased total ruminal 
VFA concentration (Perez et al., 1996; 
Nocek, 1997). Contrary to this view, Ramos 

Table 7: Morphological identification of isolated rumen microbiota (solid adherent microbes) in 
West African dwarf sheep supplemented with forage-based multi-nutrient block 
Treatments Solid Adherent Microbial Isolate  
Ipomoea triloba based multi-nutrient block  Streptococcus faecium,  Succinomonas 

amylolytica, Bacillus subtitis, Ruminococcus 
flevefaciens, Clostridium lockhaedi,
Lactobacillus acidophilus 

 
Merremia aegyptia based multi-nutrient block  

 
Pseudomonas aureginosa,  Bacillus subtilis,  
Lactobacillus acidophilus,  Streptococcus bovis,  
Selenomonas ruminatum, Bacillus aureus, 
Bacteroides ruminicola 

 
Tithonia diversifolia based multi-nutrient block  

 
Lactobacillus acidophilus, Bacteroides
amylophilus, Pseudomonas aureginosa,
Bacteroides succinogens, Ruminococcus albus. 

 
Chromolaena odorata based multi-nutrient block  

 
Bacillus aureus, Bacteroides succinogens, 
Lactobacillus acidophilus, Bacteroides
rummicola,  Succinomonas amylolytica, 
Ruminicoccus albus 

 
Azadirachta indica based multi-nutrient block 

 
Succinomonas amylolytica, Streptococcus
faecium,  Bacteroides succinogens, Pseudomonas 
aureginosa,  Lactobacillus acidophilus,   

IMNB Ipomoea triloba based Multi-nutrient Block, MMNB – Merremia aegyptia based Multi-
nutrient block, TMNB – Tithonia diversifolia based Multi-nutrient block, CMNB – Chromolaena 
odorata based Multi-nutrient block, AMNB – Azadirachta indica based Multi-nutrient block  
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e t  a l ,  ( 2 0 0 9 )  o p i n e d  t h a t  V FA 
concentrations do not necessarily reflect 
VFA production and absorption rate. The 
highest dry matter and crude protein intake 
observed in animals fed CMNB supplement 
did not translate to highest propionic acid 
concentration in the rumen. The pattern 
o b s e r v e d  i n  a m m o n i a  n i t r o g e n  
concentration in the fluid portion of rumen 
content of experimental animals did not 
reflect the trend observed in dietary crude 
protein intake. This might be due to the fact 
that there are other endogenous sources of 
ammonia nitrogen to the rumen such as urea 
in saliva. Urea is broken down rapidly in the 
rumen to ammonia by urease enzyme. This 
activity enables ruminants to utilize urea 
entering the rumen either with the feed or in 
salivary secretion. The amount of blood 
urea recycled to the rumen depends on the 
ammonia concentration in the rumen and 
plasma urea concentration. Microbes 
adhering to the ruminal epithelium have the 
ability to produce urease. The enzyme 
hydrolyzes urea as it passes through the 
rumen to ammonia and CO . High ruminal 2

ammonia levels reduce recycling by 
inhibiting urease activity. However, 
Nguyen Va Thu, (2005) is of a contrary 
view that rumen ammonia nitrogen 
concentration reflected the crude protein 
levels in the diets. The microbial yield is an 
important index to measure the amount of 
microbial protein made available to the 
animals each day (Creevey et al., 2014). 
Total viable bacteria count was higher in 
sheep fed CMNB and AMNB. This could 
be as a result of higher ammonia – nitrogen 
concentration in the rumen of experimental 
animals observed in these treatments as 
rumen ammonia nitrogen encourages 
proliferation of bacteria (Nguyen Va Thu, 
2005). 
The pH values of rumen content of various 
experimental animals observed did not drop 

below 5.8, which were optimal for efficient 
fibrolytic activities in the rumen (Ramos et 
al., 2009).
The morphological, physiological and 
behavioural characteristics that evolved 
along with the varied feeding strategies in 
ruminants have strong effect on the rumen 
microbial community structure (Hoffman, 
1989). From the result of morphological 
tests carried out, several anaerobic bacteria 
were isolated from the rumen content of the 
West African Dwarf sheep fed the 
experimental diets which is an indication of 
improved rumen environment as a result of 
synergy between the host community and 
the dietary treatments. Anaerobic bacteria 
are involved in the degradation process that 
occurs within the rumen environment. They 
are the principal agents of cell wall 
fermentation process in the rumen (Preston 
and Leng, 1987). Among the millions of 
bacteria involved in the degradation 
process, Ruminococcus spp which is a gram 
positive motile cellulolytic acid – 
producing bacterium was one of the 
bacteria isolated in the rumen of these 
animals and this was in line with the report 
of Akinbode (2011) who identified this 
bacterium in the rumen of WAD sheep fed 
different roughages. For many bacteria, diet 
was the major factor determining relative 
abundance. Bacterial communities from 
forage-fed animals were similar to each 
other, those from concentrate-fed animals 
were similar to each other but distinct from 
those in forage-fed animals, and those from 
animals that received mixed diets were 
intermediate between these (Henderson et 
al ., 2015). Another important bacteria 
isolated was Selenomonas spp. which is a 
gram-positive anaerobe, it was originally 
isolated from the rumen (Lessel and Breed, 
1954) and this bacterium can make up to 
51% of the total bacterial counts in the 
rumen (Caldwell and Bryant, 1966; Latham 
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et al., 1979). The genus Selenomonas 
constitutes a group of motile crescent-
shaped bacteria within the Veillonellaceae 
family and includes species living in the 
gastrointestinal tracts of the animals, 
particularly, ruminants (Jeynes, 1956). 
Succinimonas amylolytica found in both 
liquid and solid portion of the rumen 
content of experimental animals is a gram 
positive, rod – shaped, acid producing, and 
anaerobic bacterium. Considering the solid 
portion, it was observed that the 
concentration of various VFAs as well as 
viable bacteria count was very low 
compared with the liquid portion of the 
rumen content of the various animals. This 
might be due to the fact that majority of the 
metabolites are soluble and were strained 
along with the liquid portion while fewer 
population of the viable bacteria adhere to 
the solid portion of the rumen content. 
Smaller values of solid associated bacteria 
isolated from the rumen of steers in 
comparison with liquid associated bacteria 
has been reported (Cecava et al., 1990; 
Caro and Miller, 2002; Ipharraguerre et al., 
2007). According to Uden et al. (1982), 
there is a flux of both liquid and solid 
content through the rumen, microbes other 
than  t rans ien t  mus t  be  ac t ive ly  
metabolizing to gain energy and growing to 
counteract washout and so persist in the 
rumen (van Soest, 1994). Bacillus subtilis, 
a gram positive, rod – shaped bacteria found 
in the solid portion of the rumen content of 
some of the experimental animals were 
completely absent in the liquid portion, 
while Methanobrevibacter ruminanium 
isolated from the liquid portion was 
completely absent in the solid portion. 
Lactobacillus acidophilus, an acid forming 
gram negative anaerobe was isolated from 
the liquid and solid portion of the rumen 
content of all animals; this revealed its 
prevalence and activity in the degradation 

process in the rumen.

Conclusion 
This study revealed that all the forage based 
multi-nutrient blocks had good nutrient 
profile in terms of dry matter, crude protein, 
energy and neutral detergent fibre which 
could support good animal performance. 
Feeding of forage-based multi-nutrient 
blocks especially Azadirachta indica and 
Chromolena odorata - based multi-nutrient 
blocks as supplement to ruminant could 
improve rumen microbial content and 
fermentation pattern which would 
consequently improve the efficiency of the 
animals towards better performance. 
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