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ABSTRACT 
This study investigated the potential of Tetrapleura tetraptera as feed additive alternative to non- nutritive 

chemical and antibiotics to enhance rumen fermentation parameters and subsequently influence feed utilization 

efficiency. Thirty five (35) WAD rams with an average live weight of 13.20 ± 0.2kg were used in a completely 
randomized design for 140 days. Five concentrate diets containing varying levels (0, 0.5, 1.0, 1.5 and 2.0%) of 

TTFM were formulated while Panicum maximum was fed as a basal diet. Rumen fluid was collected at the onset 

and at the end of feeding trial to determine rumen fermentation parameters and microbial loads. Data collected 

were subjected to one way Analysis of Variance (ANOVA). Results showed that the acetate and propionate with 

total volatile fatty acids increased between 1.5 and 2.0% inclusion levels of TTFM in the diet of rams. The total 

volatile fatty acids (VFAs) increased significantly (p˂0.05) as the inclusion levels of TTFM increased and 

highest level was obtained on diet 2.0% TTFM.  Addition of TTFM significantly (p<0.05) influenced the total 

coliforms, fungi and protozoan counts in the rumen. It can be concluded that Tetrapleura tetraptera fruit meal 

can be incorporated into the diets of rams between 1.5 and 2.0% to improve the total volatile fatty acids which 

can subsequently increase the energy status and growth rate of West African Dwarf rams without any adverse 

effects on the health status of experimental rams. 
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I. Introduction 
The major constraint for sheep production most especially during the dry season is scarcity and poor 

quality of forages (Baba et al., 2015), coupled with highly diverse methanogenic microbes present in the rumen 

which has been implicated in global warming and attempts to manipulate rumen microbial fermentation through 

application of feed additives to the diets remain the high priority (Patra and Sexena, 2010). Rumen modifiers are 

defined as feed additives which alter ruminal fermentation, microbial growth and positive impact on feed 

utilization efficiency (Calsamighia et al., 2007). Feed additives are typically non-nutritive compounds or 
additive added to diets to improve dietary nutrient utilization, enhance performance, minimize the risk of 

metabolic diseases and curtail adverse impacts of diets on the environment (Acamovic and Brooker, 2011).  

A lot of research and production strategies have been employed, including the use of antibiotics to 

achieve the aim of better net returns of quality meat (Zawadzki et al., 2011). Several antibiotic compounds such 

as Monensin, Hainanmycin and Virgininamycin have been used to improve ruminal fermentation and the 

efficiency of nutrient utilization (Candanosa et al., 2012; Wang et al., 2015). Although antibiotics achieved 

good performance, their potential side effects became a real public health concern globally (Rusell and 

Houlihan, 2003). However, the increased use of these antibiotics has raised concerns about the product safety 

and environmental health. The use of antibiotics as additives in the animal feed has been banned by the 

European Union due to its potential hazards to animal and human health (FAO/OIE/WHO, 2004; Chesson, 

2006). 
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II. Materials and methods 
The study was conducted at the small ruminant unit of the Federal College of Animal Health and 

Production Technology, Moor Plantation, Ibadan. The unit is located in the south western part of Nigeria. The 

area lies within the rain forest ecological zone and fall within longitude and latitude 70-270N and 30-250E 

respectively and altitude of 220-300m above sea level with the average rainfall of about 1250mm. The 

temperature and relative humidity ranges from 30-350C and 76-84% respectively. Thirty five (35) West African 

dwarf rams randomly allotted to five dietary treatments in a completely randomized design with 5 replicates 

chosen from each treatment between 6 and 8months of age and weighing between 12.80 and 13.00kg were used 

for the experiment. The fresh Tetrapleura tetraptera fruits were purchased from a reputable market in Ibadan, 

Oyo State Nigeria. This was identified and authenticated at the Herbarium unit of the Forest Research Institute 

of Nigeria (FRIN) Ibadan, Oyo state, Nigeria. The authenticated fruits were rinsed in sterile water and air-dried 

for two (2) consecutive weeks at room temperature and later milled into powdery form before compounding 
with other feedstuffs as fruit meal at 0%, 0.5%, 1.0%, 1.5% and 2.0% inclusion levels for treatments 1, 2, 3, 4 

and 5 respectively. Each animal was served with Panicum maximum grass ad-libitum and concentrate diets at 

3% body weight twice daily. 

 

Table 1. Gross compositions of concentrate diets containing varying levels of Tetrapleura tetraptera fruit 

meal for West African dwarf rams 
Inclusion levels of TTFM (%) 

 0 0.5 1.0 1.5 2.0 

Ingredients       

Corn bran 30.00 30.00 30.00 30.00 30.00 

Palm kernel cake 25.00 25.00 25.00 25.00 25.00 

Rice bran 20.00 20.00 20.00 20.00 20.00 

Wheat offal 15.00 15.00 15.00 15.00 15.00 

Groundnut cake 5.00 5.00 5.00 5.00 5.00 

TTFM - + ++ +++ ++++ 

Dicalcium phosphate 3.00 3.00 3.00 3.00 3.00 
⁕
Premix 1.00 1.00 1.00 1.00 1.00 

Salt 1.00 1.00 1.00 1.00 1.00 

Total 100.00 100.00 100.00 100.00 100.00 

TTFM: Tetrapleura tetraptera fruit meal 

+ (0.5kg TTFM), ++ (1.00kg TTFM), +++ (1.50kg TTFM), ++++ (2.00kg)  

 
⁕
contains Vitamin A (I.U.) 10,000.000; Vitamin D2 (I.U.) 2,000,000; Vitamin E (I.U) 20,000; Vitamin K (mg) 

2,250; Riboflavin (mg) 5000; Pyridoxine (mg) 275; Biotin (mg) 50; Pantothenic acid (mg) 7500; Vitamin B1 
(mg) 175; Vitamin B12 (mg) 15.0; Niacin (mg) 27,500; Folic acid (mg) 7500. Choline Chloride (mg) 400; 

Antioxidant (mg) 125; Fe (g) 20.0; Zn (g) 50.0; Mn (g) 80.0; Cu (g) 5.0g; I (g) 12.0; Co (mg) 200; Se (mg) 200 

 

Table 2: Chemical compositions of experimental diet containing varying levels of Tetrapleura tetraptera 

fruit meal 
 

 

Parameters 

Inclusion levels of TTFM (%)  

0 0.5 1.0 1.5 2.0 

Dry matter 81.50 81.40 81.10 80.90 81.55 

Crude protein 15.20 15.28 15.34 15.38 15.43 

Ether extract 8.40 8.70 8.95 8.96 9.02 

Ash 

Crude fibre 

   11.00 

15.89 

10.95 

15.91 

10.75 

16.05 

   11.02 

16.10 

10.93 

16.23 

Nitrogen free extract    49.51 49.16 48.71 48.54 48.39 

Neutral detergent fibre 48.64 52.62 54.69 58.19 60.38 

Acid detergent fibre 34.64 36.84 38.93 43.64 47.19 

Acid detergent lignin 9.87 11.64 14.62 16.32 17.11 

Hemicelluloses 14.00 15.78 15.76 14.55 13.19 

Cellulose 24.77 25.20 24.31 27.32 30.08 

Tannin 0.32 0.38 0.45 0.56 0.74 

Saponin 0.71 0.73 0.78 0.84 0.95 

Flavonoid 2.32 2.44 2.67 2.82 3.54 
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Rumen fermentation parameters and microbial population determination 

 Twenty- five (25) West African Dwarf rams were used for this experiment.  Rumen fluid was collected using 

suction tube as described by Preston et al. (1995). Rumen fluid pH, Rumen fluid temperature was determined on 
the farm using digital thermometer and pH scale.  

Microbial population in terms of Bacteria, fungi, Protozoa and microbial populations were determined according 

to Galyen, 1989.  Ammonia Nitrogen was also determined using steam distillation (AOAC, 2000). 
 

III. Result and discussion 
Table 3 shows the rumen fermentation parameters of West African dwarf rams fed diets containing 

varying levels of Tetrapleura tetraptera fruit meal. The pH values ranged from 5.79- 6.14 at the onset of the 

experiment which were not significantly different (P>0.05). The final value observed for rumen fermentation 

fluid pH ranged from 5.84-6.08. The rumen fluid temperature, propionic and butyric acids values observed in 
this study ranged from 36.12-37.60oC, 18.90- 20.53 and 17.67- 19.30 nmol/100mol for initial values 

respectively which were not significantly affected (p>0.05). Significant differences (P>0.05) were not observed 

at the onset of this study for acetic acids with the lowest values obtained with 2.0% TTFM, inclusion level while 

the highest acetate was recorded with animals offered 1.5% TTFM at the initial stage. The final acetic acids 

recorded in this present study was significantly differed (p<0.05) with marked differences in animals fed diets 

containing 2.0% TTFM having 44.62nmol/100mol while the least value was obtained with animal offered diets 

inclusion  of 2.0% TTFM. The total volatile acid recorded in this study varied from 116.60 to 

129.86nmole/100mol. The highest total volatile acids (129.86nmole/100mol) was observed with rams fed diets 

containing 2.0% TTFM.The range of lactic acid obtained in this study 48.20-56.36 which was not significantly 

affected (P>0.05) by the inclusion levels of TTFM 

 

Table 3: Rumen fermentation parameters of West African dwarf rams fed diets containing varying levels 

of Tetrapleura tetraptera fruit meal 
Parameters Inclusion levels of TTFM (%)    

 0 0.5 1.0 1.5 2.0 SEM  P- value  

Ph         

Initial 5.79 6.14 5.81 5.93 6.08 0.12 0.65  

Final 5.93 5.98 5.90 5.84 6.08 0.27 0.51  

Variation 0.14 0.16 0.09 -0.09 0.00 0.32 0.42  

Temperature (
0
C)         

Initial 37.02 36.44 37.60 36.54 36.12 0.23 0.78  

Final 35.82 36.06 36.44 34.10 35.28 0.06 0.56  

Variation -1.20 -0.38 -1.16 -2.44 -0.84 0.28 0.43  

Acetic acid (nmole/100ml)        

 

 

Initial 19.20 17.67 19.30 17.80 18.96 0.26 0.54  

Final 41.38
ab

 39.60
b
 43.04

ab
 43.38

ab
 44.62

a
 0.16 0.06  

Variation 22.18 21.93 23.74 25.58 25.66 0.10 0.34  

Propionic acid (nmole/100ml)         

Initial 18.90 20.38 20.53 20.18 19.58 0.41 0.80  

Final 41.28 42.26 41.48 42.04 46.20 0.12 0.61  

Variation 22.38 21.88 20.95 21.86 26.62 0.29 0.74  

Butyric acid (nmole/100mL)         

Alkaloid 1.87 1.86 1.90 2.01 2.23 

Hydrogen cyanide 0.12 0.15 0.22 0.25 0.26 

Sterol 0.76 0.96 1.11 1.36 1.45 

Macrominerals (g/kg)      

Calcium  0.84 0.92 1.24 1.68 2.31 

Phosphorus 1.12 1.32 1.65 1.97 2.22 

Magnesium 2.47 2.54 2.95 3.54 4.01 

Potassium 0.74 0.56 0.98 0.79 0.98 

Sodium 0.24 0.28 0.28 0.31 0.34 

Microminerals(mg/kg)      

Manganese  234.12 242.23 251.23 264.33 267.67 

Iron 184.60 177.80 173.30 195.45 205.54 

Copper 11.34 8.79 10.33 11.65 10.98 

Zinc 55.32 44.76 45.65 51.21 48.87 
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Initial 17.46 17.26 17.20 16.94 15.90 0.41 0.93  

Final 34.52 35.62 35.52 37.78 39.04 0.30 0.32  

Variation 

Total volatile fatty 

acids(nmole/100mL) 

Initial 

Final 

Variation 

17.06 

 

 

55.56 

117.18
b
 

61.62 

18.36 

 

 

55.38 

116.60
b
 

61.22 

18.32 

 

 

56.95 

120.92
ab

 

63.97 

20.84 

 

 

54.92 

123.20
ab

 

68.28 

23.14 

 

 

53.95 

129.86
a
 

75.91 

0.11 

 

 

1.13 

1.88 

1.02 

0.17 

 

 

0.38 

0.02 

0.67 

 

A:P         

Initial 1.02 0.95 0.86 0.97 0.88 0.14 0.38  

Final 1.00
a
 1.02

 
0.95

ab
 0.97

ab
 1.03

b
 0.06 0.01  

Variation -0.02 0.07
ab

 0.13
ab

 0.00
ab

 0.15 0.07 0.13  

Valeric acid (nmole/100mL)         

Initial  2.48
a
 2.29

ab
 2.15

ab
 1.98

b
 2.04

b
 0.06 0.01  

Final  2.69 2.76 2.73 2.40 2.56 0.28 0.33  

Variation 0.21 0.47 0.58 0.42 0.52 0.22 0.24  

Ammonia Nitrogen- NH3N 

(mg/dL) 

        

Initial 8.30 7.51 8.89 8.00 8.26 0.20 0.27  

Final 8.73 9.27 9.35 9.48 9.58 0.46 0.36  

Variation 

Lactic acids(nmole/mol) 

0.43 1.76 0.46 1.52 1.32 0.26 0.49  

Initial 55.32 48.76 56.36 48.74 48.20 0.25 0.96  

Final 56.32 45.60 53.74 53.36 50.58 0.12 0.57  

Variation 1.00 -3.16 -2.62 4.62 2.38 0.43 0.46  

 

Rumen microbial counts of West African Dwarf rams fed Tetrapleura tetraptera fruit meal 

Table 4 reveals the rumen microbial counts of West African Dwarf rams fed diets containing varying 

levels of Tetrapleura tetraptera fruit meal. The total bacteria counts at the initial and final were not significantly 

affected (P>0.05) by the dietary inclusions of TTFM. The values observed in this study for total bacteria counts 

ranged from 3.34- 3.69x107cfu/mL. The highest total coliforms count 6.45 was observed with animals offered 

1.5% TTFM which was significantly different from other treatments. The negative values in the variation 

showed a reduction in the total coliform at the end of the experiment. Range of 2.12-2.85 was found for total 
fungi counts which were significantly influenced (p<0.05) by the inclusion of TTFM to the diets of rams. The 

total protozoa in the rumen fluid at the end of the experiment recorded in this study was 3.09-4.41 with the 

highest value recorded with 0% TTFM which was significantly different (p<0.05) from other treatments.  

 

Table 4: Rumen microbial counts of West African dwarf ram fed diets containing Tetrapleura tetraptera 

fruit meal 
Parameters 

 

Inclusion levels of TTFM (%)   

0 0.5 1.0 1.5 2.0 SEM P-value 

TBC (×10
7
cfu/mL)   

Initial 3.63 3.59 3.34 3.69 3.59 0.07 0.18 

Final 3.73 3.74 3.71 3.76 3.52 0.25 0.71 

Variation 0.10 0.15 0.37 0.07 -0.07 0.19 0.45 

TCC (×10
2
cfu/mL)        

Initial 6.09 6.03 5.92 5.84 5.88 0.29 0.18 

Final 6.00
b
 6.16

ab
 6.45

a
 5.83

b
 6.16

ab
 0.13 0.04 

Variation -0.09
b
 0.17

ab
 0.53

a
 -0.01

ab
 0.28

ab
 0.07 0.01 

TFC (×10
3
cfu/mL)         

Initial 1.91 1.94 1.95 1.75 1.76 0.29 0.39 

Final 2.12
b
 2.24

ab
 2.55

a
 2.39

ab
 2.12

b
 0.10 0.03 

Variation 0.21 -0.31 0.59 0.64 0.36 0.05 0.63 

TPC (×10
5
cfu/mL)        

Initial 3.91 4.12 3.69 3.88 3.87 0.15 0.54 

Final 4.41
a
 3.47

b
 3.64

ab
 3.65

ab
 3.09

b
 0.05 0.04 

Variation 0.50
a
 -0.66

b
 0.46

ab
 -0.23

ab
 -0.78

b
 0.19 0.02 

a,b,cMeans with different superscripts along the same row are significantly different  (p>0.05) 

TTFM: Tetrapleuratetrapterafruit meal, TBC- Total bacteria count, TCC- Total coliform count, TFC- Total 

fungi count, TPC- Total protozoan count. 
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 The result revealed that the ruminal pH was significantly influenced by the inclusion levels of TTFM, the 

trend of the result obtained could be attributed to the fact that fibre digesting bacteria growth is favoured with 

the pH from 6.00- 6.80. The pH of 5.70 to 6.72 observed in this study is slightly higher than 5.5 to 6.00 reported 
by Cardoso (2002) who stated that the type of diet could shift values when high forages or grasses rations were 

fed because forages stimulates higher rate of saliva secretion and it contains bicarbonate which buffer the rumen 

and therefore increases acetate production. pH decreased as the release of sugar increased (Beever and Drackley, 

2013). Van soestet al.1994 recommended a range of 6.5- 6.7 for a normal physiological activity in the rumen. 

However,  the rumen pH value obtained in this present study agreed with the report of Dembe, 2001 and Maria 

et al. (2020) with the ranges of 6.5- 6.72 and 6.3-6.50 respectively for maximum microbial growth. Depeters 

and Bath, 1996 also reported that the pH value between 6.20 and 6.80 reflects the normal microbial ecosystem 

and cellulolytic bacteria activity. Ruminal pH, ammonia nitrogen and volatile fatty acids are important 

indicators of ruminal fermentation and the stability of the rumen ecosystem (Li et al. (2017). Different responses 

of ruminal fermentation resulting from feeding animals different substances can be attributed to to different 

responses of rumen microbes (Golder et al., 2012). Several authors reported increase in the rumen pH (Ben 
Salem et al. 2000), a decrease in ruminal fluid pH (Bhatta et al. 2007) and on change in pH (Jolazadeh et 

al.2015) of ruminal pH related to the effects of dietary tannins on the rumen ecology. The ruminal fluid 

temperature observed in this experiment ranged from 38.09- 38.55oC which was slightly reduced to the range 

reported by Jinadu et al.(2018c) on West African dwarf sheep fed diets containing varying levels of sugarcane 

waste silage. The temperature difference might due to higher rumen modulation effects of TTFM as a result of 

difference in heat eructation from microbial fermentation as reported by Hall, 2001.   

The volatile fatty acids are produced from the breakdown of amino acids skeletons by rumen microbes 

(Hassanat and Benchaar, 2013). The improvement in the total fatty acids produced depends on the manipulation 

of gut function and rumen microbiota with the feed additives which are recognised as an important strategy for 

improving growth performance and feed efficiency in sheep (Swanson, 2016). Rumen volatile fatty acids are the 

main energy source for ruminants (Vansoest et al., 1994). Consequently, a reduction in their production would 

be nutritionally unfavourable for the animals. Higher concentration of total volatile fatty acids and propionate in 
the rams fed diets containing 2.0% inclusion level of TTFM could be an indication of better ruminal 

fermentation attributes that might have led to improved C:N balance for rumen microbial efficiency. This in line 

with the finding reported by Animut et al. (2008) that total volatile acids and the acetate to propionate ratio 

increased significantly with increased levels of kobele-spedeza which contained 151g/kg DM of condensed 

tannins. The increase in acetic: propionic (C2:C3) ratio reflects an increase in acetic acid and slight decrease in 

propionic acid concentration (Ehsanet al., 2013). The acetate: propionate range observed in this study is in line 

with the range of 3.88 and 4.29 reported by Luana et al. (2018) for cattle fed tropical forage supplemented with 

protein in the rumen, abomasums or both. The better feeding efficiency exhibited by animals on treatment 5 was 

promoted by the increase in rumen propionate concentration. The total volatile acid results in this study were in 

agreement with the studies of Devant et al.(2000) and Spanhero et al. (2017) invivo and invitro that the total 

volatile fatty acids concentration and molar concentration of VFA were not affected by the protein 
degradability. In contrary to these observations in this present study, Chen et al. (2015) observed no significant 

changes in total volatile fatty acids and pH when coriander (6g/head/day) was added to the diets of sheep. No 

significant difference observed in TVFA due to application of volatile oil to the diets of sheep (Newbold et al., 

2004). No significant difference observed by Busquet et al. (2006) in a laboratory experiment with some 

medicinal plants. Mohammed et al. (2018) observed also no significant difference on TVFA when 3g/L extract 

of coriander seed powder added to the diets of Awassi ewes. The difference might be attributed to a reduction in 

TVFA production as a result of hydrolysis of dietary protein to amino acids which are deaminated before 

conversion to volatile fatty acids (France et al., 2005). A decrease in protein degradation could lead to a 

reduction of volatile fatty acid originating from deamination of amino acids. Patra and Saxena, 2011; Vasta et 

al.(2010) explained that tannin supplementation can influence lipid bio-hydrogenation in sheep rumen by 

increasing the accumulation of volatile fatty acids and decreasing the acetate: propionate ratio. Patra and Sexena 

(2009) also emphasized on the effects on tannins which reduces C2:C3 ratio which in turns reduces the amount 
of available hydrogen for methanogenesis.  

The decay of rumen protein indicated by the production of ammonia nitrogen (NH3-N), higher NH3N 

concentration may be due to higher protein solubility (Neumann et al., 2013) which promoted crude protein 

digestibility. The NH3N range of 7.48 – 11.32mg/dL obtained in this present study was below the range of 15 

and 30mg/dL reported by Ghorbani et al. (2010) for normal physiological rumen activity. The reduction in 

ruminal ammonia nitrogen might be attributed to a reduction in proteolysis and deamination and/or higher 

incorporation of NH3N to microbial protein. The ammonia nitrogen reduction could be related to the ability of 

polyphenols to affect the growth of rumen proteolytic bacteria, either directly by reducing the activities of 

protease enzymes or indirectly by their ability to bind proteins as demonstrated though invivo and invitro studies 

reported by Abarghuei et al. (2010) and Ishlak et al. (2015). Similar reduction in ammonia nitrogen was in 
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accordance with previous work on ruminants by Sliwinski et al. (2002) who investigated the influence of dietary 

tannins or polyphenols on the reduction of rumen ammonia nitrogen production. Carulla et al. (2005) reported 

lower concentration of ammonia nitrogen in the rumen fluid of sheep fed diets containing Acaiamearnsii with 
abundant tannins. Also, a lower concentration of NH3-N was reported by Puchala et al. (2018) in a yearling 

meat goats consuming a diet with high level of Laspedea compared with alfalfa hay based diet. The values of 

NH3-N observed in this study were similar to the finding of Kholif et al. (2015) who reported a range of 0.45 to 

1.24mg/dL in young cattle fed untreated rice straw and increased to 9mg/dL when the straw was treated with 

urea. The most suitable rumen ammonia nitrogen level for micro-organism activities were 5-20mg/dL in small 

ruminants fed low quality roughages and 13.6- 34.3/100ml for microbial protein synthesis and digestibility most 

especially in buffaloes (Wanapat et al., 2011).Ammonia nitrogen NH3N was significantly affected progressively 

across the treatment. The result of rumen ammonia concentration of rams agreed with that of Hidayah, 2004 

who reported that levels of ammonia in the rumen of sheep fed with hay increased to peak levels three hours 

after feeding. Similarly, Goel et al. (2008) stated that for microbial growth, ammonial is required in the level of 

0.35 to 29mg/100ml of the third. The values obtain in this study is higher than the range reported by Ososanya 
et al. (2014) that a good profile as a minimum rumen third to maximize rumen microbial protein synthesis. the 

value observed in this study were similar to the finding of (Kisseda et al.,2010) who reported a range of 0.45 to 

1.24mg/dl in young cattle fed untreated rice straw ammonia nitrogen (NH3-N) was less than 2mg/dl and 

increased to 9mg/dl when the straw was treated with urea. The most suitable rumen ammonia nitrogen level for 

micro-organism activities were 5 to 20mg/100ml in ruminant fed low quality roughages. (Agle et al., 2010) 

found that optimum range of (NH3-N) was 13.6 to 34.3mg/100ml for microbial protein synthesis and 

digestibility in buffaloes. Acetic acid concentration ranged from34.67 in (T3) to 39.43Mmol/100ml 

(3.55x106cfu/ml) in (T5) exhibited the best total volatile fatty acid with marked significant difference of butyric 

acid produced in T4 with (61.04Mmol/100ml). A micro-organism yield in the rumen is an index or a function of 

the amount of microbial protein   made available to the ruminant daily (Jyotti et al., 2002). Marked significant 

difference was observed in rumen protozoan for ram in diet 1 with 3.55x106cfu/ml.  

The rumen is colonized by several facultative anaerobic bacteria communities (Vohra et al. (2016) 
which play important roles in fermenting and digesting nutrients to provide energy and protein resources 

(Vymazal and Kropfelova, 2013), maintaining major biological activities and promoting growth and 

performance (Morgavi et al. (2018). Moreover, these bacteria communities are living in a dynamic environment 

that can be affected by many factors such as diurnal variation, diet structure and feed additives (Guan et al. 

(2008); Menezes et al. (2011). Previous studies have demonstrated that greater population of ruminal micro-

organisms can improve resistance to external stress, stabilize the ruminal micro-ecosystem and enhance 

production performance (McCann, 2001; Cani and Deizenna, 2009). The significant increase in total bacteria 

count in the rumen of rams fed with the 2.0% TTFM could be attributed to the effects of bioactive compounds 

present in the TTFM. The flavonoids directly or through new derivatives produced upon transformation or 

degradation affect the rumen microbial activity (Hang et al., 2018). Flavonoid generally acts against 

microorganism through inhibition of cytoplasmic membrane fixation, inhibition of cell wall synthesis or 
inhibition of nuclei acids synthesis (Cushnie and Lamb, 2011). Presence of polyphenols in the TTFM included 

in the diets of rams can influence the bio hydrogenation process by reducing the activity and growth of rumen 

micro organisms (Cabiddu et al. (2009). Different responses of ruminal fermentation resulting from feeding 

animals with different substances could be attributed to different responses of rumen micro organisms (Golder et 

al., 2003). The increase in the total bacteria count across the treatment could be due to a number of factors 

including interactions between the fibrolytic and proteolytic populations and changes in digesta composition and 

the rate of outflow from the rumen. (Silanikoveet al.,2001). Significant decrease in the number of protozoa in 

this present study is in agreement with previous experiment with Lespedeza condensed tannins (Animut et 

al.(2008) and Puchala et al.(2012). Presence of phenolic compounds, flavonoids and other anti oxidants can 

inhibit protozoans growth (Freitas et al., 2015), this is also in line with the findings of Mazza et al.(2020) with 

the decrease in the levels of protozoa when acerola (Malpighiae marginata) fruit pulp added to the diet of 

lambs. Despite the maintenance of rumen fluid pH in this study, the protozoa population was affected by the 
presence of these bioactive compounds which is in agreement with the findings reported by Deyani et al. (2007) 

who observed significant decrease in the protozoa population despite maintenance in pH when feeding ewes 

with diets containing medicinal plants. Protozoa constitute up to 60% of the microbial biomass, although they 

rarely exceed 20% of the microbial protein flow in the small intestine (Newbold et al., 2014) 

 

References 
[1]. Abarghuaei, M. J., Rouzbeha, Y., Alipour, D. (2010). The influence of the grape pomace on the ruminalparamaters of sheep. 

Livestock Science. 132(1–3)73–79.  

[2]. Acamovic, T. and Brooker, J.D. 2005. Biochemistry of plant secondary metabolites and their in animals. Proceeding of nutrition 

society. 64: 403-412. 



Rumen Fermentation Parameters And Microbial Population Of West African Dwarf Rams .. 

*Corresponding Author:  Jinadu, K. B                                                                                                        83 | Page 

[3]. Agle, M., Hristov, A. N., Zaman, S., Schneider, C., Ndegwa, P. M. and Vaddella, V. K., 2010. Effect of dietary concentrate on 

rumen fermentation, digestibility, and nitrogen losses in dairy cows. Journal of Dairy Science. 93, 4211–4222. 

[4]. Animut, G. and Goetsch, A. L. 2018. Co- grazing of sheep and goats. Benefits and constraints. Small Ruminant Research. 77(2-3): 

127-145. 

[5]. AOAC, 2000. Official Methods of Analysis. International Seventeenth Edition. Association of Analytical Chemists. Washington.  

[6]. Baba, M. D., Dabai, J. S., Sakaba, A. M. and Sanchi, I. D. 2015. Economics of sheep production in Zuru Local Government Area of 

Kebbi state Nigeria. Current Research in Agricultural Sciences. 2(1): 31-35. 

[7]. Bhatta, R Vathiyanatha, S., Single, N., Pandverina, D. L. 2007. Effect of feeding complete diet containing graded levels of 

Prossopis cineraria leaves on feed intake, nutrient utilization and rumen fermentation in lambs and kids. Small ruminant Research. 

67(1): 75 – 83  

[8]. Beever, D. E and Drackley, J. K. 2012. Feeding of optimal rumen and animal health and optimal fees conversion efficiency the 

importance of physical nutrition. Optimization of feed use efficiency in ruminant production system. 75–122pp  

[9]. Busquet, M., Calsamigalia, S. Ferret, A. and Kamel, C. 2006. Plant extract affects in vitro microbial fermentation. Journal of Dairy 

Science. 89: 76-77. 

 

[10]. Cabiddu, A., Mole, G., Decandia, M., Spada, S., Flori, M., Piredda, G. and Addis N. O. 2009. Responses to condensed tannin of 

flowering sulla (Hedysarum corona) grazed by dairy sheep. Part 2: effects on milk fatty acid profile. Livestock Science. 123:(2–

3):230– 240  

[11]. Calsamighia, S., Busquet, M., Cardoso, P. W., Castiliejos, L. and Ferret, A. 2007. A invited review: Essential oils as modifiers of 

rumen microbial fermentation. Journal of Dairy Science. 90: 2580-2595. 

[12]. Candanosa E., Villagodoy A., Castillo D. A. and Mendoza G. D. 2012. Effects of monensin, virginiamycin and sodium bicarbonate 

on ruminal fermentation and acid-base status in sheep. Journal of Animal and Veterinary Advances, 7(2): 184–189. 

[13]. Cani, P. D. and Deizenne, N. M. 2009. The role of the gut microbiota in energy metabolism and metabolic diseases. Current 

Pharmaceutical Design. 15(13): 1546- 1558 

[14]. Cardoso, P. S. and Calsamighia, F. A. 2002. Effects of pH on nutrient digestibility and microbial fermentation in a dual flow 

continuous culture system fed a high concentrate diets. Journal of Dairy science. 96: 5901-5907. 

[15]. Carulla, J. E., Kreuzer, M., Machmuller, A. and Hess, H. D., 2005. Supplementation of Acacia mearnsii tannins decreases 

methanogenesis and urinary nitrogen in forage-fed sheep. Australian Journal of Animal science 

[16]. Chesson, A., 2006. Phasing out antibiotic feed additives in the EU: worldwide relevance for animal food production. Antimicrobial 

growth promoters — where do we go from here? Wageningen Academic Publishers, the Netherlands. pp. 69–81. 

[17]. Cushnie, T. P. T. and Lamb, A.J.  2011 “Recent advances in understanding the antibacterial properties of flavonoids,” International 

Journal of Antimicrobial Agents. 38(2): 99–107 

[18]. Devant, M., Ferret, A., Gasa, J., Calsamiglia, S. and Casals, R. 2000. Effect of protein concentration and degradability on 

performance, ruminal fermentation, and nitrogen utilization. Journal of Animal science. 78(6): 1667-1676. 

[19]. Ehsan, P., Mesgaran, M. D., Garmroodi, A. F and Vakili, S. A. 2013. Influence of prolonged VS instant use of naturzyme
(R)

on in 

vitro fermentation of two ruminants diets. 64
th
 Annuals meeting EAAP 

[20]. Chen, D. D., Ma, T., Tu, U., Zheng, N. F. S., Deng, K. D. and Diao, Q. Y.  2015. Effect of dietary supplementation with reservation 

on nutrient digestibility, methanogens and ruminal microbial Flora in sheep. Journal of Animal Physiology and Animal Nutrition. 99 

(4): 676 – 683 

[21]. FAO/OIE/WHO, 2004. Second join FAO/OIE/WHO expert workshop on non-human antimicrobial usage and antimicrobial 

resistance: management options. Oslo, Norway, 15–18 March, 2004. 

[22]. Galyean, M. 1989. Laboratory Procedure in Animal Nutrition Research. Development of Animal and Life Science. New Mexico 

State University, US.A. 

[23]. Ghorbani, B., Ghoorchi, T., Amanlon, H., 2010. Effects of using monensin and different levels of crude protein on milk production, 

blood metabolites and digestion of dairy cows. Asian- Australian Journal of Animal sciences 24(1):65-72  

[24]. Golder, H. M., Celi, P., Rabiee, A. R. and Heuer, C. 2012. Effects of grain, fructose and Histidine on ruminalPh  and fermentation 

products during an induced subacute acidiosis protocol. Journal of Dairy Science. 95(4): 1971-1982 

[25]. Guan, L. L., Chan, Y. and Zhon, M. 2015. Rumen bacteria. Rumen microbiology: From Evolution to Revolution. 79 : 95  

[26]. Hall, J.B.  2001. Feeding of ruminants in the tropics based on local feed resources. Thailand Feed Science Technology. 46: 67-70.  

[27]. Hang, T., Thi,L., Preston, T. R. Xan, B., Nguyen, V. and Dung, D. 2018. Digestibility, nitrogen balance and methane emissions in 

goats fed cassava foliage and restricted levels of Brewer grains. Livestock Research for Rural Development. 30(4): 68 

[28]. Hassanat, F. and Benchaar, C., 2013. Assessment of the effect of condensed (acacia and quebracho) and hydrolysable (chestnut and 

valonea) tannins on rumen fermentation and methane production in vitro. Journal of Science, Food and Agriculture. 93, 332–339. 

doi:10.1002/jsfa.5763 

[29]. Jinadu, K. B., Akingbade, A. O., Adekanbi, A. O. Olona, J. F., Adekunjo, R. K., Saka, A. A., Agboola, T. B., Olagbaju, O.T. and 

Olufayo, O.O. 2018a. Nutrient digestibility, nitrogen metabolism and rumen fermentation patterns of WAD rams fed diets 

containing graded levels of Garcinia kola (Bitter kola) seed meal. Nigerian Journal of Animal Science. 20(3): 197-202. 

[30]. Jyotti, S., Kumr, R., Veswani, S., Kumr, V. and Roy, D. 2014. Effects of addition of herbs on in into rumen fermentation and 

digestibility of feed. Indian Journal of Animal Research. 48 (1):88–90  

[31]. Kholif, A. E., Gouda, G. A., Morsy, T.A., Salem, A. Z. M., Lopez, S., Kholif, A. M., 2015.Moringaoleiferaleaf meal as a protein 

source in lactating goat’s diets Feed intake, digestibility, ruminal fermentation, milk yield and composition, and its fatty 

acidsprofile. Small Ruminant Research. 129, 129–137. 

[32]. Jolazadeh, A. R., Bendaty, D. M. and Rezayazd, L. 2015 effects of soya beans meal treatment with tannins extracted from 

pistachino bills on performance, ruminant fermentation, blood metabolites and nutrient digestion of Holstein bulls. Animal Feed 

Science and Technology. 203: 33 – 40  

[33]. France, J. Forbes, J.M. and Dijkstra, J.  2005. Quantitative aspects of ruminant digestion and metabolism. 2
nd

 ed. CAB International 

Publisher. 73-79pp. 

[34]. Maria, D. C, Trinidad de, E., Cabezas, A. and Fuente, J. D. 2020. Feeding agro industrial by products to light lambs: influence in 

growth performance, diet digestibility, nitrogen balance, minerals fermentation and plasma metabolites. Animal 10(9): 1572 

[35]. Mazza, P. H. S. Jaeger, S., Silva, F. L. and Barbosa, A. M. 2020. Effects of dehydrated residues from acerola 

(Malphighiaemarginata DC) fruit pulp in lamb diet on intake ingestive behavior, digestibility, ruminal parameters and nitrogen 

balance. Livestock Science. 233: 103938 

[36]. McCann, J. C., Elohing, A. A, Loor, J. J. 2017. Rumen microbiome, Probiotics and fermentation additives. Veterinary clinics: Food 

Animal Practice. 33(3):539–553 



Rumen Fermentation Parameters And Microbial Population Of West African Dwarf Rams .. 

*Corresponding Author:  Jinadu, K. B                                                                                                        84 | Page 

[37]. Menzies, P. I. and Scott, L. C. 2011 Antimicrobial resistance and small ruminant veterinary practices. Veterinary clinics: Food 

Animals Practice. 27 (1) 23 – 32  

[38]. Morgavi, D. F., Beauchemin, K. A., Nsereko, V. L., Rode, L. M., Iwaasa, A. D. and Yang, W. S. 2000. Effects of enzymes feed 

additives and methods of application on in vitro feed digestibility. Journal of Dairy Science. 83: 291 

[39]. Ososanya, T. O., Adewumi, M. K. and Jinadu, K. B. 2014. Impact of pineapple waste silage on intake, digestibility and 

fermentation pattern of West African dwarf sheep. African Journal of Biotechnology. 13(25): 2575-2581.  

[40]. Patra, A. K. And Saxena, J. 2009. The effects and mode of action of saponins on the microbial population and fermentation in the 

rumen and ruminant production. Nutrition Resources Rev. 22(2): 204-219. 

[41]. Patra, A. K. and Saxena, J. 2010. A new perspective on the use of plant secondary metabolites to inhibit methanogenesis in the 

rumen.  Phytochemistry. 71: 1198–1222. 

[42]. Patra, A. K., and Saxena, J. 2011. Exploitation of dietary tannins to improve rumen metabolism and ruminant nutrition. Journal 

Science Food and Agriculture. 91, 24–37. 

[43]. Puchala, R., Liu, H, Leishure, S., Gipson, T. A. and Flythe, M. D. 2019. Effect of lespedeza condensed tannin alone or with 

monensin, soya beans oil and coconut oil on feed intake, growth, digestion, ruminal methane, emission and leaf energy by years of 

Alpine yearlings. Journal of Animal Science. 97 (2): 885 – 899 

[44]. Russell, J. B. 1998. The importance of pH in the regulation of ruminal acetate to propionate ratio and methane production. Journal 

of Dairy Science. 81: 3222–3230. 

[45]. Silanikove, N., Perevolotsky, A., Fredrick. A. P. 2001. Use of tannin binding chemicals to assay for tannin and their negative post 

ingestive effects in ruminants. Animals Feed Science & Technology. 91(1–2):69–81.  

[46]. Slinwinski, B. J., Soliva, C.R. MachMuller, A. and Kreuzer, M. 2002. Efficacy of plant extracts rich in secondary constituents to 

modify rumen fermentation. Animal Feed Science and Technology. 101(1-4):101-111 

[47]. Spanhero, M., Mason, F., Zangi, C., Nikwhine, A. 2017. Effects of diets differing in protein concentration (low vs medium) and 

nitrogen source (Urea VS soya beans meal) on in nitro rumen fermentation and on performance for flushing Italian bulls . Livestock 

Science. 196(14 – 21) 

[48]. Swamson, K. S 2016. Gut micro biota, diet and health: Application to livestock and companion animals. Animals Frontiers.6 (3): 4–

10 

[49]. Vansoest, P. J. 1994. Nutritional ecology of the ruminants.  2nded. New York. Cornell  University Press. 1999. 476p 

[50]. Vasta, V., Ruiz – Yanez, D. R., Mele, M., Serra, A. 2010. Bacterial and protozoa communities and fatty acid profile in the rumen of 

sheep fed a diet containing added tannins. Applied and Environmental Microbiology. 76 (8): 2549 – 2555 

[51]. Wanapat, M.; Mapato, C.; Pilajun, R.; Toburan, W. 2011. Effects of vegetable oil supplementation on feed intake, rumen 

fermentation, growth performance, and carcass characteristic of growing swamp buffaloes. Livestock Science. 135, 32–37. 

[52]. Wang Z. B., Xin H. S., Bao J., Duan C. Y., Chen Y. And Qu, Y. L. 2015. Effects of hainanmycin or monensin supplementation on 

ruminal protein metabolism and populations of proteolytic bacteria in Holstein heifers.  Animal Feed Science and Technology. 201: 

99–103. 

[53]. Zawadzki , F., Prado,I. N., Marques, J. A., Zeoula, L.M., Rotta, P. P., Sestari, B.B., Valero, M. V. and Rivaroli, D. C. 2011. Sodium 

monensin or propolis extract in the diets of feedlot- finished bulls: effects on animal performance and carcass characteristics. 

Journal of Animal and Feed Sciences. 20: 16-25. 

 

 

 


