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Abstracts - With the increasing production of 

poultry excreta globally, there is vast need to 

harness the excreta output for better welfare of 

mankind through sustainable energy generation 

and biogas production. To improve the excreta 

output for adequate biogas production, twenty 

broiler chickens were fed diet containing Siam leaf 

meal (SLM), while the other twenty were not. Also, 

the poultry excreta (both with or without SLM 

diet) was mixed with wheat bran (WB) at ratio of 

3:1, crushed and analyzed for the various 

parameters. For nutrient composition, crude fibre 

content and nitrogen free extract, fat content was 

better in SLM diet and with addition of WB, 

compared when no SLM diet plus WB was 

involved, while the crude protein and dry matter 

content are appropriate in all the groups. The 

carbohydrate, protein and lipid compositions in the 

biomass were optimum for bacteria activities 

during biogas production. The carbon to nitrogen 

ratio (C: N) obtained in this study, is consistent 

with the C: N ratio optimum for methanogenic 

activities of between 20: to 30:1 with better C: N 

ratio recorded in SLM diet and SLM diet plus WB. 

The total solids in all the groups had similar values, 

which indicates the easy for microbial mobility and 

biogas yield, while volatile solid content of the 

biomass is ideal for bacteria degradation. And the 

increased values of total solid- volatile solid ratio 

recorded could support huge methane generation. 

Gross energy in SLM diet and SLM diet plus WB 

showed high capabilities to convert the biomass to 

methane. It is obvious that the improved poultry 

excreta have great potential for enormous biogas 

yield. Therefore, it is advised that use of SLM and 

WB be adopted by poultry researchers and biogas 

producers. 

Keywords: Biogas, biomass, methane, poultry 

excreta, Siam leaf meal, wheat bran 

I. INTRODUCTION 

The effective e disposal and management of poultry 

excreta have become a major concern globally with 

the rapid increase in the population and poultry 

production [1]. Large production of this organic waste 

poses offensive and environmental challenges [2], 

therefore, well managed disposal of this waste is very 

necessary in the maintenance of healthy 

environmental status [3]. To harmonize the interest of 

poultry industry with current and future environmental 
concerns, environmental stewardship in animal 

agriculture is aimed at mitigation of contamination of 

the environment by excreta.  

The recent development in sustainable management of 
poultry excreta by improving the biomass and 

harnessing its enormous potentials as an alternative 

source of biogas production is gaining prominence [1, 

4]. Chromolaena odorata (Siam weed) is widely 

utilized in animal feed for poultry and other livestock 

especially in the tropics [5]. The leaves are easily 

dried, blended and utilized as supplement in the animal 

as leaf meal. The nutritional values of the Siam leaf 

meal (SLM) makes it an excellent potential for 

livestock feeding in the tropics due its high crude 

protein and crude fibre contents [6] thereby should 
yielding better excreta output. As result, it has 

increased the need for SLM to be used in 

supplementing livestock feed and for efficient 

livestock production. Furthermore, the potentials of 

the Siam leaf meal as an effective biomass for biogas 

generation when mixed with cow waste in appropriate 

proportion is known to favour methanogenic activities 

[7, 8, 9]. Also, use of improvers like wheat bran, 

brewery dry grain, maize straw among others have 

contributed to the better generation of biogas unlike 

when only poultry waste is utilized for such purpose 

[10]. Wheat bran had been explored for its enormous 
potential in biogas production as biomass [11], 
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ranking it as one of the foremost biomass for biogas 

generation globally [12, 13].  

For effective digestion of the biomass, nutrients such 

as carbohydrates, proteins and lipids, are usually 

broken down by several activities in the biogas 

production phase to enrich the bacteria [14], these 

nutrients integration is dependent on the ability of 
these bacteria to exploit carbon related compounds 

[15] of the substrate which they decomposed readily 

to yield biogas with sufficient nitrogen (N) contents in 

the biomass [16]. However, excellent carbon to 

nitrogen ratio (C: N) are required for the growth and 

maintenance of the methanogens [17], but very high 

level of C: N ratio will limit the microbial activities 

[18]. Methane generation from the poultry excreta is a 

result of biodegradation of its total solids (TS), defined 

as the mass remained when moisture content is 

removed [19]. The higher the TS, the more organic 

matter is digested by the methanogens [20]. The 
biodegradable component or organic matter is the 

mass which is removed when dry matter is heated 

(from 105oC to 550oC) known as the volatile solid 

(VS), this varies depending on the biomasses [19]. 

Gross energy as the net energy yield, defines the 

convertibility of biomass to methane [21], as this 

parameter is very important indicator of the biomass 

to yield enormous biogas. The aim of this study was to 

investigate different ways biomass (poultry excreta) 

can be improved efficiently for biogas production by 

feeding the birds with Siam leaf meal and using plant 

materials like wheat bran. 

II. MATERIALS AND METHODS 

A. Materials  

The experiment and chemical laboratory analyses 

were conducted in the University farm project and 

main laboratory of the Faculty of Agriculture, 

University of Benin, Benin City Nigeria. A total of 

forty (40), five (5) weeks broiler chickens were used 

in the experiment. The broilers were kept in deep litter 

system and prior to the arrival of the birds, wood 

shavings (litters) was spread on the floor, where the 
poultry droppings were obtained. Twenty birds were 

fed diet from the commercially available broiler 

ration, while the other twenty were fed compounded 

diet containing Siam leaf meal (SLM), Chromolena 

odorata to replace both maize and soya bean meal. The 

diets were provided ad libitum for two weeks, and 

thereafter the poultry excreta were collected. The 

samples (poultry excreta) from broilers with or 

without Siam leaf meal diets were crushed and mixed 

with wheat bran at a proportion of 3:1 (poultry excreta: 

wheat bran). 

B. Methods  

The samples were assayed for proximate composition 

which involved the determination of dry matter, crude 

fibre, crude protein, ether extract, ash content and 

nitrogen free extract. Dry matter was determined by 

drying samples in vacuum oven at 105oC for 24 hours. 

Total nitrogen (N) was determined by Kjeldahl 
method [22] and crude protein (CP) was calculated as 

N x 6.25. Ether extract was determined by extracting 

the samples with petroleum ether using the Soxhlet 

method [22]. Crude fibre content was determined by 

gravimetric method that measured the organic residue 

remaining after sequential digestion with 0.255N 

sulphuric acid and 0.313N sodium hydroxide 

solutions, followed by oven- drying at 105oC 

overnight and incinerate in muffle furnace at 550oC for 

3 hours and ash content was determined by 

combusting 2g of the samples at 550oC to 850oC, while 

nitrogen free extract (NFE) was calculated thus: (100- 

CP+ EE+ MC+ Ash+ CF) [22]. 

The organic carbon content of the samples was 

determined using Walkley and Black [23] method. 
The reagent was prepared by weighing 49g of 

potassium dichromate and diluted to 1 litre with distill 

water. Ferrous sulphate was prepared by dissolving 

140g in distilled water and the solution was acidified 

by the addition of 15ml concentrated sulphuric acid. A 

blank (containing potassium dichromate solution, 

concentrated sulphuric acid and distill water) was 

made and titrated to standardize the potassium 

dichromate. A representative sample 1g was weighed 

into 250ml conical flasks. 10ml of potassium 

dichromate solution was pipetted into the flask. A 

20ml concentrated sulphuric acid was added rapidly 
using measuring cylinder, the flask was made to stand 

for 30 minutes to cool. Using a measuring cylinder, 

100ml of distilled water was added to increase the 

volume of the mix in the beaker. Then, 10 drops of 

ferroin indicator was also added to the mixture. 

Titration with 0.5N ferrous sulphate solution until end-

point was reached, where the solution changed from 

greenish cast to maroon colour. However, the % 

Carbon was determined as follows; 

% Carbon = 
(B−t)x n x 0.003F

  Weight of sample
𝑥 

100

1
 

Where, n = 0.5, F=1.33, B = Blank value and t = titre 

value 

The carbon to nitrogen ratio (C: N) was obtained by 

dividing carbon content by nitrogen content.  
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Total solid (TS) content was determined by weighing 

2g of the substrate and dried in an oven at 105oC at 3 

hours to obtain the dry matter mass. The dry matter 
sample was then weighed and put in muffle furnace at 

550oC for 2 hours, and then removed and placed in 

desiccator for cooling. After cooling, the sample was 

weighed to obtain the volatile component of the 

sample (organic matter). According to method of [19] 

and [24], total solid and volatile solid were calculated 

as follows; 

% Total solid (TS) = 
Mass of dry matter 

Mass of substrate
𝑥

100

1
 

 

% Volatile solid (VS) = 
Mass of organic matter

Mass of dry matter
 x

100

1
 

The total solid to volatile solid ratio was obtained by 

dividing the total solid by the volatile solid 

Gross energy level was calculated by the method of 

[25] using; 

Gross energy (MJ/Kg) = (2.62 x % Protein) + (8.37 x 

% Fat) + (4.2 x % Carbohydrates).  

The data obtained were subjected to analysis of 

variance (ANOVA) in a randomized complete block 

design as described by [26], and F- test to compare the 

means. Least significant difference (LSD) test was 

used to determine the significant differences among 

the means. 

III. RESULTS 

The proximate composition of broiler excreta with and 

without Siam leaf meal; and the broiler excreta with 

wheat bran at 3:1 ratio respectively is shown in Table 

1. The treatment without Siam leaf meal (SLM) fed 

diet plus wheat bran had lower (p<0.05) dry matter 
(DM) content from other treatments which were not 

significantly (p>0.05) different from each other but 

higher than previous. Group fed SLM recorded least 

(p<0.05) values for crude protein (6.69±0.82 %) 

compared to other treatment groups (6.81±0.82 vs 

7.13±0.82 vs 6.81±0.82 %) which indicates that other 

groups are better in CP than group with SLM diet only. 

The ash content of the groups without SLM and with 

SLM plus wheat bran had higher (p<0.05) values 

compared to groups with SLM and without SLM plus 

wheat bran (6.25±1.02 vs 4.13±1.02 and 3.86±1.02 vs 

2.12±1.02 respectively). Highest (p<0.05) crude fibre 
content was recorded in the group with SLM plus 

wheat bran showing the availability of digestible 

carbon material for enormous biogas generation and 

least values recorded in group without SLM plus 

wheat bran, while intermediate values obtained in 

groups without improver with or without SLM diet. A 

higher ether extract was obtained in groups without 

SLM diet (with or without wheat bran) while lower 

values obtained in groups with SLM diets which 

suggest that the SLM could have suppressed the lipids 

content of the poultry biomass. For nitrogen free 
extract (NFE), higher (p<0.05) values were recorded 

in groups with SLM diet (with or without wheat bran) 

compared to groups without SLM diet (with or without 

wheat bran) which implies that the diet and the wheat 

bran raised the carbohydrate level of the biomass for 

effective methanogenic activities and biogas 

generation. 

 

Table 1: Proximate composition of broiler excreta with and without Siam leaf meal; and the broiler excreta with wheat 

bran at 3:1 ratio respectively (DM basis)  

Treatments     Parameters    

 DM (%) CP (%)        Ash (%)         CF (%)          EE (%) NFE (%) 

B1-SLM          87.39±1.08a        6.81±0.82a      6.25±1.02a      22.75±2.95b    6.80±1.12a         50.00±3.77b 

B2+SLM 87.15±1.08a 6.69±0.82b 3.86±1.02b    23.25±2.95b    3.50±1.12b      52.92±3.77a 

(B1-SLM) +WB     86.36±1.08b      7.13±0.82a 2.12±1.02b 16.00±2.95c    7.15±1.12a       48.56±3.77b 
(B2+SLM) +WB    88.54±1.08a 6.81±0.82a      4.13±1.02a    26.25±2.95a    3.30±1.12b      55.62±3.77a 

 a, b, c, implies that means within columns with different superscripts are significantly different (p<0.05)  

As shown in Table 2, carbon to nitrogen ratio of broiler 

excreta with and without Siam leaf meal; and the 
broiler excreta with wheat bran at 3:1 ratio 

respectively are obtained. The carbon content of group 

fed SLM diet plus wheat bran had highest (p<0.05) 

values, intermediate (p<0.05) values recorded in group 

without SLM diet plus wheat bran, and least (p>0.05) 

values recorded in groups with or without SLM diet. 

A higher (p<0.05) nitrogen content was obtained in 
group without SLM diet plus wheat bran compared to 

other groups. The carbon to nitrogen ratio (C: N) of 

groups fed SLM diet (with or without wheat bran) had 

higher (p<0.05) values compared to the groups not fed 

SLM diet (with or without wheat bran). 
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Table 2: Carbon to nitrogen ratio of broiler excreta with and without Siam leaf meal; and the broiler excreta with 

wheat bran at 3:1 ratio respectively (DM basis)  

Treatments  Parameters  

 Carbon (%)                Nitrogen (%)           Carbon: Nitrogen 

B1-SLM                                        

 

22.16±0.53c                       

 

1.09±0.09b 

 

20.33±1.41b 

 

B2+SLM                                         22.65±0.53c                       1.07±0.09b                           21.17±1.41a                

(B1-SLM) +WB 23.56±0.53b                       1.14±0.09a                          20.67±1.41b 

(B2+SLM) +WB                              24.13±0.53a 1.09±0.09b                          22.14±1.41a 
   a, b, c implies that means within columns with different superscripts are significantly different (p<0.05)  

In Table 3, the total and volatile solids of broiler 

excreta with and without Siam leaf meal; and the 

broiler excreta with wheat bran at 3:1 ratio 

respectively is shown. The treatment without SLM fed 
diet plus wheat bran had lower (p<0.05) values for 

total solids compared to the other groups, which were 

not different (p>0.05) from each other. For volatile 

solids (VS), the group without SLM diet had higher 

(p<0.05) values for VS than group with SLM diet, 

while group without SLM diet plus wheat bran 

recorded lower (p<0.05) VS compared to group with 

SLM diet plus wheat bran. The total solid to volatile 

solid ratio (TS: VS) of group without SLM diet plus 
wheat bran recorded highest (p<0.05) values, while the 

least (p<0.05) values recorded in group without SLM 

diet, and intermediate (p>0.05) values recorded in 

groups with SLM diet (with or without wheat bran).

 

Table 3: Total solids and volatile solids of broiler excreta with and without Siam leaf meal; and the broiler excreta 

with wheat bran at 3:1 ratio respectively (DM basis)  

Treatments  Parameters  

 TS (%) VS (%) TS: VS 

B1-SLM 87.39±1.08a 7.13±1.04a                                    12.26±0.82c 
B2+SLM 87.15±1.08a                               4.41±1.04b                                     19.76±0.82b     

(B1-SLM) +WB                  86.36±1.08b                              2.45±1.04b                                     35.25±0.82a                              

(B2+SLM) +WB                 88.54±1.08a                               4.66±1.04a                                     19.00±0.82b     
    a, b, c implies that means within columns with different superscripts are significantly different (p<0.05) 

 B1-SLM:               Broiler litter without Siam leaf meal diet 

 B2+SLM:              Broiler litter with Siam leaf meal diet 

 (B1-SLM) + WB:  Broiler litter without Siam leaf meal diet + Wheat Bran 

 (B2+SLM) + WB: Broiler litter with Siam leaf meal diet + Wheat Bran 

Figure 1, shows the gross energy level of broiler 
excreta with and without Siam leaf meal; and the 

broiler excreta with wheat bran at 3:1 ratio 

respectively. The highest gross energy was obtained in 

group fed SLM diet, followed by groups fed SLM diet 
plus wheat bran, and group (without SLM diet plus 

wheat bran) while least gross energy level obtained in 

group without SLM diet. 
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 Figure 1: Gross energy level of broiler excreta with and without Siam leaf meal; and the broiler excreta with wheat 

bran at 3:1 ratio respectively (DM basis) 

IV. DISCUSSION 

As the need for improving biomass efficiency of 

poultry excreta for biogas production in sustainable 

energy generation is expedient, the gross nutrient 
composition of samples must be totally examined. The 

dry matter content of the biomass in all the groups is a 

good indication of the suitable environmental 

conditions for microbial activities and biogas 

production. The least dry matter content of biomass is 

close to that obtained by [1] of 86.5% dry matter 

content (that is, 13.5% moisture content). 

Carbohydrate (in form of crude fibre and nitrogen free 

extract), proteins and lipids are very essential for 

nutrient availability to the bacteria during digestion 

phase in biogas production [14]. Also, the utilization 

of the substrates (nutrients) is dependent on the 
capability of the anaerobic bacteria to assimilate the 

carbon compounds maximally [15]. The methane 

generation is dependent on the biodegradable 

component such as ash content (mineral elements) 

necessary for activation of co-enzymes of the 

methanogens [16]. But, very high fat content in the 

biomass could limit the microbes’ ability to degrade 

organic matter, and excessive crude fibre fraction of 

the biomass could pose challenge to the microbes to 

break down and make the nutrients available, due to 

presence of insoluble lignin [27].  

One of the major factors for biogas production is the 

carbon to nitrogen ratio. Microorganisms need both 

carbon and nitrogen for its cell growth and 

development [17, 19]. The good anaerobic digestion 

of organic nutrients requires C: N ratio of between 

20:1 and 30:1 for optimum biogas yield [16, 28]. This 

implies that the C: N ratio obtained from this study is 

appropriate for biogas production especially with the 

improvement of the poultry excreta. 

The total solids of the biomass are useful as marker to 

loading rate of the digester in the anaerobic condition 

and are crucial in the effective agility of methane-

forming bacteria during digestion [29]. The TS of 

biomass in this study are within the range for biogas 

production, when compared with [1, 30, 20]. The 

volume of methane generated is dependent on the 
available volatile solid, that is amounts of solids 

present in the biomass that can be degradable to 

methane [31]. The VS for biogas production in this 

study are lower and not within the range of [1, 30, 20]. 

The total solid- volatile solid ratio attributes to the 

efficiency of biogas production, as low or high TS/VS 

ratio have either negative or positive influence on the 

methane production. The high TS/VS ratio obtained in 

this study is supported by of [32], which reported that 

increased TS/VS ratio also increases the production of 

methane. 
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Gross energy is very important to ascertain the 

potentiality of biomass for biogas production, which 

defines the convertibility of biomass to methane [21]. 
The gross energy of biomass in this study is close that 

reported by [33] of 14.79 MJ/kg and far better than that 

reported by [34] of 6.11 MJ/Kg. The best gross energy 

of biomass could be attributed to the SLM diet and 

addition of wheat bran. 

V. CONCLUSION 

Since poultry excreta are known to constitute a public 

nuisance and to manage its outputs sustainably have 
been an issue to many researchers and 

environmentalists, it could be best to utilize the excreta 

for well-being of mankind by generation of biogas 

from the poultry waste. In this study, it could be 

concluded that the nutrient composition of the biomass 

is suitable for the bacteria activities in the biogas 

production. Carbon to nitrogen ratio of the improved 

biomass are within the optimum range for 

methanogenic activities, therefore it is an excellent 

substrate for biogas production. The TS of the 

improved biomass is sufficient for mobility of 
methanogens while VS is conducive for 

biodegradation of the biomass by the microorganisms 

for good methane generation. The improved broiler 

excreta have great potential for biogas production 

since the gross energy values are very high. It can 

therefore be recommended that efficient use of Siam 

leaf meal diet and wheat bran be adopted by many 

poultry nutrition researchers and biogas producers. 
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