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ABSTRACT 
 

The management of urban waste such as those from slaughterhouses is a major concern in developing countries. 

However, these wastes can be recycled as a source of energy and organic fertilizers for agricultural production. This 

study aimed to assess the possibility of producing biogas through anaerobic digestion of slaughterhouse wastes either 

digested sole or mixed with phosphate rock, and to characterize the chemical composition of the digestates obtained 

for agricultural production. Our results showed that the production of waste in the slaughterhouse of Ouagadougou, 

the main city of Burkina Faso is about 2.500 tonnes per year or about 200 tonnes per month. For slaughterhouse waste 

digested sole, the biogas production from the anaerobic digestion was in two months 139418 litres per ton of dry 

matter corresponding to a daily production of 2.2 litres per kg of dry matter. For slaughterhouse waste digested with 

phosphate rock, the biogas production was 120850 litres per ton of dry matter corresponding to a daily production of 

1.9 litres per kg of dry matter. The digestates resulting from this digestion contained more than 50% of organic matter, 

13 g/kg of nitrogen. Their pH was neutral (pH=7.18 for slaughterhouse waste digested sole, 7.47 for slaughterhouse 

waste digested with phosphate rock) compared to untreated waste which are acidic (pH 5.98). The carbon / nitrogen 

ratio of digestates was higher than 20. The adjunction of phosphate rock did not improve biogas production and the 

water soluble P content of the digestates. These results suggest that the anaerobic digestion of slaughterhouse waste 

could contribute to energy and organic fertilizers needs of populations while cleaning up the environment. However, 

there is a need to increase the duration of anaerobic digestion or to consider additional aerobic composting to further 

decrease the C/N ratio of digestates. 
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INTRODUCTION 

 

Urban waste management is a major concern for 

municipalities in sub-Saharan Africa (Eaton and Hilhorst. 

2003). Indeed, population growth and the rapid 

urbanisation of cities have resulted in a significant 

production of waste. This leads to a pollution of cities and 

the perpetuation of hygiene-related diseases (Kafando et 

al., 2013). Slaughterhouses are part of industries that 

produce a lot of waste that are not properly treated in 

many countries of sub Saharan Africa. However, these 

wastes are sources of organic matter and nutrients (Kiba et 

al., 2019) and can be recovered through anaerobic 

digestion for biogas and organic fertilizers production and 

then contribute to meet the growing energy and food 

demands of populations. Indeed, Kefalew et al. (2021) 

estimated the potential of biogas production to 206.63 x 

103 m3/year and biofertilizer production to 43184.9 kg of 

dry bio-fertilizer/year for a slaughterhouse in Ethiopia 

producing 688,755 kg per year. In Burkina Faso, studies 

in anaerobic digestion of some substrates such as manure 

have given interesting results. Indeed, the national bio-

digester programme recorded in December 2011 a biogas 

production equivalent to 12080 bottles of butane gas of 

12.5 kg corresponding to 382.54 tons of wood saved or 

65.08 ha of preserved forest (Fasonet. 2012). The use of 

slaughterhouse waste, for example, in this bio-digester 

programme could then be very interesting in terms of its 

contribution to climate protection and sustainable soil 

management through the provision of organic fertilizers. 

In addition, digestion of slaughterhouse waste with rock 

phosphate could lead to organic fertilizers enriched in 
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soluble phosphorus, which would contribute to improving 

the quality of the majority of soils in sub-Saharan Africa 

that are known to be phosphorus deficient.. This study 

aimed: (1) to estimate the slaughterhouse waste 

production in Ouagadougou in Burkina Faso (2) to 

evaluate the quantity of biogas produced during the 

anaerobic digestion of the slaughterhouse waste sole or 

combined with rock phosphate and (3) characterize the 

chemical composition of the digestate produced after 

anaerobic digestion of this waste for agronomic purposes. 

 

MATERIALS AND METHODS 

 

Materials 

The studied waste was collected from the main 

slaughterhouse of Ouagadougou, the main city of Burkina 

Faso. This waste is essentially composed of the contents 

of stomachs and intestines from the slaughter of cattle, 

small ruminants, pigs and sometimes camels. The selected 

chemical parameters of this waste are shown in the Table 

1. 

 

Assessment of waste production 

The quantities of waste produced by the 

slaughterhouse of Ouagadougou were estimated from the 

number of animals slaughtered and the average weight of 

the contents of these animals' bellies. Thus the average 

weight of the contents of the bellies was evaluated at 

33.43 kg per animal for large animals such as cattle and at 

2.48 kg and 2.69 kg respectively for small ruminants and 

pigs. 

 

Anaerobic digestion and measurements of released gas 

The anaerobic digestion was carried out according to 

the method described in Sedego et al. (1989) based on the 

use of pits installed at the Institute of Environment and 

Agricultural Research station of Saria in Burkina Faso 

(Picture 1). A quantity of 1.2 tons of waste was used to fill 

each tank. For the digestion of waste with phosphate rock, 

36 kg of phosphate rock was added and mixed thoroughly. 

The waste was moistened to saturation to create anaerobic  

conditions.  The  water  supply  was  staggered  during the  

aerobic pre-fermentation phase to ensure saturation of the 

waste. The pre-fermentation lasted 2 days and the tanks 

were closed until the end of the digestion process. The 

biogas produced was measured daily with a gas meter. 

The duration of anaerobic digestion was 63 days. 

 

Evaluation of selected chemical parameters of the 

composts produced 

The pH of was determined by a pH meter (WTW 

InoLab, Weilheim, Germany) according to Walinga et al., 

(1989) with a waste/water ratio of 1/5. The organic matter 

(OM) content of the waste was determined by calcination 

in a CARBOLITE muffle furnace at 550°C for 2 hours. 

The organic matter was calculated by the following 

formula: 
 

                    (Wi-Wf)                                                         

OM (%) = ----------------- × 100              

                        Wi                                    
             

Wi is the initial weight of the test sample and Wf is the 

final weight of the test sample after calcination. 

 

 
 
Picture 1: A pit installed at the agricultural research station of 

Saria, Burkina Faso for  anaerobic digestion.

 
Table 1: Selected chemical parameters of slaughterhouse waste collected from the main slaughterhouse of Ouagadougou, Burkina 

Faso 

Parameters O M (%) Total N (g/kg) C/N Total P (mg/kg) Water soluble P  (mg/kg) pH water 

Values 88.4 18.1 28 2086 648 5.98 

 
Table 2: Average quantity in tons of solid waste produced in the main slaughterhouse of Ouagadougou, Burkina Faso 

Month 2005 2006 2007 2008 

January 221.69 208.75 142.55 200.14 

February 212.33 200.99 133.95 168.60 

March 269.02 206.16 189.45 176.31 

April 265.41 207.95 197.99 180.53 

May 232.25 222.32 212.76 206.76 

June 255.82 208.84 197.10 174.25 

Jully 240.76 196.38 199.68 174.44 

August 235.37 190.61 187.40 160.85 

September 226.60 187.63 190.36 172.01 

October 244.23 184.46 224.06 174.14 

November 253.32 176.04 227.41 186.82 

December 287.69 185.70 231.62 189.81 

Annual production  2944.50 2375.83 2334.35 2164.66 

Average of  four years 2454.84±339    
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For the determination of total nitrogen and total 

phosphorus content, waste samples were first digested 

with concentrated sulfuric acid in the presence of 

hydrogen peroxide, selenium and salicylic acid. 

Phosphorus and nitrogen in the resulting solutions were 

measured using an automatic colorimeter SKALAR 

(Skalar SAN plus Segmented flow analyzer, Model 4000-

02, Breda, Holland) (Okalebo et al. 2002). The extraction 

of water soluble phosphorus was done according to the 

method described in Lompo (1993). 

 

RESULTS 

 

Production of solid waste at the slaughterhouse of 

Ouagadougou  

The monthly production of waste in the slaughter-

house of Ouagadougou is shown in Table 2. The average 

waste production was estimated to about 2.500 tonnes per 

year, corresponding to about 200 tonnes per month. 

 

Biogas production during the anaerobic digestion of 

slaughterhouse waste (SW) 

The biogas production during anaerobic digestion is 

presented in Figure 1. A significant biogas production was 

recorded with SW, which started from the first day after 

the closure of the tanks. After 63 days of anaerobic 

digestion, for SW digested sole, the total amount of biogas 

produced was 139418 litres per ton of dry matter, i.e. an 

average daily production of 2.2 litres per kg of dry matter. 

SW digested with phosphate rock produced lower quantity 

of biogas compared to SW composted sole, with a total 

amount of biogas of 120850 litres per tonne of dry matter, 

i.e. an average daily production of 1.9 litres per kg of dry 

matter. 

 

 
 

Fig. 1: Cumulative biogas production during anaerobic digestion 

of slaughterhouse waste and slaughterhouse waste combined 

with phosphate rock. 

Selected chemical parameters of the digestates  

The results in Table 3 show the chemical 

characteristics of the digestates of slaughterhouse waste 

after anaerobic digestion. We noted that the composts 

resulting from the anaerobic digestion of this waste are 

rich in organic matter, which represents more than 50% of 

the dry weight of this waste. They are sources of 

phosphorus and nitrogen. Compared to raw 

slaughterhouse waste, which has an acidic pH of 5.98, we 

note that the digestates resulting from the anaerobic 

digestion have a neutral pH. These digestates also have 

lower nitrogen contents compared to raw slaughterhouse 

waste. The digestion of sole slaughterhouse reduced their 

ratio C/N, however this ratio remained higher than 20. 

The digestion of slaughterhouse waste with phosphate 

rock did not reduce their ratio C/N. Slaughterhouse waste 

digested with phosphate rock content higher total P but 

lower water soluble P compared to raw slaughterhouse 

waste and slaughterhouse digested sole. 

 

DISCUSSION 

 

Slaughterhouse wastes are a potential source of 

recoverable organic matter. The analysis of the waste 

production at the main slaughterhouse of Ouagadougou in 

Burkina Faso showed that this ressource is regularly 

produced and available a whole year. Considering the 

various other slaughterhouses throughout the country, we 

can conclude t slaughterhouse waste can be considered as 

a potential source of recoverable organic matter and 

energy production in the country.  

The production of biogas during the digestion process 

is the result of the decomposition of the organic matter of 

the different substrates by anaerobic microorganisms 

(vögeli et al., 2014; Náthia-Neves et al., 2018). The 

average daily production of biogas of 2.2 l/ kg dry matter 

and 1.9 l/kg dry matter respectively for slaughterhouse 

waste digested sole and slaughterhouse waste digested 

with phosphate rock are higher than those obtained by 

Lompo (1983) and Sedogo et al. (1989) with a mixture of 

sorghum straw and cow dung (1.28 litres per kg dry 

matter and 1.6 litres per kg dry matter respectively). These 

high biogas production are probably related to 

characteristics of this slaughterhouse waste, namely their 

high organic matter content (88,4%) and their C/N ratio 

favourable for anaerobic digestion. Despite that the 

optimum range of C/N ratio favourable for anaerobic 

digestion was reported to be between 20 and 25, some 

authors (Yong et al., 2015; Dadaser-Celik et al., 2016) 

indeed noted optimum biogas production using substrates  

with C/N ratio of 28 and 31. The studied slaughterhouse 

waste from the city of Ouagadougou with a C/N ratio of 

about 28 is therefore a potential source of raw material for 

biogas production that could partially offset the high cost 

of energy. 

 
Table 3: Selected chemical parameters of digestates from an anaerobic digestion of slaughterhouse waste (SW) and slaughterhouse 

waste combined with phosphate rock (PR). 

Treatments MO (%) N g/kg) C/N Pt(mg/kg) Water soluble P(mg/kg) pHwater 

Sole SW digestate 55.1 13.0 25 2085.9 546.5 7.18 

SW digested with PR 68.51 13.0 31 9579.43 377.2 7.47 
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Digestates of slaughterhouse waste exhibited higher 
pH compared to raw slaughterhouse waste. The increase 
of substrate pH after anaerobic digestion was reported by 
several authors and was partially linked to the removal of 
carbonic gas and the formation of ammonium carbonate 
during digestion (Möller and Müller, 2012; Owamah et 
al., 2014). The less acidic pH of the composts may be of 
interest for soils in Burkina Faso that become acidified 
after cultivation without a proper management. The C/N 
ratio of digestates remained higher than 20 after 63 days 
of digestion suggesting that the digestate are not well 
decomposed (Mustin, 1987). This shows a need to 
increase the duration of anaerobic digestion or to consider 
additional aerobic composting to further decrease the ratio 
C/N of the digestates. Indeed, a high C/N ratio of organic 
fertilizers could lead to a nitrogen deficiency and 
therefore a decrease in crop production. The digestates 
from anaerobic digestion have lower nitrogen contents 
than raw slaughterhouse waste. These results corroborate 
with those of Aklaku et al (2006) who noted a decrease in 
nitrate contents after the anaerobic digestion of 
slaughterhouse waste. The addition of phosphate rock 
during the digestion led to an increase of the total P 
content of the digestates while the increase of the pH 
during digestion process (table 2) led to the lower water 
soluble P content of the digestates compared to raw 
slaughterwaste .by. Indeed, in alkaline condition the 
adsorption of soluble P by cations such as calcium occurs 
(Johan et al. 2021). 
 

Conclusion  
Slaughterhouse waste is a suitable source of 

substrates for biogas production by anaerobic digestion. 
They are regulary produced in the cities of Ouagadougou 
and have an average daily biogas production of 2.3 litres 
per kg of dry matter and 1.9 litres per kg of dry matter 
respectively for slaughterhouse waste digested sole and 
slaughterhouse waste digested with phosphate rock. The 
biogas production from slaughterhouse waste will allow 
diversifying energy sources and to provide a low cosnt 
energy source for the populations. The compost resulting 
from the production of biogas by anaerobic digestion is a 
source of organic fertilizers with pH near neutrality and 
rich in nutrients such as nitrogen and phosphorus that can 
improve agricultural production. However, the high C/N 
ratio of the digestates suggests a need to increase the 
duration of anaerobic digestion or to consider additional 
aerobic composting for decreasing the C/N ratio. The 
adjunction of phosphate rock does not improve the biogas 
production and the water soluble P content of the 
digestates. 
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