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Cassava Processing Wastes: Options 
and Potentials for Resource Recovery 
in Nigeria 
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Abstract  Agro-food processing industries are major contributors of wastes in most 
developing countries. With Nigeria leading in cassava food production, little atten-
tion has been paid to provide a sustainable and profit-oriented solution to the prob-
lem of solid waste resulting from cassava processing industries.

Considering the global effort to promote sustainability in the areas of food pro-
duction, processing and waste management and also the need for resource recovery 
and utilisation to enhance cassava food value chain, this study assessed the quality 
and amount of waste in selected cassava industries with regard to cassava produc-
tion rates and current waste management practices (from six randomly selected cas-
sava industries) in Ibadan Nigeria. The potentials and various options for cassava 
waste utilisation were explored.

Six cassava production sites were randomly selected for the purpose of this 
study. Information gathered through personal field observations and key informant 
interviews showed that between 1.5 and 3 tons of solid (peels and pulp) waste and 
between 3 and 6 m3 of liquid wastes were generated daily during cassava processing 
from a daily supply of between 6 and 8 tons of cassava tubers. Between 25 and 37% 
of solid wastes usually result from production of cassava tubers with only 25% of 
the total available waste being utilised as livestock feed.

The recovery of this huge amount of waste resource in terms of animal feed, 
biomass for energy production and biosolids from spent slurry has the potential to 
increase the cassava food value chain significantly.
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1  �Introduction

In recent times, there has been a global movement towards adopting sustainable 
practices in the use of natural resources and management of waste materials in 
many commercial and industrial sectors. The eleventh goal of the Sustainable 
Development Goals (SDGs) “sustainable cities and communities” clearly empha-
sises the importance of this global movement. The sustainability of a practice 
depends on the amount of resource that can be recovered and reused from the raw 
waste materials and also the sustained availability of the waste material stream. 
These resources recovered from waste can be translated to a substantial amount of 
fiscal savings resulting from the conservation of fresh material resources and utilisa-
tion of recovered resources.

The need to adopt sustainable best practices has been extended to agro-food 
processing industries. Agro-food processing industries constitute a significant part 
of every nation’s economy. A typical example of an agro-food processing industry 
is cassava processing industry.

Cassava, a starchy staple food crop, is regarded as a primary food crop in Africa; 
this is due to its resistance to drought and diseases and its capacity to provide a reli-
able and an inexpensive source of carbohydrate for human consumption. Cassava 
tuber is processed into myriads of food items which vary sometimes based on cul-
tural and customary differences and preferences (FAO 2006). Most cassava process-
ing activities in Nigeria are predominantly done by subsistence farmers (Sangodoyin 
and Amori 2013). During cassava production and processing, large amounts of 
wastes (solid and wastewater) are generated. Most of these waste materials are dis-
charged indiscriminately around the processing environment, and this usually leads 
to environmental pollution and sometimes obstruction of waterways and drains.

The perennial problem of food processing waste such as cassava can never be 
overemphasised in sub-Saharan Africa, especially in Nigeria, where cassava pro-
ductions rank highest globally. With the growing production of cassava in Nigeria 
came the emergence of waste materials waiting to be utilised. These waste materials 
are currently not being utilised optimally. About 25% of peels are recovered through 
sun-drying during dry season and less than 20% during wet season. This is due to 
constraints associated with drying and concerns about safety of use, particularly 
hydrocyanide- and mycotoxin-related food poisoning. Drying peels in the open—
practically impossible during the rainy season—takes 2–3  days. Consequently, 
peels are left to rot in heaps or set on fire—polluting the nearby air, soil and ground-
water and wasting a potential feed resource.

The dried peels are used as livestock feed, leaving a significant amount of unuti-
lised solid residues to go to waste. All of the waste effluents are currently being 
discharged indiscriminately into nearby streams and rivers thereby polluting them.

The waste effluents from cassava industries have been reported by many research-
ers to be toxic, containing cyanide (Siller and Winter 1998; Kaewkannetra et  al. 
2009), low in pH and high in BOD and COD (Hien et al. 1999; Luo et al. 2010; Sun 
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et al. 2012; Intanoo et al. 2014) and hence if not properly treated would have a nega-
tive impact on the environment and water resources (Oparaku et al. 2013).

The solid component of cassava wastes (peels and bagasse), due to their physico-
chemical composition (see Table 1), has potentials to be utilised as feedstock for 
livestock (Ubalua 2007), as compost material (Sangodoyin and Amori 2013) and 
substrate for methane (energy) recovery (Cuzin et al. 1992; Ubalua 2007; Adelekan 
and Bamgboye 2009; Eze 2010; Panichnumsin et al. 2010; Oparaku et al. 2013) and 
biosolids (Ghimire et al. 2015). Studies are still being conducted in major cassava-
producing regions in Africa and Asia focusing on exploring the resource recovery 
potential of cassava processing wastes and other potentials for value addition.

Beyond the problem of pollution identified in Nigeria due to poor management 
of cassava processing residues is the need to provide an alternative energy source 
for the rural cassava processors who are usually exposed to smoke and soot from 
burning firewood. Most of these farmers, mostly women, have limited resources to 
embark on large-scale production using modern heating technologies.

Considering these challenges, and the need to add value to the cassava food pro-
cessing chain through waste utilisation and resource recovery, this study assessed the 
rate of cassava production and amount of unutilised waste, current waste manage-
ment practices and options available for resource recovery in the Nigerian context.

2  �Methodology

2.1  �Selection of Study Locations

Six cassava processing industries were randomly selected for the purpose of this 
study. All the industries are located within Ibadan, southwestern Nigeria. The cas-
sava industries were visited with the aim of assessing the current practices in terms 
of cassava processing operations, products and wastes management measures in 
place. The cassava industries are located in the following areas of Ibadan: Moniya, 
Eleyele 1, Eleyele 2, Ojoo, Agbowo and Egbeda.

Table 1  Physico-chemical composition of cassava bagasse/pulp (g/100 g dry weight)

Composition
Soccol 
(1994)

Cereda 
(1994)

Sterz 
(1997) Vandenberghe et al. (1998)

Moisture 5.02 9.52 10.70 11.20
Protein 1.57 0.32 1.60 1.61
Lipids 1.06 0.83 0.53 0.54
Fibres 50.55 14.88 22.20 21.10
Ash 1.10 0.66 1.50 1.44
Carbohydrates 40.50 63.85 63.40 63.00

Source: Pandey et al. (2000)
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3  �Study Design

In order to achieve the aim and objectives of this study, the following methods were 
adopted:

•	 Extensive literature review on the subject matter
•	 Field visits in Ibadan for collecting primary and secondary data from small- and 

medium-sized cassava industries
•	 Face-to-face meetings (in-depth interviews) with cassava farmers and processors 

and assessment of current practices
•	 Assessment of daily cassava delivery and production rates
•	 Characterisation of cassava processing wastes

Investigations on the current practices at the selected cassava industries were 
carried out using the methods of key informant interview and direct personal 
observation.

The following data were collected and used to make comparison as regards man-
agement and waste disposal practices.

	1.	 Name/location of the cassava processing site
	2.	 Operations and major cassava products
	3.	 Number of the workers and scale of the processing system
	4.	 Cassava processing rate
	5.	 The volume of cassava wastewater effluent produced per unit Kg of cassava
	6.	 The weight of solid waste produced per unit Kg of cassava
	7.	 The amount and volume of solid and liquid waste produced, respectively, in a 

cassava processing site
	8.	 Solid waste disposal method employed

Based on the observations made at the cassava industries, the food products pre-
dominantly processed from cassava processing at the selected site are garri (Yoruba 
and Igbo customary types), fufu and lafun.

4  �Cassava Processing Steps

Various steps involved during the processing of cassava tubers into the desired food 
product are as represented below (Figs. 1, 2 and 3):

In order to quantify the amount of waste that can be generated from a unit weight 
of cassava tuber processed, a basket full of cassava tubers was weighted before and 
after peeling and the amount of waste (peels, bagasse and effluent) recorded. This 
was used to estimate the total amount of waste generated daily based on amount of 
cassava tubers supplied daily.
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5  �Results and Discussion

The information collected from each industry is summarised in Table 2:
These common features were recorded in all the sites visited.

	1.	 All the sites were located close to a stream or flowing river which served as a 
final disposal point for the waste effluents (Plates 1, 2, 3 and 4).

Fig. 1  Garri processing

Fig. 2  Fufu processing

Cassava Processing Wastes: Options and Potentials for Resource Recovery in Nigeria



82

	2.	 No strict measures have been put in place for the management of solid and waste 
effluent and as such are disposed indiscriminately or dumped without check; the 
vast majority of cassava peels resulting from the processing of this root is either 
abandoned nearby the processing sites, used as landfill or burnt. Between 20 and 
25% of cassava peels and fibrous waste (spent pulp) are sun-dried (after having 
being washed, to remove dirt, and drained) and fed to pigs and goats as can be 
seen in Plate 5.

	3.	 The only energy source available for cassava processing is firewood for cooking 
and roasting cassava products (Plate 6)

With regard to the current energy option for cooking and frying cassava into 
finished products, it was observed that firewood is the only energy option available 
to the processors. Certain challenges have been reported and observed in the use of 
firewood. During frying operations, there is a challenge of maintaining a uniform 
heating using firewood. Smouldering of firewood exposes workers (mostly women) 
to toxic fumes besides exposure to cyanide during peeling and fermentation pro-
cesses (Plate 7).

Fig. 3  Lafun processing

C.G. Achi et al.
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Beyond the health of the processors, there is also the environmental impact with 
regard to the current practice of using firewood. There is a major concern with the 
pressure put on forest trees amidst the growing cassava production rates, due to sole 
dependence on forest woods and also the emission of greenhouse gases from rotting 
cassava wastes in waste dumps leading to ozone layer depletion. Hence the need to 
embrace a resource-oriented approach towards addressing these challenges.

Plate 1  Women peeling 
cassava in a typical cassava 
processing industry

Plate 2  Heap of unutilised 
cassava bagasse/pulp

C.G. Achi et al.
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6  �Current Trends and Future Perspective in Cassava Waste 
Utilisation

In view of the enormous amount of waste generated daily from cassava processing 
centres in Nigeria (>1 tonne) which is currently not being utilised fully, except for 
the little amount being utilised as livestock feed, there is an obvious need to channel 
these waste materials into a more profitable use. Although the International 
Livestock Research Institute (ILRI) with its CGIAR research partners has initiated 
an innovative technique of processing cassava peels into high-quality cassava peel 

Plate 3  Cassava peels 
dumped beside a cassava 
industry in Ibadan

Plate 4  Effluent produced 
from fufu making
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(HQCP) mash for use as livestock feed, the feed produced from HQCP has the 
potential to replace 10–20% of maize in poultry diet and 30–40% diet for cattle, 
sheep, goat and pigs. Based on their assessment, approximately 40 million ton of 
cassava waste is generated in Africa and if harnessed properly can provide up to 150 
million jobs, provide about 13 million tonne of feed per annum and result to about 
3,900 million USD per annum.

There is still the need to provide alternative uses for these waste materials in the 
rural community, so as to meet other local needs—energy and organic fertiliser.

Plate 5  Traditional 
method of drying cassava 
peels in the sun

Plate 6  Piles of firewood 
for cooking and frying 
cassava products

C.G. Achi et al.
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Research is currently ongoing in the areas of energy recovery from cassava waste 
products co-digested with livestock wastes and other domestic wastes. Through 
these research efforts, sufficient energy would be generated to meet the local energy 
demand in cassava processing industries.

Furthermore, through composting, waste products and biosolids resulting from 
cassava processing are converted to useful organic manure for improving soil fertil-
ity. Stabilised digestates from aerobic digestion of cassava waste materials are also 
being explored for use in organic farming and growing of mushrooms.

7  �Conclusion

In Nigeria, the problem of poor infrastructural facilities, including lack of sustain-
able energy  options, has been identified among many other challenges currently 
facing subsistent cassava farmers. In order to prevent environmental impacts arising 
from the huge waste streams generated during cassava processing, various agricul-
tural wastes should be gathered and converted to useful products.

Based on the current assessment of cassava production rate and waste generation 
in Ibadan City, there is a significant potential for utilising cassava waste as a sustain-
able energy source for meeting energy demands in rural cassava processing indus-
tries. The daily supply of cassava waste (>1 tonne) is sufficient to maintain a steady 
supply of substrates for biogas production to meet up with basic energy demands.

According to study carried out by Cuzin et al. (1992), 5 tons of cassava roots 
produced 1 ton of cassava meal and 1.5 tons of cassava peel; 1.5 tons of cassava peel 
is needed to produce 121 m3 CH4, 1200 kWh or 121 m3 CH4 (calorific value of meth-

Plate 7  Women frying of 
garri using firewood and 
mud stove
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ane, 9.95  kWh/m3 CH,) which are required for drying 1  ton of cassava meal. 
Furthermore, use of cassava wastes as substrate for producing biogas would decrease 
the potential damages to forests as it reduces the overall amount of firewood 
employed to produce heat (for cooking or other purposes).

Apart from the already stated energy need for heating, the bioenergy recovered 
could also be used to power generators, which will be used to light up the processing 
environment during dark working hours. It would also provide a more convenient 
means of supplying water through pumping to the cassava processors from wells. 
Most cassava processing industries usually suffer from scarcity of water and energy 
supplies. In essence, this will reduce the stress of the women involved in cassava 
processing, who would have to go through the drudgery of drawing water from 
alternative sources and deep wells.

A sustainable utilisation of cassava wastes for various purposes mentioned above 
would go a long way in making life a lot easier for the rural farmers and ultimately 
adding significant financial value to cassava production business.

References

Adelekan BA, Bamgboye AI (2009) Comparison of biogas productivity of cassava peels mixed in 
selected ratios with major livestock waste types. Afr J Agric Res 4(7):571–577

Cereda MP (1994) Caratecrizacßão de resõduos da industrializacßãoda mandioca. In: Cereda MP 
(ed) Industrializacßão da mandioca no. Pauliceia, SãoPaulo, Brazil, pp 1150

Cuzin N, Farinet JL, Segretain C, Labat M (1992) Methanogenic fermentation of cassava peel 
using a pilot plug flow digester. Bioresour Technol 41:259–264

Eze JI (2010) Converting cassava (Manihot spp) waste from Garri processing industry to energy 
and bio-fertilizer. Glob J Res Eng 10(4):113–117

FAO (2006) Food and Agriculture Organization of the United Nations web page accessed at: http://
faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor

Ghimire A, Sen R, Annachhatre AP (2015) Biosolid management options in cassava starch 
Industries of Thailand: present practice and future possibilities. Procedia Chem 14(2015):66–75

Hien PG, Oanh LTK, Viet NT, Lettinga G (1999) Closed wastewater system in the tapioca industry 
in Vietnam. Wat Sci Technol 39(5):89–96

Intanoo P, Rangsanvigit P, Malakul P, Chavadej S (2014) Optimization of separate hydrogen and 
methane production from cassava wastewater using two-stage upflow anaerobic sludge blanket 
reactor (UASB) system under thermophilic operation. Bioresour Technol 173(2014):256–265

Luo G, Xie L, Zou Z, Wang W, Zhou Q, Shim H (2010) Anaerobic treatment of cassava stillage 
for hydrogen and methane production in continuously stirred tank reactor (CSTR) under high 
organic loading rate (OLR). Int J Hydrog Energy 35:11733–11737

Oparaku NF, Ofomatah AC, Okoroigwe EC (2013) Biodigestion of cassava peels blended with pig 
dung for methane generation. Afr J Biotechnol 12(40):5956–5961

Pandey A, Soccol CR, Nigam P, Soccol VT, Vandenberghe LPS, Mohan R (2000) Biotechnological 
potential of agro-industrial residues. II: cassava bagasse. Bioresour Technol 74(2000):81–87

Panichnumsin P, Nopharatana A, Ahring B, Chaiprasert P (2010) Production of methane by co-
digestion of cassava pulp with various concentrations of pig manure. Biomass and Energy 
34:1117–1124

Raewkannetra P, Imai T, Garcia-Garcia FJ, Chiu TY (2009) Cyanide removal from cassava mill 
waste water using Azotobacter vinelandii TISTR 1094 with mixed microorganisms in activated 
sludge treatment system. J Hazard Mater 172(2009):224–228

C.G. Achi et al.

http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor
http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567#ancor


89

Sangodoyin AY, Amori AA (2013) Aerobic composting of cassava peels using Cowdung, sewage 
sludge and poultry manure as supplements. Eur Int J Sci Technol 2(8):22–34

Siller H, Winter J (1998) Degradation of cyanide in agro-industrial or industrial wastewater in an 
acidification reactor or in a single-step methane reactor by bacteria enriched from soil and peels 
of cassava. Appl Microbiol Biotechnol 50:384–389

Soccol CR (1994) Contribuiçoão Estudo da Fermentação no Estado Sólido em Relacç ão com 
a Producç ão de Aácido Fumárico, Biotransformac¸ ão de Resíduo Sólido de Mandioca por 
Rhizopuse Basidiomacromicetos do Género Pleurotus. Curitiba, Tese (Professor Titular), 
Universidade Federal do Parana

Stertz SC (1997) Bioconversão da Farinha de Mandioca Crua (Manihot Esculenta, Crantz) por 
Fungos do Gěnero Rhizopus em Fermentacß~ao no Estado Solido. Tese Mestrado, Universidade 
Federal do Parana, Curitiba

Sun L, Wanb S, Yu Z, Wanga Y, Wanga S (2012) Anaerobic biological treatment of high strength 
cassava starch wastewater in a new type up-flow multistage anaerobic reactor. Bioresour 
Technol 104(2012):280–288

Ubalua (2007) Cassava wastes: treatment options and value addition alternatives. Afr J Biotechnol 
6(18):2065–2073

Vandenberghe LPS, Soccol CR, Carta FS, Lebeault J-M, Milcent PF, Machado L (1998) Enzymatic 
hydrolysis of liquid and solid wastes of cassava root industry for production of metabolites by 
fermentation. COBEQ 98, Porto Alegre, Brazil

Vandenberghe LPS, Soccol CR, Lebeault JM, Krieger N (1998) Cassava wastes hydrolysate an 
alternative carbon source for citric acid production by Candida lipolytica. Paper presented in 
Internatl. Congr. Biotech’98, Portugal

Cassava Processing Wastes: Options and Potentials for Resource Recovery in Nigeria


	Cassava Processing Wastes: Options and Potentials for Resource Recovery in Nigeria
	1 Introduction
	2 Methodology
	2.1 Selection of Study Locations

	3 Study Design
	4 Cassava Processing Steps
	5 Results and Discussion
	6 Current Trends and Future Perspective in Cassava Waste Utilisation
	7 Conclusion
	References


