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Abstract: Cassava (Manihot esculenta), is one of the most important calorie crops in the tropics, having multiple commercial 

and industrial uses. Sri Lanka has a surplus production of cassava and has high demand in both local and export markets. The 

total quantity of raw cassava export of Sri Lanka in year 2014 is 4,229 Metric tons. Therefor e improving the processing line 

of raw cassava for export market will be beneficial to increase the raw cassava export industry in Sri Lanka. This study was a 

case study, designed to carry out a material flow analysis of a processing plant of  raw cassava roots export, to characterize 

and quantify the inputs and outputs of the process and to identify the hotspots in the processing line. The processing line 

includes raw cassava receiving, sorting, washing, fungicide treatment, packaging and sealing. The MFA revealed that the 

hotspots of raw cassava processing for export market were sorting, washing, fungicide treatment and packaging. From the 

raw cassava roots purchased 12.2±2.1% of the total raw cassava weight was wasted and 7.1±0.5% of total coco peat 

purchased were wasted during the processing. The amount of waste water generation was 415±20L per 1000kg of raw 

cassava roots weight. 
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________________________________________________________________________________________________

1. Introduction 

Cassava (Manihot esculenta), also called manioc, tapioca or 

yuca, is one of the most important food crops in the humid 

tropics [1].It can be grown in conditions of low nutrient 

availability and drought [2]. Cassava is the fourth most 

important food calorie crop in the tropics, and has been 

growing in importance both for food security (especially in 

Africa) and for multiple commercial and industrial uses 

(mainly in Latin America and Asia) [3].  

Cassava tuber which is a swollen root is the main harvested 

organ and also cassava leaves are sometimes consumed. A 

major limitation of cassava production is the rapid post-

harvest deterioration of Its roots which usually prevents their 

storage in the fresh state for more than a few days [4]. 

According to the National Statistics in the Department of 

Census and Statistics, Sri Lanka, The estimated annual 

production of cassava in year 2014 is 302,767 Metric tons 

and the area of land under cultivation of cassava is 23,970 

Hectares [5]. Sri Lanka has a surplus production of cassava 

and it is an unexploited tuber crop while having high 

demand in both local and export markets [6].  

In year 2014, the total quantity of raw cassava export of Sri 

Lanka is 4,229 Metric tons and has earned more than 325 

million of Sri Lankan rupees through cassava exporting 

[5].Cassava is exported with incorporating sterilized husk 

cortex of coconut (coco peat) which performs as water 

“sponge” [7].  

Material flow analysis (MFA) examines the materials 

flowing into a given system, the stocks and flows within this 

system and the resulting outputs from the system to other 

systems [8].The purpose of a material flow analysis  is to 

follow and quantify the flow of materials in a defined 

situation and over a set period of time. MFA is a necessary 

pre-requisite to operationalize the concept of sustainability 

and to support the effective planning and management of 

natural resources [9]. The end product of the MFA will be a 

detailed input-output table for processing line of raw cassava 

root packaging for export, showing all materials that enter 

and leave the production. 

This study was designed to carry out a material flow analysis 

of a processing plant engaged in processing of raw cassava 

roots for export plant to characterize and quantify the inputs 

and outputs of the process. 

 

2. Materials and methods 

Both the primary and secondary data obtained was used for 

this study as information necessary for analysis. Primary data 

was obtained by interviewing the production staff of the 

processing plant, onsite observations and sampling. 

Secondary data relevant to this study were obtained from 

research reports, journals and textbooks. A multistage 
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random sampling method was used when collecting samples 

from the process over 30 working days. 

2.1. Goal definition 

The main goal of the case study was to identify “hot spots” 

which are the steps of the raw cassava roots processing for 

export market which give rise to the most significant 

environmental input and output flows. 

 

2.2. The product and the Process description  

The plant selected for conducting the case study was one of 

the few market leaders in raw cassava exporting in Sri 

Lanka. The final product is in 11kg five ply cardboard 

boxes. The final product contains 8.5-9kg of raw cassava 

roots and 2.5-3.0kg of Coco peat. The production capacity of 

the plant was 600 boxes of raw cassava roots per day. About 

20 workers were engaged in the processing.  

The processing line of raw cassava tubers for export market 

included raw cassava receiving, sorting, washing, fungicide 

treatment, packaging and sealing. The processing plant only 

used the cassava of MU51 variety which is a recommended 

cassava variety by the Agriculture ministry, Sri Lanka. Billet 

Carbendazim 50% w/w (MBC= methyl 2-

benzimidazolecarbamate) (figure 01) was used as the 

fungicide for the fungicide treatment which prevents the 

plant diseases caused by various fungi [10]. 

 
 

 

 

The processing line was completely manual.  The subset of 

processes in the production line is illustrated in Figure 02. 

 
 

 

 

 

2.3. The inventory analysis and Data collection 

For the inventory analysis, site specific data and information 

were gathered using open ended questionnaire, personal 

interviews and environmental reports. The process was 

observed over 30 working days and inputs and outputs of the 

process were measured. Water consumption of the process 

was measured daily through the water meter attached to the 

water supply. Multiple stage random sampling was used 

when gathering the observations.  

 

2.4. Material flow Analysis 

This Study on Material Flow analysis provide 

comprehensive description of material flows with in 

processing plant of the raw cassava root for export market 

from raw material receiving up to the dispatching of the final 

product. The system boundary of the analysis is shown in 

figure 02.  

The method described by Brunner. and  Rechberger. (2004) 

was used to carry out the MFA[11]. The principle of mass 

conservation supports the establishment of materials 

balances. It serves as a means of control in cases where all 

flows are known (input = output ± storage). It can be used to 

determine one unknown flow per process.  

The functional unit (FU) is processing of 1000kg of raw 

cassava roots in to final product. The inputs of the process 

were raw cassava roots, fungicide (billet solution), 

polyethylene, five ply cardboard boxes, and water. The 

summary of inputs and outputs are shown in figure 03.  

 

3.  Results and discussion 

3.1. Material flow analysis of raw cassava roots 

processing for export market 

 
 

 

 

The raw cassava transported through Lorries was unloaded 

in to the raw material receiving area of the processing plant. 

Secondly the raw cassava roots were sorted to remove the 

damage roots, and roots that are not comply with the 

specifications. According to the results of material flow 

analysis the amount of wastes generated as damaged roots  
Figure 02- Production chain of raw cassava root 

packaging for export market 

Figure 03- Summary input/output table of raw 

cassava root packaging for export market 

Figure 01 Carbendazim (MBC= methyl 2-

benzimidazolecarbamate) 
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and roots did not comply with specifications were 1.5±0.7% 

and 10.0±2.1% of the total weight of raw cassava roots 

respectively.  

The sorted roots are washed once with tapped water and 

consumption of water was 200±15L per 1000kg of raw 

cassava roots. The outputs generated in washing were waste 

water and solid waste which were 185±10 L and 12±3kg per 

1000kg of raw cassava roots respectively. The solid waste 

contained the sediments of waste water which include mud 

particles, and peel parts of raw cassava.   

Then the washed cassava was dipped in a0.4mll-1 aqueous 

billet solution. The inputs of the fungicide treatment 

processing step were water, Billet Carbendazim 50% w/w 

and washed raw cassava roots. The amounts of water and 

Billet Carbendazim 50% w/w were 250L and 100ml per 

1000kg of raw cassava roots weight respectively. The 

outputs of Fungicide treatment were waste water containing 

Billet Carbendazim and solid waste which was the sediments 

of waste water. The waste amount of waste water and solid  

 

 

waste were 230±10L and 0.9±0.1kg per 1000kg of raw 

cassava roots weight respectively.  

 

Then the treated raw cassava roots are packed in to the five 

ply cardboard boxes. A polyethylene layer was kept inside 

the cardboard box which had ventilation spaces and two 

layers of raw cassava roots were placed in it. Wet sterilized 

coco peat was laid in between and on top of the tuber layers.  

Then the box is closed. The outputs of packaging were 

damaged raw cassava tubers while processing, damaged 

cardboard boxes, polyethylene parts and coco peat. 

According to the results of MFA it was observed that 

0.7±0.1% of raw cassava roots were wasted as damaged 

roots  

 

 

 

and 7.1±0.5% of coco peat was wasted, due to improper 

housekeeping practices in the plant.  

At last the cardboard boxes were sealed and there was no 

any waste generated while sealing. 

A summary of the quantity of waste generated at the 

“Hotspots” of the production process is given in table 01. 

 

4. Conclusion 

 

The MFA revealed that the hotspots of raw cassava 

processing for export market were sorting, washing, 

fungicide treatment and packaging.  

From the raw cassava roots purchased 12.2±2.1% of the total 

raw cassava weight was wasted and 7.1±0.5% of total coco 

peat purchased were wasted during the processing. The 

amount of waste water generation was 415±20L per 1000kg 

of raw cassava roots weight.  
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Process step 

Quantity of Waste Generated 

Solid waste (kg per 1000kg of raw 
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Waste water ( Liters per 1000kg of 

raw cassava roots weight) 

       Sorting   Total-             115.0±28.0 

       Damaged- 15±7 

      *Other-       100±21 

0 
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       Five ply Cardboard- 4.5±0.5 

0 

* -Not comply with the specifications         **- Sediments of waste water (mud particles and peel particles) 

Table 01-The quantity of waste generated at the hotspots in the raw cassava processing for export market 



European Journal of Academic Essays 3(3): 105-108, 2016 

108 

 

[2]. Burrell M. M., Starch: the need for improved quality or 

quantity -- an overview. Journal of Experimental Botany, 

2003, vol. 54, no. 382, p. 451-456. 

 

[3]. Yong-Bi Fu, Preeya P.W., Ruttawat.B., Thai elite 

cassava genetic diversity was fortuitously conserved through 

farming with different sets of varieties, Conservation 

Genetics (2014), Volume 15, Issue 6, pp 1463-1478  

 

[4]. Okezie, B.O. and Kosikowski, F.V. Cassava as a food. 

Critical Review of Food Science and Nutrition, 1982, vol. 

17, no. 3, p. 259-275. 

 

[5]. National Accounts of Sri Lanka 2014, Department of 

Census and Statistics August 2015. 

 

[6]. Wijesinghe. W.A.J.P.  and K.H. Sarananda, “Utilization 

of Cassava Through Freezing”, Journal of Food and 

Agriculture,pp. 17-29, January 2008. 

 

[7]. Foale.M, and Harries.H, Farm and Forestry Production 

and Marketing profile for Coconut (Cocos nucifera),  

Specialty Crops for Pacific Island Agroforestry 

(http://agroforestry.net/scps)(2007). 

 

[8]. Ihemere. U., D. A.Garzon, S. Lawrence, R. Sayre, 

Genetic modification of cassava for enhanced 

starchproduction,Plant Biotechnology Journal(2006)4, pp. 

453–465. 

 

[9]. Barrett. J., H.Vallack,A. Jones and Gary Haq, A 

Material Flow Analysis and EcologicalFootprint of York, 

JANUARY 2002, Stockholm Environment Institute, pp 28. 

 

[10].Saleh.N, Nathir A.F. Al-Rawashdeh, luorescence 

Enhancement of Carbendazim Fungicide in Cucurbit[6]uril, 

Journal of Fluorescence.(July 2006) Volume 16, Issue 4, pp 

487-493 

 

[11]. Practical Handbook of Material Flow Analysis, 

Brunner.P.H and Rechberger.H, CRC Press, Oct 16, 

2003,pp. 1-44. 

 

 

 

http://link.springer.com/journal/10592
http://link.springer.com/journal/10592
http://link.springer.com/journal/10592/15/6/page/1
http://agroforestry.net/scps)(2007)
http://link.springer.com/journal/10895
http://link.springer.com/journal/10895/16/4/page/1

