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ABSTRACT 

Sewage generation is one of the dense problems Nigerians encounter on daily bases, mostly at the urbanized area 

where factories and industries are located. This paper is aimed at determining the specific growth rate “K” of 

biological activities on cassava wastewater during degradation using Michaelis-Menten Equation. In order to 

achieve this, cassava wastewater were collected from Onuiyi cassava processing plant at Nsukka urban area after 

fermentation. The wastewater was tested and analyzed in Civil Engineering Sanitary Laboratory UNN, Nsukka.  An 

aerobic technique was used to effect the degradation in a batch reactor. Sodium hydroxide (NaOH) was used to 

oxidize the inhibitor (cyanide) and the results were modeled using Michaelis-Menten equation. Statistical 

regression analysis was adopted for the calculation of the k-value using the line-weaver burk plot for Michaelis-

Menten equation. The result showed higher K-value of 0.7149 at 6 g of NaOH resulting in optimum degradation 

over other concentrations. The substrate concentration is higher at 10 g and low at 0 g and 2 g. At higher 

concentration of the 10 g of NaOH the inhibitor was less successful in competing with the substrate optimizing to 

lower inhibition degree. The model enables us to understand the inhibitor content and the degree of degradation of 

cassava waste water. There is need for further study on this model, to examine the inhibition factors in cassava 

waste water degradation.  
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1. INTRODUCTION 

Manioc (Manihot Esculentz) or “Yucca” tapioca 

typically known as cassava is one of the root crops 

grown in many countries, such as tropical Africa, Asia 

and South Africa where it is grown largely. [1], [2], [3] 

recorded that in Sub-Saharan African (SSA) cassava is 

currently the major staple food for 40% of the 

population and for a estimated 500 million people in 

the tropics. It is partially substituted for wheat flour in 

Africa, thus providing income for resource poor 

farmers and saving foreign exchange for national 

government. Some people also eat the leaves of 

cassava as a green vegetable which provide cheap and 

rich source of protein and vitamins A and B [4]. Its 

fermentation is a popular process in the whole world, 

for food and animal feeds. It is the main source of 

carbohydrate in the diet of the teeming population of 

the world countries where it grown largely [5]. 

Wastewater from cassava starch industry usually is a 

result of the cassava root washing and the starch 

extraction activities [6]. According to [5], cassava is 

the most widely distributed major food crop with a 

high content of cyanogenic glycosides. The content of 

cyanide in cassava is in form of glycoside, that is, 

linamarin (93%) and lotaustralin (7%). There is 

general agreement that overestimate the actual 

cyanide toxicity to aquatic organisms and the 

analytically determination of hydrocyanide (HCN) 

concentration in cyanide polluted waters, is 

considered to be the most reliable index of toxicity [7]. 

Therefore, the observed toxicity to aquatic life of 

simple and complex cyanide was attributed almost 

entirely to molecular (undissociated) hydrocyanide 

acid (HCN) derived from ionization, dissociation and 

photodecomposition of cyanide containing 

compounds. Hydrocyanide acid (HCN) is easily 

liberated from cassava cyanide glycosides by the 

enzyme linamerase in which case plant cells are 

physically disrupted. However, the ingestion of high 
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concentration of cyanogenic glycosides from fresh 

cassava roots and leaves has been reported to be 

lethal in numerous species of animals. This was 

because the possibility of hydrolysis during digestion 

was not adequately understood, despite early reports 

that oral doses of pure linamanin produced 

physiological and biochemical changes in rats and 

chick embryos even in the absence of linamarase. 

Cyanide in cassava root crop can be eliminated or 

reduced through some concerted efforts. These efforts 

include sun drying, oven drying, and treatment with 

chemical preparation, steeping /retting or soaking in 

water, cooking and wetting/moistening [8].  All these 

efforts are with varied levels of success, cost 

effectiveness and adaptability to local technologies. 

Fermentation either naturally or with selected 

microbial inoculums has also been extensively used to 

enhance the nutrient potentials of cassava and its by-

products both for human and livestock consumption. 

Fermentation, boiling and ensiling are efficient 

techniques for removing the constraint from cassava 

[9]. Fermentation of cassava and its by-products 

automatically qualifies such products as fermented 

foodstuffs.  According to [10], the fermented 

foodstuffs are defined as animal or plant tissues 

subjected to the action of micro-organisms 

and/enzymes to give desirable biochemical changes 

and significant modification of food quality. The need 

for fermentation was outlined by [11], 

 Detoxification of food/feed anti-nutrients during 

the process of fermentation. 

 Biological enrichment of food substrates with 

proteins, essential amino acids, essential fatty 

acids and vitamins. 

 Enrichment of the fermented products through 

the impartation of an array of aroma flavours and 

textures. 

 Preservation of the fermented products through 

the production of lactic acid, acetic acid, alcohol 

and alkali in the substrate as a result of 

fermentation. 

 Decrease in cooking time and fuel requirements. 

The outlined reasons have been achieved through 

fermentation of cassava and cassava by-products. 

Cassava and its by-products fermentation is popularly 

achieved in two-way techniques known as liquid 

substrate fermentation and solid substrate 

fermentation. The liquid substrate fermentation is 

described as the one in which water is always in a free 

state while food nutrients in the form of carbon, 

nitrogen, phosphorus and others are in a suspended 

or dissolved state. In regard to this technique, there is 

an order to ensure a successful fermentation in which 

the strict observance of aseptic inoculation of 

microorganisms which could only be economically 

feasible when done on an industrial scale, i.e., its 

application is yet to be suited to the traditional village 

setting where the bulk of the producers of cassava and 

its products are domiciled. Apart from the 

requirement of a sterile environment for the 

operation of submerged fermentation, enzymatic or 

acid treatment of starch is necessary when yeasts are 

to be used as the microbial inoculums.  The recovery 

of the cell mass could be tedious and might involve 

further processes like centrifugation/ultra-filtration 

before separation of cell biomass could be achieved 

[12]. While the solid substrate fermentation is a bio-

system consisting of a solid, porous, water absorbing 

matrix, which can either be biodegradable or not of 

relatively high water activity on solid/gas interface in 

which air mixture of oxygen with other gases freely 

circulate under a relatively low pressure within the 

fermenting substrate [13] 

 

2. MATERIAL AND METHOD 

2.1 Samples and Sampling Techniques 

The cassava wastewater samples were gotten from a 

cassava processing plant located at Nsukka (6.86oN 

and 7.4oE), Enugu state South Eastern Nigeria. The 

waste water generated from fermentation of the 

cassava for 4 days were sifted with a plastic sieve and 

collected in 50 litres plastic container and then 

transported to the Sanitary engineering laboratory of 

Civil Engineering Department of the University of 

Nigeria Nsukka for laboratory tests. An aerobic 

technique was adopted for the batch reactor using six 

different plastic buckets of (2.0 litres capacity. The 

buckets were properly identified and labeled X1, X2, X3, 

X4, X5, and X6. Sample X1, is for the control experiment, 

and the order samples from X2 to X6 were diluted with 

sodium hydroxide in neighborhood of 2 g, 4 g, 6 g, 8 g, 

and 10 g respectively. The set up were stored for 20 

days. After 20 days, the values for the monod 

constants y, Kd, KO and Km were recorded and 

analyzed. 

 

2.2. Mathematical Derivations 

Under steady state conditions, mass balance is written 

differently for substrate and biomass using Monod 

kinetic model. The rate of formation of biomass or 

utilization substrate can be assumed. Therefore, from 

steady state completely mixed Monod reactor 
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Accumulation = inflow - outflow + decay 

Mathematically written as 
   

  
.   co    c    ( Kc)                        ( ) 

Where V is the volume of reactor, c0 and c are the 

influent and effluent waste concentration respectively, 

Q is the flow rate and k is the reaction coefficient. 

Assume a steady state 
   

  
 = 0, then equ (1) becomes 

0 = Qco - Qc   VKc   (2) 

From Monod model [14, 15], 

K  
   

 (    )
                                              ( ) 

Substituting for K in equation (2) 
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In the above equations s and x are the substrate and 

biomass respectively, k0 is maximum specific growth 

rate, kd is the death rate, km substrate saturation 

constant, and y is the growth yield. 

Therefore, divide right through by XYQ, to obtain 
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 By inversion of equation (10) 
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Simplifying equation (9) further, it becomes 
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Where Kd, Y,   , and Ko are constants, and can be 

determined graphically or by regression analysis. 

From the equations (10) and (13); 1/Y, Y/Ko and 

Kd/Y, Y  /Ko is the intercepts and slopes of the both 

equations. 

Furthermore, dividing equation (13) by Y, gives 
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But from equation (12) 

Therefore from [14   16], 
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Presenting equation (15) in a graphical method shows 

the Typical Line weaver-Burk plot for the Michaelis-

Menten equation which was called uninhibited 

inhibition, where   /   and 1/   are the slope and 

intercept respectively.   

 

3. RESULTS AND DISCUSSIONS 

The use of the equations 
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     obtained from the 

steady state equation was regressed analytically to 

achieve the growth yield “Y”, death rate “Kd”, 

ma imum Specific growth rate constant “K0” and 

Michealis-Menten constant “Km” which enable the 

achievement of the Specific growth rate result “K” of 

biological activities in the reactors. This was achieved 

for different concentrations of the addition of sodium 

hydroxide and tabulated in Table 1 below. The specific 

rate growth depends on the line weaver burk equation 

which relatively deduced the biomass concentration 

and microbial growth that depends on the substrate 

concentration.  

From equation (10) 

Let y = 
    

 
. , a   

  

 
, b  

 

 
, and      ,  

By regressing “y” on “ ”, we obtain “a” 

Note that,   ӯ   a ̅ + b 

But 
 

 
    b    ̅    ̅ 

From equation (13) 

Y = 
  

    
. , a   

   

  
,   

 

 
, b   

 

  
 , 

Regressing “y” on “ ” we obtain “a” 
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3.1 Determination of the K value (specific growth rate)  

Equation (15) was used for the presentation of graph 

to determine the slopes and intercepts which enables 

the determination of k values mathematically for 

different grams of NaOH added. The coefficient 

correlation value (r) shows the bacterial growth 

fitness in the experiment.   
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Table 1. The Monod constant values at different concentrations of sodium hydroxide 

Concentrations of NaOH (g) Y(mg/mg BOD) Kd(day) K0 (day) Km (mg/l) 

0 g 0.0139 0.0164 2(2.0635 5604.9206 
2 g 0.0142 0.0359 0.0915 30.4859 
4 g 0.0099 0.0907 0.5156 416.40 
6 g 0.1326 0.6463 6.8 724.5897 
8 g 0.0187 0.0489 0.3159 -0.57 

10 g 0.0322 0.1104 -0.4435 -611.7989 

 
Fig.1: Variation of 1/K with 1/S for the calculated specific 

growth rate at 0 g of NaOH 

 
Fig. 2: Variation of 1/K with 1/S for the calculated specific 

growth rate at 2 g of NaOH 

 
Fig. 3: Variation of 1/K with 1/S for the calculated specific 

growth rate at 4 g of NaOH 

 
Fig. 4: Variation of 1/K with 1/S for the calculated specific 

growth rate at 6 g of NaOH 

 
Fig. 5:  Variation of 1/K with 1/S for the calculated specific 

growth rate at 8 g of NaOH 

 
Fig. 6: Variation of 1/K with 1/S for the calculated specific 

growth rate at 10 g of NaOH 
 

The cassava wastewater was observed to be highly 

acidic at 0 g and highly alkaline at 10 g. The 

observation, indicate unsafe disposal of untreated 

cassava sewage to the environment or rivers at these 

concentrations. The determination of the specific 

growth rate K, varies with the concentration reaction 

of the oxidizing agent added to reduce the inhibitor 

(cyanide content) for easy degradation over time. At 6 

g additive of sodium hydroxide, K is 0.7149 higher 

than others. This could be as a result of the inhibitor 

(cyanide) combining with the enzyme molecules not 

minding if the substrate molecule bound or not. 

Therefore it produces an ideal end complex enzyme in 

the reactor indicating non-competitive inhibition. 

Because Y, Kd, Ko, and Km are result higher at the sixth 

gram addition of sodium hydroxide. It shows that 
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degradation was more efficient as the substrate 

consumption was highly represented at the growth 

rate of 0.1326mg/mg BOD in Table 1. The death rate 

predation by higher organisms are lumped together 

and accounted for growth of the microorganisms, 

which accompanied by secretion of substance into the 

reactor and result into enzyme inhibition. These 

substances will have an inhibitory effect on the 

growth of the microorganisms, which could be 

competitive or non-competitive. The enzyme 

inhibition effect is minimal in the continuous flow 

tank system. 

 

4. CONCLUSION 

Result indicates that the substrate concentration is 

lower at 0 g and 2 g of the reagent identifying higher 

degree of inhibition for the fact that the inhibitor 

compete favorably with the substrate. At the higher 

degree substrate concentration observed at 10 g, the 

inhibitor becomes much less successful in competing 

with the substrate optimizing to a lower inhibition 

degree. 

Statistical regression analysis help in effective and 

efficiency of calculating the specific growth rate using 

the line-weaver bulk plot for the Michaelis-Menten 

equation which was obtained from the steady state 

completely mixed monod reactor. It enables the 

observation of inhibitor in a wastewater and the type 

of inhibition involved. Cassava effluents which are one 

of the sewage samples are toxic and harmful to the 

ecological system, though it causes nuisance to the 

environment. The toxic substance observed causes 

this effluent inhibits its degradation. The model 

enables us to understand the inhibitor content and the 

degree of degradation of cassava waste water. There is 

need for further study on this model, to examine the 

inhibition factors in cassava waste water degradation.  
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Table 2: The “k- values” for different gram of the reagents 

 0 g 2 g 4 g 6 g 8 g 10 g 
S(mg/L BOD) 36.9276 55.8659 84.7458 116.2791 181.8182 238.0952 

K(day) 0.1444 0.1651 0.0872 0.7149 0.1022 0.1869 
R 0.9059 0.7935 0.5893 0.6378 0.6392 0.9054 

 


