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Abstract— The application of biotechnology 

spreads across wide range of sectors. In fertilizer 

industry it can be used to increase crop yield, 

increase the fertility of animals. Also 

development of hybrid clones, different of drugs 

and insecticides etc can be achieved by using 

various biological techniques. The biological 

reaction is carried out in a medium called as 

substrate. The cell mass concentration(x), initial 

and final substrate concentration, rate of 

substrate utilization and specific growth rate are 

important parameters in the reactions. 

Biological synthesis of few compounds is being 

explored instead of chemical synthesis due to 

advantages such as low activation energy and 

high specificity. Enzyme catalyzed reactions are 

important part of the biological processes. 

Monod growth kinetics is most commonly used 

to study cell growth. Michele Menten and 

Lineweaver Burk plots are also used to explain 

the kinetics. The current review summarizes 

research and studies on biological reactions and 

their modeling.  
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I. INTRODUCTION 

 Biotechnology and biochemical engineering 

finds application in synthesis of various chemicals, 

compounds and treatment of waste water. The 

application of biotechnology in fertilizer industry to 

increase crop yield, increasing the fertility of 

animals, development of hybrid clones, 

development of drugs and insecticides etc.. The 

biological reaction is carried out in medium called 

as substrate. The cell mass concentration(x), initial 

and final substrate concentration, rate of substrate 

utilization and specific growth rate are important 

parameters in the reactions. Biological synthesis of 

few compounds is being explored instead of 

chemical synthesis due to advantages such as low 

activation energy and high specificity. Enzyme 

catalyzed reactions are important part of the 

biological processes. Immobilization can be used to 

obtain more yield. Kinetics of substrate utilization 

and cell growth can be modeled by different models 

such as Monod model, Moser model. Monod 

growth kinetics is most commonly used to study 

cell growth. Michele Menten and Lineweaver Burk 

plots are also used to explain the kinetics. The 

current review summarizes research and studies on 

biological reactions and their modeling.  

II. INSIGHT ON RESEARCH ON BIOLOGICAL 

REACTIONS 

Singh et.al. carried out investigation on 

biodegradation of p-nitrophenol by arthrobacter 

chlorophenolicus[1]. They carried out experiments 

to study  biodegaradation of p-nitrophenol  at 

different initial p-nitrophenol concentrations. Also 

they varied operating conditions. At 30
O
C and pH 7, 

they observed maximum rate of degradation of p-

nitro phenol. Haldane model explained the results. 

They concluded that wastewater containing 

phenolic compounds such as p-nitrophenol can be 

treated effectively by using Arthrobacter 

chlorophenolicus. Ardestani investigated the 

nutrient uptake and cell growth kinetics [2]. He 

applied Monod and Moser kinetic for behavior of 

Penicillium brevicompactum in submerged batch 

bioreactor culture. The regression values of 0.87 

indicated relatively better fit for the Monod and 

Moser kinetic models. Bren et.al. studied bacterial 
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growth as a function of nutrient [3]. They found that 

under limiting nitrogen or carbon, the growth stops 

abruptly. It slows when nutrients are not limiting. 

They also observed a pulse-like up-regulation of the 

expression of genes. Liu
 

and Li studied kinetics of 

ethanol fermentation[4]. According to them, the 

empirical models are unsuitable for the optimization 

and expansion of real processes. Based on 

adsorption mechanism, they devised a new  ethanol 

fermentation kinetic model. They found that 

maximum specific growth rate μmax and adsorption 

equilibrium constant KS of glucose decreased with 

the increase in initial glucose concentration. 

Hansford  studied biological treatment of metal-

containing effluent[5]. He reviewed literature 

related to the pathway from complex organics 

through to sulfate reduction and methane formation. 

He also found that the aspects such as the effect of 

sulfate or sulfide and pH on the rates of hydrolysis 

are not much investigated topics. He developed a 

simulation model using the package AQUASIM. 

From his experimental results, he predicted that the 

pellet reactor was better choice for the precipitation 

of a metal hydroxy-carbonate salt from a synthetic 

nickel sulfate stream.Wijngaard et.al. carried out 

investigation on kinetics of bacterial growth on 

chlorinated aliphatic compounds[6]. They found 

that the kinetic properties and cellular content of the 

first catabolic enzyme influenced the efficiency of 

chlorinated compound removal. Studies were 

carried out by Slininger et.al. for studying growth, 

death and oxygen uptake kinetics of pichia stipitis 

on xylose[7]. They found that specific uptake rate 

was proportional to growth rate. Muthuvelayudham 

and Viruthagiri carried out comparative studies on 

various carbon sources on the production of 

cellulase using different strains [8]. They studied 

Monod growth kinetics and Leudeking piret product 

formation kinetic models. In their investigation, 

they optimized parameters like inoculum 

concentration, D.O. level, agitator speed, 

temperature and pH. They observed maximum 

activity at pH 4. At temperature 28°C, they obtained 

maximum cellulose activity. Bouville investigated 

Fermentation kinetics along with studies on product 

and substrate inhibitions[9]. He proposed an 

analytical treatment of the kinetic equations. He 

obtained biomass concentration as a function of  the 

substrate concentration. Garcia-Ochoa  et.al. 

reviewed the production and properties of 

xanthan[10]. They observed that  the microbial 

strain influenced yield and properties of the product. 

Also the factors such as the dissolution temperature, 

the measurement temperature, and the presence of 

other non-xanthan polymers affected properties of 

xanthan solutions. Mahanta et.al. studied four 

mathematical models for bacterial growth rate [11]. 

Models namely Blackman, Monod, Moser and 

Powell were examined by them.They used Gauss -

Newton iteration procedure for estimating the 

parameters of these models. For selecting best fit 

model, they used root mean square error (RMSE) 

and R
2
 values. They found that Moser model 

provided better fits than the other models. 

Okpokwasili and  Nweke, in their review, examined  

various kinetic models applied in the prediction of 

microbial removal of organic contaminants from the 

environment[12]. According to them, optimization 

of several controlling factors is major factor in the 

success of any treatment protocol. In their 

investigation, Jablonski et.al. utilized resorcinol as  

the sole carbon and energy source by Enterobacter 

cloacae[13]. They found that Michaelis-Menten and 

Monod models were able to explain the batch 

experimental results. Their was first of its kind 

investigation describing aerobic degradation 

kinetics for resorcinol. Dutta et.al. used tomato-peel 

extracted cutin, for  cutinase production by 

Pseudomonas cepacia[14].They found that  the 

maximum specific growth rate was the most 

sensitive parameter. For analysis of inhibition 

kinetics, they used various 3, 4 and 5 parametric 

Monod-variant models. They found that 4- 

parameter Webb model showed the best-fit. They 

concluded that it is possible to minimize substrate 

inhibition by adopting Fed-batch culture strategy. 

Malik carried out investigation on the effect of 

substrate concentration in production of sorbitol in 

fermentation process [15]. According to his studies, 

specific growth rate assumes saturation kinetics. He 

also observed that there was increase in the growth 

rate of the bacteria, with increase in substrate 

concentration. Baei et.al. obtained a kinetic model 

for cupriavidus necator in batch culture[16]. They 
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considered glucose, fructose and molasses  as 

carbon source. They used The Lineweaver-Burk 

plot for defining biokinetic coefficients. These 

biokinetic parameters were described by simplified 

Monod’s rate model. They used MATLAB software 

for evaluating kinetic constants on the basis of non-

linear regression. They observed that there was 

good agreement between the experimental and the 

predicted values. Baranyi in his work, investigated 

bacterial growth with distributed lag time[17]. He 

carried out modeling and parameter estimation. 

Amenaghawon et.al. carried out studies on 

inhibitive effect of ethanol on the growth of 

fermenting organism in batch ethanol 

fermentation[18]. They adopted a low order kinetic 

growth model. While testing validity of kinetic 

models, they observed that only Hinshelwood 

model was followed by kinetic data. They also 

observed that ethanol inhibition affected  cell yield, 

product yield, specific growth rate and specific 

ethanol production. Decreasing biomass yield, 

according to them, may be reason for this inhibition. 

Uzir and Don explained various aspects of cell 

growth[19]. They discussed in detail, effect of 

various parameters on cell growth. The important 

parameters were pH, temperature and oxygen. They 

explained classification of cells, psychrophiles, 

mesophiles and thermophiles based on temperature 

adoptibility. Also according to them, enzymes are 

normally active only within a certain pH interval. 

Acidophiles are microorganisms that grow at an 

optimum pH well below neutrality (7.0). In the 

similar way alkalifiles and neutrofiles are defined. 

Kim et. al. investigated kinetics of benzene 

biodegradation by pseudomonas aeruginosa[20]. In 

their studies they determined  the model parameters 

describing biodegradation of benzene. For this 

purpose they conducted kinetic microcosm batch 

tests in both pure solution and saturated aquifer 

material conditions for various initial benzene. In 

order to investigate suitable equation for benzene 

biodegradation, they monitored benzene and 

microbial concentrations over a time period. They 

found that, because of the gradual increase of 

microbial population in the growth curve, the best 

fit of the numerical solution was significantly 

different than the measured benzene concentrations 

for Monod with growth model. There was 

reasonable agreement with Monod with no growth 

model. Singh and Sharma carried out investigation 

on growth kinetics and modeling of ethanol 

production [21]. They used wilds and mutant 

saccharomyces cerevisae MTCC 170. They used 

physical and chemical mutagen for Saccharomyces 

crevisiae treatment. The optimum pH was 6 and 

temperature was 30
o
C. Mutants showed high 

ethanol production than wild types. Compared the 

wild type strain, the resulting yield by mutants was 

2.9-fold for mutants. Osman  et.al. carried out 

investigation on kinetic models like Monod, 

Contois and Chen and Hashimoto[22]. They  

carried out experiments on up-flow anaerobic 

sludge blanket reactor (UASB) for treatment of flax 

retting wastewater. Also they found that the system 

efficiency was greatly influenced by SRT and 

OLRs. A review was carried out on kinetics of 

biological reactions with emphasis on substrate 

utilization by Kulkarni[23]. According to him, 

Biochemical reactions are utilized in wastewater 

treatment and synthesis of many compounds such 

as lactic acid, citric acid, ethanol. He also found that 

utilization of mathematical model can contribute to 

a better understanding of effects of various factors 

affecting the production. According to this review, 

Monod growth kinetics is often used for explaining 

kinetics of substrate utilization. Abdullah et.al. 

carried out studies on cell growth kinetics of 

aspergillus oryzae[24]. They carried out studies on  

industrial natural rubber effluent serum. They 

investigated relationship between specific growth 

rate and the concentration of a substrate, which is 

one of the basic tools in microbiology. Also they 

carried out experimentation for the nutrient uptake 

and cell growth kinetics of a nonpathogenic fungus 

Aspergillus oryzae. They found that Tessier model 

was best fitted with the experimental data. Dewi 

et.al. carried out studies on  kinetic growth of 

saccharomyces cerevisiae in non dairy creamer 

wastewater medium[25]. According to them non 

dairy creamer (NDC) can be used as a medium for 

microorganisms growth. They examined the growth 

kinetics of Saccharomyces cerevisiae  for protein 

production.Abuhamed et.al. studied the effect of 

adaptation of  pseudomonas putida F1 ATCC 
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700007 (Pp F1) to the biodegradation of benzene 

(B), toluene (T) and phenol l(P)[26]. They observed 

that, the biodegradation time decreased after the 

adaptation of microorganism to BTP. They used 

Andrews kinetics model for estimation of maximum 

specific growth rates, half saturation and substrate 

inhibition constant. They concluded that the 

biodegradation of BTP by adapted cells was more 

rapid than the non adapted cells. A general model 

for microbial growth was developed by Liu[27]. 

According to his studies, a general model for 

microbial growth can be reduced to the Monod 

equation, Grau equation and Hill or Moser equation. 

He found that Monod constant (Ks) has non-

equilibrium thermodynamic characteristics. 

Lyberatos  and Skiadas carried out investigation on 

modeling of anaerobic digestion[28].They found 

that the precise mechanism of granule formation 

still remains unknown. However, there is enough 

understanding on their composition and the factors 

influencing their formation. He identified the key 

areas that require further research endeavors. 

According to him, the rate determining step in most 

of the anaerobic digestion processes is hydrolysis of 

the organic compounds into soluble intermediates. 

He expressed need for development of a sufficiently 

general framework as a standard for the hydrolysis 

and acidogenesis steps. Bowen et.al. carried out 

investigation on Photorhabdus 

luminescens[29].They carried out investigation for  

the specific growth rates of the bacterium in various 

glucose concentrations in batch cultures. Studies 

undertaken to ascertain the effect of population 

density upon specific growth rate were reported by 

Contois[30].According to Lele and Watve growth 

rate and growth yield are critical parameters in 

microbial ecology and physiology[31]. A positive 

rate yield correlation was proposed by few 

investigators as the classical Monodian assumption 

of constant growth yield was found unsupported. 

They discussed various opinions regarding selective 

forces, mechanisms shaping the relationship and 

appropriate experimental approaches. 

III. CONCLUSIONS 

The cell mass concentration(x), initial and final 

substrate concentration, rate of substrate utilization 

and specific growth rate are important parameters in 

the reactions. Biological synthesis of few 

compounds is being explored instead of chemical 

synthesis due to advantages such as low activation 

energy and high specificity. Enzyme catalyzed 

reactions are important part of the biological 

processes. It was found that the empirical models 

are unsuitable for the optimization and expansion of 

real processes. Many investigations confirmed that 

specific uptake rate was proportional to growth rate. 

Wastewater treatment and synthesis of many 

compounds such as lactic acid, citric acid, ethanol 

can be economically carried out by biological 

methods. In case of anaerobic digestion, the 

investigators expressed need for development of a 

sufficiently general framework as a standard for the 

hydrolysis and acidogenesis steps. Kinetics of 

substrate utilization and cell growth can be 

modelled by different models such as Monod model, 

Moser model. Monod growth kinetics is most 

commonly used to study cell growth. Michele 

Menten and Lineweaver Burk plots are also used to 

explain the kinetics. 
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