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ABSTRACT 

 

Biotechnology is important solution to many 

synthesis issues. It offers less energy intensive, 

economical and easy solution to synthesis of 

many chemicals. The choice of substrate, 

enzyme and reaction conditions needs careful 

study. Ethanol, citric acid, lactic acid, amino 

acids, proteins and many other compounds are 

produced by biochemical pathways. It is said 

that 80 percent of the process cost in 

biotechnology goes for downstream processing. 

The current review summarizes research and 

studies on downstream processing. 
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INTRODUCTION 

Synthesis of a compound by low 

cost, economical and environment friendly 

method is becoming major area of research. 

The high purity of product and low effluent 

disposal is becoming important aspect of 

technology. Biotechnology has potential to 

solve this problem to considerable extent. 

Many chemicals and compounds like 

ethanol, citric acid, amino acid, lactic acid 

etc. are being synthesized by using 

biochemical pathways. 
[1-5]

 Enzyme 

catalyzed reactions provide highly specific, 

energy efficient pathway for producing 

many compounds. 
[6-9]

 Immobilization of 

enzymes is added advantage with high 

thermal stability of enzymes. 
[10-12]

 It is said 

that downstream processing consumes 80 

percent of efforts in terms of time and 

money in biotechnology. The research in 

this field is many times aimed at finding 

solution to the problem of downstream 

recovery of compounds. The current review 

summarizes research and studies on 

downstream processing. 

 

RESEARCH AND STUDIES ON 

DOWNSTREAM PROCESSING 

Bibi carried out an investigation on 

process intensification in downstream 

processing. 
[13]

 His work was aimed at 

development of highly efficient techniques 

for downstream processing. He polymerized 

selected monomers in the presence of a 

highly soluble cross-linking agent to 

produce a rigid three dimensional mega 

porous monolithic structure. According to 

him, a lower binding capacity of bio-

molecules is a limitation. He tried to 

enhance the binding capacity by particle 

embedding, direct chemical synthesis or 

grafting (radiation-induced and chemical 

induced. The study carried out on 

parameters like surface area, charge, 

imprinting factor, selectivity factor, 

maximum capacity and maximum available 

binding sites indicated that the imprinted 

adsorbent could be conveniently utilized for 

the recovery of CA from cochineal extract. 

According to him, mass transfer resistance 

was a major problem. In these studies, it 

was observed that most of the mass transfer 

resistance came from pore diffusion. The 

resistance could be overcome by increase in 

bulk movement. Carstensen carried out an 

investigation on in situ product recovery 

(ISPR). 
[14]

 He studied reverse-flow 

diafiltration. He integrated submerged 

hollow-fiber membranes in the fermenter in 

two streams. One supplies the nutrient 

solution (inside out filtration), the second 

one extracts product solution (outside-

infiltration). These were exchanged 

alternatively over the same membrane in a 
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reverse-flow operation mode. He used 

media such as model yeast suspension, 

fungi fermentation broth and antibody 

fermentation broth. He found this process to 

be promising alternative for product 

recovery in fermentation. 

Morenweiser presented a paper on 

downstream processing of viral vectors and 

viral vaccines. 
[15]

 Kunasundari and Sudesh 

carried out investigation on isolation and 

recovery of microbial 

polyhydroxyalkanoates. 
[16]

 They proposed 

biodegradable polyhydroxyalkanoate (PHA) 

as alternative to conventional plastic in 

some applications. The upstream 

fermentation process was a challenge. The 

downstream processing also is as important. 

The various recovery technologies are 

proposed for the downstream processing. 

These include solvent extraction, chemical 

digestion, enzymatic treatment and 

mechanical disruption, supercritical fluid 

disruption, flotation techniques, use of 

gamma irradiation and aqueous two-phase 

system. They reviewed all these recovery 

technologies. According to them it is 

important to keep check on cost and use of 

strong chemicals in downstream processing.  

Kumar and Murthy studied 

cellulosic ethanol production. 
[17]

 They 

carried out studies on impact of 

pretreatment and downstream processing 

technologies on economics and energy. 

They performed a comprehensive techno-

economic analysis for conversion of 

cellulosic feedstock to ethanol using some 

of the common pretreatment technologies. 

The pretreatment technologies they 

considered were dilute acid, dilute alkali, 

hot water and steam explosion. They used 

SuperPro Designer for developing detailed 

process models. They obtained ethanol yield 

230 to 255 L/dry metric ton biomass for 

conversion. According to them there is 

potential to reduce the cost by increasing 

pentose fermentation efficiency and 

reducing biomass and enzyme costs. 

Rameshwari and Meenakshisundaram 

carried out studies on downstream 

processing of bacterial thermoplastic- 

polyhydroxyalkanoate. 
[18]

 The bioplactics, 

according to them, can be isolated by using 

centrifugation (cell-free extracts) or by 

solvent extraction (dried intact bacteria) 

with chloroform, trifluoroethanol, 

dichloroethane, propylene carbonate, 

methylene chloride or dichloroacetic acid. 

Luthra et.al. carried out optimization 

of downstream process parameters using 

statistical approach for isolation of 

mycophenolic acid. 
[19]

 They optimized 

solvents for extraction using the one 

variable at a time method. They found that 

pH and the temperature play most vital role 

in the process. Kallberg et.al. carried out 

investigation on downstream processing of 

protein 
[20]

 They used multimodal 

chromatography. Stricter regulator demands 

for purity in protein call for highly effective 

downstream processing. They carried out 

review on downstream processing of protein 

by multimodal chromatography. In this 

technique, two or more physicochemical 

properties are used to enhance the 

specificity of the interactions. 

 

CONCLUSION 

Various methods for downstream 

processing include centrifugation, filtration, 

extraction, membrane separation. 

Requirement of high purity products with 

low production cost calls for efficient and 

cost effective downstream processing. There 

is potential to reduce the cost by increasing 

fermentation efficiency and reducing 

biomass and enzyme costs in case of 

fermentation. Similar modifications in other 

processes can bring about cost effective 

solution to downstream processing.  
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