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Chemically defined media (CD) have been used in the production of a wide variety of therapies, including 

growth factors, antibody fragments, and Fc-fusion proteins. However, commercial fermentation with complex 

ingredients may exhibit variable performance, which can impair product output and quality. In this context, 

employing CD medium for commercial fermentation becomes a viable option. In spite of the fact that CD 

medium is often associated with sluggish growth and/or poor productivity, recent research has demonstrated 

that growth in CD medium may attain a growth profile and protein titer that are comparable to those of its 

complex medium equivalent. In the process of producing recombinant proteins by fermentation, specified 

media are particularly useful in cases in which the auxotrophic phenotype of the plasmid being selected for is 

the driving selection pressure. Fermentation processes are heavily dependent on the development of superior 

strains through mutagenesis and random screening procedures, as well as the optimization of the 

environment to which an organism is exposed. 

 

 

 

*Corresponding Author 
Kona Venkata Sri Krishna 
 

https://doi.org/10.37022/jiaps.v8i2.467 

 

Production and Hosted by 
www.saap.org.in 

 

Introduction 

To produce E. coli correctly, the medium must typically include 

a number of essential components, including a carbon source, a 

nitrogen source, required salts, minerals, and certain growth 

stimulants. This is necessary for the cells to realise their full 

potential. For maintaining bacterial growth, scientists often 

utilise one of three media types: chemically defined (CD), semi-

defined, or complicated [1]. Unknown in its composition, 

complex medium comprises natural components such as yeast 

extract and protein hydrolysate. CD media consists of 

components whose identities and quantities are known, 

whereas complex media contains natural chemicals. The 

majority of the components of a medium with just a few 

problematic components are described. To achieve high cell 

growth and recombinant protein synthesis, the proportions of 

each component in these three kinds of medium must be 

meticulously created to contain not only all of the necessary 

components, but also the correct levels to limit growth 

inhibition. Then and only then will you achieve your cell 

growth and recombinant protein production goals. In the 

majority of industrial processes, semi-defined and complex 

media are widely utilised because they provide flexibility and 

provide large cell densities and protein yields [2]. Complex 

media, in contrast to minimum media, comprise undefined 

components and a far greater range of carbon and nitrogen 

sources. This, in turn, results in higher growth rates and a 

greater variety of end products throughout the microbial 

fermentation process. Complex media, in contrast to minimum 

media, comprise undefined components and a far greater range 

of carbon and nitrogen sources.  

Usage of media to attain growth profile 

Growth factors, antibody fragments, and Fc-fusion proteins 

have been produced using both semi-defined and complex 

media. Using protein hydrolysate and yeast extract in semi-

defined and complex media may greatly minimise the cost of 

raw materials compared to CD medium. These components 

also enable cells to use acetic acid in the presence of carbon 

restriction and boost the synthesis of recombinant proteins in 
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certain assays. This is particularly true when the fermentation 

involves a high cell density. On the other side, fermentation 

involving complex components may exhibit unpredictability, 

 

which may damage product production and quality. This is due to lot-to-lot fluctuation resulting from insufficiently described 

components, which may be responsible for these differences [3]. Due to the fact that methods are generally seen 

as an essential aspect of product definition, the presence of this problem is particularly damaging to protein therapies. In this situation, 

using CD medium for commercial fermentation becomes a viable option. Despite the fact that CD medium is often associated with 

sluggish growth and/or poor productivity, the present research demonstrates that growth in CD medium may reach a growth profile 

and protein titer equivalent to its counterpart in complicated media. Additionally, there are a number of benefits to employing CD 

medium for commercial pharmaceutical production. These advantages include increased process uniformity, greater process control, 

and simplified protein purification, all of which will ultimately give a high level of confidence in the repeatability and quality of the 

process and its output [4]. Microorganism metabolite synthesis is influenced by a variety of environmental conditions. One of the most 

significant components in the development of microorganisms and the creation of high-value compounds is the culture medium. This is 

primarily due to the fact that various nutrients may activate or deactivate certain metabolic pathways in these organisms. It is possible 

to influence a variety of cellular responses, most notably cell proliferation and metabolite production, by modifying nutrition supply 

without changing other environmental or genetic factors [5]. 

Table 1: Media for Attaining Growth Profile of Bacteria 

Media Type Composition Purpose Application 

Nutrient Agar Peptone, beef extract, agar 
General-purpose 

medium 
Bacterial isolation and colony counting 

Luria-Bertani (LB) 
Tryptone, yeast extract, sodium 

chloride, agar 

Rich medium for fast-

growing bacteria 
Cultivation of Escherichia coli 

MacConkey Agar 
Peptone, bile salts, lactose, 

crystal violet 

Selective and 

differential medium 

Isolation and differentiation of Gram-

negative bacteria 

Mannitol Salt Agar 
Peptone, mannitol, salt, phenol 

red, agar 

Selective and 

differential medium 

Isolation and differentiation of 

Staphylococcus species 

Blood Agar 
Trypticase soy agar, sheep 

blood 

Enriched medium for 

hemolysis detection 

Characterization of hemolytic 

properties of bacteria 

Eosin Methylene Blue 

(EMB) Agar 

Peptone, lactose, eosin, 

methylene blue, agar 

Selective and 

differential medium 

Isolation and differentiation of Gram-

negative bacteria based on lactose 

fermentation 

Minimal Media 
Inorganic salts, a carbon 

source, essential nutrients 

Minimal essential 

nutrients for specific 

bacterial growth 

Nutritional studies and metabolic 

research 

Role of LB media in development of E.coli 

The LB medium, also known as the Luria-Bertani medium, is 

often used to cultivate bacteria. This is mostly due to the fact 

that it is easy to produce and includes a range of nutrients. LB 

broth includes 10 mg of tryptone per millilitre (ml). Tryptone 

is a peptide combination produced by the hydrolysis of casein 

by the pancreatic enzyme trypsin. In addition, 5 mg of yeast 

extract, which is a yeast cell autolysate, and either 5 or 10 mg 

of sodium chloride are included. In 1951, Giuseppe Bertani 

created the concept in order to examine lysogeny in 

Escherichia coli. He referred to it as "Lysogeny Broth," 

abbreviated LB. Notably, the first formulation had 1 mg/ml of 

glucose, which has since been eliminated. This medium was 

created specifically for situations with low bacterial 

populations. When the optical density at 600 nanometers 

(OD600) reaches around 2, which corresponds to 

approximately 0.6 mg of E. coli (dry weight) per ml, E. coli 

growth commonly ceases, even in the presence of a high total 

concentration of organic components in LB broth. The reason is 

straightforward: the LB medium contains minute quantities of 

carbohydrates and an astonishingly tiny number of different 

carbon sources that bacteria may use. Tryptone and yeast 

extract consist mostly of peptides of differing lengths. In their 

last 1968 study of Bacto Neo peptone using gel filtration, Payne 

and Gilvarg determined that the maximum size of usable 

peptides is around 650 daltons [6]. This size constraint 

corresponds to the exclusion limit for porin channels, which 

was identified years later. The research made use of gel 

filtration. The smaller, more valuable peptides were a minority 

of the mixture, maybe comprising as much as a quarter of the 

whole. Even less of the whole preparation was composed of 

free amino acids; the quantity was less than 1%. If we assume 

that the peptides in tryptone and yeast extract have a similar 

size distribution, we may hypothesise that the primary limiting 

factor for E. coli production is the availability of carbon 

sources. 

Escherichia coli's growth in LB broth. They noticed that after 

the OD600 reached around 0.3, which is typically considered to 

be well inside the exponential phase, a major change in 

physiology occurred and cell size starts to drop. This occurs 

when the OD600 reaches its maximum value. the overall 

availability of amino acids generated by the intracellular 

hydrolysis of imported peptides, but more specifically the 

availability of amino acids that may be used as carbon sources. 

Despite the fact that these researchers only examined free 

amino acids in the medium, they determined that the carbon 

nutrition of E. coli cells varied throughout growth in LB broth 

[7]. These adjustments include using amino acids that are 
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simpler to utilise until they are low, then switching to amino 

acids that are more difficult to use E. coli, on the other hand, 

needs a large amount of magnesium and calcium ions to 

connect the highly negatively charged LPS molecules in its  

 

outer membrane to its magnesium and calcium ions. It is 

believed that around 100 mM of Mg2+ is bound to E. coli cells. 

If one litre of LB broth delivers 2 grammes (dry weight) or 

around 6 millilitres (cellular volume) of E. coli in the end, we 

will need 600 micromoles of magnesium, which is three times 

the amount currently present in LB. PhoPQ may alter the 

structure of LPS, allowing 

E. coli to thrive in these Mg2+-depleted environments. 

Nevertheless, the Mg2+ level of the cells, namely the outer 

membrane, fluctuates throughout the "exponential phase," and 

the cells should not be in an ecstatic condition during this 

period. It is probable that the absence of Mg2+ in LB broth 

leads E. coli to often reach the stationary phase [7]. 

 Activity of chemically defined media in fermentation 

process 

Due to their multiple benefits over complicated media, 

chemically defined media will continue to be a significant tool 

in labs and will become an essential component in certain 

commercial fermentations. They give by definition a better 

degree of process consistency, which is one of these 

advantages. Because it might be difficult to properly 

characterise biological products using analytical techniques, 

regulatory bodies find their application in biological product 

manufacture especially intriguing (proteins, polysaccharides, 

and so on). In this context, the process is considered a crucial 

component of the defining of the end result, which might be 

challenging. When it comes to natural goods, the quest for 

novel compounds with desired pharmacological qualities will 

grow, meaning greater demand to design fermentation 

procedures that are both highly prolific and consistent for a 

small population [8]. Complex media, which are often 

employed in the drug development process, are anticipated to 

be replaced by media comprising a greater number of 

materials that are either less complex or chemically defined. 

Few of these media will ever reach their maximum capacity. 

The degree to which the fermentation medium may be 

chemically defined will be heavily influenced by the findings of 

an economic analysis conducted during the creation of both the 

medium and the technique. 

Fermentation methods depend largely on the creation of better 

strains by means of mutagenesis and random screening, as well 

as the optimization of an organism's chemical and physical 

environment. To increase productivity and other 

characteristics of fermentation, such as analogue profiles, 

improved strains must be developed. Due to the fact that the 

fermentation medium controls the chemical or nutritional 

environment, it is a crucial element in both the research and 

synthesis of microbial metabolites. It has always been the most 

crucial phase in any industrial or commercial fermentation 

process, having a direct influence on both overall productivity 

and process costs [9]. The contrast between chemically defined 

(synthetic, defined) and undefined fermentation media is based 

on the qualities of the ingredients used (natural, complex). In 

contrast to a defined medium, which is composed of pure 

chemicals in exactly known quantities, a complex media is 

constructed by blending natural components whose 

compositions are unknown. Additionally, a defined media is 

often known as a simple medium. Frequent in the scientific 

literature, the vague phrase "semi-defined" generally refers to 

a medium made largely of defined components and just one or 

two complex nutrients. Consequently, the nature of such a 

media is very complex. A "minimal" medium, on the other 

hand, must be precisely specified since it can only include 

nutrients that satisfy the bare minimum of growth needs. This 

implies that everything in the medium must be accurate, and 

there cannot be any unspecified nutrients present. The bulk of 

commercial fermentation medium are made of carbon and 

nitrogen sources that are both affordable and complicated. This 

is done so that the medium for commercial fermentations 

retain high productivities. The performance of the 

fermentation process may vary from batch to batch due to the 

intrinsic variability associated with these ill-defined 

components. Unwanted variation in productivity and, in certain 

instances, changes in analogue profile have a substantially 

higher effect on biological products (proteins, polysaccharides, 

etc.) [10]. 

Large biological molecules are more challenging to 

characterise bioanalytically than smaller chemical substances. 

Consequently, the procedure utilised to make a biological 

product is often considered a component of the product. 

Despite the fact that this variation is typically kept to a 

minimum in the fermentation industry by performing a prior 

"use" test on each new lot of a complex ingredient, 

unfavourable variability in productivity and, in some cases, 

analogue profiles can still occur throughout the "life" of the 

product. Due to the nature of the fermentation process, we can 

say that this is the case. Changing to a formulation that is 

chemically specified is one strategy to decrease performance 

variation while maintaining or boosting overall productivity. 

This may be achieved by replacing the complex medium with 

the formulation. For many years, defined media have been used 

effectively in microbial biochemical research that requires 

minimum medium interactions and reproducible findings [11]. 

This is because the components employed are often basic 

chemical compounds with well-defined structures and 

amounts. When a specific medium is used in commercial 

fermentations, it is normal to anticipate performance 

constancy equivalent to that of the past. 

In the fermentation process, a stoichiometric relationship 

exists between cell growth and product formation. This process 

converts carbon or energy sources, nitrogen sources, minerals, 

and oxygen into biomass, products or byproducts, carbon 

dioxide, and water. When using a chemically defined medium, 

the microbe must create all of its cellular components, as well 

as its products and byproducts, from chemically specified 

substrates. Consequently, the initial medium formulation is 

typically based on the cellular composition of the organism of 

interest and the desired cell concentration. It is normal practise 

to employ both published defined media and previously used 

complex media whose complex nutrients were altered when 

the original composition of the defined medium was 

formulated [12]. When both growth and synthesis of the 

desired product have been accomplished, the medium must 

often be optimised to attain the needed degree of economic 

performance. Even while biochemical investigations are very 
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helpful in directing the way to the development of an ideal 

medium, they may be time-consuming. When optimization is 

tackled component by component, same outcomes are 

attained. Using statistically designed trials or the continuous- 

 

culture approach is one way for reaching optimization 

objectives in a more timely manner (chemostat). In many 

instances, formulation and optimization have been merged into 

a single phase, and a single approach, such as a chemostat, has 

been used throughout. Other approaches, such as an expert 

system approach, which have been used effectively in the 

production of complicated media, have a high likelihood of 

success in the development of chemically defined media. This is  

owing to the success of other complicated media creation 

approaches [13]. 

Essential growth agents and nutrients utilization in media 

Glucose, NH4, Mg, Na, K, Cl, SO4, and PO4 are the fundamental 

needs for good growth of a variety of common heterotrophs in 

specified media. Carbon dioxide and oxygen are also necessary. 

There may also be a need for trace nutrients and growth 

stimulants, however this varies from microbe to microbe. Even 

though complicated raw materials typically include suitable 

quantities of a range of minerals and growth stimulants, these 

components must nevertheless be supplied in a medium based 

on their chemical makeup [14]. It is likely that a scientifically 

and aesthetically designed mix of nutrients, minerals, and 

growth factors would provide a great substrate for 

germination. Penicillium italicum's production of glucoamylase 

is shown to be dependent on various minerals, including 

potassium, sodium, magnesium, manganese, zinc, iron, cobalt, 

molybdenum, and copper, with the optimised and defined 

media resulting in a twofold increase in output [15]. 

Streptoverticillium sp. synthesised the polyene antibiotics PA-5 

and PA-7 in the presence of Mn as a metallic ion in a chemically 

defined media  [16]. On the other hand, it has been discovered 

that heavy metals such as lead, copper, zinc, iron, and 

manganese are particularly dangerous to the methanogenesis 

process when it occurs in synthetic medium [11]. Nevertheless, 

a random selection of trace elements, their forms, and 

concentrations is usually adequate to support outstanding 

growth in typical shake-flask and batch cultivations of a broad 

variety of microorganisms. This is true in the overwhelming 

majority of instances. Using the balanced growth medium 

approach, the cell composition determines the required growth 

media. The majority of microbes have quite similar elemental 

makeups. Depending on the kind of cell, the cellular makeup of 

bacteria, yeast, and fungus often falls between one of the 

following ranges (stated as a percentage of total dry weight): 

45% to 55% carbon, 6% to 14% nitrogen, 0.5% to 2% 

potassium, 1% to 3% phosphorus, 0.1% to 1% magnesium, 

0.02% to 1% sulphur, and trace to 1% calcium, Copper 

concentration is between 0.1 and 1 mg, iron concentration is 

between 1 and 10 mg, zinc concentration is approximately 1 

mg, and manganese concentration is between 0 and 5 mg [17]. 

These smaller elements are also available. On the basis of the 

microorganism's chemical composition, an initial formulation 

of a chemically defined medium may be logically constructed. 

In this method, the medium is constituted of the "normal" cell's 

components in the same proportions as they are found in the 

cell. This medium consists of a simple carbon source, such as 

glucose, inorganic salts, or trace elements, in the majority of 

instances. Depending on the kind of microorganism being 

investigated, certain amino acids and/or vitamins may also be 

supplied. Carbon is often considered to be the limiting 

resource, since growth ordinarily ceases when the carbon  

 

supply is exhausted. However, lack of other nutrients may 

sometimes result in abnormal development, such as the 

formation of lipids in nitrogen-limited conditions. To attain a 

dry cell weight of 10 g/l, then, a glucose concentration of at 

least 20 g/l is required. Due to the use of glucose as the carbon 

source, cell yields under aerobic conditions are between 45 and 

50%.  

Table 2: Essential Growth Agents in Media 

Growth 

Agent 
Function Application 

Glucose 
Energy source for cell 

metabolism 

General cell 

culture 

Amino 

Acids 

Building blocks for protein 

synthesis 

Protein 

production 

Vitamins 
Coenzymes for various cellular 

processes 

General cell 

culture 

Hormones 
Signaling molecules regulating 

cell activities 

Tissue-

specific 

culture 

Growth 

Factors 

Stimulate cell proliferation and 

differentiation 

Stem cell 

culture 

Cytokines 
Regulate immune response 

and inflammation 

Immune cell 

culture 

Antibiotics 
Prevent contamination by 

bacteria and fungi 

Cell line 

maintenance 

Serum 
Provides essential nutrients 

and growth factors 

Primary cell 

culture 

Table 3: Essential Nutrients in Media 

Nutrient Function Application 

Nitrogen 
Component of proteins, nucleic 

acids, and more 

General cell 

culture 

Carbon 
Major building block for 

organic molecules 

All cell 

culture 

types 

Phosphorus 
Component of nucleic acids 

and phospholipids 

General cell 

culture 

Sulfur 
Essential for some amino acids 

and coenzymes 

General cell 

culture 

Potassium 
Cellular osmotic regulation 

and enzyme activation 

All cell 

culture 

types 

Magnesium Co-factor for various enzymes 
General cell 

culture 

Calcium 
Regulates cell signaling and 

membrane stability 

General cell 

culture 

Iron 
Component of hemoglobin and 

enzymes 

Erythrocyte 

culture 

Zinc 
Co-factor for numerous 

enzymes 

General cell 

culture 

Please note that the actual composition of media can vary 

significantly depending on the specific cell type or organism 

being cultured and the desired outcome. Additionally, 

advancements in cell culture and biotechnology may lead to the 

discovery of new essential growth agents and nutrients. 

Therefore, it's crucial to refer to the most recent scientific 
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literature and protocols for accurate and up-to-date 

information on cell culture media formulations. 

According to a broad definition of a specified medium, it 

consists of the four categories stated below. With the exception  

 

of nitrogen, group A contains all of the necessary nutrients; 

group B provides nitrogen in the form of ammonium ion, which 

is the preferred source of nitrogen for almost all 

microorganisms; group C contains a chelator to keep the metal 

ions in solution and also to prevent their toxic effects; and 

group D contains buffering components required to maintain 

the pH at proper values in shake-flask fermentations between  

 

4.5 and 7 for moulds, 4.5 and 6 for yeasts Because the huge 

quantities of buffer necessary to achieve high cell densities 

would likely be harmful to the organisms, the pH is often 

regulated in bioreactor fermentations by the automated 

injection of acid or base [17].  

The benefits of using defined media in fermentation 

When using complex media for secondary metabolite 

fermentations, negative phosphate management is a major 

challenge. This issue stems from the enzymatic release of 

soluble phosphate from complex nutrients, as shown by 

fermentations of turimycin. Negative phosphate regulation 

may be avoided by using a medium with the proper phosphate 

concentration(18). During the industrial production of 

penicillin V, it was discovered that, due to the high phosphate 

concentration in corn steep liquor, the rate of penicillin V 

degradation to certain byproducts is significantly lower in a 

chemically defined medium than in a complex medium 

containing corn steep liquor. This was identified as a result of 

the absence of corn steep liquor in a chemically defined 

media(19). A complex medium containing untreated molasses 

contains cations at amounts that impede biosynthesis. In the 

specified media, A. niger generated more gluconic acid than in 

the complex medium with molasses. This was due to the fact 

that the complex medium contained more cations. Due of its 

instability in culture broth, the anticancer drug leinamycin 

required production in a chemically defined media(20). 

When a regulated biosynthesis of product analogues is sought, 

it is common to employ alternate media. Moreover, by using a 

defined medium, they were able to reduce the unpleasant 

odours produced by natural organic nitrogenous compounds. 

This was accomplished by substituting the soybean meal in the 

original complex medium with ammonium sulphate as the only 

source of nitrogen. As a consequence, the environment around 

industrial activities has improved. Other benefits include little 

foaming, high translucency, and a fast oxygen transfer rate, 

which are all essential for large-scale operations(21). When the 

auxotrophic phenotype of the plasmid-containing recombinant 

being selected for is the major selection pressure, certain 

media are particularly successful for the fermentation-based 

production of recombinant proteins. A method that can give 

expression using a predefined medium and without the need 

for antibiotic selection was proposed. This method was created 

to produce heterologous proteins in bacteria, namely 

antibodies. From a clinical and regulatory standpoint, they 

deemed it to be a more acceptable manufacturing method. A 

recombinant plasmid with a conditional replication origin has 

been generated. This allowed the plasmid to be cultivated on a 

wide scale without the use of antibiotics in a medium that was 

totally specified. Due to the fact that plasmids cannot replicate 

in the absence of a specific inducer protein, the risk of 

replication happening outside of a controlled environment is 

significantly decreased [22]. 

 

Conclusion 

To produce E. coli successfully, the medium must typically 

include a number of essential components. Carbon, nitrogen, 

necessary salts, minerals, and growth stimulants are among 

them. Complex media, in contrast to minimum media, comprise 

undefined components and a far greater range of carbon and 

nitrogen sources. One of the most significant aspects in the 

growth of microorganisms and the creation of high-value 

compounds is the culture medium. Semi-defined media and 

complex media have both been used in the production of a vast 

array of pharmaceuticals, including growth factors and 

antibody fragments. The LB medium, also known as the Luria-

Bertani medium, is often used to cultivate bacteria. The 

medium contains an astonishingly little amount of carbs and 

other carbon sources. During growth in LB broth, the carbon 

nutrition of E. coli cells changes. During the "exponential 

phase," the Mg2+ content of cells, namely the outer membrane, 

fluctuates. These adjustments include using simpler amino 

acids until they are exhausted, and then switching to those that 

are more difficult to use. In labs, chemically defined medium 

will continue to be an important tool, and it will become an 

integral component of certain commercial fermentations. The 

degree to which the fermentation media may be chemically 

specified will be determined largely by the results of an 

economic analysis conducted during the creation of both the 

medium and the technology. Fermentation processes depend 

heavily on the development of better strains via mutagenesis, 

random screening, and the optimization of an organism's 

environment. The fermentation medium may be chemically 

specific (defined, synthetic) or indeterminate (natural, 

complex). 
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