
Fermentation medium will generally consist of a nitrogen source, such as 

amino acids, carbon source, such as sugars, phosphates for buffering, 

trace metals, cofactors, vitamins, and other essential components. The 

composition of the fermentation medium will vary greatly as per the nutritional 

requirements of the microorganism of interest and other factors in the media, 

which affect optimal drug production. Such multifaceted nutritional needs for 

fermentation applications can be met using peptone-containing media, also 

known as complex media. 
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Peptone-containing media have a long and proven 
history for production of bacterial vaccines, such as 
diphtheria, tetanus toxoid, and Haemophilus. Additionally, 
peptone-containing media have been extensively used 
for recombinant protein production using bacterial hosts, 
such as Escherichia coli and yeast hosts like Pichia 
pastoris [1–4]. 

Peptone-containing media have several advantages 
as they are relatively inexpensive, they support a wide 
variety of growth from a large group of microorganisms, 
they promote the growth of the more fastidious 
organisms, they stimulate toxin production, and they 
routinely produce higher yields.

Fermentation media design 
The role of the medium is to provide essential nutrients 
that can be utilized and integrated into the dividing cells 
of the fermentation. Selection of medium components 
can have an impact on the growth, function, and even 
the genetic stability of cells, in vitro. A properly designed 
fermentation medium should contain a carbon source, 
such as glucose, glycerol, or other fermentable sugar, 
balanced to a nitrogen source, such as ammonium 
salt or amino acids to meet the metabolic needs of the 
microorganism for maximizing growth and production. 
Media components such as sodium and potassium 
salts and phosphates should be optimized to achieve 
the appropriate osmotic balance and desired pH. 
Additionally, essential growth factors (i.e., vitamins and 
trace minerals), could play a critical role in successful 
media design [5]. 

Peptones are a single source of many of these 
components and can be used at higher concentrations 
of up to 30 g/L for fermentation media. When used in 
fermentation media, peptones provide a major source of 
both carbon (via their carbohydrate content) and nitrogen 
(via amino acids and peptides.) Additionally, peptones 
provide buffering salts, such as phosphates, or essential 
salts of sodium, potassium, calcium, or magnesium, 
as well as essential micronutrients like trace metals 
and vitamins. The amino nitrogen (AN) content and the 

AN/TN ratio (amino to total nitrogen) are important in 
understanding the overall carbon to nitrogen ratio in the 
peptone and the final medium when designing a medium 
for bacterial systems.

Typically, it is simpler to design a medium for rapid 
initial growth than for maximum product accumulation, 
especially in the case of secondary metabolites. It is 
essential to understand the dynamics of your organism’s 
product production. Phosphate levels and the presence/
absence of iron are often cited as affecting secondary 
metabolite production [6]. Calcium, zinc, copper, and 
nickel may be important ions in understanding secondary 
metabolite effects for toxin production during vaccine 
development [7, 8]. In addition, pH during fermentation 
is often cited as a critical parameter for both growth and 
secondary metabolite production in bacterial systems 
and can be influenced by peptone selection and media 
design [9]. Understanding the key media drivers for your 
organism and combining them with the requirements for 
the process is critical for a successful media design. 

Selecting a peptone
Successful media development is a multifaceted 
process. In order to comprehensively cover all the 
variables with the least time and effort, it is usual to 
employ statistical methods [10]. When initially selecting 
candidate peptones, consider the typical analyses data 
for elemental concentrations, amino acid profile, the 
degree of hydrolysis, and carbohydrate content to match 
the nutritional needs of the microorganism. For example, 
certain anaerobic bacteria might prefer media that are 
richer in certain specific amino acids, for anaerobic 
fermentation processes [11]. Further considerations 
might be given to animal origin suitability based on 
the end application as well. As an example, for animal 
health vaccines (like clostridial vaccines), an animal 
origin peptone might be a suitable option since they 
have a long history of enhancing toxin production. For 
human health applications, such as those produced in 
recombinant E. coli, animal origin–free peptones, such 
as yeast extracts and soy peptones, can be a suitable 
option [12]. 
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After selection of appropriate peptone candidates, 
individual experimentation with a variety of peptones is 
suggested to select the optimum peptone or combination 
of peptones. As an example, Figures 1 and 2 depict the 
growth of S. cerevisiae and E. faecalis on various animal 
origin–free and animal origin peptones. As seen, each 
microorganism has different growth profiles for different 
peptones, highlighting the need to evaluate multiple 
peptones for optimal selection. 

Moving to animal origin–free media components 
A goal for the development of new fermentation 
products has been to either source TSE/BSE-relevant 
raw materials from an OIE Negligible Risk Country 
or reformulate the media using animal origin–free 
components [13]. Our team has led the introduction of 
animal origin–free peptone supplements such as yeast, 
soy, and more recently, other plant-based peptones 
derived from bases such as cotton and wheat. 

Figure 3 shows the evaluation of different animal 
origin–free peptones for an E. coli strain, where good 
growth is seen. 

Another example of enhanced performance is shown 
in Figure 4. E. faecalis was grown side-by-side in 
formulations containing animal origin peptones or animal 
origin–free components in bench-scale fermentors. 
In this case growth enhancement, as measured by 
the mass or OD reading, doubled when the medium 
formulation was changed to all animal origin–free 
components.

Figure 5 shows growth curves for two of the four 
different soy peptones available from our portfolio. It also 
demonstrates the differing responses an organism may 
have to different peptones made with the same starting 
materials. For an E. coli with a plasmid, Gibco™ Difco™ 
Soytone provides better growth support than Gibco™ 
Difco™ Tryptone. In this experiment, the peptones were in 
2% solutions with some buffering salts. The purpose of 
the experiment was to observe the growth performance 
with each peptone.
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S. cerevisiae growth on peptones

Figure 1. S. cerevisiae growth on peptones.
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Figure 2. E. faecalis growth on different peptones.

Figure 3. E. coli growth on different peptones.
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Figure 4. Comparison of E. faecalis growth on traditional media vs. 
plant-based media.
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Figure 5. Growth of DH5α E. coli with plasmid on various peptones.


