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More than simply microbial growth curves 
Ji-Dong Gu 
School of Biological Sciences, The University of Hong Kong, Pokfulam Road, Hong Kong SAR, People’s Republic of China 

Abstract: Bacterial growth is a very important piece of information in a wide range of investigation and, in most of the 
time the data are simply shown directly without any further processing. In a single factor investigation without compar-
ative information to be extracted, this simple approach can be used together with other data to form a comprehensive set 
of results. When comparison is involved, such direct showing of bacterial growth curves without processing cannot 
warrant a meaningful comparison thoroughly and further processing of data is necessary. In addition, there is little, if 
any, quantitative data for the comparison from the display of growth curves and description of a number of curves is not 
a simple task, especially in a meaningful way for assimilation of the data to readers. With this in mind, I would like to 
remind of those who plan to show such data as growth curves for their potential publication to carry this further to gen-
erate comparative results for a much meaningful interpretation by modeling and calculation from the raw growth data 
over time of incubation. By calculating with existing equations, the lag phase, growth rate and the biomass can be de-
rived from a series of growth curves for a more effective and meaningful analysis. This approach is not new, but re-
membrance of such available tool is more important so that research data are shown professionally and also scientifi-
cally for meaning presentation and effective assimilation. 
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1. Introduction

acterial growth and biomass can be easily as-
sayed in a number of ways, including direct 
cell counting and colony-forming units on 

agar plates, and indirect protein assay or determination 
of the optical density (OD) of bacterial culture spec-
trophotometrically to derive information on cellular 
physiology and performance in the form of yield. Am-
ong all these methods, OD reading is the most conve-
nient and easiest to implement in research laboratories 
and also industrial settings because of convenience 
and efficiency, and have been shown and reported most 
widely in published papers[1–3]. When dealing with a 
single bacterial isolate or strain under investigation, 
OD values can be adequate to provide the bacterial 

physiological function and biochemical activity under 
the specific conditions of investigation. However, this 
type of approach is not so effective when the concen-
tration effects of substrates and toxicants are the cen-
tral theme of the study in the experimental design. In 
addition, under such situations, a large number 
of bacterial growth curves accumulated from the dif-
ferent concentration treatments and conditions are not 
easily presented to describe in the results and discus-
sion efficiently in any potential paper. With this in 
mind and also from my previous and current expe-
riences in handling manuscripts submitted to different 
journals, I would like to remind authors and graduate 
students on the data processing possibilities to derive 
meaningful microbiological parameters important and 
essential to bacterial growth under the treatments or 
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conditions of the investigation to advance the investi-
gation objectives[4–8]. 

2. Bacteria Growth Curve

Bacterial growth curves can be used effectively or less 
meaningfully depending on the situation of the expe-
riments and also the ways to present such data. A typ-
ical bacterial growth curve has the lag (λ), exponential 
growth (µ), stationary and declining phases[9]. As a 
complementary part of the microbial transformation, 
degradation and growth, OD values can go together 
with the depletion of substrate concentration nicely to 
form a coherent and convincing set of results for the 
degradation taking place in the flasks and this ap-
proach is mostly implemented with pure culture or 
isolates[1,2,4–8]. Under other conditions evaluating a set 
of variables especially at a range of concentrations for 
their effects on bacterial growth or degradation or 
ecotoxicology, the large number of bacterial growth 
curves obtained by showing OD values versus time of 
incubation not only occupy too much of printing 
space but also create complicated situations, which is 
difficult for the eyes and also for the brain to process 
the data because the shapes of the curves and the spe-
cific information from each of them cannot be simul-
taneously assimilated and converted to meaningful 
summarized information by our brain quickly and re-
membered immediately. Under other conditions, 
growth of bacteria can also be assessed by monitoring 
the bacterial growth in flask through collecting the OD 
values, such results, after further processing to make a 
meaningful summary for effective presentation, can be 
highly informative on the bacterial growth competi-
tiveness under the various conditions imposed to Vi-
brio species as an example[10, 11]. Because of this, the 
existing mathematical approach can be used to process 
this collection of data sets to selective bacterial growth 
indicator values, e.g., specific growth rate, maxi-
mum biomass yield and lag phase to form the basis for 
a meaningful comparison, evaluation and judgment on 
the research objectives from the data set. 

The model to describe the bacterial growth curve 
can be based on the known Gompertz model (Equa-
tion 1), which is the most suitable to fit the growth of 
microorganisms, e.g., Lactobacillus plantarum and 
easy to use[9].  
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When degradation of an organic substrate or pollutant 

is the theme of investigation, the Richards function in 
a similar way as mentioned above, can be rear-
ranged[7,8] as: 
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(2) 
These examples above illustrate one crucially im-

portant fact on that simple data have fundamentally 
significant meaning when treated and presented prop-
erly. Small research projects can also generate huge 
impact if the power of the brain is fully activated to 
execute the whole process from planning, conducting 
to integrating and summarizing the data obtained. I 
would like to use this opportunity to communicate 
with young investigators to assimilate the basic and 
essential knowledge so that their judgment can be 
critical and selective in their scientific and research 
careers to contribute to the new innovation and know-
ledge based on meticulously designed experiments 
and the reliable scientific data of their work[12].  

3. Conclusion

Scientific investigation is a constant effort driven by 
curiosity and original idea of exceptional talent and 
comprehension. In addition to new breakthroughs, 
routine methods are still used to derive extended in-
formation for establishment of a concept and hypothe-
sis substantially. For those of us who use routine me-
thods, small innovation can also be realized through 
incorporation of methods by others[9], so that our re-
search data are not only professionally presented, but 
also more concentrated and meaningful. It is the pur-
pose of my initiative here to use this commentary to 
show a specific case from my personal experiences to 
provide alternative approaches for young scientists 
and especially graduate students to consider their re-
search data and results so that they benefit from those 
who had experienced them before.  
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