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Laboratory Exercise #8  
Bacterial Population Growth 

Introduction 

Most bacteria reproduce by a process called 
binary fission, during which the cell duplicates 
its components and divides into two cells. 
Under favorable conditions, individual bacteria 
rapidly proliferate, forming macroscopically 
visible colonies (or clones) consisting of 
millions of genetically identical cells on the 
surface of an agar plate or turbidity 
representing millions to billions of cells per mL 
in a broth solution.  

The growth of bacterial populations 
progresses through four phases: lag phase, 
exponential (log) phase, stationary phase, and 
death phase (Figure 1). It is important for the 
student to remember that these growth 
phases refer to a bacterial population, not to 
individual cells. Individual cells may or may not 
be following the overall growth pattern of the 
population at any one time. For example, in 
the stationary phase, the population as a 
whole is in a "leveling off" phase; however, 
there are very probably cells which are dying 
or cells which are continuing to glean the last 
of the nutrients out of the environment, and 
are still actively growing and metabolizing. 

Lag phase 

Lag phase is the period of where a population 
is adapting to its environment. It is sensing 
what nutrients are available and producing the 
enzymes necessary to extract energy. There is 
no net growth; number of dying cells is equal 
to the number of reproducing cells.  

Log or exponential phase 

Log or exponential phase is the term used to 
describe the pattern of population growth in 
which the number of cells doubles during each 
unit time. One of the characteristics of 
exponential growth is that the rate of increase 
in cell numbers is slow during the initial stages 
but increases at an ever-faster rate. This 
results, during the later stages of growth, in an 
explosive increase in cell population numbers. 
Mathematically, this is known as exponential 
growth. This is the growth phase that is used 
to calculate generation time, the time it takes 
for a population to double. When the log of 
number of cells are plotted over time there 
will be a linear increase.  

Stationary phase 

Stationary phase is the period immediately 
after log phase. The cells are beginning to 
exhaust the available nutrients and waste 
products are beginning to accumulate. There 
is no net growth; number of dying cells is 
equal to the number of reproducing cells.  

Death phase  

Death phase is the period after stationary 
phase. Nutrients are exhausted in this stage 
and waste products have built up to toxic 
levels. There is a net decrease in the number 
of cells; the number of dying cells exceeds 
number of reproducing cells. On a semi log 
plot, this will appear as a linear decrease in the 
number of cells over time. 
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Figure 1 The 4 phases of bacterial growth, Lag phase, exponential (log) phase, stationary phase, and 
death phase. These phases are only revealed once cell numbers have been plotted on a log scale. In 
the graphic determination of generation time a doubling is measured using values from the y and x-
axis. In this case the generation time is determined to be: 133 – 117 = 16 minutes.  

Generation time 

The generation time (g) is the time required 
for a complete growth cycle or, in other 
words, the generation of two cells from one 
cell. Thus, the generation time or doubling 
time for bacteria is the time required for the 
number of cells in a population to double. In 
the microbial world, this time is highly variable 
and is dependent upon nutritional, genetic, 
and physical factors. Under the best 
nutritional and physical conditions, the 
generation time of E. coli is about 20 minutes. 
Some microbes can grow faster than this, but 
many grow much more slowly. Another way to 

represent how fast an organism can grow is 
called the growth rate constant (k). The 
growth rate constant (k) is defined as the 
number of generations that a population can 
create in one unit of time (typically reported in 
hours or minutes). This is the inverse of the 
generation time as shown in the following 
expression:  

1k = 
g

 

The Labster simulation that is assignment for 
this lab focuses on the growth rate constant 
(k) instead of generation time (g). For the 
calculations that you are asked to perform in 
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this lab; we will focus on the calculation of 
generation time in two different ways: 

Determination of generation time graphically 

1. To determine the generation time of an 
organism you first need to graph the 
number of cells over time on a semi-log 
plot so that that the log phase of growth is 
clearly defined. The log phase will be the 
area of the graph where there is a linear 
increase in the number of cells.  

2. Draw a “best-fit” line that best represents 
the log phase data only. You will connect 
the dots as best you can with an equal 
number of points above and below the 
line.  

3. Pick a number from the y-axis within the 
log phase and multiply it by 2. In Figure 1, 
see how 1x108 and 2x108 are used. You do 
not need to pick actual data points here.  

4. Find where these two values intersect the 
best fit line in the log phase and then 
determine the amount of time (on the x-
axis) that has elapsed between these two 
points, by subtracting the smaller time 
from the larger one, as shown in Figure 1 
with the red dashed lines.  

Calculation of generation time by equation: 

Generation time can be calculated using the 
following equation shown below.  
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The variables in the above equation are 
defined as: 

• g = generation time 
• tf = final time point 

• ti = initial time point 
• Nf = final population size 
• Ni = initial population size 

1. To use this equation properly you first 
need to graph the number of cells over 
time on a semi log plot so that that the log 
phase of growth is clearly defined.  

2. Next, pick any two data points that are 
within the log phase. A more accurate 
representation of the generation time will 
be obtained if each individual point is 
accurate and picking points that are 
further apart in time will prevent 
measurement errors from being 
exaggerated.  

3. Solve for g. Avoid rounding off your 
intermediate values until the end so that 
you can perform as accurate a calculation 
as possible.  

Which method is more accurate?  

The graphic generation time is more accurate 
since it incorporates more data points than 
the 2 data points that are used in the 
calculation-based method. Some data points 
will have a higher amount of error associated 
with it; these are known as outliers. The more 
points that can be used the more the potential 
errors can be averaged out to reflect the true 
generation time.  

Generation time and Disease 

Generation time is an important value to 
consider in the progress of disease. To 
establish an infection, microbes have to 
overwhelm the immune response (if the 
immune response stops the microbes rapidly, 
no infection is established). Pathogenic 
microbes with short generation times (faster 
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growers) can overwhelm the immune 
response and establish infection more readily 
than microbes with a longer generation time. 
One case in point is Mycobacterium 
tuberculosis. This bacterium has a very long 
generation time (~15 hours); therefore it 
seldom establishes infection in healthy 
individuals with healthy immune responses. 
The immune system gets rid of the bacteria 
before they can establish infection. 

Measuring microbial growth with Absorbance  

There are several ways of following the growth 
of a microbial population. Viable plate counts, 
direct microscope counts, coulter counts and 
even quantification of absorbance over time 
are all viable methods. The least laborious and 
most cost-effective method however is to 
quantify microbial growth by measuring the 
changes in the turbidity or optical density 
(OD) of a broth culture over time. The more 
turbid the broth culture, the more cells are 
present. This is an indirect measure of growth. 
The OD is measured on an instrument called a 
spectrophotometer. The machine contains a 
lamp which casts light (of a specific 
wavelength which can be adjusted) through a 
cuvette (clear tube) holding the sample 
material. A photosensitive detector on the 
opposite side measures the intensity of the 
light that passes through the cuvette, the 
more turbid the broth, the less light passes 
through. Readings are usually made as percent 
transmittance (%T) or absorbance (A). We will 
be measuring absorbance in this lab. 
Spectrophotometers can also be calibrated to 
measure the color of a solution. They are very 
useful tools in detecting color changes in the 

interpretation of biochemical test media 
covered in the previous unit.  

It is possible to convert the absorbance values 
measured by the spectrophotometer to cell 
numbers. When a bacterium is grown in a 
specific medium the first time, not only is the 
absorbance of the broth measured, but cell 
number is also measured by plate counts or by 
direct microscope counts. Then each 
absorbance reading can be converted to a 
specific cell number.  

8cells  = 8x10 (absorbance)mL  

 
Figure 2 Absorbance values can be converted 
to cells/mL using this relationship. Only the 
linear range from 0.0 -1.0 can be used to 
calculate cells/mL with absorbance. If an 
absorbance value exceeds 1.0 a dilution must 
be made to stay within the linear range of the 
equation. Then after measuring absorbance of 
the diluted value the dilution factor must be 
incorporated into the cells/mL.  

In any subsequent measurements of the same 
bacterium in the same medium, under the 
same growth conditions, only the absorbance 
needs to be measured. The previously 
determined calibrations with cell numbers 
may be used to estimate the cell population in 
the new culture. You can see the calibration 
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curve and equation that we will be using in 
this lab in Figure 2. Recall the equation of a 
line is “y = mx +b” where m is the slope and b 
is the y-intercept. In this equation for cells/mL 
y is cells/mL, the slope “m” is 8x108, x is 
absorbance and b, the intercept, is zero. 

Advantages of Absorbance 

1. This is among the fastest methods to 
quantify growth and only takes seconds to 
perform. 

2. While the initial investment is not small 
the ongoing costs are very low and 
typically just entails the costs of the 
cuvettes but even those can be reused.  

3. Well suited to processing lots of samples, 
especially if you use a spectrophotometer 
that can read a 96-well plate. 

4. Typically, fewer dilutions, if any are used, 
so the statistical errors are less compared 
to other methods.  

Disadvantages of Coulter Counts 

1. Does not distinguish live from dead cells or 
debris. 

2. Initial investment costs are significant.  

3. Low sensitivity – only able to detect able to 
detect as low as ~5x105 cells/mL. 

4. Clumped together cells, if not 
appropriately vortexed and homogenized 
will skew the results.  

Spectrophotometer instructions 

 
Figure 3 Red Ride Spectrophotometer on the 
left and the Vernier Lab Quest on the right. 
The Lab Quest can be configured to collect 
data from a variety of inputs, such as pH, 
dissolved oxygen, etc.  

These instructions have also been recorded a 
part of a how to use the spectrophotometer 
video. Use these written instructions that 
follow in conjunction with the instructional 
video linked here and on Canvas.  

1. Plug the Vernier Lab Quest and the 
spectrophotometer into an AC outlet. 

2. Connect devices using the USB cable 
supplied with the spectrophotometer. 

3. Turn on the Vernier LabQuest (button in 
upper left above display window). The 
LabQuest should automatically detect the 
Red Tide Spec and be in 
“Spectrophotometer” mode. 

4. Locate “Mode” icon in upper right of 
LabQuest display (Figure 3). Tap on this 
“Mode” icon using the stylus as shown in 
the image below.  

 

https://www.3cmediasolutions.org/privid/266107?key=c19a88a77c7bcdf6781e3527329889e4af568a1b
https://www.3cmediasolutions.org/privid/266107?key=c19a88a77c7bcdf6781e3527329889e4af568a1b
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5. Find the “Mode” drop down menu at top. 
Select “Events with Entry” as shown in the 
image below. Ignore the rest of the 
settings and select “OK.” 

 

6. Use the stylus to tap on the red digital 
display area. A menu will appear. Select 
“Change wavelength.” Type in 600 nm. 
Select “OK” as shown in the image below. 

 

7. Once again, use the stylus to tap on the 
red digital display area and Select 
“Calibrate” calibrate as shown in the 
previous image.  

8. When the next window appears, it will 
indicate that the device is waiting for the 
Red Tide UV/Vis Spec lamp to warm up. If 
the Red Tide UV/Vis Spec device has 
recently been powered up, allow this 90 
second warm-up to proceed. If you have 
already been using the device, you can 
select “Skip Warmup” as shown in the 
image below. 

 

9. Once the warmup is completed (or if you 
have skipped the warmup), you will be 
prompted to insert a blank into the device. 
The blank consists of a cuvette filled at 
least ½ full (~1 mL) with sterile Trypticase 
Soy Broth (TSB), a rich growth media as 
shown in the image below.  

 

10. Insert the blank into the Red Tide UV/Vis 
Spec port, being careful not to spill any 
liquid inside.  

Note: Insert the cuvette so that the arrow 
(triangle) on top points to the front or 
back. In this orientation the indented sides 
are on the left and right and the smooth 
sides are on the front and back as shown 
in Figure 4.  

 
Figure 4 Cuvette with the arrow labeled on top 
and the smooth sides and ridged sides labeled. 

11. Return to the LabQuest display and use the 
stylus to select “Finish Calibration.” The 
display will let you know when the 
calibration is done. Then select “OK.” The 
red digital display should now read “0.00.” 
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12. Locate the culture flask in the 37° C 
shaking water bath. Leave it in the bath 
until ready to start.  

13. Obtain a clean, dry and empty cuvette. 

14. The student retrieving the sample should 
put on gloves.  

15. Remove your flask and agitate (swirl) your 
culture before taking the sample.  

16. Using aseptic technique and a fresh plastic 
disposable transfer pipette, retrieve ~1 mL 
of culture from your groups flask and 
transfer it to an unused clean and dry 
cuvette. It should be at least ½ full but 
does not need to be full to the top. Quickly 
return the flask to the 37 °C water bath so 
that the temperature does not vary.  

17. Record the time that the sample was taken 
in the table provided. 

18. Make sure the outside of the cuvette is 
clean with a Kim wipe and then insert the 
cuvette into the spectrophotometer and 
record the absorbance value that is on the 
screen (no other buttons need to be 
pressed) in the table provided.  

19. Disposal: place contaminated pipette in 
the labeled container for waste pipettes 

on your bench. Empty the cuvette into the 
disinfectant bin on your bench. Rinse the 
cuvette 3 times with distilled water, 
discarding rinse water into the bin each 
time. Place used cuvettes in the 
disinfectant solution bucket which will be 
on the disposal bench marked for cuvettes.  

20. Using the equation in Figure 2, convert 
absorbance to cells/mL.  

21. Repeat steps 7-20 every 10 minutes. 
Continue Absorbance readings until the 
end of the lab period. Check that the blank 
cuvette still reads 0.00 before each 
reading. 

22. If the absorbency reading exceeds 1.0, 
you will need to dilute the sample. Using a 
pipette, transfer 1.0 mL of the culture to 
the provided 9.0 mL sterile TSB broth. Mix 
thoroughly and then add ~1.0 mL to your 
cuvette. This a dilution factor of 1/10. This 
means you will have to divide the cells/mL 
value by this dilution factor (0.1) to get the 
total number of cells/mL in the undiluted 
sample. Alternatively, you could multiply 
the diluted cells/mL value by 10 to achieve 
the same outcome. 
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Protocol 

This is a 100% virtual lab and will not involve a lab kit. In this exercise students will in this exercise be following 
bacterial population growth using the optical density (OD) method.  

Part I 

Your first task is to complete the virtual spectrophotometry tutorial from the BioNetwork. This activity should 
only take you about 20 minutes. You will be uploading the pdf of your completion certificate to the Lab Report 
#8 Canvas Quiz.  

Part II 

Labster has a good virtual simulation on measuring population growth and interpreting growth rates in the 
after changes due to an antibiotic or temperature. During the simulation you will learn about the growth 
phase constant “k”. The growth rate constant is the number of generations that occur per unit of time 
(minutes or hours). It is the inverse of the generation time as described in this lab manual; the time it takes a 
population to double.  

Part III 

Prepare two separate graphs of Escherichia coli and Staphylococcus aureus using the data in Table 1. You may 
print out the semi-log paper included at the end of this lab to prepare your graph by hand or you can use Excel 
to create the graph and determine generation time. Instructions on how to use Excel are included on the 
following pages. Each graph will need the following: 

a. Before you can graph the data, you will need to convert all the absorbance values to cells/mL using the 
relationship established in Figure 2.  

b. Plot all the data for each organism on a separate graph.  

• Log of cells/mL on the y-axis and Time (min) on the x-axis.  

• Include a title, labeled x-axis, labeled y-axis for each of your graphs. 

• If you plot your data by hand, make sure you choose values on your x-axis that appropriately use the 
entire graph paper so that you can see the growth phases clearly. Set up your graph so every bold 
vertical (grid line) represents 20 minutes is a good place to start.  

c. Calculate generation time for each organism using the graphic method in the space provided on the 
graph paper.  

• Draw a “best-fit” line that best represents the log phase data only. You will connect the dots as best 
you can but will have to balance some points above the line and some below. The line must be one 
straight line and cannot bend from point to point and cannot use lag or stationary phase data. 

• Use the “best-fit” line to calculate generation time using the instructions provided in this manual and 
Figure 1.  

https://www.ncbionetwork.org/educational-resources/elearning/spectrophotometry
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d.  Calculate generation time for each organism using the equation method (page 8.3) using the space 
provided on the graph paper.  

• Pick any two “real data” points from the log phase. During the calculation, round the log values to 
the nearest 0.001, but then report the final general time with the appropriate number of significant 
figures. Or better yet, avoiding rounding off until you have the final value for generation time. 

elapsed 
time (min) 

S. aureus 
OD600 

S. aureus 
Cells/mL 

E. coli 
OD600 

E. coli 
Cells/mL 

0 0.023   0.023   
20 0.023   0.023   
40 0.036   0.047   
60 0.055   0.090   
80 0.090   0.200   

100 0.127   0.380   
120 0.211   0.800   
140 0.322   1.500   
160 0.480   1.750   
180 0.750   1.742   
200 1.157   1.753   
220 1.750   1.755   
240 1.770   1.759   
260 1.780   1.757   

Table 1 This table has the optical density readings at 600 nm from the spectrophotometer for E. coli and S. 
aureus. First use the relationship established in Figure 2 to convert the absorbance values to cells/mL in the 
empty columns provided.  
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Optional – Graphing and Determination of generation time using Microsoft Excel 

Butte College provides the entire Microsoft Office Suite free to all current Butte College Students, that’s you! 
If you do not have it already installed, you can access the applications in a web browser without having to 
install the applications on your computer. To access office online, log into your email from MyBC and then use 
the menu at the top left top open OneDrive or Excel Online directly. The instrunctions that follow are with the 
current version of Microsoft Excel desktop version. If you are using an older version of excel there might be 
slight differences. If you are having trouble with any of the following steps take a screen shot so me or your 
peers can see what you are seeing.  

1. Open the excel spreadsheet that is available on Canvas, so you do not have to enter all of the data by 
hand.  

2. An Excel spreadsheet is composed of numbered rows and lettered columns. Each square box is 
referred to as a cell, for example the first cell in the top left corner is cell A1. The cell to the right of A1 
is B1 and the cell under A1 is A2, etc. When selecting cells for graphing or equations, understanding 
these coordinate locations will be essential.  

3. If you are starting with the file on Canvas you will see you already have the raw data (elapsed time and 
optical density data for each organism) and the columns are labeled and borders are added. There are 
also some empty labeled columns that you will be using and labeled areas for your generation time 
calculations.   

4. First step is to calculate the cells/mL of each culture at each time point using the relationship 
established in Figure 2. You could do this on a calculator and enter that data by hand but Excel has a 
much more efficient calculator. In the first row (C2), put in the following equation without the quotes 
and hit enter “=B2*800000000”. After hitting enter it should run that calculation.  Check it with a 
calculator to make sure it has worked properly. Note: Excel (and most computers) displays scientific 
notation in the following format: where 10000000 = 1.0E+07. The “E” is the “x10” and the “+07” is the 
exponent. You can enter this value by simply typing 1e7 into an empty cell and Excel will interpret this 
is 1.0E+07 or 10,000,000. On a side note you could change the cells to not use scientific notation if you 
wanted to in the home ribbon > number menu.    

5. Now, you need to repeat the same calculation on each time point of the data set. The easiest way to 
do this is to select the cells C2 through C15.  Now go to Home Ribbon > Editing > Fill > Down, or the 
shortcut key is “Control + D”. This will copy the equation all the way down the column, but using the 
adjacent value in column C to calculate the cells/mL in column D. Check one or two of the calculations 
by clicking on the cell and looking at the equation and checking it in your calculator. Pretty cool huh?  

6. Now you are ready to make the graph for S. aureus. First you must tell Excel which columns you want 
to be used to create the chart. Using your mouse select A1-A15, then while pressing the control key 
(command key on a Mac) select C1-C15 and D1-D15 as shown in the image below. Even though there is 
no data in column D yet, this will make those steps later easier.  

https://www.butte.edu/itss/student/ms-office/
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7. The style of graph you want to create is called an X-Y scatter plot. To insert the chart, go to the insert 
ribbon > Charts > select “Scatter” (no lines). You should see a graph appear with the cells/mL on the y-
axis and time on the x-axis but there are not axis labels yet. There should be no line connecting the 
data points if you selected the correct type of chart.  

8. If you have made it this far, you have created an arithmetic plot and you need to transform this to a 
semi-log plot. Double click on the y-axis which should open a new dialog box on the right. Within the 
axis options menu, select the box for the logarithmic scale. This should take your sloping log phase and 
make it a straight line, but no line will be drawn yet. Resize the y-axis using the same dialog box by 
setting the minimum to “1e7” and the maximum to “1e10”. 

9. Click on the chart and then select the “+” symbol to insert axis titles and chart titles. Edit the title and 
labels to the following: 

• Title: Staphylococcus aureus Growth Curve (remember to italicize genus and species names) 
• X-axis label: Time (min)  
• Y-axis label: Log cells/mL 
• You can delete the legend that was automatically created since you just have one set of data in 

your graph.  

Select the entire chart and increase the font size to something that is easier to read.  

10. Now that you can see the growth phases, determine which values correspond to just the log phase. We 
need to tell Excel which values are the log phase before we ask it to create the best fit line. Copy the 
values that represent just the log phase and paste them into column D at the correct times (rows). If 
you use the default copy/paste function it will copy the equation but there is a way around this. Select 
all the log phase values and then paste them to the appropriate location in column D using the “paste 
values” option in the clipboard menu in the home ribbon. Double check that you see the same values 
in column C and Column D, but without the lag or stationary phase time points. You should see a new 
color data point on top of the log phase data points in your graph now.  

11. We are finally ready to insert the best fit line. Select the chart > Select the “+” icon > mouse over the 
trend line option and click on the right arrow > click on more options > select the “log phase only 
series” from the dialog box and select okay > change the type of trendline from a linear to exponential 
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on the dialog box on the right and also select the box for “display equation on chart” and “display R-
squared value on chart”.  

12. Now you should see the best fit line going through the log phase data and you should see an equation 
in the form y=(A)e(B)x and an R2 value. The R2 value tells you how close the data fits to the line. An R2 

value of 1.0 means the data fits perfectly. Anything greater than 0.9 is very good.  

You could add back the lag and stationary phase data at this point to show you how it changes best fit 
line equation and R2 values. Undo those changes before proceeding.  

13. To calculate the generation time using the graphic method you could adjust the charts gridlines and 
minor axis options to help you “draw” out a doubling time as was instructed in Figure 1. But there is a 
much faster way at this point. The generation time can be calculated as follows: 

Ln 2generation time = 
B

 

Where Ln 2 is the natural log of 2 (0.6931) and B can be extracted from the equation of your best fit 
line. The generation time will be in units of minutes since that was the units of x-axis. Calculate 
generation time using this equation in the space provided in the spreadsheet.  

14. Now all you have left to do is calculate generation time using two real data points and the standard 
equation introduced in lecture and this lab manual. You could bust out your calculator to do this, but 
Excel is an extremely capable calculator. In the space provided in the spreadsheet, copy and paste this 
equation: 

=((Tf-Ti)*0.301)/(LOG10(Nf)-LOG10(Ni)) 

Before hitting enter, you need to replace all the variables (Tf, Ti, Nf, Ni) with cell locations (A3, D3, etc). 
Simply highlight the “Tf” in the equation and then select the cell you want to use for that value. Repeat 
for all 4 variables. In this way you do not have to enter values in the equation, just locations where the 
values are. Choose the first and last data points in the log phase to improve your accuracy.  

15. Hope you are still with me. The second time through should go much quicker. Repeat steps 4-14 for 
the E. coli data.  

16. Once you have finished all of your calculations, spend a little time making it neat and easy to read by 
adjusting fonts sizes, size of charts and location if needed. But if you are following these instructions 
you should be in good shape. You will be uploading this graph for credit in the lab report quiz on 
Canvas. 



 

 

 

Show your work for the graphic 
determination of generation time here:  

   

Show your work for the calculation of 
generation time with the equation here:  
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