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1. Overview of Bacterial Growth Phases
When bacteria proliferate under optimal conditions, they typically proceed through
several distinct phases:

1. Lag Phase: Cells adapt to the new environment, with little or no cell division.

2. Exponential (Log) Phase: Cells divide at a constant rate, and the bacterial population
grows exponentially.

3. Stationary Phase: Growth rate slows or stops as nutrients deplete and waste
accumulates.

4. Death Phase: Cells die at a rate exceeding any new growth.

Our calculator focuses on the lag and exponential phases. We assume that the user has
measurements of bacterial concentration (or cell count per mL, denoted N) at various
times t during the exponential phase, in addition to knowing the starting concentration
No.

2. Fundamental Equations for Exponential Growth
During the exponential (log) phase, we can model bacterial concentration N(t) with the
standard equation:

N(t) = No exp(p t),

where:

- Ny is the initial concentration of viable cells at t = 0.
- p is the specific growth rate (per hour).

- tis the incubation time in hours.

Taking the natural logarithm (ln) of both sides, we get:

IN(N(t)) = In(Ng) + p t.

Thus, on a semi-log plot (where the y-axis is In(N) and the x-axis is time), bacterial
concentrations in the exponential phase form a straight line whose slope is p.



3. Calculating the Growth Rate (pu) From Data Points

3.1 Multiple Data Points in the Exponential Phase
You might collect several measurements (N, t1), (N, t2), ..., where times t: are in hours,
and concentrations N: are in cells/mL:

1. We assume each (N, t:) pair falls within the exponential growth phase.
2. We compute a segment-wise growth rate p: between consecutive data points:

Hi=(IN(Niyq / Ni))/ (tieq-ts).

3. We combine these segment-wise growth rates into an average growth rate p. The
simplest method is to weight each segment by its duration At;:

M=3(: xAts) / S(At:), where Ats =t:,4 - ts.

Here, p is in reciprocal hours (hour™).

3.2 Example Calculation

Let us consider the following example:

- Ny = 500,000 cells/mL

- N, = 3,500,000 cells/mL at t; = 3 hours

- N, = 39,000,000 cells/mL at t, = 4 hours
- N5 = 370,000,000 cells/mL at t; =5 hours

Step 1: Compute segment-wise growth rates:

- M1 = In(N1 / No) / (t; - 0) = In(3,500,000 / 500,000) / 3 = In(7) / 3 =~ 0.644

- g2 = In(Nz / N4) / (2 - t1) = In(39,000,000 / 3,500,000) / 1 = In(11.14) = 2.41

- g3 = In(N3 / N;) / (t3 - t;) = In(370,000,000 / 39,000,000) / 1 = In(9.49) = 2.25

Step 2: Average the growth rates:
- Weighted average g = (p1 x 3+ o x T+ p3 x1) / (3+1+1) = (0.644 x 3 +2.41 x1+2.25 x
1) / 5 =1.117 hour™

4. Doubling Time (T,)
The doubling time, T, is how long it takes the bacterial population to double in number.
It relates to p via:

Te=1In(2) / p.
Using the example above, where p = 1.117 hour™:

T. =n(2) / 1.117 = 0.62 hours.



5. Determining Lag Phase Duration

5.1 Conceptual Interpretation

The “lag phase” is the time interval before the population begins exponential growth at
the measured rate p. In a simple mathematical model, you can think of extending the
exponential growth curve backward in time. The point at which the extended curve
intersects the starting concentration Ny is typically designated as the “end of the lag
phase.”

Formally, if you assume:

N(t) = No exp(p (t - tiag)),

then at the “earliest exponential” data point (N4, t;), it must be true that:
N1 = No exp(p (t1 - tiag)).

Solving for t),g:

tiag = t1 - In(Ny / No) / p.

Using the example values:
tiag = 3 - In(3,500,000 / 500,000) / 1.117 =3 - In(7) / 1117 = 3 - 1.945 / 1.117 = 1.26 hours.

6. Coefficient of Determination (R2)
To measure how well the exponential model fits your data, the calculator may compute
the coefficient of determination, R2. We do the following:

1. Convert concentrations to natural logs: y: = In(N:).
2. Compare them to the prediction from a linear fit: In(N) = In(Ng) + p t.
3. Compute:

R2=1- Z(yi - )7'1)2/ Z(Yi - \_’)2,

where y: is the predicted In value using y, and y is the average of all observed In
values. An R? of 1 means a perfect fit.

7. Putting It All Together
1. User Inputs:
- Ny (starting concentration).
- A set of points {(N, ti)} in the exponential phase.

2. Sort Data by Time: Ensure your measurements are in ascending order of t.



3. Compute the Growth Rate:
- Find segment-wise rates .
- Compute the average p weighted by each segment’s duration.

4. Doubling Time:
- Calculate T, = In(2)/p.

5. Lag Phase:
- Identify the earliest exponential point (Nearliest, tearliest)-
- Compute tlag = tearliest — ln(Nearliest / NO) / H.

6. Optional R2
- Compare observed In values to the linear model to compute the best-fit measure R2.

7. Output:
- Growth rate p.
- Doubling time T..
- Lag phase duration t,g.
- Optional R2.
- Graphical representation of the data points plus the exponential fit.

8. Common Questions

Q: Why might the computed lag time be negative?

A: This can occur if your chosen “time zero” was not aligned with the biological “start” of
adaptation. A negative value indicates that the back-extrapolated time for the onset of
exponential growth occurred before your recorded zero time. It could also indicate that
your Ny, N, etc. are not in the exponential phase, or that the Ny is wrong.

Q: Why average segment-wise p instead of doing a single linear regression?
A: Both are valid. The code’s approach (segment-wise average weighted by time) is
straightforward and generally consistent with a full linear fit of In(N) vs. t.

Q: Is the exponential model always valid?

A: It is valid during the true exponential (log) phase, but real bacterial growth may have
complexities or stochastic behavior. You should ensure the data truly represents
exponential-phase points before applying the model.




9. Summary
This document explains how the “Lag Phase Calculator” processes user-supplied
bacterial counts and times, computing:

1. Growth Rate (p)

2. Doubling Time (T,)

3. Lag Phase Duration (tag)

4. (Optionally) R? as a goodness-of-fit measure

All are derived from the fundamental exponential growth model N(t) = N, exp(p t), plus
the backward extrapolation for lag phase identification. By understanding each step,
customers can verify and interpret the results in the context of their own bacterial
cultures.
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