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MATLAB script for growth rate estimation via cubic smoothing spline

Depending on the dataset the optimal p can differ. We observed a time dependency with respect to p using minutes
instead of hours for microbial or hours instead of days for mammalian processes, which can lead to different cubic
spline results. Thus, to expect optimal fitting results for a fixed p, the time axis should be in a similar range. In
this case, the optimal p of 0.4 is valid for processes in the double-digit range (e.g.: 20 hours or days). Moreover,
we performed csaps for real microbial as well as cell culture processes and always established a good fitting

performance with a p of 0.4.



For this section user input is needed - set the
value for the fitting parameter p and import
your Excel file including your process data for
the growth rate calculation

clear ; clc ; close all

% create an Excel file, it only has to include the colums for the
foll ow ng process paraneters in the indicated order to work (exclude
any headers)

% col um A
% colum B
% colum C
Col um B)

absolute tinme of the process
vi abl e cell concentration/bi omass
vessel volume (in the same unit as the concentration in

%if your file is conplete, choose your wanted value for the fitting
paraneter p
fitP =1 ;

% i nmport your Excel file by assigning it to the variable "inportData'
inmportData = inportdata('testfile.xlsx") ;

%the output of this script will be a newy generated Excel file

%1t contains the sanpling points with the respective viable cell
concentration/ bi omass, total viable cells/biomss and the growth
rate, all calculated via the cubic snoothing spline function

% the used value for the fitting paraneter will also be saved in this
Excel file

%the file will be created into the sanme folder as this Mtlab script
is |ocated

% run the code (F5)

no further user input is needed for this section
- rate calculation and export to Excel file

% assigns the variables to the colum nunber in your Excel file
Time_Total = inportData(:, 1)

VCC = inmportData(:, 2)

Vol ume = inportData(:, 3)

% function generation and val ue cal cul ati on

fnX = csaps(Time_Total , VCC. *Vol une, fitP);

Growm hRat e_Spl i ne_Sanpl i ngs = fnval (fnder(fnX, 1), Tine_Total )./
fnval (fnX Time_Total);

% plots the nmeasured and cal cul ated cell concentration




figure(1)
pl ot (Tinme_Total, VCC *Volune, 'kd', 'MarkerSize',
10, ' mar kerfacecolor','k")
title(' Measured versus cal cul ated Val ues')
x| abel (" Total Tine")
yl abel (' Total Viable Cells")
hol d on
fnpl t (fnX)
| egend(' Measurenent', 'Calculated Trend', 'Location', 'northwest"')
hol d of f

% plots the calculated growh rate via snmoothing Spline with the
chosen fitting paranmeter p

figure(2)

hol d on

pl ot (Tinme_Total, G owthRate_Spline_Sanplings)

title('Calculated Gowh Rate via Snoot hing Spline')

x| abel (" Total Tine")

yl abel (' Gow h Rate')

| egend(' Spline Estimation') ;

hol d of f

% creates variables for the Excel export
Excel Sheet = 1 ;
Export_Names = {' Total Tinme - Sanpling Points', 'Calculated Bi omass/
Viable Cell Concentration via Snoothing Spline', 'Calculated Total
Bi omass/ Viable Cells via Snmoothing Spline', 'Calculated Gowth Rate
via Snoothing Spline', 'used Value of the Fitting Paraneter'} ;

TVC Cal culated = fnplt(fnX) ; TVC Cal cul ated = TVC Cal cul ated' ;

alignment = knnsearch(TVC Cal cul ated(:,1), Tinme_Total) ;

VCC Cal cul ated = TVC Cal cul ated(al i gnnent, 2)./Volunme ; TVC_Cal cul at ed
= TVC Cal cul ated(alignnent, 2) ;

% creates Excel export file

xlI swrite(' Snoot hi ngSpl i ne_Cal cul ati ons. xl sx', Export_Nanes,
Excel Sheet, 'Al:E1') ;

xl swrite(' Snoot hi ngSpl i ne_Cal cul ations. xl sx', Time_Total,
Excel Sheet, 'A2") ;

xlI swrite(' Snoot hi ngSpl i ne_Cal cul ations. xl sx', VCC_Cal cul at ed,
Excel Sheet, 'B2') ;

xlI swrite(' Snoot hi ngSpl i ne_Cal cul ations. xl sx', TVC_Cal cul at ed,
Excel Sheet, 'C2') ;

x|l swrite(' Shoot hi ngSpl i ne_Cal cul ations. x| sx',
G owt hRat e_Spl i ne_Sanpl i ngs, Excel Sheet, 'D2')

xl swrite(' Snoot hi ngSpl i ne_Cal cul ations. xl sx', fitP,
Excel Sheet, 'E2') ; clearvars
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