Bioengineering |
Winter semester 2022
The selected chapters

prof. Ing. Adriana
Kovalcik, PhD.




Microbial balances in batch
and continuous fermentation



1. Calculation
of balances

in batch
cultivation




Fermentation processess can be
guantified:

1.1 by fermentation process rate




1.1 Quantification of fermentation process by fermentation process rate
We express the following:

e the growth rate of the microorganism:
X
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or specific growth rate:
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e the product formation rate:
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or specific product formation rate:
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e substrate consumption rate:
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or specific substrate consumption rate:
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1.1 Quantification of fermentation process by fermentation process rate

carbon dioxide production rate:

_dco2
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or specific carbon dioxide production rate:
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Mooz = ~3 X g

rate of the oxygen consumption in the liquid:
/ dacy,
To2 = do2 =
where units are [g/l] or [mol/l.s]

or specific rate of the oxygen consumption:
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where units are [s7]



Fermentation processess can be
guantified:

1.2 by stochiometric relations




1.2 Quantification of fermentation process by expression of stochiometric
relations

Using the schema:

S,+0,+X;, > X+P+CO, +AH

where X, iIs inoculum, S; substrate at the start of the cultivation, X — biomass,
P — product, CO, — carbon dioxide, AH — the heat produced by biochemical
processes



1.3 Quantification of fermentation process by yield coefficients

The yield coefficient for biomass from substrate:

where AS = A*S‘assimilation into biomass + ASassimilated into an extracellular product +

ASgrowth energy + A'S“maintemmce energy-

In more detail the schema for growth and formation of products in aerobic environment is
as follows:

The yield coefficient for product from substrate:

The yield coefficient for carbon dioxide from substrate:

ACO?2

Yeoz/s & —



1.3 Quantification of fermentation process by yield coefficients

Yield coefficient for product related to the produced biomass:

AP
Yp/x &

Yield coefficient for biomass related to the used oxygen:

. Ax

A maintenance coefficient describing the specific rate of substrate uptake for cellular
maintenance:
_lds/dtlm

X
The balance equation with maintenance coefficient for the determination of substrate
consumption:

(ae) = G, + (o), + (),
And therefore:

as 1 ax 1 dap
— = ——X—= X——-mxX
dt Yx dt Yp/s dt

s
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Categories of microbial
oroducts (models)
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Categories of microbial products

1) Growth-associated products, which are produced during the microbial growth:

1 dpP

mp =4 X = Vp/xlg

Note: p, is different from net specific growth rate

The product formation through the associated model can be described as follows:

dapP ax
dt dt
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Categories of microbial products

2) Mixed-growth-associated product, which is formed during the slow growth as well as
stationary phase:

The product formation through the mixed model can be described as follows:

dp dx
—=aX—+m,X
dt dt b
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Categories of microbial products

3) Non-growth-associated product, which is formed during the stationary phase.

mp = f§ = constant

The product formation through the non-associated model can be described as follows:
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Substrate inhibited microbial cell growth

In the case of high concentrations of substrate the microbial cell growth rate is inhibited
by substrate.

The specific growth rate and kinetics parameters for noncompetitive substrate inhibition:

Umax

P07 (1655 (142)

S K]

where W5 IS maximum specific growth rate when S >> Kg (saturation constant — concentration of the
rate  limiting substrate when the specific rate of growth 1is equal to one half
of the maximum), K, concentration of inhibitor and critical parameters are:

— / _ Umax
Scrit — KS X KI and Hmax = 1+2Xm

In the case of competitive substrate inhibition:

HmaxS

S
K5<1+K—I)+S
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Product inhibited microbial cell growth

Product inhibition can be competitive or non-competitive.

Inhibition by toxic compounds

Inhibition by toxic compounds can be competitive, noncompetitive and uncompetitive

The overall productivity in batch system for the product:

P
Pp=?

where Pp is productivity, P — product concentration and t — time

And the overall productivity in batch system for biomass:

X
Pp=?

where Pp is productivity, X —biomass concentration and t — time
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2. Calculation
of balances
In continuous
cultivation



Continuous cultivation — calculations

The continuous cultivation is an open system with a continuous feed of nutrients and substrate.
This system Is designed for long-term  operations. The vessel that is used
as a growth container in continuous cultivation with the controlled flow rate and a constant substrate
concentration is called a chemostat. In the chemostat pH, temperature and oxygen concentration

are controlled.

The rate of nutrient exchange In the chemostat IS expressed

as a dilution rate (D):

D=2
%

where F is medium flow rate (F = constant) and V is culture volume (V = constant).
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Continuous cultivation — calculations

Continuous cultivation can be provided also in other types of continuous systems

such as turbidistat, where X is constant and D is not constant.

Next type is nutristat, where S is constant, and D is not constant. The last example of continuous system

Is oxistat, where C, is constant and D is not constant.
Chemostat balance can be expressed as:
Accumulation = inflow — outflow + reaction (consumption, production)

Balance calculation for biomass:

(Z—f)acc=—0xx+uxx

Balance calculation for product (associated growth model):

(%)accz—DxP+a><X
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Continuous cultivation — calculations

Balance calculation for substrate:

as 1 ax 1 dP
(—) =DxS;-DxS——xZ _Lx® _ mxx
dt/ qcc Yg dt Yg dt

After a certain cultivation time the concentration of X, S, and P will reach a steady state.

This means that:

dX_dS_dP_O
dt  dt  dt

The application of the stationary conditions to biomass balance can be expressed as:

(%L“=o=—nxx+uxx

therefore:

D=pn



Continuous cultivation — calculations

For the washout of the culture from the continuous reactor:

no= D= Dcrit’
wandX =0 S=3§;
When Monod equation is applied then D Is expressed as:

S.
D. .. = X —=
crit :umax Si+KS

where Kg Is a saturation constant.

The productivity of the biomass in chemostat:
Py =X XD

The productivity of the product in chemostat:

pPZPXD
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Thank you for your
attention!

/

E-mail: Rovaletk@fch.vut.cz
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