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A) VSÁDZKOVÝ BIOREAKTOR NA KULTIVÁCIU BIOMASY [image: ]	
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Dosadením do rovnice (2.3) sa získa vzťah:
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Obr. 1 Príklad sigmoidnej krivky pre periodický kultivačný proces.
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Obr. 2
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B) „FED-BATCH“ BIOREAKTOR NA KULTIVÁCIU BIOMASY
Fed-batch culture is, in the broadest sense, defined as an operational technique in biotechnological processes where one or more nutrients (substrates) are fed (supplied) to the bioreactor during cultivation and in which the product(s) remain in the bioreactor until the end of the run. An alternative description of the method is that of a culture in which "a base medium supports initial cell culture and a feed medium is added to prevent nutrient depletion".

It is also a type of semi-batch culture. 

In some cases, all the nutrients are fed into the bioreactor. The advantage of the fed-batch culture is that one can control concentration of fed-substrate in the culture liquid at arbitrarily desired levels (in many cases, at low levels). 
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/d/d1/Fed_batch_reactor_FSTR.svg/800px-Fed_batch_reactor_FSTR.svg.png]

Obr. 3 Fed Batch biorekator.

Generally speaking, fed-batch culture is superior to conventional batch culture when controlling concentrations of a nutrient (or nutrients) affects the yield or productivity of the desired metabolite. 
[image: https://upload.wikimedia.org/wikipedia/commons/c/cc/Fed_batch_principle.png]
Obr. 4 The graph shows the principle of a substrate limited fed-batch cultivation with an initial batch phase. After consumption of the initial substrate a continuous and constant feed of the substrate is started.

[image: ]


The types of bioprocesses for which fed-batch culture is effective can be summarized as follows:

1. Substrate inhibition
Nutrients such as methanol, ethanol, acetic acid, and aromatic compounds inhibit the growth of microorganisms even at relatively low concentrations. By adding such substrates properly lag-time can be shortened and the inhibition of the cell growth markedly reduced.

2. High cell density (High cell concentration)
In a batch culture, to achieve very high cell concentrations, e.g. 50-100 g of dry cells/L, high initial concentrations of the nutrients in the medium are needed. At such high concentrations, the nutrients become inhibitory, even though they have no such effect at the normal concentrations used in batch cultures.

3. Glucose effect (Crabtree effect)
In the production of baker's yeast from malt wort or molasses it has been recognized since early 1900s that ethanol is produced even in the presence of sufficient dissolved oxygen (DO) if an excess of sugar is present in the culture liquid. Ethanol is a main cause of low cell yield. Aerobic ethanol formation in the presence of glucose concentration is known as glucose effect or Crabtree effect. To reduce this effect, a fed-batch process is generally employed for baker's yeast production. In aerobic cultures of Escherichia coli and Bacillus subtilis, organic acids such as acetic acid, (and in lesser amounts, lactic acid and formic acid), are produced as byproducts when sugar concentration is high, and these acids inhibit cell growth as well as show deteriorating effect on the metabolic activities. The formation of these acids are called bacterial Crabtree effects.

4. Catabolite repression
When a microorganism is provided with a rapidly metabolizable carbon-energy source such as glucose, the resulting increase in the intracellular concentration of ATP leads to the repression of enzyme(s) biosynthesis, thus causing a slower metabolization of the energy source. This phenomenon is known as catabolite repression. Many enzymes, especially those involved in catabolic pathways, are subject to this repressive regulation. A powerful method of overcoming the catabolite repression in the enzyme biosynthesis is a fed-batch culture in which glucose concentration in the culture liquid is kept low, where growth is restricted, and the enzyme biosynthesis is derepressed. Slow feeding of glucose in penicillin fermentation by Penicillium chrysogenum is a classical example in the category.

5. Auxotrophic mutants
Auxotrophy is the inability of an organism to synthesize a particular organic compound required for its growth (as defined by IUPAC). An auxotroph is an organism that displays this characteristic; auxotrophic is the corresponding adjective. Auxotrophy is the opposite of prototrophy, which is characterized by the ability to synthesize all the compounds needed for growth.

In a microbial process employing an auxotrophic mutant (nutritionally requiring mutant), excess supply of the required nutrient results in abundant cell growth with little accumulation of the desired metabolite due to feedback inhibition and /or end-product repression. Starvation of the required nutrient, however, lowers cell growth as well as the overall production of the desired metabolite, as the production rate is usually proportional to the cell concentration. In such a bioprocess, the accumulation of the desired metabolite can be maximized by growing the mutant on a limited amount of the required nutrient. To cultivate the mutant on a low concentration of the required nutrient, it is fed to the batch culture at a controlled rate. This technique is often used in industrial amino acid productions with the auxotrophic mutants. An example is lysine production with homoserine- or threonine/methionine-requiring mutant of Corynebacterium glutamicum being lacking for homoserine dehydrogenase gene.

6. Expression control of a gene who has repressible promoter in recombinant cells
Transcription of a gene having a repressible promoter in the upstream of open reading frame is repressed by combination of so-called holo-repressor with operator region of DNA. When a specified chemical compound exists in the culture liquid, the compound (or its metabolite) in the cells combines as co-repressor with an apo-repressor ( a kind of transcription factor) to form the holo-repressor. Therefore, the concentration of the compound in the culture liquid should be controlled at as low level as possible while the level supports sufficient cell growth. To the end, a fed-batch culture is powerful technique. Examples of the repressible promoter are trp promoter and phoA promoter.

7. Extension of operation time, supplement of water lost by evaporation, and decreasing viscosity of culture broth

High cell-density culture
The fed-batch strategy is typically used in bio-industrial processes to reach a high cell density. Mostly the feed solution is highly concentrated to avoid dilution of the bioreactor. Production of heterologous proteins by fed-batch cultures of recombinant microorganisms have been extensively studied.
The controlled addition of the nutrient directly affects the growth rate of the culture and helps to avoid overflow metabolism (formation of side metabolites, such as acetate for Escherichia coli, lactic acid in mammalian cell cultures, ethanol in Saccharomyces cerevisiae), oxygen limitation (anaerobiosis). 

Constantly-fed-batch culture
The simplest fed-batch culture is the one in which the feed rate of a growth-limiting substrate is constant, i.e. the feed rate is invariant during the culture. This case is shown in the graph(here the culture volume is variable). This type of the fed-batch culture is named constantly-fed-batch culture (CFBC), and is well established mathematically and experimentally. In the CFBC, both cases of fixed-volume CFBC and variable-volume CFBC were studied.

Exponentially-fed-batch culture
Under ideal condition, cells grow exponentially. If the feed rate of the growth-limiting substrate is increased in proportion to the exponential growth rate of the cells, it is possible to maintain the cells' specific growth rate for a long time while keeping the substrate concentration in the culture liquid at a constant level. The required feed rate (volumetric or mass) must be increased exponentially with time so that this mode of fed-batch culture is called exponentially-fed-batch culture (EFBC).

Substrate limitation offers the possibility to control the reaction rates to avoid technological limitations connected to the cooling of the reactor and oxygen transfer. Substrate limitation also allows the metabolic control, to avoid osmotic effects, catabolite repression and overflow metabolism of side products.[16][17][18]


B) KONTINUÁLNÝ BIOREAKTOR NA KULTIVÁCIU BIOMASY
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CHEMOSTAT

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/d/df/Chemostat_shematic.svg/220px-Chemostat_shematic.svg.png]	
Obr. 5 Stirred bioreactor operated as a chemostat, with a continuous inflow (the feed) and outflow (the effluent). The rate of medium flow is controlled to keep the culture volume constant.

A chemostat (from chemical environment is static) is a bioreactor to which fresh medium is continuously added, while culture liquid containing left over nutrients, metabolic end products and microorganisms are continuously removed at the same rate to keep the culture volume constant. By changing the rate with which medium is added to the bioreactor the specific growth rate of the microorganism can be easily controlled within limits.

STEADY STATE
One of the most important features of chemostats is that microorganisms can be grown in a physiological steady state under constant environmental conditions. In this steady state, growth occurs at a constant specific growth rate and all culture parameters remain constant (culture volume, dissolved oxygen concentration, nutrient and product concentrations, pH, cell density, etc.). In addition, environmental conditions can be controlled by the experimenter. Microorganisms growing in chemostats usually reach a steady state because of a negative feedback between growth rate and nutrient consumption: if a low number of cells are present in the bioreactor, the cells can grow at growth rates higher than the dilution rate as they consume little nutrient so growth is less limited by the addition of limiting nutrient with the inflowing fresh medium. The limiting nutrient is a nutrient essential for growth, present in the medium at a limiting concentration (all other nutrients are usually supplied in surplus). However, the higher the number of cells becomes, the more nutrient is consumed, lowering the concentration of the limiting nutrient. In turn, this will reduce the specific growth rate of the cells which will lead to a decline in the number of cells as they keep being removed from the system with the outflow. This results in a steady state. Due to the self-regulation, the steady state is stable. This enables the experimenter to control the specific growth rate of the microorganisms by changing the speed of the pump feeding fresh medium into the vessel.

WELL-MIXED
Another important feature of chemostats and other continuous culture systems is that they are well-mixed so that environmental conditions are homogenous or uniform and microorganisms are randomly dispersed and encounter each other randomly. Therefore, competition and other interactions in the chemostat are global, in contrast to biofilms.

DILUTION RATE
The rate of nutrient exchange is expressed as the dilution rate(D).At steady state, the specific growth rate (μ) of the micro-organism is equal to the dilution rate (D). The dilution rate is defined as the flow of medium per time (F) over the volume of culture (V) in the bioreactor
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INDUSTRY
Chemostats are frequently used in the industrial manufacturing of ethanol. In this case, several chemostats are used in series, each maintained at decreasing sugar concentrations.[citation needed]
CONCERNS
- Foaming results in overflow with the volume of liquid not exactly constant.
- Some very fragile cells are ruptured during agitation and aeration.
- Cells may grow on the walls or adhere to other surfaces,[16] which may be overcome by treating the glass walls of the vessel with a silane to render them hydrophobic. However, cells will be selected for attachment to the walls since those that do will not be removed from the system. Those bacteria that stick firmly to the walls forming a biofilm are difficult to study under chemostat conditions.

- Mixing may not truly be uniform, upsetting the "static" property of the chemostat.

- Dripping the media into the chamber actually results in small pulses of nutrients and thus oscillations in concentrations, again upsetting the "static" property of the chemostat.

- Bacteria travel upstream quite easily. They will reach the reservoir of sterile medium quickly unless the liquid path is interrupted by an air break in which the medium falls in drops through air.

Continuous efforts to remedy each defect lead to variations on the basic chemostat quite regularly. Examples in the literature are numerous.

- Antifoaming agents are used to suppress foaming.
- Agitation and aeration can be done gently.
- Many approaches have been taken to reduce wall growth
- Various applications use paddles, bubbling, or other mechanisms for mixing
- Dripping can be made less drastic with smaller droplets and larger vessel volumes
- Many improvements target the threat of contamination


TEÓRIA CHEMOSTATU
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Obr. 6
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Obr. 7
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Obr. 8
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Obr. 9
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Obr. 10
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Obr. 11
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DIFFERENCE BETWEEN BATCH AND CONTINUOUS CULTURE

Microorganisms such as bacteria and fungi are very beneficial to various types of industries. For industrial usage, microorganisms should be grown in large scale during the fermentation process in order to extract the necessary products resulting from the microbial metabolism. A special apparatus called industrial fermenter is used to cultivate and maintain microbial biomass. It is a large vessel designed to provide space and necessary requirements for microbial growth and metabolism. There are two types of industrial fermentation cultures commonly adopted in industries named batch culture and continuous culture. The key difference between batch culture and continuous culture is that batch culture is a technique used to grow microorganisms under limited nutrient availability in a closed system while continuous culture is a technique used to grow microorganisms under optimum and continual supply of nutrients in an open system in industries.

What is a Batch Culture?
Batch culture is a technique which grows microorganisms in a closed system where a limited amount of nutrients are supplied at the beginning. This is the commonest technique adopted in industries to make useful products using microorganisms such as bacteria and fungi. Microbe which grows in the fermenter ferments the nutrients. 

Fermentation is a breaking down process of carbohydrates into alcohols and acids by microorganisms under anoxic conditions. In batch culture technique, nutrients are provided at the beginning and the particular microorganism is inoculated into the fermenter. The fermenter is closed and the temperature and pH are maintained for the growth of microorganisms. Microorganism grows inside and utilizes the provided nutrients and other conditions. With time, nutrients become limited and the environmental conditions change within the fermenter. Hence, microbial growth shows distinct four stages such as lag phase, log phase, stationary phase, and death phase. At the end of the fermentation, the process is stopped and useful products are extracted and purified. The fermenter is washed and sterilized before using for another batch culture.

The specialty of the batch culture technique is, this is run under limited amounts of nutrients and for a certain time period. The fermenter setup is easy to make and handle. Environmental conditions inside the fermenter vary with time. However, required temperature, pH conditions, stirring, pressure, etc. are properly maintained to achieve successful product formation.

Batch culture technique is widely used for the purification of secondary metabolites such as antibiotics, pigments, etc. This technique is not suitable for the production of primary metabolites and products which are associated with growth.

What is a Continuous Culture?
Continuous culture is another technique which grows useful microorganisms. It aims to maintain a continuously growing microbial culture at exponential phase. It can be achieved by supplying fresh nutrients continually, removing accumulated waste and products at the same rate and keeping other conditions at the optimum values. It is done inside a special chamber called chemostat. Fresh medium is added continuously from one end while metabolic products are continually extracted from the other end of the chemostat to keep the culture volume at a constant level.

Continuous culture is used in industries when it is required to extract useful primary metabolites such as amino acids, organic acids, etc. from the microorganisms. Primary metabolites are produced at the highest rate when the microorganisms are at their exponential phase. Hence continuous culture always aims to maintain the microbial biomass at the log phase. It is done by monitoring the process continually and controlling the system.


[image: Difference Between Batch and Continuous Culture ]
Obr. 12 Continuous Culture in Chemostat
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Summary – Batch vs Continuous Culture
Batch culture and continuous culture are two types of techniques employed to cultivate microorganisms in large scale for industrial and other purposes. In batch culture, microorganisms are provided with nutrients at the beginning and grown. When microbes utilize the available nutrients, nutrients become limited after certain time period. Microorganisms grow via lag, log, stationary and death phases. The fermentation process is carried out batch-wise in batch culture technique. After each and every batch, fermenter is cleaned and used freshly for the next batch. In continuous culture, microorganisms are provided with adequate levels of fresh nutrients continually to always maintain the microbes at log phase to extract primary metabolites of the microorganisms. The volume of the continuous culture is maintained at a constant value by adding fresh nutrients and removing products at the same rate without stopping the process. Batch culture is needed comparatively a large closed fermenter while continuous culture is needed a small open fermenter. This is the difference between batch and continuous culture.
[image: 02 Batch and Continuous Culture]

TURBIDOSTAT
A turbidostat is a continuous microbiological culture device, similar to a chemostat or an auxostat, which has feedback between the turbidity of the culture vessel and the dilution rate.

The theoretical relationship between growth in a chemostat and growth in a turbidostat is somewhat complex, in part because they are similar.

A chemostat has a fixed volume and flow rate, and thus a fixed dilution rate. 

A turbidostat dynamically adjusts the flow rate (and therefore the dilution rate) to make the turbidity constant. 

At equilibrium, operation of both the chemostat and turbidostat are identical.

It is only when classical chemostat assumptions are violated (for instance, out of equilibrium; or the cells are mutating) that a turbidostat is functionally different.

One case may be while cells are growing at their maximum growth rate, in which case it is difficult to set a chemostat to the appropriate constant dilution rate. 

While most turbidostats use a spectrophotometer/turbidometer to measure the optical density for control purposes, there exist other methods, such as dielectric permittivity. 

[image: File:Washington Turbidostat.png]
Obr. 13 Príklad zapojenia turbidostatu.

Schematic diagram of turbidostat. It uses the optical density measurements to modulate how much media is pumped into the culture vessel every minute to maintain a constant cell density. Through this method of cell density control, we can measure how fast the cells are growing and thus gain an understanding for relative fitness increases thorough out the course of an experiment.













AUXOSTAT
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/9/9d/Auxostat_schematic.svg/392px-Auxostat_schematic.svg.png]

Obr. 14

An auxostat is a continuous culture device which, while in operation, uses feedback from a measurement taken on the growth chamber to control the media flow rate, maintaining the measurement at a constant.

Auxo was the Greek goddess of spring growth, and as a prefix represents nutrients. 

However, the most typical auxostats are pH-auxostats, with feedback between the growth rate and a pH meter.

Other auxostats may measure oxygen tension, ethanol concentrations, and sugar concentrations.

















RETENTOSTAT
A form of chemostat in which culture liquid is removed from the bioreactor but a filter retains the biomass
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Obr. 15

CONTINUOUS STIRRED-TANK REACTOR
Obecná definícícia používaná v chemickom inžinierstve pre akékoľvek využitie reaktora, napr. pre chémiu, biochémiu,....

The continuous flow stirred-tank reactor (CSTR), also known as vat- or backmix reactor, is a common ideal reactor type in chemical engineering. 

A CSTR often refers to a model used to estimate the key unit operation variables when using a continuous agitated-tank reactor to reach a specified output. The mathematical model works for all fluids: liquids, gases, and slurries.
[image: https://upload.wikimedia.org/wikipedia/commons/thumb/f/f2/Continuous_bach_reactor_CSTR.svg/235px-Continuous_bach_reactor_CSTR.svg.png][image: https://upload.wikimedia.org/wikipedia/commons/thumb/b/be/Agitated_vessel.svg/800px-Agitated_vessel.svg.png]
Obr. 16

The behavior of a CSTR is often approximated or modeled by that of a Continuous Ideally Stirred-Tank Reactor (CISTR). All calculations performed with CISTRs assume perfect mixing. In a perfectly mixed reactor, the output composition is identical to composition of the material inside the reactor, which is a function of residence time and rate of reaction. If the residence time is 5-10 times the mixing time, this approximation is valid for engineering purposes. The CISTR model is often used to simplify engineering calculations and can be used to describe research reactors. In practice it can only be approached, in particular in industrial size reactors.

Assume:
perfect or ideal mixing, as stated above.

Integral mass balance on number of moles Ni of species i in a reactor of volume V. 
	
[image: ]
[image: ]
where Fio is the molar flow rate inlet of species i, Fi the molar flow rate outlet, and νi stoichiometric coefficient.  The reaction rate, ri, is generally dependent on the reactant concentration and the rate constant (k). The rate constant can be determined by using a known empirical reaction rates that is adjusted for temperature using the Arrhenius temperature dependence. Generally, as the temperature increases so does the rate at which the reaction occurs. Residence time τ is the average amount of time a discrete quantity of reagent spends inside the tank.

Assume:
- constant density (valid for most liquids; valid for gases only if there is no net change in the number of moles or drastic temperature change)
- isothermal conditions, or constant temperature (k is constant)
- steady state
- single, irreversible reaction (νA = -1)
- first-order reaction (r = kCA)
- A → products
NA = CA.V (where CA is the concentration of species A, V is the volume of the reactor, NA is the number of moles of species A)
[image: ]
The values of the variables, outlet concentration and residence time, are major design criteria.

To model systems that do not obey the assumptions of constant temperature and a single reaction, additional dependent variables must be considered. If the system is considered to be in unsteady-state, a differential equation or a system of coupled differential equations must be solved.
CSTR's are known to be one of the systems which exhibit complex behavior such as steady-state multiplicity, limit cycles and chaos.

Chemical reactors often have significant heat effects, so it is important to be able to add or remove heat from them. In a CSTR (continuous stirred tank reactor) the heat is added or removed by virtue of the temperature difference between a jacket fluid and the reactor fluid. Often, the heat transfer fluid is pumped through agitation nozzle that circulates the fluid through the jacket at a high velocity. The reactant conversion in a chemical reactor is a function of a residence time or its inverse, the space velocity. For a CSTR, the product concentration can be controlled by manipulating the feed flow rate, which changes the residence time for a constant chemical reactor. Occasionally the term "continuous" is misinterpreted as a modifier for "stirred", as in 'continuously stirred'. This misinterpretation is especially prevalent in the civil engineering literature. As explained in the article,"continuous" means 'continuous-flow' — and hence these devices are sometimes called, in full, continuous-flow stirred-tank reactors (CFSTR's).


OTÁZKY NA SKÚŠKU:

1. Čo je chemostat. teória chemostatu, definícia narieďovacieho pomeru a predpoklady pre činnosť chemostatu.

2. Vysvetlite bilanciu na mikrobiálnu hmotu, substrát, produkt, základné bilančné rovnice , bilancia na biomasu, substát a produkt v chemostate, odklon od monodeovej teórie.

3. Turbistat, princíp činnosti.
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Bilancia biomasy, substratu
a produktu v chemostate
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Pr1 bilancovani vychadzame zo zékona za-
chovania hmoty v integralnom tvare. Bilan-
cujeme cely objem reaktora, pretoze predpo-
kladame rovnomerné rozloZenie koncentracie
po objeme. Tento zakon znie:




image64.png
Rychlost’ pritoku — rjchlost’ odtoku + rjchlost’ produkcie = rjchlost’ akumuldcie (3.23)
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V danom pripade rychlost’ akumulécie je nu-
lova.
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a) Bilancia na mikrobialnu hmotu
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Vo vztahu (3.24) je F pritok do reaktora
[m’.s”'], vyznam ostatnych symbolov je ro-
vnaky ako v predoslych kapitolach. Pomer
F/V sa oznacuje ako D (dilution rate) — rych-
lost’ zriedovania. Je rovna mnoZstvu obje-
mov bioreaktora, ktoré prejdd cez naddobu za
jednotku ¢asu. V teérii chemickych reakto-
rov je beznejSia prevratend hodnota tohto
vyrazu, ktord predstavuje stredny zdrzny &as
v reaktore, //t,=D. V bioinZinierstve sa v8ak
zviacSa pouziva rychlost’ zried’ovania.
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V pritoku do bioreaktora je obvykle
x; = 0, a preto z rovnice (3.24) ostane
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Rovnost’ (3.25) mozZno splnit’ len vtedy, ak
u =D, tj. rychlost’ zried'ovania sa rovna $pe-
cifickej rychlosti rastu.
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kde je

Lmax — maximalna hodnota Specifickej rasto-
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b) Bilancia na substrat
limitujici rast biomasy
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Dosadenim za Specifickd rychlost’ spotreby
substratu R zo vztahu (2.19) R = u /Y, aza
M zo vztahu (2.4) dostaneme:
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Poslednd rovnica (3.26) sa ¢asto nazyva
Monodov model chemostatu a podobne i
rovnica (3.25), kde za u opit dosadime
vztah (2.4).

Pre obvykly pripad sterilného pritoku
x;=0 a zo vztahu (2.16) dostaneme:
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Zrovnic (3.25) a (2.4) vyplyva, e koncen-
tracia substratu sa rovna
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Ak vztah (3.28) dosadime do (3.27), do-
staneme vyjadrenie koncentracie biomasy
v zavislosti od zaiatoénej koncentracie sub-
stratu a zried’ovacej rychlosti
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Vztahy (3.28) a (3.29) vyjadruji expli-
citne ustalent zavislost' x a s od prietoku,
lebo D = F/V a V = const. Pre vel'mi malé
prietoky D — 0 a x = Y,,.s;. Pri zvy$ovani
D rastie s najprv linedrne so zriedovacou
rychlost'ou a potom ovel'a rychlejsie, naj-
méi ked D—f4,,. Naopak, x najprv line-
arne kles4, ak sa D zvySuje. Ak rychlost
zried'ovania bude vel'mi vel’k4, bunky vo-
bec nebudd rast’. Tento stav sa nazyva vy-
plavovanie apri fiom x=0 a s =s5; (zo
vzt'ahu (3.27)).

Rychlost’ vyplavovania D,,,, dostaneme
zo vztahu (3.29) pre x =0
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Na Fig. 3.6 je zndzorneny priebeh koncentra-
cie substratu a biomasy v zavislosti od zrie-
d'ovacej rychlosti pre gne=1,0 h™’; Y,=0,5;
K,=02g/l a s;=10g/l.
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Fig. 3.6 Abhiingigkeit der einzelnene Konzentrationen x, s und Produktivitiit von der Verdiinnungsge-
schwindigkeit D in einem Chemostat
Zavislost’ jednotlivych koncentricii x, s a produktivity od zried’ovacej rychlosti D v chemostate.
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Z uvedeného obrazku vyplyva, Ze v blizkosti
vyplavovania je bioreaktor vel'mi citlivy na
rychlost’ zriedovania; lebo uz mald zmena
v D ma za nasledok velku zmenu v x a s.
Tuto citlivost’ treba brat’ do uvahy, lebo
v opacnom pripade sa dosiahnu z1€é vysledky
v rychlosti produkcie biomasy.
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Na Fig. 3.6 je zakreslena 1 zavislost’ rych-
losti produkcie biomasy vztiahnutej na jed-
notku objemu naplne bioreaktora (D,) od
zried'ovacej rychlosti. Tato funkcia ma ostré
maximum, ktoré si ur¢ime z derivacie pricom
za x dosadime zo vztahu (3.29).




image91.png
(3.31)




image7.png
Koncentraciu substratu v danom &asovom
okamihu si vyjadrime pomocou vytazkového
koeficientu biomasy zo substratu (2.13), teda
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Maximalny vytazok biomasy dostaneme pri
zried’ovacej rvchlosti
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(3.32)
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Vo vztahu (3.32) plati len znamienko minus,
pretoze D mdZe mat’ najviac hodnotu .. Ak
s; >> K;(Co byva Casty pripad), vtedy
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Vyplyva to i z rovnice (3.30).

Ako vidiet’ z Fig. 3.6, maximalny vytazok
biomasy (max vyt.) je pri zried'ovacej rych-
losti blizkej vyplavovaniu, a preto musime v
tejto oblasti pracovat’ opatrne.
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¢) Bilancia na produkt

V ustalenom stave plati:
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Fp-p)-V-xq,=0 (333)
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Koncentracia produktu na vystupe z biore-
aktora bude
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Ak pouzijeme vytazkovy koeficient Y,
(2.15), mozno pomocou vztahu (2.21) na-
pisat’ pre koncentraciu produktu
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asse Vyt'aikovy koeficient produktu z biomasy

dp
Y, = . (2.15)
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ak za x dosadime vztah (3.29).

Z (2.22) dalej vyplyva, Ze Y, Y, =Y, Po-
tom
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p=p+ pr '(Sf’"‘D._KSDJ (3.36)
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Tym sme zviazali koncentraciu produktu
v bioreaktore ina vystupe zneho s parame-
trami procesu. Maximalna rychlost’ tvorby
produktu bude pri zried’ovacej rychlosti, kto-
ru dostaneme z podmienky
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Po zderivovani st¢inu D.p atprave dosta-
neme zried'ovaciu rychlost pre maximum
tvorby produktu
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ktora je rovnaka ako v pripade (3.32).
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Koncentraciu produktu pri D, ,y dosta-
neme, ak do vztahu (3.36) dosadime vztah
(3.32). Potom
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Podobne bude koncentracia biomasy Xmay v
pri Dmnx wt'
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Predo$lé rovnice vSak predpokladaju kons-
tantnost’ vytazkovych koeficientov. Tento
predpoklad pomemne dobre spir'la Y., pre os-
tatné dva vytazkové koeficienty to vSak plati
len pri niektorych typoch fermentacii. Ak
v8ak pozname zavislost' Y, alebo Y,=f(D),
potom mozno aj predo$lé zavislosti riesit’
analyticky.
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Endogénnym metabolizmom rozumieme,
Ze v niektorych bunkach prebiehaju reak-
cie, ktoré spotrebuvaju komponenty bun-
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kovej hmoty. Matematicky mozno tento
jav opisat’ vztahom
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Fig. 3.7 Konzentration der Bakterien Aerobacter aerogenes als Funktion von dem umgekehr-
ten Wert der Verdiinnungsgeschwindigkeit D. bei chmostatischer Kultivation
Zavislost’ koncentracie baktérii Aerobacter aerogenes od prevritenej hodnoty zried’ova-
cej rychlosti D pri chemostatovej kultivacii
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Prvy Clen na pravej strane rovnice (3.40) je
podl'a Monoda rovny znamemu vztahu
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a druhy reprezentuje rychlost thynu bu-
niek.

Pri velkych zried'ovacich rychlostiach
viak tieZ mdZe nastat’ vyrazni odchylka od
Monodovho modelu chemostatu, najmi pri
bode vyplavovania. Navyse pritom dochadza
k poklesu vytazkového koeficientu .. Vys-
vetlenie mozno hl'adat’ v nedokonalom pre-
mieSavani, pretoZe pritok éerstvého substratu
Jje vysoky.

Na Fig. 3.8 a 3.9 su vysledky merani, kto-
ré ziskal SIKYTA pri kultivacii mikroorga-
nizmov Streptomyces aureofaciens v kon-
tinudlnej kultire.

Dobré premiesavanie v chemostate zna-
menad, Ze pri dodani malého mnoZstva sub-
stratu je Cas potrebny na homogénne rozde-
lenie kultiry kratky v porovnani so strednym
zdrZznym Gasom, t. j. v porovnani s 7/D.




image126.jpeg
R S hat™ S Bl B e T - 3
- e R <~ o & erndd W A § at

Pr, [(mg)/(mI""- )] 3 x [mg/ml]
4 x 5
3-
s [mg/ml]
2-

11

0 r — .
0 01 D[] 02
Fig. 3.8 Abweichung der Biomaseproduktion( ), Substratverbrauchs (- - — - —)und
der Produktivitit (— — ) in Abhingigkeit von der Verdiinnungsgeschwindigkeit
im Chemostat von der Monod "schen Theorie
Odchylka zavislosti tvorby biomasy ( ), spotreby substritu (——-) a pro-
duktivity (-+—--) od zried’ovacej rychlosti v chemostate od Monodovej teérie





image127.jpeg
V laboratérnych  bioreaktoroch mozno
dost’ dobre dosiahnut’ dokonalé miesanie za
predpokladu, Ze nie su tu hluché miesta, Ze
biomasa neprirastd k stendm nadoby biore-
aktora a tieZ, Ze kultira nem4 zvysenu visko-
zitu. Ak bude premieSavanie nedostatoéné,
v nadobe bioreaktora budu zény, kde zriedo-
vacia rychlost’ bude vic¢sia alebo mensia ako
stredna rychlost’ zried'ovania D. To znamena,
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7e rychlosti zried'ovania v rozli¢nych mies-
tach nadoby budu rozdelené okolo stredného
D.
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Fig. 3.9 Absenkung des Gewinnkoefizienten in der kontinuierlichen Kultur Streptomyces aureofaciens
Pokles vyt'azkového koeficientu v kontinualnej kulture Streptomyces aureofaciens
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Dalii jav, ktory sposobuje odklon od teé-
rie chemostatu, je vytvaranie filmov na po-
vrchu skla a kovov. V kontinudlnej kultire
mozno pozorovat rast povlakov na stene,
ktorych hriibka sa pohybuje od tenkého filmu
biomasy po masivne obrastanie povrchu
nadoby biomasou. Vplyv vytvarania filmov
mozno opisat i matematicky Bilanciou na
biomasu.

Bilanciu na biomasu v chemostate s tvorbou
povlakov na stenach Specifikuje rovnica:
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F-x=uV-x+u-m,

alebo

D=zl X+ %,
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Integral na l'avej strane rovnice (3.2) si roz-
lozime na suéin koretiovych &initelov a za-
roven si ozna¢ime ako
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kde m,, = V. x,, je mnoZstvo biomasy, ktoré
vytvéra film na stenach fermentora.

Bilancia na substrat pre vyssie uvedeny pri-
pad je nasledovna:
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Delenim rovnic (3.42) a (3.43) dostaneme
znamy vztah
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Koncentraciu x dosadime do rovnice (3.43)
a zéroveti dosadenim za u zrovnice (2.4)
dostaneme:




image137.jpeg
P S _ DY, (5, =)

XS

S+Ks - Y;s'(si_s)-i_xw





image138.jpeg
Aby sme udrZali v chemostate skutoéne ho-
mogénne podmienky, treba rast filmu na ste-
nach obmedzit' na minimum. Casto poméha
intenzivne premieSavanie, avsak na druhej
strane moZe zapri¢init’ rozstrekovanie kultd-
ry, takZe sa moZe stat’, Ze biomasa bude nad
kultirou. Adhézii biomasy k povrchu nddoby
mozno d’alej zabranit’ povlakmi zo silikénu
alebo teflonu. Tento postup je vsak drahy
a nie celkom dorieSeny.
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Trvanie prechodovych javov

Proces kultivacie vyzaduje niekedy nahlu
zmenu zried'ovacej rychlosti z hodnoty D,
na D,. Budeme skimat’ ¢as potrebny na do-
siahnutie nového ustaleného stavu.

Bilancie oproti ustadlenému stavu sa zme-
nia tym, Ze v systéme nastane ¢asova zmena
prisluSnej koncentracie. Zamerajme sa na bi-
lanciu substratu, priom budeme vychadzat’
zrovnice (3.26) rozSirenej o nestacionarny
¢len, teda
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Ak predpokladame, Ze s; >> s, potom zo
znameho vzt'ahu (2.16) vyplynie:
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Specificki rastovii rychlost si uréime ako
priemer z hodn6t D; a D,
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aza D si dosadime D, (zried'ovacia rychlost
sa nahle zmeni).

Zrovnice (3.45), kde zanedbame s vzhla-
dom na s;, vyplynie potom &as potrebny na do-
siahnutie ustaleného stavu
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MATELES a spol. [5] systematicky Studovali
spravanie sa kultiry Escherichia coli pri
nahlych zmenach zried’'ovacej rychlosti (sub-
strat bol pritom limitujucim faktorom). Zis-
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tili, Ze pri zmene zried'ovacej rychlosti o
0,1 k"' je ¢as prispdsobenia sa mikroorga-
nizmov velmi kratky. Pri zmene zried'ovace;j
rychlosti 0 0,4 i~ sa uz znaéne predlzuje.

Teda nahle avelké zmeny zriedovacej
rychlosti sa neodporucaju, treba postupovat
pomaly a postupne.
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Batch vs Continuous Culture

Batch culture technique is used to cultivate Continuous culture technique is used to grow
beneficial microorganisms under limited amounts beneficial microorganisms under optimum level
of nutrients in a closed fermenter for a certain time of nutrients in an open system in which nutrients
period. Microbial growth inside the batch culture are added continually and waste and products
shows a typical microbial growth curve in which are removed at the same rate to keep the

four distinct phases can be identified. growth at an exponential phase.

Nutrients are supplied once before starting the Nutrients are added many times (at starting and
fermentation process. in between the process).

Type of System

Batch culture is a closed system Continuous culture is an open system.

Termination of Process

The process of the batch culture is stopped after The process is not stopped though the product

the product is formed. is formed. Continuous removal of the product is
done without stopping the process in continuous
culture.

Environmental Conditions

The environmental conditions inside the batch The environmental conditions inside the

culture are not constant. continuous culture are maintained at constant

level.

Microbial Growth

Microbial growth inside the batch culture follows Microbial growth is maintained at optimum level
lag, log and stationary phases. which is an exponential growth stage.

Turnover Rate

Turnover rate is low since the nutrients and other Turnover rate is high since the optimum levels
conditions are

ited inside. of nutrients and other conditions are maintained.

&

n @ e
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Microbial growth inside the batch culture follows Microbial growth is maintained at optimum level
lag, log and stationary phases. which is an exponential growth stage.

Turnover Rate

Turnover rate is low since the nutrients and other Turnover rate is high since the optimum levels
conditions are limited inside. of nutrients and other conditions are maintained.

Fermenter Used

A large size fermenter is used for batch cultures A small size fermenter is used for continuous
culture.

Batch culture fermentation is commonly used in Continuous culture fermentation is less used in
industries industries.

Batch culture setup is easy to make and run. Continuous culture setup is not easy to make
and run.

Contamination

Contaminations are

imum in batch cultures ‘Contamination chance is high in continuous
culture.

Controlling Methods
Control methods are easy and quick. Control methods are complicated and time-
consuming.
Batch culture is more suitable for the production of Continuous culture is more suitable for the

secondary metabolites such as antibiotics. production of primary metabolites such as
amino acids and organic acids.

Summary - Batch vs Continuous Culture

Batch culture and continuous culture are two types of techniques employed to cultivate microorganisms in
larng crala far inductrial and athar aurmacas Lo hateh culbire  micranraanicms ara nrauidad with ntriante ot v
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Batch and continuous culture

Batch culture:

— Fermentation carried out in a closed or batch fermenter

— Microorganisms and nutrient medium added and left for a period
of time

— Nothing added to or removed from the fermenter during the
process (except for venting of waste gases)

— Product separated at the end

— Temperature controlled and nutrients usually depleted at the
end

Continuous culture:

— Fermentation carried out in an open fermenter

— Nutrients added and product removed at a steady rate
throughout the process

— Maintain microorganisms at exponential phase of growth

— pH, temperature and oxygen concentration as well as nutrient
and product levels should be kept constant
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Rovnica (3.3) predstavuje charakteristickd
krivku pre periodicky kultivaény proces, tzv.
sigmoidnu krivku znazornent na Fig. 3.1.
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Fig. 3.1 Abhingigkeit der Biomassewachstums von der Zeit ¢ — Sigmoide Kurve
fir K,=3g.17; ¥Ys=0,5;5,=50g.1 " undx, =3 g.l
Sigmoidni krivka vyjadrujiica zavislost’ rastu biomasy od &asu
pre K, =3 gl 1. Ys=0,5 s,=50g.1 “a x;=3gl =
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Page Thumbnsis o} mixing, and additional bore-holes in the cover al- 2
PlEk® lowed the installation of fittings for sampling, feed
& x . 1 supply and exhaust-gas outlet. Conductivity contacts
= triggered a peristaltic pump for filtrate removal and
maintained the culture volume constant.
: 1 The whole system. including all fitings and tube
connections, was sterilized in an autoclave.
2 .
2.2. Modes of operation
3
The system could be operated either as a chemo-
stat or as a bioreactor with biomass retention. Any
~ growth rate between p =D (no filtrate drawn off;
4 operation as chemostat) and u — 0 (filtrate flow
: 5 equivalent to the nutrient input; biomass completely
5] retained and accumulated in the system) could be
7 maintained.
In order to permit the desired long-term operation
¢ 8 without interruptions due to backflushing or chang-

ing the filter membrane, a filtrate flow far below the
maximum filtration capacity of the system was used.
s Fig. 1. Technical design of the retentostat (additional in- and Previous tests showegllthat maximum ﬁ]trati.on rates
outlets are not shown). I, ball bearing; 2. haffle and in- or outlet: of 259 to 500 ml h for about 72 days with pure
3, glass cylinder; 4, stirrer: 5, filter membrane; 6, silicon rubber bacterial cultures (30-350 mg 1 ' dry matter of
gasket: 7, steel grid: 8. filtrate outlet, Nitrosomonas europaea, Nitrobacter winogradskyi,
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Koncentricia biomasy x sa asymptoticky bli-
Zzi k hodnote Y., . 5; + x;, na za&iatku procesu
je x; anakonci pribudne Y. s;.
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e TIISt-Oraer reactuon (r = Kup)
A — products

Na = Ca V (Where Cp is the concentration of species A, V is the volume of the reactor,
Npa is the number of moles of species A)

CAO [1]
1+ k7

The values of the variables, outlet concentration and residence time, in Equation 2 are

2.0y =

major design criteria.

To model systems that do not obey the assumptions of constant temperature and a
single reaction, additional dependent variables must be considered. If the system is
considered to be in unsteady-state, a differential equation or a system of coupled
differential equations must be solved.

CSTR's are known to be one of the systems which exhibit complex behavior such as

steady-state multiplicity, limit cycles and chaos.
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Okrem narastu biomasy je dolezité i
mnozstvo vzniknutého produktu. MoZno
ho vyjadrit’ pomocou vytazkového faktora
Yy, vztah (2.14), alebo pomocou 3peci-
fickej rychlosti vytvarania produktu g¢,,
vzt'ah (2.1)
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Ak je g, konstantné, potom koncentracia
produktu za ¢as ¢, bude
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Ked’ pracujeme v exponencialnej faze rastu,
pre u plati:
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H=u., =const
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Po dosadeni za x do rovnice (3.4) ain-
tegracii dostdvame koncentraciu produktu
v Case i,
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Ak pokra¢ujeme v praci i vo fize spomalenia
rastu, musime integral vrovnici (3.4) vy-
hodnotit’ grafickym spésobom.

V stacionarnej faze klesd rychlost syn-
tézy produktu. Tu kles4 i hodnota $pecificke;
rychlosti vytvérania produktu g,.

Tvorba produktu za nekone¢ne maly &asovy
interval potom bude
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dp = x,,, -q, -dt (3.6)
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kde x,,, je maximélna koncentracia biomasy.
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Prirastok koncentracie produktu teda je
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pricom
p:  Je koncentracia produktu v &ase ¢,
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koncentracia produktu v ¢ase t,, inte-
gral vyrazu ¢, + dt predstavuje oblast’
pod krivkou g,(?) v rozmedzi od ¢, po
t, (Fig. 3.2).
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Fig. 3.2
der stationidren Phase bei der Kultivation

Absenkung der spezifischen Geschwindigkeit der Produktbildung mit der Zeit in

von Biomasse im Beschickugsbioreaktor

Pokles Specifickej rychlosti tvorby produktu s ¢asom v stacionarnej faze pri kulti-

vacii biomasy vo vsadzkovom bioreaktore
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Ak predpokladame, Ze zanikanie aktivity je
exponencialne, bude
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kde K = const.

(3.8)
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q4,=q, € (3.9)
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Po dosadeni za ¢, do rovnice (3.7) ain-
tegracii dostaneme
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Potrebny objem naplne bioreaktora si uréime
na zéklade vyZadovanej rychlosti produkcie

biomasy Pr_ (pripadne produktu)
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Celkovy vnutorny objem bioreaktora dosta-
neme ako sucet objemu naplne, vztah (3.8),
objemu pre dispergovanu plynna fazu a ob-
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jemu nad kvapalnym povrchom (sliZi na roz-
bijanie peny). Teda
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Ve=V+Ve+V,
(3.12)
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Obvykle je vnitorny objem V' = 0,6 0,7 V..
Niekedy je vyhodné vypocitany objem napl-
ne V rozdelit’' na viacero nadob.

V d’alSom si rozoberieme paralelné a sériové
zapojenie vsadzkovych reaktorov.
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so that this mode of fed-batch culture is called exponentially-fed-batch culture (EFBC).["%]

Time

o

Substrate limitation offers the possibility to control the reaction rates to avoid technological limitations The graph shows the principle ofa &7

connected to the cooling of the reactor and oxygen transfer. Substrate limitation also allows the gl atch[cutation

with an initial batch phase. After

consumption of the initial substrate a

products.[161171[18] continuous and constant feed of the
substrate is started.

metabolic control, to avoid osmotic effects, catabolite repression and overflow metabolism of side

Control strategy [edit]

Different strategies can be used to control the growth in a fed-batch process:

Control Parameter Control Principle

DOT (pOy) DOstat (DOT= constant), F~DOT

Oxygen uptake rate (OUR) | OUR=constant, F~OUR

Glucose on-line measurement of glucose (FIA), glucose=constant
Acetate on-line measurement of acetate (FIA), acetate=constant

pH (pHstat) F~pH (acidification is connected to high glucose)

Ammonia on-line measurement of ammonia (FIA), ammonia=constant
Temperature T adapted according to OUR or pO,
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Bioreaktory
na kultivaciu biomasy

V bioreaktoroch na kultivaciu biomasy mi-
kroorganizmy cerpaju z média latky potreb-
né pre svoj rast a rozmnozovanie. Zarover
enzymy, ktoré sa nachadzaju v bunkéch,
posobia ako katalyzatory — premiefiaju sub-
straty na produkty. Pri tychto procesoch
moze byt hlavnym cielom ziskavat bioma-
su alebo produkty tvoriace sa pri latkove;j
vymene.
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Kontinuélne reaktory
na kultivaciu biomasy

Kontinudlny bioreaktor pracuje v ustale-
nych podmienkéch teoreticky nekoneéne dl-
hy ¢as. Prakticky si vSak aj tento sposob
prace vyzaduje ob&as vypustit napln reak-
tora a vymyt’ jeho nddobu. Potom mozno
bioreaktor opit’ naplnit’ roztokom substratu,
vysterilizovat’ naplii i nédobu a po ochlade-
ni inokulovat’ naplii a uviest' do prevadzky
mieSanie. Nabeh netrva obvykle dlho. Po
ustaleni prevadzkovych parametrov (tep-
loty, koncentracie kyslika rozpusteného v
naplni, pH a otafok n miesadla) prevezme
kontrolu fermentaéného procesu riadiaci
pocitac.
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Kontinualne procesy

Kontinualne kultivacie sa zacali pouzivat v
20-tych. rokoch tohto storocia vo vyrobe kim-
nych kvasnic. Odvtedy sa nimi zacalo syste-
maticky zaoberat’ mnozstvo vyskumnych pra-
covnikov. Najmi v poslednych dvoch desat’ro-
¢iach sa velkd pozornost sustredila na konti-
nualnu kultivaciu mikroorganizmov.
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V podstate rozlisujeme dva typy konti-
nualnej kultivacie:
— s piestovym tokom,
— s idealnym premieSavanim, ktorej typickym
predstavitel'om je chemostatovy proces.
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V ideélnej kultivacii s piestovym tokom ne-
dochadza pri pohybe kultiry cez rurkovy bio-
reaktor k Ziadnemu premiesavaniu v pozdiznom
smere. Chemostatova kultivacia naproti tomu
predstavuje Uplne premie$avand suspenziu,
do ktorej sa konstantnou rychlostou pridava
substrat a rovnakou rychlostou sa odobera
kultira. Celkovy objem kultiry zostava
konstantny.
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Teoreticky zaklad chemostatu vypraco-
val roku 1950 MONOD a nezavisle od neho
v tom istom roku NOVICK a SZILARD. Ok-
rem chemostatu sa mozno v literature stret-
nut' s dalsim pojmom turbidistat. Rozdiel
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nit’ s d’al$im pojmom turbidistat. Rozdiel
medzi chemostatom a turbidistatom je
v tom, Ze kym v chemostate sa zried'ovacia
rychlost (pomer pritoku k objemu biore-
aktora) nastavi na vopred uréenu hodnotu
a mikroorganizmy si podla svojich schop-
nosti a ostatnych podmienok ustdlia svoju
vlastnu koncentraciu, v turbidistate sa kon-
centracia buniek udrziava na vopred zvo-
lenej konStantnej hodnote a zried'ovacia ry-
chlost’ sa tomu prispdsobi pomocou regu-
laéného zariadenia. Z predoslého je zreymé,
7e ovela taz8ie je udrzat' chod turbidistatu.
Technickym usporiadanim i teoretickym
zdovodnenim turbidistatu sa zaoberali BRY-
SON, NORTHROP a ANDERSON v rokoch
1952 — 1960.




image55.jpeg
Ustaleny stav mozno obvykle dosiahnut’ dvo-
ma spésobmi:

a) na principe chemostatu,

b) na principe turbidistatu.

Chemostat pracuje za konStantnej pritoko-
vej rychlosti, priCom koncentracia mikro-
organizmov, substratu a biochemického pro-
duktu sa udrziava na uréitej optimalnej hla-
dine. Turbidistat vyzaduje experimentalne
uréovanie turbidity, t.j. nepriame meranie
mikrobidlnej koncentracie. Na jej zaklade
sa potom udrziava pritokova rychlost do
bioreaktora. V praxi sa uprednostiiuje oby-
¢ajne prvy spdsob prace, pretoze sa da I'ah-
$ie zvladnut’.
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Feed Effluent
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Vsadzkovy bioreaktor

Vsadzkovy reaktor pracuje periodicky. Po
vymyti nadoby reaktora sa tato naplni do
3/5 vysky roztokom substratu (obvykle je to
vodny roztok sacharidov s pridavkom d’al-
Sich Zivin a rastovych latok) a vysterilizuje
sa bud v autoklave (malé objemy) alebo
priamo pomocou tlakovej nasytenej pary o
teplote 120°C, ktora kondenzuje v plasti
duplikatora. Po niekol’kominuttovej vydrzi
na tejto teplote nasleduje faza ochladenia na
prevadzkovu teplotu a inokuldcia. Samotny
fermentacény proces trva niekol’ko hodin, ba
1 dni. Po skon¢eni fermentacie nasleduje vy-
prazdnenie nadoby reaktora a vymytie.
Celkovy ¢asovy interval jednej vsadzky za-
hriiuje teda vlastnd fermentaciu a servisné
prace.
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and other interactions in the chemostat are global, in contrast to
biofilms.

Dilution rate |[edit]

The rate of nutrient exchange is expressed as the dilution rate(D).At
steady state, the specific growth rate (u) of the micro-organism is equal
to the dilution rate (D). The dilution rate is defined as the flow of
medium per time (F) over the volume of culture (V) in the bioreactor

B Medium flow rate B F

Culture volume  V

Maximal growth rate and critical dilution rate [edit]

Specific growth rate (u) is inversely related to the time it takes the
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Matematicky model
vsadzkového bioreaktora

Pri jeho zostaveni vychadzame z rovnice ra-
stovej krivky (2.3), pricom za 3pecificki ra-
stovi rychlost dosadime Monodov vztah
(2.4), teda
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Fig.3.4  Schema einer labormiifiigen kontinellen Kultivierungseinrichtung
Schéma laboratérneho kontinualného kultivaéného zariadenia
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Fig. 3.5 Schema eines ideal geriihrten kontinuierlichen Bioreaktors mit eingetragener Symbolik
Schéma idealne miesaného kontinualneho bioreaktora s vyzna¢enim symboliky
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MieSanie obsahu nadoby prebieha ucin-
kom mechanického mieSadla, ako aj bub-
linkami plynu. Predpokladame dokonalé
(idedlne) premiesavanie obsahu, t.j. kon-
centracia v ziadnej z faz sa nemeni s po-
lohou v reaktore. Dosledkom toho je, ze
odtok z bioreaktora ma rovnaké zlozenie
ako obsah nadoby. Rovnaka je aj koncen-
tracia rozpusteného kyslika v celom obje-
me nadoby.
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Prevzdusiiovaci systém udrziava koncen-
traciu rozpusteného kyslika nad kritickou
hodnotou, a preto mdzeme mikrobidlnokine-
tické vlastnosti systému analyzovat' samos-
tatne (aj ked’ je otazne, ¢i prestup kyslika ne-
ovplyvriuje do uréitej miery 1 prisun substra-
tu).




