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Program

1. Reminder : microbial culture, microbial growth,microbial metabolism

2. Industrial microorganisms : isolation, selection, screening and properties 

3. Culture media in industrial bioprocessing : carbon source, nitrogen, energy..

4. Production improvment : process engineering, optimization, strain 
improvment (genetic engineering)

5. Immobilized cells process : methods, applications 

6. Industrial bioprocessing : batch, fed-batch, continuous bioreactors
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Self-directed projects

Students are asked to prepare and present (15 to 20 min) orally 
a self-directed project on one of the following topics:

• Extremophiles (thermophilic/psychrophilic, ..) in industrial 
microbiology (IM)

• Microalgae/Bacillus species/Actinomycetes/Yeasts/ Fungi, in 
IM

• Omics and IM
• Solid State Fermentation (SSF)
• Phage infection and control in IM
• Biofilms and bioprocessing
• Precision fermentations
• Culture collections

3H. Ouled Haddar

•  Bibliographic review – recent articles (reviews or 
originals), no copy-paste

•  Introduction – with alphabetical citations
•  Written report (body)– structured, with references
•  Conclusion – include your personal critical opinion
•  Reference list – complete and consistent
•  Figures/Tables – with captions and references
•  Formatting – 10 to 15 pages, Times New Roman 12, 

line spacing 1.5, 
•  PowerPoint presentation – 15–20 minutes 

Guidelines
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Laboratory sessions (21h)

• Lab 1: Culture medium preparation (2.5h)
• Lab 2: Isolation and primary screening of protease-

producing sporulating bacteria (2.5h)
• Lab 3: Quantitive screening of protease-producing 

sporulating bacteria (4h)
• Lab 4: Effect of carbon source/pH/temperature on 

protease production by Bacillus sp. (2.5h)
• Lab 5: Bacterial cell immobilization (2.5h)
• Lab 6: Protease production by immobilized cells of 

Bacillus sp. in a continous system (4h)
• Lab 7: Solid state fermentation (SSF) (3h)

7H. Ouled Haddar
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Tessier Louis. 2007. 
Bioprocédés Industriels. 

CCDMD. Canada
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General informations

What is a bioprocess? 
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   Bioprocess = Set of methods and 
techniques that use biological 

systems for the production of goods 
and services

The use of living organisms 
and their metabolites by 

industry

The art of making 
microorganisms work in 

industry

11H. Ouled Haddar

Examples

ü Fermented food production: marinades, sauerkraut, cheese, yogurt
ü Winemaking: wines, beers, spirits
ü Production of pharmaceutical products: antibiotics, vitamins, vaccines, 

antibodies...
ü Valorization of industrial and agricultural by-products: molasses, whey..
ü Conversion into high added value products: organic acids, polymers, biogas
ü Biological treatment: wastewater, air, contaminated soil, domestic waste
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understand biotechnology
 

biochemistry, microbiology, cell and molecular 
biology, chemistry, computer science…

Fermentation = process allowing the production of a 
substance or biomass of cells on a large scale using 
the cultivation of a microorganism, in the presence or 
absence of air

13H. Ouled Haddar

History
Sumerians and Babylonians Neolithic (6000 BC)                                wine
Egyptians                                                                                                    bread, wine.. 
Roman “fermentare” = to boil
Greeks
Late 16th century                                                                   Antonie Van Leeuvenhoek
Between 12th and 18th century                                         Acetic acid fermentation (1650)
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Pasteur 1850                                    alcoholic and lactic acid fermentation
Late 19th century                             Baker's yeast 
Weismann 1912-1914                    Acetone butanol 
Fleming 1929                                   Penicillin 
Insulin 1982
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Chapter I: Reminder: culture, growth of 
microorganisms and microbial metabolism

Introduction
The growth of bacteria depends not only on a suitable 
physical environment, but also on a permanent source of 
chemical compounds used in nutrition. 
The cell needs to synthesize all of the cellular structural 
components such as lipid membranes, cell walls, etc. 
These components are synthesized from less complex 
molecules which are structural units such as amino acids 
and nucleotides. 
On the other hand, each of these structural units is 
composed of a variety of chemical elements such as carbon 
and nitrogen.
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What makes the world of prokaryotes different from other 
life forms is their remarkable ability to utilize different 
sources of these elements.

Example: They are the only ones who can use atmospheric 
nitrogen (N2) as a nitrogen source.

              

                                Rhizobium
                  N2                                         NH4

+ 
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II-Energy

According to the laws of thermodynamics, cells do not create energy but they 
transform that present in the universe into a form that can be used by the 
cell. Bacteria use two methods to obtain energy: that from photosynthesis 
and that released by chemical reactions.

Phototrophic organisms: consume solar energy to synthesize organic compounds 
such as glucose. (synthesis of ATP from ADP and inorganic phosphate).

Chemotrophic organisms: obtain their energy from mineral or organic compounds. 
They use electron donors and acceptors (mineral element: chemolithotrophic 
bacteria; organic element: chemoorganotrophic bacteria). The energy 
released from chemical bonds is used. 

Most microorganisms are chemotrophs. 
Energetic chemical reactions are essentially redox reactions.

19H. Ouled Haddar

Energy

Solar energy:

Phototrophic organisms

Mineral or

 organic compounds :

Chemotrophic 
organisms
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Final acceptor

 of electrons

Oxygen

Respiration

Organic molecule

Fermentation

Mineral compound 

oxygen

Anaerobic respiration
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Energy source
Glucose

Cell 
structures

Energy

Subunits
AA

nucleotides, 
lipids

Energy

Nutrients
Nitrogen 
sources

Waste
Acids, CO2

Cell 

Figure 1. The relationship between catabolism and anabolism.

catabolism

anabolism

precursors
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Industrial products from primary metabolism

• Catabolic products
EMP, PP, ED, fermentation

ethanol, acetic acid, 2, 3-butanediol, butanol, acetone, 
lactic acid...

• Anabolic products

Amino acids, enzymes, citric acid, nucleic acids.
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Industrial products from secondary metabolism

a. Products deriving from the intact structure of glucose:
Some fami l ies  of  ant ib iot i cs ,  namely :  aminog lycos ides 

(streptomycin produced by Streptomyces griseus, gentamicin 
by Micromonospora purpurea),

b. Products derived from nucleosides:
Antibiot ics f rom the nucleoside fami ly (Blast ic idin S  by 

Streptomyces griseochromogenes used in agriculture)
Found in actinomycetes and fungi.

c. Products deriving from the Shikimate-Chorismate pathway:
Antibiotics (chloramphenicol from Streptomyces venezuelae, 

novobiocin from Streptomyces niveus, etc.)
Bacteria and actinomycetes, rare in fungi,
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d. Products derived from the polyketide pathway
They constitute one of the major classes of secondary metabolites of bacteria, 

fungi and plants.

Their biosynthesis presents similarities with that of fatty acids: they are 
synthesized by a succession of condensation steps of acetyl or malonyl 
groups.

The enzyme complexes that catalyze these reactions are polyketide synthetases. 
There are several types: triketides, tetraketides, pentaketides, etc.

Macrolide antibiotics (erythromycin from Streptomyces erythraeus)

35H. Ouled Haddar

e. Synthesis of terpenes and steroids
Two pathways exist:
• Mevalonate pathway
Found in mammals, plants, fungi ans some bacteria

Acetate          mevalonic acid          isoprene

-Condensation
-Cyclization
-Edit
• Methylerythritol phosphate (MEP) pathway
Naphterpine, menaquinone of actinomycetes

36H. Ouled Haddar
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f. compounds derived from amino acids
• Metabolites formed from one amino acid

Penicillium frequentants

ü Ibotenic acid (Amanita factor C, a neurotoxic agent) by Amanita 
muscaria

ü Ergot alkaloids by Claviceps purpureae for therapeutic use, 
synthesized from tryptophan, 

ü Cycloserine, an antibiotic from the oxazolidinone family of 
Streptomyces garyphalus

• Metabolites formed from two amino acids
Gliotoxin by Trichoderma, Aspergillus, an anti-inflammatory drug

37H. Ouled Haddar

• Metab o l i te s  fo rm ed  f rom more  t h an  t wo a mi no  ac id s

Toxins (Amanita sp, Aspergillus spp), polypeptide antibiotics, 
bacitracin (Bacillus)

Amanitin specific inhibitor of RNA polymerase
38H. Ouled Haddar
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Growth can be defined as an increase in cellular constituents, it results 
in an increase in the number of cells when MOs multiply by 
fissiparity or budding. In this case the cells enlarge and divide to 
give two daughter cells of relatively equal size.

Growth also occurs when the cells simply become longer or larger 

Bacterial Growth

40H. Ouled Haddar
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Methods for Measuring Bacterial Growth

41H. Ouled Haddar

Counting chambers:

Hemocytometer
Malassez counting chamber
Petrof-Hauser counting chamber

42H. Ouled Haddar



9/30/2025

22

Coulter counter 

This device counts automatically 
particles or cells suspended in an 
electrolyte solution:

It is a cylindrical tube perforated with 
a micro-orifice on either side of which 
are placed two electrodes connected 
to an electric current generator.

When a cell passes through the orifice, 
i t  d i s p l a c e s  a  v o l u m e  o f  t h e 
conductive solution which is equal to 
i t s  o w n  v o l u m e ,  p r o d u c i n g  a 
momentary increase in resistance. 
Above a  certa in  th reshold ,  t hi s 
resistance results in a pulse which is 
recorded by an electric meter.

43H. Ouled Haddar
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Determination of dry weight

Microorganisms are harvested by centrifugation or by membrane 
filtration (generally porosity of 1 to 5 µm).

Washed carefully using an appropriate buffer (NaCl 0.9%)
The pellet or filter is dried at 100-110°C
After cooling, it is weighed.
The weight is expressed in g of DM/L

46H. Ouled Haddar
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Turbidity measurement
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Measurement of cellular constituents and products

• Cellular nitrogen (Kjeldal or Bradford)

• ATP, FAD, FMN (bioluminescence)

48H. Ouled Haddar
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The growth curve

When MOs are cultured in a liquid medium, they usually 
grow in a closed medium called “batch culture” or 
“discontinuous”, they are incubated in a closed flask 
containing a single lot (batch) of medium.

Since there is no supply of fresh medium during incubation, 
t h e  q u a n t i t y  o f  n u t r i e n t s  d e c r e a s e s  a n d  t h e 
concentration of waste increases.

Growth is graphed as the log of cell  number versus 
incubation time

49H. Ouled Haddar

Bacterial growth is a dynamic phenomenon that has six phases 
represented schematically in the following figure.
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Phase 1: latent phase (lag phase): Growth rate is null, bacteria become 
adapted to the environment and started synthesis of new cellular 
components necessary for growth.

This phase is important for different reasons:

1. The cells can be old and devoid of ATP, cofactors, ribosomes, etc.
2. The environment may be different from that in which the MO previously 

grew (they will need to synthesize new enzymes).
3. MOs can be damaged, so they require repair time

51H. Ouled Haddar

• The duration of this phase varies:
• Long, if the inoculum comes from an aged or cooled culture, or if 

the medium has a different composition from that of the inoculum 
preparation medium

• Short, when a young culture in the growth phase is transferred to a 
medium of the same composition

                                                       Nt =No
growth rate µ=0
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Phase 2: acceleration phase here there is an increase in 
growth velocity, 

Phase 3: exponential growth phase: 
Cell division time is short
Growth rate is constant and maximum  µ=max
The population is almost uniform (Same biochemical and 

physiological properties)
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Main parameters of growth action
• The temperature
Three types of growth curves exist: Mesophilic, thermophilic and 
psychrophilic

MO Temperature (° C) µ (h-1) generation time 
(h)

E. coli 40 3.3 0.21

18 0.5 1.38

Bacillus subtilis 40 1.6 0.43

Clostridium botulinum 37 1.19 0.58

Mycobacterium tuberculosis 37 0.057 12

Rhodospirillum rubrum 25 0.15-0.13 4.6-5.3

S. cerevisiae 30 0.35 2
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• The pH

Species minimal pH optimal pH maximmal pH 

Bacillus 5-6 6.8-7.5 9.5-11

Clostridium perfringens 5.5 6-7.6 8.5

E. coli 4.3 6-8 9

Lactobacillus 4-4.5 5.5-6 7

Yeats 1.5-3.5 4-6.5 8-8.5

Molds 1.5-3.5 4.5-6.8 8-11

Thiobacillus 0 3-5 7

55H. Ouled Haddar

• The Aw
When Aw decreases, the growth slows down.

• The substrate
The specific growth rate of a bacterial species depends closely 
on the environment in which it is cultivated.

 for E. coli:

Medium µ

Synthetic citrated medium 0.3

Nutrient broth 2

56H. Ouled Haddar
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 The growth mathematics                                                                                                                                                                                                                                                                                                                

Time Number 
of 
divisions

2n population 
(N0x2n)

logNt

0 0 1 1 0.00

20 1 2 2 0.301

40 2 4 4 0.602

60 3 8 8 0.903

80 4 16 16 1.204

100 5 32 32 1.505

120 6 64 64 1.806

N0= The initial number of cells
Nt = The population at time t
n =the number of generations in time t

The growth rate of a batch culture can be expressed in 
terms of the average growth rate constant (k or μ) = the 
number of generations per unit time (h)  
    
                  n               log Nt −log No
  μ   =   -------  =   -------------------------      with   Nt =2No
                   t                   log 2 x  t

Average generation time = cell division time
                               1
                 g  =  -------------
                               μ
  

57H. Ouled Haddar

μmax

μmax/2

Ks

μmax: maximum specific growth rate (rate) (h-1)
S: substrate concentration
Ks: Monod's constant
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Phase 4 : deceleration phase: the growth rate decreases, 
there is depletion of nutrients from the culture 
medium and accumulation of wastes,

Phase 5 : stationary phase: 
 The reproduction stops due to a limiting factor in the 

environment (oxygen, source of C, etc.),  or the 
accumulation of toxic waste (lactic acid, etc.)  

the growth rate is null
the division rate equals the autolysis rate,
Bacteria reach 109 Cells/ml
Algae 106 Cells/ml
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Phase 6 : decline phase: resources are depleted, 
waste accumulates and the number of bacteria 
decreases, this phase is complex, in some 
cases, and during a drastic reduction in the 
population, the mortality rate increases giving 
rise to a survival of some resistant cells.
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Diauxic growth 
In a synthetic medium containing a mixture of two 

carbon substrates, an abnormal two-phase curve is 
observed as if two growths were succeeding one 
another. This phenomenon is described by Monod 
under the name diauxie.

G1: glucose, sucrose, fructose, mannose
G2: maltose, sorbitol, arabinose, inositol

Only G1+G2 mixtures will give a diauxie phenomenon.

Triauxia phenomena have been also described, 
particularly with the glucose-glycerol-sorbitol mixture.
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Synchronous growth

• By selective filtration
• By thermal shock (shift up/shift down)
• Starvation

37°C 37°C

37°C

37°C

37°C

25°C

25°C

25°C

25°C

25°C
LogN

Time (minutes)3030 30 305 5 5 5 5
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