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¥ Substrate & Biomass (cell) ¥ Products

= Carbon = Useful products
= Nitrogen = Waste products
= Oxygen = Heat

+ Trace elements
+ Growth factors
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Microbial growth curve

Cell
number 3

Lag
Acceleration

Log (Exponential)
Retardation
Stationary

Death
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Lactic acid bacteria

Y east
Mold

Lactic acid bacteria

Yeast & Lactic acid bacteria

Yeast

European beer Yoghurt Sourdough bread
Bread Sauerkraut Soy sauce
Wine Salami African beer
Cider Cheese Lambic beer
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Lactic acid bacteria

Genus Cell Morphology Fermentation
Lactococcus Cocci 1n chains Homofermentaion
Leuconostoc Cocci Heterofermentation
Pediococcus Cocci Homofermentaion
Lactobacillus Rods Homo/heterofermentaion
Streptoccus Cocci in chains Homofermentaion
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L~ AOP 1 ADP & A 0P
v ATP ATP ATP
P?I"U'ﬂ'ﬂtl P'ﬂ'fl'.l"ll'ﬂtﬂ Frruvutg
Lactate Acetate Lactate Lactate Acatate ( Ethanoi]
Glycolysis Bitidus pathway & P-Gluconate pathway

FPhosphoketolos e pathways

{ Homaotfermentation) [Heterafermentation )

a. b.



Yeast Saccharomyces cerevisiae
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2. Acetic fermentation

3. Lactic fermentation

Alcohol fermentation P15#3NNIAE yeast (Saccharomyces) e

imaily ethanol Juanzn e nma
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Aecrobic Respiration

Cytoplasm

Glycolysis

Glucose

» 2 ADP

2 ATP

* 2NADH

2NAD+

- 4ATP

4DP,

Mitochondrion

inner membran

Substrate Levpl PhospHoryiation

1

Puruvels

Pyruvetd

arbon dioxide

Krebs Citric
Acid Cycle

Carbon dioxide

2ATP DY
Substrate level
Phosphorylation

~32 ATP from
Electron Transport
Phosphorylation
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Anaerobic Pathways
N

Aerobic

Glucose
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2. Acetic fermentation

Vinegar Acetobacter & Gluconobacter
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3. Lactic acid fermentation

] Streptococcg Homolactic
1 Pediococus

] Leuconost‘ Heterolactic

] Lactobacillusl Homo-heterolactic
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PILOT PLANT PLANT

Size: Slant to 500 ml shake flasks 5-40-200 L. 5000-100,000 L.
Function: Strain selection medium Optimization of Bring process
development environmental to economic
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Slant Broth
Stock culture

Ampoule

Seed fermenter
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1. DariNnszuvila

O Closed fermentor system
2. DarNnIzUUila
a Open fermentor system

d Continuous fermentation
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1. D94UNN (Fermentor / Bioreactor)

2. STUUNITAILAN
N9 lAaN1A (Aeration)
N19NAU (Agitation)
N1SAILANAUUAN (Temperature control)
N19AIUAN pH (pH control)
mﬁmuquaan%mu (Oxygen control)

n19iasnunag (Antifoam)

(] p=| o -V
3. SZUUNITLNULNEAIURAINITUNN
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1. DIKUDN (Fermentor)

ACID/BASE
FOR
PH CONTROL
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BEAKER
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1. D9NNN (Fermentor / Bioreactor)
2. 55UUMTAIVAY
3 m351%e1m# (Aeration)
J P13NIU (Agitation)
1 ng mmuqmw{]ﬁ (Temperature control)
J mM3sauAN pH (pH control)
J mamuﬂmaﬂ@mu (Oxygen control)
3 mstlesnunled (Antifoam)
3. SLUUMTIRVINIIMEINTHIT
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Lansing 8. Prescott, John P Harley, Donakd A, Kkein, Microbiofogy, 48, Copyright € 19485 The McGraw-Hill Companies, Inc. All rights resered.

Large-Scale Fermentation Unit

Motor

Culture or |
. e — PpH probe
nutrient addition jﬁ - ’k}ﬂissg;ved oxygen probe

Sample line m‘_;% """ —g*."
Valvel| |||

Impellers

Temperature
sensor and |53
control unit 57

| T Cooling jacket

= — Biosensor unit

Cooling water in —

Air filter
~|r Harvest line
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© 2.1, M3 191m# (Aeration)
Y d Y A = Yo =
Ingiszaen : Glm;aumsﬂmu O, iNBaNe

1. s2Au#0AmM3 : Shaker
Reciprocal shaker, 100-120 rpm
Rotary shaker, 250-300 rpm

2. 520 Pilot plant {tas Factory
A Y, A
AIDINIU & N1 1719 LAsIAT o

Yue1n e



2.2 N13NIU (Agitation) '
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Figure 16. ‘a) Turbine inpeller: farge vortex, no baltles. (b Marine impaller: axial Qow with baffles.
(¢} Turhine impelier: radial flow with ballles.

=P
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1 Fermentor - Lab scale
1 Cooling : Water bath
O T T : Internal heating coil

_IFermentor - Industry

1 Cooling : Internal cooling coils

2.4. pH control: pH sensing electrode
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6. M3nANe9 (Antifoam)
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Faculty of Agriculture, Ubonratchathani University, Thailand



SN WEE—

E\W\’Sﬁﬂtﬂ%ﬁﬂéﬁd

UseRNEAN msa‘,tm ANNARAGIRY
lanmgdutlauanniiaadunatinauan
ANAFULRLNTHAR

-~ o

Antifoam N

)
|
- |
.

Faculty of Agriculture, Ubonratch%WHEQMTQawsiIicones L_ e =




N 4

& The presence of antifoam in the gas liquid
interface encourages coalescece of the bubbles



Bubble Bubble

— No antifoam
— Antifoam
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Product recovery

20-60% VDIAUNUNIIHANTIIHNA
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1. Separation of insoluble products

MsuenoumAin luazae

mlasazarele
e Cell
Filtration
Centrifugation
Sedimentation
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2. Separation of solute

MFUENAIASAY

Solvent extraction
Precipitation
Absorption
Membrane filtration

Aqueous two-phase

system
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3. Purification 4. Finishing steps for purification

o Y A ﬁg{ .
MIMIAUIGNT - Centrifuge
2
nang1sUuleousen
o 9 Yy 9
M I asuYy

- Drying
- Packing

Fractional
precipitation

Chromatography

Electrophoresis
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AN aoaNsYBI811115 (Food Safety)

UAITIININBINN (Biological Hazard)
OUAIIINNAY (Chemical Hazard)

DUATIINNYNIN (Physical Hazard)
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