2.1 [

Bull, Holt Lilly (1982)

i ' (Biological agents)

(Biological material)

(Microorganisms) (Enzymes)

ﬁ

(Cellulose)

(Antibiotics)

(Vaccines)

(Effluent treatment)

(Industrial biotechnology)

(Agriculture biotechnology)
(Medical biotechnology)
biotechnology)

engineering principle)

(Marine-

(Scientific and



(Biological agents)

(Viable commercial processing system)

2.2

(Microorganism)

(Specific uses)

(Microbiology)
(Microbial genetics) (Biochemical)

(Process engineering)

13



Biological - . Chemicel

scdlence gclencs

Bilochemistry

Biotechnology

Biologilcal Chemical

engineering engineering

Moo-Young (1985)

14
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Microbial Bioprocess Enzyme
technology technolog& technology
Separation Industrial Legislation
technology biotechnology Regulation
Products and services
Chemical Pharmaceutical Energy Agriculture Food
Services industries
2
Office of Technology Assessment (OTA,1984)




(Fermentation)

(Anaerobic bioprocess)

Gaden (1981)

(Substrate) (Nutrients)
(Sterile medium)

(Process system)

(Products)

2.2.1

clerman, { (1983)
4

16

2.2.1.1 (Preparation

of biological-catalysts a.g. Cells and Enzymes)

2.2.1.2 (Preparation of

substrate)
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CULTURE - > CELLS ENZYMES RAWmfiteriaI
\ FRE TREATMENT
o'j'
GROWWG CELLS Ly FREE ENZYMES prtlev[l)%Dllgllvilon W&[S/ §R§§ .
| immobilization |
1 -STERILUZATION
" 5 obj ical .
—iF ARt sl
oxygen- ‘ CONVERSION ‘ ADD”,‘Z!C|DBA’§%TRIENTS
\1’ .
( BB ‘ SISt | > SPENT MEDIUM— .
-
WXSTE -> RECOVERY waste
PURIPICAI ION
|
PROOUCT
) 3 .

Gaden (1981)
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2.2.1.3 (Reaction or

fermentation)
2.2.1.4

(Product/catalysts separation and purification)

+
( )
2.2.2 4
2.2.2.1 ' (Biological agents)
2, Nx (Raw material or substrate)
2.2.2.3 (Products or
services)

2.2.2.4
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2.3

(Catalystic reaction)
(Catalystic

process)

4 (Cooney , 1985)

2:&]. (Unit operation)

(Mixing) (Agitation)
(Separation)

2.3.2 (Unit Process)

(Unit-process classifaction)

2.3.3 (Process control)



Feed stock
storage

Raw Materials
Preparation and
Pretreatment

Sterilization

®Process
Contrcl

|

Enerxgy

Bioreactor

or

Bioprocess

ing

4

m’.r—{ Compressor

Cooney (1985)

Heat

Enerqgy

Producc
1 Product
recovery

Waste

Vi

Filling
Packaging

1o



21
(Process dynamic)
fl(Interactions) Parameters
I (Cellular

system) I

(Greenfield Randerson,1986)

2.3.4 (Process economic)

2
(Conversion cost intensive)
( Recovery cost

intensive )

2.4

( it process in bioprocessing)

(Biochemical operation)

(Biochemical conversion)

(Biosynthesis path way)



EQUIPMENT

VARIABLES

- Geometry oE
Vessel and
internals
Maximum rating
0f agitator motor
and air compressor

FLUID PROPERTIES
Rheology

7 Density
SurEage tension
lonic strength
Temperature

- Temperature
WASTE -*ememreeeee INTERNAL ENVIRONMENT —>-PRODUCT-
. T .
(e.g: C02 héat; other Product
other products ) processes synthesis
5 A
Greenfield Randerson (1986)

EQUIPMENT
CAPABILITIES
(Mass and heat
transfer; mixing
characteristics) e

OPERATING
VARIABLES
‘Air Elow
Over pressure
Stirrer speed
Nutrient 6 acid/
base addition
Coolant Elow and
temperature

ENVIRONMENTAL VARIABLES

Co2

- Cco?2 '

- pH

- Shear stress

- Nutrient concentrations
- Product concentration

22

Level
of:
.Control

O m

— > Z=2X0m—>m —A=Z2mMm= u—

—A=m Zocoxxm—<<=m

—r—rm:<
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2.4.1 Oxidation-Reduction

'l (Oxidoreductase)

2.4.2 Transfération ;

Transferases
2.4.3 Hydrolysation
(Hydrolysis) ' (Hydrolases)

2.4.4 Molecular-lyases

Lyases
2.4.5 lsomerization
Isomerase
2.4.6 Synthetization
(Chemical 0 ) '
ATP ‘ Lygases
2.5 ?
(Cycle) (Pathway) (Krebs cycle)

' ' (Pentose phosphate pathway)

(Cellular system)



(Fermentor)
(Interactive systems)

' 6 (Duen-Gang Mou, 1983)

2.5.1

(Liquid flow pattern)
(1974)

24

(Bioreactor)

Atkinson

2.5.1. 1 The batch fermenter (BF)

2.5.1.2 The continuous stirs tank fermenter

(CSTF)

2.5.1.3 The tubular fermenter (TF)

2.5.1.4 The fluidised bed fermenter (FBF)

2.5.2

2.5.2.1

culture)

(Submerge
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FERMENTOR oy
PHASES: Gnscoua Ol Aqueous  Solid Populnllon PDgPP”JEﬂtf&”
[<tols

ol
. Solubilization V- Adhortjoca (
Bubbles ~ Oops — > Nulricnls  <---> portlclos ~ <----=> Calls

Sugars, nmino ocids, lalty scids
growih laclors, solls, vilamins

r—

// Teansport
\ s
\\ ’
N Cntabohym Sinal
27N AL
’ & Coll
KLn ~ r‘-O; G i Kingticy
el N 107 <1 ¢10%sacl
(Mosa tronsler
ol 07 lo microba) / 3 i
MaQ s N pgenelic
20 HADIPINZ Asaulation
MICNOONGANISM r/_\mg \
AlP

\j [Poots of
Intermadisies]
14 2° producty
NNA OHA . \
Prolgin = ——+— Giowin o
i \‘ Traniport

N B i

e b

|

! .

; [ '['En;’:::,'l 1”& 2° Produchs

L e i

MOLECULAR CONTROL OE GROWTH. %{t}rrll t(lﬁ
10

Nucleotides esee> DMA reglication ....... > Ch‘Omoiomil growth I1>10"iw)

> mRNA........ ,> ProUlm e«> ¢l growth
ramldlion

Duen-Gang Moo (1983)



shslrale

i

Uatech fermenter (UIF)

SUbstrate sUbstrate

Ej )’J
i

{ product

i substrale
Tubular fermenter (TF)

i product

S 000
000 0

o
2
o}

0,0

N
ibsteal

d fermenter (FOF)

=Py

Fluid

Atkinson

Substrate

P

(3)

(1974)

product

Initial concentration

wbstiale

Concentration

Time ——

feed

Substrate

feud
Substrate
substrate

)l ©

inlel concentration

c

o

[ substrate

[

<

v

c

3

o

Axial distance ——
lulet concentration

c

]

< substrate

3

I

v

c

o

(9]

Axial distance ——

£l
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(Floes) (Inert support

material)
2.5.2.2 (Surface culture)

(Nutrient medium)

(Solid substrate fermentation)

Trickling filter Bio-dish

2.6

Atkinsonll Mavituna (1983)



Mixing
(Raw
material prepa- size reduction
ration and pre-

treatment )

Sterilization

(Sterilization)

Membrane methods
(Product Reverse osmosis
recovery and ultrafiltration

purification) Microfiltration

28

(Dow-

stream processing)

1)

(Treatment)

Separation process
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Liquids Membrane ?
Electrodialysis w

Gas separation

Mechanical Method (Product stream)
Ultracentri-

fugation 2) product recovery
Filtration 2

epcific chemical
Liquid-Gas-Solid entity ,
Extraction Method

Adsorption

Absorption

Chromatography 3) Concentration
Solvent Extractionn (
Supercritical solvent)

fluid extraction

Heat treatments 4) Purification
Distillation

Evaporation



Drying system

Freeze-

crystallization
Electric/magnetic

method

Electrophoresis
Electromagnetic separation
Electrofiltration

Electro coagulation
Electrostatic separation

Electro Magnectic Energy-Dryers

Alkinson Mavitunal® )



particular —————

properties of fermented slurry

conventional process

- Operations amenable to -+ <«——— Operations dependent on
development

Fermented slurry

31

Damp__, gel
solids

A s =
Conditioning |
Recover product from Product | Break down cells (physical, physico- Product in
whole broth Iin ~+— chemical, chemical, biochemical), solid or
Distil, electrolysis, fixed | liquid coagulate gels, flocculate solid, treat hquid
membrane (R))] chemically (3)
Product in liquid Product in solid or
(1) liquid \(2)
Recover product from whole broth Separate solids and liquids ph

Adsarb, extract, liqund
membrane

Filter (conventional or non-cake forming),
centuluge, lloat, settle, electrokinetic treatment

L_’Proﬂuc! [
mn sohd

= 1
r Sell —Product in hquid

Separate extract or adsorbant
from aqueous and/or broth solids

Dewater solids
Press, centrifuge,
electrokinetic
treatment

sohds

Filter, wash out, decant, centrifuge

Rejection of aqueous dilutent

Adsorb production solid, diffuse

through membrane, evaporate/fractionate,
extract product and separate, fixed
membrane concentration, chemical
precipitation + hitration

Liquid or solid concentrate [ Work up to desired product ]

1 1

Sell Sell

Atkinson Mavituna (1983)

Damp solids

A\
Dry solids
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2.7

2.7.1

(Process dynamic)

3 ( Duen-Gang Mou ,1983)
2.7.1.1 (Reactor kinetics)
2.7.1.2 (Reaction
kinetics)
2.7.1.3

instrument kinetics)

2.7.2

(Key environmental)

(Instrument) (Real-time variable)
(Monitoring)
(Control system)

(Sensor) (Direct and

(Sens



EMGIHEi-rmm INPUTS
(= COMTMOL VAMIAOLGS)

‘- Defined
- Qusnllinllvo
- Piedlcinblo

COMPLEX NUrniEHT INPUTS

*ri yl'l'ﬂy De lined
- Ollon p<odlcls

REACTOnNR KINETICS

chomic 1/PbyJcAl
Pfoca 33func|lonj >

REACTION KIffETICS

« ‘'crnical
Rrcco 13 Eunctionj

OIQLQGI1CAL inputs
- Compln *

- IInfilly OQuanllfAllvo
Often Random

Duen-Gang Mou (1983)
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MEASUNRES OF PEIIfOIIMANCE

"RREAE

Inmgp ;rrt\?on

Optlmli »Uor> of

PP HT™

-Temperaluro
. pH

Dhiolvod Oxygon, o'c

M I [linli/tlloTi Ol
iocm OUI»cIIVll

Volumetric

piCHicY ConcenMiion

subsll 31c Yield. c»c.
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Indirect measurement) 3

2.7.2.1 . (Physico/chemical

measurement)
2.71.2.2 /

(Enzymatic/Biological measurement)

2.7.2.3
(Direct measurement
sensor)
Physiological
3 10 (Nyiri,1972)
2.8

(Operation)

2.8.1

2.8.2 n 1

2.8.3



Variable or Parameter

Physical parameter
Temperature
Fermentation heat evolution
Vessel head pressure
Agitation speed

Power in put(consumption)

Medium viscosity

Air flow rate
Nutrient flow rate
Cell

concentration

Size,type,metabolic process
Gas/liguid analyses

Antifoam addition

pH(including calculation
of amount of acid or

alkali added)

35

Sensor or Analysis

Thermocouple-probe
Calorimeter/Analysis
Pressure gauge or probe

Feedback tachometer

Tylan mass flow controllers
Regulated by pumps
Turbidimeter of various types
Conductivity

Microfluorometer

Calculated by incrementor
and know flow rate

Electrodes Additions of acid/
alkali calculated using

incrementor and known flow

rate



Variable or Parameter

pCSelect ion)
Redox potential(mV)

POe

0a off-gas
pCOe

COf off-gas

Other off-gas(Na-CHJ etc)
Cellular

(Cytochromes, NADH,ATP etc)

components

Nutrient,metabolite,or

product concentration

36

Sensor or Analysis
Select ion electrodes
Redox electrodes
Galvanic or potentiometric
electrodes
Paramagnetic analyzer(or)
On-line mass spectrometer
Electrodes
Infra-red analyzer(or)
On-line mass spectrometer

On-line mass spectrometer

On-line spectrophotometry
On-line photometry

On-line fluorometry

Enzyme electrodes (or)
Direct conductance probes
Derivative spectrophotometry
On-line gas chromatography

Silicon tubing gas sensors



oi.sks Il llvirwe* <€

SENSORS"
lInpul Ip Con'pulQ'l
n0? PObe <.,
20llgo3 < ...
nCOp probe <.
CO7aliyo5 <........

Inli d
1%)(/) npln%n spee

PH probe = <.

E)re(;ggumlu'e R rnageees

renl Penal#y <-
Sur ermngn

[Subairalel <.

10
(Feedback)

Nyiri (1972)

> COMPUTER

INI ERF ACE mechanism

FEAMENTON | <
VESSEL

~/

s cm Mon'iof
-> Hard copy P'tnloul

0 1*6 ?Jormutn»

........ Ac'ol»on



(Sensivity)

(Feed-back control)
(Sterilization)
(Heat sterilization)
2.8.4

(Dilute solution)

2.8.5 (Waste)

2.9

(Consumers),

(Environment) (Employees)

38
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NIH Guidelines for Research Involving

Recombinant DNA Molecule (NIH Guidelines).

| f (Pathogenic microbe)
" (Real risk)

2.9.1 (Codes)
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(National electric code, (NEC))

tf
2.9.2 (Standards)
aim
'l
2.9.3 (Regulation)

(Good
manufacturing practices in manufacture,processing,packing,

or holding of drugs:general)

2.9.4 (Specification)
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2.10

Office of technology assessment(OTA, 1984)

(Commercialization of biotechnology)

5

4 (Area)

2.10.1

2.10.2

2.10.3

2.10.4

Karny (1983)

(Biotech-

nology safety)

(Large scale culture



42

of microorganism) (pathogenic
organism)
(Genetically engineered organism)
Karny (Primary

source)

(Large scale biotechnological proccess)

Hamilton,Schruben Montogomery (1986)

The NIH Recombinant DNA guideline

The Centers for Disease Control

2.11

(Cross Contamination)

(Sustrate)
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2
2.11.1
2.11.2 (Special waste)
Multiple
sewage system 3
solid waste disposal, liquid waste disposal airborne

waste (dust) collection

2.12 ?

(Physical facility)
(Equipment)
(Clean production

environment)



cleaning)

equipment sanitation design)

defined procedure)

(Cleaning)

drains)

44
(Facility-

(Equipment cleaning)

(Facility and
(Well

(Sterilized)
(Sewage

(Steriled-water)

(Equipment cleaning)
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