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Fig.i Outline of a fermentation process.
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Examples of industrial fermentation products and their producer microorganisms

- g ———————

Products Bacteria Fungi
Traditional products
Bread, Dbeer, wine and Mainly  Saccharomyces
Spirits cerevisiae
Cheeses,  other  dairy | Lactic acid bacteria
products
Ripening of Dblue and Penicillium species
Camembert-type cheeses
Fermented meats and | Mostly lactic acid bacteria
vegetables
Mushrooms Agaricus bisporus, Lentinula
edodes
Soy sauce Aspergillus oryzae,

Zygosaccharomyces rouxii

Sufu (soya bean curd)

Mucor species

Vinegar

Acetobacter species

Agricultural products

Gibberellins Fusarium moniliforme
Fungicides Coniothyrium minitans
Insecticides Bacillus thuringiensis
Silage Lactic acid hacteria
Amino acids
|-Glutamine Corynebacterium
glutamicum
|-Lysine Brevibacterium
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lactofermentum

1-Tryptophan Klebsiella aerogenes
Enzymes
Carbohvdrases
1. a-amylase Bacillus subtilis
2. b-amylase Aspergillus niger
3. amyloglucosidase Aspergillus niger
4. glucose isomerase Streptomyces olivaceus
5. invertase Kluyveromycesspecies
b. lactase Kluyveromyces lactis
(b-galactosidase)
Cellulases Trichoderma viride
Lipases Candida cylindraceae
Pectinases Aspergillus wentii
Proteases
subtilisin (alkaline) Bacillus licheniformis
neutral Aspergillus oryzae
microbial rennet [acid) Rhizomucor miehei
Fuels and chemical
feedstocks
Acetone Clostridium species
Butanol Clostridium acetobutylicum
Ethanol Zymomonas mobilis Saccharomyces cerevisiae
Glycerol Zygosaccharomyces rouxii
Methane Methanogenic archaeans
Nucelotides

5'-Inosine monophosphate

Bacillus subtilis

5'-Guanosine
monophosphate

Brevibacterium
ammoniagenes

Organic acids

Acetic

Acetobacter xylinum

Citric

Aspergillus niger, Yarrowia
lipolytica

Fumaric

Rhizopus species

Gluconic

Acetobacter suboxydans

Itaconic

Aspergillus itaconicus

Kojic

Aspergillus flavus

Lactic

Lactobacillus delbrueckii

Pharmaceuticals and
related compounds

Alkaloids

Claviceps purpurea

Antibiotics

Aminoglycosides
streptomycin

Streptomyces griseus

b-Lactams
penicillins
cephalosporins
clavulanic acid

Streptomyces clavuligerus

Penicillium chrysogenum
Acremonium chrysogenum

Lantibiotics
nisin

Lactococeus lactis

Macrolides
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erythromycin Saccharapolyopora
erythraea
Peptides
Bacitracin Bacillus licheniformis
Gramicidin Bacillus brevis
Tetracyclines
chlortetracycline Streptomyces aureofasciens
Hormones
Human growth hormone Recombinant  Escherichia | Recombinant
[nsulin coli Saccharomyces cerevisiae
[nterferon Recombinant Escherichia | Recombinant
coli Saccharomyces cerevisiae
Steroids Arthrobacter species Rhizopus species
Vaccines Bacillus anthracis,
Clostridium tetani,
Recombinant  Escherichia
coli, Salmonella typhi
Vitamins

B12 (cyanocobalamin)

Pseudomonas denitrificans

b-Carotene (provitamin A) Blakeslea trispora

Ascorbic acid (vitamin C) Acetobacter suboxydans

Riboflavin Recombinant Bacillus | Ashbya gossypii
subtilis

Polymers

Alginate Azotobacter vinelandii

Cellulose Acetobacter xylinum

Dexiran Leuconostoc mesenteroides

Gellan Sphingomonas paucimobilis

Polyhydroxbutyrate Ralstonia eutropha

Pullulan Aureobasidium pullulans

Scleroglucan Sclerotium rolfsii

Xanthan Xanthomonas campestris

SCP Methylococcus  capsulatus, | Candida ufilis,

Methylophilus
methylotrophus

Fusarium venenatum,
Kluyveromyces marxianus,
Paecilomyces variotil,

Saccharomyces cerevisiae
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Mutagenesis is a process of freatment given to microorganism which will cause
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Nonproducing
organisms

Zones of
growth

inhibition
Producing
organisms

Figure 30-7a Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.
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dilution on a plate
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Sterile glass spreader

Incubate

Colonies of
Streptomyces
species

Overlay with an
indicator organism

Incubate

M.T. Madigan

The industrial pr &Woﬁcs begins with screening for
ntibio
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Streak suspected antibiotic
producer across one side of
plate

Incubate to permit
{L growth and antibiotic

Antibiotic
diffuses into agar

r/'

Streptomyces

Cross-streak with
test organisms

Incubate to permit
test organisms to grow

Zone where
growth has
occurred

Inhibition zones
where sensitive
test organisms
did not grow

Figure 30-7b Brock Biology of Microorganisms 11/e
© 2006 Pearson P@ntice Hall, Inc.
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Figure 30-4b Brock Biology of Microorganisms 11/e
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Ael )l gk Jb 4 (primary metabolites and secondary metabolites

AUTOMATED BATCH FERMENTATION SYSTEM FOR THE PRODUCTION ~

OF FLOUR BREWS, LIQUID SPONGES OR SOUR DOUGH \
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(a) Single stage fermentation
(b) Recycle fermentation
(c) Multiple stage fermentation
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(ii) Fixed Volume Fed Batch Culture
(iii) Cyclic Fed Batch Culture
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Downstream processing
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Production medium
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periplasmic product

Cell di ] Concentration
itep
Cell debris s Centrifugation 1‘

urlitraﬁ]tiatinn

/ | '
Cell-free Inclusion Medium
extract bodies Concentrate

Recovery
Dialysis, precipitation, partition Froduct
chromatographic Elf]_'amn'atim distillation, ete.  |purificaton
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DEP can be divided into a series of distinet unit processes linked together to achieve

product purification,
Cell separation
Sedimentation
or flotation
Cenfrifugation
Filtration

Clarified

Medium

(exdracaliular

products)
Cell disruption
Mechanical

Non-mechanical

Clanfication

Cenfrifugation
Filtration

Concentration
Precipitation
Chromatography
Filtration
Fartition

Brath condition
Flocrulation

Dise stack, tubular, multichamber
Depth filters and cross-flow systems

Harvested cells
(ntracellular products)

Liquid shear home2enization, bead
mills, sonication

Antibioties, autolysts, detergents,
enzymes, asmotic shock

Dise stack, tubular, multichamber
Depth filters and membrane systems

Ammonnum sulphate, selvents
el chromatozraphy
Cross-flow membrane filtration systems

Two-phase systems
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Distillation Pot stll. comtimwows =0l

High-resclution techniques

Chromatography Adsorption, affimity, gel filtration,
HFLC, hydrophabic, ion exchange,
Metal chelate, etc

BElectrophoresis Isoeleciric focusing \
Dialysis Diafiltraton, electrodiabysis )
Finishing/Packaging
Crystallization Added salts. solvents
Filtraton Membrane systems
Gel chromatography Fmishing, not concentrabton
Drying Fresze-drying (lyophilizaton],

spray drying, tray drying

N 4

L3l alas Cell harvesting
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Chromatography
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Finishing steps

2543l Crystallization
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Immobilization of Enzymes and Cells

ol )5l Aadiie dylaal o sall WY bl IS5 o2 A1 Jiad G andiud
Baaaal) Ay jall Lgad 5 aaal) A Liilanl deadiuall dpde V) jaati I glaall (e g pumall e il 581
dihie G 3S5 Alle dihie (o paaliily cliall jue Judadl o)) Aadaie ) ol gal) e
Giob oo dslaall go Al by jall Juad o (Al eSl Jaladll (9 )k adiad | 58050 i
A8 jaia Balime i gl alany il @il jeS i gaks
Bade Ll e ATl ey 32U
Aila ) LS 5 Leils |
IS8 1 ) Sallealaniil sale | 4lSa)
ey 3V (e A Lgilaiie =
by YIS e L) ety Al o
Sl 3 Adda g (8 oSaill A ges
Adall s dpcliall Claladiond dulia g
Ablall il e aladll JSlie Jis5

Methods./of Immobilization

« Jaia¥) entrapment, ¢ J13&Y adsorption, 12 le 3Y) il dalall el
p pblaidh L il cross-linkings aludl kil il binding covalent

Adsorption ) 3sY)
Mgall 85 38 ¥ 3alall daws e (LAY ) cileg 330 3 8l ol yY) ) 5V Gpanialy
Lal) 4 pme o (Zlal ca sl Cilin 2D Al A clie V) Ji) Ly gumae e Gl
o) Y Slyia Ol @bl (Slaw-DEAE < sWle-DEAE ¢ bldl Jiue ouS 50 S
e 331 AN ) S ellAl A 5 paedl Jaal 511 5 (ulld j0aild (5 8 Jia ddimaca (5 58 (Alalad) bV o) gl

63



Lo Jiad 1385 30 pall da o o el 0¥ 8580 ol o g sngll a8 0 8 Adila ) jpahy A sgany uciaal
ey 32 eliall aladinl

(A)

(B)

® : Microencapsulation

> 0SS dlee ) pdy s e 5 8 Microencapsulation ¢all cadadl)
ool e s 5l cGands ol eyl g sLiall () o 28 24U 4pd oLy (Sl sl Jile Jalad Cum By S
;A Cadeill 5 e 3k OE llin | sl e ol ¢l
1. Building of special membrane reactors.ials 4lie cilelia by |

64



2. Formation of emulsions.cblsiie (p S5

3. Stabilization of emulsions to form microcapsules ¢nsSil clilaivl) Cuds
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Penicillin production ¢plid zl)
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Penicllium chrysogenum and Penicillium notatum
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zwY) by Production medium

glucose, lactose, sucrose, « ¢lld i Lo cpluidl Y de giie Gs)l8 jolias caensdi)
S Qliig 3 | ethanol and vegetable oils
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Add Penicillin
: . precursorl  fermentation
Blos.y.llili.hﬁm ‘ o) »
penicliin Add / Chemical or R_E_M s _CHs3
precursor I Add e sl T 2
H 5 4 3 CH3
: precursor | treatment o’ COOH
g . ] f penicillin G H
Biosynthetic e
penicillin Ii 6-Aminopenicillanic acid
Biosynthetic )
penicillin 111 Add side
; chains
Natural penicillins chemically
(for example,
penicillin G) Semisynthetic penicillins

(for example, ampicillin,
amoxycillin, methicillin)

Figure 30-9 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.

70



=

-+— motor
gases out ;'f;m l
rz_ sterile air in pH control ::;0;;1
| food 1eSeVo
antibiotic out _(ubﬁ i o \
; T__Z"‘ \  nulrientsin
acidbase i 7” :‘-—'— N .
' inte
pH monitor temperature t
O ([ Menitor %
water | Q) | , cold water o
out ‘ slirrer jacket %
1=
i m temperature
} recorder and A
cold water v
b o
Cl&3 stirer paddle
! : coid water
. nng of inlet %,
air outlets
air inlet — AR

ER{En | harvest line

cooling water in

Cross section of a fermenter for Penicillin production

I

®

71



Inoculum (spores
on agar slant or

in sterile soil) Growth medium

& 2% Meat extract; 0.05%
asparagine; 1% glucose;

fgauplates 0.5% K,HPO,4; 1.3% agar
Spores as
l inoculum .
2% Corn steep liquor; 3%
Shake flask sucrose; 0.5% CaCO;
4 24n
Prefermentor Same as for shake culture
19-24 h pH
5.2-6.2
1% Sucrose; 1% corn steep
Fermentor liquor; 0.2% (NH,),HPO,;
0.1% CaCOgy;
60-65 h 0.025% MgS0O,-7 H,O

pH5.8-6.0 0.005% ZnS0O,4-7 H,O0
0.00033% CuS0O,4-5 H,O
0.00033% MnCl,-4 H,O

Purification from H3C ,CH3
broth after CIH3C OHHH
removal of cells O"‘ OH
OH 0
Chlorieirucydme

Figure 30-11 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.
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Production medium Inoculum development

Production fermentation
(a fed-batch process)

Broth clarification
(e.g. rotary vacuum filtration Washed mycelium)

'

Solvent extraction of cell-free broth
(e.g. amyl acetate)

Extract purification
(e.g. activated charcoal treatment and filtration)

'

Crystallization of antibiotic
(e.g. addition of sodium acetate)

Recovery of penicillin crystals
(e.q. filtration)

Crystal washing
(e.g. anhydrous ethanol wash and filtration)

'
Crystal drying
(e.q. vacuum tray drier)

'
{ Penicillin acylase treatment and
the addition of a 'new’ side chain

v
Natural penicillin Semi-synthetic penicillin
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Production of Streptomycin

Opnanlba syl i | el piSAl) Leaandt Al il Gial jel AndlSa 3 13 puala i i) an)
Juall LS g ol S dapal AL L S aa Jled 4 5 «Sfreptomyces griseus LosS (=

.tuberculosis baeterium

aminoglycoside s> dias Guudl@ih yiddl - -
(Ol S slall Qe N 3183 3 e gt i) 1) 5 6S IS0 (a B pilan (ppeale 53 i) gy

SR gl Al
:Cﬂﬁ\ &% The Inoculum Production

(e andll W Cuds 8 aeailly daasdll (Strepfomyces gASBUS <)) sus axiiu
, adall b Gl AT jhadll gai any s Apulal ¢ ) 38

:busll 15385 Preparation of the Medium

ohan Juadl aal 58K a5 A U 3y S shae o 2UWY) sy g sing
e g i) 25 80l ) A 2ol Law ¢ 52 S

1. Soyabeanymeal (1%),

24Glucose, 1% and

3..Sodium, chleride (0.5%),

Hocken hull (1963) recommended the medium consisting of
1. Glucose (2.5%),

2. Soyabean meal (4.0%),

3. Sodium chloride (0.25%).
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¢ Assay
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Sterile sulfate 19 metal remover
Sterile dihydro 20
Sterility test
» 22 - » 23 > 24 » 25
posor <
Sterility test

21

1. Master culture 2. Agar slopes 3. Shaker flask 4. Seed vessel 5. Fermentor 6. Acidification
7. Filtration 8. Neutralization 9. Fiiter clarification 10. lon-exchange reagent 11. Evaporator
12. Crystallization 13, Vacuum oven 14, Calcium chloride crude complex 15. Calcium chioride r

16. Crystallization 17. Catalytic hydrogenation 18, Finishing 19, Seitz filter 20, Freeze drying
21. Vial filling machine 22. Capping 23. Labelling 24, Packing 25. Despatch

\'4

- Fermentation:

Submerged culture method & )k alaaiuly juedill Zolee o35 -
(/5-4) daslall Al e cualia PECNKENE
4 sae da )3 30 A 25 O Adlaadl 5l adl s o -l 5 -

e Jaray (e sy i) U] Caany Sl3 aay 8.0 5 7.0 O i) i s el a8 50 = ) 5 -
8.0 I 7.6 (0 s s oued) B850



: Harvest and Recovery:

J\J)Eu\fﬁguda__\} @Jﬂ\éﬁ)ﬁaucdau\km}“use}w\dgaﬂécw\ d\.ASS\.Ja_a‘I
(B By Gala 55

Ay pendll Bl

A gl (e Cla g il abiaial ¢ 58Sl Jals 381 ) e (g iy dgee e

0

28 Cad Ay sie A 0

Scaall Canna il Al ) 0 i) Gl s o g ¢ giliadl

b o 4l 5 AT 8 5e B A

S\/’b

g

76



Production of Vitamin — B12

i s 4l eslall (8 gl B (el 58 ¢0aa¥L S s Wl g pmall €120 (ppaliid

A S5 B e manl) Slgalls flaall agdall c1aY) 8
oald I Sig s (Ol an WA (e Agla I3 3R Jiiadll plee Jd Bale 1200 oaelidgel Ly
Al g Aiaall (alead) S 5 ) AilaYl cahiis (DNA) sl padall 875 e

A anall Gl 51 age 1200 (el Gl dule 3 5a

STARTER CULTURE
:cyanocobalamine J! cliall jaeddll duldal dnilia 43010 Sl 5 Sl

1. Bacillus megaterium
2. Streptomyces olivaceous
3. Propiombacterium shermanif
4. Pseudomonas denitrifieans
5. Rhodopseudomonas palustris
dallaad) JOA (g el 5 Bpa 50,000,940 ASall (5585 120 (el (yo dpaS Ailunl) Y i
20 (el ZlY 4 gall daa ) 3
bl ju=si MEDIA PREPARATION
0SS o5 Sl jolias
83 s 5SS 1

oadll gy 2
DS/ Lpall Job & 3
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(0SS O sl jalias Ll

Ammonium phosphate s se¥) cliué 1

Ammonium hydroxide and Cobalt salt for bl mloy asisa¥) 2S5 a2

Composition of seed medium (g/l)

Yeast extract - 1

Beef extract - 1

N-Z amine - 2
Glucose - 10
Agar - 15

Composition of Production medium
Distlled soluble - 4%

Dextrose - 0.5%

Calcium carbonate - 0.5%

Caclz - 1-5ppm

pH -7

: Fermentation

minerals.

oedill andngd 8 Al s Al daugliaian

0 Batch fermentation in aerobic status. sl s 4 & Glady e jueddl) a4

[ Stirred tank{ermentor.
[ Tempeture-25-27c;
JPH-85-75

] Lobalt is needed to attain maximum yield

7 Aeration — 0.5 volume using activated charcoal

[0 Antifoam agent used are soyabean oil, corn oil and Lard oil.

[ Yield of Vitamin b12 fermentation is 1-2 mgq.litre.
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RECOVERY

Medium + Cobalt salt
Sterilization
Starter culture of Propionibacterium shermanii & Inoculation
Anaerobic fermentation for 3 days
Aerobic fermentation for 4 days
Eentrifu%ati.un
Harvested Broth
Cell I-I:;.‘l}"l.rest
Acid tr&atme%and heating
Released Pseudo-vitamin Bs12 bakers coenzyme
Addition of cyanide sclution
Cyanocoobalamine in lilquid
Adsorption chromatography
Adsorption on IRC — 50 resin
N 4
U

Elution with a phenolic compound
K ® Cyanocobalamine in solvent
Q Evapﬂaﬁnn
E}'EIIDEDhElEJI;IIt'IinE crystals
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Ethanol production Jsty) gzl

(Ll 358 e 5 AT gl sl Ualind o3 jiay daladind Sa3 3 ¢ Ligs 13585 5yl aed

(o Al ) SN aladiuly pedidolee e Ulle 45 gl A1 0 J 535 &35 " gasohol ! (s

Claiia) sbladl ol (sl cadll M) Laall o o(ualls ¢ Sl iy ¢Sl caal) il S
Al Jaes (@)

:Strains

S0 ea aladiuly Sl cusd e GLAAN s Sudl jpedd G dalge U sl
Jalii 5 ,AY) LulEl) el ol ge 35Sl ciils ) (Saccharomyces cerevisiae)
O clalaag bl e A Al Al el Sl

el 3 A) ool Wi g () ¢ pudallagd) (LSIpenlipall 5 3l Ll aliaiud d celld aay m
A8kl ASlging Aadlae illee iy & ) 5l galas sinll) ALl g, 3 A1) < (&) <L)
il Jlall gas)

S. Cerevisiae s sa (a5 ida SV Al g 5 5S SIS Lpadana 5 dailill by Sl jedl m
(52 .5.054.5 O s i dum 54l R)0 5 Agie A )2 385 32 (e sl ST Bl sa A ) e
Boallie llee ol clady e padill cillee (555 O

s (Y e (pan/onn) %10 Mon o (55ind "5 " Al sl i jpedil) s2a gidi m
il J8 Bale 3 yedll Leie Juad

il D bl aladind sale) 5 g sl ppasll J Y salaind (Say

S. cerevisiae s medl SY Cpuatl 48 5l dusigl) aladiul m

Biochemistry

WSS (DSl S Ssllall) e iy s S 3 jedl) 8 53 g sall ey 1Y) J3a0
SN Sl 5 J ) e sn il am g KU e3a J3a8 a3 ¢ S 8

Sucrose------------ glucose-------- Pyruvic acid---------- Acetaldehyde-------- Ethanol+CO2
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¢l5l 3 Jadiy Raw materials

Gl Jemns o panll il Sl Gl ¢ Sl uiadll/ Sl Cumd juac iy Sull 3l sall (]

9-4.5 i galldn
Acle 24 : pediliBaa -
Aa 0 lo Blaall (5 55 pa by il -
plaiuly JsiY) e sl Bl ety -

2l

x »Alll Fermentation
< : ol el s £ 52

JsaS o Jsemall dalladll

oadAiuY) ) Ala pall

(LSl Sl Jaanll in) paall dallae oY sl

¢ (DAY e pemnll) el Zalles Y 2yl
Sl 1 dla )

Cagadll s skall 1o Ala )

el 7 dls Ll

J Uy judats -V Al )
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Whey and
other dairy

wastes

cereals, roots
and tubers

Starch crops

Sugar crops
beet or cane

[ Deprutemauun

Gelatinization &
saccharification
to glucose, maltose and
maltedextrins )

(sucrose)

|

Juice extraction

Fermentation medium
supplements (nitrogen,
phosohate, vitamins, ete.)

Fermentation: batch, sami-
continuons, continuous
+/- continuous ethanol removal

82

¥

\
Lignocellulosic materials

wood chips, sawdust,
straw, waste paper, etc.

Y

Pratreatments
Mechanical size reduction
& delignification

| =]

[ Cellulose & hemicellulose ]
'

Arid or enzymic
Hydrolysis to glucose, cellobiose,
xvlose, arabinose, ete.

*[

Fermentation by-products
[animal feed, etc.)

i ‘1
Fermentation by-products
(animal feed. ete.)

!

Azeotropic Distillation
99.8% [v/v) ethanol

/

v



JAll zW) Vinegar production

(edain 5 daxdal) o 46 plam bl JSG) Jall aading £3Y axh 53 JsaS Jila Ja)
bt JalaS Jamy il LS 208 W) it g Adald) el 8 0388

b el Aol 53 N aSl jaedill A (e drdall A 5 Sl AaiD jpadiil] AL iy
. acetic acid (acetification). i) pada ) J 5l 88,5 3

LS a0 (s oon Jsad Alae Gl (8 a5 ¢ 40l sa e Dlee
i) (aas N J AN ALS e s

1/, 02 H,O

Cytochrome o

Proton motlve force

uQ

CH3CH,OH LL» CH3CHO A—Z> CH3COOH

Ethanol Alcohol  Acetaldehyde Aldehyde Acetic acid
dehydrogenase dehydrogenase

Figure 30-22 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.
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2x3ATP+H,O

N
\

NAD(P)H, NAD(P)H,

NAD(P) NAD(P)
(Hzo\_/

CH,-CH.OH —% CH,-CHO— CH,-C({HO), —» CH,COOH’

Ethanol Acetaldehyde Acetaldehyde Acetic acid
hydrate
I
Strains \

- Industrial acetic acid bacteria a bers genera Acetobacter

and Gluconobacter, mostly A. acet, eus, A.hansenii, A.

rancens, A. xylinum and G dans.

- An acetic acid bacterium n obacter aceti, Obligatory aerobic
bacteria.
- These bacteria ve | to acetic acid.

Fermentation
Qﬁﬂiﬂ\ & Submerged methods  eadl 5k aaaiid -
i) (amdls jpedd Sy -
Alle 4 5e8 g0y Tacall o gliall 3Y 4l e Aoad o3 Jelaall ol A -
2B)ingen da 5 A5 dn 0 305 24 O )T 5 Aa o v Bile Jaesy -
Jofida 108%1.5 Jss LY claldlll 3S 5 -

il 5 Al aS) 8l Jin (midia J9aS € 55 Il o) ga B e oY Caeadinl -
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Vinegar Production Process JAl zUil 4l
1. The Orleans Method

2. The Trickling, Quick Process 4 sl il dilec

3. The Submerged Fermentation _ sexall jaeiill

e g siadl O3RN e DO ol sell @l ail de Lyl e @ jaa o
Gonsl) Bl e 5 giny 53 Jslaall ) 4adii s 63

& Al < pladll 2
(Clay Y

Aaedll J8 40 40-30 5 755 ) s da o die Jeladll i 05l 4
Warke 1005 50 O 51wl 38 3 S a3l ddla) 5yl o2 SIS (S g
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diagram of a vinegar generator

Exhaust \H

——— Starting
Recirculation

| material
tube o ::'::\”/

Beechwood
I shavings

Oxidation air

Wood grating intakes

Collecting —__ Cooling coils

chamber =
Product
: * removal
Figure 30-23 Brock Biol of Mi 11/e

© 2006 Pearson Prentice Hall, Inc.
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Rice

Method

> (i = g |

[ Put rice into the vat I

Draining =
<{—

Braising

7/

[ Saccharifing by wild microbes falling into naturally the fermenting container l

I

Alcohol fermentation and acetic acid fermentation by wild
microbes falling into naturally the fermenting container

1:.}

- Soring - C:[ Cnmpressinn]

\
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Amylase Production

Clas gzl Ales 8 i a0 a3 s Salalalill g A liall cilay 3391 aal asl sa bl
Jrisall e Cashll e Jery ald il sa abealliy Lein s i)y sillally S BRI
. polysaccharidesehains

redill 8 ) alial Wl aadiind ey I AaleaVU | Sl Gl il agiad 8 40 yadl) Col@iliaY) Ereadii
: s <l by & ) ) o phal A4 ol
O inSoall b g L) st ) iy G 501

:Strains

Bl ) gl amy g LSl @l 6 Lay o ,aY) A0 S aliasll J# e Wl 55 @

Bacillus species, B. licheniformis.| ¢ sV a8 Vs 48l ¢l jlue) W) i o

<liki e amyloglucosidase (glucoamylase) zEle Jich LAl ) la o
.Rhizopus_s Asperqillus niger

SalSIl 5 ST iy il 5 Lail) Jlay o 3391 13d Sy @

81 Aland s Alle Ao ol ol JIatll AL sa pladiuly HSh S Alaall (ot (Say @

Production Medium:

Carbon sources:

[ Maltose, SucrosepGlucose and oil cakes
Nitrogen Sources:

0 Ammanium ), sulphate, Ammonium chloride, Ammonium hydrogen
phosphate

Qrganic sources:

0, Peptone, Yeast extract, Soyabean meal

Fungal Amylase (g/l)

Surface culture system using corn starch containing media.
Corn starch - 24

Corn steep liquor - 36
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KCL

Na2HPo4 - 4.7
Cacl2 - 1
Mgcl2 - 0.2

Bacterial Amylase

Submerged culture using the soybean meal media
Ground soya bean - 1.35 %

Autilysed brewers yeast - 1.5%

Distillers dried soluble - 0.76%

N-2 amines - 0.65%

Lactose - 4.75%

Mgsos- 0.64%

Antifoam - 0.05%

Fermetation: %
Temperature : 30- %

pH :6-7.0

Incubation : 7H

et 5l ) Q) i
® Submerged fermentation _ seaall yreadll (1
Solid State fermentation Zlall ALl & jueasll (2

il wlu¥) Jse (SmF) Submerged fermentationuseiall jaeddll asdiey -1
b Al G €l Jie dgdal) Ll o jpediil) 4438 iy . broths&molasses Jie ¢l
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(S LS A s Al latial 485 T 5 il it o) jal (S o el sl 3 e s
;U}S-““:\-’}L)S‘JU:‘MSY\ @}%}@\}h}aﬂ\&;)&}ﬁ)\)ﬂ\&)d&éﬁ\ uj#\@éaﬂ\
Sl il Seall adis 46,k 4 Solid State fermentation 4lal) Adal) & il
AT o iyl ol 8 dale Aeaitoodd) ALl L) 5L 5 s el gl 1y 8 A
bl A L g 58 e (S AT 8 Fansi 5 3uall 5 L GBs1)

Ayl o3 & S

Filtration
Centrifugation
Precipitation by organic solvents
C Concentration using Ammonium Sulphate
Dialysis uainglmter or buffer

Q lon exchange Chromatography

Gel filtration

Affinity chtlnmatugraphﬁr

Dialysis
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Protease Production

Loy i Al Al dal 5 Al Jlaill 3y ke e (sl Jlaill dilery o g8y 555 ) )

e ) cilelia 8 2l e IS ey 331 038 aadind s o o) Aludes 3 Lgcars 431 (ala Y]

L) o ae s laginll @i Aadll Gadladial ) AilcaYl delall g o slall s cilabiallg 4y 0¥y

15k U Jiaddll jaaall 35 Aadal clulll o V) ddloa) dysla <l 35 5 Wl o il sl

LA e Aad) gl 3 g pll ) Jlail) e $slal) 4 glall ol 5l S80S | sedlladsal
D e aaliatial g

: Strain

Rhizopus microsporus was maintained(at 4°C onjpotato dextrose agar
(PDA).

They are 2 types
i) Alkaline serine protease — Bacillus licheniformis
(G ) A Sl e amlill Bl (s siny saels dan s alasiuly ey Y1 can]
1. Starch hydrolysate - 50
2. Soya bean meal -20
3. Casein - 20
4. NaxHPo4 - 3.3

ii) Acid protease - Mucor pusillus, Aspergillus niger
AN il Sl BT malall o gl 5 siny:

1. Starch hydrolysate - 4%

2.'Soya bean meal - 3%

3¢ Ground barley - 10%

4. Calcium carbonate - 0.5%
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Fermentation:

Medium — Basal Medium =& L 5

Submerged fermentation

Incubation time- 96 h;

Temperature — 30+ 2°C;

Submerged fermentation pH - 5.5-7.0 ‘

Stibmerged Solid state
Sferimentation fermentation
l Extra r‘* g e Animal
Cell Cell firee AR ,::” Feed
separarion supernatani separdiron o n
i Solvent

SUpETnaiQn! b | ¢otuont

recovery | ¢ .
Enzyme P
Concentraic m "
H !
{ : 3
Enzyme 3 :
Stabilization i !
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Recovery
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Production of Glutamic acid
& 35 sall L)l Aia) Galeal) 2l s (L-glutamic acid) <halifkll ads
e JS8 o A4Sl uady S GilaaS o) S0 addiuy deekl) (e de e de i

Aaalal) (any A oanh JS0 (MSG) psd seall el slall (galal as 15 0 533 52l

Biochemistry
Glutamate dehydrogenase
Oxoglutaric acid+NH+NAD(P)H+H* » |-glutamic
acid+NAD(P)*+H,0
Strains:

Aad ) Al iy Galial) e @l dlialigdall padal datiall dadal dall ikl Jads
Arthrobacter, Brevibacterium, Cerynebacterium, Microbacterium and

Micrococcus.

Corynebacterium ‘species are used for economic production of

glutamicacid by submerged fermentation.

Production"medium The medium composition as the following: (g//)
1. Glucose-50.0,

. Urea-8.0,

Biotin-0.002,

KoHPO4-1.0,

MgS04.7H,0-2.5,

MnSO4. 7H20-0.1,

CaCO0O3-1.6.

N O O N
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sada 5l NT asmsall 2 na abhaiuly 7.0 ) dawgll fases 40 Jdied o
N1 &b, S,

Fermentatio
Jaall o gliall 3Y il (e el a3 il A e 5 ke deliall jueddll cllelia ¢ sSitile

[ J
[ J
[ J
ey Lo gl @l gISH el O sine Jaay 5 cde sl Bale Alaall i @
. Yee 80
Recovery

Aot e s e WA (b geiiall salaiad Ganiaii 1

b oo Ml bl e LS pada el 2
2l 55 el (mala alaaiily (3.2)  isoelectric point

Sual s el IS imnla il )k 25 5,3

ol ) o g gall 2uS g p2h (e Jglaa dBlaly MSG B4 siasy 4

¢ Al i
Q skl i) 3
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Fermentation broth
ﬂ -----—---MSG mother liquor

Cell separation
Cuncelxln'atiun %
l} H2504
pH adjustment N
. AN T
Crystﬁﬂizatiun

Resulury <——">Separ: Jtion ==SA separation liquor
------ NaoH
NELIITEﬁiZEItiDII
I = Active carbon
Decolorization
—>Carbon cake
Filt}fatic-n

!\IF
Filtrate

Concentration & MSG crystallization

Separation------GA mother liquor

Drying



PRODUCTION OF BAKER’S YEAST

@Y s Omomaedl Al ) panll ) Sl dalee (3 jaedd JalaS 3 jpadd) aladiul 2 ey

Omnal) oAbl 30l Dady (e Ganal) Wy (s el pedall 3l aiad OIS LY Sl aggla 5 Sy

Bomd (e Bl OV (e A ple Ll pall all alle 8 W gz S
Ol AeSig Al B 3 A glhaall @l Hpadll Silaay il Aiae 20 Saccharomyces cerevisiae

Y a8 afais | all 3 pedd ookl W S, cerevisiae &Y pailas las
U i 5 B i 5 LAl YDA (5SE f Gany Ae s 58 a4 S jaedd e 3 sl
Axdy ol el jueadl B Ge il () s IS A

saad Al ol el sl dilasll 5y o3 UiRal) B edl) A e Al B3 gn adiad
S BRI PIYRPX\ PRTSPYRICN IEWCPURPE L PRS PLRI | St eSS SR PYRSTN [P LV JUHPRW
BN
B i Ol s Sl (e s sian T 57285 el A0 il il 5 el ppiial 8 -
54 s el o lhoie S Uiasls ()5Sl lan sl s s yugl) o)) szl -
LS pai paalad) s s puell Q8N Gy B -
Adlaall 5y IS w8l dass ol s oy -
o) e Ay ety ¢ Hadil) Jans g1 (g 3S all )kl (3 )k e LOAN dasd il 8 -
S U8 e TAAES JRES &5 ¢l ey ¢S ALl Cu 3l (e 8 S Gilml -

el ¢ Qaiisall aacasll g Al Cilada g ecilady o Janll s dda jlall 40000 jualiall foa a2
Ag sl clilizaall s g i) (abeall s Aiall 4oLl ol gall LY Glic 5 Sgw
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113 PRODUCTION OF BAKER'S YEAST
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—%—‘ H
| l | Muior
Mass Flow controller A B Ve \
Prssire Rl . Gin Sarling Port N
I%ﬁj 4 Liguid Flow |
R
i L Liniid
A . | fampling Fort
Gas tank Nitrogen Gas : Vent|  Witrogen Gas
1 il
-
.
A
- S/ O
Fermentor

. FIGURE 1.3 One complete set of fermenters with all accessory contralling wnits
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Production of Riboflavin

Al Sl 5 sall (555 i colall (8 Ol gall S (aalid g (20 (alid) (DM 5 )l

bl s calall Clgally gaill Al Ol all ol M s (el ot Gl gualls Sl

gl b8 agmy s (SN 5 sl g el 5 casalll 5 callatiia g adaldl (8 (8308 g0 ) 2 5 (Gl
Al daladll Glay 3Y) dagda () oty JS5 LIS o8 3 @udla 5 )

Microorganisms and yields of riboflavin
LN g 1) LY (il ) 95yl 5 L Sl dadal Sl e spaedlaladinl g,
Clostridium acetobutylicum and LS aaaidly () S8 s dlgision I s dlee
550 S (M ey g S <. Clastridium butylicum,
ascomycetes ahaiuh bl peddll Gyl e o ) OSENERE g ) o jladll ~lY) 5
gL,y 15k Glaaiul JSY) L Ashbyasgossypii and Eremothecium ashbyii
i o Syl e Sl W e WAShBYa gossypii - o gl dlle ¥ & 3h
(s T/ae 15 ) diay Lo VB 224
(Ol g ) 28 Wl Candida Sa

b b ez s oS5 0 Production media
D sl 5 slall s Sl 568 IS Jladind ¢Sy 3 a Jslae s 35S SN Jie Aaguny iy S
O S ras
ALY LY o gl Y 3y S o saall bl R <l i) 3
gl Ll ()l ) sl 5 cJ s ) sV s eomunlall s ol gindl 5 6 jpeall paliiie ALl ) 2
LA 5 M)
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DAY g Blai o i gy ) LY daddiid cililes O dUia
1. Biotransformation
2. Chemical synthesis

3. Fermentation

. Ferm

7.5-6 o Hael ol hugd JN) s n

vwm 0.3 458 Jarar 4 5 4a )0 28-26 ) s 4a 0 2ie

Y

Jall Skl gl s il ey WA e (aliil) (Say Y

‘ Q QL\M X Gﬂj cm','.“jéﬁ)ﬁ\iﬁiﬁ('ﬁm“i
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Production of Rabies Vaccines
ZU & deadia) il pil) ey cangy oA T Al LOAD) il pil) S
a1 g ) e 8 lalill) (a2 Glag il 038 & 555 lee LA s28 & cilalall
Tissue cultures and their cultivation Lgiail g Ao A2

LAl s Aaa de) ) anls dplal cilids 3 sl 8 A gal) AN Al ) ) i

L &) 3 s Medium for tissue culture
cre Ll Tl Y1 w2 () oS53 LAY de ) ) e siia Jallil 58 o

inorganic salts,

amino acids,

vitamins,

nucleotides

low molecular growth factors such_as hormaenes, steroids, and fatty

acids.

B L A Y ) labiadl (e g e Wle Cilia) LS e sl

Al Jpast )k
g yre et e s3AL (panll e salall dial aand dadl of cuSUKH dial alasiind vie 1
trypsin, collagefiase, hyaluronidase dJis 4,88 el il wlids a8 & duala
and pronase.
Bl Clllati 5 «Blail¥) e dideall 03¢ 4500 LA The fibroblast cells a3 .Y
e Blail¥) e saaieal) LAY dadail 8 4 g jil) clalill o ladll ppiail) #lad ading Y
Lele Jaliall s Aol 45518 Dalal ciliad (5SS
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oS) iy Al yualial) Saiiu slelye ga cibing dpuliall paill ciliy SRR Cay £

_C'_1§)S\ JJ)A,!(F)H)L'A}A;“:\;JJQ\)&&S} S zadll

Chick embryo cell

!

Inoculation of rabies virus into the cell

Il

Cultivation of the virus (35c-5 to 7 days)

Harvest of the virus (membrane filtration)

\

Inactivation of the virus

!

Treatment of 0.045% [3-Propiolactone for 60 minutes repeated 2 times

!

Concentration by ultrafiltration

{4

Ultra high speed centrifugation

|
aF o
Precipitate

!

Treatmen with Nacl2-containing

Buffer solution (pH 7.1)

{

\ Conditioning

Final bulk

Freeze drying

®

:Cell harvest
ain or Jie oAl s ey i) 5f) el aladinly WIAD sbas (S
1) e e sl ol hiSIl of (EDTA Jie dlie Jal se alasiuly §f ¢( pronase
T gl 3kl s
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Recycle and disposal the industrial waste
EOE e i) i Qi) Jas o deliall ¢ e dpeliall il (S 5 ey
e cleliay sl Gl s cdadill A ) CilelBa
SYSTEMS FOR THE TREATMENT OF WASTES <illidl) Apdidba
b Lagd Ailall il 8 i) dadlee 8 Al A o) g 5 S0l 3 jallal) Jiars
olsa (o Jlaill ALEH 4y pumall UL jall ey ylaill 5 oLy i) Fuals 5 gl gl A Salle LERH st (1)

Wdﬂo@aﬁéaﬁﬂ\} _(\A‘)..}'c} (Ol g ccalini g pll g el gaia o S dﬁn)‘ﬁmﬂ 8 pall
A peaadllgall el addna (g ginae 0D

Jradia JS5 Wil llais  AY i 5 (e Leillg) g slas anlaell Al ol sal) (585 ) JSE5 (2)

aleall a1 S Jlaill g calal) aall Capeall sbial 3l gl SR als e e dallaal ()5S @l

Aerobic Breakdown of RaW Waste Waters sl auall dipall slial Al ggd) Jlal)
[kl = ye g Adndinall slaad) Sale jlieadiual) (U k) Jads
Activated sludge treatments 4hadia) slaadl cilallas |

( BOD)(Biological Qa2 o ol sl Callaiall (aaliaily allas ol 30liS 23a5 L ale
sy g dallaall 38 s pall sliddoxygen demand
a4 Lﬁ U}S-’ k| (:LAJ\ U}A\ c\.}.nj slaall O UMM\ (w1 64_1}@_13\ :’\_IAS é:- AN VNS
QULINBOD (e £90-9+ 13 laamy s cclel Vo s Gaadlill ey ddy i) ddadinall sleal
S U ol gl
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slaall O ig AV eTe BOD  0sSH ¢(de aall Adle dallaall 8) aadl (el () ()5S0 Ladie

daidia slaal) K55 730 o JSL BOD (addy calil 330 day g o shal (uadli (e ) pa, ST dalal)
Al

-

OnnS V) lasd A () 65 G gl il () 3l AU 8 LS e amnS 6Y) Lgd A ) A1
o SV daal g delu ) deay ) nal Guedlil) ey (05Ss O (S (Bl 3 sandl s (8 LeSTedlle
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