Unit 1

TrTTSHT hl Gl

(Discovery of Enzymes)

TeATSH ST HITSRTal § ZI ATt Tl TETaiae ATRITet (metabolic reactions) F Sifae
STITH (biological catalysts) g1 T3 T8 THE o “HITAHTAT H s AT a2 AfSrihamst &
AT AT & Ueh AT AT ATAT T TR0 2

1. 9T F1eT; wEeaay fhvaq (Fermentation as a Mystery)

o HTHA FATL AT H:
o I (wine)
o FET
o W
o uT
FATAT 3T &7 AT
o TR g Gl SATAaT AT foF T8 IHRaT F& gl

() T8 T SHaa-91fRe (vital force) T THROTH TTHT SITAT A7

o

2. Vitalism Theory (sfraqarar forgid)

o TETEAE ATTRATY Faer S RIfAewrst & & d9a &
o TRt ol wered & 7 Gt 92 g1 Rt

() =9 THEid 7 A« T9T TF TraATeH &l areqias Thid ol THAT | JTeT STl

3. 9= 9T=X (Louis Pasteur) — 1857

-

RILEAL



. Zlg ﬁ-l?g’ ﬁTZIT %:
o TFuaT (fermentation) Sfifaa fiee Ffwwrsti grr grar @
° Wﬁﬁ- gl

“Fermentation is life without air”

o Tohuee = Shfea Frferrren $ G
e A Vitalism FT <1 f¥aT

(1) SITeRe 9T 7g Al aaT Teh T TR o 37a< hIF-9T Tk Tg HTT F:dl g

4, ugare g=°¢ (Eduard Buchner) - 1897

i i i A e
o Cell-free extract (FTTHT-Hh &) TATAT
o AT
o g extract HT ST HI Tohlgd H da <Al §

o Irgid TH HHT TTH AT ATH {&T:

Zymase

o TEeAt A fig ger o

o Trvae ¥ foru Stifaa wrferT straeas 78t
« Vitalism theory T 3@
o TUATSH il GIT T ATEI (A F TTLH

11907 ® FAAT Tl Al TLEERI (HAT

5. “Enzyme” 9rs2 #FT Icafr



o T 9158 “En zyme”
o En=3gx
o Zyme=@THIT (Yeast)
o Y “THT F AT HISE T

6. TeAT2H =l Fahia 9% faare

(FIT TITEH TIE £72)
IR e

o T AT TS o
o TATSH TIEM g
o T I A
o U TRl 7T T & UaTd B

7. S+ T, F9=< (James B. Sumner) - 1926

TRITSH = TIEM
TIT

e 3@ UaTH Urease :
o Jack bean ¥ foeeetioha T

o TURATEH & daeT § 7 afF7 a3
o« TAEAYRNES

(11946 | AT [TERTT

8. Tt s elt (1930s)

TR

e Pepsin
e Trypsin



e Chymotrypsin

T Foheectiad T
71 Sumner T @IS T I g2

9. Ribozymes #T @<t — 1980s

(TRITEH ZHAT TEA Aal)

e Thomas Cech
e Sidney Altman

EIE]

o RNA st catalytic BT TFdT §
o TH RNA il %gl 4T

Ribozyme

(1 1989 ¥ e [XERTT

10. g I § TrATSAT 6l G

Recombinant DNA Technology
e Gene cloning
e Overexpression in E. coli

e Industrial enzyme production

Metagenomics

o f3AT culture FFT 7T TeATEAT FT TS

Directed Evolution

o Lab ¥ 97 3T agd¥ UralTSH aATH]




11. UATSH @IS T JHATAF HEed

Metabolism T TH=
Disease diagnosis

Drug development
Industrial biotechnology
Environmental applications

12. UAT=H 9IS T wTahH (Timeline)

Efa EELRC] L
;,ﬁ—,rgrr - ERCE IR RIE
1 Louis SUESENREIL
857 Pasteur ATTITF
1 Eduard Cell-free
897 Buchner fermentation
1 —
926 J.B. Sumner TeTEH = T
1 Cech / _
982 Altman Ribozymes
TrATEHT T G oheu

(Classification of Enzymes)

e TSR ST HITAHTA | I ATAT AT ATHIHRATSAT T a5t FLe a1 ATAh SSHTH
(biological catalysts) g1 FTTh ZSTLN YT T ATHERATT AT &, THIOT TrATSHT T IehT (AT
(reaction type)  STEITY T¥ A fTeha AT AT Bl

TeATEHT & 7 T a9 (Updated classification)

1. Oxidoreductases (iFHEIE®)

FT

o AT THTO-TTIAT (Redox) ATHwaTE



o TAFCIA [ ZTES IS T TATATALIT

Y

SIBIEEEIRIERIL

o Oxidation
e Reduction

IS0

e Dehydrogenase

e Oxidase
o Catalase
e Peroxidase

Lactate + NAD' - Pyruvate + NADH + H'

e agea

e Cellular respiration
e Photosynthesis
e Detoxification

2. Transferases (THH)

FTT
o TF A F ZAL A H functional group FT T
« —CHs (Methyl)
e —POa. (Phosphate)
e —NH: (Amino)

IS0

¢ Kinase
e Transaminase
e Methyltransferase

IETE 0T AfATehaT



Glucose + ATP - Glucose-6-phosphate + ADP

3. Hydrolases (Zzgr<T™)

FT
o S (H:0) & ITFEATT | Fer qream
Zad AT 9

o Peptide bond
e Glycosidic bond
o Ester bond

:; 3 %\; \
e Protease (Trypsin, Pepsin)
e Amylase
e Lipase
e Nuclease

Protein + H,O — Amino acids

4. Lyases (AT3w)

EIR)

o fEAT ATP 7 9T+Y F:
o Y Eﬁw
o IT double bond FTATAT

fareroar
« Hydrolysis 3T oxidation T8I

e Decarboxylase
e Aldolase
e Dehydratase



I

Pyruvate — Acetaldehyde + CO,

5. Isomerases (TEHH)

EIR)

o AT % W< structural rearrangement
o TH I A & isomer TATAT

SEIERSU

e Glucose-6-phosphate isomerase
e Racemase
e Epimerase

IITET

Glucose-6-phosphate =& Fructose-6-phosphate

6. Ligases / Synthetases (=)

EIR)

o T AV AT SATSAT

o ST & BT H ATP FT ITTNT
T T 9

e« C-C

e« C-O

e C-N

e (C-S
IETELT

e DNA ligase
e Aminoacyl-tRNA synthetase
e Glutamine synthetase

SEIERSU

DNA fragment A + B + ATP — Joined DNA




7. Translocases (ZrEaTy)

(7T =)
—

o f3reett (membrane) & 9T
o A

o

SN
FT TITATAT FLAT
ST HJIT

e ATP
e Ion gradient

IETETT
e Na'/K*-ATPase

o ABC transporters
e Proton pump

TSI H A TL0T 3T HTL9T qTeTahT

EC
Class i w
Oxidoreduct
EC1 ase Redox
EC 2 Transferase Group transfer
EC3 Hydrolase Hydrolysis
EC 4 Lyase Non-hydrolytic cleavage
ECS Isomerase Rearrangement
EC6 Ligase Bond formation (ATP)
EC 7 Translocase Transport across
membrane

I+ g 97 astiw<or (Additional Classifications)

1. 39T F AT 9T

« Simple enzymes (Fa TTEI)



o Conjugated enzymes (Holoenzyme = Apoenzyme + Cofactor)
2. Cofactor # agme 9T

e Metal ion enzymes (Zn*", Mg>")
e Coenzyme-dependent (NAD*, FAD)

3. TATH & AT 97

e Intracellular enzymes
e Extracellular enzymes

e % forg Aeer foig

v EC classification I5% AT+
v Ligase = ATP ITTIT

v Lyase # Hydrolase

v Translocase = 73T a3 (EC 7)

TITSHT T ATHHOT

(Nomenclature of Enzymes)

1. =T (Introduction)

TrATSHI T HEAT ZT0 | & 3T g¥ UrATeH:

e 31T substrate
e 3{<I reaction
e 3T function
T catalyze F¥AT &

() I UeaTSHT T AT (standardized) ST 39T G99 E
THY ITeT



o IUBMB (International Union of Biochemistry and Molecular Biology)
o T THT(AE ATHRLT JorTert A i1

2. 9Tt (Trivial) sTeeRor

(A) Substrate ¥ 34T 9%

UesTTSH bl ATH:

substrate + ase

IETET
« Urease — Urea T¥ FTd F2aT g
e Amylase — Starch (amylose)

e Lipase — Lipid

v 93
X TR TEF qal (T substrate T F5 reactions TIH)

(B) @ISTehaT / &1 o ATH 9T

« Papain (Papaya ®)
e Trypsin (Greek “trypsis” = digestion)

XA 32 & gty

3. HHET ST AT F TATETH

HHHT:

o TF & UATEH & F% ATH
o TS ¥ ATH, -3 reactions

HHTYTA:
" Systematic Nomenclature + EC Number




4, TUBMB 1T U=AT2H ATHFHTI

X TITSH &l [T SITdT &

1. Systematic name (ST ATH)
2. Recommended (Common) name

3. EC Number (A3 129T9)

5. Systematic Name (=rafEad a1%)

HTHAT:
Donor : Acceptor + Reaction type
Hexokinase

e Systematic name:
ATP : D-glucose 6-phosphotransferase
() Tg T FqT4T &

e Donor =ATP

e Acceptor = Glucose
e Reaction = Phosphate transfer

6. Recommended (Common) Name

o TIAT I y=fora AT
o TIITYTATAT | YT

IETEYT
Common Name Systematic Name
. ATP:D-glucose
Hexokinase
phosphotransferase
Lactate

L-lactate:NAD* oxidoreductase
dehydrogenase




7. EC Number (Enzyme Commission Number)

R

EC a.b.c.d

3Jarg¥l: Lactate Dehydrogenase

EC1.1.1.27

e 1 — Oxidoreductase

« 1 — CH-OH group 9% &1d
e 1 — NAD'/NADP* acceptor
o 27— fafere ueTEH

[ A HEAT T AT H UH-H g gl

8. “ase” ga¥ (Suffix) F1 Aga

T AT UeerTEH:

. —aseWH’H‘I’H@ﬁ%

AT
’ HRTOT
T
Pep [UEFIEED
sin T
Try CIEEIEED



TAT

EUl

Ren & ¥
nin qreAT

R

9. Isoenzymes 3T ATHFTIT

Isoenzymes

e YHTA reaction

o T HLAAT/ gene

e 3T tissue
Jalg Ll

e LDH-1, LDH-2, LDH-3
] ATH H:

o TEAT T tissue TATIT STAT §

10. Multifunctional Enzymes

o T enzyme
e F% reactions

(] &< reaction

e I EC number

11. U URATSHI T ATHHTOT

SIS ETSH

e Gene sequence
e Reaction mechanism
o Substrate specificity

& LT 92 977 37 14T 8



IITEI:

e Protein kinase C
e RNA polymerase II

12. 93T & o0 Agaayul ax

Term Meaning
Common e vt
name
Systematic =Tf
name i
EC number
qeArT

13. T~ATSH ATHHII T HZcd

v 99 9HTE FAT |
v/ Research communication 3THTT
v/ Database searching (KEGG, BRENDA)

v’ Drug target 981

TRITEH! T HITAH-TETIAE T

(Physico-Chemical Characterization of Enzymes)

1. =T (Introduction)

ST FoReT TeTEH T & (purify) F2 /T SITAT 8, 99 78 AT a9 d+ gral g 1o

o IT WITdH T F FHT g (ATHTL, AT, HCHAT)
o I TEAMT €T § FAT AL FAT 8 (pH, TTIHT, 39, cofactors)

() Tegl I[OTT o ISATI STeTF9 Tl Physico-chemical characterization FZd 2|




2. Molecular Weight (smorfars |me) &7 et

(A) SDS-PAGE

e Denatured %7 §
o AT SAHIT  STLTT TL TAFIOT

wE:

e Subunit AT T ATHTT
o Purity T ST

(B) Gel Filtration Chromatography

o Native JTaeT &
« Shape + size 7T 9%

1 :
SDS-PAGE # Native MW
(] THH oligomeric nature TAT FAAT &

3. Isoelectric Point (pI)

ofeATaT
g pH 59 7% UraTEH #T

o T AT (net charge) = 0
KEGIER

e Isoelectric focusing
e Zeta potential analysis

g

e Purification strategy
e Solubility prediction




4. pH Optimum 3 pH Stability

pH Optimum
« d% pH &l enzyme activity ATeFHad Bl g
HTIT

« Tonizable groups FT TaEAT
e Active site charge

IITET

Enzy
me H

Pepsi

Tryp
sin

5. Temperature Optimum 3T Thermal Stability

Temperature Optimum

o TIFAT catalytic activity FT TTIHT
Thermal Stability

« Denaturation & Jfa Tfa<rer
EEICES

e Mesophilic enzymes — 37°C
e Thermophilic enzymes — 70-100°C

6. Enzyme Kinetics Parameters

Michaelis—Menten Constants

Param oo
eter

Km Substrate



Param oo

eter
affinity
Vmax ferFaw =<
kcat Turnover
number
() g T ST ATa® Q1 07 90T &

7. Substrate Specificity

qu, z

Absolute specificity
Group specificity
Bond specificity
Stereo specificity

e Reaction mechanism FHHAAT
e Drug design

8. Effect of Metal Ions 3fiT Cofactors

Metal Ions

o Mg*, Zn*, Fe*
EEopr

 Chelators (EDTA) ¥ inhibition
Cofactors

« NAD', FAD, TPP

9. Effect of Inhibitors




e Competitive
e Non-competitive
e Uncompetitive

AT H AT FAdT 2

« Active site FT TH{d

o Binding forces

10. Structural Characterization

(A) Circular Dichroism (CD)

e Secondary structure (a-helix, B-sheet)

(B) Fluorescence Spectroscopy

e Folding/unfolding
e Microenvironment of Trp

(C) X-ray Crystallography

e Atomic-level structure

(D) NMR Spectroscopy

e Solution structure
e Dynamics

11. Hydrodynamic Properties

Sedimentation Coefficient

e Ultracentrifugation



Diffusion coefficient

e Shape and size estimation

12. Aggregation 3fiT Stability Studies

Techniques

e DLS (Dynamic Light Scattering)
e Thermal shift assay (DSF)

13. Post-Translational Modifications (PTMs)

e Phosphorylation
e Glycosylation
e Acetylation

R

e Mass spectrometry

14. Summary Table (Exam-Oriented)

Property Technique
] SDS-PAGE,
Molecular weight
pI IEF
Secondary CD
structure
- Thermal

Stability assay

o Enzyme
Activity kineticg,’
Aggregation DLS

15. "2 (Importance)




v Enzyme purity 3f¥ quality control
v Industrial enzyme selection

v/ Drug target validation

v/ Structure-function relationship

TATEH ST

(Enzyme Kinetics)

1. sy (Introduction)

TrATSY FTEAfeay ag & & ST a8 31293 F3ar g

o TwATSH T T (rate) 7 SATHHRAT FX@TE
o TE A FFA-Fohe Feant o AT Fft

(] AT 9Teal b
“UFATEH oAt ASir & HTH HLAT & S 79127

2. g1 AF41L0: Enzyme-Substrate Complex

E+S=ES-FEG+P
E = Enzyme
S = Substrate

ES = Enzyme—substrate complex
P = Product

1) srferfoRaT Y i ES complexaﬁaﬂﬁ@'{gﬁﬂﬁﬁ;{mﬁél

3. Reaction Velocity (v)

e v = FFE T ATAT product



o UTEIHe A = Initial velocity (Vo)
(ST product ATTH reaction FHT TATAT TGl FHAT)

4. Michaelis—Menten frgia

AT=FaTu (Assumptions)

1. Substrate 3T #TAT enzyme & TgA ATAF It &
2. ES complex FT %47 steady state ¥ Zrdl g
3. Product ITTH reaction T&l FLAT (initial phase)

Michaelis—Menten THor
v = (Vmax [S]) / (Km + [S])

5. Michaelis—-Menten Constants

(A) Vmax

I PERE IR ERIRIT]
o TF ITH Bl & ST enzyme T3T A%g substrate ¥ saturated gT

(B) Km (Michaelis constant)
« g substrate concentration ST

v = Vmax / 2

Km =T 31ef

e Km | — substrate affinity 1
e Km 1 — affinity |

6. Michaelis—Menten Curve

e X-axis — [S]
e Y-axis — vV



farroare

e Hyperbolic curve
« Saturation effect TITAT &

7. Lineweaver-Burk Plot (Double Reciprocal Plot)

eIl

1/v = (Km/Vmax) (1/[S]) + 1/Vmax

Pl

e Y-axis — 1/v
o X-axis — 1/[S]

e  Km 3fiT Vmax FT 7% Heiaor

o Inhibition analysis

8. Enzyme Efficiency

(A) kcat (Turnover Number)

o UId S UH enzyme TFa= substrate molecules T product H e

kcat = Vmax / [E]total

(B) Catalytic Efficiency
kcat / Km

U Ig enzyme ﬁaﬁaﬁmwa&ﬁ%

9. Enzyme Inhibition (sr&re)

(A) Competitive Inhibition

« Inhibitor 3fi¥ substrate active site % foIT compete Fd &



Param q

eter RIE)
E

Km ar %

Vmax q

(B) Non-Competitive Inhibition

« Inhibitor T site I¥ bind FXAT §

Param q
eter I
q
Km
|

e
Vmax a_r%

(C) Uncompetitive Inhibition
e %A ES complex & bind

| Km | 5=aT 8 |
| Vmax | ==aT & |

10. Allosteric Enzymes

Frdrat
e Multiple subunits
e Sigmoidal curve
« Michaelis-Menten FT 9T qgl H¥d
Model

e MWC (Concerted model)
e KNF (Sequential model)




11. Factors Affecting Enzyme Kinetics

(A) Substrate concentration
(B) Enzyme concentration
(C) pH

(D) Temperature

(E) Inhibitors

(F) Activators

12. Temperature 3fiT pH FT T919

Temperature

e Activity 1 (optimum T)
e Denaturation 9T activity |

pH

« Active site charge FodT &
e Bell-shaped curve

13. Multi-Substrate Reactions

EETRS

e Sequential reactions
e Ping-pong mechanism

14. Pre-Steady State =it Steady State Kinetics

e Pre-steady state — fast initial events
o Steady state — classical kinetics

15. Enzyme Kinetics &1 9ga




v/ Drug design

v Disease diagnosis

v Industrial enzyme optimization
v Metabolic regulation T TH=T

16. et & oo Quick Summary

Term st
Km Affinity
Vmax Maximum
rate
kcat Turnover
Competitive Km1t, Vmax
inhibitor same

Non-competitive Vmax|

Enzyme Catalysis in Solution Kinetics

(T STTEAT H UrAAT2H AL T FTSATFT)

1. sy (Introduction)

Solution kinetics T 379 &

o TU-ATEH 37 substrate F &= srforfomaT
o SIS OIS (aqueous solution) H F¥ BT &
o ST IHAT M (rate) T FTLHT & A= gt

() S Stfaa FrfernTet #§ gt Trarsd ATTERaTT ST ATEAs § FIAT &, AU solution kinetics
ERERECE U]

2. TaAT et w ATHTRAT I9TH Ut H It ATHtHaAT

o Activation energy (Ea) Tgd 3fers®



o STToYTERAT aga et
U=TEH % 919

. Ba®ET A E
o T e A T

0] AT =

« AG (free energy change) &l a&erdT
e A reaction pathway TIAAT &

3. Solution Kinetics &1 g @t

HqTHTT TR
S - P

Rate law (solution kinetics)
Rate = k [S]

]

EEAR

e k=rate constant
e [S] = substrate concentration

4, uTEH-geH¢e ZHhd (Collision Theory in Solution)

o H:

e Enzyme 31T substrate random motion F¥T %’
o THF I HEAT rate I MIHT FAT

Rate T F2aT &

e Substrate concentration
o Diffusion rate
o Orientation factor




5. Enzyme-Substrate Binding (Solution Perspective)

Binding Forces

e Hydrogen bonds

¢ Jonic interactions

e Hydrophobic forces

e Van der Waals forces

1 7 991 non-covalent %’

') TAETIT binding reversible gt &

6. Reaction Coordinate Diagram (ST TTHTEe)

S - - P (FH activation energy)

UwSTSH & JT
E+S - ES - EP - E+P

o ES T EP intermediate STa#TY
« Transition state (}) T enzyme stabilize F¥aT &

7. Solution Kinetics & Catalytic Strategies

7.1 Acid-Base Catalysis

(A) General acid-base catalysis

e Proton donor/acceptor
e Enzyme side chains:

o Histidine

o Aspartate

o Glutamate

FETETT

¢ Ribonuclease A




7.2 Covalent Catalysis

« Enzyme 3T substrate % 1= AT covalent bond
« Reaction 3T X0 |

Il

e Serine proteases (Trypsin, Chymotrypsin)

7.3 Metal Ion Catalysis

e Metal ions:

o Zn*

o Mg
e Charge stabilization
e Substrate orientation

S

e (Carbonic anhydrase

7.4 Proximity and Orientation Effect

« Enzyme substrate T TT9 &TdT &
« el orientation IAT §
o Effective molarity &t g

7.5 Transition State Stabilization

« Enzyme transition state ¥ 3TT&rF FSTeAT & bind FAT 5
o EaFHE TS

8. Diffusion-Controlled Reactions

g
e Reaction FT 7T diffusion ¥ AT



Maximum rate constant
k ~ 10% - 10° Mt g7t

SEIERSU

e Superoxide dismutase
e Acetylcholinesterase

9. Pre-Steady State 3fi¥ Steady State Kinetics

Pre-steady state

e ES formation
Steady state

e ES constant
e Michaelis-Menten =TT

10. Solvent (5= &t qiH=T

STt

« Reactants FT solvate FXAT g
e Hydrogen bonding network

e Dielectric constant 35

"1 Enzyme active site 3T

o T T AT MaFear g
o ATIF reaction I BT

11. Viscosity Effect on Solution Kinetics

e Viscosity T — diffusion | — rate |
« Glycerol S/ viscogens FT TITT



12. Isotope Effects in Solution Kinetics

e HO &9 DO
o I rate TEAAT & — proton transfer involved

13. Temperature Dependence (Arrhenius Equation)

k = A e” (-Ea/RT)

e Enzyme = AT

o Eas®¥
e High T — denaturation

14. Kinetic Isotope Effect (KIE)

e H — D substitution
o Rate difference — bond breaking step T84T

15. Mathematical Model (Solution Kinetics)

Minimal kinetic scheme

E+S=ES->E+P
Rate constants:

e kiki,ke
Michaelis constant:

Km = (kg + k) / kg

16. Stfa i< s g8

v’ Metabolic pathway regulation
¢/ Drug inhibition mechanism
v Industrial biocatalysis

v Artificial enzyme design



17. v = form wgeat foig

« Enzyme Ea FeTaT §, AG 51
o Solution kinetics diffusion 9% ¥

« Transition state stabilization &€ Fgeaqul
o Diffusion limit=10° M s

Thermodynamic Analysis

(EIGEIRREEER)

1. =T (Introduction)

Thermodynamics g TaTaT g o

o AT ATHTHAT EWF § AT 7RI
o srterferaT e fRem & st
o AT 7g TRaeT AT SRt — T A5l aaTdT (I% kinetics FT 7T 8)

[ g

e Thermodynamics = feasibility
o Kinetics = rate

2. ST T gor &7 37597

TR Sta-TrEma = AtshRaT & o a8 awer:

R o |
o TS FEl @F gl 82
o JOTTAT FRIT (stable) 47 BT 82

3. SSHTTAET T 999 99




(First Law of Thermodynamics)

ST 7 a7 ST Al g 3T T 7 gl 8, 7 €7 I8l g

o

AU = Q - W

AU = At FoT § aRadq

o Q=3FTHAT
« W=a
EICER:F

« ATP hydrolysis # 31T release
e Muscle contraction
e Active transport

o O o o o

4. STHETAT T Tadd HIH

(Second Law of Thermodynamics)

ToheT Taegad ITRAT | SIF[I #T entropy 9@ g
ASuniverse = ASsystem + ASsurroundings > 0

Entropy (S)

o IFAET (disorder) FT HIT
o  HNTAATH T HEAT

5. Gibbs Free Energy (Rs g6 F911)

SELS H"(Z(Glli”? SECIEU
AG = AH - TAS

SEL
e AG = Gibbs free energy change
« AH = Enthalpy (AT Tfad)
e T =a19H1T (Kelvin)



« AS = Entropy Tf¥ad=

AG =T o
AG
— o
AG st
<0 w=Fgd
AG .
=0 S
AG  wfwfET
>0  sEERd

6. Standard Free Energy Change (AG®°)

g

e Standard JTEIT:
o 1 M concentration

o 1 atm pressure
o pH 7 (biochemical standard — AG®")

T RTT

AG°' = -RT 1ln Keq

7. Equilibrium Constant 3fi Thermodynamics

K
eq

> Nega
1 tive

AG°’

0

< Positi

() 7g Z9rTaT & o
o afafrar G g g




8. Thermodynamics a9 Enzyme Catalysis

qEAT A

« Enzyme AG gl a&aar
« Enzyme Fa activation energy (AG$) FH F<aT g

Energy Diagram

Free Energy

| ﬁFﬂenzyme

| /\

| / N\

| / \

| / enzyme \_

|/ Reaction Coordinate

9. Transition State (%) 3% AG#

e AG{ = activation free energy
« Enzyme transition state FT stabilize F¥dT g
« Reaction 9 AT

10. Enthalpy (AH) 3 Entropy (AS) &T T Ta™

Enthalpy-driven reactions

e Strong bonding
e AH negative

Entropy-driven reactions

« Disorder TEAT 8
e AS positive

LRl

e Protein folding — AH|, AS|

11. Coupled Reactions (IfAa sAfsrtwaTd)




ATP coupling

Unfavorable reaction (AG > 0)
+

ATP hydrolysis (AG < 0)

Net AG < O

BEIEE K RPEII IR

12. Thermodynamic Control s Kinetic Control

Therr_nodyna Kinetic
mic
AG T AT AGH 97 AT
Stable product Fast product
High T, long Low T, short
time time

13. Temperature &1 I9TG

AG = AH - TAS

« THEMH T
o Entropy-driven reactions favor ZrdT &

14. Biological Thermodynamics & 3IaTg%oT

(A) Glucose oxidation

o AG T THERTHE
o STHTYF favorable

(B) ATP hydrolysis

ATP + H,0 — ADP + Pi
AG°'" =~ -30.5 kJ/mol

15. Thermodynamic Parameters T ST

e Protein stability
e Ligand binding
e Drug—enzyme interaction



e Metabolic pathway direction

16. aftert & form sreda wgeaf foyg

V' AG feasibility STATAT 8, rate 781
v Enzyme AG TET TaeaT

v AG® 3T Keq MMH § £ &

v Coupling ST+ T AL 2

Effects of Organic Solvents on Enzyme Catalysis

(ol anN o

(T=ATEH IULI I T (Heh (AATIRT AT TAT)

1. =T (Introduction)

St rfarsrrsit § UeTe® ATHTEIE: ST ATEAW (aqueous medium) H FTF Fd
R e e S9-SITT (industrial biocatalysis) § <

e Hydrophobic substrates
o Esterification / transesterification
o Synthesis reactions

% fTT organic solvents T TN FRAT STAT 21

[ AT I8 aHeAT e g o
FTA(H (AATIH TATIH T ST 3 TR T T 78 TWIET 34 8

2. Organic Solvents T YIRT fFT ST 82

Water-insoluble substrates &7 e & forw

Reaction equilibrium #T synthesis &1 3T I=+ & forw
Side reactions FH F¥ % forw

Microbial contamination T/ % o0

Product recovery TETH AT & forw

A e



3. Organic Solvent Systems & T&#TT

(A) Water-miscible solvents
(AT & e aTe)

Methanol

Ethanol

Acetone
DMSO

() AT enzymes F ToIT griveTeh

(B) Water-immiscible solvents
(AT & T A qTeA)
e Hexane

e Toluene
e Chloroform

() TYEATHT FH GIARIH

(C) Neat organic solvents

o VAT T THT

o Low water activity (aw)

4. Water Activity (aw) — Ta# Hgea 0T STa€ToT

g

o Enzyme F FT2 AT U4 TTHT T ATAT
AT

e aw %" — enzyme rigid



e aw optimum — enzyme active
o aw dgd AT&F — hydrolysis dominant

[ Enzyme T 91T ATRY, T =TI A1

5. Organic Solvents T=ATSH &I ¥ TATAT FLd 872

6. Structural Effects (53=TcH THT)

(A) Protein Denaturation

« Polar solvents — H-bonds TT=d &
« Secondary 3fi¥ tertiary structure TE

(B) Hydration Shell &1 geat

« Solvent enzyme & TTHT E dT g

e Active site collapse

7. Active Site 9T g9

o Substrate binding & STAT &
« Catalytic residues #T ionization I 5§
o Transition state stabilization =aT &

8. Effect on Enzyme Kinetics

Km 9T 94919

o FFET Kmagar g
e Substrate affinity TZdT &

Vmax 93 979

e Vmax 9 HFdT g (denaturation)
o T ATHAT § 9 AT qHAT B (rigidity effect)



9. Rigidity Hypothesis

g

« Organic solvent & enzyme:
o HATerF rigid BT SITAT &
o Unfold gf graT

] THE;

o Stability TEdT 2
o AT flexibility T BT Tl &

10. Solvent Polarity 3fi¥ log P

log P
« Solvent #T hydrophobicity FT 71T

lo
gP
e FATST
q denaturation

ERIE]

) enzyme-
for  friendly

(1 log P > 2 solvents ATHAIL 9T FIera

11. pH Memory Effect

+ Enzyme ¥ pH 9% F@T AT
« Organic solvent § HT Fgr pH “ITa” T@dT &

12. Enantioselectivity 9% 919

e Organic solvents:



o Stereoselectivity & T &
o Drug synthesis # 3cdd Hgea ol

13. Stabilization Strategies

(A) Enzyme Immobilization
« Support 9T enzyme FTEAT
(B) Protein Engineering
e Solvent-tolerant enzymes
(C) Additives

e Polyols, salts, sugars

14. 3=TETT

Lipase

« Organic solvents ¥ 3Tedd TFT
o Esterification reactions

Subtilisin

o Detergent + solvents & &2

15. S g8

v/ Biodiesel production

v/ Pharmaceutical synthesis
v Flavor & fragrance industry
v/ Green chemistry

16. IL1ET & o0 o d Hgeaqol &g




v Water activity enzyme activity = #zar g
v Hydrophobic solvents SIT&T qIard

v log P> 2 rule

v Lipases solvent-stable gTd &

Structural Consequences

(LA TTOTTH)

1. sgf®=T (Introduction)

Structural consequences FT FAA &

o FRET aTELY AT stiafEw T
o TIEF/TATEH &1 AT | g aTd 9aae

Tg IT¥ade protein function i stability T TATHT FH¥AT 2l
SEIEER

SIRRIG Ej@ — unfolding
e Organic solvent exposure — active site collapse
e Mutation — secondary structure disruption

2. Protein Structure Levels =T Consequences

) =T ToTiaa 7o (Consequence)
Primary Amino acid Mutation — wrong folding
sequence
arySecond a-helix, B-sheet H-bond disruption — helix/strand loss
Tertiary 3D folding inaé—ltiyvdartci)cp:gob|c core collapse — enzyme
Quater Subunit assembly Sub_L_lnlt_dlssoaatlon — oligomer
nary destabilization

3. &1ur (Causes)




(A) Physical Factors
e Temperature — heat denaturation
e Pressure — volume changes, unfolding
e Mechanical stress — shear-induced denaturation
(B) Chemical Factors
o pH extremes — ionization changes
e Organic solvents — hydration shell disruption
o Detergents / Chaotropes — disrupt non-covalent bonds

(C) Biological / Intrinsic Factors

e Mutation / Post-translational modification
o Proteolytic cleavage

4. Structural Consequences  J&TT

4.1 Denaturation

e Protein loses native structure
 Secondary & tertiary structure favT=aT g
o Activity &T SITdT g

4.2 Aggregation

« Unfolded proteins 3IT9# & Fj%%f )
« Insoluble aggregates T &

4.3 Partial Unfolding / Molten Globule

« Core structure I°T TgdT &

o Flexible regions unfolded

4.4 Subunit Dissociation

« Quaternary structure Zedt &
e Oligomeric enzymes inactivated




5. Molecular Mechanisms

1. Hydrogen Bond Disruption
o a-helix, p-sheet FI¥aT w7 2rdt
2. Hydrophobic Interaction Loss
o Core collapse — aggregation
3. Electrostatic Interaction Changes
o Salt bridges Zed &
o pH sensitivity
4. Covalent Bond Breakage
o Disulfide bonds Z& ¥ tertiary structure ZedT g

6. Analytical Tools (Structural Consequences 4T @+ = form)

Technique Observation
Circular Dichroism (CD) Secondary structure
changes
Fluorescence spectroscopy Tertiary environment
FTIR spectroscopy H-bond pattern
NMR 3D folding dynamics
X-ray crystallography Atomic-level structure

DSC (Differential Scanning

Calorimetry) Thermal stability

7. Enzyme Function 9% 9919

e Active site deformation — Catalysis FH
o Substrate binding TEAA § — Km € TFdT &
« Enzyme stability Tt § — Industrial application Ff&a

8. Industrial 3T Biological ¥ge

1. Enzyme Engineering

o Solvent/Temperature tolerant enzymes design
2. Drug Design

o Protein misfolding diseases #HAAT (Alzheimer, Prion)
3. Biocatalysis Optimization

o Structural integrity maintain F< 3 {10 additives/polyols



9. Protective Strategies

« Immobilization — aggregation TIFAT

e Additives — Polyols, sugars, salts

e Protein engineering — Stability-enhancing mutations
o Optimal solvent selection — Hydrophobic solvents

Kinetics of Enzyme Inhibition

IR EEREETRIG)!

1. sgf®=T (Introduction)

Enzyme inhibition g AT g SEH FIT Aa0Y (inhibitor) TwT=H T FRaTefierar &1 w7 a1
& FT AT

Kinetics of inhibition g sqTdT &

o SfSrfeRaT ST 9 Hedl 8
e Km 3fIT Vmax 97 inhibitor T THT

2. AT AXLTIOT

Enzyme-Substrate-Inhibitor system

E+ S+ ES E + P
E + I & EI (inactive)

E = Enzyme

S = Substrate

ES = Enzyme—substrate complex
I = Inhibitor

EI = Enzyme—Inhibitor complex

Observation:

o Substrate #FT ITFATT F o inhibitor enzyme FT activity TTaT &



3. 999 91X (Types of Enzyme Inhibition)

« Inhibitor active site 9% substrate & compete FIAT &
« Substrate T binding TFAT &

Characteristics
Param
eter Effect
Km Fzar g (affinity
i)

Vmax THTE Y&l 8

Michaelis—Menten Equation

v = (Vmax [S]) / (oKm + [S])

o =1+ [I]/Ki
Graphical Representation

e Lineweaver—Burk: Lines intersect at Y-axis
e Vmax same, slope EaT &

« Inhibitor allosteric site 9 bind FdT &
« Substrate binding TATET 72l g

Characteristics

Param Eff
eter ect

T
Km
T

Vmax g



Param Eff
eter ect

TE
Equation
v = (Vmax/a') [S] / (Km + [S])
e o =1+[IJKi
Graphical Representation

o Lineweaver—Burk: Lines intersect at X-axis
e Vmax FedT g, Km F9T7

« Inhibitor &< ES complex ¥ bind FdT &

Characteristics
Param Eff
eter ect

S
K
Vmax e
g
Equation

v = Vmax [S] / (Km + «a'[S])
Graphical Representation

« Lineweaver—Burk: Lines parallel Tt &

o Inhibitor E 3fT ES Il & bind F 9T §



Characteristics

Param Effect
eter
dedr AT
Km
qaar g
Vmax AT 8

Graphical Representation

e Lines intersect not on axis

« Inhibitor covalent bond SHTAT g

« Enzyme permanently inactive g SITAT &
e Kinetics: v— 0 over time

Examples:

e Penicillin (transpeptidase inhibitor)
o Diisopropylfluorophosphate (DIPF) for serine proteases

4. Kinetic Analysis

1. Lineweaver—Burk Plot
o Competitive — intersect Y-axis
o Non-competitive — intersect X-axis
o Uncompetitive — parallel
2. Dixon Plot
o I/vvs[I]
o Ki determination
3. Cornish-Bowden Plot
o [SI/vvs[I]

5. Inhibitor Constant (Ki)

« Ki = inhibitor #T binding affinity
« &I Ki — strong inhibitor



« Competitive inhibition ¥

a =1+ [I]/Ki

6. Practical Applications

1. Drug Design

o ACE inhibitors, HIV protease inhibitors

2. Metabolic Regulation

o Feedback inhibition (e.g., Threonine — Isoleucine)

3. Toxicology

o Organophosphate insecticides (acetylcholinesterase inhibitors)

4. Industrial Biocatalysis

o Solvent inhibitors, product inhibition

7. Factors Affecting Inhibition Kinetics

Substrate concentration ([S])
Inhibitor concentration ([1])
Temperature

pH

Enzyme source / isoenzyme

8. Summary Table

Binding K \'"/

Type Site m max
Competitive . Active 1 Sa
site me
Non- Allosteric S !
competitive ame
Uncompetitiv ES | |
e complex
Mixed E&ES | 1y
. . !
Irreversible Covalent to 0

Unit 2

Graph (Lineweaver-
Burk)

Intersect Y-axis
Intersect X-axis
Parallel

Intersect not on axis



TsH fEUHIOT (Immobilization of Enzymes) —

1. 9R=T (Introduction):

ToTsH TEUdentor T UET dehelteh & oA oA @Y T rgersier gAY (solid
support) IT AEFT & 1T A5 fGar ITar § drfh ag gfafshar H 39«7 fhaar @w
fSar &g IR gEAATS fRaT ST TF | SHEAT 3652T TATSH HI FURAT 98111, GIaRT
39eT T giawr, 3R siefds gihansit & nfdes ey gred wEr g

2. USTSH TRUAHIOT HT Hcd (Importance of

Immobilization):

e Ge: IUANT (Reuse): TR USISH I IR-aR AT T ST Fehell &, TS
ST A el &

. Rar A& Q'Eﬂ (Increased Stability): A9, pH 3R 3177 qATaRoiiT HR&T &
gfa tarsH 3 BT g ar B

o gfafshar fAAF0T (Control of Reaction): UTATHAT FI HAINT FAT 3TETA g &

o 3c9iq YaYdT (Purity of Product): gfafehar & d1g TS & e & gl
fom Srer 8, o 3cute e @ Bl

. 3% Figar & w4 (High enzyme concentration): 3% USSH Th &I S
AT fhar 31 a@har g

3. UairgA FEdiaor & ﬁa}m—r (Principle of
Immobilization):
ToTgH TERIOT &1 Hel IHAURYT Ig ¢ fob TollsH 1 fohdll Jrefelerelier ATegs

(support) T S YN ST AT AT AT ST o 3@kt fshamediel @rse golr @ 3R @8
el Sig A fshar & garE &9 @ S 1@ Th| $HR o6 g



o USSH F ol Aty I1 gdg ¥ TIRY &9 & AT,
o  Tishaar 3R gfafshar &7ddT FI ST G,
o I IRTEATTAT & THT T FH AT

4. vosH FeudiwIor Y Fifaw RAfOAT (Mechanisms of

Enzyme Immobilization):
A. 37TAYOT (Adsorption):

o TUSTSH &l fhdl 3 Tdg (S activated charcoal, clay, alumina) 9 AR dell
(van der Waals, ionic, hydrogen bonding) & #HTEIH & ST ST gl

. Ig A W 3R TEd B &

o FHHAAR Fell & HROT TERAT A gl § IR aRfEufaat & wenfaa & g
gl

o 3CIEIUT: USIISH &l dihledc ARPIAT X ST

B. §gHASA (Covalent Bonding):

o USSH & 3fHATSH, Feiiadel, FIogadel ol HHEl & AT 3 FAST & diehg
TIET (SN ToeRfesess) & T Asqd Ta™E U Sere|

. Ig U g TAR @ ¢, THEH CSAIgH o FAY dF AT ET g

. W, FN-FH TERIEE TUT ¥ TaeA T GiRT Aec THIAT 8 Fh &

« 3CTEIUT: TC[CRUTCSEISS & HIY Fldelc S|

C. BT (Entrapment):

o USSH & Uifam ARTFH (G tiosae, TlealuihaARss o) & iy »ar fear
ST &



TSTSH GTAfshar T Tohel §, W FeHee & AfZFH & Mo 3= & F© arer g
Hahd! gl
I T TSTSH ! aIdaRol & glieRe 9T & 2y B

3GTEUT: Tloollc Sl H USSH T HaETET|

D. %C'{I,'a?l'ﬂ' (Encapsulation):

USSH & T U fSeall (semipermeable membrane) AT ?:\?CH\T‘«[ H&dg W
STl

Ig QU e & USISHA &l agd GATE0T & 3ol X &l 8, R Hedee AR
3cUTE AT & deX-TaR g aohd g

9T HAgalr gy &1

E. Hrg-fafer (Cross-linking):

USITSH & 3731 &l 39H F Hid-feifhel Toic (SR TCRUToseIss) i Aag 4
I H AT

s FHT AfeFw i FTwd G BT

USTSH & HAg TR &9 ¥ 33 W@

7 A ¥ Tl soar &

5. TosH FRudieor 6y gl (Comparison Table):

TABA

Rfr fuRar aea : 3qfarar THATA
TFEOAIS 3T HEIH ALgH TR FY e # @



TABA

_fr Ryar awra sgqfarar AR
gfsrgar 2
. Q'sllsgl N W
HHTAT HqEgH AEUH ACTH . gedee Ugd oA
e 5T g
hogele 3T 3Td AYGH quT EXETOT g, el gfafear
o 3T AYIH ALIH At Wd  TABH BT gHIfAd

vAsH AT &1 a9 IR gfafkar ufhar asah
(Mechanism of Enzyme Function and Reaction Process
Techniques)

1. TATSH AT 82

TSTSA WET 3] Bl § S oid Tarafaes 3ifaAfmansit i afa & sera §1 3 S
Tarafas fATHATT & AT 3RF (catalyst) T g H1H FA &, fora@d gfafshamd
Eﬁa@m%ﬁmmwaﬂﬂ‘g’m

2. W fSrar &1 a9 (Mechanism of Enzyme Function):

2.1. Gsaee IR AMHT TAT (Substrate and Active Site):

o USTSH T T FAY o gl & o afFT T (Active Site) Fgd &1
o JeAcT (substrate), ST Toh wfdfhar & forw gerd giar g, afhy T & SEQL gl

« HihT TS & AR AR TEEAH Thid Feaee & AU @Ay &9 & 39ged
gia gl



. OfhT TUA AR Teaee & Ao 9fhaT FT ‘Lock and Key’ (@Telm 3R ard)
ATSS AT ‘Induced Fit’ (ART fhe) Alse ga”T FHSMAT ST £

2.2. Lock and Key Model (dTelT-gTeY ATS):

. 3H AlSH F AR, UslsH F1 AHFT T o 3W aE @ar § o Fewee
l 3MMepfd|

o SN arem 7 #Er A fhe gl 3% & wfha wue # weude e gir Bl

o IE AlSA Wl § Afhed o AAT 81 T@aT &

2.3. Induced Fit Model (WRT fhe ATs):

. 3 AlSA A UolsA Wiha ¥ H INFHT A Hedee & A 9 AT Teoldl &
difeh Hedge dgal fihe & el

o Ig oI HAise 310 caragiRe & Fife versH gfafhar & e afsa
TS PV HeTqTold T &

2.4, USISH-UsHEE HIFCadd (Enzyme-Substrate Complex):

o S HeHST Hishd TS # I3 Sl § of TABH-HeHee HiFcadq (ES complex)
SelcT Bl

e U FIFFT & A T UfaAfehar Hr FT ST (Activation Energy) & & SITdl
gl

2.5. %8 vasH yfafFar i e &

« Activation Energy TeTa %UE'IE'QT gfafshar & foIT 3maege ST & AT Hl
T AR & o SRR o e 2



. RuFea fr Rer AERT F1a & tosm vfafrar & [Aw far & =afa
Y B

. gifone ®e & R #ta § oA gfafhar & gk 3earf saear
(transition state) T TEUT T gl

3. USITSH AT FT 9THAT (Enzyme Reaction Process):

3.1. TROT 1: §sALE ATZFEI (Substrate Binding):
FeHeT USTSA & Eishd TS & S5 Bl

3.2. TXOT 2: FefAf@T (Catalysis):

USTSH Tedce ol Ufdfshar H gRafdd &dm gl

o TsUCC I dolld H T,
° gaEFEATH EAN:'CF‘Q s(-_qﬁ%"l

3.3. °X0T 3: 3cure Rellsr (Product Release):

FiAfshar & d1g 3cule Wihd T ¥ f¥ehel ST § 3R TSSH IoT: HFd &1 Sl gl

4. TATSH HT GfAfHAT 9fHAT dhsiler (Reaction Process

Techniques):
4.1. nrgasﬁ'\cr-ﬁ%;r HHHIOT (Michaelis-Menten Equation):

o IE THEOT TAsH $T afd F THsI & v g2@er giar gl
o Ig car ¢ T wfaferar fr afd gedee digar . @R &y &



o GHRIOT:

[
V =\frac{V_{max} [S]}{K m+ [S]}

]

W

olgl,

(V) =gfafshar $r =re,

(V_{max}) = 31f&hd# gfafrar o3,

([S]) = GeHee & HigdT,

(K_m) = ATSshiord [EUTS (substrate concentration at half (V_{max}))]

4.2. 3fgereT (Inhibition):

TSTSH TATshadT &l Aehel alel YT, folee Sfeaex @vgr Srem 8, dfshd Tl W a1 377
AT W ST g Tolisd 1 Bham o et a1 s X & €

o gfaeaet sRiesT (Competitive Inhibition): 3&feey afhy Taar W Tswee &1
SOTE o o &

o rgfaeadf gﬁiﬁﬂﬂ' (Non-competitive Inhibition): 3%%2? g FYTT 9T 3133
81T § 3R varsH i G3EeT deo ST B

4.3. Frbeex 3T ﬂﬂ'ﬂ'\"lTsTl' (Cofactors and Coenzymes):

. &% USTSAT @ Wi g & AT U A (S Mg, Zn®) AT B Frefaeh
3O (S NAD', FAD) &I 3TaRIehcl glcl §1 $e¢ shitheed X HITSISH gl
ST &1

o ¥ gfafsrar 1 gaw g &7 Acg A B

4.4. Q’SI'IE'H' EUdsTOT (Enzyme Immobilization):



o TSSH A [REr 3rF ATegH X R &tk gfdfehar & faw 3uaier fRar arar

gl
o THY TSSH &I Yo YA, fERdr 3R =01 sear g

5. UasH Ufafdar & 3+ a@elhl 9@ (Other Technical
Aspects):

o pH 3R AMUAT T WE: TA% ol & AT va efepel pH 3 araATe giar
g, i 3geht fohamelierar st garfad aar gl

. suee N Aigdn HA A7 3AF Fsace FHr AT gfAfehar T afT F FA W
bl &

. gfafrar &1 A9Ra g torsA ufafhar A hisds safgder &1 Agaa giar
g, STEl 3cUTg 379e AT S W USASH HT Uh ThaT &l

ﬁﬁlﬁﬁﬁ? dTATheaeleT (Enzymatic Bioconversions) 4T g?

gy

TABAReH Sihealld dg UishaT § foHd TasH T Tgradr & fhar Sifasw uerd
(substrate) T E‘@T 3931 9a1d (product) H eIl SATAT g1 Ig fehar G\Hm@f
(biotechnology) 3R 3iteAfIh Sta W@ # gd «Hscdhlc\ucl gl

e 9 AIT T qRader (Conversion of Starch to Sugar):



1. T 4T 82

. TWH TH ag"\’léﬂT{T (polysaccharide) &, ST 9T & Fall TG &l qET &9 gl
. Q’gﬂﬂjﬁﬁf (glucose)%%ﬂﬁﬂ@gmmmgl
o TWE A QA YR & 37 B &

o THTSAS (Amylose): &eT, HIY 3 gU To[eleT & dd

o THTSANUfFET (Amylopectin): eMTTEAT TTTAT aTell ?-I?Qf

2. T ¥ PR qadd i WA

o T S §3 3] R EaRT €Y 3GV el g1 Fehd |

o ST TR & BIC AR 0BT (S el Aleclsl) H dlsaAr SIEY gl &
arfh R 38 3ol & 9 H 39T N T |

o 3R H o T AT YN A Feolal Wie, 97, 3N o1 4T el F 39T
foRar Srar &

3. ¥ & PR H 9gRadsl (Enzymatic Conversion Process):

S8 UihaT # AET T A TATSH HT 30T fohal ST § ST T & U3 &l Ble-
BT PR A Fenfad wx &

HET TATSH St 390N 81 ¢

USATSH &T ATH FF
T & s W3l T disar g, el B¢ seafes
o-TATSAS (Alpha-amylase) 3R AR S &
B-UATSAST (Beta-amylase) ¥/ & 3{d @ Gl-Iofshlal & IR ATeclol S=lrdm Bl
TIRIIATS AT

sedfee 3R ATets T Teflal A Aisar gl

(Glucoamylase)



TSATSH T ATH Y
IfFeasr 3T 3T wErw

o AT &7 T Fall I1 o T T Aarast & Fw)
TollgH 2

gfhar & =T

1. T T GEHSIOT (Liquefaction):

o IO U, T A Ui F AR 9Fe 9T ST gl

o U 3T dI9ATE (ST 95-105°C) IR I fham ST & ofifeh Ter & og gl
ST (TS oIRIT) |

o O HH o-TAFAS AR 38 80-90°C W FT FHI & AT @ 31w g

o Ig T AT ofF e AW I dAISHT AT SFHTET AT &

2. AFFRFHAA (Saccharification):

o 3Hd d1G TH TAYUT T ST Hleh STHI 55-60°C W THIFATS S [HlTAT STl
gl

. IE USTSH SFATET & BIC-BIC Tof@ial AT # A5 & ¢

o URUTAETET fAHOT 7 3T AT H T o AT B

3. PR F 39T

o YICT Tofehlol T 3UANT WG 3GANRTH AT & &9 H,
o WHAAH ST 3T (bioethanol) AT 3T IRATIUSFE TAT H,
. R 3R AT @Ar A A Sar #



4. 9@ Tl a1

o USSH & A Fr 40 Wt & v a9aAs, pH, 3R I8 &1 Ay e
@ ST B

o HA-FH TAEAT F T (immobilized) I 3if0F IR 39T & T AR
T sirar 1

o WhH H T HT A0TEEr 3N et o HgcaqoT gl gl

4. 3QTgYUT:

IAF T WHR Imenia e (¥ #7FF1, 311e, Tad) § @ A
AT

o HFH & T &l o-THSS T TeRIATSAS $H AGE ¥ Tofhlel [T H
qeel STl Bl

. 39 ol fAXT &1 39T ST, 9 uary, 3R ola sue aae # fRam Srar
gl

5. BIIC:

o UHfaw 3R FRE: TasA Thides 3 Bl

o FAT H TS A dIAH R FH FoT F IfRAT g
o GATEOT Hefhel: VAR GihATT d Tefell & HH TeuT|
o 39 YEUEL 3cUE H HH IS g B

ﬁ?dﬁr! gl W High Fructose Corn Syrup (HFCS) & SR & Bl 7 a8 @ [Aear &
AT AT g



High Fructose Corn Syrup (HFCS) — 3T Waelel Sl
g

gR=:

High Fructose Corn Syrup (HFCS) U&h HoT, e ofar kT giar g s AT w9 q
HehS (Plof) T @ FARIT ST §1 I HEIAA: Tofhiol AR herelsl (well AT fAem)
&1 TS grar &, fo9s werelsr 1 AT I A ¥ 3ife gt §1 3 ey
e & Al & Ahed F T & F T T STIATA fhdT ST &

HFCS %71 sfagm 3t Rem:

« HFCS &7 fa&r&a 1960 31X 1970 % gareh H g3l
HHS HI 3uctstrdr 3R AT Fr AT F FROT HFCS & HST el dlel 3cUTGl
H AT faeheq I aT 3137

o 3T I AET ®I F ARG A Aive 3, 57F, 9l 37Urg, R WS ¢ A
SEATS gl €

HFCS $& aa7ar 82 (Aor uiswa):
HFCS §oda1 &Y Ufshdl #Ass TR & UolisAed arldheddsd I TR gy &

TOT 1: AFS TCrT & gresifaiay

o HPS T Bl I Ygol o-THSAS ATHD TollgH & Heg & oI Ah U3
(SFafesT) & ST STl g




o FHh dIG To[hINATSCIS USISH & GaNT SFAfeel &l qU TG Tefshlal H
gRafda frar arar g
. 3 gfhar FI fafFafrees sl AfrReedera wed g1

TIOT 2: TA®IST FT HaersT A FAIAOT

o To[hlST I eIl ATSHIAS (Glucose Isomerase) ATHS TSISH HI Hag &
thaclsl H dell SITdT gl

o U USTISH Tfdhlel & U] 1 heclel H del &l ¢ foad g # Mo &g
ST gl

=OT 3: fAsor 3R 3ifas 3cure

o HFCS & harelol & HTET 3e191-3719T 8idl &, THAT: 42% AT 55% ShaFersl giam
gl

« 39 faffieet Jrequral A AR 7eraT-37619T HFCS & bR &IV ST &, o
HFCS-42 31X HFCS-55|

HFCS & 9&R:

HFCS YK %eelst &Y gfaerdadr (%) HHAT 39911

HFCS-42  oTaTe7aT 42% oI, S{T 3cuTe, Yes %S

HFCS-55  o19T913T 55% e 3o, ater, #is 9

HFCS-90 o373 90% HFCS-42 T HFCS-55 o AT fHeehy 39dier

HFCS & faevame 3R wre:

o Ao HFCS Wl (FehioT) & oeTsteT HA AT 38 3T Har gier g
o FEAT AP B 3UASUAT N 3G TihdT o HRUT Tg Hiall T Jolell H
GET BT B




o 9t F geerelier: S8 AR ¥ Rl 3cdal H AT S Fehell B
o WRARAT F 3 58 T AR Y w3 g
o TET ATH-ABH: Ig 3cUIG] Pl o THI doh dlell IWel H FAeG Pl gl

HFCS & 399r:

. diwe R 3k A & Ao so & fav
. o 3R TS wot & @ A

. IFY IR F N Fw, FHIA, 95 A

o 3T IcUG S SHPHA, AT

HFCS & TarEey AT
LT weh R

o #AT 3R ALAT: HFCS & 348 dael &I Hlerdr, T8 2 sfad, 3R
Acraiferer fge & Sher a-r g

o ot & the AT AT el 318& AET H o W oidl & el STAT & Fehal

¢ foaa B foaw Q91 & ohar Bl

o FATA FHJeAA: Therclol 3w Jaed ¥ W F o GRIY §¢ Fehll B

o AYAT AR TT W FT GAW: RMAR HFCS & 3HfF aeT & gag a1
YT §¢ Tohell &

e & T Tareey worrg fr gt AR eIl ¥ 3maRa § 3R 3T AT A

AT Tl I AHAIR W S ITHR JHAEIT 81 grav|

HFCS 31T graror et 7 3raw:



faewar HFCS qIRoT Al (Fhre)

ard HAHhs T Tesdl AT Yeheld H TCe
AT Te[ehlal + Wherelol (¥ac) TS[PIST + Sharciol (ST3T §37)
Hora 3w HIST (3elaT-3719T 3HIaTd) FegH Har

&Y e (FaRa) o (TshEee)

3cqTeeT gfshar tagAfed gfshar Tehfdeh fehEeelientor

Interestified Fat &1 %’? —

gR=:

Interestification Teh IARATIh IT TSISHICH AThdT g, ToIdH IdT (fat) & TBPERISS
(triacylglycerol) 3-TU;F3-IT & Wer TfAg (fatty acids) T EGE SIafeyd fohar rar g1 59
fshar & aar @ aifde 3R Tarfas ot (S Rees w1 A, R,
gelae) H FUR g &

Interestified fats 3 IT gl & i sq gfehar o CICR ?’Tﬁ giar &1

Interestified Fat ST 3TaedhdT Fa1?

o A F gea &7 d9A AR Jede @i 3car6l & Falg, FRdr 3R
ITANTAGT ST JoaT T B
. Efae aar FIN-wel Wiy 3eAT HT TR & v IugEd e g, S
o 3a Ruds arar aaAeT iR (@fecar, afdT &)
o foaT gEgieeuT & TaEegate fased dATfgU|
o Interestification & THAT T FECHSS Il 3ThT [AVATT SColl ST Fehdl &




Interestification IfhaAT FAT g2

1. TETPAETSS WY
o TERoRRIES dia e tfas ¥ Feaex a1 g, o Feamiar & diT gssiiaad
wogt @ o A ¥
o Interestification & ZoT ther TRAST &I o1 SIafeUd (rearranged) fohaT ST g, d1feh
3arshr Feufd seelr S ah|
2. 9FsHAT & YhR:
YHR fraor
TS AT WSTA AAFASS S Hhiefore 1 Agg § B
Interestification st $r feufa sgeer|
TaEAfeH Lipase USIISH &1 Ace ¥ HeT UfAst &l e &, T § Sier

Interestification ST g, oaw 38 W grar g1

3. %8 Q?IT %’ Interestification?

o TUT F TS dhefolde (EIAS IT TABH) & I Fer e HIR™a daa=
W @r AT gl

o 38H T tfAs Faatiar T 3TeEr-3769T SHTET W TATART &7 ST gl

o U YAEAIS & a1 H EIAACHS T Teol ST g, ofchel ol thel Tfls o
3T el Seeld

Interestified Fat & ST

1. faer grggiseiiaor & faweu:



o URURH E'IE@GFﬁWUT & trans-fat Told g, ST TAELT & AU g
g g
o Interestification trans-fat & =i aaT & 2T 3R s=ATGC W Al
CHEANS
2. AeThd g FT AIA:
o Interestified fats FT e FI AIAT HAAFT FAT ST AT §, S TeX,
AR 3R 37 9fHr 3curel 7 gt gar gl
3. dga} e
o Shelf life SoTeT 3R TFHROT (rancidity) T & FA & Feg|
4. wafeafafad:
o 3cUIg & I F AT § g@T A FAGe, Waesr & 1fd 3R FHoRar
I Teelell HHT|

Interestified Fat & 39T

o A IR T 3ugFd Fege AR B & fov

IHY 3TUTE: S Feblof, dhe, TEET A @7 T 0T URA & U]
Tsw 3R e Ty 3R el sarae & fav
FrhFeil: oS 3R dihele S 3cdrGr H|

WIStel §3: 518 MSHHIHA H g’ EWAT & v

Interestified Fat 3ﬁT Trans-Fat & 3-'|?IT

e Interestified Fat Trans-Fat
3CUGS ishdT R/ TSTg AT JAdalsTe gTSgloleiehior
TELT god g e & e dgeR fashed  ged 9T 3N 3T FHEABN § ST
Reea &1 dA Fafa foear ST awar g el T d9AT ST &
TarEfas @aar B i o cgafeyd e her vils A g S



Interestified Fat Y WATT 3R Fraenf@ar:

o Interestification & I & 0T Jg} gia %, CICS] 5"@ I¥H IR A1 3E
ATIATT W & ¥ ET 6T IUTadl W ASRIcHS TG I35 Fhell ¢

o WIS H “interestified fats” FT 37T [Ahed & 9 H dedr AT T @T §, oifchet
TIRELT W Ak JHTET WX 38 Mg T gl

o 3YHFAT SETEhT dGall AMBT ATfeh HEY 3cdlg T IoATd fham T bl

gI5sIeTSss WeleT (Hydrolyzed Protein) 4T §?

ITEC L IR

gIsglegss Wéld ag UId gidr ¢ f9d grsaifaf@d (Hydrolysis) 1 9fshar garr aie
BIC UTe83d (peptides) 3R 3 TfAg & ST 37 g1 gEsfafad T qadfds
afshar & foae el & 3707 Y FAee @ NET & ITerss T4 ¢ Sd g

gIsIdIgos Wl defat & Ufehdr:

1. W G

. EI33Ic8es WKl TRl i YR & W] ¥ STl ST Hohdl § o
o THTE et
o g 9IET (casein, whey)
o HS IT A W
o 3Tel I

2. grgeifaf@d (Hydrolysis):



o gresifafad Ufhar & eiRTeT W & BIC HFPN H ISl SIdr gl I8 9fshar
T alil F & dhdl &
o UssAfesd gresifaf@a: WiEaT (protease) ATHS TSTSHAT HTI HAge & Wk
% OTe3s S s Sld &1 I8 Jed AT IR AT R gl
o TURAE I1 4R ITuRT gEffAw: o= IR e ader oas s
(S HCI) IT 99 (S NaOH) T 39T 8T B

grsaldaEses N & ot v fdware:

1. 9o 9reeT 3R 3raeior:

« P gEgIcEes W g ¥ g Bl Ieerssy AR Al vhis & g gahr
BT 8,38 X 3mae & w=m 3R anfNa T ghar gl

o I 3 el & foIT 39 giar § [T g dF $HEeR & A1 fSeg Tl
gl

2. TSl A BT
o TS A B qOT NAT § TSt g B, Afdhet grsgienses N & IS e
Toloil T FHATTAT FH A &l
. safaT g7 YT & $ieer gy AR Ay Rfecda 3R # 39T giar &
3. F@1g 3R qemEe # guw:

o BISglclSes W &1 Fdle IMHACR 9T AUIST HsdT gl &, SHAT e 3cdel &
ST Tfldd 3T SR EIem B
. 3U TG FI SR Folel & forw AT foam ST Fehar B

4. 3@ H IR

o FET 3T
o Sl %3, Uil IR, W HeelHe, TNéH f5d 3nfe #|



. FIEAfRH 3G

o caar 3R el & 3curel & Fr 3R 9T ;e & AU
o EaT 3T

o Uraed TEHT W9 H ITAR & forv)

gISsIdISss WEle HT 3UANT FAT fHAT FATT 82

HROT faavor
uTae # AT BT derssd 3R 3= TRis asft 9 99d g
TSl B FH BT Tololr Ffafhar & gidr gl
e #I TRBYAHdr (N GaRT 31T JTdT gy
fady amer fre, gt 3R AR st & fov suged|

gIBSIASss ek 3N FATT N F 3Ha:

ICEAGI HEECIEECAC (AT AT G
T m&mﬁ?muﬁgﬁgﬁyﬁma@w
e &TAAT 3 3mae 3R A el 3 Sfeer
TSt HHTIATT A i gafada
g $sar AT drE@r g ohdT & AT FaIG

gBSIdTSos MAA FT 3cUTG 3GTeX0T (FHRIT FId):

o TR W & Ugo Uil & 8T STam gl

o O 38 W8T oA & 9y A a9A 3R pH A gregiengst fRar Jrar

gl
o 9ThT & dg N B Utessd H g S B
o S FET H UBEsT AT TRl & H FAfd foham S1am Bl



gIaIdISes UIdlT &1 SE3AEIA U (Downstream
Process of Hydrolyzed Protein)

SI3AEIA WA & I

1. & 9HS3a (Cell Disruption) / NET AT FT AR

o I NS FIRAT & 3T Giar § (S VAT, gy, AGeN Sc1ie F), ar Igel
HIRARIAHT AT ASAT 93T g

. 3% v #ifae (3eTEoT: gHSASAee, AecElfashee) a1 Tafas fafaar
HIATS AT g

2. grsaifaf@d (Hydrolysis):

o HTd IE &l USSHA (S 9IS A7 A% Tele (S HCL, NaOH) &1 #gg,
T oI Uerssy 3R 3 offs F drsr s B

. g ufhar HERE aEe AR pH R & S § a1 3ifteae gsdifafad e
|

3. G- qYUFHIUT (Solid-Liquid Separation):

o EEfAfAE & a1g @407 7 31 37y, IAgerrRie gerd 3R aXer g g
. ﬁtﬁq—‘ag’r%m (Centrifugation) T ThecareT (Filtration) CarT S F geTh el
AT (FFEH gregiesss W gidr §) e fhar Sirdr 2l

4. YETAFIOT (Purification):



o« 3 TOT H g33IeNSes W &l 3T IR S fafisy, difadeassy,
Heprefeleh oaull 30 & 3refar fhar ST B
o HAET YeARIOT deheileh:
o Tee MfARRAT (Salt Precipitation): 3TFTAITH Tethe &1 3T
o SRfAfAT (Dialysis): BIC AT &I glod & ToIT]
o SIHERTAr (Chromatography): 3Tafe fafeaw, tor Afveces ar
3HhAdT

5. ohegUT (Concentration):

« YCY BISIASoS WIET Pl H™h AT H ofled & foIv Tl @l A fohar Sirar

gl
. 3T% folv 3eeifhecerd (Ultrafiltration) IT arsdieIoT (Evaporation) T 3UJ14T

grar &l

6. §@TT (Drying):

. 3fAH 3cug FI UEsT F ¥ FH GIRT & F AU gur A
o 3U% AU FET ST (Spray Dryer) IT fAAfFaTSSIeT (Freeze Drying) ST 39197
foram ST &

7. W&H (Formulation) 31X ¥&fSr (Packaging):

o W B H INRISAGEAN T-hehNaT Tole, Folay, 3N T&Th [Hamw S
gohd gl
« 38 TW-TEC HheR A Yo 6 Siram § arfer 7ol 3R SFaRar @ graw el

8. oraaT fAIAOT (Quality Control):



o 3fAHA 3cUre T YEECT, U &THT, Tdle, T, o7, iR R 3l vfds
ST & ST B
o 37TARIHh AT & HJAN GHETOT Y 3cUle T JATOTRAT FiAREd T el &

SI3ACIHA WAH FT Aged:

. ETSgIeges WET AT ey, TR 3R 3uAel q=re|

o 39T HI shelf-life ST

o STANTRAT & T 3R GI&T & ATl Bl QU HL|
e AT BHEGRH 3T H IUTFd qereT|

Baking by Amylases

(THTSAST F ATLTH T aTT)

1. sgf==T (Introduction)

Amylases UH TS H %’ STT starch (311% Gl Eqﬁﬂ'cr) Eal glucose 3T maltose ST T sugars |
Ar=d 2l

Baking # amylases FT HE<d:

« Dough & sugar SFTFT — yeast fermentation ¥ foIT substrate
e Crust 3T crumb T T (Maillard reaction)

o Texture 3T softness TATT TEAT

e Shelf-life 24T

2. 9%1Z (Types of Amylases)



« Endoenzyme (internal glycosidic bonds FTaT g)
« Randomly starch FT smaller dextrins & TT=dT &
« Thermostable a-amylases: Industrial baking ¥ ST

« Exoenzyme (non-reducing end ¥ maltose release)
« Maltose syrup preparation § HE&ITX

e 0-1,4 3T 0-1,6 glycosidic bonds FT ATEHT glucose TATAT &
« Dough sugar content increase F< § ITATT

3. Mechanism in Baking

Starch hydrolysis

. Starch + H20 - Dextrins + Maltose + Glucose

Yeast fermentation
. Glucose - CO2 + Ethanol

CO2 production — dough rises (leavening)
Sugar availability — crust color (Maillard reaction)

AN D > W N =

4. Dough Properties 9% IH19

Parameter Effect of Amylase
Sugar FzaT g (fermentation substrate)
content
Dough .
viscosity =dT g (softening)
Volume of .
bread Fzar g (better leavening)
Crumb A
softness & e
Shelf-life Retard staling (retrogradation of

starch)

5. Industrial Baking & 39zt



e a-Amylase: starch dextrinization — yeast feeding
e [B-Amylase: maltose formation — flavor
e Glucoamylase: sugar increase — extended fermentation

5.2 Cake and Pastry

e Dough softening — better texture
« Moisture retention — shelf-life FZTAT &

5.3 Biscuit Industry

e Starch hydrolysis — sweetness adjustment
e Browning enhancement (Maillard reaction)

6. Enzyme Sources for Baking

e Microbial sources:
o Aspergillus oryzae
o Bacillus subtilis
e Plant sources:
o Barley (B-amylase)
e Animal sources:
o Pancreatic a-amylase (rare in industrial use)

7. Parameters Affecting Amylase Activity in Baking

1. Temperature
o Optimal: 50-70°C for a-amylase
o Too high — denaturation
2. pH
o Dough: mildly acidic/neutral (pH 5.5-7)
3. Water Activity
o Sufficient moisture required for starch hydrolysis
4. Time
o Mixing and fermentation duration — sugar release

8. Baking Quality Improvements

1. Volume increase — better leavening
2. Crust color — Maillard reaction enhanced by reducing sugars



3. Texture softening — improved crumb
4. Shelf-life extension — reduced staling

9. Advantages of Using Amylases in Baking

Controlled fermentation

Consistent dough quality

Reduced need for chemical improvers
Better flavor and color

Extended freshness

10. Limitations / Considerations

e Over-dosage — sticky dough, excessive browning
o Enzyme stability — temperature-sensitive
e Cost factor — industrial enzyme procurement

11. Summary Table

Enzyme Function in Baking
a-Amylase Starch — dextrins — fermentation substrate
B-Amylase Maltose formation — flavor, sweetness

Glucoamyl Starch — glucose — yeast feed, Maillard
ase reaction

Deoxygenation and Desugaring by Glucose Oxidase

(TSI SATFEITSST GIIT ARSI ZETAT ST LRI FHH FHLA)

1. sgf==T (Introduction)

Glucose Oxidase (GOx) U flavoenzyme g ST HeId: D-glucose #T D-glucono-d-lactone 3f<T
H:0: § ST FHTaT 2l

e Reaction:
e pB-D-Glucose + 0O, —» D-Glucono-d-lactone + H0,



« D-Glucono-3-lactone T # hydrolyze %< gluconic acid SHTAT &

e D-Glucono-d-lactone + H,O — Gluconic acid

Applications:
1. Food Industry — Juice stabilization
2. Baking — Dough conditioning
3. Glucose biosensors
4. Oxygen removal in beverages (Deoxygenation)

2. Deoxygenation (TSI Z2T4T)

Mechanism:

« Glucose oxidase O T STANT Fah glucose Fl oxidize FXAT §
o TH AT H O: consume AT 5
o HO, F7aT g (ST catalase FTT H20 ¥ O & convert AT ST 74T 3)

Significance in Deoxygenation:

o Juices 3T beverages ¥ dissolved oxygen SEMT — shelf-life 2T g
« Oxidation-mediated spoilage TdT &
« Color 3fiT flavor stability TETAT &

Equations:

f-D-Glucose + 0O — D-Glucono-0-lactone + H0, (GOx)
2 Hy;0, - 2 HO + O (Catalase)
Net effect: 0O, consumption

3. Desugaring (¢[TX ¥ HTAT)
Mechanism:

e Glucose oxidase reduces glucose concentration
e Glucose — Gluconic acid (slightly acidic)

« Sweetness FH gIdT g (desugaring effect)
Applications:

e Sugar content reduction in beverages
e Controlled sweetness in food products



e Pre-treatment before fermentation
Example:

e Grape juice treatment — glucose partially converted — less sweet, improved
fermentation

4. Reaction Mechanism (Tetrahydroflavin cycle)

Glucose oxidase & FAD cofactor ¥ electron transfer
Glucose oxidized — FAD reduced

FADH: O: ¥ electron transfer F¥AT g — H.O. I9dT §
FAD regenerated — cycle repeat

D=

Glucose + FAD — Gluconolactone + FADH2
FADH2 + 02 - FAD + H202

5. Industrial Applications

5.1 Food and Beverages

o Juice stabilization (O2 removal — shelf-life ST&THT)
e Soft drinks, wine, beer — flavor preservation

5.2 Baking

e Dough conditioning — improved volume and texture
e Oxygen removal — prevents oxidation of flour components

5.3 Biosensors
e Glucose oxidase electrode — glucose detection in blood (diabetes monitoring)
5.4 Biocatalysis

e Controlled desugaring — substrate modification in bioprocesses

6. Factors Affecting GOx Activity

Factor Effect
pH Optimum ~5.5-6.0



Factor Effect

Temperature Optimum ~35-40°C

Oxygen' Required for activity
concentration

Glucose_ Substrate-dependent kinetics
concentration

Presence of Converts H202 — reduces enzyme
catalase inhibition

7. Advantages of GOx-mediated Deoxygenation/Desugaring

e Mild conditions (no heat)

e Specific for glucose

o Improves food stability

o Reduces artificial additives requirement

8. Limitations / Considerations

e H:0: accumulation — enzyme inactivation, needs catalase
o Limited by glucose concentration
e pH and temperature sensitivity

9. Summary Table

Process Role of Glucose Oxidase Outcome
Deoxygena Glucose + 02 — Dissolved O2 decreases, shelf-life
tion Gluconolactone + H202 1

Sweetness decreases, controlled
sugar content

Glucose level detected
electrochemically

Desugaring Glucose — Gluconic acid

Biosensor Glucose oxidation — H202

Beer Mashing

CIREEIER)

1. =T (Introduction)




Mashing 19T FAT &1 THHAT FT Th AUl 90 &l THH malts (ST AT ST STATST) HT TH
qTT # AT starch 3fT proteins FT fermentable sugars 3T amino acids H F&AT STAT gl

o I
1. Starch #T fermentable sugars ¥ AT — yeast & [T substrate
2. Proteins & peptides 3% amino acids H F&AT — yeast nutrition
3. Flavor 3fi¥ mouthfeel TATAT

2. Raw Materials in Mashing

Component Role
Malted Barley Starch source + enzymes (a, B-amylase,
proteases)
Water Solvent, temperature control
. Adjuncts (corn, Extra fermentable sugars
rice)
pH Adjusters Optimal enzyme activity

3. Mashing =T f&gia (Principle)

1. Starch gelatinization
o Malt ¥ starch granules — heat 3fi¥ water presence H swell 21 g
o Enzymes % foIT substrate ITeTser
2. Enzyme-mediated hydrolysis
o o-Amylase — starch — dextrins (random cleavage)
o P-Amylase — maltose (disaccharide) formation
o Proteases — proteins — peptides 3T amino acids
3. Fermentable sugar production
o Glucose, maltose, maltotriose — yeast fermentation substrate
4. pH and Temperature control
o Optimal conditions maintain enzymes' activity

4. Enzyme Role in Mashing

Enzyme Function
Endo-enzyme, randomly starch — dextrins —
a-Amylase . :
viscosity control
Exo-enzyme, starch — maltose — fermentable
B-Amylase

sugar
Limit dextrinase / a- a-1,6 linkages — fermentable sugars



Enzyme Function

glucosidase
Proteases Proteins — peptides, amino acids — yeast nutrition
Lipases & Phytases Lipid modification, mineral availability

5. Mashing Process Steps

1. Mixing
o Crushed malt + hot water — “mash”
o Water temperature: 45—-70°C depending on enzyme
2. Resting / Saccharification
o o-Amylase active: 65-70°C
o P-Amylase active: 55-60°C
o Time: 30-90 minutes
3. Protein Rest
o 45-55°C — proteases active
o Peptides formation — yeast nutrients
4. Temperature Raising (Mash-out)
o ~75-78°C — enzymes inactivated
o Viscosity reduce, preparation for lautering
5. Lautering / Wort Separation
o Liquid fraction (wort) separated — fermentable sugars for fermentation

6. Temperature and pH Effects

Parameter Optimal Range

a-Amylase 65-70°C

B-Amylase 55-60°C

Protease 45-55°C

pH 5.2-5.6

Water Moderate — enzyme activity
hardness maintained

7. Sugar Profile in Wort

Sugar Fermentability
Glucos High
Maltose High

Maltotri

Medium
ose



Sugar Fermentability
Dextrin Low (residual — body,
S mouthfeel)

Wort composition determines alcohol content, flavor, and body of beer.

8. Industrial Significance

1. Controlled fermentation

o Consistent alcohol %

o Predictable yeast growth
2. Flavor and body

o Dextrin content — mouthfeel

o Amino acids — Maillard reaction, flavor precursors
3. Efficiency

o Maximum sugar extraction

o Reduced raw material loss

9. Advanced Mashing Techniques

o Step Mashing

o Multiple temperature rests — different enzymes activated sequentially
o Infusion Mashing

o Single-temperature mash
e Decoction Mashing

o Part of mash boiled, enzymes denatured, flavor enhancement

Chill Proofing

(et 75

1. sgf==T (Introduction)

Chill Proofing T YT g e S &1 32 qrawT 9¥ o< 3R ¥9% a9T0 @+ & 7T haze-
forming proteins 3< polyphenols T RIS %’I

o HHHT:



o BT HIA UT AT | 4TI (cloudiness) IT precipitation I STAT

o =H chill haze Fga 5

o JTI:
o HIFT FI 3 ATTHE 9T T=5 31X stable T@AT
o  Shelf-life 3T consumer acceptability STTHT

2. Chill Haze =1 #1291

e Proteins (proline-rich, haze active)
o Polyphenols (tannins, catechins)

« 32T 29 9¥ 7 molecules hydrogen bonding 3T hydrophobic interactions & ATEIH &
complex ST § — visible haze

Key Factors

High protein content (especially barley malt)
High polyphenol content (hops, malt)

Low pH — complex stability SI2TdT &
Low temperature — solubility =edT &

Sl NS

3. Chill Proofing & for@ Enzymes

3.1 Proteolytic Enzymes (Proteases)

« Protein molecules FT smaller peptides ¥ T=d &
« Haze-active proteins T eliminate F<d &

3.2 Polyphenol-oxidizing Enzymes (Polyphenol Oxidases)

«  Polyphenols FT modify 3T precipitate Fd &
« Protein-polyphenol interactions FH BT &

3.3 B-Glucanases

«  Wort viscosity 2Td § — haze formation ¥ gIdt &

4. Chill Proofing Process




1. Cold Stabilization
o Beer & ~0-4°C 9% 1-7 fam =
o Proteins 3f¥ polyphenols precipitate T SITd &
o Precipitates filter F¥eh ZeTT ST &
2. Enzyme Treatment
o Proteases + glucanases add ¥ cold haze-active molecules degrade F¥d &

o Process beer stability FETT g
3. Filtration / Centrifugation

o Precipitates remove FI % forw
o Clarity R T w27

4. Additives (Optional)
o PVPP (polyvinylpolypyrrolidone) — polyphenols bind
o Silica gel — haze active proteins adsorb

5. Chemical Basis of Chill Haze

e Hydrogen bonding & hydrophobic interactions between proteins & polyphenols
e Haze formation reversible at cold temperatures
e Chill proofing — remove/reduce these molecules — cold stability

Equation (simplified):

Proteins + Polyphenols — Chill haze (cold temp)
Enzymes / PVPP - Proteins/Polyphenols removed — Clear beer

6. Analytical Monitoring

Parameter Method
Protein content Biuret / Bradford assay
Polyphenol Folin-Ciocalteu assay

content

. Cold storage & optical
Chill haze test density
Turbidity Nephelometry

7. Industrial Significance

1. Consumer Acceptance

o Clear beer — preferred quality
2. Shelf-life Improvement

o Cold-stable beer — fewer haze problems during storage
3. Process Optimization



o Enzyme-assisted chill proofing — cost-effective
o Reduces chemical additive use

4. Product Differentiation
o Premium clear lagers vs craft hazy beers

8. Advantages of Chill Proofing

Improved clarity

Cold stability

Controlled protein-polyphenol interactions
Reduced haze-related complaints

9. Limitations / Considerations

e Over-treatment — flavor loss (proteins and polyphenols contribute to flavor)
o Additional cost of enzymes and additives
e Time-consuming (cold stabilization 1-7 days)

Cheese Making by Proteases

o o
(TTETST TrATSH ST THIL I

1. =T (Introduction)

Cheese Making Ush g4 T 39 (curd) § FEA T THHAT 2| T9H proteolytic enzymes
(proteases) FT A2 & milk proteins, fATTFT casein, FT coagulate FFaT ST El

« Proteases milk proteins # peptide bonds T TTSHT curd formation < flavor
development ¥ 7% FXd &
o T I
1. & & solid curd H F3T
2. Whey (1= T HTAT
3. Ripening 3T flavor development % foTT substrate T&TT FLAT

2. Milk Proteins




Protein Role in Cheese Making

Casein (q, B, k-casein) Coagulation, curd formation

Whey proteins (B-lactoglobulin, a- Mostly remain in whey, minor
lactalbumin) role

Fat Texture, flavor carrier

Minerals (Caz*, P) Protein micelle stabilization
Key Point:

e K-casein surface coat — micelles stabilize — Proteases specifically cleave k-casein —
micelles destabilize — curd formation

3. Role of Proteases
Proteases (Rennet / Microbial / Plant)

o Function: k-casein ¥T cleavage — curd formation
e Mechanism:
e x-Casein (Phel(05-Metl06) cleavage — Para-k-casein + Glycomacropeptide
e Protease Types:
1. Rennet (Chymosin)
= Calf stomach enzyme
= Optimal pH 6-6.5, 30—40°C
= Highly specific to Phe105-Met106 bond
2. Microbial Proteases
=  Mucor, Rhizomucor species
= Used in vegetarian cheese
= Slightly less specific — flavor development
3. Plant Proteases
= Papain (papaya), Ficin (fig), Bromelain (pineapple)
= Used in some specialty cheeses

4. Cheese Making Process by Proteases

o Standardization of fat and protein
o Pasteurization (optional)
e Cooling to optimal enzyme temperature



e Lactic acid bacteria (LAB)
e Produce lactic acid — pH drops — Protease activity enhanced

e Specific cleavage of k-casein
o Milk micelles destabilized
e Curd formation initiated (~30—60 min)

e Cutting curd — whey separation
e Small cubes — faster whey expulsion
o Texture depends on curd size

e Moderate heating — whey expulsion 1
e Protease continues slow hydrolysis

e Whey separated
e Proteins, lactose, and minerals partially removed

e Curds compressed — shape formation
e Further whey removal

e Proteases and microbial enzymes — casein hydrolysis
e Flavor, texture, and aroma develop
o Time: weeks to months

. Enzymatic Mechanism

1. x-casein cleavage
o Micelle destabilization — curd formation
2. Proteolysis during ripening
o a-casein, B-casein — peptides — amino acids
o Flavor compounds: amino acids, fatty acids, aromatic compounds



3. Glycomacropeptide
o Released in whey
o Functional food ingredient

6. Factors Affecting Protease Activity in Cheese Making

Factor Optimal Range / Effect
pH 6.0-6.5 for rennet; lower pH increases coagulation rate
Temperature 30-40°C for rennet; higher temp — over-coagulation
Calcium content Caz2* stabilizes casein micelles
Enzyme Excess — bitter peptides; insufficient — slow curd
concentration formation
Starter culture LAB acidifies — enhances protease action

7. Types of Cheese Based on Protease Treatment

Cheese

Type Protease Use Notes
Cheddar Rennet Long ripening, firm texture
Mozzarella Rennet High moisture, stretchable curd
p Cottage / Acid + optional protease Quick curd, soft texture
aneer

Rennet + microbial Flavor development during

Blue cheese . X
enzymes ripening

8. Industrial Significance

1. Curd Formation
o Essential for whey separation and cheese yield
2. Flavor and Texture Development
o Proteolysis — peptides & amino acids — taste, aroma, mouthfeel
3. Controlled Ripening
o Specific protease activity — desired cheese characteristics
4. Alternative Proteases
o Microbial / Plant proteases — vegetarian / cost-effective cheeses

9. Advantages of Protease Use

e Rapid and controlled curd formation
o Consistent cheese yield



e Enhanced flavor and texture
e Industrial scalability

10. Limitations / Considerations

e Over-proteolysis — bitter taste
o Protease specificity critical for cheese type
e Temperature and pH must be strictly controlled

11. Summary Table

Step Protease Role Outcome
Milk coagulation K-casein cleavage Curd formation
Curd cutting & whey Continued mild
. . Texture control
drainage proteolysis
. . a/B-casein Flavor, aroma, texture
Ripening hydrolysis development

Various Enzyme Catalytic Actions in Food Processing

(TSt sEEneor | fafsrer uetred qinaan)

Food processing & enzymes FT ST g IITAT & (AL, TT, TATAE, shelf-life 3T Troror

T 3 o T ST 21

1. Carbohydrate-Modifying Enzymes

1.1 Amylases

e o-Amylase, f-Amylase, Glucoamylase
« Catalytic Action: Starch T dextrins, maltose 3f¥ glucose H hydrolyze FAT
e Applications:

o Bread making — dough conditioning, sugar supply for yeast

o Beer mashing — wort sugar production

o High-fructose corn syrup production — starch — glucose — fructose

1.2 Pectinases



« Catalytic Action: Pectin (plant cell wall polysaccharides) #T degrade FLAT
e Applications:

o Fruit juice clarification

o Increase juice yield

o Wine and cider processing

e Catalytic Action: Cellulose — glucose/oligosaccharides
e Applications:

o Fruit and vegetable processing — softening

o Juice extraction

o Coffee and tea fermentation

e Catalytic Action: Lactose — glucose + galactose
e Applications:

o Lactose-free milk

o Dairy fermentation (yogurt, cheese)

o Sweetness improvement

. Proteolytic Enzymes

o Catalytic Action: Proteins — peptides + amino acids

e Applications:

Cheese making — milk coagulation (rennet)

Meat tenderization — collagen breakdown

Protein hydrolysates — flavor enhancers, bioactive peptides
Fish sauce and soy sauce fermentation

o O O O

o Catalytic Action: Collagen degradation in meat
e Applications:

o Meat tenderizers

o Clarification of fruit juices

. Lipid-Modifying Enzymes



o Catalytic Action: Triglycerides — glycerol + free fatty acids
e Applications:

o Cheese ripening — flavor development

o Flavor ester synthesis — butter, margarine

o Oil modification — interesterification

e Catalytic Action: Phospholipids — lysophospholipids + fatty acids
e Applications:

o Emulsifier production

o Chocolate processing

. Oxidoreductases

e Catalytic Action: Glucose + O2 — Glucono-d-lactone + H20:
e Applications:

o Bread dough improvement

o Juice deoxygenation — shelf-life extension

e Catalytic Action: Phenols — quinones — browning reactions
e Applications:

o Controlled browning in tea, coffee, cocoa

o  Wine and fruit juice processing

o Catalytic Action: H-O.-mediated oxidation of phenolic compounds
e Applications:

o Juice clarification

o Preservation of color and flavor

. Isomerases



o Catalytic Action: Glucose — Fructose

e Applications:
o High-fructose corn syrup production
o Sweetener industry

e Catalytic Action: Conversion of one sugar epimer — another (e.g., D-mannose <> D-

glucose)
e Applications:
o Specialty sugar production
o Functional food ingredients

6. Transglycosidases / Transferases

o Catalytic Action: Oligosaccharide synthesis — prebiotic production

e Applications:
o Fructo-oligosaccharides (FOS)
o Galacto-oligosaccharides (GOS)

o Catalytic Action: Ester synthesis — flavor esters

e Applications:
o Confectionery and bakery flavors
o Dairy flavor enhancement

7. Miscellaneous Applications

Enzyme Catalytic Action
Xylanas Hemicellulose — xylo-
e oligosaccharides
e Invertas Sucrose — Glucose + Fructose
B- ) . .
Glucanase B-Glucans — oligosaccharides
e Chitinas Chitin — chitooligosaccharides

Food Application

Bread softness, fiber
extraction

Confectionery, candy, fondant

Beer filtration, viscosity
reduction

Seafood processing, functional
foods



8. Factors Affecting Enzyme Catalysis in Food

Temperature — Optimal for each enzyme; too high — denaturation
pH — Affects ionization of active site

Substrate concentration — Michaelis-Menten kinetics

Water activity — Especially in baking, confectionery

Presence of inhibitors / activators — Metal ions, polyphenols
Processing time — Adequate contact needed for reaction completion

AN S

9. Industrial Significance

Improved yield, quality, texture, flavor, shelf-life

Reduced chemical additives — “clean label” products

Process efficiency — Lower energy and time requirement

Production of functional foods (prebiotics, lactose-free dairy, bioactive peptides)

Unit 3

Sg-wtHaT sttt (Bioprocess Technology) & 9 frgia

Bioprocess Technology FT 327 g S{ATY[, %S, HITLAHTSH AT TATSH T START F:h GoqaqT
ST (S AT, TATSH, 8T, AR, SA1e) 1T

1. St=-wfFaT (Bioprocess) T 2?

o Toreft Stifae St a7 5716 et (cells, enzymes) FT ITIRT Tk STTNT ISATE AT
. SRR
o &dT (Insulin) IcqTaA

o TUSITEH (Amylase, Protease)
o AU I ATARH

2. Bioprocess & &g 72& (Main Components of Bioprocess)

1. FEwsT / HITLART (Mlcroorganlsms / Cells)
o IFITAT, FhE, FaF, T Hah FHITAHTTE




o ITITEH LAHAT 3T Il AZea T

2. HTEAH (Medium)
o TIH acd T&H FLAT g

o W& "ew: HmAIRIEge, MaH/ATsersd, fmved, A
3. % AT 9T (Process Control)

o dT9HTH, pH, dissolved oxygen, agitation

o STUATEHAT ST T gTg & forT wgeaur
4. 9THRAT ITRIOT (Bioreactor / Fermentor)

o ST FHITAFRTSAT & 1T IULH ATqTEL0T

o Agitation, aeration, temperature control, pH control

IATE TIAHIT A< W‘JT (Downstream Processing)
o Fermentation % ST& ITITE T & FLAT S FAT HLAT
o Filtration, Centrifugation, Chromatography

e

. Bioprocess Technology # ¥« f&rgia (Basic Principles)

e Growth Phases:
1. Lag phase — adaptation, FTS Ffeg AT
2. Log/ Exponential phase — T1& Jfeg, ITATEHAT SATerh

3. Stationary phase — nutrient &, growth ¥
4. Death phase — cell decline

« Specific growth rate (u): growth it 3 ATIAT &

« Nutrients 3% oxygen T cell TF TgATAT AALTF
« Oxygen transfer rate (OTR) — aerobic processes ¥ Hgcaqul

« Metabolic reactions & heat 3T gIdT &
e Temperature control — optimal enzyme / microbial activity

« Nutrient 3% dissolved oxygen uniform distribution
o Agitator / impeller g1



« Microbial growth 3T enzyme activity & oI critical
 Acids/ Bases ¥ g1 (Raf3d

« Medium, bioreactor ¥ ITHIU F contamination & Hh HIAT
e Methods: Autoclaving, Filtration, Chemical sterilization

4. Bioprocess Types

1. Batch Process

o TH I ¥ medium ¥ culture
o Product harvesting end of batch
o TETH, AT low productivity
2. Fed-batch Process
o Nutrients FHI-THF U< add FoF0 SIT97 &
o Growth 3T product yield Izl &
3. Continuous Process

o Medium continuously supply 3T harvest
o High productivity, industrial scale

5. Bioprocess Parameters (¥gcaqur TTH eY)

Parameter Importance
Temperature Optimal for microbial growth
Enzyme activity 3% cell growth &
pH form

Dissolved Oxygen Aerobic process ¥ forw
Mass transfer sfiT nutrient

Agitation distribution
Foam Foam formation control necessary
Nutrient

concentration Growth @ product yield

6. Downstream Processing Principles

« Bioprocess & fdW 3701, fS/EH product purification ZaT 21



e Steps:

1. Cell separation (Centrifugation, Filtration)
Product concentration (Evaporation, Ultrafiltration)
Product purification (Chromatography, Crystallization)
Product formulation (Tablet, Liquid, Powder)

Eal

7. Industrial Significance

Pharmaceuticals (Insulin, Antibiotics)

Food & Beverage (Cheese, Beer, Yogurt)

Biofuels (Ethanol, Biogas)

Enzyme production (Amylase, Protease)
Environment (Wastewater treatment, Bioremediation)

O e wigers (Media Formulation) #18?

HITSAT HIHee &7 o1 § W s[4t (Microorganisms), STH S T¥AT (Bacteria) IT Fa
(Fungi), 3T FTTTT AT2AT (Cell Lines) T TTRTTAT § A48T (Grow) F 3T a9T0 @ &
forT straremres ek dcat (Nutrients) 3 37T THTAAT T THATHRT TF g9l ATATE<0T GITE FLATI

Tg T I HTEAH (Nutrient Medium) & ST STT IT TTEERTSH F o1 ot oTeT fi¥ @12t
ATTAeh-TrET A I faat T&T F2av gl

T 359

TEAR & (Optimal Growth): STTa IT FHITAHT AT TAT & ST Fererar & F a7

I AT (Product Formation): fF0a+ (Fermentation) ST sir=rifies siwrmsti & aifed
ITITE (S8 UEIaTa e, USTTEH, AT TTEA) FT SATeahad IcATad qaTerd HedT|

Y sraegHaTe ok FAT: Aty Strat i ot Heeft et (Specific Nutritional
Requirements) T TIT HTATI

O Hifeam & srare@e 72w (Essential Components of Media)

T AT HITSAT BIHAMT H Sa JT FHITAFT 0T 741997 (Metabolism) 3% I & g
rforfad e artae gra &:



Hh

(Component) R 14 (Function)
ST (ATHATE
W I AT HTEAT &1 ATGTY, Tag i< Fem=+ (Solvent) =T
ater o
sre/Distilled FTH LAl B
Water)
Carbon . FSTT 3 RITTRT HL=AT o A7 o forw sraeash|
Source (ST TS, T, O)
Nit T, e uiEre (Nucleic Acid) T s#x
Sour'c:fge“ TS ST || ATZEIS T A ¥ FEpr F R (3 sl i,
T gregTese, five TFiae)
USTEH wF9 (Enzyme Function) 3T sieaifes
Mineral zara (Osmotic Pressure) T a9TT 7@ F forw| (S
salts Ll $\text{MgSO}_4$,
$\text{KH}_2\text{PO}_49%)
Growth F Fra e AR Rreht sfiar T goor
E row 9z F1vF (Synthesize) 7 F% w1 (38 Rarfim, sefiay
actors e
$\text{pH}$ F1 Rz a0 w@+ * forw, FifF
Buffers THT 5 F T AT F TS AT 99 3T 21 T &
(ST TS THY)
A Solidifying EERRAGEIER Hif=ar &1 3| =7 a9 & o) (39 sRw/Agar)
gent 3 form)

[0 #fe=T widgerer it wiHaT (Process of Media Formulation)

HITRAT T T SHRAT & |HEwaT S FisA9+ (Sterility) 8T AgeaTom gl

. SALTHAT FT LT (Determining Requirements):
aae T2, O sfta a1 FiforeT 1 FewEd Far g, Sl 9T gadt Tedl 3T 987 Ica1e
(Target Product) T FHAT STAT 2|

IETEYOT o forw, Ueh ST & forg sraresras $\text {pH}$, TTTHTT 3T $\text{O} 2§ =t
ATTLTHAT I &9 H T@T ATaT g




W

O

o &

e

TEHT HT F1a (Selecting Components):

SUIE AT o SATHTE THT AEeTF g AT (Raw Materials) ¥ THTAAT T FATF THAT SATAT
2l

HTAT T AT (Stoichiometry Calculation): FITERTSAT % ¢F AT (Dry Weight) & 3T&T 9%
S A ol +IAqH SATA9TF FIAT il 0T 07 ST g qATh s AT aed FH T I

TSI I AT (Weighing and Mixing):

FITAT FTeFT Hl Taleh & F AT JTAT g AT AT T § =ATAT AT 2

$\text{pH}$ FT THTIS (S\text{pH}$ Adjustment):

T o S\text {pH}$ FT 1= T ATAT g 3T TH THT AT $\text {HC1}$ / $\text {NaOH}$ S
ufRre/ad T gag 7 sig & o IUeh ¢ 9% g9t AT Srar gl

fAstHTeR<r (Sterilization):

HITSIT &1 U (Contamination) & F=TH & {oTU SErFa (Autoclave) IT fheger (Filtration)
FT ITANT ek (ASTH T (AT STTAT 8| g T Hgea 01 FaH gl

@< (Dispensing):

TSt TeRor o a7E, /IS ar & ater Fufaat § U2t 297 (Petri Dishes) AT Fea< =& (Culture
Tubes) H STAT SATAT 2

& T2 wigeres % w1 (Types of Media Formulation)

Hif2ar &1 fAates adet ¥ avfisd Far ST =T

1. sitfas Rurfa & 3w 9¥ (Based on Physical State):

T ATEAT (Liquid/Broth Media): THH STHTEE TS (S 3WTY) T2 2raT| THH {9 i F 91
I AT BT SITAT Bl

3 |TEAH (Solid Media): THH 3RTT A7 fSreifes graT 8, SE® 98 wie a1 T 9 99 A14T 2|
Tg G&H (a1l HdAr«ar (Colonies) T T LA o o7 ITTRT Bl

Fef-S19 ATEAH (Semi-Solid Media): T ATEaT (Concentration) FH gIAT & 31T Tg AT €9 &
TefieraT (Motility) 3 sreza= = forg IU=mr 2T 21

2. AT GoeA & 1< 9L (Based on Chemical Composition):

TEAS €9 F TR A1809 (Chemically Defined/Synthetic Media): THH YT o2 i
T THTAAE G¥AAT ST AT AT gl gl T8 7 aid &l

FITATA/STTET AT (Complex/Undefined Media): 30 H1ee Uamdee, Toard S =2 gid
¢ Toreht TrETa e ST ToRT-ST o= § ATST {9 g7 Tl gl T T 37T T § 792 g

2l

O st (Sterilization) T 82




FAstTeRor =g wiwar & s g ol a=q, 71eaw (Medium), 3T @dg & F47 T F 19
gERstEl (Viable Microorganisms), ISH @& Ifarelt (Most Resistant) Sty sy
(Bacterial Spores) T SR g, &1 X1 q¥E & T AT §1AT SITAT B

AL TR H, ASTHIHT0T T T 100% FEastat i qi<n (100% Microorganism Freedom)
AT FAT 2

[0 TSt Taheor 9T Siervperre (Sterilization vs. Disinfection)

Tg THAAT Hged 01 ¢ T [AsTH 1ehor, Herveneas (Disinfection) T 3R &

ﬂﬂﬂ? fAstdfi=r (Sterilization) Frerugerre (Disinfection)
T Tt gemstal (SR, arawd, Faa TATsra (Pathogenic) gewstar
& T, AT ) HT T2 FIAT| FT T FAT, AT T T AT B
TqiSTReT ITHTIT Hifear : .
q._mw S, T ! q]ﬁ? ! qAg! H ATF FLAT (BT, o=, =Te7))|
L 1KY 7vq T a3E ¥ i (Sterile) T 7 HevRied (Disinfected) 21 STt
uic) ST 21 &, AT ate e

00 fasteTseor &t i fata=t (Major Methods of Sterilization)

st teReor &t Afet qeaa: di it | frarm &
I. wifa= fafémrt (Physical Methods)

T TaH Ay i e et g

1. w97 (Heat) - aad sR1a9s [Afa

A. A% SCAT (Moist Heat)

. Tagia 78 g& Sat & TEE #7 faFa (Denature) 3 STHTT (Coagulate) FH Ivg AT 2
T T et # 2 wiEew e ST 2

o T IUH: AT (Autoclave)

o uffRefa: $121/cire \text{C}$ T¥ $15$ TT3T T =T T (psi) F FaTa 7T $15$ & $20$ o=
form



o

e O O e

ST Fod ¥ HITSFT, ITHT T AT THTLTT, Tiotehel 36T, L€ ATHIAT, 37T 1= o ad+ Sff

IF ATIHE 9 T 2l
AAT S ATIATE (UHT): T SIE @1 IATET o ATTorrod s Sl § ITA0T giaT g (IITEL0

F forT $135Mcire \text {C}$ & $140"cire \text{C}$ T Tahe = o)

B. I 3FAT (Dry Heat)

frgia: g Tew ST 7 iR (Oxidation) 37T ST ($\text{DNA}$ &1fd) * ATea® & 7%
FLAT Bl

& ITHIT: EiE TAT Aa+ (Hot Air Oven)

gffRerfa: $1607\cire \text{C}$ T¥ $28 =< T $170 \cire \text{C}$ T $1$ =< F form

SYANT: 1 % Fq4 (T2 Bor, fUue), 9«1, 3, 377 &7 F STHIOT AT FH F GO g7 T 2|
Sa@ (Flaming/Incineration): T2 7 (Nichrome Loop) &I T T ¥ AT 9T AT I TE
TH AT AT HHTHF FAL H AT H AT

2. [A#9%7 (Filtration)

Trgia: =g 7t F wit geeefier (Heat-Sensitive) ¢ TaTet (S tdtarantesr, @iwy, e
THTLT) & &R Sl T TF e (85 arer fhee? (Membrane Filter) 3 ATeTH & WiTd® &7 &
AT T gl

STIART: 39 FHTLTHT 7 Aty g T 921 B3 ST aehar 21

3. faf@Fzr (Radiation)
=T fAfhTur (lonizing Radiation - Gamma Rays):

TAEia: 72 $\text {DNA}$ &7 7Y FTh FEH (AT &l ATLAT 2
SYANT: TATReF (IS, F2ew, TEATT SE [SETSae =TehedT 3cATE ST THT HgA Aal HY Tahd|

I1. = f&fe=t (Chemical Methods)

T AHAIT T TS STHLII AT IT FECAL (1T ITANT =l ATAT & (oTve SOAT AT [HEdad grT
fAsteiea a8t AT ST Fham

1. 7717 A5 470 (Gaseous Sterilization)

Ui SitFTEE (Ethylene Oxide - EtO):

Thrgia: 72 USTEHT § e & arer Tiatnar w2 ge st &1 [Afewr Fwzar 21

SUIRT: TATIREF, TIT F 3T, Haadefer Toaai = STHLIT| Tg T d saaqefier (Flammable)
I TR (Toxic) 2T 2l

HIHATSgIES AT (Formaldehyde Vapor): SETRTITATST AT AT el &1 gu+
(Fumigation) %= = form)




2. @77 7gra+ (Liquid Chemicals)

W‘{E@ (Glutaraldehyde):
STANT: TSIERTT (Endoscopes) 3T 37T Haaaefter STFHTON &l 127 L o [TU| TH AFIL
TETAE ASTHTR<or (Chemical Sterilant) HTAT STAT 21

110 fesiHtRTor &1 7gaa (Importance of Sterilization)

AT AT (Infection Control): 3Tt 3% 9o FFFeT (Surgery) & HeTOT T TIHATI
TARTSTAT H1F (Laboratory Work): T& St [a=T ofi¥ It Hae= § TR0 it 92T
T Fea H=AT i IR 7 A MAT ATLTF 2

QT g&T (Food Safety): 3&T 3i¥ [SeaTas @Ter Tl #I e HHT T GIerd L@l

I fewed (Pharmaceuticals): TSI ¥ f=IThcaT ST i TRTSAHT & <6 TET|

TAsTeTeRor ST T TReraT T AT F o o0 a7 Stfas @%as (Biological Indicators
- BI), St o wfa<reft Sfsogett 1 9T o Srar 2l

Thermal Death Kinetics (QTdir g iae)

Thermal Death Kinetics a2 a5 g ST 7g F7q1ar & & Sg araa = 1< AT AN A9H
(bacteria, spores) Ta=T ISt & 7L B

1. 9= (Introduction)

o WIS ST U TaTAT ¥ sterilization IT pasteurization THIT # thermal death kinetics
ERERCE U
o THH ILIT:
1. Pathogenic 3f< spoilage microorganisms T AT
2. Food shelf-life 2147

3. Safety gfRf=a wear

« Microbial death high temperature 3fi¥ exposure time ¥ ¥ FAT

2. Microbial Death =1 forgia

1. First-order Kinetics
o Microbial death STf&=Tera: first-order reaction kinetics T 9T F¥dT 2|



o Meaning: Microorganism =t qg ETRCE Eré { 3T T&AT % proportional @?ﬁ' %I

Mathematical Expression:

[
\frac {dN} {dt} = -kN

]

\]

Stgl:
o (N)=3hfad cells F deaT

(k) = thermal death rate constant
o (=997
2. Solution:
[
N=N_0e"{-kt}
]
o (N_0) = initial microbial population
o (N)=9HT (t) 9 =T population
3. Decimal Reduction Time (D-value)
o D-value = 8T (minutes) SIEH microorganisms F T&AT 90% o< FTAT % (1 log
reduction)

[
D =\frac{1}{k} \In 10

]
o Temperature 2 9T D-value =T &l
4. z-value

o z-value = ATIHT ¥ ag g ST & D-value 10 IFAT FH AT ATF T SATTY

o Indicator: Thermal resistance of microorganism

3. Thermal Death Curve (TDC)

e Microbial population (log N) vs time plot: Straight line for first-order death kinetics
e Interpretation:

o Slope =(-1/D)

o High slope — fast microbial death

Graphical representation:

*
*
*
*

log N
|
|
|
|
|



|
| *
|

t

e Linear decline in log survivors vs time

4. Factors Affecting Thermal Death Kinetics

Factor Effect

Higher temp — faster death — lower D-

Temperature
value
Microorganism Spores > vegetative cells in heat
type resistance

pH Low pH — microbes less heat-resistant
Water activity Low moisture — spores more resistant
Food

ot Fat, sugar, proteins — thermal protection
composition

Steam vs hot air — penetration

Heating method differences

5. Applications in Food Industry

1. Pasteurization
o Milk: 72°C for 15 sec (HTST)
o Kill pathogenic bacteria (Salmonella, Mycobacterium)
2. Canning / Sterilization
o Vegetables, meat, fruit: 121°C, 15-30 min
o Spores of Clostridium botulinum killed
3. Shelf-life extension
o Thermal death kinetics — optimum time-temperature combination
4. Process optimization

o D-value 3T z-value T ITTNT — minimum heating — maximum quality

6. Thermal Death Kinetics =T Industrial A8

« Food safety g {ard wedT
« Nutritional 3T organoleptic properties SHTT TEAT
o Energy-efficient sterilization process design

« Standardization 3T HACCP compliance



Sterilization Systems (Fhf=Tzseas fAeew)

Sterilization FT 329

o et ofT @rer ware A sten R a<er qared 7 Tt ATt e (bacteria, spores,

fungi) FT FeTHT|
« Food safety =fI¥ shelf-life FETTI

Sterilization systems T&Td: I T F BId 2

1. Batch Sterilization System (5= &fiaTssre fEeem)

« Batch sterilization ¥ U= {2 AT (batch) 3 TSI I7 I TaT T TH T
TELATSST TR T STTaT &)
e U batch FT SET-T time-temperature 9¥ heat treatment 23T ST g

1. Loading:

o Medium (milk, juice, broth) T autoclave 3T sterilizer H STAAT
2. Heating:

o Medium FT target temperature T heat foFaT SITaT &

o Heat distribution uniform T ATRT
3. Holding (Retention Time):

o Target temperature I Rt awg g% @

o Ensures complete microbial death
4. Cooling:

o Product FT &fi¥-¢1¥ cooling F sterile container # transfer FFIT SITAT &
5. Unloading:

o Sterile product storage 3T packaging % forT fAewrer=T

Feature Detail
Volume Fixed per batch
Time Relatively long



Feature Detail
Equipment Autoclave, batch retort
Advantage Simple, easy to operate, reliable for small

S scale
Disadvanta Low productivity, high labor, not energy-
ges efficient

o Canning vegetables, fruits
e Pharmaceutical media sterilization
e Small-scale dairy sterilization

2. Continuous Sterilization System (Faa TRt freew)

o Continuous sterilization § medium T flow F ST heat treatment & HATETH T
sterilize T3 STTAT 2
« High-volume industrial production # foIT Iuh|

1. Pre-heating:
o Medium FT heat exchanger 1T preliminary temperature T TH FHIAT
2. Holding / Sterilization:
o Medium FT continuous holding tube ¥ target sterilization temperature ¥ T@+T
3. Cooling:
o Heat exchanger §TXT medium T T cooling FT AT Smar g
4. Filling / Packaging:
o Sterile product HT4 sterile packaging H STAAT

Feature Detail
Volume Continuous, unlimited
Time Short retention time (seconds to minutes)

Equipment Continuous flow sterilizer, plate heat exchanger
Advantage High productivity, energy-efficient, consistent
S quality
Disadvanta Complex design, high initial cost, maintenance
ges needed



Milk UHT sterilization

Fruit juices

Liquid foods (sauces, soups)
Pharmaceutical sterile solutions

3. Batch vs Continuous Sterilization

Feature Batch Continuous
Process type Discrete batches Continuous flow
Volume Limited High, unlimited

Long (minutes to

Retention time Short (seconds to minutes)

hours)

Equipment Autoclave, retort Tube/plate heat exchanger, UHT

unit
Energy .
efficiency Low High
Productivity Low High
Control Simple Complex
Product . . . .
uniformity Less uniform High uniformity
Initial cost Low High

4. Sterilization Kinetics Principles

e Both systems follow thermal death kinetics:

[
N=N_0 e {-kt!

]
T8l (N) = survivors, (k) = rate constant, (t) = holding time

e D-value 3¥ z-value &I &9 | @ gU temperature-time combination design [EDII
STAT 2l

« Continuous systems ¥ precise temperature control 3T flow rate gﬁ'@:rcr AT
ATLTF B

5. Industrial Significance

e Food safety (pathogen-free products)
e Shelf-life extension



e High-volume processing — cost-effective production
o Standardization of food products
e Pharmaceutical and bioprocess applications

Primary and Secondary Metabolites (STaf@= i witor ITITR)

Metabolites:
e Metabolites 3 THTATS FTIH & ST ST ST (microorganisms, plants, animals)
metabolism % T FATT 2|

« Metabolites F 3T T&T THIT &
1. Primary Metabolites (STf8% ITIITE)
2. Secondary Metabolites (1T STTCITR)

1. Primary Metabolites (3Terfis 3qTcaTe)

e Primary metabolites o FTRI g ST growth 3fi< reproduction F = T4 2|
o T T cell growth AT energy metabolism T T:L% @% %I

Feature Description
Production .
phase Exponential (log) phase of growth
Function Cell growth, division, reproduction
Required Essential for microbial survival
Chemical nature _Am|no acids, sugars, nucleotides, organic
acids
Industrial High, for bulk production
relevance
Class Example Application
Alcohol Ethanol Fuel, beverage
Organic Citric acid, Lactic Food preservation,

acids acid flavoring



Class Example Application
. . Glutamic acid, Food additives,
Amino acids .
Lysine supplements
Amylase, .
Enzymes Protease Food, detergent industry

Polysacchari

Food thickener, stabilizer
des

Dextran, Xanthan

Primary metabolites log phase (growth phase) ¥ a9 gl
Growth 3T metabolite production FHTTAL BT 2|

2. Secondary Metabolites (3T 39TcT)

Secondary metabolites I ZTHI g ST growth % [T sTaea T@1 gId, T survival,

competition IT defense H TZTIF I 2|
T 7 stationary phase H g9 3

Feature Description
Production .
phase Stationary / late log phase
Function Competition, defense, signaling
Required Not essential for growth
Chemical nature Antibiotics, pigments, toxins, alkaloids
Industrial High-value products (pharmaceuticals,
relevance agrochemicals)
Class Example Application
S Penicillin, Medicine, infection
Antibiotics :
Streptomycin control
. Carotenoids, Food coloring,
Pigments . .
Melanin cosmetics
Alkaloids Morphine, Caffeine . Pharmaceutical,
stimulant
Toxins Aflatoxin Research, detection



Class Example Application

Immunosuppress

ants Cyclosporin Organ transplantation

« Secondary metabolites stationary phase ¥ 9 &, ST growth slow IT stop '@' Tﬁ' '@?ﬁ'

gl

« Environmental stress, nutrient limitation — production trigger F<d gl

3. Primary vs Secondary Metabolites (=)

Feature Primary Metabolites Secondary Metabolites
Growth Growth-dependent Growth-independent
dependency
Production . .
phase Log/exponential phase Stationary phase
Essentiality Essential for cell survival Not essential for survival
Function Cell gr_owth, energy, _ De_fense, competition,
reproduction signaling
Ethanol, Lactic acid, Amino Antibiotics, Alkaloids,
Examples . .
acids, Enzymes Pigments
Industrial use Bulk production High-value, low-volume
production

4. Industrial Importance

o High volume production

o Food additives: Citric acid, Lactic acid
e Biofuels: Ethanol production

e Amino acids: Nutritional supplements
e Enzymes: Industrial catalysis

e Pharmaceuticals: Antibiotics, anticancer drugs
o Agrochemicals: Pesticides, herbicides

e Pigments & flavors: Food, cosmetic industry
e Specialty chemicals: Low volume, high value



5. Production Strategy

1. Primary metabolites — Optimize growth conditions (nutrients, temperature, pH)
2. Secondary metabolites — Induce stress or nutrient limitation, slow growth,
fermentation strategies:
o Batch fermentation
o Fed-batch fermentation
o Specific precursor addition

Extracellular Enzymes (37T TrATSHT / AT TrATSHT)

1. gtewTT (Definition)

Extracellular Enzymes o U1 2Id & SII FHITAFT (cell) F E1ERS A B 8 3T a T 9
substrate T TR FT £

« T3 secreted enzymes ¥T gl SITAT 2

« ¥ enzymes food, environment IT industrial substrates FT degrade F¥h ITANT TaT
FATT 2

“Extracellular enzymes = cell % STg¥ FTH FHT a7l enzymes, SIT a5 molecules T Fi<

molecules ® TTET & ATrH cell 378 uptake FT Toh|”

2. faerard (Characteristics)

fegroar IEERUI
AT FITrRT 3 aATET secretion
qT = polymeric molecules (starch, protein, lipid)
NP T 91¢ extracellular environment # stable
. Optimal pH 3fiT temperature § maximum
g activiliy i i
Industrial Food, textile, paper, detergent industries &

importance ITART



3. IdTe (Production)

e Produced by bacteria, fungi, yeast

¢ Common microbial sources:
o Bacteria: Bacillus, Pseudomonas
o Fungi: Aspergillus, Penicillium
o Yeast: Saccharomyces

e Secreted outside because:

Substrate dgd I=T @ (starch, cellulose, protein) — cannot enter cell
Nutrient breakdown — smaller units absorbed

N —

Production process (microbial fermentation):
1. Microbe growth in suitable medium

2. Secretion of enzyme into medium
3. Downstream processing: purification, concentration, stabilization

4. g% (Types of Extracellular Enzymes)

4.1 Carbohydrate-degrading enzymes (FTaigrzse faeed UwT2HH)

e Amylases — starch — maltose/glucose

o Food industry: bread, brewing, sweetener production
e Cellulases — cellulose — glucose

o Paper, textile, juice extraction
e Pectinases — pectin — sugars
o Fruit juice clarification, wine production

4.2 Protein-degrading enzymes (TEe fa=eT ueTsHT)

o Proteases / Peptidases — proteins — peptides + amino acids
o Cheese making, meat tenderization, detergent industry
e Collagenases / Elastases — connective tissue degradation

[N NI anN

4.3 Lipid-degrading enzymes (TIT9s 9= UIT3H)

o Lipases — triglycerides — glycerol + fatty acids
o Dairy, flavor synthesis, soap production

4.4 Other specialized enzymes

o Laccases / Peroxidases — phenolic compound oxidation — textile, paper,
bioremediation



e P-Glucosidase — glycoside hydrolysis — bioactive compounds production

5. &1 (Functions)

1. Nutrient acquisition

o Polymers FT &< molecules H TIEAT ATl microbes 375 absorb FT

2. Environmental adaptation

o Plant cell wall degrading enzymes — fungal pathogens soil/plant colonization
3. Industrial application

o Food processing, textile, detergent, pharmaceutical, paper industry
4. Bio-conversion

o Biomass — biofuels, bioactive compounds

6. Industrial Applications (=T Ag<a)

JET Enzyme type SUART
Food & Amylase, Protease, Bread, juice clarification,
Beverage Pectinase cheese

Textile Cellulase, Laccase Fabric softening, dye
removal

Detergent Protease, Lipase Protein/lipid stains removal

Paper & Pulp Xylanase, Cellulase PuI_p bleaching, paper
softening

Biofuels Cellulase, B-Glucosidase Biomass — bioethanol

7. Extracellular vs Intracellular Enzymes

Feature Extracellular Intracellular
Location Secreted outside the cell Inside the cell
Substrate Large ponm_ers (starch, _SmaII_moIecuIes (sugars,
cellulose, protein) amino acids)
n Productio Medium secrete, easy extraction Cell disruption required
Stability Often stable in environment Sensitive, labile
Industrial High Moderate

use



Biotechnologically Important Intracellular Products (S9-5=ifs €78
AEAYU AT FHITARIT IITR)

1. gtewTT (Definition)

Intracellular products ¥ TR g ST FHITART (cell) F HTaL a9 § M T @ B
e = products FT IT9 & 1T cell disruption (S sonication, homogenization, chemical
lysis) T STFLTHAT BT Bl
o ¥ ITITEH SAFIT growth phase T stationary phase ¥ cells % 3% accumulate gTd g

“Intracellular products = & ITITE ST microbes 3T plant/animal cells F T AT g AT AT
medium ¥ qEI ATEAT gIal”

2. faerard (Characteristics)

Feature Description
Location Cell ¥ «fra¥ (intracellular)
Extraction Cell disruption * aTe
Production Log phase 31 Stationary phase, product type 9%
phase IGE:RS
Stability Often sensitive to pH, temperature, enzymes

Industrial use High-value, specialty products

3. WL 37 321220 (Types and Examples)

3.1 Enzymes (UsTz+)

Intracellular enzymes = cytoplasmic enzymes

Extraction: Cell rupture — enzyme purification

Examples:
o Glucose-6-phosphate dehydrogenase — biochemical research
o PB-Galactosidase (Lactase) — dairy industry

o Industrial relevance: Biocatalysis, diagnostics, research

3.2 Microbial Biomass (F&asita biomass)

e Whole cell biomass = protein-rich product
o Examples:



o Single-cell protein (SCP) — Spirulina, yeast biomass
e Industrial relevance: Human/animal nutrition, feed supplements

e Produced by microbes as carbon/energy storage

o Examples:
1. Polyhydroxyalkanoates (PHA / PHB) — biodegradable plastics
2. Glycogen — animal feed, research
3. Starch granules in plants — food industry

o Industrial relevance: Bioplastics, food additives

e RNA, DNA, nucleotide derivatives accumulate intracellularly
o Examples:
o TrRNA, tRNA — research and biotechnology applications
o Nucleotide supplements — flavor enhancers in food (IMP, GMP)

e Many vitamins accumulate intracellularly before secretion or extraction
o Examples:

o Vitamin B12 — Propionibacterium, Pseudomonas

o Riboflavin (B2) — Ashbya gossypii
o Industrial relevance: Nutraceuticals, pharmaceuticals

e Accumulate inside cells as secondary metabolites
o Examples:
o p-Carotene — Dunaliella salina (microalgae)
o Phycocyanin — Spirulina
e Industrial relevance: Food coloring, cosmetics, nutraceuticals

« T antibiotics intracellularly accumulate, STH;
o Rifamycin — Streptomyces species
e Requires cell disruption for extraction

4. IoqTa e AR (Production & Recovery)



1. Cell growth in suitable medium — intracellular accumulation
2. Cell disruption — enzyme, polymer, pigment extraction
3. Downstream processing — purification, concentration, formulation

Extraction methods:
e Mechanical: Sonication, bead milling, high-pressure homogenization

e Chemical: Detergents, solvents, osmotic shock
e Enzymatic: Lysozyme treatment (for bacterial cells)

5. Industrial Importance (3= 4ga)
Product type Application
E Biocatalysis, diagnostics, food
nzymes .
industry

Storage polymers Bioplastics, biodegradable
(PHA/PHB) materials

Vitamins Nutraceuticals, pharmaceuticals

Pigments Food coloring, cosmetics

Nucleotides Flavor enhancers, biotech research

Biomass (SCP) Animal feed, human nutrition

aRuseT (Bioreactor) - B9Ea 3R yoR

1. SRUFeT a7 872

TRIRTEY U Ay ®0 & RBomse frar ar dg 91T (vessel) BT &, forae gaweha
(Microorganisms), gieif 3T 9 FIRABIAT T 3TIRT Fh YA 391G (S
TeTrIfesw, TasH, dF, wi%rrr Tedhlgel 31fe) IR fohw S 2

O I UAser H:
Bioreactor = Controlled ITATaYOT + ANfAT FAFT + I

2. JIRUECT 3318 & 368

UF 3ol aRRva B frafaf@d giaRad @& &



o 3T IMAT (Temperature)
« el pH

o TATCT JHiFdSeT woars

. 3Td fAfEFET (Mixing)

o Sterility (WFHOT ¥ FI&T)

o 3ITOHRIA 3G (Yield)

. SRIRTFEX & HET AT (Basic Components)

o TANH T AT IATH & T &l &
e SR (Cylindrical) 3THR
e ST IS (Curved bottom) ATfeh SITAHRIT FTAT o &

o HfTTH F Ro= & fow
o 3TFES 3R 9Ye dedl T AT fSawor

e YohRX: Rushton turbine, Marine impeller

e 4T T 3iTFEISTT T 37T STl &
. UPR:

o Porous sparger
o Nozzle sparger

e pH sensor
e Temperature sensor
e Dissolved Oxygen (DO) sensor



. FHYX 7 JieHRH el I
o pH, dTIHT, 3Tl # AT FaT §

4. STARTFX 398 & 9&R (Types of Bioreactor Designs)

4.1 Stirred Tank Bioreactor (STR)

[ESIEGH

o Y AT 3R I9s ®T F 39T fRAr ST arer
o AR &h
o 3cX impeller3-ﬁT sparger?—l?T ?I?f %

FI YTl

o Impellerm'%?ﬂ:r Fr %T“TIFIT %’
o Sparger & gaT & ST g
o Sensors CART feufa fafa @ &

ol

v 31TS3T Mixing
v pH 3R aua fAg=or 3mareT
v 93 YA W 3cIed 9T

.

X3T Foll @I
X Shear stress (PITRARI3T I s1ehHTeT)

39T

e Antibiotics
e Enzymes



e Insulin

4.2 Airlift Bioreactor

[ESIETH

« @IS mechanical agitator F&T
e QI HTI:

o Riser
o Downcomer

FII JUTeIl

e BAT &l ¥ el FW 3T & (Riser)
o SN 99" HTET § (Downcomer)

ol

v HH Fol @Ud
v/ &hH shear stress
v O FIRIRBT & faT sug+d

.

XMixing AT
XT3 YA W Hioca

3931

e Plant cell culture
¢ Wastewater treatment

4.3 Bubble Column Bioreactor

[ESIETH



o TTURUT SR HicH
e had sparger oldIT grar %

gaT & golgel W 35 &

Mixing gl &

Y CRETIED)
v hH dId
v IEIET 3TdTed

XpH 3R arga A= wfsa
XaH Mixing efficiency

e Single-cell protein
o Fermentation processes

4.4 Packed Bed Bioreactor

3T FUIC (beads, gel) & 1T g3
e  SHIRARIT immobilized BYAT &

Nutrient solution A/ ¥ YT dedrl %’
HIRIAT B2 @ &



ol

v 3=d cell density
v TR 3cures

.

X Channeling &I THEAT
XEPIS Hide

3931

e Enzyme production
e Waste treatment

4.5 Fluidized Bed Bioreactor

EEIES]

o BIE FUT fluid A NI WA &
e Packed bed T Jedd &9

ol

(4 a%T-IT mass transfer
v &hH clogging

.

XSifeel f3armse
XHGI

5. SRAIRTFeT BT & €T S TT FRF




Mass transfer

Heat transfer

Shear sensitivity
Scale-up problem
Sterilization method

fhvas’ (Fermentation) 31X fFvas (Fermenters)

1. fhuae (Fermentation) &aT 82

fohvaet o sie R afFar g fSae gawsha (S8R, dive, v6g) Fefesse S
FeOee @ disa FaT 3T 39l 3cure g &1

dcdla Sqle}Vl

Ueahlgel (Ethanol)
o difffen TR
. USEReEH
. 3ieffas ofas

2. fhuaa & g (Types of Fermentation)

fehvaet @l fafdest ITURT 9 Fefiepe foham STl B

2.1 3TadIstel &1 AT hdl & IR W]

(A) Wfss fhuad (Aerobic Fermentation)
TRHTST

ST puvaa & radister Y 3raegwar gidl &, 39 Wiss e wea T



o 3T Foll 3T
« Heat generation 378

o TAERIEH 3cUTGeT (Penicillin)
. tRaReE vfls 3cues

o Aspergillus
o Acetobacter

fog fPvaa & st Y raeTywdr Jg gdl, 39 TAwifed fhvad wed B

e A FolT 3cUICA

o ol gef

« Ucadlgd fohuas

o dfFes vfds fFuaa

e Saccharomyces cerevisiae



o Lactobacillus

2.2 391G o 3ITHR 9X fhvadd & YR

(A) Alcoholic Fermentation

e AFT — Ethanol + CO,
o 3UANT: R, STRATTAATST

(B) Lactic Acid Fermentation

e AR — Lactic acid
o 3T @I, el

(C) Acetic Acid Fermentation

e Ethanol — Acetic acid

o 3T A
(D) Butyric Acid Fermentation

o 39N Hied<, HiASd FTE

2.3 GeHCT I 3ATAT & 3TUR W

(A) Submerged Fermentation (SmF)
gR3TST

e gawoia ave ATEIA (Liquid medium) ¥ 33T ST &
faoryare

o 38 AgFoT
o 3T FThol-319



(B) Solid State Fermentation (SSF)

gR3TST
o geAslla 3 WeHee W A A H 39T A1 &
faeryare

o &H UET & TaThdl
o TEAT

3gglar

2.4 gt Qe & 3maR 9

(A) Batch Fermentation

. wwwgmawqﬁm
e AT & 91 3cUG AP ST &

(B) Fed-Batch Fermentation

o 3I¥F IcureT

(C) Continuous Fermentation



o TIAEAR HATEIH 3Tl 3R Feprem STam &
o &R 3T

3. [Fva® / wHeX (Fermenters)

HHeT FIT &7

HHeT Teh TRINTFR gIar & Toad Fafa aRfeufaat & frvas wrar srar gl

4, ®wfeT & wR (Types of Fermenters)

4.1 Stirred Tank Fermenter (STF)

EEIES]

o PR Eh
o TImpeller, sparger, sensors o131 &I &

ol

v 3ctC Mixing
v d9HAA 3R pH fAg=oT

.
X3TT Fal @Ud
39T9T

e Antibiotics
e Enzymes



4.2 Airlift Fermenter

[ERIEG]

« Mechanical agitator sTgT

e Riser 3i¥ Downcomer

ol

v/ &hH shear stress
v S §9d

39137

e Animal cell culture
e Plant cell culture

4.3 Bubble Column Fermenter

[EEIES]

e hdel sparger
o WS WL

Cit:)
v &H AR
HIGEI

XHTAT Mixing

4.4 Packed Bed Fermenter




[EEIES]

e Immobilized cells
e Solid support

39T

e Enzyme production

4.5 Fluidized Bed Fermenter

[EEIES]
o HUT fluidH A &
CIE]

(4 a%FIT mass transfer

5. frvaa 3R weer F1 gaY

fFvaa &1 .
39YFA BHET
Aerobic Stirred tank
. Batch
Anaerobic fermenter
. Continuou Chemostat
. Tray
Solid state fermenter

f¥vasr & e Als (Basic Modes of Fermentation)

AT (Introduction)




fhuae (Fermentation) a8 9fshar § oT@# H\&'ﬂGﬂH fafya aRfEufaat # gsace «r
39l 3curel H deeld gl
Fermentation modes Idg GEIEGE TG % F:

« FeHCT HE IR FA Srerm ST
o 3cUIC e AT AT

o 3cUlGe T G&Tdr fohder greft

1. &9 fohvasl (Batch Fermentation)

S fvaa ag ufekar & 5w

o YT AT ATLIA (medium), FEHANT HR NGF Tcd T YT HHT H s
ST 8

o ufhar & SN F& oft wEt Siter ST

o 3T H Q0 3cure fAsrer foram Ser &

1 Closed system chg olTcT gl

HHX FT AW AR TERABSAAA
HEIH (Media) STelell
Inoculation (FEHST STel=)

Growth phase (Lag — Log — Stationary)
Fermentation complete

Harvesting (391G TohTel=AT)

Sk v D=



o W 3R FIfREa gfsar
e A contamination SNTEH
o WA 3 &HdT

v f3arsa 3R daree @
v B¢ 3 & AU 3uged
v RET 3R o TR w 3meet

XTAT A FEET (T ST & 16 THIS)

XNutrient depletion
XProductivity H

e Antibiotics (Penicillin)
e Secondary metabolites
e Lab-scale fermentation

2. Ws-sa feuas (Fed-Batch Fermentation)

$hs-S fhudal dg fehar § oas:

. qEINA F DT AeIA Srew A€ F
o fhvaa & ke e-eY gemee Ser orar ¥



o 3d H QT 3cUrg fAhrer ST §

'] Semi-closed system FHgelTcT &l

$o FAEC 39 fhvas # g &

e Substrate inhibition
o (atabolite repression
o Nutrient limitation

Fed-batch 3T THEA3T & AT FLar g

Constant feeding
. Exponential feeding
3. Pulse feeding

N —

e 3= cell density
o SgR faATFoT
o ofST fermentation IHT

v 3=d 3c4Iq yield
v Substrate toxicity & ST
v Industrial scale & TIT 31T



.

xfagaor Sfeer
X3RMeT monitoring $r 3TaRThdr

39T

. g
. dE

Industrial enzymes
Amino acids

3. ¥dd f&vas (Continuous Fermentation)

EIEE: LI

Continuous fermentation dg 9fehar § fST#:

o OISl ATEIHA EMAR HHEI H STl AT ¢
o 3T &  fermented broth STEX Hewrem TaT &
. TOTcH AT 31a€AT (Steady state) H eIl g

'] Open system FHgelTdT &1

ALY YHR
(A) Chemostat

«  Growth nutrient gaRT fAIRT
« Dilution rate HgcaqoT

(B) Turbidostat



o Cell density ¢aRI IGRIEG]
« Optical sensor T 3GITIT

ICENGIY

o TR 3cures
o & cell growth
e 3T productivity

ol

v AT $ §Od
v 31T 3cares
v Cost effective (3 AT W)

.

X Contamination T 3T SITEH
X Mutation T THTTAT
XGATeTeT hideT

3931

e Single Cell Protein (SCP)
e FEthanol production
o Wastewater treatment

4. Batch, Fed-Batch 3iR Continuous & delellcHe 3EaTeT




fyeryar Batch Fed- Continu

Batch ous
Beea g Closed Semi- Open
closed
hddl
Substrate SisaA1 ‘ CIRSGIN IR
YA H
3care fATerer 3IdH T H SITAR
HEIH-
Productivity SH Sgd 3=d
3= >
~ Contamination 17 HeTH KB
risk
Control T e Sffee
complexity

5. 3iATNTs TIeT FT IUR
-8 HIS AT ST Jg AR & &

3c91G I TehIR
eHNG &l Jehfd
o 3TF areTd

Contamination sensitivity

Conventional Fermentation v/s Biotransformation

AT (Introduction)

i Sta-SleAfahr 7 geaoidl AT 3e7eh TASHT T ITAET Feh 3TN 39S
ST S g1 38 fT e 9Aq@ oEnfaar oS S 8

1. Conventional Fermentation (TRYR® fhuge)
2. Biotransformation (g-9Rade)

aleAt GfshATe 3TeleT-37e1T 366T 3R fAquial 9 menia g g



1. Conventional Fermentation (JRYR& feruas)

Conventional fermentation dg gfeear %’ S

H\&-ﬂ?ﬁaq‘\ﬂ' metabolic machinery T 393197 HId &
I FSHEC (ST AT T
Sifeer 3R 3uael 3curel # seoa &

[ 3cUTe GEHSTE T IIpfaed TATTTT (metabolism) FHT GROMH g &

SNk =

Substrate — Microbial metabolism — Product

T ITART (Whole cell) HhT Tgail &
Growth 3iX product formation W—K\‘TT q 3}? gd g

Media preparation
Sterilization
Inoculation

Microbial growth
Product formation
Downstream processing

Growth-associated IT non-growth-associated 3¢S
a'g’-mvﬁ?:r biochemical reactions
o fermentation TT



o FEthanol — Saccharomyces cerevisiae
e Lactic acid — Lactobacillus
e Penicillin — Penicillium chrysogenum
e Citric acid — Aspergillus niger

v 83 3R TIfid deelie

v 8Fd HTd qary

v 92 YA W 3cUea 99

X By-products &7 far#ToT
XProduct yield ifAd
X&T gAY

2. Biotransformation (Sta-afkads1)

Biotransformation g WfshaT § for@s:

. Shifaa FAFT a1 YU oA

. Trar fRAfdse gaafas giffe o

- @ I Fo AT sarfas aRadat garn
o« 3% 39T a1 gfhT 3cue & dedd &



W €I3TU 3?\?'%2[ growth «T-lﬁ', transformation élal %’I

e Specific enzyme + Specific substrate — Modified product
o HIfAT metabolic steps

« High regio- 3iR stereo-specificity

« Non-growth system 8 g1 HhdT g
o High selectivity

o A §AI H gidfhar i

e Steroid — Modified steroid (Hydroxylation)
e Penicillin — 6-APA

e Cortisone — Hydrocortisone

e Acrylonitrile — Acrylamide

v 3Td specificity
v &H by-products
v Sfee THTAT HT I FITALOT



XHALI FedcT

XEnzyme instability
X Scale-up HiST

3. Conventional Fermentation 3R Biotransformation & H&T 37X

TR
36T
Substrate

Biological
system

Reaction
steps

Specificity
By-products
qHAT

3aTguT

Conventional
Fermentation

3cuTe; + AT Jefer
TIA (T, FIe=T T)

Whole cell metabolism

Tg-ToiT

SH

3T

CELl

Ethanol, Antibiotics

4. 3NeATH Tfoehor & Jolalm

3c4ie H\&'?:I\_rﬁa' Cal W metabolite g

o hTdl ATT TEAT &Y
e Large-scale production ITTgU

o 3T purity 3 specificity ATRT
e Chemical synthesis &fdeT &I
 Pharmaceutical intermediates SeIT=1T &

Biotransformation

Fad TS IRadd
Sfea i
Whole cell a1 isolated

enzyme

WfAa @xor
agaaﬁm
agd FA
FH

Steroids, B-lactam drugs



* *fhugd & YN

Solid Substrate, Surface Td Submerged Fermentation**

AT (Introduction)

foruaeT gfshaT3it &I ATEIH (substrate) T $ilfas maﬂTq\&ﬂsha’r $r QE@' $r
fPufa & 3R W Fefiepa fohar Srar &1 e Sig-sieaifah & fgead: &

JehY HgcaqUl &

1. Solid Substrate Fermentation (SSF)
2. Surface Fermentation
3. Submerged Fermentation (SmF)

1. Solid Substrate Fermentation (SSF)

(319 Hefge fahvae)
qiRETST

Solid substrate fermentation dg gfghar %’ oae:

o HEHGNT S FeHET T
o HH FAHT (Low moisture) 1 Tufa &
o foerm AFd STel (free-flowing water) % 39T ST &1

1 FE gfhar ahfae Bha gefd Sier g gl

3TAET gl dTel Jsdce

. I F o
o TTTel Hr AT



o HFRT FHT AT

o T FT WS

. qﬂlg_c\" (Fungi): Aspergillus, Rhizopus, Penicillium
« IO SFEIRAT (Bacillus)

S e 1 IIA
THT FATISTT

Sterilization
Inoculation
Incubation

3cule faseyor

AN e

v G&dT ATETH
v 3T 3cUlE gigdr
v &H YIS FToT

XATYATT TAIT0T HideT
X Scale-up Sfce
X 3Tt @fAa



3931

o TSSH (Amylase, Cellulase)

e Organic acids
e Traditional fermented foods

2. Surface Fermentation

GEENERED))
giReTST

Surface fermentation 9§ 9ishaT § fo@s:

. GEHNT axe ATCTA T FAg W3S &
o Bal & WY U H wWa B

11 Ig gfshar wifas frvasr 1 aRfAe Aiedifes §9 B

EEIES]

. W3 IR YA ¢/ EF
o T HATEIH &I gdell R

39gerd geHSia

. tﬁq‘ﬁ' (Aspergillus niger)
« IO SFEIRET (Acetobacter)

ICENGIY



o Oxygen &I Tf Ui

e ©°hH agitation

v T doheilsh

v &H FoT @Ud

XhH 3c4iced
X378 TATT T TaThdr
X Contamination S &#

« Citric acid (YRfA® fafe)
e Acetic acid (vinegar)
o Traditional enzyme production

3. Submerged Fermentation (SmF)

Submerged fermentation g 9fshdT g o

. GeHNT O ATeAA # TN /e 9 @ &
o Mixing 3{¥ aeration T ¥ & T &l



O g5 Imyfaw st frvae &1 qe@ v e g

o SFARAT (E. coli)
AT (Saccharomyces)
. q?ch_c\" (Aspergillus)

e Stirred tank fermenter
o Airlift fermenter
¢ Bubble column fermenter

v 3chse fATF0T (pH, dT9ATE, Oz)
v 3T 3c4lgd
v 3l scale-up

X3 dETd
X3I®F FaT @ud

X Foam formation

e Antibiotics
e Alcohol
e Enzymes



e Vaccines

4. AT fhuaet Gfshansit &1 JolellcAs eTTA

ICRAGI] SSF Surface Submerged
ATETH Y T (AT W
3| R ([ EC)
HaEar gefa) (T e 29
AT FH ¥ ¥+
Oxygen Diffusion PICAGED IGRIEG]
supply ¢
3c4laed HEIH-IT™I ShH 3d
IGREL ofAa ofAa EIS
CIEIGH FH FH ¥+
SYaT Enzymes, Organic acids A_ntlblotlcs,
foods vaccines

5. 3iATTs TIeT FT IMUR

fruae &1 g AR AT §:

o geAESNT FHr gpfd

e 3cYlq ohl YohR

o VR

o TAIFOT T TTTHRAT

Fermentation Economics (fvast &1 3rdfenes)

1. Fermentation Economics &1 §?

Fermentation economics 9§ 3T¢IIT § [STHH I 3Mhalsd fohar rar & fob fpvaeT qarr
frelt 3curg #1 g 3cuee fds w0 @ amrEt § ar a4



[ T AsST H:
fraeY dmeTa el + fhaer 3cUIg 9= + fhder o §'31T = Fermentation economics

2. Fermentation Economics T 3663

Y oft e fhvasr ufthar &1 ae giar &:

o HAHIA IcUIGT (Maximum yield)
o ogAdH WRTd (Minimum cost)
o 3fA% S (Maximum profit)

3. Fermentation Economics & HAEY °g¢& (Major Components)

Fermentation economics 3l HEIA: 4 T F FHST AT &

1. Raw material cost (FT& HTT T ATTA)

2. Fermentation process cost (!'-IﬁﬁlT deTd)

3. Downstream processing cost (3c9Tq forsador dTITd)
4. Capital & operating cost (‘iGﬁ 3R FEE 9n)

4. Raw Material Cost (Td AT T dT9Td)

LIS (Glucose, Molasses, Starch)
o oTSClSlel G (Ammonium salts, Urea)
e Minerals 3iR Vitamins

uuggﬁrmmw—m%wa’rm%l



« Fermentation 3THAIR U bulk products ST g
. IfE Ae@ee AL M — 3cUIG AGIM — SR H TTHoT

3alguT

e Molasses — Ethanol (FEdT)
e  Whey — Lactic acid

5. Fermentation Process Cost (Ifshar &merd)

sHH AfA &
(A) Energy cost

e Agitation

e Aecration

e Cooling

o Sterilization

'] Aerobic fermentation 5 FaIT oI&9Td 31Tk Eﬁ?ﬂ' %’I

(B) Labor cost

o Skilled operators
e Monitoring 3R maintenance

(C) Utilities

o Tral

o Steam
e Electricity

6. Capital Cost (JaiT @Terd)




Capital cost T 87
g g8 TR & S herdl oot F v AR @Y @
SHH AT &

o Fermenters
« Sensors 3 control systems

e Sterilization units
e Buildings

"1 High-tech fermenter — High capital cost

7. Operating Cost (FdTelel olTd)

Ig 98 @I g Ne} a9 / &< feaagar gl
sHA emfAd

e Media preparation
e Cleaning 3 sterilization

e Fermentation run
e Waste disposal

8. Downstream Processing Cost (DSP dTeTd)

e HGIM TROT
Fermentation economics & DSP &l 84@?5[ §I§FI' CE %’I
O el ST HM40-70% dF DSP K a1 ST &

DSP & anfaer

e Cell separation
o Filtration



Centrifugation
Extraction
Purification

Drying

3alguT

- Antibiotics — Sgd HEIM DSP
o Ethanol — H¥dT DSP

9. Yield, Productivity 3iR Titer &1 3nfd& #Agca

(A) Yield (3957

fohdel Gedce ¥ fohdell 3cUig &T

v 39 yield —» &H Hdl ATA — HH d9d

(B) Productivity

gfad @& fFaar 3cure aan

v 3T productivity — HH AT — e il oAT9Td

(C) Titer

BHeT H 3cUIE T Tigd

v 3<d titer — DSP 3THA — hH oled

10. Scale-up 3R Economics

Scale-up #T 31



e Lab — Pilot — Industrial scale
3R eter
e Mixing

e Oxygen transfer
e Heat removal

XITeld scale-up — Ay e ?:I)WTH

11. Fermentation Mode &1 3 IHTT

Fermentation -
Economic impact

Mode
Batch Tl wifeheT A productivity
ey A’AF s w7 T
Fed-batch
%ol
Conti 3Td output, oifhed SNTEH
ontinuous =

"] Industrial biotech & Fed-batch & 31f¥% 39AN9T gdT &l

12. Product Type 3iR Economics

(A) Low-value products

o Ethanol
e Organic acids

| EAT FeTee + 93T YA 9IS

(B) High-value products

e Antibiotics
e Enzymes
e Vaccines



1 FEIN gfshar o e

13. By-products 3R Waste &1 3nfde gama

 By-products — Purification &t
o  Waste treatment — 3ifaRed @I

v If& by-product T 3TAMN AT ST — profit T&dT &

14. Fermentation Economics &I Sgd¥ g & dileh

TET Hd ATA FHT 3T

Genetically improved strains
High cell density fermentation
Fed-batch strategy

Efficient downstream processing

AN e

Automation 3R process control

15. arEdidsh eI 3areior

Ethanol Production

e Raw material H&AT (molasses)
o DSP &Yl (distillation)
v’ Economically highly viable

Penicillin Production

e Raw material HEIH

e DSP #ZIM
v T &Y ameteras (High-value drug)




Fermentation Media (fvasr AETH)

1. Fermentation Media &T §7?

Fermentation media 9§ 91N HTEIH (nutrient mixture) @FIT %‘ ST H\&-ﬂ\?ﬁa’f I

.
e 39E AT

& AT 3mags gt dcg YerT T gl

[ T AsST H:
Fermentation media = H\&"H’Eﬁ'ﬂ’f FT AT

2. Fermentation Media &7 3¢a?d

Ueh 31TOT fermentation media [FeTai@d ﬁﬁﬁﬂﬁ AT &

o 31TOHRIA cell growth
3T product yield
$H by-products

o hHANId

3. Fermentation Media & 3Ta23% °cs (Essential Components)

3.1 Carbon Source (F& @d)
HIAPT

a

o« Sl @ 7ET 9



o FIfAST TITT (biomass) F fIT 3TaeTsHh

Glucose
Sucrose
Molasses
Starch

o Cellulose (3> EIWQ_C'\' & form)

O Fd d0TT FT FEE T3 AT

(A) Inorganic

e Ammonium sulfate
e Ammonium nitrate

(B) Organic
o Peptone

e Yeast extract
e Corn steep liquor (CSL)

1 Organic I #Agdr olfher growth CEISEy



e Enzyme activation
e Osmotic balance

e Phosphorus (KH2POs4)
e Magnesium (MgSO.)
e Calcium

e Iron

3.4 Trace Elements (F&H dcd)

fAFT

a

e Cofactors & & H HIA

3476 T

Zinc

Copper
Manganese
Cobalt
Molybdenum

Dag?ramﬂmﬁrmgw

3.5 Growth Factors (§&f&r &R)

HfAFT

. T GeHSNT TG gl &l UTd
3aTeRT

e Vitamins (B-complex)
e Amino acids
e Purines, Pyrimidines



3.6 Water (S7eT)

HfAFT

a

e Solvent
e Heat transfer
e Transport medium

[ Water &7 quality 3Tedd ﬂ%?cl'q‘;ﬁ'

3.7 Buffers (%)

HfAFT

a

o pH& TEAT @A

3aleNur

e Phosphate buffer
e Calcium carbonate (CaCOs)

3.8 Antifoaming Agents (STRT-IUET gere))

HfAFT

a

e Foam formation s Jehall

3ale¥tr

o Silicone oil
e Vegetable oils

4. Fermentation Media & 9&R (Types of Fermentation Media)




4.1 Simple Media

e ahddl basic nutrients
o Lab scale 39JT

4.2 Complex Media

e Natural extracts

e  TEAT 3T industrial 3TAN

"1 Composition CJ'\U‘IFP Ald FI%T ?IT'IT

4.3 Synthetic / Defined Media

o T ek AT AEFT H
e Research 3iX controlled studies

4.4 Production Media

e Product-specific
o Growth & 31f8& product formation 9T €ITeT

4.5 Seed / Inoculum Media

o URMAS cell growth & fow

e Highly nutritious

5. Media Formulation & 9Ifdd &3 daTal FRE

1. AT HT JhR



2. 3c4iq &l Y

3. Fermentation mode (batch / fed-batch)
4. oETd

5. Downstream processing

6. Industrial Fermentation Media & 3¢TgIoT

Penicillin Media

Lactose (carbon source)
Corn steep liquor (nitrogen)
Minerals

Ethanol Media

Molasses / Starch hydrolysate
Minimal nitrogen

Citric Acid Media

High sugar
Limited nitrogen

7. Media Optimization T Hgcd

Media optimization &7 3TaTH?

Raw material cost E€TeY
Yield S&Tt
By-product H FHIat

Techniques

One-factor-at-a-time
Statistical optimization (RSM)



8. Fermentation Media 3R Economics &l d«er

O gﬁl’ fermentation ST HT 30-60% media A T ghar %

() ST FEAT 3R THET media design 37cdd 3TaTH gl

**Mechanically Agitated Fermenter

@Ee T T BART AT arelT Hae)«*

1. 9= (Introduction)

Mechanically agitated fermenter 9§ STAIRUFEI &Il g o

o Mechanical agitator (impeller) a1

. fpvas AreH @t R fRemar Srar §
« d1f& mixing, oxygen transfer 3R heat removal SR g THh|

| 3§ HAIT: Stirred Tank Fermenter (STF) &gl ST gl

2. Mechanically Agitated Fermenter &1 3Taedehdr

fopuaar ufsrar F A gasad g &

e Nutrient gradient
e Oxygen limitation
e Heat accumulation

") Mechanical agitation 3oT T &I AT AT B




3. Mechanically Agitated Fermenter & e faguid

F1e Rigerie

o Impeller §AAT g

o X ATEIH H turbulence YT AT §

o Sparger ¥ & 1S gaT BIC Tolgeil A ol ©
e Oxygen T mass transfer STl &

| Agitation + Aeration = Efficient fermentation

4. Mechanically Agitated Fermenter %I @@= (Design Components)

4.1 Vessel (BHcX <h)

o  HHAIT: TSANT Tl (SS-316)
o SoldATRR AR
o oI e (Dished bottom)

o Sterilization 3THTeT
e Cleaning-in-place (CIP)

4.2 Agitator System
(A) Impeller (379er7)
I Mixing 3R oxygen dispersion

9.

1. Rushton turbine (Radial flow)
2. Marine impeller (Axial flow)



3. Pitched blade turbine

] Aerobic fermentation 3 Rushton turbine aTTeier ITAT3fY

ImpellerEhAf AT T SISl %’
Holgd AR AJfed gler 3maegen

Impeller T I1fa FaET &Har &
Variable speed drive (VSD) 39314T &Il g

HE&T: OTAT: 4
F:

 Vortex formation Jehell
e Mixing efficiency SGleIT

o gar a1 e gfase e §
YFIT:

e Porous sparger



e Ring sparger
e Nozzle sparger

0B W — 37T oxygen transfer

4.5 Heat Transfer System

e Cooling jacket
e Internal coils

3¢a?¥: Fermentation § 3cUeel FSAT gl

4.6 Sensors 3k Control System

Sensor FA
pH sensor pH faz=or
Temperature ATqHTe

sensor IGERELS
DO i
sensor )
IGREI
Foam sensor grer fATEoT

4.7 Antifoam System

e Foam breaker
e Chemical antifoam addition

4.8 Inlet 31T Outlet Ports

Media inlet
Inoculation port
Sampling port
Harvest outlet




5. Mechanically Agitated Fermenter & @dTelel (Operation)

Media filling

Sterilization (Steam-in-place)
Inoculation

Agitation 31X aeration Tw

Parameter monitoring
Harvesting

AN S e

6. Design Parameters (3318 HAUE3)

6.1 Agitation Speed

. EI§FI' &%H — Poor mixing
o gd 31f8% — Cell damage

6.2 Aeration Rate

o TITTT O supply

e Excess — Foaming

6.3 Power Input

 Energy cost & SEl
e Acrobic fermentation § 378

6.4 Oxygen Transfer Coefficient (kLa)

 Fermenter efficiency &I W I

7. oTH (Advantages)




v 3ctC mixing

v dgd% oxygen transfer

v e I

v Large-scale industrial 393147

8. g1faar (Disadvantages)

XHigh capital cost
XHigh energy consumption

X Shear-sensitive TR T W

9. 39T (Applications)

Antibiotics (Penicillin)
Enzymes

Organic acids
Recombinant proteins

10. Mechanically Agitated vs Non-Agitated Fermenter

ﬁ?, Mechanically Airlift / Bubble
agitated column
Mixing Sgd 3ot Wfaa
Energy H+ FA
cost
Control 3 SIEC)
Cell REiCH FH
damage
11. 3@ 3gmEor

*) Penicillin production # mechanically agitated fermenter ST SaTIeh 3YATT T gl




Pneumatic t9 Hydrodynamic
Fermenters

1. &A= (Introduction)

BHeT Eﬁfmixingf-)ﬁT aeration 3 c{l& & 3MYUR W & g3 Fat & dicT AT &

1. Mechanically agitated fermenters
2. Non-mechanically agitated fermenters

] Pneumatic 3 Hydrodynamic fermenters, non-mechanically agitated fermenters ¥
Aot 7 3a £l

SoTH $IS mechanical impeller?-l'eﬁ' &1dT, dfesh el T I gaT (air) T O 94G1E (fluid
flow) & 3cTeet &1 AT ©

2. Pneumatic Fermenter (Fg#fes #cx)

2.1 gfisrsT

Pneumatic fermenter 3§ el giar § foa#:

« Compressed air / gas T ATEIA H Yfasc HIAT T &
o AT & Fogell HT AT &
e Mixing 3R oxygen transfer gIdl g

|| 3GH mechanical agitator sTgT grdT|

2.2 Pneumatic Fermenter &1 f&guid

o Sparger & gaT AT ¥ gidse g &



o BT % g IW 33 §
. A P Y g §
o @A circulation 3T mixing@?ﬁ a’

1 Air flow = Mixing + Aeration

o T SAATHR HITH
o AN sparger
. %Té baffle IAT impeller &I

« FAgl FW 354 ¢
o Turbulence 3c9esT & %

v T 34 [Sod
v &H dEd
v/ &hH shear stress

XMixing AT
X¥3 YA W AIFor s

e Single Cell Protein



o Wastewater treatment

o & Sl B g
o Riser (§dT dTT HTM)
o Downcomer (84T Igd HTM)

Internal loop airlift fermenter
. External loop airlift fermenter

N —

e RiserH gal — dRT FUT AT &
o Downcomer ¥ A dlfedr %

v 98X circulation

v &H energy consumption
v Shear-sensitive cells & oI 39gFd

xf3omsa Sfeer

X Gas-liquid mass transfer AT

e Plant cell culture
e Animal cell culture



e Mechanical damage &l
e Maintenance hH

e Contamination risk shH
o Energy efficient

 Oxygen transfer rate T
« Highly viscous media & foIw AqageEFd
o Large-scale aeration W

3. Hydrodynamic Fermenter (g33B8RTAS haic)

Hydrodynamic fermenter dg HHeX giar & o

e Mixing a%el 9aTg (liquid flow) & FHRUT gl &
+ IUg YdTE pressure difference AT jet flow H 3cTesl BT &

O smfr impellera_-lﬁ' gId, ‘-Ngi T $T 3= Afa A turbulence 3cTs<T glaT gl

e Medium ® pump CART 3= 9T & yarfed fRar ST g
e Liquid jet aT9F BHX H TAA T &
o Turbulence 31X mixing Eﬁ?ﬁ %’



" Liquid motion = Mixing + Mass transfer

3.3 Hydrodynamic Fermenter & Y&

(A) Jet Loop Fermenter

BarseT

e Nozzle AT jet system
« External pump o3 &l g

Frf

o OC AT AT A jetd FT F YU HAT ¥
o Mixing3—ﬁT aeration?l?ﬁ %’

efTH

v 3Td oxygen transfer
v 3TSI mixing

.

XPump energy cost 3T
X Shear stress THT

(B) Circulating Loop Fermenter

 External loop G@RT dlel T g?-rqq?,lTUT
o High flow rate

3.4 Hydrodynamic Fermenter & oT#



« Mixing impeller & for=T
e High mass transfer

e Viscous medium & foIT dgR

« Energy requirement 378
e Pump failure FT ANTEH

4. Pneumatic 917 Hydrodynamic Fermenter (el )

TR Pneumatic Hydrodynamic
Fermenter Fermenter
Mixing Air bubbles Liquid flow
source
Mechanical :
parts sTer Pump
Energy cost FH s
Shear stress Sgd A HegH-31T0F
Oxygen SiCE] e
transfer
Suitable for Shear-sensitive cells Viscous media
Maintenance F Kl BED

5. Mechanically Agitated §TH Pneumatic/Hydrodynamic

ﬁ?, Mechan Pneumatic /
ical Hydrodynamic
Impeller gar & el
Energy HRIF FH-ACTH
use
Control 3 @faa
Cell THa FH

damage



6. 3wk 3uAer (Industrial Applications)

e Pneumatic fermenters
o SCP production
o Wastewater treatment
o Algal culture
o Hydrodynamic fermenters
o Enzyme production
o High viscosity fermentation

1. Large Scale Animal Cell Cultivation

(93 YA WX 9L HIART Haeler)

1.1 9R=

qR] FHIRIHT HALeT dg deheiieh ¢ oaed Sfaa aepat @ & 715 FifAFET A1 G2
a1 3T 7 fafa aRkfeufaar 7 semar Sar &

9 Tgr m.‘lﬁ@ﬁ? T (large scale) X I SATcT g, dr 24 Large Scale Animal Cell
Culture Fgd gl

1.2 31aTahdr (Why needed?)
qR[ HIRARIIT & Fofel aTed 3cTTe:

o @& (Vaccines) — 9iferdr, guersfed
AT — Sgforet, MY Al

. UABHA

o AMFATAT THEE (FER 3TIAR )
o ARRA AT

1.3 9 HIRAFTIT Fr ICENGIY

« ATET AF (fragile) BVl g



o dIYATA: ofdTHIT 37°C
e pH:7.2-7.4
« Sog T (FAswer) ardraRor arfgw

e Vero cells
e CHO (Chinese Hamster Ovary) cells
e Hybridoma cells

FIRABI3T & TAT “HISTeT:

92 YA W FHAFIT Bioreactor H 3?Tré»' ST g1
Bioreactor & HT:

o AEAE fAzEoT

e« pH IGREL

o 3Tl 3mfct

o  FIFAFIT FT AYOT (mixing)

o Stirred tank bioreactor



e Air lift bioreactor
o Hollow fiber bioreactor

(E) Harvesting

3cATE (SI N IT dFENeT) T HIRAB3T T 39T fFar S B

2. Large Scale Plant Cell Cultivation

(§3 YA OX 9TeT HIfRIAT Haee)

2.1 9=

UTeY AT HatleT # Giell T HIRABI3M, Fciehl AT el I FRAT ATEIT H 39101
ST B

2.2 Hgcd

o 3w @I (Alkaloids, Glycosides)
IR ad

T (Natural pigments)

goier aiell T Eefor

2.3 greg HIfAit fr [dvane

. Jafeure (Totipotent)?l?ﬁ %
. WE A e W QU ol 9 wehdr §

2.4 Culture Medium

A d W MS Medium (Murashige and Skoog) 9137 fohaT 1T &, o aa:



. 3iffer@eT 3R Asclfehfaer (Plant hormones)

2.5 Large Scale Cultivation $r faferar

(A) Suspension Culture

e IR ReT ATCTH 7 Rr &
o Bioreactor § &I AT &

(B) Callus Culture

o FIRAFIST FI HIATIT HHE (callus)
(C) Bioreactor

o Stirred tank

o Air lift
e Bubble column

2.6 39419

o Taxol (F& gaT)
e Artemisinin (FATRAT T &ar)

3. Air Sterilization

(arg TshelTehoT)

3.1 gRaTST

Air Sterilization 9§ fham § TS0 gar & geaahal (SFARAT, $org, aRRE) H1 g™ A
IS¢ fopam ST B

3.2 ATaRIhdr

e Cell culture laboratories



e Pharmaceutical industries
e Operation theatres
e Bioreactor rooms

3.3 Air Sterilization & afi

(A) HEPA Filter

High Efficiency Particulate Air Filter

Eop)
e 03 FSHIT T I3 FUN FT 99.97% dh bl &

39T

e Laminar air flow
e Tissue culture lab

(B) Laminar Air Flow

Rigaia

o UH T # A6 gaT FI YdTg
o GIYd T 3ieT G S 9Tl

SETEy

e Horizontal
e Vertical

(C) UV Radiation

Rreeria

« UV 0T DNA & a5¢ &7 &r &



39T

o Ud H YANRITST FT gar H AShaT HTam

(D) Chemical Fumigation

AT

e Formaldehyde
e Hydrogen peroxide vapor

39T

. a% FHAY 3T bioreactor halls

(E) Positive Air Pressure

o 3 FI o dgX H 3™+
o SEY I IET gaAT 37ET G 3T

4. Large Scale Cell Culture # Air Sterilization &1 Aga

gfe gar swer o &

o Contamination?f ST
o q‘\ﬂ' culture «IC ET Hahdr %’
o 3f¥H e

safat:

o HEPA filters
o Sterile air supply



e Clean room technology

T JATT fHAT ST T

Upstream Processing: Media Formulation

(3oEEH WrafdT: AfSar Bleeer)

1. Upstream Processing &3T 87

Upstream Processing S1a-1eAIfAHT (Biotechnology) 3R 3itgaifares qeASa ICEIGH
(Industrial Microbiology) ®T dg aXOT § Tora&:

« SfId (microorganism / plant cell / animal cell) ST
o 3ugFd #fEAT (Medium) &

o fafa oRfeufaar &

o 93 YA 9T 3T AT ¥

() Media formulation upstream processing FT & H’E’ﬁ"l‘?" T &, Fifes Sha &1
faera, 3care &1 AT 3R U WY AT W AR R

2. Media Formulation &t gRarsT

Media formulation 9 d3fer fshar § f5aH:

o ST HT GIYOT IGRIDRATIT PN EAT H YW@ §U
o 3UgFd WIS dedl @l

o HE U H fATRT

e T YJHTAT dhoaX HISAT IR TRAT AT &l

3. Media Formulation &T 3g¢ed




3f8ehcH FRAFT gefer (Cell growth)
31TSd# 3curg fAATT (Product formation)
oIl v H IWeAT

Contamination & dTd

Downstream processing &I 37TTeT SeIlall

AR e

4. Media Formulation & €17 ¢o¥ I FRH

4.1 Microorganism / Cell &T 9

Bacteria
Fungi

Yeast

Plant cells
Animal cells

& Sg T NYUT 379ThdT 37T gl &

4.2 Media T 9hX

(A) Simple Media

o hao HA 9¥h dcd
e 3cTgUT: Nutrient broth

(B) Complex Media

o Yeast extract, peptone
o OIGAT QU RE AT gl

(C) Synthetic (Defined) Media

o Ty geh AT AT H
o M AT H Iy

(D) Production Media



o JIAfIH TR W UG T 8]

5. Media &% H&F e (Components of Media)

5.1 Carbon Source (FIeT Hid)

Arerad (T8 TEd)

(10 38R Tofshlel A

e Catabolite repression g1 Tl &
o 3CUIC HH FAdT §

5.2 Nitrogen Source (AT8esld did)
Hr-

o W, Tgfeelsh TS AT
TR

(A) Inorganic



¢ Ammonium sulfate
¢ Ammonium nitrate

(B) Organic
o Peptone

¢ Yeast extract
e Corn steep liquor

o TITHRA (P)

o TRfREH (K)

o HIARHA (Mg)
o 3 (Fe)

o Q'GllsiFI activation
« 3ol Tsh (ATP synthesis)

o Coenzymes FETH
e Metabolic reactions & Heldsh

e Biotin
e Thiamine
¢ Riboflavin



$o geAsha el Tag g1 ofd §, $o |

5.5 Growth Factors (fasra &)

e Amino acids
e Purines & Pyrimidines
o Fatty acids

f3AYHRT animal cell culture H AT

5.6 Water (STel)

e  Media &T Gad &3T AT
o Distilled IT deionized water TAT fHAT SATAT &

5.7 Buffers (pH faa= )

3qqe:

~

« pH TR T@ar
3GTeRT:

o Phosphate buffer
e Carbonate buffer

5.8 Antifoaming Agents (9T fag=o)

THET:

 Bioreactor & SITIT el dT &



HATE A

¢ Silicone oil
e Vegetable oil

6. Media Optimization (Ff3AT I 3ol

6.1 One Factor At a Time (OFAT)

e Uh AT H Uk °Uceh dcoll odl &
o WA ofhe gHI-TTET

6.2 Statistical Methods

e Response Surface Methodology (RSM)
e Plackett—-Burman design

1] HIEAAF TR W statistical optimization 3TF 3TN

7. Media Formulation: Microbial vs Animal Cell

YSaT Microbial Animal Cell

far Media Media
Sterility 39T 3cTd 3TaTH
Comple

ity & a5 R INED
Serum Ter HFET TTH
Cost $H aga o

8. Media Sterilization

ANZIrT A Fsha war fFa gl
ICIBR

e Autoclaving
o Filtration (heat sensitive components)



o UV @fAT 39m)

9. Media Formulation # JAEITT

e Contamination
e JTeld C:N ratio

e Nutrient inhibition
e By-product formation

10. 3iicAif&e 8o

e Penicillin production — Corn steep liquor
e Citric acid — Molasses + minerals
e Insulin — Defined media

Bioprocess # Sterilization, Aeration ta Agitation

(Sta-9fshar # fAsthellenior, ardel 3R HY)

1. Sterilization

G TIETE))

1.1 Sterilization & aftareT

Sterilization I§ UTshaT & To@s:

« Gl yHR & gaAsa
. Q@W,W,Wﬁmspores
o FIH AF A F GAT AT &



'] Bioprocess H Sterilization sT q&g 3¢4?Y contamination ¥ FAT B

1.2 Sterilization & 3T@2Isdr (Importance)

gfe Sterilization T &

HeTaTg FeHST §6 SIear

3cute &1 AET 3R AoTEET ged

q‘\ﬂ' fermentation batch @S & Tl &
3T FFhareT grm

1.3 Bioprocess & Sterilization & &%

Culture media
Bioreactor vessel
Air supply

Pipelines 3 valves

A

Inoculum

1.4 Sterilization &1 fafoar

(A) Heat Sterilization (FHAT cdr)

(i) Moist Heat — Autoclaving

o dIYATT: 121°C
e GdId: 15 psi
o JHAIT: 15-30 AsTe

39N

e Culture media
e Glassware



(ii) Dry Heat
e 160-170°C (2 &)
3TN

e Glassware
e Metal 39hI0T

(B) Filtration Sterilization

e 0.22 um membrane filter
39T

e Heat-sensitive media
e Vitamins, antibiotics

(C) Chemical Sterilization

TG

e Formaldehyde
e Hydrogen peroxide
e FEthylene oxide

3YANT:

e Bioreactor room
e Pipelines

(D) Radiation Sterilization

e UV radiation
e (Gamma rays

39N



e Air
e Disposable items

2. Aeration

(ardel / 3HTTSTeT M)

2.1 Aeration &1 gfysmeT

Aeration 98 9fhar § for@s:

e Culture medium &

o 3 (0) 3L Hr S B

'] Ig aerobic microorganisms & foIT Jfaart gl

2.2 Aeration ol Hgcd

e Cell respiration
o Energy (ATP) 3c9TceT

e Biomass aggfir
« Secondary metabolite faHTOT

2.3 Aeration & a{l

(A) Surface Aeration

e  Medium FT Idg & 0. 9aLr

FH gHE!L B YA 9T




(B) Submerged Aeration
o Airer sparger GART medium H BIST JTT &

w9 Ifew gl adewT

2.4 Sparger & Y&R

e Porous sparger
e Orifice sparger
e Nozzle sparger

2.5 Aeration &I 9HIfdd sal Il SRS

Air flow rate
Bubble size
Solubility of oxygen
Temperature
Agitation speed

Nk W=

3. Agitation

(HYT / Tgerre)

3.1 Agitation T gfemsT

Agitation g 9fshaT g S

e Culture medium T

. IS & F Fardr S gl

3.2 Agitation & 3¢ged




Oxygen T HHTA TadI0T

Nutrients T uniform mixing
Temperature uniformity
Cells T sedimentation JIehalT

bl

3.3 Agitation & T

(A) Mechanical Agitation

3YHIUI;

o Impellers (Rushton turbine, marine impeller)
39T

o Stirred tank bioreactor

(B) Pneumatic Agitation

e Air lift bioreactor
e Bubble column bioreactor

[ TG agitation air flow & T &1

3.4 Agitation & YHIdd $¥a dTel HRb

Impeller design
Speed (RPM)
Viscosity of medium
Cell sensitivity

10 37T agitation

e Shear stress Sadl %’
e Animal cells & I &TT gl Hhdl &



4, Aeration 3iX Agitation &r 3T9&T ey

« Agitation — O, &T JgaX fdaRoT
o Aeration — O, &V 3-1thﬁ
o Gl THAHT oxygen transfer rate (OTR) SGId &

'] Bioprocess &I Hheldl DO (Dissolved Oxygen) U< TR FET &

5. Industrial Example

o Penicillin fermentation — High aeration & controlled agitation
e Citric acid production — Limited aeration
e Animal cell culture — Low agitation, high oxygen efficiency

6. Sterilization, Aeration 3R Agitation & FHEIMT

HAET HILOT
Contaminati ECRICE
on sterilization
Foam 31fee
formation aeration

Cell damage =
agitation

g O2

Low yield
transfer

Measurement and Control of Bioprocess Parameters

(Sra-9fmT AT Td i)

1. 9R=T (Introduction)




Bioprocess 3 Iishar § for@e Siifad &ITAIT31T (microorganisms, plant IT animal cells) T
HerIdr o

o 3UANN 3 (VSTSH, Ve, 3, grefa 3nfe) samw aa €1
) Measurement 31X Control T 37 %}:

o ufshar & Agcayot sifaes, Tafas AR Sfas AT #
e OITAN HATIAT (monitoring)
o 3R INTFehdT AR FATIT AT (regulation)

2. Measurement 3iX Control T 3maeTerar

Ife |ér fAg=or o g

Cell growth ¥ Tehcll g

Product yield shH ET ST %’
Contamination T &dXT

q‘\ff fermentation 37T % el ET Hhdl %}

safarw ﬁmﬂ? bioprocess # automatic control systems 39T fhT T &1

3. Bioprocess & 9Hq4@ Parameters

Bioprocess parameters &1 3 ATOAT & §TeT ST HbdT &

1. Physical parameters
2. Chemical parameters
3. Biological parameters

4. Physical Parameters #T A9 g Ag=or




4.1 d9HATT (Temperature)

Heca:
o TUSTSH activity 3R cell metabolism dTIHRT WX TR AT Bl

3y O

e Bacteria: 30-37°C
e Fungi: 25-30°C
e Animal cells: 37°C

HIYoT:

e Thermocouple
e Resistance Temperature Detector (RTD)

IGLELK
e Heating jacket

e Cooling coils
e Automatic temperature controller

4.2 Agitation (%)

Hgca:
« Nutrients 31X oxygen &l FHATT faaRoT
HIYoT:
e Impeller speed (RPM)
IGLELE

e Variable speed motor
o Feedback control system



4.3 Aeration (drd)

Heca:
« Aecrobic respiration & I O, 3TaTs
HIYeT:

e Air flow meter
o Dissolved Oxygen (DO) sensor

IGREIYE

e Air flow rate adjustment
e Oxygen enrichment

5. Chemical Parameters &T A9 U9 fAIF0r

5.1 pH

Heca:

e Enzyme stability
e Cell growth

31mes’ pH:

e Bacteria: 6.5-7.5
e Fungi: 4.0-6.0
e Animal cells: 7.2-7.4

HIYoT:

e pH electrode (glass electrode)



IGEREIIE

e Acid (HCI) T Base (NaOH) @I automatic addition

5.2 Dissolved Oxygen (DO)

HE:
« 3T 3cdTgsT (ATP synthesis)
HIYeT;

e Polarographic DO probe
e Optical DO sensor

IGREIYE
e Aeration rate

o Agitation speed
e Pure oxygen supply

5.3 Nutrient Concentration

HAgcd:
e Cell growth 3R product synthesis
HIYoT:

e Spectrophotometer
o Biosensors

IGREIYE

e Fed-batch feeding
e Continuous feeding




6. Biological Parameters &1 #l9a td fag=or

6.1 Biomass Concentration

Heca:
e Cell growth rate STTeTet & foIT
HAIYeT:

e Optical density (OD)
e Dry cell weight
e Cell counter

6.2 Product Concentration

HIYoT:

e HPLC

e ELISA
IGRELYR

o Harvest time optimization
e Feedback control

6.3 Contamination Monitoring

HIYoT:

e Microscopic observation
e Selective media plating

IGEEIIE

o Sterilization
e Aseptic operation



7. Control Systems in Bioprocess

7.1 Open Loop Control

. Eﬁl’é’ feedback aTgT
o W dAfhd FH T

7.2 Closed Loop Control (Feedback Control)

e Sensor — Controller — Actuator

o 3T TE& 3N WS T 9T 39AEn

7.3 Advanced Control Systems

e PID controller
e Computer-based control
» Artificial intelligence based control

8. On-line, In-line 3k Off-line Measurement

9l

ICEAGI
T
) On- TAAR real-time data
line
In- Bioreactor & 3icY
line  sensor
Off-

line Sample /& analysis




9. 3itgAifi® 3qmEIor (Industrial Examples)

e Penicillin fermentation — pH, DO 3R temperature control
e Insulin production — Strict nutrient 3R oxygen control

e Animal cell culture — Gentle agitation 3R precise pH control

10. Measurement 3iX Control # THAEIT

Sensor drift
Time delay
Foam formation
Shear stress

Scale-up 3R Scale-down Process

(AT Seret 3R "gere T gfshan)

1. 9R=T (Introduction)

Bioprocess TTATI: dlel TR X fhaT ST &

1. Laboratory scale (TR TcR)
2. Pilot scale (9T¥eIE EFX)
3. Industrial scale (3gAANF F)

13 T & i 9fFaT FY AhdaEF FIEIRa T 8 Scale-up HR Scale-down
FEedm ¢l

2. Scale-up Process




(YA SereT &1 gfsham)

2.1 Scale-up T gfemT

Scale-up dg 9fhar § 5a#:

o YTINRTAT IAT 9IAC TR W Th@d Sia-gfshar &r
o TS 3cure @ aoTEET See
o 3 3c@faeh srEIRTFr # Frey fhar S gl

3clglUT:
5L — 500 L — 50,000 L bioreactor

2.2 Scale-up &1 366

¥3 YA W 3cdres

clldlcad e ohidll

SAIGETS FAX G 391G 3Telet] Hllell
9fshaT FI reproducibility ST T&T

el

2.3 Scale-up & #&F ARGS (Scale-up Criteria)

2.3.1 Geometric Similarity

o BI¢ 3R &3 bioreactor Fr 3-TI7=|§1?-|' HATA
o Impeller T TR IR TAT HAT 31T H

ATST: Mixing behavior AT I&dT §

2.3.2 Power Input per Unit Volume (P/V)



o Foll oA9e 9fd 3T O T@r ST &
Hgcd:

« Mixing 3iX oxygen transfer W TTIT TG

2.3.3 Oxygen Transfer Rate (OTR)
e Aerobic processes H TaH ﬂ??d'q‘?‘f
Rreiex:

o kLa (volumetric mass transfer coefficient)

2.3.4 Mixing Time

« Nutrients 31X oxygen &I FHAT faaRoT

2.3.5 Shear Stress

e Animal 3R plant cells & forw ﬂ??ﬂ?‘f

2.4 Scale-up & 31aY arell GHEITT

Oxygen limitation

Heat removal &h{&eT

pH gradient

Foam formation

Cell damage (shear stress)

Nk W=

2.5 Scale-up & ddi%




(A) Constant Tip Speed Method
o Impeller FT tip speed T
3N

e Shear-sensitive cells

(B) Constant Power per Volume

« Industrial fermentation & 31f&es gaford

(C) Constant kLa

e Oxygen-limited processes

3. Scale-down Process

(YA Terer & 9ishan)

3.1 Scale-down &I gR#HTNT

Scale-down dg WfshaT & fS@s:

o« 3IEAAF bioreactor Hr IRTEAUTAAT Hr
¢ BIC JAPRITET TR W
. FOA T @ T AFET B S g

3.2 Scale-down &l 32T




Scale-up & Ugel FHEATI &1 eI
gfshdT &7 optimization

@A AR AETT FA AT

Process control strategy [dehi&d eIl

Sl

3.3 Scale-down Models

3.3.1 Single-Compartment Model

o T bioreactor Ueh HHTT HTAT STAT 3

3.3.2 Multi-Compartment Model

o Reactor @& 3TeT1-37619T zones & ST AT %’
« Oxygen-rich 3R oxygen-poor zones

3.3.3 Two-Compartment Model

o JIH 3MF 3uAEN

o Real industrial gradients sl simulation

3.4 Scale-down & 31¢d<T U AT dTel e

DO fluctuation

pH variation

Nutrient gradient
Mixing time

Stress response of cells

4. Scale-up 3R Scale-down =T 3T9dT FEET




Scale-up Scale-down
Production & Research &

forw forw
SfEH s SITEH FA
CILGERIGED CICIGECT ]
Validation Optimization
KICESED 3TATeT

5. 3 3¢18r (Industrial Examples)

e Antibiotic production — Pilot scale — Industrial scale
o Insulin production — Scale-down dRT oxygen stress 3T&ITeT

e Monoclonal antibodies — Gentle scale-up 3Td?Ih

6. Scale-up / Scale-down & % 8l & T WY

. Robust lab-scale data
. e scale-up criteria TTeT

1
2
3. Advanced sensors 3 automation
4. Proper scale-down validation

Unit 5

1. Enzyme Isolation

(TSTISH T JUFHIIT)

1.1 Enzyme Isolation &aT 87

Enzyme isolation a8 9fshar § STOH:

o HIfARI3T (microbial / plant / animal) &



o TS TSSH &I
o AT R Ffhg aear &
o 37o19T TR STar ¥

1.2 Enzyme Isolation & aXoT

(A) Source T IJeT

« Microorganisms (88 HMHY)
o Plant tissues
e Animal tissues

(B) Cell Disruption (iferepr faeaesT)
Ife USEH intracellular § AT HIfAST dAlSAT g3 gl

1. Mechanical methods
o Homogenizer
o Sonication
o Bead mill
2. Non-mechanical methods
o Enzymatic lysis (lysozyme)
o Osmotic shock
o Detergents

(C) Removal of Cell Debris

e Centrifugation
o Filtration

2. Enzyme Purification




(TSTSH T e faahTon)

2.1 Purification T 3¢¢T

o 3MAISd Wl el
e Specific activity SGlelT
e Stability SITT T@GeAT

2.2 Enzyme Purification &7 deheileh

2.2.1 Precipitation Methods

(A) Salt Precipitation

e Ammonium sulfate precipitation

o “Salting out” facEd
(B) Organic Solvent Precipitation

¢ Ethanol, acetone

2.2.2 Dialysis

e BIC U] S

2.2.3 Chromatography Techniques

(A) Ion Exchange Chromatography

« Charge 3R separation

(B) Gel Filtration (Size Exclusion)



o Size 3TYTRA separation
(C) Affinity Chromatography

« Enzyme-substrate specificity I¥ TR
o FIH gHTEr 3R ey fafer

2.2.4 Electrophoresis

o SDS-PAGE
e Purity check & foIT

3. Enzyme Assay

(TS TYeToT)

3.1 Enzyme Assay & gRemsr

Enzyme assay 9§ 9fshdl § 0T

o TarsH & AfAfAf® (activity)
o AT FTAT

3.2 Enzyme Activity &1 §?

O 9fd SRS THT H:

o fordeir ATAT A substrate
. productﬁ gRafdd §3-1T |

Unit:
1 IU =1 umol substrate/min



3.3 Enzyme Assay & 9&R

3.3.1 End-Point Assay

o Afga gag 9 A9

3.3.2 Continuous Assay

o Reaction 3l TRMTAR Alfale AT SATET %’

3.4 Enzyme Assay &I deheileh

(A) Spectrophotometric Assay

e Absorbance change HATIT SITAT &

(B) Colorimetric Assay

o W 9Rads X 3meaid

(C) Fluorometric Assay

e Fluorescence ATI
o 37cTd Hacerefe

(D) Radiometric Assay

o Radioactive substrate ST 3TNaT



4. Enzyme Immobilization

(TATsH &1 FEUdiantor)

4.1 Enzyme Immobilization &1 §?

Enzyme immobilization 9§ dehsilh & [oIGH:

o TASH HI
o frdY 3T IT 37Y-3F matrix W
. R (immobile) AT SITAT §

4.2 Immobilization & &

e Enzyme reuse

o Stability §&dT &

e Continuous process HHd

e Product purification 3THTeT

4.3 Enzyme Immobilization &I deeileh

4.3.1 Adsorption

o Weak forces @dRT binding
o Tl olfched enzyme leakage THA

4.3.2 Covalent Binding

o Halgd covalent bonds
o Leakage aTgT



4.3.3 Entrapment
o Gel matrix H enzyme $@T f&ar ST §

3qlgIur:

e Calcium alginate beads

4.3.4 Encapsulation

 Semi-permeable membrane H §¢

4.3.5 Cross-linking

e Enzyme-enzyme linkage
o Carrier S TGl ET

4.4 Immobilization & foIT YgFd Materials

Agarose
Alginate
Polyacrylamide
Silica gel

5. Immobilized Enzymes & 3iicaifalsr 39T

e Glucose isomerase — HFCS
e Lactase — Lactose-free milk
e Penicillin acylase — Antibiotic production




Applications of Immobilized Enzymes in Biotechnology

(SYa-SteNPT ¥ Rerdiper Gomgat & gt

1. 9= (Introduction)

Immobilized enzyme dg E’GI'IE?T EilFII %} o

. e o a1 37Y-aRF MR (matrix/carrier) W
o TARN TT F 1Y AT AT &
o dIf% 98 IR-gR 9T fRar a1 ae|

"] Immobilized enzymes Eﬂﬁ? biotechnology@' ﬂa’ A TS %’ Faifen ﬁ"ﬂ?—f-l’, Rux
3R g@fF TR w sTEEt A §

2. Immobilized Enzymes & H&F e (F&1T #)

« Enzyme &I g 3YAT (reuse)

o 31f8% aIAE 3R pH W ERar

o Product 1 3T ¥ 3{elaT THAT ST HehcTl &
« Continuous bioprocess THT

e Contamination sl YdT A

Soel ol o HROT Sofeh 3eleh eIy il g gl

3. Biotechnology # Immobilized Enzymes ¥ Y@ 373

3.1 Wi Ud 3T 31T (Food & Dairy Biotechnology)




TSATSH: Lactase (B-galactosidase)
Cop T

e Lactose — Glucose + Galactose

] Lactose-intolerant a9 & foIw E{\U 39 §Adr %l

Immobilization T oTH:

o Lactase SR-IX 39ATIT

o OFId A
e Continuous milk processing

ﬁﬁ'lsﬂ': Glucose isomerase

e Glucose — Fructose

1) Soft drinks 3iX bakery 3¢9 H g9 39T

ﬁT:l'IE'JT:

e Pectinase
e Cellulase

O S 318 A1, THST AR o THT T CHIF T B

3.2 3wy Tg wrAEgfCwe Biotechnology



(A) Antibiotic Production

TSATSH: Penicillin acylase
F:

e Penicillin G — 6-APA (semi-synthetic antibiotics T 3TR)
[ Immobilized enzyme 3

ey IS
o WNEE HH
o §3 YA W 3G

(B) Therapeutic Drugs T &0

e Steroid modification
e Vitamin synthesis

") Immobilized enzymes ¥ side reactions & gl & |

3.3 Clinical @ Diagnostic Biotechnology

(A) Biosensors

3CTeT.
e Glucose biosensor (diabetes test)
Immobilized enzyme: Glucose oxidase

(]

 Blood glucose FT caikd 3R T AT
« Home-based diagnostics THT



(B) Clinical Assays

e Urea estimation (Urease)
e Cholesterol estimation (Cholesterol oxidase)

3.4 9o Biotechnology (Environmental Applications)

(A) Wastewater Treatment

TSIgH:
e Oxidoreductases
e Laccase
]
e Phenols
e Dyes

Toxic compounds T 3T9YCeT

(B) Pollution Control

e Pesticide degradation
e Oil spill cleanup

| Immobilized enzymes 37O R gia § 3R &9 999 d& s :a g

3.5 Industrial Biotechnology

(A) Continuous Bioreactors

Immobilized enzymes ST 3YANIT:

e Packed bed reactor



e Fluidized bed reactor

e Continuous production
e High productivity

(B) Textile Industry
TATSH:

e Amylase
e Cellulase

e Fabric finishing
e Bio-polishing

3.6 $f¥ Sig-FleA@f@hr (Agricultural Biotechnology)

e Soil detoxification
e Controlled pesticide degradation

o Fertilizer efficiency SGleIT

' Immobilized enzymes soil & oid FHI d AfHT B ¢

3.7 Research Td Analytical Biotechnology

o Enzyme kinetics 3T€JdeT

e Protein-protein interaction
e Metabolic pathway analysis

1] Controlled 31X reproducible results THeld &1



4. y7@ Immobilized Enzymes 3% 3a& 3rqwater (arfaa)

Immobilized 39T
Enzyme 2
Lactose-free
Lactase .
milk
. HFCS
Glucose isomerase )
production
Penicillin acylase Antibiotics
Glucose oxidase Biosensors
Clinical
Urease . .
diagnostics
Laccase Waste
treatment

5. Immobilized Enzymes &1 HATT (Limitations)

o URfAS @R 3T
 Enzyme activity $& & doh H g Thal &

e Mass transfer limitation

R 8 31k aTeT AT T FEr 3F B

Bioprocess Control and Monitoring
Variables

(Sta-ufehar # AT Ud IR Aleleh)

1. 9R=

Bioprocess # FEHSNA/HIRABIIT & 3GARN 3cUTe (VSISH, TGN, 31Fd, e,
derdlel 3TiE) S=T ST §



7 Control & Monitoring T 362’7 §—YTshar =l R, FIiara 3R 3T 3cUESF T
JAT|

2.9@@%@@%@?&%

o ToEsH IfAfafer 3R metabolic rate ATATT W IR
o 3% dATT — TSSH denaturation
e &H dYAT — growth €A

e Bacteria: 30-37°C
e Fungi: 25-30°C
e Yeast: ~30°C

e Thermocouple
e RTD (Resistance Temperature Detector)

e Heating jacket
e Cooling coils
e Automatic temperature controller

« Oxygen, nutrients 3T cells T FHATT faaRor



e Temperature uniformity

e Impeller speed (RPM)

e Variable speed motor
o Feedback control

0] 318 agitation — shear stress — cell damage (TIATHT animal cells)

e Sterility §TT W@ H TgRID
e Gas solubility (Oz) T FHIfdT T &

e Pressure gauges

o Safety valves
e Pressure regulators

e Enzyme stability
e Nutrient availability
e Product formation



el pH

e Bacteria: 6.5-7.5
e Fungi: 4.0-6.0

HIGeT
e pH electrode
IZCE L

e Acid (HCI) / Base (NaOH) T automatic addition

2.5 Dissolved Oxygen (DO)

HEed

e Aerobic respiration
e ATP 3cHiceT

HIGT

e Polarographic DO sensor
e Optical DO sensor

fagFor
e Aeration rate

e Agitation speed
e Oxygen enrichment

3. Control Systems

« Open loop control — fS=TT feedback

e Closed loop (feedback) control — sensor — controller — actuator
e Advanced control — PID, computer-based, Al-based




H9T-B

Microbial Processes

(GEFST wifdmaTt)

4. Microbial Production

(geASial GaRT 3c9Tes)

4.1 Microbial Production =T g?

qeHAsial (bacteria, fungi, yeast) Sl 3TZANT &

Antibiotics
Enzymes
Organic acids
Alcohol
Vitamins

&1 3NeANF IcuresT|

4.2 Production & TROT

Microorganism bl ddeT

Inoculum preparation

Fermentation

Product recovery (downstream processing)

bl o e

3algduT

e Penicillin — Penicillium chrysogenum
o Citric acid — Aspergillus niger
o Ethanol — Saccharomyces cerevisiae

5. Screening of Microorganisms




(geHshal & Bers)

5.1 Screening F4T §?

Ul gEHASNEl S ggHre S

o 3% FATIT A
o TMST 3cUIG &l Tl

5.2 Screening & Y&R

(A) Primary Screening

o Large population & THTAT 3cUGeh strain TgdTeT
e TYd, qualitative

3qlglur:

e Antibiotic inhibition zone test

(B) Secondary Screening

o Selected strains &l quantitative IXI&TOT
e Yield, stability 3R growth rate HTIT SITAT g

6. Optimization of Microbial Process

(fsham &1 3fe]eheret)

6.1 Optimization &l 32T




o 3 dH product yield

e hH NI
o Stable process

6.2 Optimization & &R&

Carbon source
Nitrogen source

pH

Temperature
Aeration & agitation

6.3 Optimization $r afoar

(A) OFAT (One Factor At a Time)

o TIA Afhel THI-TTET

(B) Statistical Methods

e Response Surface Methodology (RSM)
e Plackett-Burman design

] Industrial TEX 9T 3TH 3T

7. Strain Improvement

(geHSNd S gUR)

7.1 Strain Improvement &7 §?

gEAShal A HeTaRIS g T



. ¥+ 3cdiced
« 9B stability

e hH by-products ITCd hIAT|

7.2 Strain Improvement &I desilch

(A) Mutation

e Physical mutagens: UV, X-ray
e Chemical mutagens: NTG, EMS

(B) Selection

e High-producing mutants shl TJeT

(C) Genetic Recombination

o Conjugation
e Transformation
e Transduction

(D) Recombinant DNA Technology

o Desired gene &I insert FHIAT

e Insulin, enzymes, vaccines 3c9lgel

8. Production + Control + Optimization + Strain Improvement

(FHT=ad TTeehIuT)

[ e HeAae Sig-gfshar & fau



Hﬁ strain

e control parameters

HET optimization strategy
HETH &

HET-A

Downstream Processing 3R Recovery #!

gHTAd FL Il FRE

(ST3AEEH NATHT T 3cUTe JAYNTT I THIIT el dTel HReh)

1. Downstream Processing &ar g?

Downstream Processing dg TR0l %‘ Sga:

« Fermentation & &G 9T broth &
o TS 3cure @l

o 370, Yt IR IUT-AY § H
. e R ST B

[ el 3cHTcel el <hr 40-60% downstream processing H T giar gl

2. Downstream Processing & H&I =0T

Removal of cells (ShITRIRI3T I geTe)

Product isolation
Product purification
Product polishing (final formulation)

b =




3. Downstream Processing 3R Recovery &I 93fdd e alel R

3.1 3c41E &l TITA (Location of Product)

9YhR EU)
Extracell Ethanol, organic
ular acids
Intracell Antibiotics,
ular enzymes

[} Intracellular 391G & cell disruption 3Ta2Te gIdT ¢l

N

3.2 3cUle 1 TaTAh op]

« Volatile (35=12fTel) — Ethanol

e Non-volatile — Organic acids
e Complex molecules — Antibiotics

3.3 3¢l T digdr (Concentration)

« Low concentration — 31f&& purification steps

o High concentration — 3THTsT recovery

3.4 3¢9 Fr TERAT (Stability)

o dIYHTT
° pH
e Oxygen sensitivity

1] 3R 391Gl & folT gentle techniques 3Ta2TH |

3.5 Broth &I §@=T



o Cell density
e Viscosity
e Impurities

3.6 3TaRIe ReUdl ¥ (Purity Requirement)

e Fuel ethanol — hH Qola\i]al
o Pharmaceuticals — 38 QE?JFIT

3.7 omdid (Economics)

o TEdr T grafas

« Energy 3R solvent consumption

HeT-B

Representative Examples of
Downstream Processing

(Ethanol, Organic Acids 3iR Antibiotics)

4. Ethanol &1 Downstream Processing

4.1 @i a

o Saccharomyces cerevisiae GART fermentation




4.2 Ethanol & @Avare

o Extracellular product
e Volatile liquid

«  Water & geferefller

4.3 Recovery Steps

1. Cell separation
o Filtration / centrifugation
2. Distillation

o FTH recovery dehaileh

o Ethanol @T boiling point shdH (78.3°C)
3. Rectification

o YEUdl FE= 8]
4. Dehydration

o Molecular sieves / azeotropic distillation

4.4991'@?@?113;

7 Distillation a8 HgcaquT

5. Organic Acids T Downstream Processing

(3crguT: Citric Acid)

5.1 919

o Aspergillus niger

5.2 Organic Acids &I fawyare




Extracellular
Non-volatile
High acidity

5.3 Recovery Steps

1. Cell removal
o Filtration
2. Precipitation
o Calcium hydroxide & calcium citrate SeTTelT
3. Acidification
o Sulfuric acid & citric acid FF AT
4. Crystallization
o RIGY crystals 9Ted
5. Drying
5.4 YW deheilsh

| Precipitation + Crystallization

6. Antibiotics T Downstream Processing

(3c18X0T: Penicillin)

6.1 9d

Penicillium chrysogenum

6.2 Antibiotics I AAwamT

3FEY intracellular AT loosely bound
Heat sensitive



o Complex structure

6.3 Recovery Steps

1. Cell separation
o Filtration
2. Solvent extraction

o Organic solvents (butyl acetate)

3. Back extraction

o pH adjustment €dRT aqueous phase Ao amag

4. Purification

o Chromatography
5. Crystallization / Drying

6.49?1‘@?!%11?

"I Solvent extraction + chromatography

7. qascAs AR (Comparison Table)

e Ethanol

Location Extracell
ular
Nature Volatile
Main Distillati
technique on

Purity need Medium
Cost Low

:\)tl:‘igdasnlc Antibiotics

Extracellula Mostly
intracellular

Non-volatile Complex

Precipitatio Solvent
extraction

High Very high

Medium High

8. Downstream Processing & HEATT

Product loss

Solvent toxicity
Product degradation

High energy consumption






