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STAINING

* Bacerios are MIcroscopic organism.

® Most of the bacteras are trangparent € Colourless in nalure s
It becomes Very difficult fo identify their shape, size and fypes
even under the Microstpe .

® To identify € classify micoorganism bosed an their physical €
chemical  charoctesistics it becomes very important o stain them.

® In !“h'r:mbl'f;slc}%{I : S{‘m‘ning_ IS q fechnique  Used fo .. color
baclesia or other microorganism wih the hepp of vanous dyes
o moke them esier to see under the micresccpe

OBJECTIVE

* To make microorganism visible under a micioscope .

e To determine shape, Size € alrang.emem of mfcmcrganl'sm.

* To study spedfic cellar strudwe € components (Flagella , Gpsle,
Endaspores éc.)

o To differentiole belween vaious fypes of Microorganiams

o To detert spedfic molewles or Substances in Mictoorganisms £
specific proleing , anfigens etc.)

Types OF STAINING
Thete are mainly two types of staining tecigues used in Microbiolagy
for identificalion of baclena *

@ simple  Staining

® Differential  Staining
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SiMPLE STAINING

* Simple staining technique Is a basic sfm‘m‘(rl?_ technigue used
in Microbiology o enhance the contagt of cells or microorganism,
makincj_ them more Visible under a Microscope .

® This technique as the nome suggest vewy simple staining. fechnique
involves the use of a single dye or stain to lor all cells
unifosmly , llowing. for ewsy oObsenvalion of heir 2hape , size
and arran%emamf.

® Some Most mmmoniy used dyes for simple sfw'm'n} include
Methylene Blue | Cn&s’ru! Violet €  Saffanin .

PRINCIPLE

o The prindple of simple. Stoining is based on the use of a
single Dasic dye that Dinds t0 the negolively chuged surkxe
of baderial cells.

® Most bacteiia have negativel charged  cell surfaces s0 When @
posilively . charged dye Csuch az Mehylene Blue, Ciystal Violet )
s applied , 1 is alraded tfowardz the cell, oloring. them .

o Thic mokes the baderia stand oul agm‘n&+ the badc%mund ,
ollowing, for eosy  observolion .
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PRroCEDURE
The procedue for simple staining includes 5 simple sfcn‘m'ma,f
® Preparation
® Fixahon
® S’ccu‘ning\
o Rl'nsin(}_
® (bservolion

Q) Prepuruﬁon OF Smear

® for preparation of smear , use a Sterilized incculalin loop €
transfer @ small amount of badenal culture fom  Gilture Media
o a dewn Qloss dide

® for Solid Cuitwe * Add a drop of terlle waler aloma. with sample _

e For Ligud Cuitwe ' Place the gample dirediy on clde .

® Now genHlf spread e sample over the slide us:‘nﬂ. Inocculation
loop -

* leave the smear for Alir Drying..

@ Fixahon
o Afer the smewr has dred , poss the shde Jrhlfoucl}h the Pame

of te Bunsen Bumer 2-3 fimes.
o F fixes the badena cels fo the slide
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® Staining

® This step inuolves applying. a s!‘n‘gte dye fo the prepared smeas
to make the microorganism visivle under a microscope.

o (over the smear With a few dops of basic dye such os
Methylene Blue , Gyatal Violet or  Saffanin .

o Alow the stan fo sit on the smewr for a spedfic amount of
time Cusually 30 seondg fo 1 minute)

o This time allows the dye fo peretmle the bacteral cells
2 clor them .

@ Rl'nsfns

® After the appropuiate staining, fime , gently mnse the slide with
distiled waler to remove the excess dye .

o The slide shoud be kept Pamllel to stream of water, ermnha
that it doesnt wash ‘way the baderia

(® Observation

o One the slde is dry , place it under a microscope for Obsenvation.

e The badeia ghould now be Staned # @sﬂy Visible , 8howing,
their - sllape, size ond arrangerment,
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[~ - &

Take @ Clen Prepare a smear
gl'EﬂSe ﬁee Sllde. on l}- Hm'. ﬁx
} p
Hash the A“OLU Stain To Flaod ThC Slqde
Slide With Water React For 2 mn With Stain
SUMMARY

Toke a Clean Glass Slide
.
Prepare @ smear of given cutture by
spreading a thin film on Gilass Slide
v
Airdry € Heot Fix the Smear
' +
Stain the Smear with appropnate Dye e
Methylene Blue , Gystal Violet For 30 sec- {mn.
'
Wash the slide wih dicilled woter
fo remove the excess stain

v

Observe the Slide under the ml'croscope.
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ADVANTAGES

° Eqsl, to Perﬁ;rm with minimal steps € a}mpmm}g_

® (ost effecive 0s requires only a single dye .4 basic laboruinn/
eqw'pmenfs.

® Provide fost results for Observing, cell Morpholegy .

LIMITATIONS

® Doesnt differentiole between different Hypes of clls or @liuar
(mponents .

o Does not poovide information on ¢ell wall strucure , intemal structure
or metabolic ach‘uih/,

APPLICATION

® Uged for intio] examinalion of bacterial morphology € arfangement

e (ommonly employed in_academics fo Introduce  Students  wlth
Microscope £ Staining. technique

e Pruide @ Quck Overview before more  Complex ﬁm‘m‘ng. or
biochemical fest are  perfommed .
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DiFFereENTIAL STAINING

e Diffetential Sim‘nr'nc} s a technique used In Nl'crobfolc(&y o
distinquigh between  different ypes of mr'qmrganign or different
Shudures - within 0 smca.le mlbroor(r}o.m'gn b%_usin% Multiple Stoung .

e Unlike simple Slm'nlng, thal uses anly 1 dye differentiol
stoining, fnuolues 2 “or more dyes thal reacts differentiy with
Vaous. types of  Boderiag or el shuduies dllowing. “for
differentichon  based on colour .

® There are mainly two types of diffential stoining, used fn
Micobiology 0% follows :

® Gram's Stm‘nm%

® Acid Fogt Shlinfnqﬂ

GRAM'S STAINING

® (iram Staining. 1s one of the most uuideiy used differential shm‘nm%
+enhm‘que I Microbiology

® Grm Staning, s @ universal staining, fechnique  used to
differentiote  Detween Giram  Positive € Giram Negative baderiq .

® Gram Sfafnin% technique s developed by Han's Chnstian Gram
in 1884,

o Gram diffetiotes the bacteda it two major groups

(@ Gram Positive Bacterig

@ Gram Ne%a!iue Badteria
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GIRHH +ve GIRAH -VE

® Have a thick peplidoglycan ® Have a hin pq?h'dﬂglycan
layer (90-80 nm) layer C2-10 am).

® They lack an outer membrane | e ﬁey have an additional

Outer membrane .

e The lipid content is very low | ® Lipid content fs 20-307.

* They ore Very usceplivle to ) @ They are very fesstant
Antibiotics to Anhibiohics

® The thick cell wall refaing the | ® The thin Replidoglyan layer
cystol vilet fodine complex does not retain the
dun‘ng, Giram shaim‘ng, , mokeg Vidlet lodine complex clun‘n(&,

them Oppear Pwple. PIfl‘ﬂﬂl'lf dnininc&_—e cdl are
dedlorzed € then unterstaing]
uith. safianin , appeasing Fink/red.
PRINCIPLE

e The principle. of Giam Stm‘m‘ma, Is baged on Gbility of badeial
@l to retain the Cyskal Violet dye  during. decolowization .

o Gram Positve baderia reloing the Crystol Uidlet dye du fo their
thick  peptidoglyan layer & appear  purpie under fhe microscope.

® Gram Negolive boderia lose the Cysfol vidkt dye dudn?\
demlomzalion due fo their thin pepidoglyan layer and appear

ank due to Counterstain.



PROCEDURE

The  procedure of Giram's S’rm'm‘n% Involues 6 steps *
Q) Preparation of Bacterial Smear
® Primary Stain
@ Mordant
@ Deorization
® (ounterstain
®© Obsenation

@ Preparation Of Bacteriol Smear

T involves Followr'ng Steps
® Clean 0 qloss Slide througbly
® Using. 0 Stenlized |‘nacallah'nta. loop , pick a gmall amount of

bacteral cultwe £ plae it on the shde
® Sprend the sample.
® Air dny the \Sﬂmple. |

® Hent fix the smear Dy pagaing f
few - minukes

b quicdy 'f})‘mng a flome fr

@ Pomay Stan ( Cystol Violet)

e Stoin he smenr wih Cstal Vet < ket it st for 1 mike
e Rinse the slide (a.EDHY with disiled waler fo femove éxcess
Stain |
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(? Mordant

® Add lodine soluion to slide (it ads os o mordart) 2 et it sit
for 1 minte .

e The iodine binda fo crystol uiolet ,*Tbrmr‘ng,\ a Crygtal violet - ledine
Qmplex nside the .

e Rinse the slide gently with distiled wotler

@ Decolorizalon

® Dewmlorze the smear b(; washmg. it with 957 elhanol of
acetone  for 10- 90 sewnds -

® Gram fostve Bocena retaing the Cr%&fﬂl violet lodine (omplex .

® (yram neqnhue bacdena los the <tain due fo thin pephaﬂg_fycun
Itu;er.

® Rince immechme!y with dishlled wafer fo stop the decolonzofion.

® C(ounterstain ( Safianin)

® Apply Sofranin C Ouwterstain ) 1o the smear for 30- 60 Sewndd.
® Sofranin Staing  Giram N&}aﬁue Badena fink .
® Rine the slide with distlled water.

© Obseruation

e Obcerve the slide under o microscope using ol immercion (100 x
Objective. lens) .

o (iram tve badedia will appear puple of blue .

¢ Gam -Ve bacteia will appenr Plnk os wed .
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N
% FixaTioN C)&%

l
-) CRySTAL VioLeT .’\
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(ounTER STAIN
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SUMMARY

Take a Clean (irease Free Slide

Make a Smear tjsfng Wire Loop
Air Oy £ Htol Fix
Stain the Smear Luil: (rystal Viglet For 1 Min.
Add Todine Sduhbni that will ad a8 a Mordan}

Treok the Todine Selukion Slide with Demlonzing
Agent CAcetone - Ethanal) for 5-10 Seconds
]

The Smeor then @unteratained with Safanin
for 10-30 Semnd2
b
Observe the  Sample

APPLICATION
e Help in |'derﬂ'iﬁfmt}'@ (luseiﬁ{r‘nqﬁ bacterial spedies bosed on el wall,
® (sed to determine the cwsge of infections fo  Quide antibiotic

freatment .
® Helps predict which Antibiotics are likely to be effedive , as Giram-

Pasih’ue £ (yram - neguh‘ue bacteria offen have different suscepﬁbih’l}/
proﬁles ,
o Assst in studying. bacterial physiolagy € - pathogenesis
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ADVANTAGES

® Differentiofes badlera Into fwo major groups * Giram fositive &
Gram Negoh'ue ,

® Provides Quick infomalion about bacterial classifiabon within minwes

® The -}edmique is felalively ensy fo perfom € doesn't requife
advanced ~ equipments .

DISADVANTAGES

o & doesnt wok for all baclenas, lke Mycobacterium apecies .

e Tt doen't -differentiofe between live € dead bactera .

* The staining s speciic fo baceral cell wolls € cloes not apply
to Fingl € Protozoa.
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AcID - FAST STAINING

e Ths %&hnfque was deuetoped by Paul Enrlich C1e82) and wos
loter modified by Ziehl - Neelsen , hence it is also known ax
Ziehl - Neelsen's Staining..

® This is a special differential Siwhin% used to fdenﬁﬁ{ maihly
the members of Mycbactenum species egpecicdly Mycobacterium
Tuberculosis and  Mycbacterium  Leprae .

® Thee organism  dre difficult 1o stain by ord:'nary sfm‘nfng\ methoc]
due to presence of high lipid content in their cell wll.

& Acmrdin%, to this S{m'nint} baderia are cdosified o0& :

® Add Fagt Bactena

@ Non- Acd Fogt Bactena

Acip FasT NON Acio FAsT

e They ntain . High Lipid ® low Lpid Content compare
(ontent  C Myolic Acidg) t0 Acd Fagt Bacteda

o The(/ refain the primary o They do not retain the
stain after dewlonzalion primory stain after decolorization

® Final Glor js Pink/ Red e Final color s Blue

® Stined With Pﬂ‘marq ® Stolned with (unter
Stain Staun .

® Fxample : Mycobacterium ® Bample ' E- @I
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© _Observation

® Gently Dot the slide with absoent paper of allow it to air .
® Examine the Slide under a light microscope UQ‘n% oll {mmersion
® Add foat badeia will appear red or pink due “to fefained

carbol  fugchin .
Non- Add Fost badera will appear bl or green du o Counterskain.

PRIMARY STAIN

|

Aerucation OF Hear

|

DecororizaTION

|

GecoNDARY  STAIN
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SuMMARY

Prepare a smear on a Slide
'
Air dy € heat fix the Smear
|
Flood the Shde with ZN Stain €
heat the Stain under flame
+
Wat for 3-5 minutes € wash with Waler
§
Teat the Side with Dewlorizing, Agent
for 15-30 Sewnds
_ ¥
Wash the Shde with woler ond
Food the Slide with (unterstain
v
Wait for 1-2 min 2 wogh the Slide with Waoler

§
Observe under Ol Immersion

APPLICATION
» Dfugnosl‘s of Tuberculosis

® Diagnosis of  leprosy
o Tdenfificoon Non - Tuberculous Mycbactenal Infedions .
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ADVANTAGES

Early dl'{]g,nasis of Tuberculosis
Effective Mana%emm% of leprosy

® Research € Development

DISADVANTAGES

Complex £ Time mnguml‘nc}_ d!‘agmsr's ;
Limited to spexific bactena
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Imvic TesT

® The TMVIC tect (s a senies of 4 biochemil tects used in
mfcmbiolagl; o idenh‘ﬁ,; and diffeenticde belween memberg of
e Enterobactenaceae ﬁ:lmi[l/ , Which are Giram Negative
Badteria .

® The tem IMVIC is an acronym  Stands for 4 different test

DI : Indole Test

@ M : Mehyl Red Tesh

@ v: Voges - Proskauer Test

@ ¢ : Chate Uhlizotion Test

SIGNIFICANCE OF TIMVIC Test

o The IMUIC fest is wWidely used to distinguizh between dcz;ely
rlaled Daclena that inhibit the Qostointestinal froct . such as
Escherichia Coli, Enterobacter . Klebsiella , Semolia and Gtrobacter

o Th malial micobiclogy .the TMUC fest Is uceful in l}:ienﬁﬁ/m%
pojhos}erg responsible for uns and other infechons Qwsed by
emeric  bactena .

o The tect is escential i food micubiology fo deted spollage
organisms or pathogens in food € daily products. | |

o Tre TMvic test ia'a Quick , (st efective ond relafively imple
biochemical oy moldng_ It a pradicol choice for many  (aborabozies
wihow the need of Epensive equpments .
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INODOLE TEST

® The TIndole Test is a biachemicnl fest used to detemine the
abily of an organism to produce Indole from the amino acid
Tryptophan

o The fest fs poimadly used in mfcroblblrx%z fos the  idenfification
of boderia , particulasly fo disﬁnram‘,ah Memberg of
the Famih/ Enferobactenaceae .

PrRINCIPLE

* (etoin badena possecs the enzyme Tryptophanase which Colalyzes
the breakdown of Trypiophan (nto” Indole , Pypuvate £ Ammonia .

Tu’piophan I il +» Indole  Pymvate t NHs

® The presence of Indoe. In the cullure con be deteded bbL adalin
kavac's Rea%enl-, which react with indole to produce a fed
ov Pink coloured  compound .

Tndole t kovac's Rengent ——* (Chemy Red (ompound
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Procepure

® A badeial @lony is inoclated ifo a ryplone - Coniw'mh% broth,
sudh 0s typtone broth -

o The cwlure Is Inabated ot 3woC for 2u-48 hows to allow
for bactenal gowth and Tryptophan melaboliam .

® Afler inabakion kovac's fengent s added into broth.

ResuLT

o Positive : Formokion of Pink/ Red (Oloured n'n% (E.-©W)
® Negaiive - No Gour chonge ( Klebsiella pneumonige)
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o The Metyl Red test is 0 biochemical test used fo detemmine
the abilly of an Organism Yo form stoble mived acids (such
os ladic add, aetic add € fosmic add ) Jrhmugh Gluose
fermentalion .

o This tet s paaanty usefi for dishn ughing. between different
types oF backeria , especially Emerobactenaceas family

* T+ 15 P‘”‘[ of IMVIC seres Of fect .

PrinCIPLE

o The puinciple of MR tect Is based on' abillty of cetoin bactena
Yo fovm stable Mixed aads +hmu/qh Glucse Fermeptation .

Glucose ——— Mixed Adds ( ladic, acelic ,fomic adds)

o The methyl red indicotor, is used to detat this acidic envionment
It fumg fed in addic envionment I'Mr'oah‘n% a posive  feculf .

ProceourE

® A Daderal olony is inoculaded into a MR-VP Broth , which
containg glucose and other nuients .

o The alture Is Incubated at 3toC for - 48 hous ( Somehimes,
upto S-% dagz for @rtain  baderia )

e ARer inabation , add few drops OF Methy| red  indlicalor.
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ResuLT

® Postive Result * A red lour developg , indicating, o low pH
due o Pmdudfon of stoble acids C(E- (li) .
° Naamiue Resut @ No Glowr 'dnnge ( Klebsiela Pneumonias )
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| \/0oGES - PROSKAUER TeEST |

® The Voges - Froskaver test Is a biochemia! tfest usad fo detect
the abitty of an omganism to produce Acloin CAeetyimethylcubinal )
through  glucse  fermentation .

* The test is dypially used in Combinadion uith Methyl Rec Test
fo diffeentiote between baderia in the Enterobaclenccece famﬂy.

o Tt betongz to the senes of IMvic Test.

PrRINCIPLE

o The poincipe of Voges - Froskaver fest i3 based on abillty of
@taln  badena fo fovm  Acetoin fsom  Glucse fermentation

through  Bulylene Glyeol  Rbhway .

i Glycal
Gyt S o Bl

Gilucose

® When agyloin Is foomad | it Is oxidized to diacetyl in the
presence. of oxygen and  Pofassium Hydroxide Ckow)

o Diacetyl then read with guanidine nudej C’pr&n’r In peptone
of the medium) o produce  fed @loys n the poesence of
of- Napthol |, indl‘cah'n% Qa PosiHue fesult .

Acetoin- —<M . Diacety) —2MEN_ bk Red Glour
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PROCEDURE
® A baderial Clony is inoculated .info @ MR- VP broth Cbnfuim‘ng,‘

%Ijucosae and pep:ime

e The cutuwe is Inaubated at 3t°C for M- 48 houz o allow
for bodedo) grouth 2 fermentation .

® After incubation , VP reagent A Cot- napihol) € VP reagent 8
(koH) are added fo broth .

RESULT
® Positive © A red olour developz of the Surfice Of Dbroth ,
i'ndfcuh‘n% the presence of acetoin . Cklebsiella )
® Negalive - No fed Colowr appeci2 1'ndi'cuh'n(jﬁ that  acefoin
Ic not pmduced ( E- Qi)
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[CirraTe_UmiLizaTion TesT |

e The Citate Uilization Test & @ biochemic) test used to
delermine if an organism n uliize CGirate a8 only soure
of aubon € ammoniym iong 0 fts only Nitgen Zource

® This fest helps differenfiote behween Members of ™ Enterobaderacene
family .

¢ 3 onge b the seres of TMUIC fest.

PRINCIPLE

o Some hocea produce the enzyme Ctrate Permease (or citmle lyase)
which ollows them o tromapost and. melobolize Cirate as @
Catbon  £0ufce

Citrate S0t W3S Ovloacelate + Acetate

Oxaloacetote —— Pyruvate + (02

e The (0a produced then feods with sodium Cpresent in medium ) 1o
foom <odium  @rbonate . which turng medium  alkaline

CO2 1 Ha0 + Na —> Na, (03

® (Uhen bacena uhilize citrode | Hney ako use ammonium Salts ds
Nittogen 20W@ , producing. alkaline by - produs .

® The Meum used in fhe  test conkaine  bromomethyl bl , a pH
Indicodos thot fumz fom  Green fo Blue when PH Nses above #6
l'ndfcah’n%, olkolinity .
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ProceourE

® A light inocylim of he fest organism is chreaked oo the
surfoce of simmons. cirate agar slants -

® The inoalaled Medium s I ab 31°c for 24- 48 hours
and somelimes upto 7 dcurs for cetlain olt&anigmg,

® Obeerve the (Olour dm%(_

REsuLT

Postive * (olowr change foom Gireen fo blue indicate chate
Uilizahon € producion of alkaline by products
( Salmonella)

Negﬂhue ' No (lowr Changc C E- @)
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STERILISATION

® Steilizalion Is defined 0% a  poocess of @mplete elimination
of destrudion of all fome of  micoorgani2m mcluolmga
urface,

badma. Vinises | and their spores fwom any
pﬂkanf’ mer? caliong  Or Culture mediym

. ]} is 0 cnhcaJ proess used fo prevent cnfaminafion N
labosabowy , pamculary while wosking, with culwres v 2amples
Where presence Of Ofher Miciobes Could Inferfere with fesuls .

® It ensues mplete eliminaion of - microomganiam , Making. i
an esential step im Microbiology -

TrMPorTANCE OF STERILIZATION

® Steiilization prevents infechong by enguring. that Surgical
mshummtg medical deviees € sufuez are free of hamfu)

Mmicrooramsms .
o S’fenhzahon IS escential o Madntain pure cultwres € auoid

ontaminofion thet couwd interfere with results € lead fo folze dala
® T enswes thok druge, vaaine2 & medicol devices are produced
in stele conditions, to pevent intwdudion of ham{w  microbes
N Human Body.
o Tt otends the shef life of produds by ehmmahn% spollage. cuging,
m:cmor%amsms :
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[PuysicaL MeTHobs |

e Phy&r‘ml Methods of stemlizahon involues the uge of phggl‘caJ
Gf}m%s Yo eliminate ov kil all fosms of mﬁrroorﬂ,qm‘smg ;'ndu:lm%
badkeria, vinses , fungi and  spowes

® They may involve the use of heat In the poesence 0¥ In
the absence of moistwe

@ _Heat

® Sterilizaion by Heat (s the most mfde!y used phgsfca} methool
of oterlizahion thad uses hf{?}h temperojue 40 Kl or inackuate
al fypes  Microorqanisms. -

® There are two paimary type of Heot  Stesilizahon

@ Moist Hent Stenilizalion

® Dy Hent Sterilizafion

@ DRy HEAT STERILIZATION

o Oy Heot Stedlization fs @ method oF stemizalion hat uees high
temp i the absence of moisture fo Kl ow nadivate mfcroor%anism

o Tt kils micoogonisms by causfn% profein - denafuraon &
destuctive  oxdation of Dbaderal “cell components .

o Tt Inuolues {\Oﬂﬂujin% methodg

@® Hot Air Oven

® Flamfn%

@ Ral Hent

@ Ineneration
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® A Hot Air Quen , specifically dfsjgne:l for dewlizahon s an
essentiol  laboralory  equipment used to eliminate miroorgenisma,
foom heat resistant materiols .

ot B a thermally lngulated chamber that uses dwy heat to
stevlize laboratmy instruments € matenials -

o Tt i the most widely used equpment for peromming, Dry
Heat Stemilizahon.

PRINCIPLE

o The Hot Air Oven wosks by heating. the air Inside the chamber,
which then heals the Motenal placed within it.

o The maleiale ploced foside the oven are expsed o elevated
temperatures  (Hypically 160~ 180°C) for o predetesmined fime
usually fiom 4 fo 2 hour

e Thig process denatures Prde!ns and daho#& @lulor  Studures

of mfcroorgom‘gns ;

CONSTRUCTION
o A Hot A Oven IS @ Jrhermcdhf insulated chamber used for  heatin
maleiola, oflen In libarakosy o indugnal Sefting 10 stenlize them .
® Tc constuchion {qpfcalll{ includes the ﬁﬂnwing\ @mponents

® Outer Cusfng__: T is made of melol or dwable matenalz fo
ensure durabilily £ heat fesistance .
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@ TInsulation : The space behween Outer @uing < inner chamber i<
fitlec " with high quality hema) insiaion oflen foregass
or mineral  wool

@ _Tnner Chamber : The inner chamber 1s designed to hold facks or
froys. for 2amples 2 offen mode of stainkss Steel

for eay cleumhg\

@_Healing, Etements : Elechicol Meoling, element typically made of
. nichome  generally  locted at base or sides

of chamber , generate Hhe required femperatwe

® Air Grlakion @ A fan s usually - induded o Ciculate the  hot
alr evenly within_the chamber .

Uniform  dishibahon of heot enswres thal all posts
of malenale Slevilized efFech‘uelt/.

© Temperature Control © A theimostat or digital onlrol gystem allows
© Tempeiate ko) precise femperature se%hh%% rmnrbmng\.

@ Door = The door is usually double - walled and 11 has a h‘gm
sl o lxet)en'r heat loss . T mt'tam hae g glaa.g
window  for visual monihm‘ng\.

Safety Fealures : These @n fnclude over temperalure  protedion
| alamg of an exhaust Uent fo (elease any

prescure bLLI'!duP € prevent mem'n%,
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Shelues \
T
Dliauble - D @
Wall In
\

(hum::h*\ @ @ 00 m
Vo l
Temperatwe Timer Main ON/OFF
Regulator Switch
knob

(Hot AR Oven

— Door

/

INORKING

e The primary method of sfeslizakion is dry heat , which u&ualhf
requites 0 temperature of t60'C o 180°C fos about 1- 2 hows

o The heat effecively kil mr'croor%amsms by coa%mcm'n% putein
and caugng. Oxidolive damage

* The fun encures that heat Is dishibuted evenly around the
tems | p’ovuicling\ (ongictent  Stexlization .

TeMPERATURE TiMe

160°C 2 Hour
170°C 1 Hour
180°C 30 Minules
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APPLICATION
Steriization Of Glasware like test tubes , pehi dishes, beokers efc.
Stevlizakion OF Metal inchuments |-e scisors | denlal tools efc.

&

[ ]

o Stenlizahon of Powdera € Olls

® Slewlizaon OF Moisture Senciive Ttemsg .

ADVANTAGES

o Fffedive for moisture senghve Ifems .

e Non - (0rosive
® Faonomicadl € low Maintawinance
® No need of Presure

DiSADVANTAGES

Longer Sterlizalion Time

Lirni to- Heat Resistant Ttems,
”'3“ Enagy (onsumph‘on
(ooling. Period  Required
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[IncENERATION

o Inenerakion refers to the process of usxha; high temperotures
fypially between 800°C - 200°C 10 des zrmmt‘crmrgnm‘sms
and pul-hogmﬂ, by bumr‘ng, ontaminated malerials | such ag
biological “woste, used  medical Bupplies  (e:g- syringes , bandages)
and ~ certain lob  equipments

® Tncenerahion cumple}ell/ elimingtes microbial life |, redua‘n%_ the
matenals 10 Qshes |

REp HEeAT

® Red Heat fefers fo the procesc of exposing. objects . Hypiclly ekl
inctuments , to dired flome 4e or hl'ﬂ,h temperalures until “they
bewme visibly ral - hot .

o This temperature Is sufficient to kil mfcmmﬂam‘smg , r'ndudfﬂgﬂ
bacteria , Viruses and - Spores .

FLAMING ]

o Flaming. i2 0 pocecc whete Objeds typically mefal tooks or
glacsuores  re briefly passed thiough an open flame ( such
as fsom a Bunsen gumer) to kil mi‘cmurﬂam'mw& on their

surface .
® Thiz pros o manly used for quick ond efficent suface stetlization.
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(& MoisT HEAT STERILIZATION

® Moist Heat Sterlizalion 12 a mehod of Steslizahon that uses steam
or hot waler to kill microor 8amsms lndudm badena , vinges
ond spores Hhiough the process of denahmnc} povleing .

o Tt s one of the most e{fechue £ widely used methodz fos
S’remhzm%. a Uaneh( of itema . particularly in Medical and

labo'mimy semn?&

Tvpes OF MoisT HEAT STERILIZATION

T 15 clogified into {blleuu‘n% = cuie%m‘es

0, Tempera}we Below 100°C
® Steam

o fasteurizalion

® Tnspissalion

@ Temperalure ot H00°
e Tyndalizalion
" Bﬂih‘n(clr

@Temperuhue above 100°C
® Autoclave
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AUTOCLAVE

¢ An Autodave IS @ specialized ,hl'gh presife device used ot
steslizaion and Ofher Induskrial processes  requiing. elevaled temperufure
£ pressure . _

® Tt woske by using. high presure steam ot a high temperature
fo kil baderia, Viws , fingi and spoes , moking. it widey usal
device In medical, dentd , m!'dobr‘ologica! £ ndugfricl seih'ng,s :

PRINCIPLE

e The auocave fundions by heating, waler o Create steam , which
Is pressuiced in o senled chamber .

o The combination of high tempefture and high preswe allows
the steam fo penetrate objects € Materiols , effechbely sterifzing
fhem .

* Axowding. to Boyles low when volume of steam 12 kept congtant
Temperolure & Pressure .

® By increnting. the pessure fo around 15-30 pounds. per Square
Inch Cpsi) in 4he chamber | the boiling. point OF woker nees,
allowing. the steam fo rench femperature " around 121°C or More .

® Most (ommon Se’rﬁ'n% * Pressyre * (S Pai

® Temperature :121°C
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CONSTRUCTION

The constuchion of an  autoclave typically - includes the Follown'n%
key components -

©_Chamber : The main body of Aulodoue . fypically made of
stainless steel or Other Comosion- resistont Makenal .
where ﬂpparolua need2 fo be Stenilized placed

@ Lid [ Door : Tt closes the chamber equipped with a |ockr'nca,
mechanism 1o ensure safe operah‘on.

® Wire Basket : Tt holds the molerals fo be stenilized.

@ Pressure_Glauge : T+ digplays the ‘pressure inside the chamber.

© _Safety Valye : TF the presure  becomes foo high this volue let
steam esape and prevents explosion.

® Hech'ng, Element : Tt provide the heat nNecessary o %enem}e_
cleam . It @n be elther eledric or qas Pauered.

@ Steam Releasing Ualve : Tt ollows the air € steam to g out
4 when Woker 2 fvet heoted € proes
is completed .
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Lid «+— Pressure Gauge

Steam
Releasing

Value

— Safely Valve

Chamber

Pesforated Basket
Heating
Element

LJORKING

The wotking. of Aukoclave typically Tvolues Faltowu‘ng, Leps, -
* Henling. - At woler s hedted “to genenate steam”, that fll the
chamber  Contoing dbjedt 10 be  Sterilized .
o Precsurizalion * The ‘steam pressure increnses , faising_ temperature
above 100°C Cusually amund 121-[34°C) |
o Steglizoion - The high temperture € prasure effedively kill
bockenia , vinues , spofes fhiough - protein denaturahon
ond cell destuchon.
e Coolr'nc&,i The pressure is released € ntents are allowed to
ol befse removal -

TeMPERATURE | PRESSURE

121°C 1S PSI
132°C 30 PS!
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APPLICATION

® Stenlizalion of medical Ingruments €  healthase equipments

® Tt is used for sterlizalion of Mooty of offcred Ipjechons

* Tt is used for tenlization of arhdles made of rubber, plagic
€ (lass .

e Tn food Pradudfan , Quioclaves dre used fo stenlize containers
and packingﬂ to ptrajenf @ntaminahon .

® They are used to steslze peti dighes , tet tubes , pipetes and
aillure media  befose culFurin% m‘c-margﬂm‘sm-

ADVANTAGES

® Autoclaves use puessunzed steam , which @n kil badena , vinges,
Rmﬂi and Spores .

o (ompared fo other slesiizalion methods - Autodaves wosk foser |
Hypically - stesilizing, teme, within 15-30 minutes .

o They con Slevlize” 0 wide fange of matenals, | l'nc|udin% medical
ingtruments , laberatony equmm}s and Stamwafe,g.

® Autoclaves are felalively inexpentive to Operate . particlasly  when
handh'n% Iar(&t volume of items.

DISAOVANTAGES

o (efain Heal Sersitve materals like ploshee an be domo.ad by
hl'ﬂn heat 2 mMmostwe .

® High Energy consumphon

® Rﬂ]‘lﬂfe propef mainfounance.
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@ TemperATurRe AT 100°C

T involves
¢ Tyndallizakion

° BGih'n(an

* Boiling, for stexlizaion is a method is @ method in which
waler 1s Veated to its bailing. point (100°C) to ki mfcroor%anms
e The heat destroyz mast  baderio  Vises and Funﬂi by dem!un‘n%
their proteing and dl‘smph'nﬂ, cellular  procesees .
® However boiling. is not considered a reliable method 0w sterilizahon
in medical or " laboralory seiﬂ‘n%;}b&au&e it My not deslfoy
al bacteial spores or <ome heat- fesistant  pathogens.

TYNDALLIZATION

o Tyndallization 12 0 Stesilization process that fvolves  intermitient
heoting, , designed o0 destroy hent resistant  badterial  spoves .

e T wos developed TJoha Tyndall in 19% century € typicolly usee| for
materigls thot cnnot resist  high temperature and oMlauin%.

o Tn thic molerial iz fiott heled oround. foorc for 10-30 mintues,
which kills Most uegetahve (el .

® After heating, , makenal ig allowed fo ool € Incubated for 24 howrs,
dun‘ng_ this any surviving. baderial &pores . germinofe info Ir‘uinc} ellg .

o The pooes s fepented Over 2-3 days . €h time newly germinaler
el klled blj‘sihsm(uen* heat k,
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® TemPerATURE BeLow 100°C

T indudes
® Steam
® Pacteurization

® Tnspicsalion

o Stevlizahon by cteam under temperalure below 1fogec in  moist
heot stesllizotion i generally ks ommon and fequires o
exposure fime 10 Qdhieve the  same  fevel of steslizahon as
higher  tempenture

® Ti'jg manly wed for Stedlizohion Of heot - sensitive inghruments

l_I_N'smssanon_l

o Tnspicsalion Is 0 stelizalion fechnique thak involues heating, media
@ntaining, high amounts of poofeln to solidify € disinfedt it
o Th fhis " medium are plaed in the Slopes of an inspissatos
and heoted ab 80-85°C for 30 minwes on three sucessive
dows .
. Hﬂg?s mainly usefll fos steslization of e%.and serum  based
media which generally get dedtroyer at higher femperature
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| PAasTEURIZATION

® fPasteurizahion s o poocess of heohing. fod o5 liquid 1o
a speific temperature generalh, below oo c fos o0 i pevicc)
of ¥me fo kil or inachvate hamful pathogen,

o Pagdeunzahon is named after the French scienhst Lows Fhateur,
who devdoped the process in mid 19% entuny .

o Tt is gerenlly used fox dtevirzohon of milk

e T} kls olmost 907. of badena in milk .

® There afe Qenerally two Methods for Poﬂam‘mhbn :

@ Holder Method : 63°C for 30 minukes

@ Flogh Method © #2°C for 15-20 seands
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@ RADIATION

o Radiakion stewilizaon can be defined 0% use of varous fooms
of radiation 4o eliminate of Inacivate ml'croarganiam.

o Tt is mainly classified jnto fwo main cakegm‘eg :

@ Tonzakion Radiakion

® Non- Tonizabion Radiation

Tonizolon Radiakion
o Tonizahon rodiahion hos enough energy fo wemove, ’ﬂghﬂq bound
elechons fsom atoma
® This process can damage DNA and cliulas shiudwes in MiCROIGAIDS.
® This of fwo fypes
1) Gamma Rodiahon
@ x- Raﬁ& .

Non- Jonizalion Radiakon

e Non- Tonizohon rodiafion doe= not carry enough energy fo jonize
afoms, O moleales , hawing paor penetfahbn - power.

o They afe uged fir subslane sensitive fov  Tooizahon  Rodliation |

o Tt 12 of two types

(#) IR Ionizohon

@) uv Raﬂ;s
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@ SUNLIGHT

@ Sunh'c}hi fos steslization refers fo the use of naofuml sunight
ﬁﬂdﬁmﬂq fe  Ultuiolet CUv) t0 Inadivate ov eliminate
Micioorganisma , including. badena , vinges € fungi .

® V rdichon | pwh'oﬂom, W- C Cwuuelenﬁ}h b 200 - 980 nm)
Is most effechve oy Stemlization, which @n domage. the ONA

or RNA of pakmﬂem ,Ieadin% fo cell death.

@ VIBRATION

e The uibration method of stesllizabion is a technigue fhat emplogs
Mechanicol yibaations o digrupt and  fnachuate mfcmar%amkm.
* The pmcesc involues applying, high - frequeney vibmutions, o
a swfice or Medium thot con damu%c the @lulay Strudures
of bodeva, viuges ond A
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CHeEMicAL METHODS

® Chemical Methodz of Stewlizabon ublizz. variows. chemial agents
to destoy all fosma of microblad Ife l'ndudr'ng, Bodesia, ~ Vinsec,
Fungi 2 Spomes.

® Thee mehode ore mainly used in ose of hent - sendifive
medical  devices , cettain  lobowlowy  equpment and  2ome.
harmaceuh‘ctll&ﬁu s

° an be tuther subdivided in two Calﬁ&mes" :

@ Gogeows Methods,

@ Liqud Methods

ProperTIES OF TDEAL (HEMICAL AGENT

Mugt be effedive acdw'ng} all mu‘cmor%am'&ms.
Hl'cah Penetrahon - Fowes

Non - (omosive (n Natwe

Should not cauge (mtahon .

MOA OF CHeMicAL AGENTS

o Protein  (bagulahion

# Dl‘sruph'on of (el Membwne

o Tnterference  with Enzyme funchon
® Dectrucive  Oxidahion
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@ Liauio METHODS

® Tn thig , chemical Roluhionz In hqul‘d fosm ore uced fo denilize
Medical Ingiruments , surfies or equipments .

o Thiz method 12 parhulasly useful fos  heal - senchive ftems  that
annot  fesist hf%h temperature - stesilizaion fechniques  like au}odqwh%.

® There are Followl'nc}, h'qufd chemiale. used [n Chemical Steilizabion”

Alcohols

® Ethyl Alahol C Ethanal) € Tsopropyl Alhol (Tsopsopanol) are
Commonlq used .

'Theq act by denatuzing, proteins .

* They ar effative ot Killng. a wide fonge of ml‘crcorfamlgm&,
includin%, Bactenia .Fungi some Uinuges , but ihey are not
effedive  againet  bactenal - 2poves .

o They ore generolly considerd ~disinfedants fother than steviants .
Effective  anentrakion @ 30- 807 In woaley .

Aldehyde

o Glutaraldehyde € formaldehyde are mosk commonly used .

o They a¢t by alkylation of amino qroup in polelng, , distuphing. cell
wall gynthesis and enzymalic funchions. , leading. o el cleath

. ore copible of destoying, boderia, viruses , fungy andl
nmas‘ impostantly bactenal sposess , which Make them frue stemlants .

® However, they require refl handing, dw fo their toxicity and
potential  Heolth ricks .
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Phenols

® Phenols are class of chemicol compounda that wefe historicaly
omong. the fset disinfectants used 1n medical ethingg

® However, Phenols are not typimlly used fox chem.z:g stewilizahon
today but rother fos disinfechon due to their limited abilly o
kil all - microorganiams , - epecially  bactenial  2poses,.

® Exomple : (resols , Hexachloiophenok .

Halogens

. Hulo%eng specifially Chlosine and Todine , are widely used in
disintechon and  stesilizahion proeses due fo their Shon% antimicrobiol
propeies

® They are wpable of destroying. badera , vinses , fingi € some spores.

® However, like olwhols and phenols hologens are genemlly mose.
effedive s disinfedonts @iher than tue chemical  stesilants , Glthough
some foome Clike chicane dionide ) an achelve  steslization Under
Spedific - condihion2. .

Heauy Metals

® Heawy Melals such as Silver, Merwy and  Gopper , have long_ been
known {05 their  anfimicrobial - properties

o However they are not mmonly used fos stexilizahion in Modem
healthare due fo toxicly , envionmental concemg and dlevelopment of
safer , more effective  alfernatives, .
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@ GAaseous METHOD

o T involves usu'ng_ S{'E'K“I'Zl‘n(a_ acgﬂwls n gos fom fo kil all
mu‘croo[c&om'sms ; f‘ncludr‘n% bacena , \iruses , ’Fungf and  badenal
ﬁ:PUUQS :

® There afe Foﬂowi‘ng__ Goges Commonly ued for steslizahon

Ethylene Oxide

® Ethylene Oxide is one of the most widely used methodz fox
Stevlizing, medicl equipment and  Ingtruments ; particulasly for
frems, thot are heat sensitive .

o T & effective at Kling. a wide fange of microorganisms,
incduding. badena , viuges, fungi and €uen the highly fecistant
badenal’ sposes , making. it o' e stesilizin aﬁeni.

o Tt ads by aqutahhg, amino , @rboxyl , hydroxyl and
sliiphydryl - groups " protein Molele € alzo by domaging. e
DNA € RNA.

FORMALDEHVDE

o formaldehyde is a  Colorless | stong.- smelh'm} gos used fos stenilization
and disinfedion .

o Asa gus it s effective aﬂm‘ngk 0 wide fange of microraniams, .
induding. Baderia , iruses Fﬁ{ £ Sposes.

o Tt is ommonly used fos Stesilizahon £ disinfechion of Medicol @uipments,
ingiuments , phamaceuhicle. £ biological MalerialR.
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Ozone

® (zme (0s) 18 @ hugnly reachive qos used fos stewilization andl
disinfechon .

Tt 8 0 Sfmng. Oxidizinca_ agent that eﬁ'ecﬁudy kile Badena, Uiruses
Ring' , Sposes € Flotozod -

® T \s used fos clevilizahon of Medical Devies , hedlthcare selh'mjg
Alr purifabon , food pwcessin% efc.

T ads by denahlfing, pwteins, , distupting, cell membranes
and oridising. cellular omponents.
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MECHANICAL STERILIZATION

® Mechanical Stesilization refers o method of Steplizakion +hot
Physially - femouex  microoiganiams withot the we of chemial agent
0 high hea .

o Tt mainly involves Fittraion melhod thal involues Phgg‘ca! femoval
of micmmaaniﬂnz. foom liquds or goses by ptm‘n% them - through
0 fiter with poves - smoll - enaugh fo trap "badesia | vinuses , fingi
05 other ontaminants .

o This mehod s especially usefl for heat - Sensiive substances
ke cltwre media , phamaceuficala and cerfain blbloai‘(ol 20luhons,
which @nnot be stesilized by heot or chemicals.

® MemBRANE FiLTER

® Membrane Filtakon s one of the most widdy used methods
for stevlizin hq,m'd&.

o Tt fnuolues poseing, a soluion dhiough a membrane with unifoom
pore - Sizes p% ially  block micmor%unim.

® T+ ypiclly have pore sizec of 092 um or (-US uUm

o Mempwnes gre mode fom moteralr uch 04 (ellulose acdtate |
polyethersulfone  and - polyvinyliclene flugside .

o i mcu'nly Uses fov tesilizing, heat sensiive liquids fike  Culture
Medio , Vaccines, Sero and ~ Anhibiolics .
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@ DeptH FiLTER

® Depth FRitrabion  wosks Dy ﬁappin% partides and - micfoorganams
hroughout the thickness of filker” malenal miher thon jugt on the
surface , 0a In Memiane  filkahon .

¢ Tt js made foom thick motedala ke didtomaceous earth . glass
flowes ov polymers, .

o Tt is typiclly used fos indugtnod water treatment or  biopharmacadic
manuFadurfn%.

3 HEPA FiwTeR

® HEPA ( High Effciency Porticlate Air ) filtrakion 8 primazly usec]
t0 stalize ar | lanouinfa_ ml'croorgnnm and parhicles Iar%eu than
03 um wih on efficiency of 99-9% 7.

® HEPA Riters have very fine powes that (n cpture aitbosne
microorganizms, like - badena , Virutes, € fingal  Rpases,.

o Tt is ued foy air fitphion in dean rome , Operaking. thealers.
biosafety binet. & venhloion syctema efc.
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‘EVALUATION Of EFFiciEncy O_F STERILIZATION |

e Eualuation of efficiency of stesilization methods involves delevmim‘ng_
how well a stesilizalion proess eliminates all foms of microbial
life, Including. Bacteria, Viuses, Fungi € Spores -

o It encwes thal stenilized moterials are sofe for use | espetially i
cnheol SE’an(z}& like healthcore Phormaceuh'(d& , food PUUCEFH'ﬂg_ £
labosatones .

PARAMETERS FOR EUALUATION

Follomzigg porometerz. afe Used fov aJoJuohng_ the - efficiency of
stevihzahion -

e Deolh Rote o Survver (urve

® D value

® Z Value

® F Vdue

® Q40 Value

® Tnactivakion Fodor

@ Death RATE OR Suruivors CURVE

A Death Rele Of Suwivor (uve [% 0 Qphicl fepsesentafion o
the number of mr'aoarﬁtamlamz, Suviving. Over fime - when exposad
t0 lanal conditions |, Such os hett , mdiokion or  diginfedion .

o X- Axis @ Represents time OF exposure
o Y- Axis : Represents number of Suruiving Microorganiam .
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Factors Influencing Surujvar (urves
J

e Temperature

® PH

® Moisture

o |elhol ngn‘r (oncentration
® Micabial  Species

® (irowth- Phote

Applicahbn
e Slemlizalion  Validahon
o Disinfechon Effitacy Tesﬁng,
e Pagteumizalion  Optimization
o Radichon Stenlization
® food Safely € Pseseruation
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® D Vawue

® The D- Value fepresents the +ime (equted to reduce the miciobial
population by 907- ov by 1 logarithmic unit ok a specific femperature.

® Tn other worde s the fime needed to kil 07. of mfcroor%anigmg
or spores of @ Certain {emperalure o5 condition

108
104
MicrosIAL
PopuLamon 102
102
10

10 20 30 Uo
TiME

e A higher Z value meanz that mictcorganigm 12 Mote ecidant o
1re'm|:>eralure changes . While lower z uolu Indicateg greatler sersHhtu,

Factors Affeding 0 Value
U

Microbial ’ﬁfpe_ £ Resstance
Temperolure

° PH

Moisture
Stenlizalion Method
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® Z VAaLE

e The Z Value meaguies fesistance of rnicrookaaniﬂ-.ms to chanﬂes in
tempenotwe .

® THis defned 0% temperature incemse fequied fo feduee the O
Value by 907

(Ta-W)
9 (3:)

Z Volue =

@ F Vawe

® F Uolye indicotes the time Cin minutes) requied b edue the
number ofF uvioble micrmgmm by one [09_ C 907 fedudion)
af 0 speclfid femperoture te-, 2i°C .

o Tt hdps in evaluching. the effectiveness of o stexilizetion
d!owinﬂ. fos. comparison  between  dlifferent  melhods, or - conditions_

® O Vawe
o Tt 12 defined av Increase in fote of reaction 0% kilh‘n% ate of
a stevlization process When femperofwe ig increntad by 10°C .

© TInactwATioN FACTOR
o The inacivahion fodoy i2 o0 memswe of fedudion in miciobiol
population ofter applw'n% a mevilizotion Process .
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l STERILITY TESTING I

* Stesiity Indicator are fools of deuices used o monitor and Uerify
the effediveness of  stenlizalion poocesces .

® They provide eseential feedback on Whether o erilizalion ¢yde
hos,  successfully - eliminaled fooma of micobial  life lhdudl'ng_\

badena , Uinuges Finr? and spores .

Tupes OF STERUTY INDICATORS

There are 3 main types Of Steilty indicatonse, -
@ Biological  Indicators
@ (hemical Indicators
® Phygicol Tndicatora

@ BioLoGicAL INDICATORS

® Biological Tndicolore. contein live: micoorganisms thk are - highly
resiant fo stemilizolion proces.

o Pfter stevlizalion , the indictors ore incuboted fo chedk for growth .
0 neactive reslt confioms  effedive Stevlization . |

® They are moct (dioble melhod of UaJidah'nﬂ\ stevlizaion  psocess .

o Examples -

o Gieobacillis Stearothermophilus @ Used for Steam Steiztion o
o Bocilus Atrophaeus @ Used for Dry Heat € Eylene Oxide Strliztion.
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@ CuemicaL InoicaTors

These indicatore change colour o appeaiance when exposed o
cpecific cteviizabon conditions  Ceq- , femperatwe , preswe, chemical )
They are of following fypes -

Class T Tndicators : They are used for general monttozing  of
sterlizalion  process (eg- Autoclave Tape )

Closs T Indicators are specific for porticas  stevlization
;:Yceg (eq: steam or ethylene oxide indicotors)

e (loss I Indicobors - Tt I single porameter  indicafors , Mevdures only
one steglizaion  parameler, ‘&uch oy femperuiure
or puesure .

o Cloes T Tndicalors © T is mulki - parameter indicolor that  fepond o
two or more Uanables such 08 time , temperature
Or pressure.

o (lass I Indicatone - The!{ are Efe%rohh Tndicoloss, that  prouicle
the most acwrale assessment Of  Stesiizadion

effectiveness .

@ PuysicaL INDICATORS
o Phuaical Indicators arfe mehanical Or digital monlh'sin% g&dems
mixn stedlization  equipment that track” and  recond " coicad

poramelere. like fime , temperawe , presure € humidty .
e Examples - Themometer2 fresure Ghuges efc .

VIDEOS : () IMPERFECT PHARMACY
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