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Identification
_ K& Y T 0  Ghoups
Based primarily on i:0TrHholoy

uniseriavwe

A — C onidial neads cij;:t;5w1tn suere nass s salltulng at

=

meturity in( ‘blne —-gree

oy e S T T O L IR T I EUEL EEUA L R

te c.oieeeens
vETisble T Corlor;

3% Conidizl heads. radiate to coluanar,

\

to uLbClaVauE\

vegsicles variable, from glooose or nearly 590
or turbinate

I. Conidial hesGs radiate, VAypdible in s1ze, in blulshb;men

or olive green shaces ( brown in one species ); Osmophlll“
] S e s
—— T I

ClElStOtle"la abundant in ost species ..

e
T T T s

01lgqt yelLor
o o O T IR RS S e B GO AT L. glouecus zuoup

2 © onicial ﬂGdGS radldte

paxatlvely large,mln b;ajlsh or Jellow1sa gree

shades; wnlte To puxpllsn or.-olive cleistotheci
A orndcus g;oup

« s 8 a o 0 o

in thiee SPE8CLleS .e.eeeer-c:
3. C onidial héads_:adiate ( sho*t coluwnn’ nxin one spe-—
cies), smell, 1in oinkish fawn snades; cleistothecia
AL, cerw@anus group

i b o -SSR RGO CROR S DR R I
oiten

4. Conidial beaus~loosely to~Leilnl ely~columnurJ :

.3 e

£ 2)
thin and tw1sted, in green snades, conidia

lonb,
cyllndLLcal when young oswonhilic; cleistothecia ¥
Sreloisiine 1. restricius gLoup

12CKIiNG secsooevsoensercers

5. conidial he&ds compactly columner,
dark blue-zreen sh,des, conidizl not CJllnavloal ‘when

et

i, funigatus growp

youngs; not osSmophilicC «aeveseerer
A, Cleistothecia lacking F Rl gt et funigatus series
B. Cleistothecia present, white To yellpwish.g. fishexi

sexies

I1. Steriga=ta Yisexriate, O unisericte( the former
nat) o with bota conditions in the same nead

Tto veiy loosely coluwunar, COmi— -~

a produced

N

n fo olive—-bxr

ore Gomi
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Identificétion

K& ¥ T 0  Ghoupd
Based prlm4rllj on Lur)holrvj

sterigmate strictly unigeriate

A — C onidial heaéCs clavetie with suere 11355 s?litting at

gieturity , in blme —green sh_oes- V°slcles gvrongly clqu—

‘cluvcotus 5roup

prdla WLy

VaIlcble in 00110f,

B. Conidizal neads radiate %o coluanar,
' )

4 Capnidial h

vesicles variuble, from globose or nearly 30 to uubclavaue>
~

or turbinate’ :
ol 1o OSQLB Col u.mv\@"/“

L. Conidial heg(s radiatey Vip.ible in size,. i blulshagezn

or olive 5reen snaaes ( orown in one soeclns 0 osmophlllc
e =
,..-J-——-—N;_/ -t

orlgnt ycliom cleistothecia duundant in most specles B
/—_/-N-f-(/— e .' s

= 3

i s .................... s nlgucus'f”oup

2, C onicdial neads radldte to ve:y lOJS°lY coluﬂnar5 com— e
ow1sa_g;een to ollve—br

paxatively large,—ln bLaJISh or Jell

shades; white o purpllsn or. ollve clelsu0un301alpr0uuoed

A orna CU.S g;. oup

l'nnonll'o!!cqto'-'

L S

in thiee 30301es
3, C onidial neacs faLLafc ( short columnépr1n~one'spe—"
11, 1n 01nc1sn fahn snades; oleistothecia

c1es), Sié
e oexuanus broup

e 3@

lacking e A TR O RO O
ely'~oalu1nnarJ oéfgn

eaasgboosaly'to~céilnly

long, $hin and quSued, in green’ shades; conidia

'~

" cylindrical when youig; osigophilic; clelsto n601a v
e T e restrictus grdupA

1acKking eeeoveace

5. conidial heads compactly»columnar, 10 nule glay green O
conidizl no¥ cyllnuvlcal mhen

dark blgefgreep shades;
young; 1ot osmophilic ..;g,.;.... A fuﬂlg tus: gLOLD
A.. Cleistothecia lacking ....}......“ qulgauus seLles
ﬁ.rCléiétothecia present, white TOo yellow1sa.“; ilsnexl
‘ ' ' serles

II. Sterigusta disericie,: o:-unisé*iate( the former.prédomi
" head -

pat) ox with both condlmlons in the- sane
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A, conidial heads usually globose when young, rédigte
or sollttlng in a@e, rarely losely columnar, véSicles
globosge ©tO subglobose ‘f°'l$""*'“ or soiewhat elongates
Lo
oon1d10~oa01es not conscjloued below the vesicle; sclexottia
produced in many spetfes
g, souetimes _¥emalning

-} I. Conidial heads globose when youn
S0 but usually splitting into more oxr less .yell-idefipe&olunns

at waturity
-:COQLdlﬂl- heads in| yel¢ow, buff, \or ochraceous shades;
often piguented;

conidiophores commonly roughened and
ochraeeus—gregp 5

l.oc»'o‘-‘qvt
oonlaloonores

cleistvothecia in one species
De Conidial heads in shades ofJbléE?S\

X B e
usually smooth and colorless or becoming plgmnnte& below

A, nlger/group
conldiophores"

9 9 90 9° @8 @9 o8 ¢ 6" > o ¢ e

the vegicle

‘ C. Conidisl heaas vhlme'kr cream c0101ed-
......,.,.A Cdndldus

group

th spore

gmooth and colorless

-—2~nﬁenldlal heads typlodlly radl te Wi

fA . ¥lavas,

i

®nidial heads ix yellow-green o deep
conidiownhores usuklly 1ouoneneg, coloxle

T

s

|
e

ey dess
‘} < Eruup
g £u Conidial hesds in yellow—-brown to udll buffshudus,
oncidiephores smoobn or dellc arely
(:\ x\~> \
L - TA . e \/\3( e Conh e
- roughened, coloyicss or llﬂhﬁly plgmen ced l A wonbugrouplkf
A B e A T e SR S IS S R S e T TR t .
UG P SO e o e et % Lo G o RS AN s XY
radiate; vesicles stricily globose;

B, conidiul heads lursze, Iac
conidiopnores deflihnitely constricted below the wesicles;

L, pale yeliow—graen

gselerotia lacking
3yne \byf ~bxown

I, Conidial heads of one 3
conlalooa01es usually cmﬂmaﬂiéﬁmu.omooch, 0=

} ox blueﬂgreen;
§m9phiii§ &1615305490*8.pIOuLQed.ln Twa i
\ Aﬁ cremeus group |
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2- conidial sttructures of two types; large heads light gray, g-

reen s Or olive-buff yith conidiophores usually in brown
) ,—JA

. Shades and cncrusted- fragmentary stru.tures borne neaxr or

" beneath the agar SUTrgace s¢.......4, Sparsus group

II1 , Sterigmata strictly biseriate
e e N N

: {2 A. Conidial heads tynlcaliy 51 dexlnlce green shades,,hulle
/

—el e ROARD A0S0 |

cells usually glcyose but sometimes 1rregula¢ly ovste to

it )’/'”’/f' Pyriform CC;) @ @

\/A’—Q@\/“
. I. Conidial hezds typi.ally radiate; becoming loosely
,1 e columnar in some species: conidiophores colorless ox l&g&j
& 7

Jﬁm4\/ brown, com.only exceeding 300 u in length; vesicles variable
~] el plongace, subglobse, nemlsphellcal or only slignt%y"expanded

hullg cells sometimes abundant, more often limited or lacking

”g : ' SRS seNetsh ot ollotaNote Ve aRg Y ver51c910r group

A» © onidial heads uniioruly piguented, smdll or fxagmenuury

structures sometimes nresent- nanal uasses or sclerosla

= /
@ccasionally produced & AT DI = A ver icolor

; series
b, C onidial heads not uniiormly plgmented, both,white and.
gree n heads present ( at least on scime substrates )
O D i o s Janus series

2% Con¢d¢cl neads typically columnar, usu 11y dark yeliow-gleen

ot A kB 5

but occasionally grwy Dlue—green or brownlsh conlulopnores

N brown walled, Qommonly less than 300 u long; vesicles sungl—
J obose, nemlsonexlcal or termlnally fattened; hulle ce;ls

f s typically, pIOched usuhlly &gunqgnc, clﬁgﬁg?gd, forging
;ﬁ 1£ﬁsts, =—_

e ST S

oxr enveluping ascocarbs;, clelstobne01a common, purplish

1

qt.mﬁtuxlmy, ascosonores in orunge -red to blue-v1oleu sihades

~

| _/'

....Al/nvﬁuldns group
s : T’“\«r\—/’ki>
B, Conidial heads ;n snades<0uner than btrue J"een hulle cells
" \/\‘/\/’\/ B P N e et e vaal

when present, elongmue to.-strangly curvea.@nd Lwisted

e P -7

SSes 4 .
\
3
\
e

\
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// COlelul heads radiate to b¢oadly columnar, in drqb

3 ol i
= olive, or dull brOWn shades, eonldlophores uyplcally

bro»n~vallea‘ vesicles varlable from globsse to elongate

or hemlsaherlcal hulle cells elongate,

curved or twisted

often strongly

l-ooo.-;-‘."jlq quuS group >

s =) e aIE /\I‘&-’\
2fuconldrﬁI”H€E_‘ bIoadly tg 1rreaulgrly/columna?/wnlte to

avellgneous or v1naceous-

conldlophores with walls brOWn or

uncplored ve31cles subglucose +to elongabe, elongace hLlle !

cells or nequ-wglled_hypaal elements prelent. A,

T e T

:'..._..,__., G X AR LR

,bmagua Cllumn ar S
3e-s@nidial hedds_nggffiiyfzgluﬁfé?’ typifally in cinnamon
to orange ~ oroygfgr bale bufi shades

3 conld10phozos calor-

T

less; ve 810168 hemlspherlualzﬁ...A terreus group = -
. " ~ “—*- e s
f? KEY 10 GHOUPS i

Based primarily on eolor

A. U %nidial heads Showing some shade of green durlng ¢eVelan..
pment

o-on-.--c---..ccuuoo--.oqq,a.--o--.n--v--aycbooa--t-@

Ah. Conidial heads in some o hér celor

.l‘-....‘.'.#-"l.l.(lL/

B, Vesicles clavate or subclaVate- steriguata uniseriate esC,

BB, Vesicles not clavabe' sterlgmata unlserlaue or blserlate D‘
C. Vesicles srrongly clavat onldlal heads blue-green, bewr
coming gray in age ® @0 e o e car s o0 gunuonaneeshy cl@watus group
CC. Vesicles subclavate- sterlgmaca unlsexlate, conldlal neads
yellow~grevn gray—gxeen, or blug-green whén youngdarkenlng
in most species ...........;.......,.A. ornatus group
D. C onidial heazds brigzghv yellow—green wien young, sometlmes

becowing brown in age, loosely ra&iﬂte; sterlgmata biseriate
in HOBEEpCicia g Rl is g T e o e ffd}us group

Lo, COHLdlal heads in other groen 0na.ces' sterigmata uniseriate
———

gs?—olserlaue 9.0 608900 a0 .
- =

.
REoEILv e e o gtisl ol ‘BhG "3 w9l ete 9 el e .-u--LI-
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B, 0010n1;:\mosn1J saow1ng naked yellow clelstothec a.angd -
R

o e

SREN TR e o e
yellow or red. encrusced hyphae cesesfi, glaucus group

~

b@,”Colonles lacking naked yellow Cl&lStOLhecla and yellow

and red encrusted hyphae

-.tt0-0".0.~0-—'010~0---¢0.F-

¥, Conidial heads definidely columnar...............&,

FF. Conidial heads globose, radiate, ox loosely columnar.T.

SG. Sterigmata uniseriate

) .l.-.lIDQGCQ....I‘-.O....I.Q...I-I-
- / -

///, G%}fSterigmata biseriate; globose to subglobose hulle cells

Common; cleistothecia in Some species; aSCOSpores orange

red +to violet..................,A nldulans group

= = s X

Hd. Conidial heads columnar, lonb,ndxlom( oicen twisted) to
\/ 4
1rregular; onldla.usually foxrmed .s cyllndrical segments
from the sterigmata; cleistot thecia lacking; typically os-~

l‘lophlllccoo-o¢oo---.ooo-cao-o.o...--ﬂ. Ces-bl’ic-tus éroup

—

Hii, Conidial heads columnar, oompact and typically unitorm

in diameter tnroughout- conidia not iormeo ar cylindriaal

;_\\

Seguenis; clelsuobne01a in some soeclcs; not typically

I. Vesicles small, varisble in shap

.--u-uu.-oanano.o.J.

II. Vegicles large, strictly globose, conidiopho:es,con*

stricted below the vesicle

-c..-on-cua.n--QQ..v-'.Q-.-&o

J. conidial heagds bluengxeen dull yellog.- green, or gray

blue-green, radiate ¢o loosely COJLJR Sl hulle oers

globose to subglobose Sesetenetal L AJVETST LGLOT group

JJ. Conidial heads olive, oliveygray, c¢:¢¥. +o Ligat brown;

T —

radiate to broad ly columnar; hulle ce 113 elongate +to
twisted.o.......,._..-...u......A.ustus group
K. Conidial heads graying in age fxom blue-green or olive=

bufi shadesg crTttrerecscesccae.. LA, Sparsus group

KK . Conidigl heuus»bp&feyellow—gxeen,\blue—green, or buff-

bronn..,q......................A. creweus group see glso

A.ventii group)

2 CeenNe DO

L., Growth vely sadrse and sporulation poor o lczopekfs :ijﬁ

N =P B B



T~ 00, Heads notw Mhite........n.q,,g.......,.,....

e
B i AR \ Al =
| ewowlh R = oy weSiyn xx%wr;ﬁ?ﬂ,s&aﬂlv'ﬁﬂy“. o7 |
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¥, Heads loosely to compactly COLUNNAY . .usuie. oooesolis

.l'l'I..O.‘..'.QOI'..."IO.

v, Heads globose to zadiate

N, Headsuléosely_columnur, white, flesh colored, or cream—

buff.......,........,d...,EA. flavipes grou

AN, Heads compactly coluanar, avellianeous to einnawon.....

A. Terreus group

O. Heads persistently wiite; larger heads definitely globose

Oor radiabte..vueeen.ivernnnennn.. . A, candidus group

v @ & o @ .. P
c

P. Heads in yellow, ochraSous or'light brownish shades ,Q.

PP.deads in black or dark brown shacdes « s nNiger group

. , . ; e Dy o A
Q. Heads in sulphur yellow to ochraceous shades A., ochraceus !

= group -

QQ. Heads in yellow-brown to dull bufi shades efels el R e s oha s
*tereccsriccitioon e A Wentll group (alsos.cremeus
group in part )

Aspergillus clavatus Group

group key

C onidial astructures often I to 5 or more cm.in length

o o0 a
D03 0 0 50 T Lo 0 e gigantgus vienmer

_Conidial structures not exceéding 4.0mmn. in length ceese ..

i

©I es.A, clavatus Desi,

Conidial struc.tures less than 1.0 S e INL 1ength weseeeeas

tesesseihe Clavate-nanics Batista, maia,& alecrim

Aspergilius glaucus Group

N Group Kev - /)

/
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CERL; St
Asc ospores lenticular 6u or less in long axis, inclu-

3Qey
;ASCOSPOICS with « onvex surfaces smooth or nearly so

o Q“’f)_

a, Equuzorlul'rmé%es lecking, furrow absent or showing, only
=

~mgchkinnon

as o trace - e

(I) Conldicl heads lurge, rudlute to loosely columnar,

e

borne zabove the surface loyer of cleistothecia and envelo—
: (G e
ping hyphae ..{.A. repeg;JUeery. =
5 \\( ‘-;\,___,y\

(2) onldiul heads small, enmeshed with tne cleistothecia

in o felf‘of sterile hyéhue ..EEZ:Peseudovluucus}Blochw1tz

b. Equatoria l rldges leLan out w1th furiow deflnlte,-
== B i e NS it TV B TS

appearing asala narrow shullow deprcsalon- col9nies yellcv,

net developing red plomen totion ..YX. tonophilus ohtsukig

PO e e, :
C. Equatorial rldges low and roundéed, furrow broad and
- - -

-

shallow colonies developing o strong red or orangered pig-

mentetion XCKonlg, splpckelmann Bremer ) thom
church . Tt B o)
— Lo Co A2

g, tiquetorial ridges thin ond flexuous, crestlike ( asco-

s 5

e
Spore resemblingapulley ) ..A£ chevalieri-k Mengin Thom& Chu

=g
jAscospores with convex surfeces rough

"la, Conidia smali, smooth walled; asmospoics with definite
==

4

crests ..& A, chevalieri Vor, invermeulﬁvlThom & Raper

b, Conidiz small, echinulates nscosoorus without crests
(“\.,»)l_.. \ <—2.:— { [~ ’/J‘-’) \P\j{ o
but with prominent V—shapeg furrow flunkcd by irregulorr

e A ST st s

ridges.,
(I) Colonies predeminently cleistothecial

( hangin Thouwy chuesck

umstclodoml

2.9 colonlcSOreaomlnunAly conieicl ..Fh. monteyidensis |Talice
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o

g

(IX Oohidiaﬁsmall,not exceeding 5.5 u in diameter

® 0 @ 0 2 0o v o

e

-A. cristatus n, spAﬁ)

3 o v e

/LZ) Conidia large,exceeding 5.5 u in dlameter.

(a) Ascospores 6,5 to 7.5 u in long axis.zgz:;;ggzgzj
—

. Thom & haper

b

(b) ascospores 7.5 to 8.5 u in O I R B e na e 2l e s o Us e

«A. umbrosusBainier & Sartory

(¢c) Ascospores 9,0 to 'I0.0 u in Long aXi S, v/elsia oo et

eeeseeo. A Gchinulatus)| (Lelacr.) Thom & Church
B. Asci ripening uore slowly, colonies favored by media
containing 40 per cent sugar/or more,
(I) Ascospores roughened in equetorial area wita ridges
and furrow, ;
(a) ascospores 8.8 to 9,6 u by 6.0 to 6.8 u with ridges

- relatively--thin and irreguler; colonies developing

4

‘brick red pigmentation-on u 40y agar{;ﬂ. mediué)
to 7. 5u '

Melssner
(b) Ascspores5.5 u by 4.0 to 5.0 u (up to 9.0 by 7.0 u),
with ridges low; colonies waize to buff yellow on

Czapek agar with ca., 70 Per CenNt BUCTOSEC.eceuoecassose

ee+p A, halophilicus)chistensen, papavigas,& Benjamin

(2) Ascospores usually without equatorial ridges and fur-

TOW;..A. carnoqikBiourge) Thom & kaper

e L

. N R .‘.'. ]
L S A R B T G BRI S8

2. Conidial heads ”1 e eeecsenossfi, Niveo~-glaucus Thom &
g
IaPEI

L CleleObh801a aosent) but coiled ascogonla:abundwnt

e e

& ﬁscogonla producing naked cluntered asci; Tonidial

heads light brown ......i. ataeczus N, Sp.

r LAarnonania nawvews ﬁ')‘ﬁ{q'l'lf""l Ne a8oni s NnAniAd-2T haonde mvyvaor e
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GEOUP KEY
;,;Cdnidial headslyeliow—gfeeh to brownish green. radiate;
3 conidia eitriform to elliptfcal; cleigtothecia tyically
produceﬁ.
A. Cleistothecia at first white“and parenchymatous thr—
oughout, beco.uing purplish at maturity; produced in dark
incubated cultuies, ;
e Ascoépores with multiple thin flexuous crestéj.......p
creccceccs.sos Ornatus haper, Fennell & fresner

2. Ascospores with & .single equatorial ridge(+two adhexrent
=
'~1ztsts?lMA»*,A¢~clirlspa+us ~{¥on _Hohnel) hdper,mkennall

S0
-~ 3 -

- p o e e 8 Tresner
7 S F
///

B, Cleistothecia white vO ollve,_lacklng a definite wall,
surrounded by loosely interwoven flne hyphae; ascospsres
large, spiny, without equatorial furrow O PLidgET s eans
*eserenesssassseseii, SDINUlOSUS Warocup n,.s?.

II. Conidial heads light grayish blue-green, loogely colum—
nar or radiate; conidic: slligtical; SclerObld or comp-—
act sclexotlum~11ke masses of hmlle cells uyplcally pre
sent and produced aore abundantly in dark—lnoubdted cul
tures, |

A. Sclerotia present; heads columnar;-conidiephores and

conidia delicately roughened,.A, paradorus Penhell &
: i R e raper

8. Hulle cell masses.presentg heads.usually radictes
conidiophdres-and-conidia~smoathv.,At raperi-stolk -
IIX. Conidial heads at first.dark blue-green then brovnish
black, Igdlate~~conldlawglobcse* strongly: snlnulose

to irregularly wapbys i oS brunneo—unlserlqtus ,f‘“\\
: sxnbh m B;hsnl
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I. Heads radiate
A, Conidiophores ex.eeding 100, erect toterminally re-
curved

1. Conidiophores usually.IOO t0 300 ,in length, walls

very thick, I,5 to 2.0 »3 heads erect

© 299200490000 uae0p

eecsfh, cervinus ( liassee) emend. Neill
220 Conldlobhores eXtremely valluble, I00 to 800y, in
lenéuh lurge heaas usually erect, smaller heads

oIten nodding ,..A, kanaga" eensis Nehira

B, Conidiophores not exceeding IUO1in,lengthj vesicles

uprignt or borne at an angle ..A. parvulus Smith

II, Heads colunnar

A

“4a v Gnidionhores and vesicles strongly pigmented,

vesicles borne «t acute angles

@00 020006060 s 00000

QG005 0 O O O s e -.4A. nutans Mclennan & Ducker

I. Heads columnaxrs ve51cles small fla

e SRR

or on.iy gradual enldrgements of the conldlophore apices

—p—-—z\
fertile on the upper surface only

A. Conlonies 4 %o 5 cm, in dlamecer in 3 weeks at 26 ¢

cae31ellus salto

S ——ai

on standard (Czapek!'s agar ,.d.
KOYS AL SPeC 1158 DESC RIPTLONS

B. .colonies less than I.5 cm, at 3 weeks on Czapek's agar



G
I hapidly growing on m 40 y agar, dark olive green; colu-

9
mns long, often twisted, adherent in fluid mounts ,....
seei, restrictus smith
2.less rapidly growingon w4Oy agar, light gray green,col-—
wnns more delicate
a. conidia elliptical when Ffirst fq;med, often remagining
80,moStly 4,5uby3,8to 3.5ﬁchains acdherent in fluid mou-
nts......;.........%& conicus Blochwitz
he, conidia subgldbosg to pyriform, mostly 3.0 to 3.5u
in diameter, chains not adherent in §1uid mounts......;
e s reecsscesscesceassonnss.fey Bracilis Bainier
I1. Heads radiate when young, tardily becoming loosely or

irregularly columnar; vesicles subglobose to pear-sha

ped, fertile over the upper half to two-thirds.......

_esvsecescscs.h, penicilloides spegazzini

aspergillus Fumigatus Group

GLOUP KEY
Ccdleistothecia absant ces.. .4, Tumigatus series
4, Conidial heads erect, compart, and strongly coluunar;
vesicles comwonly ZOtb 30u in diameter;ﬂqpright on the

s S N A1 2 28 e h
conidiophore e R : . ,\\‘

I. conidiophores 0.5 mu.or less; conidial heads duark %J_“

greens conidia globose echinulate ......4a. funigaitnus. Fre—.

-

J . Cenias i senius
2. S@onidiophores exceeding 0.5 mm.&lheads.light yellow-

green; comidia _elliptical, smooth or NEFLLY B0 ¢ee e os oo
v ees.efhe fumigstus varellipticus, n,var,

B. Conidial heads often pPresenting a nédding appearance, -

Smaller than the preceding”and“nnt-consistently,polum—mw-~

nar; vesicles less than 20u in diameier



’

.

I. Vesicles upright but with sterigmata often borne in
lateral or basal clusters to give a pseudonodding
appPearanCe.i..c.cs.ss «o.0ihe unilateralis Thrower
2 quﬁicles often borne at an angle to the conidiophore
9, CConidiophores thin walled, sinuous; vesicles
uncolored and often Strongly nodded, conidia in pale blue
green shadeS..w....A, viridi-nutans Ducker& Throver
by, <vConidiophores heavy Wwalled; vesicles and steriguata
colored ; conidia in dark blue- green shades
(L) Conidia conspicuously echinulase;~ colony reverss unL -
olared or nearly so ....a, duricaulis, n.sp.
(2) CConidia finely spinulose; colony reve¥se in reddish

brown to deep roée shades ...A, brevipes Smith

. IT. Cleistothecia present .......d. fischeri series

A, UCleistothecia and enveloping hybhae white to cream
in coloyx |
I. ascospores showing two distinet equatorig;“c:es$§'
Qe _Convex surfaces bearingTanastadosing';idges,....,..
cc.ccesacecssssnssnceacadr, £ichari wehmer
B. onvex surfaces smooth (0rnearly S0) eeeeeesceess.
oc-vs Ao ficheri var.glaber Fennell & raper
C. Convex suxfaces spinulose or echinulate ...cccoccneeas
ceves ssacssssh, Ficheri var, spinosus, a, var,
2., ascospores showing more than two équatorial cresis ;/5"
Q¢ agcospores showing 4equatorial CreStB..cieececeesossos
ceiesesseieioeo.. . A, Guadricinetus Puill |
B, cleistothecia and enveloping hyphae in'yEiiow, golden
or orange shades )
I. Colonies loose textuxred, growing'fapldly on all media,
cleistothecis laxrge

a., 4Scospores with proaminent equatorial crests and
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Cognvex gurfaces conspicuously echinulate ;..............gﬂ
$ieusovacrsvenacsesdls Aureolus Fennell & rapexr
2. Loolonies close textﬁred‘,'growing very restrictedly on
oczapek's agar, cleistothecia small
Q. .83cospores with pxominent equatorial crests and:
convex surfaces delicaitely echinulate..ccsceccesocncenses
....;.......:;.,.. £, stramenius Novak & haper, n. sp.
B. ascospores with low equatori-l crests and convex sur-
faces finely reticulite or spinulose..A, auratus vwar-
4 | Cup. N. SPo

e : Lo e
Aspergilius Ochraceus Group T »,;tﬁJ\,gg
. % N ™ R IEN

i

GKOUP  KEY -

I. SConidial heads in palé pure yellow shades

A. Sclerotia creaw to pale yellow, produced in a dense
layer, 300 to 450 u in diamefer; conidial heads loosely
rédiate, spore &halns sdherent into narrow divergent
COlUiNS, ceoasvssshe sulphureus(Fres.) Thom & Church
B, Sclerotia white to ¢ream to pale pink, produced singly,
1.0 to I.5 mm, in diameter; conidial heads hemispheri-
cal to loosely colunnar, or gplit into two or more comp=-

. S
el o0 ) 2 - ¥ C —
QQG 8 3 % 0 0 OO AT s oEe o -~ » W e s f DS I Do e e WSS L0 e owow - N e 200

ses CcOlunnsg, ,A. sclerotviorum Huberxr
T, 3Cb§idial heads in bright golden yellow shades
A Scié;otia black at maturity, vertvicully elongate,l %o
3w, high (at several months containing mul%iple cleis®— - .
othecia);\hog}dia'smooth, oval. to subglobose, 2.5 to 4.0
bu 2.0 to B.Su;&E\§_ s "z, conedial heads -hanging.
%0 cinnamon buff irf*age.\;. feos slliaceus Thom & C hurch
B, Sclerotia orange to_rﬁious, globmse-to subglobése,
; .
500 to 700 uin diamehers cbnidig-heavy walliew, smoot ,elli';

ptical oxr ovave, 3.3 to 4.4 Q by'£.5 to 3,0u;
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Qoni&ial heads remaining bright in age ...A. auricomus
( Guéguen) saito : .
IIT. Conidial heads in dull yellowish cream, buff, or och~

raceous -shades
A, Sclerofia produced in most strains
I. delerotia abundant, small,coumonly 400 to 5Q0u
a. Sclerotia pure yellow then brown; conidia glo—
bose, subglobose or ellipiiecal, 2.75 to 3.5 u or
3.0 %0 3.3 u by 2.5 50 2.8 U .........A. melleus Yukawa
2. Sclerotia scattered, developing late, iéfge, commonly
500 to I000 u .
a. Sclerotia pink tq vinaceous purple Whén mature, gho-—
bose, ovate to cylindrical; conidia globese to subg-

lobose, mostly 2.5 to 3.0 U ...A. ochraceus wilhelm

——— s

—

=

Sclerotia cream %o bﬁff or clay colored, globose to
ovéte; conidia'ellipticalfto pyriform 4.0 %o 5.0 u
by 3.0 %0 3.5 U eseso.oha ostianus wehmer o
e, Scmerptoa wjote tp creamy; ovate to discoid;,coniéla
ovate to elliptical, mostly .3.2 ©0 4.0 w by 2.8 to
32 Useeennnnnnan. A, elegans Gaspexini
Be Sclerxotia unknown
L. Colonies ¢ ,Giaau Close textuzed, Sporulating slowly
conidial heads pinkish buff; conidia subglobose ovate
or elliptical, mostly 3.0 %0 4.0 u by 225 %0 3.0 U,..
“ee:iive  ssecesescsnseasn-A, Petrakii &uros

Aspergilius niger Group

—_——smrmosssmsam==

GROUP KuY _ : b

I. Sterigmata in two series
A, Colonies (cqnidial heads) on Czapek's agar apvearing
caxbon bléék to the naked eye
I. Conidia 6 0 IO w in disseter at waturity ..A. car—

bonariuvs (Bainierx)
thom
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2, Conidia 5,0 u or less in diameser at maturity

(b} . Conidia at meturisy globose, moétly 4,0 to 5.0 u

a. Conidiophores not exceeding 4.0 mm. in length

(I).Colonies sprewding rapidly on Czapek's
8BATeus . veuesoooaaits ficuum (keich.) ilennings

29, Coloniés growing mores slowly on Czapek'!s agarx
(a) .Conidia at maturity horizontally flatiened,
mostly 3.0 to 3.5 u in dismeter, with longitudi~

nal color bars. or striations ....A. phoenieis
(Cda.) Thom

irregular¥y roughened with conspicuous ridges and

.—echinulations not arranged as longitudinal stria
2T TNl 5 S e 5 L 1S e niger V, liegh . - . '//
B B e U e = - +2 3 v

;

b, Conidiophoxes comuonly exceeding 5..Ma., and xdéching I

- :
cm. but also comuwonly with shorter stalk bearing dim-

inutive hewds .,......i. pulverulentus § mcalp.) Thom

B. Colonies (Conidiul Hecds) g;gyish.dilve brown oxr deep
olive brown when young; usﬁélly'becoming reddish brown
"to brownish black, but with'olive or grayish colors oft -
en’ﬁersistent. e £
- (I). Heads quickly inf;"dark black-browvn or reddish
. brown a,
< a. Conidia under 5.0 u in diameter, horizontally fla-
~

‘\\\?tened, and appearing striate at maturity
(Ij\haads quickly dark black~ brown; colony reverse

uncoléred; conidiophores mostly 2 %o 3, wa. but up
to 5.0._ma, laong;conidia mostly 3.0 to 3.5 u in dia-
meter...............ﬂ. tubingensis(Schober) woss.

(2) Heads quickly reddish brown; colony reverse in
similax.shades; conidiophores mostly I.O_to;l.S.mm.
long; conidia mostly 4.0 %o 4¢5 U In diametere....

ceeccessaoes sesils againori Nakazawas
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e Gonidia 6,0 to 8,0 u in diameter, globose to subghobose,

coarsely tuberculate ....a. flavo-furcatis Batista and
waia (see 4, flavus,gfoup)
2. Heads persistently dazxk grayiéh brovin or olive-broun
a, Conidia at maturity elliptical, conspicuously echi-~
nulate, 5.0 0 5.5 u by 3.3 to 3.8 u,....A. ellip-
ticus, sp . nov,
bBe Conidia atb maturity globose or neaxrly so, some—~cimes
elliptical when young
(I) Conidia at méturity"conspicuously spinulose...,..
...;........“~A. heteromornhus Batista and Maia
(2) Conidia at amaturity irregulerly and ilnely roug-
hened
(a) Conidial heads generally small, in age on malt
agar splitting invo fairly humerous compact dive—
4ergenf columns..:.A. foetvidus (Naka.) Thom:and*
haper
(). Conidial heads lorge, columns few and poorly def- .
ined on malt agar ' | -__
(I) Basal myceliun on maltb agar uncolored or only
faintly yellow..A. foetidus(Naka.) T. & L. var.
N ., S.,&i.
(2) basal mycellum.on malt agar bright golden yellow
sa-eew. A, Foetidus (Naka.) I.& K.var.acidus W

Sesd& W,

CIX. Sterigmats uniseri;fe

5”&\_‘:} G //’/;
Ao Conldla globose %o subglobose, consplcuously echi-

nulace' vesicles commonly 20 %o 35 u bubt ran ging from
IS5 ta 45 u cececroenisenaiis Jjaponicus saito -

B. Conidia subglobose to definitely ellipiical, conspicu~-
ously echinulate; vesicles cammonly oG vo 80 u rang-
ing fxom 35 to 100 W ...As a. anul»atus lizuka
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e ASpeIgllluS flavus Group

P S
.,z‘._._—_._.._....

GROUP KEY

SIS Conidial heads in pale to intense yeliow or yellow-green.

shades .when young

A, Colonies not shiftin. to brown on Czapek's agar; con-

idia definitely echinulate e A =

"L. Sterigmata eisther single or double with the latter

predouwinant; heads radiate or very loosely -columnar

® 0 ® 3 2> Oe° 0 o6 o O aase S >DO O DO -"L. flavusLink

,..», —_—

Sterigmats typically in a 81ngle serles

R RN

a, Heads colunar; sterigmata usually uniseriqate. ...

crpeassnesceshs flavus var, columnaris, . var.,

3

" b. Heads radiate; sterigmnata uniseriabte..., eveeus

#

coemnie slolbisieie i ien i sh, ADETASI T OUS. Speare

B, Golonies shifting to light brownish grecn in age on

-Czapek's agar; conidia irregularly roughened ox smooth

LsConseln Large, mostly 4.5 %o 7.0 u but up tofgig)u-

oxr 10.0 elllotlcal at firat, then globose to sub-

globose, smooth to irregularly roughened

a., Conidiophores borne primarily from the', substraae

.«,......-..-...-.-...,...A..(—'ij}uae(.ﬂhlb.) Cohn___}

b, Conidicphores boxne primurily as short brunches

Conidia #mall, oval Go elliiptical, mostly 3.0 to 3.5u

from aerial aypghae....p, oryzae(ahlb,) Cohn Var.

effusus (Tiraboschi) Ohara

by 2.4 to 3,0 u smooth or nesrly so

a. Growth negligible on Czayek's agar; conidial stru—

ctures ahundant;'zonately arranged on mallm&gaﬁwéﬂﬂiawu

diophores smooth or nearly so ..qA. zomatus Kwon &

¥ennell, n, sp ..



/k%.Growth snreading on both Czapek's and malt agars; coni-
Y4

dial structures often forming 001em1form clusters; con=~

e ———

- . ddiephoxres consplcuously roughened.......a. clavato-

®eesecs seessisecasscssssanscessso.  Flavus, §. sp
Ii, Conidial heéds.in deep yellow-grecn Ho oiive—brown N
shades when you.n,:,, conidia con'spicuously

A Gonldlal heuds at first deep yellow—green. shlftlng

5 to bxownlsn green ox- brown on: czapek’a SEar. o oiew sps

\f‘j\ > C\\(/
‘Dlll..“.'.c'lt.l..cnlouo.AO I{lta "A _."' 9\‘
: tamarli ( e o O

~B. Conidial heads qulckly ollve brown then daf& orown..
*iatoteia oilevilatars olats 5 5" 1o ....,.A.Lawauafurcatls ﬁaplsta&
5 g , Maia
: e - vfl S
IIT. Conidial heads in pale yellowish olive or grayish oli-
ve. shades; conidia smooth or nearly 80 '

A. Conidiophores congpicuously echlnulate...A subo~
livaceus,n.sp.

B. Conidiophores smooth ox nearly so..A.avegaceus smith

Aspergillus wentii Group

GROU? KEY

I. Conidiopheres smooth or gianulose
A, Conidial heads large, up to 500 u or more in diameter,
on smooth oxr slightly grenular stalks Wthn may reach
several willimeters in length,..s. wentii wehmex
B, -Conidial heads smaller «nd borne'onvshorter sfalks
I. Sterigmata mostly double, few single; both single
and &oﬁble sterigmata often observéd in the same
head
a. Conidiu mostly 5.5 %0 A5 u pdaréely echinulate...
ce-seesessh. Bterricola marchal
.. Conigdia most;y 4.5 %o 5.5:by 3.8 to 5.0 u, rugulose,

ces.0svssesececsssh. LEYTriCola var. auwericana siarchal



~
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2. Sterigmata almost entirely single, rarely double, ang
then at the base of the vesicle in otherwise uniseriate

heads ,...s. terricola var, indicus(Mehrourahagnlhotrl)
y . e comb .,

II. Conidiophores conspicuously echinulate

-® @ » 8 s 000 e00s0es

teeteiiieiiniiiica... A, thomii Smith

aspergillus cremeus Group

by
GROUP KEY .~

=
I. Conidial hezds in light grecn ghéées_
A. Sterigmata biserictes clei;tothécia bpresent <o, ..
SO O s ,....;u;...A.<cremeus Kwon & Fennell,n, 8D,
B. btellémea ihitially uniseriat:, becoming- biseriate
nrogrﬁ&&ﬂvely from the base of +the vesicle upwaxrdj

dark Stroma‘llke hyphal wadses presen

Bl et
sreserescrcceaac. Al Stromatoides, n. sp.
C. Sterigmata unisericte; dark hyphal masses and cleigst-
othecia lacking...i, itaconicus Kinoshita |
qiipg Cénidlal heads in light brown shédes
e Slerigmata biscriave; cleistothecia Present o....

veeececneesaesah. Chrysellus Kwon & Fennell, n. sp .

B. Sterigmaia wostly uniseriate, occaslionally bisex riate;

cleistothecia absent...A.flaschentraegeri Stolk

Aspergillus‘sparsus Group

GLOUP KBY

I. Sterigmata in %o series
A, Conidia usually of one tyne
Fs Conidia in large heads light.ysllow‘green to olive-
buff, subglobose to ellipiical, delicately zoughen-—

eds.....A, Sparsus haper & Thom
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2. Conidia in 1la arge heads darkur green, globose, consplcu-
ously echinulate; similar cOnlala produced firom fragme-
ntary structures at agar surface .,A.biplanus, spnov

B, Conidia of +two Types
I, Conidia in large heads gray » Slightly elliptical,

Smooth or nearly so; conidia from low level fragmen—
tary structures, green,globose, conspﬁouously rough-
ened S i i T, diversus, sp, nev,

LIS Sverlgmata in a single serles .

A, Conidia in heads borne on long stalks ét firsf ell- -
iptical ana ‘8mooth, those subseQuently formed subg-~
lobose to globose, brown and coaréely roughened as

are the conidia of shoxt stalked and fragmentary

e aaaie T e S el funibulosus Smith

Aspergillus versicolor Group P
—— A
GROUP KEY

A7
7
===x=

L. conidial heads of one color....A ver81color serles

A, Ve51clus globose to somewheot clongame, fertile over
wost of the vesicular sulfhce, globose to subglobose
hullecells often prese nt; compéct hyphal masses and
scle?otia lacking i |

I, Mature conidié not exceeding 4., O u consistently glo—

bose o subglobose

an ConidioPhores.unoolored to faintly yéllowﬁéh

(I3 Cconidi.l heads variable in color, ll#hb yeliow—
green, buff %0 orwnge! yeliow, or occasionally flesh
colored.;..... 4. versicolor(Vwill, tir.boschi

(2) Cnidial heads alviays blue'green when young:

uoooo.o.n-..-

o s ol swdouy(ﬁaln.&sgxu.) LhOJ and Caurcq

/
A
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b. Conidiophores definitely brown

() Conidigy heads.radlate, very dark yellow-green; con-

idiophore wallg snooth' Hulle cell masses consolcuo-

USe..c.0A, silvaticus Fennell & Raper

(2) Conidial heads radiate; very dark bluetgreen; conidi-
ophore walls definitely rough; hulle cells lacking..,

cecereves.. LA, pulvinus XKwon & Fennell, n. SPe

Z (3) Conidial heads variable in shape, often loosely colu~

mnar; conidiophore walls smooth but with'knobby encr-

ustwents on malt agar...A, Speluneus, n, 8D,
- "‘2‘

obese, or elliptical _ e

a. COHldeQQQ&ES*COiOTGd in brown shcdes

(l) Conidia styictly globose, echinulate

(a) Conidizl heads pele gray—=green, globose to smmewhat

N ey

elongate Hulle cells in.small élusters .

recescccrassncsnfesh, greanulosus liaper & ‘Thom

(b) Conidial heads darlk

yellow-giecen globose to ellip—

tical hulle cells in conspicuous hyaline to purplish

HASHO S il e alelsiaisleala cho s il caespitosus haperd Thom

(2) Conidia of two types; ellipvical and amooth; globgse
and rough cesscccose. . asperescens Stolk

b. Conldlophores uneolored. in wet mounts; conidia 4.0 to

b O u in long aXis8 ,.... Variens vehmerxr
,_\__'w.._)\ )_,L;,\, 2,

B Vesicles uurblnaae, snauhulkc s O merely slight expan-

sions of the conldlophore apices, fertile on th apex

only; hulle celis lacking, or iif bresent, pyriforxm to

elongatec; compact nyphal masses or sclerotia present

L. Soft masses of white +o Cream-colored, coupacted, thin~

walled ox heavy-walled cells pxresent, sometimes in lim-

wature conidia usually exccealng 4,0 u. glaaase, subgi=""



i e i e BB

a. Stalks long, i to several ci.3 smooth; conidia mostly
oval to elliptical, smooth oz very slightly roughened;
abundant sclerotiuwr-like masses composed of globose,
elong.te, or pear-shaped elemenis resembling hulle cells
ceecese seveccsash malodoratus.Kwon & Pennell, n., SP.

b, Stalks less than 400 u delicately'roughened; conidia glo-
bose, 4 %o 7 u in diameter with long echines; sclerotium-
like masses sparsely procduced, composed of thin-walled
cells and surrounded by shost sterile By DBEC s s o e stael
teeccesscscesses.A, crystallinus Kvon & Eennéll.'n. 8P,

2, True sclerotia present, cream to buff; vesicles turbi-
nate, oiten borne at 2 slight angle to the conidiophore_
a, Conidial heads dark yellow~green; conidiophores up toA
600 u long; conidia globose, minutely ésperulate, mostliy
2.5 to 3.0 u in diameter ...4. peyronelii sappa

b, Conidiai he.ds gray—blue—green, caniciophores up to 350u
long; conidia globose %o subglobose, Bilooth or nearly so,
mostly 2.2 %o 2.8 u in diswetedr ...A. arenarius,n.sp.

'”?f,-conidial hsads of two colors; green of VG il e vsferere
.A JANUS series
4. Vesicles of green"and-ﬁh;te~heads dissimilar
L. Vesicles of whitve heads conspicuously clavaie, 4
to 66u by I5 1o 18 u borne on conidiophores usually
exceeding 2 amm, in length csosfs Janus hapexr& Thom

2, Vesicles of whiic heads not conspicuously clavate, 20
to 25 u by I4 %o 18 u borne on conidiophores leds than

2.0 mm, in length......A. janus var, brevis haper% "hom
B. Vesicles of green .nd whiic heads essential.y siwmilar
5% Cohidia from hovh white and green lheads smooth walied

and of -siwiler Gimensions ....A. allapsbadii Mehrotra &

Agnihopri
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“’ 2. Conidia frow glccn heads rugulose and larger than the

s swooth conidia of white headg |

L a, Coloniss on mealt agax producing cushion-like over@r—
onchs 0f thick-walled hyphal elementis Seccevsvescras

1 Tt rtttresicecetiiintiiousoA, ambiguus Sappa

b. Colonies. on matt agoer notproducing overgrowths

® e v oo

i B UG IR R i S P e R sl microcysticus Sappa

Aspergillus nidulens Group .~

GROUP REY
) —_—

L ascospores present : Q

7 \‘\ .
S = 3 \

A4 AScospores orange~xed ln color

I. bqhabg cial cresvs two in number, rarely lacklnm not

2. Convex walls smooth

(%}) Equatorial crests lac&¢ng ese<As nidulans var. acri-
o e e

g OO o G SR R AT Tl e e status Fennellg
Haper

N (2) Equatorial cre8is present
\
N (a) Conidial stage dark vallou—groen, promiment on malt

s

agar, generally arlslng from submeirea mycelium,
(T.) COarse, uncrus%eq, Spicular hyphae absent

(e } CreSbS entire, 0.5 to I.3 u wide e+ vis nidulansg ] Q{)

. (Bidam) wint
(ba) Crests eatire, I.5 4o 2.0 u wide

o3

(2, € =i33s eRtis o L5 %0 2,0 ¢ war

(iv) Cleistothecial envelope in dull shaces consisting of

hulle cells only ..}.........A. nidulans var, latus Thom
2 : & kaper

(2¢° Cleistothecisal envelope consisting of hulle cells

associated with abundant ‘Amyeeliuwm in bright yellow %o
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red- orange shadeg, vk heterothallicus Kwon, Fennell,&
: : ' _ haper, n. Sp .
|

| I . . .

} ==%%c) Crest dentate.....,,.A. nldulans vazr. dencatus Sandhuk

- e

T Sandhn
=) S .
ﬂ (2) vooarse, ecncrusied,

: ! .

Spicular hyphae 'present; cleisi-

otheecia 1are srereercec i, Unguis(fmile-we i1 Gaudin)

% ; \ Thom & Raner
l

' (b) Conidial stage green :

S 1nconsplcuous on malu 2gar, gen-—
i i rally arising from aerial mycelium
)
) t b o = %z 7 i
(1) ClelStOthclilbOlnp in; mycelTu tuf'ts with few ace—

1 ompanying hulle cells

() Cleistotheecin 50 to IO0 u

assgciated,myceliumhheav~
lly,&ncrusted, Sllvu¢y ahial; ‘

ooy e fruulculosus

. e R sp.
///////(bs Cleistothecia less than 50u fssoclhudemVCQllum 1 .

. oS«

Tly unbranched, not encrust QIS LW i parvach801us, n.sp.

1,
(a) Cleistothecia obscured by a

2i nearly continuous Llayer

\ of hulle cells e, AU AN 10b1unneus ( “ey Hey & K, Jn.
) .

coinb,
b. Convex walls not smqpoh

(_s )’ ) ’ e
} ; (I) walls ecnlnulmue sese 4, nidulans Vai, echinulaztus
e - (e ‘

: ; : Fennell & haper
. ( ‘f\/ !v‘“‘:g-—r\; ‘r.\--—*”) - i
f o= 2h udlls COax s;ly Iugulose Sidie v o Ae

i o

rugulous ‘Thom & Laper

7jgj Crests two in nwiber, 3

O u or woic in vidth,
{ . = an Crests dissected, stellate,..,..A. variecolor(B&s, )
=J ; :

=

i : Thom & hape£>§5
{ - b. Crests engire sececeh, Variecolor var, astellatus Fenn—

' ¢ll & kapexr
{
2 3.. Crests Ffour or more in anumber,

Q‘ Syo\\ v wes

W a.-Lrests four in number, narrow cameneila quadrilineatus\»
J ' Thom 8 kaper

e b I
b, Crests wule tlple, sanctlmea—l¢¢0fulully arrenged and

B ;
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giving the impresgion of stri.tions s¢...s. 8triatus Rai.
Tewari & uukexrji
B. iAscospores blue~-violet in color, witi convex suxrfaces
GONANULAELE o weeiov e vehe violaceus Feanellé hapex
\f’f)(jy/\//l%———)

II. ascospores notb preseht
ol o BBz Loy, @IS V’\‘ o

l;‘y’_, N
“SSAL Qon391cuoud COaer encruste =dl Splculal hynhae prescnt;

/Vf 5]

hulle cells lacking exccgt in cone unigue s%wain which has

been known to produce océasional~cleistothecia cevoase

N vlse e s ssase TeAeuUNEULE ( LoW.&.G.) Thom .& kaper

B, Conspicuous spicular hyphae absent

I. -Hulle cells absent or ilml ed in numbex - 5 e
a, Hulle cells sgbsent, yelyow myceliuwn praminen®
(i) Conidiophores short, siraight; conidial heads loosely
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Culture media

Classification of culture media

Criteria used for classifying culture media includes their chemical composition,
physical properties and their use. Every culture medium is designed for a definite
use and hence its physical and chemical characteristics depend on its application
and function.

I- Classification of culture media according to their use

According to their use culture media are divided into the following types:

1- Routine laboratory media: These media contain certain complex raw
materials of plant or animal origin such as yeast extract, malt extract, peptone etc.,
and are employed for routine cultivation and maintenance of a wide variety of
fungi.

2- Enriched media: These media are prepared by supplementing the
routine laboratory media with some specific substances such as vitamins and
amino acids to meet the nutritional requirements of more fastidious of fungi and
are employed for their cultivation.

3- Selective media: These media facilitate the isolation of a particular
group or species of microorganisms from mixed cultures. Such media contain

substances which inhibit microorganisms except the desired group or species.

Selective Media Vs Differential Media
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4- Differential media: These media are supplemented with certain reagents or
chemicals for differentiating between various kinds of microorganisms on the
basis of visible differences in their growth patterns. Such type of media is used
more often in bacteriological studies.

5- Assay media: These type of media is specifically employed for the assay of
some metabolites such as enzymes, vitamins, amino acids, antibiotics,
disinfectants etc., and are of definite composition.

6- Biochemical media: These media are generally used for the differentiation of
microorganisms on the basis of their biochemical activities, and are helpful in the

study of their metabolic processes.

I1- Classification of culture media according to their chemical composition:
According to their chemical composition media are classified into the
following types:

1- Natural media: The natural medium comprises entirely complex natural

products of unknown composition. The raw material of a natural medium may be



of plant or animal origin, and some of the common ingredients employed for this
purpose include extracts of plant and animal tissues, e.g., fruits, vegetables, egg,
milk, blood, body fluids, yeast, malt and manure extracts etc. Obviously, the
chemical composition and concentration of a natural medium is not well defined.
On account of their complex nature, these media are able to support a variety of
organisms, and hence are quite useful for routine laboratory cultures of fungi.

2- Semisynthetic media: These media are so designed that some of their
constituents are of known chemical composition, while others are derived from
some natural sources with unknown composition. The chemical composition of a
semisynthetic medium is partly known. The medium is a best serve as a routine
medium and sometimes for physiological studies. Potato dextrose agar (PDA) is
one of the popular media.

3- Synthetic media: These are chemically defined media of known
composition and concentration. The media are exclusively composed of pure
chemical substances. However, absolute purity of the ingredients is achieved,
although substances of only analytical reagent quality are used for such purposes.
One account of their known composition as well as being in solution, these media
are quite useful for nutritional and metabolic studies of fungi. The composition of
these media may be amended as per requirement and as such they may be simple
or complex in composition. A simple synthetic medium contains a single carbon
and energy source, a nitrogen source, generally as ammonium salt, some Sulphur
and phosphorus sources and various minerals. All these ingredients are dissolved
in a buffered aqueous base. However, for more fastidious organisms, a complex
synthetic medium is designed by incorporating some additional factors such as
certain vitamins, amino-acids, purines, pyrimidines etc., or by employing a

multitude of carbon and nitrogen sources together.



C- According to their physical states: Media are classified into the
following types:

1- Solid media: Media in solid state are in use since the beginning of
laboratory studies of fungi. The first laboratory culture of fungi was obtained on
a solid media such as fruit slices. Some common examples of such media are
nutrient impregnated slices of potato, carrot, sugar-beet etc. and coagulated egg
or serum. However, with the advent of agar as a solidifying agent, such media
have largely been replaced by agar media. Use of fruits and vegetable slices in the
cultivation of fungi is now more or less restricted to the baiting technique
employed for isolation of some specific organisms.

2- Solid-reversible to liquid media: Such reversible media were first
introduced by Koch (1881) who observed that addition of 2 to 5 percent of gelatin
to the commonly employed media rendered them a semi-solid consistency.
However, gelatin could not find a wide application on account of its low melting
point (37°C), and also because it is hydrolyzed by many proteolytic bacteria at
ordinary temperature. The use of agar for solidifying culture media was also
initiated the same year and in the same laboratory.

3- Semi-solid media: These are media with gelatinous consistency and
are employed for specific purpose. They contain a small amount of agar or some
other solidifying agent like corn meal. These media are sometimes used for the
study of motile reproductive structures of fungi.

4- Liquid media: These are media without any solidifying agent, and are
indispensable for most of the quantitative studies of fungi. Nutritional and
metabolic studies of fungi, as well as microbiological assays are invariably carried
on liquid media. Some of the advantage of liquid media is that they permit the
cultures to be aerated, the mycelium to be weighed and the metabolic products to
be analyzed easily. However, with respect to routine studies, liquid media have
some distinct disadvantages. Growth in liquid media does not manifest the

morphological characteristics of microorganisms. They are also difficult to handle

5



without disturbing the culture. Moreover, liquid media are least helpful in the
purification of microorganisms from a mixed culture. For an even distribution of
nutrients and for providing uniform aeration to growing fungus, the liquid cultures

are sometimes put to constant mechanical shaking.

Sterilization

Sterilization refers to the process that effectively kills or eliminates transmissible
agents (such as fungi, bacteria, viruses and spore forms etc.) from a surface,
equipment, foods, medications, or biological culture media.

Sterilization can be achieved through application of heat, chemicals, irradiation
and filtration.

There are three main methods for sterilization:

1- Physical methods

2- Chemical methods

3- Mechanical methods

1- Physical methods

Sterilization by heat

Heat may be utilized for sterilization either in dry or moist form. However, moist
heat is much more effective and requires both shorter duration and lower
temperature. Sterilization by moist heat generally is complete at 121°C for 15-30
minutes of exposure. On contrast, sterilization by dry heat requires a temperature
of 160°C for 60 minutes. The two kinds of heat treatments kill the microorganisms

by coagulating and denaturing their enzymes and other proteins.
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2- Chemical methods
Using of chemical substances as agents, like chloroform, mercuric chloride,

formaldehyde and ethyl alcohol.

3- Mechanical methods

Sterilization by filtration

This technique employs special type of filters having pores so small that ordinary
bacteria are arrested. This method is particularly useful for sterilizing heat
sensitive materials, such as culture media containing serum, antibiotic solutions,
culture filtrates etc. The most common filters are Seitz filters and Cellulose

membrane filters.
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Methods for measuring fungal growth

Growth may be defined as the orderly increase in cell components leading to an
increase in biomass (Prosser, 1995). The growth form of filamentous fungi is
complex; extension of individual hyphae is localized at the tip, whereas biomass
synthesis supporting that growth may take place throughout the mycelium. The
growth of a fungus can be measured in various ways such as increase in colony
diameter, increase in dry weight, rate of production of different type of
metabolites, etc. The mechanisms involved in the control and regulation of
mycelial growth are better studied on solid medium than in submerged cultures,
as fungi are adapted to growth on solid substrates.

Direct methods

Some of the direct methods to determine fungal growth are stated afterwards:
Growth of hyphal extension

Measure of hyphal extension rate is measured microscopically on solid medium
as an increase in length, e.g. measure of the increase in radii of circular colonies,
daily or every other fixed period of time, after inoculating the mold in an agar
plate and incubate it at the appropriate conditions. This is probably the most
common technique for estimation of growth of filamentous fungi on solid media.
A growth rate function can be derived by plotting colony diameter against time
and measuring the slope of the straight part of the line. Analysis is now greatly
facilitated by the increased availability of image analysis systems which enable
automated measurement of hyphal lengths and subsequent kinetic analysis of data
(Wiebe and Trinci, 1990; Gray and Morris, 1992).

Measure of fungal biomass

Molds are usually grown on the surface of a cellophane membrane, overlaying the
agar, from which the biomass can be washer or otherwise removed for the
determination of the dry weight. This measure is also possible in liquid cultures.
In both solid and liquid media, separation of biomass from the growth medium is

slow, tedious and requires relatively large amounts of biomass for accuracy.
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Turbidimetric techniques are less reliable due to the heterogeneous nature of
liquid cultures of filamentous fungi.

Indirect methods

Ergosterol

Fungal plasma membranes are similar to mammalian plasma membranes,
differing in having the nonpolar sterol ergosterol, rather than cholesterol, as the
principal sterol. The plasma membrane regulates the passage of materials into and
out of the cell by being selectively permeable. Membrane sterols provide
structure, modulation of membrane fluidity, and possibly control of some
physiologic events. Fungal growth and biomass could therefore be estimated by
measuring this specific component of fungi. Quantifying ergosterol production in
foods has proved more difficult. Since now, ergosterol content has been mainly
assayed in cereal samples. The determination of ergosterol is also valuable in
correlating metabolites such as aflatoxins and OTA (Gourama and Bullerman,
1995; Saxena et al. 2001).

Impedimetry and conductimetry

Metabolites produced by growth of microorganisms in liquid media alter the
medium’s impedance and conductance. The use of changes in these properties has
been used to estimate fungal growth. A major problem of these techniques
involves the selection of suitable media, but when the method is set up, this
method results rapid and effective.

Adenosine triphosphate (ATP)

Another measure of microbial biomass is the measure of the bioluminescence
emitted by the molecules of fungal ATP. However, living plant cells contain also
high levels of ATP and fungi are often very difficult to separate from food
materials.

Pectinesterase

The fundament of this technique is that gas liquid chromatography is used to

determine the amount of methanol released from pectin by the fungal enzyme
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pectinesterase. This is considered a rapid method for detecting viable spores of
spoilage fungi, but it needs some improvements before practical application.
Fungal volatiles

It consists in measuring the effects of fungi on foods. Fungi produce chemical
volatiles during growth and particular chemicals can be detected and therefore
measure fungal growth in an indirect way. Several commercial gas sensor array
instruments are now available on the market covering a variety of chemical sensor
principles, system design and data analysis techniques. A series of different
detection principles can be used in chemical gas sensors: heat generation,
conductivity, electrical polarization, electrochemical activity, optical properties,
dielectric properties and magnetic properties. In principle, the results obtained
from a gas-sensor array represent qualitative and quantitative information of the
composition of the headspace gas mixture of a sample. The technique should
therefore have a great potential in a number of applications related to food.
Numerous electronic nose studies related to food already have been published,
but the electronic nose technology applied on food must be regarded as being in
its early stage. A goal of this technology is to explore the use of an electronic nose
for rapid detection of food spoilers and pathogens via development of a standard
curve of some potential volatile compounds that can be used to develop some
specific aroma-labeled substrates.

Immunological techniques

Fungal cell wall proteins produce antigens, which can be detected by
immunological methods. Some antigens are derived from components common
to a wide range of fungi, and hence are indicative of general fungal growth, while
others are genus or even species specific.

Molecular methods

They are based on nucleic acid sequences that are specific to the target fungi. The
most known method is called nucleic acid hybridization and it involves the

selection, cloning and chemical labelling of sequences specific to the target
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organism. These are then used as probes to detect RNA or DNA of the pathogen
in extracts of the substrate. DNA may be specific at almost any taxonomic level.
In some instances the detection and identification of the causal agent(s) may be
secondary to other consideration. For example, it may be more important to
quantify the amount of pathogen present rather than just determine its identity.
Several approaches have been taken to develop diagnostic assays, and are divided
into immunological and DNA-based systems, this last generally being
polymerase chain reaction (PCR). In contrast to hybridization, PCR-based
assays for detecting mycotoxins in fungi have been widespread
in the last years. PCR is an extremely sensitive technique and involves the
enzymatic amplification of a target DNA sequence by a thermostable DNA

polymerase.
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Experiment 1
1- Isolation of fungi from natural sources
e Preparation of culture media and sterilization.

e |[solation of fungi on the suitable media for fungal growth.

e |dentification and preservation of fungi

................................................................................................

Fungi Counts % OR
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2- Factors affecting fungal growth and metabolism

Fungi have in the course of evolution diversified to exploit a wide variety of
habitats. Different species hence require different conditions for optimal growth.
Microbial metabolism is significantly influenced by the physical and chemical
environment. Thus, toxin-producing fungi may invade food at pre-harvesting
period, harvest-time, during post-harvest handling and in storage. According to
the site where fungi infest food, toxinogenic fungi can be divided into three groups
(Suttajit, 1989).

f Field fungi, includes species of plant pathogenic fungi, usually with high
requirements of water, such as Alternaria, Cladosporium and Fusarium.

f Storage fungi, with lower requirements of humidity, are principally the genus
Aspergillus and Penicillium.

f Advanced deterioration fungi, normally do not infest intact food, but easily
attack damaged one and require high moisture content. Some examples are some
other aspergilli species, Chaetomium, Scopulariopsis, Rhizopus, Mucor and
Absidia.

The main factors that influence growth of fungi include temperature, pH and
moisture. But apart from environmental factors, chemical and biological factors
clearly play a role (Figure 49). Under some circumstances these effects are
additive. Under others, the implication is that synergistic interactions lead to a
combined effect of greater magnitude than the sum of constraints applied
individually. This has been described by Leistner and Rodel (1976) as the ‘hurdle
concept.” Moreover, hurdles are frequently combined to minimize the impact of
processing on the quality and to improve the safety of ready-to-eat foods.
Environmental factors

The large and diverse group of microscopic foodborne yeasts and molds includes
several hundred species. The ability of these organisms to attack many foods is

due in large part to their relatively versatile, environmental requirements. There

17



are several major parameters governing fungal invasion, growth and production
of mycotoxins:

Experiment 2

Temperature

Temperature is an important environmental factor affecting growth and
mycotoxin production by molds. Fungi are capable of surviving under the full
range of temperatures normally experienced in environments in which they live.
The temperature range usually reported for fungal growth is broad (10-35°C),
with a few species capable of growth below or above this range. Fungi can be
divided according to their tolerance to temperature in psychrophilic, mesophilic,
and thermophilic fungi.

Procedures

1- Preparation of culture media and sterilization

2- Cultivation of fungi

3- Incubation of cultures under various temperatures

3- At the end of the incubation period, filtration of cultures and determination of
myecelial growth that grown under various temperatures.

4- llustrate the data and write a comment.

.............................................................................................

Temperature Aspergillus Fusarium Rhizopus
15
20
25
30
35
40
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Experiment 3

Hydrogen ion concentration (pH)

In general, there is a lack of information on the effect of pH on fungal growth
parameters, in spite of a considerable literature on growth in relation to the initial
pH of media. This data is of limited value, since fungal metabolism alters pH
during their evolution. Hydrogen ion concentration in a medium could affect
growth either indirectly by its effect on the availability of nutrients or directly by
action on the cell surfaces. The acid/alkaline requirement for growth of all yeasts
and molds is quite broad, ranging from pH 3 to above pH 8, with optimum around
pH 5, if nutrient requirements are satisfied. In general, Aspergillus species are
more tolerant to alkaline pH while Penicillium species appear to be more tolerant
to acidic pH (Wheeler et al., 1991). It is seen that in situations near neutral pH,
fungi must compete with bacteria for niches, and at higher aw values most fungi
are not competitive in mixed culture. However, where a w is below 0.90, fungi
become dominant irrespective of pH. In specialized niches where
bacteria do not appear to have a role as pathogens, specific Fusarium and
Penicillium species are dominant even at neutral pH and high aw (Wheeler et al.,
1991).

Procedures

1- Preparation of culture media with variable pH values and sterilization

2- Cultivation of fungi

3- Incubation of cultures under suitable temperature

3- At the end of the incubation period, filtration of cultures and determination of
mycelial growth that grown under various pH values.

4- 1llustrate the data and write a comment.
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Availability of water
Living organisms consist largely of water. Hence if an organism is to grow has to
take up water from the environment. Whether water enters or leaves a cell depends
on the difference between the water potential of the cell and that of the
surrounding medium, water moving from a region of high to one of lower water
potential (Carlile and Watkinson, 1996). In microbiology, three measures of the
water availability have been used: water potential (y), water activity (aw), and
relative humidity (R.H.).
Water potential is the sum of numerous components, of which the most
Important are osmotic, matric and turgor potential, and is measured in units of
pressure.
Water activity is a fundamental property of aqueous solutions, and by definition
Is the ratio of the vapour pressure of the water in the substrate (P) to that of pure
water at the same temperature (P0):
aw = P/PO

p0 p aw = Water activity ranges from zero (water absent) to 1.0 (pure water). For
an ideal solution aw is independent of temperature, and in actual practice, the aw
of a given solution varies only slightly with temperature within the range of
temperature permitting microbial growth. The relationship between water
potential and water activity is given by the next equation, where the value of k
depends on temperature and is, for example, 1.37 at 25°C and 1.35 at 20°C.

v (Mpa) =k In aw
Not only is the availability of water in the surrounding liquid phase of importance
to fungi, but the water content of the adjacent gas phase. The water content of the
atmosphere is expressed in terms of relative humidity, the ratio of the water
vapour pressure of the gas phase being considered, to that of a saturated
atmosphere at the same temperature. It is hence the same ratio as water activity
but expressed as a percentage. In most of the studies presented in this thesis, aw

was used to describe the status of the water in solution or substrate in preference
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to R.H., which applies more strictly to the surrounding atmosphere. Under
equilibrium conditions the two terms are interchangeable. A required aw in the
environment of a fungus may be obtained either by fixing the water content or the
solute concentration in the culture substrate or by keeping the substrate in
equilibrium with an atmosphere of controlled R.H. Moisture requirements of
foodborne molds are relatively low; most species grow at a 0.85 a w or less,
although yeasts generally require a higher water activity. 0.60 aw is considered
the limit for cell growth, but spores of Aspergillus and Penicillium for example,
are able to survive at lower aw for several years (Carlile and Watkinson, 1996).
Moisture control is the best and most economical means to control the

environment to prevent mold growth and mycotoxin production.

Light

There are some reports that illumination will increase or more commonly reduce
the rate at which fungi spread across an agar surface. Such effects are sometimes
due to the photochemical destruction of components of the medium but in other
instances a direct effect on metabolism seems likely. The biosynthesis of
pigments, mainly carotenoids, as consequence of light action has been

demonstrated.

Availability of oxygen

Organisms can obtain energy by oxidative (respiratory) metabolism or by
fermentation. The implications for oxygen requirements of the occurrence of
respiration, fermentation or both in a fungus divided them in obligate aerobes,
facultative anaerobes and obligate anaerobes (Carlile and Watkinson, 1996):
Food spoilage molds, like almost all other filamentous fungi and yeasts, have an
absolute requirement for oxygen. However, many species appear to be efficient
oxygen scavengers, so that the total amount of oxygen available, rather than the

oxygen tension, determines growth. The concentration of oxygen dissolved in the
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substrate has a much greater influence on fungal growth than atmospheric oxygen
tension (Pitt and Hockings, 1997). The most oxygen demanding molds will
colonize the surface of the food, while the less exigent could be found inside the
food. Although probably not economically feasible, one sure way to prevent
mycotoxin contamination of cereals and other food, is to store them under
anaerobic conditions, e.g. CO> or nitrogen. For instance, this could be done in
large airtight silos. The molds would not grow, but this type of environment

control is sometimes understandably unrealistic.
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Chemical factors (Nutritional factors)

Experiment 4

Effect of different Carbon sources on fungal growth

All forms of life, including molds, require exogenous materials to build into
biomass. As heterotrophs, the molds require organic compounds for both the
synthesis of biomass (anabolic metabolism) and to produce the energy to drive
these reactions (catabolic metabolism). These aspects of metabolism are
frequently referred to as primary metabolism (Smith and Moss, 1985).
Fungi can use a number of different carbon sources to fill their carbon needs for
the synthesis of carbohydrates, lipids, nucleic acids and proteins. Oxidation of
sugars, alcohols, proteins, lipids, and polysaccharides provides them with a source
of energy. Differences in their ability to utilize different carbon sources, such as
simple sugars, sugar acids, and sugar alcohols, are used, along with morphology,

to differentiate the various yeasts.

Procedures

1- Preparation of culture media with different carbon sources and sterilization

2- Cultivation of fungi

3- Incubation of cultures under suitable temperature and pH

3- At the end of the incubation period, filtration of cultures and determination of
myecelial growth that grown under different carbon sources.

4- llustrate the data and write a comment.
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Carbon sources Aspergillus Fusarium Rhizopus
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Experiment 5

Effect of different Nitrogen sources on fungal growth

Fungi require a source of nitrogen for synthesis of amino acids for proteins,
purines and pyrimidines for nucleic acids, glucosamine for chitin, and various
vitamins. Depending on the fungus, nitrogen may be obtained in the form of
nitrate, nitrite, ammonium or organic nitrogen as no fungus can fix nitrogen. Most
fungi use nitrate, which is reduced first to nitrite and then to ammonia. Therefore,
availability and type of nutritional factors such as carbon source and nitrogen
source can also affect both mycotoxin production and morphological
differentiation. Other major nutrients for fungi are sulphur, phosphorus,
magnesium and potassium, which can be supplied to most fungi as salts. Trace
elements like iron, copper, manganese, zinc and molybdenum are required by
nearly all fungi as cofactors for enzymes. But in high amounts, some trace
elements can become toxic for some fungi. For example, OTA production by A.
ochraceus strains varied with the different concentrations of yeast extract (0-4%)
and sucrose (0-4%) in a laboratory medium (Atalla and EI-Din, 1993).

Procedures

1- Preparation of culture media with different nitrogen sources and sterilization
2- Cultivation of fungi

3- Incubation of cultures under suitable temperature and pH

3- At the end of the incubation period, filtration of cultures and determination of
myecelial growth that grown under different nitrogen sources.

4- llustrate the data and write a comment.
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Nitrogen sources Aspergillus Fusarium Rhizopus
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Experiment 6

Fungal enzymes

Enzymes have played an important role in different types of biological systems
for various applications. They are proteins that break down and convert
complicated compounds to simple products. Fungal enzymes are compatible,
efficient, and proper products for many purposes such as medicinal uses,
industrial processing, bioremediation process, and agricultural applications.
Fungal enzymes have been used in many industries, including baking, brewing,
cheese making, antibiotics production, and commodities manufacturing, such as
linen and leather. Furthermore, they also are used in other fields such as paper
production, detergent, the textile industry, and in drinks and food technology in
products manufacturing ranging from tea and coffee to fruit juice and wine.
Recently, fungi have been used for the production of more than 50% of the needed
enzymes. Fungi can produce different types of enzymes extracellularly, which
gives a great chance for producing in large amounts with low cost and easy
viability in purified forms using simple purification methods. Hydrolases are the
most extensively studied groups of enzymes; they catalyze the hydrolysis of their
substrate through the addition of water. Hydrolases represent the most
commercially marketed enzymes due to their wide application in different
industrial sectors. Fungal amylases, proteases, lipases, and cellulases represent the

most commercially demanded enzymes.
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Amylases

Amylase enzymes are used for commercial application and was firstly applied
medicinally in treating digestive disorders. Amylases could be classified into a,
B, and y-Amylases depending on the attaching site in the starch molecules and the
nature of the resulting products. a-Amylases are calcium-dependent
metalloenzymes that act randomly on the starchy substrates yielding maltose and
maltotriose from amylose or glucose and dextrin from amylopectin. B-Amylases
hydrolyze 1,4-glycosidic bonds in the carbohydrate chain, yielding one maltose
unit. They are extensively important in plants, especially in the seed ripping
process, but they are also reported from the microbial origin. y-Amylases

resemble the other two types of amylases in hydrolysis activity toward 1,4-
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glycosidic linkages, unlike the two forms characterized with 1,6-glycosidic
linkages hydrolysis activity and preferring acidic environment pH 3. Aspergillus
niger is considered the potent commercial a-Amylase producer among all
filamentous fungi. Many other fungi were reported for their capacity to produce
different types of amylases, including Aspergillus oryzae, A. terreus, Fusarium
solani, and Penicillium citrinum.

Lipases

Lipases are a group of hydrolytic enzymes that act by hydrolysis of triacylglycerol
yielding fatty acid and glycerol. Lipases also catalyze the reverse reaction by
esterification of glycerol and fatty acid. Fungal lipases are produced by several
fungi including Aspergillus  niger, Penicillium  verrucosum, Fusarium
solani, Arthrographis curvata, and Rhodosporidium babjevae. Lipases are
implemented in vast commercial applications, including detergents and cosmetics
additives, fine chemical production, medical application, paper pitching, leather
de-fating, wastewater treatment, and biodiesel production. The application of
lipase in biodiesel production, as an ecofriendly alternative for traditional fuel,
intensifies the research in diminishing the production cost and enhancing the
enzyme efficiency.

Proteases

Proteases play an important role in fungal physiology to digest extracellular large
peptides and also in defense mechanisms against attaching pathogens. Based upon
the amino acid in the enzyme active site, proteases could be categorized into
different types, including serine, asparagine, cysteine, aspartic, and
metalloproteases. Serine and metalloprotease are the most studied types among
all proteases and are usually produced from microbial origins. Filamentous fungi,
especially that of Aspergillus sp. are characterized by their high capacity for
protease production. Other fungal genera also reported for their potency regarding
proteases production, including Penicillium sp., Fusarium sp., and Pichia

farinosa.
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Cellulases

Cellulose, hemicellulose, and lignin are the main components of most agricultural
wastes. Most fungi have the complete enzymatic system (Endoglucanases,
Cellobiohydrolases, B-glucosidases, and Xylanases) to degrade this complex
cellulosic material for nutrition. Trichoderma reesei is widely applied for the
commercial production of cellulases, other fungi also represent potent cellulase
producers, including Aspergillus niger, Saccharomyces cerevisiae,
and Aspergillus brasiliensis. Xylan, a complex polysaccharide, is also a major
component of hemicellulose; hence, xylanases play an important role in the
efficient hydrolysis of plant cellulolytic material. Regarding the diverse and
complex structure of Xylan, its hydrolysis required a group of synergistically
working enzymes (xylanolytic system) for complete degradation. Filamentous
fungi are characterized by the required xylanolytic system for complete xylan
degradation, especially that of Trichoderma reesei. Aspergillus

oryzae, and Aspergillus flavus.

Detection of amylase produced by fungi

Procedures

1- Preparation of culture media for amylase production and sterilization

2- Cultivation of fungi

3- Incubation of cultures under suitable temperature and pH

3- At the end of the incubation period, filtration of cultures and assay for the
enzyme activity.

4- llustrate the data and write a comment.
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Fungi Amylase activity
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Experiment 7

Antifungal agents

A wide range of antifungal agents are used in combating biodeterioration and in
preventing or treating fungal diseases of plants. In these contexts, they are
commonly referred to as fungicides. Others are used for treating disease in
animals and man, and are simply referred to as antifungal agents. Antimicrobial
agents produced by means of a microbial fermentation, called antibiotics, by the
plant on which the mold is growing, or added as biocides during crop
management, are other factors interacting with the growth and metabolism of a
mold. Antifungal agents differ widely in their chemical nature and
in their properties and mode of action (Carlile and Watkinson, 1996).
The effect of pesticides is interesting as they are largely used to control several
diseases in plants. The correct use of fungicides to diminish fungal mycoflora
could lead to a diminution in the amount of mycotoxins produced. But certain
number of studies showed that the use of sub-lethal concentration could favour
the production of the toxins (Moss and Frank, 1987). It is also possible that the
pesticide decreases the synthesis of the mycotoxins without affecting the fungal
growth (Draughton and Ayres, 1978, 1982).

Microhial Production of Penicillin
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Production of Penicillin by Penicillium chrysogenum

Procedures

1- Cultivation of fungi on a suitable media for penicillin production.

2- Incubation of cultures at suitable conditions (Temperature, pH, etc.).
3- At the end of the incubation period, filtration of cultures.

4- Extraction of penicillin using a suitable solvent.

5- Collection of solvent with the antibiotic.

6- Concentration of solvent by rotary evaporation.

7- Collection of solvent and dissolve of penicillin in methanol.

8- Analysis of penicillin for detection and concentration by TLC, HPLC, etc.
9- Illustrate the data and write a comment.

Analyte with
solvent
...... \ S Separating Funnel
® eg'
----- oy Lower density liquid
e . o / ! . i T8
Y L - Higher density liquid
. L 1 .
"' - Add imnuscible "o et

solvent Shake layers

[l I] I:I Funnel tap

Beaker
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Penicillium strains Penicillin activity

O 0O N O O | W N -

[EEY
o

45



FIgUIE 7 e,

46



Comment

R R I R R R R R R I I I I R R I R I R N I IR I R R R R R I I I IR A Y

R I R R R R R R I T R N R I T R A I I I I NI T A P A ST AP S Y

R N I T R R I R N R R R R I I R R I T R R R P P R I I I I I I A A SR AP S Y

P R I I R I T T R R R R R R I I I I I R R R R P P P S R I I I T A A AP AT P A ST P S Y

R R R R I R R I I R IR R R I N R I R R R R R I I NI IR A A

R I R R R R R I R R R I R R I R R R R R R I I R I S A SR AP A Y

P I R R I I I I I I T R R R I I I I I R A I P P P R R

R R R R I R R I I R IR R R I N R I R R R R R I I NI IR A A

D R R R I R R T R N R R T R R I A R A R I I S S P AP PR

47



Methods for the analysis of antibiotics

The different stages involved in the analytical process of antibiotics detection are
sampling, extraction, clean-up, separation, detection and confirmation. Although
many interfering compounds may be partially removed during the extraction
sequence, further clean-up of the extract is normally necessary. The traditional
clean-up systems generally involved either solvent portioning and/or open column
chromatography on silica adsorbent. The development of solid phase extraction
(SPE) cartridges containing packing with various surface chemistries allowed
more rapid and efficient clean-up process. However, the introduction of the
immunoaffinity columns (IAC) in which specific antibodies are bound to a solid
matrix, has allowed an even more specific clean-up process. Classical analytical
separation methods for antibiotics include TLC, HPLC, gas chromatography (GC)
and MS. Mass spectrometry offers the ideal confirmatory technique via the
detection of molecular ions at specific chromatographic retention times and via

the generation of a compound specific fragmentation pattern.

Thin Layer Chromatography (TLC) analysis

Thin layer chromatography, or TLC, is a method for analyzing mixtures by
separating the compounds in the mixture. TLC can be used to determine the
number of components in a mixture, the identity of compounds, and the purity of
a compound. By observing the appearance of a product or the disappearance of a
reactant, it can also be used to monitor the progress of a reaction. TLC is a
sensitive technique - microgram (0.000001 g) quantities can be analyzed by TLC.
TLC consists of three steps: spotting, development, and visualization. First the
sample to be analyzed is dissolved in a volatile (easily evaporated) solvent to
produce a very dilute (about 1%) solution. Spotting consists of using a micro pipet
to transfer a small amount of the dilute solution to one end of a TLC plate, in this
case a thin layer of powdered silica gel that has been coated onto a plastic or glass

sheet. The spotting solvent quickly evaporates and leaves behind a small spot of
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the material. Development consists of placing the bottom of the TLC plate into a
shallow pool of a development solvent, which then travels up the plate by
capillary action. As the solvent travels up the plate, it moves over the original
spot. A competition is set up between the silica gel plate and the development
solvent for the spotted material. The very polar silica gel tries to hold the spot in
its original place and the solvent tries to move the spot along with it as it travels
up the plate. The outcome depends upon a balance among three polarities - that
of the plate, the development solvent and the spot material. If the development
solvent is polar enough, the spot will move some distance from its original
location. Different components in the original spot, having different polarities,
will move different distances from the original spot location and show up as
separate spots. When the solvent has traveled almost to the top of the plate, the
plate is removed, the solvent front marked with a pencil, and the solvent allowed
to evaporate. Visualization of colored compounds is simple-the spots can be
directly observed after development. Because most compounds are colorless
however, a visualization method is needed. The silica gel on the TLC plate is
impregnated with a fluorescent material that glows under ultraviolet (UV) light.
A spot will interfere with the fluorescence and appear as a dark spot on a
glowing background. While under the UV light, the spots can be outlined with a
pencil to mark their locations. A second method of visualization is accomplished
by placing the plate into iodine vapors for a few minutes. Most organic
compounds will form a dark-colored complex with iodine. It is good practice to
use at least two visualization techniques in case a compound does not show up
with one particular method. The Rf value is used to quantify the movement of the
materials along the plate. Rf is equal to the distance traveled by the substance
divided by the distance traveled by the solvent. Its value is always between zero

and one.
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Thuin-taper chromatography
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High-performance liquid chromatography (HPLC) analysis

High-performance liquid chromatography (HPLC), formerly referred to as high-
pressure liquid chromatography, is a technique in analytical chemistry used to
separate, identify, and quantify each component in a mixture. It relies on pumps
to pass a pressurized liquid solvent containing the sample mixture through a
column filled with a solid adsorbent material. Each component in the sample
interacts slightly differently with the adsorbent material, causing different flow
rates for the different components and leading to the separation of the components
as they flow out of the column. HPLC relies on pumps to pass a pressurized liquid
and a sample mixture through a column filled with adsorbent, leading to the
separation of the sample components. The active component of the column, the
adsorbent, is typically a granular material made of solid particles (e.qg., silica,
polymers, etc.), 2-50 um in size. The components of the sample mixture are
separated from each other due to their different degrees of interaction with the
adsorbent particles. The pressurized liquid is typically a mixture of solvents (e.g.,
water, acetonitrile and/or methanol) and is referred to as a "mobile phase". Its
composition and temperature play a major role in the separation process by

influencing the interactions taking place between sample components and
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adsorbent. These interactions are physical in nature, such as hydrophobic

(dispersive), dipole—dipole and ionic, most often a combination.

The schematic of an HPLC instrument typically includes a degasser, sampler,
pumps, and a detector. The sampler brings the sample mixture into the mobile
phase stream which carries it into the column. The pumps deliver the desired flow
and composition of the mobile phase through the column. The detector generates
a signal proportional to the amount of sample component emerging from the
column, hence allowing for quantitative analysis of the sample components. A
digital microprocessor and user software control the HPLC instrument and
provide data analysis. Some models of mechanical pumps in an HPLC instrument
can mix multiple solvents together in ratios changing in time, generating a
composition gradient in the mobile phase. Various detectors are in common use,
such as UV/V is, photodiode array (PDA) or based on mass spectrometry. Most
HPLC instruments also have a column oven that allows for adjusting the

temperature at which the separation is performed.
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Susceptibility testing of antibiotics (Minimum inhibitory concentration,
MIC).

Disk Diffusion Test

Determination of MIC
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Procedures

1- Preparation of suitable medium for antibiotic testing.

2- Cultivation of bacteria.

3- Placed of discs on the Petri-dish and added different antibiotics or different
antibiotic concentrations.

4- Incubation of dishes for 24 or 48 hours.

5- Measure the inhibition zones around the discs and calculate the averages.

6- Determine the activity and MIC of the antibiotics.

7- Wlustrate the data and write a comment.

Antibiotics Inhibition zone (mm) MIC
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