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Screening of keratinase-producing microbes from local environmental

samples and their efficiency In hydrolyzing keratinous wastes

ABSTRACT

Numerous of bacteria, fungi and actnomycetes, especially keratinous waste soil
microflora are known to produce keratinase or/and keratinolytic protease(s).
Keratinous materials are sole sources of their energy, carbon and nitrogen.  These
microbes with their enzymes are of potential application in bioconversion of
recalcitrant keratinous wastes through environmentally friendly, low cost and easily
controlled processes of biodegradation, mineralization and biotechnology. For these
purposes, the chicken feather wastes-dumping soil samples from several locations in
villages of Bangorana, Bangoasae, and Tanod, Narathiwat Province, and of Yaha,
Banniang, Purong, Bannangsareng and Melayubangkok Yala Province were screened for
keratinase-producing fungi and bacteria. By using enrichment and selective media of
Horikoshi media and keratin (1%) agar plate, 3 isolates of fungi and 4 isolates of
bacteria were shown to produce wider clear zone of keratin hydrolysis, and they were
selected for further tests. Using simple fungi dichotomous key, the primary
identification of these fungal isolates was completed, and they were found to be
Aspergillus sp., Penicillin sp. and Cladosporium sp., and thus designated as Aspergillus
KF1., Penicillin KF2 and Cladosporium KF3. For 4 bacterial isolates, primary
identification involving biochemical and morphological characteristics was performed,
results showed that they were Bacillus, and thus designated as Bacillus KB1, Bacillus
KB2, Bacillus KB3, and Bacillus KB4. Each isolate was then subjected to growth and
keratinase production profile determination using defined Feather meal medium with
37°C in shaking condition of incubation. Overall results showed that these fungi and
bacteria did have typical growth profile, starting lag to log, and proceeded to stationary
and decline phases.  Extracellular keratinase profile was however slightly different.
For Penicillium, the keratinase release was at the late lag phase (1 U/ml), whereas
those of Aspergillus KF1, and Cladosporium KF3 started at the log phase (in U/ml: 3.9
and 2.9). Similarly, log phase start was also found in 4 Bacillus sp. (in U/ml: 4.1 for
Bacillus KB1; 3.7, Bacillus KB2; 0.3, Bacillus KB3 and 0.3, Bacillus KB4).  Maximum
production of keratinase was observed in fungi on day 4 and day 5 and in Bacillus KB1
and Bacillus KB2 after 48 hours of shaking incubation at 37°C and in Bacillus KB3 and

Bacillus KB4 after 60 hours of shaking incubation at 37°C  Different scores of activity



were observed in U/ml, 70.7 for Aspergillus KF1; 83.5, Penicillium KF2; 72.4, Cladosporium
KF3; 61.3, Bacillus KB1; 69.2, Bacillus KB2, 22.0, Bacillus KB3, and 22.3, Bacillus KB4.  As
expected, different rates of growth were observed. Both Aspergillus KF1 and Penicillin FK2
reached maximum at day 4 (in CFU/mL: 8.9 x 10° and 8.4 x 106) Cladosporium FK3 at day
5 were 8.95 x 106 CFU/ml.  On the other hand, Bacillus KB1, Bacillus KB2, and Bacillus
KB3 after 48 hours were in CFU/ml, 11.1X10", 18.0X10"° and 11.7X10", respectively.
Bacillus KB4 after 60 hours was 17.9><1O12 CFU/ml.  Based on these profiles, these
keratinases were expected to be of primary metabolites, and hence best harvested at
the beginning of stationary phase. These primary data with 3 fungal and 4 bacterial
isolates were obviously scientifically invaluable treasures for use in further and

advanced investigation and applications.

Keywords: keratinase,  Keratinous  wastes, keratinase-producing  microbes,

Environmental samples
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Fuunsndngauasiinnisgydensneriluildermiudou venantu SmuiuBinunsney
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wandnsinazdunnden Jagtunuin Barmedannleslfieulssiiasfua audnldan
deqdursiifianuannsolumsgesuln nanedunadon faduiifeuedremnn Wosnnidy
Bmsferfemmihanuveneuleiinmduadlunsiivgudmisasuvesulity femuiiie
yulAvuiihunsdesseeuluinauasiuomsliluuimailiiu 20-50 wWesidud nuingnla
agfthuinifutunnniinaiesiaeemsiiiu sulavuilildiiunisdesdeoulesdd
(Williams at al., 1991) F3n1svsdaniniannsoauaunisudsldine THsuyus Snvislsl
neltAnnaidelng sieanmuwindeuwaziidnd (ngudl, 2545)
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fdavendslulssnushuazduayln vevsinfedinm uavuinamdavevyuwu 1udu 39
Ui waisduuinaiinsiuosvenasifu Tngqdunidiinuuazannsadesuuln
Idvangyila Wy 51 wuaiSeuazieafludedn

LilvasdPismnuiinannsadesuarliinmiuld Damsuisdmvesuuadite
Actinomycetes LezITesn uavidauLIALNEIERiN (Tineola bisselliella Hummel) 7
annsaldesAuduuraaienves C N, S wagndany  wuafiiSe Keratinolytic lngianiy
981983 nddia Bacillus uay Actinomycetes azgnAALENININTLT Wazyuunludnlg
(Burtt & Ichida, 1999; Ichida, et al, 2001), nesvezvulafignuussUsenszuunITVIn
(Williams and Shih, 1989; Williams et al., 1990) w3aewiin (Kim et al. 2001) Tuwuaiiisy
ANUENNTe gawaaaasiuvasvuliagnuluaeiiug Bacillus licheniformis \udulngy
(Burtt and Ichida, 1999; Lin et al., 1999), ﬁam%%wﬂuﬂimﬂm 83 Bacillus pumilis, B.
cereus uag. B. subtitis (Kim et al., 2001) waznuaisenguliaiales wu
Stenotrophomonas sp. (Yamamura et al. 2002) Fervidobacterium pannavorans
(Friedrich and Antranikian, 1996) wag F islandicum (Nam et al., 2002). aU3dms1atulaf
Y8 Actinomyces wiafigesansaspuituiiedury nu wazudurdewild sudu via
Streptomyces Lﬁudiulwﬁlj imﬁ’j\‘i S. fradiae (Noval & Nickerson, 1959; Nickerson et al.,
1963), S. pactum (Bockle et al., 1995) S. thermoviolaceus (Chitte et al., 1999), or Fadu
9 L Thermoactinomyces (Gousterova et al., 2005). ( Gousterova et al. 2005)
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fiu (Huanswedu wazegluszuvinafigaulufe asemnsiasiiu (Komnitowicz - Kowalska ,
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Chrysosporium, Dermatophytes ffmmﬂL%Jadaiiﬂiuwwél,l,azﬁmi samﬁamju Saprotrophs i
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1980; Currah, 1985)
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T isznsldanunans q sgsiifidnenmgnleaferfunsdosduamsmiasaiug
Uiinalusiuduleliaranstisiuausnnluguuuuremds au w1y suardu 9 fegialuly
sUvesHanaaglaveInIswlsIUanamnITuN1sNYns (Onifade et al. 1998) veudugnina
Ruwaiienflazdenaas meweduulndgnussquuuniuatanasdimuatosgeainiusy
lelasiunnineuazdiduiushiveuh venwileluanvats 4 wuseladalns  1asfudu
Tusiulassadrsvosuuunuazinudnibiazareiuanduiisinludesmmatosgs
(Bradbury 1973)  esdUsznaunazlaseiszduluanavensaesiluiiudulsyneuyseiu
aundaunssvedaseaine  wedlulndlasAuiunnssiusesies 30 adialddunidnu
lngdnla 2 evolutionary families AaUszwnn | wagUseian I (5U 2.1) melunediuulnives
uiazane TamunsenszuennaueUszanas 310 nsnoxiilugnuuuinsssdiuilinauuasd
Fundr Badlat aeillassadnefidaveunin(Cohlberg 1993) melATAuILgNUTTIIILDELL
sUnden o (A-asRu) wiowdu B (B-wesifiv) aunaneidugilesindevesaenediuulng
(Parry & North 1998; Kreplak et al. 2004), d@swalifliafissninuazainuaiuniusoouleily
sleladniialu wWu pepsin, trypsin wa papain uenani laswenevesanelusiulag
cysteine bridges AalifinAranatissn nmanalazANUMUNILEaNSaa1eiInIglUsH
lalafinvodAsfiu

IHEPAG PR RINTRIGR memuﬂlmuaﬂuﬁﬁmmLLaumamaaaaamaiﬂmauma
Ui LauVLszmmeiulamﬂmwamimLszjaiw wenRlusfoAnuasuuniide wavesadsauso
ARLENbAINAY 91 1/1 9 Gmmammmuazamaq (Kaul & Sumbali 1997; Riffel & Brandelli 2006).
Tuussnitos inmfuaiinsasunewulumy dermathophytes lnsianzagneda fikenainnis
vinduresywilardni \asAluaiindnlag Microsporum, Trychophyton Wag
Doratomyces microsporum ﬁgﬂ'ﬁ'}ﬂd’maaﬂu’lmﬁauﬁu (Kushwaha 1983; Grzywnowicz et
al. 1989; Gradisar et al. 2000) waziaulesivariv1sdugnAnuanudnuurauegied
wszdanaietemsmsumdiduegnad (Deschamps et al, 2003)  awiug Aspersillus
fumigatus waz Aspereillus flavus ﬁmﬁmLmﬂamaﬁgmwmuaaﬂm (Santos et al., 1996)
lunyuuaiiSe Ranssuesalulainlafunisuseseduniawinsdmivaeiuganiva
Bacillus wag Streptomyces (Lin et al. 1999; Kim et al. 2001; Bressolier et al. 1999)
wulediesilulafinannuuaiideonainsiludadnlunssuiunsmanaluladiinim &
Retesiurendeiifdnusznouresaniungramnssudnidnuaziaiomils fanunso



was vdsndiiunisiannmsvesnszuumsiilineifauaiiy - vdwnnsdesaaese
wule] InAuesesvtiifliayaretnannsauanduemsde Uy, N, wavuHuiay vield
dmsumsudnnsneziilu ivnen serine, cysteine, waz proline (Papadopoulos et al. 1986;
Onifade et al. 1998; Gupta & Ramnani 2006)

naifisduethannvesgramnsudniUnldamanaosdmanmisududnauin
nslivselominniavansmegramnssunisinuaseraduyadfiudmivgnamnssunay
noulandvaanmafiuturesniseuinduazmsslafandanuiigndes  daufivniaveniinszdu
mMsfnuduaiievmadenlunmswasesianduiimuniu lidusdedusindaue T
B0t wihnsgesnniulnseulusidunadlaumsnenuindeuntiiud (Noval uas
Nickerson 1959), siideifenfuiasiaflaiuiuant 1990 Wudullegraiided iy
fau Foyauieafunistesiemfusuauwnniafedu  edlsfinu nalnussnsdesaans
wsAulaeduvsddiliiinsetuivedauysal  wazuddIN1Tanves cysteine bridges 19l
dndnadAglunisdoaanalasIiu (Kunert & Stransky 1988; Kunert 1992; Bockle & Mller
1997), msfnwduainAsafuesAualutagiusslisunmamiladeqdunideeslusiudy
vigu senuiinseuaquiieafuiesfluanasnsliusslevidsldsumsafinsisionn (Onifade
et al. 1998; Gupta & Ramnani 2006; Shih & Wang 2006)

2.2 WUANISENAALATIALUE

wupfidensalulafngredavafiSefiansondanduledinsfuauazaiusauenle
MnduazAvresdoredednitn (e 21)  wiilemaddwlngjazeglunguues
Streptomyces wag Bacillus winsaneidelauansliiiugn dflauvainvatevesiuaiise
figevaansuuunegeiiodifydnun (Lucas et al. 2003)  luvguuafiGounsuuan ngu
ddgyAnvaiunsagesaatsvuundneglu Arthrobacter sp. (Lucas et al. 2003),
Microbacterium sp. (Thys et al. 2004) uwag Kocuria rosea (Bernal et 2006a) maﬁuﬁ:m‘iﬁa
Tulafndrulngazarunsadesaatsvuasiunielu 48 Falug wu finvlunsdues
Microbacterium sp. (3U 2.1)



M1919 2.1 WHAIYRIANENUSIUATISHEREaAN8IATIALE (Feather-degrading bacteria)

Bacterial isolate(s)

Origin

Reference

Gram-positive
Bacillus licheniformis PWD-1
Bacillus subiilis 514

Bacillus pumilus, Bacillus licheniformis,

and Bacillus cereus
Bacillus pseudofirmis
Bacillus macreides and Bacillus cereus
Streptomyces pacitum DSM 40530
Strepiomyees albidoflovis Kp
Strepromyces thermoviolaceus
Fervidobacterium pennavorans
Microbacterium sp. kel
Microbispora aerate and
Streptomyces flavus
Terrabacter terrae
Kocuria rosea
Gram-negative
Fibrio sp. kr2
Lysobacier sp. NCIMB 9497
Stenotrophomonas sp.
Chryseobacierium sp. kro
Alcaligenes faecalis,
Janthinobacterium lividum,

and Stenotrophomonas maliophilia

Poultry waste
Soil
Poultry waste

Alkaline soda lake
Dy meadow soil
Collection culture
Hen house soil

Soil

Hot springs
Decomposing feathers
Antarctic soil

Soil
Soil

Poultry abattoir soil
Collection culture
Deer fur
Decomposing feathers
Dry meadow soil

Williams et al. 1990
Macedo et al. 2005
Kim et al. 2001

(Gessesse et al. 2003

Lucas et al. 2003

Backle et al. 1995

Bressolier et al. 1999

Chitte et al. 1999

Friedrich and Antranikian [996
Thys et al. 2004

Gushterova et al. 2005

Montero-Barrientos et al. 2005
Bemal et al. 2006a

Sangali and Brandelli 2000k
Allpress et al. 2002
Yamamura et al. 2002

Riffel et al. 2003a

Lucas et al. 2003

Aanssuasalulainlagniafiaiia Streptomyces sp. MagagRug FailT18ULIN 9

WNeaunMstesaaensfulaelUsheagaunsd (Noval & Nickerson, 1959; Elmayergi &

Smith, 1971)

Streptomyces wsAlulafnvay 9 arenugNAnLenlaINAY WU a1

a a 1 a d' a ! O . .
WIAUlaLagNnsEegaaneIATIRUNgUNNgINI1 50 C (Chitte et al, 1999;. Mohamedin

1999) egdlsfinu aneiuaamaiiviunans (mesophilic strains) Afinssneeuds
ANAIUNTNEDEAABLATIAULUNY 9191 S. pactum DSM 40530 (Backle et al. 1995) wag S
albidoflavus K1-02 (Bressolier et al. 1999) ANUAUITOVDY Streptomyces Tunsges
ameamauldAnniuesduidewnaneueieiiin ussm Streptomyces vangaunse

Fupszilusheaiivanvats d9ldun pronase findnldludamndivdlne S. griseus Uurasek,
et al. 1974) uenani S. pactum finuinananseImdiussdalnsluseninnisadydulely
91 (Bockle & Muller 1997) fuandlisiuit wuafiSeienadunsedt disulfide reductase e
aﬁfuagumﬁéaal,ﬂﬁauﬁ?maq

ﬁﬁmiiumsﬁiulaaﬂfﬁu%amniwg Bacillus spp.  vane 9 a@ngwuguad B.
licheniformis Wag B. subtilis felenuanwauziasidluladniuiu (Lin et al. 1999; Suh &
Lee 2001), nva addau 9 019 B. pumilus way B. cereus AmuasuaTAualdiguiotu
(Kim et al. 2001; Werlang & Brandelli 2005) B. licheniformis %QL‘T]umﬂﬁuﬁLﬂﬁﬁﬂaaﬂ
fnfanuannsagesuuldoganysal uanoululusilelafinvosuefiFoiifanssulusd



Teladnluaan$ednde (Lin et al 1992; Cheng et al. 1995) iloia 9 # U3 Bacillus
favun 3 a3 duesAlulafndudeudldgnaauenaingewmeu (Giongo et al. 2007)
ussmuuniiBemaniuandeluladfidaausauiu 8. subtilis, B. amyloliquefaciens, ua B.
velesensis, wazwuwanfanssilusalelafinuay Fsanunsauansnsvgavesyusesdniauly
bovine pelts Bacillus ae3wg hermophilic wag alkaliphilic strains UREERUSALAENY
LEAPNINITUNTERULATIAU LU Bacillus sp. P-001A (Atalo & Gashe 1993), B. halodurans
AH-101 (Takami et al. 19923, 1999), B. pseudofirmus AL-89 (Gessesse et al. 2003), gz B.
pseudofirmus FA30-01 (Kojima et al. 2006).

uenan Bacillus anefusdsnanud Aanssuasaluladndamuiinraniedostiu
extremophiles u 9 NAN9AD WASIAUAYNNANY thermophiles Fervidobacterium
pennavorans (Friedrich & Antranikian, 1996), Thermoanaerobacter keratinophilus
(Riessen & Antranikian, 2001) Fervidobacterium islandicum (Nam et al. 2002), iLag
alkaliphilic awﬂ’uﬁj Nesternkonia sp. AL-20 (Gessesse et. Al,, 2003) wag Nocardiopsis sp.
TOA-1 (Mitsuiki et al, 2004) azifiuin wuafiSenudeuiivwilduvesmsteaatelusaud
avanerhenn sgnadu iy unanedulusiuiidaudunanafniuty (Nam et al
2002), wazigumgiigaazvilidmnuseulmsensdeslnglusiealuiian (Suzuki et al.,
2006) aaamaﬁuﬁmm actinomycete Ao Streptomyces flavis 2BG Wag Microbispora
aerata IMBAS-11A Fwenldanauialanls wuuansmefinssunisndmenlesiasilulainly
synIensiasyAulauurendsuudnd (Gushterova, et al. 2005)

Sloigy q 4 AanssuasdlulafingnlsafeafunuaiiFounsuay (M9 2.1) Ui
Vibrio sp. (Sangali & Brandelli, 2000a) Xanthomonas maltophilia (De Toni et al., 2002),
Stenotrophomonas sp. (Yamamura et al, 2002.) waz Chryseobacterium sp. (Riffel &
Brandelli, 2002) aneiuggasvuungndnueniadnssanuuliluaisiuanvesnavey Ty
nsfnwmTadeudeifaaiufsaiuammainvansvesdonuafiFoirsilulafnlungaenus
fifausnananmadesdunelianimgionnauindousng 4 wui1 aewuvesnga of
Proteobacteria Way Cytophaga-Flavobacterium ﬁaﬁ’wmumnmﬁamju%u (Lucas et al.
2003) fiftaenndostunisinuduiiseydn uuaidoenilulafnnesiunuvesuulidulng
Juunsuau (Riffel & Brandelli, 2006)



2.3 AMENUANINILANVRILATIALLE
dulnronamfiuaiiinamenuiunniul wuidussnnlsfieadu (Lin et al. 1992,
Bockle et al. 1995; Friedrich & Antranikian 1996; Bressolier et al. 1999; Suh & Lee 2001;
Nam et al. 2002), wagUszinnuidalalusaeatiodllfvinvinufitansianssuasaluladin
(Brouta et al. 2001; Allpress et al. 2002; Farag & Hassan 2004) Tnesenuiiieatuwdala
TWsieansalulain dednlwaiodestunuafiBeunsuauiu Iadusuunnty  Tud
YospaauRvaaAwaudnlaazulilunse 2.2

M99 2.2 AENUANIITIANVRLATIALUAUINEY

Producer bacteria Catalytic  Molecular mass  Optimum  Reference

type ikDa) pH
B. licheniformis PWD-1 Sering 33 7.5 Lin et al. 1992
B. subtilis K5-1 Sering 254 7.5 Suh and Lee 2001
B. pzeudofivmus FA30-10  Serine 275 —10 Kojima et al. 2006
S, pactum DSM40530 Serine 30 T-10 Bickle et al. 1995
8. albidoflavus K 45 Sering 18 605 Bressolier et al. 1999
F. pennavorans Serine 130 L0 Fredrich and Antranikian 1996
X malophilia POA-1 Serine 36 8.0 De Toni et al. 2002
Vibrio sp. kr2 Serine 30 8.0 Sangali and Brandelli 2000a
Chryvseobacterium sp. k6 Metallo 64 7.5 Riffel et al. 2007
Microbacterium sp. krl0 Metallo 42 7.5 Thys and Brandelli 2006
Kocuria rosea LPB-3 Sering 240 Y] Bemal et al. 2006a

i uafindslag B. licheniformis PWD-1 gninwinaautfiduegned  Tnesfieulu
HiiulusaeauseLn@su (Lin et al, 1992) navduindusia kera fAnuadgafsiugeiu
subtilisin Carlsberg (Lin et al,, 1995) autane N veneulediifmsiousuiuves subtilisin
Carlsberg (11579 2.3) 81 kerA Fadusiaasfivuave B. licheniformis Azuantanzd sy
AnsYes@asuuLAWNTY (Lin et al., 1995) Faty MsfiesauruunduLraIaSUs LAY
Tulasiauunduierlufaesinsdsiersdmwaiinisuanseenduiirvvosoulsflsios
wsrRlulafinoonsn  Builmegnlrauuazuanisanlugdundd heterologous ot 1o £
coli wag B. subtilis LLG}'U’%mmLﬂswaLuaﬁiﬁ%ﬁ"m'jwmaﬁuafvdauaj (Wang & Shih 1999; Wang
et al 2003a) eeslsinny USunaniuturennsiduails Seanunsainldaienissan
laslulaunaneynueddu kerd lu B. licheniformis wae B. subtilis (Wang et al. 2004) 8u kerA
gagnlpaudmiunsuanioenuenadtu Pichia pastoris Audmalile recombinant enzyme
i glycosylated wagyauARU azokeratin (Porres et al, 2002.) WBNIINLASIRLUATIANBLN
Juegrsiananeitug PwD-1 uda Tsdeainsdluladndu o ves B licheniformis fign
318971U98NU1 Rozs wazAmy (2001) lafgadaeiusninasfiuaves 8. licheniformis uax
wuRaanTRiTaUfATeTiRaUnd  Tudauves B. licheniformis anesug HK-1 wunanteulasily
sAtoaLasAlulafin %agﬂé’fuéy“qmaé’suim EDTA, 1,10-phenanthroline  (Zn2+-specific
chelator) uag PMSF, Lwigﬂé’uéu’qasiwﬁ’mwima Zn2+ (Korkmaz, et al. 2004)
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WuReAUiU B. licheniformis Aanssulushlelafinnanveaasifiugaann B. subtilis
wuindnaziendestuianssulusieadu -Zaghloul (1998) lévhnnstaaudu apra 910 8.
subtilis aeuggossuun By aprA dlduansanumiiouegaiiteiu subtilisins Sady
aunTnauuuvatiuves family F3uldsiea  eghslsAniu Ssenuldisurinduiilgesuneds
\9IRUAUTEEN B. subtilis WiReansdluladnlsgnafinuignsain B. subtilis KS-1
woulssiigndunudt finaluana 25.4 kDa uazddudans N fleuedefuinlushioadiudu
0 484 B. subtilis (Suh & Lee 2001) uanaINi Macedo uavame (2005) §ildasuneiansn
Aiualvaiann 8. subtilis Faildruresians N wiloufures subtilisin E (as1e 2.3) Sastall
LARIRINTTUADABAATILAE AN TUAEUUY (dehairing) TiftBey amauﬁaé’uﬁﬂu‘lumq
assfudufuesRiuannn 8. licheniformis PWD-1 §sflaansuvesianssudivainans
ATOUARY TUsiuduledu 9 WU AARLAULALDaNEAU (Lin et al,, 1992) teuladinsi@lulad
n971 Bacillus 3 aneugilanwiugnAnwdnvazailes 9 i wuth Laulszjﬁméwﬁgﬂé’ug'a
1ng phenylmethylsulfonyl fluoride (PMSF) uaz benzamidine Ssanunsaasuinduaulasl
lunquuadlUsileadiu (Giongo, et al. 2007)

A1519 2.3 andulate N vsaaniuauazTusieausdru Tidane () Faide nsnesd

| a a o v a 1 [} a a % U e . b A
Tudruiudeumidesazianasanaluiungonnsonuly Carlsberg subtilisin wag () A
anutane N geadulnaauin 73-kDa

Enzyme

N-terminal sequence®

Reference

Carlsberg subtilisin
Kemtinase PWD-1

Subtilisin E

Keratinase of B. subiilis
Depilatory protease
Keratinase of B. pseudofirmus
Kernatinase of B. halodurans

Keratinase of Nocardiopsis sp.

Fervidolysin”

Kermatinase of P marguandii
Keratinase of D microsporus
Keratinase A. fumigatus

AQTVPYGIPLIKADK
AQTVPYGIPLIKADK
AQSVPYGISOIKAPA
AQSVPYGISOIKAPA
AQTVPYGIPOIKAPA
XQTVPAGIPHIYSDD
SQTVPWGISFISTOQ
ADINGGLAXYTMGGY
SKAKDLASLPEIKSQ
ALTOQPGAPWGLG
ATVTONNAPWGLG
ALTTORKGAPWGLGST

Jacobs et al. 1985
Lin et al. 1995

Stahl and Ferrari 1984
Macedo et al. 2005
Huang et al. 2003
Kojima et al. 2006
Takami et al. 1992a
Mitsuiki et al. 2004
Klaskens et al. 2002
Ciradisar et al. 2005
Ciradisar et al. 2005
Noronha et al. 2002

a ! 1 v @ a Nl c{' (3 [ Y
LﬂiﬂﬁLuaaauiwmasamLﬂuﬂwmﬂmm%%u G]’]@JVIQﬂﬂ’]%U@IﬂEJﬁ‘UﬁLGﬁV]LLEWG]’J

JUEUANIZI12A8 S, albidoflavus HaRLATIALUETIAGIEU chymotrypsin laguansaINw

RNzl sdmsUnInegilluduAu aromatic ag hydrophobic Wisldilulnadaasiziite

NTUARINEA (Bressolier, et al. 1999) AUANNIE P1 ¥odLATIALUA NAPase 194
Nocardiopsis sp. lagnunaseuiuduawnsn 11 synthetic p-nitroanilide (pNA) W31 toulas
OUNIAOXALUAIULAY aromatic Laz hydrophobic fisumus P1 (Mitsuiki, et al. 2004)
Nesterenkonia AL20 aeriuggesvuun nansamlatlusilea dainauansqrisgeninde
tetrapeptides fiflduAu hydrophobic 7 P1 Tudeu Tyr > Phe > Leu (Bakhtiar et al.
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2005)  B. licheniformis K-508 a’laﬁu@ﬂﬁﬂmﬂaaﬂﬁuwgﬂ trypsin-like thiol protease 7i
AnUNG waziaaliog1aguiswa benzoyl-Phe-Val-Arg-pNA ﬁﬂﬁ’j@é’ﬂajgﬂé’ug’ﬂm PMSF 8n
A2y (Rozs et al, 2001.) lUsAwadsuas@lulafinaes S. pactum DSM 40530 WULEAS
AT RedUANILAE stereospecificity Aoayus PNA vasnsnoziluiiugiladuuas
91537U (L-enantiomers) uakinun1stosaatsuas benzoyl-DArg-pNAwas (Bockle, et al.
1995) LﬂiﬁaLuaU%qmémaq Kocuria rosea Qﬂé'uégaaa'wqumﬂma 4-(2- aminoethyl)
benzene sulfonyl fluoride, soybean trypsin inhibitor Wag chymostatin Fawandliiudn
LﬂiwaLua%ﬁmﬁasﬂuﬂizLﬂ‘mms&aa%’%u (Bernal et al, 2006a)

anuUgunives fervidolysin Fawdelae Fervidobacterium pennavorans aneug
YUIOU QNANTIANEUTYE fIs (Kluskens et al, 2002) U3 active site VoILUsHLOATIY
waslou subtilisin Iégniigatiesnan  dduusugifigndasiauansanuiviloussisgeiulusa
LoaLatiou subtilisin Ima‘lmaa%ﬁmﬁnﬁm%’uLaulszjﬁsiaEJLmﬂauﬁgmwmmmwfﬁmm
\Aedaariu fervidolysin (Kim et al, 2004) Tassasamdnauazidon 1.7°A Ieuansliidi
1 fervidolysin Usznaugae 4 tawu: Tamwseufiise 1 lawu Tawu B usuady 2 Tawu
waglaui propeptide 8n 1 oy an1nonssuveslanmissfAzen Ssazadeiues
subtilisin tu Fluisnmsiidwunsnesiluuvenindgs  sumisfuunadouasdanadiv
melulauussizen Gemsafuneffures subtilisin E-propeptide domain complex (Kim
et al,, 2004)

o 9 i %aagmﬁu%mﬁéaﬁ’u keratinolytic metalloproteases :ﬁﬂiﬂﬂgsﬁum
Allpress wazamy (2002) 1as1897U keratinolytic metalloprotease 210 Lysobacter fiadls
9E19U53¢0 carboxybenzoyl-Phe-pNA  Microbacterium sp. @eug krl0 wiin Zn2+
metalloprotease fifiuszannmeosnunsiu (Thys & Brandelli 2006) sAluaindalag
wuAilseUnsuau Chryseobacterium sp. aneiug kré guiiloudnegluusziny
metalloprotease mezgﬂé’ugﬂé’lm EDTA uag 1,10-phenanthroline uazliaiuisagos
#anudUaLn TN benzoyl-L-Arg-PNA (Riffel et al. 2003a) @mauﬁ’aLwéwﬁaaﬂﬂé’aaﬁuvﬂgmﬁuﬁa
fignesunglidmulusieares Flavobacterium/Chryseobacterium  apdlusiaasis 2 viin
findslay Flavobacterium meningosepticum ‘1‘5 Ju zinc metalloendopeptidases Tnenils
Tuau@nd O-clycosylation fiRmund (Tarentino, et al. 1995) IﬂsﬁLaagﬂaﬁﬂﬁqwémﬂ
Chryseobacterium indologenes LLﬁzQﬂﬁugﬂm EDTA way 1,10-phenanthroline Wazn1s
WnTwin1sgaduesnauliuandiiuineulssidl Ca2 uag Zn2 (Venter, et al. 1999) N3
nazdulpe Ca2 wagn1sdudslag Zn2 109 keratinases unsuau (Sangali & Brandelli 2000b,
Riffel et al, 2003a) Aa18AUAU calpains UN9@IU (Sorimachi et al, 1997.) Lag
metalloproteases YatwuATi3eviTll 1y thermolysin uazlusfloausniwadann
Pseudomonas sp. (Auld 1995) nafildsuannsdudlusieadsdldifiuin wailidounsuay
oafilsfua JauanseaniiuenlinouanuuaiiSounsuuin (Riffel, et al. 2003a)

g 9 @ a1 keratinolytic metalloprotease 1@1’@;]ﬂaﬁm’%qm'émﬂfhuiaﬁumﬁaLﬁ]a%
Chryseobacterium sp. @189Wug kré oulwsid Faduaudfives family M14 ¥84 peptidases
ﬁﬁifﬂé’aa%a carboxypeptidase A family dafuouladusnvos family S7iiertestuianssy
keratinolytic Wax31a Chryseobacterium (Riffel, et  al. 2007) ouledildouans O
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slycosylation site DS* TusUlng 5 (KGSSADS * PNSEEK) Fainaznululusfiuiivddlnealdd
Chryseobacterium meningosepticum Fifieades (Plummer et al. 1995) Flavastacin &
WJu metalloprotease UonLaaa1n C. meningosepticum il heptaglycoside Foulesluds
DS* site (Tarentino, et al. 1995) Fvonvaziiendeatunisiasiuse autoproteolysis

Keratinolytic metalloproteases anasinauAynamaluladdanimunn sgranisvimiind
\Ju secondary keratinases Tun1sie1vug proteolysis aéwaﬁwﬁ’wuuﬁuﬂwaaaqmﬂLﬂiﬂﬁu
Flsiazateth iornmsufduiusioulsl-duamsmiisrindues (Allpress et al, 2002)
uenaInt 535uBH metalloenzyme axfudsmsiiifneamuasnsasseulad  anusunsd
Lﬁm%u‘ua\‘lmiﬂﬁmagﬂm?ﬂ Qﬂﬁﬂmlﬁmi&mﬁu reduced autolysis (Wang et al, 2003b) R
annsansyyiladnsalag metalloenzyme @28n15 inactivate Famsld chelating agents
Tuseninemsiiusnw

ANUVAINTANEYRINALNNTISIUYATEN %@ﬂiamquﬁq serine Wag metalloproteases,
o1ailansenuitddnluaninuindonnssssund 7 o Jsilqauviddesanioinsfusnning
wipuilazdouiAsmuAy qlﬁdmﬂdﬂ%ﬁaﬁqwé (Ichida et al, 2001) UBAAINLANTUANYDS
Wuse disulfide axdenintuiielinmsgeammauiniulvegramnsau(kunert 1992; Bockle
& Miiller 1997)  Keratinases Tnefiugnudu endo-proteases fluamsainasufianssuni
(Lin et al, 1992; Gradisar et al, 2000; Brandelli 2005), kagAIN@11150MNNSEDEEANULAT
Ausafnazianufeadestunisnssviveavans 4 woulesd ludnuaugsiuiu (Yamamura et
al, 2002; Giongo et al, 2007) ﬂ?igi%ﬂ%ﬂmﬂi% keratinases ey disulfide reductases
svdoadanmalilusfieadu 9fifinnuaniznizasdosadldvimifilugisusely iodmald
Aamsgeaimsauiiniawndety

24  nsgevsfisgauasAudlenszurunstinm

nsligdunidinmilulanifntulugusdumadeniiddydmiunssladonioua
waslsiasiu Inoanizeg19s NYRaNIsUERIUNLAEYIs  MINRIUINTEUIUNITNG
FanmdlanunsanUainansassenansiuiuen IﬁﬂmaLﬁumamﬁmsﬁﬁﬁgaﬁ%ﬁmLﬁwﬁugﬂ
ﬁﬂ@ﬁﬁﬂﬂ%ﬂ%{um (Zaghloul et al. 2004; Bertsch & Coello 2005; Grazziotin et al. 2007)
ANANNNTOVBY keratinases ahuimﬂuﬂﬁ&iaaé’uamsmﬁﬁmwwmﬂwmEJ (Lin et al, 1992;.
Bickle et al, 1995;. Brandelli 2005) wansliiuiafnaninvaaeulesininailunisulasans
AUATIAUNGTIN W LﬂummsﬁmiﬁamamﬁmsﬁﬁLﬁ'mﬂa@hgu 9

sALTUSINaEaAey 90% veswhminuuundsseneuiude 10% setmiinln
waue  USnaiiiiudureswuun dufnlnonssuiunisi@andvdvesdnidn Ienaredu
damuativiazissnudesnslunsdanisfivmngan (Shih 1993) YJagtu vuazgnuuaady
pwnsnwuuningliusdulot dufeddndanugs  omnsanvuungnuisldidudiunas
Tupmsdailaag19dnin tWs1219 methionine, histidine, Waz tryptophan tryptophan
(Papadopoulos et al. 1986; Wang & Parsons 1997) msldias@iualunisdninsnnmumamia
LA9UINNTUBIVUUNNTEDIMITAININTUUN LAgnTIeaIueeny (Onifade et al. 1998; Grazziotin

et al. 2006) watALRUARTUIINNIUIBULTBUSRTINSISRUTRsErINelnTEEIRIei
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s aieasTiastse SNy Faindede Streptomyces fradiae L@3upae
methionine (Elmayergi & Smith 1971) a1slguszleaiann lysate B. licheniformis-vu
weutuaiunsneriluluesvaseuiiedisdliide Unnguavesmasiydvlnnndwiing
ity wmileufufidedldnindaundos Williams et al. 1991) mslfianfiuarianeusily
nstosnsmeriiluanuuRvuaresTULAMLTIDmaATiUSnaiuTuegaiited @y (Lee
et al. 1991; Odetallah et al. 2003)
mMaiiuUsEAnEnmuesanevnaesdmunstesiaTAulagiasAluaues
Doratomyces Microsporum gnfndemsliuuunsvnaes 2 4u doidunierudl
thioglycolated ¥ufATenuiamia shlvlusfuazaneiuiatuluiinadfisdy
(Vienardet et al, 2001) lelaslaanlusiiuiildannismnzdeuuaiidenmilulafnuuua
T¢ith (Submerged cultivation) lupmnsuuld Wiamammalasunsvesanfuruun ity
(Bertsch & Coello 2005; Grazziotin et al. 2006) MslduuAfisaAsIALUlaRAN dmSuns
wanlalaslammuulinaeaifuFowosnseuiunsiandnsdngluudrunadiu (Shih & Williams
1990; Burtt & Ichida 1999), kagiAs1AUAITN B. licheniformis aeug PWD-1 gnndinluids
wdlagneliennenisen Versazyme
nswanAsRwdlFomsTuunieruAuduiiugudmiunamnziasgninenuiay
Uadevany 9 0819 WU pH ANUUNTUTDITU. ﬁaL%aLLasqmmﬁmmsaﬁSM%waﬁiawaé’wﬁmaq
wulaal (Wang & Shih 1999; Brandelli & Riffel 2005) iowsa 9 4 nslémsiiuuszansnm
ynsadflagTEmanevaussiuialdignanea ilensudn keratinases vasiuafiFeluszming
N33 AUlRluOIMISVUAY (Ramnani & Gupta 2004; Thys et al. 2006; Bernal et al.
2006b) Jadesine q origangiinavesiusynouvesemsiidvanasientanan keratinases
peailtedndy Fseavsituiiou 40 wih ndsnnsRuUsEansnm
nsuaneTemtahliAnyTnaveudedunidegieunn Ssdumilsaganainiasiud
Fonanm  yadenmamaluladiinmezililddmiunsdanisdfoauazezyanos
LUsiu (Thanikaivelan, et al. 2004) miejaaamﬂsuaaLﬁﬂmﬂqmmﬂmsiuLﬁ%mﬂamq%’gmw
2NLDINNTIBU Wdlau 9 AUNTINBUTIANLAINTIVES Streptomyces uag Bacillus Tun1s
gogaanuAsIAUNLLaLIUER I (Mukhopadhyay & Chandra 1990; Takami et al. 1992b; Lal
et al. 1996).uupiii3e S. fradiae anlAsiadIaedusAveTidudeuvesduamsnIy nuuay
wifsegafidudfny feniskaunareatanssumnanasaziouley audmalanyaeslusiud
avaneluszninensyuaunsvin (Hood & Healy 1994) Shama ag Berwick (1991) ¢
o5uefanisnieasnainies bioreactor wuuvld Geduamsnvudaiovgndesazaaifiey
Wanlae S, fradiae
Uatu anavnssuemnsdniiduguslaavanveslalaslawninsfuainnindogina
waosld vesgpamnssumsinuns JefaniwuiuFohhauladmiunimaneimsdnd
desniidnsamlunmaduuvadusiusaliuauasnaden wiasfuazdauama
Tngumsfisida wiransdesuazanuaunavensnesiluveslusiuruuneansitusens
I%ﬂizmumi%ﬁmﬁuw%é (Williams et al. 1991; Grazziotin et al. 2006)
miﬁyaLﬂiwauié’%’umﬁﬁmm’mLﬂuﬂaﬁu duvseiagvany 9 081991ndnd 019 93
Fon Au, 1 wils nszguazdeldsumsussdiuin Wulslulasauiivanddesdr  egslsfnm



14

Uszanas 70% veslulasiauazgnudeseantuyia 30 TukInluan1IewInaeuradnIAawI wae
pnviudnduaula lulnseuiivanUdssrimunaziintussninguil 6 wag 7 §Uask (Williams
& Nelson 1992) lunsdivesommsvu dlésuaudouas 4 nsvanudeslulpsiausioun
Fenaintuly 6-7 §Uni (Hadas & Kautsky 1994) auiluszanas 15% vedlulmsiay 3l
dnanmisenlUldifudelulasay nsvasUdeslulasiaudranuuiudliiui eaunidhu
lianansadeslassanansduldine  ogslsfinu Mlassaaandugnuiuasuudlalag
NSUANAANE VBN UTELAL 5@15’]ﬂ’lil,ﬂ?ilEJHLLU@Q"U@GLLSISWJR]BLWM%U mMsUFuasulasaing
ws1Ruansarinlalagnsidnnusoularn1stevaanameteulysl aulinsuanaalsves
avmudaliduariusziudlng (Williams et al. 1990; Kim et al. 2005) wadendfiuiudn f
Aonsaves Schiff base seninanguoziluveansAuiifisadles (Means & Feeney
1998), a'aNaIﬁLﬁmﬁuﬁsLﬂﬁiﬂ/i:u'ﬁﬁwlﬂajmstlamﬂdaaluimmu%m (Choi & Nelson 1996)
dmiuludedd msldqaunsdmadlulafineznataidumadend miunsimunmadlulasiau
LW@%LUUU&I AMNEINsaMeUlwvewUATS Y aETUUNlUNTSISIN SN URIvRabNRNY
VeansheIuLn ma'«aummﬁwﬂsvmmLLauUaammmammaamaaaummamﬂ%mama’wﬁ
qunaneduledilulasiaugs (chida et al, 2001)

2.5 msuszandldauiiRatulusidmiu Keratinases
wihnszuumsmamaluladtinmiifdesiunmsdesaansveadeiasauiuies
LINd WU keratinases ¥es9aund fainuliunsldudu 4 Snildsunadenlesty
wulesiianiua  seeuimiluanufiferiunsiuauasUAzen keratinolysis nsld
nuulivesoulsivarignuusioonin (U 2.1)

Feed hydrolysates
Enhance of

drug delivery T Fertilizers

Leather
Detergents  sfe— = industry

| >

Production of industry

biohydrogen Hydrolysis
of prions

5U 2.1 msuszgnalduszlevivanasfuauuaiite  asfuaenalivsslovidmsuiou
aswnAuduomsdaiuazde oulwifdauenldonlddmivanannssuasemds i1 waz

ragnuen. wagdmsunsuszndldnisdinisunme
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msaeuvussteulsy (Enzymatic dehairing) [umadenildedoldwaziilidiun
ol L‘ﬁwﬁﬂlﬁ'mﬁmwﬁﬁa%q%ﬂﬂa%’aIWéIumSWaﬂwﬂﬂ (Cantera 2001; Thanikaivelan et al.
2004) deRvesnsnouruisiouleiiensanvesesdusznaudalidiniis lumsfAuveadu
wu Gzl fidunadifanning  oghdlsfny UselewiifunlinniassendiiAntunsy
wulzdisimuneninansaduuuiiniasfen1snuselinsyitunsaiuny (Schraeder, et al.
1998) dnenmdnsunsldnudandvdveseuluflunsnanedomioiaiiaudululs
dHosnauaudivoneulusifuduiiswjisefifussavsamuasinggs anuusendn
flgsulunszuiunstionadunafisssansamlunsudmaiemily Gavmnefaadfialiu
fusznoumsrlenvils  audnwasfidifueanszuiunsmsaeuruieieuluife msmidnvu
fauysaiuuuuasmslidalndlunuitosiian uasnandusifiinannsdesaas aznioude
ARt wsgnsitathidsanlssnuenydignuiuusltumailude dadu ns
wuiivesansiafifdnvusieioulusideslUsiuiinanainqduvislugnamnssuedomisaziin
NansEMUdARiensUsEndalazanriuinden  Inenuldnanigduniduisia 3
HARLATIALUALENIgAd Az ansianTIuNsaousulaglunLuAfSe arewug Bacillus 3
miﬁﬂwmmﬁqm Bacillus subtilis waz Bacillus amyloliquefaciens engwugeaelusiula
gnihiauednuvazlayauaTRTiwsrasddmsun1suUsgUsemts (George et al. 1995;
Varela et al. 1997; Macedo et al. 2005; Giongo et al. 2007) mma’%a‘ﬁ'dﬁ keratinases
wanianusagesniulasaunsanandsssnerudsmeselasiadiedusiuiy 9
017 Asaanauld sileuluifimilansudmiunsldmlugramnssueiomils msnsa
Fendonanssmivesnauandiidiuineuleilinedoslasaimsinssueniuienuen
denalidusanfionay (Riffel et al, 2003b.) Fsdnunazvgaaniiamiisldegiaienns (U 2.2)
vnaasfualilddosmafularduanmianseidmiuroaanaa wasnisldiouleid
dusunsuaut dulireaaauinanudsngla  (Gradisar et al. 2000; Riffel et al.
2003b) teulasimaniifidnunsithauladniunissdaniesdonmaren daneaanauling
gnirdneenty  nslfiendwadmiumsussgndliussloviveaeiosdeonadumsldiiu
drunanlugmMInvuUeINan U@ MSUlNUIUIn (Neena 1993; Slavtcheff et al. 2004) 1AS1
Augonvvzdalivsslenilugasianzdmiunisvdaasmfuludmiolsaainidu wasnisida
wAaRAveNYEe (Holland 1993; Vignardet et al. 2001)

dleida 9 1 mslfleulasiindlulafin WewiunisihdseldgnAnyinsaaey
UsgAninavesnsinwiseeyvedsadusinazanin Ingn1sdusiiuvessmiuusiudy s
1N MsUTINGFeATIRLEN Paecilomyces marquandii I sTas Y091 5w
nsgunsalfinduresuyudlieg1alifed1Asy (Mohorcic, et al. 2007)

TUsiunFeouduaunguaslsnssuiaiiAnafussuulszamidounssludnd aseunqy
spongiform encephalopathy Tuwng (15aT1U1), chronic wasting disease, Kuru disease, way
Creutzfeldt—Jakob disease (Caughey 2001) LASIALUE PWD-1 LaAsaunmsunIngees
AANIIU oy EJ@EJWiaathimu PrPSc ezNLiJuaﬂmmﬁum bovine spongiform encephatopathy
(Langeveld, et al. 2003) o Bacillus sp @ngug MSK103 NAALATIRUATILARISFUT
ARNBAGINUNIN 9 AU subtilisin DY wazlifanssudmsueos PriSc (Yoshioka, et al. 2007)
wulesl Keratinolytic 984 anaerobic thermophiles unswiafidsnuges amyloid prion 7k
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AnuSousnnouls (Suzuki et al., 2006) n1seeasetaulmivedusiunsesudodunisiluly
Uszlowindwunldudululauind vsunsifiuaued wuaiise

a b

c d

5U 2.2 AANTIUN1T0UVUVRMLIINALLATIALLE Kr6  a, ynnruaxldinsIfwanniualg
Fouun, b vaneaeuldasdiug, c uay d yaldanauawagaumenisgesn

TusfieanseguUiinazuans autolysis fieesnnuasdsiu uenutuaanntu  oels
fna menediassiliiasduagnedssy  WasAwaan 8. licheniformis anewiug PWD-1
gnesaguuugntaumAluauIngu (Lin et al. 1996) IasIAluanTIgULaRIAUED Y SHBATNL
SounazuansfanssufuTueT Aunazieduity  Tunsfinudu nsviaeusiul keratinase—
streptavidin gnasagduwumIng biotinylated (Wang et al., 2003b) iafigsnnsanIuTou
wazauAmuse pHlgsumMsusuUstesnnlnennsegy wiusednsamueasdiig

a

Ufisenanasiia 8 wih kiasdiuanseguenativselevilumsiauinssuiuns proteolysis 9

fin dmsumsuiudfsunnaudinisyinnuredusivegiauangay 819 anuaunsaazaie
1, ANuLeTaTRarn1siuLa (Chen et al,, 1994)

a o X a I | a e A v o &

fanvaulaiiuduluniswlasesfuanukiuiduidesaatslawaziduansinaou
dmsunisldaunslununmsineasuasdinsunmd  nanfsiesugniitanaaivienis
wulsduaziasuradnngnuuasazgnivdeudmiuldduninduriussdasindesaay
uHuAatmenIsinensus sl uianusLlaala (Yamauchi et al. 1996; Schrooyen et al. 2001;
Zaghloul et al. 2004) &15UsENaUN Polyethylene gninseudulagldidulowmsiuiilagin

2ulA (Barone & Schmidt 2005) t@ulewasifuilauisatsiudnlunedlasinenss tnaly
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wadlasasgrunananufoudng uasidulovuasuasyhmihiiaiuaiaamindwed
Wwesieliay  weRlesHauNauvUATIAUYNLARTINdlRaN AR e umeslunaaRn
FuaTeisiuauann (Barone & Arikan 2007) wilsdnvasiidndyvemmediueidnmmani
fio Mstosaanefeflosnelian e aanansenunIAiadeTeswaNaRNUITY
AnogneltivdAgy

Balint uagAay (2005) #puneszuunavsin 2 funou ileuwlasezasfudulule
lalasiau  aneiug Bacillus gnidlumstesaans Tandrunauiasiiu wlasaslulundnsoe
wifn Fegausnedlnduasninesily  dunavideuamsathulfiduumasansens
dmiuuuafiSeuouelsureudou Thermococcus litoralis @ildnanauunuiiddyves H2
Junanaeeldineaisive

nsUszgnaldlunsdnrlandmduiasfuanlasunisiausuug (Gupta & Ramnani
2006) WiehiiaseuaguNsndianUsnasRuiithagnuegludern wu fivaenmevede
wazgmirlfidumaifnusdunisianuazeaviessueigafufevszsiaiu  wouled
wnilulanenafidneamsenisuszendlilugnavinssudmerinvuded Tugiusduisnisi
nsvaduudaikarUsulTamsdendaudnd (Sousa, et al. 2007)

nanlavaguudy wesdwadueulsinsquadmsurends wasfuannssuiuns
wsgUnetinm  anwanansalumsgesaaslusiuemiundninioindunuanialan
o Sdeyafiintuwieatugdunidnsilulafinuasnuansivadaniiesaniug auvili
Anenuidlanisosamenmatinmeaaniuity - Jeyanamndindnazilgnisiam
waRFeiLazNTEUIUNT Taazidenlesfamsdnnsvesimnzay ihunsslofandnnanass
InsgpavinssumsinunsiigauansiAs Iy

2.6 Welandapsfiua

= a =

wsdulunguuediusiuniianuiivivas Jagnndsluwadiloyravesdniinsegndu
o w S o o w ]«

& Wsiuduosduszneviiddyuestuvidsimiuazvessandust wuwy Jos ¢ v fu
nsadunsentvy JeoglunguuonanAuiiuius waglaniushemnuidududaniugs (3-12%)
fusgladalaidsununnduienndaiu aflasesmedueivoudaiminlnanaguasd
unumaAylunisadsanudunussasausonsaatsdneuled (Asquith, 1977,
Timar-Balazsy & Eastop, 1998) mméauimmaﬁaaLﬂiwaumamﬁmﬁiamﬂamammﬁam
duiflosnandadausine vesduusznevvedlasadafiugiu WWun ilshmd, Beriuaues
uazlunszgniuAeaiu nsussy microfibril AuandafulazUTnuLaresAUsENoUTB M
3nd deigiAulauuianasieniua auridesSuldduanmiiduesiuszneuiilildes
Auuanay 019 iy danLuLUTy LAwNIATIAADNAWENSANAN9YRLAR, endocuticle Wiolie
wadfidudou s Tudufifieglutandendnn (Baxter & Mann, 1969-1970; Al Musallam &
Radwan, 1990) auvadananazisudulunisdesaaneinsidu ndaanilildesdusznou
wiandaunuaniiy - uifhesduszneuiilildnsfuavesmdndusiiauentesnano
illdlnedoniivannuansfin uimsaanefvesfagenfuaimunfdaiguan

WedunsENTINIe Beanunsaltuasiddiutunisaanediidnimig (Dix & Webster, 1995;
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Jennings, 1995) nszvaunseniluladalifedesiuameAanssuenuaegiafen
ity LLmauamememumvmuJasmu:daqﬂaumvmaﬂﬁuumum lngazdanalyinnig
yhaneituszdalid  nszuaums daSendn sulfitolysis dazdeiduufAsenfidwyes
nszvIunsATAlulada wsgdialusheasslianunsaaaneiusedaliduazasianiseey
amaﬁamgsaﬁmmmmﬁﬂéf ey misiasmmmmwauﬁamamﬂﬂﬁﬁ%mﬁa 3 UAsen
nanafe: deamination, sulfitolysis Wag proteolysis (Kunert, 1972, 1992, 2000; Ruffin et al.,
1976)

Turneiifnunszuiunisvesnistesameinsiuiinsevilasiogdunis Ady
Usgmsnilefiie mathualinseimediafuadufudedaunsmadugiuingweansianzidn
lusiuiduansmaniuavesdulen sUsuumMszduamsnianasifiuals 2 JUwuy
fia sz iiuin (surface erosion) WaEN154A1278Y °| (radial penetration) JULUULIN
Jumshanesnuih fefaunananeuenludsianarswenduls uazazusngiliiiuly
Snwurnsaaesvemiliimiuarludnuazveseduiuiubory  suuuuiiaesientsyn
yeafuansnuuUgTATues Tudnlaensnsvrihveadulefiay Inedulsasanslufienmeds
anfuiiuin  dmsunsdlil suuuuIndignasvhlfiAnnsusiesetogiaeiam  nn3
FunusuiuuMIyNveaties i 2 wuuiliaramineis madeslnanainsiuidaduiy
polU LLazf\gﬁuw%méﬁ%%’mLﬁuqéuw%‘émmﬁﬂaﬁﬂ (Filipello Marchisio et al., 1994;
Filipello Marchisio, 2000) eazidenvesnsaaeindulomsiuvestosluusardisazny
Fuorilulasimsiseiiietunsiiuinogaduny (English, 1963, 1965)

nsnednluty q uadlassaretanamnisnmwrainssdudulosadelui
wazihlisanzia (borer) Tunn  Wesiemun Faanusassyiulnuuduamsnesfiua
swnamdlosadreluiiu uazguilouinnisdesvesvesdulonfnannanadutiouly
ddydmsudeninafulauuianvedasedsiidudoututy  fvidundnveadiulosade
Tudiu Afonsgeduasons lemedonunsisidutanniuiuiavinduasdediang
(borers) qunilouindasmaniarsnmzaduansm Tnsmsaisarudu udliasnsofiazdos
aanels Feitlidiudn dlesfifiesunumidena fivszneusenissnnezg Tanansfinum
wazfgosldlifviy  Tunsdvesdonlulain duammmasfuasrgnyunnzglagludules
vielpadlorilisine  ludulesfedefuasduloniinaduetozdunduion
wadldlafin  ussnlassadedungiiadstunnaesndguaiasinnuadieadatu uasasd
Anuuaniaiissegaien Aeluidulofiazuazeioziuns Ssaziqaauifasalulad
nths Teenssiudrufuludulonuasidlesinzvesandlulafnfidimnzauinvousdas
L%E]'i’l (Vanbreuseghem, 1952; English, 1965; Hawks & Rowe, 1988)

Aanssuvenduvidluianamansviaduaivmuesnadenaniwansuuy Téun
nsiAsuudasiiui wu naAsuuladunnuduiiesd NSFUNNEVDINNYULLANYRITEN)
naudnuazsLtos (Imaé’ﬂwmzﬁgaamﬁaﬂénﬁﬁwé’uﬁLﬂué’@mmeLiﬂmaQﬂwsLi}'%agtﬁuimaa
QAunISuLdUanTN) Aruindeavanesin Fainandudowennuiniazidaeentu Snvs
nsaaneivedlasiaisvesianasiidunamnanmasydulnedweilosuazAanssamim
UeATHDIMNTYRIAYEETN UGN TAsunasmaeiTluduansm wagluiign dewalianny
wlaLsvanauarn1sgadevesianans  Jadunansedwdmansenudeseiuresnsteydaais
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ysTanestanas Jeldun wanseisuedTuvesqdunds egrau teulwl nenuazansa
psAUsEneUMaAiivesTanans uasansifisiiin (mndl) Wy Afewiidieglutan esduszneu
Ay uazmainieresnaunid sy uazorguasagans uazanimuindeuiamsdi
padUsznaUBaNBIILLARIAY DM iuazauAuduinS

2.7 synsuisuvasidesuanalulain

QauvIenuiiseylilunans 2.0-2.6 uaiildesungliludomdeluineglu 2 orndns
Ao Chromista wazilsla  @uny Chromista 2sdifieswilsalTdannlngu Oomycota 1A
Pythium oligandrum Drechsler Sauenlgarnuuunlag Komillowicz (1991-1992 ) Tunaueil
Tuonandnsilslanulu 3 au nanafe InauChytridiomycota i 2 @U%d Ae Catenophlyctis
variabilis (Karling) Karling Wag Rhizophydium keratinophilum Karling %Ggﬂwuaq"luau
Lﬁiyl,aui@ﬂug‘dLLUUﬁ?lUUULﬁaL?jaﬁﬁLﬂiﬂau sauviudns usilimulutandu 9 (White et al,
1950; Batko, 1975) luldu Zygomycota Ssunuiie 24 U3 (m1519 2.4) wag Ascomycota
fl 50 aUTd (11519 25)  nquillafiuenudleaniinaraan Fsdisununniigaduwinidion
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Mo. Species name

Strain source, COmMments

References

Mucorales
1. Absidia corymbifern (Cohn) Saccardo & Trotter?

2, Absidia cylindrospora Hagem

Absidia glauca Hagem

Absidia spinosa Lendner

Cunninghamella echinulata (Thaxter) Thaxter ex Blakeslee
Cunninghamella elegans Lendner

= e

7. Mucor circinelloides van Tieghem

8.  Mucor genevensis Lendner
9, Mucor hiemalis Wehmer

10. Mucor mucedo Fresenius
1. Mucor piriformis Fischer
12, Mucor plumbeus Bonorden
13. Mucor racemosus Fresenius

14. Mucor i5si] S sevitch
15. Mucor satuminus Hagem
16. Mucor strictus Hagem

17. Rhizomucor pusillus (Lindt) Schipper

18. Rhizopus oryzae Went & Prinsen Geerligs
19. Rhizopus stolonifer (Ehrenberg) Lind

20. Sy h Cohn ex Sch

um rac

21, Thamnidium elegans Link
22, Zyportynchus moelleri Vuillemin

Mortierellales
1. Mortierella alpina Peyronel
2. Mortierella mutabilis Linnemann

disintegration of the medullae of cattle hair, hedgehog spines,
human toe-nails and human plantar callus

degradation of keratinous substrates such as human scalp hair
(most favoured ), sheep's wool, dog claws, cow horns, hooves,

snake skin and hen feathers;

keratinase secretion which has stronger hydrolytic action on keratin

of human orgin than that of animal origin
isolated from feathers

isolated from human hair

isolated from human hair

isolated from feathers, human and cow hair;
disintegration of the medullae of cattle hair, hedgehog spines,
human toe-nails and human plantar callus
isolated from sheep's wool;

isolated from donkey hair;

frequent infections of sheep fleece

isolated from donkey hair

isolated from feathers, donkey and rabbit hair

isolated from rabbit hair

isolated from goat and rabbit hair

frequent infections of sheep fleece

isolated from sheep's wool;

isolated from buffalo, rabbit and cow hair;

frequent infections of sheep fleece

isolated from feathers

isolated from goat hair

isolated from goat hair

isolated from feathers;

degradation of keratinous substrates such as human scalp hair
(most favoured ), sheep's wool, dog nails, cow homs, hooves,
snake skin and hen feathers;

keratinase secretion which has stronger hydrolytic action on
keratin of human origin than that of animal origin

isolated from human and cow hair

isolated from sheep's wool;

isolated from human, cow, rabbit, goat and camel hair;
frequent infections of sheep fleece;

human hair degradation by means of surface erosion and radial
penetration; production of invasive structures;

strongly keratinolytic

isolated from human, goat and rabbit hair;

keratinophilic

frequent infections of sheep fleece

isolated from feathers

isolated from cow hair
isolated from human hair

English (1965)

Rajak et al. (1992)

Kornillowicz (1991-1992)
Ramesh and Hilda (1999
Ramesh and Hilda (1999)
Griffin { 1960), English (1965),
Kornillowicz (1991-1992),
Moubahser et al. (1992)
Michalska { 1957}, Ali-Shtayeh
et al. (1988h), Abdel-Gawad
(1997)

Ali-Shtayeh et al. (1988h)
Ali-Shtayeh et al. (1988b),
Kornillowicz (1991-1992)
Ali-Shtayeh et al. (1988h)
Ali-Shtayeh et al. (1988a,b)
Michalska ( 1957

Michalska ( 1957), Bagy and
Abdel-Mallek (1991}, Moubahser
etal (1992), Abdel-Gawad (1997)
Kornillowicz (1991-1992)
Ali-Shtayeh et al. (1988a)
Ali-Shtayeh et al. (1988a)
Kornillowicz (1991-1992),
Rajak et al. (1992)

Moubahser et al. (1992)
Michalska { 1957, Ali-Shtayeh
etal (1988ab), Bagy and
Abdel-Mallek (1991),
Abdel-Gawad (1997),

Ramesh and Hilda (1999,
Ali-Shtayeh and Jamous ( 2000)
Ali-Shtayeh et al. (1988a,b),
Ulfig (2003)

Michalska ( 1957)
Kornillowicz (1991-1992)

Ali-Shtayeh et al. (1988h)
Griffin ( 1960)

e Widunedail Jeflslanusngeglunsilldiiunismsivaeuniseunsudsu (Taxonomy) lngBediusingende
5189789 Shipper (1976), Domsch wagagady (1993), CBS List of cultures (1994), Hawksworth wagmag (1995), Kirk wag
Ag (2001), Samson wagAay (2002), CBS Filamentous fungi database (2008), The Index Fungorum (2008) way
MycoBank (2008) Tuduvesnszuiunisnelsa (Pathogenicity) ‘UENm?JWuSWQVLﬁWlUiWﬂJﬂumS’NLU‘L!‘WL!%’]‘L!‘UEN
Summerbell lagagdy (1989), Tan wazaady (1994), De Hoog (1996), De Hoog iag Guarro (1995, 2000), Midgley Lazmeuy
(1997), Baran (1998), Flannigan wagaay (2001), Straus (2004), ATCC The global bioresource center (2008) wag CBS
Filamentous fungi database (2008) () fuundadsilslaanvavedsaluau

a6

anamorphic A7s1uA 218 aUTd (11519 2.6) FIUINDS 73% VeI InUaNLEusly
unAull  dualdddlvgdneglu 2 orders A9 Onygenales wag Eurotiales LLavium
wuanladn @l3dan Onygenales lIﬂW‘U‘UEJ‘EJﬂNﬂJ’]ﬂUu’Jﬁ@ﬁ’liLﬂimL“Llﬁ LMG]N@ﬂﬂE)L‘EJ’e]i’]

genera Arthroderma, Aphanoascus Onygena Epidermophyton, Microsporum,

Trichophyton, Chrysospor/um au 9 mmumﬁqmmmEJm'mwmwaa ﬂE]llﬂ’J’lJJﬂ’]ll']iﬂEJaEJ

nAnSauTRmTduuenuemnueniiuszneusews iy Lsdurenden wlulain
waniiduwan saprophyte UuasiATIRY Iusumzﬁﬂejuﬁuﬁwmﬁaﬂsimma%’sLﬂﬁl,l,azmil,mi
Wasududelsefifanuansalunisyngnueslfiasfuifiedludsditin (Mercantini et al,
1989; Benny et al., 2001; Geiser & LoBuglio, 2001; Kirk et al., 2001) @u Eurotiales laun



M1519 2.5 Welanlduseleviduamsniaiiu ngu Ascomycota

21

Mo, Species name Strain source, comments References
Onygenales
1 Amaurcascus mutatus w degradation of human hair; Ulfig (2003)
(Quelet) Rammeloo m keratinolytic
. Aphanoascus cinnabarinus w isolated from hair; De Vries (1964)
Zukal m formation of perforating organs and eroding
fronds which occur on and in the hair;
m highly keratinolytic
3 Aphanoascus fulvescens w isolated from cow and donkey hair; Ali-Shtayeh et al. (1988b),
(Cooke) Apinis® m utilization of native feather keratin; Filipello Marchisio et al. {1994),
m decomposition of ¢, 80% of human hair after Komillowicz-Kowalska ( 1997)
only 3-5 days by means of surface erosion and
radial penetration;
m keratinolytic
4, Aphanoascus sp. (strain w cuticle lifting in human hair by development Katiyar and Kushwaha (2002)
GPCK 534) of needle, tunnel, fissure and torpedo types
of perforators
5 Arthroderma cuniculi Dawson w isolated from goat and rabbit hair and feathers Ali-Shtayeh et al. (1988a), ATCC The
global bioresource center { 2008),
CBS Filamentous fungi database
(2008)
B Arthroderma curreyi Berkeley m isolated from wool; Pugh and Mathison (1962, Pugh
m frequently isolated from bird feathers; and Evans (1970a), Parbery (1977,
w isolated from goat hair; Ali-Shtayeh et al. (1988a),
m complete solubilization of native feather keratin; Komillowicz-Kowalska
w keratinase production (1997, 1999), ATCC The global
bioresource center (2008
7 Arthroderma incurvatum w isolated from horse hair Chmel et al. (1972)
(Stockdale)
Weitzman et al.
8 Arthroderma gertieri Bihme w isolated from horse hair Chmel et al. (1972)
9, Arthroderma gypseum w isolated from wool and hair; Griffin {1960}, McQuade ( 1964),
( Nanmizzi) w degradation of wool after 40 days Parbery (1974, 1977)
Weitzman et al.
10. Arthroderma guadrifidum w isolated from bird feathers; Pugh and Evans (1970a),
Dawson & Gentles m isolated from horse hair; Chmel et al. {1972),
m complete solubilization of native feather keratin; Komillowicz-Kowalska ( 1997, 1999)
m keratinase production
11. Arthroderma tuberculotum w isolated from hair; Parbery (1974, 1977),
Kuehn m isolated from feathers; Komillowicz-Kowalska { 1997)
m degradation of feather keratin;
m very rapid wool degradation under moist
and warm conditions;
m keratinase production
12, Arthroderma uncinatum w isolated from horse hair and bird feathers Pugh and Evans (1970a,b),
Dawson & Gentles Chmel et al (1972)
13, Auxarthron conjugatum w isolated from feathers; Deshmukh and Agrawal
{Kuehn) Orr & Kuehn w utilization of human hair as a sole source of carbon (1982), CBS Filamentous
and nitrogen, degradation of the substrate fungi database (2008)
14, Auxarthron umbrinum (Boudier) m degradation of human hair by means of surface erosion; Filipello Marchisio et al. {1994
Orr & Plunkett m keratinolytic
15, Auxarthron zuffianum w isolated from sheep’s wool and buffalo hair Moubahser et al. {1992)
(Morini) Orr & Kuehn
16. Ctenomyces mentagrophytes m degradation of wool after 40 days McQuade (1964)
(Robin) Langeron
& Milochevitch
7. Ctenomyces persicolor m very active in hair degradation; production of Vanbreuseghem ( 1952)
{Sabouraud) Nannizzi perforating organs;
m keratinolytic
18, Ctenomyces sermatus Eidam w isolated from wool, horse hair and feathers; Pugh and Mathison (1962), Pugh
m frequently found on feathers; and Evans (1970a,b), Chmel et al.
m degradation of feather keratin; (1972), Parbery { 1977 ). Komillowicz
m keratinase production (1994}, Komillowicz-Kowalska
(1997), Gugnani {2000
19, Ctenomyces sp. m isolated from woollen fabric (strain CBS 228.51); McQuade (1964), Denizel et al.
m degradation of wool after 40 days (strain 381 TDEL) (1974
20, Emmonsia parva m growth on wool Al Musallam and Radwan (1990)
(Emmons & Ashburn)
Ciferri & Montemartini
21 Gymnascella citring w isolated from human, buffalo and cow Moubahser et al. {1992)
{ Massee & Salmon) Orr et al. hair as well as sheep’s wool
22, Gymnascella marnginispora w isolated from human hair; Ulfig (2003)
{Kuehn & Orr) Currah m keratinophilic
23, CGymnoascoidens petalosporus m decomposition of human hair; Rajak etal. (1991)
L]

s o . . g = o o w g & A
aue Aspergillus Wag Penicillium anamorphs #9HANUEIAYNNALEZLUUIRIINNUNINYIEN

O et al.

Tusssuvd

keratinase production

'
a

nsimsziaalduandlidiuin sunuseluilanwiuie Aspergillus waz Penicillium
(29 aU3d/q1ia), Chrysosporium (21 a@U%d), Fusarium (13 aU%d), Trichophyton,
Microsporum wag Acremonium (11 @U%d/315a), Mucor (10 aU%d) Arthroderma (8 a@U3d),
Malbranchea (7 @U3d), Chaetomium, Ulocladium wag Verticillium (6 aU3d/310a) way
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Nao. Species name

Strain source, comments

References

24, Gymnoascus arxii
Cano & Guarro

25, Onygena corvina
Albertini & Schweinitz

26, Onygena piligena Fries
Eurotiales
1. Emericella nidulans

(Eidam ) Vuillemin

.. Emericella quadrilineata
{Thom & Raper) Benjamin
3. Emericella rugulosa
(Thom & Raper) Benjamin
4, Eurotium chevalieri Mangin
5. Fennellia nivea (Wiley
& Simmons) Samson
6. Neosartorya fischeri

{We hmer) Malloch & Cain

7. Talaromyces luteus (Zukal )
Benjamin

8. Talaromyces trachyspermus
(Shear) Stolk & Samson

1. Thermoascus aurantiagcus Miehe

Sordariales

L Chaetomidium fimeti (Fuckel)
Saccardo

2. Chaetomium cochlivides Palliser

3. Chaetomium globosum

Kunze: Fries

4. Chaetomium indicurn Corda

isolated from contemporary woollen textiles;

abundant growth on woollen textiles,
overgrowth of the other fungi;

very rapid and severe degradation of
undyed and dyed woollen textiles;
strongly keratinolytic, conversion of
woollen textiles into powder

isolated from wool;

isolated from wool remnants

isolated from a woollen slipper

isolated from sheep's wool;

isolated from human, buffalo, rabbit,
goat, donkey and cow hair

isolated from sheep's wool;

isolated from rabbit hair

isolated from sheep's wool

isolated from sheep’s wool and antigue
woollen textiles;

slight structural but strong aesthetic (mainly
cinnamon discolouration) deterioration of
undyed and dyed woollen textiles

isolated from cow, goat and rabbit hair

isolated from human and rabbit hair:
isolated from ancient woollen textiles;
keratinophilic

isolated from human, buffalo and cow hair

isolated from buffalo hair;
decomposition of human hair;
keratinase production
isolated from rabbit, camel,
horse and sheep hair

isolated from goat and donkey hair

isolated from human hair

isolated from sheep's wool,

destruction of the woaol;

isolated from human, camel and
buffalo hair;

isolated from contemporary

woollen textiles;

structural and aesthetic (greenish,
brownish and reddish

discolourations) deterioration of
undyed and dyed

woollen textiles;

utilization of non-keratinous protein
components of sheep's

wool (intercellular material);
denaturation of hard keratin, Le.
cleavage of 5-5 bonds does not ocour;
growth on wool in the presence of
distilled water only;

disintegration of the cortex of hedgehog
spines, cattle and

human hair by means of boring hyphae
and fronded mycelium,

also disintegration the medullae of the
spines, human toe-nails,

human plantar callus and cattle hair;
low keratinolytic activity

disintegration of the cortex of hedgehog
spines, cattle and

human hair by means of boring hyphae
and fronded mycelium,

also disintegration of the medullae

of the spines, human toe-nails,

human plantar callus and cattle hair

a6 o a v

Blyskal (2005)

Denizel et al. (1974), (BS
Filamentous fungi
database (2008)
Denizel et al. (1974)

Ali-Shtayeh et al. (1988ab),
Moubahser et al. (1992,
Abdel-Gawad (1997)

Bagy and Abdel-Mallek (1991),
Abdel-Gawad (1997)
Abdel-Gawad (1997)

Moubahser et al. (1992),
Biyskal (2005)

Ali-Shtayeh et al. (1988ab)

Bagy and Abdel-Mallek (1991,
Abdel-Kareem (2000), Ulfig (2003)

Moubahser et al. {1992)

Rajak et al. {1991},
Moubahser et al. (1992)

Bagy and Abdel-Mallek (1991)

Ali-Shtayeh et al. (1988ab)

Griffin (1960)

‘White et al. (1950), Kowalik and
Czerwinska (1956), Michalska
(1957), English ( 1965), Stefaniak
(1969, Safranek and Coos (1982,
Bagy and Abdel-Mallek (1991),
Moubahser et al. {1992}, Mahmoud
(1995), Abdel-Gawad (1997),
Biyskal (2005)

English {1965)

(continued on next page)

¢ A

Paecilomyces wag Scopulariopsis (5 aU%d/Ata)  druidtauenainiinaiundl 4 aUTduse
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5. Chaetomium nozdrenkoae w isolated from feathers Komillowicz { 1991-1992)
Sergejeva

6. Chaetomium seminudum Ames w isolated from sheep’s wool Abdel-Gawad ( 1997)

7 Chaetomium spirale Zopf w isolated from sheep's wool Abdel-Gawad ( 1997)

B. Corynascus sepedonium w isolated from human hair; Griffin (1960)
{Emmons) von Arx w keratinolytic

q, Sordaria fimicola (Roberge) w strong destruction of sheep’s wool Michalska (1957)

Cesati & de Notaris

Pleosporales

1 Cochliobolus hawaiiensis
Alcorn

. Cochliobolus spicifer
Nelson

3, Pleospora herbarum (Fries)
Rabenhorst

4, Setosphaeria rostrata Leonard

w isolated from sheep's wool Abdel-Gawad ( 1997)

Hypocreales

1 Nectria haematococca w isolated from sheep’s wool; Ali-Shtayeh et al. {1988h),
Berkeley & Broome w isolated from cow hair Abdel-Gawad ( 1997)

& Mectria ventricosa Booth w isolated from human hair Ali-Shtayeh et al. (2002)

Incertae sedis

1 Apiospora montagnei Saccardo w isolated from contemporary woollen textiles; Btyskal ( 2005)

w blackish discolouration on undyed woollen textiles

. Pseudallescheria boydii w isolated from human hair and sheep’s wool; Moubahser et al. {1992),

(Shear) McGinnis et al. m keratinophilic Ulfig (2003)

Microascales

1 Microascus cirrosus Curzi m isolated from antique woollen textiles; Biyskal ( 2005)
structural and aesthetic
{black, brown and grey discolourations)

deterioration of undyed and dyed textiles

Xylariales

1 Monographella cucumering (Lindfors) Arx Ali-Shtayeh et al. (1988a)

w isolated from goat hair

wanewn Tidaneddl Joflslafiusingeglumsnaiildrnunsemaseunmseynsyisiu (Taxonomy) Tnsdefiusingends
8914989 Ajello (1968), Shipper (1976), Salata wag Rudnicka-Jezierska (1979), Domsch wagmay (1993), CBS List of
cultures (1994), Hawksworth wagang (1995), Simpanya (2000), Vidal wazagdy (2000), Kirk wazaty (2001), Samson wag
Atg (2002), CBS Filamentous fungi database (2008), The Index Fungorum (2008) wag MycoBank (2008) ludiuves
n3zUIUNTIAelIA (Pathogenicity) ma&maﬁ’uﬁfﬁﬂﬁ]ﬁﬂﬂﬂgﬂumiwﬂuﬁugwwm Summerbell wazAnz (1989), Tan uag
Ay (1994), De Hoog (1996), De Hoog tag Guarro (1995, 2000), Midgley wagaady (1997), Baran (1998), Simpanya
(2000), Flannigan tazAguy (2001), Geiser wag LoBuglio (2001), Straus (2004), ATCC The global bioresource center
(2008) uaw CBS Filamentous fungi database (2008) () fhuudisildlaaivguassaluay

28 fheawasiaiuladaveadon

Fosuasalulafndulnaves keratinolytic llldordeundsnniveunar lulnsiauain
R ey Lm'Lf]ut,%aﬁﬁmmﬂmeLLazﬁuameﬁnwwga GETRERIRERIETG
warlfansemnuutagansinsfivalasenz  adidanauifiduiu Iin Wosssnsiu
910 Chytridiomycota Falgun C variabilis waz R keratinophilum

31 2.7 unenndenidesuuguressiaduansnildfausnoonin viefigneos
aane msillelavialTdfadesmunnitaslunisdesanevesfagansiasfua  luswud 3
3 @UTdRe Asperdillus terreus, Gliocladium catenulatum way Scopulariopsis brevicaulis
1’7iLLamﬁaﬂiiugwiatmﬁﬁuiuﬁaLﬁ]a% Fasaiulnondeufuunasevousaziulnsiauiios
pthafevinty 80 6 adTdAe Auxarthron conjugatum, S. brevicaulis, Chrysosporium

indicum, Chrysosporium pannicola, Microsporum gypseum, Wa¢ Trichophyton ajelloi
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No. Species name Strain source, comments References
1. Acremonium butyri (van Beyma) Gams m isolated from donkey hair Ali-Shtayeh et al. (1988h)
2. Acremonium m isolated from antigue woollen textiles; Btyskal (2005)
camptosporum Gams w strong entanglement of wool fibres,
creation of a tight layer of mycelium on the fabric;
w structural and aesthetic deterioration
of dyed and undyed woollen textiles
3. Acremonium falciforme (Carrion) Gams® w isolated from goat hair Ali-Shtayeh et al. (1988a)
4. Acremonium furcatum w isolated from rabbit and goat hair Ali-Shtayeh et al. (1988ab)
(Moreau & Moreau) ex Gams
5.  Acremonium fusidioides ( Nicot) Gams w isolated from goat hair Ali-Shtayeh et al. (1988a)
6.  Acremonium glaucum Gams m isolated from a woollen overcoat Denizel et al. (1974), CBS
Filamentous fungi database (2008)
7. Acremonium kiliense Grutz m isolated from human, goat and cow hair Ali-Shtayeh et al. (1988ab),
as well as sheep's wool Moubahser et al. { 1992),
Abdel-Gawad ( 1997)
8. Acremonium murorum (Corda) Gams m degradation of wool McQuade (1964)
9. Acremonium roseum Petch m isolated from hair; Safranek and Goos ( 1982)
w utilization of non-keratinous
protein components of sheep’s wool (intercellular material);
denaturation of hard keratin, Le. cleavage
of 5-5 bonds does not occur
10.  Acremonium strictum Gams m isolated from sheep's wool, human, rabbit, Ali-Shtayeh et al. (1988b, 2002),
cat and cow hair; Bagy and Abdel-Mallel {1991,
m low keratinolytic activity; Moubahser et al. (1992), Abdel-Gawad
m keratinophilic (1997, Ulfig (2003)
1L Acremonium sp. m degradation of wool (strain 89¢ QMCOC); McQuade (1964), Ghawana and
m colonization of wool after 5 days, structural Shrivastava (1995), Katiyar and
damage of wool ( strain AC-R); Kushwaha (2002)
m colonization of human hair after 22 days,
cuticle lifting and its disruption (strain GPCK 531)
12.  Alternaria alternata (Fries) Keissler w isolated from sheep's wool: ‘White et al. (1950), Michalska {1957),
m frequently isolated from wool; Ali-Shtayeh et al. (1988a, 2002,
w isolated from human, rabbit, goat, cow, donkey, McCarthy and Greaves (1988),
cat, dog, camel and horse hair; Bagy and Abdel-Mallek (1991),
w isolated from contemporary woollen textiles; Mahmoud (1995), Abdel-Gawad (1997,
severe structural and aesthetic (black discolouration) Ramesh and Hilda { 1999), Btyskal (2005)
deterioration of undyed and dyed woollen textiles;
m heavy destruction of sheep’s wool;
m low keratinolytic activity
13.  Alternaria chlamydospora Mouchacca m isolated from sheep’s wool Abdel-Gawad (1997)
14.  Alternaria tenuissima (Kunze: Fries) Wiltshire m isolated from sheep’s wool Abdel-Gawad (1997)
15. Arthrographis kalrae (Tewari & m degradation of human hair; Ulfig (2003)
Macpherson) Sigler & Carmichael m keratinolytic
16.  Aspergillus alutaceus Berkeley & Curtis m isolated from human and goat hair; Ali-Shtayeh et al. (1988a), Ulfig (2003)
m keratinophillic
17.  Aspergillus candidus Link m isolated from cow, donkey, rabbit, Ali-Shtayeh et al. (1988ab)
goat and dog hair
18.  Aspergillus carneus (van Tiegem) Blochwitz m isolated from sheep’s wool Abdel-Gawad (1997)
19.  Aspergillus cervinus Massee w isolated from ancient woollen textiles Abdel-Kareem (2000)
20, Aspergillus clavaius Desmazieres m isolated from sheep’s wool as well as cow, Ali-Shtayeh et al. {1988b), Abdel-Gawad
donkey and rabbit hair (1997
21, Aspergillus erythrocephalus Berkeley & Curtis w isolated from goat hair Ali-Shtayeh et al. (1988a)
22, Aspergillus flavipes (Bainier & Sartory) w isolated from rabbit, goat and cat hair Ali-Shtayeh et al. (1988ab)
Thom & Church
23, Aspergillus flavus Link m isolated from sheep's wool: Ali-Shtayeh et al. (1988ab, 2002},
m isolated from museum exhibits (feathers), Al Musallam and Radwan (1990), Bagy and
deterioration of the feathers; Abdel-Mallek (1991, Moubahser et al. (1992),
m isolated from ancient woollen textiles; Nigam et al. (1994), Abdel-Gawad (1997 ),
w isolated from human, buffalo, goat, cow, Ramesh and Hilda ( 1999),
donkey, cat, dog, rabbit, camel and horse hair; Abdel-Kareem (2000)
m keratinolytic
24, Aspergillus foetidus Thom & Raper m isolated from museum exhibits (feathers ), Nigam et al. (1994)
deterioration of the feathers
25, Aspergillus fumigatus Fresenius w isolated from feathers, human, Michalska ( 1957, English (1963, 1965),

buffalo, goat

and cow hair, sheep's wool and

ancient woollen textiles;

frequent infections of sheep fleece;
disintegration of the cortex of cattle and human
hair and hedgehog spines by means of fronded
mycelium, also disintegration of the medullae of
the spines, human toe-nails, human plantar callus
and cattle hair; lifting of the scales of the cuticle;
very slow attack;

high keratinolytic activity:

not keratinolytic;

keratinophilic

Parbery, (1977), Ali-Shtayeh et al. (1988a),
Al Musallam and Radwan (1990,
Moubahser et al. { 1992), Mahmoud (1995),
Abdel-Gawad ( 1997), Abdel-Kareem (2000),
Ulfig (2003)

(continued on next page)
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il

i3,

35.
36.

3%

41

43,

45,
46,

47

49,

Aspergillus glaucus Link
Aspergillus japonicus Saito
Aspergillus nidulans (Eidam )
Winter

Aspergillus niger van Tieghem

Aspergillus ochraceus Wilhelm
Aspergillus parasiticus Speare

Aspergillus penicillioides Spegazzini
Aspergillus raperi Stolk & Meyer
Aspergillus repens (Corda) Saccardo
Aspergillus restrictus Smith
Aspergillus sparsus Raper & Thom
Aspergillus spinulosus Warcup
Aspergillus sulphureus (Fresenius)
Thom & Church

Aspergillus sydowii
(Bainier & Sartory)
Thom & Church
Aspergillus tamarii Kita

Aspergillus terreus Thom

Aspergillus ustus | Bainier)
Thom & Church
Aspergillus versicolor
(Vuillemin) Tiraboschi

Aspergillus wentii Wehmer

Aureobasidium pullulans (de Bary) Arnaud
Basipetospora mubra

Cole & Kendrick

Beauverin bassiana

(Balsamo) Vuillemin

Botryotrichum atrogriseum
van Beyma

Botryotrichum piluliferum
Saccardo & Marchal

Candida saitoana Nakase & Suzuki
Cephalosporium curtipes Saccardo
Chrysonilia sitophila
(Montagne) Arx

frequent infections of sheep fleece
isolated from sheep’s wool

isolated from ancient woollen textiles;
frequent infections of sheep fleece
isolated from museum exhibits (feathers),
deterioration of the feathers;

isolated from sheep's wool;

isolated from human, cat, buffalo, goat,
cow, rabbit, horse and camel hair;
isolated from ancient woollen textiles;
frequent infections of sheep fleece;
growth on wool fibres

isolated from buffalo, cat, cow and rabbit
hair as well as sheep's wool

isolated from rabbit, goat and horse hair

isolated from cat hair

isolated from ancient woollen textiles
isolated from goat hair

isolated from rabbit and goat hair
isolated from ancient woollen textiles
isolated from ancient woollen textiles
isolated from museum exhibits (feathers),
human hair and sheep's wool;
deterioration of the feathers

isolated from sheep's wool;

isolated from buffalo, donkey,

cow and rabbit hair

isolated from sheep's wool;

isolated from rabbit hair

isolated from sheep's wool as well as
human, buffalo, rabbit, cat and cow hair;
frequent infections of sheep fleece;
disintegration of the cortex of cattle and
human hair and hedgehog spines by means

of fronded mycelium, also disintegration of the
medullae of the spines, human toe-nails, human
plantar callus and cattle hair; very slow attack;

high activity on keratin in cultures grown on

hooves as single source of carbon and nitrogen;

keratinolytic;

keratinophilic

isolated from camel, goat and cow hair;
isolated from antique woollen textiles
isolated from cow, goat and rabbit hair
as well as sheep's wool;

isolated from antique and conterporary
woollen textiles

isolated from ancient woollen textiles;
isolated from buffale, rabbit, goat and
donkey hair;

frequent infections of sheep fleece
isolated from woollen cloth

isolated from cow hair

isolated from human hair;
degradation of human hair by the
action of boring hyphae;
keratinolytic

isolated from contemporary
woollen textiles;

isolated from rabbit and camel hair
isolated from feathers, human,
horse and buffalo hair;

frequent infections of sheep fleece;
disintegration of the cortex of cattle
and human hair by means of boring hyphae

and fronded mycelium, also disintegration of

the medullae of human toe-nails, human
plantar callus and cattle hair;
keratinophilic

frequently isolated from wool

isolated from human hair

isolated from donkey and goat hair

Michalska (1957
Abdel-Gawad (1997)
Michalska (1957 ), Abdel-Kareem (2000)

Michalska (1957, Ali-Shtayeh et al.
(1988a,b), McCarthy and Greaves (1988),
Bagy and Abdel-Mallel {1991}, Moubahser
et al. (1992, Nigam et al. (1994),
Abdel-Gawad, 1997; Abdel-Kareem (2000)

Ali-Shtayeh et al. ( 1988b), Bagy and

Abdel-Mallek (1991), Moubahser et al. (1992)

Ali-Shtayeh et al. {1988a), Bagy and
Abdel-Mallek (1991

Ali-Shtayeh et al. (1988b)
Abdel-Kareem (2000)

Ali-Shtayeh et al. (1988a)
Ali-Shtayeh et al. (1988a,b)
Abdel-Kareem (2000)
Abdel-Kareem (2000)

Moubahser et al. (1992),

Migam et al. (1994)

Ali-Shtayeh et al. { 1988b), Bagy and
Abdel-Mallek (1991, Moubahser et al.
(1992), Abdel Gawad (1997)

Bagy and Abdel-Mallek (1991),
Abdel-Gawad (1997)

Michalska (1957, Pugh and Mathison
(1962, Mathison {1964, English {1965),

Ali-Shtayeh et al. ( 1988b), Moubahser et al.

{1992), Abdel-Gawad (1997), Ramesh
and Hilda (1999), Ulfig (2003)

Ali-Shtayeh et al. (1988a,b), Bagy and
Abdel-Mallek (1991), Btyskal {2005)

Ali-Shtayeh et al. { 1988a,b), Moubahser et al.

(1992), Btyskal (2005)

Michalska {1957, Ali-Shtayeh et al.
(1988a,b), Moubahser et al. (1992),
Abdel-Kareem (2000)

Denizel et al. (1974)
Ali-Shtayeh et al. (1988b)

Filipello Marchisio et al. { 1994),
Ali-Shtayeh et al. (2002)

Kowalik and Czerwinska (1956,
Stefaniak (1969), Bagy and
Abdel-Mallek (1991

Michalska (1957 ), English (1965),
Kornillowicz (1991-1992), Moubahser
et al. (1992), Ulfig (2003)

McCarthy and Greaves (1988)
Ramesh and Hilda (1999)
Ali-Shtayeh et al. (1988a,b)

maﬁuéﬁa Chrysosporium queenslandicum, Engyodontium album, was Graphium

penicillioides wugpgiaaudliazarsinieliiluuvaussivesnsueu lulasiaunas
ugiu (M54 2.6) M. gypseum Wae T. gjelloi awiloudslifnaninasanlunistoyianans
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53. Chrysosporium carmichaeli Van Oorschot

54, Chrysosporium europae Sigler et al.
55, Chrysosporium georgii
(Varsavsky & Ajello) Oorschot

56.  Chrysosporium indicum
{Randhawa & Sandhu) Garg

57 Chrysosporium keratinophilum
(Frey) Carmichael

58, Chrysosporium kreiselii Dominik

59, Chrysosporium lucknowense Garg

60, Chrysosporium merdarium
(Link) Carmichael

61 Chrysosporium pannicola
(Corda) Van Oorschot & Stalpers

62, Chrysosporium gueensiandicum
Apinis & Rees

60% weight loss of wool after 4 weeks when
cultivated on a mineral medium;

keratinase production;

slightly keratinolytic;

not keratinolytic;

not keratinophilic

utilization of native feather keratin

degradation of human hair by means of surface
erosion and radial penetration; production

of boring hyphae;

keratinolytic

isolated from sheep’s wool;

isolated from museum exhibits (feathers),
deterioration of the feathers;

isolated from human, goat, buffalo

and cow hair;

utilization of human hair as a sole

source of carbon and nitrogen;

visual appearance of colonization of human
hair first observed after 6 days, complete
degradation occurs after 24 days; development
of medullary, needle and tunnel types of perforators;
decompaosition of ¢ 80% of human hair after only
3-5 days by means of surface erosion;
keratinase production

isolated from bird feathers;

isolated from museum exhibits (feathers ),
deterioration of the feathers;

isolated from human, buffalo, rabbit, camel, horse,
donkey, cat, goat, dog and cow hair as

well as sheep's wool;

rapid attack and utilization of keratinous substrates;
softening and subsequent degradation of

wool fibres after 14 days;

degradation of sheep’s wool, peacock and
chicken feathers in soil;

decomposition of ¢ 80% of human hair after
only 3-5 days by means of surface erosion

and radial penetration and by the action of borers;
rapid perforation and degradation of buffalo,
cow, dog, goat, horse and human hair; infected
hair showed undulation, lifting and disruption
of cuticle, narrow and broad perforating organs,
projection of medulla and decolouration;
thermostable keratinolytic enzyme production
when grown in medium containing keratin

as an exogenous inducer; maximum

activity of the enzyme at pH 9.0;

keratinase production

degradation of feather keratin;

keratinase production

isolated from feathers;

degradation of human hair by means of surface

erosion and radial penetration, production of boring hyphae;

keratinolytic

degradation of chicken feathers;
keratinolytic;

not keratinolytic

isolated from feathers, buffalo, goat and
donkey hair as well as sheep’s wool;
isolated from museum exhibits (feathers ),
deterioration of the feathers;

utilization of human hair as a sole

source of carbon and nitrogen;
decomposition of ¢. 80% of human

hair after only 3-5 days;

degradation of feather keratin and human hair;
keratinolytic

isolated from wool, feathers and hair;
cuticle lifting of human hair; development

of medullary, fissure and torpedo types of perforators;

utilization of insoluble keratin as a sole
source of carbon, nitrogen and sulphur;
degradation of human hair by means of
surface erosion and radial penetration,
production of perforating organs;
keratinase production;

not keratinolytic

Migam and Kushwaha (1992a),
Kushwaha (2000)

Komillowicz-Kowalska (1997)
Van Oorschot (1980), Mitola et al. (2002}

Deshmukh and Agrawal (1982),
Ali-Shtayeh et al. (1988a),

Rajak et al. (1991}, Moubahser et al.
(1992, Filipello Marchisio et al. ([ 1994),
Migam et al. (1994), Abdel-Gawad (1997),
Katiyar and Kushwaha {2002), Ulfig (2003)

Pugh and Evans (1970a), Ali-Shtayeh et al
(1988ab, 2002}, Al Musallam and Radwan
(1990, Bagy and Abdel-Mallek (1991,
Moubahser et al. (1992, Nigam and
Kushwaha (1992ab), Nigam et al. (1994),
Dozie et al. (1994), Filipello Marchisio et al.
(1994, Mahmoud, 1995, Abdel-Gawad
(1997), Kornillowicz-Kowalska (1997),
Ramesh and Hilda ( 1999, Ali-Shtayeh
and Jamous (2000}, Kushwaha (2000),
Ulfig (2003)

Komillowicz-Kowalska (1997)

Van Oorschot (1980), Mitola et al.
(2002}, CBS Filamentous
fungi database {2008)

Van Oorschot (1980), Nigam
and Kushwaha (1992a),
Kushwaha (2000)

Deshmukh and Agrawal {1982),
Ali-Shtayeh et al. (1988ab),
Bahuguna and Kushwaha (19849),
Komillowicz (1991-1992),
Moubahser et al. ( 1992),
Filipello Marchisio et al. (1994),
Migam et al. (1994),
Komillowicz-Kowalska (1997),
Kushwaha {2000}, Ulfig {2003)

Van Oorschot (1980), Malviya et al.
(1992b), Nigam and Kushwaha [ 1992a),
Filipello Marchisio et al. {1994), Katiyar
and Kushwaha (2002)

(continued on next page)
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63. Chrysosporium sulfureum m isolated from sheep’s wool; Van Oorschot (1980),
(Fiedler) Van Oorschot & Samson m keratinolytic; Abdel-Gawad (1997)
m not keratinolytic;
m not keratinophilic
64. Chrysosporium tropicum m isolated from a woollen overcoat; Denizel et al. (1974), Van Oorschot
Carmichael m isolated from sheep's wool; (1980), Deshmukh and Agrawal (1985),
w isolated from human, buffalo, rabbit, Ali-Shtayeh et al. ( 1988a,b, 2002), Bagy
camel, goat, horse, donkey, dog and cow hair; and Abdel-Mallek ( 1991 ), Moubahser et al.
w isolated from museum exhibits (feathers), {1992), Filipello Marchisio et al. {1994),
deterioration of the feathers; Kornillowicz (1994), Nigam et al. { 1994),
m visual appearance of colonization of human Mahmoud (1995), Abdel-Gawad (1997),
hair first observed after 7 days, complete Ramesh and Hilda (1999), Katiyar and
degradation occurs after 24 days; cuticle lifting; Kushwaha (2002), Mitola et al. (2002},
development of medullary, tunnel and torpedo ATCC The global bioresource center (2008)
types of perforators;
m decomposition of c. 80% of human hair after
only 3-5 days by means of surface erosion;
m degradation of human hair by means of radial
penetration, production of boring hyphae;
m decomposition of chicken feathers;
m degradation of buffalo horn, woman hair and wool;
m keratinolytic
65. Chrysosporium xerophilum Pitt m isolated from sheep’s wool; Van OQorschot (1980), Abdel-Gawad
m slightly keratinolytic (1997, Kushwaha (2000)
66. Chrysosporium zonatum Al-Musallam & Tan m degradation of human hair; Vidal et al. (2000), Ulfig (2003)
w strongly keratinolytic
67. Chrysosporium anamorph of w degradation of human hair; Ulfig (2003)
Aphanoascus clathratus Cano & Guarro m keratinolytic
Chrysosporium anamorph of w degradation of human hair; Ulfig (2003)
Aphanoascus reticulisporus (Rutien) Hubalek m keratinolytic
Chrysosporium anamorph of m isolated from feathers and rabbit fur; Filipello Marchisio et al. { 1994),
Arthroderma cuniculi Dawson w isolated from human hair; Ramesh and Hilda (19949),
m degradation of chicken feathers; Kushwaha (2000)
w degradation of human hair by means of surface
erosion and radial penetration also by the action
of bonng hyphae and 'palm of the hand’ structures;
m keratinolytic
70. Chrysosporium anamorph of m degradation of human hair; Kushwaha (2000), Ulfig (2003)
Arthroderma curreyi Berkeley m keratinolytic
71.  Chrysosporium anamorph of m decomposition of ¢. 80% of human hair after only Filipello Marchisio et al. { 1994),
Pectinotrichum Hanense Varsavsky & Orr 3-5 days by means of surface erosion and Kushwaha (2000)
radial penetration;
w degradation of chicken feathers;
m keratinolytic
72, Chrysosporium anamorph of m decomposition of c. 80% of human hair after Filipello Marchisio et al. { 1994)
Renispora flavissima Sigler et al. only 3-5 days by means of surface erosion and
radial penetration and by the action of ‘palm
of the hand’ fungal structures;
m keratinolytic
73. Chrysosporium anamorph of m degradation of human hair by means of Van Qorschot (1980),
Nannizziopsis vriesii ( Apinis) Currah surface erosion and radial penetration, Mitola et al. {2002)
production of boring hyphae;
m keratinolytic
. Cladophialophora bantiana m isolated from cow, goat and rabbit hair Ali-Shtayeh et al. ( 1988a,b)
(Saccardo) de Hoog et al.
75. Cladophialophora carrionii w isolated from donkey hair Ali-Shtayeh et al. { 1988b)
(Trejos) de Hoog et al.
76. Cladosporium cladosporioides m frequently isolated from wool: English (1965}, Ali-Shtayeh et al
(Fresenius) de Vries w isolated from human and goat hair; (1988a), McCarthy and Greaves (1988,
w isolated from antique woollen textiles; Mahmoud {1995}, Ramesh and Hilda {1999),
discolouration and degradation of undyed Szostak-Kot et al. (2004a), Btyskal (2005)
and dyed woollen textiles;
m disintegration of the medullae of cattle hair,
hedgehog spines, human toe-nails and
human plantar callus;
m no keratinolytic activity
77, Cladosporium graminum Corda m frequent infections of sheep fleece Michalska (1957)
78. Cladosporium herbarum m frequent infections of sheep fleece; Michalska (1957 ), Ali-Shtayeh et al.
(Persoon) Link ex Grey w isolated from human, cow, donkey, goat, (1988a,b), Ramesh and Hilda (1999),
rabbit and dog hair; Ali-Shtayeh and Jamous (2000)
m keratinolytic activity
79. Clonostachys rosea (Link: Fries) m isolated from feathers, rabbit and goat hair; McQuade ( 1964), Ali-Shtayeh etal.

63) TaUakdallanduNaNIINANNTIN FeRu

Schroers et al.

degradation of wool after 40 days
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(1988a), Bagy and Abdel-Mallek (1991},
Kornillowicz (1991-1992)
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80,

8L

82
83,

84,
85,
86,
87,
&8
84,
90,
91

92
93

94,

95.
96
a7

98
99,

100.

101,

102

103,
104,
105.
. Graphium penicillioides Corda

106,

107

108,

109,

Curvularia lunata (Wakker ) Boedijn

Curvularia ramosa (Bainier) Boedijn

Cylndrocarpon magnusianum Wollenweber
Drechslera biseptata (Saccardo &
Roumeguére) Richardson & Fraser
Engyodontium album (Limber) de Hoog

Epicoccum nigrum Link

Epidermophyton floccosum

(Harz) Langeron & Milochevitch
Fusarium chlamydosporum var.
chlamydosporum Wollenweber et Reinking
Fusarium culmorum (Smith) Saccardo

Fusarium eguiseti (Corda) Saccardo
Fusarium heterosporum Nees
Fusarium javanicum Koorders
Fusarium lateritium Nees
Fusarium moniliforme Sheldon

Fusarium oxysporum Schlechtendahl

Fusarium poae (Peck) Wollenweber
Fusarium roseum Link
Fusarium solani (Martius) Saccardo

Fusarium tricinctum (Corda) Saccardo
Fusarium aylaricides Steyaert

Geomyces pannorum var. pannorum (Link)
Sigler & Carmichael

Geotrichum candidum Link

Gliocladium catenulgtum Gilman & Abbott

Gliocladium nigrovirens Beyma

Gliocladium solani (Harting) Petch
Gliocladium viride Matruchot

Humicola fuscoatra Traaen
Humicola grisea Traaen

Lecanicillium psalliotae (Treschow) Zare & Gams

disintegration of the cortex of hedgehog spines,
cattle and human hair by means of boring hyphae
and fronded mycelium, also disintegration of the

medullae of the spines, cattle hair, human toe-nails

and human plantar callus

disintegration of human hair cortex by means
of boring hyphae and fronded mycelium,

also disintegration of the medullae of human
toe-nails and human plantar callus

isolated from rabbit hair

isolated from camel hair

isolated from sheep's wool;
utilization of native keratin as a sole
source of carbon and nitrogen

isolated from sheeps wool, human, buffalo and cow hair
very active in hair degradation; production of eroding fronds;

keratinolytic
isolated from cat and goat hair

isolated from feathers;

frequently isolated from wool

isolated from feathers

isolated from human and goat hair
degradation of woollen fabrics
isolated from human hair

isolated from human, cow, goat,
donkey, rabbit, dog and cat hair;
degradation of woollen fabrics
isolated from feathers, human, cow,
goat, donkey, cat, camel and cow hair;
disintegration of the cortex of human
hair and hedgehog spines by means of

boring hyphae and fronded mycelium, also disintegration of
the medullae of the spines and human plantar callus;

keratinophilic

isolated from goat hair

isolated from human hair

isolated from feathers, human, buffalo,
donkey, rabbit, camel, horse, goat and
cow hair as well as sheep’s woal;
wool degradation;

disintegration of the cortex of human hair by means
of boring hyphae and fronded mycelium, also disintegration
of the medullae of human toe-nails and human plantar callus;

efficient degradation of nail keratin
isolated from human hair
isolated from cow hair

isolated from human, horse, goat, donkey and cat hair;

isolated from bird feathers;
penetration of the cortex of cattle and human

hair and hedgehog spines by means of boring hyphae;

keratinolytic

isolated from sheep's wool, human,

donkey and cow hair;

decomposition of human hair;

keratinase production

isolated from human hair;

high activity on keratin in cultures grown on
hooves as single source of carbon and nitrogen
isolated from human hair

isolated from goat hair

isolated from cow, goat and rabbit hair
utilization of insoluble keratin as a sole source
of carbon, nitrogen and sulphur;

keratinase production

isolated from goat hair

isolated from feathers, human, goat and cow hair;

disintegration of the cortex of cattle and human hair
by means of boring hyphae and fronded mycelium,
also disintegration of the medullae of cattle hair, human

toe-nails and human plantar callus
isolated from human and goat hair;
keratinophilic

English {1965)

English (1965)

Bagy and Abdel-Mallek (1991)
Bagy and Abdel-Mallek (1991)

McCarthy and Greaves (1988),
Abdel-Gawad (1997)

Moubahser et al. (1992)
Vanbreuseghem (1952), De Vres
(1962), English (1963}
Ali-Shtayeh et al. (1988ab)

McCarthy and Greaves (1988),
Komillowicz { 1991-1992)

Komillowicz { 1991-1992

Ali-Shtayeh et al. (1988a, 2002)

‘White et al. (1950)

Ali-Shtayeh et al. (2002)

‘White et al. (1950}, Ali-Shtayeh et al.,
{1988ab, 2002), Ramesh and Hilda { 1999)

Griffin ( 1960), English (1965),
Ali-Shtayeh et al., (1988a,b, 2002),
Komillowicz { 1991-1992),

Moubahser et al. (1992},

Ramesh and Hilda { 1999), Ulfig (2003}

Ali-Shtayeh et al. (1988a)
Griffin ( 1960)

McQuade (1964), English (1965),
Ali-Shtayeh et al. (1988ab),
Komillowicz { 1991-1992),
Moubahser et al. {1992,
Ramesh and Hilda ( 1999)

Ali-Shtayeh et al. (2002)

Ali-Shtayeh et al. (1988b)

English {1965), Pugh and Evans

(1970a), Van Qorschot {1980,

Ali-Shtayeh et al. (1988b), Filipello
Marchisio et al. {1994), Ramesh

and Hilda (1999)

Ali-Shtayeh et al. (1988b, 2002),

Rajak et al. (1991), Moubahser et al. (1992)

Mathison (1964, Ramesh and
Hilda (1999), Ali-Shtayeh et al. (2002)

Ali-Shtayeh et al. (2002)
Ali-Shtayeh et al. (1988a)
Ali-Shtayeh et al. (1988a,b)
Malviya et al. (1992b)

Ali-Shtayeh et al. (1988a)
Griffin { 1960}, English {1965 ), Ali-Shtayeh
et al. (1988ab), Komillowicz (1991-1992)

Ali-Shtayeh et al. (1988a), Ulfig (2003)

(continued on next page)
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110, Madurelln grisen McKinnon et al. w disintegration of the medullae of cattle hair, hedgehog English (1965)
spines, human toe-nails and human plantar callus
111. Madurella mycetomi (Laveran) Brumpt w disintegration of the medullae of hedgehog spines, English (1965)
human toe-nails and human plantar callus
112. Malbranchea arcuata Sigler & Carmichael m destruction of human hair by the action of boring hyphae; Filipello Marchisio et al. ( 1994)
m keratinolytic
113, Malbranchea aurantiaca Sigler & Carmichael w degradation of human hair Deshmukh and Agrawal (1985)
114. Malbranchea chrysosporioidea Sigler & Carmichael  w isolated from sheep’s wool, human and cow hair Moubahser et al. {1992)
115. Malbranchea cinnamomea m destruction of human hair by an action of boring hy phae; Filipello Marchisio et al. { 1994)
(Libert) Van Oorschot & De Hoog m keratinolytic
116. Malbranchea fulva Sigler & Carmichael m destruction of human hair by an action of boring hy phae; Filipello Marchisio et al. { 1994), Ulfig (2003)
m keratinolytic
117. Malbranchea anamorph of w isolated from wool; Al Musallam and Radwan (1990),
Uncinocarpus reesii Sigler & Orr m softening and subsequent degradation of Filipello Marchisio et al. {1994)
wool fibres after 14 days;
m decomposition of c. 80% of human hair after only 3-5 days
by means of surface erosion and radial penetration;
m keratinolytic
118, Malbranchea sp. (strain GPCK 535) w cuticle lifting of human hair; production of Katiyar and Kushwaha (2002}
needle-shaped perforators
119, Memnoniella echinata (Rivolta) Galloway m isolated from cow, donkey, rabbit, goat and cat hair; English (1965), Ali-Shtayeh et al. (1988ab)
m penetration of the cortex of hedgehog spines,
cattle and human hair through boring hyphae
120, Metarhizium brunneum Petch m degradation of wool after 40 days McQuade ( 1964)
121, Microsporum audouinii Gruby w isolated from rabbit and goat hair; Vanbreuseghem (1952), Ali-Shtayeh
w hair degradation; et al. (1988ab)
m keratinolytic
122, Microsporum boullardii w isolated from rabbit and horse hair Bagy and Abdel-Mallek (1991)
Dominik & Majchrowicz
123. Microsporum canis Bodin w isolated from cat hair; Vanbreuseghem (1952), English (1963),
m one of the most active species in hair degradation; Ali-Shtayeh et al. (1988b),
w disintegration of hair derived from various animal Wawrzkiewicz et al. (1997)
species such as sheep, fox, guinea pig, dog, cat and human
(most resistant) by the action of keratinolytic enzymes:
w decomposition of hair; production of a wide and solid mass of
eroding fronds penetrating right through the hair shaft;
m keratinolytic
124, Microsporum cookei Ajello w isolated from wool; De Vries (1964 ), Safranek and Goos
w highly active keratin-degrading fungus; (1982), Simpanya and Baxter (1995],
w sulfitolysis of human hair, i.e. denaturation of keratin Kornillowicz-Kowalska (1997)
by the reduction of disulfide bonds which renders keratin
vulnerable to proteclytic attack;
w degradation of feather keratin;
m keratinase production
125. Microsporum fulvum Uriburu w isolated from museum exhibits, commonly occurs on works  Agrawal (1995)
of art made of feathers, hair and on woollen textiles
126. Microsporum gallinae w utilization of chicken feathers as the only Wawrzkiewicz et al. (1991)
(Megnin ex Guéguen) Grigoraki source of carbon and nitrogen
127. Microsporum gypseum m isolated from a strip of wool buried in soil; Mandels et al. (1948), Page (1950), Stahl et al.
(Bodin ) Guiart & Grigorakis m isolated from sheep’s wool, human, buffalo, cow, cat (1950), White et al. (1950), Vanbreuseghem
and horse hair; (1952), Crewther (1955), De Vries (1964),
m isolated from dyed woollen textiles; rapid Chmel et al. (1972), Denizel et al. (1974),
degradation of the textiles; Deshmukh and Agrawal (1982), Ali-Shtayeh
w ready growth on clean (devoid of contaminants et al. (1988b), Kunert (1989), Moubahser et al.
and lipids) wool; (1992), Nigam and Kushwaha (1992a),
w utilization of human hair as a sole source of Mahmoud (1995), Simpanya and Baxter
carhon and nitrogen; ( 1996), Ramesh and Hilda (1999), Ali-Shtayeh
m highly active keratin-degrading fungus; and Jamous (2000), Katiyar and Kushwaha
m decomposition of keratin from human hair, {2002, Ulfig (2003 ), Blyskal's unpublished
wool, woollen fabrics, fingemails and homs; results
m digestion of fibrillar proteins in feathers, hooves,
horns, horse hair, wool, mohair (percentage-based
in descending order);
m keratin denaturation by sulfitolysis, Le. cleavage of
the substrate disulfide bridges;
m visual appearance of colonization of human hair first observed
after 6 days, complete degradation occurs after 24 days;
development of medullary, needle and tunnel types of
perforators;
m human hair degradation by means of surface erosion
and radial penetration; production of invasive structures;
w highly keratinolytic
128. Microsporum nanum Fuentes et al. w isolated from human, cow, rabbit, goat and cat hair; Ali-Shtayeh et al. (1988a,h),

ANRUILVDIAT “keratinolytic”

utilization of modified keratin from chicken feathers

Wawrzkiewicz et al. (1991),
Ramesh and Hilda (1999)
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129,

130.

132,
133,

134

135,

136.
137,

138,

139,

140,

141

142,

143,

144,

145,

14

o

147,

148,
1449,
150.

151

152

153,

154,

Microsporum persicolor
(Sabouraud) Guiart & Grigorakis

. Microsporum racemosum Borelli
131

Microsporum ripariae Hubalek & Rush-Munro

Monodictys castaneae (Wallroth) Hughes
Myceliophthora vellerea (Saccardo
& Spegazzini) Van Oorschot

Myceliophthora sp.(strain BBT 41, (BS 116055)

Myrothecium verrucana
{Albertini & Schweinitz) Ditmar

Oidiodendron griseum Robale
Paecilomyces cameus

{Duché & Heim) Brown & Smith
Poecilomyces farinosus

{Holmskjold) Brown & Smith
Paecilomyces lilacinus (Thom) Samson

Paecilomyces marguandii
(Massee) Hughes
Paecilomyces variotii

Bainier

Papulaspora sepedonivides Preuss
Penicillium aurantiogriseum Diercho
Penicillium brevicompactum Dierckx

Penicillium canescens Sopp

. Penicillium chrysogenum Thom

Penicillium citrinum Thom

Penicillium cyclopium Westling
Penicillium daleae Zaleski
Penicillium expansum Link

Penicillium funiculosum Thom

Penicillium glabrum (Wehmer) Westling

Penicillium glandicola
(Oudemans) Seifert & Samson
Penicillium griseofulvum Dierckx

degradation of horse hair;

keratinolytic

isolated from rabbit and rat hair

destruction of chicken feathers and human hair;

production of perforating organs in contact with human hair

isolated from sheep's wool
isolated from horse, goat and dog hair;
degradation of feather keratin;

degradation of human hair by means of surface erosion;

keratinase production

isolated from antique woollen textiles;
strong entanglement of wool fibres,
creation of tight mat of mycelium on the fabric;
structural and aesthetic deterioration
of dyed and undyed woollen textiles
isolated from sheep’s wool;

isolated from human and cow hair;
ready growth on clean {devoid of
contaminants and lipids) wool;
degradation of wool after 10 days
isolated from goat hair

isolated from goat and donkey hair

isolated from human, goat and donkey hair

isolated from feathers, human, goat, donkey,
rabbit, cat, dog and cow hair as well as sheep’s wool;
keratinophilic

isolated from human, cow, donkey,

goat and dog hair;

keratinophilic

isolated from antique and contemporary woollen
textiles; brownish discolouration of undyed
woollen textiles;

isolated from human, cow and goat hair

isolated from camel hair

isolated from rabbit hair

isolated from human, rabbit, cow, donkey,

goat and camel hair

isolated from ancient woollen textiles:

isolated from cow, donkey, rabbit and goat hair
isolated from sheep's wool;

isolated from museum exhibits (feathers ),
detenoration of the feathers;

isolated from human, buffalo, rabbit, cow,

goat and camel hair;

isolated from antigue and contemporary woollen
textiles; structural and aesthetic deterioration of

undyed and dyed woollen textiles;

disintegration of the medullae of cattle hair, hedgehog spines,

human toe-nails and human plantar callus;
keratinolytic

isolated from museum exhibits (feathers ),
deterioration of the feathers;

isolated from rabbit and goat hair;
disintegration of the medullae of cattle hair,
hedgehog spines, human toe-nails and human
plantar callus

isolated from ancient woollen textiles
isolated from cow, goat and rabbit hair
isolated from goat hair;

strong destruction of sheep’s wool

isolated from sheep’s wool, human, buffalo,
rabhit, goat and cow hair

isolated from antique woollen textiles;
isolated from human and goat hair;

human hair degradation by means of surface
erosion and radial penetration; production
of invasive structures;

strongly keratinolytic

isolated from ancient woollen textiles;
isolated from rabbit hair

isolated from goat hair

Mahmoud (1995)

Bagy and Abdel-Mallek (1991)
Hubalek and Rush-Munro (1973

Abdel-Gawad ( 1997)

Chmel et al. (1972), Van Qorschot

(1980), Ali-Shtayeh et al. (1988a,b),
Filipello Marchisio et al. {1994),
Komillowicz-Kowalska (1997), Ulfig (2003)
Szostak-Kot et al. (2004b), Btyskal (2005)

‘White et al. (1950), Crewther
(1955), McQuade (1964),
Moubahser et al. {1992,
Abdel-Gawad ( 1997)

Ali-Shtayeh et al. (1988a)
Ali-Shtayeh et al. (1988ab)

Ali-Shtayeh et al. (1988ab, 2002)

Griffin ( 1960), Ali-Shtayeh et al. ( 1988a,b,
2002), Komillowicz ( 1991-1992), Moubahser
et al. (1992), Ulfig(2003)

Ali-Shtayeh et al. (1988a,b, 2002, Ulfig (2003)

Kowalik and Czerwinska (1956),
Stefaniak { 1969), Ali-Shtayeh et al
(1988ab, 2002), Blyskal { 2005)

Bagy and Abdel-Mallek {1991}

Bagy and Abdel-Mallel {1991)

Ali-Shtayeh et al. (1988ab, 2002),

Bagy and Abdel-Mallek (1991)

Ali-Shtayeh et al. (1988ab),

Abdel-Kareem (2000)

English (1965), Ali-Shtayeh et al. (1988ab,
2002, Bagy and Abdel-Mallek { 1991),
Moubahser et al. { 1992), Nigam et al. (1994,
Abdel-Gawad ( 1997, Btyskal (2005)

English (1965), Ali-Shtayeh et al.
(1988ab), Nigam et al. (1994

Abdel-Kareem (2000)
Ali-Shtayeh et al. (1988ab)
Michalska ( 1957, Ali-Shtayeh et al. (1988a)

Ali-Shtayeh et al. (1988a,b), Moubahser et al.
{1992, Abdel-Gawad (1997), Ramesh and
Hilda (1999)
Ali-Shtayeh et al. (1988ab, 2002),
Ali-Shtayeh and Jamous (2000),

Btyskal (2005)

Ali-Shtayeh et al. (1988b),
Abdel-Kareem (2000)
Ali-Shtayeh et al. (1988a)

(continued on next page)
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155,
156.

157

158.

159,

160.

161

162,
163,
. Penicillium rugulosum Thom
165.

166.
167.
168,
169,
170

171

172,
173,

174

115
176.

177

178

174,

180,

®

182
183
184
185,

187.
188,

108 1@as 1 lurumN)

Penicillium herguei Bainier & Sartory
Penicillium islandicum Sopp

Penicillium italicum Wehmer
Penicillium janczewskii Zaleski

Penicillium janthinellum Biourge
Penicillium oxalicum Currie & Thom

Penicillium paxilli Bainier
Penicillium purpurogenum Stoll
Penicillium rubrum Stoll

Penicillium simplicissimum
{Oudemans) Thom

Penicillium soppi Zaleski
Penicillium spinuiosum Thom
Penicillium thomii Maire
Penicillium variabile Sopp
Penicillium verruculosum Peyronel
Penicillium vulpinum

(Cooke & Massee)

Seifert & Samson

Pestalotia bicolor Ellis & Everhart
Phialophora cyclaminis Beyma
Phoma glomerata (Corda)
Wollenweber & Hochapfel

Phoma humicola Gilman & Abbott

Pithomyces sacchari (Spegazzini) Ellis

Rutola graminis { Desmaziéres)

Crane & Schoknecht

Scopulariopsis acremonium

(Delacroix) Vuillemin

Scopulariopsis brevicaulis (Saccardo) Bainier

Scopulariopsis brumptii Salvanet-Duval

. Scopulariopsis candida (Guéguen) Vuillemin

) Vuillemin
Sepedonium chrysospermum (Bulliard) Fries
Sporothrix schenckii Hektoen & Perkins
Sporotrichum pruinosum Gilman & Abbott

iopsis koningii (0

. Stachybotrys chartarum (Ehrenberg) Hughes

Staphylotrichum coccosporum Mever & Nicot
Stemphyiium macrosporoideum
(Berkeley & Broome) Saccardo

'
o v a

GRS

isolated from cow and goat hair
isolated from human, rabbit, goat and cow hair

isolated from cow hair

isolated from human hair;

keratinophilic

isolated from human, goat and donkey hair;
keratinophilic

isolated from sheep's wool;

isolated from human, cow, goat and donkey hair
isolated from ancient woollen textiles

isolated from goat hair

isolated from goat and cow hair

isolated from rabbit hair

isolated from antique woollen textiles;

greenish discolouration of undyed woollen textiles;
isolated from rabbit and goat hair

isolated from ancient woollen textiles

isolated from antique woollen textiles

isolated from human hair

isolated from cow, donkey, goat and cat hair
isolated from sheep's wool

isolated from rabbit hair

degradation of wool

isolated from cow and goat hair

isolated from wool;

isolated from camel hair;

development of black, hard to remove, discolouration on
fleece wool, in the regions of discolouration fibres show
a very low tensile strength characteristic of extreme
weathering; severe mechanical disruption of cortical
cells within the fibres

isolated from camel hair

isolated from camel hair

isolated from camel hair

isolated from rabbit and goat hair

isolated from sheep's wool, woollen textiles,

human, buffalo, rabbit, donkey, camel,

goat and cow hair;

degradation of feathers and human hair;

penetration of the cortex of hedgehog spines, cattle and

human hair by the action of boring hyphae (scanty borers);

utilization of insoluble keratin of human hair

as a sole source of carbon, nitrogen and sulphur;
high activity on keratin in cultures grown on
hooves as single source of carbon and nitrogen;
keratinase production

isolated from antique woollen textiles;

creation of a tight layver of mycelium on the fabric;
isolated from rabbit, goat and cow hair

growth on wool;

isolated from rabbit, cow, goat and donkey hair
isolated from rabbit hair

isolated from human and buffalo hair

isolated from goat and donkey hair

isolated from feathers;

complete solubilization of native feather keratin;
keratinase production

isolated from sheep’s wool;

isolated from contemporary woollen textiles;
blackish discolouration of undyed

woollen textiles;

isolated from buffalo and rabbit hair;
decomposition of wool;

disintegration of the cortex of cattle and human
hair by the action of boring hyphae and fronded
mycelium, also disintegration of the medullae of
cattle hair, human toe-nails and human plantar callus
isolated from cow, goat and donkey hair

isolated from contemporary woollen textiles

Ali-Shtayeh et al. { 1988a,b)
Ali-Shtayeh et al. ( 1988a.b),
Moubahser et al. (1992)
Ali-Shtayeh et al. (1988h)
Ulfig (2003)

Ali-Shtayeh et al. ( 1988a,b),

Ulfig (2003)

Ali-Shtayeh et al. ( 1988a,b, 2002,
Abdel-Gawad (1997)
Abdel-Kareem (2000)
Ali-Shtayeh et al. ( 1988a)
Ali-Shtayeh et al. { 1988a,b)

Bagy and Abdel-Mallek (1991)
Ali-Shtayeh et al. ( 1988a,b),
Btyskal (2005)

Abdel-Kareem (2000)
Btyskal (2005)

Ramesh and Hilda (1999)
Ali-Shtayeh et al. { 1988a,b)
Abdel-Gawad (1997)
Ali-Shtayeh et al. (1988h)

Denizel et al. (1974)

Ali-Shtayeh et al. (1988a,b)

Mulcock (1959, 1965), Denizel et al.
{1974), Bagy and Abdel-Mallek (1991)

Bagy and Abdel-Mallek (1991)
Bagy and Abdel-Mallek {1991)
Bagy and Abdel-Mallek {1991)

Ali-Shtayeh et al. (1988a,b)

Kowalik and Czerwinska (1956,

Mathison (1964), English (1965),

Stefaniak (1969), Ali-Shtayeh et al.
{1988a,b), McCarthy and Greaves

{1988), Bagy and Abdel-Mallek

(1991, Rajak et al. (1991,

Malviya et al. (1992a,b),

Moubahser et al. {1992),

Mahmoud (1995, Abdel-Gawad (1997,
Filipello Marchisio et al. {2000}, Ulfig (2003)

Ali-Shtayeh et al. ( 1988a,b),

Bagy and Abdel-Mallek {1991),

Btyskal (2005)

Ali-Shtayeh et al. ( 1988a,b), Al Musallam and
Radwan (1990), Bagy and Abdel-Mallek (1991}
Bagy and Abdel-Mallek (1991)
Moubahser et al. (1992)

Ali-Shtayeh et al. ( 1988a,b)

Kornillowicz (1991 -1992),
Kornillowicz-Kowalska (1997, 1999)

English (1965), Bagy and Abdel-Mallek
(1991}, Moubahser et al. (1982,
Domsch et al. (1993, Abdel-Cawad
(1997), Blyskal (2005)

Ali-Shtayeh et al. (1988a,b)
Kowalik and Czerwinska
(1956), Stefaniak (1969)

wmppudnifisegaugnihunldlunis@nyiiiesnsansramingu us
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Win Alternaria alternata, Aspergillus ustus, A. versicolor, Cladosporium cladosporioides,
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189,

180,

191,

192,
193,

194,

195,

19

197,

198,

199,

=

Stilbella fimetaria (Persoon) Lindau

Stilbella sp. (strain QM 833)

Torula herbarum ( Persoon) Link
Trichoderma virens { Miller et al.) von Arx
Trichoderma viride Persoon: Fries

Trichophyton ajelioi
(Vanbreuseghem ) Ajello

Trichophyton equinum
(Matruchot & Dassonville)
Gedoelst

Trichophyton mentagrophytes
var. interdigitale ( Priestley)
Georg

T. mentagrophytes (Robin)
Blanchard

Trichophyton rubrum
(Castellani) Sabouraud

Trichophyton schoenleinii ( Lebert)
Langeron & Milochevitch

m disintegration of the medullae of hedgehog spines,
human toe-nails and human plantar callus
isolated from wool

isolated from sheep and camel hair

isolated from feathers

isolated from feathers and human hair;
penetration of the cortex of hedgehog spines, cattle
and human hair by an action of boring hyphae;
extensive destruction of sheep's wool

isolated from woaol, feathers,

horse and cat hair;

degradation of wool, human, guinea

pig hair and feather keratin;

highly active keratin-degrading fungus;

utilization of human hair as a sole source of
carbon and nitrogen;

decomposition of hair, production of a wide and
solid mass of eroding fronds penetrating right
through the hair shaft; growth between the
laminations of the human toe-nails occurs in the
same manner as in the cortex of hair or hedgehog
spines, Le. by developing eroding fronds and
perforating organs;

solubilization of 67% of wool in 11 days when
grown on wool which acts as a sole source of
carbon and nitrogen;

keratinase production

w isolated from horse and rabbit hair;

highly keratinolytic

degradation of hair;
destruction of woollen blanket

isolated from human, cow, cat, goat,

dog and rabbit hair;

degradation of keratin of guinea pig hair;

sulfitolysis of human hair, i.e. denaturation of

keratin by the reduction of disulfide bonds

which renders keratin vulnerable to

proteclitic attack;

m decompeosition of hair; production of a wide

and solid mass of eroding fronds penetrating

right through the hair shaft; growth between

the laminations of the human toe-nails occurs

in the same manner as in the cortex of hair or

hedgehog spines, L.e. by development of eroding

fronds and perforating organs;

digestion of intercellular membranes of both the

fibrous o-keratin and the amorphous matrix

protein (y-keratin) of hair;

m decomposition of c. 80% of human hair after
only 3-5 days by means of surface erosion;

m complete degradation of healthy human nail

plate in the absence of extraneous nutrients;

discolouration and slight deterioration of wool;

highly keratinolytic

isolated from sheep's wool;

very active in hair degradation;

sulfitolysis of human hair, i.e. denaturation of

keratin by the reduction of disulfide bonds

which renders keratin vulnerable to

proteolytic attack:

hair decomposition by the action of perforating

organs; growth between the laminations of the

human toe-nails occurs in the same manner as

in the cortex of hair or hedgehog spines, i.e.

by production of eroding fronds;

decomposition of c. 80% of human hair after

only 3-5 days by means of surface erosion

and radial penetration;

m highly keratinolytic

very active in hair degradation;

keratinolytic

English {1965)

Denizel et al. (1974)

Bagy and Abdel-Mallek (1991)
Komillowicz { 1991-1992)

Michalska ( 1957, Griffin (1960),

English (1965), Komillowicz (1991-1992),
Ramesh and Hilda ( 1999),

Ali-Shtayeh et al. (2002)

Chesters and Mathison (1963 ), English
(1963), De Vries (1964), Mathison

{1964), Baxter and Mann {1969-1970),
Chmel et al. {1972), Deshmulkh and
Agrawal { 1982), Ali-Shtayeh et al.
(1988b), Wawrzkiewicz et al. (1991),
Komillowicz { 1991-1992), Simpanya

and Baxter { 1996), Kornillowicz-Kowalska
(1997, Ali-Shtayeh and Jamous (2000,
Simpanya (2000}, Ulfig (2003)

Ali-Shtayeh et al. (1988b],
Mahmoud (1995)

‘White et al. (1950}, De Vries
(1962), Oveka (2000)

Cruickshank and Trotter {1956),

De Vries (1962), English (1963),
Mathison (1964, Agarwal and
Puvathingal (1969), Baxter and
Mann (1969-1970), Kamalam and
Thambiah {1980), Safranek and Goos
(1982), Ali-Shtaveh et al. (1988a,b),
Bagy and Abdel-Mallek (1991),
‘Wawrzkiewicz et al. (1991),

Filipello Marchisio et al. {1994),
Mahmoud (1995), Ramesh and Hilda
(1999), Oyeka (2000)

‘Vanbreuseghem (1952), De Vries
{1962, English (1963 ), Baxter and
Mann ( 1969-1970), Kamalam and
Thambiah (1980), Safranek and Goos
(1982), Deshmulkh and Agrawal (1985),
Filipello Marchisio et al. {1994,
Abdel-Gawad (1997)

Vanbreuseghem (1952)

(continued on next page)

Eurotium chevalieri, Penicillium chrysogenum, P. glabrum, P. simplicissimum, P.

spinulosum, Scopulariopsis brumptii, Stachybotrys chartarum, Acremonium

camptosporum, Apiospora montagnei, G. arxii Wag Microascus cirrosus BALTUAISU A,

alternata, A. ustus, P. simplicissimum, W8 S. chartarum ‘mﬂamjasuaqLsuai'lwﬂa'rm']smmu
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200.

g

202,

204,

208
2049,
210,

211,

212
213

214,

21

w

216,

o

217,
218,

Trichophyton terrestre
Durie & Frey

. Trichophyton

tonsurans Malmsten

Trichophyton vanbreuseghemii
Rioux et al

. Trichophyton vermicosum

Bodin

Trichophyton violaceum
Sabouraud

. Trichosporiella cerebriformis

{de Vries & Kleine-MNatrop) Gams

5. Trichothecium roseum

(Persoon : Fries) Link

. Ulocladium altermariae

(Cooke) Simmons

Ulocladium atrum Preuss
Ulocladium botrytis Preuss
Ulocladium chartarum

(Preuss) Simmons

Ulocladium consortiale

(Thiimen) Simmons

Ulocladium tuberculatum Simmons
Verticillium albo-atrum

Reinke & Berthold

Verticillium chlamydosporium Goddard

Verticillium lecani
(Zimmermann) Viégas
Verticillium luteoalbum
(Link) Subramanian

Verticillium nigrescens Pethy bridge
Verticillium nubilum Pethybridge

isolated from sheep's wool,

feathers, human,

horse, buffalo and cow hair;

highly active keratin-degrading

fungus;

degradation of feather keratin;
sulfitolysis of human hair, ie.
denaturation

of keratin by the reduction of

disulfide bonds

which renders keratin vulnerable

to proteolytic

attack;

growth between the laminations

of the human

toe-nails occurs in the same

manner as in the

cortex of hair or hedgehog spines,

i.e. by development

of eroding fronds and perforating organs;
decomposition of ¢. 80% of human

hair after only 3-5 days by means of
surface erosion and radial penetration;
keratinase production

sulfitolysis of human hair, ie. denaturation
of keratin by the reduction of disulfide bonds
which renders keratin vulnerable to
proteolytic attack

isolated from horse hair;

degradation of hair

isolated from cow, donkey, goat and rabbit hair;
hair decomposition;

degradation of keratin of guinea pig hair;
keratinolytic

hair degradation;

keratinolytic

isolated from goat hair

isolated from sheep's wool and goat hair;
frequent infections of sheep fleece
isolated from sheep's wool

isolated from sheep's wool
isolated from rabbit and camel hair
isolated from goat hair

isolated from camel hair

isolated from sheep's wool

isolated from human, donkey and goat hair;
penetration of the cortex of hedgehog spines,
cattle and human hair by the action of
boring hyphae

isolated from feathers and human hair

isolated from human, cow, goat and donkey hair;
keratinophilic

isolated from human hair;

frequent infections of sheep fleece;

degradation of wool after 40 days

isolated from goat hair

isolated from human hair

Griffin ( 1960), English ( 1963),

De Vries (1964), Chmel et al. (1972),

Hsu and Volz (1975), Safranek and Goos
(1982), Deshmukh and Agrawal (1985),
Kornillowicz (1991-1992), Moubahser

et al. (1992), Filipello Marchisio et al. ( 1994),
Simpanya and Baxter (1996),

Abdel-Gawad (1997, Kornillowicz-Kowalska
(1997, Ramesh and Hilda { 1999), Ulfig (2003)

Kamalam and Thambiah (1980},
Safranek and Goos ( 1982)

Chmel et al. (1972), Bahuguna

and Kushwaha (1989)

English (1963 ), Ali-Shtayeh et al.
(1988a,b), Wawrzkiewicz et al. (1991),
Mahmoud (1995)

Vanbreuseghem (1952)
Ali-Shtayeh et al. (1988a)

Michalska (1957, Ali-Shtayeh et al.
( 1988a), Moubahser et al. (1992)
Abdel-Gawad (1997)

Abdel-Gawad (1997)
Bagy and Abdel-Mallek (1991)
Ali-Shtayeh et al. {1988a)

Bagy and Abdel-Mallek (1991)

Abdel-Gawad (1997)
English (1965), Ali-Shtayeh et al.
(1988a,b, 2002)

Kornillowicz (1991-1992),
Ali-Shtayeh et al. (2002)
Ali-Shtayeh et al. ( 1988a,b, 2002 ),
Ulfig (2003)

Michalska (1957 ), McQuade (1964),
Ramesh and Hilda (1999)

Ali-Shtayeh et al. {1988a)
Ali-Shtayeh et al. (2002)

RN Trdunndtall %aﬁﬂiﬂumsNfﬁﬁr}huﬂwsmmaawmauﬂiﬁﬁm (Taxonomy) Tnsderimmmedsainiiougiues
Ajello (1968), Samson (1974), Domsch wagmsde (1993), CBS List of cultures (1994), Hawksworth wazande (1995),
Samson Wag Pitt (2000), Simpanya (2000), Vidal waganug (2000), Kirk wagmg (2001), Seifert wag Gams (2001), Zare
kaz Gams (2001), Klich (2002), Samson wagay (2002), CBS Filamentous fungi database (2008), The Index Fungorum
(2008) uay MycoBank (2008). nszuIuN1sAelsA (Pathogenicity) Guaqmaﬁuﬁﬁﬂﬂummmﬁmﬁugmﬁuaﬂ Summerbell
Az (1989), Tan hazAly (1994), De Hoog (1996), De Hoog Hay Guarro (1995, 2000), Midgley agmaly (1997), Baran
(1998), Gugnani (2000), Simpanya (2000), Flannigan wagaty (2001), Kantarcioglu kagagdy (2002), Straus (2004), ATCC
The global bioresource center (2008) uag CBS Filamentous fungi database (2008) () ﬁ'ﬁ%uqﬁwﬁﬂﬂﬂlﬂa’lmmaﬂﬁﬂiu

AY
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NAmervUEnJausamUeadInTeuves Kowalik & Czerwinska (1956), Stefaniak
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Species name

Keratinous substrate* from which fungus was isolated and/or which it degraded

wool textile hair feather nail hoof hom  hedgehog spine  human plantar callus

1

Absidia corymbifera (Cohn) Saccardo & Trotter
Absidia oindrospora Hagem

Absidia glauca Hagem

Absidia spinosa Lendner

Acremonium butyri (van Beyma) Gams
Acremonium campitosporum Gams”
Acremonium falciforme (Carrion) Gams
Acremonium furcatum (Moreau & Moreau) ex Gams
Acremonium fusidioides (Nicot) Gams
Acremonium glaucum Gams

Acremonium kiliense Griitz

Acremonium murorum (Corda) Gams
Acremonium roseum Petch

Acremonium strictum Gams

Acremonium sp.

strain 89¢ QMCC;

strain AC-R;

strain GPCK 531

Alternaria alternata (Fries) Keissler

Altemaria chlamydospora Mouchacca

Altemaria tenuissima (Kunze: Fries) Wiltshire
Amauroascus mutatus (Quelet) Rammeloo
Aphanoascus cinnabarinus Zulkal

Aphanoascus fulvescens (Cooke) Apinis
Aphanoascus sp. {strain GPCK 534 )

Apiospora montagnei Saccardo

Arthroderma cuniculi Dawson

Arthroderma curreyi Berkeley

Arthroderma incurvatum (Stockdale) Weitzman et al.
Arthroderma gertleri Bihme

Arthroderma gypseum (Nannizzl) Weitzman et al.
Arthroderma guadrifidum Dawson & Gentles
Arthroderma tuberculatum Kuehn
Arthroderma uncinatum Dawson & Gentles
Arthrographis kalrae (Tewari & Macpherson) Sigler & Carmichael
Aspergillus alutaceus Berkeley & Curtis
Aspergillus candidus Link

Aspergillus cameus (van Tiegem) Blochwitz
Aspergillus cervinus Massee

Aspergillus clavatus Desmazieres

Aspergillus ervthrocephalus Berkeley & Curtis
Aspergillus flavipes (Bainier & Sartory) Thom & Church
Aspergillus flavus Link

Aspergillus foetidus Thom & Raper

Aspergillus fumigatus Fresenius

Aspergillus glaucus Link

Aspergillus japonicus Saito

Aspergillus nidulans (Eidam) Winter

Aspergillus niger van Tieghem

Aspergillus ochraceus Wilhelm

Aspergillus parasiticus Speare

Aspergillus penicillivides Spegazzini

Aspergillus raper Stolk & Meyer

Aspergillus repens (Corda) Saccardo

Aspergillus restrictus Smith

Aspergillus sparsus Raper & Thom

Aspergillus spinulosus Warcup

Aspergillus sulphureus (Fresenius) Thom & Church
Aspergillus sydowii ( Bainier & Sartory) Thom & Church
Aspergillus tamarii Kita

Aspergillus terreus Thom

Aspergillus ustus (Bainier) Thom & Church
Aspergillus versicolor (Vuillemin) Tiraboschi
Aspergillus wentii Wehmer

Aureobasidium pullulans (de Bary) Arnaud
Auxarthron conjugatum (Kuehn) Orr & Kuehn
Auxarthron umbrinum (Boudier) O & Plunkett
Auxarthron zuffianum (Morini) Orr & Kuehn
Basipetospora rubra Cole & Kendrick

Beauveria bassiana (Balsamo) Vuillemin
Botryotrichum atrogriseum van Beyma
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Species name

Keratinous substrate® from which fungus was isolated and/or which it degraded

wool  textile

hair

feather

nail hoof horn  hedgehog spine  human plantar callus

Botryotrichum piluliferum Saccardo & Marchal

Candida saitoana Nakase & Suzuki

Cephalosporium curtipes Saccardo

Chaetomnidium fimeti (Fuckel) Saccardo

Chaetomium cochlioides Palliser

Chaetomium globosum Kunze : Fries

Chaetomium indicum Corda

Chaetomium nozdrenkoae Sergejeva

Chaetomium seminudum Ames

Chaetomium spirale Zopf

Chrysonilia sitophila (Montagne) Arx

Chrysosporium carmichaeli Van Oorschot

Chrysosporium europae Sigler et al.

Chrysosporium georgii ( Varsavsky & Ajello) Oorschot
Chrysosporium indicum (Randhawa & Sandhu) Garg
Chrysosporium keratinophilum ( Frey) Carmichael
Chrysosporium kreiselii Dominik

Chrysosporium lucknowense Garg

Chrysosporium merdarium ( Link) Carmichael

Chrysosporium pannicola (Corda) Van Oorschot & Stalpers
Chrysosporium gueenslandicum Apinis & Rees
Chrysosporium sulfureum (Fiedler) Van Oorschot & Samson
Chrysosporium tropicum Carmichael

Chrysosporium xerophilum Pitt

Chrysosporium zonatum Al-Musallam & Tan

Chrysosporium anamorph of Aphaneascus clathratus Cano & Guarro
Chrysosporium anamorph of Aphanoascus reticulisporus { Rutien) Hubidlek
Chrysosporium anamorph of A cuniculi Dawson

Chrysosporium anamorph of A curreyi Berkeley
Chrysosporium anamorph of Pectinotrichum llanense Varsavsky & Orr
Chrysosporium anamorph of Renispora flavissima Sigler et al
Chrysosporium anamerph of Nanniziopsis vriesii (Apinis) Currah
Cladophialophora bantiana (Saccardo) de Hoog et al.
Cladophialophora carrionii (Trejos) de Hoog et al.

Uadosporium cladosporicides (Fresenius) de Vries
Cadosporium graminum Corda

Cladosporium herbarum {Persoon) Link ex Grey

Clonostachys rosea ( Link: Fries) Schroers et al.

Cochliobolus hawaiiensis Alcorn

Cochliobolus spicifer Nelson

Corynascus sepedonium (Emmons) von Arx

Ctenomyces mentagrophytes (Robin) Langeron & Milochevitch
Ctenomyces persicolor (Sabouraud) Nannizzi

Ctenomyces serratus Eidam

Ctenomyces sp.

strain CBS 228.51

strain 381 TDEL

Cunninghamella echinulata (Thaxter) Thaxter ex Blakeslee
Cunninghamella elegans Lendner

Curvularia lunata (Wakker) Boedijn

Curvularia ramosa (Bainier) Boedijn

Cylindrocarpon magnusianum Wollenweber

Drechslera biseptata ( Saccardo & Roumeguére) Richardson & Fraser
Emenicella nidulans (Eidam)) Vuillemin

Emericella guadrilineata (Thom & Raper) Benjamin

Emericella rugulosa (Thom & Raper) Benjamin

Emmonsia parva (Emmons & Ashburn) Giferri & Montemartini
Engyodontium album { Limber) de Hoog

Epicoccum nigrum Link

Epidermophyton floccosum (Harz) Langeron & Milochevitch
Eurotium chevalieri Mangin

Fennellia nivea (Wiley & Simmons) Samson

Fusarium chlamydosporum var. chlamydospoerum Wollenweber et Reinking
Fusarium culmorem (Smith) Saccardo

Fusarium eguiseti (Corda) Saccardo

Fusarium heterosporum Mees

Fusarium jovanicum Koorders

Fusarium lateritium Nees

Fusarium moeniliforme Sheldon

Fusarium oxysporum Schlechtendahl

Fusarium poae | Peck) Wollenweber

Fusarium roseum Link

Fusarium solani (Martius ) Saccardo

Fusarium tricinctum (Corda) Saccardo
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Rhizomucor pusillus (7 &uansndmiunnazaUd); A. terreus, Chaetomium globosum, C.

cladosporioides, wag S. brevicaulis (6 duamsndmsulnazalTd); Botryotrichum

piluliferum, Chrysosporium tropicum, Cunninghamella elegans, Fusarium solani,

Penicillium citrinum, S. chartarum, T. ajelloi, wag Trichophyton terrestre (5 AuaLmIn

dnsulsavalUad) way Absidia corymbifera, Aspergillus flavus, A. niger, Chaetomium

indicum, Curvularia lunata, Fusarium oxysporum, Humicola grisea, Madurella grisea,
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Species name

Keratinous substrate* from which fungus was isolated and/or which it degraded

wool  textile

hair

feather npail hoof hom hedgehog spine  human plantar callus

Fusarium xylarioides Steyaert

Geomyces pannorum var. pannorum | Link ) Sigler & Carmichael
Geotrichum candidum Link

Gliocladium catenulatum Gilman & Abbott
Gliocladium nigrovirens Beyma

Gliocladium selani (Harting) Petch

Gliocladium viride Matruchot

Gymnascella citring (Massee & Salmon) Orr et al.
Gymnascella marginispora (Kuehn & Orr) Currah
Gymnoascoideus petalosporus Orr et al.

Gymnoascus arxii Cano & Guarro

Humicola fuscoatra Traaen

Humicola grisea Traaen

Lecanicillium psalliotae (Treschow) Zare & Gams
Madurella grisea McKinnon et al.

Madurella mycetomi (Laveran) Brumpt

Malbranchea arcuata Sigler & Carmichael
Malbranchea aurantioca Sigler & Carmichael
Malbranchea chrysosporicidea Sigler & Carmichael
Malbranchea cinnamomea (Libert) Van Oorschot & de Hoog
Malbranchea fulva Sigler & Carmichael

Malbranchea anamorph of Undnocarpus reesii Sigler & Orr
Malbranchea sp. ( strain GPCK 535)

Memnoniella echinata (Rivolta) Galloway

Metarhizium brunneum Petch

Microascus cirrosus Curzi

Microsporum audouinii Gruby

Microsporum boullardii Dominik & Majchrowicz
Microsporum canis Bodin

Microsporum cookei Ajello

Microsporum fulvum Uriburu

Microsporum gallinae (Megnin ex Guéguen) Grigoraki
Microsporum gypseum (Bodin) Guiart & Grigorakis
Microsporum nanum Fuentes et al.

Microsporum persicolor (Sabouraud) Guiart & Grigorakis
Microsporum racemesum Borelli

Microsporum ripariae Hubalek & Rush-Munro
Monodictys castaneae (Wallroth) Hughes
Monogrophella cucumering (Lindfors) Arx

Maortierella alpina Peyronel

Montierelln mutabilis Linnemann

Mucor circinelloides van Tieghem

Mucor genevensis Lendner

Mucor hiemalis Wehmer

Mucor mucedo Fresenius

Mucor piriformis Fischer

Mucor plumbeus Bonorden

Mucor racemosus Fresenius

Mucor ramosissimus Samoutsevitch

Mucor satuminus Hagem

Mucor strictus Hagem

Myceliophthora vellerea (Saccardo & Spegazzini) Van Qorschot
Myceliophthora sp. (strain BBT 41, CBS 116055)
Myrothecium verrucaria (Albertini & Schweinitz) Ditmar
Nectria haematococca Berkeley & Broome

Nectria ventricosa Booth

Neosartorya fischeri (Wehmer) Malloch & Cain
Oidiedendron griseum Robak

Onygena corvina Albertini & Schweinitz

Onygena piligena Fries

Paecilomyces carneus ( Duché & Heim) Brown & Smith
Paecilomyces farinosus (Holmskjold) Brown & Smith
Paecilomyces lilacinus (Thom) Samson

Paecilomyces marguandii (Massee) Hughes
Paecilomyces variotii Bainier

Papulaspora sepedonioides Preuss

Penicillium aurantiogrisenm Dierclkx

Penicillium brevicompactum Dierclox

Penicillium canescens Sopp

Penicillium chrysogenum Thom

Penicillium citrinum Thom

Penicillium cyclopium Westling

Penicillium daleae Zaleski
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(continued on next page)

Trichoderma viride, Trichophyton mentagrophytes, wag Trichophyton rubrum (4
duamsndmsuniazaldd) wazluussaatddnmds 19 sdatasinulalalug 3 duansni
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Species name

Keratinous substrate® from which fungus was isolated and/or which it degraded

wool

textile

hair

feather nail hoof horn  hedgehog spine  human plantar callus

Penicillium expansum Link

Penicillium funiculosum Thom

Penicillium glabrum (Wehmer) Westling

Penicillium glandicola {Oudemans) Seifert & Samson
Penicillium griseofulvum Dierchkx

Penicillium herguei Bainier & Sartory

Penicillium islandicum Sopp

Penicillium italicum Wehmer

Penicillium janczewskii Zaleski

Penicillium janthinellum Biourge

Penicillium oxalicum Currie & Thom

Penicillium paxilli Bainier

Penicillium purpurogenum Stoll

Penicillium rubrum Stoll

Penicillium rugulosum Thom

Penicillium simplicissimum { Oudemans) Thom
Penicillium soppi Zaleski

Penicillium spinulosum Thom

Penicillium thomii Maire

Penicillium variabile Sopp

Penicillium verruculosum Peyronel

Penicillium vulpinum (Cooke & Massee) Seifert & Samson
Pestalotia bicolor Ellis & Everhart

FPhialophora cyclaminis Beyma

Phoma (Corda) 11 ber & Hochapfel
Phoma humicola Gilman & Abbott

Pithomyces sacchari | Spegazzini) Ellis

Fleospora herbarum (Fries) Rabenhorst
Pseudallescheria boydii (Shear) McGinnis et al.
Pythium oligandrum Drechsler

Rhizomucor pusillus (Lindt) Schipper

Rhizopus oryzae Went & Prinsen Geerligs

Rhizopus stolonifer (Ehrenberg) Lind

Rutola graminis (Desmaziéres) Crane & Schoknecht
Scopulariopsis acremonium (Delacroix) Vuillemin
Scopulariopsis brevicaulis (Saccardo) Bainier
Scopulariopsis brumptii Salvanet-Duval
Scopulariopsis candida (Guéguen) Vuillemin
Scopulariopsis keningii (Oudemans) Vuillemin
Sepedonium chrysospermum (Bulliard) Fries
Setosphaeria rostrata Leonard

Sordaria fimicola (Roberge) Cesati & de Notaris
Sporothrix schenckii Hektoen & Perkins
Sporotrichum pruinosum Gilman & Abbott
Stachybotrys chartarum (Ehrenberg) Hughes
Staphylotrichum coccosporum Meyer & Nicot
Stemphylium maocrosporeideum (Berkeley & Broome) Saccardo
Stilbella fimetaria (Persoon) Lindau

Stilbella sp. (strain QM 833)

Syncephalastrum racemosum Cohn ex Schroeter
Talaromyces luteus (Zukal ) Benjamin

Talaromyces trachyspermus (Shear) Stolk & Samson
Thamnidium elegans Link

Thermoascus aunantiocus Miehe

Torula herbarum (Persoon) Link

Trichoderma virens (Miller et al.) von Arx
Trichoderma viride Persoon: Fries

Trichophyton ajelloi (Vanbreuseghem) Ajello
Trichophyton eguinum (Matruchot & Dassonville) Gedoelst
Trichophyton mentagrophytes var. interdigitale (Priestley ) Georg
T. mentagrophytes (Robin) Blanchard
Trichophyton rubrum (Castellani) Sabouraud
Trichophyton schoenleinii {Lebert) Langeron & Milochevitch
Trichophyton terrestre Durie & Frey

Trichophyton tonsurans Malmsten

Trichophyton vanbreuseghemii Rioux et al.
Trichophyton verrucosum Bodin

Tricho phyton violaceum Sabouraud

Trichosporiella cerebriformis (de Vries & Kleine-Natrop) Gams
Trichothecium roseum (Persoon: Fries) Link
Ulpcladivm altemariae (Cooke) Simmons
Ulocladium atrum Preuss

Ulo cladium botrytis Preuss

Ulocladium chartarum (Preuss) Simmons
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Ulocladium consortiale (Thiimen) Simmons
Ulocladium tuberculatum Simmons
Verticillium albo-atrum Reinke & Berthold
Verticillium chlamydosporium Goddard
Verticillium lecani (Zimmermann) Viégas
Verticillium luteoalbum (Link) Subramanian
Verticillium nigrescens Pethybridge
Verticillium nubilum Pethybridge
Zygorhynchus moelleri Vuillemin
Number of species

108

44

+

O s

225

-
58 23 6 4 23 19

@ = Y = 1 Y 1w ' by o
e () duamsviseylunsaduduamsniiildaansadevaaeliognedos 3 wih () fvunuils
Lanfufisemsslseansnmiianlunisdesaaeduainmiiieito

2.10 ASINUETIUNSTZUIUNISALSA



38

s o

Tuusani 299 meftusveadenildnandslunss §fs 107 ametusiviliiAalsaiy
uywd naReUsEIN 36% vessunuriaan  lusiuaudidug 31 a03ddungy
Onygenales uaxdn 30 Mwdeidu Eurotiales Tuussnn 299 alFdfinanaan @ 298 fidneglu
seuAaUaenfamaTanin (bio-safety levels; BSL) @iy via 1 uaz 2 Sednoglunguitla)
Hudunesedinuyud  ogslsfny ussmalddiedlungu2 16un nau Dermatophytes @
HuamnveslsnDermatomycoses  duilu BSL aana 3 xdiins 1 aldduiduiogluay
fiiags ufle Cladophialophora bantiana (319 2.6)  Wetkasgndnusnldainuuded
azdudelsanaUsyam (neurotropic pathogen) isinazAalviinlsa phacohyphomycosis
Tuasosmudosnedonss  Welsnil dwgndneglundu BSL 3 o1aflauanunsalunisneliiia
systemic mycoses %ﬁﬂLaﬂuwﬁuLLaﬂuLﬁaL?jaﬁﬂ“umﬂmﬁum (Baran, 1998; De Hoog &
Guarro, 1995)

Tngaguud nsamesvesduamsiasiuuna keratinous AU NNTEUILNTT
yanakazmaiuall fufnnnifosinguiung  Tnsameiusianilulainiagnuld 1
Feausllumy] Onygenales Wity usazdanuaglungudu 1 sausts Mucorales 3ndae &nsn
uazsefuvesmsdenanevesanaziueg fustinvesduansnuaganuiduduve i
Fufudunsvieruesyud, 91, fuazunizanesding wwvesyvdovuunerievis
naIfe SEAUAMLAIUMIUTBNEULATNAFINTINN
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3.1 MIAUAIRE9AY

uwiashogsAufiuinisdausnuuafiSeuasitdlandmasfuaduiinuiesould
91 3 wnadludainerauarusnsana fio vinuivulinddssnmeudesrii wamaua
fruaszn sunetgvn Favineran wasiuingthuguuylsuasmtusaigunen o.iiles 1.
gra kavdn 3 unaswesdminusisia anuytiuuileuy nitnuuilessug Lagngiiune
Tvun s1nedse  Tuusiazusis degrsdugnguiu 3 9a luuinageas 3 nn lasudazqadl
svezvinetu 1 wasiduednad fsefuaadn 5 e anRamihdu  Aufugnussgasty
genanafinnuiouruin 12x20 41 warldlundeslwuiifndavuwiadn  degrandnign
SuBesdsuninug uazvhmdauendesuaruuaiideriufidefeiesufoinsgatainen
A19198%3 e W INFYTVAUEAT

3.2 nMsfauenyaunIdgasuuln

Iusﬁzumusuaﬁ'%mi Enrichment Enrichment: 1gm ﬁaaﬂwaﬁuﬁlﬁumﬂﬂamaLﬁasuu
Irargniieawiaioniioansiuiugdunisisuiy  fedradornimnsaussgmiraadedy
Basal feather broth (BFB) %aﬁdaumamawuﬁgﬂé’w aulviuislugau (Memmert, Germany)
LavUnasLSnsieLAeIun (SHARP, Malaysia) gIasIhayynnsaweslatneuludes
autoclave (DAIHAN Scientific, Korea) uazgnifivludnwauzilunauisaneslad Wiovzldien
aaﬂmﬂsi’fmaaﬂmsmaaaﬁiﬁ’%uuidum”: Waan BFB- é’aasmﬁuﬁmmﬁmﬁ 37°C Tunnziwen
sowfiesdi 120 rpm L‘Uunm 24-48 . mawmwvmumwmumaqmﬁLﬂimLmImaawa
wuefidenasidosn  91ntuazyiims sub-culture Tuenmnslvlvdaieniu sgrades 3 Ass
deliuuafieviosdosvulailemaiius uiusinuazanndedy (Shih and Michael, 1992)
Aewvhnsinuenlngldommssimzdmiuidesvienuafidosoly

3.2.1 nMsfauenarnameulusinsiAa

dmunmsdauenideswaneuluiingfua UURNLIEN5U8e (Wawrzkiewcz at al,
1991) wionusuiBsudntosdsd daiaesan BFB-f79819AUz)n11u1ATI9dLazARREN
WWosTuuems keratin (1%) agar plate fiuszneudie (¢/\) agar: 15, MgSO4.H,0: 0.5, KH,PO;, :
0.1, FeSO,.7H,0 : 0.01, ZnSo,.7H,0 : 0.005 uazvulinsaimeslag 1% pH 7.5 1agid Spread
plate  widsnduazgniluUy (WTB binder, German) 7 37°C iflonsraaeunanielu 5 u
Tnlafliidonsouselenla (clear zone) axgnanidenuazdnueniiielsiuignslags hyphal tip
isolation luduneusely

3.2.2 msfaueniouuafiSenaneulusiinsnua

drunsAausnuuaii3otu Enriched culture  gmindausnuuafiegosuuldlngls
27119 3 qmﬁ'&ﬁﬁa Horikoshi media, Feather meal media-l, k8% Feather meal media-ll
LagvnnnsULEedt 37°C vulades Shaker (Wiseshake, Engtish)ﬁﬁm’]ﬁ’s 160 rpm WU 7 U
T,manﬂ 9 24 . ﬁ’am%‘ﬁ%gﬁ@maaﬂm Wierinis Spread plate Wag Streak plate UUIMNT
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Feather meal agar (Gordon Ruth, 1973) &9 nuslugus (WTB binder, German) 7 37°C
Talatlazgnasivaeunanielu 4 u uazlaladidenseuseluulaniaignazgnanidenuasdn
wenifleliusandlumsnasestumeusdaly

3.2.1 msdauenifeuuniiGendneoululiushed

Iumiﬁmwmﬁﬁauumummi Skim milk agar 81115 Skim milk agar %Qﬂm%awﬁum
waglddnuenlaladWoiiionssy caseinolytic &S streak UUaIUEIMS Skim milk
agar u& WenuafiFeazgnuuil 37°C Wunan 24 $alue anetugitadrslenla (Clear zones)
S8U ‘*]Iﬂiﬁﬁ%gﬂﬁ’maaﬂmLi‘]m%amﬁmiﬂiﬁwa (Zerdani et al., 2004) wazyin stock
Folsldlulonasiely

s

3.3 FBnsusnidaliuians

3.3.1 A3mausnidfesliiuans

Hyphal tip isolation (#aav18, 2544) ﬁ%’%msv‘iﬂmaﬂﬁqﬁ @ Hyphal tip 3¥gndn
fusnavoulalad Ussnm 1 un. Tagldidudedenioulnsndoudn anduasgninluang
LgﬁJx‘i‘U‘UBW‘VI’]i Potato Dextrose Agar (PDA) (Himedia, India) TngazafiusnanInans uay
lund 37°C uw 34 fu deasutmua Talatvendesavgnidsasuuewns PDA slant
vl stock culture wagazgniusawlii 4°C aundnazanldlunsneasssiely

3.3.1 AmausnitouvaiiGeliuians

Ium‘iLLEJﬂL%@LLUﬂﬁS&JiﬁU%Ej%é 9914385 Streak  plate 911 9 W wazldoms
Nutrient agar (NA; Himedia, India) uazvhdail leladifidonseuseluladinrefigauuems
Feather meal agar axgnénuaslfifuidadoanalsdunzidntion udwins Streak uuomns
NA uagUuil 37°C u1u 48 v, 9101y Uniformed colonies UUTULINEALYNAR Wazaud
unsuBudunAIU3ans nouarthuvh Stock Weudaws wieldlunsveaestusely
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3.4 miﬁqwﬁ?a

3.4.1 msﬁqwlﬁam

Iumiﬁqﬂﬂl,%aswzﬂﬁﬁ’ﬁmuﬁ%msmm (avuavauy, 2548) WieuUSuiUasuantios
fafl Weman stock Qﬂﬁ’lu”ngﬁlﬂua’Wi’liLéjENL%a PDA 9ggnuuil 37°C uw 4 Fu vins
qaﬂﬁa‘lmmﬁ’aﬂmﬁwLﬁmé’ﬂwmww Macroscopic wag Microscopic morphology #ilé
nmsdanedlad Fusfeutuendemaiia Wet mount uaz Slide culture léindasganssel

s35umn Iegld Simplified fungi identification key @89 Jean Williams-Woodward — uagld

g
il

Dichotomous keys ®aulaiaes Mould Laboratory, University of Toronto, Canada 7
http://labs.csb.utoronto.ca/moncalvo/malloch/Moulds/Moulds.html %38l Mould:

Isolation, cultivation and identification @aulauvea New Brunswick Museum, Canada ‘ﬁ
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Moulds.html
3.4.2 nMsigauvBLUANLGY

miﬁqﬁ]ﬂﬁ&wﬂﬁL‘%EJﬁm%’mm‘i%’aﬁjmﬁsé’ﬂwmgmqé’mﬁm‘imEnLLaz%’;mﬁ aufteduely
Bergey’s Manual of Determinative Bacteriology (2009) Iﬂﬂﬁ'ﬁmi%uﬁugmua%Lﬁaﬂﬁu
fail \Wouuafi3edidauenlduazoglu Stock awgn Refresh lupmmnsivias NB uaztudl 370C
U 24 % N L%E]ﬁ]%gﬂ‘lj’m’l Streak Ul NA Lﬁamaaummu‘%qw‘émawﬁa waztludowd
LLﬂiZLILﬁ@%ﬂﬁ@ULLﬂiiﬂLLﬁ%ﬂ"Iﬁ‘EIJG‘IL%ENC:]J’J samﬁgﬁmmu%mﬁmﬁu %u@ialﬂ%mmaaumsa%ﬁa
wulnauasineldanms Pre-sporulation broth (potassium acetate, 20¢/L; yeast extract,
8g/L; peptone, 3¢/L) wag Sporulation agar (potassium acetate, 20¢/L; yeast extract,
1g/L; agar, 17¢9/L)  msnagounsiuaiifisansaagauluadaildud indole, Methyl Red-
Voges Proskauer, Citrate utilization, Catalase, Oxidase, Urease, Nitrate reduction, Gelatin

liquefaction, Starch hydrolysis, Hydrogen sulphide, Glucose, Sucrose, Wa¢ Lactose

3.5 nMsAnezUuUUNIssiulanasnskaneulydinsfE

3.5.1. Mawdsudeniudy

mam%’auLﬁ'ﬁuaw,%'méfwﬁﬂ’ﬁmmiﬁsum (Saber &  Hersh, 2010) n¥ouUsuilasu
Bntosdsil Wean stock gnununidsdlues PDA 71 37°C wlonsu 4 fu adosasgnifuiien
Tnedamsiuiinduawoslad 3 ml aslUluaumzides wdeusuld loop fiknunisaulnudy
deavesing eliaveingnesnaineims adesiivgarimunazgngaiiielfifudeiduduves
msfnwzusuunsasaivlakasnskaaeulediinsfualuemis Feather meal media |
svsmananeuleflutusely

namSeudeunuafiioiudul fuAniuisues Saber way Hersh (2010) wéax
Usudsudniiosdsil Weuuafii3eanomaBes NA azgn refresh fenisnisimeihosly
9wN3 NA flonsu 48 Halus Taladlazgnifuiealneisnsiuinduaneilad 3 ml aslulua
iz wieuiuld loop Aiunisauliugds Welaladung Lﬁaiﬁwqmaaﬂmﬂmmﬁ 1alall
fvgeiamunvzgnaedetiunameslad elfiudeFusuesnmsinusuuuunisadyduln
waznanamoulesiariiualuemns Feather meal media | saiansuanioulsdlususdoly


http://labs.csb.utoronto.ca/moncalvo/malloch/Moulds/Moulds.html
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Moulds.html
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3.5.2. n’mm’mi’mé’m’m’mm‘%wLﬁu‘lmmLs?}las’d'wﬁmau‘lszjﬁl,ﬂmatua
amwmmsmmdmmLﬁuawwamLauI%m meuamﬂgummmﬁmsmaﬂ (Wawrzkiewcz at
. 1991) wsamimﬂaawaﬂuaamu aesuvruaesniiosSudy 3 ml awgnaarmeUilnld

aﬂm\lmaﬂmmm 250 ml Bsus3901mamen Feather meal broth (g/l 84 MgSO,H,0: 05,
KH,POg: 0.1, FeSO,.TH,0: 0.01, oz ZnSo,7TH,0: 0.005 sausiawuling 19, pH 7.5 Usunas 50
ml anadeziluued 37°C vwadouved 120 rpm w7 Fu N 93U AaLvesanlanan
dazgnandetivalilanduszey 4 WetheenluAnwnsuuuunaaiyiulnvesden taens
tfudhaulalaiiuuemns PDA  waginiauguil 600 nm  feipzesinAuLu UV-VIS
spectrophotometer (LIBRA $32, England) wieumeinrianssuvenouluiinsifuauay
Uszanaanududuvedusiuiomusludusioly

dusunsAnwinisiasgiulavesiuailisy asUURANLAEN15VRI Wawrzkiewcz Wag
A (1991) nieuuudeudntosdl wuafiBsunuassnideiduduazgngadeiunlulag
U3tnas 3ml Tdaslululanadaunn 250 ml 155991913 Feather meal broth U3ina 100 ml
9ty asilUtad 37°C vuedoaugnil 160 pm w4 Yu  FeghaazgnameandieTisly
Tns WieludimszidrianssueuleduarUszunalusiuvanun saudefnundnsinis
Ww3aiAvln Tne3nsiulalad dmdum Viable count waziaAAmsudieAIas UV-VIS
spectrophotometer fiaueapdy 600nm sievn Total count Wuszes 9

Tun15m59311 Viable count agldasnistudruaulaladniuisnisues (King at al.,
1979) wionufuiAsudntios n 9 szesiitnun dameddosluraradeuia 250 mi ag
gnaneenuimelulastilaU3unm 1 ml Nt 9wn1ie97e 10 wheeiles uwaz 0.1 ml
YoIRaLIesTiALE o Tinzay szgmiasldasuue1ms PDA fifldunay 1% 183 Apsa 80
(Amway, Thailand) vhmsnaliiadieuianiaaneslad ndwinnisuud 37°C uu 3 Ju
Talailomunuuanumeiassazgnidu uagvhnsdwnmilaladdodiesns 1 mlifudwaes
Viable count #ismsiinyn  33n1sivintu 2 91 e Viable count Sudurnade

d1m§Un13929 Viable count veudauuaiife Aaiaeiazgnaadisiualulasdy
szoy 9 AdvualutSina 1 ml vin19ides19 10 wisedles wazidenfalnedifonnsd
mmzamﬁaﬁﬂmiam 0.1 ml senudediuslulasuaziluldasunenns NA aantu 2zvh
nsnaRaeianan e mslua diludui 37°C Tuguy dloasurivuna 24 Falug
Talafifiusngazgansratiuilud Viable count sie 1 ml

lumel Total  count  ¥B3AALIBS AUYUVBIAGLIBIILYNATIVIAAINTTNITVEY
(Abrusci at al, 2005) WSeuUSuiUdsuidniioadail ﬁawammmia LAzARLRBSI19EQNAN
panu1 1.5 ml ldasldlu Disposable cuvette wavannifu ﬁ]“’U’lVLU’mﬂ’]ﬂ’]’iﬂﬂﬂauLme
AE19AAY 600 nm Iagldia3es UV-VIS Spectrophotometer wazldoms Feather
meal broth @mesladusiAandataessvssuuadieidusiusuainie Blank
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353 sUiuumswanieuleiinsiiusuestonuasuuaiiGendn

TumsAnunguuuumssdnieulsy Aviazdesmnamie Adanssmeneuluiinsfuauas
AusnaesUsiu o dldiifiunsndSmaves (Yu at al, 1968) wieuusudeudntes
el faweddesuazuuaiiie Ve 10 ml eganedilnlulaseeninanAaiIeseoms
Feather meal broth Turtanaienfufuildsndammswsaivln ndu asimsnsesinedy
Henses wielsilsidla (Supematant) Tngldidonses Nitrocellulose  Afivtnagsin (Pore  size)
045 lpseu  @ndlaildazilunnamianssneuledinniuauwazUsznaslsiuiomn

TuraeanaaesuIn 16 x 150 ml Gﬁqmsﬁmulﬁ 0.002 g avanelu Phosphate buffer, pH
7.8 U3anms 3.8 ml avgnuaudasdandla 3.0 ml 9nduaziluvadl 37°C iileiiaufisennis
gosaans (Hydrolysis) Tuszegiaan 1 47l Luammm@nm Ufiseveseuledifinaniay
ﬂﬂi”ﬂUiu%‘H‘VKﬂ’JﬁnﬁﬂﬁLL‘UGL‘L!‘H”ILL‘UQ 10wt ndwiniy 41588a1898QNUILINTOIAY
N3zA1¥NT89 Whatman No. 4 asludninesvuin 50 ml mu‘[,amlmzm"l,ﬂmamLﬂiwwmm
Aanssuvenauley Tnenseuaiininuenindu 280 nm 14e3es UV-VIS spectrophotometer
wadldnlafluimufAsemstesamedudsua Blank) ATl fvuali 1 mieveneules]
ﬁﬁhwhﬁ’whmiw?ﬂlsmuﬂawamﬁgmﬂﬁuuaaﬁ 280 nm TiAnTulaensnsziweneules (dau
Ta) 0.01 Tuwian 1 F3law

Tumsuszanaalusiuiamnvesdnla wadanisussanaenlusiuviamnves Bradford
(1976) %gﬂi“?ﬁ' neld Bovine serum albumin (BSA; Bio-Rad, USA) Lﬁummg’lu



unil 4
NaN1SNAaLaLanUsIe

4.1. ﬂqﬁﬁﬂLL‘c’JﬂL%I'E'JiqLLaSLLUﬂﬁL%‘E’JﬁNaﬁLau‘l‘?ﬂjl,ﬂﬁ']al.uﬂ

NaN1SANEINIAALENLTeT AT kUATI STt sordmeuledias e SnuSnaud
fnsituasvesmulimdeisegluiiuiidmiaussaa @msudauensy) S1uou 3 widaasdmin
gran (EMSUARLINLUATIGE) 311U 6 Wias Tagldi9ns spread plate wae Streak plate asuu
9113 keratin (1%) agar plate wagyuil 37°C w5 Juuay 4 Jumudidu Usingimmuiden
$mu 138 Talad ddusuauiinu 53 Talad 3 leaniideuseudendesiou andudesas
38.41 suaﬂf\?mauL%@i’nﬁy’wmﬁw?@uumwﬁ Feather meal agar AYM19149 4.1
Usznausie KF1, KF2 wag KF3 a5y 4.1 uasnuuuadiSefiairsleuladaauiigalunnatud
NAFBU WiB 4 aneus Ao BK1, BK2, BK3, uay BK4 Iuaﬁ’wmumaﬁuﬁ:ﬁlﬁLLammisJasJamsJ
wsdaswunn wasdulaladewndnlianansousnuessastiulaladldasanuariula
aegU 4.2 Uag 4.3

Jagtu nuATeRefuaunIdnaneuledinsfuanseviednenirsnsluiuii
wandadumlan  enulurssanssuuandlifiuindqdunisiunndrsfufiannsands
wuledinsiue Tnsoradudon wuailSouasuenilule wazuaninuasagesdais
Iﬂiﬁumiﬁﬁuﬁﬁagjﬁluﬁmﬁa, U, VU, LWILALAUERT (Kumar et al,, 2012)  d@rurlasiounved
Fosfidunulunuided sadudesssun msedounisdauenldldisdndenlnamaia
Enrichment fau  Kumar wagaug (2012) Tunisnwisiasidlulafnnualdd Absiedia Tu
26 §19819910 80 FIDEIRUTIAUTIUTIN (28.9%) Ut T8 Entomophthora coronata WU
fenfiandio 6 Fie819 (6.7%) Wiy Wesiwudnsdunuiduiulenmauasinadaillfifiodn
Wondau 9 (Kumar et al.. 2012)  Bnnsdifegmilefife maduwendesluruunveaiios
Kerala Usgimnaduiielag Mini uazany (2012) Inaiiuiieg1afuusiunisudnitn s1uau 60
Fr0g19 ¥1n1513091980879 waziandsaunemis Keratin Agar medium wudn & 51
fhegharhduiiiimsasyiivinvendon ddusuiuiinudos 8 lolwan (15.7%) fiaddlay
Taioiau Ao Aspergillus niger, A. flavus, Afumigatus, A.nidulans, Penicillium sp.
Chrysosporrium  keratinophylum, — Microsporum  gypseum Wy  Trichophyton
mentagrophytes

wuafiFeinenldnnesvezdningnuandiiiiuin wiesdesvuiasidu vinlduuun
Huunawemdanu arsveu ulaseuuaziusdy  wuafiSefivenldainanizwindouuou
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A1319 4.1 Sunulalatdveatins KF1, KF2 uay KF3 fiasquuenms keratin (1%) agar plate waensuadl 28 ° C uu 5 Ju mwan1zilanviuali

Tuasmmeaes
L. Ly Suulaladiidnnsadralovla (%)
WWRLNUADEN 1aladnavun (%) .
KF1 KF2 KF3 sausiadraloula (%)
nyjUnuunleseuy 46 (33.34) 9 (19.57) 7(15.22) 3 (6.52) 19 (41.30)
P NTRITRI R LTI 47 (34.06) 8 (17.02) 5 (10.64) 4.(8.50) 17 (36.17)
nyjUunzlnun 45 (32.61) 8 (17.78) 6 (13.33) 3 (6.67) 17 (37.78)
T3 % 138 (100) 25 (18.12) 18 (13.04) 10 (7.25) 53 (38.41)
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KF1

5U 4.1. lalatlvaayasniidausaunie clear zone ¥as KF1, KF2 uag KF3
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KB1 KB2

=

g 1
5U 4.2 lalatlvaavauuniisenaausaunlalaulauas BK1 wag BK2



KB3

KB4
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5U 4.3 laladlvaavauunil

a Ay

LIYNED

usauneloulavas BK3 way BK4
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a & & a a Y a A& = a .
walsln Amunssyiulageannielaanizuelsin egreiviulunsdlvesau@inlu Family
Bacillaceae (Williams et al.,, 1990) Aedurenisdmsunisusingivesaeiuiilunases
o ea & N =1 o a ° i | < & % P & 2
dailnAfe wualSewarilweussandulualdln  eg1slsinny anuduldlauinndnd Ade
unasilunsizaniisuindend 9 FyadaiUngniiusivswiuduaniizuesgdunidine
Uszneudulvudniaguinuie Jeibinisusuimlidrdunisldduamsnivihde saasuazyi
pannTu (Savitha et. al. 2007)  nswdsideuveadsvuuninegaursdidunaiiaiddnenm
Tunsdosaansvasvunaznslduselovdlugusduingivenmsdad (Sangali & Brandelli,
2000; Riffel et al, 2003) YaunIdNgavaarvvuwaziaulsy keratinolytic aunsaianldiite
Windseansnmnisgeslauaansifuauun (Suntornsuk and Suntornsuk, 2003; Zerdani et
al., 2004; Suntornsuk et al., 2005)

& A a Y] Y o eal = & v a . .
WanuafisegnAnkenlaanlsanuwdssudnitn daduidiveianssy keratinolytic
LAZANAINNTOIUNNTEDAANEVRUTLLATIAY  WUATISENAULAAITNYUENILANAIINY LYY

a a | ad v a a a ad | O

nsasaAulalugeungiinnine  Aanssulusislafindfgagnasianusening 30 C uaz
O PN av 1 Yy 1 e a . . daa |

37 C Tuvaensnsauidduneuniilanaifiawuadiise keratinolytic NfifanIsugRE@A8YLUN

ﬁiiﬂ%ﬂﬁ@ﬂmgﬁQQ (Atalo & Gashe,1993; Friedrich & Antranikian, 1996; Mohamedin,

1999) usiangiugivaiinginssuaanefivaieiugive Vibro KR2 Leneennauntniainnis

gogaang vy (Sangali & Brandelli, 24) AInssugosaagiATIRUGEANEUUNIUIUNA19ATTTY

a

Judnwaeifiaussasd inszgaunidwanionanisiagesaaislimendnuianas

a4
4.2. ﬂ']ﬁ'ﬂ%"JﬂWQQUL‘U@
o e X D S p
n1sfigativesluaseillneiUesiuldnisifieuiAgsiu Dichotomous keys saulal
Y99 Mould Laboratory, University of Toronto, Canada &g Mould: Isolation, cultivation
and identification @aulaived New Brunswick Museum, Canada mmsaaqﬂmaﬂqaﬁuaz
Snwuzvandasidauenladn KF1, KF2, way KF3 W8u Aspergillus sp, Penicillium sp.,
wag Cladosporium sp. MIA1519 4.2
nanlaggs KF 1 Mluiiosianeiud Aspersillus sp. flanwazlalatiuue1ms PDA
N & A = & a i A o o & = Ao A a
szuzusnlalatiludent Fududvesanssi aeuilleiinisasalaslalataziidilen &7
lalafindneiugnglisey Telaladiidvnwazmaes dnvaenindesganssadaiesila dnis
nunuyalasvse conidiophore 817 AS8U AMTINAN foot cell UarevasinuyaUasnas
] . ~ Lo ' P v o ! a a Lo ~ L
pontu vesicle U phialide §UsAa8LaNU magimiaw,mmmwﬂaw phialide  conidia
sunau Seu dedwdunnlvninanglgiselagseu dwu KF 2 u Penicillium sp.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Friedrich%20AB%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Antranikian%20G%5Bauth%5D

(% . . . &' =5 14
M99 4.2 anwalen1N Macroscopic ag Microscopic YaudsnAnuenla
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¥ 4. Y
Was1nAnkenle

anwoY JUWD Aeduy HaWE UL
, dnwaulaladl szovusnlalaiidudvndaduduesanss
Macroscopic . o o v N A a A ~ v
souiladinisas1sausslalatiazdddenialalatinane
morphology . i JRp -
muzudliiseu Talaladiiduuavinans
Aspergillus sp.
KE 1 perg p
g laintany Muyalasvie conidiophore g1IATEY
. , MIRsa1a1n foot cell UangvasiugaUasneotoanidu
Microscopic ) - . v o & o
vesicle i phialidegusnendnguaiunteglagsou wailaen
morphology

#Uane phialidedl conidia gUnaw 13au dofudunanend
Adelgisedlagsau
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52

4” o ¥ [ o a a L4 dy
WosnAauenld | anuva AN95U"Y NaNgLYD
. & N P ‘:4' & oA

Macroscopic WosrezuwsnlalatdvnudAse udvududidsauii
morphology woudn Rilalatdeansnuds Talaladdunuezindes
Penicillium sp.
KF 2
drgs1lalndeny Augalesunnuyus vu metulad
Microscopic phialideuUs19aaN843UT095U conidia NHFUTMNaN Hile
morphology WSeulsgenaiugIInasasld snwazlagsiuaaulyusy

G v
139kINIA
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4” d' o ;7 %3 [ a a ¢ A
WWas1NAawente AN UL ANasUY NaNgalYe
ﬁﬂﬂiﬁﬁﬂé"}aﬁmwﬁﬁLsdumﬁwmaﬁaﬁﬂﬂhﬁaﬂHuLé‘ﬂﬁaa
wariiseendngulalalatiadnn
Macroscopic
morphology Cladosporium sp.
KF 3 = v = - gj ¥ 6 v 1
anesdduintdenu Augavesddy unnuwuuiauendly
WU @319 coonidiassararluatssnifsnsassansduly
anwagadeuwiuliiconidia HuSyUUTIINAY T van
Microscopic 29NINAUIY

morphology
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wuin Taladszezusnddvoudides udswdudideroutn vevdvns Adlalad
pienautls Ilaladdvndnuuemnindssganssmianeslaiineiu conidiophore wanuaL
U metula 31 phialide §Us13AE81aRAUTDITU conidia AigUs19nay rfadusdeiugnn
adeanely Snwaslaesiuadiowlsinialiingn was KF 3 fvlu Cladosporium sp. wans
Snvnuzlalatuuens PDA fifnlaladlederueyd Adenthmatien leladonyudntiosuasd
soondngu 1ilaladad dnuvagyandesganssmisnenddy fufsfufuyaeddidu uan
wwnsauenlidutueu a3 conidia Sewiluaeensusaesaetulusnvaradouus
suldl conidia N¥aEU JUSINALT

WeuuaTiSens 4 isolate Qﬂﬁwmsmﬁamﬁaﬁqaﬂﬁ% HaUs1nN9I1 KB1, KB2,
KB3, way KB4 \Ju Bacillus sp. S9azi3unndaaniin By Bacillus KB1, Bacillus KB2,
Bacillus KB3 wag Bacillus KB4 laedl 2 anewususnainsuneiiesuaznsstismudisu
du 2 aeusimdeiduatoiugaindunoszm  wamsnnaigaufiasulilunnsg 4.3

seudonuaiile Seinuenaindegisdwindey Tnoianiz Mesophiles  wan
wuladinsfiuaiiivssasamanusadesaatsvulndy lildedwl uaziisenusiuaumn
Gaur uazAnz (2010) ledauenideuuaiiide mesophilic 3 win finanteulel Keratinolytic
warluvuliuwasuniisnu aelu 120 F3lue 9ndreeaRuusias Gazipur poultry processing
olant usidedidauenldunninsaneddelundsi fe 16 Pseudomonas thermaerum GW1
uennil Fenuiitufanesdesaneuuungn Enriched Fewdaain digestor vaudedn
Un wazusuimbiAulaluansomsvuuntugruzidulnawanuesnsueu fuzdulasnasany
sounuuAfiiedugIunsanszuen sesaansvuun, aieulaaues, uazindouiildgnuensen
INAALIBSYDYEANYUUUN %aﬁﬁa Bacillus licheniformis PWD-1 (Williams et al., 1990)

nsulasendsruunlpgduvididumedeiidnenwlunisdesaansvunagnsly
Usglovtiuingiuonvnsdnd (Sangali & Brandelli, 2000. Riffel et al, 2003) qaunididos
aansvuLasdioulaianflulafnamsatunldifedulssansnmnstosinsfuuuunle
(Suntornsuk & Suntornsuk, 2003; Zerdani et al., 2004; Suntornsuk et al., 2005)

#U%d Bacillus IusNgnIeUImWanlURaATIANE (Lin et al, 1992; Cheng
et al,, 1995; Lin et al,, 1999; Manczinger et al., 2003; Suntornsuk & Suntornsuk, 2003,;
Zerdani et al., 2004; Suntornsuk et al., 2005). WaganeusesameiATAUATUTEAS AW
mmﬁqmiu%ﬁa Bacillus Af® B. licheniformis
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A5 4.3 asUran1InTIagatlieuua s nanATMuanAnLenIINSNNBLiles nTelilelay
BYI WYL

anyasNnsIadau

NaRN3E U
KB1 KB2 KB3 KB4

Cultural Colony morphology Large, round, irregular, mucoid, fast growing

characters colonies

Microscopic Spore staining Spore forming

characters Gram staining Gram positive rods
Motility Non motile

Biochemical Indole Negative Negative Negative | Negative

characters Methyl Red Negative Negative Negative | Negative
Voges Proskauer Positive Positive Positive Positive
Citrate utilization Negative Negative Positive Positive
Catalase Positive Positive Positive Positive
Oxidase Negative Negative Negative | Negative
Urease Negative Negative Negative | Negative
Nitrate reduction Positive Positive Positive Positive
Gelatin liquefaction Positive Positive Positive Positive
Starch hydrolysis Positive Positive Positive Positive
Hydrogen sulphide Negative Negative Negative | Negative
Glucose Positive Positive Positive Positive
Sucrose Positive Positive Positive Positive
Lactose Negative Negative Negative Negative
Caseinase Positive Positive Positive Positive
Cellulase Negative Negative Negative | Negative
Deaminase Negative Negative Negative Negative
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nuAnuineuntii 8. licheniformis PWD-1 dosaansaulnfudiosldosrsauysal
dledanesd 50°C WWunan 10 Ju wagiimsasuiulafivunzaniarnsndnasfiuaiso
(Williams et al. 1990, Lin et al. 1992, Cheng et al. 1995) LAI@LUERIN B. licheniformis
PWD-1 uansianssuiasalulafings 399¢le Optimum 71 pH 7.5 uaz 50°C-55°C  agdlsh
n1u mavdaeulediazgnasulasdudeannsusngfwesnglaauasiansaueulesiay
melegreduiaiigumgigs (@and1 65°0  Tasenafunamannsaaisivaseulsd
audnuumainmuaaglimnannsiieuluidlddonded  aeiug L25 w09 8,
licheniformis #Auausatunisgesvulnlaegadivss@nsnmuasninfanssuasfiuags
ﬁqm (11.1 UML) 9 40°C-a5°C ilatnunu 60 92lus (Lin et al, 1999) upAanssuLATIRLLET
ssuuafi3etisininees Bacillus W Rlulafnlusiieaaeiusdug sdradulddn  anetus
lysivea B. licheniformis, K-508 Qn31847431 govaulnldognafiussaniamd pH 7.0 uaz
47°C uay pH wavgnmglivanzanegd 8.5 uay 52°C  egndlsfiny auaudtRmanissll
wangaufumsldfnuaiadandudinnlunimeaasfualsfioaves Bacillus aewusdu |
WwWuu (Rozs, et al, 2001) Wi B. licheniformis FK14 TAanssuaalulafnfiadignil pH
8.5 WAy 60 C LATIALAYDY FK14 uanInmmuioudiugunnil 50 C-60 C Aandsan 60 il
wilifien 40% fivdosgainAanssuEud (Suntorsuk et al. 2005) wanIsAnwIMAT
PiFuin inmfuannaneiugieu q suunidlivangdmiunsldanudondss

nsfnwIteAuns Tnslameuuafide lddauenin ddaifanmnasplulafindey
3lugulavesfaes  niskanan1sinauveteulslinsAauuduamsnasIAulugIue
Juumaadervesmsuounazlulnsiau Inead3d Bacillus wulusieauneu q unueiui
(Korkmaz et. al., 2004; Hoq et. al., 2005; Tapia & Contiero, 2008; Brutt & Ichida, 2001,
Cai & Lou, 2008; Lee et. al., 2005)

yugulvg 1 B - insiu wazdsildFusonuanluauidedu q aewus Bacillus
dulvig) Wdn keratinases govaane B - 1A31AU (Korkmaz et. al,, 2004; Hoq et. al., 2005;
Cortezi et. al, 2008) msaransves vulifuiies Invdrulaveaaduandifiuiinisdos
aaneinAulagioulesiangdunidifnenmmanalulagdinmeenisudssy veadsan
geamnNssudniUn

91NN15ANBIVEY  (Geethanjali, 2011) lédauenidesiainfuluiiies Madikeri
Uszinaduie Tneldidunudumiodesuuivluauemsidsndenuidosluems Agar
media 41w 46 Talatuazd 10 lelwian Anlufosas 21.7 Ansaandeleu daldnug
A9191NANS A ﬂwﬂuﬂ% QfT e LLﬂ'L%J ® Microsporum,  Penicillium, — Aspergillus,  Fusarium,
Cladosporium, Chaetomium, Staphlotrichum, Gleocladium, Pithomyces Wag
Saccharomyces Gumzﬁ (Ingle at al,, 2012)151’?"1’91&%Lﬁ'gaiﬂmﬂﬁuimﬁaﬂ Nanded, Maharashtra
Usewrdwnelngldion1si@ea1s Uue s Sabouraud Dextrose Agar (SDA) medium Wu
Fos1 22 wila waznu 7 leloian Aniludesas 31.8 fasuadslouuy Agar plate Falsmugs
nanmsanuluasadl leumide Aspergillus niger, Alternaria alternate, Curvularia
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lunata, Fusarium oxsporum, Penicillium sp. Myrothecium roridum Wa¥ Trichoderma
hamatumand. dau (Mini at al, 2012) ladauendesluruunveniios Kerala Ussine
suile Tneviumegsiuusnamhsadaitn s1uu 60 fhegraihnsmsidenuasdsmuuems
Keratin Agar medium i1 51 fhegnawifuiifinseigueadon dddusavinuidon 8 leluan
Andutovas 15.7 fiadrandeslouls %alé’wugqﬂ’jwmﬂmiﬁﬂwﬂuﬂ%ﬁ ¥urido Aspergillus
niger, A. flavus, Afumigatus, A.nidulans, Penicillium sp. Chrysosporrium
keratinophylum, Microsporum gypseum Wag Trichophyton mentagrophytes Wag
(Saber at al., 2009) lEFausnuazsiusndos 82 wisaniegrsauusnamsaldlulsynea
58U# Tnel438m51309n9une1ms Agar plate medium nuidest 27 lelwan Andudosay
329 faunsnadaeulsiieniiua dsldwuganinnnisineiluadsi IHunidelundy
Alternaria., Aspergillus, Fusarium, Penicillium wag Trichoderma W@ (Prerna  and
Kushwaha, 2011) légauendosiansiogaduluiies Kanpur Usgiwmaduiae taglaasnis
13991901015 skim milk agar (SMA) medium wuies1s1uau 101 Taladl uazwu 13 Teleani
aunsaas1veuledinsiua Andusesas 129 %ﬂlﬁwua‘jﬂﬂ’jw’mﬂﬁﬁﬂ‘lﬂﬂUﬂ%ﬂﬁiﬁLLﬁ
Acremonium brunnescens (MTCC 10376), Acr. Byssoides (MTCC 9985), Acr. Chrysogenum
(NTCCI 1883), Alternaria aiternata (NFCCI 1878), Alt. citri (GPCK 3033), Chrysosporium
indicum (MTCC 10377), Chry. siglerae (GPCK 3042),Chr. Tropicum (NFCCl 1884),
Cladosporium chlorocephalum (GPCK 3069), Cla.Cladosporiodides (MTCC 9983, Cla.
Herbarum (GPCK  3030), Fusarium culmorum (GPCK 3204), Scopulariopsis stercoraria
(NFCCI 1885)

MnnsAnEIASail WUa"wuauuazmaﬁuﬁ:mau%ﬁﬁwLLmﬂﬁmmmmiﬁaﬁmum Fadu
FosUn@ntinideyszavan deradumszuinavesgdunidlufuazdanuunnsiady
ﬁﬁﬁuasﬁuaqﬁﬂizﬂaw‘%a{]ﬁwawG]EJEJ’N iy wiauazUSunamesaisenms anudulufu
N135¥U1891NA 9N il pH @n1EU90E19 LYY Lﬁﬂﬁwham%amiﬂ%’w?aau (Wianwalllay
U3, 2553)

4.3n17zn15ain15ksAulanazn1snanvadaulediagflus

4.3.1 Aspergillus KF1, Penicillium KF2 wag Cladosporium KF3
maa]mmi‘wmaaumazﬂﬁa}umﬂmﬁf%zglﬁuimLLazmiwﬁmaqLau”l,edﬁlmwal,uafuml%a
Aspergillus KF1, Penicillium KF2 wag Cladosporium KF3 Tus1s keratin broth fildann
nsAnwMssyrendesiaenistusiuiulalaiduuems PDA filda1nisnis speard
plate N1334A3124AT OD wazn1sBATITRANINTsUTDLeulYinIfUE Usingdn e
Penicillium KF2 uudesianiuaueniaad o 1193uanszes Lag phase (1 unit/ml) 184013
L3uLAUle Turgued Aspersillus KF1 wag Cladosporium KF3 gARsIanumsUaginsfue
a3 uvesszey Log phase 109n1519360Ula (3.9 unit/ml wae 2.9 unit/ml) Sadeseanil
LAPIMSHARLATIRLUAZIAN 01 F9AUAARITEEY Log phase vasnasauiuln TnefiRansay
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uleivoade Aspergillus KF1 winfu 70.7 unit/ml, Penicillium KF2 winfiu 83.5 unit/ml
waz Cladosporium KF3 winfu 72.4 unit/ml Aowiandannntudl 4 uas 5 vean1sUN wazNg
NARLATIAIAIZANAY ﬁaqéuqmmaaizaz Stationary phase vsn1sLasgLAULR Inedifanssu
wulmiveuie Aspergillus KF1 WU 67.8 unit/ml, Penicillium KF2 AU 80.4 unit/ml uag
Cladosporium KF3 wihfiu 68.9 unit/ml fasinndsannufl 5 uaz 6 vesnisuy s
Wiulnvendosra 3 %ﬂ'auﬁmmqﬁ’u nanafe Tutuil 4 wudn Aspergillus KF1 fisws
n91a3auiule viable count iy 8.9 x 10° cfu/ml A1 OD Wity 1.119 Tuvaed
Penicillin KF2 il@n viable count 8.4 x 10° cfu/ml, @1 OD w1AU 0.814 @u Cladosporium
KF3 lrien viable count Tesmswadulslndides Tuiufl 5 Aewinfu 8.95 x 10° cfu/ml fn OD
Wil 0.085 fsgu 4.4 Tuuseiiuvesrn OD sfusnnivmraesunelivansuszns usivsenns
ddyenainaniarstusnnesinesindy nandntevilaife mstu viable count
fuanBunaalesii Germinate uuasuds uinsiarusue OD Tavnuadion Hud
aues dilauazesrusznouduvess ldldavesesnafen lulssfiuvestsnsndnnsuanuiy
HaTlldaenrdastuenuNsHAnATIRLUaTeY Streptomyces gulbargensis DAS 131 Fawuf
geanluregavinevesszes Log vesnsiasapiule (Syed et al, 2009) uazadnefuiuf
s1891ulae Kim wazaady (2001)

wiluanulussadonimuthadlamnnifie nsdnvndoswamasiuadd
AaUTNtRENIMUATISY Saber wazAmz (2009) laAnwiiasigvmAInansTuvotoulying
Riua Tinanldannide Altemnaria tenuissima wag Aspergillus nidulans Feldanmsundeaide
wuuLwglue1ms Broth basal medium wagld Tris-HCL buffer pH 7.8 Tumsitaszviioulasiias
fua wuih W Atenuissima aunsondnoulesiarfualdgegn aSul 5 ity 534 U/ ml
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OD 600 nm

=== Total Aspergillus sp.

- 0.8
=== Total Penicillium sp.

=i Total Clardosporium
sp.
Lo E—JK—OD Aspergillus sp.

st QD Penicillium sp.

et D) Clardosporium sp.

i O'A‘—O—;nﬂ\cti\.rit\_.r Aspergillus sp.

e Actiivity Penicillium
sp.
e 3ctivity Clardosporium
- 0.2 sp.

5U 4.4 AMzn1salvasnssyiulanaznmsnanvataulesiins@iue (Growth and production profile extracellular keratinase) ¥ad1%a

Aspersillus sp. KF1, Penicillium sp. KF2 waz Cladosporium sp. KF3 Tua s keratin broth #ilaainnis@nwinisiasgyueadesilag
nstuInulalaiiuue s PDA n153LAS1%AT OD wazn1sitAsiziAInanssueteuledinsdiua
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waz A nidulans Tufudl 6 wiadu 55.8 wml Ingle wasamz (2012) lédwszinisnan
wulmlinsiug ildannsuadssuuegtluems liquid mineral medium wagld phosphate
oH 80 lTumswseimardmeulmiias e wuin Wo A niger annsananeulesdinspuals
winitu 75 U/ml lu 12 S uawidle Penicilium sp. ansnsarameulssiasifualdgaaniviitu 64
U/ml Tu 11 $u dau Mini wazamz (2012) Tédasieinisudneubaslinsifuailéanms
Undsauumgtluenmns keratin salt medium wiu 5 54 uagld phosphate buffer pH 8.5 lunns
Aaznnsuaneuleliasifiua wuil A niger anunsananeuluiiasfiualaviadu 406
U/gds, A. flavus 1@ 560 U/gds, A. fumicates e 425 U/gds way A. nidulans ¢ 324
U/eds  agnslsfinnu Prema wag Kushwaha (2011) Mé3nsnzvinsnaneuledins e il
nmstdeslues lquid medium w60 Wit wagld NaOH buffer pH 10 Tuns
AAszvintsnanteuleiiasifiua wuin Cladosporium — chlorocephalum (GPCK — 3069)
aunsananeulstiinsfiualaiiies 10.98 + 0.50 waz Cla. cladosporioides (MTCC 9983)
16 1857 + 1.84¢ Bn318fife Friedrich warAne (1999) lédmseinsnaneulsinsine 7
I¥anmstuidssuuueiluemns solid medium wu 14 5u uasld phosphate buffer pH 7.8 lu
Mwzinsnaaeuleinfiug Usngin A flavws anansandatouledinsidiualeviiiu
781 mU/mU s Sufl 7 waz Cla. cladosporioides anunsananoulasiiasfaldivindu 92
mU/ml’ @ uil 10 Fasreeuiiomeiuaznaanisensed szdulddaauin ﬂ'wﬁaﬂssmaq
mimLualamiawﬁmaﬁauwmuuuawuuﬂ‘uma‘vﬂfn 918UBIAALIDT WATANIITNITNY Fed
yionsuan Tuvsannzvesuiteneules validleldduamsniimieusunielndifsety
(Son et. al., 2008; Park et. al., 2009)

Faraq & Hassan (2003) ld#auenuazatansesuiavdieulsiinsfuandaaoites
wuldveade Aspersillus oryzae w%’amﬁgﬂﬁﬂm@mamﬁ’aﬁw 9 Guaqt,auiezjﬁu‘%qw‘é 919 UszLam
voseulesifiiumonomeric maluana dawiidu 60 Alamnadu Uszdnsnimieulesse
duamsnlushurilafig 9 819 Bovine serum albumin Way Casein 1AsIAuvUlA, AoAILAU
vl wazyuuny $3uAs 929 pH uazenmgiifivisnza dafife 7.0-7.4, 60°C lunnazgnaie
waz 8.0, 50 C lunedassvasnisinufisen Feanusaiuladatauin Laulﬁiﬁu'%qwéﬁwu
Awougs wazessTinvesiaulesiil 45 °C 60 uni

PnnsAnmASsEnUI meleszimaenssuveneululinsfiuaalaaluusinai
LANANINUITe RN FaduFesundfiiniduldusrauin msedhsnainfAzeves
ulesinrduiulldduioss fussansnmdsdaduiuegifuan newndoudiusznaudie
AUNtuYeIduamI Anududuresoulel aamall anulunsaig (pH) wasn1sdula
sevriaeulvdfuduansm mahouveseuleduenainizdesnsannzwindeuiimunzauly
nsieuud euledueiafossufuasdunlidldlusiudn Sagvimihliselfasenld
Ioun leseunedany Mi3unin lausinmes (Co-factors) wazansdumidluanadniiiondi 1a
wwulwsl (Co-enzymes)  Bnuseniswdafifie vudmlngdl By wasdsiildinefidresuiely
Tunuidedu 9 Bacillus aeWusaulvguan keratinases gavaans B-ias1Au (Korkmaz, et
al, 2004; Hog, et al, 2005; Cortezi et.al., 2008) nnsaranevesvuliiuiiednsdiulaves
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WadNIZAsT AU ddnanmmanaluladdinmiiietestunisgesaanawasifulunis
wUsgUveadudniUnangnamvngsule

4.3.2 Bacillus KB1, waz Bacillus KB2

Na’mﬂmimaaum’azmszﬁw%ﬁylﬁuimLLazmsmSmLaulezfﬁl,mwal,umau%a Bacillus
KB1uway Bacillus KB2 Tus1m1s Feather meal agar lngldisAnnudnsinisiasgiulauaznig
wamasfuaduszey q deifles Usingd o Bacillus KB1 3uddesinsfiuauenivad
onuliimsanuld w 919duanszey Lag phase lasfanssufidwiiu 0.6 unit/ml uas
dw5U Bacillus KB2 fuifeniufie gnasianunisuassiasifiug o ézim%?'m'fwuaaiuau Lag
phase TmAAanssUWiNaU 3.8 unit/ml Lﬂi’mLuammiamaﬁmummumaa 9 WIONNT
La'%zylﬁuimﬁm’hésﬁw Log phase ¥4 2 A189UT NUNAAATIALUAEER o mmuamaﬁivav
Log phase v03n15t3a38YLAUle Imamﬁmiimaﬂéﬁmawna Bacillus KB1 AU 61.9 unit/ml
war Bacillus KB2 winfu 73.6 unit/ml wdan1ndalasdl 48 vesnisiasauivln Sevanedianis
\Wigseey Stationary phase nunskamelesiiasfiuavesi 2 aeWus anasuazanadlion
q siolU wiou q Aunsaliudeluvedszey Stationary phase ¥8In1sla3gLAvls  Aanssy
wilwlinsfiuavende Bacillus KBL Wiy 56.3 unit/ml uag Bacillus KB2 wiriu 58.8
unit/ml a4 Falusit 60 vosmsmswsaiula 91 2 Wil azdaunmudiu Viable count Aaudns
Fnefiuseminei 2 aeviugfe Bacillus KB1 fiduu Viable count geftan o dalusdt a8
Winfu 11.1x10" cfu/ml # OD Wity 0.384 dIuwea Bacillus KB2 ogfi 11.7x10" cfu/ml #
A1 OD Wiy 0.398 MmuenAy ﬁwazlﬁamﬁy’wmﬁlm@ﬂugﬂ 4.5 upy 4.6

4.3.3 Bacillus KB3 wag Bacillus KB4
nsAnauazmsainssdulnuasmsranveeululiniiug veade Bacillus
sp. KB3 wag Bacillus sp. KB4 Tue s keratin broth Inan1sns1aiu Viable count uag
Total count TatnTsvaneulsiinniua laeislesgitanssueoulel nausingin s
WinuasmandnioulsivondeuuafiFons 2 aeuglizuuuy (Pattem) fideuthaaiu
Entios namite uiazszezvosnsesuiiule faud szes Lag, log, Az Stationary phase,
Bacillus KB1 91n3%8 Log phase w1gszey Stationary phase \uluroudnadingi Bacillus
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10'2 Cfu/ml Enzyme Activity

) masaranIa
unit/ml

12 - 80 0.45
70 /* - 04
10
60 A — 0.35
;| 7/ s
50

/ \‘ - 0.25
6 40 \
30 \ -

20

%‘ ~ 0.05
0 - 0 | 0

0 3 6 9 12 15 18 24 36 48 60 72 B84 96

#1114 (h)

—#— Keratinase activity /280 nm —#—Cfu/ml ——0D 600 nm

5U 4.5 anzn1salvesnsasyiAulanaznsnanvasaulesiiasifue (Growth and
production profile extracellular keratinase) %aQL%’a Bacillus KB11ua1%1s keratin
broth N3 Wians Viable count tag Total count (Turbidity) d%susninnig
WSeivln wdeusuansianssueledinsiiug Semnefinmdseuleiianiiug




63

10" Cfu/ml

10

-2

20

80

70

60

50

40

30

20

Enzyme Activity

M AYIa
unit/ml
I I
o 3 18 24 72 84 96
#2114 (h)

=i Keratinase activity /280 nm —&—Cfu/ml

—— 0D 600 nm

0.45

0.4

0.35

0.3

0.25

0.2

5U 4.6 AMzn1salvasnsasyAulanazn1snanvasaulysiasftue (Growth and

production profile extracellular keratinase) %BQL%EJ Bacillus KB2 Tuannns

keratin broth N3 viLana Viable count wag Total count (Turbidity) @uiudns
nMaasiule wioumuansfansueulsdiaT@iug Famnstnisvaaeulziing

ALua
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KB2 fafia Stationary phase Tu 60 Haluwasnisisaivln luvasd Bacillus KB2 Wi
Staionary phase ludalusdi 48 ludnvesniswdaasifiuanuin Bacillus KB1 wag Bacillus
KB2 fisUuuumsnanilndifestlunivesmsnngsan Gemu i1 2 aeiusudaamiudld
NGO L’Jm?:uzjméuaqszaz Log phase ‘1;1‘;@@' ssfuanzUTinaasAluaindsoonin uaz
nawhi ﬁaﬁiﬁé’aé’uﬁuéﬁuszwnﬁﬁmLauimﬁﬁmﬁusw*mﬂy’a 2 @ewusl edanssy
WMIAEANARYRIENENUS Bacillus KB3 wa Bacillus KB4 wirfiu 22.5 U/ml wag 23.3 U/ml
MUE @ Viable count geaniviiiu 18.0 x 10° cfu/ml wag 17.9 x10° cfu/ml
TwazdoatiomuaUsnglugd 4.7

@189Wug Stenotrophomonas maltophilia BBE11-1 w@nanu keratinases ﬁLﬁ%ﬂJi}‘Vlé
lun1sgesaaevulazauun (Fang et. al,, 2013) LLazLiaLﬁaUﬁumaﬁuﬁ: keratinolytic 3u 9
S. maltophilia (Cao et al, 2009;.Jeong, et al, 2010), a1eiiug BBE11-1 HUszanzamuINN
wazanusagosaaeuldogisauysainelu 2 fu  eghalsfnm Sdeunndnasevinaeulsdi
WAz multimeric keratinases @3sinagtiu 100 KDa (Nam et al., 2002; Xie et al., 2010)
dhwiinlnanavesoulesluluiwe$ia 3 ogsewing 15-50 KDa  wazuifin keratinases fiudn
PNARUTHUATLTEUNTUUINYDY Bacilllus Tanuadteadaiuieuledkl wag K2 (Brandelli
et al. 2010), S. maltophilia BBE11-1 1Huaewusunsuauiienandn keratinases 1ATIALA
K1 (48 KDa) kag K2 (36 KDa) 310 S. maltophilia Qﬂﬁﬂ‘&NﬁUL‘ﬁUﬂ%’jﬂLLiﬂ

wuaangduvdaulngidueuleifideanszduniednii (Inducible enzymes)
aufis1aulag Cheng wazAnsy (1995) TanLaAun1ee wuvuln, 9msvuln vukasiduy
%Qﬂwﬂumi%ﬂﬁﬂ (Inducers) ¥a4ATIALUE (De Toni et al., 2002; Ignatova et al., 1999;
Kumar et al., 2008; Nam et al., 2002)

Park Wag Son (2009) s1e91unsteaansaulnusdlulag Bacillus mecaterium F1-
1 Fsanansamulsvdaanuad 30°C Wunan 2 Ju udvulidiulnajazgndesvuandsann 4 fu
snuiufuauli Ssazgnedesegaanysaindsann 7 fu Williams  uazaniy (1990) i
Bacillus licheniformis PWD-1 gesvulrilfeesauysaiil 50°C Tu 10 Yu dw Bo'ckle waz
Ay (1995) 51897 Streptomyces pactum DSMA0530 geosvulatuldunsdiudi 50°C
pgalsAny dneauiuuaiiSaanaluladnuiseiin o9 Vibrio strain kr2 (Sangali &
Brandelli, 2000), Chryseobacterium strain kr6 (Riffel et al.,2003) waz Bacillus strain kr16
(Werlang & Brandelli, 2005) 6‘5@LLamﬁami:usiaaamsjsuuuﬂqaqmﬁ 30°C -37°C

o3 Aspersillus parasiticus Fauonldanfunoswerdnitngniteauinndnioulyd
fuhaiinluena 36 KDa & pH  uargumgifiunzan 7.0 uar 50°C  uazidu Serine
keratinases (Anitha & Palanivelu, 2013) Wodu 1 nantoulesiesfuaiftwinliana
InalAwsiu 1w Scopulariopsis brevicaulis, 39 KDa (Anbu et. al., 2005), Trichophyton
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sU 4.7 a17zn1salvaenisiasyiiulauaznisnanvaaaulaiinsi g (Growth  and
production profile extracellular keratinase) %axiL%la Bacillus KB3 waz KB4 Tuanunsg
keratin broth n31lans Viable count wag Total count (Turbidity) @1%5ugninnis
Wiiule niouvuansianssueuledinsfueg Jemneiimsvdaeululinsiiug
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mentagrophytes, 38 KDa (Muhsin & Aubaid, 2000), Rhizomucor pusillus, 35 KDa (Rajak
et. al., 1991), Paecilomyces marqucmd// 33 KDa wa¥ Doratomyces mlcrospores 30 KDa
(Gradisar et. al., 2000)  @uA" pH mmmvamamiumi’mLuammsnai'm WANANSAY UAf
TnalAee 979 pH 8.0 d&usuued A. oryzae (Farag & Hassan, 2000), D. microsporus (Gradisar
et. al,, 2000), S. brevicaulis (Anbu et. al., 2005), Microsporum canis (Lee et. al., 1987),
pH 9.0 dm3U A. fumigatus (Santos et. al., 1996) lag pH 11.0 d&w5u A. flavus (Gradisar
et. al, 2000) Friedrich & Kern (2003) lddnwneuledlusieansalulainves Wos
Doratomyces microsporus Wngnui Aanuanisageslusiuviiaang g 16 sauds globular
wag fibrillar proteins Ay

o Bacillus wamasRavielusiteanilulannldlddeduy fvenuiiiiendo
Usingeenundes q  faegn TUshieataiosdouninide Bacillus sp JB 99 uansianssy
keratinolytic uavaenvuvdontiaagafitedidty (Shrinivas & Naik, 2011) Tneftwiinluana
29 KDa pH wazgamgiifingauil 11.0 uay 70°C sy hinaulafigaiide woulesi
anunsaasnniinneuasunyldodneliuszansam laglivhareduvosnoaanau Sainesdl
fnenmdmsumsussgndlilugnanvnssuesomiald mslineliAndymuafiviitisades
Aunisldansiaiilugaainnssy uleddgwesvulilun1izdfi3ing (Reducing  agents) 7i
annsatiedansvendeinsiulugnaivnssudniUnuazifiuyadndndus  euleslusite
amuaﬁm%’aummﬁﬁa thermoalkalophilic Bacillus sp JB 99 Uuﬁ’UﬁLﬁliWﬂ@ﬂLL%\‘iﬁLﬂﬁJQﬂ
51897 (Johnvesly et al. 2002) F189UBY 9 ﬁLﬁU%ﬁUL%@ thermoalkalophilic Bacillus sp.
fannsananlusAoatosvuunnounting 1eun 8. halodurans AH-101 (Takami et al, 1999)
kag B. pseudofirmus FA 30-01 (Kojima et al.,, 2006)  Daroit tagaguy (2009) ST
Bacillus  sp P45 Fawenldangdildlan Piaractus mesopotamicus fmmjm:f']mmau TGN
Aanssugeslusiu LﬁaLﬁ]’%ﬁy@u‘lmwmummﬂgm skimmed milk wag feather meal
ﬁ’ﬂamwmswaiulaammL%@ﬁgﬂﬁﬂwﬂ%i% whole feather broth wag human hair broth wa
Rt e Bacillus sp P45 deuldiiou 90% voswuld ndwwn 72 Frluswesnisiaesuuy
Submerged cultivation Bacillus cereus Wu2 9nvhsudnidnluldviugnAnuenuaziigal
adudIiu 165 RNA  aunsandseuludinsdlulafngesvuliieduunasnisueuuas
lulnsiou winglaa wynlea ulls glasavseuanlna wuilu catabolite repressor #onNT1Ad
wuluivisenanssuanlulain Weansiasfuduuwnasusiu (Lo et. al, 2012) nsnedly
nnsdesvulalag B. cereus Wu2 eilUsunaas Tneanizogneda Lysine, Methionine wa
Threonine uilunsndnuiidfy  aewusviosiu Bacillus cereus LAU 08 Bsfmuenldain
nosvszaulaluludFunanATAUEA1un1ITNTNVDILRAIATIAY 3 UIaIAD: AU goTULATUU
(Lateef et. al., 2010)

a3 Bacillus 1uii¥infufsmnuansalunisadneulusilalnslafind uiunds
s9u WsALuE Seanansagesvy wudn waviduny (Daroit et al. 2009) wonand dadl
eaunsesfiu dsdnlngazsitneglunguuuafiounsuuan s Bacillus
Lysobacter uazansiuditouuaiiiounsuau s1uiunis e Vibro  wag Xanthomonas
(Gupta &g Ramnani, 2006) wuafiSefidfunniiisadestunissesvudnivasinvesdns
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du 9 laun Bacillus putrificus, B. subtilis, B. cereus, wag B. mesentericus (Lal , et al,

¥
P

1999) uena N illTuduATIAUEINWUATILSE Actinomycetes wagidasidrulng dan

| = v & aAve o

pH ﬁmmzauagﬂumaﬂmqmmq (Riffel et al., 2003; Anbu et al., 2005), uagdaudunidniiu
Tundvesiafivsnmm Fsegludrsniradaus pH 5-13 (Farag and Hassan, 2004) Bnviegnmniiil
wingauvauasuadulvg oglu ¥eves 30°C-80°C (Gupta & Ramnani, 2006)

ogdlsfinnu maFeunfisua pH uazgung ssisRanssueulusidy fednduen
wsgaaLaniluIEnsveansiineed lnslanizesid vesduanmuasdenuveamiie
LATIALUE (Gupta WAz Ramnani, 2006; Son et al., 2008 ) wagnsaifgiuiunIsUssULigy
Afanssueulaiognglsinny Son uazamy (2008) lasteaufanssuasiilulafineglugas
14.6-16.7 kU mg " dwsu Bacillus pumilus ieldvuun \usdni Tuvaedi Lal wavmoy
(1999) l¢Ranssuasdtuagegn 4.89 kUml' d1wsu B. subtilis S1 Mnmsidsadeluaims
mawﬁﬂﬁiwﬁﬂ Tuvihweadeafiu Joshi uazaniy (2007) 91891UAINTIUATIRUAZER 30.5
way 50 kuml" dmsu B licheniformis PWD1 Wag Bacillus spp PW- 1 Imalmuuﬂ L‘U‘L!(m“ﬂﬂ
11 @ Nagal way Jain ( 2010) lananssu mmmuaam 39.1 kUml dm3u B. cereus 7
dedluruun

wuaiiSedesaasvuliiuansgaandiasdlulain samfudnoawvesnisndnans
adunnaiyiulnvesiivuasAanssududon Tégndauenuasfigatifuide Xanthomonas
sp.  P5  arsnasumisnasquivindogluguvesnsnezilufignudesseni wavesnisges
Fuawmsmasiu (eong et. al, 2010) TWshead3uasilulain Fadslae Purpureocillium
lilacinum (\A138n Paecilomyces lilacinus) Lﬁ'aé’awaﬂummiﬁugm (Basal medium) 7]
dunanvendunLiia 1% (wA) lugrusifuuvadsniveuuay lulasay fenulaney g
AuALTRA 9 1wy dndnTaana 37.0 KDa, pH Tutan'e 4.0-9.0 wasiafissgumniite 65°C
SﬂﬁgqmiwﬁmﬁaﬂismmiammasLﬂsﬁmaqaqmﬁa 2.46 U/ml waw 25 U/ml ifinduidlouande
seWINg 111 wag 117 Halas audidu (Cavello et. al,, 2013)

FaurnanfiTouliisuveanisudniandiug tagnsieaudmiugdunidang o wu
Bacillus  subtilis  MTCC (9102 ) Tue1115 Homn-meal (Balaji et al.  2008) ey
Microbacterium sp. maﬁuﬁ: kr10 T Feather-meal medium (Thys & Brandelli, 2006) Tu
FaL05v0atoT Aspergillus fumigatus (Do et al. 2004), A. oryzae (Jousson et al. 2004)
way Trichophyton vanbreuseghemii (Moallaei et al. 2006) N1SWAALATIALUAGIEALAA
UA99N 21 JUVBINITARLIDS
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MNMIARLengaunIsNamnsandnieulesiinsAiuauueIms keratin (1%) agar
plate 91ndregaduidunesiunuvewezludineie Suwiausding uazsnnoiowmas
SUNDUTNIVDITINTABZAN ﬁ’]ﬁJ’]iﬂﬁﬂLﬁaﬂL%@S’]LLaSLL‘UﬂﬁL%Sﬁwamﬂi’]aL‘anN‘UHﬁ]’mE)’]Wﬁ
Foefifundomsanuulivaasdon s1uau 3 lelowan uaz 4 lolwan ﬂ’ﬁﬁéﬁﬁ]ﬁl,%’e)i’]ﬁ
Andanlagly Dichotomous key 210 Mould Laboratory, Botany Unit, University of Toronto,
Canada, LLaﬂsi'f@jﬁa Mould: Isolation, cultivation and identification paulatvas New
Brunswick Museum, Canada Uiﬁﬂ{pﬁ Tolowan FK1, FK2, kag FK3 L‘TJUL%aiﬂu%ﬁa Aspergillus
sp., Penicillium sp. wae Cladosporium sp. snudsu dailelsanuuadiSers 4 lolwangnivgadl
fa838 Conventional  odBAENTRAN TS WINE duldun JUTNdnwuelinderanssa
URATEINTY LazN1TTRTEIR7 susmsuanseuaUaiuarnadeudl Ussnautuendens
nageuneTnafiunsdiniisndu Jauuziluiis Bereey’s Manual of Determinative
Bacteriology wu3n lelatanwa 4 1Huida Bacillus edu 3eld3enderiionisensdaiuy
Bacillus KB1, Bacillus KB2, Bacillus KB3 waz Bacillus KB4  ludhuvendesiléldie
Aspereillus FKL, Penicillium FK2 waz Cladosporium FK3 wazasldded Wrieu suninezléiing
figatiideluseiuatiadoly

Tumsfinnamensaivesmaaigdulanaznisudneulslinsfuavosdens 7 amewus
Adauenld omaruduiuduesnsisigiulauaznsuanouluiusneadiasfiua Usingua
11 e Penicillium KF2 ﬁ'gﬂqumm'%ﬁy@uimmuquaﬂ’uL%aiwﬂ"'a 7 T namfedsUkuuns
Lﬁiylﬁﬂmﬁﬂ‘izﬂauﬁw 4 SzuzAe Lag, Log, Stationary, Wz Decline phases LSﬁuLﬁmﬁuﬁ’Uﬁa
180 2 \Feie Aspergillus sp. wag Cladosporium sp. agAnafufiiesszesIaIvedusay Phase
yasmsasaiulawiniy feavannviedes uenaniaandaderdinideuds Salddvsnasn
domzndervesnssyivln TufiSnameatesuduse  Baniniu wuidewundSe
4 geiug au1u Bacillus KB1, Bacillus KB2, Bacillus KB3 %38 Bacillus KB4  Ad WuINus
Lﬁ]’%ﬁgLaUImmmgULLUULLUﬂﬁL‘%&JVh 7 W wuiu Aelinnszezvainisiasyiule Tae 133910 Lag
phase WazAe1Y Log, Stationary phase tag Decline phase

‘ﬁaeﬂummauiaaﬂﬁaéamaaaﬁuﬁﬁaﬁﬁﬂﬂizmiwﬁwmmiﬁﬂmgﬂqumiw%zy@uimaa
qAunIdnAe msLﬂ%ayﬁﬂmﬁaugiail,l,azﬂ'ﬁlﬁﬁaﬁﬂc&nﬁaﬂmﬁuﬁmmui%ﬁuam%aa‘l%nm
winls LLazﬁ]’lﬂmﬁaﬂm’mg‘ULLUUﬂ’lﬁlﬁﬁ@lﬁﬂ@ﬂ%ﬂﬁ WUl ade Aspergillus FK1, Penicillium
FK2 uag Cladosporium FK3 agluszey Lag phase Weoendn 1 Ju usiaglussee Log phase uunin
Ao Sudausud 2 Soiuil 5 dmsu Aspergillus FK1, wag Penicillium FK2 wiCladosporium FK3

agfieiui 6 agnelsinu Wevs 3 Bundunsfiudeenuenaad lussesdugaued Lag phase uaz
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lﬁﬂ‘%mmqqqmﬁaéuqmws Log phase USHNaUAINTTUATIALLA U ﬁ;mqqqmﬁm%’uﬁa
Aspergillus KF1 WAy 70.7 unit/ml,  Penicillium KF2 wi1Au 835 unit/ml Way
Cladosporium KF3 whifu 724 unit/ml aziu msiiuieneulsidmduides Asperilus
KF1 uae Penicillium KF2 Tuan1ignsuudi 37°C wenfl 120 rpm masnsevitluiudl 5 veenis
WnsEsmIonsusTn uidmdu Cladosporium FK3 deafudsaeulsfluil 6 wenani 91
nsfnwgkuumMasydulaasnsnameulesid sdldamnsamaasiudaatissnmueg
WTRUEINEesI 3 Bndae nanafe nEuNTINTeIRINIIIATIRE Senuinanas
dntleeluraanan 3 Ju ndssyey Log phase LLamﬁqLm’]aLuaﬁgﬂa%’mﬂfﬁLaaaimwwaaumﬁ
Tngenvagiicngetudoganzdueulniifiefiwudamuuiaviuiniu

TudiureadonunfiSens 4 \WeRe Bacillus KB1, Bacillus KB2, Bacillus KB3 way
Bacillus KB4 flesanifudenidaiientu mslinuanuuansiass winetuanninly
NSANIULULTDINSIRTEYAULN FuduSesfireudaunfuarsssunn 34 Bacillus fifinw
WAneszey Lag phase lusveviiandu 9 wingluszey Log phase qufieinludl 36 dmsu
Bacillus KB1, ¥lusil 48 dw¥u Bacillus KB2 wag Bacillus KB4  luduves Bacillus KB3
J¥¥¥ Log phase Z%utjmﬁ‘ﬁ"’ﬂm > 48, agalsinny mimamﬂi’@Luagqqmmﬁaf% 4 3y
wiloufiufle wu a1 99Auan Log phase Ta Bacillus KB1  fiAanssueulesiiviiiy 61.9
unit/ml uag Bacillus KB2 Wity 73.6 unit/ml luvaiziirAanssugeqnaniu Bacillus KB1
wa Bacillus KB2 fifn 22.5 U/ml uag 23.3 U/ml

dmiuaiosnmve A iuauonigaduostonuaiSens 4 Tneamsn waadliidiuin
fiafiosnmifosninveadesin 3 ﬂa'nﬁa‘wua&ﬂuamamnwﬁammﬁaLﬁ]a%ﬁaﬁ 37°C el
160 rpm Idlsife 24 Falus ety agunarfiunzauvesmaiuisieniuands 4 e
wuaiiSes msidu 36 Hlusd sy Bacillus KB1, war 48 Flue a1y Bacillus KB2,
Bacillus KB3, wag Bacillus KB4

fin Viable count Fsvanedaie Active vieieluszes Log phase U8uT8TNUI N3
Wiiulmvendesi 3 Hreudiedneiu namfenuin Aspergillus KF1 e 4 Su iite
nsasyiaulngeanuarly viable count Wiy 8.9 x 10° cfu/ml, Penicillium KF2 fen
viable count 8.4 x 10° cfu/ml Tudau Cladosporium KF3 e viable count vean1stasauiiule
Flndides il 5 fewiniu 8.95 x 10° dfwml dmsuuusilide s1s Bacillus KB1 waw Bacillus
KB2 uana Viable count fideudasinediu nanfte Bacillus KB1 51y Viable count gsilan
o 921wl 48 Winfu 11.1x10"° cfu/ml 91 OD windu 0.384 dvuaes Bacillus KB2 asﬁ
11.7x10" cfu/ml i1 OD Wity 0398 suandiu  Tudu Viable count ugsgawiniu 18.0
x 10" cfu/ml waz 17.9 x 10 cfu/ml d w3y Bacillus KB3 wa Bacillus KBA gy

5.2 UaldudLU
wulwdiasuanselusieainsaluladnlgsumiuaulasgraniieansiilan Seiinns

AnwiTeosnuuinuneg uniuiganlafilulszmelne Tnsaniznisniald wiolurwau lu

Ftamounmildtl Ssdinsfnyfmineinstaninuuuitiosunn wsganuddyldgnnauld
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funngmenindonazmams  dssfueuldainadunisi hilsamzenpuaiiiy
wulwsinany q viaangdunidiausaldandandeuviosiu liuarwaulalaeiniving
wagiindfelufiufitosunn sl enafannguiainnats q meua Wy dnidedidmautos
sudszanaativayuiios anuddygnuosiiy vuidelddeides Jdlidugaiinsinlule
Usglewflugueng 9 flaumsisfuniossdin  sghaesifua mnlilenansiseseiies
lon1snuiideeneniedslueaznbeniiisados ouluiuaznineinsianmildund
ansnsondluUSinuannuaransaldidmiunmsiidavendearsinasiu maulssunieded
sinsnisuuaznimane msaudmsudnfidsaitensuadnisennusaieduiiud
uen9nil Loulmidienanuunsldnuognsldnaunsilsgdlugnamnssnaiosdionsazen
dmsunssnuandsuuaslsaasiiady

nsuBnvenATIRLAIINT Bacillus Wuflseusuananitennnei annsavinde msg
wuaiiSeinsayiulnegnaie q fesnsemsiisssun fefliiiowezaulidndesfiaunsar
UslowdlFfunyudliunumeumeaands fagifuainmuideiuazissuinssnieadu
waiiFed  uuefied egrslidosasdeoine ddneamludonded TnsnmniluHdude
Busudmumaudssumsisuiitaalium dwalifuunanaash lunanfertufivasu
viinvesningmanvngsy (vuln) Wuasensmdudifesnismalasuing Saazteundes
danndeslaensannestezgesn  MsAnwitedmiumssesonsdely Jsansdudiung uile
Uszidudnenmnanaluladfinmvenasnfatlunszuiunisiiisadestunisdesaans
AR

Tuwdvesnsdnnisvezanudndusimaosldvednd madufiuauddyveanaluladd
Hufinsfvdsunndouuazimaluladanin dsldqaunidinalulafnfiuseansamlunig
fannszuiunsulssUansfinasiu laeisldadunistiidunsldaaunisildannadauen
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@Y1 11luy 8540 WReNdnd 501 1nYeIu HReRnd N3aanal wag gndA wWug. 2548, vilauas
ASUNINITABVBUTD sﬁmﬂauﬁmmﬁm%@u ﬁuﬁﬂmimwmuazﬁmmLma'aﬁlu“] U
737-746. lunsUssgumaivinmsvesinedeinuasaans. asadl 43 anvnite

nowal Sedenuun. 2545, mslaauBuuanseulasivasifuasin Bacillus licheniformis KUB-
KO006. IMeanusUsgeyln, unine duinunsaans.
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NI5LAS8UDINISLAL T DLLAZENSLAN

gns91m13 PDA

TTuplSs 200 N3y
el 17 N3y
Wwnlnsa 30 NSy
i 1 8m3

1%
1%

WsulAeANTUNSINULINAY 500 ml U8 nspaewatnla Wyt lvasu 1 ans

waaLAnduas sgdutulSuwAuly wszimasaududuluanailngiu anstenald

v Y

Wansne (sucrose) 10 g wnuwmnawninsald (una, 2551)

gM3581M15 PDA finsial Apsa 80 1 %

TSy 200 N3y
el 17 N3y
AN 30 N5y
i 1 8n3
Apsa 80 1%

W3uNlAYANTUNSIAUUINAY 500 ml uley nseseuminla hnulvasu 1 dns
wanfuiuas egdududSwnuiuly mszdinnaenaswduduluanailng@u anstenald
11manse (sucrose) 10 ¢ unutmanninsalsd wagiin Apsa 80 1 % (King at al., 1979)

gn391913 keratin (1%) agar plate

Agar 15 N3y
MgSQ,4.H,0 0.5 n3u
KH,PO, 0.1 Ay
FeSO,.7H,0 0.01 nsu
ZNnS04.7TH,0 0.005 N5u
ulnEg 1%

wisulagihansieludagviauinanluiindy 1000 ml anduAniuiasauli
U3u pH 4ild 7.5 (Wawrzkiewcz at al., 1991)
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gn991%1391%13 keratin broth

MgSQOq.H,0 0.5 ASu
KH,PO, 0.1 n3u
FeSO,.7H,0 0.01 nSu
ZnS0,.7H,0 0.005 N3y
squLﬂ'Nﬂ 1%

wisulaearsailudazsdauinanluiinduusuins 1000 ml arnduiueuls
aslu Usu pH Tle 7.5 (Wawrzkiewcz at al., 1991)

gn991%19 Nutrient agar
Nutrient broth 08¢
HaU 15 ¢
wislnethansieiiuazadanwanluiinguy 1000 ml 9nthudnauld U3u pH 19le
7.5 (Sarita et al., 2010)

91%13 Horikoshi media

Soluble starch 5¢
Peptone 5¢
Glucose 5¢
KH,POq 1g
Mgso47H,0O 0.2¢
Na,CO, 1g
Yeast extract 5¢
Feathers 10 ¢

wisalneansadurazedauwasluingy 1000 ml mnduduwuld Usu pH Tl
7.5 (Sarita et al., 2010)

919%13 Feahter meal media |

NaCl 0.5¢
KoHPO4 0.3¢
KH,PO, 0.4g
Feather 10g

wisalneansadurazydnuwaslutindy 1000 ml mndudueuld Usu pH Wl
7.5 (Sarita et al., 2010)

919%13 Feather meal media I
NH,Cl 0.5¢



NaCl

Ko,HPO,
KH,POq

MgCl, 6H,0O
Yeast extracts

Feather

0.5¢
0.3¢g
0.4g
0.1g
0.1g

10g

105

wisulngiharsadusayydauinanluiindu 1000 ml ndudnauln Usu pH Tl

7.5 (Sarita et al., 2010)

91%19 Feather meal agar
NH,4Cl
NaCl
K,HPO4
KH,PO,
MgCl,6H,0
Yeast extract
Feather

Agar

0.5¢
0.5¢
0.3g
0.4g
0.1g
0.1g
10g
20 g

wissnlagihasidiwiazvtaunanluinngy 1000 ml andudnvula wagjudsu pH

19l@ 7.5 (Sarita et al., 2010)

AsessunadiniWwes

nswnsenansazatgeaniines (Phosphate buffer) @1uisn15v03 Gomori,

1955 919lay Perin Wway Dempsey, 1974 in3sulagnanasazany A wag B a1 pH 7
Apan1s wazUsuliuinsidu 1 a5 @15azans A : 0.05 M dibasic sodium phosphate

(Na,HPO, 7.80 n%u luihndu 1 Ans)aisazais B

phosphate (NaH,P0,.2H,0 8.90 n3u Tuthndu 1 8n3) F1A1914
nswnseunadiaUnwas (Phosphate buffer)

0.05 M Monobasic sodium

pH

A aaans
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5.8
6.0
6.2
6.4
6.6
6.8
7.0
7.2
7.4
7.6
7.8
8.0

4.00

6.15

9.25
13.25
18.75
24.50
30.50
36.00
40.50
43.50
45.75
47.35

46.00
43.85
40.75
36.75
31.25
25.50
19.50
14.00
9.50
6.50
4.25
2.65

(Mawsvuansazaveandwiies (Phosphate buffer, 2555)
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ANANUIN U
LLu'WI’NmiﬁgﬁlﬁL%iﬂmﬂ Dichotomous keys of simple fungi

o FK1
1. Spores 1-celled 2
(1) Colonies, spores, and other tissues colourless or brightly coloured 3

(2) Spores produced in chains 4

Rl

(3) Conidiophores with a swollen head or vesicle bearing bottle-shaped

phialides Aspergillus sp.

SNYULLTD A roscopic

morphology (Identification of moulds, 2555)


http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-2
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-1
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-3
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-2
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-4
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-3
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Aspergillus.html
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Aspergillus.html
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o FK2

1. Spores 1-celled 2

2. (1) Colonies, spores, and other tissues colourless or brightly coloured 3

3. (2) Spores produced in chains 4

4. Conidiophores not swollen at apex 5

5. (4) Spores in unbranched chains, borne from clusters of cylindrical to bottle-shaped
phialides; colonies usually green

Penicillium sp.

ANWULLD

(Identification of moulds, 2555)


http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-2
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-1
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-3
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-2
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-4
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-5
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-4
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Penicillium.html
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FK3

1. Spores with more than one cell 12

12. (1) Spores with transverse septa only 13

13. (12) Spores dark, produced in branched chains
Cladosporium sp.

ANWULLE
2555)



http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-12
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-1
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-13
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Group_I.html#1-12
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Cladosporium.html
http://website.nbm-mnb.ca/mycologywebpages/Moulds/Cladosporium.html

AMANUIN A
a 4 t:gll a .

LL‘IJ’J‘VI'NﬂﬁiWQﬁJUL‘UE]LL‘Uﬂ‘VILiEJ (Genus Bacillus)

d3U31n Bergey’s Manual of Determinative Bacteriology

qanssAl lngande Flowchart sialuil

1.1 Ujiseunsusardusuingnlewu

nsmanuisiulaglduiseaunsu (Gram’s reaction) uasdusiuinenldngdes

110

Gram Positive

Flavobacterium

Fusobacterium

Cocci Bacilli
' l
Filamentous
Round in clusters Oval shape in Club-shaped and/or in Spore-hearing,
& tetrads: Chains: palisades: large, uniform:
Staphvlococcus Streptococcus Corynebacterium Bacillus —
Micrococcus Peptostreptococcus Listeria Clostridium [S“’u"l_‘ e Branching rudi-
Peptocaccus Enterococcus Erysipelothrix branching: mentry or absent:
Mycobacterium (Aeid Fast) Actinomyces Erysipelothrix
Propionobacterium Arachnia Lactobacillus
Nocardia (partially "
v fart Eubacterium
Streptomyees
.
Gram Negative
Cocci Bacilli
j\."e.is:grm Medium-sized Tiny-cocco- Pleamorphic Exaggerated Curved, Uniformly
Veillonella cacco-hacillary: bacillary: coccobacillary pointed ends: comma-shaped: Bacillary:
Acinetobacter Brucella & filamentous: Fusobacterium Vibrio Enterobacteriacene
Moraxella Bordertella Haemophilus nucleatum Campylobacter Pseudomonas
Bacteroides Bacteroides Spirillium Aeromonas
— Pasteurella Alcaligenes
Francisella - Chromobacterium
Actinobacillus Coiled &
Eikenella sphero-plastic:
Cardiobacterium Streptobacilius
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1.2 dus1uINeLazdAiliUnsnu

Bacillus spp.
Clostrididium spp.
Corynebacrerium spp.
Lactobacillus spp.
Mycobacterium spp.

Mycobacterium smegmatis

Spore Forming

+

Bacillus spp
Clostridium spp

Corynebacterium spp.
Lactobacilius spp. ——®Acid Fast
Myecobacterium spp.

Strict Anaerobes

Corynebacterium spp
Lactobacillus spp.
+ -
Clostridium spp. Bacillus spp.
You sure you have this? See separate flowchart.
Go to Bergey's.

Catalase

+ -

Corynebacterium Spp. |

Starch Hydrolysis

Glucose Ferm. Activity

+
[ Corznebacteﬁum kutsceri_| Corznebacfem’um xerosis | Acid & Gas Acid
| Lactobacillus :ermentl' Lactobacillus casei

Lactobacillus delbrueckii

Mannitol

N

Lactobacillus casei | Lactobacillus delbrueckii |
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2. msgududteanatintedall
fgaunnanURnILalnuisly Flowchart ve4 Bacillus spp. ID

Bacillus spp. ID Flowchart

Bacillus spp.

Starch Hydrolysis B. pumilus
B. subtilis (amylase) 5 (VP is pos.. rest are neg )
B. cereus B- m(;ln?:u; B. azotoformans
B. megaterium - P h?en?fs B. larvae
B. stearothermophilus B. sc ege F;'“C B. pasteurii
B. polymyxa (gxovjs at 237C, rest 10) (round spore, rest
B. mycoides g POP;HM?_ are oval)
. . pasteurii .,
g. :;f:;a}_":nm (add creafine as catalyst B. lentimorbus B popilliae
B. macgui?riensfs ) B. azotoformans
B. licheniformis g bad:;.‘s
B. lentus insolitus
B. alvei B. larvae
B anthracis B. subtilis B megaterium | B laterosporus ____| Camla;e Citrate
B. alcalophilus B cereus B. stearothermophilus
B. coagulans B polymyxa B. macerans
B. brevis B mycoides B. pantothenticus
B. circulans B. thuringiensis B. macquariensis B. badius
B. firmus B licheniformis B. lennis . (:g‘;‘fdﬁr;::;e} B azotoformans B larvae
B. pantathenticus B. alvei B. alcalophilus B Titu (gelatinase pos.)
B. anthracis B. badius msolifus
— B coagulans B brevis B laterosporus B Pof)hi_hﬂg
B circulans B. pasteurii (gelatinase neg )
B. marinus
B. sphaericus
Cell Diamenter = 1pm Swollen Cell Swollen Cell

(the width) (containing spore)

TN TN

(containing spore)

/\

B. anthracis B. subtilis B. stearothermophilus B. megaterium
(non-motile) B. polymyxa (growth at 53°C-rest neg ) (citrate pos.)

B. thuringiensis B. lichentfomis B. macerans B. badius B sphaericus B. insolitus
(malkes insecticidal B. aivei B. panto!henn‘cm (citrate neg.) B. pasteurii (acid from glucose)
protein) B coagulans B. macquariensis B Jargmspoms B. marinus

B. mycoides _ B. lentus (oval spore, (acid from glucose)
(colony has a (catalase neg.-rest pos.) rest are round
thizoidal appearance) B. alcalophilus

B. cereus B. brevis
(Motile - Itis this B. circulans
one ) Nitrate Reduction

T —

+ —

IB. pasteurii I B sphaericus I

Citrate

6.5% NaCl Growth

+

B coagulans + -
B. licheniformis

B. subtilis

B. pohmyxa
{manitol pos.)

B. alvei

{manitol neg_)

B. macerans
B. macquariensis
B. alcalophilus
B. brevis
B. circulans

B. pantothenticus

(acid via arabinose neg.)
B. circulans
(acid via arabinose pos.)

6.5% NaCl Growth

N\

B coamfﬂm‘

Acid from Arabinose 5. macerans
+ (zas from glucose pos.)
\.‘ B. alcalophilus
(gas from glucose neg.,
no growth << pH 7.0)
B. circulans
(gas from glucose neg..

B. subtilis
(no growth at 35°C)
B. licheniformis
(growth at 55°C)

B. macguariensis
(methyl red pos.)
B. brevis
(methyl red neg.)

growth < pH 7.0)
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AMANUIN 9

amnshasuuImeUURdmiunsiigativeauuniiise (Genus Bacillus)

(Fonvitanizn1snaaaunaduwintiu)

1. Oxidase Test
wann1s Wunsmageaum Cytochrome C oxidase vYadiauwuniitse @93vly oxidize
asiadivilminansuseneudang

gunsaluaznen

1. Kovac’s oxidase reagent (1% tetramethyl-p-phenylenediamine dihydrochloride)
2. NTLAIBNTO

%9

Aoadioly Nutrient agar YianTauunszaunsesiiven Kovac's oxidase reagent Tngld
platinum loop #IDUYIILAT

mswlana  &3eil Cytochrome C oxidase aglnafiudhaduniely 10 3unil

2. Triple sugar iron agar (TSI agar)

wadnn1seas TSI Tuewns TSI Usznausieiiaa 3 wiafe 0.1% clucose 1mnna
Lactose Way Sucrose 98198y 1% Lﬁja\imﬂ‘ﬁﬁﬁ slant ﬁlﬁ?‘?ammdw%nm?ju ‘131@116 glucose
i slant Jagnlduuasany fndelaianunseldinma lactose waz/mie sucrose fasvululy
Tushuiifogluommsvinlif slant Savandusig (Wasud phenol red WWudung) dwdl butt i¥o
Houninelu 24 Falus thiana slucose axdilivun Feianudunse (Wasud phenol red
Hudvde) WiTEelu TSI k/A) fideannsaldihnadoue 2 viatuld azvhliewns
savaendsnatiunsn (UFAelu TS Bu A/A)  wifdelianunsn ferment thanavisanussia
UfATeTU TSI oraudu N/N, K/N #50A/N ideldrmaudlutanavduemslvionsiiy
vsaviliemsuan uenani Tuens TSI €48 Sodium thiosulfate uas ferrous sulfate Ju

Al BUTTnas1a H,S Feazvidfiisentiu ferrous ion ldf ferrous sulfide \unzneudnet

fifunaan
Sodium thiosulfate thiosulfate S H,S__ ferrous N ferrous sulfide
reductase ions (black ppt.)
from bacteria
daudsznau

0.1% glucose, 1% iactose, 1% sucrosedl phenol red (0w indicator), peptone,
sodium thiosulfate, ferrous ammonium sulfate
dlowdsudiunatomnsauaratediul Ssldnasaniauunn 13x100 Ly, viaenas 4 1a. was
vhandled 121°C 15 wiit aantiu Yaeslmdulnededdsdy sant Tilddiues butt laisndn 1
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i wieliiflanizilu anaerobic wazqniildmsilugnand wislwennieaem aglagaelnda
alkaline slant Tunsalfiinig ferment Wnna glucose vgaAe (EMldanindelesaslidnau
W)

nsnagey Wolelngld needle unsaaiieuishumann udharnduuy slant ouil
37°C g1una 18-24 .

U190 TSI K/A dimsvisdnges glucose hindingas lactose waw sucrose, A/A 3
N1InLINga8 glucose lactose Way/%3o sucrose, A/AG,H2S in1sniingay glucose lactose
WaL/13e sucrose W gas wagl hydrogen sulfide K/K, K/N, N/N laiusingoe glucose

lactose ILag sucrose

3. Lysine - Indole - Motile Medium (LIM)

pnsilinadeuUfAsemsTuadivoadslu family Enterobacteriaceae way
Vibrionaceae melunasmiieiu Tnenis stab Weiidesnsznasevaduemisiuazeud 35
°C -37°C 18-24 Falag

WANNISHAZNNTEIUNA  Motility test amnsTiaaeudnuazAuma Sauidudy
voviulszan 0.4% vietesnth driu Weunadeatlunseq luemamaudniluou Weil
\ndouiiliaziaiyeeninsey 9 sooun vilvemsu dudenndeuiililyidoasadyaney
oty

n13eLURATEN Mauan WelTauuenses stab aurtiliewnatu waay WWewny
W08 stab ity

2. Indole test:
wuailisenilioulsl tryptophanase Ag@11150898 tryptophan 16 indole &agyin
UfjAsenfiu p-dimethylaminobenzaldehyde luinen Kovac Nvenasluladunainyu

tryptophanase p-dimethyl
tryptophan > Indole > Rosindol dye (red colour)

from bacteria aminobenzaldehyde

- f
in Kovac s reagent

N1381uUN381 HaUIN ntuALAsegduuY Weven Kovac's reagent diunaau Ll
\indudunlagdinuy ileven Kovac’s reagent

3. Lysine decarboxylase test (LDC)
Tuemsiitmig glucose TuUSunatos Suusnentnges glucose nun LWaBLE
indicator \udwaes nduderululdemsou Ineaetiudiieulysl decarboxylase 131
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] Ay A Y o 8§ v A Yy a a Lg ] a a .
wnzrensnedluifesnsnagey ilrdesnsnedlulaedu fgvdilusis wWaswd indicator
nmdanduing

Fermentation Bromcresol purple
S S
e . -~
Glucose acid yellow
by bacteria
Lysine Bromcresol-purple
. > . >
Lysine cadaverine “ Purple

decarboxylase

1 aaa A { a1 a { = @ A
msmuﬂgnim NAUIN BIMTNAIUANNELN HAaU 919 TVAIUANLUAs U UELNAD4

4. Lysine deaminase test (LDA)

NaUIN ATeNS (1/8 vesiavan) Fune waau Rmtnens (1/4 vewiviasn)
R Lﬁ?}laﬁiﬁmamﬂﬁ 3 genera f® Proteus Morganella wag Providencia
dauusznauvas LIM medium st

Decarboxylase medium base (Difco) 9 g. Usznaunie peptone 5 g., yeast extract
3 g., dextrose 1 g., bromcresol purple 0.2 g., Tryptone 10 g., Ferric ammonium citrate
0.5 ¢., L-lysine monohydrochloride 10 g., Wag Agar 2.5 g.

drnduinlias 1000 mU wazU$u pH {u 6.8 deasavarsiuds Suildvasaui
YA 13x100 Ua. vaeaazUszana 3 ua. Intuhluiled 121 °C 15 widt Adsiegluguves
deeped media (Feial3lunuaasssunn)

4. Citrate
WANNIS oS NAAUANNANLTVTaTUNSIY citrate Wulnassuauly
ASEUIUNTT metabolism wazlinandndunng FuUdsud indicator LuAWRY

enzyme :
Na'+H.O
sodium citrate > Co, " Na,CO,
from bacteria - OH B alkaline
: a
Na v NaOH

Bromthymol blue l

blue colour
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dauUsEnaUdIAYVRIRMITEABLYD (Simmon citrate medium)  Sodium citrate,
Bromthymol blue (\u indicator), Wawn3eunmuaainvese1msansazuud dnndeslidu
TugUveeIms slant

5. Voges-Proskauer Test (VP)

winms Wumsvegeunuansavesdelunisadieans Acetyl-methyl carbinol
(acetoin) 21n glucose awaﬁﬁqwéLﬂuﬂaWQ 3wgn oxidise lny KOH wage1n1a L@ Diacetyl
w1 Diacetyl 7il&H8n3 alpha-naphthol (catalyst) uaznsmefily arginine (Mdeane1Ms3
Peptone) 3o Creatine agMeaziiinilu complex AunaduTy

qﬂn'mjuazﬁ']sn (1). alpha-naphthol; 5% in absolute ethyl alcohol, (2). 40%
KOH, (3). MR/VP broth

MR/VP broth (formulated by Clark and Lubs) Polypeptone 7 g., Glucose 5 g.,
Dipotassium phosphate 5 ¢., Distilled water to 1 ml,, Final pH = 6.9

i1 143007y 24 92109 inoculate aslu MRAVP medium 0.3-0.5 1@, [igusng
incubate 1u water bath 35 °C 11a1 4 F3lus thumen alpha-naphthol 3 #ea way 40%
KOH 1 nea 1wgiareunaniglu 10-15 Wi

nsuUana 5ﬁﬁ?1wwﬁ®%uuuﬂmﬁwmmmimeﬂ,u 10-15 w9l wanslinauan
L%amﬁmamﬂ Town Enterobacter, Serratia, Klebsiella pneumoniae, Hafnia L%’aﬁiﬁwaau
oA E.coli

UYL nsnedeuiilinisenuiu 1 gu. wmszdeenandn Copper-like colour ¥
A false positive 161

6. Nsnadaun1sas1aulell urease
wann1s  wuASenileulyyl urease @11150808 urea b ammonium carbonate &4

a £

flgrzdusnaasud indicator [WudTLNLAS

Urease Phenol red

» 2NH; y Dark pink
(pH 6.8) from bactena (pH 8.1)

Urea

dauUsznaud1Ayuasamns  Urea, Phenol red (indicator), w383 urea base R
Huomnsandagy 100 wa. thluhlinannidedenionsouunaiids 4 agar 15 n3u 1d
1hndu 900 wa. thludiuauazateds (Autoclave) uagidlduds 5 °C Fafu sterile urea
base wanllsidniu anduilanasaui wasiislifulusuetomns slant nadilaifiedos
nseudouuaiiiae o1adnuUadlddE rapid method nanaie 14 urea (hifoudia agar widsunds
a¥ 10 ua. uudlavaanuivaenas 0.5 ua. ivlugifu Weasneaeulildideatuiuaine
anansaguraniely 2 ol
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wnewg (1) druomnsauildlaiunn wu Malonate, Acetate %18 ﬁmmimﬁﬁ]gﬂ
yearlindnseasdealuiit  (2) ewnsanslulewmsaunasin Wy lactose, sucrose,
arabinose, salicin 18 Lﬁagﬂmm%auuazaq% pH Fduma avaanedu simple
carbohydrates msvilvUsiAndederldindonsesuuaiite wiewdnis 10-12 Usus (110
°0) Tunanladiiy 25 undi

7. Carbohydrate Fermentation Test

WaNNIS Lﬁ“flumﬁmaaummmmiaLﬂ?iawfwmaiﬁlﬁsuau%a

d2uUsznauveee11s (1) 20% carbohydrate Tu broth (peptone 10 g; meat
extract 3 ¢; NaCl 5 g, dindu 1 am3) Way (2) Buffer-salt solution (pH 7.0) 3 1% phenol red
\Ju indicator

25911 vea carbohydrate 1 g (0.04 1a.) ; buffer-salt solution 0.1 1a. Lag
heavy bacterial cell suspension Tu buffer-salt solution adlunasanaassiazeulu 35 °c
U 4 7. NS e uNa

msudsua  andeannsaldinmariliinnsald phenol red 3y indicator ¢
Wasundunadudindes

waBwe  carbohydrate filfuane 1wu nglaa glasa waalna s buffer salt
solution 19 phosphate buffer

8. Motile-Nitrate-Pyocyanin medium (MNP)

pnsilinadeulfAsemsTuadiveadslundu Nonfermentative gram-negative
bacteria lngu3uU3931n819%115 motility medium 31819115 MNP i IR UNAULNEN
meduedily 3 msveaeumelumasaiiontu Tnens stab Wefidesnsavnadevadluonmsi
incubate 35 °C -37 °C uu 18-24 Falas usidiFotuainldRigumgives (22 °C) 1w
Pseudomonas fluorescens 19 incubate ﬁqmﬂﬂ”ﬁﬁaﬂ

WANNISUAZANTBTUNE N3l Motility test : 1WABIAU LIM - @19%5U Nitrate test :
oA nitrate solution A Lag B 9e13ag 5 wea

Nitrate NO,NO,
Nitrate > Nitrite — 5 N, (gas)
reductase ‘
Sulfanilic (sal.A) Zinc dust

naphthylamine (sol.B)
Red color Red color

(Positive result) (negative result)

Al uAndunsnigly 1-2 Wil wanedn nitrate gn reduce 1u nitrite uidnlaiAng
WASTY (219 inaNWeNULA nitrite si9) Jeeanaaaugninil unreduced nitrate wdesgnol
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Taensiiy Zinc dust U reduce nitrate [ nitrite dravesuneiivasiufmdlaiia wansin
nansvaaeaduuin uadinduas wandndl nitrate wdoay Frunaduau

N5 Pyocyanln production test Wauln: fn1sasns pyocyanin pigment %ﬂﬁ?ﬂ%’;
FiRmthvesemns Weildnauan Téun Pseudon, onas aeruginosa

Waau: bl pyocyanin pigment

v
v A

1. n15te38u MNP: dquis2nauvas MNP medium ffsilAe Nitrate medium, 9 g,
Agar, 2 g.; Sodium chloride, 5 g.; Mangnesium chloride, 1.4 ¢.; Potassium sulfate, 10 ¢.;
Glycerol, 10 g.; uaztndw, 1000 mi, U%u pH1%lE 7.2 wazdlodiunanazaneduile
dentu thldvasauiiunnn 13x100 . vaenaz 3 ua. waztiwdnied 121 °C 15 Yous 15
U9l

2. ﬁlﬂﬂﬂm‘ﬁwﬂaau nitrate reduction

Solution A:  Sulfanilic acid, 8 ¢. + Acetic acid (5N), 30%, 1 L

Solution B alpha-Naphthylamine, 5 ¢. + Acetic acid (5N), 30%, 1 L

sWREY Acetic acid 5N : Glacial acetic acid 1 @y + Undu 25 @

vanewg  lunsdliilifeanisvi Nitrate reductiion test @runanvaseIvslsifioaia
nitrate medium AgauIAARA motility karN15a39 Pyocyanin pigment towilauidy 3
\Juemmsitlduenin P.aeruginosa 147

9. Bile Solubility test

nann1s Wunsvadeunsaanevewadele bile salt maiummuasqmmﬁﬁ
Amualet Wunisuen Streptococcus pneumoniae 881310 alpha-hemolytic streptococcus
du

qﬂnsniuazﬁﬁm 2% sodium deoxycholate, pH 7.0 (azaﬂsiuﬁ:ﬂﬂgu), Blood agar
plate wazalan

7591 Plate technique: Feataun 5% blood agar plate Juaiuu 18-24 e,
wasnen 2% deoxycholate 1 vem asuulaladlnonss Maudolouniiesosngly
incubate igaumadl 35 °C 1Wuan 30 wit &y S.pneumoniae Taladmely

7591 Direct Method: Li‘;lumsmaauﬁaasimﬁam (blood specimens) Ve U
Tnease Yidentn veavualad 2 vien neadl 1 diludouunsy mwuwaLmimmmﬂuﬂmawu
a1y (chain) T¥nen 2% sodium deoxycholate 1 vign aa‘umaamaﬂmwmmmmamm i
Tiuislueinia & gouuNTN mLUu S. pneumonlae Fudiven bile salt T [TeazanUSunaas
d1u Streptococci auq Fovdwaiy Sildslushegatesliiuteutumedeu
* yirlunsal zone of optochin < 18 mm
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10. 6.5% NaCl slant (J. Clin. Micro. 7;238, 1978)

d9uUseNauYBIdIMIS  Brain heart infusion agar, 26 ¢.; Glucose, 5 g; Sodlum
chloride, 30 g.; Bromcresol purple (1% ethanol), 1 ml.; Proteose peptone, 5 g.; mﬂau
500 g; pH = 7.0 Feanusoazanglutndu iaraneeevauysal Taenhludslnl w¥eusta
L%Jmf\]’muuuﬂaﬁaamt,ﬂ’; 13x100 wi. Ba9naz 3 Ua. Uﬂﬁ]ﬂﬂ?ﬁlﬁ"]auqmqu@LLauWW1WL8u1u3U
91113 slant

wdnns  iesmnomsiiinrududures NaCl 8 6.5% Wefiansanusoni
L%’m%’uﬁlé’ﬁqLﬁ]‘%szLaz‘L%’ﬁwmaanﬂa Faazluasud Bromcresol purple a1nduasluidud
LARDY

#1913V 6.5% NaCl (broth) 1. Phenol red broth base (Gibco), 1.5 g.;
Peptone, 10 g.; Sodium chloride, 5 ¢.; Phenol red, 0.018 g.; Dextrose, 0.5 g.; Sodium
chloride, 6.5 ¢.; Beef extract, 0.1 ¢.; Distilled water, 100 ml, pH = 7.4

Fwden thaunauiomn nadliidoomsararaduiodentu wddvaonut
13x100 11y, vaenay 2 va. tiluiledl 121°C 15 Youd 15 wiil

msuma  nauin onswWasududvdes waau dvetensliiudsuulas

11. Esculin Hydrolysis

WanNNIg Lﬁﬂﬂ’]i%@ﬁ@Uﬂ?’mﬂ’mwﬂ‘U@ﬂL%@IDH’WEJ'EJEJ glycoside esculin Ju
esculetin Lay glucose Pelun1538aae group D Streptococci, Listera monocytogenes
%39 non- fermentative gram-negative rods e

aﬂnsmLLawuﬁm Esculin solution ww3ea91n Esculin (Sigma), 5. O % Ferric
ammonium citrate, 0.5 g.; NaCl, 8.1 g.; K;HPOy, 0.4 ¢.; KH,PO,, 0.1 ¢ mﬂau Walone 1L,
NADALMIYIAADT VWA 12X75 L.

W1 ga esculin solution 0.2 1a. ldluvasanaass lddeuTinaanweudieu 7
35 °C Wy 30 Wi

msudana  d1deannsa hydrolyse glycoside esculin t8u esculetin %ﬂﬁ?ﬂﬁﬁ‘%m
U ferric ammonium citrate 2% l@ansaaAntu WU Group D Streptococdi, Listeria
monocytogenes %38 non-fermentative gram-negaive rod U9A7

ABwiseu Bile esculin agar (Wuamnsduiagy) wisudumaumuAIMUEIT9
w0 duliormsazate wudldvaonuia 13x100 W, vasnas 3 ua. thluded 121 °C 15 Yous
15 U9l WaUIN9LDYY

mMssuma  wauan ewnsudswdudan uinaau dvesensliiudsunlas
12. Catalase test

#ANN1S catalase enzyme annsaasu H,0, Wy O, way H,0

13’1&1’1 3% Hydrogen peroxide

nsagau [eideiidasnmsnagey atuu slide udmen 3% H202 asuuide 1 nen

nseuma Hauan Sresieiinty naau et uing



120

TaA233839 lunsleldenewnsiiiifenrauey Asuazianglalalveaionn
naaey g lilaue N sNTEeaNaN ins1zagyhliiAnuInUaeuls (eulesl Catalase wuldly
dindonuns)

13. Plasma (For coagulase test)

Wanau1@1msu slide coagulase test 14 undiluted plasma wa@u1@ sy tube
coagulase test Towanan30919 fe Trypticase soy broth Tudnsndau 1:4 (ilnneu clot
wisieglduniu ansnsastunaldly 4-20 H3lus) widldnaoaufiusannide waeaay 0.5
ua. iulugidud doC

waBI (Tube coagulase test) (1) msldnanainiiusaanide wasidiofithan
VlﬂﬂaUﬂ’JiLﬁuL%@U%Eleé NS LTRBY 1 Enterococci uay gram negative rod Lu P.
aeruginosa a@wnsald citrate Fuduanstudenuddunaas vlmAnnavindiald, 2) Tu
nsdifiouidsadeuiunit 20 Falus oraianaauiiiald sz S. aureus snaldes
Staphylokinase vl clot MAnTuazans fatunlsitnsageu ws slide uay tube
coagulase test Usenaunu

14. PR Glucose / PR Mannitol

dqudsznau  Phenol red broth base (Difco), 1.6 g.; Proteose peptone No. 3, 10
g.; Bacto-Beef extract, 1 ¢.; Sodium chioride, 5 g.; Phenol red, 0.025 g.; Agar, 0.5 ¢.;
Glucose #38 Mannitol, 1 g.; Distilled Wster, 100 ml.

Bwsen  themnsuandndetu WWileomnsazarafudedontu widdnasaui
13x100 3. vaenay 3 ua. dludsdl 100 °C 10 Yaud 10 wiit udridliormnsidu Tuguues
Deep medium

mMssuma  waudn avesenmsdsuludindeniimann diunaau avetemsting
Judidy @ung)
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15. PPR Medium (é"m%’ugmsa%"m pigment Y9414 streptococci group B)

d2uUsznau  Proteose Peptone No.3, 3 ¢; LLf]ﬂ‘?Jj’]’JLfilj’l, 5¢; NaCl, 0.5 g; Agar, 1
g, ﬁﬂﬂé‘}u, 100 ml.

Bwden  azaneuilvluihifuriou udnfudunansug adly diludlrazane Talu
tube UM 13x100 sial. TiflenugeUssanm 2 wu. AslilRimhomadsadotiiulilugbu
1 fu deuthurldomadeatefia axdosjuiioaen

mswagau 14 loop 1130 needle Walaitazvhnsnageuiunasuemsidende
Tasunastineg naeauds il incubate 35 °C 24 dalua

NANINAEFDU Tﬁaﬁmﬁaaﬁumﬁaﬁ WEeunatiAe nauIn evnswWaswiud
du dunaau Fvesomshidsuula

16. Gelatin liguefaction

#ann1s Gelatinase Fudu enzuyme g9y Gelatin

mmuﬁyﬂuﬁa Nutrient gelatin

nsvagaU Stab Weadly Nutrient gelatin shluuu 37 °C 24 @, Aougunaly Wiy
lagdulibunou

ASEIUNE KAUIN DIMNTABNTEWEY  drunaay e1siasauTeuds

17. Lecithinase test

#aNn13s Lecithinase il hydrolyse lecithin w&? end product Ju diglyceride uag
phosphorylcholine ﬁ@lﬁLﬁ@ﬂ’J’]@JﬂU“ﬁﬂU@’]M’]iLayiNL“?}/EJ dosmnldazanedh

E]”I‘Vi’]'iLgENL%I’e] Ege yolk agar

nsvagay @eatsly Eeg yolk agar 18-24 w1, 37 C

N1SEIUKEA WAUIN 4R zone YUTOU colonies Haau Wiiiin zone

18. Phenylalanine deaminase

WaNNS 1 ToULAIMTB81weI8 M550 350C 18-24 . vierm 10% ferric
chloride awuﬁmﬁmaué‘g@ﬁmaau 4-5 nan

MIBUNE  HaUIN RRdTaTuuuiamthe s dunaau Tiiinsidsuulas



122

19. Dnase test agar

d2uUsznau  Dnase test agar w/methyl green 42 gm. #50 Dnase test agar 42
gm. WALHAN 5% methyl green 1 ml. + ¥ndu 1,000 ml ¥ludedl 121°C 15 Yaust 15 wil
yhlitionmnd 50 °C wildrudsadefiusanide

mswegau 19 loop @eideluvufimine s sndszanas 1-2 gy, wsethedu
2naudusugudnats Uszana 5w, 1hlueudl 350C 18-24 vl

AS8IUNE HAUIN 1R clear Zone SeUUSMMIeTY  Maay enshidsunlas

20. Carbohydrate broth (manitol, sorbitol, arabinose, raffinose)
dquUsenau  Brain heart infusion 37 N5y, Astulawnse (W) 10 nsyY, 1, 6-
Bromcresol purple in 95% ethanol 1 1ia. uaz tnau 1 L ulsemnsdsavarsiudildnann
INNFLIVWIA 13x100 1y, IUMaenae 3 ua. Weoulaeldniudu 10 Youd 1181 10 Wil
A1sEIUNE  HaUIN : evsWasuandiaduiindes naau : onsiiBianiiewdy

21. Arginine dihydrolase
daudsznou  Moeller’s decarboxylase 10.5 nsu, L-arginine 10 n5u (114 DL-
arginine TANdn 20 N31) waz Wnau 1 L anetwisiiazats Usu pH Tila 6.0-6.5 wudld
MROAININGLIVUIN 13x100 1y, aemas 3 1a. Y1lUila 10 Uaud 10 wil Walmzieilay
Nadouwa? 1w mineral oil AUsAN@oaslUTumasaviug (RdaununUssann 10 uu.)
MseuUNa  Wauln: evnsildsuaindiag Wudihaung waau: evsiidaiag
& a a v a @ A I3 A a 9 1 .. .
willeuin 3o anldsududivdes (Junaiiinainnsaldla arginine dihydrolase)

22. Rapid carbohydrate utilization test for identification of Neisseria sp.

dqudsznau  Buffered balanced salt indicator solution (BSS), KH,PO,, 0.01 g;
K,HPO,4 0.04 ¢.; KCL, 0.8 g.; Phenol red (1% aqueous solution), 0.4 ml.; Distilled vvater
100 ml. mmimwmumﬂiu pH=7 nau sterile Iﬂamiﬂim LﬂUIuGU’JG]NWLﬂaEJ’JVI 4°c

mimmmma agld 20% carbohydrate solution mmaaumma glucose, maltose,
sucrose, lactose #58 fructose Iuﬁj’mé"u sterile Tngn13n399 1AUlY freezer

ABwsea (1) 141 BSS way carbohydrate solution 88n21ngu FaielFauyiiu
pungiivios udiidon suspend Tu BSS 0.3 ml. Tngléidearuaumnn (Uszanni 2 loop) wa
AuliR, (2) wisuunaznisvaaeulagld 0.1 ml BSS asluusayvasn uaqld sterile pasteur
pipette e 20% carbohydrate solution ¥ilnfidiosnisadly 1 ven, (3) 14 sterile pasteur
pipette an cell suspension Tute 1 nepas 1 nen 1wewsaq, (@) ¥l incubate Tu water
bath (37 °0) waziwgfuassasn, (5) Uﬁﬁ%mﬁtﬁmﬁmmﬁﬂmu 15-30 W17t wivansadedld
nads 4 Falug

n1seukE : navinaztudinges
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AANUIN 3
NAN1NAGBUNIZNTAINITRSYAUTAkAzNTHENEU YA RLUE

ayunavaaNIImagaun1IznIsainMssiulaazmndaeulsdinsAwaretio Aspergillus
sp. FK1

A10UIU cfu/ml OD 400 nm Keratinase activity g0 nm

0 0.35%10° 0.048 0

1 1.3x10° 0.129 3.9
2 4.95x10° 0.365 27.6
3 5.7x10° 0.501 51

4 8.9x10° 1.119 70.7
5 8.9x10° 1.119 67.8
6 6.7x10° 1.119 61.7
7 5.95x10° 1.119 56.8
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a3UnaveInIsnaasun1tzn1sainIsasgiivlauaznisudsiouladinsfiuave e

Penicillium sp. FK2

A10UU cfu/ml OD 400 nm Keratinase activity 230 nm

0 0.3x10° 0.028 1

1 1.0x10° 0.143 4.6
2 2.7x10° 0.297 21.4
3 4.3x10° 0.543 53.1
a 8.4x10° 0.814 83.5
5 8.4x10° 0.814 80.4
6 6.0x10° 0.814 76.2
7 5.2x10° 0.814 63.5




125

a3UnaveInIsnaasun1znIsainIsasivlawaznisuanoulydinsfiuave e

Cladosporium sp. FK3

A10UIUY cfu/ml OD 400 nm Keratinase activity g0 nm

0 1.15x10° 0.021 0

1 2.1x10° 0.132 2.9
2 3.9x10° 0.216 19.2
3 5.25x10° 0.492 41.1
4 7.75%10° 0.661 63.2
5 8.95x10° 0.805 724
6 8.95x10° 0.805 68.9
7 5.9x10° 0.805 53.7




126

A7UNAYaININATIUENTINMTAIN TR AUTAkaEN1THEALEULYIATIAEYUYD

Bacillus KB1

Keratinase activity ,5

ardudialug Cfu/ml OD 400 nm
nm
12
0 0.1x 10 0.003 0.6
12
3 1.2 x 10 0.018 a7
12
6 3.6 x 10 0.043 11.7
12
9 57 x 10 0.096 148
12
12 6.8 x 10 0.123 16.2
12
15 8 x 10 0.147 21.8
12
18 8.3 x 10 0.168 30
12
24 9.5 x 10 0.198 0.4
12
36 10.6 x 10 0.253 58.3
12
a8 11.1 x 10 0.384 61.9
12
60 9.1 x 10 0.384 56.3
72 68x10" 0.384 50.3
84 46x10"° 0.384 38.2
12
96 1.2 x 10 0.384 27.2
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A7UNAYaININATIUENTINMTAIN TR AUTAkaEN1THEALEULYIATIAEYUYD

Bacillus KB2

Keratinase activity ,g9

adutalug Cfu/ml OD 00 nm
nm

12

0 0.3 % 10 0.013 38
12

3 0.6 x 10 0.048 75
12

6 1.2 x 10 0.081 13.7
12

9 35x 10 0.121 19.3
12

12 57 % 10 0.176 26.1
12

15 7.9 x 10 0.199 36.3
12

18 9.4 x 10 0.239 54.9
12

24 10.1 x 10 0.256 59.2
12

36 108 x 10 0.327 63.3
12

a8 11.7 x 10 0.398 73.6
12

60 113x 10 0.402 67.2

72 101 x 10" 0.402 58.8
12

84 7.9 x 10 0.402 51.7
12

96 6.2 x 10 0.402 a0




A7UNAYRINITVAFBUANTIINTTAINITIRATYLAULAAY Viable count ¥as Bacillus KB3 wag

Bacillus KB4
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¥ un

KB3 KB4
0/18-9-55 0.2x10" 0.1x10"
3/18-9-55 1.8x 10" 2.5x 10"
6/18-9-55 4.4x10" 58x10°
9/18-9-55 57x10" 72x10"
12/18-9-55 7.6x 10" 9.6 x 10"
15/18-9-55 9x10" 13.2x 10"

13.2x 10"

15.1x10"

15.6 x 10"

16.3 x 10"

36/19-9-55 16.6 x 10" 17.1x 10"
48/19-9-55 18 x 10" 17.7 x 10"
60/19-9-55 18x10" 17.9x10"
72/20-9-55 15.3x10" 17x 10"
84/20-9-55 12.2x10" 14.6 x 10"

96/21-9-55

8.4 x10

11.2x10"
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A7UNaYaINSIRSAULAYRYa Bacillus sp. KB3 wag Bacillus sp. KB4 1 Total count

Fluasui KB3 KB4

0/18-9-55 0.006 0.009
3/18-9-55 0.048 0.060
6/18-9-55 0.082 0.092
9/18-9-55 0.166 0.189
12/18-9-55 0.322 0.347
15/18-9-55 0.370 0.420
18/18-9-55 0.411 0.536
24/19-9-55 0.552 0.602
36/19-9-55 0.620 0.647
48/19-9-55 0.670 0.733
60/19-9-55 0.720 0.754
72/20-9-55 0.720 0.754
84/20-9-55 0.720 0.754
96/21-9-55 0.720 0.754
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agunavainsuaneululinsfuaalfanssueulesivaaia Bacillus sp. KB3 uag
Bacillus sp. KB4

Fluasui KB3 KB4
0/18-9-55 0.5 0.7
3/18-9-55 0.8 1
6/18-9-55 1.4 1.8
9/18-9-55 2.6 2.8
12/18-9-55 3.9 4.6
15/18-9-55 4.2 6.2
18/18-9-55 6.5 12.2
24/19-9-55 10.3 15.2
36/19-9-55 14.7 17.2
48/19-9-55 16.5 19.8
60/19-9-55 22.5 23.3
72/20-9-55 18.2 22.2
84/20-9-55 14.6 18.6
96/21-9-55 10.5 13.3
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Uszinlnedovasgsiuide 1
Yo - ana uNENADFL agd ( MISS KHOSIYA SALI)
foglaqtiu avil 1/1 il 4 drua n1glls S1ne iy Jamda ezan
FuAfewAiAn 31 nIngrau 2520 an1uiiiiin Suna iy Samda ezan
Jande wenide avd unsande unnedline agd
duvdetagiu . 919159UsEIMangnIaTIINe AnIngamansinaluladuag
MSINYAT UNINY1AYIVT B
v uiiandald :
A113Y1ATVINEN
AN AN
AREINEIAERSImMALLlAERANITINYAT
UNINAYIIVAeran
Insfnyl: 084-8531948  E-mail: khosiya_s@yahoo.com

UseInn1sAneA :

U e 2535 Uszaudnw lsasputiulenss

Una2538  dseudnuineudu lsuseuaiaganuine)

Una2541  dseudnuineuvansy 1sauseusssiineyails

Una 2545 USgyeyns (m.u) B3menyseend aminendesvigesan

U w.e 2551 USeyey1ln M. Sc Microbiology, Universiti Kebangsaan Malaysia, Usgine
1LALTe

Uszauniseifiieadesiunisisensnielusaz meusndszme

8.1 Anetnus

- The production of CGTase by alkalophilic Bacillus sp. G1 in continuous culture

. NASIUNISIVINIG

Khosiya Sali, Aidil Abdul Hamid & Wan Mohtar Wan Yusoff. 2007. Impact of dilution
rate on CGTase activity and productivity from an alkalophilic Bacillus sp. G1 in
continuous culture. Nu Science Journal. 4(2):148-153.

Khosiya Sali, Aidil Abdul Hamid & Wan Mohtar Wan Yusoff. 2008. Increased
productivity of CGTase activity using continuous culture. Sains Malaysiana
37(4):429-433.
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Uszinlnedavadgiiuide 2

¥o - dna  UNEIUTOEll viedluy
MISS Nur-ainee Hayeeyusoh

gUaqiu 1auh 6/2 wiin 3 Aua Gna 9une LWes i Bzan

Y

U/ARDW/UNA 1 AUENEU 2522 @0NUNLNA BN 8TH39 39N UANIY

Tn1%e wedunalay vedeley 115ATe WINBRAWIY 9N

e =)

>
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MSNEAT UNINY1AYIIVT BT

6.

[ aa J 14
wmamuwmﬂma‘lﬂ :

A1UIIRTIINGT N1AIYINGIAERS

AEIVENANEASINALULAERATNITINYAT UNINIREINVALeLa)
INsANY: 081-5437235 E-mail: hnurainee@yahoo.com
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o =
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8.

1%
[V K-

Uszaunwzﬁﬁﬁm%’aaﬁums% EJVI\‘iﬂ']EJiULLﬁ%‘;ﬂ']EJu’e]ﬂU’iZWIﬂ
8.1 e tnus

- The production of delta-endotoxin from Bacillus thuringiensis subsp. kurstaki
SN5 in Repeated Batch Culture

9. HAIUNINIVINTG

Nur-ainee Hayeeyusoh, Aidil Abdul Hamid & Wan Mohtar Wan Yusoff. 2007.A simple
technique to enhance the productivity of delta-endotoxin in batch culture. Nu
Science Journal. 4(1):18-24.
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