Anusauatu 7 NININY W 2560; 59 (3) : 152-170

71314 Accuracy profile #33382UANINYNADY
ANUHUNAFaU Petrifilm™ Rapid Yeast
and Mold Count Plate d1%3U#313%)
USanafiagduazlupiacnm

a a '
ﬂiqﬂ!'l ai'ﬁ&l‘ﬂﬁ AAINITN I,Lﬂﬂﬂa'lil u,azuaﬁ 'élglfl/‘l‘ﬁi
zﬁL?’n@mmwua:mmﬂaamn‘"ﬂmms NSNINMNFNTAISUNNE UUAIIUUT L!‘lo’?’l?_qlg 11000

UNARE  NMINTINFDUANINGNEBIYDIITIAT BTNt Inenatn ISO 16140 - 2:2016 MUl
1% Accuracy profile lumsiSsuiisunaitanziuadiasedaiuiamadan muiseiilen Accuracy profile 1%
ATNFDUANNYNADIYBIUKNUNATDY Petrifilm™ Rapid Yeast and Mold (3M RYM) lumsasiatiuuSanadad
wazs luaiaduriiamaidisuiisuiuiissds US FDA BAM lealdiathaniasaniduiioudaduazs
MUEIINMBUBLTIDENTIRN A NANITNTY 3 26U @B SEdum (1 - 100 CFU/Hadda3) szdunals
(100 - 1,000 CFU/{8da03) uazszaugs (3nnd 1,000 CFU/{adans) NamaauwuiwLﬁaﬂmwm%ya“?;qquﬁ
25°C wag 28°C WU 48 waz 72 %‘[m NaNAFBUVDIS 3M wazditadedanmdaanuilluuuiidunse (Linearity)
wazAdnUseanaanduwusaaiieddu (r) Aldmenuduiusuas 2 53ilalnd 1 whAu 0.9986, 0.9988, 0.9995
W8T 0.9992 MNMGU LilaaanTw Accuracy profile Lﬁammaaummgnﬁammiju‘wmaau 3M RYM Tlaa
mvualziasauagumMsnszaneuesdaya (B-expectation tolerance intervals, B-ETI) tinu 80% (Bo%)
WAZYBUAMIHINSUNANATDY (Acceptability limits, AL %38 \) AU +0.3 waz +0.5 log, CFU/#iadans
wamsUssfiunuiidle  whiu +o.5 log,, 35 3M ﬁﬁmwwtﬁaﬁ'qmwgﬁ 25°C uay 28°C WM 48 Uar 72 7N
Nreeey B-ETI agjm&fluwaummmsﬂau%’uﬁvgnssé’umsﬂulﬁﬁau udila X whitu 0.3 log,, % - ETI
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aqlahdrenuldlaveusiunasay sM RYM Fufumsinue Bo% wazypUNMIBANTUNANAFDU () 283
{ldnu nanldnmsasageauanugneesadidaiansW Accuracy profile Lﬂum’%mﬁa‘lﬁ&ﬂ%’mummmﬁmim
ANNINZaNaeIN 51035 U

Accepted for publication, 18 July 2017

NININTNINENAFNTMIUNNE
U 59 atun 3 nInaN - fuensu 2560




ATINFBUANNYNABIYDIUHUNATDY Petrifilm™ Rapid

ngoN Gaing wasAme
Yeast and Mold Count Plate

UNU

Tugaawnssumsuanieiasdn gaunddlseanviiiieanuddaanndageanuuznsudn de
faduarn mInsedavdsduarnluanniwesnaissanduiladsdhdydansauguaumwasiude Sl
fayiuisadeiildamatuiaduasnluamsfiinnineuasds suanassndsiidaiolduazlaamly
fionldmaiinnsinzida (Culturable technique) mutanas ISO 21527:2008" w3a U.S. Food
and Drug Administration Bacteriological Analytical Manual (US FDA BAM)® aelFnannuds
5 -7 Ju eatudulldmugaamvnssnansiidasmannuwainnsimelunmsnadlumsiualy
T lumsmuauaumwdodnd Jagdu viaduq lunszuoumsudalilitienudememagsia 35
madanile wa"iLﬂ'mﬁimLéaﬁuﬁqlﬁgnﬁmuwﬁaﬂmﬂﬁﬂehq 9 15y Flow cytometry Filutana (Molecular)
auyluinen® udiBmaildaslfiadasiiadaluifuasenldhalumansalinnsidoutouns 33mamnz
daiilvnainadinhisldgniannduduizmadon mslduiunagou sM Petrifilm™ Rapid Yeast
and Mold Count Plate (3M RYM) fi{liismadaniined Tagandandnmsiasauesdavuuiunagay
fifiansamsnanenditiusassusuiiinea uazaaamandeadu® sunasiazanehudnliifiame
wazdudiamasitanuhidaeulsiaahasiifogluiiod 91 wazamanmia® udmaihdsmudananld
asaiulahlduanaseuiiiisuninissedsiiivasdesdiiunmsasasauanugndasiaanulslduas
35maldan (Validation of alternative method) ukiunagayu sM RYM gnﬁ@uuﬂﬁ'aﬁumalﬁ'(%a%u
melu 18- 60 Flae wastmwsizald 2 auunil Aa 25°C uay 28°C mhenu AOAC uaz AFNOR
Idaaaauanugndasausiunadoy sM RYM lasuamsasiadounas AOAC® figiiumsmeluwii
wosljiansluams 1o #iie WU’hLﬁIaﬂNLWWL%aﬁquQﬁ 25°C 10U 48 Wax 60 #Lan o3 4 wila
Taun Tadso uathila aiue uazldnsan finevasusunaday sM RYM uasi5eds US FDA BAM wia

v @ o

ISO 21527 liuandnnuiszautiadaty 0.05 dmsuasudsen uaudmis we sanaud uazuililaauuils

a

uBude fenuuananiuiszautisaiay 0.05 duglisuiunagay sM RYM asanwuidaidnaely

a va

wiAssedeamlinuida dmsuniieny AFNOR® ﬁ"ehLﬁumsmmaaumaiuwf’iqﬁmﬂgumms
Tosul3auidfisumstuusunadau sM RYM figamail 25°C uas 28°C 10U 60 uaz 72 91lae AUIEE
ISO 21527 uazdimsUsziliumaay ISO 16140:2003 laun Mmsnadauanuiludunss msmanudunus
204 2 IMIEMIIATLWNI0n0n0s (Regression analysis) anuusudunns (Relative accuracy)
anuhdunns (Relative sensitivity) 309109289mM35a53anwy (LOD) wazdaannazasnswideUsanm
(LOQ) %ﬁﬂ@ﬂdmsjwmaau sM RYM @adald Tuil w.e. 2559 18O leuszmeld 1SO 16140 - 2:2016®
FaiimsUsziiunanie Accuracy profile fitiinduain® a.a 2003 lng Boulanger uazaniz® lasi3ni
#annN15uaN Accuracy profile Nﬂ%’@lsmaaummgﬂﬁamaﬁ%‘mqLﬁaﬂLﬁ'aamﬁaﬁwﬁmaﬁ%uumaumﬁ'
MINAFEUANNATIUULUY null hypothesis lumsasagauamuuananzedasiananudaiussaunis
uazlidaAafiuinAanutiios (Precision) ﬁi’ﬂﬁmmmmLﬁ'mmummgm (Standard deviation)
71aqwawmaauﬁ%mqLﬁanﬁﬁm@%m‘%agqlﬁﬁwaﬂsswuﬁ'umiwﬂaauﬁ'aﬂ null hypothesis #sa1avlw
msaau%’uﬁ%ﬂmcj’ﬁa}zﬁﬁ%lﬂiﬁ'muhﬂd’ﬁwﬁqﬁqmwL*?;mwaﬁ%muﬁaﬂ yenNnianagausie null
hypothesis Lianansaudgaseanugnaaslasganysel wnzbivaawauwazasnmssansulaveina
AN wimsld Accuracy profile anansavhldlagmdaaanuuandgegaiisaniuldssninama
NAFBUIBMAUEaNAUIEEN9BY Accuracy profile suflutaipsiiameadafimanzansuiumsulanans

ANFDUANINGNE D92BITIATNLHLAGNIINMINATDU null hypothesis tW51zfin155I0 B-expectation
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

tolerance intervals (B-ETI) uazzauwamssaniusgmelunswlidientu s B-ETI ilugniienaime
manaseulusnaainny pe asanagluei msld Accuracy profile wlwginAsluldmnnsoRasan
anunzaneaeds lumsih ldanuinguszaaduatnu (Fitness-for-purpose) 1o amerivedaladnm
nanmsuasnaaaaandszgnd lFlumsasiasauanugnaesadisnadaulasdnmiuuiunageay sM
RYM wisuiflsudtigeeds US FDA BAM lumseanamiaduaznlueiasdusiiaman
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1. Plate count agar (PCA) uaunaausiiinaa anuangy 0.01% (PCA + chlo)
WHUNeaaU 3M Petrifilm™ Rapid Yeast and Mold Count Plate (3M RYM)
Brain heart infusion broth (BHI broth)
§199¢a78 0.1% Peptone

O s W N

d135azan8 Phosphate buffered saline + 0.1% Tween 20 (PBS + 0.1% Tween 20)

= -~ P
Lﬂsawauazqﬂnsm
%y N o Yo & = o o 4 & o
21915 UaMNYH 50 £ 1°C QUNMBRaMUAN 25 +1°C war 28 £ 1°C LATNTINAlYN
° ' a g 0 & % % o @ P % P o @ & '
2 UaT 4 AUNUY 1ATBNINRER fauTaY ww3aatulalail NABIRaNIIAN LATRIINANITUNTA-6
1P309KEN (Vortex mixer) waslualila wimavna Yweseluidzue 1,000 lulasdas Ja
2UA 1 WAL 10 Nadans 2uMENNFENVUIN 250 NAFANT AL 500 NN NADANAIDIYUIA 18 x 150

a a

FAANAT MUWILBDVUIN 10 x 90 NABINAT UHUNTZANGLAG YaDARANWAIFINVUNIA 10 NaFans da

2

Hausannge vudeae veanvea (Dropper) waslsiglial

=

aunIdaNnIzIN

)

ﬁae‘fmmgm Saccharomyces cerevisiae DMST 22805 WasiIN033 1% Aspergillus niger
v J < [ o S a o & 4 U av a J
DMST 15538 laangudidusnyiuazsausinagnugdunidnmanmsunng aontuideinendans
aNTIIUGY NININENENFATNIUNNE NTENTNATNTUGY
FBe3anrdunIdannIg v
Saccharomyces cerevisiae \WIzBdAUUDIMS5IAENED PCA + chlo ﬂuﬁqm‘wﬂuﬁ 25°C
W 3 T usdede 1 laladl ldaslunasa BHI broth USanas 10 §adans uniwizia 25°C w1y 3 Tu
WaHameasazae 0.1% Peptone auladauszans 10° CFU/fiadans uaihlumldizeuadu
Aspergillus niger \Wz51UU1M3L88NEa PCA + chlo Unfigauinil 25°C w5 Ju 14iia
Unanngs aajuuinuesulaladussniadyuunumzia PCA + chlo Tlazwalszanm 0.5
wudLes 1 lneesenarearu PCA + chlo Uawnzi@ai 25°C wu 7 W msiivadasleaduansazans
PBS +0.1% Tween 20 Uszang 5 fadans asuunumnzde 1ldmalgluamun 9 vudulaiiely
e v v ' & < s ¥ o = &
alasngaaan uarldvasaveagamsazaraalasldluvasanasssdnannie iualasidnnilansa
& PX o o o oY & 2 v &
Nnuumasazagalasmuneatlunasedemnussgaaneulnann@auuuiain q tensauduledan
o a o s < ool o o L v
noadennualasean thudmsazaredlasnoanunnnlaiavaaniineg) 1aaNTen 18815058 0.1%
Peptone aulaseauiSinauzanassmsuanihlumldizamadu
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° ¥ a o 2 I~ R o o ¢ s A o v gy ' )
manliaauniguimidy (Injured) ihansasasdaduazalasnineienld ldadlugniniau
Ao 50 £ 1°C WianAunaaaniarsazans 0.1% Peptone wasinaslualdladmiuingumgil auaos
a ° Y e A o PR o 43’1 nlw ' 1
guund 50 + 1°C UANGNIUNS 10 Wi WaasunmihasasaraislUldnegaudaly

28819

L3aeaNBlinwaIsiuiy 8 saate udegrelud sudaduassiansssumd (Natural
contamination) Ansulsinanudiou Teus Whnsudeu sy hueddananhumeaszd whenle
Al i LLa:GTma'N“?;Lﬁuqﬁuﬁs‘fmmgmﬁﬁﬂﬁmﬂwa (Artificial contamination) laun 1aud
vhendien wazihinwalssan

wisncahsliiimsuudiouiiaduazs 3 526U Ao sedum (1 - 100 CFU/fi9aa03) staunan
(100 - 1,000 CFU/#iaddn3) wazszdugs (3nni 1,000 CFU/#addns) nMatieandiegnlaaiee
Gadu 10 fiasans ldasluarsazans 0.1% Peptone U313 90 fadans wehlishiu azldmatheiidaas
10 h (Tenfold dilution) ¥msidaneaeauldsiudananinsaiiula

MINTINIATIHMBE
uRaraBENNaday 2 35 Ae 35 3M wardseds US FDA BAM 2001 laanadau 5 Mansu
35 3M uaznadau 3 HIEINSUIGD B
35 sM“
NATBUMBEN 2 %0 dmTuuenUNNzEaNaMn)l 25°C waz 28°C 1ukunaday 3M RYM
‘3‘91 = v Y o U o | a aa 1l ag o v l;’ v 1 L 1}
MuUiUEsU ua ltadalulifgadadn 1 198ans enuduildnamuundy uarUassfmadaInnan
ununagau Ase 7 MuKuidumuuuas TEanausunagay sM RYM nawun 9 T¥aaeeg1enseaamnud
2NN MNAeen Muxunadauiivlidneg Aewhluuniigamgll 25°C waz 28°C Tuinnudaduas
WaAsSUN® 48 + 2 MINe war 72 + 3 Hlae Nenuwatdu CFU/Nadans anvmuclalaiifias fa
< = s = 90’ =® a Yy o = <~ ) o o kX
2NAEN YU Hrauwedary Snmasnsay feddeanth anvaclalaiin de anelvg wuw Sdeanih
asananlalaliliyndn vavuurnszNe
3581989 US FDA BAM®
Twaaegeldnumiziia 3 39U NUse 1 T98a05ABILAUNISIIBAN (NBIMISLRENLTD
PCA +chlo aaluwanlvittnnu ihldunigamadl 25°C wu 5 -7 Tu duinnudaduazs warmenae

N 3 MU NeNUNaLTY CFU/Has305

mMsUssiivpa

huamsuuannulalatiaduasnvesmsadisinulauiiue log CFU/fadans uareiiiunms
il

QI d? o = oy
1. managaumsivaduzasannulalaiizedis sM
14406 Paired t-test Nszautiaaaey 0.05 nadgaumstivnzurasnuulalaiilumsmegauais

35 sM wialFnandumnz@amnuziuan 48 Tluadlu 72 9lus e p tenaladseniissauisdia 0.05
uFaNNMIUNIWZTRWIU 72 Bl Fwulalatisnanimsuyuu 48 72l
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

2. MmanadauaNNiudunse (Linearity) wasnsmanuaunusuaidaadds
Twendurslusunsn EXCEL aswnnuganuiluiduase (Linearity) wiannamanuduwugs
1 e ¥ a o aa P & A a ° ° & b‘LQIQQ
FEUTNIBINBINUIT 3M Nuswzianaamigii 25°C uaz 28°C w1 48 waz 72 171 legldadinmsoanas
a ¥ v ' . . . V@ a £ v v ¢ N Jw 5 .
@aLduaE e (Simple linear regression) AaNUscdndandunwusuainasau (Pearson’s correlation
v v a £ . . o
coefficient, r) wazmduUszanonmsonoas (Regression coefficient) n3aanuzu (Slope)
3. MIATDUANNUNY (Accuracy) 2970 3sM @803 Accuracy profile
138319795 Accuracy profile®

dyanuol

i = @edN

q = sufeie (1<i<q) luiliq-s

i = ghethanageumuth (Repeatability)

n = 'ﬁhumﬂﬁmwgwmé’f'saﬂw (1<j<n)

Tudiii 33 3M, n = 5 WazAdedan = 3

alt = 725maaen (Alternative method) wanane 35 sM

ref = 73581989 (Reference method) #1nade 3591989 US FDA BAM
/M

1. MAUADULIANITEBNSUNONATDU (Acceptability limit, A\) (W1AU +0.3 log,,
(ae £0.5 log,,

2. LLﬂaqﬁagawaﬁtﬂiwﬁLﬂum log ,CFU

3. MAMNBEPIUUDINANATDUYBIUARZAIDEN 1 NAINITBNDI 3aneiin mande (X))
X, = median (x)

1

4. MMNBEFIUYBINANAFDUYBILARZAIDEN 1 NleaInID sM
Y, = median (y,)

1

5. enualsuuNasgIY (Standard deviation) ¥auaazaIpe i laands sM (S, )

1 y .. —,
Saei = (i Zi=m O — yi)?

6. MuamdsuuasgIusIN (Combined standard deviation) Nlaa1n35 sM (S,,)

_ Iva 2
S = /qu=1S alt,i

7. ANUANTELUUNINITIUYILADZDEN (S

ref,i

) uaze e uuINAIIUNINNlanIs
81984 (S,

Y —
Seei = — Zj=1 (XY — X0)

({13}
- ’l q
Sref - q_zj=1 Szref,i
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M S, hanldiiananasavaguanzauamssaniu lasdasnasanhan S, 10N 0.125

ref
wiali Mannnd daslsuaauwamssansunanadaulva fa AL = 4.S
8. AINAUAMANNUANANYDIAINTLFIUTEHINTDNITYDIUELAIDEN i 13807 Bias (B))

WIDLSEN AMANNUENLUUYBINEID M

B, = Y -X

1

9. MaaNne (Limits) 2999 MNANNANALAFIUAANI (B-expectation tolerance
interval, B-ETI) Fuilugniimaiuwanagauiviu fo luawaaiildanis sM azanaglugeil
Toamvuadadrvyasuanadauluswaailtinnu B

M B-ETI = B +TS, |1+

Lil:a T=T(1_l3

) tWuA percentile 289M35ATENEUUY student-t SISUANN
—/ia(n-1)
2

wazilu B @9 ISO 16140 Muue B LU 80% waz q (n-1) = degrees of freedom
uudea T (Jue coverage factor 209729 B-ETI 28935 sM
azladannauy (Upper limit, U) waziindnnaan (Lower limit, L) 28933960 p-ETI

U= B+TS, [1++ wez L= B-TS, |1+

a v a

10. #5905 Accuracy profile Tviunu X fluamnlaannisardenudauilue log,, usd

M9l

wazunu Y (fu@n bias, acceptability limit, upper limit uas lower limit 2843296
B-ETI

We

datnnzifaiiguvgii 25°C way 28°C W 48 waw 72 Fla waNAFEUPESIS M AunAYaY
ABandedienuuanannulaitiu +0.5 log, CFU/#adans (599 1) LLa:wuﬁwﬁnﬂszé’umsﬂmﬁau
manadaumeda sM figumgll 25°C uaz 28°C W 72 s Finnulalaiidaduasnindunhnmy
48 $las (Nt 1) Suunldadail

- fimstudlawdossdud (1 - 100 CFU/diadaas) 55 sM ingoumnll 25°C W 72 Halae
fnulalodifaduazaiindy 0.125 89 0.240 log, CFU/fiaddns uasfigamgfi 28°C Hnnulaladl
Wit 0.085 74 0.176 log, ,CFU/#iada05

~ fmsvudeudaszauthunans (100 - 1,000 CFU/#&88a®n9) 35 sM ﬁﬂuqmwgﬁ 25°C U
72 e fisnnulaladdaduassiiisdu 0.013 &1 0.065 log, CFU/dfiadans uaz 28°C funulalail
Wit 0.000 4 0.026 log,,CFU/#iada05

- fimsvuidioudessdugs (nnnd 1,000 CFU/Giadans) 35 3M fiuwgamgdl 25°C ww
72 il fisnnulaladdaduassiiatu 0.000 81 0.066 log, CFU/dladans uaz 28°C Hsunulalail
Wiz 0.000 4 0.006 log, CFU/{983805
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

2
] <~

39 1 MsFsudisuinulalaiidiaduazilesis sM Nauvgivsmzids 25°C waz 28°C
nA%818s US FDA BAM

e 538989 US Na6NYa9 Median log,,CFU/ml

msdudiou FDA BAM 58 3M 1 25°C 3% sM 7 28°C 58N 3M 13581 US FDA BAM

Median Median Median 4 4
log,,CFU/ml  log, CFU/ml n25°C n28°C
CFU/ml log,,CFU/ml 48 72 48 72 48 72 48 72

e il Pl il e il Il Al

M 0.477 0.477  0.602  0.301 0.477  0.000 +0.125 -0.176  0.000

(1 - 100) 1.857 1.663  1.903  1.813  1.898 -0.194 +0.046 -0.044 +0.041
hunan 2.435 2.410  2.423  2.375  2.375 -0.025 -0.012 -0.060 -0.060
(100 - 1,000) 2.650 2.491  2.556  2.505  2.531 -0.159 -0.094 -0.145 -0.119
6N 3.127 3.134  3.149  3.137  3.143  +0.007 +0.022 +0.010 +0.016
(11NN 1,000) 3.491 3.491  3.491  3.505  3.505  0.000  0.000 +0.014 +0.014
4.326 4.407  4.473  4.435  4.435  +0.081 +0.147 +0.109 +0.109

5.572 5.580  5.591  5.653  5.653  +0.008 +0.019 +0.081 +0.081

‘Q' ‘&" o IS ] =y
MsnadaumMstinduyasnnulalaiiuad’s sM
PNAMINAFaUNNFIAWUN T3 3M il lFnarunwz@awnuauan 48 luadly 72 $lue 0

aungi 25°C §i p-value Y 0.0267 Tupauziiiiaun 28°C i p-value (AU 0.0733

mMsnagaueNNdutdunse (Linearity) wazn1swanudnnusyaiaadis

NI NFNTLEIEHAEE9Ee US FDA BAM waz35 3M figampil 25°C uaz 28°C
(mudl 1) wui 2 Saflenuduwusiuiudunse ieldadansoanesBadusthehe lamdnlszans
anduiusaeiia sy (r) igamgil 25°C N 48 Hlae uaz 72 1 WA 0.9986 Wax 0.9988 Tigaunnil
28°C 1181 48 Hla9 Waz 72 $lae WA 0.9995 WAz 0.9992 MNMGU Srudnlszanimsannss
wIaAMNTU ﬁ'qmwgﬁ 25°C 1A 48 Tl Az 72 $la9 WA 1.0250 WAL 0.9952 MNEIRU ﬁqmw{]ﬁ
28°C I 48 $l319 waz 72 a9 WA 1.0560 WAL 1.0234 MNEIHU
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ngaN Asaing uasAmie

U U
s00 T 2 <
25°C, 48 33N s00 25°C, 72 #Ila
500 4 e
& &
400 1 4
H @ = 4
(] > [
d§ o2 15 02
=] - _ =] 2
% % 3 4 y = 1.0250x - 0.1100 ckj % 3 T ¥ = 0.9952X - 0.0459
g% i@ r = 0.9986 g% b T = 0.9988
- o0 L = 20 4
e o 4
a0 —t——t——t——t—— B [
- - - 000 L0020 300 400 500 00
log,,CFU/§iadans log,,CFU/#iadans
3587989 US FDA BAM 3581989 US FDA BAM
s : - °C, 72 #Al
28°C, 48 FlaN » T 28°C, 72 TIN
o son 4
E T £ T
i E © E
(= m - = m
< 4 ~ 3 4
E = y = 1.0560x - 0.1940 E = y = 1.0234x - 0.0596
< g ©
= r =0.9995 = =
én W’ll:l:l 1 :c? « 1 r =0.9992
Lod 4 1oa -+
0.00 | | | | | | 000 l l l I l l
000 5100 200 300 400 500 600 000 500 100 300 400 500 600
log,,CFU/3iadans log, CFU/#aaans
358989 US FDA BAM 3887989 US FDA BAM

AN 1 ANNFNWUSEE9ITENEY US FDA BAM nui5 3M figamgiivsmisisa 25°C uaz 28°C
WY 48 Uaz 72 7L
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

113831979 Accuracy profile

ihwamstiuinulalaiiadiuornmadisends US FDA BAM uasis sM figamail 25°C was
28°C U 48 waz 72 %Im lﬂﬁwmmmﬁhmwmﬁmmu (Bias) 229uanadauds sM 2aNauUULSE
Fanneawaanuemaeasumanis (Upper and Lower B-ETI limits) tilaaanTN Accuracy
profile Taamuuaaituen (B) NU 80% WazwaulAMIBBNIUNANAEIY (\) WNAU +£0.3 Uz +0.5 log,,
T (597 2 - 5T 5) thuanai ladiluadansw Accuracy profile (MWl 2)

a

317 2 MUBFduaznzesisan US FDA BAM uagids 3M Ngamngii 25°C a0 48 93la

U

Ao Suh é’ajthq é‘l’)jihq éi'aj]ihq é’aj)th ﬁafﬁwq ﬁaj_lth ﬁaj]thq ﬁujlihq
N1 72 73 N4 ns ne n7 78
US FDA 1 3 89 235 447 1340 3000 20100 360000
BAM 2 5 72 337 357 1293 3333 21167 440000
3 2 58 272 497 1373 3100 24667 373330
3M 1 4 44 257 350 1180 3200 30900 21000
2 3 46 234 250 1510 2000 25100 38000
3 5 65 295 290 1300 3900 29000 55000
4 3 45 306 310 1510 2150 22000 30000
5 3 57 163 360 1360 3100 25500 47000
uuaailuaa Logg

US FDA 1 0.477 1.949 2.371 2.650 31217 8477 4.303 5.556
BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4.326 5.643
3 0.301 1.763 2.435 2.696 3.138 3.491 4.392 5.572
X 0,477 1.857 2,435 2.650 3.127 3.491 4.326 5.572
3M 1 0.602 1.643 2.410 2.544 3.072 3.505 2,490 5.322
2 0.477 1.663 2.369 2.398 3.179 3.301 4.400 5.580
3 0.699 1.813 2.470 2.462 3.114 3.591 4.462 5.740
4 0.477 1.653 2.486 2.491 3.179 3.332 4.342 5.4717
5 0.4717 1.756 2.212 2.556 3.134 3.491 4.407 5.672
Y, 0.477 1.663 2.410 2.491 3.134 3.491 4.407 5.580
S 0.101 0.075 0.110 0.064 0.046 0.123 0.058 0.165

n 5 5 5 5 5 5 5 5

S. 0.100

Seeti 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

n 3 3 3 3 3 3 3 3

S 0.090

Y -X 0.000 -0.195  -0.025  -0.159 0.006 0.000 0.081 0.008

Sa-V(1+1/n) 0.109
T(0.1,32)"?  1.3086
T.S,,.V(1+1/n) 0.143

U, 0.143 -0.051 0.118 -0.016 0.150 0.143 0.224 0.151

i

L, -0.143 -0.338 -0.168 -0.302 -0.137 -0.143 -0.062 -0.135

i

M58 3NN TN SUNNE
U 59 atfun 3 nIngaw - fueneu 2560




ATINFBUANNYNABIYDILHUNATDY Petrifilm™ Rapid

N3O Aaing wasame
Yeast and Mold Count Plate

a

M3 3 MNUBFAUaz2eNIsaN US FDA BAM uazis 3M Nigauigii 25°C 1an 72 97l

U

MpEN  MIREN  MBEN  eIBEN @PgN MBEN eIedN  928gN

Bnadau SN o I p 3 I p p

N1 2 M3 N4 ns ne n7 ns8
US FDA 1 3 89 235 447 1340 3000 20100 360000
BAM 2 5 72 337 357 1293 3333 21167 440000
3 2 58 272 497 1373 3100 24667 373330

3M 1 4 69 265 390 1180 3200 30900 22000

2 3 80 237 320 1510 2000 26300 39000

3 5 99 295 360 1320 4000 32700 56000

4 3 71 309 340 1510 2230 24200 33000

5 5 90 172 450 1410 3100 29700 47000

wilaaflua Log,,

US FDA 1 0.477  1.949  2.371  2.650  3.127  3.477  4.303  5.556
BAM 2 0.699  1.857 2.528  2.553  3.112  3.523  4.326  5.643

3 0.301  1.763  2.435  2.696  3.138  3.491  4.392  5.572

X 0.477  1.857 2.435  2.650  3.127  3.491  4.326  5.572

3M 1 zg'2 1.839 2423 2591 4 VIR 3.505 0 5.342
G] '-] ?’-] ﬂ w7 203 _‘).3755 2.5 37%_' EE ﬂ4. (le 5.591

3 0.699  1.996  2.470  2.556  3.121  3.602  4.515  5.748

4 0.477  1.851 2.490  2.531  3.179  3.348  4.384  5.519

0.699 1.954

2.653 3.149 3.491 4.473 5.672

9’!.236
r. —

.42 5.591
S, 0.111 0.067 0.101 0.057  0.045 0.123 0.053  0.156
N 5 5 5 5 5 5 5 5
S, 0.097
S, 0.199  0.093 0.079  0.073  0.013 0.023 0.046  0.046
N 3 3 3 3 3 3 3 3
S, 0.090
Y -X 0.125 0.046  -0.011  -0.094  0.022 0.000 0.147 0.019
S,-V(1+1/n)  0.106
T(0.1,32) 1.3086
T.S,.V(1+1/n)  0.138
U, 0.263 0.184 0.127 0.044  0.161 0.138  0.286  0.157
L, -0.014  -0.093  -0.150  -0.232 -0.116 -0.138  0.009  -0.120
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a

MM 4 MUBFAUaz2eNI5aN US FDA BAM uazis 3M Nigaumngii 28°C a0 48 97l

LY

MBI MBEN  BEN @R MBEN eIRENN @198 6BEN

Bnedeu e o o p p p p o o
N1 e 3 4 ns ne N7 8
US FDA 1 3 89 235 447 1340 3000 20100 360000
BAM 2 5 72 337 357 1293 3333 21167 440000
3 2 58 272 497 1373 3100 24667 373330
3M 1 2 50 195 340 1250 3700 28000 45000
2 6 65 283 280 1210 3600 25600 43000
3 1 71 239 340 1370 3200 27200 49000
4 2 51 237 310 1430 2730 22100 34000
5 3 84 237 320 1530 2600 28700 49000

wiaadluen Log,,

US FDA 1 0.477 1.949 2.371 2.650 3.127 3.477 4.303 5.556
BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4.326 5.643
3 0.301 1.763 2.435 2.696 3.138 3.491 4.392 5.572

X 0.4717 1.857 2.435 2.650 3.127 3.491 4.326 5.572

3M 1 gg.l 1.699 2.290 2.531 3097 3.568 7 5.653
m '-] ?F] ﬂ ws 213 J.4525 2.4 ﬁsu EE ﬂ4. e?l 5.633

3 0.000 1.851 2.378 2.531 3.137 3.505 4.435 5.690

4 0.301 1.708 2.375 2.491 3.155 3.436 4.344 5.531

0.477 1.924 9‘!.375 2.505 3.185 3.415 4.458 5.690
/ = -

0.3 5.653
S, 0.285 0.096 0.057 0.035 0.042 0.069 0.045 0.065
N 5 5 5 5 5 5 5 5
S, 0.116
S 0.199  0.093 0.079  0.073  0.013 0.023 0.046  0.046
N 3 3 3 3 3 3 3 3
S, 0.090
Y -X -0.176  -0.044  -0.060 -0.145  0.010 0.014 0.109 0.081
S, .V(1+1/n)  0.127
T(0.1,32) 1.3086
T.S,.V(1+1/n)  o0.166
U, -0.010  0.122 0.107 0.021 0.176 0.180  0.275 0.247
L, -0.342  -0.211  -0.226  -0.312  -0.157 -0.153  -0.057  -0.085
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a

3N 5 UBFAUaz2eNIsan US FDA BAM uazis 3M Nigaunigii 28°C s 72 97l

U

MpEN  MIBREN MBEN  eIBEN @egN MBEN eIeEN  e28gN

Bnedeu 1N o I p 3 p p p

N1 N2 M3 N4 ns ne N7 ns8
US FDA 1 3 89 235 447 1340 3000 20100 360000
BAM 2 5 72 337 357 1293 3333 21167 440000
3 2 58 272 497 1373 3100 24667 373330

3M 1 2 80 195 350 1250 3800 28100 45000

2 6 75 283 310 1210 3600 25600 43000

3 3 79 239 350 1390 3200 27200 49000

4 2 58 237 340 1430 2740 22100 34000

5 3 95 237 340 1540 2700 28800 49000

udaailuen Log,,

US FDA 1 0.477  1.949  2.371  2.650  3.127  3.477  4.303  5.556
BAM 2 0.699  1.857 2.528  2.553  3.112  3.523  4.326  5.643

3 0.301  1.763  2.435  2.696  3.138  3.491  4.392  5.572

X 0.477  1.857 2.435  2.650  3.127  3.491  4.326  5.572

3M 1 zg'l 1.903 2200  2.544 ¢ 3BIT  3.580 9  5.653
G] '-] ?’-] ﬂ ws 275 _‘).4525 2.4 ﬁsu EE ﬂ4. @Zl 5.633

3 0.477  1.898  2.378  2.544  3.143  3.505  4.435  5.690

4 0.301  1.763  2.375  2.531  3.155  3.438  4.344  5.531

0.477 1.978 9!.375 2.531 3.188 3.431 4.459 5.690
- - 2 — -

2.3 5.653
S, 0.195 0.077 0.057 0.022 0.043 0.067 0.046 0.065
N 5 5 5 5 5 5 5 5
S, 0.087
et 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046
N 3 3 3 3 3 3 3 3
S, 0.090
Y -X 0.000 0.040  -0.060 -0.119  0.016 0.014 0.109 0.081
S,-V(+1/n)  0.095
T(0.1,32) 1.3086
T.S,.V(1+1/n) o0.125
U, 0.125 0.165 0.065 0.006 0.141 0.138 0.234 0.206
L, -0.125  -0.084  -0.184  -0.244 -0.109 -0.111 -0.016  -0.044
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

9 Accuracy profile (muit 2) dradnlevasduianiavuuaianiaaare B-ETI
(Upper and Lower B-ETI limits) %ﬂﬂiﬂﬂﬂquwawﬂaaﬂuaumm B mnagjuanwaummm A
waashuanagauiiszdumsiuilauiiduivaslignaeniu vislisenndesiunanadissreds Snllavilsda
HaVIAEBUYDIIE 3M azdaandawdaifisuninizenede daidudandauuuasasuas B-ETI anagluzeuiaa
09 \ Teaguualadail

1. msﬂuﬁqmwgﬁ 25°C 1U 48 %Lae[m (mwﬁ' 2.)

dla A whiu +0.5 log,, ﬁnﬂ'ﬁzﬁumiﬂuﬁﬁauwuiw HANAFDUYANNAUUUALYATINAFNY D
B-ETI #2933 3M anagmeluzauiamssandy uddh A whiu +0.3 log,, wudadil 2 (seduibinm
#o 1.663 log, CFU/{aaa05) wazeeEhaf 4 (ssﬁuﬂ%mmt%ya 2.491 log, CFU/#adan3) Ananaday
ANBLUBNYDULINMNTHBNTU
2. m‘sﬂuﬁqmwgﬁ 25°C WU 72 T (mwﬁ 2.2)
wanadauzasis M agmeluraumamsseniuiimnssdumstuilau e A vhiy xo0.5 uas
+0.3 log10

3. msﬂuﬁqmwgﬁ 28°C W1 48 71 (mwﬁ 2.3)

dla A vy 0.5 log imnszdumstudlaunuh wanaseudanfauunazianiades
B-ETI #2435 3M ainagmeluzauwamsganiy uaon A\ iy +0.3 log Wugeehai 1 (seulBinauta
0.301 log, CFU/fi9830%) uazeiati 4 (szduuSinande 2.505 log, CFU/iadans) inanadavuaguen
VOULWAMIHINTY

a

4. M3UNNgamadl 28°C W 72 7ala (MW 2.4)

U

aa ' o A o & P2 Vo
NanadgauundlId 3M agﬂﬁiﬂ,u“ﬂB“IJL“ZIGlﬂﬂiﬂﬂuiu%nﬂizﬂumiﬂumau LA A AU £0.5 UaE

0.3 log10
0.600
0.500 — —#— Bias
0.400
0.300 - —&— Upper B-ETI
0.200
" 0.100 — —i— Lower B—E‘I‘I
20,000 ;
% o100 - = = =Upper AL
0.200 %90
-0300 - — — —=Lower AL
0.400 .
-0.500 — Upper AL
-0.600 -
Reference median Lower AL

a

M 2.1 Ngaungi 25°C L 48 LA

U
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ngaN Asaing uasAmie

0.600
0.500 - ~—— Bias
0.400
0.300 —a— Upper -ET1
0.200
0.100 —#— Lower B-ETI
. 0.000 —
Z -0.100 = = =Upper AL
-0.200 6.000
-0.300 - = =Lower AL
-0.400
-0.500 — Upper AL
-0.600 . AL
Reference median omer
P ~ a o & I
HINN 2.2 wqmw{]u 25°C 1191 72 BIlaN
0.600
0.500 —+—Bias
0.400
0.300 —— Upper B-ETI
0.200
, 0100 —#&— Lower B-ETI
£ 0.000 —
% 0100 = = =Upper AL
0200 % 6.000
-0.300 = = =Lower AL
-0.400
-0.500 — Uppes AL
-0.600
Reference median Lower AL
< 4 - 3
HNUN 2.3 ‘Yl'quQN 28°C 1190 48 ‘ﬁ'ﬂﬂN
0.600
0.500 —+— Bias
0.400
0.300 —a— Upper J-ETI
0.200
0.100 —a— Lower [3-ETI
. 0.000 —
& 0100 — — —Upper AL
0200 % 6.000
-0.300 = = =Lower AL
-0.400
-0.500 Upper AL
-0.600
L AL
Reference median owes
P a a o & I
A 2.4 Mgl 28°C 1A 72 #lag

a 3

AINH 2 WFeN Accuracy profile 2a3ununasay sM RYM ﬁqmwnuuammmq |

u
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Validation of Petrifilm™ Rapid Yeast and Mold Count Plate Karuna Teerasamit et al.

a J
JAIIEU

Toam W lununaseulisuiisunaiensihfmagudafuwuudasnamegaininn &
manuuanazasnazaeiuliiu £0.5 log, CFU daheauiuld® minmsnd 1 wanaaausau
Talafifaduarnlundoshuaiiommssningds sM Audsd1ds US FDA BAM figunnii 25°C uaz 28°C
0 48 war 72 Flad denuuandwiuliiiy 0.5 log, CFU/fiaddas Sedaheanduldmnginis
sM lFmonsuinamidaduil augiiamsldnumausiunagau sM RYM® seylitumzidonu 48 + 2
lus wadhiiulalaiilifawuliuuin 12 530 s 51l wazdh ldazanlumssuwaluiasU fians
sansavenanavanily 72 Hlwld middeiteiun 72 Hl Nonaneseunuidstiuunasey
sM RYM figauninil 25°C uaw 28°C 1wy 72 $ala wuiinnulalaiidaduaziiistiuanmsuy 48 #ala
(0.00 - 0.24 log, CFU/#8da03) 1INMINAFDUNNFDAWUNIMIUNUEUNATDU 3M RYM w72 il
ﬁqquﬁ 25°C Hamnulalatannanmsuniny 48 %’ﬂmasiwﬁﬂfﬂﬁ’lﬁagwwaaa (p < 0.05) Maluwe
Telaiifaduazniwsashishisnmsadanadiuldilonsy 48 s wdssnsaasanuldnne 72 $lug
dufigaunnii 28°C matuny 72 Hlwdhuulalaiinnnhmstinnu 48 Mlwaaeldfitaddyms
a8 (p > 0.05) FanaagUldhmavufigumgii 28°C 1y 48 #law aansnaunald Toslidastannuiuds
72 $ale deandasiumsinzes Hans uwazamz Mdaudadaduasnludoiuiluasnarmnisamids
uwdmuhdastnidafigunndl 25°C 1y 60 Halas Teazfiumswinuesdaduasndany lusnsinuidasas
Bird uazaniz” wuhmsldukunageu sM RYM anainnsimstailouausuieinilgamnii 25°C
wax 28°C 1w 48 #lus atindadnauasu 60 Falus Sunuiaduasn biviatu wasldaghanmanasey
NN Paired t-test anadauudaduazNMaukunadau sM RYM nuisads US FDA BAM
uanenuaen lilitedayneaia

managauanuiuduasiniiemenuduiussasailénnissdiuismadan wnsiiua
nsznufuANNY (Accuracy) Taaase® :nmwil 1 uaonlvithuhdayananagauradid sM nuideeds
fuwnsgasgamgifienuduiusiduduasannuesllufiemadody mnzedulssansanduiusuag
wWiasdu (r) Tndides 1 30 (0.9986 - 0.9995) daAAABNNUADNANIINTINTDUANNYNGBIUEY ADRIA
Developpement, 2014 fi3suiiiauds sM fuisnasu IS0 21527 lumsanaivdaduaznlusms
hualsl wazihsunszunumside uananiledulszanimsannas (Slope) AU 1 (0.995 - 1.056)
waae33 sM Tiwamsnageuiliisuniizsnds

Tuniddeiiiivue B Wiy so% mudamuuazes ISO 16140-2:2016 lasUndvauin
masaufufluanuuandnggaiisaniulduaiwammasauszuineidmadanduizadedamanivua
souamssaniUAuagugaETduadisands ssdumstuiiouadunidluems Usanadunid vie
mummé’amﬂ‘swaq@‘lﬁ'\nu(w) Tu ISO 16140-2:2016 MUUAYBUWANMSEBNSU (Acceptability limit,
AL) 28935m@an iy +0.5 log,, MI8BNIUNANATBULENIS 3M 9NTANNAUULSLTANNAAGN
(Upper and lower limits) 29472360 - ETT flisanuanuauwamssaniuiudazszaumstuiiau datily
M 2 drimue AL O\) Wiy £0.5 log,, Jehansananlah 38 sM Tinaiisuwhisarsdedmiumsnadau

o

TpEAIRNaNTamaINIsauMsIulaunnadaudaue 0.477 log, CFU/Naddns 84 5.572 log, CFU/

aa

a8dns (3 CFU/fadans o4 373,330 CFU/Hadans) mdne B-ETI agluzauwamszaniu (L)

22D

dl | | 4 ac =~ UV ad Y a v Gl
NLAUD LTU A = +0.3 %38 +0.4 logw ALUFNVNINATDUYDIITNNLFDNNUVITDNNNANNTO AN
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Tndidssfuanngady tufeismadeniianuuiuinniy Fuulsdemifugldlumsdadulafiasinizms
denlUlflasannsadenssduanuuainadisldmensmuuagnmssandy dnuszmanilsdiveszdu
matuilaufidrsd B-ETI aguansauamasansu flfdimnsadenldismudaniawsiiiee p-ETI
agfluzauwamssansuld wu lumddeil Wadwue X whiy £0.3 log,, iaamgii 25°C uay 28°C 1y
72 %7l 58 sM azliiuaiaunhiaenede (Mwi 2.2 way 2.4) Ltsiﬁqmwgﬁ 28°C 11U 48 $la9 35 3M
Tiuaiisunhissedaeniiuiissdumstuiiousasinegedl 1 uaz 4 (mwil 2.3) Tunaiigamgii 25°C
W 48 1l 53 sM Iuatiieuwihideedeniuissaumsiuiionaasdioted 2 waz 4 (Mwil 2.1)
uannneNuuiuudlFFaanansaganuiies (Precision) 18933madenannsu Aceuracy profile
fhamsfiansanziee B-ETI Aienunman B + T.S,\/1++ Faimahedenuuinasyuuadismadan
Nnmsnaaasdateimaneasanld Tasddimaudenianuiisaniasdm B-ETI aznte maulana
nnns W Accuracy profile wuii mildsainsadeduladanldismedanldmuuauiwamssansy
Afmuaussminsauiuiagussadianhllddudad

mMsnadauaNuduidunsenumsly Accuracy profile lkadaanansny da 35 sM lviua
WiBuinEshade snciudlammuue X whiu £0.3 log,, ignmnil 25°C ua 28°C 11U 48 #1laa 35 3M Tiiua
lifsuringsedeinszdumsiudauiiaduazs vliaaandastumanasauanaiuduasiiis sM
Tiuaifieun3iaseds iesan Accuracy profile Imamnagiiimahuanagauiiny Be luawan
#l@nda sM %mﬂagﬂuﬁawhﬁ Fuflusadueimsld Accuracy profile

GRNL

9

NNMIATINFBUANNYNGDILBIUKUNATDU 3M RYM ﬁqmwgﬁ 25°C waz 28°C WU 48 Wde
72 il MABH9B9 US FDA BAM dwiumsenamiBinadaduaznluniasiuman Tagldmsada
A% Accuracy profile Wu35 sM slﬁwmﬁauwiﬁ'%ﬁwﬁqﬁnnﬁzé’um‘sﬂuﬁjau diamvuazauwamseansy
WY +0.5 log,, 0y ISO 16140-2:2016 udiilavuazauamMseaNFULAUAIINAY £0.3 log,, 35 3M
flgamgfi 25°C uar 28°C i 72 Halw whiuilduaifisuniisedeinnssdumstuiion Fauusiu
nadau 3M RYM aansmhanldiuinnuiaduasalagliuaiisunnissnds US FDA BAM visiit
anwldldzaausunaday 3M RYM ufumsivua o uazuauiamssaniunasgldny dmiuszes
nmuazgamgiiimanzandumshisluldmansafinsanannsvl Accuracy profile figfldiarsan
anuiisswazanauiuld madnmilheliiiennisiensivainismadananldduamns aminsmh
e auiigitesiiumslldlumsanaseuanugndaadis nuasmauanauazmasunasinssany
muinguszandasnula

aamnsIndszna

PazauguuaaIns lukheihuazesasdnnguaatinennnhunlvenusiniisausmAdesiased
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Use of Accuracy Profile for Validation of
Petrifilm'™ Rapid Yeast and Mold
Count Plate for Enumeration of Yeast

and Mold in Beverage

Karuna Teerasamit Ladapan Saengklai and Nalinee Yoophet
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanon Road, Nonthaburi
11000, Thailand

ABSTRACT Validation of quantitative method in microbiology according to ISO 16140 - 2:2016 specifies
use of accuracy profile to compare the result of reference and alternative methods. The accuracy profile
was used to validate the Petrifilm™ Rapid Yeast and Mold Count Plate (3M RYM) by comparing yeast
and mold counts in liquid beverages with the US FDA BAM procedure recognized as reference method.
The test samples were naturally and artificially contaminated at low level (1 - 100 CFU/ml), medium
level (100 - 1,000 CFU/ml), and high level (>1,000 CFU/ml). When incubated at 25°C and 28°C for
48 h and 72 h, the results of the two methods showed relationship as linear and the Petrifilm sM RYM
gave Pearson’s correlation coefficient scores close to 1, i.e. 0.9986, 0.9988, 0.9995 and 0.9992, respectively.
The accuracy profile for validation of Petrifilm 3M RYM was accomplished by setting the f-expectation
tolerance intervals (B-ETI) at 80% (P%) and the acceptability limits, AL () at +0.3 and +0.5 log,,
CFU/ml. For a X of £0.5 log,,, the 3M method incubated at 25°C and 28°C for 48 h and 72 h, the -ETI
limits were within the acceptability limits at all contamination levels. When A was +0.3 log,,
only at 25°C and 28°C, 72 h that the B-ETI limits fell inside the acceptability limits at all contamination
levels. It can be concluded that the validity of Petrifilm sM RYM depends on defined % and acceptability
limits (\) specified by the users. Use of accuracy profile assists the users to choose an analytical method

appropriately.

Keywords: Accuracy profile, Validation, Petrifilm 3M RYM, Beverage
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a

M9N7 2 MUEFGLaz28IE8 198 US FDA BAM wazd5 sM Naangil 25°C s 48 97l

U

g $1Ud f10619  AI9E1N AI0U1N  IRE1N AN AI0819 1R8N AI0UNN
nagoy i fio i3 fa iis e 7 i

US FDA 1 3 89 235 447 1340 3000 20100 360000

BAM 2 5 72 337 357 1293 3333 21167 440000

3 2 58 272 497 1373 3100 24667 373330

M 1 4 44 257 350 1180 3200 30900 210000

2 3 46 234 250 1510 2000 25100 380000

3 5 65 295 290 1300 3900 29000 550000

4 3 45 306 310 1510 2150 22000 300000

5 3 57 163 360 1360 3100 25500 470000

mlaadud Log,,

US FDA 1 0.477 1.949 2371 2,650 3.127 3.477 4303 5.556

BAM 2 0.699 1.857 2528 2.553 3.112 3.523 4326 5.643

3 0.301 1.763 2.435 2.696 3.138 3.491 4392 5.572

X, 0.477 1.857 2.435 2,650 3.127 3.491 4326 5.572

M 1 0.602 1.643 2.410 2544 3.072 3.505 4.490 5322

2 0.477 1.663 2369 2398 3.179 3.301 4.400 5.580

3 0.699 1.813 2.470 2.462 3.114 3.591 4.462 5.740

4 0.477 1.653 2.486 2.491 3.179 3332 4342 5.477

5 0.477 1.756 2212 2.556 3.134 3.491 4.407 5.672

Y, 0.477 1.663 2.410 2.491 3.134 3.491 4.407 5.580

S, 0.101 0.075 0.110 0.064 0.046 0.123 0.058 0.165

n 5 5 5 5 5 5 5 5

N 0.100

S, 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

n 3 3 3 3 3 3 3 3

S, 0.090

Y-X, 0.000  -0.195  -0.025  -0.159  0.006 0.000 0.081 0.008
s,/1+1/n 0.109
T(0.1,32)"" 1.3086
TS,/1+1/n 0143

U 0.143  -0.051 0118 -0.016  0.150 0.143 0.224 0.151

L -0.143 0338  -0.168  -0302  -0.137  -0.143  -0.062  -0.135
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a

M9 3 MNUEFGKaz28NIE8 1989 US FDA BAM wazi5 sM Naangil 25°C s 72 97l

U

EE SRR S A0 A0 MDY AIBENN AI0YNN AI0EN AIRPNN AR
naaoy i 2 i3 o fis e 7 s

US FDA 1 3 89 235 447 1340 3000 20100 360000

BAM 2 5 72 337 357 1293 3333 21167 440000

3 2 58 272 497 1373 3100 24667 373330

M 1 4 69 265 390 1180 3200 30900 220000

2 3 80 237 320 1510 2000 26300 390000

3 5 99 295 360 1320 4000 32700 560000

4 3 71 309 340 1510 2230 24200 330000

5 5 90 172 450 1410 3100 29700 470000

wlaadud log,,

US FDA 1 0.477 1.949 2371 2,650 3.127 3.477 4303 5.556

BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4326 5.643

3 0.301 1.763 2435 2.696 3.138 3.491 4392 5.572

X, 0.477 1.857 2435 2.650 3.127 3.491 4326 5.572

M 1 0.602 1.839 2423 2.591 3.072 3.505 4.490 5342

2 0.477 1.903 2375 2.505 3.179 3.301 4.420 5.591

3 0.699 1.996 2.470 2.556 3.121 3.602 4515 5.748

4 0.477 1.851 2.490 2.531 3.179 3.348 4384 5.519

5 0.699 1.954 2236 2.653 3.149 3.491 4.473 5.672

Y, 0.602 1.903 2423 2.556 3.149 3.491 4.473 5.591

Sui 0.111 0.067 0.101 0.057 0.045 0.123 0.053 0.156

N 5 5 5 5 5 5 5 5

S, 0.097

- 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

N 3 3 3 3 3 3 3 3

" 0.090

YoX, 0.125 0.046 0011  -0.094  0.022 0.000 0.147 0.019
S,/ 1+1/n 0.106
T(0.1,32) 1.3086
TS,/1+1/n 0138

U, 0.263 0.184 0.127 0.044 0.161 0.138 0.286 0.157

L 0014 -0.093  -0.150  -0232  -0.116  -0.138  0.009  -0.120
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a

M9N7 4 MNUEFGKaz281I581989 US FDA BAM waz35 3M Naangil 28°C s 48 97l

U

k! RIS 001N AI0UN1N  AIPENN MBI AI081N  AI081N  AIREN ABYNd
nagoy i fi2 i3 4 #is e 7 W8

US FDA 1 3 89 235 447 1340 3000 20100 360000

BAM 2 5 7 337 357 1293 3333 21167 440000

3 2 58 272 497 1373 3100 24667 373330

M 1 2 50 195 340 1250 3700 28000 450000

2 6 65 283 280 1210 3600 25600 430000

3 1 71 239 340 1370 3200 27200 490000

4 2 51 237 310 1430 2730 22100 340000

5 3 84 237 320 1530 2600 28700 490000

mlauflum log,,

US FDA 1 0.477 1.949 2371 2.650 3.127 3.477 4303 5.556

BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4326 5.643

3 0.301 1.763 2.435 2.696 3.138 3.491 4392 5.572

X, 0.477 1.857 2.435 2.650 3.127 3.491 4326 5572

3M 1 0.301 1.699 2.290 2.531 3.097 3.568 4.447 5.653

2 0.778 1.813 2.452 2.447 3.083 3.556 4.408 5.633

3 0.000 1.851 2378 2.531 3.137 3.505 4.435 5.690

4 0.301 1.708 2375 2.491 3.155 3.436 4344 5.531

5 0.477 1.924 2375 2.505 3.185 3.415 4.458 5.690

Y, 0.301 1.813 2375 2.505 3.137 3.505 4.435 5.653

S 0.285 0.096 0.057 0.035 0.042 0.069 0.045 0.065

N 5 5 5 5 5 5 5 5

N 0.116

S 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

N 3 3 3 3 3 3 3 3

» 0.090

Y-X, -0.176  -0.044  -0060  -0.145  0.010 0.014 0.109 0.081
S,/1+1/n 0.127
T(0.1,32) 1.3086
TS,/1+1/n  o.166

U, 0010 0.122 0.107 0.021 0.176 0.180 0.275 0.247

L 0342 0211 -0226 0312 -0.157  -0.153  -0.057  -0.085
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a

M9 5 NUEFGKazN28NIE8 1989 US FDA BAM wazi5 sM Nagangil 28°C s 72 97l

U

El $1ud f10019 A0 AI0819 AN AI081N  AIRENN AIRUNN  IDY1d
naaoy i i 2 #i 3 fia fis fie 7 fis

US FDA 1 3 89 235 447 1340 3000 20100 360000

BAM 2 5 7 337 357 1293 3333 20167 440000

3 2 58 272 497 1373 3100 24667 373330

M 1 2 80 195 350 1250 3800 28100 450000

2 6 75 283 310 1210 3600 25600 430000

3 3 79 239 350 1390 3200 27200 490000

4 2 58 237 340 1430 2740 22100 340000

5 3 95 237 340 1540 2700 28800 490000

mlaadud log,,

US FDA 1 0.477 1.949 2371 2.650 3.127 3.477 4.303 5.556

BAM 2 0.699 1.857 2.528 2.553 3.112 3.523 4326 5.643

3 0.301 1.763 2435 2.696 3.138 3.491 4.392 5.572

X, 0.477 1.857 2.435 2.650 3.127 3.491 4326 5.572

M 1 0.301 1.903 2.290 2.544 3.097 3.580 4.449 5.653

2 0.778 1.875 2452 2.491 3.083 3.556 4.408 5.633

3 0.477 1.898 2.378 2.544 3.143 3.505 4435 5.690

4 0.301 1.763 2.375 2.531 3.155 3.438 4.344 5.531

5 0.477 1.978 2.375 2.531 3.188 3.431 4.459 5.690

Y, 0.477 1.898 2.375 2.531 3.143 3.505 4435 5.653

Suu 0.195 0.077 0.057 0.022 0.043 0.067 0.046 0.065

N 5 5 5 5 5 5 5 5

" 0.087

Suis 0.199 0.093 0.079 0.073 0.013 0.023 0.046 0.046

N 3 3 3 3 3 3 3 3

» 0.090

Y-X, 0.000 0.040 -0.060  -0.119 0.016 0.014 0.109 0.081
S,+/1+1/n 0.095
T(0.1,32) 1.3086
TS,/1+1/n 0125

U, 0.125 0.165 0.065 0.006 0.141 0.138 0.234 0.206

L, -0.125  -0.084  -0.184  -0244  -0.109  -0.111 0.016  -0.044
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