System For Predicting Colony Formng Unit In Alinentary Substances Field of
i nvention 5This invention relates to a nethod and a systemthat predicts
bact eri alw@ensidoye7at a predeterm ned tinme. Mre parti culparlsg2oio/aosiss
invention relates to calculating an estinmated overall bacterial density of
multiple series at the end of an incubation period. Still nore

parti cul ar | y,System For Peeditting Colamydsorming Unit hoAlimentarySuhstancehat uses
observed bacterial density of a reference series at an end of an
internediate time 10 period to calculate an estimated overall bacteri al
density of multiple series at tIweRNéfiavedthyn | ncubati on period. Background
151 n the food industry, food safety testing is conducted regularly and is
an integral conponent of worldw de food distribution network. In
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Adm ni stration (FDA) the Bacteri ol ogical Analytical Mnua
r ecogni z assed/Pbseaecdracterisbdensity of Haeferdnge senkshat ah end of gamtermeedistd time The

MPN net hod 15 typicall rforped in.the . follawn nner. . A series, of
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certain cofitheiRubRidbnp@isde prepared. The series are then incubated for a
fix time period, such as 48 hours. After the incubation period, each
dilution in each series is inspected for 30 observabl e bacteria or other

m cr oorgani sns. The bacterial den 'gc!(ﬁirgmi‘ﬂen calculated fromthe

observabl e bacteria to determ ne e sanple neet food safety
criteria. It is a problemwith the MPN nethod that there is no way
to mgke the determ pation of bacéeri al density until after the incubation
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Thus, those skilled in the art are constantly striving to provide a nethod
and a 10 systemthat predicts the bacterial density as a quali th, i ndi cat or

at afOear| i er Qnegpmmpniydised dst forimigrqosganiimsisithe myltinlerdybegnethed.adsr of the
testing %%%d&r the ﬁHéFﬁBXab‘?é Id\ﬁYb%pt(WN) method. MPN is a common low-cost

method used to enumerate bacterial density as a quality indicator. The US Food and
Drug Administration (FDA) in the Bacteriological Analytical Manual (BAM)

recognizes MPN as an acceptable test for such microorganisms.

25
The MPN method is typically performed in the following manner. A series of
10-fold dilutions of a sample of interest in repeated sets of tubes under a certain
culture medium are prepared. The series are then incubated for a fix time period, such
as 48 hours. After the incubation period, each dilution in each series is inspeéted for
30 observable bacteria or other microorganisms. The bacterial density is then calculated
from the observable bacteria to determine whether the sample meet food safety

criteria.



15The above and ot her problens are solved and an advance in the art is
provided by a nethod and a systemthat predicts the overall bacterial
density awvotbe/endsof an incubation period in accordancecwsichotoloess

i nvention. A first advantage of a systemand a nethod in accordance with
this invention is that the prediction of the bacterial density at an

earlier tine altlisves prohlemuwith tthe MIPNomgthod that dhere rgringewaytto amnakathe er
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no additional materials or sanples are needed. This invention can be
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not increase the cost of performng such tests. system and a mnethod for
pr edi ct i n@ubcdrdr thalcodtantndted ifsodathab hakabera distributed. eAdb tidienpassespit will s
invention is provided.in.the fo]low ng mann The system.receives a nunber
of 't ubes hesomBdnrenmeb diffiet @%@ng%t&r&ﬁgﬁhe@%%ﬂﬁn%%ﬁ rst 30

I ncubation tinme and cal cul ates a bacterial density of each of individual

series fromthe nunber of tubes exhibiting bacterial growth in each of
i ndi vi dual serTls, those klalled irstheiantcar sonstantly stevingie perides niethadrapdzaa hi ghest
bacterial densj,ty is.det.erm ned.t.o be a referenc eries. The stem t hen
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each serifRsd distrfiRaaithoul fidhakingThd éd¥Eofithe Rétinp préceligieence series. An
overall bacterial density of all of the series Is calculated using the
estimated adj usted nunber of tubes for each of individual series. An
estimated overall bacterial deﬁﬁﬁﬁﬁ'a toﬁﬂﬁe gond incubation tinme is
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subsequently cal cul ated fromthe ove erial density. 1n accordance
with this enbodi ment, the second incubation 5 tine is greater than the

first incubation tine. I n.accordance with an enbodi nent of .thjs
i nveri on, t helhfettons apé&é?f@&#&f@%ﬂffﬁgﬂﬁegapﬁiaﬁ@ valiea %ﬂﬁé&wé’a@ﬁﬁ% the
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mul tiple ries and are”incubated. The tubes are observed for 10 growth of
or gani sm iatutiation padodin adeerdaneeswith thisibentoon. t A fisst afiventage ¢lcaisystent arsk

i ncl udes determ ni ng a,nunber, of. t.ubes. that,exhi bit .gr.omh in.a number of
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time. Preferablaa/., t he second incubation tine is the tine required for the
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bact &0 a Yofedadiseibution cHip allaws mnscesptahle products to be removed from the

distribution network at a much earlier stage in the food distribution. A second
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advantage in accordance with this invention is that no additional materials or samples
are needed. This invention can be implemented with the material and sample required
for the current MPN method. Thus, a system and a method in accordance with this

25 invention do not increase the cost of performing such tests.

A system and a method for predicting bacterial density in accordance with an
embodiment of this invention is provided in the following manner. The system
receives a number of tubes in each series that exhibit bacterial growth at a first

30 incubation time and calculates a bacterial density of each of individual series from the
number of tubes exhibiting bacterial growth in each of individual series at the first
incubation time. The series having a highest bacterial density is determined to be a
reference series. The system then calculates an estimated adjusted number of tubes

that exhibit growth in each series at a second incubation time using the reference
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I n accordance with an enbodi nent of this invention, the estinmated overall
bacterial density is determ ned based upon a type of identified organism a
cul ture 29omethogng73or organi smgrowt h indicator. | PcaGCRIBANEBS W t h an
enbodi nent of this invention, the bacterial density for each series is
calcul ated using the follow ng equation: 25 Werein v is the volune of the
sanpl e i rmm.ungniweaalt bpetegal demsityf of Bl efe theeseries isscaleidated msing dfe t ubes

in one of t.he rges that, exkRihit .ar he. and i s.the nuwrhe f i a
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I nocul uns- vol unme than the sanpl e inocul uns vol unme of the reference series.

I n respon@ralbbadiesial density. Haacerydanceth this emhodiment; dhe seeand Jagubalion han t he
ref er ence,. ' 0 : an estimated adjusted nunber of
tubes%t hg?ﬁgiﬁg?tfhg?%%?\ﬁrgﬁhgﬂ?@gén I ncubation tine using the reference
series and the follow ng equation: f Predict = arg mn f {- 1141 -> gref ni

Wherein fi Pr edict is the esti ed adjysted nunber of tubes that, exhibits
growth at the @mdewcqw@g%s@_ggéws Biaventop, thymetaod Y HMRIE of the
sanpl e i ngeyl #{rﬁﬁarema adelR8eh bf mésa%gﬁ%@ﬁﬁmgfm%whﬁﬁb&wm@sh'ﬂé

gromh, ni 1s e nunber of nedia tubes for the series, and gref Is the
r ef er encetubescare mmahgadeingi tmltiple seites and anc mcubatéd. afthe hibes| arecohisenied tfori s

i nvention, the system determ nes ope of the series. that ha ar ger
sarrplqb i r%’f??ﬁ]hr‘?g QST ‘{thtéﬁ e?‘ﬁeoég’_ﬁ‘p Lt %’&’ﬁ??ﬂ“rgl_%l I(’Jllfzﬁi"aeé'Ft(E)‘F'erence
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i nocul unms vol une than the reference series, the systemcal cul ates an

esti mat edsen@$-ust ed nunber of tubes that exhibit gromh at a second

I ncubation tinme for the series using the reference series and the foll ow ng
equation: 15 '

=

In accordance with an embodiment of this invention, the first incubation time
15 - is less than the second incubation time. Preferably, the second incubation time is the

~ time required for the bacteria population to reach maximum growth.

In accordance with an embodiment of this invention, the estimated overall
bacterial density is determined based upon a type of identified organism, a culture

20 medium, or organism growth indicator.

In accordance with an embodiment of this invention, the bacterial density for

each series is calculated using the following equation:

-4

25  Wherein v is the volume of the sample inoculums in a tube of one of the series, f is

the number of tubes in one of the series that exhibit growth, and »n is the number of

media tubes in the series.

In accordance with an embodiment of this invention, the system determines
30 one of the series that has a smaller sample inoculums volume than the sample
inoculums volume of the reference series. In response to the series having a smaller

sample inoculums volume than the reference series, the system calculates an estimated



fiP=arg mx fi{- -1 Inv; 1 1- /1) <gref ni Werein fi Pr edict is the
estimated adj usted nunber of tubes that exhibits growh at the end of the
second i ngohkaidone7si me, vi is the volune of the sanple ipoeschoiwmodsst he
tube, fi is the nunber of tubes that exhibit growth, ni is the nunber of
nmedi a tubes for the series, and Sref is the reference bacterial density. 20
I'n accor dadiesedvnumbemok-fbesi that exhibit grhiveh phe seedndrincutation vimeahsing s er i al
density of the pl ural i fnseries is _cal cul ated using the estimted

adj ust ed nu cesg’flestmbdt%e? uomg%ﬁq 10flhe serl es using the follow ng

equation: )vi -Fr ivi exp i=ili=1- rein mis a nunber of
the series, ni is the nupB& -ofrg mﬂ/{ (s; lzj aE"AfWEh one of the series,
fi is the nunber of tubes that exhib yr owt hnf ith one of the
series, vi is the volune of the sanple inoculuns in the tube for the ith
one of seWhessin fftf*8 is thetesimatedradjustedaminttier aif tetes hdt\exhibits gravatheisitied ed.

I n accordance with an enbodi nent of the invention, the systemcal culates a
t ot al Svaréminefethessecand imeubationativneov, ds|tiad velamevsT the Bample inoculums in the

Qogr (Densi typredi ded) -1 og( Densi tyErpeaed ))2 10001SityErpeci ed Wierein v2
I s a nor nmbe,zgds [thegnw@berasfctabes that exhibit growth, n, is the number of media tubes

for the series, and 6'7 is the reference bacterial density.

In accordance with an embodiment of this invention, the system determines

10 one of the series that has a larger sample inoculums volume than the sample
inoculums volume of the reference series. In response to a determination that a series

has a larger sample inoculums volume than the reference series, the system calculates

- an estimated adjusted number of tubes that exhibit growth at a second incubation time

. for the series using the reference series and the following equation:

15 f;-P'edict :argmaxf;{—lh{l_ﬁ)<5ref}
. v, n

Wherein fihedi“ is the estimated adjusted number of tubes that exhibits growth at the
end of the second incubation time, v, is the volume of the sample inoculums in the
tube, f; is the number of tubes that exhibit growth, n, is the number of media tubes

for the series, and 6" is the reference bacterial density.
20
' In accordance with an embodiment of this invention, the overall bacterial
density of the plurality of series is calculated using the estimated adjusted number of

tubes for each of the series using the following equation:

Zml:(n /)} 1—[ f,v, exp

25  Wherein m is a number of the series, #; is the number of media tubes for an i one of

the series, f; is the number of tubes that exhibit growth for the i™ one of the series, v



Brief description of draw ngs 10 The above and ot her features and
advant ages of a nethod and a systemin accordance with this invention are
descri bedwonoidwidel | owi ng detail ed desCri pti on and ar epgh@aoionoidsse

foll owi ng draw ngs: Figure 1 illustrating a first set of dilution
series for detecting bacterial growh 15 in accordance with this invention;
Figure 2 isitheyelumeiofghesagle foculumisds thicotubel Girdbe i"hepeafetres, ahd g swbdr i n
accordance w E t hi. dl nv tlon 1 Figure 3 illustrating a bl ock

di agr am of" %P% el densiy e be epleplateds \ori ous conponents for providing a
systemin accordance W|th an enbodi ment of this 20 invention; and

Figure 4 illustrating a processing systemrepresentative of processing
systens in deviraecor patr an gmbediseens of the mvigniden, the gysemealwulitesnal syst em
in accprd tail ed description This invention
rel atgsg %@%%ﬁ‘ié%‘%&d}smﬁﬁh%%gg’g‘%‘h%@? ?Egr edicts bacterial density at a
predeterm ned tine. Mre HEM elates to

cal cul ati ng an esti natée -‘ 2 P rul tiple series at
the end of an incubation per| od —'» art| cularly, this invention
relates to a method and a systemthat uses observed bacterial density of a
r ef er enceVdgrdiRg” i a pormaligedlogavarianeeer medi ate tinme period to calcul ate an
estimated overall bacterial density of nultiple series at the end of the

i ncubation period. This invention can be setup using the nmethod as shown in
figures 1 or 2. As 5 shown im&f@geﬁpﬁonbharm&e i noculuns wth different
dilution factors are placed into a nunber of culture nedia tubes to forma
di | uti®n series. Alternativel Y, the sanpl e i noculuns with different vol une
are placed int ppaaBoVOELd Bihef Hdtkes ofE UaRadtdBBSof £ héthél dnd &I {Rfn?
illustrated in figure I'n eit 1er 0 e se assownlnflgure or 2,
the seri ea;:cofdancd with éhisguNeation laa:sdescnbedmuhafcﬁlbwmg detailed désceiption and e

medi um f or e{hﬁ éjl of t| ne,. and observed to detect any growth of
'croorga*ﬁF gl 3 lowipg drayings  nore particularly, the nunber of tubes
that exhibit grikd umsaraﬁ@g h@ﬁstaseeopm{dﬁes@ne@& &@duhg%auenm@o%{ wi |l
recogni ze that the underlying assunption is that any culture nedia tube

t hat 1Sontiaiageordandeewith thimiaventipmi sm wi | | exhibit growth that is detectable

at the end of E &Gxe' i‘ﬁH}Q@i § Ogna 0o ggnes for detecting bacterial growth in accordance

with this invention;

Figure 3 illustrating a block diagram of a processing system of the various
components for providing a system in accordance with an embodiment of this
20 invention; and
Figure 4 illustrating a processing system representative of processing systems
in devices that perform processes for providing a method and system in accordance

with this invention.
25 Detailed description

This invention relates to a method and a system that predicts bacterial density
at a predetermined time. More particularly, this invention relates to calculating an
estimated overall bacterial density of multiple series at the end of an incubation

30 period. Still more particularly, this invention relates to a method and a system that

uses observed bacterial density of a reference series at an end of an intermediate time



15 This invention assunes that the sanples in different series of
culture nedia tubes can take different durations of the incubation period
to provi dgoamxpsesvabl e bacterial growth. Therefore, atrcamg2bioneo4ssi or to
end of the incubation period for all of the series of sanples, the

i nconsi stency of each of the series enunerated bacterial 20 density

i ndi cat esperind torralawiite ar getimated owerall dartgrial drngity of srltiMeseries atdhe end ed by

t he observabl e %gtg%r%e?%o gr owt h. Figure 3 illustrates a bl ock diagram
of the co RN ol p?ib(iessi ng systemthat executes instructions stored
in a menory to provide processes in accordance with 25 this invention. One
skilled in the art will recognize that Figure 3 is for illustrative

pur poses only &g ipyratien gan be setup gising: the mcghod aeshoymyBHfagiires | 9f 2neAs
rocessin V| L i erdlenedits i Eéfﬁy’ tion.

Igr oce?gi n%log@s]bgﬁug%é tlﬁgg%i ggﬁ nlfﬁr%aw&gé%fesm ﬁgdu%%if{i&%bg . U 305

i s a proceaamber of arltupe arediastabes tor formya dibutininnserienn Adteratioelys ther samgpihel

m croprocessars that execute, 30 instructions to performthe processes in

accor danc’é‘oﬁli‘lPWSt‘?‘i‘gl ﬂ&éé‘?}“tvoﬁﬂ%ﬁﬁ RJAceddply %Gﬁm@%ﬂéﬁ‘flgn? 6‘“?9&75’&’? Bus 310

and | nput fehitPittel he Husttited FlRgulBTOnh %itibSofIh sGap BE Sowr TR 4igtde 1 lop 2/Tenor i es

320 and 325 to transmt data and 'i nstructi ons bej[ ween .t he menori es and CPU
305. 1/0 thessefes of onlteret mediPWubddsare dnpuhatedhiar alsuidable cubureomediams farta dat a

bet we CPU. 305. and th eripheral devices. . One skilled in,t ry will
recogtt zePTH: Oq V@e’bﬁ%‘le %‘%‘oervfﬁgorfﬁeﬁ@? GOy, Bovith,0 TR ERRD: tr%gﬁ?s?ﬁagerbne bus
or subdi vpides! iNMbre pERidulAY) Cthe HSERS oFNtdbédhal ¥RKibitCEOWIY ik Al depies iage | €ft tO
those skilled in the art. 5A non-vol atile nenory 320, such as a_Read Only

Menory ( Reerveds Querskilladda the astwyillrgcagnizeshat theypderlying pssumpging is thab o

stores in i yar i - . Of
pr ocessi n%%)[sé/{g{%%&%ﬂ%r}gﬁgﬁiag cﬁ@%ﬁg%ﬁg&gﬁs eﬂ%g?&gt‘g@?%@pmm Ilgd in
the art wddtéctilte apthe 2rd bhic incubatioiperioddf types of menory may be used to

performthis function. 10 A vol atile nenory 325, such as Random
Accesk Menory (RAM), is also connected to nenory bus 310. Vol atile nenory

325 stores therhaShifiohsuR@Omdte Segiedinhifiidt 3834 Of Bakle gl t var e

instructions for processes such as the processes for providing a systemin
accor dancwbes tin take dlifferenthdiretionsQrfcthe kintubation petipd td pravide am lobsareabdeni ze

that any nunmber of fypes of mory. may. be used.to.provide volati] nory
and t he. e gy A fescfore. i pny, i Hied i g pEh8 AiBorEastoddor gt "t 1
art. the defibs B€shimples3the kBoaRty toeacHi cTthaYseRdd enithérated Batberiahet wor k
devi ce 350 and any nunber of other peripheral devices connect to 110 bus

315 t¥) exdesitydndigates the incempletagespef pagteriad dneybagipn thatqis irgflectedb pyighexecut ed
by CPU 30 | C. i s any device that transmts and/or receives
dat a fromé[ﬁs{fag](fg)%\é@%%g%ﬁ'SSS is a specific type of 1/0 that receives
user input and transmts the input to CPU 305. Display 340 receives display
data from CPU 305 afdl di S@'ﬁ?@i es on %screen for user to see. Menory
345 is a devi cEgad Ulustatesaiblock agram:ef the companents oh PFICESRIRERYSERR 305 f or

storing dghfetdeufds Rtudtionyatdied n 9%@%&9@%}%&&5@% 2805y dhitedwitet Wor k

for transmssion of data to and from other processi ng systens. Fi gure

4 il 12fst r thissmvemticnrb Ok rskiltedan the priowdk secognize shat Fagura snfooudusiative

bacterial density, of dt st sc—t\ri e in.accg dance w .Lh.t{hi S i nventi,on. Process
LG iR e

400 begi nBUTBERES; € gyact cppfigyration sithe combonen Prosrading deyice o of

tubes in gaghbeObifféritewithbatl depaliny FroBaehisrindéntnO WMPRodksidg fsystein Bogubat i on
time. In step 410, the systemcal cul ates a bacterial density of each of the

series friogludae Gemfdr Paecesting s Usithi(GPUIng08act &MUhl 367 okt 1 | PIOGREEST, of the
Ser o2 St Aab PSP A 05 S xRk sl of e
30 instructions to perform the processes in accordance with the present invention. CPU
305 connects to memory bus 310 and Input/Output (I/O) bus 315. Memory bus 310
connects CPU 305 to memories 320 and 325 to transmit data and instructions between
the memories and CPU 305. I/O bus 315 connects CPU 305 to peripheral devices to

transmit data between CPU 305 and the peripheral devices. One skilled in the art will
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- -11n(1- L) vn (Equation 1) Werein v is the volunme of the sanple
I noculuns in a tube of one of the series, f is the nunber of tubes in one
of the sewbesiddasszexhi bit growth, and n is the nunber etrmedimobeises for
one of the series. 5 The series having a highest bacterial density
Is determned to be a reference series in step 415. Subsequent| t he

syst emhcatmi%ﬂlahﬂcbbﬁ b aed memosy ég‘s Rlfvany be combined:inta 0@(%‘&&3@& growt h
sortas i ubpaGEleRaR) ofhe BENIC abd BHOBLLORaIRclSR P feft (npid SAAES

requi red ihGhéatt. t he bacteria popul ation to reach maxi mum grow h and the
first incubation tinme is typically half the tinme of the second incubation
time. One skilled in the art will recognize that the second incubation tine
period i s greajerl.t| : idrot 32d1C ﬁtlaso'}kieﬁi?@ﬁiﬂﬁnﬁgg hei ce of

t he eg;act I ncu a??%gg%gfreihgjﬁ%f@botq% #ul%rst and second 1 ncu t#on ’|(r?r§e peri od

is left tcomeeedki nemdry bus 31k0. akon-vhhatike pembiyc32Mstbres iimstmicBons/didd, dalb t he
observabl e Qacterial growh fqr the sepies other than e reference series
oo ad) L SReHoh I8 e VRBOe PO SiEn Ot paroesting nurty 00, nd ip oot e
bact eri al syd@ns hit fark-9p. (RSKIB&T intthe lHAWIIEYRbBiLe HaPURY nBMBEF ¥PRPEs fAact eri a
growt h. As the volune of sanple inoculuns in"the series varies, it is

possi bl e memorymay heussd te perfbmn ithis furictins. i n sone of the series may either
be snagller or larger that the reference series. Hence, the 20 system
conpares the volume of sanple inoculunms between each one of the renaining
series and theAr@flgilenaemss B2 aiRH AeRdOn cckss MREtLrPIRAMY| igralseri es is
smal ler or larger than the volume of sanple inoculuns in the reference

series. |gonnpgted i memory bundH). e Volatidememery $23 siorgstthe inshuctiensiand data s | er
t han the f rj.e e t i e | ust ed
nunber of u%‘gsb ?{ ﬁgt@eégﬁitgi e’é"?‘@mﬁ ﬁﬁ‘?%é%ngﬁg%ﬂngsﬁgtﬁtgﬁegggn%f gst Elgé second
i ncubat i oprotess®s fos proyidihga sedten én aecosdarice svithndlist iheerftion| @mensdilkguatheon:
Wherein J7is, ) . .

15 - art will recognize that any number of types of memory may be used to provide volatile

. memory and the exact type used is left as a design choice to those skilled in the art.

J/0O device 330, keyboard 335, display 340, memory 345, network device 350

and any number of other peripheral devices connect to I/O bus 315 to exchange data

20  with CPU 305 for use in applications being executed by CPU 305. 1/O device 330 is
| any device that transmits and/or receives data from CPU 305. Keyboard 335 is a
specific type of I/O that receives user input and transmits the input to CPU 305.
Display 340 receives display data from CPU 305 and display images on a screen for a

user to see. Memory 345 is a device that transmits and receives data to and from CPU

25 305 for storing data to a media. Network device 350 connects CPU 305 to a network

for transmission of data to and from other processing systems.

Figure 4 illustrates an embodiment of a process for estimating an overall

bacterial density of test series in accordance with this invention. Process 400 begins

30 with step 405. In step 405, the system receives a number of tubes in each of series
that exhibit bacterial growth at a first incubation time. In step 410, the system
calculates a bacterial density of each of the series from the number of tubes exhibiting
bacterial growth in each of the series at the first incubation time. The bacterial density

for each of the series in step 410 is calculated using the following equation:

7



I's the estimted adjusted nunber of tubes that exhibits growh at the 30
end of the second incubation tine, vi is the volune of the sanple inocul uns
in the twbep1dge1é7s t he nunmber of tubes that exhibit greetrsc2o0ton0dssst he
nunber of tubes for the series, and g"f is the reference bacterial density.
Equation 2 is used to cal culate an i ndependent bacterial density which is
not nore than that of the referenclel erifés. This is because each series
with a |l ower volune of the sanpl€7j deuTuns in the tube 5 provi des for a

| arger range of enunerated density ahd nce has a | ower acCEgquatignl) | f

the vol urRlid Rl e WIBEM. ot e SlmhS BRIFREH! FBSELES of e BT (ihan the

1
ref erence series, em ca an'e ed "adju &} of

tubes t hajhegitiitdr of YEHRMiA 0ho bf tHaEseries bR eRhibit Bowh 2R A REthe Sufitr of

i ncubation tine using the 10 reference series and the foll ow ng equation:
11 Pr edi viedia tubey fomond ofithe sefiesn( 1- 11<gref} ni (Equation 3) \Werein j; Pr
edict 4s the estinmated adjusted nunber of tubes that exhibits growh at the
end of” the second incubation time, vi is the volune of the sanple inocul uns
in the tube, ] The seridschavingbe highkstt bdtasial daiisityxididetdrmiifedviblbe Piréfetencd he
nunber of tubes for the é?series, and gref is the reference bacteri al

density. HEHFALR&EPIIPs Sy equentlys heesyatem Fﬂié‘ﬂétﬁﬂéﬁles%%t adastedawmbey whi ch
Sor es i TR ot L BEbR Y, Lath O BAEPRS Bt £ St inclBhdirl S BERNAEC | e
for a snutdf@encemeges of stgpdite rBieestcaehmctuatmndimhe isagpibalty thehinggmequaedt ur acy.
10  for the bacteria population to reach maximum growth and the first incubation time is
typically half the time of the second incubation time. One skilled in the art will
recognize that the second incubation time period is greater than the first incubation
time period and the choice of the exact incubation period of both first and second
~ incubation time périod is left to one skilled in the art. . More particularly in step 420,
15 = the observable bacterial growth for the series other than the reference series are
adjusted based on the reference bacterial density to reflect the bacterial density for
these series that exhibit slower observable bacteria growth. As the volume of sample
inoculums in the series varies, it is possible that volume of sample inoculums in some
of the series may either be smaller or larger that the reference series. Hence, the
20 system compares the volume of sample inoculums between each one of the remaining

series and the reference series and determines if each particular series is smaller or

larger than the volume of sample inoculums in the reference series.

If the volume of sample inoculums of a particular series is smaller than the
25 reference series, the system calculates an estimated adjusted number of tubes that
exhibit growth in the series at the end of the second incubation time using the

reference series and the following equation:

f;Predict _ argmmf,{—lln(l __f.’.] > 5ref}
Vi & (Equation 2)

Wherein f,.mm is the estimated adjusted number of tubes that exhibits growth at the

30 end of the second incubation time, v, is the volume of the sample inoculums in the



20l n step 425, an overall bacterial density of the series is calcul ated
using the estimted adjusted nunber of tubes for each of the series. In
parti cul awo 2btvmonsrer al | bacterial density of the seriespcg/scaiouwbaised usi ng
the estimated adjusted nunber of tubes for each of the series using the
followi ng equation: (ni)vi n fiv, exp 1 -exp-v's (Equation 4) 25 \Werein m
i s a nunbgibeOf; ik ke f@hbersof tibes that Exchibit gRRVhOA, isuheauibér éhubésifoptige Of t he
series, f; is the nunber of tubes that exhibit growh for the ith one of

the seri eerie¥) ardSsThR tHekereRnoé bhdierifl alRLi6y. | B@EdtlonB is wsell 6 chlebRtd &f t he
ith one of the series, and g is the overall bacterial density to be

cal cul at ethdependent bacieniabdensity 3hictnis nos mose than thatarf4he referencersesies. ddusi ty at

t he second , ncubation t. 1S cu e I econd

i ncubat i o} ??r‘l'gn%s i('t’sacgrseegll genr%'vl gﬁ%@%ﬁ%ﬁﬁ% lencuBat.'sfgng?lxmrrgﬁlgllﬁ ﬁﬁgﬁlﬁ%ul ar,

t he e i npioeidles ftradhigebamie bf ahurtleated dyndity adilenes e loasescaurien. a type of

I dentified organism a culture nmedium or organism5 growh indicator using
the follow ng equation: 8 In (ti) / In (to) Werein 8 is the overall
bacterial densifie vofunhé of BinSEIAOCNAS YR PRHENEP sGRYL fidel@aRdhon t e
identified organism's growmh rate, the culture nmedi um use nd the organi sm
gr owt h i netferedcer setiegdtheasysteho calsulates dni essimatet adjasted mumbee .of tGbes that  As
there is nq.direct thod tao calculate the accuracy of .the esti.mated

bact or | al SHERNG EFgVtos JBE SeHes @b dhevand #fhe serond iruhtian, Bme USing 1% nuous

val ueyg a feflrahce\safibLaHatht FIBWINE equateat €d density is obtained as a

conpari son neasurenent for the accura'é of the predicted results. In step

435, the system cal cul ates %at otal varj apcef 15 iggj he foll ow ng
equation: (I og(Densitypr d’efi' a dargmasd| 931 "lpeae 2r | ooensi i yapeded
Wierein v2 is a normalized | og variance. Proce%s 400 X hen en@§uation 3)

Wherein f,.hm is the estimated adjusted number of tubes that exhibits growth at the
~ end of the second incubation time, v, is the volume of the sample inoculums in the
| tube, f; is the number of tubes that exhibit growth, »; is the number of tubes for the

15 series, and 6’7 is the reference bacterial density. Equation 3 is to calculate an
independent bacterial density which is slightly more than that of the reference series.
This is because the series with a larger volume of the sample inoculums in the tube

provides for a smaller range of enumerated density and hence has a higher accuracy.

20 In step 425, an overall bacterial density of the series is calculated using the
estimated adjusted number of tubes for each of the series. In particular, the overall
bacterial density of the series is calculated using the estimated adjusted number of
tubes for each of the series using the following equation:

= m fv.exp "’
;:(”i - fi)"i = Ii;l'{'—_'&%,?
(Equation 4)

25  Wherein m is a number of the series, #, is the number of tubes for an i™ one of the

series, f; is the number of tubes that exhibit growth for the i™ one of the series, v, is

the volume of the sample inoculums in the tube for the i™ one of the series, and & is

the overall bacterial density to be calculated.



The above is a description of enbodiments of a systemin accordance with
the 20 invention as set forth below. It is envisioned that those skilled in
the art owo 2amhové78l desi gn alternative enbodi nents of thrscmeeoddsen based
upon this invention that infringe on this invention as set forth in the
follow ng clainms. WD 2012/ 091673PCT/ SG2010/ 000488 d ainms 1. A nethod of
predi cting ovelastep 4301 en iestimated siverallobacterpil (densityt gt e spepnd encubation
predeterm.ned tine coppri,si,ng., 5receiving a,nu r of tubes .in.each of a

D1 G al ¢yt o5 it Ewe Y par A R s Ptp R PiPontimt B0 BRI o1
time; cal gut ghidtation baaker ila! paaodat, Vihef eqardtedfoverdlld batteriall idensigf iseri es
fromsaid nunber of tubes exhibiting bacterial growh in each of said

pl ur al i t ydes¢rmined basedupempdype phidentyietherganism; p eplturegnedivmypp prggnisie of

sai d ural itv. of ri i . [ I bacterial density as a reference
seri es; céPﬁé%%f%E&é‘ﬁﬁ%é@@@gﬁ‘?%g‘)“%? é‘d nunber of tubes that exhibit
gromh at a second incubation tine l&]hr(q),sm(q,)yeference series; and

cal culating an overall bacterial density of said plurality of series using
sai d 15esWhemtied iadheioverdll ihaotesal dénsitybieds fhe sesqnd indubgtion tipleumeghired; of

series; and detefm.ni n estimated overall,bacierial ,density a ai d
second i?}%ﬁ‘gt%{?et'gﬁ@%ﬁ%e?r&aﬂwg‘a‘? &r%%%owge’ith% egmedium, “F‘?ya?izﬁeer t han
sai d firsgrghiiemabi inlicllr usdd, 2and)es MRtHadnaibatibatimel further conprising:

determ ning a nunber of tubes that exhibit gromh in a total nunber of
tubestO n each of a plurality of series.

As there is no direct method to calculate the accuracy of the estimated
bacterial density because the estimated bacterial density is a continuous value, a total
variance from the expected density is obtained as a comparison measurement for the
accuracy of the predicted results. In step 435, the system calculates a total variance

15 - using the following equation:

g Z (log(DensityP, waiceed )~ log(Density Expected ))z

log(Density W) (Equation 5)

Wherein +* is a normalized log variance. Process 400 then ends.

The above is a description of embodiments of a system in accordance with the
20 invention as set forth below. It is envisioned that those skilled in the art can and will
design alternative embodiments of this invention based upon this invention that

infringe on this invention as set forth in the following claims.

10



3. The method of claim2 further conprising: 25taking a plurality of
sanples froma liquid; placing each of said plurality of sanples in each of
sai d nunbeo 20f2/dowdres i n each of said plurality of seriegrTisSceubabisgg said
plurality of series; and observing for growh of organismin said nunber of
tubes. 30 4. The nmethod of claim1l wherein said second incubation tine is
the tine €Ripsred for the bacteria population to reach maxi nrum growth. WO
2012/ 091673PCT/ SG2010/ 000488 5. The nethod of claim4 wherein said first

i ncubation tinme is less than the said second incubation tine. 6. The

net hod of 1 cl ai A rhethb@ ofiprediatink SRiral Badterisl dehkily ®Ftal prafatity oF sérids|at
bacterial density is based upon a type of identified organism 7. The
met hod of predeterminedi@e SPMPEZING: det er mi ni ng said estimated overal | bacteri al

density is based. I dj aim1 wherein
said determ ni%gelg%g% @gﬁ&néf{euz)e%eéragﬂ]f)f%gé'ﬁgﬁpgﬁfgﬁﬁe%gﬁ?t%%hbas ed upon
or gani sm gr ow h baethriabgoiwth aPa firdt éncabitiomctiaé; cl ai m 1 wherein sai d

cal culating bacterial density for each_ of_ said plurality iq])_f series is
performed usi ri@lquiatinga b density of each of said plyrality of serigsfram sgiderein v is a

vojUTe OS2k Qe B gttt Bl O
t hat exhi bit gr ossties atesaill first mcsbdtniimd)er of tubes for said one of said
pl ur all()I ty of S(Ferteimenslﬁiné (())'ne-cl)— gaigg{ur}glgty% se(i'}eas1 ih?végfa f él?eestr bacteriil hgﬂm ‘as
a reference series;
calculating an estimated adjusted number of tubes that exhibit growth at a
second incubation time using said reference series; and
calculating an overall bacterial density of said plurality of series using said
15 estimated adjusted number of tubes for each of said plurality of series; and
determining an estimated overall bacterial densify at said second incubation
time wherein said second incubation time is greater than said first

incubation time.

20 2. The method of claim 1 further comprising:
determining a number of tubes that exhibit growth in a total number of tubes in
each of a plurality of series.

3. The method of claim 2 further comprising:
25 taking a plurality of samples from a liquid,;
placing each of said plurality of samples in each of said number of tubes in
each of said plurality of series;
incubating said plurality of series; and
observing for growth of organism in said number of tubes.
30
4. The method of claim 1 wherein said second incubation time is the time

required for the bacteria population to reach maximum growth.

11



20determ ning one of said plurality of series that has a snaller sanple

I nocul uns vol une than said sanpl e inocul uns volune of said reference
series. wb.2omwiévet hod of claim 10 wherein said cal cul atirsg2emiodosst i mat ed
adj ust ed nunber of tubes for said one of said plurality of series that
exhibit growth at an end of 25 said second incubation tinme using said

r ef er ences.ser i Hse msthpé of daimed whereiaspidrfirst incutationl tioyeds bdss dmandhesad al i ty of
series having, a small er sanple inoculunms volunme than said reference series
usi ng theseP%'?q'GﬁPl??&OB&HéﬁiOn: Pr edict = arg nmj - -1ln(1- -fi > gref ,
wherein fiPrecithi is said estimted adjusted ni of tubes that exhibits

growh at said end of said second incubation time, vi is a 30 volunme of a
sanpl e i nwcul uHse mpthedbficlaimd, whertia saigl detenminiag said estirpated prerallexhi bi t

growh, ni is.said.nunber.of tupes f.0 i ries, and 8"f is said
refergncgbaﬁﬁ"@f’ga‘?n&ftyé?e ﬂ??onﬁgfpeﬂﬁéé?éﬁﬁga?g%?ls%’ai m 1 further conprises:
5determ ning one of said plurality of series that has a | arger sanple

i nocul uns vol une than said sanple inoculunms _volume of said reference

series. 1.3. Thee methnd of elaim 1avherein spidedetgrmining said gstampted oxerallai d est i nat ed
adj ust ed jnu f: | aid plurality of series that

exhi bi t gl?ag\g%ﬁf%&g&%ﬁ%ﬁﬁ&%ﬁ#ﬂ%ﬁgg}ﬁgﬁﬁti me using said reference series
is perfornmed in response to said one of said plurality of series having a

| arger sanpl e inocul unps volune than sajd reference serieg using the
fol I A ngB-equalhemethod pf glajm 1 ‘&bﬁw%fge{mg A e§mE?t°3°Vﬂ , wherein

vin; fi Prba%ﬁ:ir%l g%&g?%gg&hg&}g&@%g%ﬁa{@aﬁk of tubes that exhibits

grow h at sa

9. The method of claim 1 wherein said calculating bacterial density for each of

. . 1
said plurality of series is performed using the following equation: — —ln(l - i) ,
v n

15 = wherein v is a volume of a sample inoculums in a tube of said one of said plurality of

series, f is said number of tubes in said one of said plurality of series that exhibit

growth, and n is said number of tubes for said one of said plurality of series.

_ 10.  The method of claim 1 further comprising:
20 determining one of said plurality of series that has a smaller sample inoculums

volume than said sample inoculums volume of said reference series.

11.  The method of claim 10 wherein said calculating said estimated adjusted

number of tubes for said one of said plurality of series that exhibit growth at an end of
25  said second incubation time using said reference series is performed in response to

said one of said plurality of series having a smaller sample inoculums volume than

said reference series using the following equation:

n.

fFret = argmin f {— lln(l - LJ > 6" } , wherein f"* is said estimated adjusted
V.

1

of tubes that exhibits growth at said end of said second incubation time, v, is a

30  volume of a sample inoculums in said tube, f; is said number of tubes that exhibit

12



sai d second incubation tinme, vi is a volune of a sanple inoculuns in said
tube, f is 15 said nunber of tubes that exhibit growth, ni is said nunber
of tubes wonopaivts7seri es, and crf is said reference bactemrisahod@osissy.

14. The method of claim 1l wherein said cal culating said overall bacterial
density of said plurality of series using said estimated adjusted nunber of
t ubes f or gesth nfis 26d nambepdiubes foy saif sentes| asl 5 povaidrefrenagdiactgriahe
foIIovmng equati on: , Wherein mis a
nunber ofdensity series, ni i's said nunber of tubes for an ith one of said
plurality of series, fi is said nunber of tubes that exhibit growt h for
said ith one of said plurality of series, vi is a volunme of a sanpl e
i nocul unsl2.n sﬁhdnteﬂhnddf«ﬂalmdlﬁixtheﬂmmmseé said plurality of series, and 8

is said 25over II hact eri al it be c t hod of
Gl M3 furt heReEampmedns of sid gyt et rsR 158 SRl Berione
fol |l ow ng equat i G§lymé4han Q@%{ﬁaﬁi&mw&ﬁﬂé of Q8 feerehdesepesled )) 2
10g(DensitY Expected ) wherein v2 is a normalized | og variance. 516. A

system for esti mati ng an overall bacterial density of pI urality of series

at a pred ri,Si tr L.ons _f.or cting.a processin
unit in a uaI ﬁh g‘j‘%&f’ag;g lilﬁg%lfl ? cé‘iaé’in&(falg ﬁﬂ a8¥us beg I n eachg
of a pl urglhbet di’ftulfcg foresaid dftﬁ-lof%&iill ﬂxuﬁaht;a@ﬁseﬁe@ihagémlhg@waﬁmafd of

i ncubation tinme, 10calcul ate a bacterial density of each of said plurality
of sel) esinpubationdinee using said reference series is performed in response to said one of said

plurality of series having a larger sample inoculums volume than said reference series

using the following equation: f;"*** = argmax f; {— 1 ln(l - L) <6 } , wherein
> ‘

n.

7™ is said estimated adjusted number of tubes that exhibits growth at said end of
~ said second incubation time, v, is a volume of a sample inoculums in said tube, f; is

15  said number of tubes that exhibit growth, #, is said number of tubes for said series,

and 8™ is said reference bacterial density.

14.  The method of claim 1 wherein said calculating said overall bacterial density
of said plurality of series using said estimated adjusted number of tubes for each of
20  said plurality of series is performed using the following equation:

(n _ / )} flV exp_v
Z H l

, wherein m is a number of said series, n, is said
numbser of tubes for an i one of said plurality of series, f; is said number of tubes

that exhibit growth for said i™ one of said plurality of series, v, is a volume of a

sample inoculums in said tube for said i™ one of said plurality of series, and & is said

25  overall bacterial density to be calculated.

15.  The method of claim 1 further comprising:

13



nunber of tubes exhibiting bacterial growh in each of said plurality of
series at said first incubation tine, determne one of said plurality of
seri es hawongixoné7ghest bacterial density as a refer encecsysG2em/000488

15cal cul ate an estimated adjusted nunber of tubes that exhibit growh at a
second incubation time using said reference series, calculate an overall
bacteri al dens¢alqulatingssfotal yatangeiusingghe fdlovang equatignsai d esti mat ed adj ust ed
nunber of tubes for each of said,plurality of ries, and 20determ ne an
estinmated over ad I_ié@gz@?’wt)’daaai)rW Persitydsedond i ncubation tinme wherein
sai d second i n€ubad4 on ti rre1j,§(1;g3;,§,@t££mt)han said first incubation time; and
a nedi a readabl e by said processing unit in said quality of food controller
that stores sa{,vﬁelieﬂls{,zrgcatﬂmi;émogivgﬁ&;&ng sai d processing unit in said
quality of 25food controller. 17.The systemof claim 16 wherein said second
incubation time is the tine required for the bacteria population to reach

e PO T SRR AL R RbEES ov b AR Sgpdid b et on
2012/ 091 6¢r3Réed i e BRPASingl9. The system of claim 16 wherein said

instructions to determ ne said estimted overall bacterial density is based
upon a type of instaegtions fasdlitgeigag @ pracessing wyt inpgualifsefderd cortralleftors wher ei n

said instructions_t.0 t i j .erial density

i s based upon a l;(S:u IY%fgg’uErr'égl} %ﬁ%ﬂ.éﬁé@é@éﬁgﬁ%&ghﬁ?%@%er ein said
instructions to depatetiahgronahdt £t idubaticiv@me) | bacterial density is based
upon organismgrowh indicator, 10 22. The system of claim 16 wherein said

i nst rifctions to eagulale abactstakdensity ofeachiof §aid plurality of series from said
number of tubes exhibiting bacterial growth in each of said plurality of

series at said first incubation time,
determine one of said plurality of series having a highest bacterial density
as a reference series, :
15 calculate an estimated adjusted number of tubes that exhibit growth at a
second incubation time using said reference series,
calculate an overall bacterial density of said plurality of series using said
estimated adjusted number of tubes for each of said plurality of series,
and
20 determine an estimated overall bacterial density at said second incubation
time wherein said second incubation time is greater than said first
incubation time; and
a media readable by said processing unit in said quality of food confroller that
stores said instructions for directing said processing unit in said quality of

25 food controller.

17.  The system of claim 16 wherein said second incubation time is the time

required for the bacteria population to reach maximum growth.

30 18.  The system of claim 17 wherein said first incubation time is less than the said

second incubation time.

14



for each of said plurality of series is performed using the follow ng
equation: - -11n(1 - 1) , wherein v is a volune of a sanple inoculuns in a
tube of swodo®iet vn said plurality of series, f is sacad/scumbdeoo®s tubes
in said one of said plurality of series that exhibit gromh, and n is said
nunber of tubes for said one of said plurality of 15series. 23. The system
of claimi% fuThhsysteroafelaim hgwhieresn said instmestidnsito detenning sgidestimatedssi ng

unit in a qualjty of .food.controller to: t erymione one of said plurality of
series th%‘fqérﬂLéa‘%“é"ﬁflr&Fﬁ'sétP"§B?Fﬁﬂé‘p%ﬁﬁ36’§&fg&r§“?\ﬁ§fiﬁﬁ%mf%n sai d sanpl e
I nocul uns vol unme of said reference series. 24. The system of claim 23

wherein said instructions to calculate said estimted adjusted nunber of
t ubes for2@ai dThasystsm ofi¢lainp | & wiereiny said instruriiansitp deteamineisaid egiwaied at 25 an

end of. sai d ond. i ncubat.i on ti | ' ef erence series is perforned
in reépon%veer?ﬁgg%c?r&?lgﬁ%sngfls g%sleg “%%?%F?‘?‘ﬁ il‘oi#:‘hsei ties having a smaller sanple
I nocul uns vol une than said reference series using the foll ow ng equation:
J"'/ =argmnf { - -1llnvi 1- --f-L ni .> gref ) ) )

21.  The system of claim 16 wherein said instructions to determine said estimated

overall bacterial density is based upon organism growth indicator.

10 22. The system of claim 16 wherein said instructions to calculate bacterial density
for each of said plurality of series is performed using the following equation:

1 f

- —ln( - —) , wherein v is a volume of a sample inoculums in a tube of said one of
v n .

said plurality of series, f is said number of tubes in said one of said plurality of series
 that exhibit growth, and » is said number of tubes for said one of said plurality of

15 - series.

23.  The system of claim 16 further comprising:
instructions for directing a processing unit in a quality of food controller to:
determine one of said plurality of series that has a smaller sample
20 inoculums volume than said sample inoculums volume of said reference

series.

24.  The system of claim 23 wherein said instructions to calculate said estimated
adjusted number of tubes for said one of said plurality of series that exhibit growth at

25 anend of said second incubation time using said reference series is performed in
response to said one of said plurality of series having a smaller sample inoculums
volume than said reference series

using the following equation: f,."‘dic’ =argmin f; {— 1 ln(l - —fL] >8™ } , wherein
\Z

n.

i i

£ is said estimated adjusted of tubes that exhibits growth at said end of said

30 second incubation time, v, is a volume of a sample inoculums in said tube, f; is said

15



, Wherein Preset is said estimated adjusted of tubes that exhibits growh
at said end of said 30 second incubation tine, vi is a volune of a sanple
i nocul umswonosaistsube, fi is said nunber of tubes that pexiichitoogesssvt h, ni
is said nunber of tubes for said series, and gre is said reference
bacterial density. 25. The systemof claim 16 further conprises:

5i nst r uctiudstser bOtubds thAtéthibit growth e sisisaid numbier bfitubesifoalsaid\sexés, indd
controller to: determne one of said plurality of series that has a |arger
sanpl e | ngBU{sWAR réfdrétive baftdnalsdensitganpl e i nocul uns vol une of said reference
series. 26. The systemof claim25 wherein said instructions to calcul ate
said estimated 10 adj usted nunber of tubes for said one of said plurality
of seri eg;_hatﬂ@g}gwogglﬁmmwc&ﬁgﬂ&g: said second incubation tine
using said reference series is perforned in response to said one of said
pluralSity of destruesiohsifordirectinga processingpingt inpopalitmd foed controllente: sai d

Ao 15 ) el S gl b AP B forger S ifdpafipft 95 ST
adj usted number Qflurthé B shidhnmPldinbbdlems Veldnie Gt safibieferentd sefiessai d second

incubation time, vi is a volume of a sanple inoculunms in said tube, Jis
sai d nunber of tubes that exhibit growh, ni is said nunber of tubes for

said serigs, afgl Gfeln dfcisil 25 WRERLPASEiRAGHRIA I BN Mid estimated
10  adjusted number of tubes for said one of said plurality of series that exhibit growth at

an end of said second incubation time using said reference series is performed in
response to said one of said plurality of series having a larger sample inoculums
volume than said reference series using the following equation:
N Al argmaxf,{— —l—lr{l - I‘—] < 6"”} , wherein £"** is said estimated
v .

n.

i i

15 adjusted number of tubes that exhibits growth at said end of said second incubation

time, v, is a volume of a sample inoculums in said tube, f; is said number of tubes

that exhibit growth, 7, is said number of tubes for said series, and 6™ is said

reference bacterial density.

20 27. The system of claim 16 wherein said instructions to calculate said overall
bacterial density of said plurality of series using said estimated adjusted number of
tubes for each of said plurality of series is performed using the following equation:

m /~V- exp—v,5
n,— f, = _#__v__
,Z:;( )v 1:_,[ 1 —exp o
, wherein m is a number of said series, 7, is said
number of tubes for an i" one of said plurality of series, f; is said number of tubes

25  that exhibit growth for said i™ one of said plurality of series, v, is a volume of a

sample inoculums in said tube for said i™ one of said plurality of series, and & is said

overall bacterial density to be calculated.
28.  The system of claim 16 further comprising;:
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20 27. The system of claim 16 wherein said instructions to calculate said
overall bacterial density of said plurality of series using said estimted
adj ust ed wontberosod73t ubes for each of said plurality of gemriseloiomo@ssf or ned
using the follow ng equation: Fr ivi exp-ye:5 i=11 -exp-vn , wherein mis
a nunber of said series, ni is said nunber of tubes for an ith one of said
plurality of sissirestions forglizcaiing a presessingf unitipesquebityt offoodrentisller gzowt h f or

said ith one of S lity of ser savolune of a sanple
i nocul uns in sal‘ff‘i“garfg ? saée‘l’ﬂc‘?'fsﬁn%ﬁl %%1}0"%135 B4 ity of series, and g

I s said overal l bacterle( g aémy toybe, LAk ated 28. The system of claim
16 further conprisvhg: processing unit in a
quality of food controdfler to: Qﬁﬂ&ﬂ&vam otal variance using the

foll ow ng equation: V2 = E (| og(DenS| typredic, a)-1og(Densityapeded

| ooensity Expewhesin) vivsermirmalized logaanancenl i zed | og variance. 5 29. A
systemp for estimating an overall bacterial density of plurality of series
at a ?redeterm’ ned time conprising: circuitry in a quality of food

contr ol | egg . conAi GufeRtfifdr @stiMafhg 8n dvardllbattedhl ddnbig of pheawy offsedePht al ity
of series that exhibit bacterial growh at a first 10i ncubation tine,
circuit ryprbdetg@mae«bnmelepylpgsmgood controller configured to calculate a

bacteri al densj er of
tubes exhibiti (#llg erﬁ%l%?gﬁoﬁoﬁ cB{xt&'élgér&B%(ﬁgJ Fé? lv{: %gl%%g}gﬂﬂgiggr)cw try
in said quality ﬁhfeaf:li)ﬁﬁaPhﬁilftsllof@éndsmlﬂﬁtleghhbﬁd)abt@ndmrewﬂiditelﬁme of said

15plurality of series having a highest bacterial density as a reference
seri dd incubation time,

circuitry in said quality of food controller conﬁgured'to calculate a bacterial
density of each of said plurality of series from said number of tubes
exhibiting bacterial growth at said first incubation time,
circuitry in said quality of food controller configured to determine one of said
15 plurality of series having a highest bacterial density as a reference series,
circuitry in said quality of food controller configured to calculate an estimated
 adjusted number of tubes that exhibit growth at a secor}d incubation time
using said reference series,
circuitry in said quality of food controller configured to calculate an overall
20 bacterial density of said plurality of series using said estimated adjusted
number of tubes for each of said plurality of series, and
circuitry in said quality of food controller configured to determine an
estimated overall bacterial density at said second incubation timé wherein
said second incubation time is greater than said first incubation time.
25
30. The system of claim 29 wherein said second incubation time is the time

required for the bacteria population to reach maximum growth.

31.  The system of claim 30 wherein said first incubation time is less than the said

30 second incubation time.
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circuitry in said quality of food controller configured to cal culate an
esti mated adj usted nunber of tubes that exhibit gromh at a second

i ncubat i omotaousBNg sai d reference series, Ci r cui tpey/sicaomabeisgiual ity
of food controller configured to calculate an overall 20bacterial density
of said plurality of series using said estinmated adjusted nunber of tubes

for each 3- sa"lfhe@»rsmnapfﬁlymwmee%cxrdmymm@mmlstypﬁ fopdicgnigollgri ty of f ood

controlle t density
e d ety Bt Sl SRRt R bR BB RY R as BP0 Bpe 7
great er tbfidestified drgdriémi ncubation tinme. 25 30. The system of clai m 29

wherein said second incubation tine is the tine required for the bacteria
popul at i on to reach maxi mum grow h. 31. The system of claim 30 wherein

sai d fqg 3inc n tine.
w012 oats73pE SeSin bf Tish 8 VIR 8L ckpBey 3 et RS AR o KRB ity
in said qcmiﬁgu;edab d‘étmdmecsatdreshhmtedmfallgmcmml derdity évbasedupa al est i nat ed
overal | (iterl al.. density is based upon a type of identified organism 5
33. The sy B m 29 wherein said circuitry in said quality of food
controller configured to determ ne said estimted overall bacterial density
I s based upon a cul ture nedi um 34. The system of c¢laim 29 wherein said
ci rcui try34.n sEhelsystea pf glaimh 29mrmmmldoirtlatry1msmdﬂﬁalyu|0§ﬁoqmavﬁmm ne

sai d t| ma er hact er i ba rgani smgrow h
"t i o Cosghee i aBlermiaRnit e Bmafel Sitaf ebisrtr el B H BB Yo
qual i ty 0& hRios g@mhrlghicgforconf [ gured to cal cul ate bacterial density for
each of sai d plurality of series is 15 performed using the fol | ow ng

equation: - -11n 1 -1), wherein v is a volune of a vn
35.  The system of claim 29 wherein said circuitry in said quality of food controller

configured to calculate bacterial density for each of said plurality of series is

15 performed using the following equation: — lln( - i), wherein v is a volume of a

v n
sample inoculums in a tube of said one of said plurality of series, f is said number of

tubes in said one of said plurality of series that exhibit growth, and » is said number
of tubes for said one of said plurality of series.

20 36. The system of claim 29 further comprising:
circuitry in said quality of food controller configured to determine one of said
plurality of series that has a smaller sample inoculums volume than said

sample inoculums volume of said reference series.

25 37. The system of claim 36 wherein said circuitry in said quality of food controller
configured to calculate said estimated adjusted number of tubes for said one of said
plurality of series that exhibit growth at an end of said second incubation time using
said reference series is performed in response to said one of said plurality of series
having a smaller sample inoculums volume than said reference series

30  using the following equation: fih“ﬁ“ = argmin f; {— llr{l — L) >6" } , wherein
v n,

i i

£77** is said estimated adjusted of tubes that exhibits growth at said end of said
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sanpl e inoculuns in a tube of said one of said plurality of series, f is
sai d nunber of tubes in said one of said plurality of series that exhibit
growt h, and12m®1&ai d nunber of tubes for said one of sacd/sghor@bédgy of
series. 20 36. The systemof claim?29 further conprising: circuitry in said
quality of food controller configured to determ ne one of said plurality of
seri es t hatorbiacebationtingy vsangpvelumeof alsampleindeniems esaidstube, £aspaid

i nocul uns vol une of said reference series. 25 37. The system of claim 36
wher ei N sdintbet iof Qibies that éxhilsiagbwahiah, ispadfnuinded of tibes foirlsaid senes agdir ed t o

cal cul ate said esti mted adjusted nunber of tubes for said one of said

pl uralitysuf issaid Rferédtabactehialldensity.omt h at an end of said second incubation
time using said reference series is performed in response to said one of
said plurality of series having a smaller sanple inoculunms volume than said
ref ergnce_),éerim@@tﬁémﬂh{@ﬁgﬁkpmxﬁgﬁﬁgyati on: fiPredfr' = arg mn fi -
-1 1it 1- L; >s"f, wherein f; Pr edict is said estimted adj usted of
tubes that exheitsivitsy igrsaid quality effoad epriralter senfiguregso determine one of said

2012/ 091673PCT/ SG010/ 000488, second i i ' i | ure of a
sanpl e i nocul umsP P’f‘i‘ﬁgya‘?fg?ef‘ﬁ%@?%ﬁs aldlgr gs%géﬁﬁlﬁﬁngogﬁﬂ'%% ‘{o‘&%rggﬁ% as%mexhi bi t
growth, ni is sadathpleibBeilufk voliagsof said eférenceaeties, and ff'f is said

ref erence bacteri alﬂwdensi ty. 5 38. The systemof claim?29 further conprises:
circuitry in said quality of food controller configured to determ ne one of
sai d plurgdity. | i i69fPLAd GBARY LY FT>d“@BhtBRert han

sai d 1@arrpﬁé i n%@%?}é%éﬂ ggﬁl{i}%gﬁ%?ﬁgrg?%éa?% eé‘gﬁge serihesi.wlo 39. The system of
cl ai m 38 wufigaied t6 @hldulaiersaid dstiynated mistiedyuahber\f ofbes frdsaisoomerafishidr _
one. of - saPIBrDRTiey Ut s BOWRA AL B TN AT i S e g
second i%@&?&r@ﬁbetjeﬁgs 4S8Rl f e§IREER RIS FaidplRlifysiRees N response
to said one of said plurality of series having a |arger sanple inocul uns
vol ume t Haavimgpa tirgerfsempledrocduns yolygierthan $pid felarepceiwmippusingheg equat i on:
fiPredict = arg max fi - - In 1- L I 8T .,wherein }iPredia is V,ni said

ti nmt ed, adj ust ed _punbeseef tl ekhi bf aear end of said
Socony | niolguire EtaRnl Ry bghes / gv—o‘?'fg' s,;i%r%" H et T Bt ubo,

J i's said nunber of tubes that exhibit gr owt h.”ni is said nunber of tubes
for said gfd ERSnatédsjusted number of tubes that exhibits growth at said end of said

second incubation time, v, is a volume of a sample inoculums in said tube, f; is said
number of tubes that exhibit growth, n, is said number of tubes for said series, and

8" is said reference bacterial density.

20
40.  The system of claim 29 wherein said circuitry in said quality of food controller
configured to calculate said overall bacterial density of said plurality of series using

said estimated adjusted number of tubes for each of said plurality of series is

i(ni - fi)"i = lﬂlm

i 1 —exp ™
performed using the following equation: , wherein m is

25  anumber of said series, #; is said number of tubes for an i™ one of said plurality of
series, f; is said number of tubes that exhibit growth for said i™ one of said plurality
of series, v, is a volume of a sample inoculums in said tube for said i™ one of said

plurality of series, and & is said overall bacterial density to be calculated.
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8ref is said reference bacterial density. 20 40. The system of claim 29
wherein said circuitry in said quality of food controller configured to
cal cul at ewpabth/@yesal | bacterial density of said plural ipty/seho®®oésgs USi ng
sai d estimated adjusted number of tubes for each of said plurality of
series is loz, fFr /iv, exp-v'8 i=1V 1 - exp's performed usi ng t he

fol | ow ng41equaThc)systemvhédeanqurﬁleZ@Iapnunﬁer of sai d seri es, is said

nunmber of tubes for an L ura S |s sai d
number of tube%‘“i“ﬁ%’fme% %‘l‘ ‘%Pgé?fﬁ %?‘%%%"ﬁ%‘ﬁe‘g laq aé&ﬁll urality of
series, vi is a vmmu%gﬁéﬁmwga@gﬁémns in sai d tube for said ith one
of sald plurality of series, and 8 is said overall| bacterial density to be

cal culated. WD 20 125{(&1&%%@%0%%@(%@&%‘»% system of claim 29

further conprisi®g= enst ood control | er configured
to calculate a total variance § | | ow ng equati on:

I t ted I t yEweet ed 2 v2 E | Densi d
Suner vz’ TSR halea s Qﬁe@é@hg%‘aﬂ“%%%e )% ve B loglbensivapeasd
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