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ÏSITRODUCTTON

WTreat flour 1s the ba"elc food. tor a large part of the

rsorlilss populatLsn" In L9br6 the mlllf.ng lndustrT¡ ln Canad.a

prcåuced- 14r984u28f loar.els of flour for export a"lone, Thte

was valueä at $fe6r737ro77 (f6¡. Consequentl"ya å.Rl factor
that affects the guaJ-lty of Canadlan flour Ls of eeonomlc

lnportance to those eoneerned- with thle l-mportant lndustry anð

ls worthy of eerlous etud.y, Relatlve1y llttle le known abaut

the nleroflora of Canadi-an flour although lt mtght be expected.

that the flora of the produet v¡oul-d. affect fermentatlon in the

bread-maklng proeess and- be responslble for eertaln character-

lst1e flavoure ln the flnlshed. produet" A few d-efeets have

been etudled. ln some iLetatl eleewhereu although the lnformatlon

avallable at the present tlme muet be aecepted- as fragment&rgo

Certaln bacterLa ln flour have been found- to produce sournesse

otlrers rancld.lty and. etlll other baeterla roplness .ln bread.,

Mustiness has been attrlbuted. to molös and. actLnomycetes. It
nlght be expected that flour would eontaln a varlety of eolL

and. d.ust types of organlsm that eould. cause these d-efects und.er

certaln eondLtlons of nanufaeture. ït would. appear 1-oglea1

therefore that fundamental lnformatlon on the fLora of normaL

flour shotåld. be avalLable as a traekground. for etud.J-es relatLng

to speelflc probleme that confront the mllIer from tlme to tLmeu

.{ecordlngLy thLs stud.y was und.ertaken to provld"e d.ata on the

bacterla, yeasts ancl fungL ln certaln brancLe of flour mll.led.

somnercially ln Wlnnlpeg,
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HTgTORTCAI

Most lnvestlgatlons on the nl"croblology of fl-our have

þeen und-errtalcen to d.etermlne the part played by nlero-organ1sms

ln floure qfl-th aertaln d.efeets. Consequentlyo only Ilttle Ln-

formatlon ls avallabIe on the n$-erofLora of nornal- fllour"

Tanner (f5), 1941.|., outLined. the hletory of the mlcrob}ology

of ftour" Thls outLlne eontalns the followlng lnfornatlonB

lioffnan , L896.. evld.ently ulas the flrst to plate flour. ArnoliLow,

1908, founci that moet bacterla and" nold.É grel¡r Ln fLour t¡rhen the
í

mof.eture eontent Ìüaa ove¡r L7 per cent. Kuhl, 1911, leolated.

butyrlc acld bacterLa from abnornaL floun and reported fl,nd.f.ng

Bu subtllls on alL fl"or¡.rs lnvestlgated" MeHargre, L92O, Streetu

L922, and. gther earller lnvestlgatsrs reported. thåt bacterla

and. ¡oo1ds d.ld. not grow 1n fl"our when the molsture eontent was

less than lJ per cent. Turley, L922, reported bacterl-al eounts

on flour whlch varleð betureen SLorOOo anil 5120O,OOO per gram.

Satory and Satory, Lg26s lsolated A. funlgatus fro¡n fl-our wlth a

musty oôor"

Tanneru (f5), 1941+, aleo comprehenslveLy revlewed- the

hlstory sf the problern of rope" Thle revLerr showe that Lnvest-

!.gators found- organf-sme of the B" mesenterlcus group (present

ln fl"our) responsLble for rope Ln bread and. that thls eondltLon

eould be controlled. by aðoptlng proper preventatlve ÍIes.Eirlt@Fo

Kent-,Iones and. Amos, (rf) , L97o, lntrod.uced. the practLce

of ad.ðlng eand to the lnltlal dlLutXonu Thle gave a htgher
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eount than when no eand. was ad.Õed" A proced.ure for eountlng

rope spores Ln flour ¡uae al"eo worked. out by them" They f,or¡nd.

that tT¡e nashlng of graln preparatozy to mi.Lllng eaused. a eub-

stantlaL reduetlon Ln numbere of rnlcro-organlema on graS-n.

They reported- that freshly nLlled. patent flour eontalned. from

2uOO0 to 52'OOO baeterla per granu wl-th aR average number of
2O'OOO. Stralght run fLours eontalned- from þrOO0 to L57,OOO

bacterla per gram, wlth an average number of SOrOOO' whlle
i"wer grad.es gave eounts ranglng ae hlgh ae SAO TOOO bacterla
per gram" These counte were obtalned. on nutrlent agar at 3V

d.egrees Cn (ea1ted. sbLood. heatn organS-sms), They found. sueh

a great varlatlon ln nunbere of organlens growlng at 2! d.egrees

C, (caIled. ncoolr organf"sms) that no attempt was mad.e to set

up llmlts. In addltLon they reported. that the nr¡mber of
mlcro-organlems ln fl,our d.eereased. iturlng etorage -- the

'rblood. heattr organlens d-ecreaslng more rapld.ly than the NrcooLH

organleme" The êecrease d.epend.ed. on the ¡¡oisture eontent of
tbe flour and on the temperature and. hun1d.lty cLurlng etora.ge,

ÍIunld.lty lnfluenced. the clecreege more than tenperatüpse Tbese

lnvestlgators leolated. E" eol"l, fron fLour, elalnlng that Lt
orlglnated. ln the water used. for waehlng the wheat" B"subtllle
and. members of the B" mesenterleus group (rope organlsme) ?rere

Leolated. from nearl"y aLl of the eanpres examlnedu Amog (r3),
L939, lsolated. M" _rlrese an(L M" LlqqlfacLène and a epeeles of
Flavobact.efLury (a yeLl-ow rod. conslclered. to be epl-pÏtytlc on
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wheat) from flour" I{e found. a specles of S_tre-ptqcocø_ue

and a toruLa on moet samples,

GustafEon and. Parfltt (7), L937u etudted. the effect of
the total- numbere of bacterla present on the developrnent of
raneld.lty ln eoft wheat flours" [islng the tec]rnlque of

Kent-tlones and. Amos theee lnvestlgators found. tha.t beet grad.e

patent floure ccntalned from grOOO to 146,000 bacterla per

graü, and- pooner grad.es fron ,O,OO0 to 18O'OO0 bacterla per

gran" It wae also found. that experlmental.ly mllled. sa"nples

gave a hlgher sount than commerolally nal-Iled flor:re. They

reported that the tstal baeterlal count tend.ed. to deoreaee

d.urlng storage and that the baeterLaL count was ln no rrray

correrated. wLth. the clevelopment of rancld.3.ty durlng storage"

IIoltman (8), L935, also lnvestl-gatlng the problem of
raneld. soft wheat flour, found- that bacterla d_ecreased" ln
numbers through the d.lfferent etages of nnllllng. iIe reported.

that freshly mlLled. nornaL flour eontalned. on the average

23,OOO baeterla and. LSOO nold.s per g?am" These counts ln-
creased. d.urlng storage und.er favorable eond.ltlons of moleture

and. temperattlre" Overbleacblng of the flour tended. to Lnerease

the mleroblal oxld.atlon of the flour. He leolated. B" nLeen-

ter:leus, a species of F1ayoþJre.Lerlrr¡n and. a specles of
Sarelna from the flour examlned."

Barton-þIrlght (1), L938, sought to ftnd. tf d.urlng stor-
ege the bacterlal and. flrngal flora showeè any rnarked. ehanges

1n nature and numþer whl-ch could be correLated. wlth ehen¡leal"
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ehanges that have been obseryed." He mod.lfled. the technlque

of Kent-tones and- AnoE by uslng a synthetS.e ned.lum. He re-
ported. an LnLtlal" eount of 4O,0OO bacterLa per gran for Lor¡r

grad-e fLours and- also stated. that bacterla d-eereased. d.urlng

storage. filngl 3-nereased. to a naxlmurn d"uring stoqage when

there eras a moleture eontent of 16 per cent or over and. a

favorable temperature" Nlnety per eent of the mold.s bel"cngecL

to the genus Penle111,1-UE" Ile attributed. nustlness ln fLoun

to flrngl and not to bacterLa"

The Êame author wlth Tomklns (A), 19tto, stud.led- the re-

l,atlcnshlp of moLeture eontent and. tenperature to the growth

of mol-d.s ln f, ourn They founil tlnat" the erltleal water con-

tent f"or flour at whleh mold- gror'rth eould. take place wae L6

per eent when there was a storage reLatf.ve hum3.d-lty oî 79

per eent and- a temperature of 2O Oegrees 0. The crltj-eaL

water eontent lncreased. as the tenperature itecreaseðu

Chrlsteneen (6r, L9l+60 lnvestlgated. the varloue factors

that f.nfluence the nunber of molde cuLtured. fron a eample

of flour, He found that the count was lnfluenced by the

method- of maklng the d.L1utlon, the roed-lum used. for platlnge

and. the method. of countlng the eo1"onlesu
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PRELTMT!{AFY STUDTES

I, Experlqentally Ml}led Sa¡nplee

3n ord-er to pnovlde lnformattr on on the flora of varLous

roLLled wheat prod.ucts, two eanpLes of unruashed- wheat were

m111ed., at d.lfferent d.ates, 1þ the Research Laboratory of'

The Board. of Graln OonnLssl"oners for tanada, ln WLnnlp€g"

Counts rrere maÕe on eaeh sa.nple and. on - l-" branu 2, bran chLps,

1, coarse ehorts, 4u flne ehorts, !u feed flote.r, 6. flrst elear

fLour, 7" ftrst patent fLour and 8. Ê€GûIÌð patent fLouru

Each sample was shaken twenty-flve tlnes by hanÔ. 0b-

eervLng aseptlc teehnlque a 1O gram portlon tuas welghed- on a

balance accurate to O"O1 of a gram6 Thls was acconpllsTred. by

uslng small pyrex beakers that were flaned. and. eooled. prevLouø

to use" The LO gran portlon was then transferreô to a 6 ounee

screhr top bottLe eontalnlng 93 nLo of sterile r,vater ( euf flclent
to brlng the fLour and- water to 10O mlo op a dll-utLon of O"1)

and- a smaLl quantLty of flne sterlle gravel. Thls d.llutlon was

shaken on a mecbanlcal shaker for JO mlnutes. Afterq¡aröe the

flour sras alloweÕ to settle for approrlnately 10 ml-nutes

befone 10 ml" of the supernatant 1"Lquf.d. were plpetted off to

make the second. d.Llutlon" Thls d.lLt¡tlon and. all- renalnlng

clllutlons were shaken 2! tlmes by hand. l-nmedlLatel-y before

transfers îrere nade, Nutrlent agar irras the med-lun usecl for
bacterla and. Czapekts agar (acl$.lfled Just before pourLng wlth
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o"$ mLo of J-oS aqueoue laetle acld. per 1oo mr" of med.tum)

was the ned.lun used- for f,irngl and. yeasts, Incubatlon wae at
2! d.egrees C, for 6 d.ays.

The rnleroblal- eontent of the d.lfferent nllred. prod.uets

3.s eho!ûn ln 3aþ1e 1. The numbere represent the average co¡¡nt

sbtalneil on d.uplleate plates frorn J.o rep].leatLone of eaeh

sample. Tbe ra$r counts are preeented. ln Append.J.x A" SeetLon &.

Ilable 1" Average numbers of bacterla, fungl and. yeaste per
gram 1n experlnentaX.ly mllJ.ed" wheat produetsu*-

Prsd.uct
Baetenla

Smpl" Smpla -
10 2"

Fungl

Snpln Snnp1.
Ir 2"

Yeast

$mpl, Snpln
lu 2,

Tüheat

Bran

Bran chlps

eoarse shorte

Flne shorts

Feed. flour
].st clear

Iet patent

2nd. patent

559000

502OOO

4eaooo

,0l"ooo

4o7ooo

2270OO

ttTooo

13o00

12000

69gaoo

z47ooo

3690oo

3z1.3o}

r-99ooo

665oo

20800

2950

t+67o

r.46 jj5
6t L6T

14r+ L255

l"otï Lr87

LoL 264

4l LoL

3L 4l+

r.7 L6

1l+ 3I+

9r7o LL255

65zo 2966

2920 2OOO

25OO L02l$

3CI2o 728

r.700 t72

530 235

260 L2g

490 95

# Eaeh flgure ls based. on eouRts from 2O platen.
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The number of baeterl-a found. tn a prod.uct wae exceed.lngl"y

large vrben eompared- w3.th the nunber of fungl and. yeast ln the

sene product, All product,s contalned- nore yeasts than fungl,

There was a clefi-nlte but LrreguLar d.eerease ln the nLcroblal
eontent of the mLlLed proèr.lcts fron the bran to the seccnd_

patent flour" The bl"ghest eounts ürere obtalned" fro¡n thoee

prod.ucts ¡shleh eonsLeted. ehlefly of the eeed. eoat of the

wheat, @ego bran and. bran chlpso A elgnlflcantl.y lower eount

was obtalneet from the eLear and- patent fLours" The patent

flours harboured. lswer numbers than the eLear fLour,. ThLe

would Lnd.leate that most of the organlsns are eontalned ln the

eeed- eoat - the less bran a prod.uet eontatneo and. the Bore

hlghly reflned. lt le, the Lower the eontent of ¡nlero-organlens"

RepllcatLons Ln a nunber of lnstanees d.id. not agree

eLosely" A few gave such hlgh counts of fung3. as to greatly
l"nfluence tJre average csunt of the produet"

Iï " SanpLlng_Proced.ure

The d.leagreernent of oounts between sore repLleatlons of
sanples eneounte¡red. ln the foregolng study pronpted. an lnveetl-
gatlon on the sarapllng proeedure. 0ounts hrere mad.e on fungf-

only. rt hae been shordn that the varlafi.on 1n firngal eounts

between repL3-eate plates conforms to expeetancy on th.e baele

of rand.on eampllng from a blol-oglcaL populatl"on (9). There-

fore thls S,nvestlgatlon was d.eslgned. to flnd. lf the effest of
the varlatlon between replleate d.llutlone or the varlatlon
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between repJ.f.cate 3-O gram portlonø, or the v'arlatlon i"nherent

ln the sampl-e wae reøponslble for the d.tsagreemente ln oounts

between repllcate sampl-es"

Ån approxlmate 3"OO grann sanple wae removed. at rand.on on

three srrcceeelve d.aye from one large sample of eLear run flour"
Then, observlng aseptLe teehnlque tbe sanple was thoroughly

nlxed. oR a large eheet of sterlle paper by followf.ng a stand.arcL

proced.ure. Fsur replleate 1o gram portlone were welghed. from

each l0o gran sample and. d.lluted- to o,l by foLrowlng the pro-

eeiLure used. ln the prevlous stud.yo llhe four nep]-j.cate o"I
dlluttons were sha.ken for thlrty nlnutes on a neehanlcal

shaker" Afterwerd-s each d.lIutlon wae shaken an ad,dltlonal
tvrenty-flve tlmeg ,by hand and- agltated. eontl,nuouøl"y to keeB

the flour Ln suepenslon whLle a 1o nL. alLquot $ras pi-petted.

to eaeh. of four !o ml, eterll"e water bLanksu Thle provlil.ed.

four replLcate o.ol- d.LLuttrons from eaeh o"l d.llutLon. Eaeh

of the o.or d.lLutlone was ehaken twenty-frve fi.rnes by hand.

and. oontlnuouely ag1tated. whi.Le a L mlo allquot was plpetted
to eaeh of flve plates' fhe ned.lun used was aeLdi.fled.

czapek8e ag&rê rneubatlon wa.s at, zj d-egreee co for ei.x d-ays"

The counts obtalned. were analyzed. for slgniflcant d.Lff-

erenceg between (a) replleate d.lrutlons, (b) repll-eate Lo

gran portlone of a sa,Eple and (c) replleate sarnples by carry-
j.ng out an analysls of varlaneeo The results are shown ln
lebre 2, The rarr counts and. the d-ata necessary for an analyelø

of va.rlance nay be found. ln þpend.lx A, Sectlon lIo



10

Table 2n Effeete of saapl-Ing proeed.rlre on the eount øf
fungl ln flour*

$ouree of vanlatlon Degrees
freed.om

Mean
squs.re

F.
value

F"at
5/,

DLlutlons

1O gran portS"onø

Samplee

Error

36

9

2

L92

8"gL

3,+7

"73

"3r
L6 "23

1.1+5

L"92

7"ol+Lg6,gL

L2"Lt

It may be obeerved from the above analysls Èfiat nelther
the varlatlon between replX.eate d.l-lutlone from one portf,on,

nor the varlatlon between repLleate LO granÌ portlone sf a

sample slgnLflcantly affected- the varlatLon Ln fungal eounte.

From thle Lt would. appear that the procedure foLlowed- Ln

welghlng out a 1.O gram portf"on of a sample and. ln naklng

iLllutLons from lt v¡as eatlsfactory" The reeuLte, howeveru

show a hlgh1y elgnlfleant d.lfference between repJ.leate

samples" Thls v¡ouliL lnd.!.eate that the varlatlon ln the

nunber of firngL euLturecl from repLlcate samples was lnherent

ln the samples" Therefore, to obtaln a true pLcture of tkre

nunber of fungl Ln flour lt woulô be neeeesary to plate
repllcate sanpleen
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I.II*_3{e tholþ eryL_Medi.a e_

An lnvestlgatlon wae earrled. out to determLne 3,f the

nethod. of treatlng the lnltlal d.llut1on hacl any slgnlfLoant

effect on the nunber of fungl eultured. from a sarple of fLour"

Also f.n thls experlnent two meclla, acldlfled. Czapeks s agar

anil Chrietensenss malt-sa1t ags.r (6), u?ere coørpared. to d.e-

termlne lf they d-lffereil slgnlfleantly ln 'chelr effect on the

number of fungl eul-tur'ed. from a sarnpLe of fl"ouru

Ten dlfferent flour sanpleø 'ürere used. ln thls Lnvestl-
gatlonu A LO gram portlon of eaeh sannple was welghed. aniL

d.lluted. to 0"1 by followlng the proced.ure used_ l"n the

prevlous experiments, The O"1 dllutLon was shaken for two

mlnutes on a meehanLeaL shaker" Immed.lately afterward.s,

r,rhLle the fLour was stLll ln euspenelon, a 1O ml" allquot
wae plpetted. off and used. to make e O"Ol d.llutLon" The 1n1-

tlal d.lLutLon was then ehaken an ad.d.i.tlonal twenty-elght

mlnutes sn the mechanleal shake!'u arter whlch, whll"e the fLour

hras stll1 ln suspenslon, another 1O ml". allquot was plpetted.

off and usecl to make a seesnd O"O1 d.1lut1on" The fLour in
the 0"1 d.l}ut1on was then allowecl to settle for approxlmately

ten mlnu'îi;es befone pS"pettlng off 1O nl, of the supernatant

l"lquld- whLch was used. to make a thl-riL O,OL d.lJ-utLon. ?en

repllcate plates rrrere prepared. from each sf the three Ou01

d.l1utLons" The noed.lum useÖ ln flve of the plates was aald.L-

fled Czapek-i e agar and. ln the remaf-ning flve plates
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GhrlstensenEs malt-sal,t agar* rneubatLon vras ar 2j d.egreee

C, for elx d.aysu

The raw eounts obtalned. Ln thls stud.y and. certaln d.ata

neeessary for an analysls of varlance are presented. ln Appen-

d.1x A" Sectlon III, The eounts were tested" for the fotlor,rf-ng:

1. Slgnlfleant d.lfferences between method.a,

2, Slgnlficant dlfference between medla, and.

7" $lgnlflcant ôlfferences between courblnatLons of ¡nethod.s

and. med.iau fhe reeults are shown ln lable J"

fable 7u Effects of nethod of tneatlng the lnttlal d-ir-utron
and- klnd. of med.Lun on the eount of frengf. ln flour"

Éouroe of var1atlon Degreee
freed.om

Mean
squa.re

F"
valtre

F.at
5%

Samplee

Method"e

Med.la

ßamples x method.s

$amples x med.La

Method-e x med.l"a

Smpl"x nieth"x med.la

Error

9

2

I
16

9

2

1"8

z¡+o

2L57,79

\z7g "88

W4"8o

314.12

8 ,-25

73.97

25"29

L6,23

2,O9 3"Ol+

z6:.,z\

LO.77

3,O4

, "89

Necessary ðLfferencê
Neeessary d.lfferenee

5ø
5/'

at
at

îøy
for

method.s
mecLLa

= 1.12O
= 0"914

leve1 
"1e¡¡eI"

the
the
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Table 3 ehows that d-lfferent nnethod.s of treati.ng the

lnlt1al iLLlutlon of a sa.mple of fLour y5.e1.ded. ølgnfteantJ.y

d.lfferent eounts. The mean eount obtalnecl from 100 plates

v¡kren the d.llutlon was shal<en for two mLnutee waø L?"jj and_

r+hen shaken for thlrty nlnutes L4.83 (app,A" sec.III"). On

the baels of a Receesary d.lfferenee of l.Lzfubetween these

means lt 1g evld.ent that a s3.gnLfloantly hlgher eount of
fungl ls obtalned. when the Lnltlal" d.lLutlon Ls sha^lren thlrty
mlnutes than røhen tt Ls sha'ken two nolnutes. When allquots of
the unS.fornrly suspend.ed. f,lours Ì'üere pLpetted. 3.nneðlatel-y after
ehaklng, the mean eount obtaLnecl from lOO plates was LLl.83

and. when the supernatant lLqulil was useil the nean eount was

2,73. on the baels of the sane necessary d.lfference between

means lt 1s evLd.ent that plpettlng should. be d-one lmned.lately

after the sairplee are removed. frgn the shaker"

Further lt nay be noted. that the two med.la yletr d.ed.

olgnlflcantly d.lfferent counts, In the eaee of CzapekBs agar

the nean count ft'om 1!O plates was 14"L1 and. ln the case of
malt-salt agar lt was t6"40 (app"A" ÉrêeoIII.),

Thls tabl-e al-eo ehows that conbLnlng any meilLr¡m wLth

nrethod.s of treatj-ng the LnLtlal d.lIutlon d-ld. not prod.uee an

effect other than that attrlbutabl-e i;o elther med.lum or
me thod-s.

ffiel"
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rHE MTCROFLOFA TN COMMERCTATTJT MTLLED TLOUR

An Lnvestlgatlon wae mad.e on the numbers and- types ot
mlero*organlems ln fl"fty samples of commereLally ml}led.

fresh flour' Ðupllcate sanples of the É¡ame ftve brand.e of
commerelal" flour hrere obtaLneo every two vreeks, orer e
perlod. of ej.ght weeke, from a eommerclal mllllng eoapany

ln Wlnnlpeg. The fLve brand.s, d_eslgnated. lrprJol4 and. j
represented. floure of d.lfferent quaLlty mL11ed. by thle
eoB¡pany" The reeults of a routlne mlrL ana].yete for aehu

protetn and. moxeture on eacln brand. for eaeh d.ate of eampllng

wer€ provld.ecL by J" A" Hessel, the mli"l cheralst. Theee may

be found- Ln Append.lx B, sectlon rn. The samples were taken

1n ster1Ie, 6 ounee, wld-e mouth, sorew-top Jars d.trect fro¡n

the fLour etreåms Ln the mlll" They were pJ-ated. on the
follo¡sing d.ay"

Uethod, of Proeeðure

Each eanple w&s thoroughLy nlxed. on a Large eheet of
sterlLe paper by followf-ng a etanelard. procedureu A ]o gram

portf.on was then welghed. Ln a snall pyrex beaker ( flamecL and.

cooled. prevlous to use) on a baLance aecurate to o.ol- of a

gram aniL transferred. to a 6 ounce ecrew-top bottLe contaLn-

lng tJ mI. of water and- a snalr quantlty of fLne graveln

Thls dllr¡tlon roras shaken for thlrty mlnutes on a meehanleal

shakern Afterward.s the d.lh¡tLon sras shaken an ad.d.ltlonaL
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twenty-flve tl-mes by Ïrand. and. then agltated. contlnuously whf"Ic

a l"o ml" aJ-åquot vras pLpetted. to a !o nl" water blank. Thls
represented the 0"OL d.llutlon. Samples ju ¡,t, and. $ represen*

teil poorer quaLlty flours, whleh necessltated. flmther d.L-

Lut1ng for plate eount stud.Lee, rn these cages the o,or d.l-

Lutlon was ehaken twenty-flve tlmee and. a 1o nL" allquot was

transferred to a eecond. 90 nl" branh - thus glvlng the onooL

clllutlon"

Theee illlr¡tlons rdere ueed" for preparf.ng trrp1leate platee
for each oft

1' Bacterl-a on nutrlent agar at 2! d.egrees cu Many lnveetl-
gatore (]-u7r8rll) have ueed. Jf ô,egreee c" for thls d.eternlna-
tlon" slnee lt ml,ght be e4pected. that the bacterlal flora of
fLour unoer normal eond.ltlons would seld.om be exposed. to thLe

hlgh ternperaturer Lt appeareÖ more reasoRable to use the Lower

temperature of lncubatlon"

2u Bacterla on brom-eresol-purpre d.extrose tryptone agar at
25 d.egreeø c, ThLs med.lum was ueed- prrurarlly to obtaln aclcl
proðuelng mesophlll-e bacterla.

7" Fungl and- yeasts on czapekss agar ør zj d.egrees cu and.

l+. Fungl on malt-salt agar at zj d.egrees G" counts on thle
med.lum were obtaLned. ln oriler to provf.d.e ad.d.ttlonal d.ata for
purpoees 0f eomparleon wlth eounte on czapek0 e med.Lum"

rmnredlateJ-y after plpettlng to the alrove pLatee eaeh o.ol
d.Llutlon was heated. at !0 d-egrees Co for thl,rty nj.nutes" After
shaklng twenty-flve tlnes by hand- the heated dLlutj.on was useÖ
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for the followlng:

5" Plate cor¿nte of thermophLlle fLat sour spores by a pro-
ceil-ure d.eveloped- for stud.les on sugar (f4¡" One m]." from the

heated- 0,01 iLL1utlon wae plaeeil Ln eaeh of ten pJ.ates, Bron-

creeol-purple ilextrose tryptone agar was s.d.a[ed.u Incubatf.on

was at !! d.egreee c' for forty-e3.ght hours" å eount of the

acLd. produeers d.eveloplng on the ten pLates at thLs d.lLutl"on

nu1tlplled by ten represented- the numbers of thernophlllc fLat
gour Spores per grarno

6. Plate eounts of ther"nophllrc spor@s. ALl the eoLonles

ðeveLoplng on the plates referred. to inmed.lately above were

counted. for thls purpose.

7 " counts of anaerobLc therroophlrle spores not procLuclng

hyd-rogen sulphld.e by a teehnlque Llkev¡lse d.eveloped. for EügâFo

Theee Tûer@ grq?rn Ln Baeto-lLver broth prepared. by bol_llng 5CI

grarns of Bacto-llver ln loo mI" of water for one half an hour

and. then fl,lterlng" The flLtered. solutlon l¡ras aclded. to a

sorutlon of, Lo grans of peptone and. L gram of d.lpotaeslum

hyd.rogen phosphate (r2nro4) d.lssolved. Ln loo nln of water.
The conblned. solutlons lrere brought to a total voLune of I
lltre and. ad.Justed to a pll of / before ad.d_lng 1 ml. of brom-

cresol-purple, The ned.lum rvae tubecL (5 nl" per tube) and.

sterlllzed." The tubed. med.Lurn was heated_ at po d.egrees c. for
tÌrlrty nnlnutes Lmned.Lately before uslng" T?Ío mlo froun the
heated. o.ol d.llutlon were acld-ed. to eaeh of ten tubes eontaln-
lng ! mI" of the prev3.ously heated Bacto-r-lver broth, tiren
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2 nLo of gterlle llquld petrol-atum þÍere ad.d.ed. to each tube"

Jncubatlon v¡ag at !! d.egrees C. for seventy-two hourg" The

produetLon of ael"d Ln a tube was teken as beLng Lnd.lçatlve of

the presence of one sporeø A eount of the posl-tl"ve tubee fnom

thle d.llutlon multlpLleð by fLve represented. the number of

anaeroble thermophllLe Bpores per grs,sr, And-

I, Counts of spores of rope baeterLa obtalned. by a varlatlon
of tbe nethod ueed by Kent-Jonee anð Anos (tZ)" One m]-. of
the heated. O.O1 d.llutLon wae ad.d"ed. to eaeh of ten tubes con-

talnlng 5 nlu of nutrLent broth. Incubatl"on T,rae at t7 dlegrees

C" for seventy-two hours" fhe tubee idere shaken, Ln ord.er to

mlx the eontente, after ttr¡enty-four houre Lncubatlon" The form-

atlon oî a pelllcle ln a tube rsas taken as belng Lnd.lcatlge of

the presence of one spore of rope bacterf.a. A count of the

tubee showlng pelIlele fon¡iatlon frou tltLs dlLtrtl"on rnultlpJ.1ed.

by ten represented the number of spores per gramo

ResuLte

The average number of each type of mlcro-organlsm per

gram for the fLve brand.s of fl-our le ehown Ln Table 4, The

counts (obtalned. d.X.rectly from the ðlLutlone used for thle
purpose) for eaeh type of mlcro-organlsm from each. sample may

be found. In Append.LN B, Sectlsn II"
The sâme ðata erpregsed. as logarLthms of numbere are

presented" graphlcally ln Flg, I and. 2.
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fabl"e 4" Average numbere of nLcro-organleus per gram ln
eommerclaLly mlJ.Led flours"+å

Type of s
mlcro-organlem" 542I

Brands
7

I
2

t
4

5

6

7

6

9

10

2750

2010

79

t+l

22

I
49

t27o

1150

54

7980

66oo

555

6o

24

o

36

1140

l-ol+o

268

L7610

t1990

526

822

L76

2

8lt

35Lo

2260

L2

12900

87oo

L760

r3t
67

l"

66

P6to

2160

\l

19500

r66oo

720

Lg6

72

2

85

7960

2850

8r

* Each flgure based- on.eounts fron L0 ealqplesn

Mesophllle bacterla on nutrLent agaro
Mesophlllc bacterla on B,C"P. d-extrose typtone a.gàr"ø
Acld prod.uclng nesophLlee on B.C"P" d.extrose tryptone egar"
$poree of thermophlllc bacterlao
Spores of thermophLllc flat soürso
Qpores of anaer^oblc thernophllee not produclng E2S.
Sporee of rope bacterLa,
Ftrngl on naLt-eal-t agar€
trbngl on Czapekrs agarn
Yeagtg 

"

1"
2n
A

t:
5.
6"
7,g.
o

10.
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The raç' d.ata f,rom the ðlLutlone eounteô for (a) meso-

phL11e bacterla on nutrlent agar (b) fungl on maLt-salt ager

and. (c) ther.mophLlle aerob1e spores were submltted to e"n

analysls of varlance teet for signlfl-cant d.lfferenees between

brand,s. Thege groups h¡ere ehosen as representatlve of the

three leveLs sf eounts that shos¡ a el-m5.lar trend. ( eee Flg, 1) "

The reeulte are ehown 1n Tables 5, 6 anù f.

TabLe 5" Slgnlflce.nce of varlatl"on tn counts of nesophllle
bacterl,a on nutrX"ent agar.

Souree of
ve.rlatlon

Degreeo
freed.om

Mean
square

F"
value

F,at
5/'

Two week LntervaLe

Brand.e

Intervals x brand.s

Error

4

tF

L6

25

6\7.trc

45l+.85

168"1+4

29 "2O

22.O3

L5,58

5"77

2,76

2"76

ï{eeesearnr d-lfferenee
Neeeseary d-lfference

for lntervals
for brand.e

4.99
4"99

the
the

at
at

,ø
5fr

level- 
"1eve}"



?.2

Table 6" slgnlflcanee of varlat1on ín counts of flrngl onnalt-ealt agar,

$ource of varlatlon Degreee
freed.om

Meen
Bqu.are

F.
val"ue

F" at
5%

T¡¡o week 1nternals

Brand.e

Intervale x brand.e

Error

lS

l+

L6

25

L)+5,62

L63z"VT

LgT .27

g 
"70

L6 "73

L87 "67
22.67

2 "V6

2"76

Necessary dlfference
Neoessary d.lfferenee 5%

5fr
at
at

for
for

lstervals
brand.s

L"72
L.32

the
the

Level 
"]-evel"

therraophlLLefabLe 7, 65-gnlff.cance of varlatlon ln counts of
aeroble sporegô

Source of varLatlon Degreee
freeilon

þlean
square

Fu
value

F. at
5%

#Tws v¡eek Lntervals

Brand.s

Intervale x brand.s

Eruor

7

lt

12

20

l-782.t+2

9855.+7

2025 "OL

109"49

L6 "28

90"02

1"8" 50

3,ro
2"87

Necessary d.lfferenee for r-ntervals = g,7g at the 5% LeveL,Neeessary Õlfference for brand.s ; Lo.g3 at thé s% í""*li
#at the fourth-.1l}e1y*l organt ems d.Ld- no_t d,evelop on any plate

from_ any brand. at thls teñperature ln thle-meãiüm"-- tnie-õériianot be attrlbuted. to ned"lum slnce oolonles d.eveloped on Lt at25 d.egrees 0o- F\rrther, the temperature of heatinþ coul_d. notbave d-estroyed. alr spores glnce sporee of rope baõterla d.ev-
eS"oped- Ln transfers from the BaEe d.Llutlon bãttLes" Thls s.na-
lyets accord-lngly wae conflned. to the d.ata obtalneà on fourd.ates of eampJ"lng only,
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In ord.er to obtain ad.d.ltLonal evLd-ence of the d.Lfference

between the t¡¡o ned.la useô for counts of ftnngl (eee table 7r,
the followlng analysls was carrted outn In thls eage the raw

counts of flrngl obtalnec. on eaeh sample from eactr brand. on

each med.lun ?rere usedn The analyels f.s shown Ln Table 8"

Table 8u Effeets of klnd- of med.lum on the eount of funglln flourn

$ouree of varlatlon Ðegreee
freed.on

Mean
Êguare

F.
value

F, at
5%

Med.la

Brand.s

Error

L

l+

750.76

22V3 "A3

7L,ì+9

10" 5o 7'9'l+

94

Ð1eeu,sslon

The brand.e I to ! represent progregslvely poorer quarl-
tLes of flour" The more hlghly refLned. a flour le the Lees

ash lt eontalns (eee Append.lx B" seetLon r) " on thle baels the

brand-s 1 to 5o exeepting brand Ju forlow an expected. trend. ln
relatlon to all of the groups of mlcro-organlsms ehown Ln

Flg. 1: 1'9n the r¡lcro-organle oontent lncreases as the qual-l-

ty of the flour d.ecreases. Bre.nd J contalns a largernumber of
mloro-organlens than would. be expeeted. probably thLs eou.ld. be

explalned. on the baels of some d-lfference ln the processlng of
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thLs brand..

Mesophllle bacterLa were present 1n exeeed"tngly l-arge

nurnbers ln aLl" brand.s when eompared. r,vl-th other types of mlcro-

organlønn A btgher eount of these organlsms sras obtalned. on

nutrlent agar than on 8"0.P" d.extrose tryptone agar but both

meåla yleld.ed. eounte that foLlowecl. the sam@ trend (ffg"}).
Ael-d" produclng neeophllle bacterla d-td. not folrow the

sane general trend from brand. to brand. as the above types but,
as shswn ln Flg" 2s the poorer quallty fLours harboured. a

larger populatlon than dLd. the better qual"lty fl-ours. These

organleme und.er favorable eond.ltLone of molsture and. tempera-

ture couLd. be reeponelble for the d-evelopnent of sourness ancl

rancld.lty that has been noted. freim tLme to tlme Ln f,lour (7rg)"

on the basls of the foregolng lt wouLd- 6een d.eslreable

to plate fLour semplee on BncoPo d.extrose tryptone agar at
2! d.egreee C. A count of nnesophi.lle bacterla Ls obtaLned. whleho

although not as hlgh ae thet obtalned. on nntrLent agar, Lnd.t-

eates the rel"atlve populatl"one ln the varLoue saqples, ln
aÕåltlonu tJrê plates ean be ueed. to obtaS.n ueefuL infornatlon
on acLd. proilueers,

F\rngL eonstltuted- the seeond- largest group of nLere*

organlsm 3.n all brand-e, Malt-ealt agar in thle as weLl_ as the

prellm3-nary study yle]-d.ect eLgnlfleantty hlgher counts than

tzapekûs agar (fabte 9), the mean eount on nalt-salt ags.r be3.ng

25'04 and. on czapekss s.gar L9"56, Each med.lun yielðed. eounts

on alx brands that folLowed. t-he aame trend., Malt*salt agar f.s
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more easlly prepared. than tzapekse agar but 1s more expenelve"

The dLfferent typee of, f\rngl are barder to reeognlze on platee

of nalt-salt ag&t6

Most of the specl,eø of fungl eneountered on thls stud-y

have been found. on wfreat (fo) or ln eoll ln Manltoba ([rF)'

The follo¡,¡lng epeeS.ee represent types not reporteÔ ln these

references. P"^-c3&€-9Q"eIì8 Sopp, P. eÆ! Staub, Be--ggtgeo:

Êul_furatg Blourge, P, matrle:'megq 7,alee1rL, !:_EetatFm ldestllng,

P*" nfefferl=gpum (ç¡enmer) ?{estllng, P" roseo-naeulatqm? Blourge,

P_" urtl-eae BanJ-eru One speeles PeqlgLlll-um urtL-oae BanLer

occurued. on practleally a1-1 platee' Evtd.entlyu thla epee3.ee

represente a eomnon eontamlnant ln thLs m1-11.

Spores of tbermophlltc aerobee and of f]",s1" sours t,r?ere the

thlrd. and- fourth most numerous typee ehowlng the sane trend. as

tbe mesophlLlo bacterla and" fungl" 0n aany plateo they þro*

dueeð spree.der eolonlee" IJnder eertaln eond-ltlone theee

organlsms eou1-d. cause trouble ln baked prod-ucts.

$pores of thernnophllLc anaerobes úrere preeent ln sueh smalL

numbers that thelr effeçt probabl"y woulð be negllglbLe exeept

und.er epeelfle condLltl"ons unllkely to oeeur ln flourø

The yeast count was snaLl and. fluetuated from brand- to

brand. wlthout sb.owlng the ssÍle trend. as other types (Ftg'2¡'

A hlgh count of unknown gtralns of yeaet eoneetvably nlght

affeet fermentetLon ül¡rln8 the Leavenlng process"

The eount of rope sp@res aLso fluctuatecL from brand. to

brand.. The poorer quallty fløurs contalned on the whoLe mors
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spôres than the better qua}lty fl-ours' An experlment was

earuleil out usi.ng 78 l-eolates to d.etermlne 1-f al-1" the pe1"Il,el-e

fonmf-ng organløms beJ-ongecl to one apeeles, The Lsolatee T¡rere

tested. for aeld. proÕuetlon fron xylose, arabf"nose, ðextrLn ancl

mannttoL, The reeults showeô that J6 of the lsoLatee proðueeit

aeld. from arablnoseu mannLtol and- d.extrtn and. no aeLd. from

xylose and on the Bame basls thlrteen of the cultures arrangeÕ

themeeLves lnto varlous other groups. None of the abor¡e groups

agreed. wlth any known apecles of the genus Eacè!l&Le.. Fourteen

of the leslates agreed. wlth the deserlptton of Ee-fllmllåEu

thLrteen wlth 9g_Sgþtllls- and tv¡o w3.tb Þr_pÉrnts on the basis of
reaetlon ln sÌrgars (7't, ?herefore, Lt appears evldent that a

rellab1e estlmate of the number of rope bacterla spores was not

obtaLned. wlth the technlque used. Further lnveatlgatlon l-e

need.ed to d.evelop a rell-abLe method. for obtaLntng a eount of

spores tn flour"

SlgnÍ.fleant d-lfferencea betweert eertaln brancls were evL*

d.ent for meeophllf.c baeterla, for fungl ancl for thermophille

aeroblc spores¡ å6 the trend.e ln Flg" L l-nd.lcate"

The mean eounte of mesophll-Lc baeterla Ln all brand.e at

the two-week lntervals were 21,O, L8o8, i.|.Ou 2.6 and. þ"6
(app"BrSee"II), On the basl-s of a neeessary d.lfferenee of
4"9g6tt ls enld.ent that tbe count on eaeh date of sarnpllng

d.lffered. elgnlfleantly from the cçunts oR at l-east three other

d.ates of sanrpLlng" Thlg was;trt¡e,-aLso for firngS. ancl therno-
ph11Lc aenobl,c sporesa lloweveíl Ro unl_form slgnlfleant
{Ê at t]ne 5fr Level"
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varlatlon frgm d.ate to Öate of, eanpllng occuryed for any

two of the three types of organlsms. Thereforeu lt wot¡Ld. not

þe advleable to plaee reLlance on the eount obtalned. from one

clay s s sanpling as belng lnd.leatlve of the averege mleroblal

populatLon of any þrand. These varlatf.one are probably d.ue

to dLf ferenees that oecur fron tLme to t1¡ne ln the nlcrof "oral-

coÊ&ent of the mllL mlx* Eowever a count of epeelfle type of

organlsm that was eonsLetentLy hlgher over a serles of sampLes

than Lte predetermlneê average i.n the brand. would. probably

lnd.leate an aþnormal eondltlonn
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STTMM.ARY

J.n EstLmates of the nunbers of bacterl-a, fungL and- yeasto

were mad.e on mllled. prod.reete obtalned- at varlous atages

ln the ml}l1ng proeees of two samples of 'wheat' The pro*

ðuets showed. a deflnLte but lrnegular cleerease Ln numbers

of organXsns a.s the araount of eeed. coat ln t'ïre proiluet

d.ecres.sed"

2, 0eunte of firngl were nad.e on repl-Lcate samples, repl-åeate

portS.ons of eamples and- replleate d.llutLetneo A slgnlflcant

varl-atlon was found. between repLLeate sarap3"es only.

1" $f.gnlfleant3"y hLgher counts of fi.rngf. ?ú'ere obtalned. when the

J.nitLal d.l"LutLon wae shaken tblrty mlr¡utes rather than tuto

rqlnuteso F\.Lrther, hlgber eounts lnrere obtalned. when a

transfer from the LnLtLaL d.llutlon was ¡nade 3"mmed.lately after

ehaklng - 1.e. before settL1ng"

4. Malt-salt agar wae feund to yLeld a slgnlfleantly h1-gher

count of ftrngl fron flour than 6zapek0s agar6

5" Estlnatee of nunbere of eertaln types of bacterS-au of fungl

and. of yeast were maile on flve brand.s of f]-our obtalned

from a ml3-llng oompany at b3.-weekly lntervals" In generalo

sounte of most types llere lowest f.n brand.s wlth Low ash
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oontent, i{eøophtXle baeterla eonetttuted' by far the greateet

proportlon pf the ¡nleroblal populatlon" Other typee occurred

Ln the followlng oråer: fungl, aelô prod.ree-l,ng neeopbllee' Épore8

of tbe¡:nrophille bacterLas spores of thermoph3'l"le flat sours'

ropesporesuyeasteand.eporesofanaerobletheruophlleenot
prod.uclng H2S.

6" Pnurtf.eaewaefotlndonpractl.callyal1.salEplsso

7, Sporee of rope baeterla leolated' by

found. ts represent eeveral speeleø"

lsolates belonged to elther of the

çause of roplnees ln bread'"

the ree,PgnS-zed net'hod- were

Only net.atlvelY few

specS,es rePorted to l¡e the

naråous iYPea were found' to varY

samptr"lng'

8. T{umbere of organlsns of the

algnlf$eantlY wttlr dates of
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ASPENÐT,{ A" PRELTMINAP¿Y 8TT]DTE9

Seetton I E:eperlmentaJ.J.y ul"1l"ed. sampleø
Sample I

BaeterLa
Reple 

"-1"2
M111ed products#

3l+567
146
L29

101"
lllt

L59
1lt2

194
L77

r-28
174

t+6

54

4e
4g

44
t+ç

22
25

30
f+l

25
28

26
26

44
4l
21
23

l"6l+
1fi7

\n zT63 23

73 3087 25

20
73

48
9L

^lc.2

rh

3b 
"i

50 2qf+6 ei

53
49

\t
55

Vrï

2+
29

26
25

l"t[
L6

25
29

70
29

23
18

23
t9

9r"
75

9o
97

27
L7

l\
28

t+5

3r

32
33

33
73

4r
38

28
25

28
23

61
85

98
9L

57
rr3

28
l6
20
L9

78
6l
29
zI+

87
7L

3L
78

2A
7L

440
700

82
79

92
98

rz4
l,25

12r.
68

93
9L

Z6
75

81
81"

92
92

82
86

218
2L7

19ll
r5r

l4 ¿4
70 30

29 LgzL z6

7L 20
75 25

e4 1"9

33 21

rB t6
32 21

iL r826 rd

52 L3
55 L7

u.l 3L'2 
39

ç1 25r2 
36

6L t6-e L7

-1 r8(2 tg

s L iïfr ilr
ql 77 77'2 t8 35

'o å fr¿ 'ri

*"fåE 55"g 5o"a \z"z 70,g 4o.7 zz.3

Dltn" ro4 ro4 ro4 :.o4 ro4 ro4

4.7

rc1

1,3 1. 2

toZ ro2
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Sanple 1"

Fturgl
Reple 

"

MLL1ed. produetes+t6
I
t"

o
0

l"
3

2
2

l"
2

o
1

I
I
o
I

3

o
1

20
OG
22oo
o0oo
3o02
26lsl
6l+ll. t[

3222
7275
7os1
6o6j

22622L88528272854
r.gL5463l-
2023 ].78l+5
255122r"58
28592275
,:lrl$atggD
l"oL221 682
953388614335115L2

r"8gal t7 16911 623 11_2+2
L36ggLi2r"537r"o97
72102L2210 1+5865
6g63L6 r
8t$2983
86t6?LD71639tl1.Vo

rI
,t,

3L

4l
¿

F122

6h

7L

s*
É.

ol,,2

1oå

DlLn. lol i.01 r.o1 ror t ol tol Lol Lor tol
Avge,
x 10r 1l+"6 6.L r4,l+ 1o,l+ 10"1 44 3"L L*T 1.ll
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Sample I

Yeasta
RepJ.s 

"

M111ed proôucts€ô
406

Lt+3
191

L32
151+

L3-3
L+3

l"l+4
1"08

78
3I+

72
33

T5
29

73
57

L25
124

11lt
93

r!
,t,

'¡
þ2

¡1",2

-1)2

6L

7å

sL

9L

toå

1"13

107
3-72

83
62

L81"
].65

52
39

75
50

L0
L1

5+
8l-

22
20

22
2t+

38
32

28
4r

6o
6ç

27
20

v6
58

30
e1

10
I
tl
7

L3
L7

1i
L6

4l 8T t6z4Z gz 1o7

8L t+g L27
91 56 W\
\l 23 [eo40 29 77o

2\ 15 510al 22 480

to 1"2 15025 22 1"4o

L7 4e z4o
r.5 6ç L5o

4416
3233
33L222L5
?. 12
214
226
2?7

56
!4
27
30

LïL
t-07

So
88

l4
89

t+z
6o

21"
z6

[8
5+

eo
2L

19
19

99 7r.ler" L53

L2 LOlSg 151

26 l+t$

to 82

17 3r"2r- 27

t6 zqt6 l&
26 t+f
2r- 2i"

z6 2825 28

9215L3
L2 25
L0 z8

gt6
lL 12

DlIn.

Avge^
x 10é

101

5,7

toP to2 r-o2 to2 ro2 rol tor lo1

2.6 4.9gL,V 65't zg"P 25"o 3o"z 17"0
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$anple 2

Bacterla
Repls "

M111ed prod.ucterè
406

68 72 68 5L 38 11 27 4g 3975 77 5r +8 t2 L4 3+ 4o 38

,s.7150-6rfi9E75e86828467L29:-p62729
3! 14 77 7I+ t9 tl zz ii 662+ 20 5+ 72 2L le 18 29 70

i3 1?4Z2i7i â3iîZH
52 11 20 37 LE 5 20 57 Lrlt+g9so30t66t9iâs9
12 23 79- 28 25 'o 31 39 l\30 L8, t6 27 rB 6 72 7+ 116

Lt! 20 19 L3 14 l+ 37 26 2712¡+ 19 2L L6 L5 t+ 27 z6 25

r88 La 27 Lz L6 4 zz zg b4L82 LT 28 zo 11 4 pj al+ r+6

1o7 L6 14 L3 6 a tt+ ro aotoarjl4tS6atzLzrg
zzt4LTlgrtl+gttzzzh:.6r[L313jSLj27

t"

^1¿z

3L

4i
¿

l"

.Lo2

7*¿

sb

9L
2

Il"o z

D1ln.

Avgeu
x tO+

lol+ 104 rol+ ro4 :.oh lo4 Lol ioz roa

69"9 z4,T 76,9 7z,z Lg,g 6,7 z.! o"j a"D



7V

Sample 2

Fungl
BepIs.

Ml11ed. producteë4i6
13o3
o1
l-0
1322
2323
20
01"
16r+6
r+6
44
3,t210
22
02
llt
16

16L77
9165
6203

ro14í
3q742677
7L lil 525 L5 rl+

7t+zr
3t+ l+ O

641+
521

10 16 lL

911+6
22t264e9T
737870117
2351t+281

nL
¿

^1
É.

-f-22
.?

\ä

I

5ä

6L

-1(z
18z

9L,-

l
10ã

27 7L L716 72 18

L2 25 \710 30 ï6
15 29 1419 30 L7

L2 50 L1s '61 rb

726tl102Lß

9 \g rLSo8 7a g3o

ls798L5 LoT 9

1"2 67 586 ii -6t

5L5413586
Z8 75o 1"6

75 91o 11

29
72

3t+
73

75
26

37
3+

3L
23

28
SlrF

12

,r?6

27

73
7\

Dlln.

Avge,
x l0r

Lol tor lor lor 1o1 lol 101 1o1 Lol

j5.5 :'9,T Lzj"5 tt8"4 26"\ 1o"t 4",+ 1"7 j,5
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Sample 2

Yeasts
Repls "

Ml-lled. þroduets#l+\6
20
20

36
3t+

64
q.o

35
3o

7L
2tl

20
20

14
1"6

2u.
22

7
Lo

5I

L19
L58

l-15
119

78
4L

2g
31

6
I

4
2

6g
58

160
76

22

'¿

:_

17
L7

¿

6
5

7r

22

::

3
5

L0
9

1l-
to

5
7

v
7

3I
3
9

l+

5

48
L5

g1
I+2

I
7

Z

lr

It
3

t[
3

4
7

2
2

2
¿

124 164
L92

370
175

L1
10

:2

2L
33

12
9

4o
50

22
28

38
¿i

1"10
115

,8
23

::

1g
2L

11 325ù2 3r7

z þ ir6l
L03
10tt

L3
10

-f.)z

4å

5L

.7-b2

7L
.18p

I9z

10å

rlrz
128

111
95

13
L7

1Li
68

39
40

116
L70

L1
15

L2
9

9. 2706 29o

l+ zza
5 27a

l+7
26

I
3

l+

5

z

z

3
2

5a
37

26
29

7
0

2
3

5I
I
3

Ð11n" 1o2 roa loa

*"f8t r.la.6 zg"T ao"CI

e 1- ffireat
2- Bran
J- Bran ehlpsrþ Coarse shorts
5- Fine shorts
6- Feed. flour
7- lst elear flour
6- let patent flour
9- 2nd. patent flour

L01

10" 2

101

7"t

101

3"7

101

2"\

rol lol
r*3 1.O
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Seetl-on ll Samplf"ng proced.ure

F1rst day

Replleate
sanpl"es

RepIleate
dllutLe¡ne

Replleate platec
2zlr J

2

I
2

3

4

I

2

3

4

Lg

21"

18

16

l"g

2A

22

27

L6

20

15

15

L5

2A

L3

17

Ll+

Lg

20

rq

t-l+

L7

22

r5

1ñ

20

L6

23

18

xl+

19

L7

16

18

16

9

L7

L5

L6

1?

18

L9

r"7

25

r.9

2t+

21

l-t

22

19

1,9

1"2

11

L5

22

18

L4

27

L7

20

19

llf

L9

20

2+

L3

L8

1s

19

1q

LV

L7

3 1

2

3

l+

l+ l"

2

3

I+

21

20

16

2L

L3

r.7

18

15
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Éeeond. d.ay

Replleate
sanpleø

Replleate
cLlluttrons

Repllcate platee
2' 3 - lt

2

3

l+

20

tg

e1

LV

L5

r.9

11

L7

L2

1l+

23

13

17

20

L6

1q

l"g

16

l"l+

15

L2

L5

L7

r7

L7

L5

lll
16

l"lt

20

r6

22

L5

L3

L7

L5

19

L7

L5

t7

1"5

L9

20

L7

L5

L6

20

L6

P. I
2

3

l[

XE

1"0

L6

22

12

lIt
L5

L7

14

I
\7

l"l+

L3

17

l"o

Lo

w
10

T'

L5

18

2r-

14

21"

18

1q

r"7

3 I
2

7

4

4 L3

2L

L9

23

I

7

l+
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ThXrd day

Replteate
eamplee

RepJ-leate
d.ll"utSonc

Repli.eate pl-atec
2- 3 - l+

2

1

2

7

4

1

2

3

l+

L5

Pt"

20

11

10

I
L7

L3

10

l.b

L9

11"

L3

1g

LP

1g

1l+

L3

Lg

13

L2

23

1"1

L7

1l+

11

1l+

I

L5

L6

L1

LL

9

L6

Llt

11

J-O

tL

1l+

16

20

L3

15

1tr

i-lt

L5

2A

1l+

]"lt

15

T6

20

1"4

L3

11

11"

20

25

l"lr

L5

1"4

L3

t5

1l+

3 1

ë.

3

I+

10

L2

xÐ

r.2

LO

1"6

L7

t"4

L6

6

Lt

19

L2

L6

Lg

L7

4 l"

2

3

4

--_"_'r9-=-:=E,''
,.r)Lt -: '' ì-J**þft

f:"J''' ¡e ¿ )
t/fl u-tmr" /Þ'F*"t{
q\

\. .., 
â1 

<- i. -
"\i.È. ¡r,¿ -1 1 '
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ßcet3"on lÏl Method.e and. meêle

$amplee Rep].leate
.,p3-atee

Method. L
e,z" M-9"

Method 2
Ez' M-6n

Metheð J
ê2" M-8"

12
10
10
oLo7

5 l"o
61r
6964
51

466T
33o3t+ '6

Ll+33r+3
84
o2

2L 2720 29
26 252t 2q
2L 26

21 25
22 29
23 2627 70L9 25

274to2
1l+
o2

o7
13oLo2r,3

z
l"
2
3

2
I
L
9
3

L
2

?r

5

L
É.

a
5

I

É.

377'T2^2l+3
11

o36z
31"2l+
35

I
2

7r

5

I
2

7r

,5

Å
2

7r

5

3

It

5

6 r.1qle
4 r"o

L27
14 ti

l"o 6
10 L9r"g 1a6g
L6 t2

1"8 xl+
1L 28
1A 16
15 1l+813

r&9x1 L2w l"o
1_O 126Po
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ßamples Beplleate
pLatee

Method. l-*
ßzo M*€o

Method 2* Methoû J*
Cz" M-8" Gz" M-eø

9611 Li666 r.o
77

o5
103r.23
72

7
11
L7
L7
L1

6
9

E
6

26
7i.5r.51
IU

LV315 L56v
laÞ{
7 1,1

oo
10
2Lo3
10

7311" 11
9 t"l-t3

o2
2.O
72LL26

5q76zLg6 r-a
9L3

[q 44

?rl ï;
4o 62
56 g+

t+l 33lt2 7746 f+9

\l it+70 t9

5107 r"6
9I+
9l+
910

l"
2

7r

5

1
2

7r

5

7 L2
27
L5
1"1
1l+

L1
9

1L
L7
11

1ä
t4

L1
23
22

l"
2

I
5

I

4TI+ Ll"
9L18L2
53

l,t
9
5
9

25

1
2

7r

5

l"
2

?r

5

9

1"0

* Method l"
Method 2

Method J

Inltlal ôllutlon ehaken two mlnutee
Inltlal. d.llutlon ehaken thLr'by mlnutes anil flour
plpetted S"mnecllateLy
lnltlaL d.llutlon shaken thlrty mlnutee anil flour
plpetted. after settLlng
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APPENDTX B" THE MTCROFT,ORA IN CCIMSIERCTALLY }'ÍTT,LED FIOT'R

Seet1on I Reeul-ts of routlne analyele on flour earyles

Date of
øampLlng Brand So, Aeh Mol"sture Proteln

LL,6
J-2" 0
L3,9
lJ"4
L5"7

13 "5
1l$ 

" 
l"

!1:u,
14"2

"33
"35.l+7
.52
.5s

L
2
3
l+

5

L

lL.2
L3.O
L4"o
1l+" 6
L6"4

L3 ",L3 "6L3',7
r3.9
L7 "5

"32
"35
"43.58
"59

L3 '9T\,3
13"ß
tft " 

],
1"3.6

1l-,1
L2"7
13.1
L4"o
14..6

17,8
Ll.8
T3 "813,9
Llt"o

lL, a
12.2
L3.l+
L2"g
L5.8

lJ." ?
l-2. o
1J"5
1-2"9
L5"CI

.32

:aa
"l+6
"58

"33
:ñfl
"58
"62

I
¿

7r

5

I
2

7r

5

I
2.

7r

5

I
2
z
ii
5

2

3

4
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Seetlon II Rsw eounte for tyXles of m3.ero-organS.ems from eaeh
eampl"e of eonmerelal f,Lour

Two week lnterryal-s
I

Oz'ganlsn@
Repl "12

2

RepJ-*
1"2

3

Repl"
12

t[

Repl"
L2

5

Repl"
12

þTVTrLzi"z43751"1"L1LoCIooool-ooLz6jT7oo54r"n551oo77
oCICI000000
6 2 o z l+ g 5 l+ro

xrt. T g 11" I LTw L7 L9L3 + 6 11 8 t7 1ï L7L7
212111200

3
2
o
7
2
o
'r
o
5
0

l"
2

l+

5
6
782
9L

10

Brand. I

Brand. 2

Branè J

1 L7 V L7 1r" r@ 9 I 3 2 32 L3 5 1610 I I I 2 2 3
3320ooo1223I+ g LF ç 3 10 Tz o o a j
,33t} L250023boooe.ooooo0
7127221+44378 I v 81"o L3 11" gLv L[ w9 7 t$ 7 Ll L2 11- I 7 2a t7

10 11 1¿ I l" 1 L 1 1 0 L

L 7r7 iT 8'1' At '3 '6 i i f
30012000012Il. 6Z i6 L1z Loj 1l+ I o o 16o rhz
5 17 1"2 2L r+4 g 7 0 0 37 376ooraoooooi-
7 I1"0 10Lo ll 3 ILo 101-08 54 52 21" 24 29 ft 7' 29 36 l+1g 3938 L732 2+26 20 so P,8t2

L00000110000



46

Bwo week l"ntervals
I
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Mesophllle bacterla on nutrlent agar at 25oC. Eaeh flg-
ure baseiL on eounte fro¡o three plates at the O"OOI cllLutlsn"
Meqophlllc baeterla on B,euP. ctextrose try¡ltone agar at
25rr9, OounteiL as number L"
Aelè produelng meeophllee eounted. on p3-atee of nr¡mber 2u
Spores of thermophlLle baeterla"
Sþores of thernophlllc flat sours on pLates of number 4"
Spores of anaeroblc thernophlles not prod.ueS"ng I{p$"
Sporee of rope þacterla,
Fungt on malt-eaLt agar at 25oC" Eaeh flgure baeed on
eounts fron three platee at, the O.OL d.LlutLon,
Í\rngL on 0zapekss agar at 25oC, eounted. as number 8"
Yeaste. Counteð on pl"atee of nr¡nber 9"
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