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FOREWORD

A radiaticn dose of 4.5 Mrad is comnonly accepted as the
minimum sterilizing dose for meats. This belief is based upon the
assumption that it is necsassary to destroy 6X10" “spores of C.
botulinum to make the food safe for human consumption. No
definitive published evidence exists of the actual numbers of
botulinal spores occirrirg in raw meats. The small amount of
published material and indirect unpublished data indicate that the
total ind{gennus mesxphilic, putrefsctive, anaerobic spore population
is very low, sud among these, the presence of C. betulinum is even
lowver. Hence, a thorough survey for clestridial spores, particularly
C. botulinum, in raw fcoag, is essential, so that correct radio-
sterilization processes can be establishad,

This contract consiste? of twc phases. The £irst phase was
concerned with the develoment of a sensitive method for detecting
and erumerating botulinal spores overwhelmed by competitive
clostridial spores and heat tolerant vegetative dacteria. This
was successfully accomplished. The next phase involved the
application 9f this methoc to “he most extensive survey reported to
date on the natural incidence of mescphilic clostridial spores,
including C. botylinum, ir raw beef, chicken arnd pork, taken during
the four seasors of the year, at seven different geographic locations
in the U.S.A, ard Canads, a-4 under the werst possible handling and
processing corditions in slaughtering plants.

Regsults indicste that mes>pnilic cicstriliial speres are
naturally present in very smaii numberes, and that the presence eof
botulinal sporas is a relatively rara evan:,

Tha activities under this centract was monitsced by
Mr. Abe Anellis as the Project CZ€{zer, and by Dr. Durwoed B. Rowley
as the Alternata Project Officer.

FEBRDINAND P. MEHRLICH, PhD
Diracter
Fcod Divisien

AFPROVED:

DALE #H. SIELING, PhD
Scleatific Director
W. M., MANTZ

Colorel, QMC
Comzandirg ,




TADLE OF CONTENTH

Page
SUMMARY 1
INTROCUCTION 2
MATERIALS and METHODS 3
I. Phase .. Selection of Procedure 3
A. Pasteurization 3
1. Pouch technique b
2, Botulinal toxin evaluation 4
II. Phase II. 1Incidence of C. botulinum 4
A. Sample colléction 4
1. Sample preparation 5
2. Enumeration and 1isolation of putrefactive anaerobes 5
3. Botulinal toxig’evaluation 5
RESULTS 6
DISCUSSION 8
LITERATURE CITED 10
TABLE 1 Reduction of standard plate count microflora in raw
y2ats at various paatcurization temperatures 11
TARLE 2 Iarerococens survival in wninoculated meoats at 5% and 60C 12
TABLE 3 Tutrvefactive anacrobic sporve survival In uninoenloted wmeats '3
TABLE 4 Detection of P.A. 3679 spores by the Peptone Colloid
MPN method 14
TABLE 5 Detection cf C. botulinum 62A spores in meats inoculated
with P.A. 3679 spores by the Peptone Colloid MPN method 15
TADLE ¢ Comparison of pouch and MPN rccovery methods for
detection of iIndigencus T'.A. 3spoves in raw meats 16

iv

—— TR T 2 — R T YT T

-y



TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

10

11

12

13

14

15

..u

TABLE OF CONTENTS - Cont'd.

Comparison of pouch and MPN recovery methods for
detection of C. botulinum spores in raw meats.

Recovery of C. botulinum from chicken by pouch method

Recovery of C.

botulinum from pork by pouch wethod
Recovery of . botulinum from beef by poucii*method. -

Summaticn of C. botulinum detection resu1t§~byupouch
me thod -

Incidence of mesophilic putrefactive dnaefobibjapores,
including C. botulinum, in raw beef, jork and chicken
Distribution of raw beef, perk and chicken samples
according to level of contamination with putrefactive
anaerobes S '

. ’
Tncidence of putrefactive unaerobes in raw beef, .pork,
oad chickea

Dictribution of samples and concentrations of
rutrefactive anaerobes according to seasons K

17

18

19

20

21

22

23

27

28



ABSTRACT

Two thousand three hundred and fifty eight (2,358) raw meat samples
were analyzed tor putrefactive and botulinal spores, Of 19,727 P.A.
isolates, only oae was botulinal (Type C). 77% of the samples had
3 P.A.'s/g or less. The overall mean was 2.82 P.A.'s/g.
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SUMMARY

The anerobic film pouch was demonstrated to.be an effective
device for the primary isclation of Clostridiuvm botulinum types A
and B spores from inoculated raw pork, beef, and~chicken, Optimal
pasteurization cf thase neats ifor reduction of -nonespore microflora
without affecting irdigenous putrefastive anasrobic spore levels)
was 50 min, at 60C. Clostridium botulinum spores were recovered
with gocd precisicn from meat samples incculated with mixtures of
C. botulinum and putrefactive anaerobe 3679 at 1;l.and at 1:99
ratios. .

The anasrobic film pcuch was used i{n a survey to quantitate
and {solate % t naturally eccurring clostridial and botulinal
spores in 2,358 samples of raw meat (k,073 chicken, 625 beef, 656
pork). One of the 19,727 putrefactive anaerobic spersformers
1solated was confirmed by the mouse protection.test to be Clostridium
botulinum type C. This feclate vas from a posterior sample of
chicken from Western Canads which contained 5.33 cldstridia per g.
These data indicate a vary low incidence of botulinal contamination
in raw meats (0.042% of 2,358 samples) and suggest a twenty
thousand-to-one ratio of ronbotulinal putrefactive anaercbes to
mesophilic C. betuliuum spores.

Sevanty-seven percent of the 2,358 samples had only three
or lsss putrafaztive anaercbas (P.A.'s)’g. The mean P.A. contamina-
tien levels for tesf, pork, and chicken were 3.03,"3,03, and 2.05/g,
respectively. Samples from: tha bloody neck area had higher levels
of P.A. ccntamination than did samples of trimmings of beef and pork.
Poster‘or chickan samples had higher levels of P.A.’s than did
anterisr chicken samples er giblets. Statistical analysis of all
the beef, pork, end chicken samples combined indicated a significant
seagonal affect. Autumn, winter, sumner, and spring were the
highest to lowest levels of P.A. contaxination, respectively. The
order of P.A. contamination by geographic ragions was, from highest
to lowsst: far western U.S., 2outhweat central ¥,3., western
Canada, scuthern U.S., sastern Cans?s, sastern U.S., and north
central U,S.
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INTRODUCTION

Investigators who have attompted to guantityv putreiactive
anacrobic spores in meats have all comeented on the velative
scarcitv of these organisms, Harriwman, bel Giudice, Shinn, and Hansen
11948) reported an average of 2-4 putrefactive .naerobic spores per
g in pork sampled in a Chicago packing plant. DBurke, Steinkraus,
and Ayres (1950), in a similar study in Iowa, found the average
putrefactive spore level to be less than 1l/g. Comparable results
were reported with beef {(Avers and Adaws, 1%31; “vers, 1904).
“chack, Greenberg, Blodgett oand Stlliker (195%), found lessa than
| putrefactive anaeracbic spore per g in /U 1aw hama samplad at
plants in Minnesota and Alberta. kecently, steinkraus and Ayres
(1964) conducted another survey in lowa and, agaln, found very
low putrefactiva anaerobic spore populationa in ‘pork and beef.

No attempt was made to iaolate betulinal spores in wmost of
these surveys. While this omission was predicated usually on
the very low total putrefsctive anaerobic spore 'load actually
found, it must be admitted that the surveys have been far too
\imited, both geographically and in nusbers of samples, to permit
generalization on the actual occurrence of C. botulinum spores in
meats. Also, {solation techniques in these surveys have varied
in such basic considerations as pastecu:ization protocol,
establishment of anaerobiosis, culture medium, and requisites
for declaring a culture or colony a putrefactive anaerobe.

wheaton and Pratt (1961) reported that media exerted a
profound influence on the recoverability of severely heated
putrefactive ans:-robic spores. Freshly prepared media were much
superior to dehydrated medla for this purpose. However, this
difference was not as apparent with mildly heated spore suspensions,
{Wheaton, Pratt and Jackson, 1959). The "severe' treatment was
definad as 150 second expnenre at 121 C: the "mild" as 27 seccnd
at 106,5 C. Greenberg, Silliker, and Bass (1958) suggested that
dehydrated media such as Peptone Colloid Broth (Difco) might be
supericr to "home made'’ media in recovering putrefactive anaserobes
from foods likely to rontain thermoduric streptococei,

The research reported herein consists of: (a) the selettion
of a procedure for the enumeration and isolation of mesophilic
putrefactive anaserobic sporetformers, particularly C. botulinum
types A, B, and C, in raw meats and (b) a zomprehensive survey
of vaw beef, pork, and chicken using the selectad method,
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MATERIALS AND METHODS

Phase 1: Szlscticn of Procedurs:

. o——

Pasteurizaticn

The following proccssl was emplayed in establishing optimal
pasteurization tlim:z-teaperature relativnships:

Approximately 1 liter cf a 1:10 suspmrnsicn <f ground raw meat in
0.015 M phrsphate bufferza silution water was blended in a 2 liter
Erienmayer {lask. Ths flask wae then stuppered with a cork, plerced with

~a centigrade thermomerar so that the tuld c¢f the thermometer was at the
center ¢f the mzat blend iuring the heating prccess. The flask was
constantly agitated and maintalned within ¥ 1 C of the desired temperature,
Ten ml samples ot the blend ‘spproximately L g Teat) ware removed as soon
as the desired pasteurization tempeérature was reached ané at 10 or 15 min
intervals theresafter. Bacterfoisglcal analyses were run immedi. tely upon
sampling. In eazh experiment 4 crrtrolled referencet rample was obtained
as the flask contants reached 30C,

The f£ollowing three anaiyaes were made:

A, Total Piate Counta

Samplzs wera plat-2 with Tryptone Glccese Yeast Exirsct Agar
{Pifco). Plates were ~cunted aftzr 48 hr incubat.on at 37 C.

B. Enteroccueci

Samples wera placed in Azide Dextrose Breth (Difco) and incubared
24 hr at 37 C. Grcwth was nonsidered presumptive for enterococci.
Positive tubes were confirmed by placing a 0.1 ml aliquot into
Trypticase Soy Brcth (Baltimsrs: EKlclcgical Laboratories) fortified
witk a 6.5% scdium chloride. After 24 br ircubation at 45 C,
thcgse tubee showing growth werz examined by gram stain for the
presence of streptoco-ci, Catalasz prciuction was demonstrated
by placirg 0.5 ml of th: culture on a epot plate and adding a few
drops of 5% hydrcugen percxide. Lack of bubbles after 3 min was
considered regative for catalase., Confirmed enterococel were
considerai co be ¢treptecocei capable of growth in Azide Dextrose
Breth and at 45 € in 6.5% scdium chloride, but incapable of
producing catalase,

C. Putrefactive Anaerabes

Putrefacrive anaerobic spore focrmers were detected in Peptone
Culloid Broth {Difco) mocified by the addition of 1 g of dextrose,
0.2 g FeS04, and £.23 g sndium thissulfate per liter. Tubes were
incubated 7 days at 37 C and exarined for odor, hydrogen sulfide
production (Liackering), and bacterial grecwth. All tubes showing
growth, whether or not they were putrid or hydrogen sulfide
positive, whare pasteurized 15 min at 70 C. One-tenth ml was then
transferrad to fresh peptone colloid tubes which were subsequently
incebated 48 hr at 27 C.




Pouch Technique

Pouches were prepared as described by Bladel and Greeuberg (1965). .
Madia used in pouch tests were: ’

A. Brewer's Anaerobic Agar (Difco).

B. Angelotti Agar. A modification of SPS Agar (Angelotti, Hall, Foter,
and Lewis, 1962) consisting of 1,5% Bacto-Tryptone (Difco),
1% Bacto Yeast Extract (Difco), 3% Bacto-Agar (Difco), 0.06% sodium
thioglycollate, and 0.01% L-cystine. The medium was adjuste -0
pH 7.0 4 0.2 and sterilized 15 min at 121 C. Tceshly prep:r d,
seitz fliltered solutions of FeSO;. 7Hp0. and SO3 (anhydrous)
were each added to the medium at 0.025% fir ncentration. Large
quantities of the basal medium were preparec . advance. Sufficient
wedium was melted each day and the Seitz filtered solutions were
adcded while the medium was at 60C in a water bath.

" C. Peptone Colloid Agar was prepaved by adding 3.0% Bacto-Agar to
modified Peptone Colloid Broth.

Following pasteurization (50 min, 60C), aliquots of 1:10
suspensions of raw meat in buffered dilution water were pipetted
into pouches. Agar (*empered to 60C in a water bath) was then
added and the pouch flexed to mix its contents.

After 72 hr incubation at 37C, colonies were counted and picked

from the pouchea as described by Bladel and Greenberg (1965) into
tubes of mcdified Peptone Colloid Broth and incubated.

Botulinal Toxin Evaluation

Presumptive evidence of toxicity was established by means of
intraperitoneal injectign of 0.5 ml of the peptone colloid subculture,
originating from colonies picked from the pouch. Swiss strain white mice
{15-20y) were used. Cultures causing death within four days were confirmed
as containing botulinal toxin by protection testing against trivalent ABC
anti-toxin (Fort Dodge Laboratories, Fort Dodge, Iowa). When both
protected and unprotected animals died within four days, the cultures were
further evaluated by dilution and by pasteurization at 99C for 15 min..
Heat stable toxins and those which were indistinguishable in activity in
protected and unprotected mice, were considered non-specific and non-
botulinal.

Phase II: Incidence of C. botulinum

Sample Collection

Beef, pork , and poultry samples were received during the summer,
autumn, winter, and spring from plants in the following geographical ragions:
Eastern Seaboard, South, North Central, Cent@§al and Southwest Central, Par
West, Eastern Canada, and Western Canada. Wherever possible, each region
was represanted by two plants, preferably one old and one new plant.

N
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The samples werd collectel by fneplant perscnnel, packaged in clean
Jars or plasticz bags, and shippal = dry 1ce to the laboratory. Upon '
receipt, the semples were inspectsd and held froeen until analyzed.

Each svea and sesson was reprseentsd by 12 one pound samples of the
following meat itans: learn deef fror the bioccdy neck ares, beef trimmings
for dry sausage, lsan-fat pcrk mixture from the bloody neck ares, and pork
trimmings for ssusage. Likawiss, ¢ach srra and sasson was represented by
35 chicken samples tsken fror "perts miseing" birds after dressing, chilling,
and before boxing. Ths sazplas sonsisted of 1Z anterior portions (wing and
breast), 12 posteris~ poztions (leg and thigh) and ona pound of giblets
representing aprroximataly 12 dirds. Whenever possibie, the samples
coneistad of 90% trollers, 5% roascexrs, snd 3% fowi.

Sgmple Prepazation

Bach of the basf and pork aamples were hande-chopped separately while
frozen until a texture of harburger was raached, Chicken samples were,
bonad prior ¢tz r~hopping., Eleven g £rom each sample was placed into a
sterils four ounie scrawe~capped borile contalning broken glass chips. The
chepping kaifm, vscolite cutting besrd, ané rudbder gloves were ssnitized
between samples by scrubbing with het water, followed by 20C ppm
hypochlsrite aclutian, snd a fingl hot water vinae.

Enumaration and lscletice of Putrafactive Anaerobes

Ninegyenine ml stzeile dictlon solution (0.00038 KH7P0,) were
added to mach gawpi= tertie., The eampies were rapllly shaksn 5 minutes
on 8 reziprocacing vr2rtsnical shakar (Meshanical Shaker, Mirvacle Paint
Rejuverator Cn.,, St. Paul, ¥inr,?. 7The meat 9uspunsicor wae hested in a
water bath for SC xin a: A0C. Faste:rization tezparature was varified
by a glass thermomater attussed gt tha geowatric zenter of a bottle contain-
ing a4 correspoadiing wample. Five m w2s pipettad {atc each c¢f six plastic
pcuchee, thereby praviding 0,5 g waat per pouch and a tctal cf three g
meat per ssxple eralyzud, 5he poushes 2sxd ware twice the srea cof a petri
dish,

Approximitely 45 ml modiftad Angelotzi's medtum was added to each
pouch., Thke contents of the psvches wers mired end the pouches wera vlaced
between rnarccwly spaced woofen slats (r a forming duvice., After solidifi-
catior of the ngar. the pouches ware remevzd Srom tne form and incubated
at 37C for 72 hr. The pauctes were examinsd and all black, sulfide produc-
ing ccionies viere transferzed into tast tubse {20 x 150 mm) conteining
20-25 ml modified veptone colleid medirar, The coioniss were transferred
from the pouches by cuttivg away cne side cf the pouch and removing
individual colonias with an alcohol~flamed scalpel. The peptone collotd
tubes were incubated at 37C for 72 hr; after which, all presumptive cultures
turning the mediuw btleck snd/or hsving a putrid cdcr were sutjzcted to mouse
inocularion t=sts. Each peptona ccllold calture was ¢rdad so that a
complete histesy of irs scurce and toxicalagicsal analysls 2¢uld be correlated.

Botulingl Toxin Evaluaticn

Refer L. Phase Y,



RESULTS

P,

One of the important considerations in this study was selection of an
optimum pasteurfization procedure for the meat sampies. The objective was
to reduce non-spors contamination within a reasonably short rime period,
without destroying indigenous mesophilic putrefactive araerobic spores. A
review of the literature rfound the lowest temp«rature in routine use to be
80cC.

The data presented in Table 1 suggestel that 50 and 55C were below
thg temperatures required for effective reductiorn of nen-sporing
contaminants within 60 min., Fifty degras pasteurization, fcr exsample,
reduced the total count of raw psrk only 706% in 60 min. 1In arother typical
result chicken, pasteurized at 55C, s%ill retainad about 47 of its original
population after 60 min exposura. Aps:t 99.99% reduction was obtained in
15-45 min at 60C.

Enterococzi, the most prevalen: ron-sporing thermoduric bacteria in
raw meats, appeared to withstand 55C treatment quite readily. In beef,
no enterococcus reduction scrurred within 45 min at the temperature. In
chicken and pecrk, 60 min exposure at 55C resulted in only 90% reduction.
At 60C the enterococcus populatinn was reduced in beef at least 99%.
forty-five min at that temperature reduced thea enterncoccus levels in
raw chicken 99.99% and the sam2 treatment reduceé the erteroccccus count
in pork 99.9%. These data are preaenced in Table 2,

The ~nteroc~:cus and total acrobis count regults dem:nstrated that
a pasteurizetion temperatrure of at ieart 60C would be requlred tn effect
meaningful reductions in extrsnecus microfiora. Thirty min at 60C has
been used routinely for pasteurization isolatisn ¢f Type E C. Sotulinum
sporas from marine materiais. Sincea Type E spores are aporeciably less
heat resistant than are types A, B, ard C, it shculd follow that a 60C
treatment would not be excessively injuricus to mescphilis botulinal
spores in meats. In order to determine a "cut-of£" point, beyend which
findigenous spores would be expscced to be lost, several uninoculated raw
meat-buffer blends were saxmpled at 15 mir irtervals at 50, 55, 60, 65,
and 70C. The results shown in Tatle 3 ave Zerive3 from single one g meat
samples. While the data d> not estabiish a minimun ncn-injurious
pasteurization process, it i1s evident that ?0C {s unacceptable. Dlutrefactive
anaerobes couid be recovered from besf held 45 min and from chicken 60 min
at 65C, but not from etther product after i: rea:hed 70C.

Taking ail factors into consideration, SO min acr 60C was selected
as the "optimal" meat pastsurizatiocrn protozcl f3r subsegquent work.

Peptcne Colloid Broth (B1ifco), suppicmented with dextrose, ferrous
sulfate and scdium thiosilfats, has bzen advscatad ae an ideal method for
quantification of small numbers of nin-injurazd putrefactive anaercbic spores
{Greenberg, Silliker, and Basa, 1958}. Detection of putrefactive anaerobic
3679 sporez inocule frem beef, pirk, and chisken by means of Peptone Coclloid
Brcth most probabls number detzrminations was evaluated as a possibie
reference technique. The results oI six sxperiments (2 each with chicken,
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pork, and beef, pasteurized 50 min at 60C) veing a 3 tube MPN system, arc
summarized in Table 4. The indigenous PA level averaged 0.37 per .

Thus, populations of 0.47, 1.37, 10,4 and 100 would be expected from samples
inoculated with 0.1, 1.0, 10 ané 1N) yer 5. The actusl mean recoverv values
for these systems were 0.82, 1.32, 10.8 and /6, respectively. These datc
demonstrated the Peptone Colloid MPN procedure to be a reasonably accurate
method for determining putrefactive anaerobic spore populations in rauv meats.

The peptone <ollofd system waa next tested for detection of
C. botulinum spores in mixed culture with putrefactive anaercbes in beef,
pork, and chicken. Approximately equal number of spores of C. botulinum
type 62 & end P A 3679 were added to beef, pork, or chicken and
pasteuvrized at 6OC €or 50 min, Yoasitive peptone collzid tubet werc tested
for botulinai toxin. Tka results, liatze in Table 5, again ghowed good
overall precisizn. The figuras chown in the "Iotal P.A." columns include
both T A, 3679 anc C. bstulinum rezoverica, sinze beth organiams appear as
putrefactive anaerobes in peptone cclloid tubza, Thete values should be
roughly ona-half those of the corvesponding "Total Putrefactive Anserohre'
figurcs. Vaere one P.A. 3679 and one C. botulinum gpore were addad per 3,
the toral WI'N vas 2.3 and confirmed C. hotulinum, 1.8. Uhere 10 of cach
vere added, 14 were detected, with 7.6 toxiec. The 100-100 inoculation
avarased out at S4 totul P.A.'s and 21 bhotulfinal sporcus.

The unacrobic film pouch tzchnique was compared with the Peptone
Colloid MPN swstem fer ability ts datect indiganous putrefactive anacrohic
sporas in beef, pork, and chicken., Counts cbtained in pouches containing
Angelotti agar, Brewer's zgar and Peptone Colloid agar were zormared with
MPN values obtained with fzpione Collofd broth., The <Zata, 1i: 3 in Table 6,
show that the pouch system, wsing al) thre: media, was at least as sensitive
as was tha MPN procedure, Angelort! sgar gave cecnsistently hipher counts
than the other two riedia, but the difiference was not statistically
significant at the 35% level.

The methods sere then compared by testing besf, pork, and chicken
which had been insculaced with P.A. 3679, C. botulinum 33 A and C. botulirum
1138. The inoculum consisted of tws P.A. 3679 speres per g of meat and one
spore per g of cach of the two C. botulinum strains. ree experiments
were Tun on each type of meat. The data demonstrated again that the pouch
system wa2 as sensitive ag the most prcbable numbar technique. Again, the
Angelotti agar showed & tandency to produce higher cocunts. The summarized
data show a mean total peptone colloid MPN of 2.9 per g, 1.3 of which
(or 45%) were confirmed C. botulinum. Angelotti agar pouches averaged 5.8 P.A.
spores per g with 2.7 (477%) as C. botulinum,(Table 7).

C. botulinum spores undoubtedly constitute an exceedingly small per-
centage of the total putrefsctive ancerobic spore population, It was,there-
fore, essential to confirm the utility of the Bladel pouzh-Angelotti agar
system in recovering small numbers c¢f C. botulinum spores from chicken, beef,
and pork bearing a heavy P.A. spore load. A series of tests were ennducted,
utilizing inocila consisting of a 99-1 ratio of P.A. 3679 to C. botulinum.
Six individual tests ware conducteé on all three meat substrates., The data
are listed fcr the ingividual meats iv Tables 8, 9, and 19, and are
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summarired {no Yable 1. & total of almost 4,200 individual colonies were
evaluated in these experiments, 103 of which were identified »s C.
Sotuilmm,. The approximate 2.5% recovery, when compared to the expected
1.067, is exceedingly precise for a wicrobiological procedure. '

On the baeis of the preceeding results, tha anaerobic plastic filw
pouch vas employed in the phase LI survey to analyze 2,358 ssmples of
beef, pork, and chicker. 7+he results in Table 12 show that 19,727
sesophilic putrefrcetive anasrobic sporeformers (P.A.'s) wera isolated.
The overall mean cuncentrntiun of P.A. sporas was 2.82 per g of meat.
The variatisn in the lavelrof P.Acontamination of the maat samples is
glven in Table 13. Sevea~::ssven per cent of the 2,358 semples had
thres F.A. spoces par ¢ o lsss. Tne most heavily contaminated sample
had 115 P.A. eporems/g.

One C. botulinum rype ¢ gpore was detected among the 19,727 P A,
isclates. This wae isc!ar~d from a posterior sample of chicken from
Yiectern Canada containing 5.33 clostridia par g. The data suggests
thsrefore, that the i{ncidence of botulinal contsmiration (n rav meats
i8 very low (0.042% of 2,358 samples). The results further indicate an
approrimate ratio of twaat: thoursnd to one of P.A. to mesophilic
C. botulinum spores in ruv meats.

These data were enalyzad statistically and the following differences
vere darected at the 951 or better confidence lavael using chi-square and
multiple regression arn:lyeas:

1. The level ¢f ¥ L. spores was significantly lower im chicken

than in bee¢ or pork, while the levels <f P.A. spores in
beef and pork were equsul. :

2. Samples from tht bluody ntck area had significantly higher P.A.
spore levels th-rn did the urimaings ‘rix the beef and pork
seaples.

3. The posterior chicken smmples had aigaificsntly higher levels
of P.A, spores than tie saterior chicken samples or the giblats.

4.  The level of F.A. apores vari:d with the season (Table 15).

Toe ovder of P L. spore cont.mination from highest to lowest

Vo3 autumn, wintey, susmer. and spring, vespectively. The

ceasonal differnnces were significant at the 99% confidence level.
There were significant diffevences in the levels of P.A. spore
contsminstion ¢f meats from the various geographic areass

survayed. The order of contaminution, from highest to lowest

wus: far western U.S., southwest ceutral U.S,., western Canada,
ssuthern U.S. eastern Canada, eastern Y.S., and north central U.S.

wr

DISCUSSION

The phase I data support the utility of commercially available dehydra-
ted wmedia (as 1llustrated by modified Peptone Colloid Broth) ia recovaring
putrefactivs anaerobic spores from mildly pasteurized raw meats. In
addition, it wis found feaaible Lo detect ¢, botulinum spores present in
P.A, 3679-1inoculated meats by using Paptone Colloid Breth in a 3 tube most
probable number systew and gubjecting poaitive tubes to toxin ansay in wnice

Iwo attributes ¢f the wos: pro-atie number approach tend teo discourage
its use for routine batulinul spors assay. First, the probability of a
8
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sinple C. botulinum spore entering an individnal culture tube is extremelv
remote, particularly at the low le¢vels expectzd in fresh meats. Mixed
cultures would be the rule. Crisley and Helz (1961) have reported inhibi-
tion of C. botulinum spore germination by filtrates of 8. faecalis. The
question of "missed" positives would thus consistently ¢loud results obtained
by any MPN procedure. The second problem is the tremendous glassware and
incubation space requirements involved in conducting apy- large scale studies.
Indeed, space and equipment requirements tend to be brohiﬁitive for the
tvpical laboratory in all conventional anaerobic isqlac;on techniques.

The anaerobiz pouch procedure i¢ not only convenieﬁ;-uuc also was
demonstrated to be a highly efficient device for ;squtionVof C. botulinum
type A and B spores from fresh pork, beef, and chickeq 1n0cu1ated with at
least 100-fold greater numbers of saprophjtic putrefactive anaerabic spores.

"~'ﬁ

The most obvious conclusion resulting from the Survey is that the level
of P.A. spore contamination in raw meat is very low «: the plant level.
Furthermore, botulinal contamination rarely occurs. These results assume
greater significance when it is considered that the bloody neck area and
trimmings were selected as those portions of beef and pork which would most
likely have the greatest contamination. These results,. therefore, are in
agreement with the low levels of P.A. contamination p iOusly reported in
the literature (Harriman et al, 1948; Burke, et al”'£9§ and Steinkraus
and Ayers, 1964). The fact that one botulinal apore‘ s detected from among
the 19,727 P.A."'s isnlated emphasized the exceedingly, lpw probability of
detecting botulinal spores in &nything but an pxcensiVe'survey such as des-
cribed herein. -J;’

. '0|‘o."

The large number of samples pernitted the demonstration of
statistically significant differences in levels of P.A. $pore contamination.
However, wnile it may be of academic interest that beef and pork, for
example, had higher levels of P.A., ccntamination than chicken. the differ-
ence. were 3o smail as to be of nc commercial impcrtance.

It must be emphasized that the curvey was directed specifically toward
the enumeration and isolation of mesophilic putrefactive anaerobic spores,
particularly those of C. botulinum. Vegetative cells of P.A. 's would have
been destroved during the pasteurization of the samples. However, it is also
truc that vegetative cells of P.A.'s would be readil 'destroyed during a
commercial thermal or radiation process applied to meat products
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Table 1. Reduction of standard plate count microflors in
- raw meats at various pasteurization temperetures

Mean
Temp Time Product Log Product 108 log
°C min sample reduction sample reduction reduction
50 0 Pork A - Beel C - -
15 0.5 0.1 o.go
30 1.2 0.5 0.85
45 0.9 0.9 0.90
60 0.5 1,2 0.85
55 0 Pork B - Chicken A - -
15 0.3 0.3 o.go
30 2.5 1.1 1.80
5 2.3 1.0 1.65
60 2.7 l.b4 2,05
60 0 Beef A - Chicken B - -
15 4.2 3.7 4,10
30 b, 4.3 h.gs
45 3,4 4,2 3.80
60 4,7 6.3 5.50
65 0 Beef B - Chicken C - -
15 T3 4,7 6.00
30 7.9 5.7 6.80
45 7.5 5.7 6.60
60 8.2 5.3 6.75




AT
Table 2., Enterozoccus survival in uninoculated meats
at 55 and 60 C

Time Log reduction enterococci
min. EEE 60T
Beef 0 - -
15 -1 o 2
30 0 > 2
us 0 o2
60 2 >2
Chicken 0 - -
15 1 1
30 1 2
45 2 3
60 1 4
Pork 0 - -
15 1 1
30 0 1
45 1 2
60 bl 3
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Tabie 3. Putrefactive &naerobic spore survival in aninoculated
Meats

Temperature (°C)

Time
Minutes 50 55 60 65 70
Pork 0 P P P P P
15 P P P P P
30 P P P A P
b5 P P P A A
60 P P P A A
Beef 0] P P 4 P A
15 P P P P A
30 P P P P A
45 P P P P A
60 P A A A A
Chicken 0 P P P P A
15 P P P P A
30 M P P P A
45 4 P P P A
60 ) 4 A P ) 4 A
P = Present
A = Abgent




Table 4. Detection of P.A. 3679 spores by the Peptone Colloid

MPN method
P.A. spore Calculated Actually detected
1noculg!£g aggraagk aggrea[k:
0 (indigenous) 0.37
0.1 0.47 0.82
1.0 1.37 1.32
10 10,37 10.8
100 100 76

* Q@eometric mean of 6 experiments in meazt




Table 5. Detection of C. botulirum 62A spores in meats
inoculated with P.A. 3079 spores by the Feptone
Colloid MPN met.aod.

oculum MPN total MPN confirmed
A, .botullnum P.A.'s/g*  C,botulinum/g*

O0(indigenous) O 0.62 0.3
0.1 0.1 0.98 0.69
1.0 1.0 2.3 1.8
10 10 14 7.6
100 100 5k ' 21

* Gecmetric mean of € experiments in meat




Table 6,

Comparison of pouch and MPN recovery methods for

detection of indigenous P.A. spores in raw meats,

Methed
stem Method
Pouch Angelotti Agar
Pouch Brewer Agar
Pouch Peptone Colloid Agar
MPN Peptone Colloid Broth

P.A. spores/g

Geometric
Beef Perk Chicken Mean
5.00 1.66 3.00 3.03
1.36 O.41 2.73 1.23
3.85 0.41 3.33 1.73
0.53 0.35 4,30 0.93




Table 7, Comparison of pouch and MPN recovery methods for
detection of C, botulinum spores in raw meats.@

Beefb Porkb
Spores ¢onfirmed % Spores yonfirmed %
Mathod _/g botulinal/g botulinal /g botulinal botulinal/g
Pouch: Angelotti 3.6 2.2 61 6.7 =1 42
Pouch: Brewer 6.5 2.6 40 0.43 - -
Pouchi: P.C, agar §.1 2.0 39 1.4 0.38 27
MPN: P.C. broth 2.3 0.56 25 3.5 2.3 66
Chickenb Summationc
Pouch: Angelotti 7.9 2., 34 5.8 2.7 47
Pouch: Brewer 7.5 2.4 32 3.0 0.97 32
Pouch: P,C. sgar 5.8 2.0 35 3.5 1.2 33
MPN: P.C. broth 3.0 0.91 30 2.9 1.3 45

a = Inoculum cc.tained P.,A., 3679, C. botulinum 33A, and
C. botulinum 113B

b = Geometric mean of 3 experiments

¢ = Geometric mean of 7 experimants




Table 8. Recovery of C. botulinum from chicken by pouch method*

P.A. spores C. botulinum spores
C.botulinum Total Per g Total Per g
Test  %train Picked chicken <gonfirmed f%hicken fetected
1 41B 264 110.0 2 0.83 0.76
2 41B 168 70.0 3 1.25 1.79
3 Lip 214 89.2 0] 0 0]
4 33A 246 102.5 2 0.83 0.81
5 33A 213 88.7 2 0.83 0.93
6 33A 192 §0.0 3 1.25 1.56
Mean 216 90.1 2 0.83 0.92

*Inoculum contained P.A, 3679 and C. botulinum spores at
99:1 ratio.




Table 9, Recovery of C. botulinum from pork by pouch method®

P.A, Spores C. botulinum spores
Test C.totulinum Total Per g Total Perg %
strain Picked york onfirmed ‘pork detected
1 33A 145 60 5 2.08 3.47
2 33A I52 188 23 9.62 5.12
3 33A 288 120 14 5.83 4.86
h 41B 218 95 9 3.75 3.94
5 41B 316 132 16 6.67 5.05
6 41B 411 171 4 1.67 0.91
Mean 305 128 11.5 4 gk 3.86

*Inoculum contained P,A, 3679 aad C. botulinum spores at
9G:1 ratio.
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Table 10. Recovery of C. botulinum from beef by pouch method,*

P.A., spores C.botulinum spores
C.botulinum Total Per g Total Per g %

Test strain Picked deef Confirmied Beef detected

1l 33A 150 A3 3 1.25 2.0

2 33A 83 35 5 2.09 6.0

3 33A 160 67 1 0.42 0.67

4 41B 112 47 3 1.25 2.7

5 41B 264 110 6 2.50 2.3

C 41B 295 123 2 0.83 0.76
Mean 178 74 3.3 1.38 1.87

*Inoculum contained P,A. 3679 and C. botulinum spores
at 99:1 ratio.




Table 11, Summation of C. botulinum detection results by pouch

method*
Number of P.A, Confirmed % C.botulinum

Meat experiments spores/g C. botulinum spores/g spores detected
Chicken 6 90 0.83 0.92
Pork 6 128 4,94 3.86
Beef 6 T4 1.38 1.87

Ao 97 2.38 2.)45

*#*Inoculum contained P,A, 3679 and C. botulinum spores st 99:1 ratilo.




Table 12, Incidence of mesophllic putrefactive anaerobic
spores, including C., botulinum, in raw beef,
pork and chicken

DR e B R T e e R R T I R R L I LT S R AN IR R SR TR AL R L

No. of Total no, P.A.'s Mean No. botulinal
- samples  1isolated P.A.'s/g isolates

Beef, bloody neck ares 298 2929 3.277 0
Beef trimmings 326 2742 2,803 0
Pork, bloody neck area 319 3655 3.820 0
Pork trimmings 337 2308 2.317 0
Chicken, anterior 373 2673 2.390 0
Chicken, posterior 379 3071 2.700 1
Chicken, giblets 326 2349 2.403 0
TOTALS 2358 19727 2.816 1

AR g o - - ———. ——r= e T T e . s————




Table 13,

€0.33
0.33
0.66
1,00
1.33
1.66
2.00
.33
2.66
3.00
3.33
2,66
4,00
4.33
4.66
5.00
5.33
5.66
£.00
6.33

Distribution of raw beef, pork and chicken samples
according to level of contamination with putrefactive
anaerobes,

"No. Famples at each P.A, concentration
Beef _ Pork Chicken Sﬁﬁgie§°éc
Bl. Ll. . An- Pos- . each P.A,
P.A.'s/g deck &rmgs. reck Trmgs. terior terior @iblets conc,
15 41 16 32 27 31 26 188
20 32 19 51 Lo 35 0 236
18 15 26 20 39 30 38 186
16 16 17 24 15 23 16 127
13 29 2C 23 20 2l 26 153
24 29 18 23 15 25 29 163
33 42 34 35 21 45 21 272
33 23 28 34 41 31 20 209
15 19 15 3C 31 30 14 159
18 16 24 11 16 16 17 117
14 8 13 10 21 12 9 88
9 2 7 6 8 12 9 53
9 4 10 4 3 8 8 47
9 3 7 5 5 9 7 45
8 2 9 3 2 6 3 34
4 3 6 4 8 1 4 30
3 5 5 1 7 e 5 29
3 3 3 ? e 1 15
2 2 h 1 5 7 3 2l
3 2 1 2 3 e 1 14
2 b 3 1 3

6.66




Table 13 (~ontinved)

No. samples at each P.A., concentration

Beef Pork Chicken Total No.

a e m—— Cia me B - . iass veeme e . mee

samples at
Bl. Bl. An- Pos- each P.A,
P.A.'s/g rneck Trmgs. reck Trmgs. terior terior &iblets <conc,
7.00 2 2 Y 2 Y 1 15
7.33 2 2 2 5 2 13
7.66 1 1 2 3 1 1 9
8.00 1 2 3 1 2 9
8.33 3 3 1 2 1 2 12
8.60 2 2 1 5 10
9.00 1 1 1 2 5
9.33 1 1 2
9.66 1 1 2
10.00 2 2 1 1 1 7
10,33 2 1 1 1 5
10.66 1 2 3
11.00 3 2 2 1 8
11.33 1 1 1 3
11.06 1 1 2
12.00 1 1 2
12,33 e 1 1 l
12.66 1 1 1 ?
12,00 1 1
12,22 1 1 1 3
12,06 1 1 2
14,00 1 1 1 3




P.A.'s/g uweck Trmgs.

Ve '

Beef

.4 -~Table 13 (continued)

Pork

Chicxen

Bl.

Bl., . An-

Pos-

Total ﬁo.
$amples at
¢ach P.A,

Weck ‘Trmgs. terior terior Giblets Sonc,

14,
14,
15.
15.
15.
16.
16.

16

21,

21

21

at

33
66

00

33
66

00
33

.66
17.
17.
17.
18.
18.
18.
19.
19.

00

00

.33
.66

1

s

2

1

e SR W ————-"

1

5




Table 13 (continued)

Beef Pork Chicken Tctal rno.
famples at
Bl. Bl1, An- Fos-~ %ach P.A.

P.A.'s/g neck Tmgs. neck Trmgs. terior terior 8iblets conc.
22.00

22.33
22.66 1 1
23.00
25.66 1 1 2
31.33 1 1
32.00 1 1
35.66 1 1
21.00 1 1
51.66 1 1
67 .66 1 1
69.00 1 1
71.33 1 1
115.00 1 1

Total no.

samples  2G8 26 319 %3y 373 79 326 2355

% Jamples 43,10 21,20 24,45 3T.09 22,44 31,40 A0 31.26

1 P.A,./gm

or less

% %ample~ 68,79 80.27 69 78 83,30 76.09 75,73 78,53 70.70

2 P.A'S/gm
or less

*C. bdotulinum type C spore ‘solated




TABLE 14

Incidence of putrefactive dnaerobes

In yaw beef, Pork, and éhicken

4 - s LR BB G 4 .. e .. - - - wa

No. samples Total P.A.'s Mean P.A.'s
Beef 624 5671 3.03
Pork 656 5963 3.03
Chicken 1078 8093 2.50

3
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Spring
Summer
Autumn

Winter

TABLIE 15

Distribution of samples and ¢toncentrations of

butrefactive anaerobes according to seasons

No, cf Total 1o, P.A.'s Mean No. botulinal
samples igolated P.A.'s/g tsolates
585 ehcy 1.422 0
624 4382 2.338 0
563 7015 4,1k49 0
586 5831 3.314 1
28
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