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ABSTRACT

The heat resistancs of o Clostridivm botufinum type B spore crops
wag deiermined in nushroomn pueee and 0067M Soreason phosphate
buffer (pH 75, The spare crops wees prown, fom Claciridinen botalinum
zoiates obtained from commercizlly canned roushrooms, The Dvwalues
for 2l of the €. borulinum wpore crops ware oversi] shghty Righer in the
Busfier thas inmuoshicosm peree. The meag TX1104 Cr-vaiue for the ten
spoce creps in haffer was 117 mis and for the spores i mushroam
purse the mean DD Chealue way .78 min, The mean D 54 €}
valoe ia buffer for the fon spore crups way 0.2 wndn comparsd 4o a
mean D156 Chealue of 0.0% min for spors In muslwoem purse.
The £ hotulinum type 8 spowrs tosted in this shudy hed 2 beat
wesistanes et way Jows then e clesvicel heat vosbstamer for €
Foraiimem spores.

During 1973 apd 19, the Food and Dmg
Administration (FDA) conduoted z survey of ali domestic
and imperted canned mushrooms held in warehousss in
the linied States. As o8 resul of this survey capned
musheooms from aine commerclal canners were fouad 1o
contain Chuiridium botadinum {13, The eans were from
‘seven 115, producers and two foreign producers,

The objective of thiz stedy was to determine the
wet-heat rexistance of the Closteidium botulinnm type B
spore crops produced from the isolates obtained from
commerically canned mushrooms. Heat resistance tesis
were done at 1O C Q230 Fy and 1156 € 3240 F) with the
spores suspended in two different subsirates: mushroom
pores and 0.067 M Sotensen ghosphate buiter (pH 7.0)

The heat resistance of these Clostridium hotulinum
spore crops can be used as an aid in ascertaining if the
recent detection of botulinum toxin in commercially
canned mushrooms (71 was due to the failere to deliver a
minimom botalinom cook or o post-provcessing con-
tamination.

These studies were supported in purt by HEW/FDA Contract No.
323732200, Svieniitie Fovwnal Kerivs Paper No. 10,052, Minneson
Agrienlturaf Experimeny Svavion, St. Prwl, Misnesote S5108.
University of Minnesat

Foud onif Drug Adminiszrosion

MATERIALS AND METEODS

Spores

Ten cultures of (Tosiridivm bomfinum tpe B dsolated  Som
eommercially canned mushrooms were usad to produoce 10 spore crops.

The caltsres were grown in Sumbe’s heef heart cassin mediur ) in
G-l botties. incubated &t 3 C for 13 10 20 dayy followed by
refrigeration Tor 7 to 20 days. The spore orops were havvested by
Fltration through sterifz cheese cloth Tavered with glass wool and
centrifoged. Al spere crops were washed five times with sierfle distillcdt
water and were not freated with byseeyme. The spoaens wore suspeneled
it sserife distilled warer, stored 52 4 O, and comnted by the $ashe MPN
precefiure using tryptioase-pendana-plucost-veast vt brath, The
spore codes apd the codes for e producars of the cans of mushrooms
that were the soirce of the beedates nre shows in Table §.

TABLE 1. Ulostridhum botulinum type B Indures,
Univ, of Ming. FhA slrsin
spore oode designation iy
SKAF 33420 1A &
SKERBF OR3-2E3G-2 B
SKCF GRII840G.2 B
SKIF OB 34240.7 i
SKEF GI9-G12G-H N
_SKFF G 2TMGE (53
SKGF (834404 3
S¥HF 33839004 #
SKIF RLING1 34
SKIF GIR424(r4 3
Substrate preparation
Sor 0.067M phosphate buffer, pH 7 Q3 Twom) guontities of

the buffer in 18 x 150 mm screw-capped glass tubes were autochared
and stored at 4 € and used within 48 h of preparation, On the day of 4
test, tubes eonjaiming buffer were rmovied from the refrigaeaior and
aflowed to reach raom temperaturs. Five min bafore heating 05 ml of
the appropriate spore crop was added o the buffer in each of the glass
test tubes using an Eppendort pipeite. Tnoculation of the spores was
done in a fzminar flow hood. The hoffer and spove Inocudum were
mixed and tubes were loaded into the ausigred retort und wore hested
=t the predetermined temperstirs for the designated time,

Mushroom puree. A single case of 4o cams of commercinily
pracduced musheooms stems and ploces, stored ac 4 was used
throughout this stndy. Opening of the cans amd other asepiic
muanipilating were carzied ant in 8 lagvinar flow hood. Before o hesting
test the content of one fan was remved axeptically and hended
{Waring Aseptic Dispersall, Model AS.1) with 1.0 mi of epore crop fur
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1 mir at low spesd. The pares wes kepd i the Mender cnatainer at less
than 20 C for the dusation of the test perind, which wever exceeded 1 b,
The pH of the paree ranged from 6.3 {0 6.5,

To Facilitafe removal of specified amounts of itceutated puree from
the blemder container and the subsepuent transfor (o glass test tubes, a

1-mi syringe was fitted with 3 130 mm X davun (D) stainiess steed

tube. The free end of the staindess steel tobe was placed into n nesdie
valve with an "Q"-xing preking loeated at the buse of the blender
container and the syringe was fitled with the puree, The purse was thies
delivered in 2.0+ 0.1-mi amounts to the bottem of cach of five test
{ubes,

The inoculaied nwshroom puree was added to glass mbes 5 min
before heating. The tubes were then Ioadad inte fhe susloned retort and
heated at the predetermiaed temperatuge for the desipnated time.

Hewt resistonce iesting

Hex resistarwcw tosting was done aslng the multiple rsplicats
fraction-negative method {7} with sorewonp tost fubes a8 the fost unit.
To do eack fractiop-negaiive s, sin 18 X $50.mmn sorow-oap est tabes
containing approximatcly 1Y spores In the spproprists subsirate weee
featad for five or six heating fee. The tubes wers Teated i miniahere
tetoris ¢t 110 C 235 Fland 11546 U G4 ¥ A the and of the beating
period fbes wors guickly transforred o 8O woter bath and held i

 this water hath for 2 min.

Teenty mi of pork infusion agar 3 3t 80 O was wlded to onch wbe
followed by & mi of & k1 paraffin-minerat oil mizives. The inbes were
iecubated at 30 € for 60 dass. Visually ohservsd gus formation aedlor
velany fermation wers wsed 25 indication ef sarvheal,

The Spearmar-Rarher (5K} method wag ased For Dovales ealoulation
(51, At the shoetest heating thove alf Ehe units moosk be positive wnd ot the
Tongesi heating thme ol the eils mnst be negative. At the intermediste
fimes vatious fractions of the veplicare wbas would be negative, To
obtain date usable by the SK method » preliminary test with widely
spaccd heating times was st vsed. Subsequent tesis wore done wnitil
data usable by the SK smethod ware obtained.

Derermining the infrial numbers of spores

The initial number of zpores (N for the fraction-nicgative tevts was
determited by sertd difowtions and powr plate methed ising pork
nfusion agar {PYA). For tests with the buffer subistrats, serlal diletlons
of 1-mi aliguets from theee unheated fnbes weore winle with
Busterficid"s phosphate ballor, pH 7.2, The y in e smuslooem pores
was determined by sevianf dilntions of thoee 1md aliquats ramoved from
the puree in the blender contalmer.

Twoaliguots D7 end 10 mi from cach Silution bolth wets plated i
duglicate and 20 mi of FIA was sdded {0 the plates. The plates weee

CDLAUG, PRLUG, ANDKAUTTER

inverted, piaced in anssrebic jars under a hvdeopen-catben diaxide
atmosphere (Gastak) and Incnbated at 30 C for 48 &,

RESULTS AN DISCUSRNOM

The D-value resuits for each of the 10 spore crops
heated at 110 and 1184 C im (0067 M Sorensen
phosphate buffer (pH 7.0} and in mushroom purec are
presented in Table 2. The response of the 10 spore crops
to the four test conditions was variable,

The Dawalue datz in Talde 2 wers statistieally
anaivzed; there was no sigaificant correlation between
the D-valges for spores heated in bulfer 2nd In
mushroorm puree at either 118 or 1156 €, or botween the
D-values for the spores heated in muoshroom puree at 110
and 1156C. The mwost significant correlation was
between the valoes for the spores heated in buifer at 110
and 1156 C. The resalts of the statistical analysis were
basically the same when the Diovalues were analyzed by
cither of several methods: &) the product moment
correlfation on the Dovalue, or on the Jegarithm of the
D-value, 5 Spearman’s rank correlation, or &
Kendall's Tau.

" Considering the vorrelation between the Devalees for
the spores in buffer at 110 and 1156 C, heating C
Botutinum spores in mushreom puree preduced resulés
that were quite variable, The vatiation may have been
due fo an interaction between the spores and the
mushroom puiree during heating ot during incubation.

~ When heated in buffer, the several spore erops showed
a range of heat resistance levels at 116 and 113.6 C,
which suggesis thai there were seveeal C. botulineo type -
B variants in the group,

For the purpose of evaluating mushroom sterflization
processes, the resubts of tests of alf 1) of the spore erops
were examined, The D(110 Clvalues for the spores
heated in mushroom puree ranged from .49 15 0.99 min
and in beffer from 102 o L38 min. The DUISH O
ealue for the spores heated In mushroom pures ranged

FARLE 2 Pr-eolwe reselis for the ton Clostridiom botulioum sope I spore crops deated af J3Q.0and 1i5.6 O in senshroom potroe and D.007M

phosphate Bufler.
110,0 CTests 155 ¢ Tots
3967 phosphuta T phosphaie

Apare o Mipehenon putes Barfier. i T Mushraon: pures fmifer ipl 1
B ge BRiNR B-Value WO B-Palie Fm LT T-Vetue a1 % Tr¥alne 5 LS

catée (omdest fria) trmin} freviml fminl temind uning ol
SKAF % af4 - 134 1.13 t4l- 135 A4 G- 83 A2 D19 - (.26

168 (AE%-1.28 A2 G049 - .16 o Q.19 - 1.3

SKBF &7 065 F0H 1.6 498 - 1.2t A8 045 - 622 L 0,14 - {123

C ' 141 080 - L.18 A9 045 - 822 22 018 .25
SKOF 1.66 891 - £.21 44 008 . 0.0 )
SKBF k] .50 . .86 1.26 1.13 - £A40 B X 0.11.56,20 M o

1.23 110 - 137 18 0.15-0.22 n 0.16 - G238
SKEF - 0.3 - 0.69 130 095 1.25 a1 Q.05 -0.17
SKFF 78 (o4 . (1YL a0 0.24 - 0,36 S8 0.30-0.39
SKGF 29 07T - 143 122 1.04 - 1.39 14 0.0 018 A8 0.13-0.22
SKHF S (LB« 1.05 59 04.33 - 044 AT 0.1 -0.34
SKIF 7Y 0.7 - G.88 1.8 i34 -142 J2 .09 - 015 .y 0.35.0.3%
SKIF . 044 - 81,70 i 8 127 -1.50 By f.16 - 023 eyl .21 - 037
Mean 78 1.1 g9 v
Range A%. 9 143 1.3 A2-.39 J1 038

Haa Ty confidence for the Bovalue,
Yhata not sutfivizast to calcelato vaciancs of the [-value,
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from 0.12 to 0.39min and in buffer fiom 0.11 to '

0.35 min.

There were marked differences between D-values for
spores heated in buffer compared to spores heated in
mushroom puree. At 110 C the mean D-value for spores
heated in mushroom puree was (.78 min and in buffer
1.17 min. At 115.6 C the mean D-value for the spores
heated in mushroom puree was 0.19 min and in buffer
0.24 min.

The mean width of the D-value confidence interval
(CI) expressed as a percent of the D-value was 39% for
mushroom puree at 110 C, 25% for buffer at 110 C, 49%
for mushroom puree at 115.6 C, and 48% for buffer at
115.6 C. The D-values for the spores heaied in buffer at
110 C showed the smallest mean width of the CL. For the

spores heated in buffer the difference between the mean

D-value CT at 110 and 115.6 C was quite large, 25 versus
48%. The effect of normal variation of time and
temperature, that is the same regardless of test time and
temperature, probably produced a correspondingly
greater percent error in the results at 115.6 C because of
shorter heating times. The wider mean CI for the spores
heated in mushroom puree at 110 C compared to buffer
at 110 C suggests that the mushroom puree coniributes
to variability.

By extrapolation equivalent D(121.1 C)-values were
calculated from D(110.0 C)-values and D(115.6 C)-values
for the 10 spore crops tested using a z of 10 C. These
values are presented in Table 3. The mean D(121.1 C)-
values for spores heated in the mushroom puree were
05 min and .06 min calculated from D(110.0 C) and

TABLE 3. Extrapolated THI21.1 C)-Values for the tin Clostridiom
hatidinum fype B spore crops ealculated from D100 C)values and
TH115.6 C)values using a z-value of 10 .

Caleulated from Caleulated from
D{110.¢ C)-value D{115.6 C)-value
Mushreom {.06TH phos- Mushroom 0.06T™ phos-
puree phate buffer, puree phate buffer, _
: pHT pH?
Spore DI121‘.1 4] Ul'lﬂl‘.l Q) 0[12]‘__1 4] DI'IZ'I‘.'I )
code min min _ min min
SKAF 08 09 04 06
08 03 U6
SKBF o7 08 05 05
09 05 06
SKCF 08 04
SKDF 05 .10 05 07
10 03 06
SKEF 04 09 03
SKFF 06 08 A0
SKGF 07 09 04 05
SKHF 07 g1 08
SKIF 06 Bl 03 09
SKIF M A 05, 08
Mean 06 09 05 07
Range 04 - 08 D8 -1 - 03-.11 03 -.10

D{115.6 C)-values, respectively. The mean D{121.1 C)-
values for spores heated in the 0.067 M phospahte buffer
were .07 min and .09 min calculated from D{(110.0C)
and D{115.6 C) values, respectively.

The spore crops tested in this study were not very heat

resistant compared to the classical D(121.1 C)-value
{calculated from the data of Esty and Meyer by Schmidt)
of 0.2 min {4). The spores in this sfudy heated in a
mushroom puree or in buffer had D{121.1 C)-values that
were 15 to 55% of the classical value. The mean
D{121.1 C)-value for spores heated in mushroom puree
was about 25% of the classical resistance value and for the
buffer was about 40% of the tlassical value. The largest
equivalent D(121.1 C)-value was 0.11 min for strain
SKHF heated in mushroom puree and for strain SKIF
heated in 0,067 M phosphate buffer.
" The isolates for these spore crops were obtained from
canned mushrooms that had been processed in canning
plants with deficiencies in' equipment (inaccurate or
broken thermometers, faulty piping, etc.) and in
operating procedures (poor fill control, inadequate
venting, etc.) (I). If we assume that the initial number of
C. botulinum spores per can was 100 and that cans
containing toxin were found at the rate of one can per
100,000 can-let; the Fgvalue that would produce these
conditions if the spores had D{121.1 C)-values of 0.03 to
0.11 min would be 0.21 to 0.77 min. An acceptable F; for
public health safety for low-acid canned is 3.0 min. Since
all of the C. botulinum spore crops tested had significant
heat resistance the possibility is very high that the spores
survived the heat processes and that they did not leak
into the container after processing.
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