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Abstract

The ‘effect of temperature on the thermal destruction
rate of P,A.3679 in cured ham medium was measured.

Ham containing 2.8% salt, 200 ppm sodium nitrite and
0.5% sodium tripolyphosphate was inoculated with P.,A.3679,
stuffed into tubes, sealed and heated in steam at 100-121.1°C
for various time periods.  The number of surviving spores
was determined using the most probable number technique.

D values were determined at 5 temperatures for a
number of spore crops. Logarithms of these D values were
plotted against temperature to obtain Z values of 8.6-10.5°C.

Omission of salt, nitrite, phosphate or all three
from the media did not appreciably effect the D value at
1152903

Ham at various levels of salt, sodium nitrite and pH
were inoculated at a level of 102 spores P.A.3679/gm and
heated at 115.20C for 30 minutes. These were examined
periodically for outgrowth and the time at which
this occurred was recorded. The percentage of the tubes
which did not exhibit visible signs of outgrowth after 150 days
was plotted against pH with salt at 2.6% and nitrite at 150 ppm;
against salt with pH at 5.8 and 6.4 and nitrite at 150 ppm;
against nitrite with pH at 5.8 and 6.4 and salt at 2.6%.

Outgrowth increased with pH increase, decreased with
salt and nitrite increase. The effect of nitrite in the
range of 0-400 ppm was similar to the effect of salt in
the range of 0-4%. The effect of pH in the range of 5-7
was greater than that of either the salt or nitrite

concentration.
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Die Wirkung von Temperatur auf die Zerstoerungsgeschwindigkeit
von P.A, 3679 wurde im eingepoekelten Schinken gemessen.

Schinken, der 2,8% Salz, 200 ppm Chilesalpeter, und 0.5%
Tripolyphospat enthaelt, wurde mit P,A, 3679 inokuliert, in
Reagenzglaeser verpackt, verschlossen und mit Dampf auf 100 - 121.1°C
fuer verschiedene Zeitspannen erhitzt, Die Anzahl der uerberlebenden
Keime wurde mit der "Wahrscheinlichkeitsnummer" (most probable
number technique) bestimmt,

D-Werte wurden bei 5 Temperaturen fuer eine Anzahl von
Keimen ermittelt., Logarithmen von D-Werten wurden gegen Temperaturen
ausgewertet, um die Z-Werte von 8.6 - 10,5°C zu erhalten,

Der Entzug von Salz, Nitrit, Phosphat (einzeln oder gemeinsam)
vom Schinken hatte keilne besondere Wirkung auf die D-Werte bei

115:27°C,

Schinken mit vexschiedenem Gehalt an Salz, Nitrit, und
verschiedenen pH-Werten wurden mit einem Gehalt von 10° Keimen
P.A. 3679/gm inokuliert und auf 115,2°C fuer 30 Minuten erhitzt,
Diese Proben wurden regelmaessig auf Auswuchs untersucht und die
Zeiten vermerkt,

Der Prozentsatz der Reagenzglaeser der keine bemerkenswerte
Anzeichen von Auswuchs nach 150 Tagen zeigte, wurde folgendermassen
ausgewertet:

pH bei 2.6% Salz und 150 ppm Nitrit
Salz bei 5.8 und 6.4 pH und 150 ppm Nitrit
Nitrit bei 5.8 und 6,4 pH und 2,6% Salz

Der Auswuchs erhoehte sich mit hoeherem pH Wert und wurde
niedringer mit hoeherem Salz- und Nitrit-Gehalt. Die Wirkung
von Nitrit im Bereich von 0 = 400 ppm war der Wirkung von Salz im
Bereich von 0 - 47 aehnlich, Die Wirkung von pH im Bereich
von 5 = 7 war groesser als die der Salz- oder Nitrit-Konzentration.
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On a etudi¢ l'influence de la température sur le
taux de destruction thermique des spores de l'anaerobie
putrefactif 3679 inoculeesdans un milieu de culture renfer-

mant du jambon fume.

Le jambon contenant 2.8% de sel, 200 ppm de nitri te de
sodium et 0.5% de ripolv3h050hat¢ de sodium fut lnoculc avec
les spores, distribue dans des tubes, scellé et porte aux
températures de 100°C a 121.1°C dans un autoclave pour
differentes périodes de temps. Le nombre des spores viables
fut determiné au moyen de la proceédure du nombre le plus
probable.

p

Les valeurs D furent déterminees a 5 temperatures sur
un nombre d'echantillons sporaux. Le graphique des logarith-
mes de ces valeurs en fonction de la température a permis
de déterminer des valeurs Z de 8.69C a 10.5°cC.

L'omission de sel, nitrite, onosonata ou de tous les
trois ingredients du mllleu de culture n'a pas change sensi-
blement la valeur D a 115.2

Le jambon renfermant d'autres concentrations de sel et

de nitrite de sodium & différent pH fut inoculé avec les spores

(105/g) et chauffé a 115.20C pour 30 minutes. La croissance
des cellules a eté suivie périodiguement et le debut en fut
noté. On a mis en graphique le pourcent des tubes ne montrant
aucune croissance visible apres 150 jours contre le pH avec
le sel a 2.6% et le nitrite a 150 ppm, contre le sel avec
le pH a 5.8 et 6.4 et le nitrite a 150 ppm; et contre le
nitrite avec le pH a 5.8 et 6.4 et le sel a 2.6%.

La multiplication cellulaire s'est accentuee avec
1'augmentation du pH et a diminué avec une augmentation de
la concentration de sel et de nitrite. L'effet du nitrite
a des concentrations de 0 & 400 ppm fut semblable a l'effet du sel
dans l'ecart de 0 a 4%. Un pH variant 5.0 a 7.0 eut un plus
grand effet que le sel ou le nitrite.
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BariHye TeMmepaTypH HA CTeNnoHb TENJIOBOTO YHUUTONCHILI
BUSHDADHETo THHUcHMe AHaspoba 3679 /BrA 3679/ B cpene 3arolicepsu=
DOBAHHOI DETXNNHEL,

B perunuHe, copepxrameil 2,8% coau, 20 mr/100 r uuTpuT
narpua u 0,5% TpumoaugocaT HATPII, NPOU3DEJIl NOCCH BI'A 3679.
BeTunHa Sura pacdacoBaEL B TepMOTHNACKU 3AKYTIOPCHELEC PI0RE U
NozApepIraach NoZOTPEBRAHIN NapoM npyu TeMmepaTyne 100-121,100 B
TCYeHUC PA3JNUHAX OTPE3KOB BUSMCHM, UMCJNO BHMIIBONX CIOP GLLT
onpeaeaeHo NyTeM NPIMeHeHUA Haucoyee BEeNOATHHIY WUIiCJTODLHX 0110103,

BeXWyMHE D ONpERCJ4AUCH NpM HATH TemMiepatypax Ajli
HeC “OJNbKUX Yyporaen cnop, JorapiugQMea pexusuH D OhHLIM HGQHeC il
Ha TPAUNK B COOTBETCTDNN O TeMnepaTypoi, WTOOH NMOJXYWYWTDL BCJ=
YUHY 2 B npexenax 8,6—10,500.

Jloc xrpueHve 0o0Ji, HUTPUTA, docharTa UNU BCCX TPCX
3aMOTHO He MOBAMANO HA BOJNUNHY npu 115,2°C.

B nOTUNHe ¢ DASHEM COACDPHAHMEM COJN, LNUTDUT HATPLL Il
pH npousseam nocen BrA 3679/r na yponne 10 cnop/T 11 NOTOTNCIaA-
J1 npu TeMIeparType 115,2°C p TemcHue 30 MunyT, llepromguueciil npo=
BepANOCH PAa3BUTHe KYJIHTYPH M OTMEYaJoCh DPCMI OTOTO pas3BITINI,
IpoLeHT TH6NKOB, KOTODHE He NOKA3AJM HATJAZHOTO POCTa mocJic
150 aHei, OHJA HaleCeH Ka Tpa@MK B COOTBBTCTHMI K pH mpn 2,060
conu # mon 15 mMr/100 r HMNTPUTA; B COOTROTCTBMI COJIT I pH no
5,8 1 6,4 u npu 16 ur/100 r HuTDUTA; B OOOTBETOTRIN HUTDIITA ¢
pH npu 5,8 1 6,4 u npu 2,69 comny

PooT yBeaMuuJCcda C© NOBHIEHUEM pH, yuenbmUJCS O YLCJXii-
YCIMICM COJAYM U HUTDPHTA, MMAHLE HUTDIT4L D npejetax 0-40 nr/100 r
GrU10 TIOROGHEM BJANAHUHO COXM B NhAfeNax Q0=~4%, Baranwve pH A npc-
1enax 5-7 GHIO COXBOMM, WM KOHNGHTPAQuA coau Ml HUTPNUTA,
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Experimental

l. Preparation of Spore Suspension (PA3679)

A stock culture of PA3679 was obtained from the
National Canners Association, Washington, D.C. The

following medium was used to prepare the spore suspension.

Beef hearts were cleaned of all visible fat and ground
to the consistency of hamburger. One litre of distilled
water was then added per pound of heart meat and the
mixture simmered for one hour. The heated broth was
then pressed through cheesecloth to separate the meat
particles. The broth was chilled and the solidified
fat particles were removed by filtration through cheese-
cloth. The pH of the broth was then adjusted to 8.5
with sodium hydroxide. To each litre of the infusion

broth was added the folléwing ingredients:

pressed beef heart particles 65.0 g
hydrogen-reduced iron powder 5.0 g
tryptone 10.0 g
Gelatine 10,0 g
Glucose 0.5'g
potassium phosphate 4.0 g
sodium citrate 3.0 g
isoelectric casein 5V G

I
—
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w
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The following quantities of medium were then added

to 4 containers:
(1) 100 ml

(2) 500 ml

(3) 1000 ml, and
(4) 2000 ml,

and then sterilized at 121°C for 20 minutes.

A 24 hour culture of the stock spore suspension
(heat shocked at 100°C for 5 minutes) was inoculated
into container 1 and incubated 24 hours at 36°cC.

After incubation the first container was inoculated

into container No. 2. This progression of inoculations
continued to container No. 4. The final culture was
transferred to 24°C for incubation and stored until

a large percentage of the bacterial cells had sporulated

(17 days).

The culture was then filtered through cheesecloth
using sterile precautions. The spores were harvested
from the filtrate by centrifugation (6000 rpm for
30 minutes). The harvested spores were then washed

4 times in sterile tap water.
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Counts were determined on the spore suspensions
by heating at 100°C for 5 minutes and subculturing in

WYNNE medium (Difco) using a 5-tube Most Probable Number

(MPN) procedure.

2. Choice of Tube Size and Heating Bath

The tube size large enough to provide a 1 gm
sample size but small enough to seal easily and to

quickly reach the temperature of the bath was desired.

It is difficult to determine the internal temperature
of a meat emulsion in a small tube due to the difficulty

of centering the thermocouple.

Heat penetration measurements were therefore
conducted in three larger tubes and the Fh value calculated
for the smaller tubes from the formula (1).

rh - 0.398

[ 1/a2) + (0.427/b2)] k (minutes)

radius of cylinder

Where a

b

1/2 length of cylinder

k = thermal diffusivity
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Tubes with diameters of 2.43 cm, 1.95 cm and

1.62 cm were filled with ground ham meat containing
20% pickle, using a stuffing horn. A rubber stopper
was then fitted with a thermocouple as shown in
Diagram I. The filled tubes were heated in a water
bath at 859, or in an oil bath at 110°C. From this
data the Fh values were obtained and substituted into
the formula (1) to obtain the values for k in water
and in oil. These k values were then transposed back

into the formula and Fh va}ues calculated for various

tube diameters.

The Fh value was plotted as a function of tube
diameter in Graph 1 for both oil and water. It was
estimated from this graph that a tube of 1 cm diameter
has an Fh value of 0.9 min. in water. The Fh value
was 1.5 min., in o0il, a value too high for satisfactory

control of heat input at the higher temperatures.

It was established that steam at 115.5°C gave an
Fh value similar to water. Steam was therefore chosen

as the heating medium.
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3. Thermal Death Time Apparatus

A thermal death time apparatus was required
which would be capable of rapid change in temperature
and able to hold that temperature precisely when
attained. A pilot plant retort was used as a steam
source. A normal household pressure cooker was
modified as shown in Diagram II to provide the steam
chamber for heating. A 3-way valve and a spray- nozzle

in the 1lid was provided for rapid chilling.

.

The Fh valus obtained from the curves compares
very closely with that obtained when heating in a water
bath. 1In all subsequent tests this thermal death time

heating apparatus was used.

4. Ferric Citrate Addition

Ferric citrate was tested as an indicator of H,S
production presumably caused by outgrowth during storage
of the tubes after heating. An indicator which would
give a colour change was desired so that outgrowth

would be evident on visual examination.
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Ferric citrate (0.2 g/kg meat) was added to a

cured meat suspension containing 109 pPA 3679 spores/g.
Some tubes of this emulsion were given a severe cook
(Fo=3) while others were pasteurized (heated to 71°C)
then stored at room temperature. The pasteurized

tubes turned black indicating the production of H>S,

while the sterilized tubes remained clear.

In subsequent tests ferric citrate was included

in the medium.

5. Thermal Death Rate Studies

A series of tests were conducted to determine the
number of organisms surviving after heating for various
lengths of time at 100-121°. The following procedure

was used in all cases.

In order to obtain a uniform meat (pork) source
for a series of experiments the lean meat was removed
from 3 hams (uncured). The muscles were cut into

1 inch cubes, mixed well, then divided into 400 g

lots and frozen until required.




To 400g of thawed pork cubes was added 100 g

of pickle containing:

sodium chloride - 140 g/litre
sodium nitrite - 1l g/litre
sodium tripolyphosphate - 25 g/litre

This was held at approximately 59 for 3 days

then ground twice through a 1/8 inch plate.

An aliquot of the sporé suspension, giving a
concentration of ca 106 PA3679 organisms/g, was
added slowly to the ham emulsion while mixing in a
small Hobart mixer. Similarly, 1% ferric citrate
solution was also added to give 0.2 g ferric citrate/kg

emulsion.

Tubes were weighed, 1/2 filled with emulsion and
reweighed. The open ends were sealed by heating quickly
in an oxygen/gas flame and crimping with forceps. The
tubes were then heated for various times at temperatures
of 100°c, 104.3, 110, 115.5, and 121°c. They were
chilled immediately after processing by a cold water
spray then immersed in ice-water to prevent the premature
outgrowth of spores. They were then placed in cold
75% ethyl alcohol for 10 minutes prior to sampling.
Control tubes were heated at 82.29C for 10 minutes to activate

spores prior to sampling.
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A 1/100 dilution of the emulsion in the tube
was prepared by adding the necessary amount of sterile
distilled water to a sterile Waring Blender jar. The
tube containing the emulsion was then removed from the
alcohol container, flamed and placed in the blender
containing sterile water and blended at high speed

for 2 minutes.

After blending, appropriate dilutions were made
in sterile distilled water (depending on the degree

of heat treatment and on the duration of treatment).

Screw cap tubes containing 20 ml of WYNNE medium
were inoculated from the appropriate dilutions in the
amounts of 1, 0.1 and 0.01 ml. Sterile sodium
bicarbonate solution (10%) was added (0.2 ml) to
each tube at the time of inoculation. Thus, there
were 5 tubes each inoculated with 1 ml of the first
dilution, 5 tubes each with 0.1 ml and 5 tubes with

0.01 ml.

All tubes were incubated at 360c for 5 days at
which time they were examined for turbidity, gas pro-
duction and putrid odour. The number of tubes showing
growth for each dilution of the sample was noted and
the numbers of spores in the sample estimated from the

Most Probable Number takle.
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The number of survivors was determined in duplicate
(2 tubes) at each time/temperature condition and the

data plotted graphically.
The D value was determined for each temperature.

The logarithm of the D value was then plotted

against temperature to obtain the Z wvalue.

This procedure was repeated using a number of
spore suspensions. In come cases phosphate, salt or
nitrite was omitted. The data obtained is given in

Tables T IT, and - TI1s

6. Outgrowth Studies

The aim of this phase of the test series was to
study the effect of pH, salt, and nitrite on the
probability of outgrowth of spores of PA3679 heated

in ham medium.

Pork from ham legs was mixed with pickle as
previously described in all cases using 100 gms pickle
to 400 gms meat and 0.2 gm ferric citrate/kg emulsion.
The amount of salt and nitrite in the pickle was varied

over a range of 0-4% and 0-400 pm respectively.




O

rr

r those experiments in which the effect of pH was being

udied, adjustment was made by the addition of 8% NaOH or

ct
o

(S
14% HCl as required while mixing in the Hobart mixer.
The amount of water so added was compensated for by

addition of less water in the pickle.

In all cases samples were inoculated at a level of

o

0° spores/gm with spore suspension containing about 107

—

spores/gm. This emulsion was stuffed into glass tubes
as previously described and heated 30 minutes at 118, 5%c
For each of the experimenté, about 200 tubes were used
to give 50 tubes per condition all inoculated with the
same spore suspension. The tubes were held at

30°Cc and examined visually periodically for

evidence of outgrowth. A log was kept of the number
of tubes which spoiled and the time at which spoilage
occurred. The data is contained in Table IV. Visual
evidence of spoilage was confirmed microbiologically.
Samples which did not show visual evidence of spoilage

after 300 days were found to be microbiologically sterile.
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Discussion

Thermal Destruction

D values at 121°C varied fairly substantially from
suspension to suspension. The Dl2loc value of suspension
#1 for instance was 0.9 minutes while that of suspension
#8 was 5.5 minutes. The reason for this was not clear.
When Z values, however, were calculated from the data
(Table II), they were reasonably consistent ranging from
8.6°C to 10.5°C about an average of 9.7°C. This is near

reported values of 10°c.

The D values at 115.5°C did not vary substantially
with levels of salt, nitrite or phosphate. The data is

contained in Table III.

Outgrowth Studies

Table IV contains the data obtained from the outgrowth
studies. Observation of this data shows that outgrowth
occurred according to a pattern in which there was a lag
period followed by rapid outgrowth of a certain finite
percentage of the tubes. After a period of time further
outgrowth did not occur and a percentage of the tubes

remained stable even after 150 days.




In order to display this more clearly the data has been
grouped to show the outgrowth with respect to time for
various levels of ultimate outgrowth. Table V shows the
actual numbers of remaining tubes, and Graph II shows

the percentage of remaining tubes. The curves display

a typical lag period prior to an outgrowth period. There
is then a flattening of the curve and after 100 days almost
no further spoilage occurs. The lag period was longer for
those tests in which very limited outgrowth occurred.

There was also a longer period during which growth
occurred. Thus for instance the curve representing 60-79%
remaining stable at 50 days shows a considerable rate of
spoilage up to 100 days while the 0-19% group has practically

ceased growing out at 50 days.

These data can be used to calculate the probability

of outgrowth using the equation

P. . = (Nlj - Ni + l,J)
(di - di + 1)Ni, 3

Table VI shows the definition of j, -the percent

of tubes remaining at 50 days.
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This gives the probability of outgrowth on a per-
day basis, for tubes existing at the beginning of interval i,

and which occurs before the end of the interval. N and

i,J
Ni e, are the number of surviving tubes at the beginning
of the ith interval and at the beginning of the (i + 1l)th
interval. Simarly, di and dij 4+ 1 are the number of days
from the start of the experiment to the beginning of these
two intervals. These probabilities were plotted at the
midpoints of the intervals because they apply during that
interval. This is shown in‘Graph III. It is interesting
to note that the probability increases from time zero to a
maximum at about 12-13 days regardless of the group being

considered. This probability then falls off to a near

zero level at about 150 days.




fect of pH on Outgrowth

Hh

p o

The experiment was run in blocks of four determinations.
Each determination comprised approximately 50 tubes, for a
total of, about 200 tubes per block. This was the maximum
that could be handled at one time. When preparing to
stuff the tubes, an emulsion was made up, inoculated

with the spore suspension and mixed thoroughly. It was

=
ct

then ‘divided into four approximately equal portions, and
each portion adjusted to the desired pH level. The tubes
were then stuffed and sealed as described previously and
all cooked together in the pressure vessel. In this way,
the only difference between the four determinations was in
the pH adjustment. The emulsion, spore suspension, cooking
time and temperature were the same within blocks. There-
fore, the block of four determinations could be expected

to be more consistent in response relative to each other.

The results have been plotted on the attached Graph IV
and the four determinations forming each block have been
joined by straight lines. The pattern of the response is
clearly evident from this graph. Very little spoilage
occurred at the low pH levels (i.e. below 5) and almost
complete spoilage at higher pH (i.e. above T)s Rt -Anters
mediate pH levels, the spoilage varied considerably between
tests. For example, at pH 6.0, spoilage varied from 0 to 96%

at 150 days.
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The average response was estimated in the range
from 5 to 7 pH units as follows. Six levels of pH were
selected including 5 and 7 and in steps of 0.4 pH units
between. . At each of the pH levels, a vertical line
was drawn on the graph. Where the straight lines for
each block of determination crossed, the spoilage was
read from the graph. These values were averaged and the

averages have been plotted on the graph.

Effect of Nitrite on Outgrowth

The effect of nitrite was investigated at two
levels of pH, namely 5.8 and 6.3. The experimental
design was very similar to the pH series. Within each
block of fcur determinations, the only difference was

in the amount of sodium nitrite added.

The attached Graph V shows the results. The
averages were determined from the results at 0, 100,
200 and 400 ppm of nitrite, without the necessity of

estimating from the graph.
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Effect of Salt on Outgrowth

The salt effect was investigated in the same way as
the nitrite effect. Despite the variability of the results,
the same type of response is clearly evident (see Graph VI)-
The pH had the main over-riding effect and the nitrite
and salt had smaller, but yet clear and indisputable
subsidiary effects. The effects of the three factors

appear to be additive.

Multiple Regression Analysis (pH, Salt and Nitrite)

Within practical ranges of the factors, the effects

can be considered linear. The following ranges were chosen:

Factor Range
PH 5.5 = 6.6
Nitrite 0 - 200

Salit l.5 - 3.0

The percentage spoiled at 150 days was selected for
these calculations and all results following within the
above ranges were listed. The following was the best-

fitting linear equation by the method of least squares:

¥ = =322 + 73.9(pH) - 0.115(N) - 24.7(S)

estimated percent outgrowthat 150 days

A

where y
pH = usual definition

N = nitrite in parts per million (ppM)

S = salt in percentage.
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The multiple correlation coefficient was 0.632, and
each of the regression coefficients were significant.
The standard error of estimate using the equation was

31.7%, which shows the variability of the results.

Models incorporating interaction terms were fitted
to the data because, from the graphs, there was an
indication of synergism between nitrite and PH. Models
which included this interaction, either as a multiplication
between the two factors, or as a division (nitrite/pH),
did not improve the fit, eXcept to an insignificant
degree. For example, the multiple correlation improved

to 0.633 (from 0.632).

Similar regression analysis was applied to the
spoilage at 10, 20, 50 and 100 days, and similar results
were obtained. 1In fact, an experiment lasting 50 or
100 days would yield sufficient data to draw valid

conclusions regarding spoilage.

The heavy dotted lines or Graphs IV, V and VI show the

best-fitting linear regression model.

From the equation derived one might expect a similar
increase in inhibitory effect from

a) A decrease in pH of 0.1 units (73.9 x 0.1 = 7.4)

b) An increase in nitrite of 65 ppm (0.115 x 65 = 7.5)

¢) An increase in salt of 0.3% (24.7 x 0.3 = 7.4).
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Spore Suspension #1

TABLE I

THERMAL DESTRUCTION AT VARIOUS TEMPERATURES

1210c 215,559 110°¢ L I S Rt (1
Time Log Time Log Time Log Time Log Time Log
(min.) Survivors (min.) Survivors (min.) Survivors (min.) Survivors {min.) Survivors
0 6.4 0 6.4 5.9 0 6.4 0 6.5 s 5.9
0 6.4 0 6.2 5.9 0 6.4 30 4.5 0 5.8
2 4.0 2 55 4.9 5 6.1 60 4.2 120 S5
2 4.2 2 - B 5.1 5 6.4 920 3.7 120 5.7
3 29 -3 4.5 4.4 10 6.0 120 2.7 240 4.8
3 2.7 4 k5 4.3 10 6.2 150 Eiles 240 5.0
4 P 5 - 3.4 3.5 15 5.5 “180 1.3 480 4.3
4 13 6 3:5 3¢5 39 5.7 480 4.3
8 3.5 3 20 5.2 960 243
8 2.7 3.2 20 5.0 960 €3
10 2.4 25 25 5.0 1440 .
10 2D 243 25 4.4 1440 1.3
D 0.9 2.5 2:7 12.6) 12.5 33,6 297
Log D -0.05 0.415 1.096 1.526 2.473
o= 8 a0




TABLE I
Spore Suspension#2 = L

121%¢ i 115.5% FIONC 104.4°% AR
Time Log Time Log Time Log Time Log Time Log
(min.) Survivors (min.) Survivors (min.) Survivors (min.) Survivors (min.) Survivors
0 6.4 0 6.4 0 5.9 0 6.4 0 6.7
0 5.9 0 6.0 0 59 0 6.4 0 6.7
2 6.2 5 5.7 15 5.9 80 6.2 150 6.4
2 5.7 5 5.5 x5 5.9 80 6.2 150 6.4
6 4.5 10 5.5 30 6.0 160 DA

6 5.0 10 5.4 30 5.4 160 5.5 300 6.0
: 8 St 20 5.0 45 842 240 LB 300 5.7
E 8 3.0 20 4.4 45 5.2 240 5.5 540 5.4
T 10 249 30 I 60 4.9 320 5.0 540 9.5
10 3.0 30 3.7 60 4.9 320 5.0 810 -
12 247 40 2.4 75 4.4 400 4.5 810 4.7
34 2.5 40 2.5 79 4.4 400 4.1 1290 247
14 2.4 100 3.4 480 3.4 1290 2.9
14 1.9 100 3.4 480 3.4 1470 1.8
1470 F .

D 3.0 10.9 36.4 158 285

Log D 0.477 1.037 1.561 2.200 2.455

Z = 10.3°C




Spore Suspension

Lo 121°¢
Time Log
(min.) Survivors
0 6.9
0 6.9
149 5.4
3.3 5.9
4 4.5
4 4.3
5 Sl 3.3
Do
L 8.3
e 2.2
7 2.9
10 - T §
10 2:0
D 1.9
Log D 02278

TABLE 1

l.270

[ AR U e Lo o)

_115.5% 0 5 1 -~ SRR :
Time Log Time Log Time
(min.) Survivors (min.) Survivors (min.)
0 6.9 0 6.5 0
0 6.5 0 6.5 0
5 5.5 14 6.1 80
9 5.4 14 5.9 80
10 5.1 28 5.3 170
10 4.9 28 - 170
15 4.4 42 4.5 260
33 4.5 42 4.7 260
20 2.9 56 4.2 350
20 2.9 56 4.0 350
30 2.5 70 247 440
30 2.5 70 2.7 440
40 1.3 80 2.4
40 1.8 80 2.5
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Spore Suspension #4 TABLE 1

121°¢ 115.5°¢ mn 110°¢ 104.4%
Time Log Time Log Time Log Time Log
{mineg ) . Survivors {(min.) - BuUrvivors (min.) Survivors (min.) Survivors
0 6.k 0 5.4 0 5.4 0 o LY
0 6.1 0 0.5k 0 S RET 0 5D
2 5.4 3 4.7 10 5.4 60 By
2 4.9 o 4.9 10 Da 60 DeD
4 4.4 10 4.5 20 5.4 120 5.0
" 4 4.4 10 4.7 20 ek 120 Dl
i 6 4.0 15 3.7 30 4.9 210 4.4
g 6 352 145 39 30 Bk ,210 4.7
: 8 351 20 2.9 40 4.1 270 3.8
8 i B | 20 343 40 4.4 270 3.4
10 2.5 30 A Rt 60 3.7 360 S
10 e%D 60 4.2 360 350
12 1.3 80 Fid
12 3o 80 Sl
D 2 +6 8.0 28.9 124.3
Log D 0.414 0,902 l.461 2095

2 = 9,9%




Spore Suspension #5 S

s ¥ 3 N : 115.5°C 1100¢ i 1o D o AR 100°¢
Time Log Time Log Time Log Time Log Time Log
min.) Survivors (min.) Survivors (min.) Survivors min.) Survivors (min.) Survivors
0 5.7 0 6.0 0 6.2 0 6.1 0 6.4
0 5.4 0 6.0 0 6.2 0 6.1 0 6.7
2 4.7 5 6.2 10 5.5 60 6.2 120 "
2 4.5 5 6.2 10 5.7 60 6.2 120 6.7
4 30 10 5.7 20 5.4 120 5.7 240 6.2
4 3.7 10 6.2 20 5.4 120 5.7 240 5.7
& 6 2.7 15 4.4 40 5.0 180 5.0 600 4.5
E 6 2.5 15 4.5 40 4.7 .180 4.7 600 4.4
; 8 1.7 20 3.5 50 5.1 240 3.9 1200 2.3
- 1.7 20 3.5 60 4.0 240 3.9 1200 17
30 2.5 60 3.9 300 1590 1.2
30 2.5 80 3.1 300 3.7 1590 1.3
40 80 3.5 360 2.0
360 8.7
D 2.1 Tl 27.5 92.1 271
Log D 0.322 0.858 1.439 1.965 2.433
v A TS R R S o
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Spore Suspension #6 TABLE 1
1219¢ 115.59C 11090
Time Log Time Log Time Log
(min.) Survivors (min.) Survivors (min.) Survivors
0 Die D 0 5.4 6.t 0 5.4
0 545 0 Jed D/ 0 539
6 35 5 5.4 4.8 60 4.7
6 3.6 5 5.7 Dol 60 4.3
2 235 10 5.0 Sy 120 4.0
. "9 2.5 10 5.3 S8, 120 2.9
£ 12 143 15 $:.77 .8, 180 2.4
o R ey 240 1.3
20 4.3 4.2 240 1.7
20 4.3 4.2
25 4.3 2.4
25 P A
D 2.9 .2 A 555
Log D 0.462 0.964 1.744
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Spore Suspension #7

TABLE I

1219¢ 385,57 e e & O -
Time Log Time Log Time Log
(min.) Survivors (min.) Survivors (min.) Survivors
0 4.4 0 4.6 0 4.7
0 4.1 0 4.2 45 3¢9
2 4.1 5 4.1 90 gl
2 3.9 5 3.3 135 .5
6 2.4 15 2.7
6 s P a5 1.9
10 1.0 25 L¢3
10 1.0
D 2.9 8.5 41.6
Log D 0.462 .93 1.62



ey " TABLE I
Spore Suspension #8

IRICC 115.59%¢ 110°c

Time Log Time Log Time Log

(min.) Survivors (min.) Survivors (min.) Survivors
0 5.0 0 4.9 0 5.0
0 IS 0 L. 0 4.7
2 4.7 5 L 40 4.3
2 4.3 5 4.7 40 4.3
; 5 4.0 10 4.3 80 4.3
; 9 3.5 10 4.3 80 4.2
' 9 2.5 20 3.9 120 357
20 4.2 120 3.5
30 r ) 160 v B |

30 L P2 §
D . L s & P 59,7
Log D 0.74 ; 1.34 1.776

7z = 10.5°C




TABLE II
(Summary of Table I)

THERMAL DESTRUCTION AT VARIOUS TEMPERATURES

fSQQrc Crop 3. 2 3 4 5 6 7 .
iD Values ; ;
o Ua L S SR 1.9 2.6 2.5 2.9 2.9 5-5;
115,50 | 2.6 | "10.8 7.4 8.0 e 9.2 8.5 | 12.7 |
| 1100 i 12.5 | 36.4 | 18.6 | 28.9 | 27.5 | s5.5 | 41.6 | 4N
3 103.30 | 33.6 | 158 88.8 | 124.3 | 92.1
|-+ 100% 297 285 228 : 271
%Z Values : 5) |
| (°c) (86) (10.3) | (10.2) | (9.9) | (10) (8.6) | (9.5) | (10-
i
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TABLE III

EFFECT OF NITRITE, SALT, PHOSPHATE ON
D VALUE AT 115.50C

No Nitrite , No Salt No Phosphate Water Only All Present
Time Time Time Time Time
Log N (min) Log N (min) Log N (min) Log N (min) Log N (min)

6.23 0 LT Ols Bl o .5 0 5.4 0
5.85 0 6.40 0. 8.7 0 6.04 0 5.9 0
5.74 5 rglogs 5 4.54 5 4.98 6. 8.7 5
5. 23 5 4.54 107w 5 4.98 5 A9 5
5.2 10 i e i1 ek B T AR 10 4.5 10
4.54 10  4.40 15 3.54 0 % 1 T 10
4.74 15 4.15 35+ 3.5 15 4.04 LR Ay 15
4.44 15  3.40 20 .. "a.04 18, 3.9 15 3.9 15
3.95 307 M4 20 2.54 5040 200 2.8 20
3.54 20 2.3 25 2.23 90 154 30 %3 20
2.90 257 54 25 2.40 25 5.8 e o, 30
3.04 25 2.54 30 2.7 25

2:23 30 2.54 30 2.3 30

2.40 30 1.85 30

D= 7.8 7.8 7.5 7.6 8.0

N = No. of surviving spores
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TABLE IV

OUTGROWTH WITH RESPECT TO TIME (IN DAYS)

e e e ~

Expt. D INaNO % Percentage of Tubes Remaining |
No. |115.5°%C |ppm |pH |salt | Tubes [ 5 10 | 15 ] 20 | 30 | 40 | 50 [100 [ 150 | 365
1 8.5 1150 15.8] 0 56 PR.r 7Y M i 981 98 1B 18 1 66| 451 37
150 | 5.8 | 1.5 50 < o 8 0
150 1'S.8:] 2¢6 53 99 1.850:1 .25 122 18 F 174 1% 6 0
150 | 5.8 | 4.0 52 | 100 [100 | 94 [ 94 | 94 | 94 4 | 94| 94 | 94
2 8.5 1150 15.8| O 51 §0-1 361 23X | 29 1 29 1839 b 2l a0l ol ab
150 [ 5.8 | 1.5 53 1100 ] 95| 94 1 94 | 94 | 94| 94 | 91 ] 87| 83
130 1°'5.8'F 2.6 S 1400 1298 1 854 82+ W1 Wi BT 28] 761 &7
150 { 5.8 | 4.0 55 | 100 | 96 | 96 | 96 | 96 | 96| 96 | 96| 96| 96
3 8.5 1150:15.81 © 53 | 100 | 100 [100 (100 | 98 | 98| 98 | 81| 69| 52
350 is.8t! 1.5 2011001 991 98 | 76| 68 ]| 68 ] 68 1. 34} 23 7
: 150 15.8 ] 2.6 52 | 100 | 100 [ 100 |100 [100 |100 100 | 89| 54| 23
- 150 [ 5.8 | 4.0 59 | 100 | 100 | 100 [100 [100 |100 | 100 |100 | 100 | 98
o 4 12.9 150 |5.8| O 25 | 100 | 80 | 60 53 | 40 24 0
S 150 [5.B | 1.8 A2 1200798 1 B4l B0} 7841 57 0
' 150 | 5.8 2.8 48 | 100 | 100 | 100 {100 |100 | 98| 90 | 77| 76
150 | 5.8 | 4.0 33 | 100 {100 | 100 | 100 |100 (100|100 [ 94| 79| 50
5 2.9 +180186.81 0 24 1100 |100 | 91 ]| 83| 63| 46| 46 | 20| 17
15 15.6¢1 1.5 43 | 100 | 100 [100 |{100 [100 |100 |[100 | 93| 91
150 1 5.8 1 2.6 54 | 100 |100 | 98 | 98 | 96 | 92| 83 | 43| 28
150 |'5.8.] 4.0 48 | 100 | 100 | 100 | 100 {100 [100 | 100 [ 100 | 100
6 12:9. 1150 35.81.0 47 | 100 [100 |100 | 87 | 86 | 86| 86 | 85| 84| 83
250158  1:8 57 | 100 | 100 | 100 | 100 | 100 [100 | 100 {100 | 100 | 100
350 1'S.B 4 2.6 51 | 100 | 100 | 100 {100 |100 | 100 | 100 [100| 99| 96
150 | 5.8 | 4.0 48 | 100 |[100 {100 | 100 {100 |100 | 100 | 100 | 100 | 100
7 17.5- 1350 1 6.8 10 53 0
150 | 6.5 | 1.5 53 89 0
15016.5 | 2.7 BL 11001 88 | 68 ] 89 1 471 391 36| 35] 351{ 30
150 | 6.5 | 4.0 81 1100 f100:] 74 166 | 53 | 494 49! 47| 41] 47
8 12.5 1150 1 5.5 120 53 52 0
150 1. 6.4 1 3.5 54 52 0
1501 6.4 2550 49 96 26 0
\ \XSQ \6 <A A.Q 33X \ o8 97 88 55 10 10 10 10 10 ©

—
ZABLE IV
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ZABLE IV

OUTGROWTH WITH RESPECT TO TIME (IN DAYS) (cont'd)

Expt. D NaNO4y % Percentage of Tubes Remaining |
No. 115.5°C | ppm [ pH |Salt | Tubes | 5 10 | 15 | 20 | 30 | 40 | 50 [100 [150 [365 |
9 17.5- 1150 16.4!] 0 57 0
150 | 6.4 | 1.5 56 46 0
150 | 8.4} 207 55 62 8 0
150 | 6.4 | 4.0 49 98 | 93 | 10 4 4 0
10 8.5 115016.3°'1 O 32 40 0
150°16.3 | 1.5 46 63 0
150 16.3 4 247 43 96 | 93 5 0
150 | 6.3 | 4.0 51 98 | 97 | 97 | 97 | 97 | 97 | 97 | 97 | 97 | 97
11 8:5 115016.3 |0 33 49 0
150 | 6.3 | ‘1.5 50 | 100 C
150 .f 6.3} 2.7 3% 1001885 1 37 | 34} 32 30| 29 | 29%] 29} 28
' 150 | 6.3 | 4.0 3611000 SL e L 18 ) 781 751 25} T8} 751 .78
- 12 8.5 (1% 16.3 O 40 16 0 .
e 150 16,3 | 1.5 31 | 100 | 19 0
= 150 1 6.3 | 2.7 51 98 | 94 | 89 | 85 | 82 | 80| 80 | 80| 79| 78
' 150 | 6.3 | 4.0 42 1100 90 a6 | 83| 81 | 791 79| 78} 77| 76
13 8:5 1180 16.51 0 52 0
150 F8. 5 1.5 55 0
1S0.16.5 1 2.7 48 78 | 46 | 16 4 4 4 4 4 4 3
150 | 6.5 | 4.0 46 92 183 1 88 11 3} 00 7012704 <70
14 8.5 .13%0.15.81.90 56 0. 170F 1241 0124]. 12 5 4 4 2 0
15031 5.81 1.5 50 | 100 | 69| 59| 54 | 54 | 54| 54 | 54| 44| 31
150 | 5.8 | 2.6 S0 11000 97 84 1 B21 B2 } 82} 821 731 727 67
1501 5.8 1 4.0 40 | 100 | 96| 95| 90 | 85| 85| 85| 85| 85| 85
15 105 D550 3 48 88 8 0
ST6. 1 2 43 | 100 | 100 {100 J100 | 98| 76| 67 | 56| 56| 53
100 [ 6.1 | 2 43 -1 20043004100 1100 4. 98] 984 721 63§ 61| S7
200 | 6.1 | 2 62 | 100 |100 | 94 | 87 | 69 | 60 B2 191 19
16 1.5 016.4] 2 31 54 0
50 | 6.4 | 2 36 | 100 | 38 0
100 t 6.4 | 2 39 | 100 | 60 3 3 3 3 3 0
200 | 6.5 | 2 52 | 100 | 76 4 4 0
ket s hsii B SRR ARRER SN AT .- e SERSI-




TABLE IV

OUTGROWTH WITH RESPECT TO TIME (IN DAYS) (cont'd)

Expt. D NaNdﬁ i I Percentage of Tubes Remaining
No. 115.5°C |ppm }pH |Salt | Tubes 5 R LT e T B TR 50 [100 [150 | 365_
19 17.8% ole.5] 2.6 50 Fi100) 781 8% 0| 43f 38 270 22°F 221 19
501 6.51 2.6 45 [ 200} 98| 95| 95| 95| 93| 93| 91| 91| &7
100/ 6.5| 2.6 54 | 100| 96| 96| 96| 96| 96| 96| 93| 93| a7
200l 6.5 2.6 55 | 100 78} 63| 59| 59| 59| 59| 58| s8] 52
18 17 8 ole.al 2.6 52 50 0
100/ 6.4] 2.6 36 g71. 3¢ 0
200 6.4] 2.6 38 | 100] 97| 42| 10 8 8 7 6 5 1
400 | 6.4 | 2.6 50 | 100|100]100]| 99| 98| 98| 98| 98| 98| &>
19 17:5 016.4) 2.6 55 0
Wle. st 2.6 43 73 0
100 6.4] 2.6 48 | 100 0
' 200 6.4] 2.6 50 | 100 70 0
o
o 20 17.5 61 6.51 2.6 49 62 0 ;
o 100{6.5] 2.6 49 99 0
: 200 | 6.5] 2.6 a1 99 | 25 7 0
400 | 6.5| 2.6 49 99 | 82| 13 5 2 2 2 2 2 1
21 17.5 0l6.31 2.6 41 g8 | 35 0
1001 6.6.1 2.6 45 89| s8| 20| 16 7 7 0
L I 50 981 911 54 38} 23} 201 201 201" 19} 12
400] 6.3] 2.6 53 | 100|100 100| 98| 98| 98| 96| 96| 76 0
22 8.5 o¥e.xt ds 54 98 | 72 2 0
s616.31 2.6 43 971 13 9 2 0
1001 6.3 2.6 5111001 96t 90} 786l 17V 961 761 6t 161 T3
208 | 6.3 198 83 f1001 96t 82t 92l 83t 8721 854 82l a3t 79
23 8.5 olesl 2.6 61 | 100 F100l 60 ]l 381 211 21} 201 18] 1s 0
sl a3V 478 60 | 100 | 100 0
100} 6.3} 2.6 52 | 100 | 100 | 22 0
2001 6.3 10 2.6 49 | 100 | 100 8 8 8 0
24 8.5 0631 2.6 29 Y100l Baliar l 7at 69165t 61l 88l sal a7
sat 6.3l 2:& 35 g8l 5ot 33 6 0
\ 100 \6.3 \ B K 47 K 97 \ 78 \ 74 \ 72 \ 72 \ 20ib68 1 &7 \ 661 62 \
\ \200 T 26 gi.d ealisact asbaagbosal g booas b gl oo

ZzAasrnreE IV
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OUTGROWTH WITH RESPECT TO TIME (IN DAYS)

zAsrre IV

“(contd)

Percentage of Tubes Remaining

— b ptletnh

Expt. D NaNO+ %
No. 115.5° | ppn| pH Salt | Tubes
25 8D 0}1:6.4 250 8.7
50.1 6.4 2.6 44
100 1i6:4 2.6 34
200 | 6.4 2.6 33
26 8.5 017548 2.6 52
1060:1.5.8 2.6 49
200 |2 5.8 2.6 53
4001 5.8 2.6 39
27 8.5 01 5.8 2B 47
100 | 5.8 2.6 55
200 | 5.8 2.0 46
400 | 5.8 2.6 56
28 8.5 O 155408 2.6 52
100 | 5.8 2.0 52
25,8 26 45
400 | 5.8 256 52
29 BeS Q5.8 2.6 26
100 | 5.8 2.6 44
200 1S 8 250 38
400 ] 5.8 2.6 29
30 12.9 O 1 5:8 26 33
J00.1"'5.8 2.6 40
2001 58 2.6 40
400 | 5.8 2.6 48
31 12.9 0.15,8 2.0 55
100 15,8 2.6 55
2001 5.8 2.0 51
400 5.8 2.6 45
32 1259 0 5.8 2:6 50
680 0 BRCT P 48
200 5.5 26 46
400 | 5.8 2.6 44

l
E
|

|
{
|

10| 15}f 20| 30| 40} 50100} 150 | 365

0

0

35 9 3 - 2 2 2 2 0
51 [vas'lh .38 | 38 L 381 38 1 38| 38 36
94| 88| 86| 84| 84| 84 | 81| 81| 81
92 | 63| 51| 47| 47)] 47| 47| 46 | 44
100:1 - sB - 78'F 72/ 721 72 I1b 66| 61
100 {100 | 97| 97| 97| 97| 97| 97| 97
2010 10199 9 9 8 6 6 6
100 | 100 | 98| 98 | 98| 98 | 98| 98| 96
100 | 100 | 100 | 100 | 100 | 100 (100 | 100 |100
100 | 98 98 | 98 | 98| 98 | 98| 98| 98
B2 1 671 53] 43} 40 ) 32 1-26/[ 214 19
100 | 100 | 100 | 100 {100 | 100 | 98| 97| 87
100| 98| 98| 98 | 98| 98 | 98| 98| 98
99| 98| 89| 74| 68| 64| 56| 54| 54
100 | 100 | 79 8 4 4 4 4 4
100 | 100|100 | 98 | 93| 86| 86| 86| 84
100 | 100 | 100 [ 100 [100 | 100 | 98| 97| 95
100 | 100 | 100 | 100 | 100} 99| 93| 87| 74
98 | 97| 97| 97| 97| 97| 97| 97
100 [ 100 | 100 | 99| 98| 98| 97| 95
100 | 100 | 100 | 100 } 100 | 100 | 92| 85
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 99| 98 | 98| 97 | 93| 75| 49
100 { 100 { 100 [ 100 {100 | 100 | 97| 89| 80
100 | 100 { 100 | 100 {100 | 100 | 100 | 100 | 100
100 | 100 [ 100 | 100 | 100 [ 100 | 98| 94| 91
98 | 96| 95| 94 | 92| 89 | 84 81| 78
100 | 100 | 100 | 100 | 100 | 100 | 96| 92| 88
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100




TABLE IV

OUTGROWTH WITH RESPECT TO

TIME (IN DAYS) (cont'd)

> PEeT . =

| o,

k
\
|
i

Expt. NaNo ; % Percentage of Tubes Remaining |
115.5°C | ppm Salt | Tubes [T5 T 10 ] 15| 20 | 30| 40| 50 | 100 [ 150 | 365 |
33 1501 6.3 2«56 X g 100 49 & 3 3 3 3 0
19501 1ak 2.6 33 37 0
250057 2.6 49 100 { 100 | 100 | 100 100 | 100 | 100 | 100 | 100 100
25015 ) 2.6 50 300 :1-200 1300 "} 100 11001100 1100 1100} 100 100
34 5 107 35 2.5 41 100 0
s 110 [ iy A 2.6 45 50 0
1501558 2:+:6 59 480 112001 1001 3200 1 1009 100 1 100 100'] 100 | 100
3h0 5.2 2.5 58 100 | 100 | 100 | 100 | 100 | 100 96 93 93 84
35 1501 643 2.6 42 98 83 72 61 13 7 7 7 7 7
1504 7.1 2:6 38 100 58 30 17 8 0
1505 5Ll 2.8 36 100 | 100 | 100 | 100 | 100 |.100 | 100 | 100 | 100 | 100
250 1577 2.9 X7 100 | 100 | 100 | 100 | 100 97 26 88 78 0
36 150 | 4.8 2:9 32 100 { 100 | 100 97 97 97 97 97 97 97
150~5:5 2.5 a5 97 94 92 91 86 86 86 86 86 83
150} 6.0 2:6 39 91 64 18 8 6 3 5 5 4 0
3501 6.8 2.6 32 94 33 0
37 150 | 4.9 2.6 54 100 | 100 98 98 98 98 98 28 98 98
i i 9 3 RS 2.6 50 100 | 100 | 100 | 100 | 100 | 100 | 100 99 99 96
2501651 2.6 3k 100 97 91 91 91 91 91 91 91 90
1901 742 2.6 49 0
38 250 1550 2.6 36 100 | 100 | 100 | 100 299 29 99 98 97 97
1501 5.5 2.6 39 100 97 97 97 97 97 97 97 97 96
390 6.3 2.6 E 87 9 4 0
LBO 7 2 2.6 36 0
39 £50 | /5:0 2.6 36 300t 1.00 1 300 1100 100 ]| 100} 300} 100} 100} 100
E50 5.7 2.6 46 100 97 3 69 69 69 69 69 69 69
1501642 2.6 33 ¥ 0
EB0 1 L3 246 60 0
40 15001 6.2 2.6 33 100 | 100 88 84 80 77 74 70 70 70
150 | 6.4 2.6 41 100 75 5 5 2 2 & 2 2 2
150 | 6.0 2¢O 42 100 | 100 98 o8 90 88 88 88 88 86
150 \ 5.8 \ 2.6 21 \100\100\ o5\ 95| 86| 86\ 86| 81| 76\ 67
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TABLE IV

OUTGROWTH WITH RESPECT TO TIME (IN DAYS) (cont'd)

EXpt. D aNO4 % Percentage of Tubes Remaining il
No. | 115.5° | ppm] pH | Ssalt | Tubes [ 5 10°7. 351 201 °30F 46| 50} 1001150} 365 |
41 8.5 180 16.41 2.6 56 [1001.85.] 501 461 38 | 35}{ 35| 26} 19 9
150 | 6.2 | 2.6 51 | 100 | 36 8 6 5 5 5 5 5 5
150 | 6.0 | 2.6 56. 1100 | 70} 46| 441 44 |44} 43 | 41| 38 32
150.]15.8 | 2.6 57 98 | 98 | 98 | 98 | 96| 96| 96 | 96 | 96 91
42 8:5 ' 150 6.4 1 2.6 e P10 291 33 1101 X0 o) 1D 6 5 3
150 | 6.2 | 2.6 B |00 1" 96 1. 811"} 731714 71} 69 &7 64
150 [ 6.0 | 2.6 51 | 100 |100 ({100 | 98 | 98 | 98| 98 | 98| 98 98
150 [ 5.8 | 2.6 50 |100 (100 | 94| 88| 86 | 86| 86 | 84 | 83 82
43 8:5.11% [6.41 2.6 54 |100 | 97| 90| 87| 80| 80| 80| 73| 70 54
: 150 | 6.2 | 2.6 54 P9 169 | 390 F:37 1 A3} 13 .13 7 6 1
¥ 150 [ 6.0 | 2.6 56 | 100 [100 | 99| 98| 96 | 93| 93 | 90| 85 71
o 150 [ 5.8 | 2.6 61 |100 {100 | 98| 94| 65| 57| 55| 43| 40 29
g 44 12.9.° 1150 6.4} 2.6 48 1100 [100 |100 | 98| 98 | 96 | 96 | 92| 89
: 150 | 6.2 | 2.6 48 |100 {100 [100 100 | 98 | 96| 95 | 81| 70
150 [ 6.0 | 2.6 45 1100 11000 9Y V871 71 4.72.1 71 L. 51} 51
150 | 5.8 | 2.6 50 |100 |100 |100 |100 | 98 | 98| 96 | 96 | 95
45 12.9. 1150 | 6.4 | 2.6 44 100 [ 100 | 100 | 100 [100 |100 {100 | 93| 85 58
150 $6.2°1 2.6 49 |100 | 100 | 100 | 100 |100 |100 | 100 (100 | 97 94
150 V6.0 2.6 51 | 100 | 100 | 100 | 100 | 100 |100 | 100 | 100 | 100 | 100
150 | 5.8 | 2.6 35 |100 | 100 | 100 | 100 100 |100 | 100 |[100 | 98 94
46 12.9 1150 {5.5 § 2.6 33 | 100 | 100 | 100 | 100 | 100 (100 |100 | 97 | 97 97
150 | 6.4 | 2.6 48 1100 (100 | 98| 98| 96 | 96 | 87 | 84 | 72 71
47 12.9: 1150 16.4 | 2.6 45 1100 |100| 98| 98| 98 | 98 | 98 | 98| 92 84
150 +6.2 | 2.6 42 1100 100 | 98| 93| 93 | 93| 93 | 88| 80 o
150 | 6.0 | 2.6 53 13004 971 . 901 84| B2 1 8O M| Ml 67 61
150 15,8 } 2.6 46 |100 [100 [100 (100 | 98 | 96 | 96 | 93| 86 80




TABLE V

THE NUMBER OF TUBES REMAINING AT VARIOUS INTERVALS, 1,
AND SEPARATED BY PERCENTAGE REMAINING AT 50 DAYS, j

Days from ROWS Columns, j

Start i 1 2 3 4 5 6 7 o
0 1 1422 1218 998 848 888 847 977 1339

5 2 1422 1215 996 842 868 792 928 589

10 3 1422 1211 977 799 728 496 530 0
15 4 1422 1207 943 739 562 239 54 0
20 5 1422 1201 925 684 491 171 19 0
30 6 1422 1194 @ 901 652 408 101 9 0
40 7 1422 1189 890 622 371 81 0 0
50 8 1422 1182 871 606 342 50 0 0
100 9 1394 1153 822 556 288 34 0 0
150 10 1348 1106 792 526 268 28 0 0

TABLE VI

DEFINITION OF j, THE PERCENTAGE
OF TUBES REMAINING AT 50 DAYS

Definition

100% remaining at 50 days from start

95-99% remaining at 50 days from start

80-94% remaining at 50 days from start

60-79% remaining at 50 days from start

20-59% remaining at 50 days from start

0-19% remaining at 50 days from start (but
one more remaining at 40 days

7 None left at 15 to 40 days from start (but
one more remaining at 10 days)

8 None left at 5 to 10 days from start

onbwNhE M

- 1256 -




GRAPH I

16

Fh VALUES IN OIL AND WATER
iy FOR VARIOUS TURE
DIAMETERS

14

124 0il—p ¢— Water

10 4 Fh = 37.9 a2
1l + 0.427 a2

FA (min) -

k = 0.0105

81 for 2.54 em height of meat

LGCT -

23.5 a2 (a = D/2)
l + 0.427 a<

Fh

k = 0.162

for 2.54 cm height of meat

£

. L) ) i | ! ' !
0.508 0.016 1.524 2.032 2.540 3.048 3.556 4,064 4,572

Tube Diameter (cm)




Percent Tubes Remaining

100

80

60

40

20

GRAPH II

PERCENT REMAINING TUBES
(Separated According to the
Percentage Remaining at 50 Days)

100% remaining at 50 days

4
95-99% remaining a >
50 days

80-95% remaining sy
at 50 days

60—79%M

50 days

-g e 332

20-59% remaining at 50 days
"4

0-19% remain%?g at 50 days

|_—7skep 01

|} ¥ T 1 | L) i 1
50 100 150

Keeping Time (days)



Probability of Decay

none left SRAPH 311

atdS‘lo PROBABILITY OF DECAY
s PER DAY PER TUBE
(Separated by Percentage
Remaining at 50 Days
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DIAGRAM I

SET=-UP FOR MEASURING HEAT PENETRATION
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DIAGRAM II

THERMAL DEATH TIME APPARATUS
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