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ABSTRACT 

Heat destruction characteristics of the nonnal micro flora on potatoes 
and of BuciUUJ subtillU var. niger spores deposited on potatoes were 
detennincd durin& heatina in an air oven at 175 C. These results were 
compared to the heat destruction characteristics of B. subtiliJ var. niger 
deposited in metal cups heated at several temperatures in the same 
oven. The reaulta of thla atudy Indicate that; (a) B. subtilb var. ni1er 
spores In tin cups have a 0(150 C) of 0.92 min. and a z-value of 21.8 C, 
(b) B. subtilis var. nlju apore1 on potato surfaces arc more resistant to 
dry-heat destruction than when they are on metal surfa~es, and (c) the 
nonnal microoraanisrns on potatoes are less heat resistant than B. 
subtllU spores on potato surfaces. Results of this study sulliest that the 
nonnal flora of a potato arc not eliminated durin& bakin& an~ ~at a 
spore population Inoculated by chance onto a potato also will likely 
survive the bakina process. 

Recent environmental microbiological studies indicate 
that microbial spores under optimum humidity or 
moisture conditions are very difficult to inactivate. What 
is the :iignificance of these findings in the food processing 
or food preparation area? What are the destruction rates 
of spores on a food product that is prepared by heating in 
a dry heat environment? Are the spores on the skin of a 
potato that is prepared by baking in a hot air oven 
destroyed by the heat treatment? If large numbers of 
pathogenic microorganisms were accidently deposited on 
potatoes that were subsequently baked and consumed, 
would these organisms constitute a hazard? This study 
was carried out to obtain data that would make it 
possible to reach some conclusions regar_ding the 
sporicidal effect of a dry heat treatment applied to the 
surface of a potato or organic material containing 
considerable amounts of water that will diffuse to the 
surface and evaporate during the heating process. Since 
many individuals avidly consume the potato skin along 
with the flesh of the potato, it seemed desirable to 
determine the microbial destruction on the surface of the 
potato during the baking process. 

Sterilization is the complete removal or killing of all 
microbial life. It is common practice to divide heat 

sterilization into "wet-heat" and "dry-heat." In wet-heat 
sterilization processes, water in the liquid state is present 
in the system. In dey-heat sterilization processes, the 
quantity of water is not zero, but the substrate is not wet. 
Unless heroic measures are employed there will always be 
some moisture present regardless of the system or item. 
Therefore, dry-heat sterilization is a heat process in 
which the quantity of water in the system ranges from a 
relative humidity value near Oo/o to near 100% or 
saturation. (Saturation, or 100% RH, is the condition 
necessary for ~et-heat sterilization.) 

The dry-heat death rate of a microorganism or a spore 
is related to the amount of water in the cell. It is also a 
function of the heating system. Microorganisms on the 
surface of a potato heated in an air oven is an "open 
system." If heating is carried out in an open system (8) 
the quantity of water in the cell or spore depends upon 
environmental factors such as (a) the initial water content 
of the microorganism or spore, (b) the type and density of 
the microbial or spore population, (c) the nature and 
relative humidity of the gaseous environment in contact 
with the microorganism, (d) the length of the heating 
period, and (e) the cleanliness of the deposit (7). . 

Angelotti et al. W studied the effect of spore mots~re 
content on the dry-heat resistance of a spore population 
and found that maximum dry-heat resistance Oargest 
D-value) occurred at a water activity <aw> of 0.2 to 0.4. 
The D-value decreased at 8w levels below 0.2 or above 
0.4. 

Previous investigations in this laboratory (10) utilizing 
the planchet-boat-hotplate dry heat test method s~ow~ 
that the time required to produce a specific reduction m 
the number of surviving organisms varied with relative 
humidity. At 90 C, the time for a two-log reduction in the 
number of survivors was 53 hat 1.5% RH, 300 h at 15% 
RH, 190 hat 35% RH, 65 hat SS%RH, and 8.5 hat 75% 
RH. (RH values at 90 C.) 

Similar conclusions were reached in studies to 
determine the effect of conditioning and treatment 
humidities on the dry-heat resistance of a spore 
population (1). Reducing the humidity level of either the 
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conditioning or treatment processes lowered the D-value 
of Bacillu3 subtiJis var. niger spores on stainless steel 
surfaces. The suggestion was made that objects to be 
dry-heat sterilized should be conditioned in a low 
humidity environment to reduce the dry-heat process 
requirements. 

The objectives of this study were (a) to determine the 
destruction characteristics of microorganisms on the 
surface of noniooculated heated and unheated potatoes 
and (b) to compare the dry heat destruction character
istics of B. subtili.s var. niger spores deposited on metal 
surfaces with the results obtained when similar spores 
were deposited on potato surfaces, the latter were heated 
under conditions of time and temperature similar to 
those necessary to bake potatoes in a hot air oven as is 
done in the American home in preparing the food item 
"baked potatoes." 

MATERIALS AND METHODS 

HNtlfll S)lst•m 

A Lab-Une Series 3810A "Reach In" High Temperature Oven with 
forced air 4:ir4:ulation and a Partlow Temperature Control model 
RFC-15 wu used throughout the heating study. The oven temperature 
4:0ntrol was act at 175 C but the temperature Ou4:tuated between 173 
and 175 C during the potato heating studies. A temperature of 175 C 
(347 F) wu 4:hoten arbitrarily as behig withl.n the ranp of temperatures 
commonly used for preparing homcbakcd potatoes (4). The oven was 
operated at temperatures of 125, 140, 1SS, and 175 C In tho atudles to 
determine the heat destruction 4:haractcri.stlca of B. subtiJU v•r n/ier 
1pores In tin 4:Upt. 

TempenU~U• m.uuremmt· 

The upcrim~tal tempcraturel utilized during the heating atudles 
were aenscd by 4:opper-4:0nstantan therm04:ouples. A system of five 
4:opper-4:onstantan therm04:ouples was used to monitor the actual oven 
temperature v.on. the enernal potato aurfacc temperature (E.Sn, 
Internal temperature of the potato an. and the temperature of the tin 
4:Up (lTC). lq potato heating experlmeoll the AOT, EST, and IT were 
re4:ordcd ever} minute. In the ti11 cup heating experiments AOT and 
TIC wore recorded every 6 ac4:. 

The AOT was measured using two thcrm04:ouples. These two 
therm04:oupl01 were aoldored directly onto wires 4:onoccted to the raclts 
1.n the oven. One was l04:ated above and the other below the test 
11mplca. 

Therm04:ouplca measured tho EST and IT of a representative potato 
during each heating uperimtnt. Tho IT mouuring thcrm04:ouplo was 
placed Into a hole made by a 20-gaup hypodermic needle encoding 
half·way through the potato. The EST thern104:ouplc was prepared by 
removina 5 lnchca of loaulatlon at tho termlnal cod of the thorm04:ouplo 
wire. An insulated Solderleu Butt Conncqor model NJ57J02 (Vaso 
Products, Iw:., Chic:aao,IU.) wu positioned on the separated strands of 
wire before the ends were soldered together. The two separated strands 
were then shaped i.nto a circle and the bare wire ends were soldered 
together against a flat surface. At time of usc tho circular wire was 
placed around the perimeter of the potato and the Solderleu Butt 
Connector wu moved down to the potato surface to keep the wire taut 
around tho potato and the therm04:ouplo in contact with the potato 
aurfacc. ·• 

To develop an EST and IT temperature curve for an average potato 
during a routine heating experiment, the temperatures of claht 
potatoea were monitored for their individual EST and IT during 
heating at 175 C AOT. Individual heating curves for each of the eight 
potatoes were 4:0nstructcd . Temperature values for the eight potatoes at 
each respective time point were averaged and the values plotted to yield 
a curve representative of the time-temperature rooditioo on the potato 
aurface during the bakl.na procCSJ. 

Tu measure the TIC during heatln11, a tin cup was soldered to the 

internal flat bottom surface of a Thermal Death Time (fDT) Can and a 
thermocouple soldered within the well to the cup bonom. The 
thermocouple was constructed with long. durable extension "'ires that 
made it possible to remove the TDT unit measuring TIC from the oven 
along with the test TDT unit without interrupting temperature 
measurement. 

Sporu 

B. ~ubtilu var. niger (University of Minnesota Environmental 
Microbiolo8)' Laboratory code AAEF> was used in all spore survival 
experiments. The spores were grown in our laboratory from spores 
supplied by the Communicable Disease Center Field Station. Phoenix, 
Arizona. The spores were grown in Synthetic Sporulation Medium 10 
(5) in mechanically shaken flasks at 32 C for 48 h. The spore population 
was washed, transferred to sterile screw cap test tubes, and stored In 
distilled water at approximately 4 C. The spore suspension titer was 
1.1 x 10' spores per mi. 

Spon carrier test surfaces 

B. subtilis var. niger spores were deposited on two types of spore 
carriers; (a) skin of washed potatoes, and (b) sterile tin-plated cups 
(11 mm dia., 8.5 mm deep). AU in04:ulation and rc4:ovcry pr04:cdures 
were performed 1.n a Cla.u 100 lami.nar downflow clean room operating 
at 22 C and SO'Vo relative humidity. The operational regimen offered 
minimal opportunities for co!_!tamination. 

Washinll of potatoes by in.sonation before deposition of spores 

Potatoes used In spore survival cxpcrimcnll were clca11ed using 
lnsooation. Each potato was transferred to a sterile 600-ml Pyrex 
be alter; 200 ml of sterile phosphate (pH 7 .2) plating buffer (SPB), wu 
added to the beaker and the beaker containing the potato placed in tho 
ultrasonic tank. Following lnsonatloo for 2 min, the potato was 
removed from the beaker and aseptically hand·rubbcd while a 50-ml 
SPB rinse was pou,red over the surfa.cc. Washed potatoes were placed 
on sterile staiolc~ steel trays and allowed to equilibrate overnight In tht 
clean room before the spore deposition was made. Washed potatoes 
were titered for uro time normal flora population numbers. 

Spore recovery 

A Sooogco-A ultrasonic tank (Branson Instruments, Inc., Stamford, 
Coon.) operati.ng at a frequency of 25 KHz/sec was used to remove tho 
spor4:1 from the test surfaces. The position of tho Pyrex container 
holding either the potato or the tin cup was adjusted so that the level of 
buffer In the contai.ncr was the same as the level of fluid 1.n tho tank. 
The aqueous taolt fluid contained O.J'Vo by volume of Tween 80. 

Potatou 

Red River Grade "B" potatoes purchased from a local distributor 
(Kruger, Inc., St. Paul, MN) were used in these studies. All potatoes 
were from the same crop and had undergone similar harvesting and 
storage pr04:educcs before acquisition. The potatoes were amallln size; 
the diameters ranged from 4 to S em. Potatoes were stored in a 
walk-in refrigerator held at 4 C (Lab-Line Envlrooeers, Inc ., Melrose 
Park, Ill .) Potatoes were handled aseptically under all circumstances 
using sterile rubber gloves so as not to contaminate the surface of 
washed, unwashed, heated, or unheated potatoes . 

Deposition of spores 

Each spore deposit, regardless of test surface, was made using an 
Eppendorf Push Button Pipet (Brinkman losuuments, Westbury, NY) 
having a delivery capacity of 20 lo'i· 

A test tube of spores was removed from the 4-C refrigerator and 
agitated using a vortex mixer for 15 sec to insure a uniform suspension. 
Between depositions the suspension was agitated to prevent the spores 
from settling. The spores were aseptically transferred from the test tube 
to the test surface using the Eppcndorf pipette. Before starting, the 
Eppendorfwas rapidly filled and emptied a few times to prevent bubble 
funnation in the 20·t<l tip . In tests involving the tin-plated cup\. the 
20-!'i spore suspension was delivered directly into the well of the cup. In 
potato 5tudics the spore deposition was made on a relatively flat area 
of potato. Following spore deposition , both potatoes and cups were 
equilibrated In the cle.tn room at 22 C and 50% relative humidity for 18 
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to 24 h. Durlna this period a stalDJess steel tray was pi~ over the 
Inoculated surfacca to protect tho surface from tho direct air cunents in 
the clean room. 

Poralo lulinl pro1T'Qm 

All potatoes involved In a single test were placed on the oven rack at 
the start of the nperiment. The zero time samples were transferred to 
5terile, foil-covered, 600-ml Pyrex beakers and refrigerated at 4 C 
awaiting spore recovery. At the end of each heating time the oven doors 
were opened and two potatoes On one nperiment three potatoes were 
removed at each sampllug time) were aseptically withdrawn, 
transferred to lie rile, foil-covered , 600-ml Pyrex beakers, and 
refrigerated at 4 C. 

Handling and spore recovery procedures for normal flora experiments 
were identical with those used lD luoculatod potato experiments. 
Aseptic precautions were followed lD handlina aU of the potatoes. 
Potatoes utlliz.cd for obtaining tho normal flora thermal resistance 
pattern and those for spore-luoculatcd thermal resistance patterns were 
never heated toaothor. 

In all analysca, 200 ml of SPB was added to tho 600-mJ beaker 
containing the potato. This volume was enough to fully immerse the 
potato durina the 2-min lnsonation period . Aliquots of this rinse fluid 
were plated. 

Procedures used to recover the nonnal flora of the potato sklu were 
identical to procedures used to recover oraanlsms from the lDocul&ted 
potatoes. 

H•ati"' 1poru in tin CUpl 

After 18 to 24 h of dryina tlmo the luoculated tin cup were placed lD 
sterile thermal death time (fDTI cans (61 mm lD diameter x 9 mm lD 
depth) with removable lids. Two tin cups lD a TIYf can constituted a 
TOT unit. An 18-lnch rubber-tipped crucible ton11 was used to wert 
the TOT unit into and remove it from the oven. Using the tonjS. the lid 
was removed from tho can after it had been inserted Into tho oven. 
Since heatina times were short, TOT units were heated individually. 

The TOT unit was rapidly placed lD the oven and the lid was · 
removed. The oven doors were closed and remained shut for the alotcd 
heatina time and were reopened immediately upon completion of the 
hcatlnj period. The lid was replaced and the TDT unit was removed 
from the oven with the 18-inch crucible tongs. 

Each time tho oven doon wore opened at the end of a heatlna limo, 
there was a concommitant depression lD tho AOT. The oven was 
allowed to rc-equUibrata to tho test temperature before atartlna the 
nut heatinjlntorYal. ' 

Spore rccovory boaan bnmedlately upon tho completion of tho 
heatina treatments. TOT units were opened and the individual cups 
were transferred to sterile 125-ml Erlenmeyer flasks uslDa sterile 
forceps. A volume of 100 ml of SPB was added to the 125-ml 
Erlenmeyer flull. contalnlDa a tin cup. Tbo flask wu suspended lp tho 
center of the ultrasonic tank for insonation. Each cup stood upright lD 
its buffer (bottom side down) during tho 2-mln sonication treatment. 

P14lini pnxedWY 

All recovery procedures for spores on potatoes and in TOT units were 
carried out in the clean room. Trypticau Soy agar (I'SA, BBL) was used 
as the recovery modlum. SPB was used In all experimental dilutions. 
Dilution blanks consisted of 100 ml of SPB. For each sample the 
appropriate 0 .1, 1.0, or 10-ml aliquot of the SPB suspending buffer 
was platod lD duplicate. When 10.0-ml allquoa were plated, 1.5 
strength TSA was usod. Plata were incubated at 32 C for 48 hand then 
counted. 

Trcatmml of dtJla 

The equivalent heatina time (U) assumlDs lostant heatina and 
coolint waa detennincd (9) so a semilogarithmic survivor curve 
Oogarithm of the number of survivon vs . U) could be plotted and the 
D-walue determined. 

The D-value (time for a 90% reduction In the microbial population) 
for each heatinJ experiment was calculated as the ne11ative reciprocal of 
the slope of the rearcssion line of the semiloaarithmic survivor curve. 
The aurvivor data for unheated controls I:N 1 ) were not used In the 

D-value determination. Tbe zero time lDtercept of the regrcaslon line 
(Y 0 ) was calculated . TheY 1 and N0 were used to calculate the Intercept 
ratio: 

IR = logY 0/log N0 

The z-value was determined an a1)1ically by a leut squares regression 
analysis of the lo~arithm of the D-values u a function of temperature. 
The z-value is the deirccs of temperature change necessary to produce 
a 10-fold change In the 0-value. 

RESULTS 

Heat resistance of spores in metal cups. 

The time-temperature data for the thermal death time 
cups in open cans were plotted on semilogarithmic paper 
according to the method of BaU (2). Straight line heat 
penetration curves were obtained at aU temperatures. 
The average fit-value was 1.06 min, the average j-value 
was 1.7. 

The D and IR-value data for spores heated in cups are 
listed in Table 1. 

TABLE l. HetJl resisltJIJfe of Bacillus subtillis var. niger spores in 
tin plated cups heared in an air oven 

Temperature (CI D· V a.Jue (m!JI) lntan:ept ratio• 

125 14.1 1.07 
125 10.3 1.05 
140 2.9 1.00 
155 0 .656 0.96 
175 0 .065 0.79 
175 0.048 0.79 
175 0 .077 0.76 

alnrercepl Rario IJR}- Log Y 0/Log N0 

The D-value data in Table 1 were fitted to the Bigelow 
thermal death time curve model and the z-value was 
found to be 21.8 C; the 9So/o confidence limits were 19.9 
and 24.0 C. The 0(150 C) value was found to be 
0.92 min. 

The data in Table 1 show a consistent decrease in the 
intercept ratio with increasing temperatures. At 125 C the 
survivor curves were concave downward, however, at 
175 C the survivor curves were concave upward . 

Heat resistance of microorganisms on potato surfaces 
Typical arithmetic temperature curves for potatoes 

heated in the hot air oven are shown in Fig. 1. The oven 
temperature varied cyclically over a 2-C range. The 
potato surface temperature also fluctuated 2 to 3 C. The 
AOT decreased rapidly when the oven doo~ were opened 
to remove potatoes. 

The nonnal flora population values of unheated 
potatoes are listed in Table 2 and are approximately 101 

CFU per potato. "Larger" potatoes did not exhibit 
higher microflora counts compared to "smaller" 
potatoes. Washed potato surfaces yielded fewer recover· 
able organisms compared to unwashed potato surfaces. 

The numbers of aerobic microorganisms recovered 
from non-inoculated potatoes heated in a 175 C oven are 
shown in Table 3; both the heating time (total time in the 
oven) and the equivalent minutes are shown. A graph of 
the log of the numbers of survivors as a function of 



DESTRUCTION OF SPORES BY HEAT 611 

no ~--·--- . ~ - - -··--- ------------ -----··----l 
: I I 
1 I 

1\C; • o,t.J' ...,..,..._-,~ I 

- ' / ·, • 
~ I ( i j I~ I 

II 

I . . 
i 

I 

: Q ().tn Air h:mp. 
· • h1trn.l Sutf.ct Jrmp. 
! '!" lnUrrwl f ~d~ J~m~. 
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air oven atl75 C 

TABLE 2. lterobic microjloiTI recovered from uninocu/Qted and 
unlaeat.d potato surfuces 

U nwaslaed potatoes 
1 
2 
3 

W asla.d potatou 
4 
s 

2.5 X 10' 
3.69 X 101 

7.85 X 107 

3.16 X 107 

45x JQ1 

TABLE 3. Aerobic microfloru recovered from uninocu/Qted potatoes 
heated at/75 C 

HealiD1 lime U 
Ill 1711 c 0- . Equlval•t miD 

11111111 at 1110 C 

0 0 
5 0.01 
10 0.()4 
20 0.26 
30 0.90 

Pupulalioa oumbera (CFU /potato)• 

A 

3.7 X 10' 
6 .0x J01 
4.2 X 101 
3.6X 10' 
3.0 x to• 

B 

7.8 X J01 

4.6 X 1()1 
1.2 X 107 

9.7 )( 101 

1Each value, colony-jorminll units JHr potato. is the loll av•rull• of 
dupUcatl samplu. 

clock-heating time (tnstead of equivalent minutes) is 
shown in Fig. 2. 

The data in Table 3 were subjected to a semilogarithmic 
curve analysis Oogarithm of number of survivors vs. 
equivalent heating time) and the D- and IR- values 
determined. In experiment A the D(lSO C)-value was 
0.40 min, IR was 0.89; in experiment B the D(lSO C)
value was 0.53 min,IR was 0.97. 

The number of B. subtilis var. niger spores recovered 
from inoculated potatoes heated in the air oven at 175 C 
are shown in Table 4. A graph of the logarithm of the 
number of survivors as a function of heating time is 
shown in Fig. 3. The data indicate that at least for the 
first 60 min of heating the logarithm of the population 
decreased with heating time. It must be kept in mind 
that in Fig. 2 and 3 are shown clock-heating time and not 
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Figure 2. Semilogarithmic survivor curve for normal flora recovered 
from potatoes heated at 175 C. 

equivalent-time. 
The data in Table4 were subjected to a semilogarithmic 

survivor curve analysis and the D- and IR-values 
determined. The results are shown in Table S. The 
average D(lSO C)-value, considering only the data for up 
to 60 min of heating, was 5.6 min. 

TABLE 4. Bacillus subtilis var. niger spores recovered from potatoes 
heated at/75 C 

Heatinrlimo u Populatioo oumb<tn (CFU/pot&~)a 
lol75Co....., Equlvalmt mlo 
(min) at 150 C A B c 

0 0 3.1 X IOl 5.5 X 107 2.1 )( 107 

10 0.04 2.0 X 101 1.8 X 101 1.0 X 10' 
25 0.50 8 .1 X 1()4 J.2 X 107 3.4 X 10' 
45 3.33 3.2 X 10' 2 .3 X 10' 4.6 X 101 

60 7.53 1.6 X 1()4 3.5 X 1()4 4 .6 X 10' 
70 11 .20 1.1 X 1()4 
80 16.80 1.8 X 1()4 
90 25.10 1.0 X 1(}' 

aResult.s for experimenl.l A and B are the log averages of duplicau 
samples; for experiment C the log averages of triplicate samples. 

DISCUSSION 

Results of this study indicate that similar populations 
of B. subtilis var. niger spores on tin-plate and potato 
surfaces tested under dry heat conditions have different 
survivor rates. The D(150 C)-value was of the order of 
5.6 min (considering 60 min of heating) for the spores on 
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Figure 3. Semi/ogarithmic survivor curve for Bacillus subtilis var. 
niger spo~s recovered from potatoes heated at 175 C. 

TABLE 5. Heat ruistance of Bacillus subtilis var. niger sporu on 
potatoes heated in an air oven at 175 ca 

Anal)'lb hued oo An&ly.U bued OD 

Heating time tol.&l heatlni time 60· min heatin1 lime 
In 115 C OWD D!IOC) IR 0(150 C) IR 

Exptrim.,t (min) (min) (min) 

A 90 6.1 0.96 7.8 0.95 
B 80 5.0 0 .89 2.8 0.95 
c 60 6.1 0.91 

1•5.6 

•n,·o regrenion analyses were made in two of the experiments, the .first 
with thft datu up to and including 60 minutls of heating and the other 
using all the data. 

the potatoes compared to a calculated 0(150 C) value of 
0.92 min. for the B. subtilis spores on a metal surface. 

The nonnal microflora on potatoes decreasoo more 
rapidly than B. subtilis var. niger spores which were 
deposited on potato surfaces. The 0(150 C)-values of the 
nonnal microflora of the potato'was found to be 0.40 to 
0.53 min. The average D(l50 C)-value for B. subtilis var. 
niger spores on potatoes was 5.6 min, based on 60 min of 
heating (fable 5). 

The 0-value for the B . .subtilis var. niger spores on 
potatoes was about 10 times greater than the D-value of 
the normal potato microflora. The D-values for the B. 
subtilis var. niger spores on the potato surface were 
about five times greater than for the B. subtilis var. niger 

spores on tin-plate surfaces . 
The results of the comparison of 0-value• indicate that 

a potato surface was a much more hospitable 
environment for spores during a dry-heat treatment 
than was a tin-plate surface. The nature of the two 
surfaces was very different, one being a hard metallic 
surface, the other a rough porous organic surface. 
Undoubtedly, the characteristics of the surface have an 
effect on the spore survival rate; however, there are other 
major differences in these environments. The tin-plate 
surface was in water vapor equilibrium with the atmos
phere in the air oven. In contrast, the spores on the sur
face of the potato can be assumed to be continuously at a 
higher vapor pressure than the atmosphere in the air oven 
since water will be continuously diffusing from the pota
to. The potato can be assumed to be surrounded by a thin 
film of gas that has a high relative humidity. The humi
dity in this film was produced by the moisture diffusing 
from the potato to the air in the oven. 

Heating of the tin-vlate surface to the temperature of 
the air in the oven wa.s- rapid and uneventful. In contrast, 
heating of the potato in the oven was slow and extremely 
complex. The rate of heat transfer from the air in the 
oven to the potato was relatively low because of the low 
surface film heat transfer coefficient. Since the potato 
has a relatively high heat capacity and also loses water 
through evaporation during the heating period, the rate 
of heat gain of. the potato was relatively low. During the 
baking process the surface of the potato on which the 
microflora was located was actively involved in the heat 
transfer and moisture transfer processes and at the same 
time underwent a major change in water content as the 
baking process proceeded. 

At the start of the baking process, the water content of 
this outside skin of the potato and probably the 
microorganisms on the surface of the potato were in 
equilibrium with a relative humidity of about 85% at 
ambient temperature conditions. At the end of a 60-min 
baking period, it was probable that the relative humidity 
below the surface of the potato was still about 8So/o. 
During the baking period, the outside layers of cells of 
the potato will have been reduced in moisture content 
and at the same time will have become increasingly 
impervious to the diffusion of water vapor from the 
potato. During this period the microorganisms on the 
potato surface were enclosed by a ft.lm fanned by the 
water vapor that was diffusing from the potato to the air 
in the oven. The authors believe that the water diffusing 
from the potato surfaces effectively raises the ambient 
relative humidity around the spores on the surface of the 
potato, which in turn alters the amount of water inside 
the spore, which in turn greatly changes the D-value of 
the spore population . 

Only bacterial spores will survive moderate dry heat 
treatments. Therefore, we can assume that the cells of 
pathogens such as Salmonella, Shigella, and Staph
/ococcus, if located on the surface of a potato, should be 
destroyed during baking. 

Perkins (6) reports dry heat kill times for spores of a 
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number of pathogenic organisms, including Clostridium 
botulinum, Clostridium tetani, Clo.stridium pe.-jringens, 
as well as B. subtilis. The B. subtili.s spores were more 
resistant than any of the above-mentioned spores. 

We found a D(lSO C)-value of 5.6 min for B. subtili.s . 
var. niger spores on potato surfaces during baking for 
60 min at 175 C. If we assume, based on the data of 
Perkins (6), that B. subtili.s spores have two times the dry 
heat resistance of spores of C. botulinum and C. 
peifringens, then the D(150 C) for spores of C. botulinum 
and C. perfringem would be on the order of 2.5 to 3 min 
on potato surtaces. This suggests that for 60 min of 
heating at 175 C there would be about a 3-log reduction 
of spores of pathogenic organisms on a potato surface. 

These results indicate that under certain conditions it 
may be possible that viable spores or pathogenic 
microorganisms are being ingested when baked potato 
skins are eaten. However, there is no epidemiological 
evidence that eating potato skins is hazardous. 

CONCLUSIONS 

The conclusions that can be drawn from this series of 
studies are: (a) The D-value of microorganisms present 
on the surface of a potato during the baking process will 
probably be an order of magnitude less than that of 
organisms on a metal surface. (b) The dry heat treatment 
received by the surface of a potato during baking at 
175 C will not destroy all of the dry heat resistant spores 
on this surface. 
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