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Introduction

In recent years, applisnce manufacturers have developed
many small appliances to meet the ever—changing needs of the
American consumer. One such zppliance is the slow cooker. Slow
cookers are small appliances which cook food, often a main dish,
at low temperritures over a perioed of several hours.

The slow cooker benefits the homemzker who works outside
the home and wishes to serve a neal with minimal last-minute
preparstion. The full time homemaker may also use the slow cooker
to utilize less tender, more economical cuts of meat, and to
simmer soups and stews slowly to develop flavor.

A concern when cooking at low temperatures is reaching a
sufficient temperazture to destroy any organisms that might lead
to a food-borne illness.

One food that might be prepared in a slow cooker is chicken.
Poultry is frenuently incriminated in outbreaks of food~borne illness.
Domestic poultry are probably the largest source of Salmonellae

in animals.(2,6) Salmonells tyvhimurium is the most freauent

agent of food-borne illness in nan.(4)

The effect of ingredients in the recipe on the survival of
microorganisms should also be considered. Unlike most microbes,
which generally show inhibited growth in an acid medium, Salmonell~
typhimurium may become more virulent.(7,8) This could be a cause
for concern when prevaring a dish that combines- chicken with
tomato sauce in a slow cooker.

The purpose of this reszerch was to study the survival of

Salmonells tvohimurium in frech whole roasting chickens cooked

in a slow cooker in water and in tomato sauce. Orfe criteria for
this study wns to simulate food prevarmtion nrocedures commonly
used in the home. Therefore, special procedures were kept to

2 minimum.



Review of the Literature

Concern a2bout microbiological hazerds arises when cooking at
low temperatures is discusced. Because of this,'several studies
have been done to test the microbiological safety of slow cookers.

Ritter, O'Le~ry and Langlois studied the fale of several
pathogens in foods prepared in a slou cooker;(ll) Several foods,
including chicken caccintore (prepared with frying chicken pieces),
were inoculated with a culture of orzanisms that was comnosed of

Clogstridiun perfrinecens, Stanhvlococcus =ureus, Salmonella
5 b 3 b

cholerne-suig, and Salmonella trnhimurium. The food items were

nrepared from recipes found in the instruction manuals accompanying
the slow cookers, and cooked for the minimum recommended time.
At the end of the cooking time samnles were taken. A variety
of selective mediae were used to identify and enumernte recovered

T '

organisms. To Staphylococcus aureus or Salmonellae were detected,

and there was indication that only the snore form of Clogtridium

perfrinrens was present in the cooked food.
B el

TIn research on the survival of Clogtridiuvm perfringens in

rump roasts cooked in an electric oven or in a slow cooker,
Sundberg and Carlin found that the slow cooker was as effective as
an electric oven in reducing vegetative and spore counts of the
organism.(13) Rump roasts were inoculated with a culture of

Clostridium perfringens and stored at 5.60C (42°F) for 16 hours.

Samples were taken before cooking. The roasts were cooked on
the low setting of the slow cooker for ten hours, in an electric
oven set at 107°C (225°F) for nine hours, and in an electric oven
set at 177°C (350°F) to an internal temperature of 77°C (171°F).
In another study comparing oven cooking to"éooking in a
slow cookexy pnlate counts from meat loaves and whole broiler-fryer
chickens cooked in 2 slow ccoker were lower then from those
cooked in a conventional oven.(10) ‘owever, drip loss was
higher, and palatability, tenderness, and genernl desirability
were lower for the slow cooked foods.
Brackett and Marth studied the heating patterns of slow

cookers.(3) Heating patterns at four locations in the cookers



were measured in starch gel, becf stew, boked benns, and ment

loaf. The patterns were then compared with the growth zone of

Clostridium nerfringens =nd gt anhylococcus AUreus. It was found

that in the slow cookers tested, none of the food was in the

growth range for these organisms longer than two hours, provided

that the cooker was not overloaded.

Bayne, Garib-1ldi, and Lineweaver studied the heat resistance

of 3almonellre in chiclken mest. (1) Portions of ground chicken

pectoral ruscle were inoculated with = known number of gplmonella

9almonella aenftenbers.

tyohimurium ~nd Sal The s-mples were held

2t temperatures ranging from 55°C (1319%7)

for various time intervals
h tube were

to 75 (167°F). After cooling, the contents of enc
mixed with an enrichment and then transferred
galmonelln tynhimurium was destroyed by

medium, incubated,

tc selective medine.
five minutes holding time at 60°c (140°F). The snvestigators concluded
that the heat resistrnce of the Salmonellne wWas not apnreciably

zltered by the chicken.




Materials and Methods

Slow Cookers

%, v - - 0
The two slow cookers used in this study were Rival model

#3154. This model has 2 removable four

(recommended cooking canacity ¥ ausrte), gless lid, and a wran

The wrap around heating unit is renorted

aguart stoneware liner

around heating unit.

by the manufacturer to facilitate even hest distribution by

heating from the sides rather than concentrating heat at the

bottom. (12) The temperature settings of the slow cookers are

h . .
high and low which the manufrcturer reports to be 149°C (3000F)

end 94°C (ZGOOF) regnectively.

For nurposes of this study two 1.7
ooker, one 4.5 cm from the center, and

e 1) The lids were

cm diameter holes were

drilled in the 1id of esch ©
cm from the center. (Figur

the other T.D
Ath rubber stopners could

modified so that thermo
r to monitor the

meters fitted v

be inserted in orde surface and internal temperatures

of the chicken without 1ifting the 1id of the cookers.

Culture

s of gnlmonella tyrhimurivn were meintained

-ith weekly trensfer.

Stock culture

on Tryvptic soy (T—soy) ager clants 1

Cultures were DPrepare

from a 24 hour culture in T-
incuabting overnigh
ing a Klettl Summerson

d for inoculation by transferring inoculum

coy broth to 2 50 ml
t at 37°C and adjusting to

sidearm flask of

sterile T-soy broth,
ity of 90 Klett units us
At this point the culture contained
weter to a

an optical dens
Photoelectric Colorimeter.

1 % 107 orgenisms/ml. This w2S ailuted in sterile
109 orgrnisms/ml. From this dilution 2.5 ml

concentration of 1 ¥
soy broth for inoculation.

were transferred 1o 5 ml of T-

@

Chicken With l/ater

e

ng chickens veighing approximately
red in

Fresh whole roasti
ged at 2 local
nt. The neck and giblet

d with tap

3.5 lbs. were purch? supermarket and sto
the refrigerator overnig ¢ were removed

and discarded. The chiclkens were rinse

water, patted




910w cooker with

openings in lid.

thermometers

¢

vositioned through
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dry with paper towels, and weighed. The chickens for this set of

ten samples ranged in weight from 1362 grams to 1596 grams with

an averszgce weight of 1496 grams. After weighing, the chickens

were placed in the slow cooker. Approximately two ml of the
inoculum were transferred to the cavity of the chicken and

spresd with a glass sprezder. The remainder of the inocunlum was
the outer surface of the chicken., One hundred and

spread over
fifty ml of tap water were added, being cereful not to rinse the

chickens. A sample of the tap water was taken for pH determination.
The 1lid w-g placed on the cooker and thermometers were nositioned

s0 that the bulb of one wes inserted into the breast of the

chiéken, and the bulb of the other was in contact with the surface
of the chicken. The cookers were then turned to the low temperature

setting and the chickens were conked for six. hours.

A

Chicken With Tomzto Sauce

The chickens were prepared and inoculated &s described above.
The ten chickens for this set of samples ranged in weight from
1313 grams to 1591 grams with an average weight of 1470 grams.

The tomato sauce Was

can of tomato paste with 150 ml t

sauce was token for PH determinatione.

distributed o
were positioned as before,

prepared by mixing a six oz. (170 gm)
ap water. A sample of the
The tomato sauce was
ver the surface of the chicken. Thermometers
and the chickens were cooked 25

described above.

Sampling Method

At the end of the cooking period smmples were tzken from
and leg with a swab moistened with

curface, cavity,
r-‘}igella (SS) {‘Lgar.

the breas
and plated on Salmonella S}

sterile T-coy broth,
boted at 37°C for 48 hours. ,

The samnles were incu
en cooked with wnter, and

of broth from the chick
ce from the surface, as well as broth samples

sauce were collected to determine

Samples
samples of tomato sau

from the chicken cooked in tomato

PH.



Survival Time

In order to determine the survivzl time of the Salmonella
typhimurium on the chickens cooked in the slow cookers, the
following tests were performed. The chickens were prepared and
inoculated as described above and three were cooked with water and
One tnermometer was positioned to

The other

three with tomato sauce.

messure the internal temperature of the chicken.

opening in the cooker 1id wes closed with a rubber stonner.

At intervals of 5°C the rubber stoprer was removed and s=mples

from the surfece of the chicken (taken with 2 sweb moistened in

sterile T—coy broth) were taken and plated on S5 agar. These

" 0
samnles were incubated for 48 hours at 37°C.




Results

The temperature in the slow cookers increased sterdily.
The time-temperature relationships in the chickens-in the slow
cookers are shown in Figures two and three. The United States
Department of Agriculture recommends that food not he held between
159C (60°F) and 520C (125°T) for more than two or three hours.

The temperature of the chickens was in this zone for 2} hours.

Chicken Cooked With Water

The initial pH of the wster rsnged from 6.80 to T.45 with
an averagze pH of 7.09. The pll of the broth became lower during
the cooking process to an average pH of 6.42. The temperatures
in the slow cookers were sufficient to destroy the orgrnism. 1o

Salmonells typhimurium were detected at the end of the caoking

period. (Table 1)

Chicken Cooked Yith Tomato Sauce

The pH of the tomato sauce increased slightly during the
cooking process. The average initial oH of the s~uce wes 4.30.
The final pH of the sauce on the surface of the chicken averapged
4.64, and that of the broth in the bottom of the cooker averaged
4.76. There was no evidence of the organism in the samples from

the cooked chicken. (Table 2)

Survival Time

The organisms were destroyed more rapidly in the chicken
cooked with tomato sauce than in the chicken cooled with water.
There were no Seslmonellae detected in the chicken cooked with
tomato sauce by the time the internal temperrture of the chicken
had reached 49°C (120°r). The Salmonellae were destroyed in the
chicken cooked in water by the time an internal temperature of
52°C (136°F) wns re-ched.

The death point of the orgnrnism in the broth appears to be
lower than that of the organism on the sur{ace of the chicken. In
both cooking media the organisms were destroyed in the broth by the

time an internal temperature of 400C (1049F) was resched in the chicken.



Temperature [°C ]

85

80

75

70

65

60

55

50

45

40

35

30

25

20

15

10

FIGURE 2: TIME - TEMPERATURE
RELATIONSHIPS of CHICKEN COOKED
in SLOW COOKER A

internal temperature
of chicken

— ——-Surface temperature
of chicken

| | ] 1 |

2 3 4 5 6

Cooking Time [Hours)



Temperature [°C)

85

80

75

70

65

60

55

50

45

40

35

30

FIGURE 3: TIME-TEMPERATURE
RELATIONSHIPS of CHICKEN COOKED

in SLOW COOKER B

—iNternal temperature
of chicken

— — —Surface temperature
of chicken

10

Cooking Time [Hours]



11

ps30933(Q swsTueda0 Oil¢
g Io300) MOLSy
y I8300D MOLEq
L4
= 8l 84 05 9 G o8t €
= 13 08 o9 ¢l Tott 4
- 84 3 0" 9 Gyl 2Lt g
- S 84 01" 9 G4 o€sT \
= 8 64 §6*9 €g8*9 Pt g
- €8 A4S 05°9 689 zgel v
- 9 Gl ¢e'9 039 €AST g
- 08 9L 62'9 02'9 BST v
- 94 ¥ 059 059 Gest 74
e 13 083 011" 9 c6° CLAT v
Y % yroxd o=l =I) mmc.dumv
wsTUBSIO amreI2dwa] smareIadnal JO ud Jo gd ua3oTud
sorymg TBUTL TBUNI TeT3Tul  3° qydtey I8500D

Jo TeATAME TrUISFUT TRUTS

J————
gL ououLes JO Teatams a4y 1 sTq%eL

+ yo7%EM UFTH PAYOOD susoTy




12

g JI93C0) MO[ S
<
4@@&000&0ﬂmﬂ

= 94 €4 o't 09'% £'h gont g
- 18 : g 0l GG°q €14 a7 v
= 08 64 G9'q S8 % GZ* 1667 g
- 29 02 08 65y SA €ict v
- Gl 84 03°# 084 Wk 1661 g
= 08 18 08'h Gy St q Sl v
- G 94 (OVAE IS A A S0%1 g
- 08 8L 1 BRTA St w SrAR v
- 94 84 L't 094 0.4 864t !
¢ 08 6 01°'¢  65'x ol n 0651 v
Do Do yaoxg soneg aoneg AW¢duwv
wsTuedI amiyezadua], axmjexedusy, o0 pd Jo ud Jo pd usoTyD
JO TeATAING |TBUISIUI TBUTY 0BJIG TEBUTJ TEUTL TRBUTS TeT3TUI  JO juiloy X9300D

A

117

*5Oomes 030} YITM DPOXYOOD SUSHOTYD UT UNTJINU TUdA} BLLoUGu[T©S JO TBATAINS 8yl :Z S[qRL



. _ 13
Discussion ‘

Many factors may affect the‘survival of microorganisms in
foods., Among these factors are heat, moisture, the pH of the
food, microbial load, and any protective properties of the food.
In this study, heat and pH were the main faclors being
measured, but the importance of other factors was recognized.
The United States Department of Agriculture states that:
"Iolding of foods for several hours in an automatic oven vprior

to cooking is not safe if the food is in the temmerature zone

of 67° %o 125°F for more then 2 or 3 hours." (12) "The chickens were

in this zone for 2% hours. This would allow the number of

organisms to incrense, however, by the time the conking vrocess

The heat of the slow
cooker wag sufficient to destroy the orgenisms oresent.

was complete, no Salmonell=e were detected.

Moisture may have played an import-nt role in the destruction

of the orgsnism in this study. Moigt heat is more effective
g

in destroying microorgrenisms than dry heat becsuse it facilitates
protein cosngulation. (9) This is significant vhen

one considers
that the

clow cooker is a closed system, and virtually no
moisture

The

is lost during the cooking process.

effect of pH on the growth and virulence of HSalmonellae

is the topic of several studies. 1In one study, Salmonellae were

found to grow at a pH of 4.05. (5) However, this was in a

closely controlled environment, and the investigators recognized

t+hat these results may not apply to the growih of Salmonellae
in food products.

Tdziak and Suvanmongkol (7) studied the effect of pH on the

virulence of Salmonells tynhimurium. They found that under

controlled conditions the organism became more

zcid medium.

virulent in an
ldzisk, along with Crossley, (&) @id further

studies to zee if this effect occurred in food items. The

results of that study led the authors to state that the virulence
of Salmonells tvyohirmurium may vary from food to food. They

concluded that " o« « o the possibility mey also exist that the

ingestion of the one food could result in salmomellosis, whereas

ingestion of the other, containing the same number of organisms,
would not."
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