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The combined effect o f  cooking and storing temperatures on the quantities o f  aerobic bacteria in cooked sausage

S .R A H K O N E N 1’ and S .K A IT A L A 2’

Departments o f  ‘’M eat Technology and 2)Lim nology, University o f  Helsinki, SF-00710 H E L S IN K I, Finland

S U M M A R Y

A  ’plate type’ temperature gradient incubator (G radiplateR, Biodata Ltd., Helsinki) was used to expose raw sausage mat*- 

to 81 different combinations o f cooking (9  levels in the range o f 54-69'C) and cold storage temperatures (9 levels in the ra* 

o f 1-1 l ’C ) according to a 92 factorial design. The numbers o f  naturally-present aerobic, coliform  and lactic acid bacteria in1' 

sausage material were determined after these two sequential incubations. The bacterial counts were plotted against the 

corresponding cooking and cold storage temperatures to give 3-dimensional ’maps’ . Furthermore a six-order polynomial 

was fitted to the experimental data.

In general low  bacterial counts corresponded with high cooking temperatures and low  storage temperatures, but the o^e<i 

pattern o f growth was not readily predictable. Therefore the 3-dimensional maps can be used as a m odel to predict the 

probable numbers o f  bacteria in cooked and cold stored sausages. W ith the help o f  a polynomial model the combined effe£l 

cooking and cold storage temperatures on quantities o f  coliform  and lactic acid bacteria was discovered.

This temperature mapping study also confirms that avoidance o f postcookery recontamination provides the method o f ^  

for improving the m icrobiological quality o f  cooked sausages.

IN T R O D U C T IO N

In food m icrobiology much effort has been directed at defining limiting values for bacterial growth. W ith few  exceptions

Cl. botulinum influence o f  single factors, such as temperature, NaCl, pH, a* on the growth o f organisms have been studiod.'

predictive food m icrobiology knowledge o f combinations o f  these factors and their growth limiting values need to be stud,e
, ||

Two-dimensional gradient plates have been used for examining simultaneous and interactive effects o f  two chemical vafl 

on m icrobial growth (W IN P E N N Y  et al. 1984, M cC L U R E  et al. 1986, M cC L U R E  et al. 1987). This work presents a two- 

dimensional procedure in which food  is used as bacterial habitat for detecting interactive effects o f  heat process and cold 

storage temperatures.

M A T E R IA L S  A N D  M E T H O D S

A  plate type temperature gradient incubator (G radiplateR, Biodata Ltd., Helsinki) was used to expose raw sausage mate(1 

different combinations o f cooking and cold storage temperatures. A  cuvette with 9x9 separated wells was made to fit the 

temperature gradient incubator.

Samples o f  raw grill sausage material were collected from  the stuffing equipment o f  a Finnish meat plant. The 81 wellsi 

cuvette were able to take 0.5 grams o f raw sausage material each. The sterile cuvette was covered with a tight glass lid t0 

both drying and contaminations o f the sample material.

A fte r  filling the cuvette was first incubated 30 minutes in the range 54-69°C simulating sausage cooking. Then it was tiw

through an angle o f  90 degrees. The incubation was continued for 14 days in the cold range (1-11°C). Thus each o f  the 8l

got a different temperature combination. The incubations took place under aerobic conditions. The gradient temperatuf6*

checked with a calibrated data logger (G rant Squirrel SQ 1203, Grant Instruments Ltd., Cam bridge) with K  type therm01 

placed in the sausage material.

J

The naturally-present aerobic, coliform  and lactic acid bacteria in raw sausage material were enumerated with agar dip

(O rion  Diagnostica Ltd., Espoo). A fte r  14 days cold incubation 81 sausage cubics were aseptically picked up from  the 

homogenized and diluted in buffered peptone water (M erck ). The agar dip slides were inoculated by dipping them int°
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• Aerobic bacteria }

on Rogosa-agar, pH  5,5 (Dentocult L B ) anaerobically 20°C 5 days. The logarithmic bacterial counts

1 0 . ___ __
were cultivated on APC -agar (Hygicult T P C ), 20°C 72 h, coliforms on VRB-agar (Hygicult E ), 37°C 24 h, 

d lactic acid bacteria i

^  P otted against the corresponding cooking and cold storage temperatures. 

v XPer'ment was carried out according to 92 factorial design (B O X  et al. 1956). Cooking and cold storage temperatures 

^ ^ 0t  ̂ *n ^ levels and their all possible combinations were tested. Because both variables affected independently and

p § nally in the experiment, their combined as well as their straight effects on bacterial counts could be discovered.

* ia l  models were used to describe the mathematical relationship between the detected bacterial counts and cooking
and cold

ge temperatures. U p  to sixth-order polynomials were fitted to the experimental data and the regression

tS Were determined. The normal probability plot o f  standardized regression coefficients was used to evaluate the 
exPerimentai e

rror as w ell as to find out the real effects o f  coefficients. In the plot nonsignificant coefficients lay on a straight 

gnificant fall o ff  (B O X  et al. 1978). Statistical analysis were combuted with P C -M A T L A B  3.5a (1989).

^ Ü ^ n d d i s o j ^
al low bacterial counts corresponded with high cooking temperatures and low storage temperatures, but the overall 

Pattern o f growth
was not readily predictable. The maps o f aerobic bacterial counts (Figs la  and lb )  revealed unexpectedly

inte;

Predi,

numbers o f ha
bacteria in 4 independent samples, which formed a kind o f isolate. In general the aerobic map was difficult to 

rPret» because o f

ict the
numerous ’small growth peeks’ (F ig  la ), which interfered polynomial curve fittings, but we failed to

Fit,
rsolate, too.

lgtircs lc
(c40 n sb °w  the corresponding maps o f coliforms and lactic acid bacteria. Even with the mildest combination

L + hoq)
Co quantity o f  lactic acid bacteria did not exceed the limit lxlO6 efu/g, which was set for heavy growth. In

Prison  with 1
^  actlc acid bacteria coliforms seemed to tolerate slightly higher temperatures and/or were able to grow faster

lhis met' lurn under aerobic conditions. W hile recontamination o f sausage samples after cooking was prohibited in
exPerimentaj n

procedure, the numbers o f  all examined bacteria were after 14 days cold storage still near or below  thedet.
6cti°n  level 5x l ry , u

r  cIu/g when cooking temperature was 69°C (Tab le 1).

Table i • Ex;
and lactic '°® ar' tbmic numbers o f  aerobic bacteria (A P C ), coliform  (C O L I)

c acid bacteria (L A B ) detected in sausage samples during the experiment.

L O G  N U M B E R  O F  B A C T E R IA / g  
A P C  C O L I L A B
7.87 4.80 7.72
4.20 <2.0 <2.0
6.40 4.80 3.78
<4.7 <4.7 <4.7
8.00 8.00 6.00

after
after CQ} m $ (69°C) 
after Co^ n g  (54°C )

after c°°k !ng [ s j g  * coId storage (1 °C ) 
c°ld  storage (11°C)

^  temPeratUre ch
accorn; eck-ups showed that the gradient temperatures differed +/-0.6°C from  the theoretical values calculated

aiIl8 to N IE M E L Ä
Figur et al. (1990). It also took 15 minutes before the set cooking temperatures were stabilized.

<a reveals th
c°e ffient e normal probability p lot o f  regression coefficients calculated from  the coliform  data. The most important

ts Were C, C2 S
eftect nf ’ ’ L  S, respectively (C  =  cooking temperature, S = cold storage temperature, C *S = lst degree combined

UI L  and SI i
(j-8024 11 CaSC c°ft^orms lb e goodness o f  fit o f  polynomial model was R 2 = 0.8753. W ith lactic acid bacteria

0'UieiisiOna| ft*eved with a m odel containing coefficients C, C*S, S, C2, C2*S (F ig. 2b). Figures 3a and 3b show the two- 

QQ^q j j^ ^ ut niaps o f optimum responses after model fittings.

Plate type’ x
Perature gradient incubator can be used to examine the combined effect o f  food processing and cold storage
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Figure 1. 3-dimensional maps. Logarithmic bacterial counts are plotted against corresponding cooking temper** 
(C-axis, 54-69°C) and cold storage temperatures (S-axis, 1-11°C).

a. Aerobic bacteria c. Coliform  bacteria
b. Aerobic bacteria, focused on areas o f heavy growth d. Lactic acid bacteria

(original log numbers reduced by 6)

Standardized effects 

a. calculated from  the coliform  data

temf

Figure 2. The normal probability plots o f  regression coefficients.

C  = cooking temperature 
S = cold storage temperature 
C * S = combined effect o f  C  and S
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Cold storage temperature Co]d storage temperature

temPeratures. Gener
' method -rL neral trends and interestinS abnormalities in thermal responses o f  bacteria in food can be discovered by this 

* * he uSe 0£ ,
] PreservatiVe om«genous food itself as a culture medium offers for example the possibility o f  testing efficacy o f  food

ph is method environments versus various heat treaments and cold storage temperatures over relatively w ide ranges.

aiU°Utit of jab Und t0gether Wlth Response Surface M ethology formulating the data into contour maps minimizes the overall 

Besid at0r^ work t0 construct a predictive model.

ch°ice fQ r . Perature mapping study confirms that avoidance o f postcookery recontamination provides the method o f 

ng the m icrobiological quality o f cooked sausages.
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