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REZUMAT. Tehnologia obstacol constă în utilizarea, în acelaşi timp, de mai mulţi factori pentru a îmbunătăţi 

caracteristicile senzoriale ale unui produs şi pentru a obţine un produs sigur. Obstacolele cele mai frecvente sunt pH-

ul, temperatura, activitatea apei şi conservanţii. Această tehnologie a fost aplicată la un cârnat de tip Bologna prin 

reducerea pH-ului, extinderea tratamentului termic şi reducerea cantităţii de nitrit utilizată. Rezultatele au 

demonstrat că metoda este utilă pentru a reduce cantitatea de nitrit rezidual şi contaminarea chimică cu nitrit. 
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ABSTRACT. Hurdle technology is consisting in using in the same time several factors to improve the sensorial 

characteristics of a product and to obtain a safe product. The most common hurdles are pH, temperature, water 

activity and preservatives. This technology was applied to a bologna type sausage by lowering the pH, by extending the 

heat treatment and by reducing the amount of nitrite used. The results showed that this method is useful to reduce the 

amount of residual nitrite and the chemical contamination with nitrite. 
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1. INTRODUCTION 
 

Hurdle technology, known as combined methods, 

combined processes, combined conservation, etc., 

originated in 1978 is the intended use of several 

factors that have the role of conservation, 

improvement of product sensory and nutritional 

properties of products. Over time the effect of this 

technology was better understood and its use 

expanded (LEISTNER and GORRIS, 1994). The 

most important Hurdle factors used are temperature 

(high or low), water activity (aw), acidity (pH), 

redox potential (Eh), preservatives (nitrite, sulphite, 

etc.) and competitive microorganisms (lactic bacteria).  

 
Fig 1. Combination of Hurdle factors  

(Source: Heinz and HAUTZINGER, 2007) 

To reduce the amount of nitrite were used as Hurdle 

factors pH and temperature. 

The list is much larger, Leistner saying that it 

includes more than 60 factors, and certainly is not 

yet complete (LEISTNER, 2000). These factors 

alone might not have the desired effect on the 

microorganisms but can be very effective in 

combination (Figure 1). 

 

2. MATERIALS AND METHODS 
 

In this purpose were performed experimental 

simulations on a bologna type sausage (pork parizer) 

presented in Table 1.  
 

Table 1. Composition of experimental simulations and 

heat treatments 

Raw Materials 
Sample 1, Heat 

Treatment A 

Sample 2, 

Heat 

Treatment B 

Pork (shoulder), kg 60 60 

Bacon, kg 12.5 12,5 

Black pepper, kg 0.2 0,2 

Salt mixture (0.5% 

nitrite), kg 
2 - 

Salt mixture 

(0.25% nitrite), kg 
- 2 

Polyphosphate, kg 0.2 0,2 

Cold water, kg 25 23 

Lactic acid, kg - 0,125 

Isolated soy 

protein, kg 
- 2 



 

The product was manufactured in the laboratory 

of Hungarian Meat Research Institute in Budapest. 

Instead of casings, the packages used were metal 

cans (l=66 mm, d=54 mm) and the weight of the 

product filled in each can was 120 g. The 

manufacturing process was as follows: the post rigor 

lean pork leg (kept for 3 days in refrigerator after 

slaughter) and the backfat were minced and 

homogenized with the rest of ingredients and the 

tap-water in a molinett apparatus Moulinex 

masterchef. The mix was kept 4 hours at 2-4°C in a 

dark room. The heat treatments were then performed 

in a water bath.  

As raw material we used pork shoulder with pH 

5.8. It was intended to lower meat pH value between 

5.50 and 5.65 and the value obtained after addition 

of lactic acid and cold storage for 4 hours was 5.57. 

Applied heat treatments can be found in Table 2. 

Samples were evaluated during 42 days. Evaluation 

intervals were: day 10, day 20, day 30, day 37 and 

day 42. Sensory evaluation of colour was performed 

by a trained panel using a hedonic preference scale 

from 1 to 9. (1 = dislike extremely and 9 = like 

extremely). Each time was made also determination 

of total number of germs (Compact Dry TC method) 

and colour measurements (CIE L * a * b * method). 

After 1, 6, 10, 15 and 42 days from manufacturing 

was determined the residual nitrite content 

(Hungarian Standard MSZ 6905-81) (1981). Sample 

2 was evaluated at 49 days and 56 days and on day 

44 for sample 1, respectively on day 58 for sample 2 

was determined  the number of coliforms (Compact 

Dry CF method). 

 

Table 2. Heat treatment parameters 
 

Heat 

treatment 

Maximum core 

temperature 

attained during 

heating 

External 

temperature 

Reference 

temperature 
Z-value 

F-value in 

min 

Total  time of heat 

treatment (including 

the cooling phase) 

A 74°C 76°C 70°C 10°C 37.9 55 minutes 

B 89,5°C 90°C 70°C 10°C 4532 107 minutes 

 

*The cooling phase (with tap-water) has also been included in the calculation of F – value. For the sake of comparability, the 

F-value of the severe heat treatment has been also given for the reference temperature of 70°C. In this case F
121

10 = 0.036 min.  

 

3. RESULTS AND DISCUSSIONS 
 

As shown in Figure 2, the sensory 

characteristics of the two samples have depreciated 

along the interval. At the beginning, they were 

quite close but at the end of the range sample 2 

remained much higher. At the end of 42 days for 

sample 1 was most impaired taste, followed closely 

by the smell. The color was fairly constant in the 

first 30 days but then declined sharply according to 

panelists. The texture was fairly constant 

throughout the interval. Sample 2 was assessed up 

to 56 days because after 42 days its sensory 

characteristics were still appreciated by the 

consumers. The nine panelists felt that the colour of 

sample 2 was the one who depreciated the most. 

In Figure 3 it can be seen the stability in time 

of sensory characteristics of the two samples. 

Color measurement showed an increase of 

brightness of the two samples over the interval. 

Sample 1 had higher values compared with sample 

2 (Figure 4). Colour component a* decreased over 

the interval but the difference was small between 

the first and last day. Sample 1 was slightly higher 

than sample 2. In case of colour component b* has 

not been significant changes. Its average value 

decreased by the end of the range but the 

difference was small. 

Residual nitrite content of the two samples is 

found in Table 3.  

 

Table 3. Residual nitrite content of samples 1 and 2 in different intervals of the manufacturing 
 

Sample 1 day 5 days 10 days 15 days 42 days 

Sample 1 76 mg/1000g 73 mg/1000g 72 mg/1000g 69 mg/1000g 52 mg/1000g 

Sample 2 19 mg/1000g 17 mg/1000g 16 mg/1000g 14 mg/1000g 11 mg/100g 

 
Total number of germ evolution for the two 

samples are found in Figure 5. After 42 days for 

sample 1 and 56 days for sample 2, the value of 

this microbiological parameter was higher than 

10
5
 cfu / g. According to this, the shelf life was 

considered to be 40 days for sample 1 and 54 days 

for sample 2. After 44 days for sample 1 and 58 

days for sample 2 it was determined the number of 

coliform bacteria but they were absent in both 

cases. 



 

  

 

  

  

  
 

Figure 2. Comparative analysis of sensory attributes for samples 1 and 2 during the evaluation 

 

          
 

Figure 3. Stability in time of sensory characteristics



 

      
 

 
 

Figure 4. Evaluation of colour components 

 

 

      
 

Figure 5. Total number of germs 

 

 



 

  

4. CONCLUSIONS 
 

Hurdle technology is an efficient method to 

ensure a safe product for consumption. Combination 

of Hurdle factors is not universal for all meat 

products. For each type of product are specific 

factors. Even it was investigated water activity it 

could not be used as a Hurdle for the bologna type 

sausage because it wasn’t possible to be reduced to 

the needed level to inhibit harmful microorganism. 

For example for coliform bacteria this level is 0,95 

but the sensory characteristics of the product do not 

allow to decrease it to this value. 

Combining decreasing of pH with prolonged heat 

treatment yielded a product for that was possible to 

reduce half of the amount of nitrite, without 

affecting the sensory qualities. By applying this 

combination has been extended the shelf life of the 

product by 14 days. By determination of residual 

nitrite has been observed that its consuming rate is 

always above 30%. Not all nitrite is consumed 

during processing and by reducing the amount of 

nitrite added to the mixture of curing and the 

residual amount of nitrite is also reduced. 

The color and flavor was almost the same in case 

of both tests. Prolonged heat treatment and pH 

decreasing resulted in providing to the product the 

conservation and antimicrobial action of nitrite and 

it’s reducing with 50% is possible. Of course, for 

each product type, tests should be made because the 

minimum amount of nitrite necessary is different. 
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