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Microbial food-poisoning is on the increase worldwide 
(Todd, 1989; Richmond-Report, 1990); therefore, new con- 
cepts for safety assurance are much sought after. In Europe 
at present, four concepts are under investigation: 1. Hurdle- 
Technology, 2. Good Manufacturing Practice, 3. HACCP- 
Concept, 4. Predictive Microbiology. 

Concepts for Safety Assurance 
The Hurdle-Technology has been introduced by our labo- 

ratory (Leistner, 1978, 1985, 1987, 1992), and it proved in 
particular useful in the optimization of traditional foods as 
well as in the design of novel foods. A better defined and ef- 
fectively monitored Good Manufacturing Practice (GMP) is 
needed. For meat and meat products, a new edition of the 
“Richtwerte der Fleischtechnologie” (Wirth, Leistner und 
Rodel, 1990) meets this demand, because it expresses 
‘sausage making in numbers’ and recommends reliable 
portable instruments to monitor guidelines. The HACCP- 
Concept is increasingly applied in meat processing plants. 
Furthermore, German meat processors are now interested 
in clean-room concepts (Leistner, 1991) in order to avoid Lis- 
teria recontamination of heated meats during slicing and 
packaging. Predictive Microbiology is a promising concept 
for computer-based safety evaluation of the guidelines for 
meat processing used in Hurdle-Technology as well as in 
the HACCP-Concept (Leistner, 1990). Relevant work is done 
in particular in Britain and Japan, and computer-programs 
for Predictive Microbiology should become commercially 
available within the EEC in 1994. At present, in the frame of 
the FLAIR-PROGRAMME of the European Communities, two 
Concerted Actions are carried out on Hurdle-Technology, 
HACCP-Concept and Predictive Microbiology with the par- 
ticipation of about 50 laboratories in 14 European countries. 

From the different concepts for safety assurance, an 
overall strategy should now be derived, which hopefully will 
be applicable in enterprises large and small in industrialized 
countries and possibly in developing countries too. 

Linkage of Hurdle-Technology with HACCP 
A linkage between Hurdle-Technology and the HACCP- 

Concept was achieved last year as a result of a grant given 
to our laboratory by the medical corps of the German army. 
For army provisions, we developed meat products with 
fresh-product-characteristics (no canned meats or long- 
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ripened sausages), which are tasty, stable and safe for at 
least six days at 30°C. Refrigeration should not be required, 
because these rations will be used during military exer- 
cises. Since large and small enterprises must be able to 
manufacture rations for the army, we had to spell out the 
processes in detail. After optimization of the products by 
Hurdle-Technology, the suggested processes were exactly 
described using the HACCP-Concept. In the manufacturing 
plants, no microbiological tests have to be carried out; how- 
ever, the temperature, time, pH and a, have to be measured 
and controlled on-line. For the latter purpose, an apparatus 
for a, measurement was needed which gives reliable data in 
10-15 min., and we used therefore the a,-Kryometer de- 
veloped in our laboratory (Rodel, Scheuer and Wagner, 1989). 

Since it could be of general interest to know more about 
the meat products with fresh-product-characteristics and 
storable without refrigeration which have been suggested 
by our laboratory for army provisions, they are described 
subsequently in more detail. 

Storable Meats with Fresh-Product 
Characteristics 

At the beginning of the project, we asked German meat 
processors to name meat products of their usual production 
which have fresh-product characteristics, but need no re- 
frigeration. These products should taste like they were just 
bought in a delicatessen shop but should keep tasty, stable 
and safe for at least six days at 30°C. Twenty-four manu- 
facturers responded to our request and named 100 meat 
products of their assortments. We bought 10 samples of 
each of these products for sensory and microbiological 
analysis. After incubation, only 75 of the 100 items exam- 
ined proved stable and safe. These products were now 
scrutinized for their physical, chemical, microbiological and 
technological characteristics. On this basis, we were able 
to distinguish 8 categories among the 75 products, with a 
stability and safety based on different principles of Hurdle- 
Technology. 

Now we reproduced the stable products under pilot-plant 
conditions and challenged them with spoilage and food- 
poisoning organisms. These products again were incubated 
for 10 days at 30°C. If they proved not stable in the inocula- 
tion tests, we modified them by Hurdle-Technology. After 
tasty, stable and safe meat products, representing the 8 
stability groups, were achieved, we produced them accord- 
ing to the developed processes in a medium-size meat pro- 
cessing plant, because they had to be reproducible under 
practical conditions. The final step was to describe the 
process exactly, using the HACCP-Concept, for 11 items, 
for which the technology was not sufficiently known to our 
processors. 

As a result of our study, the following meat products with 
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fresh-product characteristics and storable without refriger- 
ation were suggested by Hechelmann et al. (1991) as army 
provisions: Quick-ripened salami, mini-salami, bruhwurst 
and liver sausage as F-SSP, dried bruhwurst (especially 
repasteurized) as a,-SSP, brawns as pH-SSP, different 
bruhwurst items (weiner, bockwurst, fleischwurst, fleisch- 
kase, fleischkase in scheiben and even uncured rost- 
bratwurst) as Combi-SSP as well as autoclaved bruhwurst 
with favorable heat penetration in sealed aluminum foil. The 
manufacturing processes of these meats were published by 
the German army (BMVg FBWM 91-11), and thus are gen- 
erally available. 

I f  the mentioned meat products, which are based on 
Hurdle-Technology, are processed according to our recom- 
mendations using the HACCP-Concept, then they are sta- 
ble and safe for a week even without refrigeration. 

Foods of Developing Countries 
Experiments made in recent years suggest that Hurdle- 

Technology is also very well applicable in developing coun- 
tries for a better understanding and possible improvement 
of traditional foods. 

In an extensive study over five years, conducted in 10 
South American countries and supported by Spain, in total 
266 traditional food products, comprising fruits, vegetables, 
cereals as well as products based on milk, fish and meat 
were described, which are stable and safe without refriger- 
ation. First it was thought that these food items were all in- 
termediate-moisture foods; however, it was elucidated that 
many of them are produced by the empiric application of 
Hurdle-Technology, because their a, could be as high as 
0.97. Of these foods, the characteristics, technology as well 
as the physical and chemical data have been described in 
an impressive “lnventario,” which also contains colored pic- 
tures and the price of these food items (Anguilera et al., 
1990). The results of this study were presented last year at 
the IFTmeet ing in Dallas, and I was asked by the 
IberoAmerican colleagues to give an introductory paper 
(Leistner, 1992) at the relevant symposium. 

Another example for the application of Hurdle-Technol- 
ogy is a study conducted last year together with a visiting 
scientist from India in our laboratory. The goal was to stabi- 
lize Paneer which is a common food item in the northern 
parts of India based on milk, and which is consumed with a 
tomato sauce containing spices. Without refrigeration, Pa- 
neer spoils within 2 days especially at 30°C, a temperature 
often prevalent in India. We were able to develop a tasty 
Combi-SSP of Paneer, which remains stable and safe for 
several weeks, by using the following combination of hur- 
dles: a, 0.97 - F 0.8 - pH 5.0 or a, 0.96 - F 0.4 - pH 5.0 
(Rao, Dresel and Leistner, 1992). 

At present, together with a visiting scientist from Taiwan 
we are studying the Chinese Lup Cheong, a raw but not-fer- 
mented sausage, which should keep stable and safe with- 
out refrigeration. The Taiwanese variety of Lup Cheong is 
quite soft and therefore has a relatively high a, (0.94). In 
such a product, lactic acid bacteria could develop and spoil 
the sausage, because a sour taste in meats is not tolerated 
by the Chinese. Furthermore, in such products Stapbylo- 
coccus aureus may proliferate and cause food-poisoning. 

By the addition of 3.5% sodium lactate and 0.1% sodium 
acetate, a tasty Lup Cheong was achieved, in which lactic 
acid bacteria as well as pathogenic staphylococci do not 
multiply (Kuo, Dresel and Leistner, 1992). 

Thus, the application of Hurdle-Technology is of advan- 
tage for traditional foods of developing countries too. It is 
also hoped that there a linkage of Hurdle-Technology with 
a simplified HACCP-Concept could be introduced, in order 
to make traditional foods more stable and safe. 

Within a Concerted Action of the EEC-FLAIR-PRO- 
GRAMME, efforts are made to  devise a step-by-step 
procedure for the linkage of Hurdle-Technology and the 
HACCP-Concept, because this strategy should be intro- 
duced for general application. 

Forthcoming Events 
From two symposia (IFTEC and ISOPOW-V) scheduled 

for the fall of this year, further advances in Hurdle-Technol- 
ogy could be expected. For instance, in a symposium on 
“Combined Processes for Food Preservation (Hurdle-Tech- 
nology)”, which will be held in November 1992 during the 
IFTEC in The Hague, The Netherlands, the following contri- 
butions are on the program: 

Leistner, L. (Germany): Food preservation by Hurdle- 
Technology; 
Guilbert, S. (France): Application of Hurdle-Technol- 
ogy without affecting the integrity of food pieces; 
Knorr, D. (Germany): High pressure used in combined 
processes for food preservation; 
Gould, G.W. (U.K.): Synergistic effect of combined 
processes due to disturbance of homeostasis within 
microorganisms; 
Chirife, J. (Argentinia): Physico-chemical aspects of 
food preservation by combined processes. 

During the IFTEC symposium, recent advances with Hur- 
dle-Technology achieved within the EEC-FLAIR-PRO- 
GRAMME will be discussed. One of the most interesting as- 
pects within these studies is the application of 
Hurdle-Technology to integer food pieces, which are cov- 
ered by edible films containing hurdles which prevent mi- 
crobial growth and thus spoilage on the surface of foods. 
High pressure is a hurdle hitherto not much applied; how- 
ever, it proved in combination with moderate heat and low 
pH useful in the preservation of fruit juices. A promising per- 
spective of food preservation is to influence the homeosta- 
sis of microorganisms by combined processes (i.e. by the 
application of a,, pH, Eh and preservatives); if they have 
different targets within the microbial cell, a synergistic ef- 
fect of hurdles could be expected. Finally, during the IFTEC 
symposium the use of biopolymers (such as gelatine) for the 
depression of a, in foods will also be discussed. 

It is of interest to note that Chirife et al. (1991) pointed 
out that hurdle technology is by no means a new preserva- 
tion process, since the mummification in ancient Egypt 
could be viewed as an old example of ‘meat’ preservation 
by hurdle technology, because mummies contained (at 
least) three hurdles, namely reduced a, (0.72), increased 
pH (10.6) and preservatives (spices, aromatic plants). Thus, 
the challenge is to make better use of a proven process, 
and intelligently apply it to foods of today. 
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