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Initial Situation

Conventional heating and thermal preservation reach their limits, particularly in the case of highly viscous and
lumpy foods. In order to achieve appropriate core temperatures, longer heating times must be applied. This
leads to an over-processing of the outside areas and thus to loss of quality (degradation of aroma, texture and
color as well as formation of heat-induced food process contaminants). This results in long processing times
and a higher energy requirement.

Therefore, food manufacturers are looking for new ways to produce food more gently without neglecting the
food safety. The food produced in this way should be microbiologically safe, tailored to the consumer needs
and have a long shelf life. One way to achieve this aim is to use high hydrostatic pressures in the range of
600 MPa at room temperature (HPP) or at temperatures above 100 °C (HPTS) (high-pressure pasteurization or
sterilization). Another technology that leads to heat generation directly in the product is so-called ohmic heat-
ing. Here, the heat conduction from the outside is no longer the limiting factor, and the product can be heated
quickly and evenly. Although both technologies (HPP and ohmic heating) are already implemented in the food
industry, there are still significant scientific and technical questions regarding these technologies that remain
unanswered. The influence of intrinsic and extrinsic factors during high pressure treatment or ohmic heating
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on microorganisms, spores, valuable ingredients, flavors/ aromatics and food process contaminants (such as
furan, monochloropropanediol esters etc.) is primarily unknown.

The aim of the research project was to clarify the influence of these factors.

Research Results

For all tested products within the project it was possible to show the desired inactivation levels (-6 or -12 logao)
could be achieved by high-pressure processing (HPP; 600 MPa, 20 °C, laboratory scale 0,75 L) and high-pressure
sterilization (HPTS; 600 MPa, 110-121 °C, laboratory scale 2 ml) under gentler conditions and shorter process
times compared to the thermal industrial reference process (TIRP). Optimal process windows could be deter-
mined for all products based on the inactivation or by keeping food safety priority number one. The product
groups examined can be categorized into liquid foods (sea buckthorn juice and milk), semi-solid foods (fruit,
vegetables and a vegetable-meat-rice puree) and solid foods (cucumber, red pepper, chives, parsley and a
strawberry-based dessert).

Liquid foods:

Sea buckthorn juice: It could be shown that sea buckthorn juice is stable for two weeks at 8 °C after a treat-
ment with high pressure (600 MPa, 4 min). The color of the juice hardly changed in comparison to the thermal
process (87 °C, 20 min). The nutritional value (Vit C, carotenoid, tocopherol content, TPC or TAA) remained
unchanged for HPP and the thermal treatment. An “untargeted chemical fingerprinting” approach revealed
that the flavonoid spectrum (due to the presence (HPP) or absence (ohmic heating, thermal treatment) of
enzymatic activity) showed differences depending on the treatment. The flavonoids in sea buckthorn juice
(also in other juices in which the substances are found) could serve as a chemical marker and thus verify the
treatment history as a so-called metabolomic. Within the sensory analysis the high-pressure juice was selected
by the panel as the best.

Milk: After a treatment for 8 minutes at 600 MPa, the milk was stable at 8 °C for 2 weeks. The measured values
of vitamin D in the untreated milk corresponded to those values found in the literature. Furthermore, no de-
crease in the vitamin content depending on the tested processes could be found. The color and taste of the
milk (especially the absence of the cooking flavor) was superior to the thermally treated milk after HPP.

Semi-solid foods:

The two fruit and vegetable purees (apple-banana-blueberry (ABBA) and carrot-apple-pear (CAP), both pH <
4,5) were pasteurized using HPP. The optimal process window for ABBA was 3 min and for CAP 4,5 min at 600
MPa. The loss of ascorbic acid for both products was between 2-4 % compared to the untreated sample (ther-
mal 12-44 % depending on whether sterilization or pasteurization). Carotenoid content, color (HPP: AE = 1-2,
thermal: A E = 3,5-7) and texture of the products were significantly closer to the untreated sample.

The optimal process parameters for HPTS of the vegetable-rice-meat-puree (GRFB) to achieve a sterile product
were 600 MPa for a treatment time of 5-10 min at temperatures between 110-116 °C. This was verified by an
accelerated storage test. The color (HPTS: A E = 2, TIRP A E = 4,3), texture and carotenoid content (loss HPTS:
~ 6 %; loss TIRP: 14 %) of the products were closer to the untreated product. The analysis of furan (also 2- and
3-methylfuran and 2,5-dimethylfuran) and acrylamide showed no formation under HPTS conditions. In com-
parison, large amounts of furan and especially 2,5-dimethylfuran were formed under thermal conditions. By
applying HPTS the toxicological potential of the food can be mitigated. Since the product is also feasible as a
baby food, the reduction of these carcinogenic compounds for this sensitive consumer group could be quite
important.

For liquid and semi-solid foods it should be noted that HPP or HPTS treatment can lead to a safe product in the
first place, but the product outcome is superior to the thermal product in terms of its sensory and nutritional
properties. A scale-up of HPP (300 L system) and HPTS (4 L system) showed that the results achieved on a
laboratory scale could be verified at an industrial scale.
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Solid foods:

Strawberry-based dessert: Three different hydrocolloid combinations (pectin, starch and pectin starch) with
strawberry and sugar were tested for their high-pressure applicability. Durability, syneresis, texture and color
changes were examined. HPP for 8 minutes at 600 MPa lead to a safe and high-quality product. The most
suitable mixture compared to thermal treatment (in terms of microbiology, texture, syneresis and color) would
be the starch-strawberry mixture, followed by the pectin-starch-strawberry mixture.

Red pepper, cucumber, chives and parsley: The treatment of herbs and vegetables with HPP is always associ-
ated with a loss of texture. This trend was also observed for the tested products within the project. The natural
flora of microorganisms on red pepper, chives and cucumber were completely inactivated with HPP at 600
MPa for 5 minutes. This was not possible with parsley, since 3 * 103 CFU/g could not be inactivated after 600
MPa, 10 min. This remaining population were spores which cannot be inactivated by this process respectively
the parameter combination. Texture, color measurement and the impedance measurement showed that HPP
lead to strong losses of color and texture compared to the thermal process. An inactivation of enzymatic ac-
tivity resp. enzymes was not possible since the desired inactivation of 100 % could not be reached for any
product. Since the fresh product was chosen as reference product, it should be noted that HPP is not a suitable
process to produce fresh-like herbs and vegetables.

High pressure as pasteurization or sterilization offers the possibility for high quality or heat sensitive products
to maintain the quality of the product with the same level of safety.

Economic Impact

Both high-pressure treatment and ohmic heating are innovative process technologies that could be used in a
wide range of business sectors. These, especially for small and medium enterprises, open a wide range of
possibilities and give them the opportunity to cover niches with highly innovative products. This is particularly
true for companies that are producing ready to eat meals, dietary supplements, dietetic foods, baby food or
fruit juices.

The application of the two technologies could lead to an improvement in the quality of certain products re-
garding toxicology, bacteriology as well as the nutritional, sensory and olfactory properties of the food. At the
same time the results of the project could open new sales markets for high-pressure and ohmic heating sys-
tems and the possibility of integrating these technologies into existing process lines. The project could help to
improve the competitiveness of both German food and their cooperating system manufacturers on local and
international markets.
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