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INTRODUCTION
 With an increase in consumer expectations for fresh food 

products, the food industry is seeking improved techniques that 

fulfill the requirements of food safety while maintaining fresh-like 

quality. 

 Ohmic heating works on the principle of conversion of electrical 

energy into thermal energy, resulting in a rapid and uniform 

increase in temperature.

 Robust on-line quality trajectory tracking and proper as-need 

processing of foods are necessary to obtain improved final 

product quality and their long-term preservation; obviously, re-

optimization in the trajectories of the measured variables (as 

input variables) and updated re-processing, with minimizing the 

performance index, are needed.

 We hypothesize that an initial minimal kill-step, followed by 

careful monitoring and additional corrective (process) measures 

during the product life, can maintain foods at higher quality over 

longer periods through the supply chain, and that the same 

capability will enable online sensing within products.

METHODS

Electrode-embedded pouch fabrication

 Rectangular prism – up to 330 mL

 Multi-layered polypropylene-based laminate – flexible pouch

 Stainless stain (SS) electrodes

 Electrical current feeder for Ohmic heating

 In situ electrical impedance (Z) measurement compartment

Ohmic heating system

 Set-up for moderate processing & re-processing

 25 V/cm; Square waveform; 10 kHz; 90% duty-cycle

Processing conditions

 Sample: unpasteurized apple cider (330 mL per pouch)

 Pasteurization vs. moderate processing (via Ohmic heating)

Shelf-life study (6 weeks): microbiological, quality 

attributes and sensory tests

 Storage: refrigeration at 4°C

 Microbiological analysis: Plate-count method (weekly)

 Electrical impedance (Z) and its variance (σ) measurement 

 LCR meter (BK Precision, 10 kHz) – 3 times per week

 Sensory evaluation: Appearance, aroma & acceptability (weekly)

 Sensory Lexicon – hedonic scale of 0 (none) – 15 (extreme 

strong)

 Trained 8 panelists – 20 attributes & acceptability 

 pH measurement (weekly)

 pH meter (Delta 320, Mettler Toledo)

 Significant differences were identified for p < 0.05, and trends 

for p < 0.1, using GraphPad Prism V9.0

RESULTS

CONCLUSIONS

 Ohmically re-processing during storage is feasible, and 

capable of resulting in product that is superior to commercial 

apple cider; and shows superior quality based on selected 

attributes (and is at least similar in other respects) to product 

subjected to a mild thermal treatment.

 It is possible (in principle) to continuously monitor the 

impedance of individual packages, providing a database for 

use in process decisions and traceability.
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ABSTRACT
Food preservation as practiced today frequently involves a single kill-step 

followed by isolation of the product within a package, with passive 

additional effectors (preservatives, hurdles) or no further treatment. While 

this has been successful, it also represents an open-loop approach to 

control food quality, with no option for further active intervention should 

any undesirable microbial growth occur. Typically, the kill-step has 

various adverse effects on food quality, thus for the majority of its 

remaining shelf-life, the food remains at a low quality level. An alternative 

vision for the food supply chain of the future is that of a closed-loop food 

control strategy, wherein the food is minimally processed as an initial 

stabilization (first kill-step) but the option for processing later as-needed 

is built into packages, even as late as the retail stage. This may be 

accomplished by implanting processing means (e.g. electrodes) within 

packages, and including sensing components within the package, so that 

additional intervention steps are possible at the earliest indications of 

undesirable changes. For this purpose, unpasteurized apple cider (330 

ml), packed in sterilized electrode-embedded laminate pouches, was 

stored at 4°C for 45 days after processed by pasteurization (water-bath;  

71.1°C for 3 sec; come-up time: 5 min) and moderate processing (ohmic 

heating; 25 V/cm; 65°C for 30 sec; come-up time: 3 min) once or with 

periodic re-processing, by ohmic heating. In a meantime, pH, electrical 

impedance (Z), cell viability and sensory properties of the individual 

samples were evaluated. Through the periodic monitoring of viable cell 

counts, the re-processing was conducted three times (after Day 10, 24, 

and 42) and resulted in microbial counts maintained lower than 2.1 log 

CFU/mL over 45 days. Sensory evaluation indicated that, regarding 

visual and aroma, the juices with re-processing were the most acceptable 

samples over 45 days, compared to pasteurized and commercial 

samples. Also, we found that variance (σ) of electrical impedance 

changes (∆Z) became low (≈1.1) as samples were re-processed, while it 

fluctuated highly (> 2.2) as spoilage proceeded. Consequently, this 

technology provides a new approach of processing and quality 

monitoring and control of liquid foods inside sealed pouches using ohmic 

heating, while they maintained freshness.

AIM
The objectives of this work were (1) to investigate the 

microbiological and quality consequences of minimal as-need 

processing for one sample product, apple cider and (2) develop 

the quality trajectory system to achieve a simple and rapid protocol 

for a routine monitoring and processing.
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Impedance (Z) and variance (σ) of ΔZ changes

pH changes

Some variations but

not changed significantly

Robust trajectory tracking control 

for the apple juice with sealed 

pouches were made during 45-

day storage;

Data collection for feedback 

control – primary on 

microbiological tests &

cross-checking with other 

attributes;

Re-optimize and update the 

parameters of re-processing 

(i.e.. treatment time and 

duration, intensity, temperature).

Sensory test results

For 45 days, “acceptable” scores 

on periodic re-processed samples

No apparent trends in Z and 
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; but σ of 
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presented significant correlations 

with juice quality over storage. 

Large variations due to raw 

material properties and active 

metabolic activities

Re-processing made σ down to 

level of pasteurized sample 

Remained low σ after re-

processing while getting higher σ

of pasteurized samples

✓ σ from Z measurements could be 

used for quality indicator. 
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