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Abstract

The Instant Controlled Pressure Drop process is
an innovative thermo-mechanical technology designed
to enhance food quality and safety. It involves short
exposure to high pressure steam followed by an abrupt
pressure drop, causing instant water evaporation and
structural expansion. This process improves drying
efficiency, texture and extraction of bioactive
compounds while ensuring microbial decontamination.
DIC technology has found wide applications in the food,
pharmaceutical and nutraceutical industries for swell
drying, deodorization and nutrient preservation. Despite
its high initial cost and operational complexity, DIC
offers significant advantages in product quality, energy
efficiency and environmental sustainability, making it a
promising technique for modern food processing.
Introduction

Food safety is a major concern for both
industries and researchers. Every step in food
processing chain from farm to fork involve challenges in
controlling microbial contamination. Conventional
technologies are generally easy-to-use methods to
transform and to conserve the foods. Some of these
methods create unsuitable conditions in order to inhibit
the microbial growth such as drying, chilling, freezing,
salting, etc. Other methods aim to kill or eliminate the
pathogens such as the heat treatment and
microfiltration.

In recent years, international standards and
consumer expectations regarding food safety and
quality have become increasingly stringent. Many food
components and ingredients are highly sensitive to heat
and susceptible to chemical or physical degradation.
Traditional food processing technologies are often
associated with drawbacks such as low production
efficiency, nutrient loss and high time and energy
consumption.

This is why there is an acute need for improved
and appropriate processing methods, which ensure the
microbiological safety and allow better preservation of
organoleptic and nutritional quality at the same time.
Innovative food processing technologies have emerged
as promising alternatives, offering higher product
quality, improved efficiency, energy savings and

environmental
methods.

benefits compared to conventional

One such emerging technique is Instant
Controlled Pressure Drop technology, known by its
French acronym DIC (Détente Instantanée Contrélée).
DIC is a high temperature, short time thermo-
mechanical process specifically developed for heat
sensitive products. It involves subjecting the material to
high pressure saturated steam for a short period
followed by a sudden pressure drop under vacuum. This
rapid decompression causes instant water evaporation
within the product matrix leading to microbial
inactivation, improved texture and better preservation
of nutritional and sensory qualities.

Evolution of Instant Controlled Pressure Drop (DIC)
Technology

1. In 1960, DIC with a small rotating gun heated
externally by a gas flame was used for puffing
potato and carrot chips. The process involved a
very abrupt decompression from 15-20 bar to
atmospheric pressure to achieve desirable food
texture.

2. In 1965, DIC technology using superheated
steam as a source of pressure and heat was
adopted by the food industry.

3. Between 1977 and 1983, a Continuous
Explosion Puffing System (CEPS) was developed
by Sullivan and co-workers for products
containing around 25 per cent moisture content.

4. After 1989, only a few reports and scientific
publications were available regarding DIC
technology.

5. In 1993, a new expansion process based on
sudden decompression toward vacuum known
as Controlled Sudden Decompression (DIC)
was developed in France by Allaf and co-
workers. It was successfully used for producing
dried vegetables for instant soups.

6. In 2004, another type of DIC equipment became
dominant in the China’s market.

7. At present, several studies have been carried
out to optimize the operational parameters and
design of DIC processes for various fruits and
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vegetables, enhancing both efficiency and
product quality.
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Fig 1. a) Schematic diagram of the DIC reactor b)

Laboratory DIC equipment

Components of DIC Equipment

Pneumatic valve: Ensures nearly instant release
of steam pressure from the treatment vessel
into the vacuum tank.

Processing vessel: An autoclave equipped with
a heating jacket where the product to be treated
is placed.

Vacuum system: Composed of a vacuum pump
and a tank with a cooling jacket. The tank
volume is typically 100 to 130 times larger than
the volume of the processing vessel.

Extract collection trap: Used to recover
condensates generated during the process.

P (processing)
T(processing)

material, resulting in explosive expansion of the
material structure.

Secondary vacuum step: A second vacuum step
is applied to achieve thermodynamic balance,
ensuring complete evaporation of water,
stabilizing the expanded structure and removing
residual moisture.

Return to atmospheric pressure: Finally, the
vessel is brought back to atmospheric pressure
and the treated material is unloaded from the
processing vessel.

Pressure
Temperature
A

4
P (atmospheric) 1 3
T(Ambient) \ EF
P (vacuum) l
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Stages of DIC Process

Typical pressure/temperature-time profile for a DIC
processing cycle

Principle of DIC Process v Initial stage: The food materialis introduced into
> Initial vacuum: An initial vacuum is applied to the DIC reactor at atmospheric pressure.
the processing vessel. This removes air that v' Vacuum establishment stage: A vacuum is
could act as an insulator, improves contact created inside the reactor to reach a final
between steam and the product, enhances heat absolute pressure of 5 to 10 kPa, ensuring
transfer and slightly opens the material’s optimal conditions for the subsequent
structure to allow better steam penetration. processing steps.

» Steam injection: Dry saturated steam is injected v' Hydrothermal processing stage: Saturated
into the vessel, raising the pressure to a high steam is injected into the reactor until the target
processing level (approximately 1 MPa). This pressure is achieved and maintained for a
heats the material, causing internal water to defined treatment time, heating the product
reach its boiling point at the elevated pressure. uniformly.

» Holding phase: The material is maintained at v' Abrupt pressure-drop stage: The pressure inside
high pressure and temperature for a specific the reactor is rapidly reduced to a vacuum level
duration. The saturated steam ensures uniform of approximately 5 to 10 kPa, causing
heat distribution throughout the material. instantaneous  water  vaporization and

> Abrupt pressure drop: The pressure is rapidly expansion of the material structure.
reduced to a vacuum level (3-5 kPa) within 10 to v/ Atmospheric releasing stage: Atmospheric
60 milliseconds. This sudden decompression pressure is restored inside the reactor, often
causes instant vaporization of water inside the using impingements on the product surface,

preparing the treated material for unloading.
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Versions of DIC Technology

Steam DIC: Uses superheated or saturated
steam, typically the process is carried out at
high temperatures.

Hot air pressure DIC (HAPDIC): Uses
compressed air as the heating medium,
typically at lower temperatures.

Microwave DIC (MW-DIC): Employs microwave

energy as the heating system to process the
material.

Applications of DIC Technology

Swell drying and texturing: Expands and
improves the texture of food products.
Antioxidant extraction: Facilitates efficient
recovery of antioxidant compounds.

Essential oil extraction: Enhances extraction of
volatile oils from plant materials.

Vegetable oil extraction: Improves yield and
quality of vegetable oils.

Allergen  reduction: Reduces allergenic
compounds in food products.
Anti-nutritional reduction: Decreases

compounds that hinder nutrient absorption.
Deodorization and desolventation: Removes
undesirable odors and solvents.

Microbial decontamination: Inactivates or

reduces microbial contamination.

Advantages of DIC Technology

Enhanced nutrient retention: Preserves vitamins
and bioactive compounds.

Microbial inactivation and reduction of anti-
nutritional factors: Ensures safety and better
nutritional quality.

Industrial Applications of DIC Technology

Sensient, Swell drying of vegetables (e.g.,
Marchais, carrots, broccoli, zucchini and
France cabbage)

France Swell drying of seaweed coupled
companies with microbial decontamination
ABCAR, La | Swell drying combined with
Rochelle, decontamination and expansion
France processes to enhance extraction

of active molecules for
pharmaceutical, cosmetic and
nutritional applications

Nutrimezza and
Biogolden,
Spanish

Production of Mexican fruits and
vegetables and development of
Andalusian products

Bioessential,
Malaysia

Conducting diverse research and
industrial activities related to DIC
processing

Companies and

Institutions working on DIC

technology

ABCAR-DIC Process (France): Specializes in the
development and commercialization of DIC
equipment and industrial applications.

Actini SAS (France): Engaged in designing and
manufacturing thermal processing systems
including DIC units.

Université de La Rochelle (France): Conducts
extensive research on DIC technology for food
processing, extraction and decontamination.

AgroParisTech, INRAE (France): Focuses on the
scientific and engineering aspects of DIC for
food quality improvement and process
optimization.

. Ephan.ced ex.traction:' Increases efficiency of Institution / Study | Application/ Focus area
b|ga§t|ve or.0|l extraction. ' ' ' group
° Eff'.C'en,t (':Irylng. Beduces moisture quickly while Tezpur University and | DIC treatment for improving
maintaining quality. . . ) .
. [IT Guwahati quality of milled rice
Disadvantages of DIC Technology - - — -
o . D. Y. Patil Deemed- | Review of DIC applicationsin
e High initial investment: Equipment and setup . . . .
costs are significant to-be University | drying, snack production,
e Operational complexity: Requires skilled (Mumbai) texture. n?odification and
operation and monitoring. deodorization
e Scalability challenges: Difficult to scale up for Dr. Punjabrao | Application of DIC drying for
very large production. Deshmukh Krishi | preservation of fresh
e Higher maintenance costs: Maintenance and Vidyapeeth, ICAR | produce quality
servicing can be expensive. (Mumbai)
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Future Scope of DIC Technology

o Integration with other drying technologies:
Further studies are needed to evaluate the
coupling of DIC with infrared and microwave
drying for enhanced process efficiency and
product quality.

e Industrial-scale application: Additional
research should focus on improving the
scalability and industrial implementation of DIC
technology to meet commercial production
demands.

e Microbial decontamination mechanism: More
investigations are required to gain a deeper
understanding of the microbial inactivation
mechanisms involved in DIC treatments.

e Mycotoxin decontamination: The potential of
DIC in reducing or eliminating food mycotoxins
should be systematically evaluated through
experimental studies.

Conclusion

The Instant Controlled Pressure Drop (DIC)
process is an innovative food processing technology
that significantly enhances the quality and functionality
of food products. It modifies the structural properties of
foods, thereby improving the extraction of bioactive

compounds, enhancing texture and increasing nutrient
availability. Moreover, DIC treatment helps in retaining
important antioxidants, polyphenols and flavonoids,
making it highly valuable for applications in the food and
nutraceutical industries. Additionally, by effectively
reducing moisture content and preventing
retrogradation, the DIC process contributes to the
development of high-quality, stable and functional food
products.
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