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game-changing
adjective

having a big effect on a situation so that the way it develops
changes completely.

Innovation
NOuUnN

a new idea or method, or the use of new ideas
and methods; a new idea, design, product, etc.

Source: Cambridge Dictionary



How to achieve game-changing goal? Typical flowchart for research
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The different objectives...

« Academic researchers are looking for results that are
publishable

* Industry is looking for results that can be commercialized

* One is looking for fundamental results, while another is looking
for applied (??) results

 How can the two parties be happy at the same time??



The different objectives...

* Problem that is either too fundamental or too applied would
not lead to satisfied outputs

e Careful discussion from the start is needed

e Discussion should be done In terms of:

* Objectives/Scope — fundamental and adequately usable (within
Interested time scale) results?? THIS NEEDS UNDERSTANDING
FROM BOTH PARTIES

 Project duration — be realistic!



The different objectives...

e Discussion should be done in terms of:

* Project co-funding

* Intellectual property (IP) rights and sharing — Funding agency can play
a role here

 Dissemination of results

« Academia should understand the need (and limitations) of
Industry and vice versa to create win-win situation and long-
term collaboration



Conducting the project...

« Keep both parties’ interests in mind — do not lose the
objectives

* Prepare for unexpected situations

« Constant discussion and data sharing with industrial partner
IS suggested




Case Study 1: A New Approach to Solid
Foods Drying



Typical drying of banana...




Typical drying of banana...

What if you don'’t like this??



What to do to get this dried banana?

B




What to do to get this dried banana?

Maybe we have to change the way we think...



What if we don’t want to use hot air for
drying??

« Vacuum drying? May end up with pore collapse and poor
texture?

* Freeze drying? Too slow and expensive? Oxygen may still be
trapped in pores...

* Microwave drying? Non-uniform drying, not so easy to control?

* Any other alternatives? Superheated steam drying ©



Superheated Steam Drying (SSD)

* Proposed over 100 years ago; received attention only
during the past 30-40 years

» Uses steam In place of hot air or combustion/flue gases in a
direct dryer

* More complex than hot-air drying system

 Better product quality (in most cases)




Superheated Steam Drying (SSD)
Important phenomena during SSD
* Initial steam condensation, leading to:

« Slight increase in MC

« Rapid increase in surface temp.

* Absence of oxygen, resulting In:

« No oxidation reactions, e.g., enzymatic browning, lipid oxidation,
vitamin degradation



Saturation temp. of steam

Moisture content
alnyeladwa]

Drying time
Typical evolutions of material MC and temp. during SSD
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Saturation temp. of steam

Moisture content
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Rapid temp. rise
due to condensation —
desirable in many cases!

Drying time
Typical evolutions of material MC and temp. during SSD
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Saturation temp. of steam

Moisture content
alnyeladwa]

Rapid temp. rise
due to condensation —
desirable in many cases!

Drying time
Typical evolutions of material MC and temp. during SSD



In this period MC is still high while temp is also
guite high — this promotes:

* Rigorous internal moisture vaporization

« Starch gelatinization

Moisture content
alnyeladwa]

Drying time
Typical evolutions of material MC and temp. during SSD




Some advantages of SSD

« SSD yields higher product porosity due to evolution of
steam within the product - bulk density is thus lower while
rehydration behavior is better

« Casehardened skin is unlikely to form in SSD

* No oxidative reactions possible due to lack of O,; color and
some nutrients are better preserved




Major limitation...

* Products that may be damaged at saturation temperature
of steam cannot be dried in SSD

Need exists for a low-pressure
superheated steam drying system for
heat-sensitive products



Low-Pressure SSD (LPSSD)

« Combines ability to dry product at low temperature with
advantages of SSD

 Dryer is operated at reduced pressure

« Steam becomes saturated (and superheated) at lower
temperature

 Suitable for heat-sensitive products, e.g., herbs, fruits and
vegetables and other biomaterials



Low-Pressure SSD (LPSSD)

» Our research team has been working on Low-Pressure
Superheated Steam Drying (LPSSD) since 2002

« Only one publication existed when we started
* No detalled system design, no quality analysis results
* Reported conceptual design was even incorrect!

* No avalilable research experience; no expert in the area to
consult



Low-Pressure SSD (LPSSD)

 After much effort (3+ years), LPSSD prototype was
fabricated

« LPSSD is capable of producing dried fruits and vegetables
of superior quality (compared to hot air drying and even
freeze drying)

* Only a (very) small scale set-up was initially available
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Hot air drying LPSSD

* Better color is due to absence of oxygen in LPSSD system — no
enzymatic browning

* Drying time in the case of LPSSD is shorter — less non-enzymatic
browning as well



Selected outputs on LPSSD

» 25+ published articles in top-tier international journals
* 3 book chapters

* Top global contributing author on superheated steam drying (and
top 10 on drying in general) as per Scopus on Feb. 11, 2026

« Consultant to international companies developing SSD
processes e.g. Mars GmbH



Young Technologist Award (2004)




Scaling up of LPSSD

* Natural Produces Co., Ltd. expressed interest In
commercializing LPSSD for production of dried fruits and
vegetables

« Such commercialization involved design, fabrication and testing
of industrial-scale dryer

* Challenging task as no field experience on this technology was
available!
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From lab to industry...

* It took almost 20 years from idea initiation to industrial
realization

* Realized through concerted effort — perseverance, adaptation
and application of research and field experience & strong belief
and dedication of the whole team
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Case Study 2: Production of Low-
Sodium and Potassium Fish Sauce



Fish sauce...

 |s an ingredient widely used in Asia

* Has specific flavor that gives pleasure to the
senses of taste

« Contains high salt content (up to 25%)




Sodium intake info

* RDI of sodium is not more than 2000 mg/day (~5 ¢
salt/day)

* Most people consume too much salt, on average 9-12
g per day

Source: WHO (2016)




FrauLANNad
1 Faunutnn

*

IMQULANNN

% euan 3 Faufudt = 50 N3N
flgAsa = 350 X 50 = 175 HN. 1‘,

100 =‘ ’




How to alleviate the problem?

« Substituting sodium with potassium in fish sauces

« Potassium-based fish sauce is still unsuitable for patients
with kidney problem




;h o/ ¢ : = |
NARA LI AN LYLABN

(LimunzdmsudUaslaalawazlsaiala)




Membrane separations

 Membrane separation??
« Microfiltration
o Ultrafiltration
« Nanofiltration

« Reverse osmosis




Membrane separations

Lactose Bacteria, Fat

. Protein Membrane pore
size (um)
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Electrodialysis (ED)

« Separation techniques in which ion-exchange
membranes and electric potential are used to separate
lons from agqueous solution

« Separation is based on charge instead of size

Source: Baker (2004)




Membrane separations
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Schematic diagram of the ED system KN
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Source: J. Food Sci., 74: E363-E371 (2009)




ED stack

 No. of membrane
e Active membrane area

5 cell pairs
64 cm?/cell pair



Lab-scale ED

 Batch recirculation
system

« Concentrate: NaCl
- Electrolyte: NaSO,

* Production: 1
kg/batch (~ 200 min
to get 14% salt conc.)




Multi-objective optimization was then
performed to arrive at optimum salt conc.

- 200 250
sotmion 90 50 100 150
ncentration (%) Energy consum| ption (Wh)

@001430(W/W) Optimum salt concentration
5S40 TR a0 N .
Is around 14% (w/w)

Change in flavor difference

Source: J. Food Sci., 74: E363-E371 (2009); J. Food Sci., 76: S451-457 (2011); Food
Bioprocess Technol., 6: 2695-2707 (2013)




ED stack W (5
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* No. of membrane 50 cell pairs
« Active membrane area 1000 cm?/cell pair

)
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Orientation of the stack:
The stack should be mounted on the plant
whith the inlet— studs downside.
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Well, that was not the end...
« Launching a new product is an art — not exact science
* Need survey on market status, competitors’ positions,
consumer behavior/acceptance, etc. Long and expensive

process indeed!

 Also need serious dedication by the company — need
priority from management



Challenges and problems

« Company sometimes does not have expertise and resources
to do the job

Funding agency can again play a role here

External parties may be brought in — market analysis team,
business planning team, etc.

Academic researchers should stay involved in all the steps
towards commercialization




Closing remarks

« Successful academia-industry research collaboration is
entirely possible

* Need mutual understanding and agreement even before the
project starts

« Multi-disciplinary team is needed to ensure success

* Need to distinguish between research and service (or
consultation)!




Closing remarks
* Venture capital investment is becoming more popular

* More opportunities for high-tech start-up companies




In the US, average time from
conceptualization to commercialization is
1/ years!

But we cannot afford NOT to do it!
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