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Development of technology for
innovative long-term food

storage using low-temperature
frozen milled hydrogel powder

Project Manager (PM): Hidemitsu Furukawa
Professor, Yamagata University

Project Year:FY2023~FY2024

Keyword : Unused foodstuffs, cryogenic energy of LNG, hydrogel powder, Long-term storage '
' foodstuffs, ethical consumption

Background and Goals

Project Background and Rationale G
Food loss occurs at multiple stages, from production and ™™ Unused oot
distribution to consumption. If seasonal foods that are both & crva%%epnlﬁﬁ::éggﬁng
delicious and affordable can be preserved for long periods, the a Agg,ega,e
waste of underutilized foodstuffs can be prevented, Uhllzmgcryogenlc ”
significantly reducing overall food loss. Shed) " '

Technology Development Goals S=
By 2030, we will establish a research plant to begin the  |esiasstu z}_ {marine products
production and long-term storage of low-temperature cryo- hydrogel powders
milled hydrogel powders derived from underutilized foodstuffs

.' £z (

Aggregate
<

(hereafter referred to as “hydrogel powders”). We also aim to

develop a commercially viable process for sourcing oot and Beverage Incust/ChafslGonaumers
underutilized ingredients and producing and supplying these Promoting ethical consumption
hydrogel powders.

Key Research Achievements

(1) We developed a novel cryo-milling method that addresses regulatory compliance and cost
challenges, and established experimental equipment based on this method to enable stable
production and storage of hydrogel powders.

(2) We estimated that cascading use of cryogenic energy—including for the production and ultra-
low-temperature storage of hydrogel powders as well as for non-food industrial applications—
can offer both environmental and economic advantages.

(3) We successfully prototyped more than 10 types of hydrogel powders using underutilized
agricultural and marine products. We confirmed that physical properties vary by ingredient and
that post-heating milling enhances aroma, taste, and overall usability.

(4) Based on public perceptions of novel food technologies, we identified target consumer
segments likely to show interest in hydrogel powders. In collaboration with industry partners,
we also developed recipe applications, some of which were exhibited at Expo 2025 Osaka,
Kansai.

[Detailed Achievements]

Development of a new cooling method for small-

scale plants
Conventional cryo-milling using liquid nitrogen in small-
scale plants faced challenges related to compliance with the
High-Pressure Gas Safety Act and the high cost of liquid
nitrogen. To address these issues, we adopted a new
cooling method that enabled cryo-milling without relying on
liquid nitrogen. This made it possible to operate a small-
scale plant co-located with a compact LNG storage facility.

If you have any questions about the contents of this project, please u_lﬂigjti
contact the following; swel@gp.yz.yamagata-u.ac.jp Yamagata University



Moonshot Agriculture, Forestry and Fisheries R&D Project / Research Results } &

[Detailed Achievements]

Demonstration of strong economic potential for cold chain operations through cascade
use of LNG cold energy (large-scale plant)

Since it is difficult to fully utilize LNG cold energy with food-related demand alone, we explored
efficient cascade use by including non-food sectors such as data centers, airports, and hospitals.
The results confirmed excellent environmental and economic performance for large-scale cold chain
operations.

Characterization through prototyping of hydrogel

powders

We conducted low-temperature cryo-milling on more
than ten types of ingredients, including grains such as
rice, tubers like potatoes, fruits such as cherries,
vegetables like strawberries and cucumbers, and fish
such as lizardfish (Eso).Strawberries processed into
hydrogel powder retained approximately six times
more of their characteristic aroma compounds
compared to freeze-dried powder. Additionally, rice-
based gel powder was successfully used to create high- i
value Western-style confectionery with a crispy texture.  giawberry Cherry

Daikon
(Japanese white radish)

e
¥

Shishito pepper

Identifying target audiences based on social acceptance of food tech

Drawing on public perceptions of food technologies such as alternative meats, we analyzed potential
consumer clusters likely to show interest in the use and consumption of hydrogel powders. The findings
suggest that, during initial market introduction, it will be important to engage consumers who are
highly interested in food and those with strong social and environmental awareness.

Plant desig

Future Directions

What is the optimal

We will refine the design of the social implementation system and e g
proceed with the planning of a pilot-scale research plant. In parallel, food ingredients

we will develop a database of powder characteristics and optimize
processing methods for each ingredient. Through collaboratively
developed menus with industry partners, we aim to promote
widespread adoption in society.

Recipe an
product
prototyping

What is the best
processing metho

What We ASpIre TO for.each Virjgredi

How can hydrogel
powder be made
? palatable?

By 2050, we aim to realize a future society where innovative, energy-efficient long-term

preservation technologies are widely adopted to reduce food and marine/agricultural product loss,
enabling healthy and sustainable lifestyles.

Research Themes and Structure

Representative institution:
Yamagata University

Hidemitsu Furukawa PM

1. Production method and 2. Design of evaluation 3. Design of food products
social system design of method and using hydrous gel powder
hydrous gel powder long-term storage method of (1,2)
(1,3,4,5,6) hydrous gel powder (1)

<Research Institutes>
(1) Yamagata University / (2) Miyagi University / (3) Ichisho Kamabo Co., Ltd. / (4) Watami Farm Co., Ltd. /
(5) Japan Petroleum Exploration Co., Ltd. / (6) Mitsubishi UFJ Research & Consulting Co., Ltd.




