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FINAL REPORT 
For Japan-Korea Joint Research Project 

 AREA

1. Mathematics & Physics 
2. Chemistry & Material Science 
3. Biology 
4. Informatics & Mechatronics 
5. Geo-Science & Space Science 
6. Medical Science 
7. Humanities & Social Sciences 

 
1. Research Title: 
Development of Novel Freezing Technique and its Application to High Quality Frozen 
Biomaterials  
 
2. Term of Research: From     7.1.2008        To      6.30.2010        

 
3.  Total Budget 
 

a. Financial Support by JSPS: Total amount:          2400       thousand yen        
 
    1st Year    1100      thousand yen      2nd Year    1000    thousand yen   
 

3rd Year     300      thousand yen     
 
    b. Other Financial Support : Total amount:               0     thousand yen       
 
4.  Project Organization   
a. Japanese Principal Researcher

Name Kyuya NAKAGAWA 

 
Institution / 
Department 
 
Position 

 
Department of Mechanical and System Engineering,  
 
University of Hyogo 
 
Assistant Professor 
 

b. Korean Principal Researcher 

Name SangGi MIN 

 
Institution / 
Department 
 
Position 
 

 
Department of Food Science of Animal Resources,  
 
Konkuk University, 
 
Professor 
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 c. List of Japanese-side Participants (Except for Principal Researcher) 
Name Institution/Department Position 

 
Yusuke ASAKUMA 
 

 
Osamu KAWANAMI 
 

 

Koji MAEDA 

 

 
Hiroyuki NAGAHAMA 
 

 
Kazuhiro MATSUSUE 
 

 
Department of Mechanical and System 
Engineering, University of Hyogo 
 

 
Department of Mechanical and System 
Engineering, University of Hyogo 
 

 
Department of Mechanical and System 
Engineering, University of Hyogo 
 

 
Department of Mechanical and System 

Engineering, University of Hyogo 

 

Department of Mechanical and System 

Engineering, University of Hyogo 

Assistant Professor 

 

 

Assistant Professor 

 

 

Associate Professor 

 

 

Student 

 

 

Student 

d. List of Korean-side Participants (Except for Principal Researcher) 
Name Institution/Department Position 

 
Mi Jung CHOI 
 
 
 
 
Geun Pyu HONG 
 
 
 
Chun JiYeo 
 

 

 

 

 

 

 

 

 

 

 

 
Department of Food Science and Biotechnology 
of Animal Resources, Konkuk University 
 
 
 
Department of Food Science and Biotechnology 
of Animal Resources, Konkuk University 
 
 
Department of Food Science and Biotechnology 
of Animal Resources, Konkuk University 
 

Post-doctoral 

researcher 

 

PhD Student 

 

PhD Student 
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5.  Number of Exchanges during the Final Fiscal Year* 
  a. from Japan to Korea                  *Japanese fiscal year begins April 1. 

Name Home Institution Duration Host Institution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

For Final Fiscal Year(FY2010) 

Total:           0   persons 

For Final Fiscal Year(FY2010) 

Total:              0   man-days 

Numbers of Exchanges during the past fiscal years 

FY2008: Total       2      persons 
FY2009: Total       1      persons 

  
b. from Korea to Japan 

Name Home Institution Duration Host Institution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

For Final Fiscal Year(FY2010) 

Total:         0     persons 

For Final Fiscal Year(FY2010) 

Total:             0    man-days 

Numbers of Exchanges during the past fiscal years 

FY2008: Total          0   persons 
FY2009: Total          0   persons 
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6. Objective of Research 

Background 
The longtime preservation technique for bio-products, bio-pharmaceutics or functional food 
stuff is very important for the practical use. Due to their high moisture contents and thermal 
denaturation natures, they are frozen or freeze-dried for preservation by restraining phase shifts. 
However, it is also important to keep their texture for keeping their qualities. This means that 
we need to realize highly controlled freezing process, especially, for highly functional frozen 
bio-products. Thus, it is necessary to understand freezing phenomena and to develop novel 
freezing process. But it is still difficult under general freezing conditions to control crystalline 
structures of cryoprotectants and ice crystal morphologies. We still do not have a lot of tool, 
especially applicable idea in food industries, that relates freezing conditions to frozen product 
qualities. This is mainly due to spontaneous nature of freezing phenomena, we have controlled 
neither supercooling nor ice nucleation. 
Former Research Activities 
 Korean principal researcher MIN has reported influences of high pressure freezing conditions 
(that enable to maintain high supercooling degree) on preservative nature and quality factors of 
frozen foods. He is applying those results into capillary freezing technique in order to realize 
advanced novel freezing technique. Japanese principal researcher NAKAGAWA has reported 
that ultrasound power was useful to control ice crystal nucleation, and ice crystal mean sizes 
could be estimated from freezing conditions. And now he is suggesting a relation between 
crystalline structure of cryoprotectant and freezing condition. 
 MIN and NAKAGAWA arrived at a conception to realize advanced freezing technique by 
exchanging their knowledge, that is, maintain supercooling by using high pressure or capillary 
condition, and control ice nucleation by ultrasound trigger. Based on this novel freezing 
operation, we investigate to (i) Correlate freezing conditions with cryoprotectant structures, (ii) 
Correlate cryoprotectant structures with quality factors, (iii) Enable quality design of frozen 
bio-products by freezing process. As for developing novel freezing procedures, several 
emerging techniques (e.g. static magnetic field or electric field assistance for supercooling 
control) would be tested. This research is a novel attempt that relates freezing operation to 
frozen product quality. The subject contains future prospect of progress on this field of 
academic research and a technical seed for practical application in the frozen product industry 
as well. 
Objective 
 In this collaborative research work, we investigated in model food system that contains 
encapsulated food ingredients. Encapsulation and controlled release technologies have gained a 
lot of interests and remarks in food industries in the last decades. Enormous progress have been 
achieved to develop nano/micro-encapsulation techniques and to build up delivery system of 
nutritious ingredients. However, we still do not have a theoretical tool to find a good 
preservative processing condition for avoiding activity loss of encapsulated material and capsule 
stability. This collaborative research was aimed to get knowledge on how the quality loss occurs 
and how dispersed nano-particles are lead to flocculate during freezing. 
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7. Methodology 

Model Food Preparation (Ingredient encapsulation) 
Nanocapsules were prepared by modified emulsion-diffusion method following to the report of 
Surassmo et al. (2010). Saturated ethyl acetate (EA) solution with water was preliminary 
prepared by mutually contacting EA to water (1:2 in volume) until they saturate with each other. 
1000 ppm of Tocopherol was dissolved in oleic acid: palmitic acid (1:1) solution. This 
formulation was selected to simulate natural crude palm oil (palm is know as a source of 
vitamin E (i.e. tocopherol, tocotrienol).). This vitamin E oil (active substance) and PCL (wall 
material) were dissolved in the saturated EA with water (0.6g-oil, 0.2g-PCL/ 20ml-EA). This 
solution was emulsified with the aqueous PF68 solution (0.5g-PCL/ 40ml-water) with a 
high-speed homogenizer (Heung Bo Tech. Co. Ltd., Korea) at 8,000 rpm or 12000 rpm, for 5 
min. An excessive amount of distilled water (500 ml) was then added to the nano-emulsion for 
inducing the diffusion of EA from the internal organic phase to the external aqueous phase. 
Finally, vitamin E oil was encapsulated by PCL membrane, and the nanocapsule suspension was 
obtained. The organic solvent and the part of the water were evaporated to obtain 60 ml of the 
nanoparticle suspension at 35°C, under 30 mmHg (NE1000, Eyela, Japan). 60 ml of the 
prepared nanocapsule (NC) suspension was mixed with 60 ml of 4 % (wt) gelatin solution, and 
used for the freeze-drying experiments. 
Freezing and freeze-drying protocols 
A cylindrical sample holder made by acrylic resin was set on a heat exchanger as shown in Fig. 
1. The coolant temperature was controlled by an external cooling bath (FP50, Julabo, 
Germany). Following cooling programs were selected to freeze our suspensions; 
1.Constant rate cooling: The heat exchanger surface was firstly stabilized at 20°C by the 
circulated coolant, and coolant was cooled down to -40°C at -1 °C/min. 
2.Constant rate cooling (pre-cooled): The heat exchanger surface was firstly stabilized at 5°C by 
the circulated coolant for 12 hours, and coolant was cooled down to -40°C at -1 °C/min. 
The obtained frozen sample was subsequently freeze-dried on the same cooling shelf (Fig. 1). 
After evacuating the system, the shelf temperature was reset at -20 °C. The frozen sample was 
sublimated for several days to complete freeze-drying. 
Particle size measurement 
Dried samples were rehydrated and the particle size of the nanocapsules were determined to 
evaluate the aqueous re-dispersibility as a factor of stabilization. The particle size and zeta 
potential of NC suspension and NC-gelatin suspension were determined by the dynamic light 
scattering (Zetasizer, Malvern Instruments Ltd., Worcetershire, UK). Measurements were 
carried out at 25°C in triplicate. A Freeze-dried bulk was cut into 4 horizontal layers (named as 
B, MB, MT and T from the bottom, respectively), and sampled from 3 radial positions (named 
as C (centre), M (middle), E (edge), respectively). The freeze-dried samples were put into the 
hot water (about 60°C) to re-disperse NC and gelatin. The particle size measurement of this 
rehydrated sample was carried out to evaluate the re-dispersibility of the present dried samples. 
Dispersibility was evaluated by taking a ratio of mean particle size, D, to the mean size of 
original NC suspension, D0. 
 




