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Changes of Food Consumption and 
PFC Balance in Japan 

http://www.maff.go.jp/ 
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Life style related diseases are increasing  
Major Causes of Death and  ratios in Japan (being updated) 

Ratio (%)
1980 1998 2004 2013

Tuberculosis 0.9 0.3 0.2 0.2
Cancer 22.4 30.3 31.1 28.8
Diabetes 1.2 1.3 1.2 1.1
Heart Diseases 17.1 15.3 15.5 15.5
High Blood Pressure 2.2 0.7 0.6 0.6
Cerebral Vessel 22.5 14.7 12.5 9.3
Pneumonia 4.6 8.5 9.3 9.7
Asthma 0.9 0.5 0.3 0.1
Ulcer 0.8 0.4 0.3 0.2
Lung 2.6 1.7 1.5 1.3
Renal Insufficiency 1.0 1.8 1.9 2.0
Decrepitude 4.4 2.3 2.3 5.5
Accident 4.0 4.2 3.7 3.1
　　Traffic 1.8 1.4 1.0 0.5
Suicide 2.8 3.4 2.9 2.1
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Mineral and Vitamin Supply from Fruits and 
Vegetables in Japan  

（National Nutrition Survey, 2011） 
Minerals Vitamins

Food stuff Intake Ca Fe A B1 B2 Folic Acid C
kcal mg mg µgRE mg mg µg mg

Total 1840.0 507.0 7.5 532.0 1.49 1.46 281.0 110.0
Animal 441.0 211.0 2.1 176.0 0.36 0.57 34.0 6.0
Plant 1399.0 297.0 5.4 355.0 1.13 0.89 247.0 104.0
  Grains 773.0 43.0 0.9 3.0 0.17 0.11 27.0 8.0
  Fruits(A) 63.0 10.0 0.2 29.0 0.05 0.02 18.0 32.0
    Ratio of fruits (%) 3.4 2.0 2.7 5.5 3.4 1.4 6.4 29.1
  Potatoes (B) 39.0 10.0 0.2 0.0 0.03 0.01 10.0 8.0
  Vegetables (C) 67.0 89.0 1.1 291.0 0.10 0.09 106.0 34.0
        Ratio of C (%) 3.6 17.6 14.7 54.7 6.7 6.2 37.7 30.9
     Green 25.0 39.0 0.5 250.0 0.04 0.05 46.0 16.0
     Others 34.0 40.0 0.4 8.0 0.04 0.03 54.0 16.0
  Mushroom (D) 3.0 0.0 0.1 0.0 0.02 0.02 4.0 0.0
Ratio of A+B+C+D (%)    9.3 21.5 21.3 60.2 13.4 9.6 49.1 67.3

National Nutrition Survey in Japan by Ministry of Health and Welfare, 2011
Potatoes include potato and sweet potato.



Food Balance Guide 

by Ministry of Agriculture, Forestry and Fisheries (MAFF) 
and Ministry of Health, Labour and Welfare (MHLW) 
in June 2005 

Staple 

Vegetative 

Meat&Fish 

Milk&products 

Fruits 

“Tsu” 
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Physical/ 
Mechanical 
Damages 

Breaking 
Bruising 
Abrasion 

Cracking 
Puncture 

Chemical, 
Biological, 
Physiological 
Damages 

Oxidation 
 
Browning 
 
Rotting 
 
Shriveling 
 
Discoloration 

Temperature 

Humidity 

Gas Composition 
Microorganism 
Light 
Wind 
Shock and Vibration 

Package 

Cushioning 

Product 

Environment in distribution 

Interaction appears in biological materials 

Effects of the Environmental Conditions 
on the Food Quality 



Characteristics of  
Fruits and Vegetables 

 Living→respire, transpire 
 Stress by harvest→damage, cut of source 
 High water content→desiccation 
 Part of plant：leaf, stalk, fruit, bud, root, 

flower 
 Many kinds：different characteristics 
 Non-Uniform：variety, growing condition, 

stage 



Fundamentals of preserving 
Fruits and vegetables 

 Avoid damage→reduce shock and vibration 
during handling and transportation  

 Keep low temp.→precooling, cold storage, heat 
insulation, coolant 

 Keep high humidity→humidifier, packaging, 
coating 

 Low O2 and/or high CO2→CA, MA 
 Low ethylene→ethylene absorbent 
 Microbial control→sanitation, low temp., 

disinfectant  



Cooperative (JA) 
Exporters 

Auction houses 

Foreign 
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Restaurants  

Retail 
Markets  

Importers 

Dealers 

Distribution Channels of Fresh Produce in Japan  

   Wholesale 
markets plays the 
central role in 
distributing the 
perishable foods 
(vegetables, fruits, 
fishes, meat, 
flowers etc.). 
   In Japan, more 
than 80% vegetable 
is distributed 
through the 
wholesale markets.   



Effects of Low Temperature 
-Reduction of respiration rate, rate of 

quality change, weight loss, etc.-  



Effect of temperature on the respiration 
rate (temperature coefficient, Q10=2.0) 
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Effect of storage temperature on the freshness 
index of pea pod 
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Precooling Methods in Japan 

 Room cooling (in the storage room) 
 Forced air cooling (Called as “Room 

cooling” in many other countries)  
 Water cooling 
 Vacuum cooling 
 Pressure cooling (Called as “Forced air 

cooling” in many other countries)  



Characteristics of Common Precooling 
Methods in Japan 

• Vacuum Cooling 
quick and uniform cooling (evaporative cooling) 
high cost, limitation of the commodity (leafy vegetables) 

• Forced-air Cooling 
slow cooling (indirect heat exchange) 
lowest cost, no limitation of the commodity 

• Pressure Cooling 
faster than forced-air (direct heat exchange) 
low cost, labor intensive, no limitation of the commodity 



Precooling facilities in Japan 
(year wise construction) 
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Trends of the ratio of vegetables shipped after 
precooling and of the precooling facility 
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Fig. 1 Comparison between different precooling methods. Reprinted 
from: Palmer M (1999) Forced Air Cooling, Information kit No. 11, 8 
pp, ©1999, with kind permission of the South Australian Research and 
Development Institute. 

Effect of cooling method on 
the temperature change 

in Fresh Produce ©2009 Global Science Books 



Effect of the fresh produce size 
on the cooling rate 
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Relationship between dimensionless time and 
dimensionless temperature (κ=λ/Cpρ ). 
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Schematic of the Individual Quick Cooling, IQC 
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Individual Quick Cooling, IQC 

Cool the produce individually by air without packaging 
and bulk stacking 

Avoid heat resistance from packaging materials and 
also from the surrounding produce. 

Simplifies the cooling process, and provides an ease in 
predicting the temperature profile by theoretical analysis 

Could be a promising method which can provide a quick, 
uniform, and automated precooling of perishables. 

In order to develop a design procedure of IQC process, 
knowledge of the cooling profile is essential 



Effects of High Humidity 
-Reduction of weight loss and keeping 

freshness-  



Evaporation Rate 

Vapor Pressure Deficit 
Produce Surface – Surrounding  

Specific Area 
x 

Kato et al., Bull. Yamagata Univ., 
9(2)、235-248、1983 

Effects of Important Parameters on  
the Rate of Water Loss (Evaporation) 

Transport Coefficient 
x 



Effects of Temperature and 
Relative Humidity on the VPD 

VPD is the Difference of Absolute 
Humidity Between the Produce Surface 

and the Surrounding Air 
Absolute Humidity is the mass of vapor in the air, 

and is the Function of 
Temperature and Relative Humidity 

VPD (mmHg) 



Effects of the Gas Modification 
-Reduction of respiration rate, rate of 

quality change, etc.-  



Effects of O2 and CO2 Concentration 
on the Respiration rate 
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Effects of Appropriate Cushioning 
by Transport Simulation Method 

- Reduction of physical damage -  



Transport Simulation Method 
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S-N Curves for several F&V 
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Transport Mode 

 Truck Transport 
 Rail Transport 
 Sea Transport 
 Air Transport 



Truck Transport 

http://lnews.jp/2014/07/g070701.html 

http://www.dtijapan.co.jp/index.php/
usb-data-logger-with-glycol-bottle 

• Multi-temperature control 
• Data Loggers 
• Real time environment 
monitoring 

• Simulated-product 
temperature monitoring 

• Reducing shock & vibration 

http://www.isuzu.co.jp/produc
t/giga/4airsus/fullairsus.html 

Leaf suspension 
Rear 4-wheel air suspension 
Full wheel air suspension 



Rail Transport 

 “Cool Container”: Refrigerated 
container for rail transport 

 for International freight transport 
 Size matching of JR Container (Japan 

Freight Railway Company) to the 
Intermodal container 



Sea Transport (Freight) 

(Takizawa et al., 2014） 

Two compressor and two invertor system for refer container 



System diagram 

COP maximization by controlling the degree of superheat 
of refrigerant at the low temperature outlet of 
economizer using electronic expansion valve 

(Takizawa et al., 2014） 



System diagram 

Effect of new cooling system 
on the reduction of energy use 

(Takizawa et al., 2014） 



Yagashira et al., Mitsubishi-giho, 35(2), 116-119 (1998) 

Temperature and gas control unit for 
Controlled Atmosphere container 



Air Transport (Traditional system) 

Cold air flashing type 
(with heat insulation panel) 

Dry ice type 
(with heat insulation panel, 
dry ice gas separated) 

Heat insulation type 

in the case of JAL Cargo 



Current line up including recent 
developments (rechargeable battery type) 

https://www.jal.co.jp/jalcargo/inter/jproducts/j_tc.html 



Please visit the presentation of  
some of the advanced technologies 
provided by the companies attending 
 セブンシップ社（Seven Ship Co., Ltd） 

http://myqr.jp/landing/?key=sevenship 

 サラヤ社（Saraya.Co.Ltd） 
http://www.saraya.com/ 

 住友ベークライト社（SUMITOMO BAKELITE CO., LTD） 
Ｐ－プラス開発部（P-Plus） 
http://www.sumibe.co.jp/product/p-plus/index.html 

 羽根社（Hane） 
http://www.hane.co.jp/corp.html 

 ニッコー社（Nikko Co., Ltd.） 
http://www.k-nikko.com/products/id360/ 

 鳥越製粉社（THE TORIGOE CO., LTD） 
http://www.the-torigoe.co.jp/ 
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Requirements of Value Chain 

 Benefit to all stakeholders 
 High quality (with reasonable price) 
Quality assurance system 

 Cold Chain and other quality control measures 

 Value addition 
 Food safety 
 Stable supply to eliminate food 

security risk 



From “Cold Chain” to “Value Chain” 
based on the quality assurance system 

 Integrate the food quality control 
system based on the “Cold Chain” 
Implementation of other quality control 

measures such as CA, MA, High humidity, 
new technologies, and so on onto the 
cold chain system 

 Building partnerships 
 Technology and Knowledge transfer 



Temp. 
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Damage 
of Pack. 

Ｔ Ｈ Ｏ， 
Ｃ 

Ｅ Ｖ 

Ｑ＝ƒ（Ｔ，Ｈ，Ｏ，Ｃ，Ｅ，Ｖ・・・） 

Quality Assurance by ＴＥＴ* 

Assure quality based on the distribution environment 

*TET: Time Environment Tolerance 
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Estimation of Global Warming 

Scenario based analysis of the global warming from 
the year 1980-1999 (A2, A1B, B1) (IPCC,2007) 

   IPCC reported 
the estimation of 
the global warming 
based on the 
several scenarios. 
   It can be seen 
that the increase in 
temperature 
depends on the 
scenarios 
employed and  the 
location of globe. 



3 Rs 

Reduce 
Reuse 
Recycle 



Pool management system in 
Japan for reuse container 

Pool management company 

Agri. Cooperative 

Wholesaler 

Supermarket 

Container 

Deposit 



Research Project on the Technology Development 
of Bulk Container Distribution System for Low-cost 
and Less-Environmental Impact (Project No.22014) 

Characteristics of New Bulk Container 
・JIS Module Size: 1.1*1.1(m)*Free 
・Palette Lid: Plastic (Reuse) 
・Slive: Corrugate Fiberboard Box 

(Reuse) 
・Merits: Low cost, Less GHG 
・Usage: Goods for Automobile 
Not in Use for Fresh Produve 

Technology 
 development 

to enable reduced 
cost and environ- 

mental load 
Physical Damages 

Quality deteriorations 

Large volume 
Efficient Handling 

(50 times of CFB) 

Lab. tests, Modeling, 
Transport test and LCA 

Effectiveness 
in Reuse 

(Reduce to 1/7) 

Development of 
Environmentally 
Friendly and Low 
 Cost Distribution 

 System for 
Fresh Fruits 

 and Vegetables 



 

0

50

100

150

200

250

キャベツ ダイコン タマネギ キュウリ トマト リンゴ ナシ

破壊高さ

反発係数

0.125

0.25

0.375

0.50

反発係数破壊高さ
cm

リンフォース

Discrete Element 
Method (DEM) 

Upper Limit of Dropping 

Transport Test 

0.0

0.5

1.0

1.5

2.0

2.5

0 10 20 30 40

加
速

度
(Ｇ

)

周波数(Hz)

5段目

4段目

3段目

2段目

1段目

Transmissibility, Force, 
Damage by Vibration 

CAE, 
FEM 

Change in Respiration rate 
by shock 

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

0 5 15 30 60 120 180 240 300

R
el

at
iv

e 
E

xp
re

ss
io

n

a a

a

b b

a
a

a a

Wounding_BoCam1

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

0 5 15 30 60 120 180 240 300

R
el

at
iv

e 
E

xp
re

ss
io

n

a a a ab abc bc
c

abc ab

Wounding_BoCam2

Time after treatment (min)

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

C 0 15 30 60 120 180 240 300

R
el

at
iv

e 
E

xp
re

ss
io

n

wounded area
surrounding area

Dropping_BoCam1

0.0 

2.5 

5.0 

7.5 

10.0 

12.5 

C 0 15 30 60 120 180 240 300

R
el

at
iv

e 
E

xp
re

ss
io

n

wounded area
surrounding area

Time after treatment (min)

Dropping_BoCam2

Modulation of gene expression 

Modify 
Structure 

Optimization of Bulk 
Container for Fresh 
Fruits and Vegetable 
(Structure, size, 
material, etc.) 

胴ぶくれ 

蓋の固定 

Physical 
Damage 
Reduction 

Physiological 
Damage 
reduction 

1. Reduction of Physical Damage 2. Reduction of Physiological Damage 

振動衝撃計測 

Modified Atmosphere 
Packaging (MAP) 

Selection of Variety 

Damage 



B
C

 
C

FB
 

10t*1 

10t*9 

123 km 

1150*1130*888 

590*330*150 

New Bulk Container (BC) 
Transport (Reuse) 

CFB Transport 
(Single use) 

Wholesale/ 
Distribution 

Center 
Farm 

Questionnaire on the Reduce CO2 
Extract the Future Task 

Collect Supporting Information 

Produces are 
repacked by 

using 
standardized 

reuse container 
prior to the 

shipment to the 
supermarket 

Cost reduction A% 
GHG Reduction B% 
（CO2-eqivalent） 
 CFB：CC g-CO2-eq/kg 
 BC ：DD g-CO2-eq/kg 10t*9 

×50 cartons 

Reduced CO2 
Claim 

System Boundary 

3. Demonstration of the Reduction of Cost  
and CO2 Emission in Retail Store 

Disposal 

Collection 



after The Newsletter of Food Chain Intelligence, 3(1), 2010 

Some factors of product losses due to quality issues (orange boxes) and their impact 
on lost value (red boxes) in a typical supply chain for vegetables  



Effects of the Level of Quality 
Management on the LCI and Loss 
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Effect of postharvest process on the LCI of 
Food by considering the loss of food 

Postharvest LCI（Ph）、Production LCI（Pr）、Loss value (L, %） 
after Roy et al, 2009 

Postharvest LCI = Production LCI / Loss (Decimal)
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LCA can play an important role 

Overview of the LCA process (ISO, 2006) 
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Thank you very much for 
your kind attention! 
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