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Health management of hatched fry for
sustainable salmon propagation and

provide a “safe and worry-free”
salmon product

Mamoru Yoshimizu

Laboratory of Biotechnology and Microbiology
Faculty of Fisheries Sciences, Hokkaido University

Sustainability Week 2009: Sustainability Science on Seafood Security and 
Ocean Ecosystem Conservation, 2009.11.08, Hakodate.



Purpose of Aquaculture is:
Sustainable Production of Safe Seafood

Sustainable Production

Disease Control

・Production of Healthy seeds 
・Release to ocean or culture pond

・Fishing through Market
・Processing
・Transport to Consumer

Hygiene and Quality ControlFood Hygiene

HACCP SystemHACCP System
TraceabilityTraceability

Health Management

Fishing

Food chain approach 



・Salmonid fish are important species for hatchery
       reared and released fish.
  ・ Viral diseases remain one of the limitations to
       successful propagation in aquaculture.
・ Loss by diseases reached 30,000 million yen,
       4 to 10 % of total production of finfish and shrimp
       aquaculture in Japan.
・The incidence of disease has been decreasing now.
・Diseases outbreak in hatchery and seed production
       facility are controlled.

　Health Management



Diseases of cultured salmonid fish in Japan from
1978 to 2007

IHN (26.3%)

Furunculosis (16.8%)

（Aoshima，2007)

BGD (11.1%)

Vibriosis
 (6.9%)

IPN (6.1%)

BKD (5.7%)

Streptococcosis (2.2%)
OMVD (0.6%)

This disease was 
invaded to Japan 
with sockeye salmon 
eggs in 1970
(Yoshimizu, 1996)



Methods currently used to control  
viral disease in salmon hatcheries

・ Hygiene and facility sanitation．
・ Surveillance and health monitoring of a mature fish.　
・ Disinfect the eggs surface just after fertilize and
　  eyed stage. 
・ Use a spring water or disinfected river water 
     for hatching and rearing．
・ Health monitoring of hatched fry．

(Yoshimizu, 『Biosecurity in Aquaculture Production System 』
  World Aquaculture Society, Louisiana, pp.35-41, 2003)



Separate

Eggs washing & Disinfection

UV irradiation

Pond

<　3g 

›　3g 

 Well
water
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Selection by
 ・Cell culture method
 ・Antibody detection

 Well
water

Fig.   Health control of cultured salmonid fish
          at the hatchery.

Prevention methods conducted in salmon hatchery



(Yoshimizu,et.al.,Prog.Fish-Cult.,47:199-200, 1985)

    Surveillance and health monitoring of mature fish
(from 1976 to date)



Research stations in Hokkaido and Tohoku from 1976 to
2009.



Disinfection of water

･UV irradiation

･Ozone treatment

･Electrolyzer

Use a ultraviolet light  
Widely used, relatively high cost
Change a lamp (8,000 hr)

Ozone gas bubble and brome oxidant
High cost of equipment and running cost
Using high voltage

Use a hypochlorite produced by electrolysis
Equipment is simple and cheep
Electrode are able to use more than 5 years



♀IHNV carrier ♂IHNV carrier

eggs

sperm

IHNV,OMV appear IHNV,OMV appear

contaminated

adsorbfertilize

invade：fertilized eggs die
virus was inactivate
vertical transmission x

・ Eyed eggs is not infected.
・ Disinfection of eyed eggs.
・ Using a virus free water.
→　SPF fish
・ Losses caused by disease 
　   decrease.

fertilize

eyed eggs
= not infected

disinfection
using a disinfected water

SPF

(Yoshimizu et al., J.Aquat.Animal Health., 1: 13-20, 1989)

Disinfection of eyed eggs 
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(Yoshimizu and Nomura, Bull.Natl.Res.Inst.Aquacult., Suppl., 5: 11-14, 2001)

to date

Number of the hatchery from where IHNV was isolated.
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Recently, commercial sized-rainbow trout
infected and farmers loss the income

Separate

Disinfection
Washing

Rainbow trout farm

IHNV carrier



・Recombinant IHNV-G protein expressed by E. coli and yeast
．

・Formalin-inactivated OMV ．

・Formalin-inactivated A. salmonicida with adjuvant.

・Formalin-inactivated St. iniae with adjuvant.

・Polivalent vaccine against vibriosis, furunculosis,

  streptococcosis,  IHN and OMVD.

Farmers request us to develop the effective vaccine

                  and disease resistant strain



Vaccination
　・104～105 fish/ day
　・IM injection→very hard work
　・High cost

Research subject
・Development a machine
・Establish a recombinant vaccine
・DNA vaccine



Newly developed machine
for injection

Automatic vaccine
injection machine

Vaccination

(Kasai and Yoshimizu, Proc.
  FiSCUP,149-150, 2005)



Shat out the pathogens

No!



‐Flow chart of fisheries products from fishing to consumer‐

漁獲 加工場 　市場 消費者

HACCP方式等による衛生管理

 controlled by HA-CCP system

“The Risk Assessment with Hazard Analysis” is
world standard to provide a “safe” food.

Consumer require a “Safe and Worry-Free” food.

Food Chain Approach is important．

creating
Fisheries
GP/GAP

fishing               processing          markets  　　　　　 consumer 

トレーサビリテイー
　traceability



　       Principles of Hygiene and Sanitation Control

・In Japan, many seafood products are distributed without
　being heated, like a Sashimi, Sushi etc., there is a
danger of their quality deteriorating sharply with the
passage of  times at each stages after fishing.

・Temperature control is important in order to inhibit growth
of pathogens and spoilage organisms.

・Reliable hygiene and sanitation controls at all stages from
fishing until products reach consumers are vital.

・This requires a system for quality control that integrates
　　　the hygiene procedures in all industries involves in
　　　　　the procession and distribution.

Kasai et al., Proce.JSPS-NRCT Int.Symp., 12-17, 2004.



    Risk assessment for food safety
 Hazard analysis (HA) of fish products

• No danger of zoonosis from fish to human
caused by fish viruses and bacteria.

• Zoonosis from fish to human caused by
parasite infection.

• Food poisoning caused by bacteria and
viruses.



Food poisoning with fish products
in Japan

• Food poisoning caused by V. parahaemolyticus.
• Food poisoning caused by entero haemorrhagic

E. coli EHEC (O-157,H-7).

• Food poisoning with oyster caused by human
　  virus; Norovirus, HA virus etc.

• Parasite infection with odd taste in food.



Model  program  for  quality  control 
 improvements for fisheries products.

Hokkaido Government



大水ホームページより

Why fisheries peoples 
     put the fish on 
     the ground ?

食品としての
水産物を地面
から離す

How to get a
disinfected sea water
衛生的な水の確保



・畜肉は保冷ｼｮｳｹｰｽに
　入れるのに魚なぜ魚を
　地面に置くのか？
　Why fisheries peoples 
     put the fish on 
     the ground ?

・床から離す
・台に乗せる
・床を洗浄する  

保冷タンクに収容
氷の使用
Cooling with ice. 
Using a box.

魚は生で
食べるのに！
We eat the fish
 with raw !

Separate from
    ground

10 cm 以上離す

タンクに収容

（長谷川氏提供）



Hazard analysis (HA) of salmon
products

• Entero-haemorrhagic E. coli (O-157･H7)
contamination.

• “Sanadamushi”= tapeworm,
Diphyllobothrium latum larva, plerocercoid
infection.

• Anisakis infection.
• Listeria monocytogenes contamination.



Hazard analysis of “Ikura” salmon roe

• Prevent the EHEC E. coli (O-157･H7)
contamination.

• Measurement the Diphyllobothrium latum
lavie; plerocercoid infection.

• Measurement an anisakis infection.
• Prevent the Lactobacillus sp. and Listeria

sp. contamination.

(Include a matured fish)



Diphyllobothrium latum
日本海広節裂頭条虫
　    “Sanadamushi”

Plerocercoid in salmon filet

“Ruibe”= salmon sashimi
        is a frozen meat

(東京都衛生研究所 )

tapeworm



(Anisakis infection)

・日本海広節裂頭条虫
　　サケ
・顎口虫
　　ドジョウ
・センビ線虫
　　ホタルイカ
・回虫・蟯虫
　　野菜
　なども

stomach

Anisakis



・  Introduce the sorting table and holding tank.
• Separate the fish from ground.
• Control the growth of EHEC: Cooling with ice.
• Prevent the parasite infection : Freezing or

chilled .
• For sashimi : frozen meat (“ruibe”).

CCP (Critical Control Point) of 
fall chum salmon



Before leaving port
　 Clean crushed ice is stored in a sanitary ship hold.
Fishing
     Fall chum salmon are preserved alive in the hold filled
    with clean seawater and ice.
Loading
   To prevent damage to the flesh or roe materials from overloading,
    the size of each catch is kept below a specified quantity.
Temperature control
   The  grounds seawater temperature, hold seawater
    temperature and fish abdominal body temperature are measured.

CCP (1)



Landing
    The salmon are moved directly from holds to sorting table.

Sorting and measurement
    Fish are sorted and measured in plastic baskets according  
　 to grades.
　
Preservation
   After seawater and ice are placed in specialized tanks to preserve
　  freshness, fall chum salmon is placed in each tank and the tanks 
　  are  covered with insulated sheet. 
     The abdominal body temperature of the fish is controlled 
     at 8ºC or less.

CCP (2)



出港風景：船体を洗浄、漁場に着くと船倉に現場海水を注入

・Health checks are implemented for individuals engaged in ship’s
　crew, sorters and auction market staff.
・Work uniforms must be clean. Workers must wear special boots

　onboard the ship and at all work stations. Fisherman must use
　boots that are safe for work performed.

Maintenance and control of cleanliness of onboard:
・Structures such as decks allow smooth drainage of wastewater. 
・Seawater for washing must be clean. 



Fall chum salmon are preserved with
seawater and brackish ice.

Care is exercised to ensure the size of
the catch does not result in overloading.

An individual measures and records
the temperatures of seawater, fish hold,
and salmon’s abdomens.

Abdomens are held at a temperature of 
8 C or less. 

When landing, an individual fishing boat
confirms that the sufficient ice remains 
in the hold tank.



       The salmon are moved directly from holds to sorting table.



選別

Fish are sorted and separate according to grades.

・Areas within the harbor are controlled to ensure there are no 
　material that will become a source of pathogenic bacteria contamination 
　on the seawater surface, and no contaminants such as engine fuel and 
　machine oil floating in the water. 



After seawater and ice are placed in specialized tanks to preserve freshness, 
fall chum salmon is placed in each tank.

Sanitation control of ice and seawater for use:
・Ice use for cooling fisheries marine products is made from water 
　suitable for drinking and a bacterial inspection completed regularly. 
・Bacterial inspections of the seawater for use are implemented at least 
　once a month. 



Fall chum salmon is placed in each tank and the tanks are covered 
with insulated sheet.





Receiving  受け入れ
    Fish and baskets are never placed directly on the market floor surface, 
    and the floor surface is cleaned with sterilized seawater.

Auction セリ
     An auction of each special tank and fish box is conducted among 
　  buyers and the market staff, and the salmon successfully auctioned 
     are transferred by tank to processing plants as needed. 

Materials acceptance 原料搬入
     The time required for transport from market to processing plant is 
     between 5 to 30 minutes.

CCP (3)



Production control：製造管理
    Salmon are processed based on the HACCP manual. 
　 The control check results for several dozen items, such as the health 
　 management of workers and control of the water use are implemented.

Response to problemsトラブル対応
    輸送中のトラブルも記録される.
　 製品のクレームは記録を基にロット毎に処理できる.
　 Problems that occur during transport are reported based on the 
　 response manual, handled and recorded. 
　 A system has been prepared so the recorded documents can be 
    presented in the event of a problem at the processing plants.

CCP (4)



セリ風景：タンクごとに買い付ける



セリ後の市場の風景





HACCP認定工場







Town district HACCP promotion

In 1999, Shibetsu Town implemented a local HA-CCP manual, “Town District HACCP
Manual”, covering every step from fishing through market auction, processing, and
distribution for all marine products taken from the local waters off Shibetsu Town.

This “Local Town District HA-CCP System” has been accepted in many fisherman’s
cooperatives in Hokkaido and Tohoku area, and created this system in many places.





Research Center for Food Safety, Univ.Tokyo



Water for boat and 
 port and market

Limit factor at the fishing port



Disinfection of water

･UV irradiation

･Ozone treatment

･Electrolyzer

Use a ultraviolet light  
Widely used, relatively high cost
Change a lamp (8,000 hr)

Ozone gas bubble and brome oxidant
High cost of equipment and running cost
Using high voltage

Use a hypochlorite produced by electrolysis
Equipment is simple and cheep
Electrode are able to use more than 5 years



• Tap water or disinfected sea water* should be used

     for washing a fisheries products.
　　(*Disinfected seawater or artificial seawater)
・　活魚槽の海水は清浄な海水*を用いる．
• 器具・設備・床等の洗浄は，飲用適の水か清浄な海水*を用
いる．

• 魚介類と接触する器具及び容器は可能な限りステンレスもし
くはプラスチック等，洗浄・乾燥が容易な物を用いる．使用後
は洗浄・乾燥を行い，衛生的に良好な状態で使用する．

• 魚介類は氷等を用いて低温で保管する．
• 産地市場においては，入荷から出荷までできるだけ迅速に
行い、腸炎ビブリオの増殖の機会を少なくする．

Prevention methods of food poisoning caused by 
V. parahaemolyticus at a fishing port

(The Ministry of Health and Welfare)



UV treatment Unit : 釧路港の紫外線殺菌装置



Ozon treatment unit:オゾン殺菌装置 (ｵｿﾞﾅｲｻﾞｰとｲﾝｼﾞｪｸｼｮﾝﾀﾜｰ)

ｵｿﾞﾅｲｻﾞｰ

ｲﾝｼﾞｪｸｼｮﾝﾀﾜｰ



Equipment for supplying a disinfected seawater, (disinfection rate 0.55 mg/L, 99.8 %)

(1,000 t tank, 0.22 mg/L
 chlorine, disinfection
 rate 99.5 %)

(Electrolyzer:電極)



Application of this method for the hygiene and
 sanitation at a fisheries field

・Disinfection of seawater pomp up from the fishing port
    was investigated using an electrolyzation.
 ・Viable bacterial counts of electrolyzed seawater from port
    were decreased.
 ・This water was useful to disinfect the deck and hatch of fishing
    boat, fish selection board, quay, and the market floor
    at a fishing port.
 ･This system is suitable oyster and scallop elimination.

Kasai and Yoshimizu, Proc.Joint Meet.Korean Soc.Fish.Sci., Korean Soc.Fish.Resource, 
    Korean Soc.Fish.Tech., Kunsan University, 15-25, 2002.



Electrolyzer to disinfect the port
sea water and unit to control the
chlorine concentration.

漁船搭載型小型海水電解殺菌装置



Disinfectant effects of electrolyzer set in fishing 
boat on viable bacteria in seawater 
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Kasai and Yoshimizu, SuisanGakkaishi, 69，955-959, 2003.

道東4漁港の漁船に取り付けた海水電解装置の殺菌効果



Plan to create a fishing port based on hygiene and sanitation



Sawara Port

Shibetsu Port Monbetsu port

Fishing port based on hygiene and sanitation in Hokkaido

Rausu Port



Fishing port is a kitchen
to provide a safe seafood

Waste water treatment unit

Prevention of rain, wind, dust 
and birds

Clean water system to wash
equipment and apparatus
etc.



Skim to certify the hygiene and sanitation control fish market in fisheries port.



Level Definition Concept

1  A fishing port where necessary
 minimum measures are taken for
 all items of hazardous factors to
 prevent contamination with food
 poisoning bacteria

 食中毒菌の混入を防止するため，危害要因となり
 得るすべての項目において必要最低限の措置が行
 われている漁港

 Specification of hazardous factors
 throughout all processes including
 “landing work at quays” and
 “auction and sorting and measurement
  work at handling yards”
 Implementation of measures from both
  viewpoints of hardware and  software
  aiming at elimination of  hazardous
  factors throughout all processes

2  A fishing port where complete
 prevention of contamination with
 food poisoning bacteria by taking
 various measures has been
 confirmed, as well as sustainability
 of the above condition has been
 kept

 各種対策により食中毒菌の混入のないことが確認
 されているとともに，効果の持続化が図られて
 いる漁港

I
In addition to measures for level 1,

Implementation of measures from both
 viewpoints of hardware and software
 needed to satisfy each standerd

Implementation of periodical inspection,
 checking, etc. for  sustainability
 assurance of measures

3  A fishing port where a
 comprehensive management
 system for hygiene and sanitation
 management has been established

 衛生管理に対する総合的管理体制が確立されて
 いる漁港

Regarding measures for level 1 and
 level 2, establishment of systems for:

Operation and maintenance of records
Enabling information provision in
 response to requests

Level of hygiene and sanitation management at fishing ports
(漁港の衛生管理指針: 水産庁 2009)

(Fisheries Agency, Ministry of  Agriculture, Forestry and Fisheries 2009)



Hakodate fisheries port and market



GAP = Good Agricultural Practice

Global GAP ・J-GAP
 Aquaculture    GAP (Good Aquacultural Practice)
    Hazard Analysis→Setting the Critical Control Point

Hygiene and Quality Control Standard
・ Resources Conservation→MEL Japan (Marine eco-label)
・ Fishing to Market →Fisheries GP 　
・ Aquaculture Farm to Market
　 →Good Aquacultural Practice (GAP/JAS)
・ Production Facility to Consumer
　 →HACCP ＋Traceability　

Agriculture



安心・安全な水産物のための認証制度
（スキームメーカ：大日本水産会）

水産 Good Practice (GP)

認定機関
『大日本水産会』

運営の
審査・助言 評議会

認証機関

漁　場

◆ＭＥＬ-Japan

　　・水産資源保護協会

◆GAP, ＧＰF

　　・水産資源保護協会

漁港・市場

◆漁港における衛生管理基準

　　・(財)漁港漁場漁村技術研究所

◆優良衛生品質管理市場認定

　　・優良衛生品質管理市場認定委員会

加工場

◆水産食品加工場施設

　　HACCP認定

　　・登録コンサルタント

（11機関、H21.3.31現在）



Traceability for cultured fish
養殖魚のトレーサビリティー

• 飼育群としての管理に！ Unit of culture
海面小割生簀：生簀単位の管理.
　　Net pen culture：net
　 陸上養殖：タンク毎の管理.
　　Tank culture：tank
• 完全閉鎖循環飼育の普及：家魚.
　　Recycle tank culture : tank
• 親魚の個別管理：標識.
　　Blood stock : tagging individual



Checking list of cultured fish for
          traceability.

Species
Shipment Date
Place
Farmer Name
Fry Origin 
Culture
　Condition

　Chemotherapy

　Vaccine

　Diet

Owner

Processing
　



Secure a safe food and provide
a worry-free product

• Fisheries GP, GAP
    --- Introduce the HACCP  system.

• Traceability
     --- Establish a traceability system.

• Fare trade 
    --- Promote a fare trade.



ＭＳＣ （Ｍａｒｉｎｅ Ｓｔｅｗａｒｄｓｈｉｐ Ｃｏｕｎｃｉｌ）
ＭＥＬ Japan
Fisheries GP, GAP

 
 

ＦＤＡ System
HACCP for US & EU 

Domesti
c

World

Fisheries Good Practice

Hygiene and Sanitation Control

Good Controlled Market in Fishing port

HACCP for US

HACCP for EU



　Provide a “safe and worry-free” 
salmon product   　

Thank you for your attention!
ご清聴ありがとうございました！


