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Abst ract .  The cold chain management  is an important  element  in ensur ing standards of qualit y and 
safety of fishery products.  Global t rends of the standard requirements of fishery products (quality,  safety 

and t raceabilit y)  is constant ly increasing and becom ing a global effect .  These issues make the 

development  of a new paradigm of cold chain system management  of Tuna, which must  be holist ic, 

integrated and up to date. The results of the reviews of previous studies shows that  the applicat ion of 

cold chain management  are st ill part ially employed and is not  yet  fully integrated in the whole process 

(post  harvest  handling, processing and packaging, cold storage and dist r ibut ion, refr igerated 

t ransportat ion, market ing of fishery products) .  This paper provides a new paradigm of what  cold chain 

management  of fers by systems integrat ion approach. The output  of this integrat ion model will be 

expected to improve the exports compet it iveness of I ndonesian fishery products (Tuna` s) .  
Key W ords:  cold chain management , I ndonesian fishery product ,  Tuna.  

 

 

I nt roduct ion  

 

Cold chain system  applicat ion is a way to preserve quality standards and safety of food 

products.  Cold chain system  or usually nam ed “cold chain m anagem ent ”  is one of cold 

chain system  which is designed to guarantee whole process, start ing from  capture 

process/ harvest ,  from  cult ivat ion unt il product  dist ribut ion unt il it  will be consum ed, 

which will be cont inuously intact  and according to desired funct ional standards. There are 

three basic standards:  qualit y,  safety and t raceability .  

One of the m ost  significant  const raints is the high level of post  harvest  losses. 

Post  harvest  losses is a result  of a poor cold chain im plem entat ion in the indust ry,   there 

are cited fifteen to twenty percent  from  the prim ary producer to retail out let  (Figure 1) .  

Cold chain specifically, a supply chain or logist ics network is the system of 

organizat ions, hum an resources, technologies, act ivit ies,  informat ions, and resources 

involved in m oving a product  or service from supplier to custom er. Supply chain act ivit ies 

t ransform  natural resources, raw m aterials,  and com ponents into finished products that 

are delivered to the final consum er. In sophist icated supply chain system s, used products 

m ay re-enter the supply chain at  any point  where residual value is recyclable. 

A cold chain is a tem perature-cont rolled supply chain. I t  is a concept  result ing 

from  specific needs related to the t ransform at ion and dist ribut ion of tem perature-

sensit ive products (Em ond 2008) . 

To m anage the cold chain effect ively we need to beware of the drivers for change is along 

the food supply chain and be able to adapt  to them  (Davies 2003) .  Professor Davies 

(2003)  l ists of the variables of dr ivers:  

 Consum er tastes and behavior;  

 Com pet it ion and product ion efficiency;  

 Advances in technology;  
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 Inst itut ional pressures and regulatory requirem ents;  

 Environm ental considerat ions;  

 Internat ional and globalizat ion influences;  

 Polit ical influences. 

 

 

 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
Figure 1. Cold chain managem ent  infrast ructure com ponents (ht tp: / / www.iaph.uni-

bonn.de/ Coldchain/ ) .  

 

Figure 1 shows that  cold chain segm ents cannot  be observed/ t reated apart  from  the 

system. They m ust  be considered holist ic and integrated, which m eans that opt imizat ion 

of cold chain system depending on interdependence of variables from  each segm ent  and 

between part  towards cold chain system  totalit y.   

 
I ndonesian fishery sector .  Indonesia is the biggest  Tuna-producing count ry in the 

world, cont r ibut ing 15 percent  of global Tuna product ion in 2009, followed by the 

Philippines, China, Japan, Korea, Taiwan, and Spain. The m ain com m ercially caught  Tuna 

species in Indonesia are skipjack (62%  of total Tuna landings) ,  yellowfin (29% ), bigeye 

(7% ) , albacore (1% ) , and Southern bluefin (1% ) . The fishing grounds for Indonesian 

Tuna fall under two convent ion areas, Indian Ocean and Western Cent ral Pacific Ocean 

(WCPO). The Western Cent ral Pacific Ocean current ly supports the largest  indust rial Tuna 

fishery in Indonesia, cont r ibut ing alm ost 80 percent  of total Indonesian com m ercial Tuna 

product ion, while Eastern Indian Ocean cont r ibutes 20 percent  (Sustainable Indonesian 

Tuna I nit iat ive 2011) .   

Tuna products are the second biggest  Indonesian fishery product  export  item , 

after shrim p, cont ribut ing with 14 percent  of total export  value, about  352 m illion USD, in 

2009. The m ain m arkets for Tuna exported from  Indonesia are Japan (35% ), the United 

States (20% ), Thailand (12% ), European Union count r ies (9% ) , and Saudi Arabia (6% )  

(MMAF 2010) . 

Indonesia is also one of the m ajor suppliers to m arkets in the United States and 

Japan. As the biggest fresh and frozen Tuna supplier to the US, Indonesia cont ributes 

about  27%  (or about  13 thousand tones)  of the total US fresh and frozen Tuna im port  in 

2010, valued at  112 m illion USD ( I ndonesian Tuna Fishery Im provem ent  Project  2013) .   

According to data’s to the Indonesian Tuna Supply Chain Analysis (2010) ,  

yellowfin Tuna catches has showed downward trend, in 2000, total catch of yellowfin 

Tuna reached 163,241 tones, but  since then it  tend to decrease and dropped to 94,406 

tones in 2006, though in 2007 it  started to recover again with 103,655 tones catch. 

Indian Ocean ( I ndian Ocean, Western Tim or Sea, Bali St rait  and Sawu Sea)  used to be 

the m ain catching areas for yellowfin Tuna. Alm ost  54%  of total yellowfin Tuna in 

Indonesia was caught  from  this area. In the eastern part ,  Sulawesi Sea and Pacific Ocean 

was the m ost im portant  catching areas for yellowfin Tuna, covering 33.7%  of total 
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yellowfin Tuna landings, followed by Flores and Makassar St rait  (18.2% )  and Moluccas 

Sea, Tom ini Bay, and Seram  Sea (12.4% ) (Figure 2) .  

 

 
Figure 2. Yellowfin Tuna landing dist ribut ion per Fishery Managem ent  Areas (FMA)  in 

2004 (adaptat ion after Indonesian Tuna Supply Chain Analysis 2010) .  

 

In general,  Maluku-Papua cont r ibutes the biggest landings of albacore, bigeye Tuna, and 

yellowfin Tuna, with 26%  of total Indonesian Tuna landings, followed by North Sulawesi 

(24% ), Bali-Nusa Tenggara (16% ), South Sulawesi (12% ), North Java (10% ), and West  

Sum at ra (8% ). I t  is im portant  to m ent ion that  Bali-Nusa Tenggara, North Java, and West 

Sum at ra, the landings also include Southern bluefin Tuna.  

Since Tuna resources are abundant  and scat tered around I ndonesian waters, 

fishing grounds and landing areas of Tuna in Indonesia are dispersed. A significant  

volum e of Tuna is unloaded in Muara Baru (Jakart a)  and Benoa (Bali) .  Three other fishing 

ports that  carry Tuna are Bitung, Am bon, and Sorong (Figure 3) .  

 

 
Figure 3. Major ports of Tuna fisheries in Indonesia (Sustainable Indonesian Tuna 

Init iat ive, White paper,  Sustainable Fisheries Partnership 2011) .  

 

I ndonesian Tuna supply chain . According to Harland (1996) ,  supply chain is the 

management  of a network of interconnected businesses that  meet  the main requirements of product  
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and service packages desired by the final consumers. In Tuna supply chain, how to manage a network 

(fisherman, middlemen, proccessors, wholesalers, retailers, t ransporters, etc.) from capture to the 

end of the consumer (from sea to table). 

In the Indonesian Tuna value chain, four m ain categories of operators can be 

dist inguished:   

 Fisherm en;   

 Fish landing sites and ports;   

 Middlem en;   

 Processors/ exporters (Figure 4) .  

 

 

Figure 4. Indonesian Tuna supply chain ( Indonesian Tuna Supply Chain Analysis,  

Sustainable Fisheries Partnership 2010) . 

I t  is a relat ively com m on pract ice in the Tuna indust ry to undertake all the processing 

stages up to tuna loining as close as possible to the landing areas and to export  the 

sem i-processed product  (Tuna loins)  to canneries in other count r ies. The m ajorit y of 

fresh Tuna exsport  goes to j apan, while for United State 50 %  frozen Tuna, 45 %  ATC 

and 5%  fresh Tuna. The European Union im port  m ore canned Tuna. Most ly of fresh Tuna 

was generally t ransported by air  as bullets or as loins (Figure 4) . 
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Indonesia cont r ibutes about  4%  of total global fresh and frozen Tuna exports,  

export ing about  65.5 thousand tones in 2007, valued at  150 m illion USD. I ndonesia also 

cont r ibutes m ore than 4%  of total global canned Tuna exports,  export ing about  52.4 

thousands tones in 2007, valued at  USD 151.9 m illion (Sustainable Indonesian Tuna 

Init iat ive 2011) .  

Indonesia was the leader of count r ies supplying Tuna to Japan (m ainly yellowfin 

and bigeye) ,  sending about  20 thousand tones per year to Japan’s m arket.  Indonesia 

only cont ributes about  2 percent  (9,800 tones in 2008)  of total canned Tuna im ported to 

the EU m arket  ( Indonesian Tuna Fishery Im provem ent  Project  2013) .  

Exports of frozen yellowfin Tuna ( in various product  t ypes)  from  I ndonesia have 

increased in the last  five years. In 2006 the tuna export  enriched a value of 13 m illion 

USD, while in 2010 the export  value increased to m ore than double up to 31 m illion USD. 

Most  of the frozen yellowfin Tuna is exported to the US ( ITC 2011) .   

However,  MMAF (2010)  export  stat ist ics show that  for the total export  of frozen 

Tuna (yellowfin Tuna as well as other species) , export  values were significantly higher. In 

2010 the export  value of frozen Tuna to Japan was at  22 million USD, while exports to 

the US am ounted 18 m illion USD. Other  species that  are exported as Tuna will m ost 

likely concern bigeye Tuna. 

 

Mater ial and Method .  This paper is based on papers review and som e fields study. This 

paper is a cont inuat ion of the first  paper that was presented in Decem ber 2010 in 

Proceedings of the 2nd Internat ional Sem inar on Applied Technology, Science, and Arts 

(APTECS) , ITS, Indonesia. 

 

Results and Discussion  

 

I ntegrity Cold Chain System s.  According to Rodrigue et  al (2009)  (Figure 5) ,  

funct ionally,  there are three elem ents that  integrate within the cold chain system :   
 Product .  There are som e im portant  points of the product  elem ent:  characterist ic of 

physical at t ributes, specific tem perature and hum idity condit ions (how perishable 

and fragile a product can be;  how it  handles the cold chain process.)  Handling 

process as appropriate of product character is very determining to the quality of 

products.  
 Origin/ dest inat ion. Origin and dest inat ion of product  is very im portant  to 

determine type of handling, especially the dim ensions of the distance and the 

level of difficult y,  another hand t im e dim ension along dist ribut ion, which can be an 

im portant  const raint .  

 Dist ribut ion. Type of product  determine the m ethods and infrast ructure available 

which is appropriate to t ransport  a product  in a specific tem perature constant ly 

and cont rolled environm ent ,  along refrigerated t ransport  (containers reefers, 

t rucks and warehousing facilit ies, etc) .  
 Condit ional dem and. Each product  has im portant  characterist ics like specific 

perishability and level of spoilage. The dem and of a product  at  a m arket  (or place 

of consum pt ion)  are requirem ents to it s qualitat ive at t ributes. 
 Load integrity.  The load unit  of refr igerated t ransport  m ust  be relevant  with 

cooling tem perature to m aintain qualit y of product  belonging to the refrigerated 

t ransport  (packaging and packing, em pty backhauls etc.) .  

 Transport  integrit y. Transport  integrity has been the set t ing of specialized m odes 

and term inal facilit ies specifically designed to support  cold chain logist ics 

(Rodrigue et  al 2009) .  

 

Boot lenecks for  the export  of I ndonesian Tuna .  Globalizat ion arise no m ore lim it , 

both in regional and internat ional m edium , but  on the other hand the applicat ion of 

determined standard food safety is t ight .  More str ingent  standard of food safety applied 

m aking no other choice for business com m unity fisheries and the whole stack holder,  to 

t ry to fulfill  the required standard, if they want  to keep survive. The cases of reject ion of 

fishery on the dest inat ion count ry exports can be seen in Table 1. 
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Figure 5.  Cold chain system  elem ent ’s (Rodrigue et  al 2009) .  

 

Table 1 

Totalit y of the reject ion cases on fishery products (Ababouch 2006)  

 

Count ry 1999 2000 2001 2002 2003 2004 2005 

European Union 127 152 174 429 252 332 259 

Japan -  181 -  -  -  246 29 

USA -  -  667 1927 1505 2282 1644 

Canada 170 121 125 174 459 445 404 

 

In the CBI  Report  (2012)  there was som e weakness logist ics of the system  and value 

chain, especially of Tuna fishery sector in Indonesia. Four different  categories of 

influencers and supporters can be dist inguished:   

 Governm ent  authorit ies (Minist ry of Marine Affairs and Fisheries [ MMAF] , Minist ry 

of Trade) ;   

 Research inst itutes (Agency for Marine and Fishery Research and Developm ent , 

SFP) ;   

 Producer and exporter associat ions [ the Indonesian Tuna Longline Associat ion/  

Asosiasi Tuna Longline Indonesia (ATLI ) ,  The Indonesian Tuna Associat ion/  

Asosiasi Tuna Indonesia (ASTUIN) , Associat ion for Fish Processing and Market ing 

Com panies in Indonesia /  Asosiasi Pengusaha Pengolahan dan Pem asaran 

Perikanan Indonesia AP5I) ] ;  

 Other supporters and influencers [ the Laboratory for the Developm ent  and Test ing 

of Fisheries Products /  Lem baga Penjam in Mutu Hasil Perikanan (LPMHP), ice 

factories, Western and Cent ral Pacific Fisheries Com m ission (WCPFC) and Indian 

Ocean Tuna Com m ission ( IOTC) ] .   

Six bot t lenecks have been ident ified as a result  of the desk study, the field work 

and the discussions at  the st rategic conferences:   

 Handling and cold storage of Tuna after catching;   

 Traceabilit y  (EU-catch cert ificates/ E- logbook) ;   

 Eco- labelling;  

 Trade barriers of export ing Tuna to the EU;   
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 Lack of capacity for sm all/ medium  processors to do m arket  intelligence;  

 Fluctuat ing Tuna catches.  

More clearly can be seen in Figure 6. 

 

 
Figure 6.  The Indonesian Tuna value chain and it s bot t leneck (CBI  Report  2012) .  

 

Risk analysis and HACCP. The following influent ial factors are considered essent ially :  

Risk Analysis process (Risk Assessment ,  Risk Managem ent  and Risk Com m unicat ion)  and 

Hazard Analysis Crit ical Crisis Point  (HACCP), which assess and ident ify threats against  of 

potent ial dangers that  could arise in every stage of a cycle (Lailossa 2010) .  

The new paradigm  changes in the applicat ion of Risk Analysis and HACCP should 

also be an im portant  issue in the applicat ion of cold chain system s integrat ion. On the 

other side of synergism  and interact ion between governm ent  and business m ust  flow in 

good condit ions in the ent ire cycle from  harvest  to consum er. Figure 7 present  a form  of 

interact ion between the governm ent  and a food com pany. 
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Figure 7.  Interact ion between the governm ent 's and indust ry 's food safety act ivit ies, 

(Huss et  al 2003) .  

 

Conclusions.  Research on m odeling of cold chain system , tend to m ake em phasis on 

cases which part ial m eans m ore focus on case m odel with every part ial approach on four 

pr im ary dom ain that  already displayed above (standard and regulat ion, risk analysis 

m odeling and cold chain m anagem ent  m odeling/ refr igerated t ransport  m odeling) . On the 

other side, cold chain system  is a cycle which is systemic, so that  opt imizat ion problem 

from  cold chain system  cannot  be observed as part ial from  every dom ain, but  m ust  be 

holist ic and system atic (Lailossa 2010) .  

The study and review show that  a new paradigm  to developed cold chain system, 

m ust  be based on the change of the old integrated paradigm, and m ust generate 

synergism  of the whole stack holder who later apply cont inuously and consequent  the 

new standards in the whole process start ing from  harvest  unt il consum ption. 

The new paradigm  of integrated cold chain system s is about  how to create 

integrated m odel of cold chain system s that  have the abilit y  of opt im al refrigerat ion 

during the process of t ransport  of frozen fish from  catching on the sea unt il arrive at  the 

dest inat ion exports count ry.  Refr igerat ion system  m ust  have the capabilit y to m aintain 

the tem perature of the products according to standards in charge, and to be able to 

adapt  to the external variables that  cont inue to influence, which som etim es will change 

even ext rem ely due to the path or t rack that  will be going through during the process of 

refr igerated t ransport . 

The cold chain system s variables should have the abilit y to affect  favorably the 

refr igerat ion during t ransport  due to a tem perature difference, to opt imize the variables 

that  affected the refr igerat ion system s due to t ransport  processes that  can reduce cooling 

capabilit ies which can lower the desired tem perature. 
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