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Executive summaryExecutive summaryExecutive summaryExecutive summary    

Asia-Pacific accounts for more than 90% of the world aquaculture output (FAO, 2016) and the region 

will have to responsible for sustaining the supply of food fish to increasing population. Feed input in 

aquaculture represents the major production cost and the most important factor affecting farming 

profitability and ecological efficiency. Issues and challenges have been rising with the questionable use 

of fish meal and fish oil, mounting pressure on and competition for ingredient supply, increasing feed 

costs, variation of feed quality and availability, and feed ingredient related food safety concerns. The 

region needs to adjust the development strategies and devote more efforts in research, development and 

capacity building for sustainable production and use of aquaculture feeds. 

A regional consultation on aquaculture feed production and use in Asia-Pacific was therefore conducted 

by Food and Agriculture Organization of the United Nations in collaboration with Network of 

Aquaculture Centres in Asia-Pacific and the Department of Fisheries of Thailand from 7-9 March 2017. 

The objective of the consultation was to review and share the knowledge on the current situation of 

aquaculture feed production and use, in respects of  production status, demand and supply, sourcing of 

ingredients, government policies and institutional support, ongoing progress and development gaps. The 

consultation also tried to put forward regional strategies and develop plans of action to promote 

responsible utilization of feed and feed ingredients for sustainable growth of aquaculture in Asia-Pacific 

through sharing of available knowledge, technological innovations and scaling up successful practices 

and further research and technology development. 

Thirty nine (39) professionals from twenty two (22) organizations, including research and education 

institutes, government agencies, feed producers, aquaculture farms, international and regional 

organizations and non-governmental organizations, from sixteen (16) countries were brought together 
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and participated in two consultation activities from January to March 2017. The first activity was a desk 

study into various aspects of aquaculture feed production and use by ten (10) invited experts and an 

assessment of development status of aquaculture feed production and use in fifteen (15) major 

aquaculture production countries in Asia-Pacific by fifteen (15) invited country representatives. The 

second activity was a consultation workshop held at Centara Grand Hotel at Central Plaza Ladprao, 

Bangkok, Thailand, from 7th to 9th March 2011, during which the findings of the desk study were 

presented, discussed and synthetized, major issues and gaps identified, development strategies proposed 

and actions recommended. 

The major conclusions are: 

• Feed demand and supply for aquaculture has been increasing and will continue to increase. By 2025, aquaculture feed demand may be well over 

60 million tons in Asia-Pacific. 

• Aquaculture feed industry has yet to be established in some countries in the region. Limited availability of aquaculture feeds constrains the sector 

development. Some small scale farmers are especially at the disadvantage. They either have no access to commercial feeds at all or face logistic 

difficulties and high cost to acquire feeds. 

• The region is importing a large amount of feed ingredients for animal production. Supply of quality ingredients for aquaculture is a rising 

challenge, facing shortage and competition for other uses.  

• In spite of concerns on use of fishmeal and fish oil, increase of aquaculture production has not been necessarily coupled with proportional increase 

of use of them. Aquaculture free from fishmeal and fish oil is technically possible.  

• Feed cost is high and has been increasing over the years. High feed cost is the major reason for the relatively low profitability of aquaculture 

operation in the region.  

• Farm-made feeds to some extent ease the problem of feed availability, yet quality and feeding efficiency are questionable. 

• Good practices of farming and feeding management at farm level that favor high eco-efficiency and feeding cost-effectiveness are not widely 

known to farmers as they should be, while some common prevailing practices such as excessive protein input, “satiation” feeding etc. may need 

to be rechecked and properly adjusted. 

• Aquaculture feed production and uses need policy and institutional support. Standards and regulations need to be in place and robust 

implementation is required. 

• Use of local available feed ingredients and alternative ingredients are strategically important to the region. 

• Research and development efforts need to be strengthened to develop specialty feeds, low cost feeds, feeds using local/alternative ingredients, 

eco-efficient farming systems and feeding practices. 

• Collaboration, coordination and cooperation among agencies, sectors, and countries are required for effective information exchange, experience 

sharing, technology dissemination, capacity building and optimization of research and development efforts.  
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1.1 Background 

Aquaculture has been one of the fastest growing food production sectors in the past three decades 

globally. The sector achieved an average annual production growth about 8 percent from 1984 to 2014. 

As the major contributor to the world aquaculture production, Asia achieved an average annual growth 

of 8.4 percent in the same period, and the production reached 92.8 tonnes in 2014, accounting for 91.7 

percent of the world total. Currently, Asian aquaculture supplies some 60 percent of food fish for 

people’s consumption while contributing significantly to the livelihoods for a large number of rural 

communities. The rapid growth has been largely attributed to intensification of production with 

increasing dependence on artificial feeds. Finfish and crustacean are two major groups of cultured 

aquatic animals that require artificial feeds, in the forms of commercial feeds, farm-made feeds, and 

fresh feeds. Their global production reached 56.8 million tonnes in 2014, including some 6.92 million 

tonnes of crustacean and 49.9 million tonnes of finfish. With silver carp, catla and bighead which are 

filter feeders on plankton being excluded, about 38.8 million tonnes of finfish out of the total 49.9 

million tonnes were produced through entire or partial feeding based on feeding habits and common 

culture practices. Aquaculture commodities produced through partial or complete feeding accounted for 

45.2 percent globally in 2014, while it was only 4.25 percent 10 years back. The total production of 

aquaculture species depending on artificial feeding increased by 97.9 percent in the 10 years. 

The rapid growth of production of species depending on artificial feeds in aquaculture has resulted in 

drastic increase in demand for commercial feed. As a result, the aquaculture feed industry has grown 

rapidly in the past two decades.  In 1995, the total production of industrial compound aqua-feed was 7.6 

million tonnes. By 2010, the total production had increased 4.5-fold to 34.1 million tonnes and further 

to 40.2 million tonnes in 2012. Industrial aqua-feed production has increased at an average annual rate 

of 11 percent since 1995, which was significantly higher than the annual aquaculture production growth 

of 8 per cent. The increased use of feed in aquaculture has greatly contributed to production efficiency 

and quality of products, and enabled farmers to better meet market requirements and achieve sound 

economic benefit.  

On the other hand, rapid increase in use of feed in aquaculture has given rise to a number of issues that 

threaten the sustainability of the industry. One of the issues is the increasing feed cost that narrows down 

profit margin in production of many important aquaculture commodities. Feed cost often accounts for 

as high as 70 percent of the total production cost for commodities that entirely depend on artificial feeds. 

The increasing feed cost has been largely due to the rapid increase in feed demand in the region, slowly 

growing yet still limited local feed production capacity, dependence of feed production on non-locally 

available feed ingredients and increasing constraints in ingredient production and supply. To meet the 

feed demand by fast growing aquaculture, most Asian countries have to rely on in various degrees import 

of often expensive compound feeds or feed ingredients from other countries or regions. For example, 

supply of fishmeal for feed industry in Asia heavily depends on import. The price increased significantly 

from 2006 to 2013, peaking at US$1,747 per tonne in 2013 and has remained high since.  The price hike 

has been coupled with the decreasing supply of the captured fish for non-food use down from 34.2 

million tonnes in 1994 to 20.9 million tonnes in 2014. Profit margin of aquaculture has also been 

squeezed by declining prices of aquaculture products since 2013 and the trend will remain until 2020 

(FAO, 2016). 

In addition, there is increasing stringent requirement for feed manufactures to comply with international 

norms and practices in sourcing feed ingredients to combat and ultimately eliminate IUU fishing in order 

to help sustain capture fisheries and maintain marine ecosystem functions and services. It is believed 
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that a considerable proportion of fish capture from IUU fishing is still being used for aquaculture purpose 

in the region. Responsible sourcing of feed ingredients free from IUU fishing will soon be a compulsory 

requirement of conduct in international trade. Export of aquaculture products from the region will be 

impacted if appropriate actions are not taken timely. 

The demand for food fish will increase significantly in the coming decades with population increase and 

economy growth. It is projected that the world apparent fish consumption will increase by 31 million 

tonnes in the next decade to reach 178 million tonnes in 2025 (FAO, 2016, SOFIA). With little prospect 

for growth of capture fisheries in the near future, aquaculture has to maintain a substantial growth rate 

to meet the global demand for fish and this can only be achieved through improving aquaculture 

efficiency in the wake of increasing scarcity of land and water resources for further aquaculture 

expansion. Issues related to aquaculture feed and feed ingredients, considered as determining factors for 

sustainable growth of aquaculture in the region, warrant an immediate attention and need to be addressed 

effectively. 

1.2 Objective 

The objective of the regional consultation was to review and share the knowledge on the current situation 

of aquaculture feed production and use, in respects of  production status, demand and supply, sourcing 

of ingredients, government policies and institutional support, ongoing progress and development gaps. 

The consultation also tried to put forward regional strategies and recommend actions to promote 

responsible utilization of feed and feed ingredients for sustainable growth of aquaculture in Asia-Pacific 

through sharing of available knowledge, technological innovations and scaling up successful practices 

and further research and technology development. 

1.3 Consultation scope 

The consultation focused on four thematic areas:  

• Development and use of alternatives of fishmeal and other high cost feed ingredients in 

aquaculture; 

• Traceability of aquaculture products in relation to feed and feed ingredients; 

• Promote cost-effective aquaculture feed made of locally available feed ingredients; 

• Innovation in aquaculture farming and feeding practices for reduced feed costs and environment 

impacts at farm level. 

The geographic scope of the consultation covered most major aquaculture producing countries in Asia-

Pacific. 

1.4 Activities 

The regional technical consultation was funded by FAO and jointly organized by FAO Regional Office 

for Asia and Pacific and the Network of Aquaculture Centres in Asia-Pacific and with support of the 

Department of Fisheries of Royal Thai Government and other partners. The consultation consisted two 

parts: 

– a desk study on various aspects of aquaculture feed production and use by invited experts and 
an assessment of country development status by country representatives from 15 major 
aquaculture producing countries, and 

– a consultation workshop to share the information , identify issues and recommend strategies and 
actions. 



                               

6 | P a g e  
 

1.4.1 The desk study 

FAO and NACA through their networks of connection and communication identified and invited 10 

experts with distinguished expertise in various areas in fish nutrition and feed technology, development 

policies and industrial practices and management. Each of them was assigned a specific topic of 

relevance and prepared a review paper. The topics were: 

(1) Overview of Aquaculture Feed Production and Use in Asia-Pacific Region 

(2) Development and Use of Alternatives of Fishmeal and Other High Cost Feed Ingredients in 
Aquaculture 

(3) Promoting Cost-Effective Aquaculture Feed Made of Locally Available Feed Ingredients 

(4) Traceability of Aquaculture Products in Relation to Feed and Feed Ingredients 

(5) Innovation in Aquaculture Farming and Feeding Practices for Reduced Feed Costs and 
Environment Impacts at Farm Level 

(6) Government Policy and Enabling Environment Supporting and Managing Aquaculture Feed 
Production and Marketing for Sustainable Aquaculture Development in China 

(7) Government Policy and Enabling Environment Supporting and Managing Aquaculture Feed 
Production and Marketing for Sustainable Aquaculture Development in Thailand 

(8) Efforts of Private Feed Sector Supporting Sustainable Aquaculture Development: The Case 
of Charoen Pokphand Group Co., Ltd. Thailand 

(9) Efforts of Private Feed Sector Supporting Sustainable Aquaculture Development: The Case 
of Thai Union Feed Mill Co. Ltd., Thailand 

(10) Certification of Aquaculture Feed and Feed Ingredient 

NACA also communicated with its member governments through its governing council members to 

identify and nominate experts, one from each country as the country representative, to take part in the 

consultation. Country representatives were requested to prepare country papers that focused on: 

i) Overview of aquaculture feed production and use in the country (feed 
production/supply, feed types, major cultured species that depend on commercial feed, 
trend in feed use and supply of feed ingredients etc.); 

ii) Government policies/strategies and regulations towards aquaculture feed production 
and use; 

iii) Successful experiences in improving aqua-feed production and utilization; and 

iv) Major issues to be addressed in aquaculture feed production and use. 

1.4.2 The consultation workshop 

The consultation workshop was held at Centara Grand Hotel at Central Plaza Ladprao, Bangkok, 

Thailand, from 7th to 9th March 2017. A total of 39 participants attended the workshop. They represented 

22 organizations, including research and education institutes, government agencies, feed producers, 

aquaculture farms, international and regional organizations and non-governmental organizations from 

16 countries (Annex 1). The workshop agenda are presented in Annex 2. 

One of the objectives of the consultation was to share the available knowledge and successful 

technologies and good management practices related to responsible use of aquaculture feed and feed 

ingredients. This was achieved through presentations by country representatives and experts based on 

their desk studies and the following discussions. 
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Country representatives from Bangladesh, Cambodia, China, India, Indonesia, Lao PDR, Malaysia, 

Maldives, Myanmar, Nepal, Pakistan, Philippines, Republic of Korea, Thailand, Vietnam shared the 

information and experiences of their respective countries on status of aquaculture feed production and 

use, efforts for aquaculture development by various sectors, country policies, major issues, successful 

stories and some lessons learned. Feed industry for aquaculture has been established in countries such 

as China, Bangladesh, India, Indonesia, Malaysia, the Philippines, Thailand and Vietnam, indicated by 

capability of producing various kinds of feeds including commercial pellets and significant production 

capacity. Policies, standards and regulations have been developed and implemented through 

institutionalized mechanisms. Some other countries such as Cambodia, Laos, Maldives, Myanmar, 

Nepal and Pakistan are however still in the early development stage and much needs to be done in human 

capacity building, infrastructure and sector regulation. 

Presentations of ten experts thematically focused on research advances, current status and development 

trends of aquaculture feed industry, major development issues, use of alternative and locally available 

feed ingredients, roles of private and public sectors, government policies, farming innovations for 

effective and efficient feeding, and use of fish meal and fish oil. 

The extend abstracts of presentations are compiled in Annex 3. 

Guided group work was subsequently carried out in which participants were split into three groups and 

each group was assigned the identical tasks to identify issues and development gaps, generate and 

synthesize ideas on appropriate strategies and actions to promote responsible use of aquaculture feed 

and feed ingredients. The group work was summarized and presented in a following plenary session.  

 

 

 



 
 

Major Issues and Gaps IdentifiedMajor Issues and Gaps IdentifiedMajor Issues and Gaps IdentifiedMajor Issues and Gaps Identified    

The consultation aimed to identify major issues and constraints related to feed production and use of 

aquaculture feed and feed ingredients. In addition, development gaps were also closely examined in 

respect of development variation among countries, and deficiency in technology extension and 

information dissemination. The issues and gaps identified were grouped into 7 interlined areas relevant 

to aquaculture feed production and use, they are: (1) Feed Ingredients and Supply, (2) Feed Quality, (3) 

Feed Cost and Cost Effectiveness, (4) Feed Availability and Accessibility, (5) Farm Level Feeding 

Practices, (6) Policy Support and Governance, and (7) Research, Development and Capacity Building. 

Table 1: Major issues and gaps identified in aquaculture feed production and use  

(1) Feed Ingredients and Supply 

Issues Main causes Gaps 

• A general lack of 
proper production and 
supply capacity of feed 
ingredients with 
satisfactory quality and 
sufficient quantity in 
the region 

• Dependence on 
imported feed 
ingredients 

• Unrealized potential of 
using locally available 
materials for feed  

• Adulteration of some 
feed ingredients  

• Concern on use of feed 
ingredients of GMO 
origin (e.g. plant 
protein/oil sources)  

• Seasonal fluctuation 
and variation of supply 
quality and quantity  

• Uncertainty and 
difficulties to secure 
sustainable supply 
sources of feed 
ingredients 

• Increasing and huge demand for 
aquaculture feed to sustain a 
required growth of aquaculture 
to satisfy the growing 
consumption of increasing 
population (It is likely that 
aquaculture feed demand will 
reach 66 to 100 million metric 
tons in Asia-Pacific in 2025 
varying depending on culture 
technology) 

• Competition for raw materials 
with other purposes of use, e.g. 
human food supply, ethanol 
production, and feed production 
for terrestrial livestock 
production 

• Climate change that impacts the 
overall grain production, hence 
the supply of feed ingredients to 
aquaculture.  

• Price increase of imported raw 
materials due to persistent 
currency depreciation in a few 
countries 

• There is a regional need for 
coordination and proper 
sector planning for ingredient 
production and use 

• Registration and licensing of 
feed ingredient suppliers need 
to be strengthened.  

• Regulatory mechanisms on 
quality control, trade and 
marketing need to be 
developed or improved. 

• Mechanisms need to be 
established for information 
sharing and exchange on 
some important feed 
ingredients and improve 
traceability in production, 
trading and use. 

• Research and development 
efforts lag behind in use of 
alternative and local feed 
ingredients. 
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(2) Feed Quality 

Issues Main causes Gaps 

• Farm-made feeds are 
common in some small 
scale farms but quality 
varies and often poor, 
indicated by unbalanced 
nutrient profile, poor 
stability in water and 
nutrient leach etc. 

• Commercial feeds are 
better controlled and 
regulated in production 
process. However there 
are cases that feeds are 
not nutritionally 
balanced (e.g. some 
micro nutrients are 
overlooked in 
formulation) and 
nutrient contents are 
inaccurately labelled. 

• Improper transportation 
and storage of feed, 
causing wastage and 
quality deterioration 

• Low quality of raw 
materials/ingredients; 

• Most of the formulations are 
based on the generic proximaty, 
and practically feed 
manufacturers try to get the 
least cost formulation. 

• Lack of knowledge to balance 
the diet with vitamins and 
minerals.  

• Nutritional needs for certain 
commercially important 
species, e.g. some marine 
finfish, are still not fully 
understood. 

• Lack of specific 
formulations/feeds to fulfil the 
need for the optimal growth of 
specific species for specific 
growth purpose and growing 
stages as it is very costly to 
produce many specialized 
feeds with relatively small 
production volume each. 

• Farm-made feeds are subject 
to more research efforts and 
regulation 

• Government policies and 
standards are not properly set 
or implemented. 

• There are not enough 
facilities, equipment and 
technical capacity to monitor 
and regulate feed industry and 
feed quality in particular.  

• Farmers need training on 
proper handling, storage and 
transportation of feeds.  

• Efforts are needed to 
formulate and produce 
species-specific feeds and 
specialty feeds for different 
growth purposes and stages. 
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(3) Feed Cost and Cost Effectiveness 

Issues Main causes Gaps 

• Feed cost has been 
increasing over the 
years.  

• Commercial feed is 
often too expensive for 
small scale farmers to 
use 

• High feed cost is one 
of the major reasons 
for low profitability of 
farm operation and 
responsible for 
financial hardship of 
majority small scale 
farmers. 

• Variation of feed cost 
due to location, 
transportation and 
seasonality of 
ingredient supply. 

• Farm-made feeds may 
be cheaper but not 
necessarily cost 
effective. 

• Fresh feed such as low 
value fish is becoming 
irrelevant. 

• Use of feed is not 
always cost effective.  

• Costs for feed ingredients with 
special reference to fish meal, 
fish oil and soybean meal have 
been increasing. 

• It is very costly to produce 
many specialized feeds for 
different species, growing 
purpose, growing stages etc. 
with relatively small 
production volume each, 

• Some feed factories have 
excessive production capacity 
and often operate in sub-
optimal partial capacity, 
resulting in increase of feed 
price. 

• Costs associated with 
marketing have been 
increasing. 

• Certain feed ingredients and 
feeds are imported, 
commanding high prices, 

• Price of low value fish has 
been increasing and supply is 
becoming unreliable. The use 
raises environmental concerns. 

• Decisions on feed and feeding 
at farm level are often based on 
cost saving, opt for cheapest 
availability instead of cost 
effectiveness. 

• Information on feed cost are 
often not sufficient or 
enough in details for farmers 

• There is need for planning, 
management and R&D for 
production and use of 
alternative and locally 
available ingredients  

• There is need to build 
information infrastructure to 
collect, analyze and 
disseminate information on 
feeds and feed ingredients. 

• Institutional mechanisms 
should be developed to 
regulate feed cost. 

• Farmers need to be trained 
on proper decision making 
on choosing feeds and 
feeding cost effectiveness. 
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(4) Feed Availability and Accessibility 

Issues Main causes Gaps 

• Aquaculture feeds have 
yet to be made readily 
available and or 
accessible to majority 
small scale farmers. 

• Farmers are not willing 
to use commercial or 
processed feeds even 
they are cost effective. 

• Often there are no 
proper feeds for newly 
introduced species. 

• Aqua feed industry has yet to 
be established in some 
countries and production 
capacity is low 

• Small scale farmers are often 
marginalized with limited 
affordability to buy feeds.  

• Demands for feeds of small 
scale farmers often scatter and 
are in small amount each, 
which makes it impossible for 
them to negotiate with feed 
distributors or producers for 
better prices. 

• Small scale farms are often 
geographically isolated with 
improper road access imposing 
difficulties in feed 
transportation. 

• Lack of farmers’ groups or 
cooperatives or clusters to 
facilitate sourcing of feeds.  

• Farmers may not have 
sufficient knowledge and skills 
to make on-farm feeds 

• Lack of capacity building 
and farmers’ training 

• Lack of infrastructures for 
efficient production and 
distribution of feeds, 
especially in rural areas 
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(5) Farming Level Feeding Practices 

Issues Main causes Gaps 

• Feeding efficiency is 
low in terms of 
feed/nutrient 
conversion.  

• Farming systems are 
inappropriately chosen 
or not be fully 
optimized 

• There is loss of feed or 
quality deterioration in 
handling process such 
as transportation and 
storage. 

• Some farmers still use 
of low value fish as 
direct feed 

• Many good feeding practices 
are poorly known and rarely 
applied, e.g. mixed feeding 
schedules, economically 
optimal protein levels, feed 
rings etc. 

• Many common feeding 
practices are inefficient and 
result in feed wastage, e.g. over 
feeding to “satiation”, use of 
poorly bound feeds, improper 
broadcast feeding, rigid use of 
feeding tables provided by feed 
suppliers etc. 

• Financial limitation of small 
scale farms to invest on 
relavent feeding technology 
and facilities for  automated 
feeding, real time monitoring 
of feeding behaviour and water 
quality etc. 

• Some farmer believe 
incorporation of low value fish 
in fish feed is essential to 
maximize fish growth, 
especially in marine finfish 
cage culture. 

• Farmers are not properly 
trained on basic biological 
principles of feed and 
feeding management, 
especially on knowledge and 
skills related to some critical 
factors that affect feeding 
efficiency such as: 

o Choose of proper farming 
systems 

o Feed handling and storage 
at farm level 

o Monitoring of fish 
mortality 

o Monitoring of fish health 
conditions, especially 
related to diseases and 
stress that induce low 
consumption of feed by 
cultured animals and  
hence slow growth 

o Estimation of the biomass 
of culture animals in 
feeding process 

• Investment in R&D and 
institutional mechanisms 
need to be strengthened to 
stimulate innovations at farm 
level for effective feeding. 
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(6) Policy Support and Governance 

Issues Main causes Gaps 

• Lack of robust and 
vigorousness in policy 
formation and 
implementation to 
enable a conducive 
policy environment for 
development of 
aquaculture feed 
industry 

• Large discrepancy in 
the level of regulation 
of feed industry sector/ 
ingredient usages 
between countries. 

• Lack of connection or 
coordination among the 
different agencies 
involved in the whole 
production chain in 
general and feed 
industry in particular  

• Information on specific 
market regulations for 
feeds/ingredients is not 
well known and 
changes frequently.  

• Lack of sensitivity and 
awareness on some 
important social issues 
such as gender, child 
labour and IUU etc. 

• Aquaculture in the region is 
highly diverse in terms of 
species, systems, locations, 
social settings and economic 
conditions, which make policy 
formation and implementation 
complex and difficult. 

• Lack of coordination and 
cooperation among 
stakeholders and sometimes 
there are conflicts of interests 
among them 

• Lack of capacity 
building/personnel training for 
proper policy formation, sector 
planning and implementation 

• Lack of supporting capability 
in policy formation and 
implementation, such as sound 
scientific research, trained 
professionals and competent 
laboratories  

• Lack of public awareness 

• Capacity building needs to 
be strengthened on 
aquaculture governance. 

• Policies and regulations need 
to be in place and improved 
and better implemented in 
relation to ingredient 
sourcing and supply, feed 
quality monitoring and 
control, certification, 
traceability, labelling of 
feeds and feed ingredients, 
minimum nutritional 
specification, price 
regulation, implementation 
of GMP etc. 

• Sensitivity and awareness on 
some important social issues 
such as gender, child labour 
and IUU etc. need to be 
improved in the whole sector 
at all levels from farming 
practices to policy.  

• Sector governance and policy 
implementation require 
approaches of robust and 
vigorousness, and 
cooperation among different 
agencies involved in the 
whole industry and 
coordination between 
countries. 

• Institutional capacity for 
formation and 
implementation of policies 
and regulations needs to be 
improved. 
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(7) Research, Development and Capacity Building 

Issues Main causes Gaps 

• In general, research, development 
and capacity building for 
aquaculture nutrition, feeds and 
feeding technology lag behind 
aquaculture development in the 
region. 

• Research effort is insufficient 
especially on: 

o Use of locally available  
ingredients and alternative 
feed ingredients 

o Nutritional requirements/ 
digestibility studies on 
important aquaculture species 
with regard to different life 
stages and culture 
environment 

o Balance between artificial 
feed inputs and natural food 

o Lack of collaboration, 
cooperation, and information 
sharing in research and 
development between private 
and public sectors, between 
research institutes and 
industry, and among different 
geographic locations and 
countries. 

• Lack of efficient 
institutional 
mechanisms for 
collaboration and 
cooperation 

• Shortage of 
competent 
aquaculture 
nutritionists in the 
region 

• Insufficient funds 
and government 
support for research 
and development 

• Both fundamental research in 
nutrition, feed technology 
and applied research at farm 
interface demand greater 
investment and efforts.  

• Capacity building is needed 
at all levels for all 
professionals including 
farmers, feed producers, 
extension workers and policy 
makers.  

• Capacity building on sector 
governance and farm-level 
interventions warrants great 
priority. 

• Dissemination of technology 
obtained from research 
studies to industry and 
farmers needs furthered 
improved 

• There should be strong 
political will to invest on 
research and development in 
aquaculture 

• Institutional mechanisms 
should be established to 
support research and 
extension, and facilitate 
efficient connection, 
communication and 
collaboration in R&D among 
sectors, institutions, 
geographic locations and 
countries. 
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Strategies and ActionsStrategies and ActionsStrategies and ActionsStrategies and Actions    

Strategies and actions were proposed by the consultation group based on the issues and gaps identified 

for promoting responsible use of aquaculture feed and feed ingredients for the member governments. 

Strategy 1:  Establishment and provision of an enabling environment that supports the feed industry with good 

governance and production practices, through policy formation and implementation, standard setting and certification, 

facilitation of research, development and capacity building 

Areas Actions Who does what? 

Feed ingredients and 

supply 

• Develop/improve national strategies and plans for food security and human nutrition in 

order to rationalize and support production of feed ingredients for aquaculture  

• Develop strategic plans to promote use of locally available and alternative feed 

ingredients 

• Provide policy and regulation easiness for registration of ingredient producers, suppliers 

and importers 

• Governments may impose selective importation of raw materials and processed feed 

ingredients, select and authorize suppliers  

• Provide “One-Stop” documentation service 

• Provide incentive-based schemes depending on the capacity of the government to 

encourage suppliers to comply with certification standards 

• Governments to set or 

improve policies through 

wide consultation with all 

stakeholders 

• Implementation through 

collaboration and 

cooperation of industry 

and farmers 

Feed quality 

• Develop and implement effectively standards, certification and guidelines for quality 

control, monitoring and traceability in ingredient procurement, feed production, product 

labelling, distribution, and retailing. 

• Governments to set 

standards and 

certification schemes 

Feed cost and cost 

effectiveness 

• Set-up regulations for pricing of feed ingredients and feeds, and establish certain feed 

price monitoring and regulating mechanisms in feed distribution and retailing 

• Governments to establish 

the mechanisms 

Availability and 

accessibility 

• Provide institutional support for farmers organizations and farming clusters and 

facilitate community development 

• Take aquaculture into consideration in rural infrastructure development and sector 

planning to provide logistic convenience for aquaculture  

• Gradually introduce standards on the safety and traceability of farm made feeds. 

• Governments 

• Farmers communities 

Farm level feeding 

practices 

• At policy level to offer some R&D and investment priorities onto farm level feeding 

practices to stimulate farm level innovations 
• Governments 

Strategy 2:  Prioritization of research and development needs in sustainable production and use of aquaculture feeds and 

implementation of research and development initiatives with focuses on use of locally available and alternative feed 

ingredients, low cost feed production, innovative feeding practices at farm level, accessibility to feeds by small scale 

farmers and feeding efficiency 

Areas Actions Who does what? 

Feed ingredients and 

supply 

• Investigate into availability and nutritional values of local feed ingredients 

• Establish information database of local available feed ingredients including 

availability, nutritional value, supply potential and real-time prices 

• Governments 

• Research institutions 

• Private sector 
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Areas Actions Who does what? 

• Research into and promote use of alternative feed ingredients 

• Establish connectivity/direct link between manufacturers and producers of raw 

materials 

• Carry out sector development planning to map out proper geological positions of 

ingredient producers/suppliers, feed mills, fish farms to provide logistic convenience 

and efficiency 

• Research into further processing, blending and combination of alternative ingredients 

Feed quality 

• Research into nutritional needs for certain species such as some marine species and 

develop species-specific feeds for various production purposes and growing stages 

• Conduct research on farm-made feeds to improve quality 

• Advice farmers on good practices on feed transportation and storage at farms 

• Restrict the use of protein sources of animal origins 

• Governments 

• Research institutions 

• Feed producers 

• Farmers 
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Areas Actions Who does what? 

Feed cost and cost 

effectiveness 

• Establish real-time database of feed prices 

• Research into feed formulation to get the exact nutrients balance for each 

species in order to get the optimal diet and increase cost effectiveness 

• Implement use of alternative and sustainable ingredients to reduce cost 

• Upgrade feed processing to decrease cost 

• Direct marketing to shorten marketing channels 

• Improve feed management practices at farms 

• Keep farmers informed and provide guidelines to farmers on suitability of 

feeds, e.g. 

Evaluate feed costs, say: 

� For 5 major species in 5 countries. 

� Get feed costs from wholesalers (farmer/ seller interfaces). 

� Correlate estimated cost to protein levels in feeds. 

� Relate cost estimate to prices farmers actually pay 

� Correlate estimated cost of feed to protein levels in feeds 

� Advice farmers on suitability of feeds. 

• Governments 

• Research institutions 

• Feed producers 

• Farmers 

• A regional organization to 

coordinate 

Accessibility by small 

scale farmers 

• Map out and optimize logistics in feed production and distribution 

• Increase feed production through strategic investment 

• Empower small-scale farmers through formation of groups, cooperatives, 

clusters 

• Enhance the management support for such groups, cooperatives and clusters 

• Promote feed production using locally available ingredients (if available) 

• Develop infrastructure for efficient transportation and storage of feeds  

• Increase the quality and promote farm made feeds 

• Popularize use of formulated feed  

• Governments 

• Research institutions 

• Development agencies 

• Communities 

Areas Actions Who does what? 

Farm level Feeding 

practices 

• Research into how different feeding practices affect feed utilisation efficiency 

and demonstrate to farmers 

• Promote scientifically sound feed management practices 

• Utilise existing water bodies on a communal basis for extensive aquaculture 

development of low-trophic species, where appropriate. 

• Promote low trophic and unfed aquaculture systems 

• Promotion of enhancing natural food productivity in the culture environment,  

• To conduct project-based development on selected concepts and better 

management practices, to be tested at farm level in partnership with farmer 

groups 

• Governments 

• Regional development 

organisations. 

• Researchers and farmer groups  
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Areas Actions Who does what? 

Some general research 

gaps, priorities and 

development needs 

• Research on eco-efficient farming systems  

• Research on biosecurity mechanisms and operating procedures to reduce 

disease threats and stress to increase feeding efficiency 

• Needs government initiation and 

investment in coordination with 

research institutions and private 

feed companies 

• Build reference laboratories and supporting facilities for monitoring quality of 

aquaculture feeds and feed ingredients 
• Governments 

• Conduct a desk study of scientific evidence for the function and effectiveness 

of probiotics used in culture environment, as feed additives, or for feed 

processing (e.g. in so-called aqua-mimicy farming practices) 

• Participated by local researchers 

• Coordinated by a regional 

organisation 

• Establish a regional network to provide up to date information on feeds, 

practices, chemicals, prices 

• Collaborative work by a regional 

organization 

• Evaluate the variety of certification schemes and provide guidance for 

farmers on the pros and cons, costs and benefits. 
• FAO / international organisations 
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Strategy 3: Capacity building for sustainable production and use of aquaculture feed at all levels 

Actions Who does what? 

• Training for awareness on modern feed and feeding technologies 

• Carry out laboratory efficiency test and training feed laboratory professionals 

• Training on standard setting, development of certification schemes and implementation  

• Demonstration at farm level of eco-efficient farming systems and techniques to improve 

feeding efficiency and save feed cost 

• Training on technology and skills for producing farm-made feeds 

• Formation of farmer groups for sharing information and training 

• Training of community members on governance and management of farmer organizations, 

farming clusters, community based resource management 

• Produce and update simple extension manuals for on-farm feeding and feed management 

practices, to be translated in multiple languages 

• Regular newsletters in local languages, mobile phone apps, Youtube clips, other ICTs 

• Governments 

• Network of national extension services  

• Regional organisations 

• Professional societies 

• Farmers 
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Annex 2: Program of the Consultation Workshop  

    

Regional Consultation Regional Consultation Regional Consultation Regional Consultation on Responsible Production and Use of Feed and Feed Ingredients for Sustainable on Responsible Production and Use of Feed and Feed Ingredients for Sustainable on Responsible Production and Use of Feed and Feed Ingredients for Sustainable on Responsible Production and Use of Feed and Feed Ingredients for Sustainable 

Growth of Aquaculture in AsiaGrowth of Aquaculture in AsiaGrowth of Aquaculture in AsiaGrowth of Aquaculture in Asia----PacificPacificPacificPacific    

7777----9 March 20179 March 20179 March 20179 March 2017    

Centara Grand Hotel at Central Plaza Ladprao, Bangkok, ThailandCentara Grand Hotel at Central Plaza Ladprao, Bangkok, ThailandCentara Grand Hotel at Central Plaza Ladprao, Bangkok, ThailandCentara Grand Hotel at Central Plaza Ladprao, Bangkok, Thailand    

 

7 March 2017 

09.00-10.00  

 

Opening Session 

Welcome remark by Director General/Representative, Department of Fisheries, 

Thailand  

Welcome remark by Dr. Cherdsak Virapat, Director General of NACA 

Opening remark by Assistant Director General/Representative, FAO RAP 

Introduction of participants 

10.00-10.30  Group Photo & Coffee Break 

10.30-12.30  

Brief introduction to the Regional Consultation  

Session I: Country presentations on status of aquaculture feed and feed 
ingredient production and utilization 

Bangladesh, Cambodia, China, India, Indonesia, Iran 

12.30-13.30  Lunch Break 

13.30-15.30  

Session I: Country presentations on status of aquaculture feed and feed 
ingredient production and utilization (continued) 

Lao PDR, Malaysia, Maldives, Myanmar, Nepal, Pakistan 

15.30-15.50 Coffee break 

15.50-17.30  

Session I: Country presentations on status of aquaculture feed and feed 
ingredient production and utilization (continued) 

Philippines, Republic of Korea, Sri Lanka, Thailand, Vietnam 

17.30-17.45  Wrap Up for Day 1 

18.00-19.30  Welcome Dinner 
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8 March 2017 

Session II: Thematic presentations by resource persons on issues and recent progress 

08.30-09.00  

Presentation 1: Overview of Aquaculture Feed Production and Use in Asia-Pacific 

Region 

Professor Sena S De Silva, Deakin University, Australia 

09.00-09.30  

Presentation 2: Development and use of alternatives of fishmeal and other high cost 

feed ingredients in aquaculture 

Dr. Mae R. Catacutan, SEAFDEC 

09.30-10.00  

Presentation 3: Promote cost-effective aquaculture feed made of locally available 

feed ingredients 

Dr. Roger Edward Mamauag, SEAFDEC 

10.00-10.30 Coffee Break  

10.30-11.00  

Presentation 4: Traceability of aquaculture products in relation to feed and feed 

ingredients 

Ms. Laddawan Krongpong, DoF, Thailand 

11:00-11.30 

Presentation 5: Innovation in aquaculture farming and feeding practices for reduced 

feed costs and environment impacts at farm level 

Dr. Yuan Derun, NACA 

11.30-12.00  

Presentation 6: Government policy and enabling environment supporting and 

managing aquaculture feed production and marketing for sustainable aquaculture 

development 

Dr. Liu Bo, FFRC, Chinese Academy of Fisheries Science, China 

12.00-13.00  Lunch Break  

13.00-13.30  

Presentation 7: Government policy and enabling environment supporting and 

managing aquaculture feed production and marketing for sustainable aquaculture 

development in Thailand 

Mrs. Pisamai Somsue, DoF, Thailand 

13.30-14.00 

Presentation 8: Efforts of private feed sector supporting sustainable aquaculture 

development 

Dr. Atip Asvanund, Charoen Pokphand Group Co., Ltd. Thailand 

14.00-14.30  

Presentation 9: Efforts of private feed sector supporting sustainable aquaculture 

development  

Dr. Supis Tongrod, Thai Union Feed Mill Co. Ltd., Thailand 
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14.30-15.00  
Presentation 10: Certification of aquaculture feed and feed ingredient 

Ms. Maggie Xu, International Marine Ingredients Organization  

15.00-15.30  Coffee Break  

Session III: Issues and gap identifications and regional strategy and action plan development to 
promote responsible production and use feed and feed ingredients in aquaculture for 
sustainable growth of the sector 

15.30-17.30  
Working group discussion 1: Major issues and gaps in feed production and use for 

sustainable growth of aquaculture sector in Asia-Pacific 

 

 

 

9 March 2017 

Session III: Issues and gap identifications and regional strategy and action plan development to 
promote responsible production and use feed and feed ingredients in aquaculture for 
sustainable growth of the sector 

08.30-10.00  Presentation of results of working group session 1 and plenary discussion 

10.00-10.30 Coffee Break 

10.30-12.30  

Working Group Session II: Regional strategy and action plan development to 

promote responsible production and use feed and feed ingredients in aquaculture for 

sustainable growth of the sector 

12.30-13.30  Lunch 

13.30-14.30  Working Group Session II (continued) 

14.30-15.00  Coffee Break 

15.00-16.30  Presentation of outputs from Working Group Session II & Discussion 

16.30-17.00 Wrapping up and closing of the consultation 
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Annex 3: Extended Abstracts of Presentations 

Presentations by Experts 

 

Production and Use of Aquaculture Feeds and Its Implication to Sustainable Growth of 
Aquaculture in The Asia-Pacific 

 

Sena S De Silva 

School of Life & Environmental Sciences, Deakin University, Warrnambool, Victoria 3280 

 

Abstract 

Over half of food fish we eat is from aquaculture, still a far cry from our other staples and meats that are 

overwhelmingly of a farmed origin.   Aquaculture is expected to meet the increasing demand for food 

fish in the future. Global aquaculture is predominated in the Asia-Pacific region, accounting for over 90 

percent of the total production, as well as for finfish and shrimp production, the two produce that require 

feed inputs. In the ensuing decades sustained development of finfish and shrimp aquaculture in the Asia-

Pacific region will be crucial to providing food fish security globally, in spite of externalities such as 

climate change impacts, environmental and increasing share for key primary resources such as water.  

In this analysis the average rate of growth over five year periods in inland finfish and shrimp aquaculture 

were computed and based on the rate of growth in the final five year period, the production of finfish 

and shrimp were computed. The amount of feed required to produce these quantities of finfish and 

shrimp were projected under two differing basic scenarios, fed and non-fed proportions, and for each 

scenario at three Food Conversion Ratios (FCR). Accordingly the maximum and minimal amounts of 

feed required to produce finfish (inland) and shrimp in the Asia-Pacific region is given in the Table 

below. 

 2020 2025 

 Quantity (t) Feed quantity (t) Quantity (t) Feed quantity (t) 

Lowest Highest  Lowest Highest 

Finfish 58,093,249  48,798,330 74,359,359 80,000,957 57,600,689 89,601,071 

Shrimp 5,654,680 6,615,976 8,482,020 7,964,945 8,602,141 11,150,923 

Total 63,747,929 55,414,306 82,841,379 87,965,902 66,202,830 100,751,994 

It is pointed out that globally, and in the region, a great deal of effort and time has been spent on issues 

related to fish meal and fish oil and aquafeeds. The global fish meal production has hovered around five 

million tonnes in the past few years and is unlikely to increase, whilst finfish and shrimp production 

globally, and in the AP region have continued to increase significantly. Reasons for this observation are 

discussed and further insight is provided on the use of other ingredients, often referred to as alternative 

ingredients, referring to replacement of fish meal (note that fish and shrimp have no fish meal and or 

fish oil requirements per se) in aquafeeds. 
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Some ongoing practices in the A-P region thought to result in relatively inefficient use of aquatic feed 

resources are highlighted, and improvements that are needed to be put in place are shown. Farmer 

perceptions in this regard have to be changed; it may be that in most instances the stocks are fed feeds 

that are in all probability higher in protein content than required, especially so as the naturally food 

produced in the tropical systems are not taken into account. It has been demonstrated that the overall 

farm output can be still maintained at an economically viable level by feeding a diet of lower protein 

content, and thereby making savings on feed costs and resource usage. Similarly, other innovative feed 

practices such as the use of mixed feeding schedules need to be popularised. Adoption of such practices 

also have an environmental advantage in that the amount of nitrogen and phosphorus in the effluent is 

significantly reduced.    

Information of feed usage in aquaculture in a few nations in the region are highlighted, together with a 

focus on fish meal production and or imports into these countries. The trends in the use of aquafeeds in 

China, the leading aquaculture nation globally, is highlighted in order to showcase the progress  made 

in curtailing the use of fishmeal through rationalisation of its incorporation in selected feeds and the 

move towards an emphasis of 

the culture of finfish species 

feeding low in the trophic 

chain. Because of this 

rationalisation the 

dependence on imported 

fishmeal is reduced but the 

overall production of 

aquafeeds is increased in 

relation to aquaculture 

production (see Figure1 ).  

Finally, some emerging 

issues in relation to widening 

the usage of agricultural by-

products in aquafeeds and potential consequences thereof are highlighted, as well as some research 

needs that would lead to prudent use of feeds in the aquaculture sector leading to long term sustainability 

is addressed. 

  

                                                
1 From: Han Dong, Shan Xiujuan, Zhang Wenbing, Chen Yushun, Wang Qingyin, Li Zhongjie, 

Zhang Guofan, Xu Pao, Li Jiale, Xie Shouqi, Mai Kangsen, Tang Qisheng, De Silva 

Sena S., 2016. A revisit to fishmeal usage and associated consequences in Chinese 

aquaculture.  Reviews in Aquaculture, 2016 (on line), 1- 16. doi: doi:10.1111/raq.12183 
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Abstract 

Aquaculture production in Asia surpassed capture fisheries in year 2012. From 1990 to 2008, demand 

for commercial aquaculture feed increased considerably with an estimated aquaculture share of global 

use of fishmeal (FM) at 10% to 58% and fish oil (FO) at 17% to 81%. As such, the demand for FM and 

FO particularly for aquaculture use, is estimated to increase consequently reducing availability and 

increasing the price.  

A survey published in 2011, from year 1995 to 2010 showed that replacement of FM in aquaculture feed 

for marine fish and shrimp improved feed conversion ratio (FCR) when FM inclusion levels were 

decreased from 50% to 26% and 28 to 16%, respectively. This indicated a successful substitution of FM 

in aquafeed, but utilization of FM still increased due to a spurred production of aquafeed by the fast 

growing food producing sector. A progressive reduction of wild fish into aquafeed is vital for 

sustainability of the industry and one of the top international research priorities.  

For decades, studies on FM substitution have been conducted on several cultured aquatic species, and 

the growing number of scientific publications indicated that some species can be grown on FM-free 

feeds with amino acid supplements. Current studies on potential replacements for FM and FO not only 

assess their effects on growth but also include fish health and meat quality. The long list of feed 

ingredients evaluated for FM and FO replacements include plant-based sources, rendered by-products, 

terrestrial/marine animal sources, and some unconventional sources. Plant-based ingredients are 

considered infinite sources and thus many kinds of legumes, cereal grains, oil seeds and leaf meals have 

been assessed in a large number of aquaculture nutrition studies. Digestibility studies are usually 

conducted for these sources. Use of plant-derived materials is limited due to a wide variety of anti-

nutritional factors (ANFs) such that there is only a certain range of FM protein replacement from these 

sources. A review on ANFs in 2001 tentatively concluded that levels usually present in fish diets using 

commercially available plant derived sources are unlikely to affect fish growth performance. Recent 

findings, however, showed that interactions between effects of ANFs appear very important and 

microbiota in intestine may modify the effects of ANFs. Removal of ANFs by improved processing 

methods and supplementation with limiting amino acids and incorporation of enzymes can increase 

inclusion levels of plant-based ingredients. However, plant protein sources can replace FM at lower 

levels compared to animal protein sources.  
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Soybean meal (SBM). Generally, the basis for using feed ingredients as replacement for FM or FO are 

nutrient values especially crude protein (CP) and lipid quality, acceptability by consumers, market price, 

commercial availability, yield of good growth and healthy fish, and preference for sustainable and 

renewable materials. Among the plant protein sources, soybean is quite adequate in these respect as it is 

also a source of lecithin and oil aside from a good level of CP.  Soybean meal is widely used as a major 

plant protein source in aquafeed and the most-studied replacer for FM. However, SBM market price is 

unstable as there are other industrial uses of this plant product that can increase the price as noted from 

year 1980 at less than USD240/Metric Ton (MT) to more than USD 460/MT in 2012. This development 

has driven research efforts to assess other plant sources suitable to substitute SBM in formulations in 

addition to FM replacement. Other soybean-based products such as defatted SBM (50-54% CP), 

soybean protein concentrate (SPC, 67-72% CP), soy protein isolate (SPI, 90-92% CP), and fermented 

soybean are also utilized to reduce FM inclusion either singly or in combinations with other plant-based 

ingredients as vegetable blends, with good results. Level of FM substitution by SBM can be significantly 

increased by gamma irradiation. A FM-free diet (30% CP) of soy composite diet containing poultry 

waste was most economical compared with other plant-based ingredients in tilapia. However, a well-

documented limitation of SBM is the resulting inflammation of the distal intestine in some farmed fish 

at certain inclusion level.    

Other Plant Sources. Plant-based sources include pea, lupin, corn, rice, canola, rapeseed, barley and 

wheat. Utilizing these sources to replace FM is not easy particularly in formulations for carnivorous 

species that require high dietary protein. Improved processing techniques enhance the nutritional 

contents of plant-based sources and increases utilization as FM replacement. Processing remove ANFs 

and increases CP levels. Published information showed that it is possible to substitute most if not all the 

FM in practical diets with plant proteins in combination with other plant protein sources or with proteins 

from other sources. In some species, plant-based ingredients promote growth with high quality fillets 

while in some species total FM replacement is possible but with lower biological performance. One 

particular plant-based ingredient is rice protein concentrate (RPC) which is a good raw material due to 

its high crude protein (75%) and lipid (11%) content and no adverse effect on fish growth up to 20% 

inclusion level. However, the base material is rice and its use may not be encouraged in areas where it 

is a basic foodstuff of the people. 

Terrestrial Animal By-products. The good nutritional quality of terrestrial animal by-product meals 

make these suitable substitutes for FM. Blood meal, meat & bone meal, and poultry by-product meal 

have been used in aquafeed production and it is estimated that quantities of these by-products are higher 

than FM. These ingredients however, should be processed satisfactorily to prevent disease transmission. 

Although there has been an importation ban of these products by some countries years ago, evidence 

suggests that the harmful mammalian causative agent in these by-products is different from that of fish 

and apparently is not able to cross the intestinal barriers of fish. A good source of CP is meat & bone 

meal (50%) but the high ash content of 29% limits its use as replacement for FM. An improved 

processing method to decrease ash level could make this material a valuable alternative protein source. 

Non-traditional Feed Ingredients. Some other sources which can be considered renewable have been 

evaluated as FM replacement which includes insects, bacterial proteins, earthworm, silk worm pupae, 

Mopani worm, and maggot meal, among others. These have good potential as replacers for FM, but 

there are several considerations for their usage such as production cost, acceptability by consumers, and 

commercial availability. Increased research efforts on these ingredients coupled with technological 

innovations could make these potential FM substitutes important and widely used in the future.  
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Fish oil (FO). Fish oil is good source of omega-3 long chain polyunsaturated fatty acids (n-3 LC-PUFA) 

and is a high-cost ingredient in aquaculture feed with current prices more expensive than most protein 

sources. For every 100 kg of raw fish about 25kg of FM is produced and only 5 kg FO. An important 

consideration in FO replacement studies is the “fish in to fish out” ratio (FI/FO) as there are farmed 

species that require n-3 LC-PUFA that exceeds the supply of residual oil in FM.  Studies on FO 

replacement are numerous and most substitutes are vegetable oil (VO) or blends of VO or with terrestrial 

animal fat. Most cultured fish require n-3 LC-PUFA and researches are driven on how to supply 

sufficient amount to maintain level in farmed fish similar to wild fish. The fatty acid profile of a lipid 

source is reflected in the lipid profile of fed fish which could affect taste. Farmed fish feeding with VO 

in formulations are provided with finishing diet containing FO for a certain period to restore level of n-

3 LC-PUFA at harvest. Lipid metabolism in fish is also affected by high level of carbohydrate content 

in plant protein sources. In a crustacean species, digestibility of lipid in protein-rich animal feedstuffs is 

low compared to carbohydrate-rich plant feedstuffs. Some lipid sources used as FO substitutes include 

oils from seeds, beef tallow, poultry fat, and DHA-rich microalgae. Crude lipid in commercial feed for 

low value species or herbivores is about 2-3%, and as such, FO substitution may not be necessary.   

Issues and Gaps. The nature of alternative sources for FM and FO may affect quality of fish fillet and 

consumer acceptance; hence, sensory qualities of aquaculture products derived from using alternative 

sources need to be evaluated. An economic evaluation and assessment of available quantities for 

commercial utilization should be addressed, and attention to possible industrial users of these alternative 

sources is important as these may compete on volume for aquaculture use. 

Way forward. Quantities of FM and FO in aquafeed formulations in recent years have been substantially 

reduced and publications suggest that it is still possible to reduce inclusion levels without sacrificing 

growth performance and utilization of nutrients. To attain this objective there should be, 1) a sustaining 

effort in improvement, refinement and modifications of aquaculture feed formulations through focused 

researches, 2) creation of a well-coordinated group among concerned stakeholders (government 

fisheries research agencies, public and private sectors) in the conduct of important researches to improve 

amino acid profile of legumes and increase n-3 LCPUFA of plant-derived oils, and genetic selection for 

a fish strain/stock that can efficiently utilize plant-based or non-traditional ingredients, 3) technological 

innovations on less costly processing methods, and 4) information or research results on alternative 

sources for FM and FO for different growth stages of farmed fish such as digestibility, processing of 

ingredients, ANFs and optimum inclusion levels without affecting fish health, should be made available 

to users. 
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Abstract 

The aquaculture industry has been increasing steadily in Asia as a result of an expanding demand of 

food fish in the region as well as in the global scale. Aside from the high contribution to the world 

aquaculture production, fish is a major component in most of the diets in the region. Food fish production 

for the past several years has significantly increased and supporting this upward direction entails the 

reliance on cost-effective aqua feed production.  

Reducing aqua feed dependency on fishmeal is a key for a sustainable development of feed aquaculture. 

Most omnivorous fish species feeds are now devoid of fishmeal such as tilapia, carp, catfish and 

milkfish. However, reduction of fisheries product use in the diets of carnivorous species still poses a 

huge challenge.   Feed accounts  for 50% of the total operational costs in aquaculture with fishmeal as 

the main protein source (average inclusion level of 24% in the diets) and thus the aqua feed industry is 

beset with increasing costs, shortages and a conflict with human feed consumption. This has led to the 

exploration of the use of unconventional ingredients in fish feeds.  

Soybean meal is the most available and commonly used plant ingredient in aquaculture. Fishmeal 

replacement by oilseeds is only limited to 20-40% and a mean incorporation of 10-20% for carnivorous 

fish species. Oilseeds are characterized to be deficient with EAA, particulary methionine and lysine. It 

also contains several anti nutritional factors that can be inactivated by heat processing or solvent 

extraction. Palatability is compromised when plant ingredients are incorporated in the diets of the fish, 

thus the addition of feed stimulants is needed.  

Pea seed meal, Pisum sativum and lupin, Lupinus and other beans can contribute to the substitution of 

fishmeal. However, due to the minimal protein content (22 – 30%) its incorporation has become limited 

due to the presence of anti-nutritional factors. It can replace fishmeal at a level of 10-30% of the 

ingredient. Its incorporation has become limited due to the presence of anti nutritional factors, poor EAA 

profile, presence of non starch polysaccharides and a high content of starch which should be taken into 

consideration when formulating the diet. 

Cereals which includes maize, rice and wheat are incorporated in the diets to be used as an energy source 

(carbohydrates). It is low in protein (8-12%) but is a rich source of carbohydrates in the form of starch 

(about 60%). Cereal incorporation in the diets of carnivorous fish is limited at 10-20% which provides 

5% of the dietary protein. It is also deficient in EAA especially lysine. 
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Leucaena leaf (ipil-ipil leaf meal), with an analyzed crude protein of 34.38% can be supplemented in 

the diets of tilapia. However, this plant protein source contains mimosine and tannin which are toxic 

that can affect the digestive process of the fish and eventually leads to poor fish growth. 

Groundnut cake, Arachis hypogaea which contains 31.6% of crude protein, is an alternative protein 

source which is highly palatable and acceptable odor. It has better binding properties compared to 

soybean. In spite of its positive characteristics, it is deficient in some EAA (methionine and lysine) and 

can be exposed to aflatoxin which is toxic. Results from the studies suggested that groundnut cake can 

replace 10% of fish meal in the diets of H. longifilis. 

The sweet potato, Ipomoea batatas is an important food crops in the tropical areas. The leaves of this 

plant have been used as a cheap protein source as ruminant feeds. The leaf meal has a protein content 

between 26-33%, a good amino acid, mineral and vitamin profile. However, it contains anti-nutritional 

factors that can significantly affect fish growth. Tilapia growth trials have suggested of an up to 15% 

inclusion level of sweet potato in tilapia diets. 

The identification and removal of anti nutritional factors through heat treatment has improved the 

potential of taro, Colocasia esculenta as a protein ingredient in fish feeds. Taro leaves have a high 

amount of protein (31.5%) and a high level of vitamins and minerals which are needed in fish feed 

formulation. Growth experiment has indicated that a complete replacement of fish meal with taro can 

be achieved in the diets of tilapia cultured in ponds with high natural productivity. 

Harvested duckweed, Lemna spp. plants contain up to 43% protein on a dry weight basis and may be 

utilized without further processing as a complete food for fish. The amino acid profile of duckweed is 

relatively better than most of the plant protein sources and it contains high concentration of trace 

minerals. Studies have indicated that tilapia fed with duckweed at a feeding rate of up to 30 g dry matter 

/ kg resulted in a higher survival rate and weight gain. 

Coconut meal, (copra), Cocos nucifera is made from the process by-product of coconut oil extraction. 

It contains approximately 22% crude protein. Copra contains no known anti nutritional factors and has 

a high protein digestibility. But relative to fishmeal and soybean meal it is deficient in all the essential 

amino acids required by fishes. Nevertheless, copra is a useful diet ingredient in areas where it is locally 

available in quantity. 

The leaves of water hyacinth Eichhrornia crassipes contain 20% protein and relative to other plant, its 

essential amino acid profile is relatively balanced. However, it has a high fiber content which limits the 

utilization of this ingredient. Reports have suggested that processing the water hyacinth as concentrates 

can improve its nutrient profile and can be fed to white shrimp, Litopenaeus vannamei at 25% level. 

Rendered protein or animal by-product, which is comprised of meat meal, poultry meal, meat and bone 

meal, feather meal, blood meal has a high potential to be an alternative to fishmeal. However, these type 

of ingredients are heterogenous in nutrient profile, limiting with EAA and prone to bacterial 

contamination.  The protein content of these animal by-products ranges from 50-80% and can replace 

fish meal at a level of 20-40%. These types of ingredients have a good palatability and do not contain 

anti-nutritional factors similar to plants. However, it contains high levels of ash and saturated lipid. High 

inclusion level of animal by-product meal in fish feed can cause excess dietary phosphorus which is 

harmful to the environment and deleterious effect on the nutritional health of the fish. 

Shrimp by-product (heads and shells) are produced in large quantities from the processing plants and 

are commonly used as ingredient in shrimp diets. Head meal, process residues and waste of the shrimp 
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by-products has an average crude protein of 40%. Studies have indicated that L. vannamei growth and 

survival was significantly improved when shrimp by-product was included in the feeds of up to 18% 

level.  Fish (Humpback grouper) growth experiment suggested that with the increase of SHM level 

inclusion in the diets, growth and feed efficiency was adversely affected. High chitin and ash content of 

SHM poses a main constraint in the performance parameters of the fish fed the experimental diets. The 

study suggests a maximum of 10% SHM inclusion can be included in the diet of the fish. 

By-products from the fish processing industry (i.e. milkfish and tuna) can be utilized as an ingredient in 

fish feeds. On average, derivatives from fish processing has a crude protein of 60% and several essential 

amino acids are not limiting.  Research trials have shown that these ingredients have performed well 

when fed to grouper, Epinephelus coioides and red sea bream, Pagrus major at an inclusion level of up 

to 25%. However, product obtained from the processing plants will not ensure the homogeneity and 

freshness of the ingredient.  

The utilization of these alternative nutrient and locally available ingredients in different countries have 

been widely used. Several constraints and gaps in promoting these type of ingredients occur, however, 

strategies are being implemented to address these limitations. 

Most of the alternative nutrient ingredients are characterized to be inferior in protein content, unbalanced 

amino acid profile and the presence of anti-nutritional factors. Several studies have indicated that 

processing these ingredients into concentrates, isolates, hydrolysates and fractionated peptides can 

improve its nutrient profiles. Processed plant ingredients when added in the diets of the fish has resulted 

to an improved growth, feed efficiency and palatability. 

Utilization of fish processing waste should be researched and promoted. This ingredient has been 

characterized to have similar nutrient value and volume to fish meals and oils sourced from the wild. 

The use of  fish processing waste to produce fish meal and fish oil can make aquaculture a net producer 

of fish meal and oil. Studies suggested that further processing these ingredients into hydrolysates can 

resulted to an improved feed efficiency and growth rate. 

Scientific information on feed ingredients, fish nutritional requirements and the interaction between the 

fish and the diet should be intensively studied. Combination of two or more alternative ingredient should 

be encouraged in order to create an optimized and cost efficient diet for the industry. 

Another approach to minimize utilization of fish meal, is to promote the culture of fish species belonging 

below the trophic level. Herbivorous and omnivorous fish requires minimal protein in their diet, thus 

reducing the fish meal requirement in the diet formulation. 

Nutritional compounds found in fish meal and fish oil provide significant human health benefits. Fish 

fed on alternative feeds must continue to provide these health benefits to consumers. The methods 

adopted   to address fatty acid modification in fish fed alternative nutrient ingredients  includes; (i) the 

implementation of new n-3 HUFA rich alternative lipid sources,  (ii) the restoration of an optimal fatty 

acid profile with a finishing diet following a VO grow-out diet, (iii) the use of genetically modified n-3 

HUFA rich grain crops and (iv) the farming of transgenic fish with superior n-3 HUFA biosynthetic 

capabilities.  

Current facts and figures have indicated that the use of alternative nutrient ingredients in feed 

aquaculture is the way forward.  

Traditional fish meal and fish oil are not nutritionally required for farmed fish to grow. Nutrients (amino 

acids, vitamins, minerals, and fatty acids) are required but they can be obtained from sources other than 
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fish meal and fish oil. Combining alternative nutrient ingredients to get the same balance is possible, 

but will require intensive research before its application in the aquaculture industry. 

Feed companies making diets for carnivorous fish and shrimp have reduced their use on fish meal and 

fish oil. The use of published scientific research led to cost-effective substitution using alternative 

ingredients, which reduced feed costs. The ratio of fish in to fish out has been reduced from 3-4:1 to an 

average of  1.5:1 for major aquaculture species due to increased use of protein and oils in diets from 

non-marine sources.  

In conclusion, four key points are suggested to create a cost effective feed in aquaculture; (i) reduce the 

level of fish meal and fish oil in the diet of fish, (ii) choosing aquaculture species which requires low 

protein and lipid in their diet preferably herbivorous fish, (iii) formulate feeds which are environmentally 

friendly and (iv) formulate feeds with ingredients that are sustainable. 
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Abstract 

Concerns about health and safety of consumers are the driving force for the enforcement of traceability systems for aquaculture products by the importing 

countries such as USA and the EU.  Thailand is one of the largest aquaculture and fishery products exporting countries, and has responded to these food 

safety concerns over the entire chain of production. Thai DOF is the competent authority for inspection and certification of all fish and fishery products, and 

requires processing plants to implement GMP and HACCP in their production.   

The requirements also include establishing a coding system for recalling purposes. Since the detection by the EU of antibiotics and other prohibited chemical 

treatments and contaminants in frozen shrimps from several Asian countries, this has had a significant effect on food safety control in Thailand.  Controls on 

the use of prohibited substances were extended to farm, feed production, fishery imports, and processing and finished product levels.  

The strategy of the Thai DOF in order to improve food safety related to shrimp production is the “Farm-to-Table” approach.  The Code of Conduct (CoC) 

program for the marine shrimp industry, which began in 1998, emphasizes traceability from retailers or consumers to the culture farm as a means of ensuring 

that products are safe and of good quality, and are produced under environmentally friendly and industrially sustainable conditions.   

DOF has developed fundamental guidelines - Good Aquaculture Practices (GAP) - for hygienic shrimp production, guidelines that are easy to practice by 

farmers and can be used as a basis for further development of CoC.  The similarity between CoC and GAP is the record-keeping process which relates farms, 

hatcheries, feed and chemicals used, control processes, feeding, health status, supplies, buyers, distributors etc.   

Traceability means “the ability to follow the movement of a food through specified stage(s) of production, processing and distribution” (The Codex 

Alimentarius Commission, 2004). Traceability is used as a tool to deal with issues or problems associated with food safety and quality assurance, preventing 

risk in the business and gain the consumer trust.  

DOF introduced the Movement Documents (MD) as a paper-based tool to accomplish traceability of the Control and Monitoring Program on the use of drugs 

and other chemical agents.  Since 2002, the use of MD has enabled fishery commodities derived from aquaculture to be traced back to their origin since.  In 

2005, with assistance from the French Government, DOF developed a computerized traceability system known as “Traceshrimp” to provide a reliable 

traceability management tool not only for Thai stakeholders in shrimp aquaculture but also for the local and foreign shrimp buyers to track back all the way 

to production and broodstock origin.   

DOF is still in the process of perfecting its traceability system by implementing the paper-based Aquatic Animal Purchasing Document (APD) and 

computerized APD (E-APD) application after the enforcement of the Royal Ordinance on Fisheries B.E. 2558(2015).  Nevertheless, implementation of APD 

or E-APD enables the tracing back of fishery commodities derived from aquaculture to the origin only. The traceability system particularly, for feed and feed 

ingredients is a part of the Animal Feed Quality Control Act B.E 2558(2015).  DOF (through its Aquatic Animal Feed Research and Development Division) 

has been responsible for aquatic feed quality control since 1992 and requires the feed manufacturers to implement GMP and HACCP system in their 

production so that this can be traced back to the feed ingredient supplies.  However, there is no obviously enforcement on tracking of feed ingredients through 

aquaculture farm until the aquaculture production.  

According to the implementation of GMP by Thai feed manufacturers, the feed mill must record information at least three stages as follows; 
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1) Reception of raw materials: the feed mill shall identify the supplier and identify the received raw materials. 

2) Aquaculture Feed Production: the feed mill shall specify which raw materials are being used and each produced unit is assigned a unique 

ID which must contain information compliance with the Animal Feed Quality Control Act B.E. 2558(2015).  Unique identification of 

traceable completed feed produced in Thailand usually occurred at the packaging label as “Lot number” for each batch of the feed 

production.  Lot Number of completed feed are designed by individual company which related to useful information e.g. feed name, feed 

brand, pellet size, date of manufactured, feed formulation code, packaging number, packing time, etc.  The packing time is the key for 

tracing backward to the previous process such as pelleting time, drying time, conditioning time, ingredient mixing time and mixer number, 

ingredient grinder or ingredient intake number then through the raw material information. 

3) Delivery:  the feed mill shall record which completed feeds go to which customers e.g. feed sellers (both whole seller and retailer), famers, 

etc. 

The feed manufactures licensed by DOF are required to implement the GMP system despite the Feed Quality Control Act enforcement. 

At Aquaculture sites or aquaculture farms, since DOF request farmers to submit a Movement Document (MD) or an Aquatic Animal Purchasing Document-

Aquaculture (APD) or electronic- APD later. DOF requires fish processors to establish a coding system for traceability purpose. The system must be able to 

trace back from finished products to the farm of origin, harvesting date and harvesting pond. The code must be printed on each package. Records on 

traceability must be made available to DOF during plant inspection or audit. During plant inspection, DOF inspectors will check on the system efficiency 

by tracing from a randomly selected sample to its origin. Therefore MD/APD/E-APD found to be a very useful tool for traceability. 

Although feed and feed ingredients enable to track related to aquaculture products already by MD/APD/E-APD, they are still lack of an easy – to – follow 

approach, particularly, of feed and feed ingredient to harvested aquaculture products. The seafood association cooperated with the feed manufacturers and 

finfish and shrimp farmers association launched an effectiveness document as “feed information form” for farmer to record information of feed used in each 

farm.  The feed information form must be filled with the details as follows; 

  -Farm Registration No. 

  -Pond No. 

  -Farm Name 

  -Recorder 

  -Movement Document/Aquatic Animal Purchasing Document No. 

  -Date of Feed Received 

  -Feed Manufacturer 

  -Feed Brand 

  -Feed type/Feed No. 

  -Feed Lot Number 

Though the utilization of MD/APD/E-APD which enforced by DOF and volunteering use of feed information form, there have been problems encountered 

in the implementation of this traceability system. The following are some of the shortcomings identified; 

1) Lack of resources: - It is not an easy task to change the habits of farmers concerned where record keeping used to be out of their 

interest and could add more costs to maintain records of their products. 

2) Lack of awareness: - lack of knowledge about the benefits and advantages of having traceability system. 

However, traceability is becoming Norm and cannot be avoided in all Aquaculture supply chain. Close collaboration between the government and private 

sector will help develop a traceability system that is acceptable and meeting requirements of the global demand. 
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Abstract 

Aquaculture is one of fastest growing food production sectors in the world, it promises to meet the dietary protein need for growing population, and the region 

has been taking leading roles in aquaculture production in the past three decades. However despite its current remarkable production, rapid development 

attributed to support of advances in science and technology has been relatively a recent phenomenon and many of aquaculture systems nowadays in practice 

are still very much empirical or kind of art to some extent with which precision of science has yet to be established. Trial and error is still the prevailing way 

of thinking and is an important approach for farmers to tap into the maxima of system carrying capacities and production margins that are demanded by either 

the need for food security or chasing of commercial profit.  

Imperfect science in combination with greediness for blindly maximizing production and profit through increasing magnitudes of inputs have often push 

farming systems to such a limit that diseases and crop collapse become common occurrences and farmers suffer great economic loss. Such is the case of 

intensive shrimp culture.  

Feeding is the primary activity and the most important human intervention in fish farming that dictates system intensity, economic viability, and environmental 

compatibility of farming operation. However decisions on feeding by majority of farmers often diverge from the scientifically reasonable optima, resulting 

in excessive nutrient inputs, low feeding efficiency, self-pollution, high production cost, and negative environmental impacts, and in extreme cases causing 

crop crush and collapse. This is basically because: 

a. Precision feeding based on proper assessments of biomass of cultured organisms, environmental factors and feeding behaviour cannot be easily 

achieved by most farmers especially the majority small scale farmers; and 

b. They tend to believe that the more they feed the fish, the better the production while system carrying capacity is overlooked. 

Innovations in feed and feeding technologies and farming practices to improve feed utilization efficiency therefore are crucially important for sustainability 

of aquaculture. In this presentation the author tries: 

(1) to present some innovative feeding manipulations at farm level, and 

(2) to examines some farming systems and practices that favour higher ecological efficiency, and 

(3) to share some thoughts on innovations at farm level 

1. Some innovations in feeding manipulation 

Pulse feeing refers to feeding regimes involving alternation of normal feeding and certain period of 

starvation or restricted feeding. Research and farming practices have shown that properly managed pulse 

feeding can effectively reduce feed cost and improve feeding efficiency without impairing fish growth 

of some important farmed fish species such as tilapia, pangasius catfish, milk fish, and Indian major 

carps. In some cases, nearly 50% or more feed can be saved especially in semi-intensive fertilization 

based system.  
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Feed differently in grow-out is another method to reduce feed costs. This includes utilizing product 

substations in feeds through alternative sourcing of feed ingredients and changing levels of nutrient 

contents especially protein to increase protein spare effect. This has been proven effective to reduce feed 

costs and improve FCR. 

The concept of compensative growth may be used in nurseries. Starvation or restricted feeding to tilapia 

fry over one month old for certain period of less than 4 weeks may not affect subsequent survival and 

growth of fish when they are fed normally. This allows farmers to prolong nursing duration to adapt to 

fluctuation of market demand without significantly increasing feed input. 

In contrast, “Break feeding schedule” is practiced by some other farmers, in which a ration is split into 

two to three parts and applied in certain time interval. This practice tries to realize a close-to-satiation 

feeding in respect of size variation of cultured fish, hence to optimize growth of the whole cultured 

stock. 

Floating feed is easy to drift away with waves induced by prevailing winds. Feed waste occurs when 

feed pellets are drifted to places where fish cannot access. Feeding rings of various designs can 

effectively prevent this from occurring.  Using fine-mesh netting material to enclose feeding area is one 

good example. Sinking feed tends to mix with pond mud and cannot be accessed by fish or shrimp. For 

ponds with muddy bottoms difficult to maintain a solid feeding ground, lining feeding area with plastic 

sheet is a technical option to improve feeding efficiency. 

Adoption of feeding innovations at farm level often requires careful consideration and farmers’ farming 

experience. In general, “feed light and feed right” is the rule to follow. 

2. Farming systems and practices that favour higher ecological efficiency 

A proper farming system choice depends on many factors such as productivity requirement, resource 

availability, farmed species, production scale etc. Feeding efficiency in terms of feed nutrient utilization 

is nevertheless the primary indicator to consider. Some example systems and farming practices that 

favour high eco-efficiency, low feed costs and environmental compatibility are: 

(1) Semi-intensive fertilization based system with energy rich supplementary feeding 

(2) Substrate supported periphyton enhancement system 

(3) Polyculture 

(4) Integrated multi-trophic aquaculture 

(5) Integrated rice fish culture 

(6) Cages/raceways in ponds 

(7) Bioflo system 

(8) Biological enhancement of nutritional value of on-farm feeds etc. 

3. Some considerations 

• On-farm feed management practices are an important, and mechanisms need to be developed to promote and communicate these innovations to 

other farmers. 

• Farmers’ innovations may look insignificant, yet minor change may result in big difference. 

• Human dimension matters in feeding management. 

• System solutions are sensitive to resource settings and adaptive learning is needed 
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• Proximity to precision feeding should be pursued under all circumstances. 
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Government Policy and Enabling Environment Supporting and Managing Aquaculture Feed 
Production and Marketing for Sustainable Aquaculture Development in China 
 

Bo Liu, Xinhua Yuan 

Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China 

 

Abstract 

Feed industry is one of the important pillar industries of our national economy. It will play an important 

role in national food security and quality of aquatic products, and in developing circular economy in 

rural areas. The production of aquatic feed in 2015 reached 19 million tons in China and China is the 

world’s largest feed producer. With the development of aquaculture, feed industry will face with the big 

challenge and reform in aquaculture. 

With the development of the aquaculture in China, aqua-feed industry inevitably existed some problems 

such as low level of popularity rate of feed, water pollution, the use of trash fish, fish meal and fish oil, 

accurate nutrition and feeding, antibiotics residue, fish safety, and so on. Through technological 

breakthroughs, solving the feed industry problem is very important to improve the income of fishermen 

and keep the sustainable aquaculture. In order to keep the balance of the economic increase and 

sustainable environment of aquaculture, the Chinese government released the fishery policies of 13th 

Five-year Plan last year. Some specially change of aquaculture will be unscrambled in this topic. 

(1) The support of fisheries polices.  

The breeding scale of pigs, cattle, sheep, chickens, ducks, geese, respectively are more than 50 cows, 

500 pigs, 5000 chickens, ducks and other poultry farms next year, environment protection taxes will 

have to be paid. Aquaculture might pay the aquaculture waste as the developed countries in the future. 

However, Chinese government still will keep the low-level tax or no tax for new high-tech 

feed enterprise. In recent years, Chinese government has revised the regulations standard of feed and 

feed additives in the state, local government, industrial or enterprise levels, such as feed labeling 

standard, hygienical standard for feeds, the system of the supervision and management, the catalogue of 

feed additives and feed materials, import feed and feed additives; The efficiency validation system of 

the new feed and feed additives, the platform of big date and early warning mechanisms of feed quality 

and safety were set up. In addition, the modern agricultural technology system has been established in 

the past of 8 years and it provided the steadily support for the research of aquatic nutrition and feed. All 

those support the development of modern feed industry. 

(2) The new patters of aquaculture.  

The total fishery production will maintain the steadily change of about 66 million tons in 2020. In view 

of change of fishery policy, the ideas of innovation, coordination, green development, open, sharing 

are beneficial to aquaculture. Increase of quality and safety of food, and income of fishermen and 

decrease of waste discharge and fishing intensity of catch will be welcomed. The new patters of “rice-

fish culture”, raceway pond aquaculture, photovoltaic aquaculture system will be developed. The new 

patters of aquaculture will determine what feeds or fish species do the fishermen will use or culture. 

However, these new systems will represent the development of green and ecological aquaculture, and 
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will foster new growth areas with structural adjustment and transformation of fishery development 

mode. 

(3) Alternative protein sources.  

Feed cost is the main cost for aquaculture and accounts for more than 60% of the total cost of 

aquaculture. The price of feed is mainly determined by the protein sources, especial fishmeal. In recent 

years, the quantity of imported fishmeal remained relatively stable at 1.0 to 1.5 million tons in China, 

which accounted for 20% fishmeal production in the world. In China, many studies have been carried 

out in the replacement of fishmeal. In the past few decades, increased knowledge of feed manufacturing 

techniques, amino acid requirements under fish size and environmental factors and establishment of a 

database on digestibility of dry matter, crude protein, total lipid, gross energy, amino acid and 

phosphorus for cultured species have led to reduce the use of fishmeal in aquafeeds in China. Now the 

common alternative protein sources for fishmeal that have been widely used in the aquafeed industry 

include animal by-products, such as poultry by-product meal, meat and bone meal, blood meal, feather 

meal and hydrolyzed feather meal, and so on, the plant protein sources, such as soybean meal, fermented 

soybean meal, extruded soybean, cottonseed meal, rapeseed meal, peanut meal, corn gluten meal and 

distiller’s grains meal) and resources of single-cell protein, such as algae and yeast protein. In recent 

years, some new exclusive alternative proteins such as silkworm pupa meal, housefly maggot meal and 

yellow mealworm meal, earthworm, have been used by the aquafeed industry. Chinese aquaculture 

production increases could well be achieved with reduced fishmeal use. However, the substitute of 

fishmeal in the diets of carnivorous species still have a huge challenge. Some new technology, such as 

genetic modification, processing technology of enzymes and fermentation will be contributed to the 

replacement of fishmeal in the diets. 

(4) The change of the developing direction of feed enterprise.                 

China is the world’s largest feed producer. In view of the rapid development of aquaculture and 

sustainable aquaculture development, the direction of feed enterprise will be referred in China, such as 

scale development, strategy of brand, industrialization, “no antibiotic feed” development, and so on. 1) 

Scale development of feed enterprise. Big feed enterprise will become bigger and bigger and become a 

new trend in the development of feed industry, and big business expansion ways also are undergoing 

major changes. Social capital operation has led to feed enterprise’s merger and reorganization; Capital 

operation has brought more bankrupt of feed companies and merger and reorganization. In recent years, 

more and more enterprises were closed and it reduced to reach about 7000 feed companies now. 2) The 

strategy of brand. The brand competition become very important way of competition in the in the 

modern feed industry. After the fierce market contest, the big feed enterprises gradually have their own 

dominant reputation: fish, shrimp, crab, and so on. Famous brands are likely to have much of the market 

and mean high quality and high price to some degree. 3) Industrialization of enterprise. The feed industry 

chain has become a trend of the upstream and downstream of feed industry. The pattern of feed 

company, cooperative fishery association and fishermen will be welcomed. The industry chains of brood 

stock, fry, feed, breeding technology, aquaculture pattern, product processing, market, et al will be 

developed. 4) Large enterprises internationalization. Some large feed enterprises are already established 

successfully in southeast Asia. Feed machinery enterprises have explored to India, Africa, Russia, 

eastern Europe, et al. The pace of the feed enterprises from China to the world will develop more and 

more rapidly.5) The electrical business platform development. Feed enterprises with the electrical 

business platform technology improved network service level, strengthen their own competitiveness. 

The electrical business of feed raw materials and additives will be developed rapidly. Feed industry will 

establish the large data and regulation of the Internet technology platform of feed quality and safety and 
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monitor the feed quality and safety. Traceability of feed, feed ingredients, aquaculture product are being 

developed. 6)“No antibiotic feed” development. Antimicrobial resistance is acritical threat to public 

health. More and more antibiotics were forbidden and there is no doubt that we need develop the “No 

antibiotic feed”. Floating feed is popular and more environment friendly compound feeds in aquaculture 

will be developed in the future. The biological feed products have become a major industry, including 

enzyme preparation, amino acids and vitamins, probiotic and feed chitosan, natural plant extracts, 

biological active oligopeptide, feed biological pigment, biological medicine feed additive, etc.  

In conclusion, China's aquaculture has experienced structural adjustment and transformation of fishery 

development. It is necessary to strengthen technological breakthroughs, exchanges and collaboration, 

sharing information for aquatic feed industry and development. It is imperative to increase investment 

for nutritional research and feed processing technology, improve popularity rate and quality control of 

feed and develop optimal feed for sustainable aquaculture.  

Key words: Feed industry; Fishery policy of China; Technological innovation; Sustainable 

aquaculture development 
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Policy and Enabling Environment Supporting and Managing Aquaculture Feed Production and 
Marketing for Sustainable Aquaculture Development in Thailand 
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Abstract 

In term of aquaculture, Thailand has been one of the top ten fishery producers in the world. Since the past 

fifteen years, Thailand’s government had conducted many strategies such as food safety, From Farm to 

Table program, to present Thailand as World kitchen. An increasing in shrimp and fish cultures in every 

year had large effects on the demand of feed ingredients and also many factors are in concern such as 

disease outbreak, competition on land use which effect on ecosystem.  Also climate changes had large 

effects on susceptible immunity of fish and shrimp. To prevent production losses, most farmers usually 

added some chemicals or drugs and feed additives in culture system. Government and concerning units, 

particularly Department of Fisheries, are determining the policy to protect and raise confident for 

consumer that fish and fishery products are safe to consume and no drug residues contaminated. 

Under Fisheries act, B.E.2558 (2015) Department of Fisherieswas authorized to undertake such 

occupation of aquaculture sustainability, which includes Fisheries and Food safety, animal health and 

welfare, environmental integrity, social and community welfare and especially focusing on legal fishing.  

Reference to Fisheries and food safety, DOF was tasked to set up strategies to control the whole aquaculture 

supply chain, which divided into 3 main stages. The upstream supply chain involved in culture/farming 

areas (farm and hatchery) which must be  registered to DOF.  The mid stream supply chain involved in 

culture/farming system (GAP, CoC or Organics) which must be certify with different standards. The 

certification includes monitoring on seed, feed, raw material/product use in culture system etc. There 

are two units responsible for system Certify, one is Fisheries Commodity Standard System and 

Traceability Division ( FCSSTD ), Department of Fisheries and the other one is National  Bureau of 

Agricultural  Commodity & Food Standard   .Although Aquafeed  is one part of aquaculture supply 

chain, but it could effects quality and value of production. These are under the jurisdiction to determine and 

certify by Feed Quality Control and Development Division which is responsible for registration and 

certification of feed formula quality, feed manufacture, feed selling and monitoring feed quality to ensure 

that no drug, microorganism or toxic substances contaminated in feed, which could result in drug residues 

in fish and shrimp products. The downstream supply chain involved in quality of product certified which 

ensure that the products are in good quality, inspect and monitor on contamination of antibiotic residues 

or health certificate. Significantly, these certify products are stated under Traceability system program 

which under control by Fish Inspection and Quality Control Division (FIQD), Department of Fisheries. 

Under control of Department of fisheries, Aquatic Animal Feed Research and Development Division 

has been in charge for the enforcement of law and regulations of aquatic animal feed since 1992 and 

now holding on The Animal Feed Quality Control Act B.E.2558 (A.D.2015). The Division has the 

authority to control, to determine and make confident that all aquafeed manufacture in Thailand  are 

safe with quality good enough for fish growth and issue assurance for a certificate of feed formula 

registration by producers and other certificate for exportersand inspection and certificate of Aquatic feed 

quality system for feed mill that must produce aquatic animal feed as registered (quality & label) .These 

are all system to manage aquaculture feed production and marketing for sustainable aquaculture.  
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The Control System was applied to ensure that all aquatic animal feed manufacturers must have the 

licenses on the feed formula registered, which are divided into four groups of feed control;1)complete 

feed (catfish, herbivorous and carnivorous freshwaterfish, freshwater prawn, marine shrimp, 

carnivorous marine fish, soft-shell turtle and frog) 2)concentrate feed, 3)premix and 4)supplemented 

feed. The trend on number of aquatic animal feed formula for last 10 years show that the highest number 

was marine shrimp.  And on assurance issue of certificate for exporter, which are certificate of Free 

Sale, certificate of Health, certificate of Analysis, certificate of Formula and certificate of 

Authorized/manufacture, the highest number of feed assurance issue for export  was certificate of free 

sale in one year round of 2016. For controlling feed formula license, the feed formula were determine 

by a group of committee, particularly in the detail of composition, certificate of feed ingredient, data on 

lab analysis of feed formula sample and research data on aquatic nutrition requirement, and especially 

to control that the aquatic animal feed must have nutrition value as formula registered on proximal 

analysis and not contaminate with drug, microorganism and toxic substance .The monitoring of sampling 

feeds comprised of 3 section, from Aquatic animal Inspection port, Aquafeed milling or manufacture 

and aquafeed sellers and from aquatic animal farm and hatcheries from all province of Thailand.  And 

regular check and monitoring on Aquatic feed formula register as follow: proximal analysis ( protein, 

fat, fiber,ash, moisture etc.), pathogens : Salmonella spp., mycotoxins (aflatoxin), melamine, antibiotics 

are not permitted to put in aquatic animal feed and can be screening with test kits ( colorimetric assay ) 

todetect 8 kinds of drug (5 of Nitrofurans group (Furazolidone, Furaltadone, Nitrovin, Nitrofurantoin ;  

Oxytetracycline, Chlortetracycline, Chloramphenicol) and confirm the positive result by analyzing with 

HPLC, LC-MS.  ,on preservative (Ethoxyquin, B.H.A., B.H.T.), Water stability test, and Water activity 

etc., and  the Laboratory is accredited under ISO/IEC 17025:2005. The monitoring data in the last 10 

years showed that the highest number was about 8,500 of drug analysis sample in year 2008 and more 

than 4,500 of drug analysis for each year and most collecting samples were from farms and feed 

manufacturers. In order to get the certification of Aquatic feed quality system license (valid 3 years), 

the feed mills must be inspected and monitored every year and must produce aquatic animal feed as 

registered (quality & label), also feed manufacturers can submit their requests to get the license from 

two departments; Department of Fisheries and Department of Livestock Development.  For importing 

feed, Importer must apply forImporting feed permission license (valid 1 yr) and for selling feed ,  all the 

aquatic feed sellers must apply for feed distributer licenses (valid 1 yr). 

Government Policy can enable environment supporting to manage aquaculture feed production and 

marketing by conducting Research and study and managing for sustainable aquaculture such as to 

increase feed utilization by study on digestibility of ingredient and feed or enzyme plus in feed, 

environmental friendly feed, non-fish meal and fish oil in aquatic feed and lower N and P leaching from 

feed to environment, etc.  These studying are used as database for controlling feed standard and provide 

information and extension to the farmer on managing feed use for sustainable aquaculture. The aquafeed 

used in farm or hatchery must have license numbers issued by DOF (for traceability of feed) with 

manufactured and expiry date shown on the feed bag. The date shown must not be different more than 

3 months. 
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Or the size of feed should be optimum, that is smaller than the size of fish mouth or bigger size enough 

for shrimp to catch by chelae and feeding to fish with optimum feeding rate or with calculated table 

chart in order to lower feed losses and cost of feed used. In order to preserve water stability of shrimp 

feed usage, the feeding time should not be less than 2hr. and 1 hr. for fish feed with percentage of 

floating fish feed not less than 95%. The dust in feed bag which was part of feed composition in the 

formula and/or cause from transporting, must not weight more than 2% of total weight.(0.5 kgs. per a 

bag of 25 kgs.) 

There is an example of research on feed management used in farms, at Chiangrai province on the 

northern part of Thailand, to test on no feed used in farm culture but concentrate on inducing natural 

food with rice straw, chicken  manure at ratio 100kgs.: 100kgs.per 0.1ha.permonth.Three species of fish 

with different food requirementswere selected as samples( tilapia2,000, silver carp 200 , puntius 300 

fish). The production yield in the period over 7 months were approximately 347.7kgs per rai (0.1ha).  

But the other test pond whichfeed were fed 2 days per week for 7.5 months, the production was about 

929 per rai (0.1ha).  And for Organic farm culture with no feed input and concentrate on induce natural 

foodby using rice straw, rice bran and molasses at ratio 30kgs.: 5 kgs.: 1 kg per 0.1ha.permonthwith 

culture period for 7 months, the production yield were about 347.7kgs per rai (0.1ha). The research were 

conducted at Thai Chul-Silk Farm in the year 2013.   

 

  
Fish at start, tilapia and silver carp 
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Government Policy on label certify and marketthat the system certify have different standard which can 

effect on label certify and marketing. These standards are choices for producers and consumers to 

understand and make a decision on production at their optimum proficiency and meet the market 

requirements. Each certification could also guaranteed safety for consumer and represent the quality and 

prices of the product .Ministry of Agriculture and Cooperatives (MOAC) determines to use Q mark in 

order to promote producers, Thai food and merchandising to represent the quality and safety food.  In 

order to strengthen the capability and show potential on campaign to worldwide market, this campaign 

will lead to final goal “The World Kitchen” and encourage people to use and consume safety foods. 

On using Q mark by DOF for fish, shrimp fresh and fishery Product that Q Mark in shrimp system 

certify which have 3 type, type one is the system certify for shrimp standard on CoCandGAP (Q Mark 

only on document of CoC andGAP marine shrimp.( 

Type two, the system certify for freshwater shrimp standard on GAP (Q Mark only on document of GAP 

for Macrobrachuium shrimp) and the last one is product certify of marine shrimp which are produced 

all under CoC system certify for shrimp standard)Q Mark tagged on package of fishery Product). The 

standard certify for farm or hatchery document for GAP or CoCfarm or hatchery can be license by two 

section , one is National  Bureau of Agricultural Commodity and Food Standard and the other section 

is FCSSTD  (Fisheries Commodity Standard System and Traceability Division, DOF )  
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On safety food & market, National Bureau of Agricultural Commodity & Food Standard is responsible 

for promoting the area or place for selling Q Product on-called and setting shops or stores to have Q 

product selling. Many strategies were used such as supporting the equipment, creating production and 

selling areas and publication through media, to promote origin source of Q producing product in area to 

have more channels to sell. And also to promote Q- product to be acknowledged by consumers and 

create channels to access the source of selling product and producing product of Q, publication on many 

medias were used. Nowadays, the Q products are promoting on many different markets such as Q shop 

or store, Modern Trade, Q Restaurant, Green market. 

In summary, small-scale farmers are still limited to access information on standard and farm certify are 

not much well-known which might be caused from low prices of the fish products and somehow less 

relation with label on certify system. The Market channel are not much publicly open and well-spread 

enough for consumer and concern on Food Safety are not much significance enough for consumers to 

realize on safety for next generation and sustainability. Feed researches need more study and cooperate 

with private sector. Finally, the government policy have been implemented and force into action to cover 

and control whole food supply chain which could manage aquaculture development, support and enable 

sustainability in environment in Thailand. 
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CPF’s Approaches and Experience in Developing Sustainable Fishmeal Supply Chain 

Dr. Atip Asvanund 

Sustainability Development 

Charoen Pokphand Group Co., Ltd. 

Bangkok, Thailand 

 

Abstract 

1. BACKGROUND INFORMATION ON CPF 

Charoen Pokphand Foods (CPF) is a leading agro-industrial and food conglomerate in the Asia Pacific 

region. Our major products include livestock (swine, broilers, layers, and ducks) and aquaculture 

(shrimp and fish). We have a strong vertical Integration linking feed, farm, food and retail. CPF is a 

global conglomerate and has international presence in many countries around the world. 

2. BACKGROUND INFORMATION ON SHRIMP SUPPLY CHAIN 

Shrimp is CPF’s major aquaculture product. Hence, our shrimp is farmed rather than captured. Fishmeal 

is an important source of protein for shrimp and hence an important ingredient for our feed. CPF buys 

fishmeal from third-party fishmeal factories. Fishmeal factories, in turn, buy raw fish from third-party 

fishermen. CPF does not own fishmeal factories and fishing boats 

3. BACKGROUND ON SUSTAINABILITY ISSUES WITH SHRIMP SUPPLY CHAIN 

Over the years, there have been two growing sustainability concerns with shrimp supply chain: A: 

human trafficking and B: environmental impacts. Solving these two issues can sometime result in 

conflicting agendas. This summary outlines CPF’s approaches and experience in dealing with the two 

issues. 

4. HUMAN TRAFFICKING 

Shrimp supply chain in Thailand has recently been a subject of international concerns on the issue of 

human trafficking. A few years ago, there was an article in The Guardian, which sparks a lot of interest 

on the issue. There has since been several international lawsuits targeting local exporters of shrimps. 

The main concern is human trafficking or slavery on the third-party fishermen’s boats. CPF’s approach 

was to co-develop Seafood Task Force (formerly Shrimp Sustainable Supply Chain Task Force, 

http://www.seafoodtaskforce.global), which brought together international stakeholders that include 

buyers, sellers, fishermen, factories and international NGOs. Seafood Task Force develops rules 

requiring members to perform a lot more actions than what the local laws require to best ensure our 

supply chain is free from human trafficking. Seafood Task Force also places a strong emphasis on 

traceability and audits by third-party auditors. Seafood Task Force focuses on by-catch fishmeal, which 

is small fish with no economic value caught along with bigger fish with economic value, and is normally 

captured within Thailand’s water. Hence, by-catch is a close and local environment that we can more 

easily monitor. 

5. ENVIRONMENTAL ISSUES 
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While human trafficking is an international concern, environment is an important agenda of local NGOs 

representing communities of fisherfolk ( 4 - 5  M local population).  

Representatives of this group demand publicly through various means that CPF stops buying by-catch. 

The local NGOs cite studies that show CPF is a major buyer of by-catch which leads to overfishing and 

that drastic reduction in fish supply severely impacts livelihood of fisherfolk. 

CPF’s first approach was to present our progress with Seafood Task Force to local NGOs. We also 

explained that we developed our rules, traceability and audits hand-in-hand with international NGOs 

who are part of Seafood Task Force. We also explained that the gears the third-party fishermen use are 

in full compliant with the local laws. 

The local NGOs fully rejected our first approach. We found that local NGOs do not necessarily share 

same view with international NGOs. The local NGOs were also skeptical that Seafood Task Force did 

not involve them since the beginning. Their concern is not on the science of traceability and audits but 

simply on the gears being used. They feel the local laws on gears is not in accordance with international 

standard, and until such law is revised, they wanted CPF to simply stop buying by-catch 

CPF’s second approach was to halt purchases of by-catch and to switch to by-product that meets IFFO 

standard. CPF announces it will not purchase by-catch until a standard is established that is accepted by 

local NGOs. We also try to develop a by-product strategy for Seafood Task Force. 

6. AFTERMATH 

It has been over one year since CPF’s second approach to environmental issues. We have not been 

attacked by local NGOs ever since we switched to by-product. However, we found that the total market 

volume of by-catch remains the same. New buyers replaced CPF. These buyers buy by-catch and export 

to countries with lesser concerns on sustainability issues. Hence, our exit from the by-catch market may 

not have solved the overfishing problem as the local NGOs have hoped. 

There also exists only a single IFFO by-product seller in Thailand. There currently exist no economics 

incentives for more factories to qualify for IFFO. Hence, the sustainability of by-product in Thailand is 

questionable. 

We feel that the local NGOs are now more understanding of the interactions between the issues. CPF is 

now taking a lead in building new multi stakeholder platforms (which now include local NGOs) to 

redefine sustainable fishmeal supply chain, which includes new legal frameworks, academic research 

and agreeable business practices. 

7. CHALLENGES 

The most difficult challenge in our approaches and experience is in building trusts and understandings 

between the stakeholders, including governments & regulators, fisherfolks, commercial fishermen, 

suppliers & buyers.  

However, we feel that CPF is now a pioneer in our programs. 
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Abstract 

(Not available. A PowerPoint presentation is available on the same topic)  
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Abstract 

Global aquaculture production has increased rapidly over recent years and now a greater tonnage comes 

from farms than from wild caught sources. However, this rapid increase has resulted in widespread 

concerns, not only about the safety and purity of the resulting products, but also about the effect the 

farming activity might be having on the environment. These environmental concerns are not only around 

the effect that the farm might be having on its immediate surroundings, but also concerning the effect 

any inputs, such as feed and feed ingredients, might be having on the wider environment. Consumers of 

aquaculture products are increasingly wanting reassurance that when they buy farmed fish and 

crustacean they are not contributing to the destruction of the aquatic environment.  

Fishmeal and fish oil (marine ingredients) are widely used in the diets of farmed fish and crustacean, as 

they have unique nutritional properties that promote rapid healthy growth. However, because of the 

recent increase in aquaculture and the rising demand for marine ingredients for use in pelleted feeds, 

there is concern that aquaculture is contributing to the over-exploitation of fishing stocks for reduction 

purposes.    

Increasingly the market for food derived from aquaculture is demanding that the marine ingredients 

(most notably, fishmeal and fish oil) used in on-farm feeds, come from responsible sources. This means 

that the fisheries raw material used in the production of the marine ingredients should come from a well-

run factory with full traceability back to the originating fishery. The fisheries in question, particularly 

for any whole-fish used, must be able to demonstrate that they are responsibly managed. The most 

widely accepted scheme used to demonstrate responsible marine ingredients, is the independently 

governed IFFO Responsible Supply standard (IFFO RS). 

Over 40% of the world’s supply of marine ingredients currently meets the IFFO RS standard and comes 

from certified factories which source their raw material from responsible sources, as defined by the 

standard and have been third-party audited to prove compliance. Unfortunately, there are only very 

limited sources of IFFO RS material currently being produced in Asia which can be used by the growing 

Asian aquaculture industry. Part of the problem stems from the nature of Asian fisheries, many of which 

are multi-species fisheries for which there are only limited amounts of data available.  

Current tools for the evaluation of the fisheries such as the Marine Stewardship Council’s (MSC) 

fisheries standard and the current fisheries assessment for IFFO RS, are based on the 1996 FAO Code 

of Conduct for Responsible Fishing. This code can only be easily applied to limited species fisheries for 

which there is a lot of data on stock status and fishing effort. IFFO RS, as part of a new second version 

of its standard, is working on adopting the Asia Pacific Fisheries Commission’s (APFIC) recently 

published guidelines for the management of tropical trawl fisheries. These guidelines advocate the use 

of risk based assessment techniques which once incorporated into IFFO RS should make it easier for 

Asian fisheries to demonstrate compliance to the fisheries assessment for responsible raw material. For 

those factories and associated fisheries that cannot currently demonstrate compliance, an Improvers’ 
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Programme (IP) has been launched by IFFO RS, that using the mechanism of a credible Fisheries 

Improvement Project (FIP), they can gain market recognition that they are working towards achieving 

full IFFO RS compliance within a few years. 

Another important consideration for a fishmeal plant is whether the recognition by IFFO RS would also 

assist their customers and their customers’ customers to achieve certification to consumer-facing 

aquaculture eco-labels. The two most commonly recognised aquaculture eco-label standards are those 

produced by the Global Aquaculture Alliance called Best Aquaculture Practice (BAP) and those from 

the Aquaculture Stewardship Council (ASC). 

BAP Feed Mill standard states:  …for fishmeal and fish oil derived from reduction fisheries, at least 

50% (calculation based on mass balance) shall come from sources that are certified by the Marine 

Stewardship Council (MSC) or to the International Fishmeal and Fish Oil Organization Responsible 

Supply (IFFO RS) standards. Alternatively, where MSC- or IFFO RS-certified fishmeal and fish oil are 

not produced nationally, the above minimum percentage can comprise material from active approved 

improvers programs as verified by IFFO, the Sustainable Fisheries Partnership and WWF.  

The ASC Feed Standard is currently under-development but is due to be launched in late 2017. Drafts 

which have gone out for public consultation have made reference to IFFO RS and IFFO RS Improvers 

Programme being acceptable as an entry level for the fisheries whilst MSC remains the long-term goal. 

In addition it was suggested that fishmeal factories will require to have Good Manufacturing Practice 

standards in place with full traceability from the fishery to the finished marine ingredient. These 

requirements are met by the current IFFO RS standard, so that a factory which is certified to the RS 

standard would meet the factory elements of the ASC Feed Standard. 

So in conclusion there is a growing need for aquaculture enterprises to be able to demonstrate their 

responsible practices. One important area coming under increasing scrutiny, is the source of any marine 

ingredients used in the compound feed. The easiest method to demonstrate responsible sourcing of 

marine ingredients is to purchase ingredients which have been approved under the IFFO RS standard. 

This standard requires a factory to demonstrate responsible production and responsible raw material 

sourcing from well managed fisheries. Provision is also being developed to allow improving fisheries 

to get their efforts recognised and not only single species fisheries but also more complicated mixed 

fisheries. It is intented that using these tools aquaculture producers can demonstrate the efforts they are 

making to produce safe and sustainable food which should allow them to sell into even the most 

discerning markets. 
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Presentations by country representatives 

 

Status of Aquaculture Feed Production and Use in Bangladesh 

Md. Rakib Uddin Biswas 

Deputy Director 

Rangpur Division, Rangpur- 5400 

Department of Fisheries, Bangladesh 

Abstract 

Bangladesh is uniquely rich in water resources. It is one of the fortunate countries with more water resource per capita than most other countries of the world. 

For the last few years the culture fish production viz. tilapia, carps, pangas, koi (Anabas) and shrimp & prawn is increasing significantly. As the culture fish 

increased, the production and demand of aquafeed is also increasing. In this context aquafeed is contributing a lot in the fisheries sector of Bangladesh. In 

the vision 2020-21 the Government of Bangladesh has targeted to produce 45.52 lakh mt of fish in which culture fishery with the use of aquafeed will play 

vital role to national and household level people in terms of food security, employment and income generation i.e. livelihoods of mass peoples living in rural 

areas. Before 2010 there was no regulation for aquafeed in the country. Considering the importance of aquafeed the government has formulated Fishfeed 

and Animal Feed Act, 2010 and Fishfeed Rules, 2011 for responsible fisheries. Government has also reviewed the said Act and Rules for potential 

amendments to increase its efficacy with the assistance of FAO of the United States. For the sustainable and responsible fisheries fishfeed quality assurance 

is of utmost importance.  

At present inland closed water and open water comprises about 16.90% and 83.10% of total inland waters respectively (FRSS, DoF, 2015). Closed waters, 

especially ponds, minor aquaculture farms, ditches, polders and brackish water farms are increasing where aquafeeds are used significantly. Among the open 

waters some rivers and floodplains are suitable for cage and pen culture where aquafeeds are also used. The fish production in Bangladesh increased from 

1.66 million mt in 1999-2000 to 3.68 million mt in 2014-2015 along with the increased fish feed utilization from 0.8 million mt in 2013 to 1.5 million mt in 

2016.  The fishfeed companies are growing significantly in the country. The number of fishfeed factory, importers, fish feed sellers was recorded 180, 88 and 

2357  in 2013 while it was increased to 186, 125 and 2875  in 2016 respectively. The culture fishery of the country is rapidly expanding both horizontally 

and vertically. With the increase of commercial aquaculture fishfeed  production and demand are increasing very fast in the country. The fish feed production 

in the country was recorded 0.8, 1.0, 1.2 and 1.5 million mt while the demand was found 1.8, 2.0, 2.2 and 2.5 million mt during 2013 to 2016 respectively.     

The most common types of fishfeeds are nursery feed usually in the form of mash, the starter feed in the form of mash or crumble. Depending on fish size, 

the grower and finisher feeds are smaller and bigger pellet respectively. According to floating feature the fishfeeds are sinking, floating or slow sinking. The 

main species/groups of fish consuming aquafeeds are Carps (Rui, Mrigal, Sarpunti, Common/Mirror carp, other Carps), Catfish (Pangas, Heteropneustes, 

Clarias), Tilapia (Mainly monosex, GIFT), Prawn (Mainly Macrobrachium), Shrimp (Mainly Panaeus monodon) and Koi (Anabas).    

The legal instruments formulated by the government of Bangladesh for fishfeed quality assurance are Fishfeed and Animal Feed Act, 2010 enacted on 28 

January, 2010; Fishfeed Rules, 2011 enacted on 18 September, 2011 and Fishfeed Compliance Guideline published in December, 2014. The main purpose 

of Fishfeed Act, 2010 is to ensure balanced fishfeed at different life stages of fish, control adulterant, extend policy support and ensure optimum aquaculture 

growth.  

The Director General of Department of Fisheries or the Officer empowered is the controlling authority of fishfeed license. The fishfeed license is required 

for the establishment and operation of fishfeed factory i.e. category-1, for the export and import of fishfeed and ingredients i.e category-2 and fishfeed sale 

i.e. category-3.   
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Fishfeed standard refers to specified content of nutrients viz., protein, lipid, carbohydrate, fibre, ash, calcium, phosphorus as well as moisture depending on 

fish species, age, etc. Fishfeed not complying with set standard or having anti-nutritional factors, antibiotics, heavy metals or any other harmful substances 

may face cancellation of license along with penalties. The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus standards 

of fishfeed of carp nursery are 12, 28, 7, 30, 6, 17, 2.2 and 0.8 percent respectively. The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, 

calcium and phosphorus standards of fishfeed of carp grower  are 12, 22, 5, 40, 9, 21, 1.8 and 0.6 percent respectively. The recommended moisture, protein, 

fat/oil, carbohydrate, fibre, ash, calcium and phosphorus standards of fishfeed of carp finisher are 12, 21, 4, 41, 10, 22, 1.7 and 0.5 percent respectively.    

The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus standards of fishfeed of catfish nursery are 12, 32, 8, 26, 5, 18, 

2.2 and 0.9 percent respectively. The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus standards of fishfeed of catfish 

grower  are 12, 25, 6, 37, 8, 23, 1.9 and 0.7 percent respectively. The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus 

standards of fishfeed of catfish finisher are 12, 24, 5, 38, 9, 24, 1.8 and 0.6 percent respectively.    

The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus standards of fishfeed of tilapia nursery are 12, 30, 6, 28, 5, 16, 

2.3 and 0.8 percent respectively. The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus standards of fishfeed of tilapia 

grower  are 12, 25, 5, 38, 8, 20, 1.9 and 0.5 percent respectively. The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus 

standards of fishfeed of tilapia finisher are 12, 24, 5, 40, 9, 22, 1.8 and 0.4 percent  respectively.    

The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus standards of fishfeed of prawn and shrimp nursery are 12, 40, 

5, 22, 5, 16, 3 and 1.6 percent respectively. The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, calcium and phosphorus standards of fishfeed 

of prawn and shrimp grower  are 12, 32, 4, 29, 6, 19, 2.1 and 1.3 percent respectively. The recommended moisture, protein, fat/oil, carbohydrate, fibre, ash, 

calcium and phosphorus standards of fishfeed of prawn and shrimp finisher are 12, 32, 4, 30, 6, 20, 2.0 and 1.2 percent respectively.    

The minimum protein content in the nursery feed of carps, catfish, koi (Anabas), tilapia, prawn and shrimp are 28, 32, 35, 30, 32 and 40 percent respectively. 

The minimum protein content in the starter feed of carps, catfish, koi (Anabas), tilapia, prawn and shrimp are 24, 28, 33, 27, 30 and 34 percent respectively.  

The minimum protein content in the grower feed of carps, catfish, koi (Anabas), tilapia, prawn and shrimp are 22, 25, 32, 25, 29 and 32 percent respectively.  

The minimum protein content in the finisher feed of carps, catfish, koi (Anabas), tilapia, prawn and shrimp are 21, 24, 32, 24, 28 and 32 percent respectively. 

The animal feed ingredients are fish meal, fish silage, poultry byproduct meal, poultry offal meal, blood meal, bone meal, meat meal, meal and bone meal, 

silk worm pupae, shrimp meal, shrimp meal (Head and tail) with maximum inclusion level 50, 30, 20, 30, 10, 5, 30, 25, 20, 25 and 8 percent respectively in 

the fish/prawn/shrimp feed as recommended in the Feed Rules, 2011. 

The plant source ingredients are soybean (raw), soybean meal, cotton seed cake, nut cake, sunflower seed cake, lin seed cake, mustard oil cake, rai mustard 

cake, rice bran (auto), crushed wheat, wheat bran (fine), ipil ipil leaf meal, dry azola meal, dry Limna minor with maximum inclusion level 10, 30, 15, 25, 

25, 25, 20, 20, 75, 20, 50, 20, 25 and 25 percent respectively in the fish/prawn/shrimp feed as recommended in the Feed Rules, 2011. 

The officer empowered can randomly examine fishfeed sample in Government approved laboratories at any stage of marketing including producer, importer, 

whole-seller or retailer. Non complying feed will be seized and forfeited and the concerned person/company will deem to be punished under the Feed Act. 

The fishfeed should be packaged in approved packet with proper labeling. Upto one year imprisonment, or a fine up to 50,000 BDT, or both will be imposed 

for the breaching of the aforesaid regulation.   

As the culture fisheries increasing, so aquafeed has a vast prospect to flourish in Bangladesh. Action research is required to develop quality feed with judicious 

price, trade and marketing. The arena of aquafeed can utilize huge unemployed youth, farmers traders of the country.  
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Aquafeed quality monitoring program is to be strengthened to ensure responsible fisheries and trade. Government should incorporate the recommendation of 

FAO (TCP/BGD/3501 project recommendation) into the existing Fishfeed Rules, 2011. Global sharing and implementation of deals for the development of 

aquafeed is also required. Aquafeed is emerging as an important industry in the country and contributing a lot in culture fisheries.   

  



                               

65 | P a g e  
 

Status of Aquaculture Feed and Feed Ingredient Production and Utilization in Cambodia 

 

THAY Somony, Director 

Department of Aquaculture Development 

Fisheries Administration, Phnom Penh, Cambodia   

monyangkor@gmail.com   

 

Abstract 

The Cambodia’s fisheries sector is linked to it culture and it aquatic environment, notably through the 
Mekong River and Great Lake Tonle Sap. Fish are immensely important for the people of Cambodia, 
who are some of the largest consumers of fish in the world per capita at 63 kg/person/year. However 
increasing pressure on these systems could put in jeopardy, one of Cambodia’s important lifelines. These 
potential pressures come from other sectors such as energy production with hydroelectric dams and 
increased use of water for irrigation with pesticides and fertilisers.  Hence the Strategic Planning 
Framework for Fisheries 2015-2024 sees the need to only maintain annual freshwater fisheries 
production at 500,000 tons.   

Aquaculture is growing quite rapidly, and takes many different forms - from very extensive enhanced 
rice field fisheries to intensive Pangasius, Snakeheads and hybrid catfish culture. The government has 
a 20% growth rate target for aquaculture, and there is significant potential for a wide range of sustainable 
aquaculture activities at different scales in marine and freshwater environments.  Presently aquaculture 
production 2016 mainly 90% from freshwater produced 172,500 tons.  It is clear that aquaculture plays 
significant roles in meeting the demand of fishes by the increasing populations in Cambodia.  

Pond and cage culture of higher value fish using lower value fish as feed has been undertaken for 
centuries, and has served both as a storage mechanism (utilisation of seasonally abundant fish) and as a 
means of “adding value” to a cheap and abundant resource. Low value “trash” fish from both freshwater 
and marine resources continues to be used as an important input to the rapidly growing aquaculture 
sector.  

However, Cambodia National Aquaculture Development Strategy 2016-2030 reported that on farm 
feeds are of mixed quality, formulations often sub-optimal, and storage protocols inadequate. Imported 
pellets are also sometimes of poor quality or inadequately labelled. Feeding strategies may also be 
wasteful. Poor feed or feeding practices often generate much higher levels of waste, and this in turn may 
cause water quality problems. Hence a wide range of actions can be taken to increase the efficiency of 
feed use, including better quality control of imported feeds; research on improved feed formulations, 

storage and handling appropriate to different species; improved information and extension relating 

to the costs and benefits of different feed types, formulations, and feeding strategies; encouragement 

for the establishment of an aqua-feed mill in Cambodia; and research to identify more “feed efficient” 
fish with good market potential.  
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The Status of Aquaculture Feed and Feed Ingredients Production and Use in China 

Mengqing Liang PhD 

Research professor 

Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao, 266071, P.R. China 

 

Abstract 

It is well known that China is a country with the longest history of aquaculture in the world. The earliest recorded aquaculture in China can be traced back to 

2000 years ago. Fan Li wrote the first book on fish farming in China in 15th century BC. Brown believed the world may not realize how great aquaculture 

contribution is, which provided people with 36-million tonnes of high quality protein food annually. Based on feed conversion efficiency, aquaculture is the 

most efficient technology in animal production and 50% of China’s aquaculture comes from natural productivity, the filter-feeders. 

China has the largest aquaculture production in the world. Aquaculture accounted for 70% of total fisheries production in China, and 70% of total aquaculture 

production of the world. From 1978 to 2015, total aquaculture production increased from 2.33 million tonnes to 49.38 million tonnes, which increased 21 

times. Fisheries production of China in 2015 was 49.38 million tonnes, of which 46% came from freshwater culture, 28% came from marine culture, 23% 

from marine capture, 3% from inland capture. There were 18.1 million tonnes of mariculture products in 2014 in China, 72.6% of it came from molluscs, 

11.3% from seaweed, 7.9% from crustaceans, 6.6% from marine fish and 1.8% from others. There were 29.4 million tonnes of fresh water culture in 2014 in 

China, 25.3% came from filter-feeding carp, 40.4% from fed carp, 5.8% from tilapia, 17.8% from other fish, 8.7% from crustacean, 0.9% from molluscs, 

1.7% from others. 

The rapid development of the aquaculture sector has significantly stimulated the development of aquafeed industry in China. From 1991 to 2014, China 

aquafeed production increased from 0.75 million tonnes to 19.03 million tonnes, which increased 25.3 times in 23 years.  

The total aquaculture production increased from 24.6 million tonnes to 47.5 million tonnes, China aquafeed production increased from 5.10 million tonnes 

to 19.03 million tonnes from 2000 to 2014, which increased 272.5%. However, imported fishmeal maintained a stable status (1-1.5 million tonnes), therefore, 

there was not a relative relationship between aquaculture production increase and fishmeal import. In the meantime, domestic fishmeal production maintained 

800,000 tonnes. In fact, the additive level of fishmeal in diet has decreased, because of the improvement of formulation. However, China contributed more 

than 60% of total aquaculture production of the world, fishmeal cost only accounted for 25-30% of total fishmeal production in the world. 

30-35% contribution from studies on nutrition and aquafeeds in modern animal farming and aquafeed is one of three key-factors (water, seed, feed) 

determining successful aquaculture，accounting for 70% farming cost. China’s aquafeed industry is the indispensable basis to support the fastest growth 

and the largest scale aquaculture in the world. China has more than 100 aquaculture species (from coelenterates to reptiles), included in various feeding 

habits, such as filter-feeding, herbivorous, omnivorous, carnivorous. Culture model was also diversified, including earth ponds, lakes, reservoirs, cages, and 

indoor factory and so on. It is impossible to establish a comprehensive database of nutrient requirements for so many species in so such short duration and 

with limited research funding.  

Great advances have been achieved in animal nutrition study and aquafeed industry, in the past 20 year. Integrated aquafeed production system has being 

gradually set up. Feed types include extruded feed, pellet feed, powdery feed, farm-made feed and so on. The main commercial feed according to species 

includes common carp feed, grass carp feed, crucian carp feed, tilapia feed, sturgeon feed, snakehead feed, yellow-head catfish feed, eel feed, Erythroculter 

ilishaeformls feed, trout and salmon feed, bream feed, golden pompano feed, large yellow croaker feed, seabass feed, flounder feed, turbot feed, tongue sole 
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feed, grouper feed, Penaeus vanmamei feed, giant freshwater shrimp feed, Penaeus monodon feed, mitten crab feed, soft-shelled turtle feed, abalone feed and 

sea cucumber feed and so on. The compound aquafeed covered larva, juvenile, adult different life stages for some species. However, the popularizing rate of 

compound feed in aquaculture production is less than 40% in general and the feed conversion ratio is still low for some species. Moreover, trash fish and raw 

feed ingredients were directly used as aquafeed in some area, especially in marine fish culture, which not only wastes feed ingredients, but also pollutes 

aquaculture environment and infects disease. In fact, China is deficient in raw feedstuff, particularly the high quality protein sources, such as fish meal and 

soybean, 70% of which depends on importation at present.  

Chinese government established some research program(“863”, “973”, Special Fund for Agro-scientific Research, Modern Agro-industry Technology 

Research System) to support nutrition and aquafeed study, issued a series of standards for different aquafeed to control the quality in nutrition, technique and 

hygiene safety of aquaculture feeds, encouraged transformation from “resource-intensive, scale expansion one-sided pursuit of quantity” to “efficiency, 

quality, safety, & sustainability” and to popularize high-efficiency compound feed and reduce the use of trashfish and raw material. National, provincial and 

district centres of feed quality control have gradually been established to monitor and control the quality in nutrition, technique and hygiene safety of 

aquaculture feeds. A regular Symposium of World Chinese Scientists on Fish and Shrimp Nutrition has been held every three years since 1992, and a National 

Association of Aquaculture Nutrition Studies of China has been established since 1996. These activities strengthen information exchange and cooperation 

among the aquaculture nutritionists. 

Chinese aquaculture nutritionist selected representative species for systematic nutritional studies, on the basis of their taxonomy, feeding habit, geographical 

distributions, farming model and culture scales in recent years to study their nutrient requirements and feed ingredients utilization. The database on nutrient 

requirements and bioavailability of feed ingredients for main cultured species is being established gradually. These research results subsequently were applied 

in feed formulation design for all others relative cultured species. This research and development strategy has been demonstrated to be successful. China has 

succeeded in diversifying its feed ingredients and improving their bioavailability by the development of technology and commercial products, such as neutral 

phytase, compound fermentation, feeding attractants, micro-comminution, essential amino acid (EAA) encapsulation and formulation EAA balance. Besides, 

the quality of some feeds, like shrimp feeds, is probably the best, FCR as low as 1.0-1.2. 

Major issues to be addressed in aquaculture feed production and use in China are as follows: (1) The major challenge of China aquafeed industry is everlasting 

shortage of protein sources, particularly fishmeal and high quality plant protein; (2) A incomplete data base of nutrient requirements for different aquaculture 

species has far from been established; (3) Nutrition studies on bloodstock and larvae have just been starting, and high quality weaning feeds for hatchery still 

depend on import; (3) Nutrition studies on bloodstock and larvae have just been starting, and high quality weaning feeds for hatchery still depend on import; 

(4)The policy seeking “fastest growth and highest production” has threatened aquaculture sustainability. 

The sustainable growth of aquaculture will closely depend on these feed ingredients. The research and development of aquaculture nutrition and aquafeed 

industry should pay attention to explore new non-fishmeal protein sources and improve their utilization efficiency. In addition, a comprehensive database of 

nutrient requirements and bioavailability of feed ingredients for more and more culture species, and even for different stages of a same species should be 

established to provide a reliable basis for accurate feed formulations to save limited feed protein sources. It is suggested that direct use of trash fish and raw 

feed ingredients should be banned by legislation because it is an important way to save feed ingredient sources, and ensure sustainable growth of aquaculture. 
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Abstract 

With an annual production exceeding 4.8 million tonnes (MMT) of finfish, crustaceans and molluscs, India continues to be in the second position, behind 

China.  Freshwater finfish comprising carps, cat fish and tilapia dominates the Indian aquaculture with a share of more than 4.3 MMT, which is consumed 

internally. While production of farmed shrimp in India crossed 0.43 MMT mark in 2014-15, which constitute almost 70% of annual seafood exports from 

India, with a value of about $5 billion.  

Aqua feed scenario 

Feed being a major input in the farmed aquatic animal production, India’s industrially produced feed has  grown to the tune of 1 to 1.25 MMT in year 2014, 

in which the share of shrimp feed alone is 0.6 MMT.  The total installed capacity of feed mills for  shrimp feed production in India is about 1.6 MMT and 

about 0.75 MMT of shrimp feed was produced during 2016 with equal quantity of formulated manufactured feed for fresh water fish during the same period. 

Currently there are around 30 organized aqua feed manufacturing plants with installed production capacity of around 2 to 2.3 MMT per annum, and it 

continues to expand further, in co-integration with the transformation of non-fed/mash fed carp farming and continues expansion of farming area for both 

finfish and shrimp. Most of the organized manufacturers of aqua feed has both pelletizing and extrusion capabilities for making shrimp feeds and fish feeds 

respectively. Though shrimp farming depends 100% on industrially manufactured formulated feeds, freshwater finfish farming is rapidly transforming to use 

extruded floating feeds and sinking pelleted feeds which were earlier predominantly based on raw ingredients, farm-made feeds and organic fertilizers. On 

the other hand, high value coastal carnivorous fin fish farming continues to be on mixed feeding management comprising trash fish and formulated feeds 

either imported or produced locally. Our preliminary studies on farming of Asian seabass and cobia using indigenously manufactured feeds suggest that there 

are real potential for cost savings by the use of nutritionally balanced modern formulated feeds. Increasing feed price is a major challenge facing Indian 

aquafeed industry, which is not only as a consequence of the increase in the ingredients cost such as fish meal, but also due to the increasing cost towards,  

energy, multi layered  marketing network and logistics. 

Feed ingredients 

India being a major agriculture based economy; there are plenty of ingredient resources spread across vast stretches of the country in a patchy manner. The 

principal classes of feed ingredients of Indian aquafeed basket can be classified as, fish meal and other marine protein sources, vegetable protein sources, 

cereals and its by-products. 

Marine protein sources 

Indian aqua feed sector judiciously manages the fishmeal trap to ensure sustainable aquaculture.  Usage of fishmeal in formulations in shrimp feed has been 

substantially reduced compared to the earlier days. Installation and operation of  sophisticated fishmeal plants in India in recent years to produce quality 

fishmeal from the available fishery resources and the trimmings from the fish processing plants, which otherwise used as fertilizer  in agriculture, is an 
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emerging input resource for aquaculture feed industry.  The installed capacity of fish meal production in the country is estimated to be 150000 tonnes and 

out of which 100000 tonnes was actually produced during the year 2016. Fishmeal production in India is split into the production of sterile fishmeal of high 

quality (60-65% protein) from pelagic fishes such as sardines, wherein fish oil is also extracted as a high value by-product.  In the other one where fishmeal 

prepared from processing waste (protein 50-60%), fish oil separation is not practiced. In addition sun dried trash fish(176000 tonnes),   mantis shrimp(57940 

tonnes), steam sterilised shrimp head and sergisted shrimp (48000 tonnes)  are also available for inclusion into aqua feeds. Squid waste meal is also available 

for use in aqua feeds. This prepared mainly from the waste (60000 tonnes) available after processing the squid for human consumption. The waste largely 

consists of head, fin, and viscera along with unclaimed mantles and tentacles. The protein content of the waste is high enough for proteolytic hydrolysis 

(enzymatic digestion) to generate large amounts of peptides and free amino acids responsible for feed attraction and growth stimulation. This waste is collected 

and steam sterilised and converted into squid meal. In a pilot scale project conducted at CIBA in collaboration with a firm M/S. Jass ventures Private limited, 

squid waste was converted into squid silage using organic acid and has been used as an attractant in organic shrimp feed for tiger shrimp with highly 

encouraging results.    

Plant protein sources 

Among the plant protein resources, soybean meal (SBM) is the major plant protein source used in shrimp feeds  and about 10 MMT soybean  seed has been 

produced in the year 2016 and   the annual availability of soybean meal  for feed use ranged  from 6-8 MMT during the  preceding six years. Soybean meal 

for feed use is available in three grades with highest grade viz.,  hi pro soybean meal containing a minimum of 49 % protein is mainly used in the shrimp 

feed formulation. The medium grade contains about 46-48% protein and the other grade contains about 44-46% protein. SBM is extensively used in the aqua 

feed for its better protein content and less variability in the nutrient concentration. The better solvent extraction process adopted during the meal manufacturing 

destroys majority of the anti-nutritional factors (ANF’s) present in SBM and the heat process adopted during the pelleting and extrusion also inactivates the 

ANF’s.  

An array of  other important indigenous plant protein sources viz., ground nut cake(1.3MMT), cottonseed meal(4MMT),  sesame cake (0.1MMT ), 

mustard/rape seed cake (3.4MMT),  sunflower cake meal(1.8MMT ), coconut cake, corn gluten meal and rice gluten provides an added inventory for the feed 

sector. The major constraints in using these plant protein sources are the presence of ANF’s imbalanced amino acid profile and variability in the nutrient 

content.  These plant protein are used mainly in the freshwater fish feeds and the use is very limited in shrimp feed formulations.  

Energy sources 

Cereals such as wheat, rice, maize, sorghum, other millets and cassava  are cultivated extensively in the country. Wheat and its by-products and broken rice  

are the main energy sources used in shrimp feed while maize, broken rice, cassava and other millets  are used in fish feeds. Rice bran and wheat bran are 

conventionally used in aqua feeds.  

Non-conventional ingredients 

Non-conventional aqua feed ingredients such as blood meal, meat meal, bone meal and poultry feather meal, poultry by-product meal, guar gum, gram 

chunies and by products from lentil processing industries and silkworm pupae are also available for use in aqua feeds. Vegetable oils such as groundnut oil, 

coconut oil, sunflower oil, sesame oil, mustard oil, soybean oil, soy lecithin, palm oil and, of late, rice bran oil are also produced in the country, which caters 

to the fat requirement. 

Novel ingredients 

Recently, Indian, aqua feed sector is exploring the opportunity to utilize abundantly available spent residues ,dried distillery grains with solubles (DDGS) as 

a potential ingredient in fish and shrimp feeds. DDGS  available in two grades with 40-45% protein and 55-60% protein.  In addition, de-fatted marine micro 
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algal biomass generated from the potential biofuel production could be a potential ingredients due to their high levels of protein, relatively well-balanced 

amino acid profiles, and rich contents of minerals and vitamins, along with unique bioactive compounds. Indian aquafeed sector also started trialling some 

of the potential and novel ingredients such as insect meal, macro algal meal from freshwater, micro algal biomass, dry seaweed biomass, single cell protein 

etc. 

 ICAR-CIBA’s initiative in cost effective feed for shrimp 

ICAR- Central Institute of Brackishwater Aquaculture (CIBA) as nodal agency in research and development of coastal aquaculture is in the forefront in India 

in developing indigenous aqua feed technologies and products for different life stages of finfish and shellfish including shrimp. After extensive field evaluation 

these indigenous cost effective feed technologies are commercialized and made available for the farmers. Recent commercialization of indigenous shrimp 

feed for vannamei, which branded as  Vannamei Plus, paved the way for availability of cost effective shrimp feed for small and marginal farmers, which 

provided a cost reduction of about 8 to 10%. As an approach to reduce the feed cost, we suggest establishment of small and medium feed manufacturing 

units, with a capacity of 1-2 tons/hr, which can cater to the requirements of certain clusters of shrimp/fish farming area, by tapping the locally available 

ingredients and resources. This model has become success and more such small and medium scale feed mills has to be established across the shrimp farming 

areas in the country. This would pave the way for affordable, quality feed for small and marginal farmers. 

Farm made feed 

Farm made feeds is an ad hoc concept we propose for start-ups in aquaculture, where the volume of feed requirement is less and resources and funds are 

limiting. This is not only cost effective, but also could judiciously use the available resources and generate employment and livelihood for small scale farmers. 

Speciality feeds 

 Larval feeds for shrimp and fin fish are not manufactured commercially in India and are imported and used. However, CIBA has developed broodstock feed 

for Milkfish and Mullet and larval feeds for shrimp and marine finfish and is in the process of commercialisation.   

Feed management 

Traditional mash feeding is the dominant feeding practice in fresh water fish farming wherein the farmers use rice bran with any one of the locally available 

plant protein sources (groundnut cake, mustard cake, sesame cake) in the ratio of 3 to 4:1 The mixed feed, about 20kgs is packed in a polythene bags which 

had perforation at the bottom and the bags are  then suspended on a pole in the water column (25 bags) per ha of pond surface area. This innovative feeding 

method developed by the farmers in the state of Andhra Pradesh is of demand feeding type and results in higher growth rates, improved feed ingestion rates, 

and higher growth rate with minimal feed loss. Currently there is a steady shift in feeding practice from the mash feeding to pelleted and extruded feed which 

would result in further improvement in feed efficiency with proper feed management.   

In case of shrimp culture nutritionally complete formulated feeds are used with proper feed management using check tray observations. Majority of the feeds 

used are pelleted shrimp feeds and recently extruded shrimp feeds are also introduced by some commercial firms with reasonable success rate. Manual hand 

feeding is the normal practice in shrimp farming and auto feeders are used by some of the corporate farms and innovative farmers with appreciable 

improvement in FCR  

Conclusion 

Novel, scientific and innovative approaches in feed formulation, production and use of cost effective feeds and improved methods of feed management will 

serve as the prime drive of aquaculture growth. The steady growing, sustainable and profitable aquaculture, will contribute greatly towards the interest of 

stake holders, ultimately satisfying consumer demands. 
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Abstract 

Aquaculture has become more important to satisfy worldwide needs for fish as the capture fisheries continue to decrease. In Asia, especially in Indonesia, 

the aquaculture industry has been steadily increasing as a result of high demand of fish. Aquaculture production in Indonesia reached an average increase of 

19.08% from 2011 to 2015, with total production of 16.6 million tons in 2015. Fish feed industry has also been continuously growing to support the 

development of aquaculture industry. It was estimated that in 2015 feed usage for main Indonesia’s cultured commodities reaching 8.9 million tons.  

Along with the increase in aquaculture production, higher number of commercial fish feed is required. Increased demand for commercial fish feed raises a 

number of issues related to the availability of feed raw materials. One major issue is the availability of the main feed ingredients, which is mainly imported 

products. For instance, approximately 70% of fishmeal is imported from abroad with an increasingly scarce and higher in prices. This generates a high feed 

price and reducing the profit margin for farmers.  

One of the Indonesian government's efforts to provide a solution to the feed problems is launching “Self-sufficient fish feed” (GERPARI) program. The 

program aims to reduce the dependence on imported raw materials, especially fishmeal by using locally available ingredients for fish feed. The use of local 

ingredients is expected to produce good quality fish feed fish at a low price in order to improve farmer profit margin and sustainability of aquaculture industry. 

Locally available raw materials that are used, such as: 

Soybean meal is the most common plant ingredient used in aquaculture feed because its abundance in PUFAs (linoleic and oleic acids), but low n-3 PUFA 

content.  It also has several anti-nutritional substances, but can be removed by heating processes. Studies have reported that soybean meal can replace fishmeal 

from 20% to 40% in fish diet.  

Palm Kernel Meal (PKM) is one of the fishmeal substitute ingredients. The availability of PKM is abundant due to the high number of palm processing mills 

in Indonesia and Malaysia. Crude protein content in PKM is amounted to only 14.90%. However, research shows that after being fermented with Aspergillus 

niger the protein content could reach 25.06%, while fermentation with Trichoderma koningii increases the protein content up to 32%. Studies have indicated 

that PKM can replace up to 20% fishmeal in fish diets.  

Copra meal, Cocos nucifera is come from industrial waste of coconut oil. This material contains approximately 22% crude protein. Copra is reported to have 

no anti nutritional substances and contain a high protein digestibility. However, it is deficient in all the essential amino acids needed by fish. A study reported 

that although copra meal has a fairly high crude fiber, its utilization could reach 43% in feed of baronang (Siganus Sp). 



                               

73 | P a g e  
 

 

Rice bran, wheat and maize are byproduct materials from the production of rice, wheat and corn industries that can be used as a source of carbohydrates. 

These ingredients contain 12 -15% crude protein, 60% starch and vitamins (B, E). Studies have suggested fermentation using Rhizopus oligosporus can 

improve the nutritional content of these materials. However, incorporation of rice, wheat and maize in the fish diets is limited to 10-20%.  

Duckweed (Lemna sp and Azolla sp) have protein content on a dry weight of 23% - 45% protein with a complete composition of amino acids and high 

concentration of trace minerals. Therefore, it can be used directly as fish food without processing. A study has suggested that lemna sp can reduce the use of 

commercial feed up to 25% without effecting growth and survival rate in tilapia culture.  

Turi leafs (Sesbania grandiflora) is a small fast growing tropical tree in the genus Sesbania. Turi leafs fluor is reported to have approximately 27% crude 

protein. However, it contains anti-nutritional factors that significantly affect fish growth. Freshwater pomfret growth studies have suggested 10% inclusion 

level of fermented turi leafs flour in the diets.  

Animal by-products consisting poultry meal, bone and meat meal and blood meal have a potential as an alternative replacement of fishmeal. It contains high 

protein content that ranges approximately from 45% to 50%. Unlike plant based protein, these kind of protein sources do not have anti-nutritional substances, 

but low in essential amino acids required by fish. However, studies suggested that bone and meat meal can replace fish meal up to 50% in Pangasius cultured, 

whilst in tilapia the replacement can be up to 35%.  

Shrimp head meal (SHM) is obtained from by-products of shrimp processing plants. It contains a high protein content of 53% and normally are utilized as 

an ingredient in shrimp feed. Studies have shown that SHM can be included into L. vannamei diets up to 18%, but only 3% in P. monodon diets. Whilst, 

growth experiment on Pangasius has shown that SHM can replace Fishmeal as much as 30%.     

Fishmeal which is derived from tuna, trevally and reef fish processing wastes or aquaculture processing wastes such as tilapia and catfish by-products. These 

ingredients have similar nutrient value to imported fishmeal. However, control is needed especially in terms of freshness and feasibility of using these 

processing wastes. Preventing microbial contamination must be carefully done. This local fishmeal has been widely used, but always lack in supply for the 

best local fishmeal raw material especially in remote areas. 

Those materials are now used as fishmeal replacements in fish diets, however, research on nutritional requirement and ingredients used in a specific fish 

species diets should be intensively conducted. Feed formulation from a combination of two or more these locally available ingredients might produce better 

and efficient fish diets.  

Another way to reduce the dependence on fishmeal is to culture low trophic level species. Herbivorous or omnivorous species needs low protein content in 

the diet, therefore minimizing fishmeal requirement in the diet formulation. For instance, farming carp and tilapia in paddy field (Mina Padi), milkfish and 

shrimp in ponds.   

Furthermore, one of the government's actions to reduce dependence on fishmeal and to equalize the distribution of fish feed is promoting home-made fish 

feed based on locally available raw materials. For a country that has a large area such as Indonesia, many farmers have difficulties to obtain fish feed due to 

its remoteness. The price of fish feed in these areas is extremely expensive. Therefore, home-made feed production using locally available ingredients is one 

of the appropriate steps to resolve the issue.  

To sum up, three main solutions are provided to create a cost effective fish feed: (1) reduce fishmeal level in fish diets by using locally available ingredients, 

(2) culture low trophic level species, (3) promote home-made fish feed based on locally available ingredients.  
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Abstract 

Global capture fisheries production had increased since 1950s thanks to the development of fishing gears 
after World War II. Since then, it has been stagnant during the last two decades. Capture fisheries 
production in the Republic of Korea has also decreased since 1995. It might be because of various factors 
including global climate changes, overfishing and regional circumstances. We assumed that the growing 
demand of aquafeed is also one of the reasons that have led to a drop in the domestic capture fisheries. 
A high reliance of aquafeed on fish meal and fish oil obtained from capture fisheries might be one of 
the major obstacles for the sustainable aquaculture feed production. 

Finfish aquaculture in the Republic of Korea has made remarkable growth since late 1980s, with success 
in the artificial reproduction of olive flounder. Two marine fish species, olive flounder and Korean 
rockfish, have played a major role in promoting the growth of domestic marine fish culture. In 2015, the 
production of olive flounder and Korean rockfish recorded 45,759 tons and 18,774 tons, respectively. 
These two marine fish made up over 60% out of total finfish production. And the sales profit of the two 
fish reached US$ 600 million which accounted for 77% out of total marine fish sales in the same period. 
Thereby, the demand on aquafeed has been on the continuous rise during the last two decades. 

Since 2010, the domestic finfish production has slightly fluctuated to the scale of 100,000 tons. The 
proportion of finfish production is roughly 2:8 between inland fish and marine fish. Inland fish are 
cultured by compounded feed. On the contrary, marine fish culture heavily relies on farm-made feed 
which are raw fish-based frozen pellets that are directly produced from frozen raw fish such as horse 
mackerel, chub mackerel, herring and gizzard shad, etc. In 2015, farm-made feed production was 
473,084 tons which accounted for 77% out of total aquafeed production, while the production of 
compounded commercial feed reached only 141,828 tons. The use of compounded feed accounted for 
only 23% out of total aquafeed production. In particular, the two important fish species, olive flounder 
and Koran rockfish, are also cultured mainly by farm-made feed. The production of farm-made feed for 
flounder was 219,891 tons, while compounded feed for the species was 21,149 tons which accounted 
for only 10% of total aquafeed used in the same period. This tells that Korea’s finfish production has 
given too much importance on marine fish culture that depends on farm-made feed. 

We assume that farm-made feed is one of the major causes that have decreased domestic coastal fisheries 
production which recorded roughly 930,000 tons in 2016. It was estimated that we used a significant 
amount of the production as feed resources for farm-made feed production. These farm-made feed have 
caused environmental pollution nearby fish farms, natural resources exploitation and a rise in labor and 
equipment cost. In addition, Control of Livestock and Fish Feed Act does not regulate them for 
periodical inspection. The Aquafeed Research Center of the National Institute of Fisheries Science 
(NIFS) also analyzes feed composition and hazardous chemicals in randomly selected commercial feed, 
but not in farm-made feed. 

For the sustainable growth of domestic aquaculture, the Ministry of Oceans and Fisheries (MOF) has 
developed an action plan to promote responsible production and the use of feed and feed ingredients 
since 2008, with a view to completely switching feed from farm-made feed to compounded feed across 
the industry. The action plan includes 1) monetary support to farmers who completely switch feed from 
farm-made feed to compounded feed through preparatory period, 2) an education program and seminar 
on “the Status of Domestic Aquaculture and Its Sustainable Growth”, 3) preparation to enact 
“Aquaculture Industry Development Act” including an article that prohibits the use of farm-made feed 
in fish culture. 

Thanks to all these efforts, compounded feed production has slightly increased from 106,515 to 148,316 
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tons during the last five years. Nevertheless, most marine fish farmers still prefer farm-made feed to 
compounded feed. This is because the fish fed with farm-made feed commonly show better growth 
performances and market qualities compared to those fed with compounded feed. In addition, the cost 
of farm-made feed is still cheaper than that of compounded feed. When fish farmers select feed type, 
they put immediate gains before responsible production that helps us protect our nature and society. 

In the Republic of Korea, most feed ingredients are imported. The amount of imported fish meal rose 
from 36,177 in 2011 to 48,507 in 2015. However, overall fish meal prices have been on the rise in 
accordance with the increase of the fish meal unit price as time goes on. In addition, the domestic fish 
meal production has slightly declined in the same time period. Fish meal commonly forms more than 
50% of the diet for olive flounder and Korean rockfish. This is because the compounded feed must 
compete with farm-made feed over the growth performance and the quality of farmed fish. Thus, it is 
common that aquafeed companies increase the inclusion level of fish meal in the diets, and that is why 
the compounded feed incurs cost. With that in mind, we need R&D to develop fish meal substitutions 
to reduce the feed cost. 

To secure the sustainable growth of domestic aquaculture, MOF needs to press on with policy 
enforcement. Additional regulations that require mandatory analysis of farm-made feed in terms of 
safety management may also help us to take one step further in this endeavor. We also need R&D to 
reduce the dietary inclusion level of fish meal and fish oil to provide low-priced compounded feed to 
farmers in the near future. Unlike our expectation, there are not many ingredients available that can 
replace fish meal in the Republic of Korea. R&D in this area may help us to increase the efficiency of 
dietary utilization of conventional feed ingredients that are alternatives of fish meal. Processing and 
hydrolyzing techniques may further improve a digestibility and absorption rate of conventional feed 
ingredients. 

In summary, marine fish culture has played an important role in the growth of Korea’s finfish 
aquaculture industry. Olive flounder and Korean rockfish make up over 60% out of total finfish 
production. However, marine fish culture heavily relies on farm-made feed that is a primary culprit of 
environmental pollution, natural resources exploitation, a rise in labor and equipment cost and 
challenges in the safety management of farmed fish. Although the Korea government has made various 
attempts to promote sustainable aquaculture, most fish farmers still prefer the raw fish-based frozen 
pellets to compounded feed due to the economic benefit of the farm-made feed. To secure the sustainable 
growth of domestic aquaculture and feed production, the Korea government needs to press on with (1) 
policy enforcement and input efforts to (2) research and development to provide a low-priced feed. 

  



                               

77 | P a g e  
 

Status of Aquaculture Feed and Feed Ingredients in Malaysia. 

 

Mohammed Suhaimee Abd. Manaf 

Research Officer 

Fisheries Research Institute Pulau Sayak, Research Division, Department of Fisheries, 08500 Kota Kuala Muda, Kedah, Malaysia. 

 

Abstract 

In 2015, capture fisheries contributed 74.5% (1,486,051 MT) of total fish production in Malaysia. Besides, 17.0% (261,000 MT) was recorded as fish-by-

catch (FBC). On the other hand, aquaculture contributed 13.9% (278,837 MT) of the total fish production where 40.9% came from marine fish and the other 

59.1% was dominated by freshwater fish (Annual Fisheries Statistics, 2015). Since 2012, Malaysia produced 65,000 MT local fish meal annually (USDA, 

2016). With that amount of dry powdered form, an estimated of over 216,000 MT FBCs were used to process into fish meal annually, leaving 44,300 MT 

FBC that would be used directly as marine fish feed (Table 1). In 2014, 24,100 MT of fish meal, were exported while 5,700 MT were imported (Annual 

Fisheries Statistics, 2014).  

Table 1: Annual production of FISH MEAL in Malaysia (2007-2015) 

 

Source: Annual Fisheries Statistics, DOFISH MEAL (2007-2015); *GAIN, USDA, 2016. 

According to Annual Fisheries Statistics, 2015, marine cage culture production was at 25,900 MT. With the average FCR of 6.0, the available 44,300 MT 

FBCs could produce only 8,900 MT marine cage culture fish species. Due to high market value of marine fish, it would be possible that most marine cage 

culture operators alternately feed their fish with commercial pellet. They followed the feeding trend in seabass culture which rely totally on pelleted feed 

either farm-made or commercial pellets since 2013. While for freshwater fish species, total replacement of fish meal and fish oil was established since 2014 

especially for the African catfish, Clarias sp.  

In order to estimate the fish meal inclusion level in aquaculture feed, it was assumed that the available 46,600 MT fish meal was used in feed for aquaculture, 

poultry and swine. In 2015, Malaysia produced 1.6 million MT poultry and 0.2 million MT swine. With an average feed conversion ratio (FCR) of 1.6:1 and 

at only 1% inclusion, it was estimated that over 25,000 MT fish meal were needed in poultry and swine feed. In that case, the fish meal inclusion level in 

aquaculture feed in Malaysia was estimated at 15% for marine species and 11% for freshwater species.  
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Soybean meal (SBM) was identified to be the major plant ingredients which were used in partly replacing fish meal and to balance the required protein. It 

was recorded that 1.4 million MT soybean was imported into Malaysia in 2014 (USDA, 2016). With an average of 45% crude protein content, it was estimated 

that a total of 36,246 MT SBM was used in feed for both marine (dietary protein of 40%) and freshwater (dietary protein of 30%) fish species. Malaysia also 

imported 1.5 million MT wheat meal and 3.2 million MT corn meal (USDA, 2016). Utilization of these energy-based ingredients in aquaculture feed were 

estimated at 120,000 MT in year 2014.  

Since Malaysia produced 1.4 million MT poultry in 2015, the by-products such as poultry by-products and chicken intestine meal were known to have the 

potential to alternatively substituting the use of fish meal in aquaculture feed. In fact, total fish meal and fish oil replacement in diets for African catfish has 

been achieved since 2014 (DOFM, 2014). Other ingredients known to be used as protein sources were anchovies head wastes and distillers dried grains with 

solubles (DDGS) but with unknown inclusion level in aquaculture feed. 

Assuming the FCR of freshwater fish/prawn was at 1.4:1, marine fish was at 1.9:1 and marine shrimp was at 1.6:1, it was estimated that more than 293,000 

MT of aquaculture feed was produced either locally or by importing from neighboring countries in 2015. By 2020, it was estimated that almost 1.1 million 

MT of aquaculture feed need to be produced yearly based on targeted production (Table 2) while the current local feed millers produced only 170,000MT/year 

(DOFISH MEAL, 2016). During a workshop with local feed millers in March 2016, they agreed to expand and able to produce 500,000MT per year of feed 

by 2020. While the balance of 600,000MT feed would be farm-made by aquaculture farmers. There were almost 30,000 aquaculture farmers in Malaysia 

(2015), if half of the farmers (15,000) were to process 100 to 150kg/d feed for 330 days a year, an estimated amount of 495,000 to 743,000 MT farm-made 

feed would be achieved.  

Table 2: Estimate production of commodities and aquaculture feed by 2020 in Malaysia. 

 

With regards to the increasing price of fish meal, soybean meal and fish oil, local feed millers had started to replace fish meal, soybean meal and fish oil in 

their feed formulations since the increasing feed cost hindered farmers to buy their feed (Table 3).  

Table 3: Expected increment of commercial aquaculture feed by 2020 in Malaysia. 

 

 

No. Commodities FCR*
Total 

production (MT)
2015

Estimated
feed (MT)

2015#

Target production 
(MT)
2020

Estimated 
feed (MT)

2020Ø

1 Freshwater fish/prawn 1.4 84,180 117,853 311,650 436,310

2 Marine fish 1.9 48,020 91,237 165,860 315,134

3 Marine shrimp 1.6 52,570 84,113 189,040 302,464

Total: 276,971 293,203 666,550 1,053,908
*FCR – Feed Conversion Ratio (average from various species).

# 
Marine fish cage culture operators used 10-20% FBCs besides pellets.

Ø
 Total usage of pelleted feed without FBCs.
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Eventually, the pressure to use cheap feed made some farmers used dead animals’ carcasses and there were issues regarding the use of unprocessed and non-

halal ingredients such as dead chickens or pigs which hindered aquaculture progress. Figure 1 shows 50% decreasing in freshwater catfish production (Annual 

Fisheries Statistics, 2006 – 2015) once there were news highlight on the use of pigs’ carcasses in fish ponds. In addition, aquaculture farmers tend to initiate 

their own farm-made aquaculture feed instead of using commercial pellets. However, there were issues such as availability of raw materials and feed 

processing equipment.  

 

 

Common feeding practices in shrimp and fish hatcheries could be improved in order to sustain aquaculture production. Traditionally, both shrimp and fish 

broodstock were fed with unprocessed, raw, frozen feed for example squid, polychaetes, fresh fish and bivalves as maturation diets. In larval rearing, it would 

not even possible to eliminate the use of live feed such as Artemia, rotifers and copepods. Many studies however showed that all these fresh feed and live 

feed were potential disease carriers (Haliman, 2004; Yan, et. al., 2004; Sudhakaran et al., 2007; Escobedo-Bonilla et. al., 2008). In addition, uncontrolled 

activities of selling raw polychaetes as fishing baits further spread the diseases. According to OIE (2010), the pathogens could be inactivated or destroyed 

when heated or cooked sufficiently. 

In order to improve feed and feeding practices, DOF Malaysia organizes good aquaculture practice on feed management feed formulation and fish nutrition 

courses to stakeholders (farmers and government officials). In addition, there are measures taken to monitor feed and feeding practices through auditing 

process on aquaculture farms and feed millers in Malaysia based on Good Aquaculture Practices (MyGAP), Feed Store and Feed Mill Monitoring Program 

under several legislation and regulation such as Fisheries Act 1985 and Animal Feed Act 2009. DOF Malaysia also organizing Good Aquaculture Practices 

Awareness programs among feed millers and farmers to implement relevant rules and act to reduce the use of fish meal and fish oil.  

Several R&Ds on fish meal and fish oil replacement in aquaculture feed using poultry by-product meal, fermented shrimp head waste, soybean meal, palm 

oil and soybean oil as well as the use of biofloc technology in white shrimp farming were also discussed. Thus, in order to sustain fish production, besides 

facilitating high-value marine fish species aquaculture production, DOF Malaysia also promoting farming of freshwater fish species such as tilapia and catfish 

at low or no fish meal content in diets. Lastly, R&D on fish meal and fish oil substitution in aquaculture feed with locally available ingredients is still ongoing 

by DOF Malaysia, universities and private sectors. 

Related Articles 

• Animal Feed Act 2009. Laws of Malaysia, Act 698.  

• Fisheries Act 1985. Laws of Malaysia, Act 317. 

• Standard Operating Procedure for Registered Feed Miller To Supply Feed For Aquaculture Approved Farm. 2010. Fisheries Biosecurity Division, 

Department Of Fisheries Malaysia, Putrajaya. 

Figure 1: Decreasing production from over 80k MT (2009) to only 46k MT (2011) when there were news 
highlight on the use of pigs’ carcasses in freshwater catfish ponds. Source: Annual Fisheries Statistics 2006 – 
2015. 
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Abstract 

Aquaculture production is relatively recent in the Maldives in comparison to the rest of the Asia-Pacific 

region, with only one hatchery facility currently operational. The facility produces an estimated 40 tons 

of dried sandfish targeted at the Chinese markets. The production and export of aquacultured sea 

cucumbers were limited to the private hatchery facility until recently. A Maldivian Government 

initiative to develop mariculture enterprises, with the assistance of International Fund for Agricultural 

Development (IFAD), is now working on extension of aquaculture grow-out operations at the 

community level. In addition, small-scale grow out operations for hatchery produced groupers as well 

as the hatchery production of milkfish as an alternative live feed for the pole-and-line fishery is expected 

to kick-off in the near future. Although the current requirement for aquaculture feed in the Maldives is 

limited to small-scale research activities, the requirement is expected to grow with the development of 

an aquaculture sector in the country.  

Although aquaculture feed production is not carried out in the Maldives due to a lack of local demand, 

the country has potential for developing aquaculture feeds. Fishmeal produced from byproducts of tuna 

processing activities (about 50-60% of the processed animals’ weight is regarded as byproducts of tuna 

processing) is currently being produced and almost exclusively exported to Sri Lanka. The past few 

years export statistics shows that about 1000 tons of fish meal is being exported annually at a price of 

about USD 1/kg (figure 1.). Crude estimates of the quality of the fishmeal exported from Maldives 

suggests that with slight improvements in the ash contents, the locally produced fish meal has potential 

for being used as a protein source in aqua feeds.  

Local demand for aquaculture feed, especially for cultured groupers and milkfish is expected to increase 

with the establishment of a multispecies hatchery targeting the production of 100 tons of juvenile 

milkfish for the local pole-and-line fishery and approximately 500,000 grouper fingerlings for small-

scale grow-out farmers within the Maldives. Although the aquaculture feeds for hatchery production 

will initially be sourced internationally, local production of lower-cost aqua feed is anticipated with the 

increasing numbers of grow-out farmers.   
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Figure 1. Fishmeal exports from the Maldives between 2009 and 2016, showing the total export, export 

of fishmeal not intended for human consumption, and the export prices for the non-human consumption 

varieties (source: Maldives Customs Service, 2017).  
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Abstract 

Fisheries sector plays a very important role in National Economy and also in the daily diet of the people. 

The fisheries sector is third in foreign exchange earning after the agriculture and forestry sectors. The 

aquaculture sector plays a major role by contributing 51% of the total production of all fisheries.  

There are three kinds of aquaculture, namely, freshwater (rohu dominant culture species and also other 

species such as tilapia, carps, catfish and freshwater prawn Macrobrachium rosembergii), brackish 

water and coastal aquaculture. The major cultured species in the pond in rohu  (Labeo rohita), which is 

the major freshwater commodity for export but local consumers give higher preference to common  carp  

(Cyprinus carpio). Freshwater prawn is also cultured with other freshwater species. For tilapia, these 

are cultured in cages and in ponds in other areas.  

In terms of coastal and marine aquaculture, traditional and extensive type of marine shrimp culture is 

dominant. There are few semi-intensive type of shrimp farming with the species of P. monodon and P. 

vannamei. 

In the cage of marine aquaculture, only finfish culture in net cage is practice in coastal areas. Marine 

finfish are cultured in net cages. Stock fish are generally collected from wild. At present sea-bass seeds 

can be successfully produced through hatchery technique.  

Soft-shell mud crab farming is growing with increasing local and foreign market demand. Stock crabs 

are collected from wild. Large quantity of trash fish are used for Soft-shell mud crab farming.  

Freshwater pond areas amounted to over 90000 ha and shrimp pond also over 90000 ha. At present, in 

Myanmar, the fish farmers are using commercial feed from factory mill is 25 % and 75 % of farmers 

are still using locally available rice bran only or rice bran and oil cakes in daily feeding of farmed fishes.  

Most of the freshwater fin-fish framings utilize rice bran, ground-nut cake, cotton seed cakes etc. 

However, in tilapia and basa catfish culture, formulated feed pellets that are manufactured by private 

feed meal companies are used. The feed ingredients commonly used are broken rice bran , ground-nut 

cake  soy-bean cake and fish meal  with vitamin mix; however , the actual  feed formula and feed 

conversion ratio are not known. 

On the other side , soft shell mud crab farming and marine fish farming are thoroughly dependent on 

trash fish. Initially, feed pellets for marine shrimp and freshwater prawn were imported from Thailand 

but later on the local private feed mill companies were established to supply local needs. There are few 
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semi-intensive and intensive shrimp and prawn farms that have been established. In this regards, the 

demand for feed decreased which eventually led to closure of the feed factories in view of their difficulty 

to finance the operation cost. The alternative sources of fish meal are ground-nut cake and soybean 

cakes, both locally available and consisting of high level of crude protein. There is no practice of feeding 

farm made pellet. However, a few large commercial farm owners are operating their own feed mills to 

produce feed pellets for their own farms while these feed mills are under experimental operation.  

In Myanmar, among more than 20 feed mill, there are 11 feed mills producing fish feed in sinking pellet 

and 3 feed mills in floating pellet type .  

Production capacity of feed mills are 100- 250 mt/day, total daily production of fish feed is more than 

600 mt/day of sinking and floating pellet type. 

Feeding method in fish farm with perforated feeding bags for mesh type feed and scattering the pellet 

feed and floating feed put in feeding rings on places. 

The supply of feed ingredients;- most of the fish farmers are using daily feed for fish, mixing 2 to 3 

items of various ingredients such as rice bran, peanut oil cake, sesame cake, cotton seed cake, rape seed 

cake, soy bean meal, mustard oil cake, wheat bran on their own formulation to meet the nutrient 

requirement of fishes. Basically rice bran and oil cake are major feed components with the feeding rate 

of 4 % of the total fish pond biomass. 

The feed millers are using  above ingredients including dry fish powder and fish meal, in complete feed 

formulation adding additives vitamin, mineral , amino acid and fish oil. 

Among the feed ingredients, rice bran, wheat bran, peanut oil cake, sesame oil cake, cotton seed cake, 

mustard oil cake are locally available and soy bean meal , rape seed meal, corn gluten meal, feather 

meal, vitamin, mineral and amino acid and fish oil are imported from USA, Argentina, China, Brazil 

and India, etc. One feed mill company from Vietnam and one from Thailand are importing their finished 

floating fish feed into Myanmar, introducing to the farmers since last year. 

The fish farmers using traditional feeding method of mixing ingredients are giving the feed at nutrient 

value of 19- 20 % protein and commercial feed mill are producing the sinking and floating pellet as 25 

– 28 % protein for carps and 35-39 % protein floating pellet for snake head and catfishes.  

For shrimp feed, most of the farm are using importing pellet feed. For sustainable supply of feed 

ingredients few local and foreign importers are indulged in importation of feed ingredients from USA, 

Brazil, Argentina, China, India etc. for the feed millers demand. 

One of the feed mill is producing and supplying the fermented fish feed, utilizing many feed ingredients 

including molasses and fermented with beneficial microbe (probiotic) organism such as Lactobacillus, 

Bacillus subtilis and  Sacchromyces cerevicae. As the fermentation process improve the feed nutritional 

product quality, facilitating easy digestion and also reduce Anti Nutrition Factor (ANF) and fibre in 

plant based ingredients. It also increase protein, lipid content and elimination of phytic acid and tannin. 

The products protein content is 26 % protein, lipid 6 % and fibre 4 %. 

There are variety of the sources of plant protein that can be used in feed formulation for aquaculture. 

There is a need to establish research scale laboratories to formulate and produce pellet feed that are 

suitable and economical to the targeted species. Normally, by-catch from fishing vessels are utilized for 

local consumption and for fish meal. However, in the long term, too much by-catch may cause stock 

depletion in fishery resources as these are playing important role in food chain of  natural resources. 
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Discussions:- 

� Global warming that is rise in temperature has become major challenges to fisheries sector. 
Particularly the aquaculture farms are suffering high water temperature in aquaculture farming. 
This may result in slow growth of farmed fish and sometimes mass mortalities. Uneaten feed 
may decompose and collapse pond water quality. In this regard, there need to introduce climate 
change adaptation (CCA) in terms of pond design, suitable species, culture season, stocking 
density, type of feed, daily ration and feeding frequency etc. 

� There need to reduce feed cost to compensate the operation ratio by using plant protein sources 
rather than animal protein sources. 

� Too much utilization of fish meal and by-catch is needed to reduce as they play important role 
in natural food chain in marine fisheries resource and ecosystem. 

� There need to develop effective utilization of feed for optimal aquaculture production rather 
than maximal production to mitigate the negative impact of sustainable aquaculture 
development. 

� Since over decades, world scientists have recognized that there happens world climate change 
resulted in global warming. It is no doubt that world climate change cause negative impact on 
aquatic organisms. We need suitable species that are tolerant to high temperature shall have to 
be selected and also need to development the feed formulation for the tolerant fish species. 

Conclusion: There are huge potentials and rooms for further development of aquaculture in freshwater, 

brackish and marine sector. Myanmar DoF is trying to conduct the research works on culture of native 

species like butter fish (Silondia spp.) and other economically viable species. Also culture of hilsa and 

seabass in freshwater is under experimental scale. It has been envisaged that with concerted effort by 

both state and  private sectors aquaculture will occupy more space through responsible production and 

use of feed and feed ingredients towards the sustainable aquaculture development. 
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ABSTRACT 

The variation in the geographical altitude and latitude of Nepal has provided opportunities to raise 

coldwater as well as warm water fish species in mountain, hills and terai region. The integrated farming 

system adds aquaculture as an important part of farming system in Nepal. In mountain and hilly region 

where cold and fresh water is available rainbow trout is the main fish species for fish farming whereas 

carp fish species (Chinese carp and common carp), tilapia and Pangas are cultivated in inner terai and 

terai region. Feed is most important inputs for successful commercial fish farming. In Nepal around 

12000 metric ton pellet feed use in the fish farming and about 33 % of the total quantity of pellet feed 

have been importing from India and rest amount of feed supplied through the Nepalese feed producer. 

Although floating pellet is expensive than other types of feed, Trout and Pangas cultivating farmers buy 

floating pellet to feed fish and this type of feed cost more than other feed type and non-floating type feed.  

Similarly, 60% of carps are fed with pellet (floating and sinking) as well as homemade feed (50% rice 

police and 50% oilcakes) as an artificial feed and 40% of carps growing famers do not use any types of 

artificial feed. They are totally dependent upon natural feed but they may use fertilizer (organic as well 

as chemical fertilizer) to produce natural feed in pond water mainly in the small scale fish farm till now. 

These farmers who are totally dependent on natural feed get the locally produced table fish; well 

undersized with low production and these statuses haven’t been changed till now. Hence feed and feed 

ingredients utilization plays an important role for commercial fisheries grower in order to produce 

higher yield per unit area. 

 

1. Background 

Nepal is a land locked country with area of 147181 sq km.  Ecologically Nepal is divided into three 

different regions (i) High Mountain region occupying 15 percent (ii) Hilly region occupying 68 percent 

and (iii) Terai region, the plain area, occupying 17 percent of the total area of the country. There are 

three major river systems (Koshi, Narayani and Karnali) in Nepal. These rivers are fed by hundreds of 

small rivers originating in the snow-capped high Himalayan, Mahabharat and siwalik mountain regions. 

There are 6000 Rivers which cover an estimation of about 395000 hectares area. Similarly, many 

number of small to medium sized lakes in various parts of the country cover 5000 hectares and about 

1500 hectares of small reservoirs have been constructed in the country. In addition to, there is 

considerable water surface area present in village ponds (around 9200 hectares). Irrigated paddy fields 

cover about 398000 hectares and there are also about 12500 hectares of marginal swamps in the 

countries. The growth of hydroelectric power station and irrigation projects likely to add more waters 

bodies in the years to come. A feasibility study on various river basin and systems indicates an addition 
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of about 7800ha of reservoirs upon theirs completion. Collectively, these water bodies cover nearly 5.5 

% land area of Nepal. 

The economy of Nepal is still based on agricultural production. About 65.6 percent economically active 

population engaged in agriculture for their livelihoods. The population growth rate is 1.35 percent 

whereas economic growth rate is hardly 2.9 percent. The percapita income is about us $ 689. 

Nepal's population is about 26.4 million in 2011. The male's population is 48. 5 percent and females are 

51.5 percent and of the total population 83 percent live in rural area. 

2. Objectives: 

To describe status of feed and feed ingredients production and utilization for fish production in Nepal. 

To explain the problem arises due to lack of fish feed and poorly feeding practices. 

3. Aquatic resources in Nepal 

Nepal has no marine resources. Nepal's aquatic resources are based on inland fresh water. Rivers, 

streams, lakes, reservoirs, ponds, marginal swamps and irrigated paddy fields are the major sources for 

aquatic products. On the basis of the resources availability, the rivers are major importance occupying 

48 percent, lakes and reservoirs occupy 0.8 percent and swamps and paddy field occupying 49 percent 

of the total water area. These open water area occupying about 5.5 percent of the total area of Nepal. 

Koshi, Gandaki and Karnali are the major rivers with their twenty-one tributaries. Mechi, Kankai, 

Kamala, Bagmati, West Rapti, Babai and Mahakali are medium size rivers. 

It is estimated that the water surface in rivers is about 395,000 hectares. The estimated water surface 

area of the lakes is about 5000 ha. The estimated area of reservoir made for hydropower generation is 

about 1500 ha. It is estimated that there are about 12,500 ha marginal swamps. These swamps have good 

potential for aquaculture development. The pond area is estimated to be 9200 ha. The rice fields potential 

for fish culture are estimated about 398,000 ha. 

Water ecosystems of  Nepal offer excellent habitats to 13 exotic fish species (1 cold water species and 

12 warm water species ) and 230 indigenous fish species  (Rajbanshi, 2012) of high economic 

environmental and academic value. 

Natural water fisheries is widely scattered throughout planes mid hills, mountains and high hills. There 

is no concentrated effort for identification, research and conservation of indigenous fish species 

available in these natural water bodies. Even there is not an organized fishing practice. Hence the fish 

production has been assessed only in a small scale. Total fish production from this sector was about 

48,000 metric ton in fiscal year 20014/15.  The estimated productions from rivers 7,110 metric ton, from 

lakes 650 metric ton, from reservoir 385 metric ton, from marginal swamps 5,990 metric ton and from 

paddy fields 7,105 metric tons. It is estimated that there is four times production potentiality from these 

natural water bodies as compare to present production. The fishery production is contributing 3 percent 

of Agricultural Gross Domestic Production in the fiscal year 2014/15. 

4. Possibilities of commercialization of aquaculture in Nepal 

Aquatic resources are one of the important sources of nutrient for poor people especially for those living 

along the rivers, rivulets, lakes and swamps. People living near aquatic resources, all are not full time 

fishers. Some community people like Bote, Jalhari, Musahar, Danuwar, Darai and Tharu are giving more 
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time in fishing for their livelihoods. Those people who prefer fishing more from rivers and lakes are 

under poverty line. In Nepal it is observed that mostly poor and backward community people prefer 

catching fish from rivers, lakes, rivulets and swaps. Development and investment in aquatic resources 

conservation and utilization directly benefit to poor people. One of the best examples we can see how 

the cage culture in Phewa and Begnas Lakes improve the living standard of Jalahari community that 

was in nomadic life up to 1960 and now that community is in mainstream of development. 

Aquatic resources providing employment opportunity to 2 percent population (610000 i.e. culture-

130000 and capture- 480000 people) to some extent either by capture fishery or culture in cage, 

enclosure, raceways and ponds. These resources will support to rural nutritional improvement and food 

security in the future also. There are potentialities of sport fishing and eco-tourism that generate 

employment opportunities in rural area and that benefited to poor fishers. 

Some fish species found in Nepal are useful to culture in poor quality and low level water and they are 

very effective to control mosquito larvae. This helps to control mosquito-transmitted diseases, which 

mostly affect to poor people whose living condition is poor.  By using these fish species in terai area it 

is possible to reduce the vulnerability of poor people's livelihoods. 

Aquaculture can play important role in the diversification of income of paddy grower and that also 

generate opportunity to poor people to engage in fish marketing. 

The national policy, plan and strategy is promoting fishery programmed to use rivers, lakes, reservoirs, 

swamps, public pond and private pond for fish production. Aquaculture is accepted as one of a major 

area for income and employment generation of the low-income group especially poor and backward 

groups. For this the government aims to strengthen the fishery development, research and training 

centers. 

5. The Cultivated Fish species of   Nepal  

Indigenous fish  species: 

The indigenous fish species, also known as Indian major carps, are available in the river system of Nepal. 

They are cultivated in the tropical and subtropical region of Nepal. They are as follows. 

Catla (Catla catla): This is surface feeder (feeds mainly on plankton and decayed Plants on the surface). 

Rohu (Labeo rohita): This is column feeder, feeds on algal forms and decayed vegetation. 

Mrigal (Cirrhina mrigala): This is bottom feeder, feeds on semi rooted vegetable matter and artificial 

feed and detritus. 

These carp fishess do not breed in confined waters. Their fry produces through induced breeding 

techniques. These fish do not grow well in the hilly regions due to the low water temperatures. 

Exotic Fish species 

The exotic fish species are the Chinese carps and Common carp fish species which is imported from 

different countries in different date which is shown in annex 1. 

The Chinese carp fish species are as follows. 

Grass carp (Ctenopharyngodon idella) eats macro vegetation and feed, 
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Silver carp (Hypophthalmichthys molitrix)is microscopic algae feeders and 

Bighead carp (Aristichthys nobilis) is zooplankton feeders where as 

The Common carp are omnivorous and bottom feeders. The fish species are two types i.e. 1. German 

carp or scale carp (Cyprinus carpio var. communis) and 2. Israeli carp or mirror carp (Cyprinus carpio 

var. specularis).These all indigenous as well as exotic fish species are having non-competitive feeding 

habits and so, it can be cultured together (polyculture) to get more yields from the same water body even 

less feed using than monoculture( single species of fish stocking). 

Similarly, Rainbow trout (Oncorhynchus mykiss) and Pangas (Pangasius hypophthalmus) both are 

carnivorous in feeding habits. So that, they require more proteineous feed than carps fish species. The 

stocking rate of different fish species is shown in table no.1 

 

Table no. 1: Recommended rate of Fingerlings stocking of different fish species in pond culture 

S.N. Name of fish 

species 

Percentages of 

fingerling 

Total no. of  

fingerling per 

hectare 

Remarks 

1 carp fish species   Generally 50% omnivorous 

and 50% herbivorous 
 Common carp 25 2000 

 Silver carps 35 2800 

 Grass carp 5 400 

 Bighead carps 10 800 

 Rohu 15 1200 

 Mrigal 10 800 

 Total  8000    

2. Pangas  20-30  numbers per square meter 

3 Rainbow trout  75-100  numbers per square meter 

6.   Fish farming area, production and productivity of different fish species. 

This is shown in table no. 2. 

Table no. 2 fish farming area, production and productivity of different fish species 

S.N

. 

Name of the fish species farming 

area ha 

Production 

(mt.) 

Productivity 

(mt/hectare) 

Remarks 

1 Carps fish species      
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 Pond culture  9,200 41,481 4.5  

  Other area (ghols) 3,100 5,704 1.84  

  Paddy cum fish culture  100 45 0.45  

  Cage fish culture  7.0 350 50.0  

  Enclosure fish culture  100 140 1.40  

2 Rainbow trout 2.5 250 100  

3 Pangas 50 1400 28  

 Total 12552.5 49,019 4.6  

DoFD, 2014/15 

7. Fish feed and feeding system: 

In Nepal, the modern aquaculture system was started since 1947 by importing Indian major carp's fish 

seed from India. Now the process is going up, many fish species are culture by farmers on their farms 

i.e. Chinese carps (silver, grass and bighead carps), Common carps (Germen and Israeli carps), Indian 

major carps (rohu, mrigal and catla), pangus, tilapia and catfish (African catfish). These all are above 

mention fish species are warm water fish species. Carps fish species are culture in tropical as well as 

sub tropical climate. Similarly, pangas, tilapia and African catfish are tropical fish species which are 

grown in tropical region or terai region of Nepal. Where Rainbow trout is one of the popular commercial 

cold water fish species of Nepal which is liked by many farmers and it can be easily grown in hilly 

region of Nepal. 

Feed is the most important component of aquaculture development without feed there is not any success 

on aquaculture industries. There are mainly two types of feed i.e. natural and artificial feed. Natural feed 

refers to plankton, aquatic animal, and plants and terrestrial plants. It consists of live, or fresh, whole 

organism. These are naturally produced in the pond and are considered best food for fish. Which foods 

may be maintained in the pond by using proper fertilization? Most of the carp fish growing farmers use 

natural feed in rural area still today. 

Those natural foods may be used only carp polyculture but farmers do not use natural foods for rainbow 

trout and pangas farming in Nepal. To increase natural feed, we may use organic manure (Farm yard 

manure) and chemical fertilizer, the dose of fertilizer depends upon fertility status of the pond and source 

of water and stocking fish species etc. 

The status of natural food of pond may be known by measuring plankton turbidity by using Secchi disk 

equipment. The value of Secchi disk is 20-40 cm in fertile pond and more than 40 cm in unfertile pond 

i.e. need of Farmyard manure and chemical fertilizers. The dose is given below to next paragraph. 

Similarly, natural food may or may not be available in pond can be determined by observing the water 

color of pond in rural area. We may also observe water color for natural feeding i.e. if green color there 

is no need of manure and fertilizer, if color changes from green to brown we must be add fertilizers 

timely to increase pond fertility. 

The dose may be 3 tons/ha organic manure, 190 kg urea/ha/yr, 750kg DAP/ha/yr in different installment 

which is equivalent to 220 kg nitrogen and 345 kg phosphorus i.e. basal dose (organic manure 50 
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kg/katha, Urea 1kg and DAP 2.5 kg/katha) and organic manure 10 kg/katha, Urea 250 gram and DAP 

750 kg/katha apply every 15days installments.  Most of the farmers are commercial and they are initiated 

to feed their own culture fishes. Farmers who they are culture rainbow trout and pangas, they are totally 

feeding them by pellet feed that is the reason of high production through from trout and pangus than 

carp fish species.  

8. Annual feed requirement: 

On the basis of food conversion ratio (FCR). We may estimate annual feed requirements are shown in 

table no. 3. 

Table no.3 Annual feed requirement on the basis of FCR. 

S.N. Name of fish species Fish production(mt) FCR Ratio feed requirements(mt) 

1 Carps fish species 47720 1:2 95440 

2 Rainbow trout 250 1:2 500 

3 Pangas 1400 1:2 2800 

 Total 49370  98740 

Although there is no organized fish food industry in Nepal, only few feed industries are established in 

different part mostly in terai region of the country by private sectors. These feed industries  produce 

around 8160 metric tons pellet and 3840 metric tons pellet per year is imported from India .The Nepalese 

aqua-feed industries name list with details mention in annex no.2 and brief data are shown in table no.6. 

Similarly, the trend of fish production farmers who they are culturing carp's fish species. They may or 

may not use feed. Although there is not clear cut recording system data about feed, estimation about 

feed, we estimate around 60 percent (9.1 % pellet and 50.9 % homemade feed) carp fisheries growing 

farmers used feed. Homemade feed is prepared by farmers in rural area which is the mixer of 50 percent 

rice bran and 50 percent oilcake. They may or may be used feed regularly due to lack of awareness and 

poor economic status. There will be difficult to maintain quality during feed preparation due to lack of 

knowledge about nutrient content of feed ingredients used to prepared homemade feed. Similarly, 

homemade feed (quantity and quality) may be loss during application on pond due to faster dissolve in 

water because farmers broadcasting the feed around the pond water. Similarly, around 40 percent carp 

fisheries' growers are followed extensively practices on rural area, they don't use any types of artificial 

feed but they may use fertilizer to increase natural foods. The amount of manure and fertilizer using in 

fish pond to increase natural food are written above. 

9. The dose of feed for Fish: 

The dose of feed (pellet, homemade feed) also depends upon the size and weight of fish species. If the 

sizes of fishes are smaller than the dose of feed require more quantity than larger size of fishes on the 

basis of body weight. The frequency of feeding and amount of feed is higher in smaller fishes than larger 

ones due to high metabolism activities of small fishes. Therefore, we must feed 2-3 times for fry feeding 

and the amounts of feed 3-5 % for fry on the basis of their body weight. Where as we can feed 1- 2 times 

for larger and the amount may be up to 2- 3 % on the basis of their body of larger fish. Therefore, the 

dose of feed may be 1 to 5% on the basis of feed quality, species of fishes and size of fishes. The methods 

of feeding are shown in figure no.1 and 2. 
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Figure 1. Methods of using pellet on ponds 

Some rules in feeding 

Rule 1: Always feed fish at the same time and place. Fish become trained and learn when and where 

they are fed. Two feedings per day are normal. Half of the daily amount is given about mid-morning 

and half in the early afternoon. 

Rule 2. Never over feed the fish. Uneaten feed will pollute the water and increase the cost of fish 

production. The decomposition of uneaten feed lowers Dissolved oxygen in pond. 

 Rule 3. Do not feed on harvest day, Stops feeding fish 24 to 48 hours before they are harvested. 

Rule 4. Regulate feed quantities at cold season 

 

 

Figure 2 Homemade feed 

The feed requirements of carps also depend upon the feed quality and quantity. It also depends upon the 

size of fry, methods of culture and water resources. Smaller size of fry requires more amount of feed 

quantity than larger ones on the basis of their body weight. Similarly, fertile ponds require less artificial 

feed than non-fertile carp's ponds. The tentative feeding rate of carp's production (rice bran 50% and oil 

cakes 50%) is shown below in table no 4. 

Table no.4 Recommended dose of feed for carps production in ponds. 
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S.N. Every 15days Feed Rate kg/ha/day Total quantity Remarks 

1 First 15 days 15 195  

2 Second 15 days 16.5 214.5  

3 3rd 15 days 18 234.5  

4 4th 15 days 19.5 253  

5 5th 15 days 21 273  

6 6th 15 days 22.4 292.5  

7 7th 15 days 24 312  

8 8th 15 days 25.5 331  

9 9th  15 days 27 351  

10 10th 15 days 28.5 370  

11 11th  15 days 30 390  

12 12th  15 days 32 416  

13 13th  15 days 35 455  

14 14th  15 days 38 494  

15 15th 15 days 40 520  

16 16th  15 days 40 520  

17 17th 5 days 40 520  

18 18th 15 days 40 520  

 Total  6662.5  

Directive implementation for fisheries Pocket package program, 2098/99. 
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Table no. 6 Annual feed production and production capacity of feed industries. 

S.N. Feed industries production 

capacity(mt/month) 

Production 

(mt/month) 

1 Machapuchhre Agro product Pvt. Ltd 

Kapilbastu  

4800 840 

2 Himalayan Aqua Agri-tech Pvt. Ltd 

Rupandehi  

360 360 

3 Himalayan Rainbow trout Sunkhani Pvt. 

Ltd , Nuwakot  

3600 1200 

4 Bishwo Pellet Industry, Pokhara  600 360 

5 Sagar Feeds Pvt. Ltd, Sunsari  36000 3600 

6 Annapurna Agricultural Fertilizers Industry,  

Morang  

2700 1800 

 Total 48060 8160 

Among commonly used artificial feed ingredients, fish meal is considered to be the best ingredients, due 

to its compatibility with the protein requirement of fish. Replacement of fish meal with cheaper 

ingredients of plant origin in fish feed is necessary because of rising cost and uncertain availability of 

fish meal. Inclusion of feedstuffs with relatively high levels of carbohydrate in formulated fish feed is 

preferred in view of its protein sparing action that may make the diet more cost effective. The list of 

feed ingredients used to produce artificial feeds in Nepal is given below table no. 7. 

Table no. 7 the feed ingredients and their nutrients composition of fish feed: 

Feed ingredient Crude protein % Crude lipid % Crude fiber 

% 

GE  

Kcal/kg 

ME 

Kcal/kg 

Dry fish 53.3 17.1 
 

5289 3948 

Shrimp 54.6 3.8 - - - 

Buff liver, raw 17.4 7.4 - - - 

Buff liver, dry 63.0 3.2 - - - 

Bone meal 36.4 3.7 2.4 - - 

Soybean, roasted 35.0 20.8 - 5825 3959 
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Soybean, solvent 

extracted  

48.0 1.1 - 5031 2854 

Cotton, seed 41.2 1.8 11.3 4857 2468 

Wheat, grain 12.9 3.8 - - - 

Wheat, bran 16.4 4.0 9.9 4516 1826 

Maize (corn) 8.5 5.8 - 4481 1800 

Rice, bran  12.8 13.7 11.1 - - 

Mustard, cake 30.2 17.4 - - - 

Sun flower, cake 29.6 1.1 - - - 

Increased use of plant protein supplements in fish feed can reduce the cost of fish meal.  It has focused 

on utilizing less expensive and readily available resources to replace fish meal, without reducing the 

nutritional quality of feed. The protein, energy and amino acids are of prime consideration as the basis 

for feed formulation in fish, with information gained for different raw materials, such as plant 

byproducts commonly utilized in the feed manufacturing industry. 

10. Problem: 

Most of the fish farmers aha lower level education so they are unaware about quality feed and feeding 

system required for higher level production.  They use irregular feed practices and also they use low 

quality fish feed with low quantity.  Due to that context the fish production is in lowest level in Nepal 

as compared to its neighboring countries. They do not calculate amount of feed on the basis of fish 

species, their size and age. They prepare homemade feed with low quality of nutrient ingredient.   Their 

feeding time and place is not also uniformity. This causes feed lose and decaying of feed on the pond 

bottom that cause depletion of dissolved oxygen and suffocation in fish.  

Some of the remote place has not transportations facility due to cause the transportation cost on feed is 

increasing and farmers do not purchase expensive feed. That’s why they do not feeding for fisheries 

which result production is decreased. 

11. Conclusion 

Fisheries production can play a vital role in improving the food security status of the rural people. It 

may contribute about 15-20% animal protein. With the continued increase in the awareness of health 

benefits through the consumption of fish, the demand for aquatic foods is increasing due to white meat 

and easily digested by all age group of peoples. So that it is expected to continue to rise. Therefore, we 

must properly managed aqua- feed and feed ingredients production and utilization to develop the aqua-

culture industries. 
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Appendices 

Appendix 1 Fish species and their imported date with countries 

S.N. Name of the fish species Imported from Date of import 

1 Chinese carp   

 Silver carp India, Japan 1967, 1968 

 Grass carp India, Japan 1967, 1968 

 Bighead carp America, Hungary 1969, 1971 

2 Common carp India 1956 

 German carp India 1956 

 Israeli carp Israel 1960 

3 Indian major carp India 1947 

4 Nile tilapia Thailand 1985 

5 Rainbow trout England  



 
 

Appendix 2 Name list of feed industries with their details. 

S.

N. 

Name of farm Name of 

proprietor 

Address Established 

date 

Brand name 

of feed 

Form of pellet Pellate use 

for 

Production 

capacity per 

month mt. 

Production per 

month 

mt. 

1 Machapuchhre 

Agro product 

Pvt. Ltd 

Sushil Sharma Badganga-

8 ,Kapilbastu 

2071 Pusti Pellate:4mm,Cr

umble:1-1.5mm, 

powder 

Carp, 

Trout 

400 70 

2 Himalayan 

Aqua Agri-tech 

Pvt. Ltd 

Satish Chandra 

Shrestha 

Farsatikar-8, 

Rupandehi  ` 

2060 Him feed  Trout, 

Carp, 

Pangas 

and 

Tilapia 

30 30 

3 Himalayan 

Rainbow trout 

Sunkhani Pvt. 

Ltd 

KeshavGudi Sunkhani-9, 

Nuwakot 

2063 Himalayan 

rainbowtrou

t feed 

Pellet Trout 300 100 

4 Bishwo Pellet 

Industry 

PrafullaTiwari Pokhara sub 

metropolitan, 

10, Kaski 

2051 No brand 

name 

Pellet:4-5mm, 

Crumble:1-2 

mm, powder 

form 

Trout only 50 30 

5 Sagar Feeds Pvt. 

Ltd 

LaxmanHumagain Pakali-6, 

Sunsari 

2055 - F1, for 50 to 300 

gram fish size, 

F2 for more than 

300 gm size fish 

Carp 3000 300 
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6 Annapurna 

Agricultural 

Fertilizers 

Industry 

ShyamRathi 

Ganesh Sharma 

Tankisinwari

-1, Morang 

2068 Annapurna 

feed 

 

- 

Carp, 

Pang as 

225 150 
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Appendix 3 Summary of fish production in Nepal 

Particulars POND (no.) Total pond 

area (ha) 

Fish 

production 

(mt) 

Yield 

mt/ha 

A. Fish Production from Aquaculture Practices 48000  

A1 Pond Fish culture 36,666 9,200 41,481 4,509 

Mountain 117 9 23 2,556 

Hill 3,634 353 1013 2,870 

Terai 32,915 8,838 40445 4,576 

A2 Other area (ghols)  3,100 5704 1,840 

A3 Paddy cum fish culture (Ha)  100 45 450 

A4 Cage fish culture (m3)  70,000 350  

A5 Enclosure fish culture (Ha)  100 140 1,400 

A6 Trout Fish Culture in Raceway (m2)  25,000 250  

A7 Fish Production in Public Sector (M.ton) 30  

B. Fish Production from Capture Fisheries 21,500  

B1 Rivers  3,95,000 7,110 18 

B2 Lakes  5,000 650 170 

B3 Reservoirs  1,500 385 257 

B4 Marginal/Swamps/ghols etc.  11,100 5,990 540 

B5 Low Land Irrigated Paddy Fields  3,98,000 7,165 18 

Total Fish Production (Mt)   69,500  

C. Fish seed 

Production/Distribution(No. in 

‘000) 

 191,345 

C1 Public Sector  40,000 

Hatching  1,88,500 
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Fry  15,700 

Fingerlings  12,150 

C2 Private Sector   

Fry 151,345 

DoFD, 2014/15 
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Abstract 

Pakistan is endowed with vast aquatic resources which includes freshwater, brackish water and marine 

resources. Aquatic resources are spread in various climatic zones including coldwater, coolwater and 

warmwater areas. Pakistani deltaic area of about 700,000 hectares is a big attraction for potential fish 

farming industry, which is yet to start its operation in Pakistan.  Pakistan’s total fish production for 2015-

16 was 0.788 million mt with about one fourth of the fish coming from the fresh water. The export during 

2012-13 was to the tune of US$ 325 million. Aquaculture is a relatively new, but rapidly expanding activity 

in Pakistan.  

Despite its small contribution to the national economy, aquaculture has become an important sector in terms 

of its potential for increasing domestic supply of quality protein in the country (FAO/N ACA 1997). 

Promising prospects exist for further output growth in carp production in Pakistan for several reasons. First, 

fish farming is more profitable compared to most other farming activities. Secondly, the country is believed 

to have about 2 million ha of freshwater bodies (lakes, reservoirs and rivers) suitable for aquaculture (Lone, 

1986).  

However, the aquaculture potential of these resources is only slightly utilized at present. The fish farming 

in the country is operating on extensive or limited level of semi intensive level by the farmers.  

The fish farmers stocked there ponds with low stocking density ranging from 800-1000 fish/ acre with low 

inputs in the form of cow dung. This resulted low fish productivity ranging 1000-1200 kg/ acre compared 

to other asian countries who producing upto 2500 kg/ acre through intensive fish culture and utilization of 

artificial diet.  

In order to get maximum production from available resources intensive fish culture is the need of the hour. 

Artificial feeding is known to increase the carrying capacity of culture systems and can enhance fish 

production by many folds. 

In the recent past there was no concept of artificial fish feed was exists in the country. The culture of carp 

was dominant with a very low stocking density with low inputs in terms of feed. The farmers was in practice 

to just use Rice Bran in mesh form to their farms 
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In Pakistan the concept of artificial manufactured feed is very new and it is introduced with the introduction 

of  All Male Tilapia Culture technology in the country, in which farmers are practicing the Intensive culture 

with the stocking of 3000 fish/Acre with the yield of 2500 kg/acre with the use of artificial manufactured 

fish feed.  

The production of tilapia reaches upto 15000 mtons in the current year and it is getting popularity day by 

day in the country and encouraging the intensive farming as well as use of artificial fish feed in the area. 

There are only two fish feed manufacturing factories are running currently in the country on a very small 

scale manufacturing the feed of carps, tilapia, catfishes and shrimp and intensive fish culture is getting 

popularity in the country with the significant increase in the use artificial diets.  

The major feed ingredients are very similar/same with ingredients of poultry feed e.g. Fish Meal, Soybean 

Meal, Canola Meal, Sunflower Meal, Gluten (30 and 60%), etc. There is no data available for the demand 

and supply chain of fish feed in the country as it is newly introduced business.  

The country producing the fish meal locally by using the catch of low value fish and there many factories 

manufacturing the fish meal of export quality to other countries and still there is no source of animal protein 

is available. 

The import of soybean meal is being carried for the utilization in the poultry and fish feed and other sources 

of  feed ingredients of plant source are available in the country. 

The cost of feed is on higher side as the technology is newly introduced in the country with high cost of 

inputs such as electricity, feed ingredients etc. In coming future it is expected that the cost effective feed 

will be produced locally with the multiplication of technology as an industry. 

The encouraging results of All Male Tilapia Culture in the country leading towards the introduction of other 

high value fish species such as Litopenaeus vannamei, Clarius magur and Ictalurus punctatus.  

The aquafeed industry is now very new in the country and there is no control/ regulations are existing in 

the country. As it is a emerging industry there will be need to be regulation/policy to produce good quality 

cost effective feed.  

As the culture fisheries increasing, so aquafeed has a vast prospect to flourish. Action research to develop 

quality feed with judicious price, trade and  marketing. Utilization of  huge unemployed youth, farmers at 

different level of aquafeed activities. 

Aquafeed emerging as am important industry in the country and contributing a lot in culture fisheries. There 

is a need of Global sharing and implementation of deals for the development of aquafeed.  

In Pakistan there are so many problem in the development of fish feed industry which are as follows 

� Lack of Trained Manpower 

� Lack of financial and technical assistance  

� No official data of fish feed consumption is available 

� Non availability of pure fish feed ingredients 
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� There is no data available for the demand and supply chain of fish feed in the country as it is newly 
introduced business.  

� Culture of low value fish with very low inputs. 

� No Government policy regarding the fish feed manufacturing 

Based upon the above given problems there are some points for way forward to develop the industry in the 

country on scientific basis  

� Institutional strengthening and human resource development for improved extension services.  

� Promotion of intensive aquaculture system.  

� Introduction of high value species 

� Availability of Commercial pelleted fish feed. Private led sector growth.  

� Improved data collection system for production monitoring. 

�  Transfer of technology to all fish farmers in Pakistan. 

� Formulation of fish feed manufacturing rules as per FAO recommendations (TCP/BGD/3501) 

�  Availability of easy loans/financing for aquaculture. Investment in Aquaculture R&D.  
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Updates on Aquaculture Feed Utilization and Related Policies in the Philippines 

 

Roy C. Ortega M.Sc. 

Officer-In-Charge 

BFAR-Aquaculture Division 

DA Bureau of Fisheries and Aquatic Resources 

2nd Flr. PCA., Bldg. Diliman, Quezon City, Philippines 

 

1. Aquaculture production trends 

In the context of this workshop/consultation, this paper will focus on the three major aquaculture 

commodities in the Philippines that are dependent on commercial feed application, namely, tilapia 

Oreochromis spp., milkfish Chanos chanos and shrimps & prawns L. vannamei & P. mondon.    

In general, the Philippine food aquaculture (i.e. except seaweeds) output slightly increased by 1.83 % or 

equivalent to 14, 608 MT in 2016.  The modest growth was highly affected by direct and indirect impacts 

of inclement climate and weather conditions (e.g. ENSO 2015-2016 episode and tropical cyclones) that hit 

the country.  Assessment of data generated by the Philippine Statistic Agency (PSA) showed gains on 

milkfish (3.43 %) and minor crustaceans like Scylla spp., crabs (3.9 %).  See attached tables for information 

and reference.  

2015 and 2016 Total Philippine Aquaculture Production, in metric tons 

BY SPECIES  
 

2015 2016 % Change 

Milkfish 
 

       384,425.44         398,087.96            3.43  

Tilapia 
 

       261,210.45         259,043.08          (0.84) 

Shrimps & Prawns          52,123.71           51,448.74          (1.31) 

Other crustaceans           16,204.99           16,861.76            3.90  

Other marine finfish                605.55                 338.21       (79.05) 

Other freshwater finfish          21,743.29           21,614.21          (0.60) 

Other brackish water finfish            9,176.51           10,629.39          13.67  

Oysters 
 

         20,260.80           19,512.36          (3.84) 
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Mussels 
 

         15,949.13           18,772.96          15.04  

Seaweeds 
 

   1,566,361.70     1,404,519.23       (11.52) 

TOTAL 
 

   2,348,061.57     2,200,827.90          (6.69) 

TOTAL w/o seaweeds         781,699.87         796,308.67            1.83  

The ten (10) year production trends on key food aquaculture products of the Philippines shows steady, 

however slow average annual increase that is, 0.70 % in tilapia, 1.41 % in milkfish and 1.97 in shrimps & 

prawns sub-sectors.  Tilapia and milkfish are the generally consumed locally, registered an average 

production levels of 255,000 and 370,000 MT, respectively, while export bound shrimps and prawns hovers 

at 50,000 MT. Assessments by industry leaders however noted that the performance of the L. vannamei 

sub-sector is under- reported between 25- 40 % in total output basis.  
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Fishponds remain the primary farming system used, yielding up to 65 % of the output for tilapia and 

milkfish, and needless to say, brackish water fishponds supply the entire of shrimp and prawn production. 

For tilapia and milkfish, outputs from cage system supply 20-30 %, while the remaining fraction is from 

pen farming system.  

Reported yield per hectare and crop basis of milkfish raised in brackish water ponds is rather low at barely 

1.0 MT, as farm practices largely remains traditional (e.g. low amount and quality input use and vast 

shallow ponds).  Meanwhile, shrimp & prawn farming operations particularly in Central Visayas and 

Southern Mindanao are improving on their systems attaining up to 10.0-12.0 MT and 5.0 MT, respectively, 

per hectare crop basis with better inputs and practices (DA-BFAR Shrimp Commodity Roadmap, draft 

version 2016). Nevertheless, many shrimp & prawn farms in the country operates under modified-
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traditional practices. Freshwater ponds stocked with tilapia in Central Luzon region yields between 6.0-8.0 

MT per hectare crop basis (PSA-Cost and Return Analysis).  

Fish cages have been proven to be highly productive over fishpond farming systems under Philippine 

setting.  A typical 10 X 10 X 10 m floating tilapia fish cage in Taal Lake, Batangas Province on good runs, 

can yield 12.0 to 18.0 MT (Ortega, 2014 presentation).  Furthermore, recent reports on milkfish cage 

operations shows that a typical 18 x 18 x 10 m floating fish cage used in growing in Bolinao-Anda, 

Pangasinan Province can produce up to 30.0 MT (DA-BFAR Milkfish Commodity Roadmap, draft version 

2016). As such, DA-BFAR has been promoting nation-wide the adoption of marine aquaculture parks since 

early 2000. To date, seven (7) newly established mariculture parks are being promoted for intensive 

business promotion in partnership with Local Government Units and government financial institutions.  

2. Aquaculture feed utilization  

It is known that commercial aquaculture feed manufacturing and application in the Philippines started with 

the prawn industry in the 1980’s.  Following the weakened prawn industry due to diseases and market 

challenges many feed mill operations reportedly shifted to supplying pelletized feeds to tilapia and milkfish 

operators.  A further boost to aquaculture feed milling emerged with the launching of the Genetically 

Improved Farmed Tilapia (GIFT) in the early 1990s, coupled with strong domestic demand for tilapia and 

milkfish (4.77 and 3.77 -kg capita consumption, respectively, Phil. Fisheries Profile, 2015).    

The following tables shows estimate of commercial aquaculture feed consumed by the tilapia, milkfish and 

shrimps/prawns sub-sectors. Data on pen & cages growing of tilapia and milkfish from the provinces of 

Laguna and Rizal are not added due to its generally zero-commercial feed practice.  

Milkfish farming estimated commercial aqua feed  consumption 
 

Production system 2016 Production, MT FCR 

Factor 

Est. Feed Consumed, MT 

Extensive (brackishwater ponds)                      

169,004.60  

0.3             50,701.38  
 

Modified to Semi-intensive (ponds)                            

17,777.91  

0.9             16,000.12  
 

Intensive (marine cages + pens)                          

146,147.93  

2.5           365,369.83  
 

Semi-intensive (freshwater cages) 

  

                        

17,124.01  

1.8             30,823.22  
 

Note: Laguna & Rizal not included 
 

Total           462,894.54  
 

Tilapia farming  estimated commercial aqua  feed consumption 
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Production system 2016 Production, 

MT 

FCR 

Factor 

Est. Feed Consumed,  

MT 

Extensive (fresh & brackishwater ponds)                            

32,204.07  

1           32,204.07  
 

Semi-intensive (freshwater ponds) 133,240.73  1.5         199,861.10 
 

Invensive (freshwater cages/pens)                          

82,044.64  

2.3         188,702.67  
 

Note: Laguna & Rizal not 

included 

  
Total         420,767.84  

 

 

Shrimp/prawn farming estimated commercial aqua  feed consumption 

Production system 2016 Production,  

MT 

FCR Factor Est. Feed Consumed, 

 MT 

Extensive 

   (mainly P. monodon) 

                         50,395.34  0.7      35,276.74  

Semi-intensive                             

2,791.36  

1.6        4,466.18  

Intensive  

   (mostly L.vannamei) 

                            

1,693.23  

1.4        2,370.52  

 Note: L. vannamei production is believed to be under-

reported by up to 40%, hence, added to the values shown 

above. 

Total    177,510.92  

Taken together, it is estimated that around 1,061,173.3 MT of commercial aquaculture feeds have been 

consumed on 2016, based on.  This figure is offered for the lack of official record from DA-Bureau of 

Animal Industry (DA-BAI) of actual feeds manufactured and sold by feed milling operations in the 

aquaculture sector.   

Based on the five (5) year PSA-generated Cost and Return data on milkfish and tilapia culture in fishponds, 

an average of 15.0 % and 59.0 %, respectively, of the total cost is invested in aqua feeds. The low feed cost 

observed in milkfish is due to maximal utilization of natural productivity in brackish water ponds (e.g “lab-

lab”, planktons, algae mats etc.) stimulated by fertilization and residual supplementary or low-cost 

aquaculture feeds.  On the other hand, survival rates of tilapia in freshwater ponds particularly in Central 

Luzon is observed to be declining (BFAR-FAO TCP 3502-D/PHI/, “Building Capacities for Climate 
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Resilient Tilapia Farming) for some hosts of reason, in effect pushes FCR up, hence feed cost. Proportion 

of feed cost in cage farming of tilapia and milkfish have also been found in the range of 60-70 % (BFAR 

FAO TCP 3404/PHI) as well as that of intensive shrimp L. vannamei (DA-BFAR Shrimp Commodity 

Roadmap, draft version 2016).  

3. Profile of agri-aqua feed milling sector 

Most if not all, started producing livestock feeds which eventually branched out to cater to growing demand 

for aquaculture feeds. A professional group called Philippine Society of Animal Nutritionists (PhilSAN) 

provides the talent pool to this specialized sector, now with members heavily involved in aquaculture 

nutrition work.   

Some of the Filipino owned aquaculture feeds producers such as Santeh Feeds Corporation, Feedmix 

Specialists Inc., San Miguel B-Meg, Vitarich, Overseas Corporation, among others, compete with known 

foreign companies like Cargill Philippines Inc., (USA). Charoen Pokphan (Thailand), Chiel Jedang (Korea) 

and New Hope (China). Management structure is predominantly corporate set-up with few emerging from 

cooperative outfits like LIMCOMA Multi-purpose Cooperative and Lipa Agri-Development Corporation.  

The table below is the summary of registered animal feed mills in the Philippines to date (DA- Bureau of 

Animal Industries Animal Feeds, Veterinary Drugs and Biologics Control Division, Feb. 2017).  Most of 

the animal feed milling operations are in Luzon island group.   

Registered agro-aqua feedmills in the Philippines, 2016 

 

Island group Total count Total rated capacity, MT 

(not explicityly defined) 

Luzon 
 

 41 4,506 
  

Visayas 
 

3 182 
  

Mindanao 5 340 
  

 
  Total                     49 5,028 

  

With known aqua-feed milling capability              
  

Total count 35 
 

3, 284 (estimated) 

It is would appear that the aquaculture feed milling industry in the Philippines is already over its capacity, 

based on the above-estimated feed requirement of 1,061,173.3 MT annually and rated capacity in whatever 

unit it may be stated (e.g. hourly, daily or cycle of operation).  Range values of rated capacity per feed mill 

plant is in the magnitude of 1 to 450 MT, with an average of 105 MT.  
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Recent stakeholder and government dialogue mediated by the DTI-Board of Investments held February of 

2017, was called to re-think inviting investments (local/foreign) into agro-aqua sub-sectors such as feed 

milling operations.   

Often is the case wherein aqua-farmers express their disappointment in failing to feel the supposed lower 

feed price due to free-market competition involving local and global feed manufacturers.  On the bright 

side, aqua-farmers are more exposed varied extension services and financial packages offered by feed 

millers as they vie for their attention and loyalty. 

Developments in aqua feeds policy and regulations 

The current primary law on animal feeds which also covers aquaculture feeds is under legislative review in 

the Philippine Congress.  The existing law RA 1556 (Livestock and Poultry Feeds Act of 1956) is being 

harmonized primarily with RA 10611 (Food Safety Act of 2013) and RA 7394 (Consumer Act of 1992).    

The Bureau of Animal Industry (DA-BAI) is the lead agency in the registration of both animal/aquaculture 

feeds manufacturer (feed miler) and its products, conduct of quality (i.e. proximate analyses etc.,) inspection 

and audit of these establishments. Authority had extended to DA-Bureau of Fisheries and Aquatic 

Resources (DA-BFAR) by DA-BAI through a Memorandum of Agreement, to provide assistance in the 

inspection of aquaculture feeds and feed ingredients against banned substances like antibiotics among 

others.  

In House Bill No. 03355 or the proposed amendment to RA 1556, DA-BFAR will sit as Member of Animal 

Feed Control Advisory Committee, which will provide oversight in the implementation of the would be 

enacted law.  Meanwhile, all regulatory jurisdiction and technical leadership rests with DA-BAI, as in the 

present set-up.  

4. Aqua feeds and ingredient standards and testing 

Animal feeds ingredients standards are described and defined under DA-Administrative Order No. 12, s. 

2017, “Revised Implementing Rules and Regulations on the Registration of Feed Establishments and Feed 

Products” and DA-Administrative Order No. 40, s. 1976. “Rules and Regulations Governing Quality 

Standards of Commercial Feed Ingredients” (please see copies attached). 

An un-official, nevertheless, useful reference is PhilSAN’s Feed Reference Standards, containing compiled 

analytical data from samples analyzed by its partner laboratories/institutions in and outside the country, and 

reviewed accordingly by its members for popularization.  

DA-BAI Animal Feeds, Veterinary Drugs and Biologics Control Division is maintaining/providing 

laboratory services that covers Feed Proximate Analysis, Mineral Analysis, Feed Microscopy and 

Miscellaneous Analyses for its regulatory and research functions.   

DA-BAI is now in the process of preparing for ISO Certification and in the future will accredit Third-party 

Laboratories who are interested to cater feed/ingredient quality analytical services (E. Arifalo, DA-BAI, 

pers., comm, March 1, 2017).  

A mechanism to facilitate quick and affordable independent feed quality assessment and settle complaints 

against feed suppliers remains to be established.  
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At the moment DA-BFAR is still considering putting-up its own Feeds Analysis Laboratory unit, in 

consideration of the evolving discussions on the proposed amendments to RA 1556 (Livestock and Poultry 

Feeds Act of 1956) (S. Regidor DA-BFAR Fisheries Laboratory, pers. comm., March, 2, 2017) 

Five-year average and std., values of main protein sources used in aquaculture feeds in the Philippines (C. 

Camba, Philmico Foods, March 5, 2017) 

Descriptor 

2012-2016 

(Jan-Dec) 

Yellow 
Corn 

US SBM  

(46% min 
pro) 

Arg. SBM 

 (46% min 
pro) 

Peru 
Fishmeal 

Local 
fishmeal 

Average 14.619 26.317 25.152 64.832 53.119 

Std. 0.976 3.770 3.501 2.058 3.395 

 

5. Aquaculture feeds registration 

Available records from DA-BAI shows registered aquaculture feed product type ranges from generic 

“broodstock pellets” or “fish grower” to species specific like for Seabass, Groupers, Pangasius, Gobia, 

Rabbitfsih, Pompano, Mud crab, White Shrimp, Sugpo (P. monodon), Tilapia, Milkfish and others. 

Furthermore, a whole range of product forms i.e. fry mash to finisher are available that comes either 

extruded or pelleted. There are 566 product forms and types registered under BAI from 35 registered feed 

milling corporations.  

Details on product registration process and requirements can be viewed/downloaded through 

www.bai.da.gov.ph.    

Quality standards for finished aquaculture feeds are specified under Philippine National Standards (PNS) 

on Aquaculture Feeds (PNS/BAFPS 84: 2010), which was prepared through series of multi-stakeholder 

public consultations through the facilitation of DA-Bureau of Agriculture and Fisheries Products 

Standards (DA-BAFPS), with DA-BFAR regularly serves in its Technical Working Group working on 

aquaculture/fisheries concerns.  A sequel to this PNS is on Organic Aquaculture Feeds (PNS/BAFPS : 

2016).  See attached documents for your information and reference. 
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Abstract 

Thailand has a total area of approximately 513,120 square kilometers and bounded by the Gulf of Thailand 

on the east coast and the Andaman Sea on the western coast )total coastline 2,815 km(.  Aquaculture has 

been developed considerably since the Department of Fisheries )DOF (was established in 1926. The area 

under culture of freshwater fish )earthen ponds and cages (in 2014 was 819,883 rai )1 rai=0.16 ha (with 

production of approximately 415,121 tons. The high production species are tilapia, hybrid catfish, silver 

barb, snake skin gourami, striped catfish, giant prawn, snake head, giant gourami, soft-shell turtle and frog, 

respectively. The area under culture of marine fish )earthen ponds and cages (in 2014 was 9,179 rai with 

production 19,087 tons. Most of the production was seabass with the production 16,502 tons followed by 

grouper with production of 2,585 tons )about 14 % of the total production .(The most important aquaculture 

industry of Thailand is marine shrimp. Unfortunately, the outbreak of EMS  ) early mortality syndrome (has 

spread to Thailand since the end of 2012. This disease has severely impacted to the shrimp industry. The 

production dropped to 480,000 and 256,000 tons in 2012 and 2013, respectively.  By the year 2014, the 

area under culture )earthen pond (of white shrimp remained 261,169 tons )Fisheries Policy and Strategic 

Development Division, 2014(. 

Aquaculture production in Thailand relies on the quantity and quality of the feed used in aquaculture 

practices. Approximately 90% of aquaculture products are fed by complete feed/commercial feed, which 

provides sufficient nutritional value and is ready to use.  During the past 10 years, the estimated use of 

fishmeal was about 17 to 27 thousand mt., soybean meal demand was from 33 to 44 thousand mt. and corn 

consumption was from 19 to 26 thousand mt.  Although only 5 % aquaculture feed were used from the total 

amount of 18.6 mt. of animal feed consumption by Thai Feed Mill Association.  

Since 1992, Thai DOF, through Aquatic Animal Feed Research and Development Division-AAFRD, is 

responsible for the licensing and registration of feed to be sold for commercial purposes according to 

Animal Feed Quality Control Act B.E.2015. This Act is intended to provide a quality and safe feed in 

compliance with the DOF aquatic feed standard, to meet consumer health concerns, Additionally, DOF 

developed guidelines for GMP and HACCP systems.  There are five types of licenses: Feed Manufacturing 

License, Feed Import License, Feed Distribution License, Import Permit of aquatic animal feed into the 

Kingdom of Thailand and Feed Registration.  DOF is responsible for four types of feed to be sold, namely 

complete feed, concentrate feed, premixes and supplemental feed, and this responsibility is limited to eight 

species of aquatic animal )catfish, freshwater herbivorous fish, freshwater prawn, marine shrimp, marine 

carnivorous fish, freshwater carnivorous fish, soft-shell turtle, and frog(. At present, there are 66 registered 
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aquaculture feed manufacturers, five times higher than in 1990.  Twenty six out of the 66 feed mills are 

producing both shrimp and fish feed, 23 are registered for fish feed production only and 17 for shrimp feed 

production only.  

Recently, the main feed ingredients used in aquaculture feed production of Thailand are soybean meal and 

soybean products (41%) following by fishmeal (22%), wheat flour and wheat products (13%), rice products 

(7%), corn (6%), cassava products (5%), land animal protein sources (3%), plant protein sources (2%) and 

fish oil (1%), respectively.  Meanwhile, domestic fishmeal production in 2016 was 3% of all feed 

ingredients, soybean and soybean meal made up about 25%, and other carbohydrate-producing plants 

accounted for 60% of total production base on the information of Thai Feed Mill Association. 

High quality fishmeal is priority for aquaculture feed production especially for shrimp and marine fish feed 

production and this has significantly affected the feed cost directly.  The supply of fish meal from local 

production was not enough and the rest had to be imported. Recently, local fish meal production faced a 

challenge from illegal, unreported and unregulated )IUU (fishing. This situation has a negative impact on 

aquaculture business and may become more problematic in the future such as non-tariff barrier. Researched 

on the use of alternative feed ingredients in aquaculture feed are needed. However, feed ingredients from 

local raw materials and waste from agriculture & industry have been utilized by many competitors.  

Researches on the use of alternative ingredients in Aquaculture Feed in Thailand had been focused on the 

replacement of fishmeal by other ingredients which may be divided into 3 approaches as follows; 

1) Substitution or replacement of fishmeal by plant protein meal such as soybean meal, sesame, 

palm kernel meal, peanut meal, coconut meal, etc., respectively. 

2) Substitution or replacement of fishmeal by terrestrial animal protein meal and by-products and 

others such as poultry meal ,  pig meal, meat & bone meal, hydrolyzed feather meal, silkworm 

and silkworm hydrolysate, shrimp head meal and hydrolysated product, fish visceral 

hydrolysate, apple snail meal, etc., respectively. 

3) Partial replacement or the combination of soybean meal by other plant protein meals such as 

sesame meal, maringa leaf, coconut meal, etc., repectively. 

The trials are conducted with major species e.g. hybrid catfish, tilapia, sea bass, white shrimp, 

striped catfish, giant freshwater prawn, silver barb, gourami, frog, grouper and swimming crab, 

etc., respectively. 

In Thailand, most of raw materials and waste from agriculture and industry have been utilized by many 

sectors such as livestock, pet foods, fertilizers, biofuels and in some cases by direct human consumption. 

Thus aquaculture feed manufacturers are highly dependent upon imports for the high quality feed 

ingredients. There are many factors that affect the selection of alternative of local feed ingredients. Non-

nutritional aspects are price, palatability, market availability (domestic or imported), physical 

characteristics (easy to use/to transport), presence of contaminants, market acceptability 

(IUU/GMO/labor/carbon foot print, etc.).   Meanwhile, nutritional aspect such as proximate composition, 

amino acid profile, fatty acid profile, energy content, vitamin and mineral contents, anti-nutritional factors 

and nutrient digestibility are definitely taking into account.  
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