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PREPARATION OF THIS DOCUMENT 

This document presents the report of assessments carried out on the potential production and utilization 
of fish silage in Bangladesh, Philippines and Thailand, which were conducted under the FAO  
Multi-Partner Programme Support Mechanism (FMM). 

These assessments follow the regional training conducted through the FAO Fish Product Safety and 
Quality project, “Strengthening capacities, policies and national action plans on prudent and responsible 
use of antimicrobials in fisheries” held in Manila, Philippines from 3 to 7 July 2017. The project aimed 
to provide technical assistance to selected countries to strengthen the capacity, policies and national 
actions plans required for the prudent and responsible use of antimicrobials in fisheries. 

The feasibility studies were conducted by FAO national consultants at selected sites in each country, 
data gathered using questionnaires were analyzed before being compiled and reviewed by FAO technical 
officers.  
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ABSTRACT 

A significant amount of fish by-products is produced during fish processing. These by-products 
represent 20–80 percent of the fish and provide a good source of macro- and micronutrients. Yet they 
often go unutilized, when they can easily be converted into a variety of products including fishmeal and 
oil, fish hydrolysates, fish collagen, fish sauce, fish biodiesel and fish leather.  

The production of fish silage using organic acid is a good example of the simple and inexpensive 
conversion processes which can be employed. Fish silage production uses minced by-products or 
minced whole fish unsuitable for human consumption as raw material, before adding a preservative to 
stabilize the mixture – usually an organic acid such as formic acid. The process breaks down protein 
into free amino acids and small-chain peptides which have nutritional and antimicrobial properties, 
therefore, the fish silage can be used as healthy feed and fertilizer.  

The feasibility studies on fish waste management in Bangladesh, Philippines and Thailand outline 
existing good practices on the utilization of by-products and fish waste. Furthermore, the insights 
provided on the potential production and utilization of fish silage in each country are promising in terms 
of increasing the productivity of the fisheries sector, reducing post-harvest waste, increasing economic 
value and improving environment sustainability. 

  



v 

 

CONTENTS 

 

Preparation of this document .................................................................................................................. iii 
Abstract .................................................................................................................................................. iv 
Abbreviations and acronyms ................................................................................................................. vii 
Executive summary ................................................................................................................................ ix 
 

I.  Overview of the feasibility studies ............................................................................................. 1 

Background ................................................................................................................................... 1 
Methodology ................................................................................................................................. 1 

II.  Introduction to fish waste management: the production and utilization of fish silage ......... 2 

Fish silage ..................................................................................................................................... 2 
Fish silage and AMR ..................................................................................................................... 3 
References ..................................................................................................................................... 4 

III.  Fish waste management: An assessment of potential production and utilization of fish 
silage in Bangladesh .................................................................................................................... 6 

Background and rationale of the study .......................................................................................... 6 
Objectives ..................................................................................................................................... 6 
Literature review ........................................................................................................................... 6 
Methodology ................................................................................................................................. 8 
Results and discussion .................................................................................................................. 9 
Conclusion and recommendations .............................................................................................. 19 
References ................................................................................................................................... 21 

IV.  Fish waste management: An assessment of potential production and utilization of fish 
silage in the Philippines ............................................................................................................ 25 

Background and rationale of the study ........................................................................................ 25 
Objectives ................................................................................................................................... 26 
Literature review ......................................................................................................................... 26 
Methodology ............................................................................................................................... 28 
Results and discussion ................................................................................................................ 29 
Conclusion and recommendations .............................................................................................. 41 
References ................................................................................................................................... 42 

V.  Fish waste management: An assessment of potential production and utilization of fish 
silage in Thailand ...................................................................................................................... 45 

Background and rationale of the study ........................................................................................ 45 
Objectives ................................................................................................................................... 46 
Literature review ......................................................................................................................... 46 
Methodology ............................................................................................................................... 51 
Results and discussion ................................................................................................................ 52 
Conclusion and recommendations .............................................................................................. 58 
References ................................................................................................................................... 59 

VI.  Conclusions and recommendations ......................................................................................... 61 

 

Annexes ................................................................................................................................................ 63 

1. Seafood processing industry survey form ............................................................................... 63 
2. Feed mill survey form ............................................................................................................. 65 
3. Fish farmer or fish processing group survey form .................................................................. 66 

 

  



 



vii 

 

ABBREVIATIONS AND ACRONYMS 

AMR antimicrobial resistance 

AMU antimicrobial usage 

BDT Bangladeshi taka 

BFFEA Bangladesh Frozen Food Export Association 

BFAR Bureau of Fisheries and Aquatic Resources (Philippines) 

DoF Department of Fisheries (Bangladesh and Thailand) 

EU European Union 

FAO Food and Agriculture Organization of the United Nations 

FIQC Fish Inspection and Quality Control (Bangladesh) 

GDP gross domestic product 

GSM gluten soya meal 

IDLC Industrial Development Leasing Company (Bangladesh) 

NGO non-governmental organization 

PHP Philippine Peso 

THB Thai baht 

USFDA United States Food and Drug Administration 

WHO World Health Organization 

 

  



 



ix 

 

EXECUTIVE SUMMARY 

This is a summary of the results of feasibility studies conducted in 2018 in three different fishing 
communities in Bangladesh, Philippines and Thailand. The studies are follow-up activities of the 
regional workshop as part of the FAO Fish Product Safety and Quality project, “Strengthening 
capacities, policies and national action plans on prudent and responsible use of antimicrobials in 
fisheries” as a component of the FAO Action Plan on AMR. The workshop was held in Manila, 
Philippines, from 3 to 7 July 2017 and focused on the assessment of fish waste management and a pilot 
trial on production and utilization of fish silage in the selected countries.  

Bangladesh 

In Bangladesh, fish and shrimp are the second most valuable agricultural crop and contribute 
significantly to the country’s gross domestic product (GDP) and total export earnings. Seafood 
processing industries in Bangladesh produce thousands of tonnes of fish and shrimp waste every year. 
The volume of fish and shrimp waste has been estimated at 40 796 tonnes per year. Generally, seafood 
waste is sold to local contractors at prices ranging from USD 312 to USD 1 800 per tonne for shrimp, 
and from USD 250 to USD 750 per tonne for fish. Raw and fresh shrimp carapace are consumed by 
local people. Parts of shrimp shell, appendages, fish scales, air bladders and fins are exported to some 
Asian countries. For fish waste, heads and gills of large fish are sold to local retail markets for 
consumption. A proportion of solid seafood waste is used to feed aquaculture species.  

The prospect of fish silage production constitutes a promising new development for animal feed 
production in Bangladesh, given that the availability of waste materials from seafood processors – and 
the demand from feed millers – favours the conditions for silage production. However, in order to 
flourish, silage industry supply chains, both for seafood waste and its end product (silage) must be 
established. Moreover, studies on animals’ growth performance, muscle quality, and the digestibility of 
silage-based feeds should be conducted for local farmed species. This will provide the scientific grounds 
for production, as well as giving confidence to silage users.  

Philippines (the) 

Total volumes of fish production in the Philippines have been decreasing in recent years. However, the 
value of fishery products still looks promising. There is no reported total amount of fish waste in the 
Philippines, but it is estimated that approximately 25–30 percent of the country’s total fish production 
is lost or wasted due to improper post-harvesting. Fish processing activities typically generate 20–80 
percent of solid waste, depending on the methodologies applied, and the type of raw materials used. 
These solid wastes consist of the head, guts, viscera – including liver and roe – the bones, fins, scales 
and skin. 

Fish silage technology can be used in the Philippines to increase the productivity of the fisheries sector, 
reduce post-harvest waste, promote environment sustainability and reduce pressure on limited wild 
fisheries. As an efficient way to maximize the utilization of waste, it would be especially useful in 
coastal areas of the country, where there are currently no existing waste utilization facilities. However, 
critical adjustments have to be made, since the small-scale processors are the targeted beneficiaries in 
these communities. Batch fish silage processing should be considered for study for these processors – 
wherein multiple tanks can be filled up with waste and processed one at a time. Careful, detailed 
planning is therefore required on how to set up the fish silage facility and its processing schedule. The 
results from these studies may help to enhance the awareness of fish silage technology in the 
communities concerned, increase the marketability of fish silage in fishing communities and elsewhere, 
and encourage the maximum utilization of waste in the country. 
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Thailand 

Thailand has successfully developed its fishery industry and become one of the world’s largest fishery 
exporters, with fish products currently making up about 20 percent of total Thai food product exports. 
Major seafood exports in 2017 included: canned tuna, processed shrimp/prawns, processed 
squid/cuttlefish and canned sardines. There are two major categories to the processed fish industry in 
Thailand, namely: frozen seafood factories and processed (cooked/canned) seafood factories. During 
the processing of fishery products waste occurs in the form of wastewater and solid waste. The solid 
waste consists primarily of the head and guts, bone and meat scraps, blood, and whole rejected fish; 
these make up 75 percent, 16 percent, 6 percent and 3 percent of the total respectively. The processing 
of tuna canning in Thailand is able to turn waste into fishmeal, fish and bone meal, fish hydrolysate and 
fish soluble. Surimi processing companies can process large amounts of trimming waste into fishmeal 
as its main product. Generally, fish waste management from the seafood industry is well organized in 
Thailand; unfortunately, its implementation and utilization in the small-scale sector is more limited. 

The highest proportion of waste is snakehead fish waste, made up of the heads and bones, followed by 
the viscera and scales. Heads, bones, viscera and gonads are sold for local consumption. Tilapia waste 
is usually composed of fresh heads and bones, the viscera and scales: the heads and bones are utilized 
as fresh animal feed, while the viscera are normally discarded. The scales are collected and sold for 
collagen production. Catfish waste is mainly utilized as a liquid fertilizer for the vegetable and paddy 
fields nearby. Fish oil is also produced from the viscera. 

Small communities are interested in fish silage production for animal feed. As a highly valuable product, 
it would be beneficial for them, reducing harmful and foul odours, and cutting the labour and operation 
periods required. However, sufficient hands-on training – covering the main principles of fish silage 
production, the storage of fish silage and its utilization – is needed for further activity. 

Conclusion and recommendations 

The studies conducted in Bangladesh, Philippines and Thailand identified the types of processing waste 
and by-products generated in each country. Fish waste management is particularly being practised by 
large and industrial processors, where the waste is often converted into fish oil and fishmeal. However, 
it is rarely practised in small-scale processors due to a lack of economic resources, knowledge and skills, 
as well as the necessary facilities to convert processing waste into valuable products. Aside from the 
missed economic opportunities outlined, the improper discarding of fish waste can also result in 
environment pollution. 

The use of the fish silage technology and organic acids has not been studied or documented in these 
countries. The results of these studies reveal an interest among the fishing communities selected to 
further explore this technology. However, before it is introduced, a more detailed study should be 
conducted, including:  

a. availability of raw materials;  
b. collection and storage of raw materials;  
c. availability and use of the acid required; 
d. availability of facilities and equipment; and  
e. the potential market and demand for the produced fish silage.  

These factors play an important role in developing a pilot scheme and introducing the fish silage 
technology in these countries. The success of the pilot will provide the basis for the technology to be 
replicated in other communities across the three countries.
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I. OVERVIEW OF THE FEASIBILITY STUDIES 

Background 

Regional training as part of the FAO Fish Product Safety and Quality project, “Strengthening capacities, 
policies and national action plans on prudent and responsible use of antimicrobials in fisheries” was 
conducted in Manila, Philippines from 3 to 7 July 2017. The objective of the project was to provide 
technical assistance to four selected countries – Bangladesh, the Philippines, Thailand and Viet Nam – 
to strengthen capacity, policies and national actions plans on the prudent and responsible use of 
antimicrobials in fisheries. One of the project workshops was on the assessment of fish waste 
management and included a pilot trial on the production and utilization of fish silage in selected 
countries. Feasibility studies on the potential production and utilization of fish silage in the selected 
countries was conducted as a follow-up activity. 

The main objective of this report is to present the findings from the feasibility studies conducted in 
Bangladesh, Philippines and Thailand on the socio-economic potential of the production and utilization 
of fish silage. 

Methodology 

The feasibility studies drew on secondary sources of information, supplemented by primary data from 
selected fishing communities, which was collected using a participatory approach.  

The preliminary stages involved the review of secondary information and coordination with the relevant 
competent authorities for the collection of primary data. The secondary review approach involved a 
systematic review of all publicly available literature. This offered the advantage of comparison, 
synthesizing different reports while guaranteeing a broader understanding of best practice as part of the 
study. The preliminary stages involved a review of available secondary source information which 
included, but were not limited to: ministry reports, news and journal articles, and studies conducted by 
research institutions and academia. 

Together with the secondary data review, discussions and analysis were complemented with the primary 
data collected. In conjunction with the competent authorities, three potential sites for the feasibility study 
on the socio-economic potential of the production and utilization of fish silage were identified in each 
country. This stage of the research involved discussing fish waste management (with a focus on fish 
silage) with experts, including those who have had experience of fish processing technology, or who 
have been involved in fish waste management directly. Survey questionnaires (see Annexes) were 
developed to simplify the collection of data and facilitate interviews and discussions.  

The studies were conducted in Bangladesh, the Philippines and Thailand, gathering and analysing data 
and information on the following: 

a. volume (in tonnes) and value (in USD) of fish waste generated in the country; 
b. existing technology used in fish waste processing and utilization; 
c. social, economic, environmental and technical impact of existing fish waste utilization; 
d. presence of fish silage technology; 
e. awareness of fish silage technology; 
f. potential for the production and utilization of fish silage technology; 
g. potential locations for a pilot testing scheme; 
h. information on how to further improve fish waste management and utilization. 

The results provide data that can be used as supporting information when developing future projects and 
building fish waste management capacity in the fisheries sector.  
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II. INTRODUCTION TO FISH WASTE MANAGEMENT: THE PRODUCTION AND 
UTILIZATION OF FISH SILAGE 

Fish processing involves several steps: stunning, grading, slime removal, de-heading, washing, scaling, 
gutting, cutting of fins, filleting and meat bone separation. During processing, the amount of waste 
generated ranges from 20 to 80 percent, depending on the level of processing and type of fish (Ghaly, 
2013). The residual raw materials or processing by-products should not be looked on as waste but as the 
raw material, or by-products, for a range of other, new products. With looming food shortages, limited 
fisheries resources and an increased awareness of sustainability, the full utilization of all resources is a 
moral and economic imperative. Some by-products containing meat can be used for human 
consumption, such as the heads, frames and belly flaps, along with some parts of the viscera, such as 
the liver and roe. They are good sources of high-quality proteins and lipids, with long-chain omega-3 
fatty acids. Furthermore, they are also rich in micronutrients such as vitamin A, vitamin D, several B 
vitamins, and minerals like iron, zinc, selenium and iodine. However, all too often the by-products are 
regarded as low-value items best used as feed for farmed animals, as fertilizer or to be discarded (Olsen, 
Toppe and Karunasagar, 2014). 

As a result of fish processing, a significant amount of the original raw material is not used for direct 
human consumption. The unutilized portion can be converted into a variety of products including 
fishmeal and oil, fish hydrolysates, fish collagen, fish sauce, fish biodiesel and fish leather. At bigger 
industrial fish processing units by-products are usually processed into fishmeal and oil. However, 
investing in a fishmeal plant is not economically viable at small-scale processing units, unless at least 
eight tonnes of raw material is available on a daily basis. When this is not the case, preservation of the 
raw material by acid silage is a simple and inexpensive alternative. 

Fish silage 

Fish silage is a liquid product produced from whole fish, or parts thereof. Acids or lactic-acid-producing 
bacteria are added to the fish, resulting in the hydrolysis of the mass, which is brought about by the 
action of enzymes from the fish (Babu, et al., 2005; Borghesi, Arruda, & Oetterer, 2009; Ferraz De 
Arruda, Borghesi, & Oetterer, 2007; Mousavi, et al., 2013). The fish silage process converts fish waste 
into a liquid mix of hydrolyzed proteins, lipids, minerals and other nutrients, which is easily digested 
and absorbed by terrestrial and aquatic animals. The production of fish silage offers economic 
advantages because it requires simple technology and affordable materials (Haider et al., 2015; Toppe 
et al., 2018; Vieira et al., 2015). 

Fish silage could be a valuable feed input for aquaculture, or indeed the production of chicken, pork or 
other livestock. Its use as a feed ingredient or as protein source has resulted in improved feed intake, 
better growth and the improvement of some performance indicators in livestock (Espe et al., 2015; Olsen 
and Toppe, 2017; Ramasubburayan et al., 2013). 

There are two known methods of fish silage production, using either acid or fermentation. Fish silage 
can be produced by fermentation using lactic acid bacteria like Lactobacillus plantarum as a starter 
culture (Ramirez- Ramirez et al., 2008). The addition of a carbohydrate source such as molasses or fruit 
processing waste in addition to a lactobacillus culture is needed in order to convert the sugars into lactic 
acid (Ramírez-Ramírez et al., 2016; Olsen, Toppe and Karunasagar, 2014). 

Acid preservation is a simple and inexpensive way to preserve by-products from processing. A 
combination of organic acids, like formic acid and propionic acid, can be used to turn fish processing 
by-products into fish silage. Formic acid is considered a good choice since the silage made with it is not 
excessively acidic and therefore does not require neutralization before being used (Tanuja et al., 2014). 
Mineral acids can also be used, but they require a much lower pH to preserve the silage. The product  
should therefore be neutralized before being used for feed purposes (Olsen and Toppe, 2017; Pagarkar, 
Basu, Mitra and Sahu, 2006; Vieira et al., 2015). One disadvantage of this method is the complete 
destruction of tryptophan and cysteine, and the partial destruction of tyrosine, serine and threonine 
(Ghaly, 2013). 
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The use of organic acid in fish silage has some additional benefits.  Organic acids have antimicrobial 
properties, acting both as bacteriostats and bacteriocides (Suiryanrayna and Ramana, 2015). Each acid 
has its own antimicrobial potential (Rurangwa, Van Vuuren and Poelman, 2014). Organic acids are one 
of the most efficient feed additives for theprevention of mould as well (Coskuntuna, Koc, Ozduven and 
Coskuntuna, 2010). In a study by Khan and Iqbal (2016), organic acids in the diet can have beneficial 
effects on the performance of poultry, by decreasing pathogenic bacteria. Given their weakly acidic 
nature, short-chain organic acids in their undissociated forms can easily diffuse through the cell 
membranes of microorganisms. Once internalized in the neutral pH of the cell’s cytoplasm, the organic 
acids dissociate into anions and protons, resulting in a lower intracellular pH, thus enabling the  
enzyme-catalyzed reactions and transport systems (Olsen and Toppe, 2017; Ricke, 2003). 

Fish silage and AMR 

Antimicrobial resistance (AMR) refers to a condition whereby microorganisms (e.g. bacteria, fungi, 
viruses and parasites affecting humans, terrestrial and aquatic animals and plants) become resistant to 
antimicrobial agents, thus making infections or diseases caused by such microorganisms more difficult 
or impossible to treat. Antimicrobials play a critical role in ensuring health and productivity. However, 
their misuse and the associated emergence and spread of antimicrobial resistant micro-organisms places 
everyone at great risk. 

As one of the greatest threats to public health worldwide, AMR is now recognized as a global issue of 
major concern. The aim of the FAO Action Plan on AMR (2016–2020) is to support the food and 
agriculture sectors in implementing the Global Action Plan on AMR developed by the World Health 
Organization (WHO), which was approved at the Sixty-eighth World Health Assembly (WHA). It also 
reflects the action requested by FAO Members at the Thirty-ninth Session of the FAO Conference, 
through resolution 4/2015, to support the WHO Global Action Plan on AMR.  

The FAO plan highlights four key areas for action in the food and agriculture sphere: 

a. improving awareness of AMR issues among farmers and producers, veterinary professionals 
and authorities, policymakers and food consumers; 

b. building national capacities for the surveillance and monitoring of AMR and antimicrobial 
usage (AMU) in food and agriculture; 

c. strengthening governance related to AMU and AMR in food and agriculture; and 
d. promoting best practices in food and agricultural systems and the prudent use of 

antimicrobials. 

Fish silage can be used to reduce the spread of pathogenic microorganisms found in dead fish or fish 
killed for disease control, owing to the antimicrobial properties of the organic acids. Moreover, the 
process has been assessed for its potential to reduce Category 2 and Category 3 microbial risks for 
animal by-products of fish origin (as per Regulation (EC) No 1069/2009) when converted into silage. 
Category 2 includes dead and clinically ill fish with outer signs of disease and fish killed for disease 
control purposes. Category 3 includes animal by-products originating from the slaughtering of fish for 
human consumption (EU, 2009; Norwegian Scientific Committee for Food Safety, 2010) 

An ad hoc group appointed by the Norwegian Scientific Committee for Food Safety concluded that 
processing fish by-products into silage would inactivate non-spore forming bacteria, C. perfringens, 
moulds, Saprolegnia, parasites and viruses. The method also destroys C. botulinum and type E 
preformed toxins. Furthermore, the fish silage process can also degrade DNA and thus inactivate the 
genes that encode antibiotic resistance, though it will not inactivate mycotoxins and prions. However, 
the latter are unlikely to pose any hazard to animal or human health. Fish silage produced can safely be 
used as agricultural fertilizer, biofuels and feed for fur, zoo, pet or circus animals (Norwegian Scientific 
Committee for Food Safety, 2010). 



4 

 

References 

Babu, U.J., Rao, B.M., Khasim, D.I. & Nair, K.R. 2005. Biochemical and Microbiological Quality of 
Formic Acid Silage and Lactobacillus Fermented Silage. Fishery Technology, 42(2): 163–170. 
Borghesi, R., Arruda, L.F. & Oetterer, M. 2009. Composição Em Ácidos Graxos Das Silagens Ácida, 
Biológica E Enzimática De Pescado. Boletim do Centro de Pesquisa de Processamento de Alimentos, 
26(2). https://doi.org/10.5380/cep.v26i2.13275 
Carmen Ramírez Ramírez, J., Inés Ibarra Espain, J., Gutiérrez Leyva, R., Armando Ulloa, J. & 
Rosas Ulloa, P. 2016. Use of biological fish silage in broilers feed: Effect on growth performance and 
meat quality. Journal of Animal &Plant Sciences, 27(3): 4293–4304. (also available at 
http://www.m.elewa.org/JAPS;). 
Coskuntuna, L., Koc, F., Ozduven, M.L. & Coskuntuna, A. 2010. Effects of organic acid on silage 
fermentation and aerobic stability of wet brewer’s grain at different temperatures. Bulgarian Journal of 
Agricultural Science, 16(5): 651–658. 
Espe, M., Holen, E., He, J., Provan, F., Chen, L., Øysæd, K.B. & Seliussen, J. 2015. Hydrolyzed 
fish proteins reduced activation of caspase-3 in H2O2 induced oxidative stressed liver cells isolated 
from Atlantic salmon (Salmo salar). SpringerPlus, 4(1): 658. https://doi.org/10.1186/s40064-015- 
1432-6 
EU. 2009. Regulation (EC) No 1069/2009 of the European Parliament and of the Council of 21 October 
2009 laying down health rules as regards animal by-products and derived products not intended for 
human consumption and repealing Regulation (EC) No 1774/2002 (Animal by-products Regulation) OJ 
L 300, 14.11.2009. 1–33 pp. 
Ferraz De Arruda, L., Borghesi, R. & Oetterer, M. 2007. Use of fish waste as silage - A review. 
Brazilian Archives of Biology and Technology, 50(5): 879–886. https://doi.org/10.1590/S1516-
89132007000500016 
Ghaly, A. 2013. Microbial & Biochemical Technology Fish Processing Wastes as a Potential Source of 
Proteins, Amino Acids and Oils: A Critical Review. J Microb Biochem Technol Amino Acids and Oils: 
A Critical Review. J Microb Biochem Technol, 54172(5): 107–129. https://doi.org/10.4172/1948-
5948.1000110 
Haider, M.S., Ashraf, M., Azmat, H., Khalique, A., Javid, A., Mustafa, G., Ashraf, S., Irfan, Altaf, 
M., Ali, Z. & Bashir, F. 2015. Nutritional efficacy of acid fish silage in Labeo Rohita at grow out stage. 
Journal of Animal and Plant Sciences, 25(3): 519–526. 
Mousavi, S.L., Mohammadi, G., Khodadadi, M. & Keysami, M.A. 2013. Silage production from 
fish waste in cannery factories of Bushehr city using mineral acid , organic acid , and biological method. 
International Journal of Agritulrure and Crop Sciences, 6(10): 610–616. 
Norwegian Scientific Committee for Food Safety. 2010. Assessment of the fish silage processing 
method (FSPM) for treatment of category 2 and 3 material of fish origin. Opinion of the Panel on 
Animal Feed of the Norwegian Scientific Committee for Food Safety. Oslo, Norway. 1–30 pp. 
Olsen, R.L. & Toppe, J. 2017. Fish silage hydrolysates: Not only a feed nutrient, but also a useful feed 
additive. Trends in Food Science and Technology, 66: 93–97. https://doi.org/10.1016/j.tifs.2017.06.003 
Olsen, R.L., Toppe, J. & Karunasagar, I. 2014. Challenges and realistic opportunities in the use of 
by-products from processing of fish and shellfish. Trends in Food Science and Technology, 36(2):  
144–151. https://doi.org/10.1016/j.tifs.2014.01.007 
Pagarkar, A.U., Basu, S., Mitra, A. & Sahu, N.P. 2006. Preparation of bio-fermented and acid silage 
from fish waste and its biochemical characteristic. Asian Journal of Microbiology, Biotechnology and 
Environmental Sciences, 8(2): 381–387. 
Ramasubburayan, R., Iyapparaj, P., Subhashini, K.J., Chandran, M.N., Palavesam, A. & 
Immanuel, G. 2013. Characterization and Nutritional Quality of Formic Acid Silage Developed from 
Marine Fishery Waste and their Potential Utilization as Feed Stuff for Common Carp Cyprinus carpio 
Fingerlings. Turkish Journal of Fisheries and Aquatic Sciences, 13: 281–289. 
https://doi.org/10.4194/1303-2712-v13 
Ramirez- Ramirez, J.C., Huerta, S., Arias, L., Prado, A. & Shirai, K. 2008. Utilization of shrimp 
by-catch and fish wastes by lactic acid fermentation and evaluation of degree of protein hydrolysis and 
in vitro digestibility. Revista Mexicana de Ingeniería Química, 7(3): 195–204. 



5 

 

Ricke, S.C. 2003. Perspectives on the use of organic acids and short chain fatty acids as antimicrobials. 
Poultry Science, 82(4): 632–639. https://doi.org/10.1093/ps/82.4.632 
Rurangwa, E., Van Vuuren, A. & Poelman, M. 2014. Fish silages as feed ingredient for fish and 
livestock. Wageningen IMARES (Institute for Marine Resources & Ecosystem Studies) Report 
C135/14, Wageningen UR, The Netherlands. 57 pp. 
Suiryanrayna, M.V.A.N. & Ramana, J. V. 2015. A review of the effects of dietary organic acids fed 
to swine. Journal of Animal Science and Biotechnology, 6(1): 1–11. https://doi.org/10.1186/s40104-
015-0042-z 
Tanuja, S., Mohanty, P.K., Kumar, A., Moharana, A. & Nayak, S.K. 2014. Shelf Life Study of Acid 
Added Silage Produced from Fresh Water Fish Dressing Waste with and without the Addition of 
Antioxidants. International Journal of Agricuture and Food Science Technology, 5(2): 91–98. 
Toppe, J., Olsen, R.L., Peñarubia, O.R. & James, D.G. 2018. Production and Utilization of Fish 
Silage A manual on how to turn fish waste into profit and a valuable feed ingredient or fertilizer. Rome, 
FAO28 pp. (also available at http://www.fao.org/3/I9606EN/i9606en.pdf). 
Vieira, E.O., Venturoso, O.J., Reinicke, F., Silva, C. cezar da, Porto, M.O., Cavali, J., Vieira, N.T. 
& Ferreira, E. 2015. Insecticidal Action of Some Plant Powders on Maize Weevil [ Sitophilus zeamais 
( Motschulsky ) ( Coleoptera : Curculionidae )] Affecting Stored Maize Grains ( Zea mays ). 
International Journal of Agriculture and Forestry, 5(3): 177–181. https://doi.org/10.5923/j.ijaf 
 
  



6 

 

III. FISH WASTE MANAGEMENT: AN ASSESSMENT OF POTENTIAL PRODUCTION 
AND UTILIZATION OF FISH SILAGE IN BANGLADESH 

Background and rationale of the study 

Seafood is the second most important agricultural crop in Bangladesh. It contributes 3.65 percent to 
GDP. It also accounts for 23.81 percent of gross agriculture products and 1.97 percent of total export 
earnings (FRSS, 2017). Therefore, fish culture and consumption have important implications for 
livelihoods and employment generation, national income and food security (Ghose, 2014). Bangladesh 
is one of the world's leading inland fisheries producers and has huge water resources covering about 
4.34 million hectares. Inland aquaculture involves pond aquaculture, particularly polyculture of native 
and exotic species. The country also has a coastal area of 2.3 million hectares and a coastline of 714 km 
along the Bay of Bengal, which supports a large artisanal and coastal fishery. Bangladesh is considered 
one of the most suitable countries for freshwater tiger prawn (Macrobrachium rosenbergii) farming 
(Ghose, 2014; World Fish Center, 2011).  

Bangladesh has been among the top five fish cultivation countries (Hossain et al., 2012; FRSS 2017) 
and fish production has increased by 53 percent since 2009 (FAO, 2016). Moreover, after maritime 
boundary settlement with Myanmar and India, marine capture from the Bay of Bengal is likely to see a 
manifold increase (Islam et al., 2017; Shamsuzzaman et al., 2017a). In 2016–17, export earnings from 
seafood were USD 526.45 million (BFFEA, 2017). The country’s main items of seafood exports are 
frozen shrimp and fish (Islam et al., 2014a; Sen et al., 2016; BFFEA 2017). The public sector and private 
organizations have installed around 100 export-oriented fish processing plants in the Dhaka, Chittagong, 
Khulna and Sylhet regions. Out of 100 plants, 76 plants are European Union compliant and 30 plants 
are USFDA Green-ticketed (DoF, 2017) with processing capacities of 350 000 tonnes (BFFEA, 2017). 
Thousands of tonnes of fish and shrimp waste are produced by processors and retailers each year within 
the seafood processing industries of Bangladesh (Kabir 2006; Sen et al., 2016; Shamsuzzaman 
et al., 2017a). Neglecting the potential of fisheries by-product utilization leads to serious forms of 
wastage, when value addition and product diversification could bring significantly more foreign 
exchange earnings (Barreto-Curiel et al., 2016; Kazemi et al., 2017; Mo et al., 2018).  

Since limited data are available for the fish waste and their location of sale and processing in 
Bangladesh, both quantitative and qualitative estimates were conducted based on the processing 
industries. There have been few published reports on the management and potential usages of fish waste 
for this country, and no studies about the status and usage of fish silage production. Further studies on 
the fish waste management status, more specific assessment of fish silage production potential and 
utilization are therefore required. This study aimed to evaluate the status of fish waste management, 
while emphasizing fish silage, its potential for production and utilization. To do so, the study reviewed 
relevant literature and analysed information from semi-structured survey questionnaires.  

Objectives 

The objectives of this study were to gather and analyse data and information on the following: 

a. Volume and value of fish waste generated in the country, and existing technology used in fish 
waste processing and utilization; 

b. Social, economic, environment and technical impacts of existing fish waste utilization, and the 
identification of three potential areas for feasibility study; 

c. Present status and potential of fish silage production technology and utilization. 

Literature review 

Fisheries and aquaculture have long been an integral part of Bangladesh (Uddin et al., 2013; Ghose 
2014; Ahmed and Glaser 2016; Alam and Ahammad 2017). In 2015–16, the total fishery production of 
Bangladesh was 3 878 324 tonnes, of which 1 048 242 tonnes was obtained from inland capture 
fisheries, 2 203 554 tonnes from inland aquaculture and 626 528 tonnes from marine water production 
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(FRSS, 2017). Over the last 10 years (from 2004–5 to 2013–14 financial year), the fisheries sector grew 
steadily, with a growth rate of 5.38 percent per year (FRSS 2017; Shamsuzzaman et al., 2017a). In 2015, 
exports amounted to 75 337.93 tonnes, worth about USD 605.87 million. According to FAO (2016), 
57 percent of animal protein intake in the national diet comes from fish, and the people of Bangladesh 
have a higher than average per capita fish consumption, at 24.08 kg per annum (DoF, 2017). 

Bangladesh earns a considerable amount every year through the export of fish and fish products. The 
country exports chilled fish, dried fish, salted dehydrated fish, air bladder, fish scale and shrimp shell to 
more than 55 countries (Kabir 2006; Uddin et al., 2013; Béné et al., 2016). The huge natural resources 
available in Bangladesh make the aquaculture and fisheries sector particularly attractive for investors 
looking to supply fish to both international and domestic markets (Rahman and Hossain 2013; Ahmed 
and Glaser 2016; Shamsuzzaman et al., 2017a). Consequently, around 100 seafood processing plants 
have been established at different locations, with the capacity to process 350 000 tonnes annually. Yet, 
around 70 processing facilities have remained unused due to insufficient raw material supply 
 (Uddin et al., 2013; BFFEA 2017). The international demand for shrimp and fish is still strong and the 
number of importing countries is on the rise. Therefore, seafood processing industries in this country 
still have huge potential for both vertical and horizontal expansion (Islam et al., 2014b, 2017; 
Shamsuzzaman et al., 2017b). Processing by-products are derived largely from the inedible portions of 
fish and shrimp that constitute approximately 20–80 percent of the weight (Cononizado 1989; Knuckey 
2004; Garcıa et al., 2005). Although a huge amount of fish and shrimp wastes are produced each year 
(Kabir 2006; Sen et al., 2016; Shamsuzzaman et al., 2017a), only the edible portion(s) are retained and 
the rest (approximately 60 percent) are discarded as landfills at the processor’s cost (Arvanitoyannis and 
Kassaveti, 2008). 

The proper utilization of by-products or their conversion into products of economic value will lead to 
better utilization of resources (Jayathilakan et al., 2012; Setyahadi 2014). This practice is becoming the 
subject of increased scrutiny owing to environmental issues and the increasing cost burden of waste 
disposal for the whole industry (Benjakul et al., 2009; Goosen et al., 2014). The economically efficient 
utilization of fish and shrimp can only be achieved when all forms of waste are utilized and no wastage 
is allowed in the industry (Arvanitoyannis and Kassaveti, 2008; Arvanitoyannis and Tserkezou, 2014; 
Cononizado, 1989; Olsen and Toppe, 2017). Neglecting the potential of utilizing seafood waste leads to 
serious forms of wastage. Value addition, product diversification and conversion of seafood waste can 
generate more earnings (Barreto-Curiel et al., 2016; Kazemi et al., 2017; Mo et al., 2018). There are 
many methods of processing waste, but the final choice depends on the facilities and materials available, 
production cost and product demand (Cononizado 1989; Al-Abri et al., 2014; Mo et al., 2018).   

Expansion and development towards more value-added products in the fish processing industry has 
resulted in an increased amount of waste (Arvanitoyannis and Tserkezou, 2014; Knuckey, 2004). In 
most developing countries, raw waste has until now been used to feed farmed fish (Mo et al., 2018) or 
it is simply dumped. The main drawback of using fish waste to feed fish is its short shelf life. Yet neither 
solution is either economical or environmentally friendly (Arruda et al., 2007). Fishmeal and silage 
production could be employed to manage seafood processing waste efficiently. However, the seafood 
industry is normally reluctant to produce fishmeal because of the high investment cost; this is where 
silage production could provide the solution, as seafood industry offal is a good base to produced silage 
efficiently and more cheaply (Arvanitoyannis and Kassaveti, 2008). 

Production of fish silage is, from every standpoint, the cheapest and most efficient preservation method 
for raw fish and fish offal, putting aside the question of transportation costs. Investment in the necessary 
equipment and running costs for fish silage production are two-thirds less than fishmeal while 
maintaining hygiene and nutritional quality at the same time (Goosen et al., 2014). Besides, fish silage 
can be stored longer in relatively less space than fishmeal. Silage production has therefore proved 
efficient from both environmental and economic perspectives (Plascencia-Jatomea et al., 2002).  

In Bangladesh, over the last two decades, the livestock and aquaculture industry has been growing at a 
rate of 20 percent annually (IDLC, 2015): demand for feeds has therefore been growing accordingly. 
The major drivers of demand in the feed industry are the aquaculture and poultry industries (Haque 
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et al., 2017) where the feed industries work as the prime backward linkage (Mamun-Ur-Rashid et 
al., 2013; Hamid et al., 2016). As the market size and demand for livestock feeds are increasing, the 
demand for the major raw materials, such as fishmeal (as a major source of protein) is also expected to 
rise. To meet the huge demand from the aquaculture and poultry industries, feed protein ingredients 
supply needs to be ensured (Tomberlin et al., 2015; Jin et al., 2015). However, the local feed production 
and the raw materials necessary to produce feeds are still inadequate (Fuad 2017; Hernandez et 
al., 2017). In this context, fish waste-based silage could therefore act as a potential protein source to 
meet the demand from feed industries (Plascencia-Jatomea et al., 2002; Asche et al. ,2016;  
Barreto-Curiel et al., 2016; Olsen and Toppe 2017).  

Fish waste  

The fish and shrimp waste resulting from industrial seafood processing activities often comprise offal 
of flesh, scales, skins, bones, entrails, shells etc. (Ramasubburayan et al., 2013). Fish waste represents 
half of the raw material volume of the industry and could act as a low-cost nutrients source for farm 
animals (Arvanitoyannis and Kassaveti, 2008; Cononizado, 1989; Knuckey, 2004). The production of 
new products contributes not only to alleviating environmental concerns, but also to increasing revenues 
(Arvanitoyannis and Kassaveti 2008b; Ramasubburayan et al., 2013; Arvanitoyannis and Tserkezou 
2014). According to FAO, the three most common methods for the utilization of seafood processing 
waste (whether from aquaculture or wild stock) are the production of fishmeal, oil, and silage or the use 
of waste in the manufacture of organic fertilizer (Arvanitoyannis and Kassaveti, 2008). However, to 
gain maximum economic gain with great environmental concern, the best fish waste management is to 
produce fish silage (Goosen et al., 2014; Barreto-Curiel et al., 2016).  

Fish waste utilization 

Seafood industry wastes are a significant source of environmental contamination. Research has been 
carried out to convert these wastes into useful products (Kristinsson and Rasco 2000; Larsen et al., 2000; 
Guerard et al., 2001; Coello et al., 2002). The most prominent current uses for fish and shrimp waste 
include: isolation of collagen and antioxidants for cosmetics, biogas, biodiesel, fertilizers, dietary 
applications (chitosan), food packaging (gelatine, chitosan), enzyme isolation (proteases), fish sauce, 
fishmeal and fish silage (Arvanitoyannis and Kassaveti, 2008). Fish waste-derived feed ingredients have 
good nutritive value and can be sufficient for animal feeding (Plascencia-Jatomea et al., 2002; 
Arruda et al., 2007; Al-Abri et al., 2014; Goosen et al., 2014). 

Methodology 

Database search 

Relevant reports on fish waste management, including previous reports, were reviewed. In addition to 
research, reports and grey literature on fish waste management and information about fish silage were 
also reviewed. For the literature review, both Google Scholar and Web of Science databases were used. 
The results were limited to articles published in peer-reviewed journals, reports, and proceedings written 
in English between 2000 and 2019. Publications written earlier than 2000 were not included, to compile 
the most up-to-date research. Relevant articles describing fish waste management and fish silage were 
identified using the search term “fish waste” and “fish silage” in combination with the words 
“management”, “utilization”, “potential”, “development”, “prospect,” and “Bangladesh”. The 
references in the relevant publications identified were reviewed for greater relevance. A final inventory 
was made of 38 scientific sources, which were organized into fish waste management, fish silage, 
utilization and potential, and year of publication. 
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Selection of study area 

Most of the fish and shrimp processing plants are located at Khulna (56 out of 100) and Chittagong (38 
out of 100) region (Table 1). A substantial amount of fish waste is generated every day in these two 
regions. Moreover, the expansion and development towards more value-added products in the seafood 
processing industry has resulted in an increasing amount of waste. Chittagong and Khulna are the major 
fishing centres located in the southeast and southwest of Bangladesh respectively. These two areas were 
of particular interest in the present context given that they are a significant source of fish waste, as well 
as being a location for rapidly developing aquaculture farming. There is also the potential for the further 
development of other shellfish industries, in addition to sea fishing and aquaculture, bearing in mind the 
numbers of processing industries with associated facilities for shrimp and fish rendering. Chittagong is 
also one of the important locations of the country’s trawl fishery. Hence, the Khulna and Chittagong 
regions were selected to conduct semi-structured questionnaire interviews in the present study. 

Table 1. Area wise location of seafood processing industries in Bangladesh 

Location Number of processing 
industry 

Percentage of 
industries 

No of industries 
surveyed 

Khulna Division  58 56.86 26 

Chittagong Division 38 37.25 25 

Dhaka Division 4 3.92 2 

Sylhet Division 2 1.96 2 

Total 102 100.00 55 

Source: BFFEA, 2017. 
 
Field investigations and survey  

For this report various assessment tools were used alongside semi-structured questionnaires to collect 
information from the processing industries, feed millers and farmers (Error! Reference source not 
found. and Error! Reference source not found.) to estimate the waste quantity, known current waste 
management status and understand fish silage production potential. These tools included in-depth 
interviews with individuals and key informants. Information from each actor is corroborated by other 
actors, notably concerning backward and forward value-chain linkages. Secondary information in 
available published literature were also collected and reviewed. Surveys and field investigations also 
enable visual assessment of fish waste management practices and needs, including the accessibility of 
waste sources in the processing zones. Particular focus was given to major sources of fish waste, with 
on-site examinations of waste management practices in industries and markets. A total of 55 out of 100 
seafood processing industries were surveyed (26 from Khulna, 25 from Chittagong, 4 from Dhaka and 
2 from Sylhet Division) using industry visits and telephone interviews to estimate the approximate 
amount of waste, the present status of waste management and the potential for fish silage production. 
Each telephone interview lasted for 6 to 10 minutes. Moreover, 12 fish feed mills (7 at Khulna and the 
rest of 7 at Mymensingh) were also visited to understand the feasibility and potential of fish silage as an 
alternative protein source for livestock feeds. 

Statistical analysis and tools used 

Simple statistical methods (percentages, average, single ANOVA, Chi-square test) were performed to 
analyse survey data.  

Results and discussion 

Volume (in tonnes) and value (in USD) of fish waste generated in the country 

No statistics were available for the fish and shrimp wastes; these are therefore estimated, following 
discussion with processors (Table 2). Estimates of the fish and shrimp waste generated in Bangladesh 
were made by: 
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a. calculating export volumes; 
b. using estimates provided by the individual industries; and  
c. using the export data from Bangladesh frozen food export association (BFFEA) and Department 

of Fisheries (DoF), Ministry of Fisheries and Livestock, Bangladesh.  

Two waste sources predominated: shrimp (23 190.24 tonnes per year) and fish (17 605.71 tonnes per 
year). The largest amount of shrimp waste was produced in Khulna (12 015.69 tonnes per year) followed 
by Chittagong (7 965 tonnes per year), Cox's Bazar (2 154.6 tonnes per year), Dhaka (771.12 tonnes per 
year) and Sylhet (283.77 tonnes per year) (Table 2). Processing industries at Khulna and Chittagong 
produce shrimp waste from 13 350.76 to 20 979.77 tonnes per year and fish waste from 10 325 to 
16 225 tonnes per year. Seafood waste comprises shrimp head and shells, fish heads, entrails, scales and 
gills. Industries at Chittagong and Khulna process wild-caught and cultured shrimp (Penaeus monodon), 
prawn (Macrobrachium rosenbergii), pangas catfish (Pangasiadon hypopthalmus), tilapia 
(Oreochromis spp.), Indian major carps and local indigenous species. Marine fish are landed at 
Chittagong and Khulna by way of 76 and 12 landing centres respectively (Rahman et al., 2013). Both 
wild stocks and marine catches from farms are exported gutted, sometimes beheaded and scaled; these 
activities generate from 23 675.76 to 37 204.77 tonnes of waste per year. A portion of shrimp and fish 
wastes are sold to local intermediaries at a price ranging from USD 312 to 1 800 per tonne of shrimp 
waste and from USD 250 to 750 per tonne for fish waste. In addition, local fish markets at Chittagong 
and Khulna have an annual throughput in excess of 2 500 tonnes, much of which is purchased by 
retailers. A significant proportion, however, is processed on-site, with the resulting whole fish, fish 
chunks and loins, gutted and headed fish packed for local consumption. Scaling, gutting, gilling 
operations typically yield between 30 and 60 percent of inedible products. Currently, fish waste is 
collected to feed aquaculture species. Local pricing of fish and shrimp waste has been given in Table 3. 

Table 2. Shrimp and fish waste (tonnes/annum) generated by the seafood processing 
industries located at major processing areas in Bangladesh and their value (million USD) 

Waste type Khulna Chittagong Cox's 
Bazar 

Dhaka Sylhet 1Total 2Value 
(Million USD) 

Industrial 
shrimp waste 

12 015.69 7 965.00 2 154.60 771.12 283.77 23 190.24 8.70 to 28.99 

Industrial fish 
waste 

7 965.00 5 310.00 923.40 1 799.28 1 608.03 17 605.71 4.40 to 13.20 

Other 
wholesalers/ 
processors 

600.00 650.00 100.00 850.00 325.00 2 525.00 0.63 to 1.89 

Subtotal  20 580.69 13 925.00 3 178.00 3 420.40 2 216.80 43 320.88 13.73 to 44.09 

1.0 USD = 80 BDT 
1 Fish waste was calculated using a ratio of 10–30 percent of raw fish. For shrimp waste calculation, the ratio was 
35–50 percent. 
 

An important aspect of the present study was a quantitative evaluation of the waste available for further 
processing. Such evaluation was made difficult because of the lack of records kept by processors. One 
approach to quantifying the waste generated by the seafood industries was to compare the volume of 
waste with the volume of raw material. In 2015–2016, the total amount of export was 75 337 tonnes 
(DoF, 2017), of which 65 percent was shrimp, 27 percent was fish (BFFEA, 2017) and the remaining 
8 percent was fins, air bladders etc. It is estimated that well over 75 337 tonnes (~ equal to export 
volume) of fish product waste is produced each year across the seafood industry in Bangladesh alone. 
Another approach to quantifying the volume and value of fish and shrimp waste was used with export 
data provided by the Bangladesh Frozen Food Export Association (BFFEA, 2017). The estimated 
volume and value of 2016–2017 also aligns with the present findings (Table 4). Based on this anecdotal 
evidence, it is believed that the major seafood processors generate fish and shrimp waste of around  
2–10 tonnes per day (12–25 tonnes per week). 
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Table 3. Price of different types of fish and shrimp waste 
Waste type Price (1 BDT/kg) 

Shrimp head 25–140 

Shrimp shell 20–80 

Fish head (large) 60–120 

Fish head (small) 20–60 

Fish scales, gills and entrails 15–35 
1 BDT=Bangladesh currency (taka); USD 1 = BDT 80 
 
Table 4. Fish and shrimp export from Bangladesh (2001–2017), estimated waste and their value 

Year Item Quantities 
tonnes 

Value 
(Million 

USD) 

1Estimated waste volume 
(tonnes) 

2Price (Million 
USD) 

2001–2002 Shrimp & Fish 40 079.39 276.11 10 019.85–24 047.63 3.13–24.05 

2002–2003 Shrimp & Fish 33 370.76 321.81 8 342.69–20 022.46 2.61–20.02 

2003–2004 Shrimp & Fish 38 319.45 390.25 9 579.86–22 991.67 2.99–22.99 

2004–2005 Shrimp & Fish 43 594.73 420.74 10 898.68–26 156.84 3.41–26.16 

2005–2006 Shrimp & Fish 48 924.43 459.11 12 231.11–29 354.66 3.82–29.35 

2006–2007 Shrimp & Fish 50 870.34 515.32 12 717.59–30 522.21 3.97–30.52 

2007–2008 Shrimp & Fish 50 507.47 534.07 12 626.87–30 304.48 3.95–30.30 

2008–2009 Shrimp & Fish 53 210.88 454.53 13 302.72–31 926.53 4.16–31.93 

2009–2010 Shrimp & Fish 58 880.78 437.40 14 720.19–35 328.47 4.60–35.33 

2010–2011 Shrimp & Fish 81 619.34 611.36 20 404.84–48 971.61 6.38–48.97 

2011–2012 Shrimp & Fish 96 265.83 579.72 24 066.46–57 759.50 7.52–57.76 

2012–2013 Shrimp & Fish 92 283.29 543.84 23 070.82–55 369.98 7.21–55.37 

2013–2014 Shrimp & Fish 77 165.07 638.19 19 291.27–46 299.04 6.03–46.30 

2014–2015 Shrimp & Fish 83 347.53 568.03 20 836.88–50 008.52 6.51–50.01 

2015–2016 Shrimp & Fish 75 178.34 535.77 18 794.58–45 107.00 5.87–45.11 

2016–2017 Shrimp & Fish 68 161.27 526.45 17 040.32–40 896.76 5.33–40.90 
1 Fish waste was calculated using a ratio of 10–30 percent of raw fish. In the shrimp waste calculation, the ratio 
was 35–50 percent. 
2 Waste value was calculated based on Table 3. 
Source: BFFEA, 2017. 
 
Existing technology used in fish waste processing and utilization 

Shrimp and fish waste management in Khulna 

Fresh shrimp and prawn heads containing the meat and brain are collected by local third parties for local 
consumption (Figure ) and to feed farm fish (Figure 2Figure ). For fish waste, heads and gills of large 
fish are sold for human consumption. Shrimp and fish entrails are sold to local fish farmers through third 
parties to feed farm fish, particularly African catfish (Clarias gariepinus), Pangas catfish 
(Pangasianodon hypophthalmus), tilapia (Oreochromis spp.) and shrimp (Penaeus spp.) and prawn 
(Macrobrachium spp.). However, the feeding process is wasteful and inefficient in terms of feed 
consumption, conversion and handling, and is likely to present several problems to the environment. It 
represents a threat because: 

a. The use of unprocessed shrimp and fish waste from other regions raises the probability of 
introducing potentially harmful exotic organisms to the farm(s) waters, including algae, 
amoebae-protozoans and viruses, to which both shrimp and fish may be susceptible; 
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b. Excessive bio-deposition in the proximity of the fish and shrimp farms resulting from inefficient 
methods of feeding fish and shrimp waste puts the area’s developing aquaculture at risk by 
creating nutrient levels that sustain algal blooms, which are harmful to aquaculture species. 

 
In addition to the above, a significant portion of shrimp shell, fin, shrimp appendages (both spoiled and 
fresh) and fish scales are collected by local contractors/collectors, dried up and finally packed for 
exporting to China, Thailand and Viet Nam as raw materials for pharmaceutical and cosmetics. 
However, export volumes of these have not been assessed owing to a lack of record-keeping. 

Shrimp and fish waste management in Chittagong 

As in Khulna, fresh shrimp heads with the meat and brain, as well as the shell and appendages, are 
collected by third parties for local consumption and to feed farm fish. In the case of fish waste, large 
heads and gills are sold to the local market for human consumption. Shrimp heads, appendages (both 
spoiled and fresh) and fish scales are collected by local collectors, dried and finally packed up for export 
(Figure 3). The same is true for air bladders, scales and fins (Figure 4). One major exporter suggested 
that around 4 000 tonnes of shrimp shell and fish scales are exported every year. Shark fins, together 
with the stomachs and swimming bladders of some large marine and freshwater fish, among others, 
Asian seabass (Lates calcarifer), Indian salmon (Fourfinger threadfin), pike eel (Muraenesox bagio), 
rohu (Labeo rohita) and catla (Catla catla) are exported to some Asian countries (China, 
China Hong Kong SAR, Indonesia, Japan, Thailand and Viet Nam). It is worth noting that in Chittagong 
only one processing industry was found to process its fish and shrimp waste to produce fishmeal and 
fish oil.  

Figure 1. Top: Women process shrimp head meat for household consumption. Bottom: 
processed shrimp head muscle 
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Figure 2. Fish and shrimp wastes are used to feed the farmed fish. Top: shrimp head are 
transported near to the pond. Bottom: application of shrimp head as fish feed into the pond 
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Figure 3. Usages of shrimp heads, shells, appendages and fish scales at Khulna: (A) Fresh 
shrimp head, (B) Shrimp heads and shells drying at a yard in Rupsha, Khulna, (C) Dried shrimp 
shell, (D) Dried shrimp appendages, (E) Dried fish scale, (F) Shrimp head and shrimp shell 
sacks ready for shipment  
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Figure 4. Air bladders collected for processing and export 

 
 

Shrimp and fish waste management in Dhaka and the Sylhet region 

Shrimp and fish waste are used to feed the farmed fish, especially African catfish, pangas and tilapia. 
Fish heads and shrimp heads can also be sold to local markets for local human consumption through 
contract sellers. During peak season, when an ample amount of processing raw materials (of both fish 
and shrimp) are available, a portion of fish and shrimp heads and entrails are crushed into small pieces 
and fed to shrimp and fish. Sometimes, specifically during periods of abundant supply, fish entrails, 
scales and gills are carried away and discarded as landfills. In Mymensingh, one fish and agro-
processing plant (“VIRGO FISH & AGRO PROCESS LTD., Satrupara, Chakpachpara, Trishal, 
Mymensingh was found to process fish and shrimp waste.1 It uses its processing wastes (Pangas fillet 
by-products) and collects frozen trash fish from Chittagong to prepare fishmeal and fish oil (Figure ). 
However, the business has been suffering from a scarcity of raw materials since its establishment. 

Figure 5. Fishmeal and fish oil produced from pangas fillet by-products and marine trash fish 

 

 

                                                      

1 The authors requested permission to publish the business name in the report, which was granted. 

© FAO/M. Jakiul Islam 

©
 F

A
O

/M
. Jakiu

l Islam
 

©
 F

A
O

/M
. Jakiu

l Islam
 



16 

 

Social, economic, environment and technical impact of existing fish waste utilization 

Social and economic impacts of existing fish and shrimp waste management 

Fish waste contributes significantly to industry-generated organic waste, but nuisance factors (such as 
odour) and the legal limitations on its disposal are now being recognized as problems. The pollutants 
generated through shrimp farming that end up in the surrounding environment add to the problems 
created by the direct extraction of water for shrimp ponds, as well as the salinization of surrounding land 
and waters. To maintain the overcrowded fish and shrimp population in farms, and to achieve higher 
production efficiency, copious amounts of feed, chemical additives and antibiotics are continuously 
added to the aquaculture systems. All of these eventually end up being purged from the farms and 
dumped into the surrounding water and land areas. Such waste includes solid matter (eroded pond soils), 
organics (uneaten, rotting shrimp feed, shrimp faeces, dead shrimp and dead plankton) and dissolved 
metabolites (ammonia, urea and carbon dioxide).  

Together, these compounds and shrimp-head drying yards potentially make the solid and liquid wastes 
quite hazardous for people living in surrounding communities. The polluted liquid wastes are pumped 
back from the farms into the surrounding environment, while any solid waste which remains at the 
bottom of the ponds is dredged out and hauled away to be dumped in other areas where it pollutes 
waterways, rivers, canals, fresh groundwater supply, indigenous flora and fauna and adjacent human 
communities. Fish and shrimp farmers have commonly discharged their polluted wastewaters straight 
into surrounding areas, which may have harmed the supplies of potable underground water and creeks 
and potentially spread disease spread from pond to pond throughout the area (Public Citizen, 2004). 

Fish and shrimp offal generated by seafood processing plants has occasionally caused health and 
environmental concerns owing to improper utilization, poor storage, handling and disposal practices. 
Some of the problems created include: water pollution, fouled beaches, insect/rodent infestations and 
obnoxious odours (Islam et al., 2004; Arvanitoyannis and Kassaveti 2008b). In some cases, traffic 
hazards have been created as a result of spillages onto roadways from overloaded offal refuse and 
transport trucks. Contaminated liquids leaking from containers on transport vehicles can also lead to 
slippery road conditions. 

The impacts on the health of people living around aquaculture farms, shrimp-head drying yards and 
dumping places, which have released potentially hazardous compounds in the wastewater and sludge, 
is evident. For years, community leaders have been reporting how local people, especially children, 
regularly complain about unexplained, unusual symptoms showing up, including sore throats, burning 
eyes and skin rashes. Unfortunately, the precise reasons for these symptoms and how they might be 
related to shrimp and fish waste pollution remain undetermined, because of no available studies. The 
pollution of freshwater wells and aquifers from shrimp farming has other severe side effects for local 
people: it affects their food supplies and subsistence economies (Mo et al., 2018), while the dumping of 
vast quantities of semi-solid shrimp and fish waste, which accumulates in the bottoms of aquaculture 
ponds, contributes to water pollution (Islam et al., 2014; Islam, Khan and Tanaka, 2004). Public 
awareness of the rising hazards posed by environmental degradation has determined an increase in the 
interest in methods enabling the prevention and mitigation of the activities, which endanger the 
environment and subsequently human health.  

Environmental and technical issues 

Processing large quantities of fish and shrimp produces a correspondingly large quantity of waste. Part 
of this is put to use, while considerable quantities are discharged as the processing effluents, along with 
the large volumes of used water. The environmental impacts of fish waste use appear at every stage of 
the product life cycle, from resource collection to processing and disposal (Jayathilakan et al., 2012). 
The key environmental issues are connected to operational questions such as landfill space issues, 
contaminated leachate and visual pollution. Fish waste directly affects surrounding area ecosystem 
levels; for example, the modification of natural food webs, a reduction in the biomass, density and 
diversity of the benthos, plankton and nekton in the surrounding water bodies (Public Citizen, 2004). 
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Fish and shrimp processing effluents are very high in biological and chemical oxygen demand, total 
suspended solids in addition to (pathogenic) microflora, organic matter and nutrients; they are therefore 
highly likely to produce adverse effects on the receiving environments (Islam et al., 2004). Key 
environmental issues relate to shrimp head drying yards, the disposal of fish waste in landfill or illegal 
dumps, and include the following- 

a. Land use: Sun-drying of fish and shrimp waste requires lots of space. Similarly, landfill and 
illegal dumping use a lot of landfill space. The elasticity of the material also causes instability 
in the landfill sites, hindering any future reclamation. Moreover, landfill sites harbour insects 
and rodents;  

b. Air pollution: Fish and shrimp are highly perishable items and emit obnoxious, objectionable 
odours if not treated properly and kept out in the open air; 

c. Insects, pests and rodents, visual pollution: Sun-drying can also cause visual pollution and create 
a habitat for various pests, insects and vermin. 

 
Considerable complaints have been made by local people about insects and scavengers such as rodents, 
seagulls and rats, in addition to the rotting smell. The direct application of raw shrimp head waste to the 
aquaculture farm similarly produces obnoxious odours, pollutes the water and creates visual problems 
as well (Figure 6). Other issues such as organic pollution have also arisen: nitrogen compounds have 
caused concern either as leached compounds infiltrating to water resources or by causing the unwanted 
fertilization of surrounding areas (nitrogen deposition) due to volatilization. 

Due to the recent tightening of environmental regulations, seafood processors in the Bangladesh are now 
facing the cost increase incurred by waste management. Processors will now have to manage their waste 
following local, municipal and national standards. Alternative means of disposal, waste reduction and 
recycling, which are economically viable, environmentally sound and socially tolerable therefore need 
to be found. However, according to McLusky and Elliott, (2004) solutions to waste disposal must follow 
the six tenets for successful and sustainable environmental management:  

a. Environmentally sustainable; 
b. Technologically feasible; 
c. Economically viable; 
d. Socially tolerable; 
e. Legislatively permissible; 
f. Administratively achievable.     

 
Figure 6. Direct application of shrimp and fish waste negatively  
affects water quality and creates visual pollution 
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Awareness of fish and shrimp silage technology in Bangladesh 

In Bangladesh, the incorporation of fish silage technology will be a new development for animal feeds 
production. The use of fish silage in this country has neither been studied nor is it currently practised. 
Therein why a question on the perception of fish silage was included in the questionnaire to obtain 
information from seafood processors and feed millers. The result is shown in Table 5. More than 
80 percent of seafood processors and animal feed producers’ respondents have no awareness of fish and 
shrimp silage. Around 16 percent of seafood processors have some awareness of the practice, though 
only 7.14 percent of animal feed industry respondents have. 

Table 5. Perception of fish and shrimp silage by seafood processors and animal feed 
producers 

Type of industry  Perception of fish and shrimp silage 
Yes No Has but not clear and need explanations 

Seafood processing  a16.36% b 83.64% c 5.45% 
Animal feed  a 7.14% b 85.71% c 7.14% 

Superscripts of a, b, c at each row indicate significantly different, p < 0.05. 
 

Potential for fish silage production technology and its utilization  

The current survey of fish waste management systems in Khulna, Chittagong, Dhaka and Sylhet indicate 
the existence of significant quantities and varieties of finfish and crustacean waste. An interesting 
corollary of the increased demand for exports of shrimp shell and fish scales to Asia has been 
contributing to a slight reduction in waste volume. The survey identified opportunities where significant 
volumes of waste are produced. Near to processing locations there is a significant demand for protein 
and lipid ingredients required to prepare animal feeds. Moreover, there is a general need to replace 
existing feeding practices with a range of less wasteful and more cost-effective practices. 

In Khulna and Chittagong large volumes of waste (37 983 tonnes per annum) are produced. Both the 
aquaculture and livestock farming industries substantially depend on high-cost feed inputs. Both types 
of industries are aware of cost inputs and exploring options for reduced costs. More than 94 percent of 
seafood industries and animal feed millers have shown their interest in silage technology. However, 
substantial and skilful hands-on training is required for this (Table 6). Seafood processors and feed 
millers have expressed their careful consent to produce and use silage for the following reasons: 

a. lack of knowledge on fish and shrimp silage technology;  
b. reliability of fish waste supply for silage production and fish silage supply to the feed millers; 
c. transportation costs to carry fish waste and fish silage. 

 
The higher transportation costs for fish silage compared to dry components are cited as a disincentive. 
While this assumption is not true on a per-tonne of protein basis, it does not include transport costs of 
fishmeal from abroad. Feeding represents 50 percent of the operational cost for aquaculture, with protein 
being the most expensive of dietary requirements (Hossain et al., 2019, 2018). Fishmeal has been the 
most common animal protein source used to feed fish, even though it is expensive (Vidotti et al., 2002). 
The scarcity of fishmeal has been reported, which is the main conventional protein source for animal 
feeds production (Arvanitoyannis and Tserkezou, 2014). Currently, the increased demand for fishmeal 
is considered a deterrent to aquaculture growth (Mo et al., 2018). Fish silage can partially substitute 
fishmeal without causing an impact on the growth of fish and livestock; silage is also easily 
manufactured and environmentally friendly since it makes use of aquaculture by-products, which are 
pollutants when disposed of in urban trash or buried in landfills (Vidotti et al., 2002). 

There is a huge gap between the production and supply of animal feed ingredients in Bangladesh. The 
feed industry currently has an annual turnover of over USD 12.5 billion, which is increasing at a rate of 
10 percent per annum. Since 2000, imports have doubled from 204 000 to 418 000 tonnes as a result of 
increased demand from the aquaculture and poultry industries (IDLC, 2015). In this study, seafood 
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processors have agreed that processing the waste into fish silage could be the most suitable option. With 
this goal in mind, partnerships between seafood and animal feed industries are required. A Chittagong 
and Dhaka (Mymensingh) based seafood processing company has been found to produce seafood  
waste-based fishmeal and fish oil since 2012. These two processing industries have the production 
technology, technical backup, seafood waste supply channel, as well as partnerships with other seafood 
processors and the animal feed producers – all of which could provide the necessary backbone to start 
fish silage production. While different individuals and companies have tackled their waste problems 
with varying degrees of success, the problem still exists on a large scale throughout the seafood 
industries. However, based on the survey results, it has been found that if the utilization of fish waste 
were to be successful on a broad scale, it would require a considerable level of coordination and 
cooperation, both within the industry supply chain and across a range of different areas. A more suitable 
alliance and a firm agreement among seafood industries are required with future fish silage producer(s) 
to secure raw material (fish and shrimp waste) supply.  

Table 6. Willingness of seafood processors and fish and animal feed industries to produce and 
use fish and shrimp silage 

Queries on fish silage Seafood processing 
industries 

Fish and animal feed 
industries 

Willing to produced fish and shrimp head silage 94% - 
Willing to use fish and shrimp head silage as protein source - 96% 
Training required for the production and use of silage 96% 98% 

 

Marketing and economics of fish silage production in Bangladesh 

Despite its huge potential, fish silage will not be an easy commodity to sell for some of the reasons listed 
below: 

a. Silage will have to compete with known and well-established products like fishmeal, soya meal, 
gluten soya meal (GSM) and other products; 

b. It is not a (well-) known product for the seafood processors and fish feed millers; 
c. Seafood processors and feed producers are not trained and equipped to handle the liquid silages; 
d. Customers do not tend to be willing to try silage concentrate unless they have guarantees of 

good feed performances and constant deliveries.  
 
However, fish silage could be the potential option for fish waste utilization at the same processing 
premises. Even medium- to large-scale fish silage production is also feasible if the seafood waste supply 
agreement could be established. To do this, establishment of waste transportation facilities will be 
required. Fish silage production will be more profitable than fishmeal plants for places with less than 
about 5 000 tonnes per year of fish waste (Arason et al., 1990), where small quantities of fish offal do 
not justify investment in a fishmeal plant. 
 
Finally, it is assumed that Khulna, Chittagong and Dhaka could be suitable locations for a pilot-based 
silage plant because these areas are home to the largest number of processing industries, and hence 
abundant raw materials. They are also located in a suitable urban environment, while the Chittagong 
and Dhaka (Mymensingh) sites already produce a form of fish waste as fishmeal, fish oil and have a 
means of collecting and distributing waste. 

Conclusion and recommendations 

In Bangladesh, fish and shrimp are the second most valuable agricultural crop and contribute 
significantly to its economy. Every year, thousands of tonnes of fish and shrimp waste are produced in 
seafood processing industries. Neglecting the seafood offal utilization leads to serious forms of wastage. 
Seafood wastes produced the highest amount in Khulna followed by Chittagong, Cox's Bazar, Dhaka 
and Sylhet regions. Shrimp and fish wastes are sold to the local intermediaries for local consumption 
and to feed farm fish. Besides, local collectors collect air bladders, scales and fins, shrimp heads, and 
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appendages to export to some Asian countries. At present, the legal bindings on seafood waste 
management have been recognized as an important environmental concern. Prospects on the production 
and use of fish silage in Bangladesh will need greater cooperation to produce animal feeds. Initially, 
Khulna, Chittagong and Dhaka could be the most suitable locations for the pilot-based fish silage plants. 
However, fish silage-based animal diet performance in local farmed species has not been studied for 
this country and the importance of this product will have to be studied further.  

The present method of fish and shrimp waste utilization should be improved as follows: 

a. Shrimp wastes, fresh shrimp head should be kept in ice until consumption and used to feed 
farmed fish; 

b. Shrimp shells, appendages and other forms of waste should be collected and dried for export; 
c. Shrimp head and fish waste should not be applied directly to the aquaculture pond. This feeding 

process is wasteful and inefficient in terms of feed consumption, conversion and handling, and 
is likely to present many problems for the pond environment. To feed the shrimp and fish waste, 
muscle should be separated from shrimp carapace/shell and fish skeleton. Viscera/entrails 
should be chopped into small pieces to apply and feed the aquaculture species. However, this 
practice should be avoided if a more efficient alternative(s) is found; 

d. The drying yard should be far away from inhabited areas and suitably managed to prevent 
rodents, insects and birds; 

e. The transportation of raw fish and shrimp waste should be done properly to prevent the leaking 
of liquid waste onto the streets. 
 

In Bangladesh, predominantly two types of seafood waste are produced. Two types of silage production 
technology would therefore be required, one for fish silage and another for shrimp head silage. This 
product is still at a rudimentary stage, and in order to implement fish and shrimp silage technology in 
Bangladesh the following actions are recommended: 

a. Workshop(s) should be conducted on fish and shrimp silage, its potential and production in 
association with the representatives from competent government authorities (Fish Inspection 
and Quality Control (FIQC) officials, Department of Fisheries (DoF) officials, Ministry of 
Fisheries and Livestock, Bangladesh), academics and researchers from universities and research 
institutions, representatives from seafood processing industries, feed millers and fish/shrimp 
waste buyers/middlemen/contractors. The workshops will be helpful to understand the 
participants’ views on fish silage and to recognize waste utilization as a high priority while 
engaging interested seafood companies and associated stakeholders; 

b. A feasibility study on fish silage production should be conducted before starting production 
itself. An economic analysis and marketing plan should also be done as part of this study; 

c. The development of an agreed structure for a fish waste utilization company, which meets the 
needs of the entire supply chain, is crucial;  

d. An agreement between different stakeholders associated with fish and silage production will be 
required, to ensure the reliable and constant supply of raw materials, as well as the sale of 
fish/shrimp silage. This would be helpful towards achieving a considerable level of coordination 
and cooperation, both within the industry supply chain and across a range of different areas. If 
the approach is not well-coordinated and collaborative, economies of scale will be lost and the 
value of the end product will be reduced because end users will determine returns rather than 
the producers; 

e. Sufficient hands-on training on both fish and shrimp silage should be provided to the seafood 
processors, shrimp waste buyers/middlemen/contractors; 

f. A pilot, scale-based fish and shrimp silage operation could be started primarily at Khulna 
(shrimp silage should be prioritized) and Chittagong (both fish and shrimp silage). Dhaka could 
be added at a later stage; 

g. To start a pilot-scale silage production, financial incentives will be required. This could come 
from public-private partnerships, governments, NGOs and international donor agencies;  
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h. Growth performance, muscle quality, digestibility and water stability of silage-based feeds 
should be conducted with important commercial aquaculture species. This will give solid 
scientific grounds and confidence to the fish and shrimp silage users at different levels; 

i. Financial incentives should be provided to fish waste stakeholders (e.g. seafood processors, feed 
millers, third parties/contractors etc.) to utilize waste products associated with seafood 
production at the catching, processing and retail level. The financial benefits should be evident 
for all sectors of seafood processors and feed millers. 
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IV. FISH WASTE MANAGEMENT: AN ASSESSMENT OF POTENTIAL PRODUCTION 
AND UTILIZATION OF FISH SILAGE IN THE PHILIPPINES 

Background and rationale of the study  

The increasing demand for seafood products all over the world suggests that seafood can be considered 
one of the most important internationally traded food commodities. However, any increase in seafood 
trade activities results in growing concerns over the sustainability of fisheries resources. As the fisheries 
production in traditionally major fish-producing countries such as the Philippines faces the risk of 
overharvesting or overexploitation, efforts are now focused on finding ways to decrease fishing pressure, 
while maintaining the supply of fish and fishery products to the consuming public and, at the same time, 
providing continuous income to the fishers, processors and traders.  

Unfortunately, significantly large quantities of fish are lost or wasted, during capture, commercialization 
and industrialization processes. Fish losses typically happen during the production, storage, processing 
and distribution of a particular commodity. These can be categorized as: actual physical or material 
losses due to improper post-harvest handling and processing practices; nutritional losses owing to a 
decrease in the amount of nutrients a human body derives from eating fish that has lost its nutritional 
value due to spoilage; or, losses in market value due to spoilage, infestation and weight loss. 

Fish waste, on the other hand, refers either to whole fish or part thereof that is not utilized or consumed, 
but is typically discarded. It includes the bycatch from fishing vessels, physically damaged fish in 
landing sites and by-products from fish processing establishments, among others.  

The extent of both fisheries post-harvest losses and waste in the Philippines and elsewhere, however, is 
difficult to quantify and qualify. For post-harvest losses, old local records reveal that approximately  
25–30 percent of total fish production in the Philippines is lost due to improper handling during the early 
post-harvest stages in the value chains of different fishery commodities (Camu, 1991). In Navotas Fish 
Port, the largest fish port in the country, estimated losses due to physical damage can reach up to 
30 percent of the fish landings (Kamari and Sayers, 1979). Unfortunately, a certain amount of fish waste 
– whether in the form of discards or bycatch from fishing operations, or as by-products or non-utilized 
fish parts from processing establishments – is often not reported in detail in recent statistics from 
competent authorities.  

Interestingly, comprehensive research to quantify post-harvest losses and wastes in the country is now 
under way, with researchers from the National Fisheries Research and Development Institute (NFRDI) 
of the Bureau of Fisheries and Aquatic Resources (BFAR) collecting data from the different parts of the 
country (U. Montejo, personal communication, 2018). 

These data are deemed important in order not only to devise mechanisms for the strategic reduction of 
post-harvest losses in the country, but also appropriate recommendations on the proper utilization of 
fish wastes. Both of these aim to increase food availability without increasing the pressure to the existing 
resources. More importantly however, recommendations for waste utilization are expected to highlight 
the fact that recoverable fish bycatch, by-products and any other fish waste can be used or transformed 
into other food and non-food products. 

Indeed, methodologies to use some of the recoverable waste materials from the supply chain – either as 
a protein source for human consumption, as nutraceutical or feed ingredients – are necessary and urgent. 
One practical example of this is the utilization of fish waste to produce fishmeal, although in some cases, 
fish silage may be a more feasible alternative for the use of these residues. 

Fish silage is an excellent protein product of high biological value for animal feeding and for increased 
plant growth. It can be produced from dead fish, underutilized fish species, invasive fish species, bycatch 
from marine fishing, commercial fish waste and industrial residues. These raw materials are considered 
low-quality and low-value and, if not properly disposed of or utilized may cause environmental, health 
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and economic problems. Unfortunately, little recent attention has been given to fish silage technology 
as a valuable alternative to increasing the utilization of fish waste in the Philippines. 

Objectives 

The present report aims to: 

a. evaluate the status of fish supply and utilization in the Philippines, with focus on the waste 
utilization using fish silage technology; 

b. conduct a feasibility study on the potential production and use of fish silage technology in three 
potential sites in the country; and 

c. deliver recommendations on possible follow-up activities for the use of fish silage technology 
in the country. 
 

Literature review 

Fish waste 

The continued interest in fish silage technology is related to the pressing need to achieve zero waste in 
processing establishments. The technology offers several particular advantages: it enables maximum 
use of fish waste, most especially in cases where the quantity involved, and the transport distance and 
costs, prohibit the immediate conversion of these wastes into fishmeal. In particular, it can be a 
preliminary step in fishmeal production in coastal communities where fish ensiling can be done first, 
with the more stable fish silage product stored and then sold later on, in bulk, to fishmeal plants. Fish 
ensiling is also particularly useful in areas where its liquid product can be utilized locally as an animal 
feed and as plant fertilizer. 

Almost any fish species can be used as raw material for the production of fish silage, except for some 
cartilaginous species such as sharks, skates, rays and chimaeras, which generally tend to liquefy at a 
much slower rate when compared to teleosts or bony fishes (Windsor and Barlow, 1981). For as long as 
freshness is maintained the following raw materials may be used in producing fish silage: 

a. Fish bycatch – This refers to fish or any marine species caught unintentionally by a fishing method 
or gear that is targeting certain species of fish. It may consist of other fish species, undersized or 
juvenile species (although the catch of these must be prevented at all times), or even the same 
targeted species but of different sizes. Instead of discarding the bycatch, this can be used as raw 
material in the production of fish silage (e.g. Ferraz De Arruda, Borghesi and Oetterer, 2007; 
Rattagol, Wongchinda and Swachatthanwongratana, 1980; Vazquez et al., 2011); 

b. Seafood processing waste – Fish processing establishments produce a considerable amount of waste 
in the form of trimmings such as heads, skin, tails and fins of fishes, the shells and heads of shrimp 
and other crustaceans, gills and viscera. Some of these waste materials are processed into different 
consumer food products, but the non-utilizable materials represent an environmental problem if 
improperly discarded. The latter can be utilized in making fish silage (e.g. Haider et al., 2016; 
Hossain and Alam, 2016; Santos, Orejana and Bautista, 1978; Viana et al., 1996); 

c. Non-commercially important, non-indigenous species – There are different exotic or  
non-indigenous species that have been introduced in some bodies of water in the Philippines (see 
Guerrero, 2014) and elsewhere (Simon and Townsend, 2003; Strayer, 2010). Some of these species 
have caused harm to the environment by destroying the ecological balance and, to some extent, by 
endangering the native population of some endogenous stocks (Simon and Townsend, 2003). Since 
research into their utilization as an ingredient in fishmeal has already been conducted (Abarra et al., 
2017; Bowzer, Bergman and Trushenski, 2014; Fagbenro and Jauncey, 1998), these same species 
can likewise be used in fish silage processing, in order to make these ‘unwanted’ species more 
useful. 
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Although the utilization of fish silage is not well established in the Philippines, several studies have 
already been conducted, using different raw materials – including by-products from milkfish processing 
(Santos, Orejana and Bautista, 1978), sardine trimmings (Lapie, 1989), shrimp heads (Anotado, 1992), 
abalone viscera (Patadjai, 2004) and the invasive knife fish (Abarra et al., 2017). In spite of these, there 
is still much to be done in fish silage research in the country; it might usefully focus on other potential 
raw materials, the fermentation process using LAB and the functionalities of the different LAB derived 
from fish silages. 

Fish waste utilization 

Fish silage, as a liquid product, is a good source of protein. According to Vidotti et al. (2003), fish silage 
can be produced from three raw materials, namely: commercial marine fish waste, commercial 
freshwater fish waste, and tilapia filleting residue. Using acid digestion (20 ml/kg formic acid and 20 
ml/kg sulfuric acid) and anaerobic fermentation (50 g/kg Lactobacillus plantarum, 150 g/kg sugar cane 
molasses), all the fish silage produced offers satisfactory amounts and values of essential amino acids. 
In addition, the nutritional value and amino acid composition of fish silage was found to be quite 
comparable to that of the more famous fishmeal (Santos, Orejana and Bautista, 1978; Viana et al., 1996). 

Despite the reported nutritional value of fish silage there are also risks associated with the product that 
must be considered. For example, care must be taken to prevent the growth of unwanted microorganisms 
such as Aspergillus flavus, which is known to produce aflatoxins (Kompiang, Arifudin and Raa, 1980) 
and Clostridium botulinum, which produces the neurotoxin Botulinum Toxin (BTX) and can be present 
when ensiling spoiled raw materials. Other toxins may also be present in the fish silage if species from 
some trawl bycatch that are known to produce poisonous substances (such as puffer fish) are used. 

There are different uses of fish silage. Fermented silage is effective as an organic fertilizer for some 
agricultural crops and can also be used as a feed ingredients for animal feeds and fish diets (Haider et 
al., 2016; Lapie, 1989; Patadjai, 2004; Ramírez et al., 2016). Recently, fish silage was reported to be an 
excellent means to enhance the growth and quality of Scenedesmus sp., a microalgae that has the ability 
to remove pollutants (e.g. the inorganic salts of nitrogen and phosphorous) as well as organic materials 
in waste water (Abdulsamad and Varghese, 2017). 

Potential sites for fish silage production in the Philippines 

Especially among stakeholders in coastal communities of the Philippines, the usefulness of fish silage 
technology, can be maximized through the use of the existing appropriate government facilities in the 
area. These facilities include, but are not limited to: 

a. Community Fish Landing Centers (CFLC) of the Bureau of Fisheries and Aquatic Resources 
(BFAR).The BFAR CFLC Project is part of the Bureau’s so-called Targeted Actions to Reduce 
Poverty and Generate Economic Transformation (TARGET) programme, which aims to provide 
identified coastal communities with a facility for the proper post-harvest handling of fish catch, a 
reduction of post-harvest losses and an improvement to the socio-economic conditions of the 
recipient fishing communities (BFAR, 2017).   

The project began in 2015 and is still ongoing, with a target of constructing a total of 725 CFLCs 
all over the country (BFAR, 2017). Undertaken in collaboration with the National Anti-Poverty 
Commission (NAPC) and the municipal, local government units of the sites identified, the project 
is expected to make the facility accessible to the fishing communities. Table 1 outlines the saturation 
levels of the project, on a per-region basis. Figure 1 shows an example of a CFLC in northern 
Philippines. The first floor of the centre is designed for fish trading. The second level has an open 
space that can be used for drying fish. It also has a room on the second level that can be used for 
fish silage production.  

  



28 

 

b. Municipal fish ports. A total of 86 municipal fish ports are currently being managed by the different 
local government units in the country. However, not all of these fish ports are operational at present, 
with some of them needing improvement in terms of their basic infrastructure and facilities. Once 
present in a community, these facilities can be tapped for fish silage production in the area. 

c. BFAR regional training and research stations. Strategically located in different regions of the 
country, the BFAR training and research stations can be used to set up fish silage facilities in a 
specific target community. The main advantage of this is the presence of technical personnel who 
can help manage and operate the facilities. 
 

Table 1. Saturation level of the Community Fish Landing Centers (CFLC) Project 

Region Total coastal 
municipalities 

Number of coastal 
municipalities without CFLC 

Saturation level (%) 

NCR 5 5 0 
I 53 9 83 
II 27 7 74 
III 37 16 57 

IV-A 69 32 54 
IV-B 70 17 76 

V 89 14 84 
VI 83 23 72 
VII 109 55 50 
VIII 121 53 56 
IX 47 8 83 
X 55 9 84 
XI 30 3 90 
XII 10 3 70 

CARAGA 51 15 71 
ARMM 72 3 96 
Total 928 272 71 

Source: BFAR, 2017. 
 
Figure 1. BFAR Community Fish Landing Center (CFLC) in Ilocos Norte, Philippines 

 
 
 

Methodology 

Data gathering 

Secondary data were culled from research publications, government reports, technical and working 
papers, in addition to data from the Philippine Statistics Authority (PSA), the Bureau of Fisheries and 
Aquatic Resources (BFAR), the Philippine Fisheries Development Authority (PFDA) and some local 
government units.  
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These secondary data were complemented with focus group discussions (FGD) and key informant 
interviews (KII) with personnel from the BFAR and the PFDA, several processors and other 
stakeholders in Roxas City, General Santos City and Dipolog City.  

Criteria for geographical site selections 

Potential sites for fish silage production were assessed based on the following criteria: 

a. Availability and volume of raw materials in the area. This includes the assessment of the volume 
and value of raw materials available in the area, including the presence of non-utilizable species 
that are regularly available for fish silage production; 

b. Degree of utilization. This pertains to existing practices on the utilization and/or non-utilization 
of raw materials and processing waste in the area, as well as the presence of fish processing 
facilities that are producing significant amount of waste materials; 

c. Facilities for silage production. This involves an assessment of the presence or absence of 
support systems in the area, such as government-owned facilities (e.g. municipal fish ports, 
CFLCs, farm facilities), support from local government units and financial schemes; 

d. Fishmeal production facilities. This takes into account the presence or absence of fishmeal 
facilities, which could be potential competitors for the fish waste in the area; 

e. Other input materials needed (such as formic acid). This looks into the accessibility of input 
materials for a more economical production of fish silage; 

f. Pig/poultry farming is carried out locally. If carried out locally, these farms are considered the 
potential market for fish silage. This is also cost-effective, since the fish silage will not need to 
be transported over great distances.  

Identification of three potential case study sites 

Using the criteria specified above, together with the results of the evaluation of secondary data and the 
FGDs and KIIs conducted, three potential sites for fish silage production were identified.  

Results and discussion 

Volume and value of fish production and waste generated in the country 

Fish production in the Philippines 

Total fisheries production steadily increased from 3.62 million tonnes in 2003 to 5.16 million tonnes in 
2010, but was followed by a gradual decrease in the succeeding years (PSA, 2018). In 2017, total 
fisheries production in the country only reached 4.31 million tonnes, with the aquaculture sector 
contributing 52 percent of the total fish production volume.  

The decreasing production trend from 2010 onwards in all production sectors – namely commercial 
fisheries, municipal fisheries and aquaculture – is alarming, considering the recent population increase, 
coupled with an increasing per capita demand for fish in the country. These figures alone suggest the 
critical need to consider the most optimal ways to manage and utilize the country’s resources.  

Despite the decreasing trend in total fish production volume in the Philippines in recent years, the value 
of fishery commodities in the country looks promising. Over the last 15 years, the production values in 
all fisheries sectors have shown increasing trends. Quite noticeable, however, are the relatively low 
values of aquaculture commodities vis-à-vis their production volumes. This can be explained by the high 
amount of cultured seaweed production volume through the years, which commands low prices in the 
market. 
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Fish waste in the Philippines 

There is no reported total amount of fish waste in the Philippines, although a high percentage of the total 
fish production in the country has previously been reported as lost or wasted owing to improper  
post-harvest handling (Camu, 1991; Kamari and Sayers, 1979). However, those who are engaged in fish 
processing typically generate 20–80 percent of solid waste, depending on the processing methodologies 
applied and the type of raw materials used. These solid wastes consist of the head, guts, viscera – 
including liver and roe – the bones, fins, scales and skin. Table 2 shows an example of the average 
weights (as a percentage) of these components in cod (Waterman, 2001). In this example, the weights 
of the liver, guts and roe can fluctuate significantly based on several factors including the season, fishing 
grounds and the condition of fish after capture or harvest, among others. 

Unfortunately, available information from government sources in the Philippines (PSA, 2018) only 
indicates the amount of fish utilized as fish feeds and waste for the eight most commercially important 
fish species in the country (Table 3). These reports, however, do not specify the form of the waste, i.e. 
whether it is composed of fish discards, bycatch and/or by-products. 

Table 2. Average composition of cod fish 

Components Range (%) Average Weight (%) 
Head  21 
Guts 5–8 7 
Liver 2–7 5 
Roe 1–7 4 
Backbone, etc.  14 
Fins and Lugs  10 
Skin  3 
Fillet, skinned  36 

Source: Waterman, 2001. 
 

Table 3. Average production and utilization of eight commercially important commodities as 
feed and waste, from 2003 to 2016 

Commodities Average production 
(in tonnes) 

Average amount utilized 
as feeds and waste 

Percent utilization as feeds 
and waste 

Crabs 43 507 653 1.50 
Tuna 550 169 16 505 3.00 
Mussel 19 772 297 1.50 
Roundscad 265 209 7 956 3.00 
Tilapia 273 189 8 196 3.00 
Milkfish 351 744 10 552 3.00 
Oyster 19 903 299 1.50 
Shrimp 52 509 794 1.50 
Total 1 576 002 45 252 2.87 

Source: PSA, 2018. 
 
The data in Table 3 indicate that the production percentage of the eight commodities utilized as feed and 
waste ranges from 1.5 percent to 3.0 percent. Assuming that the average percentage (2.87 percent) 
represents the amount used as feeds and waste out of total fisheries production in the country, this figure 
may rise to as much as 123 715 tonnes in 2017 (Table 4), which equates to approximately PHP 7.0 
billion or USD 140 million. 
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Table 4. Philippine fisheries production volume and value in 2017 and the potential amount 
used as feed and waste 

Philippine Fisheries Production 2017 Data Average percent utilization 
as feeds and waste 

Potential amount used 
as feeds and waste 

Volume (in tonnes) 4.31 million 2.87 123 715 
Value (in Philippine Peso (PHP) 243.50 billion 2.87 7 billion 
Value (in USD, at USD 1 = PHP 50) 4.87 billion 2.87 million 
Source: PSA, 2018. 
 
Existing technology used in fish waste processing and utilization 

There is a long history of solid fish waste processing and utilization in the Philippines (Yap, 2014, 2015). 
For example, consumer food products from seafood processing wastes are now commercially available 
in the market (Figure 2). These include, among others: fish crackers from tuna skin, dried marinated fish 
bones, snacks items fortified with dried powdered bones from deboned milkfish, as well as fish sauce 
and fish paste from fish viscera.  

Several non-food products from fishery by-products are also produced in the Philippines. These include 
fishmeal from tuna canning wastes, leather from fish skin and protein concentrates from fish and shrimp 
processing wastes that are used in feed manufacturing. 

Figure 2. Examples of different consumer products from fish processing wastes that are 
commercially available in the Philippines (a = dried marinated fish bones from Iloilo City;  
b = tuna skin crackers from General Santos City; c = dayok or fermented fish entrails from 
Cebu City) 
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Several studies in the Philippines have also shown that fishery by-products are good sources of 
nutraceutical ingredients. These include health-promoting substances such as polyunsaturated fatty acids 
(PUFAs) from tuna livers, heads and eyeballs, as well as sashimi processing wastes and other food 
additives (Panggat and Rivas, 1997; Panggat and Shindo, 2002). Different fishery by-products are also 
found to be used in making fishmeal and silage (Santos, Orejana and Bautista, 1978). 

In addition to the use of fishery by-products and processing wastes, other low-value, underutilized fish 
species can be used in making fish protein concentrates that can serve as dietary supplements in human 
and animal foods (see for example Orejana et al., 1985) and fish protein hydrolysates (Santos-Yap and 
Pascual, 1996) – a functional ingredient that can increase the net weight and improve the appearance of 
canned yellowfin tuna.   

Bioactive substances such as biotoxins, which may have potential pharmaceutical uses, can also be 
extracted from different crab species that exhibit the symptoms typical of tetrodotoxin (TTX) and 
paralytic shellfish poison (PSP) (see Asakawa et al., 2007).  

Social, economic, environmental and technical impacts of existing fish waste utilization 

In recent years, there have been major concerns associated with the increasing amount of fish waste in 
the environment. This waste generates serious problems as far as disposal and treatment are concerned 
and, if not done properly, the effects can be deleterious for both the environment and human beings.  

Interestingly, the wise and efficient use or transformation of some recoverable products from fishery 
bycatch, by-products and processing waste both provide solutions to the social, economic and 
environmental problems brought about by improper disposal of fish waste and by-products. Moreover, 
additional income can be generated for women in coastal areas, who engage in the manufacturing of any 
fishery products from processing wastes. Increased livelihoods for them can in turn result in increased 
economic and social capital, while providing more options to enable them to help meet their basic 
household needs. New initiatives of this kind can help women find self-worth as they are able to use 
their knowledge and skills in uplifting the economic status of their families. 

Examples of waste utilization in the Philippines include the use of wastewater from fish processing 
establishments, which provide a good source of natural ingredients and fertilizers. Solid waste from fish 
processing establishments can likewise be used in various forms of production including: 

a. value-added food products such as fish skin crackers, dried marinated fish bones; 
b. condiments such as fish paste from fermented fish entrails; 
c. food additives such as fish protein hydrolysates; 
d. fertilizers from fish washings. 

 
Although research studies on the safety of these products are quite limited, there appears to be a good 
market for most of them, and some are commonly found in supermarkets and some retail stores in the 
country. Certain products (such as fish skin crackers, dried marinated fish bones) are usually marketed 
in souvenir shops, most probably because they are exotic or out of the ordinary and can only be found 
in specific places in the country.   

Unfortunately, there are no specific regulations pertaining to waste products in the Philippines. 
However, in general, all fish and fishery products must adhere to the provisions of the relevant laws and 
other rules and regulations, as listed in Table 5. Based on the current Philippine Food Safety Control 
System, the Bureau of Fisheries and Aquatic Resources (BFAR) is mandated as the implementation and 
regulatory agency for fish products in the country. 
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Table 5. List of relevant Republic Acts (RA), Presidential Decrees (PD), Department of 
Agriculture Administrative Order (DA-AO), Department of Health Administrative Order (DOH-
AO), BFAR Administrative Circular (BFAR-AC) and Fisheries Administrative Orders (FAO) 
related to post-harvest fisheries / food safety 

RA /PD /AC/FAO Year Title 
RA No. 8550  1998 Philippine Fisheries Code of 1998  
RA No. 7394  1991 The Consumers Act of the Philippines of 1991  
RA No. 10611  2013 Food Safety Act of 2013  
PD No. 856  1946 Sanitation Code of the Philippines  
DA-AO No. 23  2011 Mandatory Accreditation of Cold Storage Warehouses  
DOH-AO No. 153  2004 Revised Guidelines on Good Manufacturing Practice in Manufacturing, 

Packing, Repacking or Holding Food  
BFAR AC No. 251  2014 Traceability System for Fish and Fishery Products  
FAO No. 212  2001 Guidelines on the Implementation of HACCP System  
FAO No. 227  2008 Rules and Regulations Governing the Export of Fish and Aquatic 

Products to European Union Member Countries  
FAO No. 228  2008 Rules Governing the Organization and Implementation of Official 

Controls on Fishery and Aquatic Products Intended for Export to the EU 
Market for Human Consumption  

 

Presence of fish silage technology 

Although used in other countries, fish silage technology is not widely recognized in most parts of the 
Philippines. In fact, there are no reported figures on the volume and value of fish silage production in 
the country. Aquaculturists tend to use commercial fishmeal and other plant- or animal-based 
ingredients as protein sources for their feed formulations rather than fish silage (D. Baliao, personal 
communication, 2018). 

Potential raw materials and sites for fish silage production in the Philippines 

Although there is very limited social acceptance of the use of fish silage in both the agriculture and 
fisheries sectors, there are a good number of potential raw materials and sites that can be targeted for 
fish silage production in the country.  

Analyses of the different areas in the Philippines using the criteria enumerated above revealed the 
following. 

Sardines in fish silage production 

One of the highly commercialized fish species in the Philippines is sardines. In terms of volume, sardines 
belong to the top ten commercially important fish in the Philippines. Its fisheries provide economic 
value both for the small-scale (municipal) and the large-scale (commercial) sectors.  

There are seven species of sardines in the country. The most common and commercially important ones 
that are caught in large volumes in the country include fimbriated sardines (Sardinella fimbriata, locally 
known as tunsoy) and Bali sardines (Sardinella lemuru, locally known as tamban) which have been  
incorrectly identified as Indian sardines, Sardinella longiceps (Willette and Santos, 2012). The 
production volume of fimbriated sardines in the Philippines reached 79 421 tonnes in 2017; the top 
5 producing regions were the following: Bicol, Western Visayas, Zamboanga Peninsula, Region 4a and 
Region 4b. The production volume of Bali sardines reached 241 477 tonnes in 2017, with a majority of 
the catch (~ 70 percent) coming from the Zamboanga Peninsula (PSA, 2018). 
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In terms of utilization, fimbriated sardines are preferably used as raw material for drying and smoking 
(Figure 3) in different parts of the country, notably in the provinces of Capiz, Iloilo, Cavite, Palawan, 
Quezon, Sorsogon, Camarines Sur, Camarines Norte and Masbate. The more oily Bali sardines, on the 
other hand, are used in bottling, which is mostly conducted in Dipolog City in the Zamboanga Peninsula 
(PSA, 2018).  

Figure 3. Typical drying and smoking techniques used in the Philippines 

 
 
 
Use of sardine trimming in fish silage production in Dipolog City 

A total of 13 bottled sardine processors now operate in Barangay Sicayab, Dipolog City. These consist 
of 2 medium-scale processors and 11 small-scale processors. Table 6 shows the results of a survey 
conducted with participants from the 2 medium-scale processors and 4 out of the 11 small-scale 
processors. 

Medium-scale processors utilize their own waste in the production of fishmeal, while small-scale sardine 
bottlers in Dipolog City typically throw the non-utilizable sardine trimmings (such as the heads and 
tails) into nearby bodies of waters. This has become common practice to them, since they not have no 
alternative means of utilizing these solid wastes. 

As shown in Table 6, processing waste from small-scale processors of bottled sardines in Barangay 
Sicayab, Dipolog City, ranges from 3.3 kg to 19.8 kg per day during the lean season (average = 
9.17 kg/day) and from 17.6 kg to 44 kg per day (average = 31.53 kg/day) during the peak sardine season, 
in the nearby waters of Sicayab. Clearly, instead of polluting the nearby waters this significant quantity 
could potentially be used in fish silage production in the area. This activity could also generate additional 
income for the small-scale processors in this community. 

One potential site for fish silage production is inside the Barra Fish Port, located in Barangay Barra, 
Dipolog City (Figure 4). This port is currently being managed by the local government unit of the city 
of Dipolog and is about 5 km from Barangay Sicayab. Once identified, an agreement with the local 
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government unit can be forged. The facility for fish silage production could be set up on this site, with 
fish trimmings from the small-scale sardine bottlers providing the raw materials. 

In terms of the presence of fishmeal production facilities that would serve as competitors for fish waste, 
the two medium-scale processors utilize their own waste (i.e. sardine trimmings) in the production of 
fishmeal. At present, their facilities are exclusively for their own use and therefore do not accommodate 
the sardine trimmings from the small-scale processors in the area. 

Table 6. Information about the different medium- to small-scale sardine processors in 
Barangay Sicayab, Dipolog City 

Survey 
participants 

Sources of 
raw material 

* 

Volume of 
fresh fish 

bought per 
day* 

Amount of 
processing 

waste 
produced per 

day** 

Volume of 
production 

(peak 
season) * 

Volume of 
production 

(lean 
season) * 

Market* 

Medium-scale (MS) processors 
MS 

Processor 1 
Sicayab, 

Dipolog City; 
Sindanga, 

Zamboanga 
del Norte 

1 250 kg (peak) 
1 125 kg (lean) 

275 kg (peak) 
247 kg (lean) 

12.5 boxes 5 boxes Manila, 
Cebu, 

Zamboanga 
City 

MS 
Processor 2 

Sicayab, 
Dipolog City; 

Sindangan, 
Zamboanga 
del Norte 

500 kg (peak) 
400 kg (lean) 

110 kg (peak) 
88 kg (lean) 

1200 boxes/
month 

275 boxes/ 
month 

Dipolog, 
Manila, 
USA, 

Canada 

Small-scale (SS) processors 
SS Processor 

1 
Sicayab, 

Dipolog City 
100 kg (peak) 22 kg (peak) 17 cases 0 Sicayab, 

Dipolog City 

SS Processor 
2 

Sicayab, 
Dipolog City 

200 kg (peak) 
90 kg (lean) 

44 kg (peak) 
20 kg (peak) 

40 boxes 
 

12.5 boxes Manila, 
Cebu, 

Bacolod 
SS Processor 

3 
Sicayab, 

Dipolog City 
150 kg (peak) 
20 kg (lean) 

33 kg (peak) 
4.4 kg (lean) 

10 boxes 4.5 boxes Dipolog City 

* unpublished data from a research project on value chain analysis of the Philippine sardine fisheries. 
** calculated based on percentage yield of 78 percent. 
Source: Yap et al., 2018. 
 

Figure 4. Barra Fish Port, Barangay Barra, Dipolog City 
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Other input materials that are needed in fish silage production (e.g. formic acid) can be obtained locally. 
The potential market for fish silage includes the local poultry/pig farmers in Dipolog City and in nearby 
municipalities. 

Use of oily sardines in fish silage production in Roxas City 

The province of Capiz alone produced as much as 2 643 tonnes of Bali sardines (Sardinella lemuru) in 
2017. However, the preference among locals for fimbriated sardines (Sardinella fimbriata) as the raw 
material for drying results in the local consumption of the oily Bali sardines as fresh fish.  

If the total amount of Bali sardines is not consumed fresh in these communities, the excess must be 
processed immediately by virtue of its high perishability. In areas such as Roxas City, where there is no 
bottled sardine processor that can absorb this material, alternative ways to use this species are needed, 
especially during the glut season for this species. In fact, some locals in Roxas City reportedly transport 
these Bali sardines as far as the province of Pangasinan (in northern part of the Luzon island) where this 
species is used as raw material for the production of fermented fish. The locals of Roxas City do not 
process this raw material themselves since the fermented products (fish paste or bagoong isda and fish 
sauce, or patis) are not consumed extensively in the area. This is because of the local preference for 
shrimp paste (or guinamos) over fish paste.  

Fish silage processing can be an alternative way of utilizing this raw material, but the process can only 
become useful when there is an excessive supply of the species in the area. 

There are two potential sites for fish silage production:  

a. Roxas Fish Port in Barangay Libas, Roxas City. This port is strategically located near the 
barangays (Barangays Culasi, Dumolog, Libas and Baybay) where most of the fish-drying 
facilities are located and where most of the catch from municipal fishers are landed. The fish 
silage facility could be established in the area, in close coordination with the local government 
units; and 

b. Community Fish Landing Center (CFLC) in Barangay Cabugao, Municipality of Ivisan. The 
construction of this centre was completed in 2015. The room on the second floor of the centre 
can be used as a fermentation area for the fish silage. However, this site is approximately  
25–35 km from the fish drying areas in the different barangays in Roxas City. 

 
Other potential sites in Roxas City could likewise be identified by the local government unit, prior to 
the establishment of any facility in the area.  

At present, there are no fishmeal facilities that are operating in the area. This implies that the fish silage 
facilities to be established would not have any known competitors. The necessary input materials (such 
as formic acid) can be obtained locally.  

In terms of potential buyers for the fish silage to be produced, the local poultry / pig farmers in Roxas 
City and nearby municipalities are considered the potential market. Local fish farmers could also be 
tapped as potential users of fish silage.  

Important considerations  

Fish silage should preferably be produced using non-fatty fish species. In most cases, if oily fish such 
as sardines are used in fish silage production, an additional step is required to ensure the removal of the 
fishy taint in the silage caused by the rapid deterioration of the oil during storage. This involves 
separating the oil in the silage as rapidly as possible. Alternatively, an antioxidant can be added with the 
acid during the ensiling process.  

There have already been several studies conducted on the use of sardines in fish silage production. These 
include, for example, a study on fish silage using whole sardines (Sardina pilchardus). In this study, 
(El-ajnaf, 2009) the raw material was fermented using Lactobacillus plantarum starter culture, with 
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apple pomace co-product as the principle carbohydrate source. The use of fish silage from sardines as 
part of the diet of European sea bass (Dicentrarchus labrax) resulted in similar or lower growth 
performance, feed utilization, protein efficiency and retention when compared to a fishmeal-based diet 
(El-ajnaf, 2009). This proved the potential of sardine fish silage as an ingredient in aquaculture feeds. 
A local study on the use of sardine trimmings likewise proved the usefulness of this raw material in fish 
silage processing (Lapie, 1989). 

In the event that excessive oil is produced during ensiling it can be decanted from the mixture; the 
extracted oil can then be used as an alternative to the commercial fish oil used as a feed ingredient. A 
study conducted by Jurgens-Goosen et al. (2014) showed that the oil recovered from silage using 
rainbow trout processing waste can be used not only as a good source of polyunsaturated fatty acids but 
also as a cost-effective alternative oil for tilapia diets.   

Utilization of janitor fish in fish silage production 

Janitor fish (Figure 5) is an ornamental fish whose introduction has largely contributed to the diversity 
of fish fauna in the Philippines river systems in recent years. Also known as armoured sailfin catfish or 
Pterygoplichthys spp., there are two known species of janitor fish that are now present in Philippine 
river systems:  P. pardalis (Castelnau, 1855) and P. disjunctivus (Weber, 1991) (Hubilla, Kis and 
Primavera, 2007). These two species were introduced in the late 1980s to early 1990s, specifically in 
Laguna de Bay, and have spread to different river systems in the Philippines, such as the Candaba 
wetlands in Pampanga, Magat Dam in Isabela and the Agusan Marsh in Mindanao.  
 
Janitor fish is not commercially important as species, insofar as it has little or no market value as a food 
fish, most likely due to its name. However, this species is important in the aquarium trade as an 
“aquarium cleaner”, given that it naturally feeds on the microalgae that grow in aquariums. Its spread – 
and subsequent invasion of – the Philippine river systems is believed to be result of the accidental escape 
of janitor fish from domestic aquariums. As an invasive species it causes significant problems in the 
river, such as the reduction of fish catch, as the sharp spines of the janitor fish can destroy fishing nets 
(Chavez et al., 2006). Furthermore, it can also cause bank erosion and an increase in turbidity in the 
water, owing to the suspension of sediments in the riverine water system which can lead to changes in 
its ecosystem (Amaldin and Jumawan, 2016), as well the other effects of this invasive species’ presence 
on the natural fish population in the river (see Guerrero, 2014) 

Alarmingly, in recent years this invasive fish has reached the Cagayan River in the north 
(A. Encarnacion, personal communication, 2018). Also known as the Rio Grande de Cagayan, the 
Cagayan River is considered the longest and largest river in the whole country and crosses the provinces 
of Cagayan, Isabela, Nueva Viscaya and Quirino. The janitor fish population in the Cagayan River must 
have come from the Magat dam, located on the Magat river, a tributary of the Cagayan River. Further 
spread of this invasive species, especially in the largest river in the country, must be prevented; its ability 
to establish its population quite rapidly brings imbalance to the ecosystem and its detrimental effects on 
the environment must be addressed.  

Interestingly, the absence of any recommended methodology for the utilization of janitor fish as a source 
of human food makes it an ideal target species for fish silage production. This can be done in areas such 
as those near Cagayan River and would be very beneficial, at this point, to prevent its massive invasion 
of the river. The effects of this are evident in other areas such as Laguna de Bay where, as early as 2002, 
this invasive fish already comprised 10–38 percent of the total fish coral catch in Siniloan, Laguna 
(LLDA, 2005), while in Agusan marsh catches of this species can reportedly reach up to 146 individuals 
per fishing trip (Hubilla, Kis and Primavera, 2007). 

Although there has been no study conducted to determine the volume of janitor fish in the Cagayan 
River, authorities in the area are now becoming alarmed at this species’ massive reported presence in 
the Cagayan River (A. Encarnacion, personal communication, 2018). 
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The potential site for fish silage production is the BFAR Agricultural Pilot Centre Fish Farm– Regional 
Office 2, located within the Cagayan Valley Lowland Marine Research Station (CVLMROS) in 
Minanga Norte, Iguig, Cagayan. This farm covers a one-hectare hatchery complex with outdoor tanks 
for the production of tilapia, carp and aquarium fish fingerlings. An accessible fish silage facility could 
be placed inside the centre. 

There are currently no fishmeal facilities operating in the area and the centre is strategically located near 
the Cagayan River. Although there can be problems related to the supply of other input materials (e.g. 
formic acid), arrangements can be made to ensure a continuous supply of these materials. The local 
poultry/pig farmers in Tuguegarao and in nearby municipalities are considered the potential market for 
fish silage.  

Utilization of tuna bycatch and processing waste in fish silage production 

The catch of the two most important commercial tuna species in the Philippines, namely yellowfin tuna 
(Thunnus albacares) and skipjack tuna (Katsuwonus pelamis) are mostly landed and traded in General 
Santos City (GSC) (Figure 5). 

Figure 5. Tuna being traded and processed in General Santos City Fish Port Complex 
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Skipjack tuna landings in GSC of 39 000 tonnes only accounted for around 28.2 percent of total 
production of this species in the Philippines in 2003 (138 000 tonnes), but it had significantly increased 
to 77.1 percent by 2017, with GSC producing 186 000 tonnes out of the total Philippine production of 
24 000 tonnes (PSA, 2018). 

The same trend can be observed in yellowfin tuna landings in GSC. In 2003 yellowfin tuna landings of 
43 000 tonnes in GSC made up 33.81 percent of the 127 000 tonnes of total Philippine production 
volume for this species (PSA, 2018). Again, there was a significant increase in the amount of yellowfin 
tuna landed in GSC, with 43.86 percent of the total Philippine production volume of 106 000 tonnes 
landed there in 2017 (46 000 tonnes).  

These two tuna species are the potential sources of raw materials for fish silage production in General 
Santos City. These sources are outlined below. 

Use of tuna bycatch in fish silage production 

In General Santos City fish port, the landings of both skipjack and yellowfin tunas are usually 
accompanied by fish bycatch. Locally known as ipit, these are small pelagic fishes that are caught as 
non-targeted species and squashed when mixed with volumes of large species, such as skipjack and 
yellowfin tunas (Figure 6). Although the amount of ipit is still undocumented, it is believed that its 
volume may amount to approximately 10 percent of the total landings of the two large species (P. Ayon, 
personal communication, 2018).   

At present, some locals process ipit into low-quality, deformed dried fish that commands a very low 
price in the market. In times of glut, these locals cannot process all of the tuna bycatch due to its large 
volumes. In this case, the ipit could very well be used in fish silage production. 

Figure 6. Tuna bycatch (locally known as ipit) in the General Santos City Fish Port Complex 
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Use of gills and other non-utilizable parts of fresh tuna for silage production 

Considering that the edible meat in skipjack and yellowfin tunas amounts to only 62 percent and 
58 percent respectively, the utilization of waste in tuna processing plants is now being performed in 
most countries. In the General Santos City Fish Port Complex, in particular, large- and medium-scale 
processors utilize their tuna waste into fishmeal. However, the fresh gills that they remove prior to 
cooking, and the other non-utilizable parts of fresh tuna (Figure 7), are generally thrown away. These 
materials can be combined and used in the fish silage production in the area. 

Alternatively, a mixture of the tuna bycatch (specifically ipit), fresh gills and other non-utilizable parts 
of fresh tuna can also be used in the fish silage production. 

The fish silage facilities could be located inside the General Santos City Fish Port Complex. Although 
there are existing fishmeal facilities in the area, the non-utilized tuna waste and bycatch could be 
processed into fish silage in these facilities. The necessary input materials (e.g. formic acid) can be 
obtained locally.  

In terms of the potential buyers of fish silage to be produced, the local poultry/pig farmers in General 
Santos City and nearby municipalities are considered the potential market for fish silage. In addition, 
vegetable farmers in nearby municipalities and provinces could also be tapped as potential buyers of the 
fish silage as a plant fertilizer. 

Figure 7. Gills and other non-utilizable parts of fresh tuna 

 

 
Social, economic, environment and technical impact of fish silage technology  

The utilization of sardine trimmings, tuna bycatch, tuna waste and the invasive janitor fish as raw 
materials for fish silage production in the Philippines could potentially lead to the following outcomes: 

a. There will be fewer environmental problems arising from the disposal of fish wastes from 
processing establishments and fish trading sites. 

This is true for places like Dipolog City, where solid wastes in bottled sardine processing are 
disposed of in nearby bodies of water. This waste increases the number of organics in the waters. 
The excessive accumulation of organic materials – most notably in rivers, lakes and nearshore 
areas – can deplete the oxygen supply in water, thereby causing anaerobic conditions with 
associated foul odours. It can also lead to an excessive production of some unwanted micro- and 
macroalgae on the water surface, which may screen the light for the bottom-dwelling organisms. 
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These wastes may also result in the overloads of nitrogen, phosphorous and ammonia that lead 
to pH variation, increased water turbidity and eutrophication.  

b. Proper waste utilization can showcase a facility that promotes the zero-waste management 
approach, not only among small-scale industry players but large- and medium-scale industries 
as well.  

One particular case in GSC – where waste that is not used as fishmeal is buried underground – 
provides an example of a common practice that should be changed. Once utilized as material 
for silage production, the new approach could showcase a different approach to fish waste 
management. 

c. The use of invasive, non-commercially important alien species, such as the janitor fish, will help 
solve the problem related to their uncontrollable invasion of water bodies. This is important in 
order to: maintain the ecological balance of the river systems, prevent economic losses among 
fishers brought about by the destruction of their fishing nets and fishing grounds by these 
invasive species, and discourage the possible extinction of some natural fish populations due to 
the introduction, advertently or inadvertently, of an invasive species. 

d. Fish silage technology can provide added income to people in coastal communities. 

Instead of throwing the fish trimmings back into the sea they can be used in the production of 
silage. An initiative could be put into place in order to encourage small-scale sardine processors 
to make use of their fish trimmings. Not only would this have environmental benefits, but it 
would also provide additional income to the people as well, most especially to the women in 
coastal communities.  

e. Encouraging its usage would increase the awareness of people that there are other natural 
sources of feed ingredients and fertilizers. 
 

There has been a recent shift in consumer preference for natural, organically fed animals as protein 
sources, as well as organically grown fruit and vegetables. Fish silage made from organic, acid-treated 
fish waste can offer an alternative to the commercially available feeds ingredients and fertilizers. 

Conclusion and recommendations 

The use of fish silage technology in the Philippines looks promising in terms of increasing the 
productivity of the fisheries sector, reducing post-harvest waste and the pressure on limited wild 
fisheries, while offering greater environmental sustainability. 

As an efficient way to maximize the utilization of waste, fish silage technology can be introduced, 
especially in coastal areas of the Philippines, where no existing waste utilization facilities are present. 
The introduction of a fish silage facility in a coastal area can also be considered as providing another 
livelihood option for the fisherfolk and women in the community. This would be the case for Dipolog 
City and Roxas City, where substantial amounts of wastes are produced.  

However, for small-scale processors in the coastal communities to become successful, batch fish silage 
processing should be considered, wherein multiple tanks can be filled up with waste and processed one 
at a time. This requires careful planning on how to set up the fish silage facility, with detailed attention 
given to its processing schedule.  

In addition, fish silage technology can also be viewed as the answer to environmental problems 
associated with:  

a. the disposal of bycatch and processing by-products that are not given much attention by the big 
industry players, as in the case of General Santos City; and 

b. the proliferation of invasive, nuisance fish species such as the janitor fish. The utilization of this 
non-indigenous and invasive species in animal and aqua feeds looks promising, as fish silage 



42 

 

technology offers an easy solution to eradicate this invasive species from an invaded ecosystem 
while providing income to fisherfolk in the community. 

Unfortunately, much has to be done to increase local awareness of fish silage, and specifically its 
production technology and potential uses. As a result, there is currently a pressing need for: 

a. Studies on the utilization of different raw materials, such as the ones identified above. In the 
first instance these must be conducted, in order to confirm their utility and establish the 
sustainability of such materials in fish silage production. 

b. The technology generated from these studies can then be transferred to the communities. Pilot 
testing of these technologies must first be conducted in the sites identified above; if successful, 
these can be extended to other areas or communities in the country. 

c. Comprehensive initial marketing efforts must be carefully planned. This is necessary to increase 
the awareness of potential buyers on the usefulness of fish silage. 

 

A number of researchable areas can also be given attention, in addition to the studies on the utilization 
of the targeted materials, as described in this report. These include the following: 

a. Studies on the extraction of bioactive functional compounds from fish silage. These may include 
the characterization of some of the lactic acid bacteria found in fish silage, which may 
potentially produce compounds with anti-biotic, anti-oxidative and anti-inflammatory 
properties; 

b. Studies on the biochemical characterization of fish silage. These can be done to establish the 
usefulness of fish silage as a good source of long chain n-3 fatty acids, as well as other essential 
nutrients;  

c. Studies on the improvement of existing fish silage methodologies. More specifically, these 
would target the fermented or biological ensiling process. They could include studies on directed 
hydrolysis, for a faster rate of fish ensiling and a lower output of the offensive smells that are 
usually associated with biological fish silage production. 

The results from these studies may likewise help in the concerted effort to enhance community 
awareness of fish silage technology, to increase the marketability of fish silage in these communities 
and elsewhere, and to encourage maximum utilization of waste in the country. 
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V. FISH WASTE MANAGEMENT: AN ASSESSMENT OF POTENTIAL PRODUCTION 
AND UTILIZATION OF FISH SILAGE IN THAILAND 

Background and rationale of the study 

Thailand has a total area of approximately 513 120 km2; it is bounded by the Gulf of Thailand on the 
east coast and the Andaman Sea on the west coast, comprising a total coastline of 2 815 km. The 
country’s aquaculture industry has developed considerably since the Department of Fisheries )DOF( 
was established in 1926. In 2015 the area used for the production of freshwater fish )earthen ponds and 
cages( was 819 883 rai )1 rai = 0.16 ha( and produced approximately 419 845 tonnes (Table 1). The 
high production species are tilapia (Oreochromis niloticus), hybrid catfish (Clarias macrocephalus), 
silver barb (Puntius gonionotus), striped catfish (Pangasius sutchi), giant prawn (Macrobrachium 
rosenbergii), snake skin gourami (Trichogaster pectoralis), giant gourami (Osphronemus goramy), 
snake head (Channa striata) and frog (Rana spp.), respectively. The area used for the production of 
marine fish )earthen ponds and cages( in 2015 was 10 673 rai, which produced 19 508 tonnes. Most of 
the production was seabass (17 250 tonnes) followed by grouper (2 258 tonnes; about 13 percent of total 
production(. The most important aquaculture industry of Thailand is marine shrimp. Unfortunately, the 
outbreak of EMS )early mortality syndrome( spread to Thailand and has severely impacted the shrimp 
industry since the end of 2012. Production subsequently dropped to less than half of the previous record. 
By the year 2015, total production of cultured marine shrimp remained at 294 816 tonnes, about 
95 percent of which was white shrimp production (Table 2) (DOF, 2019). 

Table 1. Quantity and value of aquaculture production in Thailand by sub-sector, 2007–2016 

Year  Coastal aquaculture  Freshwater aquaculture  
Quantity  

(1000 tonnes)  
Value** 

(Million USD)  
Quantity 

(1000 tonnes)  
Value** 

(Million USD)  
2007 845.3 1 607.30 525.1 644.80 
2008 808.3 1 683.50 522.5 698.40 
2009 894.8 2 032.20 521.9 711.40 
2010 755.4 1 972.80 496.6 718.80 
2011 817.0 2 577.40 384.4 642.50 
2012 817.7 2 540.60 454.3 766.30 
2013 561.5 1 995.20 435.8 777.50 
2014 482.6 1 777.20 415.1 757.00 
2015 508.7 1 667.10 419.8 771.00 

2016* 499.6 1 637.20 381.6 715.00 
* personal communication 
** 1 USD = 30.53 Thai Baht 
Source: DOF, 2019.  
 

Table 2. Yield and value from coastal aquaculture by main species (2011–2015) 

Year Marine fish Marine shrimp 
Production 

(1 000 tonnes) 
Value  

(Million USD) 
Production 

(1 000 tonnes) 
Value  

(Million USD) 
2011 18.9 83.00 611.4 2 327.30 
2012 22.2 78.10 609.7 2 342.30 
2013 19.3 61.40 325.4 1 798.10 
2014 19.1 79.70 280.0 1 595.20 
2015 19.5 79.50 294.8 1 436.80 

** 1 USD = 30.53 Thai Baht 
Source: DOF, 2019. 
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Thailand's fishery industry has developed and become one of the world's largest fishery exporters, 
generating about 20 percent of the country’s total food product exports. Major export items that account 
for over 70 percent of total fishery product exports are canned tuna and sardines, processed shrimp, 
prawn and squid. Raw material sourced from both the Andaman Sea and Gulf of Thailand are decreasing 
year by year and the industry increasingly relies on imported raw material such as pollock, salmon and 
other white and red meat fish (Ngamprasertkit, 2018). The seafood industry has yielded waste in the 
form of wastewater and solid waste, which can result in poor sanitation for employees and the 
surrounding community; the management of waste from the seafood processing industry is therefore 
necessary. The categorization, quantitative estimation and waste utilization of fishery industry has been 
reported by Akara-aree, Aed-sen and Kusikanan (2015), while the management of all inedible fish waste 
from seafood industries in Thailand has investigated by Mekpiroon et al. (2016). 

However, there is no up-to-date information available on fish waste and fish waste management in the 
small-scale processing community. A study of the status of fish waste management is therefore required, 
with a focus on the potential production and utilization of fish silage in Thailand. 

Objectives 

a. Identify three potential aquaculture sites for the production and utilization of fish waste.   

b. Gather and analyse data and information on the production and utilization of fish silage at each 
site, specifically: 
- volume (in tonnes) and value (in USD) of fish waste generated in the selected sites; 
- existing technology used in fish waste processing and utilization; 
- social, economic, environment and technical impact of existing fish waste utilization; 
- presence of fish silage technology and information on how to further improve fish waste 

management and utilization. 
 

Literature review 

Thailand has successfully developed its fishery industry and has become one of the world’s largest 
fishery exporters, generating about 20 percent of total Thai food product exports. Ngamprasertkit (2018( 
reported that total fishery exports increased by four percent from USD 5.6 billion in 2016 to 
USD 5.8 billion in 2017. Major seafood exports in 2017 included canned tuna )USD 2.1 billion(, 
processed shrimp/prawns )USD 1.8 billion(, processed squid/cuttlefish )USD 345 million( and canned 
sardines )USD 108 million(; these account for three-quarters of the total fishery exports. Processing 
waste from the manufacturing industry can cause serious environmental pollution problems unless it can 
be used as food or value-added products for human consumption, fertilizer or animal feed. The processed 
fishery industry in Thailand is divided into two major categories: frozen seafood factories and processed 
(cooking/canning) seafood factories. During the processing of fishery products, waste occurs in the form 
of wastewater and solid waste. Solid waste from the fishery industry mainly consists of heads and guts, 
bones and meat scraps, blood and rejected whole fish; these respectively account for 75 percent, 
16 percent, 6 percent and 3 percent (Mekpiroon, Lerdrattranataywee and Jutidamrongphan, 2016). In 
bigger industrial fish processing units, by-products are often processed into fishmeal and fish oil 
(Toppe et al., 2018). Canned tuna processors in Thailand are able to turn waste into fishmeal, fish and 
bone meal, fish hydrolysate and fish soluble (Thanakiatkai, 2003). Meanwhile, surimi processing 
companies convert large amounts of trimming waste into fishmeal as a main product (Yongsawatdigul, 
2013). 

Fish waste 

Fish waste can also be used for the production of various value-added products such as proteins, amino 
acids and bioactive peptides, oil, minerals, enzymes, collagen and gelatin (Ghaly et al., 2013). Esteban 
et al. (2007) reported that fish waste (as dry matter, DM) from Salamanca (Spain) contains 58 percent 
crude protein, 22 percent ash, 19 percent fat (ether extract) and 1 percent crude fibre. Moreover, this 
waste contained a large variety of macro (Ca, P, K, Na, Mg) and micro (Fe, Zn, Mn and Cu) minerals. 
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Table 3 lists the estimated amount of waste and utilization from seafood processing industries in 
Thailand as reported by Akara-aree, Aed-sen and Kusikanan (2015).   

The processing of Pangasius bocourti fish (Pla Mong) filleting produced approximately 70 percent 
waste, which comprised of heads, guts, skins, bones, trimmed fatty flesh and belly flesh; these amounted 
to 21.7 percent, 5.5 percent, 4.4 percent, 14.3 percent, 7.8 percent and 18.9 percent, respectively. Waste 
was utilized for value-added products, particularly as functional foods and nutraceutical products. The 
proximate composition of waste from large fish ranged from 42.25–76.54 percent moisture,  
12.40–31.51 percent protein, 9.28–41.99 percent fat and 0.37–14.28 percent ash. Similarly, the waste of 
small fish contained 45.66–77.71 percent moisture, 12.63–27.2 percent protein, 15.80–40.69 percent fat 
and 0.42–13.72 percent ash. The waste from tuna canneries in Thailand consisted of about 31.24 percent 
cooked tuna head, bone, skin and raw viscera. The analysis of cooked skipjack tuna heads showed  
7–8 percent fat, which is higher than raw viscera with 2–3 percent fat (Aungkatawiwat, Detkamhaeng 
and Hinsui, 2014).  

The shrimp processing industry is the most important fishing industry in Thailand. Generally, the head, 
shell and tail portion are removed during processing and these account for approximately 50 percent of 
raw materials (Reerueangchai, Suwannarat and Hinsui, 2014). The chemical composition of the white 
shrimp’s (Litopeneaus vannamei) head and shell from a cold storage company in Samutsakorn province, 
Thailand, are shown in Table 4. Shrimp head contains protein, moisture and fat in similar quantities to 
shrimp shell. The protein content in both heads and shell were 12.90 percent ± 0.15 and 13.18 percent 
± 0.09, respectively. Saenphoom et al. (2018) reported that the chemical composition of a shrimp shell 
meal product contains 22.80–56.95 percent crude protein, 0.95–9.80 percent fat, 15.64–56.00 percent 
ash, 1.18–29.75 percent crude fibre, 0.75–16.69 percent calcium and 9.82–30.44 percent chitin, 
although this depends on the source of the raw material and the processing method used 
(Chitsatchapong, 2009; Khantaphant and Akkarachaneeyakorn, 2017). Large amounts of shrimp heads 
and shells are used as raw material for value-added products such as in natural carotenoprotein and 
chitin/chitosan production. Recently, a Thai startup company has turned shrimp cephalothorax waste 
into a premium snack called “Shrimp Chins Snack” for human consumption, which means that all solid 
waste from the shrimp processing industry can be utilized rather than disposed. 

Table 3. Type of fishery products and percentage of waste and waste utilization 

Type of products Percent of waste Utilization 
1. Shrimp and shrimp products 

1.1 Frozen and chilled 42 - Animal feed 
- Value-added products (chitin and chitosan) 

1.2 Dried shrimp 10 - Animal feed 
- Fertilizer 

2. Fish and fish products 
2.1 Tuna (chilled and frozen) 37–45 - Fishmeal 

- Animal feed 
- Value-added products (fish sauce from viscera,      

frozen by-products etc.) 
2.2 Salmon (chilled and frozen) 25–30  - Value-added products (fried skin, snacks etc.) 

- Fishmeal 
2.3 Canned tuna 35–40 - Fishmeal 

- Value-added products (condensed soup from 
steamed tuna soup, by-product etc.)  

2.4 Canned sardine and    
mackerel 

35–40 - Fishmeal 
- Value-added products (condensed soup from 

steamed tuna soup etc.) 
- Discard 

2.5 Dried fish 36–41 - Fishmeal 
- Animal feed 
- Discard 

2.6 Surimi 40–42 - Fishmeal 
- Discard  
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Type of products Percent of waste Utilization 
3. Squid and squid products 

3.1 Chilled and frozen 23-40 - Animal feed 
- Value-added products (cosmetic, ingredient in 

snacks, chitin and chitosan, squid balls etc.) 
3.2 Dried 24-41 - Animal feed 

- Value-added products (cosmetics, ingredient in 
snacks, chitin and chitosan etc.) 

4. Mollusc and mollusc products 
4.1 Cooked bivalve molluscs 90 - Animal feed 

- Discard 
5. Crab and crab products 

5.1 Chilled, pasteurized 80 - Animal feed 
- Value-added products (broth, by-product etc.) 

Source: Akara-aree, Aed-sen and Kusikanan, 2015. 
 
Table 4. Chemical composition of fresh white shrimp (head and shell) 

Shrimp 
portion 

Chemical composition content (percent) TVB-N 
(mg/100g) Crude Protein Moisture Ash Fat 

Head 12.90 ± 0.15 78.28 ± 0.39 5.25 ± 0.11 4.23 ± 0.35 9.00 ± 1.44 

Shell 13.18 ± 0.09 77.07 ± 0.59 4.93 ± 0.14 3.39 ± 0.58 8.50 ± 1.53 
Source: Reerueangchai et al., 2014. 
 
Fish waste utilization 

Fishmeal  

Fishmeal has been the most important ingredient for livestock and aquatic animal production. Table 5 
shows the ratio of fishmeal used in animal feed components. Fishmeal ranks as the first solid waste  
by-product from fish and fish products, given that it has a high protein content and balanced amino 
acids. A proximate analysis of fishmeal produced from the residue of surimi fish processing contained 
of 60.9 percent crude protein, 10.2 percent ether extract, 3.6 percent moisture, 0.7 percent crude fibre, 
24.1 percent ash, 7.5 percent calcium and 3.4 percent phosphorus. The amino acid profile was similar 
to the regular fishmeal generally used in the feed industry (60 percent crude protein). The metabolized 
energy, however, was 2 614 kcal/kg which was lower than other kinds of fishmeal (Ploypradith, 
Attamangkune and Trivutthanon, 2003). Likitrattanaporn (2016) reported that catfish processed as dried 
fish, pickled fish and fish sausage is an important industry that provides income and boosts the local 
economy. Over 50 percent of the total catfish weight is lost as a waste product. Most of the processing 
waste is used as an organic fertilizer, which does not provide any direct income to the fish farmers. 
Preliminary research into transforming catfish waste into fishmeal by steaming and boiling methods has 
been undertaken. The chemical composition of fishmeal from both processing methods provide a similar 
result of 36 percent crude protein, 15 percent fat, 36 percent ash, 6–8 percent moisture and  
12–15 percent calcium.   

Table 5. Fishmeal requirements in animal feeds 

Animal type Percentage of fishmeal used in feed 
Boiler 0–10 

Layer breeder 5 
Laying hen 7 
Meet Duck 8 
Layer Duck 6 

Cow 1 
Swine 6 
Shrimp 35 

Fish 20 
Source: Modified from S. Thanakiatkai, 2003. 
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Fish silage/fish protein hydrolysate product 

Fish silage consists of minced fish by-products or minced whole fish not suitable for human 
consumption, with a preservative added to stabilize the mixture. Usually the preservative is an organic 
acid such as formic acid. Alternatively, a fermentable carbohydrate and a lactic-acid-producing bacterial 
starter culture are mixed with the minced fish. Enzymes that are active in acid pH range – predominantly 
from the fish guts – will then break down proteins into peptides and amino acids by autolysis, leaving a 
liquid solution rich in low molecular nutrients and, depending on the fat content, an oil phase (Toppe et 
al., 2018). Protein hydrolysate can be prepared from head and gut portions with the enzymatic method, 
which results in products that have a high protein content (75–80 percent crude protein) and are rich in 
amino acids, which can be used as food and feed (Suwansakornkul and Jongrittiporn, 2011). Thai 
researchers (Wisuthiphaet, Kongruang and Chamcheun, 2015) compared the production of FPH by acid 
and enzymatic hydrolysis from low-value marine fish, ponyfish (Eubleekeria splendens), yellow stripe 
trevally (Selaroides leptolipis) and mackerel (Decapterus maruadsi) purchased from the local fish 
market. Their results revealed that low-value marine fish had the potential to be utilized as a protein 
source for producing protein hydrolysates. Acid hydrolysis seems to be a more efficient and 
economically appropriate method for FPH production when intended for animal feed. It can create 
hydrolyzed protein in a shorter period of time when compared to enzymatic hydrolysis, owing to the 
higher degree of hydrolysis obtained. Raikate et al. (2011) previously produced liquid protein 
hydrolysate from the viscera of red tilapia by using papain hydrolysis. The results showed that 
0.75 percent papain (w/w) with pH 6.3 at 25 °C for 90 minutes provided a 40 percent yield, yielding 
23 percent protein product from 15 percent protein raw material. Ruangdej et al. (2015) reported that 
65 percent waste is generated from tilapia processing as the heads, bones, fins, offal and others. Instead 
of using this as a low-cost animal feed or discarding, they attempted to turn tilapia waste into a valuable, 
nutrient-rich product using the enzymatic technique. This resulted in a dried fish silage product. Since 
dried fish silage contains a high amount of low molecular nutrients, it tends to be used as feedstuffs for 
aquatic animals rather than livestock. However, 15–20 percent of fish offal silage meal (FOSM) is 
suitable as a feed supplement in broilers’ diet (Siriwan, Panya-in and Panitwiriyaporn, 2007). Dried fish 
protein hydrolysate can be substituted with 15-percent fishmeal content in the diets of juvenile hybrid 
catfish (Ruangdej, Laohavisuti and Jongput, 2015) and 50 percent in red tilapia (Oreochromis niloticus 
x O. mossambicus) diets without depressing growth performance (Khieokhajonkhet, 2018). However, 
30 percent fish silage from the head and viscera of marine fish – yellow stripe trevally (S. leptolipis) – 
fermented with commercially effective microorganisms in red tilapia diets showed the best feed 
utilization (Koedprang and Phumee, 2015).  

Generally, mass-produced shrimp waste from processing plants is comprised of discarded heads and 
exoskeletons that are partially converted to shrimp meal for use as animal feedstuffs. Chitsatchapong 
(2009) found that 15 percent shrimp-shell meal in a broiler’s diet clearly shows prebiotic properties. 
Saenphoom, Chimtong and Seesawhea (2018) studied the improvement of shrimp meal as prebiotics for 
animal feed using the chemical method. The chito-oligosaccharides extracted from shrimp meal 
increased the growth of Lactobacillus acidophilus and inhibited the growth of Escherichia coli. The 
utilization of shrimp waste as feedstuffs for aquatic animals was conducted by Thongprajukeaw (2014) 
in Songkhla province, southern Thailand. This research found that a microwave irradiation method 
improved nutrient quality and carotenoid concentration, as well as the physicochemical characteristics 
of shrimp waste; it therefore enhanced in vitro protein digestibility using digestive enzyme extracts from 
Nile tilapia. Kuakaew et al. (2012) produced protein hydrolysate by fermenting shrimp waste obtained 
from seafood manufacture in Chonburi province, eastern Thailand; they used Lactobacillus plantarum 
541 (Figure 1), followed by freeze-drying and grinding. The nutritional value of dried shrimp waste 
hydrolysate is 52 percent crude protein, 8 percent fat, 13 percent ash, 0.6 percent fibre and 26 percent 
carbohydrate. This type of product can replace 30 percent fishmeal in the diet of juvenile seabass (Lates 
calcarifer, Bloch 1790).  
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Figure 1. Shrimp waste hydrolysate produced from bacterial fermentation (powder product)  

 

 
 

Source: Modified from Kuakaew et al., 2012. 

Source: Modified from Kuakaew et al., 2012) 

Other value-added products 

The utilization of catfish processing waste as fish oil, achieved using the microwave pre-treatment 
technique, has been reported by Chimsook and Wannalangka (2015). All wastes from the hybrid strain 
of Pangasianodon gigas and P. hypothalamus were microwave pre-treated at 2 450 MHz with a power 
of 1.25 kW; the oil was then extracted with 2.0 percent alcalase enzyme for 2 hours. Catfish oil has 
about 9 percent fat and low lipid oxidation, which are within the acceptable standards for edible fish 
oils. Suwansakornkul and Jongrittiporn (2011) produced fish gelatin with a gel strength and viscosity of 
485–550 g and 120–137 millipoises respectively, from the skin of Pangasius bocourti as well as calcium 
powder, made from fish bone. Acid-soluble collagen extracted from Nile tilapia skin has been studied 
by Inthuserdha and Chiradetprapai (2015). The hydroxyapatite from tilapia scales are utilized as 
functional food (Kongsri et al., 2013).   
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Fish fertilizer 

There are several reports on the utilization of fish waste as fish fertilizer. Thanawat (2015) fermented 
minced tilapia (3 kg) for 3 months with water and 25 g of microbial super LDD 2 (which contains 
Pichia membrainifaciens, Lactobacillus fermentum, Bacillus megaterium, B. subtilis and Burkholderia 
unamae) then separated the residue and liquid. The fermented fish waste solution was diluted with used 
water from the hydroponic system at 1:500 and 1:1 000 concentrations for the purple basil (Ocimum 
basilicum L.) grown in a hydroponic culture. At a ratio of 1:1 000 the results showed the highest relative 
growth rate in terms of root (dry weight), shoot (dry weight) and specific leaf weight, as well as the 
highest antioxidant levels when compared to other treatments (e.g. vegetable extracts, herb extracts).  

A fish bio-extract was produced by Chanmag, Phasuk and Gerdthum (2009). Its primary and secondary 
nutrient elements were analysed, then sprinkled on Brassica chinensis var. chinensis plants. Results 
showed that nutrients from fish bio-extract consist primarily of the following elements: nitrogen, 
phosphorous and potassium, in amounts of 47.536, 28.366 and 25.033 g/L, respectively. Its secondary 
nutrient elements are calcium, magnesium and sulphur, in amounts of 8.876, 1.876 and 0.957 g/L, 
respectively. The extract’s sprinkled concentration levels varied between 1 percent, 2 percent, 3 percent 
and 5 percent (v/v) and sprinkling intervals varied from 7 to 9 to 12 days. The best conditions for 
growing of plants using hydroponics involves 7 days of sprinkling with a concentration of 3 percent 
(v/v). Somsab, Chinachit and Srisakultiew (2014) investigated the use of fish fertilizer instead of 
chemical fertilizer in order to induce growth in young plants during the commercial production process 
of Anubias barteri – a beautiful aquatic plant used in aquarium decoration. Fish fertilizers were produced 
from tilapia intestine waste and small tilapia at various concentrations (1:200, 1:400, 1:600, 1:800, 
1:1 000). The 1:1 000 dilution of intestine waste showed the highest increased in fresh weight, leaf 
number per plant, leaf width and length, root number per plant and root length. 

The Land Development Department (LDD), Ministry of Agriculture and Cooperatives launched a leaflet 
on the production and application of liquid fertilizer by using 40 kg fish waste, 20 kg molasses and, 
1 pack (25 gram) microbial activator supper LDD 2 in a 200-litre container with 80 percent water for 
25–30 days. They suggested mixing 1 litre of fish fertilizer with 100–150 litres of water, which should 
be sprayed on plant leaves every 7–10 days. In the case of soil fertilization, 1 litre of fish fertilizer should 
be mixed with 50 litres of water on tree root three to four times/year (Land Development Department, 
2011). 

Methodology 

Data collection 

The study was conducted through in-depth interviews of the leaders and representatives of local small-
scale freshwater fish processing communities.  

Selection of the study site 

Case study sites were identified by the competent authorities in Thailand based on the potential of 
production areas, freshwater fish aquaculture production, capacity of fish processing and specific 
species (Figure 2 and Table 6). Table 6 summarizes the production and value of the main freshwater 
species. Tilapia has the highest production rate, followed by catfish, snakeskin gourami, silver barb, 
stripe catfish, freshwater prawn, snakehead and common carp. Ang Thong, Chiang Rai and Pathum 
Thani provinces were selected for the case studies. All study sites have received training from DOF on 
fish processing technology knowledge. Ang Thong province is located in central Thailand, where 
snakehead fish (Channa striata) products are of the best quality. Snakehead fish production accounts 
for approximately 60 percent of total production from these sites. Chiang Rai is located in the north 
where tilapia is the main aquaculture species. Total aquaculture production in Chiang Rai in 2015 was 
12 351 tonnes, with tilapia accounting for 95 percent of production.   
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Figure 2. Number of farms, culture areas and total production in each site  

 
Source: Modified from DOF, 2019. 

 

Table 6.  Yield and value by main species from freshwater aquaculture (2011–2015) 

Species 
 

Year 
2011 2012 2013 2014 2015 

Tilapia 
Yield (1 000 tonnes)  155.5  203.0  197.6  189.9  205.9  
Value (million USD) 260.4 340.7 329.8 331.6 371.5 

Catfish 
Yield (1 000 tonnes)  100.9   124.5   120.3   113.8   114.2   
Value (million USD) 162.7 201.4 196.7 189.2 185.7 

Silver barb 
Yield (1 000 tonnes)  30.4  33.3  30.0  28.7  30.5  
Value (million USD) 86 88 68 68.7 71 

Snakehead fish 
Yield (1 000 tonnes)  3.8   4.1   3.8   4.3   3.0   
Value (million USD) 68.6 70.7 48.2 53 51.6 

Freshwater prawn 
Yield (1 000 tonnes)  21.1   18.7   18.2   16.9   16.2   
Value (million USD) 132.2 133.2 148.3 137.8 133.9 

Source: DOF, 2019. 
 

Results and discussion 

Ang Thong  

Ang Thong Fishery and Fishery Processing Cooperative Ltd. was selected as representative of the Ang 
thong site. The cooperative is comprised of two groups: first, the snakehead fish (Channa striata) farmer 
and fish processing group, which comprises 55 members in total. Forty-four farmers produce 
approximately 200 tonnes snakehead fish per year from a culture area of 15 acres (90 rai). Of the 
200 tonnes of fish produced, 150 tonnes are sold as fresh or live fish. The remaining 50 tonnes of fish 
are processed into sun-dried headless fish (Figure 3), fermented fish products and chili paste fish 
products with volumes of 30 tonnes, 10 tonnes and 10 tonnes, respectively. Of these remaining 
50 tonnes, 50 percent is waste from the fish processing production. The waste is divided into four types 
as heads and bones, visceral parts including eggs, intestines and fish scales (Figure 4 and 5). The fish 
heads and fish bones are converted into fish sauce by the processing members, while the viscera and 
fish eggs are sold to restaurants or a middleman. Fish intestines are usually thrown away or sold to a 
catfish farm at the price of THB 1–2 per kilogram.2 Meanwhile, the scales of large fish are dried for two 
weeks and sold to collagen producers. In Ang Thong, the salt fermentation technique is accepted as the 

                                                      

2 Where 1 USD = THB 30.53. 
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most beneficial fish waste management method in terms of economic and environmental impact. 
Nevertheless, the limited number of fish sauce or fermented fish product containers is a limiting factor 
that leads to a high amount of leftover fresh fish. The group has no awareness of fish silage but they 
used to ferment vegetable or food waste effectively, using microorganisms and pineapples as the 
fermented solution. They are interested in learning more about fish waste management and the use of 
fish silage as an animal feed or fertilizer since it would be beneficial and cost-effective for members in 
terms of its higher price, and the time and labour invested in the technology. However, they have doubts 
over the chemical used in the fish silage technique, given they are concerned about chemical residues in 
their product. 
 

Figure 3. Main products from Ang Thong Fishery and Fishery Processing Cooperative Ltd. 

 
 
 
Figure 4. Diagram of snakehead fish waste from total production from Ang Thong Fishery 
and Fishery Processing Ltd  
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Figure 5. Ang Thong Fishery Processing Cooperative Ltd. (A) A member filleting snakehead 
fish, (B) Heads and intestines, (C) Drying headless fish product and (D) fish scales drying 

 
 

 

Chiang Rai 

Phan Fisheries Cooperative Ltd. is representative of the Chiang Rai survey site located in the north of 
Thailand. This cooperative focuses on tilapia culture and tilapia products only (Figure 6 and Figure 7). 
They have 400 members in total but only 270 members are frequently active. They mainly produce 
frozen tilapia fillets, crispy tilapia with herbs and fried salted tilapia. These three products account for 
approximately 40 percent of the total yearly tilapia production of 6 tonnes per year. Of the total 
production 60 percent (3.6 tonnes) is wasted, while 80 percent of total waste is fish heads and fish bones, 
followed by the viscera and intestines (15 percent), and fish scales (5 percent) (Figure 8). Fish heads 
and fish bones are sold fresh in the neighborhood at the price of THB 10 per kilogram, while chilled fish 
heads and bones are sold to crocodile or duck farms at the price of THB 3 per kilogram; occasionally 
members who produce rice also request them to make fertilizer. Fish viscera and intestines waste is 
usually thrown away, while fish scales are washed and sun-dried to be sold to collagen producers at 
THB 18 per kilogram (Table 7). The cooperative does not have any technology for the processing and 
utilization of waste, but they plan to dry fish bones and sell them as animal feed in the future. A few 
members convert dead fish into fermented fish, either using bacteria products (such as Microbial 
Activator Super LDD 2 and Microbial Activator Super LDD 6, distributed by the Department of Land 
Development (DLD), Ministry of Agriculture and cooperatives) or lactic acid bacteria (Por Mo.1), 
which is produced by the Department of Fisheries (DOF) and results in liquid fertilizer.  They have no 
awareness of the use of organic acid in fermentation but intend to acquire more knowledge of fish silage 
technology for the cooperative’s benefit. 
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Figure 6. Frozen tilapia produced by Phan Fisheries Cooperatives: (A) whole fish, (B) fillets, 
and (C) skin 

 

 

Figure 7. Processed products from tilapia: (A) crispy fish and herbs and chili paste, (B) crisp 
rice and (C) dried fillet 
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Figure 8. Diagram of tilapia waste from total production from Phan Fisheries Cooperative  

 
 
Table 7. Estimated tilapia waste production, utilization and value from Phan Fisheries 
Cooperatives 

Type of waste Quantity (kg/year) Utilization Value (USD) 
Fresh head and bone 
(leftovers are chilled and can be 
sold for THB 3/kg) 

2 880 fresh animal feed 943.3 

Gut and intestine 1 620 discard - 
Scale 3 240 Sale to collagen 

producer 
106.1 

Total 33 660  1 049.4 
 
 
Pathum Thani  

Lam Sai Subdistrict, Lamlukka District 

Lam Sai Pattana Community Enterprise is the first of two representatives of the Pathum Thani site 
nearby Bangkok. This community is a group of 15 members that produce made-to-order sun-dried fish 
products (catfish and tilapia, see Figure 9). The group leader farms his own catfish but almost all the 
raw materials are purchased from other fish farmers within Pathum Thani Province. Approximately 
3 tonnes of raw materials are used per month.  Forty percent of the total raw material is produced as 
processed product, while 60 percent goes to waste (Figure 10). Fish head and fish bones are also 
sometimes used as feed for catfish (Figure 11). Almost all of the waste is distributed to a fish fertilizer 
producing group located near the area since Lam Sai Subdistrict Municipality adopted a strict 
enforcement of waste management measures. The group leader also received training from the fish 
fertilizer producing group to produce the liquid fertilizer. He ferments fish waste for backyard hen 
rearing in his farm using leftover vegetables or household waste, mixing it with a microorganism. 
Quality eggs are produced and sold in the neighbourhood. The liquid fertilizer production technique 
involves the fermentation of pineapple peel with the microbial activator super LDD 2 for at least 3 
months before use (Figure 12). Nevertheless, the group leader would prefer to learn more about other 
techniques with a shorter turnaround time. 
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Figure 9. Dried tilapia (A) and catfish (B) produced by Lam Sai Pattana Enterprise 

 
 
 
 
Figure 10. Diagram of fish waste from Lamsai Pattana Enterprise community 

 

Figure 11. Catfish pond and mincer machine 
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Figure 12. Liquid fertilizer with microbial activator super LDD 2 

 
 

Bueng Kham Proi subdistrict, Lamlukka district 

The food processing community enterprise Bueng-Kham-Proi Catfish Processing Center is another 
representative of the Pathum Thani area. This community only produces salted dried catfish products, 
and purchases approximately 1 tonne of catfish per month (Figure 13). Fish waste is divided into two 
parts: as heads, which make up 10 percent of raw material, while 5 percent is viscera and intestines. The 
viscera and intestines are converted into fish oil by the community and sold for THB 16 per litre. 
Previously, the Bueng-Kham-Proi group used to ferment fish heads with molasses and pineapple and 
LDD bacteria, applying it as fertilizer when growing their own plant and paddy fields. However, during 
the fermentation process, they omitted the grinding step prior to fermentation, which lead to a longer 
production phase and an unacceptable smell before the process completed. Nowadays, the fish fertilizer 
producer group takes away the head portion from this area for the same reasons as mentioned above 
with the Lam Sai community, i.e. strict local enforcement of waste management measures. 
 

Figure 13. Diagram of fish waste from Bueng-Kham-Proi Catfish Processing Center, 
Pathum Thani 

Conclusion and recommendations 

The current survey of fish waste in Ang Thong, Chiang Rai and Pathum Thani indicate the existence of 
high quantities and varieties of freshwater fish waste in each area. The survey also revealed that most of 
solid fish waste from the selected areas is turned into various valuable products. In Ang Thong and 
Chiang Rai fish waste primarily consisting of intestines is sold to the middlemen for sale to local 
consumers and feeding to farmed fish. Meanwhile, most of the fish wastes from Pathum Thani are 
distributed to fish fertilizer producers for vegetables and paddy fields in light of the tightened 
enforcement of waste management measures by the local municipality, since fish waste fermentation 
generates unacceptable odours. Visceral wastes from catfish processing in Pathum Thani are made into 
fish oil for consumer sale, while fish scales are collected for collagen products. Representatives from 
the various communities have shown an interest in fish silage technology to develop production of an 
animal feed that is of higher value than fertilizer. So far, fish silage production is not being practised in 
small-scale processing communities in Thailand, unlike the industrial food processing sector. The 
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provision of substantial and skilled hands-on training is therefore recommended. Fish wastes should not 
be applied directly to aquaculture ponds as this may cause environmental problems and result in the 
transmission of fish diseases. Liquid wastes from small-scale food processing should be properly 
managed to prevent the leaking of water pollutants, which cause unpleasant odours and pollution. 
 
Sufficient hands-on training should be provided to small-scale communities, covering the main 
principles of fish silage production, its storage and utilization, as well as financial support. Moreover, 
information on relevant regulations on animal feed and feed ingredients such as the Feed Quality Control 
Act (2015) must be considered when turning fish waste into animal feed or feed ingredients for sale in 
Thailand.  
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VI. CONCLUSIONS AND RECOMMENDATIONS 

The quantity and quality of fish processing waste generated in Bangladesh, the Philippines and Thailand 
depend on the countries’ respective seafood processing industries. Each country implements and 
practises their own policies on waste management. Mostly large-scale processing companies usually 
process fish waste and convert it into fish oil and fishmeal. However, challenges such as the 
unavailability of waste disposal facilities and programmes for small-scale fish processors and fishing 
communities often result in missed opportunities to utilize this waste for potential economic gain. As 
well as the loss of potential income, the waste can contribute to environmental pollution if not properly 
disposed. 

The processing waste from shrimp and fish processors in some areas of Bangladesh is usually sold to 
local intermediaries or middlemen, before being sold for local consumption or as feed ingredients to fish 
farms. Some local collectors export processing wastes like the air bladder, scales and fins to other Asian 
countries. Fish silage has not been studied in Bangladesh, but there is a potential for its production owing 
to the high volumes of waste generated by seafood processors. 

In the Philippines, the extent of post-harvest losses and waste is difficult to quantify and document as 
there is no comprehensive, up-to-date research available. Fish processing waste in the country is mainly 
converted to products such as fish crackers from tuna skin, dried marinated fish bones, snack items 
fortified with dried powdered bones from deboned milkfish, and fish sauce and fish paste from fish 
viscera. Some non-food products are produced as well, including fishmeal from tuna processing waste, 
leather from fish skin, and protein concentrates from fish and shrimp processing waste used in feed 
manufacturing. Currently, fish silage technology is not available in the country, but it could be 
introduced – especially in coastal areas in the Philippines where there are no existing waste utilization 
facilities. 

The study in Thailand concluded that most of the solid waste generated by fish processors in the selected 
areas are converted into valuable products like fish feeds, fertilizer, fish oil and collagen. Fish silage 
production is not being practised in small-scale processing sites, although they are already using similar 
techniques like hydrolysis and fermentation to convert fish waste into liquid fertilizer. The communities 
expressed their interest in knowing more about fish silage technology. 

The introduction of the fish silage technology to Bangladesh, the Philippines and Thailand is promising 
in terms of increasing the productivity of the fisheries sector, reducing fish processing waste and 
reducing the pressure on limited fishery resources. It could also contribute to improved social, economic 
and environmental sustainability. 

However, when introducing the technology the following recommendations could be useful, particularly 
in small-scale fishing communities: 

a. Conduct workshops in each country in coordination with relevant authorities, fishers and the 
private sector to build capacity and promote an awareness of fish waste management. This 
should include the utilization of fish processing by-products, such as converting by-products 
into value-added products such as fish silage. 

b. Conduct pilot-scale production of fish silage in partnership with local authorities and the private 
sector, who will study the feasibility and replicate it in fishing communities. Such pilot schemes 
should focus on the following: 

- availability of fish processing waste, including the quantity, quality and the means of 
collecting; 

- availability of acid, as the acquisition and use of acids are restricted in some countries; 
- availability of equipment and facilities for production and storage; 
- potential market and demand for the fish silage. 

c. Promote the use of the technology in relevant fishing communities based on the results of the 
pilot scale trial. 
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d. Develop information, education and communication materials to raise and disseminate 
awareness of the improved use of fish by-products and the potential technologies available for 
this. 
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ANNEXES 

Annex 1. Seafood processing industry survey form 

1. Name of the processing industry:  .................................................................................................  

2. Company address:  ........................................................................................................................  

3. Annual production capacity:  ........................................................................................................  

4. What types of fish and shrimp are produced here?  ......................................................................  

5. Types of products exported:  .........................................................................................................  

6. Quantity of the products exported every year:  .............................................................................  

7. How much (%) waste is produced from a fish?  ...........................................................................  

8. How much (%) waste is produced from a shrimp and prawn?  ....................................................  

9. Amount of wastage produced:    kg/day   kg/month   kg/year 

10.  How does your industry manage the seafood waste?  ..................................................................  

11.  Do your industry utilize the fish by-products:   Yes    No 

12. If YES, then which types of products your industry commonly prepared from fish wastage? 

  .......................................................................................................................................................  

13. What type of technology is used for the processing and utilization of wastage? 

  .......................................................................................................................................................  

14. If the answer of the question number 11 is NO, then what do you do of the wastage: 

 Throw outside  Recycling   Sell to others  Other 

15. What are the impacts of the technology you are using in fish waste management? 

 Socially Accepted  Not accepted  Others 

 Economical  Non-Economical   Others  

 Environmentally friendly  Unfriendly  Others 

16.  Are you satisfied with that technology used in waste management?   Yes    No  

17.  If the answer is NO, then could you explain why you are not satisfied with the technology: 

  .......................................................................................................................................................  

18. Do you have idea about fish silage?   Yes    No 

19. If yes, could you explain a little bit more?  ...................................................................................  

20. Impact of existing fish waste utilization on: 

 Social  ............................................................................................................................................   
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 Economical ...................................................................................................................................  

 Environmental ……………………………… ..............................................................................  

21. Could you please express your views on the potential of the utilization the fish wastage? 

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

 
 
 
Date………………….  Full name and signature of Surveyor ……………….…...… 
 
 

Thank you so much for your support. 
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Annex 2. Feed mill survey form 

1. Name of the industry:  ...................................................................................................................  

2. Company address:  ........................................................................................................................  

3. Annual production capacity:  ........................................................................................................  

4. What types of feeds are produced here?  ......................................................................................  

5. Types of feed ingredients imported: .............................................................................................  

 .......................................................................................................................................................  

6. Quantity and cost of the fishmeal imported every year by your industry:  ...................................  

7.  How does your industry manage the scarcity of most expensive fishmeal? ................................  

8.  Does your industry utilize the fish by-products?     Yes    No 

9. If YES, then which types of products do your industry commonly used as replacement of 
fishmeal?  ......................................................................................................................................  

10. Do you have idea on fish silage?    Yes    No 

11. If yes, could you explain a little bit more about fish silage?  ........................................................  

  .......................................................................................................................................................  

12. If your industry is provided ample and secured supply of fish silage (cheaper than fishmeal) as 
replacement of fishmeal, do you prefer to use it?  ........................................................................  

13. Could you please express your views on the potential of the utilization the fish silage as a 
replacement of fishmeal? ..............................................................................................................  

  .......................................................................................................................................................  

14. Do you have idea on fish waste from fish processing industries?    Yes    No 

15. If yes, could you explain a little bit more about fish waste?  ........................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

 
 
 
Date………………….  Full name and signature of Surveyor ……………….…...… 
 
 

Thank you so much for your support. 
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Annex 3. Fish farmer or fish processing group survey form 

1. Name of the Farmer: .....................................................................................................................  

2. Address:  .......................................................................................................................................  

3. Annual production capacity ..........................................................................................................  

4. What types of aquatic animal are produced here?  

 a)  ..................................................................................................................................................  

 b)  ..................................................................................................................................................  

 c)  ..................................................................................................................................................  

 d)  ..................................................................................................................................................  

5. Types of products sold:  

 a)  ..................................................................................................................................................  

 b)  ..................................................................................................................................................  

 c)  ..................................................................................................................................................  

 d)  ..................................................................................................................................................  

6. Quantity of the products sold every year:  

Types of products Quantity of products sold 

a)………………………………..… …………………….. (Unit:…………) 

b)………………………………..… …………………….. (Unit:…………) 

c)………………………………..    …………………….. (Unit:…………) 

d)……………………………….… …………………….. (Unit:…………) 
 

7. How much (%) waste is produced from a fish production?  .........................................................  

8. Amount of wastage produced:   

Quantity per year (kg) Total quantity 
per year (kg) 

Price 
(Baht/kg) 

Total value  
(Baht) 

1) ………kg/day 
…………time per month, 
…………month per year  

   

2) ….…..kg/month, 
 ………..times per per year  

   

3) ……....kg/year     
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9.  How do you manage the fish waste?  ...........................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

10.  Do you utilize the fish by-products ?       Yes    No 

11. If YES, then which types of products you commonly prepared from fish wastage?  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

12. What type of technology is used for the processing and utilization of wastage?  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

13. If the answer of the question number 10 is NO, then what do you do of the wastage:  

  Throw outside          Recycling        Sell to others          Others (please specify)  .........  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

14. What are the impacts of the technology you are using in fish waste management 

 14.1)  Social impact:        Socially Accepted      Not accepted       Others (please specify) 

  .......................................................................................................................................................  

  .......................................................................................................................................................  

 14.2)  Economics impact:      Economical     Non-Economical        Others (please specify) 

  .......................................................................................................................................................  

  .......................................................................................................................................................  

 14.3)  Environment impact:      Environmentally friendly       Unfriendly      
   Others (please specify)  ...................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  
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15. Are you satisfied with the technology used in waste management?    Yes    No 

 If the answer is NO, then could you explain why you are not satisfied with the technology:  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

16. Do you have idea about fish silage?    Yes    No 

 If YES, could you explain a little bit more? ..................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

17.  What type of technology/method is used for the processing of fish silage?  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

18.  How many percentage of fish silage was used or sold?  

 a) used .............%: How was it used? Please explain  .................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

 b) sold .............%  

19.  How much volume and value of fish silage?  

Quantity per year (kg) Total quantity 
per year (kg) 

Price 
(Baht/kg) 

Total value  
(Baht) 

1) ………kg/day 
…………time per month, 
…………month per year  

   

2) ….…..kg/month, 
 ………..times per per year  

   

3) ……....kg/year     

 
20. Impact of existing fish waste utilization on:  

 20.1 Social .....................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

 20.2 Economy  ..............................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  
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 20.3  Environment .........................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

21. Could you please express your views on the potential of the utilization the fish wastage?  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

22.  Are you interested to attend the utilization of fish waste as silage for animal feed or fertilizer, if  

 available? ......................................................................................................................................  

  .......................................................................................................................................................  

  .......................................................................................................................................................  

 
 
 
Date………………….  Full name and signature of Surveyor ……………….…...… 
 
 

Thank you so much for your support. 
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