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Indonesian Aquaculture in 2014  
(FISHSTAT FAO, 2016) 
 

INDONESIA is currently the world’s 2nd largest aquaculture 

producer at 14.37 million tonnes (Mt), with total production valued 
at US $ 10.56 billion and the sector growing at 21.0%/year since 2000 
(the highest growth of the top 20 country producers in 2014); 

 
• The worlds 2nd largest producer of Aquatic plants at 10.1 Mt 
• The worlds 3rd largest producer of Fish at 3.64 Mt 
• The worlds 2nd largest producer of Tilapia at 1.04 Mt 
• The worlds 2nd largest producer of Catfish at 1.10 Mt 
• The worlds 2nd largest producer of Shrimp at 598,000 tonnes 
• The worlds 1st producer of Milkfish at 578,000 tonnes 
• The worlds 6th largest producer of Carps at 497,000 tonnes 

 
 

 



    

Despite the nutritional & economic importance of the 

aquaculture sector in Indonesia 

the finfish and crustacean production sector is still highly 

dependent upon the use of aquaculture feeds  

composed primarily of imported feed ingredients  
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Bahan Pakan Formula 
Bahan Baku (%) 

Bahan Pakan Formula 
Bahan Baku (%) 

Local  Import Local  Import 

Fish Meals 10% 90 10 Fish Meals 20% 30 70 

Meat Bone Meals 15% 0 100 Meat Bone Meals 10% 0 100 

Poultry Meat Meals 5% 0 100 Shrimp Meals 3% 10 90 

Soya Bean Meals 20% 0 100 Squid  Meals 5% 0 100 

Corn Gluten Meals 10% 0 100 CGM 7% 0 100 

Wheat Flours 10% 70 30 Wheat Flours 30% 30 70 

Rice Bran/Dedak 10% 100 0 Attractant 2% 0 100 

Fish Oil 5% 10 90 Fish & Squid Oils 5% 10 90 

CPO  5% 100 0 Canola/Soya oils/CPO 3% 20 80 

Vit & Minerals 5% 0 100 Vit & Minerals 5% 0 100 

Others & DDGS 5% 20 80 Others & DDGS 10% 20 80 

Komposisi Total 100% 35 65 Komposisi Total 100% 11 89 

Pakan IKAN - Fish Feed Pakan UDANG - Shrimp Feed 

Indonesia – fish and shrimp feed formulation – use of imported feed ingredients  
(GPMT data 2016) 



Animal feed production in 2015      
(million metric tonnes) 



Indonesia is highly 
reliant on imported 

raw materials for 
animal feed, with 50-
80% being imported.  

 
As such  locally 

produced feed is 
highly influenced by 

world commodity 
prices and currency 

exchange rates.  



Food Sovereignty – government priority – with rice, corn  
& soybean identified as priority crops for self-sufficiency  



Indonesia’s Top Agricultural Crops - 2014 
 
Oil palm, fruit  126,591,790 tonnes – Palm kernel meal, CPO 
Rice, paddy  70,846,465 tonnes – Rice bran 
Sugar cane  28,600,000 tonnes 
Cassava   23,436,384 tonnes 
Maize/corn  19,008,426 tonnes 
Coconuts   19,102,130 tonnes – Copra meal 
 
FAOSTAT – Indonesia Food Balance Sheet 



 
Feed Ingredient 

Sources 

Local (%) Imported (%) 

 
Corn/Maize 
Fish meal 
 
MBM/PBM 
Soybean meal 
Rapeseed meal 
Corn gluten meal/DDGS 
Feed additives/AA/vits/mins 
 
Rice bran 
Copra meal 
Palm kernel meal 
CPO 

 
90-95 
5-10 
 
0 
0 
0 
0 
0 
 
100 
100 
100 
100 

 
5-10 
90-95 
 
100 
100 
100 
100 
100 
 
0 
0 
0 
0 
 

Source: Adapted from the Indonesian Feed Millers Association (GPMT) 

Sources of some feed ingredients commonly used in animal feeds in Indonesia 

Inclusion 
level usually 
quite low 

Potential 
competition 
with humans 



Reported factors limiting feed millers from sourcing 
locally available feed ingredients sources, include: 

 
 Low protein content of available meals such as palm kernel 

meal, copra meal & rice bran (12-22% CP); 
 High fiber content of available meals (12-20% CF); 
 Variable lipid content of available meals (1-12% EE); 
 Possible oxidation and rancidity of lipid-rich meals; 
 Presence of anti-nutritional factors within the meals; 
 Generally sub-optimal post-harvest management of many 

harvested crops with resultant variable moisture levels and 
possible mycotoxin contamination; 

 Possible contamination of locally available ingredient sources 
with adulterants by unscrupulous traders 



Feedipedia - Animal Feed Resources Information System - INRA CIRAD AFZ and FAO 

 
 

bungkil inti sawit  
Palm kernel meal & by-products 
 
        
       CP  EE  CF  

Palm kernel cake – PKC 17.1 8.6  16.1 
Palk kernel meal – PKM 17.5 1.4  19.6 
 

Elaeis guineensis 

Arg Cys Met Thr Iso Leu Lys Val Tyr Try Phe His 

PKM 238 122 72 67 100 103 37 101 85 135 97 77 

PKM 143 161 92 89 91 98 59 105 67 127 93 86 

EAA REQUIREMENT RATIO – FISH 

EAA REQUIREMENT RATIO – SHRIMP 

Palm kernel meal 4.55 Mt in 2015/16 
Palm kernel oil 3.75 Mt in 2015/16 

Proximate & EAA values – Tacon et al. 2009; Copra meal/oil production – GAIN ID1606  

http://www.feedipedia.org/content/feeds?species=13218


Feedipedia - Animal Feed Resources Information System - INRA CIRAD AFZ and FAO 

 
 

 
Copra meal & coconut by-products 
 
 
        
       CP  EE  CF  

Coconut oilcake - COC 20.7 7.6  12.2 
Coconut  oilmeal - COM 21.5 3.5  14.8 
 

Cocos nucifera 

Arg Cys Met Thr Iso Leu Lys Val Tyr Try Phe His 

COC 219 104 65 67 117 108 38 116 85 123 95 79 

COC 131 136 82 89 107 103 60 121 67 116 91 88 

COM 217 96 61 65 116 112 37 115 92 123 95 83 

COM 130 127 78 87 106 106 59 120 73 116 91 93 

EAA REQUIREMENT RATIO – FISH 

EAA REQUIREMENT RATIO – SHRIMP 

Copra meal 515,000 tonnes in 2015/16 
Coconut oil 970,000 tonnes in 2015/16 

Proximate & EAA values – Tacon et al. 2009; Copra meal/oil production – GAIN ID1606  
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Use of Solid State Fermentation to better utilize locally 
available agricultural feed & food wastes, & for the 

reduction of the anti-nutritional factors present in plant 
proteins such as soybean, rapeseed, lupin & pea  

 

 



Wood vats line the Khai Hoan fish sauce factory, where the fish are fermented 
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Research & farming techniques

may also be obtained using the feed 

with mixed protein of plant and animal 

origin. To achieve a balance nutritional 

composition in fi sh feed, a more diverse 

choice should be made in selecting feed 

ingredients. Products derived from ipil 

ipil have been shown to be important 

ingredients for practical feed of tilapia 

fi sh. The fi ndings in the present study 

shown that ipil ipil leaf meal could be 

used as protein substitute up to 25% 

and optimum level 15% in the diet of 

growing tilapia. However, further studies 

are needed to justify the long term effect 

and benefi t of ipil ipil leaf for fi sh health 

and fi sh production.
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Fermented feed ingredients as fi sh meal replacer in 

aquafeed production
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Feed is the most signifi cant input for 

most aquaculture systems. Among 

feed ingredients, fi sh meal is a major 

component of feed costs. This has 

stimulated the evaluation of a variety of 

alternative dietary protein sources for 

partially or totally replacing fi sh meal 

protein in aquaculture feeds. Use of 

cheap animal protein ingredients like 

shrimp head meal waste as such is 

limited by the presence of exoskeletal 

chitin and ash content though it contains 

high levels of protein with an excellent 

amino acid profi le. Similarly use of plant 

based ingredients in fi sh feed formula-

tions have certain limitations viz., amino 

acid imbalance, low protein content 

and anti-nutritional factors. Utilization of 

seaweeds and other aquatic plants is 

also limited due to the presence of high 

crude fi ber and low protein content.

Fermentation is a unique process which 

will improve the nutritional value of 

feed ingredients. Fermentation reduces 

the presence of exoskeletal chitin 

in shrimp head meal, anti-nutritional 

factors and fi bre in plant based feed 

ingredients thus improves their nutritive 

value. Further bacterial fermentation 

hold promise for growth enhancement 

and immunostimulants in aquaculture. 

Fermentation also increases the avail-

ability of certain vitamins viz., ribofl avin, 

cyanogobalamine, thiamine, niacin, B6, 

B12 and folic acid levels in some feed 

ingredients.

Fermented shrimp head 

meal

Fermentation is an important tool to 

reduce the chitin and ash content 

in shrimp head meal. Fermentation 

increases the total available protein, 

calcium and phosphorus. Lactic acid 

bacterial fermentation has been used 

successfully in fi sh insolation (Hall and 

Silva, 1994). Lactobacillus plantarum 

is used for fermentation of shrimp 

head meal. The amino acid profi le 

of fermented shrimp head meal is 

relatively high except for histidine and 

tryptophan. Biologically ensiled shrimp 

head silage meal can effectively replace 

fi sh meal up to 30% in the diet of African 

catfi sh Clarias gariepinus fi ngerlings 

(Nwanna, 2003). Chitinoclastic and 

proteolytic bacterial strains could also 

be used to ferment prawn shell waste in 

order to improve the nutrient content; an 

increase in nutrient content was noted 

in terms of protein, lipid and total sugar 

in fermented product. Fermented shell 

waste has been used in both hatchery 

and grow out diets of Penaeus indicus 

(Amar, et al., 2006)
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Vietnamese catfish 
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Changing face of carp culture
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Standards for catfi sh aquaculture

The development of aquaculture standards is back in fashion. At the centre of 

attention is the Vietnamese catfi sh industry, which has emerged from the ‘catfi sh 

war’ with the US stronger than ever, now producing more than one million tonnes 

per year and exporting all over the world.

The meteoric rise of the catfi sh industry has prompted a mad scramble for the 

establishment of ‘standards’ for catfi sh production. Standards have been proposed 

or are in development by EurepGAP, GTZ, WWF (the Pangasius Aquaculture 

Dialogue) and Naturland (Naturland Standards for Organic Aquaculture). These 

groups have different goals and priorities and so for the most part these standards 

are being developed as separate entities, and may not be mutually compatible or 

complementary.

There are a few things that trouble me about this situation. Firstly, the word 

‘standard’ implies a norm that has broad-based acceptance. A proliferation of 

standards is a headache for both farmers and consumers, and the resulting 

fragmentation of effort reduces the chance of a broadly accepted standard (ie. a 

real standard!) emerging. The organizations propounding various standards need 

to get together with stakeholders from throughout the value chain and start talking 

about developing a common approach. This issue was raised by NACA at a recent 

meeting of the Pangasius Aquaculture Dialogue. It has also been raised in more 

general terms at a series of international consultations on the development of 

guidelines for aquaculture certifi cation over the past year.

Secondly, the standards are for the most part being developed, funded and 

promoted by US and European interests and consultants and not by local industry. 

Given the still recent ‘catfi sh trade war’ and resistance of domestic industry in many 

countries to the importation of Vietnamese catfi sh, there are legitimate concerns 

that some of these standards could serve as non-tariff trade barriers in future, ie. 

that they are potentially a wolf in sheep’s clothing.

Lastly, Vietnamese interests, particularly those of farmers, are not necessarily well 

represented on the various committees that have been established in the name 

of consultation. There is a substantial gap that exists between the people that 

are promoting standards and Vietnamese producers. Some of this gap is cultural: 

posting thick English-language documents on the internet and engaging in vigorous 

debate at public meetings may be accepted forms of consultation for international 

experts but they aren’t necessarily an appropriate form of consultation in the local 

context; some of the gap would also appear to be due to lip service to consultation 

by people who are more concerned about putting a report on a shelf than estab-

lishing a standard that key stakeholders, that is to say the farmers, accept and can 

follow. It is one thing to put a group of technical experts in a room and have them 

devise a technically excellent, cutting edge standard, but is it appropriate for small 

scale catfi sh producers to implement? Has it been fi eld tested? Is any guidance is 

offered to small scale farmers on how they can achieve the performance measures 

required by the standard? If standards are going to be adopted in reality, we should 

not forget that farmers need to be one of the primary benefi ciaries.



COPRA CAKE MEAL ENHANCEMENT PROJECT 

  

Reported problems of copra meal: 

- Low protein content, dark brown, yellow 
color, bad  odor 

- Occurrence of aflatoxin 

- Rigid structure, low digestion values for 
monogastric animals. 

 

BIO-TREATMENT OF COPRA MEAL (BTCM) 

 

• The raw material copra meal is bio-treated with the filamentous fungus called 
Aspergillus Oryzae through fermentation to enhance the protein content of the 
meal, which can now be used as dietary substitute for imported soybean meal and 
making it to be more attractive to European markets. 

• Crude protein content increases from 21.60% to 48.30% producing a light yellow 
colored meal with a pleasant odor 

• Zero aflatoxin content. 

• Increased essential amino acid content. 

 



Analysis of raw copra meal compared to 

fermented bio-treated copra meal 

COMPONENT (%) Raw Copra Meal (% DM) Bio-treated copra meal (% DM) 

Crude protein 21.60 43.30 

Crude fiber 11.27 7.58 

Crude fat 7.10 8.42 

Ash 7.30 8.01 

Carbohydrate 64.00 39.17 

Aflatoxin , ppb 126 Not detected 

www.fao.org/uploads/tx_chcforum/Fish%20Feed%20Project.doc 
 

Reported successful feeding trails with 
tilapia, shrimp & milkfish 
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Protein quality of Aspergillus niger-fermented palm kernel cake
(Kualiti protein hampas isirung kelapa sawit terfermentasi dengan Aspergillus niger)

A.M. Marini*, M.Y. Ayub**, B. Abd. Salam**, H. Hadijah***, E.A. Engku Azahan* and 

S. Ahmad Tarmizi***

Key words: fermented palm kernel cake, protein quality, chemical evaluation, rat bioassay

Abstract

This study was conducted to evaluate the nutritional improvement especially on 

protein quality of Aspergillus niger-fermented palm kernel cake (fPKC). Results 

of proximate and chemical analyses showed an improvement in nutritional 

quality of fPKC compared to untreated PKC. The crude protein of fPKC (24.7%) 

increased significantly compared to the value in untreated PKC (17.5%). The total 

essential amino acid in fPKC was significantly increased (6.3%) compared to 

the value in untreated PKC. The fPKC contained 15.7% of total amino acid, 

accounted for 63.4% of the crude protein. Rat bioassay on protein quality was 

conducted for 28 days to determine protein efficiency ratio (PER), in vivo 

apparent protein digestibility and feed conversion ratio (FCR) of fPKC. Results 

showed that when fPKC was fed as the only protein source during the experiment, 

the diet did not support rats’ growth. Rats fed diets of fPKC recorded a mean 

body weight loss of 24.4 g PER, and FCR of fPKC also showed negative values 

(–1.5 and –6.5, respectively), while the apparent digestibility value of fPKC was 

22.6%. This indicated that fPKC may not be fed as the sole protein source in the 

diet of animals.
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(Chin 2002). The application of enzymes 

for saccharification of fibrous material has 

received much attention. In Malaysia, this 

approach is being pursued in the context 

of improving PKC through biological 

processes such as fermentation since there 

are possibilities for the improvement of 

digestibility and amino acid availability in 

the fermented product (Kompiang 1993). 

Apart from this, fungal growth under solid 

state fermentations has also been found 

to be more suitable for low technology 

Introduction

Palm kernel cake (PKC) is the solid 

residue left behind after the extraction of 

oil from the kernels of oil palm fruits. It is 

abundantly produced throughout the year 

in Malaysia and this guarantees its supply 

and availability as a major ingredient for 

livestock feeding. The low digestibility of 

PKC by poultry is affected by three main 

factors: high shell content, unfavourable 

fibre composition and low metabolisable 

energy (ME) value, reported to be 6.2 MJ/kg 



  
Mal. J. Anim. Sci. 17(1):1-18 (2014) Malaysian Society of Animal Production 

  1 
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Abstract 

 

Palm Kernel Cake (PKC) is a by-product of palm kernel oil extraction and provides moderate 

nutrition with approximately 16-18% of crude protein (CP) and 13-20% crude fiber (CF).  Usage 

of PKC is common in ruminant diets, but limited in the non-ruminant diets especially in poultry 

diets due to the high fiber content of PKC.  Numerous works have been conducted to increase the 

nutritional contents of PKC as one of the measures to reduce and/or eliminate the constraints of 

utilizing PKC in poultry diets.  The method used to achieve this target is either through physical, 

chemical, biological or combination of these treatments. However, only chemical and biological 

treatments of PKC seem to improve the nutrient values of PKC. Recent works cite solid-state 

fermentation (SSF) using fungi to increase the nutrient values of PKC. This method is considered 

as the most suitable treatment for PKC. Through solid-state cultures of PKC, the concentration of 

CP has increased while the CF has decreased. Furthermore, this method is considered practical 

because the whole end product will be utilized for animal feeds. Hence, emphasis should be 

given to improve nutritional values of PKC in order to reduce feeding cost of poultry.  

 

Key words: nutritional value, palm kernel cake, palm kernel expeller, palm kernel meal, poultry 

feeds 

 

Introduction 

 

The African oil palm (Elaeis guineensis 

Jacq.) is a native of West Africa; mainly 

distributed in Sierra Leone, Liberia, the Ivory 

Coast, Ghana and Cameroon and the 

equatorial regions of the Republic of Congo 

and Zaire (Cheng Hai, 2011). The 

development of oil palm plantation in South 

East Asia started in the Botanic Gardens in 

Bogor Indonesia in 1848, where the oil palm 

seed (dura) was introduced from Mauritius 

and Amsterdam (Cheng Hai, 2011). 

In Malaysia, the development of oil 

palm plantation began in 1911, when the first 

oil palm estate was established at Rantau 

Panjang, Selangor introduced by the 

Frenchman, Henri Fauconnier through his 

association with M. Adrien Hallet who first 

planted oil palms in Sumatra. In the early oil 

palm development, the research regarding oil 

palm was carried out by the Department of 

Agriculture; however, in 1969 Malaysian 

Agricultural Research and Development 

Institute (MARDI) took over the mandate of 

undertaking research and development in 

agriculture for the country. The task was later 

handed to the Palm Oil Research Institute of 

Malaysia (PORIM) following its 

establishment in 1979. PORIM was then 

merged with the Palm Oil Registration and 

Licensing Authority (PORLA) to form the 

Malaysian Palm Oil Board (MPOB) in 2000 

which is mandated to support the security of 

the oil palm industry in Malaysia in all 

aspects of its activities through research and 

Mal. J. Anim. Sci. 17(1):1-18 (2014) Malaysian Society of Animal Production 
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diets, a noticeable reduction in their growth 

was observed. Despite the improvement in 

fermented PKC nutrient especially protein, 

the growth of fish was poor which could be 

due to the mycotoxins released by the 

microbes used during the fermentation 

process (Ng, 2004).   

Comparison between fungi enzyme 

treated SSF of PKC with enzyme 

supplemented PKC was carried out by Ng 

(2004) and Lawal et al. (2010). Cellulose and 

hemicellulose components were significantly 

reduced in fungi enzyme treated SSF of PKC 

(biodegraded) compared with PKC 

supplemented with commercial enzyme, 

Roxazyme G2G (Table 6). A significant 

increase in CP, phosphorus and energy of 

biodegraded PKC was observed compared to 

that treated with Roxazyme G2G PKC. The 

enzyme complexes (enzyme produced 

through SSF of PKC with four different 

fungi, namely  Aspergillus  niger, 

Trichoderma viride, Rhizopus stolonifer and 

Mucor mucedo) produced were more 

efficacious in breaking down the cellulose 

and hemicellulose compared to Roxazyme 

G2G, an enzyme product specific for cereal-

based diets (Lawal et al., 2010).

 

Table 6. Proximate composition (% dry matter) of raw and treated PKC 

 

 Proximate composition 

Ingredient Moisture Crude 

protein 

Crude fat Crude 

fiber 

Ash Nitrogen free 

extract 

PKC 11.43 16.86 6.82 15.12 6.58 54.62 

Enzyme-treated PKC 10.15 17.11 5.15 14.59 5.40 57.75 

Fermented PKC 6.67 31.27 3.36 14.51 11.34 39.52 

Source: Ng, 2004 

 

Ng (2002) had conducted a feeding trial 

to compare whether pre-treatment of PKC 

with commercial feed enzyme (Allzyme 

VegproTM) or SSF of PKC with T. koningii 

(Oudemas) could improve the nutritive value 

of raw PKC in the diets of red hybrid tilapia, 

Oreochromis sp. The growth performance 

and FCR of tilapia fed 20% enzyme treated 

PKC was observed to be not different from 

the diet without PKC while tilapia fed 

fermented PKC had poorest growth which 

could be due to the presence of anti-nutrients 

in the fungal biomass (Ng, 2002).  

 

Combination of Treatments 

 

Several studies have been conducted to 

study the effect of combining chemical and 

biological treatments on the nutrient contents 

of PKC (Mirnawati et al.,  2010;;  A’dilah  and  

Alimon,  2011).  A’dilah  and Alimon (2011) 

worked on the application of chemical pre-

treatment of PKC using ammonium 

hydroxide, formic acid and acetic acid 

individually before carrying out the solid 

state culture of the pre-treated PKC with two 

different fungal strains (R. oligosporus and T. 

harzianum) incubated for seven days. On the 

other hand, Mirnawati et al., (2010) mixed 

the PKC with humic acid at different dosages 

(0, 100 and 200 ppm) together with A. niger 

in fermenting the PKC for a 7-day incubation 

period. The pre-treatment of PKC either by 

acid or alkaline solution improved the 

nutrient content of PKC by reducing ADF, 

NDF and ADL contents, and  a similar trend 

was also observed after the solid state culture 

of pre-treated  PKC  was  carried  out  (A’dilah  

and Alimon, 2010). The chemical treatment 

using humic acid combined with SSF on 

PKC (Mirnawati et al., 2010) did improve 

the nutrient content particularly CP and 
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Figure 1. E. guineensis fo. dura, E. guineensis var. pisifera and E. guineensis fo. tenera. 

Source: Cheng Hai, 2011 

 

 
Figure 2. The oil palm fruit and its shells 

Source: from http://www.etawau.com/OilPalm/Elaeis_guineensis.htm 

 

Generally, PKC is obtained from two 

stages of oil extraction from the palm fruit; 

the first stage is the primary extraction of 

palm oil from the pericarp portion of the 

fruit, which also produces the kernel and by-

products of palm oil sludge (POS) and palm 

press fiber (PPF), then the extraction of oil 

from crushed kernels that also results in the 

production of PKC and palm kernel shell as 

by-products (Chin, 2008). The nutrient 

contents of Malaysian palm kernel and its 

by-products PKC are shown in Table 2. The 

kernel of oil palm fruit consists of tiny 

cellulosic sack containing fat embedded with 

proteins and carbohydrates; where the 

insolubilization of PKC protein may be 

partly due to the entrapment or binding of 

proteins or polysaccharides under the 

influence of the heat and pressure of oil-

extraction processes (Aghazu et al., 1979). 
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microorganism. This process almost

doubled the protein content of raw

PKM, from about 17% to 32% crude

protein. Since T. koningii is a cellulolytic

fungus, the reducing sugar content of

the fermented PKM was also higher

compared to raw PKM. However, when

the fermented biomass was incorporated

into tilapia diets, a marked reduction in

fish growth was observed. We believe

that despite the higher protein and

digestibility of the fermented PKM,

mycotoxins might have been released

during the fermentation process. Further

studies are being planned to use

mycotoxin adsorbers to alleviate these

problems in the use of fermented PKM.

Another way to increase the protein

content of PKM is to extract the protein

using chemical and physical processes.

Isolating proteins from PKM will

essentially eliminate the problems of low

nutrient digestibilities. Despite the high

costs of such processes, we are

currently conducting some initial studies

to see if the protein isolate is of high

enough nutritive value for high value

marine fish.

Amino acid supplementation

Some studies have reported that amino

acid supplementation can improve the

growth of fish fed plant-based diets.

PKM is low in sulfur amino acids and

probably lysine, which are essential

amino acids necessary for optimal fish

growth. A feeding trial conducted with

hybrid catfish showed that up to 20%

raw PKM could be incorporated into

catfish diets without any negative

effects on growth performance.

However, at 40% PKM, growth was

significantly depressed and this was not

alleviated with the addition of 1.2%

dietary L-methionine. One possible

reason could be that methionine may not

be the first limiting essential amino acid

in the PKM-based diets. Further studies

involving the use of other essential

amino acid and combinations thereof are

currently being planned.

Utilization of feed enzymes

The low digestibility of PKM is

commonly attributed to the high levels

of non-starch polysaccharides (NSP)

found in the cell wall materials. These

anti-nutritional factors impair the

digestibility and utilization of nutrients

present in PKM either by direct

encapsulation of the nutrients or by

increasing the viscosity of the intestinal

content thereby reducing the rate of

hydrolysis and absorption of nutrients

in the diet. The use of proteolytic,

fibrolytic or carbohydrate-degrading

enzymes to PKM-based diets have great

potential in releasing unavailable

nutrients and energy.

Studies have shown that tilapia fed

PKM pretreated with commercial feed

enzymes consistently show better

growth and feed utilization efficiency

compared to fish fed similar levels of raw

Conclusion

Initial studies on the use of PKM in

tilapia and catfish diets have generated

encouraging results with fish growing

well on dietary levels as high as 20%.

Studies with grass carp were even more

encouraging in terms of higher levels of

raw PKM being used in their diets (Ng

and Teoh, unpublished data). It is

anticipated that with further research on

enhancing the nutritive value of PKM,

this low cost locally available oilseed

meal can be used as a viable partial

substitute for many of the imported feed

ingredients resulting in savings in feed

costs for the local fish farmers.

Without these facilities many animals

were kept in tanks at high density

(where they grew only slowly), long past

the time when they were ready for

transfer.

The area of bare tanks for first

nursery needs to be about 15-30 times

the area of the hatchery. The area for

nursery in tanks with sand and ponds

has to be 10-20 times bigger again,

depending on the size of juveniles

required. A basic hatchery and fairly

simple culturing methods should be able

to produce enough seed for at least

pilot-scale commercial aquaculture and/

or restocking trials as long as there is

sufficient tank and pond space for the

nursery stages.
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“Initial studies on the use

of PKM in tilapia and

catfish diets have generated

encouraging results...”
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diets without significantly depressing

growth (Ng et al., unpublished data).
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USE OF PROBIOTICS 

700 ha shrimp farm 

A probiotic is defined as: 

- a live microbial  adjunct 

- which has a beneficial effect on the host  

- by modifying the host-associated or ambient microbial 

community 

- by ensuring improved use of the feed 

- or enhancing its nutritional value 

- by enhancing the host response towards disease 

- or by improving the quality of its ambient environment 

 
Verschuere et al. 2000. Microbiology and Molecular biology Reviews 64:655–671 

 

Definition of aquaculture probiotics 



Ojai - Mexico 

Use of liquid probiotics for the 
fermentation of feed ingredients to 

increase their nutritional value 



Fermentated Soybean Meal  



4 x 0.1 ha ponds, 120-d, density 22/m2, 28 Oct 2008 

Diet Final body wt (g) Growth (g/wk) FCR Survival (%) 

35 CP pellet 
Pellet + Bokashi mash 
Bokashi mash 
Fermented soybean mash 

26.3 
23.4 
11.9 
17.1 

1.14 
1.02 
0.49 
0.70 

0.94 
0.64 (F) 
3.19 
1.57 

92.9 
93.5 
63.9 
82.6 
 

Ojai shrimp farm - Mexico 



Source: Vererasun Prayotamornkul - Biomimicry 



Vererasun Prayotamornkul  



  
Aquatic protein meals & oils 1-25%  

Fishmeals & oil: wild & farmed 

Squid meal, krill meal 

Seaweed meals & products 

Cultured microbial SCP 

Terrestrial animal proteins & oils 1-25% 

Poultry by-products 

Porcine by-products 

Ruminant by-products 

Terrestrial invertebrates 

Terrestrial plant proteins & oils 1-25% 

Oilseed protein by-products 

Cereal protein by-products 

Pulse protein by-products 

Other plant proteins 

Other plant meals & fillers 1-25% 

Cereal meals & by-products 

Root meals & extracts 

Fruit meals & by-products 

Forage & leaf meals 

Feed additives                                                                       0-5% 

Vitamins, antioxidants, pigments, emulsifiers 

Minerals, trace elements, salt 

Amino acids, nucleotides, feeding attractants 

Enzymes, gut modifiers, prebiotics, probiotics, acidifiers 

Immune enhancers, anti-fungal, anti-viral, anti-parasitical 

Binders, growth promoters, hormones, antibiotics  

Major ingredient groups commonly used in  
AQUACULTURE FEEDS 



Improving the utilization of feed ingredients 
Use of renewable nutrient sources 

Mannanase 

α - galactosidase 

    EXOGENOUS MICROBIAL ENZYMES 
 

• Improved nutrient digestibility 

• Improving feed efficiency 
 

• Release of trapped nutrients  

• Breakdown of anti-nutritional factors 

• Improved gut health 

• Reducing environmental impacts (N, P) 

β – glucanase 

Cellulase 

Amylase 

Protease 

Phytase 

Xylanase 

Lipase 

Micotoxinase 



Improving the utilization of feed ingredients 
Use of renewable nutrient sources 

    SOME ENZYMES USED WITHIIN AQUAFEEDS  
 

      Enzyme  Common source organism 

 

• Amylases:  Aspergillus spp., Bacillus spp., 

 

• Phytases:  Aspergillus spp.,   

 

• Proteases:  Aspergillus spp., Bacillus spp., 

 

• Fiber degrading: Aspergillus spp; Trichoderma longibrachiatum 

 



  
Aquatic protein meals & oils 1-25%  

Fishmeals & oil: wild & farmed 

Squid meal, krill meal 

Seaweed meals & products 

Cultured microbial SCP 

Terrestrial animal proteins & oils 1-25% 

Poultry by-products 

Porcine by-products 

Ruminant by-products 

Terrestrial invertebrates 

Terrestrial plant proteins & oils 1-25% 

Oilseed protein by-products 

Cereal protein by-products 

Pulse protein by-products 

Other plant proteins 

Other plant meals & fillers 1-25% 

Cereal meals & by-products 

Root meals & extracts 

Fruit meals & by-products 

Forage & leaf meals 

Feed additives                                                                       0-5% 

Vitamins, antioxidants, pigments, emulsifiers 

Minerals, trace elements, salt 

Amino acids, nucleotides, feeding attractants 

Enzymes, gut modifiers, prebiotics, probiotics, acidifiers 

Immune enhancers, anti-fungal, anti-viral, anti-parasitical 

Binders, growth promoters, hormones, antibiotics  

Major ingredient groups commonly used in  
AQUACULTURE FEEDS 



Using amino acids to reduce fishmeal use 
Use of renewable nutrient sources 

 AMINO ACIDS  

PRODUCED BY 

FERMENTATION 

 

• Arginine 

• Glutamine/MSG 

• Histidine 

• Isoleucine 

• Leucine 

• Lysine 

 

 AMINO ACIDS  

PRODUCED BY 

FERMENTATION 

 

• Phenylalanine 

• Proline 

• Serine 

• Threonine 

• Tryptophan 

• Valine 

 



Source: Evonik 

Traditional salmon diet Modern salmon diet* 

Move from traditional fishmeal and fish oil based 

diets to plant-based diets for salmonids 

Beneficial use of using supplemental limiting amino acids  



  
Aquatic protein meals & oils 1-25%  

Fishmeals & oil: wild & farmed 

Squid meal, krill meal 

Seaweed meals & products 

Cultured microbial SCP 

Terrestrial animal proteins & oils 1-25% 

Poultry by-products 

Porcine by-products 

Ruminant by-products 

Terrestrial invertebrates 

Terrestrial plant proteins & oils 1-25% 

Oilseed protein by-products 

Cereal protein by-products 

Pulse protein by-products 

Other plant proteins 

Other plant meals & fillers 1-25% 

Cereal meals & by-products 

Root meals & extracts 

Fruit meals & by-products 

Forage & leaf meals 

OTHER INGREDIENT OPTIONS 

Aquatic protein meals & oils 

Derived from capture fishery processing wastes 
• tuna, small-pelagics, by-catch  
• meals, oils, hydrolysates 

Derived from aquaculture processing wastes 
• shrimp, tilapia, catfish 
• meals, oils, hydrolysates 

Derived from farmed seaweeds 
• meals, hydrolysates 

Derived from cultured invertebrates 
• marine polychaetes, artemia biomass  

Derived from cultured aquatic micro-organisms 
• Algal SCP 
• Yeast SCP 
• Bacterial SCP 
• Mixed bacterial flocs 



Can be produced locally 



  

Marine seaweed hydrolysates & meals 





 

Source: Nutrinsic 





Alltech, Brasil 
n DV Aqua is a complex 

combination of 

fermentation 

metabolites and 

residual yeast cells 

l Mannan 

Oligosaccharides 

l Highly branched -

glucans 

l Nucleotides 

l Fermentation 

metabolites 
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Alltech Algae, Winchester, Kentucky 

Heterotrophic algae - Schizochytrium  
70% Fat containing 28% DHA 

Source: Alltech 



Objective: More sustainable fish feeds 
 

      Traditional salmon diet                  Modern salmon diet*         

Use of dried biomass of  

micro algae as fish oil replacer 

Source: Evonik 



Source: Alltech 



  
Aquatic protein meals & oils 1-25%  

Fishmeals & oil: wild & farmed 

Squid meal, krill meal 

Seaweed meals & products 

Cultured microbial SCP 

Terrestrial animal proteins & oils 1-25% 

Poultry by-products 

Porcine by-products 

Ruminant by-products 

Terrestrial invertebrates 

Terrestrial plant proteins & oils 1-25% 

Oilseed protein by-products 

Cereal protein by-products 

Pulse protein by-products 

Other plant proteins 

Other plant meals & fillers 1-25% 

Cereal meals & by-products 

Root meals & extracts 

Fruit meals & by-products 

Forage & leaf meals 

OTHER INGREDIENT OPTIONS 

Terrestrial animal protein meals & oils 

Produced from the  
processing of the offal  
of farmed livestock:  
pigs, chicken, beef etc  
 
 
 
 
Represent the largest global source of non-food 
grade animal protein and fat/oils available to the 
terrestrial & aquafeed compounder: 8-10 Mt/an 
 
In future more and more of these products will 
become available in Indonesia as the livestock 
sector grows  

Terrestrial invertebrates – insect meals? 



Poultry rendering plant in Colombia 

Poultry by-product meal Blood meal Poultry oil 





1)  Fishmeal replacements are only viable if they meet the following criteria:   
 

a) available in commercial quantities and scalable to more than a million tonnes;  
 

b) needs to have similar nutritional content and digestibility to fish meal, which 
means it’s not likely to be a terrestrial plant based protein unless there is a cost 
effective way to eliminate anti nutrients and make phosphorous bioavailable;  
 

c) the cost needs to be within range of fishmeal, ideally lower, but at least within 
15% of the fishmeal price.   
 

2)  Supply reliability and sustainability have value to feed mills - the ability to 
secure reliable supplies of bioavailable proteins with consistent nutritional 
content and from a sustainable source are valuable to feed mills.  There will 
always be some feed mills that are non compliant, but the leaders will adopt the 
product if it performs.   

Guidelines concerning the development of a new fishmeal replacer or protein-
rich feed ingredient (John Diener – personal commun., October 2015)  



 

3)  Attractant:  the replacement of fishmeal needs to have some attractant 
properties for the target species, otherwise, farmers won’t buy it and the 
animals won’t eat it.   

 

4)  Early adopters should be given incentives to develop/test new formulations  
It takes a lot of R & D to properly formulate with new ingredients.  Production 
trial quantities should be made available to feed mills for formulation and 
testing at a lower than commercial rate if possible.   
 

5)  The replacement needs to be accepted by consumers - There is no benefit to 
replacing fishmeal with insect meal and then have the media reporting “shrimp 
farmers feeding roaches to your shrimp”.  The replacement needs to be 
something which consumers and environmental agencies will accept.   
 

6)  It needs to be biosecure -  it’s important to ensure that there is no 
biosecurity risk to using the raw material.  Fungal spores for example can be 
pervasive and may be present in intermediate species or in microbial flocs.  
 

365 days with consistent quality depends upon use of quality ingredients 



Importance of having own R & D facilities to test new feed ingredients & feeds 



 

Final feed ingredient choice considerations: 
 

Nutritional profile Economic & market issues 

  Proximate composition 
 Amino acid profile 
 Fatty acid profile 
 Energy content 
 Mineral profile 
 Vitamin profile 
 Nutrient digestibility 
 Anti-nutritional factors 
 Contaminants 
 Physical characteristics & 

processing requirements 

 

 Price & market availability 
 

 Market acceptability & 
sustainability issues 

• Animal protein use issues 
• Use of GM ingredients 
• Fishmeal & fish oil use issues 
• Contaminant & food safety issues 
• Environmental & climate change issues 
• Social, religious, labor & possible food 

security issues 
• Increased demand for transparency in 

feed & food production 



 
 
 
 
 
 
 
 
 

NUTRITION is the cornerstone that effects the 

health & wellbeing of all people: both rich & poor  

  



MALNUTRITION - THE GLOBAL FOOD DILEMA 
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AQUACULTURE  
The Farming of Aquatic Animals & Plants  

has been the world’s fastest growing food 

sector for 30 years & is considered as an 

important weapon in the global fight 

against Malnutrition as a much needed 

provider of high quality protein & essential 

fatty acids, minerals & vitamins   
 



JAPAN USA 

Calories (kcal/day) 2,719 3,639 +++ 

Animal protein (g/day) 49.1 70.7 +++ 

Animal fats (g/day) 33.9 68.3 +++ 

Terrestrial meat (kg/year) 48.8 117.6  +++ 

Fish & seafood (kg/year) 53.7 +++ 21.6  

Aquatic animal fat (g/day) 6.14 +++ 1.42 

Aquatic plants (kg/year) 0.99 +++ 0 

Per capita food supply in Japan & USA   
(FAO Food Balance Sheets, 2016)  

it is not by chance that Japan, the country with the highest reported life expectancy and 
with one of the world’s lowest incidences of obesity & deaths from heart related 
illnesses, is also one of the worlds top consumer of aquatic animal products & farmed 
aquatic plants: comparison made with the USA 



JAPAN USA INDONESIA WORLD 

Calories (kcal/day) 2,719 3,639 +++ 2,712 2,870 

Animal protein (g/day) 49.1 70.7 +++ 17.4 31.8 

Animal fats (g/day) 33.9 68.3 +++ 10.5   37.0 

Terrestrial meat (kg/year) 48.8 117.6  +++ 12.9 42.4 

Fish & seafood (kg/year) 53.7 +++ 21.6  28.9 ++     * 18.9 

Aquatic animal fat (g/day) 6.14 +++ 1.42 1.94 + 1.2 

Aquatic plants (kg/year) 0.99 +++ 0 0 1.9 (to check) 

Fish/seafood (g protein/d) 18.6 5.2 9.6 + 5.2 

Fish/Animal protein (%) 38.0 7.4 54.8 +++ 16.4 

Per capita food supply in Japan, USA & Indonesia    
(FAO Food Balance Sheets, 2016)  

* In 2014 Indonesia produced 8.44 Mt of aquatic meat (60:40 from capture:aquaculture, w/w) 



 
 
 
 
                                Terima kasih 

In conclusion - it is vital that the Indonesian government 
continue its support toward the further development & use of 

locally available & new locally produced feed ingredient 
sources for the benefit & sustainable development of the 

Indonesian animal & aquaculture feed industry  


