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enhancement in Southeast Asia

The potential of black soldier fly larvae (BSFL) is being explored in developing alternative feeds 
for freshwater fish species in the Philippines (scale bar = 1 cm)

Among farm inputs, feeds are the highest recurring cost 
in aquaculture. Indeed, feeds have become even more 
expensive after the COVID-19 pandemic, undeniably 
affecting the aquaculture economics. The pressing need 
to alleviate feed costs has to be prioritized, considering 
its implications for sustained aquaculture production 
to support the ever-increasing global population. 
Substantially, the rising costs of manufactured feeds 
have driven the continuous quest for new alternative 
feed ingredients in aquafeeds and the adoption of feed 
management strategies to improve the profitability of 
aquaculture operations. These two strategies addressed 
in this study are imperative in promoting freshwater 
aquaculture among the ASEAN Member States. This 
article highlights the exploration of feeding trials using 
alternative protein sources and feeding strategies. 
Because of their economic relevance to the freshwater 
aquaculture industry in the Philippines, Nile tilapia, 
giant freshwater prawn, and tropical anguillid eel, 
particularly the Pacific shortfin eel, were chosen in this 
study. 

From 2020 to 2024, the Aquaculture Department of the 
Southeast Asian Fisheries Development Center (SEAFDEC/
AQD) has been implementing the project “Sustainable 
Aquaculture through Cost-effective Culture Systems, and 
Prompt and Effective Aquatic Animal Health Management” 
with support from the Japanese Trust Fund (JTF). The 
Project supports the ASEAN-SEAFDEC Resolution and 
Plan of Action on Sustainable Fisheries for Food Security 
for the ASEAN Region Towards 2030 (RES&POA-2030), 
specifically POA No. 64 Improve the efficient use of aquafeeds 
by regulating the quality of manufactured feed and feed 
ingredients, and support continued/applied research for 
developing suitable alternative protein sources that will 
reduce the cost and dependence on fish meal and other fish-
based products, and subsequently promote regional sharing 
of information on feed ingredients; encourage the culture of 
species requiring no or low fish meal content in their feed and 
application of effective feeding management practices, taking 
into account the need for cultural and social acceptance of 
feed ingredients. Under this Project, one of the underscored 
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activities centers on a cost-effective culture system that 
promotes alternative feeds to reduce feed costs.

In aquaculture, strategies to address the high feed cost 
include the continuous prospects for alternative sources of 
protein or additives and the feeding strategy. Due to limited 
resources, high-quality and sustainable protein sources 
such as agricultural by-products (ABPs), mangrove yeasts, 
insects, and invasive fish and plant species are being used in 
aquafeeds formulation (Abarra et al., 2017; Øverland et al., 
2018; Aya et al., 2021; Agpoon et al., 2024). Suitable feeding 
management techniques may also improve feed utilization 
efficiency by reducing feed losses without affecting fish 
performance. The alternate-day feeding strategy, which helped 
lower production costs, has been successfully demonstrated in 
tropical fish species such as Nile tilapia (Bolivar et al., 2006; 
Cuvin-Aralar et al., 2012) and milkfish (de Jesus-Ayson & 
Borski, 2010). 

In light of the above considerations, the Japanese Trust 
Fund has supported the 5-year study to promote sustainable 
feed technologies for freshwater aquaculture species. The 
highlights of the feeding trials exploring the use of alternative 
protein sources and feeding strategies are presented. 

Alternative feed ingredients in 
aquafeeds

Insect meal

In a quest for viable alternative protein sources, insects have 
increasingly been promoted as high-quality, cost-effective, and 
sustainable sources of alternative proteins in other countries. 
Black soldier fly (BSF, Hermetia illucens) larvae is a suitable 
candidate for mass production due, in part, to its simple rearing 
system, high capacity to convert biowastes into protein-rich 
biomass, and being as non-pathogenic (St-Hilaire et al., 
2007; Siddiqui et al., 2022). Due to its high levels of protein 
(40–60 %) and lipids (up to 35 %) and balanced amino acid 
profile similar to that of fishmeal (Barragan-Fonseca et al., 
2017; Shumo et al., 2019; Mouithys-Mickala et al., 2020), 
BSF has been successfully utilized in Nile tilapia (Devic 
et al., 2017; Nairuti et al., 2021) and African catfish (Adeoye 
et al., 2020) diets.

In the Philippines, there is a good prospect of utilizing insect 
meal due to several private farms producing insect larvae, 
albeit in a limited capacity or quantity. Initially, these private 
farms were used as livestock facilities extremely affected 
by the Asian swine flu (ASF) outbreak. These facilities 
were converted into insect-rearing facilities to produce BSF 
larvae. Anecdotal reports showed the efficacy of insect meal 
in promoting fish performance. However, studies on suitable 
rearing substrates and their application in aquafeeds in the 
Philippine setting have yet to be determined. 

The biological effects of supplementing full-fat BSF larvae 
and adult meals in Nile tilapia diets were studied in biofloc-
based conditions to improve current aquafeed formulations. 
Dietary BSF larvae and adult meals ranging from 0 % to 12 % 
to substitute fishmeal and soybean meal proteins were used to 
reveal differences in growth and feed utilization. Nile tilapia 
fingerlings fed 6 % BSF larvae attained a higher weight gain 
and feed utilization efficiency. In a cage experiment where 
the fish were fed identical diets, the weight gain and feed 
efficiency of Nile tilapia were improved even in diets with 
12 % BSF larvae. An explanation for this might be that natural 
food enhances the utilization of BSF larvae in the diet. 
    
Agricultural by-products

Similarly, by-products from major crop industries are also used 
to develop alternative feed formulations. In combination with 
insect meal, soybean curd residue or okara meal (Figure 1), 
has been incorporated in giant freshwater prawn diets due to 
its lower price, high nutritional qualities, and positive effects 
on fish performance. Okara meal has 25.31 % crude protein, 
12.8 5% crude fat, and 3.72 % ash, suggesting its potential use 
as a protein source in aquafeed formulations (Aya et al., 2021). 

Figure 1. Soybean residue or okara meal is regarded as a low-
cost and high-quality alternative protein source in aquafeeds

The effect of the gradual substitution of dietary fishmeal and 
soybean meal by BSF larvae and okara meal on growth and 
feed utilization was studied using three replacement levels 
in clear and biofloc-based conditions. Weight gain and feed 
utilization efficiency were higher in biofloc-based conditions, 
confirming the benefits of biofloc in promoting better fish 
performance. The inclusion of BSF larvae meal up to 25 % 
in giant freshwater prawn diets increased growth and feed 
efficiency in biofloc-based conditions. An outdoor cage 
experiment confirmed a positive relation between dietary 
level and growth parameters (Figure 2). In contrast, growth 
and feed efficiency slightly decreased with the dietary BSF 
larvae and okara meals in clear water condition.  
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Figure 2. Outdoor cage 
setup for the growth 

trial of giant freshwater 
prawn

Invasive aquatic plants

Invasive aquatic plant species such as water hyacinth 
(Eichhornia crassipes) and water cabbage (Pistia stratiotes) 
(Figure 3) pose some problems in fishing and boat navigation 
because they proliferate very fast in the waters of Laguna 
de Bay and elsewhere in the Philippines. In efforts to find 
cheaper dietary protein sources due to their large biomass or 
volume, utilization of these invasive aquatic plants in aquafeed 
formulation is imperative. This is also based on the fact that 
both aquatic plants contain acceptable nutritional levels, with 
water hyacinth leaf meal containing 23.29 % crude protein, 
0.42 % crude fat, and 13.67 % ash. Meanwhile, water cabbage 
leaf meal has 17.15 % crude protein, 1.00 % crude fat, and 
21.08 % ash. A preliminary trial examined the potential of a 
mixture of water hyacinth and water cabbage (60:40 ratio) leaf 
meals to replace soybean meal at varying replacement levels 
(0.0 %, 3.3 %, 6.6 %, and 10.8 %) in Nile tilapia diets. Under 
biofloc-based conditions, the high growth rates at the highest 
inclusion level suggest that Nile tilapia can grow equally on 
soya meal and aquatic leaf meal protein. 

Figure 3. Raw and dried pulverized leaves of water hyacinth 
Eichhornia crassipes (top row) and water cabbage Pistia 

stratiotes (bottom row)  

Adopting feed management strategies to 
reduce feed cost

Feeding management strategies have been evaluated to 
decrease feed inputs and address aspects of water quality 
(Cuvin-Aralar et al., 2012). Skip or alternate-day feeding has 
been suggested as an economically and environment-friendly 
practice in the cage culture of Nile tilapia (Cuvin-Aralar 
et al., 2012). Using this feeding strategy, the stocks are fed 
on alternate days. However, a land-based cage experiment 
modified the feeding strategy used by Aralar et al. (2012) 
with a daily feed ration of 5–2 % (Figure 4) by reducing the 
daily feed ration and alternating them from one-day low at 
1.75 % followed by one-day high at 3.75 %. While results 
suggest no compensatory growth in Nile tilapia subjected to 
alternate-day feeding, reduced feed rations still support better 
growth and feed utilization. Similar results were reported by 
Hezron et al. (2019) using a feeding cycle of one-day low 
(2.5 %) and one-day high (5.0 %). Therefore, a one-day low 
(1.75 %) feeding cycle followed by a one-day high (3.75 %) 
feed ration could be an alternative feeding strategy to optimize 
Nile tilapia production in cages. 

Figure 4. Testing the skip-feeding strategy with reduced rations 
in land-based cage-cultured Nile tilapia

Meanwhile, tropical anguillid eels, such as the Pacific 
shortfin eel (Anguilla bicolor pacifica), are regarded as 
an alternative to the Japanese eel (A. japonica) for culture 
(Cuvin-Aralar et al., 2019). However, the prohibitive cost of 
feeds in eel nursery production remains one of the biggest 
problems confronting the eel industry. The skip or alternate 
day feeding strategy was tested in an outdoor tank trial in an 
attempt to reduce production costs in eel production while 
maintaining fish performance. Indeed, feeding on alternate 
days effectively promoted compensatory growth and a lower 
feed conversion ratio (FCR), translating to a 40 % decrease in 
feed consumption and better water quality (Aya et al., 2023). 
Partial economic analysis also showed that alternate-day 
feeding provided higher net profit and profit index. Therefore, 
this feeding strategy should be promoted in the tank culture 
of tropical anguillid eels.
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In the case of giant freshwater prawn culture, studies on the 
performance and welfare of this prawn species subjected to 
feed restriction are limited (Marques & Lombardi, 2011; 
Ghosh et al., 2018; Rahman et al., 2019; Pontes et al., 2020). 
In addition, most of these studies were conducted under 
laboratory conditions. Examining the growth response of giant 
freshwater prawns in cage conditions will provide a better 
understanding of how temporary feed restriction followed by 
refeeding affects the production parameters of this aggressive 
and territorial species. Feeding schedules, consisting of daily 
feeding, alternate day feeding, two days feeding followed by 
two days non-feeding, four days feeding followed by three 
days non-feeding, and five days feeding followed by two 
days non-feeding, were evaluated in cage culture conditions. 
Preliminary results showed that short-term fasting and re-
feeding promote compensatory growth in giant freshwater 
prawn. Based on FCR values, feed costs may be reduced 
through feeding on alternate days and two days of feeding 
followed by two days of non-feeding.

Way Forward

Developing innovative methods and searching for novel feed 
ingredients are vital in promoting sustainable freshwater 
aquaculture. The findings from this study present the potential 
use of insect meal, agricultural wastes, and invasive aquatic 
plants as alternative feed ingredients in Nile tilapia and giant 
freshwater prawn diets. The application of alternate day 
feeding in tropical anguillid eels and giant freshwater prawn 
farming leads to compensatory growth and reduced feed costs. 
It is hoped that after the successful evaluation and verification 
trials, small-scale farmers in the ASEAN region will adopt 
the alternative feeds and feeding strategies developed from 
this study.

Furthermore, as warranted by the results of the different 
feeding trials on Nile tilapia and giant freshwater prawn, 
leveraging insect meal in aquafeed production offers excellent 
potential in the aquaculture industry of the Philippines and 
an environment-friendly solution for managing biological 
wastes. However, producing insect meal on an industrial 
scale is needed to maximize the full potential of this viable 
alternative feed ingredient. Future studies on using insect meal 
as an emerging protein source in aquafeed should address the 
integration of alternative feed development and sound feeding 
management practices for other farmed fish and prawn species. 
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