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This study was conducted to develop a microparticulate feed for the nursery culture of 
Anguilla marmorata. The developed crumble-type formulated feed was evaluated through 
two separate feeding trials. In the first trial, the growth performance of A. marmorata 
elvers fed with dry crumble-type feed was compared to those fed the conventional moist 
dough-type nursery diet over a 16-day period. The results revealed that elvers fed with 
the crumble-type feed exhibited significant growth performance, with a specific growth 
rate (SGR) of 1.57 and percent weight gain (%WG) of 24.62%, (p<0.05). No significant 
difference in survival was observed, as both dietary treatments achieved a 100% survival 
rate. Additionally, better water quality was observed in tanks fed with the crumble-type 
feed as compared to the dough-type. In the second trial, the applicability of the 
crumble-type feed to support elvers growth was tested on a larger scale rearing system 
for 120 days. Results demonstrated excellent growth and survival, with elvers exhibited 
an SGR of 1.52, %WG of 290.47%, and survival of 86.50%. Findings from this study 
underscore the successful development of a microparticulate feed that supports optimum 
growth and survival of A. marmorata elvers, while offering practical advantages in terms 
of ease of management and feed preparation. 

INTRODUCTION 

The culture of tropical anguillid eel is rapidly gaining at
tention as a lucrative industry in the Philippines due to 
its significant export potential to key markets in the East 
Pacific Region.1 This particular market niche made the eel 
commodity emerge as one of the country’s top exported 
fishery products, where a total volume of 23,019 MT of the 
commodity was exported in 2024, representing 9.0 percent 
of the total export volume. This translates to a value of Php 
3.03B or $ 52.8M, contributing 4.5 percent to the overall 
value of exported fishery products.2 

However, despite its economic benefits, eel aquaculture 
is still heavily reliant on wild-caught glass eels, as the 
hatchery technologies for eel are still underdeveloped. The 
wild glass eels are carnivorous and are adapted to the nat
ural food present in their environment, feeding primarily 
on diets such as planktonic crustaceans.3 As a predatory 
fish, a high-protein feed determines the success of eel cul
ture, where the use of live feeds often accounts for 51 to 55 

percent of the operation’s cost and can run as high as 80 
percent.4 

Traditional feeds in the nursery culture of anguillid eels 
involve live feeds such as bloodworms, brine shrimp, or 
Artemia nauplii.5 These live diets’ high acceptability, well-
balanced nutritional contents, and high digestible proteins 
make them suitable for the early feeding of anguillid eel lar
vae.6 

Feeding with live feeds, however, has always been ac
companied by challenges. Live feeds are cost-intensive, and 
their preparation prior to feeding requires a high degree of 
manual work and commitment of space, adding complexi
ties and cost of production to the hatchery facilities.7,8 In 
the European seabass, the use of Artemia nauplii accounts 
for 79% of its total production cost.9 The nutritional qual
ity of live feeds such as rotifers and Artemia are also highly 
variable. Hence, the improvement of their nutritional qual
ity through “enrichment” is imperative to meet the nutri
tional requirements of the cultured fish species and avoid 
deficiencies in essential nutrients.10 Live feeds may also be 
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a vector of pathogens, posing a risk of introducing patho
genic microorganisms to larval cultures.11 

Aiming to address these challenges and high costs asso
ciated with culturing live food organisms, feeding the nurs
ery stage of anguillid eels necessitates weaning to an ar
tificially formulated diet. Common artificial anguillid eel 
diets in the nursery stage are primarily prepared as moist 
dough-type feeds. However, dough-type feeds have low sta
bility in water, contributing to water quality deterioration 
and therefore requiring more intensive management of the 
culture water.12,13 Moreover, nutrient leaching is highly ob
served on dough-type feeds. 
Alternatively, dry feeds can be used for a more efficient 

eel culture due to the ease of handling, storage, and high-
water stability. In the grow-out culture of eels, the utiliza
tion of dry pellet feeds showed enhanced growth perfor
mance and survival, as well as better quality of the culture 
water, compared to its dough-type feed counterpart.12 

However, as eel juveniles are not adept at consuming dry 
feeds, the abrupt transition to this type of diet can lead to 
low feed acceptability, consequently leading to starvation 
and mortality. Hence, the development of a crumble diet 
suitable for the nursery rearing of eels and its introduction 
during their early life stage can significantly improve the 
weaning process. 
The primary goal of the study is to develop a crumble 

diet that is nutritionally balanced and tailored to the spe
cific needs of eels. Specifically, the study aimed to develop a 
microparticulate feed that could promote improved growth 
performance and survival of eels during their early critical 
stages. The development of a crumble-type feed diet not 
only streamlines the feeding protocol in the early life stages 
of A. marmorata, but also prepares the eel juveniles for 
grow-out conditions. 

MATERIALS AND METHODS 

EXPERIMENTAL SITE 

The experiment was conducted at the multi-species hatch
ery complex of the Institute of Aquaculture in the Univer
sity of the Philippines Visayas. 

EXPERIMENTAL ANIMAL 

Anguilla marmorata elvers used in the study were sourced 
from a collector in General Santos, Philippines. The elvers 
were maintained in a 10-tonner concrete tank, acclimated 
to the hatchery conditions for 3 days, and were weaned 
for 36 days to a dough-type feed prior to the conduct of 
the experiment. During acclimation, water temperature was 
maintained at 25-28°C, and salinity gradually increased by 
6 ppt per day until reaching 18 ppt. The weaning of the 
elvers to the formulated diets was conducted following the 
weaning protocol described by Huervana et al.14 On day 0, 
glass eels were fed Artemia nauplii at 15% of their body 
weight, then transitioned to a fish meat-based mash (FMT) 
until day 16. They were subsequently weaned onto a fish 

meal-based mash (FML) until day 36. Elvers were not fed a 
day before the experiment started. 

EXPERIMENTAL DIETS 

Two different diets (dough-type and crumble-type) were 
formulated using locally available feed ingredients. The 
dough-type diet was formulated based on the formulation 
of Tomiyama & Hibiya,15 with modifications. Meanwhile, 
the crumble-type diet was formulated to attain the ideal 
protein to energy ratio for eels as described by Tibbetts et 
al.,16 Tibbetts et al.,17 and Okorie et al.18 

The dough-type diet was prepared by mixing the dry 
ingredients (Table 1 ) and adding warm water (60-75% of 
the total weight of dry ingredients). The mixture was thor
oughly mixed and formed into moist feed balls. 
The crumble-type diet was prepared by mixing pre-

weighed and sieved (< 500 µm) dry ingredients (Table 1 ) in 
a feed mixer at SEAFDEC/AQD Feed Mill. Wet ingredients 
(soybean oil and lecithin) were added to the dry ingredients 
and mixed thoroughly. The resultant mixture was passed 
to a low-pressure extruder (Suehiro EA-20 Extruder), with 
a temperature of 80-100°C to produce a 2 mm pellet feed. 
The extruded feed was collected and oven dried (60 °C) to 
achieve a moisture content of 10-12% and was ground and 
sieved to obtain a 500-800 µm sized feed particle. 
Diets used were sent to an external laboratory for analy

sis of protein, lipid, moisture, and ash. 

FEEDING EXPERIMENTS AND MANAGEMENT 

Feeding experiments were conducted to evaluate the effi
cacy of a crumble-type diet on the growth performance of 
A. marmorata elvers. 
In the first feeding trial, the growth performance of A. 

marmorata elvers fed with dough and crumble diet was 
compared. Elvers weighing an average of 198.08±0.54 mg 
were stocked in a 120L plastic box (1 individual L-1), con
taining 50L UV filtered brackishwater, with a salinity of 18 
ppt,19 water temperature of 28°C, and a flow rate of 7.14 mL 
sec-1. Dissolved oxygen and ammonia are maintained at >4 
mg L-1 and ≤0.08 mg L-1, respectively. Elvers in treatments 
given with either dough or crumble-type diet were fed twice 
a day, with a feeding rate of 15%. The experiment lasted for 
16 days and treatments were done in triplicate in a com
pletely randomized design (CRD). 
In the second trial, the effectiveness of the crumble diet 

on a large-scale rearing system was evaluated for a 120-day 
rearing period. Elvers with an average body weight (ABW) 
and average total length (ATL) of 394.16±6.51 mg and 
64.73±0.66 mm, respectively, were stocked in five 1 m3 net 
cages (100 individuals/m3) installed in a 200 m2 brackish
water pond. A salinity of 18 ppt and water temperature of 
26-30°C were maintained throughout the field trial. The 
eels were fed at a rate of 15% of their body weight, given 
three times a day (9:00 am, 12:00 noon, and 15:00 pm). Bio
mass and weight monitoring were conducted every 15 days, 
and the amount of allotted feeds was also adjusted based on 
the biomass. 
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Table 1. Modified formulated dough-type and crumble-type diet composition (g/100g) and proximate           
composition (% dry weight).     

Feed Ingredients Modified dough-type feed for eel Formulated crumble-type feed for eel 

Fish meal 70 25 

Cassava flour 23 5 

Shrimp meal - 10 

Squid meal - 10 

Gluten - 17 

Soybean meal - 10 

Soybean oil - 15 

Lecithin - 3 

Yeast 5 - 

Vitamin C (Polyphosphate ascorbic acid) - 1 

Vitamins and minerals premix* 

Proximate composition (%DW) 

2 4 

Crude Protein 58.85 56.85 

Crude Fat 4.88 11.54 

Moisture 16.21 12.09 

Ash 12.40 10.44 

*Vitamin premix composition (per kg): Vitamin A (1,200,000 IU), Vitamin D3 (200,00 UI), Vitamin E (20,000 UI), Vitamin B1 (8,000 mg), Vitamin B2 (8,000 mg), Vitamin B6 (5,000 
mg), vitamin B12 1% (2000 mcg), Niacin (40,000 mg), Calcium Pantothenate (20,000 mg), Biotin (40 mg), Folic Acid (1,800 mg), Ethoxyquin (500 mg) 
*Mineral premix composition (per kg): Iron (40,000 mg), Manganese (10,000 mg), Zinc (40,000 mg), Copper (4,000 mg), Iodine (1,800 mg), Cobalt (20 mg), Selenium (200 mg) 

WATER QUALITY 

During the experiments, water parameters such as temper
ature, dissolved oxygen (DO), and ammonia were measured. 
Temperature and DO were measured using an oxygen me
ter, while ammonia was measured using an ammonia test 
kit. 

DATA ANALYSIS 

Prior to the experiment, 50 eels were separately weighed 
using an analytical balance. The corresponding length and 
mouth gape were also measured using a digital caliper. 
Sampling was conducted every four days during the first 

experiment to monitor the growth of elvers in each treat
ment. Eels were counted individually for survival and 
batch-weighed using a top-loading balance. At the end of 
the experiment, eels were again counted and weighed in 
batches per technical replicate for each treatment. Addi
tionally, ten (10) eels per replicate in each treatment were 
measured for length and mouth gape. The following growth 
indices at the end of the two experimental runs were mea
sured and calculated using the following equations: 

Data gathered from the first experiment were tested for 
normality using the Shapiro-Wilk test. Data were further 
analyzed for statistical significance using the T-test, com
paring the means of the SGR, %WG, and %Survival between 
elvers fed with dough and crumble-type diets. Standard er
ror of the mean (SEM) was calculated per treatment to mea
sure data variability. 

RESULTS 

The experiment comparing the growth of A. marmorata 
elvers when fed with dough-type and crumble-type diets 
concluded after 16 days of culture, indicating promising re
sults for the crumble-type diet. At termination, DOC (day of 
culture) 16, significantly high average body weight (ABW) 
was recorded in elvers fed with a crumble-type diet 
(ABW=262.09 mg) compared to the dough-type diet 
(ABW=205.51 mg) (Figure 1 ). 

Table 2  summarizes the initial and final mouth gape 
and length of A. marmorata elvers fed with dough-type 
and crumble-type diets. After 16 days of culture, elvers fed 
with the crumble-type diet exhibited a wider mouth gape 
and a greater total length compared to those fed with the 
dough-type diet. A significant difference was observed in 
the mouth gape and total length between the two dietary 
treatments at the end of the experiment. 
Following the trend in ABW of elvers, results showed a 

significant difference in the specific growth rate (SGR) of 
A. marmorata elvers between the two types of feed given. 
Elvers fed with the crumble feed showed a statistically 
higher SGR (1.57) compared to the elvers fed with a dough-
type feed (0.19) (p<0.05). 
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Figure 1. Average body weight (ABW, mg) of       A.  
marmorata  elvers fed with two types of feed after 16          
days of culture. Values are means of replicates ± SEM           
(n=3). Values with different superscript letters are        
significantly different (p < 0.05).      

Table 2. Initial and final mouth gape and length of         A.  
marmorata  elvers fed with two types of feed after 16          
days of culture.    

Growth 
Parameters 

Modified 
dough-type diet 

for eel 

Formulated 
crumble-type diet 

for eel 

Initial average 
mouth gape 
(mm) 

1.31±0.021 1.31±0.021 

Final average 
mouth gape 
(mm) 

1.33±0.08a2 1.56±0.06b2 

Initial average 
total length 
(mm) 

52.18±0.431 52.18±0.431 

Final average 
total length 
(mm) 

53.51±1.15a2 58.03±1.01b2 

Values are means of replicates ± SEM (n=3). Values with different superscript letters are 
significantly different from each other (p<0.05) 
1 50 individuals were used for measurement/data gathering 
2 60 individuals were used for measurement/data gathering 

Table 3. Comparison of growth parameters between      
dough-type and crumble-type diet for eel.       

Growth 
Parameters 

Modified dough-
type diet for eel 

Formulated 
crumble-type diet 

for eel 

Specific 
Growth Rate 
(SGR) 

0.19±0.03a 1.57±0.09b 

Percent 
Weight Gain 
(%WG) 

2.71±0.37a 24.62±1.81b 

Percent 
Survival 
(%Survival) 

100.00±0.00a 100.00±0.00a 

Values are means of replicates ± SEM (n=3). Values with different superscript letters are 
significantly different from each other (p<0.05) 

Table 4. Comparison of water parameters between      
dough-type and crumble-type diet for eel.       

Water 
Parameters 

Modified dough-
type diet for eel 

Formulated 
crumble-type diet 

for eel 

Temperature 
(°C) 

25.10-31.05 25.00-29.30 

Dissolved 
Oxygen (mg 
L-1) 

4.44-7.07 6.52-7.01 

Ammonia (mg 
L-1) 

0.25-1.00 0.00-0.50 

Figure 2. Growth trend of    A. marmorata   elvers fed with    
crumble diet in cage setup (Day 0 to Day 120).           
Values are means of replicates ± SEM (n=5). 

Same results were observed on the percent weight gain 
(%WG) of A. marmorata elvers fed with two types of formu
lated diet. Weight gain of elvers fed with a dough-type diet 
(2.71%) has a statistically lower %WG compared to elvers 
fed with a crumble diet (24.62%) (p<0.05). 
Meanwhile, there was no significant difference between 

the treatments in terms of survival after a 16-day culture. 
Both treatments showed 100% survival with no recorded 
mortality (Table 3 ). 
Data obtained from the first experiment reveal that 

elvers have a better growth performance during nursery 
culture when formulated crumble feed is used as their main 
diet. 
In terms of water parameters, better water quality was 

observed in tanks where the crumble diet was fed. Notably 
low ammonia levels were observed in tanks fed with a 
crumble diet compared to tanks fed with the dough-type 
diet (Table 4 ). Recorded dissolved oxygen in tanks fed with 
a crumble diet were also comparatively higher than on 
tanks fed with the dough-type diet. 
After the experiment, the crumble diet was used in a 

field trial as the main nursery feed for A. marmorata to 
further assess its effectiveness on a larger scale. Figure 2   
shows the growth trend of elvers after 120 days of culture. 
Good growth performance was observed during the nurs

ery culture of A. marmorata elvers fed with the crumble 
diet. The effectiveness of the diet was also reflected in the 
growth parameters of A. marmorata elvers after a 120-day 
culture (Table 5 ) 
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Table 5. Growth data of    A. marmorata   elvers fed with    
crumble diet in cage setup after 120 days of culture.           
Values are means of replicates ± SEM (n=5)         

Data on growth and survival of A. marmorata elvers 

Specific Growth Rate (SGR) 1.52 ± 0.04 

Percent Weight Gain (%WG) 290.47 ± 0.92 

Daily length increase (mm) 0.47 ± 0.01 

Survival (%) 86.50 ± 0.71 

Results obtained from both the feeding experiment and 
field trial demonstrate the feasibility of using a crumble-
type diet in the nursery culture of A. marmorata, with supe
rior growth performance when compared to the traditional 
dough-type feeds. 

DISCUSSION 

Several diets were developed and examined in the nursery 
culture of Anguillid eels to effectively facilitate the weaning 
and diet transitioning of elvers. Weaning protocols have 
been developed in the larval and nursery rearing of A. mar
morata,14 and the most common diet in nursery and grow-
out culture of Anguillid eels is a dough-type feed. The re
sults of this study suggest that the formulated crumble diet 
is effective and can promote better growth performance for 
A. marmorata elvers during the nursery culture in brackish
water ponds. Also, this study showed favorable effects of 
the formulated crumble diet on the performance of A. mar
morata in the nursery culture. 

A. marmorata elvers fed with a crumble diet have higher 
growth performance compared to the elvers fed with a 
dough-type diet. This shows that a solid diet is an effective 
diet for the nursery culture of A. marmorata. The developed 
crumble diet formulated for A. marmorata nursery signifi
cantly enhances the growth of the elvers. Fish fed with dry 
feeds have better performance in terms of growth compared 
to fish fed with moist feed.20 A study conducted by Kim & 
Shin21 also demonstrated that dried feed has a better effect 
on fish, in terms of growth performance and feed utiliza
tion, compared to moist and semi-moist feed. Lee et al.22 

also showed a better growth performance of A. japonica fed 
with extruded dry pellets during the grow-out culture. The 
lower growth performance of A. marmorata fed with dough-
type feed could be attributed to high leaching and low water 
stability of the feed. 
The positive effect of the formulated crumble diet on the 

growth performance of A. marmorata elvers is due to the 
extrusion process during the development of the crumble 
diet. Extrusion process improves the feed stability and ef
ficiency of aquaculture feeds.23 Welker et al.24 also high
lighted that the extrusion process improves the overall 
quality of fish feed, such as increasing the water stability, 
decreasing the leaching of nutrients, improving the nutri
ent digestibility of feed, and ensuring sufficient available 
energy for fish, which leads to better feed conversion and 
improved growth of fish. Moreover, Kannadhason et al.25 

emphasized that the extrusion cooking process triggers 
several reactions and processes in the feed that improve 
the diet, such as denaturation of protein, modification of 
texture, partial rehydration and dehydration, killing of mi
croorganisms, and destruction of possible toxic com
pounds. In the present study, the extrusion process in mak
ing the crumble diet for A. marmorata makes the 
formulated diet better and more efficient. Similarly, a study 
conducted by Lee et al.22 showed that extruded pellets pro
mote better growth performance in Japanese eel, A. japon
ica. 
On the other hand, the water quality in tanks was better 

on the treatment fed with the formulated crumble diet. Wa
ter quality has a significant effect on the production and 
efficiency in aquaculture. The present study showed that 
the formulated crumble diet can improve the water qual
ity, which can lead to better water management and in
creased production. Ekanem20 demonstrated that feeding 
moist feed increases the ammonia levels of water, and using 
solid feed improves the water quality. A study conducted by 
Kim and Shin21 showed that using extruded pellets as feed 
improves the water quality and decreases the nitrogen and 
phosphorus discharge. A similar study conducted by Lee et 
al.22 showed that the water quality in Japanese eel culture 
tanks is better in the treatments fed with extruded pellets. 
The same author suggests that dough-type feed is easily 
soluble in water before being consumed by the fish, and ex
truded feeds have a longer leaching rate, making it more 
stable in the water. 
The survival rates of elvers in both treatments are attrib

uted to the successful weaning in the early stage (glass eel) 
and the nutritional contents of both feeds tested. Success
ful weaning of glass eels and introduction of artificial di
ets during the early stage (glass eel) results in elvers hav
ing higher adaptability to more complex artificial feeds.14 

In this trial, the elvers have more adaptability to artificial 
diets, which results in good survival on both treatments. On 
the other hand, the survival of elvers is also attributed to 
the nutritional contents of the artificial diets used in the 
experiment. The sufficient amount of protein content of 
both diets (dough-type and crumble) had a positive effect 
on the survival of elvers on both treatments. Cheng et al.26 

showed that at least 50% crude protein content is optimal 
for A. marmorata elvers, which was met by the artificial di
ets used in the study. However, there is a big difference in 
the lipid content of diets used, which can be a factor in
volved in the difference in the growth rate of elvers. 
The better growth of elvers fed with crumble diets can 

also be linked to the more complex ingredients used in the 
development of the crumble diet. Several studies explored 
different feed ingredients for anguillid eels. Heinsbroek et 
al.27 tested different diet composition of feed for A. an
guilla, using mainly fish meal, soybean meal, fish oil, and 
vitamin and mineral premix. Plant-based protein diets and 
ingredients, such as soybean meal and oil, are also explored 
and tested as dietary ingredients for eel.28 The addition of 
squid meal as an attractant in the diet also had good ef
fects on the feed adaptability of A. marmorata.29 The com
plex ingredients used in the crumble development in this 
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study, and utilization of squid meal as a protein source and 
attractant, have a positive effect on the growth of A. mar
morata elvers, with sufficient protein content and better 
lipid content. The crumble diet has more lipid content than 
the dough-type feed, which accords with the recommended 
lipid content of A. marmorata diet.26 Lipid content of diet 
is very important for the overall development of eel.30 The 
development of this diet with such complex ingredients is 
made possible with the extrusion process. The nutritional 
requirement of the fish can be met through mixing neces
sary feed ingredients, which can be achieved through the 
extrusion process, and is a key step in producing good qual
ity feed with increased digestibility and good nutrition 31. 
Thus, complex ingredients are tailored successfully through 
extrusion without compromising the texture and quality of 
feed, which is hardly possible to achieve in the traditional 
dough-type feed. 
However, the production cost of extruded feed is greater 

compared to the traditional dough-type feed. A higher cap
ital investment is needed for extrusion technology due to 
complex machinery and high-energy requirements, which 
also covers other equipment like feed drying machines.32 

For some production scales, especially small-scale farming, 
the dough-type eel feed is a practical choice in eel nursery 
culture. However, the lower growth rate of eel fed with 
dough-type feed and higher ammonia levels in the water 
may increase indirect costs and economic disadvantages in 
the long run. Extruded feed has higher initial cost but of
fers better economic benefits eventually due to its stabil
ity, consistency, and efficiency, as shown in this study. The 
better feed conversion ratio with extruded feed lowers the 
cost of feed per weight of fish produced.33 Using extruded 
diets in fish farming results in higher biomass produced, 
which promotes economic efficiency and profitability.34,35 

The choice between the traditional dough-type feed and ex
truded solid diets must be based on many factors, includ
ing feed efficiency and profitability. While dough-type feed 
may still be a practical choice for some production scales, 
the crumble feed developed in this study is a promising diet 
that can promote better growth due to its consistency, in
creasing the production and economic efficiency of A. mar
morata nursery culture. 
Overall, this study demonstrated success in developing 

a microparticulate feed for the nursery culture of A. mar
morata in brackishwater pond/tank systems. The findings 
highlight that utilizing the developed microparticulate feed 
effectively maintains the water quality and enhances the 
growth performance of A. marmorata elvers, thereby im
proving the efficiency, sustainability, and manageability of 
the nursery culture process. 
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