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Abstract 
The effects of different dietary protein sources on the growth and survival of Scylla tranquebarica (Fabricius, 1798) 
megalopa to early crab instar were elucidated. Four isoproteic (51 %) and isolipidic (10 %) diets were formulated using 
fish meal (FM) as the main protein source, combined with squid meal (FM:SQ), scallop meal (FM:SC), or bloodworm meal 
(FM:BW) at a ratio of 3:2. The 2-day-old megalopa were reared in triplicate in 35 L black rectangular tanks and fed the 
experimental diets for 14 days. The larval stage composition, survival, and growth performance were evaluated on days 
7 and 14. On day 7, the production of crab instar 1 was significantly higher in the FM, FM:SQ, and FM:SC treatments 
compared to FM:BW (P < 0.05). On day 14, the proportion of crab instar 2 and the mean total biomass were significantly 
higher in the FM:SQ and FM:SC treatments (P < 0.05). These two treatments also exhibited significantly lower feed 
intake and feed conversion ratios than the others, with the highest protein and lipid efficiency ratios (P < 0.05). In 
conclusion, combining fish meal with squid or scallop meal improves megalopa growth and survival during the transition 
to the early instar stage. 
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Introduction 

Feed is the key factor in successful crab seed 
production in mud crabs (Scylla spp.) (Sanudin et al., 
2024). Mud crab larvae hatch as zoeae and pass 
through five zoeal stages before metamorphosing into 
the megalopa. The megalopa is the transitional stage 
following the last crab larvae instar. The megalopa 
further metamorphoses into the benthic crab instar 
stage, which exhibits the body structure of adult mud 
crabs (Thien et al., 2025). During larval rearing, live 
feeds such as rotifers and Artemia are commonly 
provided from zoea I to zoea V (Sanudin et al., 2022). 
Owing to the incomplete development of the digestive 
system in zoeal larvae, formulated diets are generally 
introduced only at the juvenile and adult stages 
(Serrano, 2012). Weaning from live feeds to formulated 
diets has been reported to occur during the megalopa 
stage, during which megalopae are typically fed adult 
Artemia, fresh feeds such as shredded fish, shrimp, 

and mussel meat, or commercial diets (Holme et al., 
2006; Quinitio & Parado-Estapa, 2003). In addition, no 
significant difference in survival was observed 
between Scylla serrata megalopae fed a 100 % micro-
bound diet and those fed 100 % Artemia (Genodepa et 
al., 2004). 

Among protein sources, fish meal has conventionally 
been used as the primary protein in commercial diets 
due to its high palatability, digestibility, and well-
balanced amino acid composition (Hua et al., 2019).  
Despite these advantages, acceptance of formulated 
diets remains a challenge in some crustacean species, 
such as the mud crab Scylla tranquebarica (Fabricius, 
1798), which rejected formulated feed under culture 
conditions (Liew et al., 2022). To improve feed 
acceptance, natural ingredients such as squid and 
shellfish are incorporated as feed attractants to 
enhance feed intake in cultured animals (Ndobe et al., 
2022; Rasidi, 2022).  The inclusion of squid meal and 
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squid extract in the diet of the freshwater crayfish 
Procambarus clarkii is an effective feed stimulant, 
thereby improving feed intake (Hua et al., 2014). These 
natural ingredients are also rich in carotenoids and 
cholesterol, two essential nutrients that crustaceans 
have a limited capacity to synthesise de novo (Kumar et 
al., 2018; Matsuno, 2001). 
 
The combination of various protein sources with fish 
meal in formulated diets has been shown to improve 
feed acceptance in crustaceans, thereby supporting 
better growth and survival (Marchese et al., 2019; 
Simon et al., 2019). In this context, squid meal, fish 
meal, and Artemia meal have been tested as 
alternatives to rotifer meal in the diet of S. serrata 
megalopa (Holme et al., 2006). This study 
demonstrated that megalopae fed solely on squid 
meal, as well as those fed a mixture of squid meal and 
fish meal, showed higher survival rates and shorter 
times to reach the first crab instar compared with 
megalopae fed diets combining squid meal with either 
rotifer meal or Artemia meal (Holme et al., 2006). 
 
The present study was conducted to assess the effects 
of combining fish meal with other protein sources on the 
growth and survival of S. tranquebarica megalopa from 
the early instar stage onward. The purple mud crab, S. 
tranquebarica, was selected as the target species 
because it is one of the four highly sought-after mud 
crab species in both domestic and international 
markets (Mohd Sharif et al., 2019). This species is 
widespread across the Indo-Pacific region, from 
Southeast and East Africa to Southeast Asia (Alberts-
Hubatsch et al., 2016). The data generated from this 
study are expected to provide valuable information to 
assist the expansion of mud crab aquaculture. 
 
Materials and Methods 
 
Ethical approval 
 
The present study received ethical approval from the 
Universiti Malaysia Sabah Code of Practice and 
Guidelines for the Care and Use of Animals for 
Scientific Purposes (AEC006/2022). 
 
Source of mud crab megalopa 
 
The feeding trial was conducted at the Crustacean 
Hatchery, Borneo Marine Institute, Universiti Malaysia 
Sabah, Malaysia. Megalopa of S. tranquebarica were 

obtained from a single broodstock spawning at the 
hatchery. Broodstock management and larval rearing 
from zoea I to the megalopa stage were carried out 
according to the protocols described by Thien and Yong 
(2017) and Sanudin et al. (2022), respectively. The 
selection of specimens from a single spawning batch was 
designed to minimize variability arising from differences 
in parental genetics, maternal nutrient allocation, and 
early rearing history. This approach allowed the effects of 
dietary treatments to be evaluated under a more 
controlled experimental setting. 
 
Experimental feed 
 
The experimental diets were formulated using fish 
meal (FM), squid meal (SQ), scallop meal (SC), and 
bloodworm meal (BW) as the primary protein sources. 
The crude protein and crude lipid contents, and the 
amino acid profiles of the protein sources used in the 
present study are presented in Tables 1 and 2, 
respectively.  The crude protein content of the FM, SQ, 
SC, and BW meals was 78.41 %, 85.04 %, 79.41 %, and 
61.8 %, respectively, and their crude lipid content was 
7.31 %, 5.22 %, 5.43 %, and 9.74 %, respectively (Table 
1). The amino acid analysis was conducted for FM, SQ, 
and SC. However, due to an insufficient BW sample, 
the amino acid profile was not determined for this diet. 
Differences among ingredients were observed for 
several essential amino acids (Table 2). Lysine 
concentrations were higher in FM and SQ, and lower in 
SC. Methionine content was higher in SC compared 
with FM and SQ. Arginine levels were higher in SQ 
relative to the other ingredients. Variations were also 
present with leucine and isoleucine occurring at higher 
concentrations in FM and SQ than in SC. In contrast, 
valine levels were similar in FM and SC but lower in SQ. 
Among the non-essential amino acids, alanine content 
was higher in SC, while glutamic acid concentrations 
were higher in FM and SQ. 
 
The experimental diets consisted of four isoproteic (51 %) 
and isolipidic (10 %) diets (Sanudin et al., 2024) (Table 3). 
The control diet used fish meal (FM) as the sole protein 
source. The remaining three diets were formulated by 
partially replacing fish meal with squid meal (FM:SQ), 
scallop meal (FM:SC), or bloodworm meal (FM:BW) at a 
fixed ratio of 3:2 (Thien & Yong, 2017). Squid meal and 
bloodworm meal were prepared by oven-drying squid 
(Loligo sp.) and bloodworm (Chironomus sp.), respectively, 
and ground into a fine powder. Scallop meal was a 
commercial product obtained from a local supplier. 

 
Table 1. The crude protein and lipid content (mean ± SD) of the different protein ingredient sources (g.100 g-1 dry weight basis) fed 
to purple mud crab Scylla tranquebarica.  
 

Proximate analysis (%) Protein sources 

FM SQ SC BW 

Crude protein 78.41 ± 0.41 79.64 ± 0.58 69.41 ± 0.75 61.80 ± 0.21 
Crude lipid 7.31 ± 0.22 5.22 ± 0.22 5.43 ± 0.20 9.74 ± 0.27 

FM, fish meal; SQ, squid meal; SC, scallop meal; BW, bloodworm meal. 
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Table 2. Compound weight (ng, dry weight basis) of amino acid compositions in of ingredients fish meal (FM), squid meal (SQ), and 
scallop meal (SC) fed to purple mud crab Scylla tranquebarica. 
 

Amino acid compounds  Protein sources 

FM SQ SC 

Essential amino acids     

Threonine 34.0 38.0 31.9 
Methionine 24.5 25.8 33.6 
Isoleucine 38.3 41.3 36.6 
Leucine 62.2 66.3 56.5 
Phenylalanine 27.4 29.7 26.2 
Lysine 81.8 76.0 52.0 
Valine 45.0 37.8 45.5 
Histidine 17.8 18.7 15.4 
Arginine 51.3 67.4 43.1 
Total essential amino acids  382.2 401.0 340.8 

Non-essential amino acids     

Aspartic acid 82.4 80.5 74.3 
Serine 33.7 36.2 29.8 
Glutamic acid 117.7 123.7 104.2 
Glycine 43.6 39.7 37.7 
Alanine 54.4 46.0 61.8 
Cysteine 3.1 3.9 1.6 
Tyrosine 20.1 21.9 16.4 
Proline 35.5 31.0 29.6 
Hydroxyproline  5.4 5.6 3.2 
Total non-essential amino acids  395.9 388.7 358.6 

Total amino acids 778.0 789.7 699.4 
 
 
Table 3. Formulation and proximate analysis of experimental diets (g.100 g-1 dry weight basis) fed to purple mud crab Scylla 
tranquebarica.  
 

Ingredients (g.100 g-1) Diets 

FM  FM:SQ FM:SC FM:BW 

Fish meal 67.37 40.00 40.00 40.00 
Squid meal - 25.11 - - 
Scallop meal - - 25.93 - 
Bloodworm meal - - - 34.34 
Fish oil 6.00 5.06 4.86 3.46 
Cholesterol 0.60 0.60 0.60 0.60 
Alpha starch  11.03 14.23 13.61 6.60 
Soy lecithin 3.00 3.00 3.00 3.00 
Calcium phosphate 2.00 2.00 2.00 2.00 
1Mineral premix 3.00 3.00 3.00 3.00 
2Vitamin premix 3.00 3.00 3.00 3.00 
Carboxymethyl-cellulose  4.00 4.00 4.00 4.00 

Proximate analysis (%) 

Crude protein 51.39 ± 0.20 51.22 ± 0.36 51.73 ± 0.52  51.48 ± 0.24  
Crude lipid 10.61 ± 0.21 10.24 ± 0.38 10.11 ± 0.61 10.49 ± 0.33 
Moisture 8.65 ± 0.39 8.79 ± 0.07 8.44 ± 0.29 8.12 ± 0.18 
Ash 21.56 ± 1.53 16.05 ± 2.30 21.11 ± 0.76 19.87 ± 1.68 
3Estimated gross energy 
(kcal.100g-1) 

422.6 ± 2.41 444.2 ± 3.49 426.2 ± 6.93 433.0 ± 2.34 

4Gross energy-to-protein 
ratio (kcal.g-1 crude protein) 

8.22 ± 0.03 8.67 ± 0.07 8.24 ± 0.10 8.41± 0.06 

Data are presented as mean ± standard deviation (n = 3).  
FM, fish meal; FM:SQ, fish meal and squid meal; FM:SC, fish meal and scallop meal; FM:BW, fish meal and bloodworm meal.  
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Table 3. Continued. 
 
1Mineral mixture (g.kg-1 mixture): Calcium phosphate monobasic, 270.98; Calcium lactate, 327.0; Ferrous sulphate, 25.0; 
Magnesium sulphate, 132.0; Potassium chloride, 50.0; Sodium chloride, 60.0; Potassium iodide, 0.15; Copper sulphate, 0.785; 
Manganese oxide, 0.8; Cobalt carbonate, 1.0; Zinc oxide, 3.0; Sodium selenite, 0.011; Calcium carbonate, 122.274. 
2Vitamin mixture (g.kg-1 mixture): Ascorbic acid, 45.0; Inositol, 5.0; Choline chloride, 75.0; Niacin, 4.5; Riboflavin, 1.0; Pyridoxine 
HCl, 1.0; Thiamine HCl, 0.92; D-calcium pantothenate, 3.0; Retinyl acetate, 0.60; Vitamin D3, 0.083; Menadione, 1.67; DL alpha-
tocopherol acetate, 8.0; D-biotin, 0.02; Folic acid, 0.09; Vitamin B12, 0.00135. All ingredients were diluted with alpha-cellulose to 
a total of 1 kg.  

3Gross energy (kcal.100g-1) = 5.65 kcal g⁻¹ protein, 9.45 kcal g⁻¹ lipid, and 4.10 kcal g⁻¹ NFE, 4Gross Energy to protein ratios (kcal.g-1) 
= Gross energy (kcal.100g-1) / Crude protein (g.100g-1) (Taj et al., 2023). 
 
 
The experimental diets were prepared by thoroughly 
mixing all ingredients with water to form a dough. Pre-
gelatinised α-starch and carboxymethyl cellulose 
(CMC) were incorporated into all diets as binders to 
improve pellet integrity. The dough was pelletised 
using a mincer (TBS-200 Orimas, Taiwan). The noodle-
like strands produced were oven-dried at 40 °C for 8 h. 
After drying, the pellets were crushed into smaller 
particles and sieved sequentially through 710 µm and 
500 µm mesh strainers to obtain pellet sizes ranging 
from 500 to 710 µm (Genodepa et al., 2004). The pellets 
were then stored at −20 °C until use. Proximate 
composition analysis of the experimental diets was 
conducted before the commencement of the feeding 
trial. The crude protein and lipid in the diets were in the 
ranges of 51.22–51.73 % and 10.11–10.61 %, respectively. 
The gross energy (GE) of the diets was estimated based 
on physiological fuel values of 5.65 kcal g⁻¹ protein, 
9.45 kcal g⁻¹ lipid, and 4.10 kcal g⁻¹ carbohydrate (NRC, 
2011). The diets showed comparable GE (422.6 to 444 
kcal 100 g⁻¹) and GE:P ratios (8.22 to 8.67 kcal g⁻¹ 
protein), indicating that the experimental diets were 
approximately iso-energetic. 
 
Feeding trial 
 
In this experiment, two-day-old megalopa larvae were 
used (initial body weight [mean ± SD]: 4.18 ± 0.20 mg; 
initial carapace width: 1.73 ± 0.09 mm). A total of 30 
megalopae were randomly stocked into 35-L black 
rectangular tanks (58.5 cm length × 38.5 cm width × 
24.5 cm height) and reared in triplicate (n = 3), in a 
stocking density of 2 megalopae L⁻¹ (Xu et al., 2005). 
Each tank was filled with 15 L of seawater, and gentle 
aeration was provided. Shelters consisting of PVC 
pipes (2.5 cm diameter × 4.0 cm length) and black 
netting were placed in the tanks to reduce cannibalism 
among the megalopae (Thien et al., 2022). The natural 
photoperiod consisted of approximately 12 h of light 
and 12 h of darkness. Water quality parameters were 
maintained at 28.8 ± 0.8 °C for temperature, 28.62 ± 1.0 
ppt for salinity, 5.5 ± 0.5 mg L⁻¹ for dissolved oxygen, 
and 7.82 ± 0.4 for pH. 
 
The larvae were fed twice daily, in the morning (09:00) 
and afternoon (16:00), at a rate of 2 mg of feed per 
megalopa (Holme et al., 2006). To calculate feed intake 
during the trial, the amount of feed provided was 
recorded, and any uneaten feed was removed before 

the next feeding. The leftover feed was then dried in an 
oven at 55 °C (Unnikrishnan & Paulraj, 2010). A 50 % 
water exchange was performed each morning before 
feeding (Cabacaba et al., 2020), and any dead larvae 
were removed and recorded. The feeding trial lasted 14 
days, during which growth, survival, and larval stage 
composition were monitored on days 7 and 14.  
 
Data collection 
 
Throughout the feeding trials, the megalopa 
metamorphosed into the first two crab instars 1 and 2 
(C1 and C2). Body weight (BW) and carapace width (CW) 
of the C1 and C2 were measured on days 7 and 14. 
Survival rate, larval stage composition, body weight 
gain (BWG), carapace width gain (CWG), specific 
growth rate of body weight (SGRBW), specific growth 
rate of carapace width (SGRCW), feed intake (FI), feed 
conversion ratio (FCR), protein efficiency ratio (PER), 
and lipid efficiency ratio (LER) were determined at the 
end of the experiment as percentages based on the 
following formulae: 
 

Survival rate (%) = Final number of survived crabs
Initial number of crabs

 × 100 

 
Larval stage composition (%)  

= Number of surviving crabs at certain stage
Total surviving crabs

 × 100 

 

BWG (%) = (Final−Initial)body weight (mg)
Initial body weight (mg)

 × 100 

 

CWG (%) = (Final−Initial) carapace width (mm)
Initial carapace width (mm)  × 100 

 
SGRBW (%)  

= ln�final body weight (mg)� − ln(initial body weight (mg))
Duration (days)

 × 100 

 
SGRCW (%) = 

 ln�final carapace width (mm)� − ln(initial carapace width (mm))
Duration (days)

 × 100 

 

FI (%.day-1) = 100 × Feed consumption (g)
Average biomass (g)×days

 

 

FCR = Dry feed intake (mg)
Wet weight gain (mg)
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PER = Wet weight gain (mg)
Total protein intake (mg)

 

 

LER = Wet weight gain (mg)
Total lipid intake (mg)

 

 
Proximate and amino acids analyses 
 
The proximate composition of the experimental diets, 
including moisture, dry matter, ash, crude lipid, and 
protein content, was determined following AOAC (1999) 
methods. Moisture content was measured by oven-
drying the samples at 105 °C for 24 h, while crude ash 
was obtained by incineration in a muffle furnace at 
550 °C for 5 h. Crude lipid was analysed using a Soxtec 
Lipid Analyser (Soxtec™ 2043, Foss, Sweden), and 
protein content was determined via Kjeldahl 
distillation and titration using a Vapodest 500 
(Gerhardt, Germany). The amino acid analysis was 
performed by the Laboratory of Halal Services, 
Universiti Putra Malaysia, Malaysia. The amino acid 
solution was derivatised using the AccQ-Fluor™ 
reagent, with aminobutyric acid used as the internal 
standard. The resulting amino acid derivatives were 
analysed by high-performance liquid chromatography 
(Waters Alliance 2695) coupled with a fluorescence 
detector (Waters 2475). The amino acid content (mg) 
was determined through external standard calibration.  
 
Statistical analyses 
 
The proportion data were arcsine transformed before 
analysis. The Shapiro–Wilk and Levene’s tests were 
used to assess data normality and homogeneity of 
variance, respectively. A one-way ANOVA was 
performed to evaluate statistical differences at P < 
0.05 between diets at each time of measurement (7d 
and 14d), followed by Tukey’s post hoc test for pairwise 
comparisons. All statistical analyses were conducted 
using IBM SPSS Statistics version 20. Data are 
presented as mean ± standard deviation (SD). 
 
Results 
 
Larval stage composition and survival 
 
On day 7, the composition of megalopa in the FM, FM:SQ, 
and FM:SC treatments was significantly lower (51.67– 

56.96 %) than in the FM:BW treatment (67.81 %) (P < 0.05) 
(Table 4). The highest C1 instar composition was 
observed in the FM:SC treatment (48.34 %); however, 
this value did not differ significantly from those of the 
other treatments, except for FM:BW, which had the 
lowest C1 instar proportion (32.19 %) (P < 0.05). 
 
On day 14, megalopae were absent in all treatments 
except FM:BW, in which a small proportion (1.96 %) 
remained. In the other treatments, larval composition 
consisted predominantly of C1 and C2 instars (Table 4). 
The C1 instar composition was significantly lower in the 
FM:SQ and FM:SC treatments than in the other 
treatments (P < 0.05). Consequently, these treatments 
exhibited significantly higher C2 instar composition, 
reaching 57.00 % and 51.86 % in FM:SQ and FM:SC, 
respectively, compared with FM and FM:BW (33.3 and 
21.6 %, respectively P < 0.05). 
 
Survival was highest in the FM:BW treatment day 7 
(65.56 %), but there were no significant differences 
among treatments (range = 61.1–64.4 %, P > 0.05) (Table 
4). By day 14, the highest survival was observed in the 
FM:SQ treatment (58.89 %); however, survival did not 
differ significantly among treatments (range = 50.0–
57.8 %, P > 0.05). 
 
Body weight and carapace growth 
performance 
 
The BW of C1, BWG, and SGRBW from megalopa to C1 (M-
C1), as well as the CW of C1, CWG, and SGRCW from M-
C1, did not differ significantly among treatments on day 
7 (P > 0.05, Table 5).  
 
On day 14, the BW of C2 instar crabs was significantly 
higher in the FM:SQ treatment compared with FM:BW 
(P < 0.05), although no significant differences were 
observed relative to the other treatments (Table 6). On 
day 14, no significant differences in BWG or SGRBW 
were observed among dietary treatments for the M-C1, 
C1-C2, or M-C2 stages (P > 0.05).  
 
The total biomass was significantly higher in the FM:SQ 
and FM:SC groups compared with the other 
treatments (P < 0.05). In addition, C1 instar crabs on day 
14 exhibited lower BW, BWG, and SGRBW of M-C1 than  
 

Table 4. Larval stage composition and survival of megalopa and crab instars of purple mud crab Scylla tranquebarica fed diets 
containing different protein sources. 

 
Diets Day 7 Day 14 

Larval stage composition (%) Survival (%) Larval stage composition (%) Survival (%) 
M C1 M C1 C2 

FM 56.96 ± 4.24a 43.04 ± 4.24b 64.44 ± 3.85a 0 66.71 ± 5.81b 33.29 ± 5.81a 50.00 ± 3.33a 
FM:SQ 52.65 ± 2.51a 47.35 ± 2.52b 61.11 ± 5.09a 0 42.96 ± 6.12a 57.04 ± 6.12b 58.89 ± 8.39a 
FM:SC 51.67 ± 4.29a 48.34 ± 4.29b 62.22 ± 6.94a 0 48.14 ± 1.62a 51.86 ± 1.62b 57.78 ± 5.09a 
FM:BW 67.81 ± 2.56b 32.19 ± 2.56a 65.56 ± 1.92a 1.96 ± 3.40 76.43 ± 10.21b 21.61 ± 6.84a 50.00 ± 8.82a 
P value 0.002 0.001 0.697 0.441 0.001 0.000 0.292 

Data are presented as mean ± standard deviation (n = 3). Different superscripted letters within a column indicate significant 
differences (P < 0.05).   
M, megalopa; C1, crab instar 1; C2, crab instar 2; FM, fish meal; FM:SQ, fish meal and squid meal; FM:SC, fish meal and scallop meal; 
FM:BW, fish meal and bloodworm meal. 
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Table 5. Body weight, body weight gain, specific growth rate of body weight, carapace width, carapace width gain, and specific 
growth rate of carapace width were measured on day 7 for C1 and C2 instars of purple mud crab Scylla tranquebarica. 
 

Diets Initial BW 
megalopa 
(mg) 

BW C1  
(mg) 

M-C1 Initial CW 
megalopa 
(mg) 

CW C1 
(mm) 

M-C1 

  BWG  
(%) 

  SGRBW  

(%.day-1) 
  CWG  

(%) 
  SGRCW  

(%.day-1) 
FM 4.19 ±  

0.26a 
7.49 ±  
0.21a 

79.08 ±  
5.71a 

8.31 ±  
0.11a 

1.73 ±  
0.14a 

3.03 ±  
0.04a 

75.15 ±  
4.68a 

7.99 ±  
0.17a 

FM:SQ 4.20 ±  
0.20a 

7.82 ±  
0.26a 

86.30 ±  
8.56a 

8.87 ±  
0.38a 

1.73 ±  
0.11a 

3.04 ±  
0.05a 

76.21 ±  
5.12a 

8.08 ±  
0.08a 

FM:SC 4.19 ±  
0.13a 

7.85 ±  
0.34a 

87.07 ±  
6.00a 

8.95 ±  
0.63a 

1.72 ±  
0.10a 

3.03 ±  
0.05a 

76.08 ±  
4.66a 

8.07 ±  
0.04a 

FM:BW 4.15 ±  
0.25a 

7.47 ±  
0.34a 

79.97 ±  
3.54a 

8.39 ±  
0.35a 

1.72 ±  
0.06a 

2.99 ±  
0.06a 

74.09 ±  
2.14a 

7.92 ±  
0.00a 

P value 0.99 0.124 0.324 0.212 1.00 0.217 0.925 0.253 

Data are presented as mean ± standard deviation (n = 3). Different superscripted letters within the same column indicate a 
significant difference (P < 0.05).  
M, megalopa; C1, crab instar 1; C2, crab instar 2; BW, body weight; BWG, body weight gain; SGRBW, specific growth rate of body 
weight; CW, carapace width; CWG, carapace width gain; SGRCW, specific growth rate of carapace width; FM, fish meal; FM:SQ; fish 
meal and squid meal; FM:SC, fish meal and scallop meal; FM:BW, fish meal and blood worm meal. 
 
 
Table 6. Body weight, body weight gain, specific growth rate of body weight, and total biomass were measured on day 14 for C1 and 
C2 instars of purple mud crab Scylla tranquebarica. 
 

Diets BW C1 
(mg) 

BW C2 
(mg) 

M-C1 C1-C2 M-C2 Mean total 
biomass 
(mg) 

BWG (%) SGRBW 

(%.day-1) 
BWG  
(%)  

SGRBW 

(%.day-1) 
BWG (%)  SGRBW 

(%.day-1) 

FM 6.92 ±  
0.32a 

17.32 ±  
0.37ab 

65.48 ±  
6.36a 

3.59 ±  
0.13a 

131.34 ± 
 4.18a 

11.98 ±  
0.31a 

314.29 ±  
13.52a 

10.14 ±  
0.15a 

155.90 ±  
10.11a 

FM:SQ 7.24 ±  
0.36a 

17.94 ±  
0.35b 

72.35 ±  
7.26a 

3.88 ±  
0.29a 

129.51 ±  
7.63a 

11.86 ±  
0.28a 

327.30 ±  
15.40a 

10.37 ±  
0.14a 

235.00 ±  
13.36b 

FM:SC 7.15 ±  
0.43a 

17.51 ±  
0.45ab 

70.68 ±  
6.95a 

3.81 ±  
0.26a 

123.09 ±  
4.21a 

11.46 ±  
0.36a 

317.59 ±  
11.54a 

10.21 ±  
0.18a 

216.88 ±  
5.73b 

FM:BW 6.83 ±  
0.49a 

16.26 ±  
0.89a 

64.82 ±  
5.38a 

3.56 ±  
0.18a 

117.90 ±  
12.30a 

11.11 ±  
0.77a 

292.04 ±  
16.51a 

9.75 ±  
0.39a 

132.53 ±  
9.31a 

P value 0.162 0.033 0.454 0.279 0.214 0.177 0.082 0.064 0.000 

Data are presented as mean ± standard deviation (n = 3). Different superscripted letters within the same column indicate a 
significant difference (P < 0.05).  
FM, fish meal; FM:SQ, fish meal and squid meal; FM:SC, fish meal and scallop meal; FM:BW, fish meal and bloodworm meal; BW, 
body weight; BWG, body weight gain; SGRBW, specific growth rate of body weight; M, megalopa; C1, crab instar 1; C2, crab instar 2. 
 
 
those that had undergone earlier metamorphosis on 
day 7. From day 7 to day 14, BW, BWG, and SGRBW in the 
M-C1 stage decreased across treatments, with no 
significant differences among diets, including the 
FM:SQ and FM:SC treatments (P > 0.05). 
 
On day 14, CW of C2 instars and the CWG and SGRCW for 
M-C1, C1-C2, and M-C2 did not differ significantly 
among dietary treatments (P > 0.05) (Table 7). In 
contrast, the FM:BW treatment consistently recorded 
the lowest CW of C2, CWG, and SGRCW across M-C1, C1-
C2, and M-C2 (P > 0.05). Crabs that remained in the C1 
instar stage on day 14 exhibited lower CW, CWG, and 
SGRCW of M-C1 than those that had undergone 
metamorphosis on day 7. 
 
Feed utilisation 
 
The treatment fed with FM:SQ and FM:SC showed a 

significantly lower FI and FCR compared to the FM and 
FM:BW treatments (P < 0.05) (Table 8). The FM:BW 
group had the highest FI and FCR among all treatments 
(P < 0.05).  The PER and LER were significantly higher 
in the FM:SQ and FM:SC treatments than in the FM and 
FM:BW treatments (P < 0.05). 
 
Discussion 
 
Proteins play a fundamental role in supporting the 
growth and physiological maintenance of animals. The 
selection of nutritionally valuable protein sources is a 
critical consideration in feed development, particularly 
during key transitional phases such as metamorphosis 
and the weaning period from live feed to formulated 
diets. In mud crabs, this transition is especially 
pronounced, as feeding habits change during the 
megalopa stage before metamorphosis into the crab 
instar stage. The present findings demonstrate that  
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Table 7. The carapace width, carapace width gain, and specific growth rate of carapace width were measured on day 14 for C1 and 
C2 instars of purple mud crab Scylla tranquebarica. 
 
Diets CW C1  

(mg) 
CW C2  
(mg) 

M-C1 C1-C2 M-C2 

CWG  
(%) 

SGRCW  

(%.day-1) 
CWG  
(%)  

SGRCW 

(%.day-1) 
CWG  
(%)  

SGRCW 

(%.day-1) 

FM 2.84 ± 0.21a 4.27 ± 0.20a 64.28 ± 6.78a 7.09 ± 0.88a 41.04 ± 5.44a 4.91 ± 0.56a 146.89 ± 6.07a 12.89 ± 0.56a 

FM:SQ 2.92 ± 0.12a 4.34 ± 0.13a 69.53 ± 6.80a 7.52 ± 0.37a 42.72 ± 1.57a 5.08 ± 0.15a 151.47 ± 6.93a 13.16 ± 0.15a 

FM:SC 2.89 ± 0.18a 4.31 ± 0.13a 68.34 ± 7.29a 7.41 ± 0.29a 42.19 ± 1.19a 5.03 ± 0.11a 150.46 ± 9.31a 13.10 ± 0.11a 

FM:BW 2.79 ± 0.22a 4.21 ± 0.14a 61.73 ± 7.30a 6.85 ± 0.59a 40.22 ± 1.18a 4.83 ± 0.12a 144.25 ± 6.22a 12.75 ± 0.12a 

P value 0.522 0.367 0.536 0.501 0.733 0.732 0.617 0.378 

Data are presented as mean ± standard deviation (n = 3). Different superscripted letters within the same column indicate a 
significant difference (P < 0.05).  
M, megalopa; C1, crab instar 1; C2, crab instar 2; CW, carapace width; CWG, carapace width gain; SGRCW, specific growth rate of 
carapace width; FM, fish meal; FM:SQ; fish meal and squid meal; FM:SC, fish meal and scallop meal; FM:BW, fish meal and 
bloodworm meal. 
 
 
Table 8. Feed utilisation of the purple mud crab, Scylla tranquebarica, fed experimental diets with different protein sources.  
 

Diets FI (%.day-1) FCR PER LER 
FM 3.50 ± 0.13 b 12.39 ± 1.23b 0.16 ± 0.01a 0.77 ± 0.07a 
FM:SQ 2.25 ± 0.08a 8.16 ± 0.63a 0.24 ± 0.02b 1.20 ± 0.11b 
FM:SC 2.43 ± 0.09a 8.90 ± 0.81a 0.22 ± 0.02b 1.12 ± 0.11b 
FM:BW 3.95 ± 0.08c 15.05 ± 1.12c 0.13 ± 0.01a 0.64 ± 0.05a 
P value 0.000 0.000 0.000 0.000 

Data are presented as mean ± standard deviation (n = 3). Different superscripted letters within the same column indicate a 
significant difference (P < 0.05).  
FI, feed intake; FCR, feed conversion ratio; PER, protein efficiency ratio; LER, lipid efficiency ratio; FM, fish meal; FM:SQ, fish 
meal and squid meal; FM:SC, fish meal and scallop meal; FM:BW, fish meal and bloodworm meal. 
 
 
the inclusion of different dietary protein sources in S. 
tranquebarica diets resulted in variable growth 
performance of megalopa during their transition to the 
early instar stage. Such variability may be attributed to 
differences in protein quality, which are commonly 
associated with the amino acid composition of each 
protein source and its ability to meet the specific 
nutritional requirements of megalopa (Kusnadi et al., 
2023). In addition, these differences may also reflect 
variation in diet acceptance, highlighting the 
importance of protein source palatability and feed 
attractiveness in formulated diets (Hua et al., 2019). 
Consistent with these results, the use of squid meal 
and squid extract has been reported to act as effective 
feeding stimulants, enhancing feed intake in 
freshwater crayfish (P. clarkii) (Hua et al., 2014). 
 
In the current study, incorporating squid and scallop 
meals into megalopa diets improved growth 
performance compared with a diet based solely on fish 
meal. This suggests that combining multiple protein 
sources, such as squid and scallop meals, enhances 
the nutritional quality of formulated diets, thus 
improving crab growth and survival. The benefits of 
using blended protein sources are often attributed to 
their complementary nutritional profiles, which meet 
the crustacean’s physiological requirements (Hua et 
al., 2019).  

Similar positive effects have been reported in 
crustaceans, where supplementation of fish meal with 
bivalve meal significantly enhanced reproductive 
performance in giant freshwater prawn 
(Macrobrachium rosenbergii) broodstock, while dietary 
inclusion of squid meal improved larval growth in 
white-leg shrimp (Penaeus vannamei) (Cordova-
Murueta & García-Carreño, 2002; Sin et al., 2016). 
Although FM alone provided a high total essential 
amino acid (EAA) content, its profile was relatively 
limited in amino acids such as methionine, which are 
critical for crustacean protein synthesis, moulting, and 
overall growth (Nunes & Masagounder, 2023). In the 
present study, the methionine level was 37 % higher in 
the SC than in the fish meal. The inclusion of SC has 
been reported to compensate for this limitation by 
increasing methionine levels and diversifying the EAA 
profile, thereby reducing potential amino acid 
antagonism and enhancing nutritional efficiency 
(Teoh, 2025).  
 
Similar improvements in growth performance 
resulting from optimised dietary protein profiles have 
been reported in mud crab feeding studies where 
balanced amino acid supply enhanced SGR, PER, and 
FCR (Guo et al., 2026). This is also consistent with the 
behavioural evidence reported by Teoh et al. (2025), in 
which diets richer in marine protein sources, such as 
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squid meal, elicited stronger feeding responses in the 
slipper lobster Thenus orientalis, indicating that amino 
acid composition influences both palatability and feed 
intake in decapod crustaceans. Compared with 
fishmeal-only diets, protein sources enhanced with 
functional amino acids, such as glutamic acid and 
glycine, have been shown to improve feeding 
behaviour and intake, which directly affects growth 
performance (Teoh et al., 2023). Collectively, these 
findings indicate that FM alone, while nutritionally rich, 
may not provide the most effective amino acid pattern 
for maximal growth in mud crabs.  
 
In the present study, the squid meal (FM:SQ) and 
scallop meal (FM:SC) treatments exhibited 
significantly lower feed intake (FI) than the FM and 
FM:BW groups. These results suggest that, despite 
lower feed intake, crabs fed the FM:SQ and FM:SC 
diets achieved significantly higher total biomass than 
groups with higher FI, demonstrating superior overall 
feed and protein utilisation efficiency. The enhanced 
growth performance observed in the FM:SQ and FM:SC 
groups was supported by significantly higher PER 
values than in the other treatments. The protein 
efficiency ratio (PER) is a widely used index for 
assessing dietary protein utilisation efficiency (NRC, 
2011). The present results indicate that crabs fed the 
FM:SQ and FM:SC diets utilised dietary protein 
effectively for tissue synthesis. In contrast, protein 
utilisation for growth was comparatively less efficient 
in the FM:BW and FM only treatment groups. 
 
In the present study, the FM:SQ and FM:SC treatments 
also exhibited significantly lower FCR than the FM and 
FM:BW groups. Furthermore, the FCR was 34 % lower 
than the control diet, from 12.39 in FM to 8.16 in FM:SC. 
The FCR is a key indicator of feed utilisation efficiency, 
with lower values reflecting more efficient conversion 
of consumed feed into body biomass over a given 
period (Fry et al., 2018). The FCR values in crustacean 
post-larvae are high due to feed loss, incomplete 
ingestion, and leaching (Barreto et al., 2023). 
Therefore, a 34 % FCR reduction indicates greatly 
improved feeding efficiency, which is biologically 
meaningful at the megalopa stage and suggests 
enhanced feed utilisation and reduced wastage. From 
a practical perspective, such an improvement would 
substantially reduce feed inputs and associated costs 
in commercial hatcheries, where feed constitutes a 
major operational expense (Junior et al., 2025). A lower 
FCR indicates better animal growth than a higher FCR 
value (Shi et al., 2024). Animals cultured with feeds 
exhibiting higher FCR require more feed to achieve the 
desired total yield, resulting in increased farm 
operating costs and additional environmental impacts 
associated with feed production, processing, 
transportation, and waste generation (Eissa et al., 
2022). 
 
In this study, feeding FM as the sole protein source 
resulted in lower growth and survival than diets 
combining FM with SQ or SC. Although crabs fed FM 

exhibited higher FI than those fed FM:SQ and FM:SC, 
they showed significantly poorer FCR, lipid efficiency 
ratio (LER), and PER. These findings suggest that 
reliance on fish meal alone is suboptimal for mud crab 
rearing during the transition from megalopa to the 
early instar stage. Similar trends have been reported in 
other aquatic species. For example, juvenile tiger 
prawn (Penaeus monodon) fed diets containing only 
fish meal resulted in significantly lower weight gain 
than a combination of fish meal, krill meal or squid 
meal (Simon et al., 2019). Likewise, juvenile spiny 
lobster (Panulirus ornatus) fed a diet primarily based on 
fish meal exhibited lower survival and biomass than 
those receiving a combination of fish meal and krill 
meal as the main protein sources (Marchese et al., 
2019).  
 
Bloodworm is recognised as an excellent protein 
source in aquaculture (Sulistiyarto & Restu, 2018). In 
shrimp culture, incorporating marine bloodworms 
(Dendronereis sp.) into the diet of P. monodon 
enhanced nutrient utilisation in faster biomass growth 
compared to treatments without marine bloodworms 
(Yong et al., 2004). Furthermore, introducing 
bloodworms into the diet of white-leg shrimp, Penaeus 
vannamei, has been associated with increased 
fecundity, higher hatching rate, and improved ovarian 
development in other crustacean species (Laufer et 
al., 1998). Despite the reported benefits of bloodworms 
in the diets of various crustacean species, their 
inclusion in megalopa diets did not enhance growth, 
development, or survival compared with other marine 
protein sources such as squid meal and scallop meal. 
In the present study, crabs fed a bloodworm meal diet 
(FM:BW) exhibited lower growth than the fishmeal-
alone diet (FM). Although FI was the highest in the 
FM:BW group, the FCR was also the highest, indicating 
inefficient conversion of consumed feed into body 
weight gain. Moreover, despite having a gross energy 
content comparable to the other formulated diets, the 
FM:BW diet did not improve larval growth 
performance, suggesting that combining fish meal 
with bloodworm meal may not be optimal for 
promoting megalopa development. 
 
The crab megalopa used in the present study were 
obtained from a single broodstock and reared under 
controlled laboratory conditions. Therefore, genetic 
and maternal factors such as egg quality, maternal 
nutrition, and broodstock health may have influenced 
the outcomes (Thien & Yong, 2017). Nevertheless, this 
study provides a foundational understanding of how 
different protein sources can be manipulated to 
enhance the growth and survival of megalopa. 
Optimising diet at this stage is a crucial aspect of 
megalopa rearing, as it directly contributes to their 
well-being under captivity. Maintaining consistent 
survival rates is essential for reliable crab seed 
production and the sustainability of the mud crab 
aquaculture industry. Future studies are 
recommended to evaluate these protein sources using 
multiple spawns of broodstock under farm-scale 
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conditions to validate their broader applicability in 
commercial settings. 
 
Conclusion 
 
In conclusion, it is preferable to combine fish meal with 
other marine protein sources, such as squid meal and 
scallop meal, into the diet formulation for the 
megalopa of S. tranquebarica rather than using fish 
meal as the primary protein source. These benefits are 
likely attributable to the high-quality protein provided 
by combining different protein sources. 
 
Acknowledgements 
 
The authors are grateful for the support provided by 
the Crustacean Hatchery of Borneo Marine Research 
Institute. This study was partially funded by the 
Universiti Malaysia Sabah grant No. SDK0028-2018. 
 
Conflict of interest: The authors declare that they have 
no conflict of interest. 
 
Author contributions: Noorsyarinah Sanudin: 
Investigation, visualisation, data curation and writing-
original draft preparation. Fui Yin Thien: Investigation, 
writing-reviewing and editing. Katsuyuki Hamasaki: 
Writing-reviewing and editing. Rossita Shapawi: 
Conceptualisation and methodology. Annita Seok Kian 
Yong: Conceptualisation, supervision, writing-
reviewing and editing, project administration and 
funding acquisition. 
 
References 

 

Alberts-Hubatsch, H., Yip Lee, S., Meynecke, J., Diele, K., Nordhaus, I., & 

Wolff, M. (2016). Life-history movement and habitat use of Scylla 

serrata (Decapoda, Portunidae): Current knowledge and future 

challenges. Hydrobiologia, 763, 5–21. https://doi.org/10.1007/s10750-

015-2393-z 

AOAC. (1999). Official methods of analysis of AOAC International (P. Cuniff, 

Ed.; 16th ed., 5th revision, Vol. 1). Association of Official Analytical 

Chemists International. 

Barreto, A., Silva, A., Peixoto, D., Fajardo, C., Pinto, W., Rocha, R. J. M., 

Conceição, L. E. C., & Costas, B. (2023). Dietary protein requirements 

of whiteleg shrimp (Penaeus vannamei) post-larvae during nursery 

phase in clear-water recirculating aquaculture systems. Frontiers in 

Marine Science, 10, Article 1172644. https://doi.org/10.3389/fmars 

.2023.1172644 

Cabacaba, N. S., Badocdoc, K. A., Boiser, E. M. B., Campo, C. J. M., & 

Josue, S. L. A. (2020). Growth, development, and survival of Portunus 

pelagicus larvae and juveniles in different feed regimes, rearing 

media, and stocking densities. The Philippine Journal of Fisheries, 

27(1), 92–102. https://doi.org/10.31398/tpjf/27.1.2019A0010 

Cordova-Murueta, J. H., & Garcia-Carreno, F. L. (2002). Nutritive value of 

squid and hydrolyzed protein supplement in shrimp feed. Aquaculture, 

210, 371–384. https://doi.org/10.1016/S0044-8486(02)00011-X 

Eissa, A. A., Chen, P., Brown, P. B., & Huang, J. (2022). Effects of feed 

formula and farming system on the environmental performance of 

shrimp production chain from a life cycle perspective. Journal of 

Industrial Ecology, 26, 2006–2019. https://doi.org/10.1111/jiec.13370 

Fry, J. P., Mailloux, N. A., Love, D. C., Milli, M. C., & Cao, L. (2018). Feed 

conversion efficiency in aquaculture: Do we measure it correctly? 

Environmental Research Letters, 13, Article 024017. https://doi.org/10 

.1088/1748-9326/aaa273 

Genodepa, J., Southgate, P. C., & Zeng, C. (2004). Preliminary 

assessment of a microbound diet as an Artemia replacement for mud 

crab, Scylla serrata, megalopa. Aquaculture, 236, 497–509. 

https://doi.org/10.1016/j.aquaculture.2004.02.007 

Guo, H., Zhang, H., Liu, H., Wang, J., Feng, M., Chen, B., Chen, S., Wu, K., 

& Wen, X. (2026). Effect of mollusks as diets on mud crab Scylla 

paramamosain: Growth performance and muscle quality. Aquaculture 

Reports, 46, Article 103292. https://doi.org/10.1016/j.aqrep.2025 

.103292 

Holme, M. H., Zeng, C., & Southgate, P. C. (2006). Use of microbound diet 

for larval culture of the mud crab Scylla serrata. Aquaculture, 257, 482–

490. https://doi.org/10.1016/j.aquaculture.2006.03.014 

Hua, K., Cobcroft, J. M., Cole, A., Condon, K., Jerry, D. R., Mangott, A., 

Praeger, C., Vucko, M. J., Zeng, C., Zenger, K., & Strugnell, J. M. (2019). 

The future of aquatic protein: Implications for protein sources in 

aquaculture diets. One Earth, 1(3), 316–329. https://doi.org/10 

.1016/j.oneear.2019.10.018 

Hua, X. M., Shui, C., He, Y., Xing, S. H., Yu, N., Zhu, Z. Y., & Zhao, C. Y. 

(2014). Effects of different feed stimulants on freshwater crayfish 

(Procambarus clarkii), fed diets with or without partial replacement of 

fish meal by biofeed. Aquaculture Nutrition, 21, 113–120. 

https://doi.org/10.1111/anu.12148 

Junior, G. F. G., Wasielesky, W., Cardozo, A., Poersch, L. H. S., Brito, L. 

O., Krummenauer, D., & Fóes, G. K. (2025). Effect of feed restriction 

for Pacific white shrimp Penaeus vannamei in a semi-intensive 

synbiotic system: Plankton community, growth and economics. 

Aquaculture, 595, Article 741481. https://doi.org/10 

.1016/j.aquaculture.2024.741481 

Kumar, V., Sinha, A. K., Romano, N., Allen, K. M., Bowman, B. A., 

Thompson, K. R., & Tidwell, J. H. (2018). Metabolism and nutritive role 

of cholesterol in the growth, gonadal development, and reproduction 

of crustaceans. Reviews in Fisheries Science & Aquaculture, 26(2), 

254–273. https://doi.org/10.1080/23308249.2018.1429384 

Kusnadi, Prabandari, S., Nurcahyo, H., Syarifudin, & Suyano. (2023). 

Analysis of protein content and amino acids profile in fish feed made 

from maggot meal and earthworm meal. IOP Conference Series: Earth 

and Environmental Science, 1147, Article 012002. 

https://doi.org/10.1088/1755-1315/1147/1/012002 

Laufer, H., Biggers, W. J., & Ahl, J. S. B. (1998). Stimulation of ovarian 

maturation in the crayfish, Procambarus clarkii, by methyl farnesoate. 

General and Comparative Endocrinology, 111, 113–118. https://doi.org/10 

.1006/gcen.1998.7109 

Liew, K. S., Tan, K., Liew, H. J., Masuda, R., Shapawi, R., Tuzan, A. D., 

Yong, A. S. K., Kawamura, G., & Lim, L. S. (2022). Responses of purple 

mud crab (Scylla tranquebarica) to various saccharide solutions and 

the saccharide-coated pelleted feeds. Applied Animal Behaviour 

Science, 257, Article 105793. https://doi.org/10.1016/j.applanim.2022 

.105793 

Marchese, G., Fitzgibbon, Q. P., Trotter, A. J., Carter, C. G., Jones, C. M., 

& Smith, G. G. (2019). The influence of flesh ingredients format and 

krill meal on growth and feeding behaviour of juvenile tropical spiny 

lobster Panulirus ornatus. Aquaculture, 499, 128–139. 

https://doi.org/10.1016/j.aquaculture.2018.09.019 

Matsuno, T. (2001). Aquatic animal carotenoids. Fisheries Science, 67, 

771–783. https://doi.org/10.1046/j.1444-2906.2001.00323.x 

Mohd Sharif, N. A., Shaiful Kahar, N. A., Syed Hussein, M. A., Ransangan, 

J., & Yong, A. S. K. (2019). Species diversity and distribution of mud  

https://doi.org/10.1007/s10750-015-2393-z
https://doi.org/10.1007/s10750-015-2393-z
https://doi.org/10.3389/fmars.2023.1172644
https://doi.org/10.3389/fmars.2023.1172644
https://doi.org/10.31398/tpjf/27.1.2019A0010
https://doi.org/10.1016/S0044-8486(02)00011-X
https://doi.org/10.1111/jiec.13370
https://doi.org/10.1088/1748-9326/aaa273
https://doi.org/10.1088/1748-9326/aaa273
https://doi.org/10.1016/j.aquaculture.2004.02.007
https://doi.org/10.1016/j.aqrep.2025.103292
https://doi.org/10.1016/j.aqrep.2025.103292
https://doi.org/10.1016/j.aquaculture.2006.03.014
https://doi.org/10.1016/j.oneear.2019.10.018
https://doi.org/10.1016/j.oneear.2019.10.018
https://doi.org/10.1111/anu.12148
https://doi.org/10.1016/j.aquaculture.2024.741481
https://doi.org/10.1016/j.aquaculture.2024.741481
https://doi.org/10.1080/23308249.2018.1429384
https://doi.org/10.1088/1755-1315/1147/1/012002
https://doi.org/10.1006/gcen.1998.7109
https://doi.org/10.1006/gcen.1998.7109
https://doi.org/10.1016/j.applanim.2022.105793
https://doi.org/10.1016/j.applanim.2022.105793
https://doi.org/10.1016/j.aquaculture.2018.09.019
https://doi.org/10.1046/j.1444-2906.2001.00323.x


Asian Fisheries Science 39 (2026):199–208 208 

 
 
 

crab in Marudu Bay mangrove forest reserve, Sabah, Malaysia. Borneo 

Journal of Marine Science and Aquaculture, 3, 18–24. 

Ndobe, S., Muamar, Rosyida, E., Widiastuti, I. M., Mansyur, K., & Tantu, F. 

Y. (2022). Effect of adding squid meal as an attractant to freshwater 

eel (Anguilla marmorata) feed on elver growth, feed palatability, 

efficiency and conversion. IOP Conference Series: Earth and 

Environmental Science, 1075, Article 012016. https://doi.org/10 

.1088/1755-1315/1075/1/012016 

NRC (National Research Council). (2011). Nutrient requirements of fish and 

shrimp. The National Academies Press. https://doi.org/10 

.17226/13039 

Nunes, A. J. P., & Masagounder, K. (2023). Optimal levels of fish meal and 

methionine in diets for juvenile Litopenaeus vannamei to support 

maximum growth performance with economic efficiency. Animals, 

13(1), Article 20. https://doi.org/10.3390/ani13010020 

Quinitio, E. T., & Parado-Estepa, F. D. (2003). Biology and hatchery of mud 

crabs Scylla spp. Aquaculture Department, Southeast Asian Fisheries 

Development Center. 

Rasidi. (2022). Potential utilization of mussel meals as an alternative fish 

feed raw material for aquaculture. IOP Conference Series: Earth and 

Environmental Science, 1119, Article 012063. https://doi.org/10 

.1088/1755-1315/1119/1/012063 

Sanudin, N., Thien, F. Y., Hamasaki, K., Dan, S., Shapawi, R., Kawamura, 

G., & Yong, A. S. K. (2022). Effects of rotifer and Artemia enrichment 

in the first feeding and larval morphogenesis of purple mud crab, 

Scylla tranquebarica larvae. Aquaculture Research, 53(16), 5875–5884. 

https://doi.org/10.1111/are.16055 

Sanudin, N., Thien, F. Y., Hamasaki, K., Shapawi, R., & Yong, A. S. K. 

(2024). Dietary protein requirement of purple mud crab, Scylla 

tranquebarica during the megalopa-crab instar stage. Fisheries 

Science, 90(5), 989–999. https://doi.org/10.1007/s12562-024-01818-6 

Serrano, A. E. J. (2012). Ontogeny of endogenous and exogenous 

amylase and total protease activities in mud crab, Scylla serrata 

larvae fed live food. European Journal of Experimental Biology, 2(5), 

1578–1584. 

Shi, X., Yuan, S., Ma, X., Tian, X., Zhang, M., Zhang, Y., Waiho, K., Fazhan, 

H., Xu, R., Kong, X., & Li, X. (2024). Analysis of relationship between 

growth traits and feed conversion ratio provides insights into 

aquaculture and breeding of largemouth bass Micropterus salmoides. 

Aquaculture, 593, Article 741352. https://doi.org/10 

.1016/j.aquaculture.2024.741352 

Simon, C., Truong, H., Noble, T., Osborne, S., Wynne, J., & Wade, N. M. 

(2019). Microbial biomass, marine invertebrate meals and feed 

restriction influence the biological and gut microbiota response of 

shrimp Penaeus monodon. Aquaculture, 520, Article 734679. 

https://doi.org/10.1016/j.aquaculture.2019.734679 

Sin, N. N. N., Yong, A. S. K., & Shapawi, R. (2016). Effects of different 

protein sources in the broodstock diet on reproductive performance 

of giant freshwater prawn (Macrobrachium rosenbergii). International 

Journal of Aquatic Science, 7(2), 87–94. 

Sulistiyarto, B., & Restu. (2018). Culture of bloodworm (Chironomid 

larvae: Diptera) using North African catfish Clarias gariepinus waste 

as feed. AACL Bioflux, 11(2), 476–480. 

Taj, S., Han, Q., Wu, X., Yin, H., Tian, L., Yang, H., Liu, Y., & Huang, J. 

(2023). Effects of dietary protein-to-energy ratios on growth, immune 

response, antioxidative capacity, liver and intestinal histology, and 

growth-related gene expression in hybrid yellow catfish 

(Pelteobagrus fulvidraco ♀ × Pelteobagrus vachelli ♂). Aquaculture 

Nutrition, 2023, Article 9106332. https://doi.org/10 

.1155/2023/9106332 

Teoh, C. F. (2025). Reproductive biology and feed preferences of slipper 

lobster Thenus orientalis [Doctoral dissertation, Universiti Malaysia 

Sabah]. Institutional Repository UMS. 

Teoh, C., Daning Tuzan, A., Yong, A. S. K., Liew, K., Lim, L., & Liew, H. 

(2023). Evaluation of crystalline amino acids as potent stimulatory 

chemoattractants for the slipper lobster Thenus orientalis. PeerJ, 11, 

Article e15607. https://doi.org/10.7717/peerj.15607 

Thien, F. Y., Hamasaki, K., Shapawi, R., Kawamura, G., Cruz-Huervana, J. 

J., & Yong, A. S. K. (2022). Effect of background tank color in 

combination with sand substrate and shelters on survival and growth 

of Scylla tranquebarica instar. Egyptian Journal of Aquatic Research, 

48(3), 241–246. https://doi.org/10.1016/j.ejar.2022.04.004 

Thien, F. Y., Sanudin, N., Hamasaki, K., Shapawi, R., Daning Tuzan, A., 

Waheed, Z., & Yong, A. S. K. (2025). Effect of substrate-shelter and 

substrate-shelter orientation on survival and growth of the megalopa 

and first crab instar Scylla tranquebarica. Fisheries Science, 91, 989–

1000. https://doi.org/10.1007/s12562-025-01915-0 

Thien, F. Y., & Yong, A. S. K. (2017). Effect of different maturation diets 

on reproductive performance of the broodstock of purple mangrove 

crab, Scylla tranquebarica. Borneo Journal of Marine Science and 

Aquaculture, 1, 44–50. https://doi.org/10.51200/bjomsa.v1i0.990 

Unnikrishnan, U., & Paulraj, R. (2010). Dietary protein requirement of 

giant mud crab, Scylla serrata juveniles fed iso-energetic formulated 

diets having graded protein levels. Aquaculture Research, 41(3), 278–

294. https://doi.org/10.1111/j.1365-2109.2009.02330.x 

Xu, X. Q., Zhu, X. M., Fei, L. L., Wang, G. Z., & Li, S. J. (2005). Effects of 

diets, densities and substrata on metamorphosis rate to postlarvae 

of Scylla serrata megalopae. Journal of Xiamen University (Natural 

Science), 44(2), 268–271. 

Yong, A. S. K., Mustafa, S., & Rahman, R. A. (2004). Use of enriched live 

prey in promoting growth and maturation of tiger shrimp (Penaeus 

monodon). Naga, 27(1–2), 55–59.

 

 

https://doi.org/10.1088/1755-1315/1075/1/012016
https://doi.org/10.1088/1755-1315/1075/1/012016
https://doi.org/10.17226/13039
https://doi.org/10.17226/13039
https://doi.org/10.3390/ani13010020?utm_source=gemini
https://doi.org/10.1088/1755-1315/1119/1/012063
https://doi.org/10.1088/1755-1315/1119/1/012063
https://doi.org/10.1111/are.16055?utm_source=gemini
https://doi.org/10.1007/s12562-024-01818-6?utm_source=gemini
https://doi.org/10.1016/j.aquaculture.2024.741352
https://doi.org/10.1016/j.aquaculture.2024.741352
https://doi.org/10.1016/j.aquaculture.2019.734679?utm_source=gemini
https://doi.org/10.1155/2023/9106332
https://doi.org/10.1155/2023/9106332
https://doi.org/10.7717/peerj.15607?utm_source=gemini
https://doi.org/10.1016/j.ejar.2022.04.004?utm_source=gemini
https://doi.org/10.1007/s12562-025-01915-0?utm_source=gemini
https://doi.org/10.51200/bjomsa.v1i0.990?utm_source=gemini
https://doi.org/10.1111/j.1365-2109.2009.02330.x?utm_source=gemini

