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Mangrove crab, (Diet 3), 0% FM and 30% CSM (Diet 4), and TF as a positive control (Diet 5).
Survival Experiments were conducted in each group for 30 days with ten replicates. Results

revealed that formulated diets using different levels of CSM and FM did not
significantly affect mangrove crabs' growth and survival rates as well as feed
utilization. However, the proximate composition of Diet 4 was significantly
higher among other experimental diets. Moreover, the crab's whole body
composition (ash, moisture, carbohydrates, crude protein, crude fat, and calories)
with different levels of CSM and FM was significantly improved. Hence, it is
possible to enhance the carcass composition and proximate composition by
supplementing CSM; however, it has no effect on feed utilization, as well as the
growth and survival rates of mangrove crab S. serrata.
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1. Introduction

Mangrove crab S. serrata (Forsskal, 1775), also known as green crab or mud crab, is one of the
largest portunid species that lives along the coast and in mangrove swamps all along the Indo-Pacific
coastline (Barnes et al., 2002; Le Vay et al., 2007; Shelley and Lovatelli, 2011). It has become
increasingly popular in aquaculture due to its economic importance and is currently admired seafood all
over the world because of its savory sweet flesh, larger size, and nutritional value (Sathiadhas and
Najmudeen, 2004; Ali et al., 2011). As a matter of fact, mangrove crab is one of the most commonly
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used ingredients in a number of dishes (Mirera, 2011). Together with shrimp and mollusks, it already
ranks among the top most in-demand aquaculture products globally (Sathiadhas and Najmudeen, 2004).
In 2020, crustacean production accounted for nearly 11 237 metric tons in world aquaculture, of which
159.4 metric tons came from crabs (FAO, 2022). Furthermore, aside from the delicious and nutritious
crab meat, its shells are also demanded in the pharmaceutical industry for its high levels of chitin, which
has a variety of applications such as water-repellent adhesive, oral mucoadhesive liquid, and wound
dressings (Kato et al., 2003). Aquaculture is also exploring the possibility of using shells as a formulated
feed ingredient because they contain chitin like krill (Ringo et al., 2012).

Mangroves’ crabs are initially harvested in the wild (Agbayani, 2011; Mirera, 2011; Quinitio,
2017; Hasanuzzaman et al., 2014; Basu and Roy, 2018). Mangroves provide a high level of salinity and
temperature and protect young against cannibalism and predators, which is why these species thrive in
these areas (Baylon, 2010; Alberts-Hurbatsch et al., 2014). In addition to its undeniable importance to
society, it is an integral part of the mangrove ecosystem since it is critical in nutrient cycling and energy
transfer (Mirera, 2011). Thus, wild mangrove crabs are increasingly being collected, leading to increased
concern that a decrease in their abundance might negatively affect their ecosystems (Alberts-Hubatsch
et al., 2016). Furthermore, habitat destruction has been a serious concern resulting from the hunting of
these wild species (Shelley, 2008). Due to high demand in the market, even juveniles of mangrove crabs
(crab farming's main source of crab seeds) are still extracted despite rising concerns (Lindner, 2005).
Due to its higher survival rate and resistance to disease than shrimps, the mangrove crabs trade is a
reliable source of income and is also a good alternative for shrimp farmers (Marichamy and
Rajapackiam, 2001). As a result, commercial mangrove crab culture initiatives are being developed
(Williams and Field, 1999). Different techniques have been developed to achieve the best possible
method for fattened crabs to survive and grow (Shelley, 2008; Agbayani, 2011; Petersen et al., 2011;
Quinitio, 2017). In addition, there is an ongoing effort to develop alternative feeds that would produce
better quality mangrove crabs, both in size and consistency (Alber, 2003).

Mangrove crabs consume fish, mollusks, crustaceans, sand, and detritus (Viswanathan and
Raffi, 2015). However, as the culture of this product has grown, the supply of feeds has become a major
problem (Alber, 2003). Particularly, trash fish, one of the fishmeal feeds to mangrove crabs, have
competing demands with the growing human food consumption (Gasco et al., 2018). Therefore,
mangrove crab culture may not be worthwhile due to the high prices of trash fish in response to the
competing demand over the years. As a result of this problem, researchers have worked on formulating
alternative feeds to fatten mangrove crabs, such as plant-based, algae, animal-based, insects, and
crustacean feeds (Alber, 2003; Krogdahl, 2016; Gasco et al., 2018). Crab shellmeal has been used as a
replacement for fishmeal in poultry and livestock (Vijayalingam and Rajesh, 2020). Due to the high
chitin content of crustacean by-products such as shrimp heads and shells and crab shells, the use of these
products in feed has gained an increasing amount of attention in recent years (Gasco et al., 2018). In
food and pharmaceutical manufacturing, chitin is a biopolymer with various uses (Kato et al., 2003).
Toppe et al. (2006) stated that crab by-products could be used as a feed in diets for the fish Atlantic cod,
Gadus morhua. In crustaceans, such as prawn Macrobrachium rosenbergii, chitin diets are shown to
advance growth (Kumar et al., 2006). In addition, increasing survival with chitin diets has been linked
to removing potentially pathogenic bacteria from adult male shore crab Carcinus maenas (Powell and
Rowley, 2007). However, researchers are still investigating whether crab shells can be used as a feed
ingredient in aquaculture (Ringo et al., 2012). Considering this, the study examined the effectiveness of
formulated feed incorporated with crab shells as a meal for mangrove crab S. serrata on survival,
growth, proximate composition, feed utilization, and carcass composition.

2. Material and Methods

2.1. Study site and duration

This study was conducted at the Multi-Species Hatchery of the College of Fisheries, Mindanao
State University Tawi-Tawi College of Technology and Oceanography (MSU-TCTO), Sanga-Sanga,
Bongao Tawi-Tawi, Philippines (Figure 1) for a duration of 30 days.
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Figure 1. Map of the study site.

2.2. Source of crab shells and feed ingredients

Blue swimming crab (Portunus pelagicus) shells were used as the source of powdered crab
shells from the carapace and pincers only because these parts of crab shells could be cleaned and
powdered easily. These were collected from Crab Meat Processing Plant in Tubig Boh, Bongao, Tawi-
Tawi, Philippines. Roughly 1.4 tons (wet weight) of crab shells (Figure 2) were discarded monthly by
this processing plant (Pers. Com.). In addition, the feed ingredients used in the experiment were
purchased from Bongao Public Market, as well as the fresh Sardinella sp. that was used for the positive
control diet.

Figure 2. Discarded crab shell in Crab Meat Processing Plant, Bongao, Tawi-Tawi, Philippines.
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2.3. Experimental Species

Mangrove crab S. serrata was used as an experimental animal, purchased from fisherfolk in
Panglima Sugala, Tawi-Tawi, which was previously collected from mangrove areas. The crabs were
transported by pump boat to Bongao, Tawi-Tawi, and landed at the MSU-TCTO Multi-purpose
Hatchery.

Figure 3. Experimental animals.

2.4. Preparation of powdered crab shells

Blue swimming crab (P. pelagicus) shells were cleaned thoroughly and air-dried within five
days until they could be crushed easily and ground using a grinder. The ground crab shells were sieved,
packed in ziplock plastic, and stored at room temperature to be used to formulate experimental diets.

2.5. Preparation of treatment diets

Table 1 presents the ingredients of the experimental diet. Using locally available ingredients,
crab shells were gradually substituted for fishmeal in a feed formulation. They were dried and processed,
along with other ingredients for animal feed. The ingredients were powdered in an osteorizer and sieved
through a 0.5 mm mesh siever. In an electric blender, with the binder dissolved in 500 mL of purified
water, the ingredients were mixed according to the formula. The mixture was kneaded into a dough and
formed into a spherical ball approximately 2.0 cm in diameter by hand (Ali et al., 2011). The spherical
balls were steamed at atmospheric pressure for five minutes and dried in an electric oven at 60 °C for
12 hours to remove excess water. The dried feeds were stored in sealed plastic containers until used.
There were five diets prepared, four experimental diets incorporated with 0% (negative control), 10%,
20%, and 30% powdered crab shells kg respectively, and positive control (chopped Sardinella sp.).
All treatment diets were evaluated using proximate analysis, which was done at Davao Analytical
Laboratories Inc. (DALI) in Davao City and the Department of Science and Technology (DOST) in
Region IX, Zamboanga City, Philippines.

Table 1. Composition of the treatment diets in crab shellmeal as replacement of fishmeal (g kg™)

Inclusion level

Ingredients 0% Crab shell 10% Crab shell 20% Crab shell 30% Crab shell
Crab shell meal (g) 0 100 200 300
Fishmeal (g) 300 200 100 0
Copra meal (g) 300 300 300 300

Rice Bran (g) 300 300 300 300
Corn starch (g) 40 40 40 40

Palm Oil (mL) 40 40 40 40

NaCl (g) 19.5 19.5 19.5 19.5
Vitamin Premix (g) 0.5 0.5 0.5 0.5
Total 1 000 1000 1 000 1 000
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2.6. Stocking of crabs

Experimental animals to be considered were a young adult male and female mangrove crabs
that have already reached sexual maturity (approximately 150 — 350 grams in weight). Prior to stocking,
50 crabs were used and acclimatized for one week with salinity ranging from 30 to 33 ppt and
temperature from 26 to 30 °C. The crabs were subjected to an intensive environment where feeds were
provided, the water was replenished, and waste was removed regularly. During the experiments, the
crabs were randomly weighed (207.24 £+ 7.66g), assigned, and stocked in 30-L plastic containers (one
crab per container). Each treatment had ten replicates.

2.7. Water maintenance

The temperature and salinity of the water were monitored using a thermometer and
refractometer. Prior to feeding each day, both parameters were checked before and after changing the
water in the plastic containers. Every week, approximately 80% of the water was changed. Siphoning
the container every early in the morning was done before changing the water to remove uneaten feeds.

2.8. Feeding

There were five dietary treatments used in the experiment: Diet 1 (30% FM and 0% CSM) as
the negative control, Diet 2 (20% FM and 10% CSM), Diet 3 (10% FM and 20% CSM), Diet 4 (0% FM
and 30% CSM crab), and Diet 5 (chopped Sardinella sp.) as the positive control. The experimental feeds
and chopped Sardenella sp. were weighed and supplemented based on the weight of each crab per plastic
container. Feeding was done once a day in the afternoon with 5% of the average body weight.

2.9. Experimental design

This study used a Completely Randomized Design (CRD) with five experimental diets and ten
replicates for each diet (Figure 4). The experiment was conducted using a 50 rectangular clear plastic
container (30 L volume capacity) half-filled with seawater with holes on its cover to enable air passage
and another hole on its side that serve as excess water passage from the container.

Holes serve as
DiRi DiR. DiRs DiRs DiRs DiRs DiRs DiRs DiRe DiRio air passage
—=

Hole serves as
D:R: D:R» DaRs DaRe D:Rs DaRs D:Rs D:Rs DRy D2Rio excess water

passage

Water pipe
inlet

DsRu DsRe DsRs DsR« DiRs DsRs DsRs DsRs DsRo DsRio

Diet 1 = 30% FM and 0%

CSM

DsRu DR DiRs DiRe DiRs DaRs DiRs DdRs DiRo DaRio Diet 2 = 20% FM and 10%

CSM

Diet 3 = 10% FM and 20%

CSM

Diet 4

DR Dk DsRs DsR« DRs DsRs DsRs DsRs DsRo DsRio CSM
coco /o <s- Diet 5 = Chopped Sardinella

sp.

0% FM and 30%

Figure 4. Experimental set-up of the study.
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2.9. Sampling

Sampling was done every 15 days to determine the survival and growth rates. Analysis of the
body composition was done at the end of the culture period. In order to avoid scaping the crab, a plastic
bowl was used, which was weighed using a weighing scale, then tared to zero weight before placing the
crab inside. Samples of treatment diets and body composition of experimental animals were sent to
DOST, Zamboanga City, and DALI, Davao City, for proximate and carcass analysis such as ash,
moisture, carbohydrates, crude fat, crude protein, crude fiber, and calorie. Proximate and carcass
analysis was conducted after 30 days of the culture period. The survival rate, specific growth rate (SGR),
and feed utilization were computed using the following formula (Kader et al., 2017):

A. Survival rate

Final number of stocks

Survival rate = —— x 100 (D
Initial number of stocks
B.  Growth rate
WG (g) = ABWf— ABWi 2)
SGR (% Day) = "AEWD=RARWD 100 3)
Where: WG = weight gain
ABWT = average body weight final
ABWi = average body weight initial
DOC = days of culture
C. Feed utilization
FI
FCR =~ 4)
PER === X Diet CP (5)

Where: FCR = feed conversion ratio
FI = feed intake
WG = weight gain
PER = protein efficiency ratio

2.10. Statistical analysis

The collected data were presented as mean + standard error of the mean (SEM) and subjected
to a one-way analysis of variance (ANOVA) using IBM SPSS 20.0 software package to identify
significant differences in the different treatments in terms of growth, survival rate, and feed utilization
at a = 0.05. Levene’s Test was used to test for homogeneity of variance, and Duncan's Post-Hoc Test
was used to rank the mean.

3. Results

3.1. Proximate composition treatment diets

The proximate composition of treatment diets is shown in Table 2. Levels of ash content and
carbohydrates varied from 5.57 £ 0.12 % — 15.23 £ 0.13 % and 1.16 £ 0.87 % — 38.23 + 0.27 %,
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respectively, indicating that Diet 4, which contains 30 % crab shellmeal inclusion significantly higher
(p<0.05) among all diets. Moisture content ranged from 15.09 + 0.04 % — 20.38 &+ 0.18 %, where Diet
2, Diet 3, and Diet 4 were significantly lower (p<0.05) than Diet 1 and Diet 5. Crude fat levels varied
from 9.60 + 0.06 % — 28.47 £ 0.23 %. Diet 1 was significantly greater (p<0.05) in all diets in terms of
crude fat. Levels of crude protein in all experimental diets ranged from 8.93 + 0.22 % — 57.60 + 0.70 %,
where Diet 5 was significantly higher (p<0.05) among all diets. Crude fiber levels varied from 0.46 +
0.04 % —9.79 £ 0.41 %, and Diets 3 and 4 were significantly higher (p<0.05) in all diets.

Table 2. Proximate composition of experimental diets (%)

'Diet Ash Moisture Carbohydrates Crude fat Crude protein _ Crude fiber
Diet1 557+0.12° 17.30+0.10>  28.63+0.58¢  28.47+023* 20.03+0.18"  3.91+0.27
Diet2 9.33+£0.03¢ 1525+0.05¢ 31.73+£026° 2590+0.17° 17.77+£0.09°  6.62 +0.44°
Diet3 11.67+0.03° 16.90+0.08°  3580+0.44>  2427+0.43° 11.30+0.06 9.50+0.59*
Diet4 1523+0.13* 15.09+0.04° 3823+027°  22.53+0.12¢ 8.93 +0.22° 9.79 £0.41?
Diet5 11.27+0.12° 20.38+0.18 1.16 £0.87° 9.60 + 0.06° 57.60 +0.70*  0.46 +0.04°

'Values are measures of triplicates. Means with the same letters within a row do not differ significantly (P> 0.05), n = 15.

3.2. Growth and survival performance and feed utilization

The gain weight and specific growth rate (SGR, % day™) of S. serrata are shown in Figures 4
and 5. The gain weight of Diet 1, Diet 2, Diet 3, Diet 4, and Diet 5 groups were 19.08 + 7.48 g, 16.04 +
2.93g,1596+191¢g,21.75+7.91 g, and 23.87 £ 8.99 g, respectively. All experimental diets were not
significantly different (p>0.05) in terms of weight gain after 30 days of the culture period. However,
mangrove crab fed with Diet 4 was higher than Diet 2, Diet 3, and the negative control diet. Moreover,
Diet 1, Diet 2, Diet 3, Diet 4, and Diet 5 achieved SGR of 0.26 £ 0.09 % day™, 0.26 + 0.07 % day ™', 0.26
£0.05 % day™”, 0.35+0.11 % day™', and 0.42 £ 0.18 % day', respectively. All experimental diets were
not significantly different (p>0.05). Nevertheless, Diet 4, which contains a 30 % diet of crab shellmeal
inclusion fed on mangrove crab S. serrata obtained higher SGR, although there was no significant

difference.
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Sardinella sp.
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Figure 4. Gain weight performance of mangrove crab S. serrata fed with different diets after 30 days
of culture. Diet 1 = 0% Crabshell, Diet 2 = 10% Crabshell, Diet 3 = 20% Crabshell, Diet 4 = 30%
Crabshell, Diet 5 = Copped Sardinella sp. Bars with the same letters do not differ significantly (P>
0.05). Values are means + S.E.M (standard error mean), n= 6 — 40.

The survival rate (SR, % ) of Diet 1, Diet 2, Diet 3, Diet 4, and Diet 5 groups were 80.00 = 13.33
%, 80.00 + 13.33 %, 60.00 £ 16.33 %, 80 + 13.33 %, and 100.00 £ 0.00 % (Figure 6). Inclusions of all
levels of crab shellmeal fed on mangrove crab S. serrata were not significantly different among
experimental diets in terms of SR. Moreover, Table 3 shows the feed intake (FI), feed conversion ratio
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(FCR), and protein efficiency ratio (PER) values of mangrove crab S. serrata. The combination of
fishmeal and crab shellmeal had no significant effects in terms of FI, FCR, and PER. However, the FI
and FCR of all experimental diets were significantly higher (p<0.05) than those of trash fish (chopped
Sardinella sp. ), whereas the PER of trash fish was significantly higher (p<0.05) than that of all
experimental diets.

0,7 1
= i a
%‘0’6
o]
&\°/0,5' a
804
< -
ER : ;
50,3-
an
;:_10,2—
3
2 0,1 -
5]
0

0% Crabshell  10% Crabshell 20% Crabshell 30% Crabshell chopped
Sardinella sp.

Figure 5. Growth performance (SGR) of mangrove crab S. serrata fed with different diets after 30 days
of culture. Diet 1 = 0% Crabshell, Diet 2 = 10% Crabshell, Diet 3 = 20% Crabshell, Diet 4 = 30%
Crabshell, Diet 5 = Copped Sardinella sp. Bars with the same letters do not differ significantly (P>

0.05). Values are means + S.E.M (standard error mean), n= 6 — 40.

120

a
100 - a a a
I I a I I
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Sardinella sp.
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Figure 6. Survival rate of mangrove crab S. serrata fed with different diets after 30 days of culture.
Diet 1 = 0% Crab shellmeal, Diet 2 = 10% Crab shellmeal, Diet 3 = 20% Crab shellmeal, Diet 4 =
30% Crab shellmeal, Diet 5 = Copped Sardinella sp. Bars with the same letters do not differ
significantly (P> 0.05). Values are means + S.E.M. (standard error mean), n = 10 — 50.

Table 3. Feed utilization of mangrove crab S. serrata

"Diets FI FCR PER

Diet 1 261.94 + 34.19* 22.17 +£3.732 1.41 +£0.49°
Diet 2 285.12 +27.81* 22.23 +4.12° 1.15+0.33"
Diet 3 265.43 +£29.132 18.31 + 3.40? 0.75+0.16°
Diet 4 253.45+ 14.17° 21.30 + 6.43% 0.75 +0.25°
Diet 5 115.71 £21.75° 7.71 +1.99° 161.81 + 140.442

'Values are means + S.E.M. (standard error mean). Means with the same letters within a row do not differ significantly (P> 0.05), n = 40.
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3.3. Whole body proximate composition of mangrove crab

Proximate compositions of mangrove crabs are shown in Table 4. Ash content and moisture
content varied from 21.53 £ 0.22 % —31.60 + 0.20 % and 7.69 £ 0.04 % — 21.48 £ 0.05 %, respectively,
where crab fed with Diet 3 was significantly (P<0.05) greater among all diets. Carbohydrates ranged
from 13.00 = 0.10 % — 34.07 = 0.87 %, indicating that crab fed with Diet 4 was significantly higher
(P<0.05) in all experimental diets. Levels of crude fat ranged from 1.73 + 0.18 % —5.03 = 0.07 %, where
crab fed with Diet 2 and Diet 4 were significantly lower (P<0.05) than crab fed with Diet 1, Diet 3, and
Diet 5. In addition, crude protein varied from 21.83 = 0.73 % — 37.70 £ 0.12 %, where crab fed with
Diet 2 was significantly greater (P<0.05) among all diets. Levels of calories ranged from 218.33 + 1.45
% — 275.00 £ 1.15 %, indicating that crab fed with Diet 5 was significantly higher (P<0.05) among all
experimental diets.

Table 4. Whole body composition of mangrove crab S. serrata (%)

Crude

Diet Ash Moisture Carbohydrates  Crude Fat . Calorie
Protein

Diet 1 28'3(7)f 1633+0.09°  2657+035  3.00+£0.15> 2743+0240 243.00 +0.58¢

Diet 2 28'}(5{? 21484005  13.00£0.10° 1.73+0.18  3770£0.12° 21833 1.45¢

Diet3 U005 7694004 287740200 2474009  2047+019° 25533033

Diet 4 23,;1(3);: 127940130 3407+087° 1900261 2183073 241.00+2.52¢

Diet 5 2(1)33? 1609+0.07 2507078  503+007° 3230+0.60° 275.00+ 1.15"

'Values are means + S.E.M. (standard error mean). Means with the same letters within a row do not differ significantly (P> 0.05), n = 15.
4. Discussion

CSM supplementation can enhance the proximate composition of experimental diets, thereby
improving mangrove crab’s whole body composition. However, CSM supplementation had no
significant effect on feed utilization, as well as the growth and survival rates of mangrove crabs. In
mangrove crab farming, shrimp diet and trash fish are commonly used. Therefore, developing an
appropriate mangrove crab feed formulation is a priority area of research (Say and Ikhwanuddin, 1999;
Zhao et al., 2016; Dayal et al., 2019; Aaqillah-Amr et al., 2022). A farmer can further enhance the
quality of the feed by understanding the composition and reformulating the feed if the nutrients are not
adequate to sustain the crabs. The crab’s body is made of claws and legs, and its back shell is made of
hard, opaque tissue called chitin (Cornwall, 2014). Chitin is a polymer that is found in arthropods’
exoskeletons, such as crabs (Guerrero, 2000; Brock et al., 2003). Among the most abundant organic
compounds in nature, chitin is made up of sugar molecules arranged in a network with a variety of uses,
such as agriculture, aquaculture, and biotechnology (Beundia, 1999; Shamshina et al., 2020). About
10% of the shell of the mangrove crab S. franquebarica contains chitin (Thirunavukkarasu and
Shanmugam, 2009). Using underutilized by-products in the seafood industry as a substitute for costly
FM in mangrove crab diets, the present study aims to develop a more cost-effective diet. By substituting
FM with 30% CSM, it is evident that the survival and growth of mangrove crab S. serrata can be
boosted, although not significantly different. In aquaculture nutrition, the replacement of FM with
alternative protein sources has long been well-established for many crustacean and fish species, and
research on crab species is meager. Species of crabs such as Eriocheir sinensis (Luo et al., 2011; Jiang
et al., 2013), S. serrata (Nguyen et al., 2014), and S. paramamosain (Suwirya et al., 2009) have been
studied to replace FM with different vegetable sources of protein. In addition, the fish bone meal (FBM)
is regarded as a significantly improved source of dietary protein that can be used to replace 45% of FM
in Atlantic cod diets. Luo et al. (2011) stated that it is possible to replace 40% of FM with rapeseed meal
and soybean meal in the diet of E. sinensis. In addition, S. paramamosain, soybean meal, and corn gluten
meal could replace 20 —40% of FM (Suwirya et al., 2009). In our study, 10 — 20% FM could be replaced
with CSM for S. serrata. The higher level of FM could be replaced by animal protein sources, possibly
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due to higher protein content, fatty acids, balanced amino acids, palatability, and less toxin or
antinutrients (Kader et al., 2017).

FBM tended to increase dietary phosphorus, calcium, and ash contents, which helped to enhance
Atlantic cod growth and feed consumption (Toppe et al., 2006). A crabstick (farm-made feed) developed
for crab fattening increased moisture, crude protein, crude lipids, crude fiber, and total ash, thereby
enhancing FI and FCR in blue swimming crab P. pelagicus (Kalidas et al., 2020). In the present study,
increasing supplementation of CSM significantly affects dietary ash, moisture content, carbohydrates,
crude fat, crude protein, and crude fiber. The nutrient composition of feed, such as ash, moisture content,
carbohydrates, fat, protein, and fiber, can control the metabolism of crustaceans, shrimps, and other
fishes, provide energy, and contribute to a living cell's functioning (Krogdahl et al., 2005; Ndome et al.,
2010). For aquafeed ingredients, the PER is an effective parameter for measuring protein quality
(Goytortua-Bores et al., 2006; Luo et al., 2011). In the present study, the FCR, PER, and FI showed no
effect with different levels of CSM supplementation; hence, the feed utilization, growth, and survival
of the mangrove crab S. serrata were not affected. In other studies, different levels of phospholipids
enhanced feed utilization for kuruma shrimp (Michael et al., 2008), blue swimming crab (Li et al., 2014),
and blant snout bream (Li et al., 2015), and black tiger shrimp (Kumaraguruvasagam et al., 2005).

CSM replacement changed the body composition of the S. serrata, such that ash, carbohydrates,
moisture, crude fat, crude protein, and calories were significantly different (p<0.05). Kader et al. (2017)
stated that there were no significant effects of replacing FM with FBM on the composition of whole
bodies of S. paramamosain. However, the inclusion of phospholipids significantly improved crude
lipids and crude protein content. Moreover, researchers have observed that dietary phospholipids
positively affect protein retention in Megalobrama amblycephala (Li et al., 2015) and Seriolla
dumerilli (Uyan et al., 2009). As shown in the body composition analysis, diets based on CSM (Diet 2,
Diet 3, and Diet 4) contain higher levels of ash. Conversely, dietary FBM did not influence the whole
body ash composition of S. paramamosain (Kader et al., 2017), Megalobrama amblycephala (Li et al.,
2015), Penaeus monodon (Kumaraguruvasagam et al., 2005), Litopenaeus vannamei (Gonzalez-Felix
et al., 2002) and Gadus morhua (Toppe et al., 2006).

Conclusion

The results of this study suggest that fishmeal may be replaced with crab shellmeal from
mangrove crab diet formulations. Supplementing crab shellmeal to the diets of mangrove crabs can
enhance their whole body composition; however, it did not affect feed utilization, growth performance,
and survival rate of the mangrove crab. By utilizing the by-products and waste products of crab meat
processing plants, crab shellmeal can be the most cost-effective and efficient option for aquatic animal
feed as it contains chitin and protein.
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