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1  | INTRODUC TION

Mud crab, Scylla serrata (Forskal) belonging to family Portunidae, 
commonly inhabits estuaries and mangrove swamps of the Indo‐
Pacific region. Growing consumer demand from both local and 
international markets by virtue of its delicacy and unique taste 
led to the commercial monoculture in a small‐to‐moderate scale, 

thereby supporting coastal livelihoods (Bonine, Bjorkstedt, Ewel, 
& Palik, 2008; Lee, 1991). Mud crab culture in mangroves or tidal 
flats is practised in Indonesia, Vietnam and China and is consid‐
ered to be an ecologically friendly economic activity (SEAFDEC 
Asian Aquac, 1997). Conservation of the mud crab primary habitat, 
mangrove forests, is critical to support their populations, and cre‐
ating awareness of their over‐fishing is essential. While reviewing 
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Abstract
A fattening demonstration was carried out in Sorlagondi (15.86400N, 80.96710E) 
mangrove ecosystem in Diviseema region, Krishna district, Andhra Pradesh, India, 
by adapting a holistic approach of “Integrated Mangrove Fishery Farming System.” 
The local Yanadi tribal communities engaged in mangrove afforestation programmes 
were provided with 144 individual crab fattening cages (60 × 40 × 30 cm). Two for‐
mulated feeds were prepared with two levels of protein (32% and 36%) and were 
tested on fattening of the marketable size (200–1,000 g) of mud crabs, Scylla serrata. 
Significantly (p < 0.05) higher weight gain, feed and protein efficiency measures were 
observed in crabs fed with CP‐36% diet across all size groups. This diet also reduced 
the time (days) taken for fattening crabs irrespective of the size. Moisture content 
was very high in soft crabs (>800 g/kg) compared with hard crabs (679.70–688.65 g/
kg), whereas the reverse trend was observed for protein, ether extract and ash con‐
tent. Both diet and size of the crab have not shown much influence on proximate 
composition. However, cultured hard crabs had higher ether extract (20.10  g/kg) 
than wild hard crabs (17.06 g/kg). The changes in concentration of mineral values on 
wet basis indicated the increase in concentration in hard crabs compared with soft 
crabs, whereas when the percentage change, values on dry matter basis indicated the 
reduction in concentration of mineral contents of K, Na, P, Cu, Fe and Zn. This higher 
concentration of minerals in soft crabs could possibly be attributed to the reabsorp‐
tion of minerals into soft muscle or to the body fluids.
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the measures for capture‐based aquaculture of mud crabs, it was 
suggested that environmentally sustainable farming of mud crabs 
in mangrove pens and tidal farms is an important tool in both con‐
servation of mangrove forests and expanding the farm production 
areas (Kador, 1991; Mirera & Mtile, 2009; Shelley, 2008). Reports 
of the significance of mangrove forests and its afforestation for 
nursery grounds of mud crabs exist (Walton, Le Vay, Lebata, Binas, 
& Primavera, 2006).

Commercial demand exists both for freshly moulted soft 
crabs and for full hard‐shelled crabs (Patterson & Samuel, 2005). 
Commercially, soft crabs are obtained by holding hard‐shelled crabs 
in cages till they moult. These soft crabs are removed from water 
and need to be processed and frozen within a few hours of moulting 
(Dassow, 1968). Obtaining this type of soft crabs from nature is ex‐
tremely difficult. Mud crabs which have moulted and not fully grown 
to fill their new shells are commonly referred to as soft “empty” 
crabs. The process of rearing these soft crabs until they are “full” 
and ready for market is called “fattening.” In the wild fishery, ap‐
proximately 7%–10% of the catch on an average are soft crabs and 
are usually low priced, but these crabs when fattened for a month to 
a “full” hard crab increase their average value by over 200%; hence, 
this can be regarded both as a product improvement technique and 
as a specific type of value‐added aquaculture (Patterson & Samuel, 
2005). The fattening experiments in ponds and cages have indicated 
lower survival in ponds due to cannibalism and escape because of 
the burrowing habit of mud crabs (Begum, Shah, Mamun, & Alam, 
2009). In most of the earlier mud crab farming demonstration trials 
in Asia and Africa, trash fish, clam meat or animal by‐products have 
been used as feeds (Mirera & Mtile, 2009). This traditional feeding 
practice, however, is now considered unsustainable due to the issues 
of availability, necessity of freezing and water quality deterioration, 
and hence, the development of formulated low‐cost diets is widely 
viewed as a priority issue for mud crab aquaculture (Ali, Dayal, & 
Ambasankar, 2011; Christensen, Macintosh, & Phuong, 2004; Tuan, 
Anderson, Luong‐van, Shelley, & Allan, 2006).

Nutrient requirement data of any candidate species are crucial for 
the development of a nutritionally balanced, cost‐effective commer‐
cial feed (Tacon et al., 2002). In our earlier studies, formulated feeds 
were successfully tested for both fattening and culture in farms (Ali 
et al., 2008), and also the positive effect of dry pellet form of feeding 
compared with other physical forms of presentation (Ali et al., 2011). 
The optimization of dietary protein and amino acids along with the 
growth and increased nutrient retention by the animal appears to be 
an ideal approach to reduce the nitrogen loading and positively in‐
fluence the production cost (Dayal, Ali, Ambasankar, & Singh, 2003). 
Crude protein requirements of different sized mud crabs, S. serrata, 
were in the range of 32%–45% (Catacutan, 2002; Chin, Gunasekera, 
& Amandokoon, 1992; Sheen & Wu, 1999; Unnikrishnan & Paulraj, 
2010). Most of these nutritional requirement studies have been car‐
ried out in clear water systems, where the environmental conditions 
greatly differ from those found in natural culture systems (D'Abramo 
& Castell, 1997). Although these studies have provided valuable in‐
formation regarding the requirements under controlled conditions, 

the practical application of these data is limited unless it is demon‐
strated under natural conditions (Moss, Divakaran, & Kim, 2001; 
Moss & Pruder, 1995; Tacon, 1996).

In the process of moulting, a series of physiological and biochem‐
ical changes take place where some of the essential nutrients and 
minerals are absorbed into the muscle tissues or body fluids from 
the carapace or from the surrounding water, so that these nutri‐
ents will be utilized during the new carapace formation (Mohanty, 
Mohapatra, & Mohanty, 2009; Paez‐Osuna, Perez‐Gonzalez, 
Izaguirre‐Fierro, Zazueta‐Padilla, & Flores‐Campana, 1995). The 
present study, therefore, evaluated the effect of formulated feeds 
on the growth and survival of mud crab, S. serrata, reared in the man‐
grove ecosystem with feeds containing two different protein levels 
(32% and 36%). Further, the effect of these formulated feeds on dif‐
ferent size groups of mud crabs was also evaluated in comparison 
with traditional feeding practices. In order to comprehend the bio‐
chemical changes during the fattening process, the proximate and 
mineral composition of both initial soft and final hard crabs were 
also analysed.

2  | MATERIAL S AND METHODS

2.1 | Pond and cage preparation

The experiment was conducted in Sorlagondi (15.86400N, 
80.96710E) mangrove ecosystem in Diviseema region of Krishna 
district of Andhra Pradesh, India. It is a tide‐fed farming system 
where the tidal water enters the pond during high tide and drains 
out during low tide. The regular exchange of tidal water sustains 
the water quality by avoiding accumulation of organic load without 
much infrastructure such as water pumps and air blowers. Hence, 
farm input costs are low compared to the semi‐intensive farm‐
ing system. Mangrove vegetation was grown along the inner and 
outer bunds and mounds. The water level in the pond system was 
maintained by gravitational tidal flow with a minimum of 3 ft depth 
level in low tide, and it was named as “Integrated Mangrove Fishery 
Farming System” (M.S. Swaminathan Research Foundation, 2016). 
The plastic cages (60  ×  40  ×  30  cm) having 1‐cm slits were used 
for fattening individual crabs for easy movement of water. A total 
of 144 cages were installed at the bottom of the mangrove‐based 
ponds.

2.2 | Stocking and management

Male water crabs with intact appendages were stocked individually 
in each cage in the morning, to prevent stress. The body weight of 
the soft crabs ranged from 200 to 1,000 g. These crabs were clas‐
sified into four groups viz., medium (200–300 g), large (301–500 g), 
XL (501–750  g) and XXL (751–1,000  g), as the price of the crabs 
varies with size. In each size, 36 crabs were stocked per each treat‐
ment in three mangrove ponds. The pond water quality parameters 
such as salinity (28.4 ppt), pH (7.68), dissolved oxygen (5.76 ppm), 
temperature (27.5°C), total alkalinity (241.7  ppm as CaCO3), total 
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ammonia‐nitrogen (NH3–N, 0.19  ppm), nitrite‐nitrogen (NO2–N, 
0.082  ppm), nitrate‐nitrogen (NO3–N, 0.76  ppm) and phosphate‐
phosphorus (PO4–P, 0.03  ppm) were recorded once in ten days 
(APHA, 2012), and values were found to be within the optimum lev‐
els for brackishwater crustacean culture. The crabs were individu‐
ally checked daily for hardness. Hardened crabs were harvested, and 
their pincers were restrained by a coir rope to prevent cannibalism 
and to enable easy handling for weighing and marketing.

2.3 | Feed preparation and feed management

The experiment comprised two treatments and one control. The 
treatment groups were fed with formulated feeds containing 32% 
CP (Treatment 1) and 36% CP (Treatment 2). The control was fed 
with low‐valued trash fish. Compounded crab feed as dry sink‐
ing pellets was produced using ring‐die pellet mill at the ICAR‐
Central Institute of Brackishwater Aquaculture, Chennai, India. All 
the coarse ingredients listed (Table 1) were powdered by a two‐
stage grinding using a hammer mill and micropulverizer and passed 
through a 0.5‐mm screen. All the ingredients along with liquid 
ingredients (fish oil and lecithin) and additives (vitamin–mineral 

premix and binder) were mixed in horizontal ribbon mixture and 
thoroughly homogenized after adding 3 L of water per 100 kg. The 
mash was pelletized in the ring‐die pellet mill with 15%–16% mois‐
ture at a temperature of 90°C under steam conditioning (Dayal 
et al., 2017). Two types of pellets of size 4.5 and 6 mm were pre‐
pared to feed <500‐ and ≥500‐g‐sized crabs respectively. Initially, 
trash fish and pellets were given at the rate of 8% and 2.5% of 
the biomass, respectively, and were adjusted based on the intake. 
Daily ration was distributed in two equal quantities (6.00 a.m. and 
6.00 p.m.) during the fattening period.

2.4 | Crab samples for nutrient analysis

The initial soft crabs and final hardened crabs in all the four size 
groups such as medium (200–300  g), large (301–500  g), XL (501–
750 g) and XXL (751–1,000 g) with three replications were collected 
for nutrient analysis. The proximate composition of the whole crabs 
was analysed for all size groups. In addition to the proximate profiles, 
the mineral composition of the whole crabs from six XXL (>750 g)‐
sized crabs were analysed from each treatment along with wild initial 
soft crabs of similar size.

Particulars

Trash fish Experimental diets

Control CP‐32% CP‐36%

Ingredient composition

Fishmeala   180 200

Acetesb   90 110

Soybean meal   150 180

Gingelly oil cake   50 60

Wheat   470 392

Fish oila   20 18

Lecithin   10 10

Pre‐mixc   20 20

Binderd   10 10

Proximate composition

Moisture 733.70 ± 8.59 90.10 ± 2.21 89.80 ± 0.71

Crude protein 159.20 ± 2.45 321.01 ± 0.98 360.50 ± 1.36

Ether extract 36.10 ± 1.17 55.60 ± 1.63 55.90 ± 0.29

Crude fibre 1.70 ± 0.36 26.50 ± 0.47 28.90 ± 0.68

NFEe 8.10 ± 0.57 401.39 ± 4.59 344.80 ± 2.64

Total ash 61.20 ± 1.13 105.40 ± 0.66 120.10 ± 1.13

aBismi Fisheries, Mayiladuthurai, Tamil Nadu, India. 
bMantis shrimp used as a protein source. 
cPre‐mix (g/kg): thiamine hydrochloride (25.50 g), riboflavin (25.00 g), pyridoxine hydrochloride 
(50.00 g), cyanocobalamin (0.10 g), menadione (5.00 g), all‐trans tocopherol acetate (99.00 g), 
retinyl acetate (10.00 g), vitamin D (50 g), nicotinic acid (101.00 g), D‐Ca‐pantothenate (61.00 g), 
biotin (25.00 g), folic acid (6.25 g), inositol (153.06 g), ferric citrate (13.70 g), ZnSO4·7H2O (28.28 g), 
MgSO4·7H2O (0.12 g), MnSO4·H2O (12.43 g), CuSO4·5H2O (19.84 g), CoC12·6H2O (4.07 g), KIO4 
(0.03 g), KCl (15.33 g), Na2SeO3 (0.02 g). 
dPegabind, Bentoli Agri‐Nutrition Asia Pvt Ltd, Singapore. 
eNitrogen‐free extract (Calculated by difference). 

TA B L E  1   Ingredient and proximate 
composition of experimental feeds used 
for Scylla serrata fattening experiment (g/
kg as fed basis)
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2.5 | Biochemical analysis

Proximate composition of feeds and crab samples was analysed 
as per the method of AOAC (1997). Amino acid profiles were ana‐
lysed using pre‐column HPLC gradient system (Shimadzu Corp, 
LC‐30AD) after hydrolysing the samples with 6  N hydrochlo‐
ric acid in a sealed tube filled with nitrogen for 22  hr at 110°C 
in an oven (Finlayson, 1964). The YMC‐Triart C18, RRH (1.8  μm, 
2.1 × 100 mm) column was used to separate the amino acids after 
derivatization with mercaptopropionic acid, O‐phthalaldehyde 
and fluorenylmethoxycarbonyl chloride under gradient elution 
using phosphate buffer (20 mmol as mobile phase A) and combi‐
nation of acetonitrile: methanol: water (45:40:15 as mobile phase 
B) at the flow rate of 0.3  ml/min. The gradient was changed by 
increasing mobile phase B concentration at the rate of 11%–13% 
at 3 min, 31% at 5 min, 37% at 15 min, 70% at 20 min and 100% 
at 25 min (Jannathulla, Dayal, Ambasankar, Eugine, & Muralidhar, 
2018). Amino acids were qualified and quantified by fluorescent 
detector (RF‐20AXS) using amino acid mixer as an external stand‐
ard (Sigma Aldrich, Cat. No: AAS18) and norleucine as an internal 
standard. Tryptophan, being labile to acid hydrolysis, was meas‐
ured after alkali hydrolysis using spectrophotometric method at 
500  nm (Sastry & Tammuru, 1985). The partial oxidation of sul‐
phur‐containing amino acids such as cystine and methionine dur‐
ing acid digestion was prevented by adding 0.1% of phenol (Jajic, 
Krstovic, Glamocis, Jaksis, & Abramovic, 2013).

Lipid was extracted by using chloroform and methanol (2:1) by 
a method of Folch, Lees, and Sloane Stanley. (1957) method, the re‐
spective fatty acid methyl esters (FAME) were prepared according to 
Metcalfe, Schmitz, and Pelka (1966) method, and finally, FAMEs were 
extracted into petroleum ether. Routine analysis of methyl esters 
was performed using a gas chromatograph (GC‐2014 Shimadzu) on 
a RTX‐Wax Capillary Column (100 m length × 0.25 mm I.D × 0.2 µm 
film thickness). Nitrogen was used as carrier gas at a linear velocity 
of 20.9 cm/s with 3 ml/min of purge flow. The oven temperature was 
held at 100ºC for 4 min and increased to 225ºC at the rate of 3ºC/
min and held for 5 min and further increased to 240ºC at the rate of 
1ºC/min. Operating temperature for injection ports and flame ion‐
ization detector was 225 and 250ºC respectively. Fatty acids were 
identified by comparing with the retention times of 37 Component 
FAME Mix (Supelco—Sigma). The quality of analysis was checked 
with a blank and a control sample menhaden oil.

The samples were digested using microwave digestion method 
(Anton Paar microwave system) for mineral analysis. The samples of 
approximately 1.0 g were digested with 6 ml of HNO3 and 2 ml of 
H2O2 in microwave digestion system. All digested samples were ana‐
lysed in triplicates using inductively coupled plasma‐optical emission 
spectrometry, ICP‐OES Agilent; model 5100, using 5.2 software for 
the analysis. The analytical measurements were made with an au‐
tosampler equipped with a peristaltic pump, across‐flow nebulizer 
(coupled to a double‐pass spray chamber) and Quartz central torch 
tube injector with an internal diameter of 2  mm. Certified refer‐
ence material, ICP multi‐element standard solution (10 mg/l Merck), 

was used for calibration (Jannathulla, Dayal, Chitra, Ambasankar, & 
Muralidhar, 2017).

2.6 | Statistical analysis

Data of production performance and whole crab proximate composi‐
tion were subjected to a two‐way ANOVA. The mineral composition 
was subjected to a single‐factor ANOVA. The descriptive statistics 
were computed for the main factors and their interactions. Prior to 
statistical evaluation, data were checked for homogeneity of vari‐
ance after ascertaining for normal distribution. Data were analysed 
using SAS. Means were compared at 5% significance level (p < 0.05).

3  | RESULTS

The proximate composition of experimental feeds used for fattening 
trial is presented in Table 1. The crude protein content of the formu‐
lated feeds was 321.01 and 360.50 g/kg on fed basis, thereby re‐
flecting higher amino acid contents in diet 2 (Table 2). The essential 
amino acid content of the pelleted experimental diets was computed 
by calculating A/E ratios and compared with the essential amino 
acid requirements of Penaeus monodon (Millamena, Bautista, Reyes, 
& Kanazawa, 1997, 1998; Millamena, Bautista‐Teruel, & Kanazawa, 
1996; Millamena, Teruel, Kanazawa, & Teshima, 1999) and P.  van‐
namei (Cuzon, Lawrence, Gaxiola, Rosas, & Guillaume, 2004) as 
such requirement data are not available for S. serrata. Based on the 
earlier reports of amino acid composition of the experimental diets 
used for S. serrata, the A/E ratios were compared (Ali et al., 2011; 
Unnikrishnan & Paulraj, 2010). The essential amino acid index (EAAI) 
was calculated based on shrimp amino acid requirements (P. mono‐
don and P. vannamei) and the amino acid composition of diets used for 
S. serrata. The aa/AA ratios are set at 0.01 minimum and 1 maximum 
for estimation of EAAI (Peñaflorida, 1989). The EAAI ratios of both 
the diets are above 0.86 indicating that both the feeds could nearly 
meet the dietary requirements of all essential amino acids (Table 3). 
The CP‐36% diet had higher nonessential amino acids (NEAA) espe‐
cially in glutamic acid, aspartic acid and proline. The mineral compo‐
sition of experimental feeds is presented in Table 4. The diet having 
higher crude protein (CP‐36%) has shown higher mineral profiles due 
to the higher inclusion of fish meal.

Significantly (p  <  0.05) higher weight gain was observed in 
crabs fed with CP‐36% diet compared to other treatments across 
all size groups tested (Table 5). The survival was higher in a group 
fed CP‐36% diets, but the difference was not significant among the 
treatments. The lower feed consumption ratio (FCR) and higher 
protein efficiency ratio (PER) and apparent protein utilization (APU) 
were observed in crabs fed with CP‐36% diet. The time (days) taken 
for fattening was also shortened in crabs fed with high CP diet in 
all the size groups. The size of the crab has influenced significantly 
(p < 0.05) weight gain, % weight gain and the number of days taken 
for hardening. The absolute weight gain (g) is lower in smaller size 
crabs, but the weight gain (%) is higher compared to larger sized 
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crabs. The number of days taken for hardening is proportional to the 
size of the crab. Nutrient retention (g) in terms of protein, fat and 
energy is higher in crabs fed with CP‐36% diet.

The proximate composition of mud crabs is shown in Table 6. 
The soft crabs had very high (>800 g/kg) moisture content, whereas 
the crude protein (87.81), ether extract (12.90) and total ash con‐
tent (65.70  g/kg) were significantly (p  <  0.05) lower compared to 
average of all the treatments of the hard crabs 685.7, 126.3, 18.8 
and 125.0  g/kg respectively. Both diet and size of the crab have 
not influenced the proximate composition, whereas cultured hard 
crabs exhibited higher ether extract (1.94%) compared to wild hard 
crabs (1.71%). During the fattening process, the moisture content 

decreased by 14% and the crude protein increased by 43%. The 
maximum increase was observed for total ash (88%) in hardened 
crabs compared with the soft crabs. Similarly, significant (p < 0.05) 
increase in mineral content was also observed in hardened crabs and 
diet did not influence mineral composition (Table 7).

4  | DISCUSSION

The price of mud crabs varies with size and also with the moult‐
ing stage. Both soft crabs and hard crabs have commercial value. 
Soft crabs are produced by holding hard‐shelled crabs in specific 
cages or floats until they moult. These soft crabs have to be re‐
moved from the water within a few hours of moulting and are to 
be graded, processed and frozen (Benjakul & Sutthipan, 2009). The 
fattening is a value‐added aquaculture and the price increase is over 
200% (Patterson & Samuel, 2005). Based on the available reports, 
it is very much needed to improve fattening techniques of mud 
crab to get a higher production with pelleted feeds. Hence, in the 
present study a holistic approach of “Integrated Mangrove Fishery 
Farming System” (M.S. Swaminathan Research Foundation, 2016) 
was adapted by involving the local Yanadi tribal community who are 
engaged in mangrove afforestation programmes by providing indi‐
vidual crab fattening cages. The fattening of mud crabs adopted in 
the present study is a significant improvement to reduce cannibalism 
as it is the main cause of mortality resulting up to 90% loss of the 
stock (Mann, Asakawa, Kelly, Lindsay, & Paterson, 2007; Ut, Le Vay, 
Nghia, & Hong Hanh, 2007). The performance of mud crabs dur‐
ing fattening in mangrove ecosystem has shown better performance 
with CP‐36% feed compared with CP‐32% feed and traditional feed‐
ing with trash fish. Since the size of the crab is having significant 
effect on protein requirement in the present study, wide market‐
able‐size groups (200–1,000 g) were tested and the results indicated 
no significant difference in protein requirement in the tested size 
range. The present results are in agreement with the values of crude 
protein requirement reported in mud crabs viz. 35%–40% in ~600 g 
size group (Chin et al., 1992). Catacutan (2002) reported a dietary 
protein level ranging from 32% to 40% in 9‐g‐sized crabs with 6%–
12% lipid level, whereas 47% in 0.25 g size juveniles was reported 
by Unnikrishnan and Paulraj (2010). The CP‐36% diet also reduced 
the time (days) taken for fattening in crabs irrespective of the size, 
and this improved performance can be attributed not only to the 
higher optimal proportion of essential amino acids (Table 2) but also 
because of the availability of higher macro minerals such as potas‐
sium and phosphorous and trace elements such as iron, manganese, 
selenium and zinc (Table 4). The presence of these minerals in higher 
quantities could have helped faster mineralization of crabs fed with 
CP‐36% diet. Our earlier results have shown the positive effect of 
dry pellet form of feeding compared with other physical forms of 
presentation (Ali et al., 2011). The growth recorded in the present 
study is higher than that reported in an earlier fattening demonstra‐
tion in cage and pond (Begum et al., 2009), and this could possibly 
be attributed to the size of the crabs used for the experiment, diet 

TA B L E  2   Amino acid and fatty acid composition of experimental 
feeds used for S. serrata fattening experiment

Particulars

Trash fish Experimental diets

Control CP‐32% CP‐36%

Essential amino acids (g/kg as fed basis)

Arginine 10.24 ± 0.58 18.95 ± 1.23 21.22 ± 2.71

Histidine 3.10 ± 0.36 9.52 ± 0.67 10.91 ± 0.34

Isoleucine 5.10 ± 0.41 17.66 ± 0.44 19.62 ± 0.47

Leucine 8.30 ± 0.56 23.47 ± 0.54 28.34 ± 0.16

Lysine 9.10 ± 0.47 9.61 ± 0.64 10.93 ± 0.45

Methionine 3.40 ± 0.69 5.32 ± 0.44 5.93 ± 0.69

Phenylalanine 7.10 ± 0.91 13.43 ± 0.15 14.86 ± 0.54

Threonine 6.80 ± 0.34 12.80 ± 0.34 14.23 ± 0.34

Tryptophan 2.40 ± 0.84 4.11 ± 0.69 4.61 ± 0.51

Valine 9.80 ± 0.64 12.42 ± 0.64 13.61 ± 0.81

Nonessential amino acids (g/kg as fed basis)

Alanine 10.83 ± 0.23 16.50 ± 0.69 19.10 ± 0.67

Aspartic acid 12.08 ± 0.43 26.50 ± 0.46 31.20 ± 0.46

Cystine 1.28 ± 0.64 4.80 ± 0.51 5.60 ± 0.91

Glutamic acid 13.04 ± 0.26 44.80 ± 2.63 52.60 ± 1.67

Glycine 10.08 ± 0.91 19.50 ± 0.42 24.50 ± 0.73

Proline 6.92 ± 0.32 13.20 ± 0.47 15.70 ± 0.94

Serine 5.61 ± 0.42 14.20 ± 0.73 17.30 ± 0.49

Tyrosine 5.41 ± 0.39 10.70 ± 0.34 12.10 ± 0.62

Fatty acids (% of total fatty acids)

14:0 5.52 ± 0.23 5.83 ± 0.17 5.93 ± 0.69

16:0 19.92 ± 0.75 22.99 ± 0.22 22.61 ± 0.46

18:0 8.46 ± 0.64 6.64 ± 0.64 6.45 ± 0.77

16:1n−7 8.75 ± 0.62 5.57 ± 0.49 5.56 ± 0.61

18:1n−9 13.89 ± 0.46 11.72 ± 0.51 11.41 ± 0.97

18:1n−7 4.40 ± 0.39 2.84 ± 0.55 2.83 ± 0.15

18:2n−6 6.83 ± 0.91 15.99 ± 0.67 16.36 ± 0.64

20:4n−6 6.32 ± 0.42 2.25 ± 0.72 2.22 ± 0.27

α 18:3n−3 0.64 ± 0.73 0.17 ± 0.61 0.20 ± 0.32

20:5n−3 6.32 ± 0.26 9.11 ± 0.49 9.03 ± 0.32

22:6n−3 6.89 ± 0.94 8.58 ± 0.64 8.73 ± 0.81
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and also the rearing system. The balancing of essential amino acids is 
crucial as per the requirement of the species and stage of growth. In 
the present investigation, all the marketable‐sized crabs were tested 
in actual field conditions with locally available feed ingredients by 
meeting the A/E, EAAI for crab (>0.85). The present study has uti‐
lized diets formulated using locally available ingredients and also 
tested in natural mangrove ecosystem by involving local tribal popu‐
lation, with a protein source very close to the amino acid profiles of 
S. serrata. The results discussed in the present study have direct field 
application and it could replace the fresh feeds being used currently 
(trash fish, molluscan meat, slaughterhouse by‐products, etc.), which 
have limitations in quality, quantity and sustained supply.

The results of proximate analysis of different size groups of cul‐
tured and wild S. serrata are shown in Table 6. The soft crabs have 
very high (>80%) moisture content, whereas the crude protein, ether 
extract and total ash contents are significantly (p < 0.05) lower com‐
pared to hard crabs. Similar results were observed when soft and 
hard crab muscle were analysed for chemical constituents (Benjakul 
& Sutthipan, 2009). Both diet and size of the crab have not influ‐
enced the proximate composition except crude lipid. The effect of 
diet was not conspicuous in lipid values, but the larger size crabs have 
shown significantly (p < 0.05) higher lipid content. The lipid content 
of mud crabs observed in this study is similar to those reported in 

other crustaceans (Catacutan, 2002). The values of higher lipid level 
in cultured crab observed in this study are in agreement with the 
findings of Yanar, Göçer, Yanar, and Kücükgülmez, (2011) in Penaeus 

TA B L E  3   A/E ratio of pelleted feeds and amino acid requirements of Penaeus monodon, Penaeus vannamei and Scylla serrata

Particulars

Experimental diets Dietary requirements

CP‐32% CP‐36% P. monodona P. vannameib S. serratac S. serratad

A/E ratio

Arginine 13.96 ± 0.54 13.93 ± 0.89 15.82 19.19 13.96 19.94

Histidine 7.01 ± 0.34 7.16 ± 0.37 6.57 5.05 5.10 5.54

Isoleucine 13.01 ± 0.42 12.88 ± 0.43 8.06 9.09 8.46 12.42

Leucine 16.55 ± 0.67 16.64 ± 0.69 12.84 16.16 15.10 14.95

Lysine 12.40 ± 0.29 12.59 ± 0.61 15.52 16.16 15.77 4.84

Methionine 5.58 ± 0.41 5.73 ± 0.64 7.16 6.06 4.77 3.55

Phenylalanine 9.89 ± 0.33 9.76 ± 0.52 11.04 9.09 8.26 14.46

Threonine 9.43 ± 0.82 9.34 ± 0.28 10.45 6.06 8.99 10.16

Tryptophan 3.03 ± 0.67 3.03 ± 0.36 1.49 3.03 8.79 2.38

Valine 9.15 ± 0.29 8.94 ± 0.74 11.04 10.10 10.81 11.77

Essential amino acid index (EAAI)

Based on 
P. monodona

0.90 ± 0.09 0.90 ± 0.27        

Based on 
P. vannameib

0.93 ± 0.06 0.93 ± 0.26        

Based on S. serratac 0.86 ± 0.27 0.86 ± 0.43        

Based on S. serratad 0.90 ± 0.31 0.89 ± 0.51        

Note: Essential amino acid index (EAAI): Calculated based on P. monodon shrimp, amino acid requirements (% Protein) and aa/AA ratios are set at 0.01 
minimum and 1 maximum (Peñaflorida, 1989).
aMillamena et al. (1996), Millamena, Bautista, Reyes, and Kanazawa (1997), Millamena, Bautista‐Teruel, Reyes, and Kanazawa (1998) and Millamena et 
al. (1999). 
bCuzon et al. (2004). 
cUnnikrishnan and Paulraj (2010). 
dAli et al. (2011). 

TA B L E  4   Mineral composition of experimental feeds used for 
Scylla serrata fattening experiment

Particulars

Trash fish Experimental diets

Control CP‐32% CP‐36%

Macro minerals (g/kg as fed basis)

Calcium 13.22 ± 0.67 20.16 ± 1.02 24.89 ± 0.99

Magnesium 0.76 ± 0.03 2.96 ± 0.08 3.23 ± 0.33

Phosphorus 8.78 ± 0.41 10.11 ± 0.73 12.30 ± 0.49

Potassium 1.70 ± 0.07 4.25 ± 0.61 4.61 ± 0.17

Sodium 1.34 ± 0.11 2.82 ± 0.16 3.16 ± 0.23

Micro minerals (mg/kg as bed basis)

Copper 2.24 ± 0.27 27.24 ± 0.66 22.63 ± 0.73

Iron 142.86 ± 3.35 139.21 ± 5.67 144.26 ± 1.69

Manganese 6.71 ± 0.61 140.18 ± 2.39 144.72 ± 6.47

Selenium 0.75 ± 0.04 0.89 ± 0.23 0.98 ± 0.04

Zinc 33.17 ± 1.27 44.34 ± 0.61 51.33 ± 0.89
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semisulcatus. Higher lipid content in farmed crab could mainly be 
attributed to the type of food consumed. Compared to the natu‐
ral feeds consumed by wild crabs, formulated pellets offered to 
the farmed crabs were nutrient dense. Grigorakis, Alexis, Taylor, 
and Hole (2002) observed a similar situation of fat accumulation in 
farmed fish (European seabass), and they attributed this to energy 
consumption in the form of dietary carbohydrates and reduced ac‐
tivity (Alasalvar, Taylor, Zubcov, Shahidi, & Alexis, 2002) compared 
to wild fish which were also prone to periods of starvation (Haard, 

1992). The earlier comparative studies on proximate composition of 
soft and hard crabs were mostly on muscle composition. The soft‐
shelled claw muscle had as high as 94.76% of moisture and as low as 
3.05% of protein, whereas hard‐shelled claw muscle had moisture 
and protein content of 84.38% and 14.31% respectively. More in‐
terestingly, the ash content of the soft crab claw muscle was higher 
(2.17%) than that of hard‐shelled claw muscle (1.67%) indicating the 
selective reabsorption of mineral contents into the muscle portion at 
time of moulting from exuvia (Benjakul & Sutthipan, 2009).

TA B L E  5   Effect of different diets and size groups on weight gain, feed and protein conversion efficiencies in Scylla serrata during the 
fattening experiment

Particulars

Growth performance
No. of days 
for hardeningWeight gain (g) Weight gain (%) Survival (%) FCR1 PER2 APU3

Different diets (A)

Trash fish (1) 146.63b 30.13b 85.42a 6.22a 1.01c 22.87b 26.33b

CP‐32% (2) 151.02b 29.78b 89.58a 2.71b 1.15b 33.55a 28.00a

CP‐36% (3) 167.36a 33.99a 93.75a 2.16c 1.28a 32.21a 24.33c

Different size groups (B)

Medium4 (1) 88.47v 36.96s 94.44s 3.66s 1.15s 27.78s 19.78v

Large5 (2) 129.16u 32.42t 86.11s 3.76s 1.14s 29.92s 22.89u

XL6 (3) 174.05t 28.76u 91.67s 3.69s 1.15s 31.47s 27.67t

XXL7(4) 228.32s 27.05u 86.11s 3.67s 1.16s 29.00s 34.56s

Interactions

A 1 B 1 85.95 35.32 83.33 6.06 1.04 19.01 19.00

A 1 B 2 121.28 31.14 91.67 6.43 0.98 18.75 22.33

A 1 B 3 158.25 27.31 91.67 6.16 1.02 27.00 29.00

A 1 B 4 221.05 26.75 75.00 6.20 1.01 26.71 35.00

A 2 B 1 84.72 34.16 100.00 2.75 1.14 37.12 22.00

A 2 B 2 121.80 29.79 83.33 2.65 1.18 34.72 24.00

A 2 B 3 171.70 28.20 91.67 2.77 1.13 30.75 28.67

A 2 B 4 225.85 26.95 83.33 2.65 1.18 31.61 37.33

A 3 B 1 94.75 41.39 100.00 2.18 1.28 27.21 18.33

A 3 B 2 144.40 36.34 83.33 2.20 1.26 36.28 22.33

A 3 B 3 192.20 30.77 91.67 2.14 1.30 36.65 25.33

A 3 B 4 238.07 27.45 100.00 2.15 1.30 28.69 31.33

p‐Value

A 0.006 0.008 0.359 <0.001 <0.001 0.001 <0.001

B <0.001 <0.001 0.505 0.443 0.743 0.636 <0.001

A × B 0.838 0.587 0.408 0.183 0.415 0.130 0.173

SEM 124.19 6.25 112.08 0.012 0.001 21.70 1.55

CV (%) 9.46 10.51 15.55 3.94 3.84 20.75 6.25

Note: Mean bearing same superscript letters in a column within main effects and interactions between the categories do not differ significant 
(p > 0.05).
1Feed conversion ratio. 
2Protein efficiency ratio. 
3Apparent protein utilization. 
4200–300 g. 
5301–500 g. 
6501–750 g. 
7751–1,000 g. 
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TA B L E  6   Proximate composition (g/kg on wet basis) of mud crab, Scylla serrata

Particulars

Proximate composition

Moisture Crude Protein Ether extract Crude fibre NFE1 Total ash

Different diets (A)

Soft crab (1) 804.51a 87.81c 12.90c 12.11c 16.93a 65.70c

Fattened‐control (2) 688.65b 118.85b 19.05a 18.80ab 23.07a 131.55a

Fattened‐CP‐32% (3) 679.70b 132.32a 20.10a 17.03b 31.60a 119.23b

Fattened‐ CP‐36% (4) 687.75b 127.45a 19.00a 19.46a 25.39a 120.93b

Fattened‐wild (5) 686.57b 126.51ab 17.06b 18.53ab 23.24a 128.06a

Different size groups (B)

Medium2 (1) 715.08a 118.44a 16.96b 17.83a 21.70a 109.96a

Large3 (2) 709.53a 119.44a 17.69ab 15.77a 24.99a 112.56a

XL4 (3) 710.21a 118.11a 16.58b 17.44a 22.66a 114.98a

XXL5 (4) 702.93a 118.38a 19.26a 17.71a 26.82a 114.88a

Interactions

A 1 B 1 815.93 85.73 12.57j 10.57 14.27 60.93

A 1 B 2 810.07 87.30 12.70ij 11.30 15.40 63.23

A 1 B 3 808.57 87.03 12.87ij 13.40 12.63 65.50

A 1 B 4 783.50 91.20 13.50hiij 13.20 25.43 73.17

A 2 B 1 712.33 110.57 20.20abcde 17.87 14.47 124.57

A 2 B 2 690.43 112.07 20.73abcd 18.03 22.40 136.33

A 2 B 3 683.57 124.97 17.27defffg 20.43 21.37 132.40

A 2 B 4 668.27 127.83 18.03bcdef 18.87 34.07 132.93

A 3 B 1 669.97 144.47 21.33ab 20.40 19.20 124.63

A 3 B 2 672.57 132.13 22.63a 15.63 37.90 119.13

A 3 B 3 681.63 125.10 15.70fghiij 15.80 42.43 119.33

A 3 B 4 694.67 127.60 20.73abcd 16.30 26.87 113.83

A 4 B 1 694.03 127.17 13.80ghiij 19.33 28.97 116.70

A 4 B 2 675.97 137.97 17.63cdefff 17.67 29.20 121.57

A 4 B 3 691.20 128.13 20.90abc 19.33 14.73 125.70

A 4 B 4 689.83 116.53 23.67a 21.53 28.67 119.77

A 5 B 1 683.17 124.27 16.93efffgh 21.00 31.63 123.00

A 5 B 2 698.63 127.73 14.77fghiij 16.23 20.07 122.57

A 5 B 3 686.10 125.33 16.17fghi 18.23 22.17 132.00

A 5 B 4 678.40 128.73 20.40abcde 18.67 19.10 134.70

p‐Value

A <0.001 <0.001 <0.001 <0.001 0.197 <0.001

B 0.626 0.982 0.007 0.196 0.767 0.271

A × B 0.644 0.058 <0.001 0.545 0.505 0.337

SEM 366.538 52.325 2.639 4.847 121.033 35.826

CV (%) 3.552 8.027 12.130 16.856 6.965 60.207

Note: Mean bearing same superscript letters in a column within main effects and interactions between the categories does not differ significant 
(p > 0.05).
1Nitrogen‐free extract. 
2200–300 g. 
3301–500 g. 
4501–750 g. 
5751–1,000 g. 
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The mineral content values were higher (p < 0.05) in hard‐shelled 
whole crabs compared with those of soft‐shelled crabs (Table 7). 
In order to understand the mineralization pattern, the changes of 

mineral contents in hard crabs fed control diet and test diets con‐
taining CP‐32 and 36% were compared with soft crab on both wet 
basis and dry matter basis (Figures 1 and 2 respectively). On wet 
basis changes, comparisons indicated the increase in concentration 
of almost all the mineral content in hard crabs compared with soft 
crabs, whereas when the percentage change values were compared 
on dry matter basis, this indicated the reduction in concentration of 
mineral contents of K, Na, P, Cu, Fe and Zn. The higher concentra‐
tion of minerals in soft crabs indicated the reabsorption of minerals 
into soft muscle or to the body fluids (Bergey & Weis, 2007; Engle, 
1987; Keteles & Fleeger, 2001; Mohapatra, Rautray, Patra, Vijayan, 
& Mohanty, 2009). Salinity of the free body fluid recovered from 
the meropodites of the soft snow crab was significantly higher than 
that of the hard snow crab (Mizuta, Kobayashi, & Yoshinaka, 2001). 
In contrast to other minerals, the concentration of Ca was increased 
on both wet basis and dry basis in hard crabs compared with soft 
crabs which would be due to the limited storage ability for Ca in ma‐
rine species and their ability to obtain bulk of their requirement from 
the surrounding water (Greenway, Arias‐Rodriguez, Diaz, & Tobler, 
2014).

5  | CONCLUSION

From the present investigation, it could be concluded that pelleted 
feed with 36% crude protein and 5.59% ether extract is optimal 
for fattening across all the marketable sizes of the crab. The pre‐
sent demonstration, by involving the local Yanadi tribes, provides 
alternative livelihoods to them by fattening the crabs in individual 
cages. The nutrient and mineral profiles of both soft and hard crabs 
indicated the selective reabsorption of certain minerals. The diet 
does not seem to have an influence on the crab mineralization 
process.

F I G U R E  1   Change (%) in mineral composition in fattened crabs 
compared with initial soft crabs (wet basis)
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TA B L E  7   Mineral composition of mud crab, Scylla serrata

Particulars

Treatments

p‐Value SEMSoft crab Fattened‐control Fattened‐CP‐32% Fattened‐CP‐36%

Macro minerals (g/kg on wet basis)

Calcium 26.24b 48.16a 48.17a 49.52a <0.001 6.964

Potassium 1.58b 1.75ab 1.90a 1.77a 0.030 0.005

Magnesium 2.40b 3.57a 3.42a 3.64a <0.001 0.016

Sodium 3.95b 4.46a 4.57a 4.58a 0.020 0.021

Phosphorus 2.57b 3.28a 3.18a 3.25a <0.001 0.006

Micro minerals (mg/kg on wet basis)

Copper 27.01b 31.57a 30.48a 30.13a 0.018 0.862

Iron 189.9a 177.67a 187.66a 189.38a 0.263 33.285

Manganese 45.82b 73.43a 73.80a 74.10a <0.001 8.637

Selenium 10.60b 34.10a 31.69a 32.56a <0.001 2.471

Zinc 48.94b 58.77a 58.43a 60.11a 0.016 5.661

Note: Mean bearing same superscript letters in a row do not differ significant (p > 0.05).

F I G U R E  2   Change (%) in mineral composition in fattened crabs 
compared with initial soft crabs (dry basis)
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