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Abstract

The protein requirement of juvenile mud crab Scylla
serrata  (body weight = 0.25 + 0.051g, carapace
width = 9.3 £+ 0.04 mm) fed with different iso-ener-
getic, iso-lipidic diets with graded protein levels (15—
55% crude protein at 5% intervals) was determined.
The feeding trial was conducted for a period of 63
days to determine the minimum and optimum pro-
tein requirement of juvenile S. serrata. The crabs fed
with 15% and 20% dietary protein levels showed
100% and 12.5% of mortalities respectively. The mor-
talities observed in the above treatments were asso-
ciated with the prolonged intermoult duration
(46 and 32 days respectively). All other treatments re-
corded 100% survival. The best growth performance
as well as the nutrient turn-over was recorded in
crabs fed with 45% crude protein in the diet. Sec-
ond-order polynomial regression of specific growth
rate (SGR) as well as body protein gain vs. dietary
protein levels suggested that 46.9-47.03% dietary
protein is required for the best growth response and
protein deposition in juvenile S. serrata. An extrapo-
lation of ‘SGR’ and daily protein gain’ upon the
dietary protein level axis (Y = 0) showed that 14.7—
16.2% dietary protein is necessary for the minimum
maintenance metabolism.

Keywords: Scylla serrata, mud crab, protein, ami-
no acid, growth, formulated diet

Introduction

The mud crabs of the genus Scylla are strongly asso-
ciated with mangrove areas throughout the Pacific

and Indian oceans (Keenan 1999). They are an impor-
tant source of income for small-scale fishers through-
out the Asia-Pacific region (Gillespie & Burke 1992).
The history of mud crab aquaculture is of 100 years
in China (Yalin & Qingsheng 1994) and for at least
the past 30 years throughout Asia. Traditionally,
mud crabs have been considered to be single species,
Scylla serrata (Stephen & Campbell 1960). But based
on the morphologic and genetic characteristics, re-
cent taxonomic revision of the genus (Keenan, Davie
& Mann 1998) has shown that four distinct Scylla
species [S. serrata (Forskal), S. tranquebarica (Fabri-
cius), S. olivacea (Herbst) and S. parmamosain (Estam-
pador)] exist. Among these, giant mud crab S. serrata
is a suitable candidate for aquaculture, owing to its
faster growth and larger size. Hence, they are being
widely used for mud crab farming.

The outbreak of the white spot syndrome virus and
collapse of shrimp aquaculture throughout Asia in
the 1990s (Boyd & Clay 1998) resulted in a growing
demand for mud crab as a potential alternative crus-
tacean species for brackish water aquaculture (Mari-
chamy & Rajapackiam 2001). However, the present
mud crab-farming systems are limited due to the de-
pendence on wild-caught seed supply (Keenan 1999)
and the use of conventional diets such as trash fish,
molluscan meat, meat entrails, etc. These diets are
highly polluting, causing the spoilage of water qual-
ity, thereby affecting the health of the farmed crabs.
Also, such diets may not be reliable in terms of their
quality and continuous supply.

Information on the nutrient requirement of a
species is crucial for the development of scientifically
designed, nutritionally balanced, cost-effective com-
mercially formulated diets (Tacon 2000). Compared
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with shrimps, very few attempts were made to inves-
tigate the nutritional requirements in Portunids. Pre-
liminary attempts using formulated diets were made
in species such as Callinectes sapidus (Millikin, Fort-
ner, Fair & Sick 1980), Eriocheir sinensis (Chen, Du &
Lai 1994; Mu, Shim & Guo 1998) and in mud crabs of
the genus Scylla.

Feeding trials with formulated diets containing
35% and 40% crude protein were first reported in
mud crabs (~ 600 g size) by Chin, Gunasekera and
Amandokoon (1992). However, no significant differ-
ence in growth was recorded between the two treat-
ments. Sheen and Wu (1999) reported that a dietary
lipid level ranging from 5.3% to 13.8% in a formulated
diet supported the best growth response in post-larval
S. serrata. Sheen (2000) reported that a 0.50-0.79%
dietary cholesterol level is adequate for a significantly
higher weight gain in S. serrata, whereas 0.14—1%
dietary cholesterol is required for megalopae (Geno-
depa, Zeng & Southgate 2004; Holme, Zeng & South-
gate 2006). Reports are available on the essentiality of
highly unsaturated fatty acids for juvenile mud crabs
(Sheen & Wu 2003), eicosapentaenoic acid/docosa-
hexaenoic acid interactions in larval survival (Hama-
saki, Suprayudi & Takeuchi 2002; Suprayudi,
Takeuchi & Hamasaki 2004) and larval phospholipid
requirement (3—4%, Genodepa et al. 2004; Holme,
Southgate & Zeng 2007). Apparent digestibility coeffi-
cients of various feed stuffs for S. serrata were reported
by Catacutan, Eusebio and Teshima (2003), Tuan, An-
derson, Luong-van, Shelley and Allan (2006) and
Truong, Anderson, Mather, Paterson and Richardson
(2008), which provide useful information regarding
different ingredients suitable for the formulation of
practical diets for the species.

The experimental diets used for estimating
lipid and cholesterol requirement by Sheen and Wu
(1999) and Sheen (2000) contained a constant basal
dietary protein level of 48%. A more systematic study
using varying protein levels (32-48%) along with
6-12% lipid levels was carried out by Catacutan
(2002) on the same species. The results of the study
showed that a dietary protein level ranging from
32% to 40% with a 6-12% lipid level promoted the
best growth performance. However, the range of pro-
tein level under investigation was limited to provide
any information regarding the maintenance meta-
bolic requirement and protein turnover.

Hence, in the present investigation, a wide range
of dietary protein levels (15-55%) was tested in the
feeding experiment with S. serrata. Parameters
of protein utilization [nutrient turnover, A/E ratio,
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essential amino acid index (EAAI), etc.], besides the
general growth response parameters [specific
growth rate (SGR), feed conversion, carapace width
gain (CWG), etc], were evaluated. Compared with
the pioneering study on protein requirement in S. ser-
rata by Catacutan (2002), the present investigation
used smaller crabs, which allow for a better estima-
tion of the dietary protein requirement owing to their
faster growth and moulting frequency. In addition, a
higher number of juvenile crabs were used per treat-
ment (six replicates x four crabs). Hence, a more
precise estimation of the minimum as well as the op-
timum protein requirement of the species, for main-
tenance metabolism and better growth, respectively,
could be achieved.

Materials and methods
Experimental crabs

Two hundred and fifty individuals of S. serrata
juveniles (body weight=0.25 £+ 0.051g, carapace
width = 9.3 + 004 mm) collected from Cochin
backwaters were acclimated to the laboratory
conditions (salinity = 28 + 1gL~ %, temperature =
27 + 4°C, dissolved oxygen > 55mgL~ % total
NH; < 001mgL ™", nitrite<40mgL ™", nitrate
<30mgL~! and pH =80 =+ 0.5) for a period of
1 week. The juvenile crabs were stocked individually
in plastic cages with 10 individual compartments
of 0.5 L volume. Twenty-five cages, each holding 10
juvenile crabs, were floated in 2000 L of de-chlori-
nated and aerated brackish water, held in an FRP
tank. The crabs were weaned to a formulated pellet
feed containing 40% crude protein by starving them
for a day and offering the pellet feed the following day.

Experimental set-up

Two hundred and sixteen newly moulted juvenile
mud crabs were randomly selected over a period of 7
days for the trial. A completely randomized design
was followed for the entire experiment. Nine different
feed treatments were used as detailed in the follow-
ing section. Each treatment had six replicate troughs
of 50 LL capacity, with each trough having four equal
partitions using a netlon screen (mesh size = 3 mm,
Netlon™, Chennai, India). Each replicate trough had
four crabs stocked individually in each partition. The
troughs were supplied with de-chlorinated, aerated
brackish water to a volume of 40L (salinity =
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28 + 1gL™ ", temperature =27 + 4°C, dissolved
oxygen > 55mgL~ % total NH; < 001lmgL ™1
nitrite <4.0mg L~ !, nitrate<3.0mgL "~ ' and pH =
8.0 & 0.5). Each partition in the trough was provided
with a piece of PVC pipe (5 cm length and 2.5 cm dia-
meter) as a hide-out for the juvenile crab. The troughs
were covered over by black netlon mesh to reduce the
light intensity. Continuous water exchange was pro-
vided to the rearing system, ensuring 200% water
volume exchange over a period of 24 h. Moults
and deaths of individual crabs were observed and
recorded on a day-to-day basis.

Uneaten feed accumulated at the bottom of each
rearing troughs was siphoned into separate filter
cones made of bolting cloth (<100 pum mesh), after
3 h of feeding. These were further washed with dou-
ble-distilled water to remove any adhering salts and
were oven-dried at 55 4 2 °C. The left-over feed sam-
ples thus collected for the entire experimental dura-
tion were stored for estimating the feed intake per
crab at the termination of the growth trial. Similarly,
the faecal matter accumulated at the bottom of each
trough was siphoned out periodically into separate
filter cones, washed, dried and stored for estimating
the digestibility of diets.

Experimental diets and rationing

Nine iso-energetic (~ 17 MJkg~') and iso-lipidic
(~ 8%) formulated pellet diets containing a dietary
crude protein level ranging from 15% to 55% at 5%
intervals were prepared by mixing various ingredi-
ents. All the ingredients were purchased locally, ex-
cept vitamins, minerals, cholesterol, lecithin,
dextrin, cellulose, guar gum (Merck Che, Merck India,
Mumbai, India) and cod liver oil (Seven Seas, Hull,
UK). Proximate compositions of the locally collected

ingredients are presented in Table 1. Vitamin and
mineral mixes were prepared according to Kanaza-
wa, Shimaya, Kawasaki and Kashiwada (1970) and
Kanazawa, Teshima, Matsumoto and Nomura (1981).
Ingredients, except vitamins, minerals and cod liver
oil, were blended and moistened with water (15% vo-
lume/weight) and steamed for 20 min. After cooling,
vitamins, minerals and cod liver oil were added and
subsequently kneaded into a homogenous dough
using a food processor (Whiteline, Maharaja White-
line, New Delhi, India). After thorough kneading
and homogenization, the dough was further pelle-
tized using a manually operated rotary pelletizer
fitted with a stainless-steel die-disc (6.2 mm thick,
62.5 mm disc diameter with 25 numbers of holes hav-
ing a diameter of 1.75 mm). The pellet strands, spread
over enamelled aluminium plates, were dried in a
high-flux hot-air oven (Labline, Labline Scientific In-
struments, Mumbai, India) at 45 °C for 8 h to reduce
the moisture level below 7.5%. After drying, the pellet
strands were broken into a uniform pellet size (~ 1.2
mm diameter, 4.0 mm length). The diets thus prepared
were stored in airtight food grade and freezer-safe
plastic containers at — 20 °C until used. The formula-
tion, proximate composition, amino acid profile, water
stability (Obaldo, Divakaran & Tacon 2002) and the
apparent protein and gross energy digestibility (Carter
et al. 1960; Spyridakis, Metailler & Gabaudan 1989;
Jones & De Silva 1997) of the diets are given in Tables
2a, 2b and 3. The experimental diets were offered to
the juvenile crabs twice daily at 07:00 and 17:00 hours
to apparent satiation (~ 6% of body weight on a daily
basis). The feeding trial ensured a 63-day feeding peri-
od to individual crab in each dietary treatment. This
was done to avoid any errors associated with asyn-
chrony in the first moulting of juvenile crabs, from
which the feeding trial commenced.

Table 1 Proximate composition (% dry matter basis) of locally available ingredients used for the formulation of experimental

diets
Gross energy

Ingredient Dry matter Crude protein Crude lipid Crude ash NFE* (MJkg ~ )+
Fish meal 92.20 67.27 5.15 16.27 3.40 16.98

Squid meal 91.71 77.36 5.01 4.61 4.62 19.28

Shrimp meal 92.21 70.99 3.01 11.54 1.36 16.57

Clam meal 91.35 52.12 5.04 5.06 28.10 17.94

Soya flour (de-oiled) 91.89 51.22 1.30 9.24 28.59 16.36

Wheat flour 92.85 11.79 1.65 1.32 77.63 16.52

*Nitrogen-free extract = carbohydrate content of ingredient, NFE (%) = 100 — (moisture+crude protein+crude lipid+crude fibre+crude

ash), all in percentage of feed. (Same is applicable for the succeeding tables wherever given.)
‘Calculated based on Cuzon & Guillaume (1997): 21.3, 17.2 and 39.5 MJ kg ~ ! of protein, carbohydrate and lipid, respectively. (The same

is applicable for the succeeding tables wherever given.)
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Table 2a Formulation of experimental diets

Dietary protein levels

Ingredients (%) CP-15 CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55
Fish meal 11.54 15.40 19.11 23.07 26.95 30.58 34.54 38.78 42.38
Squid meal 0.63 0.84 1.04 1.26 1.47 1.67 1.88 2.12 2.31
Shrimp meal 1.47 1.96 2.43 2.94 3.43 3.89 4.40 4.94 5.39
Clam meal 4.20 5.60 6.95 8.39 9.80 11.12 12.56 14.10 15.41
Soya flour (de-oiled) 3.15 4.20 5.21 6.29 7.35 8.34 9.42 10.58 11.56
Wheat flour 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
Dextrin 51.81 47.00 40.00 33.00 26.00 19.20 12.30 4.80 0.00
Cellulose 3.28 1.33 1.91 2.00 2.25 2.75 2.80 2.88 1.96
Cod liver oil 5.42 517 4.85 4.55 4.25 3.95 3.60 3.30 2.49
Lecithin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cholesterol 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Vitamin mix* 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Mineral mixf 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Guar gumi 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Cr05§ 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50

CP-15, CP-20, CP-25, CP-30, CP-35, CP-40, CP-45, CP-50 and CP-55 are feeds containing 15-55% protein at 5% graded levels. The same is
followed in the succeeding tables.

*Vitamin mix (in kg dry weight of feed): retinone, 45000 1Ukg ~ ' B-carotene, 90 mgkg ~'; cholecalciferol, 10 mg kg ~'; a-tocopherol,
600 IUkg ~ % menadione, 25 mgkg ~; P-amino benzoic acid, 100 mgkg ~* p-biotin, 4 mgkg ~ % nicotinic acid, 400 mgkg ~ % calcium
pantothenate, 600 mgkg ~ % pyrodoxine hydrochloride, 120 mgkg ~ ' riboflavin, 80 mgkg ~; cyanocobalamine, 750 mcgkg ~"; folic
acid, 795 mgkg ~ % inositol, 4 gkg ~ % choline chloride, 6 gkg ~ % thiamine hydrochloride, 39 mg kg ~'; ascorbic acid, 200 mgkg ~*; cel-
lulose (as filler), 3 gkg ~ .

tMineral mix (in kg dry weight of feed): CaCO;, 14.5 gkg % K,HPO,, 84 gkg ! MgS0, - 7H,0, 13 gkg ~  Ca3(PO4)», 11.55 gkg ~ %
MnSO,4-H,0, 65mgkg ™% KI, 15mgkg ™% NaHSeO; 05mgkg ™% CoCl,-6H,0, 40mgkg ™% ZnSO4- 7H,0, 015gkg ™% NaCl,
125 gkg % CuSO, - 5H,0, 25 mgkg ~ % FeSO, - 7H,0, 0.63 gkg .

{Binder.

§Inert marker.

Table 2b Proximate composition, water stability and apparent digestibility of experimental diets

Dietary protein levels

CP-15 CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55

Proximate composition (% as fed)

Dry matter 92.93 92.84 92.38 92.36 92.34 92.50 92.30 92.23 91.81
Crude protein 15.53 20.41 25.1 30.11 35.01 39.60 44.61 49.96 54.51
Crude lipids 7.97 8.00 8.01 8.03 8.04 8.03 7.99 8.03 7.51
Crude ash 6.96 7.65 8.32 9.03 9.72 10.37 11.07 11.83 12.47
Nitrogen-free extract 57.90 54.03 48.10 42.20 36.30 30.54 24.74 18.42 14.52
Gross energy (MJkg ") 17.01 16.82 16.79 16.85 16.89 16.87 16.93 17.00 17.09
Protein/energy (mgkJ ) 9.13 12.14 14.95 17.86 20.73 23.47 26.35 29.39 31.90
Water stability (% 4h~") 95.9 96.5 95.8 96.1 96.7 95.6 96.5 96.3 96.0
Apparent digestibility (% as fed)*

Protein 79.0 80.9% 85.4° 85.7° 86.1° 86.0° 86.1° 85.9° 86.0°
Gross energy 82.3 84.12 88.6° 89.1° 88.4° 89.3° 89.2° 89.8° 89.2°

Means (n = 21, CP-15 excluded due to 100% mortality) in the same row with different superscripts are significantly different (P <0.05);
PSEMrotein = 0.24 and PSEM s energy = 0.31.

Pooled standard error of mean (PSEM) = SD/+/n. (The same is applicable for the succeeding tables wherever given,)

* Apparent nutrient digestibility (% as fed) = 100 — 100 x (% Cr,05 in feed/% Cr,05 in faeces) x (% protein or MJ kg ~ ' gross energy
in faeces/ % protein or MJ kg ~ ! gross energy in feed).

© 2009 The Authors
Journal Compilation © 2009 Blackwell Publishing Ltd, Aquaculture Research, 41, 278-294 281



Dietary protein requirement of Scylla serrata U Unnikrishnan & R Paulraj

Aquaculture Research, 2010, 41, 278-294

Table 3 Amino acid composition (% as fed) of nine formulated diets containing graded levels of protein

Dietary protein levels

CP-15 CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55 AlEratio™
EAA
Arg 1.07 1.41 1.74 2.08 2.42 2.74 3.09 3.46 3.77 0.140
His 0.39 0.51 0.63 0.76 0.88 1.00 1.12 1.26 1.37 0.051
lle 0.65 0.85 1.05 1.26 1.46 1.66 1.87 2.09 2.28 0.085
Leu 1.16 1.53 1.88 2.25 2.62 2.96 3.34 3.74 4.08 0.151
Lys 1.21 1.59 1.96 2.35 2.73 3.09 3.48 3.89 4.25 0.157
Met 0.36 0.48 0.59 0.71 0.82 0.93 1.05 117 1.28 0.047
Thr 0.69 0.91 1.12 1.34 1.56 1.77 1.99 2.23 2.43 0.090
Trp 0.68 0.89 1.09 1.31 1.53 1.73 1.94 2.18 2.37 0.088
Phe 0.63 0.83 1.03 1.23 1.43 1.62 1.82 2.04 2.23 0.083
Val 0.83 1.09 1.35 1.61 1.88 212 2.39 2.68 2.92 0.108
X EAA 7.69 10.10 12.43 14.91 17.33 19.61 22.09 24.73 26.99
NEAA
Ala 1.00 1.32 1.62 1.95 2.26 2.56 2.88 3.23 3.52
Asp 0.95 1.25 1.53 1.84 2.14 2.42 2.72 3.05 3.33
Cys 0.23 0.31 0.38 0.45 0.53 0.60 0.67 0.75 0.82
Glu 2.14 2.81 3.46 4.15 4.82 5.45 6.14 6.88 7.51
Gly 1.46 1.92 2.36 2.84 3.30 3.73 4.20 4.71 5.13
Pro 0.81 1.07 1.31 1.57 1.83 2.07 2.33 2.61 2.85
Ser 0.74 0.97 1.19 1.43 1.66 1.87 2.1 2.37 2.58
Tyr 0.51 0.67 0.82 0.99 1.15 1.30 1.46 1.64 1.79
2 NEAA 7.84 10.31 12.67 15.20 17.68 20.00 22.53 25.23 27.53
YEAA/ENEAA 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

*AJ/E =100 x (individual EAA/total EAAs).
EAA, essential amino acid; NEAA, nonessential amino acid.

Estimation of feed intake, growth response
and biochemical composition

At the end of the feeding trial, survival percentage
(%S), live weight and carapace width of the juvenile
crabs were noted. Specific growth rate, live weight
gain (LWG), CWG and average intermoult duration
(av.IMD) were determined. Voluntary feed intake
(VFI), feed conversion ratio (FCR), protein efficiency
ratio (PER) and nutrient intake (protein, lipid and en-
ergy) were calculated from the total feed intake and
body weight gain.

The crabs were then subjected to euthanasia
and oven-dried at 55 4+ 2 °C. The moisture and dry
matter contents were determined. Proximate compo-
sition (AOAC 1990) and amino acid analysis of feed
samples as well as dried crab samples (pooled
per treatment) were determined in triplicate sets. For
amino acid analysis, excluding tryptophan, 0.1g of
feed or crab sample with 10 mL of 6 N HCI was
digested at 110 °C in glass tubes sealed with a nitro-
gen atmosphere, for 24 h. The solution was filtered
and flash evaporated to remove any acid. The acid-
free sample was further made up with 0.05N HC],

and filtered using a 0.2 pm nylon membrane filter
(Whatman, Whatman plc, Kent, UK) to remove any
residue. The pre-column derivatization of amino
acids was performed with phenyl isothiocyanite to
form phenylthiocarbamyl amino acids (Harris 1988),
which can be detected with high sensitivity in a re-
versed-phase PICO-TAG HPLC Amino Acid Analyti-
cal System (Waters, MA, USA). Tryptophan was
estimated using the spectrophotometric method
(A =500 nm, Genesys™ 5, Thermo Fisher Scientific,
MA, USA) developed by Sastry and Tummuru (1985),
after alkali hydrolysis of the sample in 5% sodium hy-
droxide solution at 110 °C for 24 h. The feed and crab
samples were analysed in triplicate.

Statistical analysis

Duncan’s multiple range ‘T’ (DMRT, 95% confidence
level) test (Duncan 1955) was performed as the post
hoc test of ANova on the raw data of various para-
meters (Snedecor and Cochran 1967), to estimate the
level of significance, using spss-13 processor (SPSS,
Chicago, IL, USA). The optimum level of crude protein
requirement was derived out of the second-order
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polynomial regression curve with mean values of re-
sponse parameters (SGR and daily body protein gain)
vs. dietary protein levels (Shearer 2000) using ORIGIN-
70 (OriginLab, MA, USA).

Results
Survival

The dietary protein levels had a significant (P < 0.05)
influence on the survival of juvenile crabs, resulting
in 100% mortality of the crabs fed with the low-protein
diet CP-15. The crabs fed with CP-20 showed 12.5%
mortality, whereas all other treatments recorded
100% survival throughout the trial (Table 4). The mor-
tality of crabs in low-protein treatments was asso-
ciated with a significantly delayed first moulting (32—
46 days). The crabs fed with lower protein diets (CP-15
and CP-20) were unable to moult fully. The dead crabs
were found to be in a partly moulted condition.

Growth response

Because crabs fed with diet CP-15 showed 100% mor-
tality, the growth parameters were recorded only for
the remaining treatments (CP-20, CP-25, CP-30, CP-
35, CP-40, CP-45, CP-50 and CP-55). Live weight gain

(% of initial weight), CWG (% of initial carapace
width), SGR (%day ~ %Y, VFI (gkg ™! average live
weight day ~ ), FCR, PER and av.IMD (days moult ~
were taken as growth parameters to assess the best
growth response (Table 4). The above growth re-
sponse parameters were found to be significantly
(P < 0.05) affected by different dietary treatments.

Live weight gain, CWG and SGR were found to be
increased with increasing dietary protein levels up
to 45% (P/E = 26.35mgk] ~ ). A further increase in
dietary protein up to 50% (P/E = 29.39 mgk] ~ ') and
55% (P/E=3190mgk] ~ ) resulted in a slight de-
cline in LWG and SGR, but were higher than that of
diets fed with lower dietary protein levels (20-40%).
The LWG was significantly different (P < 0.05) among
different treatments, whereas significant differences
in SGR were observed in all treatments, except CP-50
and CP-55 (P> 0.05). Carapace width gain did not
show any significant difference (P> 0.05) among CP-
45, CP-50 and CP-55, although all other treatments
showed significant differences (P < 0.05).

The highest (P < 0.05) av.IMD was noted in juvenile
crabs fed with CP-15, followed by CP-20, and the dura-
tion kept on decreasing with an increase in the
protein level up to 45%. However, treatments CP-
40—-CP-55 did not show any significant difference in
av.IMD values.

Table 4 Growth performance of Scylla serrata juveniles fed with graded protein levels

Dietary protein levels

CP-15 CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55 PSEM
Survival (%)* 0 87.5 100 100 100 100 100 100 100
LWG (%)7 ND 199.11 518.82° 709.84° 1187.19° 1325.10° 1874.09" 1698.899 1568.62"  13.09
CWG (%)t ND 112.43% 128.36°  139.33° 160.45%  210.56° 22573  22537°  223.03 0.88
SGR (%day ~")§ ND 1.092 2.61° 3.11° 3.93¢ 4.10° 4.65 4509 4.379 0.02
av.IMD (daysmoult— ")  46.02  32.0° 17.7° 13.34 13.3¢ 10.6° 10.2° 10.4° 10.6° 0.37
VFI (% ABWday )| ND 3.05° 5.15° 4.83° 4.75° 4.50% 4.349 4.74° 4.78° 0.05
FCR** ND 2.90% 2.40° 2.02° 1.77¢ 1.65° 1.52' 1.68° 1.71%  0.01
PER{ ND 1.692 1.66%° 1.64%° 1.61° 1.53° 1.47° 1.19¢ 1.08° 0.01

Means (n = 21) in the same row with different superscripts are significantly different (P < 0.05).

*Survival =100 x (final number of crabs/initial number of crabs), during 63 days of the experimental period.
fLive weight gain =100 x [(final mean body weight — initial mean body weight)/initial mean body weight].

tCarapace width gain =100 x [(final mean carapace width — initial mean carapace width)/initial mean carapace width].
§Specific growth rate =100 x [(log. final body weight — log, initial body weight)/days].
4/Average intermoult duration = (duration in days between first and last moult/number of moults), during 63 days of the experimental

period.

|[Voluntary feed intake =100 x [feed intake ABWday ~ 1], where average body weight (ABW) = [initial body weight+final body

weight]/2.

**Feed conversion ratio = dry feed fed/wet weight gain.
+1Protein efficiency ratio = wet weight gain/total protein fed.
ND, due to 100% mortality, parameters not determined.
PSEM, pooled standard error of mean.
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The crabs fed with CP-20 (20% dietary protein)
showed the lowest VFI of 3.05% average body weight
(ABW) day ~ !, whereas those fed with CP-25 showed
the maximum VFI (5.15% ABWday ~ ). A progressive
reduction in VFI could be observed from the dietary
protein levels 25-45%. A further increase in dietary
protein levels resulted in a slow increase in VFI, but
was not significantly different (P > 0.05) from juvenile
crabs fed with 30—-40% dietary protein. Similarly,
VFIs recorded for crabs fed with CP-40 and CP-45
were not significantly different (P> 0.05) from each
other (Table 4).

Significantly higher (P<0.05) FCR was obtained in
crabs fed with CP-20. The FCR was found to decrease
with an increasing dietary protein level up to 45% (CP-
45). The FCRs of the crabs fed with CP-50 and CP-55
were higher (P < 005) than CP-45, but were not signifi-
cantly different (P> 005) from the crabs fed with diet
CP-40. The highest PER was obtained by feeding the
crabs with CP-20, and the PER showed a progressive re-
duction as the dietary protein levels were increased.

Biochemical composition of experimental
crabs

Whole-body protein, lipid, ash and energy levels of
juvenile S. serrata fed with different diets are given in
Table 5. The moisture content of the crabs ranged
from 68.62% to 70.66%, and did not show any signifi-
cant difference (P>0.05) among different dietary
protein levels. The whole-body protein levels showed
only a marginal difference among the crabs fed with a
20-40% dietary protein level. However, the crabs fed
with 45% dietary protein showed a steep increase in
body protein level with little or no significant in-
crease at 50-55% dietary protein levels. The lipid
content of the crabs showed an increasing trend up

to CP-45 and thereafter exhibited a decreasing trend.
However, carcass lipid levels for the treatments CP-45
and CP-50 were not statistically different (P> 0.05).
The ash content of the juvenile crabs fed with differ-
ent dietary protein levels showed no significant
difference (P> 0.05), except for the marginal differ-
ences observed in crabs fed with CP-20 and CP-55.
The whole-body energy levels of juvenile crabs
showed an increasing trend in accordance with the
increase in the dietary protein level up to 50%. The
dietary treatment CP-45 and CP-50 did not show
any significant difference (P>0.05) in the whole-
body protein, lipid, ash and energy content.

Protein, lipid and energy turnover

Protein intake was significantly different (P < 0.05)
among all the treatments and showed an increasing
trend from lower to higher dietary protein levels. The
highest protein retention was recorded at 40% (CP-
40) dietary protein level, and showed a diminishing
trend at the levels below and beyond. However, the
protein retention among the treatments from 30% to
45% dietary protein levels (CP-30, CP-35, CP-40 and
CP-45) did not show any significant difference
(P> 0.05). The maximum protein gain was recorded
in crabs fed with CP-50, while a statistical difference
(P>0.05) could not be observed for the treatments
from CP-40 to CP-55. The highest lipid intake was re-
corded in crabs fed with CP-20 and was negatively
correlated with increasing dietary protein levels up
to 45%. The crabs fed with dietary protein levels
above 45% showed only a marginal increase in lipid
intake with no statistical significance (P> 0.05). The
crabs fed with CP-45 showed significantly (P < 0.05)
higher gain as well as retention in body lipids when
compared with the crabs fed diets containing <45%

Table 5 Biochemical composition (% live weight basis) of Scylla serrata juveniles fed with graded protein levels

Dietary protein levels

Initial CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55 PSEM
Moisture 69.59 70.66 70.44 70.17 69.35 69.1 68.75 68.55 68.62 0.326
Protein 13.92 12.26% 12.89% 12.85% 13.56° 13.96% 14.35° 14.52° 14.51° 0.191

Lipid 2.9 2.00% 2.18° 2.93° 3.46% 3.58¢ 3.79° 3.74° 3.50¢ 0.037
Ash 10.06 10.9 10.41 9.95 9.74 9.63 9.38 9.5 9.87 0.194
GE (MJkg ™) 4.72 4122 4312 4.60° 4,93° 5.03%¢ 5.20° 5.21¢ 5.08%¢ 0.086

Means (n = 3; pooled samples having 21 crabs per treatment) in the same row with different superscripts are significantly different

(P<005).
PSEM, pooled standard error of mean.
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Table 6 Protein, lipid and energy turnover in Scylla serrata juveniles fed with graded protein levels

Dietary protein levels (%)

CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55  PSEM
Protein intake (gkg ™' ABWday ) 6.22%  12.94°  14.54° 16.619  17.83° 19.34' 23689  2587"  0.17
Protein retention (%)* 16.56%° 2059 20.48°  21.53°  21.87° 21.35° 17.34% 1571 0.12
Protein gain (gkg ' ABWday ~ ")t 1.10% 2.71° 3.03° 3.62¢ 3.90° 4.10° 4.11° 406°  0.04
Lipid intake (gkg~'ABW day ") 2.45° 4.13° 3.88% 3.81« 3.61°%d 3.47° 3.81° 3.56°°  0.04
Lipid retention (%)* 4.46*  10.40° 18.07°  24.90°  28.68° 31.61' 28.02° 27.75° 0.15
Lipid gain (gkg~' ABW day ~ ")} 0.112 0.43° 0.70° 0.95¢ 1.04° 1.10° 1.07' 0.99%  0.01
Energy intake (MJkg~'ABWday~ ") 0.512 0.87° 0.81%° 0.80° 0.76¢ 0.72¢ 0.78° 0.79°  0.01
Energy retention (%)} 7.07°  10.42° 13.44°  16.58¢  18.71° 20.76' 18.86°  17.98° 0.1
Energy gain (MJkg~ ' ABWday ~')§ 0.04% 0.09° 0.11° 0.13¢ 0.14¢ 0.15% 0.15% 0.14%  0.01

Means (n = 4; each replicate is a plastic trough stocked with four crabs in individual partitions, i.e. 16 crabs per treatment) in the same
row with different superscripts are significantly different (P <0.05).

*Nutrient retention =100 x (nutrient retained/total nutrient intake).

tNutrient gain = nutrient retained/average body weight/days, where average body weight (ABW) = [initial body weight+final body

weight]/2.

{Energy retention =100 x (energy retained/total energy intake).
§Energy gain = nutrient retained/average body weight/days.
PSEM, pooled standard error of mean.

crude protein. But it was not significantly different
(P>0.05) from those fed with CP-50. However, a
further increase in the dietary protein level up to
55% resulted in a significantly lower (P <0.05) body
lipid gain and retention. Similarly, significantly
(P<0.05) lower energy intake, followed by the high-
est energy gain and energy retention was recorded in
crabs fed with 45% dietary protein (CP-45). A de-
tailed depiction of the protein, lipid and energy turn-
over is provided in Table 6.

Amino acid profile, A/E ratio and EAAI - diets
and experimental crabs

The amino acid profile (% as fed, Table 3) of the diets
showed a graded increase in levels in accordance
with the increase in dietary protein levels. The ratios
between essential (EAA) and non-essential amino
acids (NEAA) in all the diets were the same (0.98).
The A/E ratios of individual EAA of different diets
are given in Table 3. The amino acid profiles (as per-
centage of body protein, Table 7) of the juvenile crabs
fed with graded protein levels did not show any sig-
nificant (P> 0.05) difference. The A/E ratio of indivi-
dual EAA in crabs fed with different diets showed
only a marginal difference among different treat-
ments (Table 8). The essential amino acid index (Pe-
naflorida 1989), derived as nth root of A/E ratios of
different diets to that of crabs fed with those diets,
ranged from 0.967 to 0.977 for different treatments
(Table 9).

© 2009 The Authors
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EAA retention and gain

Significantly higher (P<0.05) amino acid gain was
recorded in crabs fed with CP-45, followed by those
fed with CP-50 (Table 10). Juvenile crabs fed with CP-
40 (40% dietary protein) recorded the highest reten-
tion of all the EAAs. But no significant differences
(P>0.05) were observed among the crabs fed with
25-45% dietary protein (Table 11).

Optimum protein requirement

Second-order polynomial regression curve of SGR vs.
dietary protein level (Fig. 1) showed the optimum
dietary protein requirement of the juvenile crabs.
Formulated pellet diet containing 46.90% protein
(P/E=2744mgk] "% PJE vs. dietary protein,
Y =0.7836+0.5684X, R = 0.999, figure not shown),
when fed to the juvenile crabs, assuring a daily pro-
tein intake of 21.76 gkg ~ 1 ABWday ~ ! (daily protein
intake vs. dietary protein level, Y= — 13404+
0.4926X, R = 0975, figure not shown), can yield the
best SGR of 4.59% day ~'. A dietary protein level of
16.2% (P/E = 914 mgkJ] ~ Y corresponding to the dai-
ly maintenance ration of 6.64 gkg ~ 1 ABWday ~ ! is
required by the crabs for minimum maintenance at
SGR. Another polynomial regression curve (Fig. 2),
depicting the relationship between daily body pro-
tein gain and dietary protein levels, showed that the
maximum protein gain of 4.19 gkg ! ABWday ~*
can be obtained at 47.03% dietary protein level (P/E =

2752mgk] % daily protein intake = 21.83gkg !
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Table 7 Amino acid profile of Scylla serrata juveniles fed with graded levels of protein

Dietary protein levels

Initial CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55 PSEM
EAA
Arg 5.02 5.01 5.03 5.02 5.03 5.04 5 5.02 5.02 0.007
His 2.74 2.75 2.79 2.77 2.75 2.76 2.74 2.78 2.75 0.010
lle 5.93 5.92 5.91 5.95 5.94 5.93 5.97 5.92 5.95 0.012
Leu 10.71 10.76 10.72 10.73 10.74 10.7 10.74 10.72 10.71 0.011
Lys 5.16 517 5.18 512 5.15 5.16 5.11 5.19 5.14 0.016
Met 1.87 1.86 1.86 1.82 1.89 1.87 1.85 1.86 1.88 0.012
Thr 4.54 4.51 4.59 4.53 4.55 4.57 4.54 4.52 4.53 0.015
Trp 0.41 0.44 0.43 0.42 0.45 0.41 0.4 0.41 0.4 0.011
Phe 715 718 7.19 715 714 713 712 713 7.1 0.016
Val 5.98 5.99 5.98 5.96 5.93 5.95 5.92 5.94 59 0.017
NEAA
Ala 6.98 6.99 7.02 6.97 6.95 6.94 6.96 6.94 6.92 0.018
Asp 4.32 4.3 4.31 4.3 4.29 4.26 4.28 4.27 4.27 0.010
Cys 0.48 0.48 0.49 0.47 0.46 0.44 0.46 0.47 0.45 0.009
Glu 8.89 8.85 8.88 8.86 8.82 8.78 8.79 8.75 8.79 0.026
Gly 11.88 11.75 11.79 11.83 11.85 11.84 11.78 11.77 11.75 0.023
Pré 8.99 8.9 8.95 8.94 8.9 8.89 8.86 8.86 8.88 0.019
Ser 5.59 5.57 5.59 5.55 5.61 5.53 5.51 5.54 55 0.022
Tyr 3.46 3.47 3.49 3.46 3.42 3.4 3.41 3.4 3.42 0.020
Means of three analysis (1 = 3); pooled samples having 21 crabs per treatment.
EAA, essential amino acid; NEAA, non-essential amino acid; PSEM, pooled standard error of mean.
Table 8 A/E™ ratio of Scylla serrata fed with graded protein levels

Dietary protein levels

EAA Initial CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55
Arg 10.05 10.25 10.11 10.31 10.17 10.06 10.72 10.32 10.64
His 5.50 5.54 5.44 5.71 5.58 5.56 5.47 5.50 5.48
lle 11.89 11.38 11.66 11.43 11.49 12.24 11.90 11.89 11.75
Leu 21.44 20.89 21.33 21.31 22.03 21.41 21.44 21.71 21.47
Lys 10.35 10.35 10.50 10.07 9.93 10.28 10.33 10.48 10.83
Met 3.73 3.87 3.94 3.87 3.74 3.78 3.72 3.73 3.73
Thr 9.46 9.12 9.04 9.30 9.22 8.95 8.97 9.09 8.99
Trp 0.83 0.88 0.83 0.87 0.85 0.85 0.83 0.83 0.82
Phe 14.77 14.96 14.58 14.92 14.70 14.60 14.27 14.46 14.43
Val 11.99 12.75 12.59 12.20 12.29 12.28 12.34 11.99 11.85

Mean of four observations (1 = 4; each replicate is a plastic trough stocked with four crabs in individual partitions, i.e. 16 crabs per

treatment).
*AJ/E =100 x (individual EAA/total EAAs).
TA/E ratio of the initial whole body EAA of juvenile crabs.

ABWday " Y. A minimum dietary protein level of
14.70% (P/E=999mgk] % daily protein intake =
590 gkg ~ ' ABWday ~ Y is found to be required for
maintenance metabolism.

Discussion

After 63 days of a feeding trial, the juvenile mud
crabs fed with diets containing 45 % protein recorded

the highest LWG, CWG, SGR and FCR compared with
the crabs fed with other diets. However, the highest
body nutrient gains (protein, lipid, amino acid and
energy) was obtained in crabs fed with 45% and
50% dietary protein, but were not statistically differ-
ent (DMRT test) from each other. The SGR as well as
protein requirement recorded in the present study
was higher than those reported by Catacutan
(2002), for the same species. It is reported that faster
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286 Journal Compilation © 2009 Blackwell Publishing Ltd, Aquaculture Research, 41, 278-294



Aquaculture Research, 2010, 41, 278-294 Dietary protein requirement of Scylla serrata U Unnikrishnan & R Paulraj

Table 9 Ratio of essential amino acids (EAAs) in feedstuffs to that of juvenile Scylla serrata (aa/AA)* fed with graded protein
levels and essential amino acid index (EAAI)}

Dietary protein levels

EAA CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55
Arg 0.98 0.99 0.97 0.99 1.00 0.94 0.97 0.94
His 0.98 1.00 0.95 0.98 0.98 0.99 0.99 0.99
lle 1.00 0.98 1.00 0.99 0.93 0.96 0.96 0.97
Leu 1.00 0.98 0.98 0.95 0.98 0.97 0.96 0.97
Lys 0.96 0.95 0.99 1.00 0.97 0.96 0.95 0.92
Met 0.96 0.95 0.96 1.00 0.98 1.00 1.00 1.00
Thr 0.98 0.99 0.96 0.97 1.00 1.00 0.98 0.99
Trp 0.93 0.99 0.94 0.96 0.97 0.99 0.99 1.00
Phe 0.95 0.98 0.96 0.97 0.98 1.00 0.99 0.99
Val 0.93 0.94 0.97 0.96 0.96 0.96 0.99 1.00
EAAI 0.967 0.974 0.968 0.977 0.974 0.977 0.977 0.977

Mean of four observations (n = 4; each replicate is a plastic trough stocked with four crabs in individual partitions, i.e. 16 crabs per
treatment).

*aa/AA = AJE ratio in feed/A/E ratio in juvenile S. serrata. aa/AA ratio are normalized to have 1 maximum (Pefiaflorida 1989).

TEAAI = {'/aal JAAL x aay/AAy X <o x aay/AA,, where ‘ad is the A/E ratio in the feed; AA is the A/E ratio in the crabs; n is the
number of EAAs.

Table 10 Essential amino acid (EAA) gain™ in Scylla serrata fed with graded protein levels (% of initial mean body level)

Dietary protein levels

EAA CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55 PSEM
Arg 69.712 356.54° 524.29° 1010.7¢ 1216.83° 1776.33 1617.279 1437.839 44.90
His 70.95° 360.63° 536.60° 1029.0¢ 1223.23° 1789.30f 1635.639 1498.27" 47.06
lle 68.10% 342.76° 534.48° 1020.2¢ 1211.33° 1765.701 1621.939 1482.239 39.51

Leu 66.53% 351.20° 530.10° 1015.6° 1218.50° 1773.001 1626.279 1452.139 39.99
Lys 64.36° 339.28° 521.30° 1012.5¢ 1206.43° 1761.73 1611.439 1446.439 39.88
Met 71.022 369.32° 542.50° 1024.3¢ 1243.13° 1803.20° 1661.539 1480.73" 40.31

Thr 62.53° 343.20° 500.33° 967.49 1153.80° 1682.13 1541.979 1409.47" 38.16
Trp 87.37° 396.70° 529.90° 1116.4° 1291.23¢ 2028.03° 1632.23 1517.60° 40.30
Phe 64.87% 348.00° 512.07° 981.9¢ 1173.93° 1725.201 1552.879 1434.309 39.29
Val 68.60° 360.97° 531.00° 1013.1¢ 1212.30° 1770.73' 1603.339 1477.07° 40.50

Means (n = 4; each replicate is a plastic trough stocked with four crabs in individual partitions, i.e. 16 crabs per treatment) in the same
row with different superscripts are significantly different (P <0.05).

*EAA gain =100 x [(final mean body amino acid level — initial mean body amino acid level)/initial mean body amino acid level].
PSEM, pooled standard error of mean.

growth rates may reflect faster metabolic rates,
which in turn can be related to the higher protein re-
quirements in earlier stages of S. serrata (DAbramo &
Sheen 1996; Campaiia 2001).

The intake of dietary protein above the optimum
level showed a negative correlation with the growth
response of S. serrata juveniles in the present study.
Apart from creating an imbalance in the nutrient
profile of the diets, a higher dietary protein level leads
to catabolism of excess protein. This in turn may gen-
erate higher ammonia levels in the haemolymph of

© 2009 The Authors

crustaceans as an excretory product (Rosas, Diaz,
Soto, Gaxiola, Brito, Baez & Pedroza 1995). The accu-
mulation of ammonia nitrogen in the haemolymph
may negatively affect metabolic processes such as
oxygen transport and osmotic pressure balance
(Schmitt and Santos 1998; Guzman, Gaxiola, Rosa &
Torre-blanco 2001). It can further add to the meta-
bolic cost of nitrogen excretion (Jauncey 1982; Ver-
gara, Fernandez-palacios, Robaina, Jauncey, De La
Higuera & Izquierdo 1996), compromising normal
growth in crustaceans. Another explanation by Har-
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Table 11 Essential amino acid (EAA) retention™ in Scylla serrata fed with graded protein levels (% of intake)

Dietary protein levels

EAA CP-20 CP-25 CP-30 CP-35 CP-40 CP-45 CP-50 CP-55 PEM

Arg 12.10° 15.03° 14.90° 15.77° 15.83° 15.33° 12.57° 11.23° 0.222
His 18.23% 22.60° 22.53° 23.80° 23.83° 23.10° 18.872 17.00% 0.337
lle 23.70% 29.37%° 29.20° 30.87° 30.97° 30.00° 24572 22.03% 0.433
Leu 23.87° 29.57° 29.47° 31.13° 31.20° 30.27° 24.77° 22.23° 0.437
Lys 11.072 13.73° 13.67° 14.43° 14.50° 14,00 11.47° 10.30° 0.199
Met 13.20° 16.43° 16.33° 17.27° 17.30° 16.77°° 13.70° 12.33° 0.239
Thr 15.672 20.63° 20.60° 21.87° 21.97° 21.30° 17.43%° 15.63% 0.319
Trp 1.60% 2.00°° 1.93° 2.10° 2.07° 2.00°° 1.60% 1.50% 0.121
Phe 27.87° 35.90° 35.87° 37.97° 38.10° 36.97° 30.23° 27172 0.550
Val 18.67% 23.07° 23.03° 24.30° 24.33° 23.60° 19.30° 17.332 0.341

Means (n = 4; each replicate is a plastic trough stocked with four crabs in individual partitions, i.e. 16 crabs per treatment) in the same

row with different superscripts are significantly different (P <0.05).

*EAA retention =100 x (EAA retained/EAA intake).
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Figure 1 Second-order polynomial regression curve,
specific growth rate (SGR; % day ~ 1) vs. dietary protein le-
vel (%) in juvenile Scylla serrata fed graded levels of pro-
tein for 63 days.

per, Benevenga and Wohleuter (1970) is that, at exces-
sively higher dietary protein levels, free amino acids
accumulated in the body fluids may become toxic, af-
fecting the normal metabolism and growth.

In the present study, the apparent digestibility of
protein and gross energy ranged from 79.0% to
86.1% and 82.3% to 89.8% respectively. Lower appar-
ent digestibility of protein as well as gross energy was
recorded in crabs fed with CP-15 and CP-20. No other
treatments showed any significant difference. The
poor digestibility of diets CP-15 and CP-20 can be at-
tributed to the high NFE (carbohydrate) levels in the
form of dextrin, together with a severe dietary nutri-
ent imbalance. In the present study, a dietary NFE le-
vel above 48% is found not to be tolerated by the

4.5

4.0

3.5

3.0 1

Y =-4.34054 + 0.36158 X - 0.00383 X°
R’= 0.966
Protein gain,,.= 4.19 g kg"' ABW day™

at 47.03% dietary protein
Protein gain, at 14.70% dietary protein
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N
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Figure 2 Second-order polynomial regression curve,
body protein gain (g kg ~ ! ABWday ~ ) vs. dietary protein
level (%) in juvenile Scylla serrata fed graded levels of pro-
tein for 63 days.

juvenile crabs to a greater extent, resulting in the
poor apparent digestibility of low-protein diets (CP-
15 and CP-20). This is in agreement with the earlier
report of Pavasovic, Richardson, Anderson, Mann
and Mather (2004) that the mud crabs can digest up
to 47% of carbohydrate in the diet. Truong et al.
(2008) reported that a higher starch digestibility was
obtained when 45% wheat starch was included in the
diet, which is further confirmed in the present study.

The FCR recorded in this study ranged from 1.52
(CP-45) to 2.90 (CP-20), which is much ideally lower
than that reported previously for the same species
(Catacutan 2002) and E. sinensis (Mu et al. 1998). This
confirms the higher quality of diets used in the pre-
sent study (Tacon 2001; Tacon, Nates & Mcneil
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2004). The crabs fed CP-15 and CP-20 were observed
to have a reduced appetite compared with the crabs
fed other diets. The lowest VFI, calculated for crabs
fed with diet CP-20 (20% dietary protein), further
confirmed the above observation. It is known that
animals avoid eating unbalanced diets (Vivas,
Sanchez-vazquez, Garcia & Madrid 2003; Vivas,
Rubio, Sanchez-vazquez, Mena, Garcia & Madrid
2006) that do not meet their nutritional require-
ments. This clearly explains the loss of appetite and
reduced VFI of crabs fed with lower dietary protein
levels (CP-15 and CP-20). Crabs fed with CP-25 re-
corded the highest VFI. A progressive reduction in
VFI and FCR was observed in crabs fed with a dietary
protein level up to 45%. A further increase in dietary
protein was found to be affecting the feed efficiency
negatively, which can be attributed to the imbalance
in the nutrient profile of the diets (CP-50 and CP-55).
Crabs fed with 25-45% dietary protein tend to adjust
the feed intake to meet the dietary protein require-
ment by increasing the feed intake at a lower protein
level and vice versa. Aquatic animals usually regu-
late feed intake to meet the energy requirements
(Bureau, Kaushik & Cho 2002; Vivas et al. 2006).
Within these limits, they also try to adjust feed intake
to meet the protein requirements (Peres & Oliva-Teles
1999; Fournier, Gouillou Coustans, Metailler, Vachot,
Guedes, Tulli, Oliva-teles, Tibaldi & Kaushik 2002;
Vivas et al. 2006).

Zero percentage survival of the crabs fed with CP-15
(associated with incomplete moulting leading to
death) confirms that the dietary protein levels did not
comply with the minimum dietary protein require-
ment for the maintenance, moulting and growth.
Also, crabs fed with 20% dietary protein suffered
12.5% mortality associated with moulting. The mor-
tality of crabs fed with low-protein diets (CP-15 and
CP-20) was associated with moulting. The crabs fed
with low-protein diets (CP-15 and CP-20) moulted
only once during the entire 63 days of the experiment,
with a prolonged intermoult duration of 32—46 days.
Reduced VFI, due to severe nutrient imbalance in low-
protein diets, would have further added to the magni-
tude of dietary protein deficiency in low-protein diets.

The crabs fed with diet CP-45 showed the lowest
av.IMD with a higher moulting frequency when com-
pared with other treatments. However, av.IMDs of
crabs fed with 40-55% dietary protein were statisti-
cally analogous, showing that at least 40% dietary
protein is necessary for normal moulting. The impact
of nutrition on the moulting frequency and growth of
crustaceans was recognized by Guillaume (1997) and
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DAbramo and New (2000). It is reported that crusta-
ceans fed with nutritionally deficient diets resulted in
poor growth, accommodating themselves to such
diets by altering their moulting patterns (Jones, De
Silva & Mitchell 1996).

Gain in carapace width is an important growth in-
dex in portunids (Pinheiro & Fransozo 1993; Takeuchi,
Satoh, Sekiya, Shimizu & Watanabe 1999; Catacutan
2002). In the present study, carapace width was found
to increase with the dietary protein level from 20% to
45%. A further increase in the dietary protein level did
not show any improvement. Hence, 45% dietary pro-
tein level once again proved to be optimum for the best
growth performance of juvenile mud crabs.

Protein efficiency decreased with increasing dietary
protein from 20% to 55%. This clearly indicates that,
at lower protein levels, crabs tend to conserve and uti-
lize the available dietary protein for growth. Lowering
of PER at higher dietary protein levels is indicative of
crabs using more and more protein for catabolism. Si-
milar results have been reported for other crustaceans
such as Penaeus monodon (Hajra, Ghosh & Mandal
1988; Shiau & Peng 1992), Litopenaeus vannamei (Hu,
Tan, Mai, Ai, Zheng & Cheng 2008), E. sinensis (Mu
et al. 1998) and Cherax quadricarinatus (Corté, Jacinto,
Villarreal-Colmenares, Civera-Cerecedo & Martinez-
c6 Rdova 2003). In the present study, the diets used
were iso-energetic, iso-lipidic with similar amino acid
profiles. Therefore, differences in the response could be
attributed to the protein levels, rather than dietary en-
ergy, lipid levels or protein quality.

The dietary energy content of different diets used in
the present study (1679-17.09 MJkg ~") was in the
range close to that recommended for crustacean diets
(Cuzon & Guillaume 1997). In the present study, the
highest growth rate was observed at a P/E ratio of
2635mgk] ! (45% dietary protein, =~ 8% lipid),
which is close to that observed (27.5 mgk] ~ % 40%
dietary protein, 6% dietary lipid) by Catacutan (2002)
for the same species. Preliminary studies with larger-
sized (600 g) mud crabs by Chin et al. (1992) also
showed a comparable P/E ratio (calculated from the
given feed composition) of 2566 mgk] ~ ! (35% dietary
protein, 5.2% dietary lipid) for the best growth re-
sponse. A similar range of the P/E ratio has been re-
ported for other crustacean species such as E. sinensis
(2676 mgk] ~ % 39% dietary protein, Mu et al. 1998),
P monodon (2605-29.87mgk] ~%; 36-40% dictary
protein, Shiau & Chou 1991), Penaeus merguiensis
(26.29-31.07 mg k] ~ |; DAbramo and Sheen 1994) and
Astacus astacus (27.24-2931mgk] ~ 4 Ackefors, Cas-
tell, Linda, Raty & Svensson 1992).
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The body protein levels showed a marginal incre-
ment with an increase in dietary protein levels
(12.26—14.52%). This is in consensus with the obser-
vation in L. vannamei (Hu et al. 2008) and P. monodon
(Alava and Lim 1983). However, in the species under
investigation (S. serrata), Catacutan (2002) could not
find any significant differences in flesh protein of
crabs fed different dietary protein levels. Similarly,
no significant difference in body protein levels in re-
sponse to dietary protein levels were identified in
E. sinensis (Mu et al. 1998). In the present investiga-
tion, it is found that the whole-body lipid levels
tended to increase with the increase in the P/E ratio
of the diets up to 45% and remained invariant in CP-
50. This clearly indicates that the crabs tend to show
a preference for lipids as an energy source, when fed
with dietary protein levels close to the maintenance
level, in order to spare the protein (Cuzon and Guil-
laume 1997; Hu et al. 2008). Similar observations
were found in L. vannamei (Rosas, Cuzon, Taboada,
Pascual, Gaxiola & Wormhoudt 2001; Hu et al. 2008)
and Litopenaeus setiferus (Rosas et al. 2001). Whole-
body energy levels followed a similar pattern similar
to that of the body lipid levels. It can be chiefly attrib-
uted to the increased accretion of body lipid levels,
followed by body protein levels, from lower (20%) to
optimum dietary protein levels (45-50%). This is in
accordance with the increase in growth rates. Moist-
ure as well as whole-body ash content did not show
any significant difference among the treatments. Si-
milar observations were made in the same species
(Catacutan 2002) as well as in L. vannamei (Hu et al.
2008).

The dietary protein intake was found to be directly
proportional to the availability of protein in different
diets. Protein retention (percentage of intake) re-
mained statistically invariant (P> 0.05) from 35% to
45% dietary protein levels, although protein reten-
tion showed a peak value at 40%. From the results,
it is evident that owing to the better nutrient balance
available in the dietary protein range 35-45%, high-
er protein retention was observed. At still higher diet-
ary protein levels (50% and 55%), excess dietary
protein available is diverted for catabolism, thereby
reducing the protein retention (Guzman et al. 2001).
Average body protein gain showed the highest value
at 45% and remained statistically invariant at diet-
ary protein levels above this. This has further con-
firmed the assumption that the juvenile crabs
require a dietary protein level close to 45%. The lipid
as well as energy intake followed a similar pattern of
VFI. The highest daily lipid intake was recorded at the

25% dietary protein level and showed to decline
towards the 45% dietary protein level, as crabs tend
to increase the intake of feed (iso-energetic and iso-li-
pidic) to compensate for the protein requirement at
lower protein levels (Peres & Oliva-Teles 1999; Vivas
et al. 2003, 2006). Both gain and retention of body lipid
as well as energy showed an inverse relation to that of
the feed intake, with a higher deposition recorded at
45% dietary protein. Better growth response, substan-
tiated by higher nutrient and energy deposition, once
again confirms that among different dietary treat-
ments, 45% dietary protein is the optimum for normal
growth and metabolism in S. serrata.

The amino acid profile of S. serrata fed with differ-
ent protein levels did not show any significant differ-
ence. The EAA retention followed a pattern similar to
that of the body protein retention, with a better re-
tention at 35-45% (P> 0.05) dietary protein levels.
Essential amino acid gain (as percentage of the initial
body level) of crabs fed with different diets was in
agreement with the gain in total body protein (as per-
centage of the initial body level). The highest body
weight gain as well as amino acid gain was recorded
at the 45% dietary protein level, which in turn
reflects the highest protein deposition. At lower diet-
ary protein levels (20-30%), it is likely that the per-
centage of intake is channelled towards main-
tenance metabolism, which would have resulted in a
lower retention (Teshima, Alam, Koshio, Ishikawa &
Kanazawa 2002). It is known that surplus EAA avail-
able at higher protein levels above the optimum will
be channelled for catabolism and energy production,
thereby reducing the retention efficiency (Cuzon &
Guillaume 1997). Similar observations were reported
in Marsupinaeus japonicus (Teshima et al. 2002) and
Paralichthys olivaceus (Alam, Watanabe, Carroll &
Rezek 2009).

The A/E ratio of individual amino acids in the whole
crab (control — for estimating initial nutrient levels)
and that of the diets are highly comparable in the pre-
sent study. Also, the A/E ratios of whole-body EAA of
crabs at the end of different treatments (as well as that
of the control crabs — for estimating the initial nutrient
levels) did not show any noticeable variation. Simi-
larly, the EAAI values calculated as described by Pena-
florida (1989), for each EAA, in different diets were in
the ideal range (0.967-0.977). The similarity in the A/E
ratios of diets to that of whole crabs and the ideal EA AL
ratios of diets clearly confirms that the protein source
used in the present study is of superior quality
for S. serrata (Penaflorida 1989; Mente, Coutteau,
Houlihan, Davidson & Sorgeloos 2002).
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In order to probe more into the optimum dietary
protein requirement, second-order polynomial re-
gression was performed on dietary protein vs. se-
lected growth parameters. Shearer (2000) suggested
that the quadratic regression method can be superior
to the conventional broken-line analysis to obtain a
more accurate estimation of the optimum dietary nu-
trient level, supporting the best growth response. The
second-order polynomial regression fitting on the
curves of SGR and daily body protein gain vs. dietary
protein levels clearly indicate that an optimum diet-
ary protein level ranging from 46.90% to 47.03 % (dai-
ly protein intake of 21.76-21.83 gkg ~ ' ABWday ~ !;
P/E = 2744-2752mgk] ~ ) is required for the best
growth response and protein deposition in juvenile
S. serrata. An extrapolation to ‘SGR’ and ‘zero daily
protein gain’ along the curves showed that a mini-
mum dietary protein level 0f14.70-16.20% (daily pro-
tein intake of 590-6.64 gkg 'ABWday % P/E
=9.14-9.99 mgk] ~ ') is necessary for the minimum
maintenance metabolism. In the current investiga-
tion, crabs fed with the lowest protein diets (15%)
died during moulting, after passing through a very
long intermoult duration. This corroborates with the
assumption that the lowest protein diet (CP-15)
would have supported the minimum maintenance
metabolism, but was deficient to support an in-
creased metabolic requirement (Stern & Cohen 1982)
associated with moulting. Higher protein require-
ment values obtained in the present study can be at-
tributed to the more carnivorous nature of the
juvenile crabs when compared with the adults. This
can be further attributed to the higher metabolic re-
quirements of protein to meet faster growth rates in
juvenile crabs.

In the current investigation, the authors used
smaller crabs with a higher number of juveniles per
treatment. Also, the present feeding experiment used
awider range of dietary protein levels. This was help-
ful in obtaining a more precise estimation of growth
response parameters. The results of the present study
were strengthened with the evaluation of more para-
meters (protein, amino acid, lipid and energy turn-
over, A/E, EAAI etc.). The use of a superior-quality
protein source in the diet (EAAI = 0.97) could assure
amore accurate estimation of the protein turnover in
juvenile mud crabs.

The present study has used practical diets formu-
lated using locally available ingredients, with a pro-
tein source very close to the amino acid profile of
S. serrata. The results discussed in the study have
enhanced the scope for developing nutritionally

© 2009 The Authors

balanced and cost-effective formulated practical diets
for S. serrata, which can also ensure better water
quality in the farms. Further, it can replace the cur-
rently used fresh feeds (trash fish, molluscan meat,
meat entrails, etc.), which have uncertainties in qual-
ity and continuous supply.
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