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ABSTRACT

The present study was performed to assess the lgmwmoting potency of dietary Cu in the post
larvae (PL) of commercially important freshwateamn, Macrobrachium rosenbergii. 99.9% pu
Cu metal was supplemented at 0, 10, 20, 40, 6088nuig kg with the basal diet formulated wit
41.78%, 29.37% and 7.69% of protein, carbohydratd Bpid ratio respectively. Cu supplemented
diets were fed to M. rosenbergii PL (initial weight18 +0.02) for a period of 90 days. Significaft
(P < 0.05) improvement was seen in survival, grovétttivities of digestive enzymes (protease
amylase and lipase), concentrations of biochemiabstituents (total nitrogen, crude proteif,
amino acid, carbohydrate and lipid) and mineraltsglCu, Zn, Fe, Ca, Mg, Na and K) at 10-40 mg
kg™ Cu supplemented feeds fed PL, whereas, 60 and &unkg' supplementation showed negatiie
performance. There were no significant alteratioims activities of enzymatic antioxidan
(superoxide dismutase and catalse), metabolic eezy(glutamic oxaloacetate transaminase ahd
glutamic pyruvate transaminase) and lipid peroxioatup to 40 mg K§ Cu supplementation
whereas, 60 and 80 mg of Cukgupplementations showed significant (P < 0.05¢ralions in
these parameters. Hence, the dietary Cu showed éffécts on M. rosenbergii PL beyond 40 mg kg
! Thus, this study suggests that Cu up to 40 rifgclg be supplemented for regulation of surviyal
and growth of M. rosenbergii PL sustainably.
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INTRODUCTION
Increasing demand and rising prices for seafoodaiseng the profile of some speciesMéicrobrachium
as an important aquaculture commodity in the woflde farming of the giant freshwater prawn,
Macrobrachium rosenbergiipopularly known as 'scampi' is an emerging ingustr the world
aquacultureM. rosenbergiiholding top place due to its better environmeldremce, faster growth, large
size, delicious meat quality and high market valse per a recent report of FAQIndia has produced
3,332 MT ofM. rosenbergiiduring 2012-2014.
Copper (Cu) is an essential trace nutrient for msnand animals. It is involved in iron metabolism,
melanin formation, connective tissue metabolism #&mactions of central nervous sysﬁerﬂt has
essential roles in biological, physiological, imneuresponse of aquatic animals. The deficiency of Cu
leads to increases the physiological demand indighcrustaceafs The dietary supplementation of Cu
can promote the survival, growth, specific and spgeific immunity of fish and crustaceAhsHowever,
excessive Cu level can produces toxic effects éselorganisms due to association with formations of
reactive oxygen species (ROS), which led to prodeeiéular oxidative stress followed by reduced
survival, growth and immunity®
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Study regarding the optimum mineral requiremerfragmentary inM. rosenbergiiand no report is
available with dietary supplementation of Cu. Herite present study was designed to optimize the
dietary Cu and assess its effects on the surviyawth, activities of digestive enzymes (protease,
amylase and lipase), antioxidant enzymes [supeeodismutase (SOD) and catalase (CAT)], metabolic
enzymes [glutamate—oxaloacetate transaminase (@&@d)glutamate—pyruvate transaminase (GPT)],
status of lipid peroxidation (LPO), concentratiarishiochemical constituents (crude protein, totaireo
acids, carbohydrate and lipid) Mh. rosenbergiiPL.

MATERIALS AND METHODS
Collection and acclimatization of experimental prams
Post larvae oM. rosenbergii (PL-5) were procured from Aqua Hatchery, Koovathikianchipuram
district, Tamil Nadu, India. They were safely trpoged to the laboratory in plastic bags with well-
oxygenated hatchery water. They were acclimatipedmbient laboratory conditions for two weeks in
large cement tank (1000 L) with ground water (Terapge, 26 + 2.0C; pH, 7.12 + 0.31; total dissolved
solids, 0.95 + 0.07 g't; dissolved oxygen, 7.41 + 0.27 mg;LBOD, 26.00 + 1.83 mgt; COD, 136.0 +
74.00 mg [*; ammonia, 0.019 + 0.004 mg'). During acclimatization % of the tank water wasewed
daily, and prawns were fed with boiled egg albuamia newly hatcheArtemianauplii alternativelytwo
times per day. Then the PL was transferred to iplasjuaria and maintained for a week before the
commencement of feeding trial. They were fed wAtttemia nauplii and the control feed (prepared
without addition of Cu) alternatively twice a dand the entire aquarium water was renewed daily. In
both conditions, faeces, moult and unfed feed wereoved and the aquarium water was adequately
aerated.
Feed formulation
The experimental diets were prepared with the fahg locally available feed ingredients (g }gfish
meal (400), soybean meal (200), wheat bran (180), tapiloca (150), egg albumin (30), and Cod liver
oil (20). Of which fish meal and soybean meal weseved as protein sources, wheat flour and tapioca
flour were served as carbohydrate sources, Cod divevas used as lipid source, tapioca flour agd e
albumin were served as binding agents. 10 tokyitamin B-complex with vitamin C tablets (eactblet
containing thiamine mononitrate IP, 10 mg; riboifa¥P, 10 mg; pyridoxine hydrochloride IP, 3 mg;
vitamin By, (as tablets 1:100) IP, 15 mcg; niacinamide IP, m@) calcium pantothenate IP, 50 mg; folic
acid IP, 1.5 mg; biotin USP, 100 mcg; ascorbic dBid150 mg) and 10 g Kgpf Cu free mineral mix
(each gram containing Zn36 mg; CaC@ 164 mg; NaHPQO,, 148 mg; KHPQO,, 337.6 mg; CaG)
66.64 mg; MgSQ@ 80 mg; KCI, 22.40 mg; AlG] 0.96 mg; MnSQ 11.45 mg; FeS§ 90 mg; COJG],
1.41 mg; KI, 1.81 mg; cellulose, 69.74 mg) wesmadded.
The basal diet prepared by these ingredients aontpiproximate composition in the following ratio:
crude protein, 41.78; crude lipid, 7.69; ash, 1l#d@isture, 8.56; total nitrogen free extract, 29.3
(energy value, 14.76 k.J'y
Cu metal (99.9% pure) was purchased from Sigmai&idiThe concentration range of dietary Cu was
designed based on its requirements in crustateaasit was supplemented with the basal diet 4100,
20, 40, 60 and 80 mg Kaand the analyzed Cu concentration in these diats082, 10.82, 20.76, 40.80,
60.83 and 80.72 mg Rgespectively (Table 1). The other minerals sucErasFe, Ca, Mg, Na and K in
the experimental diets were also provided in TdblEurther, 3.0 + 0.97 mm sized pellets were prgbar
as essentially described previously by Muralisamitaal,’. The prepared feed was kept in airtight plastic
containers at -20 °C and consequently used glthim feeding trial.
Feeding trial
Six groups of prawns (~PL 30; 1.42 + 0.31 cm ad@ @& 0.03 g of initial length and weight respeciyye
were assigned in triplicate experimental set ugréup was served as control and fed with ‘0’ mgkgu
! supplemented diet. The remaining five groups wied with 10, 20, 40, 60 and 80 mg Cu“kg
supplemented diets respectively. Each group caubist 40 PLs in an aguarium maintained with 40 L of
ground water.
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The water medium was renewed every 24 hr by siptgpmiethod without severe disturbance to the PLs
and aerated adequately. The PLs were fed with apmmared feeds at 10% of body weight twice a day
(6.00 a.m. and 6.00 p.m.) for 90 days. During fegdtrial, the unfed feed, feces and moults if amyev
collected on a daily basis while renewing aquanater.

Survival and nutritional indices

At the end of the feeding trial, the survival rélio. of live prawns/ no. of prawns introduced x 186d
nutritional indices parameters, such as feed in{&leed eaten (g)/ total number of days), lengtm gai
(Final length (cm) — initial length (cm), weightiggdFinal weight (g) — initial weight (g), specifgrowth
rate (,q final weight (g) —oq4 initial weight (g)/ total number of days x 100¢etl conversion rate (feed
intake (g)/ weight gain (g), and protein efficienatio (weight gain (g)/ protein intake (g) weré al
calculated by adopting the formulae of Tekinay Bragies®.

Assays of digestive enzymes

Activities of digestive enzymes, such as proteaseylase and lipase were assayed on initial and fina
days of feeding trial. For this section, three pravper group were sacrificed (3 x 6 = 18 PLs x 3
(triplicate) = 54 PLs), followed by dissected ol tdigestive tract including hepatopancreas of praw
homogenized in ice-cold distilled water and ceatgrdd at 9329 g under 4 °C for 20 min. The supenhata
was used as a crude enzyme source. Total protetigityavas determined by casein-hydrolysis method
of Furneet al,'’, one unit of enzyme activity represents the amofienzyme required to liberateudy of
tyrosine per minute under assay conditions. Amylastvity was determined by starch-hydrolysis
method put forth by Bernfelgl the specific activity of amylase was calculatsdalligrams of maltose
liberated per gram of protein per hour (mg/g/hpdse activity was determined by method of Fuehe
al.,'", one unit of lipase activity was defined as theant of free fatty acid released from triacylglyaer
per unit time estimated by the amount of NaOH nexglito maintain pH constant and represented as mill
equivalents of alkali consumed.

Activities of enzymatic antioxidants and lipid perxidation

100 mg of muscle, and hepatopancreas tissue wasdamized (10% wi/v) in ice-cold 50 mM Tris buffer
(pH 7.4), centrifuged at 9329 g for 20 min at 48 the supernatant was used to assay the adtivitie
superoxide dismutase (SOD) and catalase (CAT). aCtyity was measured by pyrogallol (10 mM)
autoxidation in Tris buffer (50 mM, pH 7.0) by adiog the method of Marklund and MarkluidThe
reaction was initiated by the addition of NADH. Timéxture was incubated at 30 °C for 90 s and agckst
by the addition of glacial acetic acid. The reattimixture was then shaken with n-butanol and the
intensity of the chromogen in the butanol layer weesasured at 560 nm using spectrophotometer. The
specific activity of the enzyme was expressed iit/mg protein. CAT activity was measured by using
H,0, as the substrate in phosphate buffer adoptingrgtod of Sinhd. The reaction was initiated by
the addition of phosphate buffer (0.01 M, pH 7H)D, (0.2 M). After 60 s the reaction was stopped by
the addition of dichromate acetic acid reagent. dtwsorbance of the chromophore was read at 620 nm.
The activity of CAT was expressed as uM of hydrogeroxide consumed/ minute/ mg protein. Lipid
peroxidation (LPO) in tissue homogenate was meddoyeestimating the formation of thiobarbituric chci
reactive substances (TBARS), malondialdehyde (MPy)adopting the method of Ohkawea al,*>. The
absorbance of the supernatant was measured anb3fainst the reagent blank. TBARS was expressed
as nM of malondialdehyde (MDA)/ mg protein. Concatibn of soluble proteins was determined by the
method of Lowryet al,*®.

Activities of metabolic enzymes

100 mg of muscle, and hepatopancreas tissue wasdamized in 0.25 M sucrose and centrifuged at
3381g for 20 min in a high speed cooling centrif@gel °C. The supernatant was used as the enzyme
source. The metabolic enzymes, such as glutamito@setate transaminase (GOT) and glutamic
pyruvate transaminase (GPT) were assayed accaalithg method prescribed by Reitman and Frahkel
using a med source kit (Medsource Ozone Biomedi¢als Ltd. Haryana, India). The colour
development was read at 505 nm using spectropht¢éométhin 15 min. Sodium pyruvate (GOT, 160;
GPT, 170 U/L) was used as a calibrator. The agtofitGOT and GPT was expressed as unit/L.
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Estimations of biochemical constituents and carcasgineral contents

Analysis of total nitrogen, crude protein, moistarel ash contents were performed according to atend
AOAC"® methods. Total nitrogen and crude protein (N*6.8&Ye analyzed after single acid digestion
using Kjeldhal apparatus (Model: Kelplus DISTYL-BSanufactured by Pelican Equipments Pvt. Ltd.
Chennai, India). Concentration of total amino ags analyzed by adopting the standard procedures of
Moore and Steifl. Total carbohydrate was estimated by the methodR@#®. The total lipid was
extracted by the method of Folehal.?* and estimated by the method of Barnes and Black3to

The dietary and whole body mineral contents, sicl@d, Zn" and Fé (in metal forms), Ca Mg, Na’
and K (in salt forms) were analyzed using the atomicogitgon spectrophotometer (AAS of Perkin-
Elmer; Model 2380) under air acetylene flame byptidg AOAC™ method of triple acid digestion {80
HNOs: HCIO, at 9:3:1 ratio).

Statistical analysis

The data were expressed as mean * S.D, and anddyzemke-way analysis of variance (ANOVA) using
SPSS (version-20), followed by Duncan's multiplegea test (DMRT) to compare the significant
differences among treatmentsPat 0.05.

RESULTS
Survival, growth and activities of digestive enzyme
The survival rate (SR), length (LG) and weight gaiw/G), and other nutritional indices parameteaushs
as feed intake (FI), specific growth rate (SGR) amndtein efficiency ratio (PER) were found to be
increased in PL fed with 10-40 mg Cuksupplemented diets with a maximum better perfoomat 40
mg Cu kg' (P < 0.05) when compared with the control (TableVEhereas, this trend was turned towards
reverse in other concentrations (60 and 80 mi kd Cu. In contrast, the feed conversion ratio RFC
was just opposite in 10-40 mg Cu’kgupplemented diets fed PL with a very lowest &0 mg k¢ of
Cu when compared with the contrél € 0.05). Actually, this trend was turned towandsréasing side in
60 and 80 mg Cu Kgsupplemented diets fed PL (Table 2). Activitiesdifestive enzymes, such as
protease, amylase and lipase showed increasing ineRL fed with 10-40 mg Cu Kgsupplemented
diets with a significant elevatiofP(< 0.05) at 40 mg Cu kgwhen compared with the control (Table 2).
While, in other concentrations of Cu supplementeeds fed PL this trend was started to decrease,
particularly at 80 mg Cu kgthe activities of digestive enzymes were lowemtltfaat of control P <
0.05).
Activities of enzymatic antioxidants and metaboli@nzymes, and lipid peroxidation
In this study, no significant alterations were alied in activities of antioxidant enzymes (SOD and
CAT) and metabolic enzymes (GOT and GPT), and lipatoxidation (LPO) in the muscle and
hepatopancreas of PLs fed with 10-40 mg Cuskgplemented diets (Table 3). However, significant
elevations P < 0.05) were recorded in SOD, CAT, GOT and GPlviiets, and LPO in PLs fed with 60
and 80 mg Cu k§supplemented feeds when compared with controlléT2p
Concentrations of total nitrogen and biochemical costituents
The levels of total nitrogen, concentrations ofderyprotein, amino acids, carbohydrate, lipid asd a
were significantly increased in PLs fed with 1044@ Cu kg' supplemented diets with a maximum
elevation in 40 mg Cu Kg(P < 0.05) when compared with the control. This trevas turned towards
decreasing side in 60 and 80 mg Cil kgpplementations except ash content. There wasgnificant
difference was found in the cases of ash and meistontents in 10-80 mg Cu kgupplemented feeds
fed PL when compared with control (Table 4).
Content of minerals
Concentration of Cu was gradually increased sigaifily (® < 0.05) in 10-80 mg K§ of Cu
supplemented feeds fed PLs with a maximum incréa$® mg kg' when compared with the control
(Table 5). The contents of other dietary minemsish as Zn, Fe, Ca, Mg, Na and K were also fourmto
significantly increased in the carcass of PLs ug@omg kg of Cu supplementatiorP(< 0.05) when
compared with control. This trend was turned towasgposite side in the cases of 60 and 80 nigokg
Cu supplementation with a very steep decrease @d (Table 5).
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Table 1. Concentrations of minerals in Cu supplemeed diets
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Minerals Cu supplementation (mg Ry
0 10 20 40 60 80
Cu 0.82 +0.50 10.82 + 0.41 20.76 +0.37 40.80 + 0.83 60.83 +0.12 80.72 £ 0.92
Zn 1.21+0.012 1.18 £0.012 1.2 +0.011 1.23 £0.011 1.17 £0.019 1.21 +£0.012
Fe 2.13 +0.017 2.12 +0.022 2.08 +0.02 2.12 +0.015 2.13+0.018 2.11+0.022
Ca 1.76 £ 0.01% 1.73 £ 0.016 1.57 +0.015 1.66 +0.01% 1.61 +0.015 1.71 +£0.016
Mg 2.08 +0.021 2.07 +£0.02 2.12 +0.023 2.06 +0.013 2.03+0.02 2.1 +0.0210
Na 1.46 +0.015 1.42 +0.011 1.39 £0.012 1.50 +0.016 1.47 +0.018 1.51 +£0.019
K 1.26 +0.012 1.30 +0.01% 1.27 +0.015 1.24 +0.013 1.20 +0.018 1.29 +0.011

Each value is mean + SB=3; Mean values within the same row sharing thiedsht alphabetical superscripts are statisticatipificant atP < 0.05
(one way ANOVA and subsequemist hoanultiple comparison with DMRT). Mean values withire same row sharing
the same alphabetical superscripts are not statistisignificant aP > 0.05.

Table 2. Survival, nutritional indices and activities of digestive enzymes il. rosenbergii fed with Cu supplemented diets

Parameters Cu supplementation (mg Ry
0 10 20 40 60 80
SR (%) 75.83 + 3.81 78.33 + 2.88" 81.66 +5.28 85.00+250 | 73.33+3.87 67.50 + 2.50
Length (cm) 4.20 +0.96 5.40 + 0.5F 5.64 + 0.62% 6.08 +0.76 4.92 +0.4% 4.86 +0.41b
Weight (g) 0.60+0.73 1.40 + 0.39 1.54 + 0.4% 1.91 +0.65 1.03 + 0.3 0.93 +0.1¢
LG (cm) 3.85+0.12 5.05 + 0.2 5.29 + 0.28" 5.73 £ 0.43 4,57 £0.27 4.51+0.29
N o WG (g) 0.42 +0.02 1.22 +0.08 1.36 + 0.04 1.73 +£0.07 0.85 + 0.0 0.75 +0.08
Nutritional indices |"F| (g g1 0.39+0.01 0.47 + 0.0 0.49 + 0.0F 0.51 +0.02 0.45 +0.0% 0.41 +0.0%
DM (moults d") 2.50 +0.08 2.53+0.5 2.94+0.1%1 3.17 £0.12 2.47 +0.15 2.33+0.12
SGR (% d) 0.57 +0.04 0.97 +0.07 1.02 + 0.06 1.13 +0.07 0.91 +0.08 0.78 £ 0.07
FCR () 2.12+0.1% 0.87 +0.09 0.81 + 0.0 0.67 +0.08 1.19+0.13 1.22+0.18
PER (g) 1.61 +0.09 4.20+0.18 4.25+0.14 4.80 +0.21 2.65+0.30 2.58 +0.25
Digestive enzymes| Protease 1.01 +0.91 1.11 +£0.1% 1.43+0.13 1.81+0.11 1.20+0.12 0.94+0.15
(U/mg protein) Amylase 0.62 +0.18 0.86 +0.1% 0.90 +0.2% 0.98 +0.21 0.65+0.1Y 0.59 + 0.0&
Lipase x16 0.20 +0.08 0.25 + 0.0% 0.31+0.01 0.45 +0.03 0.26 + 0.0%° 0.18 + 0.0f
Each value is mean + SB=3; Mean values within the same column sharinglifferent alphabetical superscripts are statidficginificant atP < 0.05
(one way ANOVA and subsequest hoamultiple comparison with DMRT).
Initial length and weight were 1.42 + 0.35 and 1802 respectively.
SR, Survival rate; LG, Length gain; WG, Weight gadth Feeding intake; DM, Daily moult; SGR, Specifjrowth rate;
FCR, Feed conversion ratio; PER, Protein efficieratio.
Initial protease, amylase and lipase activitiesefeund to be 0.27 £ 0.06, 0.16 + 0.04, 0.74 + Oe&pectively.
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Table 3. Activities of SOD (umol/min/mg protein), AT (U/mg protein), LPO (nmol MDA/mg protein), GOT (Unit/L) and GPT (Unit/L) in the muscle
and hepatopancreas oM. rosenbergii fed with Cu supplemented diets

Parameters Initial Cu supplementation (mg Rg
0 10 20 40 60 80

Muscle SOD 4.81 +1.01 8.38+1%52] 8.44+130 8.56 +1.47F 8.71+1.27F 13.56 + 1.34 15.50 + 1.22
CAT |11.20+1.01] 21.28+2.00| 21.35+1.2% 21.67+1.48 | 21.85+1.90 26.97 +1.29 29.89 +2.23
LPO 0.13+0.01 0.62+0.02 | 0.64+0.02 0.65 + 0.03 0.65 + 0.02 2.19 + 0.0} 3.30 + 0.02
GOT | 6.32+0.67 8.51 + 0.50 8.53+1.0F 852+1.19 8.52 +1.26 12.41+2.34 15.20 + 2.47
GPT 7.95+1.01 9.87+0.92 | 9.86+0.26 9.86+0.14 9.85+0.26 12.44 +1.38 18.29+1.72

Hepatopancreas| SOD | 5.81+1.01] 1565+234] 1566+2.00 | 1570+232 | 15.72+2.6% 21.10 + 2.47 24.83 +2.38
CAT | 1420+1.01] 26.89+3.00| 26.92+2.4% 26.93+ 257 26.95 + 2.87 33.95+2.43 37.22+2.86
LPO | 0.14+0.01d 1.82+0.64 | 1.84+0.06 1.85+ 0.05 1.87 +0.08 3.03+0.13 5.76 + 0.28
GOT | 832+067| 13.86+1.94| 13.87+1.24 13.87 +1.15 13.75+1.95 17.02 +1.78 21.68+1.84
GPT 9.15+1.01] 14.33+1.31| 14.34+1.07 14.34+1.13 14.35 + 1.58 23.48 + 3.03 26.25 + 2.40

Each value is mean + SB+3; Mean values within the same row sharing thiedéht alphabetical superscripts are statisticatipificant atP < 0.05 (one way ANOVA
and subsequepbst hoamultiple comparison with DMRT).
SOD, superoxide dismutase; CAT, catalase; LPQ] fygiroxidation; GOT, glutamate—oxaloacetate tramsase; GPT, glutamate—pyruvate transaminase.

Table 4. Proximate composition oM. rosenbergii fed with Cu supplemented diets

Parameters Initial Cu supplementation (mg Ry
(mg/g wet wt.) 0 10 20 40 60 80
Total nitrogen (%) 410+0.19 8.16+029 8.65+0.3¥ 9.24+0.42 9.87 +0.32 9.13+0.23 8.67 +0.3%
Crude protein (%) 25.66+1.16 51.04+%8254.10+1.9¥ | 57.75+2.62 | 61.68+2.00 | 57.07+1.48 | 5419+23%
Total amino acid 25.33+2.30 96.06+353799.40+2.4% | 106.00+4.00 | 117.46 +2.83| 102.66 +3.0%5 | 88.00 + 3.46
Total Carbohydrate | 18.07 +1.07 33.34+12536.73+1.86 | 41.66+268 | 50.82+1.66 | 41.43+2.3% | 39.67 +3.0¥
Total lipid 10.68+0.74 18.71+205% 19.57+1.06 | 21.96+3.5% | 27.03+1.38 | 24.700 +2.3% | 20.08 +1.29
Ash (%) 10.40+0.69 14.16+1%76 16.36+1.19 | 17.23+1.07 | 18.46+1.10 | 16.76+1.38 | 15.90 + 1.5%
Moisture (%) 78.33+1.52 76.00+3%0 74.00+435 | 72.33+6.50 | 70.66+1.52 | 73.30+1.47 | 75.00 +2.00

Each value is mean + SB=3; Mean values within the same row sharing thiedsht alphabetical superscripts are statisticatipificant atP < 0.05
(one way ANOVA and subsequgmist hoanultiple comparison with DMRT).
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Minerals Cu supplementation (mg Ky

(g g% 0 10 20 40 60 80
Cu 55.90+2.66 | 69.55+2.78 | 7550+2.59 | 95.40+2.75 | 102.6+4.03 | 144.15+4.01
Zn 50.40+2.95 |56.50+2.6%5 |56.60+3.01 |98.35+392 |8285+3.92 |70.80+248
Fe 36.95+2.45 | 57.65+2.54 | 9255+4.02 | 107.75+4.03 | 49.90+2.11 | 47.35+1.46
Ca 25.35+1.44 | 4920+2.53 |87.25+3.65 | 246.4+575 | 138.8+3.25 | 106.2+3.23
Mg 104.65 +3.21 | 126.05+4.63 | 122.50 +5.76 | 150.20 + 4.33 | 140.80 + 4.37 | 113.55 +2.55
Na 12952 +3.42| 132.12+3.54 | 14489 +3.49 | 174.82 +2.78 | 114.83 +3.4%5 | 110.65 + 2.62
K 149.78 +3.61 | 151.05+2.11 | 164.65+3.31 | 186.28 +2.91 | 142.28 +3.21 | 136.19 + 3.16

Each value is mean £ SD;=3; Mean values within the same row sharing theediht alphabetical superscripts are
statistically significant aP < 0.05 (one way ANOVA and subsequguaist hocmultiple comparison with DMRT).
Mean values within the same row sharing the sampleahletical superscripts are not statistically sigant atP >
0.05.

DISCUSSION
Cu plays an essential role to regulate physioldgicamunological and metabolic process in aquatic
animals. The dietary supplementations of Cu promitte survival and growth of fishes and
crustacearis’® In the present study, the improved survival, graivth parameters indicate the fact that
40 mg Cu kg has the potency to influence. It has been repdhatiCu has produced better survival,
improved feed intake, total body weight and spedifiowth rate in Pacific white shrimpjtopenaeus
vannamei the tiger shrimpPenaeus monodorthe European sturgeomjuso husp the grass carp,
Ctenopharyngodon idellghe Pacific abaloneéijaliotis discus hannaithe Malabar groupeEpinephelus
malabaricusthe rainbow troytSalmo gairdnerithe largemouth bashklicropterus salmoidehe Atlantic
salmon,Salmo salaand the Wuchang breamlegalobrama amblycephat&®*2?> The higher value of
feed conversion recorded in 60 and 80 mg Cliskgpplementation shows their negative influenceeen f
utilization, survival and growth. This may be dgeowver dosage. Cu content beyond the optimum level
have been reported to decrease the survival, feaklle, growth, feeding efficiency, specific growttie
and protein efficiency ratio in crustacearRenaeus vannamei, Fenneropenaeus indiand P.
monodof®?*and in fishesH. huso, S. salar, E. malabaricus, M. amblyeplaidthe abalone H. discus
hannaf-®%32>2
Digestive enzymes play a vital role in nutritioplysiology and directly or indirectly regulate t@wth
and moult cycl®?. The increased activity of protease, amylase dpdsé in 40 mg Cu Ky
supplementation indicates that this level of diet@n has influenced the digestive enzymes actinityl.
rosenbergiiPL. Similarly, Cu supplemented feed fed fishes, Nile tilapia, Oreochromis niloticusthe
blue tilapia, Oreochromis aureusnd C. idella showed significant improvement in digestive enzgme
(protease, amylase, trypsin and chymotrypsin) secfé®® Kotormanet al.? reported that dietary
administration of Cu influenced on trypsin and $ipactivities in the young car@yprinus carpio In the
present study, the decreased levels of digestiveynees in PLs fed with 60 and 80 mg Cu
supplementation suggests that these levels ofrdi€a is toxic and inhibit the activity of digestiv
enzymes irM. rosenbergii To support this, Tangt al.?>have reported that the increased dietary Cu led
to significant reduction of digestive enzymes sians in the fisiC. idella
Further, this was evident from the fluctuation etiexidant enzymes (SOD and CAT) activities and
produced cellular oxidative damage by reactive exygpecies (ROS), which was evident from the
elevated LPO status under 60 and 80 mg Cuskgpplementation. Dietary copper influences raspiy
and antioxidant functions in crustace®n$he toxic nature of dietary Cu at 60 and 80 mgwgs further
evident from the increased activities of metabelzymes (GOT and GPT) in the present study. This
hepatotoxic effect of Cu in turn led to poor metab@erformance and thus, poor survival, growth,
nutritional indices was resulted M. rosenbergii Since, 10-40 mg Cu Kgwere not toxic toM.
rosenbergij there were no significant alterations recordethaactivities of SOD, CAT, GOT and GPT,
and MDA production. Hence, 40 mg Cukgan be taken as an optimum dietary level as favlas
rosenbergiiPL is concerned.
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The optimum concentration of dietary Cu is varynirgpecies to species and the fluctuations in SOD,
CAT, MDA, GOT and GPT have been reportedSigbastes schlegéliE. malabaricu¥, F. indicus, M.
amblycephal C. idelle?®, H. husg and the marine craEriocheir sinensis®.

Body biochemical compositions are good indicatortled physiological condition of any cultivable
species. The elevation recorded in biochemical ttaests, such as total nitrogen, crude proteinnam
acid, carbohydrate and lipid at 40 mg Cu' kgggests that this level of Cu has influenced marinon

the physiology ofM. rosenbergii led absorption, synthesis and storage of protamjno acids,
carbohydrate and lipid. Mohseat al. reported that the dietary Cu supplementation hampted the
storage of protein, lipid and ash contents in jileelbeluga,H. huso The decrease in these biochemical
constituents at 60 and 80 mg Cu'kgas associated with its toxicity due to its exbeswess. | has been
reported that higher dietary Cu led to decreasghiale body and muscle protein, lipid and ash cdsten
in H. husd, H. discus hannafand the flathead catfisRylodictis olivaris™.

In the present study, the contents of minerals &#),Ca, Mg, Na and K) except Cu were found to be
similar in all experimental feeds. Whereas, the lwHmdy mineral contents were gradually elevated in
10-40 mg Cu kg supplemented feeds fed PLs and decreased in 680amg) Cu k. It clearly indicated
the fact that supplementation of Cu positively tatgs mineral absorption up to certain levels. htren
and Maag® reported that fishmeal based Cu supplemented fketsS. salarshowed increase and
decrease liver selenium content at optimum and Hmkythe optimum level of supplementations
respectively. Similarly, elevation of whole body Content has been reportedén malabaricusandH.
discus hannafed with Cu supplemented feéd% The increase of minerals in the carcasses of pgaw
indicates the fact that dietary addition of Cu pammotes absorption of other minerals as well.

Inclusion of Cu (10-40 mg K§ has significantly improved the survival, growtgctivities of digestive
enzymes, contents of biochemical constituents aimenals inM. rosenbergiiPL. Whereas these levels
of Cu did not produced any adverse effects on itievof antioxidant enzymes and metabolic enzymes,
and lipid peroxidation. The enhanced activities difestive enzymes in turn increased the food
consumption and food conversion, which in turnnodtiely led to better survival and growth g
rosenbergiiPL as these levels of Cu did not produce any adveffect on the activities of antioxidant
and metabolic enzymes, and lipid peroxidation stafinerefore, for sustainable maintenance of safviv
and growth oM. rosenbergiiPL up to 40 mg kg Cu can be supplemented in aqua feed formulations.
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