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Abstract: The golden mahseer (Tor putitora) is an important and high valued sport and food fish of national and
international importance. Therefore for promotion of golden mahseer, proper mineral supplementation in early
developmental stages is very important. The present study evaluated the effects of dietary zinc on growth, survival
and physiological response of Tor putitora fry. One thousand eight hundred fry (avg.wt 54.35+3.09 mg) were
randomly distributed into 6 treatment groups with triplicates each. Six iso-nitrogenous (40+0.02% to 41.44+0.01%
crude protein) semi-purified diets were prepared with graded levels of dietary zinc. Zinc sulphate was added as the
dietary zinc source to the basal diet. The results indicated that specific growth rate (SGR) was of value 2.52+0.23
gm of T. putitora fry which increased with dietary zinc levels up to a concentration of 40 mg Zn Kg™ in diet. The zinc
dependent metabolic enzymes and antioxidant enzymes was also observed to be highest in groups supplemented
with 40 mg zinc/kg feed. The overall results of the present study suggest the efficacy of dietary zinc on growth,
survival and physiological response of golden mahseer fry in order to garner the possibility of establishing the
species to commercial aquaculture.
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INTRODUCTION riched with dietary zinc to know about the nutnitad

role of zinc in fish. Zinc is known to be an essant
'trace element for normal physiology, growth and de-
velopment in terrestrial animals and fish (Liagtgal,
2012). It serves as an integral part of nucleojmete
and regulates many metabolic processes of carbohy-
drate, lipid and protein metabolism (Lall, 2002)n&

X , A serves as a cofactor of many enzymes including car-
T. putitora population has been declining in number ;i anhydrase and is required for the activity of

and size in natural waters because of degradation %he antioxidant enzyme superoxide dismutase
the aquatic environment and biological changedién t (Yousef et al, 2002). Zinc deficiency has been

ecosystem. Therefore, the present concern is t© COfkp g to produce impaired growth, increased mor-
serve this species through artificial breedingdsear- tality, eye cataract and poor feed utilization (s

?ng and ranchir_lg into its natural habitats. qu th_a- et al, 2012). Freshwater fish take up zinc from both
Jor b_ottl_eneck in su_<_:cessfu|_ seed propagation _d th water and food. However dietary zinc is more effi-
species is unavailability of suitable diet for tairveanr_lg ._ciently utilized to satisfy the nutritional requinent

(Akhtar et al, 2013). Hence, a better understanding is¢,, the growing fish. Therefore in the present ex-

reqlrj]lred to stuhdy the _nutrltlonal r:ofle of trace er_lals periment, an attempt has been made to determine the
such as zinc where major research focus in needech optimum dietary zinc concentration on growth and

will b((ejdessentir?l for prepahrationblofsuitable lantiets. q hysiological indices of the early developmental
To address the research problem a necessary un fages of golden mahsea@r. putitorg fry.
standing is required to formulate an artificial tdém-

Tor putitora(golden mahseer) is a well-acknowledged
highly valued coldwater fish of India. Golden madrse
as a sport fish provides unparallel recreationnglexs
from all over the world. As a food fish, it is high
esteemed and fetches the highest market pricerth no
and north east of India. Despite its earlier abunda
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MATERIALS AND METHODS DILDH Muscle

0.7

Experimental procedure: Fry of T. putitora
(54.85%£3.09 mg, average weight £ SE) were procure
from mahseer hatchery of Directorate of Coldwatel
Fisheries Research (DCFR), Bhimtal, Uttarakhand
India, and were acclimatized for ten days in regtan a :

lar FRP tanks. The fish were fed with macerated goe a

liver and control diet during acclimatization petio |_I—| I_—I
Before start of the experiment, the tanks werengda omaIN | 10mgIN | 20mezN | domgzn | comezN | SOmELN
and disinfected using potassium permanganat Treatments

(KMnQy) solution of 5 ppm concentration. All the ex-
perimental tanks were filled with Watef and ke_pI fo genase) activity in muscle of T. putitora reared dope-

two days for cond|t|o_n|ng_ bef(_)re stocking the flshg riod of 8 weeks (60 days). Values in the same sevits
After 10 days of acclimation, fish were randomlg-di  gifferent superscript (a and b) signify statistiodiffer-
tributed into six treatment groups in triplicatemsist- ences (p <0.05), Data expressed as mean +S.E (aaéh

ing of 18 uniform size (500 L capacity) plastic kan  replicate containing pooled samples of 15 fish).

(100 fish / tank). Each diet was assigned to tgik

tanks. The feeding trial lasted for 8 weeks. Fegdin alkalinity, 116.20-144.40 mg't; total hardness, 129.5
was done aad-libitum twice in a day at 09:00 hours -155.5 mgL'; total ammonia-nitrogen, 0.006-0.01
and at 17:00 hours so as to feed the fish neatigati mgL™. Zinc concentration of the rearing water was
The fish were weighed every 2 weeks during the tria 0.01-0.03 mgL* during the trial period.

period. The water quality parameters were analyzedExperimental diet and diet preparation: Six isoni-
fortnightly and maintained at an optimum level foe trogenous (40.00 = 0.02 % to 41.44+ 0.01 % crude
proper growth and survival of the fishes. Waterligpia protein) semi-purified experimental diets were farm
parameters were as follows: temperature, 18.45524.3lated to contain graded levels of zinc by suppleimgn
oC; dissolved oxygen, 7.15-8.76 mg;LpH, 7-9; total  the basal diet with 0, 10, 20, 40, 60 and 80 m§ kg
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Fig.1. Effect of dietary zinc on LDH (Lactate dehydro-

Table 1. Diet composition and proximate analysis of the eixpental diets (% dry matter (DM) basis) fedTo putitorafry
during the experimental period.

Diets

Ingredients 1(0mgzZN) 2(10mgZN) 3(20mgZN) 4 (40 mg ZN) 5 (60 mg 6 (80 mg

ZN) ZN)
Casein (vitamin fre@) 24 24 24 24 24 24
Dextrin® 14 14 14 14 14 14
Gelatirf 6 6 6 6 6 6
Egg albumin powdér 8 8 8 8 8 8
Fish meal 16 16 16 16 16 16
Cellulosé 6.80 6.79 6.78 6.76 6.74 6.72
Starch solubfe 10 10 10 10 10 10
Vitamin mix’ 2 2 2 2 2 2
Mineral mix 2 2 2 2 2 2
Soy lecithir 2 2 2 2 2 2
Fish oil 7 7 7 7 7 7
Sod.alginat® 2 2 2 2 2 2
BetaineHCLE 0.1 0.1 0.1 0.1 0.1 0.1
ButylatedHydroxy Tolu- 0.1 0.1 0.1 0.1 0.1 0.1
ene (BHTY
ZnSQ,. 7H,0O (mg/Kgf 0 10 20 40 60 80
Total 100 100 100 100 100 100
Proximate composition of diets
Moisture 8.13+0.01 8.20+0.01 8.02+0.02 8.14+0.01 1680.01 8.06+0.03
Crude protein (CP) 40.06+0.02 41.4410.01 41.15+0.3440.431£0.34 40.67+£0.03 41.15+0.23
Ether extract (EE) 10.17+0.010 10.16+0.008 11.1338. 10.14%0.017 10.16+0.020 11.13+0.014
Ash 3.49+0.010 2.82+0.023 3.13+0.014 3.13+0.003 98008 3.11+0.012
Total carbohydrate 46.27+0.040 45.56+0.202 44.57+0.348 46.29+0.326 47.07+0.049 44.60+0.242
Zinc (mg/kg diet) 16.7+0.06 28.0+0.09 42.1+0.08 59.3+0.08 72.1+0.07 92.5+£0.04
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Table 2The enzyme assays were analysed as per standdrddnet

S.N. Enzymes assayed References

1. Lactate dehydrogenase (LDH) Wroblewski and Ladue (1955).
2. Alanine aminotransferase (ALT) and Aspartaterarnansferase (AST) Wotton (1964).

3. Superoxide dismutase (SOD) Misra and Fridovich (1972)
4. Catalase (CAT) Takaharaet al (1960).

5. ATPase Fiske and Subbarow (1925).
6. Acetylcholine Esterase (AchE) Augustinsson (1957).

7. Glycogen level Hassid and Abraham (1957)
8. Protein estimation Lowry (1951)

Table 3.Growth parameters and % survivalTofputitorafry fed with zinc supplemented diets.

Treatments % Body weight gain SGR* FCR? PER® % survival
T 273.40+7.99 2.26+0.18 3.360.25 0.74+0.07 98.06%+0.58
T, 306.90+16.90 2.38:0.22 3.05+0.28 0.78+0.05 98.38+0.33
Ts 315.48+15.00 2.37+0.16 2.86+0.22 0.86+0.06 98.67+0.89
T, 354.28+18.85 2.52+:0.23 2.3140.17 1.06+0.07 99.380.67
Ts 345.89+21.45 2.48°%0.19 2.6210.21 0.94:0.07 99.35+0.33
Ts 237.96+14.82 2.02:0.14 3.8(£0.13 0.64+0.05 96.430.34

Values in the same column with different supergsrip, b, c, d, e and f) differ significantly € 0.05). Data expressed as Mean
+ SE, n=3 (each replicate had 100 fist§pecific growth rate’Feed conversion ratiProtein efficiency ratio; & 0 mg ZN;
T,= 10 mg ZN; B= 20 mg ZN; T= 40 mg ZN; F= 60 mg ZN; = 80 mg ZN.

in the form of Zn sulphate (ZnS@H;0O). Ingredients  multiplying nitrogen percentage by a constant facto
such as casein, gelatin, cellulose, starch, dexégy  6.25. Ether extract (EE) was measured by solvent ex
albumin powder, fish meal, fish oil, betaine chlieri  traction method (Socplus SCS-2, Pelican Equipment
soy lecithin, vitamin and mineral mixture (Zn free- Chennai, India) using diethyl ether (boiling poid@—
manually prepared and components procured from60 °C) as a solvent and ash content was deternbiyped
Himedia Laboratories Ltd., Mumbai, India) were used incinerating the samples in a muffle furnace (Macro
for diet formulation. The diet composition and grox Scientific Works, Delhi, India) at 600 °C for 6 Kl
mate analysis are presented in Table 1. All theeidig  the ingredients were analyzed for proximate composi
ents were formulated using the square method ofion prior to formulation of the test diets emplogi
Hardy (1980). The moisture content was determinedstandard methods (AOAC, 2005).

by drying at 105°C to a constant weight. Nitrogenc  Growth and survival study: Fish were weighed at the
tent of the sample was estimated quantitatively bystart and every 15 days interval till the termioatbf
Kjeltec semi-automatic system (Pelican Equipment,the experiment on the 60th day. The growth perform-
Chennai, India) and crude protein was estimated byances of fry were evaluated in terms of weight gain
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Fig. 2. AST (Aspartate transaminase) and ALT (Alanine
transaminase) activity of T. putitora fry treatedtwiffer-

ent concentrations of dietary zinc (values with edéht
superscript differ significantly (p < 0.05) and egps as
mean * SE) (n=6). Specific activities of enzymemessed

as AST as nano moles of oxaloacetate released/min/m
protein; ALT as nano moles of sodium pyruvate farrhe
mg protein/min.

Fig. 3. Superoxide dismutase (SOD) activity in muscle and
gill of T. putitora fry treated with different conuteations

of dietary zinc (values with different superscripffed
significantly (p < 0.05) and express as mean * SE)
(n=6).Specific activities of enzymes are expressedol-
lows: SOD as unit activity (amount of protein reguirto
give 50 % inhibition of epinephrine auto oxidation)
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Table 4. Effect of dietary zinc on ATPase activities in Statistical analysis: Data were analyzed by one-way
gill and AchE activities in brain off. putitora fry analysis of variance (ANOVA) and the significanfetif

reared for a period of 8 weeks. ence between the treatments was determined by Dun-
A TPase SAChE can's Multiple Range Test (DMRT) using SPSS (Versio

Treatments Gil Brain 16). The level of significance employed was 0.05.

T 1.88°0.173 0.130.01 RESULTS AND DISCUSSION

T, 2.70°+0.110 0.12:0.02

T, 1.77%0.051 0.22+0.01 Growth and survival study: The growth parameters

T, 1.0540.027 1.36+0.09 and % survival of the experimental animals of défa

Ts 2. 1140176 3.01+0.24 groups at the end of feeding trials are shown m th

Te 1.37%40.102 3.44+0.31 (Table 3). Supplementation of dietary zinc signifidy

P value 0.001 0.001 (p < 0.05) affected the weight gain% and specific

growth rate (SGR) of the experimental groups. The

and d) differ significantlyg< 0.05). Data expressed as mean hlghest p< 0.05) vyelgh_t gain % and_p(S(_SR were found
+ SE, n=3 (each replicate containing pooled sampfess 11 the group fed diet with 40 mg Zn kgliet (T,). The
fish) T:= 0 mg ZN; B= 10 mg ZN; &= 20 mg ZN: T= 40  lowest p< 0.05) value was observed ir group fed
mg ZN; Te= 60 mg ZN; = 80 mg ZN;*Adenosine triphos-  diet with 80 mg Zn k'd diet. In the present experiment,
phatase®Acetylcholine esterase. percentage weight gain and specific growth rat&.of

o - o putitora fry increased with dietary zinc levels up to a
(%), specific growth rate (SGR), feed conversiomrat concentration of 40 mg Kgdry diet and decreased

(FCR), protein efficiency ratio (PER) and survi®).  thereafter. The results indicated that supplemezital
The growth parameters were analyzed employing stanzq g improve growth performance @f putitora fry
dard methods of NRC, 2012. up to a certain extent which is in consistence wlitn
Tissue homogenate preparationAt the end of feed-  o5ts obtained ofyprinus carpio(Tanet al., 2011)

ing trial, 15 fish per treatment were sampled. Wes-  4nqcarracius auratugHasnatet al, 2012). FCR was
cle, intestine, gill and brain of the fishes weigsdcted  (ocorded a decreasing trend with increase in dietar

out carefully and ngghed. It was homogenizgd with Sine supplementation up to 40 mg Zn’kgiet and
chilled sucrose solution (0.25M) in a glass WbBWS jncreased thereafter which signify statistioak 0.05)
tissue homogenizer (Power Gen 500, Fisher Scientifi yitferences among the zinc treated groups. PER were
Germany). A 5% homogenate was prepared for all thggificantly higher for fish fed the diet supplembed
tissues. The tubes were continuously kept in idh ba \yith 40 mg Zn kg diet (T,) than those fed the zinc-un
while homogenizing. Thg homqgenate was Cemriqu?dsupplemented diefpg 0.05). Lowest % survival was

at 8000 rpm for 15 minutes in a centrifuge (Remi, recorded in the Fgroup and highest % survival was
Mumb_a|, India). The _supernatant was kept frozen at gpserved in the Tand Tgroups which did not vary
20°C till further analysis. significantly ( >0.05) among other zinc fed groups.

Enzyme assays The enzyme assays were analysed asrhe FCR and PER enhanced with increasing dietary
per standard method as mentioned in Table 2. zinc levels upto a certain limit. A similar trendasv

Values in the same column with different supersdap b, ¢
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Fig. 4. Effect of dietary zinc on catalase activity in gif T. Fig. 5. Effect of dietary zinc on glycogen level in musdle
putitora reared for a period of 8 weeks. Valueghe same T. putitora reared for a period of 8 weeks. Dataresged
series with different superscript (a, b, ¢ andidhiy statisti- as mean *= S.E, n=6 (each replicate containing pdole
cal differences (p <0.05), Data expressed as me&rE:n=6 samples of 15 fish).

(each replicate containing pooled samples of 19 fis
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found inCyprinus carpio(Tanet al, 2011) andCteno-  the present study are in agreement with the firgliofg
pharyngodon idellgLiang et al., 2012). These studies (Hasnatet al.,2012), who reported increasing trend of
suggested that feed intake and weight gain are-infl SOD activity in channel catfish and goldfish with i
enced by levels of dietary zinc. crease in dietary zinc intake. These changes itetica
Enzyme assaysDietary zinc supplementation signifi- possible mechanism of oxidative stress generated by
cantly (@ < 0.05) affected lactate dehydrogenasedietary zinc onl. putitorafry. The gill catalase activ-
(LDH) activity in muscle ofT. putitorafry (Fig. 1) in ity was significantly jp < 0.05) affected by dietary zinc
different experimental groups. LDH activity was re- supplementation (Fig 4). Gill catalase activity was
corded highestp(< 0.05) in 40 mg ZN group. Lowest recorded highest in 80 mg ZN fed groups that varied
value was observed in 80 mg ZN among all the treat-significantly among all other groups except 60 niy Z
ment groups. LDH plays a key role in energy metabo-Many environmental pollutants, including pesticides
lism and acts a pivotal enzyme between glycolyticand heavy metals are capable of inducing oxidative
pathway and Kreb’s cycle (Murrast al, 2003). The stress in fish (Pandegt al, 2003; Monteiroet al,
LDH activity in muscle was observed to be highast i 2006). The present study reports that the gilllaata
groups supplemented with 40mg zinc/kg feed. Theactivity was significantly higher in group expostxd
inhibition of LDH activity was observed in groups higher concentration of dietary zinc. However, our
deficient in dietary zinc levels. Present resuits i findings are not in agreement with the results ioleth
accordance with previous findings of Danieda al by Konget al (2012) who reported that CAT activity
(2012) who affirmed that inhibition of LDH activity was inhibited in the developing embryos@dirassius
may be due to ion imbalance or intracellular acttbn  auratusunder mercury exposure. Therefore the com-
metal subsequent to initial tissue damage. Effe€ts plicated action involved in CAT activity makes iffd
dietary zinc on the muscle AST and ALT activity are cult to completely elucidate, which requires furthe
presented in Fig. 2. Highegp & 0.05) AST activity  studies on the response mechanism of CAT in tHg ear
was observed in 80 mg ZN group exposed to highedevelopmental stage of fish under heavy metal expo-
concentration of dietary zinc and lower was obs@rve sure in order to provide additional evidence.

in control (0 mg ZN) group. An increasing trend was Tissue glycogen:The muscle glycogen level of the
found in AST activity with higher inclusion of daaty experimental groups is presented in Fig. 5. Dietary
zinc which varies significantly among the treatment zinc supplementation has significampt < 0.05) effect
groups. Similar trend was also noticed for ALT &cti on glycogen level in muscle. Highest muscle glyeoge
ity in muscle of dietary zinc fed. putitorafry which level was observed in 20 mg ZN followed by lowest
activity increased concomitantly in highest zingpsu observed in 60 mg ZN group. Tissue glycogen is com-
plemented group. This increase in activity sigsifie monly measured parameter of stress response (Manush
greater mobilization of amino acids for glucose-pro et al, 2005). Muscle is the chief component on which
duction via gluconeogenesis to cope up with stresghe nutritive value of fish may be assessed andogly
(Chatterjeeet al, 2004). Knox and Greengard (1965) gen is the main components of this tissue. Incré@ase
also reported that elevated level of transaminate-a glucose and concomitant decrease in glycogen on ex-
ity would lead to increased feeding of keto acit®i posure to various environmental toxicants like lyeav
TCA cycle thereby affecting oxidative metabolism. metals Zn, Ni, Cr and pesticides like sulphoxides,
However no parallel report is available on theafigt phosphamidon carbonate has been reported by (Sarma
zinc on AST and ALT enzyme activity to substantiate et al.,2013) and in muscle tissueslaibeo rohitaex-

our findings. posed to pesticides stress (Akhgaal, 2012). .

Dietary zinc supplementation has significgmt(0.05) In the present study, reduction of gill ATPase \aisti
influence on SOD activity in gills of treated greup may be due to alterations in the structure andtions
(Fig 3). Highest gill SOD activity was observedaf gill plasma membrane or may be due to direct inhibi
mg Zn group fed with 60 mg Zn RKgliet that varied tion of zinc on the enzymes. Further research is re
significantly from all other groups. Lowest valuasv  quired to validate these conclusions. Acetylcholine
observed in the control group (0 mg ZN) fed without esterase (AchE) is one of the most widely used rapzy
zinc. In the muscle, SOD activity exhibited sigodfint biomarker for environmental pollution (Varmt al,

(p < 0.05) variation among the treatments. In the mus-2011). Reduction in AchE enzyme activity indicaaes

cle the highest and lowest SOD activity was obsrve accumulation of acetylcholine in the brain tissnégr-

in 80 mg ZN and 40 mg ZN groups, respectively. Thefering with energy metabolism of the nervous system
present results showed that the activities of SGIbew preventing transmission of nervous impulses, and
affected during a 60 days exposure period to dietar thereby causing behavioral alteration (Saretaal,
zinc. The SOD activity was observed to be low in 2010). In agreement with the above studies, theemte
groups fed with 40 mg Zn Kgdiet which showed sig- results also evidenced that AchE activity decreased
nificant difference in response to control and gu significantly with the increase in dietary zinc cen-

fed with higher concentration of zinc. The resuits trations indicating an inhibitory effect of highdietary
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zinc exposure on AchE activity. intestine induced by acute exposure to copRema-
. nian Biotechnological Letters7 (6): 7873-7880
Conclusion Fiske, C.H. and Subbarow, Y. (1925). The colorinsette-

. . termination of phosphoroud. Biol. Chem 66: 375-400
For propagation of golden mahseéro( putitora), Hasnat, A., Babitk?a, Rpani., Kohli, M.P.S. and Chandra-

proper zinc supplementation in diet for feeding the  prakash, G. (2012). Assessment of zinc status &nd i
fishes is very important. To our knowledge thighie effect on thermal stress resistanc&arassius auratus-
first report on studying the effect of optimum dist fry. Israeli J. Aquacult.- Bamidgel64: pp. 13

zinc supplementation on the early developmentalHardy, R. (1980). Fish feed formulation, In: ADCP ¢5¢d
stages of golden mahseer. The present study cattlud Fish feed Technology, Agriculture development coord
that dietary supplementations of zinc at the let@| nation programme. FAO/ADCP/Rep., 80(1-1): 233-239.
mg Zn kg' in diet increased the growth efficiency, Hassid, W. ar!d Abraham, S. (1957.) Chemu;al proeediu
enzymatic responses and survival rate of fry ofigol for analysis of polysaccharides. In: Colowick, SRpK

: . s . lan, NO (eds.) Methods in Enzymology, Academic
mahseer. Enzymatic responses in nutritional ssudie Press, New York, pp34-37

are useful indices of defining the functional capes Kong, X., Wang, S., Jiang, H., Nie, G. and Li, 20(2).

of tissues. The use of enzymatic responses in fite p Responses of acid/alkaline phosphatase, lysozynie, an
sent study signifies the physiological responsed.of catalase activities and lipid peroxidation to meycu
putitora fry, which favours dietary supplementations exposure during embryonic development of goldfish
of zinc at the level 40 mg Zn kg-1. The resultsthe Carassius auratusiquatic Toxicology(120-121): 119-
present study will enable the scientific commuriity 125

formulate a suitable diet for larval stages of gold Lall,g. P|_-| (Zgozgwe mij”eragsa'”:d':is'g‘ N(Lj‘tmﬁ_d'*a;"er' J-S
mahseer which will be a boon for propagation amtt co » Hardy, R.W. (eds.) 3rd ed. Academic Press, San

: h Diego, CA, pp 259 — 308
servation of golden mahsedr. (putitord so as t0 gar- 5033 " vang, H.J., Liu, Y.J., Tian, L.X. abidng, G.Y.

ner the possibility of establishing the speciesdon- (2012). Dietary zinc requirement of juvenile grassp

mercial aquaculture. (Ctenopharyngodon idelJdbased on growth and miner-
alization.Aquaculture Nutrition18: 380-387.
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