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ABSTRACT KEYWORDS
A 60-days feeding trial was conducted to study the effect of different feed- Alternate feeding strategies;
ing strategies with normal and low protein diet on digestive and metabolic D|gest|v.e enzymes,
activity in Labeo rohita fingerlings. One hundred thirty five fingerlings Metabolic enzymes,
were distributed in triplicate groups of each treatment. Three experimental Labeo rohita.

isocaloric (401.32 to 410.28 kcal/100g) diets of 30%, 25% and 20% crude
protein designated asdiet A, diet B and diet C respectively were prepared,
using locally available feed ingredients. Three different feeding schedules
of normal protein diet continuoudly (diet A-30%) throughout the experi-
ment, alternate feeding of 1-day diet A followed by 1-day diet B (1A/1B) and
alternate feeding of 1-day diet A followed by 1-day diet C (1A/1C) through-
out the experiment were tested by feeding the fishes at 5% body weight
daily. Results showed that digestive enzymes activity such as protease and
amylasewashigher inthe group fed 1A/1B. Glucose 6 phosphatase (G6Pase)
were also analysed. The metabolic enzymes such as lactate dehydrogenase
(LDH), malate dehydrogenase (MDH) are reported to be significantly dif-
ference (p<0.05) in among the different feeding schedules. The proteolytic
activity such as alanine amino transaminase (ALT), aspartate amino tran-
saminase (AST), akaline phosphatise (ALP) were reported to be higher in
the group fed with 1A/1B feeding schedule.

© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION demands|eadsto increased amino acid degradation

and theloss of nitrogen to ambient waters, whichin

One of the main objectives of fish nutritionre-  turn could result inwater eutrophication'>23, Thepro-
searchisto minimizetheamount of proteinindiets teinusedinfishdietsismainly fromfishmeal, there-
and cover energy requirements using carbohydrates fore any reduction in its use could also lead to de-
or lipids. Excessdietary protein with respect togrowth  creased pressure on overexploited marinefisheries;
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asin many cases, asignificant part of catchesiscon-
verted to fish meal .

Fish have the enzymes and metabolic pathways
required to regul ate the metabolism of carbohydrates
ingested through diet®>*°, However, the intermedi-
ary metabolism of carnivorousfish, likerainbow trout,
shows only moderate adaptation to high levelsof di-
etary carbohydratel> 1419 |ntegrated studies com-
bining enzyme regulation, nutrient digestibility and
growth performancein relation to dietary carbohy-
dratesarerequired for cultured specieslikegilthead
Sea bream.

Digestive enzyme pattern can reflect the feeding
habit of fish (whether it isherbivore, detritivore, om-
nivore or carnivore) and also reflectsthe digestive
capacity of fish*), Thetype, source and amount of
nutrients can alter the enzyme profile/concentration of
digestivetract. Thisadaptive characteristic of theen-
zymes can be successfully used to take advantage of
the nutrient content of dietd*®. Digestive enzyme ac-
tivitiesin fish vary among species, which can beinflu-
enced by theage aswell as by the quantity and com-
position of diet!*¥. Several comparative studiesof the
digestive enzymesin different fish specieshave been
reported2-27,

Labeo rohita (commonly called rohu) isthe most
important Indian Major Carp (IMC), whichisculti-
vated commercially acrossthe country. Traditionally
and commercially rohuisbeing fed with farm-made
rice bran and oil cake-based diet containing 30-35%
protein. To our knowledge no studieswere conducted
to investigate the digestive enzymes and metabolic
profilein thisfish speciesasameansto optimizethe
nutrient requirements. Studiesonthedigestiveenzymes
infish might el ucidate some aspectsof their nutritive
physiology and thus could support devel oping nutri-
tiona strategiesfor fish feeding and diet formulation.
Metabolic profilemay reflect the availability of nutri-
entswhichinturnisassociated with digestion and ab-
sorption(*®28 athough in warm water fish, correla-
tion between growth and metabolism is controver-
sal®,

Inthis context, the present study was undertaken
to study theeffect of mixed feeding scheduleof norma
and low protein diet on digestiveand metabolic activity
inLabeorohitafingerlings.

EXPERIMENTAL

Experimental animal

L. rohita juvenileswere procured from Khopoli
fishfarm, Maharashtra, India. Thefishesweretrans-
portedinadircular container (5001) with sufficient aera
tionto Centra Ingtituteof FsheriesEducation, Mumbai,
Indiaand wereacclimatized to theexperimental rearing
conditionsfor 15 days.

Experimental design and feeding

Threeexperimental isocaloric (401.32t0410.28
kcal/100g) dietsof 30%, 25% and 20% crude protein
designated asdiet A, diet B and diet C, respectively
wereprepared, usinglocdly availablefeed ingredients
asshownin TABLE 1. Onehundred thirty fivefinger-
lingsweredistributed intriplicate groupsof each treat-
ment followingacompletely randomized design (CRD).
Feedingtrial was conducted for 60 days.

TABLE 1: Composition of the experimental diets (% Dry
matter basis)

Ingredients Diet - A Diet - B Diet -C
Fish meal 21 18 13
Soybean meal 16 10.6 7
MOC 11.6 10 6
GNOC 16 11 6
Wheat bran 8 15 20.6
Corn flour 11 14 20
Rice Bran 10 15 21
Fish Qil 4 4 4
Premix 2 2 2
VitC 0.2 0.2 0.2
BHT 0.2 0.2 0.2

Composition of vitamin mineral mix (PREEMIX PLUS) (quan-
tity/2.5kQ)

Vitamin A, 55,00,000 I U; Vitamin D,, 11,00,000 1U; Vitamin B,,
2,000 mg; Vitamin E, 750 mg; Vitamin K, 1,000 mg; Vitamin B,
1,000 mg; Vitamin B,,, 6 mcg; Calcium Pantothenate, 2,500 mg;
Nicotinamide, 10 g; Choline Chloride, 150 g; M n, 27,000 mg; |,
1,000 mg; Fe, 7,500 mg; Zn, 5,000 mg; Cu, 2,000 mg; Co, 450 L -
lysine, 10 g; DL- Methionine, 10 g; Selenium, 50
ppm; Satwari, 2500 mg.

Diet - A (30% CP); Diet - B (25 % CP); Diet - C (20% CP)

Tissuehomogenate preparation

Themuscle, liver and intestine of thefisheswere
removed carefully and wereweighed. It was homog-
enized with chilled sucrosesolution (0.25M) inaglass
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tubeus ng Tefl on coated mechanical tissuehomogenizer.
Thetubewascontinuoudy kept iniceto avoid heating.
The homogenate was centrifuged at 5000 rpm for 10
min at 40°'C in acooling centrifuge. The supernatant
was stored at 40°C until use. A 5% homogenate was
prepared for muscle, liver and intestine. Theintestina
content was removed before homogeni zation.

Enzymeassays
Protease

Protease activity wasdetermined by casein diges-
tion method as described by Drapeau™. Theenzyme
reaction mixtureconsi sted of 1% caseinin 0.05M Tris
POA4 buffer (pH — 7.8) and incubated for 5 min at 37
‘C. Tenmin|atter reaction was stopped by adding 10%
TCA. Thenthesamplewasfiltered after 10 min of the
reaction. Adding tissue homogenatejust before stop
the reaction and with no incubation was made there-
agent blank. Oneunit of enzymeactivity wasdefined as
the amount of enzyme needed to rel ease acid soluble
fragments equivalent to 0.001A280 per minat 37°C
andpH 7.8.

Amylase

Thereducing sugars produced dueto the action of
glucoamylase and amylase on carbohydrateswas esti-
mated using Dinitro-salicylic-acid (DNS) method by
Rick and Stegbauer®Y. The reaction mixture consisted
of 1% (w/ v) starch solution, phosphate buffer (pH-
6.9) and thetissue homogenate. Thereaction mixtures
wereincubated at 37°C for 30 min. DNSwas added
after incubation and kept in boiling water bath for 5
min. After cooling, thereaction mixturewasdiluted with
distilled water and absorbance was measured at 540
nm. Mdtosewas used asthe standard. Amylase activ-
ity was expressed as mole of maltose rel eased from
starch per min at that temperature.

L actate Dehydrohenase (L DH)

TheLDH activity intheliver tissuewas assayed by
the method of Wroblewski and Ladue®. Total 3ml of
thereaction mixturecomprised of 2.7ml of 0.1 M phos-
phate buffer (pH 7.5), 0.1 ml of NADH solution (2 mg
NADH dissolvedin 1ml of phosphate buffer solution),
0.1ml of tissue homogenate and 0.1 ml sodium pyru-
vate. Thereaction was started after addition of sub-
strate sodium pyruvate. The OD wasrecorded & 340nm
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at 30 secondsinterva for 3min. Theenzymeactivity
was expressed asunits/mg protein/min at 25°Cwhere
1 unitwasequal to D0.01 OD/min.

Glucose-6-Phosphatase (G-6-Pase)

The G-6-Pase activity intheliver tissuewas as-
sayed by themethod of Marjoric*. Theassay mixture
consisted of 0.3ml of malate buffer (pH 6.5), 0.1 ml of
0.1M glucose 6-phosphate solutionsand 0.1 ml of tis-
sue homogenateand wasincubated for 15 minat 370C.
Thereection wasterminated by addition of 1 ml of 10%
TCA solution. Onemilli litreof thediquot of the super-
natant wasused for phosphate (Pi) estimation by method
of Fiskeand Subbarow.

Aspartateaminotransferase (AST) and Alanine
aminotransfearse(ALT)

TheAST activity was assayed in different tissue
homogenates as described by Wooten®4. The substrate
comprised of 0.2M D, L- aspartic acid and 2mM o~
ketoglutaratein 0.05M phosphate buffer (pH 7.4). In
theexperimenta and control tubes, 0.5ml of substrate
was added. Thereaction was started by adding 0.1ml
of tissuehomogenate. The assay mixturewasincubated
at 37°C for 60 min. The reaction was terminated by
adding 0.5ml of 1ImM 2,4 dinitrophenyl hydrazine
(DNPH). Inthe control tubesthe enzyme sourcewas
added after DNPH solution. The tubes were held at
room temperaturefor 20 min with occasiona shaking.
Then 5ml of 0.4N NaOH sol ution was added, the con-
tentswerethoroughly mixed. After 10 min, the OD was
recorded at 540nm against the blank. The procedure
adopted for ALT activity was same asthat for AST
activity except the substrate comprised of 0.2 M D,L-
danineinstead of aspartic acid.

Alkalinephosphatase (ALP) (E.C.3.1.3.1)

ALP activity was determined by Garen and
Levintha™, Theassay mixture consisted of bicarbon-
ate buffer (0.2M, pH 9.5), 0.1 M MgCI2, tissue ho-
mogenate and freshly prepared 0.1M para-nitrophenyl
phosphate (p-NPP) assubstrate. Thereaction mixture
wasincubated in water bath at 37 °C for 15 min and
then stopped with 0.1 N NaOH. Optical density was
recorded at 410 nm. ALP activity was expressed as
nanomoles p-nitrophenol released/ min/mg protein at
37 °C. Acid phosphatase (ACP) (E.C. 3.1.3.2) activ-
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ity was estimated using the same method asALP, ex-
cept that acetate buffer (0.2M, pH 5) wasused inplace
of bicarbonate buffer. Tissue protein content was de-
termined following the standard method by Lowry!®8
and expressed asmg protein/g wet tissue.

Satistical analysis

Mean valuesof all parameterswere subjected to
one-way ANOVA to study the treatment effect and
Duncan’s multiple range tests were used to determine
thesignificant differences between any two means, if
they were significant. Comparisonswere madeat 5%
level probability level. All thedatawereanalysed using
statistical package SPSS (Version 16).

RESULTSAND DISCUSSION

Protein requirement sudieson fisharethemostim-
portant aspectsof aguaculture. Requirement studiesin
fisharegenerdly carried out using purified research di-
etsto enable cons stency, though these dietsfind lim-
ited or no usein commercial level feeding practices.
For thisreason, practical dietswereformulated inthe
present study. L. rohita fingerlings showed best growth
indternate day feeding strategy of norma andlow pro-
teindietingroup T 1fed (1A/1B). Growth of fishisan
outcome of numerousfactors, the reason why growth
alone cannot be selected asacriterionto formulatethe
best artificial feed for agpecies. Moreover, dietary pro-
tein and growth rate are not dways correl ated®?, which
also dependson environmenta factors. Therefore, di-
gestive capacity and metabolite concentrationswere
used in optimizing thedietary nutrient balancefor L.
rohitafingerlingsin the present paper.

Body weight

The body weight of the experimental groupswas
recorded a 15 daysinterval. Therewassignificant dif-
ference (P<0.05) inthe body weight gain among differ-
ent trestment groupsat the end of the experimental pe-
riod. Thesignificantly improved growth was observed
inthegroup T1fed (1A/1B) diet and thelowest wasin
thegroup T2fed (1A/1C) diet. Theinitia body weight
among thetreatment group varied from 41.56+0.241¢g
t042.9+0.321g and the final body weight varied from
78.03+0.95 gto 86.23+0.41g. This result is supported

BIOCHEMISTRY (mm—

with thefindingsof Ali®® demonstrated that the mixed
feeding scheduleof aLow Protein (LP) aternated with
aHighProtein (HP) - (1LP/1HP) resulted in the best
growth, feed utilization and production compared with
feeding sutchi catfish and silver carp withaHigh Pro-
tein (HP) continuously. Conducting experiments on
mixed feeding schedul es, similar typesof growthre-
sponse have a so been reported in common carp, in
which low- and high-protein-based dietswerefed a-
ternately resultedin higher growth and thiswas consd-
ered asapossibleway of reducing feed cost®>4,

Enzymeassays
Protease

Intheintestine, the protease activity was signifi-
cantly higher (P<0.05) inthe T1 fed (1A/1B) group
followed by control (30% CP) and T2 fed (1A/1C)
groups. Thesignificantly lowest activity wasfoundin
T2 fed (1A/1C) group. Similarly same results were
observedfor liver.

Protease activity inintestine showed significant dif-
ferenceinamong thedifferent treetment groupsasthe
dietary inclusion were of the carbohydrate source so
the non chalancy of protease activity wasobvious. In
contrast tothis, trypsin wasfound to be unresponsive
to dietary CPin early-weaned seabass*J. Trypsinand
chymotrypsin activitiesin pintado were unresponsive
to diet composition in pintado by Lundstedt et al?®.
L opez-lopezi“? also could not find any correlation be-
tween protease activity and dietary CP and between
protease activity and growthin Homarusamericanus.

Amylase

Thegpecificactivitiesof amylaseintheintestine of
thefishesof different experimenta groupsareshownin
theTABLE 3. Theamylaseactivity of intestinewasSg-
nificantly different (P<0.05). Intheintestine, theamy-
laseactivity wasfound to behigher inthe T2 fed (1A/
1C) group followed by T1 fed (1A/1B) and control fed
group.

Low amylaseactivity in carnivorousfish (with stom-
ach) and high activity inomnivorousfish (without stom-
ach) isthegenerd assumption#4, Inthe present study,
amylaseactivity did not changesgnificantly, whichisin
agreement with Hoyl€“% and L opez-Lopez“3, who did
not find any correl ation between amylaseactivity and
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TABLE 2: Feeding strategiesduring the experimental pe-
riod

C Diet A (30%) throughout the experiment.

T1 Diet A (30%) followed by Diet B (25%) in alternate days.

T2 Diet A (30%) followed by Diet C (20%) in alternate days.
C — Control, T1 - Treatment 1, T2 —Treatment 2

Diet A — 30% protein, Diet B — 25% protein, Diet C — 20%
protein

TABLE 3: Enzymeactivity in different treatment groupsfed
different diet at end of theexperiment.

—— Regdular Peper

TABLE 4: Lactatedehydrogenase (LDH) and M alate dehy-
drogenase (M DH) activity in Muscleand Liver of L rohita
fingerlingsfed with different experimental diet.

Treatments LDH MDH
MUSCLE LIVER MUSCLE LIVER
¢ ii)?.iga 1.03°+0.025 i%‘ 1)822 0.55"+0.01
™ il(i%77b1 1.09%:0.23 ab(i(?é 5 061%0.041
2 i'(fg; 0.79£0.34 i%z)l;; 045%50.15

Treatments Amylase (Int) Pr(?tr]et?se '(Al\lr_nF)) Sage

(Liver)
C 0.0566:0.023 i%_%i_%; i‘g?g’ fbi?;
T1 0.0899°+0.0015 i%_%?‘; fgg i?;-iib
T2 0.0911°:0.032 ig'-ggg’; 122-;5 iﬁ%b

Mean values in the same column with different superscript
differ significantly (P<0.05).

Int: - Intestine, Unit: U/mg protein.

Amylase as micromole of maltose released/min/mg protein
Protease as micromole of tyrosine released/min/mg protein
AL P as nanomoles p-nitrophenol released/min/mg protein at 37
OC;

G-6-Pase expressed as nano moles phosphorous released /mg
protein/min at 37°C

Data expressed as Mean + SE n=6

carbohydrate/starch content of the diet in Homarus
americanus and Cherax quadricarinatus, respec-
tively. However, Cahu and Zambonino Infante*! re-
ported that diet induced amylase activity in seabass,
Dicentrarchus labrax larvae. Amylase activity was
found to increase in rainbow trout (Oncorhynchus
myki ss) fed diets containing increasing rates of dietary
protein“é- 41, Amylase and protease activitiesincrease
withincreasein dietary carbohydrate or protein®d. As
aresult, amylase/protease (A/P) ratio can beused to
study theinfluence of diet composition onthese enzy-
matic activities. When theoptimal dietary level of car-
bohydrate and proteinis surpassed, enzymeactivities
responsiblefor their breakdown begin to decreasd®!.

L actate Dehydrogenase (LDH) and Malic En-
zyme(ME)

The Lactate Dehydrogenase and Malic enzyme
activity intheliver and muscleof L. rohita fingerlingsof
thedifferent experimental groupsare presentedinthe
TABLE 4. The Lactate Dehydrogenase activity inthe
liver wasfound to be significantly higher thanin the

Values in the same column with different superscript differ
significantly (P<0.05)

LDH: specific activity expressed as Units min/ mg protein at
::A7D(f-|: specific activity expressed as Units/ min/ mg protein at
?)Zit(; expressed as mean =SE, n=6.

muscle. Intheliver, significantly highest activity was
foundintheT1fed (1A/1B) group and lowest activity
wasrecordedin T2 fed (1A/1C) group.

Intheliver, sgnificantly (P<0.05) highest malatede-
hydrogenase activity wasfound in the group T1 fed
(1A/1B) and therelatively low activity hasbeen found
in T2 fed (LA/1C) group. Inthe muscle, the highest
activity wasfound sameasin liver and thelowest activ-
ity wasrecordedin T2 fed (1A/1C) group.

L actate dehydrogenase (LDH) isanimportant en-
zymeinglycolytic pathway. LDH convertspyruvateto
lactatein the presence of coenzymeNADH that iscon-
vertedto NAD*. In presence of enough oxygen pyru-
vateenterstheKreb’s cycle but under anaerobic condi-
tion, LDH helpsinATP production by converting pyru-
vaeto lactate. ThusLDH assay servesasauseful stress
indicator. LDH activity increaseswith stressviz. tem-
perature stres§> starvation stressand confinement
stress®l. LDH activity increaseswith increase energy
demand. Inthe present study LDH activity inliverin-
creased Sgnificantly in treatment groups as compared
to control group.

Glucose-6-Phosphatease (G6Pase)

Significantly highest G-6-Pasevalueof liver was
recordedinthegroup T2 fed (1A/1B) followed by T2
fed (LA/1C) group and control (30% CP) fed group.
Thelowest activity wasrecorded in control groupwhich
wass gnificantly different fromall other groups.

G6Paseisan enzyme, which catalyzesthe conver-
sion of glucose-6phosphateto glucose. Thebraintis-
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suesessentidly requireglucose. Gluconeogenesisisthe
process by which glucoseis produced from non-car-
bohydrate sourceslike proteins, fatty acidsand glyc-
erol etc. G6Pase activity inliver of Labeorohitafin-
gerlingsin experimental groupsweresignificantly re-
duced as compared to the control group.

Alkaline phosphataseactivity (ALP)

TheAlkdinephosphatase activity intheintestine of
L. rohitafingerlingsof thedifferent experimenta groups
areshownintheTABLE 3. TheALPactivity of intes-
tinevary sgnificantly (P<0.05) anong thedifferent ex-
perimental groups. Significantly highest ALPvaue of
liver was recorded in the group T1fed (1A/1B) fol-
lowed by T2 fed (1A/1C) group and control (30% CP)
fed group. Thelowest activity wasrecordedin 1A/1C
group which was significantly different fromall other
groups.

Alkaline phosphatase (ALP) activity wasreported
tobeanindicator of theintensity of nutrient absorption
in enterocytes of fish5253, Blier et a.* aso did not
find any significant differencein ALPactivity ingrowth
hormone transgenic coho salmon that was supposed to
have higher growth rate compared to non-transgenic
coho salmon. But, the growth rate of Atlantic cod was
found to be positively correlated with AL Pactivity,
The herbivorousfishesarereported to havelesser ALP
activitiesthan carnivorousfishes®. The herbivorous
fishesarereported to havelesser ALPactivitiesthan
carnivorousfishes®?.

Aspartateaminotransaminase(AST) activity and
Alanineaminotransaminase(ALT)Activity

TheAST andALT activity of Labeo rohitafinger-
lingsfed with different experimenta dietisshownin
TABLE 5. Theactivity of enzymeinliver and muscle
differ sgnificantly (p<0.05). Inthemuscle, the highest
activity wasobservedin T1fed (1A/1B) group which
wassignificantly different fromal other groupsand the
lowest activity wasrecordedin T2 fed (1LA/1C) group.
Intheliver, the highest activity wasfoundin thegroup
T1fed (1A/1B)) and thelowest activity hasbeenre-
cordedin T2fed (1A/1C) group.

Thissuggeststhat muscletissueisvery efficientin
utilizing amino acid for metabolic purposes. Both liver
and muscle showed anincreased activity of AST and
ALT indiet of 1A/1B. Thismay be dueto the utiliza-
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TABLE5: Aspartateaminotransaminase (AST) or GPT and
alanineaminotransaminase (ALT) or GOT activity inliver
and muscleof different experimental group

Treatments AST ALT
Muscle Liver Muscle Liver
49.482 10.41* 42.32°

C £75 138 314 35.2¢0.96

a 14.2 45.13% a
T1 50.28%+2.3 12 11.04 36.28%:0.45
a
T2 45.79%1.47 9.9+1.01 1112170 32.01+2.81

M ean values bearing different superscripts under each column
vary significantly (P<0.05)

ALT: specific activities expressed as nano moles of sodium pyru-
vate formed/mg protein/minute at 37°C.

AST specific activities expressed as nano moles of oxaloacetate
released/min/mg protein at 37°C

Data expressed as mean +SE, n = 6.

tion of the glucose derived TCA intermediatesfor pro-
tein synthesiswhich has given the highest growthin
T1 (1A/1B) group. Inliver and muscletissue both,
AST predominatesover ALT wheretheformation of
amino acids via energy cycle is more through
glutamate-aspartate pathway. Thisrepresentstheaero-
bic tendency of thetissues and glucose utilization for
energy production. High proteinintake enhancesglu-
coneogenesis and amino acid catabolism(?® %659, Ala-
nine aminotransferase activity in liver and muscle
showed oppositetrendto that of AST inboth thetis-
sues. It seemsthereiscomplementary activity of these
two amino acid metabolizing enzymesin aparticular
tissue (liver or muscle).
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