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Abstract

The time has arrived to rethimk and rewnte the
inherent practices of feeding fishes. Since feed cost around
G60-80% of the total expenses 1n agquaculiure and that the
feed impredients are more fish mesl based, 1t 13
guirmtessential to reform the praciices more m:a.mu]:]yau
as to reduce the cost and dependence over manne sources
as well as to ease the fish 1n feedimg 1ta food Moreower 1t 13
also important to understand the requirements racher than
merely feeding the fish with our preferred choices snd for
this to happen, there 15 a need to understand the phy=aology
and feed preferences of each species and also 1ts habit and
habitat where it perpetuates and resomates. Hence 15 the
significance of nurnitional programmans which helps 1
promoting sustsinable fesding atratemes as it makes an
association between early nutritions] environment with
growth, metabolism and development. Nutritional
procramming establishes conducive environment for the
juveniles of fich torespond to exceptional morment rich feed
like plant bazed feed fed to them ao that they get eamly
acchmatized to such components 1n 1te later life wathou:
showcasmg difficulty in intake and absorpoon, assimlstme
those better than the non-programmed fishes. Such betrer
assimilation will mprove feed utihzation leading to leas
wastaze and mamimum feed conversiom. The program
intervenes the metabolic and momumolosics] proceases of
fizh ao that it can respond better to mmular diet later in ita
Life. Thia will help in replacmg the fish protemm source by
pla.uthaaeipmtemmthmamunbmuunuﬂwﬂm
compromize made over fish's meat gualicy. In additom,
programmed mutrtion also can evade the chances of health
1azues and can encure good health to the new born as well,
if the parent’s feed 13 accurately proprammed. Therefore
the technigue previously popular mm mammala has to be
employed n fishes too to saffbice the aguaculture produciion
and requirements of the world as thos techmque 15 capakble
of becoming & key tool 1n the mmdustry’s forward journey.
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Introduction

The posathility of metabolic programming emerged amee
the past 20 yearsa (Lm:aa et al., 1998). Nutritional
PIOETAmMMINE 15 an 13sue which ]:um to be explored to
understand the underlying mechamism sz of how 1t
modulated fisk metaboham (Geurden et al., 2014). Tke
enwmronmental stomuli given at javenile stage on 8 long
term basia through this programming links wich the
epigenetica of the fich and gets tramemitted from ome
generation to another gemeration {(Gavery et al.,
2017 Undoubtedly, to understand the vital mmmnmr:am:m
of food components with the genes, there 1s a need to brng
forth a substantial research into the “omiea” of Autrition
too {Trajillo er al., 2006

Futntiomal programming essentially aima at
reframing the feading strateges of fish to a more sustamsahle
patiern for promoting plamt based feed as the worldis facmg
difficulcy in obtaimng animal based feed sources (Francis
et al., 2001) wnthout negatively influencing fish’s growth,
reproductive performance and ita meat gualty through
evaluating its real metabohc phenomena and by regulaomg
itz nutrient intake and sssumilaton pattern {Panserar et
al, 201%. The wild catch 1a depleting due to mismsmnaged
fishine and therefore the stock 12 highly vulnerable. Hence
it's adwizable not to further unhze these for fish feed as
thizs may pave way for ecosyetem 1mbalance ulomately
{Hua, K., & Bureau, D. P, 2012).

To skaft to sustainakle feed meredionts, plant based
ingredients were mncorporated previcusly ieelf into the fah
feed but then the industry faced repercussions as the fishes
cidn’t respond duly. The plant sources didnt have ezsential
fatty acids for fishes and moreover the manne fishea could
not synthesize these. Simultaneously, the plant inzredienta
were loaded with carhohydraces and the carmivorous fishes
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poorly metabohized carbohydrates
{Concercao et al., 2007}, thue restnicting
all rogether the carbohydrates n fish feed
{Hua E., & Bureau, D_P., 2012). Hence
1z the 1m]:-nrt ance nf mutritional
procramming which turned out 53 a
frurful cuteome cut of the search for
mechanisms to maxim ze the capacity of
fish to wtilize altermate emergy sources
{Comcelcas et al., 20107,

The various positive outcomes of
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Fipure 1: Intra-tiseue commumication of fiah metaboliam
{Source: Zhang, ¥, Lu, K., Gm, €., & MNie, G. (2020}, Precsion

nutntional regulation and aguacultare.
Aguaculiure reports, 18, 100456 [24].)

experiments with European sea bass, Lomg enout sea bream
Arlantic palmon, Kainbow trowt, Nile tilapia and many more.

Along with thia boon has developed the comcept of
prmnummwhﬂmtupmﬂemmm
tothe fsh depending upon the species, developmental stage
and bresding ervironment g0 28 to decTesse environmental
perturbations and to enhance profits. [nnprovieation of feed-
processing techmigues and development of specific feed
combination will serve the purpose of precision auirition
by acting az a key tool Thea Exemph.ﬁe-a that ﬂm:rngh
succeesful nutntional programming, precision auiricion

will iteelf pet promoted snd populansed (Zhang et al | 20200
Methodolosy

The deaired fish species 13 selected and the experimental
plam 1= developed to expose 1t to programmed dist.

The mmtial phase in nuimtional programmmg vvolves
mutnitional conditioming to larvae. The second phaseisto
repeat the same mnﬂlﬂunmg with the juveniles. The feed
formulation and micronjecton or dietary ImecoTrporation
follows. Microinjection 18 essentially proved as an effective
tool to alter nutritional compesaition of volk (Rocha, F.S
2015). Further as per sach experimental desizn and s tome
frame, the fiches are randomly eelected and analyzed- hlood
metabolite analysiz, mENA guantufication, chemacal
assaye are performed accordinsly closely ensued by daza
analyais for fimal chservations and reaults.

pathwaye. and regulatiom of gene

expressiom at ita epigenenc level dunng
& crucial phaze of 1ta hfe when they show

high plasticity and flemibility 1n
development (Hou, Z_, & Faiman T A |
20200, Best results eame out from

The Exemplary

The success stories of autrinonal procramming of few
among the various fishes teeted with, are as given below.
Metabolic programming by dietary carbohydrate 1n
European sea bass larvae with 34% of starch in feed a5 a
sumulus brought positove results. The ourcome of the
experiment howsoever also supgested that the larval

condroomng may fade over nme and bewnee 1t 12 approprisce
to give nutritional stress pulsea regularly dunng the frat
montha of hife to fish for commstent results (Zambonano-
Infante et al., 20159).

Studies 1 Hippocampus retdi {long snout sea bream)

revealed that nutritionally programmed parents produce
kbetter offspring (Otero-Ferreret al., 2016).

Atlantic salmon responded posztvely to programmed
dier when fed 3 months pnor with plant based feed. Later
the fish exhibited sreat assimilability with the feed reflecoine
in its growth, feed retemtion and feeding efficiency. A atudy
revealed 24% higher prowth rate with vegetable kased foed
in itz early development phase as agamst marme hased
diet. Mutntionsl intervention improved carbohydrate,
;rutain and lipid metabolizm by 28%, signalime by 15% and
immune, endocrine snd tranalsoons by 7% (Vera et al, 2017,
Furtherrt induced an up-regulation in genes m'l.rulveim
phosphorylation, pyruvate metaboliem, TCA cycle,
glycolyais amd fatty acid mEtEl.'hu]iamin]:hrer Veraetal,
2017
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In rambow trowut, nutritionsl programming with
sustainable feed uﬂe:ted the routes of sense recopmtion,
EFmaptlc communication, cogmtive actvities of the body
and the activines neurgendocrine peptides mthe bram As
of liver, the pathwaye asacciated with zemchiotic
metaholism, proteolysis and cytoskeletsl cell cyele comirol
are affected (Balasubramaman et al., 2016).

For Mile tlapia, 20 microimjection of glucose into
1ta yolk reserve durimg 1ta juvenile etage had several poasitive
effects om1te adult hice, Efﬁnieutmnfglumewithpmtedn
sparng effects, inductng hpogenssia and decreasing amino
acid catabolizm, leadime to1ts onproved growth performance
(Eumkhong S_ 2020).

The scienniets at Umiversity of Texas through their
study revealed that the iish red drum gets 1ts DHA which

properly programmed nwinton 15 provided, the benefits
are innumerable, rangsing from cost effectiveneas to high
survival rate and hest growth and reproductive

performances (Fuiman, L A & Perez, K0, 2015).

As of zebra fish adult programmed with
caa.thuhyi.ratea, 1 saye that the time alot from culture to
Wesningis Gn important pericd for potennal modification
of itz lomg-term phyeiolosical fanctions and that 1t 18 poamble
to permanently alter e carbokydrate dizestion, transport
and metabolism through early mutricional programming
in this time frame (Fanget al., 2014).

Whale, the zebra fish when fed with plan: protein,
the programmed fish group expreesed mmproved middle
imtesrmal limimg area with kishest villus length to width
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Figure 1 : Schematic drawing with a model of different sensing systems for glucose, fatty acid, and amino
acid in sensor cells in fish (Source: Conde-Sieira, M., & Scengas, J. L {2017). Nutnent sensmp eyetema in fish-
mmpact on food mtake regulation and energy homeoatasia. Frontiers in neuroscience, 10, 603 [4].)

18 contained in 1te volk for its offsprmp’s proper developmen:
comes from the i1ts food source- shrimp snd crab. Decline
in theee food reeources due to damsped ecosyetem 15 therefore
Lhkely to impact the young one’s survival. Hence they
reported the significance of metabolic programming here
for the dechning fish populations to recover as one of the
IMpPOrtant comsServatlon strateglea amongst the orher
sirategies. Several countries release milhone of young ones
into the aatural water bodies to replemsh the natural fish
stock by hatchery production and rearning. In this step if

asmmilation as endocrine and morphological adaptation of
the digestive system culmunating in improved. growth
performance (Kwasek et al 202(0.
Anpther case 13 with the same zebra fish as a model
nrgamam mnstead Itis fednurnnnnaﬂj'mg:mmmedfeei
to mecrease 1ts experimental vigor and wrality for s
nutrisenomice and Auinisenstics study and also for
analyzng the effect of variation at genetic level on dietary
responee and the role of autrients and oactive food
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Figure 3 : Graph expressmng the relatonship of fizh'a
growth potential and health staras with heterogeneity
through 1tz various Iife stages

COIMpORents 1N gene expreasion respectively (Fenech
et al 2011}, ultimately enhancing 1ta value and efficacy as
a model orgamism. The zebra fish commumity wall benefic
from an meressed understanding of the nutntional needs
of zebra fish (Wilhames, M B. & Warte, 5.4, 2015). Hence
similar studies are the need of the hour and especially

Prospects of Nutritional programming

The envircamental factors confronted during early
developmental stages, the differemces in each hsh's
phyeiology and survival stratemes, nutritional mmtervention
type and time of developmental windows affects the process
of rutritional or metabolic programming.

HNutntiomal programming i1n fact imvokes a
permanent functional change 1n the fish’s phyeiology by
affecting its crucial crgans developmen: accordingly and
adaptively tunes ita body to the changed trophic comdition
and enviroament which 1t may hkely encounter in 1ta furure
oo,

Several studies are happeming acroas the globe 1n
testing the sustainable feed (plant-bared) served to fish with
minor melusion of amimal based components. Succesaiful
results have come up while tesong with different species
under different conditicme and that an unverssl strategy
15 Fet T0 COME OuE.

In fact the outcome of this research will influence
and imp=sct academia, feed industry and the consumers.
HNew feed formulation will pop-up to feed the programmed
fiah to better uinihize its food thereby curnng feed cost asthe
sustainahle feed has replaced the costly marme mmeredienta,
with beat flesh gquality ensured anvhow. Further with
programmed fish 1ta health and well-being 15 pusrantesd
on & better acale benefitting the induatry as a whole from
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loases. Mutrmional programmumg which incorporated plant
protein is also said to alter the gut epicthelial hming,
subsequently 1 mc.ream.ng fizh's re-amnnty to megative side
effects of plant protein, improving ite akality to cope with
these alternative raw matenials and better azsimulate them
m later life. With the processing sector, the improved meat
quality 15 a boom.

Epigenenc mechanisma such as genomic imprinting
may affect programmimg. These epipenetic modification 1s
stimulated by environmental changes occurming 1n both
somatic and germ cell hneage during development.
Murnnonal changes made at earher stage 1n fact modify
call-specfic DNA methylation patterns and these akered
DA methylation patterns m specific cells are transmorred
to the daughter cellas by rephcanon too, whereby the 1mmal
modifications are immortalized (Patel. M5 & Somavasan,
AL 2002).

But however certain research hke with respect to
the case of European ssa bass, sall there 1= a nesd 1o mnenll
the programoung effects 1n the feh nll ite adulthood and
for this the posaible bologeal mechamame to imprmt the
stimulue imcludes: adaptive geme expression changes,
preferential clonal selection of adapted celle m prosrammed
tizsues and programmed differential probhferation of tizsue
cell typea.

Way Forward

With all these benefits, 1t 12 understood that
nutntional programmong kas a kuge future ahead 1n the
aguaculiure sector. Mecessary ecientfic and technical
intervention will lesd forward Understandine fish
mutritnonal requurements snd those factors influencme these
with appropriate management stratezies will help 1n
building a robust and sustainable fichenes sector. However,
pracical implication with due awareness creation among
farmers and other stakeholders 18 easental to aucceed
ulimarely.
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