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Abatract

Aguaculture 15 a fast-growing sector that produces
kigh-quality fish. Fimding ressonably priced feed 1=
meceseary for aguaculture operations tobe sustamahbles and
generste high margpinal profits. Health and growth of
cultured fish species are impacted by nurntioas aguafesda.
Coat-effective feed must be available m order to make
momey. High dicesubibity, acceptable palatability, great
amino acd content, and lack of non-mutritional components
are just & few of the enmeal requirements that protein
sources used 1n aquafeeds muet satisfy. Wolfhia globoaa,
which can booat fish profitabihity when added to chetama
well-processed state, 13 highlizhted 1m thia article.
Aquaculture can be sustainebly produced by wolfia by the
conversion of ambient (CO, and mrogen (V). In addition
to cruiepmntau, wolffia meul offera hugh concentrations of
egsential amine acids, vitaming, and munerals for the
growth and iwe-lnpment nfmsnyfumeiﬁah_ It can aleo
lead to reduced feed coste amd less emvironmental mmpact
than tradimional fishmeal production 1n aguacaliure. The
article emphasises that integratmg well-processed wolffia
meal to fish diets can booat profitabibity. Environmencal
benefits of wolffia 1n sguafeed kas the aluley to sustainsbly
transform atmosphenc carbon dioxide (CO,) and mtrogen
iI,) mmro uqua;:u]mre The significant guantes of crude
protein, vital amino acids, vitamins, and mnerals found
mwoltha meal a1d m the grmrﬂlanidewﬂnpm&ntufmraral
farmed fish. Tt cam aleo mimmise sagquacaliure feed costs
and reduce the erironmentsl effects of producme fichmeal
the conventional way.

Eeywords: Wolffia globosa, Aguafeeds, Farmed Fish,
Bustamable Aguaculture

Introduction

High-guality amimal protein 1=z produced by the
rapidly expanding aguaculiure sector. However, the
avallability of imexpensive feed 12 a prerequisite for
suztainskility 1n aguaculture development with high
marginal profit. Fish species raized in tanks beneft from

nutritious aguafesds 1n terms of growth and health. Fish
epectes ralsed mm tanks benefrt from nuritious agquafeeds
m terms of prowth and health Excellont smmino acid content,
high digestibility, acceptable palatakility, and the lack of
non-nurritional components are Juet a few of the erimeal
requirements that prmnzinanmeanueii.n aguafesds must
saniafy. The main proteln source In aqnafee:la has besn
fishmeal since it containg essential amine acds (EAAS),
mmerals, vitamins {812, iotin, amd choline), omega (m-3)
fattjramda and vitamins A ), and E. Buz if fichmesl iz
the only protein source, wﬂdﬁahpmulanmmnegamﬂ;r
impacted. Furthermore, one of the primary barners to
aquaculture’s growth 13 the escalating cost of fishmeal.

Generally speaking, feed costs account for half of all
aguaculture operating costs, with protein sources making
up the majority of these costs. Duckwesd, a rare and
valuable plant, thrives 11 well-controlled environments.
Woltha, the smallest duckweed, has reduced morphology
and core pathways, making 1t a potential syathetic plant
biology chasaia. Its mimimal gene set and relaxed time-of-

daﬁ'ganugmaken}ﬂealfurhmtmupandtw &angenume
enpineering. Wolffia's agquatic nature allows for precise
manipulation and speed for experiments, enabhng detazled
deseniption of cellular fumetion amd symthetic plamt
constraction.

ERecently, there has been a lot of mmterest in plamt-
based protems as potential substniutes for ammal proteins.
Future food 1z5ues and low protein imtake can be addressed
by using plant-based proteims, whick are more
enviroamentally friendly and more productive to

mam:fa.ﬁ‘nrer.ha.uamalprutﬂm Aguafeed formulas are
now ueing plant-based proteine including soybean meal,
wheat gluten meal, and cottonzeed meal 1n place of expensive
and non-rensewable fishmeal. Although aguatic weeds, hke
woltha, can be used as ingredients in fish diets, they are
uitenregarﬂaﬂuwan:te Wulﬂiamajhepmdmdunaﬁm
in & short amount of ime and at & minmmal cost 1n a

controlled setting. Im the process of photoaynthesis, it can
fix stmospheric mirogen and carbon dioxde to produce



ammomia and carbohydrates. In order to reduce
production costs and improve crop vield and quality, can
be uzed 1n place of atrogenous fertilisers. Wolifia reduces
the rate of evaporation in rnizated rice fields and can be
fed to ducks, chickens, pizs, cartle, buffalo, fish, prawns,
enails and crabs.

Morphology

Woliha globoss, alao referred to as “water lenrls," 18
a member of the Lemnacene famly's Wolfodeae subfamualy.
Itz biological charactenistics are sumilar to those of 1ts
Lemnoideae relatives in that 1t 15 the smallest flowermes
plant, srows at the fastest rate 1n the plant kmpdom, and
does not have a peeudo root aystem. It has become a vishle
option for sustrnable food production becanee of e quick
growth rate, high protein content, and nwmmtoonal value,
especially in areas with difficuls ag‘m:n]tural conditions.
The timeat higher plant 15 called Weolffia globoza, and 1t
differs completely from other ligher plancs 10 terms of
morphology. It just possesses a frond that 15 unrelated to
any of the three main organe, 1nstesd of the comventional
morphology of roots, stems, and leaves. The fastest prowing
plant on Earth 1= called Wolthia globosa, and it has no roots.
In four months, if given unlimited access to CO, and

mutrients, it mizht vield 1030 planta.
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Technigues for Wolffia Culiure

Wolfhia may be grown m (1) pite, (1) containers, or
(i1} ponds, (v} cement tanks however, the area and the
mze of an Azolla culture umit depends om the guantity tobe
harvested and the availabilicy of space. Small marsinal,
lamdless, and resource-poor farmers are able to use the
culture technology due to 1ts cheap mmvestment
requirements. The procedures for wolffia culture m pats
and cement tanks are as follows:

The College of Fizshernes at Central Agmcultural
University (Imphal), Lembucherra, Tripura, India, kept
twenty-day-old L. rohifa fry m six owtdoor cement tamks of
20mad (4 m* b m* 1 m), with a stockmg density of 30 fry/
m”. Three tanks were given a random spphicanon of prepared
feed and Inre wolffia each. Before the tanks were filled with
ammals, 5 68 cm sol layer was provided. The tanks were
flled with ground water after being thoroughly cleamed,
dnied, and treated with hme (500 g of Ca (OH), each tank)
at arate of 250 kgplka. The tanks were aleo well-exposed to
sunhght. Tanks were fertihaed with shurry made from cow
dung smd mustard cil cake that had been steeped in water
for 24 houra before application. followrimg 5 week of water
fllins vis pumpmg. Healthy plankton populations were
developed before L. rohifa were stocked. The formualazed
feed and live Wolffia were fed in two equal feedinga at 9:00
and 16:00 hours each day, at a rate of 8%—10% (dry matter
bams) of the daily feed ration. An equal amount of mitrosen
wasz added to the formulated feed and live Weolffia.
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Fig 1. Steps of Wolffia culture in cemented tank, Eeaource ;: COF, CAU, Tripura
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Everyday, nght before feeding, Irve wolffia was gathered
from the farm. Wet feed was used for live woliha, while dry
feed was used for formulated feed Conseguently, taking
into account 95% of the moisture content of hive Wolffia,
the amount of 1sonitrogenous hive Wolffia needed for the
prepared feed ration was computed. To track prowth and
modify the feed ranon, fiak samples were taken every two
weeks.

Conditions of Wolffia Culture

In order to properly flourish, wolffia needs at least
13 centimetres of water and sunlizht under condiions of
partial shade. The optimal temperature range for wolffia
growth 18 25-33° C. It needs water with a pH between 5
and 7.3 and a relative humndity between 80 and 90%.
should be chosen. Supplementing with autrition 1s
necessary, partcularly with oucromurnents.

Fig. 2 Feeding of frech Weolffia im agquaculture pond

MNutrient Profiling

The wolffia species, whoch are tradmonally consumed
byhmanainﬂsianmdnm.,hmhemaﬂ:nﬂieﬂaﬂ potential
food sources. The gemetic background snd culovation
circumstances determimed the amount of maecro and mocro
components. 1here was a range of 20-30% total protein
content, 10-15% starch and fat comrent, and 253% fibre
content. There was & high content of easential amine acida
and polyumeaturated fatty sacds (over 60% of total fat).
Wulﬂiammmmpm&aqmnkg:nwthandlargepm&n:ﬂun
make 1t a promizing candidate for practical human
nutrition. As a percentage of dry weigh:, the W. globoaa
hasa the following contents: 45 54% protein, 5.33% far, 9.98%
crude fibre, 20.43% ash, and 19.21% mitroren free extract.
ﬂﬂin:lnm]lj' it comtains 15.1% wiw of 15 different types of
amino ands. Total phenolics, flavonmds, and chlorophylla
were found to mclade 35 28+ 1 35 (1g GAE s dry weaght),
15084 = 5.65 (ig catechin equivalent [QE]'g dry weaght),
and 22 91 =015 (mgiz dry weight), triacylelrcende level

Fig. 3 Effects of Wolffia feed on cultured pengha
fish (Ostecbrama belanger)

vared between 0.02% smd 0.15% on a dry weight
bams, respectvely.
Application of wolffia in Aguaculture

The use of two macrophytes (Lemmna and
Wolffis) in therr quality aa a biohlter im HAS
resulted m a sizmificant incresse in dizeolved
oxyeen and decreaze mm total dissolved solids,
ammonia, nitrite, orthophoephate, and toral
phosphorus m the water. Addmonally incresse
in the growth of the ingerhmes of cultvated carp.

Wolifia sp. capacity for managing wastewster produced by
chmbing perch cultures. The outcomes demonsirated that
Woltha sp. liomass may be used to control pH and dizsolred
oxyeen levels appropriate for freshwater fish culture, as
well as efficiently lower wastewarter’a levela ufannnnma

total suspended particles, toral mitrogen, and totaI
phosphorus. Duckweeds are known to extract all dissolved
morganic nitrogen (45-55%) from mumcipal wastewater,
43-55%) from swine wastewater ae secondary effluent, amd
46-62% from anaerohic digestion effluent. As a result,
Wolffia sp. may veld useful nuinents for use in other sectors
when utilised 1n wastewater trestment. It 19 noteworthy
that duckweeds (Lemmnaceae), such az wolfhia slobosa, are
capable of effectively removimg mutrogen, specifically NH4+,
H0O3-, and phosphorus from wastewater and aguaculoure
effluents and provide extremely valuable natural resources
rich 1n starch, antiomdants, phenols, flavonoids, and
carctenmds. Conszeguently, wolifia was used ap a source of
protein amd carctencid for ormamental fish and as an
efficient live feed for Lakeo rokita. Duckereeds are also



kelpful m the producton of amimal feed, bofuel,
bisethancol, bioplastice, medicmal and coametic products.
Effects of the wolffia in the Diet of Fiah and
livestock

In India, aguaculture iz domamated by three giant
carp species: Lakeo rohita, Cafla cotla, and Cirrhinus
mrigala. These species account for BT% of the country's
freabwater productivity. Fish that are razeed m clay pomds
are fed low-nutnent sources. For seed srowth and rearing,
he wolffia globosa could be utihized 1n place of extra feed.
Live wolifia globoea may entirely substiute other feed
mmpracs, like silver bark (Barbonymous sonionotus), rohu,
pensha (Osteobrama belangert), and Amur commeon carp
(Cyprinus carpio), 1n seed growing and carp growth.
Frequently prowme aguatic planta called duckweed are high
in protein, low 1n fibre, and comtain compounds that are
bicactive. Woltha, the timest blooming plant, grows well in
polveulture eysteme and can be eaten raw. Carasaius
gurstus, an expenimental poldhsk was fed snmulated meal
meludimg wolfha to boost 1te colour and nutnnomal content.
It has been demonstrated that recirenlanme aguaculture
syatems with duckweeds (Lemna and Wolffia) booat
common carp developmrent while lowerme ammorna, nitrite,
total dizsolved sohds, and orthophoephate levels. Woltha
has been the subject of mumercus myvestigations. Tuckwesd
Wolthia (Walfio arrhiza) was utilized as 3 substitute feed
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Fig. 4 Utihaing wolffia in agriculture,
hiveszock and fishenes
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source for a range of fish, 1ncluding Tilapia (Oreachromas
niloticus) fry. W. arrhiza (L) appears to rmprove the meat
anﬂurgmulepﬂcqu&htyoimalteathuhspemwh&n
Erown 1n an imtense polyrulture system. Utilized ae an
alternative to soybesn flour for snll chicken feed inpredienta.
Wolifia globosa have shown that 1t has potential for use as
both a clean food source for bumans and as a feed source
for aquaculiure and animal busbandry.

Wolffia used as human food

Duckweed 13 aleo consumed a2 food by people mm a
vmetrnfmunm:ea.Wulﬂ]a globosa, for imstance, 13 a
rootless duckwresd that 12 En]iml:mﬂlﬂnnnlmnr]mtnm
Thailand under the names khal nam, kal-pum, or ksa nhae,
which mean “water eggs.” Therefore, 1t can be concluded
that Wolffia globosa protein 1s suntable to be counted as a
nutritious alternssive plant-kased protesn and to be used
as & raw marterisl for the production of novel functional
mgredients,

Wolffia used as Bioactive compound
In parocular, the mutritional value and osctive
components of incubsnng duckweed 1n vanous producton
have not been imvestipated when comparimg 1t to
commercial products. These reaulte about the beat
conditions to produce high nammnona] valus
and koactve chemicals hke flavonoide, chlorophyll. and
total phenolice would be kelpful to the scientific
community. In order to increase the amtriove value of
the plant, thiz study looked at the beat aguaculture
considering 1ts nutritional value and bicactive
components. Duckweed 12 also useful 1n the
manufscturmg of biofuel, bicethanol, and animal feed, 1t
13 aleo useful mn the creation of bioplastics, muhcaﬂnna,
and cosmetics.

Challenges for wolffia Use in Aguafeed

Plant cells comtain high concentrationz of
carbobydrates and fibre. Carmmvorous fish species usually
cannot digest diets high 1n fibre becauee they do not have
the enzymes to bresk down cell walls. Moreover, amt-
nutritonal factors (AMNFa) suchk phenche numpm.mds
protesse iInhibitors, phytates, lecting, and chposacchardes
are present 1n larpe proportioms 1 plawmt-based protein
sources; these should be neutrahized before addimg them to
aquafesd. Fizh disesse recistance may be adversely affected
by the presence of ANFe 1n soybeans, for netance, which
may stimulate cytosclic enzyme activity an& an
inflammstory responae. Many plant-based materiala can
be utilizsed in aguaculture feed by lowering theirr ANFa,
even if plant-hased ANFe negatively impact farmed ﬁa]:'a
mutritions] metabolizm and health
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Wolffia giobeosa in high-value plant protein-based

products
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Fig,. 5 Utilizsing wolifia in high- value plant

protein —based products

ANF Reduction Technigues for wolffia

Twro dietimct approaches emet for reducmp the apumo
acid content of plant-based feed impredients: thermal
proceesing and chemical processing. Thermal treatments
1mprove the availability of nutrients and the digestion of
fizh by changing the chemical structure of the meal. Thesze
dangerous materials become 1nert when heated processes
iacluding baking, toasting, steaming, and extrusion are
used. For example bohng can reduce the amournt of trypain
inhibitors, which prevent soybean proteins from bemgs
digested, and extrusion can denature lecting, which restrict
the absorption of carbe. ANFa are also rendered 1nactive
by specific chemical treatmenta. For example, phytotase
can hydrolyse indigestible phytate. Meala hizh in wolffia
kave the potential to lower the body's levels of dangerous
ANFs.

Environmental Benefit of wolffia in Aquafeed
In a sustainable manmer, wolifia can tramaform
atmospheric CO amlmtngn ﬂJMEqua:ulture Ahigh
concentrarion of vital amino acids, vitamina, minerals, and
crade protein may be found 1 wolffis meal, w!m:h]telpa
many farmed fish thnve and flourish. Wnlﬂia globosa can
beused as a phytoremediator to remove cadmium levels. It
can help minimise feed costs m aguaculture and lessen the
environmental effects of produnng fishmesal the conventional
way. Drganic carbon and nitrogen 1nto the soil dunng their
breakdown, these substances have the ability to improve
1ta chemical composition. The application of wolffia 1n
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kofertihzer, smimal feed pharmaceuticsls,
water pnriﬁl:uﬁnn bin-gu generaﬁun
carkom footprint and ammoma reduction
can sigmificantly mingate the effects of

global warming.

Conclusion

Duckweed, or Weolffia globosa
coneeguently be a n:h source of protein as
an altermative natural feed for
aguaculture, amimal kushandry, or
humans. Wolffia globosza, the duclkweed,
erowa well both mdoors amd outdoore. In
comparison to mdoor sectmgs, the ability
to grow {gpecific growth rate, daily growth
rate, snd daily productovity) was higher
outeide. The potennial of wolffia meal o
boost aguaculture profitability im a
sustainable manmer 18 haghlighted m this
article. The large amounts of crude protein,
vital amino acids, vitamins, and monerals found in wolffia
meal aid in the growth and development of seversl farmed
fab It com also mmomise sguacalture feed costa and lesaen
the environmental effects of producing fishmeal the
conventional way. To attain good growth performance and
gurvival in aguacaliure, wolffia meal must frst mimmse
ANFa Moreover, 1t has a ngh percentage of unsaturated
fatty acids (FAs), which are thought to be healthier than
saturated FAs and have anticondamt qualines. It poaseases
greater concentratons of total phenohes and flavomoids than
conventional crops, which could make 1t a rich source of
amtiomdants. Ultimately, Weolffia globoza low amounts of
antimatritonal factors were readily shaorbed. These indinzs
1mply that mutrients are readily shaorbed by the body and
point to & posatble food supply.
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