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- Sumunary

The wiress elevatmg properties of micleotides were mvestigated in pguenum

wmals by changing penodically the sakinity from 20 pm o 30 ppr oc mamaming
# permanent high salimty (43 ppt) snoaton asan induced siress. Feed contuning
tucleotides o levels of 0.1% ml 0.2%. respectively fed 10 shrmmp (P
mewtandini ) developed much hetter than the control proap withinil nucleotides.
The weight' gain ingroved by 1785 and 24 7% depending oo the inclusion rate
of nuclentides. The Teed conversion rute was jmproved by 27 9% pwf 34 8%
respectively, Ina follow-up iral with 2 mutnisined sbinity of 45 ppi nuclestide
levels of 0.2 amd 045 were tosteil. The performance of the 0,25 nuclentide
Erup e sirmbar 1 che results F the presious mul sith perodically chamnging
salitiities while the (L4% nuclentide growm <himeed & spectic growth mis which
was 41 9% sigmhcantly hetter than that of the contml gromp. The: fesd comversion

ot was sigmiicandy. improved by 42.9%.

A pond trial under research condinons has had the ohjective w confirm the
mucleotide effect of the muammnm trial. The pood misl on Peraetn monodon lasted
fr 8 davs with a net stocking mte of 23 pieces/in® and an initial live wenght of
(L1 g The sulinity varied betwean 33 ppt and 41 ppt with dn sverage of 38 ppL
Feed provided with 02% oucleothdes prodvced 15 8% more Blomass per ho than
the comul growp, alihoogh the pond wales of the trial group siffered from dn
unapuble plhiyvioplaskton Bloom. The leed conversion rale was 2055 sipnificamly
differemt from the contrml group .

I widaligwom, mockeotidey have alu béen succemsfully wsed as the only
foexd for post Larval rearing in replacerznt for Anemid I two-rearing-cycle
experimenf vn black tiger shomp (Femaene mionodionh larvae, Arfemia was
cormpletely repluced by nucleotides. The pre-trml permd of fve doys starred witly
mysis-3 sige animals The tmie mal perind with three: replicates per group lasted
for 15 davs for esch eycle The nummional valie of Artesig and oucleonides
(s o diry. mmatier) was substantiadly higher for Arterua, but the HO-pepsin
digestibility For nucleotides was almost doulile it For Artémia. Due o the
higher fal content, the ¢ulrulated dipgestibliny was in favour of nicleolides: In
comparison W e Artemio proup, the mcleotide group hal better sirviva) oies
of 785 (firat eycle) and | 8.4% (second eycled, but differonces were sutisticatly
ol sigmificant. The: generil health avalyses for bt mroups did mon shisw ang
differences when exposed o various siress iests (salinity besd, formmlin tess,
tetiperntitre test ) This rcans that both grotps have el stress fesistance
capocity. In a follow-up trml with animals from the second cycle, the long term
affect of nucleotdss wes tesied. The resilts confirmed the previous fmdings.



Introduction

lmunity {8 the power of the organism to resist infections or actions of centain poisons, It
can be inherited, acquired naturally or acquired artificially. Srepgthening the immuniy of
coltured wquotic snimals is an poportant ek sinee boeteriol and viral diseases wre @ mjor
threat 1o aquacultore. Fish as venehmites have both “non-specific” and “specific” immunity
(Raa 19496, They have an immaume memory so that the animals can remember previously
encountered pathogens. Shrump on the other hand lack a specific ymmune mechanism and

are apparently entirely dependent on 4 aot-specific immune mechanism (o resist mfectons
(Soderball and Cerenius 19923 although the presence of a specific immune memory in shrimgp
is still disputed.

T nostinvelantx

limmunostinilants or dnmunostimulatory substances influence the immome system of culiored
shrimps by application via the feed. Raa (1996) has classified immunostimulants as follows:

= Mucleotides

s Cilucuny

= Hucterial products

s Procuets from myveelial fungt

= Peptides from ammal products

= Cytokines

Among these, micleotides and glucans are probably the most promismy substances for
strengthenmg the imimune systems, They provide reststance o disesses and help overcoms:
stress sitwations in anioals.

Huowever, there are specific differences between both substances. Both substances are
extracted from yeast cell walls. While nucleondes are denved from the “insides” of yeast
cells, glucans gre denved from the “omside”™ cell wall (Ancieta-Probatel ot al. 2003), There
are also differences i the immupostimulatory effect. According w Smath et il (2003} the
effect of glucans m shriopps may be Tnmted and under cenam stuabions also detrmentl
Findings by Schols f al. {1999) supwest that the application for more than 43 days results
in negutive resportse unid Chang et al. (2000) proposes that the admintstration of glucin diet
st be limited e three weeks,

Nugleatides, on the other hand, are the basic building blocks of the nucleic acids DNA
and RNA. They are mercly a hiological active multi-compound-comples with the following
miin aetive subslanices.

o Purified nucleotides

»  Purified RNA (Ribonueleic acid)
»  Precursors of hucleotidey

o Oreunic acids
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Research sugpests that nucleotides are “semi-essentinl” nutrients (Chrver and Wiilker 1995,
Devresse 1998), Dietiry soirces of nucleotides appenr 1o be important for supporting optimal
growth and the function of metabolically active cells such as lymphocyies, macrophages

anel intestinal cells (Rudalph et al 1990). The precise mode of action his not vet been fully
established. But without any doubts, # helps the shiimps 1o overcoms immino-suppresive
comlitioms and i Uis way it stimulites the immune cells. The sugpested modes of setions ane!
= Stimlation of immune cells

+  Prohiote effect by the gu

* Inhibition of pathogens. stimulation ol lectobacilli

o Gt eell metubalism

*  Improved proteim synthesis

*  Fuster delonification

These are reasons thot nucleotides are used commercially as feed additive for the
smprovernent of ammals’ growth of disease resistance (Portmouth 1993), Several trials have
demonstated that nueleotides i shrimp feed has a positive etfect on growth, feed conversion
and survival of ammals (Promchmwong 1995 Applebaum 5. pers. comm. F9¥9%: Achupalas
20000 Ancicti-Probst] et al. 2005),

T the Fllowing expermments. the efficucy. of nucleotides will be discussed which have
been conlucted by the R&D-Lnit of The Waterbase Lid. . NeHore/lndin'

Nueleotides ax stregy relivver

Stress iy considered us w mental or physical tension, Culluged shrimps are alwavs undes 3
certalty tension. although the suess as such cunnot be uccuritely measured. The major pressure
om cilltured shrmp causing siress is the envimmniend where the animals dre Hiving in this
means the water and its quality,

Uine of the parameters of water quality 15 the salinity. This parameter has served in twao
aquariom irpls to siudy the effectiveness of nucleotides as an immunity echuncer because the
stonger the immumty sysiemoof an animal, the better it can manage siress silmpions.

Tnn the first trial in juvenite Pengews monodon ar an initinl liveweight of 6,97 g the effec
ol nueleotides by periodicully changing the salinity of the water-as a stress Factor-was tested.
The organisation ol the trial is shown in Table [, Nugleotides were fed ot levels of 1.0 kg/MT
feed and 2.0 Kg/MT leed. The dilly feeding rate was B.0% of the body weight divided inio
four feeding fmes.

Tohle b Salinity s stress moliesing foctor {orial set-op)

Fral

I 2
Acpuara i o) b
Water capaciy (Heach) 450 450
Trual dduration (doysb il B
Ciromps (i § 3 3
Replicutes ine. - 2
Stocking density |plocesim™ I I8
Sulimity (ppt) 430 45

e wll trials the miclemide fivmmila Yinnogen. peodbeed by Chemoformil A G AngstSwitoeithod has heon wbbld



Table 2 Respomse of Braens ancaodon feid om sncleotides supplemeniad feed
imder periodically changed ptress (aufiniy) condition

Crmtrol N 0.2%"
Shrinps Peneess sonoglon ) Ui, ) 0 30 4]
Rephicates (nn.) 2 2 2
Fred
Crinle protein (5% 425 419 28
Protedn digensibitity 1% 0.2 )4 911
Crude fibre (%) 3 30 il
CaiP-rmtii (114 32 1.3z 138
Thigestible cneegy® (MK 4.6 145 4.0
Shrimgpin ' perfomemces
Ininial Hvewelgh 12) .00 1.1 7400
Faal livewesght (1 1244 (R (EE 1]
Weight gain (¢) % 500 .48k 6 90k
irel] 1000 178 124.7
Feod canversion wte (1) 324 2.38b 112b
el ) 130 TEE 654
Protein oficeency rutio i 154 I 55m 112k (RH T
(reL.) 100.0 712 652
Multing (el ) FEMh0 10,1 1273
Moraliry (%) A67a h.7h 6.7h
inagen melusion mie
“Culenlured

WVilies i the same mmw with different ketters denmie saigndficand differences
betwizen reans (poll 05)

The induced stress was upplied at doy 25 of the inul Every 10 days the sulinity was
diecreased atd incressed respectively, by 10 ppt. The comirl group (without nucleotides)
stffercd particulurly from the frequently changed salinity, as shown by the losses. Alfter each
change of the sallnity the cumulative monality increased drastically. The differences o the
monality tate were siatistically significant ( Table 2.

As long as the water's salimty was normal. the weight development of all groups was
almost the same. However. when the salinity was changed (reduced) Tor the first time (al day
25). the efficacy of nucleotides in the feed was visible. Both trested grows outperformed the
contral group This was ihe case uniil the completion of the trinl. For the wiwile widl period
the weight guin of both teated proups wos dtatistically significantly highere (6 17.8% and
+24. 7%y tham thit of the control group. On the other hand, the differences in weight gain
between both treated groups were statistically non-significam (Table 2),

Statistically significant difference was observed in feed conversion between the treated
gronps ail the comtrol group. This imdicates it the feed wins substuntially begter utibised by
the niicleotides gmoups, The focd cotversiom between the treited groups was stutistically m
significamt. Utitisation of feed protein by the noeleotides groups was saperion 1o the contml s
shown by the protemn efficiency rute.

In a second inal the immune response of Juvenile Penaens imonodon anider exireme
sliory conditions of 45 ppt was tested, The mial lasted for 60 duys and cach kg of feed was
supplemented with 0.2% and 0.4% nucleotides respectively (Tabdic 31 The daily feeding rate
wis BAME ol aniinid’s body wepht and divided iito Towr feeding tines

Extremely high salinity wus applied from the lirs duy of the wigl, A salinity of more
than 35 ppl was reportesd o significamly aifect the growth of shrimp (Boyd 1995}
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Tuble 3. Response of Pernovius mesodon on nocleondes
supplemenied fecd under exireme salimty conditinns

Control 02%! 03w
Shrtonps (oo i LT i2 n
Rephicites fa, | d P :
Fevil
Crude protein () 416 412 b
Proten digestibiliiy (%) MR LI LR,
Crode far (%) fiull A 56
CaP ristded | 1) 1.3 1.3 .3
DHuestible enerzy (MULg) 4.3 142 ja.2
Shrimgps” perfurmoncres
tninal iveweight (g) .53 644 hs
Firmnd liveweighi (g3 17y 12.1% 12.31
Speeific growth mite (%) a4 K750 Wi Ak
fred.) L LE) 1259 1419
Privein effcieny. ratiy (9 | 4% (Nizi ] 0T
(] LI ny 545
Multing (o 17 111 114
Muortulity (%) 25.00 1 5.6l 15.6b

Woed fomified with “Vanmagen”

Vilises In the same mowe with iflerem lethers deoote 4| gadlican
differences petween ateana (pacll 5]

The protein efficiency ratio of the treated groups was 29.0% and 45.0%, respectively,
sgnificantly superior o the control which was extremely poor in the high salinily situition,
Under such conditions, the food intake will remain normal, but growth will be retarded
because the ingested mutnents are required for reducing the osmotic pressure from which the
trtimals are suffering from. The nucleotides. on the other hand. belped the trented animals 10

manuge thiy stress situdion resulling in better development.

The dilferences in mottality between the cantrol and treatéd tnal groups were significiant.
Hiwever, compared with the Giest trial the mortality rate in the control group was substantially
lower in the second trial, This sty showed that periodically changed salinity wos o greater
stressor o the aningaly than permunent extremely high salimity,

Nueleotides us performance promoter

As aquarium trials omly provide basic imformoation and is not o guarsmitee that findings from
the aguumia can be repeaied ander pond conditians, & pond tral under research conditions wars
therelone conducied.

Aquariom mials provide basic informanon. However, it 15 not o guaraatee that fimdings
from aguera can be repeated under pond conditions: A pond wial under research conditions,
therefore. has been conducted.

Thie saze o (e trwal ponds s 0.3 hn feontrol) and (14 ba Ureatment) respectively; the nel
stocking rate was 23 picces/nr’. Post lirvae of Periens monodon hod an initisl liveweight of
01 g The pond (edal lusted for 98 dayv< Nucleotides were added o the Feed ai Jevel of 0,29,
The cwliure conditions suffered from high salinity which mpged from 35 pptw 41 ppe with o
mean value of 38 ppt. This was higher than the 18 ppt 1o 25 ppt recommended salinity by Boyd
i 19GH),



Table 4 Response of Pemmens momodon fed puclentdes supplemented feed

mnder pond comditions

Comntro] omt Control= KT
Srocking density Ipes/m®y N 2
Feed
Crude protermn [} 443 447
Protem dugestibaliy (%) Iib 9r.4
Calciom (%) 210 218
Phosphorons (%5} 135 133
Prigesiible eperzy ! (M) 142 143
Shramps” performances
Imitinl liveweeght 12) 18] 0.1
Fimal thveweight (g) [154 137 (1,8
Bintuss produced | kgt 19590 2200 3h 1158
Feed comnvumed (k) 3950, 0 1432 5h o0
Feed cynverdon rue (1)) 2002 I31b 4.8
Protein efficioncy mtio {1 Lo 0.77H Th.2
Sarvival e (%) B0 715 1054
Mortality (%) 250 5.6k 614

T leed fortified with “Viapmigen”
Values (i ihe sattie row witly differen lenees denode significant differences
betwesn means (<l 05)

The weight gain of the nucleotide-feed fed animals was Y8% and significantly
hetter than that of the comtral iluiﬁlps {Table 4). This cormobombes with the Budings by
Promchaiwong (19955 and Achupalis (2000) in pond trinls, However, from the eatly stige
of the trml theve was a severs ioluminescence problem im the pond of the nuclentide fed
pramals. Dhue 1o that o was difficull 1o mudntaom g proper and stable phvtoplimkon Bloom,
Bioluminescence problems and the frequent collupse of phytoplankton bloom cuaused siress.
1o shrimps and often resulted i very poor growth and fow survival (Armanath, pess: comm
2004 ).

This idicates that the nucleotide-ennched diet has o positive mpact on shrimp
performances under stess conditions. This s due to the fact that nucleotide treatment.
ingreases fhe number of granubate hemocvies ax stuted by Feoan [2002) and Ancieys-Probsil et
al, 12005) sod hemocyies can help toavaid the ivasion of pathogens

Since both ponds are not of equal size and for making the results comparable, the.
hiomass production has been converted into yield per ha The nucleotide-diet group produced
significanily 15.8% more bionmss than the contred groap {Tlle 41,

The nucleotide group consumed. 1 3.1% fess feed than the comtrol, This 1s reflected in
the leed conversion mie, oo, The difference between both groups 4 25.2% in favour of the
nucleatide group, The laner bas also wiihsed the feed protein more efficiently. Expressed
as the protein efficiency ratio the difference 1s 23:8%: The differences of all parumeters ane
statistically significant.

Undér unfuvourable pond condition (hugh salimty, poor Bloom mamtenance ) nocleotides
have demwinstrled s strength 08 o stress reliever in shiimps und of the siune e its
perfurmance promoting capacity,



Mubile S Petfommunnces of block deer shrimp | Pesoend mhbmidon | postlarme afier
[Teeding Artenia mnd nucleotidis {gliss sguarin Arial durstion: 15 days pet evihe)

Artemiin Nt leiiles Dillermnoe
LA rtemig)
M iinni D= MWean SDs = [P
‘H}m stocked inic 1.2 1200
jm\- T 1 3
[Post-lorvae horvested
keycle: (no. ) i 1e
Survival (%} ITH 150 b 21 T {7
“Secmd cycle o) Sl ol

Survival (% K00 150 &0 1184

Mﬂlﬁtaﬂhw:ﬁwﬁ!ﬂf

The mijor tood or shrimp larva i Arfemia. The nulritions) value of Avtemio neupdil can be
:h::rmnll by leeding them with mucleotides. In this case Artemio gaaplic will aetl s 0 bransfer
limk 1o the early larval stage of shrimpe. Ax 8 resalt, the immune system of shamp larvae will
e strengthened. the development will improve and the survival rate will increuse

This procedure, however. appears 1o be not very efficient. Shrimp larvae were thereline,
irecaly fed with mucleotides and compared with the fesding value of Actemi aauplii Ih a
we-rearing-cycle experiment in Fenaens momodon larvae, Artemin was completely repliced
by nucleotides, The pre-tnml penod of five days stared with mysts-3. In cuch reaning cycle,
2400 mysis stocked m sy gliss aquana of K0 ure capacity were subdivided mio two groups
of three rephicares. The stocking density was oive larvae per e of water, The mae nal period
lnsted for 13 duys for each excle.

Thie contral group jArtemia) was Ted with 10 pieces Artemia per larvae per feeding time.
The ather jmoup received nucleobdes ul the daily rate of 204 of larvae™s body weight. There
were four Teeding times o day with the first ome ul 600 hours and the Lust at 2200 hours, The
putritional value of the dry muitter of botl feed substances s spuite different and in favour for
hie nucleotides,

I trials with post larvae, parameters such as weight gain and feed conversion rate
‘ol be recorded or the resalts may be very uncertmn. The parameters for this kind of trials
‘wire observitions of the Penaeny lurvie {PL) genetal health, the survivil mte and certain
stress tests. The sorvivad e of the firs oyvole was for both growps better than the one for
the second cycle. In comparison to the Arremua wroup the nuclectide group bas 8 7-4% (firsi
cycle) amd 1RA% isecond cycle) respectively, betier survival rate. However, the difference
wiis stanstcally non-siguificmm | Table 55

The genernl health analysis for both groups bad not shown uny differences (Tuble 6).
Animali exposed to varons siess tissts for determioaion of siress resstince hoad shown thal
both proups hove equal sress resistinde copacity (Table 6), For the three' tests (salimity test
Jreducing the salinity by 25 ppt and record survival aller theee hours), formalia test [unimals
were exposed o 200 ppm formalding, survival was reconded after two hoars ], and lempecature
et | water tempersture teduced by 1T, survisal recorded after ome hour]) there wins a
survival rate of 100%

In adkhitson o the immmunostimolutory properties, micleotides have a good foeding value
when fed dimectly 1o carly stage shromp larvee. Microscopic phservations of the animals’ gu
revealed that nucheotides mwre acvepted and consummed well by the larvae. Based on the tial
results nuclentides are a suitable sltemative i Aremna for feeding Penaers monodon lnrvoe:



Tabke = Health analysis of black teer shrimp ( Periens mviwaken| post larvae al
the end of enh reurng vyele

Arterito Nl hiles

1" cycle 2 pyele 14 cyele 2= cyile
Actriry (ond Good Goud Croodd
Spd Minttual Sleniter Miwmial Setiler
Chutieiaisi e rthiy ] 14 |4 |4
Hleputogung e MNiwmal Normul Mol MNowrmal
Gt Full Full Full Full
Dieformities Mil Nil Wil Ml
SiFe ot o igher Higtier Loner Farwer

Conclusion
Supplementation of nocleatides m shmmip leed coubl enhance the immune system, relieve
stress siiuations, promote antmals’ performances. and can replace Arvermia i larval feeding.
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