1 Peri phyton-based Apparatus For |nproving Aquacul ture Production and

Met hod Preparing Thereof Field of Invention 5 The present invention rel ates
to producwoansaRom3port abl e and recycl abl e appar at us whipch/Ms2005@@0170

i nprove aquacul ture production by utilizing specific or m xture of

peri phyton species in the system The present invention particular includes
a nethod to culture purified periphyton. 10 Background of Invention Current
survival rate of shrinp larvae in shrinp hatcheries nati onwi de ranged from
30- 60% Hi gher survival rate can only be obtained if water is exchanged
90- 100% every day. However, with [imted availability of clean sea-water
and w despread di sease causi ng agents, changing water in culture tanks
poses high risk to the |l arvae. Thus 1% nmet hod to mai ntain high water

qual ity tPpiphd@mshaiell AppsRhiR Hok IRiHRBYInga, fiacBKaPe PESH FioclSadaeindgor der to
i mprove larviculture technol ogy Another cause for Tow survival in Tlarval

rearing sector is the high larv - ue to canni balism Sone
aquatic animals such as shri ms%%sti c. Canni balismcan 20 be
hi gh when the | arval sizes are not uniform Thus, in a hatchery tank with
clear water, 2 cannibalismcan run high due to absence of refuge for the
weak/smal | er shrinps/fish to escape. Availability of hiding places would
of fer shEleldpt InyentiogR | arvae. In addition, the growth of the |arvae can

al so be increased with additional supply of 5 natural feed such as

m cr o0&l g&be prepanii énveniiopiadatks omredustionof apheable endyecyblebleapparafus whidher red to
as periphyton. Researches have shown that shrinp/fish |arvae suppl enented
Wi th mi cisasbd)aeingiiovesyuatghiré podnttion by gfiiesingssestfie @andixue o paliptsidice

m croal gae have high content of essential fatty acid ei cosapentaenoic acid

( EPA- 20: sited )in AR s06AS TE1AQ0RH fivestich paHbulal Tncluds ™t RethodGo culture

purified periphyton.

10 Background of Invention
Current survival rate of shrimp larvae in shrimp hatcheries nationwide ranged from 30-
60%. Higher survival rate can only be obtained if water is exchanged 90-100% every
day. However, with limited a\;'aﬂabﬂity of clean sea-water and widespread disease
causing agents, changing water in culture tanks poses high risk to the larvae. Thus
15 method to maintain high water quality that does not involve frequent water exchange is

needed in order to improve larviculture technology

Another cause for low survival in larval rearing sector is the high larval mortality due to
cannibalism. Some aquatic animals such as shrimps are cannibalistic. Cannibalism can

20 be high when the larval sizes are not uniform. Thus, in a hatchery tank with clear water,



According to prior art, US patent 5476787, planktonic mcroalgae is
utilized for renoving inorganic nitrogen-based inpurities fromwater. Said
i nventi orwo0esa206188 i n cl eani ng water effluent from sewage/MY®at/oeni7
facilities or plant. Patent US5985147 di sclosed an integrated systemto
purify water, produce pulp and inprove soil quality by 15 using m croal gae.
Pat ent US2006024404 utilizes m croal gae culture as high nutrient-contained
feed for aquatic animals. Wile patent W2004032610 rel ates to net hod using
culture of mcrorustacea, Parvocal anus sp. nauplii, as the feed for the

| arviculture to enhance the aquacul ture production. However, so far, no

i nvention being disclosed as a portab)je and integral m croal gae culture
system or apparatus for inproving 207 arviculture or aquaculture by not

only prQuhlbilgnhtahulkigh @ bt dethps thritné wRhiombigchians/MAA 1 ef uge
and a water treatnent system 3 Summary of the Invention Thé present

| nvent i Qs dhasmiad o B bad, g BREHIAREU aRagiglyt on Dased apparatus

for inprovenment o uacu ore enhance th arvest obtai ned. The
present invention also related to an apparatus which can be applied in
aquaculture to maintain water quality by renoving pollutants in the water
thus greatly reduce the rate of water changes and | im¢t the contact of
aquatic I%rﬁdﬁ’éllog fetwouthsehthe laniei s3n abigebr crepsed withsadditional smploRtf ur t her
provi des an apparatus that functions as refuge for small or weak aquatic
ani mel s nbt}lrdv%ﬁ@lisngh eh enicatgasalkitben inhplaslftonie e etiashed tihwen steviatealisr at e of
these animals and increase the harvest. 15 Another objective of the present

i nvent i aefeirsd toadpaiphge. Boscanpas Aivsshovat thitr shvingeSshhiagihae Bipglemshtedat ur al
feed to aquatic aninmals constituted from specific periphyton species or

M Xt ur e viith RerbNEI BOweP §GhSfcantBy hheDBSGiN Md QRvioll Sl rﬁic%‘l%aae vEigure
lis the graph shows the percent of Treduction of ammonia in water by

O B eS8l B, S8 SRR acle Rigolsbose b5 uscont o

docosahexaenoic acid (DHA- 22 : 6 n-3).

10
According to prior art, US patent 5476787, planktonic microalgae is utilized for
removing inorganic nitrogen-based impurities from water. Said invention is useful in
cleaning water effluent from sewage treatment facilities or plant. Patent US5985147
disclosed an integrated system to purify water, produce pulp and improve soil quality by

15 using microalgae. Patent US2006024404 utilizes microalgae culture as high nutrient-
contained feed for aquatic animals. While patent W02004032610 relates to method
using culture of microrustacea, Parvocalanus sp. nauplii, as the feed for the larviculture
to enhance the aquaculture production. However, so far, no invention being disclosed as
a portable and integral microalgae culture system or apparatus for improving

20 larviculture or aquaculture by not only providing high nutrient-contained feed but also

functions as refuge and a water treatment system.



5 Figure 3is the graph shows the percent of reduction of soluble reactive
phosphorus in water by different periphyton species. Figure 4is the graph
shows perwenbasyeo™d survival of shrinp larvae in reari n@CT/MY2007/000057 tank
with the presence of the apparatus w thout water change for 10duration of
17 days. Figure 5is the graph shows the percentage of survival of shrinp

| arvae in rearing tank under the reverse salinity stress test. 15 Detai
Description of the Invention The term m croal gae used in the specification
thereinafter is a general termto denote m nute al gal species. Mcroal gae
can be planktonic or attached, known as periphyton. The periphyton types of
m croal gae attach to the surface of sgitable material in the aquatic

envi ronnent for growth. Periphytons have different nanes depending on the
20 ki nd of substrates on which they are attached such as plants

(epi phytic), sedinents (epidemc), rocks (epilithic), sand (episammc) or
ani mal s ' j 2008/ 020753PCT/ MY2007/ 000057 55 I sol ati on,
Purifica%@@hégﬁgng%?¥ﬂ¥§ho Peri phyton The present invention includes a
met hod tgo culture.puri.fied periphyton befo utilizing the .obtained

ur 11 ed BERBDE dRYPEPR TR moriegh do npepifhitie PRRREA R Bt us 1o
5 inprove the quality of aquaculture._ The abovenenti oned nethod conpri sing
the st ep¥PParateior gapioNgneH et apwacHitvg th?regé? PRipee Hedaest Qbigipeds:
concentrating said periphyton m xed sanpl es; washing said concentrated
peri phyton; culturing said washed peri phyton under suitable condition to
obtain first culture; obtaining purified periphyton species by inocul ating
t he i nt eTlespreders frvintisn fatso relatdddo fanrsppatist wiiieh canbt applivd i8 aiqdadDure

i nocul at ed peri phyton species under suitable condition to obtain the

puri fi edios@eRidn GHtéruiRlity by removing pollutants in the water thus greatly reduce the
rate of water changes and limit the contact of aquatic animals with disease causing
agents.
10
The present invention further provides an apparatus that functions as refuge for small or
weak aquatic animals by avoiding the cannibalism therefore elevate the survival rate of

these animals and increase the harvest.

15  Another objective of the present invention is to disclose an apparatus that provides high
nutrient natural feed to aquatic animals constituted from specific periphyton species or

mixture of periphyton species.

Brief Description of the Figure
20 Figure 1 is the graph shows the percent of reduction of ammonia in water by

different periphyton species.



In one of the enbodinments of the present invention, sanples of periphyton
are collected fromthe natural environnment such as bracki sh-waters. The

peri phyt omoeespi2ess315 col |l ected are normal |y m xed sanplpes/nevst/oaoi7ed from
di fferent species of periphyton. Therefore cleaning and purification steps
are required to get a purified species fromthe m xed sanple coll ected
before utilizing the periphyton species for manufacturing of said

apparatus. The collected m xed sanples are at first re-suspended in
sterilized filtered seawater and centrifuged between 1000-3000 rpmfor 5 to
20 m nutes. The 20 sterilized filtered water is prepared by autocl aving
seawater that being filtered through 0.2 mMIlipore filter. The

re- suspended peri phyton sanples are then centrifuged at 6 1000-3000 rpm
for 5 to 20 mnutes and the aqueous phase are disposed. This is followed by
washi ng the periphyton sanples with autoclaved filtered seawater. These
centrif ,6N an I i :

unwant e ’?gﬁia|§?“$ﬁ§h@g§ e H%% f%ﬁ%?gﬁ%ggﬁ%?ggmgﬁgn%g?%ﬁg%gﬁgégﬁin
autoclaved filtered waters before 5 culturing the m xed sanples. The washed
peri phyton are stﬂgﬁﬁﬁﬁmBﬁPgn§blid nmi croal gae nediumfor 4 to 10 days under
tenperature of 20C to 35C to obtain the first culture

5 Figure3 is the graph shows the percent of reduction of soluble reactive

phosphorus in water by different periphyton species.

Figure 4 is the graph shows percentage of survival of shrimp larvae in rearing
tank with the presence of the apparatus without water change for

10 duration of 17 days.

Figure 5 is the graph shows the percentage of survival of shrimp larvae in rearing

tank under the reverse salinity stress test.

15 Detail Description of the Invention
The term microalgae used in the specification thereinafter is a general term to denote
minute algal species. Microalgae can be planktonic or attached, known as periphyton.
The periphyton types of microalgae attach to the surface of suitable material in the
aquatic environment for growth. Periphytons have different names depending on the
20 kind of substrates on which they are attached such as plants (epiphytic), sediments

(epidemic), rocks (epilithic), sand (episammic) or animals (epizootic).



includes all the periphyton species available in the m xed sanpl es used.
After the incubation period, each cell colony of the periphyton species in
first culwonreosieoisaocul ated respectively fromthe first PcuiMyzoe7/000¥Fepar at e
cul ture nmedium by selecting 10 single cell colonies in the first culture.
The inocul ated cell colonies are further cultured to obtain the second

cul ture which conposes of specific purified periphyton in each separate
culture nedium The optinmum condition for culturing the second culture is 4
to 10 days under tenperature of 20C to 35C. During the culturing process of
the second culture, the gromh of each specific periphyton species are
nonitQred closely to ensure 15 the cul.ture is axenic and pure w thout
cont aim nati on of other species. If the culture was inpure, the process is
repeated until pure cultures are obtained. To ascertain the purity and
speci es of the periphyton in each of the second culture, identification of

t he specj q L [ resh or permanent slides and
checked 1[188 n'Pﬁ 0 alith |0Hrggf%ﬁ 0eﬂ.c The whol e isolation and

purific on_praocess..are conducte nder. steri.ke. 20.condition. . To.avoid
Bt 055- coPaRTRaR I PR AR AP arPEa SHBBPHENE BT Re S Pirent  on
two dif f&lr ent .sets of stocks, the undisturbed stock and the starter stock,
are 7 e obtained purified periphyton for manufacturing of the microalgae-based apparatus to
5 improve the quality of aquaculture. The abovementioned method comprising the steps
of collecting and cleaning of periphyton mixed samples; concentrating said periphyton
mixed samples; washing said concentrated periphyton; culturing said washed
periphyton under suitable condition to obtain first culture; obtaining purified periphyton
species by inoculating the interested species from said first culture; culturing said

10 inoculated periphyton species under suitable condition to obtain the purified second

culture.

In one of the embodiments of the present invention, samples of periphyton are collected
from the natural environment such as brackish-waters. The periphyton samples
15 collected are normally mixed samples constituted from different species of periphyton.
Therefore cleaning and purification steps are required to get a purified species from the
mixed sample collected before utilizing the periphyton species for manufacturing of
said apparatus. The collected mixed samples are at first re-suspended in sterilized
filtered seawater and centrifuged between 1000-3000 rpm for 5 to 20 minutes. The
20 sterilized filtered water is prepared by autoclaving seawater that being filtered through

0.2 m Milipore filter. The re-suspended periphyton samples are then centrifuged at



mai nt ai ned for each species of periphyton. The starter stock is frequently
used to initiate mass propagation of the interest species and said nass

pr opagat iwo 20@y02071880l ve nore than one type of species i rRCThYDOT/HOM00% t ank
depends agai nst the requirenent. Therefore the starter stock is subjected
to cross-contam nation of other species. Instead the 5 undi sturbed stock is
used to maintain pure lines of said species. To be noted that the above
menti oned periphyton culture is preferably used on the genus Gscillatoria
sp., Navicula sp., Cynbella sp., and Anphora sp. Nonethel ess said nmethod of
the present invention is described inits preferred enbodinents, it is to
be understood 10 that the present invention may be enbodied in other
specific forns and is not limted to the sol e enbodi ment descri bed above.

Manuf act 1goosn00f rgn EoAGURC 10 tTiRitdsMRID Vi dq iR LS arcABRORE. amRod nent  of
the present invention involves a nethod to manufacture an 15 apparatus for

aquacul t i Eal. i . 8 hod
el udest T e R RERRE e FRHpRALR =R RHE S0 B ol R e TR 1 edl
peri phyton,cul ture container: dgrown i,d rified_.periphyton on the

Surf ace SrUlhein e SAICTtReT T e 1R o e tey g

peri phytaon; and renpving said coated construct fromsaid culture container
for use. Thwa?}*eécwm&tﬁeéawlqsr?ée EsrBeendst: ingputeqiaved fdtsged watsieheosh, t he
construct are noul ded or prepared in a preferred shape before providing

i nt o fhecwturingte m@wﬂaame&s ’Fliﬁ weshed perphigoe atergrealgolaomde selideidroslgad n

opti mum condi tion, shape of the construct is inportant as regards the

sur f ace meéanrafoaid ahlOeddye untéretemipeiabire df p20°Cpb 3500 tabbtaihihe first cultord he nost
5 preferred enbodi ment, said construct is prepared in the formof holl ow

tube or picRReASIIBe IpRFiPIBfi0S ¥pEAES aMiRBIP IO HietRk ANGNFAGRY BRIENAGet Ghde
pl aced into tanks orf ponds ere the aquaculture activities carried out.

R s

reparing or nou I's very inportant as

regards to survivabili of t.he riphyton species attach on t construct.
ol ar JORNEER RSty S RO PRE R RgoPREC Shuft tlithar By 5P oo
banboo, scrubs_or tiles. %A% is nost _preferable that the construct is made
of pltist piaglessl cploniey 1 Hiefusholine-oHicdaogtpied cpld colgpiss pee fugthpegil@redr odent
aquatic environment and being recycled for re-utilization once the
per i phyt tnoltginsthe seemnddebives aduidn comhposep edtspetific pofifiedrperipkyice ik ¢a@gr opagat e
or culture the interest periphyton species, the physical

separate culture medium. The optimum condition for culturing the second culture is 4 to

10 days under temperature of 20°C to 35°C. During the culturing process of the second

culture, the growth of each specific periphyton species are monitored closely to ensure

15 the culture is axenic and pure without contamination of other species. If the culture was

impure, the process is repeated until pure cultures are obtained. To ascertain the purity

and species of the periphyton in each of the second culture, identification of the species

is done by preparing either fresh or permanent slides and checked under high resolution

microscope. The whole isolation and purification process are conducted under sterile

20  condition. To avoid cross-contamination, in the preferred embodiment of the present

invention, two different sets of stocks, the undisturbed stock and the starter stock, are



paranmeters of the culture tank or container have to be nmaintained in
certain narrow range for the cultured periphyton grow exuberantly. For the
pur pose oVoabesaizaisag t he 20 optimum condition in the culPtumeyzoanénooizhe
ratio of the purified stock culture to culture nediumis 1:20 to 1:100. The
ot her physical paraneters to achieve the optinmum 9 condition include
adequate light intensity, aeration, salinity of 15 to 35 ppt, pHof 5 5 to
8.5 and tenperature of 20C to 35C. Furthernore, the constructs have to be
soaked in the culture tank or container for duration of 5 to 8 days for the
interest purified periphyton species fully coat or attach onto the surface
of the construct. 5 In accordance mﬁtp one of the main features of the
present invention, different periphyton species are used respectively or in

conmbi natiMitain@d BEQABE Spceil OF Gérditytore fThe Glartet HodiB FHAGENR REE ] Biate
enbodi nent, the periphyton species is selected froma group of periphyton

. S . . N h o g q
e i R R
GCsci l | [ o f.ir t [ dugi 1 t OXi t bst [
the. aqudtrShevps Bhrdries S SIS Bk AgserRh Behebe o e eS8, TBER R ous. and
the sanme thus providjng_an appropriate aquatic environnment for its own

sur vi valfhey§tagier stogk Fsppu PQ: CESSTRPEmIng{vnnel ofhen ipraes. sinseadrtieng to

the use of diatons type periphyton such as Navicula sp.,
5 undisturbed stock is used to maintain pure lines of said species.

To be noted that the above mentioned periphyton culture is preferably used on the genus
Oscillatoria sp., Navicula sp., Cymbella sp., and Amphora sp. Nonetheless said method
of the present invention is described in its preferred embodiments, it is to be understood
10  that the present invention may be embodied in other specific forms and is not limited to

the sole embodiment described above.

Manufacturing of the Agquaculture Improving Apparatus

Another embodiment of the present invention involves a method to manufacture an

15 apparatus for aquaculture improvement. Following the preferred procedures, the method
includes the steps of providing at least one suitable construct a purified periphyton
culture container; growing said purified periphyton on the surface of said suitable
construct until its surface coated with said periphyton; and removing said coated
construct from said culture container for use.

20



15 Cynbella sp., and Anphora sp. in catering nutrients to the aquatic
aninmals to enhance their growh and boost up their health status. It is
found i n woaeesiee7sshat t he di at ons types peri phyton arePcuiMyzoetodons7t he
same tank or container so that the construct can be coated with different
types of diatons periphyton at the sane tine which not only ease the
process of manufacturing but also enable different types of diatons

peri phyton 20 conpl enent each other in providing nutrients to the aquatic
animal s once the apparatus being used for inproving the aquaculture. In

| i ke manner, the constructs can be soaked WD 2008/ 020753PCT/ My2007/ 000057
1010 into culture tank or container v@th m xed cul ture of genus
Cscillatoria sp. and diatons periphyton. Simlarly, the constructs can be

pr epar edn iafcokdintd ke thedtkb oA mERHf A eHesept il eREGH) tREEIRAYL AR FIREKIE Br
respectively. 5 In another enbodi nent of the present .invention, different

const r ugl- s Viqt i ngécf@r?@d"gh %?orgf r@ﬁgfggqﬁfo?@gs&%eeéonﬁiﬁgj. %) BEM, tQget her

to forman 1 ntegr system't provi rent” desired i nprovenent for
t he aquacul ture activities. In.this enbodi nent ach single construct acts
s subadBL Ry PP S fetfofih i gl o RS B Re o B EPher L amBERAX Rt h, ¢ he
apparatus coated with different types of periphyton species are transferred
to the éﬁﬂi‘é@% age; prep Ayatabie f‘Pra‘B%PIunﬁéérﬂeﬁ@hYt% lttaghed pp able@eimest de t he
tank or pond. The apparatus inproves water quality in the aquacul ture tank
or pond pssfemed embedimegt, seid domsteict o preparsdiia thentdrmi afthiollewl tebebspipt as
addition, it also provides natural food suppl enent consisting of beneficial
di at ons tt kagerentfacecesa grouddd dfd @adediaalettb befpldche imqvaiks ©r pohdsakisere The
apparatus al so give refuge to the aquatic animals to mnimze canni balism

especi althy/acquaBithrs Rétivilesdagkidd &h. | arvae. Therefore, the apparatus can
greatly enhance quality and quantity of the output of the aquaculture

industry. 20 It is to be understood that the present invention may be
enbodied in other specific W) 2008/ 020753PCT/ MY2007/ 000057

Further in accordance to the preferred embodiment of the apparatus, material for
10 preparing or moulding the construct is very important as regards to survivability of the
periphyton species attach on the construct. Exemplary materials suitable for preparing
the construct are plastic, wood, bamboo, scrubs or tiles. It is most preferable that the
construct is made of plastic especially polyvinylchloride which is capable to resist
erodent aquatic environment and being recycled for re-utilization once the periphyton

15 species depleted on the construct.

Of importance to propagate or culture the interest periphyton species, the physical
parameters of the culture tank or container have to be maintained in certain narrow
range for the cultured periphyton grow exuberantly. For the purpose of obtaining the
20 optimum condition in the culture tank, the ratio of the purified stock culture to culture

medium is 1:20 to 1:100. The other physical parameters to achieve the optimum



11 nodification and equi val ents of the disclosed concepts such as those
which readily occur to one skilled in the art are intended to be included
wi t hi n t woxeapeoB t he clai ns which are appended t her eoT/NbYHaramobsy 1
Sel ected periphyton as natural foods (the diatons) has good nutritional
values wth protein ranging from30%- 38% lipid from26 - 33% and
carbohydrate from 31 to 46% (Table 1). In addition, the diatons al so have
adequate essential fatty acids for high quality gromh of shrinp/fish

| arvae. Table 1 shows the proxi mate conposition (%dry 10 wei ght) of
different periphyton (diatom) species. Table 2 shows the fatty acid (%
total fatty acid) conposition of periphyton species conpared to commonly
used shrinp larval feed. Diatonms Paraneters Protein Lipid Carbohydrate

Mbi st ur eoAdifioRENRlel sde@fht?Bdht QteBetyD Bdratidn, salinity of 15 to 35 ppt, pH of 5.5 to
8.5 and temperature of 20°C to 35°C. Furthermore, the constructs have to be soaked in
the culture tank or container for duration of 5 to 8 days for the interest purified

periphyton species fully coat or attach onto the surface of the construct.

In accordance with one of the main features of the present invention, different
periphyton species are used respectively or in combination to produce synergistic effect.
In the most preferred embodiment, the periphyton species is selected from a group of
periphyton species comprising genera Oscillatoria sp., Navicula sp., Cymbella sp., and
10  Amphora sp. For example, periphyton species derive from genus Oscillatoria sp. is of
importance in reducing those toxicant substances in the aquatic environment such as
ammonia, nitrite, reactive phosphorous and the same thus providing an appropriate
aquatic environment for its own survival as well as for aquatic animals. Another
example is regarding to the use of diatoms type periphyton such as Navicula sp.,
15  Cymbella sp., and Amphora sp. in catering nutrients to the aquatic animals to enhance
their growth and boost up their health status. It is found in practice that the diatoms
types periphyton are cultured in the same tank or container so that the construct can be
coated with different types of diatoms periphyton at the same time which not only ease
the process of manufacturing but also enable different types of diatoms periphyton
20 complement each other in providing nutrients to the aquatic animals once the apparatus

being used for improving the aquaculture. In like manner, the constructs can be soaked



30.770.75 0. 380.009 0.080.002 Navi cula 29.600.12 25.460. 47 44.590. 42
0. 280. 002 0. 0860. 0006 Amphora 30.890. 70 33.052.10 35.381.78 0.540.01
0. 1360. 0080 2048/020753 PCT/MY2007/000057
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into culture tank or container with mixed culture of genus Oscillatoria sp. and diatoms
periphyton. Similarly, the constructs can be prepared in culture tank or container with

each periphyton species respectively.

In another embodiment of the present invention, different constructs with different types~
of periphyton species are joined together to form an integral system that provides
different desired improvement for the aquaculture activities. In this embodiment, each

single construct acts as subassembly for said integral system.

As hereinbefore set forth, the apparatus coated with different types of periphyton
species are transferred to the aquaculture farm such as larval rearing tank and placed
inside the tank or pond. The apparatus improves water quality in the aquaculture tank or
pond by maintaining low level of ammonia and nitrite levels. In addition, it also
provides natural food supplement consisting of beneficial diatoms that enhances growth
and health of the aquatic animals. The apparatus also give refuge to the aquatic animals
to minimize cannibalism especially among shrimp and fish larvae. Therefore, the
apparatus can greatly enhance quality and quantity of the output of the aquaculture

industry.

It is to be understood that the present invention may be embodied in other specific

forms and is not limited to the sole embodiment described above. However



Table 1 WD 2008/ 020753PCT/ MY2007/ 000057 12 Par aneters Peri phyton Navicul a
Cynbel | a Anphora Normal larval feed Artem aArtificial diet SFA
57. 4155. 898Q0@&10203352 16. 40 MJFA 27.72 25.16 30.77 45. 8@CT/MY2007/000057

11

modification and equivalents of the disclosed concepts such as those which readily
occur to one skilled in the art are intended to be included within the scope of the claims

which are appended thereto.

5 Example 1
Selected periphyton as natural foods (the diatoms) has good nutritional values with
protein ranging from 30% - 38%, lipid from 26 — 33% and carbohydrate from 31 to
46% (Table 1). In addition, the diatoms also have adequate essential fatty acids for high
quality growth of shrimp/fish larvae. Table 1 shows the proximate composition (% dry
10 weight) of different periphyton (diatom) species. Table 2 shows the fatty acid (% total
fatty acid) composition of periphyton species compared to commonly used shrimp

larval feed.

Diatoms Parameters

Protein Lipid Carbohydrate Moisture Ash
Cymbella 38.25+1.02 | 30.50+1.77 | 30.77+0.75 0.38+0.009 0.08+0.002
Navicula 29.60+0.12 | 25.46:0.47 | 44.59+0.42 0.28+0.002 0.086+0.0006
Amphora 30.89+0.70 | 33.05+2.10 | 35.38+1.78 0.54+0.01 0.136+0.003

15
Table 1



20.30 PUFA 4.50 4.40 7.44 20.80 58.43 DHA 2.00 3.00 2.00
5 01 15. 09 Nd 8.07 EPA 8. 00

WO 2008/020753 PCT/MY2007/000057
12
Parameters Periphyton Normal larval feed
Navicula Cymbella Amphora Artemia  Artificial diet
SFA 57.41 55.89 30.01 13.52 16.40
MUFA 27.72 25.16 30.77 45.80 20.30
PUFA 4.50 4.40 7.44 20.80 58.43
DHA 2.00 3.00 2.00 Nd 8.07
EPA 8.00 5.01 15.09 Nd 0.64
Total n-3 10.07 8.19 20.35 13.17 33.70
Total n-6 2.85 2.84 10.24 7.64 2.27
Table 2

SFA = saturated fatty acids

MUFA = monounsaturated fatty acids
PUFA = polyunsaturated fatty acids

DHA = docosahexaenoic acid (22 : 6 n-3).
EPA = eicosapentaenoic acid (20: 5n-3)
Example 2

5 In terms of water quality improvements, Oscillatoria significantly (p<0.05) reduced
total ammonia nitrogen by approximately 90%, nitrite by 91% and soluble réactive
phosphorus by 83%. Similarly other types of periphyton also significantly reduced the
toxic compounds such as ammonia (Figure 1), and nitrite (Figure 2), and improved the
water quality in the larval rearing tanks. In addition, the periphyton species also

10 reduced the concentration of soluble reactive phosphorus (Figure 3) and decrease the
likelihood of water turning into green soup, which is undesirable for larval rearing

activities.
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Example 3

The aquaculture improving apparatus shows significantly higher survival compared to
those without rings (Figure 4). In fact, larvae reared with said apparatus show
significantly higher growth rate and are more tolerant to stress. When exposed to stress
5 test, those larvae cultured in tanks with the aquaculture improving apparatus show
significantly higher survival rate (Figure 5'), indicating the booster effects of the
aquaculture improving apparatus on the health and robustness of the larvae produced.
In conclusion, the larvae live under the effect of the aquaculture improving apparatus
are healthier and have high resistance to stress.
10
The present disclosure includes as contained in the appended claims, as well as that of
the foregoing description. Although this invention has been described in its preferred
form with a degree of particularity, it is understood that the present disclosure of the
preferred form has been made only by way of example and that numerous changes in
15 the details of construction and the combination and arrangements of parts may be

resorted to without departing from the spirit of the invention.
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(e) obtaining purified periphyton species by inoculating the species from said first
10 culture;
(f) culturing said inoculated periphyton species under suitable condition to obtain
the purified second culture; and

(g) identifying said purified species of the second culture to determine their use.

15 2. A method as claimed in claim 1, wherein said concentrating said periphyton

mixed samples is done by using centrifugation.

3. A method as claimed in claim 1, wherein said suitable condition is at
temperature of 20°C to 35°C for 4 to 10 days.

20



Clainms: 1. A method to culture purified periphyton conprising the steps of:
(a) collecting and cl eaning of periphyton m xed sanpl es; 5(b) concentrating
sai d periwbyoen2nissed sanpl es; (c¢) washi ng sai d concent pParadyper/iqhisn on;
(d) culturing said washed peri phyton under suitable condition to obtain
first culture; (e) obtaining purified periphyton species by

i noculating the species fromsaid first 10culture; (f) culturing said

i nocul at ed peri phyton speci es under suitable condition to obtain the
purified second culture; and (g) identifying said purified species of the
second culture to determne their use. 152. A nethod as clained in claim1,
whergi n said concentrating said perLESyton m xed sanples is done by using
centrifugation. 3. A nethod as clai inclaiml, wherein said suitable

condi tion 4s AndiePed alauhed 9h ke 1,0wB&En! Qld ﬂ;eﬁﬂlﬁ& d¥ges ar%\%enus
2008/ 020753PCT/ MY2007/ 000057 1515 4. A nethod as cl alned inclaiml,

wh d Navi cul a s
Oybel |a op. SEUPNEAL, RBIENESy 2ChmBANLD, BESALRL LS, "0 (0GR The

preceding claimis conducted under sterilized

5. A method as claimed in any of the preceding claim is conducted under sterilized

5 condition.

6. A method to manufacture an apparatus for aquaculture improvement,
comprising the steps of:
(a) providing at least one suitable construct into purified periphytons culture
10 container;
(b) growing said purified periphyton on the surface of said suitable construct until
its surface coated with said periphyton; and

(c) removing said coated construct from said culture container for use.

15 7. A method as claimed in claim 5, wherein said culture container comprises at

least one type of said purified periphyton.

8. A method as claimed in claims 5 and 6, wherein said periphyton is selected from
a group consisting of genus Oscillatoria sp., Navicula sp., Cymbella sp., and

20 Amphora sp.



5condition. 6. A nethod to manufacture an apparatus for aquacul ture

i nprovenent, conprising the steps of: (a) providing at |east one

sui t abl e wornsagraze1s3i nto purified peri phytons cul ture 1lO®omivay2veT/000(37)
growi ng said purified periphyton on the surface of said suitable construct
until its surface coated with said periphyton; and (c) renoving said
coated construct fromsaid culture container for use. 157. A nethod as
claimed in claim5, wherein said culture container conprises at |east one
type of said purified periphyton. 8. Anethod as clained in clains 5 and
6, wherein said periphyton is selected froma group consisting of genus
Gscillatoria sp., Navicula sp., Cynbetéa sp., and 20Anphora sp. 16

9. Anethod as clained in claim5, wherein said construct is plastic, wood,
barmboo, scruba fetiold! 86 claimed in18aind\5, APRAGIA 4450 BBAKFRE tisrREktRY vy, of the
claims 5 to 10 which can be used for 5maintaining water quality, providing
natural feedi g ghd &ﬁﬂygﬁﬁégr aquacul ture. 11. An integral system produced
by conbi ni ng nore ¢Ran one of the apparatus as clainmed as in claim10 with
each subassenbly contains different types of periphyton to performthe
synergistic effect. 10

10. An apparatus manufactured by any of the claims 5 to 10 which can be used for

5 maintaining water quality, providing natural feeding and refuge for aquaculture.

11. An integral system produced by combining more than one of the apparatus as
claimed as in claim 10 with each subassembly contains different types of
periphyton to perform the synergistic effect.

10



