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Ww3gysulnvasUaniiawns (Oreochromis niloticus X O. mossambicus)
Hutiunt yiia' wnsws wulsad' uaz gudud dane”
gy inamemans aalsInermansuazivaluladun)Inendesivagmytiueuds ennevents Sminsivy3 70150 Uszwalne

dayaunaiy
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Uummlwwu

mswasumen
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nisfnwdiingussasdifieiUiouiieussuumsidsaiiinisdiomi (Change fish tank water; CFT)
ﬁmzuumiLﬁymuuuswuﬁmguﬁau (Recirculating aquaculture systems; RAS) 372U 6 UBRBIzUUNITNAGDY
Tudanilauns (Oreochromis niloticus X O. mossambicus) i miindaieds 10.20£0.05 g MWIUM 12 AINDUD
SY8YANAET 60 Su flon1siasgyAule Ghuinfifindueds; FBW, tuinfiiinduiadeseu; ADG, §hs1ms
WwIgAulngwng; SGR, Sasmsiaeueslutming FCR, wazdnsinissen; SR) lafinine (Aidiadonuns;
RBC, 8lulnada; Hb, Sulns A3e; Ht, nalea; Glu, tnsndiweslsd; TG, Wsfiusaw; TP) ﬂmmwugw (uouluiiley; NHs,
lulnssl; NO», lulmsn; NO, Total bacteria; Vibrio spp.; Yeast and fungi uag Usumveand eiilaazareth
(The total suspended solids; TSS) Lﬁ‘aﬁyuq@mimaaa S¥UU RAS mmsaLﬁuammu:mim%fyﬁﬂm FBW
W5y 29U 95.46:4.72 g; ADG 1.59£0.08 g/day ; SGR 3.89+0.07 %/day; FCR 1.56£0.07; hay SR 97.52.74 %
AN Ht sy 26.26+1.10 % waz TP 35.86+1.38 g/L ’dﬁﬂ%ﬂiu‘U‘U CFT (p<0. 05) fifien Ht uae TP asm 23.08+1.22
% way 32.57+0.34 ¢/L MUARU mmmmﬂmmwm NO's WA TSS S¥UU RAS snnsguu CFT (p<0.05) Tnglaifina
mamilfdaauLnJaaamuUiumﬂsa}auwssﬁummsww CFT uag RAS (p>0.05) Fofumswneidssanaunuuy
RAS anusaifinaussaugn1siaiaiuln Useansamnisldomsuazsnsinissen TngszuunszIE Bauuy
RAS a311308n58U NO's TSS wagUSinanhiililumsimisidos tnsluifinansenusdenisiudsuuiasqanini

Tunsinngiaes

unin

s2UUN19LE 8eUaMUUL M uLT oY (Recirculation
Aquaculture System; RAS) 589155 uFuE vl o9 su
Uszunansandnsie 1950 luszuunisinied ssdanandu
(Cyprinus carpio) Uatnsas  (Oncorhynchus mykiss) S238 4
Uannne (Clarias gariepinus) (Dalsgaard et al., 2013) Lﬂug‘dLL‘U‘U
miﬁmﬂmwwﬁymﬁ’miﬁwﬁLﬁu'gULmeié‘fﬂmi mstnziaedag
mwmquﬁamf'mé“umﬂﬂmiLﬁaamﬂ%‘mmmﬂ“ﬁﬁw (Lal et al,
2024) milfd'ﬁlauwammmwa}ntwd’uwﬁu ann13g yide
asevng amnsaiaszavs nmnnsidemsuazmuANA LN
Pl arusmnzalunmsimnzdssdn i (Xue et al, 2022) §q
gULmun'ﬁ'«ﬁ’ﬂﬂ'ﬁsxwmiLWﬂngmsfuaa”ir‘i’wﬁmammmanﬂm
ﬁLﬁysm (Taufik et al., 2024; Zhao et al., 2022) Ingn153ANITTEUY
annsaamvesdsanyamnzidsuarmsduileudmsuaid il
T¥dmsunsnzdedario shlfiRanmsanaznauvewaudaitls
avanguianue Wi unssuaunsmdavendelussuulnenis
sondladouyaweuludeliiduarsusenavlulasdvielunse

"Corresponding author
E-mail address: suksankum@mcru.ac.th (S. Kumkhong)

(Malone & Pfeiffer, 2006; Emparanza, 2009) ‘ﬁlﬁwam'amﬂﬁu
UstAvBmmmsteEesdn i
ssuumawnzdsuuuihvyudeuainsaussgndldluns
wnsdpsdrithagaunivans (Aich et al, 2020) Tneamzdariuh
Lﬂi@gﬁﬁ]ﬂ@'urfﬁ’mﬁaﬂanﬁﬁmasﬂmma W 119 (Shrimp),
Uananes138u (Sturgeon), Uan(Grouper), Uansd (Trout),
Uaunes uen (Turbot), Uanlea (Sole), 1 (Crab), Uanugauou
(Salmon), Uannewsari(Seabass), Yartinith (Pufferfish), Uawigia
(Sea cucumber) wag Uanila (Nile tilapia) (Mugwanya et al., 2020)
TngsruUMaNzLAsILUY RAS Srasdonsnasdussuuniduiu
maaé’miﬁfﬂmEJms%ﬂmqmmwug'maamxsjmmmst,wwugmlﬂﬁ
Wabuuasiinasenisanmu3savesanseninansia sanas
WiuUseangnmnswanvesdniun (L et al,, 2019; Cacho et al,
2020) N15@ nehuluamsie (Rain brow trout; Oncorhynchus
mykiss) Taeaaeszuu My udsuassnmUAIUTINaRaRERTY
asTinuidenisidannnitssuunsnsEeeiiinsasua et
(Roque d’Orbcastel et al., 2009; Docan et al., 2011) ANyl
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Uar@u3u (Seabream; Sparus aurata) Uanangnuau (Catfish; C
macrocephalus x C. eariepinus) mﬂ‘ﬁ'iwuﬁmguﬁwmmm
muauﬂmmwﬁﬂﬁmﬁu,azﬁmaﬁiaﬂmﬁuamiauzﬂmﬁmLﬁUTm
vaaUanngnHaLLazUa1TUIU (Arechavala-Lopez et al., 2020;
Atse et al,, 2009) miﬂﬂmiuﬂmua _(Nile tilapia; Oreochromis
niloticus) SEUUNTTINAZLE BIRUULS Wy uLT guaInTaLiy
UsgAns nmnisiad i ulauagdminnisseavesUandaide
WisuTEURUSEUUNSINEE BILUURY (Arredondo-Figueroa et
al, 2015) ‘lusumﬁanm%ﬂszwmiLwnzLﬁy&NLmuﬂéwmuﬁw
aunsamuRmAnmlFinsnazneuveseudiiliazanei
anAud uivresweluideowasifi uUseAns imn1sd sy
weslanileliduansussneungululasivielunslussuunsides
Uelkic et al, 2012; Nuwansi et al,, 2017) egalsfimuzUinuunis
FasruunmamnAsuuy RAS Sensdifunuanldinevesssuuly
nsdansldfiaumnzaniuda i fivhnmsmedswsaveiio
(Badiola et al., 2018) TPgaNNZI3 8998I IMUAUSININNTWAR
Tfsedulndifssiugunuunamnsidsuudaiu liduures
Foiviia sdlussuudmud sudasdsnangs widsanuse
fa"mmﬂiﬁluﬁwmﬁLﬁEmwhﬁ”ugﬂqummammuﬁy'a@u (Haku'c-
Btazowska et al., 2024) TmﬂLawwﬁaqmﬁaumaqﬂﬂmﬁﬁaqmﬁa
N3IANITAURINIS msm‘uvqu@mmwﬁﬁwﬁaﬂ%mmwaNawam
Wielhiflemeremudonsieumsdewodulanilofidnlng
Iasurnuienanguslanegrauniviatg (FAO, 2020)

Janrtawns (Oreochromis niloticus X O. mossambicus)
Wulaiifianuddgmaassgiaildfumuiouilan Wesn
Wulaniifisanid ansauszneuyemsuslnaldvainuans
(FAO, 2020) Sﬂﬁ”’né“aﬁﬁé’uﬁﬁqmﬁﬁim (Behrends et al., 1982)
ImasULm‘umiLa mﬂmuaLmeuMmuammsLaaﬂ,uivuwamu
A BIUUY aBius i’mmiﬂLL‘U‘UﬂﬁLW%LaENLLUUﬂiJZNaEJEJu’l
Tuuith LuaamﬂLﬂuﬂmwmmiaﬂium"wmmuamwwmaamlmm
faustumulsngs (Dey & Gupta, 2000) og¢lsAinuszuUNg
wneidssuudafuddnateuinanandnliutuou Taglued
WA, 2560-2566 USanaumanand w.a. 2564 1adgoe 253,489 fu
U w. 2565 fUSunaumanand 269,394 fu iiiutudesay 5.90
Turaued wa. 2566 USinamandnduilduaniaundaifiog
266,480 fiu anassouay 1.08 (Department of Fisheries, 2023)
mm“]nvmmim?{auuﬂammmwﬁw msmﬁ'auuﬂaaaquﬁmmﬂ
daranszvudeiinaunsndnUafiauaaiientstn (Sakunphun et
al,, 2024) §J‘1.JLLUUﬂ’liR]u@mSi%UUﬂ’ﬁLayENLLUU?SUU“E’M&!HL?HU
dmfudswaiaunsannsaldiluwuamedmiumsnanuaznis
wneidssUanlawnadondeduazniswanndidedu (Sustainable
Development Goals: SDGs) lugmmsinnzidesdaiun fiflnasie
EULLUUﬂ’liﬁﬁuu’li%“UUﬂﬁLﬁyENﬂa’]ﬁaLL@N (Zhao et al, 2022)
WiolannsoiunandnUardaunsiifisamesonnudainisves
pann msAnuluadsi e UsrasdiileAnw S oudiousewing
SYUUNMSLA 89S A saemin (Change fish tank water; CFT) fiu
izuumil,gmLLUUizUU‘ﬂgmanuL"EEJu (Recirculating aquaculture
systems; RAS) @ 8@1T50ULNITIATYLAULA 4NN UATNIST

wWasuwUasnaunmilunsinsidssandaunsiieldiduiuma
dwumsiaiunssuumaneitssUaauasioly

aUnInluazIsNIY

A13@ A NUS B UL BUTEUUNISLE BaUand auns
(Oreochromis niloticus X O. mossambicus) gneanuwuulvidiaIy
WINZaIMUNaNaTINeTUTINNSITdR iAo Inendesady
vyjtinuaonds lavitougalddnd AS6611010 hnsneununIs
wmaamw?juauysai (Completely randomized design, CRD) Wi
NPFBUANLLANANwB AN TR BsUaTTlaunT 2 syuulstnousae
1) 'i“wmil,ﬁymﬁﬂmsa'wl,mfﬂ (Change fish tank water, CFT)
2) 3“"U‘Um§LaENLLUU'§“UUu7mJUL’JSJ‘LJ (Rearculatmg aquaculture
systems; RAS) 31UIUYANITNARDIAE 6 % (mwm 12 Uans
250D LaaamammsmLsagﬂmummaaamamsuﬂamwm
(Wshlalshnin 300%) Wemnstuay 2 Ade/fu (an 10.00 1. way
16.00 W) #2e1a3 oelWe s mlusiAa seaunislienis
5% vesmiing/Aleewns Tnsfiuiegefisveznamsiaed
30 Fu (Timing-) LLazLﬁaﬁyuqmmimmaaqﬁswmmﬂmgmﬁ
60 Ju (Timing-ll)
mMsesENUaIAA3

tvandaunsaniiduvanensudmidvd luesdy
(Wmindiede 8.08 = 0.09 9 Aol ouiuanmdatlutevun
A213, 11 800 L (1719 1.0 mx 17 1.0 mx&n 0.8 m)
Wuszegiam 14 Fu weduanmualiduiutuaninuinden
1091918 Berewinsguanil e sdmindiuan 12 fadeve
(et 144 §2) TminduanSuduede 10.20 + 005 g e
Tudnsnasuunaeiug 100 L (0$1s 0.58 m x &n 0.45 m) fislszuy
Lauﬁ']Lﬁamuqmzﬁuﬁﬂﬁmﬁmaamzammmﬂgm
MswaEaannae

sruumsidedlundeiuteeniu 2 svuu G 6 Ueste
sruumsides) Tnefndessuuivenmaludadsmandniewiu
gnet (LP-100) MABASEE%L3Ia1N156 89 1RBWU 5 UUNITE B9
Usgneudae 1) suu CFT Tasdieximn 9 7 Yu Unas 30 % ves
dtomuauazyhnsenduiinUsinasidldlunisides 2) ssuu
RAS fifinsmuausasinislvauuunsi Ensinislva 10 LPM)
Tusruulifimsdeugrenaensvezannisidios Inefinsinds
gnassdmsuRutiflesnuszduliasiluszuumsides Aok
finosfausinastilusruunsid s etuiinusunmsunildly
szuumﬂﬁ"@ﬁﬂﬁfﬂﬁﬁmummmq 2,000 L ﬁm&%’uaqﬂ&ﬁmaz
fupdsenlsluaeudiiiumg 16 meefa (um 10 cm x 10
cm) °u;u§nmqmﬁgﬂﬁmﬁa{]aﬂﬁummié’uaaﬂuaﬂﬁwﬁm STUU
RAS fin1ssanindunindad sad ensost usr U ANsaUT
Usznaude 1) fansesnzneu (Mechanical filtration tank) #iins
Tdmane Wanarafnvunadndviiduguuanid oadefluili
WUAT L5 8 (Moving- bed bioreactor tank) 7 inil 19 WA B
wonlundlaidulumsnuay 2) fensestinnim (Biological filter tank)
reudsutidngssuunadesds Figure 1
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CFT system

|

A

Water
control
Overflow pipe

Stock water
2,000 Liter

[_Air Line |
RAS system .

Water
control

B

Overflow pipe

10.21 £ 0.06 g

Water circulating system pipe

Figure 1 Schematic shows two different fish culture systems. System A is a system that changes water throughout (CFT system) the culture period by changing

water every 7 days at a rate of 30% of the total volume. System B is a recirculating aquaculture system (RAS system) that recirculates water with two

sedimentation tanks consisting of a biofilter and a water storage tank in the recirculating water system. The RAS system, tank no. 1, containing 200 L, has been

filled with fish hapas and bio balls as a substrate for microbes, and filter to remove solids. Tank no. 2 is used to receive water from the first filter tank to pump

back into the cultivation system.

171359AN1971599A89

desandawnniuszesiaa 60 Tu Iemstamniu
Tnen1sldindadlformsuuusaiainisliermns insduiin
USinaewns snnuvaluudaseyniuieUssdudasng
som duifiufiegisUadaunssuiutens 5 1 efeszozim
30 U (Timing-1) k@ 60 Tu (Timing-) YBINSIHL ﬁﬁmiaﬂu%’q
dwiinvesUailagyinisaauuandaeinduniumg (10% Clove
ol) 7 s2AUAILTUTY 40 me/L (Kumkhong et al., 2021)
iioifudeyaanssaugninaiyiulalasnsdaimindauan
(Body weight; BW) L'ﬁ'aﬁﬁaaﬂamwﬁﬂmmmﬁmﬁﬂﬁtﬁmﬁumﬁa
(Final body weight; FBW) vwindiiudued ooty (Average
daily weight gain; ADG) 8n31n151a3guLAulnamng (Specific
growth rate; SGR) §m51n130WA pue s ulndn (Feed
conversion ratio; FCR) wag@ns1n1558a (Survival rate; SR)
fanansluaunis

'FBW= Final body weight -

?ADG= (Final body weight -

SGR= 100 x [(ln
weight)/Experimental days]

*FCR= Dry feed fed/Wet weight gain

®SR= (Number of fish at the end of rearing / Number of initial fish
stocked) x 100

Initial body weight
Initial body weight)/Experimental days

Final body weight - (n Initial body

nsguuansiuau 2 faseve ieiudiegrudenain

a Y oA o . ' o & o
Uinadudene (Caudal vein) Tnglaastosiunisudsinves
1dem (5% KEDTA azatelu 0.85% NaCl) Liininluitasigiian
Ta%ininen (Hematology) Usgnausae 1) USunuidaldenuns

(Red blood cell) 2) sgaudglulnatu (Hemoglobin) Lay
3) USumsidaldenunssauiu (Hematocrit) Availumaian
(Plasma chemical) Usznausie 1) Amaauinglaa (Glucose)
2) waantnsndwelsn (Triglyceride) waz 3) warauilushu
(Total protein)
nsfudeyanainim
Lﬁuﬁagaﬂqmmwﬁmaamﬂmizasnmmil,?iym Taun
1) aungilennid Z)ammﬁﬁé’] 3) pendiaud avareluih
(Dissolved oxygen; DO) 4) Aaudunsaduana (pH) nndu
maammsl,amimaimmmmwmﬂmmwm (Hanna HI98194)
LLaumaam@mmwmiwaﬂmwﬂimauma 1) aweulanile
(NH5) 2) lulasyt (NO) FaeyanaaaunmaIn (Monitor
test kit) wazalwman (NO) ﬁaaqmmaauammw% (Tetra
Test NO) ¥n1sduTiaseiviunudszeinsgdunislu
Tussuumsinzdesie 2 svuu Ussneuse 1) s1unusuniise
Wavin (Total bacteria; plate count agar (PCA)) 2) wuafiiselu
anaiuile (Vibrio spp.; thiosulphate citrate bile salt sucrose
(TCBS)) 3) qéum?éaﬁmmﬁvaﬁ (Yeast and fungi; sabouraud
dextrose agar (SDA)) fge1msfianusmzsaanuafise
wazydunidudazuia lneseninanmaassAigumgiienie
maamsasLfammuﬁymasjisij 32.00 - 38.00 °C qquﬁﬁﬁ
oej3Emg 26.80 - 29.00 °C Uiinasenfiuiiazaeihiidads
9551114 3.44 - 3.50 mg/L andunsadunnsey sening
7.50 - 8.50 wouluiilyag 581319 0.00 - 0.50 me/L lulnsvieg
FENT19 0.00 - 050 mg/L wazA1luiasvey send s
0.00 - 50.00 mg/L mua1U laenangieseuziiaInIsAneal
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aunmieglussduitlidaindusuanedmiumameides

& (Taufik et al,, 2024)

FEn1suATIziluiosuanTg
N5IATIINIBIAUTENBUNAATIvase I TInaedly

wosUfuRnsTaslda8n5v09 AOAC (2010) fail n1sdiasiest

Wi en1USunalusAy (Crude protein; CP) T35 19an1via

Table 1 Commercial items utilized in the study's nutritional value

(Kjeldahl method), U3 u1aulasiy (Ether extract; EE) lng?
Ether-extraction, USu1aia2144 4 (Moisture) 1o e 7
Oven-drying, U3u1aute1lae3s Muffle furnace combustion
warUsinanielelngds Acid-alkali digestion Tuewnsvianisen
siafinaeeridmiuuaniiuiia (Table 1)

5
g

Components g/kg (dry matter basis)
Dry matter 95591
Crude protein 321.24
Crude lipid 38.67
Crude fiber 46.49
Ash 106.95

nsiesgalainine 1) msieneiusinadiaiien
LAg (Red blood cell; RBC) 2) USunnsidaldenung sauuu
(Hematocrit; Htc) wag 3) Hlulnalu (Hemoglobin) N153LATIEH
USurandadonunse auuuldT5n15v89 Neubauer
hemocytometer Tngn1513 0919 28e 1018 oaf U187 ae
Joatululiidenud sia (Grower’s solution, (Voight 2000))
Fearadonfegeiuihenlusnsasdiu 1:200 Yusiuaude
\ioauns Tnelddunlelndines (Counting chamber) 7414 ufl
1x 1 mm? wag chamber Auan 0.1 mm? wagtusiuaudia
deauninelindosganssminazdunamanadsuiinusin
donuas Usumsidiadenunsdaudy vhnsgadendiogradily
75% ve3A1NUYIVaDn Capillary tube n1sUavanednania
vosmasadasiuiniy ynsdunaeaussqdendieiedestiu
W3 89 (Microhematocrit centrifuge) #18m51153 12,000 rpm
Wuszeziaiuiu 5 w1 wazvhniseruailsuinsidadenuns
SauruanUsastmunssudieuiudiinsdindoaunmds
Pusies MuamavinadindenunarAaiovessuns
dindenunsdauy faiuandluaunisiuia

®RBC (mm?) = (RBC count x dilution factor) / Volume
"Htc (%) = (Height of red blood cell layer (mm) / Height of total blood
(mm)) x 100

flulnadu vnsAnwlagldnszurunismiuisnisves
Photometrical cyanohemoglobin method @ 1875 49 8 U#
(Colorimetric method) Tmennslduen Drabkin's aslumaen
nAaeU3u1ns 1,000 pl gadeeuden 4 pl aslunasanaaes
qun 1.5 ml e (Vortex) neihenfushegradenlmdiu &
fdlifigamgiivesdunm 5 uid wdwhnmstumiesiiniug
10,000 rpm v uiian 10 w1 i ennnzneaudAded
vaudaifonunsuaziAvvangadgafiog19U3uIng 200 pl
unrnisgandunduuas (0.0) Ineldia3oseuufAservu
Tulasiwan (Microplate Reader) finnug1apdu 540 nm Tngld
1161 Drabkin's 1{fu blank snudwesdlulnadu 91nnsvluans
Standard calibration curve 910157 ALW s UA U Standard
hemoglobin (g/dl) lgnaunis (Pal & Pal, 2006)

N1399193RTeRA Al lunaIau iU ssduaunmYes
Uauazaniugnelaruinisiaenisuisiegisdenuiinnistu
wigaiiausnwanann lnensdumieiaiestumlssfisnsiii

a Y ' @ A
10,000 rpm 5 W19 LazLAUAI9E 19NAENILAEAITUY LD 99
gaumndl -20°C nounisinlydasievianadlunaiauia
Usenausmie seaunglad lnen1siasieiideusinanuisves
Trinder’s method (Trinder, 1969) Uszliuusunalnsndwalsa
1ae1935n15 Glycerol-3 phosphate oxidase-sodium N-ethyl-
N-(-3 sulfopropylm-anisidine method % 85 unelae Bucolo
and David (1973) wazn1snsrviamusunalusiulunataunlag
143813 Biuret method M1e5unelag Gornall et al. (1949)

N5 RUsiuve st egdunigluiivesseuunis
& a o < o
WwesUandauns nasannmaassdussuziian 30 waz 60 Tu
nsguiudleg i lussuunisidssdatdanne vn 9
2 dUavi leneduddeg 19U ndaud geud111u1deanen ey
@135aza18 0.85% Sodium chloride Tugmsaau 1 : 1,000
(Serial dilution) a1ntuYN1sATIATULTREUNIEAILTT Viable
plate count Tua1msidgadoliaAuTUNILAOTIUIULUATLSY
Usznaume 1) 9IMsaeatinNinuT L wIzaod UL UATILS Y
& % S SN o= a ay v
e fiwemadsuesin PCA 2) wuaiiseluanaiuslesiey
91MNTELATD TCBS wag 3) JAUVTIIININTRTWILD MRS
\o Sabouraud dextrose agar ¥iINISUNLY 8T 9Nl 37°C
& o ° v o & a o saal
Jusgezanian 18 - 24 Falas vinsiuduiuiedunsdnd
Fnanduulaladflaainnisun@effidnuau 30 - 300 lalail
(Colony) U WINYTEYINTAUNI I T Ul avunsie
faddansuarsigaunaidu Colony forming unit/gram (CFU)
(Rawling et al., 2009) 31n&UNT

éColony forming unit / ml = ruaulalail (Colony) x daunduressziu
AT

nafiusinanhiidlunsidedeenstufinUsunashi
THuines Tausinmsthitlvariiuwagyinisdufuioga
WiotinseiuTunavesudeiiliararsiuiuiuasseyluih
(Total Suspended Solids; TSS) 1n8n15n5094F10819U511MS
50 ml ﬁasﬂismmﬂiaﬂaLLﬁaﬁﬁmmmgmawssmm 1.2 pm
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WA YBILT IS INaNNRAA1UUNTEAENTBIlURIUNITS TN
sanaunuaiigaumall 105 °C Wuszezia 4 Falus ihnstudin
dntnuazanuantelngldaunis

1SS (mg/L) = (hinreueu (me) - Sawidvdaau (me)) x 10° / U3anms

iy (mU)

MTIATITYTRYa
ihdeyafildannsiduiegauaznanisinszsideya
L‘U%‘auLﬁauswwdwﬂa'uﬁaaﬂwﬁLﬂuﬁaiwiaﬁ’u (Independent
group) iwmwivwmiwavl.ammmimamm (CFT) fiuszuuy
mit;wmayumuswuummumu (RAS) iilaiFouiisuany
LANFANIYBIALRA BLAAENGUN1INARBIRIETT Tukey’s t test
srelusinsu RStudio R version 4.3.2 (2023-10-31ucrt)

NaLazIsalNan1sIdY
wamssguaule Ussansnmnisliormsuazensisen
9InnsAnEINISIUSBUTBUsSEUUNNSIE Bedandlauns
(O. niloticus X O. mossambicus) M58 13810157 Nw1 il
30 (Tlmlng D) ’Ju way 60 au (Timing-I1) LwaLﬂieJULmJUimaN
syuumsdeeiinisdnesmi (CFT) U ssuumsidssuuussuy
umqunﬂmwuﬂm (RAS) Nan15AN®INUI 1921958881780
Asfnedl 30 Fu s aiiulanazdszansamnisldenns
yewanaunsiiiesieszuy CFT was RAS Liflnuunnsnaiu
Tuszuumsinzdeiiuanaediu (p>0.05) sglsinuszuuns
BBIuUU RAS danaradnsnissenvesuaiiaunsiiganianis
Heedesyuu CFT eghaiifoddaymaeadn (p<0.05) Tngsyuuil
deauuy CFT 18051N1350A0YTENING 93.33 + 2.58 % YUzl

TEUUNIILE BIRUU RAS ﬁé’mwmiiamq'ﬁ' 98.33 + 2.58 %
TnoifloAuganisnidsediszoriianis@inud 60 u ssuunis
NEE eUanTlanA Uy RAS dmasiodnsnIsiasgLAulaves
UmﬁaLLmﬁqqﬂdwsswﬂmwmgw,l,w CFT agailydnAny
yaadd (p<0.05) Inefiantinindaaaving (105.67 +4.76 g)
vhwindafiiiudy (95.46 + 4.72 g) dnTINIsLasLAulane Ty
(1.59 + 0.08 g/day) 8as1n15LasgLAvladnniz (3.89 + 0.07
%/day) UszAnsnmnnsideuemsidiudhwin (1.56 + 0.07)
firninsdssandaunsiaeszuy CFT a1 ity dIAYNI9EnH
(p<0.05) Ingszuumsiassanfiounsiuy RAS fi8ns1nssenes
7l 975 + 274 % gandsruUNBIEEsILUY CFT AiTnIn13
59MBYT 92.50 + 2.74 % (p<0.05) Flauanslu Table 2 MsAnw
svuunsdesaniaunslunsiiaenndesiusenunanising
Tutannsng (0. mykiss) Yaiia (O. niloticus) anufaauau
LanLauAn (Salmo salar) vanlu (Cyprinus Carp/o) fiszuuns
WY LaEmeLLUUivuuumuunwmammuwmmiauwmi
Lﬁ]iEy,LGIUIG]SUENUa’IUiuﬁMﬁﬂ’]WmﬁLﬂaﬁlum%ﬁLUuU’MUﬂLLau
SnrnsTontiganinsruunawnzlasswuuRain (Good et al,
2009, d’Orbcastel et al., 2009, Gullian-Klanian & Aramburu-
Adame, 2013; Arredondo-Figueroa et al., 2015; Wang et al,,
2019; Liu et al,, 2017) 9nuan1sAnwlulandaunuansliiiu
JsrUUMsIEA s e launeiesEuUN1S ALY RAS fina
sensiinaussauzninasaivle msdsuemsidudivin
wazdnIIN1TTenURIUaIdawns nuan1sAnwluvariawng
wanslidiugn sruunismnzdswandaunsissyuunsides
WUU RAS Snadanisifinaussouzn1siasaiivln n1sideu
gnsdudminuazdnsnmssenvesuaiauns

Table 2 Growth effects of red tilapia reared in different culture systems at 30 (Timing-/) and 60 (Timing-Il) days of study

Red tilapia culture system

Parameters SEM P-Value
CFT RAS
Timing-I
Initial weight (g) 10.20 + 0.03 10.21 + 0.06 0.01 0.821
BW (g) 47.83 + 2.56 49.00 + 5.80 1.25 0.662
FWG' (g) 37.63 + 2.55 38.79 + 5.77 1.24 0.662
ADG’ (g/day) 1.25 + 0.08 1.29 £ 0.19 0.04 0.681
SGR® (%/day) 515+ 0.17 521 +0.36 0.08 0.694
FCR 1.20 + 0.08 1.18 £ 0.15 0.03 0.800
SR’ (%) 93.33 + 2.58° 98.33 + 2.58° 1.04 0.007"
Timing-Il
BW (g) 97.67 + 5.65° 105.67 + 4.76° 197 0.013"
FWG' (g) 87.47 + 5.65° 95.46 + 4.72° 197 0.013"
ADG” (g/day) 1.46 + 0.09° 1.59 + 0.08° 0.03 0.014"
SGR’ (%/day) 3.76 + 0.09" 3.89 + 0.07° 0.03 0011
FCR 1.67 = 0.10° 1.56 + 0.07° 0.03 0.032"
SR® (%) 92.50 + 2.74° 97.5 + 2.74° 1.07 0.010"

Note: CFT = Change fish tank water, RAS

= Recirculating aquaculture systems, BW (Body weight),

'FWG (Final Weight gain); ADG (Average daily gain);

>SGR (Specific growth rate); “FCR (Feed conversion ratio); °SR (Survival rate); SEM = Standard error of the means, t-test analysis was used to analyzed between

CFT and RAS system. The different letters indicate that differences were considered significant at p< 0.05.
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Table 3 uaninavesAlainInewazALAlludonUD
UarTaunifilasad 1855 UUn1518 894Uy CFT uag RAS
TnonisAnwailainingrwesandaunuiledssdaessuunis
sdssiuanenaiy Aisvevnainisanud 30 Yu uay 60 Ju
PnMsANINUIsEUIUMSEsUaaun sy RAS finasenis
Wuszau Sulaase vealandaunsiisseziiainisfinuil 30
waz 60 Yu laefiszeriian 60 Yu fnasen1sdsunlacan
Tusiusalunananiifidngeniissuunindssuuy CFT aghadl
UydrAgyn1eada (p<0.05) Tnensinwmaossyuunsiasaan
JaunalanuamnuunnanaesAInsinyl Arduuindenutaa

glulnadu wanaunglaa waswanaunlasndigeslsd (p>0.05)
dufriunsdssmdessuuingudouiinadeninsedu
niAuduvesaluranouLenwauin (S. salar) (Wang et al,
2019; Liu et al., 2017) Yanila (O. niloticus) (Good et al., 2009)
Uanduman (Scophthalmus maximus) (Liu et al,, 2017) a8
Yangnaglsy (Dicentrarchus labrax) (Santos et al., 2010)
oglsfinuszuunsidsauvuimyudsuluvadaunsiing
neiensasunUasidunlaesnuasnanauTusAufiuandli
FudsEUunInAsauuY RAS fkademaiaiuguainuazaay
\Huegiirvesuaniauns

Table 3 Hematological and blood chemistry values of red tilapia reared in different culture systems at 30 (Timing-/) and 60 (Timing-Il) days of study

Parameters Red tilapia culture system
SEM P-Value
CFT RAS
Timing-I
RBC? (cell x 10" /L) 147.75 £ 5.22 147.67 = 7.75 1.82 0.983
Hemoglobin (g/dV) 45.46 + 2.27 45.15 + 0.88 0.48 0.760
Hematocrit (%) 2333 + 1.22° 2593 + 1.81° 0.58 0016
Glucose (mM) 343+ 0.51 3.42 + 0.86 0.20 0.971
Triglyceride (mM) 1.85+ 0.14 1.89 + 0.32 0.07 0.811
Total protein (g/L) 31.16 + 1.9 32.76 + 0.85 0.47 0.102
Timing-Il
RBC? (cell x 10" /L) 156.75 + 3.82 157.75 + 2.38 0.87 0.598
Hemoglobin (g/dl) 54.35 + 3.90 5752 + 3.81 1.66 0.184
Hematocrit (%) 2308 + 1.22° 26.26 + 1.10° 1.04 0.001"
Glucose (mM) 4.41 + 0.65 4.44 + 0.47 0.16 0.921
Triglyceride (mM) 2.65 = 0.32 2.75 = 0.35 0.09 0.598
Total protein (g/L) 32.57 + 0.30° 35.86 + 1.38° 0.57 0.002

Note: CFT = Change fish tank water, RAS = Recirculating aquaculture systems, RBC = Red blood cell, SEM = Standard error of the means, t-test analysis was used

to analyzed between CFT and RAS system. The different letters indicate that differences were considered significant at p<0.05

HaveIAIAN WL

Table 4 uanaNaN1SANWIAUAINLLTA 81T BUITIBY
Aanmiilunndsslaniaunsiiid ssfaesruunisidsaoy
CFT uay RAS lnanisuseiiurtwanlanile (Figure 2A) lulnsvt
(Figure 2B) warluimsn (Figure 20) luszuufildid o
Uanflauns anmsfnuaiaanimi Awesludouaylulasy
2095¥UUN5LE B9UUU CFT uay RAS lidauunnaieiu
aglidedAgYN19ads (p>0.05) Asnantly Figure 2A-2B way
Table 4 Ingnnsfnwailunsnvesszuunsassaniauns
WUU RAS fszauarlumsm (Figure 20) ndluszuunsides
WuU CFT agnafifodfynneadf (p<0.05) (Table 4) Tneiile
duganisneaasldvninfununuimahildlussuuns
WA B958MIN93YUU CFT way RAS (Figure 2D) Tusyuunsiaes
wuu CFT finsllusSinuiigenitlussuunsdeaanioung
WUU RAS agsilfuddnynisadn (p<0.05) Tngssuun1siaes
wuu CFT fufinunslddiiledugnmadssitszosina 60 Yu
agfisEAu 3.72 x 10° L YU SEUUNISIABILUY RAS Aaon
izstnmmsfﬁymﬁﬂ%mmﬂWilﬁﬁifﬁagjﬁizﬁu 1.14 x 10° L 3sn1s
W uu RAS TdUSinaifesndisyuun1sid ssuuy CFT
34 3.25 wi1 mapAsEEZIIAINIIIA Bl od uaanIINARE T

s8NNI 60 Ju fauandly Figure 2D was Table 4
IﬂﬂﬂﬂaiwumiL?ﬁymﬂmLmuﬁwmuﬁaummiaamzﬁumm
Wuduvesweuluide (ldifiunin 1 me/L) Snwiseaululasy
(laiAunan 1 me/L) wazluwmsyn (luiAunaa 1,000 me/L)
(Taufik et al, 2024) 881919 un15@ nwlulamsd i vinis
wzidssiesruuinyudsuaninsomuauszdutenlue
Tulpsviwazarlumsn (Crouse et al., 2023; d’Orbcastel et al,,
2009) fifinasensifindsnanandnveinisinzidsslanmsd
Bandvdsntadianddiiiuiinisanusunsnisldindmsu
nMsneEsuguisaiumseneludandaunduadsd sdnslsa
muudinaeansfinuuTinueendlauiiasaeihiidaieey
58I 3.44-3.50 mg/L Fanninseduuiinaeendnuiiavans
fﬂﬁ'mmsamﬁm%msmwzLﬁymﬂmﬁal,lmﬁ'msaaﬁizﬁ'u
6.0-6.5 meg/L (Abdel-Tawwab et al., 2014) unUardauns
annsnodveguazia3apivlaluanzundfiuiinueendiaui
avansulisinga 3 mg/L (FAO, 2021) Tnenisaniiudisodn
Tun1sid seaai olwlid wansznusonisia ssdandanns
Wi gt un1sAnui ds1uaudandawns (12 dasevenis
Vnaes) Mnzausof uAins1dseinsyauUSImoend Lo
avanuinlddsmansenusosnsinssennaonsTeIaNNSANY



N. Chukerd et al. / (PRAWARUN AGRICULTURAL JOURNAL 2025) 22(1): 67 - 77

73

Table 4 The table shows the average water quality values collected every 4 weeks and the water consumption throughout the 60 days rearing period.

Parameters Red tilapia culture system
SEM P-Value
CFT RAS
Ammonia (mg/L) 0.36 £ 0.13 0.32 £ 0.10 0.02 0.500
Nitrite (mg/L) 0.33 + 0.16 0.25 + 0.11 0.02 0.061
Nitrate (mg/L) 2375 + 8.98° 14.68 + 5.83° 139 0.001"
Total water volume (Liter x 10°) 3.72° 1.40° 0.02 <0.001"

Note: CFT = Change fish tank water, RAS = Recirculating aquaculture systems, SEM = Standard error of the means, t-test analysis was used to analyzed between
CFT and RAS system. Different letters indicate significant differences in the mean values among the groups (p<0.05).
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Figure 2 The effects of ammonia, nitrite, and nitrate in change fish tank water (CFT) and recirculating aquaculture systems (RAS) at 30 (Timing-) and 60
(Timing-Il) day study periods consisting of Ammonia (2A), Nitrite (2B), Nitrate (2C). Water samples were collected for analysis every 4 weeks, and the amount of

water used (2D) in the culture systems throughout the 60-day period were studied. System CFT is the culture period by changing water every 7 days at a rate

of 30% of the total volume. System RAS is a recirculating aquaculture system that recirculates water with two sedimentation tanks consisting of a biofilter and

a water storage tank in the recirculating water system. T-test analysis was used to analyze between CFT and RAS system. Throughout the experiment, the

differences were considered significant when p<0.05.
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Figure 3 shows the results of the microbial population variability of change fish tank water (CFT) and recirculating aquaculture systems (RAS) consisting of total

bacteria (3A), Vibrio spp. (3B), and fungi (3C). Water samples were collected for analysis every 4 weeks, and the total solids (TSS) fraction (3D) of the culture

systems was analyzed throughout the study period of 60 days. T-test analysis was used to analyzed between CFT and RAS system.
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Article history ABSTRACT

Received: 15 November 2024 This study aimed to evaluate the performance of two aquaculture systems, changed fish
Revised: 12 January 2025 tank water (CFT) and recirculating aquaculture systems (RAS), using 6 pounds of Red Tilapia
Accepted: 11 April 2025 (Oreochromis niloticus x O. mossambicus) per experimental unit. The initial body weight of the
Online published: 13 May 2025 fish was 10.20+0.05 g, with 12 fish per pond, and the rearing period lasted 60 days. Parameters
Keyword assessed included growth performance (final body weight [FBW], average daily gain [ADG],
Red tilapia specific growth rate [SGR], feed conversion ratio [FCR], and survival rate [SR]); hematology
Recirculation water systems (red blood cell count [RBC], hemoglobin [Hb], hematocrit [Ht], glucose [Glu], triglyceride [TG],
Changing water system and total protein [TP]); and water quality (ammonia [NHs], nitrite [NO2"], nitrate [NOs], total

bacteria, Vibrio spp., yeast and fungi, and total suspended solids [TSS]). These were used as
indicators for developing commercial aquaculture systems. At the end of the experiment, the RAS
group showed significantly improved growth performance compared to the CFT group: FBW was
95.46+4.72 g, ADG was 1.59+0.08 g/day, SGR was 3.89+0.07 %/day, FCR was 1.56+0.07,
and SR was 97.5+2.74%. Hematocrit (26.26+1.10%) and total protein (35.86+1.38 g/L) were also
significantly higher in the RAS group than in the CFT group, which had Ht and TP values of
23.08+1.22% and 32.57+0.34 g/L, respectively (p<0.05). Additionally, the RAS system showed
significantly lower levels of NOs~ and TSS compared to the CFT system (p<0.05), without
significant differences in microbial populations between the two systems (p>0.05). Therefore,
culturing Red Tilapia in a RAS can enhance growth performance, feed utilization, and survival
rate. Furthermore, the RAS can reduce NOs~ and TSS levels as well as water usage, without
compromising water quality.
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