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Abstract

This study aimed to transfer low-water management aquaculture technology for integrated
frog and fish culture to self-sufficient economic model. The project's objective was to transfer
technology of integrated frog and fish cultivation to farmers and disseminating the results to interested
community members to strengthen agricultural groups. The ongoing project evaluated results from
15 prototype farmers in three communities in Khon Kaen: Tambol Ban Ton, Tambol Pra Yeun
Mingmongkol (Amphur Pra Yeun), and Tambol Ta Kraserm (Amphur Nam Phong). The experimental
setup consisted of 200 frogs and 150 climbing perch fish distributed in a 150 cm x 200 cm plastic
cage pond with a water depth of 30 cm. The froglets were reared for 3 months, targeting a production
of 5 frogs per kilogram with a minimum survival rate of 75%, and 6 climbing perch per kilogram with
a minimum survival rate of 90%. Feed consumption during cultivation was 40 kilograms per pond.
The economic analysis revealed that frog feed costs were 960 baht per pond, froglets 200 baht,
climbing perch fingerlings 150 baht per pond, and pond construction 500 baht, totaling 1,810 baht
per pond. This setup generated an income of 5,250 baht per pond, resulting in a profit of 3,440 baht
per pond. In terms of financial returns, the study revealed an average Return on Investment (ROI) of
80.35+9.17% and an average Social Return on Investment (SROI) of 1.80 + 0.07. These findings
demonstrate that low-water management aquaculture system for integrated frog and fish culture can
generate social value and financial returns that exceed the initial investment. In conclusion, the
technology transfer of low-water management aquaculture system for integrated frog and fish culture
demonstrated potential for satisfactory income generation, improved well-being, and sustainable
community development. Moreover, the low-water management aquaculture system constitutes a
crucial component of the national strategy focused on sustainable development, with objectives
aimed at increasing productivity, enhancing value, and establishing food security for the country.
Keywords: low water management aquaculture system, integrated culture, transfer Technology,

sufficiency economy model community
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walulaginnmndszaaindeslunagey anuwau 5 918 nananlusauNsAesLdAsHa Y Figure 2

Farmer data: Tambol Ban Ton, Mr. Sutthipong  Mr. Boonsong Mrs. Sompharn Mr. Manoon Mrs. Khanong
Amphur Pra Yeun, Khon Kaen Khamnuthai Ratchawong Phapao Budsee Yodpratum

7— = T

Average daily gain (ADG): Frog 217 220 244 220 217

g/fish/day Fish 142 140 155 147 140
Feed conversion ratio Frog (074 0.78 0.74 0.75 0.76
(FCR)
Survival rate (SR): % Frog 90.00 80.00 70.00 85.00 87.50
Fish 97.33 93.33 97.33 98.67 96.00
Production: Frog (Kg) 35.20 3170 30.80 33.60 34.20
Production: Fish (Kg) 18.60 17.60 2040 19.60 18.20
Total feed intake (Kg) 40.00 38.50 38.00 39.70 40.00

Production cost (Baht) 1,810.00 1,774.00 1,762.00 1,802.80 1,810.00
Profit/cage (Banht) 3,570.00 3,156.00 3,358.00 3,517.20 3,430.00

Figure 2 Growth performance, production and benefits of cage culture for integrated frog and

fish in Ban Ton, Phra Yuen, Khon Kaen
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3,406.24+161.74 UNeandzds (Table 1)
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Farmer data Tambol Pra Yo ;. o500 Mr. Sathit Mr. Chusak Mrs. Samai

Mingmongkol Wanphe Khamana Chaiyaphop
Amphur Pra Yeun, Khon Kaen

Mrs. Suniporn
Athayasaiwisut

Average daily gain (ADG): Frog 237

211

g/fish/day Fish 162 139 141

Feed conversion ratio Frog 076 0.73 073 067 0.76
(FCR)

Survival rate (SR): % Frog 75.00 70.00 61.00 72.50 72.50

Fish 86.67 95.33 94.67 93.33 89.33

Production: Frog (Kg) 32.00 28.00 30.50 28.00 27.50

Production: Fish (Kg) 19.00 20.20 20.50 17.50 17.00

Total feed intake (Kg) 40.00 38.00 38.00 35.00 40.00

Production cost (Baht) 1,810.00 1,762.00 1,762.00 1,690.00 1,810.00
Profit/cage (Baht) 3,290.00 3,058.00 3,338.00 2,860.00 2,640.00

Figure 3 Growth performance, production and benefits of cage culture for integrated frog and

fish in Phra yuen mingmongkol, Phra Yuen, Khon Kaen
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AAALNANAR Wudmﬁ’funumm'ﬁm@ﬁﬂ 1,766.80£49.19 unsenszda uazrinlsdusumnaann

o

FnAUNULaA 3,037.204293.25 UNNAANTTa

q
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=& ZI/ :l’ o o a d” v dl o = )
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muﬂﬂiﬂmmu NI 5§18 NANAR FTALNITALULARINA T Figure 4

Farmer data: Tambol Ta Mr. Nikhom Mr. Chawalit  Mr. Somkhuan Mr. Sompong  Mrs. Khemphloi
Kraserm, Amphur Nam Phong, Klangnongsaeng Mooltha Phanthang Yotakhong Uttaramun
Khon Kaen

Average daily gain (ADG): Frog 190 211 215 2.39 1.88

g/fish/day Fish 1.60 177 145 164 167
Feed conversion ratio Frog 0.73 0.76 0.76 0.74 0.71
(FCR)
Survival rate (SR): % Frog 8750 85.50 81.50 65.00 80.00
Fish 90.00 92.00 0333 88.00 89.33
Production: Frog (Kqg) 30.00 32.50 31.50 28.00 27.00
Production: Fish (Kg) 19.50 22.00 18.30 19.50 20.20
Total feed intake (Kg) 38.00 40.00 40.00 39.00 37.00

Production cost (Baht) 1,762.00 1,810.00 1,810.00 1,786.00 1,738.00
Profit/cage (Baht) 3,188.00 3,640.00 3,170.00 2,964.00 2,982.00

Figure 4 Growth performance, production and benefits of cage culture for integrated frog and

fish in Ta Krasoem, Nam Phong, Khon Kaen
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Table 1 Results of growth performance, production and benefits of cage culture for integrated
frog and fish in three community model farmers village: Ban Ton, Phrayuenmingmongkol and

Tha Krasoem, Khon Kaen

Parameter Ban Ton Phrayuenmingmongkol ~ Tha Krasoem mean SD
Frog production (kg) 33.10 29.20 29.80 30.70 2.10
Fish production (kg) 18.88 18.84 19.90 19.21 0.60
Feed intake (kg) 39.24 38.20 38.80 38.75 0.52
Feed conversion ratio 0.76 0.73 0.74 0.74 0.01
Average daily gain of frog (g/frog/day) 2.24 2.32 2.09 2.22 0.12
Average daily gain of fish (gfish/day) 1.45 1.52 1.63 1.53 0.09
Survival rate of frog (%) 82.50 70.20 79.90 77.53 6.48
Survival rate of fish (%) 96.53 91.87 90.53 92.98 3.15
Cost (Baht) 1,791.76 1,766.80 1,781.20 1,779.92 12.53
Benefits (Baht) 3,406.24 3,037.20 3,188.80 3,210.75  185.50
Return on Investment (%) 90.11 71.90 79.03 80.35 9.17
Social Return on Investment 1.90 7 2 1.79 1.80 0.07
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agulaan A.royi MResa T. suecica anunsnldayunatlainensanadasaunaununisldosiie s uay

o o

v a o dl dl dld a a Ca
msluﬂmﬂz‘wwmmmﬂmﬁﬂmmﬂ@.wqm gaduiuan i Anan wlunisueneganoiae

[ %

ﬁﬂﬁ'}ﬂmv : Tmﬁwam, UanNLwWsa19, Isochrysis galbana, Nannochloropsis oculata, Tetraselmis suecica

Abstract

This study examined the growth of the copepod Apocyclops royi when fed with three different
species of marine phytoplankton: [sochrysis galbana, Nannochloropsis oculata and Tetraselmis
suecica. A clear glass bottle was filled with 900 milliliters of each phytoplankton species, then inoculated
with 100 milliliters of copepods. The copepods were cultured for 9 days. It was found that the copepod
reached its significantly highest density of 17,284.0+£2,552.6 ind./L (p<0.05), when fed with T. suecica
followed by copepod fed with /. galbana (15,679.0 £3,576.5 ind./L) and N. oculata (12,345.7+2,252.9
ind./L) respectively. The diet of copepods influenced their fatty acid composition. A. royi fed with T. suecica
had the highest percentage of polyunsaturated fatty acids (PUFA) at 44.42% (p<0.05), which was
significantly higher compared to copepods fed with other species of phytoplankton. Additionally, A. royi
fed with T. suecica contained PUFA such as arachidonic acid (ARA), eicosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA). In contrast, A. royi fed with [. galbana and N. oculata did not have all
three types of these PUFA.

The growth of Asian seabass (Lates calcarifer) larvae reared with copepods fed by three
different species of phytoplankton, compared to a control group reared with newly hatch artemia within
10 days was studied. It was found that the Asian seabass reared with copepods exhibited significantly
higher growth rates in both length and weight compared to the control group (p<0.05). Asian seabass
achieved the highest weight growth rate of 0.009+0.002 g/day when reared with copepods consuming
N. oculata, whereas the highest length growth rate of 0.289+0.091 mm/day was attained with copepods
fed on T. suecica. The highest survival rate of 74.45% in Asian seabass larvae was observed when they
were reared with copepods fed by T. suecica (p<0.05). The study concluded that A. royi fed by T. suecica
can be used as a substitute for artemia in rearing juvenile Asian seabass, resulting in the highest survival
rate of juvenile Asian seabass. This approach shows potential for commercial application.

Keywords: Copepod, Asian seabass, Isochrysis galbana, Nannochloropsis oculata, Tetraselmis suecica
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N

Tadnanduunasinaudndniuunasinaungiiuaiuis dunuindrAnyluaalaaiung
dufusinadgugiivaziduesidinesdninzia lusssuaifvaieailn (Dhont et al.,2013; Williamson
and Reid, 2001; Amparyup et al., 2022) Iafinaniinsnariiudasy nenladi uazansanmisnanduay
NINN1815NLHe (Altaff and Vijayaraj, 2021) IaaiguAnnetnguinisaaslainanlaaianiznss laduiv
£ Y a P a = = Y v <
Auagiueusniaineniiu (Lee et al., 2017; Dayras et al., 2021) An13AnNE Ua9 U lAMAREILALS
Tnfinendasunasinauiginfnging 19 1w n1smeasaaesiaiinen Oithona sp. Aatl Chaetoceros
calcitrans, Chlorella vulgaris, N. oculata Wag I. galbana (Chilmawati and Suminto, 2016) ANINABBILALN
Tafinen A. dengizicus Aagl C. calcitrans Was T. tetrathele (Farhadian et al., 2008) WAZNITNAABILAL
Tafinen Paracyclopina nana Ao Phaeodactylum tricornutum, I. galbana, T. suecica, Chlorella
1A WAy Chiorella AN (Lee et al., 2006) wananigalnimaaedgiaealafinen A. panamensis Aagl
I. galbana waz Nannochloropsis sp. (Ballesteros-Redondo et al., 2023)

& = ° @ alg o g s o= a | , =2

wnasrmauNIUI AN I lun1swziageunasineudndnvanaeiia 1w 7. suecica Ta1ilu
UWNAARAUNTALTY IEAGNANENET AUALsza 9-11 IIATWAT (Hoek et al., 1995) iuunasinaui
wutnsania nelwaaazanlusiu afiulawmen laduuazTuiana@us (Ashok Kumar et al., 2023; Rida
et al., 2024) 494U 1. galbana Haunmaaalseunns 5 ulanuns Aldsin Anflulawmnsnuas oty
5888 27.10, 34.32 AT 10.54 AMNATAL (da Silva Gorgonio et al., 2013) @1u13nldiduan s
TAfinan (Lee et al., 2006) sanvialdiaaanasdadeln (Laing and Verdugo,1991) was N. oculata vilu

& =) a A e o A a @ ¥

WNASARUNTIA LT TARNANH LS NANWTETLANTEY 2U1A 2-4 LNTATINAS (Kumar et al., 2023)

aa

neluiadi PUFA 2849 (Zanella and Vianello, 2020) ldiaealsfimasiaiiuenmislainaesdndun
Jeaaunae e (Li et al., 2020) saxialdiasalainannaeiiuii (Ballesteros-Redondo et al., 2023)
darnewsana Lates calcarifer (Bloch) u’%‘é@%mﬁfydﬁ giant sea perch 138 Asian seabass
dutlanfiaandrdyninasegialasanizluginiaedsuiintedsnnesdonmiad lulszmelne
. X - » . y
Anandandainzneannainnasiwiziaeslud w2566 USNN 54,760 A yaAN 5,499 41ULN
(Department of fisheries, 2024) L& :H@ﬁﬂﬁLLuQIﬁuLﬁuﬁu@ﬂﬂﬁ 2564 $R84aY 8.91 (Department of
fisheries, 2022) usltAxNIALNUAINEZIITNRETNIUTINgNRUTAINsssN T ATnNUTyMIAINLANGN g
Ba9uIALaLAaTgNELE lussINT A i eane Aglaanismsiusiazayuataingneaa lulsawzin
fesiasldannsiannlunguunasinaudad Inslilsfasluscazusn seannilagniafaualnofauasly
ol A ol A aaa dIQ bd’l o 1 dl v ¥
ansdetueuns eafdaiduemnsidtantenldiassdamziadasen wasanmlade ldanuazaon
A ' ol + ! 1 el A Z.l/ ¥ o ¥ ! | A
arnsnmnziugannldefilaussqnaziles wildenfledusasindraindedssmaasiisnaung
Tannenandunitaaenuialuniseyuiadainzneanadedeunaslainziadusausinau
TnalafinaninnAmieeImiegs dnsnariiuanduuas PUFA 13n1muge (Stettrup, 2000; van der Meeren

et al., 2008; Rayner et al., 2015; Paul, 2023) 19217 PUFA Tagiany DHA, EPA Las ARA 114
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UaudauiinszgniaLng lasepauiaden wazidnsnissananesn (Thepot et al., 2016) Taaflsney
nsldlannanlunisayuiatameiadodeu laun Uarmiifeas (Colombo-Hixson et al., 2013)
Uaruanuausnaan (van der Meeren et al., 2013) danews wazdainzde (Burgess et al., 2020)
adlafinin n1sAnEInaeLnaITneuNTTiaf1e) AensasnRLin uazesAlsznaunsnlaiuaes

o a o = a

. o oW i = a AL e - A a
A. royi 8NUR/NA LL@zﬁNiNNﬂ’]ﬁ‘ﬁﬂHqLll?‘ElULV]ElUﬂﬁ‘g@V]ﬁﬂqwmﬂ\? A. royi NINENAEILNANNAAUNTANITUA

¥
=2 =

Tunisayuiatainnennndasen AuinanuidetasddnglssasfineAnenazesunadinauiie 3 14in
#un 1. galbana, T. suecica Waz N. oculata fan1siuin aslsenaunsaladuanalafinen A. royi uas

UszifiudszAnsninlunisldiduevinseyuiatainzneanadaaay

aa a o
6N1939¢

nsiaulnuaslanwan A. royi MAsImEUNAITAaURTAeT IR luMSIA BRI RN ASLFEY
Fnenisdulnreddafineniidsuuniiuifeaniaiesannsldunasineuiasaiiafudy
819119 w3 gan1snnaas Laun 1. galbana, N. oculata Waz T. suecica IABNITULLUNAITABUNE
LLﬁiamﬁmlummiLgmmm’w@;m F/2 Guillard medium Ais3guannimnziananmifis 20 Winag e
uwnasrimauiialaglfuasnanuidiuuas 5,000 and dasiin:dasadng wirku 12:12 dalug WenniAnaeainan
p3radnAMNTUIRiNIaIuNaTRauR T Ine ALTiL AW dRaea lamiudadannialsindesqansssil
N 24 fv’ﬂm Lﬁ'ml,wmﬁmuﬁm I. galbana, N. oculata U8¥ T. suecica HANULLUWLITEHNIW 700, 4,000
Laz 200x10 L IAR/NA AINEIAY Geidupa uuuILugIgaaInn1AnEIN1aAuinTe
unasrineufiansanusiia shunasimeuiinandieasiuaanuiala 900 adans Tiaay 3 190 LaziAn
Wadelafines 100 Aaaans Beslafinen Inelfuasaanaidiuugs 5,000 a0 dasiin:dasadng wiad 12:12
dalu IfenmAnaannan duietraiielssifiunisiulnzedlafinesnn 24 dalue Tnenisdusuaudag
Sedgewick rafter chamber ne/lAndasqanssayl usaza9aly 3 g1 Tpeniusuauazsuunszazlafinen
w3 szay laun uawdos TanInss wasAalAnde 9oNT9AIUIUTINYNILHY ATUITY
pNuiuaesiainaaluwsazganmaaes Anazideyanwaintaanisdimaziauulslsunuy
M19FiE9 (One way analysis of variance) Loz i3eReuAMNLANAN WA LRAE F2833 Tukey's Test

ArvsuAudaNuiasay 95

nsalusiuaaslANNan A. royi NRLIAIERIUNTUANFAINNY
lej = ¥ s I | o a v 1 .
WwaalafinensagunasinauiTLAnNFA1aTY 3 50 LAWA /. galbana, N. oculata Waz T. suecica
lunsladsnnms 30 ang NaALKNANARTINGS UalnAea AN Inas wazFalhnds d1msiiinmevisAilsenay
nsalasu fnenan ninenisududs afaleduanndiedelafinannaeas Acid hydrolysis (Folch et al.,
1957) inlinsalusiuaglugl Fatty acid methyl ester Tnaieinunszuaun1g Transesterification (AOAC,
2019) antudtasnzvinsaladulalaeld Gas Chromatograph 8a Agilent §1 6890 N Ansigidnaiin

Flame lonization Detector
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ARFINIFFRAMLLAZAASINNTIAs LA LTAARILA NN TRIEaU

indainegwernadadaunany 7 9u mmgm@‘luﬁqwamﬁﬂﬁmmﬁwmmmmlﬁu 30 WD 19
sl fiduduemsduaz 2 e Lﬁ@ﬂﬁ?mmwa“m‘mmm@u@.ﬂﬂmﬁmq 15 §u AeFuinmeaes
auuatlainzwarnalaglia1unsuans1eaiu in13naaesiuy Completely randomized design (CRD)
wiaidlu 4 gANTINARRY TANINARBNAT 3 g1 ldun

gnacuAx Tenfdausniniduaimg

gammaaast 1 WiaRnenuamamsinaunnisdat . galbana s

gammaaast 2 WiaRnenuamdmasinaunisdag N. oculata luams

gan1amaaast 3 WlafinenisiuanAIsinguIN1adae T. suecica 1luans

Fadenitainzneanadagauiidnainenassning 17-19 Raamns méu’m‘luﬁqwmmﬁﬂﬁmm
mzianasLAn 30 dawlui USunas 15 das wiazi9ayL1alaInEneane 30 Ao wAazgaliaiuns
uananai dun Tnfinenfidesdag unasineuieunansneiy 3 1iin uazlieniTideuwsniniduainnslu
TAAILAN NTANIINAAEL ITaIMNTdUuAY 2 A%a ASaaz 0.5 N3 @mmﬂfauu@uﬂﬁiﬂudmﬁﬁ@m:
20 AR mmrj“mQmmwﬁﬂuwmﬁl,ma‘“ﬁhm éurt eendiauazanenih fies Sanais ueuluidle
Tulasl faagannaey Juas 1 A% rewiaaudneinluusazdu faaunn daiminuaznmagausiuoy
Uanzweugen WfuEufuuaziui 10 mmmiwu’mLﬁfamﬁmﬂmﬁ@mmﬂLmzé“mmmm?mlﬁu‘lﬁm 11
SﬁﬂgaﬁiﬁmﬂmmmmmﬁLﬂmzﬁmmﬁﬁ Taain199tAgeiAuul U9 (Analysis of Variance) Wa

a F ] A v aa A o 4 o v
Lﬂ???;l‘]_lLVIEILIﬂ')'mLL[ﬁmm’]\‘l‘ﬂ@\iﬂ’]L'ﬂ@ﬂWJMﬁ Tukey's Test NILAUANNLTANUTALAE 95

Nan1sIRgLazanilsena
nistaulnuaslainan A royi MAagIRIgunNaInnaunta19Tdnlunisiaasuuuiiuiien
ASILAE
dgj = " v dl & = % [~3 d‘ | o

nAaedaeslAinen A. royi luaanialanussqanuisiiluunasinaungiaAunuane ey
3 a9iia lawd /. galbana, N. oculata Wag T. suecica N@m?‘wm@mﬂﬁ"mgdﬁ ﬂmMMuWLL‘Liuzg\m;mmm
TARNeAWINTL 17,284.0 £ 2,552.6 fa/ans wulleldaslaNnensay T, suecica luiud 8 299015188
20904N1AD 15,679.0 + 3,576.5 A9/AnT Walaedlananaae /. galbana Tuiui 7 28917188 waziie

@asTafwansae N. oculata AMINWLILUWEIAAWINGL 12,345.7 + 2,252.9 5iv/ans Tuiuil 7 289019148

[
%

(Fig.1) Tnalaiwaniiasssat /. galbana uaz T. suecica AANMULUNAIEA lunNFANTUNNATH uay

A ANNAINNUILLNGIEAT0TATNEAGININTANITNAABITNLALNARE N. oculata at9lTaENATY

N94 DR (0<0.05) (Table 1) @augnsnN1iNa LUz INTIeslARNeATLARNARE /. galbana, N. oculata

WAz T. suecica WINf 0.58, 0.40 WAY 0.45 HA/IU AINAIAL
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v

= a a = LA Y - N A o ' 4 X
ﬂ’]ﬁ‘ﬂﬂ‘]&ﬂﬂ’]ﬁ‘mﬁ‘ﬂ;’lLﬁ]UIIﬁl‘H@QIﬂWW@@] A. royi NERENALLLNAINAAUNTANNTUANL WL bHBLAES

1 4
Tnfinangdae N. oculata MnlilafinanilAa uuuutngegasndnisaasiafinensos /. galbana uas

T. suecica agalladAtYN19ans (p<0.05) efiansnnsunamadreunasineuian 3 58 wudn
T. suecica HUUNMEa® 9-11 bulAsiNms (Hoek et al., 1995) %qﬁmmmlmaiﬁlzgmLﬁ'mﬂ?‘ﬂmﬁﬂuﬁu
I. galbana uaz N. oculata TRANATARLT=H Y 5-6 WaY 2-4 lulATINAT ANEIRL (Kumar ef al., 2023)
wazaalulllfdnaunaasues 7. suecica WnnzaNiun1gillens18g A.royi

nannsdnena s dullluiuaniargafuninaaslalanaeadlafinan Othina sp. Aqg
LLWMﬂrﬁ]ﬂuW‘ﬂ‘L’iﬁLﬁu Taun N. oculata, I. galbana, Chaetoceros calcitrans Wag Chlorella vulgaris W41
Othina sp. AaEEAE N. oculata Wuswausa e liaiige uaziigasmnsdulnreslszanamiige e
WRenfeniuniadeedas /. galbana, C. calcitrans Wa% C. vulgaris a8 uedAtyn19aia (p<0.01)
Inel C. vulgaris 4ae N. occulata WRIARURNARNWNIZdNTUNNTT e M I ANz e s ua A A WA

) 4 a o o - o g w R o g , aa -
@qﬁﬁqﬁlmﬂﬁ@\‘]mumuﬂmuﬂLeﬁ@@ﬁuqﬂqq‘ﬂqiﬁLﬂuﬂqﬂ@ﬁ'?ﬁluﬂq?ﬂ@ﬂ‘Q\?Vﬂiﬁ Othina sp.NNULNAINFAAL
&

'
a

gavriaiinnsiNIvaeslszansdesndin s liunasinauiNgmianaw (Chilmawati and Suminto, 2016)

ULALN911INEDY Lee et al. (2006) N3 uinlalnanasdianen Paracyclopina nana Nwaemas
o o - o = A o - =2

Chlorella sp. HWAXINITRAZANTANL T2 TN TINNLe9an Chiorella sp. ANslaEagvu1aAdtiag e

deualilainan lasuansa1ng L sanae

25, - s .
25,000 A nauplius % copepodite 000 —Ar— nauplius —— copepodite

a (b) —— adult - - total
000 (a) —HF— adult - -G - total 20,000 <

15,000 15,000

10,000 10,000

Copepod (ind./L) -Nanno

Copepod (ind./L)-Iso

5,000 5,000

-5,000 ;
-5,000 Time (days) Time (days)

25,000 —Ar— nauplius —— copepodite
(c)
—— adult - - total
20,000 <
15,000

10,000

5,000

Copepod (ind./L) - Tetra

-5,000

Time (days)

Figure 1 Growth of A. royifed by /. galbana (a), N. oculata (b) and T. suecica (c) in batch culture
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Table 1 The maximum A. royi density with different feed

Treatment Copepod maximum density (ind./L)
A. royifed by . galbana 15,679.0 + 3576.5°
A. royifed by N. oculata 12,345.7 + 2252.9°
A. royifed by T. suecica 17,284.0 + 2552.6°

Values are Means + SD and values in same column with different superscripts are significantly different (p=<0.05)

siinresunasineuiisiiiuennsinfineniinasenisiadoyfivaeslafinenlaaiuasgiu
nistianld eedlsznenuazndIuIesunAsTRauRTuAazain n1sidadlalanansslninen
Paracyclopina nana wudiielFenmnsidlu /. galbana uaz T. suecica i lflafinandnisiasoyiiuln
@andfm’mgm Aatl Phaeodactylum tricornutum, Chiorella 1130 uaz Chiorella 1i11fx LazERIINTS
\styiAutnaaslaiinen Paracyclopina nana QqﬁqmLﬁmgmﬁfmmmimmwdw T. suecica iU

o

I. galbana WASBNMITHANIZNIN T. suecica NU P. tricornutum (Lee et al., 2006) d8AARBNALINNTIAE

2N
o Sa

AFIUN T. suecica WA /. galbana Fedaunaaas i) Mn1W A. royi HANUWILUUEINIINITIALNARE
=2 - @ ' L ~ = a a A X e |
N. oculata TedawaaANNd1 wananddeinisAnenisasniulnaes A. royi MAssaaIndng
#HARYINTIOIMITHANTENI1NANNINY 2 TR NANIINAABINUGT NI9LAEN A, royi Aatl T. suecica
AR I TARNEAN A NMUILULAIRAWINTL 12,765 AIY/AAT TO9AINIABNITAENALANUTHAN

321419 T, suecica iU Thalasiosira sp. 1A TAANE AN AITNUUILUBLANTY 10,679 FHI/AM

b

(Tapaneeyaworawong et al., 2019) a79aa9AHAINIIAI AN LLLgIgannL TuN 19 AN ASSTN AN

¥

WINIL 17,284.0£2,552.6 FA/ART WAL A. royi A9t T. suecica WeNTiaRen

asnlsznaunsalasiuaaslainen A. royi MALIAILLNAINARUNTANITUA
= - o ~ o o Y - A a Y
nisAnwaasdlsznaunsalasduaaslaiinen A royi MiassAsuwasiaaunNgs1eaia Tauwn
I. galbana, N. oculata Uz T. suecica HANNINASBIUIINNLT aeALlsznaunsalududus (Saturated Fatty
Acid: SFA) Inunnigalulaiinensivain 3 gannmaaes laun Palmitic acid (C16:0) Inalawanafitaes
a o o o

matl N. oculata § Palmitic acid (C16:0) g9 gaateddad 1Aty 19ain (p<0.05) sasasulaun

TAfnanNLaLsng /. galbana waz T. suecica Il Palmitic acid (C16:0) 5881 39.48+0.28, 31.65+0.56

b

v A

WAL 26.72+0.24 gauadrdsznaunsaladuludufqi@aie s (Monounsaturated Fatty Acid: MUFA) 3@

a o aa

Oleic acid (C18:1n9c) WUgeNgaatvllsd1Aynieana (P<0.05) lulafinenflatsaas /. galbana

o

saqaann launlainanlatanae 7. suecica wae N. oculata MNATGU TasiliFunnd Fasay 24.79+0.33,

16.62+0.09 LAY 6.17+0.12 ANa1sy waznsmlasulidudadedess (Polyunsaturated Fatty Acid: PUFA)

o o

%iln Eicosapentaenoic acid (EPA: C20:5n3) WUG4714ntialtiudAtyn1eadia (p<0.05) Tulafinenn
\@ENAae /. galbana seasNnlaun IanenNiaeasae T. suecica Waz N. oculata ANa1Ay TaalUTuNn
faeay 5.15+0.31, 1.62+0.05 LAY 4.33+0.07 AINA1AU daunsaladuada cis-4,7,10,13,16,
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19-Docosahexaenoic acid (DHA: C22:6n:3) WLgINgaatialiad1Anyn19atia (p<0.05) Tulainani

1
= g

Aeedan T, suecica Winfudasas 3.8440.01 s09a9un ldun lafinaniiaaadae 1. galbana fata
3.0420.02 Tanueilafinanfilaedan N. oculata linunsalsiuafin DHA uenannieadl PUFA 4 1iindi
wulan1=lARNaATAY T, suecica Lﬂu‘miﬂ’]ﬁ‘wﬁ‘&u 1A Eicosadienoic acid (C20:2n6), Gamma-
Linolenic acid (C18:3n6), Dihomo-gamma-linoleic acid (C20:3n6) Waz Eicosatrienoic acid (C20:3n3) g21
Seaaza99 PUFA T A. royi Fiaeadae 1 galbana, N. oculata Wae T. suecica WNALUSBYAS 14.45+0.60,
28.33+0.38 WAY 44.42+0.15 ANNAAL 1agl A. royi Tidedag T, suecica H¥atazaes PUFA @;qﬁqm@ﬂw

1 1 v 1
Ndpd1Atyneaia (0<0.05) WamauiulafinasNidesseaunastnauissinau (Table 2)

Table 2 Composition of fatty acid (% of total fatty acid) in A. royi fed by /. galbana (A-lso), N. oculata

(A-Nanno) and T. suecica (A-Tetra)

Composition of fatty acid (% of total fatty acid)

Fatty acids

A-lso A-Nanno A-Tetra
SFA
C14:0 8.39+0.46" 1.91+0.20° 0.86+0.04°
C15:0 2.03+0.10° 1.24+0.03° n.d.
C16:0 31.65+0.56" 39.48+0.28" 26.72+0.24°
C17:0 2.59+0.02° 0.98+0.00° n.d.
C18:0 7.40+0.18° 2.99+0.06° 4.75+0.04°
C20:0 2.38+0.16° n.d. 1.08+0.04°
C24:0 n.d. 2.91+0.31° 1.82+0.04°
MUFA
C15:1 n.d. 0.45+0.04 n.d.
c16:1 6.32+0.12° 13.35+0.20° 1.96+0.05°
C17:1 n.d. 2.19+0.21 n.d.
C18:1n9c 24.79+0.33" 6.17+0.12° 16.62+0.09°
C20:1n9 n.d. n.d. 1.77+0.06
PUFA
C18:2n6e 4.25+0.08° 14.92+0.20° 15.00+0.04°
C20:2n6 n.d. n.d. 0.65+0.03
C18:3n6 n.d. n.d. 0.99+0.00
C18:3n3 2.02+0.02° 10.70+0.09° 14.31+0.08"
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Table 2 Cons.

Composition of fatty acid (% of total fatty acid)
Fatty acids

A-lso A-Nanno A-Tetra
C20:3n6 n.d. n.d. 0.55+0.02
C20:3n3 n.d. n.d. 1.10£0.01
C20:4n6 n.d. 1.09+0.04° 3.65+0.11°
C20:5n3 5.15+0.31° 1.62+0.05° 4.33+0.07°
C22:6n3 3.04+0.02° n.d. 3.84+0.01°

Values are Means + SD and values in same row with superscripts are significantly different (pS0.0S)

[ ' v
=

NAANNNNTARLATIHNUAN A, royi NHUe1unsfeiulesAlsznaunsaleduunnsaneiusie SFA
MUFA waz PUFA dispganiunisdnenlulalaanessdininen Cyclopina kasignete (Rasdi et al., 2015)
Fauann AN EATHNLaIAsYnaLnImlas DHA mﬂﬁ'zgm‘luiﬂﬁwmﬁﬁu T. suecica \fluans el
AsaeuMTNENwAn T, suecica Usynaudag PUFA Ussunnidasay 37.90 1a4nslasiunavaniasl
wunsalasuaiin DHA uslilelaes A. royi #ae T. suecica nduwudnlu A. royi Bnsalasiuadin DHA
(Tapaneeyaworawong et al., 2020) el A. royi FAnuaunsalunisdaunsnsyl PUFA gnee19a1n PUFA
mm%uiﬁ” (Pan et al., 2018)m'ﬂmmz§”@aﬁummmmm Nielsen et al. (20'19)‘17;‘1/\1‘]_|fj’1 A. royi 814190
FaAzi PUFA @naiena Tnsianny DHA ldadnsiitls=@nsnm wildiuamsfifnsalasudedouniatng

Dunaliella tertiolecta T nun1suandaanatadtundanisasiaianlad elongase LAY desaturase

£ 2
o R

Fanaideeiunisdanszinsaladuluy A royi Aelunisiseasaiasnsanunsa lasdusian DHA Tu

TaNnamNnw 7. suecica Wlua1vig waldnldnunsalasis DHA 14 7. suecica Ay

mMsLasyLaulALazansINssanmAEIadlaINENeun9
nasauunatlainznianafogeudanensmiousninilioiaudulafine afliduadae
wnaaineuRginidn 3 afia 1&un /. galbana, T. suecica uae N. oculata wusnlannewaaann
TANIINARBINAINENY waztuinGasuliuanaiafineda Lﬁ’ﬂ‘ﬂ‘l{].l"l@l,ﬂ%ﬂﬂﬂ 10 41 wudnendn
ﬂmnzwww‘ﬁ'@um@ﬁm‘mﬁwmﬁ'L?:m Aatl | galbana, N. oculata WaY T. suecica GLm"u?Zuzgm
nisnaaeslduansd19iun1eata InadAwiniy 0.216+0.013, 0.224+0.011 kA% 0.229+0.007 NFN
ANENSY Fetlaansnaiienuiadaslafinennnganimaassiiiiminideduganimaasegandn

UaingnaanafayuiasaanfiiausninetnaliudAnyn1eada (p<0.05) Tnadainzweneyuiasnae

e esusnindninileduganismaseawini 0.178+0.011 i
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£
%

WaRa1snndnInsasgAuiasuitninnudndaingnsananeyunasalaine anaeesog
I. galbana, N. oculata Wag T. suecica Hdmsinisiasiauladrudininldunndrsiunieais Tne
{ANWINAL 0.007+0.001, 0.009+0.002 UAE 0.008+0.001 NFN/FU ANNANAL Tetlaineneanaiayuiasag

Tafnanynganismaseslansnisasgiuinduliningendndaingneaiaieyuiasasasiis

o o

winiWnatallad1Aun19aia (p<0.05) lnadainznenianeyuianiaarsnidausninidmnsn

nsastyLAuIAANUUNMTININAL 0.004+0.001 NF3/34 (Table 3)
. 4 2 . o v o oa Y
n1zdnANeNRlaInEneNaledugAnIImaaeInLdItaInEneanayuafos taN e ANLALY

1 v
Aagl | galbana, N. oculata 8% T. suecica HAYNENNBAUGAN1INAA L LANGA1STUN19ATR Tned

AYTNENVINAULINAY 20.7840.51, 20.56+0.69 WAY 20.78+0.19 HAALNAT ATNATAY T949N91

v
A o o a a

Uarnznernaneyuianieesmidausninadnel g Ay n1eada (p<0.05)) NRAINLLEDALEA

q

N1INARBIWINAL 19.11£0.38 NAALNAT (Table 3)

iHaNansandnsnisastyiuinsuane wudidaingwananeayunasas laineafiiaaesion

. galbana, N. oculata W&z T. suecica HemsnisiaseyiAuinauanaia lduanseiunneais tae

a J

NAWNAL 0.267+0.067, 0.233+0.067 LAz 0.289+0.091 HARLNAI/IU AINAIAL E9tlainznasnaiayuna
e laNNeANNTANIINARBINERIIN9IRs LR L TRAUAINENgINd LA NE N I NaYLN AR TTLEE
wsnWnat19dlad1Atyn19atia (p<0.05) Iasilainswananeyuiasaua1silausnWnddnsanis
\A3CULAL IRANUAIINENAYINGL 0.089+0.051 HAAINAT/IU (Table 3)
= o = Y = a4 9 - = a
n3ANHIPRIINITIERRItaaNtlaInENaIaNayLasalainaaTIALN A UNASTRauNT 3 in
P ; P I ] = %
TauA /. galbana, T. suecica iae N. oculata LL@::I‘M@%‘V]LNﬂLﬂuﬂqmmwﬁluwum ﬂmﬂzwmqmmm@mﬂ

a o o ! o

TawanLat9faY T. suecica HBATINIT90ANNEZIADL1NTEA1ATYNINATE (p<0.05) 1111

v

fatay 74.45+3.85 sa9aannAatlainenaananeyuiasslaineniiasssan 1. galbana Wag N. oculata

o %

demonssensnafeniay 64.44+1.93 WAz 57.78+1.92 muasL daullainznernniieyinadanensiiile
denennssanmasngn Jasaz 51.11+5.00 (Table 3)

maﬁm:m@mmwﬁwwdwmamm@ 1dun Aneeniauazanenih fet Saralin uen bl uay
"Lu”lmvfwufjﬁmmmmifmum@mmwﬁﬂmt,ﬁi@zmm@wm@faﬂuvquﬁﬁmfaﬁw[ﬁ’fu"LsJu,mnﬁi’]\iﬁw,m:
nanﬂﬁLm'mf“@gl,nmsmr@mmwﬁqﬁmmmwifanf]il,wwl,gmﬁm’ﬁﬁ ( Timmon et al., 2002) TngiaanTiau
azareiiilAnnnnndn 5 faaniuans Met 7.5-8.5 SaA1ATR 120-130 Aads/ARs wenTuiflusing

0.01 Raasu/ans warlulpsy o Naaniuw/ans
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Table 3 Growth performance and survival rate of seabass larvae with different diets
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Parameter

Seabass larvae diet

Artemia

Copepod fed by

I. galbana

Copepod fed by

N. oculata

Copepod fed by

T. suecica

Initial weight (g)

Final weight (g)

Initial length (mm)

Final length (mm)

Daily weight gain (g/day)
Daily length gain (mm/day)

Survival rate (%)

0.133+0.003°
0.178+0.011°
18.22+0.19°
19.11+0.38°
0.004+0.001°
0.089+0.051°
51.1145.09°

0.142+0.007°
0.216+0.013"
18.11+0.19°
20.78+0.51°
0.007+0.001°
0.267+0.067"
64.44+1.92°

0.137+0.007°

b

0.224+0.011
18.22 +0.19°
20.56 +0.69°

b

0.009+0.002

b

0.233+0.067
57.78+1.92%

0.144+0.002°

b

0.229+0.007
17.89+0.19°
20.78+0.19°

b

0.008+0.001

b

0.289+0.091
74.45+3.85°

Values are Means + SD and values in same row with different superscripts are significantly different (p<20.05)
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! ~ PRI S - ~ a 0 oA A = a
nanlafinanfiaestunadinaunaaiing1e John et al. (2004) 918971497 a1FmHausnini T3
szannufasay 50 vagruminuia luaneilainen A. dengizicus RlUsAUNIND9SRLAY 60.49 U8911MIN
wiiaileli T. tetrathele \lua1113 (Farhadian et al., 2008) 4BNAINRERTINTTEAALLBILIAINTNILY
Aa o A s ] Aa ~ PRI Y - A Ay
iueiaiua mssndngananaaesnnulaineaaessaunasinauntaiase - iluemis
e A - A o a \ ' o o ¥, P o
a1l eduunasinaunlasuanudanestaunsvaie lunisldiduemnstannziadese tesanndanun
I 4 oo [ g | o o P @ Al A A | B
Tadnanaanisd Fanurenaldlugduunldensifle wetslsinandladnnainalnaunissn
(Sorgeloos et al., 2001) Laza15Nlea1n PUFA @188 ¥t ARA , EPA way DHA Tansalasfiuuanid
uifadbaaindaluniseyunalamziadasen Tnadnaliiia pnaununiuseaursaauaznsing
TIAILAFDENIINIT7DARNEUDILANTLASe8a1 (Dhont et al., 2013) a"m‘fml,@rﬁ’fmmaﬂ@mhﬁumim n-3
4and1n9alaiungu n-6 (Castell et al,, 1972 ;Takeuchi and Watanabe 1979) tagitaniznsnladungu n-3
N 138usiaga (Highly unsaturated fatty acid, HUFA) %3a3eindn n-3 HUFA léun EPA uaz DHA 1ilasann’ly
g8 9mszifiesla (Turchini et al., 2009) doulpinaanfulnasinauNglun1naaaaasatinudn
A. royi Maeanae T. suecica n3aanunsalasiu iasiin EPA, DHA LA ARA @9U A. royi NLaeesae
I. galbana WU EPA uaz DHA Taiwyu ARA Tuanueh A. royi daesae N. oculata Wu EPA uaz ARA laiwy
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nisAnIneuutin AN sussumeuduuniseyuiagnicuaitauazgniaiasaalaineauay

= '
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ifanguszasiten Bauilaudsanamsduiuginelsznisvedlsusaaens (Voina
siamensis) AINUIALNEITHTNAKAZAINNIINZAES TnEnsiRELLLLENIABIRNAUVATR lun1Tu
nangRniiGanmnin 40 dadans nwiuﬁ’mﬂﬁﬁﬁmmu?;/uzgmwﬁ%m wuinlsunsagnann sy
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\aRE WI7T11198.5640.20 (8.27 1) WA 192.14+0.31 dalud (8.0 5u) mqLL;J"L@LmemuLﬁi@ﬁ@uﬂm@mwn
\RRE WNF 47.7121.12 (2 94) way 47.33+1.34 faluq (2 ) 2L 8ZYNITE NI ATANLRAE WINAL
24.38+0.15 (1 T0) uaz 24.42£0.37 Falug (1 5u) Srwaumseniade Winiu 6.14+0.51 uay 5.86+0.40 Aan
@o’]uqu’@]ﬂﬁi’ﬂﬂ?ﬂm’ﬂgﬁl WinY 9.63+3.78 UaY 9.67+4.95 5 ﬁﬂuqugnﬁ@LLﬂLaﬁﬂ Wiy 82.33+34.32 uay
85.67+61.68 Fin WAzaRIINI9LATUAUTAAINIY WiNL 55.8142.22 way 6.21+1.31 1ladfidussadu
(P>0.05) ANAAL dausuatnagaslsuasdunuma 2 uaaisnlidaanuuansneiunieaia (P>0.05)
lauasaznusagauiauinaundeet it 187+0.86 - 191+0.77 lulasiuns ANen90gszudng
254+1.62 - 263+1.84 luTasiuns warAafAudadaunnn1und9egseudng 668+0.71 - 688+0.69
TulAsms ANENDEsENINg 865+1.77 - 891+1.74 uTAsiums (P>0.05) ANNATAL fardunsineluas
Huanelfiiudnlsunsaenana 2 undaisnfdnsusniadaingn i anuuandesfuaisnsodenld
dezlamildnnandeinimisdnunisdssnaaeansmnsuaraulals usdanilugesiinisfnmaiuun
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Abstract

This study aimed to compare some aspects of reproductive biology for water fleas (Moina
siamensis) from natural water sources and cultured populations. The experiment involved single - clone
rearing in 40 milliliters plastic containers under laboratory conditions until the completion of the life
cycle. The results showed no significant differences (P>0.05) between the natural and cultured
populations. The mean lifespan was 198.56+0.20 hours (8.27 days) and 192.14+0.31 hours (8.0 days),
respectively. The mean age of the first broods was 47.71+1.12 hours (2 days) and 47.33+1.34 hours
(2 days), respectively. The mean inter-brood spacing was 24.38+0.15 hours (1 day) and 24.42+0.37
hours (1 day), respectively. The average number of broods per female was 6.14+0.51 and 5.86+0.40,
while the mean number of offspring per brood was 9.63+3.78 and 9.67+4.95 individuals, respectively.
The averaged total number of offspring per female for the entire lifespan 82.33+34.32 and 85.67+61.68
individuals. The specific growth rate was 5.81+2.22 and 6.21+1.31% per day (P>0.05), respectively.
In terms of size, no significant differences were found between the two populations (P>0.05). Larval
M. siamensis had a body width ranging from 187+0.86 to 191+0.77 um and a body length ranging from
254+1.62 1o 263+1.84 um. Adults had a body width ranging from 668+0.71 to 688+0.69 pm and a body
length ranging from 865+1.77 to 891+1.74 um (P>0.05), respectively. Therefore, this study shows that
the biological characteristics of M. siamensis from both sources are not significantly different.
Therefore, either population can be used based on the needs of aquaculture farmers and other
stakeholders. However, further taxonomic studies are necessary to ensure accurate species

identification before practical applications.

Keywords: Water Flea, Biology, Moina sianensis, Culture, natural
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l2ung@eN (Siam Water Flea) H383neNAdm5391 Moina siamensis (Alonso et al., 2019) wudnd
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¥

dld 1 v a v o Y Y v
nenfAAmMNINTWINIgge sznausiallshuienas 61.04-67.44 lusiufeaay 6.45-7.93 uaziinfeaay
6.57 (Thewaratmaneegul et al., 1989; Wongrat, 2000; Saengphan et al., 2013; Pintasiri et al., 2024)
wananidanudnlsunsdenuineae AU aniadn 666.70 Naansusauutinuda 1 n5u lnansaaziiy
AnulutlFunugs (Feuas 7.14-12.90 999nsaardluisnnn) Taun Alanine, Arginine, Aspartic acid,
Glutamic acid 4a¥ Leucine uananiganudnlsunagenuinsaazlluandy (essential amino acid: EAA)
AIUNY 10 Tiln Tnadidndaugeiiefonas 46.96 10anInariluisuln (Saengphan et al., 2013; Saengphan

=3 dla ° o r% o 1 v 1 a o 1 Yo
et al., 2016) antlunfashunayunadadindodenlmiuetneg annismasudinainlsuasasulasy

= , LA = o o A e oo o o A =<
ﬂqqﬂﬂui‘ﬂluﬂqiﬁﬂﬂqﬂﬂqﬂmﬂLu‘ﬂqquﬂ\‘]ﬂ“}"guuuﬂqqLﬂuL?@ﬂWiﬂﬁq’]N@qﬂﬂ&quﬂL?‘ﬂ\'ﬁﬂu\i

(%
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AatugideRsiuunAnuazaulafnematnginsdunuguielseniszedlsuaas A nunaun
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'
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ﬁﬁ‘?ﬁﬂﬂﬂLL@Sﬂ’1iLW’]ZL@ﬂQﬂ’]HIuﬁ@QﬂQUmﬂ’W LW@Lﬂuﬂquﬂ‘ﬂH@V]@’]ﬂfyﬂ%‘l')‘]j’]ﬂ’]?hluﬂ']ﬂ@’ﬂﬂ&L‘Hﬂ?ZIHﬂJu
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ABnTAmLEunY

s UAIa8Na

BuseenelsuAYaEINANNUNAIHN599N TR (Figure 1) WAZAINNITNNZLAEN (Figure 2) laeifiy
Fna819A28439911ART 100 TNTATINAT TRULALFAIRE19 I NUUAIHIAINA19AINATN1 AR WL A48
Saengphan et al., 2013; Vignatti et al., 2013; Pintasiri et al., 2023 tAuslag19ldaraanarafing1nsu
< o/ 1 o o/ e dl o a d’j v a o/ Y o QI ng
fiudaeting uaziiagnmausansnausntdauazuaniae luiesdjusinisauliliauauinnna
WA NUUNAR lsLAIALNAAFNIE (Figure 3) AINUNAIUNBIINTIALATAINNNTNIZIALNHIETUNNT

NAXNRY

Figure 1 Coordinates 15.551855, 100.119233 Figure 2 Coordinates 15.547046, 100.124346
Rice field in Yan Matsee Subdistrict, Phayuha aquaculture farm Nakhon Sawan Rajabhat
Khiri District, Nakhon Sawan Province University, Yan Matsee Subdistrict, Phayuha

Khiri District, Nakhon Sawan Province
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NFAUUNTUARIDE

UNFAR8EN9aIN 2 Lm@'qﬁuﬁ’fwmmuﬂﬂL'gﬂﬂuﬁ’mﬂﬁﬁﬁmi Weduunuazfiuduriages
aaeine Tnennslivuaaanan (Dropper) gasiatinanialindaasqanssrvamasiialaasaruiia (Petri Dish)
wiauAninazenntliAanaae i 1iide 24 4alud ieldeansAnuruLLIesfagng anntld
mfawm@mﬁq@ﬂ'wme'gﬂ\iL'r?{msl,zﬁnwu:wmmﬁﬂ@: 1 7 TUR 4xdxd TURNAT ANETINRS
40 {aAAAT MNITVR Pintasiri et al., 2023 mﬂﬁu@miﬂl,mﬁmﬁm@ TRIUAAZNTUEN A UUNULAZ B
siavaslsunsnelindesqanssmffiaunaridaeng 4, 10, 40 wih Anmdnemnizdausing o) fidiAyaes
Tsupenfonaniuiin uazindneaefTufinun3nsne e nafia AN NEIN195 18 UILATEN989a1n
Goulden, 1968; Saengphan et al., 2013; Saengphan ef al., 2016; Lucia et al., 2019; Alonso et al., 2019

Wetudurinaeslsunadniu Moina siamensis (lsunaen) (Figure 3) RaEunnmaassseld

100 pm

100 pm

Figure 3 Morphological of Moina siamensis
A. adult parthenogenetic female, B. postabdomen, C. antenna, D. Carapace and

E-F. Postabdominal claw (bident tooth) Scale bars 100 um. Refer to: Alonso et al., 2019
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nsAnedaInanaadlsunigens

U lswARe NN AL F L AN T (Parthenogenetic female) ﬂ«]'mLmziq{fﬂﬁﬁmwﬁmmmﬂw
wziREenednay 20 1 ldaslunausmaaes taeldnisusmanainaunn 4xdxd iufisns Bunami
40 A0AART NMTuzaz 1 M TagldBeuuuseniAeaaz e msdaadaaa st Aaaisaan (Chiorella
vulgaris) 13310 3 Radansfadu (Auautas 3.26x10° [aa/Naaang) ANNAa1ed Pintasiri et al., 2023
mnﬁuzﬁ“\immLLaJVLiLmemuﬂ@'@mmﬂWummﬁﬁmi@mﬁfaﬂ'@u%mmmuimﬂﬁmﬂm@.m (Dropper) 8NN"
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nsgaiuieeunelindesaanssaainesloanauan Wdeiawsilsunaaa iednenlusey

piall Waluauusasaulsuamas NN ALAY HNUazea lTnAuBNIAsENYNASIUMd s U LAY
Augnvastnn niandnruinaundnauazadanafgeuwaziaANdanalindesqanssal Tnald
Micrometer eyepiece (Vignatti et al., 2013; Pintasiri et al., 2023) La¥3AIILYNIBATINITATYANNIZID
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vulgaris) UsNN0d 3 HaRARTABY (RUIUEAR 3.26x10° Laa/Naaamng) (Arenprung, 2004; Pintasiri et al.,

2023)
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NAN15948
= AN a > VA = ° A A A o a

ﬂ’]'J‘ﬁﬂEq‘ﬂQQWﬁqmﬂﬂiiLLQ\?@ﬂqN‘ﬂ\? 2 LLVAAINNAN Imﬂﬁﬂ?ﬂ"}ﬂ’]?@’]LLuﬂTuﬁLW@ﬂuﬂu‘ﬂum"ﬂ@\ﬂ?LLm\?
41114 Moina siamensis (lsunagany) Inadanwnizisn Ae alseadn (supraocular depression) La
P W o ) | \ o & ° o u v d | e
Auuus I uudy wionaan 1 a1auazuanaanyneiu aaulaanaguansnf1uiaed setae Bussoiu
18-25 L AULATH short setae Aaving (posterior rim) 4-8 nax postabdomen i feather teeth 6-12 844 wasi
bident tooth 1 81 AINIANAINITINLINULAZENI89A1N Goulden., 1968; Saengphan et al., 2013;

Saengphan et al., 2016; Lucia et al., 2019; Alonso et al., 2019 (Figure 3)

v '
=

TunnsAne@aangn1sduiugualsenisaaslsuasasny Ingn1saeuLLLEN AN AUgANIS

NAAAY WU TUAIALINAINLNAIUIFIINTIAN 28U ITUANRENN LA NANATANLINLRAL LT

Q a

D

47.71+1.12 F2Tn9 (2 ) svazrinesendnansaniade Wiy 24.38+0.15 G014 (1 41) AMusuATanIaAt
WinfU 6.1440.51 ATAN AIUIUGNAAATONLRAL LWL 9.63%3.78 FAin A1uugNAausLad tiniuy
o = = e o o & v ey
82.33+34.32617 uarilanglauasasnaiadn Wiy 198.56+0.02 49Tug (8.27 1) SedlAnlndiAeiuliuans
ANNLANFNAUNINATE (P>0.05) Aulsuasaeunuiannismnzideniangualsunsaeny Wadgnasan
WINLRAY WINFL 47.3321.34 9aTug (2 51) T2812U19TENINNATRNLRAE WINAL 24.42+0.37 Falna (1 4)
RMUIUATENLAAY WML 5.8620.40 ATEN ATUIUGNFBAIANIARE WU 9.67+4.95 Aaanusugnsiausiafs
Winril 85.67+61.68 fin uazdlanylsuasaeuiafg winiy 192.14+0.31 4aTug (8 T1) (Table 1) d9umnu

24

ShannasALIas NN nudlsuatae A NUMAN eI R kazA N MR E TR A AN AN
Aun19ada (P>0.05) HamsnIsiasuiAu I NIz windu 5.81+2.22 wlafiduspadu waz 6.21+1.31
\wafidusiAadi (Table 1 and Figure 4)

druduIUIARINAN Y ANEN9TE LA AN AR lsuAAENN T 2 wiaeRian Tk A
wANFNiunISaa (P>0.05) wudnsaaaulsuasde i lauInAINNdNNaE 31919 18740.86 — 191+0.77
Tulasums ANBRLsTndng 254+1.62 - 263+1.84 lulasiums uadalindalauasasindauinnanundng
g9519749 668+0.71-688+0.69 lulAsinms ANE8L9x1de 865+1.77-891+1.74 Tulasiums  (P>0.05)

waAI LY Table 2
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Figure 4 Mean specific growth rate (% per day) of Water Flea (Moina siamensis) from Natural water

sources and Culture in laboratory not significantly different (P>0.05)
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Table 1 Biology of Water Flea (Moina siamensis) from Natural water sources and Culture

37

Number of Total number of
age of the first inter broods Number Life span Specific
M. siamensis offspring per offspring per female for
broods (hrs.) spacing (hrs.) of brood (hrs.) growth rate (%)
brood (Ind.) whole life span (Ind.)

Natural 47.71+1.12™ 24.38+0.15™ 6.14+0.51™ 9.63+3.78™ 82.33+34.32™ 198.56+0.20™ 5.81+2.22™
Culture 47.33+1.34™ 24.42+0.37™ 5.86+0.40™ 9.67+4.95™ 85.67+61.68™ 192.14+0.31™ 6.21+1.31™
P-Value 0.22 0.1 0.17 0.20 0.14 0.14 0.11

Note: Values are means+S.E., letters ns= not significant different (P>0.05), Ind. = Individuals

Table 2 Body Length and Width of Water Flea (Moina siamensis) from Natural water sources and Culture

Larval size (um) Adult size (um)
M. siamensis
length width length width
Natural 187+0.86™ 254+1.62"™ 668+0.71™ 865+1.77™
Culture 191+0.77™ 263+1.84™ 688+0.69™ 891+1.74™
P-Value 0.14 0.27 0.11 0.25
Note: Values are means*S.E., letters ns= not significant different (P>0.05)
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Fansainan1satiunisias

ANNsANENTA AN ALRUELNeUsEn1sTeslsuAtAENNT 2 WA wudnlsuasannnag
Fusatneluunginsssnaiiuainaeslsuns Moina siamensis (lupdgeny) a9aanadad
uazidulimiunissesnuees Saengphan et al. (2013) waz Alonso et al. (2019) lagAanENIZLAY Ae
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TeulaanAguadafueei setae Feasiaiu 18-25 I§uuazl short setae siaving (posterior rim) 4-8
Ngu postabdomen & feather teeth 6-12 81 WAz bident tooth 1 814 (Figure 3) A LT UASATNLT
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Vignatti et al. (2013) ‘W‘udﬁimmmmmmLmzv'\‘iffﬁﬁiimﬁLL@mmmiwaLgﬂq ﬁ@ﬁﬂqLﬂgH WinAy
198.56+0.20 (8.29 444) UAT 192.14%0.3192104 (8 1) danAdaqiL Saengphan et al. (2013) LAy
Saengphan et al. (2016) mmmimmmmuﬁqLﬁuiﬂ@:ﬁmamﬁ'ﬂ 196.08 d21u4 (7-9 Tu) uazey
A8AAARINLINNTIN89 1ULBY Rodmongkoldee et al. (2019) FiAnedlauasEnALT ANRAEI 87 £ 170
a8 6-11 A1 (n = 10) NM3ANE"984 Nandini and Sarma (2000) Ainwudn lsuasileny s+1 fu Wleides

Tuesdfjimnastaalsl Chiorelia vulgaris AaNvWILUL 4.5 x 10° waasedadanadua g uslsuns

A8INAINNNIANHIATILAD g AUNIN19ANHIT9S Benider et al. (2002) 918 udn lauasianagegqa

|
o A

22 4 \Hanenguugi 18 asaaawiaa Iaaly Chiorella sorokiniana AMNUWIKLL 6.25 X 10° L1AG
\ A aa = = v S P N . = o )
slafadangiduemig iesannsAnE luafinsaesguu)Rgandn santeadesing o iy a1m1s

UUNN A18RUS UATANITNUIARBNAIENAzAINARRTvEZIIaIN3RTIRTaglsuAatN SNl LA

1
o o= ¥

aemugau | nael (Thewaratmaneegul et al., 1989; Saengphan et al., 2016; Rodmongkoldee, 2019;

3

a

Wongrat, 2000; Pintasiri et al., 2023) a1nn13naaadazidinladn lsuasdensid 2 uasinn Aanlnalasea

o o A =

Auliuanspuuanseiuateldad1Ayneas (P>0.05) Tasanguilsunsasuiiladgnasanisn
WINTL 47.71£1.12 (2 TU) UAT 47.33+1.34 Tal09 (2 JU) 9281EU99eNdNNATAN WL 24.3840.15 LAY
24.42+0.37 F2l14 (1 94) A1UIUATEN WINAL 6.14£0.51 LA 5.86+0.40 AN ATUIUGNGAATAN WML

9.63+3.78 UAY 9.67+4.95 FIFBATON LATANUIUANIIUNAGBLN WU 82.33+34.32 UAY 85.67+61.68

'
o

Fin T988AARRITLNNTIN891U289 Rodmongkoldee et al. (2019) AnsnTatszsRveslsvinaiuaiin
(Cladocera: Moinidae) ludszmalneluiesdjizinis nanadnlsunsasnaziiszazinanlunig
WAL IaNEANT LAz Az lignATanwan @fﬁﬂi:mm 2.0 % 0.00 41 (n = 10) AMUIUGN lTUAIARIN
FIAATAN 7.2+1.75 AIBBATAN (N = 10) fimqu@mﬂiﬂmmmu%wmm'@LL;J 81.6+21.97 57 (N = 10) LAY
Saengphan et al. (2013) and Saengphan et al. (2016) mmm%ummmm:ﬁwmaﬁ@lﬂm@ﬂLLiﬂ
a1y 36-48 Falus lunsauineifiafionyia a-6 u udaziaacudngnld 3.4 (2-5) asan Hauou
1R 8217 (25-104) 69 Lmzmmﬁllumimﬁnglﬂﬂizmm 23.04 Taluaransan uazluniimasesly
pisiifetiengudlsunsaenaniiefgnasenusniandansiinnaes Martinez-Jeronimo and Gutierrez-
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Valdivia (1991) M@t Moina macrocopa Mgl Mg 3 TRm bwn Ankistrodesmus convolutes,
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Scenedesmus incrassalutus Was Chlorella vulgaris Wu3Ngui1a9a 3 18a NUFuaiimunzanlunig
g p A a o 4 a H o v A A pry o oA o
@eslsuna Aa 5 Faaniuseans (Uninuie) lsuasBudgnasenusnilanie 2-4 3u 1ize 48-96 49Tug
. e L . o s » 44X . 4
wAazAsanyingiu 36 4alue uazaruaunsanilignunngn Aa Asan? 4-6 Tluat iU MITNIALNUAY
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¥ v o 1 1 1
ANUTWIAAINNGIUAT AN UBIFBAUITUAIALINAETEUINN 187+0.86-19140.77 UaAz
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Abstract

Bycatch of berried female crabs in gilinet fisheries often results in prolonged exposure to air
after being released from the net, which may significantly impact embryonic development and hatching
success. This study investigated the effects of different air exposure durations (1, 3, and 6 hours) on the
hatching success and embryonic development of three bycatch crab species: Charybdis affinis,
Thalamita crenata, and Menippe rumphii. Berried females were collected from gillnet fisheries, and their
eggs were incubated under controlled conditions. Results indicated that hatching success significantly
declined with increased air exposure time, with embryos completely failing to hatch after 6 hours.
M. rumphii exhibited the highest hatching rate at 87.15% after 1 hour of exposure, followed by T. crenata
(84.00%) and C. affinis (66.67%). Embryonic development was delayed and impaired in crabs exposed
to longer durations of air. These findings highlight the adverse effects of air exposure on reproductive
success and emphasize the need for improved fisheries management practices, such as rapid sorting
and immediate return of gravid females to the water, to enhance population sustainability.
Keywords: fisheries management, embryonic development, air exposure, hatching success,

bycatch crabs
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N1 UAY 3 NANNUILUY 4,200+2,306 WAL 2,400+712 fafaans taadalued 1 uay 3 angsinisinly

LANFNAY (p>0.05)

Table 1 Hatching rate of C. affinis.

Air exposure period 1 hour 3 hour 6 hour
Number of eggs (eggs/l) 5,000 4,100 3,400°+1,339 0°+0
Number of first hatched crabs (crabs/I) 4,200°+2,306 2,400°+712 0°+0
Hatching rate percentage (%) 66.67°+13.38 70.59%+7.12 0.00°+0.00

*Different characters over mean on the same row indicated significant differences (p<0.05).
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Figure 1 Embryo development of C. affinis (A) gastrula stage in 0-15 hours (B) embryo developed to

A

B

zoea in 16-25 hours and (C) complete zoea in 26-40 hours

Table 2 Embryo development period of C. affinis

C

Development

Air exposure peroid

hours 1 hour 3 hour 6 hour

0-5 Eyespot-Pigmentation Eyespot-Pigmentation -
6-10 Eyespot-Pigmentation Heart-beating -
11-15 Heart-beating Heart-beating -
16 -20 Heart-beating Zoea -
21-25 Zoea Zoea -
26 -30 Zoea Zoea -
31-35 Zoea -
36 — 40 Zoea -

iuniuda
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nan1sAnladyiudiudn wananasa Table 3 wdyiududnndldnuennsznauarlszazionn
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Table 3 Hatching rate of T. crenata

Air exposure period 1 hour 3 hour 6 hour
Number of eggs (eggs/l) 8,200% +1,445 12,400°+377 0°+0
Number of first hatched crabs (crabs/l) 7,260°+1,081 9,520°+716 0°+0
Hatching rate percentage (%) 84.00°+4.36 76.32°+5.64 0.00°+0.00

*Different characters over mean on the same row indicated significant differences (p<0.05).

Yiufuianinumeseaduuiyiildvennszaesd@nvianue Ansnisimmndnnsludalueg o
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wazluinlash 30-44 AN Figure 2B Fosauimuidngsca:  gaBuNeiiung Wiudndoundaiau
d’lj = & a @ o 4? e—al = = d?j < 17 ¥ ¥ o .

WeltauazidnAiudanInau szaeAENauIaanan auisnindeldeclddniau (Figure 2C)

FLHLIIANIRRUIANN T2 Fui N uaness Table 4

A B C

Figure 2 Embryo development of T. crenata (A) gastrula stage in 0-6 hours (B) embryo developed to

zoea in 10-30 hours and (C) complete zoea in 31-35 hours

Table 4 Embryo development period of T. crenata

Development hours Air exposure peroid
1 hour 3 hours 6 hours

0-5 Gastrula Eyespot-Pigmentation -
6-10 Eyespot-Pigmentation Eyespot-Pigmentation -
11-15 Eyespot-Pigmentation Heart-beating -
16 -20 Heart-beating Heart-beating -
21-25 Heart-beating Zoea -
26 -30 Zoea Zoea -
31-35 Zoea -

eansdamnatulagnisszag O7 19 i 1 (unsax - Aquian 2568)




48

lainusing
uan1sWnlayliiusdae (Table 5) Wluusindlinuannizaenariszaziaandudaninia
. 1

6 dalua wwas luaniannan e ldansasiuanuaulals lusdldssasnandutdaainisd 1, 3 uaz 6 Falug

U

o

femaniainAauLAns1eiuad el g Ayn19ad (p<0.05) ﬁ'ﬁLfsﬁﬂa"mﬁm:mwﬁﬂmmmﬁﬁmmq
sy dszaznandulanniad 1,3 uay 6 99lu A 87.15+5.04, 70.39+12.33 waz 0.00+0.00 tafidus
AANANAU wazANUuILduaedldy ldiudasdalued 1 uaz 3 windu 7,780+2,264 uaz 7,080+1,194

Faraans Inefalued 1 uay 3 amn1sWnliuansnafiy (p>0.05)

Table 5 Hatching rate of M. rumphii

Air exposure period 1 hour 3 hour 6 hour
Number of eggs (eggs/l) 10,000% +2,641 9,860°+4,485 0°+0
Number of first hatched crabs (crabs/I) 7,780°+2,264 7,080°+1,194 0°+0
Hatching rate percentage (%) 87.15°+5.04 70.39°+12.33 0.00°+0.00

*Different characters over mean on the same row indicated significant differences (p<0.05).
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stage) %mmtﬁuﬁmﬁlﬂimﬂgmu | AINNTANBIUTAURAR (Eye pigment) CTIGEIE S Pt T
(Figure 3A) s Tuad 12 - 34 gnansnuediunisduaesinladaay wazludalued 30-44 (Figure 3B) pin
ﬂdﬂuﬁmmﬁmﬁwxmﬁﬂ (Zoea) Bumpadium Wudndauiidaay iledleuailad fudaanniy ssand

PR = & @ v v Yo . o o vy 1
LIHHAUIANENIUY mmmmum@ﬂmmimmw (Figure 3C) ﬁ‘zﬂzL'J@’m’ﬁ‘wﬁN‘LﬁﬂWﬂZ‘ﬂ@\‘iﬂﬂUﬂ’mNQ\i

LAANAY Table 6

A B
Figure 3 Embryo development of M. rumphii (A) gastrula stage in 0-16 hours (B) embryo developed

to zoea in 20-35 hours and (C) complete zoea in 36-45 hours
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Table 6 Embryo development period of M. rumphii

Development Air exposure peroid

hours 1 hour 3 hours 6 hours

0-5 Eyespot-Pigmentation Eyespot-Pigmentation -
6-10 Eyespot-Pigmentation Eyespot-Pigmentation -
11-15 Heart-beating Eyespot-Pigmentation -
16 -20 Heart-beating Heart-beating -
21-25 Heart-beating Heart-beating -
26 -30 Heart-beating Zoea -
31-35 Zoea Zoea -
36 —40 Zoea Zoea -
41 -45 Zoea -
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o o
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Abstract

This research aimed to examine the factors influencing consumer perceptions toward bio-
calcium fortified jelly made from Siamese glassfish and to evaluate its business feasibility. The study
involved a sample of 100 respondents residing in San Sai District, Chiang Mai Province. Data were
collected through questionnaires and analyzed using statistical methods. The results indicated that
73.0% of respondents had never purchased bio-calcium products, yet nearly half of this group
expressed willingness to try them. Among those who had purchased such products (27.0%), online
platforms were the most common purchasing channel (38.5%), and capsules were the most preferred
form (62.9%). The primary reason for trying the products was curiosity and the desire to experiment
(77.7%). Analysis using the marketing mix framework revealed that personal demographic factors had
no statistically significant relationship with perceptions of product attributes or price. However, income
significantly influenced preferences regarding distribution channels (P<0.01), and occupation
significantly affected responses to promotional activities (P<0.05). In assessing production costs, the
cost of producing bio-calcium powder from Siamese glassfish was 3,231 THB per 100 grams. The cost
of producing one 10-gram sachet of bio-calcium jelly was 22.44 THB. At a proposed retail price of 30
THB per sachet, the product could yield a net profit of 1,088.58 THB per production cycle, with an

average rate of return (ARR) of 33.70%.

Keywords: Consumer perceptions, Bio-calcium, Jelly, Siamese glassfish, Marketing mix
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\aasiiadild : ifudeyaiduganauiuuaeuniy (Questionnaire) fitlsznaudas

daudt 1 sznaudas 1) faqudiuynna 2) ‘Wqﬁﬂﬁulumiﬁinﬂ"l,‘uT@LLﬂ@L%uﬁ“fﬂﬂ LAy 3)
AruAainluns3lnAnansuiasalulauaadaiainlatuuuda Tnsthuouaeuniui ldiauase
ANIIAEN 3 71 UAINNALAIITTAINADAARDIAENITUIANATHAYINABARAREY (Index of item
objective congruence: 0C) mummﬁmﬁumméﬁmmm LdvAenAdaTALaenAdes daus 0.50
%uvl,ﬂ (Kongsat and Thammawong, 2008)

doui 2 nstlsziusunuuanasaUunY

2. MsATIERIaYa

daudi 1 fayaarnuuugenniu Ainszvideyafasaiifidonssoiun (Descriptive
statistics) bon ALaRg (Mean), ANsaaas (Percentage), mmutﬁmmummﬁsm (Standard deviation)
uaznaaeuiladudouynaa tdud e a1g, nsAnm, a1dw, 11818, anaunaw Affaauduiusiuew
Aaiusendnduaiaadisinlulaunaidanainilauuuianialdnsaunaudndaunann1anisnain
4§ (4P) Tilsznaudae uansiouel (Product), 9987 (Price), @07ul (Place) uAZNIdLATUNIAAT
(Promotion) Aasin1snageylagwads (Chi-square)

dauft 2 medsuifiudunulunisuda utidudausesdunuasd (Fixed cost) lun Fae
ArldanagUnsafildlunienan uazdnmAinistiueiesdedasadalue wazdunuduuls (Variable
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1.1 TaNAAIULAARUDINGNAIDENLLFLNA
nansAnetayaiallaasnguiaetnefusina wudn wWuvdsfenas 55.0 naAT8iaaa:
45.0 donlunjag ludasang 20-30 I (Feaay 71.0) nqusdaetegusinadoulug)iduinau AlnAne As
dufeuaz 36.0 sasasnnlaun wiineuudsm (feuaz 31.0) seudnenisansn luseiusTynnn? (feaas

36.0) snuae s wudngusinadoulundiselageqaati 10,001 — 15,000 U (Fasay 30.0) (AN3199 1)
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Table 1. Personal Information of Consumers of Bio-Calcium Products from Siamese glassfish

n =100
Personal factor (%)
Gender
Female 55.0
male 45.0
Age
Under 20 years 12.0
20-30 years 71.0
31-40 years 4.0
41-50 years 13.0
Educational Level
Primary School 1.0
Secondary School / Vocational Certificate 13.0
Diploma / High Vocational Certificate 6.0
Currently studying for bachelor’s degree 36.0
Bachelor's Degree 34.0
Higher than Bachelor's Degree 10.0
Occupation
Student 36.0
Company Employee 31.0
Government Officer / State Enterprise Employee 4.0
Government Contract Worker 6.0
General Laborer 9.0
Business Owner / Trader 12.0

Average Monthly Household Income

Less than 10,000 baht 23.0
10,001 — 15,000 baht 30.0
15,001 — 20,000 baht 21.0
More than 20,001 baht 26.0

Marital Status
Single 14.0
Married 86.0
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1.2 waAnssunsuslannanaei lulauaaidaunalil

%
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NANITANIINLIN E;lj‘].litﬂﬂ@'luiﬁmu (sae1ay 73.0) VLQJLﬂElGﬁﬂN@VlﬂmsV]ﬂLUI@LLﬂ@Léﬁﬁll ADUSNTRENE
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27.0 wedennoull Inadeanneizetion Nniqa Ae FuaiuaiegunIwuazANN (Feaay 30.8
AnHL3inAnTe) sevann liun Taannsaunuanming (Feuas 18.5) uavdesnieau | (Feaay 12.20) 11
Fusnaaulai Inanandnemlaiuanuilongegane srualgaidln (Fauas 62.90) 909AINIAD NITIAN

1
o

(Fauaz 31.0) fuillaad (Fauay 29.6) wazines (Faaay 14.8) aelaFumanuiiantaniign davoanen

12 ! v i
) I %

Fannfigaredaee (17.01-21.00 1) faraz 29.0 Anldarasianss daulvejedil 300-400 L (Fetas
61.0) 789A9HNABANNGN 200 U (Feuaz 32.0) WAENANNGN 400 U Riftes Joway 3.5 winiu dadedidl
Ew%wmﬁi@ﬂﬂiﬁmﬁu%%@@;mmﬁ@ nsfndrlaannnwed (Faay 55.3) 9a9a9NNAR ATELIATY (3a8Az 25.9)
uaziiteu (feeaz 11.4) wAnaTideniegeqane eannnaaes (FeUaz 77.7) 589891A ALAINNS
InT1uIn1949 (Fora 66.9) Nmsgauiusenmnn (Feeas 22.2) uazsimdusedlsd (Feaay 18.5) wualilu
nswilnaluemnanty fustnadeulve franaliwiladasusinaseviell (Geaas 56.0) ansiifenas
41.0tuslaaz1i3lnA uasdenaz 3.0 livslnm uazwauananiiliidenusinade linsiuunadde (Geuay
48.0) lin31Rasilszniu Gasaz 45.0) #4999 309NAUAY (5pa1az 29.0) ANNNAZBIALATANNLABAAE

(Faaz 22.0) warlifudsesniuilatan (Gasaz 3.0)

Table 2 Purchasing behavior on bio-calcium derived from fish Products

Question Consumer behavior (%)
1 Have you ever purchased bio-calcium products? (n=100)
Yes (skip to No.4) 27.0
No (continue to No.2) 73.0
2 If you have never consumed bio-calcium products, is there a likelihood (n=73)

that you will consume them in the future?

Will consume (skip to next session) 41.0
Not sure (continue to No.2) 56.0
Do not consume (continue to No.2) 3.0
3 Reason for not consuming bio-calcium products derived from fish (n=59)

(Select all that apply)

Do not consume fish 3.0
Perceive bio=-calcium products derived from fish as unappetizing 19.0
The image of the bio-calcium product derived from fish may have a fishy odor 29.0
Uncertain about its cleanliness and safety from microbial contamination 22.0
Unaware of where to purchase bio=-calcium products from Siamese glassfish 48.0
Uncertain about the proper way to consume bio-calcium products 45.0
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Table 2 Continue.

Question Consumer behavior (%)
4 Where do you most frequently purchase bio-calcium products? (n=27)
Health and beauty product stores 30.80
Direct sales 18.50
Online dietary supplement markets 38.5
5 What type of bio-calcium products do you prefer to purchase the most? (n=27)
Capsule/tablet supplements 62.9
Powdered products 14.8
Jelly candy supplements 29.6
Beverage products 31.0
6 How often do you purchase bio-calcium products per month? (n=27)
No more than once 74.1
2-3 times (about once per week) 22.2
4-5 times 3.7
7 Time periods for purchasing bio-calcium products (n=27)
Morning (before 11:00 a.m.) 29.6
Noon (11:01 a.m. - 1:00 p.m.) 29.6
Afternoon (1:01 p.m. - 5:00 p.m.) 25.9
Evening (5:01 p.m. — 9:00 p.m.) 29.9
Late night (after 9:01 p.m.) 14.8
8 Average expenditure per purchase of bio-calcium products (n=27)
Less than 200 baht 32.0
Approximately 300 — 400 baht 61.0
Approximately 401 — 500 baht 3.5
More than 500 baht 3.5
9 Influencing person the decision to purchase bio-calcium products (n=27)
Oneself 55.3
Family 25.9
Friends 114
Others 7.4
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Table 2 Continue.

Question Consumer behavior (%)
10 Reasons for Purchasing Bio-Calcium Products (Multiple answers allowed) (n=27)
Interest in trying the product 7.7
The bio-calcium product is highly nutritious and rich in calcium 62.9
Bio-calcium powder is fine, cream-white, and odorless 3.7
Clean, attractive packaging with clear labeling 14.8
Affordable price 18.5
Easy and convenient to purchase 3.7
The bio-calcium product comes in a convenient, portable size 7.4
Consumed as a tonic or specialized dietary supplement 2.9
Recommendations from friends, relatives, or close acquaintances 7.4
Recommendations from pharmacy staff or health product retailers 1.1
Certified with quality assurance marks 22.2

1.3 tladadauynnasannuAnivaasguslnaaadidinlulawaadanaindaiuduunis
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Wed1Aty (P<0.05) (Table 3)
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Table 3 Personal factors influencing consumer attitudes toward bio-calcium jelly derived from

Siamese glassfish

Chi-square
Questions Gender  Age Educational Occupation  Income  Marital status
Level
Product

Overall 0.13 0.71 0.89 0.29 0.81 0.93

1) Bio-calcium jelly has nutritional value, 0.19 0.59 0.22 0.56 0.75 0.92
such as calcium.

2) Bio-calcium powder from Siamese 0.17 0.14 0.33 0.60 0.67 0.44
glassfish is fine, cream-colored, and
odorless

3) Bio-calcium powder from Siamese 0.27 0.92 0.20 0.83 0.61 0.93
glassfish can be consumed as a
dietary supplement

4) There are other calcium supplement 0.97 0.42 0.59 0.79 0.89 0.81
brands that can be used as a
substitutes

5) ~ Consuming bio-calcium jelly can 0.31 0.41 0.69 0.17 0.60 0.12
replace calcium from other products,
such as cow's milk

Price

Overall 0.20 0.29 0.68 0.49 0.63 0.45

1) The price of bio-calcium powder 0.39 0.48 0.32 0.46 0.97 0.84
derived from Siamese glassfish is
more expensive than calcium
products generally available in the
market.

2) The price of bio-calcium jelly is higher  0.27 0.21 0.53 0.47 0.78 0.38
than other calcium supplements.

3) The price of bio-calcium jelly should be  0.80 0.83 0.63 0.83 0.16 0.00”

similar to other types of calcium

supplements.
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Table 3 Continue.

Chi-square
Questions Gender Age Educational Occupation  Income  Marital status
Level
Place
Overall 0.44 0.19 0.12 0.35 0.01* 0.88
1) Bio-calcium jelly should be widely 0.85 0.21 0.50 0.71 0.10 0.68
available for purchase in the general
marketplace
2) There are several manufacturers of bio- 0.05 0.04" 0.04° 0.10 0.05 0.64
calcium powder from Siamese glassfish
available in the market.
Promotion
Overall 0.42 0.91 0.16 0.05* 0.35 0.36
1) Advertising and promotional activities 0.19 0.59 0.22 0.92 0.56 0.75
are conducted by the retail stores.
2) This product is available for sale at 0.17 0.14 0.33 0.60 0.67 0.44
booths in various events.
3) Staff are available to offer guidance 0.27 0.92 0.20 0.83 0.61 0.93

regarding the product.

* Statistically significant difference at the 95% confidence level

** Statistically significant difference at the 99% confidence level
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Table 4 Production cost of bio-calcium powder and Jelly from Siamese glassfish

Bio-calcium Powder Bio-Calcium Jelly
Items Cost (Baht) % Iltems Cost (Baht) %
Fixed cost 318.32 9.85 Fixed cost 19.28 3.52
- Containers 5.82 0.18 - Pot 4.16 0.76
- Digital scale 12.50 0.39 - Digital scale 12.50 2.28
- Propeller-type stirrer 100.00 3.09 - Rectangular mold 0.63 0.12
- ‘Hot air oven 120.00 3.71 - Electric kettle 1.99 0.36
- Ball mill 80.00 2.48
Variable cost 2,913.10 90.15 Variable cost 528.00 96.48
- Siamese glassfish 20.00 0.62 - Biocalcium powder 20.00 3.65
- NaOH 400.00 12.37 - Mango juice 76.00 3.89
- Ethanol 727.60 22.52 - Monk fruit sweetener 155.00 28.32
- H,0, 1,765.50 54.64 - Fish gelatin 29.00 5.30
- Aluminum foil pouch 248.00 45.32
Total cost 3,231.42 100.00 Total cost 547.28 100.00
Total cost/10 g. 32.13 Total cost/ 10 g. 5.47
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Fixed cost, Fixed cost,
19.28, 4%

318.32,10%

Variable cost, Variable cost,
2913.1,90% M 528, 96%

Figure 1. Production cost of (1) Bio-calcium Powder (1) and (2) Bio- calcium Jelly
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