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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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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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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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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 1.72 1.79 1.80 0.07
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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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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 Wae 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) uananigannimaaediaaalnfinen A. panamensis Aagl
I. galbana waz Nannochloropsis sp. (Ballesteros-Redondo et al., 2023)

& = K @ alg o g s o= a | , =2

wpnasrmeuNIU AN I lun1swziagsunasineudnduvanasiin 11y 7. suecica Taiilu
UWNASARAUNTALT Y ITAGNANENET IUALsza 9-11 INIATWAT (Hoek ef al., 1995) iuunasinaui
wutnsania neluwaaazanlusiu afiulawmen laduuazTuiana@us (Ashok Kumar et al., 2023; Rida
et al., 2024) 49U 1. galbana Haunmaaalseunns 5 lulanwns Aldsdn Anflulawnsauas ety
58818Y 27.10, 34.32 LAY 10.54 ATNATAL (da Silva Gorgonio et al., 2013) a1:u1snldiduannisiaes
Tafinan (Lee et al., 2006) sausialdiasanasdadeln (Laing and Verdugo,1991) was N. oculata 1w

& = a A e o A A @ v

WNAIT A UNT AT TARNAN LS NANWIETLANTRY Yu1A 2-4 LuIATINAT (Kumar et al., 2023)

aa

naluiadil PUFA 2849 (Zanella and Vianello, 2020) ldiaealsfimasiaiuenmsladnaesdndun
Jeaaunane e (Li et al., 2020) sauvialdiasalainanniae i (Ballesteros-Redondo et al., 2023)
dannzwaw19 Lates calcarifer (Bloch) M??@%'ﬂmﬁﬁfyd’] giant sea perch 7@ Asian seabass
dutlanfiaandrdymaasegialasanizluginiaedsuliintedenneadondied lulszmelne
. X - . . y
Anandandainzneannainniswiziaeeluld w.a. 2566 UTNN0 54,760 AU YAAT 5,499 41U
(Department of fisheries, 2024) L& :H@ﬁ”}ﬁtmﬂﬁmﬁuﬁumnﬂ 2564 $R8AY 8.91 (Department of
fisheries, 2022) usltAxNIAENUAINEZINITNRTNIUTINgNRUTAINsssN T ATnNUTyMIAINLANGN g
Ba9uIALaLAaTgNELE lussINT A i eane Aglaanismsiusiazayuataingneaa lulsawzin
fesiasldannsiannlunguunasinaudad Inslilsfasluscazusn seannilagniafaualnofauasly
ol A ol A aaa dIQ %d’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@:HQiMﬁJﬂW?ﬁﬂHWLﬂ?HULV]?JU‘]J';‘;’M]ﬁﬂWW?Jm A. royi NINENAEILNANNAAUNTANITUA

¥
=2 =

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

UszifiudszAnsninlunisldiduevnseyuiatainzneanadaaay

aa a o
6N1939¢8

nsiaulnuaslanwan A. royi MAsImEuNAITAaURTAeTnluM SR s IR ASLFEY
Fnmnisiduinredlaineniidsuuniiuifeaniaiesanmsldunasineuiasaiiafudy
219119 w3 gan1snaaas LAun 1. galbana, N. oculata Waz T. suecica IABN1TULILUNAITABUNE
LLﬁiamﬁm‘lummﬂgmmm’w@;m F/2 Guillard medium Aisagua1nimeianamiis 20 Winag e
unasrimauiialaglfuasnauidiuuas 5,000 and daeiindasadng wirku 12:12 alus WenniAnaeanan
p3adnANTUIRNTaIuNaTReuR T Ins ALTL A TwIwmad A a lamiudadannielsindesqanssml
NN 24 fv’ﬁm LﬁﬂLmeﬁﬁl'ﬂuﬁﬁj I. galbana, N. oculata U8 T. suecica HAMNWLLUWLITZHNIU 700, 4,000
Lz 200x10 L AR/NA ANE1AY GaidupeiuuuILiugegaainnisdnEIniafiuinges
unasineuiansannsiin thunasimeuiisandeaciuaanuiala 900 iadans 4iaas 3 190 Laziin
Wadelafines 100 Aaaans Bedlafinen Tnaliuasaanudiuuags 5,000 60 daeiin:dasadng windu 12:12
Falus IfeniAnaannan gusetraiielssifiunisiulnzedlafinesnn 24 dalue Tnanisiusuaudag
Sedgewick rafter chamber ne/lAindasqanssal usazaaniy 3 41 Ipefusuauazsunnszaslafinen
w3 szey laun watnwdos TanInse wasfalAnde 90899 IUIUTINYNITHY ATUITY
pRuiuaesliainenluwsazganmaaes Anszideyaneaintaanimmasiauulslsunuy
M1aFiEa (One way analysis of variance) Lazi3e1fauAMNLANANaIANLRAE F2833 Tukey's Test

ArvsuAudaNuiasay 95

nsalusiuaaslaANNan A. royi NRLIAERIUNITUANFAIENY
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 mmém@‘luﬁqwamﬁﬂﬁmmﬁ’m:mmmLﬁu 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 WiaRnenuamamsinunnisdag N. oculata luamns

gan1amaaast 3 WlafinanisiuanAmsinguInNIadae T. suecica luans

Fadentainsneradegauiiiainenasening 17-19 Radwns @uumiuﬁqwmmﬁﬂﬁmm
smzianaLAn 30 dawluiiu USunas 15 das wiaziayLIataInEnaang 30 Ao wiazgalianuns
uananai dun Tnfinenfidesdagunasineufieunansnaiiy 3 1iin uazlfenTideuwsniniduainslu
TAAILAN NTANIINAAES ITa MUY 2 p%a ASaaz 0.5 3 @mmﬂ@mmuﬂﬁiﬂud’mﬁﬁ@m:
20 AR mmrj“mQmmwﬁﬂuW’mﬁLm{ﬁmj 1éur eendiauazanenit fies Sanada uesluidle
Tulasl faagannasy Juas 1 p%s reuiAaudneinluusazdu fasunn daiminuaznmagausiuoy
Uanzneugen WiuEufuuaziui 10 mmmiwu’mLﬁfamﬁmﬂmﬁ@mmﬂLmzfé“m’m'm@?mﬁu‘lﬁm 11
Sﬁmﬂ@ﬁié’mnmimmmm%Lmﬁzﬁmmﬁﬁ Tpain19atAgeiAuuLlsl991 (Analysis of Variance) Wa

LB LAMNLANANNTIANRALANEAT Tukey's Test MrzALAMNITONUTREAY 95

Nan1sIReLazanilsena
nistaulnuaslafinan A royi MAagIRIguNaInnauntA19Tinlun1siaasuuuinuLien
ASILAE
dgj = . v dl & = 9; [~3 d‘ | o

naaedaeslainen A. royi luaauialanussqanuisiluunasinaungiiANnuaneeiy
3 a9iia lawd /. galbana, N. oculata Wag T. suecica N@m?‘wm@mﬂﬁﬂgdﬁ ﬂmmuuﬁLLﬂuQ\‘izﬁmmm
TARWeAWINTL 17,284.0 £ 2,552.6 Aa/ans wulleldaslanensag T. suecica iU 8 299015188
20904N1AD 15,679.0 + 3,576.5 A9/Ans Walaeslainannae /. galbana Tuiuil 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‘]&f’]ﬂ’]ﬁ‘mﬁ‘ﬂ;’lLﬁ]UIIﬁl‘H@QIﬂWW@[ﬂ 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) %qﬁmumlum&iﬁqmLﬁ'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 wuswusafieliaiige uaziisamnedulnreslszanamiige e
WReufeniuniadaedan /. galbana, C. calcitrans W&z C. vulgaris aeialuadAtyn1eaia (p<0.01)
Imel C. vulgaris 4ae N. occulata WiRARURNARNWNIZaNTUNNTT R U AN Ass e U NAE A WA

) 4 a Ha o - o g w R o gy , aa -
@qﬁﬁqﬁlmﬂﬁ@\‘]mumuﬂNINLeﬁ@@ﬁu'\@q@‘ﬂqiﬂLﬂu@ﬂ@??ﬁluﬂq?ﬂ@ﬂ‘Q\?Vﬂiﬂ Othina sp.NNULNAINFAAL
&

'
a

gaariaiin i NIvaelszansdasndin s liunasinauigniianew (Chilmawati and Suminto, 2016)

ULALN91UAINEUDY Lee et al. (2006) NeneaudnlalnanessiaNnen Paracyclopina nana Nuaemase
A o - o dl A o - =2

Chlorella sp. HWAIINITRAZANTANL T2 TN TINNL@9aN Chiorella sp. ANtlaaguu1adtiag e

deualilainanlasuansatig L s anae

2
25,000 A nauplius % copepodite 5000 —Ar— nauplius —— copepodite

a (b) —— adult - - total
20,000 (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 —A— nauplius —— copepodite

(c)
dult - ~ total
20000 —— adu -0 - lota

15,000

- Tetra

10,000

5,000

Copepod (ind./L)

-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)

siinvesunasineuiisiiiuemnsinfineniinasenisiadoyfivaeslafinenlaoduasgiu
nistianld eedlsznenuazndauIesunasinauitusazain nisidadlalanansdlninen
Paracyclopina nana wudialenmnsiddu galbana uaz T. suecica v lflafinandnisiadoyiiuln
@J\mdfm’mgm atl Phaeodactylum tricornutum, Chiorella 1130 uaz Chiorella i11Ax La¥ER9NTS
\styiAutnaaslafinen Paracyclopina nana QqﬁqmLﬁmgmﬁfmmmmmmwdw T. suecica iU

o

I. galbana WASBNMITHANTZNIN T. suecica MU P. tricornutum (Lee et al., 2006) d8AARBINALINNTIAY

2N
o Sa

AFIUN T. suecica WAy I. galbana Fsdaunaaas i) Mn1d A. royi HANUUILUUEINIINITIALNARE
=2 - ‘ X e = a a P Y |
N. oculata TedauaAANNdY wanandfelin1sAneIn1sasiulnaes A. royi MResEa Mg
HARYINTIONNITHANTENINNANNINY 2 TR NANIINARBINUGT NI9LAEN A. royi Aol T. suecica
AR I TARNE AN AT NRUILULAIRAWINGL 12,765 FIY/AAT TO9RINIABNITIAENAILAIUITNAN

321919 T. suecica AU Thalasiosira sp. 111 TAANE AR AITNNUILUBLANTY 10,679 F2/AM

b

(Tapaneeyaworawong et al., 2019) a79aa9A AN A ARIILLLgIgannL TuN 19 AN AL AN

v

WINIL 17,284.0£2,552.6 FA/ART WLALN A. royi Aot T. suecica WeNTiafaen

asnlsznaunsalasiuaaslainen A. royi NRLIAILLNAINARUNTAITUA
= - o ~ LA o - A a Y
n1gAneEasAlsznaunsaladuaeslafinan A. royi Miaesaaunastnaungataniia laun
I. galbana, N. oculata Uz T. suecica HaNNINAsBIUINNN aeALlsznaunsaluudus (Saturated Fatty

Acid: SFA) Inuxnigalulaiinensivain 3 gannsmaaes laun Paimitic acid (C16:0) InaTananafitaes

a o [ o

matl N. oculata § Palmitic acid (C16:0) gefgaatineddad 1Aty 19ain (p<0.05) sa3asulaun

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

'
Y =

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
= ¥

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
Ndpd1Atyneada (0<0.05) WamauiulafinasNiaasseunastnauissinau (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
=

NAANNNNTARLATIHNUIN A, royi NNUe1unsfeiulesAlsznaunsaleduunnsneiusie SFA
MUFA waz PUFA wispeqiunisdnenlulalaanessininen Cyclopina kasignete (Rasdi et al., 2015)
FauannsAnEATTINLeIAlsEnaunsmlasi DHA mﬂﬁa;m‘luiﬂﬁwmﬁﬁu T. suecica \fluanms il
AsaieuMTNENwin T, suecica Usenaudag PUFA tszunnufasay 37.90 1a9nselasiuisvanisl
wunsalasuain DHA uslilelaes A. royi #ae T. suecica nduwudnlu A. royi Snsalasiuadin DHA

I3

(Tapaneeyaworawong et al., 2020) Tngl A. royi FAuaunsnlun1sdaunsnzyl PUFA @nee19a1n PUFA
anadula (Pan et al,, 2018) daMARBIALTI91UURY Nielsen et al. (2019) AWLIN A. royi @1N190
AP PUFA @889 Tneianne DHA Teatinaiilsz@nsnn wllasuausniings luduidadaumniasinag

Dunaliella tertiolecta Taanun1suandaantasgundanisasiaianlad elongase AT desaturase

£ 2
o R

Fanadestunisdanszinsaladuluy A royi Aalunisiseasatiansanunsa lasdusiin DHA Tu

TANNamNNw T. suecica Wua1mig wadnlinunsalasis DHA 4 7. suecica Ainny

N5z LAUlALAzaNTINITTaAAETa9la NN
nasauunalainzneanafugaudaenimiousninilionieuiulafine afliduadae
wnaaineuRginidn 3 afia 1§un 1. galbana, T. suecica ua® N. oculata wusnlannewaaann
TANIINARBINAINENY waztuin G liuansnafuneata L‘fi’ﬂ‘ﬂ‘lé‘].l"l@l,ﬂ%ﬂﬂﬂ 10 41 wudnendn
ﬂmn:www‘ﬁ'@um@ﬁm‘mﬁwmﬁ'Lﬁym 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 ¥
Angl | galbana, N. oculata 8% T. suecica HAYNENHBAUGAN1INAAB LU LANAISTUN19ATR Tnad

AYTNENYINAULINAY 20.7840.51, 20.56+0.69 WAY 20.78+0.19 HAALNAT ATNATAU T949N91

2
a o o a a

darnznennanayuianiee1siidausninadnaldad Ay n1eadf (p<0.05)) NRAINLLEDALEA

q

N1INARBNYINNL 19.11£0.38 NAALNAT (Table 3)

iHaNansundnsnisEsaRLlnAuANLIY NUaINgaaeyuass TawaaLALIsaL

I. galbana, N. oculata uaz T. suecica HemsnisiastyiAuinaumnaia lduanseiunneais tae

a J

NAMWNAL 0.267+0.067, 0.233+0.067 WAz 0.289+0.091 HARLNAI/IU AINAIAL T9tainznanafiayuna
poalaNNaANNIANIINAREINERIIN9IRs AL IRAUANENIgINd LA NEN I NaYLN AR T
wenWnat19dlad1Ayn19adia(p<0.05) Insilainswananeyuiasaua1sidausnWnddnsanisg
LRI LA IRANUAIINENAINGL 0.089+0.051 HARINAT/IU (Table 3)
= o = > = R Sy - = a
n3AnHISRIINITIanRIaaNLla NENaINayLasaa laineATIALN A WS RawNT 3 1iin
v ) N I . = >
TauA /. galbana, T. suecica iae N. oculata LL@:W@W?‘V]LNﬂLﬂuqmmum\lwum ﬂmnzwmqmmm@mﬂ

o o ' o

Tawanflae A T. suecica H6RIIN1990ANNEEIGADE 19N TEE1ATYNI9ATR (p<0.05) 11111

1Y
a a v

fatay 74.45+3.85 sa9aannpatlainenaananeyuiadeslafinenliasssian 1. galbana uaz N. oculata

o 1%

femnissennefeniay 64.44+1.93 WAz 57.78+1.92 muansy daudlannznernnfieyunadanensiiile
fenennssanmasngn Jasay 51.11+5.09 (Table 3)

maﬁm:m@mmwﬁﬁiwdwmamm@ éun Areendiauazanenih Mt Sarnalin wenlnile uay
"Lu”lmvfwufjﬁmmmmimum@mmwﬁﬂmlﬁi@zmm@wﬂ@@ﬂunnwmﬁm'aﬁw[ﬁ’fu"LsJu,mnﬁi’]\iﬁw,m:
nanﬂﬁLﬁ@§@ganmr@mﬂﬁwﬁqﬁmmmwifanf]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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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=<0.05)
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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 pym 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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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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Wetluduaiinaeslswasindu Moina siamensis (lsunsgens) (Figure 3) a4i3nn1Inaaassialyl

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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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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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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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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A B C
Figure 1 Embryo development of C. affinis (A) gastrula stage in 0-15 hours (B) embryo developed to

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

Table 2 Embryo development period of C. affinis

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 -

ituniudn

uan sinlayiusudn wanuass Table 3 wiidududnndldauannseaauasiszaziogn

o o =

wiaenA 6 dalue wadlauaniommarinlildanunsniuswaulald wifszaznandudaenid 1, 3
uaz 6 dalis FpnmuansnsiuetneiiludAnyneadia (p<0.05) %IQWLIQ"W"WLﬁalﬂé/ﬁliﬂﬂﬁiﬂﬂiﬂﬂﬂl’mﬂjﬁu
AudnfialyFszazinandudaainie 1,3 uaz 6 99lu9 A 84.00+4.36, 76.3245.64 uaz 0.000.00
wWasiFus madnsu uazdaliuedl 1 waz 3 fArusuuiu 7,26041,081 uaz 9,520£716 fa/dns Taadalus

1 1 uaz 3 ansn1inllunnsneiy (p>0.05)
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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).

Yiufuianinumeaseaduuiyiildvennseaesd@avianue Ansnisimmndnnsludalueg o
- 16 lyeglusrazunangan (Gastrula stage) axueaiiuiiiaitiala | agsan auisoNediiugann (Eye
pigment) WAKNAWFIUEARNINTY (Figure 2A) Tudalued 12-34 a1unsaneaiivninmuaesinlataiay
wazlwinlash 30-44 AN Figure 2B Fasaunmudngscas  qaaBuneaiung windadoundaiay
dill = & a @ o 42/ ra‘ = = 4?/ < ¥ v ¥ o .

Wealtauazidadiudaninau szaeAEntauIaianau auisaindeldeslddniau (Figure 2C)

FLHLIIANIRRUIANN T2 AN 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 -
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lainusing
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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).

mafﬁﬂmmiﬁwmﬁwmm@qﬁﬁﬁ”wmﬂu%‘ﬂmﬁ 0 - 16 ld)aluszazunangan (Gastrula
stage) %N@Mﬁ%ﬁﬂﬁ@%j@ﬁi@u | A1NNTNNBUTURAAT (Eye pigment) WA A un Ty
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Suflunafienstu asnsaiudeddelddniag (Figure 3C) 728LNAINIWE U ANN za a9y T usa9

LAAYAY Table 6

A B C
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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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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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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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
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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) % Items 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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(1 @)

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