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Abstract

The effects of cholesterol and B-cyclodextrin complexed from waste of fish oil production
supplemented diet on growth performances in Giant freshwater prawn (Macrobrachium rosenbergii)
were investigated. Prawns (The initial weight was 20.72+3.75 g) were assigned in CRD with 4
treatments (T1-T4) and 10 replicates, 1 sample per replicate. The experimental diets included 1) The
control diet, 2) The diet had 0.15% of purified B-cyclodextrin, 3) The diet had 0.15% of purified
cholesterol, and 4) The diet had 0.15% of Cholesterol and B-cyclodextrin complexed (The cholesterol
contents were 53.48+3.15 mg and 51.62+1.22 mg, respectively). Prawns were fed at 3% of feeding
rate per body weight, with 3 times per day and the experimental period was 4 weeks. The result
showed that Giant freshwater prawns in T1-T4 groups presented the final weight, average daily gain,
specific growth rate, feed conversion rate and feed conversion efficiency were 28.26-31.98 g/prawn,
0.28-0.40 g/day, 1.17%-1.53% per day, 1.75-2.62 and 46.86%-64.86%, respectively and were not
significantly different (p>0.05). The Giant freshwater prawns in T4 group that fed the diet had 0.15%
of Cholesterol and B-cyclodextrin complexed were found the survival rate was closely to the prawns
in T3 group that fed the diet had 0.15% of purified cholesterol (The survival rates were 80% and 70%,
respectively) compared with the Giant freshwater prawns in T1 and T2 group. The experimental
showed the diet had 0.15% cholesterol and B-cyclodextrin complexed supplemented that was not
affected on growth performances in Giant freshwater prawns that were fed for 4 weeks.

Keywords: Giant freshwater prawn, Bcd-cholesterol complex, Growth performance
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2.2 gns¥ 2 Ae 8WMN9LEIN B-cyclodextrin u?zgw“ﬁro.% \wesidus

2.3 @Jmﬁ 3 A4 mmmﬁmmmmemﬁqwé 0.15 1afdus (UTN1nipeLadinesan
53.48+3.15 UAANTw)

2.4 gnaf 4 Fa arnadiupaiameseaiilianiArmaelunszaun1sanARIaAIAEEAR N

tndulangane (luglues B-cyclodextrin AUfLABLAALADIDA) 0.15 L aFidue (Usu

ABLAGLARTAA 51.62+1.22 HAANTN)

Table 1 Feed ingredients of experimental diets

Diet (%)
Ingredients Treatment1 (Ctrl) Treatment2 Treatment3  Treatment4
(Chol-) (Chol-) (Chol+) (Chol+)

Soybean meal (47% protein) 10 10 10 10
Fish meal (58% protein) 10 10 10 10
Rice bran 25 25 25 25
Broken-milled rice 25 25 25 25
Shrimp shell 25 25 25 25
Fish oil 3 3 3 3
Cholesterol (99% purity) 0 0 0.15 0
Bcd-Cholesterol complex 0 0 0 0.15
B-cyclodextrin (98% purity) 0 0.15 0 0
Binder 2 1.85 1.85 1.85

Total 100 100 100 100
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¥Nf2981991M15NA a0 4 4RINIAN DAL TTNAUNINLANF] Fai BUAUANNTY
fauladann A.0.A.C. (2006) 950.46 13u1aulisAulaeids Kjeldahl Amutlasain A.0.A.C. (2006)
928.08 13unnlusiulnels Soxhlet extraction Aniasann A.0.A.C. (2006) 960.39 LEuNuLHN AnkLlas
21N A.0.A.C. (2006) 920.153 U3ununazesstsnavveansalasiu Inawmaiian Gas chromatography
fautasann A.0.A.C. (2006) 991.39 LazilsunnuAalaaLAasaa lua1u1Inaans taainaila Gas

chromatography Anudasann A.0.A.C. (2000) 994.10
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Funnunen luile (Total ammonia) U3unaululngsl (Nitrite) wazAnaanuidumng (Alkalinity) Tasld
Fresh and seawater testing kits 2484 PARA Test LALATBINN 7 ﬁiﬁ%mmmmumiwﬁ 5 (Table 5)
4. LmumiwmmLmztﬁuiqmwﬁ'ﬂga
‘JNLLmuﬂﬁimm@mLLuu@:Nmaﬂm (Completely Randomized Design; CRD) IPELLINITNAADS
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Yoo dod VI, . Iw2
4.1 twndedeidlefuganianaaes (nF/e) (Final weight) = =—
(w2-w1)

4.2 dwiniedaRinsedy (nFu/4) (Average daily gain) = ,

4.3 ansMsRItALTRAIWIE (%/91) (Specific growth rate)
[In(w2)—-In(w1)]
X
t

= 100
y & BsnnuevnTinu
4.4 ap?n19uaniua (Feed conversionrate) = 5————=3
uwuﬂmmwmju
4.5 sz@nsnnnnnlasuenuisidusinmin (%) (Feed conversion efficiency)

I
dmrinfaniinau

= —— x 100
fFuniannsing

Auanfjuileduganmanes

4.6 9m371N1378M (%) (Survival rate) = — x 100
AMUIUTNITHAL

Tagl

w

0’/ o Y Aal % o
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n = [UIUNY (FN)
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In = natural logarithm
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[(nxwlxt) Xdannsliews (%)]

1000
¥ oo dd e e [(w2-w1) xn]
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5. NSAATINLAYA

ihdayas e uiBinsziranuulelsufosmaiin ANOVA uazitFauiiauANuANsI9189

'
o

Anadalnedd Duncan’s multiple range test NzAuANNLTaiWsaaas 95 Inaldllsunsu SPSS

Statistics 17.0

NAN15I48
1. 29rlsznaunalANLALILALARLARLADTAATDIRIVNITNARDY
anImAae 4 gaadesdiliznaumiaailsng feil panadu 6.00-7.67 wefuiud, sy
33.16-33.69 lafidus, luslu 8.27-8.58 afidus, 1H1 8.67-9.21 wafifus, Funuranainasea
40.33-114.83 RaAN31/100 N§H (Table 2) Ineiafinuaziunamensalasiuluamsmaasdsyneyly
¥t nanlafudusa (SFA) 30.63-33.26 wefuiusl Inawunsath&fin (C16:0) waniige, nsnlaslsl

a

BuFTaRL9 (MUFA) 38.58-39.30 wasiiud Inawunsalaiadn (C18:1n9) Niniiga uaznanladula
Burdsdau (PUFA) 26.18-28.97 wlasiius Tnswunsalaluiadn (C18:2n6) unnvige uaziifFunn
nanladulidusadedeusiinlawfin-3 (n-3) 2.32-2.55 wafifius Inswunsalasiu DHA (C22:6n3) 11N

714m INAAU (Table 3)

Table 2 Proximate compositions and cholesterol content of experimental diets

Proximate analysis

Treatments Moisture Protein Lipid Ash Cholesterol
(%) (%) (%) (%) (mg/100g)

1 (Ctrl) 7.18+0.80° 33.16+2.19° 8.27+2.04° 8.69+0.12° 41.22+0.47°

2 6.09+1.55° 33.25+3.49° 8.29+0.81%  9.29+0.10°  40.33%0.63°

3 7.67+1.74° 33.43+1.25° 8.31£1.11%  8.67+0.09° 113.74+1.04°

4 6.16+0.92°  33.69+0.24°  8.58+0.34°  9.21+0.12° 114.83+0.94°

Mean values * standard deviation of determinations of triplicate samples. Values with the different superscript in each column

are significantly different (P<0.05).
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Table 3 Fatty acid compositions of experimental diets

Fatty acid profile (%)

Treatment 1 (Ctrl)

Treatment 2

Treatment 3

Treatment 4

C14:0 2.38+0.05" 1.71+0.01° 2.23+0.01° 2.36+0.14°
C16:0 25.32+0.21° 24.08+0.18°°  25.22+0.06™ 23.49+0.77°
C16:1n7 1.17+0.01° 1.31+0.06° 1.03+0.02° 1.67+0.01°
C18:0 5.55+0.19" 4.84+0.07° 5.31+0.02° 5.68+0.07°
C18:1n9 35.22+0.30™ 34.44+0.49% 35.38+0.06° 34.00+0.01°
C18:1n7 2.22+0.01° 2.36+0.01° 1.98+0.04° 2.24+0.00°
C18:2n6 21.58+0.74° 24.51+0.16° 23.21+0.05% 22.85+0.99%
C18:3n4 1.55+0.03° 1.55+0.01° 1.49+0.01° 1.48+0.10°
C20:1n9 0.69+0.02° 0.59+0.02° 0.55+0.13° 0.68+0.00°
C20:4n6 0.50+0.02° 0.56+0.01° 0.64+0.12° 0.59+0.01°
C20:5n3 (EPA) 0.73+0.05™ 0.64+0.01° 0.76+0.01° 0.67+0.01%°
C22:6n3 (DHA) 1.82+0.01° 1.71+0.01° 1.74+0.11° 1.65+0.09°
Sum 98.73+0.03° 98.30+0.87% 99.54+0.13" 97.37+0.01°
SFA 33.26+0.45° 30.63+0.24° 32.76+0.05”°  31.53+0.98%
MUFA 39.30+0.32° 38.71+0.46° 38.94+0.01° 38.58+0.01°
PUFA 26.18+0.80° 28.97+0.17° 27.84+0.17% 27.25+0.99%
Omega-3 2.55+0.04° 2.35+0.01° 2.50+0.11% 2.32+0.08°

Mean values + standard deviation of determinations of triplicate samples. Values with the different superscript in each rows

are significantly different (P<0.05).

2. WAUDINISTLATNADRALADTDA LURIMTNARBIRANITIATTULALIRURY M. rosenbergii
AINNIANHINATBINIATHABLAALADIDA lWBIMINARBIFAaNITastyIAL IR Tesfiefiuns1n

'
Y v =

Wuan 4 dUansl wuan qqmum’mmvl,’m"?ummiﬁq 4 g4n3 ﬁﬁymﬁﬂﬁmﬁ@a”uzgmmiwmm (Final
weight), vwinieasiudedy (Average daily gain), ang1n171a30LALIRALN1E (Specific growth
rate), Fmsnisuaniile (Feed conversion rate) uaztls=Ansainnnsdsuemnsiurimen (Feed
conversion efficiency) A 28.26-31.98 NFu/Fa, 0.28-0.40 nFu/du, 1.17-1.53 wWefidus/du, 1.75-2.62
WAz 46.86-64.86 tlofidus mnandu Ineglinuadnuansanean AresAdnsnisiaseyAL s
(p>0.05) daufiafinunaailifuaunmanesgas 4 Ae amnafidiuneiaamesead lianiamuielu
ﬂﬁf:mummmmmmmeamquqﬁuﬂmmw‘lugﬂmm B-cyclodextrin AUALABLAALAATAA 0.15

o Y v

C @ o a . v [ % all Yo dl d' a
wWefidusd HA18ns198m (Survival rate) In&iAeaAufiefinunsunléivamnmaaesgnai 3 a3
ABLAALADIDALITANT LMWL Ae HdRsnsanszil 80 uaz 70 Wefifuiniuasiu waziAnga
ndfiafinunauinlfifueanegne 1 uax 2 (Table 4)
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Table 4 Growth performances of Giant freshwater prawn (M. rosenbergii) fed with different

experimental diets for 4 weeks

Performances Treatments

1 (Ctrl) 2 3 4 p-value
Initial weight 20.47+4.00° 20.76+4.09° 21.45+2.89° 20.18+4.32° 0.897
(g/prawn)
Final weight 28.42+5.76°  31.98+7.23"  31.96+4.93°  28.26+5.42° 0.301
(g/prawn)
Average daily gain 0.28+0.11° 0.40+0.16° 0.38+0.15° 0.29+0.13° 0.154
(g/day)

Specific growth rate 1.17+0.39°  1.53:0.45°  1.42:0.54°  1.23x0.51°  0.316
(%/day)

Feed conversion rate  2.62+1.54° 1.75+0.71° 2.09+1.10° 2.46+1.23° 0.369
Feed conversion 46.86+17.32° 64.86+23.35° 59.80+27.34° 50.61+24.89°  0.312
efficiency (%)

Survival rate (%) 60 60 70 80 n/a

Mean values + standard deviation with the same superscript in each rows are not significantly different (P>0.05).

n/a = not available due to the experimental unit was 1 treatment per 10 replicates, each with 1 sample.

muﬁwm@mmwfﬁLﬁ@ﬁﬂm@wmmlummm 1-4 et wudaAasdunsa-nneeg
Tudaq 7.95-8.79 grunndet]lutag 23.96-27.85 avAmaiea ﬂ?mmmﬂ%Lwﬁ@:mﬂ‘lufm%i‘l,wﬁqq
6.31-7.55 Haaniusiaans tBuinantuiiasuetluges 0.01-0.07 ppm snnlulagsiaTudag 0.13-
1.96 ppm LL@zmmmLﬂurﬁhwmi{mghﬂﬁw 95.63-161.50 ppm (Table 5) ?ﬁlqmqmmwﬁmw " B¢

Tunnsinmsnzanlunis@esiafiiunau
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Table 5 Water quality during culture Giant freshwater prawn (M. rosenbergii) for 4 weeks

Parameters Treatments
1 (Ctrl) 2 3 4
pH 8.05-8.67 8.00 - 8.50 7.95-8.79 8.05 - 8.50
Temp (°C) 2442 - 28.07 2452 -27.85 24.37 -27.84 23.96 - 27.60
DO (mg/L) 6.31-7.05 6.39-7.02 6.46 - 7.55 6.74 - 7.31
Total ammonia (ppm) 0.02-0.06 0.01-0.05 0.01-0.07 0.02-0.05
Nitrite (ppm) 0.24 - 1.96 0.13-1.95 0.22-2.28 0.16 - 1.05
Alkalinity (ppm) 102.00-155.83 95.63-158.10 97.14-159.80 116.88-161.50
AATUNA

AMNNANIINARBINIILETNABLAALABIAA MBNMNINARRIAENITIastALIRTesefinunu 1

o q

| |
v = =

nan 4 gl wudnfisfinunaunlifuenmeaesgnsn 3 uazgasn 4 NRNIETNALIAALDIDA T

a o Y v

PsunnlnAihasiuiudaAdnansen (Survival rate) Ngandnfiefinunsunlizuaunmaaasgnan 1 (4o

paLAN) uaz gash 2 aeliinsdinnaaainesenay 10-20 wediiusd Inedfisfiaunsunlafuevis
NAA8IgATH 4 A A MNINLETHABLAALARIaAT HANNLAEIIAS TUNILLIUN1TARABLAALAIDIAAR NN

a1 o

dananalugilaes B-cyclodextrin Auiuaataainasas 0.15 wlafifus Aa1dnsnsanindiAeaius

finunaunlAFuemamaaesgasi 3 TATHABIAALAIRIRALTANE LWLENWWINAY (70 wWafifus) uasi

1
1 Y v I

ArgandrfisfinunaninlaFuenmnegaeas waneiAdnsnisasaiuinesfiesinunsunlsfuenmg

q

NARDIN 4 gAglinUANLANGNATUNATE (p>0.05) UAAIIINITLEATH B-cyclodextrin 1FgNBUAZNNT
IunaLadInasaalugilaay B-cyclodextrin complexed tidsnansznusanisasgiivuinanss
finunsan Wesann B-cyclodextrin luasgadi (Absorbent) Nitlsznaufoansaaastinaiangiagaun

o

A | e o = o P o a Iy o A
waNAaN W UANEIEZM WY A9lannsie Lﬂuvmﬂmmmzuﬁmlﬂu@qmmwmwmm? @QHQMQNUMV]

TaaisuAe Wusauls (Starch) avidaadana lilnau anunsouaneanun i waz #111I0aATUANIN
Hasnnslier ludnunzieuunlgiadu (Encapsulation) viiaansusznauidedew (Complexation) (Kwak
et al., 2011) 'ffiqmm:mﬁﬂﬁumﬂiﬁiﬂﬁqﬂi:mvﬂu@mwmmmmﬂﬁ 1 SANAY, 4197 vise
ARLAALIADIDA TUNARITWIIR M35 ] LWAU (Kwak et al., 2002; Lee et al., 2009; Jeong et al., 2014)

AaLAmaTRalLNLIMAAFanisastyRuInaasdndanan Crustaceans sz ludanunsn

v
o o & o

dunsziraiadmarealaald (Whitney, 1970) asandundmnfiiuazfiasldiuaine1ns reladineses

v 1
4 Qo o o

\udauilsenauaas Cell membrane uaziluansfiasiuduiuansanan Steroid Nfjsfiasnisinetinll
v % dl 1 a a A [ o o dl 1 a o

asluaeiluuivatdas luninasnyiiuln duiug waziduaisenunsdAgyNdoeasuensInissen

Tugiaan1saanAsIL (D'Abramo et al., 1984) Teunasnaiadinaseananiiainas i futugoulnnjan

antidutlatviselesiuanndndun (Akiyama et al., 1992) aanuan1saaaeed Morris et al. (2011) 169
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nMaaedielss il uNaAIINFARINITABLIAALABIEA TUE1U1INAREIANT19 (L. vanname)) Aan1s

a a dal o s 1 dl a
L@ﬁl‘_’ll,m‘]_ltm Inenpaasasatunean 12 4lani wudliunuzesnaaainaseanidivadluaninmeaas

| £
% A a

293791UT NN UseANENINANgAAS 0.08-0.15 ilafidus Tedsnasounminsaleduganiimaaas

)
vl Ao

(Final weight) 8m31n191a3tytiule (Growth rate) wazdmnansan (Survival rate) 15inngaatinsliadfny
NNEDRA (p<0.05) A1 20.20 NF, 1.61 nFN/AUAY way 99 Weafidus mNaAL TedenAdadiLauRSE
2849 Coutteau (2011) 1Hn1n1maaeswnEunmiwnnzanlunsdiiAead e lue1 i mAaeI1e
flaNa/n (P. monodon) Taemaaaiasaiilungn 70 41 nudnfiunursnamasaaiidiuasllluemig
nAaadlugdos 0.10-0.15 wefiius udasvunzanngauazdanasianiasoiuinaeis wu dman
a a QI &9/ o o & o v v & @ & =& o dl’j
nawastyAulaRauy 1.4 nfw/ddand enssandilng 90 wlefidus saudsdmnsuaniile (Feed

o o a A

. Ny oA L | A e a - o - o 2 A
conversion rate) HANWNTUAENIHUEANATUNNATFANaINELALTARILAN (p<0.05) wazanilademuiin
gaglunisiinA N Ldausnazanssanlinudndainan Crustaceans Aansaladulaintn-3a1n
nisAnEnuIINIsEsInea ladulewwin-3 asluanmmesasisrnauouun i azdoaiiudnssenlhgs

-

24 82 wlafifus (Aiamanee et al., 2015) @alun1maaasAaRlfdNAaLadIAaTaaN LA NLARIAS 11

1
A I

NTLUIUNITANABLAZLADTDA LN UL A28 a9 lua 1 u1Tneand tngdandqnesuiudaiinani
annzanuns lsunia lawin-3 18 wazannnisaasiiunnuazasflsznatuesngs lsunu g

nea lsuaiinlawdin-3 luemimaaestszanns 2.32-2.55 Waidus (Table 3) a9AadaaLludnnii

ladendosdsndnasanuedfisfinunsuuenimiiaannisdiufon AaiaalnasaaLNeNatnaLmg

dgilua
a dl ¥ A 0” s
nsdINAaLAamasaad i nAmuaelunszuIunIanAsamasaaantnulatanne lugt

o

283 B-cyclodextrin AU UABLAALAIATAA (Complexation) Tua1msfiafinunsin (M. rosenbergii) sz

0.15 wlafiius aswaliifadidnsnisasaiuianldwansaiufsilsfuenmsgaaiunuuasidnsnsen
= o o o - o = o o o a . 'V

44 TnaduwlfulndiReaiunisdinnaiaaine saartsqnanseaumaaiu Inail B-cyclodextrin Tidsna

neznule o denaasauivinesisinunsuiiiedaaiuszazionn 4 dland
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UNARED

N3UNANTRLRARMTURUANNLTRE QS Phaffia rhodozyma TISTR 5370 Tua1misunuzni1afiae
A9t T lseuaIUNAUSRI149U 1:3 (CN medium) Usznaudon tinalnua 5euas 5, nglaa,
= g o

gafanm, K,HPO, , NaCl, MgSO, wa¥ CaCl,wi1riu 10,3,0.1,0.01,0.01,0.01 nFNsfLaARNT

ANNANAL WRANNTA critic acid $a8aT 1 ANDTBNAUN 5.5 UWATALENIAINITY 200 F0UAAUITN

'
e a

AMdindiuLasd 500 and Nanumgd 25 asemaiios uoan 120 dalue Suawinmaduiis winiy
10.30 NFNABART AN IUATLBARLEUAY WAy 930 TulAsniusaniuuuinmas 14n4138
WARAIWIUALN LFHININEND1M7 A WA dduduiasaz 0, 0.20, 0.40 wax 0.80 Lluszeaziian 3
= ! ~ o a4 A X A A v Py

wau WU Uananeitiininedsiiaiugage lugnsa v sidsnfice ansueanuaunuing esay 0.40
Winfiu 18.85 nfurasia damsnissanmnaenay 98 HAnlnAReNiungnInImaaasatinalttdAny

aa dl' o a & a a d' dlgj 1 1 o
NNADH (p<0.05) WALNUA1898ATIZHUTNIUATA LB AR LT UAUNNY Ilalandqnaua Wiy
Sanaz 0.4 Watlhillatanaaannvinnisuauazudifiu anunsntinangilanaasua lfilussazinan 60 Ju
A

WUIHA1 TBA W1 0.5 mg.malonaldehyde/kg

AfAn: @rdueanuTuiy Wiiddsseuaueay datdans anmsdan

Abstract

Extraction of astaxanthin pigment was conducted by incubating a strain of yeast, Phaffia
rhodozyma TISTR 5370, in sewage from Thai rice noodles production. Coconut juice solute was
added to raw sewage in the ratio of 1:3. The solute was further mixed by palm sugar, citric acid,

glucose, yeast extract, K,HPO,, NaCl, MgSO, and CaCl, at 5% w/v, 1% w/v, 10, 3, 0.1, 0.01, 0.01
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and 0.01 g/L, respectively. The pH was initially adjusted to 5.5. Yeast incubation was carried out on
shaker spinning at the rate of 200 rpm, under light intensity of 500 lux for 12 hrs/day and at room
temperature of 25° C. An amount of cell suspension obtained was 10.30 g/L with 930 % fresh
weight content of astaxanthin. All essential amino acids (EAA) were obtained, including lysine,
methionine and valine. Astaxanthin pigment produced from this experiment was added to fish food
pellet in the ratios of 0%, 0.20%, 0.40% and 0.80 %. The food pellet was fed to striped catfish for 3
months. The result showed that the fish fed with a feeding mixture of 0.40 % astaxanthin content
gained the highest weight of 18.85 g per fish with a survival rate of 98%. The survival rate was not
different among treatments at significant level of p<0.05. The amount of astaxanthin found in striped
catfish fillets was 0.40 %. The shelf life of chilled striped catfish fillets was up to 60 days with total
volatile acids (TBA) at 0.50 mg.malonaldehyde/kg

keywords: astaxanthin, sewage of Thai rice noodles, Striped catfish, fish pellet

v v
& ©

daranaiudnfunniaesdineg winiuladauasiiiunnladuluiegs nspeimanzas

as % AN N o a Ny Vo o
gnas denaliitlananenliinaulaay nauamanasandunsiasnissesnainuazliiunisaaniuann
Y a g a Y M ve A o o \ , a a | = -
fidtna windsslatansluiBnunlllildlalubes@uanienaadenasanisiianauldnagseasd
WATAINALRLFABIIANUNE (Wasson et al.,1991) ansatanganeiulanndzunoladuluiialan
! o & o = i Al a A ap v o o A v o
Aaudnage mnifuinetetanliawinnaseaazifianaunlifiasnisls  arsiuliuuenainazduey
a aca a o . = a \ = Al e o "
nafedfiseneendinduaedlasiu arsdueanuauiuiiunguasduauiniladigmuantimiduan sfiu
A A a P A a % a ~ ! ~ o
fundeandiangs | a1sdueanuasuiniantifiduanssiueyyadassigandualsivessaws (Terao,
1989) daanndanayyasasz|fn Sigurgisladottir et al., (1994) Hneaasaentauaanaulaelfuaann
wruiunasnlameses WanFeuaudnezuazsdatifuaaiiolan wudndduuasaasiialannle

a a A o a dy 44” . =<
AINNITRNANTUDAALEUNUNAN UL LA TATIAUBIUDAAL  Boonyaratplin (1994) NAABIANHINA

% o

NIATHUALINUYITULATUAAAUTIURUTTALANS 7] TuRImI9refenatAn naaed 6 gRs TEzioan 8

a9

AUpT WU NITETNIASRRYY 2 TRe ldRNasaniTeT LAzl sEANTNINANs 1R uNT IeLETH

Q v

a a a o a o dll b o & = -dl 1 Yy aa dl
WAARWIUNY 50 NaANTW /21119 1 Dlaniu bAENTN 4 iV L‘WEI\?W@‘V]@%“IT’JEIIMQQN@W’]N‘V]Fl@’]ﬂ
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ansaiuazisnis
mawdanidauaznisiasiafananasdvasmunuiv

Hodasil¥lunsmanes Phaffia rhodozyma TISTR 5370 lé@eannaantiuinanAiansuas
meluladuialszndlng Swmipluad nafuinemdeluenmsiuios YM Tu 40% glycerol e
fnnnmmanesfiesiinisnaziuniasioiininlueuns YM broth Geilsznaudag 1% glucose, 0.5%
peptone, 0.3% malt extract, 0.3% yeast extract lunatanauin 250 ua. laaiunsivian 50 RENT
anuVQR 25 evraaifaa Luseaatn 200 sausaundl Apsnudiuuasd 500 dnd e ldvaanli

W1 cool white fluorescent HUTZEIZINAN 24-48 d. IAENIOTITNAWN 5.5 USuNLanAae 1IN HCl %1

¥
=

dad 121 esrnadoa win 15wl BunnsiadeFubuiidlunimaaedld 10 % SAnsganauuas
7 0.5 azlEadendaanudiadiu 107 — 10° cfu/mi (Sujarit et al., 2017) lun"siReaidetiad Phaffia
rhodozyma TISTR 5370 LB TUNHENEN TR BA BTN T 9T NI UNA LU AT d9U 1:3 (CN
medium) intinamalaussesay 5 nglaa 10 nfusedns, dasanna 3 nfuseans, K,HPO, 0.1 N3N
siaamn3, NaCl 0.01 nfumaams, MgSO, 0.01 nfuraams war CaCl, 0.01 nFusBANT N9A critic acid
%ounz 1 AlTBNAW 5.5 Luseat1AImEa 200 seuseund annadinduuasi 500 dnd 7

a

fruNi 25 asaaaiiea wuaan 120 4alu
NSANARITRUDRATLTUTIY
UEasE a7 1HangRs CN medium 11911198 LT freeze-dried MAIAINUY UINNANA
Walildansdueanuauinlngldisees Jian-Ping et al., (1997) wax Dominguez and Torres (2004)
Wetarsdusanuauinllnanluemnsildiaelananns Inalisuun 4 gasssil (Fawlasgns
AT Samranrat et al., 2011) (Table 1)
4n3v 1 gRIAILAN
= = =y
4nsN 2 e aRENLaNEEHANATTILeAR WIS REAT 0.20
= = PO
4nsn 3 o TRENLANEHANATTLe AR WTIITREAT 0.40
4n37 4 A MNTRENLANENENANATLAARLTUWS DAY 0.80
o d' a Y a (3 dl a o o o a 14 4
wamnsisisaniatindanndasuuninesgifian dansanaueaniug uinuiiagnuadnli
b4 o =1 ul/ dl v o v o ‘4! -dll o v -dl
dinduenslnauianugmsnlsnmuald ermsngasazgninluisasnluinss Wunan 1 9 Tuliesn
= ! dl v a =< dl v o o & @ o Y @
Haniethewm WeesutisussqlugeananadntaniiniveannisduiaaniAuaztindiniuinunguiv
Ngnamni 5 avAIadaa (Kinongnu et al., 2010 ) lHBUNNNALATIZIMNAMAIMNNINTUIN978981M19
wsiazgns (Table 2) Uarananlilunisdnendugnianlfiainnismnziugainnnfuenan Jang
dszane 2 meu dnnidssiedfuan mliduesiunimases uddlvweinataauin 16w lu
=3 [ d’l dl 1 oil -1 8 o/ g U
7 ndagnrAduAN Juar 2 Ne wazilasudnedn 50 wWeddud usraziaan 2 dUai nnsdaes

Tuginszanldilanannaanuau 30 fa 2uIAIR9ENIZANTUIA B0X150 LILRLNAT ANUIUTITBINTALN 3
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1 gunativineds Gubutesamaaes 4.9 N3y @ewangnaifluszezinan 3 Weu innslienns
LAz ﬁuﬁﬂgﬁ@g@fwﬁﬂﬁﬁﬁa ‘ﬁ/ﬁl?’m’]ﬁ‘ﬁ“ﬂmﬁﬁﬂLL@;‘?QMJ’]’]WI‘T’WI‘V}@@@QLaal?;lx‘lﬂﬂﬁ W
densuinmuaiinisinidetananeunrianisiiasziansd (Jian-Ping et al., 1997; Dominguez and
Torres , 2004) AAzHIATZEAIANTAL TBA (AOAC, 2000) NNanadaulszandudanaznig
aanfurasfising dusulanaansous 1un @ N anwuedsng dleduia UATATIANE UL AINNTEL
Tnesan Ineldinnsdseifinpauseunansioufuuy 9-Point Hedonic Scale taeidnaaaudusialufitau
AsAnES 9L 30 AL TRaT AL ALAT TR NI 991 (ANOVA) TaelHEmnnmmaney
gumaan (Completely Randomized Design) LazilRaufiaunanuunnsisAneanlae3aaes

Duncan’s multiple rang test (DMRT)

NANI5IAE

namsnaaasiasALaamuTuiuagalatsns
TheanstinansaneamusuiivinannisdesdadluinnelseumsAuinnisiuganienis

WNRENTA Phaffia rhodozyma TISTRS 5370 lutinfislsssuaniaiy TaeviAesdas P, rodozyma

TISTR 5370 eslurimgnita fideanedaeinfialssnuausAngnmaau 1:3 (CN medium) thanneas

U Wmnalaue Seuaz 5 nglaa 10 nfusedns , Bafain 3 nfusadans , K,HPO, 0.1 niuseans,

NaCl 0.01 nfusiadns, MgSO, 0.01 NFusie@ARs waz CaCl, 0.01 NFNFBAAT N9A critic acid Faaz 1 &

'
¢

BT ENFAUN 5.5 LWATDAUULNAINIET 200 sausauIl Hadnudindunasi 500 and Ngmungil 25
asAmamea 1{unan 120 9alug Juiminmaduiia Wndy 10.30 NFNARAMNT WATUFNIUANTLARAN
Wity windu 930 ulasnsusaniutnminegas neaasi lnalulns19nne (essential amino acid

EAA) asuvnaiia wi ladu wnlslatiy wazaau Wk
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Table 1 Component of Ingredient in food formulations containing different level of astaxanthin

Material Content in Formulation (g)

Control 1 2 3
Fish meal 67 67 67 67
Gluten free 3 3 3 3
Wheat flour 15 15 15 15
Guar gum 0.5 0.5 0.5 0.5
God Liver Oil 7 7 7 7
B Vitamins' 1 1 1 1
Dietary minerals” 2 2 2 2
Vitamin C 0.5 0.5 0.5 0.5
Astaxanthin (%) 0 0.2 0.4 0.8
Cellulose 4 3.8 3.6 3.2

Source: Modified from Davis and Lawrence (1997) and Samranrat et al. (2011)
'B Vitamins: Thiamine (B,) (in pg/kg): 23.47; riboflavin (B,) 25; niacin 37.07; Vitamin E 50% 80; pyridoxine HCI
54.55; Ca-D-pantothenate (B,) 25; inositol 98; biotin 25; folic acid 2.1; cyanocobalamin (B,,) 0.6; menadione (K
50%) 26, Vitamin C 80% 85.71; Choline Chloride 50% 300; Vitamin A/D, 2.3 and Cellulose 215.20
“Dietary minerals: KH,PO,: CaHPO,.2H,0: NaH,PO,.2H,0: KCI: FeSO,: ZnSO,: CuSO,: MnSO, (1.0:1.0:1.5: 0.5
:0.0063 : 0.0074 : 0.0013: 0.0055)

Table 2 Nutritional value results in Formulations

Nutrient content Formulation

(% dried weight) Control 1 2 3
Protein 45.81 45.27 45.35 45.37
Fat 14.66 15.03 15.11 15.20
Carbohydrate 15.55 15.98 15.70 15.49
Fiber 0.53 0.55 0.49 0.50
Ash 16.23 17.11 17.03 17.59
Humidity 18.03 17.19 17.88 18.03
Astaxanthin content (%) - 10 18 25
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uansingannlalllszanaldlunisiaesdataans
1. Msasaaulnraslaigns

nsiastyiA inrasdanananlisuiaeslataneduszazinoan 3 e dandaneludasuwsnil

v v 1
° o = o o a

wudnndiAeeiu Weszaznainy 3 1hew nudntaraaalnissnyiulnua sl diminiiaduunn

b

o

galugmsi 2 Tmniniede wini 18.85£0.19 nfa flAmuuansinaiu adiiiadndmeadn (0<0.05)
I09R9NAR 18.350.12 N3M (4A37 3), 18.23 + 0.3 NF (45T 2) uax 17.98+0.24 (NFN TARTLIAN) Table 3
A9ufRI1N1990AANAUAA9E WLSHERIINI99aATeHAE 98+0.11, 98+1.13, 98+1.21UAz 98+1.35
aua1aL TnalddAnuumansnaiieenealidadAtyneads (p<0.05 (Table 4) @mmmmmfﬂumiﬁ”ﬂq
Uanaanelug @mmwffﬁmmmm?m@mﬁﬁﬁfqmmﬁmﬂwﬁfm 28-30 a9ANAmd  UTnIneanFiau
@Z@Wﬁliuﬁ”ﬁﬂ@ﬂu“ﬁw 6-6.5 Haaniusedans ANdunsausng 7.5 weanltudie-lulasau fu o

o

NaanTusaamg

Table 3 Growth and survival rate of fish when feeding with 3 Astaxanthin dietary formulations for 3

months

Formulation Initial weight final weight Weight gain Survival rate (%)
(g/individual) (g/individual) (g/individual)

Control 4.97+0.01° 17.98+0.24° 11.03+0.20° 98+1.10°

Formula | 4.95+0.5° 18.23+0.3° 11.13+0.11° 98+1.11°

Formula Il 4.98+0.1° 18.85+0.19° 11.51£0.03° 98+1.21°

Formula Il 4.98+0.1° 18.35+0.12° 11.11+0.04° 98+1.35°

Note: Average values shown in the same column with different small letter superscripts are significantly different (P<0.05).

2 nan s EsNETLagmLTuiulua s aeladane

AN AN La AR LTI uN 2R aNgan ety EesinnnsAissFasdlssnetians
Leanusuinluieta1aane ann1mmAaeIaNN AR EN TR L AALTLTILT AL ddusing EGHEE
0,0.2, 0.4 ua 0.8 8 e fuwimun 4 gas Aewaranaiusrasingn 3 Weu wudn Weduganis
NARD zgmﬁ 3 Faduansfueanuruivaoudiniiienas 0.80 Weinnnsdnseiasieaniums
ﬁuiud@ﬂmmwwuﬁ?mmmaﬁ%LL@mmLLsnuﬁu‘luﬂ?mmﬁzgq Winriu 13.0+0.20 Tulmsniusianiu

2R9A9NN WAL 11.040.30 way 5.0+0.10 lulasniusandy manasu salu Table 4
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Table 4 Astaxanthin residue in fish meat at 120 days after feeding with astaxanthin containing pellet

Formulation Astaxanthin residue in fish meat (ug/g)
Control None

Formula | 5.0£0.10°

Formula Il 11.040.30"

Formula IlI 13.0£0.20°

Note: Average values shown in the same column with different small letter superscripts are significantly different (P<0.05).

3. HANFAATIENANNAN UL TZAMANLA

Ipen13111an291891aee 11a 3N AN AR LD AR LEUAWA AN NTU $asa 0, 0.2, 0.40

waz0.8 Wualiidauiatiuilan 3 x 3 au. WuFnwnanundgdu iunan 60 41 dinnasufiiu

a

Ugzan mmmum@ﬁmmﬂq PN MAga LN AU v e NENTAIaEeaNgan8uwa (Table 5) KA

NINAABLNINAUA WuFNlaua grei 2 Iazunuaugasu ey ludwsaunnige luyndaanand

k24

T lunnameses gragaatuANAzLULANTaUsIN luTtiea g gashl 1, 3 uaz 4 agludouduiliu

o o

NAN TIALLUBANNTB LR AN LANFANNTUN AT RataNTd1 ATy (p<0.05) daunauteaiiialangans

o

e ga9h 2 AAziuuangauaNet udsigaunInigandinnlunimaaes gAsgaAILANAZ LU

\ oAy A = | ) = =
ﬂ'ﬂN‘ﬁ@U?’]NiM‘HQQVIH@&IV}’Qﬁ {mnIN 1,3 uUar 4 ﬂﬂuluﬁ%ﬂﬂuﬂﬁuﬂ@’]\‘] AIASUUUAMMNTRUNAINN

o o

WANFANNAUNeaTAatlTadnAty (p<0.05) 49UTdTNR HANIINARALNNATUTATIANL AL aN
! A = ' \ A = P o
annaua gnsh 2 ApziuuaNtausues ludisaziuuNniga WenFaunauiuyngaslunimeaes

TIAZUUUANMNTA LN ANLANAAUN9a T Aat 1l TadATy (p<0.05) AAUNANITNAAAIANEOLY

|
= |

U3ng) wuinietanansua zgmﬁl 2 dnzuuuanTausnet]lutsTaUNINNgALT Y l,l,ﬂt'@][ﬂﬁ“ﬁl 1,3
waz 4 Hazuuuaglugaaunan LL@zzgmmu@uﬁmuuuﬁ@aﬁ@gm SenzuULAMTALT AN LUANANS
fun1eained1eliad1Aty (p<0.05) AIUHANITINAGALAIUAINTALIIN WUGT @Jmﬁl 2 AAzuun
mquwaf_uiiuﬁmml,l,uuzgqLﬁmﬁﬂuﬁunnqmﬂumiwmm fenzuuLAMNTE LT A LANAN TN

fufunansiduansueamusuiiuluemsdgalaraanefivsnzas Tnglfnanimageumis
ﬂim’mz@ﬁmﬁumnﬁmﬁuﬁmﬁmﬁ@n@;mﬁ 2 L‘fluzgmﬁmmmm HesannlEFuniseaniuniadszam

'
o o A

N zﬁmmnﬂfjﬂﬁ;mm?mmm%mm:mmmu
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Table 5 Sensory analysis of meat products from Striped catfish which were fed by pellet containing

different concentrations of astaxanthin from Phaffia rhodozyma TISTR 5730

Storage  Formulation Attribute
Day Formulation Overall
Color Odor Flavor Appearance
Appearance

15 Control 7.23+0.10*  7.03 +0.31° 7.11£0.18%°  7.16+0.50° 7.06+0.60°
Fl 7.33+0.16*  7.15 +0.25% 7.21£0.14°  7.26 +0.15° 7.33+0.67 %
F.lI 7.45+0.20%°  7.21+017%° 7.28£0.17%°  7.28+0.19% 7.43+0.48%°
F.IIl 7.3640.15°  7.31+0.11% 7.26+0.15®°  7.19+0.10% 7.2640.44%°

30 Control 7.10£0.11%  7.31+0.31° 7.06£0.11%  7.17 +0.31° 7.26+0.50°
F.l 7.13:0.26%°  7.49+0.15% 7.29+0.24%°  7.3420.11%  7.33+0.67%
Fll 7.66+0.22°  7.69+0.29° 7.49+0.17°  7.53+0.49° 7.79+0.44°
F.IIl 7.33+0.25°  7.43%0.23° 7.26+0.8%®°  7.39+0.30%*  7.56+0.50°

45 Control 7.33£0.15°  7.45 +0.10% 7.36£0.95%°  7.35+0.25%°  7.29+0.45 %
F.l 7.41 +0.10°  7.4620.49° 7.53+0.15° 7.55¢0.35%°  7.68+0.15 %
F.ll 7.61£0.13°  7.50+0.49° 7.53+0.15° 7.55+0.35% 7.78+0.15%
F.IIl 7.48+0.15%°  7.49+0.16 *° 7.35+0.19%°  7.49+0.29% 7.39+0.69%
F.Il 7.68 +0.30°  7.58+0.17° 7.53+0.45° 7.54+0.35° 7.79+0.15°
F.IIl 7.44+0.35°  7.39+0.79"° 7.470.79%°  7.33:+0.17% 7.49+0.19°

Note: The values for each column followed by different small letter superscripts are significantly different (P<0.05).

HANISILASIZNAT TBA WAZANNAUIRINRAA TN
o |dl 1 a b % a a dl ¥ v dl91 d’ o
UnlanannauanuitunsiainaImnsioaansdueanusuiunanudiniunesay 0.4 Tevin
nasiufneduscazioan 60 U ol gruugigifiu An TBA lwilletataonaua  wudn danaony
sraiziaan uNIaAUTNHIAUN 0, 15, 30, 45 UAT 60 MNANAL (Table 6) FANIINARDINAT TBA NI
4 a i = v oL oy =
ANIzEIZINA WaRaNTuNTAAIUANNLAN TBA Huuliadunuszezna1n i lunismaass nisia
2193 TBA HANANRUSAUAMNIBIaINaninel 399nTuglaesiadniu unaeudan lassanlaniy ua
ANN1IIAAIANTILIAINARWTLA LTS 60 T4 WUdIHANYINTL 0.7+0.16 HaAnTN N1aaUEAR
lasranlanin uaziloarsounlugaiiialaransuanliainnisdinansduaasunuiuluainisos
] ¥ a L . a g ] = o A o
az 0.4 WudnHuu AN TULENTRA ANILEaNdITAAILAN Dl 3E8ZI9AT 60 T1 HAWINAL

0.5+0.1 NAANTN N1AaUTan lamsanlansy
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Table 6 Analysis of Thiobarbituric acid (TBA) rancidity in the meat products from Striped catfish

kept in fridge up to 60 days, the fish was fed with pellet containing astaxanthin from P. rhodozyma TISTR 5730

Storage TBA (mg.malonaldehyde/kg)
(Day) Control 0.40%
0 0.02 £0.16° 0.02 £0.06°
15 0.03 +0.12° 0.02 +0.12°
30 0.04 +0.19° 0.03 +0.16°
45 0.05 +0.15° 0.04 +0.17°
60 0.07 +0.16° 0.05 +0.10°

Note: The values for each column followed by different small letter superscripts are significantly different (P<0.05)

AANTUHNANIGIAE
a0 , a a oA a o ¥ v o
ARANNTANEEINLLN d13Ruednutuiunignluemstanane 3 szau THun mansdindv
PNANTALRARUTUTAL Sa8az 0,0.20,0.40 uaz 0.80 Huszazinan 3 e Uananawsyiuinléniiie
IHFuansdinansduaanutunuy sz AURANI AT TYELTENGR WU IUITLETH AR UOARLTL
Rbeay 040 Hurvinwindy 18.85 nfusasa wasenINITsennesesas 98.12 T9danAfReariy
Kinongnu et al. (2012) Nau@3ngansiadnnituiunanudndueeneios 100 Aaansusenlaniueimis
P~ \ S e - o = , VA 4 a A
Auasian sTMINIAN (%) 49.03 UAXARIINITIaARILNNINNIN NI NAIA AR LIURY  LHaANgA
NNINAREY AN 3 TadINaIALaanILTuAnAdinduFeuas 0.80 WL WeN19TATIEA9E
wagsusuinluielatanenuiBunuansduesaniuasuinlulEunuigs wiaiu 13.0£0.20 Tulasniu
FANTN 799NN WINAY 11.020.30 kay 5.0¢0.10 lulasnfuseniy m1uansu Wafansunnisg
wstyAnte Auansdndsnged utedaniuliflanudniug (p>0.05) Haeupnudinduaeualsi
U IUBMNTARNARENNITaABNA98 Nakaszone et al., (1984) WU 1Uan red bream NdgNAqeeNg
al & a 1 1 % a = al al al 1 al &
paNwAlsiadeiinging | wi whituwalsiu Fusuiu giu uazueanuawin wud Uanazanualsivedon
a a o A Wye py o a o v ¥ < = a = a
HinuRaniuialffuewsinanueasiuauiuluss Auaaudisduiiasasauiisaesdiauiuiasgiv
a el | A o Myaa a a a calogy A L
walsiuuedninaren1niindresdan il lEiansnananaiineesuwalsiue s s ld @3 n luavinsinni
1o o dl = 1 1 v ¥ = s dl v dy o/ r:j
wAgaRiladeauanuInNe Wu wasuazANdndureanalsfues s naanaussazina i Miasadnduin
(Doolane et al, 2008) LHAUNNIMAGAUN AU ZEMANETE WU et diedardlneNasaiag
aunggINaN AR L tuiuaNdindutenar 0.40 HavutaulaasannInige aanafeanu
Makkhun et al., (2003) Miunansainuaasuauiuanilaeniadsduiesay 0.5091.0 i masedlu

v

Uauas A1199 TBA sasuituazitiolaviuiinug windutiesngn uansdinisldasainainulaaniad

q

nasanIsrzaenainlTeeendndululawivfinuddnldn dawanimaasdluiliataiaauad
4

@3nluannisangnne wuqn A1 TBA Tutanan s aniasua unsfoaansaaaalauiuiasay 0
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Wudnedluszezioan 60 4 s grungRE v wudnduua HNANIuLeNAnANTIuAzaAaINd A
AILAN W 938719AT 60 JU HAWWINAL 0.540.1 Hadniu u1aeudanlas / ilanin aennfesiu

. oA o = a 2 g = P o A a
Sujarit et al., 2014 wuduietiasduagnuauiunIwaeuialatainntneny i 60 Funguugi

Y @

Aufiu wudn Tuilatandfiunuansueanunuiu fasay 0.40 A1 TBA 1asardnaziEuiinnisiuile

A1 TBA N1NN91 1.0 mg.malonaldehyde/kg Tanansinaiiiafianlia TBA Wusriilunisinnindau

Aosnaedlasiuluamig (Sweet, 1973)

dgUnannsiae
= a Ayy g . & & =
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TnaaeN8 a6 P. rhodozyma TISTR 5370 Lagaluianenin Alaeanafagunfalsaanuaunan
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1
¢ a

AN NTULAIN 500 AN NAUNR 25 asAmadad 1iunan 120 9alue Jurminasusis windu
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dgj o o Y Y aa a d’l o o 1 1
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AN TBA WU 05 mg.malonaldehyde/kg  Nenuunigifiu ansnsatinans 1§ 60 1
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LUNAAED

nsnpaesiindnglsrasdiitenBauiiuusrunnisdesaniiauns (Oreochromis niloticus x
0. mossambicus) Wsrunflauuuinlduazszuudauuvlulenaes audenimenaasiy 4 TANIT
NAADY ) AT 3 i1 AasvuuTlauuniall1emns 3 iwesdud svuuauunlulanasaliienmns 1.5, 3
uaz 4.5 1lasifud Uanstlaminuiin Budiieds 45.00£0.87 - 45.33+0.76 3w/ §nsinisldas 68

fa/de lutieTuusiawin 1.5 x 1.5 x 0.7 wns guiivdeyadarivindan 21 sia/de yne 15 9u ilwnan

150 4u Anedse@nsnamnisEstyiAuls FununIIngs LazAnNINT Kan1smaseanudIlantiana

(2 v '
< c a o

masluszuudanuululenaanliianns 1.5 3 uay 4.5 wlefidusd A mindaeatiieduganis
naned uniinedsin dnsnisasauinsedi dnsnisesnAuinamny uazdnanissanmg

o ' = o o aa

Andndanflaunsiiaaaluszuudauuusialdifeuns 3 wWefidus adalidadAyn1eadd (p<0.05)

dnudnaniailasueusiluilauazfiununisnantasanfiaunsiiassluszuudanuululanaan i
811119 1.5 Wafidus FAwniy 1.10£0.01 uazfunun1su@n JA1wiAY 64.7240.03 um/Alaniu
ANIN9I9 3 gANNINAReset19lTE1ATY (p<0.05) TAdEANINENNIINLANUALIARNTS 4 FANIS
1 o= ! dgj o ro” = \ A dy a

naaadag unurinumnzanden saedndin Wnnsenlude-lulnsauluteniaasdaiawnely
sruvlulanaens 3 ganimeaasanas agulladnszunlulenaeainasenisasofulnveslaiuay
1 o o = 091 ¥

dogininueniiieluinlf

Amdany: danfiauss lulanaaa n1aiasiiule AnnIn

Abstract

The objective of this experiment was to compare the culture system of red tilapia
(Oreochromis niloticus x O. mossambicus) in the general closed system and the biofloc system.
The experiment was divided into 4 treatments, 3 replications each including raising red tilapia in a
closed system providing 3 percent of body weight feed compared with the biofloc system providing

1.5, 3 and 4.5 percent of body weight feeds. An average initial weight was 45.00+0.87 - 45.33+£0.76
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gffish. The stocking rate was 68 fish/pond in a pond of 1.5 x 1.5 x 0.7 meters, 21 fish/pond of fish
were randomly checked every 15 days for 150 days to investigate for growth performances, cost
and water quality. The results showed that the red tilapia fed in the biofloc system providing feeds
at 1.5, 3 and 4.5 percent of body weight had significantly better in final individual weight, weight
gain, average daily growth, specific growth rate and survival rate than fish raised in the general
closed system (p <0.05). Feed conversion rate of fish fed 1.5 percent of body weight in the biofloc
system was 1.1 0 20 .01 which was significantly reduced cost. The cost of production was
64.72+0.03 Baht/kg which was less than other 3 treatments (p <0.05). Physical and chemical water
quality factors in all 4 experiments were in the appropriate criteria for aquaculture. From the results
of this study, it can be concluded that the biofloc system affected fish growth and reduced
ammonia in the water.

Keywords: Red tilapia, Biofloc, Fish growth, Water quality

aflawns w3a Red tilapia (Oreochromis niloticus x O. mossambicus) Wudaignuas
srpdnadanflanudanvnewma Aanwuzaedinlnisnlnfireeiudanuuemasazdaniia Aedlnnides
pdneanemALazanHUTanfanaalaniia (Pongthana, 2010) ﬂmﬁmlmﬁmﬂuﬂmmwgﬁ@
4 - ¥ Yo ¥4 ¥4 " Do 4 .
MnEnsnIiesiasannialutinan waziinses Wesannneduunadllsiuaindainsanluunaway
annsnanuienieulszmaliiatinaunsuane (Betagro, 2014: online) taqiiuinuasnsiiauiasilan
a . ~ < 4 . , pry R a o <& | o
faunslunsrdiuarinisassissauaumnunudugaie Wi lananaanunau udinagilscauilym

ph & S Ao a v N a ~
LIANURNALNTINUN Ineanzuen e NnifnannnisidenunsludTunainnninuly wiseannnas

'
o =

1 =® va % v o a o o = o k% 1 491
vongresdan agliinisuftlymdaanisdnuuaaanazintdaueniufaundiuldnne lutedeslan
sruufaganilaluiuaenisldmaiuladlulenaan (Khanthong, 2016: online) watulaglulenasn
(BFT) AR9LUUNWAMUNNUADIANITANTNNILIAEN AR TN ALY annisilasuanetin Iaonuilaande

= | s o , ~ \ 9 Aa o

NTININ ARLANILNUAAAIWIAFaN LAz dsani TN sen N lue Tnanislduuan Faainan

a . . = = o P -
wnmalsTnsia (Heterotrophic bacteria) sissluingauainaeadsiasnisduanaveslanungsamas
Tdinsunnadaninnate il uwnasllsfAunidnduisoanszuqauniga lussWeg (Denitrification)
(Avnimelech, 2015) nsAnEwmalulatlulenasn (BFT) daluiduinanisiasstaniialudelulanasn
2 1 Mamsndlilsnu 35 uaz 24 wWefiduduazieganquaxn 1 ta lemisndilsnu 35 wedidus
wudnasAlsenaunazatsannsinulululanaanipaiuminnzausetlaiia Uanlutalulenaasd

am3n9am 100 wWedidud nsasauianinveslantialutielulenaenganditegaacunn 45 wedidus a9

aqllfidnlanfialdilszTamiannlulevlaanlunnaasouiulen (Azim and Little, 2008)
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parugadpaslidmnuanlalunisdneniaaeslanfiauasluszuudaunuialy nioumey
Auszuutauuululensen Ineddnglszasdinednenisiasyidvuls TadaannminanIanInLas

= o [ a A o o g a = o a =
wiludedasuazfiuyulunisuds e llWmuiszuunisaaslantaunsnlaendesegaunadly

]

AUNAR

L4 a aa o a a o
aUnsaluazaang / AL luN159AE

= d"l dl
1. NITLATENNUNNAAD

FUaFuusauin 1.5 x 1.5 x 0.7 lNAT 7UU 12 Ua a0 unnmaed o anszinalulatinig
U LUIMATNINENNINIUN ATLANUBINIT BILNDFUNITE Fandamealuyd

a o &
2. NTLBITUNARTNAADS

Fdarfaunsainanzmnalulainnslssuauasnina1nInieu winsinfqeag 45.17+0.79
nFu/mn Uassdatteas 68 Aa (luemsn 30 A/AN319LNRAT)
3. NFFTLUNANUINARD

Ta11199n99849 Promya (2015: online) tasidaunanasil aradiin 20 ulefidus wWaanda
AnBuAT 27 wlafiius $1azieen 28 wesiiud Uantlu 15 wesidus aligdtununns 7 wlefidus 1
3 1lafidus nanlidngu WNeEInLddRaaN1unTN Huarg B ludananaAnAuLa (MNaruIa5
az 20 nlansu) Wanrsduas 2 A ﬂ*?uaﬁmmmmimﬁnﬂj 15 514 A9NABAZARTUANNNIALEIUNS
2849187 AATZNa9AsTnaLUe9a178711N3TALAENNTANN AOAC (1990) 1314419111398 1UNT

NdnaansdArsnansly Table 1

Table 1 Biochemical composition of the experimental diet (Mean + SD)

Biochemical composition (% DM) Diet
Crude protein 36.16+0.07
Crude lipid 8.94+0.24
Crude fiber 9.33+0.03
Ash 15.19+0.09
Moisture 5.96£0.15

4. ANTFTUNTZULNARD
sruutanuuyinly wirentndszinludedinuianuoy 3 e Wannialasldwione wayszuy
Tanuululanaan wiransnlsrilutadiuusiaiuns 9 Ue Wndqunanninznaulula-nass IneRu
gj o a o = s a < o <
nntAalTNIL 0.4 NFN/ARS 31aziBanTNInL 0.2 NFN/ART a1mnsLind13agtuaNeiEuam 0.2

niu/ans Inlalanitinnm 0.1 nf/ans uazmzneausu 0.1 nf/ans eniataaldviamee uwiazganis
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nanednLANdadouaes C:N=16:1 AruausuinluTenann 10 Hadniu/ans (Fauilasann
Avnimelech, 2015)
5. NIINUNUNINAABY

TNUNUNNINAABIKLIL CRD (Complete Randomized Design) Tngiutienismaaaadlu 4 ganng
NAADST AT 3 dn il

4ANNINAARITT sruumsdgaanfiaundluszudauuuiiall (Control) Tems 3 wefidus
Rt O (T1)

qmmwmmﬁlz sruumsdesandaundluszuudauuylulenasn Temns 1.5 wefidus
patiming (12)

ﬁmmﬁnmm‘ﬁ':a sruunadeaaniasnsiussuulauusluleriaes Wewns 3 wesiduses
siwiing (T3)

gaANINAReLi4 sruumsiaglanfiaunsluszuudauuy luleviaen THe1mns 4.5 Wesidus
m@quﬁuﬁﬂﬁfa (T4)
6. NaiusUTINdeya

6.1 Usz@nsnmnisasayiininueslan gusaetnadan 21 fa/de %qfwﬁnﬂmnﬂq 15 U
Huszaziaan 150 4u dadminlaertedmainaesiumis LL@zﬁué”]muﬂm‘ﬁ'mmﬁ"@a”uzgmmi
yaaes thiiaugfilFumnAnsine ail

N, thuineas i (Weight gain (WG) : nu/si)

= ﬁ”mﬁﬂLﬂﬁlﬂﬂmtﬁﬁ”uqmmiwmm _dhminedsadedudunimaaes

2. angnIsasty AL Insadu (Average daily gain (ADG) : NFu/Fa/314)

LY S 4 Y a4 A Ay
= m‘wuﬂﬂmmemmuqmm@wmm —utnlaneaudaiiuALNIImAaag

72821981 lUN1TN AR
A. angNNaTALTAANNg (Specific Growth Rate (SGR) : ilafifusi/dw)

= (In WmindanedsdeAuganimaans — in WiniindaieaaiaBusiunimeans) x 100

2812197 1NN AADY
4. emanTsLlasueungluiia (Feed Conversion Rate (FCR) : 111981

= AU TN a1

¥ 4 oda
tuinlaniaaaNivaa
A, 8MTIN1390ARA"EY (Survival Rate : e 5Lgus)

= MUULAUNDAUZANIINAFDI X 100

ANUILLA BNAUNINARD
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6.2 FiunuNIINan = Aranmstan+Ariugian+anln+endaunanlulenaan

6.3 ﬂ@fé’ﬂammwﬁﬁmqmﬂmwLmzmﬁ Lﬁllmv’.]‘ﬂ?;i’]\‘]li/’]'ﬂﬂﬂLLﬁiﬂtﬁmﬂ’]?VIﬁ@‘ﬂ\‘mﬂ 715 Ju 1lu
728LI9AN 150 94 mwmuQmﬂ’]W‘L‘f’]mNﬂ'}meWLL@mﬁ T&un @qmuqﬁﬁ”ﬂ (Water temperature) A4
Wunsm-ang (pH) aantiaufiazaneliuii (Dissolved oxygen) waxlniielulngian (Ammonia nitrogen)
Tulnsnlulngiau (Nitrite nitrogen) Tuinsn’lulnsiau (Nitrate nitrogen) wazenlasneaianesnass
(Orthophosphate phosphorus) ANNATURY Traichaiyaporn (1999)

6.4 NNFAATNTUNNEADA TneRLATIZNANN KLU 991 (ANOVA) W@ AN AN AN AU BSILA

o o

ATYANTNAABINAZITELTEUARAETBYITRNUALRERE Tukey's test NiszAUTzALNEAATY p<0.05

NANN5IAE
1. Uss@nsnmwnisiasaiulnuaslantiawng

annsifFauisunisiaasdatanaaluszuudavuuyinldiauns 3 wasidus szuuile
wuvlulanaanlsianing 1.5, 3 uay 4.5 wasidus wuqn

1.1 duineas iWadusunenaatdardawnaluiniiniaae windu 45.00+0.87, 45.3320.76,

4
a

45.17+0.76 WAL 45.17+0.76 NFN/AY AINANAL Lﬁfamummmiwmmwudﬂﬂmﬁ@LLmﬁLﬁﬂﬂmxuuﬂm

3

wuululanaaaliianuig 1.5, 3 way 4.5 1lasidus NAWATU 346.0040.01, 328.00+1.00 LAY

349.50+0.50 N3/ AuAL genddlandauasiideslussundauuniiall s 3 wefidusd e

Winrl 306.00+2.00 niu/Fn adnsliuadAtyneaa (p<0.05) (Table 2)

a

1.2 dninedsiinadu nudndanfawasmassluszuudawuululan aaaliianuis 4.5

a e 0o o

Lﬂmmum NANWYINAL 304.33+1.04 ﬂﬁ‘N/ﬁl') sn\mﬂ’m’mm’m\i 3 sﬂﬂﬂqﬁ“lﬂﬂ@'ﬂ\?'ﬂiﬂ\i UgdA VI'NZQQ
(p<0.05) (Table 2)

1.3 ansnnasyninsadu wudndanfiaunsideslussuiauuululanaaaldians 1.5, 3

WAL 4.5 1wafidus HAWNAL 2.0140.01, 1.89+0.01 WAL 2.03+0.01 NFN/F/51 ANasU Andiilaniia

| = o

uaaiaeslussunTaunuialWewns 3 wefidus TAwindy 1.74£0.01 nu/fa/su el Aty
NNANA (p<0.05) (Table 2)

1.4 spsniaasoidninanie wuddadauasiiaeslussuudawuululewaanliiaivis 1.5,

' a 1 o al 1

3 LAY 4.5 Waddus NANWNNY 1.35+0.01, 1.32+0.01 Ay 1.36+0.01 tlafidus/d1 mAuatau Anqn
Uanfawmanideslurzuudanuiyialil1fiannis 3 wefidusd AAwindu1.28+0.01 wlafidus/du asinad
WadATYN9aDiA (p<0.05) (Table 2)

1.5 dn3n19ilaguatuiadluiiea wudndannaealussuudanuvlulenaan 1Ha1uis 1.5

v
oo a 1 A e o o a

wafidus AT 1.10+0.01 And19a 3 gANTMAAesRt WHIRIENATYN9adiA (p<0.05) (Table 2)

£2
o a

1.6 AMIINITIAAMEL WLALH ‘ﬂ@u’&mﬂ"lﬁ‘ﬂﬁ@‘ﬂ\iﬂﬂﬁu@LLG‘N‘V]LZQEI\?SLN’J‘“"LI‘LI‘]TIﬂLLUUiUI@W@@ﬂI%

< 3 ' s

A1U17 1.5, 3 AL 4.5 wesidus AAwindy 81.1921. 00, 86.99 + 0.32 ILa¥ 85.01 £ 0.60 afidus
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pdAL gendnuanfiauneiidesuszuudauuniald e 3 wefidud ferwintu 51.23:1.18
wWefidus aenalidtdAtyneaia (p<0.05) (Table 2)

1.7 fuuuaznanan InaanfiuuanAiugilan Aramng Al wazadsunaunznaulule
waen wuinanlaunsiipedluszundauuglulevaenlfienns 1.5 wefidus frnwini 64.72:0.03
un/ntaniu ﬁﬁunummam&‘iﬂﬂdqﬁa 3 1ANNINARDIBEINHTHAATYN AR (p<0.05) (Table 2) A9t
t:ms@mﬁ”l,é’l,ﬁ@ayuqmmawm@mwudmmmam@miwuﬂmLmuvl,u‘ll@vxl@@mslﬁmmi 15,3 uay 4.5
wefiusldnanamiavan SNl 23.5340.01, 22.30£0.07 waz 23.7+0.03 Alaniu Aad iy 4N

nangananaaesszuulauuudiald1fiennns 3 wefidus A1winiy 20.81:0.14 Alaniu a9l

WadATYN9aDiA (p<0.05) (Table 2)

Table 2 Growth performances of Red tilapia (Oreochromis niloticus x O. mossambicus)

experimental period for 150 days M lunenaga

Culture system treatment
Parameters

T1 (Control T2 (BFT T3 (BFT T4 (BFT

without biofloc

+ 3% feeding)

treatments +

1.5% feeding)

treatments +

3% feeding)

treatments +

4.5% feeding)

Initial individual weight (g)

Final individual weight (g)

Weight gain (g)

45.00+0.87°

306.00+2.00°

261.00+1.32°

45.33+0.76°

346.00+0.01°

300.67+0.76°

45.17+0.76°

328.00+1.00°

282.83+0.76°

45.17+0.76°

349.50+0.50 ¢

304.33+1.04¢

Average daily growth (g/fish/day) 1.74+0.01° 2.01+0.01° 1.89+0.01° 2.03+0.01°
Specific growth rate (%/day) 1.28+0.01° 1.35+0.01° 1.3240.01° 1.36+0.01°
Culture system treatment
Parameters
T1 (Control T2 (BFT T3 (BFT T4 (BFT

without biofloc

+ 3% feeding)

treatments +

1.5% feeding)

treatments +

3% feeding)

treatments +

4.5% feeding)

Feed conversion rate (Unit)

Survival rate (%)

Production costs (baht/kg)

Production (kg)

2.35+0.02°¢

51.23+1.18°

94.76+0.71°

20.81+0.14°

1.10+0.01°

81.19+1.00°

64.72+0.03°

23.53+0.01°

2.27+0.02°

86.99+0.32°

91.75+0.38°

22.30+0.07°

3.37+0.01¢

85.01+0.60°

112.65+0.21 ¢

23.77+0.03 ¢

Each value represents mean + SD in the same row with different superscripts were significantly different (p<0.05).
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2. AMWUINNMENIN waziAdbuliaidaslantiauwng

2.1 gouuniun ludeiasslanliaunei 4 4An1INAaaINARALAEY U319 23.3340.01 -

1 4
=K o

24.33+0.01 p9ATAITEA T9919 4 GANIMAAes lEANNUANGSTY (p>0.05) (Table 3)

2.2 ArANilunga — Ang (pH) wudn pH Tudenaeedandawssluszuudawuusialdianuns

< o

3 ileafidus JAnaasiniy 8.63+0.01 Huurliuiuaulusui 75 — 150 284N 13NAA09 TIHANH

4

wansNad e llad1Ayneaia (p<0.05) fu pH Tudeiaevdanfiauasluszuudauwuululanaanli
819117 1.5, 3 waz 4.5 iwlafidus NAedawindy 8.25£0.01, 8.25+0.01 WAz 8.22+0.01 ATNAIAL Tai
wialiiuanasludud 75 - 150 2e9n1ImAaad (Table 3)

2.3 Aneandiaunazaisluii (DO) wudnvia 4 qmmimm@mﬁmiwd’m 6.90+0.01 - 6.97+0.06

o

NaANFN/ART 39913 4 FANNINAAeILLHANLANFNNIY (p>0.05) (Table 3)
2.4 Prnasnanluile-Tulnsiau (NH,-N) wud1is 4 4an19naaeedaaauanseaiunieans

(p<0.05) (Table 3) uazluiui 30 — 150 ABINITNAABINLL LFunnw NH,-N lutiaiidendaiauaslu

T @ o o

szuufauuululanaanliianmis 1.5, 3 uaz 4.5 wWefdusd IAranasateliadAynieans (p<0.05)
(Figure 1)

2.5 Bunululaim-lulasiau (N0 ,-N) wudr ludeni@esdaiauasluszuudauuululanasns

o =

11119 1.5, 3 uaz 4.5 wladidius dargendnludenidestariauasluszuuilawuuialdldannis 3

o 1 =

iwafifus adsldud1Atyn19aia (p<0.05) (Table 3) dautBunnuluimm-lulasiau (NO,-N) wudnlu

2 '

oA

deniaendartauasluszuudawuuialilfienuis 3 wefidus dargendnlutenaeslanfawnslu

a o o

sruvfasuululenaealienuns 1.5, 3 way 4.5 Wafdus asneliledAtun1eania (p<0.05) (Table 3)

o

1 v

2.6 Funueailaveama-waanwada (PO,”-P) wudnludeiiaesdatdaunsluszuudauyy

<

Tula-Wasaliianig 1.5, 3 uay 4.5 wWefidus AaArgenditaniaestatauasluscundanuuvialild
0

2117 3 tlafidus adrelfadnAyn1eadia (p<0.05) (Table 3)
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Table 3 Comparison of water quality parameters in ponds of Red tilapia (Oreochromis niloticus x

O. mossambicus) experimental period for 150 days

Culture system treatment

Parameters
T1 (Control T2 (BFT T3 (BFT T4 (BFT
without biofloc + treatments + treatments + treatments +
3% feeding) 1.5% feeding) 3% feeding) 4.5% feeding)
Water temperature (°C) 23.33+0.01° 23.67+0.01° 24.33+0.01° 24.33+0.01°
pH 8.63+0.01° 8.25+0.01° 8.25+0.01" 8.22+0.01°
Dissolved oxygen (mg/L) 6.93+0.06° 6.97+0.06° 6.90+0.01° 6.97+0.06°
Ammonia-N (mg/L) 0.38+0.01° 0.39+0.01° 0.42+0.01° 0.40+0.01°
Nitrite-N (mg/L) 0.20+0.01° 0.46+0.01° 0.46+0.03° 0.47+0.01°
Nitrate-N (mg/L) 0.85+0.02° 0.45+0.02° 0.45+0.04° 0.41+0.01°
Phosphate-P (mg/L) 0.40+0.05° 0.98+0.04° 0.82+0.01° 0.99+0.01°

Each value represents mean + SD in the same row with different superscripts were significantly different (p<0.05).

[ T1 (Control without biofloc + 3% feeding) [ T2 (BFT treatments + 1.5% feeding)

[ T3 (BFT treatments + 3% feeding) T4 (BFT treatments + 4.5% feeding)
0.800

) -

(@]

g 0.600 : -

ZI —

o 0.400 0 — -

C -

g - —
0.000

0 15 30 45 60 75 90 105 120 135 150
Time (days)

Figure 1 Ammonia-N (mg/L) in ponds of Red tilapia (Oreochromis niloticus x O. mossambicus)

experimental period for 150 days
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ATNANITIAE

nsAnE1ansInInasyAuInaeslanfawasiiaaslussuudavuuiald1iatung 3

| £2
A a

wafidusd usuinsuiusruudauuululenaanliiainns 1.5, 3 uar 4.5 wlefidus [Weduganns

v
o a o o

naasLinandausiipeslusruudauylulenaenliiaewns 15, 3 uax 4.5 wesifud fiiwindn
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mdrany: danfing uaslalnil Tastulon
Abstract

Karyotype analysis and idiogram of dwarf snakehead (Channa gachua) were studied from
Khao Kho Distric, Phetchabun Province. Kidney cell samples were taken from ten male and ten female
fishes. Mitotic chromosome preparations were conducted using standard protocol. Conventional
staining and Ag-NORs banding techniques were applied to stain the chromosomes. The results
showed that the diploid chromosome number of C. gachua was 2n = 76 and the fundamental number
(NF) was 114 in both males and females. No heteromorphic sex chromosomes were found between
male and female. Their karyotypes consisted of 14 large metacentric, 4 medium metacentric, 8 large
submetacentric, 2 medium submetacentric, 8 large acrocentric, 2 medium acrocentric, 36 medium

telocentric and 2 small telocentric chromosomes. The present study of NOR-bearing chromosome
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as 2 regions, which showed clearly observable NOR. The karyotype formula is as follows: 2n (76) =
Lm14 + Mm4+ Lsm8 + Mst + La8 + Ma2+ Mt36+ St2

Keywords: Channa gachua, karyotype, chromosome

Introduction

The Channidae family ( Actinopterygii, Perciformes) comprises 2 genera ( Channa and
Parachanna) and 29 recognized species (Nelson, 2006). There are 7 species found in Thailand
(Courtenay and Williams 2004, Vidthayanon 2005). Channa gachua is commonly known as dwarf
snakehead (Figure 1) (Hamilton, 1822). Dwarf snakeheads are common element of Southeast Asia’s
freshwater ichthyofauna. They can be found in all habitats, from mountain streams to polluted ponds.
They are esteemed food fish for their tasty and firm, muscular flesh, and provide important
subsistence fisheries in rural areas. Due to their ability to breathe atmospheric air and can tolerate
very stagnant, poorly oxygenated, turbid and even very foul water (Rahman 1989).

There have only been few cytogenetic studies on the C. gachua. They showed a different
diploid number (2n) and fundamental number (NF) such as 2n=78, NF=102 (Nayyar, 1966; Manna
and Prasad, 1973), 2n=78, NF=104 (Sharma and Agarwal, 1981; Banerjee et al., 1988), 2n=112
(Donsakul and Magtoon, 1991), 2n=52, NF=74 (Kumar et al., 2013), 2n=104, NF=112 (Cioffi et al.,
2015). However, variations on chromosome number and morphology can be found between different
populations of the same species or among different individuals of the same population and even in
different cells of the same specimen (Diniz and Bertollo, 2006).

For the present study, karyotypes and other chromosomal markers such as these Ag-stained
nucleolar organizer region (Ag-NOR) of C. gachua population from Khao Kho District, Phetchabun
Province, Thailand were reported. This study was undertaken to investigate the genetic variation
among chromosome of C. gachua using cytogenetic as well as chromosome markers to increase
understanding of the taxonomy and to generate information useful for evolutionary and conservation

genetics.

Materials and methods
Sample collection

Twenty males and females of C. gachua were obtained from Khao Kho District, Phetchabun
Province, Thailand. The fish were transferred to laboratory aquaria and were kept under standard

condition for 3 days prior to the experiments.
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Chromosome preparation

Chromosomes were directly prepared in vivo follow the standard protocols (Supiwong et al.
2009; Cioffi et al., 2015). Briefly, 0.05% colchicine was injected to fish’s abdominal (1 ml:100 g body
weight) and left it for 1 hour. Kidney tissue were removed and cut into small pieces then gently mixed
with hypotonic solution (0.075 M KCI). After discarding all large piece tissues, 7 mL of cell sediments
as transferred to centrifuge tube and incubated for 30 minutes. The supernatant was discarded after
centrifugation at 2,000 rpm for 10 minutes. For cell fixation, cell pellet was resuspended with 7 mL of
Canoy’s fixative solution. The supernatant was removed after centrifugation at 2,000 rpm for 10
minutes. The fixation was repeated until the supernatant was clear. Finally, the cell pellet was
resuspended with 1 mL fixative solution. The cell suspension was dropped onto a clean and cold
slide by micropipette followed by air-dry technique.
Chromosome staining

Conventional staining was performed by using 20% Giemsa’s solution for 30 minutes
(Phimphan et al., 2015). Ag-NOR banding was carried out by adding 2 drops of 50% silver nitrate
and 2% gelatin on slides, respectively (Howell and Black, 1980). The slides were then sealed with
cover glasses and incubated at 60°C for 5 minutes. After that the slides were soaked in distilled water
until the cover glasses were separated.
Karyotype analysis

Chromosome counting was performed on mitotic metaphase cells under light microscope
(Table 1). Twenty clearly observable and well spread chromosomes plates cells of each male and
female were selected and photographed. The metaphase figures were analyzed according to the
chromosome classification by Turpin and Lejeune (1965). The centromeric index (Cl) between 0.50-
0.59, 0.60-0.69, 0.70-0.89 and 0.90-0.99 were described as metacentric, submetacentric,
acrocentric and telocentric chromosomes, respectively. The fundamental number, number of
chromosome arm or NF, is calculated by assigning a value of 2 to metacentric, submetacentric and

acrocentric chromosomes and 1 to telocentric chromosome.
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Figure 1 Generral charecteristics of the dwarf snakehead (C. gachua), scale bar indicates 3 cm.

Table 1 Chromosome number of C. gachua from 100 metaphases.

Chromosome number (2n) Cells
68 3
69 1
70 1
72 3
73 3
74 6
75 7
76 54
77 7
78 7
79 4
80 3
81 1

Results and discussion

The diploid chromosome number (2n) of C. gachua was 76 chromosomes. 2n was count
from 100 metaphases (Table 1). This differs from previous studies which is 72 (Nayyar 1966), Manna
and Prasad 1973, Sharma and Agarwal 1981, 78 Banerjee et al. 1988, 112 Donsakul and Magtoon
1991, 52 Kumar et al. 2013 and 104 Cioffi et al. 2015 as shown in Table 2. The differences may be
attributed to the specimens utilized in the present work is collected from Khao Kho District,
Phetchabun Province, which were different from those utilized by the literature (different population).

o
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Intra-specific variations of the 2n and NF in C. gachua in some ways suggest processes of pericentric
inversions between chromosomes during chromosomal evolution. Furthermore, the differences may
be attributed to different inter-populational variation in this species (Kirpichnikov, 1981).

The fundamental number (NF) of C. gachua was in this study 114 in both males and females.
The comprise with previous reported showed the different NF as those found 102 (Nayyar, 1966;
Manna and Prasad, 1973), 104 (Sharma and Agarwal, 1981; Banerjee et al., 1988), 74 (Kumar et al,
2013), 112 (Cioffi et al., 2015) (Table 2).

No differences between male and female karyotypes were observed (Figure 2) indicate no
cytologically sex chromosome. The karyotype consisted of 18 metacentric, 10 submetacentric, 10
acrocentric, 36 medium telocentric and 2 acrocentric chromosomes. It differs from all previous report
of Nayyar ( 1966) that found the karyotype of C. gachua consisting of 12 metacentric, 12
submetacentric and 54 telocentric (acrocentric) chromosomes. Sharma and Agarwal (1981) reported
the karyotype consists of 10 metacentric, 8 submetacentric, 8 subtelocentric and 52 telocentric
chromosomes. Banerjee et al. (1988) reported that the karyotype of this species composes of 16
metacentric, 10 submetacentric and 52 telocentric chromosomes. Donsakul and Magtoon (1991)
reported that karyotypes of C. gachua consist of 2 metacentric, submetacentric and 53 telocentric
(acrocentric) chromosomes, while Manna and Prasad (1973) reported the chromosome analysis
composing of 12 metacentric, 12 submetacentric, 4 subtelocentric and 50 telocentric chromosomes.
Kumar et al. (2013) reported the karyotype comprised 12 metacentric, 10 submetacentric, 14
subtelocentric and 16 telocentric chromosomes, then in 2015 Cioffi et al. report that the karyotype
composes of 8 acrocentric and 96 telocentric chromosomes (Table 2). The length of short arm
chromosome, length of long arm chromosome, length of total arm chromosomes, relative length,
centromeric index, standard deviation of RL and Cl, size and type of chromosome are presented in
table 3 and showed that the mean value of relative length ranged from 0.039+0.001 to 0.023+0.001.
The present study karyotype formula for C. gachua s as follows: 2n (76) = L™, + M", + L™, + M*", +

a a t t
L8+M2+M36+82
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Species 2n NF Karyotype formula References

C. gachua 78 102 12m + 12sm + 54t/a Nayyar (1966)
78 104 10m + 8sm + 8st + 52t Sharma and Agarwal (1981)
78 104 16m + 10sm + 52t Banerjee et al. (1988)
112 - 2m + 1sm + 53t(a) Donsakul and Magtoon (1991)
78 102 12m + 12sm + 4st + 50t Manna and Prasad (1973)
52 74 12m + 10sm + 14st + 16t Kumar et al. (2013)
104 112 8a+96t Cioffi et al. (2015)
76 114 18m+10sm+10a+38t Present study

Remarks: 2n = diploid chromosome number, NF = fundamental number, m = metacentric chromosome, sm = submetacentric

chromosome, a = acrocentric chromosome, t = telocentric chromosome, and - = not available.
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Figure 2 Metaphase chromosome plate of dwarf snakehead (C. gachua) male (A), female (C) and

karyotype male (B), female (D), 2n (diploid) = 76 by conventional staining, scale bar indicates 2 um.

There is no observation of strange size chromosome related to sex.
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The development of silver staining technique to detect metaphase chromosome sites of NORs
has greatly facilitated comparative studies of NORs variation. Silver staining of NORs is considered
as one of the standard banding methods. The staining displayed terminal Ag-NOR chromosome as
2 regions which are on submetacentric chromosomes (Figure 3). It differs from Cioffi et al. (2015)
which has interstitial Ag-NOR as 4 regions. This is the first demonstrated Ag-NOR bands in the dwarf
snakehead fishes from Northern, Thailand. The location of NOR presented on different chromosome
pair in the karyotype implied that those can be a chromosome marker for each fish species. The
chromosome length and relative chromosome length were used to construct the standardized
idiogram. The idiogram clearly revealed the chromosomes to occur in different size groups of large,
medium and small (Figure 4). Such studies are useful in resolving taxonomic ambiguities among
closely related fish (Genus Channa) species and can also throw light on karyoevolution and

speciation of the fish species.

Figure 3 Metaphase chromosome plates of male (A) and female (B) dwarf snakehead (C. gachua),
2n (diploid) = 76 by Ag-NORs staining technique, scale bars indicate 2 um. The clearly observable

nucleolar organizer regions/NORs, (arrows).
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Table 3 Mean length of short arm chromosome (Ls), length of long arm chromosome (LI), length of

total chromosomes (LT), relative length (RL), centromeric index (Cl) from 20 metaphases of male and

female dwarf snakehead (C. gachua), 2n (diploid) = 76.

Chromosome Ls LI LT Chromosome Chromosome
CIzSD RL+SD
pair (pm) (pm) (pm) Size Type
1 1.630 2.266 3.896 0.582+0.005 0.039+0.001 Large metacentric
2 1.438 2.092 3.530 0.593+0.021 0.035+0.001 Large metacentric
3 1.561 2.017 3.577 0.566+0.024 0.035+0.001 Large metacentric
4 1.413 1.896 3.309 0.575+0.023 0.033+0.000 Large metacentric
5 1.229 1.847 3.076 0.593+0.033 0.030£0.000 Large metacentric
6 1.287 1.704 2.990 0.571+0.021 0.030£0.001 Large metacentric
7 1.168 1.534 2.702 0.565+0.019 0.027£0.002 Large metacentric
8 1.249 1.345 2.595 0.519+0.006 0.026+0.001 Medium metacentric
9 1.062 1.284 2.347 0.544+0.034 0.023+0.001 Medium metacentric
10 1.195 2.013 3.209 0.628+0.003 0.032+0.001 Large submetacentric
11 1.160 2.029 3.189 0.637+£0.017 0.032+0.000 Large submetacentric
12 1.068 1.854 2.921 0.634+0.001 0.029+0.001 Large submetacentric
13 1.011 1.758 2.769 0.636+0.010 0.027+0.000 Large submetacentric
14 0.853  1.498 2.351 0.639+0.020 0.023+0.001 Medium submetacentric
15 0.789 2.829 3.618 0.781+0.009 0.036+0.000 Large acrocentric
16 0.856 2.382 3.238 0.736+0.009 0.032+0.003 Large acrocentric
17 0.828 2119 2.947 0.718+0.029 0.029+0.001 Large acrocentric
18 0.850  2.233 3.083 0.723+0.015 0.030+0.000 Large acrocentric
19 0.679 1.806 2.485 0.727+0.004 0.025+0.002 Medium acrocentric
20 0.000  3.420 3.420 1.000£0.000 0.034+0.001 Medium telocentric
21 0.000  3.070 3.070 1.000£0.000 0.030+0.001 Medium telocentric
22 0.000  2.917 2.917 1.000+0.000 0.029+0.000 Medium telocentric
23 0.000 2.688 2.688 1.000+0.000 0.027+0.000 Medium telocentric
24 0.000 2.858 2.858 1.000+0.000 0.028+0.001 Medium telocentric
25 0.000 2.646 2.646 1.000+0.000 0.026+0.000 Medium Telocentric
26 0.000 2.537 2.537  1.000+0.000 0.025+0.000 Medium telocentric
27 0.000 2414 2414  1.000+0.000 0.024+0.001 Medium telocentric
28 0.000 2505 2.505  1.000+0.000 0.025+0.000 Medium telocentric
29 0.000 2176 2176  1.000+0.000 0.021£0.001 Medium Telocentric
30 0.000 2178 2178  1.000+0.000 0.022+0.001 Medium telocentric
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Chromosome Ls LI LT Chromosome  Chromosome
pair (pm) (pm) (pm) clesD RL+sD Size Type
31 0.000  2.031 2.031 1.000+0.000 0.020+0.000 Medium telocentric
32 0.000 2.050 2.050 1.000+0.000 0.020+0.000 Medium telocentric
33 0.000 1.879 1.879  1.000+0.000 0.01940.002 Medium telocentric
34 0.000 1.840 1.840  1.000+0.000 0.018+0.000 Medium telocentric
35 0.000 1.683 1.683  1.000+0.000 0.017+0.002 Medium telocentric
36 0.000 1.657 1.657  1.000+0.000 0.016+0.001 Medium telocentric
37 0.000 1.392 1.392  1.000£0.000 0.014+0.001 Medium telocentric
38 0.000 1.377 1377  1.000£0.000 0.014+0.002 Small telocentric
Illlllll!ll!!!15 18 19

)

—

20 21

—

22 23

. metacentric

24 25 26

.submetaoentric |:| acrocentric |:] telocentric chromosomes

27 28 29 30 AN

100000000

33 34 35 36 37 38

Figure 4 Standard idiogram showing length and shape chromosome of dwarf snakehead

(C. gachua) demonstrated the haploid set (n=38) by conventional staining techniques.
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Abstract

The objective of the present study was to develop a spreadsheet-based analytical model (S-
BSC model) to assess production potential and profitability to encourage blue swimming crab
(Portunus pelagicus) farming. The S-BSC model has been developed base on Microsoft Excel
program, and data used were obtained from various of secondary data including culture area, density
of crab rearing, number of shelters, market size, crab larvae cost, feed cost, other costs and price of
productivity. Then the outputs shown the data of productivity (date of harvest, survival rate, yield,

feeding rate, total feeding, average daily growth and feed conversion ratio), cost and benefit, and
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profitability (i.e. net present value, benefit- cost ratio, internal rate of return, switching value tests of
cost and benefit) in a spreadsheet. This finding indicated that the S-BSC model presented powerful
capability to encourage both the potential and risk of crab farming.

Keywords: blue swimming crab, culture, spreadsheet-based analytical model

Introduction

The blue swimming crab, Portunus pelagicus, is a commercially important marine crustacean
species. This species is distributed throughout the coastal waters of tropical regions of the western
Indian Ocean and the Eastern Pacific. The crab is highly demanded of domestic consumption and
export products of many countries in Asia, especially Thailand. However, overfishing problem shown
a downward trend of total catch of overall marine crabs since 2009 (Department of Fisheries, 2019;
Hamid et al., 2016). Therefore, many countries are actively involved in crab aquaculture and
associated research, e.g. the Philippines, Indonesia, India, Australia, Malaysia and Thailand (Josileen
and Menon, 2005; Romano and Zeng, 2008; Oniam and Arkronrat, 2013. For aquaculture,
understanding of female reproductive biology and the development of crab broodstock rearing were
successful in larval production (Tanasomwang et al., 2002; Xiao and Kumar, 2004; Arshad et al.,
2006; Oniam et al., 2010, 2012; Oniam and Arkronrat, 2014, 2015; Epifanio and Cohen, 2016).
Unfortunately, up to now the crab culture have not been established on a commercial farm scale
because of low productivity (Maheswarudu et al., 2008; Andrés et al., 2010; Liao et al., 2011; Oniam
et al., 2011a; Oniam and Arkronrat, 2013; Ravi and Manisseri, 2013; Azra and Ikhwanuddin, 2015).
This is a major bottleneck of commercial marine crab aquaculture development.

Previous studies on the culture of P. pelagicus in grow-out ponds has identified the main
causes that bring the low survival rate, which are cannibalism (Marshall et al., 2005; Oniam et al.,
2011b), nutritional quality of feed (Soundarapandian and Dominic Arul Raja, 2008; Oniam et al.,
2012), water quality (Romano and Zeng, 2007; Liao et al., 2011) and pond bottom soil quality (Oniam
and Arkronrat, 2013; Oniam et al., 2016). To improve income of crab farming, more knowledge about
optimal farm management is essential, e.g. investigated the effect of feeding frequency (Oniam et
al., 2016), impact of the type and number of shelters (Oniam et al., 2020), and the impact of different
pond bottom soil substrates (Oniam et al., 2018). In addition, to meet this goal, an alternative
simulation for crab production is essential to be used. The result of this study is one of alternative

design and decision support for crab farm management of farmers.
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Materials and Methods
Spreadsheet review and description

The spreadsheet-based analytical model for blue swimming crab culture implementation (S-
BSC model) was executed on Microsoft Excel program platform, i.e. production potential and
profitability. This spreadsheet equation was also shown in a display formula format. Data processing
in this spreadsheet were based on input information both scientific and economic data.

Data management and analysis

The scientific knowledge of P. pelagicus production from the grow-out system and simulated
earthen pond conditions of the Klongwan Fisheries Research Station, Prachuap Khiri Khan province,
Thailand during 2011-2016 (Oniam et al., 2011a, 2012, 2016; Oniam and Arkronrat, 2013, 2015) and
the other literature review of this crab culture that a similar conditions, e.g. salinity ranged between
29 to 33 ppt, temperature between 28 to 31 °C, DO between 4.5 to 6.0 mg L7, pH between 7.8 t0 8.5,
total ammonia between 0.0 to 0.4 mg-N L™, nitrite between 0.0 to 0.2 mg N L", and alkalinity between
100 to 140 mg L' as CaCO, (Marshall et al., 2005; Chaiyawat et al., 2008; Maheswarudu et al., 2008;
Soundarapandian and Dominic Arul Raja, 2008; Oniam and Arkronrat, 2015) were synthetic and were
generated to be used for developing models of crab farming in the example spreadsheet in this
paper.

Normally, the rapid assessment technique base on the S-BSC model was used for evaluation
exercise, including descriptive statistics and quantitative methods. Simple descriptive statistics such
as environmental conditions, crab production, cost and benefit as the mean and percentages were
used to achieve production potential.

The quantitative method was used to assess profitability. This component shows financial
indicators that measure the profitability of the project (Chucheep, 2001). Mainly was the net present
value (NPV), the benefit-cost ratio (BCR) and the internal rate of return (IRR). The output of the NPV,

BCR and IRR in S-BSC model were calculated based on Equations 1 to 3, respectively:

To®-0)
NPV = ¥
(1+1)
=1
........................... (1)
. n PVB
BCR= ¥ B(l+0" ¥ G+ or=
t=1 =1 PveC
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In addition, the sensitivity analysis concerning was done to assess the financial risk of crab
farming operation, using a switching value tests of cost (SVT.) and benefit (SVT;). The output of SVT,

and SVT, in S-BSC model were calculated based on Equations 4 to 5, respectively:

NPV
SVTg = — =100
BPVC
........................... (4)
NPV
SVNTg = —— =100
FVE

where PVC = present value of costs, PVB = present value of benefits, t = time period of the
project (1 year), B, = benefit of project at time “t”, C, = cost of project at time “t”, r = discount rate

(7.50 % per year).

Results and Discussion

The S-BSC model as it displays shown in Figure 1. Various areas of the spreadsheet are
grouped and have headings displayed in bolds. Required input data (i.e., culture area, the density
of crab rearing, number of shelters in the pond, market size, crab larvae cost, feed cost, other costs
and price of productivity) are in Column B (cell B3-B10) of the spreadsheet. Then the results of output
data calculations (i.e., productivity, cost and benefit, and profitability) are shown in Column B (cell
B13-B43) of the spreadsheet. The spreadsheet equations are also shown in a ‘display formula’ format
in Column D of Figure 1, so that it can be recreated by someone who wants to modify for specific
uses. To start using the S-BSC model, the user must input required data information as following. In
the example of the spreadsheet as obtainable in (Figure 1), the user inputs the crab culture area (mz)
in cell B3. The density of crab rearing is input in cell B4, and recommend that crab larvae with a
carapace width of 1.5-2.0 cm at 3-7 crabs per m” (Maheswarudu et al., 2008; Oniam et al., 2010;
Oniam and Arkronrat, 2013). The number of shelters in the pond is inputted in cell B5 (0-5 shelters
per mz). Many researchers have recommended that when rearing brachyuran crabs some shelters
should be applied in the culture pond to increase the survival rate, and the survival of crab increased

with increasing numbers of shelter, e.g. the stems of coconut leaves and 90° bent-plastic plates as
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shelters (Luppi et al., 2001; Marshall et al., 2005; Oniam et al., 2011b; Shelley and Lovatelli, 2011,
Mirera and Moksnes, 2013; Oniam and Arkronrat, 2013; Oniam et al., 2020). The user then inputs the
market size, crab larvae cost and feed cost (shrimp feed, 38% protein) in cell B6, B7 and B8,
respectively. The other costs (e.g. materials, not labor and public utility value) are input in cell B9.

Finally, the user inputs the price of productivity in cell B10.
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A B C D
1 Spreadsheet-based analytical model for blue swimming crab culture implementation [5-B5C model)
2 Input Values Units
3 Culture area 1,600 m
4 Density of crab rearing 5 n:ral:-s,."m2
[recommend that 3-7 cral:-sj'mzj
5 No. of shelter in pond (0-5 shelters/m’) 3 | shelters/m”
3 Market size [crab weight) 70 | g/crab
7 Crab larvae cost 1.5 | THB/crab
3 Feed cost 28 | THE/ kg
9 Other costs 3,000 | THB
[mot laber and public utilities value)
10 | Price of productivity 150 | THB/kg
11 Output
12 | 1. Productivity Calculations Values Units Calculation Formula
13 | Total seed used 8,000 | crabs =B4*B3
14 | Culture pericd 117 | days ={B6+15.981)/0.7379
15 | Survival rate 646 | % =IF{B5=0,(-0.4401*B14}+99.455,IF(B5=1, ([ [-0.4401
*B14) +99.455)*118 5)/100,IF(B5<6,{([-0.4401
*B14}+99.455) *134.1) /100)))
16 | Crab yield 1618 | kg ={{[B15*B13)/100)* BE)/ 1000
17 | Feeding rate (feeding program)
18 at 1-30 days of culturs 2.9 | kg/day ={{{[1{(-0.4401*30)+39 455 *B13)/100)* 1.4)*30)
/100)/1000
19 at 31-60 days of culture 43 | kg/day ={{{[1{(-0.4401*30)+39 455 *B13)/100)* 12.6)*5)
/100)/1000
20 at 61-90 days of culture 9.0 | kg/day =([{[({(-0.4401*30)+59.455)*B13)/100)*43.7)*3)
/100)/1000
21 2t 91-120 days of culture 152 | kg/day ={{[[[{(-0.4401°30)+39.455]*B13)/100)* 73 4)*3)
/100)/1000
22 at 121 days onwards 218 | kgfday =([([[{{-0.4401"30)+55.455]*B13)/100)*105.2)*3)
/100)/1000
23 | Total feeding 2445 | kg —IF{B14<90,(B15* 30)+{B153* 30)+{B20*30),IF(B14<
121 (B18*30}+(B19°30)+{B20°30)+{B21*30),IF(B1
4>127 (B18*30)+B19*30)+(B20*30)+{B21*30)+
((B1s-121)*B22))))
24 | aDs 0.60 | g/day -BE5/B14
25 | FCR 2.61 =B23/B16
26 | 2. Cost and Benefit Colculations Values Units Calculation Formula
27 | Seed cost 12,000 | THB =B13*B7
28 | Feed cost 26,448 | THB =BE*B23
29 | Other costs 3,000 | THB =B%
30 | Total cost 41,448 | THE/pond =B27+B2E+B29%
[mot laber and public utilities value)
31 | Total revenue 54,265 | THB/pond =B16*B10
32 | Met cash return 12,817 | THB/pond =B31-B30
33 | 3. Profitability Calculations Values Units Calcwlation Farmulo
34 | cost 52,896 | THB/year =IF{B14<100,830*3,IF(814>100,830*2))
35 | Revenus 108,530 | THB/year =IF{B14<100,831*3,IF(B14>100,831*2))
36 | Met cash return 25,635 | THB/year =IF{B14<100,832*3,IF(B14>100,832*2))
37 | Present value of costs [PVC) 652,029 | THB =([B34/1.075}+(B34/1.155)+(B34/1.242)+[B34/1.3
35)+{B34/1.435)+{B34/1.543)+{B34/1.653)+(B34/1
FE3)+{B34/1.917)+{B34/2.061)}+B34
38 | Present value of benafits (PVE) 745,134 | THB =(B35/1.075)+(B35/1.155)+{B35/1.242)+(B35/1.33
5}+{B35,/1.435+(B35/1.543)}+(B35,/1.659)+(B35/1.
783)+(B35/1.917)+(B35/2.061)
39 | Met present value (NPV) 93,104 | THE =B38-B37
40 | Benefit cost ratio (BCR) 1.14 =B38/B37
41 | Internal rate of return [IRR) 3092 | % ={[B35-B34]"100)/B34
42 | Switching value tests of cost [SVT) 1428 | % ={B35/B37)*100
43 | Switching value tests of benefit [SWTa) 12.49 [ % =(B39/B38)*100

Figure 1 The spreadsheet-based analytical model for blue swimming crab farming (S-BSC model).

easdmatulaginistlszas U9 15 aifuf 1 wngas - Aquien 2564




54

Then the output of total seed used, culture period, survival rate, yield, feeding rate, total
feeding, average daily growth (ADG) and feed conversion ratio (FCR) were calculated, and shown in
cell B13-B25, respectively. In addition, the output of cost and benefit calculations, including
profitability calculations were also shown in cell B27-B43.

For example, in the current S-BSC model, if the implementation of crab culture in a 1,600 m’
earthen pond at the density of 5 crabs per m’ with 3 shelters per m” and want a market size is 70 o]
crab '. Crab larvae, feed and other costs were 1.5 THB crab', 28 THB kg‘1 and 3,000 THB,
respectively, and price of productivity was 150 THB kg'1. Results reported that:

(i) Productivity, can harvest at 117 days of the culture period, the survival rate of crab was
about 64.6 % and yield was about 361.8 kg per pond. For feeding program, during the culture period
of 1-30, 31-60, 61-90 and 91-120 days, crabs were fed (marine shrimp feed, 38 % protein) at about
2.9,4.3,9.0and 15.2 kg day'1, respectively. The total feeding was about 944.6 kg per pond. ADG
and FCR of crab reared were about 0.60 g day’1 and 2.61, respectively.

(ii) Cost and benefit, seed, feed and other costs of this crab culture implementation were
12,000, 26,448 and 3,000 THB, respectively. Total cost, total revenue and net cash return were
41,448, 54,265 and 12,817 THB per pond.

(iii) Profitability, NPV, BCR, IRR, SVT, and SVT; of this crab culture implementation were
93,104 THB, 1.14, 30.92 %, 14.28 % and 12.49 %, respectively. This mean investment of this crab
culture implementation covers the cost (according to NPV was a positive value and IRR higher than
the discount rate, 7.50 %), and have a low risk of crab farming operation.

These outputs were alternative design and decision support for crab farm management
strategies of farmers. After the simulation results were obtained, it was often of interest to the crab
farmer to see which inputs have affected the outputs the greatest and by how much. The profitability
analysis was performed on the S-BSC model in order to see which of the analyzed inputs affect net
income. This model can be used to test the effect on costs and returns of changes in culture area,
the density of crab rearing, market size, feed cost, other costs and price of productivity.

Previous studies on the culture of crab found that revenue from crab production of 50-70 g
crab’ (15-20 crabs kg'w) in earthen ponds would not cover the cost, and it had a relatively high risk
due to the changes in cost and benefit of investments (Oniam et al., 2011a). But from the spreadsheet
example of current study estimated that if the investment of this crab culture implementation, i.e.
culture of crab in a 1,600 m’ earthen pond at the density of 5 crabs per m” with 3 shelters per m” and

at harvest size of 70 g crab” while in case of the costs of crab larvae, feed and others were 1.5 THB
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crab”, 28 THB |<g'1 and 3,000 THB, respectively, and sale price is 150 THB Kg'1, the result shows this
investment obtains profit. This indicated that the S - BSC model would be helpful to further encourage
crab culture implementation to assess potential and risk of crab farming.

For aquaculture, the facility design and management planning require expertise in a variety
of disciplines and an ability to perform the computationally intensive analysis; the quantitative
procedures were required to model these processes. To address these challenges, computer
software tools for management planning can embody expertise in aquaculture science (Ernst et al.,
2000; Losordo and Hobbs, 2000; Kankainen et al., 2014; Moran et al., 2016). The production and
profitability decision tools aim to assist farmers and potential investors understand the costs and
benefits, and risks involved in the production. In the current study, all data in the S-BSC model were
also used to estimate the production potential and profitability analysis as well as for the method that
can help identify those management strategies conducive to the maximization of farm income. The
model provided by this analysis is a simulation type model that tries to quantify the risk and uncertainty
associated with crab production. This may be a guideline for crab farmers in order to develop their
own models based upon their experiences and further apply it to decision-making and crab farm
management. However, validity of this technique depends on the accruing and completely of data

inputs.

Conclusions

In conclusion, this paper has been able to provide an overview of the components, methods
and capacities by using the spreadsheet- based analytical model for blue swimming crab,
P. pelagicus culture design and planning. This preliminary finding indicated that S-BSC model would
be helpful to further encourage crab culture, and to assess potential and risk of the crab farming. The

authors recommend that this technique should be more developed for modern commercial farming.
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Abstract

The objective of this research was to study species diversity of fish from Mekong River at the
community of Ban Weinbuk, kong Chium district, Ubon Ratchathani, Thailand, and the community of
Ban Salao, Phonthong district, Champasak province, Laos RPD, in Mun River at the community of
Ban Wangmai, Kong Chium district, Ubon ratchathani, and in Xedone River at the community of Ban

Hauypoon, Pakxe district, Champasak province, Laos RPD. This research was carried outin February
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to September 2017. In Mekong River, at Ban Weinbuk, 28 species of fish which 23 species were
economic species from 11 families were found, the most dominant family was Cyprinidae (12
species), followed by Bagridae (6 species) and Siluridae (6 species). At Ban Salao, 31 species of
fish that 26 species were economic species from 8 families were found, the most dominant family was
Cyprinidae (14 species), followed by Siluridae (6 species). The 5 species from 4 families of fish in
Mekong River were regarded as threatened species. In Mun River, at Ban Wangmai, there were 40
species of fish which 33 species were economic species from 12 families, the most dominant family
was Cyprinidae (14 species), followed by Bagridae (6 species) and Siluridae (6 species), and one
species was the threatened species. And in Xedone River, at Ban Hauypoon, 17 species of fish that
15 species were economic species from 5 families were found, the most dominant family was
Cyprinidae (8 species), followed by Pangassiidae (3 species). There was no threatened species of
fish in Xedone River.

Keywords: Diversity of fish, Mekong River, Mun River, Xedone River
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\Hagau (Siluridae) WUATUWIUNAAY 6 BilA (Table 1) warnudndaindaidualaiugngnanaiuniy
gudeyatiiniugignanatnlulszmalng (Red Data of Thailand) a1u9u 2 anaiughe Ae Uatide

RaaYLAN (Datnioides undecimradiatus) Tnadniilualaiugnlndqowugadnete wazdannin

(Pangasius larnaudii) Bdpiluaiiniugnianunmlndgnanaiy (Vidthayanon, 2005)

Table 1 List of fish Families and Scientific name and economic species from Mekong River at Ban

Weinbuk, Kong Chium district, Ubon Ratchathani, during February-September 2017

Families: Scientific name Economic
species
Notopteridae: Chitala ornata 1 (100%)

Cyprinidae: Cyclocheilos enoplos, Mystacoleucus marginatus, Barbonymus altus’, | 8 (66.66%)
Barbonymus gonionotus, Puntioplites proctozystron7, Hypsibarbus vernayi,
Scaphognothops stejnegeri, Osteochilus vittatus, Hampala d/spa/, Cirrhinus
molitorella’, Labeo chrysophekadion, and Osteochilus melanopleurus

Cobitidae: Syncrossus helodes 1 (100%)

Bagridae: Bagrichthys obscurus, Hemibagrus filamentus, and Hemibagrus wickii 3 (100%)

Siluridae: Belodontichthys truncatus, Micronema apogon, and Micronema bleekeri | 3 (100%)

Schilbeidae: Laides longibarbis 1 (100%)

Pangasiidae: Helicophagus leptorhynchus, Pangasius conchophilus, and 3 (100%)

Pangasius larnaudii

Datnionidae: Datnioides undecimradiatus 1(100%)
Gobiidae: Papuligobius acellatus 1 (100%)
Anabantidae: Anabas testudineus 1 (100%)
Channidae: Channa striata 1(100%)

"Non economic species (Buanak et al., n.d.)

1.2 pait st nnuguauiiiugiudn e slnunes waesarldn adid.a1a wudadaans
wanuaareriaiiglard uan 31 ain Tu 8 wd WudaiAsegiadiuou 26 1ila Inaaedninuaa
all A ' v al o a A dl” I al o a
waNuaIENINNgaRadAlataTen Ha1uau 14 1ila se9a9NA09Ala L HadaUNeIUIY 6 Tl
(Table 2) waznudndandniduriaiugignanainning uiieyaaiaiugignanainlutlssinalne
(Red Data of Thailand) AMu3u 3 @18WUEAS A8 UaMNINNIN (Tenualosa thibaudeaui) T9AALTUNAN
nlndgryiugednaba uavan 2 areWugae Uanazd (Mekongina erythrospila) wazilanudrutinue

o &

(Incisilabeo behri) dpilunannduuatiinlndqouiug (Vidthayanon, 2005)

]
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Table 2 List of fish Families and Scientific name and economic species from Mekong River at Ban

Salao, Phonthong district, Champasak province, Laos RPD, during February-September 2017

Families: Scientific name Economic
species
Notopteridae: Chitala ornata, and Notopterus notopterus 2 (100%)
Clupeidae: Tenualosa thibaudeaur’ 0 (0.0%)
Cyprinidae: Cyclocheilos enoplos, Cosmochilus harmandi’, Mystacoleucus 10(71.43%
marg/natus7, Barbonymus altus’, Barbonymus gonionotus, Puntioplites )

proctozystron7, Hypsibarbus vernayi, Scaphognothops stejnegeri, Hampala
dispar, Labeo chrysophekadion, Hypsibarbus vernayi, Mekongina
erythrospila, Incisilabeo behri, and Cyprinus carpio
Cobitidae: Syncrossus helodes, and Yasuhikotakia modesta
Gyrinocheilidae: Gyrinocheilus pennocki 2 (100%)
Bagridae: Hemibagrus filamentus, and Hemibagrus wickioides 1 (100%)
Siluridae:  Ompok  siruloides, Wallago attu, Micronema apogon, Micronema | 2 (100%)
bleekeri, 6 (100%)
Micronema micronema, and Kryptopterus cheveyi

Schilbeidae: Clupisoma sinense, Pteropangasius pleurotaenia, and 3 (100%)

Laides longibarbis

"Non economic species (Buanak et al., n.d.)

o =

1.3 ualthya tnguauiindsud a1nelasRen Aamdnguas1anil wugndauuaInuaie

]

1291laRufla19119u 40 380 Tu 12 99d utlaniAswgiadiuon 33 18in Inasedinumaiu
A ¥y o a = - & °
uaINUaILNINNgARALAATaE AU 14 TR 79aeNIARNALAINA LazaeAlaHaBa U

29daz 6 1in (Table 3) uaznudrUandnuaiiniugngnaAnannngudieyasiiaiugngnanaiuly

o

Uszinalne (Red Data of Thailand) a119u 1 @a1aWufae antdenaanalan (Datnioides

o

undecimradiatus) Iﬂﬂ‘-ﬁ/mﬂuwrmmﬂfi@.m ugas el (Vidthayanon, 2005)
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Table 3 List of fish Families and Scientific name and economic species from Mun River at Ban

Wangmai, Kong Chium district, Ubon Ratchathani, during February-September 2017

Families: Scientific name Economic
species
Notopteridae: Notopterus notopterus, and Chitala ornata 2 (100%)
Engraulidae: Setipinna melanochir 0 (0.0%)
Cyprinidae : Cyclocheilos enoplos, Cosmchilus harmadi’, Barbonymus altus’, 9 (64.29%)

Barbonymus gonionotus, Puntioplites proctozystron7, Sikukia gudger/’,
Hypsibarbus vernayi, Scaphognothops stejnegeri, Osteochilus vittatus,
Labiobabus /eptoche/'/us7, Hampala dispar, Labeo chrysophekadion,
Osteochilus melanopleurus, and Cyprinus carpio

Bagridae: Bagrichthys obscurus, Mystus albolineatus, Hemibagrus filamentus, 6 (100%)
Hemibagrus nemurus, Hemibagrus wyckii, and Hemibagrus wyckioides

Siluridae: Belodontichthys truncatus, Ompok siluroides, Wallago attu, Phalacronotus | 6 (100%)
apogon, Phalacronotus bleekeri, and Kryptopterus cheveyi

Schilbeidae: Laides longibarbis, Helicophagus leptorhynchus, and 3 (100%)

Pangasius conchophilus

Claridae: Clarias macrocephalus 1 (100%)
Datnionidae: Datnioides undecimradiatus 1 (100%)
Pristolepidae: Pristolepsia fasciata 1 (100%)
Gobiidae: Papuligobius acellatus 1 (100%)
Osphronemidae: Trichopodus microlepsis, and Trichopodus trichopterus 2 (100%)
Channidae: Channa lucius, and Channa striata 2 (100%)

"Non economic species (Buanak et al., n.d.)

1.4 waiialay U3t guauiiuiaau wWesdaneg waaeanladn adid.anq wudnfaony
vanuaterestiaiugiaidnuau 17 otia u 5 wd iutlaesegnasaiuau 15 ain Tnensdfinuaam
umﬂumﬂmﬂﬁ'@mﬁmqﬁﬂmzﬁ’é‘@ﬂﬁﬁmqu 8 7in se9asiNARAa g auis ua 3 1iin (Table
4) LLmvl,u'wuﬂmﬁféTmLﬂmﬁmﬁuﬁfﬁgnﬂﬂmummgm%mﬂmﬁmﬁuﬁﬁgnﬂnmﬂuﬂizmﬂvl,mj (Red

Data of Thailand)
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Table 4 List of fish Families and Scientific name and economic species from Xedon River at Ban

Hauypoon, Pakxe district, Champasak province, Laos RPD, during February-September 2017

Families: Scientific name Economic

species

Cyprinidae:  Barbonymus altus’, Barbonymus  gonionotus,  Puntioplites | 6 (75.0%)
proctozystron’,

Hypsibarbus vernayi, Scaphognothops stejnegeri, Labeo chrysophekadion,

Hypsibarbus vernayi, and Cyprinus carpio 2 (100%)
Bagridae: Hemibagrus filamentus, and Hemibagrus wickioides 2 (100%)
Siluridae: Micronema apogon, and Micronema bleekeri 2 (100%)
Schilbeidae: Pteropangasius pleurotaenia, and Laides longibarbis 3 (100%)

Pangasiidae: Helicophagus leptorhynchus, Pangasius macronema, and

Pangasius bocourti

"Non economic species (Buanak et al., n.d.)
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Abstract

In this study, we assessed the impacts of mobile bottom fishing on macrobenthic
communities in Chong Ko Chang, Trat Province, located in the eastern Gulf of Thailand. A total of 72
taxa in 10 phyla were found. Polychaetes, bivalves, and crustaceans were mainly found in both zones
and seasons. The abundance of macrobenthos varied considerably among sampling sites. The
average total density in the permanent closure zone was 258.9 + 135.6 ind./m?’, which was higher
than those in the six-month closure zone (139.8 + 67.2 ind./m2) (p<0.01). The number of taxa and
species richness of the permanent closure zone were also greater than those of the six-month closure
zone. The results revealed the significant differences of macrobenthic composition between zones
(p<0.01) and seasons (p< 0.01) occurred while no interaction between factors was found (F = 0.44,
p=0.83). Based on the results, the community structure of macrobenthos might be influenced by both
environment ( depth, salinity, and pH) and fishing pressure, illustrated by the differences on
macrobenthic abundance and diversity between zones. These findings provide baseline information
for future studies and ecosystem-based fisheries management.

Keywords: Abundance, Macrobenthos, Impacts, bottom fishing gear, Chong Ko Chang

Introduction

Although fisheries are a great part of economic development and coastal livelihoods of many
countries, overfishing and destructive fishing practices have threatened marine ecosystems
worldwide. Recent studies reveal the scientific evidence of the impacts of mobile bottom fishing on
biogenic structures and benthic communities (Hiddink et al., 2017). Mobile bottom fishing gears,
especially dredges, otter-board trawls, and beam trawlers, had been mostly studied in terms of their
impacts on the marine environment (Harris, 2012; Jackson, 2008; Kaiser et al., 2002; Martin et al.,
2014). Some reports illustrated that bottom trawling activity has impacts on the abundance of coral
reefs, deep-sea corals, sea anemones, sponges, and hydroids in the Western Mediterranean and
Alaska (Pierdomenico et al., 2018; Rooper et al., 2011). The impacts of mobile fishing gear,
particularly bottom-trawling and dredging, on seagrass beds and seabed destruction have been also
documented (Griffiths et al., 2020; National Research Council, 2002). In addition, marine debris has
become a significant concern as lost or derelict fishing gears may entangle with the seafloor and
threaten biological habitats and marine species (Du Preez et al., 2020).

Additionally, some fishing gears that come in contact with the seafloor also destroy
macrobenthic communities and seabed structure. Bottom trawling greatly reduces the abundance of

epibenthos as much as 70% compared to untrawled areas, while less impact is found on deep
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burrowers (Tiano et al., 2020). Similarly, the abundance of some polychaetes in a soft- bottom
substrate in trawled areas was less than what has been observed in untrawled areas (Romano et al.,
2016). Dredging, which has been used to catch mollusks worldwide, shows its potential to cause
disturbances on macrobenthic communities and the seafloor. The impact of bivalve dredge fishing
on macrobenthic community structure revealed less abundance and diversity in dredged areas.
Crustaceans are considered to be the most vulnerable species to dredging (Gaspar et al., 2009).
Hydraulic dredges showed more impacts on biogenic structures compared with trawlers. It was
reported that hydraulic dredges and bottom trawlers destroyed 6% and 41% of biota in the disturbed
areas, respectively (Hiddink ef al., 2017). According to Turner et al. (1999), the loss of large
epibenthic organisms from the fishing activities may have some effects on fish species. Some studies
(Fisher et al., 2015; Shephard et al., 2014; Tiano et al., 2019) illustrated the possibility of such fishing
impacts on seafloor environment; e.g. sediment composition, water quality, nutrient cycling etc., that
may have adverse effects on other marine organisms and the marine food web.

Macrobenthos has been applied as a bioindicator to monitor adverse impacts on the marine
environment. Impacts of trawling and dredging have been generally assessed by looking at the
changes of epi- and infauna to such fishing pressure such as abundance and distribution, biomass,
species composition, species diversity, species richness, evenness etc. (Sciberras et al., 2013).
Hiddink et al. (2020) suggested that considering whole-community numbers and biomass is suitable
rather than individual taxa. To monitor the impacts of trawling, species richness, abundance and
biomass show a higher sensitivity than other indices.

In Thailand, bottom trawling, dredging and push net fisheries are operated throughout Thai
coastal waters. Bottom trawling and push net target demersal fish and shrimp, while dredging catch
mostly clams. Currently, bottom trawling and dredging are considered as a commercial fishery and
they are not allowed to operate in Thai coastal seas. Push net, excluding krill push net, has been
banned, according to the Royal Ordinance on Fisheries B.E. 2558 announced in the Government
Gazette on 13 November 2015. In Thailand, the research on the fishing impacts of bottom trawling
and dredging on the marine benthic environment has been limited (Suebpala et al., 2017). Almost of
the studies of marine macrobenthic community in Thailand were conducted in biodiversity and
ecological aspects, and some of them used macrobenthos to detect water quality and pollution. Only
one study regarding the environmental impact of surf calm (Phapia spp.) fishing was found describing
the change of the seafloor and the loss of parental surf clam stock. Increases in total suspended

solids and some nutrients were detected during the fishing (Chanrachkij, 2012). Due to the knowledge
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gap, this study aimed to investigate the impacts of trawling, dredging, and push net fisheries on

macrobenthic communities in Chong Ko Chang, Trat Province, Thailand.

Materials and methods
Study site

Chong Ko Chang is located in the eastern Gulf of Thailand between the mainland and Ko
Chang in Trat Province (Figure 1). Before the Royal Ordinance on Fisheries B.E. 2558 (2015) and
Ministerial Regulation on Coastal Seas in Thailand B.E. 2560 (2017) became effective, two different
zones in Chong Ko Chang where different fishing regulations were posed are as follows: 1) the green
zone where trawling, dredging, and push net fisheries with motorized vessel are completely
prohibited all year round, in which a total of six study sites including station A, B, C, D, E, and F were
investigated, ‘permanent closure zone’ is called hereafter; 2) the red zone where such fisheries with
motorized vessels were prohibited during June — November each year according to the Notification
of Trat Province on the prohibition of trawling, dredging, and push net fisheries in Chong Ko Chang,
within which four study sites including station G, H, I, and J were investigated, ‘six-month closure

zone' is called hereafter.

Sampling and sample processing
At each study site, six replications were collected using Van Veen grab with its surface
area of 900 cm’. Samplings were done in August 2015 and March 2016 representing a wet and dry
season, respectively. The samples were washed over a 0.5-mm mesh-sized sieve. Macrobenthic
species retained on the sieve were fixed in 10% buffered formalin for further identification. Sediment
samples were also collected and fixed in 10% buffered formalin to analyze organic matter content
and particle size analysis. At each sampling station, some environmental parameters such as depth,
temperature, salinity, dissolved oxygen, pH, salinity, total dissolved solids (TDS) and conductivity,
were measured using a YSI 556 MPS water quality monitoring device.
In a laboratory, the samples were stained with Rose Bengal before sorting and identification.
The individuals of each taxon were counted and recorded under a microscope. Content of organic
matter in the sediment samples was analyzed using loss on ignition method (Heiri et al., 2001). The
dry- sieve method was used to find sand fraction in the sediment samples while particle- size

fractionation was further used for determining silt and clay fraction (English et al., 1997).
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Figure 1 Sampling sites (red dots) investigated for the macrobenthic community in different fishing
regulations: 1) the green line represents the boundary of coastal waters prohibiting the operation of
commercial fisheries; 2) the yellow line represents the boundary of Mu Ko Chang National Park; and
3) blue lines represent a permanent closure (upper part) and a 6-month closure (lower part) boundary
according to the Notification of Trat Province on the Prohibition of Trawling, Dredging, and Push Net

Fisheries in the Staite of Ko Chang B.E. 2543 (2000).

Data treatment and analyses

Densities of each taxon were totalled to give total densities in each replicate and sampling
station. Since raw data were not normally distributed, all of the data were treated with square root
transformation before testing the differences of the mean total densities between six-month closure
zone and the permanent closure zone with t-test. Two-way ANOVA was performed to test whether
the macrobenthic abundance is influenced by zone or season as well as the interaction between two
factors. Spatial variation among sites was tested by one-way ANOVA with Tukey's HSD (honestly
significant difference) test. All univariate data analyses were performed using SPSS version 22.

In addition to these individual species, the number of taxa (family level) and density data for

all macrobenthic species were used to calculate diversity indices as follows (Clarke et al., 2014):
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Shannon-Wiener diversity index [H'= —Z(p‘-log(p‘)]; Margalef's species richness [d=(S-1)/log(N)];
Pielou’s evenness [J' = H"7log(S)]. The difference in the total number of taxa between the six-month
closure zone and the permanent closure zone was tested with the Mann-Whitney U test.

The similarity of species composition based on Bray-Curtis Similarity between zones and
seasons was conducted with Permutational multivariate analysis of variance ( PERMANOVA)
(Anderson et al., 2018). The Similarity Percentage (SIMPER) was performed to identify which taxa
are responsible for a major contribution to similarity and help identify the taxa that are generally found
in a certain group. A distance-based linear model (DistLM) and distance-based redundancy analysis
with ordination (dbRDA) were performed to observe the relationship of environmental gradients and
similarities of sampling station. Diversity Indices, PERMANOVA, SIMPER, DistLM and dbRDA were
done using PRIMER version 7.0. The fourth-root transformation was performed prior to conducting

the multivariate data analyses (Clarke et al., 2014).

Results and Discussion
Abundance of macrobenthos

Macrobenthic communities are used as an ecological indicator to assess fishing impacts in
two different zones (permanent closure zone and six-month closure zone) in Chong Ko Chang. The
results showed that the dominant groups of macrobenthos found in every sampling station included
polychaetes, bivalves, decapods, amphipods, ophiuroids etc. In an overall picture, the mean total
density in the permanent closure zone (258.9 + 135.6 ind./m?) was higher than that in the six-month
closure zone (139.8 + 67.2 ind./m°) (t=6.08, p<0.01). The mean total density of macrobenthos in the
permanent closure zone (265.0 + 84.6 ind./mz) was significantly higher than those observed in the
six-month closure zone (153.7 + 71.3 ind./m°) in the wet season (t=5.53, p<0.05). The surveys in dry
season exhibited a significantly lower abundance in the six-month closure zone (125.9 + 60.8 ind./m?)
compared to the permanent closure zone (252.1 + 174.8 ind./m°) (t=3.72, p<0.05). However, the
spatial variation among stations was also detected (One-way ANOVA). The two-way ANOVA testing
on the effect of the zone and season on the abundance revealed only an effect of the zone on their
abundance (F=43.31, p<0.01) and no interaction between the two factors was found (F = 0.44,
p=0.83) illustrating that the abundance is influenced by zone (Figure 2).

In the overall picture, the average abundance of macrobenthos in the permanent closure
zone was significantly higher than those observed in the six-month closure zone and the average
abundance of macrobenthos varied considerably among study sites. Comparing the previous
studies, Jualaong (2007) reported that the average abundance of macrobenthos in Mu Ko Chang
and Ko Kut was 144.8 ind./m’ dominated by polychaetes. In Trat Bay, the abundance of benthos
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ranged from 19 — 964 ind./m’ dominated by molluscs (Poonapa-amporn et al., 2019). According to
the study of Putchakarn (2005), the average abundance of macrobenthos along the eastern Gulf of
Thailand (from Chonburi to Trat) was 554.5 ind./m’ dominated by polychaetes, crustaceans, bivalves,
gastropods, and echinoderms. In terms of fisheries importance, some studies focused on the
abundance and distribution of short neck clam (P. undulates); for example, Chatananthawej and
Thubthimsang (1989) reported that catch rate of the short neck clam in Trat Province 0.4-17.5 kg/hr,
which had drastically declined compared with the past. Kanmarangkool et al. (2019) reported that
the short neck clam was randomly distributed and it was influenced by particle size which was silty
sand or sandy silt. Fortunately, the great efforts of fisheries resources management in Chong Ko
Chang; i.e. designation of untrawed area, temporal closure, breeding research as well as broodstock
enhancement of short-necked clam, have revitalized the abundance of short-necked clamin this area

(Tunvilai et al., 2017).
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Figure 2 Mean (+SD) total density of macrobenthos (ind./m?) at each study site

Remark: Means sharing the same letter are not significantly statistically different (Tukey’s HSD test,

p<0.05). The t-test was used to compare the means between two zones.

Diversity of macrobenthos
In this study, a total of 72 taxa in 10 phyla was observed. Crustaceans, polychaetes and
bivalves were mainly found in both zones and seasons. Overall, the permanent closure zone (35 taxa)

had higher taxa (35) than the six-month closure zone (19 taxa). The Pielou’s evenness and Shannon
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diversity index were 0.83 and 1.08, for the permanent closure zone and 0.85 and 1.02 for the six-
month closure zone, respectively. The highest diversity was found at station D, which is close to Ko
Chang, exhibiting the Margalef's species richness, Pielou’s evenness and Shannon diversity indices
of 4.25, 0.91 and 1.03 in the dry season (Table 1). The statistical tests showed statistical differences
in terms of the number of taxa (Mann-Whitney U = 7.500; p=0.005) and species richness (Mann-
Whitney U = 13.000; p=0.007) between the permanent closure zone and the six-month closure zone
(Figure 3 and Table 1).

Furthermore, all diversity indices were not significantly different between wet and dry seasons
except the Shannon-Wiener Index. However, when the observed data from every sampling were
pooled, more taxa tended to be found in the dry season (12 - 35 taxa) than the wet season (15 - 22
taxa). The diversity of macrobenthos observed in this study was relatively low compared to the study
of Putchakarn (2005) showing the higher diversity of macrobenthos (H'=1.76) along the eastern Gulf
of Thailand and the study of Jualaong (2007) reporting the diversity index of macrobenthos in Mu Ko
Chang (H' = 1.30). Poonapa-amporn et al., (2019) reported that the species richness and diversity in
Trat Bay were similar, ranging from 0.0 - 2.7. They also found that the diversity in the dry season was
higher than that in the wet season. This is because of the freshwater discharged from the Trat River
making the conditions in this area dynamic; i.e. salinity change, amount of organic matter, particle
characteristics.

Although no seasonal change in the mean total densities was detected, the composition of
macrobenthos varied greatly between wet and dry seasons. Generally, macrobenthic communities
are dynamic and seasonally changed within a year (Shou et al., 2009). The unclear difference in the
mean total densities observed between seasons was due to a great variation of the densities among
samples. Seasonal variation in species composition of macrobenthos can be influenced by various
factors, particularly environmental conditions and the recruitment process and predator- prey

relationship (Lamptey and Armah, 2008; Shou et al., 2009).
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Figure 3 Species composition of macrobenthos at each zone during wet and dry seasons
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Table 1 Total number of taxa, richness, evenness, and diversity of macrobenthos at each site and

season
Study Dry season Wet season
Zone
site S d J' H' S d J' H'
A 17 2.29 0.86 1.06 20 2.64 0.91 1.19
B 20 2.53 0.68 0.89 22 2.76 0.86 1.16
C 35 4.34 0.66 1.02 16 2.04 0.80 0.97
Permanent
D 30 4.25 0.91 1.35 20 2.53 0.87 1.13
closure zone
E 20 2.77 0.79 1.03 19 2.55 0.85 1.09

F 16 2.17 0.76 0.92 22 2.94 0.88 1.18
Average 23.00 3.06 0.78 1.056 1983 2.58 0.86 1.12

G 14 1.98 0.82 0.94 18 2.52 0.87 1.09
Six-month
H 14 1.95 0.90 1.03 15 2.1 0.92 1.09
closure zone
| 13 1.84 0.89 0.99 19 2.56 0.89 1.14
(June —

J 12 1.73 0.82 0.88 16 2.35 0.87 1.05
November)

Average 1325 1.88 0.86 09 17.00 2.39 0.89 1.09

Remarks: *Permanent closure zone, **six-month closure zone; S, d, J', and H' denote total taxa, Margalef's species richness,

Pielou’s evenness, and Shannon-Wiener Index, respectively.

Regarding the species composition, a Bray-Curtis Similarity and Permutational Multivariate
Analysis of Variance (PERMANOVA) revealed significant differences of macrobenthic composition
between zones (Pseudo-F = 8.9813, p(perm)= 0.001) and seasons (Pseudo-F = 10.267, p(perm)=
0.001). The Similarity Percentage (SIMPER) was performed to identify which taxa are responsible for
a major contribution to similarity and helps identify the taxa that are generally found in a certain group.
In the permanent closure zone, polychaetes, bivalves, ophiuroids, and amphipods contribute 73% of
a total similarity, while most similarity found in the six-month closure zone were contributed mostly

(80%) by bivalves, polychaetes, amphipods and decapods (Figure 4, Table 2).
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Figure 4 A dbRAD plot based on the fourth-root transformed data (number of individuals) showing

the similarity of specie composition of each sample. The abbreviation code of each point consists of

a sampling site (A-J), a replicate number (1 — 6) and a season (Dry or Wet), respectively.

Table 2 The Similarity Percentage (SIMPER) showing the contribution of major macrobenthos to

dissimilarities among factors (zone and season).

Examining between zones

Group: Permanent closure zone

(Average similarity: 66.13)

Group: Six-month closure zone

(Average similarity: 70.93)

Taxon % Contribution Taxon % Contribution
Polychaeta 26.58 Bivalvia 2143
Bivalvia 21.94 Polychaeta 21.41
Ophiuroidea 13.39 Amphipoda 20.70
Amphipoda 12.01 Decapoda 16.97
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Table 2 (Cont.) The Similarity Percentage (SIMPER) showing the contribution of major macrobenthos

to dissimilarities among factors (zone and season).

Examining between seasons

Group: Dry (Average similarity: 63.26) Group: Wet (Average similarity: 71.80)
Taxon % Contribution Taxon % Contribution
Bivalvia 26.62 Polychaeta 27.61
Polychaeta 21.69 Bivalvia 17.67
Amphipoda 17.67 Decapoda 17.36
Ophiuroidea 11.01 Amphipoda 12.44

Environmental factors

Environmental parameters played an important role in shaping community structure and
abundance. Our results showed the significant differences in the five parameters of depth, sand, silt,
organic matter and salinity between the two zones (Student’s t-test, p<0.05). Some parameters; i.e.
organic matter, temperature, dissolved oxygen, salinity, TDS, conductivity, were significantly

changed between wet and dry seasons.

® Permament closure zone m Six-month closure zone

Figure 5 Means (+SD) of some environmental parameters of two zones (*p<0.05)
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The DistLM revealed that some parameters can be used as predictors to determine the
relationship between environmental parameters and macrobenthic community, including silt
(Pseudo-F=2.72, p-value = 0.023), organic matter (Pseudo-F= 3.36, p-value = 0.01), depth (Pseudo-
F= 7.35, p-value = 0.001), dissolved oxygen (Pseudo-F= 2.5, p-value = 0.05), pH (Pseudo-F= 4.54,
p-value = 0.01), salinity (Pseudo-F= 8.79, p-value = 0.001). The dbRDA ordination plot explained
with the first two axes explained 37.1% and 32.8% of the fitted variation and 10.6% and 9.3% of the
total variation. The pattern of the macrofaunal samples in each station suggested two gradients of
variation. The first gradient was driven by variable “depth” explaining that the benthic composition on
the left of the quadrant, most of the stations in the six-month closure zone, were more influenced by
depth. The second gradient was driven by the variable “salinity”, clustering the sampling stations in
the lower quadrant explaining that those sampling stations are influenced more by salinity, especially

during the dry season (Figure 6).
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Figure 6 The relationships between the environmental parameters and the abundance of the
macrobenthic communities were examined using a distance-based linear model (DISTLM) and
distance-based redundancy analysis ordination (dbRDA). The abbreviation code of each point

consists of a sampling site (A-J), a replicate number (1 — 6) and a season (Dry or Wet), respectively.
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Our results revealed that most environmental parameters observed between two zones were
not significantly different except depth, sand, silt, organic matter and salinity. This was because those
sampling stations are located in the same micro-region where smaller environmental fluctuation
occurs and some benthos can also inhabit in a wide range of environmental conditions (Ysebaert and
Herman, 2002) . Several environmental variables including sediment structure, organic matter
content, temperature, salinity, dissolved oxygen, nutrient concentrations, pH, turbidity, water
transparency, and depth have been identified as factors influencing a macrobenthic community
(Lamptey and Armah, 2008). Macrobenthic community is shaped by a combination of these factors,
and no single factor could be considered as a main influencing factor (Veiga et al., 2017; Zhang et

al., 2012).

Fishing impacts

Having rich marine and fisheries resources, Chong Ko Chang has served as an important
fishing ground for a long time. Both artisanal and commercial fisheries operate throughout this area.
The area is as an important fishing ground for undulated surf clams (Paphia sp.) in Trat province
where clam dredging was generally found to be affecting its population in this area. Due to the decline
in fisheries resources in Chong Ko Chang, the Notification of Trat Province went into effect in 2000 to
prohibit trawling, dredging, and push net fisheries in the upper part of Chong Ko Chang, while such
fisheries were still allowed to operate in the lower part for six months from June to November each
year. Since the coastal seas in Thailand were established in 2017 under the Royal Ordinance on
Fisheries B.E. 2558 and the Ministerial Regulation on Coastal Seas in Thailand B.E. 2560, all of the
areas in Chong Ko Chang, have been automatically protected. As a result, all commercial fisheries
are completely prohibited in all coastal seas including the six- month closure zone since then.
Because the samplings of this study were conducted in August 2015 and March 2016, the fishing
impacts discussed herein refer to the accumulative impacts occurring during 2000 — 2017 or about
seventeen years before the newer regulations became effective.

In terms of fishing impacts, the difference in abundance of macrobenthos between the two
zones are significantly different and this is probably caused by the combination of fishing activities
and environmental factors. The mean total density of macrobenthos in the permanent closure zone
was significantly higher than that in the six-month closure zone in both wet and dry seasons. For
example, the abundance of bivalves in the permanent closure zone (49.5 ind./mz) was higher than
that in the six-month closure zone (37.7 ind./mz). This might be because of the activities of clam

dredging which used to operate from March to May in the six-month closure zone. In the other parts
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of Trat province, clam dredging starts from March to October since from November to February, the
size of clams is under a marketable size (Suksumran et al., 2014). Many studies revealed that
dredging has impacts on the population of the parent clams (Chanrachkij, 2012; Yeemin et al., 2011)
and other marine benthos (Sciberras et al., 2018). Some epifaunal species such as brittle stars and
sea cucumbers were found in less density in the six-month closure zone than in the permanent closure
zone, linking it to the possible impacts of bottom trawling on epifauna and juveniles (Tiano et al.,
2020; van Denderen et al., 2015).

Based on this study, mean total density, the number of species and species richness seem
to be more responsive in linking the fishing impacts on the macrobenthic communities. The higher
mean total density and species richness were observed in the permanent closure zone. This
corresponds to the study of Hiddink et al. (2020) suggesting that taxa numbers, biomass and species
richness responded to the monitoring of trawling impacts, but evenness and Shannon-Wiener
diversity (H’) did not. Macrobenthic communities in the two zones can be also influenced by various

environmental factors including silt, organic matter, depth, dissolved oxygen, pH, and salinity.

Conclusions

This is exploratory research illustrating the chronic impacts of fishing activities on the
macrobenthic community and the application of macrobenthos as a bioindicator for fishing impact
assessments in Chong Ko Chang. The abundance of macrobenthos varied considerably among the
study sites. The total mean density observed in the permanent closure zone was higher than that
observed in the six-month closure zone. The number of taxa and species richness of the permanent
closure zone were also greater than those of the six-month closure zone. Species composition varied
seasonally and spatially. Based on the results, the abundance and community structure might be
influenced by both environmental conditions (mainly driven by depth, salinity, and pH) and fishing
pressure, which were illustrated by the differences in macrobenthic abundance and diversity between
zones. However, more detailed studies are still required for clear understandings on temporal and
spatial changes in macrobenthos in this area. This study also serves as critical baseline information

for future studies and the application of ecosystem-based fisheries management.
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Abstract

This research aimed to examine the factors that affect the efficiency perception of work in
shrimp farms by studying the case of small business of shrimp farms in Chachoengsao province.
The sample consisted of 400 SMEs shrimp farmers. Questionnaires were used as a tool to collect
data. Descriptive statistics and data analysis techniques for the multiple regression were used to find
the correlation coefficient of factors that affect the efficiency perception of the shrimp farmers work.

The results of the research found that there were 4 factors that affected efficiency perception
of work: (1) Technology factor, (2) Emotional ability, (3) Communication skills, and (4) Supply chain
knowledge. Technological factors influenced the perception of the efficiency of SMEs shrimp farms
in Chachoengsao province at the highest level; on the other hand, the knowledge factor did not affect
the perception of work efficiency in SMEs shrimp farms in Chachoengsao province.

Therefore, the researcher has suggested that SMEs of shrimp farm farms should seek
knowledge in various fields to be used in business development, including technology knowledge
Communication and the supply chain in order to keep up with the current new normal world because
of rapid changes. They should not be accustomed to the old practices which was obsolete.

Keywords: SMEs, Shrimp Farming, Work Efficiency
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1AL UUAaUn1H(Construcion Validity) ﬁﬁmﬁmumaﬁmmmﬁuLLquqwﬁﬁq 51a4q8 uay (3) N9

AnesiandniusuLuannes (Multiple Regression Analysis) ENaNANNENAUGTzMNeFawL9

NAN15IAE

1. HaNTATIEvdayalszangAand anwurdeyan1ilszainsAians aanngusaasineain
N¥AsNsAUsznaugsia SMEs Wwa‘?uLaym’rqumiumm@“\im“mu%qm:m A1UIU 400 Fatg
dsznaufiag WA a1 sxAUNNIANEY AU uazilszaunisal wudnFasay 51.50 HIWWANG
5aaay 41.50 Hang 51 Tl %eua 94.60 HsxAUntsAnEANIBynss Seuas 96 Taounn
AN uaYianay 41.50 Hilszauniond 6-10 1

2. NAN19ILATIEYRNAUsENaY (Exploratory Factor Analysis) ﬁq‘fj(zﬂ N1911AN Extraction
Communalities 1esautls WiRnnnsman 2 A% AdlEiAn Communaliies 11nndn 0.5 L suansd

mmzﬁ”mﬁuﬁ’mmﬂﬁqmu (2.2)nyuuNY (Rotation Componecnt Matrix) Wal@AINInNgn 0.5 @
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LAATINANANRUS TR NAIDIN WAL (2.3) A1 KMO wazAn Eigen Value adannafiniladeudonudn
A7 KMO and Bartlett's test of sphericity 16 = 0.859 LL@ﬂQdW%@H@ﬁQ@ﬂ"NﬁﬁQWNLMN’]Z@Nﬁ@;‘iﬁ’m’]
Anrzflaamaiia Factor Analysis 13123710 AN KMO 81nndn 0.5 LazAn Eigenvalue LEWINAU 76%
LAAYILLLASLD T ANAITIERT9TR9lATNE 19T B L LLAB LN Construct Validity) HAaaNysal
WAZANI LML E]

3. nanTTIATzRduduAusLLuLannay (Multiple Regression Analysis) Wuqni 4 1lade (el
Buesndull el Tasupanainumatuladil Beta =0.512 #n Sig =0.00 TTadanuAaENITIN
a1suniiAN Beta = 0.295 A1 Sig = 0.00 TladeFruineen1sdedns Beta= 0.128 A Sig = 0.0111a4g
Fusinaldginiu Beta= -0.085 An Sig = 0.033 luen Beta Tilluay Ae ArAsNGH I ldgnIwLd
m@mwuluﬁmuﬁ'mN@Iuﬂazam“ﬁm‘wmmaﬁﬁmulummz‘ﬁ'ﬁ@@”ﬂﬁmmm’i SMEs Wn§ufie Taddl

a a
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o o o aa o ~ = a o aa < ' o Ao ' a a
WAAIAYNNADA AIA199N 1 ANANEIIRENNANF WwATslnudn tTasendnasalsc@nsninnsg
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=< = o v | | = a ' A a ° =R a
g1y FeTadufuinldgUniuinanssnuLuL@saUselszAnBNINN1TNINIUNIIANENg9TA T8

SMEs v fuaesfialuandamndnazidans,

Table 1: Results of Multiple Regression Analysis

Standardized

Factor Unstandardized Coefficients  Coefficients
B Std. Error Beta t Sig.
(Constant) 3.923 .033 119.684 .000
Emotional Ability 243 .033 .295 7.401 .000*
Technology 422 .033 512 12.848 .000*
Communication .106 .033 128 3.222 .001*
Supply Chain -.070 .033 -.085 -2.139 .033*
Knowledge .001 .033 .001 .036 971

* Statistical significance was at 0.05

4, m@mﬁma‘ﬁ:ﬁamﬁgm mnmﬁmmxﬁmumﬁgm LA 1IN TR A1FN i Anasa

'
o

dsz@nsnmluniamingsia SMEs Winaeafianzia luaedmdnesamsns 4 fnu dAmduladand

dszAnsnnsianisividssansnnlunisinaulunissingsna SMEs Whduiaesfinzialuandands

A =KX A

R TINININNGA Aa Tadusruanginalulad G9iAn Beta = 0.512 HAANAALTIUNWATHEI4 A

q
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= A

udusu 1 ladandsnasialsc@ninmsanisiuidszansninlunisineusesasnidududiui 2 Ae

a 1

1a9EIANNAINITDATUAINAINITONNATNAT TINAT Beta= 0.295 7989118 UN 3 Aa tTadadinu

inweN19insadaans T9HAN Beta = 0.128 309a9u18UALTN 4 TTadafinuaangvineldginiu dadien

Beta=-.085 714 4 iladaianinasanisiuglszansninlunisminauluniingsia SMEs Whduiaasfa

NULA LLUARINT ARLLTNTT

Table 2: hypothesis testing between factors that affect performances. A Case Study of SMEs in

Shrimp Farms in the province of Chachoengsao

Hypothesis Hypothesis
Testing Results Sig. Value

1. Knowledge Factor does not affect to the Efficiency Perception: A case Accept 971

studies on SMEs, shrimp farms in the province of Chachoengsao.

2. Technology Factors does not affect to the Efficiency Perception: A case Reject .000*

study business SMEs Shrimp farming in the province of Chachoengsao.

3. Supply chain knowledge Factors does not affect to the Efficiency Reject .033*
Perception: A case study business SMEs Shrimp farming in the province of

Chachoengsao.

4. Communication Skills Factors does not affect to the Efficiency Perception: Reject .001*

A case studies on SMEs, shrimp farms in the province of Chachoengsao.

5. Emotional Ability Factors It does not affect to the Efficiency Perception: A Reject .000*

case study business SMEs shrimp farming in the province of Chachoengsao

* Statistical significance was at 0.05
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