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Study of suitable feed and feed cost for nursing of Stonelapping minnow

(Garra cambodgiensis (Tirant, 1884)) juveniles
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Abstract
Study of suitable feed and feed cost for nursing of Stonelapping minnow ( Garra
cambodgiensis) juveniles. Groups of fish were fed in 5 treatments, including: fish meal (FM), Hi-
grade® commercial nursery feed (HG), carnivorous feed (CF), herbivores feed (HF) and fine rice
bran (RBM). The experiments were a completely randomized design (CRD) in 3 replications. Initially
the fish were an average length of 2.60+0.31 cm (0.24+0.09 g) in aquarium 0.30x0.50%0.30 m in
size. In total there were 40 fish per aquarium reared for 60 days. At the end of the experiment,

a significant increasing of the growth performance in fish fed FM was better than other treatments
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as length gain (1.45+0.03 cm/fish), weight gain (0.41+0.01 g/fish), specific growth rate (1.69+0.04
%/day), and feed conversion ratio (3.48+0.51). However, the lowest feed cost per fish was reared
with RBM. Furthermore, B/C ratio was significantly highest in fish was reared with RBM (p<0.05).
Considering B/C ratio the RBM could be recommended for nursing G. cambodgiensis juveniles.

Keywords: Garra cambodgiensis, diet, growth performance
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Table 1 Chemical composition of the experimental diets (Mean + SD)

Treatments

FM HG CF HF RBM

Percent

Proximate composition by analysis (% on dry weight basis)

Crude protein 54.97+3.62 38.65+2.14 28.39+0.11 15.72+0.13 12.32+£0.20
Crude lipid 10.07£0.37 6.16x0.13 4.91+0.32 2.72+0.33 17.68+£2.58
Crude fiber 1.89+0.53 1.46+0.37 1.26+1.02 3.04+0.65 0.34+0.16
Total ash 24.04£2.82 18.24+1.48 12.41+0.09 7.27+0.32 15.24+2.42

Chemical composition (Calculated values)

GE (kcal/100 @) 422.62+49.56 394.31+£17.69 396.27+18.33  374.6716.41 430.02+26.25
NEF (%) 4.26+6.24 28.76+1.07 46.19+3.57 63.36+0.62 47.12+0.17
DE (kcal/100 g) 283.62+31.22 256.43£11.20 254.08+11.89 235.1314.66 302.34+£21.81

Abbreviations FM: fish meal, HG: (HG) Hi—grade®oommercial nursery feed, CF: carnivorous feed, HF: herbivores feed, RBM:
rice bran meal, GE: gross energy = (%proteinx5.64) + (%lipidx9.44) + (%NFEx4.11) (AOAC, 2000), DE: digestible energy =
(Y%proteinx3.5) + (%lipidx8.0) + (%NFEx2.5) (NRC, 1993), NFE = 100- %(Crude protein + Crude lipid + Crude fiber + total
ash + moisture) (NRC, 1993)
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3) EMIINARALUNUFRFIUY (B/C ratio)

= 77A1gndan (Ln)
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THun aneagaiing, Winidngafing, AN IANTY, TMINAIWNIY LacaRINITRTy LA
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| |
A P
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naunaegaliitlanfiueuslin (NRC, 1993; Cheeke, 2005) uaznddnilantludaiduunasnsnasily

o

uwaznsa AN seAullsiungeludantuannsngneaslfdng (Pond et al., 2005) sautialan

LR 2
o Y o 1 o ¥ '

Yudaudngrundeslinaseuetineb (El - Sayed et al.,, 2007) HaiaufiasnisTdshuazian

wansiwiuaIuiuTiavesgnilan wu gnilanila (Oreochromis niloticus) AWM 0.5, 0.5-10, 1-30 ua 30
nFu Auly AAdudiesnistiunnldsiu 40-45, 35-40, 30-35 WaY 25-30 % MINARNAL (Jauncey, 1998)
aniatanniinondiesnisdiuanllsfiu 55% (Imsilp et al., 2004) wazgnilaivnalny (Anabas

testudineus) szAuTUsAUNMNIzZANRET 45% (Matthong et al., 2015) wananaiingniaindanaiy

1 1 v
a a % a o ¢ o

o = o £ o = o |

fasnisllsiuresgniandsiuivawin ag gouugi wazdeuondanay o Adnduiedeuet (NRC,
1993) nMsAnE N EuduinnsayuIagnilanmaiiudiandudelda e aldsiuandmnslu
Tanufimnnzan udidneaunewniifiazsrydndandsivdulanfiuieduewis (Mazlan et al.,

2007)
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o

o

o

Mean length (¢cm)

(A)

OFM BHG BCF BHF BRBM

o

L

z
K&

0.00

(B)

0 Day y 30 Day

Figure 1 Average length-weight of G. cambodgiensis at nursed with different feeds after 60 days
rearing; A) average length (mean + SE) and B) average weight (mean + SD). Groups with same
letter index on the same day do not differ significantly statistically by Duncan’s New Multiple Range

Test (p > 0.05)
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Table 2 Growth and survival rate of G. cambodgiensis at nursed with different feeds after 60 days rearing

Treatments
Indicator P-Value
FM HG CF HF RBM
IL (cm/fish) 2.60+0.039 2.60+0.027 2.60+0.028 2.60+0.026 2.60+0.029 0.288
FL (cm/fish) 4.00+0.035° 3.76+0.028° 3.66+0.024° 3.41+0.030° 3.46+0.026° 0.000
LG (cm/fish) 1.45+0.028° 1.13+0.024° 1.0620.022° 0.84+0.063° 0.86+0.027° 0.000
IW (g/fish) 0.20+£0.010 0.30+0.008 0.20+0.008 0.20+0.008 0.20+0.008 0.437
FW (gffish) 0.60+0.016° 0.50+0.011° 0.50+0.009° 0.40+0.010° 0.40+0.009° 0.000
WG (gffish) 0.41+0.005° 0.27+0.020° 0.24+0.020° 0.1720.024° 0.18+0.008° 0.000
SGR (%/day) 1.69+0.035° 1.21+0.092° 1.18+0.143° 0.87+0.104° 0.91+0.074° 0.004
FCR 3.48+0.510° 4.59+0.394% 4.75+0.587% 6.43+0.959° 5.68+0.473% 0.050
SR (%) 90.00+7.50 93.33+2.21 96.67+0.83 92.50+5.00 95.83+3.01 0.764
B/C ratio 8.40+0.300° 4.33+0.084° 28.30+1.466° 44.20+1.944° 62.72+2.969° 0.000

Abbreviations: Means followed by different letters in the same row are significantly different by Duncan’s New Multiple Range Test (p < 0.05). IL: Initial length, FL:
Final length, LG: length gain, IW: Initial weight, FW: Final weight, WG: Mean weight gain, SGR: Specific growth rate, FCR: Feed conversion ratio, SR:
Survival rate. Feed costs were calculated on the following variable costs: costs of FM: fish meal = B 58/kg, HG: Hi-grade® commercial nursery feed =

B 120/kg, CF: carnivorous feed = B 19.5/kg, HF: herbivores feed = B 14/kg, RBM: rice bran meal = B 10/kg
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q q

A 1 b4

WANIHATRINTIANEIATINEgIaNAAAANNIT TN TuERIY 5% F09Unmiinsa/du F9dadAoud1ege
anwpnnisAnetliannnsluBunnmge Wesantlesiugnianlfifueislaimosme wazldiais deay
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(Ungsethaphan et al., 2011) LﬁmmnmaﬁwmﬂqﬂﬂmLaﬂﬁuimﬂLfa‘wwmmmﬂmmmmﬁﬂwﬁﬂumﬂ
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MaATEgia uenaniiaziguaduduingavensimlfide naienzluniamtiensuuuaeslszme
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Wugzeziaan 10 4Uani Lﬁﬂauzgmmammm Wudmmmmmmﬁ 4 flﬂ’]ﬁ‘m?‘ﬂ&l@utmaﬂd’]ﬁﬁﬁfmﬂm
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wleasidus anuansy Wellssiiunaredinnunnsneiusellssdnsninveaeuladtdasaunshe visUTuy
wazlaluvisddu wudnganiamaaesi 4 HAanssunisnivaeseulivisdfuuaslaluydydu suis
dnandauszndneslduuazlaluvizudu (T/C ratio) And1gAn1IMAaesRUeE1IHTHANATYNI9A DA
(p<0.05) uaaslfmiuinduduiladadAryatrmilsranisansdinuesdndingtiadl uazanuisainly

Fuilgeszuunisiaen iaindsz@nsnmnisuasaingweanalussuutmyuiRauiuuile (RAS) 16
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AmdAny: Uainzwsanadagu dunmen fanssueulsd vistdu taluvisddu scuuiivyuna

Abstract
This study investigated the effects of four different artificial water colors on enzymes activity,
TCl/ratio and growth performance of juveniles Asian seabass (Lates Calcarifer). Asian seabass were
reared for 10 weeks in four artificial water colors (natural water (control), brown, blue, blue-green).
The result showed that juveniles Asian seabass in treatment 4 were significantly greater growth than
those in control (p<0.05) with an increased weight of 58.08+2.72 gram. The survival rate was

83.1146.48 percent. For the effect of water colors on digestibility of trypsin and chymotrypsin,
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treatment 4 showed the tendency of activity and the ratio of trypsin and chymotrypsin (T / C ratio) of
fish was significantly greater quality than those of other treatments (p<0.05). It was concluded that
the water color is an important factor for this species survival and may benefit for improving culture
system, particularly for optimizing performance of Asian seabass rearing in recirculating aquaculture
system (RAS).

Keywords: Juveniles Asian seabass, Artificial water colors, Enzymes activity, T/C ratio, RAS
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arnananaand nldmuetaunivang lunfudaseunnvgy) iy dan de uasdndningu) Telinuantis
azaelige linslanzudn wazdesaanalusssnani taaldludns 0.19 nFusetin 750 g 219
WHUNNTNAABILLLENRA®A (Completely Random Design; CRD) Tnsiutisaaniilu 4 1an13nnae3

o

(Treatment) usiazgauiaanti 3 91 (Replication) A3t
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= g oA a
1ANTINAAEIN 1 1At luleAUN599NTA

dl g \ v & A o
ANNINAARIN 2 laes lutalne 1At naNd@ing

= g ' v & A a3 a
7AN1MAaan 3 iaeslulelagldatnnen@ti(u

= g ' v & A a & a
An1Aaah 4 aenludeleeld@unnandmasantin Ry

¥ o d
N9 HRNIMNSTANINARDY

k2 Y v
A A o a

Tanmsladagulusiu 42 wlefiiusf Juay 2 Ha Aie 8.00 w. uaz 17.00 wyistinigliamis
Az lAUAUBNARAATZEZIIANITIALN
NN9LASEN crude enzyme extract

o 1 091 < dl 24 0’/’ @ o 1 1 % s Q’I ] o ¥ % y v d”

indaududwialfigaauanniuininisindesiesuazindudiuan Eunduazulifiduiie
\mrafiog homogenizer tnaudag lutudsnaaniian lReasfsaansazataneammtinine pH 2-12
1 liTnRey 10,000 sa1 W 15 W QUi 4 asdaaiies gaduniludulusiunas et firuuy
aan wifudaulangnuni -80 avA LA LTHA
nsAnwAmansuskazilssAnsnnaaauladdaaaims

=8 a all o o o e a a ai

1. AnEnfanssulazdnIemNnzandmiunisinauaeeulniirduluan wilfauudag
pH 2-12 uazguugi 30-80 a9AIAITEARINABNNIT09 Sunde et al. (2001) tnafnulAIaINTBN13109
Rungruangsak-Torrissen et al. (1998) piatl

AtATzdnanssnaeitldu lnemrandnsazanaduaInsn Ae d15a2a18 N-benzoyl-L-
arginine-p-nitroanilide (BAPNA) Aansdindis 1.25 Aadluans Nnansazans dimethylformamide Wndiv
5 iesiius nanfuatsazaraansazanatiieivisalalnsnaalsdiiniies pH 8.2 Aa crude enzyme
extract 7u1ms 10 lulasans laluAaan huduamsnilBuins 1 Jadans wanlidindu daAinns

& A Py a a a o o o &
AANAUKAIIANAITAZAIENANNEIIAAL 410 U TWINAT 711987 0-15 TUN BEUNINULAAIANANNUS
NI A410 ALaN(@und) WenAdnsdaBusiutesnafinUfisen (Vi) anaandu wsauiay
AuNsNuIATFIU p-nitroaniline
=2 a al' o % o a a

2. Anwfansrunazan1rsivnnzdauduiunisiauseseuladla luyddduluann
iazuuilas pH 2-12 uazgnima 30-80 a9ALTALTHARNNIINN3 T8 Sunde et al. (2001) Tnasnuilas
A1N38N19989 Rungruangsak-Torrissen et al. (1998) A4l

A ednanssnaedlaluyisUdu lnawrendnsazanefudmsm Ae 419avae N-succinyl-
ala-ala- pro- phenylalanine- p- nitroanilide (SAPNA) A914 Winduw 0.1 Wadluang A8419azane
dimethylformamide Windu 5 wWefidusf naniuansazansansazaneinmefvisalalasaaslsdinines
pH 8.2 Am crude enzyme extract s11ms 10 1uTasans ldlumawne induawmsaiBunns 1 1adans

¥ v o [ 3 1 A dl dl dl a a A

HaN AN AW AAAINIIAANAULAITBNANTALANLNANNEIIARY 410 W1 TULNAT 11941 0-15 TUIN 1WaU

ANLAAIANNANNUEIZNING A410 ALIAT A7) Lﬁ@mmﬁﬁmL%qﬁuﬁummmﬂﬁmﬂfﬁ?m (Vi)
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AnANFULFEUEUAUNINNIRggIU p-nitroaniline wuasAdsznaudicuansazaedusines tnels
LAN crude enzyme extract

3. nnaAszsiBunmllsfAuly crude enzyme extract AmNuABNNTU89 Lowry et al. (1951) Tag
WATENATAZANE bovine serum albumin (BSA) Windiu 1 HadnFusiedaaans iluansarateninggiu
Tﬂiﬁuﬁfmﬂ'ﬂmi@lmﬂﬁuummmmmmwﬁmmmm?{u 750 Wnlwms Wheumeuiunsmuinsgiu
BSA
MIAANNEIENININISIREILAE NS ILATIE AN

PIIAELANANITRYENN HAUNARSY UAZIZMINIMAREIN 72 dlant auAugaNTAAes
Hun gunndl, Bunmeendiauiiazanelutin, asnsidunsa-sne, wesbuie-lulasiaw, lulasi-

Tulpsaw, mmn-lulnaeu waznagnadasu lnadaanisnasalls

Table 1 The methods of analysis of different parameters of water quality

Parameters Methods
pH pH-meter (pH /lon 510)
Dissolved Oxygen (mg./l) Azide modification
Ammonia (mg./l) Phenol method
Nitrite (mg./1) Reddish purple azo dye
Nitrate (mg./l) Phenoldisulphonic acid
Phosphorus (mg./l) Stannous chloride
Temperature (°C) Thermometer

maiiuuaziszndayanisiasyiiuln
fananuena Fatinmin waziuanuaugniainznea1adesuluuAarniogn1maaeyn
2 filansf paamnmaaes uaztiheyadilF A Bafteusse il
Weight gain, WG (%)
= ﬁ”mﬁﬂL@?}Imﬁﬂ'ﬁ”uqmm@wmm ~dhwminededleBummeaes
Average daily gain (g./body/day)

= (winieRele AugAN1INARS — NiNRALNaBNN1INARD)

FLEIZNAN MINTNARES

Feed conversion ratio, FCR = 1n1ina1113nUaniu

) R
TunUaninuau

Survival rate (%) = AMuauLaile&ugaAnImaaed x 100

UL ANHAENNNIMAADY
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(2
o

Consumption rate (%) AMN3BN19289 Yone WAL Fujii (1975) andunisaail

ARIINNINURIMNT (UeFdumsafInadu) =

F %100
W, +W, N, +N,
X
2 )

- -

X T

Tag

v 1 1
F o= dwinensuisidaniiu (nfu) N, = aruauilanBusiv (59)

W, = thwmiindaneaaizusiu (nfa) N, =a7usutlangading (sn)
w, = thuiinlatedagaiing (nF) t = szaznandanl@zuanunmeans (Ju)

fns1gauszudnareewlaiizdduuaslaluviaodu (T/C ratio) mMNATa99 Rungruangsak-

¥
o a

Torrissen et al. (1998) A

T/Cratio = taulssvisudu

e lasd laTuyidde

N5t ayaNIeaDs
nM3AAzIneala Tnedaszianuuilslsou (ANOVA) INBANHIAYTHNLANG NS TaSLEATYA
nMmAaad ANuRITaUgU AR IaILRargANNITAResTAtRE Tukey-test NTALIAINLTONY 95

wedidus Ineldldsunsudniiagy 1BM SPSS Statistics 22

HALAZAANTUNANITNARD
AMANHUzUAzNAnssNA W zranauldlvsUduwazlaluvsddu
=2 a . Aa Aa a A d‘ o o [ o

annisAnefanssnaasiauliidliuuas laluvisldunadnanan ldlanenennadagulu
ganzdasundag pH Faws 2-12 (Figure 1A) wudenlmivizdduuaslaluviddTunanaianssuaninng
a;\‘ia;m'ﬁ pH 8.0 WA 5.0 AMNAIAL AINIILNIULAY Erlanger, B.F. et al. (1961) W@ Jantaro et al. (2000)
wudn eulndBUdululanuAsumaesinanssua I zgegai pH 8.2 uaz 8.0 dauluilan anchovy
HAfanssuawizianladvisUiunas laTuvidtdugegaetn 8.0-9.0 uaz 7.5-8.5 (Krogdahl et al. 1994)

ANNAAL

Wadnwfanssnaeseuladvidldunarlaluyddduluaninsguugifsus 30-80 8961

a

|
=

walEed M pH 8.0 waz pH 5.0 (Figure 1B) wudnAnianssuamnzeedewlmivizUduwas laluvizydy

494m N9nuunH 60 aeATaTEa 289919 2 1awlal @9 Krogdahl et al. (1994) lfinanqldd1 Aanseu

' =
INATH

pad

nzrevenladvislduiarlaluriilduludaingweanoasinaunug uun NN g i
fUUNAEINY 80 asAgaiad aouludaian wu dainzdn wulsdidlduwazrlaluvsddu d6n
AANIINANNZAEANHUNYT 45 aeATaITea Laranadleguu)Rged 50 asATaiiea Lazgm

AanNagINNgUN) 65 a3ALTALTHA
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A pH optimum

10000

8000

6000

4000

2000

Trypsinn and Chymotyrpsin specific act.
(umol p-Nitroaniline produced h-" /mg protein-")

pH

e« mChymotrypsin « e Trypsin

Temperature optimum

W
)
=
o
S
o

12000
10000
8000
6000 - = T T
4000 " *

2000 T

Trypsin and Chymotrypsin specific act
(umol p-Nitroaniline produced h-' /mg protein-'

30 35 40 45 50 55 60 65 70 75 80
Temp (°C)
« = Chymotrypsin Trypsin

Figure 1 optimum pH and temperature of trypsin and chymotrypsin specific activity (umol p -

nitroaniline produced h' /mg protein’1)

HaURsRINALANAIRUAaLlssANE A wAanssunsvuaasewladvidUZuuarlalavisddu
anNnNIIAsEnanssun1gnteuaaseulsimsddu wazieulodlaluvizddu wudneulad

vUFuludnldasdainznesadaiuluganimanesi 4 frgegaie 63,237.81+0.01 pmol p-

Nitroaniline/h'Vmg protein'1 2R9RINIAD ﬁmmi‘wm@mﬁ' 3(51,900.68+0.01), 2 (26,910.81+0.02) LLaz

o o

1 (22,248.09+ 0.01) FeTumnsnariuad198usd1AUnI9ana (p<0.05) (Figure 2A) d@aulaTuvidulduly
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a =

ﬁ;mm‘i‘wm@m‘ﬁl 1 4AQ94mAR 84,801.45+0.02 pmol p —Nitroaniline/h'1/mg protein'1 UANANAUENS
Aded1ATYn19aDiA (p<0.05) ﬁuqmmswmmﬁ 3 (69,445.08+0.02), 2 (68,866.42+0.01) UALLANIT
NARBAT 4 (66,380.57+0.01) MNSEL (Figure 2B)

nsuansaanaadeuliivisldudnasaniafiuinluianienssiudnuiuieuladlatuyis U
Inefanssuredlaluriiuacdingeludasfizeidiniiuladi daufanssuaesidfuazigelugagd
zﬁ“mfﬁi”ﬁﬁmilﬁuingq (Rungruangsak-Torrissen et al.,2006) Anslasuutlasianssuaadiewlsides
AN 2 mﬁm‘f’:mmmumﬁqmm?tylﬁ‘uimLLmﬁmmmimmﬁmﬁfﬂﬁ Trennaeuuasiansss
yasieulasiisTuuarlaluiwinli T/C ratio Annsulduuacdenasesy@nsnmnsden T si
Bunmnsnezdludasylunanasi néaile annaraIN1as1e n1saaallsiu uazdnsnig
wwanyan e

Trypsin
A 70000 vP

60000

50000

40000

30000 ¢

trypsin specific act.

20000

10000

(umol p-Nitroaniline/h™/mg protein™)
o
// m
7

7

L L L L L Ll

Control Brown Blue Blue-green

Water colors

Ch t i
B 90000 a ymotrypsin

80000

70000

//4 :

60000

50000

40000

Chymotrypsin specific act.

30000

(umol p-Nitroaniline/h'/mg protein™)

AL LLARAANY
SESEINIIANNI AN

NS

20000

ASSEASAARASAR AN
RN RNORES

X
D
3
WD

NN

10000

7

Control Brown Blue Blue-green
Water colors

Figure 2 Trypsin and chymotrypsin specific activity (umol p -nitroaniline produced h’1/mg protein’1)

Note: different letters in the same row are statistically different. (p<0.05)

o
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Wawlrauiaudnandouszndnistiuuazlatuvisddu (T/C ratio) wudn Tudainzwennadagu

PRt s A | Aae o o " o 1 oA
V]L@Elﬂlu“qﬂﬂ’]?mm@ﬂﬂ'ﬂ 4 Nﬂq@]\?@]ﬂ‘ﬂﬂq\jﬂu‘ﬁmqﬂm (p<005) T‘ﬂ\‘]@\?ﬂ’]ﬂ@ﬂ@qﬂﬁwqmquQﬂ?umL@F_N&Lu

1ANINAADBITN 3 IAaHAIYINTL 0.9240.2 Az 0.62+0.1 AMNAIAL dauA1 T/C ratio ANGARBLANNT

NAaed 2 Winriu 0.33+0.04 (Figure 3) @aAn T/C ratio azduualiiuduldludaniamaaiudusmnsinis

Aua1Mg Ao HAGIgAlugANIIMAAEIT 4 3989NAR TANTINARBIN 3 2 uaz 1 Wiy 3.84, 3.70,

3.49 uay 3.29 wailius muanau (Figure 4)

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10

T/C ratio

4 Ll llll

Control Brown Blue Blue-green

Water colors

Figure 3 Trypsin and chymotrypsin ratio

Note: different letters in the same row are statistically different. (p<0.05)

4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

% Consumption rate

Consumtion rate

o "$ O

Control Brown Blue Blue-green

Water colors

Figure 4 Consumption rate of juveniles Asian seabass
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Tnennsulasuulasianssnaeseulsfteganmsaunsouenienisiiulnuasimuinisses
Fnstin1E nslaenutlasianssureaiUFuuaylaluyLFuin1i T/C ratio finnsulAsuuilas denasie
Uszansnmnsdenlusiu ununsresiludasylunanasinuazlundsiile ANAATBINIIATI N1T
aanallsiu wazdmsnisi@uln (Rungruangsak-Torrissen et al., 2000) vail iasannsnsnnimas
1093 UFunarlaluriiliulauduiusiumnueaineinisaaslan dnsnnsaady nsdaasnzi
nanaziluiandudwiunnsasalisiu wazssiunismdseeananan dugan (Einarsson, 1996) fariu
FRINEIUAINAIIAIFNAUENNALTS LA UANIANEI89 Sunde et al. (2001) WL9N T/C ratio 11
UaueauauAnusaneau Saimo salar L. Spaudunusiuniaasyibiuln u@ﬂmnﬁ”Hofer (1981) WU
mﬂ%ﬂ?zimﬁmmiﬂiﬁmﬂma‘n‘l,%ﬂa‘uﬁquﬁmiumﬁ‘ﬁummﬂmﬁmﬁfﬂﬁLﬁuﬁu fesenakesiy
nMsANENT89 Rungruangsak-Torrissen et al. (2006) l&Anslutlarwenuauinuaaneaw Saimo salar

o o o

! oA o a  a pry , A a  a
WU T/C ratio NV‘]’)qﬂﬁmwuﬁﬂ‘u@mﬁ"]ﬂ’]?mﬁ‘ﬁylﬁﬂim“ﬂﬂ\?ﬂ@q IﬁﬁlLN@ﬂ@qﬂﬂuluﬁ‘gﬁmV]Nﬂ’]?m?m LWUIW

T/C ratio azilANge wazariAAaiadninisasyiiuineslatanas Wesanvisdiuuansiansss
° P = o o ) A = a_ a y o
umngligeuasiunumdnAtysianszuaunistdeaains ludasidainsiasaivings nesdiandiu
ulgsflatuvisUiuauansianssuamng1igean Wednsnisiasoyanas AL T/C ratio avanunsnld
o a o a a & 1 v
Wusaiidnanninnisastysiuinvesdadusiazscasls
parasdNuANANNuAanIsIasLALlnrasaInE NI T
nsAnEINIsAENgnLlaInEweIadaiutininuazANENNR AL 10.09+1.09 NFN 8.06+1.03

v

EURLNAS ANNAIAL NeTHRUNALANFIY 4 TANIINAREY LHAAUGANIINAABINLIIIANLRRL T

a

S gn3nisaseylauinsedu dneanissen mm@uﬂﬂ@fm:meiﬂiuiummamm@@ﬁi‘ 4 HAN
LLu@IﬁNﬁ@J@ﬂdﬁnﬂ‘Qﬂﬂﬂ’i%ﬁ@‘ﬂﬂf‘ﬂlu“‘] at 1971 ATYN19atia (p<0.05) A 58.08+2.72 NiusaAn,
0.78+0.40 nfusafImady LAy 83.11+6.48 1efifus Aua1AL s98911AS mmiwmmﬁ' 3, 2 WAz
1 feuBeuiiauAiadeneainees parnena Saenisen m341/13\1'5&1'mnmﬂ?iaummmﬂuﬁfm@mn
qmmmmmfu wudn ldfiaanuumnsneiueenafdadAtynneana (p<0.05) (mﬁm‘ﬁ 2)
ﬂizaw%mwmm?fylﬁu‘ﬂmmqﬂﬂmn:wwmf?ﬂéuiummim@mﬁ 4 wudn sianiniile
E”uzgmm?wmm dwiniiad mmmmﬁ@ayu@‘mm@mmm A e T gm3nsLas AU in
Shansuaniile uazdmsniaTen AunallingIndnaesusazgAn1INaAaes (An9971 2) iREaTUng
NAARY Ustundag and Rad. (2015) W11 Qﬂﬂ@ﬂ Rainbow trout (Oncorhynchus mykiss) ot
geaiviindafingedulududealaanainiiniunasd uadin uazidaaadnaie 69.44+8.81 uas
68.87+6.42 n¥u ilaideaiiluszazinan 60 S WwAnATUNIMARET8s Luchiar and Pirhonen. (2008)
nanal89n anmuadentnudilaamsnzaniunisiasegnilan Rainbow trout Su3u idwiAeariy
Sierra-Flores et al. 2016 istuIngnian Turbot (Scophthalmus maximus) MiagEnEAadaLAE
o =

W@e9 (530 nm.) HERIINIITBARATHTNUINTIANTUAININAMNENLAIANIRY (455 nm.) AuA (640

nm.) uazda19 ANAAU TunnmeaesaFsiuddndayaneatifasldunnsteiuninseudneganig
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i~ o 2 a a  a = o = & a A
NANANN 3 LA 4 LL[ﬂﬂ’]L'ﬂ@ﬂﬂi:@‘l’lﬁﬂ’w\m’]?m?ﬂgL[fl‘]_ICI:[?] slu‘ﬂ‘ﬁ]ﬂ'??%ﬂ@@\‘l‘lfl 4 (AUNDNUINU) HAEN

dl dl a o 1 a a a a o dl al 091 a al 091 al o
‘mgmLmmﬂmumﬂimmmwmimimLmu‘lﬁmn‘ummimm@m‘w 3 (AUNNY), 2 (AUIRA) hae 1 (AUN

FINTNF)

Table 2. Growth performance of juveniles Asian seabass in recirculating aquaculture systems (RAS)

Parameter \ Treatment Control Brown Blue Blue-green
Weight gain (g.) 42.9141.15°  43.93+2.41°  54.87+2.24°  58.08+2.72°
Average daily gain (g./body/day) ~ 0.57+0.02°  0.58+0.03°  0.73£0.03°  0.7820.40"
Survival rate (%) 79.33+2.40° 79.78+7.78" 80.89+2.34° 83.11+6.48°
Feed conversion ratio (FCR) 127+0.35° 125+0.06° 1.15+0.04*° 1.07 +0.04°

Note: different letters in the same row are statistically different. (p<0.05)

a

AIUANTBIANININGD LHARUAANTINARDY WU grungi TugANIIMARedN 1 uaz 4 HA9N
wANEWNAUTLEANNINAABIT 2 war 3 atNNTE1ATUNNATA (p<0.05) dauifiunneaniaunazans
T Aoruiunsa-Ane wanludle-Tulnsau lulasi-lulanau lwnm-lulnsau uasWeanedasan T

AANNUANANTUNN9EDRA (p<0.05) (A15197 3)

Table 3. Water quality in recirculating aquaculture systems (RAS)

Treatment
Water quality
Control Brown Blue Blue-green
pH 8.52 £0.78" | 8.08 +0.02° 8.1 £0.02° 8.04 £ 0.04°
Dissolved Oxygen (mg/l) 431+216% | 529+2.64° | 4.96+2.48% | 436+2.18°
Ammonia (mg/l) 0.31+£0.13* | 0.18+0.10° | 0.29+0.11° | 0.32+0.18°
Nitrite (mg/!) 0.31+0.30° | 0.28+0.16° | 0.34+0.28° | 0.26 +0.27°
Nitrate (mg/l) 0.40+0.27" | 042+0.29° | 0.51+0.33° | 0.39+0.26°
Phosphorus (mg/l) 0.35+0.13" | 0.26+0.10° | 0.32+0.15° | 0.32+0.13°
Temperature (°C) 29.60 + 0.00° | 28.63 + 0.06° | 28.53 + 0.06° | 29.53 + 0.06"

Note: different letters in the same row are statistically different. (p<0.05)
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a7Unannsian
dl a =l 0’/ d‘ 1 o 1 a a 6 1 A a a
\eszilunaresd@innunndeiused ss@ninmaeseulsitdesaisie visdduuarlalu-
e 4 oA e o . caim - 1= z
viadTu wudrgantImaaedi 4 HuwalinesianssunisinuredeulaivisUduuaslaluyiadu soumis

o

fR3aUusEnINg visLdunaslaluvisddu (T/C ratio) HANgegnatindizd)

o

Aty (p<0.05) TedanAReIAL

4

dsz@nnmdnsnisastyiivinaestainsneaadesuluganimasedi 4 [wReaiu nsaaesaisil

v
a o

AeanunsnagulEdndinddaesiiduipumanzandeninidgdannewernadoiulusruniin
MHuLaﬂuLLuuﬂm recirculating aquaculture system (RAS) ﬁ‘fmﬁ”\m'nmqmmﬁ Wae pH ﬁmmmmm
Sulmsireunisdssiiudsyandnmiufiunumérdysenisuansfanssuuaziafiosnimaeaenlesd
waziutadedsanisdenansredndednamit %qmmmﬁﬂﬂ%Lflwﬁ@H@ﬁ”ugmlumalﬁyﬂmm

AT ATIN sTsa

nnRnssuLlsEnA
s BlAusudsrunuaiuayuandineuAMeNIsNN1IIS AT B (9.) T 2560 uay
AN uarAdINATIN1INTNERs NinAnendaudli T 2561 neanziidulasaesaunml’ . A
= o & = o ey oA A = °
uazaavavAniAtzinAtulatinslszaauazninenamiein anangnaausld Neaimeaniunluniemi

o

398 paanauyAAININYINUNNdIusNin IiinnsaauaTatlsraunadEa
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Abstract

This research was aimed to study the growth rate of mud crab (Scylla spp.) after molting.
The experiment was divided into two treatments: 1) the mud crab’s weight was 50-79 grams and 2)
the crab’s weight was 80-109 grams. It was found that the increase of weight, carapace width,
carapace length and thickness of soft shell crab and hard shell crab in both treatments were not
significant (p>0.05). Moreover, it was found that the carapace of premolt mud crab was thin and
easily broken. After molting, the new shell was soft and took 18 days to be fully harden again. This
research provides useful information of mud crab culture.

Keywords: mud crab, growth rate, molting, soft shell, hard shell
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Figure 1 The boxes were used to separate each crab in crab culture (A), using fish for crab feed (B).
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1RALUDITANIINAADIN 1 THUANEANTUNNERA (p>0.05) AULANIINAABIN 2 ausrezinaIRftaIni
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NARDIN 2 (Table 5) i

Table 1 Average body weight (g) of soft shell crab and hard shell crab within 60 days

Parameter Treatment 1 Treatment 2
Initial body weight of crab 70.28+0.81 96.40+1.93
Body weight of soft shell crab 119.32+1.69 139.96+3.17
Increase in body weight of soft shell crab 49.04+1.52 43.56+2.43"™
Body weight of hard shell crab 123.88+3.14 144.28+3.26
Increase in body weight of hard shell crab 53.60+3.07 47.88+2.74"™

Note: Value in the same row, ns = not significant (p>0.05)

Table 2 Average carapace width (cm) of soft shell crab and hard shell crab within 60 days

Parameter Treatment 1 Treatment 2
Initial carapace width of crab 6.86+0.07 7.56+0.04
Carapace width of soft shell crab 7.71+0.04 8.59+0.08
Increase in carapace width of soft shell crab 0.85+0.05 1.03+0.10™
Carapace width of hard shell crab 7.91+0.05 8.78+0.07
Increase in carapace width of hard shell crab 1.05+0.04 1.22+0.09™

Note: Value in the same row, ns = not significant (p>0.05)

Table 3 Average carapace length (cm) of soft shell crab and hard shell crab within 60 days

Parameter Treatment 1 Treatment 2
Initial carapace length of crab 4.89+0.08 5.36+0.07
Carapace length of soft shell crab 5.474+0.04 6.04+0.06
Increase in carapace length of soft shell crab 0.58+0.05 0.68+0.03™
Carapace length of hard shell crab 5.57+0.05 6.17+0.06
Increase in carapace length of hard shell crab 0.68+0.05 0.81+0.04™

Note: Value in the same row, ns = not significant (p>0.05)
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Table 4 Average carapace thickness (cm) of soft shell crab and hard shell crab within 60 days

Parameter Treatment 1 Treatment 2
Initial carapace thickness of crab 3.05+0.15 3.27+0.06
Carapace thickness of soft shell crab 3.25+0.14 3.61+0.09
Increase in carapace thickness of soft shell crab  0.20+0.03 0.34+0.07™
Carapace thickness of hard shell crab 3.35+0.13 3.72+0.08
Increase in carapace thickness of hard shell crab  0.30+0.04 0.45+0.07™

Note: Value in the same row, ns = not significant (p>0.05)

Table 5 Average time interval in molting (days) and average time interval in hard shell crab (days)

after molting of mud crabs

Treatment 1 Treatment 2
Time interval in molting (days) 38.83+4.35 33.77+8.51™
Time interval in hard shell crab (days) after molting ~ 18.16+1.16 17.55+1.33™

Note: Value in the same row, ns = not significant (p>0.05)
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Figure 2 The molting progress of mud crab, intermolt (A), 1-week premolt (B), 2-day premolt (C),

molting (D-E), after molting (F).

Figure 3 The body size of crab was increased after molting, old shell and new shell.

ATTUNA

annsAnENIsEsy AL invesnzaaInIsaanay InavinnisAnEEImin ANNEI

[ 74
a a K

ADTNENT LAZANULNLRAETLANTUTRI nTERasiinuaz A udeanysnl AN 2 4ANNINAADY

v
A o

Foariu lHun gannmaaeeil 1 A Yu1uiin 50-79 nFN wazgAN1INAReIN 2 Ae Ynmiin 80-109 Nix
HANNINAABIWLIANUININ ANNANNNIZABY ANINENINTEADY WATANUWIRRENANTULDINTEADY
fuuazinszaacnds luganiameaesii 1 Tiuansneiunneada (p>0.05) fugANIIMAae 2 uaadn
mm?‘fyLﬁuimmﬂﬂummim@mw 1Uay 2 umm?fyLﬁu‘immﬁmm'ﬂnmwﬁqLLuuﬂumxmmﬁu
< dl v a o dJ dl' ug/l o | ai o =3 :/‘ o ]

wazynszaeulan IndiAenrii $9814LHednnIaINia 2 gAN1INAaeY 1iatantiunAnsniudne lu
naxyauaan Tae Tunvilai (2006) lHuinguauineaaiin Scylla spp. AMNANNENT89NITABILS
Al Agunnetiaandn 0.65 g, Andunguijauinan AunAe 6.50-7.99 1. Aptlunguilauinan
AINNGNS 8.00-9.99 4. AALTuNgNYIUIANAIN ATINNTIT 10.00-12.99 . Anidunguyauinlvgy
wazANNAe 13.00 gu. Iulldndunguyauinlugfiae Inaainnimeassluaisiydaedneluge

a‘l = ¥ QI 1 al” all [ o o o '
NINAaeth 1 uaz 2 HANNNINNIEABIENAWALNIBAWNGL 6.86 LAY 7.56 TN. MNANAL Iaadnag)

Tunguijauadniilauny Gsenauaime liis 2 ganismeassiiniaasgiuiniiniAseiiniues

eaddamalulagnistszas I 13 atium 2 nangaan - fuanan 2562




33

uanaintarnnisnaaedluaistiaziiulfionaunsieeasninuaueednsrnelingesganig
o e .. o o oA <
NAAesN 1 uaz 2 Windu 0.85 uax 1.03 1y, AMNAIAL TUENAINNEIRARTIRNTULDINTEABILT
ANYIDIVINYANIINAADIT 1 WAT 2 AD 1.05 uay 1.22 91, ANa16L d9ln&1AeNil Haemasaton and
Pisuttharacha (2017) N191891U31198A S. serrata AAITNNAI9TBINTLADIANTY 2.70-2.74 T4,
o g 2 o o o o A da & 4 g & |

wasaniaeaiuszeziann 4 e A mFuiiminses)nsvaesiuniiniuessluaislinugn ganis
NAABIT 1 UAE 2 WINAU 49.04 UAY 43.56 NFN ANAIAL doutinuinynezaeudsiiinaueAta0gn
NINARBIN 1 UaL 2 WML 53.6 uaz 47.88 niN mmasu nhaluaan 60 Ju deln&iAesiu Marichamy
(1996) N9n29udi4iin S. oceanica HHNMTNI@ALLANTY 58 NFu LHaRLTUNA 76 41 BULH
David and Abdhallah (2009) $1891u371a8A S. serrata NninNTWeAae 85.9 nFx Waldeiu
1Ia1 120 U

o o = S 9y = | | L e

AuFunnsdAnmszezinatm]lElunsaanasurasganimesssd 1 wudnlduansreiunig
alifl (p>0.05) MUANNINAAEIH 2 T9BALHEINIAINLYT 2 FANTIMaaesanat TungulauIAEn A

S 19y = Yy o C X e

seazianylilunisaananuasindiaesiu Tnasvezinanlunisaanasuaesynziaiuauegfunans
ladt 1w 1uave9y] Tnayndauimanas lszazinalunisaanasudundnyndaua g viseans
nanaladnyndawainazaanamudandnndauialungjiues neny seaznanlunisaanasudu
< N o = & A vyg & Cqy oA oy g
UUANHARNLINEAINT tHasanamnsiunanas Hi3aluuaranAn s sasan nsn i luniaiae)
nzia nsinliiaanauluszazinarduanivanannlflaanisdinaimsvisaansionin wu lalagu
{me Koedprang and Songrak (2011) mmmdﬂm‘immmmmﬂ?xéjuﬂ'\m'ﬂﬂm'\mmgmﬁm T.

P o o s 4 v a A ' L = - Y 60y
crenata 15 ¥3981991N19ININA LU Ain BILAU Y3198 TIN19QrYALTENARINI TN BT
aanasulfiEaau (Singthaweesak, 2003) 1wy

[N AUAANIINARBINLITNAKNARTBINIEABITNAINTANINAASITN 2 1RREWNAY 3,499 NFH
TININNIEANIINARDIN 1 NlFnandneawiniy 2,983 nfu doutfnszaasudsanysnindsaanasiy
IHARUGANIINAABINLIIN GANNINAABIT 2 IHNANARLRALLYINGTL 3,607 NFN TININNINGANITNARBIT

T S ; - o i .

1 Alfnananaanyiniy 3,097 nfu lneinszaesiinaasganimeaesd 1 uay 2 Hauin 8 uay 7 fa/
Alanfu mnandy douynszneuisanysniaedgan1saaee? 1 uay 2 Hauin 8 uaz 7 do/Alaniu
AINAIAL @9 Tiensongrusmee (2010) 918U nsznasiinaiia Portunus pelagicus 111m 8 6/
Alaniu AnuuyBnaualugfivasainisadmielintaniuas 400 um daunseaasuds (1ile)
110 8 war 7 Av/Alanin Heailaniuay 250 ua 280 U ANAIAL Feaziiulidnynszaestia
1110 8 uay 7 Aa/Alanin Henarngandnynszaeaudeniauin 8 uaz 7 do/flaniu Aviuainuanis
naaadlupiafitininnquaniadnuasaiuynseaestinazinliléisnangaindiniaasaiuynsenas
wie neluszezionn 60 Ju

AINN1sANEINIsABNATIUTas NI NS nsvasuisarlsatfaseudnensraesRALLLAY
O . C e 4 o a y
Juth wialn&aanAsunudsassasIna1aEin uan uazuaNaanaINiu Fandiydaenes daiaiiy

eaddamalulagnistszas I 13 atium 2 nangaan - fuanan 2562




34

nIswTENANNTaNdMTUN1TaaNAL 1AEN19ABNATILTEYNZIATUINTEUAIUNTAS 7] N0
a4 9 | = o = Fo ) = =
NEde9 |1 NTTUIUNITARNLUATANNALLARLTEN WaNAINHENHNTTUIUNITt s AT AIa1 TN
ayRusraslafuannszaasi lilazanliimaldlunisasrenseaadlud (Sugumaran, 1996) asnnli
nszaavaadilndaanasuuanuazuanaanainiu Ing Mangum et al. (1985) wudninaunisaan
a dl” dl v = aasa ] v a v ra dgl
AL URnuiatielinssaesasllienvesnistesaans taseainannuaznisasnseaesludinnuuy
wananiainnimaaedluaialidmudn lussudnanisaenasILyazAst o) naENAIRENNININLTIN
08ARTLANEAN AUAINITNABNATILLATIANYINT TearilAzadnesaniin a1ty 6 dalud Taseineeqy
A e L | > o & e £ o o o o =
AziEnudaay Bandiynszane wdandsainidinszaeczesyazudeiuizes < n9evia 10 JU Yaznauniy
TAg9d19udeanai uarilasedngudeanysnidum 18 nasainnisaanas Ui Fandiyitie uiuiueg
= o = = v a P g . 1
TeudInsaenAUaziinszuaunIsaranuAadauazainglafulunseaedlud e lilasaieluid
w < P~ o a Ao . & A o & A 9
ANLdNTW Tnainszuounisasielafiuidu cuticle lwilietialfinszaes tnaitaiieléinsznas
Usznaufaadusig o uanedu iU basement membrane Wludulugnareaiiatialiinszna 4u
— 2oda o : 4 o4& . : AR
epidermis 1 uduiivinniinnlunisduanssing o iiNandu cuticle axtinanssing < imantiuld 1y
o \ v @ & A M . < o o ~ . =
nazuaunsadelarednaliiudenu deludu cuticle tuisznauson T Tlsfu calcium salt uAALEeN
wazlasiu deinutindasliinszaesudaiiues (RosomerandStoffolano, 1998) dailudiayaniesinunig
= A a o = e dy a
wWasuulamedssrananresynianainisaanasiy annisAneluaieiitnseanisuananiduy
nszmasiinfaafivynialu 6 49lus uasanylainnsaenasiu uaziinfiasnisnananidulnszaasuds

anysnd (Yillauin) Feafiuyudinisaanasiu 18 Ju

d9iluna

NILAITYIAUTAT09NLANAINITABNATIL AINNITANHIUININ AINNAIINIZTABY ATINENY

(% '
=K

NITABY UAZAINULLRALTNNNTULDINITADINNIALY NI AT T8I ANIINAREST 1 (1wl 50-
79 N3) 13JLLmrﬁmﬁvummﬁﬁﬁwqmmiwmmﬁ 2 (1hmin 80-109 nw) 1purNIzaziian luniIaen
psuaninszaeudaBusiudulnsraedlin uazainynszaestinliiiiunszaesuisanysaitesganig
naaesi 1 Aldunnsneiun1satfiuganimaseed 2 i uansliviudiiyfaetieanniis 2 ganns
= a a P P o | a =
NAABINNITATEYALIAN INAAENTW 9UTUIAT8IUAIN1TaRNATILNLFIYNTTARTNEIUIA 8 UaL 7
o/Mlaniu Tugan1amasedil 1 uazgANIIMAASST 2 ANNAIAL [MwRaiuYnszaaudsanysnilawin
8 uaz 7 fyilaniu Tuganimaaasil 1 wasgan1anaaedn 2 Auansu Inaynsznesiinawin 7-8 Ao/
Alanfu azgnamaluseingindnnszaasudeniawnn 7-8 da/ftaniu saiuiintihauinainis 2
n:lgj -QI o v v QII 1 ngj <1 rd‘
fanNINAaaINAETunsvaeslinazyin i lisangendanisiaaaiulnseaasude anysnl Geana

> ° = A a A o v & ‘-44' A oA
AANNINITANILNNEAN NN munuLL@ZN@m@ULLWHT@Qﬂq?L@ﬂ\TﬂmmgL@ LW@Lﬂuuﬂﬁzﬁ@\?uNV?ﬂu

nszaeudsanysnisia

eaddamalulagnistszas I 13 atium 2 nangaan - fuanan 2562




35

naAnssNUsEnA

a o o

uadsilaFunisatiuayuandntneunesuaiuayunsiay (ana.) dnaguauuazdiny
Usznmyunmuindsagaiumbsaanisieguaunazdsny wandnynn RDG5940004-S11 uazyais
sienisdaiddnanadnans Usznelne (TSF; Toray Science Foundation, Japan) Uszinnynu

FoeUABNNAUIREANENANERS LAz AlLIaT ATIN 23

LANA19D19DY

David, M.O. and Abdhallah, M. 2009. A preliminary study on the response of mangrove mud crab
(Scylla serrata) to different feed types under drive in cage culture system. Journal of Ecology
and Natural Environment 1(1): 7-14.

Department of Fisheries. 2018. Fisheries foreign affairs division.
https://www4 fisheries.go.th/index.php/dof/main [in Thai]

Haemasaton, T. and Pisuttharachai, D. 2017. Productivity improvement of mud crabs Scylla serrata
(Forskal) in cage-pond using different sheltering materials. Thaksin University Journal 20 (3):
1-7. [in Thai]

Koedprang, W. and Songrak, A. 2011. Soft-shell spiny rock crab (Thalamita crenata) production by
molt inducing methods. Journal of Fisheries Technology Research 5(1): 66-75. [in
Thai]

Mangum, C.P., Defur, P.L., Fields, J.H.A., Henry, R.P., Kormanik, G.A., Mcmahon, B.R., Ricci, J.,
Towle, D.W. and Wheatly, M.G. 1985. Physiology of the blue crab (Callinectes sapidus
Rathbun) during a molt. pp. 1-12. /In H.M. Perry and R.F. Malone, eds. Proceedings of the
national symposium on the soft-shelled blue crab fishery. Mississippi-Alabama Sea Grant
Consortium and Louisiana Sea Grant College Program.

Marichamy, R. 1996. Crab farming potential in India. Proceedings of the Seminar on Fisheries-a
Multibillion Dollar Industry, Madras pp 115-112.

Rosomer, W.S. and Stoffolano, J.G. 1998. The Science of Entomology 4" ed. McGraw-Hill Inc., New
York.

Singthaweesak, W. 2003. Soft-shell cultured of mud crab, Scylla serrata (Forskal) in cement tanks.
Fisheries research, technical paper no. 1/2003. Coastal Fisheries Research and
Development Bureau, Department of Fisheries, Bangkok. [in Thai]

Srimeetian, P. 2010. Antioxidant and lipid peroxidation in molting cycle of mud crab (Scylla serrate
Forskal 1775). Master of Marine Science Program in Marine Science Faculty of Fisheries,

Kasetsart University. [in Thai]

eaddamalulagnistszas I 13 atium 2 nangaan - fuanan 2562




36

Sugumaran, M. 1996. Role of the insect cuticle in host defense reactions, pp 355-374. In Soderhall,
K., lwanaga,S. and Vasata, G. R. eds. New Directions in Invertebrates Immunology. SOS
Publications, Fair Heaven, New Jersey.

Theppanich, A., Tamtin, M. and Nooseng, S. 2011. Culture of mud crab (Scylla paramamosain
Estampador, 1949) using artificial diet. Fisheries research, technical paper no.
19/ 2011. Coastal Fisheries Research and Development Bureau, Department of
Fisheries, Bangkok. [in Thai]

Tiensongrusmee, B. 2002. Mud crab. The Thailand Research Fund (TRF). Bangkok. [in Thai]

Tiensongrusmee, B. 2008. Blue swimming crab. The Thailand Research Fund (TRF). Bangkok. [in
Thai]

Tiensongrusmee, B. 2010. Soft-Shell crab (Portunus pelagicus Linnaeus, 1758). The report no.
RDG520075. The Thailand Research Fund (TRF). Bangkok. [in Thai]

Tunvilai, D. 2006. Muddy crab fisheries around the eastern coast of the Gulf of Thailand. Fisheries
research, technical paper no. 24/2006. Marine Fisheries Research and Development

Bureau, Department of Fisheries, Bangkok. [in Thai]

eaddamalulagnistszas I 13 atium 2 nangaan - fuanan 2562




37

/‘-gamzl?m’lﬂ‘a‘zm.lﬂﬂﬂﬂﬂﬁﬂimﬂaﬁ:ﬂﬁﬁunﬁﬂu (Macrobrachium rosenbergii)\

Digestive system histology of giant freshwater prawn (Macrobrachium rosenbergii)
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ANRNATY AANIEANIA, TNANNNIIN, STUUNINAWRINNG, Macrobrachium rosenbergii

Abstract

This study of histology of various organs in giant freshwater prawn (Macrobrachium
rosenbergii) aimed to be reference for its histopathology determination. Tissues were section and
stained with hematoxylin & eosin. For muscle tissue, it consisted of long cells obviously aligning
parallel with mucus cells and epithelial cells. For gill tissue, it showed branching form and arranged
neatly and tightly. For stomach tissue, it consisted of 4 layers of mucosa, submucosa, muscularis and
serosa, which each layer consisting of smooth muscle and loose connective tissue. While intestine
tissue consisted of straight mucosa tissue with 3 layers; folding and coordinating mucosa, next layer
of muscularis arranging in circular and longitudinal, and thin tissue of serosa layer. For
hepatopancreatic tissue, it consisted of hepatopancreatic tubularis, which clearly separating from
connective reserve inclusion cells.
Keywords: histology, giant freshwater prawn, digestive system, Macrobrachium rosenbergii
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Lightner, 1988)
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Figure 1 External anatomy of giant freshwater prawn
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hepatopancreas

intestine

Figure 2 Abdominal anatomy of giant freshwater prawn
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2. TAS9A519NIANMEINIATBIBINITURINIMNNTIN

lulaseasandnuitievesfisfinunau nudiszneufaemadgiinaea Gearuiuiu iluls
srau isanizAuat e oniunariianse n1IWmMUILeY mucus cells WAL epithelial cells
o o i =3 Yo A A o o % o g . . . a
anwnuzilszaruiuetaiulidn InnstianaaduiuaiunislAseaasaisa (Sinchaipanit, 2012) tnad
snwuzpsaiuiledentuileveiulentng SeiinnsBacihresdulangraile (muscle fibers) ating
=
X

Wusziden (Viyada et al., 2013) LL@z‘Luqmraummm (Homarus americanus) d hemal sinuses RN

winlA9as1999nEH LS skeletal muscle (Shields and Boyd, 2014) (Figure 4)
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\ @ N\
~ Rostrum \

=L sté‘;ififi"’}“f* e

0.25 mm

Figure 3 Anatomy structure of giant freshwater prawn with 10x magnification

Figure 4 Muscle tissue of giant freshwater prawn with 40x magpnification

HS = hemal sinus, ms = skeletal muscle fibers
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Lodhi et al, 2006; Sharma and Subba, 2005) (Figure 5)
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Figure 5 Gill tissue of giant freshwater prawn with (a)10x and (b)40x magnification

Pl = primary lamella, CS = central sinus, lam = lamellae,

L= acuna (capillary lumen), con = connective tissue, S| = secondary lamella

A9ULHALHANIZINIZBIUNTTBANAINNIIN (Figure 6) WU4NLHBLEHATRINTTINAY
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) . 2 Ao P G R o o o o R o o o
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2119 WaNAINL nuclei §adANaNINuANEsiuNeluad (Sousa and Petriella, 2006)
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~ v )~ o A& A P ) £ = v
ﬂl‘ﬂﬁﬂ?tLW”lZV]Iﬁﬂ&Iﬂ"J’]LSJ@L‘].F%EI‘LILVIEI‘]_Iﬂ‘]_ILu@Lﬂ@ﬂﬁ‘zLW"]zﬂ@\?Q\’IEJ@EI (P. argentinus) MNNAYNNINUAY

TRINTUNIAUAL LANFANNAINTUIATR9AAA (Icely and Nott, 1992) wananiuaneuslasagsng

& A o =2 o v ° v .
Waltlanszinnzea1n1sadnaAaiufenanan (Penaeus monodon) fiamene (Melapenaeus ensis)

(Lin, 2000) wazfiariiannguaws andiae (Icely and Nott, 1992)
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Figure 6 Stomach tissue of giant freshwater prawn with 10x and 40x magnification
M = mucosa, S = serosa, Sb = submucosa, Mu = muscularis, L = lumen,
Lp = lamina propria, Gg = gastric gland
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finunsuiundnaadeniufsana (Penaeus setiferus) Taeludouaasduiiiaitie epithelium Usznaulyl
o o & al v o o = o a o =< ol Ao o
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AvFuitlaiesuuazAusaueafisinunu (Figure 8) wudnilalafuiazAuaaunyie
hepatopancreatic tubularis (H) %\‘lgmmﬂ@@ﬂmﬂLﬁmﬁmﬁmﬁu reserve inclusion cells TasilansUy
Taseassneailaitiadiwasfudaundanasiusuaeaulufislas (P. argentines) wuanlu tubular gland
I 1% dlgl dl a . . - 1% 1
wiiaz tubule Usznaullfaeileitiesiin epithelium wazldaa 4 cellular types 16un embryonalzellen
cells (E), fibrillenzellen cells (F) daa1daumsziililafu, restzellen cells (R) ﬁiqa@lm%umimmﬂ,mmﬁvm
@130 WAy blasenzellen cells (B) MMutnMLAgafUN13ARNAY (Sousa and Petriella, 2007) Wananiiis

¢§l9WL metacercarial cysts m%@uﬁ@gh hepatopancreatic tubules Tnadnenzlnsaasaaine ARy

LATALIAA1ARY brown shrimp (Crangon crangon) (Stentiford and Feist, 2005)
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A)

B)

Figure 7 Gut tissue of giant freshwater prawn with 10x (A) and 40x(B) magnification

(B)

v 7 pA r"
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m ,.‘ ]

%

B

Figure 8 Hepatopancreatic tissue of giant freshwater prawn with 10x (A) and 40x (B) magnification

L =lumen, rc = R cells, ec = E cells, fc =F cells, bc = B cells, Bm = basement membrane
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Neyganeuazgunasaassslddainawaas Hemibagrus filamentus
(Fang and Chaux, 1949) annudiiant nmalawasdssindlng
Ovarian histology and its health of Hemibagrus filamentus

(Fang and Chaux, 1949), from the Tapee River of southern Thailand

Yens ued’, Aadde 1@u1snI>, AAYS Walseia35°, 1au) LneRsEIn®
q o a9 @ a9

a o

995038 Asaansana’, wua InReziun’® Benua 1Weana’

LY q

Piyakorn Boonyoung', Sinlapachai Senarat®’, Pisit Poolprasert’, Jes Kettratad®",
Wannee Jiraungkoorskul4, Pahol Kosiyachinda5 Theerakamol Pengsakul6

'NANNNERNAANENS ATIEANENANART NVNINENAUAATUATUNT a1tnavnalun Sandngean 90110
1Department of Anatomy, Faculty of Science, Prince of Songkla Univeristiy, Songkhla, 90110, Thailand
‘NPT AINENANARININZIA ANANENAIART ITAINTIINMNINENAE U7Ndl ngamW 10330
2Department of Marine Science, Faculty of Science, Chulaongkorn University, Pathum Wan, Bankok, 10330
Corresponding author, e-mail; 'Senarat,S@hotmaiI.com, **Jes,K@chula.ac,th
‘a1 TVInen AngAneAaniuazmatulad snanenduseiniyaairin enneies damdafivnglan 65000
3F’rogram of Biology, Faculty of Science and Technology, Pibulsongkram Rajabhat University, Mueang, Phitsanulok,
65000, Thailand
‘NATTINENETNINEN ADANENANART NINANLIALNTAAA TITNR NFAUMW 10400

4Department of Pathobiology, Faculty of Science, Mahidol University, Ratchathewi, Bangkok, 10400, Thailand

"NARTNTNANGN ALYANLNANERT NNANNALNTIAN ST NN 10400
5Department of Biology, Faculty of Science, Mahidol University, Ratchathewi, Bangkok, 10400, Thailand
6 a Cd a o a o« o 1 e o
ADIZINATAN TUANE NUNINNALANTATUATUNT anarIa g A9udnasaai 90110

6Faculty of Medical Technology, Prince of Songkla University, Songkhla, 90110, Thailand

UNAREa
a oo :/I dyd a a o 1 A ' 09/ = 1 14
NdaATRANNysIneuazqunazeesildUanawassanuaitingl Tuderguiuas
09Hu wAZINAIBEIINEUNIEUAUNTNIAITIUN AR AN e WudnTeldrestainaw@esd 1 4
wazAmd UL asynchronous development oocyte An1sWmBNzeamad lflu 3 svay Ae svavnig

Wmuireslalelnian srazdgund uazszeznaugi Inalelelnillongnimuiaulueiives

a a o

PRNNIINUS dauszezlgunil uazszavRaggnimun luansenesAe NN N ielinudnszas

Uguniiuteesndu 3 szazees 1Hun szaztindledaniledy szazinestionaleds uazssaveaudnsall

anduaznaiffateailala uazsvayyRaniutseanidu 3 scazean 1Hun svavfiuaasnisimunaas

a a

lanRand srazfingaesnsimuaad lyAunl douszaznisasoyiniveamadld dAmiunistseidiv

q
' 1%

qun1rresisldlnenisliqantanesinenndusaiied uazAuoniaugnaessaslsATIinlY Na

n1sAnmanudn 2 geiinisdevessadle vislusrerdgugiiuazszazyiagiAndy 100 wefidusdues
oy @ 4o o | = . | = o

ANTNTH T WISz uLALRUf el anamAesiianu@essanisanasesaad b1 uazien iy

ANranadradllszainslan s

(2
[

o ° v | 1 aa =
ANAAT: ﬂ"l?’&?’]xﬂlﬁﬁ@@ﬂl"ﬂ, ENi“IJ, ’Nﬁ‘].l"lﬂﬁ‘ﬂ, UATATETINTNT

eandemalulagnisdszas T9 13 atuf 2 nangnan - fuinAN 2562




47

Abstract

The aim of this study was to observe the ovarian histological structure and its health of the
yellow mystus, Hemibagrus filamentus, collected from the Tapee River in dry and rainy seasons.
Samples were then carried out using standard histological technique. The results revealed that the
ovarian morphology of H. filamentus had a paired organ. It was considered as an asynchronous
development oocyte, which is divided into three main distinguish stages i.e. oogonial proliferation
(OP), primary growth phase (PGP) and secondary growth phase (SGP). The development of the OP
was observed in the germinal compartment, whereas the PGP and SGP were found in stromal
compartment. As to details, three sub-stages including one nucleolus, perinucleolar and oil droplets
and cortical alveolus were observed in the PGP. Whereas, the SGP was classified into three sub-
stages, early secondary growth, late secondary growth and full-grown oocyte stages. To observe
the ovarian health, it was assessed using histopathological biomarker. Prevalence of all lesions
were present as a percentage. The atretic follicles appeared during two seasons in both PGP and
SGP (100 percent prevalence). This observation indicated that the reproductive system of H.
filamentus associated to decrease of ovary that reduced of ovary in H. filamentus relating to
decrease of fish population.

Keywords: Oogenesis, Follicle, Bagridae, Nakorn Si Thammarat
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Winwraestalalnilie (cogonial proliferation) Ngnussanieluge wea oogonial cysts dvagisanniu 4-6

& ] = . aa a 1 1 Ty a a 12 %
was wiazlalalnilian (oogonium) Nmm@ﬂmmmlmy@gmmﬂmqmmmﬂmm wazAaNsaLfae

a

TAnaNaT (cytoplasm) mmaﬁm‘qﬂmmﬂ%u (Data not Shown)
AIULBIAATANDA ABNNITNNUAGNUENANNIRANUBAABNNITNLNUA AeduiuaNuANY

LU (basement membrane) (Figure 1E) WAZAINITOULNNTELAUAINAUNLTAR 1 el 2 sz8s

a a

Aa srarn I uIEad ldulgugH (primary oocyte growth) LazszaznIsWIUIEA S M duyAug N

q

(secondary oocyte growth) (Figure 1-3)

srEzNSWALILTAA IITUlgupisenausae 3 ssazdan Aa

v
1]

1. szaziindlaaanileau (One nucleolus stage) Tuszazilinad lafaunnlunjau (Usen 50-60

o

um) Hotpdsaaunnlug (s 10-15 um) agnansmasfianfndauy waslansusAuae §

]
=3 a

Tadlada (ucleolus) nikeu Andainaidia (Figure 10) uavdensaudaelalnnanaduiifadaaadiuuniy
(basophilic cytoplasm) Wiafeususzezlatalniley fnwnsrradlsesipdn AU AN Tad
laludainawmang Hemibagrus nemurus (Adebiyi et al., 2011) danwiluwiia Parambassis siamensis
(Okutsu et al., 2011) wazila meiiNeunea Barbonymus altus (Senarat et al., 2013) @ﬂﬁ\iiﬁ?ﬁmwﬁguwﬂ@a
wa linudsngnielindesgansemiuuylfuas

2. 9zazIND3IUIARLAAd (Perinucleolar stage) Imzﬂtz?fmmmLﬁn@@"lmﬁ”mﬁnﬁfaﬂ (Uazunnu 80-

o

9oum) Haadaazlianansualug (Uszunns 20-25 um) naluiifinadledananssunaEeeuuudany
piaflapaea (Figures 1D, 1E) Trlmanadufndsadintiosndnssasiounting ansnzdangnndneni
AunisAneadtdludatdainawmans H nemurus (Adebiyi et al., 2011) any Tridentiger
trigonocephalus (Hwang and Baek, 2013) LL@:ﬂmnﬁ‘:@jﬂLL%\‘iﬁLﬂﬂ (Senarat et al., 2011; Boonyoung
et al., 2016) sesipudunaiutuneadifa fouseLimadld (Figures 1D, 1E)

3. srauzaadansallanduazAasAnaLaadlala (Oil droplets and cortical alveoli stage) \iaA L4l
ﬁmmmlﬁmﬁyu (Uszanns 120 um) AdnrzasTiinunneghasilEde TanAsa I AEnas (Lszano 40-45
um) wazdgdsdlaiuviuen fenavuiianaledaseuidediniandaa (Figures 1F, 1G) Gunugeuaialen

nszanasaegnelulilananads (Figures 1F, 1G) @adngelamaniiiluneslusiuuazgraiffauean
Talaaunndn (Figure 1B) Wagannislnisfianddunendaunasaledy was waslenndndaus Tu

amnsnuentfesilsznauiasessiinld aannismunauenatsaunudn pandrAtyzesienladuae u
a s miudanluszaziageu (embryo) (Wiegand, 1996) AuiunaiffautaadlalalunuimdnAmylu
nstasiunisdinnneesalinnasainnistfjaus visesandinisdausden (polyspermy) nelsinaln

o

1091fj381AR3AAR (cortical reaction) (Nagahama, 1983) sreizENWLEUIIWILIRLEAT (zona radiata)

o an o

Hanmozdluduung o ARURsenAuielea (PAS reaction) aeinednias (Figure 1G) wazdunaadifia
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& o 1 3 1 A ¥ ngj & 14
AanFAdsaNnmautseanidu 2 Tudes Ae Arulwiduduisadunsylasi (granulosa cell) uazfuuenidu

TumadnAn (theca cell) (Figure 1G) ninNaasiumadwanineadeaiunisaireaadiuumavsadumad

ﬁm’i"lﬂmmlﬁm‘@ﬂﬁ(steroid producing cells) (Nagahama, 1983)

a [

AuSuszarmeNauITas dduRAagd ssnsoutaily 3 szavdes A

u

1 oa

1. SLEZUTNURINTNAIULTAA lANAaNN (Early secondary growth stage) 1U1ATALARLALANAY

Q a

wazdgidenan (Figure 2A) Assiudnuiuaunamad RN net9daLaw (Uszun 300-320 pm)

'
a aa o

dl = & dld a a % o 1
WevanniBuiinsazanlodn unsya (yolk granule) NRLGTeTUNBIRT wulutsnalndnilareasad
(Figure 2A) fiayjaliaanndasiunissasululainamaes (Adebiyi et al., 2011) uaztlanaiingus) Lawn
daluuAatAaLlIariagaulils Scomberomorus brasiliensis (Chellappa et al., 2010) uwazdalgaaniiauu
ARNUUN Gasterosteus aculeatus (Selman and Wallace, 1989) ninaaaldnng Aa Wua13919TLAY
A v o ax o g =2 o a
NeadaeiunTzUIRNNILeATNIaIlaN luszazAaeat uﬂn@’mumﬂﬂﬁﬁlwa’mmmmwuqdLLmeT@@ﬂ
seanaaginll Wadingsrasnawmuiciad lsrasyfond dFulnuisiendunacieasdinanaifaeie
o o & A o \ % o | | ¥ | %

ninauazsngdaaunnnay Lm@fgmﬂﬁmzmmuLﬂmmmﬂummumhLLMLM@;LSHM%J anelfinng
muqmmafaﬁumm (Selman and Wallace, 1989; Senarat et al., 2017)

%4 [ [-4

2. §EUSVNEURINITWAUNLIAR MINALNN (Late secondary growth stage) aadlilusza vl
mu’m’lmﬁ”u@ﬂw,ﬁuiﬁﬁm (Wsznnnu 600 um) wazdnnnsauLielAen 3 szazees InaRaisainainnig
Wanuuasesiiandaa szazusnwudnilapduaagnsananagas (germinal vesicle center (GVC)) uaxd]
gﬂﬁ‘wvl,muiu@u (irregular shape) (Figure 2B) %u‘llsnmLﬁ?aL@m'*ﬁguLL@:W@@ELﬁ@@m%ﬁqmﬂﬁﬂgﬁmw
(Figures 2C, 2D) azmﬁmmgﬂéﬁwmﬁqmﬁmLﬂﬁlﬂugﬂéw pEEnsruNnfiFen uazdeuilli oo
watdalna (animal pole) ﬁﬂﬁﬂﬂi:ﬂ:ﬁd’] germinal vesicle migration (GVM) Fafuguuuaedlail
Taslng (micropyle) nelulatananadafinnsazanlodaunsua uniu (Figures 2E, 2F) fwitgeusaala
anulfinszarauazunsnagseudngliuas adnapdsiunisdnenlulainamass Hemibagrus nemurus
(Adebiyi et al., 2011) ﬂ@’mi:‘vl\? Hemiramphus brasiliensis Wa s Hemiramphus balao (McBride and
Thurman, 2003) @:ﬂ:ﬁﬂﬂzgmm?:mﬁﬁqLmaﬂmf_Tqmﬁgﬂéﬂmﬁww&ﬁum%@yﬂq AT IUNATIENAdRENg
winlidn (Figure 2G)

a M @ A = a
3. s:mmmsmﬂ,vﬁmhmw (Full-grown oocyte stage) mmmiummm (Uszunnu 650 pm) LAz

o

2
o 4

duganingaesniswmuvasaadla liwuiiaidaa (Figures 3A, 3B) asainnisaanaaadniisiianfsa
(germinal vesicle breakdown (GVBD)) uaaHinileniauanaInswmun 18 Ea s La5ad un1suLatas
sraizliana Ju (prophase 1) nsilasuntlasmaniinnlifimad lddnisadnyiun wianazinisanld

(ovulation) neia luduuazrginaiidauaailala deaselutFnureureamad lddumn wanainiduls

wshlesfuLazneadAaAaITLALAILAZ UENTE I NaasTuilAann (Figure 3C)
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ANNANL1B5UBI5IL

4 % c A = U :/I = U o 1
ﬂﬁﬂlﬁlﬂ@@\‘i@q@ﬂi‘ﬁ‘ﬂ%%ﬂﬂimLLZN N@ﬂ’]ﬁ‘ﬂﬂ‘i:f’]WlI'J’WNZQ’ﬂ\H]@Nﬂ’]iﬁ]@ﬂ@\ﬂ]@\usﬁ@@iﬂ

a o

v v | v
(atretic follicle) W78 EN1TW R uwwnmﬁ‘im’ﬁuﬂguﬂu (Figure 3E) NUAN® L ¥ NITIAONTD 9T U

a

% 1 a

Tsﬁmm‘aLfamm@szuwa@'ﬁ@ma (Figure 3D) WAZILHENIIWMBITAA b9 At fluananisidenaes
%uisﬁu’]l,?ammﬁLL@Z%HW@@@@@’]% mzmmumﬂ?ﬁ'@mmiﬂﬁmmm@ (Figure 4F) Antiu 100 wWeddusinau
TNIN (INAUI = 20 FIBENN) fegaulun)iluszasdi 1 uaz 2 FINNIATFIUNTWLNTT NI 2109 TAR b
Senarat et al. (2015b) AnEMIzEINIMANTTLaTeaTUN1TTIAUARNANTRIMS AEUNNH waznistuidien
uafnluAuandendianaduat (Blazer, 2002; Cross and Hose, 1988; Dietrich and Krieger, 2009;
Johnson et al., 1988) Blazer (2002) fl4a3u188n41 m?tﬂ@mmLéﬁ@@’iﬂua:mﬁfuﬂguqﬁﬁnLﬂumm?ﬁ'
Aendastuninuideonsesannailufunsdon senadestunifnmaes Senarat (2011) WUIN19HRUAY
wad laesdannyads Puntioplites proctozystron Tuusinung Samdanin Wwuiu ensanulFunu

= A A ey a &
mm@:mwu‘lum@Lﬂmqvl,mwmm

a1
1A79831920959 [ LAZN LU UNIW U EAS MiUanAwaaIn @ 1u Tl 3 sz THun svey

nsimunzedlelelnifie sveznisimunreasadlityuni (razliandledaniledu szuzmestionaleds

a a

wazsrezeauansatianduazpeifidaueaitela) wazszarnavmunma s ldyRani (F2avuIna89NI9WENLA

q

a a =

AR [ AENN s fine1eIn 1 IWMUIEAS LIAL)E uaYsTaznIsETIANNUeYEas 1) A1FUnIsAnga

q

a

nenesnunislevevmad ldlusze v Matuetnedaau Deuddienismaiiena liguuss wivandad
4 o Aa o | A I . o Y = o i
nawaesAssIIndae luwitianl dendifoywsequninzaeislilneanizzanisanaseasaiuanled

anysnl
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50 pm
—_

Figure 1 Morphology and light photomicrograph of the ovarian structure (Ov) and oogenesis in
Hemibagrus filamentus ( A-G) (Bv = blood vessel, Fc = follicular cell, Gc= granulosa cells, Ge =
germinal epithelium, , N= Nucleus, Nu = nucleolus, , Oc = Qil droplets and cortical alveoli stages, On
= One nucleolus stage Ov= Qvigerous fold, Pe= Perinucleolar stage oocytes, Ta= Tunica albuginea,
Tc= Theca cells, V = vacuoles, Z= Zona radiate. (Harris’s hematoxylin and eosin; H&E, Periodic shift

reagent; PAS)
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Figure 2 Light photomicrograph of the oogenesis during secondary growth oocyte in Hemibagrus
filamentus (A-G) (Esg = early secondary growth stage, Gec= granulosa cells, Ge = germinal epithelium,
N= Nucleus, Lsg = Late secondary growth stages, Tc= Theca cells, Yg= Yolk granules, V = vacuole,

Z= Zona radiate. (Harris’s hematoxylin and eosin; H&E, Periodic shift reagent; PAS.
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Figure 3 Light photomicrograph of cogenesis in Hemibagrus filamentus (A-F) (Ap = atretic follicle of
primary oocyte growths, As = Atretic follicle of secondary oocyte growths, Dfz = degeneration of the
follicular layer and zona radiate, Dy = degeneration of yolk granules, Fg = full-grown oocyte stages,
Gc= granulosa cell, Tc= Theca cell, Yg= Yolk granule, Z= Zona radiate. (Harris’s hematoxylin and

eosin; H&E, Periodic shift reagent; PAS)
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uUNAAgLa

N3ANEINUGANARTITAR1891a1T9NeY AINUTMLINIATUST AaUdRUIBa TaenIsLsdes
TasTulauannle flanunudlastulonuwuusssuanina 19dandn uazuuuues nanis@nsinudn tanda
naantasTulananwaaes (2n) Wini 50 uvie ﬁﬁqmuiﬂﬁﬂmﬁ”ugm (NF) @i 100 iamAfupzine
He waslanildsznavfaa lasTulangiinmnmurisnawialug) 8 wie duwnimwrisnawialug 10
Wi 2 lATEUINAIUIATULY 4 WS IUNIEUNINTUIANATN 8 WM FULNNILEUENAUIANANS 8 LY
wazazlaTuviznauIAnas 12 wis annnisfianunudlasiuloununues wusiurdssesuas (NOR)
U1 [ uuLmu%mﬁgummim‘imﬁmﬁmmelfﬁum?ﬂmmmlm&i@;ﬁ 4 %@yjﬂmaﬁmﬁuﬁqmmﬂmﬁ:
annsnin sz Tamifnuadeunsnids iy uazmnuduiufidadmuiniseslaiseldls gaauas
Talnflasstandanes Aa 2n (50) = L™ +L°" L7+ M™, +M™" +M7

Adra: Taslulon wrslalnil dar@anas

Abstract
Cytogenetic analysis of Rasbora einthovenii in Sirindhorn Peat Swamp Forest, Narathiwat
Province was studied. Chromosomes were prepared from kidney cells. The staining techniques
were Giemsa’'s staining and NOR banding. The results in this study showed that diploid
chromosome number of R. einthovenii was 2n=50, fundamental numbers (NF) was 100 in both male
and female. The karyotype is comprised of 8 large metacentrics, 10 large submetacentrics, 4 large
acrocentrics, 8 medium metacentrics, 8 medium submetacentrics and 12 medium acrocentrics

chromosomes. NOR banding techniques demonstrated that there was 1 pair of NOR exists on the
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short arm of the large metacentric chromosome pairs 4. These cytogenetic data could be used for
further studies of cytotaxonomy and evolutionary relationship of fishes. The karyotype formula of R.
einthovenii was as follows: 2n (50) = L"+L°", +L°,+ M", +M*" +M°

Keywords: Chromosome, Karyotype, Rasbora einthovenii

AU
daGanes (Rasbora einthovenii ; R. einthovenii) Anatjluasdlainziiew (Cryprinidae)

] 1 1 v v 1 1
Faduasdnlugnaaludlainan wazegluana Rasbora iutlanturaninugnguuazianiusialy

a

faandnanylusdiiueinisassauluguun wasinniandrdn lundvoeldennsanusssueng (Uk-

katawewat, 2004) UarGanaailullanNNIUIARA ANHILAFABHINTINTIZUBN WAL LLWTIANTIas

o

aFAdNeaNnes Juaudnaining1aaindanldfiereuasumng (Figure 1) (Vidthayanon, 2004) 4aLily
dandanfpoinanseusnaiinuilanesing Hduenduegilng@suas
Ungdussvisatlngiizuas iulwgneauanysaiuinigaludszmalne uunasiugnsss

10491la1uardRS1naY 7 (Vidthayanon, 1997) danansaiiadulanenizdunnulfianizitmgdiu

Lo = a I~ o a , e | a Ada A o \
Y1 FaNDNUATIN D ﬂq?Lﬂﬂvlvaﬂllﬂ’]LLﬂzﬂ@ﬂ??N[:"]’N ‘”I BIANENNRYgd @QN@W@@QN%QWW@’W‘E@HIH

a

'8

tng Ineanizedetsdauwazdndingy o) gauvnellatnmnidauazideassanisgoing (Posa et al.,

Kl

2011; Dudgeon, 2005) 41ufunisanuwugataniaagaesilandoana Rasbora lusngilszimas
n1gAne ludandaniensslng (Rasbora trilineata) Uardadineaarulvel (R. heteromorpha) (Post,

1965) Uan@amanawun (R. daniconius) (Khuda-Bukhsh, 1979) waziand@a (R. buchanani) (Manna

a o

and Khuda-Bukhsh, 1977) daf4nuaulasiulay 2n=48, 50 uay 50 Auansy daulutsznalne
718974 lula1E9A18411R31 (R. sumatrana) (Donsakul and Magtoon, 1995) 1lan@autsaan (R.
caudimaculata) Uan@a (R. myersi) dan@amang (R. retrodorsalis) Uan@amanaununn (R. paviei)
(Donsakul and Magtoon, 2002) Llan@amqe (Seetapan and Moeikum, 2004) dan@aaananwdn Uanma
U19WAY (R. borapetensis) Uan@au1ansslng Uan@anas (R. einthoveni) daradinsuanulugy

(Donsakul et al., 2005) Uan@quan (R. agilis) LarGanasan (R. dorsicellata) harlarFanasund (R.

i

rubrodorsalis) (Donsakul et al., 2009) FawuandawulasTulan 2n=50 windunnata udnuduesle

Indlumnsnariu
~ A & a A Ao A o = o Iy
HasanUanFaliauuananasia UN91iaNanHaisn18uany JANNARIEARIAWNIN N1

o

o o = I a o v a o O v a o aa &
@ﬂwmzmmmgmmm@mqmemwﬂuuqﬂmmiummmmLLuﬂ ﬂ@f«;uuvl,mmmiumﬁmiwmmz\l

2 o [ &

a A -ﬂl o A o o a
8NN (Cytotaxonomy) IagliAaainaariuiugrianiteumadusrendlilunisdnauunaiin

Kl

1la1 (Esmaeili et al., 2008) N19398ATIDNIN1TANHIAN UL 199TAT TN IEN WALATIAAALLATAINNE

o

IAsTuls (Chromosome marker) #28R8n1350NLAUATATIN TN LLLEIINAT WAZULLILASNAAAN UL

a
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b%

tunaselslulanasenfidue (rRNA) Bvdiayanlfaziiulsclamilunis@nmfiuaynsudsiuuaznig

Uszensfldsialil

o a
AUnTLAEIaNNg

tndetiedanones isasl ng&suss AamdnusEana AUl 10 6o (WAE 5 Aa LnALEe 5
o = o a a o I 3 A = v =l
A7) NmzaNtAsinlTNInenN 1A HRNITIREBLNe N Y 4 TuRaw AanITRTaNTAsinEy N9diaNa
IasTulan nsmeaganinsTulan wazn1sdpnumslaniluazaslannsy Inaddunaunisatiunisias

o dﬂl

a1
1.n9uaaNlAsINlEN

¥
o o

Faviwninilan aniiudeanlnadty (Colchicine) AuLINT 0.05% Wnd3ndasviasaasan
(Wrunnvaeslaaddu 1 Aaaams/100 ﬂﬁ?mfﬁuﬁﬂﬁqﬂm) A8 1ilun19idufannlaganisang
Campiranon (2003) ka2 Chen and Ebeling (1968) udafield 1 Falug tntlanuninlfandaaiinug
uazefne lnnug luasarae unadaunanlss Audindy 0.075 Twans (M) innsduldiazidan
uafngadluvaaatiuiesuna 15 Saaans Uufield 30 un dnlddusieed 1,250 sauseund (rom)
{uan 8 wiit gadaulanalyl wdaiintingnreanin (Canoy's fixative) fiaziieaaunsy 7 Tadans
vnluTusAeeii anuBasenwinda 30 3-4 A aulinzneuanafifuvaan neanmagasLuglafud

< v o o ay
LLamzmmmuummiam“lmqumuqmum

Figure 1 General characteristics of Brilliant rasbora (R. einthovenii), scale bar indicates 1 cm.

2.madandlasiuladu

1) nasdienuoualasiulsuunusssuan Taeningladunug lAANE ANdEnEL 20% Risteuain
stock Giemsa’s solution 114 Sorensen’s buffer 1987 30 W17 u&a&1aeandaesinileziln aaladli
wiaudorin llmsaseulaslulunialfindesyanssriuunlgusa

2) nnsfiannauAlasininlanuuuuef saulasannianisaee Howell and Black (1980) Iagitin
aladunvanaaaiudniviesas 2 asuualasd 2 vas uavasdaneslunmduiviesas 50 (50%

AgNO,) asuualas 2 nan Uadasnszantlaalad udorinlilaungungil 60 asraaiiea Wuwan 5-10
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it viteaundaladazildnuidudvdendu rvdaneflummdaufueandainlizi Sealadli
Meuwiie i lilnsaaaaulasiulonnielsindasqanssamiuunlfuas

3.msnsasaulnsinlas

ihalasffienunuilasTulouuuusssuauazuuuies unsagnieldindesganssruun i

o

WA AFIRUTAR MIFZ LN N NRAMNTALAU NN1TNFLANEUBITART A WHADWIATU T WAZITUAIUIU

Y o

Tnstulnaliinsy nelumaduazimadls dranwsadniaentslaalfiaudindsagiisiindemens 100X
Tnefinmiltndsene 1,000 win

4. maanvnuastalnil uazdnlawnsu

wanlastulauainszaziunnna 10 wad danouenqlasTulouuausan (LT, LT = Ls+LI)
ANUAILANANENIRNANSTaelATIN T (RL) ANWATLAN centromeric index (Cl) AMLUNUUIALD
Taslulanlnelfdyaneol L M uaz S uansielasiulowaunnlvn) aunanats uazauindn muaIAL
émf;mﬁ'nﬁmmummgm (SD) 183 RL uaz Cl Tne'lunnsdnvinuaslanil 8aTaunsuuaznisidiauges

wAsle lnilAnulasainianisees Turpin and Lejeune (1965)

NANI5IAE

dardanasdaruaulaslulanmnaaad (2n) Windu 50 uva ﬁﬁmquim‘tuisﬁuﬁ”uﬂm (NF)
winriu 100 VTy\iLWﬂEgLL@:meﬁﬂ weistalnilisenavdiaalmsiulanatinmumieiuvisnauialng 8 uvia wnn
HUYITNUUIANANN 8 WY FUMMIEEuvinawIa g 10 wyie FUNNIEmUiznauIAnans 8 wiv azlasis
wrisnauna gl 4 unis uazezlasEmundnauinnans 12 uns (Figure 2, Table 1) ann1sfianunud
TasTulanuuuueinudnlandanesisiumibsnasuas (NOR) a1 1 4 ﬂguuLLmu%ﬁmﬁzumm‘Em‘ENTSﬁm
mﬁmummuﬁmmmlmgﬁﬁ 4 (Figure 3) LAZLAAIBAALNTNIRILA1T9Ne9a NN 7EaNLaLE
TasTulonnuuassunn wazuuuwai(Figure 4) ﬂm%wmﬁzﬂmmﬁﬂwﬂﬁﬁf

2n (50) = L"+L°" +L°,+ M7 +MT" M7,
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Table 1 Mean length of short arm chromosome (Ls), length of long arm chromosome (LI), length of
total arm chromosome (LT), relative length (RL), centromeric index (Cl), standard deviation (SD) of
RL, CI Size and chromosomes type from means of 10 metaphase chromosomes of R. einthovenii ;

2n (diploid) = 50

Chromosome Chromosome  Chromosome
Ls LI Lt CI£SD RL+SD

pair size Type
1 122 146 268 0.547+0.056 0.025+0.003 Large Metacentric
2 113 133 246 0.538+0.061 0.023+0.003 Large Metacentric
3 1.08 128 236 0.542+0.056 0.022+0.003 Large Metacentric
*4 1.04 125 229 0.546+0.040 0.021+0.002 Large Metacentric
5 098 121 219 0.553+0.047 0.020£0.003 Medium Metacentric
6 094 117 211 0.556+0.039 0.019£0.002 Medium Metacentric
7 0.86 1.07 1.93 0.549+0.048 0.018+0.003 Medium Metacentric
8 0.76 093 1.70 0.548+0.046 0.015+0.003 Medium Metacentric
9 099 1.83 2.83 0.648+0.034 0.026+0.003 Large Submetacentric
10 092 174 266 0.652+0.048 0.024+0.003 Large Submetacentric
11 091 1.62 253 0.639+0.036 0.023+0.002 Large Submetacentric
12 0.88 1.53 240 0.634+0.034 0.022+0.002 Large Submetacentric
13 0.83 148 2.31 0.638+0.046 0.021+0.002 Large Submetacentric
14 081 141 222 0.638+0.039 0.020+0.002 Medium Submetacentric
15 0.80 1.34 214 0.627+0.038 0.020£0.002 Medium Submetacentric
16 0.74 131 205 0.638+£0.042 0.019+0.002 Medium Submetacentric
17 0.70 120 1.90 0.632+0.041 0.017+0.003 Medium Submetacentric
18 064 183 247 0.737+0.036 0.022+0.002 Large Acrocentric
19 0.58 1.65 224 0.7401£0.051 0.020+0.001 Large Acrocentric
20 056 1.57 213 0.739+0.044 0.019£0.002 Medium Acrocentric
21 052 150 202 0.743+£0.053 0.018+0.002 Medium Acrocentric
22 052 141 194 0.728+£0.052 0.018+0.003 Medium Acrocentric
23 051 1.35 1.86 0.725+0.038 0.017+0.002 Medium Acrocentric
24 046 131 1.77 0.737+£0.045 0.016+0.002 Medium Acrocentric
25 045 119 1.64 0.729+0.055 0.015+0.001 Medium Acrocentric

* NORs bearing chromosomes.
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Figure 2 Metaphase chromosome plates (left) and karyotype (right) of R. einthovenii 2n= 50 by

conventional staining technique (Scale bars =5 um).

Agiluauaziansiins

AnEANNIANEASSTINLI AN Tamas (R. einthovenii) {anuaulasiulon 2n=50 denndesriy
aﬂﬂmumiﬁﬂmﬁthumiuﬂm%ma Rasbora (Table 2) #ni31anN31eN1UN1sANE289 Post (1965)
lutlar@ananssing (R. trilineata) wazdan@adineaanuluey (R. heteromorpha) fianeenudnanuaw
TAslulon 2n=48 fﬁmfm‘tm‘tmimﬁ”ugmmm@q%qmmwhr'ﬁ_l 100 @anpResiulandonas (R.agillis)
(Donsakul et al., 2009) WAKANFEINATNUAITINAININIIU91209 Donsakul et al. (2005) ﬁ?”}m’m
ﬁﬁmuimTu‘Ewﬁ”ugmwhﬁu 86 AniaannnisAnETinudlandanesiiuaileinilsenandan
16m+18sm+16a WauReufeufusenuns@nendtusnlulaimes (Donsakul et al., 2005) Uaz
Uandodu * Tuana Rasbora wudngtuuuueslaniliasuunnsiaiu (Table 2) ArsuAnsnaiienaiia
mnﬂm‘ﬁ{hmﬁﬂmrfmﬂzjuﬂa‘zmmﬁu mudanasiFuneduunaiialasTulauuanseiu adnad
ﬁmiﬁnwﬂuﬂmm@ﬁu 7 lua9A Cyprinidae iu neAnmueAsleinluasdandalull (Danio
aequipinnatus) A NUaltin Assam, Lockchau LA Gadana lutlseimaAduie wudrisuaulasiulss
Wi (2n=50) waRua3lanilAneiuma 14m+32sm+4a (Khuda-Bukhsh et al., 1986), 8m+42sm,
6m+34sm+6st+4t (Sukham et al., 2013) uaz 14m+11sm+15st+10t (Shanthipreya et al., 2015) @21
TulsemalnainisAneiuadlelndludandaluleduduw wudua3lenddsenaufae
8m+ 28sm+ 10st+ 4t (Magtoon and Arai, 1994) LLa ¥ 8m+ 42sm (Seetapan and Moeikum, 2004)
u@nmﬂfjﬁawumwLLmnﬁhwmgﬂLLuuLLﬂ??Tﬂiwﬂ wiRauaulastulru il aeiaReaiui f
snenulvlszmalnedn ww danziiawnsis (Puntius brevis) GailueslelniAe 2m+2sm+4dst+2t

(Piyapong, 1999), 2m+ 2sm+ 44st+ 2t (Donsakul and Magtoon, 2008) @& £ 4m+ 4sm+ 4st+ 38t

'
a A

(Nitikulwopawong and Khrueanet, 2014) ann1siFauiieuaiuauiasiulauninsdnsuiuialu
ananeaiunudlauatiaiawaulpsiulanwindu widgduuslpsulannuansneiu Gsenaifinann

N335 mMUIN132991 a0 WK anTsFedauLLLE muinsNe59Ni U (Pericentric invertion) Wlugu 0
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IistuuutasTulanuans 9y uaziinananinwindenioganda G9o1afinAuullsiiaeda 11w

A9 T T 16 (Tanomtong, 2010)

' R .
| . L SR T
l‘ ‘ —BRAK K

- : » 9 10 11 12 13
=
®
HF S 1 B L L
. . 1 14 15 16 17
¥
b - >
g " a—X AR AN DR BK
= - 18 19 20 21 22
. AN n AN :
—_— 23 24 25

Figure 3 Metaphase chromosome plates (left) and karyotype (right) of R. einthovenii 2n=50 by NOR
banding technique (Scale bars = 5 pym). The showed clearly observable nucleolar organizer

regions/NORs (arrows).

—
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
° 10 1 12 13 14 15 16 17 9 10 11 12 13 14 15 1.8 17
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18 19 20 21 22 23 24 25 18 19 20 21 22 23 24 o5

Figure 4 Idiograms showing length and shape of chromosome of R. einthovenii demonstrated the

haploid set (n=25) by conventional staining (left) and Ag-NORs staining techniques (right). Arrow

indicates NORs location.
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WedenunudlasiulanuuuueslulardanednennAumieeaa nucleolar organizer regions

'
a o v ' 1 4

1 1 ¥
(NORs) daiflugiunniniinfasnelslulaneaanfifue wuatwruaues 1 a4 aduuiaudiedueea

a a
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P 1% o 'S rd‘ szal”dl & izdlgj A o o ° o A
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Table 2 Cytogenetic publications of the genus Rasbora

Species 2n NF Karyotype formula References
Rasbora trilineata 48 - - Post (1965)
R. trilineata 50 92 26m+16sm+2st+6t Donsakul et al. (2005)
R. heteromorpha 48 - - Post (1965)
R. heteromorpha 50 74 14m+10sm+2st+22t Donsakul et al. (2005)
R. sumatrana 50 92 26m+16sm+2st+6a Donsakul and Magtoon (1995)
R. buchanani 50 - 30+m+18sm+2st Manna and Khuda-Bukhsh (1977)
R. daniconius 50 - 18m+6sm+6st+20t Khuda-Bukhsh et al. (1979)
R. daniconius 50 90 16m+4sm+1st+4t Donsakul et al. (2005)
R. caudimaculata 50 - 20m+26sm+5st+2a Donsakul and Magtoon (2002)
R. myersi 50 - 20m+14sm+6st+10a Donsakul and Magtoon (2002)
R. paviei 50 - 10m+24sm+16st Donsakul and Magtoon (2002)
R. retrodorsalis 50 - 26m+10sm+2st+12a Donsakul and Magtoon (2002)
R. aurotaenia 50 - 14m+26sm+2st+8a Seetapan and Moeikum (2004)
R. borapetensis 50 88 24m+14sm+12t Donsakul et al. (2005)
R. agilis 50 100 24m+26sm Donsakul et al. (2009)
R. dorsicellata 50 92 18m+24sm+8t Donsakul et al. (2009)
R. rubrodorsalis 50 82 16m+16sm+18t Donsakul et al. (2009)
R. einthovenii 50 86 B6m+30sm+8st+6t Donsakul et al. (2005)
R. einthovenii 50 100 16m+18sm+16a This study
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Abstract
Chromosomal characteristics of nucleolar organizer region ( NORs) and karyological
analyses of mastacembelid fishes, Macrognathus siamensis and M. circumcinctus were studies.
Kidney cell samples were taken from 5 males and 5 females fish, nourished at the Faculty of
Agriculture and Technology Rajamangkala University of Technology Isan Surin campus, Thailand.

Mitotic chromosome preparations were prepared directly from the kidneys sampled. Metaphase
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spreads were performed on microscopic slides and, thereafter were air-dried. Conventional and Ag-
NORs banding techniques were applied to stain the chromosomes. Experimental results showed that
M. siamensis had the diploid chromosome of 2n=50 and the fundamental number (NF) were 66 in
both males and females. The karyotype comprised with 10 large metacentric, 6 large acrocentric, 18
large telocentric, 12 medium telocentric and 4 small telocentric. The NORs were found on the short
arm of the chromosome pairs, i.e. 8 and 24, which were determined to be chromosome markers for
this species. Meanwhile M. circumcinctus had the diploid chromosome of 2n=48 and the fundamental
number were 62 in both sexes. The karyotype comprise with 12 large metacentric, 2 medium
metacentric, 14 large telocentric and 20 medium telocentric. The NORs were observed on the short
arm of the chromosome pair 8. Sex chromosomes were cytologically indistinguishable for both
species. The karyotype formula of M. siamensis was designated as: 2n (50) = L™, + L, + L',y + M',,
+S',and M. circumcinctus is 2n (48) = L™, + M", + L', + M,

Keywords: M. siamensis, M. circumcinctus, chromosome, karyotype

Introduction

Mastacembelids are called “spiny eels” apparently due to its series of detached, depressible
spines preceding the soft dorsal fin. The Mastacembelids were belong to perhaps the most highly
modified percomorph family, but their relationship to other percomorphs were yet unknown (Plamoottil
and Abraham, 2014). Serajddin and Ali (2005) studied and classified the Mastacembelids, and put
the thirty-three nominals of freshwater spiny eels under four genera into two subfamilies, namely
Mastacembelinae and Afromastacembelinae. These which were belong to the subfamily
Mastacembelinae were confined exclusively to Asia while the genera of subfamily
Afromastacembelinae were restricted only to Africa. The Macrognathus siamensis and M.
circumcinctus were a genus of Mastacembelid fishes belonging to subfamily Mastacembelinae,
family Mastacembelidae suborder Mastacembeloidei and order Perciformes (Tyson, 1986).

Nowadays, Macrognathus has been breeding between species. The chromosome studies are
considered very important for cytotaxonomy. The study on fish chromosomes is the basic knowledge
which can be applied for the several fields such as classification, evolution, heredity, systematic (Gold
etal. 1990; Ueda et al. 2001; Barat et al. 2002; Barat and Sahoo 2007), breeding, rapid production
of inbred lines and cytotaxonomy (Kirpichnikov, 1981. In genus Macrognathus, cytogenetic studies
have been performed in 3 species, including M. aculeatus (Khuda- Bukhsh and Manna, 1978;
Donsakul and Magtoon, 1992), M. siamensis and M. circumcinctus (Donsakul and Magtoon, 1992)
(Table 1). All of these species had 2n=48 chromosomes consisting of metacentric, acrocentric and
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telocentric chromosomes and no morphologically distinguished sex chromosomes. The structure,
number and morphology of nucleolar organizer region (NOR) on chromosome are possibly specific
to populations, species and subspecies. NOR has been frequently used to compare between
variations, as well as to identify and explain specifications.

In this study, the chromosome marker of M. siamensis and M. circumcinctus for the first time
purposely were investigated. The basic knowledge on cytogenetics can be applied to fish breeding

and also used for future studies on taxonomy and evolutionary of Mastacembelid group.

Materials and methods

Sample collection, Chromosome preparation and Chromosome staining

Five male and five female specimens of M. siamensis and M. circumcinctus individually were
obtained from the Faculty of Agriculture and Technology Rajamangkala University of Technology Isan
Surin campus, Thailand. Mitotic chromosomes were directly prepared in vivo following Supiwong et
al. (2013, 2017). Conventional staining was performed using 20% Giemsa’s solution for 30 min
(Rooney, 2001) and Ag-NOR banding was carried out following the techniques reported by Howell
and Black (1980).
Chromosomal checks, Karyotyping and Idiograming

Chromosome counting was carried out on mitotic metaphase cells under the light microscope for
30 cells per specimen to determine the diploid number (2n). Twenty clearly observable and well-
spread metaphase cells from each male and female were selected and photographed. The short arm
length (Ls) and the long arm length (LI) of individual chromosomes were measured to calculate total
length of the chromosome for 20 well- spread metaphase cells. The chromosome types were
classified from the methods reported by Turpin and Lejeune (1965) i.e. metacentric, submetacentric,
acrocentric and telocentric chromosomes. The karyotyping and idiograming methods were

conducted according to Turpin and Lejeune (1965) and Chaiyasut (1989).

Results and discussion
Experimental results showed that M. siamensis had diploid chromosome number of 2n=50 and
had fundamental number (NF)=66 (Fig. 1A-D). The karyotypes of M. siamensis comprised with five
large metacentric (pairs 1-5), three large acrocentric (pairs 6-8), nine large telocentric (pairs 9-17),
six medium telocentric (pairs 18-23) and two small telocentric chromosomes (pairs 24-25). The mean
values calculated from twenty mitotic metaphases indicating relative lengths of chromosomes

complement ranging from 0.052+0.002 to 0.023+0.004 (Table 2). The NOR was found on the short
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arm of chromosome pairs 8 and 24 (Fig. 1E-H). Their respective idiograms of this species from
conventional staining and Ag-NOR banding techniques were shown in Fig. 3A. The karyotype formula
of M. siamensis could be deduced as: 2n (50) = L™, + L°, + L', + M',, + S',. The numbers of diploid
chromosome and NF in this species studied herein are disagree with previous literature (Donsakul
and Magtoon, 1992) of which the diploid number reportedly was 2n=48 and NF=58. The differences
may be attributed to the specimens utilized in the present work, i.e. collected from local aquarium
dealer, which were different from those utilized by the literature and may be due to different criteria
used for the chromosome classification. Intra-specific variations of the 2n and NF in M. siamensis
in some ways suggest processes of pericentric inversions between chromosomes during
chromosomal evolution (Supiwong, 2012). Furthermore the differences may be attributed to different
criteria used for the chromosome classification and inter-populational variation in this genus

(Kirpichnikov, 1981).

Table 1. Cytogenetic reviews of fishes in genus Macrognathus.

Species 2 NF Karyotype Ag-NORs  Locality Reference

n

M. aculeatus 4 58 8m+2a+38t - - Manna and Khuda-Bukhsh
8 (1978)
4 62 14m+4a+30t - Thailand  Donsakul and Magtoon
8 (1992)

M. siamensis 4 58 8m+2a+38t - Thailand  Donsakul and Magtoon
8 (1992)
5 66 10m+6a+34t 4 Thailand  Present study
0

M. circumcinctus 4 64 14m+2a+32t - Thailand  Donsakul and Magtoon
8 (1992)
4 62 14m+34t 2 Thailand  Present study
8

Remarks: 2n = diploid chromosome number, NF = fundamental number (number of chromosome arm), m = metacentric,

a = acrocentric, t = telocentric chromosome, NORs = nucleolar organizer regions.

Typical diploid metaphase chromosome which was complement in both male and female of
M. circumcinctus was 48 and NF=62 (Fig. 2A-D). The chromosome complement consisted of six

large metacentric (pairs 1-6), one medium metacentric (pair 7), seven large telocentric (pair 8- 14)
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and ten medium telocentric chromosomes (pairs 15 and 24). Categorization of chromosomes with
karyometric data was shown in Table 3. The mean value of relative length was in a range from
0.051+0.003 to 0.030+£0.001. The NOR was presented at subtelomeric regions on the short arms of
chromosome pair 8 (Fig. 2E-H). The idiogram are shown in Fig 3B. The proposed karyotype of
M. circumcinctus was 2n (48) = L™, + M", + L', + M,.. The number of chromosomes and NF of
M. circumcinctus herein coincide with those previously reported by Donsakul and Magtoon (1992)
(Table 1).

For both fish species, no cytologically distinguishable sex-chromosome was observed. Such
research finding was consistent with previous studies reported by Donsakul and Magtoon (1992). It
may be possible that the fish’s sex-chromosomes were at the initiation of differentiation and hence
these chromosomes containing the sex determination gene could not be detected by the cytogenetic
analyses undertaken. The origin and development of sex-chromosomes had been reported for
Neotropical fish in Brazil (Bertollo et al., 2004).

The objective of Ag-NOR banding technique is to reach out the nucleolar organizer region
which is the representative location of genes (loci) that function in ribosome synthesis (18S and 28S
ribosomal RNA) (Sharma et al., 2002). If these regions were active during the interphase prior to
mitosis, they could be detected by silver nitrate staining (Howell and Black, 1980) because of its
specific stains which were a set of acidic protein related to ribosomal synthesis process. The
technique actually revealed active NORs (Ag-NORs), excluding the rDNA associated to NORs
(Jordan, 1987). Furthermore, our present study was considered the pioneer reporting NORs bearing
chromosome which has been characterized for M. siamensis and M. circumcinctus that were found
on two pair of large acrocentric and small telocentric, and one pairs of large telocentric
chromosomes, respectively (Fig. 1E-H and 2E-H). The NOR-bearing pairs represented an efficient
cytotaxonomic marker for most of the analyzed species. The research findings importantly highlighted
that chromosome morphology and the NOR location are considerably useful cytological characters

for taxonomic and evolutionary studies in the Mastacembelid fishes.
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Figure 1 Metaphase chromosome plates and karyotypes of Macrognathus siamensis male (A, B, E
and F), female (C, D, G and H) 2n=50 by conventional staining and Ag-NOR banding techniques.

Arrow indicates nucleolar organizer regions/NORs (scale bars indicate 5 micrometers).
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Figure 2 Metaphase chromosome plates and karyotypes of Macrognathus circumcinctus male
(A, B, E and F), female (C, D, G and H) 2n=48 by conventional staining and Ag-NOR banding

techniques. Arrow indicates nucleolar organizer regions/NORs (scale bars indicate 5 micrometers).
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Table 2 Mean length of short arm chromosome (Ls), length of long arm chromosome (LI), length of
total chromosomes (LT), relative length (RL), centromeric index (Cl) and standard deviation (SD) of

RL, CI from 20 metaphases of male and female Macrognathus siamensis, 2n = 50.

Chromosome Ls LI LT Chromosome  Chromosome
pair (pm)  (m)  (um) RLxSD Clesb size type
1 1.678 1910 3.588 0.052+0.002 0.533+0.039 Large Metacentric
2 1515 1.908 3.423 0.050+0.002 0.558+0.026 Large Metacentric
3 1540 1.681 3.221 0.047+£0.002 0.523+0.033 Large Metacentric
4 1.308 1.601 2909 0.042+0.001 0.549+0.018 Large Metacentric
5 1151 1.435 2587 0.038+0.005 0.555+0.018 Large Metacentric
6 0.887 2400 3.286 0.048+0.003 0.730+0.032 Large Acrocentric
7 0.884 2.204 3.088 0.045+0.002 0.714+0.005 Large Acrocentric
8* 0.900 2.117 3.017 0.044+0.001 0.702+0.046 Large Acrocentric
9 0.000 3.132 3.132 0.045+0.003 1.000£0.000 Large Telocentric
10 0.000 3.057 3.057 0.045+0.001 1.000£0.000 Large Telocentric
11 0.000 2.962 2.962 0.043+0.001 1.000£0.000 Large Telocentric
12 0.000 2.928 2.928 0.043+0.001 1.000£0.000 Large Telocentric
13 0.000 2.885 2.885 0.042+0.002 1.000£0.000 Large Telocentric
14 0.000 2.836 2.836 0.041+0.001  1.000£0.000 Large Telocentric
15 0.000 2.749 2.749 0.040+0.001  1.000£0.000 Large Telocentric
16 0.000 2.744 2.744 0.040+0.002 1.000+0.000 Large Telocentric
17 0.000 2.668 2.668 0.039+0.000 1.000+0.000 Large Telocentric
18 0.000 2.517 2.517 0.037+0.001  1.000£0.000 Medium Telocentric
19 0.000 2.438 2.438 0.036+0.002 1.000+0.000 Medium Telocentric
20 0.000 2.378 2.378 0.035+0.001  1.000+0.000 Medium Telocentric
21 0.000 2.350 2.350 0.034+0.001 1.000£0.000 Medium Telocentric
22 0.000 2.264 2.264 0.033+0.002 1.000+0.000 Medium Telocentric
23 0.000 2.193 2.193 0.032+0.007  1.000£0.000 Medium Telocentric
24* 0.000 1.745 1.745 0.026+0.002 1.000+0.000 Small Telocentric
25 0.000 1.583 1.583 0.023+0.004 1.000+0.000 Small Telocentric

Remark: * = NORs bearing chromosomes (satellite chromosome)
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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) and standard deviation (SD) of

RL, CI from 20 metaphases of male and female Macrognathus circumcinctus, 2n = 48.

Chromosome Ls LI LT Chromos  Chromosome
RL+SD CIzSD

pair (um) (um) (um) ome size type
1 1.614 1.801 3.416 0.051+0.003 0.538+0.024 Large metacentric
2 1563 1.804 3.367 0.051+0.001 0.540+0.009 Large metacentric
3 1527 1757 3.284 0.049+£0.003 0.539+0.007 Large metacentric
4 1468 1.636 3.104 0.046+0.001 0.535+0.017 Large metacentric
1465 1573 3.038 0.045+0.001 0.517+0.010 Large metacentric
6 1.366 1472 2.838 0.043+0.001 0.526+0.023 Large metacentric
7 1.306 1.378 2.684 0.040+0.002 0.525+0.019 Medium metacentric
8* 0.000 3.890 3.890 0.058+0.004 1.000+0.000 Large telocentric
9 0.000 3.249 3.249 0.049+0.001 1.000£0.000 Large telocentric
10 0.000 3.215 3.215 0.048+0.002 1.000£0.000 Large telocentric
11 0.000 3.068 3.068 0.046+0.004 1.000£0.000 Large telocentric
12 0.000 2.887 2.887 0.043+0.001 1.000£0.000 Large telocentric
13 0.000 2.832 2.832 0.042+0.002 1.000£0.000 Large telocentric
14 0.000 2.713 2.713 0.041+0.003 1.000£0.000 Large telocentric
15 0.000 2.633 2.633 0.039+0.002 1.000+0.000 Medium telocentric
16 0.000 2.648 2.648 0.040+0.002 1.000+0.000 Medium telocentric
17 0.000 2.365 2.365 0.036+0.000 1.000+0.000 Medium telocentric
18 0.000 2.404 2.404 0.036+0.002 1.000+0.000 Medium telocentric
19 0.000 2.408 2.408 0.036+0.001 1.000+0.000 Medium telocentric
20 0.000 2.313 2.313 0.035+0.001 1.000+0.000  Medium telocentric
21 0.000 2.228 2.228 0.033+0.002 1.000+0.000 Medium telocentric
22 0.000 2.163 2.163 0.032+0.001 1.000+0.000  Medium telocentric
23 0.000 2.088 2.088 0.031+0.002 1.000+0.000 Medium telocentric
24 0.000 1.997 1.997 0.030+0.001 1.000+0.000 Medium telocentric

Remark: * = NORs bearing chromosomes (satellite chromosome)
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ARIATY: N9RALTE 35N191HN19aYN 35N19LHNNGIWREN Streptococcus agalactiae Uantia

Abstract
Streptococcus agalactiae has been identified as a fish pathogen and could be transmitted
through the water causing the morbidity and mortality. This study was conducted to demonstrate the
potential S. agalactiae infection in Nile tilapia by nares and gills inoculation. Nile tilapia (n=30) were
divided into 2 groups. The individual group (10 fish in each group) were inoculated into the nares or

gills of each fish with 0.1 ml of bacterial concentration of 3.5 x 10" CFU/ml for 1 min. Five control fish
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in each group were inoculated with sterile 0.9% normal saline solution in a similar manner. Clinical
signs, lesions and mortality were monitored daily for 14 days post-inoculation. Samples from anterior
kidney, spleen, eye and brain of all dead and surviving fish were confirmed by bacteriological and
PCR techniques. The results showed the mortality of 10% and 0% in nares and gills inoculations,
respectively. The percentinfection was 44.4% and 100% in nares and gills inoculations, respectively.
Moribund fish showed darkening skin, surface swimming and/or splenomegaly at day 2 post-
inoculation. The results of this study demonstrated that the nares and gills may be a potential route
of S. agalactiae infection in Nile tilapia.

Keywords: Infection, Nares inoculation, Gills inoculation, Streptococcus agalactiae, Nile tilapia
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Figure 1 Splenomegaly of Streptococcus agalactiae infection in Nile tilapia for 14 post inoculation

Table 1 Bacteriology and PCR results from sampled fish of S. agalactiae infection in Nile tilapia by

nares inoculation

Nares inoculation

Technique No. of positively % Mortality No. of positively % Infection
dead fish/total fish surviving fish/total
survival fish
Bacteriology 110 10 3/9 33.3
PCR 1/10 10 4/9 444

Figure 2 PCR product of S. agalactiae detection in Nile tilapia tissue by nares inoculation (M: 100 bp
marker, Lane 1: organs of dead fish, Lane 2-10: organs of survival fish, - : negative control, + : positive

control), The results of positively S. agalactiae yielded a single 120-bp product (Lane 1-4 and 9)

o
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NsARTaLLANLEY S. agalactiae AN BN1S LANNGLUAN
Py o o KR o a & aa , aal v
ansuazsatlsANWLNAN UL ARLARIALUNIRAIAULANEY S. agalactiae Tneian13 1 #inAg
ayn UanBunandanistlaeludud 2 usldnudmnsinismng (0%) annisiivsaesineaindanfisendnm
] A o dsl % ac a a | a dil A o dgl % a aa e
ladanunsatiududalifoeisqaatiainausdwunisiiniia 100% annnistiududasaeinaiiaidans
(Table 2, Figure 3) aquianlunguaquanlainudnsinisany a1nng sealsa waznisfaime niely

FLYLIAINITNAAEY 14 T

Table 2 Bacteriology and PCR results from sampled fish of S. agalactiae infection in Nile tilapia by

gills inoculation

Gills inoculation

Technique

No. of positively % Mortality No. of positively % Infection
dead fish/total fish surviving fish/total
survival fish
Bacteriology 0/10 0 0/10 0
PCR 0/10 0 10/10 100

120 bp_>

Figure 3 PCR product of S. agalactiae detection in Nile tilapia tissue by gills inoculation (M: 100 bp
marker, Lane 1-10: organs of survival fish, - : negative control, + : positive control), The results of

positively S. agalactiae yielded a single 120-bp product (Lane 1-10)

¢ s

NN9AFIALATIZRATUNTNUN

Q

HANNTATIATATIZAADININTINNT 2 N1INARES WLFNGMNRTLAY 2841 aeATaiTea 1FN0s

aandlauazaisluin 4.6120.5 Raanfu/ans AaNtdunsa-snalaas 7.80+0.2 wauluiilsiaas

0.020+0.01 Raan5u/ans wazlulnsiiaas 0.020£0.01 NaanTN/ang
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Abstract

The objectives of this research were to select lactic acid bacteria from Plaa-som samples
and tempe mold from Ragi tempe samples and use as inoculum in fermented fish by-product like
Plaa-som. The results revealed that 3 isolates of lactic acid bacteria, L1, L1, and P1 which were
isolated from Plaa-som samples showed anti-pathogenic bacterial effect against Staphylococcus
aureus and Escherichia coli. These 3 isolated were classified into genus level and their properties
were expressed as Lactobacillus sp., Lactobacillus sp., and Pediococcus sp., respectively.
Isolation of non-aflatoxin producing mold from Ragi tempe samples was studied. It was found that
Rhizopus oligosporus VA1 was selected. Utilization of the selected microorganisms to produce
Plaa-som from fish by-products was performed and the results revealed that the use of Rhizopus

oligosporus VA1 as inoculum exhibited higher protein digestion of Plaa-som fermentation from fish
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by-products than the use of mixed lactic acid bacteria, L1, L2 and P1. The pH value, moisture,
acidity, soluble protein, total protein, and degree of protein hydrolysis of this dried product were
5.30+0.01, 5.94+1.19%, 1.83+0.08%, 8.90+0.01%, 17.35+0.23% and 51.31+0.70%, respectively.

Keywords: Fish by products, Plaa-som, Lactic acid bacteria, Ragi tempe
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Table 1 Comparison of cell shape, cell arrangement and biochemical properties of the selected

isolates, L1 and L2 with Lactobacillus spp.

Properties test Lactobacillus spp. L1 L2
Cell shape Bacilli Bacilli Bacilli
Cell arrangement Streptobacilli Streptobacilli Streptobacilli
Gram Positive Positive Positive
Motility Negative Negative Negative
Catalase Negative Negative Negative
Casein hydrolysis Positive Positive Positive
Growth in 7% NaCl Positive/negative Positive Positive
Growth at 10°C Positive/negative Positive Positive
Growth at 45°C Positive/negative Negative Negative
Growth at pH 4.4 Positive/negative Positive Positive
Growth at pH 9.6 Negative Negative Negative

Table 2 Comparison of cell shape, cell arrangement and biochemical properties of the selected

isolates, P1 with Pediococcus spp.

Properties test Pediococcus spp. P1

Cell shape Coccii Coccii

Cell arrangement Tatrad Tatrad
Gram Positive Positive
Motility Negative Negative
Catalase Negative Negative
Casine hydrolysis Positive Positive
Growth in 7% NaCl Positive/negative Positive
Growth at 10°C Positive/negative Positive
Growth at 45°C Positive/negative negative
Growth at pH 4.4 Positive Positive
Growth at pH 9.6 Negative Negative
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48 2119 Wud1AY pH, TrunasAndn nea Tsiuazans TsAuieusn uazen degree of protein
hydrolysis 9891 a14ugmns 1 AA1iu 4.94+0.01 wariauas 557+0.51, 1.72+0.12, 1.63+0.16,
16.28+0.73 WAy 10.02+1.08 AuAAY Uadugns 2 FAnilu 4.63+0.14 uavdanas 571+0.44,
1.71+40.03, 2.12+0.03, 17.03+0.18 Uaz 12.43+0.23 Aua1A1 uazilardugns 3 HAiu 5.30+0.01

unriasay 5.94+1.19, 1.83+0.08, 8.90+0.01, 17.35+0.23 uaz 51.31+0.70 AINATAL (Table 3)
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Table 3 pH value, moisture, acidity, soluble protein, total protein, and degree of protein hydrolysis
of Plaa-som (Formula 1: control; Formula 2: L1+L2+P1 inoculum; and Formula 3: Rhizopus

oligosporus inoculum) which were fermented for 60 days and dried at 60°C for 48 h

Parameters Formula 1 Formula 2 Formula 3
pH 4.94+0.01° 4.63+0.14° 5.30+0.01°
Moisture content (%) 5.57+0.51° 5.7140.44° 5.94+1.19°
Acidity (%) 1.72+0.12° 1.71+0.03° 1.83+0.08°
Soluble protein (%) 1.63+0.16° 2.12+0.03"° 8.90+0.01°
Total protein (%) 16.28+0.73° 17.03+0.18% 17.35+0.23"
Degree of protein hydrolysis (%) 10.02+1.08" 12.43+0.23" 51.31+0.70°

abc

Mean in the same row with a different superscript letter are significantly different (p<0.05)

] g 9 o a v & a Y o o qoua o
NAUBIAN pH U\Tsﬂ']f]ﬂf]ﬁ'slﬂjLLUﬂV]L?Elﬂ?@LL@ﬂmﬂLﬂuﬂ’s"]f]Lsﬂﬂmﬂmﬂ@qﬂﬂuuﬂzwqiﬁﬂﬂ’] pH 7N

Y a o

Fadu@eaninliinandusiinausdailzandaunay wiazdaunnl@dnnisl4d@e Rhizopus oligosporus
' > A P

va1 lundnaerinliidn pH Anasieandnianguatuanuasngui luuanGansauansin wilinnon

q

AII 1% o ' 1 1 1 a o o o aa o K o v a a ¥ ¥ 1 a A
mmm”l,mﬂ@ua;qm’]LLuuvl,w,mnmmmwuﬂmmmmmm Mg IlnauuazsaIaatiaandn a9

'
aaa o 1

wansinsiuadnaliedAynsaiandaauAelTunullsfivazanauazen degree of protein hydrolysis

Inudndandngns 3 A1gandnlandngns 2 uargns 1 AMNAIAL GIAA9INENTE Rhizopus

a a

oligosporus VA1 lutlan&ugns 3 mmimmamL@uvlfmﬁiﬁﬁ@maumﬂ;i@ﬂmmﬂ‘l,um:mumwﬁﬂd“m
mwaeandangandanisiiuuadiGensauannuazuunhilindrdelutandugns 2 uazgns |
ANNANAU HaN1sANENTlEdanA&asiU Chantharasophon et al., (2015) faneaudnide Rhizopus
oligosporus aunsandmaulsderluaa nglaasluiaa lsiias wazlanlaléige wanaindsz@nsnan
‘Hﬂ\iLﬂuvLsﬁﬂ@Wﬂﬂﬁ”lL%”‘ﬂLLﬁQﬂ’]WﬁWﬁl/\‘izﬁlﬂIZJ@ﬁﬂlﬁ‘mﬁm@’ﬁ“ﬂﬁﬁ%‘u@Z’&’]ﬁ‘ﬂﬂﬂq%éﬁn’mLﬂzﬁ/‘ﬂﬁigﬁlumamﬁmaﬁ

fae T921NN19318971U89 Promchote (2017) W31 H1szaunistasaasllsAugelunanai

AHANNNID TUNN9H e Y ABATZ UL DPPH IWNEITUHae A3aavinnisAneLiafnsia L

asUnan1sAdauAzTALEUALUE
\T8 Rhizopus oligosporus VAT Wun&1@eniAnan1nd miunandanduanndanvasia
unnansMuuanGensauaninuuuiiendsreslalian L1, L2 uaz P1 uazuwuuldlindmelne
Uandui @A pH 1w 5.30+0.01 $a8aza09130 uANTYR N9m TUsRuazane TsRuiavns uay
degree of protein hydrolysis il 5.94+1.19, 1.83+0.08, 8.90+0.01, 17.35+0.23 uay 51.31+0.70
o 1% =3 =2 Qr [ QII 2 a o oY Y a v a
AANATIAL wATAITANEI DTN IANTRRNgNEN N AT N LA nuandusifoaar A dauasulidnng

il imudueamiadenivegunin
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[ Guide for Authors }

The Journal of Fisheries Technology Research (J. Fish. Tech. Res.) Welcomes the
submission of manuscripts that meet the general criteria of significance and scientific
excellence.

Preparation and Submission of Manuscripts

Authors submitting manuscripts for publication must follow the following guidelines.

1. Manuscript texts must be written using high-quality language in Microsoft Word. The cover
letter and two copies of manuscript with CD will be sent to the editorial office, The Journal of
Fisheries Technology Research, Faculty of Fisheries Technology and Aquatic Resources,
Maejo University, Chiangmai, 50290 THAILAND

1.1 The Title should be a brief phrase describing the contents of the paper. The Title
Page should include the author(s)'s full names and affiliations, the name of the corresponding
author along with phone, fax and e-mail information. Present address of authors should appear
as a footnote.

1.2 Abstracts should not exceed than 250 words. The Abstract should be informative
and completely self-explanatory, briefly state the scope of the experiments, indicate significant
data, and point out major findings and conclusions. No literature should be cited. About 5
keywords should also be provided.

1.3 Manuscript texts should not exceed than 10 pages including abstract, figures, and
tables.

2. Format
2.1 Cordia New font must be applied.

18 pt Cordia New Bold fonts must be used for title and set in the middle of the page.

14 pt Cordia New Bold fonts must be used for authors and set in the middle of the page.

16 pt Cordia New Bold fonts must be used for all headings including Abstract,
Introduction, Materials and Methods, etc.

15 pt Cordia New fonts should be used throughout manuscript and all pages numbered
consecutively.

12 pt Cordia New Bold fonts must be used for footnote.
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2.2 Manuscript texts should be prepared single column, with margins (right = 2.5 cm;
left = 3.0 cm; top = 3.0 cm; bottom = 2 cm).

2.3 The Introduction should provide a clear statement of the problem, the relevant
literature on the subject, and the proposed approach or solution. It should be understandable
to colleagues from a broad range of scientific disciplines.

2.4 Materials and Methods should be complete enough to allow experiments to be
reproduced. However, only new procedures should be described in detail; previously
published procedures should be cited, and important modifications of published procedures
should be mentioned briefly. Capitalize trade names and include the manufacturer's name and
address. Subheadings should be used. Methods in general use need not be described in
detail.

2.5 Results should be presented with clarity and precision. The results should be written
in the past tense when describing findings. Results should be explained, but largely without
referring to the literature. Discussion, speculation and detailed interpretation of data should not
be included in the results but should be put into the discussion section.

2.6 The Discussion should interpret the findings in view of the results obtained in this
and in past studies on this topic. State the conclusions in a few sentences at the end of the
paper.

2.7 Acknowledgment is optional and should be as brief as possible.

2.8 Tables, figures, and references must be written in English.

2.9 Citations of published literature in the text and at the end of the manuscript must be
written in English.

2.9.1 Citations in the text should be given in the form of author and year in
parentheses; (James et al., 2011), or, if the name forms part of a sentence, it should be followed
by the year in parenthesis; Tomas and James (2010).

Citing two or more documents by multiple authors; List authors’ names by alphabetical
order, followed by year of publication, link each document with “;”(Keiser and Utzinger, 2005;

McCarthy and Moore, 2000; Nawa, et al., 2005)
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Citing documents cited in other documents; Put author's name and year of original
document’s publication, followed by “cited in” and secondary document’s author’'s name and
year of publication; (Choi et al., 2004 cited in Kaewipitoon et al., 2008) Online materials; (Yu
and Mott, 1994: online)

2.9.2 Citation in reference list;

All references mentioned in the reference list must be cited in the text, and vice versa.
The references section at the end of the manuscript should list all. For papers printed in a
language other than English, indicate the language in parentheses at the end of that reference.
The following are examples of reference writing.

Reference to a journal article:

Khuantrairong, T., and Traichaiyaporn, S. 2010. Efficiency of carotenoid and nutritional values

of an alga Kai (Cladophora sp.) for economic utilization. J. Fish. Tech. Res. 4: 54 — 64. [in Thai]

Reference to article or abstract in conference proceedings:

Cliche, G., Hébert, D., and Bourgeois, M. 2007. Evaluation of different parameters to optimize
the collection strategy of the sea scallop (Placopecten magellanicus) in commercial
operations. Proceedings of the 16" International Scallop Aquaculture Workshop.
Canada, May 11 — 18, 2007. 24 — 28.

Reference to a book:

Boyd, C.E., and Tucker, C.S. 1998. Pond aquaculture water quality management. Kluwer
Academic Publishers, Massachusetts. USA. 700 p.

Reference to an edited book:

Shotts, E.B. 1994. Flow chart for the presumptive identification of selected bacteria from fish.
In: Bacterial Diseases of Fish. 4" ed., edited by Thoesen, J.C. Chapman & Hall, London.
pp. 131 -135 .

Reference to an electronic data source):

Yi, Y., Yang, Z., and Zhang, S. Ecological risk assessment of heavy metals in sediment and
human health risk assessment of heavy metals in fishes in the middle and lower reaches

of the Yangtze River basin. Environmental Pollution [Online]. Available from

http://www.sciencedirect.com/science/article/S029911100337X[2011, December 12].
2.10 Manuscript must be followed the guidelines of manuscript preparation, otherwise

they will be sent back or even rejected.
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3. All manuscripts considered for publication will be peer-reviewed by qualified editors and
independent referees.

4. The submitted manuscripts are not already published or are not currently under
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