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Fermentation of de-oil rice bran by Pleurotus sajor-caju for feed supplement
in Nile Tilapia
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Abstract

The utilization of de-oil rice bran fermented with mycelium of Pleurotus sajor-caju for feed
supplement in Nile Tilapia was investigated. Mushroom’s mycelium was cultured on de-oil rice bran,
incubated at 35+2 °C for 15 days and dried in oven at 55 °C. The fermented de-oil rice bran with
P. sajor-caju was evaluated and a result found that soluble protein and reducing sugar were
89.44+4.33 mg/ml and 48.25+1.57 mg/ml, respectively, while those in de-oil rice bran without
fermentation were 42.82+2.00 and 136.00+3.19 mg/ml, respectively. After that, two conditions of de-
oil rice bran treatment were used to feed Nile Tilapia, 2 months old, with an average weight 80 gram

for 60 days. The samples were assigned to three treatments, (T1) commercial catfish feed (30%
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protein) combine fermented de-oil rice bran 50%, (T2) commercial catfish feed combine de-oil rice
bran 50% and (T3) only commercial catfish feed. The result revealed that body weight of T1 was
31.46+2.48 gram which was significantly (p<0.05) higher than T2 (12.72+1.07 gram), and T3
(16.43+1.57 gram). Feed conversion ratio and average daily growth of fish fed T1 treatment were
1.36+0.13 and 0.75+0.07 gram/day which were better (p<0.05) than T2 and T3. Moreover, fish from
T1 and T2 treatment showed higher survival rate than T3 treatment. In conclusion, de-oil rice bran
fermentation with P. sajor-caju provided the alternative supplement diet to Nile Tilapia which was
better than feeding only commercial feed.

Key words: De-oil rice bran, Feed supplement of fish, Oyster mushroom, Nile Tilapia
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Table 1 Total soluble protein and reducing sugar of treatment conditions

Treatment conditions Total soluble protein Reducing sugar
(mg/ml) (mg/ml)
De-oil rice bran (before streaming) 36.47+2.10 ¢ 16.46+9.06 ©
De-oil rice bran (after streaming) 42.82+2.00 ¢ 136.00+ 3.19°
Fermented de-oil rice bran 89.44+ 4.33 48.25+ 1.57°
Commercial catfish feed 127.61+3.08° 9.93+0.56 °

abc

Mean(+SD) in the same row with a different superscript letter are significantly different (p<0.05).
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Table 2 Growth performances including total weight gain, survival rate, average daily growth and
micronucleus & nuclear abnormalities in red blood cells of Nile Tilapia fed with de-oil rice bran

fermented with mushroom after 60 days

Treatment* T1 T2 T3
Weight gain (g) 31.46+2.84° 12.72¢1.07°  16.43+1.57°
Survival Rate (%) 76.67£15.28°  86.6745.77°  36.67+30.55°
Feed conversion ratio 1.36+0.13° 3.3120.29°  3.61%0.35
Average daily growth (g/d) 0.75+0.07° 0.30+0.03" 0.39+0.04°
Micronucleus & Nuclear abnormalities (%) 2.06+0.23° 1.94+0.54° 4.04+0.77°

abc

Mean(+SD) in the same row with a different superscript letter are significantly different (P<0.05)
*T1 = Commercial catfish feed 50%+ fermented de-oil rice bran 50%
T2 = Commercial catfish feed+ de-oil rice bran (after streaming)

T3 = Commercial catfish feed (control)
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InpaesluszAuANAN 6.0 LAY 9.0 ppt AREANIINAASS lNUNIAETasla lunngn naaInnIs
naaasuansliviuindamzifauanaanunsaaniulnlialussauanuAnlainu 3.0 ppt

AFIATY: ANULAN INARRWENT Uaaziiawnng nsestyimiuln ensnsensie

Abstract

Aqueous environmental adaptation of aquatic animals was regulated via osmoregulation to
maintain homeostasis. The mechanisms of these regulations require energy for ions transfer which
may affect on growth. The present study aimed to investigate effects of rock salt salinity on growth
efficiency of Silver barb (Barbonymus gonionotus). Fish, 25.97+2.54 g mean weight and 11.37+0.57
cm total length, were exposed to 4 treatments with 3 replications including freshwater (control), 3.0,
6.0 and 9.0 parts per thousand (ppt) using a Completely Randomized Design for an 8 weeks
experiment period. At the end of the experiment, it was found that there was a statistically different in
final body weight (P<0.05) among treatments. When mean final weight was compared, it was found
that fish exposed to 3.0 ppt was not differed from the control but significantly higher than that of 6.0
and 9.0 ppt treatments. However, there was no significant difference in final length (P>0.05). For feed
conversion ratio (FCR), there was significant different (P<0.05) among treatments. Mean FCR of fish
exposed to 6.0 and 9.0 ppt was significantly higher than that of the control and 3.0 ppt treatments. In
term of an average daily gain (ADG) and specific growth rate (SGR), there were significantly different
(P<0.05) among treatments. When mean ADG was compared, it was found that ADG of fish in 3.0
ppt group was not differed from the control, but significantly higher than that of 6.0 and 9.0 ppt
treatments. Similarly, mean SGR of 3.0 ppt and the control was not significant different, but
significantly higher than that of 6.0 and 9.0 ppt treatments. Mortality was not observed throughout an
8 weeks experimental period. Based on the results of this study, good growth performance of silver
barb could be obtained when rearing in rock salt salinity not higher than 3.0 ppt.

Keywords: Salinity, Rock salt, Silver barb, Growth, Survival rate
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Fmmeaaesiaen 3 91 il lunmaseusieludeiivesnatamna 500 aas S 1 51 Toe
w1naaduisd (Nacl) 10 Alaniu aza18r1unINseauInan 20 luaseu luih 500 Ams Azl Stock
solution B4HNLAN 20 ppt LTU104 500 AT ATUILANMNLANLAAZTZALILAY 11 Stock solution LANAST
Lerimm:‘wm@mri@uﬂﬁ*‘uﬂ??mmﬁw{ﬁmlmﬁﬂ?mm 150 3A7 AIAAELAINNIANTB TN AaE
Conductivity/salinity meter (YSI model 30) lusﬁ’luQDAﬂ’]WiiﬁﬁﬂﬂiLﬁU%ﬂyj@’ﬂqm%ﬂmﬁﬂlﬂﬂﬁyﬂ, ANTNNTA-
A4 (pH) wariBuieandiauiiarasluiii (DO) A28 pH meter (Extech model PH100) Lag
Conductivity/salinity meter (YS! model 30) i/agutneninlugn 45-50% m@aﬁmmﬁyﬂuénﬂ 73U
naaAN1IMAaes 8 dulnnf WarnslaelderunadndrSaglinelfiauiu Juas 2 8 1981 08.00 1. uaz

= v o K o 1 A v 09: o
17.00 U. Mﬂ”l’a‘i‘ﬂ@’]ﬂﬁﬂm@ﬂﬂlfmqLLZQ%‘].IMV]H@’WTA"JN‘]J@’]MWHIMLLM@3@ﬂ‘ﬂu1ﬁ@’]ﬁ’]‘iﬂﬁ\‘1LL’J?ﬂ“]J@\‘Wlﬂ‘Ju

nsiiudaya
o [~ o c 4 ! =3 4 o n’; o K o dl o a
nnaivdeyann 1 4aii Inesalievisneuiindeya 1 91 aantuisnnatuaudaneedl
et uiadaitinanfosiasasdainminnation 2 Aunus uazdnadaamtian (Total Length)
¥ 2 o aid a a ° { dl o ¥ o o o dl
o liussiniannaziden 0.1 luRMAg tANdRlEATwIMMIERIsan SRl arUeIINg
vutinuin (Feed Conversion Ratio; FCR) 8m31n1siininuiinsdaiaassadu (Average Daily Gain:

ADG) uaz8nsn1siaseytiiulnaninng (Specific Growth Rate; SGR) ANaAnaag Okeke et al. (2014)

v

o a
afl
FCR = Tminam s i (ni)
wwinsiagading (nfu) — dvrinsaiEusu (nu)
ADG (nfu/du) = dawmidnsagaiing (nfu) - dndndaGusu (nf)
o
TETANIRL (T)
SGR (%/44) = In thutingaving (n3x) - In dhutinGEasu (nfu) x 100 %
o
reza AL (T1)
a o ¥

N5ILATIERd YA

ihfiayanlallvinnnsdiasziiannuuislsan (ANOVA) LazilanuAuuAnNE NN Nata 11n1s

| '
a

W UEUAMNLANAN9T89ANRAE 28RS Duncan’s multiple range test (DMRT) AszALIAMNITRLS

Saaa 95 aa kil sunsnainsziinneans SPSS 24.0
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NAN197]8
Lﬁ@ﬁyuzgmmwm@@mﬂumm 8 dilanif linunnsangaasilanlunnnguniamaaes ﬂmmwﬁyﬁ
lnesINAaeANIINAADY wudﬁﬁﬁ’]mémmqmmﬁ@ﬁ 24.56+1.11 paAgaiea ArAudunga-Ang
(pH) ﬂ%l:‘ﬁl 8.16+0.08 LL@m'ﬂﬂ??mm'afan%L@uﬁ@zmﬂuﬁyﬁ@ﬁﬁ 7.3420.09 AAANTUARARNT ATNAAL
HATRITEALAMNLANARUNMINAILATANENIRAA
FnusinveindaeAsAeus BuBun1maansauiadilani@ 5 wudnldfinenuunnsnannsadia
TTNINNGNNAAD (P>0.05) AU 6 WL T AN NUAN AT UNETR (P<0.05) 35MINNQANNAADY
LﬁlﬂLLﬁ?ﬂULﬁﬂ‘umL@?ﬂlﬂLLéﬁqwudﬁﬂ@ju‘ﬁ'mmmfﬂﬂmzﬁumqmﬁm 3.0 ppt HATMINNFIYNNGHNARSS
ﬁmmﬁlmﬁ 44.09+1.06 NFu AFUAUAYT 7 WudnTlanmuAnFe T unNea s (P<0.05) s21919NgH
NAADY TmmﬁﬂLﬂ?‘?ﬂ‘uLﬁﬂwhLﬂ?ﬂlﬂLLfﬁqwudﬂﬂzﬁN'ﬁ'wm@@ﬂm:ﬁUMWLﬁN 3.0 ppt HAN
VL%JLL[E]ﬂﬁ]'N‘Mﬂﬂ@:NﬂC‘J‘LIQNLl,ﬂzﬂ@:ll‘ﬁlﬁ/]m@’ﬂ\ﬂuﬁ‘zﬁ‘i_lﬁfl’mﬁm 6.0 ppt Lwimnﬂdﬂmjmﬁwmmimm”u
ANLAN 9.0 ppt TUdUAT 8 WU WLINT A NUANANT NS TR (P<0.05) $¥UINNGNNAAD
LﬁﬂLﬁHULﬁﬂuﬁ’]Lﬂ?ﬂlﬂLLﬁQWUd’]ﬂ@:N‘ﬁIVIm@‘ﬂ\ﬂuﬁ‘zﬁ‘i_lﬁfl’mlﬁm 3.0 ppt lHuANFSAINNgNAILAN WHH
ﬁ'ﬁLfa?alwmndmzﬁuﬁmmmim:ﬁumqmﬁu 6.0 LAz 9.0 pptimﬂﬁml,ﬂ?v'ﬂmgu'ﬁ 52.28+2.78 niu
(Table 1) A9UAIUAINNNIAIFINLINAABANIINAAD [ HAINLANF NN NATRITNINNGUNAADY

(P>0.05) (Table 2)

Table 1 Effects of salinity on body weight (g) of Silver barb in an 8 weeks experimental period

Treatment Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Control 25.97+2.54° 30.35+1.20° 27.84+0.76° 32.99+2.44° 36.33£1.11° 37.65+0.94° 39.59+0.30° 44.13+1.20"  48.22+1.02
3.0 ppt 25.97+2.54° 27.07+1.02° 31.21£1.93° 34.60+1.17° 36.17+0.49° 39.12+1.68° 44.09+1.06" 46.62+1.93" 52.28+2.78°
6.0 ppt 25.97+2.54° 29.42+2.03% 31.64+2.85° 34.46+3.67° 36.43+1.85° 36.86+1.40° 40.62+0.99° 42.52+1.33"  44.39+0.63%
9.0 ppt 25.97+2.54° 30.44£1.11° 31.60+1.21° 33.08+1.56° 34.46+1.76° 35.83+1.78° 38.01+1.05° 39.87+0.67° 41.62+1.31°

** mean+SE (n=3) within column with different superscripts are significantly different (P<0.05)

Table 2 Effects of salinity on total length (cm) of Silver barb in an 8 weeks experimental period.

Treatment Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
Control 11.420.57° 12.0£0.10° 11.9+0.12° 12.3+0.43° 12.2¢0.17° 12.1+0.48° 13.3£0.47° 13.740.28° 14.5+0.29°
3.0 ppt 11.420.57° 12.5+0.35° 12.00.31° 12.70.27° 12.30.22° 12.8+0.20° 13.240.30° 13.620.12° 14.10.29°
6.0 ppt 11.420.57° 11.60.21° 12.410.42° 12.7+0.47° 12.410.35° 12.8+0.23° 13.0£0.15° 13.5+0.06° 13.840.10°
9.0 ppt 11.420.57° 12.0£0.27° 12.10.34° 12.240.25° 12.610.33° 12.9+0.29° 13.120.33° 13.120.23° 13.5+0.20°

a

* mean+SE (n=3) within column with different superscripts are significantly different (P<0.05)

NATRITEAUAMNLANARUsEANEMWNSIRs AUl

Fugmsniswaeuenmsdutimin (FCR) #Unii 1 wudrilmnuunnsinemnsadi (P<o.05)
TTUINNGNNAADS Lﬁi@LlﬁﬂuﬁﬂumL@'ﬁlﬂLLé’qwudﬁﬂ@:uﬁmm@m‘lmzﬁummLﬁu 6.0 ppt TdumAnsing
mnmjumuqmm:mjuﬁwmm‘lmtﬁum’mLﬁu 9.0 ppt Lwii’i@ﬂnd’m@q'uﬁmmfaﬂm:ﬁumfmlﬁm 3.0
ppt Fausidiansii 2 Aedilanein 6 TiwuAMwANNInNatATENININguNAae (P>0.05) AL

7 WURANUWANGINNNATIA (P<0.05) $5M3NNANNAASY AL FEUNEUANALUAINLINGNNNAADY
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TuszAUAINIAN 3.0 ppt lduAnssaInnguAsuANuazngunaaasluszAUAINNLAN 6.0 ppt

usitiaandinguimaasluszauaNLAN 9.0 ppt A1uFUAUANYN 8 WuINHAIIHLANFAIIN9ATA
o 4 P o . «

(P<0.05) 3x13INguNAAeY LauFauiisuaAeasfonuINgunnaaasluscAUAINLAN 3.0 ppt

laiumansrsannguacuan uatiaaninguinaaasluszAUANIAN 6.0 WA 9.0 ppt (Figure 1A)

' (% '
o

A1t utin AN iiNTWe AL FadY (ADG) ALAZUA1H 1 audedln9ii 5 Tdnu A uLanANan19ans
TENINNNGNNAFDBS (P>0.05) TugUn19N 6 WUANLANFANNNINEDR (P<0.05) TENINNGNNARDY
4 T C A . « . . .

WanFausuanedsudanudnnguinaassluszauaauian 3.0 ppt lluand9annguaAaLAN
wazNgNTINAA luTzAUAMNLAN 6.0 ppt wiNINNINgNNNAaelUIEALIAYINLAN 9.0 ppt daudilanid

dl S ] aa 1 1 dl a J dl ¥ 1
N7 Was 8 WUINNAMULANANNINENRA (P<0.05) TEUINNYNNARD LN?’JLLE‘?;IULV]F;IUV’WLQZQEILL@’JW‘LI'N

b

naunaaedluszAtAuAn 3.0 ppt TluansiteaInnguAILAN WENINNINguANAAes IEALAI N

4 1
o ]

LAN 6.0 LA 9.0 ppt (Figure 1B) daufudnsn1aaseutALIna1inie (SGR) AILAALATN 1 auda

o o o

&Uaniin 6 ldwuddaanuunns1an1saifsendangunaaas (P>0.05) aA1niudilaiin 7 uas 8
WUATNUANFANNNINATA (P<0.05) $21INNANNAADY LB FELEUARALEIN LI NGNAN AR
TuszatiANLAN 3.0 ppt lduansaainnguaLAN wisNndnguinaaaslusyAlANAN 6.0 LAy

9.0 ppt (Figure 1C)
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Figure 1 Effects of salinity on feed conversion ratio (FCR) (A), average daily gain (ADG) (B) and
specific growth rate (SGR) (C) of Silver barb in an 8 weeks experimental period. Different letters in

the graphs mean significantly differences (P<0.05).

3ANTUNANIFIAE

dgl = 09/ dld o =3 U o o Y

HARNNIINARBLAENLARziNe el NsTALANANLANFANaiWTuga 8 dlanw finu
Yoo o dodd & e e A 2 2 ol ed Ao

WninAa@asIANTW wudiiuindale ENfunmasesauedlnvin 5 Ndqldunnsneiu
n13ats Tnasuddilaniin 6 auduganimeass wudINguANAaedlusTALANIAN 3.0 ppt HTmin

a‘l dl 0&// dﬂl O’/ A Vv A o o k4 4 &
asganga viatanaunas lulaiasfiedldndsnulunisinmanudisdvaeslessulusaduas
dutndowiueanuaninisegiane Nezduanudinduaadlaassuaindiasldndanulunisinm

a

aunatiaandn M lidndaundsauainaimsiléifugninldmentawsoiuialininngs (Evans et

al., 2005; Amin et al., 2016) N13AN®1U84 Faizul and Christianus (2013) NAn®1 lulainziieuang
WaZ Abdel-Tawwab and Monier (2018) 1An®lwtlan 1 (Cyprinus carpio) $184U3 NN TR ATZAL

AYINLANEINGN 5.0 ppt ez liithmindaliasaailameauiugaaruauinaeslutinaaiall fuponu

o
a a

219816212 AMRNIUNUL IR A NUAN A WAL WATRIE I NNGUNAREY ABAAKDIALINLNIULEY
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Das et al. (2012) ﬁﬁnwﬂuﬂmmlﬂﬂuma LAaZINeN1Uad Cardona (2000) ﬁﬁﬂmluﬂmmﬁzmmm
(Mugil cephalus) Jsvduiiniuredleneuluidenatunausnadndtionunn Tnsasdauaiisinmin
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Lﬁuzwgmﬁsl%iumwmmﬂﬁ LATLEANNNIMAREIARAAREITLNNIANENU89 Akther ef 4l (2009) waz
Amin et al. (2016) Tudanmziieuang #951897UIN BUN LTI AT sE LAY MLEN 10 ppt Nl
sve1r 72 dTHs WAL IEeTeq Kunlapapak et al. (2015) lanudranunsanudanluana Barbonymus
sdsla e laminngee s it g

Tudinuilsz@nsninnisiasgyiuln A1 FCR wuA ludUnnei 1 RAannuAnsneTunieaa
(P<0.05) STUINNGNNAALY WAAIINLANFINTBIAT FCR mﬂlui:ﬂmmzﬁguj Taunsnagulfianilan
finnaulnTiuansnaills (Hussian et al., 1989; Gonzalez, 2012) fn FCR aaeludilanvidi 2 edilanvi
7l 6 Wi Tunnguneassdiuwrliinanamndilanyd uassirdaranunsalfusalfauansnsaivamng
AT uEagaarinuna R ind uaegna’ld FCR ARE"] AAAIAINTZHZLIANTLAEN (Sarker, 2002:
Paolucci et al., 2010) ludilavil 7 uay 8 ﬂ@mﬁmm@@ﬂm:ﬂ”mmmﬁu 3.0 ppt {A1 FCR InéLAzariy
mjmmuqmmﬁmﬁ";ﬁﬂfiﬁmjmﬁmmmlm:ﬁumwmﬁm 6.0 uaz 9.0 ppt medﬂmjuﬁlwm@ﬂm:ﬁu
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7i11%A" SCR 1aAE990ASAII8AM A9 E11AY ADG WLTFILAFLAWT 1 B9 5 TaiTAanauansndi
NERR (P>0.05) daten ADG Tudianyi 6 Sadilansiii 8 WudﬂﬂzjmﬁmmﬂmzﬁummLﬁm 9.0 ppt
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Famiaszeed (12.78+4.56 nfi) wananii AneAefiANanysnlinAdlageTian Ae lugaangudaaindandn
A58 (6.54+4.38%) Lﬁfﬂﬁmiz:ma?xmv‘v“wmi”\ﬂﬂmnmﬁmﬁmwmuqmimﬂLﬁﬂ WA nUALTAE N TR
Soldgefige A anSenindunfs (szasfl 4; GSI=10.45+2.38%) mu’%ﬁﬁfmwmmsl%Lﬂuﬁﬂgaﬁyuﬁmﬁwﬁ*u

dszifingosnainuanysalwAres i AnuANAINLI LISy AR 15

ATy | APNUALANNLAL Mivakella nepa nARzSuaan ArtA AN Y IDINALE
Abstract

This study aimed to study on sizes and ovarian gonadosomatic index of the three-banded mantis
shrimp (Miyakella nepa). The samples were collected from the representative fishing boats at the fishing
port in the Eastern region of Thailand including 4 provinces, (i.e., Trat, Chanthaburi, Rayong and Chonburi).
In addition, M. nepa was collected for 2 periods of time (January — March, 2015 represented the dry season;
n=244 and August — October, 2015 represented the rainy season; n=295). The results showed that body
weight, total length, carapace length, telson length, raptorial claw length and abdominal somites length of
females M. nepa were larger than male in both of time periods. Moreover, female M. nepa from Trat in dry
season showed the largest size (37.01 + 5.82 g.), while male M. nepa from Rayong in rainy season showed

the smallest size (12.78+4.56 g.). Female M. nepa from Trat in dry season showed the highest ovarian

gonadosomatic index (GSI) (6.54+4.38%). In addition, female M. nepa in Chanthaburi contained the highest
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ovarian developmental stage (stage 4; GSI=10.45+2.38%). This research is basis information for assessing
the timing of sexual maturity of M. nepa in Eastern region of Thailand.

Keywords: Miyakella nepa, Eastern region of Thailand, ovarian gonadosomatic index
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AYANUARANLOL (Miyakella nepa) mf]34ﬁﬁumﬁmﬁmgﬂugﬁmmﬁyummﬁLﬂum'm Wudmsla
finszqndundednas lunguiiaariuyuaziis (IWdu Arthropoda fu Crustacea Futiat Malacostraca SudL
4y Hoplocarida 8161 Stomatopoda ATALIATY Squillidae) (Wattanatongchai, 1995) wulEa Baneslng
uasnzladuanu (Naiyanetr, 1998) TaenBnmeasuniusun sy liBnumsailaaummeissi
ANNAN 30-70 LAT (Ahyong and Naiyanetr, 2002) ﬁalﬂﬁ‘lzﬂLL[E]‘LA’&’]NLLDULﬂuﬁmfﬁﬁWJ’mﬂgﬁﬁm%NLﬂi“]:fjﬁ@
WAZNNAY Lﬂuﬁﬁﬂmuﬁmiuﬂmﬁu (Hiransuchalert et al., 2015) asanieasnumanintiny i naanviad tns
fadnumuanuuonUlFunnuounnanssusentassymalng (Kovitvadhi, 1994) a1nn13ANETNENLN

152N19209R9ANUAUGINLIL M. nepa N iFa1nFellsvasaquaninudnnminiauFelssaanizilzawazyin

WL LT UnaNAT 8. unanAIl 4. 4UNLT Au9n 515 6o nudineanuauauuluheuiiguauiien
o Ao o o a’; ?/ a o v o IS I
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Hquieu (Hiransuchalert et al., 2015) TaglWdInIAAUNIE T1ANAIANUABEINLL W VinFoagszuing 30-60
umstaflaniy wivnniluiasnwAuwigan (Hapiosquilla raphidea) azN31ANgINIM1NASLITNIDS 200-300

Usanianiy (Boonsom et al., 2016)

Assnuaunislnannatingnduniainsssngid Inansinuwauasuaudoulugifdudndionaeaduls

(by catch) aMnn13vNLszaaluLeauann (Hiransuchalert et al., 2015) uazBadseaaiuiinuaunaanaeed
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Weusiaunusinatinangeli uiazaiuiusasnaAnily 10-20 wefidusresdanuauisAnuauanunLnduls
' o o Ay o 9 o Ay e o ° ¢ & o o o o
wiiazA3 nasanilAdedenudasyy Suneud uazan et thlddaamin daauinsa uazd

whuinzesilanainuauanuoumARs luiesdfjimnis

2. AnelafidudsriinnuanysalweieraanianuauaINLoy
nsnlefidudaatinauanysalineiile (Gonadosomatic index; GSI) aadnssinuauauuny g
ANUITIANNANNTTUD Kodama et al. (2009) saannng [(Hnvsindelaainminansa) X 100]

o ¢ G co Ao = - N any = o o oy Ay ]
WANLUBSLEUF AT ﬂuﬂqu@NH?mLWﬁLNﬂmimNWLLE‘?JUW]Eﬁ_mumqﬁ"Nﬁ‘gﬂgﬁ‘WWuquLLmV]VLmsLuLLm@g

FTELAININUIREIURY Hiransuchalert et al. (2016) (Table 1)

Table 1 Ovarian developmental stages of Miyakella nepa estimated by Ovarian Gonadosomatic index

Ovarian developmental stages Ovarian Gonadosomatic index (%)
stage 1 Previtellogenic 0.00-1.50

stage 2 Early-Vitellogenic 1.51-3.00

stage 3 Mid-Vitellogenic 3.01-5.00

stage 4 Late-Vitellogenic > 5.01

3. Anudunusszuinaimdndsadladifudsaiiananystiwmie uasitnindsldnasi
wlediduangdanuanysowALie

Anmnaudiiugssuinaiminidldse e Siduisaiaauauysainaidle wastimindasies
wWefidudaaiaiuanysalineily Inadiasyianduius (Correlation analysis) LuLLe$4U (Pearson
product moment correlation) Tns lEn13nazanafaasdayafiszfuaanuidesiu 95% (P<0.05) wax 1

AuseAnsanduwus (N Wisuaufumni1319ssAUANNENTLE 1 Table 2 dﬂﬁizﬁumwzﬁ“wﬁuﬁf@fﬂuﬁqﬂm

Table 2 The probability levels for the correlation coefficient using r value (Hinkle et al., 2003)

Size of Correlation The probability levels
0.0-0.29 Very low correlation
0.30-0.49 Low correlation

0.50 - 0.69 Moderate correlation
0.70-0.89 High correlation

0.90 -1.00 Very high correlation
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4. NM5IATITUTDYAN A
P o M , A A o o P |
wWheuiaudeyaresisrnuauasunuluusaziui Thandiainnismagaunisnszanasisaediagadi
#nnsuanuaauuilnd (Normal distribution) As3iAsziiiayaneatifiuuunigfes (One-way ANOVA) uay
wRauWeuAnLanstsresraan ine 1938 Duncan’s multiple range test AszAUANNLT 95%

a o

NANNSANHILAZIANTUNA

¢ A& o '

AUNLNUAaEI9NIANLARBAINLALIRNAREIURaNTaYUsE WA lNe
ANNALFARBENAIFNUARAINLIL TAFINTARTIANINITANEI LTI INRsL T snauAa A
o o o A o o = yvaa o v dy dl
ANLANUBIAUNIY BNDIHDIATIA AndAAIIA A1NiTatlszastunn 18 wng WENIN19Useaefoeanug Wuin
N3 aiTN mMNTAR L S UaaNTAIUNANTANYFALBENIATIALAZ LBV B UNANNAR AANTRAUNLT
o =S a 1 = = o o a & o o o = =
NnsAnELRnammeuEelsrianizifia Auanizilin S1neunanded Aadndunys anEedszus
Iup 12 1WA WHAann1sUsenafagaquann WuininisdszasBearaanlun1edandnmnann Saudinsveaa
o =3 a 1 al = o U o = o o =
NINITANENLIR NN UEFDAZNIBUAT ATLATINUN B1LN2 LHB9TEEE 99U ATZ8d A1NLTALTTNITUNA
18 wm3 MEsInnsdszasdinaaauanfis Auniinisssuaiisnmanduie uasdmdngaLsiinisAneniiEnm
oA A ° A ° = A o o = = yaa o
WNLLEFad1NAaT 81NBATINTY AUNBINENTALT AINiATaLT AanFadszasauin 12 wng [iananaslsvag

% d’l a‘l o a ¥ 1 .
ANEIAAUATN NUNNINTTUIzNNLTIIUUTENENNZADE (Figure 1)

Figure 1 Fishing boats and the sample of Miyakella nepa from each province including Trat (a and e)

Chanthaburi (b and f) Rayong (c and g) and Chonburi (d and h).

nsifF AU g UANHUENINTIINETUNLTENsIRINIAnBAUFINLaLlBA ARz T uaanaRslsTinAlng
1. M UFE LRSI LU NALRALLASAIINENURRLUDINIAN LAUAINLAL

ANAIAN N TLFUR LTI A @A AR N WAL WA LWL BINENFA9LALILAZAITHNENT

a

Lﬂaﬂﬂﬂﬂﬁ/\‘lﬁﬂLLﬁlu@ﬁNLmU‘VﬁLWﬂﬁ (28.43+4.11 NFN, 13.3720.81 LUBALNAT) LAZIWALNE (37.01+4.44 NFu,

o

14.71£081 LuLNA9) AINAINTARIA LA UNNTIANTNRELIN ANTBIFIUNULAUES HATNINNISmdnaY

&
o

4 2 5)gn"a (P<0.05) AVUNIANUANATNUOLYIUNAE (12.78+4.56 NFH, 9.98+1.13 LURINAT) WATLNALHE
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(13.3626.14 N3N, 10.11+1.36 LEURLNAT) @ﬂﬂ@?quimizﬁ'ﬂqluLﬁ@uaquﬁmﬁ\iLﬁ@uﬁ;mﬂmmﬁmmuqqﬂu q

o

wmindaedsuazanevedeisaNInndIdandnguii 2 genia (P<0.05) (Table 3 and Figure 2)

Table 3 Comparisons of the average body weight and total length between Miyakella nepa from 4 provinces

Trat Chanthaburi Rayong Chonburi
Sex X - -
Rainy Rainy Rainy
Dry season Rainy season Dry season Dry season Dry season
season season season

average body weight (gram)

male 28.43+4.11"  21.50+4.44°  19.47+2.70°  26.5+3.29' 16.83+3.64°  12.78+4.56° 27.23+2.94'  23.99+3.47°

de

female  37.01:4.44° 21.5246.63°  20.49+4.76" 34.21£4.21 22644553 13.3646.14°  32.16£528°  23.7044.76"

average total length (cm)

de

male 13.37+0.81°  12.04£0.87° 12.14+0.91° 13.16+0.54 10.99+0.83° 9.98+1.13% 13.1320.57"  12.86+0.72°

female  14.71+081°  13.00£1.21° 12.14%£1.02°  14.39:0.65° 12.2+1.10° 10.11#1.36° 14.19:0.78°  12.7240.83%

number 23 and 23 36 and 24 30 and 38 23 and 28 41 and 37 56 and 66 27 and 25 50 and 12

*Different alphabets in each horizontal line meaning of the significantly difference at the 95 % confidence level.

=
50 M Dry season ) Dry season

[IRainy season _DORainy season

—~ 40 40 de c
o
o £ ‘
“ f b
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& = a > ’ b
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% 20 | - 20 =
>
©
o)
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c
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Figure 2 Comparisons of the average body weight (a, b) and total length (c, d) between male (a, c) and

female (b, d) of Miyakella nepa from 4 provinces
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Perdeatfuwuuidugwizauuunszanasianiuag (Marine Fisheries Division, 1997) aauzinn1stlszaadmiin

azgnanganiulitliagnisnnfiugeaesesudunaiuuwasgniuoniudusiuounin aramlifinacs
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AAUANLIY (Marine Fisheries Division, 1997) yiatiaqganalHiamnuauaInwa L luaendnsaaaiaumaniaz i
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Surveys Unit, 1969) siafinesinuauiiuiiaednduinnaas ldannnisnidseasresanad seuavingiu ansad
AnunuIaTandenelitueswisegnanin i lunsindszasasinWildidunsiesnissesmnatlszas uas
Tnseminfannstlaesissnuauniaundnnauguuasinsssugifansae (Boonsom et al., 2016)
Kantan (2014) AN AMNUANNAALUBIEATN AN A UL UNUN TN E19 S9N ARIIA T2
A o =3 & o & = & Y oa :: o 1
LABUEUINAN W.A. 2556 DIABUNNNINUE W.A. 2557 WURARSuTinAuianum 6 INaN uazpumuILiLYes
ARTVTINAURAY 12488.34+3368.44 Fia/ANT9LNAT WAL Somluk (2014) ﬁm:mmﬁﬂizﬂ@mﬁmmmmm;m;u
103dm Inihauisnalasinsiladentinum Aindnscaes nudiangnguaesdnsuiinAusuneuialil
denuaruaannlilei@aniAniang 2224.29488.81 WAz 432.314£302.05 fa/AN91UNAT AINAAL TIA1N9N1INE
Huanalfiulidn Buradndniinfunidueinisdiunilsaesnasnuauginiouludandnnsallsu o
oA A v a & A y o  w = v & o o M
WNNIIEeELAULEn ARt 8 e siatandnrzaed asaraiduuna N min ua s 1N AR I89AAN ALY
wnuludandnnsngenign uenan alnvedirsesialszaeiidoudAgyivinliauiaresissnuauiaun

WANFNNAWITUAY (Chuaduangpui, 2011)
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' < o a < o
2. mauFauifisuAndediiudngtanasaysainwaiie (GSI) 20anIAnuAUEINLAL

v e
& o o o

AnNA3ANEI AL a5 TR THE Ui aA N AU N LD L WAL RN N LARZAINTA WUINAIFN ALY

v o

WL AHEAINAINTRA A lUT90 A UAINANAL 4N AR (6.54+4.38%) TE9AINIABNIANUALAINUOLINALTE

= o o al

AT UNYT U909 (6.45+4.73%) AaunIsnuARAIHUOLWANEANAINdaTaLTIudangHul

a < & o

Aadniiaaiign (1.79:0.98%) (Table 4) Tngannmisraiiulidnefidusidafifelafidoudeauuninsgiugs

q

= ' 1

o

Wasanniasinuauiau lfissasn s f lnuannuane faumsze s 1-4 pauanali Table 5
iHangasauszaznInmu e ldannAle fidus AntiaouanysaliwAlaan Hiransuchalert et al.
' , = R = < 2 A A o o ' ~ A o o
(2016) WU lugaaiRa NN AT BRW ANAIANUABA TN U LN AN BN E N 9NN Fe L gangaRadandn
310 (9.17+2.90%) a1 lafinnu szzn a3 909t AN UARAHRO LN ALNHAINYNAINTARNNTWEN LN
=® dl 1 A a =2 A :j ?: = dld o o 1 dl A
D4szeiz 4 (Table 5) lutdagihaudamAniaunausa1ANAIENLALAN L LINAEENENsWEWN TS [ gangnpe
INTAAUNLT (10.45+2.38%) TnaisnunuarnunuwAlsandamndnga3 ldwunisimundelafesyesi 4

(Table 6)

Table 4 Ovarian Gonadosomatic index of female Miyakella nepa from 4 provinces during dry season and

rainy season

Province Ovarian Gonadosomatic index (%)
dry season rainy season
Trat 6.54+4.38 (N=23) 4.27+2.45(N=24)
Chanthaburi 4.63+2.29 (N=22) 6.45+4.73 (N=28)
Rayong 4.90+4.31 (N=37) 4.23+3.45 (N=66)
Chonburi 5.24+3.15 (N=25) 1.79+0.98 (N=12)

Table 5 Observation of ovarian developmental stages from ovarian Gonadosomatic index of female

Miyakella nepa from 4 provinces during dry season

Province/ ovarian Gonadosomatic index
ovarian stages o461 (0.00-1.50%) stage 2 (1.50-3.00%) stage 3 (3.00-5.00%) stage 4 (>5.00%)
Trat 1.13+0.13 (n=5) 2.3240.69 (n=3) - 9.1742.90 (n=15)
Chanthaburi - 2.2740.53 (n=5) 4.23+1.00 (n=8) 6.84+1.87 (n=9)
Rayong 1.19£0.18 (n=5) 2.16+0.39 (n=14) 4.58+0.83 (n=5) 9.26+4.26 (n=13)
Chonburi 0.7240.01 (n=1) 2.38+0.52 (n=7) 4.00£0.85 (n=5) 8.26+2.07 (n=12)

¥ & 1
v o a
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Table 6 Observation of ovarian developmental stages from ovarian Gonadosomatic index of female

Miyakella nepa from 4 provinces during rainy season.

Province/ ovarian Gonadosomatic index
ovarian stages stage 1 (0.00-1.50%) stage 1 (0.00-1.50%) stage 1 (0.00-1.50%) stage 1 (0.00-1.50%)
Trat 1.48+0.02 (n=3) 2.21£0.41 (n=8) 4.98+0.87 (n=3) 6.80+1.28 (n=10)
Chanthaburi 1.20+0.18 (n=5) 1.99+0.37 (n=7) 3.77£0.00 (n=1) 10.45+2.38 (n=15)
Rayong 1.10+0.18 (n=9) 2.16+0.39 (n=23) 3.91+0.29 (n=15) 9.26+4.62 (n=19)
Chonburi 1.030.13 (n=5) 1.83+0.18 (n=5) 3.44+0.62 (n=2) -
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Figure 3 The correlation between the average body weight and ovarian Gonadosomatic index of female

Miyakella nepa during dry season (a) and rainy season (b)
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Figure 4 The correlation between the ovarian weight and ovarian Gonadosomatic index of female Miyakella

nepa during dry season (a) and rainy season (b)
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Gonadal histology and its health of Ensidens ingallsianus ingallsianus (Lea, 1852)

in Songgaria River during Sangkhlaburi District, Kanchanaburi Province, Thailand
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Abstract

Understanding of the health assessment of Ensidens ingallsianus ingallsianus living near the
human activity and agricultural area from Songgaria River, Sangkhlaburi district, Kanchanaburi
province, Thailand is required; however, it has never been reported. The objective of this study was
to investigate the gonadal histology and its health of E. ingallsianus ingallsianus, using
histopathological biomarker. All samples were collected from winter season (December 2015 to
January 2016) and the dry season (April to June 2016) (n = 20 per season/ n = 10 per sex) with shell
length during 4-6 cm. and then they were routinely processed by a standard histological techniques.
The results showed that all specimens were considered as the breeding season. Histological
structure of the testicular tissue in E. ingallsianus ingallsianus male consisted of several acini, which
was different in the male germ cells from the spermatogonium to spermatozoon. Only
histopathological alteration included the pynotic nuclei of the spermatogonia. The ovarian histology
of the E. ingallsianus ingallsianus female composed of various follicles. Each follicle contained the
oocyte differentiations, which was divided into four stages including oogonia, previtellogenic stage,
vitellogenic stage and mature stage. The atretic follicle during vitellogenic stage was observed in the
ovarian histopathology. The result from this observation was accurately received not only the gonadal
histology, but also rare histopathologies with indicating to a good gonadal health under the
environmental situation.

Keywords: Histopathology, Bivalve, Biomarker, Gametes
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Unddunudnludinsesnasinesinaanainuanegtn dagauuiinuazdiigseniaiufaeting
TAELDNIZUDUNIL WIAAN (Ensidens ingallsianus ingallsianus) Faspluuasgaate 1uaed Unionidae
waziluvesiasugialuguzunasidsiundrAnyresdszansueninedirazys weaniuuaniigtling
al v ‘Ql v % b4 % a a A a a a O” = 091 o
g19FARNEAN ANUUDINANNY A1UTNFequran BatUaaniFey 289U IA1a9TeRIANa au L
(umbo) TilseanAaulilnislanafnuuiin uazsin@nnsew wlasnduluiuyndang Faauwannig
(Nakjinda et al., 2005) mn%’mﬂam?ﬁﬂmmﬂmuLmaﬂuﬂaﬁ:mm%ﬂ Jivaluk et al. (2007) 9181911471
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LLW@NVI@']WEGLHLLNH’]"H@\TTWL'Z‘]El qumiﬂﬂmquﬁgwquﬂﬂ% ‘ﬂqLﬂ@@\‘i‘ﬂ@mﬁlﬁ\ ﬂﬁ‘:ﬁW]ﬂi‘V]El LW@ﬂﬂ‘]ﬁﬂf‘ﬂ@ﬂqﬂ

InanarissiiuganinzasteduasaimasauAug faanisldqanianendingn aesueannilusade

=
NWDININ

AEN15ANEN

mafiudrageuasnuLraNLaERURANE

MN13guiiuAneat 19 e sNILuMaNgNIIuTINlug9nAUUIY (ReUFWINAN W.A. 2558 DY
NNTIAN W.A. 2559) WAz Ui (RUNENEUTNNgUIEU W.A. 2559) AnUBmuiiTeIn@e gaei
sl uaznuneny anedsrazs Ussinalne (15° 8'41.87'N 98°26'42.77'E) (1191394 40 60 pla
ngNIA (WAaz 10 9) waziawnanuetaenelugos 4-8 lusLwes) sdsanniiiesheoma
unaauBens LT (rapid cooling method) (Wilson et al., 2006) Lasinsunziieevesaan
aaniaen Lﬁ@ﬁﬁmﬁﬂmfﬁ@mﬂammmzmwamﬂﬂﬁmmﬁmm%\iLmzﬁuﬁuﬁq‘mﬂlﬁﬂfﬁﬂmLﬁ]@?‘i@
wdaa Nt es AU NI s Nl e lutina A ndi (Davidson’s fixative) Ugzunnd 48
dalue melfigniugidies
MSANENNIAUN UEINEN

UnFnetaesnNIuuaN (fixed tissue) NINIUNTTLIUNTETENAYaEN9a AR5 50875
paraffin method mmmﬁ“ﬂmimmﬁmm\iﬁmﬁmﬁmm (Presnell and Schreibman, 1997; Suvarna
et al., 2013) MFIANTUT LA ANIFALNE gAMLY 4 TlATims waviinunfiend periodic acid-
schiff (PAS) a2 Masson’s trichrome (MT) ﬁﬂﬂqmﬁmi@ﬁlﬁfaLﬁ@mﬂm‘umﬁLmﬁ:ﬁrﬁ%mm TAT9A519
ﬂ-g@msﬁmmmewamﬂﬂﬁﬁL'ﬁmﬁ”ulum"mm”mqmzﬁ’ﬁuﬁuﬁ:mﬂlﬁﬂﬁm%mmﬁuuul%um
TUANANLAZI AU ALTARALIN LS ugnanilfiainnisdudauauaedlide (atretic follicle) (Snuaw 100

LIRS AN 5 WRWLNG (20 Liagsa 1 uHuLng) nnalfindesdnagilaladiu Leica TE2000-U uazAtuans

anunuaadlat el adidus
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NALAZAIANTIUNANITANE

RINNNIANEIATUN LA FBE MR ENTLWMANYNATIALAING A M11IUATO AUAY ot ludaanis

= o %

fALWUS (breeding season) (Figure 1-2) WananiinisAnwiafaidaaudulidiveaniuunanii

al 9

AINELURENTa9 4-8 LuRNAg dnidudoadaiasyWug tauseazidunaeIn19dnTRILAY

B9AUIZNALNNAIUANIETNIALAZAAN LN INE TR A A RAUWWS (Figures 1-2) §

seaviRsAsasalilil

AANIATNIALALANIENENEIN 2RI UALERDMNE (histology and histopathology of testicular
tissue)
ANHOIENNNIEINIAS Iz IaInan U HaN NG TAseaT1eneinuqaniainiadne

'S

Uszneudinalasea3wafinegs ¥sanEendn aduns (acinar) SusunnAdieitialaduumanet (Figures

PP o

1A-1B) wiazetlsznaufiaanguaeaa g a WU AL NEN TR UNaL A58 T UA L AN IO LN

-

NIzUIUNININWNTBsEa S ALTWENAE LA 5 svez Aa awladunTnindlaw, Insus alefuntnlas, 1Ay

9

a3 ailefuninledd, anlefundia uay awladunngu (Figure 1C) ARNYIARIRLIZZNIREMUNTDILTAS
auWuﬁLWﬂéﬂmW@ﬂmuﬁﬁm Margaritifera margaritifera (Smith, 1980), PRUNULWAN Ostrea edulis
(Loosanoff, 1962), “iatl Spisula solidissima (Ropes, 1968) WAZURLNILNNAR Prisodon alatus (Matos
et al., 1998) wravszesisaaziden fasa il

awlefuntnindflan (spermatogonium) iuimadnnuluiziemug e eTuIiuaTLULT AL
LWALNY LNNLUSY (basement membrane) Antdultadninuialugnge (@uiaean 10 lulasiuns)
o 1 dsjdl & a a = | a al o” a 1 % %
AnHUrIABaaIrazilAe Ltiaduasiianasaislienan AnduiRusey wazgnianseausioalale -
WAATNRTNNAN (Figure 1C)

al o o . ' d”d 3 ' 'Y =

Tnsuraidesuninlas (primary spermatocyte) Waasvasilauimanndingidasuinindias
Waganniinainnisudaaaawuulningsd @uineds 8 lulasums) Aowrdeainddis unagas
o < a o o ! o Y o dl Y A a .

anaiulasnnfinaasuazinagsaniulndiuiediuiianaaa (Figure 1C)
o al ' s = ] = < 1

AuAT atlasuaInlasf (secondary spermatocyte) Hgilsnananuazauiaanndnszay

primary spermatocyte (2u1mL@a8 6 lulAsiums) Wasanninainnisudasasuusluledad (meiosis)
A 9 <& a a o o A a | @

waztiudinliTuguuninau neluliardsatlseneuficanisaasueslasunfiufadiuannszansagin
Iag L IANA1 AT NN AR A

avlafuniia (spermatid) L1aaszaziiinainnisutagasuuululeddves secondary
spermatocytes N lmadNauALanasee 9T Tasuniuntg luiamasananaafaLdue LAN
wad uwazdensaudaelalawaiauuna | (Figures 1C-1D)

awladunngu (spermatozoon) iwimasnAawIAan dsznaudasdauiafnddinauinieds 2
TulasmmsuaznafindguyaeuTidilliFnmnsanaisedns (Figure 1C-1D) nasantiuailaiunlngy

(spermatozoa) Aa1nusazgasINiunaituietineaga (germinal duct 1138 gonadal duct) Immifaﬁqﬂu

3
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% T a 3 a dlda = . . . . J & d‘ =
mm‘ﬂ@@um‘ﬂummLﬂugﬂmix‘iquﬁl@ﬂ (simple ciliated columnar epithelium) LAALLTAALEIDLN
HumdeTuazlalananainAndinRiuans (Figures 1E-1F)
dl o = a A a a o/ e =
memmﬂm%mﬂwmwa@m'mmmﬂﬂmwumwmmlmwmLﬂmmim‘lﬁmuﬂu"lumq

131908959913 welainnnidn (Figure 1C)

an1gInIALazqaanIgwe1sInenaasilai@iafeld (histology and histopathology of ovarian
tissue)

anwuznengdniafelizesuesniuunanlinuanuialng uazilatiunAnnieiiuga
neanIAnLdNTAsaTaAinaneEandn Weadlda (follicle) (Figure 2A) uilavnalsznausioascaznig
% 1 A = . g ' . .
Wawremad Muanaszez e srazlelalnitlan (cogonium) scaznauazaxlaung (previtellogenic
stage) szaiznnsazanlaung (vitellogenic stage) uazszazlign (mature stage) ARNAARIAUNIIANIA
N1IWENLIUD Lmﬁiﬂummn Hyriopsis bialatus (Chatchavalcanich et al., 2006) WA a3 e & H
PALEGHEREGY D!

srazlelalniounuluiBuaauresgeuazunsnsialugdauaaiivas (germinal compartment)

ol < al' a al a a ogj a % a a [ o ] =S

sasHIBIAEANTAn Hardsanndnl Ruuarniglulseneudicatinnaleda 1 6u dousedlainnanads
AnATaYa (Figure 2B)

sraznaudzanlaung wad luszasituunaad Wodu (aaeds 20 lulasung) dandea

v
al o a

A a a a 4' Y A a a | o a ¥ ¥ >
nawvizes AnAuIRudeu snaudedutomataiinisan Fasiuaeslasuiiuadnauiindauiring (clock
, , o A A A g & o ~ a ay

face like-structure) @l lananadnAndunRudinauadedaay Wasainnimeddiuresluinaau
wirsnAua N lusas eauAnniinslugaansWueseas b (Bielefeld, 1991)
wazENdsngresiunaadAa (follicle layer) PLLEAR L1

sreznrdzanldung iwasiawialunau (auiaeas 50 Tulasuns) e lulalnwanaduiins
azanlaumg (yolk granule) An@auwyiiuaruaunin (Figure 2B) asanudinuiuiiaiadaadauinlanas
agietaay (aunnwa 5 lulasuns) waziraeuilin1sreuisas (Germinal vesicle migration) (Figure
3C) Nilaraamas nLdunaaa LA ldasiNataLa

seazlign Wuscasdawnaadivgnga (@uiawan 60 lulaswng) Wasainilduasanuau
wnuazdaua lugau J31d19ldudueu (polygonal shape) wazlainuawndsalusyeasll (Figures 2B-
2D) nasanilumadsaraziaaaun lidaiatnla (germinal duct) SeditasyRafuinenilugingged
NTae (Figure 2C)

=® a 1 Y v I o/ dl 1 |
aannsAnIqanianesaasad w ftleasin uidmunisdesuazdereiadlalusyey

azanlduasluaangniamfsdnuan 7 wadld (Ana1uau 100 wad Andu 7 weidus) (Figure 2B)

DaudidnnnafneAiainuqananeBIneNremas AURUEInAaae N ULAN B Atiag]

1 0’/ = Y v o a a 'S = o

wdtiumanaglfsiaannn n1svasaaasiamdaaeesailesuininiflanlusunzaaw aaniuuan

Aplunszuaunisenaaaatad (cell necrosis) wazluAUNTEIIBIN1TAAAIIDUTARA LN LS lWsEaIE
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v
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fiaan dvfunsdenuazdesessaslifedniudeanfifiinTulugasduiig (Leino and Maccormil,
1997) ustaeielafmunianisinernissenanenaifaaiesatunsildmunzay, qmuqﬁé’ﬁ (Bayne,
1976; Newell, 1989) nazuanwvatesna 11 dlululefnuazianzuinuieasiin (Maung and
Tyler,1982; Rasmussen et al., 1983) yananifanudnrasnisdetesmadliifiudulumesnn Uiy
Mytilus edulis ‘wﬁqvlé”w§‘umWiﬂ@juia‘ﬂmm'ﬁfuaﬂuﬁﬂﬂuﬁﬁmmL%u%uzgq (hydrocarbon, high oil (i
127.7+28.3) 1iluiaan 144 §u (Lowe and Pipe, 1986) aMndayaiindnaaniiavaan snuqanienes
Inenvesedenrduiugenalisuun doiuiAseddunudesdunuiiledessusaiaaadiuiugds
Lmm\ﬂﬁLﬁudﬁmmmqwmmﬂmuLmaﬂummwf‘:ﬁqmmazﬁﬁLL@mf;_jmﬂ”Lﬁ?qlqLL'Jméﬁ@mﬁﬁammmm

AANITANTITIA
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Figure 1 Light microscopic level showing the histological structure of the testicular tissue and
spermatogenesis in Ensidens ingallsianus ingallsianus (Ac = acini, Bm = basement membrane, Ci =
cilia, Ep = epithelium, Gc = germinal duct, Gg = digestive gland, He = head of spermatozoon, Pg =
pedal ganglion, Pn = pynotic nuclei, Ps = primary spermatocytes, Sg = spermatogonium, St =
spermatids, Sz = spermatozoa, Ta = tail of spermatozoon, Ts = testis) Note: MT = Masson'’s trichrome,

PAS = periodic acid-schiff
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Figure 2 Light microscopic level showing the histological structure of the ovarian tissue and
oogenesis in Ensidens ingallsianus ingallsianus (Af = atretic follicle, Dg = digestive gland, Ep =
epithelium, Fc = follicle cell layer, Fo = follicle, Gd = germinal duct, Ms = mature stage, N = nucleus,
Og = oogonium, Ov = ovary, Yg = yolk granule, Vs = vitellogenic stage) Note: MT = Masson’s

trichrome, PAS = periodic acid-schiff
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swmuﬁuqmam%‘izﬁ’umaﬁﬂ%usnmmﬂmmaﬁum%mﬁ (Cirrhinus cirrhosus,
Cyprinidae) AENNFEANAULLESTNANLALNITHANLAUTALIRTUDS
First Cytogenetic Report of Mrigal Carp (Cirrhinus cirrhosus, Cyprinidae)
by Conventional Staining and Ag-NOR banding
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unAnea
m@ﬁﬂmﬁlﬂumiﬁﬂmWugmma‘?&:ﬂ”uLema‘m%’\uwﬂmmﬂmm@ﬂ%’um%mm (Cirrhinus
. v v a v a I's ' = |
cirrhosus) Aq8NN9EiaNALULFITNANLAZNNE AN wnLTaasuas InemrenTasTuTananlnlazvitan
20959881918 WAE 10 Fa waziweLlie 10 A2 Ananaiiey AandnguasIgs1t antufiand
TP Tulan A AANT AT AT LATA HAanN1TANHINLTNLa e SnAR Tas U lauAnaas AN AL
1 = o dgj | o v a o a 1 1

50 wyia Harwulasluloniuguwindy 72 Taslulondsznausdqeniindummiiawrisnaunn g 12 uvis
wiamuninauinlun 8 e N NEUYRNAUIANAN 10 WK N TaLTWiTnauIAnane 14 Wwis uazla
IUVITNAUNALAN 6 LY TdnuA N LANFA19a9 A Tu TN A WaNAINEWLAN WALNUA SULLEWEN9ENg

v
o a

InériuiBuumiaidesacdasiulongh 6 uazgasuaslanilaasdaruwrasuninauanslfnam
. sm t m t t
2n(60) =L, + L+ M+ M, + S,
mdA: Uanurasunind uweatelnil uad

Abstract

This study was the first cytogenetic study of mrigal carp (Cirrhinus cirrhosus) by conventional
staining and Ag-NOR banding. Fish chromosome preparation was conducted by squash technique.
Gill and kidney tissues were taken from ten male and ten female fish from Muang district, Ubon
Ratchathani province. The metaphase spreads were performed on microscopic slide and air-dried.
Giemsa staining and Ag-NOR banding techniques were applied to stain the chromosome. Results
showed that the diploid chromosomes number of C. cirrhosus was 2n=50, the fundamental numbers
(NF) was 72 in both male and female. The type of chromosomes can be defined as 12 large
submetacentric, 8 large telocentric, 10 medium metacentric, 14 medium telocentric and 6 small

telocentric chromosomes. There were no strange size chromosomes related to sex. The long arm
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near telomere of chromosome pair 6 showed clearly observable nucleolar organizer regions (NORs).

The karyotype formula of C. cirrhosus was as follows:
_ m t m t t
2n (50) =L, + L+ M" + M, +S,

Key words: Cirrhinus cirrhosus, Karyotype, NORs

Introduction

The genus Cirrhinus is native to freshwater in South Asia, Indochina and southern China.
There are about 11 species including C. caudimaculatus, C. cirrhosis, C. fulungee, C. inornatus, C.
jullieni, C. macrops, C. microlepis, C. molitorella, C. mrigala, C. reba and C. rubirostris. In Thailand,
there are 5 species of this genus i.e. C. caudimaculatus, C. cirrhosis, C. jullieni, C. microlepis and
C. molitorella (Roberts, 1997; Menon, 1999; Kottelat, 2001).

Mrigal carp (Cirrhinus cirrhosus) is a species of ray-finned fish in the family Cyprinidae. This
fish distribution is a native to streams and rivers in India but it has been introduced to many countries
in Southeast Asia such as Myanmar, Thailand, Laos and Cambodia. The IUCN (International Union
foe Conservation of Nature) evaluated this fish as vulnerable (Roberts, 1997; Kottelat, 2001).

The cytogenetic study of the genus Cirrhinus has been reported from 6 species including C.
caudimaculatus, C. jullieni, C. microlepis, C. mrigala, C. reba and C. molitorella (Manna and Khuda-
Bukhsh, 1977; Wu ef al., 1989; Zhang and Reddy, 1991; Magtoon and Arai, 1993; Ren and Yu, 1993;
Donsakul and Magtoon, 1997; Nangpure et al., 2001; Donsakul et al., 2007; Biswal et al., 2008;
Saravanan et al., 2012; Yadav et al., 2013; Bhatnagar et al., 2014; Nadini et al., 2014; Neeru et al.,
2018). However, the cytogenetics study of this C. cirrhosus is inadequate.

The present study aimed for a cytogenetic analysis of C. cirrhosus. From the present study,
we exhibited the standardization of karyotype and idiogram. This report described the first
chromosome staining by conventional staining and Ag-NOR banding techniques in this species. The
Ag-NOR banding technique is to reach out the NORs which is the representative location of genes
(loci) that function in ribosome synthesis (18S and 28S ribosomal RNA) (Sobit et al., 2002). The NORs
could be used to distinguish species with similar karyotypes. The obtained results can provide more
cytogenetic information for future studies on taxonomy and evolutionary relationships of this genus
and family. Moreover, it provides useful basic information for the conservation and breeding
practices. Cytogenetics can provide invaluable insight for the management of threatened species.

Matings between individuals characterized by different cytotypes can result in perinatal mortality or,

yeansdematulagnistszae O9 14 ud 1 unaax - Jguien 2563




46

at a later stage, in reduced fertility of offspring heterozygous for chromosomal rearrangements (Potter

and Daekin, 2018).

Materials and Methods

The study of standardized karyotype and idiogram by conventional staining and Ag-NOR
banding of mrigal carp (C. cirrhosus) was divided into 4 steps including the fish chromosome
preparation, chromosome counting, chromosome measuring and chromosome analysis.

1. Fish chromosome preparation: The 10 males and 10 females of C. cirrhosus were collected
from natural area from Muang district, Ubon Ratchathani, Thailand. The samples were checked by
identification key, Roberts (1997) and Kottelat (2001). Chromosome preparation was conducted by
the colchicine-hypotonic-fixation-air drying technique, from gill flaments and kidney tissues. The
chromosomes were stained with 20% Giemsa staining solution for 30 min and identified for NORs by
Ag-NOR staining according to Howell and Black (1980) and Verma and Babu (1995).

2. Chromosome counting: Many pictures of the chromosomes in metaphase cells were taken
for counting the number of chromosomes. Twenty metaphase cells of each male and female were
measured for length of short arm (Ls) and long arm (LI) chromosomes.

3. Chromosome measuring: The Ls and LI were measured and calculated for the length of
total arm chromosomes (LT, LT=Ls+LI). Relative length (RL), centromeric index (Cl) and standard
deviation ( SD) were also calculated. The Cl| was also computed to classify the shape of
chromosomes, respectively according to Chaiyasut (1989) and Tanomtong (2011). All parameters
were used in standardized karyotyping and idiograming.

4. Chromosome analysis: In karyotype formula, the size and type of chromosome were
classified, which the symbol “L, M and S” represented large, medium and small chromosomes,
respectively. The symbol “m, sm, a and t” represented metacentric, submetacentric, acrocentric and
telocentric type of chromosomes, respectively. The fundamental number (NF) was obtained by
assigning a value of two to metacentric, submetacentric and acrocentric chromosomes and one to

telocentric chromosome.

Results
The general character of mrigal carp (C. cirrhosis) is shown on Figure 1. The body is
elongated and streamlined or laterally compressed. Dorsal profile is more convex than that of
abdomen. Ventral profile is slightly convex. There are grayish or greenish color on the back and
silvery at the sides and below. Fins are slightly orange colored in larger specimen. Lateral line is
present and complete with about 39-46 scales.

yeansdematulagnistszae O9 14 ud 1 unaax - Jguien 2563




47

This is the first report on C. cirrhosus cytogenetics study. The results revealed the diploid
number was 50 and the fundamental number was 72 in both male and female. The type of
chromosomes can be defined as 12 large submetacentric, 8 large telocentric, 10 medium
metacentric, 14 medium telocentric and 6 small telocentric chromosomes (Table1). No heteromorphic
chromosomes indication sex chromosomes were detected (Figure 2 and 3). Twenty metaphase cells
of each male and female were used for Ls, LI, LT, CI, RL, SD, chromosome sizes and types analysis
as shown on Table 1. This species has NOR on telomeric region of chromosome pair 6 (Figure 3).
The standardized idiogram of C. cirrhosus was shown on Figure 5. The karyotype formula can be

deduced as: 2n (50) = L™, + L+ M", + M, + S

Discussion

The cytogenetic studies have been firstly performed on C. cirrhosus from Thailand. The
results showed that 2n=50, which is the same as other species on this genus (Table 2). The
chromosomal data on C. reba was reported earlier by Manna and Khuda-Bukhsh (1977) with 2n=48
but all later publications on this genus which reported the diploid number is 2n=50. This may cause
by different fish sample or technical error. The NF of Cirrhinus genus varied from 70 to 90 (Wu et al.,
1989; Zhang and Reddy, 1991; Ren and Yu, 1993; Donsakul and Magtoon, 1997; Nangpure et al.,
2001; Donsakul et al., 2007; Biswal et al., 2008; Saravanan et al., 2012; Yadav et al., 2013; Bhatnagar
et al., 2014; Nadini et al., 2014; Neeru et al., 2018). The NF of C. cirrhosus was 72 which similar to
C. mrigala and C. caudimaculatus (Magtoon and Arai, 1993; Donsakul et al., 2007).

The autosome type of C. cirrhosus were 12 large submetacentric, 8 large telocentric, 10
medium metacentric, 14 medium telocentric and 6 small telocentric chromosomes. The types of
autosome were not related to previous reports (Manna and Khuda-Bukhsh, 1977; Wu et al., 1989;
Zhang and Reddy, 1991; Magtoon and Arai, 1993; Ren and Yu, 1993; Donsakul and Magtoon, 1997;
Nangpure et al., 2001; Donsakul et al., 2007; Biswal et al., 2008; Saravanan et al., 2012; Yadav et
al., 2013; Bhatnagar et al., 2014; Nadini et al., 2014; Neeru et al., 2018). The cause of different type
of chromosome may be genetic variation between species and populations (Tanomtong, 2011).

No sex chromosomes could be found in the form of heteromorphic pair in the C. cirrhosus.
Also, the sex chromosome dimorphism was not found in this genus. However, the sex chromosome
determination of both XY/XX system and ZZ/ZW system were found in some species of cyprinid fishes.
The cyprinid fishes such as, Acheilognathus cyanostigma, A. rhombeus, A. tabira, Danio rerio,
Leuciscus aula, L. cephalus, L. carolitertii, L. pyrenaicus, L. souffia, Rhodeus uyekii, Scardinius

erythrophthalm, Tanakia lanceolate and T. limbate has ZZ/ZW sex determination system (Koehler et
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al., 1995; Collares-Pereira et al., 1998; Sharma et al., 1998; Kawamura and Hosoya, 2000). However,
the XY/XX system was found in Onychostoma alticorpus and O. barbatulum (Han et al., 2017: online).

From the result, C. cirrhosus had the positive Ag-NOR marks on a single pair of homologous
chromosomes. The telomeric NOR on the long arm of a pair of the large submetacentric chromosome
pair (the sixth pair) was observed. The result showed similarity with C. mrigala (Magtoon and Arai,

1993; Nangpure et al., 2001; Neeru, 2014; Neeru et al., 2018).
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Figure 1 General characteristics of mrigal carp, Cirrhinus cirrhosus (Cyprinidae) from Muang

district, Ubon Ratchathani (Scale bars = 2 cm).
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Figure 2 Metaphase plates and standardized karyotypes of male (A) and female (B) mrigal carp,

(C. cirrhosus) 2n=50 by conventional staining (Scale bars = 5 um).
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Figure 3 Metaphase plates and standardized karyotypes of male (A) and female (B) mrigal carp,

(C. cirrhosus) 2n=50 by Ag-NOR banding, arrows indicate nucleolar organizer regions (Scale bars

=5 pum).
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Figure 4 Standardized idiogram of mrigal carp, (C. cirrhosus) 2n=50 by Ag-NOR banding.
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Table 1 Mean length of short arm chromosome (Ls), long arm chromosome (LI), total arm
chromosome (LT), centromeric index (Cl), relative length (RL) and standard deviation (SD) of Cl, RL

from 40 karyotypes of male and female mrigal carp, (C. cirrhosus), 2n=50.

Chromosome Ls LI LT Chromosome Chromosome
RL+SD CIzSD

pair (um)  (pm)  (pm) size type

1 0.87 110 1.97 0.041£0.009 0.559+0.037 Medium Metacentric

2 0.85 1.01 1.86 0.038£0.009 0.541+0.031 Medium Metacentric

3 0.71 0.86 1.57 0.032+0.007 0.549+0.036 Medium Metacentric

4 0.68 0.85 1.53 0.032+0.007 0.557+0.025 Medium Metacentric

5 0.65 0.79 1.45 0.040+0.007 0.548+0.035 Medium Metacentric

6 0.99 1.88 287 0.059+0.012 0.655+0.028 Large Submetacentric

7 094 177 271 0.056+0.009 0.653+0.026 Large Submetacentric

8 091 160 251 0.052+0.008 0.637+0.030 Large Submetacentric

9 0.79 153 232 0.048+0.006 0.659+0.026 Large Submetacentric
10 0.74 140 2.14 0.044+0.005 0.654+0.029 Large Submetacentric
11 0.71 143 2.14 0.044+0.005 0.668+0.029 Large Submetacentric
12 0.00 2.39 2.39 0.049+0.005 1.000+0.000 Large Telocentric
13 0.00 227 2.27 0.047+0.002 1.000+0.000 Large Telocentric
14 0.00 219 219 0.045+0.003 1.000+0.000 Large Telocentric
15 0.00 2.05 2.05 0.042+0.005 1.000+0.000 Large Telocentric
16 0.00 2.03 2.03 0.042+0.003 1.000+0.000 Medium Telocentric
17 0.00 1.97 1.97 0.041£0.004 1.000+0.000 Medium Telocentric
18 0.00 1.85 1.85 0.038+0.005 1.000+0.000 Medium Telocentric
19 0.00 1.80 1.80 0.037+0.006 1.000+0.000 Medium Telocentric
20 0.00 1.68 1.68 0.035+0.004 1.000+0.000 Medium Telocentric
21 0.00 1.62 1.62 0.033+0.003 1.000+0.000 Medium Telocentric
22 0.00 1.48 1.48 0.031£0.003 1.000+0.000 Medium Telocentric
23 0.00 1.41 1.41 0.029+0.003  1.000+0.000 Small Telocentric
24 0.00 1.38 1.38 0.029+0.005 1.000+0.000 Small Telocentric
25 0.00 1.21 1.21 0.025+£0.004  1.000+0.000 Small Telocentric
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Species 2n NF Chromosome type NOR Reference
m sm a t position
C. reba 48 86 36 2 6 4 - Manna and Khuda-
Bukhsh (1977)
50 90 18 22 - 10 - Wu et al. (1989)
50 - 8 10 6 26 - Biswal et al. (2008)
C. mrigala 50 76 10 16 16 12 - Wu et al. (1989)
50 80 12 18 10 10 - Zhang and Reddy
(1991)
50 72 10 12 10 18 6q Magtoon and Arai
(1993)
50 86 12 18 6 14 | 1 pair () | Nangpure et al. (2001)
50 - 18 12 6 14 - Saravanan et al. (2012)
50 80 30 - - 20 - Yadav et al. (2013)
50 70 6 6 8 30 - Bhatnagar et al. (2014)
50 - 8 26 - 16 - Nadini et al. (2014)
50 - 6 8 22 14 80 Neeru (2014); Neeru et
al. (2018)
C. jullieni 50 90 26 14 4 6 23p Magtoon and Arai
(1993)
C. molitorella 50 - 16 24 10 - 21,23 Ren and Yu (1993)
C. microlepis 50 80 22 8 8 12 - Donsakul and Magtoon
(1997)
C. caudimaculatus 50 72 12 10 2 26 - Donsakul et al. (2007)
C. cirrhosus 50 72 10 12 - 28 69 This study

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

chromosome, a = acrocentric chromosome, t = telocentric chromosome, p =short arm, g = long arm and - = not available.
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Abstract

Diversity of external parasites from cage- cultured tilapia ( Oreochromis niloticus Linn.) was
studied. Twenty fish samples each (2- months old, with 250-300 g. in average size) were each
collected from 3 farms, at Tapi river, Nakasha sub district, Chawang district, Nakhon Si Thammarat
province, were collected during Feb. — Apr. 2018 in (dry season). Three skin parasite genera
Trichodina sp., Gyrodactyrus spp., Epistylis sp. were founded, while 2 monogenean genera were

observed on gill filaments, Cichlidogyrus ( Cichlidogyrus halli, C. sclerosus, C. thurstonae, C.
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mbirizei) and Scutogyrus (Scutogyrus longicornis). The result showed that there were different
prevalence between these 3 farms, Trichodina sp. (90+8.7%), Gyrodactyrus sp. (28.3+23.6%),
Epistylis sp. (8.3+2.9%), C. halli (50+21.8%), C. sclerosus (23.3+17.6%), S. longicornis (15+15.0%),
C. thurstonae (3.3+5.8%) and C. mbirizei (1.67+2.9%) from gill parasite. Trichodina sp. had the
highest mean Intensity (38.7+11.2), followed by C. halli (3.2+2.7). Although the external parasites
founded were not the main cause of death in fish cage culture (secondary infection). The parasites
might induce stress and lead to infection followed with other micropathogens.

Keywords: external parasite, tilapia, Tapi River
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(Thongbamrung and Lerssutthichawal, 2014) q@m@Lﬂuﬂﬂ@"ﬂuﬁqﬁmm@mmalmmmﬂi?m Tael
nwudrgamgariinalnenseiumnngnaesiuiuaieu (Le Roux and Avenant-Oldewage, 2010) Wa¥

a o ) 2 a a 1 dp = ' & @ 3 P a ! !
gaungidedenalilulvaiisulutedestaifinnngngandi 60 wWefidus iesanguuniazdanase

v
o

sraziaIMTasALIR wazszazina N Inmaassiaauaasiuiuailan (Modu et al., 2012) Al
o & a o dﬂl dl a dl a d” o
nnsrasAraseideilivensiagauaNianuaiereslsdnnawaninuludaiadeslunsed
a o o o al | Py v A Ao = o
UauuiipnD AadaunsAisssn ludeaniadesugeien ludanfianiengissunm 2 inau nas
UABLIALN UAZINAMIANIHTNUAL A NULNLUULRALIBNLITAATIATIANL TAEANNTNUATAYINUL LU

193s@naziduieyaiugwdadlioaingn luntsdanisaesdanliadonnaliad wazdon lunisidseds
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wuglunisundadesii uarindndsdnninnaululantanesie

98015

ANFLAUAALENY

siaatinatlanila (Oreochromis niloticus Linn.) Al lun1maass daindaniaeelunsedalu

v
o

1 LNTNANT NUNATLAUINZTE AILNDR° S9UTAUATATITINGIT anuu 3 WAy Fail

ANFUN 1 WARANAEN 47 P 0549962 UTM 0929155

D

b

AIFUN 2 WARANQLAEN 47 P 0549874 UTM 0929534

b

WnSud 3 Wrinenafian 47 P 0549690 UTM 0929692
anufivsaetetaniianifuaz 20 fa sauiluduan 60 s Tnaudaiidengsznimn
2 1A9Y T9819BIMNNT18971289 Thongbamrung and Lerssutthichawal (2014) wua1ds@m tuTuaiiie

11 o O 1

%wumﬂluﬂm‘ﬁlﬁmﬂq 45 $uiul uazaza mmLﬁ@L%ggmwmmmﬂﬂi:mmmaLﬁ@u‘ﬁ 4 1R9A1N
UdauaaLa ‘ﬁmr?TfmﬂNﬂmﬁ@mﬁmﬂ@ﬂﬁmﬂm@uﬁﬁﬂmeaﬁﬂmmwﬁm{ﬁ”ﬁ ATUTARD
WANEANERAT NN ANEN e ATLTAT N TARAIATE WaT AN TiuATIavn SR AR AT uReULAY AR N84
Thongbamrung and Lerssutthichawal (2014) Tmﬂﬁﬂmimuﬂmﬁfgﬂﬁ”ﬁﬂumum@ (Clove Oil) A9 N
W 80 ppm. (Mahawong et al., 2549) (14 4 ealutlarfeiaiielfilanniseaunse) udasirll
parantlsdanniauanioamaila Skin scraping Tagnisgallaniisnniieasa me?mmjtv”mﬂﬂ?mﬂ
Tnalad arnifutirluansiununszanaladifiiney uazinldmsandsdnanauenneléindes
ffg@m?ﬁﬂl,l,‘l_m compound microscope
daunisnzaavntsdmnTuluadlauidnawdandan lnalmaiia Gill biopsy Tasinsuanunu
wileneenanndeawiden amiuhllansuuamunnzideiftihazenne uiasunudenusazunuli

[ A a dl A % <3 dl a a 4 % c
LLEIN/INNL ‘ymmnmmm"nm\‘i@ﬂmmwmﬂﬂ@’mmm ﬁl?ﬂ@ﬁ’]ﬂ?@ﬁlﬂﬁﬂiﬁlﬂ@‘ﬂ\‘l@q@%??ﬁu stereo

microscope

nsuandinlsanniguannngiany

o

ﬂ’]ﬁ‘LLﬂﬂﬂialfmﬁf;l‘waﬂﬁWUIﬁﬂ?@"ﬂW@%iiﬁﬁLmu compound microscope ‘17{5’1 92818l 4x,10x
uaT 40x ‘Emﬂ‘l%uﬁm,nmm”luﬂ’mﬁwLLuﬂmﬁmmﬂiammﬂuﬂﬂmngﬂéwﬁﬂwmzmﬂu@ﬂﬁumﬂa@mﬁ'mq@
wWu mJﬁ%ﬂ’1':T‘l?]lflj"lmﬂuﬁfauﬁ”(Komalamisra, 1983; Srisophaporn, 1995; Noga, 2000; Sirikanchana,
2004; Lerssutthichawal and Supamattaya, 2005) ; Thongbamrung and Lersutthichawal, 2014:

Lerssutthichawal et al., 2016) anuuiunnieyaaiinneslsdnnisuaniingaany
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a o 1 a el nﬂl a a a V6 Y &
N17MTIAUNUTARNTEIUENANAat LT aLNanian ianudsdnTulua el lddudlans
a % % [~3 a 1 o o Y a & =)
Renneanin udagesaathilnruadniiae svaauuweiualaflaiufsanszaninalad niinnszan
% o’l A [~ n:ll dll [~ o o ] a a A dll o
AatneNARR UL NYNTBINszAn Watdunisinuinemaatnelsdn inluaau wavinateiunig
LAABUTLRIFR8ENT A1N1LANTINEN ammonium—picrate glycerine 198U seunns 24 Falag Ve fTaLaY
FNHIRNINFALN9UIAR LAINIANNAZAIAA AR LALIEALNENAINUAAN AALYILAYEITNSARRLLAL

anmsaazldalasnaning (semi-permanent slides) (Lerssutthichawal and Supamattaya, 2005)

msAnTUaLazTHIMNIRIUSAR
=2 o 1 = a A Y v 6o o =
nisAnsnetnelsdniuluailaunta liindesqanssmiin1asae1e4a (Phase contrast) 1013
ANWUNTEALANARA LT RARINIBN19284 Pariselle and Euze (1996) uazrtuatuauluLsazaiiniiva

ANUIDIANAYINTN (prevalence) AYHNMUNLLLLAAY (mean intensity) AMXATNN9989 Margolis et al.,

v
o a

(1982) MANZRTANU

AYNNTN (prevalence%) = ﬁﬁuquﬂmﬁwuﬂiamﬁmﬁuj x100

ANUNULAINNANNINTATS

AYINVUILULLIAAE (mean intensity) = A1WaWiNAYed A RTHAYILT

. 4o e o
AUl InNuLsanTini

N153LATIERADINTINGN

< o/ 1

usetanBnunsedalanluisiinmnt Wifuas 2 qa TnafuiBuuannsyds 190 uay
Tunsedsiiumatieilan 1 9 ludasifiusaetingdanlubaununinius 09 nauLuEIeL WA, 2561
o o ' o’j dl v a o ogJ = % g a ! =
et finndaszinnninianianianinuaziedl 1aun quungd, Annulilduas, At (pH),
Psunneandaunazaiglunn (DO), wenTudly — Tulnsiau uazlulngsf - Tulnsiau (Clesceriet al.,

1998)

NANTTANE

= a a a o a o N & A
nsAnEANaInuanaaastlsdnnauaninu ludanflaiasslunsedaznnuainmi wui
ANLIAUINZTY BNNBRIN WUTALATATEITNING A28Ra Skin scraping Waz Gill biopsy AT 418130
WuLsRRiaEY 5 ana Insnutls@aniauanuuiiaalan viauue 3 ana Aa Trichodina sp., Epitylis sp.
wazils@mluluailien Ae Gyrodactyrus sp. @auan 2 ana wulsnndwtenidulsdnlulualow Ae
Cichlidogyrus Waz Scutogyrus WaaNNNNTLeNTINA289UsaR (species) an1sauanta 5 oin 1Hwn
Cichlidogyrus halli, C. sclerosus, C. thurstonae, C. mbirizei WAz Scutogyrus longicornis (W]';T’]\‘iﬁ 1

WATNINA 1)
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m’mﬁnLmzmmuumﬂummﬂiamﬁwﬂuﬂmﬁ@

aNnNIRNEIANLMAINTaNTedtsRnneLan vt e Talae N s F Bt anT
ANUALINETY BILNDRIIN AIUTAUATATOITNIIT WLFIHAN qun‘ﬁ'umm}mﬁu sail Trichodina sp.
Gyrodactyrus sp. Was Epistylis sp. NAWINHTL 90+8.7, 28.3+23.6 LAY 8.3+2.9% ANNAIAL d3115dn
Tuludifaufinsaanuusonmian 1A NN ST Cichlidogyrus tubicirrus, C. sclerosus,
Scutogyrus longicornis Wa s C. thurstonae Wa e C. mbirizei NA1LANTU 50.0+21.8, 23.3+17.6,
15.0+15.0, 3.3+5.8 WA 1.7+2.9% ANNAAL

douanumuLiueArelsinnauentBnfiasa Trichodina sp., Gyrodactyrus sp. HAN
WinfU 38.7411.2, 1.240.3 sietlan 1 62 MUSNTL daw Epistylis sp. lanansovimad1iiiiasannidu
nqulalatduazisdniniua Deufinsaanuudiandvian Ae Cichlidogyrus halii, C. sclerosus,
S. longicornis, C. thurstonae Wag C. mbirizei flAnA MUY AY YN Y 3.2+2.7, 1.6+0.9,

0.8+1.2, 0.5+0.9 ka2 0.4+0.1 AINAAL (m@’mﬁ 1)

Table 1 Prevalence and mean intensity of external parasites in tilapias at Tapi River, Chawang district,

Nakhon Si Thammarat province.

Parasite Prevalence (%)+SD Intensity +SD

Mucus on skin

Trichodina sp. 90.0+8.7 38.7+11.2
Gyrodactyrus sp. 28.3+23.6 1.2+0.3
Epistylis sp. 8.3+2.9 e
Gill

Cichlidogyrus halli 50.0+21.8 3.242.7
Cichlidogyrus sclerosus 23.3+17.6 1.6+0.9
Scutogyrus longicornis 15.0+15.0 0.8+1.2
Cichlidogyrus thurstonae 3.345.8 0.5+0.9
Cichlidogyrus mbirizei 1.7+2.9 0.4+0.1

Note: Epistylis is a sessile, ciliated freshwater protozoan that propagates as colonies, so it could not be reported

in number.
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Epistylis sp. Trichodina sp. Gyrodactyrus sp.
e
(scale bar: 15 llm: 40x) (scale bar: 10 [tm: 4x)
C. halli C. mbirizei C. sclerosus C. thurstonae S. longicornis

(scale bar: 10 [Am; 4x)

(scale bar: 10 pum; 10x)

Figure 1 External parasite in mucus on skin and monogenean parasite in the gill of tilapias

andssua

= = P PR ¢ o a K
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2 1
=

NUPAUAULNETE $1N09919 TIMTAUATATETNINT AT WL SRANEaNT LA 5 ana aniien
U31InuRaEa a1uaw 3 ana l6un Trichodina sp., Gyrodactyrus sp. wWaz Epistylis sp. LasLRnELiten
wutls@ntuluaew arwau 2 ana lun Cichlidogyrus uay Scutogyrus FIMINLAMNMAINTAN LA
UsAnluTuAflauiinuaenadesiunisAnenues Madyod (2014) Fasuunainvetlsdnlulumidlou
Tudaniia (Oreochromis niloticus Linn.) FiAaelunssfadnnudiinmt foniaunsisssne 18
2 ana Mun Cichlidogyrus waz Scutogyrus Wsl\wu Gyrodactyrus sp. finneBnfias Felneting
i ltasnU 1 lulan@esvannuanatila faea1ed Wattanamethanont and Puvanan (2013) Tiww
Gyrodactyrus sp. Waz Trichodina sp. U3nuiafvastlaniia tanaziieu dardeu tanan T
INNLIREAANANAN 199 sENAlNg LALAINNITATIAND C. thursionae, C. halli figaan% ey
n19AN®1284 Thongbamrung and Lerssutthichawal (2014) LLI}iﬂ’l?ﬁﬂH’]ﬂ%ﬂ‘ﬂﬁiwu C. tilapiae,

Cichlidogyrus sp. Wazlupfainustiareadsdnuiuailawinun Ae C. mbirizei TAOMANNENIUNHNL
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12 v
a a A o

1 a a d’l ' 1 ogj = a d”
N’]VLN‘W‘LI‘ﬂﬁ‘@ padaRungszunluudi ANl Usdnaiatununisseunnmiausnludaniaungiags

PR

L , & Ao o o ) ! o
(O. niloticus x O. mossambicus) TWABAIIUTANIEYAULT Telus89IUAINA1292YIINTAUNL
C. mbirizei Miduiunnlusizasnisdulsdndniinuuazdsdniestiuluguz luadauni iinalen
Insiluwdszwmalng (Lerssutthichawal et al., 2016) BanaINTHaINN3ANEATIT C. mbirizei 110N
Tutlafiadsniaesluwsithnnl fswansdreranaeuiinelululanliadan i lugusiudsdadatiou
AMFUAINEN LA A INMUILLLLRR Y1891 sARIWUAINT1 89148 Thongbamrung and
Lerssutthichawal (2014) dslddans=is@niuludiflewlulafiaunaniaaslunsedardnnuadiinnd
dAUATATEIININT WU A NENaa919A e InTuALlHauNINNgY 50% (Cichlidogyrus thurstonae,
C. sclerosus, C. tubicirrus Wag S. longicornis) wWAMNNTANEATIH WU C. halli (50%) WieTiinaen

dld 1 dl 1 o A dl % 1 1 o a Qd‘ ]
A1 NgNgININTga usandnsuzassientanfiagfeaanlanldwusnsusinlnAfituen
dsdnlaslastenansenuiudalan donils@anisuanienduegiilanuuiioflan et taifen
fdAMNLNNINNG 50% e Trichodina sp. (90%) #a1nn1snsaafasniilainuadnuiinaesdias
Uanila GelsReatiatanauiladtuisninlilanfinauesenls uazainnisiamziauniniily
o o P s a P o= I P g )
nszdadestaliadailuumaaingssuand (m13197 2) wiilinshuduiieluuieqpresiufinsides ws
i luwithedinistemaesinegnasninal TuleeUAINIATIINIEINTHLTENE WUdIAINININ
A9 liANHANIENUFABITULNNIREY WY UNARNNHTUBNAFINAFD ATTNINUAT AN LLWRALITEN
Us@nluluaiiauunaaiaili 199 C. halli (50%, 3.2) TIA1NTI894114289 Thongbamrung and
Lerssutthichawal (2014) WU U NALAINAFANITLATTYLATEYLAL TR LATN1IWMEITBIFAIEDULDY
s@nTuluAilan wazenadenasatls@nniauenaiinauiinsaaild [y Trichodina sp. BaRn13dNNY
TuilFuiuun Audieyare9aA NENRAZATNUUILLWLARE (90%, 38.7) ATNIILUINULDY
Wattanamethanontand Puvanan (2013) wudnan1azdswniannidasuulasllasdenaliidaazen

]
o o =

uazaauuald JenadulasadAnynltiurinlddafAnde &

Table 2 Water quality in these study sites (3 farms)

Parameter This study Standard Value***
DO 5.02 ppm More than 3 ppm
NO, 0.0 ppm below 0.1 ppm
NH, 0.0 ppm below 0.02 ppm
Temperature 28 °C 23-32 °C
Transparency 35cm 40-80 cm
pH 6.93 6.5-8.5

***Source: Pollution Control Department (2553)
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Abstract

The micropropagation of aquatic plants is the method for propagation which is sterilized on steps.
The most important technique is to sterilize the culture medium and explants. Chemical sterilization in tissue
culture media is one of the aseptic methods. Therefore, study on the effect of chlorine dioxide concentrations
in culture media was conducted. Using chlorine dioxide (at 0, 5, 25, 50, 75 and 100 mg/L) in MS medium for
culture of Anubias sp. ‘White’ was investigated. After 8 weeks, it was found that sterilization with chlorine
dioxide at 100 mg/L was the optimum concentration that could inhibit microbial contamination with 100%
survival rate and was significantly different (p<0.05). The result showed that chlorine dioxide is effective in

eliminating microorganisms and can promote the growth of Anubias sp. ‘White' tissue. Furthermore, it also
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decreased period time of medium preparation for usability of autoclave-sterilization. Using chlorine dioxide
in tissue culture media is an alternative sterilization technique for aquatic plant tissue culture.

Keywords: chlorine dioxide, micropropagation, Anubias sp. ‘White’
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Table 1 The percentage of contamination and survival rate of Anubias sp. “White” cultured in MS

liquid medium containing various concentrations of chlorine dioxide for 8 weeks

contamination survival rate
ClO, (mg/L)
(meanzSE) (mean*SE)
0 100.00+0.00° 0.00+0.00°
25 20.007.72° 80.00+7.42°
50 10.0045.57" 90.00+5.57%°
75 3.33+3.33° 96.66+3.33°
100 0.00+0.00° 100.00+0.00°

Mean values with different superscript letters in column are significantly different (P<0.05)

!
3

Figure 1 Contamination of Anubias sp. “White” cultured in MS liquid media without chlorine dioxide

in the second week of the trial
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Table 2 Effect of chlorine dioxide concentrations in MS liquid medium on Anubias sp. “White”

development for 8 weeks.

Shoots leaves roots height (mm)
ClO, (mg/L)
(meanzSE) (mean+SE) (mean+SE) (mean+SE)
0 - - - -

25 0.86+0.18% 3.96+0.54% 6.36+0.92° 22.7442.43°
50 0.80+0.16° 3.73+0.40° 5.80+0.67° 24.59+1.86°
75 1.2640.15° 5.13+0.47° 7.36+0.61° 27.07+1.35%
100 0.93+0.17% 4.0040.43% 5.60+0.50° 30.99+1.55°

Mean values with different superscript letters in column are significantly different (P<0.05)
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75 mg/L "/ ' 100 mg/L

Figure 2 Anubias sp. “White” cultured in MS liquid medium containing various concentrations of

v

chlorine dioxide for 8 weeks

Figure 3 Growth of Anubias sp. “White” at 100 mg/L chlorine dioxide (A) week 0 (B) week 1 (C) week
2 (D) week 3 (E) week 4 (F) week 5 (G) week 6 (H) week 7 (1) week 8
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Abstract

Barclaya longifolia Wall. (1827) is an indigenous aquatic plant of Thailand which is rare
species, so temporary immersion system (TIB) is an alternative tool for ex situ conservation. The
experiment was conducted to find out the optimum immersion feeding frequency times (3, 6, 12 times
a day) compared with traditional systems of tissue culture. After 6 weeks the result showed that the
immersion frequency of 6 times a day feeding provided the highest bulblet number, 13.00+0.15
bulblets/explant and 34.00+2.29 leaves/explant (P<0.05). The bulblet number increased to 77.35%
compared with control. This study had been found that TIB could increase bulblets of B. longifolia
better than traditional culture and TIB will be the way to conserve other Thai indigenous aquatic plant
in the future.

Keywords: Temporary immersion bioreactor, Tissue culture, Barclaya longifolia
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TuansnandevizaanuisivacnldUnf (Etienne and Berthouly, 2002) lutaanivingu TIB daaan
M P G , o & A ~ dl !
dunaukazsraznanlunsmnziasiiaie Wi n1dndiatie nnsETeNe s N1asunneewig
nawieNNITuziazgLnanl n13dnsinANazenn (Alvard et al., 1993) Nliinsldusasnuanas anwa
o dl’j all d’j ] 2 % d” dl’j d' a v [ n’: o a o
faanunlunismnziaes danaliiansiuyulunismiziaeiiaitiadnion Aeiulaqiiudnisiii TIB 1
dszenflflunismnzidsaiiationssnsldiinanaaiin 1w aydas Anubias nana (Saiphattana, 2010)
WAZRLNTAW Echinodorus sp. (Muensumran, 2012) tusu

A9t TIB Wiann I luntsunzasnesing l&danua wrazdoalunisiiuBunnsuiug 16

9

d‘ :; 1 al” d” dll :/j a o E% v oa/ a a Y & 1
wnluszaznafdundtszuunawnzidaailadiauuunusn wazvinlinssadlduneroyuialéiFonan
:/l o/ 1 v a dl o ] o a 73 = a v 1
Mstsanfiununisnas et ldgniswmuinisuan lddan lunaludenndladliinaswasanay
FRIN1TUBIAANA AADAAUAANITALIIIUIINANENAI577NTE N1 1T LEUa e dundnensilsyuans

AABasInaaaan il

ainsal wazAgnng
mawssannssal il lunmameaas
vhduiiede Fuduredldianlua Barclaya longifolia Wall (1827) dqusiatiagl (bulblets) N1
LW’WZLEDEQSL‘LA@”]W]‘J‘LWZ\]')@JM‘ MS (Murashige and Skoog, 1962) Ay NAA 0.1 fipAnsusadns saury

BA 3 Hadniumaans (Wangwibulkit and Kasam, 2006) luzqannziagiilaiEiorinn 8 aewd wnziasa

] '
A A

ialEaNanun e 25+2 adAmamad 1A5unad 12 9aluemady NAuidinas 2,500 a0 snenasg

9 a
1 1

N 60 Ju aLiNEuuiatan ldlaTualiieawe Tunislfiduduiiatie Fusiulunmasassialil
mswssanszunlulasuanmaiuuuangaInsn wazamsiwiziaeladanssaliin
lunnsneaasitldaunsinaigns MS (Murashige and Skoog, 1962) luszuuainnsiiaainld
PR S a = - o o A A yy
NReNHaEauuLANAN wazsruululgsuaameiuuuandaasauLLIInLe Tnaewstiuieield
danluauaniuesniiu 2 4o usazdouilsznaufounisuzauin 200 Hadans NHveTalauTanat
dl v o o % " Y a
Walfidnisauaimsll-ndu fraussanainifuan wiangansasainiAuin 0.2 luasau lHxNa1MNg
WagRs MS AN NAA 0.1 Iadniusadns saufiu BA 3 Hadniusieans avluniausldaniig ufo
i oy 4 o d oy o d o & -
Us9qgANIaatsLULTIInLE e lugenataRnmBauinein i desinme feeudiatisaausuleingumnd
= .~ g % = o . = -
121 asAnalioa Wi 15 wiil wananildalsznandaeAseasdnaannia (air pump) MaanLR LAZLATES

(%

palaan (timer) dMuFuszuy (Figure 1)
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NN9219UHUNTNARDY
TNUNUNNINAABILLLANAA8A (completely randomized design, CRD) Tuszuiu TIB 1¥aa1ud
Tunsliienns 3 sxAu Aa 3, 6 uar 12 AXFRdU sxazna P llianns 5 uiiikanss urasgANIINAaes
= oal 1 09/ al o dal dl al % aﬁl 1 a aa o dl v
1 3 91 WAAZT1NAUIUHEALERENAY 6 TuAaUINIUe1M1T 100 NARART N1TNIUUAAINND MNNT LA
21911795 AALLAINNIANNREUee Saiphattana (2010) waz Muensumran (2012) AlunnsAnE WL LAE
Watiaraswsslfitnluszuululasuaaimned dougarauauiinisumiziasaiietie lddanlua 6 3w Tu

F2ULURNMNTUAUNF UEN104819113 100 HAAART ATUZUUIA 200 HARART

15 min before all systems runs 10 min before the system runs
W lamp @ | | W lamp @
timer |,——1
S
UV timer W timer
i X air pum
@ air pump filter >0 pump @
I , II
R ——— 9 air pump II start
o air pump I start (media is pushed back to the
(media is pushed into the media bottle)
plant tissue bottle) silicone tube
I ﬁ

= e [&

plant tissue immersed in media for 5 min

Figure 1 Temporary immersion bioreactor system (TIB)

AN1ITNITLNIZLALIN
~ g & A oy < g & A
gan1snaaasiwiziaesiaitialélanluarisszuy TIB wazsruunismwiziaasiiiattianii
AAAN AL UL IA NN N AN N LAY 2,500 and aslAsuuas 12 dalue aduriudaeiia 12 49Tuq

Tutiesnlgninnil 2542 aseiadaa

NsAATIsRTays
HuAnauIuintes/Auidaite a1uulu/Auiielte 1WIAEUNIBARINANNINIINN/TY

& A PR o o = a a . o
[Walle Unin/Aute it uazAwrnagiinisasyiAnuls (Growth index, GI) lunnganisnaasy wiaw
o o K di a” dl o s v o v :; a s
uiuinAIWHeAugAN1INAaeINaan 6 dlla1i wdaindeyaisuualiliaszdiaanuuilsleon
(Analysis of variance, ANOVA) LazilFaLifgumnuuanmeresAedalneds Duncan’ s new multiple

range test N9EALAINITONU 95% faalilsunsnaanianeidniiagl SPSS version 14.0 for windows

Final wet weight-Initial wet weight

Growth index (Gl) =
Initial wet weight
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HALRZAANTUNANITNARDY

d” d’l y Y Ao a ¥ 1 o IS
anmsnaassnzideaiaia lddanualuszuy TIB Aflanudlunislfianmnssing RLE Tnel

& & A o a ' =~ a  a Al P S
ﬁ‘mﬁQUﬂNLﬂuig'}JUﬂ’]TLW’]gL@ﬂQLu@LH‘ﬂLLUUﬁI\TLﬂN Wﬂqqqmﬂ()u@ﬂﬂﬂ’ﬁm?fyLmﬂtﬁlm‘ﬂmﬁ Imﬂﬂuqﬂuﬂ

Q

WA (0.99+0.03 NFN) TUIANIINK (2.76+0.18 LURINAT) wazATHnIsEstyiuln (5.82+0.20) §9qn

o o

at9lid1Any (P<0.05) (Table 1) iasnnannisastyiiutavasléianlualugamuaguianinznig

g a A M Yo o o gy A& A = o
wesnelumana Fudawilaitie llifunansznuanussiuanluszuy TIB Mnliiiladiadinaswimun
atngsotiasauiilufunany ol isnunavintas U1 T0 AEIHARBTUIANIINN LATTNUINTLANNN
< ' oy . ' P P oy o 9
TUN417ANNINAAEIRU 7] (Figure 2) atielafinaunismiziaeiiieitierequaa i g lussazusniis fieg
P A o P o o ' v o & A vy o o
Rarsaunisiinauanaamadietialudsuusnieu saiwie e ldilanlvaresianruaudad
nuuasteand dlarluanmnzidesluszuy TIB Tnasyuu TIB #l¥iauns 6 afssadu iWumonunn
winzanngn aunsndninliiiaieldanuafinvindeniadegeqn 13.00+0.15 Wo/@wiiaitie (Figure

3) uazanurulueds 34.00+2.29 lu/AwiieiEia (Figure 4c) NnfgaatinadiladAnynisalis (P<0.05)

(Table 1)

Figure 2 Shrub diameter of Barclaya longifolia in (a) control in traditional systems (b) temporary

immersion bioreactor (TIB) 3 times a day (c) TIB 6 times a day and (d) TIB 12 times a day

AwFunisdnihiinavates lugaaruaunudiawowiteainlumaniies 7.33+0.17 1/

PR G e o i a &y oA A oy P g o o <
Fulaitie Teanuaidesindutieandndaida lddan luaniwziaesluszun TIB #lia1ms 6 Afssia
o N o a < ° o i a c o & A = o o
T taeddnsnsiNTuIIawIuintias AnLu 77.35 wefidus Weuauieuiuganruny uazia

. . - y A e o s y oo

dagmanuannnasgiiudiudaunanysalsalil deauganimasesnliionns 12 afwsiadu daiuge

ol v . yood . o . 5 L E eyt d
NINARSIN IR FUAMNIRUIUATININTIGR WudANDLazusssulunsliasusazaFwinliite Ee
gasléanlvaunsdoutevdiuazlffuauidevis Walaunsdudouldanunsawmuiasyduiade
fiuludld (Figure 4d) nnslésuenmsluilBunamunniiuline 12 afsedu deualiisnanininees

o

ARRY ABAAFDIALINNIUIDY Zhao et al. (2009) N1 udntadanilaNndAnuazdanasanis

o

a  a = o A d' o < A : A 9 \
L@?QJLWUIW%@QW%TH TIB 41 ﬂ@ﬂqqﬂﬂiuﬂqﬁqﬂﬂqﬂq? "ﬁ\‘iWﬁ]LLm@zﬂ]uﬂNﬂqqﬂmﬂ\iﬂ’]?ﬁﬂqm@qﬁq?iﬂ
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o = A o ~ = Y a ° Y a v
WINY UINNTTUAUN ] Anzideslu TIB TAsuiBunueunsunninuld enanlfiensnisnafiuanas
15

1 <3 =2 09// AID ' o © 1 ¥ dlsj dll & ¥
agelsimunanisAneATIlinudNszuL TIB mmamﬂml,l,mm‘mﬂmuﬂm@imﬂmimiu

Wl ifwisdes lfunnndrgarauruetaliltd A Tnaaaudlunislitenuns 6 axssadu afvas 5

o 1

PRy A o o §uy a % o o A& A '
UIN VL@N@@‘V]Z‘;@ @qﬂqﬁ‘ﬂﬁﬂuqiﬂLﬂﬂﬂrJﬂ@ﬂiﬂ 13.0 /T ULUALER LANFAIIAINNITNAARIUR

Saiphattana (2010) Mwnziassidaitiawssaulditinayiilea Anubias nana Tuszuu TIB NEn1sliamng

ua// 1 e 3 al g ¥ 3/’ [ ¥ aa a o & A A A
2 uaz 4 A3eaduaieas 5 Wil wudinnsliianuns 4 assadu 1inadngn Hanuirusiusemuiiote 8.3
fi1s €9UN19NAA8IUB Muensumran (2012) NN9IWzIatNLHaLtiaamaan Echinodorus sp. Ty
dld v n’: 1 o o’/‘ = a o dgj <
TIB Nidnng e 2 adesiadis afar 5 wi Whsumauiussuuniamiziaesuuennisuds iunan 4
&danif wuginistnnziaessluszuy TIB He1usufiusananinign 6.3 u aziiulfdnaydoauas
awgawiunssnlivinmen (marginal plants) AsNATUAININEUN THARY WIBUUBIUNNVIONTIRU

(Sripen, 1987) @aumnsinsannsiulélanluaiidunssoldiunluamwilain (emerged plants) Inaisnuas

¥ 1
a a =

anfiuasnyagiuauliiun saiuluniamizideadiadeldlanlualuszuy TIB Inalfaaunlunngli

a

v v
ar

= o 1 e N2 agy a4 A & A vy 9 o
ANNITUINDY 6 ATIFIAIU ATIAY 5 UN @Qiﬂm@@ﬂ')q Lu@\‘qu]ﬂLu@Lﬂ'ﬂvLﬂﬁ‘U'ﬂqu]iiﬂﬂLﬂﬂﬂﬂu@ﬂqw

sesnmnRvassiuldlalua Nonuazanfivag i Iaunsnaeduaimslinaanioan

Table 1 Effect of feeding frequency per day on growth of Barclaya longifolia in temporary immersion

bioreactor compared to control at 6 weeks

Feeding Wet weight
Bulblets Leaves Shrub diameter
frequency per explant Growth index
per explant per explant  per explant (cm)
per day (9)
control 7.33+0.17° 28.11+1.73° 2.76+0.18° 0.99+0.03° 5.82+0.20°
3 9.93+0.69°  20.80+1.68" 1.09+0.14° 0.30+0.02" 1.75+0.10°
6 13.0040.15°  34.00+2.29° 1.39+0.14° 0.32+0.03° 1.90+0.16"
12 1.13+0.57° 5.67+2.83° 0.47+0.24° 0.06+0.03° 0.33+0.17°

Different letters in column are different significantly (P<0.05).
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Figure 3 Bulblets of Barclaya longifolia from TIB feeding 6 times daily for 6 weeks.

d

Figure 4 Tissue culture of Barclaya longifolia in (a) control in traditional systems (b) temporary

immersion bioreactor (TIB) 3 times a day (c) TIB 6 times a day and (d) TIB 12 times a day
Yo o p P
UANATNUENNTILINUNIINANRIURY Te-chato et al. (2017) NNAABINISLRENLUBLEBANTSYA
Lepironia articulate fagiszuululeruammasuuLANann e (air bubble bioreactor) Inginnsanaa1nNA

Winld i zidsndannisuasiiiaEiangniasaoniu Wunan 10 W19 1 3 9991981 Aa 4, 8 1ay

12 d2Tue 1iuan 8 dlanif wudann 4 dalus AlnsBnane vizaLdunIsAneInA 6 ATsEad
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Tinanisasyiulnange nadauouseaaa 18.20 aa/Muiliaite LarAINEDdtantadY 10.28
a = ) g 9 S A Py
EruAINAs Feuanseaingluuunismnziaasldlanualunimeaet iasainszuunismnziaey
s lnaluszuunenmsuazilaitiausnnngueiu (fed-batch) daunszqamiziass uszLLNanung
% d’l d‘ 1 =l o o n’; v = I'e 1 1 a =
AutleEianglun1muzineaiu (batch) Aniugluuuresnisldscuululdsuannadazanasonananig
A " e . & g = -
Mumnsineiueanly (Sajc et al., 2000; Zobayeda et al., 2004) Fatinninzidasluszunlulesueames
Witlszauaaudnidariu uenainaziuegiugluuursaszuuniaaeuio €alifadadu - Nauasians
waryiiuimaasnssnliiinluszuy Wy anudlunisliewns Ausazaiafiaufianisfiunnmemig
lawindu Ao lunislfianmsiiiesnauaziunzanazin ldulaidemsywmw 185 wiuiniah
wnzidesluszuy TIB laumnud lunisliienmsteanilflfsuiBuiaeunsunninuly ananiliisns
nsiimfiuanadld (Zhao et al., 2009) uaziBunslunisldeniAimanzan daanuaduluitusas
1im feein1sdfuszuunisifienntad wazuseaaueIn A NN TALNeENUNIZEN AINTENNNTeY Sajc

et al. (2000) wud N anzaeliaEe lua v swaiumnaine N Aazlnafanisas AL Ina 9y

'
ar g

Wraunalan wanainiimnununuduaesfuiussufulnasanisiasniulnuazniawmunfiuiele

Q

Ul TIB @iy (Thanh et al., 2014)

agUuan1sAnsn
nsnziasaiaitlanssuliivnllanualu TIB ndeAudlunisliennns 6 afssed il
o ” o 4 o o ama o i d L

At lunisliiensimanzasiign arunsadninliiiavatienafugeqa (13.0040.15 Wa/fuiiieLiia)
wazaruanluledaninfga (34.00+2.29 lu/@uiilaitie) wananniinnsun TIB Wnidseynaldlunng
wnziaseetlianssnldvniu aunsndesanfiuyunisuan anisiuaumaBitazandunaulunig
o &R a A al'd d” del =y ¥ o’l a 4‘ ~ [
wwnzaeneiug andumadianiadenialunismisiaasdatianssliitn neafingu ) ieniseuing
sinll aeielefin TIB Hpnndeslunaianistuteusesdeqauriatsing < Wide windanisssuunig

491 1= dyd 1 a A & 1 1 o =KX o v =2 o
wenlidane wanantngusazaiiafiaousiesnisBuinemisldvinn Assudufiesdnsansuzaes

~ ) a 4 4 Ve P G a
WIALLAACTUANBDUNTITINICLAEN GNACLANFNNALUTEULUNNTINICLALINLLA Lﬂﬂluﬁ‘::ﬁ_l‘]_lﬂﬂm
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Effect of Hot-air Temperature on Drying Kinetics and Quality of Dwarf Prawn
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AT SRz asfifefne naresgnunRasfeusaaaunamaninisauuieianssen
WATADNINIBINARITW LHur AT ANaBLABSURATIAR FNA (L*, a* ua b¥) WATERIFIUNITAA
tingu nnsauuisiilsanmnianteu 3 sval Aa 50, 60 LAz 70 avAtaisa uazliAanuiaan 1.5
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annaguuuliidudunsamaseumuaenrfed289nsINNTBLLTINAINNNINAABIAIILLILANABIN

v o

AMIAANARAS 9RBLLANaesnatUNaNaLdinfuldafuNan1aaadlsviiulFanAdNlsLdnsnng
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fndula (R) uazAnisanaslaawand (%) nan1sanswudluuanaesaes Midili et al. 1iuannge

HATRI9UUNNANFAUNN D ATUNINN 1A LA NI BATWTBINARNTUTIWLIN 119D LILHITN

q
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3
aada y

gomniaxseu 70 aammadina asnaliinanineilanuduuazAnameiueaiinmtiesngn uazen L*

g0 (P<0.05) et fsii1unisauuitsiguuugi 50, 60 LAy 70 asA@aliaa NNANHINITAALNNAL

NguUNH 30 99ANTALTHA W 6 TATHI NAWLFIAIERINEIUNNTAANINAL ANAIINTULATIBLAES

q al

Do e

v
o ¥

aad” v o 091 o ' ' o o ¥ A a Y '
wapiaRaesfianaganngu lduansinaii (P>0.05) Asiuniseuuiivficlnglignuniansauszidng
50 D4 70 avAadad aunsniun i luieiuinefanesenld Tnadsnasia anninnisaiivas
% [~3 ¥ dﬁl 1 o Qadal % 2 a %
nenneedfudniies AvNTULAzAvemefueaidR vessiadullmuninsguduAunERsLAY
BIMNIUUITR TAS 7012-2008

a v '

ANANATY: fNZAaN RUN)RANSRU LLILANABINITRLLIN ANUNTIN N1AANINAL

o q Kl U

Abstract
The aim of this research was to investigate the effect of hot-air temperature on drying kinetics
of dwarf prawn and quality of products (moisture content, water activity, colour values (L*, a* and b*)
and rehydration rate. The prawn was subjected to convective drying at three different temperatures
of 50, 60 and 70 °C with a constant air velocity of 1.5 m/s. The moisture ratio (MR) at different drying

time was calculated from experimental data. A nonlinear regression procedure was used to fit
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experimental drying curves with the most used mathematical models. The highest coefficient of
determination (R?) and the reduced chi-square (X2) were used to assess the goodness of fit for the
model. It was found that the Midilli et al. model gave the best fit.

The influence of air drying temperature on chemical and physical quality of product showed
that at 70°C, water activity and moisture content of the product were the lowest while its L* value was
the highest (P<0.05). The dried prawn samples at 50, 60 and 70°C were allowed to rehydrate at
30°C in distilled water for 6 h. The results showed the rehydration ratio, moisture content and water
activity of rehydrated samples had no significant values ( P>0.05). Therefore, the air drying
temperature between 50-70°C could be able to preserve dwarf prawn with slightly effect on the
quality of products. The moisture content and water activity of dried prawn products were consistent
with Thai agricultural standard (TAS 7012-2008 Dried shrimp).

Keywords: dwarf prawn, hot-air temperature, drying models, quality, rehydration
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v =

Aansudidalfing Asaniufiesdinisulsglagiesndaonialu 1 89 2 4alue 350197 luiesennuay
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Y v FA as o v aa ¥ Sl [~3 o a
nnrauwisAaansautudTn L Hen Euan lunnse ARIEINITINUINTINARANAININNIT

WNEATUAZEAAIUNTIININEAT I0TINd e uardndsin (Gupta et al., 2011; Ortiz et al., 2013; Toujani

o

et al., 2013) NITLAUNNTALWINNTINNTONE AT aLLATNIadINFaNw Tnetianisiddauannue

'
o

219917 Mellguuniduioulsd1AtyNHuasio aaunaAanFN19a LM UINGIUUNNGINUARBNI9L9S

o

dnsn13euuiie wraadenaliiifianisgodanisaaniuniglszamdnda nsiineandndu ns

vy A o o

P F% ~ o A . e A . o
iwagunlasanuiiladula @ 3wsu (porosity) ANLURALTEINHEAN ANBEUSNITAATL (adsorption) F9UNY

a 9

a o I3 o

4EYIAEAMIANANIRINITBNARI Y (Gupta et al., 2011) AttuNIIMILRYdayaRuaauNaAIans

N1saLLINUATHANTENUANG 7 MARTY drxnsoinl1E lunispauaunszuaunsauuisnmunzan e
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' Y v
ol al o a

IHnansinEiniann muazilunsaniuaesiiislng (Gupta et al., 2011; Ortiz et al., 2013) YBLWINIG

q

NNIANHINGANTINIENINNITBLUINARNAGY ] A11130 T uULANaesAtinAIanFduFunung
AAUNAANERTINIALILI RNt tInagN s et LAz AN e Tt alRe RN EN (isosteric heat) 184
n1sRATy AL ABIANINAAUNAANARSNNsaL TR HARHAT I TINEATLA AR TN A 14y
42UN1N LTU LUUA1a8d Newton, Page, Henderson&Pabis, Logarithmic, Two terms, Diffusion

approximation, Verma et al. Waz Midilli et al. (Toujani et al., 2013; Inyang et al., 2018) AILUINUIAY

'
a

LRdnlszasfineAnmanunamaniniseuuisinsrenigungianiau 3 svAl Ae 50, 60 waz 70

El u

avAEmadad InsinnanimeaadlddpszipnudniulfdfosuuusnaaaaminAIans 10 LLULUA1aad

o = =~ Yy 9 = = P P
?’JumﬂﬂHﬁQMﬂﬁ‘W‘ﬂ’NLmdLLﬂzﬂWﬂﬂﬁWU%‘iﬂ?:ﬂ’]ﬂmQﬂLL‘VN BINN@qqﬂﬂq?ﬂﬂﬁqu@qﬂqﬁ'ﬂmiqﬂiﬂqq

v o

wuudnaedlpebuneuadniuliaiunanimases anvialdiduunamiglunispauaunszuauniseu iy

A AN AR U NN AN INNIATTL

q 49

s aa
AUnNTULALIENNS

1. IR

g

'
v ' <3 =

flanzrian (Dwarf prawn) AiuNeanaInuMaTng s A uagaslua awnaiies 4aamdn
Taend dnfaniinanuazans lendsulanilaasesn gussatnefeiinndnauin divingda waziiy
Snnlugunilanuisnguugianingn -18 asaaaiiaa e ll@nunsialil

2. MsATsRasAlsznaunaAl

ihanesensBinTsiesdUszneumiaadl Hun A Tsiu loshs uazidin ansids AOAC
(2000) uazinAnemesueniiining [HiAtesinteinesueniian (Novasina 1 AW Sprint)
3. AENITANLUNNISINE

3.1 NFETUIUNITAUUMINNSHAN

UNZAaNNIMINAZANLUAT AN AINETE A ildaanluindeaun 2 wil uazazide

11 anntuiilddeldnnm (una 25X25 AsnaimuRms) dhin 14542 nfusienia indeliania
A1uau 3 na i lAnsniseuuiiinelifeuuisanteu (Tray dryer 34 HT02) Tnawisseatignung
3 52/U A 50, 60 WA 70 BIANTATHA AILANAINNEIAN 1.550.1 IATHEAUNT LaTANTURINS
65:5% (Amagevilng fiFtesinaauEaanuazAaduduine) 'ﬁl/\iﬁy’mﬂ/ﬂf’j\ﬁ‘ZMdNﬂmLﬁWj‘ﬂ 30 W
wazifufingnuugiianteu leeuudiaunssiaiminzeshedimadiednganiazanga Faninudia

wasffsuaztihlifnssiiiunuensdulngdsaes AOAC (2000)
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3.2 NFANEIAAUNAAIIATNITALLTNNINZADBNAINNITNARDILASLULIAIABINI
AMAANARNS

%4

indiayaannimaaesnisauuiaiangamni 50, 60 uaz 70 SIANLTAITEA NIATWID.

gR9149UAINTILRT (moisture ratio, MR) Maanlun1saLuiiesing < Ing MR A1u9man

MR = (W-W_)/(W,-W,) (1)

v v (2
{

A 2 & A a g 2 & Ay o &
\Ha W Ae ANTunnanle | W, ABAuTuaNna W, Ae AnNNTuENAY viallinndnn
ANIIANNTURENTN (g) 281U ARUNMINT T Wit
AN ANHILLLRIABINNAIAANE AT NN L ANAIUTUILATIZAN Tz UIUN TR LTS 15 1
LmuﬁmmmﬁmmmmﬂmuLLuuﬁwqﬁﬁ (semi-theoretical) 10 kLLA1a94 (Table 1) IngtiNasRT1E91
ANTUDTS (moisture ratio, MR) 1981 1un13a0uieaInnImAaeuBiAseifaedon1snAnaLLL
] a v dl A dl dl dl a 1 o a Qr v a 2 |
Tdilwdadunadenannisiinizanign deilsviivaineduilsz@ninissnaula (R) uazAinig
anaslaawmng (Y2 (Toujani et al., 2013) NAurnulFainaunis
2
N

2 Z\ﬂ(MRexp,\ - MRpre,\)
R =1- — 7

Z\:1(MRexp,\ - MRpre,\ )

2
_ Zg:l(MRexp,\ - MRpre,\) (3)
o—0o

A9 FMIAIANNTUN LHRINNIINAABT NITNILNE LAY

(2)

X2
Wa MR MR__ uay MR

exp,| ! pre,| exp,i

ARINAIUANTULRAUAINNINAADY 42U N Uae m Aa auauiiayanauuaLazauauAIAsily

wundnaed Wil MR, Auinildiainannis
1
MReer,\ - E EI=1MRe><p,\ 4)

Table 1 Mathematical models of drying kinetic

Model Name Equation
Newton MR = exp(-kt)
Page MR = exp(-kt")

Modified Page
Henderson and Pabis
Logarithmic

Two terms

Two-term exponential
Diffusion approximation
Verma et al.

Midilli et al.

MR = exp[-(kt)"]

MR = a exp(-kt)

MR = a exp(-kt) + ¢

MR = a exp(-k,t) + b exp(-k,t)
MR = a exp(-kt) + (1-a)exp(-kat)
MR = a exp(kt) + (1-a)exp(-kbt)
MR = a exp(-kt) + (1-a)exp(-gt)
MR = a exp(-kt") + bt

Source: Inyang et al. (2018)
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33 ﬁnmwmmqmugﬁauLtﬁqd@qmmwmmwﬁmﬁmm’Lmzmi@mﬁyﬁnﬁ’u
3.3.1 ﬁm:m@mmwmqLmi'Lmzmﬂm‘wmmﬁqnzrﬁi@wﬁmuLLﬁqﬁQmugﬁ@mLﬁq 50, 60
uaz 70 asrniaidaa taediaszainninweail
- mm%mmﬁwﬁmuuﬁq ARz IR TaLILIAN (AOAC, 2000)
- ﬁ"]’)ﬂLmﬂ§LL®ﬂﬁaa”{miﬂﬂi%m%ﬂﬂfﬁh’mLm’ﬂﬁfLL’ﬂﬂﬁaﬁl(Novasina 1 AW Sprint)

= aa ¥ ¥ 14 o ' * a A * = en/ a A
- AR TRARNTesfiawiia 1Hun ArANadng (L*) B1liaa-und (a*) uarAuIRu-1aeg

1
[ 4 A

(0*) Tneigusiantingfis 15 61 AdnsaaLAsasdngd (HunterLab $1 Color Quest XE)

£
o o

3.3.2 NARLNNIAAUINAL (rehydration test) UINARATUT IneiNFIB e auiietlsranny
5n3u ﬁﬂﬂLLﬁﬁyﬁﬂﬁuﬁfqmuqﬁﬁm (3042 a9ALTALTHA) mmfuf\iﬁbﬂuﬁnﬁﬂuﬁwLqmrﬂ"m | UAY
ﬁﬂmmﬁmﬁquum@@lmﬁ/ﬂﬂﬁmqﬂmm?

Rehydration ratio (R)) = W,/ W, (5)

b W, e ﬁuﬂuﬁﬂ&Tfaﬂﬂwﬁwﬁami@m{ﬂﬂﬁu (n3W) ‘17{1,(3@'11@1 waz W, e shwinaeting
ﬁQLLﬁQﬁ@u@jﬁﬁyﬁﬂﬁU (nFu)

3.33 fmﬁqgﬂﬁqf’j\mﬁ\mmmumi@mﬁyﬂﬂﬁu Wimmzirduuazaewmesueniion

3.3.4 NMMINUNUNIINARDILATILATZWTRYA

fJNLLNumwm@mLLUU@JN@EI'NZQS\I‘]:IJ?EJ (completely randomized design, CRD) i Nm?ll
Pandiaziauusilsag (ANOVA) uazilBaufiauanuunnsnerasradafaeda Duncan's new

multiple range test

HANSVNARDILAZIANTT
1. NFAUWIININZAN
namsAnInaun Ynin wazesdilszneumisinizasnzsendn wud fanan 5.5 7.0
“uRiuAs siwedn 1.0 -1.7 nSusea AN 78.59:0.19 % Tmﬂﬁy’]ﬁﬂ/ﬂﬁ’luﬂﬂﬂ (wb) %38 290.12+
8.65 % Tmﬂﬁ”mﬁﬂgmuﬁq (db) uaziiAneimesieniiin 0.995:0.000 Fiunauldsin las uazidn
Wil 56.9120.39 3.72+0.39 UAT 27.76+0.89 % (db) ANAAL
NANITY mm@uuﬁﬁmxﬁ@uﬁqmmﬁ 50, 60 LAz 70 a9ANTALTEA IAUAAINIMNANANALS
s AT E ALY (moisture ratio, MR) fiuanlunisauuiis (Figure 1) WU BuduBuAnL
AU lufege iR nmsdnaimanatihandafdludelanininiuliinouazmais Weszazinan
UL AR T B LAz e lufaf s AnA e Aedana g Mg maaaTen

anngafjslldsioniinanas Ivaannriesiunanisauuiailan siverside (Toujani et al., 2011) uadu

[ 2 o
o a

1aua Atlatic salmon (Salmo salar L.) (Ortiz et al., 2013) iatignNdauAMTUIaanssaniuna

Tunnge UL NANALS 1T T AW LU N T TN LT A
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= L4 ‘ﬂl a v :/J o 1 v ‘ﬂl
’Q’mﬂ’]ﬁ‘L‘]_ldﬁ‘El‘]_lLVIE]UHWT@ULLM\TQ\WI VUV HANTRUIN 3 22AU AINANTNANBAINLINNITALLLUNN

grungH 70 asAEaLTaa 1 nandundnngninni 50 uaz 60 a3A@aTEA Uszan 42.1 uaz 10.5%

q

o o . dl A a ! Y a o P-4 v ! o Y a o
AINAaAU (Figure 1) Lummﬂmﬂmmugummmslmammsﬁlmummmumﬂm’mﬂmﬂm@mm

(%
< o o o 4

NIANUNNIATBIANTUBANANEARA DU 1159 ANIUAINERINNTaLUTNEGINIINNTRLLANGIUNYH

e
1.2
1 %
A & 50°C
| &
08 [xe 60°C
C *
L X e X 70°C
x
L o6 | 3
C X *
04 [ X "
I X *e
02 [ xx ‘0‘
L X “‘
I XX MR
0 1 1 1 1 1 1 1 1 * X ¥ \IM_X_X_._“I_A_._‘_‘_‘_‘_I_I_I_I_
0 200 400 600 800 1000
Time (min)

Figure 1 Moisture ratio versus drying time of Dwarf Prawn at different drying temperature

2. AAUNAANRASNNITALLINTNNZABNAINNITNARBILATULUAABINNAUAAIFAT
ARTHANNUTIENI198RI1d9UANTUIR9TS (moisture ratio, MR) fTutaanlun1sauuiiah
frUUNRALLTN 50, 60 WA 70 avAEaLTaa axgniiu@aunsluazAnauiniulaTaald

WULRNABIATIAANERAT 10 WULANABY TINANIIIATIZHAIASIFANG < TuuuudnaesigrigReuuiiens

3 92U uanlu Table 2 uaziafasunAdulsc@nsnissindula (R°) uazAnisanaslaauaad (2
Welss luIULAN ANz AN N9 BLNAAUNAANARFLBIN AL ANNZ AN WLFIULILA1A8Y
Midilli et al. HpanumNzanign atn9lafinIuwun Luus1aeq Diffusion approximation, Two-term

exponential, Logarithmic k@& Verma et al. mmm@%mmauwaﬂmm‘mmmmuLLﬁQf’jq Kisiapl!

ilasaniian R>>0.990 wazilen X Aevdn9m %aﬁq@ﬂ'wmﬂwLmmm'é’mﬂquumm?ﬂywumf’jﬂ@uu,ﬁq

‘ﬁlfqmugﬁ 60 29ANTAITEA LT IUNNTALLINAINNINARBIUAZULILANABINIATAANARS 10

ANN1T LAPIAY Figure 2

3. HAUBIAURDNALUIIABANINNIULAN LA NIENTWTBININEADN
ALNNTNALATTILAZNEN NI UTILARIAS Table 3 NU91 nARTIANATLAZ

sewmaiuanfinneg luinusininsgiuesieuia Tnafinualifiavuaulidiiu 30% uwazoaned

waARa A ldiAw 0.75 (National Bureau of Agricultural Commodity and Food Standard, Ministry of

P2 ' £
o

Agriculture and Cooperatives, 2008) WIlfjsiauuiiagmuuni 70 asAgaidaa JANTuLazIamed
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aady A ' LA P o a = =
LL@ﬂVI’JrﬁluﬂﬂVlng ANUANA (L* LAy b*) PN DU UWINRTUWIN 50, 60 LAy 70 aNANLIALTEd NAANN

e = o Y  Aa ) = = P P e
WEINENNNL (P<0.05) GINLfluN@@’]ﬂﬁ‘gﬂﬂﬁ’JqN?@uWﬂN@m@ﬂqﬁ‘Lﬂ@HuLLﬂﬂﬂﬁsﬂ@\jq@WLLmﬂmq\?ﬂu

Table 2 Values of the parameters of the models for drying dwarf prawn at 50, 60 and 70°C

Models T (°C) Parameters of the models Statistic
parameters
k n a b c k, k, g e R’
Newton 50 0.0053 0.003550 0.9534
60 0.0072 0.001677 0.9700
70 0.0091 0.000865 0.9841
Page 50 0.0007 1.3236 0.000524 0.9919
60 0.0018 1.2401 0.000615 0.9944
70 0.0037 1.1616 0.000168 0.9967
Modified Page 50 0.0036 1.4625 0.003530 0.9534
60 0.0053 1.3481 0.001635 0.9700
70 0.0073 1.2526 0.000965 0.9841
Henderson and 50 0.0057 11718 0.002940 0.9682
Pabis 60 0.0075 1.1086 0.001740 0.9766
70 0.0095 1.089 0.000877 0.9886
Logarithmic 50 0.0040 1.1012 -0.064 0.000607 0.9940
60 0.0056 1.0436 -0.0450 0.000227 0.9977
70 0.0080 1.0383 -0.0206 0.000241 0.9976
Two terms 50 0.5322 0.5322 0.0047 0.0047 0.001269 0.9880
60 0.5091 0.5091 0.0064 0.0064 0.000630 0.9939
70 0.5136 0.5136 0.0085 0.0085 0.000370 0.9962
Two-term 50 0.0061 1.7861 0.000398 0.9960
exponential 60 0.0078 1.5924 0.000289 0.9969
70 0.0104 1.6186 0.000167 0.9985
Diffusion 50 0.0078 -36.816  0.9821 0.000369 0.9964
approximation 60 0.0094 -32.517 0.9864 0.000278 0.9971
70 0.0126 -17.322 0.9739 0.000139 0.9986
Verma et al. 50 0.0049 1.112 1.6017 0.000931 0.9909
60 0.0065 1.0385 0.8739 0.000562 0.9942
70 0.0089 1.0746 1.2646 0.000269 0.9974
Midilli et al. 50 0.0011 1.2418 0.9864  -1.53E-05 0.000345 0.9968
60 0.0038 1.0869 0.9824 -3.955E-05 0.000234 0.9978
70 0.0046 1.1163 0.996  -8.64E-06 0.000182 0.9985
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1.25
® Experiment Newton
: Page Modified Page
i Logarithmic Henderson and Pabis
i Verma et al. —— Diffuse approximation
0.75 L
- Two-terms Two-term exponential
i — Midilli et al.
x
s 0.5 -
025 [
0 i Il Il Il
I 100 200 300 400 500 600 700
025 L
Time (min)

Figure 2 Comparisons of the experimental data and semi-theoretical models for drying dwarf

prawn at 60°C

4. NANITAAUINALUBININSADNUNY

vy a

HANIINAADUNITAANINALIAIAIUTAING 3 ViTnLuus (Figure 3) Wud1 szeiztaa1ninliiffed

q

v '
o o o a

ansN13RAtINAUNINTAgATEaTlszins 300 waHl (6 GaTue) TandmARaLNIIAAUINAL WLIF

o ]

ARINEIUNTAATIINAL ATTNTULATANBIATUBATIAATETNNA 3 ViTniuus den laduansinariu (P>0.05)
Mllanatiasunansyatguminiasseu 50, 60 uaz 70 asAraiias lFdnalianw s betiavasis
v ! o d’ o ] 09/ o o ] dgjdl A a 2 b %
wiiauansinaiy dednadaunisganinauidusiouednldlunisfiansananininaesenmisusialuginu
dl 1 A dJ 2 v ! v °9J o
mManlaguulamienianinszndnanseuuiis avannseaulunisauuiivenadenaliinisgaiinduuas
IS [l o & dl 2 o 2 = o o o % o”
AYNEAEUIBINIRIIARARAY LHBvaInANFauiN T sRudusaiy ANannsalunsguinanas
nslfguugieuuisimunzanazinliiillaiiainauidamatiaswazainsn gatnndauliidondd

(Ortiz et al., 2013) (Table 3)
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—e—50°C 60°C —g@— 70°C

Rehydration ratio (R )

0 60 120 180 240 300 360 420

Rehydration time (min)

Figure 3 Rehydration ratio (R ) of dried Dwarf Prawn

Table 3 Chemical and physical quality of dried and rehydrated of dwarf prawn

Quality parameters Drying Temperature (°C)
50 60 70
Dried Sample
Moisture content (% wb) 10.05+0.07 ° 9.98+0.14 ° 7.82+0.20 °
Water activity 0.558+0.014 * 0.516+ 0.013° 0.504+0.010 °
Colour L* 52.49+1.44 ° 53.5+2.46 *° 55.71+3.18 °
a* 5.91+0.67 * 7.21+1.67° 6.37+1.38°
b* 14.86+1.76 ° 17.09+ 2.04 ° 14.27+2.34 °

Rehydrated Sample
Moisture content (% wb) 69.85+0.29 ° 69.56+0.22 ° 68.62+0.48 °
Water activity 0.991+0.001 ° 0.992+0.001 ° 0.992+0.001 *

Means with different superscript letters on the same row differ significantly (P<0.05)

agUaansAnsn
nsauuiisfienzreninaulsgnmgiiansen 3 svAu (50, 60 Uaz 70 9IANLIALTHA) WUFTLHE
QI aa o ¥ o ¥ QI d’J v ¥ o Y Y !
WingunRRnann Iidnsn1seuuisisauka natauuiianas nemdnsniznseuudisienssian
> : & o v = o o \ a oy = =
wudAgRsdaupNTuiunat lunse v A uduug iiduwdaduuuuiendinuuwaas 9
WLLA1A8970TUNUAAUNAAIARASTBINTBLUIN LALUNNZANNINTGA A WLLA1889 Midilli et al.

NSANEIAMNINTBINRASWITUINLI HAANTukazIeInesuenTinnes nusiumsgIu e

v |
Y A o o o a

NAABLINIAANINALIDIIUTNNG 3 viamLuus wudszaznaiin liifeldnanisgatiinduninigald

wandsznn 6 4ol Inednadauniagatiindl ArNTuLazIaA8 FueATIIATBINNAIAATINNALITIY

3 vigvLuus HAnlduanFei (P>0.05)
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a a
nmRnssnlsznA
ar0uAMA1 3T N ATLlaEn 19z nAdanaTuladiuaznisgmnainnIsy Ay

Ingnenaniuazmalulall iundnenduaseaiuesuni enaadnand Nliaueyeszianiuiuey

o

dl A dl P2 o a
AraaNaLNe 1 lun1snaael

LANA15D19DY
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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
consideration for publication elsewhere. Manuscripts, parts of which have been previously
published in conference proceedings, may be accepted if they contain additional material not

previously published.
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