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Abstract

Information on the economic viability of aquaculture is crucial for investors. The purpose of
this study was to evaluate growth, productivity and cost - benefit of Asian Seabass (Lates calcarifer)
rearing in freshwater earthen-ponds with three different rearing systems. There were i) Monoculture
of Asian Seabass and feeding daily with marine fish feed (47.5 % protein); ii) and iii) Polyculture of
Asian Seabass with Nile tilapia and feeding with catfish feed (32 % protein) every other day and daily,
respectively. It was found that there were no significant differences (p >0.05) in body weight (60.9+6.0
-70.0+£10.9 g./fish) at the first month of the experiment. However, at the end of the 6-month experiment,
monoculture of Asian Seabass and feeding daily with marine fish feed showed significantly (p<0.05)
higher body weight (444.0+16.6 g./fish) and total weight (10.19+0.6 kg./pond) than both polyculture
rearing systems. On the other hand, polyculture of Asian Seabass with Nile tilapia and feeding daily
with catfish feed showed significantly (p<0.05) higher benefits (40.48%) than monoculture of Asian
Seabass feeding daily with marine fish feed. These results suggested that polyculture of Asian
Seabass with Nile tilapia and feeding every other day with catfish feed in the first month and then
feeding daily with catfish feed until harvest produced the best benefit for polyculture of Asian Seabass

with Nile tilapia.

Keywords: Productivity, Cost-Benefit, Lates calcarifer, earthen pond, freshwater
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Table 1 Experimental design of different rearing strategies

Seabass Tilapia brood Feeding
Treatment Type of feed
(fish) (fish) strategies
1(T1) 30 - Marine fish feed (47.5 % protein) Daily
2(T2) 30 24 Catfish feed (32 % protein) Every other day
3(T3) 30 24 Catfish feed (32 % protein) Daily
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Figure 1 Growth trends of body weight for Asian Seabass during the growth-out period

Table 2 Growth and survival of Asian Seabass rearing in freshwater ponds with different systems

Treatment  Initial weight  Final weight daily weight  Total weight Survival FCR
(gffish) (gffish) gain (g/day) (kg/pond) rate (%)
T, 34.1+0.2° 444.0+16.6° 2.28+0.1° 10.19+0.6° 76.7+6.7° 1.42+0.2
T, 33.8+1.3° 237.3+41.3° 1.13+0.2° 3.22+0.5° 45.6+5.1° -
T 33.6+1.7° 357.54¢20.7°  1.80+0.1°  6.30+0.4° 58.945.1° -

Data are presented as means + SD and values in the same row with different letters are significantly different (p < 0.05)
T, = Monoculture and feeding daily with marine fish feed; T, = Polyculture with Nile tilapia and feeding every other day with

catfish feed; T, = Polyculture with Nile tilapia and feeding daily with catfish feed.
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Figure 2 Size of harvested Asian Seabass (A-C) and Nile tilapia (D) at the end of growth-out period
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Table 3 Total input cost, income, net profit and investment return of Asian Seabass rearing in

freshwater ponds with different systems

Treatments
Parameters Monoculture Polyculture and feeding Polyculture and
every other day feeding daily

Fixed cost (baht/pond) 137.5 137.5 137.5

Variable cost (baht/pond)
Pond preparation cost (baht/pond) 5 6.60 6.60
Adult Nile tilapia cost (baht/pond) - 240 240
Seabass seed cost (baht/pond) 375 375 375
Total feed (kg/pond) 13.40+1.2° 10.63+0.4° 16.97+2.2°
Fish feed cost (baht/pond) 737.0463.9° 297.6+10.0° 475.2+61.3°

Variable cost total 1,117.0£63.9° 919.2+10.0° 1,096.8+61.3°

Cost total 1,254.5+63.9° 1,056.7+10.0° 1,234.3+61.3°
Yield of Seabass (kg/pond) 10.19+0.6° 3.22+0.5° 6.30+0.4°
Yield of Nile tilapia (kg/pond) - 8.14+1.1° 9.68+3.0°
Income from Seabass (baht/pond) 1,630.4+81.8° 515.2+72.4° 1008.0+59.1°
Income from Tilapia (baht/pond) - 610.5+87.7° 726.0£225.4°

Total income
Net profit (baht/pond)

Investment return (%)

1,630.4+93.6°
375.9+29.9°
29.96+0.9°

1125.7417.9°
69.0+26.3°
6.53+2.6"

1734.0+175.1°
499.7+113.9°
40.48+7.13°

Data are presented as means + SD and values in the same row with different letters are significantly different (p < 0.05)

Note: 12.5 baht per Seabass juvenile, 10 baht per adult Tilapia , 55 baht per marine fish feed, 28 baht per catfish feed, 160

baht per kilogram Seabass . 75 baht per kilogram Tilapia
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/ uaraIn1skginsluladnAwasunnuaaslunuun (Rana rugulosa) \

Effect of using probiotic soybean kefir on common lowland frog (Rana rugulosa)
2135A% WAUNNTUT uazinAl Aunslanm

Wareerat Sanmanoch and Kasinee Chantharasophon

ANITNRTIINYT AMLIMENANART NWNANENABIITANgLATITE T ATAgUATITENT 34000
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unAnga
=3 U a = 'e oI/ = a 1 a a
nsAnrazesnis inslulaAnAamaiundawdsaduavnndiusanineimulnuasaAg
Fruntusedanalsa Aeromonas hydrophila WWnuUW (Rana rugarosa) wuqn N3 ldamasidinluny
srazgndanauivscazFafindtauainiiungan 60 U ngu T1 (Control) T2 (Aulas%anay 10) uay T3

o

(Aassasay 20) HensNN1ssanAndusasay 64+1.45, 67+2.40 WAL 71+1.76 mNatsy A1 lulas
HedeauasiondsuaLueNadfdn lAsesas 8.9+6.78, 0.66+1.96 LAY 6.17+4.81 AMNANFL 6ATINTT
SRAUBNLNAINAGBLNTHNUNUFARETR A. hydrophila FAilusesay 50+6.67, 40+8.82 kA 70+5.77
o o A g s A & o | | !
Aruansy e ldamaiiasnlunueny 6 taauwiduiaan 60 4u Wud1 ngu T1 (Control) WAENGH T2
(AwlaFBesay 7.5) HemsN1990ATREAT 10040.0 VNABINGN GATINTTATEYLRINGN T1 ALLNALNELAY
WAHInls 1.46+0.09 way 0.88+0.02 nFusiadu ngu T2 nuiwAldaLayiwAiLiun 1.92+0.10 uas
1.14+0.05 nfusiadi anuanau Anlulastiondsauaziiandauetiuedasnueings T1 uas T2 dnlé5en
ay 0.55+0.11 WAE 0.60+0.07 ATNANAL NIADLANEIN NN NANTUIINUF22RT Microtiter plate
) \ ) ! ] =~ o a a e 0 A ,

agglutination technique W31 NAN T2 ArzAunauRven lmmasvindy 4 IuﬂJMZVIﬂqu T1 ldnunns
a aaa = o a do o o ol - o A o

NAUGATEINNIANAZNBUNYNILALANNIARAN1e TN Agtiuns A e fundamaesTasas 20 1

anaigsuinglulednanunsniiudnsnissan lunuunscazgnienuasnAamaiuntamaesietay 7.5

a

AUATHNNIFUAUBIN NN ANAUIUNLUTTE AN TR

mdran: elulesn Awesuudamvans Taaiialuny a1unadiu

Abstract
The effect of soy milk kefir as probiotic supplemented on growth promoting and disease
resistance to Aeromonas hydrophila of frog (Rana rugarosa) was studied. The result found that
tadpole stage to frog stage of rearing with kefir supplemented for 60 days, revealed survival rate of
each treated groups, T1 (Control), T2 (10% kefir), and T3 (20% kefir) were 64+1.45, 67+2.40 and
71+1.76%, respectively. Micronucleus and nuclear abnormalities were 8.9+6.78, 0.66+1.96 and
6.17+4.81%, respectively. After challenge test with A. hydrophila, survival rate were 50+6.67,
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40+8.82 and 70+5.77%, respectively. The use of kefir as feed supplementation in 6 months frog was
performed and it was found that survival rate of each treated groups, T1 (Control), and T2 (7.5% kefir)
were 100+0.0% of both groups, survival rate in female and male frog of T1 and T2 were 1.46+0.09
and 0.88+0.02, and 1.92+0.10 and 1.14+0.05 g/d, respectively. Micronucleus and nuclear
abnormalities were 0.55+0.11, and 0.60+0.07%, respectively. Immune response as antibody titers
by Microtiter plate agglutination technique at days 3 post-challenged of T2 was 4.00+0.0 while there
was no agglutination reaction in every dilution of control group serum. In conclusion, the probiotics
in soy milk kefir at 20% concentation that increasing survival rate of tadpole and soy milk kefir at 7.5%

concentration stimulate immune response of mature common lowland frog.

Key words: Probiotic, Soybean Kefir, Frog diseases, Feed supplement
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ziammﬁﬂﬁﬁifwﬁﬂﬂizmm 60+5 NFu NgNNNINAABIA 10 60 uazlFuarndiniuesaane

T9m A. hydrophila 15du 4.58x10° CFU/mL (num1gNInnInsasas 50) AAFauLL Intraperitoneal
Banns 0.1 Dadanssiesn aeanuidnsiean 3 AU ienshinissentan ilesannldmnadindiuaeade
A. hydrophila 13110Ug9 inlilszaznansiamanaduas ludaanan 37 u
4. mawwnziageanusniudalaeldinsluladnmmas

41 goruilidasany (Site 1) N19LEF8NaLNI0] AAEFENABNABIUIANGIS 80 LHURALNAT €19 100
VIUFLNAT 49 15 LIURLNAT el Inewauuivtenay 70 NN dandudinsialdnndned
g4 1 1m3 ALANNITIATTYIeInUNe N1 wuLElARINEITNT A

4.2 N19ETENARIMNARDY NUANANTY ARZINA 818 6 Lhaw siwnin 80-100 n3usasa taafinan
MWL 35 Fasete

4.3 N1IIANITATUBINNT mm@ﬁ‘l%’lummmmLﬂummﬂ.ﬁmﬁm?ﬂﬂmqﬂ A naasin (wes
9921 LAz 9922 éﬁ@?\lﬁjwﬁfzﬁ) Weliiungsianisinenvnsreanudes Weflsdulsfuluevnmaans
Uszannsaeay 25 Wavnsiesay 5 vesimsindasiedi duas 2 Afssedy TelfunBunne il

NN 14 44 TuusazUeresusazngunimmaass uazniANazatnaauiaesniuneuy
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4.4 nmaldnslulefnAmediaesny wngunueanddy 2 gAn1Imeaede| az 2 477 a2 35 69 e

v
o

Wunan 60 Ju sall nau T1 Wiausnuin# (Control)

ngw T2 Wianwsing + Aulesfeaay 7.5 nsldiiunnmeshmesluaimsids

2
= o a

anadmiunulvidadana aannimeaesiinldBunammefunnifubesas 7.5 M liianmsnuias
liianansnaneninly anuazfuanizanafiaesLniiom Wensl 60 funmadasel

1) BRIINTLATEY UAZERIINNITRATIRIeIN tnasnsnsiastyiuinAeduiindeduniumadu
(Average daily growth; ADG; gram/days; g/d)

2) %$a8az104A7 i IATT AR A LA TILA A WAL URNARA LI ALADALAY

3) m3adnATLaNALeR lmmas (Kituncharoen, 2006; Mohanty et al., 2007)

ANFATIRTAANLELALER lAIMaSANTSuTeeny TneA3 Microtiter plate agglutination technique

dunednszauniaifialgizeinisinienguiiluutiussndisueusiau (A. hydrophila) ALLAUALDA b
F5uTRenUTNAAad TA8N131NE FuNARa UL Twofold dilution 114 96 Wells microtiter plate 341
uaufvedlamafsuaindaunsutesssiuninuideagadinaaesdinlu Microtiter plate iudaanaa

\iALf)izen (Minimal positive agglutinin)

HALAZIAITOUNA
1. NANITATIAULAIUIUAUVFEURIALNBTUNDINWADY
° a  a = - N T > a =
HANNTATINANUINAA YT AN e FuNTI AR NuNguu)H 4 avaiaaidaa 1uan 96
daTas uazugdudanuineliuu 30 uay 60 41 WU HA1UIUAUVTENNTIANANZNNIALTaULL

THann ALl 6.12+ 2.18x10°, 3.61+1.47x10° waY 3.27+1.54x10° CFU/ml AMNANAL 4914N195n9

a a 6

woadauunldliainiadaiuauqdunadiiu 5.90+1.96x10% 2.34+0.73x10° uaz 1.80+0.52x10°

CFU/mI pNaAU HanTsAns liaanndaditsnenuaed Chen et al. (2005) NRgaatlaauyiadlua
waFunsuminuNunENgoUNi 20-22 avAngaiioa wudilqauridetlude 10°-10" CFU Wwhzariy

Chantharasophon and Mutthikul (2013) inudnatuauqauvisd luAmaiuntamaesiudnlugnmgi 4

=

= o Ao = el Alaa < & % 6 o
asActaea e 96 4alus Haruouaauvisdnidanluaninznisdeam@auuulianiduas 1419

a6

a1nAag 10°-10" CFU/g Aiaiiawiuadursaniatnalusza 10°-10° CFU/mI azuiulidinanis

a ealal =

WuFnuAme iUt udin s uauqaui i nlTd AvaeseatiasasA NIz I ALTNE 61116

q

dieiuiianaiiaannannnisugudawuy Slow freezing aznnlfiindanzesinnanie lunasnneueniaas

a a A o

= o & £ 4 A o . o qy -
LﬂﬂﬂuLﬂuLﬂ@mu’]LL‘LI\?VIN%‘L&W@ELMQ_,IWLAL?@EI”I AILNBNINTATANE (Thawing) e LI AR AWNTEI LAN

q

vnang llfaadounils R TiRA U auEENseaTInanasm Nz tzna g lunaifiuinundae
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2. uarasms Awasunnuuaassanulussazgndan
WHaiaengndantiungn 60 Ju gndaniuinisasgeananadiasimun liidugnnu luusay

1 v 1
ANIINARRINzaENEstyvin i adnglsfianlugesnisuameduinerimuniugnny nawmun

'
=

1 ds/ 1 2] 1 3 yva o aa 1 < 1
gﬂmﬂmwxmﬂumamﬂnmm@@uu,@mﬂ N ANERIIN1978ATINANRT TABINLIAN nuLanNn|N T

4

(Control) Ngx T2 (AlaF5asay 10) waznaw T3 (20% Awla3) Hensnissandiniiuienay 64+1.45,

1 v
67+2.40 Uz 71+1.76 MMNAIAL (Table 1) ANRANNIANEANLGN N9iastyAuinge9gnnus 3 ngu

v
o

= e da o o 4
ulsifiaonuansneiy anuaniduduiianindnenaiiaannann seasaeenIsias YNNI asuNIY
sudvresgndentlunuiuiiluscaznlianatiunmuinslubessesdnsnisasy i udaosdnelu
dl v Y a dl | = dl a 1 o dl
Baspasnisnszfuliiianisulasuglieiseilaswmasainisasgyuinngi AIWLAIN 9189UNN9
NAABIT8Y Kaewtapee et al. (2011) ARN®IN1InsEiunIsasnyAuinuesgndannuuifoaniiofse
PIUATNIVATAUAN WAZNLIININAATETNILAENALATBUASRAN Tua M Hinan 19 muesgnEan

Thdunuuandnnguasunx

Table 1 Survival rate, Micronucleus and Nuclear abnormalities in red blood cells of tadpoles were

feeding with probiotic kefir after 60 days and survival rate after challenge test

Treatment® T1 T2 T3
Survival Rate (%); after 60 days of feeding 64+1.45° 67+2.40°  71+1.76°
Micronucleus & Nuclear abnormalities (%) 8.9+6.78° 0.66+1.96° 6.17+4.81°

; after 60 days of feeding
Survival Rate (%); after 3 days of challenged 50+6.67" 40+8.82°  70+5.77°

abc

Mean(+SD) in the same row with a different superscript letter are significantly different (P<0.05)
*T1 = Control groups
T2 = 10% kefir supplemented groups

T3 = 20% kefir supplemented groups

AlnlnsTiainduauasinimie uetueada ludaideaunsasanuidn derniiliaziidasndu
ansnanatufIase LI nsadndaaas nan1ImaaasnLdn ngu T1 Aadubensy 8.9+6.78 ngu
T2 A0tz 0.66+1.96 uazngu T3 Sali%ataz 6.17+4.81 Aua U (Table 1) AMNuAN1MAREST
Wuanein nsliamesundamdeaduemnndsilunuunszaqnieaiaaudidunuiinid Taiali

Aaruialnfvesiaslulanny Wesannnudnlulasiaedsanesngunimaaasi i suanas den

' !
Qddslb °

e lulastianduauaziaeds e uueaann iinasndn lungu T2 uazliiua lduansieiuaig
Nao o o ! A o ! = o & P o =
AdudnAnylungu T3 ilaauiunguasuau (T1) n1sAneiafalaanadesiunisAnenaag

Chantharasophon et al., (2017) #197e47191 N3 ldAmesundrunasadulnslulefinlulaniia lsiluag
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wilaai liinansuaninaediaslulonludainenunsaesdlaiianAneg wansliidiugn Awledlaidy
Awsanuluszazgnealaauiudunuidniduinaaiundneenunisdnenlulaniia

AudndureaTe A. hydrophila Waldninismageualanusinuniulsa Hanudinduaes

|
o a

e 2 wingestTuinigadFusiuauan 2.28x10° CFU/mInlinuuandainisreslsnfinige
A. hydrophilla A8 T1a4L98 H908AUAILBTBINATTL LATIHeANHEATINIITEATIRTBIGNNLNAT

nnmaaauANFtumIulsa wman 3 34 wudn ngwu T1 (Control) HAlusesay 50+6.67 Ngx T2

XA

(Avlaf3anaz 10) nliTanas 40+8.82 uavngu T3 (20% Awad) dalisatay 70+5.77 muaau (Table
Yo

1 4
1) AMNUANIINARINLIINLENT I TUAMaTTatay 20 HERIIN1990ATIR GININNIABINGNDENIH

12 '
o o = o o a

UednAty anuanismaaasiinindnansdrAnynne luamefuazdanasednsin1ssennesnuLani ana
a A = A a A a a -
AAEesanansAansy dananinauwuanizansawananluAmas Insannsieanuaes Medrano et al.
(2008) NAANHINATBIAMBLIUABNIEUEIN9RALTE Bacillus cereus TaasuysLLILINADANARDY
Af Caco-2 cell line kA% Human erythrocytes wudnslAmewsuiseauAnudindu 300-1,000 mg/L
211170 UTININ AN T ARTIZDALULUBITRAINANT M AINNANITNIN1INARRUANAUN1UTzATY
nMeAnEIATL ansnnaaliidn nasldamasiuanunsiaiuiuainisonszfugifiuniulsaes
(2] =® o [=3 [ v 1 a o o o di a o 1 v al '
anaanauivszazinfndylfigeadesldd Ay aifraumauiugarauan wansdinisldamasiiy
TwslulasinlugnBaanuinaziiunadend wivliannisfinmenalspaesnusye s ils
a o 1 s @ e

3. wavaslnsluladnAasdanulussasAalAnae

nuluszazdasinde a1y 6 thau e lulesu Tnautnuasnidly 2 nqgu As ngu T1 TWiauns
nuing (Control) wazngu T2 WawsunAdsuamaisasas 7.5 Wamsu 60 F1 wuan nuluszazsos
5ﬂﬁqmmz§mﬁﬁmmmiimwhﬁ”u YaliFaaaz 100+0.0 4USRIINITATYTRNL WUINLNQN T2 A

o o e A 4 e \ ! | Ao o o o =

asnaNiuAed NeAntivtinieansedu (ADG) gandinunguatuaNetinaltisdAny Tnenusoue
2INGH T2 amangiaseyiilu 1.92+0.10 nFusadu uaznusafiily 1.14+0.05 nFusiadis 4 mFungw
T1 nusadadansinisiasnyiilu 1.46+0.09 nFusadu nudafinls 0.88+0.02 nfusadu (Table 2)

]
1 o o =l

HAN1TNAARIN IHLNTIN AulafanunsndadduninasyAenuunlussazfafude it aldadAndie

= o | = A

WeUAUNauALAN T98anARaIiUNITANEIU89 Chantharasophon et al. (2017) 1318971447 A3 l4

Q Q
'

Alasundamaeaduinglulesnlulafiadealiilarial dnsnisiasgygendinguacunneatned

)}

@ o o a

UedATYN9ana dupeaunsnldAmesuntamaeaiue s BNt ITUN1NIRI U BBIN LU FALAN

4

SenAn® e TR ueaALIiuINUAISEa99 Promnuan et al. (2015) T#a891197 Twslulafnansnngaiin

v v ¥ '
o v =y

Tlszandldluntsdaudiuniaasyiiuinueslaivinlin uwiisifiesauiuaonudindunimunzause

nastyALTaLardnsIn1ssannefins
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= a

nansnsatiuauululasivirdsauaziionaueuueNaas ludalaaanasranyluudazngs

o o

nnamaaed wudn Anan lisneiuatneliedndty Tnelu T1 uazngu T2 dnli%esas 0.55+0.11 uas
0.60+0.07 A1xaAL (Table 2) Faiflunaneuduliiugg Aesldiidunssanuuisluscazgnien
4 < e e
wasukudunuanuazszazmalhnde
a Yy o o yaaa 1 a a I'e o
nMsReLAnaIN N IANTBIaINUATIadatas 1353 siA L uRuef lanasaniiuaeeny
WU'Y Microtiter plate agglutination technique Wu31 nuf e visuaniuAines (T2) Hszdunng
a aca . A o & o No | e - Ho o a = -
AaURAFENM9NIEngNNssAUANIAEAgATne 18T TN Wi 1: 4 viseludindueuRiuen lnines
winiw 4 (Table 2) Twanuzinuinlfienunsdnd (ngui 1) ldnuniaiadfienisnnazneunnnazay
A alo'/ all 1 dy d' = rd‘ v a al o v a aaa
ANNIAEAT9T89T 51 Awnidwduil a1ailesnnann Awednldidinlue v sinan liind §isen

'
o =

Ay ' o = 9 = o & Y g a o a =
ﬂlﬂﬂﬁ‘ﬁﬂuq&lmqumquﬁ"]\?ﬂqﬂﬂﬂV]QLWNQﬂVIImﬁﬂE"]ﬁ?\?u Iﬁﬂgﬂﬂ?gﬁlulﬂLﬂﬁﬂqﬁ‘ﬂ@\ﬁﬂq?uﬂumu@ﬁ

Yo a

A ' \a o a Ada & & o qy A
ARNNNN luﬂlmﬁﬁmﬂllﬂ@‘llﬁq‘]_lQN\lﬂJNﬂq?ﬂ@Q@q?LLﬂumU@@ﬂ@ﬂlﬂ qqﬂN@‘V]Lﬂﬂ‘ﬂumuuqzmqiﬂﬂumiﬁﬁ‘Uﬁ

wasiduaimagdsy Jaouainnsalunisresinudanalsalds Asazwiunalilunimaaad n1magad

1
= o o

pnsnunulsazeinyussazgndenauuinuiunussazdasindaauadnniennisseanaang

NAFDUANNFUNIUTIAZINIINGNAILAN

Table 2 Survival Rate, Average daily growth, Micronucleus & Nuclear abnormalities in red blood cells

and Antibody titer of mature frog groups treated with probiotic kefir for 60 days

Treatment* T1 T2
Survival Rate (%); after 60 days of feeding 100+0.0° 100+0.0°
ADG of male (g/d) 0.88+0.02° 1.14+0.05°
ADG of female (g/d) 1.46+0.09° 1.92+0.10°
Micronucleus & Nuclear abnormalities (%) 7.48+0.59° 8.18+2.47°
Antibody titer; after 60 days of feeding 0.0 4.0+0.0

abc

Mean(+SD) in the same row with a different superscript letter are significantly different (P<0.05)
*T1 = Control groups

T2 = 7.5% kefir supplemented groups

dgiua
mﬂgﬁﬁLW@ﬁ(umﬁl”qmﬁmLﬂummim?ﬂuﬂmw:zgﬂ%@m luifinnesermadsnnmaisos
az 10 way 20 Wauiunigliianwslnd szaznainimaaes 60 U Wudn §R9INN9T0ATIE lUTANIS
naaaslfienadiunmeienas 20 HeRsnsTenTingeqretas 71+1.76 Gansldenaiaiud

wefundamassliifluarsienanaiugsianuun uasdsdaudinaaufinuniuseima A. hydrophila 199
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annuld lwiusaisniunasesinsluleinAmeisenulusrasiafindy ey 6 ew dadlutieaulae
utanueanidu 2 nguniameaed Ae nguliienmanulng uwaznguliiensinfnanameieasy 7.5
dleAsy 60 1 wud ﬂuﬁ'é”mﬁmﬁfam%%‘lmwwa;Lﬁuiﬂﬁmmmjumawm@m‘lﬁmﬁm%’éﬂm:
100+0.0 Bnvedadiunsiizeanylusrasdauinge Tnenunquitlfienmsnantudines fAnsiwin

A e , ! | ANae o o & o - o p °o o au a P
Lﬂ@ﬂm@qu@j\‘iﬂqqﬂ‘]_m@]llﬂquﬂﬂﬂﬂqﬂﬂuﬂmqﬂm “TNﬁLW@?MNQQL‘M@@\T@’]'ﬂﬁ“u&lﬂ]Lﬂu@qunLﬁﬁ‘quﬁJ

o

snnuaeqaurididdnluameianasniuseazinaInaiuine

fnanssuisznA
N el IHTU A UAYLAINYUEAULLNITIAY AUFUAMNANITLAYLARINIAINILILTE NI

Rusels swdnendaguasasiil Uszantheuilszanns 2559
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The use of Bacillus amyloliquefaciens KJ720206 from gastro-intestinal tract

of Nile tilapia on fish pathogens and canker disease
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UNARER

n13lEd@e B. amyloliquefaciens KJ720206 annniapuanunslanladueamanalsadn

(%

o A
AR
Aeromonas hydrophila Wa & Flavobacterium columnare KJ720207 ha < danealsaumaines Ae

¥

Xanthomonas campestris pv.campestris TISTR 2065 a e X. campestris UBRU1 A 835 Spot on

o a

lawn U8 B. amyloliquefaciens KJ720206 a5nsladiudaidanelsaia 4 aneriug dniadiaclals
6.041.0, 9.33+2.07, 7.75+1.71 LAY 2.5+0.58 faR AT A uA AL del¥ide B, amyloliquefaciens
KJ720206 naxlua1unisdanilia Inadafiangy T1 Wieaunsdns ngu T2 lieunsuan 10° CFU
B. amyloliquefaciens Aaa14113 1 Nlaniu wazngy T3 lia1unsuan 0.05% Oxytetracyclie Hlulaan
30 TU WUIERIINNTIATEYLALIAYRINGN T2 UaT T3 gandngu T1 Tneftiminiade faz 4.97:0.13,

o

4.57+0.14 uay 3.56+0.10 nfuAaTU ANa1sU Anelasmanaaznisifalulastoeasaaadilanila

a o

1 1 1 o 1 o o % 1 =3 A o 1 1
ynngunisaaeslluanssiueenslivid Aty (P<0.05) aniuaniunudniae nunisautuaeIngs
T3 #dAAnannguat wldud 1Aty Wenagauaudiunulsanani@anan A. hydrophila Way
F. columnare #9833 Challenge test W41 nasa namadindasfiesluiun 7 darllangu T2 §6men

90ATSRLAL 64.92+5.27 WUINGN T1 waz T3 HAilufeaay 0.0 uay 28.58+9.53 ANNAIAL HANITLE

'
=

i B. amyloliquefaciens KJ720206 M‘]_I@Nmﬁ‘lﬂ?mﬂmL%’ﬂﬂ'ﬂiﬁ‘mm\‘im'ﬂ’? X. campestris UBRU1 %
ﬂqﬂuumu@ﬂummmmu Puncture inoculation {l1Waan 14 414 wudn mjs\mmﬂmﬁmmﬁ?mm\iLﬂ®§

= =y P = O A a = & oy
lRN1¥qaTlgnime anusinguatuaNiinsanlsnvivannlgnuazaens liitusauaainlgnide nannls
41 \T9 B. amyloliquefaciens KJ720206 anu1snldiiuniaidanlunisaaupuiianalsnluilan

(A. hydrophila Waz F. columnare KJ720207) waziianalsmumanesuuudaia bé

ANENATY : A. hydrophila, F. columnare, X. campestris, Ua1tia

9an33iematulatinigtleyas U9 12 a11uf 2 nangiAx - F191AN 2561



mailto:aaaa@bb.cc.dd

22

Abstract

The use of Bacillus amyloliquefaciens KJ720206 from gastro-intestinal tract of Nile tilapia
to inhibit fish pathogens which were Aeromonas hydrophila and Flavobacterium columnare
KJ720207 and the 2 strains of canker disease, Xanthomonas campestris pv.campestris TISTR
2065 and X. campestris UBRU1. By spot on lawn method, B. amyloliquefaciens KJ720206
exhibited 6.0+1.0, 9.33+2.07, 7.75+1.71 and 2.5+0.58 mm. of clear zone radius to those 4
pathogenic strains, respectively. For rearing of Nile tilapia, T1, T2 and T3 that were control groups,
mixed 10° CFU of B. amyloliquefaciens per 1 kg. feed groups and 0.05% Oxytetracycline mixed
feed group, respectively, were studied for 30 days. The results showed that growth rate in average
weight per fish of T2 and T3 were higher than T1 which were 4.97+0.13, 4.57+0.14 and 3.56+0.10
g/d, respectively. Hematological parameters and micronuclei in erythrocyte were not affected
by all treatment groups with significantly ( P<0.05), except hematocrit value of T3 was
significantly lower than the others. The disease resistance of Nile tilapia groups, T1, T2 and T3
was studied by challenge test with the mixed of A. hydrophila and F. columnare and at the day 7
post-challenged, survival rate of T2 was 64.92+5.27% while T1 and T3 were 0.0% and
28.58+9.53%, respectively. The use of B. amyloliquefaciens KJ720206 to control the growth of X.
campestris UBRU1 that was puncture inoculated on fruit and leaves of lime by covering inoculation
was performed for 14 days. It was found that the treatment group was occurred the canker lesions
only on the growing spotted, but in the control group, there was canker lesions on the growing
spotted and progressed around. Therefore, B. amyloliquefaciens KJ720206 can be an alternative
agent to use as biocontrol in fish pathogens; A. hydrophila and F. columnare KJ720207 and

canker disease.

Keywords: A. hydrophila, F. columnare, X. campestris, Nile tilapia

unid

e ol . g o o )

FauuafBeluana Aeromonas uaz Flavobacterium WuiuafiBeiszantiuuazainnsnnalsn
Tudnsinls wndnisialsaszualuunadminismnziaesdadin tnaanizlainsydaudo inumensdn
A ' ' aa ' X o
wadranmndouluniuiainuuaiizanalsa (Das et al., 2013, Chitmanat et al., 2016) Iaaialillu
anazinfuazdasinuaindniianisssuinvesdanalsaluana Aeromonas vnifludasnianiog
anAwdsdsauludasduazmunziunisssuinvesdaluana Flavobacterium waluaanuiiluasanig

svinmaadnuAnFanalsnlulainsed i unasa nnITRA@a LU L NANNAEAENUE AUAUANINUD
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AuanRandnmunzaniuniaasyaedaluanalaninnaniu enisinansaandiianisfnimalsn
o a = o eala |
srunpazianeuzliuiAnaesdesaiugnilsunnmanngn
U ndnguaT eI RHNITINIZ IR e an TunsedIuInnEINISNI LR BILULIAY BN BRSNS

A a o o v ax o ' v Y o o e
wudrilsaszunaiafulanlunsedaaslfasUfaaus unnsinmn winislennluinssivaneiugiaene
Tsanenaindulassanldanauaznisinmldldinauda deananudndansdfasusaninelunananls
(Chantharasophon and Prawitthana, 2015) 2auilanin1sinunMandnsnismneresdnfinnauninig

a a [

9 ax & N as 9 - o o 1 o so & g v o
Imﬂqﬂ TAUL AR NITAILUANLLLLITIE Imﬂim@@um?ﬂ@qﬂwuﬁmﬂﬂﬂmﬂﬂm@ﬂﬁ]'Ju’]V]LW']gL@HQN’]ElUﬂ\?
q q

q

v 4
& 0

nnaasryaeidanalsalfus ldidusunmasadndinfiniziaas (Pal, 2015)

TsauAsinafaNnmauLAEe Xanthomonas campestris pv. citri \ulsANINAATY2998zU9
(Hussain et al., 2010) lutszwelny Ingiannzlutdosgguunndaiiannudulueiniandeaziasny l6a

¥ o , P o oo p Aa v . o aal o
wazdininananzunlunndau Ngannlinenisenanfaudasaeiivliiuaiuaunnn 3an1s5nunlsauag
ragy o A o = , = p ! A P o o 8w , pR

nesn iuAenslfansiail ednslsfmulseauinuuanBanalsaianunsadusaldinuseasiaills
wananazine lsalulinaudadann i ansanAslunananuasluassng Aninau (Sampath et al.,
2011) Wuimeaiunisldansdjaouzlunismiziaesdndin nispauanuuudaisanduizniianla
) v = 3 Q‘y ro” =
inmaununsliansiadislunismnziaesdnfinuaznismwnzdgnivg

\GauuARNEY B. amyloliquefaciens wumiausnlagaadit]udia Fukumoto uaziilugliitan

ANBUTAUIRTeA NARdNTwadRueulEe luaaiRautinenusiaeade (Wang et al., 2017) 1y

L ¥ '
o a

ANa Ay ) a P = o a A a A yy ]
wuan e linelsaudannsananansieangmadudanisiasysesqauvisdatinaulivaiangs (Gotor-
Vila et al., 2017) iu @17 Difficidin Waz Bacilysin Adu1saAafunI9a3tya89id@e Erwinia amylovora
nnalsalundaalii (Chen et al., 2009) anunsnfudsdanalsaiaa@anluns @amANNaMAAN TS
A® Fusarium solani Wa% Ralstonia solanacearum W& (Ajilogba et al., 2013; Tan et al., 2013) N2
@2 B. amyloliquefaciens KJ720206 7114 lun saneaseiiduidenAnuanliaindanlusdandn
= KX o dly o QI al' 1 o Y o ://
AUA9M51% (Chantharasophon, 2016) asdaLiumatlszantiuniiaulalunisinuineaeslddudanig

Wwsryreaitenalanlulantianszds uazlsauainaduzunainunisscunnluandandnguasasiil

ansaiuazisnisnaaag
2.1 aduvisd: andiesdifinisaadadnen Ananenans innangnausminauaTentl Al
21178 A hydrophila TISTR 1321 LATLTD X campestris pv.campestris TISTR 2065 (@uﬂ'
a a 6 v awva ' = ]
qauvsd anniidseanemaniuazmatulatiuialssmealne)

2.2 {18 B. amyloliquefaciens KJ720206 Waz\dia F. columnare KJ720207
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2.2 ApugNiTanalsALALNEFAINNEUD
Wusetnanzwnamihaiuinlaangsiis  eassndudigild n1aned quasmsiil
° a o o o = - ioy & A A & 4
DUUTHNNT B1N8HeY AdngUAaITenl lnennaniseslsauanaianlud Hdndemayaemen
qnsatlsnlinizunanms Nutrient broth Nigauuniitiesiiiuingn 24 49Tus Asanei@auuy Cross streak

9 U

technique L1819 Nutrient agar {waan 24 d2lue Andanlalatlideandugrunnetansuey taladl

a9
v v
a

Adesseuiavasadin gUsrananyy seuiey Rty @n ldnuendriBgrsunndudn 7 ase den
Talaflitnanmaunsudian 3% KOH nmaglinsad nasaunistesaafiuuaznistiasurls uazi
dendauanlFlinageunisielsauunauaslunzung
2.3 Anwin1siadnsasiudanalsndndituazlsanacnasaaada B. amyloliquefaciens
(muﬁaﬁ'mﬁ“’nm Chantharasophon 2016; Chantharasophon and Prawitthana, 2015)
2.3.1 mawandenelsauiazaneug
1) vihide A, hydrophila TISTR 1321 ﬁmq 24 dlus luavns Trypic soy broth (37 29AN
\waLded) A1191 1 loop-full Teanle8uassiuniu 3 Futuamg Tryptic soy agar
2) v F. columnare ﬁ@qq 7 41 T893 Cytophaga broth (25 a9ATalded) a1ua
1 loop-full Imannlafuassiufiu 3 Fuuemns Cytophaga agar
3) ﬁ’ll,%”'a X. campestris pv.campestris TISTR 2065 198 L%”@ X. campestris UBRU1 :7;@’1?;},
24 FaT14 Tua"vns Nutrient broth (37 29ATAEEH) 7121 1 loop-full Faainladuazsiuiu 3 Futi
211119 Nutrient agar
2.3.2 7% Spot on lawn: d’]ﬂlﬁy’a B. amyloliquefaciens KJ720206 ‘7;@"1?4 24 {QTM‘I‘LA@’]W}?
Tryptic soy agar ¥iiasLusesfidaandanelsasa 4 aneiug az 3 %1 WL Spot on lawn i1l
ANANIZIRIFALITD PIrannsatFnsla (Inhibition Zone)
2.4 msl4ida B. amyloliquefaciens Mulariaianagaunnusumulsadadaanidanss
A. hydrophila wag F. columnare (ﬁmvﬂaﬁﬁﬂﬂi“n'ﬂd Chantharasophon and Prawitthana, 2015)
silanfavaduifiiomin 40-50 nfu Andanfifimunalndidesiuudandu 3 ngu az 3 417 az
20 1 Beslanludavanndnlaesaiinauna 250 ans s=AutiAn 50 uRRS WeniAluBuiad
NINNE Lﬂ?]lﬂmiymn 2 §u Wemstenas 3 1ewinmindan lnadacludiemaaes o @12737
AaTANEN AEANENAanTuazmalulat sunanenduainguamasiil Wdandiudadunan 14 du
LL@ZWL%”@ B. amyloliquefaciens ﬁx’i‘i
n@jumm@mﬁ 1(T1) aawstan
ﬂ@:wmmﬁ 2 (T2) @1unsilan + 10° CFU B. amyloliquefaciens Aa814113 1 Alaniu
ﬂ@:wmmﬁ 3 (13) Wia1mstlan + 0.05% Oxytetracycline
Aeslanilunan 30 5u ms1adnAn §asintssen fngINI9asyAL IR AeTasinanen

warniaie ulasiamdnaludiniaeawna aniuaaan@e naN1eaLd@e A. hydrophila (10" CFU/
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Naaams) Wazide F. columnare (10" CFU/Raaans) Iuemnsa21 1:1 [Wndasiias (Intraperitoneal
injection) A1 1 IadaARIAetIVTNAesY 100 N5 1AeIANsedn 7 Fu ATIAdAANTELELALOR
lamas (b1l Direct agglutination IA8E11ARN Minimal positive agglutinin LLazLﬂgﬂuLﬂu Log, N,
e N Wudaunguaes Microtiter plate qmﬁﬁﬂﬁmmﬂmﬁmﬂﬁﬁ?m) WAZERIINTTRATRILANHANN
NQNYNFA
2.5 msl4ida B. amyloliquefaciens ﬂ"JUQNﬂ’]ﬁ‘LQ?QJ“II‘NL%yﬂ X. campestris UBRU1 LIWNZ112
%30 B. amyloliquefaciens KJ720206 ﬁ/‘]_lfﬂijiﬂ’lj‘l,"’ﬁ‘ty‘ﬂ'mlﬁyﬂ X. campestris TaenARBILILRAY
1‘1_|memmuzmqﬁ'ﬂqﬂium‘xmqu:uu Spray on lawn (AAKUAIENNIMAREIT8S Huang et al., 2012)
Wutian 14 3u ﬂiuﬁum@miﬁquL%”@f-mnmm?mmmﬁ”@ X. campestris fiwrzuufinluuaznaes
NZUD

2.6 MIAATIZATAYRNNADNA: IATITRANNUANGNNTEUNINNGNFI9E UL One-way analysis of

variance WEEUWEUANRAEITUININGNAIRLULL Duncan’s new multiple range test

NANISVNARDY
g J 1

3.1 AnuanEanalsALANEFAINNEUD

& Ao ¥ P al aa = al A o =

danAnuantianseslsauasinainzuiaiiialatidwaes nan yu veuFey oy @y uu

. P : , a P & &

8719113 Nutrient agar \uiuaiiBaunsuay guview aunsntesaaifuiazuild Weilgnielasung
nzwanuIfinsesLraluqayy sautauuNaENmd auiduy andunlasuiduazifiaunayuises
yuatllnsesnavdadudnsozaeslsauaaned adlimenalsanAnuantidu X. campestris UBRU
3.2 uanslgid@a B. amyloliquefaciens FamuNsLasIaLianalsadndinaclsananas

nsM@e B. amyloliquefaciens KJ720206 fusiaimanalsnludndtinAeida A. hydrophila way
F. columnare KJ720207 bazlTanalsALALLNES AG X. campestris pv.campestris TISTR 2065 LA

X. campestris UBRU1 #2838 Spot on lawn Wuqn@e B. amyloliquefaciens KJ720206 &N13asiusia

2
= '

danalsans 4 anewusililnaildasaiaclawlu 6.041.0, 9.33+2.07, 7.75+1.71ua s 2.5+0.58
HARLNAT ANNAAL

3.3 wansldi@a B. amyloliquefaciens lulanfiaritanagauanusrumulsadndaannidanss
A. hydrophila waz F. columnare

3.4.1 néaanniaeanfiafiungn 30 §u nnadadi sasnnssen 8R9INTTLAIYLAL TR AN
Tatimanen wazninfinlulasiionasaludafanuns wuda T1, T2 wae T3 HdR3nnesensasas
66.66+13.34, 86.67+6.66 LAY 73.34+6.66 MNAIAL 8MIINIIATYLALINIINGN T2 WAL T3 g9n20
nau T1 Tnedhinminiedusieduiie 4.9740.13, 4.57+0.14 uax 3.56+0.10 NFnFRdU ANAL §R31Ns

wWasuerninduillengy T2 uaz T3 flaundingu T1 Ae 1.22+0.14, 1.58+0.02 WAy 1.72+0.14
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pNANAL Anlalinaneuazniaiialulasiaiedsasesafiannngunisnaaes lduansineiuas el

o o o 4

WedAty ﬂﬂL'Juﬁnﬁ?mmﬁmﬁ@mLLmé”muiuLL@zmﬁmLﬁ@m@\mzﬂu T3 (Table 1)

=l

3.4.2 \HAAATANANTAY A. hydrophila WaE F. columnare \dnTesies waziaesilaisedan 7 4i

WU ANLAUALA LAAaf1e9lantla (MaUN1IRATALATUAINIIRALTE 7 T1) NgX T2 HAN49q
(8.0+0.0 WAy 8.33+0.58) FEIAINAD ﬂ@:u T3 (5.0+0.0 hae 6.33+0.58) Lmzﬂ@:u T1 (2.33+0.67 LAY
TdlEnsaadnitiasannaieuan) MumeaiuansIn195ani T2, T3 waz T1 HAwY 64.92+5.27,

28.58+9.53 LAz 0 MNAAL (Table 1)

Table 1 Survival rate, growth performance, hematology, micronuclei in erythrocyte expression and

antibody titer of Nile tilapia after rearing for 30 days and challenging with pathogenic

bacteria in three different treatments

Treatment* T1 T2 T3
Survival rate (day 0 post-challenged; %) 66.66+13.34° 86.67+6.66" 73.34+6.66°
ADG (g/d) 3.56+0.10° 4.97+0.13° 4.57+0.14°
FCR 1.7240.14° 1.22+0.14° 1.58+0.02°
Lymphocyte (%) 99.0+0.50° 99.33+0.67° 99.33+0.67°

WBC (K/Cu.mm)

595.85+75.06°

565.96+31.13°

463.56+209.08°

RBC (M/uL) 1.72+0.12° 1.49+0.15° 1.030.76°
HCT (%) 28.67+2.72° 25.82+2.47° 14.35+10.25"
Micronucleus (%) 0.52+0.03° 0.49+0.03° 0.51+0.04°
Antibody titer (day 0 post—challenged) 2.33+0.67° 8.00.0° 5.00.0°
Antibody titer (day 7 post—-challenged) ND** 8.33+0.58 6.33+0.58
Survival Rate (day 7 post-challenged; %) 0+0.0° 64.92+5.27° 28.5849.53°

abc

*T1 = Feed

T2 = Feed + 10° CFU B. amyloliquefaciens KJ720206 (per Kg. feed)

T3 = Feed + 0.05% Oxytetracycline
** ND = Not detected

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

3.4 Msl4\d@a B. amyloliquefaciens ALANNSLATTYURILTR X. campestris UBRU1 LUNZUTD

naunnaesliime B. amyloliquefaciens KJ720206 Ugnyiuia X. campestris Ui luuAy

HATBINTUIIULL Spray on lawn uanssatveslsauAsneiianizaalgnide aousinguasLANinges
Tsaumsinedvisqanilgnuazasnaliiznuseuailgniae aslszifivdmanisialsauawnaizeangs

NAABIAINIINGgNALANTUgNIanIzmalsaLALNaTaENARY
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Emszﬁmmswmm
e B. amyloliquefaciens KJ720206 4111308 UEUTR A hydrophila F. columnare KJ720207

X. campestris pv.campestris TISTR 2065 WAZLTD X. campestris UBRU1 luszauvaaanaaasliinad

o

Sa5raela 6.0+41.0, 9.33+2.07, 7.75+1.71 WAL 2.5+0.58 HARINAT ANNAIAU LAAIINLTE B.

amyloliquefaciens KJ720206 dailuimanAnusnliainlanTudamdnguasasitaiunsonanansdnAny

o o o o

'17;ﬁi’aﬁ’luﬂ’]ﬂ’ﬁ‘tyﬂmL%”’aﬁ’ﬂiﬁ‘ﬂﬂz\i@’m@lﬂ")r‘til’lLL@$I?®LLﬁQLﬂ@§N$u’1’ﬂﬁ WAYAIAINIAITRIATYAINAND
snazlszneudananmanstiinasdqustudadeiuansnauléte 4 aneiug Jawanisinenaieil
saAARRITUHANNIANET8Y Cao ef al. (2011) Finudn sunsnldide B. amyloliquefaciens Susade
nalsm A. hydrophila Afauanantanls LL@w@ﬂwmmmﬁﬁmﬂmgmmmm Reda et al. (2016)
fiae9in ansszneudlide B. amyloliquefaciens S514 g5iunaznrisdudaderialsanguidanann
ﬁﬁ’mﬁﬁmﬁ’]ﬁ@ Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus, Escherichia coli
WaE Klebsiella pneumoniae 151?uﬂ@m@u5m N9/ butanedioic, octadecyl 1(1carboxy1methylethyl)
wae 4octyl ester WATHANNTANEURY Gotor-Vila et al. (2017) ﬁiﬁmmd’]ﬁ”@ B. amyloliquefaciens
CPA-8 HaRanstiusa@aarialsalueaaiae Moniinia laxa, M. fructicola waz Botrytis cinera l# Ing
‘W‘udm%f‘ﬁl@@ﬂqméLﬂuﬂ@:ﬂ@u%uﬂﬁszLmiﬁﬁﬂ 1,3 pentadiene, acetoin (3-hydroxy-2-butanone)

'
[ I

uaz thiophene TnaanstlsznaudiAynesngnadudvdawsiazaaiuganaiing lnnisas1aiuansianii

o

v £

Lasiiuasiedeniunnsemislyl dafdeasfnenaisainlaainiie B amyloliquefaciens KJ720206
ANu9nEU Ff::\‘i L%”@ A. hydrophila F. columnare KJ720207 X. campestris pv.campestris TISTR 2065
uazide X. campestris UBRU1 dnarunsnlidaulaainidala idnulunisasunuidaralss
ﬂ@imﬂwumLﬁ@lﬁm@qmmiﬂqﬂa:mﬁ'u.@z@”mqm’émamummﬁmma

ae1elsfinin n1sAnuInFafaglavealda B. amyloliquefaciens KJ720206 faimalsauasinas

A 2 '
= 3

X. campestris UBRUT NAauanlaanunafsuiafngane 2.5+0.58 Had1ums luamsnime
. , = = a a = Y N o &
X. campestris pv.campestris TISTR 2065 HA144D4 7.75+1.718aammsaa lndipeiutesiaanelsnly

dndnngn 2 araiugntaniAnenluaiel Asaindnanseengnsdudadeann B. amyloliquefaciens

12 v ]
o A

KJ720206 AFetienaludwmnnzandniulddudadalsnnaanas X. campestris UBRU1 d@sgiugiuléann
nan13li@e B. amyloliquefaciens KJ720206 §fugai@a X. campestris WA JULAYHATEINIUY LAY
WU9N uuRa lularNareINzUIINguNAsedialsaLALNaSLANsaa lsANANIINGNAILAN TIaanAEES

'8

AUNan19AN®1289 Huang et al. (2012) A4de B amyloliquefaciens aaWULIURAlUNZWIIANINUS
Mexican Aeufiazinnzidelsauaunasasuuluazing LL@:wufiqmﬁfL@?mmmFﬁ”@‘llafmLmuﬂ@%é’hﬂfjﬂu
NTUINGNAILAN

sl B. amyloliquefaciens KJ720206 naaluemstanfiafinugn $aldiandaisnsnsg

WwsnyiutaAnIINgNALANLAZNgNT LiaMNINAN Oxytetracycline WAANINEE B. amyloliquefaciens
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KJ720206 #unsanszsiunisiastyaestantialéinniinisldanstiaous uinsdnsiinudnsesazaes

a

=1 A a a 1 a ad v d” dl
WALRRAAANITYA lymphocyte mmﬂmu@nﬂﬂqumwm@@mmq\mmﬂﬂmﬂm@mz 99 ?JMVL‘]_] ATUSN

|

Sahan et al. (2015) snasudndatlianguacupunldanuddaaenanagiln lymphocyte agnsetay

|
A =

79.67+2.41 LAXNGNNIINAABITIATHANMNIAUANMIINY lymphocyte B lliRuSatas 85 anLmp
o . a Ao y = | S s & ] =
WuduBatndndanianiiunldlunisdnsrazidulanninisfian@ennneuw 39wy lymphocyte

o '3

FofuniAniuuuumaggenin wazeugulfiaindn Antibody titer (0 post-challenged) 484ngxALIAN
N8A1 2.33£0.67 ununaziiluy 0.0 Netiilesantantandui llun1sAnwafaliniaintelaneyuna
dal dl dl Y o o dl My a =2 A dl 1% !

P09in1AsNg luun Juiludadainasnimasailidlinangnilanes asldenlfannguaaumuiiy
Fol Fee

WenagauAuFunulsAan@a A. hydrophila NaNfLEe F. columnare KJ720207 WUN
Uarflangunaaasiansinissentludenas 64.92+5.27 luanziinguatuanuwazngui o msuas
Oxytetracycline {8msnsanLiufesay 0.0 uaz 28.58+9.53 AuaTAU azwiulfidn danfiangunaans

> ay o Dy & P P as o Yy o o a
A1N1904319 R wIuNsediudenalsa liAndnisldansUfTausiudanssfuisninemenstian
1w nan1meaesiiliinanninnisdidie Saccharomyces cerevisiae Wuingluladnludaiiaves

Chantharasophon and Prawitthana (2015) 1431891431 W@WaaIna12 i lEnanani1zn1siasny we b

amnsonszsuliiifianisasenisinunudenalsa liaviniungunldansdjious Oxytetracycline

dgUnan1snaaag
8 B. amyloliquefaciens KJ720206 d@nunsasiusaianalsndniunmelda A. hydrophila Wae
F. columnare KJ720207 wazidanalsauaanes Aa X. campestris UBRU1 livialusziunaannanans
(In-Vitro) uazlutlaniia sauvisunnauazlunzug (In-Vivo) Ivaziflumiadeniveannisldansdfaous
o a g 3 o = P =
Audanfiaiinizides uazannisldansniiiuuzung dauenainazanniseAldasainniuae

aa % o/ dl ¥ a 2 o
maﬂgmumm ?;I\‘if\lﬂV’VJ’]NL'&‘EI\??J?NLﬂHﬁl?ﬂ?LL@ﬁQUﬂﬂﬂiﬂ‘W’;“ﬂNﬂu

nnRAnssNUsznA

19UBUNITAM HUIINE188319709Ua199% Naduayusnlszunniuazaniunlunig

' 1
= '

ANTRBNUAAE 819098 uazEMTTYNTINg PdaaduapNaaanuazdasmae lunaiaaa i 5a

qaalifnnn
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Abstract

The study of standardized karyotype and idiogram of rugose frog (Hoplobatrachus
rugulosus) by conventional staining, five male and five female frogs of Maung district, Ubon
Ratchathani province were used. Chromosomes were prepared from bone marrows and testis
followed by Giemsa’s staining. The results showed that 2n=26 and the fundamental numbers (NF)
was 52 in both males and females. The autosomes consist of 2 large metacentric, 6 large
submetacentric, 4 medium metacentric, 4 small metacentric and 12 small submetacentric
chromosomes. There was no significant difference in sex chromosomes. Meiotic cell division found

leptotene, zygotene, pachytene, diplotene, diakinesis, metaphase |, metaphase Il, spermatid and
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spermatozoa. Metaphase | showed 13 ring bivalents and metaphase Il showed haploid number n=13.
This information is useful for taxonomy, genetics, evolution, developmental biology, animal breeding

and conservation.

Keywords: Rugose frog, Karyotype, Idiogram, Meiosis

Introduction

Rugose frog (Hoplobatrachus rugulosus) is known as Chinese edible frog, East Asian
bullfrog, or Taiwanese frog. The synonyms of this species are Rana rugulosa, Rana tigrina ssp.
rugulosa, Rana tigrina ssp. pantherina and H. chinensis. It is found in Cambodia, China, Laos,
Malaysia, Myanmar, Philippines, Thailand and Vietnam. Its natural habitats are freshwater marshes,
intermittent freshwater marshes, arable land, pasture land, rural gardens, urban areas, ponds,
aquaculture ponds, open excavations, irrigated land, seasonally flooded agricultural land, and canals
and ditches. They are widely farmed in Thailand, China and Malaysia. In Thailand, these frogs have
been consumed for long time. The rugose frogs are important economic animals, some strange skin
frogs (albino or golden) are exotic pets. It is listed in Appendix Il of CITES and LC (least concern) in
IUCN (Kosuch et al., 2001; Chan-ard, 2006; Yu et al., 2015).

H. rugulosus is a species in the Dicroglossidae family. The molecular data suggested that
this frog may be cryptic species complex including Thai and Chinese populations. The genus
Hoplobatrachus has five described species, H. crassus, H. occipitalis, H. rugulosus, H. tigerinus
and H. litoralis. The family Dicroglossidae contains more than 186 species in 15 genera in the world.
In Thailand, there are 30 species, 7 genera, 2 subfamilies, namely subfamily Dicroglossidae (genera
Nanorana, Fejervarya, Limnonectes, Hoplobatrachus and Quasipaa) and subfamily Occidozyginae
(genera Occidozyga and Ingerana) (Chan-ard, 2006; Pyron and Wiens, 2011; Hasan et al., 2012; Yu
et al., 2015).

There are several reports on publish cytogenetic studies of H. rugulosus including Chang et
al. (1984), Supaprom and Baimai (2005), Donsakul (2009), Alam et al. (2012), Suttichaiya et al. (2016)
and Tengjaroenkul et al. (2017). Previous reports were studied about diploid number, fundamental
number (NF, number of chromosome arms), size and shape of chromosomes, karyotype by
conventional staining, NOR-banded and C-banded metaphase and chromosome aberration. There
are no report standardized karyotype formula, standardized idiogram and meiosis cell division. This
research will report diploid number, NF, size and type of chromosomes, standardized karyotype,

idiogram and karyotype formula, meiosis cell division, spermatogenesis and spermatozoa character.

9an33iematulainigtleyas U9 12 a11ui 2 nangAx - F191AN 2561



33

Materials and Methods

The study of karyotype, standardized idiogram and meiotic cell division of rugose frog
(Hoplobatrachus rugulosus, dicroglossidae) by conventional staining was divided into 4 steps
including the frog chromosome preparation, chromosome counting, chromosome measuring and
chromosome analysis.

1. Frog chromosome preparation: The rugose frog, Hoplobatrachus rugulosus (five males
and five females) were collected from natural area from Maung district, Ubon Ratchathani, Thailand.
The samples were checked by identification key, Chan-ard (2006). Chromosome preparation was
conducted by the colchicine-hypotonic-fixation-air drying technique, from bone marrows and testis.
The chromosomes were stained with 20% Giemsa’s for 30 min (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, classify the size of chromosome, which the
symbol “L, M and S” represent large, medium and small chromosomes, respectively. Classify the
type of the chromosome, which the symbol “m, sm, a and t” represent metacentric, submetacentric,
acrocentric and telocentric chromosomes, respectively. The 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 H. rugulosus is showed on Figure 1. The dorsal body is olive-brown
or gray with distinct ridges. Ventral is white, sometimes with dark spotting. Frontlegs have four fingers
and hind legs have fully webbed five fingers. Males have a pair of gray subgular vocal sac on the
underside of the jaw angle but females lack this vocal sac. The karyotype showed that the number of
diploid chromosome of H. rugulosus was 2n=26 consisting of metacentric and submetacentric

chromosomes, the NF was 52 in both males and females (Figure 2). The chromosome types were
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present as 2 large metacentric, 6 large submetacentric, 4 medium metacentric, 4 small metacentric
and 12 small submetacentric chromosomes. No heteromorphic sex-chromosome was observed
between male and female chromosomes. Twenty metaphase cells of each male and female were
measured for Ls, LI, LT, ClI, RL, SD, chromosome sizes and types were showed on Table 1. This is
the first report of standardized idiogram of H. rugulosus (Figure 3). The karyotype formula can be
deduced as: 2n (26) = L", + ™", + M",+ 8", + S,

The first report of meiosis cell division and spermatogenesis H. rugulosus showed interphase,
leptotene, zygotene, pachytene, diplotene, diakinesis, metaphase |, metaphase Il, spermatid and
spermatozoa (Figure 4). The sperm head is very thin and narrow, ranging from about 15-20 pm.
During metaphase | (meiosis |, reductional division) the homologous chromosomes revealed
synapsis, which can be defined as the 13 ring bivalents (4 ring bivalents of metacentric, 9 ring
bivalents of submetacentric chromosomes) and n=13 haploid chromosomes on metaphase I

(meiosis Il, equational division) (Figure 5).

Discussion

The karyotype of H. rugulosus was 2n=26, which accordance with previous report. The NF
was 52 in both males and females, which agree with Chang et al. (1984), Supaprom and Baimai
(2005), Donsakul (2009), Alam et al. (2012), Suttichaiya et al. (2016) and Tengjaroenkul et al. (2017).
The autosomes of rugose frog from Maung district, Ubon Ratchathani province were 2 large
metacentric, 6 large submetacentric, 4 medium metacentric, 4 small metacentric and 12 small
submetacentric chromosomes. The types of autosome were not consistent with Chang et al. (1984),
Supaprom and Baimai (2005), Donsakul (2009), Suttichaiya et al. (2016) and Tengjaroenkul et al.
(2017). The cause of different type of chromosome may be genetic variation between populations.
The frog karyotypes in this study are very similar to Supaprom and Baimai (2005) which studied the
frog from Khong Chiam district, Ubon Ratchathani. Moreover, the other reports have investigated
frogs from the following areas: Bangkok (Donsakul, 2009), Khon Kaen, more apart population may be
more different karyotype (Suttichaiya et al., 2016 and Tengjaroenkul et al., 2017) and Zhejiang, China
(Chang et al., 1984) (Table 2).

No heteromorphic sex-chromosome was observed in this study. Some reports show the
chromosomal sex determination ZZ/ZW of the Indian bullfrog (H. tigerinus) (Saba and Tripathi, 2014).
In Thailand, the amphibian sex chromosome system was found in Fejervarya limnocharis which

indicated that this frog was XY/XX system (Patawang et al., 2014).
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Karyotypic variation of genus Hoplobatrachus is showed on Table 2, namely H. tigerinus from
India, H. rugulosus from China and Thailand and hybrid frog (H. rugulosus x H. tigerinus). The Indian
bullfrogs (H. tigerinus) were 2n=26, NF=52, the karyotypes comprised metacentric and
submetacentric chromosome. The H. rugulosus were 2n=26, NF=52, the karyotypes comprised
metacentric and submetacentric chromosome too. Interestingly, the interspecific hybrid frog between
male H. rugulosus and female H. tigerinus showed the triploid number 3n(3x)=39 (Yadav and Pillai,
1975; Chakrabarti et al., 1983; Chang et al., 1984; Supaprom and Baimai, 2005, Donsakul, 2009,
Alam at al., 2012; Saba and Tripathi, 2014; Suttichaiya et al., 2016 and Tengjaroenkul et al., 2017).
The other frog in genus Hoplobatrachus, H. crassus, H. occipitalis, and H. litoralis also has no
cytogenetic report. This study is useful for taxonomy, genetics, evolution, developmental biology,
animal breeding and conservation.

There are two reports of meiosis cell division and spermatogenesis of genus Rana in Thailand
were studied by Chavadej et al. (2000) and Manochantr et al. (2003) which showed in the R.
catesbeiana and R. tigerina, respectively. The results showed all stages of meiosis cell division and
spermatozoa morphology. The sperm head was similar to R. rugulosus which has highly elongate
and cylindrical shape, ranging from about 10-20 yum. However, the previous reports did not show

meiotic configuration and haploid karyotype.
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Figure 1 Dorsal view (A), ventral of male (B) and female (C) rugose frog, Hoplobatrachus rugulosus

(Dicroglossidae, Anura) from Maung district, Ubon Ratchathani (Scale bars = 1 cm).
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Figure 2 Metaphase plates and standardized karyotypes of male (A) and female (B) rugose frogs,

(Hoplobatrachus rugulosus) 2n=26 by conventional staining (Scale bars = 10 um).
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Figure 3 Standardized idiogram of the rugose frog, (Hoplobatrachus rugulosus) 2n=26 by

conventional staining.
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Figure 4 Meiotic cell division of the rugose frog, (Hoplobatrachus rugulosus) on interphase (A, arrow
indicate nucleolus), leptotene (B, arrow indicate chromatin), zygotene (C, arrow indicate synapsis),
pachytene (D, arrow indicate chromatin), diplotene (E, arrow indicate chiasma), diakinesis (F, arrow
indicate terminalization), metaphase | (G, arrow indicate ring bivalent), spermatid (H, arrow) and

spermatozoa (I, arrow) (Scale bars = 10 ym).
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Figure 5 Metaphase | plate and karyotype, 2n=26 (A), metaphase |l plate and karyotype, n=13 (B)

of rugose frog, (Hoplobatrachus rugulosus) by conventional staining (Scale bars = 10 um).

Table 1 Mean length of short arm chromosome (Ls), long arm chromosome (LI), total arm

chromosome (LT), centromeric index (ClI), relative length (RL) and standard deviation (SD) of Cl, RL

from 40 karyotypes of male and female rugose frog, (Hoplobatrachus rugulosus), 2n=26.

Chromosome Ls LI LT Chromosome Chromosome
CI+SD RL+SD
pair (um)  (um)  (um) size type
1 470 571 1041 0.549+0.021 0.148+0.015 Large Metacentric
2 3.28 501 828 0.605+£0.006  0.118+0.006 Large Submetacentric
3 3.05 474 7.79 0.608+0.015 0.110+0.010 Large Submetacentric
4 274 431 7.04 0.612+0.015 0.100+0.008 Large Submetacentric
256 340 595 0.571+0.022 0.085+0.005 Medium Metacentric
6 192 286 4.78 0.602+0.003 0.068+0.005 Small Submetacentric
7 1.79 275 454 0.606+£0.011 0.065+0.004 Small Submetacentric
8 166 256 422 0.607+0.006 0.060+0.005 Small Submetacentric
9 155 240 3.94 0.609+0.007 0.056+0.005 Small Submetacentric
10 146 226 3.72 0.608+0.015 0.053+0.006 Small Submetacentric
11 135 210 3.45 0.609+0.008 0.049+0.005 Small Submetacentric
12 138 1.83 321 0.570+0.024 0.046+0.005 Small Metacentric
13 127 165 292 0.565+0.021 0.042+0.004 Small Metacentric
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Chromosome
Species Population 2n NF type Reference
m sm
H. tigerinus India 26 52 - - Yadav and Pillai (1975)
India 26 52 - - Chakrabarti et al. (1983)
India 26 52 16 10 Saba and Tripathi (2014)
India 26 - - - Alam et al. (2012)
H. rugulosus China 26 52 18 8 Chang et al. (1984)
Thailand 26 52 12 14 Supaprom and Baimai (2005)
Thailand 26 52 20 6 Donsakul (2009)
Thailand 26 - - - Alam et al. (2012)
Thailand 26 52 8 18 Suttichaiya et al. (2016)
Thailand 26 52 8 18 Tengjaroenkul et al. (2017)
Thailand 26 52 10 16 This study
Hybrid frog Thailand x 39 - - - Alam et al. (2012)
(H. rugulosus x India (3n)
H. tigerinus)

Remarks: 2n = diploid chromosome, 3n = triploid number, NF = fundamental number, m = metacentric chromosome,

sm = submetacentric chromosome, and - = not available.
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unAnea

nsAneafiindngUszasditeAnenaresgaramsseniniinivlnuaresdssney
mslnsunisalaisesea (Chaetoceros gracilis) taelignsavnsiiuansinaii 3 ganimmaaas W
ganNIMAaes? 1 8wnsgRs F/2 984 Guillard and Ryther (1962), Tan1smaaesii 2 a1unsgasyiudlss
F/2 284 Guillard and Ryther (1962) kazganmmaaasi 3 a1unsdnSaguinsen dudnlnasudisunanny

\udAn 1AL sunanendesdadnenl aintuiniade C.graciis AanfiestimAnisregudide

¥ 1

ANTUAAN AL Anendaadadneninuniziaesiuiesl juRnisfinauananiazsine

ARTNLAN (25 dauluiudou) anuuni (25 asAmalEad) wazANEiuuas (5,000 And) Naniauiu

o

FnaEing C. gracilis WRLRLIATL 24, 48 uay 60 1919 qusnatinaiietlauonmasd uaziiasizifiin

Tafin losduuasdined nan1smaaeanudn 81919gnsh 2 HAIAINULILLRTI A IRAt Bt
6.08 x 10° iadrefinaans uaziiBunnlasiluadiedsilan 8.82 + 0.41 Wefifusaes C. gracilis B4

L ' = ' o

NﬂﬁN’]ﬂﬂ'}”l‘ﬂWﬁ’]ﬁ‘ﬁﬁ]ﬁ“ﬂ%’] ‘BEI’N U A

o

WUNWNANE (p<0.05) upldnangiasnyauinanie Taunn
i1 Tlsfu uazdanz® a4 C.gracilis 14 3 gansmasadliiinuuansdwn9ans agllidn avnsgms
72 21113gM 35099 F/2 289 Guillard and Ryther (1962) nliAaiunuiwiuaesaad wazilanan

ladulwadaes C.gracilis HAINANNIITANITNARDIEI

ANRNATY: Chaetoceros gracilis §Ra1917 a4Atlsnaun1inguinig
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Abstract

This study aimed to investigate the effects of three different mediums on growth and cellular
nutritional composition of Chaetoceros gracilis. C.gracilis from laboratory of Research Center of
Excellence in Shrimp, Walailak University was cultured under control laboratory conditions; salinity
(25 ppt), temperature (25 °C) and light intensity (5,000 lux). Three treatments were performed as
treatment 1; F/2 of Guillard and Ryther (1962), treatment 2; modified F/2 of Guillard and Ryther
(1962) and treatment 3; media from Research Center of Excellence in Shrimp, Walailak university.
Algal cells were collected and counted at 24, 48 and 60 hr after culture using a hemacytometer.
Ash, protein content, lipid content and zinc content were analyzed in each treatment. The result
showed that treatment 2 has highly average cell density and lipid content (6.08 x10° cell/ml, 8.82 +
0.41% lipid per cell, respectively) and it has significantly different (p<0.05) comparing with the
others. However, the specific growth rate, ash, protein content and zinc content of C.gracilis were
not significant difference in all treatments. Finally, treatment 2 modified F/2 of Guillard and Ryther
(1962) can be increased cell density and lipid content than other treatments.
Keyworde: Chaetoceros gracilis, media, nutritional composition

AN

Alnimasea (Chaetoceros gracilis) lulaezmeniifinmAmisemegeissznanldfaanss
VL"]JﬁuvLaﬁlulﬁT’]@ﬂ (Polyunsaturated Fatty Acid, PUFA) (Tokushima et al., 2016) 36184 (Brown et al.,
1997; Brown et al., 1989) L4 A REL G A Fucoxanthin, B-carotein, Chlorophyll (Foo et al., 2015;
Tokushima et al., 2016) %qmwﬁ'ffmﬁmﬂ% C.gracilis Auavsiiienismizsiaaednfiiadng
wndnang Se1enunisdefuevnsdviuunassneudad ity lsfimaes (Ortega-Salas and Reyes-
Bustamante, 2013) 8157l (Ahmadi et al., 2017) flewasleuunadndindagen sielieuuadndin

Juaaulnenas (Khojasteh et al., 2013) sauviagdnluanvnsilndiagudmiuiedagy (Ekawati et al,,

] v
=2 o & 6 O

2013) TasuansanIay AU ALz sz uUNRANTUI9dR TN (Ekawati et al., 2013) atnglsfiana
nasAL LA zAnIAIMNINgWINIsT9Y C.gracilis Tuatiuan1aznisiaes Inedsneaudn qung

494ANAYY C.gracilis laiAagiiu 37 avAaalliod Teauuninuunzansanisiasyadsag ludas

U Q

20-30 B9AIATEA ARNNLAN 17-25 daulurudau Audinnas 500-10,000 and (Wongrat and

o o '

Wongrat, 2003) 211199 M eaiuiladed1Any AaNANARLATANAINININTUINT9Y89 C.gracilis Gl

o

1
=

anentlen1Eines C.gracilis Huanugns gnaNitianAe @113 F/2 999 Guillard and Ryther (1962)
(Kutako et al., 2014) aginslafinu Hsaunisisanlfulgagasainssanann aliimnnzaniy
anaznsiasarestssmalne luauisaaes Pimolrat (2009) lAAn®NNs6@R C.gracilis Inaldanmis

4 gredinamii Ae 8IMN7GAINIMTFIU Guillard and Ryther (1962) F/2 , gns F/2 m (ugmsannausdiss
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ANIAANINAIUNN NUNTNLNRIGEANEIL), BINIINNNITANTHA A LAY 8IU1TNNNITANTHA B

1 1 1 ¥
Tnairad Bukun 5x10° wadseiadans wudn C.gracilis MAENFIE4AIAIMNT F/2 m HAINIWILLL

v
o o A . g

1184 1.2 x 10" wadsiolaaansgiqn anviadelasdlsznaunsdaailudonsasiunu 62.21 wlaidus

o/ ¥

2933R uis wazladiugn 14.76 wWediiudaesdnguiis sauisdennsdndantenldvasgqudidunaiy

q

a ¥ ¥ a o o o rd‘ Y o dgj dll ° o A 1% dsj
LﬁuL@ﬂVﬂ\‘iﬂ’]uQ\i ANTINUNAEIRE QAN AL mimw&ummuL‘W@mmmmﬂmmumﬂmmu AIBILNR L

1
a o

o = yyR = g = ' a a
E;Jj']"\]ﬁl@\‘lvl,mﬁmﬁqL‘LE‘E‘].IWIEI‘LI@’]V’]?L@EI\? C.gracilis ‘V]NWD’WQJLVJJ’]ZZQ?JM@ﬂ’]?L"\]?ﬂ;ILWUIW WLAZNNTAZANURN

o Ve d” v a va a a 1 v =X
1mmu Tu C.gracilis Tﬂ?;lL@ﬂ\iﬂqﬂluﬂﬂﬂﬂgﬂﬁlﬂﬁiV]Nﬂ’]ﬁ‘ﬁ’JUQN'&ﬂ’]’JZﬁm’]\i ] TWnunzan wazAne

snnaesdenzdlu C.graciis Bailuussniandusenisiasoiuln Inaduesdlsznaundidtyaes

q
P2 2]

tanla 0979119 9NN U LLAUNUFIR9f9a19 ietiadunuanisdruFunis il taad

C. gracilis Wuumasamadsndmivfieanasialy

ansaiuazisns
NITINLAUNITNANRAN
UNUNIINAABILLLFNAABA (Complete Randomized Design, CRD) ‘Emﬂﬁqmmmi 3 4mT
1un 'mmizgmﬁ 1 21119 F/2 284 Guillard and Ryther (1962) mm@@mﬁl 2 8 mnsgmILFud e F2
294 Guillard and Ryther (1962) LAz mm@@m‘ﬁ 3 gm3a1unsnenldanAudidaaanmiduiacnig

% %

Aufis nuAnenauadeaneal nanisaesluluauficnuin 5 ans Auau 3 dsegasanns nelu

q

% a o P - Ao
ﬂ‘ﬂﬂﬂgumﬂqﬂqul‘@ﬂﬂLLW@ﬁmﬂuV]Nﬂq?ﬂQUﬂN@ﬂqqg

NISLATENDIUITNARDY

mmi@;mﬁ' 1 A1« Guillard and Ryther (1962) Lmzmm?gm‘ﬁ' 2 (daulsznaunalanslis Table
1) ﬁ’]ﬂﬂ’iuﬂ?‘ﬂﬂ@lm’iﬂﬂﬁﬁﬂ%\i 2 4m3 Iﬁ@giumnﬁq:ﬂ@@mL%D@Imﬂ’l,zﬂumm@,wu (@) BUNA 500 HaRAmS
thileld autoclave ilesindeuasficlBliduniguniies iesensliam daugasemsii 3 ugas

aNTuaInsan a5 un e
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Table1 Composition of madia (g/L)

Formula media 1 media F/2

of Guillard and Ryther (1962)  of Guillard and Ryther (1962) modified

NaNO, 0.075 -

Urea - 84.15
Na,HPO,.H,0 0.005 6.00
FeCl,.6H,0 3.15 2.90
Na,EDTA.2H,0 4.36 10.00
Vitamin B1 0.1 0.40
Vitamin B12 0.0005 0.002
Biotin 0.0005 0.10
CuSO,.5H,0 0.01 1.96
ZnS0O,.7H,0 0.022 4.40
Na,MoO,.2H,0 0.006 1.26
MnCl,.4H,0 0.18 36.00
CoCl,.6H,0 0.01 2.00
Na,SiO,.9H,0 0.03 33.00

thdiayadi lFannmaneiinadudnuangnada N:P (Rasdi and Qin, 2002)
FOANNTT  MNIATHIANATBNAT = NIABTAaNTeIsR lWlNan ANy
Tulnsiau = (Wranuansiil x wnaluianavaslulngiaw) / woasrnasvessn uluanasuii
Waaladd = (Wranuansiild x Waluianateaneamaia) / duaezneneedsn ulanasaniu

UBHMINE7 DI N:P

NNSLAt C.gracilis

o

Walile C.gracilis 1H5uaauaasziangudiduaududan1afiuis annaneauaay
dnenl thandedluaaalnauiasnn 5 aas Fingrsamns lnetmusanudiviueegad e
5x10° imadAefiaaans (Pimolrat, 2009) in1sAauANanIaznITdEs Wur Wmziasindenaaiu 25
douluiudou gouund 25 + 2 avAgaiiaa Wuasbouvann nvgaaisaaud flszAupudinugs

5,000 and uazrliianieAsieiiesnaan 24 Galus Hna1mevn 9 12 G2l (Pimolrat, 2009)

19an33iematulainigtleyas U9 12 a11u7 2 nangiAn - F191AN 2561




46

msLasutAulauas C.gracilis
NINTALFARENG C.gracilis WalaeaATL 24, 48 kas 60 F2lue waziuanulwag C.gracilis

o

Tne1l4 hemacytometer nalsindasqanssmduuulduas (light microscope) Afifinderane 40x
(Wongrat and Wongrat, 2003) ﬁﬂ”]@zﬂ@ﬁiﬁmﬁﬁmmﬁmﬂmw-ﬁmLﬁu‘imff«‘i'\mﬁz (specific growth
rate: u) ANNATN13194 Guillard and Ryther (1962) NI Wongrat and Wongrat (2003)
FRANNNT p=InX,~InX,
t-t

2™

o . R "
We p = 8angaLu RN (sadalu)

a

X, = ANUBUUWITAR NG (MaaFaNaaang)

X, = ANNUUNLUWEARUNLALNY (ARAaNaAAMT)
o . oL
t, = ANENNzIALeaInIe (Falug)

PR - D e
t, = FLULNANLALLNEALTAR A8 (T2 1)

NSLASENAIDEN C.gracilis A1MFUN15IATIZRRAUAINIIRIMNG
11 C.gracilis M nnaaedaaainsluusiazgns snldlunaenauin 50 Hadans 1veninig
ANAzNauLIas 1nsldiAsadilimne (Thermo Scientific ’é‘u Sorvall Legend XTR Centrifuge) AAHIEY
4,000 22UABUNT WK 10 WP NINFRNTARFAILUINAL 2-3 AFI AnTuTTaR eI mIeNn 1d
% dll % & A |alla v % v o a’/ 1 @ g
efiunan aliaasinasuagniosuluaessaiunanudainlinaslugnaeniuea 95 wlaigus

Nouuni -40 asA@aLTaa (EVYELA §1 FDU-1100) wazinliudngud -80 avanaaiiaa 1unan

' |
o

12 daTug udaastirlildinesesinuiisuunudidianuds (Lyophilization) (EYELA 31 PFR-1000) L5 1ta s

wireslaazpaniianIsinszinniAmelnTuIng

N153LASIZRAMAIMNSLATUINNGURS C.gracilis

LIARUINTD C.gracilis NiAENFgRsanIsusazgns inawrszinuamisingwInig tHun
11 ;11935 AOAC (1990) Tilshiu TasiAsas C/N combustion §u TRU SPAC Combusion Tsiu siauilas

R1N38N13784 Bligh and Dyer (1959) ua¥alAsziussndInzd (49snat193ias1zi ol Audipsesile

ANYVANARNT NININENREGIUAATINT)

NISAATITARANITNARDY
o v dl b4 a g 1 dl a
ndayanlfiainnimaassunidagnziaonuuilslsouaesA@fauuuniaiaes (One way
analysis of variance : ANOVA ) kazilBeuiiguaAuiAnNA19edALaasfqe Duncan’ s New Multiple

Rang Test : DMRT)
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NAN15948
1. INUULTEARUDY C.gracilis
NANIGRES C.gracilis e lignsamnsiiuansnariu 3 gas wudn ANTLULLTBUTARTREN
Eﬁfmqmmmiﬁ' 2 811194M915u1l99 F/2 289 Guillard and Ryther (1962) Lmzzgmmmﬁﬁ 3 dAla
WANANNTUNNNATH (p<0.05) WANANNUULUUIRTIAR C.gracilis Sladesly 48 uay 60 Falug gandn

o o

NIAENAIEAAINGN 1 BENINTBAATYNNADA (p<0.05) (Table 2)

Table 2 Density of C.gracilis

Density of C.gracilis (10° cells/mL)

Treatment 1% sampling 2" sampling 3 sampling 3 timer
(24 hour) (48 hour) (60 hour) Arerage

T1 2.10 £0.12° 4.36 +0.14° 6.84 +0.32° 443 +2.4°

T2 3.02+0.08° 6.07 +0.13" 9.14 +0.15° 6.08+ 2.5°

T3 2.52 +0.08° 5.44 +0.2° 8.35+0.3° 5.44 +2 .4°

Values with different superscript (a-b) differ significantly (p>0.05)
"Values are means + SD (n=3)

T 1 = media F/2 of Guillard and Ryther (1962)

T 2 = mediaF/2 of Guillard and Ryther (1962) modified

T 3 = media from the Center of Excellence in Shrimp Research Walailak University

2. ansngLasaLAulaeag C.gracilis

P . o & A . o ,
WANITLAEN C.gracilis I@ﬂiﬁqm?@qﬂqiiuﬂq?LWqu@EN‘V]LLmﬂ[ﬂ’]\?ﬂu 3 ﬁ@ﬂqﬁ'mmﬂﬂﬂ WU

C. gracilis N1#3ugasamsng 3 gas Anistastyiiulnliuansinaiis (0>0.05) (Table 3)

Table 3 Specific growth rate fo C.gracilis

Specific growth rate of C.gracilis (107 /hour)

Treatment 1% sampling 2" sampling 3" sampling 3 timer
(24 hour) (48 hour) (60 hour) Arerage

T1 0.59 +0.02° 0.46 +0.01° 0.44 +0.01° 0.49 +0.01°

T2 0.78 £ 0.01° 0.51 £0.01° 0.49 +0.01° 0.59 +0.01°

T3 0.68 + 0.02° 0.50 + 0.01° 0.47 +0.01° 0.55 +0.01°

Values with different superscript (a-b) differ significantly (p>0.05)
1 Values are means + SD (n=3)

T 1 = media F/2 of Guillard and Ryther (1962)

T 2 = mediaF/2 of Guillard and Ryther (1962) modified

T 3 = media from the Center of Excellence in Shrimp Research Walailak University
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3. AMAMNINTUINSUDY C. gracilis

= =

ARTANUNINUANANA AR AMIAINIBIUNT Tnewuadn C.gracilis N1HFUgRTaINN 2 &

o o

1 H 4
aannslaiu (8.82 nlefiius) geandnatwdilbdAny (p<0.05) Wanlsauiiauiu C.gracilis Maeadae
1 1 1 v 1
4m301919% 1 uaz 3 lwaneilsnullsfuges C.graciis Maeafaagnsa i 2 uaz 3 Tl

(2 '
o o

WANFNNAUNINATA (p>0.05) WANATGINGN C.gracilis NALIHAIEERTAINIIN 1 0t 9N TANATY
(p>0.05) dautFurnudnuazdans@aes C.gracilis ”Luv;m;mmimm@\‘ivl,aiﬁﬂfmw,mnﬁmﬁu (p<0.05)

(Table 4)

Table 4 Nutritional composition of C.gracilis

1

Treatment Protein’ Lipid' Ash Zinc'
(%) (%) (%) (mg/kg)
T1 14.53 + 0.15 5.04 +0.51° 57.86 + 0.29° 1074 +18.12°
T2 17.23 +0.05° 8.82 +0.41° 58.61+0.17° 1053.8 + 18.64°
T3 16.01 £ 0.22° 5.65 + 0.24° 57.74 +0.18 995.84 + 16.27°

Values with different superscript (a-b) differ significantly (p>0.05)
" Values are means + SD (n=3)

T 1 = media F/2 of Guillard and Ryther (1962)

T 2 = mediaF/2 of Guillard and Ryther (1962) modified

T 3 = media from the Center of Excellence in Shrimp Research Walailak University

a L4
dagluaziansaiua
wiaslulnsiaulugasanuisinasanisiinaiuoumasaeq C.gracilis Tnagnseaivnsi 1 Aumaq
\ o dl o =
2199 1UIATAULANGNNTLUEATE1MNT 2 uaY 3 (Table 1) Inagasaruish 1 1 Tnnenlulam (NaNO,)

=

Wuunaslulngiau (N=14) Tuanizigasenieh 2 uaz 3 1 gBea (NH,CONH,) iluunaslulngian

a

(N=28) dana'lii C.gracilis N1FFugmIa M99 2 uay 3 HTNIUIaREIqn AaAARBNNTLINENIUTDY
Pimolrat (2009) Nl&Nn13nAaediaes C.graciis Inef3a e uunasluingia wusn C. gracilis 114
~ \ o - A~ o S I -
aBaduunaslulnsau dauouaasgeqn Walnauiy C.graciis Maasiae TmmeanluLnsy
= o = -4 1 o [ % 1 = [ %
wanluendamn wazuenluflenmaalss Wuwnaslulnsiay muaay MumeaiuseauLes
Tokushima et al. (2016) Naglnanis@nEdIN sl Failuunaclulnsiauardenaliidanuauima sues
C.gracilis \dauannnndn nasiaastaslilnmanlulam (NaNO,) iWuumnaslulnsiay visiiilasann
C.gracilis anxnsatingie l1E A aeiundlemeuiulummndeseandunszuounisnlasuliiag lugdy
191118 9795 Wongrat and Wongrat (2003) lHagunenszuaunisdaasnzinsaesdiulumag wnaers

pawld91 N9 18 lumeniduunasluingay unasinaulda nnsnun 114 189w andusiaaninlyeinu

' 1
a o o

nszuaunssanduliegluglaesuenluianouasazarnisnin l 1418 walulnsauiduussnnd
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pNEATYAanszuauNsduAziuatuazAanssneenlaineluaad wananilugasamni 2

IS aa ' dl =2 ! ¥ dlaa & dl o o
Wae 3 NLG‘N’WM%I@Q"I?@Lﬂﬁl@.\‘mfl’]@jﬁ]i‘ﬂ’]ﬁ’]ﬁ‘m 109210 ﬁ@ﬂL‘Mﬁl‘ﬂsﬁ@ﬂ’]Lﬂu‘ﬂﬂﬂﬂitﬂ@u%@’]ﬂmm@ﬂ

o

wWaensise Wiana veslnazmey (Taguchi et al.,1987) Asdanalit C.gracilis Tiapekangnra st 2
ua 3 AumunuineTadgandn C. gracils Miauedaugasemsi 1 agneiiludndny (p<0.05)
aeslafaudadadfulddnasadnsinisasyifulnues C.gracilis deRansanainAngasinis
WwatyLiulmanng (specific growth rate) usiaginglsfinna ﬂ?‘mmm@ﬁﬁm%mmﬁﬁiuammmiﬁ 2
13Jz€qmm’@Lﬂ?}lﬂuuﬂmmmmLL@zgﬂéNm@Nm@ﬁ C.gracilis

yanant snsdauradlulnsiausenagnaa (N:P ratio) SRR AN UL A IR IUNAST
B T95AINEIUTAY NP AU ZANEITU NS RauLAS Za AR ANLAN AN (Qingtian and
Guikun, 2011) H31841U318A 91491 N:P ﬁLummummﬁ;MA (Downing and Mccauley, 1992)
ati19lsfimu Qingtian and Guikun (2011) mgﬂmmmmimmmﬁ”ﬂq C. gracilis TuiiesdfjiRn1slne
THamrgns F/2 wudngnadiuzes N:P ﬁyu@g'ﬁu uwasraslulnsiay Tnadlelunadlulnsiauann
wanTuiHanAaalss (NH,CI) giFe (CO(NH,),) uazunasnasnaanaiaann NaH,PO, AdsHansaauang
289 N:P il 40:1 uar 60:1 AuAAL delummasesienmsdsadeusiazgnsiidndouses NP

wanenaiu Tneagneannnei 2 Aensdounes N:P 4ga (17:1) Tunuzngasi 1 uaz 3 HA1 12:1 uas

L LA

15:1 ANAa1AL 9 lun AN ATIidnaaunes NP 209405811197 2 uliazfiAngelngipasiupin

Wz WA U rEAUNWNNTAN ANRINAT ITRLAUFARNITR NI ARURd I Ra

|
A a |

ANINENITAEIUAZGATOINTNNARE ADIAINIDINNTLBNTAS TI9TLHENATUNADIAINI

Tngunnanwdn C.gracilis iaasdiatgasannsi 2 fenlafuiigandnlnesneniiae dognremsa

WINTERIIdua NP lueiuisgas 2 ﬁzgqnfj’]zgma?%'uzdwarﬁifammmuhﬁumﬂmmﬁmm
C. gracilis Teaann&asiunisAnu1104 Rasdi and Qin (2002) AansAneluunasineusiln
Nannochloropsis oculata Way Isochrysis lutea Wu31 8m31891 N:P lua1vnsinametsunadnsenvis
mﬂium@ﬁTmmﬁmmmm”lmﬁuslulfﬁmiﬁm;m@Lﬁfaﬁ‘zﬁmm N:P mﬁ' 120:1 eiiiesanvleanesan
ﬁﬁ@mﬂuﬁ@ﬁﬂﬁwﬁmﬁi@mﬂﬁmLﬁuimﬁﬂﬁLﬁmﬂ@:mumiﬁqLmqw‘ﬁlmﬂumﬁyu (Rasdi and Qin,

2002) Fetfrunnladunazanluas unasinauineg JunuimaAaniaes AL TRLazNITWRUITZUL

o o

AuRugaesife Wesaniluaisassiulunisaiwassiuninsanunaudu (Niu et al., 2012)

o

= ' A o o ax - o = o
ANNTA LﬂuLL?ﬁWMVINUVIU"W]@’WﬁﬂJ ARNTEUIUNITINATLDANTNUDILNAIARN DL @Qﬂx@@:ﬁgﬁi‘ﬁlu

q o

AsTLuNIF M wardsinuasuanlaaanlamiag anlaianfueiin wanainidanz@deigaudaslunnsg
v o & 1 a :/I & A | v
nazfjunianeuaesssuuenlmirne aniaduesdlsznaurevilaanisalaseaieniauanyes

C. gracilis (Morel et al., 1994) A9aanAdasiuNanIsANEIATUINLINENIDL C.gracilis Niaaslugens

'
o o aa A

8119 2 HAUIWEAAEINI 108 WA AN NAD AU ALIAAILAN INS1ZERTET1NT 2 HLfFHI

o

Anz@NNNIgRIanus 1 19 200 Wi (Table 1) adnglsfimuiBunudsnz@aes C.graciis Tunn
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ANNINAADINHANLANGNN (p<0.05) (Table 4) AINNANNINAADINUAAIINIIANEINA lugns
=

1 v v v
ansazdaa TN UEmaRANTY WA lHANAAan A aNaasdInANalumad WatlinezFunn

nzdnavanlumasiunumdnAtysanisasoiuinuazssuugRAniupesia (Shimei et al., 2013)

q q

o

anadanzddedanalunszusunisdenveveulsdsinge Minaadeslunislidselomiainaisenns uas
Wuasdlsznaunasaaiiuudurauiazioulminanantin ulamameslunisa3ensafiondadnuaznng
a3 wldsAunsyiunisuasaefluunwag uarAiaiue aananuiatiuARgnIzLalaan (Jean et al.,
2002)
A a = N ° oy
IHEWAITUNTINIANTEIE ISR ENITOUAAZ4ATRI1NT taEAMUIMAINTTNNMT89R11N 97 L slie
TFnnstnduiumnziaenlaezaa widn 4nsenush 3 191AN494A (0.35 UM/AAST) AR 8113

gn7 2 (0.25 LN/ART) LATRINITERT 1 ﬁmmgﬂqm (0.2 U /ans)
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Abstract
Comparison of biomass and nutrition values of Kai algae cultivation in environment friendly
closed system was investigated. The aim of this research was to determine biomass, nutrition
values and water quality of Kai algae cultured in different formula. The RCBD experiments were
divided into three treatments, with six replication each: T, Water Supply (Control), T, with N: P: K
(16:16:16) 0.002 g/L and T, with NaHCO,2.13 g/L, NaNO, 0.38 g/L and K,HPO, 0.13 g/L. The

experiment was set up in raceway ponds .The data was collected every 15 days over a 180 days
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culture period. The results showed that: the biomass of raw Kai algae in T, was equal to 1140 g/mz,
significantly higher than T, and T,, respectively (p<0.05). The nutrition value analysis, it was
revealed that T, had protein 32.03% , fat 18.82%, and fiber 28.42%, significantly higher than other
treatments (p<0.05). It can be concluded that: T, had higher nutrition values than the other

treatments, so it was possible to further develop as a food product.

Keywords: Kai algae, biomass, nutrition values
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Figure 1 (A) Kai algae and (B) Cement pond
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Figure 2 (A) Length of Kai algae and (B) Wet production of Kai algae
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Figure 3 Nutritional values of Kai algae
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Figure 4 Water quality of Kai algae culture
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Abstract

This research was to study of phytoplankton diversity and some water quality parameters in
Rasi Salai Dam, Si Sa Ket Province. The samples were conducted from April 2013 to September 2014
in 3 seasons with 10 sampling sites by triplicates, analysis of some water quality parameters. The
dominant species was Aulacoseira granulata (Ehrenberg) Simonsen, followed by Ulnaria ulna
(Nitzsch) P. Compére, Trachelomonas volvocina (Ehrenberg) Ehrenberg, Cocconeis acutata
Rabenhorst, Coenococcus planctonicus Korshikov, Synedra ulna (Nitzsch) Ehrenberg,
Trachelomonas superba Swirenko emend. Deflander, Tetraedron incus Smith and Dictyosphaerium
tetrachotomum Printz, respectively. The average water qualities; air temperature of 30°C, water
temperature 30°C, alkalinity 19.70 mg/l, pH 7.46, DO 7.09 mg/l, BOD 3.39 mg/l, conductivity 269.44
ps/cm, chlorophyll a 1.48 pg/l, orthophosphate 0.09 mg/l, nitrate 0.29 mg/I, total coliform bacteria
334.10 MPN/100 ml and fecal coliform bacteria 10.42 MPN/100 ml. The results of AARL-PC was 1.9,
the score of AARL-PP was 7.2. The water quality in Rasi Salai Dam was classified as mesotrophic
and category 3 of standard surface water. The result of PCA found that Dictyosphaerium
tetrachotomum Printz had a positively correlated with air temperature, water temperature, Secchi
depth, pH, DO, BOD, conductivity, alkalinity, chlorophyll a, total coliform bacteria, fecal coliform

bacteria, nitrate and orthophosphate, trend to be used as bioindicator for meso-eutrophic status.

Keywords: Phytoplankton, Algae, Diversity, Rasi Salai Dam

unin
dresni#laa visameunilas ulaunaunss Juiuilszaszinein 7 Ui a51aiuusin

Ao 9 % o ~ o o A a A & o o . =
HANUTUUIE-LUUADU 'ﬂf]Lﬂ'ﬂﬁ\qH»Lﬁ@ AINIAFA TR LN T TmﬂL?NNﬂqﬁ'LﬂUﬂﬂquLUﬂ W.A. 2536 Lﬂum'ﬂu

al

'
= '

TungulasenisduinTae-g-ya dvagnalfinuiulaTa eI s UI LA AUATUNAIIU NTTNIN
o d‘ o o oy 1 091 1 oi’ = 1 09, v oy &9) d‘ 1% 1
WA eI suta Ut e uatnd udinya sufitayuinisunauaauiinTuivum 4.98 §1uls
Tuan1ABau 8niusnAAug 18.11 km’ tlaqiiutlseansluiunlasseudfanssundenansenusie
& £ o & A ° A 9 A o LA g y -
ANINNINIRNAN e AR AsiiAd N dunavfiesiiniadnsedsanininty Batiinanis g sz Temd
anuaati et edstiuluaunas
- = ' T PPN ° P o = A & s a
wnasinauinduainianguuiantantiun idusatiaaaninin luumasin e
Peerapornpisal et al. (2004) laWmuuazilszensld AAzuwL AARL-PC Score waz Peerapornpisal
et al. (2007) lEWmunuazlszyneald ArazuuL AARL-PP Score Litalfarudnauaznmunininuig
Usznisivanisfnnindnsrdanaziduda il e nnunIwin Kamwachirapitak and Wongrat (2005)

ANETRAINEN N9 UUNTNA9 LA TULNANIAALAAUIAAAINENIALLUINIY TEUINARUNNT AN

eansidematulaginisisras 19 12 a1iud 2 nangau - fua1Ax 2561




65

W.A. 2544 DARaUNNTIAN W.A. 2545 awunaiia tnluunaneaan ldiauun 7 9ia (138 3.59% ann
AMUAULNATAAUTIUNA 197 11A) TRAedlaluunaniaaaninuuaiausnludsemalnad 5 w5in
L&wn Peridinium africanum, P. baliense, P. gutwinskii, P. volzii W& P. wisconsinense L REY

WUUUGIEA TABUEUINAN W.A. 2544 WU 17,116 cells/] (5.88%) TRANHNNTUNINITANNS19299

'
o

l&un Ceratium furcoides, Peridinium baliense wag P. volzii 1At @A ANNAAaN1TWNINIZANeuAL
ANNLNLULLed A LN AN ALAR ABAN pH 1B9L1a41N Phadee (2007) AN®INNTWNINTEANLUR
wnadimeulugufiuiiuedte enneusiie AIUIANUIAI1IAIN FENTNURBUFAIAN W.A. 2542 T3
HEUIEU W.A.2543 WUFIANILILUUIBUNALTREU 15.0-39.8x104" cells/m” WLLNWAITRaWTNINA
90 1tin Usznauficaunarineuie 64 1in uazunasrineudns 26 aia unasineuNaiInLNINTgA
A8 Oscillatoria sp. $84AINNAS Euglena spp. Wazunasrinauia lungulaaznas aIua1su Bidas
WANABUENRNTNIHRRTIAMaeTie 1 unasinaw dnduiinAu Ao wardndrinatinner atunsm
° a My & = ! ! = ! ° a o o-ogj ° o IS

A3Tamag 5 daunnininiingu agludaanimnnzansanisassiinesdn i dmiulhanilas
3 ' & A o 1 =2 & A o :/J a o d’l 4

iuduunaainngalidinisdAneaunainuansresunasineuneg Avinauideiazsiduieyas
dl” v = & = o” = 4' '
AUFIUFIUANNNAINUAIEN TN NIRRT B U TLAT AN NN Tes e E AR (el ssTamd

Tun19919uauLFrIs AN sNunE s laa lisa ld luaunan

o ac
AUnTUUALITNNS
1. 41994 waziMUAALTLAIaENYIINA 10 9 (Figure 1) Tasuiie 3 Taw 16wn Toui 1 1Bmnieu
Tadingrrasilaa (utinya) Taun 2 1wl anidlas Taun 3 qaifusietnainluasanain

FRLIaU (LNWNYA) LLAIBLN99EUMING AU HIEY 2556 D9 thauiuentw 2557 tnatfusaatiing

2
o

3 ggnia luaafiudeduazanmwandentaasauidussil
qaf 1 s ionidas Wuanuianaresudtings feadluaiuanuasia aneilaa

NNTULazaInieu e niasnyuan

£
=

dl a ¥ dgj i o = A = o 1 ¥
AT 2 LTNUINTRTINURY AUanuewA e e laa Jisetszas Ansedailan @g‘lﬂawu‘w

q 9

D

INEAINTIN DNTULAZA MR I ia3tyunn

2
)

qa¥ 3 UMy inwAsHgianaiies Auanuedua suneirlaa dquauegede ATl
UAZAMIEIUNA WO LaTTy AN Tiae

QA7 4 LTt lAa AMUANLAILA A1LNDTIE AR N9RINUTNENE 200 LWAT ANTEUN

q

UAZANINRTUNIA IUIATEYNIN

qa% 5 Wnamingdgsilaa Aruanueun 81nesilas isanlsenszuneia 100

- A

wmg ANgtuazaniaaua lnjanisasnylfidniies
= a o = ° =< o =~ = o .
qa7 6 Unundslsananuiai#laa Aruanuedas sneilas Hguruenduet sou

q a

1 ' A 0” 1 1l a P-4
BAHUWNUUILLUL uwm‘mLmzmummmm‘lmymmma‘mﬂm bANUREL

eansidematulaginistlsras U9 12 a1iud 2 nangiau - fua1Ax 2561




66

a o '

7 BnaIndIn1senemilaa Aiuanuesds annes ilas dquauenduagating

=

AR
Q

=

¥
o

1 A ' 1= a Y & v
UUILUU WNTUILAEATNTIEUNN ﬁ]s‘l,‘lflﬁyﬂﬂ'ﬁ‘ﬁﬁ‘fyvlﬂ tANLaL

b

qA7 8 UBUUAINAIAARIIE AR ANUAULENEY 81nasElAa Nutua Aaagatianuiiuy
aA O,/ 1 1 a Y & v
fnmtuazamiaawalugdnisasylfidndes
dl a o 3 a =) o A o = = ]
AA7 9 UTUNAIBIANITLEMINALIAEDIAY A1UALHEIA anesn & laa Hguauendus

q q

Uunans atuazaviaaualugininasny il unans

a a o ° a ° p~ = o v A o
AN 10 UTLAITNIULTUNANT AILUALNBIAN ‘ﬂ’]Lﬂ‘ﬂ?’]‘]ﬂvLﬂﬂ Nﬁm“ﬁu@qﬂﬂﬂ%u@ﬂ UNTUILANE

Q Q

avdaann aiinisasoy liann

5
10 Ii

B

GoogleEarth

Figure 1 Sampling sites in Rasi Salai Dam, Rasi Salai District, Si Sa Ket Province
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Trac = Trachelomonas volvocina (Ehrenberg) Ehrenberg

Cocc = Cocconeis acutata Rabenhorst

Coen = Coenococcus planctonicus Korshikov

Syne = Synedra ulna (Nitzsch) Ehrenberg

Trac = Trachelomonas superba Swirenko emend. Deflander

Tetr = Tetraedron incus Smith

Dict = Dictyosphaerium tetrachotomum Printz

Figure 2 Dominant phytoplankton in Rasi Salai Dam, Rasi Salai District, Si Sa Ket Province during

April 2013 to September 2014
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Figure 3 Dominant phytoplankton in Rasi Salai Dam, Rasi Salai District, Si Sa Ket Province (40X)
A) Synedra ulna (Nitzsch) Ehrenberg B) Coelastrum cf. verrucosum (Reinsch) Reinsch C)
Aulacoseira granulata (Ehrenberg) Simonsen D) Dictyosphaerium tetrachotomum Printz E)
Trachelomonas volvocina (Ehrenberg) Ehrenberg F) Coenococcus planctonicus Korshikov G)

Trachelomonas superba Swirenko emend. Deflander
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I A |

3.043, 2.820 WAL 2.724 ANNATFU AziulAdnantAufAaaei19f 1 HANATHAINTNUAINUA AR

q
'

- = P = Py d o o | oA
LLW@Qﬂm@uW“ﬁN’]ﬂV}@]m ?@Q@\?Nqﬂﬂ@;ﬂ'ﬂ 7 LL@zﬂmV] 2 ANHNANAU (Table 1) ANATUAINUATNNANLUDN
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Table 1 Shannon-Weiner Diversity index of phytoplankton in Rasi Salai Dam, Rasi Salai District,

Si SA Ket Province in 10 sampling sites during April 2013 to September 2014

Sampling sites Diversity index Evenness Number of phytoplankton (cells/l)
Site 1 3.346 0.733 27,746.33
Site 2 3.226 0.776 23,822.33
Site 3 3.126 0.695 28,095.00
Site 4 2.820 0.638 23,511.67
Site 5 3.043 0.696 28,918.33
Site 6 3.220 0.723 33,516.67
Site 7 3.233 0.724 31,305.00
Site 8 2.724 0.641 24,638.33
Site 9 3.043 0.671 24,685.00
Site 10 3.132 0.693 21,466.67

Table 2 Shannon-Weiner Diversity index of phytoplankton in Rasi Salai Dam, Rasi Salai District,

Si SA Ket Province in 3 season during April 2013 to September 2014

Seasons Diversity index Evenness Number of phytoplankton (cells/l)
Summer 2.534 0.575 92,891.67
Rainy 2.997 0.654 81,223.33
Winter 3.404 0.682 90,856.67
Aninmwiunelsenis

HANNIANEIAMN NI NLI A RATAIuan Y Table 3 ilatlsziiunmunintinTaeds AARL-
LA P g y S A y = . . 4
PC Score WUIMNAN 1.9 HILNTLAAIHNNNATa11sHeg D9l 1unang (Oligo-Mesotrophic status) #1978
AMUNINTNIUNANDNA uazHANI9szIdUA2Y AARL-PP Score A1 7.2 LNTUMaNtNAINA1991113
11una190944 (Meso-eutrophic) W3aAnn it unaeiaude e lssidunmunintinsaniuunaart
A a oA R = y S A .
pauiTriaaunny 4111904 tad e laaduunasinniaisanuisaunana (Mesotrophic
A 1 ay dld o” o 1 o’j dl o”
status) WsaunANNRALNMEIUIUNAS wazdnduumatindsznng 3 aunnsgIuamunINtnly

o &

LUANTNRAAUAINL TSN AYBIATZNITNNTAILIARDNLANTIR W.A. 2537 HANITIATIZHANNANNLES
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1 & ! a 1 o 09/ 1 1 o 1 = 2
seudnaunasimauiraianuiug it luudazqaiusetelul o ilas Taaldllsunss
MVSP $98i35 PCA W31 Dictyosphaerium tetrachotomum Printz HAaudNwusifsaniua gy
BINIA GUUUYATN ANARINANTNLAIE89TN pH, DO, BOD, AN13Hn RN Anaanaidusng tiunmu

¥
Aaalslad 1o lnanesuuuAfFeiann ARawuaiize wazdsunnlumgm (Figure 6)

Table 3 Some physical, chemical and biological water quality in Rasi Salai Dam, Rasi Salai District,

Si Sa Ket Province during April 2013 to September 2014

Average of each parameters

Parameters Standard

Summer  Rainy Winter
Air Temperature (°C) Natural variation 28.7 28.2 33.0
Water Temperature (°C) Natural variation 31.7 28.2 30.4
Secchi depth (cm) 40-80 cm 33.5 29.2 33.8
pH 5-9 7.25 8.08 7.05
DO (mg/l) 4-6 mg/l 7.32 8.06 5.90
BOD, (mg/l) 1.5-4.5 mg/| 1.10 6.31 4.39
Conductivity (us/cm) < 300 ys/cm 447.35 118.56 242.4
Alkalinity (mg/l) <50 mgl/l 16.90 24.73 17.46
Chlorophyll a (ug/l) 4.7 pgll 1.07 1.26 2.12

Total Coliform bacteria (MPN/100ml) 20,000 MPN/100ml 235.96 115.04 651.31
Fecal Coliform bacteria (MPN/100ml) 4,000 MPN/100ml 14.09 13.16 4.00

Nitrate (mg/l) 5 mg/l 0.736 0.120 0.020
SRP (mg/l) 0.6 mg/l 0.111 0.126 0.030

Note : Surface water standard of Thailand, Lorraine and Vollenweider (1981), Wetzel (2001)

M9UssIRUANNANAUETENINAMMNINLNNLTENNT uasUNAINARUNTTHAAY
HaNN3AANguIAEAD cluster analysis W41 AMxNsnuLNNgNqaiLFaatnsaaniily 5 nguawN
ANARIARIIUIBIAUNINTIN LazunadTRauNTriaLan Inannudigunwinluq afl 1 uay 2
= - = & = = = o S 9w &
TIDYUNYGNTUN AN INUIANGA 7898901A09ATN 3, 4 Tadluqeutitdrenedlnddsegsruneiin
4 a Yy P a 4 = ) & o = :
WaNansanqaieaunudnLBnaeah 5 fafluaaninisdaeetineanasiaiie IAuuanFiean
= = & > = = = : = &
qn17) IneHAMNININANIIATINEENEBUT 78989N1AR 90T 6, 7, 8 UaT 9 duqail 10 ARNINNAY

BunauNAIuanAR Metimevidugaguauendues liuunuiuluisnuseuumasin (Figure 4)
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Figure 4 Grouping of sampling sites based on dominant phytoplankton and some physical, chemical
and biological water qualities in Rasi Salai Dam, Rasi Salai District, Si Sa Ket Province during April

2013 to September 2014
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\IUINAL Dictyosphaerium tetrachotomum Printz (Figure 5)
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Figure 5 Dominant phytoplankton correlated with some physical, chemical and biological water

quality in Rasi Salai Dam, Rasi Salai Dam Si Sa Ket Province during April 2013 to September 2014
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Abstract

The Nile tilapia (Oreochromis niloticus) and Striped catfish (Pangasianodon hypophthalmus)
are freshwater fish which are becoming increasingly popular in the food industry. Following
processing there are many left over by-products, particularly the left over skin. These byproducts can
add value particularly by the production of fish collagen. This study was performed to evaluate the
percentage yield of collagen from Nile tilapia scale and Striped catfish skin, and then to analyze the
biological properties which could possibly support the development of cosmeceutical products. The
results showed that the percentage yield of collagen from the Nile tilapia and Striped catfish skin were
21.67+2.19% and 17.00£1.15% respectively. The analyses of biological activity, comparing three
collagen samples, from both types of fish and a commercial preparation, showed that the commercial
collagen had the highest effect on antioxidant activity (0.0706+0.0001 mg of Trolox), whereas
collagen from the Nile tilapia scale had the highest anti-tyrosinase activity, measured by its effect on
anti-hyperpigment (0.0713+0.0010 mg of Kojic acid). In addition to the production cost of the Nile
tilapia scale was the cheapest. A cosmeceutical product, a face serum, has been developed using
collagen extracted from Nile tilapia scale. The stability of the preparation was tested by subjecting
samples to heating-cooling cycles, at 45°C and 4°C, at intervals of 24 hours over 6 cycles. The pH,
colour and texture of the product remained unchanged but there was a slight increase in viscosity.
Product satisfaction was estimated using 30 volunteers. Overall the results showed satisfaction levels

to be very high, with a high probability of product demand if it becomes commercially available.

Keywords: Nile tilapia scale, Striped catfish skin, collagen, cosmeceutical products
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Founnduauiaiediniy 7 asinlladnasaaiau Au3sAnLlas Thahom and Sompongse
(2016) taeiudfiaensnay@sn Auindu 0.5 Twans Nguuuni 4°C unan 24 G9Tue wiavinliinled
{unang sesanisanaznaulilsfiusiong NacCl wazinliinesidunas qavinainuiialaeis Freeze

£
o a

v 1
dyer aMnHRAUINLTNN AN AR TeIARAALANN AR A LA Al

FNUNANARUNARARLAY (%) = TNMUNABAANABUAIANNINLHA (NFH) x 100

S e o = , °o o = o
u’]ﬂuﬂﬁu\‘iﬁﬁ‘@Lﬂ@mﬂ@qmquﬂq?ﬂ’]qmiﬂ?mu (NTX)

o

MnslraungufiununIInanAeaaaunana latuasaaIauaINTiesnatadsingiian
Usznadt]u uardinaneitinnnaesneaaiauainiFunm hydroxyl proline NLEmMiasLfiiRn9nans
(Uszwmalng) a1ia a1311deslud Inadsnns AOAC official method 990.26 (2000) Aot GC-MS with
factor 8.0
A‘fv & J a o o
NSNARAUNNBEUEUTRIRUNSE
ImeR3 disc diffusion Inhibition faan13daAnLTala (clear zone) Anaeniuladiums Ing

TIABARIAULINIAZA1EAUUINAY 14 paper disc IHANTAZAILABAANLAY LAIUININARBUAL

vuAnLTenelsawe 3ada ( Staphylococcus aureus, Staphylococcus epidermidis @ <

o—

Propionibacterium acnes) @ﬁﬂfuﬁﬁiﬂﬁuﬁ@mmﬁ 37°C ifluiaan 24 dalus vsneuuaiiviaendy
HAaRLNAT LmzmmmL’*ﬁwﬁuﬁﬂqmmmmﬁmﬂmmL@uiuﬂﬂiﬁuﬂ%ﬁ”@ (minimal inhibitory
concentration : MIC)

MeVAaLONEANUaYYADasE

n1aedeLNESiueyyadaszIeneasaunainaninantaiia wilslanaaauazresan

wuluiiesnan neliTanaasunmsadneyadass ABTS scavenging activity ANx3an13784 Re et al.

o o '

(1999) A8 HaNT 81 ABTS aslunaanndatsmagey wanlidindu #9l5 6 unidnAganauLasn 734
P luNAs Jaenuau 3 91 wWisusumanndnduresamadeuiualanudinduees Trolox daiflu
ayRusr9dnludlnauannatiludn Trolox equivalent antioxidant capacity (TEAC) Aiai/3unnd

a19aiin 1 n¥N udathalallA W % inhibition WBLAELAUS1INIMIFI Trolox

% Inhibition = [( A734 control — A 734 test sample ) / A 734 control] x 100
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TnganLlasanndanisees Pomerantz (1963) A4l L8N 1-tyrosine substrate Tnefl 25
lulpsams (ul) 489 0.5 mM L-DOPA, 25 ul 283 10 mM 1-tyrosine, 875 ul 984 50 mM 84 phosphate
buffer (pH 6.5) WAL 25 ul Ta3dnsarPTiasnagauTidslaiFuewlmadly WanamagaUTiaL iy
7197 a9l1 96-well microplate HaNa13aALATANTAE THENT fial4 10 wn figoungfl 37°C wazifin
50 ul 789 mushroom tyrosinase (1600 u/mi) Uaisiadn 30 w1 Agnungdl 37°C antiusargAnAuuAs
7 475 wiluims é’]mmqméﬁug\iL'au”LsnﬁLmIﬁLum duefidus uazld kojic acid Hluansnmagu
uﬁﬂ‘uLﬁﬂuqmémmmmu%ﬁmmmﬁmﬂmﬁ@ wilsdananns fumsaaauluriewmann
nstinyaApaaataulunanAuditigaRantia

fhneaaauiiafa il wmunsiirtesdnens Tnefeinfurrafiddonlseneuaes
carbopol, cetyl alcohol, glycerine, butylene glycol, polysorbate 20, ethylene diamine tetra acetic acid
WAY triethanolamine Lﬂuqmﬁ”ugm saeudeansalidauae ol phase A% water phase AMNANTL
\{ugrInimsgIu uazgrInaaeLANaNIainARaaALaT iy fipnnuidindiu 1% wandousznauly
oil phase MWiiinfulaaldaauteuiiguunll 65°C uaznandautlsznay’lu water phase igmuund
70°C Wledunanansia 2 phase azaNedNAUALEY MmdauNas water phase a9lugauNas oil phase
Aunaanaan e Atunsyanadinfulszanm 10 und ‘Mﬂﬁ?uﬁ”\ﬂ?ﬂﬁLﬁuLLﬂx‘U?’s"ﬂ’&'ﬂW‘nu:ﬁ
NIN1IANHIDIYNIFALIDINAATTUT ANNITNN9289 Chantree (2015) Tnefiansaunninddeuudasees
SNHOULINNIENMANE AUPAIFIIRINARTUTT 3 an1azie ﬁﬂqmug“ 4°C, 45°C UaTgnunities
e 45 54 warnageuALAFTesAns LDl iu 5 RiAa e uad ULy (heating-
cooling cycle) 142U 6 791 ‘ﬁfqmugﬁ 45°C 1futnan 24 %Qqumﬁuﬁuﬁqmuqﬁ 4°C 1fluaan
24 dluq Winfy 1 700 Teaflinuaidsvifiussduaanumnila (viscosity score) 4 9zA1 oﬁ"\af:++++:
o eumiaadunnn (extremely) +++= e Auviianan (very much) + +=iiaazuniintunan
(medium) += Lﬁ@ﬂ?muﬁﬂﬁﬂﬂ (slightly)

NSNAFALANNNIND LAUDINRANUT

nagaUANNNInalauaznstansundan s ld AR luaaaseas Wuszaziaan 1 et

Tnelduuuaauninlueianainsaiuau 30 AU LuUdeURINUsznaufion dayadiusa ANARLTY

(%
o

Aulae Auanela uaznnsteNFUAeNARS T TnaTinaufasfunauitanela 5 sxdy fail 1 =
13J‘ﬁﬂu(dislike), 2 = GaULDE (slight), 3= 1au111nanN (moderate), 4 = BAUNN (good) WAL 5 = TAL
mm’ﬁqm (excellent) waznansadnufanalaluwsazseauduilefidus (%satisfaction) TaerlEF uaali
214185ATNIILARUNNINARDLI1 UINTBINTTUHITU BIN1TUAS (erythema) LAZBINTTUAN (edema)

Tinen ldvium
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NN5IASISURANNADE

VAGELANANAUANGNTRINYE A TULLATI DY qrisRueyyaBAszuazqEntudaeulelints
fiuaresneanauiiainanindatlaila milaiansuazaeaatauainlufieanain ez
AN TIUE8ART Independent Samples T-Test lunnmageauesAlssnaun1aail waz ANOVA lu
ﬂ’mnMfauqméﬁﬁu@%@%mumzqw'%rﬂﬁaﬁu'ffm@uimﬂimii?ﬁLum flazdunaaidesiu 95% annifutinly
VAABLIAMAUANANTZII9AAAEKEAE Duncan's new multiple range Test LARINAN1INAAeY gL

1R9ARA AT ANTENLLNIATFIU (mean £ SD)

NABAZIANTIINANITNARDY
a3AlsznaunAN
=3 & = [~3 a o A da/ =
N13ANHIBYALTZ N LN ARTBLNAAL AN TaRAZYIaLaN2978 WUINHUETN AN TR
lasiu wazidn sananslu Table 1 azifiudnasslsznaunanaaananilainana llsfn wasidn dauml

anganaasdlsznauvanaa 1smiu waylau InandntartaarliFunmldsfiy waziFuindn

a o

wnnaisdandana waldunnsneiuesdeliadnAtyneaia (p>0.05) daumistlandanaazllusiy

a o o

wnndunantaifia Jsuans1eiuad 9 lTad1AN19ana (p<0.05) naannisAnEn luaTalinuan

aamlsznauniuaiiluldsauiAuinNanna 48.27 waz 41.56 luinantdarfawarniivilananns

q

ATNAIAL TadanAReIrTLINENN1I8Y Pipatcharoenwong (2008) waz Thahom and Sompongse (2015)

a '

ANuI asmlsznaundnniaiaasnantainanariiailanaans Aa TUsAuTIRAYWINTL 60.01%,

'8

34.19% suasu Tneifsunnuaedilshunliuansraiuauegiuedansvizadouninuninei aneiug
wazansilan iy
U5 UDINANAARDARILAY

AINNIINARBINLGT TFNNTatazIaINananAoaaIlauaIninantlaniadisuingandd

Y o = = - = . & a =
ARAAIAUTNATARINMIRLAa918 LiagaInn1sTiAizitlsznauniaalinudn lundndaitadsunmn
TsAugandmisdananns uslduansinaiued eliiedAnymeatia nauanslu Table 2 Tspaanian
= a4 a £ da = v o ac o o -
PolusfuafianisniinannisBesdonuaesnsaesiiufsaiusvildng wansfsuiupeaaiauuas
AINN1TILATITITUIUABAR AU AIENITATUIUAINTBEAZBINTABEH T hydroxyproline WLN
paaaIAUNAiANIAININAnLa a1 FNnigandAeaa aunainanmilstlataae Asuansly Table
aixld” I 2 d” [ a v & dy dl o & .

3 viiltBunnpeaaiauaziinvisetiesduagiutiinvesdnd eide wareny1eadnd (Friess,1998)

29NN ANNTAN A
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Table 1 Chemical composition of scale Nile tilapia and skin Striped catfish

% dry weight

Chemical composition

Scale Nile tilapia Skin Striped catfish
Moisture 21.29+0.57° 19.70+0.14°
Protein 48.27+0.15° 41.56+1.26°
Fat 0.037+0.015°% 25.83+0.79"
Ash 30.40+0.93° 12.90+0.81°

Data expressed as mean + SD (n=3)

a, b, ¢ Means with different superscript in same row are significantly different (o < 0.05)

Table 2 Percent yield of collagen from scale Nile tilapia and skin Striped catfish

Samples % yield collagen (g)
Scale Nile tilapia 21.67£2.19
Skin Striped catfish 17.00+£1.15

* Data expressed as mean + SD (n=3)

Table 3 Percent hydroxyproline of collagen from scale Nile tilapia and skin Striped catfish

Samples Hydroxyproline of collagen (g/100)
Scale Nile tilapia 20.971
Skin Striped catfish 14.105

(7 2
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qVauayyadas:

ANAINNID lUNN9FURYYABATE (Inhibition) vR9ARaANAUTLANANSTI 3 1iln wudntiann
AR 25 - 50 mg/ml peaatauRs e ludissnanaainaintamza & % Inhibition szMing
93.74 - 98.87% daumsaailaufiaiauiainindnlarfauarwislarannefiaaudiadu 25 - 100
mg/ml 191 % Inhibition 921979 34.06 — 51.30% WAz 8.01 — 25.31% ANNATAL WAASHANIINAAAT b

Figure 1 Tne paaaniauannlufiesnann ponuainisnlunisfinueyyagassaumniuiniuavise

=

trolox N1NTGA $09RINAD ABAAIAUTNIANINARLATTA LazAasaAaNaINislaanne HAwiniy

a o

0.0706, 0.0374 uaz 0.0192 mM (TEAC) Aua1au AAuanaAeiuaeeldad1Anyn1eaia (p<0.05)

WATAINNIAUEY  yaBasEil 50% (IC,) tnaAn IC,, NAiasnIade NnnBAinueuyadaszgs Nanig
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WANFANAY T9ARaa AL lUaIRAIAARANIANNU AL duARAAAUNATARNNINAALATAWATUIT
1aa184iANIaINUa11NAR LAAIHNAN1INAAaT Y Table 4 4aAARAIALNANITANEIUAY Morimura
et al. (2002) 1§ arm hydrolysates collagen a1n1ile warnszanian yellowtail Iaaldiawulasd

hydrolysates wudnAaaaauiana L AuantiAsitunisineyyadass wanannil Zhuang et al.

=

(2009a) wudm@@mmul,ﬂﬂblw‘ffmnumﬂzwa;u (Rhopilema esculentum) Mﬂﬁﬁ?ﬁmﬁm@ww%mm@
nealadualuadnuay Wang et al. (2013) fanudnaaaanauddingi lfdainnistesaaaaiiauann
wnanlananm (Pseudosciaena crocea) ﬁmwmm?alum?’mu@wﬂ@ﬁm:zﬁd TIRLFUINUNAINN
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Figure 1 Effect of collagen from three sources and trolox on ABTS scavenging activity
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Table 4 Comparison of antioxidant activity of collagen from three sources

Samples mM TEAC/g extract* IC,, (mg/ml)
Scale Nile tilapia 0.0374+0.0015° 48.11
Skin Striped catfish 0.0192+0.0014° 85.68
Commercial 0.0706+0.00012 24.99

* Data expressed as mean + SD (n=3)

a, b, ¢ Values with different superscript annotations show significantly different (o < 0.05)

managaugnamssusaauladinlsdius
qm%rmaffmjg\iL@uisnu“lmiﬁmmmmmmL@uﬁmﬁm@’mmﬁmﬂmﬁ@ nlalananauazAeaan
wuannlufiesnann prmansnsalunstudaenlnlinifiuaresneaaiaui ldanuasdiniuansig
i 3 7l TnemudnBannaadisdiuaeaaniauaesi 3 ia 7 50 - 100 mg/ml AeRANALAGTAATN
inanianiialit % Inhibition 351314 8.22 — 24.82%, Aaaaiauluniasnain 13 % Inhibition 9314914
12.76 - 21.98% uaz AeaaAuTiNaNuiTsLa1aane 131 % Inhibition s51919 4.38 — 14.40% WAAINA
namaaaslu Figure 2 uaznudnpeaaauiananindaLania dasuanansalunstuduenlzdints
FiuanaLwiniy kojic acid mm?‘ia;m sa9aeEnFRARARRLTNAIn uTieInan uazARaaTALANNITS
Uarasne HAwinil 0.0713+0.0010, 0.0673+0.0053 UAT 0.0566+0.0034 AMNANAL HALANFINAY
atnefTuAn AT nealR (0<0.05) wazAnstudaeuladlinlsdua 50% (IC.) wudnreaaaLTiania
mmnﬁmﬂmﬁmﬁq%m LaTAN IC,, ﬁﬁmﬁ@wmmﬁqqméﬁmmuimﬂlmiﬁLumgq WAAINANITNAADN
lu Table 5 qw%rfﬁmL@uVLSﬁﬁ"LwTﬁmmmﬂfaamLfr«umfmLnﬁmﬂmﬁaquu 219NN AINAINITANNS
"Lﬂf%“uﬁu‘ll@mmmLmﬁqLﬂumﬁﬂizﬂ@mmLfau"l,mﬂvlmiﬁmm;qndﬂﬂ@@mmumﬂuﬁmmmwnmz
#199Ma7A AINNI9IIENIUBY Zhuang et al. (20092) WLIF mmmmu”La‘EmimLeﬁmﬁ%mmmm:w?uﬁ
Auaninsnlumefudelfaenelalinlfiug mesdanuanansolUsuiilavenesuasiaiuy
avflsznauaasienlad way Abdilah et al. (2017) AnwnisannAaaaIlauaINialameLa sea

cucumber (Holothuria lecospilota) WusAaaaauiainaInuiialfmeiailgns luniesdudaewlssd

tyrosinase
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Figure 2 Anti-tyrosinase activity of collagen from three sources

Table 5 Comparison of anti-tyrosinase activity of collagen from three sources

Samples mg Kojic acid /g extract IC,, (mg/ml)
Scale Nile tilapia 0.0713+0.0010° 171.29
Skin Striped catfish 0.0566+0.0034° 318.77
Commercial 0.0673+0.0053° 175.37

* Data shows as mean + SD (n=3)

a, b, ¢ Values with different superscript annotations show significantly different (o < 0.05)
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HaN1INAaaLANNNelAeINARTUY iNngRaulinaNAsaaaunainannanlan

v
fia luananadAsanuam 30 vinw iawAneuazwATng luangszudng 20 — 49 T wudn annisysuiiiu

1 ¥ U
P89 NARIHAR T T LALA A DAY LLBTAINARNSUT 1UaAUTRUDINART U ANUTAUDINART W

= v 1a =3 o a d’l dl o ] 1 o 1
nsauingila Avuianalalaesanuarnissndulataiieanneanuing aglussAunnin 57.50% aglu

SEALA 41.67% WAZTZAULNUNAN 0.82% sauanali Figure 3

Table 6 Stability test of cosmetic product at room temperature (RT) and 45 °C for 45 days

Condition pH Colour Texture Feel on skin Viscosity score
Control 5.68 White soft Soft & smooth +++
RT 5.69 White soft Soft & smooth +++
4°C 5.57 White soft Soft & smooth +++
45 °C 5.61 White soft Soft & smooth +++

Viscosity score : +++=Very much, + +=Medium, += Slightly

Table 7 Stability test by heating — cooling for 6 cycles

Condition pH Colour Texture Feel on skin Viscosity (Pa.s)  Viscosity score
1 5.61 white soft Soft & smooth 3.444 +++
2 5.62  white soft Soft & smooth NA +++
3 559  white soft Soft & smooth NA +++
4 5.60  white soft Soft & smooth NA +++
5 5.62  white soft Soft & smooth NA +++
6 558  white soft Soft & smooth 3.694 +++

NA = Not available, Viscosity score : +++=Very much, + +=Medium, += Slightly
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Figure 3 Evaluation of satisfaction of collagen facial serum
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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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