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ABSTRACT

This research aimed to study on prevalence of infection, identify and characterize of the parasites
residing in Trichogaster pectoralis Regan, 1910 from the semi natural pond at Tumbol Bang Muang, Muang
District, Samut Prakarn Province during June to October 2019 for a period of five months. It has been found
that total of 50 investigating Pla Sa-Lid, forty-one of fishes were been found to be infected with the parasites
(82% prevalence of parasites infection). Two phylum of ectoparasites were observed at the skin as following:
Phylum Ciliophora (Ciliate Protozoa) was Trichodina sp. (14%) and Phylum Arthropoda (Branchiura) was
Argulus indicus (2%) and two phylum of endoparasites were Phylum Acanthocephala was Pallisentis
nagpurensis (22%) in liver and Phylum Platyhelminthes (Trematode) was Clinostomum philippinensis (44%)
in stomach and intestine. The highest number of infected parasite was C. philippinensis (44%) and the least
number was A. indicus (2%). These parasites destroyed the health of the fish and resulted a disease in fish
and get the low productivity.
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(a4 Wesidud) dawusaniiwutiositgn fe A. indicus (2 Wesidud) Usdnaniserhasgunmussan Wuamg
larthedulsauasdsnalinandns

Ardrdgy: ANuYNYY, Usdn, Uaradn

419



J a J a - -
AMYNYITRIUTAR U 51 adud 1 (Riaw) dau - woAdney 2563 2LIngmaniinuns
umin
) a o a ) LY g o e LS ¥ v -
JwminaynsusimvienGontuduaniginluin “desdinin” msgisegunmindwszer Wwidles
‘& wa 1) v < [ )
drfgmdsyiimaniunawualusa WudlssidummeiaiiieudAgeasaumngaynaie (Jamchumrus,
n.d.) sgmelddvinavesaunsguisiauszdnduggnia 2 vila AeviasiniiresfusenidsamislugguuiniFenia
- e : o - o L o
auusguez usenidsunile dvdwavesaniilivinadminmmsuinisiiotnanunibu uazwiuds fuusgu
a I~ ) o a ' ° (AT | )
SnvilanisAeusquazTuanideds Fuinanmeialdidudlvglugedu vilWeniagudiu was fduaniialy
(Meteorological Department, 2017)
% ¥ & i ¥ 4
Uanadn visUaluliifulanidedadulariutwvessmele fuvdsiuidneglugumirnana fide
a € g AR b d v 1ol 1 0w dw - o
Ineneansdn Trichogaster pectoralis fiddndevanseandie uilivuninginit drdalidnwazuuy fdwm
a o v v o w o o 4 o B & o o v y v oo °
wazmaien uazdunandwanin ddiididerenn vislidadnlui waslididendumadindre Juavd
WIAYI1NINUUIEIINAIWEITlAUNI 98 1 wav uasliuavdiiniaduniaidesuinudid
. . a ) a a - v ey a
(Wiwutanachaisate, n.d.) flsudssiuninuinanianans dauinuludszinaiveutu wu duye Geaum
- - « a 5 o J ! o 1
unaide dulatids Bude Uiiaatu Aldint wasiauTudiu WuwuduarniddluinUsemalng dmiuumasdan
- d va J - J’ 1 “ ' o o J @
adnfiitedsniuifinirilsanad esios Ae varadauise Sminayvsusins witlhigtulsanugaamnssy
O e ' o q v ¥ ad - a ' & X da
Isvenediegunivats vilihsssumanarssuisasguaidsnaradaiinuani@livanzay wenainil unfung
o “a - : - ¥ - J : ' J
mamelilundariausinadaiviuuiofausolidenmadald mwnzsvaradaduaiidssine eavusie
t da o val a a o k3
arudunse uaniiiiiviunaeendiauiesldn Auuwasineuduems dununisudadii Tasazdesegluu au
: - -t i o 1 : - i - ) v @ - ¥
Weswaradaisendt yulanada uazueiiesanada Gendt wawaaiaviedeuuatade nauuszueiald
1 - : - J J @ @ d 1 o o d " - 2 1 al
duasulidewaradaluiuidmindu wu Sminayvsanas ieukandnuinaifismedenisuilan uasilu
AudrdeeenligundndusivaradnaiAuminui (Wiwutanachaisate, n.d.)
J A L YV oa ! L4 :’ ° 5 ] .ﬁ’ -
Usdaduanmanilaneliidsanudemededaiunduduauinn villuwd nhsssunduaznieluiy
1 5 ' ' v o & 4 )
esdndih imszdsdnazluudiems gaideaniaveanasluinievendtt viaeileievesdniun nasaau
Tudnrremseigiviavesdaii sildndthseuue fgidumulsash deliiAansindelsnviinsi q Ifie
. J a d o/ - o o
(Sirikarnchana, 2003) \liasanuaradadularniiaruddgmanassgiavesdminaymiusinis wasnisfine
J L - L) a " v e z - v o 5 :: L
Wenfurdauaznisuninszaevesanlulatadaiiogiosuin A JaldinsAnwluaielliu annsalddu
foyaUaswiuludulsaninelulanadaniedniiniingu 9 melesiunazuilelgmisausdnluvaradald uay
a4 a a a P~
WedisiunandnUaradnlasnniavia

gunsaluazisnis

ymsfiuiegeuaradafeisnsanuaaniaidsiaiisssund suaviadies suneiles fawin
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prevalence of infection

mean intensity
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AnssinuuandvesgatoyanuynyuresUsinlasldaddvaasuuuunisniiinesdae3s DMRT
5 A ad o 4 o ¢
(Duncan’s New Multiple Range Test) N5zAUAULTIBIY 95 L\Jaswum'wmsumunaummasa‘hmgﬂ

nan1sNARBILaYIATl
msﬁnmﬁ'nuqn'qwawian'[mja'\aﬁm NvaiABIafasIINYIA Avaun dunewdes fauin
HIJVIi‘Uﬁm‘i sevidsuiiquisufiufiounainy we. 2561 ndedvuaainvuin 15.29+1.31 LURuAT uaz
vhuiniadewindu 73.02+19.37 ndu saiadu 50 f dassnusAaite g q Mamelukazaeusndavan
wuusdavavun 4 Indu 4 vile 1un Phylum Ciliophora, Phylum Platyhelminthes, Phylum Acanthocephala
wag Phylum Arthropoda (Table 1-2)

1. Trichodina sp. viewuszdl Wuusdamandaeninsinds wuiluiafmils 1 wasdvienveam
Failiialsn Trichinosis wuldvisluvamirdauaziiidu (Sirikanchana, 2003) 1y vinadiviten uasiafvesgn
Yarln vieluvariniusinearsuarasaululuangavme (Purivirojkul, 2013)

nnsAnwiluadaiinu Trichodina sp. iusaifiadi wazdivdenvesumadadiuau 7 # 9ndetn
Uanadaianun 50 2 ﬁmflu"s’aaawawsamﬁwu (Pvevalence) winu 14 Usaniiwuildtuau 155 & A1 Mean
Intensity (inffu 22.14 (Table 1) mauwauaumnﬂ"wmaann wu Usandananiinnsdisaans 5 ads lifl
anuuansefusehaiifodroneadin (P>0.05) (Table 2) Usdndnamaunsavhaededevinaiinng wu vh
WhAnuausauiuaians pfu siliindavae visdudingidwienssiliifinuaunaiidendusenanivien
warluAnrenmels Yililarseumde desw Wudemdiidelsavindu 1 1wu wuaiide Wes wielifa
whindesieluld (Purivirojkul, 2013)

2. Clinostomum philippinensis \Juusandwuulu Phylum Platyhelminthes nguviuniva (Trematode)
figuinanuundelull Fafideionita q Wimesluld Wuwerlulifvuianats sannisdnwinudsdn
C. philippinensis \awizfiu3naidldvesaradasiuau 22 # vndegraanion 50 & nmi‘lusauavﬂawm
FwusAauiiy 44 UsAnitwuiisnuou 185 # Andurmanuiuadevesusdniinuiniu 8.41 (Table 1) Wleth
Foyauiiaszinieada wuih Usdnfidsanuludeuiiquisy liflaruuandiuedreilsddgneada
(P>0.05) fudiwuluiieunsngiau dmau waznanau usilauuandrsiuedralifdfonieadia (P>0.05) fu
WWoufugnou (Table 2) Fadutrsfinuusandusnaunnilge WewFsuiisuiuggiinuusan wuiraenadesi
1398 Khamboonruang (2006) dasieuin wuusasdadinanillutadeuliquioy uazdeneandanain
wazanmsAnwadsiiwu ¢ philippinensis Lamvﬁ"u%ntu'lua"flé’uawmaﬁﬁwhuzu Usniinuluvaudazdadl
nuAsudiege uazwunniusudu 1 yoaUsAnTimusiavua (Table 1) uanvnii Kitagawa et al. (2003) Sl
swnuiwsdaluana Clinostomum U'Nﬂsqmwnmamdﬂu Tnwaueraduleadlnevadey (accdental host) 3
wuthefiussmaduiiy u.a.,'ds.,mmyxjuv'ﬂmuﬂiamum'lu ssiinensiuunauiiauneves flansle dauve
\uden wazszmaiiedluse dufu fuilarvamsinanadauminligndasauiou wletesfumsuuitiouves
Us@ndhginanisvar fulssmulardangm

3. Pallisentis nagpurensis ﬁ'Ju\Jsanmwmu'lu‘lﬂaua“uﬂuiﬁwvhm (Acanthocephala) 31nnsAnelu
adriiwuusan P nagpurens:s Tulana@ndnuau 11 # Mnfednumadaiomn 50 i ﬁmﬂusauawawa'mwu
Usdn wihiu 22 Usaniiwuildtuou 29 & nm{‘lumwuumuumawmﬂsanwwu Wity 2.64 (Table 1) Wleth
doyauinTigineaiia wui UsAndanamiidisaas 5 afe ‘luum'mu.nnmanuamquuuﬁ‘mtymaaﬁﬁ (P>0.05)
(Table 2) Us@ndananmuiluusdnneludiavan nnwu‘l@‘\'luum:usvuuwmmumwmaula'mwa'nmw uazlan
neialuglsy uaziede (Sirkanchana, 2003) annsAnsluadedwuusdndinanadudant (cyst) degludedesy
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8u 9 8n wu lud-ldUarteu Ophicephalus striatus WInuvaNTTHTIRUTUGMIAINToe FauTadaiyi
(Sirikanchana, 2003) lunsziwzamnsuanaaa ngraiuiwheessdun suathuth suneiles Sminyisud
sewihadeusumauiadeunuaius Swewuiiusdnmaduasmasiodaiildagluviasing (Siwongpuk, 2013) us
Sirikanchana (2003) Tieeui ltandeunsngirudugauwsiuguessandenarilulateunnduianniies 8
Usandadluarilliudunnilae uazannisinwluafsilwuusdadenanlutiudeutunsufadeusaau dnwae
Usamitnwuiudseuegludasn Linuszevduinde wandiiuinus@nvila P. nagpurensis annsaunsnszanglily
vamanwiialnsawlunguuariuie fuilaadlefuussmmummaidligniemuiouiszasndoseguam

4. Argulus indicus WHuusAnlungs Arthropoda wuitunuddvesaradn Usdawiaifarsuniuvhaa
wenFeuliifuvand i viliAneuszmedies wasinasehiemuinaiivsanmzlgiuienietng
Tuth ileliusaavaneenainds Suilidaduuiausa wasiuamalidesidunsn Walsassuald venani
winfimgaudivienssiliAnwionsniay Auwitendeudniy wisnidey Mil¥uinauanasufeeandiauan
Yiovas Uawnelaliavenn Tuiigauanazmemsizyineandiay (Siikanchana, 2003)

PnmMsAnyNUUaR A, indicus luaradasunu 1 é nfegsaadaiaun 50 & Amdufesas
vowarfinuusan wiriu 2 UsAmitwuiidou 1 & Andummumunuiuiedevesusdaitwu witiu 1 (Table 1) e
ihieyauniiasizvinieada wut Usdndandnitdmas 5 afs lifimmusnsraiuegrdifeddgmeada (P>0.05)
(Table 2) Faamnmsnwiluaiiinu A, indicus usuiesddumadaiisudowden Ae ludeudnau 910
Uanadaitessiaiiien uazwuusdnud 1 Fawinfu ansremunulsanana Arulus wiss 4 vie luuszwlne Ae A
foliacious, A. indicus, A. siamensis wa¥ A. alosae (Sirikanchana, 2003) annsanuldiiludamhida uavvamua
5189w A. foliacious luvariia A. siamensis Tuuayela Yaruraduns (Purivirojkul, 2013) duiiwuluvan
silndu q 1Wu Yarmuiiteu Uames vailu Yamue (Sirkanchana, 2003) wisua1du q fnesdilifisienunns
$wundeseduriin FeUsani 4 vinil wildnvazuavdiulsznevreseterrlunisuanidsufne (respiratory
area) wavaearlunsinizgm (suction cup) Aumnseiu

G

n1sAnwIAuYnguUsdnluvatada nveaidsaarfasssued dvaviadas sunsifissdmin
aymsusIMs sewhadeuliquisuiiadiounatau wa. 2561 \usvesim 5 ey wuuaiiiiusdndouau 41 ¢ 910
Fetheanadaiouun 50 &1 wuluusdnnteuen $1uu 2 IWdu Ae Phylum Ciliophora ngudaienlnsindany
vlhaRslaldun Trichodina sp. wag Phylum Arthropoda wanadailudaudas laun Argulus indicus wag
Usanntelu $2uau 2 1Wdu Ae Phylum Acanthocephala léun Pallisentis nagpurensis aq"luu.ﬁatﬁaﬁ’u uay
Phylum Platyhelminthes l&ur Clinostomum philippinensis wulunseimwagamsiuaild yilavesUsaaiinuinn
ﬁqamnmﬁﬁnmnisaﬁ #8 C. philippinensis Anifudr¥esazvasuarfinuysdn wisArnmgngu (prevalence)
wihitu 44 drsaniinutiosiign fie A. indicus AnluA3osazvasaiinuysdnusasiiawiniu 2

naAnssuUIENA

veveunmauzmaluladniinees uazaatiidouasiaun sinedemaluladsvuenadyys luns
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Table 1 Species and Mean intensity of parasites in Snake Skin Guarami (Trichogaster pectoralis) from
Semi natural pond in Samut Prakarn Province.

Parasite Species Infected Location No. of Total parasites  Prevalence (%) Mean intensity
fish Infected
Trichodina sp. skin, gill filament 7 155 14 22.14
Clinostomum philippinensis ~ stomach, intestine 22 185 44 8.41
Pallisentis nagpurensis liver 11 29 22 264
Argulus indicus skin 1 1 2 1.00

Table 2 Prevalence of parasites in Snake Skin Guarami (Trichogaster pectoralis) from Semi natural pond in
Samut Prakarn Province.

Time Trichodina sp. C. philippinensis P. nagpurensis A. indicus
June 0? 0.000+0.0000? 1.000+1.3333° 0.100+0.3162°
July 0? 4.700+7.2426°° 0.600+1.126492 0?
August 4.600+9.9800? 4.100+6.2441%° 0.300+0.9487° 0?
September 6.800+10.7992° 5.300+5.2926° 0.700+1.49442 0?
October 0.100+10.01612 4.400+4.2740%° 0.300+0.9482 0?

Different letters within a column indicate value differences determined by Duncan’s new multiple range
test (DMRT) at the 95 percent level of significance.
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Effect of Different Diets on Growth Performance and Coloration of Spinecheeked

Clownfish (Premnas biaculeatus Bloch, 1790) Culture
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Lamﬂa'lmwuumaanmu 3 40 Yaag 3 i umavml.aﬂm'ma'lmianﬂa'm"m NRD 5/8 amwnsgnuataissu wes 1
wazeMNIYNAY NURSING-MPL way Haematococcus pluvialis Ua'mﬁquuﬂ\mu'mumﬁumumaa 0.14+0.003 0.13+0.03
uaz 0.13+0.01 N AU uavABEMIBIAULAY 14.69+0.32 14.47+065 Uay 1454023 fadums Ay (P>005) uay
maauammﬂaaém 60 T WU UmmmuumwLaﬂamﬂmmsanm NURSING-MPL wau Haematococcus pluvialis
uu'munaﬂmmaaﬂ 0.64+0.06 N3U mwmuammsmaﬂ 23.12+1.08 Haddng amwmsmsmmu‘[mﬂaﬂmmu

-
0.009:0.0005 N3 uaziiAnd 4.84:0.27 genimaniguunsiidtsiasemsyamanesu (P<0.05) Tasluusiasyn
o s ' " K a Fs F et
Wﬂaawaﬂsqﬂ"ﬁ?aﬂ‘lﬂuﬂﬂmqﬂnu (P>0.05) ﬂ.mﬂ']“u’uaaﬂﬂaaﬂﬂ'limﬂaaﬁaf;‘nulﬂﬂlﬂu"ﬂﬁﬁ']Uﬂ'ﬁlaU\’aﬂ')uq

AEAgY:  Umsguuns ems Uataaeaiu

Abstract

The study on effect of spinecheeked clownfish (Premnas biaculeatus Bloch, 1790) culture with
different diets was assigned on completely randomized design with 3 treatments and 3 replications. The
hatchery diets of NRD 5/8, aquarium fish diet no. 1 and NURSING-MPL mixed Haematococcus pluvialis were
applied to clownfish. The average initial weight of fish were 0.14+0.003 0.13+0.03 and 0.13+0.06 grams and average
initial length were 14.69+0.32 14.47+0.65 and 14.54+0.23 millimeters respectively (P>0.05). For 60 days of
experiment, fish fed NURSING-MPL mixed Haematococcus pluvialis had average final weight 0.64+0.06 grams,
average final length 23.12+1.08 millimeters, average daily growth rate 0.009+0.0005 grams and average color
value 4.84+0.27 were significantly higher (p<0.05) than other treatments. Survival rate was not significantly

with differences (p>0.05). Also the water quality value in experiment showed standard datas.

Keywords:  Spinecheeked Clownfish, Feed, Oramental fish
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Uarndguuas vie vainidguuiuvuin (Ssngqu: Maroon clownfish, Spinecheeked clownfish) 4
Inerransdn Premnas biaculeatus Bloch, 1790 agluasduar adiaitu (Pomacentridae) 29f¢'peva1n s gu
(Amphiprioninae) ¥mduvarnigueiiaieaiiegluana Premnas iessndimmuuandreinuainigueiindy q feo
vinaufuvieuwilawioniimumbuseninmnasinas sgwiehiiunidndestulusudaioalfen Taseadns
ﬁﬁauiﬁa’[ucﬁniwﬂmms‘gwﬁﬂﬁu 9 T.mjLaw1sUa"|mmﬁﬂmﬂwnﬁ%ﬁwm‘lmﬁn’hl.wn@'ag:uﬁa uariidfieannin Afu
oniivualug diilduserih Uinauilawien Anardid uarleuns fuoudvnwe Gremainiipuuasroutns
varnvians Tulaaunadneedifausiduasansuiauncih uazozsos 9 Li'u‘t'rusnuUam?tutau‘[mﬁuﬁ vauziivdaluaue
dinveilududshuiunmueiuin q wazaznmngludevalatiy Sguidednitvhiudeuthann dadudaniigu
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wavasn1slduuaiise Bacillus spp. Wuluslulefiadenisnigyiiulauazdnsinsseanisluvaniia
Effect of Bacillus spp. As Probiotic on Growth and Survival Rate in Nile Tilapia
(Oreochromis niloticus)

AnuA Asdnn’, Andy wemes' waznqug dila’
Supamas Sriwongpuk', Supachai Natetong’, and Krisada Chumpanile'
'nuzalulagnisinwes anminenduwaluladsuunadyy’
*Us¥aauman a: supamas_s@rmutt.ac.th
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Abstract

The objectives of this research were to study the effects and appropriate of probiotic (Bacillus spp.)
supplementation on growth and survival rate in Nile Tilapia (Oreochromis niloticus). The experimental design
was completely randomized design (CRD) with 4 treatments of 3 replications (concentrations 0, 5, 10 and 15 g
per 1 kg of food). Tilapia were raised in a fiberglass tank with a volume of 150 liters of water at the density of
70 fish per cubic meter. Feeding 2 percent of body weight per meal, 4 times a day at 09.00 am, 11.00 am,
13.00 pm and 15.00 pm, a trial period of 45 days. At the start of the experiment, tilapia had an initial mean
weights of 0.72+0.11,0.72+0.10,0.75+0.10 and 0.73+0.09 g, respectively, and an initial mean length of
3.81+0.13, 3.77+0.14, 3.82+0.15 and 3.80+0.14 cm, respectively. At the end of the experiment, Nile Tilapia fed
with 15 g of Bacillus spp. per 1 kg of feed were found that the growth rates of weight, length and average
growth rates per day better than tilapia fed instant pellets without Bacillus spp. This experiment showed that
Nile Tilapia fed with the different concentrations of Bacillus spp. (0, 5, 10 and 15 g per kg of feed) as a result,
average final weight, feed conversion ratio (FCR) and survival rates were not significantly different (p> 0.05).

Keyword: probiotic, Nile Tilapia (Oreochromis niloticus), growth rate, survival rate
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‘Qﬁﬂ‘ﬂ?é‘?‘la{ﬂui“UUVl'NLﬁ‘UBﬂWﬁIﬂﬂﬁ‘iiu'd‘lﬁ Feqduviddmaniaedimmuannsnlunissesiunmsimevegiunideia
'lmuuunueaﬂé’Inamm.,qauwwwnahﬂ wazarluugsemsiugaunideiinlmi Taegaunidlusiulednasudemisiu
'usnmwLmvn4numu‘lu"lmuaawadwmqawwwﬂlwu saamwoawwsnNanawmumimtmmu‘imauﬁaqaumw
3u Tnsluslulednrazndnansuuninailedu (bacteriocin) Fuduasulndvunadn & :uqwﬁauaamsmmaqwﬂmw
unsuuanueiindideliialsn wasiiliernsuindeysdlsmiveduslulefadenaimeidednith Ae fdwhudu
asnssfugiifuiudeddaiiuasdislumuiuupguamuenir® dilusluledn Ae wadvesdunidiiduadiulag
ABnsla nmummsnm'lﬂaq'lum‘laﬂmmmu warawsodiFinegldiiensauiisrluiuupguamuessaiat
Hu q Wity Qau‘niUTUSIUTGNﬁuMaﬂHuuﬂt'uu Lactobacillus ac1doph/lus Bacillus subtilis Wa Bifidobacterium
longum Wusu® venaniidemuin maliluslulefniasuemaidssdnihamnsoiumaigdivia viligasms
Wasuewnatuilediu® dedufnaunidielsn® navdugiiduiu® uaziugasniseanmeliundaii® uunsld
s fTnzuararsiaiidnie

ms'l'uqawsH'T\Js'luianﬂauﬂuamswum‘lﬂwmmau’taaa'Nmn'lun"nsu'lm'luUsviawmqmiﬂi"m
esnlusluledaiivsslomivareusznis Ae Hrslumsinuvesdald m’lwm'lammmnnﬁua'ﬁa'mw‘lﬂmuﬂaenu
asiialsannuuaiiiGeuenguluniduams mamuam1mﬁanmwaqmaaua’mm"’ waifu Seldvhnsideiidu
ieAnwvinaimngailunsiadulusiuleda (Bacillus spp.) lunsisdgiulauazdnsinisseaneluvaniia

FBAntun1y

1. MTINUAUNITNAGDY

TNUNUNIIVAABILUUGNRABAANYTA] (Complete randomized desngn CRD) Laﬂwaﬂua‘iﬁu'lmammﬂﬂi
‘luIamuauaa'luamsd'ltsasxﬂﬁawm‘lu 4 yamIvARBIYANIIMARBtaE 3 91 1 Ax 10 Mrwanden il

YANTVIAREAII 1 swnsiiinsuatuslulain (gnAuAY)

yan1IMAaedft 2 evnsiinanlusluladna 5 niuseens 1 Alandu

yameaesil 3 ewnsiinanlusiuledn 10 niudeawns 1 Alandu

yan1IvAResil ¢ asiinanlusluledn 15 niuseans 1 Alandu

2. mawdvudiliveiuasqunseiifsania

wissndilnueinanarunn 200 das sy 12 & vhmsdwimmasaiediliueinarauasdius sty
wanhaveauiuies 150 Ans hawesndlaudeiiriuivansuaziaisadueinad iy 12 g udnhluldliluds
Ieinanadias 1 ya

3. MAATENMS

waadmsiluslulada MiunldlunseaasaduwuaiiFengu Bacilus spp. luguuuuns desznaudae
Bacillus 3 g léun B. subtitis, B. megaterium wag B. licheniformis Inefiaveshitieanin 10 CFU/g Faavldna
ﬁ’ummsdﬁa;ﬂ (lavnsm 9961) Tusiulaitiosndt 40 wedidud Tasuvadu 4 gansmeaes Ae yanisvaassiinay Ts
Tule@nilsgdummudatu 0 (yarauaw), 5, 10 uar 15 nusisens 1 Alandy a'm*ﬁqnmxmm"'l'&‘ln'[m1unauaq1u
g msiiesedaier dmsunisnauluslulednadlueims svnaulusluledaiuemaneu wdandunandisnin

awnsielalaey 5 Wesdudveniiasemns ndwntfuisewnsliuraiuia 30 unil
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4. mawisudninaas
iadiamad (nvidanensns) suernuen 1 i1 viudbidduanmundeludidiueinananing
500 &0 Wulaan 2-3 Ju widnianldlunmeass
5. 3N MAaY
duinininuazaruemuaiia udldaduddliuainarasunn 200 Ans Viuanh 150 Aas w12 &
uiazdrldesUanilastuau 10 # Wemnsuadiaviina 2 wedidudveniwiindwardadeile Suar 4 A (09.00 u.
11.00 u. 13.00 u. uA¥ 15.00 u) wAsidsudreduamiay 2 afs Taugmiesn 20 Wefidud wazdmhlilFIms
windu vimsdsaduszesan 45 Yu yn q 15 uashnmsguuandwou 30 Wedidud et minuarTamwem
Yuiinua
6. maiususudoya
unusadeyadaimiin A Weiduduwarduganimeass dwardiaundaniminlaeldiadaeds
Admeaveailen 2 dumis Tapruenlagldgunsaiiavuiaan $1uau 30 Wedludvesdwaulaniomn uastufinea
msUssdlumasigiulauasnandndadii
1) dmidniedefiadu (0$y) = dwindvanedededuganadss-dmindvanedsdedudunadss
2) aAvmemiadeiiaty (wuduns) = mueneddeiuganisde-ausneddedusumads
3) dhwmifniadeiiudiusieu (Average Daily Growth; ADG, niusieiu)
= dwinvanedadeduaanindss (1§y) - dhminvanadedleduiunisidss (nf)
yEEIAINITEES (Fu)
4) Sasimssenms (Wesidud) = smnulmdafivdadleduganisidss () x 100
dnuariladleiunsveass ()
5) Sasmawdsuewnaduide (FCR) = dwiihewnsitvanilaiu
dwinvesandaiiiudy

7. madnnziquamh

lusewhesiumsmaassazimsiansinuamimaduani 4 as 1 At ludasnan 13.00 u. Taasnda
Vhinaeendauitazanslnhlasisiosiauiinueendiauiiorarsluiriu AMT08 wesludlsnilneyavaasuuenlnie
suidve API® lulasilaeyanaasululasidie API® dauarmifunsa-s uazgamaiivenhlaeiniosianin-sdie
ANEX §u PH868-5 aznsiviayniu Tuiinua

8. myAATziAdA

ihdayadmiin mnwen Sasniseigivla uardasnisseans andieswiALUTUTIY (Analysis of
Variance) ua%ﬂsuumuummawawnmsmaaa‘[aa’lﬁ Duncan's new Multiple Range Test fiszsumnudesiu 95
Weddud Tneldlusunsuduiagy

nan15IdsuazaiveNa

1. Sanmaedgduladutmiin uazarugs

wan1ARsaaBIatiadsamsdsagunan Bacillus spp. fssdumudutuwandreiu ldun 0, 5, 10
uay 15 n3usioe s 1 Alandy lusessiiamsviaaes 45 fu wuin Uadlafhiwiingeveiade 8.042.10, 9.09+2.73,
8.88+3.02 Uas 9.44+2.39 nFu sy (M51eit 1) wui Ll muansnafusgnaiitfoddameada (o> 0.05) Fasna
NMSANWYBY Hassaan et al. (2014) Fawuih navesnslduuaiie Bacillus licheniformis wavansafnandanidu
iu‘lu'[aﬁﬁdamsw?tum’u‘[maa'dmﬁa‘inmfwﬁ'naﬂﬁﬂﬂﬂaaﬂa"lﬁaﬁta?ué"w B. licheniformis 0.1, 0.15 wag 0.20
wWasidus um‘mumnmqnuammuadm:y (p<0.05) Auganuay Liesnnguietheuszmnsilinnudes ol
Lnﬂmsnivawmvaammuamummg’m u.nUa'ruav'l‘lmun'litasn'hh'lu'[am 15 niudea s 1 Alanu slaniwin
maamwqueaﬂamwuud'mcu (p<0.05) Fsatonadasiviaring wavans™? ovihmsAnymavesiain M. Ws
uleRnumnsinaiu 3 svdu Ae 0, 0.5 way 1 wWedidud semasigiularenadaduszezinat 60 u wuih ailad
Wsuluslulednsesummdudu 1 Woedidud diadniwindiiutugege
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ﬁ % ) - Y ) ad da & -~ bl v a % o v
A919 1 U']“untaaﬂuazuqﬂunlaaEW‘WﬂJ'U'UTlEN\Ja'“JaVIlaﬂﬁﬂ?ﬂaﬁ“qiaqlﬁqz\mau Bacillus SppP. N3¥AUAINY

Wuduwansnaiu
YANITVARBI sTEZIA)
Gudu 15 4u 30 Ju 45 Ju
dmineds  dwdneds dwineds  dwinede vhminiady dmineds  thwinadedt
(ndw) (n3u) itz (n$w) (n3w) iy (ndw) (n3u) st (n3)
1 0.72¢0.11°  1.87+059°  1.14:0.15°  385:0.77°  3.12:065°  8.04+210°  7.31:0.48
2 0.72+0.10° 197 +0.61° 1.24+0.11°  4.84+137°  4.11x0.24®  909+273*  8.37+0.52%
3 0.75+0.10° 1.75+0.59° 0.99+0.23° 4.98+1.30° 4.23+0.88% 8.88+3.02° 8.13+0.75%
4 0.73+0.09° 2.02+0.25% 1.28+0.15° 5.43+1.07° 4.69+0.31° 9.44+2.39% 8.71+0.32b

v e o J J o l‘: - i - e
nuawmn: manusmmaanqwmanu'luummuammﬂ'nuunnmawnann (p<0.05)

Nan'ﬁvmaaugm\]mﬁaﬁwa'm*\seht%gﬂnau Bacillus spp. fiszuarandutunandresiuluszezinainis
vaaes 45 Fu faueaavieiade 7.78£0.72, 8.24+0.80, 8.09£0.87 WAy 8.37+0.64 LwuRlums AWy (317 2)
uansbiiudn vaniladlésunisiadulusiuleda 15 nfueamns 1 Alandu Trmmengeviends wasaueiade
fuiutugegroteiiddymaadia (p<0.05) fuyariuny denndesiunisfinuives Hassaan et al. Fawui wa
vasnslduuaiiile B. licheniformis wazansanaandandudululedasenisiwigiavlavesUaiiia wuin Anuem
gavievasadlaiiaiudg B. licheniformis 0.1, 0.15 waw 0.20 wWedidud dauuansrsiuedreiited Ay (p<0.05)

Y 3 - v ' - P a o8 val i o X
AugamruAu @1 Solitan and El-Laithy “? wandlvifiudn n1siadu 8. subtilis luawnsuanilavidbileaueriiisiiu
agniltsdAgy (p<0.01)

< d dd & a dd v 5 d o
ﬂ"l‘i’Nﬁ 2 quemmauu.a:smmm'uaazmquw'uaq'da'ruavnLammaa'uwﬁﬁ'\ﬁagwau Bacillus spp. N3zAUAIY

Wutuuanaaiu
WIY: LBURLUANT
qﬁmsvmaaa SyavLIan
Sudy 15 9u 30 Ju 45 Yu
H'J"INU"I’JW%'U AUEN m’mm’uﬂﬁﬂ m'memmﬁu FI'J'IUU'\'JLQE'I‘U AUEN ﬂ']’lu!ﬂ')l.ﬂﬂﬂ
Lﬂgﬂ ﬁkﬁ.ﬂi‘l‘l ﬁw‘!'u%’u tﬂgﬂ ﬁtﬁu#ﬂ

1 0.72+0.11° 1.87+0.59° 1.14+0.15° 3.85+0.77° 3.12+0.65°  8.04+2.10° 7.31+0.48°
2 0.72+0.10° 197 +0.61*°  1.24+0.11° 4.84+1.37° 4.11£0.24®  9.09+2.73°  8.37+0.52%
3 0.75+0.10° 1.7520.59*  0.99+0.23 4.98+1.30° 4.23:0.88°  8.88+3.02°  8.13:0.75%
4 0.73+0.09° 2.02+0.25 1.28+0.15 5.43+1.07° 4.69+0.31°  9.44+239°  8.71:+0.32b

o o ) a1 e o < ' aa
U8R ﬂ']ﬂﬂﬂifn\:ﬂaQﬂqt}Vm’Nnu‘luu\nn@uaﬂQﬂQﬂ'nNuﬂﬂWNYnQaﬂﬂ (p<005)

- ‘ ' J ‘
2. sammasiyiulawaedadu (ADG) wazdanisiasuamnaiuiiie (FCR)
Y a a ad PR (2 Gl ) g o o v v
sasnisnigdvlawisdeiuvesarilafidesdisemisdniagunan Bacillus spp. AszAuaIULTUTY
' 1Y) & e a a ad 1w
wans1afulusgezianvnass 45 Yy ddnsnseigivineassaiu 0.16+0.01, 0.18+0.01, 0.18+0.01 uay
o 1 o o w J N - o - - o ' ac o
0.19620.00 n¥usie¥u mudry (519t 3) wansliiiudn vardaitlésulusiuledaaia 15 nfuseawns 1 Alanduil
o - - J ' o ' LY o aa o : - “a
SanmsaigivinadsdieTuggaegiitedWymeadd (p<0.05) fuganugu madewarldasmeemsiaiulys
- i ° W, L] : ‘ - ‘- 0
Tuledadedn ildiinsdesemisitatu iesmnnisaduaiunsduaneiinmiuwaznsiuveseulest (Ding et
& a 1 o H a a ° Vel o/ - a J V' w .I 4’
al., 2006) Faildwdelumsuiulpmsgesemsuazysransamnisiulaililidasnmsaigiulaedesie Juiuiiu
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) ) a a d 1w 'Y < & a d44 w a
A9 3 iwmmsmcumuimLaaanmuuasaommiuJaaua'lmil.ﬂuwaﬂaaﬂa'luamammammsﬂ'\mgﬂﬂau
9 d e v . @ s
Bacillus spp. MseAuammiduduuansaiu

qnmsvmam S¥a¥iIan
15 u 30 Ju 45 Ju
ADG (n§u/3u) FCR ADG (n3u/3u) FCR ADG (ndu/4u) FCR
1 007£0.01°  0.64+0.09° 010002  093+025°  0.16+0.01*  0.96x0.04°
2 0.08+0.00°  0.60£0.03  0.13:001®  0.71£0.01®  0.18+0.01°  0.99+0.00"
3 0.06+0.01°  079:0.18°  0.14+0.02®°  064+0.08  0.18+0.01®°  1.01x0.06"

F =Y

008+0.01°  057+006°  0.15:001°  0.63:004°  0.19£0.00°  1.070.08"
NUNBIR: fnwsnwdinguiiineiiluwuaiuansiernuanarmeaiia (p<0.05)

snrmawasuenadudeveanilaidssisemnsdniagunan Bacillus spp. fiszruarududuuansdng
fuluszasiiainsmaass 45 u fSanswasuemaiduile 0.96£0.04, 0.990.00, 1.01£0.06 uaw 1.07 +0.08
ARy (3197t 3) wudh liffanuuenseiuethailifedhAmieada (p>0.05) FareennisAnwues Hassaan et al.
10 dswuirmavesnislduuniise 8. licheniformis wasansafnandadidudululedasenisinigiulnvesuariialay
SasmawdsuevaduievesUaniladiasudae B. licheniformis 0.1, 0.15 wag 0.20 Wasidud fiaruuansniu
agiivudAty (p <0.05) Froradumszinunslilusiulednuarsseznailunisvaassiiuansneiu

3. BNTINTIAAMY

) - o W & 3 o o v W

gnnisvenvesarlaiidusiisemsdniagunay Bacillus spp. MIEAUATIMTNTULANANNUILESLIAING
nAans 45 Ju f8n51n1559M 100+0.00, 100+£0.00, 100£0.00 Uag 96.66+1.82 Wasidus awmddu (A157199 4)
donndastunisAnwiesianiud wazamy 0 daldvinsAnwmavesmaaiy M. WsluleRauandiaiu 3 seiu
wui fdnsnsseameliunnansiusgsdidedrfey (p>0.05)

o Y a d4 v . d o v e
a3l 4 Sarimsseamevesadiaiiidssisensdniagunan Bacillus spp. MsvAuAMuTLTuLANFTeTY
mihe: Weildua

'qnmswﬂaaa 8YLLIAN
15 9u 30 Ju a5 fu
1 100.00+0.00° 100.00+0.00° 100.00+0.00°
2 100.00+0.00° 100.00+0.00° 100.00+0.00°
3 100.00+0.00° 100.00+0.00° 100.00+0.00"
4 100.00+0.00° 100.00+0.00° 99.66+1.82°

o J i\ o 5 - J -a
UL MBNYINTYID nq\:mmanu'luuu’.nmuammn'z'munnmamaaam (p<0.05)

¥
4. QAW
& a v & A o o v v [ | )
InmMmeastdsaardadisemsdniagunan Bacillus spp. NTEAUATIMTUTULANANAUINITATIVIN
.Ol i - J o ) “ " J
aunmih 1w gaumgdl wazmmndunsmbusiie (pH) yniuluian 13.00 u. wui fgaumgiiveniiade 28.75+ 1.04
J J J J "’ 4 o a o '
asrwaldsamaudunsa-a1a (pH) e 8.37+0.21 Yinmesndiauiiazatelui (DO) Wdy 6.49+0.35 liadniume
- =3 J - - a N - J !.l o J '
ans UTunaueuluiilosan (TAN) wde 0.43+0.56 dadnfusiedns (n131901 5) Aaunmireglussauiimnzaunenis
MsTinvesdnih uarlifinansenusesasnmaiydvlauazdnsnmsseane® wiviinalulas (NO;) 0.36x0.74
- - A Ia : - N ' 1 J : d J v
fiadnYuredns FeilArgendnnus udlilinanssnurevarfides \lasanmaenszeziatlun1sidedinisdnn1sau
aunduadneg
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o | 4 ' & - v & - d @ v v " e
A9 5 ﬁ‘mﬂ'wnniﬂvn'Nﬂ'ﬁ‘aﬂ\"da']uaﬁ']ﬂa']“'ﬁa"lﬁQEUNau Bacillus SppP. N3EAUAITULTNYULANATNNU

qmmw'ﬁ"'\ qmmwﬁ'ﬁswi'nmitgﬂa AR
(AuadvrAndouunnsg)
gauugiivesth (ewieaiiea) : 28.75£1.04 23-32
Arudunsadusie (pH) 8.37+0.21 6.5-9
sandlauitaraslunh (00) @adniusiedns) 6.49+0.35 11nnN31 0.3
wonluflesau (TAN) (ladniusiadns) 0.43+0.56 Hoenin 0.5
lulasvi (NO,) @iadinSusiodns) 0.36+0.74 wounin 0.3

A T o & P oo o S a
Mnewme: * AR IuAMA MU LREN sINBaesda i (Fudidauariausvuaidaneien, )

dyunan1side
& a v 2 . o o v v Ve A

i]']ﬂfni"ﬂaa‘uaU‘uja'“Jﬁﬂ'lﬂa']"']iﬁ'uiQiuﬂau Bacillus SPP. Yli:"ﬂum‘mL‘!Ju'l!uuﬁnm’laﬂu'l‘lﬁwsl.’]a‘] 45
) ' o al e < & 2 o). it a v aw SN v
U WU Ua’mawLammﬂa'lwﬁwﬂﬁ'ltﬂgﬂﬂau Bacillus SPP. 15 n3Um8 15 1 nT.anﬂ.I uan”]ﬂ“i\qsmlﬂlﬂﬂﬂ"u
(4 o 1Y) A d 1w ' P A v -
UIMUN AUEN uasani'lﬂ’lil.ﬂitymlﬂmﬂaﬂﬂa’m ﬁn')'nja']ua“LaUﬁﬂjuaqﬂqsu‘jﬂa'lL§QEU%~HQN3N Bacillus spp.

& a v < < @ v v w gt o
Iuﬂ'ﬁﬂﬂamtamﬂa’mamElmm‘iﬂ'll.%ﬁ'dﬂﬁu Bacillus Spp. N38AUAIULTNTULANANAUNUI NIINSIUABUD NS
l = LY L9 . 1 ) , o o -a

U‘juulauasu"“’unﬂ.ﬂvnUluuﬁﬂﬁ'“ﬂuaU'NﬁuUa‘]ﬁmVl'Naaﬂ (p>005)

finAnssudssns
vovauprnzmAlulagn1snens wazantuideuasiann uinendomalulagsiuenadnyyd lunslivu
o aw v &
atuayuanAdeluasal

W@NEN5919949
: - 1 - - « ¥ J
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ABSTRACT: Assessment of aquatic environmental impacts, nutrient transfer and the clarification of
contaminated sites were conducted based on water quality analysis of the Mae Klong River. Twelve sampling
stations were surveyed between April 2015 and April 2016 covering Kanchanaburi, Ratchaburi and Samut
Songkhram Provinces. Results showed that aquatic environmental factors varied seasonally. A mathematical
model developed using the box modeling method showed that middle (Ratchaburi Province) and lower (Samut
Songkhram Province) riverine zones were point source areas. Highest DIN and PO,*-P loads were found in
Samut Songkhram Province. Results implied that PO.*-P levels were higher than the standard criterion for
aquaculture (< 1.45 pmol L™). Levels of PO4*-P continued to increase, downriver, particularly in the estuary.
Recent PO,*-P levels suggest that the number of agroindustry plants discharging waste effluent into the river
should be reduced. Monitoring to assess the aquatic status of the Mae Klong River and estuary using the PO,
-P database is urgently required to control water quality and reduce contamination levels.

Keywords: Pollution, Carrying capacity, Environmental impact, Mae Klong River

1. INTRODUCTION compounds causes eutrophication problems [8].
Thus, this study aimed to describe the impacts of
The Mae Klong at approximately 140 km long aquatic environmental parameter variations.
with a catchment area of 22,075 km?, is the most Assessment of non-point source nutrient loads was
important river in Western Thailand. The Mae a major focus, together with clarification of nutrient
Klong diversion dam is located in the upper zone, transfer patterns and a pollution carrying capacity
about 10 km from the river basin and forms the assessment at the impacted sites using a
headworks of the Greater Mae Klong Irrigation mathematical model. Results will contribute to
Project which divert and distribute water to about water quality conservation to maintain acceptable
3.0 million rai (1 ha = 6.25 rai) of the cultivated area and sustainable utilization management of river
in 10 irrigation subprojects [1]. The river flows ecosystems.

across the lower plain and passes through
Ratchaburi Province, before discharging into the 2. MATERIALS AND METHODS
Gulf of Thailand in Samut Songkhram Province,

where the important estuarine ecosystem supports a 2.1 Sampling sites
residential population as well as various industries
[2]. More than 100 industrial factories are located Twelve localities along the Mae Klong River
along the banks ofthe Mae Klong River. Apart from were selected as sampling stations (Fig. 1). They
industry and fisheries, other activities supported by were clustered in an ‘upper’ zone in Kanchanaburi
the river include intensive agriculture [3]. Province (stn. 1-2), a ‘middle’ zone in Ratchaburi
[4] reported that freshwater inputs to the river Province (stn. 3-7), and an ‘estuarine’ zone in
depend on rainfall, irrigation control systems, and Samut Songkhram Province (stn. 8-12).
natural tributaries that flow through agricultural Water sampling was conducted during two
areas. Paddy rice is cultivated in about two-thirds of separate time periods to take account of the effects
the area with the other third under sugar cane of seasonal variability on nutrient loadings as April
cultivation [5]. The aquatic environmental 2015 (dry season) and September 2015 (rainy
parameters, particularly dissolved oxygen and season). Under the influence of monsoon winds,
ammonia nitrogen, have deteriorated to critical Thailand has three seasons: rainy season (May-
levels over the past decade [6]. Rapid urbanization September), winter season (October-February) and
and industrial and agricultural development, dry season (March-April) [9].
coupled with inadequate sewerage systems,
contribute to elevated material inputs in the water 2.2 Sample collection and analysis
resources, e.g. nitrogen (N) and phosphorus (P) [7].
The abundance of nitrogen and phosphorus Temperature, dissolved oxygen (DO), salinity and
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pH of the water samples were measured using
a multi-parameter probe (YSI-6600 Sonde
Instrument) at the sampling sites (stn.1-12).
For nutrient analysis, water samples were pre-
filtered through GF/F (Whatman) and then
immediately stored at 4 °C before
transportation to the laboratory where they
were kept at -20 °C until required for analysis.

1470000

T k] e By

560000 570000 580000 590000 600000 610000 620000

Fig. 1 Sampling stations (UTM; 47P) of the Mae
Klong River with the ‘upper’ zone in Kanchanaburi
province (stn. 1-2), a ‘middle’ zone in Ratchaburi
province (stn. 3-7), and an ‘estuarine’ zone in Samut
Songkhram province (stn. 8-12).

Ammonium (NHy"), nitrite and nitrate (NO,"
and NOs), and orthophosphate (PO,*)
concentrations were determined using a Skalar
segmented flow analyzer with corresponding
detection limits 0f0.70-57.14, 0.70-14.28 and 0.03-
3.87 pmol L. Specifically, the DIN and P loads
were assessed at stn. 1-10 cross-sectional sites using
a two-dimensional Surfer model. Nutrient loads
were approximated by equation (1)
M; = [Conc]A;UhAt; (€))

where M; is the amount of nutrient load
(ton/day), Conc is the nutrient concentration
(ug L), A is the cross-sectional area of section i
(m?), Uh; is the flow velocity of section i (cm/s) and
Atiis the length of time (i.e. 1 day) [2].

DIN and P loads were used for making
decisions regarding the focus areas for pollution
carrying  capacity = assessment using the
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mathematical model (Fig. 2). Pollution carrying
capacity was conducted at two separate time
periods: September 2015 and April 2016.

Mioads = [Dis1xConcacni] + [DiszxConcacez] +
[DissxConcaess] +...

4

INPUT o - DUTPUT
Mo | M = 5 XN M
=1

Fig. 2 Mathematical model for pollution carrying
capacity assessment of the Mae Klong River.

Nutrient loads were approximated by equation
(2), (3) and (4) in Fig. 2,

Micadgs = [Dis1 XConcaet ]+[ DisaxConcaer]+

[ DissxConcaess]+. .. 2
N

Mons = /N 3
o
25

Mpes =; [Conc] ‘Uh-A “4)

il |

where Migags is the amount of nutrient discharge
(ton day™”) from industrial (Ind.) residential (Res.)
and agricultural (Agr.) activity, Dis; is the amount
of discharge in each activity (L day™), Concac is
the average concentration of DIN or PO,*-P (ug L-
') Meont is the amount of nutrients within the box
(ton/day), x; is the concentration of DIN or POs"-P
(ug L) at the present time within the box, My is
the amount of each nutrient load (ton/day), [Conc]
is the concentration of DIN or PO,/*-P (ug L") in
the time focus (1-25 hrs). Uh is the flow velocity
(cm s™) passing through the section in the time
focus, and A is the cross-sectional area (m?) of the
section in focus.

2.3 Data analysis

Physicochemical properties of the water
samples associated with both sampling periods
(April 2015 and September 2015) were
determined using descriptive statistics and
presented as means + standard deviations (SD).
T-test was used to verify statistical differences
between the two study periods, with p<0.05.
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3. RESULTS

Table 1 shows the physicochemical
characteristics of the water samples for both study
periods (rainy and dry seasons). Results revealed
that water temperature and salinity varied
minimally from season to season (p<0.05) and were
lower during the rainy season. Sampling locations
(stn.1-12) and seasonal variability had no
significant impact on pH levels which remained
relatively constant throughout.

Table 1 Physicochemical properties of water
samples (meantSD)

Study period

Parameters April 2015 September

(dry) 2015 (rainy)
Temp (°C) 31.85+0.71*  29.19+0.72°
DO (mg L) 5.62+2.26° 547+1.112
Salinity (psu) 2.79+5.19* 0.39+0.62°
pH 7.63+0.22* 7.18+0.19*
NH4* (umol L) 8.57+8.41* 5.13+2.08°
NO2+NOs3 26.83+13.34 b
(umol L) = 11.55£3.76
PO4* (umol L) 1.31£1.90* 1.77+1.18*

The DO varied in response to seasonal
variability (p>0.05) at alarmingly higher than
Thailand’s minimum threshold of 4 mg L.
Average levels of NHs" and NO2+NO;" also varied
significantly (p<0.05) with the season. Minimum
and maximum concentrations of NH4* and PO,*
associated with dry and rainy seasons were
respectively 1.73 and 28.92 pmol L™, and 0.10 and
5.23 umol L. Observations also revealed that NH,*
and NO;+NOs™ were high during the dry season.

Table 2 shows the cross-sectional area, water
volume and current velocity associated with the 10
cross-sectional sites (stn. 1-10). During the dry
season (April), stn. 10 exhibited the highest volume
and velocity of 78.49 x 10° ton day™' and 39.7 cm s
!, respectively. Meanwhile, stn. 2 recorded the
lowest volume (3.09 x 10° ton day™) and stn. 7 had
the lowest velocity (12.5 cm s™).

Nutrient loads (DIN and P) associated with
stn. 1-10 were estimated using (1). Results indicated
that the DIN and P loads were respectively
in the range of 2.09-31.00, and 0.03-5.25 ton day™'.
The highest DIN and P loads were registered at stn.
10, 31.00 ton day™' and 5.25 in the dry season (Table
3).

Nutrient (DIN and P) transport analysis
implied that the major contaminated sites were

around Samut Songkhram Province. Results of
nutrients loads indicated that the lower zone
(Samut Songkhram Province) should focus
on a point source area in the Mae Klong River.
Table 2 Water volume and velocity of the 10 cross-
sectional sites during the dry (April 2015) season

Zone :t S::':tel:n Xl(())l;ltt:re] \(,:[f:lg
3 (m?) day™)
1 1.217.05 31.34 29.8
Upper 5 19658 309 182
3 25398 437 19.9
4 53614 10.84 23.4
Middle 5 33177 10.93 23.8
6 564.10 9.07 18.6
7 73209 7.91 12.5
Lower 8 74791 10.15 15.7
9 121372 26.95 25.7
10 228823 7849 39.7

Table 3 DIN and P transport (ton day’) at three
cross-sectional sites during the dry season (April
2015)

: DIN A
Zome Secc;:;)er;ed (ton, ;*la Y (ton :iay")
St 9.80 0.13
Y st2 2.09 0.03
st3 322 0.04
- St4 3.36 0.10
Widde Sts 3.35 0.11
St6 471 0.12
St7 4.54 0.1
St8 5.97 0.13
Lower St9 12.64 0.44
St10 31.00 5.25

Table 4 Parameters for calculating the mathematical
model in the lower area (Samut Songkhram

Province) of the Mae Klong River
Levels of
Type of Nisath xaltar concentration
waste NG i No. (ug/l)
water DIN PO4*-
P
Industry 5x10° 80 236 445
. Lday”! factory x10° x10°
Domesti 342 194,069 10.9 14
c Lcap.'day! cap. x1®  xi0?
Shrimp 1.9 x10* 1,613 2.7 43.1
pond LRai'day! Rai x10°
Rice 2.3x10° - 3.6 49.6
field LRai'day! x103
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DIN and P transport for pollution
carrying capacity were calculated using the
equations shown in Fig. 2, with primary and
secondary data collected from government officials
(Table 4).

Results revealed that DIN and P transport
during the rainy season were higher than levels in
the dry season. However, output levels of DIN and
P loads in both seasons were lower than input levels
(Fig.3). To improve self-remediation of the river,
especially during the dry season, high DIN and P
levels in the box require larger recharge from the
Mae Klong River in the dry season and imposition
of restrictions on the discharge of wastewater into
the river.

o

(b)

Fig. 3 DIN and P transport (ton day™) for pollution
carrying ~ capacity  assessment  using  the
mathematical model in the rainy (September 2015)
and dry (April 2016) seasons in the lower part of the
Mae Klong River.

4. DISCUSSION

Research results indicated that temperature and
salinity of the river water varied minimally with
seasons, while pH levels also remained relatively
constant throughout. According to [2], freshwater
inflow and precipitation-induced drainage influence
the salinity level. Findings also revealed that
dissolved oxygen (DO) was higher than Thailand’s
minimum threshold of 4 mg L', rendering the water
unfit for aquatic animals [10].

Furthermore, high DIN and P nutrient
concentrations suggested anthropogenic
contamination from the high population density
along and near both sides of the river. Nutrient loads

87

from the major areas revealed the impact of
anthropogenic  activity, while water flow
characteristics influenced water quality in those
areas [2]. Generally, nutrient loadings in a river are
linked to natural and anthropogenic sources, e.g.
runoff from urban areas and plantations, and inflow
through organic-rich ground [11]. In addition, non-
point sources e.g. storm water runoff and runoff
from agricultural and urban areas contribute
significantly to riverine biogeochemistry [12].

In water quality assessment, NHs" is an
important determinant [13]. The NH4" levels in
water bodies should be below 1 mg L' (or 71.4
pmol L) [14], and the PO** levels below 1 pmol
L to avert eutrophication [2]. The POs*" levels in
the Mae Klong River were in excess of the limit.

Anthropogenic activity and water mass transfer
direction of the Mae Klong River, especially in the
lower zone (Samut Songkhram Province),
contributed to high DIN and P loads. Nutrient input-
outputs were high in the dry season when nutrient
loads were excessive. High nutrient load have to be
focused on the reduction of diffuse sources,
particularly the nitrogen and phosphorus emissions
by drainage systems have to be reduced [15]. [11]
reported that nutrients in water could be diluted or
enhanced in response to areas that the water flows
through, and that nutrient concentrations influence
the self-remediation of the waterways.

[16] also suggested that the potential for nutrient
reduction may be greatly enhanced by the discharge
of large pulses of water. An opposite effect
from a decrease in the flow velocity in the middle
zone due to the river’s morphology could I water
and, thus, nutrient accumulation could be enhanced.
In addition, land use contributes to nitrogen
enrichment in the river [17], while phosphorus
emission from wastewater is prevalent in highly
populated areas [18]. Nutrient contamination
in surface waters can pose a health risk for
humans and aquatic life. In addition, runoff from
urban and agricultural land uses can contribute to
nutrient fluctuation and consequentially water
quality [19].

The mathematical model for pollution
carrying capacity of the area (lower zone) was
positive, indicating adequate self-remediation
and nutrient input-output balance. However,
nutrient loads should be monitored, especially
during the dry season. The levels of these
nutrients were affected by the water velocity. The
results revealed that the estuarine zone had higher
loaded volumes when compared to the middle
zones of the river. High loads found in the lowest
zone could imply that either intermittent loads or
estuarine upward functions had impacted on the
aquatic ecosystem [2].
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5. CONCLUSION

Effects of seasonal variability (rainy and dry
seasons) and nutrient transfer patterns on the
anthropogenic nutrient loads (DIN and P) and the
self-remediation of the Mae Klong River in
Thailand were investigated. Findings revealed
maximum DIN and P loads of 31.0 ton day" and
5.25 ton day™, respectively during the dry season in
the lower part of the river.

The predominantly positive nutrient transport
for DIN and P indicated adequate self-remediation
with subsequent nutrient input-output still in
balance. To address self-remediation in the area
requires enhanced recharge from the Mae Klong
River during the dry season. Observations also
indicated that water mass transfer direction
influenced drainage, nutrient dilution and nutrient
accumulation in the area.
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Effect of Oxygen-free Ice Produced by Fine
Bubble Technology on Microbial Contamination
and Sensory Preference of Asian Sea Bass
(Lates calcarifer) Preservation

Boontarika Thongdonphum*, W. Pivsa-Art, S. Pivsa-Art, S. Pavasupree, K. Yoshikawa
Rajamangala University of Technology Thanyaburi,
Pathum Thani, Thailand

Abstract: Effects of oxygen-free ultra-fine bubbles ice on the preservation of Asian sea bass (Lates calcarifer) was
studied. This species is significant aquaculture economic values in Thailand. To assess the applicability of ultra-fine
bubbles technology for preservation, three types of preservation were tested using different types; (1) keep in normal
ice (Treatment 1 or T1), 2) keep fish in oxygen-free ice; OFI (T2), and 3) freeze (T3). Twelve days, physical sensory
preference scores of the Asian sea bass were evaluated for the three treatments. The oxygen free ice has a positively
impact between Day 4 and Day 8 on the physical quality and sensory preference of Asian sea bass. The finding
showed the OFI is found to be substantially successful in maintaining Asian sea bass freshness. However, the results
revealed that the Asian sea bass retained in regular ice during the experiment displayed a dramatic shift in its color.

Keywords—Oxygen-free ultra-fine bubbles ice, Preservation, Lates calcarifer

I. INTRODUCTION Nowadays, micro/nano bubble (MNB) technologies

Seafood is one of the major natural economic are evolving rapidly in various field [5], especially in
products and a favorite diet of Thailand [1]. Asian sea Japan. Micro/Nano-bubbles technology  based s
bass (Lates calcarifer) is an extremely good source of realistic bio-applications, the produ<_:tlon of biological
protein economically importance worldwide, yet very treatment at the cell-leve! ,[6]‘ Fine t?ubbles (FB)
low in fat and calories, making them a very healthy food technology, bubbles i | of ssic. “Tghbies
choice. Formaldehyde or formalin is commonly used as (lpm<MB<109pm . dia.), and. I ultra-ﬁm? bbbl
tissue preservatives. Many fish sellers spray or dip fish (UFB<lym dia.), is now rapidly emerging as an

with formalin-treated water to keep seafood products innovative technology in different fields [5].
- Thongdonphum et al. [7] stated that between Day 4
looking fresh for longer period of time, where this o 5 o .

: : - and Day 8 the oxygen free water and ice positively
chemical puts public health at risk [,2]‘ affected the physical quality and sensory preference of
The g psd of formaldehyde in fresh seafood has Threadfin bream. The mechanism for preserving fish
been notice in the ﬁ'es_h market, flea n!arket and ﬁfﬂd far freshness is as follows; as fish degradation in water is
from the coastal region [3]. Cooling, packaging in . 4 2
X caused by aerobic bacteria which decompose fish
modified atmosphere preserves the fresh fish products. o : .
Of these products, the microflora is often complex. protein using dissolved oxygen in t,h? W, oxygen-fr'ee
Much of the spoilage is from microbial action [4]. Water can greatly suppress the activity of such bacteria,
Aerobic bacteria that decompose fish protein using resultmgmlong’-term preservation °t:ﬁ5h freshness.
dissolved oxygen (DO) in water initiate degradation ~ The method’s greatest benefit is absolutely free,
mechanisms for maintaining fish freshness in water. ~Without any chemicals. Yoshikawa and Thonglek [5]
Oxygen-free water can significantly suppress bacterial reported that ultra-fine bubbles of oxygen were
activity and increase the time need to maintained measured and found to remain longer under atmosphere
freshness. This approach has the benefit that it is conditions, for as long as one month. It has also been
absolutely free, without any chemical additives. proved that free radicals are generated during the
microbubble collapse, which can very strongly kill
bacteria [8, 9]. For OFW, on the other hand, to prevent
oxygen re-dissolution into water, OFW must be kept

M: ipt ived J 14, 2020, ised June 26, 2020 ted free of air contact [7]
anuscript recenvi une X , Tévl une 20, , accep . . 2 .
June 29, 2020; Date of publication June 30, 2020, In this analysis, oxygen-free ice produced by fine

*Corresponding author: Asst. Prof. Dr. Boontarika Thongdonphum  bubble technology was applied to preserve Asian sea

Technology Thanyaburi, Thanyaburi District, Pathum Thani, 12130, : >
Thailand (Email: Boontarika@mmutt.ac.th). and spoilage on fish skin were tested.
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II. METHODOLOGY

A. Fish Source

Asian sea bass was harvested from the fish farm,
Chachoengsao Province, Thailand, and transported to
the laboratory within around 3 hours. The Asian sea bass
had a total weight of approximately 700 g/individual per
treatment and was tested at normal temperature in each
treatments and tested for 12 days in plastic bags in the
iced storage box in the room.

B. Experimental design

All experiments followed a completely randomized
design (CRD) consisting of three treatments as follows:
fish preserved in standard tap water ice (NI, Treatment 1
or T1), fish in oxygen-free ice (OFI) (T2). Fish samples
T1 and T2 were placed in ice storage boxes containing
ice layers using a 1:2 (w/w) of fish/ice ratio, while T3
was designed to test the air freezing still.

Fish have been divided into 27 group samples. Then,
nine group samples were divided into three batches.
Evaluation of physical parameters for every batch was
recorded for a total of 12 days every 4 days. They were
not returned to the experiment after the samples were
analyzed in each group.

Fish samples weighting 700 g per group were
individually packed in polyethylene bags (PE) and then
divided into groups for sensory tests in 12 days. Fish
were prepared according to the above experimental
design, and kept at less than 5 °C in iced storage boxes.

Ice was frozen at twice the weight of the fish in the
storage boxes and refilled every day to preserve the
consistency of the fish [10] and to avoid changes in
various chemical and physical factors after processing
and storage [11]. The ratio of fish samples/ice was held
at 1:2 and regular replacement of the melted ice in the
storage boxes [12] was undertaken. Evaluation of
microbial change during the 12-day period was
conducted every 4 days.

C. Oxygen-free water

An economical but high performance RMUTT-
MNB generator was developed at RMUTT to generate
N2-FB, based on the pressurized dissolved gas method
(Fig. 1) for basic research. A generator of RMUTT-
MNB can generate many tens of thousands/mL of
microbubbles (MB), and ultra-fine bubbles (UFB) up to
10° nitrogen bubbles/mL, (Fig. 2), measured with
Malvern Panalytical NanoSight NS300.

Oxygen-free water (OFW) was made from distilled
water. Prior to production, a once-through cleaning of
all the generator channels was performed using distilled
water for 20 min with a flow rate of 1 L/min. The MNB
generator had dead space of about 0.4 L.

12

Fig. 1. RMUTT-MNB generator developed for basic research at

RMUTT.

Nitrogen FB was injected and recirculated for
15 min with nitrogen gas flow rate of 0.05 L/m by the
MNB generator to 10 L water in the plastic bottle,
resulting in DO of approximately 0.18 mg/L and average
OFW size of 179.3 nm£134.5 nm (Fig. 2).

OFW was produced by an in-house micro/nano
bubble generator at RMUTT, packed in 20L plastic hard
bottles. The OFW was contained in plastic bags to
produce oxygen-free ice at -20 °C. The OFW was used
immediately to preserve fish without any delay, to keep
OFW as real OFW and to reduce the contact time with
air.
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Fig. 2. Size measurement of ultra-fine nitrogen bubbles in oxygen-free
water and concentration (bubbles/mL) produced by an RMUTT-MNB
generator.

III. RESULTS

Fish preservation

Fish samples were packed in plastic bags at
approximately 700 g weight in each 12-day treatment at
RMUTT. Table 1 shows results. Fish preserved in
oxygen-free ice (OFI) were found to be in excellent
condition after 4 days and comparable to those brought
from the market, while fish in normal ice (T1) showed a
shift in light color and smell as opposed to live fish skin.

The results on Day 4 showed the highest overall
parameter score was freezing, following by OFI and NI,
respectively, while the results on Day 8 showed a
similar pattern compared to Day 4. The overall results in
the fish preservation test had the high score in sequence,
freezing, OFI, and NI, respectively, when considered in
each parameter shown in Table 1.
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TABLE I
PHYSICAL PREFERENCE TEST SCORES OF FISH PRESERVATION FOR THE
THREE TREATMENTS

Overall finding showed that freezing (T3) also
hit the lowest total bacteria followed respectively by

“OFI (T2) and NI (T1). TABLE II

Dey Treat Physical preference scores
ment 3 2
Eyes Gill  Skin  Odor Texture EVALUATION OF TOTAL BACTERIA (CFU/ML) IN MEAT OF FISH
T 49403 50400 50+ 44+ 5.040.0° PRESERVATION FOR THE THREE TREATMENTS
s . 00°  05° L IOy s
0. I SMENe | 43 %‘(’; ‘35; 50400°  Treatment 0 4 8 12
¢ 7 (x10°) (x10°) (x10%) (x10%)
50+03 50400 49+ 46+
3 B . 03 o5 4.9+0.3° TI 047£0.00° 145123  9.68+0.97°  18.76+23.00°
v 38402 35402 38 35+ 33407 T2 0.16£0.00"  0.32+0.07° 2.38+1.02°  10.02+0.29"
o . 05* 06 e T3 0.15£0.00° _0.11£0.17° _ 0.24%0.10° 58342 53¢
4 v 35806 3806 39+ 35+ 344070
. » 0.8 06" P Note: The values in the same column with different superscript letters
T3 4.7::.0.3 4103 42+ 37+ 36405 are significantly different (p<0.05).
3 0.6* D5s Es
gy FMOS -3.1306 %’;f :(’)%f 33107 IV. DISCUSSION
8 ™ 3.3fl.0 3.l=.k1.1 %9; %5; 3.440.7° Reasons for declining fish quality leading to spoilage
T TP need to be carefully evaluated. Depending on the
L1 b . 06 05 360.5° individual the time of pre-rigor mortis and rigor mortis
T 2.2=f0.9 1.8:.t0.5 2.1=:= 2.3{= 1.9+ 04° varies. It also depends on a variety of factors, such as
23407 23405 g;; 397* temperature, handling, size, physical condition, bio-
12 T2 . « 05 05 2.540.5° chemical reactions and microorganism activities of the
- 3~9f°~4 3.9;;:0.5 %gf %(())f 4.020.1° fishes [12]. : : ;
: 3 In the detailed studies of the Food and Agriculture

Note: The values in the same column with different superscript letters
are significantly different (p<0.05).

Evaluation of Bacteria

Results of microbial assessment on fish skin in each
treatment are shown in Table 2. Measurements of
changes in microbial quality were taken every 4 days for
a total period of 12 days. Observations of total bacteria
on fish skin were compared on the 1%, 4 8 and 12t
day. The overall findings showed that freezing (T3)
obtained the lowest of total bacteria followed
respectively by OFI (T2) and NI (T1).

Day 4 test revealed that freezing produced the lowest
total number of bacteria followed by OFI and NI,
respectively. Results at the end of the experiments,
exhibited freezing as the most effective for fish
preservation, while oxygen-free ice made from
RMUTT-MNB had a positive influence on the number
of total bacteria.

TABLE II
EVALUATION OF TOTAL BACTERIA (CFU/ML) ON SKIN OF FISH
PRESERVATION FOR THE THREE TREATMENTS

Day
Treatment 0 4 8 12
(x10%) (x10%) (x10%) (x10°)
G 5 0.7340.00* 0.64+0.46* 8.38+0.96" 21.88+1.63°
T2 0.5420.00° 0.94+1.28° 6.33+2.64° 13.5240.05°
T3 0.25+0.00° 0.1740.00° 2.88+0.12° 6.51+4.39"

Note: The values in the same column with different superscript
letters are significantly different (p<0.05).

The number of total bacteria in meat (Table 3)
differentiated  significantly = between the three
experimental groups when compared in each treatment,
particularly on Day 8 and 12. In comparison, the total
bacteria values in meat displayed the lower average
bacteria values on the skin relative to the total bacteria.
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Organization (FAO) on the use of ice in fish
preservation, when ice is used to lower temperature to
about 0 °C, the growth of spoilage and pathogenic
micro-organisms are reduced [13], as well as the rate of
enzymatic reactions, in particular those associated with
early rigor mortis period.

Gradual degradation of color, texture and taste
during extended of storage frozen shrimps becomes
apparent organoleptically [14]. Products stored in the
upper shelves of horizontal freezers were frequently
exposed to temperatures close to 10 °C, while
recommended storage temperatures were only reported
on the lower shelves. Deviations in the temperature of
domestic storage were even more pronounced, with
reported temperatures in some cases as high as 5 °C.

Oxygen is needed for the growth of aerobic bacteria,
but the flushing of nitrogen gas can be deleterious to
bacteria [15, 16]. Bacteriological analysis is used to
determine the potential existence of microorganisms of
public health importance and to give an indication of the
fish’s hygienic condition [17].

Thus, in our experiments, nitrogen bubbling in a form
of ultra-fine bubbles could penetrated fish meat through
skin and visceral, preventing oxidation of oil and fat
content, as well as aerobic bacteria’s activity and
growth. In such condition freshness is kept with good
taste for at least 8 days [18].

V.CONCLUSION

Results revealed that the oxygen-free ice also had
positive effects for 4 days on physical quality and
sensory preference of fish freshness. Experiments also
demonstrated the applicability of ultra-fine bubble
technology as an option for enhancing fish product shelf

life.



IEET - International Electrical Engineering Transactions, Vol. 6 No.1 (10) January - June, 2020

ACKNOWLEDGMENT

The authors would like to extend deep gratitude and
deep appreciation to the Research Institute and Faculty
of Agricultural Technology, Rajamangala University of
Technology Thanyaburi (RMUTT) for all the support
given during this study.

REFERENCES

[1] S. Osiri, “Sea food safety situation in the East,” Thailand Journal
of Health Promotion and Environment Health, pp. 74-86, 2009.
Available: http:/digi.library.tu.ac.th/index/0125/32-4-Oct-Dec-
2552/08PAGE74-PAGE86.pdf

N. Jaman, Md. S. Hoque, S. C. Chakraborty, Md. E. Hoq and H.
P. Seal, “Determination of formaldehyde content by
spectrophotometric method in some fresh water and marine
fishes of Bangladesh,” International Journal of Fisheries and
Aquatic Studies, Vol. 2, No. 6, pp. 94-98, 2015.

V. Somjit, K. Yooyen and C. Kwannak, “Survey of formalin
contamination in popular seafood from fresh market and flea
market in Amphoe Meaung, Amphoe Sri Bun Reung and
Amphoe Na Klang, Nong Bua Lum Phu Province,” The 1*
national conference, July 29, 2016, Ubonratchathani, Thailand.
pp. 1621-1628.

L. Gram. “Microbiological spoilage of fish and seafood
products,” In Compendium of the Microbiological Spoilage of
Foods and Beverages”. New York: Springer, 2009.

K. Yoshikawa and V. Thonglek, “Research and development of
simple detector of nanobubble density through spectroscopic
method,” The 2™ International Symposium on Application of
High-voltage, Plasma & Micro/Nano Bubbles to Agriculture and
Aquaculture, July 26"-27% 2017, Rajamangala University of
Technology Lanna, Chiang Mai, Thailand. Available:
https://webs.rmutl.ac.th/assets/upload/files/2017/12/2017122511
5505_23136.pdf

T. Marui, “An Introduction to Micro/Nano-bubbles and their
applications,” Systemics, Cybernetics and Informatics, vol. 11,
no. 4, pp. 68-73, 2013.

B. Thongdonphum, W. Pivsa-Art, S. Pivsa-Art, S. Pavasupree,
V. Thonglek and K. Yoshikawa, “Effects of Oxygen-free Water
on Preservation of Threadfin bream (Nemipterus hexodon) &
Kuruma prawn (Penaeus japonicus),” WPEST, vol. 12, no. 2, PpP-
93-96, 2019.

M. Takahashi, K. Chiba and P. Li, “Free-Radical Generation
from Collapsing Microbubbles in the Absence of a Dynamic
Stimulus,” J. Phys. Chem. B, Vol. 111, No. 6, pp. 1343-1347,
2007.

M. Takahashi, K. Chiba and P. Li, “Formation of Hydroxyl
Radicals by Collapsing Ozone Microbubbles under Strongly
Acidic Conditions,” J. Phys. Chem. B, No. 39, pp. 11443-11446,
2007.

P. Kwan-on, P. Suwansakornkul, N. Raksakulthai and J.
Runglertkreingkrai, “Effect of freshness on physicochemical
properties of flesh and protein gel from Spanish mackerel
(Scomberomorus commerson) during iced storage,” Available:
http://old.rmutto.ac.th/ﬁIeupload/Wamasa%ZOBalsong6No.5.pdf
A. Imran, J. Chawalit, and K. Somrote, “Characterization of
quality degradation during chilled shrimp (Litopenaeus
vannamei) supply chain,” International Food Research Journal,
Vol. 20, No. 4, pp. 1833-1842, 2013.

N. Huy Quang, “Guidelines for handling and preservation of
fresh fish for further processing in Vietnam,” Quality Assurance
Department, Seafood Export and Quality Improvement Program,
Vietnam, 2005.

[13] FAO, “Improved fresh fish handling methods,” Food and
Agriculture Organization of the United Nations, Available:
http://www.fao.org/docrep/V7180E/V7180e08.htm

T. Tsironi, E. Dermesonlouoglou, M. Giannakourou, P. Taouki,
“Shelf life modelling of frozen shrimp at variable temperature
conditions,” LWT - Food Science and Technology, Vol. 42, PP
664-671, 2009.

N. Khunsoongnern, “Quality change of Tilapia fillet stored under
modified atmosphere,” Master of Science in Food Technology,
Suranaree University of Technology, 2003.

[2]

(3]

[4]

[5]

(6]

[7

(8]

9

[10]

[11]

[12]

[14]

[15]

14

[16]

[17]

(18]

P. Munsch-Alatossava and T. Alatossava, “Nitrogen gas flushing
can be bactericidal: the temperature-dependent destiny
of Bacillus ~ weihenstephanensis KBAB4 under a pure
N, atmosphere,” Frontiers in Microbiology, vol. 5, 1-11, 2014,
A.A. Edris, F.S. Hassanien, F.A.E. Shaltout, A.H. Elbaba and
N.M. Adel, “Microbiological evaluation of someheat treated fish
products in Egyptian markets,” EC Nutrition 12.3, pp. 124-132,
2017.

A. Serizawa, “Fundamentals and Applications of Micro/Nano
Bubbles,” The 1* International Symposium on Application of
High voltage, Plasmas & Micro/Nano Bubbles to Agriculture and
Aquaculture (ISHPMNB 2017), January 5-7, 2017, Rajamangala
University of Technology Lanna, Chiang Mai, Thailand.
Available :
http://webs.rmutl.ac.th/assets/upload/files/2017/01/20170106155
252_97638.pdf



