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Abstract

Nile tilapia (Oreochromis niloticus) has been expanded rapidly, intensified and economically
important commercial fish. However, earthy-musty off-flavors (geosmin and 2-meyhylisoborneol, MIB)
containing in fish is the most serious problem of earthen pond-raised tilapia. The purpose of this research
was to evaluate the effectiveness of low cost materials (gypsum, rice straw extract) and some
microorganisms on reducing of both geosmin and MIB levels in laboratory scale (experiment 1) and in fish
ponds (experiment 2). Phytoplankton and actinomycetes bacteria which responded for these undesirably
odorous compounds were investigated. Gypsum powder was obtained from Maemoh Electricity Generating
Authority of Thailand and rice straw was collected from paddy field.

The results in laboratory scale showed that gypsum could reduce in geosmin and MIB in water
ponds through both particulate and dissolved form. In contrast, rice straw extract could not reduce geosmin
and MIB in ponds water. However, it could reduce total ammonia concentration effectively. We also found the
5% Achromobacter denitrificans could degrade off-flavor compounds showed effectively. Bacterium in liquid
product form performed better effect comparing with others production forms.

Result of second experiment revealed using gypsum (200 ppm) and rice straw extract (1 ppm) had
no adverse effect for fish through culture period. It was found that off-flavors level was lower in ponds treated
with rice straw extract than other treatments. According to our findings, we suggested that gypsum and
microorganisms could be used for off flavor mitigation before harvest while rice straw extract could apply for
toxic ammonia control. Further study will be focus on using plants extract for reducing ammonia in both fresh

water and sea water aquaculture.

Keywords: Off-Flavor, Geosmin, MIB, Gypsum, Rice Straw, Microorganism
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W1 (Schindler, 1977; Smith and Pettit, 1983) L#asanszauvadlulasianuazaanatatu tdszaufdazd
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UNTUA i’;&l'ﬁi‘igﬁuﬂ%‘ﬁﬁﬁayluﬁﬂmmsiuﬁ’ﬂfu6] gansnisananlaanlaodeddszinsaw

Tanaka et al. (1996) V‘hmiﬁ’rnﬁma:l,mﬂL%aagﬁuﬂ%'ﬁﬁmmmﬂamammﬁﬂaﬁ AMNAINTBITINN
‘ﬂ’mI’iN’mqmﬁ’mnﬁu ﬂi:mmﬁ'ﬂ;u 2 a’lslwbu)fﬁa Pseudomonas sp. \Wae Enterobacter sp. lagaN1TaFany
&17 2-methylisoborneol (2-MIB) Thnanaidu 2-methylcampbene Wae 2-methylenebornane (dehydration
products) T nizsiuans dehydration products a1ialed] ﬁvl@‘fﬂ'aﬁﬂﬁl,ﬁ@ﬂﬁuiﬂauluﬁtaﬂmqnﬁwﬂwﬁamg
Wi ualuszaziadaunins3suuas Eaton and Sandusky (2009) lagdnsnnsiasuamwusaduled Tay
uuafiiSunga Camphor-degrading bacteria (Mysilasiashslndidusnuidalefiniaidulad substrate analog)
l@uri Pseudomonas sp. uaz Rhodococcus sp. 43813 metabolites 7116 lidnawuassa wiaanadasuniila
Wisunussauled %aﬁvlﬁwamwﬁmﬂ"'umiﬁﬂwﬂmmﬂﬁL’%ﬁﬂa;u terpene-degrading bacteria 1@t} Eaton
and Sandusky (2010) @svinmssans (Wasuanw) vasensseesiulinaioiduans 2-ketogeosmin Az
7-ketogeosmin Gl Fnaule

Saadoun and El-Migdadi (1998) ¥innms@insnstesaansdaasiunsiinw lasltuuadisounsy
u3n 7 e lewn Bacillus spp., Arthrobacter spp., Chlorophenolicus N-1053 W&z Rhodococcus maris WU73N
Arthrobacter atrocyaneus, Arth. globiformis, Chlorophenolicus N-1053 ILlaz Rhodococcus maris 13130888
’AN8E1300RW 6

Saito et al. (1999) ﬁ'm']sﬁnmmsaiamaawaﬁaaaﬁuiwaqﬁuw%ﬁI@]mmm%amﬂﬁﬁwizuu Arinu
TRQNIITINIW WAL TTUULANANAIFAFAAT Tosmslfifanan wuimanindesameioaadulinaedn
§13 metabolites Nanua 4 wiia lapugnoiieaslasls Gas Chromatography



Hoefel et al. (2006) ﬁﬂmqﬁuﬁﬁﬁ'mmm:iayamﬂmi%‘aaaﬁu lagnagauyseANTAWANAMTIE bu
Tafl&u (biofim)lunaauiinsasnae (sand fiter column) wulauuafisunsuauidusiiaws 3 ofia fe
Sphingopyxis alaskensis, Novosphingobium stygiae W82 Pseudomonas veronii nsasaseusiialasly
fS1AULUE 16S rRNA gene sequences ﬁmaaﬂﬁmnmﬂﬁﬂ denaturing gradient gel electrophoresis (DGGE)
ﬁl’mﬂ’]iﬁﬂﬂﬁﬂi:ﬁﬂ%‘uadL%aqaqu%ﬁY% 3 gfia luninsesnuinaunTnaadSuimiseaiuainin 70% nelu
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nMInaaadn 1: ﬂsmﬂﬁmwwaami‘l%guﬂﬂﬂw WvnuazgawnIdinenisaana Taaw
1. 3A5n1saBnnsIY lagudadu 3 TANINANDY

BAN1INAAIN 1.1 N3 IFSlTNINanIsanNaBlAak

o o & Aa & “ 4 a a a a
iihandadssdan Nilasalsflas 400 lulasniudefas uazi@uansuiasgiuvasdoasiin
wazidw'led 5 lulainiudedas wnasevlugda Aflszauanudutuvesbldu o, 200, 400 uaz 600 ppm

TavinnInaaas 9 % 31K 3 60 mm’i’mm"’unauiﬂautta:qmnﬂwﬁw

i

AN 3-1 BusuTinalSlunsneass AN 3-2 MIASuNEUTNFIRTUNMINARD

~ GSMUua:zMIB 5 pg/1 >
q ‘ 4 treatments with

3 replicates

Control
(0 ppm) 200 ppas
400 ppm 600 ppm

AN 3-3 MINARBINIITEUTY Lﬁaﬂﬁiaﬂﬂauiﬂﬂ%
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1.2.1 @nwranadasnvasunuiuluszaunnesnafiansiu thafwuaanududuses
unuinuazszazna lumsarannstnlumsmesasmsldivhsdaiensaas sasiuuazisyled

Taga A ULINYNMTERAUINNITIATLAUAITH FIFNITNAREI 3 ATIINURAINIT
e lasudiadu 3 ganmmasass az 3 £ 60 10, 20 waz 30 niwdedns 1w 30 Tu iRarimI
A79FeUUS I DUN TR INMINA8INUINTEaUNNIT IR usIRa AT AT T u asunUiRLaN eI
(MW 3-4 UazANT9 3-1) uaznsanan1eanf 15 Swdunafvanzaulumsinlunesesludunoudaly e
fwmsandussunwind ldannsananistridunm 15 Sullaunsesit Y = 5.4309x 7t R® = 0.9956
(MW 3-5) Bamanganuirlunisananietn 15 i et 1 n3ulw unudin 5.43 Sasnsy
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[
h
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W 2= 5 S
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s a - ]
E 50 30 gl E 20 P
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AN 3-4  ANUTUTUVRIWNUARIUTZAUNIITIIN - AN 3-5  ANUFNNWTVDITLAUNIITIINUAINY

@9t VU UUBILNIAUNLIAT 15 9

@139 3-1 AU NTUY I UAUNFNANWIIT D WIAN 15 4

seaun19717 (g/l) ANMNLTNTRABIUNKTK (ppm)
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& § A «
1.2.2 M3 sz iansandaaadinuazian lal
o o = Aa & “ . a a a a
iihandadssdan Nilaaalsflas 400 lulasniudedias uazi@uansunasgiuvasdaosin
=3 = > ] a v A v dld U v a a =Y 0/
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ANATPIUBBIUNUAUNANUTRTWELINU YnIMases 9 Tu :ruau 3 1 aTaTaszaunfulaauLazg NN
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(ﬂ " 5 treatments with
3 replicates
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ﬂ”ﬂL§E]ﬂﬁ!ﬁuﬂ%ﬁﬁﬁﬂizaﬂ%ﬂ’w\lluﬂ’l‘iﬂE]Uaa’mﬂauiﬂausluﬁﬁ ll’mﬁf,f‘m I 5 3ia 31N
Qs 1 g a a Clﬂ' o Qs AI L qﬂ; A v o A v ) dl
Madsedunignaansnianaulaanldaninua 43 laloan @alddmanunulasinisslugnni
duaud) lasimmesasuanudsaansvedelumailddszgndlslutairosda lagldidusuanoda
U nunsaeanvdaduilne astuaaudalud

1.1 nagauanumanInlumahmoadidaiaauas lasadunidusiiadadginme

2K A o

o e A | ¢ & A v v && P 9 o
28980310 (NTTuaien) aNTntesrasiTasiiaiianuadle danalizaiinans Falanuidunacdaria

e X A ae X o 4 o an ¥ . _
midaegardunitnguiioan lauldi5m3 Blood agar plate Failuitnisnaseuifianga Fastidious bacteria
lagnagauaNNaINI0 AT Hemolysis LialRaauad (Wegner et al., 1992) inmsaalianiauuafiisan i
o v & & =)
Mldlradidafaauaiuan

¥ . ) & AN H o
1.2 nagauidanguauaniladends langanguitliidunvensvlunmsldlumsgaswnyu

e e A

AT émﬁuﬁwé’wfﬁﬂaaaanﬁaamnvlajwuL%anq'uﬁ (FNNUINAITIUFUAUNBATUIZOINITURITA, 2549)
A5n3n79meuUTuU3Ia1N Smyth and Kahimeter (2005) 1%81%13 Mannitol salt agar (MSA) lagtinigaf L

[
)

IWrasidaiianuauan (nde 1.1) Weauan@ladonas sunrnesyuuinienmisaoade laide
sansaldinmauaniinealuams sravnlwemsiaoadedond nieliasuaila lasnisaaidanigadia
vnmssadenuueiseilivnlvomisasnd (Wlsidesuanilafones)

1.3 ﬂ@aaué'mwmil,ﬁtymau%aﬁl.umiziammﬂﬂﬁlu‘[ﬂau Tzt adeluanmsinay
munaulessduuazidyled JadanninaTy o Br9aiFudu 24 uaz 48 Tu. vandendaiianldiua
5 lalsang az 3 61 Mandudwan 45 detne ewSoufsolsinmwnstesrmonazdanninasylu
LARTTIIIAN

14 negauntnalialuaitan (In-vivo test) 1umimaaﬂ“ﬁgnﬂmfﬁaﬁﬁmﬁfﬂﬁaLaﬁm
Uszanm 30-40 N3 shannagausasImsiinlsa asanamInesaslagsauwauaztsinninuasaiuazin
fFunaensthouszansvesda I@Uluaawuaoﬂmﬁmm:ﬁ,’]vl,ﬂmﬁgﬁlﬁsmﬁ%ﬁ’]mﬂwﬂL‘B?amﬂa"i’m:mﬂlu
yaslafansdan (Verschuere et al., 2000)

15 V\@maué’mnnﬁw%zymawfalunﬁziaﬂamﬂn?{ﬂﬂau Twihdradnannunasmzae

Uaneunisaga lagtiudratneinlntamwnzfesUauuunuwinis  wisniInasasaaniidn 5 TANT
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fnNUszanTnndosranonanlaanlaaudazsie lwoansiwnuand1anuluindragranesan|y

A

nanad (USurmTalSudu 0, 2.5, 5, 7.5 uaz 10%) innnsnasaunuidand 5 lalaians az 3 1 1&w
aaRuNI

]
Safn OD 3ud%u Lmzi??mg@msmaau AMUIIIAAWUES 600 Nm Lﬁamaaué'mwmim%zymau%amiau%a
NARDUIATINIIAINY é’asi‘ﬁ'miﬁfuﬁwmuu,'uﬂﬁL’%'m%mﬂﬁsmmm@m6] U IIUI AN 300 T8N
1.6 maaumim’%tymadL%@J‘Lumiﬂammmﬁ'ﬂﬂau Twindregrsanunssniziasslan
Taoifudasnsinlutamnzasaauuununuin lﬁwLﬁaaﬁuﬂ%ﬁﬁﬁé”mwmm%zyqaqﬂ LLﬂZLﬁ]%QJUL%’JﬁQGI LAz
ﬁ*ﬂ%mmmﬂ%ﬁmm:auﬁ'q@mn% 15 aslusihdredefitaionly AdUsunmvesdedeUSunanindratna
anzay (adn9day 2 aunWuE) i'ﬂmsm’%zymaoﬁa@ﬁm‘%ﬂummm@m6] maaumsm’%tymaoﬁaluamazﬁ

a

A A6 a A by ' & a & & a a by aa .
faAunidoiiadug lwhanundamadoida weslinmziasdisznauvasyfunidluin las3F Denaturing
Gradient Gel Electrophoresis (DGGE) iafinmuSanmadunidniduasidluifiszozioaednig  nisagsea
A A & 4 A A A ' & A Ae a A R o & 2

wiadTinaudanianiasanaifiazoziansiull ansdszsinsfunidafiaan g luundsihes Suwunsdu
150 @883

1.7 WIANBAIINIIIIY 80N IITYT NI wae doubling time VaILTa @IBTTNIIRLTIWIN
wuASENIRNANIEoLIAGN9 9 wazrinmIaTdenziUsinanaulaauluin lasldiasas GC/MS vinms
anlianzianududuien ni uaziladuganiiagoy

1.8 aaiianiTa uazanzfimunnsaniulaauldgiga insudsganimasaseanidu 4
TANNINARD I@ﬂm?ﬂmﬁuﬂ%iﬂugﬂﬁw WY LAZULULNE® 31%73% 3 61 naaadtdniian 20 7% 637970 52aU

naulaaunne 2

2. 129unvi1nsAnE

2.1 amaraulSunnanlaan: Jaasiuuazidnlad sl,uﬁm”ﬂugﬂ Particulate form waz Dissolved form

MuIDVRY Grimm et al. (2004) I@m‘i’uﬁumsmmaaunﬂﬂ 3% wﬁuq@msﬁﬂm

2.2 m’mi’@ﬂ%ﬁ’sqmmmﬁn maadl waemaianam lwihandaidsedaniia (@UAUMINN G 3 T W
éuq@mﬁnm) laun
- qmﬁqﬁﬁﬂ laeld Thermometer
- anudunsa—enslasls pH meter (Schott-Gerate CG 840)
- eandauszawtin lagis Azide modification
- paslowesianaanata las3T Stannous chloride
- wanlulelulasian 1auAT Direct Nesslerization
- wesnlulasiau lau3 Phenoldisulfonic acid
- asaliflad-la aautainnnit Lee (2000)
- total nitrogen W&z total phosphorus (APHA, 2012) lagldasiafinazdimsiienshanuusen
Merck (NN 3-8)
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[ 2000 LTGRO0 HeAs2se

NN 3-8 MIAiluazgUnIninmIIATIEA total nitrogen Uaz total phosphorus

2.3 myiazidsunmunuiin
JiaMziUSunaunuiiu 9anyU3unm polyphenols aautasanuituas AOAC (1990) Tagsingn
#2881981 1 DaAAATULRINENAURITAZANY Folin-Ciocaltew’ phenol reagent USu1a3 5 Aadaas flin
UMD iRaIML 3-8 WITH LAY 7.5% Na,CO; 4 Hnfdny nanliidhiufialiwm 2 Talusngunpiives (adld
& o A A A a o 2 o & IS
lauuasuaq) nvwihanianganiuussnanuenanau 740 wilwaas Wsuiy Blank Saldinau lay
Wisuiiguania lenunwanasgiusasanIazalonIaunuin (tannic acid) (@uAuMILANIETANINAfN

Iwsthiiemsaananlaan luanud 3 Twas)

2.4 anvadSinoudesfunidlundaztranamasevlaslfifeasdiauaiu uaz spread asluamis
¥ $ o a o A { a a = '
plate count agar uazan1IRBATES UM ZLNTHG (FuuNIRNETAMIMARITLENRUS IS U TNt an

gananaulaau)

2.5 ”3mm:ﬁ‘*ﬁﬁ@LLa:‘]J'%mmﬁgﬁuﬂ’%ﬂum”'sa&i’mﬁ’mnﬁjaL&Tﬂdﬂm laglfinafia Denaturing Gradient
Gel Elecrophoresis (DGGE) (Muyzer et al., 1993) LRZYINMTATZAINAUIUFVDIEY 16S rRNA maagﬁu‘n%ﬂ{
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- lwamnlulasian 1as33 Phenoldisulfonic acid

- analsWaa-1e AauUadIan3T Lee (2000)
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YMINLAIBENIAUAZNBUINNAUNULD mme%al,mﬂﬁﬁﬂuﬂa;uLLaﬂﬁiuﬁ'ﬂ%auummi

Starch-Casein agar (Kuster and Williams, 1964) IR nystatin 25 pg/ml, cycloheximide L8z nalidixic acid 10
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5. YsznTnwmsidasuarmsiduiite (food conversion efficiency, FCE)

= RN FATINTILNN x 100
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ﬁ%’]'ﬁﬁ”ﬂnJaﬁ%m‘fm%awnﬁu%amﬂumiﬁ'}mmimﬂl‘*ﬁmmimaaaﬁlﬁuﬁﬂsfmﬂ%mﬁwn”wgﬂ
auauluudazin GﬁqwuiwﬁﬂsﬁunﬂmwLiuﬂﬁummsna@ﬂﬁluiﬂauvlﬁﬁlufuﬁ 6 (A1319 4-1) uazdsz@nTan
yasfUtulumsansosainuadulofianaamnases iedailuanudutuvasdlsy 1 Sasnsudeaas
ﬂiﬁﬂgiﬂﬁﬂ%’&lﬁmmd’wﬁu 200 400 uaz 600 ppm JUszEnimwlumsaanaulaawliuandnanwniesia
(P>0.05) T fusufinanuidugu 200 ppm ﬁﬂizﬁ'ﬂ%mwmiaﬂﬂﬁﬂﬂaﬂﬁﬁﬁs;mLLa:mmmamﬁuvLaﬁ"L@T
wnniFeasin (1319 4-2) Gofendutufiaanudute 200 ppm ssnsrasLazuana ladninaaa

\TUT DY)

¢ s & a a P & A v A e A = a o \ )
M1919 4-1 Lﬂﬂiﬂu@miﬂ@ﬂﬁﬂﬂﬂu (ﬁ]aﬂﬁNuLLazLanLall) @'lililﬂsﬁll LNaLﬂiﬂ']_lLﬂﬂuﬂu@ﬂﬂ?uqul%u@]az?u

@iy + andoauunasgu)

Sufiri Total GSM Total MIB
n1INAaaI 200 ppm 400 ppm 600 ppm 200 ppm 400 ppm 600 ppm
3 6.92+4.87°  2425:10.65° 31.11:4.11°  2.62:2.00°  3.80+2.88°  10.4316.59°
6 51.32t4.26"  56.50:2.61°  58.47:5.39" 30.15:+13.93° 75.63:2.95  64.64+13.56"
9 51.14t5.19"  56.14£1.60"  63.41:456°  36.67t7.61° 72.68+1.74°  40.79:9.19"

IEQUIVTE A8NWIAINO BRI WIBUDIELINY LEAIANNLANGBE NIt E A NIFAA (P<0.05) Naay

1a83% Duncan’s multiple range test

@139 4-2 UsziinTmwaasbugulumssaninlaau @oasiuwszidulod) (d1ads + dudssunanaigin)

szansnInnITannanlaan

L a o
ANNLINABYBILRN (mgl/l)

o0 (ng/l) BUEN 1 mg/l woxladl (ng/y B 1 mg/l
200 3.30 + 0.63° 5.71 + 2.63°
400 2.98 +1.11° 5.42 +2.64°
600 2.37 + 1.02° 3.35+1.30°

WANELNAG : AranwIaINENanwluaaNfaeINY LeaInuLana1dat1Idns Ay n19aia (P<0.05)

nazaulay3s Duncan’s multiple range test

navasddtuAaaNTNIRDaInaalNadte nuUszAnsawresdUdulunisanaaalifadte
TaganududusasduUsuns 3 Anuaudn (200, 400 uas 600 mg/l) sunsnanaaalsfadielwinldiide oy
AUTAAILAN TogdauduanududuuesdUsy 1 Saansuaasias wuinanuTugud 200, 400 waz 600 mg/l &
UszanSnmmsaaaaslsiadio 1.26+0.25 1.16£0.22 uaz 0.74+0.29 Haansudeaas musey delidas

UANEINNINENE (P>0.05) (@134 4-3)
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@1319 4-3 dazEnTnmassBisulunisaanaalsfiasie (Auads + dndesiuuanasgiu)

e e o dseandamnitanaaalsiaate
ANMNLTNAWUBI BTN (mg/l) o
pg/L/gla 1 mgll

200 1.26 £ 0.25°
400 1.16 + 0.22°
600 0.74 + 0.29°

o

WANELAG : anwraInguiasnuluaaufldsIny uaadianuuand et Idnafan19aia (P<0.05)

o

naxaulay3s Duncan’s multiple range test

nazasdUsudaanaTaTusasasdlsaamafiazaizin wui qﬂmsmaaaﬁlﬁuﬁﬂsﬁ'ﬂmmm
a@mwL“ﬁufumaaaaﬂﬁwamW@lVl,@TﬁﬂdT’q@muquﬁvlajLﬁ&lﬁﬂ%’&l Tasfuduaunouandlduaadon (Ca)
wazludunveaslswasna (PO,) nanuiduuasifuuwasing (Boyd, 1982; Wu and Boyd, 1990) &9na LW
anuTNTuUedaasisWasWaaatauRd (MW 4-4) LLazqﬂmimaaaﬁLﬁuﬁﬂﬁﬁ'mmmma@mmLﬁuﬁumaaaﬁ
Tswomnalddluiud 6  vasnnansas lagganiugumuisnaaanududusesaailsnamald 74.3
wWasiud qﬂmsmaaoﬁlﬁuﬁﬂ@ 200 400 W&z 600 ppm FINITDAAANNLNT U I005lsWarWa la 92.55
90.67 uae 96.74 LUaslTud aNEGL (NN 4-5) e?m%’uqﬂmuqMﬁmmma@mwLﬁwﬁumaaaaﬂﬁWamWW
16t iilesanindihlumnesasassiduinantaiieslan %dﬁ?dﬁ%%mmmﬁﬂmﬁ'ﬂag LT% WNRINABUND
AaunIe Ldudu FemiFianaiiaaslswesrasalunmsasesdlsznausioas iemsiasyidulauazdss
Fw laparans (2545) nan b nmasfamadvesnduniddsznevlddan ansuen lulasiau WeawaTauaz
Auzt T902308ATIEIWNAD 100:10:1:1 wananftansdsznevsalswesnaniaafiunitwasnasafiaza
ilehin unasimouisuazRmianansninldldidensidiulaled (Huang and Hong, 1999; Gardolinski et al.,
2004) ﬁdﬁﬂﬁmﬂmﬁuﬁ’uaaﬂﬁWameauqﬂmuquﬁ@h@;nm Lwiﬁaasm"l,sﬁmumﬂ'limaaaﬁlﬁ&lﬁﬂﬁ}‘u

mmmaﬂmmLﬁmﬁumaaaaﬂﬁmmwm"L@Tan'j'r’q@muqu

=
=)
S

Q 14.00 -

=

gp 12.00

£

g

£ 1000

k;

=

§ 8.00

g B3 day
© 6.00 a6 day
=]

)

=] B9 day
=

"

1<)

=

=9

5

=

=

=)

Gypsum concentration

NN 4-4 T uUedeasisnasmwWanaza8in (mg-P/)
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o phytoplankton+600 ppm

N
o

120 4

£ 100 -

N .

Q- -

[72) o

2 5 | ]

2 HH

2 15

£ 60 HH O phytoplankton only

S & phytoplankton+200 ppm
S m phytoplankton+400 ppm
> |

o 40 HH

e HH

(] man

x HH

S i

0 day 3 day 6 day 9 day
Times

AN 4-5 Wasidudnisanaaslswasne

fnugmnIwindadnaug wui ldfiannuuandraneadi (P>0.05) law pH fidiade 8.58 + 1.78
qm%gﬁﬁ@hmﬁm 26.71 + 0.19 avaLralfos waluasandanasy 0.53 + 0.31 Iaansvlulasandados
Tulasriddnads 0.47 £ 0.74 Jaansululasaundedas wazluamdanasy 11.18 + 8.99 dadnsululasian

AORAT (AT 4-4)

@159 4-4 ABABUaziga-gIgaTaIg Wi luanuduTuddufidnnu (@duais + dudoauuinagu)

qmmwﬁ"l Fi']l,ﬂsﬁl @i’lq@]-iﬁ\‘iq@
pH 8.58 + 1.78 6.68 - 10.43
gDl (°C) 26.71 + 0.19 26.4 - 26.8
waulufia T (mg-N/L) 0.53 + 0.31 0.24 - 0.96
Tulasy (mg-NL) 0.47 + 0.74 0.003 - 1.61
Tuiasn (mg-NiL) 11.18 + 8.99 2.57 - 22.88

P v & ) P a
PTANIINAIDIN 1.2 mﬂ“)juﬁﬂ'\omaLwamiaﬂna%‘[ﬂau

L3 3’ L3 = a ' :’ v ] a a o A a [
mslEnindianisaananlaan wudnhwt liauninaadeesiuldilafisuiugae
A A Ced ' a 2’ v ] = a R va

awau uwazivadunsiudunalunisnanasiunuiinlui st iimaninaedeasiinldisldimmeanas
A ¥ A . A &V
sIaza1uanaIusesunuiinlunimasasit SadsingirganimassansazaisnasgusaIunuiiun lal
sanInaadoaadu (N 4-6) dwiuastiznavduledluiwuimnganimeseslidfianuuandraniseda
(P>0.005) IwInAl3uduN1IMasad Laziui 3  2adn1Inassd uadanuuandivagredvgdaynieana

(P<0.05) 143UN 6 LAz 9 VBINTNARDS Iﬂﬂ‘*gmmuﬁumm]”nma 50 ppm snannaadIunodnledlddnga
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Jasadanfa aIazaBaNaIIwLNLiRN 50 uaz 100 ppm WalSsufisunuranugu TwaseAraunuiuain
v = =3 q/ol 1 té v ~ v
71994 100 ppm sanInaadSanandaledlddiniiganiugy Genvzduldldhunuivaindrivheluany

dugeddszdninmlunsaadaladlden (nw 4-7)

0 days 3 days
350
a =)
a 23.00 s
= 250 |
£
£ 2.00 | ¢
5150 b
=
2 1.00
2050 a
Q
. : : . 000 — EER _— : _—
control tan RS 50 tan RS 100 tannic std. tannic std. control tan RSS50 tan RS 100 tannic std. tannie std.
ppm ppm S0ppm 100 ppm ppm ppm 50ppm 100 ppm
Tannin concentration Tannin concentration
6 days 9 days
. 1.00 - 1
= 0.90 - 8
? 0.80 1
g 0.70 1
£ 0.60 - 1
‘E 0.50 - 1 c
g 040 1
g 030 .
= 0.20 - 1
% 0.10 a a 1 a a
0.00 | FmEmm  @EEEE | EEE ; ; i . e | .
control tan RS 50 tan RS 100 tannic std. tannic std. control  tan RS 50 tan RS 100 tannic std. tannic std.
ppm ppm 50ppm 100 ppm ppm ppm 50 ppm 100 ppm
Tannin concentration Tannin concentration

NN 4-6 USunmileaaiin (ug/l) lwiu 0 3 6 uaz 9 VaINMINARDI
(tan RS fAa unuiinaninwItn? uaz tannic std. A9 FIIATABUIAITIUVBIUNUAL)
WAULLAG : AanwIINHNaN kN TIWLILEAIANNLANE a1t dALNeERa (P<0.05) nasaulae

1% Duncan’s multiple range test
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0 days 3 days
7.40 - 6.50 a
= a =)
7.20 a 6.00 | a
2 a a a g T
g 7.00 = 5.50 |
| g
£ 6.80 | £5.00 |
g 6.60 - 5 4.50 |
g £
g 6.40 g 4.00 -
2 6.20 2359 |
=
6.00 - . ‘ . ‘ . ‘ ‘ . 3.00 | . ‘ . | . . .
control tan RSS0 tan RS 100 tannic std. tannic std. control  tan RS50 tan RS 100 tannic std. tannic std.
ppm ppm 50 ppm 100 ppm ppm ppm 50 ppm 100 ppm
Tannin concentration Tannin concentration
6 days 9 days
6.00 - A4_00 .
) = J
2 5.00 | ¢ 23.50
b Z3.00 - €
£ 400 - b Easo ;
=
E 3.00 - £200
@ L @ i
€500 | a . § 1.50 d c b
S 3 1.00 - -
0.00 -+l —hed b 0.00 - : Ll :
control tan RS 50 tan RS 100 tannic std. tannic std. control tan RS 50 tan RS 100 tannic std. tannic std.
ppm ppm 50 ppm 100 ppm ppm ppm 50 ppm 100 ppm
Tannin concentration Tannin concentration

47 Usananduled (ugiL) Twsudl 0 3 6 uaz 9 2asN1INARES

(tan RS g unuiina w1977 wae tannic std. Aa FINTAIBNIATIINVDILNUIAN)

'
o o [ A

RUNBLAG : AanwIINENa N WlNTINLILEAIANNLANA et dALNeERa (P<0.05) nagaulae

1% Duncan’s multiple range test

zi"m%'uNamaaﬂﬂaﬁﬁadaqmﬂﬂwﬁﬁ WUTWNWAL LT Nadan NI wyadaas oW s We
¢£I a dl a z’ I v v v dl = = Qo dl I}
dasnnunuiiufiiduadlulwih ldaansnsaenuiduduvasasilsvemaldilanlIouiisuiuganiuquill

a A A a v @ Y A Vo = A A ' v @
LN maum’mmmmaaaaﬂMameuasmq@ (MW 4-8) udadnelsAmuunuininadannuituds
a v @ A A ) L A o @ aa A A
pasuanludisry lasanutututenlufisdanuuandsainefivesaynieaia (P<0.05) TITAAILANN AN
mmLﬁuﬁuLLaquLﬁﬂg{lﬁqﬂma@miﬂmau lummxﬁ‘g@Lmuﬁmqua%aﬁmmmmej”uLLauImﬁm‘hq@
Lﬁaﬁuq@mimaaa (AW 4-9) z%w%”uqmmwﬁwﬂaa”uﬁuq wuin lifanuuandraneadd (P>0.05) (a1314

4-5)

INMIANINLIIWNURREINTDaa N NTwwaN INie I le waldadslaunuinlule
daufin 5 ppm tiesannmaduunuinlutetaludSunaanniiulasainade pH 2091 ¥inld pH aaas
' « A ' ' A by v v A A A A A ° v Aa
atimIa? Tianvazdsnadaszuufinailuth uazdmld dlunsdinuesluiisludafidianmgs uuzinldids

wnuiinlutonsaas 5 ppm udidni g lasanazidudadenwiduig 3-5 14 IwNzaNUdNTwUNUEUIZaaaS
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A A a a o & a A a 1w @ ' AA 1a a = ' '
LNﬂ&ILLaMINLuUﬂﬁJ’ImgO @Nuuﬂ’liwmLmuuu@l@mﬂﬂu%a’]EI’J%GLWIJ’J\W]&J‘.IJSN’]ELLLLEIMI&JL%UZ;N ﬁ]\jvl&ladwa@]a

ATANIWIN wazUanluia

[
n
=
=

.

[
(=]
=
=

—#—control
—@—tan RS 50 ppm

~—tan RS 100 ppm

Orthophosphate (mg-P/L.)
0
=

10.00
——tannic std. 50 ppm
5.00 —+—tannic std. 100 ppm
0.00 : )
0 day 3 day 6 day 9 day
times

AN 4-8 aNnuLTNTUIasaesIsWamWaiazansuin (mg-P/)

(tan RS Aa unuiinanin1i77 waz tannic std. Aa ENIRTAILNIATIIUVBILNUIAN)

2.50 -

——control

—=—tan RS 50 ppm
tan RS 100 ppm

——tannic std. S0 ppm

g

=

=]
I

——tannic std. 100 ppm

Total ammonia (mg-N/L)
2

0.50 -

0.00 | 1

0 day 3 day 6 day 9 day
times

M 4-9 anuiudusasuanlufiesinluimasas (mg-NiL)

(tan RS A unuiinaninnITna uaz tannic std. A FITAAUNIAITINVDIUNUTAR)
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M1319 4-5 qmmwﬁﬂumimaaa (@ady + dndoauunaIzIu)

"L!G’Iﬂ']i“(lﬂaaﬁ
qmn’lwﬁtﬁ control tan RS tan RS tannic std. tannic std.
50 ppm 100 ppm 50 ppm 100 ppm

pH 7.73 £0.73 7.67 £ 0.60 7.45 1 0.74 7.03 £ 0.63 6.76 + 0.62
qm%gﬁ (°C) 25.13+0.83 25.18 £ 1.00 2543 + 1.32 2520+ 1.13 2537 + 1.36
Tuwlasr (mg-N/L) 0.31 £0.30 0.50 * 0.41 0.09 + 0.06 0.19 £ 0.12 0.14 £ 0.13
Twam (mg-N/L) 30.22 £ 20.94 36.94 + 18.35 17.04 + 11.80 26.32+ 1850 22.65+ 17.84
analifadia (ug/L) 1,043 + 420 1,694 + 337 1,648 + 699 863 +492 1,336 + 528

tan RS fia unuiua1nin1et1a ua tannic std. A AIRTALNINITINVBILNUAL

NSANBILNNLAN

TInmMInasasmskdiwstriemIaanaulaan dnngiunuinlisansaaanaulaanle waunn
Awdumhaulafamunsnaaanuduiuvasuenluiisle 39lavinsdnw

NADIAMNLDINIWUDIUNWHWABNITAALDN LMLTE

mnﬁagaﬁ"l@ﬂumm 4-9 uiihdanadn svhstnaunsasauenluiieluinlasslevinnmanss
RN BB HE la¥mInasasluiaglouyauwa 500 faddas Tagldinasuazidunanlufiouaaelse
uunasnanluiiie %aqmmnﬁﬁﬁﬂaglwﬁw 24.7-26.4 °C luszwinamanasas §m3ia pH uaz uanlwiiod o,
0.5, 3 uaz 6 Talu9

HANIINARDY
WNUARIINENTAZAUNIATZIN (tannic acid) uazunuiuarniwedamunInaan T NTU 09
wanluifioldasud 0.5 Talud asvuunuiuaansaaannudutuuastanlutiolui i (aw 4-10 waz 4-11)

Iﬂﬂﬁa@ﬂﬂadﬂﬂﬂﬂiﬁﬂ‘]ﬂ"mﬂd Hashida et al. (2009) mmam@mnﬂgmmmu

NHs; aq. soln.

Y

0Oz

Amination of A. mearnsii tannin (prorobinetinidin, 10) by NH, treatment.

#iw1: Hashida et al. (2009)
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_ 160 1.60

Z 140 5 ¢ —t > 140

g 1.20 oEn 1.20

‘E 1.00 —+—control = 1.00 —+—control

"E 0.80 —@—tannic acid 5 ppm g 0.80 —m—tan RS 5 ppm

£ 0.60 tannic acid 10 ppm £ 0.60 tan RS 10 ppm

= A L

=z g:g l ——tannic acid 20 ppm = 0.40 ——tan RS 20 ppm
g 050 — N X ~s=tammic acid 50 ppm E ggg —+—tan RS 50 ppm

0 B 4 6 8 0 2 1 6 8
Times (h) Times (h)

NN 4-10 ﬂ'ﬁﬂ(ﬂLLa&JINLﬁﬂﬁ?ﬂﬁ'ﬁﬂﬁﬂﬁﬂ&n@lijﬁ% A 4-11 mysanadluiodisunuinainiinig
unuin (tannic acid) NAMUITUTHUANA1IN FNNANULTNTWUANAINY

o o o v o oA o X a A °
®§I1RIU pH WUMa1 pH NARIANNAMNTUTUNLNND UV B IUN WAL (NN 4-12 ez 4-13) eﬁﬂumim

wnuiinldlglunmsaauanludslunmawizidosdafiaisdrilafiodn pH liaasldunuiinluanudutungs

vl enessnalit pH anadeinisias wasinlisafindusuanele

8.00 8.00

7.00 ﬁ’/”;Q. 200 44— —u,
6.00 #5— 6.00 FE= —

Yo"
5.00 ° A= = - —&—control 5.00 “Foe—
Z4.00 7 ) ~@-tannic acid 5 ppm Z.4.00 ¥ H
3.00 —#—tannic acid 10 ppm 3.00
2.00 ~—tannic acid 20 ppm 2.00
1.00 —+—tannic acid 50 ppm 1.00
0.00 0.00
0 2 4 6 8 0 ; 4 6
Times (h) Times (h)

—+—control
=#—1tanRS 5 ppm
tan RS 10 ppm
~tan RS 20 ppm
——tan RS 50 ppm

AN 412 ¢ pH lunslomsazaisunasgiuunuiiy - AN 4-13 a1 pH lunslunuiivanninvhedian

(tannic acid) NANNLTUTHULANG1INT ANVLVUVRULANAINY

Wathandmwamyszaninnvasszauunuiin (1 mg/) ludammsaauanlaiivnislu 6 salas

Unngiunuiinanimhstmidssininmwlumssaueulufisladunnifaifisunussseamounasgiuaes

unin waztinwNTINANUTUTYR 5 ppm ﬁﬂi:ﬁ‘n%mwa@LLaquLﬁﬂf,guﬁq@ Ao unuiin 1 Jaansudefas

sansaaauanlauilele 0.10 fadnIudadas (MW 4-14 Laza19 4-6)
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- 0.12 7.00 —
z —@— tanni
él‘ i 6.00 annic
g = s = pH tan RS
-g 5.00 =« = pH tannic
2 0.08
5 4.00
Z 0.06 z
- 3.00
=]
i
£ 0.04
£ 2.00
=
S
g 0.02 1.00
-
~
&

0.00 0.00

0 20 40 60

Tannin concentration (ppm)

2N 4-14 sansaawanlaiieluszauunuinndranunisle 6 209

1319 4-6 UTzANTAwpaIszauunuinluwaansaatan luionaln 6 12l

Tannic std. Ammonia reduction rate Rice straw water Ammonia reduction rate
(ppm) (mg/l)/Tannin 1 mgl/l (ppm) (mg/l)/Tannin 1 mg/l
5 0.09 5 0.10
10 0.07 10 0.08
20 0.05 20 0.05
50 0.03 50 0.02

niradsunaziIn1e12lwn1sanA13L NI total nitrogen (TN) was total phosphate (TP)

MNMINanaIf 1.1 uaz 1.2 wuin SusumaninanenuduTueailsWomna wazunuiinaninnig
Tz TnaaaNuutwwen e ld %'aﬁ'mﬁ"n@maﬂ@Uﬂﬁﬁﬂﬁnﬂﬁaﬂmmldm@gﬂwﬁ'mm@ 1803 16?{!51
WNAITTnaUNTFAT BG11 Weldunwasiaauizfinmaaiyidulaldauind wezdenaaalwlwused Usumuas
5,000 — 6,000 &5 (8319 16 TAlag uazile 8 Talug) Geudsmanaasain 3 TANMINARDI UFRLTANTNARDY

¥ 3 F1fe TAAUON TANINARDINLANTLTU 200 ppm uazzANINARBINLANUNKARIININNIITI 10 ppm

NAN1INAREI WUINTANaaaIdUSumaaalsfastalsudn 2,713 + 60.36 lulasnsudadas AR
Aa a o & A o A A a a ¥ @
MINAaINLANEUTU 200 ppm FINNTOAALNAINADUNT b6 sl,ummm’g@lmiﬂ@aaumwLmuuumﬂmWNmn
A 1A & A X o A L = A A &
10 ppm uﬂsmmuwaanmauwmgwulmuﬂ 6 VBINNINARD Lmamavl,inmwnnﬂg@mw@aawﬂimmuwmn
A o o A A A & A
AOUNTHBLRILUIUN 9 VBININARDI LHBINTMTANLVBIUNRINABUNT (AW 4-15)
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4500 -
4000 -
3500 |
3000 -
E
2500

——o—control

2000 =@—gypsum 200 ppm

1500 rice straw 10 ppm

1000

500

Chlorophyll A concentration (ug/L)

=]

Days
AN 4-15 Y3unaunaalsilasie (ug/L) Iwsihnesas

Ui iuann3aa total nitrogen WU3Iud 3 sa9mInassslifanuuandriniesha (P>0.05)
%a‘gﬂmuqu "gﬂm‘mmaaﬁlﬁwﬁﬂ%ﬂ 200 ppm Lm:mmsmaaaﬁﬁuLmuﬁumnﬁﬂmaﬁn 10 ppm &350
8 total nitrogen 'l& 15.38 18.27 uaz 17.31 wWasifud Mud1eL waz Ui 6 189N1INARBITAMULANGITH
adIinuRAYNIRAG (P<0.05) %ammimaaaﬁlﬁuﬁﬂﬂﬁ‘w 200 ppm &131308A total nitrogen iﬁgaqﬂﬁa
15.38 Wasidud Lwivl,ajLmﬂ@mﬁummimamﬁ'Lammuﬁumﬂﬁwmﬁn 10 ppm fiE31308@ total nitrogen
16 12,50 wWafifud uazganILANAINIINGG total nitrogen vlﬁ@ﬁﬂg@ﬁ@ 9.62 wafidud (nw 4-16) langa
AILQUATANINAN total nitrogen Ieifasansddaaludin agnsiTn /unId  unaarimauds i lulasanly
lilumsasaidula LL@iaimvliﬁ@nuy@ﬂ'ﬁﬂ@amﬁ@uﬁﬂSﬁ'u 200 ppm LLa:"g@mm@aauﬁLﬁuLmuﬁummi’]
#1491 10 ppm @ANINAA total nitrogen ldAnirTanILgY iflasanmInasasi 1.2 unufineninnnen
mmmamauimﬁﬂ"lﬁlmm:ﬁ’g@msmaaaﬁ@uﬁﬂﬁw 200 ppm &1%17080 total nitrogen la@nitgan1s
nanasf@uunuiinaninneg1n 10 ppm Lﬁaamnﬁﬂé’i’ummina@]LLwaaﬁmauﬁma:mmﬂﬂuﬁﬂﬁ(Wu
and Boyd, 1990) v lWunasineunouas&si55anuaidn agnagn aun3d anasgriuie vililulanauluy
Wanas uazanmsnasas 1.1 susulimansnasamsefiunidlulasawld wonludis Twlasr luiasm) aasi

fugumanInaa total nitrogen luglasansdunidlulasianle
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25 -
c
[<5]
o>
© 20 -
=
c
I 15 -
2
s Bcontrol
‘_§ 10 1 & gypsum 200 ppm
g Orice straw 10 ppm
(6] 5 B
@
S

0
0 day 3 day 6 day
Times

AN 4-16 1WasFudan13aa total nitrogen

o @

IEQUIVTE MENBIBINBAGIAUIWATINLA I L UUARITRLFAIANNLANAI B eI T EANIFDA (P<0.05)

@

naxaulayis Duncan’s multiple range test

fnIuLlasifudnisan total phosphate Wunlaauandinwagaldnaiayn1eaia (P<0.05) lu
i 3 uaz 6 lagiud 3 w9n1INead mmsw@aaaﬁlﬁuﬁﬂfu 200 ppm ®IN1INAA total phosphate 6
g9gafe 7.49 wadidud iaammﬁaq@mquLLa:mmiwmaaﬁ'LﬁuLmuﬁumnﬁﬁmﬁn 10 ppm SN
total phosphate l¢ 3.00 waz 0.28 LWasidud ausIeL uazsuil 6 VaIMINARDI q@ﬂwswmaaﬁlﬁuﬁﬂsﬁm
200 ppm &13113084 total phosphate ldgegadia 22.75 asidud ‘smaamﬁaﬂg@muquLLaxqgmmsmaaa'ﬁ'@u
wnufinantiwnethn 10 ppm 81315089 total phosphate 'lef 0.68 waz 0.00 LWafifud anudey (Mw 4-17)
Im"g@mimaaaﬁlﬁuﬁﬂsﬁu 200 ppm §1N1I0AA total phosphate "L@i”ﬁﬂdm@mimamé"u \lasanniudn
fuTnAAA N NTUYaINaa NI Ie (Boyd, 1982) Iumm:ﬁmmiﬂ@aaoﬁtﬁuLmuﬁumm{wmin 10
ppm 'li&3150a9 total phosphate iiasaninsananveadlswamwaluwimngdi ﬁamﬁmﬁummwﬁaﬁ
ﬁﬂﬁq@mimaaaﬁ'lﬁuLmuﬁuﬁnﬂﬁﬂmﬁn 10 ppm 'li®1W130a9 total phosphate ba

w
o
)

N
[&)]
1

N
o
1

=
[&;]
1

O control
8 gypsum 200 ppm

=
o
1

Brice straw 10 ppm

(&)
1

% Removal of total phosphate

o

H

0 day 3 day 6 day

-5 - A
Times

AN 4-17 1Ua3LFUANIaa total phosphate

o @

(EQUIVEE MENBIBINYBAGIAUIUATINLA I L ULARITRLFAIANNLANAI B eI TR EANIFDA (P<0.05)

]

nazaulasi® Duncan’s multiple range test
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a 6

= Y a ¢ A a
?jﬂﬂ'ﬁ‘ﬂﬂaa\‘lﬂ 1.3 ﬂ’]i‘l‘ﬁﬁ!a%‘i’liﬂLwaﬂﬂiaﬂﬂaﬂtﬂa%

¢l a a

@ A a = a o o a 1R 3
ﬂﬂiﬂﬂlaaﬂﬁ!a%ﬂi&lﬂNﬂizﬂ‘ﬂ ﬁ.ﬂ']‘w‘l%ﬂ'liﬂ’]ﬁlﬂﬂa‘HﬂNWﬁﬂizﬂﬁﬂ

q

o A a A eda A A ' a ¥ v o a
aaltRanadunIsnduszansainlunistesgarunanlasuluin 1wlasiuin 5 vila 370
&a

a = =

é'f'saﬂ"mL%agaumzmuﬂszﬁw%mwiumsﬁﬁ'@ﬂ§u1ﬂauvl,@1”ﬁ'mm 43 laloan lasyvinniinazauainy

Unaanuvaida euAnInagaulszansawlunsvinasirasidaldoaunad u,afm@aaUﬂﬁjuaLmeﬂIaﬁaﬂﬂ”a

uazvinmsaausnlalolaniineg 8an NaNINARBINLIN

1. NANAFOUNIVNALLTAALIALROALA (Blood agar hemolysis) WU (Y) hemolysis 22 la

g a ¥ g v 1 ] ] =3 ] a QJ
loan Wasmansasyuuwawsiisndale waldmanndesaaoiiaioanas a1m53sbinusasAalndd
uiwseu 9 lalail B hemolysis 10 lalzian Wwamuiindasaansidafoauasldauysalaziinislag (clear

X . ° ¥ ' = @
zone) 4usau 9 lalafh uaz o hemolysis $1waw 11 lalaian Wamansadasaaaidaiiaanadla amiasiiu
fassauq laladl (1919 4-7)

M1319 4-7 Nﬂﬂ?iaﬁﬂﬁﬂﬁﬁﬂﬂﬂﬂIﬁﬂfiﬂd?ﬂﬂiiﬂﬁ: LLﬂtNﬂﬂ’]iﬂ@ﬁaUﬂ’]iﬁ’m’]UL‘HQE{LﬁﬂLaﬂ@LL(ﬂO

. - . . . . . NANIINAFALDINIT
anumelalai anwazimaamalanassganssen
Tolzian blood agar
ANHW ANBUE 51l ua Hrs. 48
KY4 Iﬂiaﬁﬁm’m;;u wnIuay U919
gﬂinvl,xi WHIET LTRE
IISTGITRTAT LE
YDUREN
LY1 lalafifanign  unswuan jui9

WNAY YPUVOU NV ay;l,ﬂumju

a % 6
SH aysdes
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. - . . . . . WAN1INAFAUDIAIS  blood
ansmzlalai anwazimaamalanasgansse
Talaman agar
anume ANk 48 Hr.
LY2 lalafigula  wnsway RN
WNAY Lis 18U WrIEn Uanouu
a [ 1
Sy aeidua
U U
LY6 Iﬂiaﬁ?mn’zju uwnIuwan 3Ue
WNOY Y1 VAU NAN LTANLGEN
a
Soy
LY5 IﬂIaﬁﬁmnﬂqu uwnInay U919
WNAY YW VAU uriaEn Uapan
7#En aeidue
U U
BY1 lalafi®u e wnswau QR
WNAY Yt 18U Wiy Yansaw
a &
Suy LTRRLAEN
MY1 Iﬂ“[aﬁ?mmﬁu uwnIuay 3U4
Ul WIEY Uaoun
WA 149 aeiidue
U U U
YDUREN
TY1 Iﬂ“[aﬁ?mmﬁu uwnIuay 3U9

JN[Y 14}% vay

=
LI

WrIaY Uanauu

aeiidue
U U




A1319 4-7 Namﬁﬁﬂiﬂ’ﬁﬁ@mﬂlﬁnﬁadgamiﬂﬁ LAZNANINAREUMIYNAULTARLAALREALAS (AD)

NAaNIINA&aUd1117 blood

v a o & v Y 6
ansmelalai anwaziasmalanassganssa
Talaman agar
ANHWE ANk 31 6] 48 Hr.
NY4 lalafifangu  wnsnay JU9
gﬂi’mﬂau U WVIEn Uanouu
PaULIBY otiiilug 'k
LY3 lalafifinies  wnwau JUe
WNAY YU VAU UTIEU LadLAL)
Sy Y
LY5 lalafidungn  wnsuwan Ui
WNAY Pib 18U W9 Uanauw
7#En aeiduea B
U U
AY1 lalafifungu  wnsuay 3Ue
WNAY Y VU NAY a%iL‘]‘juﬂEj&I
Sy Y
AY4 lalafifanigu  wnsnaw JU9
WNAN WU% WrIaY Uanauu
a ' Lz 1
YauIsoy daudranaw agj %
Lﬂumju
BY2 lalafifanigu  wnsnaw JU9
2NN U VaU  UVIEU Yanaun
Sou atdud
5 diilug a
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. - . . . o . WNAaNIINAFALUAINIS  blood
anumelalaib anumzmaamﬂ‘lmnaaaqamsﬁu
Tolaan agar
ANV ANBY WA 48 Hr.
KY?2 lalafigunla  wnsuau pHEgN
WNAY Y WYIRY Uanoun
a &
YU LTRALALD
PY2 ‘[ﬂ‘[aﬁﬁmn"qu wnInwan 3
WNAY Wi Wi Yansaw
PaULIHY agjl,‘f]uﬂq'u &319
glas
LS5 lalafifwided  wiINAU pHEgN
ﬂju WNAN Y NAW a%iL‘]‘juﬂEj&I
YaULToY
LS4 Iﬂiaﬁﬁmn?aiu wnIuay 3U4
2NN b NaN LTAaLALN
a v 6
PYauLIUY f9xdes
LS6 lalafifanigu  unswau U319
WNAY Yib nay a%ﬂﬁun@;&l
PaULIEY
BS1 lalafifangu  unswau U319
WNAW Yis nay agjil,ﬂun@;u

a
VauLIgy




A1319 4-7 Namﬁﬁﬁ]dfwﬁﬂmU’lﬁnﬁaqﬁ;amiﬂﬁ LAZNANINAREUNIYNALTARLNALREALAY (AB)

. - . . . o . WNANIINATILAINS
anumelalaib anﬂmzmaamﬂ‘lmnaaoqamiﬂu
lolsian blood agar
AN AN 7 na 48 Hr.
BS3 lalafldzgu  wnsuwan
WNAY U gﬂiwal,wiaﬁ'u
a
PYauLIyY danoun
& A
LTRALAIET
Js1 lalafigula  wnsnay
WNAN VWA Eﬂiw,wiaz%'u
Tafn 1 vy, Usnoun ot
a 1
WU WaULSHY Lﬂ‘uﬂ
PS2 lalafifanagu  unsuay
WNAY Y gﬂﬁwal,wiaé'u
PaULIBY Uansun g
e
L1
PS3 lalafifanigu  unsuay
WNAW s gﬂéw,wiaz%'u
PauLToY agiungy
LY4 lalafifanagu  unsuay
WNAY Y Eﬂs'ﬁdl,wia
a 1
PaULIEY Uasun g

Lﬁunq:u




A1319 4-7 Namﬁﬁﬁ]{fwﬁﬁ@mﬂlﬁnﬁaqqamiﬂﬁ LAZNANINAREUMIYNAULTARLAALREALAS (AD)

HaN1INAd&aua1IT blood

(¥ =1 [ & ¥ v '3
anumelalai aﬂﬂmzmaamﬂ‘lmaaaga‘nssﬁu
Talman agar
ANBY ANBY 31 Ha 48 Hr.
BY4 lalafidungun  wnsuay 3Ue
WNAN WU% Wiy Yansaw ag’
a 1
PaULIBY Lﬂug
BY3 lalafidanmla  wnsway 3Ue
WNAY Yt VOU WVIEn Uanouu
Sy aHnNaN
U 9
MY2 lalafidanagu  wnswwan i
;iﬂi'nvl,xil,muau w9 Yansyw agj
WU YBUREN L“ﬂumg':u
KY1 lalafidanagu  wnswwan i
WNAN WU% Wriven Uansus
PAUREN ag}nﬂun@'w &34
sias
KY3 lalafifungu  wnsuay 3U9
WNAN b VDL naw3 as;jl,ﬁugj
a
Sy
PY3 lalafidanigu  wnswwan i
WNAY VWAL wrigend Usnoun
N 1 . U agLﬂumju §519
a 6
PYauLIyY fUas
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NAaNIINA&aUd1117 blood

slas

(¥ =1 [ & ¥ v '3
anumelalai anwazimasmalanassganssa
Talman agar
ANBY ANBY 31 Ha 48 Hr.

AS1 lalafifangu  wnsnay JU9

2WNAY VWAL wris Usnoun

A ¢ A

Vit 1 3. LTRALAEN

a

WU VaULIYY o
LS1 lalafifanigu  wnsuwan Ui

WNAN VWAL UYi9EH Uaaun

Wit 1 NW. U LraaLALD

PaULIBY Y
LS2 lalafifanigu  wnsway JUe

wnay awall urisau agiug

VK 1 J4. (Y)

WU YBUREN
LS3 lalafianigu  wnswwan i

WNAN Bis VOU  NaN agdunaw 'k

U U q

RN
KS1 lalafidanigu  wnswwan i

219NAN WUK wriden? Usnoaun

YAUREN agiiilug a9
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. - " . . o . NANIINAFILAINIT
anumelalaib am&mzmaamﬂ‘lmaaaga‘nssﬁu
v(a‘l:ma*n blood agar
AN AN 54 ua 48 Hr.
u

BS2 lalafidungun  unsway 3U
WNAY Y WrIEn Uanuuu
PaULIBY agjtﬂumju

MS1 lalafifanigu  unswwan U
WNAN WU® LYIRY AauTN9
PaULTHY na agidunga

MS2 lalafidangun  unswwan U
Ul W9 Uanoun
LUUOW LUK aglll,ﬂugj
PAUREN

PS1 lalafifangu  unsway JU9
WNAY s w9 Yansyw ayj’

a '

PULILY ungu

NS1 lalafifanagu  unswwan gUe
WNAW s nau ayj'l,ﬂun@;u
YDUREN
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A1319 4-7 Namﬁﬁﬁ]{fﬂmﬁmmﬂlﬁnﬁmgamiﬂﬁ LAZNANINAREUMIYNAULTARLAALREALAS (AD)

JNY ‘1;}% vay

a
1M1

Wriven Uansus

agLﬂumﬁu 514

anvmzlalaib ansmIraan18lANE 09aNIIAYN HAMINARBLETT
Tolzian ! blood agar
ANWE ANWBY 31 Wa 48 Hr.
TS1 lalafidungun  wnsuay 3Ue
2anan awialy  uredEs Uspam
IS IRETNE CH{tHe
PaulToy Y
FS1 lalafidanagu  wnswwan i -

silas

2. wanaseuiTanguaunaniladanads laolda1m1s Mannitol salt agar nameuruLTand

é’ﬂﬂngﬂiwmal@i’nﬁadqamiﬂﬁﬂﬁ'\ﬁnEjummwmaﬁanﬁaﬁﬁé'nmmznau agﬁ’mﬁ"utﬂumﬁu NINNA 6 bala

X a A . " o a ¥ X 3 Y
LN WULTRAUNIE 2 lolaan Tnaidu + da LY1 snansoagundivinemsideads lasdesansals

aauuniinasluarms ildamiaaasdaifond sruleloan BST sw13na3yune1w1s Mannitol salt

Aa

v 1o v é/ A’ { v ' a a v
agarld laplivhlwenmsdoadolfoud 9dunid 4 lalowan eadu - LisansnnSguuiontheins

g & oA o A A <
Wweadale Aa LY6, LS6, AY1 uaz LS3 Aatdanivaltlunmimaaadlutudaly (@139 4-8)
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A1519 4-8 NamaauL%amjual,mwmaﬁaﬂﬂ”a

HWa
#
iaa - & HAaNIINA[DILUDINIS
N13LRIYVDILDD

Mannitol salt agar

LY6 - / ‘
= L |

LS6 -
AY1 ) /

LS3 i <

BS1 +

LY1 +

nsnagaulszandnnwlunnisnisananlanedszasa wain1stagssa

07

@ A a ae & g & 4 [l [l & & A [l , &
"ﬂ’]ﬂﬂ'ﬁﬂ@Lﬂﬂﬂl‘ﬁ'ﬂa%ﬂiﬂLUﬂd@l% (L“EﬂﬂvlilﬁﬁllﬁiﬂﬂaUﬁﬂﬁﬂlsﬁaaLMﬂLﬂﬂﬂLLﬂ\‘l LLE\]ﬂ&JI"HL"Hﬂ
6

q
o
a a

nguauandladands) laiTeafunidninua 20 lalman ihaneaseudasnisaiyvedderdunidlue:
#199 laswzioadaiduiian 72 12109 1ua1m17 yeast extract (YE) (0-1%) — peptone (0-1%) LiL@a8814
&g o a o o : o a & g A a ed A &

\Ta3a¢1 DO 600nm 1316 uazNN g 2 Talaud wudmasanisuwziassluamisdelilSin onsadniAndu
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=

0819710157 117g log phase TadulngIUSunaumadgeganam 16-24 Talaus vTlaniygigan 36

q

1104 ULaznadann 48 Talud SudvSunanrasnantasas (MW 4-18)

1.60

1.40
1.20 - 7"—
1.00 \

0.80

=—KY2
== LS6
KY3

OD 600nm

0.60

-
Y

0.40

| —

E

0.20 H
I g

0.00 | Hr.
0 20 40 60 80

NN 4-18 8aTNIATYVRTaIRUNTE 1w M3 yeast extract

2. wamsisanawlifadszasd lanwnzipadoudazlelmanluems YE Midumanasgud
sasfunsaidaled wastsueugnTuSuR ULz o 1.00 Mg/l SezimdSanmansioasin wiauduled Tan
1H10309 GCMS wuinfanariwly 24 $alus Uszaninwmigesams saadnlulolaen Ls3 ﬁ@hmnﬁqﬂ
lasaaUSunmdeaaduadid 87.34 1Wasifud sasadnnfaniating PS1 uaz BS2 laganunsnanisaaiin 85.80 Las
85.08 1Uasihud AANULANANNUNSEDG (0<0.05) (AN314 4-9) Uszinsmwmstosaansasdenunniwdoiies
Waidum 48 52lus TapUssdnsmwmstosaansssasfiuues TS1,PS1 uay LY6 deAndwdn 92.16, 91.08
waz 90.96 twasidud musau

Useansmwmsdasaanatiyletidanaruwly 24 s luanulueaetefildide Lse fenunn
ﬁqﬂ lasaavsunondnlodag 67.65 1Wasiiud J098901A0020879 LY2 way LS4 lasauitnaaidyladiag
66.07 L&z 65.20 1Wasidud 4aNnuuand19anuneaiia (p <0.05) (1319 4-10) UszAnSamwmstasaanaaziien
unndwdaideadaduna 48 $alus lagissantmwnsdasaansisaladuadsianng LS6, TS1 uas AY4 4

oA X = o @
AAND W 76.61, 74.78 waz 73.48 Ui Eud aNdau



1319 4-9 UszAnTniwnsdessanuieasin o visiaesdia N300 24 LAz 48 3739

% Geosmin removal 24 Hr. % Geosmin removal 48 Hr
Control 26.88 +9.30° Control 38.79 + 6.53j
LS3 8734 +1.15° TS1 92.16 +1.17°
PS1 85.80 +131%° PS1 91.08 + 064"
BS2 85.00 +273% LY6 20.96 +3.19%
AY1 8269 +135% AY1 87.98 +384%°
LS4 8268 +0.92%° LS4 87.75 +1.14%°
TS1 8257 +154% LS6 87.61 £1.96°
LS6 81.05 +253% TY1 83.54 +0.64°
LS2 8023 +1.86° AY4 81.66 +2.05"
KS3 7876 +2.39° LS2 80.15 +3.89 "
LY2 7648 +1.82"° LY2 7752 +2.04%°

bc de
LY6 74.85 +0.94 KY4 77.00 +0.28
TY1 7363 +0.45° KY3 76.92 +0.54 %
AY4 6554 +1.47% LY3 7554 +2.71°%
NY4 55.00 +11.33° NY4 75.26 +1.88 %
LS1 54.00 +4.34° KS3 75.00 +0.80“
KY4 52.40 +5.06 BS2 73.83 +3.75°
BY3 4971 +3.55' LS 69.10 +1.50"°
LY4 4835 +0.58" LS3 67.76 +1.73"
KY3 4672 +3.28" BY3 67.05 +2.76 "
LY3 4508 +2.43' LY4 63.45 +1.78'

Winewg ©  wigruzanMaRuLEnLaaIaNULANdeddii@ AN 19Eaa (p<0.05)

lundazofiovadlaloian (Luad)



1319 4-10 YszanTnwmsdesaaodylad Tuemisiduade Nszezian 24 uaz 48 Tl

% MIB removal 24 Hr % MIB removal 48 Hr
Control 2158 £9.37° Control 27.26 +5.58°
LS6 67.65 +7.20° LS6 7661 +221°
LY2 66.07 +3.26" TS1 7478 £2.01°
LS4 64.88 £3.94° AY4 7348 £ 170"
PS1 52,06 +2.00" LS4 70.30 +4.35%
LS3 5118 +3.38° KY3 69.97 +0.70™
AY4 4957 +1.29° KS3 69.81 +0.99
KY4 49.04 +3.22° NY4 67.10 +3.18"
BS2 4949 +0.71° LY3 67.33 +3.94°
LS2 49.04 +2.82° LY2 6543 +1.91"
AY1 4500 +0.83° TY1 62.73 +1.02°
TS1 44.36 +1.85% BS2 61.61 +4.27°
BY3 4248 £1.80% KY4 60.82 +1.06°
TY1 4222 £1.22°% BY3 60.79 +2.00°
LY6 40.45 £1.57° LS1 60.54 +3.10°
KS3 39.68 +4.10% LY6 59.91 +3.39°
KY3 38.59 +3.91 " LS3 50.87 +4.37°
LS1 31.75 +4.17° PS1 57.65 +3.36°
NY4 30.67 +13.48° LS2 56.81 +5.39°
LY3 29.20 +4.84 AY1 54.38 +4.10°
LY4 16.28 +0.49 " LY4 50.02 +1.01"

winewg © wigruzenMaRuiinuaasaNuLandeialdiidayn19aia (0<0.05)

luudazofiavaslaloan (wuwia)
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3. waminalsalualtan (n-vivo test) ﬁ'mﬁaﬂL%ﬂ@ﬁ%ﬂ%ﬁﬁﬁﬂszﬁﬂﬁmwmsﬂayamﬂﬁ
aaaﬁuuauﬁwvlaﬁv[ﬁﬁﬁq@ 5 'laloian @ LS6, TS1, PS1, LS4 uaz KY3 ihamasaunisnslialuaivan lag
Iﬁgﬂﬂmﬁamm@ 15 50 $1wm 20 ¢ BesUadwa 10 i wuIsaTMITeRBazaNLRALT 100.00,
100.00, 96.67, 96.67unz 96.67 % ANAAL lABTAAILAY @avinde) f8anisenny 96.67% luvmsd
\Harialsa Aeromonas hydrophila (AE32) (Positive control) vinldUanansaafia 70 % (1w 4-19) e‘ﬁaagﬂvléﬁw

a

Aed e A & Vo % ] Aa X & 4 = o a
FAUNIUNAALRDNNING 5 VLQIGELE‘]V] VLN‘YHIWLIEI’W]’]U PINNIANYNINAVUBUY LNAINNNIIUIALIUVUSYUENLAID

q

a o o lé 1 v a a d? 1
NAINNIINANWLAIVBIUAN ‘ITGVL&JVL@]Lﬂ(ﬂﬁnﬂﬂWi(ﬂG]L‘Hﬂﬂaiiﬂ

90 \
° 80 \ il Comitrol
E 0 l_\ sl B2
—_ G0 o
£ 50 A —m-Ta1
E 40 K‘ A i F 3
:g 30 e — ==A  =f=PEl
20 LE6
10 L84

OHr. 3Hr. 6Hr. 1Day 2Day 3Day 4Day 5Day 6Day 7Day 8Day 9Day 10
Day
Days after challenge

AN 4-19 é’mﬂmﬁaﬂmmazamaﬁwaagﬂﬂmﬁa AnagaumMInalinlualilan asudiSuaaiTean 83Iun 10

€ A [

o 2 s 6 o a 1R 3
ﬂ’]iﬁ]’]tl%ﬂﬁ’]ﬂﬂ%ﬁqﬁ]a%ﬂiﬂ ’]Qﬂﬂi‘\%vLNW\iﬂizﬁdﬂ

9

a ed

o o & a a6 o o g a a a a \
ﬂ']iﬁ]']LLuﬂﬁ']ﬂWuﬁq Y RH] ﬂ'lvt@ﬂ(ﬂﬂﬁﬂ(ﬂ DNA Lma?ﬂ%‘ﬂiﬁﬂ&lﬂi:ﬁﬂﬁﬂqwsluﬂ'ﬁﬂaElaﬂ']ﬂ

Aaa

nawliRsUszasnluamnsianie ffiniga 5 lolman Aa KY3, LS6, TS1, PSTuaz LS4 FmaAuySunm
Fugm DNA daowmadia PCR lald bacterial specific primer 68 27 F uaz 1492R fAflannusimnzi bacterial
165 rDNA Sequence MNIUWAEIFULLE DNA uaziSouLfisus@uius DNA lugnudaya Gen Bank uazvin
3 alignment Tagl#ldsunsy BioEdit lénamsisuifisudauiua DNA asdalud

- lalman TS1 §16ULwE DNA S1wanusyinny 1393 bp armaiseuifisusiau DNA
lugudaya Gen Bank Wudnd1aLLLE DNA vadlalaian TS1 Aanuaduafany Achromobacter denitrificans
SM21 (99% similarity)

- lolaan KY3 §hauius DNA $19miuavinniy 1385 bp tiavihmalSsuifisudiayu DNA
lugnudaya Gen Bank wudtdauius DNA vadlalaian KY3 fanuwiieuny Delftia tsuruhatensis (100%
similarity)

- 'lolaian PS1 §1@uIE DNA $19mussiniy 849 bp tlariinisidSouifisusray DNA
lugutoya Gen Bank wuindauius DNA vaslalaian PS1 fanuaduafany Comamonas sp. 6.6 (99%

similarity)
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- 'loTmian LS6 &16ULUa DNA SAMIBLUALMATL 699 bp tdavinnisiSouifisud ey DNA
lugugaya Gen Bank wuindeduiua DNA vaslaloian LS6 Sanuaduafeny Acinetobacter calcoaceticus
B40 (99% similarity)

- loTmian LS4 &16ULUa DNA SAWIBLUALNAD 843 bp tlavinnsidSouifisud ey DNA
lugnudayn Gen Bank wuindreuiua DNA vadlalmian LS4 Hauad1uafany Raoultella omithinolytica
B18 (99% similarity)

wefisera 5 shefisadenld dusansnwlunsdessansnaulifslszadluomndes
L%Nﬁﬂﬁqm i'mﬁ?oﬁmwﬂaaﬂﬁ'miaz?m'fﬁmaz;ju‘%‘[nﬂ Sefanumanzsuiaztilunasauyssansaiwms

daugasnawbwinantaissla lutuaanda 1y

manaaaulszansninlunisdasaarananlandszasd lniiainunadniziaasilan

1. WA INARBIUTEENTA NI RINNUREN WA IUARRNTNTHLTE MTHRLRAUNA
TaiNeisza9d va9Lm0 Aa Achromobacter denitrificans, Delftia tsuruhatensis, Comamonas sp., Acinetobacter
calcoaceticus, Waz Raoultella omithinolytica NAlUasidudlsunmibauand1snude 2, 5 uaz 10 Wasidud

USauaadisudu 3200 2, 5, uaz 10 % Ao 10°-10°, 10°-10" waz 10" CFU/MI auday) lunsdessany

'
Aa

a 1 R &€ a a a <3 a a v v (2 a 6
ﬂau'luwaﬂ‘sm\m L@mmimmgwmaaauuuaxmu"lau UsuaNuUTuTBIINABYIZN1DE 1.00 mg/L ILATIERAN

o A

USunmenideaaiuniawayled laslsiasas GoMS lauamtianznasii

- msnagaudszantmumstegaasnawlifadszasdlutinannunaswziasslaniand
mysnde woindenamwly 24 $alas Ussansnmaesdelunsdesaasieasiinlasiba Achromobacter
denitrificans ﬁﬂi:ﬁwﬁmwmnﬁqﬂ 72.00-75.88 1lafidua (01319 4-11) lagfanuauwnsnuansnisasa
yoadelwindotan %wzwmn%aﬁé'mwmim%zy gondm%@ﬁusjsamomﬁaﬁa Delftia  tsuruhatensis
sansadasameIoaainasle 59.91-66.60 Wasidud Uszansawmsdesameazdaaunniuiiomnziasode
dwnan 48 5alus lasdszaninmwnnstdosaaneiaoainvassasenilsnandasudu 2, 5 uas 10
Wofifud sansnanUsinadeaaiuadiie 79.91- 82.87 Wasidud (p>0.05) (a9 4-11) wiiifa Raoultella
omithinolytica WAz Acinetobacter calcoaceticus zanansaia3ay laalusi (@@ dangs anarnuly
Uszanm 24 alu9) wddszansmwlumsdesameseasfiuniaduledflisnwinnudedadug (naw 4-20 -
4-24)



1319 4-11 UszAnTnnnmisdessanvieasiuluitannunasmzsiissdaniinisange

% removal Geosmin

24 Hr. 48 Hr.
Control ; 6.90 + 3.34°" 1070+ 3.59'"
Achromobacter denitrificans 2% 7282 + 2_43aB 7991+ 1.42 oA
5% 7200+ 465°° 8231+ 090™"
10% 7588+ 0.83°° 8287+ 123"
Delftia tsuruhatensis 2% 59.91 + 0.3808 63.49 * 0.36EA
5% 6291+ 032°° 6696+ 038"
10% 66.60 + 0.80° " 7070+ 0.70°"
Comamonas sp. 2% 5357+ 4.37°° 6479+ 235"
5% 6329+ 417°" 6744z 046"
10% 6398+ 067°° 6670+ 040°"
Acinetobacter calcoaceticus 2% 17.59 + 6.60fA 22.56 2.65IA
5% 4053+ 1.31°" 4159+ 149"
10% 5366+ 0.94°" 5414+ 029"
Raoultella ornithinolytica 2% 3707+ 093°° 4138+ 146"
5% 4029+ 099°° 4455+ 081°"
10% 4107+ 201°" 4410+ 027°"

winuwg ©  wingruzsnMaRuiinuaasaNuLandeialdisdayn19eia (0<0.05)

\ a a a6 ¢ = & dye &
sLuLL@]ﬂz?ju@“Uaﬂ'ﬂ‘auﬂiﬂLLazLﬂﬂiL‘ﬁu@]L°ITE]V]1°H (LL‘HQ@]\T)

Wi TuzanMaIRAN Y uaasnuLand1sadnslney

(LUIUBW)

o o

3

a

f1ATUNEDA (
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p<0.05) luudazgasian

UszanSawnmisdassanoidyled wudndenaeinly 24 $2lus UssAnTaawaaadalunms

davaanuLdnlotdlaewto Ach. denitrificans flszAnSnwangeituiu Tavdsuondnlaianas 79.21-83.07

Wasidud (1319 4-12) SedadNnfellia Delftia  tsuruhatensis snansagasaasldyledasle 60.56-70.68

¢ =& & a a ' = a A X A & & o >
BIRRG I ﬂizﬁ'ﬂ'ﬁﬂ']Wﬂr]iﬂf’]UﬁaqﬂLanLaiJfﬂzllﬂ’]N']ﬂ“UuLNﬂLW’]ZLaU{lL”ﬁﬂLﬂuL?ﬂq 48 °ﬁ']<[3J\1 I@UWU?']Q@]?’]

\ a & a \ @ ] a a \ 3 a a o da a P SR
ﬂ’ﬁilé]ilﬁﬂ’]ilLWN“IJ%"D'mL@NvLNN’]ﬂ%ﬂ ‘W‘]J’J']l]izﬁ‘ﬂ‘ﬁﬂ’]Wﬂ'ﬁUE]Uﬁﬁ’]ULE]NVLE]‘U?IE]G(ﬂ'JE]UWGY]N?J?&J’]ML“D’E]L'SN@]%

10 4y 5 1asiTud fiszEnFnmwainga Tawtsuromanlafianasns 85.33 uaz 85.00 tasidud aus1ay

(@139 4-12)
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A1319 4-12 Uszansniwnsdesaauwdy ladluiannunaanizidssdsninainige

% removal MIB

24 Hr. 48 Hr.
Control - 1596 + 6.12"" 1858 + 6.12"
Achromobacter denitrificans 29 79.21 + 3_14aB 81.99 + 3_14“\
5% 8188+ 0.19° 8500+ 0.19°"

10% 83.07+ 0.84°" 8533+ 0.84°"

Delftia tsuruhatensis 2% 6710+ 1.27°° 69.90 + 1.27°"
5% 60.56 + 0.94°" 7215+ 0.94°"

10% 7068+ 0.59°° 7215+ 059°"

Comamonas sp. 2% 50.83 + 0.68°" 5870 + 0.68°"
5% 4319+ 1.08°° 64.83+ 1.08""

10% 4311% 161" 6758+ 161"

Acinetobacter calcoaceticus 20 2403+ 3.88"" 26.67 + 3.88'"
5% 2537+ 2.70"° 3214+ 270"

10% 3427 + 6.28°" 3822+ 6.28""

Raoultella ornithinolytica 29 1736 + 0.31 i A 18.96 + 0.31 kA
5% 2152+ 135" 2419+ 1.35"

10% 2271+ 358" 2483+ 358"

@~ A 6 &

%N']EJL%@J . ‘Wﬂ%g’ﬁu:&lﬂﬁdeilWLaﬂLLamm’l&lLL@m@maEi’]dﬁﬁfﬂﬁ’lﬂvagﬂ’maﬁa (p<005)
\ a a ae ¢ = & dyo &
luLL@lamu@mEl\‘iilla‘m’lif;lLLa:LﬂaiLsﬁu@lUﬁa‘nl“E (LL%'J@']\‘])

o a

Wi TUsanMaIRunlng usasanuLanavadslinasayneaia (p<0.05) luudazsisiian

3

(LI THD )

mmmaué’mwmnﬁmmmL%@Lmﬂﬁﬁyﬂ% 5 iialuihanundawnzdolafidnisan
T wuinsrsnsudumInanasdUinouaas fszau 2, 5, uaz 10 % @a10>-10°%, 10°-10" uaz 10" CFUMI \ila
sepzaiwll wuiniia Ach. denitrificans  uas Comamonas sp. fU5un Ao uT 9097 Iuum=d D.
tsuruhatensis, Aci.calcoaceticus LWRE R. ornithinolytica ﬂ%mw‘,lfnaaﬂﬁwmﬂﬁu I@]m“dﬁva R. ornithinolytica
munsadyldgefign uszozm 24 $alua fe1 10%10" CFUMI usewuUinausadlunngamnaassd
danadtdaimnziasadariuldiduig 48 $alug widu 10%- 10” CFU/mI viﬁ'ammfusl,mwiazq@ﬂ'ﬁmaaa

YSunondauuafiisufuSunouoasndNauiaian 168 Talud (MW 4-(20-24))
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3% \\b@r -
2 600 = 10%
£ s

500

ation (Log,, CFU/ml)

0 6 12 18 24 30 % 4 4 72 120 18 H-

NN 4-20 803IN3 ERRINILN \a Achromobacter denitrificans

yo& 4. & o
‘lummmﬂmwmmaum

10.00
9.50

£ 900
E 850
e
ei 800 —2%
é 7.50 —8—5%
H 7.00 10%
2 650
2 600
z
&~ 550
500

0 6 12 18 24 30 36 42 48 72 120 168 Hr.
o = & ¥
NN 4-22 8ANNILIYVAILTA Comamonas sp. Tuiin

& 4. & o
Wwedlaneiranan

9.50 ——2%
5%
10%

Population (Log,, CFU/mL)
@
8

5,00 Hr.
0 6 12 18 24 30 36 42 48 72 120 168

NN 4-24 §0IIMIATYY 89148 Raoultella ornithinolytica

yo& 4. & o
&L%u’lmf_l\‘lﬂa’]“n‘&]’]l,"ﬂﬂl,l,ﬂ?
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10.00
9.50
9.00
8.50
8.00
7.50
700 4
6.50
6.00
5.50
5.00

——2%

5%
10%

Population (Log,, CFU/ml)

0 6 12 18 24 30 3 4 4 72 120 18 ;.

NN 4-21 5@15’17175@%@‘118%%8 Delftia tsuruhatensis

yo& 4. & o
Mmmmﬂmwmmaum

11.00
10.50
10.00
9.50
9.00
850 —
8.00
7.50
7.00
6.50
6.00
5.50
5.00

Population (Lng"l CFU/ml)

0 6 12 18 24 30 36 42 48 72 120 168 Wr.
o = & .
NN 4-23 8AINNTILATYVBILTD Acinetobacter

calcoaceticus TwiiagsUanaiaanas

2. wanInagaulszanininlunisdaszanunan iz aadlwinanuraswiziasstlaniia

& iy g , , , ,
Tauiza Achromobacter denitrificans, Acinetobacter calcoaceticus, Delftia tsuruhatensis, Comamonas sp.Lae

o . A . 4 o, “ oA a X 9 ed o deqe A we 4
Raoultella ornithinolytica NLIA1§143 ¢ ‘Ii\ivl,(ﬂ'ﬂ’m’]iﬂ@Lﬂﬂﬂﬂill’]ﬂ,LL"D’E’]‘Yll“ﬁl,‘ill@]uﬂﬂ’]l%ﬂﬂﬂﬂuvl,(ﬂll'mﬂ?q((ﬂlu

a ) P A A ' a g A o =
YN sNga BIMNNANMINARBINRNIUGT WUINUTN L TBLINAY 5 wWasidud (10°-10" CFU/mI) luanu

T UNALANIETY I@mmmina@ﬂ?mmﬁ'aaaﬁuuauﬁu"[aﬁ"[ﬁmﬂﬁqﬂ LLaﬂﬂﬁLﬁmﬁumia@aﬂwg@ms

Naaad 10 Wasdud (p>0.05) 39MERNTaSUAUNLINH 5 1Wasidud unsnanestuaeuda bl launauide

sdluihanurdswnzidssdanfia (inssinge) W@usnsunaspuioasinuazidnladusuanudutuivdn

Uszanm 1 mg/l SienzvimdSunaensieesiunsadnled laoldiaias coms lanaail
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a a ' a P & A A & A a X
UszanSnwnisdesaaisTeasiuvasfannoiaddgedu laaniuuiniu lag
wodnudanadiwld 24 $2lus gannmanesNi@uiga  Comamonas  sp., Ach.  denitrificans U8z
R. ornithinolytica USantk 5 1asifud ﬁﬂnﬁw%mwiumsa@mﬂﬁq@ lasmuntnaadSunmiaaainag 29.91,
< . 4 X & X
29.58 Uaz 25.86 1UaSLEua auaal (0>0.05) (AN 4-13) Ilamnziisadawudunuindsedniaiwlunig
o a & Y ' o & ' A A A a v a )
aaingsiuanlddn o nawld 48 $alus Wewdazsliaddszintnwlndidesiu lassuninss
A A v A < A ' o o A A & a & 1Y
Jeasfiuatldiian 40 wafifud wazillannrinly 96 Talus (4 3u) dazBnSnwiiiugedn lasaalats
A ¢ = & o & A a ' A & ' o o '
\au 70 wasidud nasanuudseantamwmsdesaaaiiudwliannin nminassdlanariwly 168
2104 (7 ) wuﬂwﬂszﬁw%mwmsﬂamamﬂgdq@ayjﬁ 83.57% I@m%ann‘*ﬁﬁ@]ﬁﬂizﬁﬂ%mwmsﬂaﬂamﬂlei
' @ A o & A Aeda ¥ Y a1 0 oa & =
LAN@A1INY (0>0.05) luvmzidnanuwuingesfunidnfegluiregudd (aaruquitldidugeaslyl) 4
ANNEINTRLIUNITAnIaaFAu At Tunk laawu I lugIuINeaTINSHa LA AININ WALBTTEZLIANANNIN
4 a a ' A & a X o . @ { < ' g
Judszininmlunsdessaoieeaduiifindudinisunu nniimasasnazozn 96 Talus wuingaluga
' A 2, < { o A A & a &
auguananIndesamoiaaaduleia 55.10 wWaiidud wazdarwll 7 Tu dszdnSawiiugeduiu 68.97
¢ = & A o a & aa 4 ¥ & ) \ . a & P
wWafidud Warnmnazeudiunansasuuafiisanwuluinsnualuidazsrananuin dSunadauuafiise
& { a a <& 3 ' a g {
ninualuganIugu WalsummasasfivTunausadnivue 3.50x10° CFUMI (Lidmadudelagasly) e
¥ ¥ o a ¥ a & | e 4 4
wnziRs e ldiduan 24, 48, 96 uaz 168 Talue HUSNtwwaaLTalANIWLYINAL 1.06x10, 3.90x10",
5 6 o v A & = a Aa a a ' A '
3.40x10° Waz 2.87x10° CFUMI enudeau Safianaduuafiiionilsdninwlunisdasaansioaaduaglu
a dl QI ; 1 v a = a :’ Qs 1 U ) Qs
USinafiiugedn sanalivSinadessfinlwihdatinsaaasldisuni (nw 4-25)
a a [l =3 =) ¥ a a ; 4 l:l J 1 = s
Usz@nEnwnisdenampidulefvengannofiadagsdu Wananuinandugudony
Feasfin laowuindavariuly 24 $2lus ganisnanasfiviniia Comamonas sp. waz Ach. denitrificans
UszinFnmnginga laoduledfidanas 30 wWasidud Iumm:ﬁﬂ;@muQuﬁﬂ%mmﬁﬂaﬁa@mLﬁ'm 8.55
¢ s & A & & & | A a o o A & o '
wosidud (11319 4-14) Wazdsadewiuwduwohdsaniawlumsmdamugeduaaludis o narm
14 48 3 las WaudazafiadUszdninwlnaidoeny laoaausnandeaaiuadla 24.74-33.44 1afidud uas
§ ' o o A A = A X | 1Y < o <&
Wanaruly 96 Talu (4 Tu) UezAinSawiiugedudniriie laoaaldgeiia 68.29 wadfidud nasnniu
a a 1 Ql 3 1 e 4 ] ﬂ; Qo 1 a a
UrenFnwmstesaanaiaudwliannin anmmassdlanaidiuld 168 talus (7 74) wuinyszantaw
mssiaaamsg@q@agﬁ 79.99% IcﬂsL%anﬂmﬁ@ﬁﬂizawﬁmwmisiammm"lml,@m@i’mﬁu (p>0.05)



A1319 4-13 Uszantninlunstessansieasinluinannunadnizidssdaila

% Geosmin removal

24 Hr. 48 Hr. 96 Hr. 168 Hr.
Control 640 + 055°° 1973 + 016°C 5510 + 245°° 6897 + 1.99°°
2058 + 478°° 3044 + 478°° 7022 + 212°% 8178 + 187"
Achromobacter denitrificans : - : : - : : -~ : - :

b D aC aB aA

Acinetobacter calcoaceticus 1653 + 4.18 3336 + 4.92 7176 + 2.46 8349 + 284
Comamonas sp. 2091 + 272°° 3873 + 456°° 6821 * 24170 8357 x 018"
Delftia tsuruhatensis 1795 + 454°° 3784 + 454°°C 6784 + 156°° 8280 + 240°"
2586 + 084°°C 3031 + 479°° 6922 + 109°°® 8115 + 138°"

Raouiltella ornithinolytica

a

winewe . Jiunandardunidudazsiia Sanudutuiudn 5 wesidud (10°-10" CFU/ml)

WO TR INIAIRUWLANLEAIAULANG BTk SANI9&Ha (p<0.05) luLL@ia:wﬁ@maaL%aqﬁuﬁﬁ(LLWJ@T@)

warueanasRunlng usasanuuandaglnaianena (p<0.05) luudaziaaam (LwInaw)

LS



A1319 4-14 UszanFnnlunsdessanudyled Tuiannunsanizidssdaila

% MIB removal

24 Hr. 48 Hr. 96 Hr. 168 Hr.
Control 855 + 0.06°° 24.74 + 2.86°° 4525 + 2.30°° 6532 + 0.66°"
Achromobacter denitrificans 2320 + 4.93°° 3344 + 254°° 6829 + 0.94°° 7961 + 162"
Acinetobacter calcoaceticus 803 + 3.15°° 2793 + 1.88°° 66.04 + 2.647° 7812 + 063°"
Comamonas sp. 26.88 + 3.04°° 3023 + 4.06°° 63.97 + 2.437°° 7999 + 1.23°"
Delftia tsuruhatensis 2024 + 3957° 3102 + 471°° 6107 + 0.79°° 7718 + 0.98°"
Raoultella ornithinolytica 2100 + 221°° 3334 + 1.36°° 6356 + 151 °° 7979 + 135"

a

winewe . Jiinandardunidudazsiia Sanudutuiiudn 5 wesidud (10°-10" CFU/ml)

o A & &

WHYTULENTIAINNNLA

% o

waTusanMaIRunlng uaasnnuLandagalnaiaun19aia (p<0.05) luuaaziae (LwInaw)

' . Ae o a aa ' a g a a6 &
NLRANAINULANADUINNBYRIATUNIIRDEA (p<0.05) 1%LL@@$’§%@%@GL’§Q@I§]%W§U (LbWIGN)

4]
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4.00
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=—4—Control

——Raoultella ornithinolytica
== COomamonas sp.

== Acinetobacter calcoaceticus
—t=Achromobacter denitrificans

=0~ Delftia tsuruhatensis

Hr.

AN 4-25 msw’%tgm aat’faqﬁuﬂ%ﬁﬁd%&m luLL@iarq@m’]W@madﬁ VAN Raoultella ornithinolytica, Comamonas sp., Acinetobacter calcoaceticus, Achromobacter

g , , da a & 2 o = & ¥ . X a
denitrificans %3® Delftia tsuruhatensis NAUSN1OMTSUAY 5 LUaTLTud LamlummmmadLWW:Lamﬂmua

€9
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2.1 wamﬁmﬁzﬁaaﬁﬂszﬂamJaaﬁ;ﬁuw’%ﬂuﬁw‘ﬁamamﬂmnww:ﬁmﬂmﬁa lagmsltinadfia
Denaturing Gradient Gel Elecrophoresis (DGGE)

aoﬁﬂizﬂaumaaqﬁuw%ﬂuﬁwﬁaama Tapmsaalasludiufifuny DNA UnLas acrylamide 7i
l&anmsldinedia DGGE ihlUaia DNA (DNA extraction) aan@aagnsfiaaldannuoy DNA Uuiaa LA
USunow DNA laginadia PCR (PCR amplification of bacterial 16S rDNA) Wax¥#1 PCR product ﬁ"l,ﬁméﬁ@ﬁ_lma
DNA (DNA Sequencing) lenadsit

furis A T 1wInd1euLUE DNA WD 531 bp tlavinnslSouiiisudieu DNA 1n
gwuﬁaga Gen Bank WUINE1AULLE DNA 2896 10RUI A (NN 20) Aautrdawny Uncultured bacterium
clone E70 (100% similarity)

Funikd B S81wInd19ULUE DNA Lvhin 386 bp LilavnisidSoufinusen DNA lu
gwuﬁaga Gen Bank WUINE1AULLE DNA 2896 1UR1S B (1MW 20) Aanuindawny Uncultured bacterium
clone Espejo_1_17_12_Water.255983 (100% similarity)

FIUTI C TIWINETULLE DNA LVNU 424 bp avinmsulSouiiisudiey DNA 1n
3 udBya Gen Bank WUIAAULUE DNA 283dunikd C (1MW 20) Ianuad18afny Methylophilus sp. (9%

similarity)

A B
|E|.... R —

AN 4-26 WA DGGE WaAIG1LRIILOL DNA ﬂi:m'msqﬁuw?ﬁ“ﬁayﬂmma’aﬁnwwnﬁmﬂmﬁa lasltiza

Comamonas sp.

nnnsdnsnseIyseaTaldunidudazsiialuindiagsanmawinidssdaiia wud
\ia Achromobacter denitrificans ‘laisnansn L'«ﬁtyLm'aLLﬂaﬁuqﬁuﬂ%'zﬂuﬁwmLmdal,wwnﬁmﬂmﬁavlﬁ Taswuin
Wananruly 24 52lud USunawdia Ach. denitrificans HUSuNmaatiasad (WAL DNA UHLAAIAIN luIzee

2 o & 4 ad |a A &4 & & & o &
LINAW) L"HE]‘Y]E]QI%ﬁiiN“ﬁ’W]Nﬂ’iﬂJWMLWNNWﬂTu L&Ié]L’Jﬂ’]l%ﬂ’WiLW’]ZLﬂUO%’]%‘H% I@UV]L’)&’] 48 ‘H’JI&IG L‘Halu
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sy @fitSinawnniige lwanefisia Ach. denitrificans fid3anaiasnnn awldamansnvadlfiiule (mw 4-
27)

- ' - .l .

Ach. denitrificans

™

AN 4-27 W8 DGGE 283438 Achromobacter denitrificans

¥ a n€ . .
RNELAE ¢ Lane 1 L‘%ausq“n‘ﬁ Achromobacter denitrificans

Lane 2 = Control 7 0 53149

Lane 3 = Achromobacter denitrificans ‘ﬁ 0 ﬁ;’ﬂm
Lane 4 = Control i 24 Talu4

Lane 5-7 = Achromobacter denitrificans ‘ﬁ 24‘5;’3111\‘1
Lane 8 = Control 71 48 Talu4

Lane 9 - 11 = Achromobacter denitrificans ‘ﬁ 48 ﬁ;ﬂm

\ia Acinetobacter calcoaceticus TiaaNInLITYURILEINLUIRUNISluthanunsaniziAe
dandfiala laswuindanaiiiwld 24 $2lus USunaudia Aci. calcoaceticus J15uNmaatasas (Way DNA Ut
' a o & A ad |1a a X A x X a
waanhluszezudu) Wenaglusswmaduiunawininniu Wanalumawndosnuiu lasfinm 48
o & Aad a A A & . . A 1a £ ' [
Tilud ielussinmadusunanniga luvnzfiide Aci calcoaceticus SUFunmiasann aulimansnnasld

Wwla ("W 4-28)
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_—

Aci. calcoaceticus

AN 4-28 WA DGGE wad.%8 Acinetobacter calcoaceticus

RNNBLHAG : Lane 1 = L%au‘%a;ﬂﬁ‘Acinetobacter calcoaceticus
Lane 2 = Control ﬁ 0 ‘ﬁ;ﬂm
Lane 3 = Acinetobacter calcoaceticus ‘ﬁl 0 "ﬁ;ﬂm
Lane 4 = Control ‘ﬁl 24 ﬁ'ﬁ‘[m
Lane 5 -7 = Acinetobacter calcoaceticus ‘ﬁl 24"351110
Lane 8 = Control 71 48 T2lug

Lane 9 - 11 = Acinetobacter calcoaceticus 7 48 T3

P . e A am ¥ . X o
\ia Comamonas sp.au1InLasuAILEINLfunISluhnnunsamzidsslaiiale las
1 4 1 Q; a g a lhl l v v 1
wududanasinwly 24 52109 USunowdie Comamonas sp AUSuNaANAwANTae (WO DNA LaaLTUNTN
a o & A ad a A P & & P o &
Tuszpzisudu) Waneglusmamaduiinmaings Wanmlumamwzidsawnuin lasfivam 48 $alus iralu
sy @iUTinamnniga luwmeiia Comamonas sp fuSunmutasann (nw 4-29)
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Poo B 8

Comamonas sp.

NN 4-29 W] DGGE "Ua\'il,%a Comamonas sp.

g a Ar
®NBLHEG : Lane 1 L%allia;ﬂﬁ Comamonas sp.

Lane 2 = Control ﬁ 0 °1°i;’ﬂm

Lane 3 = Comamonas sp. ‘lel 0 °ﬁ’lﬂm
Lane 4 = Control i 24 T2lu4

Lane 5-7 = Comamonas sp. ﬁ 24‘1?;’313J0
Lane 8 = Control 71 48 Talu4

Lane 9 - 11 = Comamonas sp. ﬁ 48 fﬁim

\Ta Delftia tsuruhatensis vl,&imm'mw%zyl,l,ﬁaLLﬂaﬁuqﬁuﬂ%’sﬂuﬁﬁmmmmwazLﬁmﬂmﬁa

& Tapwuinlananenwly 24 $2las USunowda D. tsuruhatensis §USanaatiasad (W0U DNA ULIANI
. R . S x4 X g 4 .

nluszezSudu) Weaglurswmadusinaduandn analumawzidonuiu lasfia 48 Talus

Falusyawm@fiuTinmmnniga luamefiga D. tsuruhatensis f3anmdasun (nw 4-30)
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D. tsuruhatensis

N

-

AN 4-30 W8 DGGE 2839498 Delftia tsuruhatensis

BNELHKA : Lane 1 = L%aﬁqﬂ%{Delftia tsuruhatensis
Lane 2 = Control ‘ﬁ 0 ﬁ;’ﬂm
Lane 3 = Delftia tsuruhatensis ‘ﬁ 0 ﬁ;’ﬂm
Lane 4 = Control 'ﬁl 24 ‘fi;ﬂ:m
Lane 5 -7 = Delftia tsuruhatensis ‘ﬁ 24"1?5111\1
Lane 8 = Control ‘ﬁ 48 fﬂm

Lane 9 - 11 = Delftia tsuruhatensis ‘ﬁ 48 %’5111\1

3. wamnasashAadmilugUuuudna g laskusenaansnaanauldd lunsdassansy
a R & ) ' ' &
nanliNlszasd luihanadsanunasnnzifeslan

3.1 waﬂﬁmaaaﬁwﬁmﬁ’mﬁml,uuﬁ’] I@mﬁ’n%‘va Achromobacter denitrificans U8 Delftia
tsuruhatensis AIAMUTNTWINATD 1 x 10° CFU/MI tRNUSINomaadide luinninsinaases inauusale
wislad waznndamanatln 1% 19AMURI% 5 waz 10 brix wanuluwnm 14 3

mil,ﬁ]%ty“lladl,%a Achromobacter denitrificans L'émé'fumiﬂmmﬁﬂ%mmwna§L°§a fianuniu
5 Wwaz 10 brix @a 9.70x10 uaz 8.70x10" CFU/MI auday atwnzsidsadorinwliidnnm 1 % Usunm
TR BaIRNT inURI% 5 waz 10 brix JUSuomaadiniD 2.00x10° uaz 1.27x10° CFU/MI audew
Womnzasadaruliidunm 4 3 USunousasiioindn fiauranw 5 uas 10 brix mnﬁq@ JUSum
imadinriy 2.28x10° waz 4.06x10° CFU/MI audnay Wiamnzidesdarwluiduwng 7 34 fUsuousadide



59

8089 AANUWIG 5 Uz 10 brix TUSHIMTaLYINAL 5.15%107 wae 7.30x10" CFUMIANEGY Lilatwizians
WornuwlUiwnan 14 35 JUSuonsadifannss AANWA% 5 uaz 10 brix TU5uNasFalrinty 3.01x10° waz
3.89x10° CFU/ml @u&eL (MW 4-31)

msm%zymaw’f?a Delftia tsuruhatensis 13U HNINARDITUSIN MLTASLED IAURINL 5 Uas
10 brix fi9 2.38x10 uaz 3.13x10° CFUMI awdey iowzidsadariuliidung 1 5 dSinmmadide
g Aieuwnu 5 uaz 10 brix JUSuNowwadvindy 1.56x10° uaz 2.91x10° CFU/MI anwdew 1ia
wnztassigernwldiduim 4 35 USunousasidorRudn AnNU¥% 5 uaz 10 brix mnﬁqﬂ USunouwas
WL 5.10x10° waz 9.80x10° CFU/MI audnay Wamnzidssdarswluidung 7 34 JUsuonsadisanass
AANUNIK 5 ez 10 brix FUSNIMTaLINTL 1.09x10° waz 4.20x10° CFUMIAUENGY tatwnziaesiarn
TUuaan 14 3 JU5HNouTadi50a0ad AWK 5 Wz 10 brix JUSuomTairintiy 1.84x10° uas
4.70x10° CFU/ml @38y (MW 4-31)

11.0

10.0

9.0

=== Ach. denitrificans (5 brix)

== Ach. denitrificans (10 brix)

D, tugwhatensis (5 brix)

7.0 AN\
\ i 1, trursshatensiz (10 brix)
6.0 \(

5.0

Log,, CFU/ml
]
o

a 1 4 7 14 St

NN 4-31 U501 om0 luo1r1 39 a8 0 U HRNLILATNINDAAEI NAAINNHAIN 5 brix Laz 10 brix

32 maminenasnrAnsmeituure Weldidafidusansamlunisdes saunawlda ao
Achromobacter denitrificans uss Delftia tsuruhatensis WEUTL Skim Milk (10%) uazvinlwuiadein3ariuie
wuuLTLEanuds (Freeze dry) LLﬁuﬁwmimmmﬂ%mmmaaﬁ%aﬁﬁaglisluwamﬁ'msﬁ%é’amﬂﬁnﬂumuﬁa Twiui
0,7, 14, 30, 120 uaz 180 4 (iufigamniiads 27 'C wudr lwiudl o Suvadiide A. denitrificans agj 1.08x10°
CFU/g Wafiulhidunm 7, 14, 30 uaz 120 5% wuiUSunawsasiteanasinny 1.06x10°, 8.50x10°,
1.46x10° waz 3.85x10° CFU/g Mu&eU Wazidio D. tsuruhatensis 1wiufi 0 ﬁﬂ%mmmaﬁﬁaag 3.61x10°
CFU/g aufiulfidua 7, 14, 30 uaz 120 5% wuiUSunaTasiseanas 4.70x10°, 3.66x10°, 4.00x10”
WAz 2.80x10" CFU/g mNEaL LLazﬁyuq@miﬂmmﬁnm 180 34 WuNTUSINonTadiFoanaiwae 2.69x10°

CFUI/g lulTa A. denitrificans wazlui@a D. tsuruhatensis flat] 1.39x10" CFU/g (N 4-32)
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16.00 el Al Denitrificans + Skim Milk

14.00 - ~ao =—fll— D. tsuruliatensis + Skim Milk

12.00 - ~ .~ = === Ach. denitrificans

\
\ - . »i1 57
10.00 - \X— - - =Y D. tsuruliatensis

8.00 -

Log,o CFU/g

6.00 -

4.00 -

2.00 -

0.00

0 7 14 30 120 130

= [l a o [ 4

AN 4-32 ﬂ%mm%aﬁwaQluwa@nmmuuum 134339 0 — 180 %
3.3 NANINARAIVNAAA MY WUUNaW lasiinita Achromobacter denitrificans 1as Delftia
. Aa v o > 8 o A a a o a @ '
tsuruhatensis NUAMULTNLTWYINNY 1 x 10 CFU/mI WENAUAKATDI, wnaudy, $azdoa luoasain 1:1:2
¥ a o & & @ o [ I3 @ ¥ { a ° 4 o [
waznniena 15 mi /1 Alansuduiugtidudounan vldudslasfivluduuise fgaunni 45 C tiavil4
% ¥ @ ' a % A A & 4 % ¥
ABULTBUAY WUINTNAUAIINGAREY A denitrificans FUSU ML TRENIANA 5.80x10°  CFU/g nauLTe
A |1a 4 A a 2 { & %
D. tsuruhatensis §USaN o was 8.40x10° CFU/g wazlu TAAILAY HUTUIIMTAR 3.20x10° CFU/g wanslidu
A1 3 % Wuinnawlde D. tsuruhatensis HUSu1uTeaaadlnfenasnii 30 CFU/g @aunawide

A. denitrificans uaz TAAILAY TWUMIATYVOITALAY

a

P a o ¥ a 61 a & a8 a A
NINAADIN 2: Wavasdddn W9z LLR&QR%‘YI?HGIE’]ﬂ'liﬁﬂﬂ&l%rﬂa%sl%%']ﬂaLﬁﬂdﬂﬁ’]%a (I(ﬂﬂl,ﬂaﬂ

2

9 @ Aad a | v @ a a a
i:@mﬂ’s’mt’ﬂ&l’ﬂu“ﬂ@mq@"ﬂﬂdElll‘ﬁll W’]d“ﬂ’l’s LL@:?a%ﬂiiﬂuﬂqTﬂ@aa\‘]‘ﬂ 1)

fnsunInasasiivinmimasasludada 12 de lasudain 4 TANINANY fa TANILAY g
AMNLTUTYH 200 ppm it AT 1 ppm (WanIznusa pH ﬁam‘ﬁ'q@ WaznINaRaIRdnNUT T
wowluiiislwirliann 39liganusndudasld 5 ppm) wazadunidanudutu 0.1 wadidud niadiunm
\asisuaw 10-10° CFU/mI (ﬂ%’uﬂ?mmqﬁuﬂ%sﬁ%uﬁﬂﬁwamm:ﬁ'uﬂ%mmt{ﬂuﬂa lagananuTuTuvas

837N 5 % Raties 0.1%)

2.1 mawsgavlazaslaika

b4 @ o . . ¥ @ { a2 & . . o a a '

imindagarg (Final weight) imsindafiindu (weight gain) aammaaigidvlade
2% (Average Daily Gain, ADG) aasnsiUasua1nisiduiite (food conversion ratio, FCR) Uss&nTniwnns
waswanwaiduwidie (food conversion efficiency, FCE) 8@11N13300 (%) WasHaNAaUaInuadanunaneid

atnafindAtyn19ada (P<0.05) (1319 4-15 uaz 4-16) lasganImasasiiduiydy 200 ppm dntindm
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gave iminUafidndu waz ADG mmw@msmaaaauq s098931@8 W99 1 ppm TANILAY (lai
L&w) LLa‘vmmsmaaam@maumm mumwunﬂma@ms 413.3 385.3 374.0 uaz 347.0 niudada diwin
UnfiAndu 298.3 2700 259.3 uar 232.0 niudad uazd ADG 249 225 2.16 uas 1.93 niudeth
MNRIAL(A134 4-15) e?m%’ua“'mwnﬁsaﬂwuh‘*q@ﬂﬁmaaa‘ﬁﬁuﬁwma‘*ﬁn 1 ppm ddanrseagega Aa
90.40 1Ua3lTud 898431 Ao q@mimaaaﬁ@wﬁﬂﬁﬁ'ﬁ 200 ppm mmﬁmaaaﬁlﬁuqauﬁﬁ IR LTt
N 84.53 74.40 uaz 71.20 tasidud aus1au ﬁaLLﬁiwﬁmﬁfmeﬁ'Lﬁuﬁusl,wg@mimamﬁ@uﬁﬂfﬁ'&ﬁ@h
mnnimﬂmswmaaﬁL@uﬁwma"ﬁn Lwhgﬂm‘smaaaﬁ@uﬁwﬂwa“ﬁnﬁé’mwmﬁaﬂﬁﬁﬂdw lAnanaatan
Yﬁmmlmwiazﬂamaag@mmmaoﬁ@u SusuuazinsT L e uuandn i LL@iﬁoaﬂ'm‘thﬂ%aaq‘*g@mi
‘YmaaaﬁﬁwaNﬁmﬂmﬁguﬂ'a'"rg@muqwLLazt‘g@ﬂﬁﬂ@aadﬁLﬁmﬁuﬁﬁ ﬁﬂﬂ%"g@miﬂﬂaaaﬁlﬁuﬁﬂﬁﬁ'mmz‘&w
whstndensanmsasueimisidwile (FCR) @‘hﬂdﬂ;@muquLLaz"qﬂmsmaaoﬁLau@ﬁuﬁﬂ FINALAT
Uszansmwmswasnamsidwite (FCE) gﬂﬂ'jwqﬂmimaaaﬂu GﬁammimaaaﬁlﬁuﬁﬂsﬁuLLazﬁwwwﬁnﬁ
Usznsawmsddouomsiwile 87.02 uaz 86.58 Lofidud luﬂnmz'ﬁ"’q@muquLLazt’qmmsmaaaﬁLau
qﬁuw%‘ﬁﬁﬂizﬁwﬁmwm‘smﬁlﬁummnﬂmﬁa 66.37 WAz 64.32 1WasiTud aus1ay (1319 4-16) mmqﬁ
ﬂaﬂumﬁﬁuqﬁuw%ﬁw%mLﬁﬂi@fﬂﬂ'jwna;ugu6] p1auflasuninmaddsuudatatemaisivesdn pH lag
qﬁuw%‘ﬁtmuﬁﬂﬁ@mﬂﬂﬁm pH Aaudnsdn (4-5) inldmdasdsuditonais (Lam,%a"qﬂq 2 o) uaz
onadsnafiomIugsaandianiildmelalwidndas Snnslumaiudmedisluudazasinuii Ysunmesndian
a:mmluﬁtﬂuﬂaﬁ@mﬁuﬂ%rjﬁm@%’md'}ﬂaﬁlu6] Tugradenusn Usunmeandauidrdinin Tasdid sy
1.76 mg/l Savanlutadsanmsmeiuduannniedu ﬁﬂﬂg\ﬂumuﬁauq@ﬁwwaamnﬁué’hazm (RUaA
7 16 uaz 18) lagdienaandiawads 2.6 mgl FelsiRinadansassdiavesdadin 3edomalisannssen
°uaaﬂaﬂw’g@ﬁLauqﬁuw%ﬁﬁm@‘%m’jm@m‘m@aaaﬁuq (AW 4-46) Semndusandianasllludoindu

e A X . e . .
Tuwmendnaaudaas i luudazasd 3281313080003 NIANLVaIUa8d e

:’ a QI v . . :j a v . . :/ a 4 n' J .
1379 4-15 dnunlanlIuan (Initial weight) u’muﬂﬂmq@ﬂm (Final weight) WRBNUa AN D% (weight

gain) UazaaIIMIRSwLAuladain (Average Daily Gain, ADG) (fAafpzaduaLwIINIFIN)

Treatment Initial weight (g/fish) Final weight (g/fish) weight gain (g/fish) ADG (g/day)
Control 1147 £ 2.6° 374.0 £ 11.7° 25903 +9.1° 2.16 + 0.08"
Gypsum 200 ppm 115.0 + 2.3° 4133 +20.2° 2083 + 18.7° 249 +0.16°
Rice straw 1 ppm 1153 + 2.6° 3853 + 17.5° 270.0 + 15.0™ 225 +0.13%
Bacteria 115.0 + 2.1° 347.0 + 16.5° 2320+ 14.7° 1.93 +0.12°

o

WANELNAG : IONHIBINYBNAINBIURANALALINY LFAIANVUANAIBENITRBF A NIaHaA (P<0.05)

]

naxaulas3d Duncan’s multiple range test
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A1319 4-16 aa M ILUFeuwaIn1sduiie (food conversion ratio, FCR) UszanTniwnisidasuarnisiduiite

(food conversion efficiency, FCE) 8a31n13700 (%) wasnandalan (dadosadosuninasgin)

Treatment FCR FCE (%) Survival rate (%) Biomass of fish (kg/pond)
Control 153+013° 6637 +5.79° 71.20 + 6.80° 66.37 + 5.79°
Gypsum 200 ppm  1.16 + 0.06"  87.02 + 432" 8453 + 5.41% 87.02 + 4.32°
Rice straw 1 ppm  1.16 £ 0.04" 86.58 £ 2.67°  90.40 + 6.11" 86.58 + 2.67"
Bacteria 156 +0.03° 6432+ 11.1° 7440+ 277" 64.32 + 1.11°

winong © aanwisInguidnulusaudienu usasnnauandsadnalinbdayneaiia (P<0.05)

naxaulasis Duncan’s multiple range test

a a a [ 1 a
2.2 Sananawlaan Soaarwuaziaalad) lntadaiha

USuramnanlaas i

Usinmndulaau @oesduuazdalef) lwihddnagszwing o - 0.104 lulasniudedas (muw

a a A AL ' . @ 4 a 2 . . A ' '
4-33) landIanadaaaduiidnagszning 0 - 0.034 lulaniudadny Geaglugy Particulate form Hdnagizning
0 - 0.034 lulasniusiadns uazaglug Dissolved form fifnatsznine 0 - 0.003 lulasniudadas (nw 4-34)

° o a & ' ' ' @ 4 a 2 ' . <&
fmiudTunoudulediidnagznite 0 - 0.071 lulaniudainy Ssaglugyl Particulate form Nanua (MW 4-

&

' A ¥ da ' ¥ a ' i ] '
35) lapdrnlngindulaauluirfifaluteaidsslafiaszaglugives Particulate form vt lwaasuasunas

=) o AI :’ ﬁl a = dw dl a [ =
ADUND Iuﬂﬁiﬂﬂammmmaﬁmaﬂauiﬂaﬂummaﬂmuammqmnamw 12 gdaw I@m;ﬂmuquu

' @
a a a a [~

a a = A v 4 a ] a A
ﬂi&lﬂmﬂﬁuiﬂﬂuq&ﬂqmﬂa 0.104 le]IﬂiﬂiN@]aa@i Gﬂﬂu‘ﬂxﬁ_]iw’]mﬁ]aaa&l%LLa:LaN‘lau Sa\‘ia\‘ill’lﬂa?g@m’]i

a

§ a a L o 1 a { a Q 1 a &
nasasnandUsy 0.029 lulasnsudedag LLaz’qmﬂﬂsmaaaﬁL@mqauw“ﬂ‘ 0.020 lulasniudeaday TIdiNy

a a a ' a o o da 0 A 1A a S a & =
‘]Jﬁll’]mﬁ]aaﬁwuaﬂ’mlaﬂﬁq a’]%i‘]_lﬁg@m’li‘ﬂ@]aa\‘i“nLWJu’]W’I\W’I’JVL&I&Iﬂiﬁﬂnmauiﬂauiuu’]Lﬂ@]‘llusl,u‘]_lamle‘lﬂm

A

Wa

e
s
a

=
—
~

e
=

e
=)
)

oMIB
BGSM

e
=)
=

e
o
¥

<

Total off-flavor concentration (ng/L)
=l

Bacteria EEEE—
Bacteria EEEE—

Bacteria D

Ry [ gy ) i g oy oy = =gzla
EEZEEEEfEEEEEEsEEEEEEEEE EEEEEEEETE:E
TR TR B2 CEEEEE A g Treaman
COI8LRC a0 gaC0|idCdEav 0|84 TERC BT EA

= = = = &= = =4 =4 =4

0 2 4 6 8 10 14 16 18 Time (weeks)

N 4-33 Ysunmwndulaau Geasluuastdyled) Tuihdadssdanila
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0.05 -
B Dissolved GSM
3 _ OParticulate GSM
‘E£0.04-
s
p—
= I
= 0.03
"
S
£ |
g
20.02-
[=]
]
50.01—
&) g
- == == == w = == == == = = == o
SEEETEEECEEECEEECEEECEEETEEECEESIEEEEEE T meamen
§ =9 8|2%3 8/ 2% 3 8% 8 a=98a%35 8 a=w3s 8 eET 8eEs et
VDI EAVOIEAVDEALDIEAVDEAVTEARTEALDERAVDERVDER
& & & E E & & & EZ &
0 2 4 6 s 10 12 14 16 18 ime (weeks)
a a nl S & PN 51 X .
AN 4-34 USunwanaginlwiindalagsdanitany ugﬂ Particulate form a2 Dissolved form
0.12
—_—
= 0.1
[=11]
E
p—
50.087
=
o
-
£0.06 & Dissolved MIB
L]
g OParticulate MIB
50.04
=
=
0.02 |
0 L
EEZEEEEEEEEEEEEEEEEEEEEEEEEETEEEEEEEEEEE
EEZEZEEESCEESCAESEAESEAESEEE2ERESEEE S EEE S Treatment
SEegdlre e zSresSrazgSrezllraidlre2dreizdSrmces
CE2all8allaC 08T ERaYIERTYICE2VOSAPTEAVD B
o o o - [~ [~ o - o o
0 2 4 6 8 10 12 14 16 18 ime (weeks)

NN 4-35 ﬂ’%mmﬁwvlaﬁluﬁ'mmﬁmﬂmﬁaﬁ'ﬂugﬂ Particulate form W&z Dissolved form

USurmnanlaantaziaaflwaada lnanaznan

ﬂ%mmﬁaaaﬁmmnﬁﬂaﬁluﬁumﬂauﬂmﬁmﬂmﬁaﬁmayj’imﬁa 0 - 0.384 lulasnsusio
807 lauNiNe9USuN WA 0 a RN ULYINT Lmzwﬂimmﬂaﬂﬂaug\‘mqﬂluy@muquLuaﬂmuaumqmﬂaﬂm 12
o I & g a A A A A & A o ¢ £ o
sUan lumsmammaumwwmaﬂﬂau’lu@umﬂaumaﬂmuaumqmnamw 6 dUa TIdlawzya

AU udliailonygn1ades 8 uaz 10 dlaniiUSinndeesdunnranmanss (Mw 4-36)

udfivadne lsfanudie liSsusununsdnsuad Gutierrez et al. (2013) WUINNNSAN®A

& XA ja a & ¥ a ) 4 a \ { & \ )
1umuﬁﬁﬂ5mmﬂauiﬂaum’lumLLamumﬂauua gun smma]mm'mmaﬁ'ﬂ@aaauuaglummﬁaummguﬁa
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\Waufimnan 2557 lapdaufimuuaziuasnmadssmiiaidutimgiu MldddTanausuaaianuazdin

InaduanasnaliIanm cyanobacteria luihfikes iwnszawmiowadaansnniyidvlalddluwinaamnd
“q; 1 = o =

&9 Snmnaum‘m@aawmimn'ﬂauaﬂdﬁwnlm"’umaumim%ﬂmia liaAunidluduaeldusdu

L1l

A9 LA TUS N N AUl e uNI I RINLAL AUAT N UERENINNITNARBIAN KATITNITRYTEULLIAINITLRE
a a A A & ¥ a & 4 ° [

Usfiawnludnyszanm 6 — 8 1Han INMIRZANVBIRITONMITNI IUINLALAUNINTY FI9VIN IR NTRZ ANV DI

USunmwnaulaauuinning

0.60 -

~_

Lo

El

2 0.50 -

- @ Total GSM

£ O Total MIB

5 040 -

Q

n

£

S o030

5

S

=

S 020 -

=]

2]

A

=]

g 0.10

o

S

‘5 é il L

F 0.00 g d a £ b=

= SEEEEEEfEEEETEEfEEEEEEEEEEEEE et 2
LU £
COgal Il gavdgallialliallsacoial e &

= & & & & & & &
0 2 4 6 8 10 12 14

A 4-36 USunawndulaau (easfiuuazidnled) luduaznaudaldsslaila

o a a o a a ' ' 4 ' @

mmuLLaﬂquwﬂ%ﬁlu@um:nauﬁﬂimmagi:vma 0.72 - 7.90 x 10 CFU ¢ansd wa
' A A e a Aa a o A a o o
mmawmLLaﬂ@qumalwgﬂmuqu TANMINANBINLANTTH 200 ppm TANINARBINLANEINIIT 1 ppm

{ a Aa 4 ' [
LLazq@mimaaaﬁmuqauﬂ%ﬁ A9 3.16 + 1.50 2.94 + 2.29 3.31 + 2.09 kaz 2.22 + 1.09 x 10° CFU @an3u

A

MURIAL (AN 4-17) Imﬂ%mmuaﬂaiuﬁ'ﬂmag{lq luganmnasasiduidsu 200 ppm ludilanwn 6 uaz
a A o A o A a ¥ ) o & 2L |a

Usnmueadludbdadrgaluranisnaassfiduiinietnn 1 ppm ludlenwi 10 (1w 4-37) TadSunm

wendludpdaasannidafisuiudnnauuaiisoninualudnazneu Saoradusmanianililsanmniu

Taaunlu@uaznaniias
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- b2
K <o
1 |

B Actinomycetes

—
(ST S
L L L

Number of actinomycetes (x 104 CFU/g)

B EEREER R EE R EEE EEAE EEEE R ECEEREEREE
EzE2EzEEEgE2EzESELEZELEEEREBEZEZE 2EE8E 2E|E| Treatment
HEEE R SR RS R R R R EER SR
PR AP ERAC T AU RO RO ERCTZRCC|EMC T ZA

=4 =4 =4 =4 =4 =4 =4 =4 & e~

0 2 4 6 8 10 12 14 16 18 ime (weeks)

a A o 4 ' o a ' ¥ A
A 4-37 YSunasmand@luldsda (x 100 CFU dansuy) luduaznautiaiaasdaniia

' d 0 a o 4 ' o Aa ' ¥ A
M1319 4-17 mmﬁmm:mg@-gdq@mmLLaﬂquuU%a (x 10 CFU saniy) lu@umﬂauumﬁmﬂmua

ZANIINANDI ANRa Gi:ﬁqm-gdqm
Control 3.16 + 1.50 1.48 — 5.47
Gypsum 200 ppm 2.94 +2.29 0.96 - 7.90
Rice straw 1 ppm 3.31 £ 2.09 0.72-7.72
Bacteria 2.22 +1.09 0.98 — 4.37

& a 3‘ 1 1 4 . .
aaﬂﬂsznanwmqaun’%sﬂ%mmnnaﬁLauqﬁuﬂ‘%ﬂ TngmaRA Denaturing Gradient Gel

Elecrophoresis (DGGE)

avAdsznayue aaqﬁuw%ﬂuﬁﬂmnﬂaLﬁymﬂmﬁLamﬁuﬂ%ﬁmu 2 3@ a Achromobacter
denitrificans Wz Delftia tsuruhatensis (888&aN83 aaaﬁmmuﬁm"l,aﬁvl,ﬁmnﬁqﬂ lumsnesssluiasdfidnng)
Tagvimsifinsindaodne iRnSunmiswaluiidretslasimnaiia PCR (PCR amplification of bacterial 16S
DNA) uazttSouifisy DNA profile lasinafia DGGE %aanﬂum’nmmadﬁﬂi:ﬂaumamﬁuﬂ%ﬁﬁ'wuluﬁ’]
GI0ENN WANINARBINLN ma'cnvlsjwmﬁmﬁuﬂ%ﬁw%aaa%ﬁﬂluﬁﬂﬁaaﬂwu meifaﬁuﬂ%'ﬂ“luﬁﬁumﬁ Farile
WM ImsauLLg wuﬂnﬂun@m%a Uncultured bacteria wafileaatitasunannminaassazyinsiiiv
é’aam{n{mﬂﬂ 2 é’ﬂmﬁﬁaumnawqﬁuﬂ%iﬂuu@ia:m{‘l %oﬁagﬁuw?ﬁwg\mawﬁ@ mmﬂ&immmayﬁa@ﬂﬁ
Tugnmzsysund dekwliduszoznawu Snvadeiiauasly musndudimsasyvesunasiaauis

d BedssamalAUTinaunaiaauiouneludaddigs (nw 4-40)
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USurananlaawluwibailan

AaWNITI AT U Ba b TN TS UNsUATAITATEHWUY SPME 39470 GC/MS

(WULLAN) U MD-SPME $2wmiu GCMS (BElumananssit lagldlulasinaslumssna dsldanusan 600

o

& A o & Aa a aa v o A4 a X a P A &
106 win 6 ) lasshiiladanfinaulaananitmmsdseanauns Sefliiladanfia wazdandnundiasey
WU ATNTIATITRBUL MD-SPME 52910 GC/MS aanIaasanulsunananlaaunidsasiniazidvlod
N9 3 A198719 IUUNITAITIATITABUY SPME 572900 GC/MS lisnunsaasianudSunanaulaau asmnn
aa a & . ) aad a a & .
F5M1IATERUUY MD-SPME $73nu GC/MS uwdtiwmanzaulunisamadSunmnaulasnluitolaiuinnin

FTMFIATZAUUY SPME 570AL GC/MS (A 4-38)

0.16 4
0.14 -
0.12 4

0.1 -

OGSM
aMIB

Total off-flavor concentration in fish (ug/kg)

0 // Py 4 P 4 pass 4 7
S Vv N Vv ]
G G &) > & &)
& S S é\@ S o
X x x X X X
& & & & & &
) ) ) Q(% 0(% =)
$ $ $§

AN 4-38 USaawnaulaanluiialannlsisaiasnvanani

. e X - X e - -
fnsuiitedanfialunmsdnarsdnuinliddsunawniulaan Feeafinuazidnled) (an319 4-18)

A

a a ¥ a v ' ' ' . A >
dosnnuSunmnaulasuluwih fuTunmdesann wazsulngjerluzy Particulate form aazluazanludatan

a 3 =

ladasfinandafaniuunasnaanwnad bl annalunisnasssninislwainisdaiagradun valvdaniia

{ & A

A a i d a Q. A \ a & a
LRANNWATRITNINNINASNWLANRINADUNTD ﬁ]ﬂu’]%ZLﬂuLﬁqNﬂﬂﬂqlqﬁul&lwuﬂaulﬂﬂulul,%aﬂa']ua

A1319 4-18 YSanmunanleaw (eeainuazidyled) luitedafialue

Treatment Initial 1 month 2 month 3 month 4 month
Control ND ND ND ND ND
Gypsum 200 ppm ND ND ND ND ND
Rice straw 1 ppm ND ND ND ND ND
Bacteria ND ND ND ND ND

WHNLLAG : ND A @379 LWL

é‘nvx%’umwLﬁuﬁuﬁwq@ﬁmmmf@ﬁaaaﬁmmuﬁﬂaﬁ (Limit of Detection, LOD) fa 0.005 ppb.
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Iummzlﬁmﬂ”uﬁﬁﬂﬁsﬂﬂaaUﬂﬁuIﬂauluﬁaamaLf:aﬂmﬁaﬁvl,@‘fmﬂLwiamg@mimaawaamuﬁvm
@‘hﬂ‘iﬁmsmaﬂizmﬂﬁuﬁzﬁMﬂ@ﬂﬂaauﬁmumiﬂndu F1UI% 10 A% (NIANWIN N) I@Elﬁ’]ﬂ’]iii&lﬂa’mgx‘l 12
189 8z 3 @T’JﬁwmsamﬂmLLaﬂﬁ;‘Tﬂ@aauﬁﬂmﬁmamwﬁuazﬁﬁLmuaaumum’mﬁdwasl,amaa;juﬂﬂﬂﬂmﬁa
(MW 4-39) wui dnasauiiiwands 50 Wasiduduaziwams 50 wafidud daulwajazlangaglumig 21- 40
9 duduindnsuazaumsansszauySualn @11 4-19) Taslunsnaseunaulaauluiiloaiiani
ﬂi:mﬂé‘mN”ﬁluﬂﬁzaf?l,ajﬁpfl,@]WUﬂﬁuIﬂauluLﬁaﬂmﬁa 903903 EMIIA ALY MD-SPME  32amiL
GC/MS

1919 4-19 1asiTudadine 218 MIAnN®EN LLaz‘LhTZLﬂ‘ﬂQ,‘]J%Iﬂﬂsl,%ﬂ’]‘iﬂﬂﬁﬂﬂﬂﬁ%Iﬂa%l%Lﬁaﬂﬂﬁﬁﬁ

LW a1 AMIANEN Uszinnguslnae
718 50 % 21-30 0% 40 % USyaned 20 % UNFAN® 70%
Wil 50 % 31-40 0% 30 % YSqn 50 % 113173M7 30%

41-50 D3 10 % gandl3yailn 30 %

50 DawlUi 20 %

wuuAsuMNAMITInelavetuiinalaniia
Pyt
noun 1 Eoymiall

1 e Wi N

2 oy 10-200 21-301 31-407 41-511 51 TRl

3 oo doadnn alednn | Bigqnst Wyl qanifigain
4 Uil (th) Undnm $nems Urzmawily

a ohes A p [ e Pl -
ARUR 2 UriiuszAum e laredailon (Wsainwfosnnugn windaaeufiesaium i)

ndiinauldey sfuAziug S=annfige  4=an 3=thunae 2=tiou 1= flewiige

i1 2 N3

i Ll ] ] i g

e

aoud 3 WianAnit vieSeuueuusindu

NN 4-39 LLmJaaumummﬁdwalwm@j’uﬁﬂﬂﬂmﬁa

2.3 niauaziSuimunasnnawizlntailaiha

wwasnaawionwulutaReslaniia 1w 4 TANINARDY WUTRALNRINABUNTNIRNG 104 TS
ﬁ’(ﬂagﬂu 7 @74 lewn Division Chlorophyta, Cyanophyta, Bacillariophyta, Euglenophyta, Pyrrhophyta,
Cryptophyta W&z Chrysophyta @ud1ay lasddnuwinadsannuluudazdiou ds 50, 21, 10, 17, 3, 2 uaz

1 /UTH ewdau ﬂ'%mm"fi'amwmamwmﬁmauﬁ‘ﬁﬁwuiuu@ia:mmiwmm Tugai@daninwoniafon
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fawaw 2557 fanuuandiunisnuusiausz3inasiinmnfing 49835 Euglenophyta SU5anasiinn
mﬂﬁlq@] J8989N1AD Chlorophyta, Bacillariophyta, Cyanophyta, Pyrrhophyta L8z Cryptophyta ANRIAU
(113714 420 WAz 4-21) Imﬂ%mmuwaaﬁmauﬁmﬁmmﬁumiﬁuLﬁugai‘fuluu@iazé’ﬂmﬁﬁﬁuﬁaarho
Usmnawnasiaauirluganiugw qmﬁ@uﬁwﬂw%a wazgdunididlndidnenulugae 2 1Wauuan nasan
ifuwuiwﬂ%mmuwmﬁmauﬁﬂuﬁaﬁlﬁw'ﬁ'}Wﬂd‘ﬁﬂﬁ@hgﬂﬂiﬂ"gﬂﬂwﬂmaa5% ‘saammﬁa"q@muqm ﬁgauﬂ"‘}ﬁ

uazBUTNaNEIAY (NN 4-40)

=
= 250 4 m Phytoplankton biovolume
S
@ = Cyanobacteria biovolume
<
=
=
= 2.00 -
=
=
o
R
2
= 1.50 -
=]
=
=
s
=]
i
= 1.00 -
=
S
=
e
= 0.50 -
S
-% |
= LLLLLI il 11hL1
0.00 Inin - pLm i | | lll i ll, ll, ll,
SEEEEEEEEERE R R R e R EEE B R EEEE
EECCE2CCEEE R cC B RSt R B RSt R acCE R DR RS D Treatments
CoOEeR el ATl el i l|8aCliaC e la
= &~ ~ ~ = ~ = = = &~
0 2 4 6 8 10 12 14 16 18 weeks

NN 4-40 Y3019 3T217 NV ILNEIRAaUNTILAZ Cyanobacteria ﬁwuﬁ'mmluu@ia:mm‘imaaq

(lulasdns/aas)

o

A1319 4-20 AnadsdSunastinwasunasnaauineg (lwlasdasaas) IuLL@iazﬁ%mamﬂq@mimaaa

Division

Weeks Treatments
Chlorophyta Cyanophyta Bacillariophyta Euglenophyta Pyrrhophyta Cryptophyta Chrysophyta

0 Control 0.063 0.015 0.039 0.127 0.073 0.011 0.001
Gypsum 0.047 0.010 0.030 0.093 0.066 0.008 -
Rice straw 0.059 0.016 0.041 0.177 0.088 0.010 -
Bacteria 0.041 0.009 0.023 0.060 0.037 0.008 -

2 Control 0.072 0.020 0.044 0.122 0.064 0.009 -
Gypsum 0.034 0.014 0.025 0.110 0.043 0.013 -
Rice straw 0.095 0.024 0.046 0.170 0.064 0.013 -

Bacteria 0.087 0.016 0.029 0.134 0.042 0.011 -
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Weeks Treatments Pivision
Chlorophyta Cyanophyta Bacillariophyta Euglenophyta Pyrrhophyta Cryptophyta Chrysophyta
4 Control 0.109 0.026 0.059 0.230 0.080 0.017 -
Gypsum 0.040 0.005 0.036 0.143 0.081 0.026 -
Rice straw 0.117 0.048 0.054 0.230 0.113 0.031 -
Bacteria 0.124 0.046 0.043 0.225 0.036 0.009 -
6 Control 0.136 0.020 0.038 0.219 0.046 0.019 -
Gypsum 0.104 0.004 0.038 0.243 0.071 0.035 -
Rice straw 0.110 0.029 0.067 0.423 0.015 0.019 -
Bacteria 0.214 0.037 0.081 0.778 0.131 0.030 -
8 Control 0.435 0.194 0.198 0.456 0.104 0.105 -
Gypsum 0.083 0.006 0.040 0.119 0.052 0.088 -
Rice straw 0.391 0.061 0.172 0.791 0.049 0.043 -
Bacteria 0.255 0.266 0.131 0.423 0.047 0.062 -
10 Control 0.369 0.267 0.297 0.479 0.147 0.056 -
Gypsum 0.108 0.015 0.018 0.282 0.107 0.048 -
Rice straw 0.560 0.064 0.623 0.706 0.011 0.024 -
Bacteria 0.243 0.335 0.143 0.821 0.005 0.014 0.001
12 Control 0.355 0.071 0.600 0.509 0.016 0.097 -
Gypsum 0.067 0.030 0.045 0.191 0.071 0.065 -
Rice straw 0.636 0.080 0.157 0.645 0.026 0.049 -
Bacteria 0.303 0.242 0.085 0.370 0.000 0.113 -
14 Control 0.192 0.201 0.069 1.235 0.016 0.111 -
Gypsum 0.034 0.020 0.043 0.316 0.082 0.151 -
Rice straw 0.550 0.138 0.289 0.753 0.196 0.079 -
Bacteria 0.169 0.060 0.104 0.400 0.148 0.101 -
16 Control 0.416 0.194 0.207 0.591 0.048 0.059 -
Gypsum 0.069 0.031 0.037 0.414 0.439 0.187 -
Rice straw 0.582 0.150 0.147 0.627 0.184 0.136 -
Bacteria 0.146 0.029 0.105 0.687 0.121 0.062 -
18 Control 0.321 0.125 0.172 0.519 0.083 0.045 -
Gypsum 0.051 0.030 0.031 0.332 0.282 0.146 -
Rice straw 0.412 0.133 0.090 0.494 0.155 0.081 -
Bacteria 0.152 0.035 0.115 0.719 0.195 0.102 -




@1319 4-21 ARdpLUTNaITINWVe4 Cyanobacteria (lulaiday/Aas) luudazadfdvasmnraminases

Treatments
Weeks Cyanophyta
Control Gypsum  Rice straw Bacteria

0 Aphanocapsa sp. 0.00178 0.00213 0.00213 0.00142
Chroococcus limneticus 0.00053  0.00027 0.00053 0.00027
Coelomoron sp. 0.00126 0.00101 0.00126 0.00101
Leptolyngbya limnetica 0.00089 0.00044 0.00089 0.00044
Merismopedia punctata 0.00076 0.00076 0.00076 0.00076
Merismopedia tennuissima - - 0.00019 -
Phormidium sp. 0.00770 0.00385 0.00785 0.00385
Planktolyngbya limnetica 0.00178 0.00178 0.00222 0.00133
Pseudanabaena sp. 0.00047  0.00024 0.00047 0.00024

2 Anabaena circinalis - - 0.00140 -
Aphanocapsa sp. 0.00213 0.00213 0.00213 0.00036
Chroococcus limneticus 0.00053 - 0.00053 0.00044
Coelomoron sp. 0.00101 0.00013 0.00152 0.00013
Cylindrospermopsis raciborskii - - 0.00133 -
Leptolyngbya limnetica 0.00133 - 0.00266 0.00222
Merismopedia punctata 0.00076 0.00051 0.00025 0.00063
Merismopedia tennuissima - 0.00006 0.00035 0.00019
Phormidium limnetica - - 0.00044 -
Phormidium sp. 0.01155 0.01155 0.01155 0.01155
Planktolyngbya limnetica 0.00200 - 0.00111 0.00089
Pseudanabaena sp. 0.00047 - 0.00024 -
Romeria gracilis - - 0.00016 -

4 Anabaena circinalis 0.00140 - - -
Aphanocapsa sp. 0.00249 - 0.00320 0.00142
Chroococcus limneticus 0.00018 - 0.00107 0.00195
Coelomoron sp. 0.00177 0.00025 0.00139 -
Cylindrospermopsis philipinnensis 0.00073 - 0.00886 -
Cylindrospermopsis raciborskii - - 0.00400 -
Leptolyngbya limnetica 0.00266 - 0.00400 0.00089
Merismopedia punctata 0.00051 0.00038 0.00076 0.00076
Merismopedia tennuissima 0.00028 0.00019 0.00028 0.00047
Microcystis sp. 0.00247 - 0.00740 0.00987
Microcystis aeroginosa - - - 0.01851
Phormidium limnetica - - 0.00089 0.00207

Phormidium sp. 0.01155 0.00385 0.01155 0.00962
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Treatments
Weeks Cyanophyta

Control Gypsum  Rice straw Bacteria
Planktolyngbya limnetica 0.00178 0.00067 0.00444 0.00089
Pseudanabaena limnetica - - - -
Pseudanabaena sp. - - 0.00047 -
Romeria gracilis 0.00031 - - -
Synechococcus sp. 0.00018 - - -

6 Aphanocapsa sp. 0.00178 0.00142 0.00213 0.00036
Aphanothece sp. - - - 0.00030
Chroococcus limneticus 0.00053 0.00027 0.00027 -
Coelomoron sp. 0.00101 0.00013 0.00088 0.00063
Cylindrospermopsis philipinnensis 0.00293 - 0.00493 0.00220
Cylindrospermopsis raciborskii - - - 0.00133
Leptolyngbya limnetica 0.00178 0.00044 0.00400 0.00044
Merismopedia punctata 0.00051 - 0.00038 0.00076
Merismopedia tennuissima 0.00006 0.00013 - 0.00009
Microcystis sp. 0.00247 - 0.00493 0.00987
Microcystis aeroginosa - - - 0.01851
Phormidium limnetica 0.00341 0.00104 0.00933 0.00015
Phormidium sp. 0.00385 - 0.00192 0.00192
Planktolyngbya limnetica 0.00111 - 0.00044 -
Pseudanabaena limnetica - 0.00080 - -
Pseudanabaena sp. - - - 0.00024
Romeria gracilis 0.00016 - - -

8 Anabaena circinalis - - - 0.00350
Aphanocapsa sp. 0.02132 0.00089 0.00799 0.01599
Chroococcus limneticus 0.00711 - 0.00044 0.02287
Coelomoron sp. 0.00442 0.00032 0.00126 0.00347
Cylindrospermopsis philipinnensis 0.01282 - 0.00183 0.02331
Leptolyngbya limnetica 0.00222 - 0.00444 0.00111
Merismopedia punctata 0.00032 - 0.00158 0.00032
Merismopedia tennuissima 0.00071 0.00071 0.00008 0.00039
Microcystis sp. 0.02467 - 0.00617 0.03084
Microcystis aeroginosa 0.11566 - 0.02313 0.16192
Phormidium limnetica 0.00074 - 0.00777 -
Phormidium sp. - - 0.00481 -
Planktolyngbya limnetica 0.00222 0.00222 0.00167 0.00111
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Treatments
Weeks Cyanophyta

Control Gypsum  Rice straw Bacteria

Pseudanabaena limnetica - 0.00200 - -
Pseudanabaena sp. 0.00118 - - 0.00118
Romeria gracilis 0.00026 - - 0.00013
Synechococcus sp. 0.00004 0.00022 - 0.00004

10 Anabaena circinalis 0.00933 - - -
Aphanocapsa sp. 0.04145 0.00474 0.01303 0.03790
Aphanothece sp. - - 0.00049 0.00049
Chroococcus limneticus 0.01125 0.00089 0.00030 0.01510
Coelomoron sp. 0.00042 0.00042 0.00084 0.00421
Cylindrospermopsis philipinnensis 0.14035 - 0.00822 0.01466
Cylindrospermopsis raciborskii - - - 0.00888

Leptolyngbya limnetica 0.00296 0.00148 0.00444 -
Merismopedia punctata - - 0.00042 0.00168
Merismopedia tennuissima 0.00474 0.00105 - 0.00211

Microcystis sp. - - 0.02467 -
Microcystis aeroginosa 0.03084 - - 0.21590

Phormidium limnetica 0.01924 0.00345 0.01036 -
Phormidium sp. - - - 0.00642
Planktolyngbya limnetica 0.00518 - 0.00074 0.01777

Pseudanabaena limnetica - 0.00266 - -
Pseudanabaena sp. 0.00079 - 0.00079 0.00237
Romeria gracilis 0.00069 - - 0.00760

12 Anabaena circinalis 0.00700 - - -
Aphanocapsa sp. 0.00266 0.00711 0.00444 0.01865
Chroococcus limneticus 0.00355 - 0.00378 0.04419
Coelomoron sp. - - 0.00095 0.00347
Cylindrospermopsis philipinnensis 0.01099 - - 0.01099

Leptolyngbya limnetica 0.03109 - - -
Merismopedia punctata 0.00063 - 0.00221 0.00032
Merismopedia tennuissima 0.00047 - 0.00063 0.00039
Microcystis aeroginosa - - 0.04626 0.16192

Phormidium sp. 0.01443 0.00481 0.00962 -
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Treatments
Weeks Cyanophyta
Control Gypsum  Rice straw Bacteria
Planktolyngbya limnetica - 0.00056 0.01110 0.00111
Pseudanabaena sp. - - - 0.00118
Romeria gracilis - - 0.00078 0.00013
Synechococcus sp. - 0.01732 - 0.00004

14 Anabaena circinalis - - 0.00350 -
Aphanocapsa sp. 0.00977 0.00089 0.00888 0.00266
Chroococcus limneticus 0.00355 - 0.00155 0.00067
Coelomoron sp. 0.00063 0.00063 0.00032 0.00189
Cylindrospermopsis philipinnensis 0.17871 - 0.00733 0.02032
Cylindrospermopsis raciborskii - - 0.00999 -
Leptolyngbya limnetica - - 0.00111 0.00111
Merismopedia punctata 0.00189 0.00190 - -
Merismopedia tennuissima 0.00024 0.00032 0.00055 -
Microcystis sp. - - 0.00617 -
Microcystis aeroginosa - - 0.09253 0.02313
Phormidium limnetica - - - 0.00259
Phormidium sp. - 0.02406 - -
Planktolyngbya limnetica 0.00444 0.00444 0.00555 0.00333
Pseudanabaena limnetica 0.00200 - - 0.00400
Pseudanabaena sp. - - - 0.00059
Romeria gracilis 0.00013 - 0.00091 -

16 Anabaena circinalis - - 0.01049 -
Aphanocapsa sp. 0.00622 0.00355 0.00622 0.00089
Chroococcus limneticus 0.00444 0.00111 0.00089 0.00044
Coelomoron sp. 0.00126 0.00095 0.00063 0.00095
Cylindrospermopsis philipinnensis 0.10526 - 0.00916 0.00366
Cylindrospermopsis raciborskii - - 0.00666 0.00333
Leptolyngbya limnetica - 0.00333 - 0.00111
Merismopedia punctata 0.00221 0.00316 0.00189 -
Merismopedia tennuissima 0.00055 0.00047 0.00079 0.00016
Microcystis sp. 0.01851 0.00617 - 0.00617
Microcystis aeroginosa 0.04626 - 0.09253 -
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Treatments
Weeks Cyanophyta

Control Gypsum  Rice straw Bacteria
Phormidium limnetica - - - 0.00555
Phormidium sp. 0.00000 0.00962 0.01443 -
Planktolyngbya limnetica 0.00777 - 0.00611 0.00056
Pseudanabaena limnetica - 0.00200 - 0.00600
Pseudanabaena sp. 0.00118 0.00059 - -
Romeria gracilis 0.00026 - 0.00039 -
Synechococcus sp. 0.00004 - - -

18 Anabaena circinalis - - 0.00350 -
Aphanocapsa sp. 0.00622 0.00444 0.00622 0.00266
Chroococcus limneticus 0.00244 0.00111 0.00089 0.00044
Coelomoron sp. 0.00126 0.00095 0.00063 0.00189
Cylindrospermopsis philipinnensis 0.03264 - 0.00550 0.00366
Cylindrospermopsis raciborskii - - 0.00333 0.00333
Leptolyngbya limnetica 0.00000 0.00333 - 0.00111
Merismopedia punctata 0.00221 0.00158 0.00095 0.00221
Merismopedia tennuissima 0.00055 0.00047 0.00079 0.00032
Microcystis sp. 0.02467 0.00617 - 0.00617
Microcystis aeroginosa 0.04626 - 0.09253 -
Phormidium limnetica - - - 0.00555
Phormidium sp. - 0.00962 0.01443 -
Planktolyngbya limnetica 0.00722 - 0.00444 0.00111
Pseudanabaena limnetica - 0.00200 - 0.00600
Pseudanabaena sp. 0.00118 0.00059 - -
Romeria gracilis 0.00026 - - -
Synechococcus sp. 0.00004 - - 0.00019

é’m%‘uﬂ%mmﬂaaiiﬂaﬁmluﬁ']ﬁmﬁmﬂmﬁa’uaaLL@iazq@mﬁmaaaﬁ@ha%iizwj’m 253 - 5385
lulaniudaias lasganminenasidudysu 200 ppm ddanmanalifladiadniiganiinanasan (Mw 4-

41) SabUsusnanInaaanunmwinasunaiaauirld lasuaaidonlosaunidudszauanlusunuuwasrt
A A 'Y @ @ a Y A= 1Y 2 o =
aaunridulszaay udmudiduiauaznauauiliminuazanasginde Seadoadinunsdnsves Sun

et al. (2013) ﬁiﬁwﬁagmﬁymaa%ﬁ (Polyaluminum chloride; PACI) tiluaslauannuaud (Coagulant) lu

MIMI@ Microcystis aeruginosa Iwinfindarindszin laslwaunuduasnau wIafiSaninnden iWaszadnlu
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o o & A & a A da | o ' & A o A A
mytdaunaiiaausfiail Snangnilendddumurinananunwiuiusesunasiaauisld Aeunaifou
lasanldsrndrnueaslsnasine naruidunaaifounasne vinlwuwasnaonizinwaswasaluldluns

wigdvlalasiasay (Wu and Boyd, 1990)
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nw 4-41 Jianaasalifladia (lulasniudedag) lwihdaiRsalmfiavesudazganmmanas

USn@3520 0 (biovolume) BasunainaauRzdisunusifiuiniudsinmasalsfasiafidineile
(y = 238.36x-22.85, r = 0.89) lunw 4-42 G198l 16 Usz18 VaINIINARES ({aunINgIAN-FINAN)
wudwﬂ?mmuwmﬁ@auﬁ"ﬂunﬂmmimaaaﬁma@aa pnatilasunandsunasinduiianasuniiaans vlad
Ui uiasas LLwaufT@]auﬁ*‘ﬁﬁwumusl,myaglislumjumﬂiwzlﬁﬁm (Division Chlorophyta) LLa:mws’mm}'ugﬂﬁ
%#aeq (Dision Euglenophyta) daumm’wﬂﬁﬁ%ﬂanﬁuiﬂauluﬂsjmmwi'mﬁl,ﬁmmeﬂi’lﬁw%a cyanobacteria
(Division Cyanophyta) ﬁﬂ%mmﬁamﬁaLﬁﬂuﬁ'umm"mnﬁjuﬁu6) (MW 4-40) Cyanobacteria ﬁwuduulmglﬂu
ngw Chroococcales ﬁﬁamﬂmﬁ’]mwmﬂuﬂ@;wﬁvlaja%'mﬂﬁ'uiﬂau a8 cyanobacteria ﬁé’lﬁ’mﬁmmmwﬁmnﬁ'u
Iﬂauﬂi:ﬂauﬁ’maqa Anabaena sp., Oscillatoria sp., Lyngbya sp., Symploca sp., Microcystis sp., Phormidium
sp. ﬁfidﬁﬁ'ﬂwm:l,ﬂmfﬁua’m (filamentous cyanobacteria) (Tabachek and Yurkowski 1976; Lovell and Broce,
1985) US04 cyanobacteria finulugilanwi 12 slumﬁ@uqﬁuw?ﬁ fdndauinigs 7aaARINUNIATIINLA
saadulutidrognasinann (wﬂﬁmnmmswmamfﬁﬁm 1 Yawinniu 3nninue 3 1a) FaneUsno
analsflagie wazUSunaunasnaauiosiurivualuudasto Jafiuandanuann %amw:ﬂ'\‘la’gﬂwavlajvlﬁd']
L%ﬂgﬁ%ﬂ?ﬁﬁwa@iam'im%zy‘*uamwmﬁmuﬁmﬁa"l&i aihavl,'iﬁmwlwgﬂmuquLLaz"g@ﬁLauﬁﬂsﬁ'u USunmu
cyanobacteria finufdiendn wafigiinsazansaosduludiani 495eosdufinuinazannanuuaiise
nauuandluida wnnd Tuglanwa 14 uas 16 ’g@‘ﬁ'@wqﬁuw%ﬁwuﬂ%mm cyanobacteria §f16n WARE
asranvisaaiuluindrads nafiladonezunanmssenaulasuendludofagudoaiu sauluzanis
NAReIRLENINNIIT uiNSun muwassAeuRTIIN uay cyanobacteria ﬁwuﬁmga wafiaraliwunan
Taaulwineragnoay waﬁ"[ﬁmﬂLﬁ@mnmiaanqnﬁ%gﬁuLmuﬁuﬁ%am@Lmuﬁﬂﬁayﬂuﬁﬂm\ﬂ]’n fualuns
fu famnﬁzymmqﬁuﬂ%ﬁmﬁmm 9 laganTpauwnsie61s g nudasunuiiunisnsaunuiiesunsn
gl zﬁimim%zymmL%aﬁaiiﬂmwﬁ@ \5% Edwardsiella ictaluri Was Flavobacterium columnare (Chung et al.,
1995; Schrader, 2008 ; Straus et al., 2015)
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ﬁadﬁmﬂquNuﬁﬂ’%mmﬁwﬂﬂmaaﬁa I@]mii,’lNua:mﬁwmmLﬂuﬂmmnmmmazﬁuaﬁjﬁa A pH 284
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a
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g3 BG11 (BlueGreen Medium) (Stanier et al., 1971)

Stocks per litre
(1) NaNO3 15.0 g
per 500 mi
(2) K2HPO4 2.0 g
(3) MgS04.7H20 3.75 g
(4) CaCl2.2H20 1.80 g
(5) Citric acid 0.30 g
(6) Ammonium ferric citrate green 0.30 g
(7) EDTANa2 0.05 g
(8) Na2CO3 1.00 g
(9) Trace metal solution: per litre
H3BO3 2.86 g
MnCI2.4H20 1.81 g
ZnS04.7H20 0.22 g
Na2Mo0O4.2H20 0.39 g
CuS04.5H20 0.08 g
Co(NO3)2.6H20 0.05 g
Medium per litre
Stock solution 1 100.0 ml
Stock solutions 2-8 10.0 ml each

Stock solution 9 1.0 ml
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Make up to 1 litre with deionized water. Adjust pH to 7.1 with 1M NaOH or HCI. Autoclave at 15 psi for 15

minutes.
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Effects of Gypsum on Algal-rich Pond Water
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ABSTRACT

Controlling or eliminating cyanobacteria from aquaculture ponds is one of the most
challenging problems in the industry. Excessive abundance of cyanobactera can cause
water quality aberrations that affect fish growth and health, including the possibility of
rendering fish off-flavored and contaminated with algal toxins. This study investigated the
effectiveness of gypsum (CaS04.2H,0), a cheap and readily available source of calcium
and sulfur, for removing phytoplankton cells by flocculation. Algal-rich water samples from
a fish pond were collected and added with varying amounts of gypsum (0, 200, 400 and 600
ppm) to compare the chlorophyll a levels and water quality for 6 days. The result showed that
gypsum had significantly (P<0.05) reduced chlorophyll a in the treatments when compared
with the control (0 ppm). After 3 days, the reduction rates of chlorophyll a by gypsum at
200, 400 and 600 ppm were 26.47, 48.53 and 46.43 %, respectively which were
comparable with the observed reduction rates after 6 days. However, no significant
differences in chlorophyll a were observed between the gypsum-treated waters. Dissolved
orthophosphate levels in the algal-rich waters were also significantly (P<0.05) decreased
in the treatments through calcium phosphate precipitation, which could reduce and limit
phytoplankton abundance. After 6 days, orthophosphate levels in 200, 400 and 600-ppm
gypsum-treated waters were 71.28, 64.10 and 87.44%, respectively. Gypsum
concentration at 600 ppm was the most effective in precipitating dissolved orthophosphate
in water. Moreover, result further showed that chlorophyll a and orthophosphate levels in
water were significantly correlated (P<0.05) with water hardness.

Keywords: Off-flavor, Removal, Gypsum, Fish pond water
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ABSTRACT

Accumulation of off-flavor in fish flesh caused by the presence of geosmin and 2-methylisoborneol (MIB) in
pond water is a worldwide quality problem in aquaculture. This study investigated the effectiveness of
commercial flue gas desulfurizing gypsum (CFG), a cheap and readily soluble material, for the removal of off
flavor substances: geosmin and MIB, in fish pond water. Water samples from fish ponds were spiked with known
concentrations of geosmin and MIB and varying amounts of CFG (0, 200, 400 and 600 mg/L) were added to compare the
removal rate of geosmin and MIB, chlorophyll a levels and orthophosphate. The experiment was conducted for 9 days. It
was revealed that CFG had significantly reduced both geosmin and MIB in spiked ponds water when compared
with the control (0 mg/L) (P<0.05). The highest removal rates of geosmin (63.41%) were found when 600 mg/L
of CFG was used after 9 days. However, the removal rate of geosmin at 200 and 400 mg/L CFG was not
significantly (P>0.05) different from 600 mg/L. The highest removal rates of MIB (75.63%) were found with the
treatment with 400 mg/L CFG after 6 days. In addition, 200 mg/L CFG was also highly effective in reducing
chlorophyll a and orthophosphate concentration through calcium phosphate precipitation. It was suggested that

200 mg/L CFG is the suitable dose to apply for removal of off flavor compounds in fish ponds water.

Keywords: Off-flavor, Removal, Gypsum, Fish pond water, Geosmin, MIB

INTRODUCTION

Increase in population resulting in increased demand
has pushed extensive aquaculture towards intensively
operated production systems and commonly resulting in
eutrophic  conditions and cyanobacterial blooms.
Cyanobacterial secondary metabolites can cause
undesirable tastes and odors leading to acceptability in
aquaculture products [1], [2]. Off-flavors especially
earthy-musty off-flavors in drinking water supplies and
aquatic animals for human consumption are world-wide
problems. 2-methylisoborneol (MIB) and geosmin are
the two most common earthy/musty-causing compounds.
These off-flavors metabolites can be detected by
consumers at the concentrations as low as 5-10 ng/L [3].
Some studies have shown that earthy/musty aromas were
excreted by cyanobacteria such as Anabaena sp.,
Oscillatoria sp., Lyngbya sp. [4]-[6]. The conventional
methods for controlling cyanobacterial bloom (sources of
metabolites) are coagulation, clarification, filtration,
algaecide and ozone [7], [8]. These methods, except
coagulation, are usually expensive, complicated and can
cause further pollution due to the use of chemicals.

Commercial flue gas desulfurizing gypsum has
been used in agriculture purposes for soil amendment.
Because it is a cheap and readily available source of

calcium and sulfur that has been widely used in
agriculture for recovery of alkali soils and as a source of
calcium and sulfate in fertilizer [9]-[11]. Some studied
suggested that natural rock gypsum powder could be used
as a pond treatment in aquaculture for: flocculation of
clay particles, increasing the concentration of calcium and
total hardness, precipitation of phosphate and reducing in
water pH [12]. However, the information on using CFG
for water treatment in aquaculture especially in algal rich
ponds water is limited. So, this study aimed to evaluate
and the effectiveness of CFG in removing off-flavors
compounds. The changes of phytoplankton cells and
water qualities were also observed.

MATERIALS AND METHODS
Experimental Protocol

Algal-rich water samples collected from fish ponds
were spiked with known concentrations of geosmin and
MIB and varying amounts of CFG (0, 200, 400 and 600
mg/L) were added. Three replications of each group were
performed. Commercial flue gas desulfurizing
gypsum used in this study was purchased from local
company.

The removal rate of geosmin and MIB, chlorophyll a
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levels and water quality were monitored for 9 days. The
production of hardness of each concentration was
analyzed to compare with analytical grade gypsum.
Analysis of Geosmin and MIB in Water

Off flavor analysis was conducted by headspace
solid phase microextraction (HS SPME) and gas
chromatography-mass spectrometry (GC/MS) model
Agilent Technology, USA [13]. A Geosmin and
MIB standard from Sigma were used as source of off
flavor.

Water Quality and Nutrient Analysis

Standard methods [14] were used for the analysis
of total hardness, and orthophosphate-phosphorus in
the laboratory.

Hydro-biological Analysis

Chlorophyll-a in the water samples was extracted
with 10 mL of hot methanol (60°C in water bath)
and quantified with a spectrometer (Hach DR4000,
USA) [14]. Chlorophyll-a concentration was
calculated as described by Wintermans and de Mots
[15] and Saijo [16].

Data Analysis

Analysis of variance (ANOVA) was used to test
for difference between means of observed
parameters in each treatment. Duncan Multiple
Range Test (DMRT) at 95% confidence level was
used for treatment comparison.

RESULTS AND DISCUSSION
1. Effect of gypsum on total hardness

In this study, it was founded that gypsum from
different sources (analytical grade and CFG) gave
different concentrations of total hardness (Fig. 1).
The analytical grade showed higher total hardness
than commercial grade and positive correlation
between total hardness and gypsum concentration in
both analytical and commercial grade. The total
hardness per 1 mg of analytical and commercial
grade gypsum was 0.546 and 0.329 mg/L of CaCOg,
respectively (Fig. 2). In this study, CFG could
dissolve easily and provide harness in to the water.
Some studies reported that gypsum is more soluble
than liming materials and has been widely used in
agriculture for increasing concentration of calcium
and total hardness [11], [12]. However CFG:
available and cheap material is suggested to use as
hardness source in aquaculture.
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2. Effect of CFG on geosmin and MIB removal in fish
ponds water

In this study, CFG could reduce both geosmin
and MIB in ponds water when compared with the
control (0 mg/L). Geosmin could be reduced since 3
days when treated with different concentrations of CFG
(Fig. 3a). The highest removal rates of geosmin (63.41%)
were found in the treatment using 600 mg/L CFG (Table
1). However, the removal rate of geosmin in the groups
that use 400 and 200 mg/L CFG was not significantly
different from 600 mg/L (Fig. 3b-c, Table 2). It is
possibly due to the solubility of different gypsum
concentrations in water. The solubility of calcium sulfate
(in pond water) at the concentrations of 50-1,600 mg/L at
25 °C ranged from 88.6 to 95% and dissolution increased
with decreasing concentration and with increasing
temperature [11]. In addition, it was also founded that
the intracellular forms of both compounds showed
better removal rate than the dissolved forms. It can
be assumed that the negatively charged of
cyanobacteria cells aggregated, and then settled, due
to surface charge neutralization with the positively



charged colloidal formed by coagulant gypsum [19].

MIB concentration decreased slightly with the
different concentrations of CFG added on 3 days (Figure.
3d). However, after 6 days the removal rate of MIB
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showed sharply decrease when treated with CFG (Fig.
3e-f). The highest removal rates of MIB (75.63%) were
found when 400 mg/L CFG was used (Table 1).
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Fig. 3 Effect of CFG on particulate and dissolved geosmin (a-c) and particulate and dissolved MIB (d-€) concentrations at
different times

Table 1 Removal rate (%) of geosmin and MIB at different CFG concentrations

Removal rate (%)

Days Total GSM Total MIB
200 mg/L 400 mg/L 600 mg/L 200 mg/L 400 mg/L 600 mg/L
3 6.92 24.25 31.11 2.62 3.89 10.43
6 51.32 56.50 58.47 39.15 75.63 64.64
9 51.14 56.14 63.41 36.67 72.68 40.79
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Table 2 Effectiveness of CFG in removing off-flavor compounds (geosmin and MIB) (mean £SD)

Effectiveness in removing off-flavor compounds

CFG concentration (mg/l)

geosmin (ng/l)/ CFG 1 mg/I

MIB (ng/l)/CFG 1 mg/l

200 3.30+0.63 5.71+2.63
400 298+1.11 5.42 +2.64
600 2.37+1.02 3.35+1.30

In general some filamentous cyanobacteria and
actinomycetes released geosmin and MIB to the
water. When algal die and decompose, these
metabolites consisted both particulate and dissolved
forms and have been shown to be somewhat
recalcitrant to conventional water treatment [17],
[18].

Base on this study, CFG could apply for off
flavor removal in fish pond. The recommendation
level is 200 mg/I

3. Effect of CFG on chlorophyll a concentrations

Increasing of cyanobacteria and the release of
their secondary metabolite, including geosmin and
MIB, present an enormous risk to fish pond water.
Chlorophyll a is generally considered as an
important indicator of algal biomass [20].

In this study, the application of CFG to reduce
the algal biomass was evaluated in the laboratory
conditions. it was shown that all the three
concentrations of CFG (200, 400 and 600 mg/L)
could reduce chlorophyll a level when compared
with the control treatments (Table 3). The highest
effectiveness of 1 mg/L CFG that could reduce
chlorophyll a was obtained in the treatment using
200 mg/L CFG (Table 3). The reduction of
Chlorophyll a occurred by coagulation mechanism.
Coagulation is a key step in conventional drinking
water treatment for algal removal through colloidal
charge neutralization followed by aggregation into
floc [8]. In general, the effectiveness of coagulants
increases with the charge on the metal ion. The
calcium (Ca?") in gypsum (CaSO,) is more effective
because it carries a +2 charge [21]. Wu and Boyd
[11] also reported that treatment of ponds at Auburn
University with 250-500 mg/L of agricultural
gypsum affected turbidity: many substances
suspended in water including phytoplankton.
Removal is similar to that achieved with 15-25 mg/L
alum but gypsum has the advantage of a longer
residual life than alum, and it is safer to use. Another
possible mechanism of gypsum treatment is the
reduction of phytoplankton abundance by lowering

dissolved orthophosphate concentration through
calcium phosphate precipitation in water. [11].

Table 3 Removal of chlorophyll a by different CFG
concentrations

Gypsum Effective removal of chlorophyll a
(mg/l) (ug chlorophyll a/ mg CFG)
200 1.26
400 1.16
600 0.74

4. Effectiveness of CFG on orthophosphate
removal

Phosphorus is an essential phytoplankton
nutrient. In the commercial fish culture most
phosphate gets into the water from metabolic waste
of fish and from decomposition of uneaten feed [6],
[22]. As feeding rate increases, nutrient
concentration rises then the phytoplankton become
more abundant.

In this experiment, the effect of CFG on
dissolved  orthophosphate  concentration — was
investigated. The CFG treated water showed higher
reduction in orthophosphate concentration than the
control group (Figs. 4 and 5). The highest effect of
CFG that could reduce orthophosphate concentration
was observed in the treatment using 600 mg/L CFG
after 9 days. However, the removal rate of
orthophosphate in the groups that use 200 and 400
mg/L CFG was not significantly different (P>0.05)
from the 600 mg/L group.

CFG treatment reduced  orthophosphate
concentration through calcium phosphate
precipitation. Wu and Boyd [11] reported that in the
water with low calcium concentration, gypsum
application would precipitate phosphate.
Additionally, gypsum is safe for human and aquatic
life; its residual time in the pond depends on water
flocculant retention time. Therefore, CFG is a
suitable for use in aquaculture ponds.
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CONCLUSION

It was confirmed that CFG at 200 mg/L was
suitable for the reduction of geosmin and MIB
especially in the particulate form. It also reduce
phytoplankton in algal rich pond water because it is
shown to be effective in reducing chlorophyll a In
addition, CFG could also remove orthophosphate in
fish ponds water through calcium phosphate
precipitation which is an alternative way to control
the problem from phytoplankton in fish culture.
Finally it was recommend that CFG can use for
water improvement in aquaculture pond.
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Abstract

Nile tilapia (Oreochromis niloticus) culture in Thailand has been expanding rapidly, intensified and
economically important commercial fish. On the other hand, earthy-musty odour (geosmin and 2-
methylisoborneol) are one of the most serious problems affecting commercial freshwater aquaculture due
to off-flavors consumers are strongly averse. The most important purpose of this research was to
determine the effective of gypsum and rice straw extraction to reduce levels of earthy-musty odour in
earthen ponds. Three treatments with 3 replicates in a completely randomized design were performed as
follows: T1 — control; T2 —gypsum at 200 ppm and T3 —rice straw extract at 1 ppm. Result showed that
the treatment of 1 ppm rice straw extract in tilapia ponds was the most effective method to reduce off-
flavour. The use of gypsum at 200 ppm in minimizing off-flavour in ponds was also effective than the
control. Both rice straw and gypsum-treated ponds had increased fish biomass and %FCE. These
methods can be recommended as alternative methods for the reduction and control of phytoplankton,
turbidity and TSS in tilapia ponds.

Keywords: Earthy-musty odour, Geosmin, MIB, Gypsum, Rice straw, Nile tilapia

Introduction

Increasing per capita of freshwater fish consumption due to increased global population result in
constant, growing demand in both domestic and export markets. Nile tilapia, Oreochromis niloticus, are
popular fast growing freshwater fish and produce good fillets which are easily digestible protein and
contain a host of nutrients. However, problems concerning earthy-musty odour and taste in fish hound the
tilapia aquaculture industries which affect marketability. Geosmin and 2-methylisoborneol (MIB) are the
two main causative compounds of earthy-musty odor and taste (off-flavor) in drinking water and
freshwater-farmed fish. They are lipophilic terpenoid compounds produced as secondary metabolites by
certain species of cyanobacteria (planktonic and benthic) particularly filamentous forms such as
Anabaena circinalis Kuitz, Lyngbya cryptovaginata, Oscillatoria sp., Phormidium sp., and
Pseudanabaena sp. into the water [1] and actinomycetes that can modify the water surface chemistry,
with major socio-economic implications [2-5]. Cyanobacteria synthesize either MIB or geosmin or both
during growth, store (intracellular form) these odourants within the cell and released (intercellular) in the
water during cell lysis, depending on the growth phase and also based on environmental factors [5].

In this study, gypsum was used because it is a cheap and readily available source of calcium and
sulfur that has been widely used in agriculture for recovery of alkali soils and as a source of calcium and
sulfate in fertilizer [6-8]. The calcium phosphate precipitation is a possible mechanism of gypsum in
phosphate and phytoplankton reduction in water because gypsum could be used to increase the
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concentration of calcium when added in to the water. Boyd [9] suggested that gypsum could be used as a
pond treatment in aquaculture for: (1) flocculation of clay particles, (2) increases the concentration of
calcium and total hardness, (3) precipitation of phosphate and (4) reducing pH.

In aquaculture, barley and rice straws are alternative and sustainable materials from agricultural
waste that can be used to economically control cyanobacteria. Several researches, for example, showed
barley straw extract effectively inhibit the growth of several planktonic and filamentous algae in the
laboratory and reservoirs [10-12]. Barley straw (40 and 80 g m™) was capable of inhibiting the growth of
Microcystis, Anabaena and Aphanizomenon in ponds [13]. The utilization of rice straw offers another
cheap and environmentally acceptable way of controlling algae. Aside from barley straw, rice straw has
received considerable attention as an algaecide based on research done in many countries throughout the
world and has proved to be very successful side effects. Rotten rice straw successfully inhibited
filamentous algae in Suez Canal waters, due to the synergistic effects of various humic substances in the
rice straw [14]. Similarly, several studies [12, 15] reported that the growth of Microcystis aeruginosa was
inhibited by rice straw extract, which was due to the synergistic effects of various phenolic compounds in
the rice straw. Shahabuddin et al. [16] conducted an experiment to assess the effect of rice straw mat on
the water quality parameters, plankton density, pond water bacterial and mitigation of clay turbidity in
fertilized fish ponds. They reported that rice straw mat effectively mitigate clay turbidity and 25kg per
200 m? pond can effectively reduce the population of phytoplankton and zooplankton.

However, little research have been conducted to investigate techniques to mitigate earthy-musty
odor in fish pond. Therefore, this study aimed to determine and monitor the effectiveness of gypsum and
rice straw for removing earthy-musty odour in fish ponds.

Materials and methods

Experimental protocol

The study was carried out during a 4-month period at the Faculty of Fisheries Technology and
Aquatic Resources, Maejo University. Nine experimental ponds, each with a 100-m? area and 0.8-m
depth, were used. Three treatments with 3 replicates in a completely randomized design were performed
as follows: T1 — control; T2 — gypsum at 200 ppm and T3 — tannin from rice straw extract at 1 ppm. The
optimal concentrations used in this study had previously been tested in laboratory.

Nile tilapias with an average initial weight of 115+£2.5 g were transferred to the experimental ponds
at a stocking density of 2-3 fish m? (Table 1). Samples for physico-chemical (water) and off-flavour
(water and sediment) analyses were collected every 15 days. Data on fish off-flavor and growth were
recorded every 30 days.

Add Table 1 here
Analysis of Geosmin and MIB

Dissolved and particulate geosmin and MIB were extracted from water and sediment samples using
solid phase microextraction (SPME) and quantified with gas chromatography-mass spectrometry
(GC/MS) according to Gutierrez et al. [17]. The 5-g minced fish sample was pre-extracted with
microwave distillation (600 watt, 6 min) and then extracted on a hotplate-stirrer and exposed to the SPME
fibre for a 30-min modified method from Lloyd and Grimm [18] and also quantified with GC/MS.

Water Quality and Nutrient Analysis

Physico-chemical parameters (pH, temperature dissolved oxygen (DO) and turbidity) were
measured in situ using a multimeter (TOA-DKK WQC-22A Model, Japan). Standard methods [19] were
used for the analysis of total ammonia-nitrogen (TAN), nitrate-nitrogen, nitrite-nitrogen, orthophosphate-
phosphorus and total suspended solids (TSS) in the laboratory. Alkalinity and total hardness were
analysed by method as described by Boyd and Tucker [20].

Hydro-Biological Analysis
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Chlorophyll-a in water samples was extracted with 10 mL of hot methanol (60°C in water bath) and
quantified with a spectrometer (Hach D9000, USA) [19]. Chlorophyll-a concentration in the extract was
calculated as described by Wintermans and de Mots [21] and Saijo [22]. Phytoplankton genera/species
and numbers were determined using a light microscope (Olympus BH2, Japan). The identification of
phytoplankton was carried out using picture database and related texts such as Peerapornpisal [23].

Isolation and Screening of Earthy-Musty Odour-Producing Streptomycetes in Sediments

Ten grams of sediment sample from tilapia ponds were mixed with 90 mL of 0.85 % NaCl
solution. The suspension was shaken at 150 rpm for 30 minutes at room temperature and serially diluted
ten folds to 10°°. Soil suspensions (100 pL) from 10, 10 and 107 dilution were spread onto the surface
of starch casein agar (SCA) plates, and incubated at 30°C for 7-14 days. Actinomycetes were assigned
into streptomycetes (filamentous and fungus-like sporulation structures) and non-streptomycetes groups.
Colonies from both groups were counted and recorded as CFU g™. Earthy-musty odour-producing
streptomycetes were purified by re-streaking on SCA, sealed with paraffin film and incubated at 30°C for
7-14 days or until complete sporulation was observed. The isolates were subjected to qualitative testing
and verified whether they were geosmin or MIB-producers or both by GC/MS [24].

Growth Performances of Nile tilapia

The growth parameters were calculated following the method described by Bagenal [25] as follows:

Weight gain = Final weight-initial weight

Average Daily Gain (ADG) Final Welgz;-slnltlal weight

Total feed (q)

Weight gain (g)

Weight gain (g) X 100

Total feed (g)

No. of animals survived (fish) X 100
No. of animals leased (fish)

Feed Conversion Ratio (FCR)

Feed Conversion Efficiency (FCE)

Survival Rate (%) =

Data Analysis

Analysis of variance (ANOVA) was used to test for difference between means of observed
parameters and each treatment. Tukey’s multiple range tests at 95% confidence level was used for
treatment comparison. Relationships between water quality variables phytoplankton and earthy-musty
compounds were analyzed using Pearson correlation analysis. Significant correlation was assumed when
p<0.05 in either positive or negative correlations.

Results and Discussion

Earthy-musty odour in fish pond

Total geosmin and MIB concentrations in water samples collected from fish pond are shown in
Figure 1. The concentration of geosmin in water samples ranged between not detectable (ND) — 0.034 ug
L, whilst that of MIB ranged between ND — 0.071 ug L™. The highest total off-flavour (geosmin + MIB)
concentration (0.104 pug L™) was recorded in the control group after 12 weeks. Most of these compounds
were observed in particulate (intracellular) from (Figure 2, 3) within the algal cells. In the present study,
only geosmin was detected in the gypsum treatments after 12 weeks (only 1 out of 3 ponds), which
coincided with the time when Phormidium sp. bloom was recorded (Table 2). It was possible that
Phormidium sp. might be the biological origin of geosmin in this pond for the reason that this specie is
well known as producers of odorous compounds [1].

Add Figure 1 here
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No earthy-musty odour was detected in pond water treated with 1 ppm tannin from rice straw
extract during the four month period particulary in week 12 and 14 when geosmin was detected in both
the control and gypsum-treated ponds. This might be due the inhibitory effects of tannin or tannic acid
compounds from rice straw extract on earthy-musty odour causing cyanobacteria and microorganism in
the pond. Decomposing rice straw can release phenolic compounds that have a synergistic effect on
growth of plankton production [16]. Several studies reported that rice straw can inhibit the growth of
some cyanobacteria such as Microcystis sp., Anabaena sp. and Oscillatoria sp. [12, 16]. Other cellulosic
materials like decomposing barley straw similarly produces chemical substances that effectively inhibit
the growth of some nuisance cyanobacterial species under laboratory conditions [26, 27]. The inhibitory
effect of barley straw might be due to chemical compounds such as oxidized phenolics and hydrogen
peroxide, which occur during the decomposition process [28, 29]. The inhibitory effect of decomposing
rice straw towards cyanobacteria is deemed to follow the same mechanism as in barley straw.

Add Figure 2 and 3 here

Earthy-musty odour levels in sediment samples collected from fish pond are presented in Figure 4.
The results indicated that geosmin was mainly responsible for the off-flavor episodes in these samples.
The concentration of geosmin in fish pond sediment samples ranged between ND — 0.384 pg L™ The
highest concentration of geosmin was observed in the control group at 12 weeks culture period. As
expected, culture time affected geosmin concentration as geosmin was normally detectable in the later
part of the culture (after 6 weeks) but not earlier. In the present study, high geosmin occurrence was
observed in the control group whilst ponds treated with rice straw extract contained lower geosmin than
the control and gypsum-treated ponds except in week 16 where geosmin levels in gypsum-treated ponds
tend to have lower levels than both the control and rice straw extract treatments.
Add Figure 4 here

The detected geosmin in the sediment samples might have produced by actinomycetes.
Actinomycetes are another systematic group that has been shown to produce MIB and geosmin [30].
Actinomycetes produce many compounds including 2-MIB and geosmin and have long been recognized
as sources of severe earthy-musty tastes and odors in drinking water [31]. In the present study, number of
actinomycetes spp. in sediments samples were found to ranged between 0.72 - 7.90 x 10* CFUg™. The
highest actinomycetes was found to occur in gypsum-treated ponds at 6 weeks culture period, while the
lowest were detected in the tannin/rice straw extract-treated ponds at 10 weeks culture period (Figure 5).
The genus Streptomyces spp., which are widely reported to produce odorous compounds was detected in
the sediments after 12 weeks of culture period (Figure 6), which coincided with the highest geosmin and
MIB levels in water. Therefore, the results suggest that Streptomyces spp. and possibly odour-producing
cyanobacteria might be the biological origin of geosmin in these tilapia ponds and less likely from
Phormidium sp. Pseudanabaena sp. and Anabaena sp. Klausen et al. [32] attributed the occurrence of
geosmin and MIB in freshwater environments to Actinobacteria, most of them belonging to the genus
Streptomyces [33, 34, 31, 30].

However, the concentrations of geosmin and MIB in water and pond sediment were very low when
compared with those reported by Gutierrez et al. [17]. This might be due the effect of frequent rainfall
during the rainy season, particularly from July to August of the experimental period, to the abundance of
cyanobacteria. Preparation of the ponds before culture might have reduced the population of some
organisms in the sediments. If culture time was increased from 6 to 8 months, tilapia in ponds may have
acquired off-flavour as Pimolrat et al. [35] observed in their study. Geosmin concentration was generally
affected by culture time, detecting geosmin in the later part of the culture period (after 120 days) but not
earlier.

Add Figure 5 and 6 here

Fish can acquire off-flavors directly from contaminated water by osmosis through their skin and
gills and/or from the gut by ingesting food contaminated with the substances which are later on
accumulated in their flesh [36, 37]. The bioaccumulation of earthy-musty taints in fish have been shown
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to be dependent on many factors, such as the exposure concentration of geosmin/MIB excreted into water
by off-flavour sources (cyanobacteria and actinomycetes), water temperature, fat content, species and size
of fish [38, 39]. In the present study, geosmin and MIB were not detected in all Nile tilapia sampled
throughout the experimental period. This could be due to less intercellular geosmin dissolved in pond
water and more intracellular form stored in the cells, which can accumulate in fish by ingestion of
cyanobacteria. However, in the cases of geosmin and MIB, due to their low octanol/water partition
coefficients (Kow), uptake is overwhelmingly through the gills [37]. Hence, the magnitude of fish
contamination may depend on the concentration excreted into water by cyanobacteria and actinomycetes
[17]. Moreover, the intensive feeding using pellet food employed in this experiment might have
influenced the low growth and biovolume of cyanobacteria compared to other phytoplankton groups
(Figure 7) which might have caused the non-detection of off-flavour in fish.

Diversity and Composition of Phytoplankton in fish pond

The phytoplankton found in fish ponds were categorised into 58 genera and 6 divisions, namely
Chlorophyta (27; 46.6%), Cyanophyta (14; 24.1%), Bacillariophyta (8; 13.8%), Euglenophyta (4; 6.9%),
Pyrrhophyta (3; 5.2%) and Cryptophyta (2; 3.4%). Chlorophyta was the most abundant in terms of
composition, however the highest biomass in pond water was Euglenophyta (0.39+0.12 pIL™) followed
by the Chlorophyta, Bacillariophyta, Cyanophyta, Pyrrhophyta and Cryptophyta, which showed average
biomass of 0.22+0.08, 0.13+0.08, 0.12+0.08, 0.09+0.04 and 0.06+0.02 plIL™, respectively (Figure 7).
Species and biomass of cyanobacteria are known to be important factors influencing MIB and geosmin
concentrations in water [40].

Add Figure 7 here
Add Table 2 here

In this study, even though earthy-musty odour-producers cyanobacteria including Phormidium sp.,
Anabaena sp. and Pseuanabaena sp. (Figure 8) were found at lower bio-volume than other species, these
species are well known producers of odorous compounds [41, 1, 42, 5] and might have somehow
contributed to the geosmin concentration in pond water but less likely as the main sources.

Add Figure 8 here

The bio-volume of phytoplankton was positively correlated with chlorophyll a (r=0.88; p<0.05) in
pond water (Figure 9) and both parameters continued to increase from 8 weeks of culture period
onwards. In the present study, it can be observed that the addition of gypsum at 200 ppm resulted to
lower bio-volume and chlorophyll-a values compared to the other treatments. This could be due to the
positively-charged gypsum which interact with the negatively-charged algal surfaces and bind them,
resulting in flocculation . Similarly, Sun et al. [43] reported that all cells of Microcystis aeruginosa were
removed by the surface charge neutralization with polyaluminum chloride (PACI) in the coagulation
process of conventional drinking water treatment through colloid charge neutralization followed by
aggregation into flocs that are amenable to solid/liquid separation with subsequent processes such as
sedimentation and filtration. Gypsum treatment also reduces phytoplankton abundance by lowering the
dissolved orthophosphate concentration, the nutrient most commonly limiting phytoplankton growth in
freshwater ecosystems, through calcium phosphate precipitation in water [8].

Add Figure 9 here

Water quality in fish ponds

The variations in the physico-chemical parameters (pH, temperature, DO, alkalinity, turbidity, total
hardness, total ammonia, nitrite, nitrate, orthophosphate concentrations and TSS) in nine experimental
ponds are shown in Table 3. No significant differences (p>0.05) in pH, temperature, DO, total ammonia,
nitrite, nitrate and orthophosphate were found, while alkalinity, turbidity, total hardness and TSS showed
significant differences (p<0.05) in each treatment. The gypsum-treated ponds had lower alkalinity,
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turbidity and TSS but had higher total hardness than the other treatments. Boyd [9] reported that gypsum
could be used as a pond treatment in aquaculture for flocculation of clay particles and also increases the
concentration of calcium and total hardness. In this study, it was suggested that nitrogen nutrients (total
ammonia, nitrite and nitrate) were shown rather low when compared with other treatments.

Add Table 3 here

Growth Performances of Nile tilapia

The growth parameters of Nile tilapia are shown in Table 4. The highest survival rate (90%) of
tilapia was recorded in rice straw extract-treated ponds, while the control ponds gave the lowest (71%).
No significant difference (p>0.05) was observed in growth parameters (final weight, weight gain, ADG,
FCR, FCE and biomass) of fish in both gypsum and rice straw extract-treated ponds, although it was
higher in adding gypsum 200 ppm group, which might be due to the binding of cationic of calcium from
gypsum on anion of phytoplankton to form complex macro-aggregates (biofloc) and additional feed
source for tilapia in these ponds. The consumption of biofloc by shrimp or fish has demonstrated in
numerous benefits such as improvement of growth rate [44], decrease of FCR and associated cost in feed
[45]. In tilapia, Hari et al. [46] estimated that feed utilization is higher in biofloc at a rate of 20% less than
conventional water-exchange system.

Add Table 4 here

Conclusions

The use of 1 ppm rice straw extracts appeared to be the most effective in mitigating off-flavour
occurences in tilapia ponds. Both water and sediment samples from the rice straw extract —treated ponds
had lower geosmin and MIB levels compared to the control and gypsum-treated ponds. The use of
gypsum at 200 ppm in minimizing off-flavour in ponds was also effective than the control. In addition,
both rice straw and gypsum also increased the fish biomass and %FCE. Thus, these methods, which are
simple, practical and cost effective, can be recommended as alternative methods to reduce and control
phytoplankton, turbidity and TSS in tilapia ponds, as well as to improve tilapia productivity.
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Table 1 Description of experimental treatments (T1 — control; T2 — gypsum at 200 ppm and T3 — tannin

from rice straw extract at 1 ppm)

Treatments

T1 T2 T3
Types - Powder Extracted water
Methods - Sprinkle Sprinkle
The application frequency Every 15 days Every 15 days
Pond area (m?) 100 100 100
Pond depth (m) 0.8 0.8 0.8
No. of Nile tilapia stocked 250 250 250

Feeding rate

Twice a day (3-5% body weight per day)

Table 2 Biovolume of cyanobacteria (x 10° pIL™) in fish pond during the experimental period

(mean£SE)
Treatments
Div. Cyanophyta Control Gypsum at 200 ppm Rice E::[trla\F/)vpei:](tract

Anabaena circinalis 1.97+1.20 1.71+1.17 -
Aphanocapsa sp. 9.96+4.47 2.54+0.75 5.57+£1.27
Aphanothece sp. - - 0.05+0.05
Chroococcus limneticus 3.52+1.24 0.28+0.14 1.04+0.37
Coelomoron sp. 1.31+0.43 0.43+0.12 1.01+0.13
Cylindrospermopsis philipinnensis 11 6.38+2.31 - 2.20£1.18
Cylindrospermopsis philipinnensis 37 43.82+23.09 - 2.28+1.18
Cylindrospermopsis raciborskii - - 2.44+1.23
Leptolyngbya limnetica 4.77+3.31 0.63+0.37 2.3910.63
Merismopedia punctata 0.84+0.24 0.74+0.36 0.92+0.26
Merismopedia tennuissima 0.78+0.50 0.33+0.12 0.32+0.10
Microcystis sp. 5.35+3.13 0.69+0.69 5.48+2.62
Microcystis aeroginosa 21.42+13.09 - 28.27+13.23
Phormidium limnetica 35 3.05£1.54 0.50+0.39 0.33+0.18
Phormidium limnetica 5 1.87+1.74 - 0.16+0.10
Phormidium sp. 6.84+1.98 6.42+2.60 2.45+1.60
Planktolyngbya limnetica 2.92+0.81 1.07+£0.50 3.71+1.16
Pseudanabaena limnetica 0.22+0.22 0.83+0.36 -
Pseudanabaena sp. 0.46+0.17 0.22+0.10 0.09+0.07
Romeria gracilis 0.20+0.07 - 0.25+0.12
Synechococcus sp. 0.03+0.02 - -
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Table 3 Physico-chemical and biological characteristics of monitored fish ponds during the experimental

period (mean+SE)”

Treatments
Parameters Control Gypsum at 200 Rice straw extract
ppm at 1 ppm
pH 7.07+0.59 6.79+0.57 7.100.61
Temperature (°C) 30.6+0.74 30.7+0.73 30.7+0.73
DO (mgL™) 4.30+0.88 4.00+0.91 4.61+0.99
Alkalinity (mgL ™) 74.84+15.33" 51.07+15.85° 70.96+18.87°
Turbidity (NTU) 122.5+40.6" 52.5+29.5% 157.4+73.0°
Total hardness (mgL *as CaCOs) 64.6+16.20° 251.0+69.48° 70.1+18.43°
Total ammonia-N (mgL™) 0.553+0.30 0.441+0.15 0.343+0.10
Nitrite-N (mgL™) 0.012+0.011 0.003+0.001 0.008+0.003
Nitrate-N (mgL™) 0.016+0.008 0.016+0.009 0.015+0.008
Orthophosphate -P (mgL™) 0.048+0.02 0.035+0.01 0.059+0.02
TSS (mgL™) 124.5+54.21° 41.7+16.14° 125.2451.29°

*Means followed by different letters in the same row were significantly different according to Tukey’s
multiple range tests at p<0.05

Table 4 Growth Performances of Nile tilapia; Initial weight, final weight, weight gain, average daily gain
(ADG), Feed conversion ratio (FCR), feed conversion efficiency (FCE), survival rate (%) and
biomass of fish (mean+SE)”

Growth Performances Treatments -
Control Gypsum 200 ppm Rice straw 1 ppm
Initial weight (g fish™) 114.7 £ 2.6° 115.0 £ 2.3 115.3+2.6°
Final weight (g fish™) 3740+ 11.7° 413.3+20.2° 385.3+17.5°
Weight gain (g fish™) 259.3+9.1° 298.3+18.7° 270.0 + 15.0°
ADG (g day™) 2.16 +0.08° 2.49 +0.16 2.25+0.13°
FCR 1.53+0.13° 1.16 £ 0.06" 1.16 + 0.04°
FCE (%) 66.37 +5.79° 87.02 + 4.32° 86.58 + 2.67°
Survival rate (%) 71.20 + 6.80° 84.53 + 5.41° 90.40 + 6.11°
Biomass of fish (kg pond™) 66.37 + 5.79° 87.02 + 4.32° 86.58 + 2.67°

*Means followed by different letters in the same row were significantly different according to Tukey’s

multiple range tests at p<0.05
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