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The relationship of geosmin on off-flavor in giant freshwater
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The relationship of geos'min on off-flavor in giant freshwater prawn

(Macrobrachium rosenbergii)

Abstract

The studies were conducted to determine the relationship of geosmin on off-flavor in
giant freshwater prawn (Macrobrachium rosenbergii) . The sampling of prawn and water frbm.
10 ponds-culture giant freshwater prawn in Ban Pho district, Chachoengsao province were
analyzed off-ﬂavor_in préwn muscle and water quality. The results showed that off-flavor in
giant freshwater prawn, cultured in pond accumulates geosmin in muscle were 84.2-147.7
Hg/kg (sensory score 1-3). The water quality parameters in ponds; tempefature, pH, alkalinity,
total suspended solids, total nitrogen and total phosphate were 28.4-28.8 °C, 7.5-8.3, 74-94
ppm, 0.273-0.992 mg/L, 1.029-2.054 ppm and 0.113-0.774 ppm, respedtively. Furthermore,
PH and total phosphate parameters were related to geosmin in prawn. The method of
reducing geosmin in prawn without off-flavor were individual culture in concrete tank with
recirculating. The water quality parameters in concrete tank; temperature, pH, alkalinity, total
suspended solids, total nitrogen and total phosphate were 28.2-28.5 °.C, 7.4-7.7, 83-90 ppm,
0.023-0.074 mg—/L, 0.284-0.540 ppm and 0.108-0.213 ppm, respectively..

Keyword: geosmin, off flover, giant freshwater prawn, Macrobrachium rosenbergii
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HANSNARBINAE AT

1.M5NURIERAN AT NTUADIFTHN ngIU geosmin Immﬁ?m gas
chromatograph/mass spectrophotometry uagn1satas1znaulaaulaed fulssanduda

HANNEALATILTANINRITIU geosrmin ﬁssﬁ'umqmil’u%m 0, 10, 20, 30, 40, 60, 80 Uax
100 lulnsniu/ans Fazebes GOMS azl¥ chromatograms maqaﬁﬁazaqﬂuﬁmsgﬁu geosmin
(m'wﬁ 13) flA1 mass spectrum IB4817ALANE geosmin mmmgm m/z =112 (mwﬁ 14) WAL
Epuduiugaasiuiilgnemm (corrected area) AUUFNINY geosmin AnANTATIZHRE
\Wi3as GC/MS-SPME TaeiflnanuduiugiGady corrected area (x) fiu 3unew geosmin Aa y =

0.002x+0.0003 (N7 15) kaLN1INAgaLNLssanAutaduse (mﬂqﬁ 1)
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= [ aa' = ! LYY
ATNN 1 sEaLATuRURMAtaLnaulaaulnedEMIssandusadusa

Ueranduiausa SYALALLLL

Laiinaulaay <1
Anaulasusndas >1hay <2
Anaulaauiiunans >2UaY <3

o a i

Andulaaunn >3uay <4

o al |

AnaulaauunTige : >5

2. Namsﬁnmnmuauwuﬁwmﬂ‘%mmqa@auununauinau’lutuammNm'm
uasnmmwﬂﬂuu'amu wazfeiunaudesuunendedlutereunisnfifissuy
wyuiFeuth \ -

2.1 anudiusussRannfeasfiuiunaulasuludagetunsaiifedua

wamsinsnaulnauliiladefiunmudiny 10 e wuhdiBuinAeesduedaly
Lﬁ@rﬁ'ﬁﬁ’wnmu 84.2-147.7 uglkg Lﬁ@wmmumqﬂ?xmwﬁ'uﬁm%umﬁi‘zﬁ'ﬂﬂzuuu@gﬂwﬁw 1-
3 (m%"mﬁ 2) ﬁﬁlefimquﬁ@ﬁ:\iﬁ’wnmumuuqn@z‘wmmumqﬂs‘zmwﬁuﬁﬁmaﬁni‘\'u‘iﬂau

Winvae

d = W o’ QI [ o o
me1e9 2 Bnafeealulufsfinunsauuarssfunaulaauiinaseumalssamduiaduse

Lndl Bundeesli (ug/kg) 'a‘::ﬁun‘ﬁ'u‘l:ﬂauﬁwmmumaﬂwmwﬁmﬁﬁma
1 84.1 + 0.4 dnaulnawdniias
2 94.7 £0.3 fnaulnawdnias
3 84.2 +0.2 fnaulawdnias
4 93.4 + 0.6 fnaulnawdndos
5 104.8 +0.3 fnawlaaudndas
6 93.5+ 0.4 fndulaaudntien
7 83.8+0.5  fnduleauEntas
8 147.7 +0.4 fnaulawilunans
9 - 99.3+0.3 fnaulaauintias
10 88.9 + 0.6 fndulaaudnian
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danARasiLNNsAN®I989 Lovell and Broce (1985) wWudML3uncd geosmin 78 ug/kg
Lﬂuﬁfmmﬁu%’uﬁ'mmﬁﬁﬂﬁtﬁﬂnﬁuiﬂaﬂmﬁ@ﬁ’q Fansfnmndulaauludndin Snosdnmn
Auswsnaneludan ImﬂmmﬁﬂuLﬁﬂunﬁu'iﬂauﬁma@u‘ﬂmﬂ’lﬁ"fﬁ‘%ﬂsxmwﬁ’uﬁﬁmﬁﬁaﬁ%
AAsziiiunns geosmin Tneieins GO/MS 1w lulan rainbow trout (Onchorynchus mykiss)
msﬂmﬁun'ﬁlu‘tmuimﬂlﬁ"f‘;%ﬂszmwﬁ’uc‘falﬂﬁnﬁuiﬂamﬁmﬁmmﬁ'afaaﬁu #aendn 1,12 +
0.38 ug/kg (Robin et al., 2006) #21 Robertson et al. (2005) %191 Uan rainbow trout ﬁﬁ

= 2/ 1 L3 ] Q‘ X
WBunAeesfiu geendn 0.9 pgkg avinldliindulnswluiatlan

8 [ %4

a  ar o w a &
2.2 ﬂ';nmmwuﬁ‘mmﬂ%mm@a@auununauinau'tumammNnﬂunnqmmw

dluia

qQ

g 1 é’ ' v ¥ c‘ :\l 1=y <
NamsﬁﬂmamqwuﬂumLamqamunmuwwunaﬂﬂau ‘W‘LI'J’]SMW‘QN‘HQN 28.4-

28.8 °C Aaadlunsn-ping 7.5-8.3 Aauflusing 74-94 ppm a1suzauee 0.273-0.992 mg/L

Tulnsiauianun 1.029-2.054 ppm uazlasnRenain 0.113-0.774 pPM A4AN9I99 3

< ¥ 1 da o 1
ma1eh 3 aun i ludedesduianesiiandulasuluilagetnans s

dedl  qomgd ey pewiduene anowtoumen | ulnsiaw WaaLwm

) NIA-AN (ppm) (mg/L) Favaa Wanan

(opm) (Ppm)
1 28.8 7.7 84+0.4 0.7541+0.005  1.384+0.002  0.323+0.004
2 28.5 ] 74+0.2 0.323+0.004 1.114+0.003 - 0.252+0.003
3 28.6 7.5 85+0.4 0.2731£0.006 1.350+0.002 0.453+0.003
4 28.7 7.8 94+0.2 0.593+0.004 1.495+0.004 0.113-+0.004
5 28.7 7.9 79+0.2 0.294+0.005 1.179+0.002 0.238+0.002
6 28.6 8.2 84+0.4 0.362+0.006 2.054+0.003 0.313+0.003
7 28.4 7.8 94+0.2 0.684+0.004 1.124+0.002 0.250+0.004
8 28.5 8.3 90+0.4 0.99210.003 1.490+0.003 0.734+0.005
9 28.8 7.9 79+0.2 0.984+0.005 1.029+0.004 0.390-+0.003
10 28.7 7.8 87+0.2 0.854+0.003 1.273+0.002 0.279+0.002
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Lﬁﬂﬁﬂﬂmﬂqquﬁuﬁuﬁmmﬁmmﬁmaﬁu (1397 4) ﬁuﬁ@fiﬂamqwﬁq Wudn
fadesine TannudusiusifuBunodeasiuluidedefnanmusinaiy aeuiunsn-ine usy
ﬁuﬁmﬂ@mﬂm%\mumﬁmwﬁuﬁuﬁﬁuﬁ?m:u%'ﬂfaaﬁuluﬁ@r’jqﬁ’wnmumnﬁqm Tmeipin
auiflunsn-sing Franuduiusidade v = 61.99x+391.00 (R® = 0.565) uarneannevnas y
= 82.65x+69.79 (R® = 0.533) FanudnBunnmasmagiansn didudasauenuu ialunts
z%’\aLﬂiﬁ:ﬁz‘m@aﬁuuazﬂaﬂiﬁaﬁ (Davies et al., 2004) 48y Robertson et al. (2006) Anm
wudqiﬁ‘mm%'@@aﬁu@uﬂ‘z’\‘ﬂuuﬂmmmﬁmmﬂ@mwJﬂ%’i\i’tw,mdqﬁqﬁﬁﬁqﬁ;fmmsqﬂmuuﬂmi
wahaiednednfinfiimedaesmesesdesndefutne  uazammnsiivaenndslueRnly

Hasgamsiingassansatyfivingesamiausiazsiia (Pillay, 1992)

< o Y 8§ o a _a -
9199 4 Anuduiudiiadannnimirfuniafiandulaauludamesdeitunmy

tadesing | aunsiTadu ' R’
qeuugdl (°C) y = 30.07x + 958.40 0.045
ARNLTUNgA-ANY y = 61.99x + 391.00 0.565
ANLTIUAS (ppm) y = 0.174x + 83.640 0.003
BunnuaNsuauaae (mg/l) y = 25.85x + 81.63 0.150-
11&16]?1’4%%\1123@ (ppm) y = 7.355x + 87.510 0.013
WaamARenyn (ppm) y = 82.65x + 69.79 0.533

‘& e o a o a & o
2.3 m'mauwuﬁ"umﬂ"a‘mmwaauunum'iaﬂnau'l:ﬁau'l,uw'aﬁ'qﬁ"mnﬁw
° & = | 1 o oo o -
ndessuueniaed lutdaraunianfssuunsuidaui
L7373 Ad Aa‘ t d” e -] ] dv
cmmsﬁnmmqqmmnmwunau‘[ﬂaumnumamqqmunmmqmu 10 da WnAeg
- ; a aa al ¥ o o Y o 9o «
uwusmendee luleneunInRiissuuny e Wuszezioan 7 4 wasanuuiinfelLfiaened
- 1 J 1 —_ i
UFunndeesiiv nudluiledsiaunmldfifunafesstiuandne uasienngeunislszan
Q) & 1 Q' A ) -1 A 1
Auradusaaslafindulaau ((n9sh 5) wansdnadesieaitansmununenaenludasauris
H ‘Ol = 44 27 1
ﬁﬁiwwgwﬁﬂwﬂmmmamﬂ?}mmﬁfa@auummulur]\iﬁwnmu‘lélﬂumwﬁﬂrymiulﬁ’

a A‘ -g 4 1 4
inndulaaubuideisdnunssls
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- . va
meel 5 BunnAeestulufeiunsuuarssiunaulaauiinasaumalssamdudadssed

& p : o ool a ¥
LABISELLILILLEINLRA tlﬂu‘uraﬂfaunimwmzuwguwﬂum

viadi uniAeeaiiu (ug/kg) seaundulnauiinagauniedseandudadusa

UaRAUENAY  Uemaunam

1 84.1+ 0.4 0 laifinawlaam
2 94.7 +0.3 0 Taifinaulnau
3 84.2 + 0.2 0 Lifindwuiaay
4 93.4 + 0.6 0 Lifnanulaau
5 104.8+ 0.3 0 TafinAulaau
6 93.5 + 0.4 0 TaifinAuleay
7 83.8+0.5 0 Taifnaulaay
8 147.7 + 0.4 0 Taiinaulanm
9 199.3+0.3 0 laifinAulaay
10 88.9+0.6 0 Lifindulaay

L

2.4 Anwpaud qu’ﬁ'ﬂﬂﬂiﬁil'l maa%uu’lmuanam AngsIAnL ﬁNﬂ']W‘lJ'ﬂ;‘Ll‘i.l@

L]

raunInffissuumsuiiauya
cmm?ﬁnmqmmwmiuﬂfaLgmﬁ:aﬁmn;?'mLmuu,ﬂnLﬁ"mluﬂ@ﬂﬂun?mﬁﬁ?wu
s wudnildngaumgfl 282285 °C Asaflunsn-sing 7.4-7.7 Aanaiflusing 83-00
ppm &1atauant 0.023-0.074 mg/L Tulnsauionss 0.284-0.540 ppm LasasARIA
0.108-0.213 ppm Aamsneit 6 mnwamwmammmdﬂﬂmqwﬁﬂuﬁﬂL‘gmﬁ'\iﬁ’wnﬂuuuu
LLf-:mmelu‘u'aﬂ@unsmwmvuwuumzmmiuummzﬁ'uwuﬁnmﬁ‘mm@mauwLﬁummmm
mimﬂnauiﬂﬂu'lummunmu famadanaulrauiitededy wwuluumumammmunmu
\unsAne1es Saadoun et al. (2001) wudnFunamestufladinasensdunme i
naalsiiad e Faeafly wazanatwinaess e Anabasna efiFunafisdudleunn
wanldlafadu doutBnadlumsmaziinainlismedideunuinGuana Anabaena
nafauansifinndesalu snndeusasieaadwanatmminug way Seeafiwnseliad:
0 goge defiBundbunm 124 lulasniifns dousaadwinuduaseaelsftadie asl

oS X
R NIRRT s lmen
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ﬁm:uwfaaLNm’LuLma'qﬁqLﬂuﬁnﬂ@ﬁ'fﬂﬁﬁmﬁi'anqm?rylﬁu‘imwiamwéﬂﬂ (Hillebrand
and Kahlert, 2002; Xie et al., 2003 a) Li‘immnwfaawlmﬁ@gjlumzn@uﬁmumnﬁqmzﬂd@ﬂ
'Nfamwm'a‘nzjma‘aﬁﬁﬁﬁlﬁiﬁmmﬂ@mﬂmiuﬁ%ﬁ'sﬁu (Boyd, 1995; Boyd and Munsiri, 1996:
Xie et al, 2003a) ﬁuﬁmw@awlmmwu‘%umuNamiﬁmsﬁamm siBunndeealiu
Aealsfiadie uaTNIA VSN T89aMse Anabaena sp. wananil Yusoff et al (2001) &
wmamaﬁ'mmxn@uﬂu@qnmLaﬂaqaLmzmmw‘lmqnmmnﬂmLammuéwﬁwmunuﬁqﬁu
ana Oscillatoria wudngnwinganunsniaseyiiuln 1 Lﬂfaﬁmmzﬁmc-jmmsluﬁﬂﬁaﬁmwudqﬁ
WBanmesinin 25.98 fadnSuredng uavtBundlulnsian 65.45 faansusedng Sebuno
ﬁ’]mmmsﬁmnw'aﬁi'an'm@?rytﬁu‘immmﬁéqﬂ Oscillatoria nsiseanasnaainmg ynaunug
mem'ﬁﬁummmew,ﬂummiﬁmumaﬁwmLLnumwumma‘mscymu‘imfamqsfmm CR
‘Lmiqaml‘émmw@amelummu’%u Lmﬂ?mm‘lu‘immulumiuiﬂunmﬂaﬂuuﬂmmnun 39
idanmdaululnsauiuwesnm (TN:TP ratio) fismandausandn 20 (Havens et al., 2003;
Xie et al., 2003 b) WALNUIN lum'qxaﬁﬁms‘@‘étgtﬁuimfaehwqmtﬁwmmuéqﬂﬁﬁmunuﬁqﬁu
ans Oscillatoria  Ue¢ Microcystis §rfanninenvinanasausnsgaululnsausunagnasl
gnsndaunnndt 29 fazsinldnasdyfuiniessniefifeaunuinGusnss tazaswums
L@‘%‘tgLﬁu‘immmuéﬁammmuﬁqﬁuﬁ@ﬂmnﬁ’qﬁﬂ%mmlu‘immuuazﬂ@mﬂmﬁﬂaﬁamﬁ’dfl
azfidhmdaululnsiausunesiinaziishmdawunnnda 29 (Xie ef o, 2003 b) feths SAsdan
189 TN:TP nauiflunriivenuuafiunisieseyiiuingas Oscilatoria uas Microcystis T1unas
ﬁﬂﬁﬂmqmqummuy?mﬂé’mwﬁa uBNANHINAMINE Anabaena sp. (Saadoun et al.,
2001) Eslulpsan uasresimngrunsaldifutladauenuunlinlunisduasmiRensiiy
uazraalsWad s (Davies et al., 2004) W4z Robertson ef al, (2006) WudnENtuRRRaTiuay

d
wagumuBunuagim
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vail  gowgR ey eovadlusne ensusousen  lulasiaw Haainn

CC) N9A-AY (ppm) (mg/L) irl'\mum f”l'wm

(ppm) (ppm)
1 28.2 7.5 83+0.1 0.045+0.002 0.453+0.002 0.213+0.003
2 28.3 7.6 86+0.2 0.023+0.002 0.414+0.003 0.122+0.004
3 28.4 7.6 86+0.1 0.054+0.002 0.520+0.002 0.153+0.003
4 28.5 7.7 84+0.2 0.064+0.001 0.425+0.004 0.113+0.004
5 28.3 7.4 89i0.2 0.074+0.002 0.329+0.002 0.108+0.003
§) 28.4 7.5. 90+0.1 0.051+0.001 0.284+0.003 0.123+0.003
7 28.2 7.4 86+0.1 0.064+0.002 0.297+0.002 0.210+0.004
8 28.3 7.5 84+0.2 0.072+0.002 0.394+0.003  0.134+0.003
9 28.3 7.6 88+0.1 0.058+0.002 0.321+0.004 0.160+0.003
10 28.2 7.7 84+0.2 0.067+0.001 0.423+0.002 0.172+0.002
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. & o 4 oy oo . o d

1uielesfaiunsaiinundulaauluiiofsdqua 10 ve fiinndeesduedsly
3 14 ] o o o 1
Waraianaa 84.2-147.7 ug/kg Wanaseumalssamdadsdussdsrfunzuumerlutas 1-
3 Fevmnaunnilssamduiadusaarindulaamdnies |

¥ l ¥ 2/ ' -‘ n' [ o
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WANNY LTeLAd. 2549, msﬁnmqmmwﬁ'wwmum‘lu (Litopenaeus vannamei) ﬁLgEN
mehanuBaslugmoemadesfiuansety, InenAnusiBoygynin,
NMINENRE INHATARAS.

anteg  wisdyadna. 2551, ﬁ@f«i“ﬂﬁﬁwaﬁi@mm‘?tylﬁuimmmﬁéwﬁﬁml,muﬁqﬁu
Oscillatoria sp. Wag Microcystis sp. wazmufuRusIanBunaamesandulagy
Tufssnauewnl  (Litopenaeus vannamei) Tutlaides, eiwusiBoyguen.
NMINENALNBATAGHS. 110 nein.,
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1900-1910.
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Funge-Smith, S.J. and M.R.P.Briggs. 1998. Nutrient budgets intensive shrimp ponds:

implications for sustainability. Aquaculture 164:117-133.

Havens, K.E., RT. Jame, T.L. East and V. H. Smith. 2003. N:P ratios, light limitation, and
cyanobacterial dominance in a subtropical lake impacted by non-point source

nutrient pollution. Envi. Poll. 122:379-390.

Hillebrand, H. and M. Kahlert. 2002. Effect of grazing and water column nutrient supply on

biomass and nutrient content of sediment microalgae. Aqua. Bot. 72:143-159.

Hu, T.L. and P.C. Chiang, 1996. Odorous compounds from a cyanobacterium in a water

purification plant in central Taiwan. Wat. Res. 30(10):2522-2525.

Jones, G.J. and W. Wolfgang. 1995. In situ production of volatile odour compounds by river
and reservoir phytoplankton populations in Australia. Wat. Sci. Tech. 31(11):146-
151.

Krom, M.D. and A. Neori. 1989. A total nutrient budget for an experimental intensive fish

pond with circularly moving seawater. Aquaculture 83:345-358.

Lloyd, SW., J.M. Lea, P.V. Zimba and C.C. Grimm. 1998. Rapid analysis of geosmin and 2-
methylisoborneol in water using solid phase micro extraction procedures. Wat. Res.

32(7):2140-2146.

Lorio, W.J., P.W. Perschbacher and P.B. Johnsen. 1992. Relationship between water quality,
phytoplankton community and off-flavors in channel catfish (Ictalurus punctatus)

production ponds. Aquaculture 106:285-292.

Lovell, R. T. and D. Broce. 1985. Cause of musty flavor in pond-cultured penaeid shrimp.

Aquaculture 50(1-2):169-174.

Martin, J.F. 1992. The use of sodium carbonate peroxyhydrate to treat off-flavor in

commercial catfish ponds. Wat. Sci. Technol. 25:315-321.



Nakamura, S. and S. Daishima. 2005. Simultaneous determination of 22 volatile organic
compounds, methyl-tert-butyl ether, 1,4-dioxane, 2 methylisoborneol and geosmin in
water by headspace solid phase microextraction-gas chromatography-mass

spectrometry. Analytica Chimica Acta. 548:79-85.

Nilsson T., T.O. Larsen, L. Montanarella and J, Mades. 1996. Application of head-space
solid-phase microextraction for the analysis of volatile metabolites emitted by

Penicillium species. J. Micro. Meth. 25: 245-255.

Palmentier, F.P., V.Y.Taguchi, S.W.D.Jenkins, D.T. Wang, K.Ngo and D.Robinson. 1998. The
determination of geosmin and 2-methyliscborneol in water using isotope dilution

high resolution mass spectrometry. Wat. Res. 32 (2):287-294.

Pillay, T.V.R. 1992. Aquacuilture and the Environment. John Wiley & Sons Inc., New York.

Robertson, R.F., A. Hammondb, K. Jaunceyb, M.C.M. Beveridgec and L.A. Lawton. 2006.
An investigation into the occurrence of geosmin responsible for earthy—musty taints
in UK farmed rainbow trout.' Onch_orhynchus mykiss. Aquaculture 259:153-163.

Robertson, R.F., K. Jauncey, M.C.M. Beveride and L.A. Lawton. 2005. Depuration rates and
the sensory threshold concéntration of geosmin responsible for earthy-musty taint in
rainbow trout, Onchorhynchus mykiss. Aquaculture 245:89-99.

Robin, J., J. Cravedi, A. Hillenweck, C.Deshayes and D. Vallod. 2006. Off flavor
characterization and origin in French trout farming. Aquaculture 260:128-138.
Saadoun, I.M.K., K.S. Schrader, and W.T. Blevins. 2001, Environmental and nutritional

factors aﬁectlng geosmin synthesis by Anabaena sp. Wat. Res 35(5):1209-1218.
-Saha, K.S., L Uma and G. Subramanian. 2003 Nitrogen stress induced changes in the
msrine cyanobacterium Oscillatoria willei BDU 130511, FEMS Micro. Ecol. 45:263-
272. )
Saito, A., T. Tokuyama, A. Tanaka, T. Oritani and K..Fuchigami. 1999. Microbiological
degradation of (-)-geosmin, Wat. Res. 33(13):3033-3036.



25

Schrader, K.K., M.Q. Regt, P.D. Tidwell, C.S. Tucker and S.0. Duke. 1998. Compounds with
selectve toxicity towards the off-flavor metabolite-producing cyanobacterium
Oscillatoria cf. chalybea. Aquaculture 163:85-99.

Silva, J.L., RA. Bazemore and T. Kim. 2002. Influence of physical and chemical intervention

methods on geosmin and 2-MIB in channel catfish flesh. http./www.ift.confex.comyift/

2002/techprogram/paper_14423.htm, December 2003, _

Spiteller, D., A. Jux, J. Piel and W. Boland. 2002. Feeding of [5,5-2H2]-1-desoxy-d-xylulose
and [4,4,6,6,6-2H5]-mevalolactone to a geosmin-producing Streptomyces sp. and
Fossombronia pusilla. Phytochem. 61:827-834.

Sugiura, N., N. lwami, Y. Inamori, O. Nishimura and T. Sudé. 1998. Significance of Attached
Cyanobacteria relevant to fhe occurrence of musty odor in lake Kasumigaura. Wat.
Res. 32(12):3549-3554, '

Sunesson, A., C. Nilsson and B. Andersson. 1995. Evaluation of adsorbents forA sampling
and quantitative analysis of microbial volatiles using thermal desorption-gas
chromatography. J. Chromatography'A 699:203-214.

Sung, Y., T. Li and S. Huang. 2005. Analysis of earthy and musty odors in water samples by
solid-phase microextraction coupled with gas chromatography/ion trap mass
spectrometry. Talanta 65:518-524.

Tucker, C.S. and M. Ploeg. 1999. Managing off-flavor problems in pond-raised catfish.
SRAC Publication No. 192, Mississippi State University. Netherlands.

Walker H.L. and L.R. Higginbotham. 2000. An aquatic bacterium that lyces cyanobacteria
associated with off-flavor of channel catfish (Ictalurus punctatus). Biol. Cont. 18:71-
78. , |

Watson, S.B., B. Brownlee, T. Satchwill and E.E. Hargesheimer. 2000. Quantitative analysis
of trace levels of geosmin and MlB»in source and drinking water using headspace
SPME. Wat. Res. 34(10):2818-2828.

Xie, L.Q., P. Xie and H.J. Tang. 2003a. Enhancement of dissolved phosphorus release from
sediment to lake water by Microcystis blooms an enclosure experiment in a hyper-

eutrophic, subtropical Chinese lake. Envi. Poll. 122:391-399.



26

Xie, L., P, Xie, S. Li, H. Tang and H. LiU. 2003b. The low TN:TP ratio, a cause or a result of
Microcystis blooms?. Wat. Res. 37:2073-2080.

Yusoff, F.M., H.B. Matias, Z.A. Khalid and S. Phang. 2001. Culture of microalgae using
interstitial water extracted from shrimp pond bottom sediments. Aquaculture
201:263-270.

Zander, AK. and P. Pingert. 1997. Membrane-based extraction for detection of tastes and
odors in water. Wat. Res. 31:301-109.

Zhu, M., F.J. Aviles, E.D. Conte, D.W.Miller and P.W. Perschbacher. 1999. Microwave
mediated distillation with solid-phase microextration: determination of off-flavor,
geosmin and methylisoborneol, in catfish tissue. J. Chrom. A 833:223-230.

Zhang, L., R Hu and Z. Yang. 2005. Simultaneous pictogram determination of “earthy-
musty” odorous compounds in water using solid-phase microextraction and gas
chromatography-mass spectrometry coupled with initial cool programmable
temperature vaporizer inlet. J. Chrom. A 1098:7-13.

Zhang, L., R. Hu and Z. Yang. 2006. Routine analysis of off-flavor compounds in water at
sub-part-trillion level by large-volume injection GC/MS with  programmable
temperature vaporizing inlet. Wat. Res. 40:699-709.

' Zimba, P.V. and C.C. Grimm. 2003. A synoptic survey of musty/muddy odor metabolites and

microcystin toxin occurrence and concentration in southeasthern USA channel

caffish (/ctalurus punctatus Ralfinesque) production ponds. Aquaculture 218(1-

4):81-87.





