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pH gaunil wazUIunauuia (bubble counter) lnsdayadzgniuiindislusunsuneuiiames lag
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ABSTRACT

This research is to set up the bioreactor with the pH, temperature and bubble
counter probes system. Probes were connected with the computer program to record the
data real-time. The reactor was decided in 2 different size including 5 and 30 liter. These
reactors were used for biogas production in batch anaerobic system by using shrimp pond
sediment waste collected from Chonburi province, Thailand. The digestion period was set
up for 15 days. The starting pH and temperature were the parameters of this project. The
gas amount, pH and temperature were measured during fermentation period. Gas
composition was also analyzed as well as the chemical properties of sediment before and
after fermentation. The result show that the suitable pH and temperature were pH 7 and
40 °C with gave the maximum gas amount of 928 ml. The gas composition showed the
highest gas amount which was hydrogen gas with the 98 percentage. For the chemical
properties of sediment, it found that TS and VS of sediment before digestion were 805,080
me/l and 54,480 mg/l. This result showed that the sediment had low amount of organic
matter compare to other organic waste. However at the best condition in this study, we
can produce the biogas particularly high amount which is possible to use this condition
apply in the shrimp farm for waste management. Also the biogas can use as the energy
source in the farm. Additionally, the researcher team investigated the types of bacteria
involving in biogas production using molecular genetic technique base on 16S rRNA
sequence. Four abundance aerobic species were identified including Exiguobacterium,
Bacillus,Staphyloccus epidermidis and Staphylococcus aureus and one anaerobic bacterial
had been isolate which is Clostridium cochlearium. All isolated bacterial has been reported

as biogas producing bacteria.

Keywords : bioreactor, shrimp pond sediment, biogas, 16SrRNA, microorganism
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2.1 wwiAn nqufindnauuszaulinseunquizeiade
1. gy

fedinm e ArefiAnainnisdesaaisansdunidlaewuailidonislian1izilifioandiay
(Anaerobic digestion)inevialufnsinmagusenausne fediny (CH,) Usvsnadosay 50-70 fe
asueulasenled (CO,) Ustanaidenay 30-40 dnufiwmdevvidufnevinduy wu weuludls (NH,)
lelnsiau (H,) uaglalasiaudalils (H,S) uivzilogluimadivos Auilmudufeilidmdsny
Aufougs Wneanunsabindanuanuseulduszann 9,000 AlawnasidegnuiAiums vse 21,000
Alaguitognuiadiuns Mduisannsoirfedinmlulivsslondldvatems Wy wiitelduslo
mnanufeulaeass Wiludemadduaiessus wioldlunswannszualnih Husu (8]
2. NFZUIUNISNAANILYININ

Ara@nn (Biogas) Ao faTiAnannszuiunistesaaisansdunssluanislilldeendiaude
WUATILSEY 2 NdY AD WUATLIENgUNEANTA (Acid forming bacteria) wazwuaSenguHAnTNY
(Methane producing bacteria) laguuafiSongunannsn agyinisgesaatsasdunisnilassaiig
Tuanalug Wnareiluansdunigidiassadaluanaidnas aindunuafidenguudniinuasld
arsdunidnilassadraluanaldniduarsovisuardesaarsliAmdufiefiinu (CH,) A
asuaulasenles (CO,) neifwdug Wntuluusinandndes wu Malalasaudalis (H,S) uas
fngwaulads (NH,) 1Wudu nszuaumsiin@inindesszaldiiorniedrlududaduuuailSongu

NAMTLNY INS12EYNIAUSEANS ANNNSRARAwTWUANE AT NEILTANATULALDINNNEITUTRA

=Y

a a a a a6 9 a Y ‘:1' Y A & A
LBDULLUANLIY d199UNTY LLazaE‘JfLuaﬂLLmaEmmmeaﬂuam’aﬂimmﬂ 114!5551160"1@14!“ AYUYINTIN

TN ARTUUSUNATINTUEN WU AuUs AUl AunzlaaIu nuewii U9 wazutndiunviude
# [9]
2.1 nszulunsdadaneluaniizlildeandiau
Tunszurunisgesaansansdunsdluaniizlildeendiauudadu 4 Tunau fo
Junaudl 1 nszurunisialaslada (Hydrolysis)
Junisnszuiunsiiintunisuenwadisaduuailise lnga1sduvidluanasuiningazgn
wuaisegosaaialaeldiouledlansennuinisusuieag (Extracellular enzyme) linane
anwduansusznauldanel (Monomer) dusuldlunszuiunisasiange wuanisennnaly
1 A A a o ) = a a a . .
A15898da18 Ao WUATILSEIIWINLNAAAMTINLEUlSTALUATILSe (Facultative anaerobic
bacteria) Ingnguvaakuaiiselutunsuilazuuslaniuviaveseulednlunisdesaaie
a A a . . . .
d139unse AR Cellulytic, Lipolytic Wag Proeolytic [8]
& a % . .
YUABUN 2 NTTUIUNITES19NSA (Acidogenesis)



I3 A a X s N a ! ] & v A v '
Wunszuaunmsiiiedungluadiuailise msgesaaslutunsuilazldasnlaannisdeslu
TupsuusnduasiaiudmsuiuailiieUssinvadianse lnsuwuafisenguilazildsuaisenms
(%) 1 =1 a a ¢ [ 1 aa . . a
aanabimdunsadunigluianavuenian LU nInesdin (Acetic acid) nsalwslnlaln
(Propionic acid) n5A11tae3n (Valeric acid) wagnsauaafn (Lactic acid) LJudu lnansad
AnTunavunlziidndiureanindngian wonainidadinisiningaisveulaeenlenduly
Tunaullsiy [8]
YUADUN 3 NTTUIUNTES19NTNBTAN (Acetogenesis)
< @ = N a % aa o a = ° o
Wutunsuiluafiiseasiasesdiniininezdlau (Acettone) azidsuansinmn nialadu
| v a s s ¢ =2 & & v
szinedne Tduansesdmn Weswe lolasau uazarsusulaeenlen Juduaisormisasau
a A gj 1
YoIuUATISETURalU [10]
YUADUN 4 NTTUIUNTES19ENU (Methanogenesis)
nsndunsdluianavuiadn fgarsueulaeanlyd (CO,) uwazfglalasiau (H,) MAnan
TunaunsasinInasgniudsudufieiinuazingansueulaeanles lnsuuaiiiseasiading
(Methane forming bacteria) n1stAnfingdlimutinla 2 LWuu wuuwsn Ao 1AaINAIsIUaBUNTA
a a ¢ < e a a ) a aa s s I &
Sunigluiduiieiiinu wazdndiunileaziinainnisimgnignisveulaeenlaniazfing
lalasiaulvnanadufeiimu lnsuuafiSeuseinn Hydrogen-Utilizing Methane Bacteria #q
a
gun1sn 1 uag 2 (8]
CH,COOH — CH, + CO, (1)
4H,+CO, — CH,+2H,0 2
2.2 wuadiselunszurumstseaangluaniazlildeandiau
Tunszurunisgesaatsalsduniduuuldldoandiau fesedunisinauresuuaiitenale
ginsiuiu Fawuafisendunuinsenszuiunstesaarsansdunisliuanizlildeondiauniaiu 2
naulug)q Ao wuaTliTundundnnsa (Acid forming bacteria) wazuuaiiiIundundnfiiodny
(Methane producing bacteria)
2.2.1 wuAisengunannsa (Acid forming bacteria)
wuafisanguindnnsaluwuaiiiungu Facultative anaerobic bacteria @38111350A153%30
aglavaluanizniuazliioandau lnesSundinuainnisdesaals vesarsdunsdluana
yurabngfbiduluanasuiadn wu nsalvdu nseduvsdszmedts Memsueulaeanlas
fnglalasiau wasfeuenlude Wudu wupiiSengurdnnsnazsuuslaidu 2 ngu Al
1) az@lawuliawuaiise [ uwuaiionquillugfaalunszuiunistesaalsasdunsguuy
ldldoandiau esnamnsaldarsdunidiluemslivarseianaziisnsinisiadgiiulag
a9 wupfiSenquilihnindesaaneansdunidnilaseasiduanavwinlugiduluanaies
Nazaneila Wy nsnexddn nsalnsiiosin nsadafisn (Wudu
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wuafiSenguiidumniidosaasansdunidilliannisdesanevesuaiiienduoy

Haaudauuaiite wdvasudunsnordin amnsauudliidu 2 ngu fe

Hydrogen producing acetogenic bacteria LL‘UﬂﬁL%SIUﬂ’sﬂﬂJﬁﬁ’Mﬁ’]ﬁﬁjaEJﬁﬁ’]EJEI’]i’S‘lM%Ej

flgannstevaaeansdunidluduneulslnslada dslaun uoanosed uasnsndunid iy

nsneedin Avlelasiau wazfivasueulneanled faunisi 3, 4 uaz 5 (nsulsenu

ANMNITY, 2553)

C,H,OH + H,0 - CH, +2H, (3)
C,H.COOH +2H,0 - CH,COOH +CO, +3H, (4)
C,H,COOH +2H,0—2CH,COOH +2H, (5)

Homoacetogenic bacteria wuseanlatdu 2 ngu loun
1) Autotroph leun wuafiSedildansusznaufiinduou 1 exneu wu Arersueulasenlyd
wazfelalasiaulumsaioyiule wagldnagavneadunsnorinn faaun1si 6
4H, +2C0, — CH,COOH +2H,0 (6)
2) Heterotroph léun wuafiSedildaisuszneuiiinnsueunatsezaonlunisiasqgiivle
NaRARTILAT Teozdian uarinsiieaiun Fuduasinarsiidflunisndniedin feuns
A7
3C,H,,0, — 4C,H.COOH + 2CO, +2H,0 )
2.2.2 LLUﬂﬁL‘%ﬂﬂEjuwﬁmﬁmu (Methane producing bacteria)
wupfidefiawdniinuaziasaiulalédn waedeulisenisdsuslasnn Tnowuaiise
nauindniimuutseenls 2 wila e
1) Hydrogenotrophic methanogen Jawdsufinglalasiaunazfivaisueulasenlasily
ufnefionu faaunisi 8
CO, +4H, — CH, +2H,0 8)
weiSenguiliunumddyieadlifglelnsnuiiistulutuneunstosaansansdunielu
anmzldldermelunszuiunisadiense nethenanliivsinadglalasausas dedna
son1siinesdanagnereios
2) Acetotrophlc methanogens 9ziasuazdinaluilufafinuiasieasuveulaoenlas
Faaunisii 9
CH,COOH —>CH, +CO, 9)
Usinasfeiimuiiietuszina 2 Tu 3 Rasnniswdeuerdwaluduietinulasuuaiise
ng Acetotrophic methanogens wagfiivdeidunaveslfizenseninefneansueulaoonled
wazialalasiaulaguuafiisangy Hydrogenotrophic methanogens [9]



INNTTUIUNMINERRAATIN NS INa s iuITinanenszuumsiliufalelasiaueanun
Wy Tunsguliun1sesdlaiaiuda aiuuuaisengy Hydrogen producing acetogenic bacteria
ueninisdiuuafidenduiludsuasussnouasueu 1 exnew Wy wmuea wasiivu Wduufale
Insiaulasneae [11]

3. MUY InvaRaUNId [12]

dagtiumsiisudisusenisenuddiuiiandlelnd (ONA sequencing) 1uiBfiTo1n1d
Fuunviaveqaundd esanlideyanimduiudidaifmunislunisinnisduneansiugnss
U Iy Ribosomal RNA gene gnidensn@nuaruiduiusvesdsditiniusgaunivas

IsTulauvestnsanslendivun 705 Jsusznoudieniedes 2 vl fenulsvuiaivg 50S
(Large subunit) kaznuigvuiaidnuun 305 (Small subunit) lnenulelngUsznousis 23S rRNA
YINUIENI 2,904 Tpdlalng 55 rRNA unUseuas 120 Gaeatelng uwaslusiu 34 vila diu
MOEENUSZNBUMIY 165 rRNA YuaUszanu 1,541 dirdlelng wazlusiu 21 v éﬁ’agﬂﬁ 2.1[13]

PROCARYOTIC RIBOSOME

Ul 2.1 drdsznevvedlsiululnsanilon [13]

dmsunisduunyinvesnuafiisety Jounsraaauiidu 165 rRNA 9y mRNA Afivilesyn
Wwenludlunvaawueiise nuluwuaiFennvliadivwinuseuas 1500 wWav3aunni (14, 15]

4. Tns9a51990t50u
a [d 3 Ao w '3 = 1 [y a [ 1
TasauduasAusenauid1Ayesrusenaunilived ey wanwiasun 2.2 Tnsuuudnaeddiu
Ingjvasisoululagtu Usenaume Tnun (processing element , node) fiudau Wwewles (synaptic
connection) 5¥MINBUNNAY LW TSN Wmntin (weights) Inedyas N0ena1ntonmnvead
e aggnulaseieig dlandunsedu (activation function) fauansdunusseluil [16]



0=f(wx)= f(zn:wlxij Toe?l  net® =w'x (10)
i=1

Tnfienilsitunsedu duieuldflaiduinuosd (sigmoid) f1egseving 0 - 1 viodleridu lulwans
(bipolar) fiAnegszning -1 fs 1 uaziladdumdidou (guassian function) Ine3ud 2.3 uansgusteues
Haidunsedu dmsusuil 4 wamsnsvinnuvesiaseu uthilvesiinseuusismisedd

1. Sudanaaniaseuniiedue

2. ywdyanamniiseumhedudndieiu

3. wlasdygadaglditandunsedu duandduguin 2.4
4. dawasnsludiiaseuntiedu

JUN 2.2 uwuudaesnisvitauvesiiiseulay McCulloch-Pitts

3215103

3 net

JUT 2.3 Hlendunseauinldiduilanduniswlas (transfer function)
(a) WanduBnusen (b) Hentululnais (c) Hendunddeuy



i -
» \;

From others (/ \ To other neurons in
s I
neurons in .‘—‘!I\ NEURON [ _-—— sobeic i
preceding layer )Y xi
mw T T
-
Redieve SUM INPUT
nput
m Weights

Transform sum

o

JUT 2.4 vthikagnsvinauvesiiiseu

U dl d‘ ! a = ! %2’ v d! U dl ! 1
zszyﬂmwuauImssmNmiau A ATUINUN ‘?N‘U%Qﬂ‘IJiUL‘UaFJuﬂ'] strength AagALIAN Tusgning
vy A

a % ° = PV Y} P ' o ca a
n19iseus Weaiawuuitaesnisly Funnlilndifesiussuy WeAmadwsioananseuy A7
TnAA89IU ATRAGNSINNVIBIIU D9ITUUIIAB IAILITO FTENUBLUUINABIVBINTLUIUNTbA

5. Tassadnedingsuiiaga
lAssasevneutaga ﬁqgﬂﬁ 2.5 Usznoudie nihegany Miiendt $15eu (neuron) laseadng
yastenuihdassdudu (layer) 3 $u dieldlunssunasdsdyano fie
1. Sf’fuﬁuww (input layer) : %’Uﬂi’fagaﬁiﬂuﬂﬁﬂﬂﬂwmuﬁﬁa
2. Funelu (hidden layer) : S7udaya1a97n %u%’u%a%alﬂwaam (transform) TaeTldWeAdu
nszdu leldasmuuiaesmeluresszuy fumeluannsn Tdinnnd 1 4
3. %mmﬁww (output layer) : i?uﬁm@gﬂmﬁ]ﬂﬂ%uﬂ’lﬂiuiﬂLL‘U’ﬁQﬂIWL‘ﬁNNﬁﬁWé@@ﬂﬁ]’]ﬂ‘d’]ﬂﬁUﬁ’ﬁﬁ

Input layer Hidden laver Qut put layer

’ Qutput signal

from net
to net

UM 2.5 Tasasnevesinenuiifa
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Pguiasamuiiamsveinisdsiedeyaansaniseanidulssinavlngqla 2 Ussinnfe
1. Preudasoanuuteuludnami (feedforward neural network) 91e9uriiaiiusznausay

(% (%
| [

Fusnevadlnunlaeduusnazilutudeyatouduazdugaineazilutudeyadionn druseninatu

¥ a

Toyatloudniuteyadioananvasiiviolifituweuudiild n1sleusessnineduvesiisnuidisanuy

Qe

Souluirmihaziiauindusiidouasdyyamedoyatiouddidunasgnastudamauiedy
vastoyadsoonwitulaglaifinstioundy

2. drguihifauuutdeaundu (Feedback neural network) aziilassasruniloutnguilisea
wuudeuludnemih udeeildwifindunfediuvesnsteunduvosteya uaznstounduariing
v lunnaaY

5. drgudadavarevulaiildadu (nonlinear multilayer neural networks)
\sa1ndiseutuhvafundfsntudady ddedndauinlun1siinunuazUssuaaues
syuu soundalaiinisianvisnuduiuuvatedy Tnedulutiesnuidifatduninets uvesimin
(weight layers) #e3u# 2.6 Wufedndudissudnda 3 4u ilesainfigudinin 3 9u Suazdu
MuynuveInIshiaaudady (linear transformations) @uduaesiisoutu agliAnisudasiuulings
W guatlounndnldvneauilifanituninniniaslinanagyhlitisnuiidnenimuinndy eglsh
mulunsufuRnuiawutununiiuludnilvaussausveaiienuanas WWesindedldinaiuiu
Tunsidndaasngn wenanilidyaunnuidanainenagands 11an3nseane (propagation) ¥8dN13
Usuimindruduutuinniull enviliisgeaigaluusinm (local minima) Winduld datuds
U a ¥ a o =) 5 o Y Y] 1 Y & o 1 a ¥
dnteuld vreeuidaga wiss 2 90 Tunsianliidudivssanaailiduilendulu@adu [17] uag
| & S A P PN ° aa o | Y
P89 3 U dudauaunsaiieaneNazdnunvsulunuelnagada (polyhedral) 3 0ulAei
(convex) wisali FuresthminazyilmAnnsiuasuwUasdedu (linear transformations) d@uguwes
thseusziinnswasunlaawuuliladu (nonlinear) Mhseu TunsufuRlaenaluwdnuintuves
Fawawiies 2 u Adedlnfeanesensuidymszuunigg loauysalnnszuuuda [18]

o, o, Outputs

[nputs

(% (%
1Y

JUN 2.6 Ahenuihdaniivudmn 3 du
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Yunaulunisadienesu
JUMBUTDINITANT 89U LagnsadeutIsuainsauULiudunoundfynadl

1.

2.
3.
a4

wisyateyaduny wag lowinm ieltdmiu Indisau wagvageutneany
sonuuulAssEd1stneny saussiuiudugou swauihseulusasdudou Hudu
fsruseEudureseiimn dalveldandiaiminuuuds

vnsiinanenulagly TUsunsutiednans Toanessuluuuuens — 115A05 wagyiing
powdludilaidumaraiianainuuuidaeaade (MSE) dougn

eeeuiildumedeu Tasnsavilieauianaiauuusidaenads (MSE) auiifivun
19 vise 1y

&g Tusunsuazyinmssmunudumsimidnlug udsiintnenudnsey vhaunii ns
nageUTsUlEmALRANENALUU RS deRRY AR
anvhevhmsvaaeuisnuihiadiviinstinudluusiaslassarsiies  egintenulels
AaTuAana LU deuadetiosanlugadoyanaaey  Tuhderuiulldihue vwie
Wusunuwasseuu (Identification of Models)

aatilunsdaeedimseaniuudigauduiniaglinisassinasign (Trial and Error) Live

wisuiausalidusuudassidusunuesssuuianags tussulunismuuuiiassieuilifa

WanaRagun 2.7
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RN ATEYRTUYY uAsIE i
PNMINARDS

i

ponkuuiassaeEen

Uiilasaadhame
= ruTuii ey

[t

M ST R R
AMUAR TN HAY WRHTHTHTHEN

HnimrwAedanesEunsdouguuy

- . - -
TWMLUBNT=NTTATRT

winuuilaa

(Levenbarg-Marguandt) i
AN
i .

nanarTnrulnoFnafinus MSE

TEWIN HATITEY URE
HESINNEMARDY

i ol 5
HTULNUAR TR

BuuTRBITIBNYULIR

JUN 2.7 wanadumenlunismiuuudnaesienuiia

N15ANLABNIIBULITA

dwfunisfinnsandmdentionuiinzaudmdulfduwuusiass Tundseidlgisaiiun
Wisuieusiiadussnaulainzdentdvnenla fie A1 Mean Square Error (MSE) Fafinnsananna
WANAINSEMINE HARINNTTIUNEY UAE NADINNTEUIUNITIN Tneld ongresufianunsals a1 MSE ﬁwqm
Feaunisi (11)

MSE:%i(yi—pi)z (11)

2.2 91U MNEIVBY/NITNUNIUITIUNTTY

[

prnoulauiuvenieMIonduialuii “uaqd” L‘UWUENLﬂ&W]LﬂWUNﬁ]’]ﬂﬂ’liLaﬁJﬂﬂﬁﬂ LA
U5¥N0UMe FINLNAINAoUNY Binunasinaudnd Faua18a1ndane yanwwaznznaufu Fanun
mmouufuaqLawagmﬂuuaLaENqumaammuagmaﬂmwmmwuua fidnuwauzilulraumad
waznilen Fsduinduniudnien azneuauiiAntuannsdestmeauszana 3,000-6,000 A

fold siasruzAIveINIsRaNmzaUTEIM 3-4 1hou [19] Beaniana1igaulumeansduvsduas
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asefurdddaduamsemsiididyuesnmiaiyiulnvesgadn Lﬁaﬂa'aaaqajt,mdqﬁm%maﬁqﬁﬂ
AoliAiny31nnn13 algae bloom silveendiaulutmzinanasdsnalfdedidindug fegluila
ansamss@inedld lifidnideunanquiduiiuieussleviainainugauauyseivoduiao1mns
dmiuatniidogluyadedisnan thuldlumsudsndsnunauniluglvesfnedinmmioutunis
Triingnouaudngn TaswieUsyAvsuazame [20) ldvhnmsduunuazasageungnauanUaiies
ez wasfnwinistidangnauauantadssisinanlnenssuiunsdesanionuylfeandiou
Wansuanfiedinmlaenslaiiuuasiugdunsdiide nuiranmefidesanansnan BOD uas
oD 1#ds 85-95 % uananiuaannisitnnznouaussanuisondnfedinwasansianunld
0.025 Ans/n3udloffigninda lunsnfanznouauainnaiesdmeiauuuliléadunis laod
93AUTZNBUVDY CHy CO, Wag N, UTunauyinfu 44.30% 4.91 %uag 17.23% uddu Faanunsa
thanldidundanunawnulddndae Sasounuszans [21] liwuiminiinisiingneuiauvesons
fananamaunninaadl 4, 8 uay 12% wuihamsondauiatinniidlelnsauduesduszney 4.5,
16,3 uay 48.96% Fewuiniuunliuiinay lumanseiuusinaiimunduantiosasann 61.57, 7.73
way 4.04% sy Mneuidedinanidiiulduidululdimndnns@nwianiig uagnns
Wauudassyninanszuiumssdnuiadinndananuszneuiunsilunaasyiliasnsadlauay
MuenszuIunIsiInadniunisnanuiadaninluasnsouniegeainnssudalilneianie
NuATNTIABA

a a
uuadisenanlalasiau

fnenungnumndalalasiaulussuulalagldgadnniaiinglea 1 lua 31naisusenay
aslulawmsn ansandnlalasiaule 12 Tua deaunisn 12 (22, 23, 24]

C6H1QO5 + 7 Hzo — 12 HZ + 6 C02 (12)

Tu 2009 Iffisenuinudndalumandslalnsaulutinuganasiiuniniaglad
[25] uennidnidedshuunAedind nanfnwiteieimuludundsnudmivsueudlusuag
[26] wegnslsfinunuitermsduduunidefifstodunsruiunsdslelanauidiogluisiiin
Tneranzegnadslutssmelng defiansiaiuinunaogegiann

MNnAdouazunAafinamenguiiteadaiuismnudululflumsfias@nyinagduun
yipvaanguuuaiiSeiiieadesiunszuiunandnlelasiau videuatanmdanann wewiunvadey
Hudodududmiviannsdenduuandana

nsuanwasldAngdanwlulszmalne
UssinelneiinisdaaSumalulagfine@inimuiuiunit 20 Yudd uwiluszezusnitdneyly
SLAUASIOUNIDLNBATNTINELDEWNIUUT W .A.2534 1ATN15IAFINUIBUINITAGTININ d9im
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anuITenaz R I mansuazmalulad uninerdoleslnl esudunisAne i Souaziaun
weluladlvannsauszgndldluida Fesdndldesnaniavnandaty aunsestslul w a.2551
wheusmsAetinmlaunsindady "aaduideuasiaungsy uninededesdnluas *
sioan Tul W /2553 aufanssimndnusvaas agiuusnsunanilinsssemudoniasanulnl
Ju "deduiTonasiauingsuunsiied uninedodedlud” Saldandulaseinisdaadunisndn
faTanmsieidlesnaiuautiagiu [27]


http://www.erdi.or.th/index.php?r=content/view&id=83&category=18

15

unN 3
A5andun1sIY

3.1 gAY
1) pznouaunUens @nvhsudsluniangiusen)

3.2 1A303UfN 0TI N
U UsuInsNITITIUUSEIN 5 waz 30 ans Andeilnsudasianutdunsadusig A

= v v a

gauugiinelu Meuenezosunsal wasllszuunainsnsinsiinfinedanin fe dvulazlalasiau

9 Y
[ [

AILUUTIADININN 3.1 91999910 [7]
danmeildlumandn fo aamgiivies Taeviinsinairnudunsn fe gaumall uasUsunm
whadmukazlalnsiau NN
p= o o = \
valdlunsudn fie 1 wausie Ynn1snaaes
nsusinluiasasunsaldianin nsvdnagldszuunisgesadnd (Sludge) wuuleandiau lag
azldnznauaunauluasauneinannnisnaase (Batch)

4
L nuu‘nu | -
umit

YY)

13 | Biogas Counter
o

"
Y . Water

Water

Computer Sediment
I

pH

JUN 3.1 Megraiuudnassdanidn 81984370 [7]

3.3 ANWBNTWAVDY pH 1SUAY LAz auui AN INSHANLAETINNVTaAH LalATIAY

1. nsvsinwuulildeandiau

) 1 ¥ ) U [ U d' Y (Y] o

ngneuaulafmezaninmsuinludminiesnwuuliiduian 15-30 u lnevinnis vary
pH 3usu uaz el warihnmsindaauainnudunsaduains wasinaamglinnaludaunsel
LALISTUUMNTIVINDATINITLAANFTINN

2. ApTzvinnanlAvaInzNaUEUNIULAT NAAIINANL
- Ainswiannudunsadue
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- USinamesudarianun (Total Solids, TS)

- USinauvesudsseimevianun (Total Volatile Solids, TVS)

- AIANABINTOBNTLANTALABATTININ (Biological Oxygen Demand, BOD) %30 A1A1Y
Ain1seendianlunistssaaluaIsdunId (Chemical Oxygen Demand, COD)

3. AiaszieeRusenauvasinedanin aendinismiinglewn3es Gas Chromatography
(GO) iovmnUSmamasiedaningsil

- Malalasiau (Hy)

-fnedlini (CH,)

- famsusulaeeanlan (CO,)

- Melulasiau (NL)

4. AATRUTUIUENDIMTVRIANBWEY WU Tulnsiau (N), weaesa (P), lUdadey
(K), A5uau (C)

5. AATUTUIUBUNIIINg (Organic Matter) uaznsinluiivasndalunznauaunay
ANLATa
wnewn ¢ wae 5 Seliliindosandmmanuiieszndslaly
3.4 Anwuazuunviliavasadwilddgluniszurunsndaufaanm

1. Mssuundauuniite

thaznoushegrsanidoasluiinde 0.85% (normal saline) dwsuideiildoondiauuazuma
Famdin Wnideslueimns Nutrient Agar drudeitlildesndiaudsuuonmsdonte sPS Agar
uaz Anaerobic Agar MntmsénelaladivendonuniiSefiinudeduenmsiva
Thioglycollate Broth (TGB) anntutiidouuniiSeunassuommsuds Cooked Meat Medium
(CMM) yindunounsuadertludumzderinlfoantiou fgamglivmnzay udufudeillnlii
gl -80 asmwaldya Tuansazanensivesea

2. MFIATIEHAAUALDULD

2.1 mianalasluloaeafitdue (Chromosomal DNA) smetnaiafiduedniazy i
ansazanedildunsivdeunanisatamsueseainglsawanielinszualndi (Acarose Gel
electrophoresis) fiflaudutuves Agarose Sowaz 1 mﬂﬁ?ui’mmmi@mﬂﬁum (OD) fire
Adu 260 wilung fMelniesinA1nsganduuas (Spectrophotometer)

2.2 MIdauaszidunlemaiia Polymerase Chain Reaction (PCR) 1ansavanefouLe
afalsuimaiinduiuiy 165 RNA femaia PCR MelaTeafiudiuiuasiugnis
(thermocycler) Faflanniznsvengansiugnssy fnmil 3.2
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i Denaturing Extension

94°C i 9a=C , 72°C i 72°C
; Annealing 55°C ;

5min i 30sec 60sec | 10min
45°C

30 sec

35 Cycles >

e ree s

20 Cycles

g‘dﬁ 3.2 @n112N15Y11 PCR (Polymerase chain reaction)

2.3 A9¥iU3qW3 PCR product Tasld QIAGEN PCR Purification Kit #38 QIAGEN Gel
Purification Kit Lagvinn1sinneinuuiavivesfiduedomaia Agarose Gel
Electrophoresis Ul agarose gel Asdudusosas 1.5

3. MIIATIEHHATIAURLDULD

thiduie Bu 165 rANA fiudans ddulieneimaduiuediewmaia DNA sequencing
wimluledluun mntuhnadduidueiaulauvhnsinseiseiusunsy BLASTIngt nads
Mdueiilduinsinszisnelusunsy NCBI BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi) Liie
Wisuileudsiuinmdlelng (nucleotide sequence) sasmdutaidantd blastn delddmsudum
Toyavesiindlelnd (nucleotide) :ngudeya


http://blast.ncbi.nlm.nih.gov/Blast.cgi
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un 4
NAN15I8

4.1 n1seenuUULATaIUfnsalTaAm

yaLasesFnsaiiinim Uszneuludae yaiauaztiuiinteya pH gamnll uazUsunauda
(bubble counter) Tnsdayaazgniufindaelusunsuneufiamed manuaugumgiiagldensinuiy
gaungd (WldTafmesutssanannyuide) nedmiinliTanesasan wuin 5 uay 30 3n3 lnedynms
yaansrun 1 ans delduangusa Wuyaneaeudosiu uasufaanivluguivuia fannil 4.1
Wehluleseimesdusenoudewa3as Gas Chromatography

JUN 4.1 2MLEnIYaLATaIufnIaigInIm
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4.2 AaanURnIAiivaInznauaunauLasuamin

INMIANATITRRUELTRNsATvaIznawauyeny naukasnain1suiin taelavinn1sing
Ansgianeudunsadudn, Usnamesudeimun (Total Solids, TS), Usiamesudessine
(Volatile Solids, VS) wag mimudssn1sesndiaulunisgssaalsa@1sdunsd (Chemical Oxygen
Demand, COD) wuinnznauwagnaun1svidn (sediment) fdnvagnanienimdudan nzneuaziden
fanenandunsadusinsedi 7.40 Jaumnziunsisdapivlnvesgdunidindeiinu Jefie qaunid
n3¥Na methanogens LLazquﬁuﬁmﬂﬂa D 33.05 °C

uenInEnUIUTINuesiomn (TS) vaamgnouauladsnounismiinddeutisgs fo
805,080 mg/| Antluvasudssemela (vS) 54,480 mg/l Andu 6.8 % veasmznou (sediment i
3971 4.1) Fefoinunaiitesiiloiouiuvesudsiilissve Jeiunneialiinaansdun3sadu
vosuddlungneuauilegiios Jsoravililiusinaufatimuesnintosnsilufe lneslondsnusin
(S) Avsasiianas fan91ei 4.1 uandlifiuiasdundd sufaanseliunidundugndesaas
YaNMNERANTTIAUSINRL COD WU Azneuwie 1 nda Aouvsindiu3una COD winfu 960 me/L
Tnevdmsiniugudy 1,400 me/L awLﬁaammﬂmm‘%aﬂm'«qﬁuw%ﬁLﬁlwﬁuﬁluﬁwﬁﬂ WASIELTRR
segiunznauanyiili COD Wistu fewnin1siaiuin COD oralimngAunsinmamans
aapansdunisfiegluzunznaudnunei ornsndufesindr BOD unu

M191991 4.1 wansUSUa U'ﬁﬂJ’]ﬁlJ“UENLL“UWNmJﬂ (TS) wazUSuuvasndaszme (VS)

TS (mg/L) 805,080 532,580
VS (mg/L) 54,480 34,580
TFS (mg/L) 750,600 498,000

4.3 8nSWavas pH (Budu waz aamadl Aednsnisaauiadinmusauidlalasiay
inzneuauveimezianvinisudnludwdnfioenuwuuld Ao Ysuns 5 das 1unan 15 Tu
Tngviniswasuuas pH s way gaungll udwinisinfaaudianudunsmdudig uagin
gauniineludaunsal wazilszuunsivingnsnIsiafingdInm
a v oA ] = ] o
HAYBY pH LSUAY Ad 6, 7 way 8 senisildsundas pH lussuuseninnseuiunsvdnuuy
Luildoandgiau Ngaumigil 38°C wud1 nsiUdsulUas pH agludig 5.36-6.13, 6.28-7.19 uay 7.49-8.21
AUEINU AINNT 4.2 Awduneiuin 91 pH BuAU 7 Lag 8 a Landalus?l 150-250 (Tufl 6-10) pH
TuszuuAy e LNTU F96119910 pH 15UAU 6 NLUIlUUTES pH ABYY analos1aLilnd §in1g
a s A ] o a N g ] a o 1% 13
WaguwUaaves pH lussuuilasiinarenisinauvesydunsdlunguadniinu lagd pH f1u1n
auvsdlunguilaglianunsnnsydulale Weiansunusunauianudanudn 7 pH Sudy 7 @11150
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o w a

nanufidliganan fe Wedugnanisvaaes Fwuandsiusgndveddndiield pH Sududu 6 waz 8
Feanunsondauialaud 248 ml wiiunaesaniie fanmi 4.3

8.500

8.000 kw & ' Mt

7.500

7.000

6.500

—.—pH7

6.000 1

5.500

5.000

0 50 100 150 200 250 300 350 400
Time (h.)

JUN 4.2 nemanuduiusvesniswisunuasan pH ieuiunan o pH Susii 6, 7 uaz 8

1000.000

800.000 ‘_..r"'

600.000

et NH 6

dazau (ml.)

400.000

SUOLLA

200.000

pH8

a

0.000

|

50 100 150 200 250 300 350 400
Time (h.)

-200.000

59 4.3 naAnuduiusvesUSInaLidazauisuiuLIan o pH 1SUdY 6, 7 uay 8

'
P a

NNRaNTUTURUNIvesnIvdng 38, 40 uaz 42 °C wulgumgil 40 °C @ansananuis
dl a

Igigafianegrefideddn fo Usunauiaasanegf 928 ml sea3u Ao Tigaungl 42 °C TUSunauia

9 Y
I v

avauag 248 ml uaziigaumigil 38 °C iiauiauSunulesiian As 126 ml (Flagui 4.4)

9 Y Y
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zail (ml)
o\ O\
[@NE,]

o O

[GN]

(]

[e]

A

&

UULLNEE

A WU,

[, N e)
[oNe)

s

(@)

o

(@]

‘l_JQ
W W
o !
[eNe)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350

nan (Talaw)
JUT 4.4 uansUSunauiaarauainnisilfsundasaumgi 91 38, 40 uag 42 °C

4.4 1A5189189AUSLNDUVBIRLTININ

wasannsiiesneuwaulasluminaieldannelioendiauluszeziian 15 Ju lovinis
a & & o P o A a = & Ada a & ~
IATIEveeAUsENaUTRILiauaBamzn1TvdnNgamll 40 °C Falugaumginiusunauiaanign
WU Usunawfanunniign de uialalasiou Andudosaz 89 sedaun Aeasusulasenlyl Andu
Jaway 10.9 uaviwusosa 0.02 Feloeiign wansinfNan1izanatlungnouaue1ademuiuns

a a N oA a a = o & I3 a a st i .

WIyvesgauvsdnauisandalalasiaulaluusunags Faiufenvasilugfunidlungu hydrolytic
bacteria #43zvin1395719aaUs lUlURITe 4.5 UBNANTAIAITINANITILATIEHRIAUTENDUVBILAE
vieluan1siUasunuas pH Budy wazgamgd duq deld Feassrsaunaluawided 2559 @udu
UIVYFDLLDY)

A5 4.2 eRUsENaVYBLiaINNsulinaznauaulaianaumail 40 °C

Biogas Composition Selectivity (mol)
Carbon Dioxide 10.93655895
Hydrogen 89.04543299
Methane 0.018008056
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4.5 wiavesgadwiddglunszurunsuinufaianmainagnauautafs
MNMTUsNLAYIATIEiTTavesaTwiily wazlildeandiou ndanszurumsninuiadann
wuulfeendiauanazneutauteis nuitluwuaiiZeildeendiauvesiiegrangneuauuniny
wuatisy 4 vl lawn Exisuobacterium, Bacillus,Staphyloccus epidermidis, Uag Staphylococcus
aureus 5197t 4.3 Tasthandangudanduuuaiieaunszurunisnsadninedanin wuinde
wuASewiln Exiguobacterium, Bacillus wag Staphyloccus epidermidis Fumiitlunszuiunis
lalnslada lunsdesaasansduvidfiminanavuialng wuutl Wsiu uaglviu Whduasdunds
luianatien wiensndunidenag [28] d1uile Staphylococcus aureus wa Staphyloccus
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1. Introduction — Shrimp farming is the leading branch of aquaculture in Thailand. Consequently, waste from
shrimp ponds causes serious pollution in coastal areas due to its high concentration of organic compounds [1].
Much research has been done on improving the biodegradation of organic pollutants, and there are many
examples in the scientific literature for digester of organic waste that also enhance biogas production yield [2, 3,
4]. Of these, anaerobic digesters are the most promising systems [5 6, 7]. In our previous work, anaerobic
digesters were successfully applied to improve the quality of shrimp waste as well as biogas production [8]. Four
processes constitute biogas production: hydrolysis, acidogenesis, acetogenesis, and methanogenesis. Each process
has its own characteristic microorganisms, metabolic pathways, and products [9]. Many microbial species
participating in these processes have been previously identified from difference sources of organic waste [2, 4, 9,
10] but have never been reported from shrimp pond sediment. In this research, we focused on increasing the
quantity and quality of biogas by mixing different additives (molasses and swine feces) to boost the
microorganism community in the raw waste. Additionally, the main microorganisms involved in biogas
production were also identified.

2. Experimental

Anaerobic digestion of shrimp pond sediment — The experimental designs for anaerobic fermentation and data
collection of shrimp pond sediment were set in the batch process for 30 days. The seven reactors contained the
total volume of 15 liter of sediment mixed with 4, 8 and 12% molasses (hamed SM4%, SM8% and SM12%) and
5, 10 and 20% pig dung (named SP5%, SP10% and SP20%) compared with sediment itself (S) which had been
published in 2010 [8]. For data collection, computer was used to create a program LabVIEW for the
measurement and collected data of temperature, pH and biogas flow rate. The experimental data were occurred in
analog signal and convert to digital signal via conversion unit with model NI- USB6008 [8].

Parameter and Gas content analysis —Shrimp pond sediment was analyzed for pH and temperature daily for 30
days of the fermentation. Biogas flow rate was also measured and accumulated gas content including CH4, CO,,
N2, Hz and HS were analyzed using gas chromatography (GC).

Collection of sample — Bacterial strains were isolated from three types of fermentation samples of shrimp pond
sediment which was collected from Ban Changlang, Sikoa, Trung province, Thailand after anaerobic digestion
process including normal sediment (S), sediment mixing molasses of 8% (SM8%) and sediment mixing pig dung
of 20% (SP20%). The fermented samples were collected in sterile containers and stored at 4 °C until screening
process begin.

Isolation of bacteria — Both aerobic and anaerobic bacteria (including facultative bacteria) were isolated and
plated on selective mediums following standard methods for aerobic bacteria and method of Sengupta et al.
(2011) [8] for anaerobic bacterial isolation. Briefly, 1 g of fermented sediments were eluted with 9 ml of 0.85 %
(w/v) normal saline. For aerobic bacteria isolation, 0.1 ml of samples were plate on nutrient agar (NA) and
incubated at 37 °C O/N. For anaerobic bacteria isolation, 0.1 ml of the samples were pour-plated on the SPS agar
(Difco, France) and anaerobic agar (AA) (Difco, France). The inoculation was carried out in anaerobic jar
(Biomerieux, France) with anaerogen (Oxoid Ltd., England) and aerotest anaerobic indicator (Oxoid Ltd.,
England) operating at 37 °C for 48 hrs. Colonies from SPS and anaerobic agar agar plates were anaerobically
transferred to 3 ml of thioglycollate broth (TGB) (Oxoid Ltd., England) and inoculated at 37 °C for further
growth. The cultures were maintained and stored at 4 °C in cooked meat medium (CMM) (Difco, France) for
further experiments.



Chromosomal DNA lIsolation and 16S rRNA gene amplification —Chromosomal DNA was extracted using
GF-1 Bacterial DNA Extraction (Vivantis, Malaysia) according to manufacturer procedure. 16s rRNA gene was
amplified using the two primers 357 (5"-CTCCTACGGGAGGCAGCAG-3") and U1492 (5°-
GGTTACCTTGTTACGACTT-3) for aerobic bacterial gene amplification [11]. Other two primers 16S1 (5°-
GAGTTTGATCCTGGCTCA-3") and 16S2 (5"-CGGCTACCTTGTTACGACTT-3") for anaerobic bacterial gene
synthesis [12]. PCR reactions were conducted for 35 cycles with denature at 94 °C for 30 sec, annealing at 55 °C
for 30 sec, and extension at 72 °C for 60 sec in a reaction buffer according to i-Tag™ Polymerase (iNtRON,
South Korea) protocol provided by company.

16S rRNA sequencing and analysis —PCR product, approximately 1.1 - 1.5 Kb, was purified using PCR
Purification (QIAGEN, USA) and sequencing. The searches for nucleotide sequence similarities were conducted
with BLAST algorithm at the National Center for Biotechnology Information (NCBI).

3. Result and Discussion

Gas production of Shrimp Sediment digesters —The fermentation of shrimp pond sediment itself for biogas
production was done by Srisertpol et al. in 2010 [8]. In this research, we aim to improve the biogas production by
mixing shrimp sediment with other organic sources consisting of molasses and pig dung which are known to have
a rich microbial community of biogas producing bacteria and archaea [13, 14]. In our previous work [8] the
biogas production of shrimp sediment (S) batch yielded 12.84 L with 44% v/v of CH4. Comparing that result with
our current work, the data showed that all mixed sediments could improve the biogas production (Table 1). The
highest CH, production was achieved by the batch of shrimp sediment mixed with 20% pig dung (SP20%) and
the highest H, production by the batch of shrimp sediment mixed with 8% molasses (SM8%). Interestingly,
increasing molasses in the shrimp digesters caused the methane production to drop, while the hydrogen
production increased. Conversely, swine feces had the opposite effect.

Many researchers have discussed that pH and temperature significantly affect biogas production [15, 16, 17].
Here, we operated the digester at mesophilic temperature (25-31 °C) while the pH profiles were observed during
the fermentation process. There are reports of pH level effecting the biogas production. Specifically, the cause of
low pH level is the high concentration of volatile fatty acids which are produced during the fermentation process
from the carbohydrate substrate [18, 19]. Volatile fatty acids also inhibit the methanogen growth causing low
methane production [20, 21]. Here, we observed the pH profiles during fermentation process for better
understanding the influence of additives. The results revealed that pH of SM digesters (SM4%, SM8% and
SM12%) showed the lowest pH both before and after the digestion process (6.5 to 4.7) and pH decreased rapidly
while adding more molasses (Fig.1). On the other hand, SP digesters (SP5%, SP10%, and SP20%), gave the
stable pH at 7 from the beginning until the end of the fermentation while the S digester showed the decrease of
pH from 7.8 to around 6. Many papers report that the optimal pH for methane production is between 6.5 and 7.5
[22, 23, 24, 25], and between 5.0 and 6.0 for hydrogen production [26, 27, 28]. It suggests that molasses caused
pH of the digesters to drop and the hydrogen yield to increase, while pig dung stabilized the pH at neutral level
and encouraged the methane production.

Table | Biogas production of shrimp sediment mixed with additives and their gas composition

Biogas Composition S[8] SM 4% (w/w) SM 8% (w/w) SM12% (w/w)  SP 5% (w/w) SP10% (w/w) SP20% (w/w)
(%v/v)
Methane (CH,) 44.34 61.57 7.73 4.06 81.57 81.59 68.89
Carbon dioxide (CO,) 491 6.72 41.74 41.15 27.68 24.73 42.62
Nitrogen (N2) 17.23 41.74 41.15 2.6 0.95 1.35 0.92
Hydrogen (H.) N/A 45 46.34 48.96 N/A N/A N/A
Hydrogen Sulfide (HS) N/A N/A 7.38 N/A 0.4 1.48 0.14

Total Gas amount (L) 12.8 48.94 183.12 125.55 14.03 65.42 82.92

4

Total Methane (CHy) 5.65 30.34 14.1 5.02 1151 53.64 57.22
L

Total Hydrogen (H,) N/A 2.20 84.23 61.52 N/A N/A N/A
L

Bacteria Identification of Shrimp Sediment digesters —Here, we investigated the major microorganisms
especially bacteria involved in the biogas production. The S, SM8 and SP20 samples were collected after the
digestion process. The microorganisms of all three samples were screened for aerobic, facultative and anaerobic
species. We found that the common species of all three were Bacillus sp. and Clostridium cochlearium (Table 2)



which were likely to have come from the shrimp pond sediment. There are not many reports of microorganisms
in shrimp pond sediment in the last two decades. Burford et al. [29] reported total bacterial counts in shrimp pond
sediment in Australia showing 8 x10°- 15x10° cfu/g without bacterial identification. The dominant bacterial
species, Bacillus sp., in shrimp pond has been reported previously [30, 31], which is the same result as ours.
These microorganism have been reported to play a role in mineralizing nutrients and bioremediation to reduce
waste products in the shrimp pond. Bacillus sp. and Clostridium sp. have been identified as being involved in
biogas production especially in hydrolysis and acidogenesis [32, 33, 34].

There were also particular species that were isolated in only one of the samples. Exiguobacterium sp. was found
in S sample. It has been reported in shrimp ponds in many papers [35, 36, 37]. This species has been confirmed
as an amylase and protease producing bacterium [38, 39] which are important enzymes in hydrolytic process of
biogas production.

In SM8 sample, Bacillus methylotrophicus and 75
Anaerosalibacter bizertensis were isolated.
Anaerosalibacter bizertensis has been found in
methanogenic communities in systems for

anaerobic treatment of organic waste and T
characterized as an anaerobic, halotolerant and g
thermotolerant strain [40, 41]. This microbe is

able to grow in high salt environment, e.g. in shrimg
pond sediment, at salinity levels between 10-30 ppt ;
[42] to acquire biogas production. While
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Bacillus methylotrophicus is a Gram-positive L . . e s as 18 o w a ar a m
bacterium as a facultative Methylotroph [43]. Doy

It is classified as an obligate methane user [44, 45].

This microbe may have caused the methane drop Image 1 pH profile during fermentation proceeds
and the higher hydrogen yield in SM sample. of shrimp sediment and their mixtures

Lactic acid bacteria (Enterococcus durans, Lactobacillus sp.) and Clostridium sporogenes were screened in the
SP20 sample. These lactic acid bacteria especially Enterococcus durans and Lactobacillus sp. have been reported
to reduce the hydrogen production and increase the biogas production in term of methane [46, 47]. Clostridium
sporogenes isolated from mixed shrimp sediment with pig manure in this study, has also been reported to be
found in animal rumen, including pig rumen, and manure [48, 49]. As a Clostridium sp., this microbe may also be
involved in biogas production as mentioned earlier.

However, this research is the first report of Clostridium cochlearium in shrimp pond which may lead to any
application in shrimp farming or biogas production from shrimp farming waste. By modifying the microbial
ecosystem as this study suggests, it will be possible to enhance biogas production from shrimp pond sediment to
reduce the organic waste while producing renewable energy. To combine this knowledge, we hope to introduce
the sustainable management of shrimp farming in Thailand in the near future.

Table 11
Digester Bacteria Species
S Exiguobacterium sp., Bacillus sp., Staphylococcus epidermidis, Clostridium cochlearium
SM12

Bacillus methylotrophicus, Enterococcus sp., Clostridium cochlearium, Anaerosalibacter bizertensis
SP5 Bacillus amyloliquefaciens, Bacillus vallismortis, Bacillus licheniformis, Enterococcus faecium, Enterococcus
faecalis, Enterococcus durans, Lactobacillus helveticus, Clostridium cochlearium, Clostridium sporogenes

4. Conclusions —Sediment waste from shrimp farming can be used efficiently as the raw material for biogas
production according to our result. With small amounts of additives the gas output can be substantially increased.
Further work can be done to identify the microbial species during the fermentation itself. A study of the dynamics
of the microbial communities is underway.
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