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Utilization of Aquatic Weeds as Co-digestion with
Swine Manure for Biogas Production
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Abstract

Zero waste model should be applied in the management of agricultural waste, especially, water
and residue waste from swine farms that can be used for biogas production. Aquatic weeds can be used
for waste water treatment. Biogas production by co-digestion of swine manure and aquatic plants is an
interesting method for waste managementin swine farms. This study was carried out with the aim to assess
the efficiency of biogas production and ability to remove organic matter in the forms of biochemical oxygen
demand (BOD), chemical oxygen demand (COD), total solid (TS) and total volatile solid (TVS) of co-digestion
between swine manure and four aquatic weeds including Hydrilla verticillata (L.f.) Royle, Ceratophyllum
demersum L., Pistia statiotes L. and Azolla pinnata R.Br., The results showed that H. verticillata, C.

demersum, P. statiotes and A. pinnata had high efficiency to produce biogas. At the ratio of 3.75: 1.25%TS,
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all these four plants gave biogas of 1.36, 1.40, 1.30 and 1.28 L/day and methane of 51.04, 46.94, 46.01
and 49.97%, respectively. However, the amount of biogas and methane produced from these plants were
not statistically different from pure swine manure. For the removal of organic matter, co-digestion of swine
manure with H. verticillata and C. demersum showed higher efficiency of BOD removal than the co-digestion
with P. statiotes and A. pinnata. The co-digestion of swine manure with C. demersum at ratio of 3.75:1.25

showed highest COD removal efficiency.
Keywords: biogas, co-digestion, swine manure, aquatic plant
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CN analyser u@nmnﬁ%mm:ﬁﬂ?mmmmL%QTM wiaglas Lmzanﬁumm%uﬁﬁmqﬁﬂﬁLﬂ’ﬁﬂixwﬁw
35984 Van Soest (1963)

mma‘ﬂumummwummmm‘mﬁwmluw%mmﬂ Wuaan 3 Suneusunimeass Lw'amn
\RNAZNAY T UazANTBLYE wﬂuﬁgauwiﬂﬁmmzﬁﬂummummm@mqmm wazyn liq@uvzdinanuliading
fulsyan3nmennte daalinnsiafgiauaznniy senanidleiunisanasneuiasnzneuasy
pznauaa lildnaadamienisssuiaassimaiuasinganiann

Table 1 The ratio of organic matters from 5%TS and C/N ratio of each treatment.

Ratio of organic matters

Treatments manure: aquatic weed C/N ratio
T1 (control)  Swine manure 5:0 12.16
T2 Swine manure: H. verticillata 3.75:1.25 13.46
T3 Swine manure: H. verticillata 2525 1512
T4 Swine manure: H. verticillata 0:5 20.29
T5 Swine manure: C. demersum 3.75:1.25 11.91
T6 Swine manure: C. demersum 2.5:2.5 11.67
T7 Swine manure: C. demersum 0:5 1117
T8 Swine manure: P. statiotes 3.75:1.25 13.66
T9 Swine manure: P. statiotes 2.5:2.5 15.67
T10 Swine manure: P. statiotes 0:5 22.73
T11 Swine manure: A. pinnata 3.75:1.25 12.56
T12 Swine manure: A. pinnata 2.52.5 13.07
T13 Swine manure: A. pinnata 0:5 13.96
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Figure 1 Semi-continuous digestion and biogas collection system.
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m@mﬁLmﬂ:ﬁﬁm%\iquvlu‘ﬂmmwfiami’uaumm%uﬁﬁmqﬁLﬁul,"ﬁ”ﬂ,uizuu WUIN C/N ratio 189417
SR ssueslugag 11.17-22.73 T T10 uaz T4 Sl G/IN ratio gaisiiiu 22.73 uaz 20.20 My
(Table 2) FqJiaetal (2011) 97810491 C/N ratio ﬁlmmmﬁmamﬁ"qsﬁqmwiﬁﬂgﬂu%q 8-30 1 C/N ratio €487N
hulmsauazgnuuafiFommiuay il Wiewdulsilimeaazasmeethmads dwalfldmadanm
fias widh GIN ratio snunn Tulasauifegunnltimemudusenlnde uenluifisaglhfindn pH luszuy
N pH getla 8.5 andhufieiuuuniizs TlfuuaTiFammiuauanas wananilin CN ratio flaguenwile
AN 8-30 Az Wi AP UL RN AN TN L L‘ﬂuﬁ”’]‘ﬁﬁluﬂ G mifmuimfanisnﬁzgq%u (NINRA WA
NAUNULATESNENANY, 2553) ﬁqﬁu%uw?ﬂimqm%ﬂﬂnﬂ@aéfm‘lumawmmﬁﬁrﬁh GIN ratio fignsnsnsin’
NauauaRaEn s

Table 2 Characteristics of organic matter added to the system.

Treatment Cellulose (%) Hemicellulose (%)  Lignin (%)
T1 Swine manure (5:0) 0.79 0.21 0.26
T2 Swine manure: H. verticillata (3.75:1.25) 0.86 0.50 0.24
T3  Swine manure: H. verticillata (2.50:2.50) 0.94 0.78 0.23
T4  Swine manure: H. verticillata (0:5) 1.09 1.36 0.19
T5  Swine manure: C. demersum (3.75:1.25) 0.80 0.41 0.17
T6  Swine manure: C. demersum (2.5:2.5) 0.81 0.62 0.28
T7  Swine manure: C. demersum (0:5) 0.83 1.02 0.31
T8  Swine manure: P. statiotes (3.75:1.25) 0.84 0.40 0.24
T9  Swine manure: P. statiotes (2.5:2.5) 0.80 0.59 0.22
T10 Swine manure: P. statiotes (0:5) 1.01 0.96 0.19
T11  Swine manure: A. pinnata (3.75:1.25) 0.85 0.37 0.41
T12  Swine manure: A. pinnata (2.5:2.5) 0.91 0.52 0.56
T13  Swine manure: A. pinnata (0:5) 1.03 0.84 0.86

uananiuananiigianindsiuagfulssinnaasdnlugaglaanialudunsadngaae liun
viaglad ilaaglan menuu‘Emmn‘llwfm@‘ll@mmqum"[ﬂmﬂwmLﬂumummmﬂu”l,almmdqﬁuw?ﬂ’mﬂ@ﬂ

)
v
a o v

unan8uvsd uas L'ﬂumimmuiumam@mmeﬁmmw (UA3, 2553) AINNANTTIATITHANTBUNTEF mummu
L‘ll’]ﬁ“’"LI‘LI (Table 2) wui ‘vmmiwmummmmmwmmmwmmm Usnniaaglaguaziaiiisaglagas i
G Imﬂmmmmwmwmmmeqmmumeqmmmﬂawrvaumﬂmqmnmwm@mwummmmmﬂ gy
LﬁmmanuuwmqLm@mmmuﬂnmaﬂ@zgmmmumwwmmﬂﬂLL@men@mmﬂ?mmmm@ﬂummmm
stnmzﬁfa”mﬂmwnmsﬂngniﬁifamm'mwwzimLL@szuLLm@mmﬁmmmmaﬂﬁmmﬁﬁu ANTENULDY
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Hong and David (2007) nudnipnpusasiidulafanstlsznenvemmanisaglaaluliunniigeasdsaaliing
A
ﬂ%uwmﬁwﬁy’wm (total gas production)

Dsanufarammaildarnnisuniivn ‘Emmmﬂ?mmuwmﬂLquw‘LuLmequLmﬁmmLfmwmmm
AReduluusiazunelfaniaznaas (Table 3) wudn mmmmuwmmmmmumm (T1) @WNT0NER
ﬁ"ﬂsﬁ"mmwmmgd 1.42 @m/fmhmmmLLMﬂmqmmamLmmH‘um_lmimJnﬁfaﬁaﬁqmvwmu“@a;ninumum
NNNTEIRN AMIENTETA 28N UATUIULAY fismandan 3.75:1.25 wihiu 1.36, 1.40, 1.30 uax 1.28 Ana/fu
ANNANAL

TnefimsusTnanusamanss sanuazaveneIaieetamen TG I T A S
VLéﬂuumnmmummamLufaLﬂ?ﬂumﬂunumwmmﬂmmummm@mmmumﬂ WATNIVINYARNINENDENS
Ao Tusnisfinmswiinaenuaz WALLAUNERIRALLALY HnMInanfinaianaanastioandinisusingessaniy

g@qmmmﬂzﬁw@;q (3.75:1.25)

Table 3 The amount and composition of biogas formed in semi-continuous system.

Gas produced Biogas composition

Treatment (Lday) %CH4 %CO2
T1 Swine manure (5:0) 142a" 49.88 a 13.60 C
T2 Swine manure: H. verticillata (3.75:1.25) 1.36 a 51.04 a 14.02 c
T3 Swine manure: H. verticillata (2.50:2.50) 1.30 a 50.30 a 14.76 bc
T4 Swine manure: H. verticillata (0:5) 1.24 a 46.46 a 13.62¢c
T5 Swine manure: C. demersum (3.75:1.25) 140 a 46.94 a 13.34 ¢
T6 Swine manure: C. demersum (2.5:2.5) 1.34 a 49.78 a 13.47 ¢
T7 Swine manure: C. demersum (0:5) 1.35a 46.23 a 12.70 c
T8 Swine manure: P. statiotes (3.75:1.25) 1.30 a 46.01 a 17.56 b
T9 Swine manure: P. statiotes (2.5:2.5) 1.02b 39.26 b 20.90 a
T10  Swine manure: P. statiotes (0:5) 0.86 bc 38.23 Db 23.64 a
T11 Swine manure: A. pinnata (3.75:1.25) 1.28a 49.79 a 13.34 c
T12  Swine manure: A. pinnata (2.5:2.5) 0.99b 52.21a 13.58 ¢
T13  Swine manure: A. pinnata (0:5) 0.81c 51.85a 14.72 bc

CV (%) 0.30 16.86 27.60

"Means in the same column followed by a common latter are not significantly different at p<0.01 by Duncan’s multiple

range test.

LANART TN NTIRnaNNstint ANt IR nauLAT Geaia lildeandiaulugniny 5anne
ﬁmﬁﬂi”ﬂ@umﬁ’ﬂmmﬁwﬁmuﬂi”mm 50-70% fnaanfuaslaeen sz 30-50% daufimaaituing
faw] T4 Taimmu VLEITmmwm”LWm panTau Larlulngiay (mmumra‘iu‘laﬂmanmmw 2551) 15unnufn
mwmwmmmﬂummmmﬂ@ ANTAINNNINNUTBITELL sn\‘iLﬂuma?mqmmmwumLmﬁmiﬂmwmmum
AT BadaTlinu SedadRansansuiudagauaestatimuiiiea sy
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a9nllsznauaasnngdanIn

MsAeszviesdlssneumdnaesinadann dalszneudnefaiimy (%CH,) wazingensuewlnaenlas
(%CO,) (Table 3) W31 T12 mﬂ?mmmmumummmm 52.21% um”l.uumnmqmmmm SeuBenfeuiu T1,
T2, T3, T4, T5, T6, T7, T8, T11 hay T13 NﬂﬁLﬁ@ﬂLVI’mU 49.88, 51.04, 50.30, 46.46, 46.94, 49.78, 46.23,
46.01, 49.79 Uaz 51.85 Waffus auddL da1 TO wag T10 wud SiunafaiimuAsnautasuansig
ﬂﬁﬁlﬁmﬁﬂuﬁummu@u filaraiiiesinannaaniians phytochemical lungu phenol Winfiu 2.42n3w/a@n
100n3N (Daboor et al., 2012) ‘Emﬁmiﬂzjmﬁﬁmaiuﬂﬁﬁﬁugqmm?mLﬁu‘ﬂmmml,mmﬁﬁmlmmu LI 14
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Shigella sp. Wag Salmonella sp. %\‘1
LﬂuLmﬁﬁﬁﬂﬁzﬁﬁﬁmﬂummamﬁ"’]eﬁ%qmw (Rabah et al., 2010)

Bunafinaaniueslneenlsdlufaieman wudn 1iunasfngansueulneen losisanduiu Buia
ol IneAmasesiifldaullsznauasaangs 1w To uaz T10 fSumianfueulaeenlofgandtas
YIAABIELL WANANNIIATR 19AE 20.90 uaz 23.64 iWafidud mudiy Gefaanfueulaeenloiidannns
namfndanlianansarili dss lemilE winiluSunugedsaalidadauresiadinusnunny auetlu
szAufianliAnenniaeLnfudamadanmin S eiimuunnnd ds wefdus anwnsaanialnly (wa
A0, 2557) wALFHNuANmH Y ‘1’7‘1'%u%u"[ﬁ”z%w%uiimufqmmumiu T lifud e dnviunanniua
il Avsatfludas 55-60 Llasifius ‘mﬂm”mmiﬁﬂﬂ'ﬁlﬁ@NEmﬂszLL@”LW‘WWfzﬁmﬂﬁ*uﬂgmmmwmmﬁ”w
Fonw Wi admulidudwdanen (naulssaugpavnssy, 2553) wanani ATIART LATANE
(2558) Vlﬁﬁm:r’]ﬂ’]ﬁ‘MﬁﬂEi’ﬂf—‘.lﬁ"’m“ﬂ’aQN”@Zﬁﬂi‘ﬁuﬁﬁ{iﬁ 6 1tin lAun auremenszean awiansasla aan uin
LAY AT LATUNIE e s s RVBNWILNSHARAN 9NN HANNTNAREIWLI AT 52 AVEN W
NINAARETININGIANNNINANEBLTINTLYAANT A ANMIIUNNTZIBN ABN UATUAULAY WL 0.182,
0.173 uaz 0.176 LIgTS muﬂavmmﬁmwmmwmmime@mqme
A1 pH m@quwmnsmauwLmﬁuav'a'anmnswuu

ANNANITNAREY Table 4 WL m;ﬂ@@mmuﬁﬁﬁ@jizuuﬁm pH aglutag 5.42-6.76 lesannly
%umauﬂfmm?ﬂuﬁfmﬂ"mﬁmmﬁm“mqﬁuri@wﬁqaxuuLﬂmmmm 3 JunnlviAn pH mmiﬁ'}zﬂ@@mmmﬁﬁﬁ
gezuuianiwidunsa Taaluszey “UINTBINTZUIUN TR TT A Nl TumeuUN13aFIens AT FaNd
acidogenesisuaz acetogenesis ‘1/1Lﬂ@ﬂummumfﬁwL@ﬂm@mﬂunmaumm (119PR UATATLE, 2554) Tneda
m@mwummmmm I&uA T1, T2, T3, T5, T6, T8, T9, T11 waz T12 A1 pH mmﬂmﬂmmmmmwmma
Fravnflesetnafien uaznisudindesanszudnyagnaiuaanlu T8, T9 uay T10 mmmﬂummma@;q
WU 5.87, 5.42 WAz 5.70 AMTNANAL daurnisunsintaeenannszLLian pH a¢/lu199 6.60-7.13 IagiAn
pH 1/1mmvmmmimmLmuimmmumﬂmmmsﬁmmwmhmqq 6.80-7.20 (ﬂm‘ii\mu@mmuﬂﬁu 2553)
ANUANTINAAEY WL TO uaz T10 JA1 pH mmﬁmwmamﬂuj aealiladAyneans 18 6.76 Uaz
6.60 ANNANAL eﬁmammmn‘um@m@mslumwmﬂ@mqmmmmmﬂm@ﬂ et Funaumeniiad il
pH 2452 LLIAARY LL@“’@QN@M@LL‘]JPW]LTF;Iﬂ@JJV]N@[ﬂﬂ’]"ﬁNLV]u LummﬂLmﬂmLiﬂﬂmuumminfaﬂmummw pH
7.8-8.2 (Ertem, 2011) AN pH ‘ummaﬂ@zgmwmﬂ@mqmummwmqm:mﬂLmzmmwwmimlunﬂ
dnandounoudnszuuaziireglutag 6.14-6.76 uazndasaanainszuuag 1wt 7.00-7.13 %4 Fang and Yu
(2002) 97189WI1 AN pH 6 mmmmmymumeamwmmmmumﬂ LL@Jmmmuiummmnmumwa@nw
AANANITULAZNAT pH WRAe 6.9-7.2 WesanAanssuaeauuafiBefiaiadmuassinliien pH daEsun
aevirailuuaidntias (Bryant, 1991) meum%mmﬁmmmmiwm@m@qhmwmmmummm@uwm
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Table 4 The pH value of influent and effluent mixture and the removal efficiency of organic matters in system.

pH organic removed (%)
freatment influent effluent BOD COD TS TVS
T Swine manure (5:0) 6.64a" 6.98b 80.54a 88.74ab 73.38 a 74.10 ab
T2 Swine manure: H. verticillata (3.75:1.25) 6.37 b 7.00b 88.02 a 88.53 a-c 78.33 a 82.40 a
T3 Swine manure: H. verticillata (2.50:2.50) 6.29bc 7.02ab 84.69 a 82.14 a-d 70.51a 75.34 ab
T4 Swine manure: H. verticillata (0:5) 5.89e 7.04 ab 83.03 a 66.69 b-d 58.97 b 68.59 a-c
T5 Swine manure: C. demersum (3.75:1.25) 6.76 a 7.06 ab 85.40 a 90.30 a 78.88 a 83.87 a
T6 Swine manure: C. demersum (2.5:2.5) 6.26 b-d 7.09 ab 78.93ab 81.09 a-d 7752 a 75.43 ab
T7 Swine manure: C. demersum (0:5) 6.14 d 713 a 84.81a 81.99 a-d 57.71b 68.77 a-c
T8 Swine manure: P. statiotes (3.75:1.25) 587e 6.96 b 59.58 cd 66.39 cd 57.47 b 65.44 bc
T9 Swine manure: P. statiotes (2.5:2.5) 542 g 6.76 c 63.57bc  66.65 b-d 49.02 b 54.48 ¢
T10  Swine manure: P. statiotes (0:5) 570 f 6.60 d 63.50 bc  74.91 a-d 52.33b 65.90 bc
T11  Swine manure: A. pinnata (3.75:1.25) 6.21cd 7.02ab 7253 a-c 78.25a-d 69.85a 73.85 ab
T12  Swine manure: A. pinnata (2.5:2.5) 593 e 7.08 ab 75.45a-c 65.12d 48.73 b 53.78 ¢
T13  Swine manure: A. pinnata (0:5) 588e 7.04 ab 47.89d 32.06 e 28.03 c 33.79d
CV (%) 1.81 1.52 31.36 34.80 18.76 21.67

"Means in the same column followed by a common latter are not significantly different at p<0.01 by Duncan’s multiple

range test.

1s2@ANENINNISAIAAFISAUNTSRRNAINTELU
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A TS uaz TVS lufinmaesudeiitaugnadnemznemaninaesti (N7uT39UBARNNTIN, 2554) AN
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N19NAR TS TB9TTLIL WL N13nnelae s ey agn It Ui I8Nz san mewéwwmzimﬁﬁmmmu
3.75:1.25u8x 2.5:2.5 Lmewﬁﬂﬂ@m'qmmsgmgmﬁuLmuLLmﬁﬁmwmu 3.75:1.25 4R TS 8ANAINTUL
liunnsinemnaadia MugaruAn wenaniUsz@vanamnstnda TVS aanainszuL wudn nssindes
?QN‘IJ@GN@@ﬂ?ﬂU@’W?W?;IMNﬂﬁ“"?@ﬂLL@U@"IMi"IEIW\‘lT’IﬂVIVIﬂ"] 8nendau HusrAnEnmnI9indn TVS aanann
asuu143 Tumnsinansadfdleifiauiugaangu dedn pH azlinaseninasnifulnresdunidiag
dse@nsninlunianidnanstunadluszuy a1nn1sAn=2e4 Jung et al. (2000) Wu3 A1 pH a4 6.0-7.0
AZMNIZANFBNINNULBI9AUNFENIN acidogenic bacteria Tun1stiasaaaansauvzdiaana iy
mﬂm@qmﬁmﬁ'@mwﬁﬂ i ilsyAnsnmlunisindnansduvsdlugil COD uay BOD e 50-80 uae
90% 1ananid Dyan et al. (2015) Ipnasautlsz@nsnimnisindnansauriaelugd COD 1esqauyiselusysiy
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anauilo pH iy (pH 8) WMl 63.85%
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