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Optimum hydraulic retention time for dark-fermentative
hydrogen production from co-digestion of vinasse and dried

spent yeast
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Abstract

Utilization of vinasse, wastewater from ethanol distillation process, for dark-fermentative hydrogen
production was demonstrated in this research. The objective of this research was to optimize the hydraulic retention
time (HRT) of hydrogen production from co-digestion of vinasse and dried spent yeast. The experiment was
conducted in lab-scale reactors with a working volume of 5 L. Hydrogen production rate, pH and volatile fatty acids
(VFAs) in the effluent of hydrogen production were studied during the optimization of HRT from 5, 3, 2, 1.5, 1 and
0.5 d. Fly ash was used as an additive to stabilize the pH of fermentation. Results revealed that the optimum HRT
for hydrogen production was 1 d. The maximum hydrogen production rate of 1,418 mL/L.d was obtained. The
VFAs contents in hydrogen production effluent were different when the HRTs were varied, revealing the changes
in fermentation pathways. Thus, the VFAs contents in hydrogen production effluent can be used as a good indicator
for monitoring hydrogen production efficiency. Moreover, fly ash showed an effective pH control in the optimum

range for dark-fermentative hydrogen production.
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o

- 108 -



The Journal of Applied Science Vol. 19 No. 2: 101-115 [2020]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2020.02.009

g F a v @ 9 ¥ ' ' g
penlsznovvestinaninmskaa laTasinudrenszuiunsvinuuyluldues daulngiilu

Y
=

' o ' a a H
?ﬂiﬂ535ﬂﬂﬂqluﬂ@‘ll"llf]\iﬂiﬂhl"’lmuigfn’iﬂﬂﬂ i?ﬂﬁﬂllﬂﬁﬂﬂﬁﬂﬁﬂ?ﬂ‘]ﬁuﬂ Nﬁﬂﬁ’fllﬂSWSﬁﬂﬂﬁﬂigﬂﬂﬂﬂlﬂQHWWQ
a 2 U (% J A % ' 7 1 '
ﬂﬁ%ﬂiuﬂﬁNa@]llﬂiﬂiLﬁ]uﬁ]?ﬂu?ﬂ?ﬂﬁﬁﬂJﬂUﬂWﬂﬁﬁ@] weradluasedn 3 %QWU?W nsﬂ“lélmmzmmwmu
[ aa a aa 1 @ 1 A a A
Gl,ﬁiy wWunsaezdanaznialiingn Lmﬂmmu"lﬂmum HRT ﬂ“l*l’fl,uﬂmﬂuﬁzuu Taofin1 HRT 1Mz au

NN 13U WUNTABEFAN NTATININ aznsa TWIW 1otin NANWTUTY 3,892.35 2,347.45 1ag 275.95

q

a 1A

a [ o w { A a Yy 9 { H @ '
Haan5SuAvaAT MUAIAL UBNINT Lﬁﬂmﬁmﬁnﬂmmwmummmmuaaﬁwﬂuumm WU AU
9

Wutuvp MU aNAIaAAININAIAY 11p1INTanA1 HRT

y 7 o ' { Y a
ﬂ151\1ﬁ 3 ’E'Nﬂﬂigﬂ’f]‘ﬂ"llﬂﬂﬂiﬂvl"lmuﬁglﬁEN']EJLLG%L@‘VI']‘Llﬂaﬁ‘W‘]JGhHHWIIﬂi]']ﬂﬂﬁ%‘]J’Juﬂ']iwﬁﬁllﬁliﬂiﬁ]uiﬂﬂ

Y ' S ' o
WINnamaznMngaa N1 HRT UAnNA19NY

VFAs and ethanol in hydrogen production effluent (mg/L)

HRT (d)
Acetic Butyric Propionic Ethanol
5 1,841.42 +79.22" 822.13 +47.89° 238.58 + 14.84° 22522 +21.68°
3 2,426.78 + 55.00° 74247 + 51.66° 323.55+ 10.41° 181.51 +16.70°
2 3,690.17 + 78.50° 1,426.66 + 59.37° 317.26 + 12.55° 107.35 +9.03°
1.5 3,204.01 + 84.52° 2,735.06 + 76.82° 449.75 £ 18.29° 88.78 +4.90%
1 3,892.35 + 81.40" 2,347.45 £70.38" 275.95 + 11.22° 69.74 + 8.41°
0.5 5,781.04 £71.22° 1,886.76 £ 71.57° 1,142.50 + 55.90° 57.93 +7.63°

Ao o

T E4 I N "
* AunagRIoNTAA UM uansNBd NTTBERYNNaDa NTzauANMTeNY 95% (p<0.05)

JnsaMansNAaes
a a Y A J o U J @ a ] 2
maauszvunan lalasiaulasldal HRT iuana1eny danasedasimseaalalasiouedied
v o w ' 4 ~ 1 @ < @ o v 1 @ a
Wodidy na1dfie thelimsann HRT a991n 5301w 3,2, L5 waz 134 @wd1dl Wy 6asIn1swan
1 Y r i H '
laTasulinunniuegasiiios Tnsmsi@uszuunal HRT 13y fdasimswaalalasaugeiga wmae
1 1 ' Y
1A 1,418.20 mL/L.d (215199 2) tileaninmsanal HRT shlddumasngnifeuingaaminlusasiigeu
Aa A v o Ry Yy o o @ A . S ) Yo
suafiizenda laTasnuludimindeldsudumasndmsunanlelasouludasigeiu duwalisasims
a A 2 VA ' v J Y Y a A A
naalaTasouiuin uailioaan HRT 910 134 3w 0.5 Tu wuidasinswaa lalasulinianas imde
ARG 424.48 mL/L.d iileaninmstleudumasniigszuulusasingunnll edwademsyzesn
9 ' '
(wash out) veanuafizeludaminla duiu a1 HRT Mz aungadmSumsnaalalaswuiadaumny 1

@

U

- 109 -



The Journal of Applied Science Vol. 19 No. 2: 101-115 [2020]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2020.02.009

3 1A Y ™ ' o 1 1A = ' '
VINMINULBYaAIte¥Ve 11N sznaemsulsAuaT HRT wun Imsalasun)acseglusag
~ < I ] ~ Y a o T
5.00-5.76 (13199 2) Fadluganminzausumsnan lalasinudienszurumsniinuuu Tulduee (Khanal et
§ ' ' 1A ~ A 2 4 o ~ <
al,, 2004) TagNn13ann1 HRT aana liariesluud Tdumuay iieannluduamasniing 1idaeenily
o 4 9 wa 9 == 4 = Ll 9
livles nazvindoyaquaniaveudt wu ImfitesuazesdilsznovvesunaiFonoon lsanoudiaga
A @ Z A~ U o Y v Y] s é‘ = 9 = Y 1w o
(@15197 1) guiu ielimsaanl HRT azsi lioasimsiloudumasniimgin Usmandassiingdamin
= 2 ' Y1 a gy A 2
Vg nagaawa limnieaiuun Ty
Y g H @ H a ) a P,
lusuesnlsznouveniminnniuasumswan laTasau uiumsinsizvesdlszneuves
o ] I o 4 A Y] ]
nsa lviiuszimedauazueanegaalunan iweannluiamsninlelaswuuun lilduas (dark fermentation
o o 1 < 4 o %’ o S a
pathway) innunsa lvsiussivedronazueanessed ituesddseneunanluriminaue Tasliviiauasy

o a a

' A ' Y 2 "o o ' '~ 3 o & o
ﬂﬁ'lu"ll@ﬂﬂiﬂ‘ﬂll@]ﬂﬂ’]\?ﬂu'ﬂ'ﬂﬂqﬂ ﬁu’ﬂgﬂ‘]_lﬁﬂ’ngﬂ'ﬁ‘ﬂﬂﬂllazﬂquﬁ]auﬂﬁﬂ‘ﬂwu(luuhlwuf] éﬂiﬂﬂﬂjqﬂllé}j

]

a A JA o Y A a @ 9 9 A A A T .. =
nauyaunsdnimthnnaa lalasnulunszurumsuinuuulildues Ao nuaiiEelungu Clostridium ¥4
a 1 ~ = a 1 < . .
aunsonan lalasaulugeiiraniin1s95yoeg1952013 (exponential growth phase) (Kapdan & Kargi, 2006)
nazlidtnsviin 2 uny 1dun 38mMsninuuuozFan (acetate-type fermentation) Taglun1angui winil

aa a SD’ % a (] \
nynezdaniueenllsznoumsriamerluiimin o2 ldunalalasmuiundasusisiuiy 4 Tua aemsld

8w o a
nglaa 1 Twa dudummsn daaumsi 1
CH,,0,+2H,0 — 2CH,COOH +2CO, + 4H, (AG" =-206.0 kJ/mol) (1

an o A A aax o a a . 2 2
INMITHNUNUVUN 2 AD IDNITUNNUUVUINLIN (butyrate-type fermentation) Iﬂﬂaluquyg ninu

a aa  d = a A ¥ o I a o ° '
ﬂﬁﬂﬂ’J‘V]ﬁﬂlﬂua\jﬁﬂizﬂﬂulwaﬁ%uﬂlﬂﬂjiuuqﬂuﬂ i]z"l@%}ufcfﬁ"laiﬂimmﬂuwa@ﬂmﬁﬂTLl’m 2 Tl'ﬁ @@ﬂ']isl%l

8w o =
nglaa 1 Twa duduamsn daaumsi 2

CH,0, — CH,CH,CH,COOH +2CO,+2H, (AG” =-254.0 kJ/mol) 2

' a va ax o g % oA =t
ualumalgiia Famswiineg lidlu luuulanuumil Taemwizedsslunszuaunmsmiinils
Fd v k4
nquIFBLUATIS BNUUNAL (mixed culture) 081U TuMsNaaeil i ldinnuninsaez Fanuaznsaifngn
3 @ 1 < o 1 = 2 aa H @
Tuhnidn vazawa ldveslelasunvzdiniimguiaue venvinil mswunsaezdanlutimin lu
@ [ A J a aa < ] Y I o dyw Y ' Y = A
sasdaungannniadnnin nluannsaliiudi®ialan awaldveslalasmuazlisguaue i iiesnn
o 19 9 a 9 1 dy A A A A 1 [

Tunszurumsuinuuy TilduasnldnquisennaiiFounuray orawunuaiibelungu homoacetogens 151

I Y 2 g A oA s )
Acetobacterium sp., Eubacterium sp. wWuau G]N!ﬂu!mﬂmiﬂﬂquﬂi“ﬂﬁiﬂi!ﬁ]ulm%ﬂﬁUﬂu]lﬂ@ﬂﬂ]lG]ﬂﬂ!ﬂu

-110 -



The Journal of Applied Science Vol. 19 No. 2: 101-115 [2020]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2020.02.009

duamasnlunisaransaesdan (Genthner & Bryant, 1987) dawaliunalalasmugnldlllunszuiums
o o Y1 Y =K A A J cgl Y A & . .
wiin i ldamalaveslalasinuanas e enuuniiionguil 1A9n%e111991 hydrogen-consuming bacteria
a a 2 @ v QI (J nﬂyw Aq o a ' &2 A Y < ' 1 Y
mynunsaInsiletinluiniin duilud¥iandiagdnedianiia Muaasliinui awaldves
A ° U A a a a U kY s
laTasauszganiont narne minwunsaTnsilotdnludSuuge awaldvedlelasnusziinianas

1 Aaan o

A o q 9 A ) 1 dy aa A A
Luﬂﬁ%1ﬂ1uﬂi$1J”J°L!ﬂ1§1’illﬂ!!,‘]J°1JMlﬂJchH!LC‘N’VIGl“IiﬂQNL“H?JLL‘]JFWIL??JLL‘U‘UWC‘TN DIVNULUUANLIINQUNUIDNITUY

q

24

a . . Y A A 1 dy Y o ' @ A
D TWs W Totun (propionate-type fermentation) Fanuafiizenguilaz 1ddudasnimnuuna lalasnuiie
nannsa lnsi loiin asaunisn 3 aawalianalaveslalasiauanas (Valdez-Vazquez & Poggi-Varaldo,

2009)
CH,,0,+2H, — 2CH,CH,CO,H +2H,0 (AG" =-279.4 kJ/mol) 3)

9 ' 1
uoNIINi A1 HRT §3dananeInMsninNuaAnA1enuAIe enAI98 195U MIIAYTZUUNA1 HRT g9
' Y S ' . IS a a ' ' A o 2 =
wawnaliuuaiiGolungy Clostridium H8ns1msniyanTaeglurieisiuauead hifinsnlasunilas
. ! Yas o A a 9 a  an A an I a %
(stationary phase) dawaliinmswinmilasuainmsnaalalaswuniounsaiiansnnieozdan iumswandd
[l 9
Wazawdunidlunguueanssad laelilininaalalasiou FaFenidnsndnuuuiiin solventogenesis
4 dy d. 1 30‘ Cd =
(Kapdan & Kargi, 2006) #0andpsnunansselunsail iwu anuduiuvesenuealuimiin isiaaa
o o A qu 4 4
a1y (Wel¥A1 HRT Nanas (1135190 3)
a {1 @ I { y o a
Tagaguda mswaalalasauna HRT 1 3 dluanmzimnzauiga Joasimsnaalelasau
A F) a Y I J a A o 3‘/ aa a aa
gaiiga mndoyalumaised 3 uaaldiviun mawaa laTasouia1 HRT 1 314 wunansaezdanuaziangn
¥ = A a o 1 Aa 4 a o a A @ =
Tuhwisin wulemueariies 69.74 Haansuaedas Tealefieunumanan lalasounar HRT 5 u wun e
%‘ o A a o 1A <3 T 1 o I A a o 1 a
muoealurimingads 225.22 Tadnsuaeans uaasliiiua a1 HRT 5 Ju dusinganulidmSunsnaa
3 1 = 1 A @ A I . 2 g
lelasnuanmihmnduazmndad dawaliiomsvdnalasuilunny solventogenesis 11ATU HOAIINT M3

a { o A A H - A Aa o 1 a v o
nan laTasouna1 HRT 0.5 Ju wunsa TnsiTotinTuimiingada 1,142.50 ladnsuaoans deandoanuons

mswaalalasnunaamaunaediog 424.42 mL/L.d (A131399 2)

= =

4

5%5']ﬂ']§Wﬁ@]"lﬂiﬂilﬁ]ui]']ﬂﬁ']u?ﬁ’ﬂﬁ L‘lﬁﬂﬂl:ﬁﬂﬂﬂﬂ\?'luﬁﬁlﬂﬂuc] ﬂwaﬂllaTmmumnmwﬁnmumm
g (Y o a 1 { x < ' a o { o v 1
UINNATNUFTUFLATNBUANNG !Lﬁﬂﬁiu@nﬁ%ﬂﬁ 4 %Qﬁ]glﬂu‘l@g\)’ﬂ %uﬂmmﬁummﬂﬁummnmm Hag

a { Voo o a ' v o w 4 g
ﬁmazmimuiwmﬁme’mﬂu ﬁﬁwﬁﬁﬂﬂﬂﬁ']ﬂ'ﬁWﬁ@]"lﬂiﬂilﬁ]uﬂﬂ']\?ﬁuﬂﬁ'miy Lﬁﬂﬁﬁ]?ﬂﬂﬁﬂﬂi$ﬂﬂﬂﬂ?ﬂmﬁ
o A Voo v ' ' a 2 I a '

VNNFUTATNNUANANNU fmwa“lwmmfnmwmaﬂmsaaﬂaawuaznJafJunJuLma”laimmuummummq

Y = A a =] 9 o 9 o a o 1o o
Ny 'immﬁqu1/1“l,%kluﬂmﬂusz‘u‘Uﬂm!,ﬂummﬂm“l‘wmmz’cmﬂmmﬂmmﬁummm%ummnu

- 111 -



The Journal of Applied Science Vol. 19 No. 2: 101-115 [2020]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2020.02.009

M99 4 mamnaasalTeumeunszuiumsnan lalasnunmimnasunudumasariagne

pH range Hydrogen
Optimum
Substrate Reactor type production References
HRT
rate
Vinasse + maize Continuous stirred tank *batch 5.80-6.50 3,720 mL/L.d Garcia-Depraect et al.
processing wastewater reactor (2019)
Vinasse + cheese whey  Fluidized bed 6h 4.26-4.95 2,540 mL/L.d Ramos & Silva (2018)
Vinasse + maize Continuous stirred tank *batch 5.50 2,568 mL/L.d Garcia-Depraect et al.
processing wastewater reactor (2017)
Vinasse + molasses Sequencing batch 6h 4.50-5.00 302 mL/L.d Albanez et al. (2016)
Vinasse + dried spent Continuous stirred tank 24 h 5.00-5.76 1,418 mL/L.d This study
yeast reactor
asdwansnaaea

9 Voo Vo a @ 1 H VW s
ﬂ']icl“])'ﬂ'] HRT Uan®idny ﬁ\iwaﬁ’ﬂ@ﬁi'lﬂ'liNaﬂ]lﬁiﬂi!i]ui]'lﬂﬂ'liﬁuﬂi')ﬂJ‘ll@\iu1ﬂ'lﬂﬁ1ﬂ'Uﬂ1ﬂ?]’m§l

' A o oo w o 1 4 @ 1 H v A = A 91
DYWNUIFINTY UAZYINUI ’t‘Nﬂ‘]J'iZﬂ’t‘)1J"’U’ENﬂ'iﬂ‘l"’llllu53!fViENWﬂcluuWWJJﬂllﬂﬁ!ﬂﬁﬂuuﬂﬁQ eldA1 HRT

4 v
v A v A

' =] v o w a an ) 19 ¥ A a P
LANANNU Eﬂ\’iﬁ’”\niQi%ﬂﬂuﬁj%jﬂmﬁ’]ﬂﬂljiuﬂ’ﬁ@ﬁﬂ’]fjjﬂma\jﬂigﬂjuﬂ’]ﬁﬂ“ﬂll‘]_]ﬂmlu‘lﬂﬂlﬁ\j IUBIAUIZUUN

' ' 9 aw P a a A v g
A1 HRT 91199 Ulﬂ ‘l]']ﬂNﬁﬂ']ﬁ'Ji]fJﬁ']iJ'ﬁﬂﬁ?ﬂulﬂ'ﬂ mimunuuwamhlaimﬁ]mnm HRT 1 97U L‘]Juﬁm’;z

e S

d. A o a 1% a o 1 9 d' =1

mmzauiga Taelioasimsnaalalasinu sasimsnaanasau nazawalaveslaTasmugaiiga uenainil
Y Y 9 It 1 @ Y A a ° Y

ihaveansolfiduiiiwes Tumsarguamiiteyvesnszurumsniin laedelilsz@nsnm v lda iios

AaoAnIzUIUMININeY lurnmIngay

ndnssudszma
Ea

a o Yo aw a [ a [
Iﬂi\1ﬂ']i’Ji]fJ“El"lﬂi‘]J‘VJuQﬂ“ﬁuuﬂ'ﬁ'Jﬁ]fﬁ]']ﬂll‘l’i']'ﬂlﬂ'mﬂn‘l’iﬂﬁ ﬂizi]']iﬂﬁﬂ‘ﬂi$ll']m 2562 Aug

a

Y o
Y

9 Y 13 a o o av Y 1 A o a o w o [ o
"lJ'fJ"Uﬂﬂﬂmmﬁﬂ?ﬁﬁuﬂﬁuuﬂ@]q@]ﬂﬁ?ﬁﬁﬂﬂ'ﬁ'ﬁ]ﬂ IIl,ﬂ!,!,ﬂ VIHN N "lﬂmamuaa 1NA UNAIND JWHNIA

a

3 .

UATAITIA FIRmsaiuayuiinngl USEM veuunuu3e3 3108 0.1ije9 v.ueuuAu §lRmsaiveayy

q

a A ¢

s < ' ' o Y @ Y
mnoaauazlanznougaunse uazlseIlduinng o, udwnz v.dnhe fldmsmivayudrassoinaumn
uazvevouRUANZINA TuTaINIINBATIAZDINS VAN A RYadInT v SIuDIANFUNAdoN

o s a v a Aq ¥ ’q ¥ =~ o Aaw
LAZNINYINTAITAT WU 1INY1[8UKAD T]iﬁﬂ’)'mf)‘lalmﬁ1$ﬂ1%ﬁﬂ1uﬂ1uﬂ1iﬂ1’3%ﬂ

-112 -



The Journal of Applied Science Vol. 19 No. 2: 101-115 [2020]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2020.02.009

1PNE391999

Albanez, R., Lovato, G., Zaiat, M., Ratusznei, S. M. & Rodrigues, J. A. D. (2016). Optimization, metabolic
pathways modeling and scale-up estimative of an AnSBBR applied to biohydrogen production by co-
digestion of vinasse and molasses. International Journal of Hydrogen Energy, 41, 20473-20484.
https://doi.org/10.1016/j.ijjhydene.2016.08.145

Argun, H. & Kargi, F. (2011). Bio-hydrogen production by different operational modes of dark and photo-
fermentation: An overview. International Journal of Hydrogen Energy, 36, 7443-7459.
https://doi.org/10.1016/j.ijjhydene.2011.03.116

Chaubey, R., Sahu, S., James, O. O. & Maity, S. (2013). A review on development of industrial processes and
emerging techniques for production of hydrogen from renewable and sustainable sources. Renewable
and Sustainable Energy Reviews, 23, 443-462. https://doi.org/10.1016/j.rser.2013.02.019

Espafia-Gamboa, E., Mijangos-Cortes, J., Barahona-Perez, L., Dominguez-Maldonado, J., Hernafidez-Zarate, G.
& Alzate-Gaviria, L. (2011). Vinasses: characterization and treatments. Waste Management & Research,
29(12), 1235-1250. https://doi.org/10.1177/0734242X10387313

Fangkhum, A. & Reungsang, A. (2011). Biohydrogen production from mixed xylose/arabinose at thermophilic
temperature by anaerobic mixed cultures in elephant dung. International Journal of Hydrogen Energy,
36, 13982-13938. https://doi.org/10.1016/j.ijhydene.2011.03.098

Garcia-Becerra, M., Macias-Muro, M., Arellano-Garcia, L. & Aguilar-Juarez, O. (2019). Bio-hydrogen
production from tequila vinasses: Effect of detoxification with activated charcoal on dark fermentation
performance. International Journal of Hydrogen Energy, 44(60), 31860-31872.
https://doi.org/10.1016/j.ijhydene.2019.10.059

Garcia-Depraect, O., Gomez-Romero, J. & Ledn-Becerril, E. Lopez-Lopez A. (2017). A novel biohydrogen
production process: Co-digestion of vinasse and Nejayote as complex raw substrates using a robust
inoculum. International Journal of Hydrogen Energy, 42(9), 5820-5831.
https://doi.org/10.1016/j.ijhydene.2016.11.204

Garcia-Depraect, O., Rene, E. R., Gdmez-Romero, J., Lopez-Lopez, A. & Leon-Becerril, E. (2019). Enhanced
biohydrogen production from the dark co-fermentation of tequila vinasse and nixtamalization
wastewater: Novel insights into ecological regulation by pH. Fuel, 253, 159-166.

https://doi.org/10.1016/j.fuel.2019.04.147

-113 -



The Journal of Applied Science Vol. 19 No. 2: 101-115 [2020]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2020.02.009

Genthner, B. R. S. & Bryant, M. P. (1987). Additional characteristics of one-carbon-compound utilization by
Eubacterium limosum and Acetobacterium woodii. Applied and Environmental Microbiology, 53(3),471-
476. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC203690/

Torio, S. D., Sementa, P. & Vaglieco, B.M. (2016). Analysis of combustion of methane and hydrogen-methane
blends in small DI SI (direct injection spark ignition) engine using advanced diagnostics. Energy, 108,
99-107. https://doi.org/10.1016/j.energy.2015.09.012

Kapdan, I. K. & Kargi, F. (2006). Bio-hydrogen production from waste materials. Enzyme and Microbial
Technology, 38(5), 569-582. https://doi.org/10.1016/j.enzmictec.2005.09.015

Khanal, S. K., Chen, W. H., Li, L. & Sung, S. (2004). Biological hydrogen production: effects of pH and
intermediate products. International Journal of Hydrogen Energy, 29, 1123-1131.
https://doi.org/10.1016/j.ijhydene.2003.11.002

Mao, C., Feng, Y., Wang, X. & Ren, G. (2015). Review on research achievements of biogas from anaerobic
digestion. Renewable and Sustainable Energy Reviews, 45, 540-555.
https://doi.org/10.1016/j.rser.2015.02.032

Nualsri, C., Reungsang, A. & Plangklang, P. (2016). Biochemical hydrogen and methane potential of sugarcane
syrup using a two-stage anaerobic fermentation process. Industrial Crops and Products, 82, 88-99.
https://doi.org/10.1016/j.indcrop.2015.12.002

Pattra, S., Sangyoka, S., Boonmee, M. & Reungsang, A. (2008). Bio-hydrogen production from the fermentation
of sugarcane bagasse hydrolysate by Clostridium butyricum. International Journal of Hydrogen Energy,
33, 5256-5265. https://doi.org/10.1016/j.ijhydene.2008.05.008

Ramos, L. R. & Silva, E.L. (2018). Continuous hydrogen production from cofermentation of sugarcane vinasse
and cheese whey in a thermophilic anaerobic fluidized bed reactor. International Journal of Hydrogen
Energy, 43(29), 13081-13089. https://doi.org/10.1016/j.ijhydene.2018.05.070

Rice, E. W., Baird, R. B. & Eaton, A. D., editors. (2017). Standard Methods for the Examination of Water and
Wastewater (23rd ed.). Washington DC, USA: American Public Health Association, American Water
Works Association, Water Environment Federation.

Siles, J. A., Garcia-Garcia, 1., Martin, A. & Martin, M. A. (2011). Integrated ozonation and biomethanization
treatments of vinasse derived from ethanol manufacturing. Journal of Hazardous Materials, 188, 247-

253. https://doi.org/10.1016/j.jhazmat.2011.01.096

-114 -



The Journal of Applied Science Vol. 19 No. 2: 101-115 [2020]
NsAFINeAENTUsTE NG doi: 10.14416/j.appsci.2020.02.009

Sittijunda, S. & Reungsang, A. (2012). Biohydrogen production from waste glycerol and sludge by anaerobic
mixed cultures. International Journal of Hydrogen Energy, 18, 13789-13796.
https://doi.org/10.1016/j.ijjhydene.2012.03.126

Valdez-Vazquez, I. & Poggi-Varaldo, H. M. (2009). Hydrogen production by fermentative consortia. Renewable

and Sustainable Energy Reviews, 13(5), 1000-1013. https://doi.org/10.1016/j.rser.2008.03.003

- 115 -



