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TOM TAT

Viéc chuén bj gibng vi sinh vat cho lén
men tao hydro (H.) ttr ba loai bun thai ky khi
duoc thuc hién véi bén phuong phép khéc
nhau (séc nhiét, axit, bazo, suc khi) va
khéng xir ly. Céc nguén gibng sau khi thu
nhan duoc danh gia sw 6n dinh bdng nubi
cédy qua 3 mé lién tiép & cung pH 6.5, nhiét
do phong va thoi gian nuéi cdy va duoc
khéo sat kha nédng lén men tao H, ttr glucose
va xylose & cac néng do khéc nhau. Ba
ngudn gibng vi sinh vat déu sinh H, hiéu qua

& néng dé glucose/xylose la 5 g/l sau 48 h
nuéi cdy. Mau bun thdi sinh hoat xir ly &
80°C trong 30 phut hiéu suét sinh H, la
1,27mol/mol glucose va 0,82 mol/mol xylose.
M&u bun & bén 1én men ky khi biogas xt ly
& 60°C trong 30 phut cho hiéu suét sinh H,
1,27 mol/mol glucose va 0,71 mol/mol
xylose. Mdu bun & nha may xi ly chét thai
Hoa binh xi& Iy & 60°C trong 30 phat cho
hiéu suét sinh H, 1.31 mol/mol glucose va
0.66 mol/mol xylose.

Ter khéa: Hydro, Ién men ti, bun thai, hén hop vi sinh vét.

GIOI THIEU

Hydro (H.) la mét trong nhitng ngudn nhién
liéu thay thé 1y twdng cho twong lai vi nhirng wu
diém nhu than thién véi moéi truong va ¢ kha
ning tai tao, hiéu suat ning luong cao 122 ki/g
g4p 2.75 lan ngudn nang lwong tir carbohydrate
[8]. Trong sb cac phuong phap san xuét H,, con
duong sinh hoc cho phép tan dung nhiéu loai co
chét ré tién, c6 sin va rat doi dao, dic biét la cac
ngudn bun thai gay 6 nhiém méi truong thong
gua sy lén men tdi. Lén men tdi tao H, la qua
trinh trong d6 vi khuan ky khi sir dung cac hop
chét hiru co dé san xuit H, ma khéng can anh
sang. Phuong phap nay dang thu hut nhiéu su
quan tdm nghién ctru hon cac phuong phap sinh

hoc khéc vi ky thuat don gian, cong nghé Ién men
da sin co, tbe do sinh H, cao va c6 thé tan dung
nhiéu loai chit thai hitu co 1am co chét.

San xuit H, con c6 thé thyc hién boi hdn hop
vi sinh vat thu nhan tir c4c ngudn trong tu nhién
nhu bun thai ky khi [4, 10] bun thai da qua xa ly
[5], phan dong vat [3, 11, 15], rac thai [13], dit,
chat thai cua nganh coéng nghiép thuc pham,...
Viéc tao ngudn giéng c6 kha ning sinh H, dé tién
hanh 1én men téi 1a van dé tién quyét trong qua
trinh san xuat H, tir cAc ngudn ban thai boi tinh
dic trung khac nhau vé thanh phan héa ly cua céc
ngudn bun thai. Cac vi khuin c6 kha ning sinh
H, chi yéu la Clostridium, Enterobacter va
Escherichia coli.
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Dua trén sy khac nhau vé sinh ly cua vi
khuan sinh H, va vi khuan tiéu thu H,, chu yéu la
céc vi khuan sinh metan, cac phuong phap xir ly
tao ngudn giéng sinh H, hiéu qua duoc ap dung.
Clostridium cé kha nang tao bao tir chju dugc cac
diéu kién khic nghiét nhu nhiét, axit, bazo....
nhung vi khuan sinh metan thi khong cé kha
nang nay. Vi khuan sinh metan 1a vi khuan ky khi
bat budc, khong thé ton tai & moi truong c6 oxy.
Chat BESA c6 cau tric tuong ty nhu coenzyme
M chi tim thiy trong vi khuan sinh metan ma
khong thay ¢ vi khuan khéc. Chit iodopropane la
chat dbi khang véi corrinoid ngan can hoat dong
cua enzyme B12 trong vi khuan sinh metan. Do
vy cac hop chat nay duoc dung dé loai bo vi
khuan sinh metan. Hau hét cac vi khuan sinh
metan bi gigi han trong mot khoang pH hep
khoang 7-8, trong khi hiu nhu cac vi khuan sinh
H, c6 thé phat trién trong khoang pH rong hon.
Vi khuén sinh H, phat trién nhanh hon vi khuan
sinh metan [6]. Mot s6 phuong phéap xir ly tao
nguon gidng c6 kha ning sinh H, hiéu qua da
dugc bao cao. Séc nhiét 1a phuong phap xu Iy
dugc sir dung rong rdi nhat. Didu kién kiém soat
séc nhiét & cac nguon gidng la khéc nhau,
khoang tir 60-121°C, va thai gian tiép xdc 15-120
phat. Van Ginket va cong su (2001) st dung
nhiét khd 104°C trong 2 gio ddi véi mau phan
hiru co va dat [14]. Kim va cong su nghién ctu
thdy khi xir Iy bun bang nhiét & 90°C trong 20
phat da lam thay doi quan thé VSV trong mau
bun dung dé san xuét H, tir glucose trong thiét bi
1én men [7]. Ngoai ra con c6 phuong phap xir ly
nhiét lap lai, hodc két hop xir ly nhiét véi cac
chat wc ché vi khuan sinh metan. Nhiéu nghién
ctru d3 tién hanh xir Iy tao ngudn giéng thdng qua
axit bang cach dwa mau vé pH 2-4. Ren va cong
su (2008) di ciing xtr ly tao nguon gidng
trong nudi cdy hdn hop bing axit & pH 3
trong 24 gio roi chinh vé pH 6.8 da chung
minh duoc khdng c6 bét cir hoat dong nao cua
vi khuan sinh metan trong suét qua trinh nudi
cAy[13]. Heguang Zhu va cong su (2006) da suc

khi vao bun thai trong 30 phut khéng thanh cong
trong viéc tic ché VK sinh CH, nhung khong 1am
anh huong dang ké t6i kha nang sinh H,, va c6
tinh on dinh vé luong H, sinh ra trong nudi cay
mé 2 [6]. Phuong phap nay st dung khi CO,
hoac khong khi.

Vi khuén 1én men téi sinh H, c6 kha sir dung
da dang c&c ngudn co chat nhu glucose, xylose,
arabinose, galactose, cellobiose, sucrose, tinh bot
.... Trong d6, glucose 1a ngudn co chit duoc
nghién ciu nhiéu nhit va cho hiéu suat trong
khoang 1,47-2,81 mol/mol glucose ddi voi tit ca
cac loai Clostridia sinh H;, [9]. Nguyén liéu giau
lignocellulose déng vai trd quan trong la ngudn
co chét cho san xuét biohydro vi ching 1a ngudn
nguyén lidu tai tao duoc, ddi dao, c6 san, chi phi
hop ly va lién tuc san xuat hang nim véi s6
lwong 16n [11]. Puong thay phan tir sinh khbi
lignocellulose chu yéu 1a glucose va xylose [12].
Nghién ctu cua Ren va cong su vé phan lap VK
ua nhiét Thermoanaerobacterium
thermosaccharolyticum W16 nuéi trén gluocse
tinh, xylose tinh thu dugc hiéu suat cao 2,42 mol
H,/mol glucose va 2,19 mol H,/mol xylose [12].

Trong nghién ctru ndy, viéc tao ngudn gidng
vi sinh vat c¢6 kha ning tao H, bang con dudng
Ién men tir ba ngudn bun thai ky khi duoc thuc
hién. Hiéu qua xir ly cia ba phuong phap xur ly
gidng gom séc nhiét, dung tic nhan axit, bazo
duoc khao sat, danh gia va so sanh v&i mau
giong khong qua xir ly. Ngoai ra, kha niang 1én
men tao H, tir glucose va xylose, hai loai dudng
don chu yéu cua san pham thay phan cellulose va
hemicellulose ciia cac hdn hop gidng vi sinh vat
cling dwoc nghién ctu & cac nong do khac nhau
nhim danh gi4 kha nang sir dung ngudn sinh khoi
giau lignocellulose. Céc két qua thu dugc s& 1a
nén tang cho cac nghién ciu phan lap loi vi
khuan 1én men tao H, hiéu qua, thu nghiém 1én
men tao H, tir bun thai hoic phé phu liéu néng
Iam nghiép giau lignocelluloses.

Trang 52



TAP CHi PHAT TRIEN KH&CN, TAP 16, SO T1- 2013

VAT LIEU VA PHUONG PHAP

Moi truong nudi cdy Cheng [1] duoc chira
trong binh serum 120ml. Thanh phan moi truong
gom: Glucose 5g/l, Cao nim men 1g/l, Na,HPO,.
12H,0 12,61g/l, KH,PO, 1g/l, NaCl 1g/,
MgSO,. 7H,0 0,1g/l, FeCl, 0,021g/l, Na,S
0,3g/l, Resazurin 0,001g/l, Khoang vi lugng 2
ml. Chinh pH vé 6,5. Thanh phan khoang vi
luvong: H3BO3z 2,86 g/l, MnSO,4.4H,0 2,03 g/,
FeCl;0,1 g/l, ZnSO, 0,08 g/l.

Ba loai ban thai dugc dung dé thu nhan
nguon giéng vi sinh vat ¢ kha ning 1én men tao
H, gdom bun thai sinh hoat (duong Nguyén Phi
Khanh Quan 1, thanh phd H& Chi Minh), bun tur
bon 1&n men ky khi biogas (thi x4 Go Cong tinh
Tién Giang) va bun tir nha may xur ly chat thai
Hoa Binh (xd Pa Phudc, huyén Binh Chénh,
thanh phd H6 Chi Minh). Cac ngudn thai trén
duoc xtr Iy nhiét trong khoang 40-120°C trong
15-120 phut. Trong phuong phap xi ly bang axit,
pH caa cac mau bun thai duoc chinh vé& pH 3
bang HCI IN d& ¢ nhiét do phong trong 30 pht.
V6i tac nhan xir ly bang bazo, pH cua cac mau
bun thai dugc chinh vé vé pH 10 bang NaOH 1N
dé ¢ nhigt do phong trong 30 phat. Diéu kién xir
ly bang suc khi 1a suc khéng khi vao bun thai
trong 30 pht.

M&i mau bun xt ly va mau khong xu ly
(5ml) duoc cdy vao binh serum chira 40ml moi
truong. Didu kién ky khi trong khi cdy dwoc dam
bao bang dong khi nito lién tuc thdi qua binh.
Céc thdng s6 gom ham luong H, sinh ra, lwong
duong tiéu thu, ham lwong sinh khéi kho va pH
moi trudng sau nudi cdy dugce xac dinh dé danh
gi& hiéu qua sinh H, cua cac hdn hop gidng.

Luong H, sinh ra dugc phan tich bang may
sic ky khi GC HP6890 Plus véi dau do TCD
(Thermo Conductivity Detector), cot nhdi bang
thép khdéng gi Supelco 60/80 Carboxen-1000,
15°x1/8”, SS (2,Amm 1.D). Nhiét d6 dau do
250°C, noi tiém mau 95°C, budng nhiét 150°C,
N, 1a khi mang c6 d6 tinh khiét 99,9995% véi tc

d6 dong 1a 50 ml/phat, H, dwoc Iy ra vai thé tich
100 ul bang kim tiém kin khi 100ul. H3n hop khi
chuan bao gém CO, 10%, CH, 10%, H, 30%, N,
50%.

Luong dudng tiéu thy duoc danh gia bang
phuong phap Miller véi thubc thir DNS (axit
dinitrosalicylic).

KET QUA VA THAO LUAN

Su 6n dinh ciia hén hgp vi sinh vat thu nhén
tir cac loai bun thai dwgc xir ly va khong xir ly
thong qua qua trinh nudi ciy theo mé

Mau bun thai sinh hoat (Hinh 1A) cho thay
ngudn gidng dugc xir Iy nhiét 80°C trong 30 pht
cho hiéu suit sinh H, ting dan, 6n dinh nhit so
Véi cac phuong phap khac sau 3 mé nudi va dat
gia tri 16n nhat 1a 1,28 mol/mol glucose. Trong
khi cac phuong phap xir Iy bang axit, bazo, suc
khi ¢6 lugng khi hydro sinh ra thay ddi nhiéu
giita cAc mé nudi cdy cho thay su khdng 6n dinh
vé kha nang sinh H, cua ngudn giéng. Céc
phuong phéap nay chon loc cac hdn hop gidng co
kha ning chiu axit, bazo va ton tai duoc khi c6
oxy nén trong c4c binh nudi cay déu ton tai mot
hé vi sinh vat I1én men tao H, khac nhau. Tuy
nhién cac hon hop trén lai khong 6n dinh sau 3
mé nudi. PSi véi mau khong xi 1y sau 3 mé nudi
cay cho thdy sy 6n dinh ctua ngudn gidng nhung
lai cho hiéu suit thip hon mau duoc xu ly.
Chung to trong hdn hop vi sinh thu tir mau bin
khong qua xir Iy c6 su ton tai cua ca vi khuan tiéu
thu H, va vi khuan san xuit H,. Trong nghién
ciu cta Lo va cong su, nhom t&c gia da thanh
cong trong viéc xir Iy ban tir bon 1én men tdi lién
tuc ¢ 80°C trong 30 phut [9]. Tuong tu nhu mau
buin thai sinh hoat, mau ban & bon 1én men ky khi
biogas (Hinh 1B) dugc xu ly nhiét 60°C trong 30
phat cho hiéu suit sinh H, cao nhit sau 3 mé
nudi (1,22 mol/mol glucose).
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Hinh 1: Hiéu sudt sinh H, ciia hén hop vi sinh vét thu
ttr (A) mau bun thai sinh hoat, (B) mau bun ¢ bon lén
men ky khi biogas va (C) mau bun nha may xt 1y chat
thai Hoa Binh trong qua trinh nudi cay mé.

Mau ban nha may xu ly chat thai Hoa Binh
(Hinh 1C) & mé¢ 1 mau xir ly bang axit c6 lwong
H, sinh ra cao dat hiéu suat 1,57 mol/mol glucose
nhung qua tGi mé nudi tha 3 thi chi con 0,48
mol/mol glucose, didu ndy xay ra twong ty dbi
v6i mau khong xtr 1y. Doi véi mau xir Iy bang
bazo lugng H, hiu nhu khong c6 khi nuoi téi mé
3. Chirng t6 & c4c mau nay thi ngudn giéng da bi
giam hoat hozc bét hoat. Nguyén nhan c6 thé 1a
do hoat doéng cua vi sinh vat lam axit hda mdi
truong 1am pH ban dau tir 6,5 giam con 4,64 -
5,09, ma cac hén hop khong cé kha ning hoat
dong ¢ pH thap dan dén khong con H, sinh ra.
Cho thy pH 1 yéu té quan trong anh huéng Ién
dén kha nang sinh H, ciia hdn hop vi sinh vat.

Mau xtr Iy nhiét 60°C trong 30 phut cho lwgng H,
cao nhat va 6n dinh dat 1,30 mol/mol glucose.
Theo nghién ctiru cua tac gia Cubillos (2010) da
tién hanh xir 1y ban tir nha may xir 1i nuée thai
cling & 100°C trong 120 phdt, hiéu suat dat dugc
14 1,07 mol/mol glucose [2].

Sau cac mé thi ham lwgng sinh khéi kho cua
cac mau sau nudi déu dugc xac dinh va két qua
cho thay sy bién d6i tuong tu vai higu suat sinh
H,. pH ban dau cua méi truong nudi ciy la 6,5,
pH sau nubi cdy giao dong trong khoang 4-5.
Diéu nay chung to hoat dong cua vi khuan da lam
axit hoa méi trudng. Didu quan trong la pH cé
kha ning wc ché su hoat dong cua vi khuan tiéu
thu H, trong mau khong xir 1y.

Anh hwéng cha thei gian nudi cay

Khao sat thoi gian nudi cdy nham xac dinh
thoi gian thu H, véi luong cao nhat & cac mau
buin thai dwoc xir ly bang phuong phap thich hop.
O 3 mau bun thai sinh hoat (Hinh 2A), miu bun
& bon 1&n men ky khi biogas (Hinh 2B), mau bun
nha may xir ly chat thai Hoa Binh (Hinh 2C) déu
cho ham lugng H, tich liy va ham luong sinh
khdi kho cao nhat sau 48 gid nudi cdy. Cho ta
thiy hé vi sinh vat trong cac mau cé thoi gian
phét trién giéng nhau. Khi tang thoi gian nudi 1én
72 gio thi ham lugng H, tich 1ty giam, ching to
H, di tham gia vao con duong bién dudng khac.
Noéng dd co chit

Mot sb tac gia ciing d& nghién ctu sy anh
huéng caa ndng do co chat ban dau 1én qua trinh
Ién men [1, 2, 9, 11]. Cac nghién ciru cho thiy
khi ndng dé co chét ban dau cao thi s& wc ché su
tao thanh H,, lam giam luong H, tao ra. Do do,
kiém soat ndéng d6 co chit ban diu trong qua
trinh 18n men 1a can thiét.
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Hinh 2. Ham lugng Hj tich liy va ham lugng sinh
khdi khé ciia hdn hop vi sinh vat thu tir (A) miu bun
thai sinh hoat, (B) miu bun & bdn 1én men ky khi
biogas va (C) miu bun nha may xir Iy chat thai Hoa
Binh theo thoi gian.
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Hinh 3. Ham lugng H, tich liy va ham lugng sinh
khéi kho ctia hdn hop vi sinh vat thu (A) tir mau bun
thai sinh hoat, (B) miu bun & bdn 1én men ky khi
biogas va (C) mau bun nha may xir Iy chét thai Hoa
Binh thu nhén tir c4c ndng do glucose khac nhau.
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Hinh 3 cho ta thay nong do glucose ban dau
1a 5 g/l 12 ndng d6 co chat t6i wu cho qua trinh
Ién men cuia 3 hdn hop vi sinh vat trén. Véi nong
d6 glucose 2,5 g/l lugng H, sinh ra va ham lugng
sinh khdi thap nhat so voi cac nong do khac,
lugng axit béo dé bay hoi sinh ra it nén pH ctia
moi trudng khdng giam nhiéu tir 6,5 ban dau con
lai 6,0-6,35, hiéu suit sir dung duong cao 85-
92%. Chirng to lugng co chat quéa thap khong dap
tmg du cho nhu cau sir dung cua cac hdn hop vi
sinh vat. Khi ting lwong glucose trong mdi
truong thi lugng H, sinh ra ciing tang va dat cao
nhat & ndng d6 5 g/l hdn hop tir bun thai sinh
hoat dat 1,27 mol/mol glucose, bun & bon Ién
men Ky khi biogas dat 1,27 mol/mol glucose, bun
& nha may xu ly chat thai Hoa Binh 1,31 mol/mol
glucose. Nghién ciru cua Junyapoon va cong su
(2011) ciing cho thiy ndng do glucose 5g/l 1a téi
wu cho ngudn gidng thu tir bun thai. Khi nong do
co chét tang 1én 7,5 g/1, 10 g/1, 15 g/l thi lwong H,
sinh ra va ham luong sinh khdi kho ciing giam,
luong glucose con lai trong méi trudng nhiéu 40
—50%. Chiing to ndng d6 co chét ban dau cao da
rc ché hoat dong cua cac hdn hop vi sinh vat
trén. Cac nghién ctu [1, 2, 9, 11] cho thay khi
ndng d6 co chat ban dau cao thi s& Gc ché su tao
thanh H,, lam giam lugng H, tao ra. Nghién cuu
cta Ren va cong sy, bun tir nha may xu 1y nudc
thai duoc xir Iy nhiét dé tao giéng cho ham lugng
H, sinh ra thap, 189,5 ml trong 24 gid nudi cy
va nong do glucose 12 10 g/l [13].

Viéc tan dung ngudn chét thai cho su san
Xuit H, 1a con duong day trién vong va da duoc
nghién ctru nhiéu do vira c6 thé tao ra duoc
ngudn ning luong ré tién vira ¢ thé két hop xu Ii
mdi truong. Trong d6, sinh khdi c6 chua
lignocellulose 1a ngudn co chét ¢ tiém ning vi
ddi dao, ré tién, c6 thé phuc hdi duoc va khéng
gay 6 nhiém moi truong. Puong thay phan tir
sinh khéi lignocellulose cha yéu la glucose va
xylose [12]. Vi vay nghién ctru nay tién hanh thir

nghiém kha niang chuyén hda xylose thanh H,
cuia cac hdn hop vi sinh vat.
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Hinh 4. Ham lugng H, tich liiy va ham luong sinh
khéi kho ctia hdn hop vi sinh vat thu tir (A) mau bun
thai sinh hoat, (B) miu bun & bon 1én men ky khi
biogas va (C) miu bun nha may xir Iy chat thai Hoa
Binh (C) & cic ndng dd xylose khac nhau.

Tir Hinh 4 ta thiy duoc 2,5 g xylose trong 1
lit moi truong 1a khong dap tmg day du cho hdn
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hop vi sinh vat hoat dong nén lugng khi H, sinh
ra va ham lugng sinh khdi kho thap nhat so voi
cac nong do khac, pH mai truong sau nudi giam
khéng nhiéu chimng to san pham bién dudng cua
qua trinh 1én men téi sinh H, it, lwong dwdng
trong méi truong duoc sir dung triét dé nhat. O
hdn hop vi sinh vat thu tir ban thai sinh hoat, bun
& bon 1én men ky khi biogas, bun & nha may xir
ly chat thai Hoa Binh & ndng do xylose 5g/l cho
hiéu suat sinh H, la cao nhit lan luot & 0,82;
0,71 va 0,66 mol/mol xylose. Lin va Cheng
(2006) da co két qua kha cao khi nghién ciru hdn
hop vi sinh thu tir mau bun thai nudi cdy meé sir

dung xylose 1a ngudn co chat (20 g COD/I), nhiét
d6 nudi 35°C, pH 6-7, hiéu suit sinh H, dat 1,92-
2,25 mol/mol xylose.
KET LUAN

Trong nghién ctru nay ca 3 hon hep vi sinh
vat thu nhan tir ngudn thai déu c6 kha nang 1én
men sinh H, trén glucose va xylose. Cac phuong
phép xtr Iy tao ra ngudn giéng nhu s¢ nhiét, xir
Iy bang tac nhan axit va bazo déu cho hdn hop
giéng sinh H, hiéu qua hon so véi cac gidng thu
nhan tr cac mau khong xir ly.

o A N Hiéu suét A N Hiéu suét
Neuwsn | Pidukign | Lhoigian | Nongdo sinh H, Nong do sinh H,
. o 1y nudi cay xylose glucose
thai xu ly (git) (/) (mol/mol /) (mol/mol
& g xylose) g glucose)
Bun thai 80°C, 30
sinh hoat phat 48 5 0.82 5 1,27
\ - A 0,
Bun 6bon | 60°C, 30 48 5 0,71 5 1,27
biogas phat
Bun nha
may 60°C, 30
XLOT oht 48 5 0,66 5 1,31
Hoa Binh
LO1 CAM ON Truong Pai hoc Khoa hoc Ti nhién — PHOG-HCM da

Tac gia xin gdi loi cam on chdn thanh téi Phong
Thi Nghiégm Bg Moén Sinh Héa — Khoa Sinh Hoc,

ta0 moi diéu kién thugn loi cho nghién ciru duoc thuc
hién.
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ABSTRACT

The preparation of hydrogen-producing
microbial consortia from three anaerobic
digested sludges were carried out by four
different pretreatment methods (heat -
shock, acid, base and aeration treatment) as
well as untreatment. The obtained microbial
seeds have been estimated for their stability
in fermentative hydrogen production by three
consecutive batch fermentations under the
same conditions of pH 6.5  room
temperature and cultivation time and also
investigated the H, fermentation from
different concentrations of glucose and

xylose. Three microbial seeds have the most
effective H, production at 5 g/l of glucose or
xylose after 48 h cultivation time. The
sewage sludge pretreated at 80°C for 30
minutes shows the hydrogen yield of 1.27
mol/mol glucose and 0.82 mol/mol xylose.
The sludge in the biogas tank pretreated at
60°C for 30 minutes has the hydrogen yield
of 1.27 mol/mol glucose and 0.71 mol/mol
xylose. The sludge of the Hoa Binh waste
treatment plant pretreated at 60°C for 30
minutes presents the hydrogen yield of 1.31
mol/mol glucose and 0.66 mol/mol xylose.

Keyword: Hydrogen, fermentation, microbial consortia, anaerobic waste.

TAI LIEU THAM KHAO

[1]. C.W. Ming, T.Z. Jing, L.K. Shing, C.J. Shu,
Fermentative Hydro  Production  with
Clostridium butyricum CGS5 isolated from
anaerobic sewage sludge, International
Journal of Hydro Energy, 30, 1063-1070
(2005).

[2]. C. Genoveva, A. Ramon, J. David, C.
Rolando, T. Estela, R. Jorge, F.G. Ruiz,
Simultaneuos Effects of pH and Substrate
Concentration on Hydro Production by
Acidogenic Fermentation, Electronic
Journal of Biotechnology, 13, (2010).

[3]. F. Yaoting, L. Chenlin, L.J. Jyi, H.
Hongwei, Z. Gaosheng, Optimization of
Initial Substrate and pH Levels for
Germination of Sporing Hydro-producing
Anaerobes in  Cow Dung Compost,
Bioresource  Technology, 91,189-193
(2004).

[4]. H.H.P. Fang, T. Zhang, H. Liu, Microbial
Diversity of a Mesophilic Hydro-Producing
Sludge, Applied  Microbiology  and
Biotechnology, 58, 112-118 (2002).

Trang 58



TAP CHi PHAT TRIEN KH&CN, TAP 16, SO T1- 2013

[5]. F. Kargi, I.K. Kapdan, Biohydro Production
from Wastes Materials, Enzyme and
Microbial Technology, 38, 569-582 (2005).

[6]. H. Zhu, M. Béland, Evaluation of alternative
methods of preparing hydro producing seeds
from digested waste water sludge, Int J
Hydro Energy, 31, 1980-1988 (2006).

[7]1. K.M. Sun, O.Y. Kwan, Y.Y. Su, L.D. Yeol,
Fermentative Hydro Production from
Anaerobic Bacteria Using a Membrane
Bioreactor, WHEC, 13-16 (2006)

[8]. L. Dawei, Biohydrogen Production by Dark
Fermentation from Organic Wastes and
Residues, Department of Enviornmental
Engineering  Technical  University of
Denmark, Denmark (2008).

[9]. L.Y. Chung, C.W. Ming, H.C. Hsiung, C.S.
Der, C.J. Shu, Dark H2 Fermentation from
Sucrose and Xylose using H,- producing
Indigenous Bacteria : Feasibility and Kinetic
Studies, Water Research, 42, 827-842
(2008).

[10].1. Ntaikou, G. Antonopoulou, G. Lyberatos,
Biohydro Production from Biomass and
Waste via Dark Fermentation: a review,
Waste and Biomass Valorization, 1, 21-39
(2010).

[11].R.S. Prakasham, P. Brahmaiah, T. Sathish,
R.K.R.S. Sambasiva, Fermentative
Biohydro Production by Mixed Anaerobic

Consortia: Impact of Glucose to Xylose
Ratio”, International Journal of Hydro
Energy, 34, 9354-9361 (2009).

[12].R.N. Qi, G.L. Cao, AJ. Wang, D.J. Lee,
W.Q. Guo, Y.H. Zhu, Dark fermentation of
xylose and glucose mix using isolated
Thermoanaerobacterium
thermosaccharolyticum W16, International
Journal of Hydro Energy, 33, 6124-6132
(2008)

[13].N.Q. Ren, W.Q. Guo, X.J. Wang, W.S.
Xiang, B.F. Liu, X.Z. Wang, J. Ding, Z.B.
Chen, Effects of Different Pretreatment
Methods on Fermentation Types and
Dominant Bacteria for Hydro Production,
International Journal of Hydro Energy, 33,
4318-4324 (2008).

[14].S. Sung, L. Raskin, T. Duangmanee, S.
Padmasiri, J.J. Simmon, Hydro Production
by Anaerobic Microbial Communities
Exposed to Repeated Heat Treatments,
Water Environmental Research, 79, 975-983
(2007).

[15].H. Yokoyama, N. Moriya, H. Ohmori, M.
Waki, A. Ogino, Y. Tanaka, Community
Analysis of Hydro-Producing Extreme
Thermophilic Anaerobic Microflora
Enriched from Cow Manure with Five
Substrates, Applied Microbiology and
Biotechnology, 77, 213-222 (2007).

Trang 59



