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ANH HUONG CUA MOT SO YEU TO PEN KHA NANG SINH KHi HYDRO
CUA CHUNG VI KHUAN CLOSTRIDIUM sp. Tr2 TRONG PIEU KIEN LEN MEN
VI HIEU KHI VOI NGUON CO CHAT RI PUONG
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TOM TAT: Nganh cong nghiép mia dwong cua Viét Nam dang ngiy cang phat trién cing vai cac nganh
kinh té khac. San luong duong san xuat khong chi dap tng nhu cau tiéu ding trong nuéc ma con xuat
khau. Bén canh d6, mot luong I6n ri dwong thai chwa duoc sir dung hop 1y va hiéu qua. Thanh phan cua ri
duong 1a hdn hop nhiéu loai duong va mot lwong nho vitamin, khoang chat c6 thé tan dung lam nguyén
liéu cho cac nganh san xuét khac. San xuét hydro sinh hoc tir ri dwong 1a mot huéng di méi va trién vong,
mang lai mot ngudn niang luong sach, co kha nang tai tao, gi& ca hop 1y dap tmg nhu ciu ning luong ngay
cang cao cua con ngudi va giai quyet van de 6 nhiém méi truong. Trong bai bao nay, ching toi tién hanh
nghién ctru qua trinh 1&n men tdi voi nguon co chat ri duong trong didu Kién vi hiéu khi dé san xuét khi
hydro sinh hoc nhd chung vi khuan Clostridium sp. Tr2 phan lap tir phan trau tai Viét Nam. Anh huong
cua cac thanh phan méi truong nuoi cay (thé tich glong dau vao, ngudn cacobon, nito, sat, natri) va cac
yéu t6 méi trudong (pH ban dau va nhiét d6 nudi cdy) dén qua trinh sinh truong va kha nang sinh khi hydro
cua chung Clostridium sp. Tr2 da dwoc danh gia. Cac két qua thu dugc cho thy diéu kién thich hop nhét
cho qué trinh sinh truéng va sinh khi hydro trong diéu kién I&n men téi, vi hiéu khi caa chung Tr2 bao
gdm: Ty lé gidng diu vao 10% (v/v), ri duong 15 ml/l; cao men 3 g/l, FeSO,.7H,0 100 mg/I, pH ban dau

6,5 va nhiét do nudi cdy 30°C.

Tar kha: Hydro sinh hoc, vi khuan cd kha niang sinh hydro, 1én men tdi, vi hiéu khi, ri duong.

MO PAU

Hién nay, thé gigi dang phai d6i mat voi ba
van dé Cap bach, do 1a gla nhién liéu ngay cang
tang, bién ddi khi hau va & nhiém moi truong.
Nguon niang lugng chinh nhu than da, dau mo,
khi d6t dang c6 nguy co can kiét do nhu ciu sir
dung ndng lugng cua con ngudi ngay cang cao.
Hon nita, qua trinh d6t chay cac ngudn ning
lugng hoa thach thai ra mét lugng lon khi CO,
vao bau khi quyén. Lugng khi CO, trong khi
quyén ting 1én gdy hién twong hiéu ung nha
kinh va mot sé hién twong thoi tiét khic nghiét
nhu bing tan, han héan, li lut, séng than [12].
Truac tinh hinh nay, cac nha khoa hoc can tim
ra mot ngudn ning luong sach dap tng nhu cau
nang lugng cua thé gisi va dam bao than thién
V&1 moi truong.

Hydro la mét ngudn ning luong téi tao, bén
vitng, cung cap luong nhiét Ién nhat (286
KJ/mol) va khong thai ra khi CO, trong qua
trinh dét chay [5]. Do 6, hydro duoc coi 1a su
lya chon ding din thay thé cho ngudn ning
lugng hoa thach khéng cé kha nang tai tao,
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ddng thoi mé ra canh cira méi cho nhan loai
nhiam gop phan giam sy phu thudc cua con
ngudi VAo ngudn ning lugng hoa thach dang co
nguy co can kiét. Hydro dugc san xuét cha yéu
bang phuong phap dién phan nuéc, nhiét hoa
khi thién nhién va nguyén liéu hoa thach. Biém
han ché caa cac phuong phap nay 1a chi phi san
Xuat cao va khé khin khi wng dung trén quy mo
cong nghiép. Phuong phép sinh hoc san xuét
hydro nho cac vi khuan di dudng 1én men téi 1a
mot huéng méi cua nganh cong nghiép nang
lwong the gi6i. Boi cac uu diém noi bat nhu
khdng can &nh sang, téc do sinh truong cua Vi
khuan nhanh, ning sut cao va 6n dinh, ki thuat
van hanh va kiém soét quy trinh don gian, yéu
ciu ning luong thip, gia thanh van hanh thap,
giam thiéu téi da 6 nhiém moi truong, kha ning
{ing dung san xuat céng nghiép cao [5].

Nguon co chat wa thich ma cac chung vi
khuan 1én men sinh khi hydro thuong sir dung 1a
glucose [1, 2, 4, 6]. Pay la nhitng ngudn nguyén
ligu c6 gia thanh tuong ddi cao, dan dén gia
thanh san xuit hydro ting, tinh canh tranh
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thuong mai cia san pham _hydro sinh hoc thap.
Vi vay, can tim kiém ngudn co chit c6 chi phi
thip nham giam gi4 thanh san pham O Viét
Nam, nganh cong nghiép ché bién duong dang
rat phat trlen ri duong la san pham phu cua qua
trinh san xuat duong c6 thanh phan rat phic tap
chira khoang 51% duong saccarose va mot sé
loai duong khac, vitamin, khoang. St dung ri
duong cho qua trinh 1én men hydro khéng chi
lam giam 6 nhiém moi truong ma con ha gia
thanh nguyén liéu dau vao cho qua trinh san
xuat hydro [9, 10].

Chung Clostridium sp. Tr2, phén lap tu
phan tru tai Viét Nam, c6 kha nang 1én men
nhiéu ngudn carbon khac nhau dé sinh hydro,
trong d6 co ri duong. Trong bai bao nay, ching
t6i nghién cru anh huong cua cac yéu té6 moi
truong va diéu kién nudi cdy dén kha ning lén
men sinh khi hydro tir ngudn ri duong coa
ching Clostridium sp. Tr2 nham huéng téi toi
wu héa qua trinh 18n men téi, vi hiéu khi sinh
hydro caa chung Clostridium sp. Tr2 trén nguén
co chit ri duong.

VAT LIEU VA PHUONG PHAP NGHIEN CUU
Nguyén li¢u, mdi truong nudi cdy va diéu
kién nudi cy

Chiing vi khuan sinh hydro Clostridium sp.
Tr2 dung trong nghién ctru dwoc Iay tr bo suu
tap giéng ciia Phong Vi sinh vat dau mo, Vién
Cong nghé sinh hoc, Vién Han lam Khoa hoc va
Cong nghé Viét Nam.

Méi truong nudi cdy ching vi khuan
Clostridium sp. Tr2 1a méi truong NMV véi
ngudn co chat ri dwong [7].

Diéu kién thi nghiém: chang Clostridium sp.
Tr2 dugc hoat héa qua dém trong lo peni (dung
tich 12 ml) chia 10 ml méi truong NMV véi
nguodn co chat ri duong. Dich nudi cdy chia vi
khuin dang & giai doan ting truong sé& dugc
chon lam giéng khoi dong dé thuc hién thi
nghiém. Thi nghiém duoc tién hanh trong binh
thi nghiém (dung tich 150 ml) chaa 100 ml moi
truong NMV véi mat do té bao ban dau véi
OD660 nm = 0,05-0,1. Thanh phan méi truong

va diéu kién nudi ciy dugc diéu chinh tuy theo
tung thi nghiém nghlen cuu anh hudng cia cac
yéu t6 moi truong dén kha ning sinh khi hydro
cua ching Tr2. Cir sau 4 gio nudi cay, tién hanh
ldy mau dé xac dinh mat do té bao bang cach do
mat d6 quang cua dich nudi cay va xac dinh
lwong khi thu dwoc biang phuong phap thé chd
nudc.

Phuong phap

Xac dinh mat do té bao bang phuong phap
do d0 duc té bao trén may quang pho
(Secoman).

Xac dinh thé tich khi hydro tao thanh theo
phuong phap thé cho nudc (water displacement
method).

KET QUA VA THAO LUAN
Anh hwéng ciia ham lwong ri dwong

Chang Tr2 c6 kha niang s dung nhiéu
ngudn cacbon khac nhau dé 18n men sinh hydro
trong do6 ri dudng 1a ngudn co chit cho luong
khi cao (két qua chua cong bd). Vi nhitng uu
diém nhu: thanh phan gom nhiéu loai duong
khéc nhau, ré tién, d& kiém vi vay, ri duong
duoc lya chon lam ngudn carbon cho qué trinh
Ién men cua chung Tr2. Ham luong ngudn
carbon ciing 1a mét trong cac yéu té quan trong
anh huong dén qué trinh sinh truong va 1én men
t6i sinh hydro cua vi khuan. Vi vay, ching toi
tién hanh thi nghiém chon ndng d6 ri duong tdi
uu cho qua trinh sinh truéng va tao khi hydro
cua ching Tr2. Két qua thu duoc chi ra ¢ hinh
la cho thdy, khi nudi cdy v6i ham luong ri
duong tir 5-25 ml/l, kha nang tao khi caa chung
Tr2 ting dan khi ham luong ri duong tang lén
15 ml/l va giam dan khi ham luong ri duong 16n
hon 15 ml/l mac du kha ndng sinh truéng cua
ching Tr2 nhu nhau. Piéu nay cho thdy, ham
luong ri duong anh huong truc tiép dén kha
ning tao khi caa chung Tr2. Véi ham lugng ri
duong 15 ml/l, ching Tr2 cho lwgng khi nhiéu
nhat. So véi két qua cua Wang & Jin (2009) [9]
thi lugng ri duong ching Tr2 dung de 1én men
sinh hydro it hon rat nhiéu, vi vay tiét kiém
duogc chi phi d4u vao duoc nhiéu hon.
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Hinh 1. Anh hwong ciia ham lugng ri duong (a) va ty 1¢ gidng dau vao (b)
dén qua trinh sinh treong va tao khi caa ching Tr2

Anh hwong cia ty 1é gidng dau vao

Ty l¢ gidng dau vao 1a mot yéu té quan
trong anh hudng tai qué trinh sinh truéng va tao
khi hydro. Do d6, ching t6i tién hanh nghién
ctru anh huong cua ty 16 gidng dau vao dén qua
trinh sinh trudng va tao khi caa Tr2 dé lya chon
ty 18 tiép gidng ban dau thich hop nhat bé sung
vao qua trinh 1én men sinh hydro trén ngudn co
chat ri dwong cua chung nay. Két qua trinh bay
& hinh 1b cho thdy, ty Ié tiép gidng anh huong
tryc tiép t6i kha ning sinh truong, toc do tao khi
va luong khi tao thanh caa chung Tr2. Chang
Tr2 déu c6 kha ning sinh truong va tao khi khi
ty 18 tiép giéng diu vao tir 1-20% (v/v) va lugng
khi tao thanh ty 18 thuan vai toc do tao khi. Kha
ndng sinh truéng cua chung Tr2 tang khi luong
gidng dau vao tang, mac du mat do té bao cuc
dai trong cac diéu kién ty Ié gidng dau vao khac
nhau khdng c6 su khac biét lon. Tuy nhién, tbc
d6 tao khi va luong khi tao thanh caa chung Tr2
lai khéc nhau khi nuéi ciy vaéi ty Ié tiép gidng
khéc nhau. Téc do tao khi va lwgng khi tao
thanh chi tang tuyén tinh khi ty 1é giéng dau vao
tir 1-10%. Khi ty 1& giéng dau vao Ién hon 10%
thi giam tuyén tinh véi ty I¢ gidng dau vao mac
du luong khi tao thanh van cao. Nhu vay, ty 1¢
gidng dau vao anh huong dén toc do tao khi va
lwong khi tao thanh. Piéu nay nguoc voi quan
diém cua Ferchichi et al. (2005) [2] cho ring,
thé tich gidng chi anh huong dén tdc do tao khi.
Két qua con cho thiy, téc do tao khi va luong
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khi tao thanh cua chung Tr2 cao khi nudi ciy
VGi ty 1é gidng dau vao 5-20% va dat mac cao
nhat khi luong giéng diu vao l1a 10%. Két qua
ndy tuong tu véi két qua cua Alalayah et al.
(2009) [1] cho rang, ty 1é tiép gidng 10% la ty 1¢
thich hop nhit cho qua trinh sinh truong va tao
khi cua cac chung vi khuan sinh hydro.
Anh hwéng ciia ngudn nito

Mic di ngudn nito khong tham gia truc tiép
Va0 qué trinh 1én men sinh hydro nhung déng
vai trd quan trong trong qué trinh sinh truéng
cua vi khuan, vi vay ¢6 anh huong gian tiép dén
san lugng hydro. Chinh vi vay, kha ning sinh
truong va tao khi ciia chang Tr2 trén cac ngudn
nito khac nhau duoc khao sat dé chon loai nito
thich hop nhat cho 1&n men san xuat hydro. Cac
ngudn nito dugc st dung 1a ngudn nito hitu co
(pepton, cao men, cao thit) va nguén nito vo co
(NH,CI, NH,NO;, (NH,),SO.). Két qua trinh
bay & hinh 2a cho thay, ching Tr2 ¢ kha ning
sinh truéng trén ca 6 ngudn nito vo co va nito
hitu co thr nghiém. Két qua ciing cho thiy c6
kha nang sinh truéng va tao khi cua chang Tr2
trén nguon nito hitu co tét hon vo co. Két qua
nay ciing tuong tu voi phat hién cua Ferchichi
et al. (2005) [2] cho rang, ngUOn nito hitu co
cho két qua tao khi cao hon nguon nito vé co.
Ngoai ra, két qua caa nghién ctu nay ciing cho
thay nguén cao men la ngudn nito thich hop
nhat cho qua trinh 1én men sinh hydro cua
chung nay. Két qua nay ciing twong tu véi két
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luan ctia Ferchichi et al. (2005) [2] mac du mot
s6 it chung vi khuan c6 kha ning sir dung riéng
mot loai nito v co hay peptone cho qua trinh
Ién men sinh hydro [8, 9].

Anh hwéng cia ham lwong cao men

Sau khi chon dugc cao men la ngudn nito
thich hop nhit, két qua nghién ciu anh huong
cua néng dd cao men dén qué trinh sinh khi
hydro cua ching Tr2 dé chon nong do cao men
thich hop nhat va mang hiéu suit cao nhat cho
qua trinh I1én men sinh hydro duoc chi ra & hinh
2b. Hinh 2b cho thdy, voéi ngudn cacbon ri
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duong, Chung Tr2 déu sinh truong va tao khi tot
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Luong cao men bo sung it (1 g/l), lugng khi
hydro tao thanh it. Néu bé sung ham luong cao
men nhiéu (10 g/1) thi chinh ngudn cao men lai
1a nhan t4 tc ché qua trinh tao khi cua vi khuan,
lwong khi hydro tao thanh thip. Ham lwong cao
men phu hop nhit cho qua trinh 1én men sinh
hydro cta chang nay la 3g/l. Nhu vay, lugng
cao men can cho qua trinh 1&n men sinh hydro
t5t nhat cia chung nay cao hon so voi két qua
nghién cuu caa Ferchichi et al. (2005) [2].
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Hinh 2. Anh hu¢ng ciia ngudn nitto (a) va ham lugng cao men (b)
dén qua trinh sinh truong va tao khi cia ching Tr2

Anh hwéng ciia ham lwong Fe

Fe™* ¢6 vai tro rat guan trong trong qua trinh
san xuat hydro cua vi khuan, anh huong truc tiép
t6i hiéu suat tao hydro [1, 2]. Vi vdy, chdng toi
tién hanh thi nghiém nghién ctu anh huong cua
Fe?* dén qué trinh sinh truong va tao khi hydro
cua ching Tr2 véi cac nong d6 Fe**: 0; 1; 10; 10;
50; 100; 500 va 1000 mg/I dé chon néng do sat
thich hgp nhat cho thé tich khi cao nhat. Két qua
hinh 3a cho thay, chang Tr2 c6 thé sinh truéng
t6t va tao khi & tit ca cac nong do Fe nghién ciu.
Kha ning sinh khi ctia ching Tr2 ting dan khi
lwong FeSO,.7H,0 ting dan dén 100 mg/l va
giam dan khi ham luong st lén hon 100 mg/l.
Thé tich khi cuc dai cua ching nay thu duoc
trong diéu kién moéi truong chira 100 mg
FeS0,.7H,0 trong 1 lit méi truong 1én men. Cac
tai liu trudc da cong bd trude day cho thiy,
lugng FeS0O,.7H,0 thich hgp cho qua trinh sinh
khi hydro ciing dao dong tuy tirng loai, c6 loai

can it (25 mg/l) c6 loai can nhiéu 1 g/l [1, 2]. Do
do, két qua thu dugc cua ching toi cho thiy nhu
cau sit cuia cac loai vi khuan sinh hydro rat khac
nhau mic du sat dong vai trd quan trong trong
qué trinh sinh khi hydro cua ching.
Anh hwéng caa pH

Két qua nghién cau cua chdng toi vé kha
ning sinh truéng va tao khi cua chiang Tr2 trong
cac diéu kién pH moi truong khac nhau: 3; 5;
6,5 va 9 dé chon duoc khoang pH dau vao thich
hop nhit cho qua trinh I&n men san xuit hydro
duoc chi ra & hinh 3b. Két qua cho thiy, khi pH
dau vao qué axit (pH 3), chung Tr2 khong c6
kha nidng sinh truong va tao khi. Khi pH méi
truong axit (pH 5), ching Tr2 ¢ kha nang sinh
truong va tao khi. Piéu nay khéac hin véi nghién
cau cua Ferchichi et al. (2005) [2] khi ho cho
rang & pH 5, vi khuan khéng c6 kha ning tao
khi hydro. Khi pH mo6i truong hoi axit (pH 6,5),
ching Tr2 déu sinh truong va tao khi tét nht.
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Két qua nay ciing tuong tu Voi nghién ciu cua
Kawagoshi et al. (2005) [3]. Nhém tac gia nay
cho ring, véi pH dau vao la 6,5, thi hiéu suat
tao hydro 1a cao nhat. Khi pH dau vao hoi kiém
(pH 7,5) va quéa kiém (pH 9), kha nang sinh
truong va tao khi cia chang nay giam han. Két
qua nay khac hin so voi nghién ctu cua

Ferchichi et al. (2005) [2] khi ho cho ring pH
7,5-8,5 1a pH t6i uu cho qua trinh 1én men sinh
hydro. Tuy nhién, két qua thu duoc lai twong tu
nhu Cong bb cua Zhang et al. (2007) [11], pH
dau vao quéa kiém hay qua axit déu uc ché quéa
trinh sinh khi hydro.
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Hinh 3. Anh huéng caa ham lwong FeSO,.7H,0 (a) va pH (b)
dén qud trinh sinh truang va tao khi cia ching Tr2

Anh hwéng cia nhiét do

Nhiét do c6 anh huong rat rd téi qua trinh
sinh treong cta vi sinh vat ndi chung va vi
khuan sinh khi hydro néi riéng. Khi nhiét do
tang 1én, tc do phan &ng ciia cac enzyme trong
té bao vi sinh vat ciing ting 1&n lam cho cac
hoat dong trao d6i chat trong té bao vi sinh vat
dién ra nhanh hon. Tuy nhién, khi nhiét d6 qua
cao s& lam bién tinh mang sinh chét trong té bao
vi khuan Iam c ché qué trinh sinh truong. Khi
nhiét do thap thi mang sinh chit cua té bao vi
khuan bi két dong lai va enzyme ciing ngirng
hoat dong. Vi vay, néu nhiét d6 moéi truong nudi
cdy cua vi khuan vuot ra khoi ngudng nhiét do
cho phép cua vi khuan thi qua trinh sinh truéng
cua ching s& bi wc ché va tham chi ngimng han.
Két qua nghién ciu cia ching tdi vé kha ning
thich nghi cua vi khuan sinh khi hydro Tr2 ¢
cac nguong nhiét do khac nhau 20, 30, 37 va
55°C duoc chi ra & hinh 4a. Két qua cho thay,
ching wa am Tr2 khé bao thu vé kha ning thich
nghi véi diéu kién nhiét d6 khac nhau, chang
Tr2 chi c6 kha nang sinh trudng va tao khi trong
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khoang nhiét @ 20-37°C. Khi nhiét do tang 1én
55°C (nhiét dd phu hop cho qua trinh sinh
truong caa nhiéu loai vi khuin wa nhiét) thi
chung nay khong sinh truong dugc. Két qua con
cho théy, nhiét do tdi wu cho qua trinh sinh
trudng va tao khi cua chung Tr2 1a 30°C. Day la
gia tri nhiét do thudc khoang nhiét do téi wu
(30-37°C) cho qué trinh sinh truéng va tao khi
cua vi khuén wa 4m sinh hydro [1, 2].
Anh huéng ciia ham hrong NaCl

NaCl 1a mot thanh phan trong hé thong van
chuyén cua té bao, duy tri 4p suit thim thau cua
té bao nén cé anh huong dén hoat dong cua té
bao. Vi thé, NaCl ciing duoc ching t6i nghién
ctru d& chon ndng do thich hop nhat cho quéa
trinh 1én men sinh hydro caa chung Tr2 (hinh
4b). Két qua cho thdy, chung Tr2 c¢6 kha ning
sinh truong va tao khi trong toan bo khoang
NaCl thi nghiém 0-5%, nhu vay, chang Tr2 cé
kha nang chiu man. nhung lai 1a ching wa thich
moi trueong it NaCl, khi moéi truong chira ham
lugng NaCl cang tang thi kha ning sinh truéng
va tao khi cua ching cang giam. Két qua nay
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ciing tuong tu véi két luan cia Khanna et al. Khanna et al. (2011) [4] thi cac chung trong
(2011) [4]. K&t qua con cho thiy, chang ndy sinh  nghién ctu nay can nong do NaCl cho qua trinh
truong vao tao khi tét nhat trong moéi trudng  sinh truong va tao khi thap hon rat nhiéu.

khéng chira NaCl. So voi nghién ciu cia
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EFECTS OF SOME FACTORS ON BIOHYDROGEN PRODUCTION
CAPACITY OF BACTERIUM CLOSTRIDIUM sp. Tr2 FROM MOLASSES
BY MICRO-AEROBIC FERMENTATION

Dang Thi Yen', Lai Thuy Hien', Nguyen Thi Thu Huyen'?

YInstitute of Biotechnology, VAST
Ton Duc Thang University, Ho Chi Minh city

SUMMARY

In Vietnam, sugar industry is strongly developed. In this industry, sugar output not only satisfy domestic
demand but also for the export and a large amount of molasses was not effectively used. Molasses containing
the mixture of sugar and a little amount of vitamins and minerals could be used as materials for other
industries. Biohydrogen production from molasses is regarded as a new, potential way to produce a clean,
renewable energy with suitable price in order to satisfy the energy demand as well as to solve environmental
pollution. In this paper, we studied the biohydrogen production from molasses by bacterium Clostridium Tr2
isolated from buffalo-dung in Vietnam using micro-aerobic fermentation. Various medium components
(inoculum size, carbon and nitrogen sources, iron, sodium) and environmental factors (initial medium pH and
temperature) were evaluated for their effects on the growth and the hydrogen production capacity by
Clostridium sp. Tr2. Obtained results showed that the most suitable conditions for the growth and hydrogen
production of strain Tr2 in dark, micro-aerobic fermentation consist of 10% (v/v) pre-culture, 15 ml/l
molasses, 3 g/l yeast extract, 100 mg/l FeSO,.7H,0, initial medium pH 6.5, 30°C.

Keywords: biohydrogen, hydrogen producing bacteria, dark fermentation, micro-aerobic, molasses.
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