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TOM TAT: Thé ky 21 la k§ nguyén éa ngn ning hrong tai ko, trongdé ning hrong hydro sinh bc 1a
lya clon sang gia c6 ththay thé ngudn nhién Igu héa thch dang ngay cangaa kist. Hydro sinh loc dang
dugc nhu nréc quan tam, & N6 c6 nhéu wu diém vaduoc tao ra king conduong 1én men vi sinh at.

Chang vi khiin Trau DAt phandp ¢ Viét Nam cé ki nang to khi K sinh ke trongdiéu kién Ién men k
khi. Thé tich khi @ing nhr thanh pln khi to ra @a ching vi khuin nay ph thusc nhiu vao cac §u t6 dinh

dudng vadiéu kien mai tirong nudi dy. Khi nghién @u anh hrong aia ting yéu t dinh drdng trong moi
truong nudi dy cho thiy glucose, caodm men, FeSQ7H,0 c6 taaiong manh dén qua trinhgo khi H; cia
ching vi khiiin Trau DAt. $ dung phrong phap qui hach hoa tire nghem king daping & mit dya trén
kiéu tam plirc hop woi 3 bién 1a glucose, caoam men va FeSErH,0, da xacdinh duoc ar trong tac gira
CAC YU 6 néu trén cung tadong dén th tich khi hydro sinh ¢t do cting Trau DAt 40 ra. Plrong phap
qui haach thrc nghém aing xéacdinh dugc ham trong i uvu cia 3 yu t nay cho qua trintad khi hydro 1a
glucose 12 g/l; cao men 2,5 g/l; FeS®LO 400 mg/l. TR tich khi thudugc khi I&8n men cing Trau DAt
véi cac théng & tdi uu néi trén 1a 176,02 ml/150ml méuting. L&n men theo éwai thé tich 600 ml moi
truong trongdiéu kién ti uu thudugc 420 ml khi hydro.

Twr khéa:Hydrogen sinh éc, RSM, vi khidn, Viét Nam.

MO PAU

Hydro sinh lc duoc coi nhr ngwn ning
luong thay tié trong trong lai do khiddt chay
sinh ra fing lrgng Ion, khéng 4o ra khi CQ, vi
vay, khong gay 6 nBm méi tuong. Nghién
ciru san xuat hydro sinh bc da duoc nhigu quc
gia trén tié giéi quan tam, trongd cé qua trinh
san xuit khi hydro sinh bc tir cac vi khidn ki
khi [1, 6, 10]. Cac Kt qua nghién ¢u qua trinh
lén men thu khi hydroitvi khuan ki khi cho
thay qua trinh nay banh hrong ki nhiéu yéu
t6 dinh drang ding nhr yeu b moi trong. Do
do, i uu héa cac thanh ph méi trong nudi
cdy nhim nang cao kihnang ko khi hydro @a
cac ching vi khiuin rat quan tong [1,2 3,6,
11]. Gan day, nghién gu i uu cac yu tb moi
truong dé 1én men 4o khi hydro & dung
phuong phap qui hach thec nghém king dap
tng k& mat duoc nghién éu nhiéu [7, 8, 12].
St dung phrong phap toan dt qui hach thec
nghiém cho phép xadinh dugc diéu kién i wu
cia da yéu t& mot cach chinh xac va e do
anh hréng aia cac $u td dén qué trinh 4o khi
hydro trong cung ®t thoi diém. Thém vaaio,

phuong phap nay con choayl vai tro tacdong
qua hi gita cac ﬁu t trong clng rat thoi gian
nudi cy véi sb lan thi nghém it, danh gidduoc
sai $ trong ndi lan thyc nghém theo cac tiéu
chuan thing k&, xem xéinh hrong aia cac yu
t6 v6i muc do tin cly can thiét, tiét kiem thoi
gian va chi phi maan dem ki hiéu qus mong
mudn. Bing viéc sr dung phrong phap qui
hoach thrc nghém, nhéu tac gi da cH ra sr
trong tac quadi gitra cac $u tb mdi tnrong co
tacdong dén qua trinhdo khi hydroong thoi,
su dung phrong phap nay #ng da xac dinh
dugc ndng do ti wu cho cac §u to dinh drang
va mdi trong cho qué trinh 1én mena khi
hydro dia cac chng vi khiin [7, 8, 9, 12].
Trong c6ng trinh nay, ching t6i trinh bagt k
qua t6i uu hoa ba §u o glucose, caoam men,
FeSQ.7H,O trong mdi trdong IEén mendo khi
hydro sinh bc tr ching vi khuin ki khi
Thermoanaerobacterium  aciditoleransTrau
DAt bang phrong phap qui hsch hoa thrc
nghiém dap ung & mat (Response Surface
Methodology-RSM) va & qua phan tich thanh
phan khi khi 1&n meno thé tich 600 ml dch
nudi dy trongdiéu kién i uvu timdugc.
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VAT LI EU VA PHUONG PHAP NGHIEN CUU
Chiing giong va mai tredng nudi dy

Chang vi khuin ki khi
Thermoanaerobacterium aciditoleransTrau
DAt duoc phan 4p trén méi teong chon loc
NMV tir mau phan tradéng Anh,Ha Noi [4].

M@i truong nudi @y chiang vi khuin Trau
DAt la mdi tnrong NMV [4].
Phwong phap

Nubi ciy vi khuan ki khi trén méi teong
chon loc NMV.

St dung phrong phap qui hach hoa tirc
nghiém bing dapung & mat dé thiét ké ma tén
thuc nghém [4].

X&c dinh thé tich khi hydro Bng phrong

nghiém 13p tai tam, wi 1 ham nuc tiéu 1a tie
tich khi trén &ng the tich méi teong nudi ay.

~ Céc thi nghim cho nghién &u i vu dugc
tien hanh i thé tich dch m6i tuong 150 ml
trong binh nudi c6 thtich 150 miy dicu kien ki
khi, nhit do 55°C i ty 1é tiép glong (glong
dang ¢ pha sinh twong) 10% (v/v), téi gidng
dangd pha sinh wrong.
Xir 1y <0 liéu

X Ii 6 ligu thyc nghBm bing prin mém
thong ké Design-Expert 7.1 (Stat-Ease, Inc.,
Minneapolis, USA)dé phan tich cac &sd hoi

qui, b3 mat daping va 6i vu hoa i thuat toan
ham mongioi.

KET QUA VA THAO LUAN

phéap tié chd nuéc (water displacement method)Chen mién khao sat

[4].

Phan tich cit luong va ham dong khi
hydro king may &c ki khi GC-TCD (Thermo
Trace GC-Thermo Electro-USA)év phuong
phap thir EDC VI-003 GC [4].

Thiét ké thi nghiém va xir ly sb liéu
Phirong phap qui hach thyc nghém

X&c dinh ham trong ©i vu cia 3 yu t anh
huong glucose, cao 4m men, FeSQ?HZO
bang cach & dung qui hach tyc giao dbi
xang, ndi yéu t tién hanh 4i 3 mac (-1, 0, +1)
nhu trong king 1. Qui hach thrc nghém dua
ra king ma tin thyc nghém g¢om 20 thi
nghiém, trongdé: 16 thi nghdm tai tdm (qui
hoach toan pan 2), 8 thi nghém tai diém sao
(2 thi nghém cho ndi bién) trongdd co 3 thi

Khi nghién cu diéu kién méi trong phu
hop cho 8o khi hydro éa ching
Thermoanaerobacterium aciditoleraisau DAt
cho thy, qua trinh nay phthuoc vao nhéu yéu
t6 nhr ty ¢ tiép gidng, ngwn cacbon, nghn
nito, ham trong FeSQ.7H,O, pH... Trongid, ba
yéu t glucose, caoam men va & anh hrong
manh dén kha nang sinh khi aa ching Trau DAt
(két qua chura cong B). Vi vay, trong nghiéngu
nay, ching t6i abn mién khio séat @éa ba gu o
nay dé tién hanh éi wu diéu kién nudi dy cia
chang vi khiéin Trau DAt nhr sau: glucose 8-12
g/l, cao am men 2,5-3,5 g/l, FeSTH,O 400-
600 mg/l \6i ham muc tiéu la tig tich khi to ra
trén tté tich dch nuéi dy. Méi tuong quan dgia
gia ti ma hoa va giaitthuc duoc chi rad bang 1
va phrong trinh (1).

Bang 1.Gia ti ma hda va gia itthuyc nghém cia cac gu t thuc nghém
Bién & Ky hiéu DPon vi Ky hiéu gia ti ma hoa
-1 0 +1
Glucose (A) X g/l 8 10 12
Cao mm men (B) % g/l 2,5 3 3,5
FeSQ.7H,0 (C) X mg/| 400 500 600

X=(Xi-Xo)/AX; (1). Trongdo, x la gia ti ma hoa ¢a yéu t bién thién thr i, X; la gi ti that cia yeu 1 thir i,
X, la gi& ti that cia Xi tai diém trung tAmAX; la brac nhay.

Thiét 1ap mé hinh
~ Gia ti ma hoa, &t qua thiét ké voi ma tin
ké haach thxc nghém dugc trinh bays bang 2.
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Bang 2 gm 20 thi nghém tuong tng la 20 gia
tri khac nhau a ba $u t glucose, cao 4m
men, FeSQ7H,0O va tk tich khi thu duoc
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tuongng Wi cac gia ti ba yéu td trén. Yi=Bo + X0 Bixi + Y Bixi"2 + Y Bixix; (1)
Anh hrong aia cac yu t glucose, caodm e o g
men, FeSQ7H,0 ding nhr sr tong tac gira Trongdé, Yila ham mc tiéu,po la k¢ 5 tu

cac yu t dén ham mc tiéu (e tich khi thu do, Bi, Bii, Pij la cac veat tham & caa mo hinh
duoc) duoc tién hanh xay dng bsi ham ki qui  4ueC xacdinh qua tire nghém. Mo hinh tiong
bac 2 cho ham mc tidu (tf tich khi do chng K€ €f €0 Y nghia vaduoc sr dung sau khi tha
Trau DAt ko thanh) nir sau: man cac tiéu chin thong ké (Fisher).

Bdng 2.Ma tran thuc nghém voi 3 yéu t glucose, caodm men, FeSQ7H,0 va Kt qua thi nghém

: Glucose : Caoam men : FeSQ?Hf(Q — Thé tich

<71 | Nongdo | Ky hieu | Nongdo | Kyhieu | Nongdo }’nﬁé khi*
Glucose | muc tién cao ram muc tien | FeSQ.7H,O tién (mI/lSOmI
(g/l) hanh men (g/l) hanh (mg/l) hanh dich nuéi)
1 6,64 -1 3,00 0 500,00 0 71,00
2 10,00 0 3,00 0 500,00 0 90,00
3 8,00 -1 2,50 -1 400,00 -1 65,68
4 8,00 -1 3,50 +1 400,00 -1 68,98
5 10,00 0 3,00 0 500,00 0 90,00
6 8,00 -1 3,50 +1 600,00 +1 80,00
7 12,00 +1 2,50 -1 600,00 +1 86,60
8 10,00 0 3,00 0 500,00 0 90,00
9 10,00 0 3,84 +1 500,00 0 89,00
10 10,00 0 3,00 0 331,82 -1 54,90
11 12,00 +1 3,50 +1 600,00 +1 88,60
12 10,00 0 3,00 0 500,00 0 90,05
13 8,00 -1 2,50 -1 600,00 +1 71,08
14 10,00 0 3,00 0 668,18 +1 73,00
15 13,36 +1 3,00 0 500,00 0 88,42
16 10,00 0 2,15 -1 500,00 0 85,00
17 12,00 +1 3,50 +1 400,00 -1 74,00
18 10,00 0 3,00 0 500,00 0 91,00
19 10,00 0 3,00 0 500,00 0 90,05
20 12,00 1 2,50 -1 400,00 -1 75,55

Phéan tich ar c6 ngha cia m6 hinh Wi FeSQ.7H,O va ting cip cac ﬁu b naydéu co
thuc nghiém gi4 ti p<0,05 cho tat trng yéu t nay ding nhr
twong tac tng cip yéu t6 déu co ngfia (kang 3).
Piéu naydugc minh ha rd ton khi quan satd
mat dap ung ¢ hinh la, hinh 1b va hinh 1c.
Thém vaodé chuin F cho “st khéng trong
thich-Lack of fit" aia m6é hinh la 1,96
i . oA (p=0,2388),dieu d6 ching © moé hinh hoan
0,05 cho Wit cac & s hoi qui co ngfia. Nhr . . : , e
vay, bang 3 cho thy gia ti “Model-F-value” & fioan U%ng tmh'Ch ‘{ﬂ th(n_w r;gth. Ket qua g:s
994,2388 vamd hinh hoan toan c6 y righ uoC cho tay, cac yu © glucose, cao

men, FeSQ7H,0 déu c6 anh hrong d¢én quéa
thong ké \6i do tin cay 99,99% (p<0,0001). &
%t ci CAC yu % glucose, cao 4m men, trinh o khi hydro sinh 6c cia chlng Trau

DAt. Két qua nghién ¢u cia mdt sb tac gi

Phan tich ¢ phu lyp cia mé hinh vagco
nghia aia md hinhdugc ddnh gia qua phéan tich
phin ANOVA (bang 3) va céac dhsb tuong
quan (kng 4). S c6 ngha aia cac k& sb hdi qui
dugc kiém dinh bdi chuan F, Wi cac gia ti p<
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va c6 nglia aia mé hinh %i thyc nghiém. Két
qua phan tich ANOVA cho thy gia ti R? la
0,998 (R-Squaredy bang 4 gin bing 1, ching
t6 gia ti thé tich khi thuduoc tr thuc nghim
gan Vi gid tri dy doan @a md hinh.

khac ding ch raanh hréng cac $u o naydén
qua trinh 40 khi dia nhéu ching vi khifin khac
nhau p, 9].

Bang 4 chi ra Kt qua phan tich s phu hop

Bang 3.Két qua phan tich ANOVA éi wu qué trinhdng hop céc u t

Téng binh | Bac | Trung binh Giatip

Yéu td phuong ty do | binh phrong | Giati F | Prob > F
M6 hinh 2128,591 9 236,5101 994,2388 < 0,0001 Tin 8y
A-glucose 341,647 1 341,647 1436,212 < 0,0001
B-cao men 27,55029 1 27,55029 115,8156 < 0,0001
C-FeSQ.7H,O 384,991 1 384,991 1618,421 < 0,0001
AB 17,31661 1 17,31661 72,7954 < 0,0001
AC 10,64911 1 10,64911 44,76663 < 0,0001
BC 10,51111 1 10,51111 44,1865[L < 0,0001
AN2 192,4262] 1 192,4262 | 808,9198 < 0,0001
B"2 16,70669 1 16,70669 | 70,2314 <0,0001
Cn2 1226,703 1 1226,703 | 5156,808 < 0,0001
Phan du 2,378806] 10 0,237881
Su khoéng Khéng tin
tuong thich 1575472 5 0,315094 | 1,96116Pp 0,2388 cay
Sai $ thuan 0,803333 5 0,160667
Tong tirong quan 2130,97 19

Bang 4.Két qua phan tich s phu lyp cia mé hinh i thuc nghém
Thong 9 Gia tii Thong $ Gia tii

Do léch cuin 0,48773 0,998884
Gia ti trung binh 80,6455 Fhieu chinh 0,997879
Hé 0 bien thién % 0,604783 Ry doan 0,99345
Tong binh plrong phan du Do chinh x4c phudp
du doan (PRESS) 13,95849 (Adeq Precision) 101,5572

a. Glucose va cacim men

Thé tich khi

b. FeSQ7H,O va cao Am men

50008
C: FeS04.7H20

P

Hinh 1.Bé mit dapng aia ting @ip yéu t anh hrong
dén qua trinh4o khi hydroé chung Trau DAt

CFeSO4THO

c. FeSP 7H,0 va glucose

Tur cac gia tr phan tich co nga ¢ trén, gia Y = -311,574 + 22,300X+ 31,931% + 0,849
tri ham ”moncﬁc_yi dugc phin meém DX7 duara Xz -1,471XX; + 0,006%X; + 0,023%X; -
dugc biéu dién theo plrong trinh @ thé sau: 0,913%°- 4, 307%° - 0,0009%” (2).
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Trong do6, Y la tké tich khi mongdoi; X;, FeSQ.7H,O tr sir dung thuit toan ham mong
X, X3 la gia ti ham lrong glucose, caoam  doi bang phrong phépdap tng B mat cing
men va FeSQ7H,0. duoc dua ra, Kt hop i phuong trinh ham mong

Ngoai ra, 39 gii phap i uu voi ham kong  doi da tim ra, th tich khi tinhduoc trong ting
3 bién xac dinh 1& glucose, caodm men va Voi 3 bien xacdinhduoc trinh bays bang 5.

Bang 5.CAc gii phap 6i uu voi ham krong 3 bén xacdinh va gia tr ham mongioi téi uu
STT Glucose Cao im men FeSQ.7H,0 Thé tich khi
(g/l) (g/l) (mg/l) (ml/150 ml dch nubi)
1 8,00 3,50 400,00 87,75
2 10,00 3,00 500,00 139,03
3 12,00 3,50 400,00 164,45
4 12,00 3,50 600,00 163,62
5 8,00 3,50 600,00 82,31
6 8,00 2,50 600,00 87,99
7 12,00 2,50 600,00 175,19
8 8,00 2,50 400,00 93,43
9 12,00 2,50 40000 176,02
10 9,72 2,97 471,42 133,28
11 9,09 3,00 452,00 119,28
12 11,82 3,03 545,18 173,87
13 8,46 2,76 534,64 106,82
14 11,44 3,11 488,28 167,26
15 8,92 3,44 434,14 110,49
16 8,07 2,98 572,06 92,91
17 10,06 2,87 471,22 141,02
18 9,04 3,41 482,98 115,87
19 9,32 2,93 561,78 120,90
20 9,89 2,57 410,80 133,82
21 10,41 2,96 578,82 141,01
22 9,79 2,57 462,38 137,02
23 10,85 2,80 466,30 157,72
24 11,07 3,18 487,16 158,94
25 10,45 2,98 425,70 144,49
26 10,37 2,52 512,50 149,73
27 11,75 3,36 489,46 170,25
28 9,83 2,62 544,02 135,70
29 10,27 2,87 524,98 144,70
30 8,52 3,03 417,32 104,30
31 8,25 3,47 599,82 87,72
32 9,30 3,10 413,74 118,88
33 8,21 3,16 511,42 100,92
34 11,99 3,42 401,62 165,84
35 11,56 2,68 566,36 169,56
36 10,63 2,80 461,00 152,75
37 11,86 2,54 409,82 174,53
38 9,90 3,39 416,00 127,90
39 8,24 2,89 482,29 103,89
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Bang két qua toi uu cho thy véi 3 cip gia
tri bién glucose, cao am men, FeSQ7H,0
khac nhau cac giaitham mongiei thu duoc la
khac nhau. Bng 5 cho thy, 5 © hop thanh
phin glucose, cao 4m men, FeSQ7H,O tai
cacdiém co $ thir ty 1a 7, 9, 12, 27, 37 choéh
tich khi mongdoi cao ton @& va trong duong
nhau. Tén hanh kém tra tinhdingdin cia mo
hinh 6i wu, tién hanh cac thi ngéin kiém

chang fai 5 diém i wu md hinhdua rag bang 5
tir 46 chpn cip bén cho Kt qua ham mongioi
t6i uu nhit (bang 6).

Tir két qua kiém tra thrc nghém & bang 6,
gia tri ti vu cho 3 bén duoc xacdinh nhr sau:
glucose 12 g/l, cao &am men 2,5 all,
FeSQ.7H,0 400 mgl/l, th tich khi thuduoc la
176 ml /150 ml ith nudi dy.

Bang 6.Két qua kiém tra tté tich khi thuduoc tir md hinh va thc ©

STT . Thé tich khitheo | Thé tich khi theo
mo | St e | | thuit todn (mi/isomi| thye € (miL50m
hinh dich nubi ay) dich nuéi ay)

7 12,00 2,50 600,00 175,19 175,00

9 12,00 2,50 400,00 176,02 176,02
12 11,82 3,03 545,18 173,87 172,60
27 11,75 3,36 489,46 170,25 169,00
37 11,86 2,54 409,82 174,53 174,17

hydrogen

Hinh 2. Thanh pén kh| do cling
Thermoanaerobacterium aciditoleramsau
DAL tao ra (ir trai qua phi phd cao niit la pto
H.,, tiép theo Ia ph H,S, cwi cung la pid CO,)
trongdiéu kién i uu

Lén men qui md 600 ml trongdiéu kién toi
wu da xacdinh

Sau khida xacdinh dugc ham trong Hi uu
cho 3 yu t, chang t6i #n hanh 1én mew thé
tich dch nuéi édy 600 ml trongdiéu kién ti uu
dé xacdinh thé tich khi thudwoc ding nhr phan
tich thanh phn khi do cling vi khuin
Thermoanaerobacterium aciditoleransTrau
DAt tao ra. Két qua phan tich thanh gin khi o
hinh 2 cho thy, thanh phn khi hydro 40 ra
chiém 77,2% éng thé tich khi,dat 420 ml khi
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hydro/600 ml dch nuéi trongdiéu kieén i uu.
Thé tich khi hydro 4o ra cao gn ¢ip 5 hn thé
tich khi hydro tedc khi i vu cia ching vi
khuin nay (ti¢ tich khi hydro thutuoc khi chra
t6i vu la 85 ml/600 ml gth nudi dy-két qua
chra cong 6). Két qua nay ndt lan nira khing
dinh viéc ar dung phrong phép toan ¢t qui
hoach thyc nghém hoan toan c6 y ngh va
mang ki hiéu qui cao trong nghiéndw anh
huong aia cac $u t glucose, cao 4am men,
FeSQ.7H,0 dén qua trinh g0 khi hydro sinh
hoc aia ching Vi khuin
Thermoanaerobacterium aciditoleransTrau
DAt.

KET LUAN

St dung phrong phap toan ¢t qui hach
hoa thrc nghém bang ‘dap ung k& mat da xac
dinh duoc ham trong ©i vu cho méi teong 1én
men to khi hydro sinh bc cia ching
Thermoanaerobacterium  aciditoleransTrau
DAt véi 3 yéu t glucose 1a 12 g/l, cacim men
la 2,5 g/l, FeSQ7H,0 400 mg/l. @G 3 yeu 6
ciing nhr sy tuong tac gira cac $u 6 naydéu
c6anh hrong dén qua trinhdo khi hydro éa vi
khuin nay. Lén mef thé tich 600 ml gch nudi
cay thu dugc lwong khi hydro 1a 420 ml, cao
gip 5 kn thé tich khi hydro khi cha $i uu
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thanh pln ba yu t glucose, cao 4&m men,
FeSQ.7H,0, diéu nay ching © sr dung
phurong phap qui hech héa thre bing dap ung
bé mit phi lyp cho nghién eu ti wu tao khi
hydro dia ching vi khiin Trau DAL.

Loi cam on: Cong trinhdugc thuc hién boi su
tai trg cuia Vién Han lam Khoa éc va Céng
nghé Viét Nam (VAST 05.02/11-12) vaushop
tac @ia Vién Nghién &u va phat tén ung ding

céc hyp chit thién nhién (itong Pai hoc Béch 7.
khoa Ha Ni).
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SUMMARY

The 21st century is era of renewable energy in kvbiohydrogen is the most potential candidate ey
replace the fossil fuel. Many countries pay moterdion to biohydrogen since it can produce by drétvia
fermentation and gas-biosynthesis has many adwesitBgcterial straithermoanaerobacterium aciditolerans
Trau DAt isolated from Vietnam is capable of biologen production in anaerobic condition. The gdame
as well as the gas components produced by the Jtraii DAt depends on nutrient and fermentatiorditmms.
Hydrogen production of strain Trau DAt was highf§eated by glucose, yeast extract and FeB@O. By
using response surface methodology (RSM) with aenbmposite design, the mutual effects of thestfa on
hydrogen production of strain Trau DAt were studi®BSM analysis showed that the highest hydrogen
production potential (176.02 ml/150 ml culture med) was obtained under the condition of glucoseg/L,2
yeast extract 2.5 g/l, Fe3@H,0 400 mg/l. Under optimized condition, the maximdawvolume of 420 ml/600
ml culture medium was obtained by dark fermentation

Keywords:Biohydrogen, RSM, bacteria, Vietnam.
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