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NGHIEN CUU ANH HUONG CUA CAC PHUONG PHAP
THUY PHAN LIGNOCELLULOSE TU DAM GO THONG
(PINUS) PE NANG CAO HIEU SUAT THU HOI GLUCOSE

Nguyén Thi Phwong Mai'*, Vii Viin Long"?, Nguyén Thi Danh!
"Truong Pai hoc Tai nguyén va Moéi truong Ha Noi
2Cong ty c¢6 phan maéi trudng cong nghé cao Hoa Binh
Tém tit
San xudt glucose tir sinh khoi lignocellulose dam gé thong la yéu to chinh gép
phan vio giam chi phi tcfng trong qud trinh chuyén héa sinh khoi thanh ethanol va qud
trinh thity phan cellulose bang enzyme mang lai nhiéu loi thé hon so véi cdc phwong
phap xit Iy bang héa hoc béi sw kha nang hoat déng linh hoat ciia enzyme, khéong gady
6 nhiém moi truong, ning sudt dat cao va tao it san pham phu nhat. Thity phdn enzyme
theo mé ¢ nong dé ba rdn cao dang gdp phai nhitng tré ngai trong qud trinh thiyy phén
nhuw dg nhot phan ing cao, nong do glucose tich lity cao. Mot chién lwoc kiém sodt toi
wu cho qud trinh thiry phan fed - batch da dwoc nghién ciru nham khdc phuc cdc van dé
trén, tién hanh bé sung dan co chdt theo ty 1é 25 %/lan (twong vimg fed - batch 4 lan)
lan ot tai cdc thoi diem 0 gio, 6 gio, 12 gio va 18 gio. Qud trinh chuyén doi cellulose
dige t6i da héa va nong do glucose dwoc tich liy toi da trong thoi gian bé sung dan
co chat (fed - batch) dat 190,1 g/L véi hiéu sudt thu hoi 70,7 %, toc do thiy phdn
I6m nhdt 3,55 (g/L % h). Sau 96 gio thity phdn ndng hiéu sudt thiy phédn lén 93,7 %
va nong dé glucose dat 252 g/L.
Tur khoa: Fed - batch; Enzyme thuy phan; Nong d6 duong cao; Sinh khdi
lignocellulose; Dam go thong.
Abstract

Research on the effect of lignocellulose hydrolysis methods from pinus wood chips
to recover glucose

Glucose production from lignocellulosic biomass of pine wood chips is a key factor
contributing to reducing the total cost in the process of converting biomass into ethanol
and the enzymatic hydrolysis of cellulose brings more benefits than chemical treatment
methods thanks to the flexible activity of enzymes, no environmental pollution, high
efficiency and the creation of the least by-products. Steam enzymatic hydrolysis at
high solid concentrations must overcome the resistance in the hydrolysis process, such
as high reaction rates and high glucose concentrations. An optimal control strategy
for the hierarchical hydrolysis process - batch has been studied to solve the above
problems, conducting the incremental addition of substrate at the rate of 25 %/time
(corresponding to being fed - batch 4 times) at times such as 0 h, 6 h, 12 h and 18 h. The
cellulose conversion process is maximized and the maximum glucose concentration is
accumulated during the incremental substrate time (fed - batch), reaching 190.1 g/L
with a recovery efficiency of 70.7 %, the largest hydrolysis rate of 3.55 (g/L x h). After
96 hours of hydrolysis, the hydrolysis efficiency increased by 93.7 %, and the glucose
concentration reached 252 g/L.
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1. Dt van dé

Sinh khéi lignocellulose 1 ngudn
sinh khoi ddi dao va c6 thé téi tao, dugc
su dung lam nguén vat liéu cho san xudt
nhién li¢u ethanol sinh hoc. C6 nhiéu loai
sinh khdi lignocellulose c6 thé dugc dung
lam nguyén liéu cho san xuét ethanol nhu
chat thai nong nghiép, vat liéu thai cong
nghiép va do thi, gidy va san pham phu tir
lam nghiép, cay cdi, co,... Nguén vat liéu
lignocellulose tir gd mém nhu gb thong,
van sam la ddi tuong duoc quan tdm va
duge sir dung lam ngudn nguyén lidu tai
tao cho san xuét ethanol sinh hoc, vi né
ré hon gd cung. Bén canh d6, ham luong
hemicellulose giau pentose ciia nd thap
hon dang ké so véi g ctng.

Thity phan sinh khéi lignocellulose
c6 thé st dung cic dung méi axit, bazo
hodc tir cac ngudn enzyme khéc nhau
c¢6 thé duoc sir dung dé thuy phan thanh
cellulose va hemicellulose thanh céac géc
dudng don. Céc loai dudng c6 thé 1én men
boi ndm men trong diéu kién ky khi thanh
ethanol sinh hoc. Tac dong cua enzyme
trong quéa trinh thuy phan dién ra linh
hoat an toan v6i moi trudng, ning suat
thu hoi glucose cao va tao ra it cac san
pham phu hon so v&i phuong phép thity
phan bing axit hodc bazo [1]. Theo mot
sd nghién ctru cho thdy, tién hanh thuy
phan & ndng do ba ran thdp véi nong do
enzyme cao nham gitp cho viéc dao tron
duoc dé dang, tranh su tc ché bai néng do
cao clia san pham thuy phan va cho phép

dat hiéu qua thuy phan tét nhat. O nong
d6 ba ran cao hon, kha nang dao tron, Gc
ché tlr céc san pham thiy phan c6 thé tac
d6ng it nhiéu dén hiéu qua thuy phan [2].
Tién hanh thuy phan bang enzyme theo
mé v6i lugng chat rin cao ciing dd gip
nhiing trd ngai nhat dinh, bai d¢ nhdt cao
trong dich thuy phan gay kho khan cho
qua trinh dao trdn, truyén nhi¢t hi¢u qua
thip dan dén lam ting muc tiéu thu dién
nang trong cac 10 phan tng thuy phan.
Bén canh d6, cung vdi su ton tai cua hop
chat lignin chwa dugc hoa tan hoan toan
tir qué trinh tién xir ly bang phuong phap
vat ly trude d6 ciing 6 thé anh huong dén
hiéu suit cua qua trinh thuy phan [2]. Dé
giam thiéu nhimng tic dong tiéu cuc nay
va tbi da hoa viée san xuit glucose, thity
phan fed - batch dugc dé xuat la kha khi
cho qua trinh thiy phan lignocellulose
bang enzyme. Tiép can thily phan bang
phuong phap fed - batch da dugc nghién
cuu va cho théy mdt 1gi thé c6 thé thu hoi
dugc ham lugng dudng cao trong qud
trinh thuy phan véi lugng chit ran thap.
Thity phan bang phuong phap fed - batch
cho phép kiém soat céc thong sé thong
qua cac giai doan riéng biét gitra xuc tac
cua enzyme va cellulose [3]. Nghién cuu
qua trinh thuy phan cellulose bang cach
kiém soat qua trinh cung cip co chat trong
sudt qué trinh thuy phan giup cho ngudi
ta c6 thé kiém soat dugc ham lugng chat
rin va cac san pham wc ché sinh ra trong
qua trinh thiy phan. Do d6, hiéu suét cua
qua trinh thuy phan fed - batch phu thudc
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rat 16n vao khoang thoi gian va néng do
ba ban dau ctia qua trinh thily phan. Theo
nghién ciru ciia Yang va cong su cho thay,
thity phan fed - batch v6i nong do ba 30 %
6 thé thu duge n6ng dd glucose dat tdi
gan 220 g/l [4]. Tuy nhién, dé dat duoc
ndng do glucose nay, cac diéu kién tién xir
ly bang axit, kiém dé thu hoi cellulose tinh
khiét phuc vu cho thiy phan bing phuong
phap fed - batch ciing phtic tap va ton thoi
gian. Mgt nghién ctu khac cua Wang va
cong su cho thiy, qua trinh thily phén fed
- batch véi nong d6 ba ran 30 % chi thu
dugc ham lugng glucose dat 100 g/l, qué
trinh thuy phan chi st dung ty 1¢ glucan
50 % voi ndng dd enzyme cellulase 1a 20
FPU/g ba [5]. Do dd, viéc lva chon dung
moi tién hanh tién xir ly sinh khoi bang
phuong phép tiéu thu nang luong thap va
t6i uu hoa quy trinh fed - batch 13 can thiét
dé san xudt glucose c6 nong do cao phuc
vu cho san xut ethanol sinh hoc.

2. Vat liéu va phwong phap
nghién ciru

2.1. Vit liéu

Diam gb thong dugce thu thap tai Cong
ty van dam Thai Nguyén, phoi kho trong
khéng khi, nghién va sang qua ray kich
thudc 2,5 dén 3 cm va dong nhat trong céc
16 thi nghiém.

Ché pham enzyme Cellic Ctec 2 sir
dung trong nghién ctu c6 hoat tinh 238
FPU/ml, cac ché pham duoc cung cép tir
hang Novozymes, Pan Mach.

2.2. Phwong phap nghién ciru

2.2.1. Tién xur Iy

Cac mau dam gb thong duoc xu ly
bang axit formic 80 % (w/v) trong binh
tién xtr ly & nhiét do 121 °C trong 60 phut,
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v6i ty 18 ran/long 1a 10 %. Sinh khéi sau
khi thity phdn bang axit dugc rira bang
nudc cit cho dén khi pH bang 7 va duoc
rira NaOH 0,1 %, ti I¢ ba/dich NaOH 1/10.
Sau rira kiém ba dugc tach dich kiém va
dugc rira bang nudce cat vé pH 7. Ba sau
tach dich duoc chuyén vao tui nhua, can
khéi luong va bao quan & 4 °C dé thyc
hién thuy phan bing enzyme tiép theo.

2.2.2. Thity phdn dam g6 théng phén
doan theo mé (batch)

Cac thi nghiém thuy phan bang
enzyme theo mé dugc thyuc hién voi téng
thé tich 50 ml trong binh tam gidc 250
ml ¢6 ndng d6 ba ran 5 dén 20 % (W/v)
va lugng enzyme tu 20 - 50 FPU/g ba
ran dich thuy phan. Hoat d6 cua enzyme
s€ duoc xac dinh dua trén co sé don vi
hoat d6 qudc té (phuong phap NREL)
[6]. Sir dung dém natri citrate 0,05 M dé
duy tri ¢6 pH 4,8; B6 sung 100 pl dung
dich sodium azide 2 % dé ngan ngira sy
phét trién cua vi khuan. Qu4 trinh thiy
phan dugc thuc hién trong ti nudi cay
lic & 50 °C véi toc d6 khudy 150 vong/
phut trong 96 gio. Pinh ky 24 gio 1y
mau phan tich ham luong glucose trong
dich thuy phan. X4c dinh hiéu suit thay
phén, téc d6 thuy phan trung binh theo
thoi gian.

Hiéu suét thuy phan dugc tinh theo
cong thuec:

Hiéu Asuét thay _ V*Coe w100 (1)

phan (%) 1,1*A*m

ducose:. HAM luong glucgose tr01~1g
dich thuy phan (g/L); V: Thé tich mau
thi nghiém, 1,1: H¢ ) chuyén doi glucan
thanh glucose; A: Ham lugong glucan ba
st dung (%); m: Luong mau phan tich
tinh theo khéi luong kho tuyét déi (g).
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Téc @6 thiy phén tai cac thoi diém duoc tinh theo cong thire:

Ham lugng glucose dich thuy phan cubi (g/1) -

Ham luong glucose dich thity phan dau (g/1)

2

Téc d6 thuy phan (g/lxh) =

* Thity phdn b6 sung dan co chait
(fed - batch)

Thity phén fed - batch duoc tién hanh
trong 10 phan tmg sinh hoc ¢6 thé tich 250
ml véi thé tich duge nap vao ban dau1a 20
ml chita 15 % (w/v) b, ndng do enzyme
dugc bd sung trude khi tién hanh thiy
phan véi ndng d6 50 FPU/g ba ran. Trong
qua trinh thay phan tién hanh b6 sung dan
co chét theo ty 18 25 %/1an (twong tng fed
- batch 4 1an) lan luot tai cac thoi diém 0
gio, 6 gio, 12 gio va 18 gio. Dinh ky sau
24 gid lay mau mot lan dé x4c dinh ham
lugng glucose va danh gia hiéu suat, toc
dd thuy phan cua qua trinh.
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3. Két qua va thao luin

3.1. Thity phan bang enzyme theo
mé (batch)

3.1.1. Anh huong cua nong dé
enzyme tGi hiéu sudt thiy phén cellulose
trong dim g6 thong

Thuc hién thuy phan nong d6 ba rin
5 % véi ndng do enzyme dugc tién hanh
khao sat 1a 20 - 50 FPU/g ba khd, ba dugc
thity phan ¢ nhiét do 50 °C, toc do khuay
150 vong/phit trong thoi gian 96 gio. Két
qué thé hién trong Hinh 1.
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Hinh 1: Anh hwéng ciia nong @ enzyme dén higu sudt thiiy phan

Két qua cho thiy, tai mau ddi chimg
khong st dung enzyme gan nhu khong
dién ra hoat dong ctia qu4 trinh thity phan,
nong d6 glucose khong ghi nhan tai mau
dbi chimg. O ndng d6 enzyme 20 FPU/g
sau 96 gio thuy phan ham luong glucose
thu duoc 1a 39,4 g/l tuong tng vai hidu
sudt thiy phan 1a 22 %. Tai nong do
enzyme 30 FPU/g hiéu suat thiy phan ting
37,6 % va dat cuc dai & néng do enzyme
50 FPU/g hiéu suét thuy phan dat 58,4 %.

Két qua thuy phan phy thude rat 16n vao
sinh khéi lignocellulose khac nhau va
ngudn enzyme ciing nhu qua trinh tién xir
ly trude d6. Mot sé qua trinh tién xir ly
cho phép ba duoc thily phan t6t voi nong
d6 enzyme thip, tuy nhién phwong phap
tién xir ly d6 van c6 dac thu riéng, nhu
thoi gian tién xu 1y dai hay ham lugng
glucan thap. Mot s6 nghién ctru cho thiy
ba mia tién xur ly bang axit acetic trong
diéu kién c6 xuc tac hydrochloric cho
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hiéu suét thuy phéan dat 36,2 - 38,0 % véi
chat kho ¢ nong do enzyme 45 FPU/g ba
khé [9]. Mot nghién ctru khac cua Alex
Berlin va cong su (2005) da tién hanh tién
xir Iy gb cay linh sam bang phuong phap
n6 hoi nudc ¢ nhiét do cao, qua trinh thiry
phan dugc tién hanh vdi nong d6 enzyme
10 FPU/g ham lugng glucose thu duogc
sau 72 gio thuy phan dat 46,8 + 1,7 (g/L)
[10]. Muc ti€u chinh ctia qua trinh thuy
phan 1a chuyén hoéa cang nhiéu cellulose
thanh glucose cang nhanh cang tt, diéu
nay c6 thé dat duoc bang cach bd sung
thém enzyme cellulase phuc vu cho muc
dich trén. C6 mot vai nghién ctru cho thy
¢6 mot phan nho cellulose trong nguyén
lidu kh6 chuyén héa thanh glucose do d6
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dé tang hiéu qua ciia qua trinh thily phan
can mot luong 16n enzyme dé chuyén hoa
mot phan tuong dbi nho cellulose [10].

3.1.2. Anh huéng ciia nong dg ba rin
16i hiéu sudt thiy phdn cellulose trong
dam g6 thong

Thuy phan theo mé duoc tién hanh
v6i nong d6 ba ran tir 5 dén 20 % (wW/v)
va néng do enzyme 1a 50 FPU/g ba kho
trong binh tam gidc 250 ml. Qué trinh
thily phan thyc hién trén may lac véi toc
d6 lac 150 vong/phit, ¢ 50 °C trong thoi
gian 96 gid. Pinh ky 24 gio 14y mau xéac
dinh ham luong glucose dé danh gia higu
sudt ctia qua trinh thuy phan. Két qua chi
ra trong Hinh 2.
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Hinh 2: Anh huong ciia nong dé ba rin dén qud trinh thu hoi glucose
trong dich thuy phin

Két qua trén Hinh 2 cho thay, thuy
phan theo mé duoc tién hanh dé kiém soat
t6i wu ndéng do ba ran phuc vu cho qui
trinh thity phan cellulose. Nhin vao d6 thi
cho thdy cellulose trong bé ran dugc thuy
phan bdi enzyme va ham lugng lignin
khong gdy anh huéng 16n dén qua trinh
thity phan trong hé thong trong 24 gid
dau tién. Sau 24 gid thily phan ham luong
glucose tich lily trong dich thuy phan tuong
d6i déng ké tai ndng do ba ran tir 15 %
va 20 % 1a 94,5 - 124 (g/L) cao hon so vdi
nong d6 ba ran 10 % gap 1,97 lan va 4,8
14n tai ndng d6 ba ran 5 %. Tuy nhién, sau
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48 gio thuy phan ham lugng glucose tich
Ity trong dich thuy phéan cling tang lén
dang ké, téc do tang khoang 1,7-1,9 lan &
céc nong do ba rin. Sau 96 gid thity phan
noéng do glucose dat ¢ cac nong do ba
ran tr 5 - 20 % la khoang 80,9 - 285 g/L,
gap khoang 2,3 - 3,1 so vdi ndng do ba
ran sau 24 gid thiy phan. Theo béo cdo
cia NREL cho thdy khi ting nong do
b rin 1én cang cao cho phép giam gia
thanh trong san xuét ethanol xudng, do d6
giai phap st dung ndéng d6 ba ran cao dé
nghién ctru cling la giai phap cho lya chon
ngudn dau vao phi hop cua cong nghé.
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Nghién ciru
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Hinh 3: Anh hwéng ciia nong do ba ran dén hiéu sudt thiiy phin va toc dp thity phin &
nhiét dp 50 °C, toc do lac 150 vong/phut trong 96 gio A - Hiéu sudt thuy phan (%); B -
Toc do thuy phén (g/L % h)

Hiéu suit thiy phan trén 90 % sau
96 gio' thuy phan ¢ néng do ba rin 5 %
va ¢6 xu huéng giam & cac nong do ba
ran cao, tir ndng do ba rin 10 % hiéu suét
thuy phan chi dat 84,8 % va & 20 % chi
dat 79,5 %. O néng dd ba ran 20 % véi
ndng do glucose tich liy trong dich thuy
phan 14 285 g/L cho thé cho phép 1én men
ethanol dat néng dd con 9 %. Theo mot
s6 nghién ciru vé mirc d6 anh hudng cia
ndng do ba ran dén hiéu sudt thuy phan &
ngudn lignocellulose tir bi mia biang tién
xir ly formiline cho thdy, & nong d6 ba rin
2,5 % hiéu suat thuy phan dat 89,4 % va
khi tang ndng d6 ba rin 1én 10 % hiéu suat
thity phan giam 1,1 1an [8]. Dé tién hanh
thity phan ¢ nong d6 ba ran cao (khoang
tir 10 - 20 %) kha niang hda 16ng cham dan
dén nhitng khé khan khi thuc hién qua
trinh, ddng thoi c6 thé 1a nguyén nhan lam
giam hiéu suét thiy phan dat dugc. Qué
trinh thiy phan ¢ néng d6 b rin cao cb
thé dan dén thiéu hut nuée, do d6 nhét cao
gay kho khan cho qué trinh ddo tron do
ciing 14 mot thach thirc khi tién hanh thuy
phan & ndng do bi ran cao. Theo nghién
ctru ctia Wang va cong sy (2011) cho thay,
& ndng d6 ba ran cao, do nhét gay kho
khan vao lam giam hiéu suat thity phan

[7]. Ciing theo nghién ctru cua Gupta va
cong su (2012), thiy phan 20 % ba ran tir
cdy Prosopis juliflora dugc thuc hién tién
xtr 1y bang NaCl chi dat dugc ham luong
glucose 80,78 g/L vé6i hiéu suit chuyén
hoa cellulose 1a 40,39 % san 120 gio thuy
phan [11]. Do d6 muén nghién ctru qua
trinh thay phan & ndng d6 bi rin cao can
phai c6 mot thiét bi dao tron di manh hd
tr¢g cho viéc hoa 1éng nhanh ba thuy phan.
Két qua nghién ctru cho thdy, & ndng do
ba rén cao dugc s dung cho cac nghién
ctru thuy phan b6 sung dan co chat nhim
giam do nhot dich thay phan.

3.1.3. Anh huéng ciia glucose dén
hiéu sudt thiy phén

Nghién ctru & nong d6 ba ran cho
thiy, nong do glucose trong dich thuy
phan cé anh huong manh mé& dén hiéu
sudt ctia qud trinh thuy phan. Trong cc
thi nghiém c6 sir dung ndng do bi rin
khac nhau cho thdy, & néng d6 b rin
cang cao thi kha ning thu dugc ndéng do
glucose trong dich thuy phan cling 16n,
nhung hiéu suét thuy phan sau 96 gio
dat khong cao. Diéu nay cho thdy, c6 thé
ndng d6 glucose cao la nguyén nhan tao
ra chat ¢ ché dan dén giam hiéu suat
thuy phan. Dé nghién ciru 16 vé mic do
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anh huong cua cdc nong do ba ran dén
hi¢u suat thuy phan, tién hanh thuy phan
v6i cac thi nghiém c6 nong d§ ba ran

thay doi tir 5 - 20 % trong 96 gio & nhiét
do 50 °C, toc d6 khudy 150 vong/phut.
Két qua chi ra trong Hinh 4.
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5 8 ¥
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£ 200 u 2
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. 12 =
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g 100 802 78 2.
= 76 B
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b Cglucose (g/l)  ==—=Hifu suit thiy phan (%)

Hinh 4: Anh hwong cua m”;ng do glucose dén hi¢u sudt thity phin trong dam g5 thong

Két qua cho thay, sau 96 gio thiy
phan ¢ ndng d6 ba 5 % cho hiéu suat thiy
phan dat 90,2 % véi néng d6 glucose duogc
tich lily trong dich thiy phan la 80,9 g/L.
Khi ting nong d6 ba 1én 10 % dén 20 %
thi ham lugng glucose tich iy dat 152 g/L
dén 285 g/L, nong do glucose ting 46,8 -
71 % so v6i ndng d6 b & 5 %, tuy nhién
hiéu suat thuy phan lai giam 1,03 dén 1,13
lan. Theo dién bién vé téc d6 thiy phan
theo thoi gian trén Hinh 3B cho thdy téc
do6 thity phan taing manh mé & 24 gio dau
ctia qua trinh thity phan & nong d6 b rin
10 %, 15 % va 20 % tuong ung la 2,62
(g/L xh); 3,94 (g/L xh)va 5,17 (g/L x h).
Sau 48 gio thily phan nong d6 glucose
tich 1y trong dich thuy phin ngay cang
cao tang tir 43 % dén 49 % nhung hiéu
sudt thuy phan déu giam tir 1,8 - 2 1dn so
v6i 24 gio dau tién hanh thuy phan. Sau
96 gio' thity phan ndng do glucose trong
dich thuy phan tich lily van tang tir 56 %
dén 68 % va hiéu suét thuy phan ting tir
2,3 dén 3,13 1an so vé6i 24 gio dau thay
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phéan. Tuong tmg vdi da tang cua glucose
trong dich thily phan trong 96 gio 1a qué
trinh giam toc d6 thity phan twong tng véi
ndng do ba 5 %, 10 %, 15 %, 20 % 13 0,57
(g/L x h); 0,93 (g/L x h); 1,47 (g/L x h);
1,68 (g/L x h). Pidu nay cho thiy su tc
ché 16m ciia glucose dén tc do thity phan
bdi enzyme. C6 rat nhiéu cic nghién ctru
cho thdy ndng d6 glucose dugc tich liy
cao trong dich thuy phan 12 mét nguyén
nhan gy can tro téc do thuy phan, khi
nong do glucose cang 16n thi tdc do thuy
phan cang giam, tuy nhién mirc d§ giam
ctia toc d6 thuy phan con phu thudc vao
ngudn co chat, ndng do enzyme, nong do
chat e ché va phuong phap thuy phan,
c¢6 nhimng nghién ctru cho thiy, ¢ nong do
glucose 0,1 - 3,19 g/L da anh huong dén
téc do thuy phan [12].

Nhu vdy ¢ ndng d6 ba rin cao 20 %,
ham lugng glucose dugc thuy phan cao
giy trc ché 1a giam toc d6 thily phan, lam
cho hiéu suat thiiy phan cham lai. Diéu
nay cho thdy, c6 thé & nong do b rin cao
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dd nhét cao, khé khan trong viéc ddo tron
ba ciing 1a yéu té gdy can trd qué trinh
thiy phan va cling 1a nguyén nhan giam
hiéu suat thiy phan. Dé khic phyc hién
tuong nay, tién hanh thuy phan bing
phuong phép b sung dan co chat (fed -
batch) ¢6 st dung khudy tron nhim khic
phuc nhuoc diém trén.

3.2. Thiiy phin bé sung dan co chit
(fed - batch)

Trong qué trinh thuy phan tai lugng
chat rin 1a mot trong nhimg yéu t6 chinh
anh huong dén qua trinh thuy phan bang
enzyme trong sinh khéi lignocellulose tir

Nghién ciru

dam gd. Do d6, viéc kiém soat tai lugng
chat rin trong qua trinh bo sung dan co
chét dugc ky vong s& déng vai trd chinh
trong qua trinh thuy phén fed - batch. Pé
so sanh tac dong cua tai luong chat rin
khac nhau dén hiéu suét thiy phan, mdt
chién luge kiém soat nham tdi wu ham
lugng glucose da dugc thuc hién bﬁng
b6 sung dan co chat theo ty 18 25 %/lan
(twong ung fed - batch 4 lén), lan luot tai
cac thoi diém 0 gio, 6 gio, 12 gio va 18
gio. Kiém soat toc do cap co chat duoc toi
uu héa cho mbi lan nap chét ran dugc thé
hinh trong Hinh 5.

Nong d¢ glucose (g/L)

150.0

100.0

NONG PO GLUCOSE (G/L)

0.0

THOT GIAN (GI()

Hinh 5: Pdnh gid nong dé glucose dwéi mé hinh thity phén fed - batch

Theo mo hinh fed - batch, néng do
co chat dugc bd sung theo ting dot dé
han ché lugng glucose tich lily 16n 1am
anh huong dén hiéu suat cua qué trinh
thity phan. Qud trinh thuy phan dién ra
manh m& ¢ 6 gio, 12 gio, 18 gio va 24
gid thity phan ndng do glucose tich liy
trong dich thuy phan tuong ung 16,8
(g/L); 45,2 (g/L); 105 (g/L) va 190,1
(g/L), twong ung véi hiéu suit thuy
phan dat 70,7 %. Sau 48 gid két thuc
qué trinh bé sung co chit, ham luong
glucose tich lily dat 215,5 (g/L) va ham
luong glucose dat cuc dai 252 (g/L) sau

96 gi¢ thuy phan. So vdi qua trinh thuy
phan theo mé, qué trinh thuy phan fed -
batch di phan nao khic phuc duoc van
dé vé anh hudng cua ndng do glucose
16n tai thoi gian dau va nang ndng do
glucose trong dich thuy phan tir 235.4
(g/L) 1én 252(g/L). Bé hiéu rd hon dién
bién qua trinh thay phan ¢ nong d6 ba
rin cao 15 %, tién hanh phan tich hiéu
sudt thiy phan, téc d6 thuy phan thong
qua ham lugong glucose tich liy trong
mo hinh.
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Nghién cuu
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Hinh 6: Két qua thity phén trén mé hinh fed - batch

Két qua trén Hinh 6 cho thiy, ¢ 24
gid dau b sung dan co chat toc do thuy
phan tang manh mé va dat cao nhat 3,55
(g/Lxh) va hiéu suat thay phan dat 70,7 %.
Tuy nhién sau 48 gio, mac du hi¢u suét
thuy phan ting nhung téc do thily phan
giam dang ké xudng con 0,53 (g/Lxh),
giam 6,7 lan. Két thiic qua trinh thuy phan
hiéu suat thiy phan dat 93,7 % va ham
lugng glucose tich Iily trong dich thuy
phan dat 252 g/L. So sédnh véi nghién ctu
ciia Gupta va cong su (2012) cho thay,
khi tién hanh thily phan 20 % ba rin tir
cdy Prosopis juliflora, st dung néng do
enzyme cellulase 22 FPU/g va 68 U/g B -
glucosidase két qua thu duoc ham lugng
glucose 1a 80,78 g/L va 127 g/L tuong
{mg & ché d¢ thily phan theo mé va ché d¢
thuiy phan fed - batch [11].

Chién lugc kiém soat tdi wu véi
moé hinh thuy phan bd sung dan co chat
(fed - batch) da giai quyét co ban van
dé thiy phan bang enzyme cho sinh
khéi lignocellulose tir dim gd thong véi
muc tiéu t6i wu hoa qua trinh chuyén
dbi cellulose, nang cao hiéu sudt thu hoi
glucose, ham lwong chit rin va lignin
dugc kiém soat trong suét qué trinh thiy
phan. M6 hinh nay cé thé dugc dé xuat
trén quy mé 16n hon nham nang cao hiéu
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qua thuy phan phuc vu cho muc dich san
xuét ethanol sinh hoc.

4. Két luan

ba danh gid dugc anh hudng enzyme
cellulase tai cac cua n6ng do 20, 30, 50
FPU/g ba kho trong diéu kién thuy phan &
50 °C, toc do lac 150 vong/phit cho thay,
ndéng do glucose tich lily trong dich thiy
phan tuong ung duogc tich liy dat 39,4
(g/L); 67,4 (2/L); 80,9 (g/L) va hiéu suat
thay phan 1a 43,9 %; 75,2 % va 90,2 %.

ba danh gid dugc anh hudng cua
ndéng do ba ran cia dim gd thong dén
hiéu suat thuy phan va téc d6 thiry phan, &
nong d6 ba ran 15 % va ndng do enzyme
50 FPU/g ba ran hiéu suat thuy phan dat
cao nhit 87,5 % vd&i ham luong glucose
dat 235,4 g/L va toc d6 thuy phan dat 1,47
(g/Lxh) va cling da lam rd mtc do anh
huong cua glucose dan dén 1am giam hiéu
sut ciia qud trinh thuy phén.

Qua trinh thiy phan cellulose bang
bd sung dan co chat (fed - batch) duogc
thuc hién bo sung theo ty 1€ 25 %/1an
(twong tng fed - batch 4 1an) tai cac thoi
diém 0 gio, 6 gio, 12 gio va 18 gid cho
thidy nong do glucose duoc tich lily cao
nhat sau 24 gio thiy phan dat 190,1 g/L;
Hiéu suat thay phan tang 70,7 % va toc do
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thuy phan dat 3,55 (g/L x h). Sau 96 gio
thuy phan hiéu suét thay phan hiéu suét
thity phan dat 93,7 % tang gap 1,07 lan so
v61 qud trinh thiy phan theo mé (batch).

Loi cam on: Nhom téc gia cam on
dé tai KHCN mi s6 TNMT.DL.2023.02
cua Bg Tai nguyén va M6i truong Ha Noi
da cung cap kinh phi hd trg dé thuc hién
nghién clru nay.
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