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SUC CHONG CHIU FURFURAL VA SU CHUYEN HOA GLUCOSE VA
XYLOSE THANH ETHANOL CUA NAM MEN
BLASTOBOTRYS ADENINIVORANS XE1

Furfural tolerance and glucose and xylose conversion to ethanol of yeast
Blastobotrys adeninivorans XE1

Phan Thi Pham", Nguyén Trong Anh, B3 Minh Anh
Khoa Ky thudt Hoa hoc va Moi Truong, Truong DPai hoc Lac Héng, Déng Nai, Viét Nam

TOM TAT. Strc chéng chiu v6i doe t6 va kha nang chuyen hoa ca duong glucose va xylose trong san pham thuy phan thanh
ethanol cua vi sinh vat 1a cac yeu t quan trong trong san xuét ethanol thé hé hai. Thyc nghiém cho thdy ndm men Blastobotrys
adeninivorans XE1 c6 thé chbng chiu furfural ¥ ndng d6 3 g/L va c6 kha ning chuyén hoa ca glucose va xylose thanh ethanol.
Trong vong 6 gid, ndm men nay da phan hiy hoan toan furfural, sau d6 tao ra 8,87 g/L ethanol (hiéu sudt 58%) va 1,81 g/L
xylitol khi cdy khoang 10® CFU ndm men trong 50 ml méi truong gdm 3 g/L furfural, 20 g/L glucose, 10 g/L xylose, 5 g/L
peptone and 3 g/L yeast extract.

TU KHOA: Furfural, ethanol, glucose and xylose conversion

ABSTRACT. Inhibitor tolerance and conversion of both glucose and xylose in hdrolysate to ethanol of microorganism are
important factors for second generation ethanol production. Experiment showed that the yeast Blastobotrys adeninivorans
XE1 was able to resist to 3 g/L furfural and convert both glucose and xylose to ethanol. Within 6 h, this yeast degraded all
furfural, then produced 8.87 g/L ethanol and 1.81 g/L xylitol when inoculating approximately 10® CFU yeast into 50 ml

medium which contained 3 g/L furfural, 20 g/L glucose, 10 g/L xylose, 5 g/L peptone and 3 g/L yeast extract.
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1. GIOI THIEU

Nham giam &p lyc 1én nguon nhién liéu hoa thach dang
ngay cang can kiét va gay 6 nhiém méi truong, thé gidi ciing
nhu Viét Nam di va dang day manh nghién ctru va dua vao
su dung cac nguén nhién li¢u mai, than thi¢n véi moi truong.
Theo udce tinh cua nganh dau khi Viét Nam, nhu cau nhién
liéu hoéa long ctia Viét Nam nam 2020 1a 2,1 tri¢u tAn/nam.
Tuy nhién, véi tinh hinh khai thac va st dung nhu hién nay,
Viét Nam s€ sdm can kiét loai tai nguyén nay [1]. Trong cac
loai nhién liéu mdi, than thién v6i moi truong, ethanol sinh
hoc rat dugc quan tim vi né c6 thé sir dung dé bo sung hay
thay thé xang tir nhién liéu hoa thach. Ngoai ra, day la nguon
nhién li¢u sach vi qua trinh san Xuat va st dung ethanol sinh
ra it khi thai CO, hon so v6i qua trinh san xuat va str dung
xang truyén thong nhiéu xét trén cing mot mirc nang luong
tao ra [1,2-4]. Do d6, ethanol sinh hoc khéng nhiing dong
gop vao su giam phat thai CO, ma con 1a giai phap cho nganh
dau khi Viét Nam hién tai va tuong lai. Hién tai, san Xuét
ethanol sinh hoc thé hé mot gap nhiéu canh tranh vé gia va
an ninh luong thuc vi thuong nguf)n nguyén liéu san xuat la
tinh bot tir cdy lwong thuc va ngi coc [5,6]. Vi vay, san Xuét
ethanol sinh hoc thé hé hai dya trén nguon nguyén li¢u 1a
lignocellulose thai c6 nhiéu wu thé hon va do d6 rat duoc
quan tam hién nay.

Trong san xuat ethanol thé hé hai, qua trinh san xuat gém
hai cong doan quan trong la thuy phan cellulose va
hemicellulose trong vt li¢u lignocellulose thanh cac duong
don va chuyén hoa cac dudng nay thanh ethanol. Viéc lén
men ca hai duong chinh gém glucose tir cellulose va xylose
tir hemicellulose (glucose thuong nhiéu hon xylose) thanh
ethanol gop phan quan trong trong hiéu qua cua qua trinh san
xuét vi hién nay, hau hét cac vi sinh vat ty nhién pho bién
trong san xuédt ethanol sinh hoc nhu Saccharomyces
cerevisiae chi ¢ thé tao thanh ethanol tir duong glucose
[7,8]. Ngoai ra, qua trinh thuy phan vat licu lignocellulose,

dac biét 1a thity phan bang hoa chét, thuong sinh ra cac chat
Grc ché vi sinh vat ma furfural dugc xem 14 chat dai dién
[9,10]. Trong mot s6 nghién ctru thanh cong vé san xuat
ethanol thé h¢ hai (nong d¢ ethanol sinh ra dat khoang 4%
v/v), ndng d6 furfural khoang 0,9 g/L, ciing véi tac donghiép
luc cia mot sb chét e ché khac dd anh huong dang ké dén
quaé trinh tao ethanol cua vi sinh vat [11,12]. Viéc loai bo cac
chét trc ché nay co thé thyc hién bang cacbon hoat tinh hay
két ttia trong moi truong kiém cao. Tuy nhién, cong doan nay
lam tang chi phi san xuat va mot lugng dudng déng ké ciing
mat di do sy 16i cudn hay bam dinh [13-15]. Do vay, viéc
tim kiém cac vi sinh vat co thé chuyén hoa ca hai duong
glucose va xylose thanh ethanol va c6 sic chéng chiu véi
furfural la huéng nghién clru rat dang dugc chu y. Trong bai
bao nay, nam men Blastobotrys adeninivorans XE1, mot
gidng nim men duogc phéan 18p tir 14 tra 1én men, c6 the su
dung nhiéu ngudn carbon [16], s& duoc khao sat vé kha ning
1én men duong glusoe va xylose thanh ethanol va strc chdng
chiu véi chét tre ché furfural, hudng dén dung lam vi sinh vat
chuyén hoa duong thanh ethanol trong san xuat ethanol thé
h¢ hai.

2. NOQI DUNG
2.1 Vit liéu va phuong phap

Giong nim men , ,

Vi sinh vat dugc ding dé khao sat kha nang chuyén héa
duong glucose va xylose thanh ethanol sinh hoc va chéng
chiu furfural doc t6 1a ndm men B. adeninivorans XE1 [16].
Nam men dugc trai trén moéi truong thach YM gom 10 g/L
glucose, 5 g/L peptone, 3 g/L yeast extract, 3 g/L malt extract
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Q)

va 15 g/L agar (dugc diéu chinh pH khoang 5 bang HCI va
hép khtr trung trude khi dugce do dia dé ngudi) va dat vao ta
nuoi 30°C trong 48 h, sau d6 dugc bao quan & nhiét do 4°C
trong vong 30 ngay. Moi truong nhan gidng nim men 1a binh
thuy tinh 100 ml c6 chira 50 ml moi truong YM long khong
chtra agar, duoc diéu chinh pH khoang 5, co ntt day va dugc
hap khir tring va lam ngudi trude khi ciy nhan _giong nam
men. Dung que cay tron 1ay 1 mau dau que day nam men cay
vao binh nhan giong va nudi ¢ tu nudi 30°C, toe do 1ac 120
vong/phut. Sau 36 gid nudi nhan giong, nong ¢6 nam men
khoang 108 CFU/ml.

Héa chit )

Cac hoa chét duge dung trong nghién ctru nay do Merck,
DBrrc san xuat.

BG tri thi nghi¢m o

B¢ khao sat kha nang chuyén do6i duong glusoe va xylose

thanh ethanol va chdng chiu véi chat wre ché furfural ciandm
men B. adeninivorans XE1, cac thi nghiém véi cac ndng do
glucose, xylose, furfural duoc bd tri nhu bang 1.
Bing 1. Bé tri thi nghiém
Thanh phin

20 g/L glucose
5 g/L peptone
3 g/L yeast extract
10 g/L xylose

5 g/L peptone

3 g/L yeast extract

20 g/L glucose
10 g/L xylose
E3 5 g/L peptone
3 g/L yeast extract
1 g/L furfural

A
Nam men

LAy li tim 1 ml moéi
trrong nhan gibng
sau 36 h nudi ndm
men B.
adeninivorans XEl,
sau d6 db boé phin
long bén trén, chi léy
phin ling bén dudi
dua vao binh thi
nghiém

20 g/L glucose
10 g/L xylose

5 g/L peptone

3 g/L yeast extract

2 g/L furfural

20 g/L glucose

10 g/L xylose

5 g/L peptone

3 g/L yeast extract

3 g/L furfural

Cac mdi trudng thi nghiém dugc chuan bi véi thanh phan

nhu Bang 1, duoc diéu chinh pH khoang 5. Sau d6 1dy 50 ml
mdi méi trudng cho vao cac binh thay tinh 100 ml ¢6 niit day
va hap khir tring, 1am ngudi trude khi cdy nAm men. Cac thi
nghiém 1én men dugc thyc hién & ta nudi 30°C, toc d¢ lic
120 vong/phiit. Sau mdi 3, 6 hay 12 gid nudi, mau sé& duoc
lay dé phan tich. Mdi thi nghiém déu duoc thyc hién lap lai.

Phdn tich va tinh todn

Nong d6 glucose, xylose, xylitol, ethanol va furfural dugc
do dac bang may sic ki léng hiéu ning cao (High-
performance liquid chromatography - HPLC) st dung cot
phan tich duong Shodex SHI1011, dau do RI, L — 3300
(Hitachi Ltd., Nhat Ban). Cac phan tich dugc thyc hién 3 lan.

Hiéu suét tao ethanol ciia ndm men B. adeninivorans XE1
dugc danh gia dya trén ti s6 giira nang suét ethanol thyc té
va li thuyét. Theo phwong trinh phan {mg tao ethanol tir
duong glucose va xylose, niang suat li thuyét 1a 0,51 g
ethanol/g dudng glucose hodc/va xylose bi tiéu thu. Nang
suat thuc té 1a lwong (g) ethanol sinh ra/g duong glucose
hodc/va xylose bi tiéu thu [15,17].
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2.2 Két qua va thio luin

Sw chuyén doi glucose va xylose thanh ethanol béi nim
men B. adeninivorans XE1

Thinghiém E1 va E2 dugc thyc hién nham khao sat kha
ning tao ethanol tir dudng glucose va xylose ctia ndm men
B. adeninivorans XE1. Hinh 1 cho thay B. adeninivorans
XE1 c6 kha niang st dung ca duong glucose va xylose
chuyén thanh ethanol.
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Hinh 1. Kha nang chuyén doi glucose va xylose thanh ethanol
boi nam men B. adeninivorans XE1

Trong méi trudng 1én men véi co chat 1a glucose (Hinh 1.
E1), ndm men nhanh chong str dung glucose va chuyen thanh
ethanol. Sau 24 gio cay nudi, ndm men da st dung hét 20,03
g/L duodng glucose va ndng do ethanol cao nhét dat duoc la
7,21 g, nang suét 0,36 g ethanol/g glucose, hi¢u suét 71%.

Déi véi moi truong 1én men voi co chat 1a xylose (Hinh 1.
E2), tuy c6 chdm hon so v6i glucose nhung nam men B.
adeninivorans XE1 ciing da st dung hét 9,93 g xylose trong
vong 30 gi¢ sau khi cdy nu6i va tao ra nong do ethanol cao
nhat dat 2,06 g/L ethanol, ning suit 0,21 g/L, hiéu sudt 41%.
Trong moi trudng 1én men véi co chat xylose, ngoai ethanol
con thu duge 1,97 g xylitol. Day la san phdm phu trung gian
rat dang quan tdm cta qua trinh trao doi, chuyen hoa cac chit
cliia nam men tir duong xylose. Xylitol ratco ynghia vé dugc
pham nén c6 thé nghién ciru siu thém tinh chat nay ciia nAm
men B. adeninivorans XE1.

Hiéu suét san xuét ethanol cta vi sinh vét san xuét ethanol
n6i chung va ndm men B. adeninivorans XE1 néi riéng
khong dat 100% bai mot phan duong da duoc vi sinh vat sir
dung cho su phat trién sinh khoi va tao mot sb san ph?im phu
khac [12]. Hinh 1 con cing c¢d thém mot dic diém khéc ¢ cac
vi sinh vét ¢6 thé 1én men ddng thoi duong ca xylose va
glucose 1a téc do va hiéu suat 1én men tir dudng glucose cia
sinh vét cao hon tir duong xylose vi sy hinh thanh cham ATP
trong qua trinh trao d6i chat ciia vi sinh vat tir duong xylose
[18].
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Sikc chéng chiu furfural ciia ndm men B. adeninivorans
XE1

Stc chéng chiu furfural cua nim men B. adeninivorans
XEl1 Vdu’(;g: thuc hjén bang 3 thi nghiém E3, E4 va E5. Hinh 2
s€ bicu do hoa ket qua thi nghiém E3 va ES.

E3
30 12
—&— Xylose
25 —&— Xylitol 11
—k— Ethanol —~
~ =
= 20 08 &b
2 =
< )
= 15 06 &
2 &
<O <
Z 10 ‘04 o]
on
=
<O
5 02 ‘7
0 0
0 6 12 18 24 30 36
ES
30 35
—— Glucose —W— Furfural
25 —8— Xylose 13
Y | —¢— Xylitdl
—— Ethanol ~
_ 125
= 20 2
= =
- 12 §
E?D 15 &
= 41155
Rt =y
210 ¢ | =
/ 1 =11}
=
Z
ar 05
on—aggt/ 0
0 6 12 18 24 30 36

Thoi gian (gio)
Hinh 2. Sitc chong chiu furfural ciia ndm men
B. adeninivorans XE1

Trong cic thi nghiém nay, nAm men dugc nudi ciy trén
moi trudng nhan tao hdn hop gom glucose, xylose va furfural
vi ddy 14 cac thanh phan chu yéu trong san pham thiy phan,
dic biét 1a thay phan bang hoa chét vat liéu lignocellulose.
Stc chdng chiu furfural cia nAm men B. adeninivorans XE1
6 thi nghiém E4 tuong tu E3 nén khong duoc thé hién bé“mg
dd thi. Hinh 2 cho thay khi trong méi truong c6 sy hién dién
ctia furfural, nAm men da phan huy furfural tru6e khi sir dung
glucose va xylose de chuyén thanh ethanol. Py la déac tinh
chung ciia nhiéu nam men va néu furfural nam trong gidi han
strc chiu dyng cta ndm men, furfural s& duoc chuyén héa
thanh furoic acid trong méi truong hiéu khi hoac furfuryl
trong moi truong ki khi [10]. Hinh 2 ciing cho thay khi ting
ndng o furfural tir I g/L dén 3 g/L da anh huong dén toc do
phan huy furfural (mat nhiéu thoi gian hon) va qua trinh tao
ethanol ctia ndm mem B. adeninivorans XE1 ciing cham hon
(sau 12 gio nudi cay). Tuy vay, cudi thi nghiém E3 va ES,
két qua tao ethanol twong tu nhau (E3: 9,25 g/L ethanol,
60%; E5: 8,87 g/L ethanol, 58%). Ngoai ra, san pham phu
xylitol cling dugc tao thanh tir qua trinh tao ethanol tir dudng
xylose ¢6 trong hdn hop. Nhu da dé cap tir dau, trong dung
dich thity phan bang hoa chat vat ligu cellulose trong cac
nghién ciru thanh cong vé san xuit ethanol thé hé hai, nong
d6 furfural khoang 0,9 g/L. Do @6, ndm men B.
adeninivorans XE1 trong nghién ciru nay chiu dugc ndng do
furfural 3 g/L furfural nén dugc xem 1a c6 stc chéng chiu
v6i doc to furfural, thich hgp ding lam tic nhan chuyén hoa
sinh hoc cho qua trinh sdn xuét ethanol sinh hoc thé hé hai.

3. KET LUAN

Nam men B. adeninivorans XE1 c¢6 thé chuyén hoa ca
duong glucose va xylose thanh ethanol véi hi¢u sudt 58%
trong moi truong goém 3 g/L furfural, 20 g/L glucose, 10 g/L
xylose nén la vi sinh vat tiém nang cho san xuét ethanol sinh
hoc thé hé hai. Tuy nhién, day chi méi 1a két qua nghién ctu
trén moi truong nhan tao. Do d6, can cd nhitng nghién ciru
sdu hon, cu thé hon vé co chét that (san pham thity phéan tir
vat liéu lignocellulose) ciing nhu dbi chimg, so sanh kha
ning chuyén héa dudng glucose va xylose ciing nhu st
chéng chiu furfural cua mot s6 vi sinh vat khac trong cling
diéu kién nu6i cly dé co thé Iya chon, danh gia kha nang img
dung nam men ndy vao qua trinh san xuat ethanol sinh hoc
thé hé hai.

4. LOI CAM ON

Nhom tac gia xin cam on Vién Cong ngh¢ Tokyo, Nhat
Ban d3 hd trg vé giéng nim men va thiét bi k¥ thuat dé thuce
hién nghién ctru nay. Nhom tac gia cling xin cam on truong
dai hoc Lac Hong da tao diéu kién vé tai chinh dé nhom tac
gia c6 thé hoan thanh nghién ciu.
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