Nghién ciru

NGHIEN CUU KHA NANG LOAI BO PHENOL TRONG
DICH TIEN THUY PHAN LIGNOCELLULOSE UNG DUNG
SAN XUAT ETHANOL

Nguyén Thi Phwong Mai
Truong Pai hoc Tai nguyén va Méi truong Ha Noi
Tém tit

Bai bao tdp trung nghién citu vao cdc ky thudt khur doc phenol trong dich tién thiiy
phén ddp iing kha nang lén men san xudt ethanol tir ndm men Saccaromyces cerevisae
4182 ¢ qui mé phong thi nghém véi ty 1é cap giong 10°CFU/ml. Két qua cho thdy, dich
tién thuy phan trudc khi lén men duoc tién hanh logi bé phenol o 37°C. Tai diéu kién
nay enzyme laccase tac dung vao cdc tiéu phan phenol cua lignin cdt cdc lién két Ca-Cp
va lién két aryl-aryl cho kha nang loai bo phenol Ién dén 46,61%, thoi gian thiy phdn
dich dat cao nhat 59%, toc dé phan vmg dé loai bo phenol dat cao nhdt trong 60 phiit.
Emzyme lacccase dirge sit dung dé loai bo phenol ¢ nong dé tir 20 = 120 (IU/g bd mia),
kha nang logi bo phenol dat hiéu qua cao 49,91% + 2,5%, hiéu suat thu hoi ethanol dat
76,27 + 2% ¢ 70 (IU/g bd mia). Nghién citu cho thay, vai tro laccase trong qud trinh thu

nhdn dich thiy phan lignocellulose ¢6 thé lén men phuc vu cho san xudt ethanol.

Tir khéa: Dich tién thuy phan; Lignocellulose; Phenol; Lén men; Ethanol.
Abstract

Study on the possibility of eliminating phenol from pre-hydroyzate of
lignocellulose in producing ethanol

This study focuses on the technique of eliminating phenol from pre-hydrolyzate
to meet the requirement of fermentation to produce ethanol from Saccharomyces
cerevisae 4182 yeast with the concentration of 10° CFU/ml at laboratory scale. The
results showed that before pre-hydrolyzate was used for fermentation, phenol had been
removed at 37°C. In this condition, laccase enzyme acted on the phenol fractions of
lignin to cut Ca-Cp bonds and aryl-aryl bonds resulting in removing of 46.61% phenol.
The longer the hydrolysis, the higher the phenol removal efficiency (up to 59%). The
phenol removal efficiency, however, reached the highest in the first 60 minutes. The
lacccase enzyme was used to remove phenol at 20 +~ 120 1U/g bagasse. The results
indicated that at 70 IU/g bagasse, the phenol removal efficiency was at the highest
efficiency 49.91% + 2.5% and the ethanol extraction efficiency was at 76.27 = 2%. The
study results comfirmed the laccase ‘s role in lignocellulose hydrolyzate extraction for
ethanol production.
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1. Pt van dé

Trong sO céac gidi phap co thé, con

(ngd, san) hodc dudng (cu cai, mia) 1a giai
phap duy nhat hién nay thay thé xing dau

nhién liéu duogc san xuit tir cac nguén
sinh khdi khac nhau hién dang 1a mot
trong nhitng giai phap dang dugc quan
tam. Hién nay, ethanol san xudt tir céc
ngudn nguyén liéu lién quan dén tinh bot

va gilr vai tro quan trong: nang luong tai
tao, gitip cit giam phat thai CO,, dam bao
an ninh nang luong, nang cao thu nhap
cho nguoi lam noéng nghi€p. Tuy nhién,
d6i mat v6i an ninh lvong thuc va han ché
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dat trong lam viée san xuét ethanol tir loai
nguyén liéu thuc phim gip khé khan va
chi 1a giai phap trudc mat [3].

Bioethanol thé hé 2 tir lignocellulose
12 mot san pham tiém nang cia céng nghé
sinh khdi lignocellulose. V&i san luong
I6n cua lignocellulose, bioethanol tur
ngudn sinh khéi ny c6 kha nang dap tng
nhu cau ethanol nhién liéu dé thay thé cho
nhién li€u héa thach dang dan can kiét.
Néu luong sinh khéi nay duoc chuyén héa
thanh duong 1én men dugc, thi sinh khdi
lignocellulose s& 1a mot trong cac ngudn
nguyén liéu quan trong cho muc ti€u san
xuat ethanol ¢ nudc ta néi riéng va trén
thé gi6i n6i chung [4].

Su tao thanh cic chat (e ché trong
qua trinh tién xt 1y ¢6 su khac biét 16n
& cac phuong phép tién xir y khac nhau.
Nhiéu phwong phép loai bo phenol duoc
nghién ctru nham loai bo anh hudng cia
chét rc ché dén qu4 trinh 1én men. Trong
cac bién phap loai bo phenol dugc su
dung thi loai bé phenol cd su két hop
giira laccase va cic yéu tb hoa - 1y duoc
cht ¥ hon ca, gitp cai thién hiéu suat 1én
men ethanol [2].

Xuét phat tir thuc trang trén, nhom
tac gia da tién hanh nghién ciru kha ning
loai bo phenol trong dich tién thiy phan
lignocellulose tmg dung san xuét ethanol
nham danh gi4 hiéu qua loai phenol cua
laccase va kha nang thu hoi ethanol.

2. Poi twong va phwong phap
nghién ciru

2.1. Déi twong va thoi gian nghién ciru

P6i tuwgng nghién ctu: Dich tién
xtr ly, enzyme laccase, nam men S.
cerevisiae 4182

Nghién ctru dugc thuc hién tur thang
5 dén thang 10 nam 2019.

2.2. Phwong phdp nghién cviru

a. Phuong phap xdc dinh hoat do
enzyme laccase voi ABTS [6]
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Dung dich phan Ung enzyme gom:
850ul dung dich dém sodium acetate 0,1
M pH 5, 100 pl ABTS 1mM. U hdn hop
nay & 27°C trong 10 phat. B6 sung 50pl
enzyme. Tron déu hon hop phan Gng so
sanh véi mau kiém chimg sau mdi phut
phan Gng. Phan tng kiém chimg st dung
nude khir ion thay cho enzyme.

Mot don vi hoat do laccase 1a lugng
enzye can thiét dé xuc tac oxy héa 1 pmol
ABTS trong 1 phut & 27°C trong dung
dich dém sodium acetate pH 5.

b. Phwong phap xac dinh ham lwong
ethanol [1]

bPé x4c dinh luong cdn trong dich
sau lén men, trudc tién dich sau 1én men
can dugc chung cat dé tach con khoi cac
thanh phan khac cta dich. Qua trinh chung
cat dua trén nguyén tic vé su bay hoi va
ngung tu cua dung dich. Trong qua trinh
chung cét, con va nudc bay hoi sau d6
duoc ngung tu nhd hé thong sinh han nudc.

Nhi¢t do soi cuia dung dich ethanol
hoa tan trong nudc ti 1€ thuan vai néng do
ethanol. Biét dugc nhiét d6 so6i cua dung
dich can phan tich ta c6 thé tra duoc nong
d6 con twong Gng.

c. Xac dinh ham lwong phenol tong
s6 trong dung dich bang phwong phdp
Folin Ciocalteau [7]

Phuong phap dua trén co s¢ phan iing
tao mau cta thudc tht Folin Ciocalteau
va hop chét phenol trong dung dich.
Trong diéu kién du Folin, cuong do mau
sau phan ung ti 1€ thuan véi ham luong
phenol trong mot pham vi nhét dinh. Biét
dugc mat d quang cua dung dich chua
phenol nghién ciru vé6i thude thir Folin,
dwa vao duong chuan cua axit gallic ndng
d6 0 + 0,75 (mg/ml) v6i thudc thir nay,
tinh dugc ham lugng phenol tong sb trong
dung dich nghién ctru.
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d. Khao sat vai tro khwr doc dich thuy
phdn lignocellulose cua laccase

Pé danh gid hiéu qua khir doc tinh
clia cac chét sinh ra trong qua trinh tién
xr 1i béi laccase, mau tién xtr 1i duge lam
ngudi, diéu chinh t&i pH 4,8 bo sung dém
natri citrate pH 4,8 t&1 150 ml va laccase
0+ 120 (IU/g ba mia), thoi gian phan Gng
0 = 360 phut ¢ nhiét do 30 + 35°C, lic
mau 150 vong/phut. Thuy phan hon hop &
50°C theo ché do tdi wu:

- Endo-glucanase: 31,5 CMCase/g
ba mia;

- Exo-glucanase: 53,61 FPU/g ba mia;

- B-glucosidase: 20,47 CBU/g ba mia.

B6 sung NaSiF, 0,0225g/150ml
dich thuy phan.

Thuy phan ¢ 50°C trong 40,5 gio.

Xac dinh ham lugng phenol trong dich
trude va sau xir i v6i laccase. Mau khong
XU 11 héa-nhiét va khong xur 1i laccase dugc
tién hanh song song lam mau dbi ching.
Hiéu qua xur Ii phenol danh gia bang %
lugng phenol bi loai bd so vdi phenol cd
trong mau trude khi xir If laccase.

Mat d6 té bao ndm men dugc dua vao
dich thay phéan 1a 10° CFU/ml. Cac diéu
kién khac cua qua trinh 1én men: nhiét do
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Nghién ciru

37°C, pH 4,8; thoi gian 72 gio, bo sung cac
chit dinh dudng Uré 0 4g/l; KH PO, 3¢g/1;
MgSO, 3g/l1. Higu sudt thu h01 ethanol
dugc danh gia bang % ethanol thu nhan
dugc so véi ethanol chuyén héa 1i thuyét
tir luong cellulose trong mau ban dau.
Hiéu qua khtr doc cua laccase dugc
danh gia thong qua kha nang khu phenol,
lugng CO, sinh ra va higu suét thu héi
ethanol tir qud trinh 1én men cédc mau voi
chiung nim men S. cerevisiae 4182.

3. Két qua va thao luin

3.1. Anh hwéng ciia nhiét dp t6i kha
nang logi bo phenol cua laccase

Két qua phén tich ham lugng
phenol cling cho thidy ham luong phenol
trong dich tién xu ly héa nhiét rt cao
529,33mg/l (Hinh 1). Pay 14 két qua tac
dong tdi cdu truc lignin cia NaOH trong
qua trinh tién xur 1y, giup phan giai lignin
tao thanh phenol hoa tan trong dich tién
xir 1y. Phenol 1a chét ¢6 doc tinh déi véi
té& bao va vi thé c6 thé ¢ ché hoat dong
clia nAm men, can thiét phai loai bo chat
trc ché qu4 trinh 1én men ethanol sau nay.

Két qua cac thi nghiém st dung
laccase loai bo phenol trong dich tién xir
ly dugc trinh bay trong Hinh 1.

Hinh 1. Anh hwong ciua nhiét dj toi kha nang logi bo phenol cia laccase

1. Mau trude xie Iy, 2. Méu xie Iy véi 60 IU laccase/g ba mia
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Trong thi nghiém nay laccase dugc
dua vao dich tién xir 1y v6i nong do 60
(IU/g bi mia), tién hanh phan (ng trong
thoi gian 2 gio, lac 150 vong/phut, nhiét
d6 thay doi 30 + 50°C. Ham lugng phenol
dugc xac dinh trudc va sau khi xu ly
laccase.

Két qua thi nghiém nay cho thay
laccase ¢ nhiét d§ 37°C co6 kha nang loai
phenol t6t hon va bén hon & 50°C (nhiét
do hoat dong tdi wu cua laccase la 40°C).
Cac gia thuyét da dua ra vé co ché hoat
dong cua laccase khi tac dung vao cac tiéu
phan phenol cua lignin 1a lam oxy hda
ctia Ca, cit cac lién két Ca-CP va lién két
aryl-aryl. Laccase khir mot phan tir oxy
tao thanh hai phan ti nudc khi thuc hién
oxy hoa cac hop chat thom nhu dan suit
cua polyphenol, methoxyl va cdc amin

thom. Qua trinh oxy héa mot dién tir nay
dan dén viéc hinh thanh gbc tu do & vj tri
oxy trung tam, cac géc tu do sau do, dugc
chuyén thanh quinon. Quinon va cic
géc tw do c6 thé tiép tuc bi polyme hda,
két qua 1a trong dich sau thily phan ham
luong chét e ché giam xudng. St dung
enzyem laccase ¢ 37°C duogc st dung cho
cac nghién ctru tiép theo.

3.2. Anh hwéng cia thoi gian t6i
khd ndang khir phenol cua laccase

Laccase dugc bo sung v6i nong do
60 (IU/g ba mia), nhiét do xu ly ¢ 37°C,
toc do lic 150 vong/phit. Ham lugng
phenol trong mau trudc va sau xu ly véi
laccase duoc phén tich ¢ cac thoi diém
khéc nhau tir 0 + 360 phut, két qua biéu
dién trén Hinh 2
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o 40 =
=
- - 40 =
g 30 3
‘«g - 30 ;g’
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Thoi gian xir ly (phut)

=4—Tbc do loai phenol (%) =M=Hiéu qua loai bo phenol (%)

Hinh 2. Anh hwéng ciia thoi gian xiv Iy nhiét t6i hiéu qud loai bé phenol trong dich
thuy phan

Két qua Hinh 2 cho thdy thoi gian
xt ly dich tién thuy phan bang laccase
cang dai hiéu qua xu ly phenol cang cao,
dat t&i 50%, tuy nhién toc do phan ung
loai phenol dat cao nhat trong 60 phut
dau tién 1a 1.72 lan, sang dén 90 phut
tiép theo téc d6 giam nhanh ma hiéu
qua loai phenol, hi¢u qua loai bé phenol
khong cao (Hinh 2). Do dd, thoi gian xu

ly laccase dugc chon la 60 phut cho cac
nghién ciru tiép theo.

3.3. Anh hwéng ciia néong dé laccase
toi kha ndang loai bo phenol trong dich
thuy phan

Enzyme laccase dugc bd sung & cic
nong d6 0 + 120 (IU/g bi mia), thoi gian
60 phut va nhiét do xir Iy 37°C. Két qua
duogc chi ra trong Hinh 3.
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Hinh 3. Anh hwéng ciia nong dp laccase dén khd ning loai phenol trong dich thiiy phén

Két qua Hinh 3 cho thay hiéu qua
khir phenol ting ty 1¢ thuan véi ndng do
laccase, nhung muc d¢ loai phenol tdt
nhat trong khoang 20 + 80 (IU/g bi mia)
tang gap 2 1an, néu ting ndng do laccase
1én cao hon hiéu qua xu 1y phenol thép,
& nong do laccase 120 (IU/g ba mia) chi
dat 55,84% tang 1,1 lan so véi 80 (IU/g
ba mia). Do dd, trong cac nghién ciru
tiép theo laccase c6 thé dugc st dung O
noéng do 20 + 80 (IU/g ba mia) dé xu ly
phenol. O nhiét do 37°C hoat d6 laccase
bén nhung van tdc chi dat tdc do cuc dai
trong thoi gian dau khi ndng do co chat
cao. Do véy, laccase dugc su dung ¢ 60 -
70 1U/g ba mia, nhiét do xu ly 37°C trong
thoi gian phan ung 60 phut dugc sir dung
cho muc tiéu 1én men ethanol.
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3.4. Ddanh gia kha ndang lén men
ethanol tir dich tién xw ly

Pé chimg minh tic dung ciia laccase
trong loai bd chét trc ché cho qué trinh 1én
men, dich sau tién xt i nhiét - NaOH xir li véi
laccase dugc dem thuty phan nho hé enzyme
cellulose thuiy phén lignocellulose: Celuclast
1,5L/betaglucosidase N188: 5U/30U/g ba
mia, bd sung 0.0225g Na,SiF, thuy phan ¢
50°C, pH 4,8 trong 48h. Dich thu dugc cod
bd sung cac chat khoang va nito dam bao
dinh dudng dugc cho 1én men ethanol véi
S. cerevisae ti 1¢ 10°CFU/ml. Panh gia hiéu
qua xtr Iy chat trc ché thong qua hiéu sudt thu
hdi ethanol. Mau kiém chtmg dugc tién hanh
song song va khong sir dung laccase, chi tiét
dugc chi ra trong Hinh 4.

76.27

63

Khoéng xur 1y laccase

Xir 1y laccase 701U/g ba mia

ODPo cbn x 100 (%)
B Hidu suét thu hdi ethanol (%)

Hinh 4. Kha ndng lén men dich thiy phan 1% cellulose sau xir ly voi laccase
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Mau kiém ching (dich tién xir Iy
khong dugc xur 1y véi laccase) 1€n men yéu
(Hinh 4). Nhu véy, trong dich tién xtr Iy ctia
mau kiém chung, su 1én men ethanol boi
nam men bi trc ché. Céc mgu thi nghiém khi
dugc xu ly vdi laccase ¢ nong do tang tir 20
- 80 1U/g ba mia, hiéu qué thu hdi ethanol
tr ba mia thuy phén tang. Néng d9 laccase
70 IU/g ba mia nam trong khoang t6i wru cua
nong do laccase cho xir ly phenol, do vay
dat hiéu qua thu hdi ethanol 16n nhét nho
tdc dung cua enzyme xu ly phenol trong
dich thily phan. Hiéu suat thu hdi ethanol
dat tGi 76,27 + 2 % so v6i mau khong khu
ddc bang laccase, 1én men rat yéu hi€u suat
thu hoi thap hon déang ké (8,03 + 1%). Do
con khi khong xir Iy bang enzyme laccase
la 7 (%), khi c6 mat cua laccase d con thu
dugc ciing tang 1én 63 (%).

Céc két qua khao sat cho thay laccase
c6 thé sir dung dé tach lignin va loai bo
mot phan chat trc ché dich 1én men, ap
dung cho “tién xir ly sinh hoc* nguyén
lidu lignocellulose va khir doc dich tién
xtr ly cho muyc tiéu Ién men bioethanol.

4. Két luan

D3 tién hanh danh gia anh huong cia
nhi¢t d6 t6i kha nang loai bo phenol cua
laccase trong dich tién xur ly bang nhiét -
NaOH (0,1g/g ba mia) ¢ 121°C trong thoi
gian 60 phut ham lugng phenol trong dich
tién xir Iy giam cao nhat & 37°C & nong do
laccase 60 (IU/g ba mla) dat gia tri 282,67%
(giam 1,9 14n) so véi phenol ban déau.

ba xac dinh dugc thoi glan xtr ly dich
tién thiy phén bang laccase xir ly phenol
dat cao nhat trong 60 phut dau tién. Nong
d6 laccase dé xu 1y phenol tot nhit nam
trong dai tir 20 +~ 80 (IU/g ba mia) hi¢u
sudt c6 thé dat téi 50%.

Dich sau thuy phin duoc bd sung
nim men S. cerevisae 4182 ty 1¢ 10° CFU/
ml, hi¢u suit thu hdi ethanol dat 76,27 +2
%, mau khéng,sir dung laccase d¢ loai bo
phenol hiéu suat thu hoi thap hon dang ké
(8,03 £ 1%). Khi ¢6 mit cua enzyme laccase
dd con thu dugc cling tang 1én 63 (%).

Dich tién xu ly dugc sir dung enzyme
laccase lam tac nhan sinh hoc ¢6 kha nang
loai bé dugc phenol dat hiéu suit cao va
dugc phuc vy cho myc dich Ién men san
xudt ethanol.
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