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TOM TAT

Viéc sang loc, lya chon nhitng vi sinh vat c6 hi¢u suét san xuét ethanol va strc chéng
chiu véi cac tac nhan gy trc ché 1a mot trong nhiing yéu té quan trong trong san xuat
ethanol sinh hoc thé hé hai. Trong moi truong cé sy hién dién cta glucose, xylose va
furfural & cac mirc ndng d6 khac nhau, ba (3) nAm men gdm Saccharomyces cerevisiae
IAM 4125, Saccharomyces cerevisiae YPH 499 va Candida shehatae NBRC 1983
duoc lya chon khao sat kha nang chéng chiu furfural va san sinh ethanol. Thi nghiém
cho thdy, cac ndm men trude tién phan huy furfural, sau d6 méi chuyén cac duong
thanh ethanol. Sy hién dién cua furfural va cac duong ¢ néng dd cao c6 anh huong dén
kha ning san xuat ethanol cia ndm men. O ndng d6 cdy ban dau 1a 107 CFU/mL, nim
men C. shehatae NBRC 1983 cho ndng do ethanol cao nhét 1a 29,54 g/L sau 30 h khi
cdy vao moi trudng gom 2g/L furfural; 70g/L glucose and 35g/L xylose. Ngoai ra, C.
shehatae NBRC 1983 con tao ra xylitol, 13 san pham phu cta qué trinh 1én men tir
duodng xylose. Nhu vay, C. shehatae NBRC 1983 1a ndm men thich hop trong s 3 nim
men cho san xuét ethanol sinh hoc thé hé hai.
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ABSTRACT

Screening and selecting microorgansm with high yield and resistance is one of the most
important tasks for second generation bioethanol production. In medium that presented
glucose, xylose and furfural, three yeasts including Saccharomyces cerevisiae 1AM
4125, Saccharomyces cerevisiae YPH 499 and Candida shehatae NBRC 1983 were
picked to find out the resistance of furfural and ethanol production. The study shows
the yeasts firstly degraded, then converted sugar to ethanol. The presence of furfural
and high initial sugar concentration significantly effected ethanol production of yeasts.
At 107 CFU/mL of inoculated yeast concentration, C. shehatae NBRC 1983 produced
highest ethanol concentration (29.54 g/L) after 30 h from medium that contains 2 g/L
furfural; 70 g/L glucose and 35 g/L xylose. In addition, C. shehatae NBRC 1983 also
produced xylitol, a by-product of xylose-fermenting. Hence, among three yeasts, C.
shehatae NBRC 1983 was the most appropriate one for second generation bioethanol
production.

Avaiable online at: https://js.lhu.edu.vn/index.php/lachong

m JSLHU, Issue 17, May 2024


https://js.lhu.edu.vn/index.php/lachong

Khao sat dic tinh ciia mét sé nam men nham phuc vu san xuat Ethanol thé hé hai

1. Giégi thi¢u

Su phat trién cia déan sb, san xuit va giao thong van tai
1am cho nhu ciu tiéu thu nhién liéu ngay cang ting. Tuy
nhién, véi tbe do st dung hién tai, nhién liéu héa thach hiru
han dugc du doan ring n6 s& can kiét vao cudi thé ky nay (L
2]. Do d6, nghién ctru nhién li¢u thay thé nhu cic ngudn
nhién liéu sinh hoc nhu cén sinh hoc, hydro sinh hoc,... la
muc tiéu cta nhiéu nghién ciru. Tuy nhién, san xuit nhién
lidu sinh hoc thé hé dau tién tir tinh bot dang mau thudn véi
an ninh luong thuc [2, 3]. Do d6, san xuét nhién liéu sinh hoc
thé hé thir hai tir chat thai sinh khdi 1a mot ngudn nhién liéu
thay thé day hira hen dé giam ganh ning vé luong nhién li¢u
hoéa thach dang bi can kiét va giai quyét chét thai sinh khéi
duoc thai ra sau khi thu hoach cac vu mua.

Ethanol sinh hoc 1a mét hop chét dugc quan tdm vi n6 c6
thé duoc su dung trong nhiéu linh vuc: y hoc, thuc phém,
nhién li€u,... La mdt nhién li€u thay thé cho xang tr nhién
liéu hoa thach, xang sinh hoc da dugc chi ¥ cao do nd thai
ra it CO2z hon so véi xang tir nhién li€u hoa thach [4, 5]. Do
nhiing bét loi cua san xuat ethanol sinh hoc thé hé thur nhét
nhu da dé cap, viéc san xuét ethanol sinh hoc thé hé thir hai
tir chat thai nong nghiép giau lignocellulose da duoc quan
tam trong thoi gian gan ddy. Qua trinh san xudt ethanol sinh
hoc thé hé thtr hai bao gdm cac bude chinh 1a thuy phan va
1én men. Qua trinh thuy phan (dudng héa) co thé thu dugc
duong glucose va xylose cliing v6i cac chat trc ché vi sinh vat
khong mong mudn [6-9]. M6t sé phuong phap da dugc tién
hanh dé loai bo cac chit doc hai nay nhu str dung than hoat
tinh hodc voi hoa (kiém hoa) [3, 7]. Tuy nhién, nhiing cach
nay khong chi gay ton kém ma con 1am mét duong do céc co
ché hap phu va/hodc két tiia. Do do, dé chuyén hoa dudng co
thé 1én men thanh ethanol mot cach hiéu qua, viéc lya chon
vi sinh vat c6 ning suét ethanol cao (cho ca glucose va
xylose) va co stic chdng chiu véi chit e ché 1a rit quan
trong.

Trén thuc té, c6 nhiéu loai nAm men c6 thé chuyén hoa
glucose thanh ethanol v&i ning suat cao nhu chiing nam men
Saccharomyces cerevisiae; tuy nhién, ném men lén men ca
xylose va glucose rat hiém va hiéu suit ethanol thap (3,7,
10]. Hon nita, kha nang chdng chiu cac chat tc ché cia mdi
vi sinh vat 1a khac nhau. Kha niang chdng chiu cc chit tc
ché ctia mi vi sinh vét khac nhau giira cac vi sinh vat. Trong
sO cac chat e ché duge tao ra trong qua trinh thuy phan
thong qua chat duong hoa lignocellulosic, furfural dugc coi
l1a daidién [3, 7, 11]. Do d6, bai bao nay sé khao sat kha nang
tao ethanol cuia ba loai nAm men Saccharomyces cerevisiae
IAM 4125, Saccharomyces cerevisiae YPH 499 va Candida
shehatae NBRC 1983, trong méi trudng hdn hop cua xylose
va glucose va xylose, glucose va furfural.

2. N@i dung
2.1 Vit liéu va phwong phap

Nim men va héa chiit

Ba loai ndim men dugc lya chon: Saccharomyces
cerevisiae IAM 4125 (dugc chon trong s6 mot s6 ching S.
cerevisiae IAM, dir liéu khong duoc hién thi trong bai bao
nay), Saccharomyces cerevisiae YPH 499 (duoc chon trong
mdt sO giong S. CereVISlae YPH, dir liéu khong dugc hién thi
trong bai bao nay) va nim men thwong mai 1én men ca dudng
xylose va glucose, Candida shehatae NBRC 1983, dugc duy
tri trén moi trudng YM rén bao gdbm 10 g/L glucose, 5 g/L
peptone, 3 g/L, yeast extract, 3 g/L malt extract va 15 g/L
agar trong 2 ngay ¢ 30°C. Nhan giong nam men dugc chuan

bi bing cach ldy mot vong diy ddu que ciy nim men tir dia
thach cho vao binh 100ml c6 méi truong long YM 50ml. Méi
truong YM long c¢6 cing thanh phan véi moi truong YM ran,
ngoai trir thach. Nut silicon dugc dung dé day binh nudi cdy
va sau d6 dua binh vao tu 4m lic & 30°C, 120 vong/phdt.
Ndng d6 ndm men 1a khoang 108 CFU/ml sau 36 gid trude
khi nui cdy (hinh 1).

Céc hoa chat dung trong nghién ciru dugc cung cip boi
hang hoa chit Wako, Nhat Ban.

Lén men ethanol

Trong lignocellulose, cellulose 1a chu yéu va
hemicellulose chiém khoang mot nira cua cellulose vé khdi
lugng [2, 3]. Do d6, nguoi ta coi rang trong qua trinh thay
phan, glucose thu dugc thudng gap d6i xylose vé khdi luong.
Kha ning san xuét ethanol 6 nong d6 cao va sirc chéng chiu
chat e ché 1a diém can quan tdm trong san xuat ethanol sinh
hoc thé hé thir hai. Chi tiét thi nghiém vé kha nang tao
ethanol ndng d6 cao va stc chdng chiu furfural cia cac loai
nam men duoc chon duoc trinh bay trong bang 1.

Bdng 1. Bo tri thi nghiém

N A Moi truong
STT Thant};églsn mot N4m men nhan giéng
& (sau 36 h)
F1 S. cerevisiae 1
Glucose: 20 g/L 1AM 4125
2 Xylose: 10 g/L S. cerevisiae 1
Peptone: 5g/L YPH 499
F3 Yeast extract: 3g/L  C. shehatae 1
NBRC 1983
F4  Glucose: 70 g/L S. cerevisiae 10
1AM 4125
Xylose: 35 g/L S. cerevisiae
F5  Furfural: 2 g/L ) 10
; YPH 499
Peptone: 5g/L C shehatae
F6  Yeast extract: 3 g/L NBRC 1983 10

PH ctia méi truong 1én men dugc diéu chinh dén khodng
5. Binh c6 thé tich 100ml dwoc cho vao 50ml méi trudng san
xuét ethanol. Sau khi loai bo phan ndi phia trén tir qua trinh
ly tim mot thé tich nhat dinh méi trudng nhéan giéng, phan
ran lang c¢6 chira nAm men dugc cay vao mdi truong 1én men.
Thé tich méi truong trude khi nudi cdy c6 chira nAm men
dugc trinh bay trong bang 1. Qua trinh 1én men dugc tién
hanh & 30°C va lic véi téc do 120 vong/phit trong ti 4m.
Qua trinh san xuét etanol dugc minh hoa nhu hinh 1.

o B B
/‘f@:{%

Hinh 1. Quy trinh sdan xudt ethanol

Phén tich va tinh toan

Céc thong sd thi nghiém cua glucose, xylose, xylitol,
ethanol va furfural dugc do bang sic ky 16ng hiéu ning cao
(HPLC) véi cot Shodex sugar SH1011, ddu do chiét suat RI
(refractive index).

Phuong phap dém khuén lac duoc st dung dé xac dinh
su phat trién ciia nAm men. Thi nghiém dugc thuc hién lap
lai.

Hiéu suét Iy thuyét cua ethanol 14 0,51g ethanol/g xylose
hoic glucose tidu thy duoc 4p dung dé danh gi hiéu qua cua
qua trinh 1én men ethanol, theo phan ting cua xylose hoac
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glucose vai ethanol. Hi¢u suat thuc té cua ethanol 1a luong
(9) ethanol dugc tao ra trén mot g xylose va’hodc glucose
duoc ti€u thu (g/g) [3].

Ning suét ethanol dugc xac dinh bang nong d¢ ethanol
san xudt (g/L) trong 1 gid (h) [3].

2.2 Két qué va thio lusn

Sw tao thanh ethanol ciia cdc ndm men

Hoat dong san xuét ethanol trén moéi truong hdn hop
glucose va xylose cua S. cerevisiae IAM 4125, S. cerevisiae
YPH 499 va C. shehatae NBRC 1983 (thi nghiém tir F1 dén
F3) duoc biéu dién trong hinh 2.
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Hinh 2. Su tao thanh ethanol va xylitol cua cac ném men

Trong sb ba loai nAm men, S. cerevisiae IAM 4125 ¢6
nang suat ethanol cao nhat (ndng do cao nhét 8,26 g/L sau 12
gi0), tiép theo 1a C. shehatae NBRC 1983 (ndng do cao nhat
8,72 g/L sau 18 gid) va niang suat thip nhat 14 S. cerevisiae
YPH 499 (ndng d6 cao nhat 8,47 g/L sau 18 gid). V& hiéu
sudt ethanol tir glucose, S. cerevisiae YPH 499 c6 hiéu suit
ethanol cao nhét (83%) va sau d6 1a S. cerevisiae IAM 4125
(81%). Tuy nhién, xét dén hi¢u suét ethanol tir tong s6 dudng
¢6 thé 1én men ciia glucose va xylose, C. shehatae NBRC
1983 thu dugc san lugng ethanol cao nhit (57%) so véi S.
cerevisiae YPH 499 (55%) va S. cerevisiae 1AM 4125
(54%). Su khéc biét vé hi¢u suét trong truong hop nay co thé
gidi thich rang loai S. cerevisiae dugc goi 1a nAm men lén
men glucose, trong khi loai C. shehatae c6 thé san xuét
ethanol tir ca glucose va xylose [12-15]. Do d6, hiéu suit
ethanol tinh todn cua cac loai S. cerevisiae chi dua trén
glucose cho gié tri cao. Tuy nhién, néu hiéu suit ethanol tinh
cho ca glucose va xylose, C. shehatae ¢ hiéu suit cao hon.
Ngoai ra, xylitol 1 san phim phu cta quéa trinh 1én men
ethanol boi C. shehatae NBRC 1983. Xylitol 14 san pham
trung gian cta con duong chuyen héa xylose thanh ethanol
[3, 7]. San phim phu nay rat dugc quan tdm trong duoc
pham.

Sau khi dat dén nong do ethanol cao nhét (12 gio dbi véi
S. cerevisiae 1AM 4125; 18 gio ddi vai S. cerevisiae YPH
499 va C. shehatae NBRC 1983), néng do ethanol da giam
xudng (hinh 2). Hién tuong nay co thé dwoc giai thich rang
sau khi ndm men tiéu hoa tat ca cac loai duong tiéu thu dé
tao ra ethanol, chung can co chat khac lam thirc an dé phat
trién. Trong truong hop ndy, ndm men da tiéu thy ethanol.
Do d6, mat do té bao ctia nAm men dugc gitt 6n dinh sau khi

thi nghiém dat dugc nong do ethanol cao nhat (hinh 4). Day
1a diém can luu ¥ vi kéo dai thoi gian thi nghiém gay ling
phi thoi gian va lam giam di ethanol dugc tao ra.

Khd ning sin xudt ethanol thé h¢ hai ciia ném men

Trong san xuét ethanol sinh hoc thé hé tht hai tir chét thai
giau lignocellulose bang con dudng dudng héa, can quan tim
dén tinh khang lai chat (rc ché. Furfural 1a mot san pham phu
thity phan khong mong mudn. N6 thuong duge hinh thanh tir
qua trinh phan hiy xylose trong diéu kién nhiét d6 cao va
mMoi trudng axit hodc kiém. Néng d¢ furfural dugc tao ra phu
thudc vao nong do xylose va diéu kién thily phan; tuy nhién,
n6 thudng nhé hon 2 g/L [7]. Nhu d4 biét, hau hét cac vi sinh
vat déu nhay cam véi furfural. Furfural c6 thé anh hudng dén
cac enzym trong chuyén héa carbon trung tdm hodc 1am hong
DNA cuia vi sinh vat. Nhitng chat nay gy ra anh huéng dén
hoat ddng cta vi sinh vat, vi dy, 1én men ethanol trong nghién
ctru ndy. Kha ning chdng chiu cua vi sinh vat dbi voi furfural
khac nhau giita cac vi sinh vét khac nhau [3]. Strc dé khang
ctia vi sinh vat d6i véi furfural ciing khac nhau. Trong moi
treong hdn hop cia thi nghiém F4 dén F6 (bang 1), kha ning
chiu dung furfural cua ca ba loai ndm men 1a hon 2 g/L (hinh

3).
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Hinh 3. Sén xudt ethanol va xylitol ciia ba logi ndm men trong
moi truong co fufural

Khi c6 furfural (2 g/L) trong m6i trudng 1én men ethanol,
trude hét nAm men s& phan huy furfural trong vong 6 gio. Do
su hién dién cuia furfural va néng dd co chat cao, qué trinh
san xudt ethanol bi cham lai (hinh 2 va hinh 3) mdc du mat
d6 ndm men ban dau di tang tir 10° CFU/mL lén 107
CFU/mL (bang 1 va hinh 4). Ning suit ethanol bi giam
nhung khong dang ké. Ndm men S. cerevisiae IAM 4125 cho
nang sut cao 1,19 g/L/h sau 24 gio. C. shehatae NBRC 1983
thu duoc ndng do6 ethanol cao nhit (29,54 g/L) sau 30 gio khi
cdy vao moi truong chira 2 g/L furfural, 70 g/L glucose va
35 g/L xylose. Mic dii ndng d6 ethanol tao ra boi C. shehatae
NBRC 1983 chua dat ky vong vé qué trinh san xuat ethanol
hiéu qua (khoang 40 g/L) [7], nhung so v&i 2 nim men con
lai, C. shehatae NBRC 1983 cho ndng d¢ ethanol cao hon.
Ngoai ra, xylitol 12 san phdm phu tir quéa trinh san xuat
ethanol cta C. shehatae NBRC 1983 (3,53 g/L) nhu d3 trinh
bay ¢ trén. Do do, dé san xuét ethanol sinh hoc thé hé thir hai
tir chét thai giau lignocellulose, trong s6 ba loai ndm men
duoc chon, C. shehatae NBRC 1983 ¢6 nhiéu wu diém hon
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$0 v6i hai loai ndm men con lai. Mot 14n niva, viéc suy giam
ethanol sau khi dat dén néng dd cao nhat dugc thé hién (thi
nghiém F4 - S. cerevisiae IAM 4125). Vi ly do nay, thoi gian
san xuét ethanol (thoi gian phan g hodc thoi gian luu) 1a
mot diém quan trong can luu v dé thu duoc néng d0 ethanol
cao nhét.

Sw sinh truéng ciia ném men

Khi méi truong san xuét ethanol c6 chira furfural & mirc
¢6 thé chiu duoc, su phén huy furfural trudce 1a cach chéng
lai va/hodc vuot qua cac chét trc ché cua vi sinh vat san xudt
ethanol [3, 7]. Axit furoic va furfuryl 1an luot 1a cic san pham
chuyén héa cua qua trinh 1én men furfural ciia qué trinh 1én
men hiéu khi va 1én men ky khi [3]. Trong truong hop nay,
furfural déng vai tro chat nén cho sy phat trién va trao doi
chit ciia ndm men. Diéu nay dugc thé hién bing sy gia ting
mat d6 t& bao ndm men trong nhiing gio dau tién ddi voi qua
trinh 1én men phén hiyy furfural. Tuy nhién, tbc do phat trién
clia ndm men thap hon so voi truong hop khong c6 furfural
trong moi truong 1én men (hinh 4).
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Hinh 4. S phdt trién ciia ndm men trong moi truong san xudt
ethanol

Trong méi trudng khong co thém furfural, sy phat trién
ctia nAm men rt nhanh. M4t do té bao cua céc loai nAm men
nay gan nhu dat gia tri cao nhét trong vong 12 gid. Trong s6
do, S. cerevisiae IAM 4125 c6 mat do té bao cao nhat (Log
mat do té bao vao khoang 9,27). Trong truong hop moi
truong bd sung furfural, nhu da biét, furfural 1 mot chit doc
dbi véi vi sinh vat, mic du ca ba loai nAm men déu c6 thé
phan hay dé vuot qua sy e ché furfural, tc d6 phat trién
clia nAm men di giam so véi truong hop khong thém furfural
vao moi truong. Phai mat 18 gid dé ba loai nAm men cham
dén mat do té bao cao nhét (hinh 4). Do d6, qua trinh san xuét
ethanol ctia ba loai men bi chdm lai. Cu thé, ba nAm men tao
ra nong do ethanol cao nhat sau 24 gio (S. cerevisiae 1AM
4125) va 30 gio (C. shehatae NBRC 1983 va S. cerevisiae
YPH 499). N6 dai hon khoang 12 gi¢ (hinh 2 va 3). Nhu vay,
ndng d6 cao cua furfural va cac duong 1én men c6 anh hudng
dén thoi gian chuyén héa cac duong thanh ethanol.

3. Kétluan

Tim kiém cac vi sinh vt cé trién vong 1a mdt nhiém vu
quan trong dbi voi san xudt ethanol sinh hoc thé hé thtr hai
tir chit thai giau lignocellulose. Khao sat hoat tinh tao
ethanol va kha ning chdng chiu chit rc ché cia ba loai ndm

men: S. cerevisiae IAM 4125, S. cerevisiae YPH 499 va C.
shehatae NBRC 1983, C. shehatae NBRC 1983 cho thiy
ring tat ca cac loai nAm men trén cay déu c6 kha ning khang
furfural cao (2 g/L). S. cerevisiae IAM 4125 ¢6 ning suét cao
nhét. Tuy nhién, C. shehatae NBRC 1983 lai thu dugc nong
d6 ethanol cao nhat (29,54 g/L) sau 30 gid tir moi trudng
chura 2 g/L furfural, 70 g/L glucose va 35 g/L xylose. Mat
khéc, xylitol 1a san pham trung gian thu dugc tir qué trinh san
xuét ethanol ciia C. shehatae NBRC 1983. Nhiing uu diém
ndy cua C. shehatae NBRC 1983 da cho thdy day 1a nAm men
tiém nang trong 3 nim men dwoc khao sat cho san xuat
ethanol sinh hoc thé hé thir hai tir chit thai giau
lignocellulose.
4. Cam on

Nhoém tac gia xin cdm on Vién Cong nghé Tokyo, Nhat
Ban d4 hd trg vé gidng ndm men va thiét bi k¥ thuat dé thuc
hién nghién ctru nay. Nhom tac gia clng xin cam on Trudng
Pai hoc Lac Hong di tao diéu kién vé tai chinh dé nhom tac
gia c6 thé hoan thanh nghién ctru.
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