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Tém tit:

Nghién cieu khdo sat kha nang sir dung ld cdy dita (Ananas comosus), mét phu pham lignocellulose, lam
nguyén liéu san xudt bioethanol bang phwong phdp thiyy phdn va lén men dong thoi (SSF). Ld dira khé chiva
40,37+0,32% cellulose, 25,71%0,14% lignin, 17,010,02% dwong khir, 12,69+0,10% am va 1,41%0,04% tro.
Tién xir ly dwoc khao sat voi NaOH va H:SO4 o néng do 1-5%. NaOH 4% dwoc lua chon do kha nang logi
lignin tot hon va it anh hwéng dén cellulose; thoi gian tién xir Iy dwoc chon la 24 gio. Qud trinh SSF sir dung
cellulase va Saccharomyces cerevisiae dioc khdo sdt theo thoi gian, pH, nhiét dg, ty 1é enzyme va ty 1é giong.
Cdc dieu kién duoc lwa chon g(;m thoi gian 48 gio, pH 5,0, nhiét do 37°C, ty l¢ enzyme 5% va ty I¢é nam men
5%. Trong cdc khdo sdt tudn tw, nong do ethanol cao nhdt ghi nhdn la 2,93% tai pH 5,0. Két qua cho thdy,
ld dira khé cé tiém ndng lam nguon nguyén liéu lignocellulose cho san xudt bioethanol, dong thoi cho thdy
tién xir Iy kiém va liea chon diéu kién SSF phit hop la cdc yéu té quan trong doi voi hiéu qua chuyén héa.

Twr khoa: bioethanol, la dira, Ananas comosus, lignocellulose, SSF, Saccharomyces cerevisiae.

Simultaneous saccharification and fermentation of pineapple leaves
(Ananas comosus) for bioethanol production

Abstract:

This study investigates dried pineapple leaves (Ananas comosus) as a lignocellulosic feedstock for bioethanol
production by simultaneous saccharification and fermentation (SSF). The material contained 40.37 = 0.32%
cellulose, 25.71 + 0.14% lignin, and 17.01 + 0.02% reducing sugars. Pretreatment with 1 - 5% NaOH and
H:80+ was evaluated, and 4% NaOH for 24 hours was selected because it provided better lignin removal
while limiting cellulose loss. SSF using cellulase and Saccharomyces cerevisiae was subsequently optimized
for time, pH, temperature, enzyme loading, and yeast inoculum. The selected conditions were 48 hours, pH
5.0, 37°C, 5% enzyme, and 5% yeast inoculum. The highest ethanol concentration recorded was 2.93%. The
findings demonstrate the potential of pineapple leaves as a feedstock for bioethanol production.
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1. Pit van dé

Nhu ciu tim kiém ngudn ning lwong tai tao va tin dung phu phim néng nghiép thuc day cac nghién
cru san xuit bioethanol tir sinh khéi lignocellulose. Khac v6i nguyén liéu giau duong hodc tinh bot,
lignocellulose khong canh tranh truc tiép voi ngudn luong thyc nhung ¢ ciu trac bén do cellulose va
hemicellulose dugc bao boc béi lignin, vi vay can c¢6 budce tién xir 1y trudc thity phan va 1én men.

La cdy dira 1a phy pham phat sinh sau thu hoach. Dir liéu ciia nghién ctru cho théy, 14 dtra kho chua
trén 40% cellulose, ddng thoi ham luong lignin khoang 25,7%, cho thy vira c¢6 tiém ning cung cap
carbohydrate 1én men vira dit ra yéu cau loai lignin truéc qué trinh duong héa. Phuong phap thily phan
va 1én men ddng thoi (SSF) ¢ wu diém 1a glucose sinh ra tir thuy phan duoc ndm men sir dung ngay, gop
phan han ché tc ché enzyme do san pham.

Nghién ciru nay nham khdo sat tic chat va thoi gian tién xir Iy 14 dira, sau d6 xac dinh cac diéu kién
thich hop ctia qua trinh SSF st dung cellulase va Saccharomyces cerevisiae, gdm thoi gian, pH, nhiét do,
ty 1¢ enzyme va ty 1¢ gibng nam men.

2. Vat liéu va phuong phap nghién ciru

2.1. Nguyén liéu va vi sinh vit

Nguyén liéu 1a cdy dira dugc sy kho dén do am khoang 12%, xay nho. S.cerevisiae dugc hoat hoa va
nhan gidng trudc 1én men; cellulase dugc sir dung cho qué trinh thay phan cellulose. Chat dinh dudng corn
steep liquor (CSL) duoc b sung & ty 18 1% trong cac thi nghiém SSF.

2.2. Tién xir ly nguyén ligu

Mau 5 g duoc xir 1y véi H2SOs hodc NaOH ¢ céc néng do 1,2, 3,4 va 5%, ty 1¢ nguyén liéu/dung dich
1:10, trong 24 gid ¢ khoang 28°C va tdc d6 lac 120 vong/phut. Hiéu qua duoc danh gia thong qua luong
lignin tach ra, duong khtr va cellulose. Sau khi lira chon tac chit, anh hudng cua thoi gian tién xir 1y duoc
khao sat.

2.3. Thiiy phén va lén men dong thoi

B4 sau tién xir Iy dugc dung cho SSF véi ty 1€ ba/dich 1én men 1:10. Cac khao sat duoc tién hanh tuan
tu ddi voi thoi gian 1én men; pH 4,0-6,0; nhié¢t d¢ 28-40°C; ty 1¢ enzyme 1-9%; va ty 1€ nam men 1-9%.
Téc d6 lac 1a 120 vong/phit. M&i nghiém thire dugce lap lai 3 1an. Puong khir duge xac dinh bang phuong
phap DNS; cellulose theo phwong phap Kiursher-Hoff. S lidu duge xir Iy bing ANOVA mot yéu t6 vé6i
muc y nghia 0=0,05.

3. Két qua va théo luan

3.1. Thanh phén li diva kho

Ham lugng cellulose 40,37+0,32% cho thdy, 1a dira kho chira ty 1& carbohydrate ddng ké. Tuy nhién
lignin cling chiém 25,7140,14%, c6 thé han ché kha nang tiép can cellulose ctia enzyme; do d6 budc tién
xtr 1y 1a can thiét truéc SSF.

Bang 1. Thanh phén 14 dira khd trudc tién xi 1y

Cellulose (%) bwong khir (%) Lignin (%) Tro (%) Am (%)

40,37 + 0,32 17,01 £ 0,02 25,71 +0,14 1,41 +£0,04 12,69+ 0,10

Nguon: Két qua nghién ciru
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3.2. Lwa chon diéu kign tién xir Iy

Bang 2. Ham hirgng lignin tich ra khi tién xir Iy bing NaOH va H.SO.

Néng d6 (%) NaOH (%) H:S04 (%)
1 17,40 4,24
2 18,63 3,41
3 18,75 3,04
4 20,12 2,92
5 19,41 3,40

Nguon: Két qua nghién ciru

NaOH cho murc tach lignin cao hon ro rét so voi H2SO4 & toan bd dai néng do khao sat; gia tri cao nhat
dat 20,12% & NaOH 4%. V&i khao sat thoi gian, sau 72 gio lugng lignin tich ra gan dat trang thai can
bang, trong khi ANOVA ddi voi duong khir va cellulose khong cho thay khac biét co ¥ nghia theo thoi

gian; vi vay tac gia chon thoi gian ngan 24 gio nham giam thoi gian xi 1y.
3.3. Anh huéng ciia thoi gian SSF
Bang 3. Bién d6i duwong khir va cellulose theo thoi gian SSF

Th&i gian (h) DPwong khir (mg/mL) Cellulose (mg/mL)
0 9,52 £ 2,08 42,14 + 12,80
18 25,49 +4,19 37,49 + 4,92
36 43,52 + 6,68 26,29 + 6,33
48 20,85+ 4,43 10,19+ 4,29
60 20,29 + 2,62 9,16 £ 2,38
72 19,53 + 5,06 8,18 + 2,21

Nguon: Két qua nghién ciru

Do con tang tr 0,23% & 6 gid lén cuc dai 2,65% tai 48 gid, sau d6 giam. Déng thoi, cellulose giam

manh trong giai doan Ién men va duong khu tang trudc khi dugce ndm men tiéu thu. Mat do té bao trong

dich 1én men ciing dat cao nhat quanh 48 gid. Vi vay 48 gio 1a thoi gian SSF thich hop.

3.4. Anh hwong ciia pH va nhigt dp
Do con dat cuc dai 2,93% & pH 5,0. Day ciing 1a diéu kién ma lugng cellulose con lai thap nhat trong
khao sat pH. ANOVA cho thdy anh huéng ctia pH dén duong khir va cellulose ¢6 ¥ nghia (p<0,05), do d6

pH 5,0 dugc lya chon.

Bing 4. Anh hwéng ciia pH dén duong khir va cellulose sau SSF

pH DPwong khir (mg/mL) Cellulose (mg/mL)
4,0 29,18 + 7,59 30,25 + 3,63
4,5 31,61+7,87 32,61+ 3,43
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5,0 26,83 + 2,84 20,56 + 5,67
55 35,96 * 6,46 28,30 + 4,23
6,0 28,36 + 3,88 26,83 +2,84

Nguon: Két qua nghién ciru

Biang 5. Anh hwéng ciia nhi¢t do dén dwong khir va cellulose sau SSF

Nhiét dé (°C) bwong khir (mg/mL) Cellulose (mg/mL)
28 40,25 + 4,47 25,48 + 9,48
32 32,61+3,43 31,60 + 7,87
35 30,16 + 6,95 36,00 + 6,46
37 23,50 + 8,17 28,56 + 3,81
40 25,83 + 7,47 26,83+ 2,84

Nguon: Két qua nghién ciru

O 37°C, do cdn dat 2,72%, cao nhat trong khao sat nhiét do. Két qua phan anh yéu cau dung hoa gitra

nhiét d6 thuan lgi cho hoat dong ctia cellulase va kha nang sinh trudng, 1én men cuia S.cerevisiae. Cac khac

biét vé duong khu va cellulose theo nhiét 3§ c6 y nghia théng ké (p<0,05).

3.5. Anh hwéng ciia ty I¢ enzyme va ndm men

Bang 6. Anh hwdng ciia ty 18 enzyme cellulase

Enzyme (%) DPwong khir (mg/mL) Cellulose (mg/mL)
1 23,85+ 3,20 27,58 + 5,26
3 18,04 + 6,00 26,21 +7,11
5 11,67 £ 2,45 21,56 + 3,03
7 15,62 + 3,88 23,57 £ 1,33
9 18,03 + 4,98 24,83 + 2,08

Nguon: Két qua nghién ciru

Ty 1& enzyme 5% cho do con cao nhét trong khao sat nay (2,33%). Khi ting enzyme 1én 7-9%, mirc
cai thién khong déang ké. Nghién ctru vi vay lya chon 5% nhiam cin bang hiéu qua chuyén hoa va lugng

enzyme su dung.

Ty 1¢ giéng 5% dugc lua chon do d6 con dat mirc cao va lugng duong khir con lai thép nhat trong cac
nghiém thtrc. Khi ting ty 1¢ gidng 1én 7-9%, d6 con khong thay d6i dang ké; lugng té bao cao hon c6 thé

lam tang tiéu thu duong cho sinh khéi thay vi tiép tuc ting ethanol.

Bang 7. Anh hwéng ciia ty 1¢ giong nAm men

Nam men (%)

DPwong khir (mg/mL)

Cellulose (mg/mL)

1

33,71 £ 17,36

17,77 + 1,98

3

27,21 £ 5,39

14,81 + 2,09
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5 17,52 + 10,64 11,42 £ 8,37
7 23,40 £ 9,61 13,51 £ 6,91
9 22,93 + 5,91 16,45+ 1,35

Nguon: Két qua nghién ciru
4. Két ludn
L4 cdy dira trong nghién ctru chira 40,37% cellulose va 25,71% lignin, cho thdy tiém ning st dung
lam nguyén liéu lignocellulose cho san xuét bioethanol. Trong cac diéu kién khao sat, NaOH 4% duoc lua
chon cho tién xir 1y va thoi gian tién xur 1y 24 gid duge sir dung. Céc thong s SSF dugc lua chon gom 48
gio, pH 5,0, 37°C, cellulase 5% va giéng S.cerevisiae 5%. Nong d6 ethanol cao nhét ghi nhan trong chudi
khao sat 1a 2,93%. Két qua la co sé ban dau cho viéc tan dung phu phém 14 dura; cac nghién ciru tiép theo
can t6i wu da yéu t6, danh gia hiéu suét ethanol theo khoi lugng nguyén liéu va khao sat cac ching c6 kha
nang st dung duong pentose ®
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