TAP CHi CONG THUONG - CAC KET QUA NGHIEN CUU KHOA HOC VA UNG DUNG CONG NGHE

NGHIEN CUU CAC PIEU KIEN TIEN XU LY
NGUYEN LIEU BANG ENZYME TRONG QUA TRINH
TACH CHIET CELLULOSE TU THAN CAY CHUOI
SAU THU HOACH

PO TRONG HUNG' - NGUYEN THUY LINH' -
NGUYEN HOANG PHI' - LUONG THI NHU HOA"
Vién Cong nghiép thuc pham
Food Industries Research Institute
*Email: hungdt@firi.vn

Ngay nhén bai: 25/5/2026
Ngay stra bai: 12/6/2026
Ngay duyét dang bai: 27/6/2026

Tém tit:

Nghién ciru nay nham xdc dinh cdc diéu kién tién xir 1y thich hop bang enzyme trong qud trinh tach chiét
cellulose tir than cdy chudi sau thu hoach. Nguyén liéu than chuéi dwoc xit Iy bang hé enzyme nham logi
b6 cdc thanh phan hemicellulose, lignin va pectin, tir dé ndng cao ham leong cellulose trong ché pham
thu dwoc. Piéu kién thich hop tién xir Iy nguyén li¢u dwoc xac dinh cu thé nhu sir dung két hop hai enzyme
laccase va xylanase véi nong dé méi loai 0,3% (so véi co chat), nhiét dg xir Iy 50°C, thoi gian 2,5h cho
két qua ché pham cellulose c¢é d@é tinh khiét trén 95%. Nghién ciru gép phan dé xudt quy trinh tién xik 1y
sinh hoc than thién méi truong, cé tiém ndng vng dung trong sdan xudt cellulose tir phy pham néng nghiép.

Tir khéa: cellulose, than cdy chudi, tién xir Iy enzyme, lignocellulose, laccase, xylanase.

Research on enzymatic pretreatment conditions for cellulose extraction from
postharvest banana pseudostems

Tom tat:

This study determines suitable enzymatic pretreatment conditions for extracting cellulose from postharvest
banana pseudostems. The material was treated with enzymes to remove hemicellulose, lignin, and pectin,
thereby increasing the cellulose content of the resulting preparation. The findings show that a combination
of laccase and xylanase, each at a concentration of 0.3% relative to the substrate, provides the most
effective pretreatment. Treatment at 50°C for 2.5 hours, followed by alkaline extraction, produced a
cellulose preparation with a purity exceeding 95%. The combined enzymes exhibited a synergistic effect by
disrupting lignin and hemicellulose structures and improving chemical accessibility during extraction. The
study proposes an environmentally friendly biological pretreatment process with potential applications in
producing high-purity cellulose from agricultural by-products while contributing to biomass valorization
and circular agricultural development.

Keywords: cellulose, banana pseudostem, enzymatic pretreatment, lignocellulose, laccase, xylanase.
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1. Pit van dé

Viét Nam 1a qubc gia c6 nén nong nghiép da dang cy trong, trong do cdy chudi duoc trong phd bién
trén nhiéu vung sinh théi khac nhau. Sau thu hoach, phﬁn than cay chudi thudong bi loai bé hodc chi dugc
sir dung v6i gia tri thip nhu 1am thirc an gia stic hodc phan bon. Pidu nay khong chi gy lang phi ngudn tai
nguyén sinh khéi doi dao ma con gay 6 nhiém moéi truong néu khong duge xir Iy hop 1y. Than cay chudi
(banana pseudostem) 1a mot trong nhirng ngudn sinh khéi giau lignocellulose, chira ham luong cellulose
dang ké, chiém trén 50% trong sinh khéi (Badanayaka et al., 2023); Li et al., 2015), mt nghién ctru khac
con cho thay cellulose trong than chudi sau thu hoach chiém 1én t&i 74,37% (Iliyin et al., 2020). Sau thu
hoach, phan 16n than chubi bi loai bo, chiém t6i 80-90% tdng sinh khdi cay, gdy lang phi tai nguyén va
tiém an nguy co 6 nhiém moéi trudng (Nascimento et al., 2023). Vi viy, viéc tan dung ngudn nguyén liéu
nay dé san xuit cellulose c6 y nghia quan trong trong phat trién kinh té tudn hoan va giam thiéu chat thai
ndng nghiép.

Cellulose 1a polysaccharide ty nhién phd bién nhét trong tu nhién, dong vai trd quan trong trong ciu
tric thanh té bao thyc vat va c6 nhiéu tmg dung trong céng nghiép thuc pham, dugce pham va vat lidu sinh
hoc. Trong linh vuc thuc phim, cellulose va cac dan xuit cia n6é nhu carboxymethyl cellulose (CMC)
duoc st dung rong rai nhu phu gia nho kha nang tao cAu trtc, 6n dinh nhii twong va cai thién cdm quan san
pham. Tuy nhién, ngudn cellulose truyén thong dang c6 xu hudng thay thé tir phu pham ndng nghiép la can
thiét (Ardila et al., 2024). Ngoai ra, cellulose tir than chubi con duoc ing dung trong san xuit mang sinh
hoc phan huy sinh hoc, gop phan thay thé vat liéu nhua trong bao géi thuc pham (Sachcha et al., 2024).

Mot sb phuong phap tach chiét cellulose tir than cy chudi da duoc nghién ctru, trong d6 phd bién nhit
1a phwong phap hoa hoc sir dung dung dich kiém (NaOH), axit hodc chit oxy héa nhim loai bo lignin va
hemicellulose. Viéc img dung cac k¥ thuét hd tro tién xir Iy nguyén liéu, trong d6 co sir dung enzyme gitp
tang hiéu qua tach chiét, rat ngén thoi gian xtr 1y va giam lugng hoa chat sir dung trong qua trinh tach chiét
thu dwoc ché pham cellulose c6 do tinh khiét dugc ning cao dang ké (Ardila et al., 2024). Nhom nghién
ctru cuia Lou (2022) da ding enzyme cb dinh xylanase va laccase dé xir Iy so bo than cay ngd, sau do tach
chiét cellulose bang phuong phap axit-bazo, két qua giup cai thién dang ké hiéu qua tach chiét cellulose.
Do tinh khiét ciia ché phdm cellulose chi thu duoc bang phuong phap axit-bazo dat 85,46%, trong khi
cellulose thu duogc béng enzyme dat 96,72% (Lou et al., 2022). Nascimento et al. (2023) ciing cho théy,
cellulose thu dugc tir phuong phap enzyme c6 d6 két tinh cao va tinh 6n dinh nhiét tot, mic du hiéu suit
c6 thé thap hon so v6i phuong phap hoa hoc (Nascimento et al., 2023).

Nghién ctru ndy nham xac dinh cic thong sd thich hop cua qua trinh tién xur Iy nguyén liéu bang
enzyme va tach chiét cellulose. Két qua cuia dé tai mong mudn dong gop giai phap tmg dung céng nghé
sinh hoc trong qua trinh tach chiét cellulose tir sinh khdi chudi gép phan mé ra huéng tng dung hiéu qua
ngudn phu phim ndng nghiép, nang cao gia tri kinh té va bao vé moi trudng.

2. Vit liéu va phuong phap nghién ctru

2.1. Vit liéu nghién ciru

Than chudi dugc thu gom tir cac noi trong chudi ¢ khu vic ven song Hong - Ha Noi. Loai bo nhfmg
phan be hong, kho. Bam nhd, xtr [y ngdm ngay trong dung dich axit CltI‘lC 0,3% trong 15 phut dé chong
bién mau nau, sau d6 ly tdm loai bo nudc thu ba am. Ba than chudi duge sy kho & 70-75°C dén do am <
10% lam nguyén li¢u thi nghiém.

Hoa chat: Enzyme laccase dang 1ong c6 hoat lyc > 1000 LAMU/g dugc tong hop béi chung Aspergillus
sp, xylanase dang bot ¢ hoat luc > 2500 units/g dugc tong hop boi ching Aspergillus oryzae, pectinase
dang long c6 hoat lyc > 3,800 units/mL duoc tong hop boi ching Aspergillus aculeatus, NaOH, H,SO,
98%, HCI, axit acetic glacial, axit nitric, anthrone, avicel PH-101 (Sigma, Merck).
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2.2. Phwong phdp nghién ciru

2.2.1. Phuwong phap phan tich

Phuong phap phan tich ham lugng cellulose theo phuong phap Updegraff (Updegraff, 1969): Cellulose
tac dung v6i hdn hop axit acetic/nitric sé tao thanh cellodextrins acetylate hoa tan va tiép tuc bi thity phan
thanh glucose dudi tac dung cua H,SO, 67%. Glucose s€ bi khir thanh hydroxymethyl furfural, tao ra phuc
mau xanh khi phan tmg vé6i anthrone. Str dung may do quang phd UV-Vis & bude song 630nm dé tinh duoc
ham lugng cellulose trong mau dya vao duong chuan ciia ndng do cellulose (Avicel PH-101).

2.2.2. Phuwong phap cong nghé

Nghién ctru khao sat anh hudng clia enzyme tién xir Iy nguyén lidu trong qua trinh tach chiét cellulose:
Nguyén liéu duge bd sung nudce voi ty 18 nguyén liéu/dung dich 1a 1/20. B sung enzyme laccase, xylanase
va pectinase riéng biét hodc co su két hop cia cic enzyme véi ty 18 c¢b dinh (so v6i co chit). Phan tng
enzyme dugc thuc hién ¢ 50°C trong thoi gian 2 gio. Két thuc xir Iy enzyme, bd sung NaOH sao cho ndng
d6 dung dich NaOH 2%. Tién hanh xir Iy mau & 80°C trong 2 gi¢. Két thuc qua trinh tach chiét, miu duoc
loc rira va say kho ché pham cellulose. Két qua thi nghiém dugc danh gia bang ham luong cellulose trong
ché pham. Thi nghiém duoc thyc hién 3 1an va lay két qua trung binh.

Nghién ciru xac dinh cac diéu kién tién xur Iy nguyén liéu thich hop bang enzyme trong qua trinh tach
chiét cellulose: Cac diéu kién duoc thir nghiém 13 ndng do enzyme, nhiét &6 va thoi gian tién xur 1y nguyén
lidu. Nguyén liéu duoc bd sung nudc voi ty 18 nguyén lidu/dung dich 1a 1/20. Mdi diéu kién thi nghiém
duoc khao sat thi cac diéu kién khac duoc cb dinh. Két thac xu 1y enzyme, bd sung NaOH sao cho néng
d6 dung dich 2%. Tién hanh tach chiét cellulose & 80°C trong 2 gio. Két thiic thoi gian tach chiét, mau
duogc loc rira va sdy kho ché pham. Két qua thi nghiém duoc danh gia bang ham lugng cellulose trong ché
pham. Thi nghiém duoc thue hién 3 1an va 1iy két qua trung binh.

3. Két qua va thao luan

3.1. Nghién citu dnh huwéng ciia enzyme thich hop tién xir Iy nguyén liéu

Enzyme laccase, xylanase va pectinase dugc ing dung dé phan huy lignin va hemicellulose nhim
pha v& ciu trac thanh té bao thuc vat, ting kha ning tiép can hoa chit véi lignocellulose trong qua trinh
tach chiét. Do vdy, thi nghiém nay nham xac dinh dugc enzyme thich hop nham tiang hiéu qua tach chiét
cellulose bang NaOH. Trong thi nghiém nay, bot than chudi kho duge bd sung nude sach vai ty 1¢ nguyén
lidu/dung dich = 1/20. Tién hanh tién xt Iy bang cac enzyme khac nhau v6i ndng do 0,1% tai 50°C trong
2h. Két thiic xir Iy enzyme, bo sung NaOH sao cho ndng d6 dung dich NaOH 2%. Téch chiét cellulose &
80°C trong 2 gio. Két thic, miu cellulose dugc loc rira thu va siy kho ché pham. Két qua thi nghiém duoc
thé hién qua Bang 1.

Bang 1. Anh hwéng ciia enzyme tién xir Iy nguyén li¢u trong qua trinh tich chiét cellulose

T
1 Déi chirng 63,62 + 1,21
2 Laccase 80,12 £ 1,13
3 Xylanase 76,48 £ 1,25
4 Pectinase 70,17 £ 1,24

Két qua thi nghiém cho thay, enzyme laccase c6 tac dung hd tro tach chiét cellulose tdt nhat, tiép
theo 1a xylanase va pectinase. Laccase c6 kha ning oxy hoa khir pha v lién két cua lignin bao boc thanh
té bao thyuc vat, gitp hoa chit NaOH duoc tiép xtc tot hon 1am hoa tan d& dang cac thanh phan nay 1am
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tang d6 tinh khiét cellulose ctia ché pham. Trong khi d6 xylanase va pectinase kho tiép xtic hon do sy ngin
can ctia thanh ligin nén hiéu qua thuy phan kém hon gy kho khian NaOH tiép xtic dé tach chiét cellulose.
Tuy nhién, sy tic dung hiép dong cia cac enzyme ciing 1 yéu t6 cAn nghién ctru tiép.

3.2. Nghién ciru anh hwong ciia sw két hop cdc enzyme tién xir Iy nguyén liéu trong qud trinh tich
chiét cellulose

Thanh té bao thuc vat dugc cu thanh tir da dang cac thanh phﬁn, do d6 sy hiép déng cac enzyme co
chtrc nang khac nhau giup thuy phan nhanh céc thanh phan tao diéu kién cho phan tng tiép theo. Trong thi
nghiém nay, nguyén liéu bot than chudi duge bd sung nudc véi ty 1¢ nguyén ligu/nude = 1/20 va tién xir
1y bang két hop céc loai enzyme laccase, xylanase va pectinase véi ndng dd enzyme mdi loai 0,1% (so v&i
co chat). Piéu kién xtr 1y ¢ 50°C trong 2h. Két thic xur Iy enzyme, bd sung NaOH sao cho nong d6 dung
dich NaOH 2%. Tach chiét cellulose & 80°C trong 2 gio. Mau tach chiét cellulose dugc loc rira thu va say
kho ché pham. Két qua thi nghiém dugc thé hién qua Bang 2.

Bang 2. Anh hwéng ciia s két hop cac enzyme tién xir Iy nguyén li¢u trong qua trinh tach chiét

cellulose
STT Két hop enzyme Ham Iwong cellulose (%, tinh theo chat kho)
1 Laccase + Xylanase 85,82+ 1,14
2 Laccase + Pectinase 80,18 £ 1,07
3 Xylanase + Pectinase 77,36 £ 1,15

Két qua thi nghiém trén cho thiy, su két hop 2 enzyme laccase va xylanase cho két qua hd tro tach chiét
cellulose tot nhat. Enzyme laccase co tic dung pha v& lién két lignin thanh té bao do d6 enzyme xylanase
c6 tac dung thily phan thanh phan xylan trong hemicellulose tot hon. Do d6, dudi tac dung cta kiém lam
hoa tan tét hon cac thanh phin nay lam d6 tinh khiét ctia ché pham cellulose cao hon.

3.3. Nghién ciru anh huwéng nong dp enzyme thich hop tién xir Iy nguyén liéu

Enzyme laccase va xylanase dugc tng dung dé phan huy lignin va hemicellulose nham pha v& ciu tric
thanh té bao thyc vat, taing kha nang tiép can cia NaOH trong qua trinh tach chiét cellulose. Thi nghiém
nay nham xac dinh néng do enzyme tién xir Iy nguyén liéu thich hop trong qué trinh tach chiét cellulose.
Nguyén liéu bot than chudi duoc bd sung nude sach vai ty 18 nguyén liéu/dung dich = 1/20. Tién hanh xir
1y enzyme véi cac ty 16 khac nhau & 50°C trong 2h. Két thuc xir 1y enzyme, bd sung NaOH sao cho ndng
d6 dung dich NaOH 2%. Tach chiét cellulose & 80°C trong 2 gio. Két thuc tach chiét, mau duogc loc ria
thu va say kho ché phdm. Két qua thi nghiém duoc thé hién qua Bang 3.

Bang 3. Anh hudng ciia nong dd enzyme tién xir Iy nguyén liéu trong qua trinh tich chiét cellulose

Néng do Nong dé laccase (%)
xylanase (%)
0,1 0,2 0,3 0.4 0,5
0,1 85,27 + 1,02 87,15+ 0,83 88,57 + 0,62 89,12 + 0,36 89,53 + 0,47
0,2 87,46 + 0,82 89,25 + 0,57 91,36 + 1,02 92,36 + 0,58 92,85 + 0,63
0,3 88,65+ 1,15 92,37 + 1,38 95,76 + 0,56 95,78 + 0,56 95,73 + 0,59
04 87,12+ 0,73 93,28 + 0,48 95,82 + 0,48 95,83 + 0,42 95,78 + 0,82
0,5 87,34 + 1,16 93,47 + 0,82 95,85 + 0,35 95,87 + 0,53 95,81 + 0,57
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Két qua thi nghiém cho thay, véi nong do enzyme laccase 0,3% va xylanase 0,3% tién xir Iy nguyén
liéu giup hoa chat NaOH loai bo cac thanh phan ligin, hemicellulose cho két qua tach chiét cellulose véi
ham luong dat cao va twong dwong véi cac nong d6 enzyme 16n hon.

3.4. Nghién ciru xdc dinh nhiét dj thich hop ciia enzyme tién xir ly nguyén ligu

Moi loai enzyme c6 khoang nhiét do hoat dong thich hop. Thi nghiém nay nham xac dinh dugc nhiét
d6 thich hop cho hoat dong ctia enzyme laccase va xylanase tién xur 1y nguyén liéu nham ting hiéu qua
tach chiét cellulose. Nguyén liéu bot than chudi dugc bd sung nude sach véi ty 18 nguyén liéu/dung dich
= 1/20. B6 sung enzyme laccase va xylanase 0,3% mdi loai (tinh trén co chit). Tién hanh xir 1y & cac nhiét
d6 khac nhau trong 2h. Két thiic xtr Iy enzyme, mau dugc tach chiét cellulose trong dung dich NaOH 2%,
80°C trong 2 h. Loc rira thu va sy kho ché pham. Két qua thi nghiém dugc thé hién qua Bang 4.

Bing 4. Xdc dinh nhiét d9 thich hop ciia enzyme tién xir Iy nguyén lidu trong qua trinh tich chiét

cellulose
STT Nhiét do (°C) Ham lwong cellulose (%, tinh theo chat kho)
1 30 (nhiét d6 phong) 80,13 £ 1,21
2 40 89,25+ 1,05
3 50 95,76 + 0,51
4 60 91,256+ 1,42

Két qua thi nghiém cho thiy, nhiét d6 hoat dong ciia 2 enzyme tién xir Iy nguyén lidu tai 50°C cho
két qua tach chiét cellulose dat cao nhat. O nhiét do 60°C hoat dong ctia enzyme cé chut giam higu qua xir
ly. Dé tién hanh thi nghiém tiép theo, nhiét do tién xir 1y bang enzyme 1a 50°C duoc lwa chon.

3.5. Nghién ciru xdc dinh thoi gian xiv Iy thich hop trong qud trinh tién xiv Iy nguyén liéu bing
enzyme

Thoi gian tién xu 1y qua ngén s€ lam hiéu qua enzyme thép, cAu trac thanh té bao thuc vat chua duge
16ng 1¢o, ddn dén kha ning tach chiét s& han ché. Nguoc lai, thoi gian qua dai gay ting chi phi ning luong.
Do d6, viéc xac dinh dugc thoi gian xir 1y thich hop mang lai cac loi ich nhu t6i da hoa higu qua phan giai
lignocellulose, tao diéu kién thuan loi cho tach chiét cellulose tinh khiét va giam chi phi enzyme va ning
lugng

Trong thi nghiém nay, nguyén lidu bt than chudi duge bd sung nudc sach véi ty 1¢ nguyén liéu/dung
dich = 1/20. B sung enzyme laccase va xylanase 0,3% mdi loai (tinh theo co chét). Tién hanh xur 1y &
céc thoi gian khac nhau tai 50°C. Két thuc xtr 1y enzyme, mau duoc tach chiét cellulose trong dung dich
NaOH 2%, 80°C trong 2h. Loc rira thu va sdy kho ché pham. Két qua thi nghiém duoc thé hién qua Bang 5.

Bing 5. Xdc dinh thoi gian thich hop ciia qua trinh tién xir Iy nguyén li¢u bang enzyme

STT Th&i gian xiv ly (h) Ham lwong cellulose (%, tinh theo chat kho)
1 1 81,32+ 1,51
2 1,5 90,26 + 1,18
3 2 93,62 + 0,65
4 2,5 95,78 + 0,45
5 3 95,83 + 0,52

Két qua thi nghiém trén cho thiy, v6i thoi gian tién xir Iy mau nguyén lidu bang enzyme ¢ 2,5h da cho
két qua tach chiét celulose dat cao twong dwong véi diéu kién 3h. Do vay, lya chon thoi gian tién xu 1y
mau nguyén liéu bang enzyme ¢ 2,5h dé tién hanh thi nghiém tiép theo.
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4. Két ludn

Nghién ciru da xac dinh dugc su két hop hai enzyme laccase va xylanase tién xir Iy nguyén lidu bot than
chudi cé tac dung gitip qua trinh tach chiét cellulose bing NaOH dugc hiéu qua hon. Két qua nghién ciru
cling xé4c dinh duoc cac didu kién thich hop tién xir Iy nguyén lidu bang enzyme laccase va xylanase voi
néng d6 mdi loai 0,3% (so véi co chét), nhiét d¢ xur 1y tai 50°C, thoi gian xtr Iy 2,5h. Ham lugng cellulose
trong ché pham dat trén 95%m

Loi cam on: Nghién ciru nay dwoc sw hé tro kinh phi tiv Pé tai cap Thanh phé Ha Ngi: “Nghién
ciru quy trinh cong nghé tich chiét cellulose va sin xudt phu gia thwe phdm carboxymethyl cellulose
(CMC) tir phu phém cdy chudi sau thu hoach trén dia ban Ha Ni, ma sé: CT03/04-2024-3. Pon vi chii
tri: Vién Cong nghiép thwe pham, B¢ Cong Thuong.
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