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Tém tit. V6 qua ca phé 1a mot trong nhimg ngudn phy pham ndng nghiép doi dao ¢ Viét Nam. Trong vo
qué ca phé, cellulose chiém mot ham luong 16n, day 1a thanh phan quan trong trong viéc chuyen d6i thanh
ethanol sinh hoc. Tuy nhién, dé c6 thé chuyen d6i vo qua ca phé thanh ethanol thi trude hét nguyén liéu
nay can phai qua budc tién xtr Iy nham 1am giam luong hgnm va hemicellulose ma van giit lai thanh phan
cellulose. Trong nghién ctru nay, ching nam gdy muc tring Phanerochaete chrysosporium dugce st dung
dé thuc hién qua trinh tién xtr 1y truéc khi qua trinh thity phén va 1én men dién ra. Tai diéu kién d6 am
nguyén li¢u 85%, nhiét do moi truong 35°C, ty I¢ sinh khm/nguyen lidu 1a 1,5%, sau 40 ngay tién xir ly
cellulose giam 20,7%; hemicellulose giam 12,8% va lignin giam 50,2%. Nguyén liéu sau khi tién xir Iy tiép
tuc thuc hién qua trinh thiy phéan boi t6 hop enzyme thuong mai (25 FPU/g Viscozyme Cassava va 34
CBU/g Novozyme 188). Két qua thu dugc ham luong dudng khur va duong glucose trong dich thuy phan
tuong tmg 1a: 13,19 g/L va 5,42 g/L, dong thoi hiéu suat thay phan dat 60 ,23%. Nghién ctru nay chirarang,
chung nam gy muyc P. chrysosporium co tinh tuong thich cao khi phat trién manh trén ngudn sinh khéi vo
qua ca phé dong thoi chiing di tiét ra moi truong mot sé enzyme gitip phan huay sinh hoc cellulose, lignin
va hemicellulose.

Tir khéa: Phanerochaete chrysosporium, tién xir Iy, vo qua ca phé

1. GIOI THIEU

Tién xtr Iy duoc xem 1a bude dau tién va quan trong nhat cua quy trinh san xuét ethanol tir sinh khéi
lignocellulose bai vi théng qua quéa trinh tién xir Iy ma cac polymer carbohydrate trong sinh khdi
lignocellulose bi chuyén doi thanh dang dudng don gian hon trude khi thuc hién qué trinh 1én men tao
ethanol. Viéc chuyén d6i nay thuong duogc thuc hién boi enzyme thay phan. Tuy nhién do tinh chat khdng
ddng nhit va rat phirc tap cua sinh khéi lignocellulose (vi du nhu: d6 két tinh cellulose, mirc d6 triing hop,
do am, dién tich bé mat, mac d6 lién két cua lignin va hemicellulose) nén sinh khéi nay bat budc phai tién
xir 1y trude dé 6 thé didu chinh dugc hoat dong thiy phan ciia enzyme. Ngoai ra, diéu quan trong cia qua
trinh tién xu ly 1a phai 1am giam nhiéu nhét c6 thé luong lignin va hemicellulose ¢ trong nguyén liéu ma
van gir lai cang nhiéu thanh phan cellulose va lam giam do két tinh cua cellulose.

Mot trong nhitng ngudn sinh khdi lignocellulose rat ddi dio va phong pht ¢ Viét Nam d6 13 vo qua ca phé.
V6 ca phé 1a phu phim dau tién thu dugc trong qua trinh ché bién ca ph€ nhan udt va moi nim nganh cong
nghiép san xuat ca ph€ ¢ Viét Nam thai ra moi truong gan 500 nghin tan v6 qua kho. Trong khi d6 toan thé
gi61 udc tinh xap Xi 22 triéu tan vo qua tuoi, 2,4 triéu tan vo nhét va an 8,6 triéu tan vo trau (thoc) [1]. Dé
xu ly ngudn phé phu pham nay doi hoi rat nhleu yéu t6 nhu cong nghé, kinh té va van d& méi truong. Thanh
phan héa hoc chi yéu cua VO qua ca phé bao gom: cellulose (28,6%), hemicellulose (3,8%), lignin (24,2%),
protein tho (8%), duong tong (10,1%) va tro 8,9%. Trong d6, lignin duoc biét dén nhu 1a mot trong nhimg
thanh phan chinh céu thanh nén thanh té bao thyuc vat va tao. Lignin hién dién nhiéu nhat trong tat ca cac
loai than cay gd, chinh vi thé n6 con duoc goi 1a “chat g&” [2]. Lignin trong vo qua ca phé chiém khoang
17,5+20,07%. Trong khi lignin tron rom ra chiém 4 ,65%; lignin trong 13i bap chiém 15%; trong ba mia 12
20% va trong c6 1a 12 + 18% [3, 4]. C6 thé nhan thay rang, ham lugng lignin trong vé ca phé cao hon mét
s6 ngudn sinh khéi lignocellulose twong tu va diéu nay s& 1a mot can trd 1on cho qua trinh tién xt 1y vo qua
ca phé trudc khi thily phan va 1én men tao ethanol.

Cho dén thoi diém hién tai, cic phuong phap tién xir Iy dé loai bo lignin va hemicellulose dd dugc nghién
ctru bao gom: tién xir 1y bang acid, tién xir Iy bang kiém, tién xir 1y bang nd hoi, tién xir 1y bang vi song,
tién xtr Iy bang thuy nhiét hay tién xir 1y bang vi sinh vat. Cac phuong phép tién xtr Iy boi cac tac nhan hoa
hoc hodc nhiét do cao déu co chung nhugc diém d6 la gdy 6 nhiém moi truong, in mon thiét bi, chi phi cao
va san sinh mot s6 chét gy uc ché ndm men. Trong khi do, tién xur ly bé'lng vi sinh vat lai khic phuc duoc
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tat ca cac nhuoc diém cta cac phuong phap tién xir Iy khac nhung ban than no lai cling c6 nhuoc diém la
thoi gian xur 1y lau, hiéu qua loai bo lignin va hemicellulose la chwa cao. Mot sO nghién ctru da chi ra rang
c6 sdu nhom vi sinh vat c6 kha nang phan huy lignin va hemicellulose bao gom vi khuan, nam moc SO cap,
nam Saptain, nam myc mém, Basidiomycetes gdy muc gd (nAm giy muc tring) va cac nim moc thir cap
moc trén go. Trong nhitng nhém trén, nhom c6 kha nang khoang hoa lignin mot cach hiéu qua do la nam
gay muc trang [5, 6].

bé c6 mét s6 nghién ciru sir dung nam muyc tring P. chrysosporium trong viéc tién xir 1y sinh khoi
lignocellulose tmg dung san xudt ethanol. Dlen hinh nhu nghién ctru cua Zeng va cong su (2011) khi nghién
clru qud trinh tlen xu ly lta mi bdi chung nam muc tring P. chrysosporium [7, 8] hodc la t1en xu ly than
ciy bong bang nAm muc trang [9]; sir dung chung P. chrysosporium tién xir ly rom ra [10]; tlen xu 1y than
cay ngo [11] va tham chi 1a trén cay c6 [12]. Tuy nhién, co rat it nghién ctru tién xir Iy bang ndm muyc tring
thuc hién trén vo qua ca phé. Chi c6 mot vai nghién ciru vé san xuat ethanol sinh hoc tir vo qua ca phé.

Chang han nhu nghién ciru cua Shenoy va cong su (2011) da nghién ciu vé qua trinh san xuét ethanol tir
VO qua cd phé bang phuong phap thuy phan boi acid HaSO, 2% [13] hodc mot nghién ctru khac thuc hién
tién xu ly va thuy phén vo trau ca phé bang acid H2SO4 1+5% [14]. Mot trong nhitng nhuge diém 16n cia
mot s nghién clru vé qua trinh san xudt ethanol tir vo ca phé 14 sir dung acid lodng hoidc dam dic dé thuc
hién qua trinh tién xur ly va tham chi 1a qua trinh thuy phén. Diéu nay da phat sinh thém chi phi cho qua
trinh xtr 1y cac hoa chat ton du trong nguyén liéu cling nhu sy phat sinh mot s6 chat {rc ché nim men va
diéu nguy hai hon d6 13 sy 6 nhiém ngudn nudc thai va 6 nhiém mai trudng. Do d6, can thiét phai c6 nhiing
nghién ctru khéac c6 thé khac phuc nhiing nhuoc diém néu trén.

Trong nghién ctru, chung nam muc tring P. chrysosporium duge nhén glong r0i nudi cdy ban ran dé thu
sinh khéi. Sinh khéi ndy dung dé thuc hién tién xir Iy vo qua ca phé nham muc dich lam suy giam ham
luong lignin va hemicellulose. V6 qua ca phé sau khi tién xir 1y tiép tuc thyuc hién qua trinh thily phan nhd
h¢ enzyme cellulase nham muc dich danh gia hiéu qua qua trinh tién xtr 1y thong qua sy suy giam hai thanh
phan trén.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1 Nguyén li¢u

Qua ca phé véi (Coffea robusta) tuoi dugc thu nhén tai xa Pong Drang — huyén Krong Buk — tinh Dak Lak
trong thoi gian tir thang 11 dén thang 12, day 1a thoi diém ma qua ca phé dat d6 chin sau thu hoach. Qua ca
phé sau khi thu hdi s€ cho vao may xat vo dé tach lay vo qua roi sdy kho vo qua nay dén d6 4m 5+8% (nhiét
do siy 60°C, thoi gian 12 gio). Vo qua kho dugc xay nho roi nghién bang may nghién dia. Tiép dén 1a Sang

qua hé sang nhiéu ting: phan nam trén ludi sang 2 mm dem di nghién lai, phan nguyén liéu lot qua cac 10
sang (1+ 2 mm) chmh la nguyen heu dung cho toan bg cac thi nghiém trong nghlen ciiu nay

Hinh 1. (A) Vo qua ca phé tuoi; (B) vo qua ca phé di say kho; (C) vo qué ca phé kich thude 1-2 mm

2.2 Hoa chit, enzyme, chiing vi sinh vat

Thubc thir 3,5-dinitrosalicylic acid (DNS): Chai 25g, d¢ tinh khiét 98%, Trung Qudc.
Cetyl-trimethylammonium bromide (CTAB): Sigma-Aldrich.
Ethylenediaminetetraacetic acid (EDTA): Chai 250g, Trung Qudc.

Lignin (Sigma, Hoa Ky).

Carboxymethyl Cellulose (CMC): Sigma, Hoa Ky.

Tri-n-butyl phosphate (TBP): Sigma, Hoa Ky.

Glucose (Sigma, Hoa Ky).
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MBoi trudng Potato glucose agar (PGA) (Himedia, An D).

Viscozyme® Cassava C (Bagsvaerd, Dan Mach): > 450 EGU/qg.

Glucosidase (Novozyme 188): (Novozyme, Dan Mach): > 750 CBU/g.

Chung nim gdy myc tring P. chrysosporium: Bugc cung cAp tir bo suu tap giéng thudc Vién Cong nghé
Sinh hoc va Ung dung vi sinh Mién nam (SIAMB).

Hinh 2. (A) giéng P. chrysosporium; (B) ching P. chrysosporium nui cdy trén PGA

2.3 Hoat héa giéng nim

P. chrysosporium tir dng giéng dugc cdy sang moi trudng PGA trong 6ng thach nghiéng, nudi cay trong ti 4m
7 ngay 6 nhiét d6 30°C. Sau khi két thiic qua trinh nudi ciy cho thém nudc mudi sinh 1y vao cac ong thach
nghiéng, r01 dung may vortex tron deu trong 20 phut. Sau qua trinh vortex cac bao tir nam d phan tan déu trong
nude mudi sinh 1y, ¢ thé dém truc tiép s bao tir bang budng dém hong ciu.

2.4 Qué trinh 1én men bén rin thu sinh khdi

Chung nAm muc tring sau khi hoat héa dugc nudi ciy trong méi trudng ban rén véi cac thanh phan co ban
nhu sau: 20 g cam gao; 80 g mac dura; 25 g bdt ca; 25 g banh dau; 0,15 g ri duong. B6 sung nuoc cho dat
d6 4m 60+70%. Pem toan bo hap khir tring & 121°C trong 30 phut. Sau d6 dé ngudi, quan sat moi trudng
¢6 bi nhidm hay khong. Chung ndm P. chrysosporium sau khi dugc hoat hoa s& dugc cho vao méi trudng
dé thuc hién qua trinh 1én men ban ran thu sinh khéi. Qué trinh 1én men dugc thue hién ¢ nhiét d6 30°C
trong tii 4m trong thoi gian 7 ngay, sau do cho thém nudc cit vo trung rdi tién hanh loc va ly tam 5.000
vong/phut thu duoc sinh khbi nAm muc tring.

2.5 Qué trinh tién xir Iy bing nAm muc tring

V6 qua ca phé trude khi thyc hién qua trinh tién xtr 1y s& dugc khir tring ¢ 121°C va 30 phut trong ndi hap
tiét trung. Sinh khédi ndm muc trz'ing duoc tron déu véi 10 g vo qua ca phé. Piéu chinh d6 4m cua nguyén
lidu bang cach cho thém nudc vo tring, qua trinh dugc thuc hién trong ti cay vo tring. Sinh khdi nAm muc
trang cho vao theo ty 1& sinh khbi:nguyén liéu 1a 1,5% (g/g). Qua trinh tién xtr 1y thuc hién ¢ nhiét do 35°C
trong ta am. Sau nhing khoang thoi gian 10, 20, 30, 40 va 50 ngay ldy mot phan nguyén liéu dem di xac
dinh ham lugng cellulose, hemicellulose va lignin [7].

2.6 Qua trinh thiiy phin vé qua ca phé

V6 qua ca phé da qua tién xtr 1y s& dugc tiép tuc qua trinh thiy phan. Ctr 15 g nguyén liéu thi cho thém vao 150
mL dung dich dém citrate 0,05 mol/L, pH 4,8. B6 sung enzyme celulase v6i cic ndng do nhur sau: Vlscozyme
Cassava 25 FPU/g va Novozyme 188 1a 34 CBU/g. Qua trinh nay duoc thyc hién trén may lic c6 gia nhiét &
50°C, 150 vong/phut trong thoi gian 72 gid. Két thic qua trinh thuy phan, hdn hop dugc ly tim 2500 vong trong
10 pht [15] thu ldy dich ly tAm va bo phan can. Dich ly tim s& dem xac dinh céc chi tiéu duong khir, duong
glucose. Mau dbi chig thyc hién tuong ty mau thir nhung thay vao d6 1a nguyén liéu chua qua tién xtr 1.
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Hiéu suit qua trinh thiy phan dugc xac dinh theo nghién ctru Menezes va cong su (2014) va duoc trinh bay qua
cong thire (1) [16]:

YEH (%) =% 9“; Gw) 100 Q)

Trong d6: Ge (g/L) la nong d6 duong khir cu01 qua trinh thuy phan. Gw (g/L) la nong do duong khir cia mau
khong qua xir Iy bang enzyme. Cp (g/L) 1a ndng do cellulose c6 trong nguyén lidu d tién xir 1.

2.7 Phwong phap phén tich va do dac

2.7.1 Xac dinh dwong khir

Ham luong duong khur trong mau duoc xac dinh theo phuong phap Miller (1959). Mau duoc tron chung véi
thude thir DNS va sau d6 dem dun s6i 5 phit cho phan tmg xay ra hoan toan. Sau d6 dich dugc lam lanh va do
d6 hap thu ¢ bude song 540 nm. Két qua do dua trén duong chuan da dung trude d6 vai chat chuan 1a D-glucose
[17].

2.7.2 Xac dinh dwong glucose

Ham luong dudng glucose dugc xac dinh theo phuong phap Glucose oxidase cua Sadasivam (1996). Hut 0,5
ml dich mau, thém 0,5 ml nude cit va 1 mL thude thir glucose oxidase peroxidase. Thém vao mot loat cac 6ng
nghiém pipet ra 0 (dé tréng), 0,2, 0,4, 0,6, 0,8 va 1 mL dung dich glucose chuén va tao thanh thé tich dén 1,0
mL bang nudc cat. Sau d6 thém 1 mL thude thir glucose oxyase-peroxidase. U tét ca cac dng & 35°C trong 40
phit. Chdm diit phan mg bang cach thém 2 mL HCI 6 N. Po quang & budc song 540 nm. Tir biéu d6 duong
chuan, tinh toan luong glucose c¢6 trong mau [18].

2.7.3 Xac dinh ham lwgng cellulose

Ham lugng cellulose trong mau duoc xac dinh theo phuong phép ciia Scharrer va Kurscher. Can 1g mau da siy
khd t6i khdi luong khong doi va loai bo chat trich ly cho vao binh tam giac 250 mL. Thém véo binh 16,5 mL
hén hop gom 1,5 mL acid nitric va 15 mL acid acetic. Lap 6ng 1am lanh hoi Iuu vao binh va dun soi h6n hop 30
phat. Dé ngudi, pha loang hdn hop bang nude néng. Loc qua coc loc da biét trude khdi luong. Rira mau lai nhiéu
lan bang nude nong, Rua bang rugu etylic 96% 1+2 lan. Sy glay loc ¢6 chira cellulose & nhiét do 105°C dén
khdi luong khong d6i khoang 6 gio dem cén duoc m (g). Pem méau nung ¢ 550°C trong 6 gid, 1am ngudi trong
binh hat 4m va can duoc t (g) [19].

2.7.4 Xac dinh ham lwgng hemicellulose

Ham luong hemicellulose trong mau dugc xéc dinh thong qua phuong phap Neutral Detergent Fiber. Liy 0,5 g
nguyén liéu (my) di duoc tach béo, siy khd va nghién nhé cho vao binh cau. Ly 100 mL dung dich Acid
Detergent Solution (ADS), 2 mL decahydronaphtalene va 0,5 g Na;SOs sau d6 dun soi tudn hoan trong vong 60
phut. Loc dung dich bang phéu Gooch Crucible, sau d6 rira vai lan bang nudc sbi va acetone (2 1an). Sy kho
Crucible ¢ nhiét 46 105°C trong vong 8 gid, sau d6 can khdi lugng crucible (W1). Nung Crucible trong 10 nung
(550°C) trong 3 gid, sau d6 cén lai khéi lugng Crucible (W2) [19].

2.7.5 Xac dinh ham lugng lignin

Ham luong lignin trong mau dugc xac dinh theo tiéu chuan TAPPI T-222. Liy 2g mau ngdm vao 35 mL hdn
hop ethanol — benzene trong 2 ngdy, gan bo hén hop trén, cho thém 25 mL ethanol dé trong 15 phut, gan bo
ethanol, rura lai bang nudc nong, loc deé loai nuac, sdy kho trong tu sdy 60°C toi khéi lwong khong doi.

Can iy 1g mau da loai bo chét trich ly va sdy khd dén khdi luong khong ddi cho vao erlen 250 mL, cho tir tir
15 mL H,S04 72% vao, dung diia khudy that k§ va gitr mau & 20°C cho dén khi miu tan.

Sau khi miu tan, bao miéng erlen lai va giit & nhiét d6 thuong trong 2 gid. Thudng xuyén khudy mau cho dén
khi mau tan thanh dich. Cho khoang 300+-400 mL nuéc vao erlen 1000 mL va chuyén mau tir erlen 250 mL vao,
rira va pha loang t6i thé tich 575 mL (nong d6 HzSO4 khoang 3%). Lap ng sinh han nguoc (hoi luu) va dun
trong 4 gio ké tir lac soi. De yén cho lang tua, hut (gan) bé phan dich noi. Rira acid lan trong lignin voi it nuée
nong. Say kho cin va gidy loc dén trong luong khong d6i. Can dugc h (g). Cho gidy va cin vao cdc, nung &
550°C trong vong 6 gid, 1am ngudi trong binh hut 4m va can duge khéi lugng t (g) [20].
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2.7.6 Phwong phap chup SEM

H¢ thong chup anh dudi kinh hién vi dién tu (Jeol JSM-7401F, USA) dugc sir dung dé kiém tra su thay do6i
cAu tric bé mit nguyén liéu trudc va sau tién xr Iy. T4t ca cac mau nguyén liéu déu duoc chup & cac diéu
kién nhu sau: gia tc dién ap (Accelerating Voltage) 3.0 kV; khoang cach lam viéc (Working Distance) 8.5
mm; d6 phong dai (Magnification) tir 500, 1000, 2000, 3000 va 5000 lan.

2.8 Phwong phap xir 1y s6 liéu

Céc thi nghiém dugc b tri ngdu nhién, 13p lai ba 1an, v6i mt hay hai nhan t6 thay doi. St dung phuong
phap phan tich phuong sai (ANOVA) theo kiém dinh LSD @€ ket luan sy sai khdc gitra trung binh céac
nghiém thire. S6 li€u duoc thu thip va xur ly thong ké bang phan mém Statgraphics Centurion 15.2 va phan
meém Excel dung dé tinh todn trung binh va d¢ Iéch chuan cua céac phép do.

3. KET QUA VA THAO LUAN

3.1 Su thay d6i ham luwgng cellulose, hemicellulose va lignin theo thoi gian va dd Am nguyén liéu
ban dau

Theo két qua phén tich & Bang 1, khi tang thoi gian tién xu 1y thi ca ba thanh phan cellulose, hemicellulose
va lignin déu c6 chiéu hudéng giam dan nhung su suy giam nay 1a khong giéng nhau. Cu thé, sau 50 ngay
tién xur 1y: cellulose giam 23,7%, hemicellulose giam 14,1% va lignin giam 51,4%. Két qua sy suy giam ba
thanh phan trén da duoc Henriksson, Yao va cac cong sy bao cdo va giai thich nhu sau: khi tién hanh thu
nhan va tinh sach enzyme ttr chtiing P. chrysosporium & diéu kién nhiét d6 37°C, pH 5 trong d€m natri acetat
thu dugc hon nam loai enzyme khac nhau c6 trong lugng phén ti tr 14+94 kDa va thong qua dién di
SDS/PAGE cho thiy su c6 mit cua cellulase, xylanase, lignin peroxidase (LiP), manganese peroxidase
(MnP) va laccase [21, 22]. Trong d6 LiP, MnP va laccase la cac enzyme phan huy sinh hoc lignin. Ching
phan cit cdu ndi carbon o va carbon B, m¢ vong thom, oxi héa nhom hydroxyl, oxy hoéa phenolic thanh
phenoxyl va demethyl hoa. Con nhém enzyme cellulase c6 nhiém vu thiy phan cellulose, enzyme xylanase
thiy phan hemicellulose [23, 24].

Bang1: Ham luong cellulose, hemicellulose va lignin truéc va sau tién xi ly

Thoi gian Po am NL Cellulose Hemicellulose Lignin
(ngay) (%) (g/100g vo kho) (9/100g vo khd) (g/100g vo kho)
Vo qua ca phé 25,88+0,2° 3,67+0,17° 20,07+0,18°
55 25,740,122 3,64+0,1% 19,44+0,11°
10 65 25,370,1° 3,61+0,09%¢ 19,4+0,14°
75 25,14+0,14% 3,560,092 18,08+0,14%
85 25,06+0,16° 3,550,072 17,86+0,07¢
55 25,33+0,19° 3,62+0,08% 18,17+0,13¢
20 65 24,29+0,16" 3,560,052 18,07+0,09
75 23,59+0,16¢ 3,47+0,06% 14,1+0,07¢
85 23,33+0,149 3,45+0,07°% 13,44+0,09"
55 24,99+0,11¢ 3,61+0,09%°¢ 17,34+0,14¢
30 65 23,33+0,11¢ 3,51+0,08%c 17,19+0,12¢f
75 22,19+0,14' 3,41+0,09%f 11,49+0,08
85 21,78+0,12 3,37+0,07%f 10,54+0,14
55 24,72+0,08% 3,570,062 17,19+0,07¢f
40 65 22,54+0,11" 3,42+0,07¢d 17,03+0,14
75 21,05+0,09* 3,25+0,11°fn 11,15+0,07!
85 20,51+0,07' 3,240,079 9,99+0,14'
55 24,5510,1° 3,560,112 17,12+0,11°f
50 65 22,05+0,09" 3,4+0,07%% 16,95+0,14
75 20,35+0,09' 3,21+0,09%" 10,77+0,08"
85 19,73+0,1™ 3,15+0,09" 9,74+0,1¥

Céc gia tri cing mot c6t ¢6 ky tu in thuong khac nhau thé hién sy khac biét c6 y nghia thong ké & p<0,05
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V6 qua ca phé kho ¢6 do Am 6,8% db
Mirc d6 thoai hoa lignin phy thude vao hoat tinh ciia cac enzyme do ndm muyc tring tong hop ciing c6 nghia
1a phu thudc vao méi truong nudi ciy, ngudn dinh dudng va dic biét 1a phai ¢ giai doan chuyén héa thir
cap. Do d6, theo thoi gian ting dan thi sy suy thoai lignin tang dan. Tu:ong tu, ham lugng cellulose ciing bi
suy giam theo thoi gian xtr Iy nhung mic d§ suy giam chdm ¢ thoi gian du va ting dan ¢ nhitng khoang
thoi gian sau. Do 1a do cdu tao cua sinh khdi lignocellulose, cellulose dugc “che chan” boi hang rao
hemicellulose va lignin. Hay néi cach khac dé phan giai duoc cellulose thi trudc tién hang rao che chan nay
phai bi cit dut, cho nén khoang thoi gian dau su suy giam cellulose 1a chdm chap.
Su suy giam ham luong lignin khong hoan toan tuyén tinh theo thoi gian tién xir Iy boi ching nim muc
trang P. chrysosporium. Sau cac khoang thoi gian 10, 20, 30, 40, 50 ngay thi ham luong lignin giam so véi
ban dau tuong tmg 1a 11%, 33%, 47,5%, 50,2% va 51,4%. Két qua cho thay, lignin glam nhe trong khoang
th(n gian du cua qua trinh x 1y, sau thoi gian 10 ngay ham luong lignin bét dau giam manh nhung cang
vé sau (ngay thur 30) thi lai giam tir tir. Didu nay dugc ly giai nhu sau: nhitng ngay dau ctia qua trinh tién
xu 1y la qua trinh thich nghi va bat dau phat trién ting sinh cia nam muc trang va cho dén khi trong moi
truong bat dau thiéu hut ngudn nitrogen thi bat dau san sinh mot sd enzyme ngoai bao nhu laccase, LiP hay
MnP va cac enzyme nay bét diu qué trinh thuy phan sinh hoc lignin, hemicellulose va ca cellulose [25].
Theo bio cdo cia Yao va cong su (2014) thi sau 166 gio (khoang 7 ngay) nudi ciy thi ching P.
chrysosporium bat dau sinh enzyme laccase sau d6 1a LiP va MnP va cac enzyme nay s& hoat dong t6i da
sau 288 gio (12 ngay) [22]. Hay theo nghién clru ctia Potumarthi va cong su (2013), hoat tinh enzyme LiP
dat cao nhét & 19 ngay, MnP hoat dong manh trong khoang thoi gian 1226 ngay, cac enzyme GLOX va
AAO hoat dong manh tir ngay thir 1618 ctia qua tién xir Iy. Ngoai ra, trong qua trinh xtr Iy Potumarthi
cling thiy rang chung P. chrysosporium ngoai sinh cac enzyme ngoai bao dé phan huy lignin con c6 mit
clia enzyme thuy phan nhu celulase hoat lyc manh nhét & ngay thtr 20 va xylanse hoat luc cao nhét & ngay
thir 16 [26].
Thuc té cho thay rang, trong khoang 5 ngay dau cua qua trinh nudi cdy, lugng oxy trong mdi trudng luc
nay doi dao va ndm muyc tring str dung dé ting sinh nhanh chong dén khi cic soi ndm tich lity ngay cang
16n dan va bat dau tham nhép sau hon vao bén trong nguyén liéu va lan ra toan bo khdi nguyén liéu sau 11
ngdy nudi ciy cho nén sau khoang 11 ngay néu quan sat ta thiy khong c6 su tang truong dang ké vé soi
nam va day ciing 1a thoi diém cac enzyme ngoai bao hoat dong manh nhat.
Bén canh d6, sy suy giam cta ba thanh phan cellulose, hemicellulose va lignin c6 twong quan duong voi
ham lugng nude co trong nguyén liéu (Bang 1). Khi tang ham lugng nudc ban dau tir 55% 1én 85% thi ham
lwong chét xo giam dan theo thoi gian. Diéu nay dugc giai thich nhu sau: nuéc  trong nguyén liéu dong vai
tro nhu mot dung mdi dé van chuyen chat dinh dudng cting nhu giup duy tri cau trac té bao va phan tir 6n
dinh [27, 28]. Mic du sy phat trién ctia vi nAm c6 thé dugc bit dau & mic do am 50%, chirc nang trao doi
chat cta P. chrysosporium dudng nhu khong thé dugc hd trg tich cuc, bang chimg chi 5,1% cellulose suy
giam, 2,9% hemicellulose suy giam va 14,6% lignin bj suy gidam so véi ban dau ¢ muc d6 4m 55%. Tuy
nhién khi tang d6 4m 1én 75% va 85% thi sy suy giam nay la déang ké. Cu thé, cellulose giam 21,3% & do
am 75% va 23,7% & do am 85%; hemicellulose giam 12,5% & do am 75% va 14,1% & do am 85% va lignin
giam 46,3% & d6 4m 75% va 51,4% & dd 4m 85% sau 50 ngay xur 1y & nhiét 6 35°C.
Két qua nay ching minh ring d6 4m ban dau anh hudng rat 16n dén su phat trién cua ndm muc tring ciing
nhu sy suy giam ham lugng chit xo ¢6 trong vé qua ca phé. Diéu nay ciing dugc bao céo trong cac nghién
ctru cua Lonsane [29] hay Mitchell [30]. Ngoai ra, két qua ciia nghién ctru ciing tuong dong véi quan sat
vé ching P. chrysosporium cua Yao va cdng sy (2014) khi khdo sat sy anh huong cua do am dén sy suy
thoai lignin khi tién xtr 1y than cay ngd. Két qua cho thay & do am 50% chi ¢ 14,4% lignin bi suy giam va
36,4% lignin bi suy giam & do am 80% sau 10 ngay tién xir Iy bang ching P. chrysosporium & nhiét do
35°C [22]. Hay theo b4o cdo ctia Shi va cong su (2008), & d6 am 65% cb 21% lignin bi loai bo, khi do 4m
tang 1én 75% c6 khoang 26% lignin bi loai bo va néu tiép tuc ting d6 4m ban dau ctia nguyén liéu 1én 80%
thi su suy giam lignin khong tang nhanh ma chi tang tir tr (khoang 27% lignin bi loai bo) [9].
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Hinh 3. Sy sinh truéng va phat trién cia nAm muc tring trén moi truong chi ¢6 vo qua ca phé theo thdi gian tién xir Iy

Khi so sanh qué trinh tién xir Iy boi ching P. chrysosporium trén mot so ngudn sinh khdi lignocellulose
khic, Liu va cong sy (2014) da tién hanh tién xir 1y than cdy ngd bang ching nidm muc tring P.
chrysosporium két qua thu dugc 19,9% cellulose bi thuy phan, 32,4% hemicellulose bi phan huy va 39%
lignin bi suy thoai sau 30 ngay xtr ly ¢ nhié¢t do 28°C [31]. Két qua loai bo lignin trong nghién ctru cua Liu
tuy c6 thap hon so voi trong nghién ctru nay 1a boi vi thoi gian xtr ly ngan hon va nhiét do thap hon nhung
theo du doan ctia Liu thi néu tiép tuc kéo dai thém thoi gian tién xir 1y thi mirc do suy giam lignin s& tiép
tuc tang. Tuy nhién, theo Yao va cong su (2014) diéu kién xtr Iy than cdy ngd t6t nhat 1a 7 ngay vi ¢ thoi
diém nay su hao hut cellulose chi khoang 18% so v&i 11 ngay 1a 30,75%, trong khi d6 higu qué loai bo
lignin giam di 25% [22]. Ngoai ra, theo bao cao cua Potumarthi va cong su (2013), sau 60 ngay xu ly rom
lua mi bang chung Phanerochaete ostreatus (ciing 1a nAm muc tring) thu duoc két qua kha quan khi 28,4%
lignin bi phan huy va 36,8% holocellulose (bao gém cellulose va hemicellulose) bi mit di [26]. Nhiéu
nghién ciru cho thay rang, P. chrysosporium con dugc sir dung dé xu ly than cay bong. Dién hinh Ia nghién
cru cua Shi va cong sy (2009), khi nhom tac gia thuc hién tién xir 1y than cdy bong bang ching P.
chrysosporium thu duoc két qua: 33,9% lignin bi suy thodi sau 14 ngay nudi ciy c6 bd sung mangan vio
moi truong [28].

Qua nhitng phan tich va nhan dinh bén trén, diéu kién tién xir 1y tot nhat d6i v6i ching ndm P.
chrysosporium 1a d6 4m ban dau 85%, sau 40 ngay tién xu 1y cellulose suy giam 20,7%, loai bo duoc
12,8% hemicellulose va 50,2% lignin ra khoi nguyén liéu.

3.2 Pudng khir va dwong glucose san sinh ra sau qua trinh thiiy phéan

Dé danh gia mot cach toan dién hiéu qua ciia qua trinh tién xir 1y ngoai chi tiéu phan tram loai bo lignin va
hemicellulose, phan trim cellulose duoc giir lai, cin phai xét dén cac yéu nhu mirc do lam giam ving két
tinh cia cellulose, mirc d6 lam réng ciu triic va ting dién tich tiép xtc bé mit s& gitp cho qua trinh thiy
phan dién ra tot hon. Do véy, hiéu qua ctia qua trinh tién xir Iy s& dugc so sanh thong qua ham luong glucose
va duong khir duge giai phong dudi tic dong ctia hé enzyme cellulase thuong mai bao gdm Viscozyme
Cassava va Novozyme 188. Két qua phan tich ham lugng duong glucose va dudng khir thé hién trong Hinh 4.
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Hinh 4. Su hinh thanh dudng glucose va dudng khir sau qua trinh thuy phan

Qua4 trinh thity phan cellulose béi enzyme bao gdm ba giai doan: hip thu cac enzyme cellulase 1én bé mit
phan tir cellulose, sw phan hiy sinh hoc ctia cac cellulose va sy giai hap thu cua cellulase ra khéi co chét.
Trong d6 qua trinh hap thy cic enzyme 1én bé mit cellulose dugc xem 1a tién dé cho qua trinh thuy phan
[32]. Két qua chup SEM bé mit vo ‘qua ca phé cho thiy, Kkhi nguyén liéu chua qua tlen xtr Iy thi bé mat
nguyén liéu c¢6 ciu trac ctng chéc, rat nho gon va khong x6p (Hinh 5-A), trong khi mau xir Iy boi chung P.

chrysosporium cho thay dién tich bé bat tiép xtic ting 1én, giam do trung hop, giam do két tinh bang cach
tach cac lién két giira lignin va cellulose hogc gitra hemicellulose va cellulose hodc do pha vo c4u triic mach
vong cua lignin (Hinh 5-B) [33]. Do d6, miu nguyén liéu di qua tién xir 1y s& giup tang qua trinh hap thu
enzyme cellulase 1én bé mit tir d6 hiéu qua thity phén s€ tang 1én so voi méu nguyén liéu khong qua tién
xir Iy. Cu thé, ham lugng dudng khur tang so v61 mau dbi chimg 1a 38,2%, dudng glucose 1a 14, 6%. Néu
tinh theo cong thirc (1) thi hiéu suit qué trinh thuy phén trong nghién cru nay la 60,23%. Hiéu suat thiry
phén chua phai 1a cao nhit khi so sanh voi mot s6 nghién ctru khéc trén 601 tuong lignocellulose khac.

Chang han nhu trong béo céo ctia Bak va cong su (2009), sir dung chung ndm P. chrysosporium dé tién xir
1y rom ra trong thoi gian 15 ngay thi két qua loai bé duoc 10,9% hemicellulose; 19,9% lignin va c6 dén
37,7% cellulose bj mat di. Nguyén liéu sau d6 thity phan véi 60 FPU Celluclast 1.5L va 30 CBU Novozyme
188 & thoi gian 120 gid thi hiéu suat thiy phan dat cao nhét 64,9%.

$-4800 10.0kV 8.0mm x1.00k SE(M)

J A

OkV 8.0mm x1.00k SE(M) 50 0um S-48 mm x1.00k SE(M)

(A-A) Nguyén lidu chua qua tién xur ly, (B-B) tién xir Iy bang vi sinh vat

Hinh 5. B& mit cua vo qua ca phé sau khi duoc tién xir Iy bang cac phuong phap khac nhau dudi kinh hién
vi dién te (SEM)
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C6 thé thay ring hiéu sut thiy phan khi tién xtr Iy bang chung nAm muc tring 1a chwa cao, thip hon so véi
hiéu suét thiy phan tir cac phuong phép tién xir ly khac nhu kiém, acid hodc n6 hoi, hiéu suét thuong dat
80-90% [34-36]. Tuy nhién, cac phuong phap tién xir 1y nay lai c6 nhugc diém 1én do 1a nguyén li¢u sau
khi tién xir 1y phai dugc rira vé trung tinh hodc phai trung hoa acid/kiém du do d6 ton kém vé chi phi va
gy 6 nhiém moi trudng. Ngoai ra, cac phuong phap tién xu ly thong thuong nay luon sir dung nhiét do cao
nén trong dich thiy phan s& hinh thanh cac chat tc che nam men tir do s€ lam giam hiu sudt qua trinh 1én
men tao ethanol [37]. Trong khi d6, phuong phap tién xir Iy bang nAm muyc trang, nguyén liéu sau tién xur
1y khong can rira ma thyc hién ngay qua trinh thity phan do d6 s& giam chi phi lién quan dén van hanh ciing
nhu giam thiéu nude thai ra méi truong.

4. KET LUAN

Hai két luan quan trong dugc rat ra tir nghién ctru nay: (i) Hiéu qua loai bo lignin va hemicellulose tang khi

tang thoi gian tién xir Iy va do 4m ban dau cua nguyén liéu. Hiéu qua tién xtr 1y dat cao nhat khi d6 4m
nguyén liéu ban dau dat 85%, & nhiét do 35°C trong thoi gian 40 ngay. (ii) Hiéu qua thiy phén tao thanh
duong khur va duong glucose tuy khong cao bang céc phuong phap tién xur 1y bang nhiét hay hoa hoc nhung
phuong phap tién xtr Iy bang ching nim muc trang P. ch rysosporium 1a an toan, it tén kém, khong gy 6
nhidm moi truong va dic biét 1a khong san sinh ra cac chat gdy e ché ndm men trong qua trinh 1én men
tao ethanol sau nay.
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PRETREATMENT OF COFFEE PULP BY PHANEROCHAETE CHRYSOSPORIUM

DO VIET PHUONG
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dovietphuong@iuh.edu.vn

Abstract. Coffee pulp is one of the abundant sources of agricultural byproducts in Vietnam. Coffee pulp
contains high amount of cellulose, which is an important ingredient to be converted into bioethanol.
However, in order to sufficiently convert the coffee pulp into ethanol, this material firstly needs to be
pretreated to reduce the amount of lignin and hemicellulose while retaining cellulose composition. In this
study, the white rot fungus Phanerochaete chrysosporium was used for the pretreatment prior to hydrolysis
and fermentation steps. In the conditions of raw material humidity of 85%, environmental temperature of
35°C and biomass/material ratio of 1.5%. After 40 days of pretreatment, the contents of cellulose,
hemicellulose and lignin were reduced by 20.7%, 12.8% and 50.2%, respectively. The pretreated raw
materials were then subjected to hydrolysis step using the commercial enzyme complexes (25 FPU/g
Viscozyme Cassava and 34 CBU/g Novozyme 188). As a result, the reducing sugar content of 13.19 g/L
and the glucose content of 5.42 g/L with the hydrolyzed efficiency of 60.23%. The results showed that the
P. chrysosporium was highly compatible when cultured on the source of coffee pulp biomass and they were
able to secrete some enzymes capable of biodegrading cellulose, lignin and hemicellulose into the
environment.

Keywords. Coffee pulp, Phanerochaete chrysosporium, pretreatment.
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