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NGHIEN CUU PIEU KIEN THUY PHAN RONG LUC Chaetomorpha linum
BANG ENZYME VA UNG DUNG TRONG SAN XUAT BIOETHANOL

V6 Thanh Trung'*, L& Nhw Hiu', Nguyén Thanh Hiing’

'Vién Nghién ctru va Ung dung Cong ngh¢ Nha Trang, Vién Han lam KH & CN Viét Nam,
*vothanhtrung@nitra.vast.vn
*Vién Cong nghé sinh hoc va Cong nghé thuc pham, Truong Pai hoc Bach khoa Ha Noéi

TOM TAT: Rong Chaetomorpha linum c¢6 ham lugng carbohydrate cao, co chira nhiéu loai
polysacchrid, trong d6 cellulose 1& polyme chiém ty trong 16n trong nguyén liéu. Vi vdy, trong
nghién ctru nay chung toi st dung enzyme visocozyme L thuy phan Chaetomorpha linum va tim
duoc diéu kién thiry phéan thich hop véi ndng do enzyme: 0,85 ml/gam chét kho (hoat d¢ 1a 42,5
Ul/g); thoi gian thuy phan 33 gio; nhi¢t d¢ thuy phan 50°C; pH dich thiy phén 5,2. Két qua thiry
phan rong Ch. linum tao ra dich duong 50,3 g/l va tién hanh 1én men v&i nam men Red ethanol
trong diéu kién pH 4,5; nhiét d6 27°C; s vong khody 50 rpm va mat d6 t& bao nim men 1a 10%/1
v6i thoi gian 1én men 108 gio. Két qua 1én men dich thuy phéan rong luc Ch. linum da tao ra 14,4 g/l

ethanol.

T khoa: Chaetomorpha linum, enzyme, 1én men, thily phan.

MO PAU

Khi nhu cdu ning luong thé gidi tiép tuc
ting va ngudn tai nguyén nhién liéu hoa thach
dang can kiét, sinh khdi thuc vat bién dang nhan
duoc su quan tdm ngay cang 16n nhu la mdt
ngudn sinh khéi hap dan cho cac nghién ctru san
xuét nhién lidu va hoa chat. Nguyén ligu tir sinh
khéi thue vat bién c6 nhiéu lgi thé hon sinh khéi
thyc vat trén mat dat. Nhimg dot pha gan day
trong viéc chuyén ddi cac dang dudng tir sinh
khéi rong bién thanh nhién lidu sinh hoc
(ethanol sinh hoc) thong qua ky thuét chuyen
hoa di ching minh tiém ning sinh khéi rong
bién nhu mot hira hen. Pa c¢6 nhitng nghién ciru
phuong phap canh tac, thu hoach rong bién va
cac phuong phap xtr 1y, duong hoa va 1én men
boi vi sinh vat tir rong bién dé tao ra nhién lidu
sinh hoc [4]. Két qua nghién ctru ciia Mitsunori
et al. (2011) [5] cho thiy, rong Ulva pertusa co
43,5% la polysaccharid trong d6 15,2%
cellulose va 28,3% polyme khac, cac
polysaccharid nay di dugc duong héa bing
enzyme Meicelase tao ra dich duong 43g/1 va
1én men tao ra 18,5 g/l ethanol [5]. Mot két qua
nghién ctru khac cia Nadja et al. (2013) [7]
ciing cho biét rong Chaetomorpha linum cb
61,5% la polysaccharid trong d6 40% cellulose
va 21,5% polyme khdac; cac polysaccharid nay
dd dwoc duong hoa bing enzyme cellulast 1,5L

tao ra dich duong 49 g/l va 1én men tao ra 18,1
g/l ethanol [7] .

Trong bai bao nay, ching t6i da chon rong
Luc, Chaetomorpha linum, 13 d6i twong nghién
ctru va tién hanh nghién ctu diéu kién thuy
phan rong bang enzym va tmg dung trong san
xudt ethanol, day 14 loai rong dugc nhiéu tac gia
quan tam, vi loai ndy co sinh khéi 16n, thanh
phéan polysaccharid cao va khi duong hoa sé tao
ra moi truong giau glucan thich hop cho Ién
men ethanol.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Vat liéu nghién ctu dugc st dung la rong
Luc, Chaetomorpha  linum, thuéc  ho
Cladophoraceae, bo Cladophorales, 16p
Ulvophycea, nganh Chlorophyta [3].

Sinh khéi Ch. linum nghién ciru dwoc thu tai
xd Vinh Thai, Thanh phdé Nha Trang, tinh
Khanh Hoa va duogc dinh danh tai Vién Nghién
ctru va Ung dung Cong nghé Nha Trang. Thoi
gian thu miu vao thang 5-2014.

Enzyme visocozyme L dugc thu nhan tu
Aspergillus sp.. Enzyme nay c6 kha ning thuy
phan cac polysacchrid (celluose, B-glucan,
hemicellulose, xylan), va c6 hoat do 1000UI/g.
Enzyme ndy mua tir Cong ty hoa chat Sigma
cua Hoa ky.

201



Vo Thanh Trung et al.

Nam men Saccharomyces cerevisiae c6 tén
thuong mai Ethanol Red® 1a mét loai ndm men
kho cua hang Fermentis (Phap) duoc st dung
trong san xuat ethanol. S& luong té bao
>2,5x10" té bao/g.

Phuwong phap thuy phdn va lén men rong
Chaetomorpha linum

Xur ly so bg: st dung céac bién phap co hoc,
1y hoc nhim lam sach nguyén li€u va tao diéu
kién cho qua trinh thiy phan dién ra dé dang.
Rong tuoi sau khi thu hoach dugc phoi khd
dudi 4nh ning mit troi cho dén khi rong kho
gion. Sau khi phoi khé cho rong vao nudc ngot
ngdm 20-30 phut, vira ngdm vira khuay tron
nhdm rira min va giam bot lugng tap chat bam
trén rong. Sau d6 rong dugc vot ra phoi ning
14n hai cho dén khi lvong 4m con 5-10%, rong
duogc xay nhé chudn bj cho qua trinh thuy phén.

Tién xir ly: trude khi tién hanh thay phan
bing enzyme, rong khoé dugc phdi tron nudc
theo ty 1€ 1:10, sau d6 dugc tién xu Iy voi axit
H,SO, lodng c6 ndng d6 0,3% (v/v) trong 15
phut, nhiét d6 121°C. Qua trinh tién xir Iy nham
tach mot s6 lién ket gilta cac loai polysacharid
va pha hiy mot s6 cau trac polyphenol, va
enzyme tiép xuc truc tiép vdi cac polysacharid
dé thuy phan dién ra dé dang.

Thiiy phdn enzyme

Enzyme visocozyme L c6 hoat d6 1000
Ul/g dugc pha lodng 20 lan dé sir dung trong
nghién ctlru.

Céc thi nghiém nghién ctru su thay déi ndng
dd enzyme voi lugng enzyme pha loang 1a 0;
0,2; 0,4; 0,6; 0,8; 1 ml enzyme/gam chat kho
tuong ung hoat d6 0; 10; 20; 30; 40; 50 Ul/g; su
thay doi thoi gian thuy phéan la 6, 12, 24, 30 va
36 gio, su thay doi pH 1a 3; 4; 4,5; 5; 5,5 va 6,
su thay ddi nhiét do 30, 40, 50, 55 va 60°C. Sau
khi két thuc khao sat so bd cac yéu td anh
hudng dén qua trinh thuy phan, chung t6i chon
yéu t6 c6 anh huong 16n dén qua trinh thuy
phan dé tién hanh t6i wu cac diéu kién thuy
phan.

Lap ma tran thuc nghiém: ding 24 binh tam
gidc 50ml, cAn cho vao mdi binh 5g nguyén liéu
¢6 do am 10%. Bo sung vao binh 50ml dung
dich 0,3 (% v/v) axit H,SO4. Dung que thay tinh
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tron déu roi nit cac binh bang bong khong thim
nude va hap tién xu 1y tai 121°C trong 15 phat.
Hap xong dé ngudi bd sung cic ndng do
enzyme theo ty 1€ 1 ml enzyme/lg nguyén li¢u.
Céc binh tam giac duoc giit trong diéu kién
nhiét do 40 va 50°C, pH=4,5 va 5,5. Sau 24 va
40 gid lay ra xac dinh ham lugng carbonhydrat
cta dich thiy phan.

Lén men: sau khi nghién ctru diéu kién thuy
phan Ch. linum, chung t6i thuc hién trén h¢
thong 1én men tu dong Bioflo v&i thi nghiém
sau: sir dung 500 g rong kho va 5 lit axit 0,3 (%
v/v), xtt Iy & nhiét d6 121°C trong 15 phit, sau
d6 tién hanh thuy phan voi diéu kién da
duoc nghién ctru va tién hanh 1én men véi diéu
kién pH 4.5, nhiét do 27°C, s6 vong khoay 50
RPM, luong ndm men 10%1 va thoi gian lén
men 108 gio.

Cdc phwong phap phdn tich

Nhiét d6 bang may do cam tay (EC 10,
Hach, USA), pH bang may do cAm tay ProPlus.

Xac dinh ham lugng thanh phﬁn héa hoc:
protein, lipid, tro, do Am, duong dugc xac dinh
theo cac phuong phap cia (AOAC, 1990).

Xac dinh cac polysacchrid: cellulose
(AOAC, 1990), tinh bot [9], Agar [8], Ulvan
[6].

Xac dinh ham lugng duong tong sd bang
phuong phap Dubois (1951) [2].

Xac dinh ethanol va thanh phan dudng bang
HPLC (Shimadzu, Japan) trén c6t Aminex hpx-
87h véi detector RID [5].

Phan tich xir 1y s6 liéu trén phan mém Excel
2003.

KET QUA VA THAO LUAN
Thanh phin héa hoc cia rong Ch. linum
Theo s6 liéu & bang 1, thanh phan héa hoc
cia rong Ch. linum c6 do am 14,43%, tro
10,2%, protein 14,14%, duong tong sd 58,5%,
cellulose 38,2%, tinh bot 3,8%, agar 4,5% va
ulvan 11,8%. Thanh phan héa hoc rong Ch.
linum cia chung toi nghién ctu c6 két qua
twong dong voi Ch. linum cia Nadja et al.
(2013) [7], theo céc tac gia nay, cellulose 40%,
thanh phan polysaccharid khac 21,5%.



Nghién cieu diéu kién thity phdn rong luc Chaetomorpha linum

Cellulose va tinh bot 1a hai loai polyme chiém
ty trong 16m va chuyén hoa ra nhiéu glucan can
thiét cho qua trinh 1én men ethanol, vi vay, khi

thuy phan Ch. linum ching t6i st dung cac
enzyme c6 hoat dg cellulase cao.

Bdng 1. Thanh phan hoa hoc cta rong Chaetomorpha linum
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Hinh 3. Anh huéng cia pH
dén qua trinh thuy phan

Khio st znh huwéng ciia ndng do enzyme 1én
qua trinh thiy phan rong Ch. linum

Chung t6i sir dung enzym visocozyme L v&i
cac ndng do trong khoang 0,2-1 ml/g chit kho
dé tién hanh thuy phan Ch. linum trong diéu
kién cb dinh ba yéu td: nhiét d6 40°C, thoi gian
36 gio va pH=5. Két qua nghién ciru (hinh 1)
cho thdy, ham lugng carbohydrat hoa tan ting
din khi ndéng do enzyme ting va & ndng do

Hinh 4. Anh huéng cua thoi gian
dén qua trinh thuy phan

enzyme>0,8 ml/g ham luong carbohydrat khong
con tang nira. Tai nong d¢ enzyme 0,8 ml/g tao
ra carbohydrat hoa tan cao nhat 49,2 g/l.

Khio sit anh hwong cia pH dén qua trinh
thiy phan rong Ch. linum

Chung t6i tién hanh thuy phén
Ch. linum v6i pH thay doi trong khoang 3 dén 6
va ¢O dinh ba yéu t6 gdbm nhiét do 40°C, thoi
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gian 36 gid va ndng do enzym 0,8 ml/g. Két qua
& hinh 2 cho thiy, ham luong carbohydrat hoa
tan ting dan khi pH ting dan tir 3 dén 5 nhung
lai giam dan khi pH>5,5. Tai pH 5 cho
ham lugng lugng carbohydrat hoa tan cao nhét
49,25 g/l.

Khao sat anh hwéng nhiét do dén qua trinh
thity phan rong Ch. linum

Chung t6i tién hanh thay phan véi nhiét do
thay d6i trong khoang 30-60°C va ¢ dinh ba
yéu té pH=5,0; thoi gian 36 gid va ndng do
enzyme 0,8 ml/g. Két qua nghién ctru thu dugc
(hinh 3) cho thiy, ham luong carbohydrat hoa
tan sau khi thiy phan ting dan khi nhiét d¢
tang. O nhiét d6 50°C, ham lugng carbohydrat
hoa tan tao thanh sau thily phan dat cao nhét
49,25 g/I. Khi tiép tuc ting nhiét do trén 50°C
thi ham luong Iugng carbohydrat hoa tan c6 xu
hudng giam.
Khao sat thoi gian dén qua trinh thiy phin
rong Ch. linum

Chung t6i tién hanh thity phan véi thoi gian
thuy phan thay dél tir 6-36 gio, trong didu kién
cO dinh ba yéu t6 pH=5,0; nhiét d6 50°C va
nong d6 enzyme 0,8 ml/g. Két qua (hinh 4) cho
thdy, ham lugng carbohydrat hoa tan ting dan
theo thoi gian thuy phan, tuy nhién, sau 36 gio
trd di, ham luong carbohydrat hoa tan ting

Bdng 3. Ma tran thuc nghiém

cham. Ham lugng carbohydrat hoa tan dat dugc
cao nhét 1a 49,3 g/l sau khi thuy phan & 36 gio.
Téi wu héa diéu kién thiy phin rong
Ch. linum @& thu nhan dich thiy phan c6
ham lwgng carbohydrate cao

Sau khi tién hanh céc thi nghiém thim do,
chiing t6i chon céc yéu té thoi gian, ndng do va
pH dé tbi wu hoa didu kién thiry phan rong Luc
bang ché phim enzyme bing phuong phap quy
hoach hoéa thyc nghiém.

Bdng 2. Khoang xac dinh ctia cac yéu t6 va muc
thi nghi¢m

Nong do: Thoi
Muc thi X1 pH: X2 gian: X3
nghiém [0,6-1] [4,5-5,5] [24-36]
, (ml/g) (gi0)
Mue goc 0,8 5 30
dK;h‘oang bien 0.2 0.5 6
ol
Muc dudi 0,6 4,5 24
Mtc trén 1 5,5 36

Chi tiéu can tbi wu: ham lugng carbonhydrat
dich thiy phan c6 y—*max.

Ma tran thyc nghiém duoc thiét lap theo
phuong phép yéu t6 day da voi sb thi nghiém:
N =2¥=2°=8. Trong d6, N 1 sb thi nghiém; 2
1a s6 mirc thi nghiém; 3 1a s6 yéu t6 anh hudng.

S6 X1: Nong X2: pH X3: Thoi Carbohydrate hoa tan (g/1)
thinghiém  d¢ (ml/g) ' gian (gi6) Lanl: Y1l Lan2:Y2 Lan3:Y3 Trungbinh:Y

1 0,6 4,5 24 32,2 32,5 32,5 32,40
2 1 4,5 24 36,8 36,3 36,1 36,40
3 0,6 5,5 24 39,5 39,9 39,4 39,60
4 1 5,5 24 43,6 43,2 43,1 43,30
5 0,6 4,5 36 42,2 42,1 43,2 42,50
6 1 4,5 36 45,8 46,5 46,3 46,20
7 0,6 5,5 36 44,2 44,9 44,7 44,60
8 1 5,5 36 49,2 48,9 49,2 49,10

TL‘I‘ ma trn thyc nghiém tinh dugc phuong
trinh hoi quy sau:

Y= 41,76 + 1,98X1 + 2,38X2 + 3,83X3 va
F 1y thuyét = 0,00048 < 0,05. Vay md hinh da
lap dugc 1a thich hop.
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Téi wu héa cac diu kién thily phin theo
phuwong phap Box-wilson

Chon budge nhay cua cac bién sé: tur phuong
trinh hoi quy dé xay dung duoc cho thay hé so
cia X3 c6 anh huong nhiéu dén qua trinh. Vi
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vay, chiing t6i chon cho bién sb bude nhay thich
hop, kha thi trong thuc nghiém.

A3=0,3xA3=0,3x10=3

Tir day tinh dwoc budc nhay cua cac bién
con lai theo cong thurc:

A2 = %xA3 ; Al = blAl
b33

= x A3
b33

Bdng 4. Két qua tinh budc chuyén dong (Aj) ctia cac yéu to

Céc yéu to anh hudng

Cac muc

Xl(NfSng do) X2 (pH) X3(Thoi gian)
Miic co s& 0,8 5 30
Khoang bién thién (Aj ) 0,2 0,5 6
Heé s bj 1,98 2,38 3.8
bj Aj 0,396 1,19 22,8
Budc chuyén dong (Aj) 0,052 0,16 3
Lam tron 0,05 0,2 3

Bdng 5. Ti wu héa diéu kién thiy phan rong Ch. linum theo Box-wilson

S thi nghiém X1(ml/g) X2(pH) X3 (gio) Carbohydrate hoa tan(g/l)
1 0,8 5 30 49,1
2 0,85 5,2 33 50,3
3 0,9 5,4 36 49,5
4 1 5,6 39 47,1
5 1,05 5,8 42 46,6

Tir két qua cac bude chuyén dong & bang 4,
chiing t6i tién hanh thi nghiém leo doc va diém
xudt phat tir tim thuc nghiém. Két qua duoc chi
ra & bang 5.

Tir két qua nghién ciru (bang 5), ching toi
nhin thdy rang ¢ thi nghiém 2 ham lugng
carbohydrat dat cuc dai. O cac mirc thi nghiém
khic cua bién sb, ham luong carbohydrat déu
giam. Nhu vay, diéu kién thiy phin rong
Ch. linum thu ham lugng duong cao khi rong
dugc thuy phan trong diéu kién: ndng do
enzyme: 0,85 ml/g; thoi gian: 33 gio; nhiét do:
50°C va pH=5,2.

Nhu vay, theo nghién ciru cua ching toi,
enzyme vicozyme L thuy phan rong Ch. linum
tao ra dich duong 50,3 g/l. Cung hudng nghién
ctru thay phan sinh khdi rong luc, cac tac gia
Nadja et al. (2013) da st dung rong Ch. linum
dugc thity phan bang enzyme celluclast 1,5L va
da tao ra ham lugng carbohydrat dat 51-54 g/l
voi luong enzyme thily phan la 15-20 Ul/g [7].
Theo cong bd ctua Mitsunori et al. (2011) [5],
sinh khdi rong Ulva pertusa duoc thuy phan
bing enzyme meicelase co hoat d 17,2 Ul/g dé

tao ra dich duong glucose co ndng do 43 g/l.
Qua trinh Ién men ethanol tir dich thiy phan

Két thic qua trinh thily phéan, ching toi tién
hanh 1én men dich thay phan vé6i didu kién 1én
men pH 4,5; nhiét do 27°C, sé vong khody 50
rpm, lugng ndm men 10°/1 va thoi gian 1én men
108 gio. Két qua 1én men nay di tao ra do con
la 14,4 g/l. Nhu vy, két qua nay ciing gan
gidng voi két qua 1én men cua Nadja et al.
(2013) [7] 1én men tu rong Ch. linum 1a 18,1
(g/1) va két qua cia Mitsunori et al. (2011) [5]
1én men tir rong Ulva pertusa 1a 18,5 g.

KET LUAN

Qué trinh thity phan sinh khdi rong
Ch. linum bang ché phdm enzyme viscozyme L
tao ra ham lugng cabohydrate cao 50,3 g/ trong
diéu kién néng d6 enzyme 0,85 ml/g (c6 hoat do
42,5 Ul/g), nhiét @o 50°C, thoi gian 33 gio, pH
5,2.

Qua trinh Ién men ethanol tir dich thuy phan
rong Ch. linum cua ching Red Ethanol tao ra
ham lugng ethanol 14,4 g/1.
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STUDY ON CONDITIONS OF HYDROLYSIS
GREEN SEAWEED Chaetomorpha limum BY ENZYME AND
APPLICATION OF INBIOETHANOL PRODUCTION

Vo Thanh Trung', Le Nhu Hau', Nguyen Thanh Hang2

'Nha Trang Institute of Technology Reasearch and Aplication, VAST
*School of Biotechnology and Food Technology, Ha Noi University of Science and Technology

SUMMARY

Chaetomorpha linum seaweed composes a high carbohydrate content, various types of polysaccharides,
with 38% cellulose in material. In our paper, the material from Ch. linum was treated by enzyme L
Visocozyme and we found optimized hydrolysis conditions, vis. enzyme concentration: 0.85 ml/g (42.5 1U/g),
time: 33 hours, temperature: 50°C, and pH: 5.2. The hydrolysis results of Ch. linum were: 50.3 g/l sugar
solution which were fermented with Red Ethanol yeast under the following conditions pH: 4.5, temperature:
27°C, rotation rates; 50 rpm, CFU yeast: 10/, and fermentation time: 108 hours. Ethanol product of
fermentation process was 14.4 g/l.

Keywords: Chaetomorpha linum, enzyme, hydrolysis, fermentation.
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