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Linh vie ky thuit dwoe dé cap

Giai phap hitu ich thudc linh vuc san xuét hoa chét, cu thé 1a dé cap dén viéc 1am
tang hiéu qua thu nhan etanol tir sinh khéi rong néi chung va tir sinh khéi rong nudc lg
néi riéng, cy thé 1a d& cap dén phuong phap dudng hoéa va 1én men ddng thoi sinh khéi
rong nudc lg Chaetomorpha sp. nhiam san xuét etanol. Giai php hitu ich g6p phan chon

lwa nguyén lidu thay thé cho ngii céc trong qué trinh san xuét etanol.
"Tinh trang ky thuét cia giii phap hiru ich

Trong nhém nhién liéu sinh hoc dang duge sir dung hién nay, etanol 1a dbi tuong
dugce sir dung phd bién nhat trong nhiéu linh vuc cia doi s6ng, ching han 1am dung moéi
cho cac nganh cong nghiép dugc phim, m§ phim, 1am nguyén liéu dé san xuét cac hop
chét hitu co, duge st dung rdng réi trong y té, duoc st dung lam chét dbt, nhién liéu van
hanh céc loai dong co, v.v.. Hoa Ky va Brazil hién 14 hai quéc gia tidu thy etanol 16n nhét
thé gi6i. Hoa ky ciing 14 nudc san xuét etanol 16n nhit véi 6,5 ty galon/ndm, tuy nhién

lugng etanol ndy ciing chi thay thé dugc cho 6,4% nhu ciu vé xing diu (Westcott, 2007 )-

Nhién liéu etanol sinh hoc c6 thé dugc san xudt d& dang bing phuong phap 1én

‘men céc ngué)n hydrat cacbon ¢6 sén trong ty nhién nhu duong, ngd, sin, mun, gd, v.v. str
dung c4c vi sinh Vit c6 ning sudt cao c6 thé chuyén ddi cac loai dudng don thanh etanol.

Mic du etanol sinh hoc ¢6 thé duge san xudt tir sinh khdi lignoxenluloza (nhu g, rom, ra,

bd mia, cd, v.v.), nhung céc loai cdy luwong thuc vin duoc coi 1a ngudn nguyén lidu tdt

nhét do hiéu suét sinh etanol cao, cong nghé thuy phéan tinh bt Vé} 1én men kha dé dang.

Hién nay, Hoa Ky san xuét etanol chi yéu tir nguyén lidu ngii cdc (Westcott, 2007). Piéu

niy khong dugc xem 13 phat trién bén viing do van d& vé méi trudng, cling nhu tac dong

vé kinh t& va an ninh luong thyc toan ciu.

Mot ngudn nguyén li€u méi duge xem 1a Uing vién cd tiém nang thay thé dugc cac

-nguyén liéu néu trén do6 1a c4c loai rong (tdo). Rong (tdo) cé cau tric mém déo, khong
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chira hodc chira rat it lignin. Piéu nay gitip cho rong c6 thé dugc d& dang chuyén héa

thanh cdc dang dudng c6 thé 1én men dé san xuét etanol.

Phuong phép san xuét etanol sinh hoc tir rong (t4o) di biét 12 phuong phép dudng

héa toan bd sinh khéi rdi sau d6 tién hanh 1én men (SHF-Separate Hydrolysis and
Fermentation) nhu dugc thé hién trén Hinh 1. Dya trén phuong phép nay, Park va cong su
(2012) d3 st dung sinh khdi rong d6 Gelidium amansii 1am nguyén lidu @& san xuét etanol
va st dung phuong phép dudng hoa lién tuc véi H,SO4 lodng (2%) & nhiét dd 150°C.
Phan tich bing cot Bio-LC st dung sic ky 1éng tinh nang cao (HPLC) cho thiy ring tdng
lugng hydrat cacbon cta rong nay 1a 67,3% (w/w). Do d6, ham luong glucoza ti da dy
doan dugc 13 0,166g, galactoza 13 0,256g trén 1g sinh khdi rong khé. Tdng sé dudng lén
men dugc (glucoza va galactoza) 14 0,422¢g trén 1g sinh khéi G. amansii. Két qua cua
phuong phép ndy cho thdy ham lugng galactoza thu duoc sau khi thily phan béng axit dat
-dugc khoang 68% so véi galactoza ly thuyét. Nguyén nhan 1a do qué trinh chuyén héa
b%mg axit cong vé&i nhiét dd cao di 1am mot sb duong chuyén héa thanh cac chit tc ché
nhu 5-hydroxymethylfurfual (5-HMF). Do céc chét tc ché c6 mit kha nhiéu nén hiéu suét

1én men chi dat duoc 38%, véi néng d0 etanol thu duoc 14 0,5%.

Mbt phuong phép duge dé xuit ¢ khic phuc nhuge didm cia phuong phép SHF la
phuong phap dudng héa va 1én men ddng thoi (SSF- Simultaneous Saccharification and
Fermentation ) nhu dugc thé hién trén hinh 2. Phuong phép nay duge cho la tiét kiém
dugc thoi gian thyc hién. Lee va cdng su (2013) di thuc hién phuong phap SSF trén sinh
khdi rong nau Saccharina japonica véi su két hop hai loai enzym 1a endoglucanaza va f3-
glucosidaza. Két qua cho thdy hiéu suét 1én men etanol dat trén 80%. Tuy nhién, ham

4 lwong etanol thu dugc chi dat 1%. Két qua nay ciing khé tuong ddng véi mot sb nghién
ciu khac, khi néng do etanol sau qua trinh 1én men chi dat 0,6-0,7% (Mitsunori
Yanagisawa et al., 2011b; Min-Ji Kim, 2012) hay 0,8-1% (Jessica M. Adams, 2009; Lee
at al., 2009; Yeon et al., 2010; Jang et al., 2012). Nguyén nhén chinh cua viéc tao ra
etanol v6i lugng thip 13 do lwong dudng cé thé 1én men trong sinh khéi rong khong
nhiéu. Mitsunori Yanagisawa et al. (201 1) da tién hanh nghién ciru trén cac ddi tuong

rong lyc va rong d6 c6 ham lugng hydrat cacbon cao hon va sir dung két hop céc enzym
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thity phan tinh bdt, -1,3 glucan va xenluloza cho thiy ham luong glucoza thu dugc trong
dich 1én men cao. Tuy nhién, ndng d9 etanol sau qué trinh 1€n men céac loai rong luc va

rong do nay cling chi dat khoang 2-3%.

Nhat Ban 14 nuée di dau trong céc nghién ciru str dung rong nude lg lam nguyén
ligu dAu vao dé san xuét nhién lidu sinh hoc. Akiko Isa (2009) d& x4c dinh thanh phén
hydrat cacbon ctia mot sb lodi rong nuéc lg Enteromorpha sp., Cheatomorpha sp.,

- Cladophora sp., Ulva sp., moc tu nhién & Thai Lan, Viét Nam va Nhat Ban. Két qua cho
thiy, rong Cheatomorpha sp. & Viét Nam chira ham lwong glucoza cao nhét (c6 thé 1én t6i
300mg/g sinh khéi) va sir dung xenlulaza c6 thé chuyén 95% hydrat cacbon thanh duong.
‘Ham lugng dudng tao ra trong dung dich dat 3,7% (w/v). Rong ciing duoc chuyén héa
thanh etanol b%lng ndm men S. cerevisiae IR-2 v&i hiéu suét 1én men dat 90% va ham
luong etanol cubi 1a 14-15g/1.

Tai Viét Nam, nhém nghién ctru clia céc tac gia giai phap hitu ich hop tac giita
Vién Sinh hoc nhiét d6i, Cong ty C6 phan thiét k& Cong nghiép héa chit (CECO) va
Trudng Pai hoc Coéng nghé Sai Gon di nghién ctru chuyén héa sinh khéi rong nude lg
Chaetomorpha sp. thanh etanol sinh hoc. P4y 14 loai rong sdng phd bién trong cac kénh

‘rach va cdc ao nudi thiy san nudc lo & céc tinh ddng bing sdng Ctru Long. Rong
Chaetomorpha sp. ¢6 sinh khéi rat 16n va tc do sinh truéng rit nhanh nén chung thudng
chiém wu thé trong cac loai thity vue. Loai rong ndy ¢6 ham lugng hydrat cacbon tir 40%
dén 50% tuy theo mua, ham lugng glucoza trén 70% trong tdng sd hydrat cacbon cia
rong. Tuy nhién, khi 4p dung phuong phdp SHF va SSF trén loai rong nay, ham lugng
etanol thu dugc sau qué trinh 1én men ciing chi dat tuong Ung 1a 1,4% va 1,9% (v/v), véi
hiéu suit 1én men twong tng 13 72% va 80%, khién cho qué trinh chung cét thu etanol

96% tr& nén khé khan va ton kém.

Do vAy, van ¢6 nhu cdu tim kiém phuong phép khéc dua trén ngudn sinh khéi rong
. Chaetomorpha sp. trong nuéc nham nang cao hidu suét cling nhu ham lwong etanol thu

duogc sau qua trinh 1én men.

Ban chit ky thuat cia giai phap hiru ich
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Muc dich ctia giai phdp hitu ich 1a ¢ xuét phwong phap dudng hoéa va 1én men
ddng thoi sinh khdi rong nuéc lg Chaetomorpha sp. nhdm 1am taing ham lugng etanol thu

duogc so v6i cac giai phap k¥ thuat da biét.

Dé dat dugc muc dich néu trén, phuong phép theo giai phap hitu ich bao gdm céc

bude:

Rong nuéc lo Chaetomorpha sp. sau khi thu nhan duge loai tap chit nhu bin dét,
va céc loai dong vét thuy sinh, rdi dem séy kho dén @0 4m 4-8%, sau d6 nghién nho tdi

kich thu6c ndm trong khoang 0,1-1mm.

Téch protein va tro khoéng tlr rong nudc lg Chaetomorpha sp. bing cach ngam
sinh khdi rong da sdy kho va nghién nho trong dung dich NaOH ndng d6 0,75%-1,0%,
vé6i ty 16 nguyén liéu/dung dich 13 1/20 (w/v), & nhiét do 48-50°C trong 1 gio, trong didu
kién khuéy lién tuc véi tbe dd 100-150 vong/phut; sau d6 tach dung dich NaOH c6 chira
protein hoa tan, ba rong thu dugc dugc rira dé loai b6 kiém du, va séy kho v& d6 4m 4-

8%;

Tién xir Iy ba rong bang cach bd sung dung dich H,SO, ndng dd 1,75 % (w/v) vao
ba rong theo ty 1& khdi luong ba rong/tdng thé tich hdn hop nguyén liéu ndm trong
khoang 13-15% (w/v), & nhiét d6 ndm trong khoang 120-125°C, trong thoi gian 25-30

.phl:lt;

Thay phéan ba phén tu lugng ba rong da duge tién xir Iy bing enzym xenlulaza va
B-glucosidaza, trong d6 ndng d6 enzym xenlulaza nim trong khoang 25-30 FPU/g hydrat
cacbon cé trong lugng bi rong dem thiy phan, ndng d6 enzym B-glucosidaza nim trong
khoang 8-10 CBU/g hydrat cacbon c6 trong lugng ba rong dem thuy phén, qua trinh thiy
phén dugc thuc hién & nhiét do nim trong khoang 50-55°C trong thoi gian 35-36 gio voi
téc do khudy nim trong khoang 180-200 vong/phut dé thu duoc dich thily phén;

Thity phén va 1én men dong thodi bang cach bd sung thém vao dich thuy phén
lwong ba rong dd duoc tién xir Iy con lai cling v6i enzym xenlulaza, B-glucosidaza va ndm
-men Saccharomyces cerevisiae, trong 46 ndng d6 enzym xenlulaza ndm trong khoang 20-

25 FPU/g hydrat cacbon cé trong Iugng ba rong bd sung, ndng d6 enzym B-glucosidaza
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nim trong khoang 8-10 CBU/g hydrat cacbon c¢6 trong lugng bi rong bd sung, mat do

'nim men nim trong khoang20-25x10° CFU/mL dich 1&n men, nhiét d§ 1én men tir 37-
38°C, thoi gian 1én men tir 32-36 gi& véi téc do khudy tir 80 dén 120 vong/phut dé thu
dugce dich 1én men sinh khéi rong Chaetomorpha sp. c6 ham lugng etanol dat khoang 3,6-
3,8% (v/v).

M3 ta vin tit cac hinh vé

Hinh 1 1 so d6 thé hién c4c budc ctia phuwong phép dudng héa toan bo sinh khdi
rdi sau d6 tién hanh 1én men (phuong phap SHF);

Hinh 2 13 so d6 thé hién cic budc ciia phuong phap dudng héa va 1én men dong
thoi (phuong phap SSF);

Hinh 3 12 so d6 thé hién cc budc cia phuong phap dudng héa va 1én men dong

thoi theo gidi phap hitu ich;

Hinh 4a, Hinh 4b va Hinh 4c 14n lugt 13 gian db phan bd kich thudc hat cia rong
(hinh 4a), bi rong sau khi loai protein vé trudc budc tién xir ly (hinh 4b) va ba rong sau
budc tién xt Iy (hinh 4c).
MBO ta chi tiét giai phap hiru ich

Nguyén nhan co ban khién cho ham lugng etanol thu dugc tir qua trinh 1én men

thdp 13 do ham lugng hydrat cacbon trong nguyén liéu ban dau khong cao (x4p xi 45%
theo ty 18 khdi lugng so véi khdi lugng khé ctia nguyén lidu 1a sinh khéi rong). Bén canh
d6, lwong dudng 1én men duoc hiéu qua nhit 13 glucoza ciing chi chiém khoang 70-74%
.t(;)ng lugng hydrat cacbon, ciu tric tinh thé phirc tap cia xenluloza trong rong
Chaetomorpha sp. ciing gdy khé khin cho qua trinh chuyén héa thanh dudng c6 thé 1én
men. Ngoai ra, do sinh khdi rong c6 cdu triic phirc tap va khong tan trong nuéc nén néu
sir dung mét lugng nguyén liéu ban dau qué 16n s& 1am ting d6 nhét cia mdi trudng va

lam giam hi€u suat Ién men.

Giai phép hitu ich duoc dé xudt nhim giai quyét hai vin d& 13 lam ting luong
hydrat cacbon ban ddu ctia nguyén lidu va ting lugng nguyén lidu dua vao qua trinh 1én

men nham lam ting ham luong etanol thu duoc, cu thé 1a:
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- Lam ting ham lugng hydrat cacbon téng trong sinh khéi rong bing cach loai
protein va céc loai khoang. Pidu ndy gitip ting ham lwong hydrat cacbon trong ba rong

sau khi tich protein, ddng thdi tao ra mét san phdm phu c6 gia tri 12 protein cuia rong.
- Cai tién phuong phép 1én men SSF bé rong sau khi tach protein qua hai giai doan:

i) Thily phén b3 rong bing hé enzym xenlulaza, ba rong sau thily phan s& chuyén

mét phan thanh dang 16ng va c6 d nhét thap;

ii) B4 sung thém vao dich thily phan mét luong ba rong d4 dugc tién xir Iy phit hop
dé 1am ting ham lugng hydrat cacbon trong moi truong 1én men, ddng thoi bd sung thém
mot lugng enzym xenlulaza, B-glucosidaza va ndm men Saccharomycescerevisiae. Mbi
truong lén men cé ham lugng hydrat cacbon cao nthng d6 nhét thap, két hop v6i mot qua

trinh 1én men hi¢u qua s€& giup tang lugng etanol thu dugc.

Céc héa chit dugc sir dung trong quy trinh: NaOH (dang tinh thé, do tinh khiét
trén 90%); H,SO, (dung dich, do tinh khiét 95%); nudc cét; Ca(OH), (dang bdt, do tinh
khiét 98%); enzym xenlulaza (dang dich, c6 hoat luc trén 150 FPU/mL enzym); enzym B-
glucosidaza (dang dich, c6 hoat luc trén 300 CBU/mL enzym); nim men Saccharomyces

" cerevisiae (dang bot, mat do vi sinh vat trén 10 CFU/g).

Céc thiét bj duge sir dung trong quy trinh nhu méay dién tré, may nghién dia, thiét
bi ly tam, ndi hoi, binh phan Gng déu 1a cac thiét bi chuyén dung va dugc sir dung thong

thuong trong 1inh vuc k§ thuét nay.

Phuong phép dudng héa va 1én men dong thoi theo giai phép hitu ich duge thé

hién nhu néu trong hinh 3, cu thé 1a:
Chudn bi nguyén liéu:

Rong nuéc lg Chaetomorpha sp. dugce thu nhén tir cac ao nudi thily san nude lg
-thudc mot sb tinh ven bién ddng bing séng Cru Long. Rong dugc loai tap chit nhu bun
dat, va céc loai dong vt thiy sinh (8¢, t6m, c4 nho...). Sinh khdi rong thu duoc duge

dem sdy kho dén do 4m 4-8%, rdi nghién nho téi kich thuée 0,1-1mm. Nguyén liéu rong
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ban diu c6 thanh phan hoéa hoc bao gdm: téng hydrat cacbon 40-47%, protein 12-15%,
lipit 3-4%, va tro khoang 28-29%.

Tdch protein va tro khodng tir rong:

Protein trong rong phan 16n 14 nhém tan trong dung méi kiém, chiém khoang 50-
55% va nhém tan trong nudc chiém ty 18 tir 30 dén 35%. Do d6, dung dich NaOH lodng

. v&indng d6 0,75% -1% duge sir dung 1dm dung méi tach protein.

Nguyén liéu dugc ngdm trong dung dich NaOH véi ty 1€ nguyén liéu/dung dich 1a

1/20 (w/v). Qua trinh tich protein va cac thanh phan khoéng ctia nguyén liéu duogc tién
hanh & nhiét do 48-50°C, trong diéu kién khudy lién tuc véi téc d6 100-150 vong/phut va
thoi gian 14 1 gid. Sau khi két thuc qua trinh ndy, dung dich chtta protein hoa tan s& dugc
tach bing phuong phép ly tim. Ba rong dugc thu nhén, rira dé loai bo kiém du, siy kho vé
do Am 4-8%, va duge sir dung 1am nguyén lidu cho qua trinh 1én men tiép theo. Sau qua
trinh tach protein va tro khoang, ham lwong hydrat cacbon trong nguyén lidu gia ting dén
70-72% (trong ba rong), ham lugng protein tdng con sot lai 1 4%, lipit con khoang 1% va
dic biét thanh phan tro khoang chi con 9-12%. Viéc sir dung dung dich NaOH 1am dung
'méi tach protein va tro khoang con gop phan phén rd nguyén liéu va giam kich thuéc hat
cta nguyén liéu. Pidu ndy s& lam ting bé mit tiép xtic clia nguyén liéu véi cic enzym
thuy phan va lam ting hiéu qua dudng hoa giai phong cac duong don gitp qud trinh 1én
men d& dang hon. Két qua cho thiy (xem Hinh 4a va Hinh 4b), gia tri D,50 (gi4 trj trung
vi - bidu thi 50% tdng s6 hat c6 kich thuéc nhé hon D,50) ctia rong Chaetomorpha sp. 1a
502,69um, trong khi gid tri ndy & bd rong sau khi loai protein giam xubng con
444,807 pm. Diéu niy cho thdy mot phan cdu tric nguyén liéu d4 bi pha v& 1am giam kich
thudc hat cia nguyén liéu. Bén canh do, viéc gidm kich thudc hat cling 1am tdng tdng dién

tich bé mit ciia hat nguyén lidu tir 206,01 1én 275,96cm*/cm’.
Tién xie Iy bd rong:

Muc dich ctia qué trinh tién xir 1y 14 nhdm pha v& cdu tric cla polysacarit va gidm
kich thuéc hat ctia nguyén liéu (bd rong sau khi tich protein) dé tao diéu kién thuan loi

cho qua trinh thiy phéan bing enzym tiép theo. Budc tién xir Iy ba rong dugc thuc hién
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bang cach bd sung dung dich H,SO4 ndng dd 1,75 % (w/v) vao ba rong theo ty 1& khdi
lugng bi rong/tdng thé tich hdn hop nguyén liéu nim trong khoang 13-15% (w/v), & nhiét
d6 nam trong khoang tlr 120 dén 125°C, trong thoi gian tir 25-30 phut;

Sau qua trinh tién xir 1y, kich thudc hat cua ba rong tiép tuc gidm rd rét va déng
thoi dién tich bé mit cua hat cling ting lén dang ké (xem Hinh 4b va hinh 4c). Két qua
cho thay D,50 ciia ba rong tir 444,807um giam xubng con 83,786 um va dién tich bé mat
hat ting manh tir 275,96 1én 1481,4cm?/cm’.

Thily phén bad rong dd duoc tién xir Ip:

Ba phén tu lugng ba rong thu dugc sau qua trinh tién xur ly s& dugc trung hoa bang
Ca(OH), vé pH=5 dé tiép tuc qua trinh thuy phan. Tién hanh thily phan s6 b rong nay
bang enzym xenlulaza va B-glucosidaza. Cac enzym nay 1a loai c6 ban trén thi trudng,
trong d6 ndng do enzym xenlulaza nim trong khoang 25-30 FPU/g hydrat cacbon ¢6
trong lugng ba rong dem thily phan, ndng d6 enzym B-glucosidaza nim trong khoang 8-
10 CBU/g hydrat cacbon c6 trong luong bi rong dem thily phan. Qu4 trinh thuy phén
duoc thuc hién trong binh phan ing héa hoc c¢é canh khudy & nhiét d6 nim trong khoang
tir 50 dén 55°C trong thoi gian 35-36 gid véi toe dd khudy nim trong khoang 180-200
vong/phut dé thu dugc dich thily phéan. Dich thity phan nay c6 ham luong dudng khir vao

| khoang 64,8 g/L trong d6 c6 39,3 g/L 1a duong glucoza.

Thily phén va lén men dong thoi:

B rong sau giai doan thily phan di tao ra mot lugng dang ké duong c6 thé 1én men

14 glucoza. Trong giai doan thity phan va 1én men ddng thoi tiép theo, luong ba rong con

lai (mdt phén tu lugng bi rong) duoc bd sung ciing véi enzym va nAm men. Luc ndy, dich

thiy phan duge diéu chinh tiép vé& pH=5 bing Ca(OH),. Do di ¢4 sin mot luong glucoza

dugc tao ra trong giai doan thily phan truéc d6, qué trinh thily phan va 1én men dong thoi

theo gidi phap hitu ich dién ra nhanh va manh hon so véi c4c qua trinh SSF thong thudng.

Nong do enzym xenlulaza dugc bd sung nim trong khoang 20-25 FPU/g hydrat cacbon

"6 trong lugng ba rong bd sung, ndng d6 enzym B-glucosidaza nim trong khoang 8-10

CBU/g hydrat cacbon c6 trong lugng bi rong bd sung va mét o nim men duge st dung
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"ndm trong khoang 20-25x10°® CFU/mL dich 1én men. Viéc bd sung céac enzym va nim
men thich hop gitip ting cudng qua trinh thity phan va ting téc d6 chuyén héa ba rong
thanh duong don trong ca hai giai doan. Ham lugng hydrat cacbon cao cong véi tdc do
thity phan manh d4 13m ting dang k& hidu qua thay phan va 1én men ddng thoi. Qua trinh
1én men dugc thyc hién & nhiét do tir 37 -38°C, trong thoi gian tir 32-36 gid véi toe do

khudy nim trong khoang 80-120 vong/phut.

Két qua clia qué trinh thity phén va 1én men ddng thoi thu duge dich 1én men sinh
khdi rong Chaetomorpha sp. véi ham lugng etanol dat khoang 3,6-3,8% (v/v) khi do dugc
bang sic ky 1ong cao 4p, hiéu sudt 1én men xap xi 86-90%, duoc cai thién dang ké so véi
phuong phép SSF (ndng d6 etanol chi dat khoang 1,7-1,8% (v/v) va hidu suét 1én men xp
xi 80 %). Phuong phép nay 1a tién d& cho viéc st dung nguyén liu thay thé ngil cdc trong

san xuét etanol sinh hoc.
Vi du thye hién gidi phap hiru ich

Vi du: San xuét dich 1én men sinh khdi rong nuéc lg Chaetomorpha sp. bing phap duong
héa va 1én men ddng thoi.

Céc héa chét dugc sir dung trong quy trinh: NaOH (dang tinh thé, d6 tinh khiét trén
90%); H,SO4 (dung dich, d¢ tinh khiét 95%); nudc cit; Ca(OH), (dang bot, do tinh khiét
98%); enzym xenlulaza dung loai Cellic Ctec2, enzym f-glucosidaza dung loai
Novozyme 188; st dung nidm men Saccharomyces cerevisiae ching thwong mai
Lallemand.

Céc thiét bi dugc st dung 1a may séy dién trd, dung tich 150L, nhiét dd str dung tir
60 dén 200°C; may nghién dia, cong suit 5kg/gid; binh phan tng héa hoc hinh tru ding,
c¢6 hé thdng kiém soat nhiét do (tir 30 dén 100°C), v6i canh khudy va didu chinh téc do
khudy (tir 10 dén 250 vong/phit), dung tich 300L, dwoc sir dung dé tach protein va
khoang trong sinh khdi rong; thiét bi ly tdm lién tuc c6 ning sut 250L/gid, cong sut 7,5
HP va tdc do dat 20.000 vong/phit, duge st dung dé tach dich trich protein ra khoi ba
rong; ndi hoi nuée ap luc cao, dung tich 180L, nhiét d6 hoat dong tir 50 dén 150°C, co
canh khudy véi toc d6 khudy tir 10 dén 50 vong/phut duoc sir dung dé tién xir Iy ba rong;
binh phan mg héa hoc hinh tru démg, c6 hé thdng kiém soat nhiét do (tir 30 dén 100 °C),
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v6i cénh khudy va didu chinh tdc d6 khudy tir 10 dén 250 vong/ phit, dung tich 200L

duoc sir dung dé thity phén va 1én men bi rong.

Quy trinh duoc tién hanh nhu sau:

Rong Chaetomorpha sp. dugc thu nhén tir cac ao nudi thiy san nude lg thudc mot
s6 tinh ven bién dong bang song Ctru Long. Rong dugc loai tap chit nhu bun dit, va cc
loai dong vat thuy sinh (8¢, tm, ¢4 nho...).

Sdy kho 300kg rong Chaetomorpha sp. bang may siy dién tré dén do Am khoang
4-8%, sau d6 nghién nho bang thiét bj nghién dia t6i kich thudc 0,1-1mm, thu duoc 30 kg
nguyén liéu.

Tach protein va tro khodng bang cach ngdm 10kg nguyén lidu trong 200 lit dung
dich NaOH néng d6 0,75%. Qua trinh tach protein va tro khoang duoc tién hanh & nhiét
d6 50°C, trong diéu kién khudy lién tuc véi tbe d6 100 vong/phit va thoi gian 1a 1 gio.

‘Sau d6 dung méi chira protein hoa tan duge tich bing phuong phap ly tdm. B3 rong thu
duogc duge rira dé loai bo kidm du, siy kho v& d6 4m 4-8%, thu duoc khoang 6,5kg ba

rong. Thuc hién 3 14n dé thu duoc khoang 20kg ba rong kho.

Tién xtr Iy bd rong thu duge trong ndi hoi nuée 4p luc cao bing cach bd sung 120
lit dung dich H,SO4néng d6 1,75% (w/v) vio 20kg ba rong (dé dat dugc ty 16 khdi luong
ba rong/téng thé tich hdn hop nguyén liéu 1a14%), & nhiét d6 120°C trong thoi gian 30
phut. Két qua thu duge khoang 140 lit dich.

Chuyén ba phan tu lvong ba rong da duge tién xir Iy (khoang 105 lit dich, chta
tuong tmg 15kg ba rong) vio thiét bi thity phan va 1én men. Trung hoa ba phin tu ba rong
da tién xir Iy vé pH=5 bang cach bd sung Ca(OH),vao nguyén lidu. Thiy phan b rong da
trung hoa bing cach bd sung 2100 mL enzym xenlulaza (Cellic Ctec2) va 335 mL enzym
B-glucosidaza (Novozyme 188), d& dat ndng d6 enzym xenlulaza 13 30 FPU/g hydrat
cacbon c6 trong lwong bi rong dem thiy phan va ndng d6 enzym p-glucosidaza 1a 10
CBU/g hydrat cacbon c6 trong lugng ba rong dem thiy phan, bd sung 12-15 lit nude dé
dat néng d6 chat kho trong bi rong 13 12%. Qua trinh thay phén dugc thuc hién ¢ nhiét
50°C trong thoi gian 36 gid véi tbe do khudyla 200 vong/phut dé thu dugce khoang 120 lit
dich thty phéan.
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Sau khi két thic qua trinh thity phén, tién hanh b sung thém ndt luong ba rong da
dugc tién xtr Iy con lai (khoang 35 lit dich, chira trong tng 5kg ba rong), diéu chinh tiép

| d6 pH cua dich thity phan vé pH=5 bing Ca(OH),, sau d6 450 mL enzym xenlulaza, 115
mL enzym B-glucosidaza va 10 lit dung dich nAm men Saccharomyces cerevisiae, tuong

.img voi ndéng do enzym xenlulaza 14 20 FPU/g hydrat cacbon c6 trong luong ba rong bd
sung, ndng dd enzym B-glucosidaza 1 10 CBU/g hydrat cacbon cé trong lugng ba rong

bd sung, mat do ndm men nim trong khoang 20-25x10° CFU/mL dich 1én men. Qu4 trinh

thity phan va 1én men dong thoi dugc thuc hién & nhiét d6 37,5°C, trong thoi gian 36 gio

voi tbe do khudy 100 vong/phut. Két qua thu dwoc 165 lit dich 1én men sinh khdi rong

Chaetomorpha sp. v6i ham lugng etanol dat khoang 3,6-3,8% (v/v), hiéu suét 1én men

x4p xi 86-90%.
Hiéu qua cia gidi phap hitu ich

Phuong phép theo giai phap hitu ich duge cai tién hon so véi cac phuong phap
SHF va SSF da biét nham 1am ting luong hydrat cacbon ban dau cia nguyén liéu, ting
lugng nguyén li€u dua vao qua trinh 1én men, va gidm dd nhdt ciia moéi trudng 1€n men
dan dén lam tang ham luong etanol thu duogc dat dén khoang 3,6-3,8% (v/v), v6i hidu sut
1én men xép xi 80-90%, 1a tién d& cho viéc chon lua nguyén liéu trong nudce la rong nude

lo Chaetomorpha sp. thay thé cho ngii cdc trong qua trinh san xuét etanol.
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YEU CAUBAO HO
1. Phuong phép dudng héa va 1én men ddng thoi sinh khéi rong Chaetomorpha sp.

bao gom céc budc:

S4y kho rong nuéc lg Chaetomorpha sp. da loai tap chit v& d6 4m 4-8%, sau d6

nghién nhé t&i kich thuéce ndm trong khoang 0,1-1mm;

. Téch protein va tro khoang tr rong nuéc lg Chaetomorpha sp. bing cich ngim
sinh khéi rong di sdy kho va nghién nho trong dung dich NaOH ndng d6 0,75 %-1,0 %,
voi ty 1€ nguyén liéu/dung dich NaOH 1a 1/20 (w/v), & nhiét do 48-50°C trong 1 gid, trong
diéu kién khudy lién tuc v&i téc do 100-150 vong/phut, sau d6 tach dung dich NaOH c¢6
chira protein hoa tan, ba rong thu duge duge rira dé loai bo kiém du, va sy kho v& do 4m

4-8%;

Tién xtt Iy ba rong bing cach bd sung dung dich H,SO4ndng do 1,75 % (w/v) vao
ba rong theo ty 1& khdi lugng ba rong/tdng thé tich hdn hop nguyén liéu ndm trong
khoang 13-15% (w/v), & nhiét do nim trong khoang 120-125°C, trong thdi gian 25-30
phut;

. Thity phan ba phan tu lwong bi rong da dugc tién xir Iy bing enzym xenlulaza va
B-glucosidaza, trong d6 ndng d6 enzym xenlulaza nim trong khoang 25-30 FPU/ g hydrat
cacbon c6 trong lugng ba rong dem thity phan, ndng d6 enzym B-glucosidaza nim trong
khoang 8-10 CBU/g hydrat cacbon c6 trong lugng b rong dem thiy phén, qué trinh thiy
phan dugc thuc hién & nhiét 6 nim trong khoang 50-55°C, trong thdi gian 35-36 gid, voi
tbc d6 khudy nim trong khoang 180-200 vong/phut dé thu duoc dich thiy phén;

Thity phén va 1én men ddng thoi bing cich bd sung thém vao dich thuy phén
lugng ba rong di duge tién xir Iy con lai cing vé6i enzym xenlulaza, B-glucosidaza va nim
men Saccharomyces cerevisiae, ndbng d06 enzym xenlulaza nim trong khoang 20 -25
-FPU/g hydrat cacbon ¢ trong lwgng ba rong bd sung, ndng d6 enzym p-glucosidaza nim
trong khoang 8-10 CBU/g hydrat cacbon c¢6 trong lugng ba rong bd sung, mét do nim
men n3m trong khoang 20-25x10® CFU/mL dich 1én men, nhiét d6 1én men tir 37 -38°C,
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thoi gian 1én men tir 32-36 gid& véi tbe d6 khudy nim trong khoang 80 - 120 vong/phut dé
thu dugc dich 1én men sinh khéi rong Chaetomorpha sp. v6i ham luong etanol dat khoang
3,6-3,8% (v/v).
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Két qua tinh toan bing phdn mém HORIBA LA-920 trén Windows (TM) [WET(LA-920)] Ver.3.37:

Tdng dién tich bé mit hat

: 206,01 (cm*cm?)

50% tdng s6 hat c6 kich thuéc nhé hon (D,50) : 502,6950 (um)
Kich thuéc hat trung binh | :517,2453 (um)
Kich thude thudng gép nhat :635,4276 (um)

Pudng kinh Tylé Tongty Puong kinh Ty 1é Tong ty 1& Pudngkinh Tylé Tongty Ié
SIT (um) (q%) 18(Q%) STT (um) (q%) Q% STT (m) (@% (Q%)
1 1,005 0,000 0,000 22 17,377 0,000 0,000 43 300,518 3,126 29,235
2 1,151 0,000 0,000 23 19,904 0,000 0,000 44 344,206 3,786 33,021
3 1,318 0,000 0,000 24 22797 0,000 0,000 45 394,244 4770 37,791
4 1,510 0,000 0,000 25 26,111 0,000 0,000 46 451,556 6,123 43,914
5 1,729 0,000 0,000 26 29,907 0,000 0,000 47 517,200 7,700 51,614
6 1,981 0,000 0,000 27 34255 0,000 0,000 48 592,387 9,129 60,743
7 2,269 0,000 0,000 28 39234 0,109 0,109 49 678,504 9,879 70,622
8 2,599 0,000 0,000 29 44938 0,136 0,244 50 777,141 9,460 80,082
9 2,976 0,000 0,000 30 51,471 0,193 0437 51 890,116 7972 88,054
10 3,409 0,000 0,000 31 58953 0310 0,747 52 1019,515 5762 93,816
11 3,905 0,000 0,000 32 67,523 0544 1290 53 1167,725 3416 97,231
12 4,472 0,000 0,000 33 77,339 0973 2,263 54 1337,481 1,686 98,917
13 5,122 0,000 0,000 34 88583 1,628 3,89 55 1531,914 0,696 99,613
14 5,867 0,000 0,000 35 101,460 2378 6,268 56 1754,613 0,387 100,000
15 6,720 0,000 0,000 36 116210 2948 9217 57 2000,000 0,000 100,000
16 7,697 0,000 0,000 37 133,103 3,303 12,520
17 8,816 0,000 0,000 38 152,453 3,058 15578
18 10,097 0,000 0,000 39 174,616 2,728 18,306
19 11,565 0,000 0,000 40 200,000 2,540 20,846
20 13,246 0,000 0,000 41 229,075 2,536 23,383
21 15,172 0,000 0,000 42 262,376 2,726 26,108

Hinh 4a
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Két qué tinh toan bing phin mém HORIBA LA-920 trén Windows (TM) [WET(LA-920)] Ver.3.37:

Téng dién tich bé mat hat

50 % tdng sb hat c6 kich thuéc nhd hon (D,50)

Kich thudce hat trung binh

: 275,96 (cm® /em®)
: 444,8065 (um)
:467,7795 (um)

Kich thudc thuong gip nhat :629,2654 (um)

Puongkinh Tylé¢ Tongtylé Puongkinh Tylé Tdngty 1& Puong kinh Tylé Téngtylé
STT  (um) Q%) Q%) STT  (um) (q%) Q% STT (pm) (q%) (Q%)
1 5,122 0,000 0,000 22 88583 1,452 5885 43 1531914 0,515 100,000
2 5,867 0,000 0,000 23 101,460 2,007 7,892 44 1754,613 0,000 100,000
3 6,720 0,000 0,000 24 116210 2,522 10,414 45 2000,000 0,000 100,000
4 7,697 0,000 0,000 25 133,103 2,980 13,394
5 8,816 0,101 0,101 26 152,453 3,100 16,494
6 10,097 0,117 0,218 27 174616 3,089 19,584
7 11,565 0,130 0,349 28 200,000 3,119 22,703
8 13,246 0,142 0,490 29 229,075 3256 25,959
9 15,172 0,150 0,640 30 262,376 3,539 29,498
10 17,377 0,155 0,795 31 300,518 4,013 33,510
11 19,904 0,158 0,953 32 344206 4,710 38,220
12 22,797 0,160 1,113 33 394244 5663 43,883
13 26,111 0,163 1,276 34 451,556 6,881 50,764
14 29,907 0,168 1,444 35 517,200 8,165 58928
15 34,255 0,179 1,623 36 592,387 9,072 68,000
16 39,234 0,200 1,824 37 678,504 9,114 77,114
17 44,938 0240 2,063 38 777,141 8,068 85,183
18 51,471 0310 2373 39 890,116 6324 91,507
19 58,953 0,434 2,808 40 1019,515 4,310 95817
20 67,523 0,645 3,453 41 1167,725 2,462 98,278
21 77,339 0,980 4,433 42 1337,481 1,207 99,485

Hinh 4b
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Két qua tinh toan bing phin mém HORIBA LA-920 trén Windows(TM) [WET(LA-920)] Ver.3.37:

Téng dién tich bé mit hat

50 % tdng sb hat c6 kich thudc nhé hon (D,50)

Kich thudc hat trung binh
Kich thudc thudong gip nhat (Mode)

Pudng kinh Tylé¢ Téngty1é

: 1481,4 (cm® /em’)
: 83,7860 (um)
1 92,3146 (um)
: 95,0420 (um)

Pudngkinh Ty 1é Téngty 1&

Pudngkinh Tylé Tbéngtylé

SIT  (um) (@%) (Q%) STT (um)  (@%) (Q% STT (um) (% Q%)

1 1,005 0,000 0,000 22 17,377 1,176 7,874 43 300,518 0,737 98,994
2 1,151 0,000 0,000 23 19,904 1,330 9,204 44 344,206 0,433 99,427
3 1,318 0,000 0,000 24 22,797 1,493 10,697 45 394,244 0,265 99,692
4 1,510 0,000 0,000 25 26,111 1,676 12,374 46 451,556 0,177 99,869
5 1,729 0,000 0,000 26 29,907 1,901 14,275 47 517,200 0,131 100,000
6 1,981 0,127 0,127 27 34,255 2,200 16,475 48 592,387 0,000 100,000
7 2,269 0,151 0,278 28 39,234 2,615 19,090 49 678,504 0,000 100,000
8 2,599 0,166 0,444 29 44,938 3,189 22,279 50 777,141 0,000 100,000
9 2,976 0,181 0,625 30 51,471 3,967 26,245 51 890,116 0,000 100,000
10 3,409 0,200 0,824 31 58,953 4,977 31,222 52 1000,000 0,000 100,000
11 3,905 0,226 1,050 32 67,523 6,196 37,418

12 4,472 0,256 1,306 33 77,339 7,499 44918

13 5,122 0,289 1,595 34 88,583 8,616 53,534

14 5,867 0,337 1,932 35 101,460 9,189 62,723

15 6,720 0,398 2,330 36 116,210 8,958 71,681

16 7,697 0,471 2,801 37 133,103 8,236 79,916

17 8,816 0,556 3,357 38 152,453 6,720 86,636

18 10,097 0,655 4,012 39 174,616 4,922 91,558

19 11,565 0,766 4,778 40 200,000 3,328 94,886

20 13,246 0,892 5,670 41 229,075 2,108 96,994

21 15,172 1,029 6,699 42 262,376 1,264 98,258

Hinh 4c
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