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DAI HOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PH SU PHAM KY THUAT Poc 1ap - Tu do - Hanh phuc

THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

-Tén dé tai: Nghién ciru cac phwong phap chiét tich dau sinh hoc tir vi tdo

Chlorella vulgaris

- Mi s6: T2023-06-01

- Chu nhiém: TS. Tran Thi Ngoc Thu

- Thanh vién tham gia: TS. Nguyén Thi Dong Phuong,

ThS. Nguyén Hoang Phuc Son

- Co quan chu tri: Truong Pai hoc Su pham K§ thuat, PH Pa Nang

- Thoi gian thuc hién: 1a 12 thang, tir thang 03 nim 2024 dén thang 02 nam 2025
2. Muc tiéu:

Muc tiéu ctia d¢é tai 1a khao sat lya chon phuong phap trich ly dau sinh hoc tir vi
tao Chlorella vulgaris cho hiéu qua trich ly cao.
3. Tinh mdi va sang tao:

Nghién ctru thyc hién tdi wu hoa diéu kién chiét hd tro siéu am, sir dung dung
moi than thién véi moi trudng 1a hé 2 dung moi hexan/ethanol, cho hiéu suét trich ly
hiéu qua.

4. Tém tit két qua nghién ciru:

Hién nay, vi tao duoc quang ba nhu mot ngudn nhién lidu van chuyén trong
tuong lai chu yéu vi tiém ning dau sinh hoc cua ching. Mot trong nhirng vi tao duoc
trong chii yéu dé san xuét dau diesel sinh hoc 1a Chlorella vulgaris, 1a chung c6 trién
vong nhét trong sé 3.000 loai dugc sang loc. Nghién ctru da khao sat diéu kién nudi
cdy, cho thdy su phat trién cua chung Chlorella vulgaris tuin theo dudng cong sinh
truong, trong do6 téc do gia ting sinh khéi phu thudc vao luong gidng ban dau va didu
kién nuoi cdy. Khi dat dén pha can bang, sinh truong cham lai va dan suy yéu. Céc

mau tao dugc nudi trong hé thong nudi cdy di phat trién binh thuong, cho sinh khéi
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tao khé dap ung tiéu chuan vé thanh phan hoa hoc da luwong, chlorophyll va
polyphenol. Trong s6 7 hé dung méi dugc khio sat—gdm cac dung mdi don
(chloroform, ethyl acetate, diethyl ether, hexane) va dung mdéi hdn hop
(hexane/ethanol, hexane/methanol, diethyl ether/methanol)—hé dung moéi
hexane/ethanol vé&i ty 1& 3:1 (v/v) cho hiéu suat chiét xuat lipid cao nhat, dat 198,6 +
5,5 mg/g, ddng thoi than thién voi moi truong. Bon phuong phép trich ly dugce nghién
clru gdm ngam, lic, Soxhlet va siéu 4m. Két qua cho thdy phuong phap siéu am dat
hiéu qua chiét xuat cao nhat, tiép theo 1a phuong phap Soxhlet (124,3 + 7.4 mg/g),
trong khi phuong phap ngam cho hiéu suat thap nhét (58,6 + 5,1 mg/g). Cac yéu t6 anh
huong dén qua trinh trich ly siéu 4m da duoc khao sat bang phuong phap don bién,
bao gdm nhiét do chiét (30-60°C), thoi gian siéu am (10-70 phit) va muc ning luong
siéu am (50-90%). Qua trinh t6i wu hoa diéu kién chiét duoc thyc hién bang phuong
phap bé mat dap tng theo mo hinh Box-Behnken. Két qua cho thay tat ca cac yéu t6
nay c6 anh huong dang ké dén hiéu suat chiét xuét lipid va phu hop véi mé hinh dy
doan. Thong qua mo phong ti wu trén phadn mém Minitab, diéu kién chiét xuat lipid
tdi wu duoc xac dinh 1a nhiét d6 siéu am 45,35°C, thoi gian siéu am 33,33 phat. Khi
tién hanh thi nghi¢m theo céc diéu kién toi vu nay, hi¢u suét chiét xuat dau sinh hoc tur
tir sinh khdi Chlorella vulgaris dat 274,05 + 10,47 mg/g, khong c6 su khac biét co
nghia so voi1 gia tri du dodn ciia mo hinh.
5. Tén san pham:
Bai bao dang trén tap chi c6 tén tap chi thuéc danh muc ESCI/Q1: 01 bai béo
6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha niing ap dung:
e Hiéu qua, phuong thirc chuyén giao két qua nghién ctru
— Déi véi linh vuc gido duc va dao tao: Huéng din sinh vién nghién ctru khoa hoc
va tbt nghiép Pai hoc
— Déi v6i linh vuc kinh té-x3 hoi: Ung dung cac két qua nghién ctru trong chiét dau
sinh hoc tir vi tdo
— Phuong thirc chuyén giao két qua nghién ciru: Ban giao tryc tiép san pham ctia
dé tai cho Khoa Cong nghé Hoa hoc - Méi trudng, trudong Dai hoc Su pham K¥
thuat, Pai hoc Pa Nang.



e Dia chi img dung:

— La tai liéu tham khao giang day cho céc hoc phan Ly thuyét Cong nghé Sinh hoc
Thyuc pham, Téi wu hoa quy hoach thuc nghiém cho cac sinh vién khoa Cong
ngh¢ Hoa hoc-Maéi truong, truong DH Su pham K thuét (100 sinh vién).

= I'J'ng dung cho céc trrong Pai hoc va Cao déng trong dia ban thanh ph6 Pa Ning

7. Hinh anh, so' d6 minh hoa chinh
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Mau 4. Théng tin két qua nghién ciru bang tiéng Anh

INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Research on methods for the extraction of bio-oil from Chlorella
vulgaris

Code number: T2023-06-01

Principal Investigator: Dr. Tran Thi Ngoc Thu

Coordinator: Dr. Nguyen Thi Dong Phuong, Mcs. Nguyen Hoang Phuc Son

Implementing institution: University of Technology and Education, The
University of Danang

Duration: from March, 2024 to February, 2025

2. Objective(s):

The aim of the study is to investigate and select an extraction method for bio-oil
from Chlorella vulgaris microalgae that achieves high extraction efficiency.

3. Creativeness and innovativeness:

The study optimizes the conditions for ultrasound-assisted extraction using an
environmentally friendly solvent system consisting of hexane/ethanol, aiming for
efficient extraction yield

4. Research results:

Microalgae are increasingly recognized as a promising future source of
transportation fuel, primarily due to their bio-oil potential. Among the numerous
species screened, Chlorella vulgaris has emerged as one of the most promising
candidates for biodiesel production. Studies on its cultivation indicate that Chlorella
vulgaris follows a typical growth curve, where biomass accumulation depends on the
initial inoculum size and cultivation conditions. Growth slows upon reaching the
equilibrium phase before gradually declining. Cultured algae samples exhibited normal
development in the cultivation system, yielding dry biomass that met the required
standards for macronutrient composition, chlorophyll, and polyphenols. Among seven
solvent systems tested—including single solvents (chloroform, ethyl acetate, diethyl
ether, hexane) and mixed solvents (hexane/ethanol, hexane/methanol, diethyl

ether/methanol)—the hexane/ethanol system (3:1 v/v) provided the highest lipid
extraction efficiency, reaching 198.6 £ 5.5 mg/g, while also being environmentally
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friendly. Four extraction methods were evaluated: soaking, shaking, Soxhlet, and
ultrasound-assisted extraction (UAE). Results demonstrated that UAE achieved the
highest extraction efficiency, followed by Soxhlet (124.3 = 7.4 mg/g), whereas soaking
yielded the lowest efficiency (58.6 £ 5.1 mg/g). Key factors influencing UAE were
examined using a univariate approach, considering extraction temperature (30-60°C),
ultrasound duration (10-70 minutes), and ultrasound power (50-90%). Optimization of
extraction conditions was performed using response surface methodology (RSM) with
a Box-Behnken design. The findings confirmed that all these factors significantly
influenced lipid extraction efficiency and aligned with the predictive model. Using
Minitab software for optimization simulations, the ideal UAE conditions were
determined as an ultrasound temperature of 45.35°C and a duration of 33.33 minutes.
Experiments conducted under these optimized conditions resulted a bio-oil from
Chlorella vulgaris extraction efficiency of 274.05 + 10.47 mg/g, with no statistically
significant deviation from the predicted model value.

5. Products:

01 article published in the Journal of Molecular Biotechnology in the ESCI/Q1
category

6. Effects, transfer alternatives of reserach results and applicability:

Guide students in scientific research and university graduation in the field of
education and training.

- Collect denitrifying bacteria strains to apply for treatment.

- Method of transferring research results: Directly hand over the project's
products to the Department of Chemical and Environmental Technology, University of
Technical Education, University of Danang.

- Application address:

Used as a teaching material for Analytical Techniques courses in
Biotechnology/Food Technology, Food Microbiology for students of the Department
of Food Technology, Faculty of Chemical and Environmental Technology, University
of Technical Education (100 students) and for Universities and Colleges in
Da Nang City.
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MO DAU
1. Toéng quan nghién ciru trong va ngoai nuée

Vi tao 1a sinh vat nguyén sinh c6 thé thuc hién qua trinh quang hop, bao goém vi
khuan lam nhan so va sinh vt nhan chuan nhu tao xanh va phét trién chi yéu ¢ nuéc
ngot va nudc bién. Theo thong ké, co hon 10%-10° loai vi tao trong ty nhién chira nhiéu
chat chuyén hoa vi mé va vi mo, bao gém protein, carbohydrate, lipid, phenol va
khoang chat. Cac hop chét hoat tinh sinh hoc c6 trong vi tao di dugce ching minh 13 c6
tiém nang st dung trong y hoc, thyc pham, ning lugng sinh hoc va cac linh vuc khac.
Ngoai ham lugng cao cac hop chit ¢6 hoat tinh sinh hoc, vi tdo con ¢6 nhirng vu diém
khac nén duogc str dung rong ri: a) vi tao phat trién trong nudc nén tiét kiém duoc dién
tich dat dang st dung dé trong trot va giam b6t ap luc vé dat dai; b) so v6i cac loai cay
trong khac, vi tao phat trién va sinh san cuc ky nhanh va c6 thé ton tai trong diéu kién
khic nghiét hon; ¢) trong san xuat néng nghiép, vi tao ciing c6 thé duoc sir dung dé cai
thién d6 phi nhiéu cua dit bang cach thiic ddy chu trinh dinh dudng cua dat, dong vai
tro tich cuc trong sy phat trién cua cay trong[1][2].

Hién nay, vi tao duoc quang ba nhu mot ngudn nhién lidu van chuyén trong
tuong lai chu yéu vi tiém nang da duoc cong b ciia chiing 1a san xuét lugng dau trén
mdi mau Anh nhiéu hon t&i 10 1an so véi cdy trong nhién lidu sinh hoc truyén
thong[1]. Lipid trong vi tao bao gém cac lipid phan cuc nhu phospholipid va
glycolipids va cac lipid trung tinh nhu triacylglycerol. Ngoai ra, vi tao van 1a ngudn
cung cap luong 16n axit béo khong bdo hoa da (PUFA) bao gdm docosahexaenoic
(DHA) va axit eicosapentaenoic (EPA). Nhitng UFA nay ciling da dugc chung minh la
c6 dic tinh chdng oxy héa, ngin ngira ting huyét ap va cho thiy tic dung diéu hoa
mién dich. Dau sinh hoc tir vi tdo c6 thé duoc tmg dung 1am nhién liéu thay thé, dau
an nhiéu hop chat hoat tinh sinh hoc trong dau duoc sir dung my pham, dugc pham
nhu acid béo omega-3. Mot s6 loai vi téo hién dang dugc nghién ctru st dung lam
ngudn dau sinh hoc[1][2].

Céc loai ¢6 ham luong lipid cao duoc ké dén nhu Chlorella sp., Scenedesmus
sp., Chlorococcum sp., Tetraselmis sp., Botryococcus sp., Desmodesmus sp.,
Nannochloropsi sp., Monoraphidium sp., Dunaliella sp, c6 ham luong lipid chiém
trén 30% Mot trong nhiing vi tao dugc trong chil yéu dé san xuét dau diesel sinh hoc 1a

Chlorella vulgaris, 13 chung c6 trién vong nhét trong sé 3.000 loai duoc sang loc.



Chung 1a mot loai tdo xanh nuéc ngot, phat trién nhanh, c6 kha ning san xuét lipid
khac nhau (30—40% trong luong kho) trong diéu kién tu nhién. Chiing c6 chira axit béo
13 C18 bdo hoa va khong bio hoa, mot thanh phan twong tu nhu dau thuc vat, c6 thé
dugc tach bang phuong phap ép ki thuét, Soxhlet, st dung CO2 siéu t6i han hodc dung
mdi héa hoc[3][4][5]. Obeid va cong su (2018) da sir dung SC-CO2 két hop voi
ethanol 1am dong dung méi dé chiét xuit lipid trung tinh tir Nannochloropsis oculata
va Chlorella vulgaris dong kho . Trong diéu kién t6i wu, ty 1 chiét xuat lipid cua
Nannochloropsis oculata va Chlorella vulgaris 1an luot 1a 83% va 97%. Tuong tu,
Viguera va cong su (2016) ciing da t6i uu hoa cac diéu kién chiét lipid tir SC-CO» tir vi
tao (Chlorella protothecoides), cho thay toc do chiét lipid cao nhat & 300 bar va 70°C
[6]. Bilel Hadrich va cong sy di dat duoc diéu kién chiét lac ti vu 1a 30 phat-60°C, sir
dung dung méi Chloroform/methanol =2/1 (v/v), dat ham lwong chiét Ia 22,60 %, ciing
tuong dong voi két qua nghién caiu [7].

Céc béo céo cia veé vi tao Chlorella sp. bdo cio rang tién xir 1y siéu 4m co thé
lam tang ning suat chiét va giam thoi gian chiét 1én hon 15 1an so véi chiét xuat hitu
co thong thuong[3][8].Chlorella vulgaris Beijirinck dugc phan lap tr Vinh Laguna,
Philipin di duoc nudi cay va khao sat diéu kién chiét siéu am véi dung méi chiét
hloroform:metanol 2:1 (v:v) ¢ ty 1¢ 1:20 (g:ml) tdo:dung mdi thu dugc 51% lipid tho
(theo trong luong kho). Do qua trinh chiét xuat dau sinh hoc theo kha ning khuéch tan
la chinh, nén viéc lya chon dung méi trich ly Ia yéu tb nang cao ham luong lipid thu
héi [9].

Tir 35 miu nude tir ao hd tai mot s6 quan huyén tai TP H6 Chi Minh, Nguyén
Thi My Lan va cong su da khdo sat kha nang tang trudng va tich Iy lipid ndi bao cua
8 chung vi tdo nudc ngot va 13 chung vi tdo nudc man thong qua phuong phap Sang
loc nhanh bang tin hiéu OD huynh quang Nile Red. ham luong lipid ciia nhimng loai
nay dao dong tir 8,89 % dén 29,12 % sinh khéi kho cé nhiéu tiém ning trong thu nhan
lipid dé san xuit biodiesel., nhit 13 2 ching N12 - Pediastrum duplex Meyen (25,34 %
- 27,35 %) va M16 — Tetraselmis sp. (28,32 % - 29,12 %)[10].

Nhom nghién ctru cia tac gia Pang Diém Hong (2020) di c6 nhiéu khao sat vé
cac loai vi tao co tiém nang san xuét lipid nhu Rhodovulum sulfidophilum HPB.6 va
Rhodobacter sphaeroides VTIN.2 cho ham lugng lipid tong s6 20,342 £ 1,247%, trong
d6 tong ham luong omega-3,6,7,9 chiém 53,41% so v&i axit béo tong s6 13 ngudn
nguyén liéu tot cho san xudt dau sinh hoc giau axit béo khong no omega-3, 6, 7, 9 dé

ing dung trong san xuat thuc pham chirc nang [11].



DPing Thi Ngoc Mai va cong su (2013) da tach chiét lipid tir vi tao bién
Tetraselmis sp dat 6,12-13,5 % trong lugng kho va Chuyén hoéa diesel sinh hoc tir sinh
khéi tao & quy md phong thi nghiém, 1am co s& cho cho nhitng cai tién quy trinh céng
nghé tiép theo dé c6 thé san xuét thuong mai diesel sinh hoc tir vi tdo bién ndy & quy
mo 16n hon [12].

Ho Quéc Phong va cong su (2014) da tién hanh khéo sat cac diéu kién anh
huong dén sy sinh trudng va tich lily chat béo cia vi tao Chlorella sp. nhu cudng do
sang, thot gian, nhi¢t o va d0 mdn cua nudec. Két qua cho théy r.;ing vi tao Chlorella
sp. ¢o thé dat duoc nong do sinh khdi 0,306 g/L vai chat béo tich liy 1én dén 35,86%
khi dugc nudi céy & diéu kién cuong do chiéu sang 1342 lux, nhi¢t do 25°C, d0 man
ctia nudc 0%o va thoi gian nudi cay 1a 8 ngay. Thém vao d6, thanh phan acid béo cia
vi tao Chlorella sp. chii yéu 1a C16 - C18, day la nguyén liéu phu hop cho tong hop
biodiesel [13].

Nguyén Trung Thanh va cong sy (2015) di nghién ctru cac diéu kién cong nghé
clia qua trinh trich 1i dau tir sinh khdi vi tao ho Botryococcus. Két qua cho thiy trong
cac diéu kién khac nhau, hiéu suét trich li thay doi va dat hiéu suat cao nhat 1a 37,36 %
so v6i khdi lwong sinh khdi kho khi st dung hé dung moi n- hexan/etanol c6 ti 16 thé
tich 2/1, tai nhiét do trich 1i 60 oC va thoi gian trich li 10 gio. Két qua phén tich GC-
MS lipid d& chi ra loai diu nay chita mét luong 16n hydrocacbon — chil yéu 1a n-
heptadecan, bén canh thanh phan chinh ciia dau 1a cac triglyxerit va cic axit béo
tu do [14].

Mic du ngudn tai nguyén tao rat ddi dao nhung cac phwong phap chiét xuit
lipid hién nay chu yéu dua trén thue pham c6 ngudn gbe dong vat. Vi cdy, lipid tir tao

van can duoc nghién ctru va phat trién.
2. Tinh cap thiet caa de tai

Mot s6 phuong phap chiét xuat hiéu qua cao va chi phi thap d duoc kham pha
dé thu dugc va thu hoi lipid c6 gia tri gia ting cao trong vi tao va cai thién dang ké ty
1¢ str dung, diéu nay ciing ph hop voi nhu cau phat trién bén vitng Cac phuong phap
chiét xuat truyén thong nhu chiét xuit bang dung méi, chung cit va ép c6 mot sd
nhuoce diém nhit dinh, bao gdm hiéu suét chiét xuit thap hon, ning suat giam va sir
dung mét luong 16n dung méi hodc tai nguyén. Hon nita, mot sé phuong phap chiét
xudt doi hoi nhiét d cao, c6 thé anh hudng xau dén mot sé thanh phan hoat tinh sinh

hoc. Vi¢c st dung dung moi hoa hoc dat ra cac van dé€ vé an toan va strc khoe. Chiét



xudt siéu t6i han doi hoi chi phi vé thiét bi va niang luong. Nhiéu phuong phép chiét
tach dau sinh hoc tir tao di duoc nghién ciru nhung dén nay van loay hoay quanh van
dé kinh té khi so sanh hiéu suat thu dau sinh hoc véi cac nguyén liéu khac. Do d6, cac
nha nghién ctru dang kham pha cac cong nghé khong nhiét dé phat trién cac phuong
phéap chiét xudt hiéu qua va than thién v6i moéi trudng. Chiét xuat hd tro siéu 4m
(UAE) duoc cong nhan 1a cong nghé chiét xuit than thién v6i méi truong va hiéu qua
cao. UAE c¢6 tiém ning giam thiéu hodc loai bo nhu cau vé dung méi hiru co, do do
giam tac dong cua nd dén moi trudng.

Do d6 dé tai “Nghién ciru cac phwong phap chiét tach dau sinh hoc tir vi tao

Chlorella vulgaris” dugc Iua chon thuc hién.
3. Muc tiéu, ddi twong nghién ciru ciia dé tai:
Muc tiéu

Muc tiéu cta dé tai 1a khao sat Iyra chon phuong phap trich ly dau sinh hoc tir vi

tao Chlorella vulgaris cho hi¢u qua trich ly cao.
DPéi tirgng nghién ciru

Vi tao Chlorella vulgaris 1a d6i tugng nghién ctru, do phong thi nghiém Cong
ngh¢ Sinh hoc, B6 mon Cong nghé Sinh hoc-Khoa Cong nghé Hoa hoc-Moi truong,
truong DH Su pham K¥ thuat, Pai hoc Pa Ning cung cap
Pham vi nghién cuu

Vi tao Chlorella vulgaris dugc nuéi trong méi truong dinh dudng BBM dé sir
dung dé nghién ctru chiét dau sinh hoc. Quy trinh nudi cdy Chlorella vulgaris trén mé
hinh ¢6 thé tich 1,5 lit

4. Cach tiép can va phwong phap nghién ciru

Cdch tiép cdn

Trong nghién ctru nay, vi tao Chlorella vulgaris dugc nudi trong moi truong
Bold’s Basal medium (BBM) bang dich gidng trong cac binh dung tich 1,5L. Diéu
kién nudi céy 0 nhi¢t do phong 25+2 °C, voi mat do anh sang tréng, suc khi lién tuc.

Tién hanh theo ddi gia tri mat 46 quang hoc ctia moi trudng tai bude soéng 682 nm
(OD682) dén khi khong d6i s& dugc thu hoi sinh khéi. Tién hanh thu nhan bang cach



ly tim loai bo dich nudi cdy, bao quan vi tdo bang phuong phap siy kho ( 40°C) dé

dung cho céc thi nghiém trich ly dau sinh hoc.
Phuwong phap nghién ciru

—  Phuong phap khao sat lwa chon dung méi hiru co phu hop dé trich ly dau sinh
hoc tir vi tao Chlorella vulgaris : St dung cac loai dung moi tir khong phan cuc
dén phan cuc yéu va phan cuc (hexan, methanol, chloroform, ethyl acetate, ether
dau hoa, hexan/methanol, chlorform/methanol) dé khao sat. Tién hanh ngam
chiét mau tao v6i cung diéu kién (nhiét do, thoi gian, ti 1& dung moéi/nguyén licu),
danh gia ham lugng dau sinh hoc va thanh phﬁn dau sinh hoc thu duoc dé lua
chon dung mai thich hop.

—  Khao sat lwa chon cac phuong phap chiét (ngam, lic, sohxlet, siéu 4m) cho hiéu
qua trich ly lipid cao tir vi tao Chlorella vulgaris: Véi loai dung moi lya chon,
thuce hién khao sat chiét dau sinh hoc bang cic phuong phap khic nhau dé lya
chon phuong phap phu hop

—  Téi wu héa diéu kién chiét dau sinh hoc bang phuong phap siéu 4m: Thyc hién
khéo sat don bién nhiét do chiét, thoi gian chiét siéu am, % nang lugng siéu am.
Tién hanh thyc hién t6i uu hoa diéu kién chiét theo mé hinh Box Behnken

—  Phuong phéap phan tich: Panh gia chat luong dau & cac phuong phap chiét bang
cac phuong phép phan tich sau:

+ Hiéu suét thu nhan dau sinh hoc thé: Ham lugng dau sinh hoc duoc dinh
lugng bang phuong phap sdy kho dén khdi luong khong dbi: Tir dich
chiét dugc, tién hanh sdy kho dudi dung moéi (50°C) dén khdi lugng
khong d6i. Hiéu suat thu nhan dau sinh hoc tho:

H(mg/g)="*

Trong d6: m1: khdi lugng dau sinh hoc chiét duge(mg);
m: khéi lugng tao sir dung (g)
Phén tich dinh tinh thanh phan cac hop chit trong dau sinh hoc:
+ St dung ban méng TLC (thin layer chromatography) vdi hé pha dong
Petroleum ether/Diethyl ether/acid acetic. Dira vao sy phan tach dé danh

gia thanh phan.



Noi dung nghién curu

Nghién ctru nay thuc hién theo cac bude sau & quy mo phong thi nghiém:

— Xay dung dé cuong nghién ctu thu nhin diu sinh hoc tr vi tdo
Chlorella vulgaris.

—  Nghién ctru 1y thuyét phuong phap thu nhin bang cac phuong phap chiét ngam,
l4c, sohxlet, siéu Am

—  Nghién ctru lya chon dung moéi hitu co phtt hop dé trich ly dau sinh hoc tir vi tao
Chlorella vulgaris: Véi cac loai hexane, methanol, chloroform, ethyl acetate,
ether dau hoa, acetone va dong dung méi hexane/methanol, chlorform/methanol
c6 d6 phan cuc tir khong phan cuc dén phan cuc, tién hanh ngam chiét (nhiét do
25°C, thoi gian 7 ngay, ti 18 dung moi/nguyén liéu) dé khao sat. Hiéu suat chiét
dau sinh hoc tirng mau duogc danh gia thong qua hiéu sudt thu nhan va dinh tinh
thanh phan bang ban mong TLC.

—  Nghién ctru lira chon cac phuong phéap chiét cho hiéu qué cao trong trich ly dau
sinh hoc tir vi tao Chlorella vulgaris: Véi loai dung moi Iya chon, thuc hién khao
sat chiét dau sinh hoc bang cac phuong phap khac nhau dé lya chon phuong phap
phtl hop véi cung ti 18 dung méi/nguyén lidu. Panh gia hiéu qua chiét theo ham
lugng dau sinh hoc thu duge.

—  T6i vu héa diéu kién chiét dau sinh hoc bang phuong phap siéu 4m: Thuc hién
khao sat don bién nhiét do chiét (30-70°C), thoi gian chiét siéu am (5-60), % mirc
nang luong siéu am (50,60,70,80%) dé danh gia hiéu qua chiét theo ham lugng
dau sinh hoc thu duoc. Trén co s cac khao sat don bién, tién hanh thuc hién toi
vu hoa diéu kién chiét ham luong dau sinh hoc v6i 3 yéu td anh hudng nhiét do
siéu am, thoi gian si€u am va mac nang luong si€éu am theo md hinh Box-
Behnken. Banh gi4 hi¢u qua chiét theo ham luong dau sinh hoc thu duge.

Két qua cuia dé tai duoc tom luge qua 3 chuong nhu sau:

Mo dau

Chuong 1: Tong quan tai liéu cac nghién ciru trong va ngoai nudc
Chuong 2: Vit liéu va phuong phap nghién cuu

Chuong 3: Két qua va thao luin

Két luan va kién nghi



CHUONG 1. TONG QUAN

1.1. Vi tdo va tiém ning vng dung ciia vi tio trong thwc phim, duoc

phim, my phim
1.1.1. Pdc diém chung ciia vi tdo

Vi tao 1a vi sinh vat quang hop don bao hoidc da bao don gian, thudng co thé
duogc tim théy trong moi trudng nudc nhu nudc ngot, nudc bién hodc hd siéu man. Cac
sinh vat nay co thé 1a sinh vat nhan chuin hodc nhan so, sinh vat nhan so 1a vi khuin
lam, thudng dugc goi 14 vi tdo. Vi tdo c6 thé duge nudi cdy quang tu dudng trong cac
hé thong phan tng quang sinh khép kin hoic ao hd, sir dung anh sang mit troi, CO2 va
cac chat dinh dudng vo co dé phat trién, tao ra sinh khdi va Oz. Tuy nhién, san xuat
quang ty dudng quy mo 16n thong thudng gip phai tinh trang mat d6 sinh khéi thap do
han ché 4nh sang can trd su phat trién cia té bao, lam ting dang ké chi phi san xut.
Ngoai ra, vi tao c6 thé duoc nudi ciy trong diéu kién hdn hop hodc di dudng, tuong
g khi c6 va khong c6 anh sang, bd sung cacbon hitu co 1am chét dinh dudng, di pho

bién trong san xuat thwong mai, gitp ting ning suat sinh khoi tao[1][15].
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Hinh 1.1. Hinh dnh vi tao duwdi kinh hién vi
Nhom tao rat da dang va bao gdm nhiéu nganh khic nhau véi cac dic diém
hinh théi, diéu kién nudi cdy (hinh 1.1) [16] , tir vi khuan lam don bao nhén so dén tao

da bao nhan chuan phtec tap hon, nhu duoc tom tat trong bang 1.1 [17].



Bang 1.1. Phan logi va dac tinh vi tao

Nganh

Pac tinh

Chi

Cyanobacteria

Tao lam hay vi khuan lam 13 vi khuan gram
am c6 thé song s6t & mot sé moi trudng sdng
khic nghiét nhat trén trai dit. Mot so trong
s6 ching duoc biét 1a c6 kha ning c¢b dinh
nito cung voi ¢ dinh cacbon, ca hai déu can
thiét cho su song trén trai dit.

Prochlorococcus,
Spirulina, Nostoc,
Cyanothece,
Anabaena

Glaucocystophytes

Glaucocytophytes 1a loai tao nhan thuc don
bao tuong ddi hiém co6 chua luc lap co cAu
tric tuong tu nhu tdo lam. Tdo lam la mot
trong nhirg hau dué cta san pham cong sinh
som.

Cyanophora,
Glaucocystis,
Peliaina, Gloeochaete

Rhodophytes

Rhodophytes hay con goi 1a tao d6 chu yéu
bao gdm céc sinh vat nhan thuc quang hop
da bao. Ching dugc dic trung bdi mau do
dac trung do su hién dién cua céac sdc to do
nhu phycobilisome trong luc lap ctua ching.

Batrachospermum,
Chroodactylon,
Bangia, Cyanidium,
Compsopogon

Chlorophytes

Chlorophytes hay con goi 1a tao luc co té bao
nhan thuc quang hop c6 chira diép luc 1a sic
: hop  chinh chung.

t0  quang cua

Haematococcus,
Chlorella, Dunaliella,
Graesiella,
Scenedesmus

Charophytes

Charophytes chu yéu 14 tao trén can va nude
ngot. Chung c6 nhiing dic diém dang cha y
giéng voi1 thuc vat trén can, cho théy td tién
cua charophytes da tao ra thuc vat trén can.

Coleochaete,
Micrasterias,
Penium,
Klebsormidium

Chara,

Chlorarachinophytes

Chlorarachinophytes 1a sinh vat nguyén sinh
sdng & bién quang hop c6 luc lap thtr cap co
ngudn goc tir cong sinh thir cap.

Chlorarachnion,
Lotharella,
Bigelowella

Euglenoids

Euglenoids 13 sinh vat nhan chuin don bao
¢6 roi, biéu hién ca dic diém gidng dong vat
va thuc vat. Hau hét Euglenoid 1a loai nudc
ngot trong khi mét s6 1a loai bién.

Euglena,

Discoplastis, Phacus,
Colacium,
Strombomonas

Apicomplexans

Apicomplexans 1la mdt nhom ky sinh trung
ndi bao bat budc giy ra nhiéu bénh khéc
nhau ¢ dong vat va con nguoi.

Plasmodium,
Toxoplasma,
Cryptosporidium

Dinoflagellates

Dinoflagellates 1a mét 16p sinh vat nguyén
sinh don bao va dugc dic trung boi nhan
tvong d6i 16n, lyc lap mau niu vang va
phuong phép boi doc ddo cua chiing.

Gymnodinium,
Karenia, Dinophysis,
Alexandrium

Heterokontophytes

Heterokontophytes 13 sinh vat nhan chuin
quang hop c6 roi. Ching dugc dac trung boi

Chrysophyacae,
Parmophyaceae,




hai roi ctia chung c¢6 chiéu dai khac nhau. Xanthophyacae,
Dictyophyaceae

Haptophytes Haptophytes 1a vi tdo don bao quang hop véi | Chrysochromulina,
luc lap c6 ngudn gbe tir qua trinh cong sinh | Prymnesium,

ndi bao cua tao do. N6 thudng cé 2 roi bang | Pavlova, Diacronema
nhau hoic khéng bang nhau cho phép né di
chuyén.

Cryptophytes Cryptophytes 1a sinh vat don bao di chuyén | Guillardia,

va quang hop, c6 2 roi ddc trung, thuong | Campylomonas,
duogc tim thay trong méi trudng nudc ngot va | Geminigera,
nudc bién. Rhodomonas,
Teleaulax

Khi so sanh vé6i thuc vat bac cao, vi tdo c6 mot sd wu diém nhu nang suét cao
hon, khong theo mua va trong trudng hop khong canh tranh voi thuc pham cia con
ngudi khi ding dé san xuét nhién liéu sinh hoc[15]. Theo udc tinh, c6 khoang 200.000
dén 800.000 loi vi tao va hon 15.000 sinh khdi vi tio méi da duge xéc dinh. Vi tao
dugce xem nhu 1a nha may cap té bao duoc dicu khién bang anh sang, tong hop cac hop
chat hoat tinh sinh hoc tir cic chat chuyén hoa chinh (lipid, protein va carbohydrate) va
cac chat chuyén hoa thir cap (sdc td, carotenoid, vitamin va sterol) & nhiéu giai doan
tang truong khac nhau (hinh 1.2) [15][18].

Carbohydrate
Sinh khé&i khé + Sicté
. * Lipid
Polysaccharide

Protein, acid amin
» Chat chuyén hoa thi céap khéc

Dich ngoai bél

Hinh 1.2. Quy trinh tom tdt san xudt cdc san pham néi bao va ngogi bao tir vi tio

Trong 20 nam qua, img dung cong nghé sinh hoc tip trung vao bon loai tao vi
mo chinh la Spirulina platensis, Chlorella vulgaris, Dunaliella salina va
Haematococcus pluvialis. Ching da dugc thwong mai hda va s dung rong rai, chu
yéu 1a thyc pham bd sung dinh dudng cho con ngudi va phu gia thitc dn chin nudi

cling nhu chiét xuat cac thanh phan c6 hoat tinh sinh hoc [16][19].



1.1.2. Spirulina

Spirulina tir 1au di duoc ngudi Aztec nudi trong vao thé ky 16 trong ving nudc
min ctia Hd Texcoco. Ho da séy kho tdo thu hoach dugc va thuong mai héa duédi dang
banh say khé, nhdn ra gid tri ciia né nhu mot ngudn thuc pham bd dudng. Ké tir nhimng
nim 1960, Spirulina da dwoc san xudt trong cac hé thong nudi tréng quy méd cong
nghiép va duogc tiép thi trén toan cau. Nam 2003, Cuc Quan ly Thuc phém va Duoc
pham Hoa Ky (FDA) da cap cho Spirulina trang thai "GRAS- Generally Recognized
As Safe " (Pugc cong nhan chung 1a an toan). Diéu tha vi 1a mot hién tuong dugc goi
1a "spiruliners" da xuat hién & mién nam nudc Phap. Mot s6 nong dan da chuyén doi tir
cac hoat dong nong nghiép truyén thong sang san xuat sinh khéi Spirulina. Xu hudng
nay ciing c6 thé kha thi dbi véi nhiéu qudc gia chau Phi, noi c¢6 khi hau thuan loi cho
viéc trong tao Spirulina. Hon nita, T6 chirc Luong thyc va Nong nghiép (FAO)
khuyén nghi viéc trong tao Spirulina 1a mot trong nhiing giai phap kha thi trong cac
cudc khing hoang nhan dao do viéc trong tao Spirulina doi hoi it khong gian hon
dang ké so voi canh tac thong thuong, it hon khoang 49 dén 132 1an so véi védi dién
tich trong rau. Tao xodn dugc nudi trong & nhidu qudc gia, bao gdm Israel, Hoa Ky,
An D9, Trung Qudc, Nhat Ban, Pai Loan, Y, Dtrc, Thai Lan, Phap va Ai Cap [20][21].

Cac phuong phap nudi cdy bao gdm nudi cdy mé trong ao nhan tao, 10 phan
g quang sinh hoc mé tién tién sir dung 4nh sang mat troi va 10 phan Gng quang sinh
hoc kin v&i anh sang nhan tao va nhiét do dugc kiém soat. Uu diém cia cac phuong
phap nudi cdy nay bao gdm d& thu hoach va say kho sinh khoi, chiét xuét hiéu qua cac
thanh phan té bao va gid tri sinh hoc cao. Ngoai ra, tdo xoan phat trién manh trong diéu
kién kiém (pH 8,5-11), khién cho nudi céy cua n6 c6 kha nang chéng lai sy nhiém ban
ctia vi khuan va céc loai tio siéu nhé khac. Hai lodi quan trong nhét ciia tao xoan la
Spirulina maxima va Spirulina platensis. N6 tao thanh cac trichome (xodn 6c) dai
khoang 0,5 mm, du 16n dé tach khoi moi truong nudi cdy mot cach don gian va tiét
kiém chi phi thong qua qua trinh loc [20][21].

Mot nhuoc diém dang ké ciia nudi cdy Spirulina 1a chi phi cao cia moi trudng
nudi cdy gbc hoa chat. Hién nay, nhiéu cong ty st dung moi trudng nudi cdy gbc hoa
chat nhu Zarrouk, Conway va Kosaric dé nudi cdy Spirulina. Méi truong Zarrouk tir
lau d3 duoc cong nhin 1a méi trudng tiéu chudn va tdi vu cho nhiéu loai Spirulina .
Trong san xuit cong nghiép quy mé 16n, ddy van 13 méi truong thong thudng duy nhat

duoc st dung d€ nudi cay Spirulina. Bao gom chu yé€u la natri bicarbonate, cung véi
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natri nitrat, kali sunfat, magié sunfat, canxi clorua va dikali hydro photphat, moi
truong Zarrouk hd tro ting truong sinh khdi hiéu qua bang cach cung cap cac chat bo
sung dinh dudng thiét yéu. Tuy nhién, méi trudong nudi cdy Zarrouk khong bén ving
vé 1au dai do chi phi cao. Véi gia khoang 0,08 d6 la My mot lit, méi trudng nay chiém
khoang 35% tong chi phi san xudt sinh khéi tao. Do d0, cong ddng khoa hoc dd kham
pha nhiéu ngudn dinh dudng thay thé khac nhau, chang han nhu nuéc bién, phan giun
va nudc thai, @& giam chi phi cho méi truong nudi cdy gdc hoéa chat. Trong sb nay,
nuée thai cho thdy trién vong nhu mot ngudn dinh dudng thay thé [20][21].

Tao xoan thyc su 13 nguon giau chat dinh dudng, chira mot luong 16n protein
(60—-70% trong luong khd) va cac axit amin thiét yéu (47% tong trong lugng protein).
Ty 1é protein cta Spirulina cao hon so véi cac nguodn protein thuc vat hodc dong vat
thuong duoc st dung, chéng han nhu dau nanh (35%), dau phong (25%), ngii coe (8—
14%), thit va ca (15-25%), trimg (12%), sita bot (35%) va sita nguyén chat (3%). Ham
lugng protein cua Spirulina cé thé thay doi tir 50-75% tuy thudc vao thoi diém thu
hoach, véi gia tri protein cao nhat thuong thu duoc tir nhitng loai duogc thu hoach vao
dau ngay. Ngoai ham lugng protein cao, Spirulina con giau carbohydrate (15-25%),
cha yéu 1a polysaccharides (glucosans va rhamnosans) va monosaccharides hodc
disaccharides (glucose, fructose va sucrose. Spirulina cung cip tit ca cac khoang chat
thiét yéu (7-13%), bao gém kali, canxi, crom, dong, sit, magié, mangan, phdt pho,
selen, natri va kém. No cling giau vitamin, dac biét 1a mot s6 vitamin nhom B (B1, B2,
B3, B6, B9 va B12), ciing nhu tién vitamin A va vitamin C, D va E. Ngoai ra,
Spirulina chira cac sic t6 quang hop ty nhién, dong vai trd 13 ngudn chinh cua
phycocyanin (14-20%), cung véi diép luc (1%) va carotenoid (0,5%). Tao xodn chtra
it chit béo(6-8% lipid theo trong lugng khd) khién né it bi oxy hoa lipid va 6i thiu
hon [20][21].

Véi cac dic tinh dinh dudng can ddi va dé tiéu hoa ciia protein cling nhu cac vi
chét khac nén viéc tiéu thu truc tiép Spirulina nhu mot chit bd sung dinh dudng trd
thanh cach hiéu qua nhat vé mit chi phi. Spirulina cé thé dugc san xuit dudi dang bot,
long, dau, vién nén hodc vién nang. Sinh khdi ciia chung dugc st dung trong nhiéu
nganh cong nghiép san xuat banh quy, mi éng duoc danh gia cao. Viéc bod sung tio
x0an vao banh quy dan dén su gia ting ca vé ty 1é protein céac axit béo, chang han nhu
omega-3, omega-6, omega-7 va omega-9, trong d6 omega-6 chtra phan trim axit béo
khong bdo hoa cao nhat, dic biét 1a axit linolenic va axit y-linolenic. Ngoai ra ciing gia

tang cam quan v€ mau sac xanh ty nhién cua tao. Spirulina dugc bo sung trong cac san
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pham sita chua giup ting s6 luong vi khuan lactic séng s6t. Tuy nhién, do sinh khi
tao c6 mui tanh dic trung nén cin nghién ciru thém cac giai phap khic phuc dé

Spirulina dugc ing dung nhiéu hon [20][21].
1.1.3. Haematococcus pluvialis

Haematococcus pluvialis (H. pluvialis) dugc tim thiy trong nuéc ngot duoc
cong nhan la Haematococcus lacustris, thuoc phan loai phan loai cia L&p
Chlorophyceae, by Chlamydomonadales va ho Haematococaceae. Thanh phan té bao
chinh cua H. pluvialis khac nhau tuy theo loai. Vi dy, ham lugng protein, carbohydrate
va lipid ctia H. pluvialis Rozhen-12 trong méi truong s ChR lan lugt chiém khoang
21,23%, 47,2% va 16,17% trong lugng kho. Nhitng phat hién nay cho thay H. pluvialis
c¢6 thé dugc nudi trong ¢ nude lo. Ngoai ra, H. pluvialis con thé hién tiém ning vuot
troi dé trién khai trong cac hé théng quan 1y nudc thai sinh hoat nham muc dich loai bo
NH4*, NOs~ va PO#*". Piéu nay c6 thé 1a do kha ning chong lai cac diéu kién bat lgi
clia vi tao, cing véi kha nang hinh thanh nang va tich lily astaxanthin nhu mot co ché
bao vé chong lai stress oxy hoa kéo dai do cac yéu td nhu cuong do anh sang qua mirc,
moi truong nudc man va su suy giam chat dinh dudng[22][23][24].

H. pluvialis thé hién vong doi bao gdbm bdn giai doan riéng biét: phat trién té
bao sinh dudng, dong kén, truong thanh va nay mam (Niizawa va cong sy, 2021). Céc
giai doan nay gin lién v&i cac hinh théi riéng biét, bao gdm té bao di dong, té bao

khong di dong, bao tir dong va bao tir aplanospore thé hién ¢ hinh 1.3.[25]
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Haematococcus pluvialis (H. pluvialis), & giai doan ting trudng té bao sinh
dudng ching c6 mau xanh 1a ciy, di dong va chii yéu tham gia vao sy ting trudng,
sinh san va van dong. Nguyén nhan 1a do chung chira chu yéu chéat diép luc,
carotenoid, lipid, protein va carbohydrate, v6i ham luong astaxanthin thip hodc khong
thé phat hién dugc. Trong diéu kién khong thuén lgi nhu cuong do anh sang cao, do
min cao va can kiét chat dinh dudng, cac té bao di dong cua H. pluvialis s& mat di tién
mao va bién d6i thanh cac té bao hinh cau hodc hinh bau duc khéng di dong, luc dau
van ¢6 mau xanh va van c6 thé thuc hién sinh san vo tinh va hinh thanh bao tir. Theo
thoi gian, astaxanthin tich ty ¢ trung tam té bao va trd thanh aplanospore. Ngoai ra, cac
giot dau c6 ham luong lipid cao hinh thanh bén trong té bao chat dé du trir, din dén
mau do6 do tich ty astaxanthin. Cac té bao chuyén tir quang hop sang di dudng, sir dung
cac ngudn carbon hiru co nhu acetate hodc glucose. Bao tir bao tir chdng lai cac moi
truong dic biét khic nghiét do phat trién 16p vo ba 16p day dic va khong linh hoat. O
giai doan nay, H. pluvialis chira chu yéu 1 astaxanthin, lipid, protein va carbohydrate.
O giai doan phat trién t& bao nay, néng do astaxanthin dat cuc dai & mic 4% trong
luong kho. Khi méi trudng thuan 1gi, bao tir bao tir tao thanh bao tir chira t61 16 bao tu
dong vat, sau d6 chung s& dugc giai phong. Cac bao tir giau astaxanthin co thé bién
thanh céac té bao di dong chtra ham luong astaxanthin thip do bi thoai hoa[26]. Cac
carotenoid thir cAp nhu astaxanthin va canthaxanthin dong mot vai trd trong cc co ché
bao vé té bao. Trong sudt nhiéu nim, ngay cang c6 nhiéu bang chimg ching minh vai
tro clia astaxanthin trong viéc ngan ngira cac bénh khic nhau vé strc khoe, bao gom
cic bénh vé tim mach, bao vé da va mit, déng tho1 cung cép kha nang chéng buc xa,
120 hoa va ung thu. N6 ¢6 giai doan bao nang manh mé&, noi né tich lily astaxanthin voi
s6 luong dang ké, co kha nang din dén ning suat cao hon. [18][27].

Astaxanthin 1a mot ketocarotenoid tu nhién dugc tim théy rong rai ¢ dong vat
thiry sinh va tdo. N6 bao gdom mot nhom hydroxyl (-OH) va nhém ketone (C=0) ¢ mdi
dau cua vong ionone, giup n6 c6 kha ning trai qua qua trinh este hoa va chdng lai cac
gbc trr do. Cac dic tinh chdng oxy hoa cua astaxanthin rat quan trong dé bao vé té bao
va loai bo goc ty do. Trong sudt nhidu nim, ngay cang c6 nhiéu bang chimg chimng
minh vai trd ctua astaxanthin trong viéc ngan ngura cac bénh khac nhau vé strc khoe,
bao gdm céc bénh vé tim mach, bao vé da va mat, dong thoi cung cip kha nang chéng
blric xa, 1do hoa va ung thu. Theo Thi truong Astaxanthin (2024), thi trudong
astaxanthin trén toan thé gi61 dugc du doan s€ dat muc dinh gid thi truong la 665,0

triéu USD vao nam 2034, thé hién toc d6 ting truong kép hang nim (CAGR) dang chu
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¥ 1a khoang 9,3% tir nim 2024 dén nim 2034[28][29]. Astaxanthin trinh by ba dic
diém riéng biét cac ddng phan quang hoc, bao gém dang meso (3R, 3'S) va mot cip
df)ng phan ddi anh (3 S,3'R va 3R,3’'S), nh¢ sy ¢c6 mat cua hai nguyén tir cacbon bat
dbi nam & vi tri 3,3’ chie vu. Su khac biét rd rét trong thanh ph?m cua cac déng phan
quang hoc giita astaxanthin c6 ngudn gdc tir nhiéu ngudn khac nhau. Dong phan 38,
3'S 14 cAu hinh phd bién duoc quan sat thay & vi tao H. pluvialis. Hiéu qué cta ba chat
d6ng phan quang hoc cua astaxanthin trong viée trc ché té bao ung thu rudt két & ngudi
da duoc tim thay va cau hinh bat d6i khong anh hudng dang ké dén kha nang thé hién
hoat dong chong ung thu cta astaxanthin. Astaxanthin 3S,3'S cho thay dic tinh chong
oxy hoa va chéng 130 héa tuyét voi hon dang ké so v6i 3R,3'R va 3R,3’S astaxanthin.
Diéu nay cho thay rang cic dong phan 1ap thé khac nhau co thé cé cac muc tiéu duy
nhat trong co ché chdng oxy hoa va chéng 1io héa[30]. Su tong hop hoa hoc cua
astaxanthin da duoc cong nhan dang ké trong thap ky trudc. Tuy nhién, astaxanthin
duogc tong hop vé mat héa hoc chtra nhiéu loai dong phan c6 cdu truc da dang, khién
no6 khong hi¢u qua cho su hép thu sinh hoc. Vi vay, viéc san xuat astaxanthin phuc vu
y té va cham soc strc khoe ciia H. pluvialis ngay cang dugc quan tam[31][25]. Theo dit
liéu thu duogc tir ScienceDirect, 7074 bai bado c6 thuat ngir 'astaxanthin' va 2727 bai
bao c6 thudt ngir 'Haematococcus pluvialis' ¢6 sin tir ndm 2013 dén nam 2023. Tong
cong cd 1615 bai bao da duoc xuat ban tir naim 2013 dén nam 2023 véi thuat ngit 'ting
cudng san xuat astaxanthin & Haematococcus pluvialis'. Tong cong c6 959 bai bao da
dugc xuat ban v4i thuat ngir 'ky thuat di truyén trén Haematococcus pluvialis' tir nim
2013 dén nam 2023. Xem xét tinh lién quan dén ban thao hién tai, 107 4n phém da
dugce xem xét trong bai danh gia nay. Hinh 1.3 minh hoa s luong 4n pham nghién ciru
vé viéc ting cuong san xuét astaxanthin va k¥ thuat di truyén trén H. pluvialis thu
dugc tir ScienceDirect tir nam 2013 dén nam 2023. Nghién ctru vé viéc ting cudng
astaxanthin va k¥ thuat di truyén ciia H. pluvialis d4 ting dang ké trong 11 nim qua
(hinh 1.4).
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Hinh 1.4. S6 lwong dan pham nghién ciru vé viéc tang cwong san xudt astaxanthin va ky thudt
di truyén trén H. pluvialis thu dwoc tir ScienceDirect tir nam 2013 dén nam 2023.

Do d6, cac nghién ctru hién nay H. pluvialis déu tdp trung khai thac toi da
astaxanthin nhw t6i wu hoa diéu kién canh tac hodc k¥ thuat di truyén dé ting cudng
sinh tong hop astaxanthin, phwong phép trich ly tinh ché hiéu qua.

(a) T6i wu hoa san xuat astaxanthin tir H. pluvialis thong qua diéu kién canh tac

Céc yéu té anh huong nhu moi truong nudi cdy, anh sang, nhiét do, salinity (46
min), va ngudn nito dd dwgc nghién ctu sdu rong. Moi trudong BBM két hop chién
lugc nudi hai giai doan cho két qua sinh khdi va ning suét astaxanthin cao. Cu thé,
BBM giau vitamin B1 va B12 gitp tang trudng sinh khdi, trong khi BG-11 14 tdi uu
cho cam tng astaxanthin. Su két hop BBM (tang sinh khoi) va BG-11 (cam ung) cho
ning suat astaxanthin 21,5 mg/g. Ngoai ra, urea dugc xem 13 ngudn nito thay thé hiéu
qua, giup 6n dinh pH va ting sinh khéi dén 9,9 g/L. Tuy nhién, hiéu qua khac nhau tiy
nguén nito: NHsNOs cho mat do té bao cao hon so véi urea. Viée bd sung CO2 & mic
duédi 5% thuc day sinh truong, nhung nong d6 >10% giy wc ché quang hop va lam
chét té bao.

Nhiéu nghién ctru sit dung mixotrophy (bd sung ngudn carbon hiru co nhu
glucose, natri acetate). Du sinh khéi ting manh, nhung ham luong chlorophyll giam do
trc ché quang hop. B6 sung natri acetate & cudi pha log ting sinh khéi gan gap d6i. Céc
yéu t6 khac nhu bo sung EDTA, anh siang manh (400 pmol photons/m?s), hoic

photobioreactor nhiéu 16p ciing ting sinh khdi dang ké.
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Cam g sinh tong hop astaxanthin nhu cac yéu t6 cam Gng truyén thong gdm:
thiéu nito, anh sang manh, nhiét do cao, va stress man. Nhitng diéu kién nay kich hoat
biéu hién gen B-carotene ketolase (bkt) va CrtR-b, lam ting tong hop astaxanthin. Két
hop stress thuong hiéu qua hon don 1é. Méi trudng BG-11 cho hiéu suit cam tng
astaxanthin cao nhét.Ngoéi ra, nhiéu chién lugc mdi nhu dot bién UV chon loc chung
c6 hudng quang manh hon, ing dung stress vat ly (ap luc co hoc), kich thich dién,
hodc hoa chat nhu ACC, strigolactone va diéu chinh pH ciing duoc thir nghiém thanh
cong. Nhiing cach nay thiic day quang hop, ting trudng va ting ning suit astaxanthin
ro rét.

Qua trinh sinh tong hop astaxanthin thong qua con duong mevalonate bat dau
v6i phan tng chuyén doi isopentenyl pyrophosphate (IPP) thanh geranylgeranyl
pyrophosphate (GGPP). Phytoene duoc tao ra tir GGPP dudi tac dung xlc tac cua
phytoene synthase. Sau do, lycopene dugc tao thanh tir phytoene va trai qua qua trinh
khir bio hoa dé tao ra B-carotene va dugc van chuyén vao bao twong. Cac enzyme nhu
B-carotene ketolase (bkt) va B-carotene hydroxylase (CrtR-b) dong vai tro then chét
trong viéc chuyén hoa B-carotene thanh astaxanthin (hinh 1.5) [26][27].
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Hinh 1.5. Con dwong sinh tong hop astaxanthin va cdc carotenoid ¢ H. pluvialis

H. pluvialis 1a ngudn cung cip astaxanthin dd boc 16 nhiéu han ché nhu thoi

gian cam mg dai va kho khin trong viéc chiét xuat do thanh té bao day. Mot giai phap
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thay thé 13 ting cuong su biéu hién cia cac enzymee giéi han ty 18, chang han nhu
phytoene desaturase va phytoene synthase, dugc nghién ctru dé diéu chinh sinh tong
hop carotenoid[32]. Bkt va CrtR-b ¢ H. pluvialis cho ning suat astaxanthin cao nhat
nén ching da tich hgp ca bkt va CrtR-b tor H. pluvialis vao vi tdo xanh
Dunaliella viridis. Két qua cho thidy ham lwong astaxanthin tong sb tdi da 1a 77,5 + 7.7
ug g—1 trong trong luong kho. Dunaliella viridis ¢6 lugng B-carotene nhung chua co
ghi nhan vé san xuét astaxanthin. Tong thanh phan carotenoid thu duoc tir chung
Dunaliella viridis bién nap twong ty nhu H. pluvialis, nhung ham lwong (3S,3'S)-
astaxanthin cho thay thap hon nhiéu so véi H. pluvialis, v6i khoang 42% tong luong
astaxanthin. Viéc thiéu t6i wu hoa codon ciia bkt, CrtR-b va thanh phan lutein cao 1a
nhimng 1y do c6 thé din dén san lugng astaxanthin thap [33]. Mot nghién ciru khac da
nhan ban bkt tir H. pluvialis trd lai cing chung H. pluvialis dé biéu hién qué mic cac
gen gay caroten két qua cho thay ham luong astaxanthin téi da 1a 7,96 mg g-1 ¢ ching
bién nap, cao gap 2-3 1an so voi chung chua bién nap. Cac chat trung gian echinenone
va canthaxanthin cao hon 8—10 lan, cho thay bkt da dugc biéu hién qua mirc, trong khi
viéc thiéu CrtR-b da han ché san xuét astaxanthin Bang 1.2 tom tat mot sb nghién ctru
vé phuong phap chuyén gen nham gia ting san xuit astaxanthin & vi tao [34].

Bang 1.2. Cdc phirong phdp chuyén gen nham gia ting san xudt astaxanthin

Sinh vat||Gen muc||Sinh vat .
\ . \Vector Phuong phap Keét qua
nguon tieu dich
. bkt  va||Dunaliella Bién nap bang|77.5 + 7.7 pg/g
H. pluvialis L pMD18-T S
CrtR-b  |viridis biolistic trong lugng kho

Chuyén gen qua
H. pluvialis  |bkt H. pluvialis [pCAMBIA1304|trung gian||7.96 mg/g
Agrobacterium
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o o Bién nap bang|astaxanthin  cao
H. pluvialis  ||pds H. pluvialis [pHpS1 . o .
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CrtW va
Paracoccus _
. Crtz Yarrowia
sp. va H. ) ) pYLMA-Cre - 858 mg/L
o (twong ||lipolytica
pluvialis
mng)
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Ngoai ra, trong giai doan cam ing san sinh astaxanthin can diéu kién nhiét do
cao, thiéu dudng chét nén rat dé bi cac vi sinh khac gay nhiém, do pds trong nhiing
nim gan day, cac hé thong canh tac khép kin ngoai troi da dang da trai qua céac thur
nghiém k¥ ludng, v6i giai phap phd bién hién nay 1a trién khai 1o phan tmg hinh éng
nhiéu giai doan, doi hoi phai sir dung céc dng thuty tinh c6 dudng kinh tir 5 dén 10 cm,
duogc két ndi voi nhau dé tao ra chidu dai 16n hon hang chuc mét. Cac 6ng ndi véi nhau
nay sau d6 duoc sap xép thanh nhiéu 16p, thuong 14 ¢ ngoai troi. Mi truong nudi ciy
H. pluvialis duoc luu thong hiéu qua qua cac 6ng thuy tinh kém theo dudi su kich
thich anh sang lién tuc, tao diéu kién cho sy tich tu dang ké cua astaxanthin. Lo phan
g quang sinh hoc hinh 6ng di cho thiy tiém nang nang ham luong nay 1én hon 4%,

tiy thudc vao mua hién tai va cac yéu td khi hau dia phuong [35][36].
1.1.4. Chlorella vulgaris

Chlorella vulgaris (C. vulgaris) 1a mot loai vi tao nhan chuan mau xanh 14 ciy
thudc chi Chlorella Nhitng loai tao ndy dugc Martinus Willem Beijerink tim thay vao
nam 1890, 13 vi tao dau tién c6 nhan duoc xac dinh 5. C. vulgaris 1a mot t& bao hinh
cau c6 duong kinh tir 5 dén 10 um va c6 nhiéu thanh phan twong tu nhu thuc vat
(hinh 1.6). C. vulgaris c6 thanh phan dinh dudng da lwong va vi luong doi dao, co gia
tri, dugc Gmg dung nhiéu trong thuc pham, my pham, thudc. N6 phan bo rong rii trong
moi trudng nudce ngot, bién va trén can, ¢ kha niang quang hop cao va kha ning ting
trudng nhanh trong cc diéu kién tu dudng, hdn hop va di dudng [37][38].

Nhiéu dic tinh sinh héa cua Chlorella d& nudi trong, c6 thé phat trién ma khong
can hodc it chu ¥ str dung nudc khong pht hop véi con ngudi va dé thu duoc chat dinh
dudng, thanh phan lipid cao nén C. vulgaris, dugc coi 1a mot trong nhiing chiing c6
trién vong nhét trong s6 3.000 loai duoc sang loc [3][9][37][39]. Véi ham luong
protein cao cung véi sy hién dién cua cac chat dinh dudng thiét yéu, protein cua
Chlorella vulgaris di ting la ngudn thuc pham chat luong tot, gia thanh thap trong
Thé chién thtr nhat, duogc tiéu thy nhu mot chat bd sung thuc pham dic biét 1a & mot
s6 qudc gia chau Au, Nhat Ban.

C. vulgaris c6 tong ham luong protein chiém 43-58% trong luong kho ctia nd
theo cac diéu kién ting truéong. Ham luong protein ¢ cac axit amin thiét yéu va khong
thiét yéu. V& mit tng dung trong nganh coéng nghiép thuc phidm, ham luong protein

cao cua C. vulgaris di cho phép sir dung né nhu mot chét nhii hoa [37].
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C. vulgaris san xuat nhiéu lipid hon (60-68%) khi duoc trong trong diéu kién
hdn hop. Hai axit béo chinh c6 trong vi tao diesel sinh hoc 13 cac hop chat C16 va C18
chira axit pal-mitic (C16:0), axit stearic (C18:0), axit oleic (C18:1) va axit linolenic
(C18:2). Vi tao chira d6 bao hoa cao va axit béo khong bao hoa don (14-20 cacbon)
thich hop dé san xuét dau diesel sinh hoc. Diesel sinh hoc vi tao c6 thé 1 Gmg ctr vién
t6t nhat dé thay thé dau diesel hoa thach khi vi tio phat trién nhanh chéng, doi hoi it
hoic khong ¢ dét canh tac va c6 kha nang lam giam hiéu ing nha kinh [37].

Carbohydrate nhu tinh bot, glucose, duong va polysac-charit thuong dugce st
dung 1am ning luong va du trit carbon trong co thé. Cac polysaccharide dbi dao nhat &
C. vulgaris 1a tinh bot, dugc tao thanh tir amyloza va amy-lopectin, tiép theo la
polysaccharide cellulose trong véach té bao. Tong gia tri carbohydrate cua C. vulgaris
co thé dat ti 12-55% trong lugng kho khi duogc tréng trong diéu kién moi truong
khong thuan loi, ddc biét 1a véi ngudn nito han ché [37].

Séc to 1a nhitng hop chat day mau sic chiu trach nhiém trong qua trinh quang
hop dé hap thu va sy phan xa cua cac budc song nhat dinh ciia anh sang kha kién. Vi
tao tot noi tiéng voi viéc san xuat cac chat mau co gi tri cao va cac hop chat hoat tinh
sinh hoc nhu carotenoid, diép luc va phycobiliprotein. C. vulgaris c6 kha ning chat
diép luc dugc san XUAt hang loat, dat t61 1-2% luong chat diép luc trong lugng kho.
C. vulgaris cling chtra cac carotenoid (astaxanthin, lutein, p-carotene, lycopene va
cantaxanthin) & mirc khoang 0,4% trén chét kho co so trong luong [37].

Co thé con nguoi khong thé tong hop vitamin véi sd lugng dii nén chung phai
duogc 1y tir cac ngudn bén ngoai thong qua ché do dn udng sy tiéu thu. Khoang chét 1a
nhimg chit vo co can thiét co thé con ngudi hoat dong tét dé co suc khoe tét.
C.vulgaris chira vitamin A, B, C va E Vva giau canxi, kali, magié va kém, 12 nguén

tuyét voi cia cac vi chat dinh dudng thiét yéu [37].
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Ghi cha: a. Chlorella vulgaris; b. Chlorella volutis; c. Chlorella vulgaris var. autotrophica;
d. Chlorella rotunda; e. Chlorella vulgaris var. viridis; f. Chlorella sorokiana;

Tuong tuy nhu ning cao ning suadt thu hoi astaxanthin tir Haematococcus
pluvialis, chién luoc ting cuong ning suat lipid ctia vi tio noéi chung va Chlorella
vulgaris noi riéng thé hién & hinh 1.7 [40]. Trong d6, 3 nhan t6 tac dong duoc khai thai
1a phuong phéap nudi cay, phuong phap trich ly va chuyén hoa gen.
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Hinh 1.7. Chién lwoc ting cwong nang sudt lipid cia vi tao
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Ning suét sinh khéi tao va lipid t6i vu cho san xuat biodiesel tir vi tao cd thé
dat dugc thong qua cac hé thong nudi ciy vi tao hiéu qua va thanh phan dinh dudng
clia moi truong nudi cdy. Cac hé théng nuéi ORP yéu cau vé dién tich dat 16n, anh
huong cua diéu kién thoi tiét thay dbi, mat nude nhiéu do bde hoi, sir dung 4nh sang
khong hiéu qua va dé bi cac vi khuan khac sin mdi va 6 nhiémHién nay, cac hé thong
phan tng quang sinh hoc nudi cdy khép kin 10 phan tmng quang sinh hoc
(photobioreactors-PBR) khic phuc nhitng nhugc diém ctia ORP bang cach cho phép
kiém soat cac thong sé va duoc thiét ké theo nhu ciu cu thé ciia chung vi tdio quan
tam. Vi dy, PBR chi can dién tich van hanh twong d6i nho, it c6 kha nang gay 6 nhiém
va ¢6 thé t6i uu hoa hoan toan kha ning cung cap anh sang do str dung cac ngudén nhan
tao. Mot nghién ctru do Murray va cong su thuc hién (2017) cho théy mot PBR ¢6
ngudn sang khong day, ngip nudc, chay tu do dugc sit dung dé nudi cay Chlorella
vulgaris va Haematococcus pluvialis ¢ hiéu suat sir dung 4nh sang cao hon nim lan
s0 v&i cac phuong phéap chiéu sang thong thuong (hinh 1.8) [41]. Hé thong chiéu sang
loai nay ciing cai thién tinh dong déu ciia viéc cung cap anh sang va giam sy xuat hién

clia viing t6i cling nhu tic dong cua hién tugng tu che bong [42][43].
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Hinh 1.8. Lo phdn ving quang sinh hoc anh sang chim (SL-PBR) dugc chiéu sang bén trong(a)
va Mo hinh tuan hoan cua den khong day(b)

Tuy nhién, viéc st dung PBR dé nudi vi tdo c6 mot sd thach thic 16m, chéng

han nhu qué nhiét, cac van dé lién quan dén vé sinh va bao dudng, bam bén sinh hoc,

su phat trién cta tao ddy, sy tich tu oxy hoa tan c6 thé can trd ning suét sinh khéi tao

va quan trong nhat 13 chi phi cao trong viéc thiét ké va van hanh hé théng. Chi phi san
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xuét dit do nhu vay can tré kha ning khai thic quy mé kinh té bang cach ting kich
thude 10 phan Gng dé san xuat nhiéu nhién liéu sinh hoc hon.

Viéc Iya chon cac ki thuat nudi cay phu hop va 1ap ké hoach thiét ké cua chung
phu thudc vao nhu cau cu thé. Vi du, ORP sir dung nudc thai co thé duoc thiét ké theo
dang tron hoic theo cach khai thac dong chay hép dan, trong khi cac san phdm dugc
pham va dinh dudng c6 thé duoc tao ra bang cach sir dung PBR hinh 6ng[42].

Dé gidi quyét nhitng han ché cia ca ORP va PBR, cac hé thng lai tich hop ca
hai phuong phap nudi ciy cé thé tdi da hoa ca sinh khdi tdo va nang suat lipid. Trong
cac hé thong lai, vi tao dau tién dugc nudi cdy trong PBR v&i ngudn cung cap chat
dinh dudng du dé thuc day su phat trién clia tao va nang suat sinh khoi cao. Sau do, tao
truong thanh dugc chuyén sang ORP va chiu ap luc dinh dudng dé thuc ddy san xuat
lipid. Cac hé thong lai trude day da duoc st dung 6 My dé san xuat H. pluvialis, san
xuat hon 420 GJ/ha/ ndm, wdc tinh giam gia thanh san pham so véi dau khai thac tir
thuc vat hodc nhién liéu hoa thach[44]. Narala va cong su (2016) di phat trién mot hé
théng nudi cdy hai giai doan hiéu qua tich hop cac hé théng phan (mg quang sinh hoc
duogc kiém soat bang ap suat khong khi du vi ORP thiéu dinh dudng cho Tetraselmis
sp. M8 cho ning suit lipid tao cao dang ké so véi cac hé théng doc 1ap thong thuong

va ciing ¢6 kha nang bi 6 nhiém thap hon (hinh 1.9) [45].

Hinh 1.9. Hé thong nudi cay vi tdo hai giai doan tir hé thong PBR dén ORP quy mé pilot

Viéc diéu chinh va tdi uu héa cac théng sb quy trinh 1a rit quan trong dé ting
cuong nang suét lipid. Viéc st dung nhiét 46 va d6 pH ti uu, cung cép du COg, chét
dinh dudng, oxy héa va d6 man ciing c6 thé anh huong dén sinh khdi va dat duoc san
lwong lipid t6i da, nhung tac dong cua ting yéu td c6 thé khac nhau tuy theo timg

chung. C. vulgaris dat duoc sinh khdi cao nhit khi cung cap 8% CO, trong mdi
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truong, trong khi Yusof et al. (2011) nhan thay C. vulgaris dat téc do ting truéng cao
nhat khi nuéi cdy duéi 10% CO2 va 24 gid anh sang. Luong CO, dugc cung cap anh
huong dén gia tri pH cta méi trudng nudi cy, do d6 né phai duoc cung cip ¢ ndng do
t1 wu dé cai thién qua trinh san xudt lipid va sinh khdi cia vi tao ma khéng anh huéng
dén sy phat trién. So voi nudi ciy tw dudng, C. vulgaris tao ra lipid cao hon trong nudi
ciy hdn hop véi glucose (1% w/v) lam ngudn carbon, cho thiy rang cac ngudn carbon
khac nhau dan dén san lugng chét chuyén héa mong mudn khac nhau [2]. Carbon ciing
c¢6 thé dugc cung cap dudi dang bicarbonate (HCOs') dé nudi cay cac loai tao c6 kha
nang st dung dang carbon nay. Hanifzadeh va cong su (2018) di chirng minh rang khi
cung cidp HCO3 ~trong ORP nuoi cay C. vulgaris, niang suat tao cao hon 50% di duoc
bdo céo la 23,55 g/m#ngay so véi cac phuong phap nudi cdy thong thuong sir dung
COg2, giam chi phi nudi cay hon 55% va ning luong khoang 80-90% [46][47].

Nito déng vai trd quan trong trong sy phat trién cua té bao va lipid san xuét,
chiém 1-10% tong tong chat kho trong vi tao. Nito ¢ thé duoc cung cap dudi dang
chit dinh dudng vi tdo & cac dang khac nhau nhu amoni, nitrat, ndm men, uré va
pepton va mdi chét nay s& c6 tic dong khac nhau dén ting truong. C. vulgaris cé so
thich khac nhau dbi v6i ngudn nito va canh tic hdn hop 13 mot phuong phap kha thi dé
san xuét lipid. San xuét lipid ¢ C. vulgaris ting khi thiéu nito nhung diéu nay ciing
lam giam tong sinh khoi ctia vi tao 1am giam tong thé ning suét lipid. Do d6 vi tao
dugc dé xuat nudi cdy trong dicu kién giau nito ban dau dé ting cuong sinh trudng va
tang sinh khéi trudc khi chuyén chung sang méi truong thiéu nito dé kich thich san
xuat lipid [37][48]. Pavel Pfiby va cong su (2012) da lam thir nghiém so sanh kha
nang san sinh lipid giita 10 chung Chlorella va Parachlorella. Két qua cho thiy ching
c6 ning suat lipid cao nhét 1a Chlorella vulgaris CCALA 256 va duoc chon lya dé
khao sat cac yéu to nitrat va/hodc phosphate anh huong manh dén sy ting truong va
tich tu lipid. Sau 8 ngay nudi cdy, ning suat lipid toi da 1a 0,33 g/L/ngay, mat do sinh
khéi 1a 5,7 g/l trong lugng kho va tong ham luwong lipid 16n hon 30% trong lwong kho.
Lipid cta C. vulgaris bao gdm cac axit béo c6 do bio hoa twong dbi cao so véi dau hat
cai, c6 thé 1a mot lwa chon thay thé cho viéc st dung cac loai dau thuc vat
cao hon [49].

Gia tri pH dugc chon rit quan trong trong qua trinh nudi trong vi tao vi gia tri
pH khong thuan loi s& gy cing thang cho vi tdo, diéu nay cudi cung anh huéng dén
hiéu qua hap thy chit dinh dudng va cac chit chuyén hoa duoc tao ra. Trong diéu kién

canh tac binh thuong, d6 pH t6i wu cho sy phit trién ctia C. vulgaris nam trong khoang
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tir 10,0 dén 10,5. Nguoi ta cling chimg minh riang viéc diéu chinh pH lién tuc dén do
pH tbi wu s& giup ting cuong su phat trién cta vi to va ngan ngira 6 nhiém [37][48].

Nhiét d6 ting truong anh hudng dén san luong sinh khéi va tde do tang trudng
clia vi tao. Nhiét d6 ting trudng tdi wu cho C. vulgaris 13 30°C, chimg t6 sinh khdi cao
nhat. Téc d6 ting trudng clia nd giam khi nhiét do trén 30°C va & 38°C cay trong chét.
Tuy nhién, mot quan sat dang chi y 1a kha ning san xuat lipid cta C. vulgaris ting 1én
14,7% khi nhiét d6 tang truong giam tir 30 xudng 25°C, va ham luong axit oleic trong
C. vulgaris ting 1én t6i 34% khi nudi cdy ¢ 38°C, 1am cho né c6 tiém ning san xuét
dugc pham dinh dudng [37][48].

Do min 12 mot trong nhiing yéu t6 stress pho bién duoc sir dung dé kich thich
qua trinh san xuét lipid va sinh khbi & vi tao. Theo Alyabyev va cong su. (2007), ma
C. vulgaris c6 thé thich nghi nong d6 mudi NaCl tdi da 0,5 M. San xuét p-carotene &
C. vulgaris tang khi nong do NaCl tir 0,1 M dén 0,3 M nhung giam khi ap dung
NaCl 0,4 M. Lipid sé duogc tich tu trong vi tao bi stress do d0 man cao, tré thanh mot
loi thé trong viéc san xuat lipid tir vi tao [37][50][48][51]. Tom tit co ché giy stress va
cong nghé nudi cdy 2 pha nham ting sinh khéi va san lugng lipid va carotenoid theo
hinh 1.10 [51].
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Ngoai ra, su tién bo va tién bo lién tuc trong nghién ctru nhu ky thuat di truyén
va sinh hoc tong hop bang cach bién d6i gen gian tiép/truc tiép 13 mot phuong phap
luan dugc khuyén nghi dé ting cuong sy ting trudng va niang suat lipid & ching vi tao
quan tam[48] [40]. Nhu d3 noi ¢ trén, tdo luc duge quan tim nhiéu trong nghién ctru
san xudt lipid do chtra nhiéu diép luc nén kha ning quang hop tét hon cac loai khac
cling nhu téc do ting trudng nhanh. Nhiéu loai trong d6 co cac chung tio luc nhu
C.vulgaris, C. ellipsoidea, C. pyrenoidosa di nang cao hiéu suit san sinh lipid ma
khong anh huong dén su ting truong [40].

Viéc cai tién cac phuong phéap chiét xuét lipid & C.vulgaris dugc tong hop ¢

tiéu myc 1.3. trong b&o cao nay.
1.1.4. Dunaliella salina

Dunaliella salina 1a mot loai tao don bao mau xanh, chiu min va c6 nhiéu cong
dung khac nhau trong nganh duoc pham, stc khoe, thuc pham va ning luong. S6
lugng 4n pham lién quan dén thuat ngit [Dunaliella] dd duoc phan tich trong co so di
liéu PubMed (Trung tdm Thong tin Cong nghé sinh hoc Qudc gia, Thu vién Y khoa
Quéc gia Hoa Ky), tir naim 2000 dén ndm 2019 d3 ting 1én rd rét theo hinh 1.11 di cho

thiy su quan tim dang ké cua gi6i khoa hoc vé ching [52].
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Hinh 1.11. S6 leong dn phdm lién quan dén thudt ngiv [Dunaliella] tai co sé dir liéu PubMed
(NCBI)

Dunaliella salina (D. salina) 1a ngudn dy trit cic phan tir sinh hoc ¢6 gié tri cao
nhu carotenoid, lipid va FA 18:1 n -9 (axit oleic, OA), FA 18:3 n -3 (axit a-linolenic,
ALA) va FA 18:2 n -6 (axit linoleic, LA)[53]. Pac biét san pham chiét xuat quan trong
nhat tir D. salina |4 beta-carotene [54].

Vé mit hinh théi, té bao Dunaliella ¢é hai roi, c6 thé hinh trimg, hinh cau, hinh
18, hinh thoi hodc hinh elip, va co thé thay d6i tir 5 dén 25 pm vé chiéu dai va 3 dén 13
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um vé chiéu rong. Khac véi cac chi trén, D. salina khong co thanh té bao ctng, dugc
gidi han béi mot mang mong va dan hoi cho phép thich nghi hinh thai hiéu qua hon do
d6 dé dang pha v& té bao chiét xuat cac thanh phan bén trong [52]. Dang sinh khéi
Dunaliella khé giau carotenoid dugc tng dung thyuc té trong nganh cong nghiép thuc
pham va thirc dn chin nuéi nhu chit phu gia dé tao mau hoidc 1am chét b sung cho ca
ngudi va dong vat tiéu thu [19][53]. Trong sb cac loai Dunaliella, chi c6 D. salina va
D. bandowil c6 thé tich lily mot luong beta-carotene dang ké (10—14% trong luong
kho). Ngoai ra D. salina dugc coi 14 c6 tbe do ting truong cao hon[54].

Trong mot thoi gian dai, cach pho bién nhat dé san xuat Dunaliella cho muc
dich thuong mai 14 sir dung cac hd boi ngoai troi nong va kho can gan cac ngudn nudc
man phu hop do kha nang chiu man nén rat it bi 6 nhiém bé cac loai tao khac. Do yéu
cu nghiém ngit vé B-carotene nén ngay nay cac 1o phan tng quang khép kin duoc sir
dung. Cac diéu kién t6i vu dé nudi cay D. salina dat duoc toc do san xuat B-carotene
cao nhat 1a ¢6 min 2—4 M NaCl, nhiét d6 25-30 C, cuong d6 chiéu sang 10-15 klux
va pH = 7,5. Mat d6 té bao D. salina cao nhit 1a 7,5 x 107 té bao/ml va san luong
betacarotene cao nhit 1a 180 mg/l. Ngoai ra, budc chiét xuat cac hop chit c6 hoat tinh
sinh hoc tir D. salina ¢6 tim quan trong vé mit k¥ thuat va kinh té cao nhat. Phuong
phap thich hop nhat dé chiét xuit beta-carotene 1a ap dung két hop cac dung moi.
Trong s6 cac dung moi két hop, hé dung mdi CHoClo/decane c6 kha ning chiét xuat
60% va hoa tan t6i 310 pg/ml beta-carotene c6 hiéu suit tot nhat.

Ngoai carotenoid, Dunaliella con 1a ngudn cung cip lipid, dat toi 25% trong
lugng kho khi diéu kién ting truong khong thuan loi, chang han nhu nhiét do, cuong
dd anh sang do man hodc voi sy hién dién ctia cac hop chét cu thé trong moi trudng

nhu natri tungstat.
1.2.  Dau sinh hoc tir vi tao
1.2.1. Thanh phan Lipid vi tao

Trong nhitng nam gan day, vi tao da thu hit dugc sy cht ¥ bao gdm vai tro cia
ngudn nhién liéu thay thé va 1a ngudn tiém ning cua nhiéu hop chat hoat tinh sinh hoc
danh cho con ngudi. Hinh 1.12 giéi thiéu mé hinh thu nhan cac chat hoat tinh sinh hoc

tir vi tao theo hudng phat trién bén virng [55].
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Hinh 1.12. M6 hinh tinh ché sinh hoc ciia vi tao

Lipid déng vai trd thiét yéu trong qua trinh trao doi chéat va ting truong. Vi tao
bang cach dong vai tro 1a nguén du trit ning lugng va carbon. Thanh phan lipid trong
vi tao c6 thé dugc chia thanh lipid trung tinh va lipid phan cuc. Lipid phan cuc nhu
phospholipid va glycolipids duoc tao ra boi luc lap chiém uvu thé ¢ thanh té bao va
mang té bao trong khi lipid trung tinh dugc luu trir trong cic bao quan cua té bao.
Thanh phan lipid cta vi tdo rat rong, c6 pham vi tir 2 dén 77% tiy thudc vao loai va
moi trudong. Lipid cua vi tao tao ra thudng bao gom lipid trung tinh, lipid phan cuc,
este sap, sterol va hydrocarbon, ciing nhu cic dan xuat prenyl nhu tocopherol,
carotenoid, terpene, quinine va cac dan xuét pyrrole nhu diép luc.

Trong sd cac lipid khong phan cuc, TAG 1a san pham luu trir doi dao, c6 thé dé
dang bi phan hay dé cung cdp ning luong trao doi chat. Nhin chung, TAG cha yéu
dugc tong hop trong 4nh sang, duoc luu trit trong cac thé lipid té bao chat va sau do
dugc tai sir dung dé tong hop lipid phan cuc trong bong téi. TAG cua vi tio thuong
dugc dic trung boi ca FA bio hoa va FA khong bdo hoa don. Tuy nhién, mot sb loai
gidu dau di ching minh kha ning tich liy ham luong cao cac axit béo khong bio hoa
da chudi dai (PUFA) duéi dang TAG [48].

Cac con dudng sinh tong hop axit béo va TAG ¢ vi tao twong ty nhu ¢ thuc vat
bac cao, bao gdm hai giai doan tong hop axit béo de novo va lap rap glyceride tiép
theo hinh 1.13 [40]. Qua trinh tong hop axit béo bat dau ¢ luc lap & vi tao. Vi tao cb
dinh carbon dioxide thanh glycero-3-phosphate (G-3-P) thong qua qua trinh quang hop
va chuyén d6i n6 thanh acetyl coenzymee A (acetyl-CoA) thong qua qua trinh duong

phan, 14 tién chat tryc tiép cta qué trinh tong hop axit béo. Ngoai ra, axit citric dugc
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tao ra bai qua trinh chuyén hoa duong thong qua chu trinh axit tricarboxylic (TCA)
trong ty thé cling dugc chuyén d6i thanh acetyl-CoA dudi tac dong cua ATP: citric
acid splitting synthase (ACL). Trong té bao chét, acetyl-CoA duoc hoat héa boi
acetyl-CoA carboxylase (ACC) dé tao ra malonyl coenzymee A (malonyl-CoA), c6 thé
duge sir dung dé kéo dai axit béo trong mang ER. Su chuyén d6i acetyl-CoA thanh
malonyl-CoA 13 buéc dau tién cta qué trinh tong hop axit béo, doi hoi ATP. Sau khi
tong hop malonyl-CoA trong luc lap, ndé dugc chuyén dén protein van chuyén acyl
(ACP), va sau d6 trai qua chu trinh bén budc ngung tu, khir, mat nudc va khir (mdi
chu trinh kéo dai hai nguyén tir cacbon), cudi cung tao ra C16-ACP va C18-ACP. Su
kéo dai don vi C2 ctia mdi chudi cacbon doi hoi 1 phan tir ATP va 2 phan tir NADPH.
Mot mit, acyl-ACP tiép tuc tong hop lipid trong luc lap, dugc coi la con duong chuyén
hoa lipid ¢ sinh vat nhan so. Mt khac, acyl-ACP duoc hoa tan thanh céc axit béo tu
do (FFA) dudi tic dong cua thioesterase acyl-ACP béo (FAT), FFA két hop véi
coenzymee A trong té bao chat dé tai tao acyl-CoA, di vao ER v&i G-3-P théng qua
con duong Kennedy dé tao ra axit lyso-phosphatidic (LPA), axit phosphatidic (PA),
diacylglycerol (DAG) lan lugt va tré thainh TAG & cubi. C6 mdt mbi quan hé nhét
dinh gitta DAG, TAG va lipid mang (ML), day la cach chuyén héa lipid cia sinh vat
nhan chuan [40][50].
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Hinh 1.13. So d6 biéu dién qud trinh sinh tong hop lipid & vi tdo
1.2.2. Phuwong phdp chiét tach dau sinh hoc tir vi tio

Viéc khai thac dau sinh hoc, dic biét trong bdi canh san xuét nhién liéu, con
tuong d6i méi va chua truong thanh vé mit tng dung & quy md cong nghiép. Dau
diesel sinh hoc c¢6 ngudn gdc tir vi tao da duoc nghién ciru trong gan hai thap ky bang

con duong nhiét hoa, thay hoa tén nhiéu thoi gian va khong kha thi vé mat kinh té do
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kho canh tranh gia nhién liéu hoa thach. Quy trinh san xuit dau tio bao gém nudi
trong, thu hoach, chiét xuat, chuyén héa va tinh ché véi mdi cong doan gop phan gia
tang ham luong lipid thu nhan. Vi tao c6 thanh té bao co thanh day va viéc giai phong
cac hop chét hoat tinh sinh hoc cta chung bi han ché boi do cung cua thanh té bao vi
tao. Do dé, can lya chon cac phuong phép tién xu 1y va chiét xuét thich hop dé thu
duogc lipid tir vi tao va duy tri hoat tinh sinh hoc, dam bao thu hoi cac thanh phan con
lai ctia ba sinh khéi ciing 14 van dé cuc ky quan trong [3][55][56].

Qua trinh phé v& té bao

Cac phuong phap pha v té bao thuong co thé dugce phan loai thanh ba loai—
Vit 1y/co hoc, hoa hoc va sinh hoc (chu yéu 1a enzyme). Phuong phap vat 1y/co hoc sir
dung luc cat (ap suét cao, nhiét do cao hodc két hop), xung di¢n hoa hoac buc xa dién
tir dé pha v& thanh té bao. Phuong phap hoa hoc thudng dung cac acid va kiém nén
phan hiry khong dic hiéu cac thanh phan thanh té bao. Cac phwong phép sinh hoc sir
dung enzyme dic hiéu dé thity phan c6 chon loc vao cac thanh phan cuy thé trong thanh
té bao. Xir Iy bang enzyme c6 thé duoc thuc hién bang cach sir dung mot enzyme don
1¢ hodc hon hop enzyme lién két dé ting hiéu qua cat pha. Mdi phuong phap déu co
nhimg vu diém va han ché thé hién ¢ bang 1.3 [57]. Cac phuong phap c6 thé duoc ap
dung két hop voi nhau dé pha v thanh té bao va chiét xuit cac hop chét ndi bao co gia
tri.

Bdng 1.3. Phan tich wu diém va han ché ciia cic phirong phdp phd vé té bao vi tdo

Phuong phap Diém manh Han ché

vat  1y/Co  hoc:

Nghién, hap, vi song | 1.  Quy trinh nhanh 1.  Chi phi co so ha tang cao
(MAE), siéu am | 2. Hiéu qua gian doan cao 2. Pau vao ning luong cao
UAE, Pong hoéadp | 3. Quy trinh da dugc chimg minh ¢ | 3. Nhiét sinh ra c6 thé 1am suy

suat cao

quy mo 1én

thodi san pham cudi cung

Hoéa hoc: Axit, Chat
hoat dong bé mit,

1. Pau vao ning luong thap
2. Chi phi coso ha tang thap
3. D& dang nang cap hon so véi cac

1. Chi phi hoa chét cao
2. St dyng héa chat an mon
3. Nguy co san pham bi suy

Chat tay rira phuong phéap co hoc thodi cao

1. Do dac hiéu cao, cho phép nham 1. Enzyme‘e dat tién

muc tiéu doc qu}{én vao cac thanh 4. Vige thu hoi enzymee doi hoi
Phuong phép tiép phan cua thanh té bao va gidm thiéu qua trinh tinh ché ha nguon phuc

can bang Enzymee
(hoac Sinh hoc gian
tiép)

rui ro phan huy san pham

2. Dau vao ning luong thip

3.  Diéu kién van hanh nhe nhang va
ém diu, ngan ngtra qua trinh oxy hoéa
va bién tinh ctia san pham

tap, lam tang thém chi phi van
hanh

5. Enzymee c¢6 pham vi t6i uru
hep va co thé lam chdm ‘phan mg
ncu khong dugc cung cap
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Trich ly

Trong mdt thoi gian dai, mot s phuong phép ¢b dién, ép co hoc, bao gdm chiét

Soxhlet, chiét Folch va Bligh-Dyer di dugc sir dung dé chiét xuat lipid, nhung trong

khi cac phuwong phap nay thudng dé van hanh va kinh phi thp, chung ciing c6 nhing

nhuoc diém nhu ti€u thu nhiéu dung moi hiru co va 6 nhiém méi trudng, ngoai ra thoi

gian chiét kéo dai (vai gio). Bang 1.4. tong hop so sanh cic phuong phap chiét[58].

Bdng 1.4. So sanh cdc phwong phdp chiét

Phuong phap | Diém manh Han ché

chiét

Ep Dé su dung, khong lién quan dén | Yéu cau luong mau lon, quy trinh chdm
dung moi

Trich ly Dung méi duoc sir dung twong dbi | Hau hét cac dung méi hitu co déu dé

ré va thu hoi tai st dung

chay va/hoac doc hai cao; viéc thu hoi
dung moéi ton kém va ton nhiéu nang
lugng; can khoi lugng dung méi 16n

Chiét xuat chat
long siéu téi han

La “dung mo6i xanh” khong ddc hai
(khong c6 cén dung moéi hiru co
trong chi€t xuat), khong bat Itra

Tiéu thy dién nang cao; dat tién/kho mé
rong quy mo tai thoi di€ém nay

Céc phuong phap
chiét xuat hién
dai c6 hd tro song
siéu am, vi séng

Giam thoi gian chiét xuat; giam
muc tiéu thu dung moi; kha nang
tham nhap cua dung moéi vao vat
liéu t€ bao 16n hon; cai thién viée
giai phong nodi dung té bao vao moi
truong khoi

Tiéu thu dién nang cao; kho mé rong quy
mo

Phuong phap Soxhlet lién quan st dung dung méi n-hexane, can 10-12h dé

chiét kiét mau. Phuong phap chiét Folch va Bligh-Dyer dugc xem 1a phwong phap

trong tai voi hé ddng dung moi chloroform/methanol=2/1 thyc hién 2-4h bang phuong
phap chiét khuay[1][3][6].
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Hinh 1.14. Cdc hé thong trich ly siéu am tryc tiép

Ghi chu:
A: Binh siéu am thanh cé hé trg khudy cd ho tro khudy tir (a-1), bé sung thém bg phan thu giit
dung méi (a-2), bo sung b do lanh
B: bé siéu dam c6 canh khudy co

C: Thiét bi siéu am thanh quy mo pilot
1- Thanh siéu am; 2:Hon hop chiet; 3: Pheu nho giot
4: Ong ngung ty; 5 va 5": dau vao va ra cua dung dich lam mat
6: Canh khuay tir; 7: b phat siéu am; 8-canh khudy co
9- nhiét ke; 10-vé do lanh
Trong nhitng ndm gan day, nhiéu phuong phap cai tién di dugc kham pha dé
chiét xuét lipid, chang han nhu chiét bang chat 16ng siéu t6i han (SFE), chiét co hd tro
siéu am (UAE), chiét c6 hd tro vi song (MAE) va cac phuong phap khac. Nhimng
phuong phép cai tién nay khic phuc duoc nhiing thiéu sét cia cac phuong phap cb
dién & mot mac do nhat dinh, déng thoi, chung cling ¢ 191 trong viée cai thi¢n tdc do
chiét xudt lipid va duy tri hoat tinh sinh hoc cta dich chiét [1][6][58]. Phuong phap
trich ly c6 hd tro siéu 4m twong d6i dé 4p dung hon dé mé rong quy mé. Hién tai, 10
phan tng chiét siéu am (hinh 1.14) quy mé pilot va cong nghiép [59].
Ngoai ra, viéc lya chon dung méi “xanh” an toan vi méi truong va kha nang

thu hoi tai sir dung 1a dugc wu tién hon ca. Cac dung mdi hexane, hé dong dung moi
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khac nhu hexane/methanol, heptane/methanol,..thay cho hé chloroform/methanol co

tinh doc, kho thu hdi dang dugc tng dung [1][3].
1.3. Chiét tach dau sinh hoc tir Chlorella vulgaris
1.3.1. Ddnh gid thanh phan héa hoc cia dau sinh hoc tir Chlorella vulgaris

Hién nay, dau tao cé gia thi truong twong dbi cao (2,4 USD/it) so voi san pham
dau thuc vat hang ngay ($0,6-0,8 mdi lit), do su dau tu dang ké chi phi lién quan dén
tiéu thu nang lugng trong cac budc quy trinh khac nhau. Mac du vi tdo da nhan dugce
su quan tam dang ké vé ning luong sinh khdi, tinh kha thi vé mit kinh té trong nganh
dau vi tio van chua dat duoc muc tiéu. Cac nghién ciru trong twong lai nén tap trung
vé viéc khai thac t6i da sinh khoi vi tao va cai thién kha nang thu hoi lipid tir vi tao
dong thoi giam thiéu tiéu thy nang luong trong ddy chuyén san xuat [2].

Nhu d3 gidi thidu ¢ muc 1.1.2.3 vé vi tao Chlorella vulgaris, v6i dic tinh sinh
hoa ctia Chlorella dé nuéi trong va thanh phan lipid cao (30-40%) nén Chlorella
vulgaris, dugc coi la mot trong nhirng chung c6 trién vong nhét trong s6 3.000 loai
dugc sang loc ding dé thu nhan lipid. Nhin chung, C. vulgaris thuoc nhém cé ham
luong lipid cao, dao dong tir 5 dén 58% chat kho trong luong [37]. Mot s6 bao céo chi
ra ham lam lugng lipid cia C. vulgaris nam trong khoang 10-20% [4], [60], [61] [62].
Trai lai, ham luong lipid cua C. vulgaris theo Nguyén Thi Pong Phuong va cong su
(32,00£1,55%) [13][63].

St dung cong cu LC-MS/MS, GC-MS, Pantami va cdng su (2020) da c6 phan
tich toan dién cac thanh phan hoa hoc ciia C.vulgaris. Trong do thanh phan axit béo
cta C. vulgaris cho thdy gidu omega-6, -7, -9 va -13 vé&i omega-6 1 axit béo chinh,
chiém hon sau muoi phan trim (>60%) tong sb axit béo (hinh1.15). Pay 1a d4u hiéu rd
rang cho thiy loai Chlorella nay co thé 1a nguon dinh dudng tot khi duoc dua vao
ché d6 an. Ho so ciing cho thay thanh phan axit béo chii yéu bao gom axit béo C 16 -
C 18 (>92%) ( hinh 1.15. C, D), diéu nay cang cung ¢ thém cho C. vulgaris 14 tmg ctr

vién tiém nang cho san xuat dau sinh hoc [64].
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Hinh 1.15. Ddanh gid thanh phan cdc acid béo ciia Chlorella vulgaris

Ghi chl: (A ) Sdc ky ion tong sé ciia ' metyl este axit béo duoc chiét xudt trong C. vulgaris thu
dwge bang phan tich GC-MS (cdc s6 tirong itng véi s6 dinh trong bang 1.5 ( B ) Thanh phan
phan tram ciia metyl este axit béo bao hoa va khong bdo hoa ( C ) Phan bé phan tram cua
tirng axit béo bio hoa so véi tong ham lwong axit béo bio hoa (D ) Phéin bé phan tram ciia

tieng axit béo khéng bao hoa so véi tong ham lwong axit béo khéng bdo hoa.

Bdng 15. Thanh phan axit béo cua Chlorella vulgaris.

Thw Thanh
tw Tén hé thong Tén thong thwong Chi dinh phan
peak (%)

1 AXit tetradecanoic AXxit myristic C14 1.0

2 AXit pentadecanoic - C15 0,4

3 Axit hexadecanoic AXxit palmitic C16 16.4

4 9- Axit hexadecenoic Axit palmitoleic C 161 [n-7] 1,5
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Thi Thanh
tw Tén hé thf')ng Tén thong thuwong Chi dinh ph?ln
peak (%)
5 AXxit heptadecanoic AXxit margaric C17 1.2
6 Axit 7,10-Hexadecadienoic - C 16:2[n-6] 20,4
7 AXit octadecanoic AXit stearic C18 2.8
8 AXxit 5-Octadecenoic - C 18:1[n-13] 0,3
9 Axit 9-Octadecenoic Axit oleic C 18:1 [n-9] 4.2
10 Axit 11-Octadecenoic - C 1817 2.0
11 AXxit 9,12-Octadecadienoic Axit linoleic C 18:2[n-6] 351
12 AXit nonadecanoic - C19 0,2
Axit 9,12,15 . _
13 o Axit linolenic C 18:3[n-6] 5.2
Octadecatrienoic
14 AXit eicosanoic Axit arachidic C20 5.7
15 9-Axit eicosenoic - C 20:1 [n-9] 0,4
16 Axit eicosadienoic - C20 2 1.3
17 11,14,17-Axit eicosatrienoic ~ Axit homolinolenic C 20:3 [n-6] 0,4
18 AXxit heneicosanoic AXxit heneicosylic Cc21 0,2
5,8,11,14-Axit . ] ]
19 ) _ Axit arachidonic C 20:4 [n-6] 0,6
eicosatetraenoic
20 AXxit docosanoic AXit Behenic C22 0,9

1.3.2. Chiét tach dau sinh hoc tir Chlorella vulgaris

Gidng nhu hau hét cac vi tao, thanh té bao cua C.vulgaris cimg day nén kha
nang chiét xut lipid can duoc giai quyét. Nhu dd phén tich ¢ muc 1.2, mdi phuong

phap chiét dau sinh hoc tir sinh khéi vi tdo déu c6 nhirng vu diém va han ché nhat
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dinh. Pradana va cong su (2021) di thong ké cac nghién ctru chiét xuat lipid tur

C.vulgaris bang céac loai dung méi & bang 1.6[3]. Qua béo céo nay cho thiy viéc chiét

xuat dau sinh hoc can cac dung méi vira ¢6 do phan cuc va hoa tan dugc lipid, nén cac

hé dung moéi két hop khong phéan cuc va ethanol, methanol déu duge sir dung

Bdng 1 6. Thong ké cac phwong phdp chiét truyén théng dau sinh hoc tir C.vulgaris

Ching  vi N Nang suat | Thoi L :
tho Dung moi (mg/g gian bicu kién trich xuat
t€ bao) (phut)
P =1 atm; T = nhiét do
Chlorella Hexane (dung moi 1845 360 phong; 20 g dung rpéi/té bao
vulgaris c0 thé tai str dung) ’ g, toc d6 khuay 1.000
vong/phut; mé

Hexane—-methanol P =1 atm; T = nhiét do
Chlorella (7:3 viv) | 185 4 a1 phong; 20 g dung rpéi/té bao
vulgaris (dung moi co thé N g, toc d6 khuay 1.000

duogc tai st dung) vong/phut; mé

Cloroform- P =1 atm; T = nhiét do
Chlorella methanol (21 V) | 4004 360 phong; 20 g dung moi/té bao
vulgaris (dung moé6i c6 thé ' g, toc d6 Kkhuay 1.000

duogc ti st dung) vong/phut; mé

Chloroform—
Chlorella methanol (1:2 v/v) 3970 1 440 P = 1 atm; T = nhiét do
Vulgaris dung moéi co6 thé ’ ’ phong; 200 mL dung moi/

dugc tai str dung)

Dichloromethane— té bao g; toc do khuay 400

methanol(1:1  v/v) vong/phut; binh non
Chlorella 1 4 g moi co thé tai | &4 60 P=1atm; T =37°C; 0,9 mL
vulgaris \ A

st dung) dung moi/

xg:z'?eml(;'t{]ylv/v) Té bao 50 mg; ong ly tam
Chlorella N .o x | 181 120 P=1atm; T =na; 20 mL
vulgaris (dung moi c6 the dung mdi/20 mg

dugc tai st dung

Cloroform—
Chlorella methanol— A P=21atm; T = 22-26°C; 25
vulgaris nuéc(2:2:} V/y/V) 246 khong | mL dung moi/ Té bao 5 g;

(dung mai co thé tai Phuong phap Bligh va Dyer

su dung)

Céc phuong phap trich ly hién dai ciing di dugc ap dung dé chiét xuit cac hop chét

nay, trong d6 phuong phap siéu 4m 1a dugc quan tim nhiéu nhat (bang 1.7)

Bang 1.7. Thong ké cdc phwong phdp chiét hé tro siéu agm dau sinh hoc tir C.vulgaris

Chung vi tao Dung moi Nang  suat | Thoi Diéu kién trich xuét
(mg/g gian
t€ bao) (phut)
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Chloroform—

nudc (1:1 P=1atm; T = 22-26°C; Siéu am
Chlorella vIv) (dung 311 a1 20 kHz, 590 W;
vulgaris moéi co thé Chiét xuat Bligh va Dyer cho 20
dugc tai su mL dung méi/5 g té bao
dung)
P =1 atm; T = na; Siéu am 20
Chlorella sp. - 215 kHz, 700-1.000 W;
Chiét xuit Bligh va Dyer cho té
bao 10 g
Cloroform— P =1 atm; T = na; Siéu am 10
Chlorella methanol (1:1 | 80 kHz; Phwong phdp chiét xuét
vulgaris VIV) 5 Bligh va Dyer cho 0,5 g Té bao
Cloroform— 24 30 P =1atm; T = 40°C; Siéu am 10
Chlorella methanol (2:1 | ™ kHz; Phuong phap trich xuat
vulgaris VIV) Bligh va Dyer cho 10 g té bao

Nhiéu bao cdo da cong nhan chiét xuat hd trg siéu 4m (UAE) dugc cong nhan 1a

cong ngh¢ chiét xuat than thién véi moi trudong va hi€u qué cao. UAE cé tiém ning

giam thiéu hodc loai bo nhu cau vé dung moi hiru co, do dé gidm tac dong cia nd dén

moi truong.

Do d6 dé tai “Nghién ciru ciac phwong phap chiét tach diu sinh hoc tir vi tao

Chlorella vulgaris” dugc phan lap tir sinh vat phu du & hd Ham Nghi (Thanh Khé, Da

Nang). dugc lua chon thyc hién.

36




CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

Vi tao Chlorella vulgaris duoc phan lap tir sinh vat phu du ¢ H6 Ham Nghi (ki
hiéu Chung Chlorella sp. NB8). Vi tao Chlorella vulgaris dugc nudi trong moi truong
dinh dudng BBM d¢é str dung dé nghién ctru chiét dau sinh hoc.

et S ) 4

Hinh 2.1. Tang sinh C.vulgaris trén BBM dich (a) va thach (b), hinh anh vi tao C. vulgaris
dudi kinh hién vi (C)

Héa chat nudi cdy: Sir dung cac hoa chat lam mai truong nudi cdy moi trudng
Bold’s Basal medium (BBM) véi thanh phan dinh dudng nhu bang 2.1[65] pha trong
nude cat 2 1an

Hoa chat phan tich, trich ly: hexan, methanol, ethanol, chloroform, ethyl
acetate, ether dau hoa, acetone theo tiéu chudn phan tich, Ban mong TLC silicagel 60
Fas4 (Merck, Dic).

Bdng 2.1. Thanh phan méi truong BBM

STT | Thanh phan Ham lwong (mg/L)
1 NaNOs 1152
2 KH2PO,4 100
3 MgSOa 140
4 CaCl,.2H20 25
5 NaHCOs3 840
6 Hutner 0,5mL
7 Nude cat 1000 mL
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2.2. Phuwong phap nghién ciru
2.2.1 Khdo sdt qua trinh tang truong vi tao Chlorella vulgaris

C. vulgaris duoc nudi trong méi trudng Bold’s Basal medium (BBM) véi ndng
d6 ban dau 14 0,1 g/L.Tién hanh theo doi gia tri mat d0 quang hoc ctia moi truong tai
bude song 682 nm (OD682) dén khi khong d6i, sinh khdi té& bao thu duge 13 0,8+0,25
g/L trong binh tam giac 250 mL va binh phan ung 1,5 lit & nhiét d§ phong 2542 oC,
v6i mat d6 anh sang trang 1a 150mol/pum/s. Thu nhan tao, bao quan vi tao bang phuong

phap say kho thong thudng ( 40°C).
2.2.2. Phirong phdp Khdo sdt thanh phan héa hoc ciia vi tao Chlorella vulgaris

Nghién ctru danh gia thanh phan hoa hoc la Protein téng sb, Lipid tong sd,
protein hoa tan, duong téng va dudng dén ciing nhu mot sd sic t6, ham lwong
polyphenol caa chung vi tao Chlorella vulgaris nudi cay. Panh gia nay nham so sanh
Vé6i cac chung vi tao khac ciing nhu 1a tai liéu tham khao cho cac nghién ciu tiép theo
vé vi tao Chlorella vulgaris.

Cac phuong phap phan tich dugc thuc hién theo muc 2.2.7

2.2.3. Phwong phdp Khdo sdt dung méi chiét dau sinh hoc tie vi tdo Chlorella vulgaris

St dung cac loai don dung moi (Chloromethane, Hexane, Diethyl ether, ethyl
acetate) va hé 2 dung mdi ( cac don dung méi trén v6i methanol, ethanol) dé tién hanh
khao sat diéu kién chiét lipid so véi hé dung mdi Chloromethane/Methanol do
Bligh va Dyer (1959) dé xuét, duoc ki hiéu la MO.

Phuong phap tién hanh dugc bé tri theo so do hinh 2.2 [56]. Tron 1g sinh khoi
Vi tao khé véi vai hé dung moi khao sat theo ti 1¢ cao thd: dung mo6i=1:200 (g/ml) cho
vao binh tam giac 250ml, siéu 4m trong diéu kién 60%-30 phat-30°C. Sau d6 ly tam
(6000 vong/phut-10 phat), loc bing gidy 0,45um thu dich dua di ¢6 quay chin khong
va sdy kho, can khdi luong cao lipid. Cac mau duoc danh gia ham luong lipid va hiéu

suit thu hdi lipid dé lua chon dung moéi thich hop.
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Hinh 2.2. So do chiét lipid bang dung méi hizu co
2.2.4. Phirong phdp Khdo sdt phirong phdp chiét dau sinh hoc
Nghién ctru Iya chon cac phwong phap chiét cho hiéu qua cao trong trich ly dau
sinh hoc tir vi tao Chlorella vulgaris: V&i loai dung moéi lua chon, thue hién khao sat
chiét dau sinh hoc bang cac phuong phéap khac nhau dé Iya chon phuong phap pht hop
v6i cung ti 16 dung moi/nguyén liéu. Panh gia hiéu qua chiét theo ham luong dau sinh
hoc thu duoc.

2.2.5. Phwong phdp khdo sdt phwong phdp chiét dau sinh hoc bang siéu am

Muc dich caa nghién ciru 1a khao sat anh huéng don bién cac yéu té gdbm: nhiét
d6 siéu am, thoi gian siéu 4m va muc niang luong siéu am dén ham lugng lipid thu
nhan tir sinh khéi tao Chlorella vulgaris.
2.2.6.T0i wru héa diéu kién chiét dau sinh hoc bang phwong phdp siéu ém theo phwong
phadp bé mdt dap iing

B4 tri thi nhiém t6i uu hoéa diéu kién chiét dau sinh hoc tir sinh khéi tdo kho

theo phuong phap bé mit dap tng theo thiét ké Box—Behnken design (BBD) 2 mirc, 3
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yéu td. Thuc hién nghién ciru ba yéu té anh hudng dén ham luong dau sinh hoc trich
ly bang siéu am: nhiét do siéu am, thoi gian siéu 4m va muc nang luong siéu am.
2.2.7. Phuong phdp phdn tich cac chi tiéu

Phuong phap xac dinh ham lugng dau sinh hoc tong s6

Ap dung phuong phap Bligh va Dyer (1959) va dugc cai tién béi Benemann va
Tillett (1987). MAu sinh khdi khé ta cho dung méi Chloroform/methanol=2/1 vao, sau
d6 duoc siéu 4m dé pha v& mang té bao ¢ tan sd song 20 kHz trong 20 phut va ly tam
6.000 vong/phut trong 10 phut dé thu 1ay dich phia trén. Chiét lap lai 2 1an va dén
mau chiét, sdy kho dich dén khdi lugng khong d6i dé thu lipid. tong Thé tich tong
dung méi bd sung vao mau sinh khdi dugc ldy theo quy tic 100ml dung moi trén 1
gam sinh khoi[63] [66][67].

Ham lugng dau sinh hoc dugc dinh lugng bang phuong phap sy kho
dén khoi luong khong doi: Tur dich chiét dugc, tién hanh say khd dudi dung moi
(50°C) dén khdi luong khong d6i[66][67].

H(mg/g)="* (1)
Trong d6: m1: khdi lugng dau sinh hoc chiét dugc(mg);
m: khéi luong tao sir dung (g)

Phuong phép dinh tinh TAG bang sac ki bang mong TLC

Str dung ban moéng TLC (thin layer chromatography) vdi hé pha dong
Petroleum ether/Diethyl ether/acid acetic. Dya vao su phan tach dé danh gia thanh
phan[68]

Phuong phap xac dinh mat do quang cua sinh khdi vi tao

Mat d6 quang cua sinh khéi vi tao c6 phd hap thu anh sang cuc dai ¢ budc song
680nm, biéu thi sinh khdi vi tao. Do d6 tién hanh lay mau va do do hap thu & budc
song trén[65].

Cac phuong phap khac

- Xac dinh ham luong protein tho theo Kjeldahl [69]

- Xac dinh ham lugng protein hoa tan theo Bradford [70].

- Xac dinh duong khir bang phuong phap DNS theo Miller [71].

- X4c dinh ham luong polyphenol tong s6 bang phuong phéap Folin-Ciaceateu

- Xac dinh ham luong dudng tong bang phuong phap Dubois [72]

- Phuong phap xac dinh chlorophyll theo phd hip thu anh sang cuc dai cua
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Chlorophyll ¢ cac budc song 652nm va 665nm [73][74].
Cong thure tinh lugng chlorophyll nhu sau:
Mchiorophyll a (LG/ML) = -8,0962(Ass2) +16,5169(A665)
Mchiorophyll b (LG/ML) = 27,4405(Ass2) -12,1688(Asss)
Mchlorophyll tong = Mchlorophyll a T MChlorophyll b
Ham luong Chlorophyll trong mau (9/100g)= Mchiorophyll - F. V/m
Trong d6: V la tong dich chiét chlorophyll c6 trong m lwong sinh khéi tao khé dem
chiét, F 1a d6 pha loang cua dich chiét.
Str dung methanol dé chiét chlorophyll cua tao.
- Phuong phap xac dinh carotenoid tong theo phd hap thu anh sang cuc dai cua
carotenoid tong s6 & budc soéng 480nm, st dung acetone lam dung moi chiét[73][74]:
M carotenoid tong (LGQ/ML) = 4*Augo
Ham luong carotenoid téng trong mau (g/100g)= Mcarotenoid . F. V/m
Trong d6: V la tong dich chiét chlorophyll ¢6 trong m lwgng sinh khéi tao khé dem
chiét, F 1a do pha loang cua dich chiét.

2.2.8. Phuwong phap todan hoc

B6 tri thi nhiém t6i uu hoa diéu kién chiét dau sinh hoc tir sinh khdi tao kho
theo phuwong phap bé mat dap tng theo thiét ké Box—Behnken design (BBD) 2 mirc, 3
yéu t6. Thuc hién nghién ctru ba yéu t6 anh huong dén ham luong dau sinh hoc trich
ly bang siéu am: nhiét do siéu am, thoi gian siéu 4m va mic ning luong siéu am. B6
tri gém 15 thi nghi€m, trong dé 2 lan 1ap lai va 6 thi nghiém tai tam thé hién & bang
2.2 vabang 2.3 [75] [76].

Bang 2.2. Bang md hoa cua cac yéu to nghién ciru

Bién nghién ciru Ma hoa Cac mirc thi nghiém
Muc min | Muc gitra Murc max
Nhiét do(°C) X1 -1 0 1
Théi gian (phit) X2 -1 0 1
L N -1 0 1
Mtrc nang luong siéu am (%) X3
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Bdng 2.3. Bing ma trdn md héa theo thiét ké BBD

Ham lwgng
STT X1 X2 X3 dau sinh hgc
(%)
1 -1 0 1
2 0 —1 1
3 1 0 1
4 0 1 1
5 -1 1 0
6 -1 -1 0
7 1 -1 0
8 1 1 0
9 -1 0 -1
10 0 -1 -1
11 1 0 -1
12 0 1 -1
13 0 0
14 0 0
15 0 0

Pé xay dung mdi quan hé giita cac thong sd siéu am trich ly va ham luong dau thu

dugc, nghién ciru nay 4p dung mé hinh hoéi quy béac 2 ¢6 dang theo phuong trinh 1[77]

Y=bo+ Y2 bnXn+X3_bnn.X?n+X3_, bnm.Xn.Xm (1)

Trong do6:

bo 12 giao diém cua Y (hing sb);

bn 13 hé s6 hoi quy tac dong tuyén tinh ctia Xn 1én Y;

bnn va bnm 13 hé s6 hdi quy cua hiéu Gng bac hai trén Y ;

Xn, Xm la cac gia tri doc 1ap.

Phuong trinh tham chiéu dugc chon dé phu hop véi dir liéu, dua trén gi tri R?,

d6 khong phu hop va gia tri p cia m6 hinh (p < 0,05) thu duoc tir hdi quy boi.
2.2.9. Phwong phdp xir Iy s6 liéu

Céc thi nghiém déu dugc thuc hién it nhat 3 lan, két qua dugc trinh bay dudi

dang gia tri trung binh + d6 1éch chuan. Cac s6 liéu déu duoc xtr Iy bang phuong phap
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phan tich phuong sai ANOVA, so sanh su khac nhau c6 nghia & mirc y nghia 0=0,05
thé hién béng céc chir cai a,b,c,d,e trén dau cac cOt. Cac chit cai khac nhau thé hién sy
khac nhau c6 nghia & mtc y nghia 0=0,05. Tinh toan phan tich ANOVA thuc hién trén
phan mém Minitab 18.
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CHUONG 3. KET QUA VA THAO LUAN

3.1. Khao sat qua trinh ting trwéng vi tdo Chlorella vulgaris

Thuce hién nudi cay va thu nhan sinh khéi khé theo muc 2.3.1

—+—0DI1

Mit do quan (OD 680 nm)

0.20

0 1 2 3 + 5 o 7 8 9 10 1 12 13 14 1S 16 17 18 19 20 21 22 23 M4
Thai gian nuoi cay (ngay)

Hinh 3.1. 6 th; ting trirong cua chuing vi téo Chlorella vulgaris nudi cay

Sy tang trudng cia vi tao Chlorella vulgaris theo 2 phuong phap cay gidng da
duoc khao sat thé hién trong Hinh 3.1.

Déi voi dich nudi ting sinh trong méi trudong BBM di dugc nhan gidng trudc
d6, ngay ngay dau tién co gia tri OD dat 0,3 thi toc d6 ting truong vi tao kha nhanh,
c6 thoi gian thich nghi ngén dé dén pha logarit. Dén ngay thir 3 dat gia tri OD 1,128 va
bit dau di va pha can bang cho dén hét ngay tha 9 (OD=1,14), 1a thoi diém thich hop
dé thu hoach té bao. Nong d6 chit kho cua vi tao dat 1,54+0,02 (g/L). Sau d6 mat do
quang té bao cua vi tao giam dan va dén ngay thir 13 thi dirng hé thong.

Trong diéu kién nhan giéng & mdi truong BBM c6 thach agar, qua trinh bat dau
tang truong tir ngdy 3, sau d6 ting dan. Pén ngay tha 19-27 dat dén pha can bang
trong d6 ngay 21 1a dat 1,327. DPén ngay 27 di dén pha can biang (OD=1,13) va budc
vao pha suy vong.

Nhu vay ca 2 diéu kién nudi céy déu hoat dong 6n dinh, su tang trudng cua
chung Chlorella vulgaris phat trién theo dudng cong sinh truéng, trong d6 tuy ting

luong gidng va diéu kién ciia gidng ma s& phat trién ting nhanh sinh khoi dat dén pha
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can bang va sau d6 suy yéu dan. Do tio dugc nudi cdy trén thach thi cin thoi gian

thich nghi dai hon So vdi cac bao céo trudc, hé thong nudi tao hoat dong on dinh [62].
Cac mau tao say kho dat do am 1,230+0,016%, giup bao quan tét trong sudt qua

trinh thuc nghiém(hinh 3.2).

Hinh 3.2. Sdy khé sinh khéi tdo wét

3.2. X4c dinh mdt s6 thanh phin héa hoc va hop chit cé hoat tinh sinh hec
ctia sinh khdi tao khd Chlorella vulgaris

Thanh phan hoa hoc cua vi tao bao gdm chu yéu protein, lipid, carbohydrate,
sic t0, khoang chit va vitamin. Cac thanh phan nay c6 thé dugc phan loai thanh cac
chat chuyén héa chinh va thir cip. Cac chat chuyén hoa chinh thudng can thiét cho su
tang trudng va cac qua trinh trao d6i chat chinh, chang han nhu quang hop va ho hap,
trong khi cac chit chuyén hoa thtr cip 1 cac phan tir c6 ngudn gdc tir cac chét chuyén
hoéa chinh khi sinh vat tiép xac véi mot sd kich thich moi trudng bét loi. Thanh phan
thay doi tity theo loai va mdi truong nudi cdy nhu cuong do anh sang, nhiét o, do pH,
d6 man va chat dinh dudng trong mdi truong [37]. Do d6 tién hanh khao sat thanh
phan hoéa hoc cua chung vi tao nudi cdy la can thiét, nhiam so sanh vai cac vi tao cung
loali.

3.2.1. Xdc dinh mét sé thanh phan héa hoc cia sinh khéi tao kho Chlorella vulgaris

Bdng 3.1. Thanh phan héa hoc cia vi tao Chlorella vulgaris

Ham luong (g/100g chat khd)

Thanh phan _
Mau ODI1 Mau OD2
Protein tong 38,12+3,29 35,42+3,09
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Protein hoa tan 5,10+0,16 4,81+0,14
Lipid tong 35,41+2,56 33,76+1,78
Puong téng 8,82+0,30 8,92+0,45
Puong khtr 1,29+0,08 1,32+0,09

Bang 3.1 trinh bay thanh phan héa hoc cua vi tao Chlorella vulgaris khao sat.
Theo Irene Tiong Kai Ru va cong sy (2020) Chlorella vulgaris ¢6 tong ham lugng
protein thd chiém 43-58% trong luong kho, trong d6 khoang 20% protein lién két véi
thanh té bao, 50% nam trong té bao va 30% con lai lién tuc di chuyén vao va ra khoi té
bdo. Trong nghién cau nay, ham luong protein thd lan luot dat 38,12+3,29 va
35,42+3,09 (g/100g chat khé), ham lwgng protein hoa tan dat 5,10+0,16 va 4,81+0,14
(9/100g chat khd) dbi v6i 2 mau sinh khéi va co két qua gan véi cac bao cao trén.

Ham luong lipid dat 35,46+2,46(g/100g) va 33,76+1,78 (g/100g) so véi chat
kho cua chung nghién cau Chlorella vulgaris, thugc nhém cé ham luong lipid cao, ¢o6
tiém ning trong chiét xuat dau in, dau diesel sinh hoc.

Thanh phan con lai 1a carbohydrate, trong 6 ham luong dudng tong (8,82+0,30
9/100g chat khd) va duong kht (1,29+0,089/100g chat khd), thuéc nhém
carbohydrate, cung cap nang lugng.

3.2.2. Xdc dinh mét s6 hop chdt cua sinh khoi tao kho Chlorella vulgaris

Véi mau tao khd thu nhan duoc, thuc hién cac phan tich theo muc 2.3.5. Két
qua phan tich thanh phan & bang 3.2.

Ham lwong chat diép luc tong sé cé trong sinh khéi vi tao Chlorella vulgaris la
1,94- 1,96%, trong d6 1,22+0,15% la Chlorophyll a. Chlorophyll a. Ia mét trong nhiing
sac to ¢6 trong Vi tao, cho mau xanh luc ty nhién da duoc tng dung trong dwoc pham,
thue pham duoc danh gia cao. Tokusoglu va cong su ciing co két qua khao sat tuong
tu nhu trén [61].

Bdng 3.2. Thanh phan cdc hop chat mau va polyphenol cia vi tao Chlorella vulgaris

‘ Ham luong (g/100g chat kho)
Thanh phan _
Mau OD1 Mau OD2
Chlorophyll a 1,22+0,15 1,23+0,14
Chlorophyll b 0,72+0,06 0,78+0,08
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Chlorophyll tong sé 1,94+0,21 1,96+0,19

Carotenoid tong s6 0,257++0,091 0,225++0,038

Polyphenol (g/100GAE) 3,37+0,11 3,12+0,13
Ham luong carotenoid téng sé ctia 2 mau sinh khdi tao ndm trong khoang

0,225-0,257g/100g sinh khdi kho. Theo bo cdo ciia Ahmad va cong su(2018), trong

c4c carotenoid thi ham luong B-carotene (7-12.000 pg/g chit kho) chiém ti 1& cao nhét,
ké dén 1a astaxanthin (550 pg/g chit kho), Lutein (52-7141 pg/g chit kho),
anthaxanthin (362 pg/g chat kho)[78]. Tréi lai, Bazarnova va cong su (2022) qua phan
tich bang sac ki HPLC carotenoid ctia C.vulgaris da cho rang lutein cao nhat (45%), ké
dén fucoxanthin (12%) va B-carotene (4,3%). Nguyén nhan c6 su khac biét nay c6 thé
do diéu kién nubi cay[79].

Hinh 3.3. m6 ta dinh tinh mét s6 chat mau chiét tir C.vulgaris tir hexane bang
bang mong TLC st dung hé pha dong hexane/acetone=70/30, trong d6 peak mau [3-
carotene ¢ trén cung rat o, ké dén 1a vét mau cam, 13 dau hiéu nhan biét astaxanthin.

Phan duéi c6 mau xanh 1a cac chlorophyll.

Hinh 3.3. Ther nghiém dinh tinh cdc chdt mau trén sdc ki ban moéng TLC

Ham luwong polyphenol cé trong sinh khéi tao khé duoc chiét bang ethanol 80%
la 3,37+0,11 (g/100GAE), twrong duong vai Aida | EI makawy va cong su. (2016) [80]
va thap hon so véi bao c4o cia Ru va cong su. (2020) [37]. Cac hop chét phenolic
(PC) con duoc goi 1a polyphenolics 1a cac hgp chét sinh hoc bao gdm mot hodc nhiéu
vong phenolic ¢6 thé bi halogen hoéa. PC dugc coi 1a mot trong nhitng loai chat chong
oxy héa tu nhién quan trong nhat. Chung bao v¢ ca té bao va cac hoa chét ty nhién
khac ctia co thé khoi tac hai do cac gbc tu do giy ra. Cac hop chat PC caa Chlorella
sp. duoc tim thay nhu axit caffeic, axit ferulic va axit p-coumaric [81].

Tom lai cac mau tao di sinh truéng va phat trién binh thuong trong hé thong

nudi cdy, c6 sinh khéi tao khoé dam bao cic thanh phan héa hoc da luong va
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chlorophyll, B-carotene, polyphenol, 13 nguyén liéu sir dung dé chiét xuit lipid ciing
nhu st dung trong san xudt cac san pham co gia tri, tiém ning trong ché bién thyc

pham chtic ning.

3.3. Khao sat anh hwéng dung méi trich ly dén hiéu qua thu nhan dau sinh

hoc
3.3.2. Khdo sdt anh huwéng dung méi trich ly @én ham heong dau sinh hoc thu nhdn

Trong cac thanh phan dinh dudng hién cé, vi tao duoc coi la ngudn ning luong
bén vitng day hira hen nho kha ning tich iy mot luong 16n lipid. Tiém ning cia vi tao
nhu 13 ngudn cung cép thuc pham va axit béo cho hiéu qua dinh dudng da thu hut sy
quan tim cua cic nha nghién ctru trong nhiéu thap ky qua. Trong d6, Chlorella
vulgaris duoc xem I mot trong nhitng vi tao duoc trong chi yéu dé san xuét dau
diesel sinh hoc 13, duoc coi 1a mot trong nhitng ching c6 trién vong nhét trong sd
3.000 loai duoc sang loc. Chung dé trong, ¢ thé phat trién ma khong can hodc it chu
sir dung nudc khong phi hop véi con nguoi va dé thu duoc chét dinh dudng [9].

Viéc chiét xuat lipid tir vi tao chiu anh huong nhiéu yéu td, trong d6 phai ké dén
anh huong cua dung mdi. Tién hanh khao sat cac hé dung méi nhu bang 3.3 [82][83],
két qua khao sat thé hién ¢ hinh 3.4.

Bang 3.3. Ky hiéu cdc mau dung méi sir dung

Ky hiéu Dung moi Til¢ (viv)
MO Chloromethane/Methanol 2/1
M1 Chloromethane
M2 Hexane
M3 Ethyl actetate
M4 Diethyl ether
M5 Diethyl ether /Methanol 2/1
M6 Hexane/mthanol 2/1
M7 Hexane/ethanol 2/1
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Hinh 3.4. Anh hwéng ciia dung méi dén kha ning thu nhan lipid tir sinh khi vi tao kho

Nhu d3 noi & trén, lipid vi tdo bao gdm lipid trung tinh va lipid phan cyc, este,
sap, sterol va hydrocarbon, cling nhu cac din xuét prenyl nhu tocopherol, carotenoid,
terpene, quinine va cic dan xuit pyrrole nhu diép luc, carotenoid. Vi vdy hdn hop
dung moi phan cuc va khong phan cuc dong vai tro quan trong trong vi¢c sang loc, cai
thién hiéu qua chiét xuét lipid v6i hiéu suat cao va thanh phan theo yéu cau san pham,
cu thé TAG 1a san phém lipid trung tinh c6 gia tri, ham lugng cao, thanh phén chinh
ctia dau sinh hoc.

Déi véi hé don dung méi, chloroform cho ham lugng cao chiét cao nhat. Co thé
giai thich la do chloroform thuéc nhém phan cuc yéu, do d6 co kha ning hoa tan duoc
lipid phan cuc va lipid khdng phan cuc so véi hexane va diethyl ether, dat hiéu suat
trich ly 38,73+1,14%.

Doi véi cac hé dung mdi 1a hdn hop giita cac dung mdi trén va cac ruou
methanol, ethanol lai cho két qua trich ly cao nhat, xép theo thu tu ting dan
M5<M6<M4 véi ham lugng lipid dat 18-25%, dat hiéu suat chiét 1én dén 67% (M4) so
véi MO.

Két qua khao sat cta nghién ctru twong dong véi cac bao cao trude. Choi va
cong su (2014) da nghién ctru qua trinh chiét xuét lipid dya trén dung méi tir sinh khéi
C. vulgaris kho bang cach sir dung ba hé dung méi hexan, hexan/methanol (7:3, v/v)
va cloroform/methanol (1:1, v/v). Nghién ciru thu dugc ning suat chiét xuét lipid cao
nhat, 378 mg/g té bao, voi hdn hop cloroform/methanol dat dwgc bang hexan va hdn

hop hexan/methanol, trong khi chi c6 gia tri chiét xuat thip (185 mg/g té bao) 14 hi¢u
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qua chiét xuit lipid thay ddi tuy theo hé dung moi. Mariana Lara Menegazzo va cong
su khi khao sat chiét lipid ¢ Chlorella pyrenoidosa bang cac hé dung méi chiét
hexane, methanol, chloroform va chloroform/methanol (2/1) (v/v) bang bé siéu am, ¢
cung nhiét dé 25°C ciing cho két qua twong tu. Theo nghién ctru ctia Ansari va cong sy
(2018), chiét xuit lipid tir Scenedesmus obliquus bang hdn hop isopropanol:hexane
(2:1) cho hiéu suét cao hon 7,8% (trong lwong khd) so v&i khi chi sir dung hexane
(1,35%) [3].

Bao cédo da cho thiy hé chiét bang cloroform:methanol (2:1) theo Blight va
Dyer la cao nhat, cac dung méi khac chiét xuat bang methanol, ethanol, cloroform va
hexan cho hiéu qua kém hon. Két qua nghién ctu chiét xuat lipid vi tao ho
Botryococcus cho thdy trong cac diéu kién khic nhau, dat hiéu suit cao nhat 1a
37,36 % so voi khdi lwong sinh khbi kho khi sir dung hé dung méi n - hexan/ehtanol
c6 ti 18 thé tich 2/1, tai nhiét do trich 1i 60°C va thoi gian trich ly 10 gid [14].

Viéc bd sung dung mdi phan cuc vao méi trudng nudc gitp vugt qua cac rao
can cuc ciia nudc, tao diéu kién thuan loi cho qua trinh chiét xuat. Su gia tang d0 phan
cuc ciia dung mdi ¢ thé pha v 16p phospholipid, giai phong lipid lién két v6i protein
mang, gitp ting hiéu suat thu hoi lipid [2][84].

Mit khac, viée st dung hdn hop dung méi ciing c6 mot sb6 han ché. Viée ting
cudng chiét xuit lipid c6 thé din dén sy hoa tan céc lipid phan cuc, 1am xuét hién tap
chat trong san xuat dau dn. Ngoai ra, hdn hop dung moéi co thé kéo theo cac thanh phan
khong mong muébn nhu protein va carbohydrate, gdy khé khan trong qua trinh tinh ché.
Bén canh do, su tao thanh azeotrope gitra isopropanol va nudc lam phuc tap qua trinh
thu hdi dung moi. Do do, viéc lya chon dung mdi phu hop la yéu td quan trong dé toi

vu hoa hiéu suét chiét xuat dau tir vi tao [2].
3.3.2. Khdo sdt anh huéng dung méi trich ly @én hiéu qud thu nhdn TAG

Vi tao c6 thé tich Iy lipid triacylglycerol (TAG) va dugc coi la nguyén liéu dau
vao day hira hen cho san xuét nhién liéu sinh hoc bén vitng nhu mét giai phap thay thé
an toan v&i moi truong cho nhién liéu hoa thach va dau an ty nhién thay thé cho dau co
ngudn gdc thuc vat, vi ching c6 nang suét lipid va sinh khéi cao hon nhiéu so véi ciy
trong ¢6 dau, c6 vong doi ngin, c6 thé hap thu mot lwong 16n CO, va khdng can dat
canh tac [85]. Vi vay tién hanh thuc nghiém sic ki ban méng TLC dé dinh tinh lwong
TAG trén cac dich chiét. Két qua thir nghiém TLC cta cac mau cao thé hién &
hinh 3.5.
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TAG

Hinh 3.5. Thi nghiém dinh tinh TAG trén sdc ki ban méng TLC

Mot s6 hé dung moi (Chloroform (1), hexane (2), Diethyl ether (3),
Diethyl ether/methanol (4) va hexane/ethanol (5)) da dugc phan tich TAG bang bang
mong TLC. Két qua nghién ciru cho thiy cac TAG thé hién rd & hexane, diethyl ether,
hexane/ethanol. Trong khi d6 Diethyl ether/methanol co6 vét md, con chloroform
khong thdy. Nguyén nhan la cac hé dung mai trén co do chon loc cao véi TAG, trong
khi Chloroform, mac du cao thu duoc chiém ti 1é cao nhung kém theo cac thanh phan
lipid phan cuc khac, din dén rat kho khan trong phan tach TAG. Cac tac gia trudc
cling quan sat thdy rang ham lugng va thanh phan cua céc axit béo giita cac dung moi
ciling c6 su khac biét do su chon loc hoa tan cua cac loai lipid khac nhau [84].

Viéc lva chon dung moi chiét can dam bao d6 an toan, ré tién, khong doc hai.
Do d6, giita cac loai dung méi chiét béo, hexane duoc danh gia la dung mdi than thién
do tinh tro, c6 diém soi thap dé dé& dang loai bo nd sau khi chiét va chi phi thap, dugc
dung nhiéu & quy mo cong nghiép [58]. Ethanol ciing c6 tinh phan cyc va than thién
véi moi treong. Trong khi do, methanol, chloroform c6 d@6 doc tinh cao, ether c6 do
s6i 37°C, d& bay hoi. Mit khac, hiéu suat chiét gitra mau M7 (hexane/ethanol=2/1
(v/v)) va M5 (Diethyl ether /Methanol=2/1(v/v))) khong co6 su khac nhau cé nghia vé
hiéu suat chiét lipid. Do d6, trong nghién ctu nay da lya chon hé dung moi
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hexane/ethanol=2/1 (v/v) dé khao sat tiép tuc. Khao sat diéu kién chiét lipid bang
phuong phép si€u am.
3.3.3. Khdo sat anh hwdng ti 1é dung méi hexane/ethanol dén hiéu qud chiét dau sinh
hoc
Nghién ciru tiép theo khao sat ti 16 dung moi hexane/ethanol cho hiéu qua trich
ly dau sinh hoc cao nhat tir sinh khéi vi tao C.vulgaris. Tién hanh bién thién ti 1é dung
moi hexane/ethanol tir 1/1 dén 5/1 dé thay doi d6 phan cuc cua hé 2 dung méi trén, két

qua cho & dd thi hinh 3.6.
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Hinh 3.6. Anh hwéng ciia dung méi dén kha nang thu nhdn lipid tir C.vulgaris

Két qua khao sat cho thiy luong ethanol bd sung di ting d6 phan cuc cia dung
moi nén gia tang lugng lipid chiét duoc (ti 1€ 2/1 va 3/1), nang cao dugc ham lugng
dau chiét so véi viéc chi str dung hexane. Tuy nhién néu bd sung nhiéu ethanol ma
chung 13 dung mdi phan cuc s& giam luong hexane st dung, kéo theo cic hop chat
phan cuc nhu diép luc, carotenoid. ..giam lwong lipid trung tinh thu nhan, din dén hiéu
suét giam. Theo két qua khao sat, da Iya chon dugc hé dung méi hexane/ethanol=3/1
dé chiét xut dau sinh hoc tir C.vulgaris.
3.4. Khao sat anh hwéng cic phwong phap chiét dén hiéu qua thu nhin dau

sinh hoc
Céac phuong phap chiét dau lipid thong thuong (ngam, lic, sohxlet) duoc

tién hanh thuc hién dé€ so sanh véi di€u kién chiét si€u am theo bang 3.4.
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Bang 3.4. Diéu kién chiét ciia cdc phwong phdp

STT | Phuong phap | Diéu kién chiét
1 Ngam 7 ngay, nhiét do phong[9]
2 | Lic Lic 150 vong/phut, 24h- 30°C. [3]
3 | Sohxlet 10 h [15]
4 | Siéuam 20 ph(it-30°C & 70% NLSA[7]

Két qua khao sat thu dugc ¢ hinh 3.7 cho thiy rd rang phuong phép siéu am cho
ham lugng dau thu nhan cao nhat (198,6+5,5 mg/g), ké dén 1a phuong phap chiét
sohxlet va ngam va lic. Ngoai ra, thoi gian ngin (20 phut) trong khi cac phuong phap
trén it tén ning luong hon nhung kéo dai thoi gian, gdy ton that dung moi. Bao céo
tong hop ciia Pradana va cong su (2021) da ghi nhan cac truong hop xir 1y siéu am
trudc co thé ting san luong chiét xuat va giam thoi gian chiét xuat t6i hon 15 lan so
v6i phuong phap chiét xuat hitu co théng thuong cho C.vulgaris.

Vi tao c6 thanh cimg nhu Chlorella sp. thich hop dé xu 1y bang UAE [3].
Duangkamol Ruen-ngam va cong su ciing c6 két qua twong tir khi chiét astaxanthin tir
Haematococcus pluvialis déu cho thay hiéu qua chiét cao hon va nhanh hon khi sir
dung cac phuong phap siéu am, vi song. Phuong phap sohxlet c6 hiéu qua chiét tuong

tu nhung c6 thoi gian dai (10-12h) [24].
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Hinh 3.7. Anh huéng ciia phwong phdp chiét dén hiéu qud thu nhdn dau sinh hoc tir
C.vulgaris
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C6 thé giai thich diéu nay 1a do & cac phuong phap chiét thong thuong, lipid thu
nhan nhd khuéch tan qua thanh té bao day cua vi tao [9]. Trong khi d6, song am gay ra
bot khi trong méi truong 16ng trong qua trinh xir Iy siéu am. Cac bong bong tiép tuc
tao ra va xep xudng khi co su thay dbi vé ap suit, Vat thé phat nd va truyén dong ning
dang ké cho cac té bao xung quanh. Diéu nay lan truyén séng xung kich c6 bién d6 cao
va tao thanh liuc cit cao giy ra su v té bao vi tao[51] [9]. Theo bao cdo tong quan
ciaYing Liu va cong sy (2022), C.vulgaris 1a mot loai vi tao co thanh té bao rat cing
nén sy pha v& thudng doi hoi nhiu ning luong dé pha v&. Su hinh thanh cac gde tu do
va sy nd tung ciia cac bong bong nho bén trong va bén ngoai té bao tio co thé gop
phan 1am v& thanh té bao cua C. vulgaris va viéc sit dung cac dung moi nhu cloroform
va dichloromethane ciing c6 thé 1am suy yéu thanh té bao. Dién tich bé mit riéng cia
té bao tao siéu nho tang tir 3,831 1én 11,923 m2/g sau khi chiét xuit bang siéu 4m, cho
thiy su pha hay va phan manh thanh té bao. Hinh dang tron caa C. vulgaris chuyén
thanh khong déu khi tiép xtic v6i nang luong siéu 4m va giai phong cac thanh phan té
bao nhu protein, lipid, axit nucleic va diép luc 1am tiang kha ning hap thu tia UV trong
pha 1ong. Ngodi ra, cac goc ty do duoc tao ra trong qué trinh siéu 4m co thé gay ra sy
phan huy va oxy héa céc axit béo khong bdo hoa da va cac hop chit chéng oxy hoa

khac néu cong sut siéu 4m cao hon 1a 50 W va kéo dai thoi gian chiét [86].
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Hinh 3.8. Hinh chup SEM cdc té bao vi tio triede va sau khi xik Iy chiét siéu dm.

Hinh 3.8. m6 ta tac dong cta xir Iy siéu 4m 1én hinh thai thanh té bao tao. (A)
Chlorella sp. khong xu ly, (B) Chlorella sp. bi v& sau khi xtt ly siéu am (C)
Chlamydomonas mexicana khong xur 1y, (D) Chlamydomonas mexicana bi v& sau khi
xtr Iy siéu am (E) H. pluvialis khong xir 1y, (F) H. pluvialis bién dang véi cdu trac
khong déu chira diy céac 16 rdng trén thanh té bao sau khi xt 1y siéu am (G) C. vulgaris
khong xtur 1y, (H) C. vulgaris co lai sau khi xtr 1y siéu am [86].

K§ thuat chiét bang phuong phap siéu am 1a mot trong nhiing ky thuat chiét
hién dai, than thién v6i moi trudong do an toan, kinh té, rat ngin thoi gian trich ly. Qua
trinh si€u am dugc thuc hién trong diéu kién ap suét khi quyén va 6 nhiét d0 moi

truong di duoc Gmg dung nhiéu trong céng nghé chiét tach néi chung va chiét lipid tir
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vi tao [58][84][86]. Do d6, véi hiéu qua chiét xuit cao, thoi gian chiét xuat ngin so véi
cac phuong phap chiét thong thudng, phuong phap siéu am dugc lya chon dé khao sat
t0i wu héa diu kién chiét.

3.5. Khao sat diéu kién chiét dau sinh hec bing séng siéu am

Str dung thiét bi bé siéu am dang c6 wu diém nhu thiét bi don gian, dé sir dung
va khong bi thdi kim loai tir thanh siéu &m vao mau. Chiét xuét siéu am chiu anh
huong bai tan sé siéu &m, mirc ning luong siéu am, thoi gian siéu &m, nhiét do siéu
am. Céc yéu té nay cang ting s& tao hiéu ung cavitation cang nhiéu va cang manh liét,
tao ra cac tac dong dén thanh té bao nhu qué trinh phan manh, bao mon thanh té bao,
pha v& té bao tuy theo dic tinh nguyén liéu gilp cho dung mdi tham nhap sau vao
nguyeén li¢u dé giai phong cac cac vat chat bén trong mot cach dé dang va rat ngan thoi
gian chiét so véi cac phuong phap chiét truyén théng dong thoi lam phéa hay hay giam
cac hoat tinh sinh hoc cua chang [7].

Do d6, trong nghién ciru nay da thuc hién khao sat cac yéu tb nhiét do, thoi gian
va mirc ning lugng siéu am dén hiéu qua chiét lipid tr sinh khéi tao kho

Chlorella vulgaris.
3.5.1. Anh hwong cua nhiét dé siéu am

Nhiét d6 1a nhan t6 quan trong trong khau tach chiét cac hop chit hiru co.
Tién hanh khao sat anh hudng cua nhiét d6 siéu am (30°C, 40°C, 50°C, 60°C) [38] véi
mirc NLSA 13 70%, trong 20 phut. Hinh 3.9 thé hién két qua su anh huong ciia nhiét

d6 si€u am dén hi¢u qua chiét dau sinh hoc.
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Hinh 3.9. Ankh hwong cua nhiér dé siéu am dén hiéu qud chiét
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Két qua cho thay khi ting nhiét d6 siéu am, kha ning chiét cang 16n, cho ham
lwong chiét ting dan va dat cao nhat la 265,7+5,4 mg/g dau sinh hoc & 40°C, va 50°C
va sau d6 giam. Theo bao cao ctia Mariana Lara Menegazzo va cong su. (2018) st
dung bé siéu am, nhiét do siéu am la 25°C [84]. Trong khi dé, Bilel Hadrich va cong
su. (2018) khi thuc hién téi wu hoa diéu kién chiét lipid trén Chlorella sp. sir dung
phuong phap bé mat dap tmg da dat duoc diéu kién chiét téi wu 1a 30 phat-60°C, sir
dung dung méi Chloroform/methanol = 2/1 (v/v), dat ham lugng chiét 1a 22,60%, ciing
tuong dong véi két qua nghién cau [7]. Cac thong ké vé diéu kién chiét lipid tir
Chlorella vulgaris cua Pradana va cong su (2021) ¢ mirc 40°C hodc 22-26°C tuy tan s6
cta thiét bi siéu 4m [3]. Nhin chung, do hién tuong ting nhiét cuc bo khi siéu am nén
khi ting nhiét d6 moi truong chiét thi qua trinh tao bot bong bong cang xay ra manh
liét, dan dén hién twong dung moi hexane bay hoi manh déng thoi ting nhiét do ciing

lam phan hay cac hop chét lipid cho nén hiéu qua chiét giam [24][86][87].
3.5.2. Anh hwong cua thoi gian siéu am

Hinh 3.10 thé hién két qua su anh hudng cua thoi gian siéu 4m dén ham luong
lipid, ta thuc hién khao sat & cac mdc thoi gian 10 phat, 30 phat, 50 phat, 70 phut.
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Hinh 3.10. Anh huwéng cua thoi gian siéu dm dén ham lwong lipid
Thoi siéu am anh hudng dén qua trinh chiét, thoi gian cang ting cang nang cao
ham luong chiét, dat cao nhat ¢ 30 phut va ¢ bat dau giam dan.
Duangkamol Ruen-ngam va cong sy (2021) ciing c6 két qua twong tu khi chiét
astaxanthin tir H. pluvialis déu cho thy hiéu qua chiét cao hon. Ddi véi phuwong phap
UAE, tit ca nhiét do chiét xuat déu cho théy su thu hdi astaxanthin nhanh chong (1én

dén 41+2%) trong vong 5 phit dau tién va sau do, trong khoang tir 5 dén 30 phut, chi
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ting dan. Can luu y ring, mic du c6 hiéu ung tao bot cia UAE, nhung su thu hdi
astaxanthin khong ting dang ké, so v6i qua trinh ngam, trong 30 phit dau tién. Piéu
nay co thé 1a do thuc té 1a tao bot siéu am tao ra cac diém nong cuc by pha huay cac
phan tir astaxanthin. Tuy nhién, sau 30 phut, sy thu hdi chiét xuit lai ting 1én cho dén
phut thr 60 1én khoang 70+2%. Sau muc tdi da ndy, mirc astaxanthin cudi cing da
giam xudng khi thoi gian chiét xuét tién gan dén 90 phut. Sy thu hoi astaxanthin tdi da
d6i v6i UAE duoc tim thiy ¢ nhiét do chiét xuat 1a 45°C trong 60 phat [24]. Cung 1
muc ning luong siéu am, khi thoi gian siéu 4m cang dai thi cang tao diéu kién cho
dung moéi xam thyc vao vach té bao, pha vo té bao déng thoi tao su khqu tron dé
dung moi tham nhap thuc hién qué trinh chuyén khéi va sau dé6 ham luong chiét s&
khong ting hodc giam dan khi dat can bang [87]. Do d6 trong nghién cau nay, thoi
gian lra chon la 30 phut dé thuc hién chiét & budc ké tiép.

3.5.3. Anh huwéng ke néing lwong siéu am

Hinh 3.11 thé hién két qua sy anh huong ciia mic nang luong siéu am dén ham
lugng lipid thu duogc, ta thuc hién khdo sat & cac muc nang lugng 50%, 60%, 70%,
80% va 90%.
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Hinh 3.11. Anh hwéng cua mite ning heong siéu am dén hiéu qua chiét
Cung diéu kién nhiét do va thoi gian 300C-40 phut, miac NLSA 80% cho hi¢u
qua chiét cao nhit 1a 255,7+5,1 mg/g dau sinh hoc. Gitta miu 70% va 80% muc ning
lwong siéu &m khong co su khac nhau co nghia. C6 thé nhan thdy néu ting mirc NLSA
gitip hinh thanh nhiéu bot bong béng véi ning luong 16n 1am ting qua trinh x4m thuc,

pha v& té bao dan dén gia ting ham luong dau sinh hoc chiét. Tuy nhién sau d6 nhanh
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chong khong ting hodc giam ham lwong chiét do chinh cac bong bong s& pha huy céac
hop chét chiét duoc. Do d6 nghién ctiu chon muc siéu am 70% la phu hop [87].

Tom lai, st dung phuong phap chiét siéu am da cho hiéu suat trich ly gap 1,5
lan so véi chwa khao sat diéu kién chiét siéu am, dat hiéu suat thu hoi gan 70%. Két
qua nghién ctru da lra chon dugc diéu kién chiét 30 phat-40°C-mirc ning luong siéu
am 70% dé chiét lipid tir sinh khéi tao khd C. vulgaris.

3.6. T6i wu héa diéu kién chiét dau sinh hoc bing phwong phap siéu am

theo phwong phap bé mit dap éng
3.6.1. Thiét ldp mé hinh hoi quy theo Box- Behnken

Nghién ctru ndy nham xac dinh anh huéng cua cac yéu t6 trich ly bao gom
nhiét d6 siéu am (°C) (X1), thoi gian siéu am (phat) (X2), mic NLSA dén ham luong
dau sinh hoc thu dugc tir sinh khoi C.vulgaris, déng thoi tim ra diéu kién t6i vu dé dat
hiéu suét chiét xuét cao nht. Téng cong 30 thi nghiém véi s6 1an 1ap lai 1a 2, bao gSm
6 diém trung tdm, da duoc tién hanh theo thiét ké Box-Behnken trong Bang 3.5. Két
qua thyc nghiém thu nhan dau sinh hoc theo ma tran cac yéu td anh huong theo moé
hinh Box-Behnken nhu ¢ bang 3.5.

Bdng 3.5. Két qua thwe nghiém thu nhdn dau sinh hoc theo ma trgn cdc yéu té danh hwéng
theo m6 hinh Box-Behnken

Nhi¢t do | Thoigian | Muc nang Ham
siéu &m siéuam | luong siéu | luong dau
STT | X1 X2 X3 , . :
(°C) (phat) am (%) sinh hoc
(mg/g)
1 -1 0 1 30 30 80 212,1
2 -1 1 40 20 80 236,6
3 0 1 50 40 80 249,2
4 1 1 40 40 80 277,6
5 -1 1 0 30 40 70 231,5
6 -1 -1 0 30 20 70 182,0
7 1 -1 0 50 20 70 267,2
8 1 0 50 40 70 271,1
9 -1 -1 30 30 60 165,9
10 -1 -1 40 20 60 181,2
11 0 -1 50 30 60 241,9
12 1 -1 40 40 60 231,8
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13 0 0 0 40 30 70 258,2
14 0 0 0 40 30 70 2175,7
15 0 0 40 30 70 251,2
16 -1 0 1 30 30 80 2279
17 -1 1 40 20 80 258,7
18 0 1 50 40 80 271,3
19 1 1 40 40 80 255,2
20 -1 1 0 30 40 70 213,1
21 -1 -1 0 30 20 70 192,2
22 1 -1 0 50 20 70 257,4
23 1 1 0 50 40 70 260,7
24 -1 0 -1 30 30 60 176,2
25 0 -1 -1 40 20 60 1977
26 1 0 -1 50 30 60 231,1
27 0 1 -1 40 40 60 231,2
28 0 0 40 30 70 277,9
29 0 0 40 30 70 256,3
30 0 0 40 30 70 271,6

Tir cac phan tich hdi quy tuyén tinh cua 30 thi nghiém dd xay dung duoc

phuong trinh hoi quy béc hai ciia qua trinh trich ly ham luong dau sinh hoc & phuong

trinh (2)
Y =

X2*X2 -0.2193 X3*X3 - 0.0790 X1*X2 - 0.0630 X1*X3 - 0.0583 X2*X3 (2)

3.6.2. Phan tich sw c6 nghia va sy twong quan cua mo hinh

-1923 + 26.61 X1 + 14.17 X2 + 37.04 X3 - 0.2127 X1*X1 - 0.0947

Bdng 3.6. Két qud phén tich ANOVA ciia phwong trinh hoi quy va hé sé ciia phwong trinh

Source Bac tw |Toéng binh Trung binh GiatriF Giatrip
do DF phuong SS binh phwong
MS

Mo hinh (Model) | g 297458 3305,1 28,25 0
Tuyen tinh 3 219525 73175 62,55 0
X1 1 12600,1 12600,1 107,7 0
X2 1 2480 2480 21,2 0
X3 1 6872,4 6872,4 58,74 0
Phi tuyen 3 6705 2235 19,1 0
X1*X1 1 33425 33425 28,57 0
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X2"X2 1 663 663 5,67 0,027
X3*X3 1 3549,8 3549,8 30,34 0
Tuong tac 3 1088,2 362,7 3,1 0,05
X1*X2 1 499,3 499,3 4,27 0,052
XL"X3 1 317,5 3175 2,71 0,115
X2*X3 1 271,4 271,4 2,32 0,143
Sai s0 (Error) 20 23398 117
bo khong phu | 3 267,9 89,3 0,73 0,547
hop (Lack-of-Fit)
Sai s thuan 17 2071,9 121,9
(Pure Error)
Téng 29 32085,6
Bdng 3.7. Hé s6 tirong quan
Hé sé Gia tri hé s6 Sai Gia tri Gia VIF
) T tri P
Hang s6 265,15 4,42 60,05 0
X1 28,06 2,7 10,38 0 1
X2 12,45 2,7 4.6 0 1
X3 20,72 2,7 7,66 0 1
X1*X1 -21,28 3,08 5,35 0 1,01
X2*X2 9,47 3,98 -2,38 0,027 1,01
X3*X3 -21,93 3,98 5,51 0 1,01
X1*X2 7,9 3,82 -2,07 0,052 1
X1*X3 6,3 3,82 -1,65 0,115 1
X2*X3 5,83 3,82 1,52 0,143 1
Bdng 3.8. Hé s6 R?
S R? R? hi¢u chinh (R? adj)
10.8162 92.71% 89.43%
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Két qua phan tich ANOVA cua mo6 hinh bac hai cua ham muc tiéu Y da duoc
danh gia bang cac gia tri F, p va R? twong tng (Bang 3.6 va 3.7). Gia tri F = 30,01 va
p=0,00< 0,05; cho thdy mo hinh hoan toan c6 ¥ nghia thong ké R? = 93,11% (p <
0,0001). Nhu vay mé hinh thiét 1ap c6 d6 twong quan cao véi md hinh thyc nghiém
(bang 3.9).

Biéu dd pareto (hinh 3.12) thé hién d6 anh hudng cta cac nhan td dén hiéu qua
trich ly dau sinh hoc tir sinh khéi C.vulgaris, cu thé cac yéu td anh huong manh 1a
Muc nang lugng si€u am, nhi¢t d si€u am (bac 1 va bac 2). Ké dén 1a sy anh huong

cua thoi gian siéu am(bac 1 va bac 2).

Pareto Chart of the Standardized Effects
(responseis Y, o = 0.05)

Term 2.09
Factor Mame
A X1
B X2
C X3

0 2 4 6 8 10
Standardized Effect

Hinh 3.12. Biéu dé Pareto

Két qua tir Hinh 3.13 cho thiy, mit dap tmg biéu dién tac dong twong hd giira
cac yéu té dén qua trinh chiét (thé hién mit cong) . Trong d6, nhiét do va mirc NLSA
dong vai trd quan trong do cac phan tng nay dat dén gid trj tdi da. Dudi mot giéi han
nhat dinh, nhiét d6 cao hon s& cai thién hiéu qua chiét xuat do hé s6 hoa tan va khuéch
tan cua lipid ting 1én; d6 nhét ciia dung moi giam; ting cuong truyén khéi va tham

nhap cua dung moi vao ma tran vat liéu.
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Hinh 3.13. Bé mdt ddp iing ciia ham lwong dau sinh hoc

3.6.3. T6i wu héa diéu kién chiét

Puong cong t6i wu hoéa quy trinh, cho phép xac dinh cac diéu kién t6i vu cua
céc bién doc lap dé thu duoc gia tri mong mudn cta phan tng, duoc trinh bay trong
Hinh 3.14.

conm on 4220 e?

: igh ! : !
A oo (45.3535] (33.3333] [73.5354]

Low 30.0 200 600
Y

Maximum
y = 2784742

d = 1.0000

Hinh 3. 14. Puong cong t6i wu héa ting yéu té anh hidng lén qud trinh chiét sibu am
Nhu c6 thé thay & hinh 3.13, két qua t6i uu héa diéu kién chiét mo phong trén
phin mém Minitab ver 18 voi nhiét d6 siéu am 1a 45,35°C, thoi gian siéu am 1a
33,33phat & muc ning luong 1a 73,53% va duy doan gia tri t6i wu 1A

278,47+4,03(mg/g) va ndm trong mién thuc nghiém. Bilel Hadrich va cong su da dat
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duoc didu kién chiét lic t6i wu 1a 30 phat-60°C, st dung dung mdi
Chloroform/methanol =2/1 (v/v), dat ham luong chiét 13 22,60% v&i thiét bi siéu am
dang bé c6 tan s6 siéu 4m 40kHz, ning suat siéu am 1a 60W [7]. Trong khi d6, nghién
ctru dé tai str dung thiét bi siéu 4m c6 cing tan s6 nhung ning suat cao hon (528 W), do
d6 nang luong siéu am cao nén khong tdng nhiét do.

Pé kiém soat su chinh x4c cia md hinh, cc gia tri thuc nghiém kiém ching
duoc tién hanh theo cac diéu kién chiét t6i wu nhuw mé hinh dy doan va dat hiéu qua
chiét dau sinh hoc la 276,05+5,12(mg/g), dat 79,2143,02% khi so sanh v&i phuong
phap chiét bang dung méi chloroform/methanol=2/1 (bang 3.9).

Bdng 3 9. Tém tdt két qua t6i wu héa diéu kién chiét dau sinh hoc.

bai luong Gia tr1
Nhiét d6 (°C) 45,35
Thoi gian (phut) 33.33
Muc NLSA (%) 73,53

Ham luong dau sinh hoc du doan | 278,47+4,03
(mg/g)
Ham lugng dau sinh hoc thuc nghiém | 274,05+10,47
theo diéu kién t6i vu (mg/g)

Nhu vay c6 thé thdy rd ¢ sy twong quan giira hai gia tri tinh toan mo phong va

thuc nghi¢m, khéng dinh tinh chinh xac ciia mé hinh.

Hinh 3 15. Hinh dnh dau sinh hoc chiét xudt tir C.vulgaris
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KET LUAN VA KIEN NGHI

Két luan

Qua qua trinh thuc hién dé tai “Nghién citu cic phwong phap chiét tich dau

sinh hoc tir vi tao Chlorella vulgaris” da dua ra cac két luan nhu sau:

1)

2)

3)

4)

5)

6)

Su ting truong cua ching Chlorella vulgaris phat trién theo duong cong sinh
truong, trong d6 tiy ting luong gidng va diéu kién cta gidng ma sé phat trién
tang nhanh sinh khéi dat dén pha cin bang va sau d6 suy yéu dan.

Céc mAu tao da sinh trudng va phat trién binh thuong trong hé théng nudi ciy, co
sinh khéi tao khé dam bao cac thanh phin héa hoc da luong va vi luong, 1a
nguyén liéu st dung dé chiét xuét lipid ciing nhu st dung trong san xuit cac san
pham c6 gia tri, tiém ning trong ché bién thyc pham chirc ning.

Trong 7 h¢ don dung moi (chloroform, ethyl acetate, diethyl ether va hexane( va
nhi dung moéi (hexane/ethanol, hexane/methanol, diethyl ether/methanol) da lya
chon dung mdi hexane/ethanol =3/1 (v/v) cho hiéu qua chiét xuat lipid cao, dat
ham luong dau sinh hoc chiét dugc 1a 198,6+5,5 (mg/g) va than thién véi moi
truong.

P3i nghién ctru sir dung 4 phuong phap trich ly: ngam, lic, sohxlet va siéu 4m cho
thdy qua trinh chiét siéu 4m cho hiéu qua cao nhat, ké dén 1a phuong phap
sohxlet (124,3+7.4 mg/g) va thap nhip 1a phuong phap ngam (58,6+5,1 mg/g).
Lua chon duoc phurong phap siéu am dé khao sat tiép theo

Tién hanh khao sat don bién cac yéu té anh huong dén qua trinh trich ly siéu am
gdém nhiét do chiét (30-70), thoi gian chiét siéu am (5-60), % mitc ning luong
siéu am (50,60,70,80%) va thyuc hién t6i vu hoa diéu kién chiét siéu am bang
phuong phap bé mat dap ung theo mo hinh Box Behnken. Két qua cho thay cac
yéu t6 déu thé hién sy anh hudéng, dap tmg mé hinh.

Két qua toi uu hoa diéu kién chiét mé phong trén phdn mém Minitab v6i nhiét
do siéu am la 45,35°C, thoi gian siéu am la 33,33 phut va muc NLSA 73,53%.
Tién hanh theo cac diéu kién chiét t6i wu nhu mé hinh dy doan va dat hiéu qua
chiét dau sinh hoc 13 274,05+10,47 (mg/g), khong c6 su khac biét c6 nghia so véi

gia tri m6 hinh du doan.
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Kién nghi

Khao sat huc hién tinh ché cic phan doan TAG va cac chit mau chlorophyll,
carotenoid tir dau sinh hoc thu nhan dugc bang sac ki cot nhdi, sir dung silica gel ing
dung trong thuc pham

Khao sat diéu kién nudi cdy va chiét xuat cac hop chat carotenoid (astaxanthin,

B-carotene, ...) tir cac loai vi tao Haematococcus pluvialis, Dunaliella salina.
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PHU LUC

Phu luc 1. Hinh anh cac thiét bi sir dung

Hinh 1.Bé siéu 4m Hinh 2. May lic ¢6 gia Hinh 3. May siy (UN110,
(WUC-D22H, Daihan- nhiét (cole-Parmer S1600,

5 M t, P
Han Quoc, 40kHz, 528W) Anh) emmert, Dirc)

Hinh 4. May lic (SHR- Hinh 5. Mdy do quang Hinh 6. May ly tdm
1D, Witeg-Diic) pho UV-Vis (UVD-2950, (Z206A, Hermle-biic)
Labomed-My)

Hinh 7. Can phén tich Hinh 8. May cit nréic 2 Hinh 9. Noi hip autoclave
(Sartorius TE214S, Diic) lan (Model WSC/4D, (SA-300VL Sturdy, Pai
Hamilton- Anh Loan)
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Phu luc 2. Cac phuwong phap phéan tich cac chi tiéu
Phuong phap xac dinh ham lugng dudng khu
- Cho 0.5g mau can chiét vao 10ml ethanol 80. Pem di siéu am 15 phut,
dé trong bé siéu am 30 phut, tiép tuc siéu 4m 15 phut va dé trong bé tiép 30 phut. Ly
ra dé ngudi, ly tam, léy dich trong dinh mirc [ém 10ml.

- Pha lodng méu lan 1, hut 1ml dung dich mau d3 pha lodng va 4ml nuéc cét.

- Pha lodng méu 1an 2, hat 1ml dung dich mau di pha 1an 1 va 2ml nuéc cét va
cho vao 1ml DNS, dung bong bit kin éng nghiém, dit dng nghiém vao cdc thuy tinh co
nuée, dun dén khi nhiét do nude trong cdc thuy tinh dat 90°C, dé trong 5 phut sau d6
léy ra dé ngudi. Do & OD 540, dung dich mau vang dam, mau blank 14 3ml nude cat +
1 ml DNS.

Phuong phap xac dinh ham lugng dudng tong
- Cho 1ml mau trang + 0,5ml phenol 5% + 2,5ml H2SO4 vdo 6ng nghiém thily tinh lic
déu sau d6 dé 30 phut cho mau ngudi tién hanh d6 miu vao cuvet thuy tinh dé do 4o
hap thu ctia miu tring.

- Cho 0,5g mau can chiét vao 10ml ethanol 80%. Pem di siéu am 15 phit, dé trong bé
siéu am 30 phut, tiép tuc siéu 4m 15 phut va dé trong bé tiép 30 phat. Liy ra dé ngudi,
ly tam, 1dy dich trong dinh mirc 1ém 10ml.

- Hat 0,1 ml dung dich mau, dem sy khé.

- Pha lodng lan 1, hat 1ml nudc cat cho vao 6ng mau da sdy kho. Pha loang lan 2, hat
0,5 ml d3 pha lodng lan 1 + 0,5 ml nudc cat + 0,5ml phenol 5% + 2,5ml H2SO4 vao
dng nghiém thuy tinh lic déu sau d6 dé 30 phat cho mau ngudi tién hanh d6 miu vao
cuvet thiy tinh dé do d6 hap thu cia mau dung dich.

- Piéu chinh quang phd vé budc song 485. Do mau va doc do hip thy cua mau.

- Phuwong trinh d6 thi dwong chudn:
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Phuong trinh do6 thi dudng chuan

Q

Hinh 2.3. Hinh dnh phirong trinh dé thi dwong chuan.

Phuong phap xac dinh polyphenol

Cho 0,5ml mau tréng + 2,5ml dung dich Prolin 10% + 2 ml Na2CO3s 7,5% vao éng
nghiém thuy tinh lic déu sau d6 dé miu trong bong tdi 2 gio tién hanh d6 miu vao
cuvet thity tinh do d¢ hap thy ctia mau trang.

Tuong ty & mau dung dich cho 0,5ml dung dich + 2,5ml dung dich Prolin 10% +
2ml Na2COs 7,5% vao dng nghiém thuy tinh lic déu sau d6 dé mau trong bong t6i 2
gid tién hanh d6 mau vao cuvet thuy tinh do d6 hap thu cta dung dich.

Diéu chinh quang phd vé budc song 765

Do mau va doc do hép thu cia mau

Tién hanh 1ap lai v&i cac miu khéc

Phuong phép x4c dinh ham Iuong protein hoa tan bang phuong phap Bradford
< Nguyeén tdic:

Phuong phap nay dya trén su thay d6i budc séng hip thu cuc dai cua thude
nhuom Coomassie Brilliant Blue khi tao phtrc véi protein. Trong dung dich mang tinh
acid, khi chua két hop véi protein thi thudc nhuém co budc séng hap thu cuc dai
465nm:; khi két hop véi protein thi thuéc nhuém hap thu cuc dai & budc séng 595nm.
Do hap thu ¢ budc séng 595nm c6 lién hé mot cach tryc tiép toi nong do protein.

Pé xac dinh protein trong mau, dau tién ta xay dung mot dudng chuan véi dung
dich protein chuin di biét trudc ndng do. Dung dich protein chuan 1a bovine serum
albumin (BSA). Sau khi cho dung dich protein vao dung dich thuéc nhuém, mau s&
xuit hién sau 2 phit va bén téi 1 gio. Tién hanh do dung dich biang may quang phd ké
ta dugc ODx, do hap thu s& ty 1é véi dung luong trong mau. Thyc hién mot dbi chang
vé6i dung dich dém (ODo). Thuc hién chiét protein hoa tan tir sinh khdi tao kho, dé
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ngudi roi dem di ly tim, 14y dich trong. Pha lodng mau dich, sau d6 cho thudc thir va
dich dém theo ti 1¢ 1ml da pha lodng + 2.2ml dung dich dém Buffer lic déu + 0.8ml
dung dich thudc thir lic déu . D6 vao cuvet thay tinh va tién hanh do. Do miu ¢ OD
595nm .
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THUYET MINH PE TAI KHOA HQC VA CONG NGHE CAP TRUONG
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MUC LUC MINH CHUNG SAN PHAM CUA BE TAI

Ho va tén chi nhiém deé tai: Tran Thi Ngoc Thuw
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STT

Tén minh chikng

SAN PHAM KHOA HQC

*

Bai bao ding trén tap chi c0 tén trong danh muc ESCI

Genetic engineering of Haematococcus pluvialis microalgae for the
enhancement of astaxanthin production: A review. Biocatalysis and
Agricultural Biotechnology, 2024.

Toan van bai bao

Danh muc chitng minh tap chi dugc xép hang:
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M®d hinh nuoi vi tao Chlorella vulgaris trong cac binh phan ing dung tich
1,5 lit

[ Trang dau
Hinh anh giao dién ctia san pham

- Hinh 1 : Anh mait trudc cua md hinh

- Hinh 2 : Anh mat sau caa mé hinh

- Hinh 3 : Anh mat bén trai cia mé hinh

- Hinh 4 : Anh mit bén phai cia mo hinh

- Hinh 5 : Anh mat trén ctiia mo hinh

- Hinh 6 : Anh chup céc chi tiét bén trong mé hinh

Video cach hoat dong, van hanh : hinh cit tir video

- Hinh 7 : Pha méi truong BBM
- Hinh 8 : Céy tao gidng vao binh nudi cay
- Hinh 9 : Binh tao mdi nudi
Hinh 10 : Hé thong nudi tao dd hoat dong 10 ngay



https://mjl.clarivate.com/
https://www.scopus.com/sources.uri?zone=TopNavBar&origin=searchbasic

1. Minh chirng tap chi BIOCATALYSIS AND AGRICULTURAL BIOTECHNOLOGY thugc danh muc ESCI

o=

25 mjlclarivate.com/search-results B a 0| @ veityir

s ]
Active Filters o

SCIENCE CITATION INDEX EXPANDED (SCIE) X SOCIAL SCIENCES CITATION INDEX (SSCI) X

B ClearAll

e ARTS & HUMANITIES CITATION INDEX (AHCI) X EMERGING SOURCES CITATION INDEX (ESCI) X
A

ge Search Results

‘ollection

Sclende Found 1,022 results (Page 1) <, Share These Results

Citation Index

Expanded Exact Match Found

(SCIE)

Social

Sciences BIOCATALYSIS AND AGRICULTURAL BIOTECHNOLOGY

Citation Index

(SSCI) Publisher; ELSEVIER , RADARWEG 29, AMSTERDAM, Netherlands, 1043 NX

Arts & ISSN /elSSN:  1878-8181

Humanities Web of Science Core Collection: Emerging Sources Citation Index

Citation Index Additional Web of Science Indexes:  Biological Abstracts | BIOSIS Previews

(AHCI)

Emerging

Sources «<; Share This Journal View profile page

Citation Index

https://mjl.clarivate.com://search-results?issn=1878-
8181&hide exact match fl=true&utm source=mjl&utm medium=share-by-link&utm campaign=search-results-share-this-

journal



https://mjl.clarivate.com/search-results?issn=1878-8181&hide_exact_match_fl=true&utm_source=mjl&utm_medium=share-by-link&utm_campaign=search-results-share-this-journal
https://mjl.clarivate.com/search-results?issn=1878-8181&hide_exact_match_fl=true&utm_source=mjl&utm_medium=share-by-link&utm_campaign=search-results-share-this-journal
https://mjl.clarivate.com/search-results?issn=1878-8181&hide_exact_match_fl=true&utm_source=mjl&utm_medium=share-by-link&utm_campaign=search-results-share-this-journal

2. Minh ching tap chi BIOCATALYSIS AND AGRICULTURAL BIOTECHNOLOGY thuéc Q1

2 %5 scimagojr.com/journalsearch.php?q=21100197945&tip=sid&clean=0

B aw D)=

F7=

JN\/‘

2012 2014 2016 2018 2020 2022 2014 2018
® % Female Authors xm ® Documents cited by public policy (Overton) >Q i1
2014 2018 2020 2022 2074 018 2020 2022

Blocataiysis and Agricuiteral * SNOW this widget in G sCimago Graphica
Blotechnology

your own website
Explore, visually
Agranamy and
Q '] Crop Science Just copy the code below communicate and make
gy and pasto within your htmi sense of data with our
SR 2023 code: new data visualization
0.67 | <a twef="hisps /vew scima tool.

Povred Dy SCrmagay com

https://www.scimagojr.com/journalsearch.php?9=21100197945&tip=sid&clean=0

700

0

2012 2074 2006 2018 2020 2022

® Documents related to SDGS (UN) A
240
180
120
a0

2018 2019 2020 2027 2022 2023


https://www.scimagojr.com/journalsearch.php?q=21100197945&tip=sid&clean=0

MO HINH NUOI VI TAO CHLORELLA VULGARIS TRONG
CAC BINH PHAN UNG DUNG TiCH 1,5 LIT
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Hinh anh giao di¢n ciia mo hinh nuéi vi tao Chlorella vulgaris trong cac

binh phan @ng dung tich 1,5 lit

Hinh 1. Anh mit truéc ciia md hinh

Hinh 2. Anh mit sau ciia mé hinh
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Hinh 3. Anh mit bén trai ciia mé hinh

Hinh 4. Anh mit phai ciia mé hinh
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Hinh 5. Anh mit trén ciia mé hinh

Hinh 6. Anh chup cic chi tiét bén trong mé hinh

Ghi chii: (1): binh nudi cay, (2): Pén hupnh quang, (3) Mdy suc khi, (4) Day suc, (5) Van diéu chinh khi
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1. Video cach hoat dong, van hanh

MO ta cu tao ciia md hinh theo hinh 6:

+ Dan nudi ciy léu:n bang thép hop vudng 14 day 1.2 mm, Ludi ciing bang
thép, kich thudc 10 khoang vuong 20x20, ma kém.

+ Binh nudi cdy (1) tao 1,5 lit dit trén cac ting

+ MO0 hinh nuéi cdy c6 2 ting, mdi tang c6 lip dén chiéu sang (2) va may suc
khi (3)

+ Kich thudc gém: D: 120cm, H: 100 cm, H1: 45 cm, R: 60 cm

Hinh 6. M6 hinh nudi cy tio

Hoat dong

Sau khi chudn bi méi trudng 13 dung dich nudi cdy BBM (dd duoc hip tiét tring),
cho ching Chlorella vulgaris vao cac binh nudi ciy, sau d6 gan day suc khi, day bang nit
bong khong tham nudc. Bat may suc khi va dén dé dam bao anh sang va sy khudy dao
trong sudt thoi gian nudi cy.
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Mot s6 hinh anh cit tir video

Mo hinh Cvulgaris

Mo hinh Cvulgaris

Hinh 8 : Ciy tao giéng vao binh nuéi cay
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Mo hinh Cvulgaris

Mo hinh Cyvulgaris

Hinh 10 : Hé théng nudi tao da hoat dong 10 ngay
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