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T61 xin cam doan:

- Luan &n nay la cong trinh nghién cau khoa hoc cua toi dudi su huéng dan
cua PGS. TS. Ngo bai Nghiép va GS. TS. Hoang Nghia Son.
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xac thuec.

TP. H6 Chi Minh, ngay ... thang ... nam 2023

Tac gia luan an

Tran Quang Vinh
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Luan an nay dugc thuc hién va hoan thanh tai Vién Sinh hoc nhiét dé1, Hoc
vién Khoa hoc va Cong ngh¢, Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam.
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T61 xin chan thanh cam Quy Théy ¢0, cac anh chi em B mon Sinh hoéa cua
Truong PH khoa hoc Ty nhién — DPHQG TP.HCM, Vién Sinh hoc nhiét déi da ho
trg trong thoi gian hoc tap va lam nghién ctru sinh.

T6i xin cam Ban Giam déc, Phong Pao tao Hoc Vién Khoa hoc va Cong
nghé, Vién Sinh hoc nhiét déi da hd tro toi trong subt thoi gian lam nghién ctu
sinh.

Xin cam on chan thanh gui dén tat ca nhitng ngudi than, ban be, cdc em hoc
vién va sinh vién da giap dd va dong vién trong qua trinh lam luan an nay.

NCS. Tran Quang Vinh
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DANH SACH CAC CHU VIET TAT

ASTX: Astaxanthin

BHA: Butylated hydroxyanisole

BTT: Bot thuy tinh

CT: Co6ng thirc

DMSO: Dimethyl Sulfoxide

DE: Dimethyl ether

DMAPP: Dimethylallyl pyrophosphate
DNS: Dinitrosalisylic

DPPH: Ethylenediaminetertraacetic acid
DC Pdi ching

FDA: The United State Food and Drug Administration (Co quan quan Iy Thyuc pham va
Duoc Hoa Ky)

GGPP: Geranylgeranyl pyrophosphate

HCI: Acid clohydric

HPLC: High-performance liquid chromatography (sic ki long hiéu ning cao)
IPP: Isopentenyl pyrophosphate

MIC: Minimum Inhibitory Concentration (Nong do tc ché ti thiéu)
MDTB: Mt d6 té bao

MT: M6éi truong

NOS: Nitric oxide synthase

NO: Nitric oxide

OD: Optical Density (mat do quang)

PE: Petroleum ether (ete dau hoa)

SDS: Sodium dodecyl sulphate

TCA: Trichloroacetic acid

TLC: Thin layer chromatography (sic ky 16p méng)

TLK: Trong luong kho

TN: Thi nghi¢m

TB: Té bao

VCK: V4t chat kho
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PAT VAN PE

Ngay nay, cac hop chat c6 ngudn gdc tu nhién c6 kha ning chong oxy hoa dang 1a
moi quan tAm hang dau. Trén thé gidi, astaxanthin ciing dang duoc nhiéu nha khoa hoc
quan tdm nghién ctru va tng dung, boi ¢ hoat tinh chéng oxy héa manh hon cac hop
chat khac nhu B-caroten, lycopen, lutein hay vitamin E. Theo d6, astaxanthin c6 thé ngin
ngura sy phat trién cua cac té bao ung thu, bao vé da khéi tia cuc tim, ngdn ngura sy lao
hoa da, thoai hoa diém vang, 1am giam cholesterol mau, v.v. Hién nay, hau hét
astaxanthin thuong mai déu 1a céc san pham tong hop héa hoc hoic Ia carotenoid. Tuy
nhién, gia thanh cao va nhu cau st dung cé4c san pham ty nhién ting nhanh nén viéc tim
kiém va khai thac ngudn astaxanthin trong ty nhién dang duoc dic biét quan tam [1].

Ngoai vi tao luc Haematococcus pluvialis va ndm men Phaffia rhodozyma
(Xanthophyllomyces dendrorhous) duoc xem la nhimg ddi twong sinh vat tich liy
astaxanthin tiém ning nhat thi ndm men Rhodosporidium sp., ciing 14 ddi twong tiém
ning dé thu nhan astaxanthin. Astaxanthin tr Haematococcus pluvialis va nim men
Phaffia rhodozyma (Xanthophyllomyces dendrorhous) di duogc thé giGi nghién ctru va
mg dung tir rat 1au, ching duogc st dung lam thudce chdng oxy hoa, chit phu gia tao mau
cho céc san phdm ndng nghiép, lam thirc dn cho ca koi, ca dia, c4 hdi va gia cam, V.v.
[2]

Tai Viét Nam astaxanthin ciing di bt ddu duoc quan tdm nghién ctru tim hiéu vé
diéu kién nudi cdy, anh huong cua nong do mudi nitrate, HCOs, 4nh séng, v.v. I&n qua
trinh tich lily astaxanthin trong té bao tao Haematococcus pluvialis dang duoc trién khai,
dong thoi, tan dung ngudn nguyén liéu ri duong thanh méi truong nudi cdy, nham giam
chi phi san xuat cling nhu giam thiéu cac van dé vé moi trudng va nang lugng phat sinh
trong qua trinh san xut, nang cao san lugng sinh astaxanthin va ha thap chi phi dau vao
cling 1a van dé can luu y.

Vi vay, viéc thuc hién ludn an nghién ctiru nudi Céy, gay stress dé tich Ity
astaxanthin cao trong té bao tio Haematococcus pluvialis. Ngoai ra, nam men
Rhodosporidium toruloides 1a dbi tugng méi, do nhém nghién ciru phan 1ap va dinh
danh c6 kha nang sinh téng hop astaxanthin cao & diéu kién TP.HCM, Viét Nam, dugc
dung dé nghién ctru thu nhan va tach chiét astaxanthin ding dé thir nghiém maot sb hoat

tinh sinh hoc nham tmg dung cho nganh y dugc, my pham, chin nudi va thay san.



Muc tiéu nghién ciu cia luan an

- Téi wu héa duge quy trinh nudi cdy tao Haematococcus pluvialis va nAm men
Rhodosporidiumtoruloides sinh tong hop astaxanthin ¢6 ham lwong cao.

- Thu nhan, tach chiét hop chat astaxanthin tir tao Haematococcus pluvialis va ndm
men Rhodosporidiumtoruloides; Panh gia dwgc mot sé hoat tinh sinh hoc cua
astaxanthin, nham dinh huéng ng dung cho nganh y dugc, my pham, thity san.

Cac ngi dung nghién ciu chinh cia luan éan

- Nghién ctu, tdi wu hoa va nang cap quy trinh nudi cay tao H. pluvialis dé thu
nhan astaxanthin; thi nghiém gay stress bang anh sang don sic va ham lugng Nito nham
thu nhan astaxanthin cao .

- Nghién ctu, tdi wu hoa quy trinh nudi cdy nam men Rhodosporidiumtoruloides
thu nhan astaxanthin cao; Nang cip quy trinh nudi cay ¢ quy mé 10 lit, nham tach chiét
thu nhan astaxanthin.

- Thu nhan, tach chiét hop chat astaxanthin tir sinh khdi tao H. Pluvialis va ndm
men Rhodosporidium toruloides.

- Thtr nghiém danh gia mot sé hoat tinh sinh hoc cua astaxanthin thu nhan tir 02
dbi tuwong trén nhu: tinh kht, tinh oxy hda, tinh khang khuan va kha ning ting cudng

sic td & ca dia d6 Symphysodon sp.
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CHUONG I. TONG QUAN TAI LIEU.

1.1. Dic diém sinh hoc tio Haematococcus pluvialis

1.1.1. Vitri phdn loai [3]

Vi tri caa Haematococcus pluvialis trong hé théng phan loai Smith (1950):

Nganh: Chlorophyta
Lop: Chlorophyceae
Bo: Volvocales
Ho: Chlamydomonadales
Gidng: Haematococcus
Loai: Haematococcus pluvialis

1.1.2.  Bdc diém hinh thai

Haematococcus pluvialis (H. pluvialis) 1a mét loai vi tao luc don bao, thugc nhém
tao luc hai roi & nudc ngot va c6 kha ning chuyén dong ¢ giai doan sinh dudng (Riley
va ctv, 1983) [4]. Ching sinh san vé tinh bing cach nhan d6i. Trong chu trinh séng caa
H. pluvialis, hinh thai té bao cua ching c6 su bién doi khac nhau. C6 hai dang té bao
turong tng véi dic diém sinh trudng: té bao sinh dudng va nang bao tir (cyst).

Té bao sinh dudng c6 mau xanh, dang cau hoic elip véi duong kinh khoang 10 -
20 pm, c6 thé chuyén dong nho hai roi. O diéu kién thuan loi, hau hét té bao déu & dang
sinh dudng, c6 ham lugng chlorophyll a, b va tién carotenoid, dic biét 1a p-carotene va
lutein cao. Chling dinh trudng quang tu dudng trong diéu kién c6 anh sang (Bubrick,
1991) [5] va di dudng trong téi (Riley va ctv, 1983).

Nang bao tir s& hinh thanh khi gap diéu kién bat loi nhu can kiét dinh dudng, cudng
d6 anh sang cao, nhiét d6 cao, stress mudi, v.v.,. Té bao s& hinh thanh nang bao tur va
hinh thai thay doi sang dang cyst. Té bao dang hinh cau, khong roi, khong di dong.
Thanh té bao day 1én, duong kinh cia té bao tiang 1én dot ngot téi 40 - 50 um (Lorenz
va ctv, 2000) [6]. Ngoai ra, nhitng té bao nang nay c6 ham lugng carotenoid thir cap nhu
canthaxanhthin, echinenone va astaxanthin cao trong khi d6 ham lugng chlorophyll va
tién carotenoid lai giam (Droop, 1994) [7]. Té bao tich liiy mot luong Ion astaxanthin
d6ng thoi toe do sinh truong caa H. pluvialis ¢ giai doan ndy giam. Dau tién, astaxanthin
dugc hinh thanh cha yéu tap trung quanh nhén va qua trinh dugc tiép dién dén khi toan

bo té bao chuyén sang mau d6 (Lee va Soh, 1991) [8]. Ham luong astaxanthin & cac té
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bao dang cyst dat khoang 5% trong luong khd (Renstrom va ctv, 1981) [9]. Dudi diéu
kién quang tu dudng, thai gian chuyén pha mat khoang vai tuan (Droop, 1995). Sy tich
lity astaxanthin cao dién ra cing Iic voi sy thay d6i ham lwong sac t va protein noi bao.
Theo Hagen va ctv (1993) [10] mét sé ¢éng bd cho thay ham lugng chlorophyll khdng
d6i trong sudt qua trinh tich lily astaxanthin, nhung trong nghién ciu cia Spery (1970)

[11] thi ham lugng nay c6 xu hudng giam di.
C6 nghién ctu vé vong doi cua vi tao H. pluvialis trén thé gisi da chi ra rang sinh
truong cua 0di tao ndy trai qua 4 giai doan Véi su thay d6i vé hinh thai, kich thudc té
bao, ham lwong sic td va protein noi bao [7]. Theo két qua nghién ciu cua Bang Diém

Hong va cs, 2010, ciing chi ra rang vong doi cua tao trai qua 4 giai doan sau:

Giai doan TB
sinh dudng

Giai doan nay mam

Vong doi cla tao

H. pluvialis

Giai doan TB
nang hoan chinh

Giai doan tao
bao nang

b AR TR e

Hinh 1. 1: Su thay déi hinh thai trong vong dai cua H. pluvialis x 40 [12]

(1) Giai doan té bao sinh dirong: té bao hinh elip, chuyén déng bang hai roi, phan
chia té bao dé gia tang s6 lwong. Ham hrong carotenoid trong té bao thap, dang té bao
nay chiém chu yéu trong 12 ngdy nudi dau tién.

(II) Giai doan tao bao nang: tir 14 dén 20 tiép theo cac té bao sinh dwong chuyén
sang dang mau nau, hinh khdi cdu, mat hai roi.

(I1I) Giai doan té bao nang hoan chinh: té bao nang da hoan chinh, bdt déng,
tich lily ham lwong carotenoid cao nhat sau 20 ngay nudi cay.

V) Giai doan ndy mam: xay ra su tong hop chlorophyll va protein xudt hién s
phan gidi carotenoid, bdt dau mét chu ky méi.



4

Trong vong doi cua tao, ham lugng chlorophyll va protein cao va ham luong
carotenoid rat thap trong té bao sinh dudng chira. Khi qua trinh bao nang kém theo viéc
giam sat ham lugng chlorophyll va protein. Té bao ting qué trinh sinh tong hop
carotenoid, giam protein va truong thanh. Sy tong hop chlorophyll, protein va giam
carotenoid cung va&i nay mam. Dudi kinh hién vi, ¢ thé quan st va nhan biét su bao
nang, truong thanh va chin. Su tich lily carotenoid/chlorophyll duoc thé hién qua cac
thong s dé phan biét gitra c4c té bao sinh dudng (luc), cac té bao con non (nau) va té
bao chin (d6). Trong té bao sinh dudng, non va chin, ty 1¢ astaxanthin/chlorophyll a vao
khoang 0,5; 1,0 va 7,0 [11], [12].

1.1.3.  Thanh phén dinh dwéng va gia tri s dung

Trong tao H. Pluvialis, céc thanh phan dinh dudng bao gdm carotenoid, cac axit
béo, carbonhydrate, protein va cac chit khoang. Trong dé, carotenoid dugc quan tim
16n nhat. Nhiéu nghién ctru cho thiy, thanh phan carotenoid cd trong sinh khéi cua loai
vi tao nay chira d&én ty 1¢ 70% monoester cua astaxanthin, 15 % astaxathin (10% dang
dieste va 5% dang tu do), con 15% 1a hon hop cua B carotenoid, lutein, cathaxanthin va
cac carotenoid khac.

Astaxanthin 13 loai carotenoid c6 tac dung khang mot sb bénh, kich thich ting
truéng, tao mau sic hip dan nén thudng duoc tng dung twong ddi rong rii trong thuc
pham, néng nghiép, y hoc va dic biét 14 trong chin nudi ca hdi. Astaxanthin c6 thé téng
hop tir ngudn héa hoc hodc c6 ngudn gde ty nhién. Trude day, ngudi ta c6 thé st dung
astaxanthin téng hop nhan tao dé tao mau cho céc loai thit va tang mau sdc clia ca canh
trong chin nudi va nudi trong thily san. Tuy nhién, tac dung vuot troi clia astaxanthin
ngudn goc ty nhién dic viét 1a khong c6 tic dung phu 1én sitc khoe ciia con nguoi da
dugc chimg minh thoi gian gan day c6. Ngoai ra, chiing mang dén mau sac sic s doi
v6i ca canh cac loai ca canh giup magn lai gia tri chat lugng hon [13].

1.1.4. Astaxanthin tar tao Haematococcus pluvialis

Mot s6 vi tao voi dac tinh phat trién nhanh chéng va chira ham luong cao
astaxanthin da duoc nghién ciu va ung dung nhu chét tao sic t6 trong nudi trong thuy
(NTTS). D6 1a nguon tao sic té chinh trong ca canh va cé nhiét dsi, 1a nguyén nhan tao
ra mau vang, do va cac mau sic khac & cac loai c4, la nguén chtra carotenoid ma sinh
vat c6 thé lay duoc tir chudi thirc an. Pac biét 1a Haematococcus pluvialis da duoc

nghién ctu va danh gia cac yéu t va diéu kién khac nhau anh huong t6i su ting truéng
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va t6i wu hoa quy trinh san xuat tao ra astaxanthin. Tuy nhién, theo y kién mot sé chuyén
gia & Trung Qudc, chi phi san xuat astaxanthin tir loai vi tao ndy cao hon so véi chi phi
san xuét tir nAm men. Diéu ndy tao nén sy canh tranh vé gia caua san pham lién quan trén

thi trudng trong nudc va qudc té (Lovatelli va ctv, 2009) [15].

Hinh 1. 2: Bé nudi tao ngoai troi san xuét astaxanthin sinh khéi va astaxanthin

dang bot tai Trung Qudc (Lovatelli va ctv, 2009) [15]

O Nhat, bot tao Haematococcus pluvialis da duoc chap thuan nhu ngudn thyuc
pham tao sic td do tu nhién va 1 sic tb trong thuc dn ca. Ngoai ra, & Canada va & My
Haematococcus pluvialis duoc str dung nhu mot sac td bo sung trong thire in cho ca hdi
va chiing duogc str dung nhu sic t6 trong NTTS véi nhiéu chirc ning nhu: (1) chit chéng
oxy hoa, (2) tién chit cua hormone, (3) gia ting tinh mién dich, (4) tién chit cua
hoat tinh vitamin A, tham gia trong sinh san, (6) tang truong, (7) su quang bao vé. Cac
nha nghién ctu dé nghi carotenoid nhu 1a chat dinh dudng thiét yéu nén bo sung
trong tat ca cac khau phan an ciia BVTS véi nong do téi thicu 12 5 - 10 ppm (Lorenz va
ctv, 2000) [17].

Tao lam Spirulina (thiéu tén loai - b6 sung tén loai) ciing 12 nguon sac t6 quan
trong va 1a ngudn cung cap dinh dudng. Loai tao nay dugc nudi rong khap thé gioi va
dugc xem nhu chat bd sung trong khau phan in ciia ngudi va ca nudi. Nhiéu nghién cau
cho thay rang Spirulina (tén loi) gia ting su tao Sic t6 c6 y nghia trén tom su Penaeus
monodon va nhitng loai tdm nudi khac. Bén canh dac tinh tao sac td, Spirulina 1a nguon
thirc an bo sung cé céc loi ich khac nhu gia ting hiéu qua tiéu thy va st dung thirc an
(Lovatelli va ctv, 2009) [15].
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Tao 2 roi, Dunaliella salina 12 ngudn chira B-carotene, duoc sir dung nhu 12 nguon
thirc dn tao mau tu nhién trong nganh céng nghiép thac an thuy san. Trong diédu kién
nudi thich hop, mot s6 dong tao D. salina dugc bao céo 1a tich liy khoang 10%
carotenoid chira phan 16n 1a p-carotene. Gi4 trj sinh hoc caa p-carotene 16n hon khi duoc
quan tam va sir dung véi dau thuc vat. Sy nghién ctiu san xuét thwong mai cia B-carotene
tu nhién tir tao D. salina la nguon quan trong hién nay va dang phét trién quy mé cong
nghiép [18].

1.2.  Giéi thiéu chung vé chiing nAm men Rhodosporidium toruloides
Rhodosporidium toruloides 1 ngudn san xuat carotenoid ddi dao, ngoai ra ching
cling c6 kha ning tich liiy chat béo 1én dén 70% trong lwong té bao caa nd. Hién nay,
Rhodosporidium toruloides 1a chung ndm men c6 tiém ning sinh hoc tong hop
carotenoid bén canh Phaffia rhodozyma [20].
1.2.1. Phan logi cia Rhodosporidium toruloides
- Gioi (Kingdom): Fungi
- Nganh (Division): Basidiomycota
- Lop (Class): Microbotryomycetes
- B¢ (Order): Sporidiobolales
- Ho (Family): Sporidiobolaceae
- Chi (Genus): Rhodosporidium [21].
1.2.2.  Dic diém hinh thai ciia Rhodosporidium toruloides
Rhodosporidium toruloides thuéc nhém ndm men c¢6 khuan lac, phét trién nhanh,
bé mat lang min, mau sic cia khuan lac thay doi thy thudc vao thoi gian nudi cay. Nhin
chung céc chiing nay c6 mau sac khuan lac thay doi tir cam sang hong phan dén do cam,
té bao hinh cau dén elip, kich thudc té bao tuong ddi Ion (khoang 6 x 9 um), ¢6 vang
sang xung quanh té bao, thanh té bao twong ddi day, c6 nhan, sinh san bang cach nay
chdi da hudng, c6 kha niang tao khuan ty gia trén moi truong PDA. Chlng phat trién tot
nhat khoang nhiét d 25 - 30°C va thich nghi vai phd pH kha rong khoang 3,0 dén 9,0
pH t6i thich & pH 6,0. Bli Thi Phuong Khanh (2011) dua ra bang mo ta cac dac diém
sinh ly - sinh hoa cua ching nay khi phéan lap va nghién cau chung Rhodosporidium
toruloides da (bang 1.1)



Engineered
Rhodosporidium toruloides

Hinh 1. 3: Khuan lac nAim men Rhodosporidium toruloides [22]
1.2.3. Dac diém sinh 1y, sinh hoa
Yimyoo, Yongmanitcha va Limtong (2011) khi nghién ciru sy san xuat carotenoid
trén chung Rhodosporidium paludigenum da c6ng bb bang md ta cac diac diém sinh ly
sinh hoa cua chung nay (Bang 1.1) [22].
Bang 1. 1: Dic diém sinh Iy sinh hoa cua chung Rhodosporidium paludigenum

san xuat carotenoid.

Khd néng lén men cdc nguén dwong khac nhau

Glucose - Trehalose - Lactose -
Galactose - Melibiose - Raffinose -

Maltose - Saccharose -

Khd néing dong hoa cac hep chdt carbon khac nhau

2-ketogluconic acid | w Glucose + Methyl-D-glucoside -
5-ketogluconic acid | - Glucuronate - | N-Acetyl glucosamine | -
Cellobiose + Glycerol + Raffinose +
Citrate + Inositol - Rhamnose w
D-arabinose w Inulin - Ribitol +
Erytritol - L-arabinose w Ribose +
Ethanol - Lactate w Salicin +
Galactirol + Lactose - Soluble starch -
Galactose - Maltose w Sorbose +
Galacturonic acid - Mannitol + Succinate +
Glucitol + Melibiose - Saccharose +
Gluconate + Melizitose - Trehalose +
Glucono-lactone + Methanol - Xylose +
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Khd ning dong hoa cac nguon nito

Ammonium sulfate | + Ethylamine-HCI + Potassium nitrate +
Lysine-HCI - Sodium nitrate + Cadaverine -
Khd néng sit dung cac chdt ting truéng
Vitamin + | Cyclohexamide 0.01% | - Cyclohexamide 0.1% | -
Glucose 50% + Glucose 60% + NaCl 10% +
NaCl 16% +

Dic diém sinh hoa

Thuy phén urea

Chd thich ki hiéu:

+:C6 -:Khong w: Yéu

Bang 1. 2: So sanh trong luong sinh khéi va ham lugng carotenoid giira cac ching

nam men thudc chi Rhodotorula trén méi trudng st dung glucose va cac phé phu

pham céng/ndng nghiép khac nhau l1am ngudn carbon

Trong
5 Ham luwgng | Ham lugng
Nguon lugng : : .
Chung Rhodotorula . .. | carotenoid | carotenoid | Tac gia
carbon | sinh khoi
(mg/g) (mg/l)
(9/1)
Davoli,
Rhodotorula glutinis évo '
Glucose 0,206 1,1 Mierau
ATCC 26085 .
va Weber
. Bhosale
Rhodotorula glutinis 32| Glucose 23,9 5,4 129,0 .
va Gadre
o Ri duong Bhosale
Rhodotorula glutinis 32 . 78,0 2,36 183,0 .
mia va Gadre
Rhodotorula glutinis
DBVPG 3853 , .
_ | Dich bap 15,3 0,535 8,20 Buzzini
Rhodotorula castelli
DBVPG 3503
_ .| Phupham Tinol,
Rhodotorula glutinis Rakariyat
dau xanh 10,35 0,345 3,48 .
TISTR ) . ham va
thuay phan Deming




Whey
.| (phu pham
Rhodotorula glutinis . Frengov
cua cong
22P _ 30,2 0,268 8,10 va
] nghiép san
L.helveticus 12A , Beshkova
xXuat stra,
phomat)
Rhodotorula
L Ri duong Aksu va
mucilaginosa NRRL . 4,2 21,20 89,0
cu cal Eren
- 2502
Whey
hu pham
Rhodotorula (pht pA
o cua cong Aksu va
mucilaginosa NRRR . 2,4 29,2 70,0
nghiép san Eren
- 2502 .
Xuat stra,
phomat)

1.2.4.  MGéi truwong nudi cdy

Glucose ludn 1a ngudn carbon quan trong cho nhiéu loai vi sinh vat sinh truéng va
phat trién, trong d6 c6 ndm men. Tuy nhién, dé tao ra san phdm thwong mai vira dam
bao chit lwong vira dam bao hiéu qué kinh té cao thi nguyén liéu déng vai trd quan
trong, dap ing duoc cac yéu té trén chinh 13 ri dudng, voi wu diém chia 48% dén 56%
dudng tong sb, 1a ngudn carbon ré tién, ri dudng hién nay 1a sy lya chon hang dau trong
nghién ctru va trong Gmg dung san xuat cong nghiép [24]. Theo hiép hoi mia dudng Viét
Nam, c6 hon 40 nha may san xuat dudng trong ca nude véi luong ri dudng tao ra khoang
3 - 5% so v6i khoi lugng mia twoi. Mdi hecta mia hang nam c6 thé thu duoc 1.300 kg ri
duong tao ra tong khdi luong ri duong rat 16m trén ca nudc, khoang 3 - 5 tan/ngay [25].
Do d6, tan dung ri dudng nay trong nghién ciru moi trudng nudi cdy ndm men nhu 13
mot ngudn carbon thay thé nham san xuét astaxanthin kinh té va hiéu qua cao trong quy
mo cong nghiép.

Ri duong 12 san pham phu cia cia qué trinh san xuat duong. Dung dich nay 1a mot
loai nude cbt duge tach ra sau khi két tinh dudng. C6 hai loai ri duong 12 ri duong mia
va ri dudng cu cai. Khoang 75% tong ri dudng trén thé gidi dugc san xuét tir mia
(Saccharum offcinarum) va da phan con lai 13 tir cti cai dudng (Beta vulgaris). Mia duoc

trong & cac nudce nhiét dgi (Nam My va chau A), trong khi ct cai duong lai trong nhiéu
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& nhitng nudc 6n doi (Chau Au va Bic My) [24].

Thanh phén chinh cta ri dudng 1a saccharose va mot it glucose va fructose. Ri
duong Viét Nam c6 ham lugng vat chét cao 1én t6i 61% - 86%, protein tho xép xi 1,8%
[24]. Ca hai loai ri duong mia va ct cai déu ¢ thé 16ng, c6 mau niu sAm boi duoc ndu
va ¢6 lai nhiéu lan tao nén nhiéu caramen va melanoid [51]. Hién nay ri dudng thuong
ding 1am co chét cho nhiéu phuong phap 1én men vi gia thanh thap va trong ri dudng
ngoai saccharose con c¢6 nhiéu hop chat khac nhu hop chat hitu co, chat khoang, vitamin
c6 gia tri cho qué trinh 1én men. Ri duong mia dugce dung lam nguyén li¢u trong cong
nghi¢p 1én men dé san xuét ruou, con, san xuat sinh khdi ndm men banh mi, acid nitric,
acid lactic, bot ngot (mi chinh) va mot phan 1am thtrc 3n gia stc [26].

Thanh phﬁn chinh xéc cua ri duong rat kho du doan vi phu thudc nhiéu vao diéu
kién tho nhudng va thoi tiét, khi hau, gidng mia, tinh trang bon phan, loai dat trong, giai
doan thu hoach ciing nhu quy trinh san xuét trong tirng nha may [24]. Do vdy, su bién
dong thanh phan trong ri dudng mia thé hién trong su thay d6i dang ké vé mau sic, thanh
phan dinh dudng va d6 nhét (bang 1.3).

Bang 1. 3: Su bién dong cua cac thanh phan trong ri dudng mia [23]

Thanh phén Trung binh (%) Bién dong (%)
Nuédce 20 17 -25
Saccharose 35 30-40
Glucose 7 4-9
Fructose 9 5-12
Céc chat khtr khac 3 1-5
Céc glucid khac 4 2-5
Khoang 12 7-15
Céc chét chira N 4,5 2-6
Céc acid khong chira N 5 2-8
Sap, sterol va phospholipit 0,4 01-1
Sac to -
Vitamin -

Thanh phén tiéu chuan cua ri duong mia thudng chia thanh 4 thanh phan chinh:
Puong, chat hitu co khong c6 dudng, chat khoang va chét sinh truong [22]. Ri dudng

mia c¢6 ham lugng nude trung binh 20%. Pha lodng ri dudng véi nudc mot phan khi xir
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Iy ri duong lam mai trudng nudi ciy dé hoa tan céac tinh thé dudng c6 kich thudc nho va
chu yéu lam giam do sanh cua ri duong, dé 1am moi truong nudi cay.

% Duwong

Céc loai glucid hoa tan nhu dudng doi va dudng don 1a cac thanh phan dinh dudng
chinh cua ri dudng. Trong d6, dudng saccharose 14 chu yéu. Ham luong cac loai duong
trong ri dudng mia cling khac nhau giita ngudn ri duong thu céng va cong nghiép (bang
1.4) [23].

Bang 1. 4: Ham luong cac loai duong trong ri duong mia Viét Nam thu cong

va cong nghiép.

Thanh phan Thu cong Cong nghiép
Duong khir (%) 33,9+25 39,0+ 3,0
Saccharose (g/100g VCK) 204+£25 21,6 £2,6
Glucose (g/100g VCK) 9,3+1,0 8,7+1,0
Fructose (g/100g VCK) 4,2+0,7 8,47 0,1

VCK: Vit chat kho
< Chét hiru co khong phai 1a duwong
D6 nhét dinh quyét dinh nhiéu tinh chat vat Iy cia ri duong. N6 bao gém chi yéu
cac hop chét chira nito va cac aicd hitu co (chu yéu 13 acid acotinic. Ri duong khong
chtra chét xo va lipid. Ti 18 protein thd trong ri dudng mia 1a thip nhat (1-5%) [15],
[58]. Bang 1.5 cho thiy ham lugng cac thanh phan chira nito trong ri dudng mia.

Bang 1. 5: Ham luong cc thanh phan chira nito trong ri dudong mia [58].

Thanh phan chira N Ham lwgng (%)
Protein — N 4
Amino — N (acid glutamic — N) 32
Betaine 63
Amide — N
Ammonia — N 1
Nitrate — N

< Chat khoang
Ri duong mia 1a mot ngudn giau khoang, mudi kali c6 nhiéu trong ri duong tiép
dén 13 luu huynh va canxi. Giai thich diéu nay 1a do muéi kali duoc dung dé bon cho

mia con mudi canxi va goc sunfat dugc thém vao giai doan xtr li nudc mia va duong
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tinh luyén. Ham lugng canxi trong ri duong cao, trong khi do6 thi ham lugng phosphate
lai thip. Chinh boi vi ham lugng Ca?* cao (0,5 - 1,2%), gdy anh huong dén qua trinh
nudi cdy: Uc ché su ting trudng ciia vi sinh vat, anh huong pH cua co chat, lién quan
dén bat hoat ctia enzyme va qué trinh sinh tong hop san pham [4]. Do vy can 1oai bo
Ca®* trong ri dudng trude khi dua vao méi trudng nudi ciy ndm men. Viée st dung
H2S04 dé xtr 1y ri dudng trude khi ding 1am moéi truong nudi cdy co tac dung 1a gbe
SO4% s& phan tmg voi Ca?* dé tao mudi CaSOs dang it tan va co thé loai bo khoi dung
dich ri duong bang cach ly tim hay loc qua gidy loc [3]. Ri duong mia giau natri, magie,
luu huynh va ciing chira mot lugng dang ké cac thanh phan nguyén t6 vi luong (bang
1.6) [17], [56].
Bang 1. 6: Ham lugng cac nguyén td khoang c6 trong ri dudng mia Viét Nam thua

cong va cong nghiép [56]

Thanh phan Thu cong Cong nghiép
Khoéng (g/100g VCK) 54+11 6,2+ 1,2
Canxi (Ca) (g/100g VCK) 0,14 + 0,04 0,44 + 0,08
Magie (Mg) (9/100g VCK) 0,13+0,01 0,18 £ 0,02
Kali (K) (9/100g VCK) 0,81+0,11 0,92 £ 0,17
Phospho (P) (mg/100g VCK) 60+ 4 309
Natri (Na) (mg/100g VCK) 764 + 137 75+ 22
Luu huynh (S) (g/100g VCK) 0,17 £ 0,02 0,33+0,01
Pong (Cu) (mg/kg VCK) 0,96 £ 0,11 3,01+0,71
Sat (Fe) (mg/kg VCK) 164 + 29 417 + 152
Mangan (Mn) (mg/kg VCK) 236 52+8
Kém (Zn) (mg/kg VCK) 95+£20 126+14

< Thanh phan cac chat sinh truwéng

Dua vao sy khac nhau cila chiic nang sinh 1y Va cau triac héa hoc ctia nhitng nhan
t4 sinh truong, c6 thé chia nhan t6 sinh truong thanh cac nhom acid amin, purin, vitamin
va pyrimidine. Vitamin chu yéu cofactor hay coenzyme ciia cac enzyme tham gia trong
qua trinh trao d6i chat. Pyrimidine va Purin cha yéu ding lam coenzyme hay cofactor
clia cac enzyme can thiét cho qué trinh sinh tong hop nucleoside, nucleotid va acid

nucleic.
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% Vitamin
Ri duong mia giau cac chét sinh trudng nhu: Patotenic, nicotinic, acid folic, B1,
B2 dic biét 1a chat biotin (bang 1.7). Dac biét chl y trong ri duong mia, lugng biotin
nhiéu gip 20 1an so voi ri dudng cu cai dong thoi dép tmg nhu cau biotin cia ndm men.

Bang 1. 7: Thanh phan mot s chét sinh trudng cia ri duong mia

Loai chét sinh truéng Ham lugng trong ri duong mia (ug/100g)
Mexico Cuba
B1 (Thiamin) 140,000 -
B2 (Riboflavin) - -
B6 (Pyrydoxin) 700,000 -
Acid nicotic - -
B5 (Acid pantotenic) 12,000 -
Acid folic - -
Vitamin H (Biotin) 65,000 10,80

% Acid amin
Cac acid amin cta ri dudng véi sé luong 16n nhu: Acid glutamic, leucine,
isoleucine, alanine, acid aspartic, glycoccystin, serine, lysine, arginine, histidine,
methionine, threonine, tryptophan tit ca déu 1a don vi cdu thanh protein [58]. Bang 1.8
trinh bay ham lugng cac acid amin c6 trong ri duong .

Bang 1. 8: Ham lugng cac acid amin trong ri duong [53]

Acid amin Ham lugng (%)
Acid glutamic 4,17
Leucine — Isoleucine 0,55
Acid aspartic 0,37
Glycocol 0,30
Valine 0,30
Acid Y-aminobutyric 0,30
Alanine 0,28
Tyrosine 0,21
Proline 0,11
Phenylalanine 0,09
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Acid amin Ham lwgng (%)
Cysteine 0,05
Serine 0,05
Lysine 0,03
Arginine 0,03
Histidine 0,03
Téng cong 6,87

% Urea
Ngudn nito d& hdp thu nhét ddi véi vi sinh vat 1a NHs va NH4*. Sau khi dong hoa,
gbc NH4* trong méi truong s& duge tich liy cac anion vo co SO42, HPO4Z, CI-1am ha
thip pH mdi trudong. Bén canh cic ngudn cung cap nito nhu: Amoniac, nitrat, nitrit, urea
c6 thé duoc st dung nhu 1a ngudn bd sung nito vao mdi truong nudi cdy. Urea
[CO(NH>)2] 14 hop chit c6 trong luong nho va phan cuc, khong tan trong lipid va kha
pho bién trong ty nhién. Urea 12 ngudn nito trung tinh vé mit sinh 1y va hop chat hiru
co ndy co thé coi nhu mot ngudn két hop cia nito va carbon voi chirc nang da dang.
Trong sinh vat c6 chtra urease la mot metalloenzyme c6 tdm hoat dong la nguyén tir
niken c6 trong vi khuan, nim va thue vat, chuyén héa urea thanh CO; va amoniac gidp
vi sinh v4t d& dang hip thu va chuyén hoa. Mit khac urease con giup cac vi sinh vét tng
pho lai v6i moi truong acid bat loi [27].
< Mubdi vo co
Dbi vé6i sy sinh trudng cia vi sinh vt cac mudi vo co 12 ngudn chit dinh dudng
khong thé thiéu. Ching ¢6 chiic nang sinh 1y cht yéu nhu la: tham gia vao thanh phan
c4u tao cac dai phéan tir sinh hoc quan trong, thanh phan trung tdm hoat dong cic enzyme
clia vi sinh vat, duy tri va diéu tiét can bang ap suat tham thau cua té bao, duy tri tinh 6n
dinh cta két cau té bao va cac dai phan tir, khong ché dién thé oxy hoa khir cua té bao
va 14 ngudn vt chét sinh nang lugng [14]. Bang 1.9 liét ké mot s6 mudi vo co duge bd

sung vao mdi trudng nudi cay va vai tro cta ching.
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Bang 1. 9: Mubi vo co va chitc nang sinh 1y cua chung [14], [26].

Nguyén té | Hop chat st dung Chtic ning sinh 1y

P KH2PO4, KoHPO4 Thanh phén cAu tao cua protein, enzyme, acid
nucleic, nucleoprotein, ATP, coenzyme, V.v. tao

nén hé théng dém dé diéu chinh pH méi trudng.

S MgSO4, (NH1)2SO4 | Tham gia ciu tao protein, cac hé enzyme, thanh

phén cua céac acid amin chira S nhu cysteine.

Mg MgSO4 Thanh phan cac hé enzyme quan trong trong té
bao nhu trung tdm hoat dong cua enzyme
phosphoryl hoa hexose, enzyme polymerase cua

acid nucleic, cau truc t€ bao va bao quan.

K KH2PO4, KoHPO, | Tham gia vao qua trinh trao d6i chat nhat 1a qua

trinh chuyén hoa cac hop chat glucid, cAn bang

ion, hoat dong ctia enzyme.

1.3.  Phwong phap pha vach té bao nim men

1.3.1.  Cdu trac vach té bao ném men

Véch té bao ndm men nhon, trong sudt, day khang 100 dén 200 nm, gdm 3 16p c6
ciu tao khac nhau: vach ngoai cing c6 cau tao chu yéu la lyporotein, 16p gitra va 16p
trong cha yéu 90% I hop chat mannam va glucan, phan con lai 12 protein, glucozamin
va lipit, chitin. Mannan 1a hop chat cao phan tir caa D-Mannose con Glucan 1 cua D-
glucose. Véch té bao co chirc ning bao vé va dinh hinh té bao, duy tri 4o suit tham thau,
V.V. Vi vay Cau tric té bao kha day va cang.

Trén vach té bao co nhiéu 16, théng qua vi tri ndy cac chat dinh dudng dugc hap
thu vao va céac san pham trao doi chat duoc thai ra.

1.3.2.  Phé vach té bao ndm men

Céc thanh phan bén trong té bao duoc ngin cach véi méi trudng bén ngoai bai mot
cau trlic viing chac goi la mang té bao. Mang nay cung cap mot sixc manh co hoc cho té
bao va bao vé té bao khoi nhitng tac dong bén ngoai. Kha ning co gidn cua té bao gidp
chéng lai vai &p suat tham thau ¢ bén ngoai té bao.

Vé mit ang dung nhiing vat chét sinh hoc nhu protein, acid amin, enzyme dugc
chiét rat tir té bao va duoc tinh sach dé phuc vu trong nghién ciu sinh hoc hoic su dung

cho cac nganh cong nghiép thuc pham, v.v., thi trudc hét ching phai duoc giai phong di
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ra khoi té bao. Nhu vy viéc pha v& té bao 1a budc dau tién cho su thu nhan cic san
pham ndi bao, cung cap cho nhitng quy trinh tiép theo. D6 ciing chinh 1 budc kha quan
trong anh huéng dén chat luong san pham.

Nhu vay muyc dich cia viéc pha v té bao la:

v’ Thu nhdn mét lirong 16n san pham ngi bao mong muén nhung van duy tri hoat
tinh csa san pham ¢ mize dg cao nhat.

v’ Tranh gay bién tinh san pham.

v’ Han ché duwoc nhing hdu qud bat loi trong qué trinh chiét xudt c6 thé danh hweng
deén nhitng buéc tiép theo.

Cac phuong phap co hoc:

v Nghién té bao bang chay va cdi véi bgt thuy tinh, cat thach anh, v.v.

v Pong nhat mau,

v’ Phé& té bao bang ap luc cao.

v' Phuwong phap héa hoc:

v’ Sir dung chdt tay.

v" Sir dung dung moi hitu co nhw toluene, benzene, v.v.

1.3.3.  Nghién co hoc

Nguyén tic: Phuong phap nay st dung chay va cbi dé nghién miu, co thé tron
thém vyn thay tinh, cét, v.v., dé 1am ting hiéu sut pha v& té bao. Sy pha v vach té bao
xay ra do su nghién ép cua cac hat nghién khi chiing co xat véi té bao. Néu so sanh véi
nhimg phuong phap ap luc cao thi luc xé trong phuong phap nghién thd so nay
thap hon. Phuong phép nay c6 thé thu dugc mang té bao va cac bao quan mot cach
nguyén ven.

Phuong phap nay dugc st dung tir lau dé pha v té bao vi sinh vat. Pay ciing 1a
phuong phap lya chon dau tién khi cAn pha v& bao tir, té bao nAm men, té bao nim, nd
cling duoc ding dé pha té bao vi tdo. Gan day, phuong phap nay con st dung d6i véi
mau dit, mau thuc vat va méo dong vat.

Kich thudc hat nghién ciing rat quan trong, qua mot sd nghién ciru, nguoi ta thiy
rﬁng kich thudc hat nghién tdi uu cho vi khuan 13 0,1 mm, 0,5 mm ddi véi nAm men,
nam soi, vi tdo va nhitng té bao dong vat don bao nhu Leucocytes, 1 — 2,5 mm danh cho

cac mo nhu md nao, mo co, gan va da.
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Téc do pha té bao sé tang 50% néu sir dung hat nghién 13 zirconium thay vi ding
hat thay tinh, vi do ty trong ctia chung nang hon. Pdi véi cac loai mé dai, can sir dung
cac hat nghién 1am tir hdn hop chrom — thép, va ty trong cua ching ning hon thuy
tinh 5 1an.

Thong thuong lugng hat nghién ty 1€ thudn véi tdc do pha té bao.

Pay la phuwong phéap thd so nhat trong cac phuong phap pha v té bao.

Phuong phap niy c¢6 mot s6 bat loi sau:

v’ Hiéu sudt khong cao.

v’ Han ché doi véi khoi lieong mau lon.

v Gdp Vdn dé vé bot va nhiér dg.

Hién nay nhiing thiét bi nghién da dugc cai tién hon, tinh vi hon lam ting hiéu suat
pha v té bao va giam téi da nhiét do phat sinh.

1.3.4. Phwong phdp phd mang s dung dung moi hizu co

Nguyén tic: Nhitng hop chat ua lipid (170luene, ether, methanol, DMSO, v.v.) c6
kha nang tao lién két ky nudc voi 1ép doi phospholipid cia mang té bao. Su gin két nay
1am gifin né mang, 1am bién d6i tinh 1éng ctia mang, tham chi c6 thé dan dén sy truong
phéng cua 16p d6i phospholipid. Hon nira, sy chén vao cta cac dung méi nay pha v
tuong tac gitta lipid va protein, 1am anh huéng dén chirc ning ctia mang sinh hoc.

Céc nghién ctru trong va ngoai nudc:

Tobias Von der Haar (United Kingdom) pha té bao bang cach ngam trong NaOH
c6 chira 2-ecraptoethanol va SDS dé thu protein.

1.3.5.  Phwong phdp pha mang sir dung enzyme

Enzyme hoat dong thong qua viéc tin cong, thity phan va pha v& nhiing lién két
glycosidic trong tro thanh peptidoglycan. Enzyme nay dong thoi ciing c6 thé pha v
nhitng lién két glycosidic trong chitin

Cellulase ¢ thé "pha v&" phéan tir cellulose thanh cac monosaccharide ("duong
don") nhu beta-glucose, hodc thanh céac polysaccharide ngan hon va oligosaccharide.

1.4. Tong quan vé astaxanthin va hoat tinh sinh hoc

Astaxanthin trong thuong mai dugc san xuat bang phuong phap tong hop hoa dau
(trén 95%), nhung hién nay, tao d6 Haematococcus pluvialis dang dem dén trién vong
trong san xuat cong nghé sinh hoc dé tao ra astaxanthin voi hiéu suat cao. Astaxanthin

dugc tng dung ¢ nhiéu linh vuc khac nhau nhu: NTTS, dinh dudng, thyc phém, duoc


https://vi.wikipedia.org/w/index.php?title=Li%C3%AAn_k%E1%BA%BFt_glycosidic&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=Li%C3%AAn_k%E1%BA%BFt_glycosidic&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Peptidoglycan
https://vi.wikipedia.org/wiki/Monosaccharide
https://vi.wikipedia.org/w/index.php?title=Beta-glucose&action=edit&redlink=1
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va my pham. Trong linh vuc duge pham, astaxanthin dugc chi y cta gii khoa hoc boi
cac tac dung duogc 1y quan trong tiém nang nhu: chong khang dai thao duong, ung thu,
khang viém, va chong oxy hoa dong thoi tac dung 1én hé thong than Kinh, tim mach, mat
va dic biét cac bénh vé da.

Astaxanthin dugc ching minh dem dén nhiéu loi ich trong linh vuc lam dep nhu
bao vé da khoi tac hai tia UV, chéng oxy hoéa, khang viém, chéng lao hoa.

Trong nghién ctru kéo dai hon 2 thap ky d3 nhan ra rang, hién tuong stress oxy hoa
lién tuc din dén viém man tinh, tao ra céc ton thuong nhu thoai hoa than kinh, huy hoai
cau trac da va ung thu. O da, khi tiép xtc voi tia UV, cac té bao simg phan tng lai bang
cach phong thich cac chét trung gian tién viém. Nghién ciru nhan thay rang, astaxanthin
c6 kha ning chdng viém do tia tir ngoai bang cach trc ché san xuét cac yéu t6 tién viém,
cytokin va su chét bé bao simg. Astaxanthin 1am giam dang ké ndng d6 oxid nitrit
(iNOS), men cyclooxygenase (COX-2) ciing nhu giam su phong thich prostaglandin E2
tir t& bao stmg sau khi tiép xtc véi tia UV

Astaxanthhin c6 mat trong mot s6 loai hai san, ca hoi, tom hum, v.v. vi ham lugng
& mot s6 loai nhu sau:

o Nhuyén thé : 120 ppm (mdt phan triéu).
o TOM : 1.200 ppm.

o Ndm men : 10.000 ppm.

« Haematococcus pluvialis : 40.000 ppm.

Astaxanthin (3,3'-dihydroxy-B,B-carotene-4,4 -dione) 13 mot carotenoid thudc
nhoém xanthophyll c6 lién quan chat ché vai B-carotene, lycopene, zeaxanthin vi cé lién
quan dén nhau trong con dudng sinh tong hop va déu mang nhing dic tinh sinh hoc cia
carotenoid. Carotenoid 13 ho sic t6 v&i hon 600 sic to duoc tong hop trong thuc vat bac
cao, t4o, vi khuan va nam, dugc phan thanh hai nhom quan trong nhét 1a: Nhém chi chta
carbon va hydrogen va nhom xanthophyll (dan xuat oxy). Trong nhém xanthophyll, cac
phan tir c6 thé chi chita nhom chirc hydroxyl (-OH) nhu zeaxanthin, hodc chira lién véi

nguyén tir oxy nhu anthaxanthin hodc két hop c hai (astaxanthin) [40], [60].
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1.4.1.  Tinh chdt vt ly — héa hoc ciia astaxanthin
Astaxanthin c6 mét sb tinh chét co ban duoc trinh bay nhu & Bang 1.1

Bang 1. 10: Mot s tinh chét vat Iy co ban ctia astaxanthin

Cong thuc phan tir Ca0H5204
Khéi lugng phén tir 596,86 dvC [33]
Nhiét d¢ nong chay 216 °C (421 °F, 489 K)
Nhiét do soi 774°C (1425 °F, 1047 K)
Khéng tan trong nudc va dung moi hiru co
phén cuc
Tinh tan Hoa tan dugc trong dung moéi nhu [28]

dichloromethane, chloroform, acetone,

dimethylsulfoxide va cac dung moi khong phan cuc

Tinh thé Hinh kim mau d6

Rf cua astaxanthin chuin
0,22

(hang Chromadex)

Budc séng hip thu cuc
468 nm, 477 nm, 485 nm

dai (tiy dung moi hoa tan

astaxanthin)

Su hién dién ctua nhom hydroxyl va nhom keto gin trén mdi vong ionone (Hinh
1.1) gitip giai thich mot sb dic tinh cta astaxanthin nhu kha ning bi este hoa, dic tinh
khang oxy hoa cling nhu ¢6 d6 phan cuc cao hon cac carotenoid khac. Ngoai ra dang
este hoa cua astaxanthin trong ty nhién gitip n6 6n dinh va giir duoc tac dung sinh hoc
cao hon.

Thanh phan astaxanthin khac nhau gitra cac nguén thu nhan 1a do su khac nhau vé
thanh phan cac dang dong phan ciia astaxanthin. Astaxanthin c6 ba dang dong phan lap
thé: (3R, 3’R), (3S, 3’S), (3R, 3°S) phu thudc vao su dinh hudng trong khong gian cila

nhom hydroxyl tai tAm carbon & vi tri 3 va 3°[38].
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Hinh 1. 4: Cac dang dong phan cta astaxanthin [38]

Giéng nhu hau hét cac carotenoid, astaxanthin thudc nhom tetraterpene ua béo,
dugc ciu tao boi tam don vi isoprene (C5). Bd khung cacbon ddi xtng c6 ngudn gdc tir
lycopene mach hd, cac cau tric tién than cia carotenoid, 40 nguyén tir cacbon sip xép
trong mot chudi cac lién két d6i lién hop. Nhiéu carotenoid cé cu tric hai vong ¢ dau
va cudi. Trong phén tir astaxanthin mdi vong mang mot nhom 3-hydroxyl (OH), va 4-
ketone (C=0). Do hai trung tim bat ddi xtmg & vi tri cacbon 3 va 3’ trong mdi vong,
astaxanthin c6 thé ton tai duoc & ba dang lap thé khac nhau (3R, 3’R), (3S, 3°S) (hai
dang dbi 1ap nhau) va (3R, 3’°S) (dang trung gian) (Hinh 1.1). Cac dong phén (3S, 3°S)
1a dang pho bién ¢ ty nhién dugc tim thiy trong H. pluvialis va ca hdi trong tu nhién.
Dang chua y, P. rhodozyma sinh tong hop astaxanthin c¢6 cdu hinh (3R, 3’R) ddy 12 ngudn
tir nhién duy nhét cho dén nay ton tai dang dong phan 1ap thé nay [20].

Polar end Non-polar polyene _ | |Polar end

Hinh 1. 5: Phéan tir trans-astaxanthin véi cac dau phan cuc [20], [69]

Astaxanthin gdm 2 dang ddng phan hinh hoc 14 cis va trans nho lién két doi trong
chudi polyene. Tuy gin gidng véi cic carotenoid nhung astaxanthin con c6 nhom 3-
hydroxyl va 4-ketone trén ca hai vong & hai ddu nén c¢6 nhimng thudc tinh riéng nhu dé
tan hon carotenoid va khang oxy héa manh hon [42]. Dan dén kiéu cau tric polar-
nonpolar-polar dic trung cho phan tir astaxanthin 1a chudi polyene khong phan cuc (non

polar) ndi giita hai ddu phan cuc (polar). Kiéu ciu tric nay cho phép cac phan tir xuyén
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qua 16p phospholipid trén mang té bao va dé 16 hai dau ua nudc ra méi trudng bén ngoai
(Hinh 1.2), [69]. Nho ddc diém cdu trac nhu vdy, astaxanthin khong chi c6 kha ning
khang oxy héa manh mé& ma hoat tinh sinh hoc ciia né trong mé, té bao ciing cao hon
han cac carotenoid thong thuong khac.

Vé dang tdn tai trong tu nhién, astaxanthin c6 thé ton tai & nhiéu dang: dang tu do
hodc dang phtic hop véi protein hodc lipit. Dang astaxanthin tu do rat nhay cam véi cac
gbc oxy héa. Vi vdy, trong tu nhién, astaxanthin thuong ton tai & dang phuc hop véi
protein nhu trong exoskeleton ¢ giap xac, hodc dang este hoa véi cac acid béo nhim
ting cudng tinh hoa tan dugc va 6n dinh cta astaxanthin trong té bao [40], [69]. Mbi
truong luu triv astaxanthin cling c6 thé 1am thay ddi tinh 6n dinh ctia phan tir nay.
Astaxanthin 6n dinh ¢ 70°C - 90°C trong cam gao, dau gimg va dau co véi 80 - 90%
ham lugng astaxanthin dugc gitt lai va co thé duoc st dung trong thuc phém, duoc phém
va dinh dudng, trong khi ham lugng astaxanthin giam & 120°C va 150°C [58].

1.4.2. Hoat tinh sinh hoc ciia astaxanthin

Astaxanthin (ASX) 1a chat chéng oxy hoa manh. Dra vao ciu triic phan tir 6n dinh
cao nén c6 thé trung hoa dugc nhiu g tu do. Bén canh d6, Astaxanthin con tham gia
kich hoat enzyme chdng oxy hoa cua té bao nén rat phu hop dsong via tro hoat chit ngin
ngira sy 130 hoa do UV. Ngoai ra, Astaxanthin con c6 kha ning len 16i qua mang té bao,
nhan gilp bao vé mang té bao khoi cac tac nhan ROS, khong co tinh chét prooxidation,
st dung an toan trén nguoi.

1.4.2.1. Tac dung khdang oxy hoa

Trong co thé, cac gbe tu do dugce sinh ra khi oxy két hop véi cac phan tir trong qua
trinh trao doi chat. Cac goc tu do thuong 1am cho phan tir mang n6 khong 6n dinh va dé
dang phan tng va pha huy cau tric khac cua té bao. Khi cac gbe nay phan tng dugc goi
1a “qua trinh oxy hoa”. Khi qua trinh oxy hoa bat dau, né cé thé tao ra mot phan ung
day chuyén va tiép tuc tao ra cac goc tu do nhiéu hon. Cac gdc tu do nhu superoxide
(O27), hydrogen peroxide (H202), hydroxyl (OH™), va anion peroxynitrite (ONOO") gay
t6n thuong cho céac thanh té bao, lam suy yéu hodc c6 thé pha hiy cac té bao va DNA
trong té bao. Pay la nhitng nguyén nhan giy ra su 130 hoa, rdi loan hoat dong cia té bao,
lam suy yéu hé mién dich hay hinh thanh cac dong té bao ung thu.

Céc gdc tu do can phai duoc vo higu héa dé duy tri chirc ning thich hop cua té bao

va deé bao vé cac teé bao khoi su suy thoai va lao hoa. Trong khau phan an hiang ngay
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chung ta cling da tiép tuc cung cip cac chit chdng oxy héa nhu ca chua, cam quyt, nho,
rugu vang, cac loai thuc phém khac. Nhung trong mot $6 truong hop bénh 1y, hoat dong
thé chat hay stress do tac dong ctiia moi truong ¢ thé tao ra nhidu gde tu do ma ta khong
thé dn mot luong 10n cac thuc pham c6 chira chat chng oxy hoa c6 ham luong va hoat
tinh khong cao, vi viy chung ta can cac chét c6 hoat tinh chdng oxy héa manh hon [51].

Mot trong cac chat c6 hoat tinh chdng oxy hoa hiéu qua 13 astaxanthin, vi
astaxanthin ¢ ddc diém 1a mang cdc nhom hydroxyl va nhom ketone chiic ning nén né
c6 hoat tinh cao hon so vdi cac chat co hoat tinh chdng oxy hoa khac. Hussein va cong
su (2006) da mo ta tac dung bao v¢ cua astaxanthin trén bénh loét vi da day & chudt kem
theo tac dung déng ké cia astaxanthin trong hoat dong bat gbc tu do [38]. Theo nghién
ctru thue té thi astaxanthin ¢6 hoat tinh cao hon gép 65 1an so v&i vitamin C, hon 500
lan voi vitamin E va 11 1an hiéu qua hon beta-carotene cho nén astaxanthin con duoc
goi la mgt “si€u vitamin E” [32].

1.4.2.2. Tac dung khdang ung thw

Nghién ctru ung thu gan di cin giy ra boi su stress l1du dai qua mirc & chuot, két
qua nghién ctru cho thiy astaxanthin trc ché su stress gdy ra su peroxide hoa lipid.
Nghién ctru ciia Leung va Bertram (2005) trén ngudi va cac té bao dong vat di chimg
minh rang protein connexin 43 (Cx43) - loai connexin hién dién nhiéu nhat trong céc
mo, diéu hoa cac tin hiéu va protein nhd cac retinoid, carotenoid va giam sy phat trién
ctia khoi u. Su két hop cua astaxanthin va retinoid lam ting biéu hién protein Cx43 va
tang viéc két ndi cac thong tin lién lac giira cac té bao [38].

1.4.2.3. Tac dung khang viém

Nghién ctru vé astaxanthin in vitro va ex vivo ctia Lee va cong su (2003) da chi ra
rang astaxanthin c6 thé ngin chin qua trinh viém bang cach ngan chin sy biéu hién cua
gene tién viém (pro-inflammatory), két qua 1a lam trc ché yéu t6 nhan kappaB. Hiéu qua
cua 100mg/kg astaxanthin tuong duong voi hi¢u qua 10 mg/kg prednisolone,
prednisolone 12 mot loai thudc khang viém nhom corticosteroid [38], [65].

1.4.2.4. Tdc dung khdng khudn

Thi nghiém ctia Uma va cong su, (2013) ciing cho thay astaxanthin c6 hiéu qua
chéng lai vi khuan gram 4m va gram duong khi so sanh véi khang sinh chloramphenicol
[67].

Theo nghién ctru Suganya V va S.T.Asheeba (2015) ciing cho thay hoat tinh khang
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khuén cua astaxanthin thu nhan tir 3 10ai cua Portunus sanguinolentus (Three Spotted
Crab), Callinectes sapidus (Blue Crab) va Paralithodes brevipes (Spiny King Crab) va
astaxanthin chuan khang lai vi khuan (E.coli) tir sira va thit théi. Cac sac t6 astaxanthin
da dugc tim thdy c6 hiéu qua khang khuan tai ndng do 50 pg, c6 duong kinh khang
khuén 13 10,05 + 0,53 mm dén 12,11 + 0,95 mm. Nghién ciru chi ra rang astaxanthin
dugc phén lap tir ba gidng cua co tiém niang chdng oxy hod va hoat tinh khang khuan c6
thé duoc sir dung trong thuc pham va duoc phim [66].

1.4.2.5. Mt so tic dung tich cwe khdc ciia astaxanthin déi véi sivc khée con
nguoi

Theo doi thir nghiém mién dich va kiém tra tuberculin & nhom nit tinh nguyén vién
cho b sung astaxanthin vao bira an va nhom dung gia duoc dé ddi chimg. Két qua cho
thdy bd sung astaxanthin vao bita dn d6i voi phy nit tré tudi gitip giam nhan t c6 hai
DNA va protein giai doan cip tinh, ddng thoi ting phan tng mién dich [42].

Hon nita, trong mdt mod hinh mang té bao trong dng nghiém, astaxanthin duy tri
tinh toan ven ciia mang va trc ché c6 hiéu qua peroxide lipit, trong khi lutein va p-
carotene pha v& ciu trac mang té bao va ting mirc do hydroperoxides lipit.

Tiém nang cua astaxanthin mot phﬁn do céu tric hoa hoc doc d4o cia nd. La mot
carotenoid, n6 c6 thé bit 1y cac nguyén tir oxy hoat dong va dwa né doc theo chudi lién
két dbi polyene, vi thé chdm dut cac phan tng [50].

St dung astaxanthin c6 thé cung cdp nhiing hiéu tng c6 loi cho sirc khoe bang
cach ngin chin su oxy hoa thong qua su kich hoat cta hé théng khang oxy hoa néi sinh
qua trung gian NRF2; trc ché viém bang cach ngin can chudi phan tng NF-kB va tic
ché san xuét cytokine; tang do nhay insulin; trc ché r6i loan lipid mau; va cai thién suc

khoe tim mach, v.v. [69].
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—— - - Thai goc tir do c6 hai
CGLINRELELELROSME | _Cai thién hé thong khang
hoa oxy hoéa néi sinh qua trung
gian NRF2

Giam viém ™ Cai thién sitc khoe

tim mach
T2D
NAFLD

Ngan can chudi phan tmg NF-kB | Téng tinh én dinh thinh mach

Giam huyét ap

Giam 161 loan lipid
mau

Téang chirc nang té bao B
Téang chuoituyén tin hiéu
insulin

‘ Thuan loi cho qua trinh oxy
hoéa acid béo
Hinh 1. 6: Tom tit cac tac dong cua astaxanthin trong phong, chéng cac bénh chuyén
hoa va co ché co ban. ASTX: Astaxanthin; T2D: Bénh tiéu duong type 2; NAFLD:
Bénh gan nhiém m& khong do ruou; Bénh tim mach [71]

Astaxanthin trong phong chdng bénh: cai thién stc khoe tim mach 1am ting tinh
6n dinh thanh mach giam huyét ap, giam réi loan lipid mau, thuan loi cho qu4 trinh oxy
hoa acid béo. Giam viém thi astaxanthin gitip ngan ngtra chudi phan ung NF-kB, ting
chtre ning té bao B, ting chudi tin hiéu insulin, V.v.

Liéu khuyén cdo & trong khoang tir 4-12mg mdi cin cir theo tac dung mong mudn.
Véi 4mg mdi ngdy co tac dung tich cyc 1am giam viém va 12mg mdi ngay danh cho
ngudi can chat chéng oxy héa cao hon.

1.5. Tinh hinh nghién ciu vé tao Haematococcus pluvialis

1.5.1.  Tinh hinh nghién cizu trén thé gidi

Tur dau nhitng nim 90 cua thé ky trudc, H. pluvialis di duoc nudi thuong
mai hoa trong hé théng bé hd dung tich 30.000 - 1.000.000 lit (Johnson va An,
1991). Bubrick ciing da thiét ké hé théng bé nudi theo tiéu chuan cua bé raceway
c6 guong trén dién tich 38.000m? dé nudi thuwong mai lodi vi tao nay. Tuy
nhién, ching rat dé& bi nhiém tap va bi lan at do sinh trwong nhanh chéng cua céac
loai tao nhiém khac nhu Chlorella va cic loai #n tao khac. Bén canh d6, trong
diéu kién nudi nhu vay, lodi vi tao ndy gitr nguyén trang thai sinh dudng cho dén

khi dugc thu hoach (Gong, 1997). Pay 1a nhiing han ché rat Ion caa viéc nubi loai vi
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tao nay trong hé théng bé hé dé thu astaxanthin. Nhém tac gia & Tay Ban Nha va Nhat
Ban nghién ctu tir kha l1au, tir nam 2000 tro lai day, va da dugc thuong mai héa cac mo
hinh nudi loai vi tao nay. Haematococcus pluvialis di duoc nudi tréng ¢ quy mé thuong
mai dé lam thuc pham chac ning & Cyanotec corperation USA, Mera
pharmaceuticalsInc USA. Theo FAO (2010), hang nim, khéi lwong sinh khéi khé caa
H. pluvialis dat khoang 300 tan, cha yéu tir Hoa Ky, An D6 va Israel cung cap cho nudi
trdng thity san 1a 50 €/L va cho san xuat astaxanthin 12 7.150 €/kg. Cac san pham chia
astaxanthin dwoc san xuat tir lodi vi tao ndy cua céc cong ty ParryPharmaceuticals
(India), AlgaTechnologies (Israel) c6 gia 10.000 USD/kg. O Trung Qudc, loi vi tio nay
dugc dung dé san xuat astaxanthin Ién nhat & GiangChau, tinh H6 Béc (Lovatelli va
Chen, 2009).

Trong nghién ctru cuia Fabregas va cs., (1988), H. pluvialis dugc nuéi @ moéi truong
thiéu hut nito va magie véi diéu kién thiéu anh sang 40 va 230 umolm?/s. Nong do
astaxanthin cao nhat dat duoc 1a 49,5 pg/mL trong diéu kién thiéu hut nito va cuong do
anh sang 230 pmol m¥s. Sy thiéu hut nito c6 anh hudng 16n hon so véi cudng d6 anh
sang 1én su téng hop astaxanthin, boi sy thiéu hut nito tac dung manh mé& hon 1én su
phan chia cta té bao. Khi thiéu hut cé nito va magie, ndng d6 astaxanthin dat duoc thip
hon so v6i méi truong chi thiéu hut nito nhung cao hon so véi méi truong chi thiéu hut
magie.

Olaizola (2000) di cong bd két qua cua 9 thang van hanh hé thdng kin nudi loai vi
tao nay co tén la Aquasearch Growth Module (AGM) dung tich 25.000 lit, cé st dung
hé théng may tinh dé diéu khién cac qua trinh, dién tich bé mat 12 100 m?, sir dung anh
sang tu nhién. Hé thong AGM duoc cau tao tir hé thong 6ng lap song song, duong kinh
18 - 41cm, nhiét do dao dong 20 - 25°C, ning suét sinh khoi vao khoang 50 - 90 g/m?
(0,2 - 0,36 g/L; 4 - 19 g/m#ngay). Khi nghién ctu trong hé théng photobioreactor dang
6ng va dang tru dung c6 cing dung tich 55L & diéu kién ngoai troi, sau 16 ngay nudi
sinh truéng, 10ai vi tao nay sinh truong trong hé théng dang 6ng tot hon & hé thong tru
dung véi khéi luong sinh khéi twong tng 1a 7,0g/L va 1,4g/L va ham luong carotenoid
tuong tng 1a 2,0 va 0,5% khai lugng sinh khéi khé (Lopez va cs., 2006).

Ham luong astaxanthin & giai doan bao nang truong thanh chiém t&i 4% trong
luong kho cua té bao tao H. pluvialis (Yuan va cs., 2000), tuy nhién dé thu nhan luong

16n astaxanthin thi phu thudc vao nhiéu yéu té cling nhu quy trinh nuéi cay tao. Theo
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cac tai lidu da cong bd, dé sinh khdi tao nudi cay c6 ham luong astaxanthin cao thi H.
pluvialis cin dugc nudi cay theo mo hinh 2 pha. Pha I tao H. pluvialis dugc nudi ¢ didu
kién thich hop cho su sinh trudng va phat trién dé ting sinh khdi tdi da. Sau d6 tao dugc
chuyén vao nudi pha II trong diéu kién thich hop cho su tich lity ham luong astaxanthin
bang cach thay doi tao bat loi trong diéu kién méi truong song, chii yéu 1a chiéu sang
v6i cuong do cao, nhiét do cao hodc thay d6i moi truong dinh dudng. Theo Johnson va
An (1991) cho rang, kha nang tich lily astaxanthin cta tao H. pluvialis phu thudc rat 1én
vao murc do bat loi cua diéu kién nudi tréng nhu: anh sang, chat dinh dudng, Vv.v.

Theo nghién ctru cta Esra Imamoglu va cong su (2009), ban dau qua trinh ting
sinh té bao H. pluvialis duoc thuc hién trong méi truong BG11 dén khi té bao dat mat
d6 cao nhét thi dugc chuyén méi truong RM véi nhitng thay d6i vé thanh phan dinh
dudng va cudng d6 chibu sang dé gay stress. Két qua thu duogc 1a trong méi trudong RM
khong c6 su hién dién cua nito dudi cuong d6 chiéu sang 546 pmol photon/m?/s thi ham
lwong astaxanthin tich lily cao nhat (30,07 mg/g) vao ngay tht 13 (Ye va ctv, 2012).

Nam 2011, Issarapayup va cs., cdng bd nhitng diéu kién nudi trong téi wu cho H.
pluvialis trong hé thdng kin dang phién phing c6 téc do sinh truéng va mat do té bao
trong ng 1a 0,52/ngay va 41x10* TB/mL. Ciing trong hé théng nudi dang nay & quy
md 17 - 200 lit, tbc do sinh trudng dat 0,45 - 0,53/ ngay véi mat do té bao dat cuc dai
1,1 - 2,9x10° TB/mL. Cheng-Wu va cs., (2011) nghién ctu nhitng 4nh huéng cua céc
nong do nito khac nhau 1én sy ting trudng, dic diém sinh 1y, lwong sic té trén
Haematococcus pluvialis CG-06 trong méi trudng BBM véi bdn nong dé nito (0; 13,7;
27,5; 41,2 mg/mL). Két qua thé hién rang su tich lily astaxanthin bén trong H. pluvialis
CG-06 c6 méi twong quan nghich véi ndng do nito ban dau. Luong astaxanthin trong té
bao H. pluvialis truong thanh trong moi truong BBM khong c6 nito 1én téi 4,95 pg/mg
vao ngay thir 3. Trong khi d6, té bao H. pluvialis trong méi BBM (d6i chiing) bat dau
tich lily astaxanthin vao ngay thtr 9, va lugng astaxanthin téi da 1 4,17 mg/g. Li va cs.
(2011) ciing da danh gia hiéu qua kinh té cia viéc san xuat astaxanthin tir nui trong
Haematococcus pluvialis & quy mé 16n tai Trung Quéc véi mot mé hinh nudi tréng hai
giai doan loai vi tao nay. Trong d6, giai doan dau nudi theo kiéu ban lién tuc trong hé
thng photobioreactor kin c6 dung tich 8.000 lit, giai doan sau chuyén ra bé 100 m? cho
qua trinh chuyén giai doan. Ngudn giéng lic ban dau dugc nudi trong hé thdng
photobioreactor kin 20 lit, chuyén dan lén hé thong 1.000 lit va 8.000 lit. Mat do té bao
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trong hé thong kin dat cao nhat 18n toi khoang 108 TB/mL va thudng duy tri & mat do
0,5x10° TB/mL. Vi mé hinh nay, gia thanh cua sinh khéi tao khd va astaxanthin giam
di dang ké. Tuy nhién, mat d6 cac té bao ¢ cac hé thdng kin dang dng véi quy mé nho
hon thudng c6 mat do té bao cao hon va duy tri trang thai sinh dudng tét hon cac hé
théng quy md 16n. Véi hé théng dung tich 2 lit, mat do té bao cé thé dat duoc Ién téi
1,1- 2x10° TB/mL (Vega-Estrada va cs., 2005; Riso, 2005) va Ién t&i 5-7x10° TB/mL &
hé thong 1 lit (Ranjbar, 2008). Nhung ciing ddi véi hé théng dang nay khi nang quy md
1&n 55 lit, sinh khéi lai dat dugc thip hon 5 1an so véi dang hé théng dang dng tron co
cling mot dung tich va diéu kién moi truong nudi (Lopez va cs., 2006).

Nghién ctru vé su thay d6i hinh thai & H. pluviais trong chu ky doi séng ctia Makio
Kobayshi va cong su (1997) di dua ra nhitng két luan vé sy khac biét trong hinh thai té
bao tdo & nhitng giai doan khéac nhau, hay nghién ctru cua Esra Imamoglu va cong su
(2009) vé tac dong cua cic moi truong khac nhau 1én qua trinh tich lity astaxanthin & H.
pluvialis va c6 két luan rang nude cit cé suc khi COz dudi cudng do anh sang cao 1a
diéu kién tot nhat cho qua trinh tich liiy astaxanthin. Nghién ctru vé su anh huéng cua
mat d6 sinh khdi ban dau dén sy ting truong va tich lily astaxanthin cua H. pluvialis caa
Junfeng Wang va cong su (2013) di cho thidy mat d6 sinh khdi ban dau anh huong rat
16n dén doi séng cua H. pluvialis.

Fébregas va cs., (2001) sir dung cong nghé nudi ciy hai pha va st dung anh sang
240 pmol photon m?/s dé san xuat astaxanthin tir H. pluvialis, sau 15 ngay ham luong
astaxanthin tich liiy 12 9,6 mg.Lt.ngay. Trong nghién ctru cia Dominguez-Bocanegra
va cs., (2004), H. pluvialis dugc nudi cdy trong méi truong BAR, cuong d6 anh sang
345 pmol photon m2s, bo sung 1g/L sodium acetate va khong suc khi, lugng
astaxanthin cao nhét dat duoc 1a 98 mg/g sinh khoi.

1.5.2.  Tinh hinh nghién ciu trong nwoc

Hién nay ¢ trong nudc, loai vi tao nay maéi dang dugc nghién cuu va tirng budc
tim céch ti wu cac diéu kién nudi trong ciing nhu cac diéu kién dé tich lily astaxanthin
cao nhat. Truong dai hoc Khoa hoc tu nhién, dai hoc Quéc gia Ha Noi ciing di nghién
ctru phan lap dugc 5 chung khac nhau va tuyén chon dugc mét ching c6 ham luong
astaxanthin cao nhat 12 0,143% (Nguyén Thi Huong va cs., 2008).

binh Buc Hoang va cs., (2011), da nghién cttu dugc vong doi cua vi tao luc H.

pluvialis trong diéu kién & phong thi nghiém. Két qua cho thay, vong doi ty nhién cua
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vi tao H. pluvialis trong mdi truong C va RM déu trai qua bon giai doan tuong tng véi
bén dang hinh théi té bao c6 cac dic diém khéc nhau. O giai doan sinh dudng, té bao
sinh dudng c6 hinh elip, ¢6 hai roi chuyén dong, mau xanh, kich thugc té bao tir 10 - 20
um, giai doan nay kéo dai khoang 10 ngay nudi cay. Giai doan tao bao nang non (encyst)
c4c té bao c6 dang hinh cau, mat roi, , khéng c6 kha nang chuyén dong va kéo dai tir 10
dén 20 ngay nudi. Kich thudc té bao ting 1én dang ké vai khoang 40 um. O giai doan
nay, trong noi chat c6 sy bién d6i mau sic tir xanh sang nau dam. O giai doan tao bao
nang hoan chinh (cyst), cac té bao nang non chuyén thanh nang hoan chinh, c6 mau do
dam, déy 1a giai doan tich liy astaxanthin cao nhat va sau 50 ngay nudi cdy. Ham luong
sic t6 astaxanthin va chlorophyll a c6 xu hudng ting cham & 20 ngay dau tién khi tao
dugc nudi trong ca hai moi truong C va RM. Sau 40 ngay nudi cay, ham luong
astaxanthin ting dot ngot, ham luong chlorophyll a lai bi giam dan. Ham luong cac sic
t6 trong moi trudng RM cao hon moéi trudng C. Ham luong astaxanthin dat cuc dai trong
méi truong RM 13 942,23 pg/l.

Ding Diém Héng va cs., (2012) da danh gia anh huong két hop gitra ché do chiéu
séng va nong do nitrate 1én sinh truéng cua vi tao H. Pluvialiskhi nudi & binh nhya thé
tich 10 lit. K& qua thé hién khi ndng do6 nitrate  trong
mai trudng nudi cy ting 1én gip 4 lan thi mat do té bao cuc dai ting 25%, dat 0,95x10°
TB/ml. Song song d6, phuong phap nudi ciy H. pluvialis & méi trudng cd ndng do
nitrate cao va két hop véi diéu chinh ché do chiéu sang va 1am mai méi trudng 1 phuong
phap hiéu qua dé dat mat do té bao cao.

Luu Thi Tam va cs., (2012), nghién ctru qua trinh tang sinh H. pluvialis dugc thuc
hién trong moi truong C, sau do qua trinh kich thich tich lily astaxanthin dugc thyc hién
trong moi trudng RM dudi thc nhan gay stress 1a nong d6 mudi cao. Két qua thu duoc
la nong do mudi 2,5 % kém vai nhiét do cao thi sau 8 gio da bat dau co su tich liy
astaxanthin.

Lé Thi Thom va cs., (2013) da nghién ctu anh huéng cua nong do nitrate & moi
truong nudi ciy tac dong dén sinh truong cua H. pluvialis Flotow diéu kién binh tam
giac 250 mL. C4c nong do nitrate thi nghiém duoc thiét ké gom 219, 438, 876, 1314,
1752, 2190 mg/L, trong d6 ndng do nitrate 876 mg/L (tic cao gap 4 lan so véi moi
truong RM co ban) duoc xac dinh 1a phi hgp nhat cho sinh truéng caa loai vi tao nay.

Tai nong d¢ nitrate phi hop néu trén, ham luong chlorophyll a va astaxanthin, mat do
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té bao dat cao nhat 12 2081 pg/L, 1053 pg/L, 1,74 x 108 TB/mL, twong &ng.
1.5.3. M4t sé két quda nghién cizu vé bé sung sdc té astaxanthin vao trong thic

an cho ca canh

Hinh 1. 7: Quat mau dung so sanh mau sic cho co thit ca hdi (Diler va cs.,, 2002)

Theo Diler va cs., (2002), cac loai thiy san nudi 4p dung bo sung sic tb trong thirc
an nhu: cac loai ca bién: ca hdi van, ho ca hoi bién (Salmonid), ca vuge do; Ca nudc
ngot: ca rd phi, ho ca chép, c4 vang; Gidp xac: tom nudc ngot va tdm bién. Twong tu,
Lovatelli va cs., (2009) ciing bao céo riang astaxanthin 1a sic té da duoc st dung tir 1au
dé phuc vu san xuit thic an cho cac nganh cong nghiép nudi ca hdi. Theo nhirng nghién
ctru cua Buttle va cs., (2001) da phat hién ra rang sy hap thu 2 loai sic t6 astaxanthin va
canthaxanthin phu thudc vao loai. Bé danh gia mau sic co thit cua c& hoi hoic so séanh
mau sic dugc hap thu trong co thit cua c& nudi so voi ca ty nhién, ngudi ta ding quat
Vi mau sic duge danh sb lam can ctr dé so sanh.

Carotenoid trong khau phan thtrc dn cung cp c6 thé cai tién va gia ting mau sic
cia da nhu & ca canh. Sic t6 cia ca vang va ca koi duoc cai tién boi viéc bd sung
carotenoid va nhirng loai c& nay co6 kha nang chuyén hoa zeaxanthin thanh astaxanthin.
Tuy nhién, ca vang lai thiéu kha nang chuyén hoa lutein dong thoi ciing gigi han kha
ning chuyén doi p-carotene thanh astaxanthin. Sac té trén da cua ca ti van Barbus
tetrazona dugc béo cdo 1a gia tang khi cho an khau phan thic an chira carotenoid tir bot
tdm, canh hoa clic van tho va chiét xuat tir hat diéu do. Tao lam ciling duoc st dung nhu
ngudn tao sac to trén ca koi. O ca dudi kiém do (Xiphophorus helleri), c& gam
(Pseudomugil furcatus) va ca vay cang hoang ngoc (Cichlasoma myrnae), cuong do
mau sic co ¥ nghia duoc cai tién khi khau phan an chta 1,5 - 2% gidng tao giau
carotenoid Spirulina platensis va 1% Haematococcus pluvialis trong 3 tuan (Gupta va
cs., 2007).
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O Nhat, bot tao Haematococcus da duoc chap thuan nhu ngudn thyc pham tao sac
t6 do tw nhién va 1a sic t6 trong thire an ca. Ngoai ra, & Canada va & My Haematococcus
duogc sir dung nhu 13 1 sic té bo sung trong thire an cho ca hdi va chung duoc st dung
nhu sic té trong NTTS véi nhiéu chire nang nhu: (1) chat chéng oxy hoa, (2) tién chat caa
hormone, (3) gia tang tinh mién dich, (4) tién chat caa hoat tinh vitamin A, tham gia trong
sinh san, (6) ting trudng, (7) su quang bao vé. Cac nha nghién ciru dé nghi carotenoid nhu
la chat dinh dudng thiét yéu nén bd sung trong tat ca cac khau phan an cua DVTS voi
nong d6 ti thiéu 12 5 - 10 ppm (Lorenz va cs., 2000).

Tippawan Paripatananont va cs., (1999), da thuc hién thi nghiém dé xac dinh
duoc lidu astaxanthin toi wu ctua doi vaoi c& vang (Carassius auratus). C4 vang duoc
cho an nhiéu khau phan c6 chtra 0,25: 50; 75 va 100 mg astaxanthin/kg trong thai gian
4 tuan. Sy hinh thanh sic t6 trén da ca duoc ude lugng théng qua danh gia cam quan
va dém s6 luong céc té bao sic td dugc san sinh trong té bao ha bi cua da c4. Ca hai
phuong phap déu cho thay cling két qua la 36 — 37 mg/kg la lidu astaxanthin téi wu dé
kich thich mau sic ¢ ca. Tiép tuc quan sat ca thi nghiém trong 4 tuan sau dé cho thay
ca duoc kich thich bai ché d6 an astaxanthin thé hién mau sic 6n dinh. Vi vay, thac
an c6 bd sung astaxanthin c6 thé 1a mot phuong phap phu hop dbi véi nhitng san xuat
ca vang dé kich thich mau sic cua ca truéng thanh trong diéu kién nudi trong moi
truong khdng c6 tao. Ngoai ra, ty 18 séng duoc cai thién dang ké khi trong khau phan
thirc dn cua cé co bd sung sic td astaxanthin so véi 16 ddi chang. Tuy nhién tac dung
clia astaxanthin d6i twong tng véi ting trong cua ca thi khong dang ké.

Doi voi ca chép canh (Cyprinus carpio), nghién cir kha ning tiéu hoa carotenoid
c6 ngudn goc tu nhién bao gom astaxanthin va lutein & 500 pg/kg thirc an. Astaxanthin
duogc hap thy tét hon lutein va c¢6 su chuyén hoa lutein thanh astaxanthin. Diéu ndy cd y
nghia trong hoat dong san xuit thirc an cho ca canh va khau phan thac an chua
carotenoid nén duoc ca an trong vong 15 phut dé tranh luong sic t6 trong thic an that
thoat ra moi truong nuac (Yuangsoi va cs., 2011).

Nghién ctu sic t6 cia Trinh Thi Lan Chi (2010), vé thir nghiém bo sung
astaxanthin va canthaxanthin vao thic an cho ca chép Nhat (c& chép koi — cyprinus
carpio) cho thay: véi ham lugng bd sung > 25 mg/kg thie dn, astaxanthin thé hién tac
dung tich cuc trong cai thién mau sic & ca chép Nhat, trong ¢6 ham luong hiéu dat qua

nhat 1a 78,22 + 5,84 mg/kg thac an. Pinh ky 3 thang/lan cho c4 an thirc an c6 bd sung
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78,22 + 5,84 mg/kg astaxanthin lién tuc trong 2 thang sau d6 ngung 1 thang roi lai tiép
tuc 13p lai chu ky trén. Hoic cho ¢4 dn thire dn ¢ bo sung astaxanthin véi ham luong 80
mg/kg trong 2 thang, sau d6 giam con 51,5 + 13,86 mg/kg thirc an dé duy tri mau sac
cta ca. Tuong tu nhu vay, voi ham luong b sung > 25 mg/kg canthaxanthin c6 tac dung
cai thién mau sic ¢ ca chép Nhat va ham luong hiéu qua nhat & muc 137,97 + 7,20
mg/kg. Chu ky bd sung canthaxanthin vao thirc an cho c chép Nhat hiéu qua nhat 1a 3
thang/lan cho c4 an lién tuc thic dn ¢6 bo sung 137,97 + 7,20 mg/kg trong 2 thang sau
d6 ngung 1 thang roi lai tiép tuc lap lai chu ky trén.

1.6. Tinh hinh nghién ciu astaxanthin tir Rhodosporidium sp.

1.6.1.  Tinh hinh nghién cizu trén thé gidgi

Hién nay, chang Rhodosporidium toruloides duoc biét dén nhu mot loai ¢6 kha
nang tich 1y lipid v&i ham lwong cao. Trong nghién ciru caa Yonghong Li va cong su
(2007) chiing Rhodosporidium toruloides Y4 nubi ciy lién tuc (fed-bath culture) trong
25 ngay lién tuc dat mac sinh khéi 1a 151,5 g/l va ham lugng lipid tich lily trong té bao
la 48,0%. Dé nang cao ham lwong thu nhan carotenoid va giam chi phi trong qué trinh
san xuat, cac nghién ciru khac nhau di duoc thuc hién bang viéc tdi wvu hda moi truong
nudi cdy tap trung vao cac yéu td: ngudn carbon va nito, khoang chét, vitamin, pH, nhiét
d6, anh sang ciing nhu cac yéu t gay stress c¢6 anh hudong 16n d&én su sinh truong cua té
bao ndm men va ning suit tdng hop carotenoid (Frengova G.l. va Beshkova D.M.,
2009).

Ramirez va cong su (2000) di dua ra viéc ding méi truong co ban nhung bd sung
thém dich chiét trai cdy déng vai trd nhu ngudn cung cap nguon carbon cho viéc thu
nhan ham lugng astaxanthin cao hon gap 2,5 lan so véi khi chi nudi cay trén mai truong
yeast malt (YM) co ban, luong astaxanthin thu dugc c6 thé dat 8,1 mg/l, cao hon so véi
nudi trong diéu kién co ban (Rodriguez- M., Luis J. va Barredo J. L. (2010).

Phaffia rhodozyma nuéi trén moi truong 10% ri duong thu dugc ham luong
astaxanthin twong tng 1a 1,1 mg/g (tinh trén gam sinh khéi kho) va 15,3 pg/ml (tinh trén
thé tich dich nudi cdy), cao hon gap 3 lan so véi khi sir dung glucose. Ba thanh phan
duong chinh ¢o trong ri duong la saccharose, glucose va fructose, nhung fructose dugc
vi sinh vat tiéu thy cham. Trong thanh phan ri duong thi ham luong nito va phospho bi

han ché. An va cong su (2001) b6 sung thém mudi urea va sodium phosphate vao moi
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truong nudi cy ri duong s& cho ham lugng sinh khéi téi da 1a 36 g/l va ham lugng
carotenoid thu dugc la 40 mg/l.

Trong khi phan com dira chi yéu phuc vu trong cdng nghiép san xuét dau goi,
banh keo va thyc pham thi phan nudc dura ¢ thé duoc sir dung dé ting cudng san xuat
astaxanthin. Bocanegra va Mufioz (2004) ap dung qué trinh 1én men Phaffia rhodozyma
trén moi truong nudc dira thu duoc 1,8 mg/g astaxanthin.

Rodriguez-M., Luis J. va Barredo J. L. (2010) di chitng minh mét s6 hydrocarbon
long da dugc thir nghiém nhu 13 tac nhan oxy dé thuc ddy su lén men va san xuat
carotenoid trong cac méi trudng nudi cay lic chung Phaffia rhodozyma, két hop bd sung
n-hexadecan 9% (v/v) vao méi trudng nudi cdy long gitip ting san lwong carotenoid 1&n
58% (twr 9,2 mg/l I1én 14,5 mg/l).

Tinoi va cong su (2006), sir dung phé liéu sau khi xt ly trong cdng nghiép san xuat
mU tac lam méi truong nudi cdy Phaffia rhodozyma, két qua tao ra luong sinh khéi va
lwong astaxanthin trong wng 12 19,6 g/l va 25,8 mg/l, cai thién 1&n 11 1an so vai khi nudi
cay trén mdi truong yeast malt (YM) co ban.

Nhiéu ngudn carbon bao gdm pentose va hexose, disaccharide, glycerol, n-alkan,
hoac nhiéu loai phé phu phiam c6 ngudn géc tir néng nghiép, céng nghiép duoc coi la
ngudn carbon tiém ning cho cong nghé sinh hoc san xuit carotenoid. Carotenoid tich tu
sic t6 & hau hét cac nAm men bt dau vao cudi pha logarit va tiép tuc trong pha 6n dinh.
Xu huéng cua cac nghién ciru gan day trén thé gisi tan dung cac ngudn nguyén liéu gia
ré va cac san pham cé ngudn gbc tir ndng nghiép, cong nghiép nham giam chi phi san
XUat cling nhu giam thiéu cac van dé méi truong va nang luong phat sinh trong qua trinh
san xuat. Chung nam men dugc nghién ctu nhiéu nhat van 1a Phaffia rhodozyma. Qua
trinh san xuat theo quy mé cong nghiép co ban tién hanh theo hai giai doan: giai doan
nudi cay va giai doan thu hai san pham. Mot khia canh quan trong cia qua trinh nudi
cay 1a tim ra mdi truong nudi cay phl hop dé c6 duoc nang suat san pham mong muén.
O quy md cbng nghiép trudc day, phuong phap nudi cay mé (batch) van duoc sir dung,
song phuong phap nay lai ¢6 han ché 1a qua mét thoi gian lién tuc nudi cay thi ham
luong c4c chat dinh dudng trong moi truong giam dan, kéo theo ham lugng sac t6 ciing
giam theo. Chinh vi vay, cac nha san xuat chuyén sang phuong phap nuéi ciy mé ¢ bo
sung (fed-batch), két qua thu dugc theo nghién ctru ciia Ramirez va cong su (2006), ham

lugng astaxanthin thu nhan & chung Phaffia rhodozyma 1a 23,81 mg/I & pH 6,0, cao gap



33
4,8 1an so véi khi ding phuong phap nudi cdy mé truyén thong Marova 1., Certik M. va
Breierova E., (2011); VVa Ramirez J., Obledo N., Arellano M., Herrera E. (2006).

Latha, Jeevaratnam, Murali va Manjia (2005) da khao sat cac yéu t6 anh huong
dén su hinh thanh carotenoid & chung Rhodotorula glutinis. Khi khao sat cac ngudn
carbon khac nhau, fructose cho ham luong carotenoid cao nhat (3,8 mg/l), ké dén la
glucose (3,5 mg/l) va saccharose (3,4 mg/l). Khi khao sat anh hudng cia c&c ngudn nito
khac nhau, sodium nitrate (NaNOs) cho ham lugng carotenoid cao nhat (3,3 mg/l), ké
dén 1a urea (2,2 mg/l) va cao nim men (2,1 mg/l). pH duoc khao sat tai gi4 tri pH 5,5
cho ham luong carotenoid cao nhat (3,3 mg/l), va gia tri nhiét do thich hop cho ching
Rhodotorula glutinis tong hop carotenoid 1a 5 - 26°C, cu thé 1a tai 15°C cho ham luong
carotenoid t6i da la 3,5 mgl/l.

Ngoai ra, dé gia ting san xuat astaxanthin, nhiéu nghién ctu sir dung phuong phap
dot bién hozc ti vu hoa qua trinh 1én men. Miao L va cs., (2010), st dung nhiét do trung
binh, tao ching dot bién P. rhodozym (MK19) ¢ cac gen NTG va Co6o. So sanh véi
chung hoang dai JCM9042, ndng d6 acid béo thap, nang suét t6i wu hod astaxanthin cao
hon 17 nép gap. B-caroten va cac phan tir trung gian (dan xuit keto) duoc chuyén doi
tao san pham cudi cung astaxanthin nhiéu hon trong chung MK19 so véi JCM9042,
phan trim cua astaxanthin tang 61-62%, va ti Ié lién két giira p-carotene va dan xuat
keto giam tir 28 - 14%.

Yimyoo, Yongmanitchai va Limtong (2011) da khao sat méi truong nudi cay
chung Rhodosporidium pakudigenum sir dung glycerol 1am ngudn carbon nhiam thu
nhan carotenoid & cac diéu kién sau: nhiét do 32°C, pH 6,0, glycerol 40 g/, urea 0,559
g/l, MgS04.7H20 0,5 g/l va KH2PO4 1,0 g/l. Két qua thu dugc sau 132 gid nudi cay:
lugng sinh khéi kho 12 7,59 g/l va ham luong carotenoid 1a 3,42 mg/l.

Yang Jinsong PP. va cs., (2011), str dung méi truong chira co chat san 1a nguon
nguyeén lidu chinh dé 1én men Phaffia rhodozyma san xuat astaxanthin. Sir dung hé thong
Box-Behnken, khao sat ham lugng duong, do pH va nong do nitrogen dé tdi wu hod 1én
men san xuat astaxanthin. Nhom tac gia da t6i wu hoa diéu kién 1én men: ham lugng
duong 40 g/1, @6 pH 4 va nong do nitrogen 8 g/l. Va két qua niang suat astaxanthin 1én
to1 2.98 mg/L.

Ferrao va Garg (2012) ciing tap trung vao khao séat 2 yéu té anh huong chinh la

carbon va nito dén su thu nhan B-carotene & chung Rhodotorula graminis. Nghién cir
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cho thay manitol (d6ng vai tro 1a ngudn cung cap carbon) c6 tac dong tich cuc dén su
tich Iily sinh khdi va ham luong B-carotene, voi ham lugng manitol dao dong tir 10 - 20
g/l va ngudn nito dugc chon 1 cao nam men voi ham luong dao dong trong khoang 9,5
- 10 g/l, két qua trong luwong sinh khdi kho téi da dat dwoc 14 3,8 - 4,3 g/l va ham lugng
B-carotene téi da 1a 190 - 220 mg/I.

Kiyotaka Y Hara va cs., 2014, cho rang cic carotenoid dugc phan b rong rai trong
tu nhién va chi duoc téng hop béi thuc vat va céac té bao vi sinh vat. Mot s san phém
sinh hoc carotenoid quan trong trong nganh dugc nhu artemisinin va Taxol dugc tao ra
nhd k¥ thuat di truyén thong qua cac vi sinh vat nhu Saccharomyces cerevisiae va
Escherichia coli. Tuy nhién, theo Melillo va cs., loai nAm d6 Phaffia rhodozyma (dang
giéi tinh, Xanthophyllomyces dendrorhous) san xuat isoprenoid cao hon so v&i S,
cerevisiae va E. coli.

Anfeng Xiao va cong su (2015), nghién ctu vé méi lién quan gitra chat chuyén
hoa noi bao va tich luy astaxanthin trong qua trinh I8n men 4 chung dot bién Phaffia
rhodozyma. Két qua cho thdy, su tich luy enthanol, protein noi bao, va cac acid béo tac
dong canh tranh trén sy tong hop astaxanthin. Trong d6, chung P. rhodozyma JMU-
VDL668 va JMU-7B12 dat san lwong thap (1.7 va 1.2 mg/L) hon so véi 2 chung JMU-
MVP14 va JMU-17W (20.4 va 3.9 mg/L).

Carla Dias va cs., 2016 dd nghién ctru anh hudng cua pH méi truong nudi cdy (3,5-
6,0) trén carotenoid va lipid (nhu axit béo) san xuét boi cac men Rhodosporidium
toruloides NCYC 921, két qua cho thay ndng d6 sinh khdi ndm men va lipid 1a cuc dai
& pH 4,0 (5,90 g/L va 21,85% w/w, tuong ung), trong khi ham luong carotenoid tdi da
(63,37 mg/g) thu duge & pH 5,0. Cac két qua bo céo co thé dong gdp cho qua trinh toi
uu héa 1én men vé Rhodosporidium toruloides.

1.6.2. Tinh hinh nghién ciru trong nwéc

Nhitng nghién ciu vé tng dung loai nAm men dé thu nhan astaxanthin ¢ Viét Nam
con rat it. Nam 2006, nhom tac gia Téng Kim Thuan, Tran Thanh Thiy, Pham Cong
Hoat di phan lap dugc ching Phaffia rhodozyma NT5 c6 kha ning sinh tong hop
astaxanthin tir nudc ven bo bién Nha Trang, Khanh Hoa thu duoc ham lugng astaxanthin
la 285,4 pg/g trong lugng kho sau 120 gio nudi cdy moi truong 1ong 2% saccharose pH
5 6 22°C.

Nam 2011, nhoém tac gia Bui Ngoc Phuong Khanh, Ngé Dai Nghiép da phan lap
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va dinh danh theo tai liéu phan loai nAm men cua Lodder va két hgp phuong phap sinh
hoc phan tir gidi trinh ty doan gen ITS 5,8S rDNA xac dinh dugc ching nim men sinh
sdc t6 chta astaxanthin 1a Rhodosporodium toruloides, thuoc chi Rhodosporidium, ho
Ustilaginaceae, bd Ustilaginales, 16p Ustilaginomycetes, nganh Basidiomycota (ndm
dam) c6 bao tir dam, khuén lac c6 thé mau tréng hodc mau cam, do hoac hoi vang, dang
bo dén hoi nhiy. Té bao hinh trimg, ngoai hinh trimg kéo dai, doi khi ¢é soi gia. Chung
nam men Rhodosporodium toruloides nay c6 kha ning tich lity lipid dén 75% khi ¢ diéu
kién gidi han nito va cao hon 60% lipid trén trong luong kho khi str dung glucose nhu
ngudn carbon. Hon nita, ching ndm men nay c6 thé nudi cdy trén dich thity phan tinh
bot khoai mi (sdn) v6i ndong d6 8% trong 144 gid thu dugc 63,2% dau, twong tu ching
nam men R. mucilaginosa T JY15a ciing tich trir 47,9% dau bén trong té bao, so véi
chung nim men Phaffia rhodozyma, nhiét d6 tdi wu cho sy phat trién 1a 22,5°C va chiing
khong phat trién ¢ nhiét do trén 27°C cho dén nay van chua thanh cong trong viéc ning
cao kha nang chiu nhi¢t cua chung nay. Hon nita, ham lugng astaxanthin tich iy trong
té bao cua ching ndim men Rhodosporodium toruloides phan 1ap dwoc va nudi cy 1ong
v6i mot sé diéu kién thich hop di thu duoc ham luong astaxanthin 1a 1.651,429 pg/l
dich nuéi cdy hay 368,13pg/g trong luong khd, c6 ham luong astaxanthin cao hon ching
nam men hoang dai Phaffia rhodozyma ATCC2402 (303,3pg/g), thim chi vé6i thoi gian
nudi cdy ngin hon chi 72 gid v6i nhiét do phong (28 °C + 2) ciing c6 ham luong
astaxanthin cao hon ca chung Phaffia rhodozyma NT5 phan 1ap tir nu6e ven bd bién
Nha Trang, Khanh Hoa c¢6 ham lugng astaxanthin la 285,4 pg/g trong luong kho sau
120 gio nudi cdy mai truong 1ong 2% saccharose pH 5 & 22°C.

Lé Vii Khanh Trang va cs., (2015) da tién hanh khao sat cac nguon cachon khac
nhau st dung dé nudi cay chung Rhodosporodium toruloides bao gom ri duong, glucose,
saccharose va gylcerol nham thu nhan duoc ham lugng carotenoid cao nhat. Két qua
cho thay khi nudi chung Rhodosporodium toruloides véi ri dudng 1a nguon cacbon thu

dugc ham luong carotenoid cao nhat (2,5 ml/L dich nudi cay).
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CHUONG II VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu nghién ctu

Chang nAm men Rhodosporidium toruloides c6 kha ning tong hop astaxanthin,
dugc cung cép bo1 bd mon Sinh hoa, Khoa sinh hoc - Cong ngh¢ sinh hoc, Truong PH
Khoa hoc Ty nhién, PHQG TP.HCM. Rhodosporidium toruloides dwoc giai trinh tu
rDNA-ITS v6&1 mot cap mdi ITS1-1TS4-5.8S rDNA tai Nam Khoa BioTek. Trinh tu
DNA sau d6 1a so sanh d6i chiéu tai National Center of
Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov) véi Entrez va
BLAST.

Hinh 2. 1: Khuén lac Rhodosporodil]m toruloides trén moi truong thach Hansen
Chung tao Haematococcus pluvialis c6 kha ning tong hop astaxanthin dwgc cung
cap bai Phong Sinh hoc Thuc nghiém - Vién Nghién ctu Nudi tréng Thay san 11 (S6
116 Nguyén Dinh Chiéu, Phuong Pa Kao, Quan 1, TP. H5 Chi Minh).
2.1.1. Méi truwong giir giong
Bao quan gidng trong mdi trudng Hansen thach, cdy chuyén mot thang mot lan.
Hoat hoa méi trudng Hansen 10ng trong 48 gio trudce khi cay chuyén.
Thanh phan méi truong Hansen:
- Glucose 50 g/l
- Peptone 10 g/l
- KH2PO4 3 g/l
- MgSOs 3¢/l
- Agar 25 g/l (@6i véi méi truong thach)
- Chinh pH = 6 bang dung dich NaOH 0,1 N, hdp khir triung 121°C, 1 atm, 15 ph(it.
2.1.2.  MGéi trwong nuéi cdy (Moi truong ri dwong)

Moi truong long nghién ctru: Stir dung ri duong lam ngudn carbon, bo sung urea
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1am ngudn nito, MgS04.7H20, KH2PO4 1am ngudn khoéang.

Xac dinh ham lugng caxi, phospho, dudng tong, dudng khir trong nguyén lidu dé
bd sung thanh phan thich cho nuéi cdy Rhodosporodium toruloides.

Trude khi nudi cdy, ri dudng duoc xir Iy dé loai canxi (Ca?*), sau d6 pha lodng dén
ham lugng duong tong thich hop. Chinh pH = 6 bang dung dich NaOH 0.1 N, hip khir
tring 121°C, 1 atm, 15 phdt.

2.1.3.  MOi trwong ri dwong

Loai thanh phﬁn khong can thiét trong nguyén liéu nhu bui, tap chét, thanh phﬁn
khoang cao nhu canxi, kali....

¢ Quy trinh xtr Iy ri dudong véi cac budce sau [39].

- Pha loang duong véi nude ti 1€ 1:1 (m:w)

- Acid hoa dung dich ri dudng di pha lodng bang H,SO4 timg ndng d6 (0,1 N, 0,2
N, 0,3 N, 0,4 N, 0,5 N) thém tur tir acid vao, vira thém vira khuéiy déu ty 1€ 1:2 (trong
do6 2 acid va 1 ri duong pha loéng).

-Pun hon hop & nhiét d6 90°C trong 50 — 55 phut, trong thoi gian gia nhiét nén
khudy thudng xuyén.

- Ly tdm 5000 vong/phut trong 10 phut, thu dich bé tua

- Piéu chinh dung dich ri dudng da xtr Iy vé& pH 6 bang NaOH 1N.

Theo nghién ctru cua tac gia Roukas (1998) trong viéc thuc hién cac phuong phap
xtr 1y ri dudng, tac gia cho riang két qua xir 1y ri duong bang dung dich acid sulfuric
cho hiéu qua loai bo cac kim loai ning tt hon cac phuong phap con lai [63].

2.2. Nghién ciu nudi cay thu nhan astaxanthin trén tao H. pluvialis

2.2.1.  Chon loc méi trwrong, thiét ldp diéu kign nhan sinh khaéi H. pluvialis

Chon bon mai trudng dinh dudng khac nhau 1a RM, C, F2, B d¢ bé tri thi nghiém

nham tim ra moi trudng t6i wu cho nhan nudi tao H. pluvialis. Thi nghiém duoc thuc
hién trong diéu kién binh nhua 10 lit chira 4 lit méi trudng, vai bon céng thic (CT), moi
cong thic 13p lai 3 lan:

CT1: méi truong RM

CT2: méi truong C

CT3: méi truong F2

CT4: moi truong Bristol
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Bang 2.1. Thanh phan dinh dudng ctia méi truong C, RM, F/2 va B

Thanh phin méi truong Moi trwong (mg/l)

C (Ichimura, RM (Rudicva F/2 (Guillard B

1971) ctv, 2000) va ctv, 1962)

NaNOs - 300 75 250
NaH2PO4.H,0 - - 5 -
Na>Si03.9H,0 - - 30 -
Na:EDTA 2,71 - 4,36 -
CoCl2.6H20 0,012 - 0,01 -
CuS0.4.5H20 - 0,08 0,01 0,06
FeCls.6H20 5,888 17 3,15 -
MnCl..4H20 0,108 - 0,18 -
Na:M004.2H,0 0,0075 - 0,006 -
ZnS04.7H20 0,066 0,1 0,022 0,2
HCI Thiamin 0,01 - 0,1 -
Biotin 0,0001 - 0,0005 -
B2 0,0001 - 0,0005 -
K2HPO4 - 80 - 75
KH2PO4 - 20 - 175
CaCl; - - - 25
NaCl - 20 - 25
MgSO.4.7H20 40 10 - 75
FeCls - - - 0,3
MnS0O4.4H.0 - - - 0,3
H3BOs - 0,3 - 0,2
Ca(NOs): 150 - - -
KNOs 100 - - -
B —Nazglycerolphosphate 50 - - -
CaCl,. 2 H,0 - 58,5 - -
EDTA - 7,5 - -
MnSO4. H20 - 1,5 - -
(NH4)6M07024. 4 H.0O - 0,3 - -
Co(NOs3). 6 H20 - 0,26 - -

Trisaminomethiane 500 - - -
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Diéu kién thi nghiém: mat do tao ban dau 10° té bao (TB)/ml, suc khi vao lién
tuc, cung cap khi CO dé tao quang hop va ndng d6 CO2 duge diéu chinh dua vao do
pH cia nuéc. St dung loai anh sang tring véi cuong do chiéu sang khoang 90
umol/m?/s, chu ky sang t6i 12:12 gid cung nhiét d6 dugc duy tri 6n dinh tir 25 + 0,5°C
diéu chinh bang may lanh. Sy sinh truéng cua tao H. pluvialis duoc danh gia thong qua
mat do té bao, ham lugng sic té va trong luong kho trong bon loai méi trudng.
2.2.2.  Khdo sat anh hwéng cia loai dnh sdng dén vong doi ting truéng cria
H. pluvialis.
Ching tdi sir dung anh sang don sac tir dén led c6 budce song khac nhau dé bo tri.
Thi nghiém duoc tién hanh trong diéu kién binh nhya 10 lit chta 4 1it méi trudng RM,
véi bdn cong thic (CT), mdi codng thic 13p lai 3 lan:
CT1: Led do (610 < / < 760)
CT2: Led xanh (500 < < 570)
CT3: Led tim (< 380)
CT4: Led tring
Diéu kién thi nghiém: mat do tao ban dau 10° té bao (TB)/ml, suc khi lién tuc, cung
cap CO> cho tao quang hop va nong do CO, dugc diéu chinh thong qua do pH cua nudc,
cuong do chiéu sang 90 umol/m?/s, chu ky sang téi 12:12 gid. Ching t6i st dung bat cach
nhiét ngan tirng 16 thi nghiém dé cac anh sang khong anh huong dén két qua nghién cuu,
Sy sinh truong cua tao H. pluvialis dugc dénh gia thong qua mat do té bao, ham luong

sic tb va trong luong khd trong bon loai méi truong.

Hinh 2. 2: Céc loai anh sang khac nhau trong thi nghiém (Led Trang/Xanh/Tim/Do)
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2.2.3. Khdo st dnh hwong cia ché dé dnh sing dén higu qud tich liy
astaxanthin cia H. pluvialis.

Sau khi xac dinh dugc anh sang tring thich hop cho vong doi ting trudng cua tao,
ching tdi st dung tiép anh sang nay dé danh gia anh huong cua ching I1én viéc tich liy
astaxanthin cua H. pluvialis. Theo cac tai liéu da cong b, dé sinh khdi tao nudi cay co
ham luong astaxanthin cao thi H. pluvialis cin duoc nudi cay theo mé hinh 2 pha.

Pha | tao H. pluvialis duoc nudi ¢ diéu kién thich hop cho su sinh truéng va phét
trién dé tang sinh khéi ti da. Sau d6 tao duoc chuyén vao nudi pha 11 véi diéu kién thich
hop cho su tich liy astaxanthin bang cach thay ddi diéu kién méi truong tré nén bat loi,
chu yéu 1a chiéu sang véi cudng d6 cao, nhiét d6 cao hoic thay doi méi truong dinh
dudng, kha ning tich liy astaxanthin cta tao H. pluvialis phu thudc rat Ién vao mic do
bat loi cua diéu kién nudi trong nhu: anh sang, chat dinh dudng, v.v. Noi dung nghién
ctru cua chlng toi ciing tién hanh theo mo hinh 2 pha nhu trén.

2.2.3.1. Anh hwéng ciia cuwong dp chiéu sdng dén hiéu qud tich liiy astaxanthin
cua H. pluvialis.

Tao duoc nudi ciy trong méi trudng toi wu tir cac két qua trén (méi truong RM,
cuong do chiéu sang 12 90 pmol/m?/s, chu ky sang t6i 12:12, nhiét do 1a 25°C) dén khi
tao budc vao pha 6n dinh (ngay thir 14) thi sinh khéi tao duoc chuyén vao binh erlen dé
tién hanh gay séc tao bang cach thay d6i cuong do anh séng:

CT DC: 90 pmol/m?/s
CT2: 120 umol/m?/s
CT3: 180 umol/m?/s

Quan sat sy thay d6i kich thudc va thanh phan sac té bén trong cua tao sau mdi
24 gio duai kinh hién vi.

2.2.3.2. Anh hwéng cia thoi gian chiéu sdng dén higu qud tich liiy astaxanthin
cua H. pluvialis

Tao dugc nudi ciy trong moi truong tdi uu tir cac két qua trén (moi truong RM,
cuong do chiéu sang 1a 90 pmol/m?/s (do thi nghiém nay b tri ciing lGc vai thi nghiém
trén nén chung toi chua ké thira két qua tot nhat tir thi nghiém trén), chu ky sang toi
12:12, nhiét do 1a 25°C) dén khi tao budc vao pha 6n dinh (ngay tht 14) thi sinh khéi
tao duoc chuyén sang cac binh erlen dé tién hanh gay sbc tao bang cach thay doi thoi

gian chiéu sang:
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CT DC: thoi gian chiéu sang 12 gio
CT2: thoi gian chiéu sang 16 gid
CT3: thoi gian chiéu sang 24 giod

Quan sét sy thay d6i kich thudc va thanh phan sic té bén trong cua tao sau mdi
24 gio dudi kinh hién vi.

2.2.3.3. Xdc dinh thoi diém dieng qua trinh gay stress ¢ tdo H. pluvialis

Té bao vi tao chuyén sang giai doan bao nang khi gap diéu kién bat loi, ldc nay
qua trinh tich lity astaxanthin bat dau dién ra trong nhan té bao, khi tré thanh bao nang
truong thanh thi té bao c6 mau do (Kobayshi, 1997).

Céch tién hanh: Sir dung kinh hién vi dé theo dai su thay ddi kich thudc, hinh
thai va mau sic trong té bao H. pluvialis tir khi bat dau qué trinh gay stress. Qu4 trinh
nay sé& dung lai khi té bao phét trién thanh bao nang trudng thanh.

2.2.4.  Anh hwéng nguén nito va néng dé nito thich hep cho sw sinh truwéng
cua tao H. pluvialis
Thi nghiém duoc bd tri hoan toan ngau nhién hai yéu tb: yéu té A: ngudn nito
(NaNOs, NH4Cl, NH4NO3), va yéu t6 B: ndng do. Tong nghiém thic thi nghieém 1a 12,
mdi nghiém thire duoc l3p lai 3 lan.
Yéu té A: Al: NaNO;
A2: NH.CI
A3: NHsNOs3
Yéu té B: B1: RM-[N]-1X
B2: RM-[N]-2X
B3: RM-[N]-4X
B4: RM-[N]-6X
Trong d6 X 13 ham luong nito ¢c6 trong méi trudng ban dau.
Nudi cay tao trén méi trudng so cap, bo sung vao binh 1,5 lit chaa 1 1it moi truong
Vi vai ti 1é 10%. Moi truong thi nghiém 1a méi truong RM, thay thé thanh phan NaNOs
bang c4c ngudn nito tir NaNOs, NH4Cl, NH4NO3 véi cac nong do nhur trén.
2.2.5.  Anh hwong cia swthiéu hut nito lén sw tich liiy astaxanthin ciia tdo H.
pluvialis
Céc té bao ¢ giai doan sinh dudng c6 mau xanh dat mat d6 nhat dinh duoc ly tam

6.000 vong/phut trong 10 pht, loai bo dich, bo sung té bao vao méi truong thi nghiém
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véi ndng do nito tir 0, 1/5, 2/5, 3/5, 4/5 va so v&i nong do cuia nito c6 trong mdi truong
RM. Thi nghiém dugc bd tri mot cach ngau nhién mot yéu to, mdi nghiém thic dugc
lap lai tuan ty 3 lan.

Bang 2. 1: Nong do cia nito ¢6 trong méi truong RM & cac nghiém thirc

Nghiém thitc  Nong dé nito so véi ndng dd nito c6 trong [NaNO3]

moi treong RM (mg/L)
NTO 0 0
NT1 1/5 60
NT2 2/5 120
NT3 3/5 180
NT4 4/5 240
NTS5 (BC) 1 300

2.2.6. Chi tiéu theo ddi caa thi nghiém

Déi vai tat ca cac nghiém thiec, tao duoc ldy mau 2 ngay/lan (Ndi dung 1 va 2 thuc
hién l1ay mau 2 ngay/Ian, noi dung 3 thuc hién lay mau 1 ngay/lan) dé xac dinh cac thdng
s6:

- Mat d6 té bao dugc dém bang budng dém hong cau. Voctex mau can dém, pha
lodng néu can thiét. Tién hanh dém trén ca 16 & 16n trong budng dém. Mat do té
bao dugc tinh theo céng thuec:

D=A.n.10%
Trong d6: D: mat d6 té bao (TB/mL)
A: Tong sé té bao trong ca budng dém
n: Hé s6 pha lodng

- Ham luong sac té chlorophyll a, b, carotenoid (Nguyén Puc Luong, 2013): ly
tdm 2 mL dich tao trong mot eppendorf 2 mL (16.000 vong/phut, 5 phat). Loai
bo dich, bo sung 1 mL aceton 90% va bi, cho vao may nghién bi, pha mau tao
véi tan s6 30 s trong 60 phut. Ly tam 16.000 vong/phut trong 5 phdt, thu dich,
dinh muc dich thu dugc. Phan dich trong dugc do vai cac budc sdng 665, 645,
630 va 480 nm (toan bo qué trinh dugc tién hanh trong téi). Ham lugng cac sic
t6 duogc tinh bang cong thic sau:

Ham lugng sac té (1) = C/V (ug/L)
Trong d6: V 1a lugng thé tich dich tao dem loc (lit)
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C (chlorophyll a) = 11,6 x E665 — 1,31 x E654 — 0,14 x E630
C (chlorophyll b) = 20,7 x E645 — 4,34 x E665 — 4,42 x E630
C (carotenoid) = 4,0 x E480

2.2.7.  Quy trinh tach chiét va dinh lweng carotenoid chiza asatxanthin tar tdo
H. pluvialis.

2.2.7.1. So dé quy trinh tach chiét:

Sinh khdi taoH. Pluvialis chira astaxanthin

(1)1

Ly tam, thu sinh khéi sach

(2)1

Xtr 1y sinh khéi v6i HCI & nong d thich hop trong 45 phut

(3)1

B6 sung dung mdi diethyl ether tach chiét

(4)1

Lac hon hop chiét lién tuc & toc d6 200 vong/phut trong 1 gid, & 30°C

(5)1

Ly tam thu dich ndi c6 carotenoid chtra astaxanthin

(Gl
Puoi dung méi, say kho chan khong va thu nhan ché pham carotenoid
chira astaxanthin

2.2.7.2. Phwong phdp dinh lwong ham Iwong sdc té carotenoi chiza astaxanthin

Dinh luong carotenoid chira astaxanthin: O vi tao H. pluvialis, ham lwong
carotenoid tong cua té bao chu yéu 1 astaxanthin va hap thu & budc song 480 nm. Vi
vay, ham luong carotenoid ¢ tao H. pluvialis dé xac dinh chinh 1a ham luong cua
astaxanthin (Jeffrey va cs., 1997). Puoc tinh theo cdng thirc sau:

Ham lugng sac té (ug/l) = C/V

V: lugng thé tich dich tao dem loc (lit)

C (carotenoid tong s6) = 4,0 * Eago
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2.2.7.3. Phwong phdp tich chiét astaxanthin trong tdo H. pluvialis

Quaé trinh tach chiét hop chit astaxanthin tir sinh khéi vi tao, c6 chat lugng va ham
luong phi hop cho muc dich 1am Dugc pham, my pham gap nhiéu kho khan, do té bao
vi tao c6 vach polysaccharide day kho phé va. Astaxanthin 12 hop chat mau va khéng
tan trong nuéc. Nhiéu phuong phap tach chiét hién dai da duoc &p dung va thu duoc
astaxanthin dung cho nhiéu muc dich khac nhau. Kobayashi et al., (1992) c6 xt ly té
bao vi tao H. pluvialis véi acetone 40% (v/v) trong 2 phut ¢ nhiét ¢6 80°C va sau dé
thuy giai bang enzyme da thu duoc astaxanthin vai hiéu suat khoang 70% [12]. Kang
va Sim (2008) tach chiét astaxantin tir vi tao H. pluvialis bang dau thyc vat va thu dugc
hop chat astaxanthin vai hiéu suat 88% [13].

Dong et al., (2014) di 4p dung 4 phuong phap tiép can tach chiét khac nhau, gém
két hop HCI va acetone, tach chiét Ian luot bang methanol sau d6 dén acetone, hdn hop
hexan:isopropanol c6 ti 1 4:6, va tach chiét bang dau thuc vat. Két qua cho thiy viéc
két hop HCI va acetone cho hiéu suit tach chiét cao nhat [14]. Tai Viét Nam, chua c6
cac nghién ctru day du vé viéc tach chiét astaxanthin tir vi tao H. pluvialis cho muc dich
thwong mai, trir mot vai nghién ciu cua nhém tac gia Bing Didm Hong et al., (2010);
bing Diém Hong et al., (2012); Binh Buc Hoang et al., (2011); L& Thi Thom et al.,
(2013) str dung dung moi dé tach chiét va dinh luong hop chat astaxanthin trong qua
trinh nghién ctu vé su sinh truéng cua vi tao H. pluvialis [8-11].

Tach chiét astaxanthin tir Haematococcus pluvialis nhw sau:

Thanh té bao H. pluvialis kh& viing chic véi 70 % |a carbohydrate, 3% cellulose
ma astaxanthin dugc tich lity bén trong té bao. Ma DMSO la dung méi c6 kha nang pha
thanh té bao nén s& gilp qua trinh chiét c6 hiéu qua tot hon.

Loai bo chlorophyll: cac té bao nang H. pluvialis dugc xu |i véi 5% KOH
trong 30% methanol (v/v) ¢ 70° trong 5 phut. Sau d6 ly tam & 5.000 vong/phut
trong 10 phdt & nhiét do 4°C, phan tia duoc rira sach véi 2 ml nudc cat va bo sung
vai giot acid acetic dé dua pH vé trung tinh (Huang va cs., 2012).

Téch chiét astxanthin bang DMSO va acetone: Phan sinh khéi kho sau khi
loai chlorophyll sé u trong 10 ml DMSO ¢ 55°C. Ly tdm 5.000 vong/phut trong 5
phit, thu dich ndi chira DMSO. Thuc hién phé4 thanh té bao 2 lan véi DMSO. Thém
vao phan tia 5 ml acetone, vortex ki sau d6 ly tdm 5.000 vong/phut trong 5p, thu

lai dich noi (chiét 2 - 3 lan dén khi phan can hét sic td). Gom chung tat ca dich chiét
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DMSO va acetone vao binh lang. Thém petrolium ether (ti I& petrolium ether: dich
chiét 1a 1:2) va 10 ml nudc cat, thém 5 ml NaCl bdo hoa néu sic té khéng tach pha.
Thu pha petrolium ether ¢ chira sic té ¢ phia trén. Thém nudc vao dich chiét sac
t (ti 16 1:1) bo pha nudc (chira acetone, DMSO), thu lai dich chiét sic té trong pha
petroleum ether phia trén. Lap lai cAc buéc 3 - 5 1an dé loai hoan toan DMSO va acetone.
Thém Na2SO4 khan dé loai nuéc ra, thu dich ndi sic t trong pha petrolium
ether. Thém petrolium ether dé tat ca dat mot thé tich nhat dinh. Po d6 hap thu caa
dich chiét ¢ budc séng khoang 468 nm (Buzzini va cs., 2007). Cudi cung, dich chiét
dugc sdy khd bang binh hit am chan khdng va mau astaxanthin dugc bao quan trong ta
lanh 0°C.
2.3. Nghién ctu thu nhan astaxanthin trén nAm men Rhodosporidium
toruloides
2.3.1.  Toi wu héa quy trinh bang phwong phdp ddp ing bé mat Box - Behnken
nham thu nhdn carotenoid
Phuong phap dap wng bé mit (Response Surface Method - RSM) 1a phuong phap
dugc dung dé danh gia mdi quan hé gitra cac nhan t6 thi nghiém 1a bién doc 1ap véi cac
két qua thu nhan duoc 13 bién phu thudc. Phuong phap dap tng bé mit duoc tng dung
dé xac dinh céc thanh phan méi truong dé thu nhan ham lugng carotenoid téi wu. Thiét
ké thi nghiém duoc chon trong nghién ciru nay 1a Box - Behnken gom ba bién doc lap
va mét bién phu thudc 1a dap img. M6 hinh danh gia tic dong caa mdi bién dbi véi bién
phu thudc. Phuong trinh bac 2 duoc sir dung dé tinh mdi quan hé giita cac bién doc lap
va bién phu thuoc [10].
y = Bo + P1X1 + P2Xo + PaXs + PraX? + P22X?2 + P3sX?s + Pr2X1 Xz + P1aX1Xs +
B23X2X3
Céc tinh toan duoc tién hanh bang phan tich hoi quy da bién.
2.3.2. Nang cdp va khdo sdt diéu kién nuéi cdy thu nhan astaxanthin ¢ hé
théong 1én men 10 lit
Hé thong nay, nham khao st va bo sung thanh phan khoang dé tao diéu kién tang
truéng ndm men hong Rhodosporodium toruloides trén moéi trudng ri duong nham thu
nhan ham lugng astaxanthin cao nhét, dua 18n nudi hé théng pilot 10L.
Hé théng tu thiét ké va qué trinh van hanh hoat dong t6t. Khi khi dugc dua tir may

bom khi vao dng dan, dugc can bui va mot sd thanh phan nhd bong khong tham, tiép
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tuc sat khuan qua dung dich KMnO4 N/50 va dugc bay tai mot erlen - khong dé dung
dich KMnOjs di vao thiét bi, duge loc & syring loc khi vé1 kich thude 16 0,2 pum roi méi
dua vao thiét bi. Luong khi cho vao hé théng du manh dé lam x4o tron dung dich tao
diéu kién vi sinh vat c6 thé phat trién tot ¢ diéu kién hiéu khi. Canh khudy gitp tron va
dao déu dich nudi cdy, dong chay dich 1én men s& di chuyén tir tm ra vach thung, sau
d6 di lén trén hay huéng xudng dudi va lai tré vé tAm. Dong chay loai nay hd tro tot cho

sur truyén nhiét, sy hoa tan vao chét long, sy phan tan bot khi, sy truyén chit.
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Hinh 2. 3: Hé thdng nudi cay 10 lit duoc thiét 1ap tai PTN. B6 mon Sinh héa - Trudng
bai Hoc Khoa Hoc Ty Nhién TP.HCM

2.3.3. Dinh tinh va dinh lwong carotenoid va astaxanthin tir Rhodosporodium
toruloides.

2.3.3.1. Sdc ky I6p méng (Thin layer chromatography - TLC)

Sau khi tach chiét sac t6 theo phuong phap da néu & muc 2.2.6 tién hanh chay sic
ki 16p méng: hé dung mdi acetone: n-hexan ti 1¢ 1:4 vao bon sac ki, doi dén khi dung
mai bao hoa cho ban mong da cham vao.

Pé dung mdi chay cach dinh 1cm, lay gidy sac ki ra khoi bon, danh ddu muac dung

Dé khd mot cach tu nhién va do khoang cach di chuyén cua vach mau, tinh Rf cua

sac td
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2.3.3.2. Phwong phap do quang
Chudn bi: thuc hién trong diéu kién nhiét dé va énh sang thdp, Vi cdc carotenoid
rdt nhay véi dnh sdng, nhiét dé va oxy.

- Dich chiét Astaxanthin (Chuan Astaxanthin - Sigma Chemical Company/
trans-Astaxanthin)

- Acetone (minimum technical grade) chra 500 mg/L BHT.

- Binh dinh mirc (100 ml) va Bé siéu 4m, may do ph6 UV

Chudn bi dung dich astaxanthin:

- Dung dich me: Hoa tan khoang 3mg astaxanthin chudn trong binh dinh
mirc 100ml véi 10ml chloroform, siéu am cho tan hoan toan, lam day binh véi
hexan.

Dung dich chuan: Chuyén 5; 10; 15; 20 ml dung dich me vao binh dinh murc 100
ml d3 c6 4 ml chloroform, 1am dy vé6i hexan, siéu &m cho tan, thu duoc dung dich chuén
v6indng do 1,5; 3.0; 4,5; 6,0 ug/ml.

Ngay sau khi chuin bj miu chudn, do do hap thu & budc song cuc dai 470 nm.
Luong astaxanthin dugc tin theo cong thirc:

Ham luong astaxanthin trén 1 gam sinh khdi ndm men kho (pg/g) trong mau duoc

tinh theo cong thire 2.5 (CT 2.2) cua Kelly-Harmon (1972) [45].

Aygg xVx10%
X=7"%% & (CT 2.2)

icm

Trong do:

X: Ham luong astaxanthin (pg/g)

Auz74: Do hap thu cia dich chiét sic t6 trong dung méi petroleum ether ¢ budc song
474 nm

V: Thé tich dich chiét sac to (ml)

E%; em=2100: D6 hap thu ctia dung dich astaxanthin 1% trong dung méi petroleum
ether (véi cuvette 1 cm)

G: Trong luong cua sinh khbi ndm men kho dem can dé chiét (g)

Ham luong astaxanthin tinh trén thé tich dich nudi ciy (ug/l) duoc tinh theo cong
thire 2.6 nhu sau:

Y=X*M(CT 2.3)
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Trong do:

Y: Ham lwong astaxanthin tinh trén thé tich dich nuéi cdy (ug/l)

X: Ham lwong astaxanthin tinh trén gram sinh khéi khé (ug/g) (CT 2.2)

M: Trong lwong sinh khoi khé tinh trén 1 lit dich nudi cdy (g/1)

2.3.3.3. HPLC

Astaxanthin sau khi duoc trich ly bang ethanol dugc tién hanh xa phong hoa dé bé
gay lién két ester tao astaxanthin dang mono (Sau khi qua trinh khir ester, ASX trg thanh
dang ty do tao nén mot dinh I6n duy nhat). Sau d6 do ndng d6 bang k¥ thuat sac ky bang
hé thdng sac ky long hiéu niang cao.

Dung dich Astaxanthin chuan géc — 1.000 pg/ml. Can 0.010 g chat chuan
Astaxanthin vao binh dinh mirc 10ml, thém 1ml Dichloromethane va dinh muc téi vach
bang Methanol. Chuin gdc dugc hoa tan voi Methanol thanh cac chuan lam viéc.

Truéc khi phan tich dung dich miu, chay nhitng dung dich Astaxanthin chuan dé
thanh lap dudng chuan. St dung dudng cong hiéu chuan trong khoang tir 1-10 ppm

Hé thong sic ky long v6i dau do UV 474 nm

Cot sac ky: Ecosil C18, 250 x 4,6 mm, kich thudc hat 5 um

- Can 1g mau (chinh xac dén 0,01g) vao falcon 50 ml, thém 7 ml ethanol, lic déu
réi dem xur Iy siéu &m & 50°C trong 20 phut. Sau d6 tién hanh ly tim 4.000 vong/ 10
phat. Thu lay dich va I3p lai qua trinh trén 3 1an hodc dén khi thu duoc dich chiét trong
sudt.

- Dich chiét dugc chinh pH dén 10 v6i KOH 10% va xa phong héa & 4°C trong 3
gid. Két thiic qua trinh xa phong héa bang cach dua pH vé 7 voi HCIL. Hén hop dich
chiét thu duoc sau d6 duoc 1am bay hoi & 35°C trong diéu kién ap suat thap.

- Cudi cung, phan cin duoc hoa tan trong (V) ml Methanol sao cho néng do trong
khoang 1 - 10 ppm.

- Loc qua mang loc 0.22 pm va tién hanh phén tich HPLC.

2.3.4. Khdo sdt sw thay déi ham lwong astaxanthin twong irng véi qud trinh
tang truong chung Rhodosporium toruloides

Xac dinh thoi diém astaxanthin dat ham luong cao nhét tinh trén thé tich dich nudi
cdy, tir 46 x4c dinh thoi diém thich hop cho viée thu sinh khéi dé thu nhén sac to.

Nudi cdy lic chiing ndAm men trén méi truong da khao sat cac yéu t6 thich hop &

diéu kién 4nh sang tu nhién va nhiét d6 phong. Tién hanh thu nhén sinh khéi va dinh
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lwong ham luong sic t6 sau mdi 12 gid nudi cdy.
Sinh khdi ¢ cac thoi diém nudi cdy khac nhau duoc thu nhan, tach chiét sic t6 va
dinh lugng astaxanthin.

2.3.5. Khdo sdat méi trwong ri dwong nuéi cdy Rhodosporodium toruloides

Khao sat anh huong cua ndng do
duong tong dén sy tich liy
astaxanthin

Khao sat anh hudng cua ndng do
KH,PO, dén sy tich liy
astaxanthin

\4

Khao sat thdi diém
thu astaxanthin
thich hop

Ri duong

\4

Khdo sat &nh hudng ctia nong do

\ 4

v MgSO,.7H,0 dén su tich liy
Dung dich astaxanthin Duyng dudng cong
tang trudng cua
ching nam men

Khao sat anh hudéng cta luong
giong ban dau dén sy tich Iy

\ 4

astaxanthin

Khao sat anh hudng ctia nong do
| urea dén sy tich lliy astaxanthin >

Hinh 2. 4: So d6 Quy trinh khao sat diéu kién nudi cdy nAm men trén moi

truong ri duong
Céc thi nghiém khao sat diéu kién nuoi cay dugce bo tri theo phuong phap khao sat

ngau nhién mot yéu tb.

Moi truong khao sat: Moi truong ri duong long. Thi nghiém dugc thyc hién theo
phuong phap nudi cdy mé. Mai truong duge chuan bi véi thé tich 100 ml trong céc chai
nuoi dung tich 250 ml. Chung t6i ¢6 dinh céc thanh phan nhu urea 0,5 g/, MgS04.7H20
3 g/l, KH2PO4 1 g/l va ty 1¢ gidng 13 10% so vai thé tich dich ri duong nuéi cay. Cac thi
nghiém tiép tuc thuc hién khao sat ting yéu t6 va ¢ dinh cac yéu t con lai.

% Qua trinh khao séat: Anh huéng ham lugng dudng tong (10 g/l, 15 g/l, 20 g/l, 25
g/l, 30 g/1, 35 g/l) dén su tich liy sic té duoc khao sat dau tién. Tiép theo, nAm men
hdng Rhodosporidium sp. dugc nudi cdy trén moi trudng c6 ham luong dudng tong thich

hop nhu di xac dinh trudc dé6 nhung bo sung urea véi ham lugng khéac nhau (tr 0 g/l
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0,2 g/l, 0,5 g/l, 1 g/, 1,5 g/1) dé khao sét anh hudng urea dén sinh truang va téng hop
sac tb & nam men.,

MBoi truong c6 ndng d6 dudng va ndng do urea thich hop nhu da khao sat trudce do,
dugc sir dung cho thi nghiém tiép theo 1a khao sat anh huong MgS047H0 (0 g/l, 1 g/,
29/l,3g/l,49/l,5g/l) va KH2PO4 (0 g/, 1 g/, 2 g/l, 3 g/l, 4 g/l, 5 g/l).

Ty 1¢ gidng cdy chuyén dugc khao sat (6%, 8%, 10%, 12%, 14% so véi thé tich
dich nudi ciy véi mat do gidng ban dau méi trudng Hansen trong giai doan pha can
bang (mat d6 té bao tir 8 dén 10 x 10°té bao/ml) cho vao méi trudng co6 ham lugng
dudng tong va MgSOs, urea, KH2PO4 thich hop.

Cudi cung, xay dung dudng cong ting trudng cua ching nim men, sy thay doi
lwong sinh khdi va ham luong sic t6 qua thoi gian nudi ciy duoc khao sat dé xac dinh
su ting truong cla chung va thoi diém thu nhén sic t6 thich hop nhat.

2.3.6.  Thu sinh khéi va tach chiét astaxanthin tiv Rhodosporodium toruloides

Dich nudi cdy 16ng duogc ly tim 4.000 vong/phut trong 5 phut dé thu sinh khéi, sinh
khéi duoc rira hai 1an véi nudce cat. Sau d6 sdy & 105°C dén khéi lugng khong ddi. Thu

duoc sinh khoi nam men kho.

Quy trinh tach chiét chung:

+ Can m (g) sinh khdi ndm men kho, pha mang té bao bang acid HCl/enzyme
cellulase.

+ Vortex k¥ trong 3 phut. Ly tdm 4.000 vong/phut trong 5 phit, thu dich ndi c6
chira séc to.

+ Thém vao phan cin 10 ml dung mdi can khdo sét (acetone, ethanol va methanol),
vortex k¥ roi ly dem ly tam 4.000 vong/phut trong 5 phut, thu dich ndi (chiét 2 - 3 1an
dén khi phan cin hét sic t6).

+ Thu tat ca dich chiét can khao sat (acetone, ethanol va methanol) va dich noi
chtra sdc t6 r0i gop chung lai véi nhau. Thém vao petroleum ether (PE) (ti 1& PE: dich
chiét 1a 1:2) va 10 ml nudc cat, bd sung NaCl 20% (w/w). Thu pha petroleum ether co
chura sic t6 ¢ phia trén.

- Thu dich néi sdc t6 trong pha petroleum ether.

- Dinh mirc vé mot thé tich nhat dinh (Vml) bdng PE.

- Do ODausgnm va tinh ham luwong astaxanthin.
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2.4. Khao sat hoat tinh khang oxy hoa cua astaxanthin

2.4.1. Phwong phap khdo sdt hoat tinh khang oxy hoa DPPH

Xac dinh hoat tinh khang oxy hoa cua sic t6 trong dich chiét va chat d6i ching
bang cach khao sat kha ning bét gbc ty do DPPH nhu sau:

Pha miu astaxanthin thanh cac nong do tir 0 dén 8 pg/ml bang DMSO va d6i ching
duong 1a BHA, vitamin C. Dyng dudng twong quan giita mat d6 quang OD va ndng do
ctia chat dang khao sat: Cho 1 ml mau v6i ndng d khac nhau vao timg 6ng nghiém,
thém vao 1,5 ml DPPH 20 pg/ml, lic déu va u téi 30 phut & diéu kién nhiét do phong.
Do d6 hap thu & budc song 517 nm. BHA va vitamin C duoc sir dung 1am chimg duong.

Tir két qua thu dugce dung d6 thi biéu thi twong quan gitra mat d6 quang ODs17 nm
va ndng d6 cua chat dang khao sat, dd thi dang y = ax + b vdi y 1a mat do quang, x 1a
nong d6 mau.

Ti 1é phan trim trc ché DPPH duoc tinh theo cong thirc 2.4

Ti 1é bat gdc DPPH (%) = (Adéi ching - Amiu)* 100/Adéi chimg (CT 2.4)

Trong do:

Adéi chimg 12 0 hip thu cta dng dbi chimg
Az 12 d6 hip thu cia dung dich mau va DPPH

++ Cach tinh 1Cso

Trong trudng hop nay, ICso 12 gia tri tng v6i ndng d6 chit thir nghiém c6 kha ning
bét dugc 50% géc tu do DPPH hién dién trong dung dich.

Thay hiéu qua bat gbc tw do DPPH (%) bang 50% vio cong thirc 2.7, ta tinh duoc
Anmu.

Tir Amiu va dudng tuong quan xac dinh dugc ndng do ctia mau tuong tmg (ICso).

Tir két qua thu duoc dung d6 thi biéu thi twong quan gia mat d6 quang.

Két qud can dat

- Ty 18 bat gdc DPPH ctia cic mau astaxanthin, vitamin C va BHA.

- So sanh gia tri ICso clia cAc mau astaxanthin, vitamin C va BHA, tir d6 két luan
mau nao co hoat tinh bat gbc DPPH cao nhét.

2.4.1.1. Khdo sdt hoat tinh bit goc ABTS+

Chuan bi dung dich gbc ty do ABTS*

Lac nhe 10 ml dung dich ABTS 7 mM véi 10 ml dung dich potassium persulphate
2,45 mM (khong mau), dé yén 12 - 16 gio trong toi ¢ nhiét do phong.
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Trude khi st dung, thém methanol vao dung dich géc tw do ABTS* dé duoc do
hép thu 0,7 £ 0,2 & bude song 734 nm.

- MaAu astaxanthin dugc pha thanh cic nong do tir 0 dén 25 pg/ml bang methanol
(cach nhau 5 don vi).

- Cho 0,2 ml mau thir dugc thém vao 1,8 ml dung dich géc tw do ABTS*, lic déu
va i 6 phut trong toi & nhiét do phong.

Do mat dd quang ¢ budc song 734 nm.

- Mau trang dugc thyc hién bang cach dung methanol thay thé thudc thir.

- Ong khong véi mau thay thé biang methanol.

- Str dung vitamin C, BHA 1am ddi ching dwong.

> Céch tinh ty 1¢ bt gbc tw do ABTS*

Ty 1& bat gdc ABTS* (%) = (1 - (Ai - Aj)/Ao) x 100% (CT 2.5)

Trong do:

Ao: Mat d6 quang cta dng khong

Ai: Mat d6 quang ctia mau

Aj: Mat d6 quang mau tring

Két qud can dat

- Ty 18 bat gdc ABTS" ctia cac mau astaxanthin, vitamin C va BHA.

- So sanh gia tri ICso ctia cac mau astaxanthin, vitamin C va BHA, tir d6 két luan
mAau nao co hoat tinh bit gdc ABTS* cao nhit.

2.4.1.2. Phwong phdp khdo sdt nang lyc khir

Ning luc khir ciia mot chat 1a kha nang chat d6 cho dién tir khi chat d6 tham gia
vao phan ung oxy hoa khir. Trong phuong phap cua Oyaizu (1986), chat khir s& khir
potassium ferricyanide (Ks[Fe(CN)e]) thanh potassium ferrocyanide (Ks[Fe(CN)s]), hay
ndi cach khac ion Fe3* trong phan tir potassium ferricyanide s& bi khir thanh Fe?* trong
phan tir potassium ferrocyanide. Phuong trinh phan ing nhu sau:

Ks[Fe(CN)e — Ka4[Fe(CN)e]

Sau d6, Fe®* dugc bo sung vao tao thanh mot phirc hop ferrocyanide mau xanh
cuong do mau ty 1€ vdi ham luong ion ferrocyanide, tuc 1a ty 1€ véi kha nang khir cua
hop chét thir nghiém [54].

4Fe** + 3[Fe(CN)e]* —> Fes[Fe(CN)s]s.
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< Cach tién hanh

Lay 1,2 ml hdn hop phan tmg gém chit thr nghiém astaxanthin pha lodng thanh
cac ndng do tir 0 dén 25 pg/ml bang methanol, sau d6 cho dém phosphate 0,2 M, pH =
6 va duoc U voi potassium ferricyanide (1%, w/v) & 50°C trong 20 phit. Ding phan (mg
bang dung dich TCA (10% w/v) va ly tim 10000 vong/phut trong 10 phat. D6 hap thu
cta dung dich duoc do bang may quang phd ké ¢ budc song 700 nm. D6 hip thu cua
dung dich ty 1 v6i nang lyc khir cua chat thir nghiém. BHA va vitamin C duoc st dung
lam ching duong.

Két qud can dat

- Gia tri AOD700 nm clia cac mau astaxanthin, vitamin C va BHA, tir d6 so sanh
nang luc khir cuia cac mau.

2.4.2. Ddnh gid hoat tinh khdng khudn ciia astaxanthin thu nhén tiv ném men
Rhodosporidium turoloides

2.4.2.1. Dinh tinh bang phwong phdp khuéch tin trén dia thach

Chuan bi méi trudng cao thit pepton: Pha méi trudng cao thit pepton voi cac thanh
phan nhu d3 trinh bay & trén. Sau d6, méi trudng cao thit pepton duoc hap khir tring va
d6 vao cac dia petri (@ = 10) v6i thé tich khoang 25 ml dé tao mit thach.

Chuéan bj cac chung vi khuén thir nghiém: Cay cac chung vi khuan thir nghiém vao
moi trudng cao thit pepton di dugc khir trung. U & 37°C trong thdi gian tir 6 - 8 gior dé
hoat hoa cac chung vi khuan: Bacillus subtilis, E. coli, Pseudomonas aeroginosa,
Salmonella typhi, Staphylococcus aureus. So sanh d6 duc cua dich vi khuin nudi ciy
v6i do duc chuan 0,5 Mcfarland, twong (mg véi mat do vi khuan trong khoang 1 — 2 x
10® CFU/ml. Mat d6 vi khuan nay dugc cd dinh dé tién hanh sir dung cho thir nghiém
hoat tinh khang khuan cua dich chiét astaxanthin.

Céc 16 thach c6 dudng kinh 12 5 mm, mdi dia s& dyc 6 16 tuong ing vai timg néng
d6 astaxanthin khao sat (25 pg/ml, 50 pg/ml, 75 pg/ml, 100 pg/ml) va d6i chimg am
DMSO, ddi chimg duong 1a khang sinh (KS) chloramphenicol 5 pg/ml.

Chuan bi cac chat thir nghiém: Astaxanthin dugc hoa tan trong DMSO véi tirng
ndéng do (ng/ml): 25 pg/ml, 50 pg/ml, 75 pg/ml, 100 pg/ml. P6i ching am duoce sir dung
cling chinh 1a DMSO. Déi chimg duong 1a khang sinh (KS) chloramphenicol.

Sau d6 dung pipetman hut chinh xac 50 pl cic chat thir nghiém cho vao céc 16

thach. Céc thao tac phai dugc tién hanh trong diéu kién vo tring.
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U nhiing dia petri nay trong 24 gid ¢ nhiét d6 37°C. Sau ciung, quan sat két qua
dira vao vong vo khuan. Néu mau c6 tao vong vo khuan ching to chat thir nghiém c6
kha ning khang dugc ching vi khuan thir nghiém.

2.4.2.2. Khdo sdt nong dp irc ché toi thieu MIC (Minimum Inhibitory
Concentration)

- Ting sinh chang vi khuan can khao sat trong méi trudng cao thit pepton.

- Sir dung dia 96 giéng, tién hanh pha lodng astaxanthin bang DMSO 10% dé
dat cac ndng d6 25 pg/ml, 50 pg/ml, 75 pg/ml, 100 pg/ml nhu da néu trén véi tong thé
tich caa ché pham 13 100 pl.

- Tiép tuc thém 100 pl dich vi khuan can khao sét vao giéng.

- Chtng @m la DMSO 10% va chung duong 1a khang sinh chloramphenicol 5
pg/ml.

- Tién hanh do ODeoo nm tai thoi diém 0 gid rdi dem u & 37°C, cach 60 phut do
mét 1an, thuc hién trong 6 gio.

- Tinh AODgoonm Vi gid tri OD Ilc 0 gio cia méi mau va dung dudng cong ting
truéng cua vi khuan.

Tur d6 xac dinh néng dd trc ché tdi thiéu ma astaxanthin c6 thé khang dugc vi khuén
nghién ctru.

2.4.3.  Ddnh gid khd nding ting mau sdc trén cd dia dé Symphysodon sp.

- Dbi tuong thi nghiém: C4 dia d6 thi nghiém dwoc nudi dudng trong bé chira
nhing cé cung kich thudc dé bd tri thi nghiém, cé c6 kich thudc 6 cm (ca 3 thang tudi),
stc manh va khong di tat.

- Bé kinh kich thuée 1,2 m x 0,6 m x 0,6 m.

- Thuc an chinh cho dia c4 do: Thuc dn ché bién (tim bo 97,9%, vitamin tong
hop).

- Cac test kiém tra chat lugng nuéc nhu pH, oxy, do ctng.

- Thu nghiém bo tri:

- Thi nghiém duoc b tri theo phuong phap hoan toan ngiu nhién 1 element,
prefix astaxanthin 4 mirc do (0 mg / kg, 25 mg/ kg, 50 mg / kg, 75 mg / kg). Thi nghiém
gém 8 cong thirc, mdi cong thirc nhéc lai 3 1an, mdi lan lap lai b6 tri 1 bé ca c6 30 dia
c4 do. Qua trinh thir nghiém duoc tién hanh voi cac diéu kién thong sb chat lugng nude

thich hop, pH = 6,5, nhiét d6 28 - 300C, do ctimg nudc 8 - 10 °dH.
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Bang 2. 2: Phuong phap b tri thi nghiém

Nghiém thirc AODC)| A5 | ASO | ATS
Astaxanthin chiét xuat (san pham ciia dé tai) mg/kg 0 25 50 75
Astaxanthin trén thi truong (d6i ching) mg/kg 0 25 50 75
S Iwong cé thi nghiém (con) 30 30 30 30

- Astaxanthin ham lugng duogc bo sung vao thirc an nhu sau: Tim bo dugc xay
nhuyén, bd sung céc tién t6 bang cach hoa tan sic té trong nudc 4m (60°C) sau do két
hop cho dén khi két hop ¢6 mau do cam, €ép tim bo thanh miéng mong, trit & nhi¢t do tur
- 5°C cho c4 an dan.

- Trong thoi gian thi nghiém ca dugc cho dn 2 lan/ngdy véi thirc an c6 két hop
astanxanthin. An thirc dn duogc kiém tra va diéu chinh theo nhu cau. Thirc dn bao gom
ching thuc nghiém thirc (tim bo + tong hop vitamin).

- Thoi gian thyc nghiém 90 ngay.

- Trudc khi bit dau thir nghiém, thu 30 mau c4/ nghiém thirc dé danh gia mau séic
chi s6. Trong thoi gian thir nghiém ca duoc danh gia chi sé mau sic 2 tuan/ lan.

- So sanh két qua thu duoc tir cac cong thirc dé xac dinh lidu luong bd sung hiéu
qua nhat hop chét astaxanthin vao thirc dn cho ca.

Chi tiéu theo doi:

- Chi s6 mau séc: 2 tudn/ lan.

- Céc chi tiéu chit luvong nudc: Ham luong oxy hoa tan (mg/L), pH, nhiét do
nudc, ham luong amonia (mg/L), NO2.

- Két qua du kién dat dugc: liéu luong, bo sung hi¢u qua nhét cua astaxanthin vao
thtrc an cho cé dia do.

25.  Xirly sd liéu

- Céc s liéu dugc xir 1y va xac dinh y nghia thong ké bang phan mém Microsoft
Excel 2013, phan mém xir 1y Statgraphics (Statistics graphics system). Su khac biét co
¥ nghia & mirc p = 0,05 (p: Probability) ciia cac gia tri dugc biéu hién bang cac miu tu
khac nhau.

- Céc sd lidu dugc tinh trung binh va ding sai s6 chuan cua gia tri trung binh dé
tinh sai s6. Trinh bay sé liégu MEAN = SE.

- Dung phan mém Design Expert 7.0.
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CHUONG III. KET QUA VA THAO LUAN

3.1. Nghién ciu thu nhan astaxanthin trén tao H. pluvialis
3.1.1. Hinh thai té bao va cdc giai doan dic trung ciia tdo H. pluvialis

Nhiéu c6ng trinh nghién ciru vé vong doi caa vi tao H. pluvialis da chi ra rang sinh
truong cua lodi tao ndy trai qua 4 giai doan véi hinh thai, kich thudc va ham luong sic td
khéc nhau. Trong nghién ctru nay, ching t6i cling da quan sat duoc 4 giai doan sinh truong
co ban cua tao: giai doan té bao (TB) sinh dudng, giai doan tao bao nang, giai doan TB
nang hoan chinh va giai doan nay mam. O diéu kién thuan loi, té bao tao chu yéu & dang
sinh dudng hinh elip mau xanh, c6 hai roi, chuyén dong duoc, tao phan chia té bao dé
gia ting sd lugng, kich thudc té bao nho khoang 12 - 13nm, dang té bao nay chiém chu
yéu trong 12 ngay nudi dau tién. Giai doan nay, ham luong chlorophyll a trong tao cao
va ham luong carotenoid trong té bao tao thap. Tir 12 d&én 14 ngay nubi tiép theo, tao
chuyén sang giai doan tao bao nang non, day 1a dang té bao hinh khéi cau, mau xanh,
mét hai roi, khong c6 kha ning chuyén dong.

Khi gip diéu kién bat loi nhu thiéu hut dinh dudng, cuong do anh séng cao, v.v.,
té bao tao chuyén sang giai doan nang bao tt, kich thudc té bao ting dot ngot, tich liy
astaxanthin cao va ham luong chlorophyll a trong té bao & giai doan nay giam. Trong
nghién ctu ndy, tir 14 dén 20 ngay nudi tiép theo, tao chuyén sang giai doan tao bao
nang, kich thuéc té bao ting 1én khoang 38 — 40nm noi chét bén trong té bao c6 mau
nau do tao bt dau tich lily astaxanthin. Sau 18 ngay nudi, cac té bao tao chuyén sang
dang nang hoan chinh, c6 mau dé dam va sic t6 chu yéu 1a astaxanthin.

Té bao tao ¢ trang thai nang hoan chinh khi gap méi trudng nudi mai vai cac
diéu kién thuan loi cho su sinh truéng, tao s& chuyén sang giai doan nay mam. O giai
doan nay, hinh thai va ciu tao té bao c6 sy thay doi tir hinh cau chuyén sang hinh elip
¢6 2 roi va di chuyén dugc. Ngoai ra mau sac bén trong tao bién doi tir d6 ¢dam sang mau

nau va cudi cung 12 mau xanh dé bat dau mot chu ky mai.



Hinh 3. 1: Sy thay d6i mau sic cua tao H. pluvialis (quy md nudi 10 lit)
3.1.2.

kho cua tdo H. pluvialis

Anh hwong ciia cdc méi trwong dinh dwong 18n mét dg va trong lwong

Bang 3. 1: Mat do té bao ctia H. pluvialis & 4 loai méi truong RM, C, B va F2 (x10%)

Ngay thi nghiém

NT
0 12 14 18
RM 6,00 + 1,00? 49,00 + 1,00? 51,33 + 1,167 37,67 +2,51%
C 6,33 + 1,532 36,00 + 1,73° 39,33 + 2,08° 26,00 + 7,21°
B 6,00 + 0,00? 38,00 + 2,00° 43,00 + 1,00° 27,33 £ 0,56%
F2 6,00 + 1,00? 0,00 = 0,00¢ 0,00 + 0,00¢ 0,00 + 0,00¢

S6 liéu trinh bay trong bang 1a gia tri trung binh + dé léch chuan cua timg nghiém thirc, so liéu

trén cling cét c6 cac chir cai khac nhau thé hién sai khdc ¢6 y nghia thong ké (P < 0,05).
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Hinh 3. 2: Sy thay d6i mat do té bao cia H. pluvialis & 4 loai méi truong RM, C, B va F2

Bang 3. 2: Trong lugng kho ctuia H. pluvialis ¢ 4 loai moi truong RM, C, B va F2

Ngay thi nghiém

NT
0 12 14 18
RM 0,57 = 0,052 1,86 + 0,01° 2,10 +£ 0,082 2,32 + 0,142
C 0,53 +0,11° 1,64 + 0,34% 1,75+ 0,10? 1,91 +£0,07°
B 0,54 +0,15? 1,74 £ 1,00? 1,98 + 1,56% 2,18+ 0,062
F2 0,56 + 0,01? 0,00 + 0,00° 0,00 + 0,00° 0,00 + 0,00¢

S6 ligu trinh bay trong bdng 1a gia tri srung binh + dé léch chudn cua timg nghiém thurc, s6 liéu

trén cling cét c6 cac chir cai khac nhau thé hién sai khdac ¢6 y nghia thong ké (P < 0,05).
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Hinh 3. 3: Trong luong kho cua H. pluvialis ¢ 4 loai méi truong RM, C, B va F2

Két qua nghién cttu anh huong cua bdn loai méi truong dinh dudng khac nhau
1én sinh truéng cua vi tao H. pluvialis duoc danh gia théng qua mat do té bao (MDTB)
va trong lugng kho duoc trinh bay qua Hinh 3.3 va 3.4.

Trong 14 ngay nudi cdy ddu MPTB ting dan va dat cuc dai vao ngay nudi thir
14, sau d6 mat d6 giam dan. Nguoc lai, trong lugng kho cua tao lai ¢ xu hudng ting
dan theo thoi gian nuéi. Piéu nay duoc giai thich 1a khi MDTB tao vao pha 6n dinh
(ngay nudi thi 14) té bao tao giam phan chia va tao chuyén tir giai doan té bao sinh
dudng sang giai doan tao bao nang nén kich thudc té bao giai doan ndy bit dau ting 1én
do vay ma trong luong khd cua tao ciing tang dan.

Két qua ching t6i ghi nhan qua Bang 3.1 va Hinh 3.3 cho thiy, tao c6 kha niang
sinh truéng, phét trién trén ca ba moi trudng RM, C va B trong khi d6 & maéi truong F2
thi khong thich hop cho su phét trién cua tao, trong méi truong F2 tao sinh trudng kém
c6 hién tuong lang day va tan lui vao ngay nudi thi 10. Tuy nhién, trong ba mai truong
RM, B, C & ciing thoi diém khao séat chiing ta thidy MDTB khac biét ¢6 ¥ nghia vé mat
théng ké. Moi trudng RM tao sinh trudong va dat MDTB cao nhét 14 5,13 x 10° TB/ ml,
ké dén 12 moi truong B vai mat do 4,3 x 10° TB/ ml va thap nhat 1a méi truong C Voi

mat do 1a 3,93 x 10° TB/ ml. Nhu vay, sy sinh trudng va phét trién cua tao & cac moi
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truong dinh dudng 13 khac nhau diéu nay c6 thé do thanh phan dinh dudng trong mai
truong da anh huong dén két qua thi nghiém.

Theo cong bd caa nhiéu tac gia trén thé gisi thi nitrate da dugc xem 1a mot trong
nhitng ngudn nito tot nhat cho sinh truéng caa H. pluvialis (Yuan va Chen, 2001). Bng
thoi, ndng do nitrate thich hop trong méi truong ciing giup kéo dai trang thai sinh dudng
cua té bao vi tao (Ranjbar va cs., 2008). Thanh phan méi trudng RM, B va C trong
nghién ctitu khéng khac nhau nhiéu nhung cé su chénh léch vé ndng do khé I6n dic biét
la ndng d9 nitrate trong moi trudng RM cao gap 300 1an ndng d nitrate trong mdi trudng
C va twong duong v6i moi trudng B. Diéu nay c6 thé 13 nguyén nhan dan dén tao ¢ kha
ning sinh trudng tét trong moi truong RM va B hon mai trudng C. O moéi truong F2
mac di trong thanh phan méi trudng cé chira nitrate (thap hon RM 4 1an) nhung thanh
phan méi truong rat khac biét so voi méi trudng RM, C va B.

Bén canh MDTB thi trong lugng kho cua tao cling chiu anh huong tir 4 loai moi
truong dinh dudng khac nhau. Trong luong kho cua tao dat cao nhat 1a 2,32 g/l & moi
truong RM sau 18 ngay nudi cy va khac biét co ¥ nghia so voi cac méi trudng con lai.
Két qua thi nghiém chung t6i thu dugc phi hop véi cdng bb caa Bang Diém Hang va
cs., (2010) da xac dinh méi truong RM 13 t6i wu cho qua trinh sinh truéng cua H.
pluvialis khi nudi & binh thé tich 10 lit. Tuy nhién MPTB va trong luong khd trong
nghién ctu cua Bang Didm Hong va cs., (2010) lan luot 1a 38,3 x 10* TB/ml, 1,86 g/l
thip hon so voi két qua cua ching t6i, diéu nay cé thé do diéu kién bé tri ching t6i toi
vu hon nhu cung cip thém CO; cho tao quang hop va suc khi lién tuc trong thai gian thi
nghiém.

3.1.3.  Anh hwéng ciia cic méi trwong dinh dwéong lén ham lwong sdc té
chlorophyll a va astaxanthin csa tdo H. pluvialis

Song song véi viéc theo doi MDTB va trong luong kho cua tao, su thay doi ham
luong chlorophyll a va astaxanthin caa loai tao nay cling dugc trinh bay qua Hinh 3.5
va 3.6. Két qua thi nghiém cho thy, ham lugng chlorophyll a va astaxanthin cé su thay
d6i 16 nét theo hudng nguoc chiéu nhau trong suét thoi gian nudi cay. Ham luong
chlorophyll a trong té bao ting dan theo thoi gian nudi cay va dat gia tri cuc dai vao
ngay nudi thir 14. Sau d6, ham luong nay giam dan & nhitng ngay nudi cay tiép theo.
Két qua ghi nhan cua ching toi phi hop véi céng bd cia Sperry (1970) da két luan rang

ham luong chlorophyll a ¢c6 xu huéng giam dan trong qua trinh tich Iily astaxanthin.



61
Nguoc lai thi ham lugng astaxanthin lai ting dan trong suét thoi gian thi nghiém va sac
t nay dat cuc dai khi thoi gian nudi ciy sau 18 ngay, day 1a lic méi truong tré nén thiéu
dinh dudng thich hop cho qua trinh tich lily astaxanthin trong té bao tao.

Bang 3. 3: Ham luong chlorophyll a cia H. pluvialis trong 4 méi trudng nudi cay

Ngay thi nghiém
NT

0 12 14 18

RM 105,8 * 8,61° 782,25 + 2,72 794,01 +29,01*  650,4 + 58,78?
C 110,15 £ 24,02* 609,62 + 144,2% 713,05 + 103,69* 654,97 + 32,41*
B 111,15+ 22,83* 667,13 £120,7¢ 740,53 £ 65,07 555,68 + 16,04°

F2 110,73 + 22,642 0,00 + 0,00° 0,00 + 0,00° 0,00 + 0,00°

S6 liéu trinh bay trong bang 1a gia tri rrung binh + dé léch chudn cua timg nghiém thirc, so lidu
trén cung cot co cac chir cai khac nhau thé hién sai khac cé y nghia thong ké (P < 0,05).
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Hinh 3. 1: Su thay d6i ham luong chlorophyll a cua H. pluvialis
trong 4 moi truong nudi cay
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Hinh 3. 2: Sy thay d6i ham luong astaxanthin cua H. pluvialis
trong 4 moi truong nudi cay

MDTB va trong luong khd cua tao trong méi truong F2 1 thdp nhat, thi ham
lwong sic td chlorophyll a va astaxanthin ciing thap twong tng. Su thay doi ham luong
sic td trong ba méi trudng con lai ciing xdy ra twrong tw VSi su thay d6i MDTB va trong
luong khé cua tao.

Ham luong chlorophyll a va astaxanthin cua tao trong méi trudng C dat chi sb 12
713,05 pg/l va 375 pg/l thip hon so véi tao trong moi trudng B 1a 740,53 pg/l va 453
png/l, moi trudng RM c6 gid tri cao nhat tuong tmg 13 794,03 ug/l va 487 pg/l. Két qua
vé su thay doi ham lugng sac té astaxanthin trong 4 méi truong nudi cay cua ching toi
tuong duong vai két qua cia Pinh Ptic Hoang va cs., (2011) ciing nhan dinh rang tao

nudi cy trong moi trudng RM cé ham lugng sac t6 1 cao nhit.
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Hinh 3. 3: Mat do té bao thay doi theo thoi gian thi nghiém (x 400 1an)
3.1.4. Anh hwéng dnh sdng dén vong doi tang trwéng cia H. pluvialis (qui md
10 Iit)
Sy thay ddi cac thdng s nghién ctiru nhu MPTB, trong luong kho va ham luong
sic t6 cua H. pluvialis véi 4 loai 4nh sang khac nhau duoc thé hién rd trén Hinh 3.8, 3.9,
3.10 va 3.11. Két qua nghién cau cho thiy, MDTB va ham lugng chlorophyll a dat cuc
dai 12 5,53 x 10° TB/ml va 4,6 x 105 TB/ml; 777,34 pg/l va 664,52 pg/l twong tng trén
anh sang tring va xanh vao ngay nudi thir 14, sau d6 c6 xu hudng giam dan theo thoi
gian nudi. Khac véi xu hudng thay d6i mat do té bao, trong luong kho va ham luong
astaxanthin cé chiéu huéng ting dan va cao nhit vao ngay nudi thir 18 cua anh séng
trang 1a 2,35 g/l va 469,33 pg/l, anh sang xanh 1a 1,9 g/l va 412 pg/l twong tng. DI Voi
anh sang tim va do thi MDTB dat cao vao ngay nudi thir 8 - 10 khoang 2,6 — 3,3 x 10°
TB/ml va sau d6 tao giam nhanh, quan sat chang t6i ghi nhan & anh sang do va tim tao
c6 mau nhat dan va da sb tao bi chét. Bén canh d6, ham lugng chlorophyll a va
astaxanthin cua tao & nghiém thirc anh sang tim, d6 ciing thap nhat va déu giam dan theo
thoi gian thi nghiém.

Nhu vay, ¢ cac loai &nh sang khéac nhau da anh hudng dén su sinh truéng va phéat
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trién cua tao H. pluvialis. Diéu nay c6 thé do su khac nhau vé budc séng, mau sic cua
cac anh sang da anh hudng dén nhiét do trong nudi tao.

O anh sang d6 voi budc séng cao (610 < A < 760) nén nhiét do tao ghi nhan la
trén 40°C gié tri ndy cao hon rat nhiéu véi gidi han sinh truéng cua tao H. pluvialis
(nhiét @o thich hop cho tio sinh truéng khoang 25 - 28°C) nén xay ra hién tugng tao
chét nhiéu & nghiém thac nay. Anh sang tim véi buéc séng thap (4 < 380) ciing khdng
thich hop cho tao phét trién. G nghiém thtc anh sang tring va xanh (budc séng 500
< A < 570), nhiét do tao la 25 - 26°C nén thich hop cho tao trong thoi gian thi nghiém.
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Hinh 3. 4: Su bién dong mat do té bao cta H. pluvialis dudi cac loai anh sang khac

nhau

Trong lwgng kho (g/1)
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Hinh 3. 5: Trong lugng kho cua H. pluvialis ¢ 4 loai anh sang khac nhau
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Hinh 3. 6: Sy thay d6i ham lugng chlorophyll a cta H. pluvialis & 4 loai anh sang khac nhau
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Hinh 3. 7: Su thay d6i ham lugng astaxanthin ctia H. pluvialis & 4 loai anh sang khac nhau

3.1.5.  Anh hwéng ciia ché d¢ dnh sdng dén hiéu quad tich liiy astaxanthin ciia
H. pluvialis

Qua trinh té bao tao H. pluvialis chuyén tir dang sinh dudng sang dang bao nang

tong hop astaxanthin c6 thé thuc hién theo hai cach khéac nhau. Mét 1a qui trinh nudi tao
mot pha: nudi tao trong moi trudng cho dén khi dich tao chuyén sang mau d6 do can
Kiét moi truong dinh dudng. O hinh thizc nay thoi gian nudi tao kéo dai khoang 30 ngay
va ham lugng astaxanthin tich 1ty chua cao. Hai la ap dung qui trinh nuéi tao H. pluvialis
2 pha trong d6 pha mot nudi cay tao dudi diéu kien tdi vu dé dat mat do té béo cuc dai,

sau d6 tao duoc chuyén vao pha 2 co cac diéu kién thuan loi cho viéc tich lily astaxanthin
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da duoc chitng minh 12 mé hinh hiéu qua dé thu duoc sinh khéi H. pluvialis giau
astaxanthin (Olaizola, 2000).

Trong thi nghiém nudi cay 2 pha voi pha 2 séc cuong do chiéu sang va thai gian
chiéu sang, chung toi d3 tién hanh theo ding qui trinh trén. Trong 14 ngay dau tao duoc
nudi trong diéu kién t6i wu cho dén khi tao di vao pha 6n dinh véi mat do té bao cuc dai.
Tiép theo, tao dugc chuyén sang diéu kién sdc cuong do chiéu sang va thoi gian chiéu

sang dé kich thich té bao chuyén sang giai doan bao xac ¢ thé tich lily astaxanthin cao.

Két qua nghién ctu cho thiy sy thay dbi ham lwong astaxathin trong 2 pha cua thi
nghi¢m dugc trinh bay qua Hinh 3.12 - 3.15.
3.1.6. Anh hwéng ciia cwong dp chiéu sdng dén higu qud tich liiy astaxanthin
cua H. pluvialis
Bang 3. 4: Ham luong astaxanthin ctia H. pluvialis khi gy soc bing cuong do chiéu

sang khac nhau

Nghiém thirc

NG
i DC (umol/m?/s) 120 (umol/m?/s) 180 (umol/m?/s)
14 324,8 + 0,002 324,8 + 0,00? 324,8 + 0,002
1 558,93 * 26,06" 724,27 + 16,03? 752,53 + 33,572
2 628,27 + 16,11° 942,4 + 31,962 360 + 54,19°¢
3 968,53 + 54,19° 1891,2 + 3,22 96 +135,1°
4 1073,6 + 66,7° 4618,67 £ 12,12 0,00 +0,00°

S6 ligu trinh bay trong bang 1a gia trj trung binh + dg léch chuan cuia timg nghiém thirc, s6 ligu
trén cung hang co cac chir cai khac nhau thé hién sai khac co y nghia thong ké (P < 0,05).
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Hinh 3. 8: Sy thay d6i ham luong astaxanthin cta H. pluvialis khi gay sbc bang cudng
d6 chiéu sang khac nhau

Sy thay doi vé& ham lugng sic td astaxanthin duoc trinh bay qua Bang 3.4 va Hinh
3.12. Két qua cho thdy, ham luong astaxanthin cua cong thirc dbi ching va thi nghiém
c6 xu huéng ting dan trong ca 2 pha. Tuy nhién, khi c¢é sir dung tac nhan gay séc la
cuong do &nh sang cao ¢ pha II thi ham luong astaxanthin ting dot bién va c6 su khéc
biét c6 ¥ nghia thdng ké gitra céng thirc d6i chirng va thi nghiém.

Sau bén ngay gay stress, & nghiém thtc cuong do chiéu sang 120 umol/m?/s thi
ham luong astaxanthin cao nhét véi gia tri 1a 4618,67 ug/l, & nghiém thirc dbi chiing véi
cuong d6 chiéu sang 90 pmol/m?/s thi ham lugng astaxanthin thu duogc 1a 1073,6 pg/l.
Riéng & nghiém thic c6 cudong d6 chiéu sang 1a 180 pmol/m?/s thi ham luong
astaxanthin lai giam nhanh trong pha nudéi thir hai, & nghiém thirc nay cuong d6 anh
sang bi thay d6i cao nén da phan tao bi ling day va chét dan. Nhu vay, ¢ cac cuong do
chiéu sang khac nhau di anh huong dén hiéu qua tich lily astaxanthin cua tao H.
pluvialis. Diéu nay co thé do twong tng véi cuong do anh sang cao thi nhiét do nudi tao
cling tang theo, két qua ching t6i ghi nhan ¢ nghiém thac cuong d6 chiéu sang 1a 180
umol/m?/s nhiét do 1 trén 40°C day la gia tri cao hon rat nhiéu so véi gidi han sinh
truong cua tao H. pluvialis (25 - 28°C). O nghiém thic cudong do chiéu sang 120
umol/m?/s nhiét do 1a 35°C, day 1a nhiét d6 phi hop cho su tich lily astaxathin. O nghiém
thirc dbi ching nhiét ¢6 dugc duy tri 1a 25°C. Két qua cia chung toi twong duong véi

két qua ctia mot s6 cong trinh da cong bd nhu cuong d6 anh sang cao la mét trong nhing
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yéu t hiéu qua dé kich thich tong hop astaxanthin do d6 thuong duge ding dé ting san
Xuat astaxanthin (Choi va cs., 2011). Cudng do anh sang trong khoang tir 60 dén 90
umol/m?/s, cac té bao tao H. pluvialis ting truong tot nhat, trong khi cudong do anh séng
thap hon tir 15 dén 30 pmol/m?/s hoic cao hon160 umol/m?/s tao tang truang kém (Park,
2011). Theo bao céo cua Tripathi va cong su (2002) (trich Smith, 1950) thi nhiét do
thich hop cho su tich liy astaxanthin 14 35°C trong diéu kién nay thi té bao vi tao sinh
tredng di dudng.
Bang 3. 5: Trong luong khé cua H. pluvialis khi gay sdc bang cuong d6 chiéu sang

khac nhau

Nghiém thirc

NG
gay DC (umol/m?/s) 120 (umol/m?/s) 180 (umol/m?/s)
14 1,86 + 0,002 1,86 + 0,00% 1,86 + 0,00%

1 2,00 + 0,062 2,53 + 0,262 2,37 £ 0,292
2 2,26 + 0,042 2,93 £ 0,33% 0,52 +£0,27°
3 2,38+ 0,25° 3,68 £ 0,392 0,00 + 0,00°
4 2,55 + 0,58° 4,44 + 0,212 0,00 + 0,00°

So li¢u trinh bay trong bdng la gia tr; trung binh = dg \éch chudn cua tirng nghiém thic, so ligu
trén cung hang co cac chir cai khac nhau thé hién sai khac co y nghia thong ké (P < 0,05).
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Hinh 3. 9: Trong luong khé ctia H. pluvialis khi sé¢ bang cudng do chiéu sang khac nhau

Trong lugng kho cua téo ciing bién thién twong tu v6i ham lwong astaxanthin &
cac nghiém thirc c6 cudng do chiéu sang khac nhau trong thi nghiém. Sau bén ngay gay
stress, trong lwong kho cua tao & nghiém thic cuong d6 chiéu sang 120 pmol/m?/s va
nghiém thirc d6i chimg 13 4,44 g/l va 2,55 g/l twong @ng.

Quan st kich thudc té bao tao, ching toi nhan thiy ¢ ngay thir 4 cua nghiém thire
c6 cuong do chiéu sang 120 pmol/m?/s té bao tao di chin hoan toan kich thuéc té bao
I6n. Cung thoi diém khao sét thi ¢ nghiém thie dbi chitng phan 16n té bao tao con ¢
trang thai tao bao nang va mot sd it té bao tich lily astaxanthin. Nén c6 thé 1a ly do lam
cho trong luong kho cua tao & nghiém thirc cuong do chiéu sang 120 pmol/m?/s cao gap
1,7 1an so voi nghiém thicc di chiing. O nghiém thic ¢6 cuong do chiéu sang 180
umol/m?/s thi phan 16n tao chét vao ngay tha hai gay soc nén trong lwong khd cua tao

cling ¢6 chiéu hudng giam dan trong thoi gian thi nghiém.



Bang 3. 6: % astaxanthin/trong luong kho cua tao H. pluvialis ¢ cuong do chiéu sang
120 pmol/m?/s
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Thaoti gian Trong lwgng kho

Ham luwgng

%0 astaxanthin/TLK

(ngay) (/) astaxanthin (ug/1)
0 0,42 22,40 0,01
14 1,86 324,80 0,02
1 2,53 724,27 0,03
2 2,93 942,40 0,03
3 3,68 1.891,20 0,05
4 4,44 4.618,67 0,10

Két qua chang tdi ghi nhan qua Bang 3.6 cho thiy, sinh khéi tao chira astaxanthin
tang dan theo thoi gian thi nghiém, tai thoi diém két thac thi nghiém (sau khi gay soc 4
ngay) té bao tao da chin hoan toan thi gia tri ndy cao gap 10 lan so véi lic bat dau bd tri
thi nghiém. Tuy nhién, sinh khéi tao chura astaxanthin trong nghién ciru nay cao nhat 1a
0,1% TLK, ma theo két luan caa Yuan va cs., (2000) cho ring vi tao luc Haematococcus

pluvialis c6 kha ning tich liiy astaxanthin 1&n t&i trén 4% trén sinh khéi kho. Dé dat

duogc gid tri nay trong diéu kién nuéc ta thi con nhiéu van dé phai nghién cuu.

Mbt s6 hinh anh minh hoa cho sy thay doi kich thudc cua té bao va ham luong

sac to tao H. pluvialis dugc trinh bay qua Hinh 3.15.
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Hinh 3. 10: Hinh thai t& bao va ham luong séc t6 cua tao H. pluvialis dudi kinh hién vi
Hinh anh té bao chup trén kinh hién vi quang hoc cho thiy rd céc dang té bao
khac nhau trong ting cong thirc thi nghiém. O cong thirc d6i chung, tai thoi diém két
thic thi nghiém thi phan I6n tao van con & giai doan tao bao nang, trong khi d6 & cong
thire c6 cudng d6 chiéu sang 1a 120 umol/m?/s ching t6i ghi nhan tat ca tao di & trang
thai bao nang hoan chinh va tich lity mét lugng l6n astaxanthin trong té bao. Tuy nhién,
& cuong do anh sang cao 180 umol/m?/s thi té bao tao bi mat dan sic t6 va bi chét bat
dau tir ngay thir 2 sau khi gay séc tao.
3.1.7.  Anh hwéng cia thoi gian chiéu sdng dén higu qud tich liiy astaxanthin
cua H. pluvialis
Ké&t qua nghién ciru anh hudng cua thoi gian chiéu sang dén hiéu qua tich liy
astaxanthin cua H. pluvialis dugc thé hién qua Hinh 3.16. Két qua cho thdy, ham luong
astaxanthin cua céng thirc d6i chiing va thi nghiém ciing c6 xu huéng ting dan trong ca
2 pha. Tuy nhién, khi c6 st dung tac nhan gay sbc 1a thay doi thoi gian chiéu sang ¢ pha
IT thi ham luwong astaxanthin tang dot bién va cd su khac biét c6 ¥ nghia (P < 0,05) gitra
cong thirc di chiing va thi nghiém. O nghiém thic ¢é thoi gian chiéu sang 24 gio thi
ham luong astaxanthin dat cao nhat véi gia tri 12 3.076,8 pg/l sau 4 ngay gy soc.
Nghiém thtc c6 thoi gian chiéu sang 1a 12 gio (BC) va nghiém thic véi thoi gian chiéu

séng 16 gio thi ham lugng astaxanthin dat cuc dai twong ung la 1.454,4 ug/l va 1.156,8
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ng/l. Nhu vay, viéc ting thoi gian chiéu sang tir 12 1&n 24 gio da c6 hiéu qua tich cuc

dén sy tich lily astaxanthin ciia tao H. pluvialis. Ciing giong nhu thi nghiém séc cuong

d6 anh sang, khi thoi gian chiéu sang tang 1én thi nhiét do ¢ cac nghiém thic ciing ting

1én twong wng. Nghiém thirc c6 thoi gian chiéu sang 1a 16 gio nhiét do ghi nhan 1a 28°C

trong khi & nghiém thtc c6 thoi gian chiéu sang 1a 24 gio nhiét do tang 1én 33°C. Piéu

nay duoc giai thich I1a khi gap diéu kién bat loi vé nhiét do, té bao tao s& chuyén tir dang

sinh dudng sang dang bao xac tich lily astaxanthin cao. Két luan nay phu véi vai cong

bd cuia Boussiba va Vonshak (1991), khi tao H. pluvialis gap diéu kién bat lgi nhu cuong

d6 anh sang cao, thoi gian chiéu sang dai, nhiét d6 cao (trén 30°C) thi té bao tao s& co

co ché ty bao vé bang cach ngimg sinh truéng hoan toan, té bao chuyén tir trang thai

sinh dudng, c6 mau xanh sang dang bao xac, mau dé va tich lily astaxanthin trong té

bao.

Bang 3. 7: Ham lugng astaxanthin cua tao H. pluvialis khi gay sc bang thai gian

chiéu sang khac nhau

Nghiém thirc

Ngay
PC (giod) 16 (gio) 24 (gio)
14 384,00 + 0,00° 384,00 + 0,00° 384,00 + 0,00°
1 453,33 + 24,447 464 + 27,712 568,53 + 165,897
2 579,73 + 84,5P 767,47 + 125,7° 1409,6 + 15,3
3 819,73+ 197,8> 956,27 +184,4>  2086,4 + 518,7%
4 1156,8 + 1448 1454,4 + 42° 3076,8 + 2248

S6 ligu trinh bay trong bang 1a gia trj trung binh + dg léch chuan cuia timg nghiém thirc, s6 ligu
trén cung hang co cac chir cai khac nhau thé hién sai khac co y nghia thong ké (P < 0,05).
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Hinh 3. 11: Su thay d6i ham luong astaxanthin cta tao H. pluvialis khi gay sdc bang
thoi gian chiéu sang khac nhau

Két qua cho thay, trong 14 ngay cua pha | trong luong kho ¢6 xu hudng ting nhe
va khong khac biét gitta céc cong thie. Sau do, tao duoc chuyén sang nudi vai thai gian
chiéu sang khac nhau dé kich thich té bao tich liy astaxanthin. Luc nay trong lwong kho
cua tao trong pha II ciing c6 xu huéng ting dan nhung c6 sy khac biét c6 ¥ nghia (P <
0,05) giira cong thirc ddi chung va thi nghiém (Bang 3.8). O cdng thuce ddi ching va
cong thire ¢6 thoi gian chiéu sang 1a 16 gio thi trong lwgng kho c6 gié tri trong duong
nhau sau bon ngay gay sbc tuong ung 1a 2,24 g/l va 2,29 g/l. Céng thic c6 thoi gian
chiéu séng 1a 24 gio trong luong kho thu dwoc 1a 3,72 g/l cao hon so véi cdng thire ddi
chung va cong thtc o thoi gian chiéu sang 1a 16 gio. Quan sat kich thuéc té bao tao,
chung t6i ciing nhan thay & ngay thir 4 cia nghiém thtc ¢ thoi gian chiéu sang la 24
gio, té bao tao da chin hoan toan kich thudc té bao Ign. Cung thoi diém khao sat thi &
nghiém thirc d6i ching phan I6n té bao tao con & trang théi tao bao nang va mot sé it té
bao tich lily astaxanthin & cong thic ¢d thoi gian chiéu sang 16 gio. Diéu nay co thé l1a

ly do tao nén su khac biét vé trong lugng khd gitra cac cong thic thi nghiém.
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Bang 3. 8: Trong luong khd cua tao H. pluvialis khi gay séc bang thoi gian

chiéu sang khac nhau

Nghiém thic

Ngay
PC (gid) 16 (gio) 24 (gio)
14 1,84 + 0,007 1,84 + 0,007 1,84 + 0,00
1 1,92 + 0,15 2,02 +0,1b 2,59 +0,11°
2 2,15 + 0,09° 2,18 +0,19° 2,68 + 0,38°
3 2,23 +0,06° 2,26 +0,24° 2,84 +0,9°
4 2,24 + 0,15 2,29 + 0,220 3,72 +0,06°

S6 ligu trinh bay trong bang 12 gid tri rrung binh + dg léch chuan cua tung nghiém thirc, s6 ligu
trén cung hang cé cac chir cai khac nhau thé hién sai khdc cé y nghia thong ké (P < 0,05).
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Hinh 3. 12: Trong luong kho ctia H. pluvialis khi gay soc bang thoi gian chiéu sang khac nhau
Ciing giéng nhu két qua & thi nghiém sdc cudng d6 chiéu sang, & cong thic co
thoi gian chiéu sang 24 gio tai thoi diém két thdc thi nghiém thi sinh khéi tao chira
astaxanthin la 0,08% TLK (Bang 3.9).
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Bang 3. 9: % astaxanthin/TLK cta tao H. pluvialis ¢ thoi gian chiéu sang 13 24 gio

Thoi gian Trong lwgng Ham luwong % astaxanthin/TLK
(ngay) khé (g/l) astaxanthin (ug/1)
0 0,22 33,60 0,02
14 1,84 384,00 0,02
1 2,59 568,53 0,02
2 2,68 1.409,60 0,05
3 2,84 2.086,40 0,07
4 3,72 3.076,80 0,08

Hinh 3. 13: Sy thay d6i mau sic cua tao H. pluvialis & cac thoi gian chiéu sang khac nhau

Khi sir dung thoi gian chiéu sang 24 gio thi s& rdt ngan duoc thoi gian cia qué trinh
chuyén giai doan tir té bao sinh dudng sang dang nang bao hoan chinh. Bén ngay thi 2 sau khi
gay soc, chling toi quan sat thay dich tao chuyén sang mau nau do va tich Iy mot luong I6n

astaxanthin bén trong té bao cua chung. Budc sang ngay thir 3 va thi 4 thi dich tao c6 mau do
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dam hon, luong astaxanthin cling dugc tich lity cao hon, lic ndy tat ca c4c té bao di & trang thai
chin hoan toan va kich thudc té bao dat cao nhat (Hinh 3.17 va 3.18).
Ngay 14 1 2 3 4

Hinh 3. 14: Hinh thai t& bao va ham luong séc t6 cua tao H. pluvialis dudi kinh hién vi

quang hoc v6i d6 phong dai 400 1an & cac thoi gian chiéu sang khac nhau

Nhu vay, véi tic nhan gay séc tao trong pha 2 13 cuong do chiéu sang 120
umol/m?/s hoic thai gian chiéu sang 24 gio véi nhiét do 35°C 13 yéu t6 1am ting ham
luong astaxanthin va rt ngin dugc thoi gian tich liy astaxanthin trong té bao tao H.
pluvialis. Két qua nghién ctru nay tuong duong vai két qua cua Bang Diém Hong va cs.,
(2012) ciling nudi tao theo qui trinh 2 pha thi ham lugng astaxanthin ciaa H.pluvialis &
cong thirc TN+UV dat cuc dai 1a 3.200 pg/L sau 13 ngay nudi cay. Vi qui trinh nudi
tao mot pha thi tao nudi trong 2 pha cua chung toi sé ¢ hiéu qua tich 1y astaxanthin
cao hon, diéu nay duoc thé hién qua so sanh twong quan véi két qua cua mot s cong
trinh d4 cong bd nhu: Lé Thi Thom két luan rang tao nudi cay trong méi trudng ¢ nong
do nitrate cao gap 4 1an so v&i moi trudng RM co ban thi ham luong astaxanthin thu
dugc 1a 1.053 pg/L. Binh Buc Hoang va cs., (2011), da nghién ctru vong doi cua vi tao
luc H. pluvialis trong diéu kién phong thi nghiém da két luan ring ham luong astaxanthin
dat cuc dai trong méi trudng RM 12 942,23 pg/l sau 46 ngay nudi cdy. Bén canh d6 ham
lwong astaxanthin ¢ cdng thie d6i chung cuaa thi nghiém 3 cao hon so voi két qua o thi

nghiém 1 va 2 nudi tao theo qui trinh mot pha. Tuy nhién, két qua nghién citu cua ching
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tdi chi duirng lai & qui m binh 10 lit trong phong thi nghiém ham lugng astaxanthin chura
trong sinh khéi tao cao nhat 12 0,1%, do vay dé nudi vi tao H. pluvialis dat mat do 4 - 6
trigu TB/ml, sinh khdi tao chira astaxanthin tir 4 - 6% TLK trong diéu kién thi nghiém
tai Viét Nam thi con phy thudc vao rat nhiéu van dé nhu ngudn goc cua chung tao H.
pluvialis, nudi tao & cac qui md khac nhau nhu nuéi theo dang bé kin, hé, nudi theo hé
thdng tam hoic éng nhu cong nghé nudi tao cua Isreal.

3.1.8. Ty I¢ astaxanthin/chlorophyll a cia vi td@o H. pluvialis

Cung Vvai Viée xac dinh céc thong s6 vé MPTB, ham luong sac t6, trong lugng
kho dé xac dinh cac giai doan trong vong doi cia té bao tao thi chung t6i con danh gia
thong qua ty 18 astaxanthin/chlorophyll a. Theo cong trinh cng b caa Kobayashi va
cs., (1992) vé vong doi cua tao H. pluvialis, ty 16 ham luong astaxanthin/chlorophyll a
la mot théng sé tot nhat dé xac dinh pha sinh truong cua té bao. Néu ty 18
astaxanthin/chlorophyll a < 0,5 thi té bao duoc xem chu yéu dang & giai doan sinh
dudng. Khi ty 1¢ astaxanthin/chlorophyll a dao dong tir 0,5 - 1, té bao chu yéu dugc xem
dang & giai doan tao bao nang.

Bang 3. 10: Ty 1¢ astaxanthin/chlorophyll a ctia tao H. pluvialis ¢ cac giai doan khac nhau

Giai doan Sinh dudng Tao bao nang Nang hoan chinh

Hinh théi té bao

12 — 14 ngay nudi  Ngay thir 4 sau khi

gay sbc
Ty lé
astaxanthin/ 04 0,95 6,39
chlorophyll a

Trong 10 ngay nudi dau, cac té bao tao chi yéu & dang sinh dudng cé thé chuyén
dong dugc mau dic trung cua té bao ¢ giai doan nay 1a mau xanh do phan noi bao giau
chlorophyll a, ham lugng astaxanthin thap. Ty I¢ astaxanthin/chlorophyll a dat 0,4. Khi

thoi gian nudi dat téi 12 - 14 ngay, cac té bao chuyén sang giai doan tao bao nang lic
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nay ham luong chlorophyll a trong té bao giam va astaxanthin lai ¢6 xu huéng tang dan.
Ty I¢ astaxanthin/chlorophyll a 14 0,95 day ciing 1a thoi ky chding ta chuyén tao vao nudi
pha 2 voi diéu kién thuan loi cho viéc tich lity astaxanthin. Ngay tht 4 sau khi gay séc
té bao chuyén sang giai doan bao nang hoan chinh, trong té bao xay ra su tich liy
astaxanthin nén phan noi chat bén trong chuyén hoan toan sang mau do dam. Ty 1é
astaxanthin/chlorophyll a dat gi4 tri cao nhat 1 6,39.
3.1.9.  Anh hwéng ciia ham ligng nito trong qud trinh nuéi cdy tao H. pluvialis
va thu nhgn astaxanthin
Ching t6i nhan thay rang trong sudt qua trinh tao H. Pluvialis ting truong lam
tidu tn mot lugng 16n nito, cu thé ¢ ca bon 16 thi nghiém déu cho két qua tuong ddng,
ham luong nito trong ngay nudi cdy dau tién & 16 tha 2 va tha 3 1a 112,14 mg/L va
112,42 mg/L con 616 1 va 4 ham luong nito 14 111,07 mg/L. Sau khi chiing t6i chuyén
sang nudi tao H. Pluvialis trong pha 2, cac gia tri nay giam dan cho dén khi té bao tao
H. Pluvialis chuyén tir trang thai bao nang sang bao nang hoan chinh tuc tich lily mot
lwong 16n astaxanthin, lic nay ham luong nito & 16 thi 2 giam xudng con 63,38 mg/L,

16 1 va l6 3 la 63,05 mg/L, riéng 16 thir 4 ham lugng nito giam con 60,23 mg/L.

120 +

=0=61 =l=162
100
63 ==¢=164

80 -

60 -

40 -

Ham lugng nito (mg/L)

0 2 4 6 8 10 12 14 1 2 3 4
Thoi gian nudi (ngay)

Hinh 3. 15: Su thay d6i ham luong nito theo thoi gian nudi cay
O ca bon 16 thi nghiém, sau khi tao H. Pluvialis dugc dua vao pha 2 gay sé¢ nham
taing kha ning tich lily astaxanthin, sinh khéi tio c6 dic chira ham luong sic t6
astaxanthin dugc chung tdi gom lai theo ting 16, sau d0 ly trich theo quy trinh hinh 3.20

va tién hanh dinh lugng ghi nhan duoc két qua nhu sau:
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Bang 3. 11: Ham lugng astaxanthin sau khi ly trich

Théng s6 161 16 2 103 10 4

sinh khéi khé (g/L) 0,25 0,3 0,22 0,3

ham luwgng astaxantin (ng/L) 6.530,5 7.520 5.144 7.535,8

% astanxanthin trong sinh
khéi kho

Dua vao két qua phan tich cho thay, ham lugng astaxanthin sau khi ly trich dao dong
tlr 5.144 pg/L — 7.535,8 pg/L tuong (g Véi 2,34 — 2,61 %/SKK.

2,61 2,51 2,34 2,51

Két qua cho thay ham luong nito giam khi ham luong astaxanthin ting 1én va ham
luong nito giam dan theo thoi gian thi nghiém. So véi quy trinh nudi cdy mot pha thi
quy trinh nudi cay hai pha cua ching tdi cho gia tri ham luong sic t6 cao hon gip 4 - 5
lan, cu thé: Bang Diém Hong va cs., (2010) d nghién ctu lya chon méi truong tdi vu
dé nudi cay vi tao H. pluvialis giau astaxanthin. Két qua chon dugc méi truong RM 1
t6t nhat so voi méi truong C, BG-11 cai tién va OHM, véi nong do té bao 144,9 x 10*
TB/mL, trong luong kho 4,92 g/L, ham lugng astaxanthin 630 mg/L, ham lugng
chlorophyll a 2010 mg/L sau 30 ngay nudi ciy; Pinh Buc Hoang va cs., (2011), da
nghién ctru vong doi cua vi tao luc H. pluvialis trong diéu kién phong thi nghiém da két
luan rang ham lwong astaxanthin dat cuc dai trong moi truong RM 13 942,23 pg/l sau 46
ngay nudi cdy; L& Thi Thom va cs., (2013) dd nghién ctru anh hudng cua ndng do nitrate
trong moi truong nudi cay 1én sinh truong cua H. pluvialis Flotow & cip d6 binh tam
giac 250 mL. C4c nong do nitrate thi nghiém gom 219, 438, 876, 1.314, 1.752, 2.190
mg/L, trong d6 ndng do nitrate 876 mg/L (tic nong do nitrate cao gap 4 lan so véi moi

truong RM co ban) duoc xac dinh 1a thich hop nhat cho sinh truang cua loai vi tao nay.

Két qua nay cia chung t6i tuong dong véi nhan dinh cia mot sé tac gia: Trong
nghién cau cua Féabregas va cs., (1988), H. pluvialis dugc nudi trong méi truong thiéu
hut nito va magie v6i diéu kién thiéu anh sang 40 va 230 pmol m?/s; nong do astaxanthin
cao nhat dat duoc 1a 49,5 pg/mL trong diéu kién thiéu hut nito va cudng do anh sang
230 pmol m?/s.

Cheng-Wu va cs., (2011) nghién ctiu anh huéng caa cac ndng do nito khac nhau
dén su tang truong, dic diém sinh 1y, luong sac t6 trén H. pluvialis CG-06 trong moi

truong BBM véi bon mac nong do nito (0; 13,7; 27,5; 41,2 mg/mL). Két qua cho thay
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rang sy tich lity astaxanthin trong H. pluvialis CG-06 va nong do nito ban dau c6 méi

twong quan nghich véi nhau.

3.2. Téch chiét astaxanthin thu nhan tir Tao Haematococcus pluvialis

Ham luong astaxanthin duoc chiét bing cac phuong phap khac nhau (bang 3.12)
c6 su khac nhau. Qua két qua thu duoc c6 thé nhan thay ham luong astaxanthin cia mau
dugc chiét bang DMSO cao hon miu dugc chiét biang thuy tinh, diéu nay c6 thé 1a do

trong qua trinh nghién sinh khéi tao véi bot thiy tinh di khong pha hay hoan toan thanh

té bao nén luong sac to thu duoc it hon.

Bang 3. 12: Ham luong astaxanthin khi chiét bang bot thuy tinh va DMSO

Astaxanthin thu nhan

Astaxanthin thu nhan

trong sinh khéi kho (%)

Mau . _ .
bang bt thiy tinh bang DMSO
Ham Iugng astaxanthin
11.988,11 + 217,59 26.228,72 + 175,08
(ng/g)
Phan trim astaxanthin
1,20 + 0,03 2,62 £0,02
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> Chiét xudt astaxanthin trong tdo H. pluvialis

Sinh khéi tao H. pluvialis chira astaxanthin

Cén tao sau khi c

1 B

Thu pha ndi chtra sic t6 astaxanthin

Astaxanthin sau ly trich

Hinh 3. 16: Quy trinh tach chiét astaxanthin trong tao H. pluvialis
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3.3. Thir nghiém hoat tinh sinh hoc cia astaxanthin thu nhan tir Tao

Haematococcus pluvialis
3.3.1. Két qud dinh tinh astaxanthin

Astaxanthin thu nhan tir tao Haematococcus pluvialis ¢ 2 vét lan luot c6 gia tri Rf

la 0,31 va 0,86. Vach thir 1 c6 gia tri Rf = 0,31 va triing v&i mau astaxanthin chuan.
A B

T A AT AT AT

Hinh 3. 17: Két qua dinh tinh astaxanthin thu dugc bang sic ky ban moéng

Trong do:
A: MAu astaxanthin chuan
B: Mau Astaxanthin thu duoc tir tao Haematococcus pluvialis

3.3.2. Dinh lwong astaxanthin

- Xa phong hoa: Thuc hién phan tng dua trén thi nghiém caa Yuan va Chen cé
stra d6i [1]. Hut 0,5ml ASX va 4,5ml methanol vao 6ng falcon 50ml duoc 5 ml dung
dich ASX (1:10), sau d6 thém Iml NaOH (0,107 M), duoc 6ml hdn hop dung dich, tién
hanh suc N2 dén khi thé tich dat thé tich pha lodng ASX ban dau (5ml). Pem u lanh,
tranh sang, lan luot ding phan ang (bé ngan dong) sau 1h, 2h, 3h, 4h (10 phut lc 1 lan).
L4y 200 ul ASX truéc khi xa phong hoa va 200 ul ASX sau khi thuc hién xa phong hoa
gui di phan tich HPLC

- Quy trinh chgy HPLC: HPLC duogc tién hanh vai 2 may bom 510, detector 996
photooxide va cot Beckman Ultrasphere C18 (250 x 4.6 mm; 5um).

Pha dong bao gom dung mdi A (dichloromethane/ methanol/acetonitrile/nudc,

5.0:85.0:5.5:4.5, v/v) va dung mdi B (dichloromethane/methanol/acetonitrile/water,
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22.0:28.0:45.5:4.5, v/v). Quy trinh chay: 0% B trong 8 phut; ting nong do B tir 0 t6i
100% B trong 6 phat; 100% B trong 51 phut. Toc d6 dong chay 1.0 mL/phit. Pinh do

budc séng 480 nm
- Két qua

Két qua HPLC cho thay dich astaxanthin c6 chira dich astaxanthin dang tu do (4%)
va dang ester (96%).

T T T T T T T
o 25 5 75 10 125 15 17.5 miny

Hinh 3. 18:Két qua HPLC dich chiét tao H. pluvialis

mAL a
140 -
120 -
100 -
80 -
60
40
20 =
] R =g
1 o=y =
4 o,
0 o )
) T T T T T T T T T
0 2 4 & 8 10 12 14 16 18 mir

Hinh 3. 19: Két qua HPLC dich chiét tao H. pluvialis sau khi xa phong hda
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Hinh 3. 20: Két qua HPLC mAu thuong mai (Sigma) do tinh khiét 97%

3.3.3.  Pdnh gid khd ning chong oxi héa
3.3.3.1. Két qud khdo sdt ning lwc khir
Mau BHA duoc tién hanh khao sat ¢ ddy nong do 0 — 50 pg/ml

0,140 ,
y = 0,0024x
0,120 R2=0,9978 .-®
0,100 I
0,080 -
aly .
S -
<1 0,060
0,040 e
0,020 %
0,000 &= >
0 10 20 30 40 50 60
Nong d6 BHA (pg/ml)

Hinh 3. 21: D6 thi biéu dién su twong quan gitta AOD va ndng do BHA (ug/ml) &
budc song 700 nm

Mau Astaxanthin dugc tién hanh khao sat ¢ ddy nong do 0 - 10 pg/ml.

miry
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Hinh 3. 22: D6 thi biéu dién sy twong quan gitta AOD va ndng d6 astaxanthin (ug/ml)
6 budc song 700 nm
Nong d6 mau dé gié tri AOD = 0,02 duoc thé hién ¢ bang sau.
Bang 3. 13: Nong d6 miu Astaxanthin thu duoc va mau BHA dé AOD7oonm = 0,02

Mau Nong do miu (pg/ml)
BHA 8,333
Astaxanthin 7,143

Tur két qua bang 3.13, dé dat duoc gia tri AOD 1a 0,02 thi mau BHA can 8,333
ug/ml, trong khi miu astaxanthin thu dugc chi can 7,143 pg/ml. Do d6, mau astaxanthin
thu dwgc c6 kha ning khir manh hon BHA 1,17 1an.

3.3.3.2. Két qud khdo sdt khd ning bit géc ABTS+

Mau BHA duoc tién hanh khao sat & ddy nong do 0 - 25 pg/ml, cach nhau 5 don
vi. Mau Astaxanthin dugc tién hanh khao sat ¢ ddy nong do 0 - 12 pg/ml, cach nhau 3
don vi. Hiéu suat bat gc tw do ABTS* caa mau BHA va Astaxanthin tach chiét duoc
thé hién & Hinh 3.27.
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Hinh 3. 23: D6 thi biéu dién su twong quan giira hiéu suat bat gbc ty do ABTS* va
nong d6 BHA va Astaxanthin tach chiét (ug/ml) & budc séng 734nm

Bang 3. 14: Gia trj 1Cso cia mau BHA va carotenoid tach chiét

Mau Giatri ICso
BHA 16,111
Astaxanthin 10,511

Gid tri 1Cso cua mau BHA va astaxanthin tach chiét duogc tir tao H. pluvialis thé
hién & Bang 3.14. T gia tri 1Cso cia mau BHA va Astaxanthin cho thay gia tri 1Cso cua
mau Astaxanthin (10,5111) thap hon gia tri ICso cia mau BHA va thap hon 1,53 1an. Do
d6, c6 thé két luan rang mau astaxanthin tach chiét cd kha nang bat gbc ABTS* manh

gap 1,53 1an so véi mau BHA.

3.3.4. Ddnh gia sw lén mau cua cd dia do
C4 cling nhu céc loai dong vat khac khéng thé ty tong hop carotenoid (Goodwin,
1984). Mau sac caa ching chu yéu dua vao carotenoid tir thic an (Torrissen va cs.,
1990). La mot carotenoid quan trong, Astaxanthin dugc st dung rong rai nhu la mét sdc
t6 do hodc hong dugc bo sung vao thirc an cho ca nham ting mau do trén da hay co thit

ca. Céc loai thay san nudi 4p dung bd sung sic t trong thirc dn nhu: Cac loai ca bién:
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ho ca hdi bién (Salmonid), c& hdi van, ca vuoc do; Ca nudc ngot: ho ca chép, ca rd phi,
ca vang; Giap xac: tom bién va tom nudc ngot. Tuong tu, Lovatelli va cs., (2009) ciing
b4o c4o riang Astaxanthin 1 sic td da duoc s dung tir lau dé san xuét thire an cho cac
nghanh céng nghiép nudi ca hoi.

Két qua trinh bay qua Bang 3.15 cho thay, sau khi cho c4 an thtic dn c6 chta
Astaxanthin thi mau sac thé hién trén than ca c6 khuynh huéng ¢am dan va d6 ¢am cua
sac td do khac biét c6 ¥ nghia thong ké gitra hai ngudn astaxanthin.

Bang 3. 15: Gia tri L*, a", b* danh gia mau sic cua cé4 sau thi nghiém

Nghiém L* a* b*
thirc

bC 20,18 + 0,012 1,41 £0,01° 16,43 + 0,112

NT1 20,29 + 0,082 5,64 + 0,04 16,52 + 0,022

NT2 20,19 + 0,072 7,69 + 0,052 16,42 + 0,092

Chi s6 a* biéu thi cho mau sic cua ca thay doi tir mau xanh 14 cay dén do, két qua
& Bang 3.15. cho thay chi sé a” thé hién sy khac biét co ¥ nghia thng ké gitta cac nghiém
thire. Trong do, chi s6 a” thé hién cao nhat trong NT2 (7,69), ké dén 1a NT1 (5,64) va
thap nhat 1a nghiém thie doi ching (1,41).

Diéu nay c6 thé do Astaxanthin san phiam chiét xudt tir sinh khdi tao
Haematococcus pluvialis c6 ngudn gdc tir nhién nén tac dung 1én mau cho ca dia dién
ra chAm hon theo mot co ché tac dong nhiéu giai doan, con san phélm astaxanthin trén
thi trudng duge tong hop bang con dudng hoéa hoc nén c¢6 tac dong nhanh hon. Mic du
chi s6 a“ & nghiém thuc sir dung astaxanthin chiét xuat tir tao thap hon so v&i san pham
astaxanthin trén thi truong, tuy nhién lai khac biét c6 y nghia thong ké so voi nghiém
thire d6i ching. Nhu vy, astaxanthin dugc chiét xuét tir tao c6 tac dung cai thién mau
sdc trén ca dia do. Tir két qua phan tich trén ciing cho thiy astaxanthin c6 ngudn gbc tur
nhién c6 mot anh hudng nhat dinh va hiéu qua dén mau sic cua ca dia do.

Khi xét dong thoi chi s6 L* va b* giita cac nghiém thuc thi sy khac biét khdng co
¥ nghia théng ké (P < 0,05). o dam nhat va xanh da troi - vang trén than ca khong co
su khac biét gitra cac nghiém thirc, diéu nay cé thé do Astaxanthin chi c6 anh huéng chu

yéu dén sic t6 do (Torrissen, 1989), vi vay cac sic té khac khong bi tic dong nhiéu bai
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khau phan thac an c6 chira Astaxanthin. Két qua nghién ctu caa Smith va cs., (1992)
ghi nhan, tién hanh thi nghiém bé sung Astaxanthin vao khau phan thirc an cua ca hoi
bac véi cac liéu luong lan luot 12 0, 15, 30, 45, 60 mg/kg thirc 4n trong 28 tuan. Két qua
1a c6 su khac biét vé mau sac trén co thé ca. Gia trj a* ting 1én theo sy gia ting cua ham
luong Astaxanthin trong thic an. Piéu nay c6 nghia 1a mau do & ca duoc biéu hién rd
hon tly theo ndng d6 cua Astaxanthin, nhung gia tri b* lai khdng c6 su khac biét 16n
gitra cac nghiém thic. So véi cac két qua nghién ciu trén, két qua caa nghién cau bd
sung hop chat Astaxanthin vao thirc 4n cua ca dia ciing twong tu.

Tu cac két qua nghién ctu trén cho thdy, Astaxanthin duoc chiét xuét tir
sinh khi tao Haematococcus pluvialis c6 tac dung cai thién mau séc trén ca dia
d6 Symphysodon sp., ¢ liéu 75 mg/kg thirc an sau khi cho c4 an trong ba thang &

gilp cho ca c6 mau sac dep dap tng duoc yeu cau cua thi trudng cé canh.

0 g T """"'""""!"‘"‘"T""'"!“""ﬂ"‘"'"l"""\"W

w0

Hinh 3. 24: Mau sic ctia ca dia khi cho an thic dn ¢6 astaxanthin & cac nghiém thirc
(BC, NT1, NT2)

3.4. Nghién citu thu nhan astaxanthin trén nam men Rhodosporidium toruloides
3.4.1. Xdc dinh mét so thanh phan trong ri duwong trudc va sau khi xv ly cdn

cho qud trinh nuéi cdy ndm men Rhodosporidium toruloides dé thu nhin astaxanthin
Ri dudng c6 ham luong Ca2* cao (0,3 - 1,5%) gy ra wc ché dén su phat trién cua

nim men trong qua trinh nudi ciy. Ngoai ra, ham lugng Ca®* sau xu 1y ciing 13 co s& dé

lya chon ndng d6 H2SO4 thich hop dé loai Ca?* nham dam bao su phat trién cua nam

men. Két qua dinh luong canxi trudc va sau xir Iy duoc trinh bay ¢ bang 3.16.

Bang 3. 16: Két qua dinh luong canxi trong ri duong trudc va sau xir 1y

. Ham lwong (%0)
Thanh phan

Ri dwong trwoc xie ly | Ri dwong sau xir ly

Canxi 0,962 + 0,004 0,314 + 0,003
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Tir két qua dinh lugng ham lwong canxi trudc khi xir 1y voi H2SO41a 0,962 %, két
qua cho thiy ham luong canxi dao dong trong ri dusng (0,3 — 1%) 1a phu hop. Két qua
nay phu hop véi ham lugng canxi trong ri duong dao dong trong cac nghién cau
truée d6 cua Olbrich (2006). Vi vay, ching t6i tién hanh xac dinh ham luong
duong téng va duong khi cua ri dudng trude va sau khi xu ly bang H,S04 0,4N,
két qua duoc trinh bay & bang 3.17.

Bang 3. 17: Két qua dinh luong dudng tong va duong kht trong ri duong

trudgc va sau xu ly

. Ham lwgng (%)
Thanh phan

Ri dwong truoc xi ly Ri dwong sau xir ly

Puong tong 56,30 + 0,18 55,29 + 0,23

buong khtr 16,97 £ 0,07 12,54 £ 0,41

Két qua dinh luong duong tong va duong khir caa ri dudng trudc va sau xir
ly c6 su chénh léch rat it, ching to quy trinh xi Iy ri duong 12 pht hop dé ap dung.

3.4.2. Két qud khdo sdt cdc yéu to thich hop cho nuéi cidy Rhodosporidium
toruloides trén moi truong ri dwong

3.4.2.1. Két qud khdo sdt dnh huéng ciia ham lwong urea.

MBoi trudng nudi cdy duoc bd sung ngudn nito véi ham luong thay doi: 0 g/l (ddi
chung); 0,2 g/1; 0,5 g/1; 1,0 g/1; 1,5 g/l, pH 6, diéu kién nhiét d6 phong (28 + 2°C) va &nh
séng tu nhién. Két qua thu duoc thé hién trong bang 3.18 va Hinh 3.29.

Bang 3. 18: Anh hudng ctia ham luong urea dén ham lugng astaxanthin

Ham luwgng Ham lugng astaxanthin
urea (g/l) (ng/g sinh khdi kho) (ng/l dich nudi cay)
0,0 152,29 + 1,205 733,92 + 12,59¢
0,2 181,30 + 1,321¢ 916,30 + 10,701
0,5 188,98 + 1,686° 1086,33 + 20,05¢
1,0 145,24 + 4,219 671,72 + 7,845
1,5 124,38 + 4,6442 544,96 + 13,19?

Két qua dugc tinh dya trén gia tri trung binh véi do 1éch chuan n=3
a,b... 1a gia tri trung binh cot, su sai khac ky tu c6 y nghia sai biét vé mat thong ké (p<0,05)
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Hinh 3. 25: Biéu d6 Ham luong astaxanthin thu dugc tir mi trudng nudi cdy

0 nhitng ham lugng urea khac nhau

0g/l 0,2/l 0,58/l 1,0¢/l 1,5¢g/l 2,08/l

Hinh 3. 26: Sinh khéi tuoi thu duoc khi khao sat anh huong urea
Trong luong sinh khéi kho tang & ham luong urea tir 0 g/l dén 0,5 g/1, dat cao nhét
tai ham luong urea 0,5 g/l va giam dan & ham luong urea la 1 g/l va 1,5 g/l. Ham luong
astaxanthin tinh trén thé tich dich nudi cdy dat cao nhat ¢ ham luogng urea 0,5 g/l
(1.086,33 pg/l dich nudi cay), gap khoang 1,48 1an so véi 16 d6i ching khi méi truong
chi cé dich ri dudng khong bd sung urea (733,92 pg/l dich nudi ciy). Diéu dé, cho thay
rang viéc bd sung thém urea vao dich ri dudng nudi cdy gop phan 1am ting ham luong

astaxanthin.

Banzatto, Freita va Mutton (2013) da nghién cttu sy thu nhan carotenoid cua
chang Rhodotorula rubra trén cac méi truong khac nhau, trong d6 c6 ri duong, dong
thoi bd sung vao moi trudng nudi cay urea 2 g/l va Nitrofos KL 0,5 g/l (mot san pham

dam thugng mai). Két qua thu duge moéi trudng cho ham luwong carotenoid cao nhat 1a
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ri dudng véi ham lugng thu dugc 12 2,74 mg/l, khi bd sung urea va Nitrofos KL cho ham
luong carotenoid twong wng 1a 2,55 mg/l va 2,32 mg/l. Tac gia két luan rang viéc bo
sung urea lam tang trong lugng sinh khdi khé thu duoc (trong luong sinh khéi kho thu
dugc trén moi trudong bo sung urea va Nitrofos KL twong ung 1a 15,09 g/l va 14,87 g/l)
nhung 1am giam ham luong carotenoid tich lity trong t& bao va su giam nay 1a khéng
dang ké. So sanh vai két qua chung t6i dat duoc: ham luong urea 0,5 g/l cho ham lugng
astaxanthin cao nhat, c6 su tuong ddng vai két qua cua tac gia, ching toi chon bo sung

ham luong urea céng nghiép 0,5 g/1 cho nghién ciru tiép theo.

3.4.2.2. Két qud khdo sdt dnh hwéng ciia ham lirong MgS04.7H20.

Ngudn khoang chung toi khao sat 1a MgS04.7H20 voéi muc dich bd sung nguyén
t6 magie (Mg) c6 ham luong MgS04.7H0 thay doi tir 0 (d6i ching) - 5 g/l (cach nhau
1 don vi), pH 6,0, diéu kién nhiét d6 phong (28°C + 2°C) va anh sang tu nhién. Két qua
thu dugc thé hién ¢ bang 3.19 va Hinh 3.31.

Bang 3. 19: Anh huong cia ham lugng MgS04.7H20 cong nghiép dén

ham lugng astaxanthin.

Ham lugng Ham lugng astaxanthin
MgS0O..7H20 cbng ] )
ngh/ilg:p (ng/g sinh khoi kho ) (ng/l dich nuoi cay)

(90 144,71 + 5,353° 591,46 + 29,05%

1 146,44 + 4,046b 649,08 + 10,86"

2 162,89 + 3,546° 719,77 £ 21,32°

3 186,03 + 1,695¢ 849,27 + 4,721¢

4 154,89 + 3,783 731,57 £ 22,78°

5 121,49 + 2,9732 548,60 £ 15,772

Két qua dugc tinh dya trén gia tri trung binh véi do 1éch chuan n=3

a,b... 1a gid tri trung binh cot, su sai khac ky tu c6 y nghia sai biét vé mit théng ké (p<0,05)
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Hinh 3. 27: Biéu 6 Ham luong astaxanthin thu dugc tir méi truong nudi cdy

¢ nhirng ham lugng MgS04.7H20 khac nhau.

0g/l 1g/ 2g/1 3g/1 ag/! 5 g/l

Hinh 3. 28: Sinh khéi astaxanthin khi khao sat anh huéng MgS04.7H20

Tir két qua khao sat ¢ trén: Khi ting ham luong MgS04.7H0 tir 0 g/l dén 3 g/l ¢6
ham luong astaxanthin ting dan va ¢ ham luong MgS04.7H20 3 g/l cho ham luong
astaxanthin cao nhat (186,03 pg/g sinh khdi kho va 849,27 pg/l dich nudi cy), so véi
16 d6i ching khong bd sung MgS04.7H20 trong méi trudng ri duong cao hon gap 1,44
lan (591,46 pg/l). Nhung khi ting ham lugng MgS04.7H,0 cao hon 3 g/l 1a 4 g/l va 5
g/l thi 1am ham luong astaxanthin giam dan. Tém lai, chung t6i chon bd sung
MgS04.7H20 dén mot ham luong thich hop 1a 3 g/l thu dwgc ham luong astaxanthin cao
nhét.
3.4.2.3. Két qua khdo sdt anh hwong ciia ham lwong KH>PO..

Tiép tuc khao sat mot ngudn khoang nita bd sung vao mdi truong nudi ciy, dé 1a

KH2PO4 véi myc dich 12 bo sung 2 nguyén t6 K va P v6i ham luong KH2PO4 thay d6i
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tir 0 g/l (d6i chtng) dén 5 g/l (cach nhau 1 don vi), pH 6,0, diéu kién nhiét 46 phong

(28°C + 2°C) va anh sang ty nhién. Két qua thu dugc thé hién & bang 3.20, hinh 3.33.
Bang 3. 20: Anh huéng cua ham lugng KH2PO4 dén ham lugng astaxanthin

Ham lwgng Ham lugng astaxanthin

KH2PO: (g/) (ng/g sinh khdi kho ) (ng/l dich nudi cay)
0 187,08 + 2,66¢ 1037,94 + 28,524
1 159,75 + 3,33 1057,53 + 39,89¢
2 143,49 + 0,88° 895,39 + 37,38°
3 130,00 + 2,212 786,98 + 10,21
4 127,02 + 2,122 670,24 + 30,512
5 123,43 + 0,46 692,93 + 33,80?

Két qua dugc tinh dya trén gia tri trung binh voi do 1éch chuén n=3 . )
a,b... la gia tri trung binh cdt, su sai khac ky tu c6 ¥ nghia sai biét vé mat thong ké (p<0,05)
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Ham lugng astaxanthin (pg/1)

Hinh 3. 29: Biéu d6 Ham luong astaxanthin thu duoc tir méi trudng nudi ciy

¢ ham luong KH2PO4 khéc nhau.

Tur két qua khao sat ham lwong KHPO4 bd sung vao méi truong ri duong, ching
t6i nhan thay rang trong lugng sinh khoi khé c6 su tang dan & ham lwong KH2PO4 tir 0
g/l &én 2 g/l, dat cao nhat tai ham lugng KH2PO4 1 g/1 (6,623 g/l) sau d6 giam dan & cac
ham luong 3 g/1, 4 g/l, 5 g/l. Him lugng astaxanthin tinh trén sinh khéi kho va tinh trén
thé tich dich nudi cay ciing c6 su ting giam gidng nhau: cao nhat 1a 1 g/1 (1.057,53 pg/l)
con lai ham lugng astaxanthin giam manh so v&i 6ng ddi chimg, chiing t6i chon ham

luong KH2PO4 bd sung vao méi trudng ri duong 1a 1 g/l.



94
3.4.2.4. Két qud khdo sdt dnh hwéng ty 1¢ giong dén ham lwong astaxanthin
Chung t6i tién hanh khao sat ty 1¢ gidng so v6i thé tich moi truong nudi ciy thay
d6i tir 6 (%) dén 14 (%) (cach nhau 2 don vi), pH 6,0, diéu kién nhiét d6 phong (28°C +
2°C) va anh sang ty nhién. Két qua thu duoc thé hién ¢ bang 3.21, Hinh 3.34.

Bang 3. 21: Anh hudng cua ty 1¢ gidng dén ham lugng astaxanthin.

. Trong lugng Ham lugng astaxanthin
Tyl giong | ginh khéi kho . .
(%) (g/l) (ng/g sinh khoi kho) | (ug/l dich nudi cay)
6 5,320 * 0,25492 155,02 + 3,85? 826,35 £ 57,772
8 5,507 = 0,1022 164,09 + 3,55P 904,32 + 34,48%
10 6,308 + 0,055P 189,78 + 0,87¢ 1197,17 + 14,18¢
12 6,226 + 0,025° 175,30 £ 2,41° 1092,79 + 12,04
14 5,850 + 0,308% 175,04 + 2,72¢ 1025,52 + 68,97

Két qua dugc tinh dya trén gia tri trung binh voi do 1éch chuin n=3
a,b... la gia tri trung binh cot, su sai khac ky tu c6 ¥ nghia sai biét vé mét thong ké (p<0,05)
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=@=—Ham luong astaxanthin (ng/l dich nudi cay)

Hinh 3. 30: Biéu d6 Ham lugng astaxanthin thu duoc tir moi trudng nudi cdy & nhing
ty 1¢ gidng khac nhau.

T két qua khao sat ty 1¢ gidng cho vao mdi trudng nudi cdy thi trong luong sinh

khéi kho tiang dan tir 6% (5,320 g/l trong luong sinh khéi kho) dén 14% (5,850 g/l trong

lugng sinh khéi kho) nhung cao nhat véi ty 1& giéng 10% (6,308 g/l trong luong sinh

khéi kho). Ham luong astaxanthin tinh trén sinh khoi kho va tinh trén thé tich dich nudi



cdy ciling co su ting giam giéng nhau: cao nhat 1 ty 1& giéng 10% (1.197,17 pg/l) con

lai 6% - 8% ham luong astaxanthin ting dén ty 1& gidng 10% va sau 10% thi ham luong
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astaxanthin giam, chon ty 1 gidng 10% 1a pht hop d6i voi bai nghién ctru nay.

3.4.2.5. Két qud khdo sdt ham lwong dwong tong dén ham lwong astaxanthin

Tién hanh khao sat cac gia trj ham lugng dudng téng trong ri duong khac nhau anh
huéng dén ham lugng astaxanthin thu dugce. Moi trudng nudi cdy lic véi ham luong
duong téng duoc diéu chinh 10 - 35 (g/1) (cach nhau 5 don vi), pH 6,0 & diéu kién nhiét
d6 phong (28°C + 2°C) va anh sang tu nhién. Két qua thu duoc thé hién & bang 3.22,

hinh 3.35.

Bang 3. 22: Anh hudng ham luong duong tong dén ham luong astaxanthin.

Ham lugng

Trong lwgng

Ham lwgng astaxanthin

Bwezgﬁ)tﬁng e (lg(gl/ll(;l Ko (ng/g sinh khdi khé ) | (ug/l dich nudi cay)
10 3,7310 £ 0,2115* | 145,873 + 1,8422 543,797 + 27,042
15 4,7487 +0,1172° | 159,238 + 1,083° 756,240 + 20,69
20 6,1967 + 0,2802° | 175,397 + 3,138° 1085,92 + 42,11°
25 7,4697 +0,2388° | 188,285 + 0,5586¢ 1406,62 + 47,97¢
30 6,9630 + 0,14129 | 176,254 + 2,942 1227,06 + 28,08°
35 5,2080 + 0,0463¢ | 153,223 + 3,532% 798,18 + 23,220

Két qua dugc tinh dya trén gia tri trung binh v6i do 1éch chuan n=3 ,
a,b... 1a gié tri trung binh cdt, su sai khac ky tu c6 y nghia sai biét vé mat thong ké (p<0,05)
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Hinh 3. 31: Biéu dd6 Ham lugng astaxanthin thu duoc tir méi trudng nudi cdy ¢ ham
luong duong tong khac nhau.

Ham luong astaxanthin ciing ting dan tir ham luong dudng tong 10 g/l dén 25 g/l
va giam dan véi ham luong dudng tong 30 g/l va 35 g/l, dat ham luong astaxanthin cao
nhit tai nong d6 25 g/11a 1.406,62 pg/l dich nudi ciy. Mot nghién ctru ctia nhoém tac gia
Jirasripongpun, Pewlong, Natsathmonthra va Sutriyaporn (2007) nghién ctru san xuat
carotenoid tir nAm men phaffia rhodozyma dot bién trén méi trudng ri dudng, ham luong
dudng tong 2,76%, nudi ciy lic 10 ngay cho ham lugng carotenoid tinh trén gram sinh
khéi kho 1a 450 pg/g. So voi két qua ching t6i nghién ctru 1a dung ham luong duong
tong 2,5% (W/v), co su twong dong véi tac gia. O ham luong duong tong ri duong 1a 25
g/l cho ham lugng astaxanthin tinh trén thé tich dich nuéi cy 1a cao nhét, vi vay nghién
ctru quyét dinh chon ham luong duong tong trong ri duong 1a 25 g/l.

3.4.3. Két qua xdy dung dwong cong ting truéng ciia chiing Rhodosporidium
Sp., trén moi trwong ri dwong da khdo sdt cdc yéu té thich hop

Dua vao céc gid tri ODs1onm tur 0,1; 0,2; 0,3; 0,4; 0,5 va ) luong té bao nAm men
dém duoc tir budng dém hong cau twong tng vai cc gia tri ODgionm dé tinh mat do té
bao trong 1 ml mdi trudng log (N/ml). Tur két qua dé, dung dugc dudng tuong quan
tuyén tinh giita mat do té bao va ODe1onm (hinh 3.36). D6 thi nay dugc dung dé tinh mat
do té bao phuc vu cho viéc dung duong cong tang truong cua chung Rhodosporidium

toruloides & méi truong ri duong da nghién ciru.
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Hinh 3. 33: D6 thi duong cong tang truong khi tang sinh bac 1 ctia chiing
Rhodosporidium sp., trén moi truong ri duong
Db thi dudng cong ting trudong thé hién rang khi ting sinh bac 1 cua ching
Rhodosporidium toruloides trén méi trudng ri dudng cho thiy cac giai doan sinh trudong
khac nhau ctia ching nAm men ndy trén méi truong ri dudng 1a nhu sau: pha tiém tang
trong khoang 6 gio dau, pha ting truéng ham mii vao khoang gid thir 8 dén gio thi 30,
pha on dinh tir gio thir 32 dén gio thir 80, pha suy tan tir gid thir 82 tré vé sau.
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3.4.4. Két qud toi wu héa thanh phin méi trwong
Sir dung phan mém Design Expert, cac nghiém thic thuc nghiém can thuc hién dé
t6i vu hoa moi trudong theo phuong phap Box - Behnken va két qua sau khi thuc hién
cac thi nghiém duoc trinh bay & bang 3.23.
Bang 3. 23: Thiét ké va két qua thi nghiém Box - Behnken

Ham Ham ll_rq’ng '

lwong Urea caroteno!d chwa

NT Block : pH astaxanthin (ug/g)

dwong (a/) >

téng (g/1) Thuc Mo

nghiém hinh
1 Block 1 25 1 6 182,09 182,54
2 Block 1 30 1 55 169,96 169,78
3 Block 1 25 0,5 6,5 144,74 144,26
4 Block 1 25 1 6 182,23 182,54
5 Block 1 25 1,5 6,5 149,235 148,81
6 Block 1 20 0,5 6 138,673 138,97
7 Block 1 25 1,5 55 152,425 152,90
8 Block 1 25 1 6 183,291 182,54
9 Block 1 25 0,5 55 142,782 143,20
10 Block 1 20 1 55 154,165 153,45
11 Block 1 30 1 6,5 160,021 160,74
12 Block 1 20 1,5 6 143,811 144,05
13 Block 1 30 0,5 6 145,974 145,73
14 Block 1 20 1 6,5 159,278 159,46
15 Block 1 30 1,5 6 155,203 154,91

T két qua ¢ bang 3.23, ching t6i thdy ring khi nuéi chung nim men
Rhodosporidium toruloides ¢ nghiém thic 1, 4 va 8 cho ham lugng carotenoid chua
astaxanthin cao nhit lan luot 12 182,090, 182,230 va 183,291 pg/g; & nghiém thic 6 cho
ham lugng carotenoid thap nhat 12 183,673 ug/g.

Thuc hién phan tich ANOVA bing phan mém Design Expert ta cd két qua theo
bang 3.4 va 3.5.
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Bang 3. 24: Két qua phan tich ANOVA cuia cac yéu té hoi quy theo Box - Behnken

Tén Trung
Bién doc ong Béc binh
A binh : N F-value p-value
lap huon tw do binh
P g phuong
Mo hinh 3207,61 9 356,40 581,48 < 0,0001
X1: Ham
lugng 155,16 1 155,16 253,15 | <0,0001
duong tong
g/
Xa: Urea 101,57 1 101,57 165,71 < 0,0001
Xz: pH 4.59 1 459 7,49 0,04132
X1 Xo 4,18 1 418 6,83 0,0475
X1 X3 56,65 1 56,65 92,42 0,0002
XoX3 6,63 1 6,63 10,81 0,0218
X12 490,90 1 490,90 800,92 < 00,0001
X252 2324 57 1 2324 57 3792,62 | <0,0001
X3? 380,41 1 380,41 620,65 < 00,0001
Bang 3. 25: Két qua phan tich ANOVA ctiia mé hinh hoi quy theo Box - Behnken
Sai 56 R? dy R2hiéu | Ty létin hiéu
. R? L p-value
chuan doan chinh S0 véi nhiéu
Mo hinh 0,78 | 09973 | 0,0990 | 09884 68,154 <0,0001

Dua vao két qua phan tich sé liéu thuc nghiém & bang 3.3 bang phan mém Design

Expert, phuong trinh hoi quy tuyén tinh cé dang:
y =-1934,23975 + 32,56450X; + 228,51675X> + 528,47775X3 + 0,40910X1X>
—1,50530X1X3 — 5,14800X2X3 — 0,46122X,2 — 100,36500X>? — 40,60100X3?
Trong d6: X1: Ham luong duong tong (g/1)
Xo: Urea (g/1)

Xz: pH

y: Ham lugng carotenoid chira astaxanthin (ug/g)
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Dua vao két qua phan tich ANOVA dugc thé hién ¢ bang 3.4 va 3.5, md hinh thiét
ké theo Box - Behnken, cac bién doc 1ap va dang bac hai cua ching c6 gia tri p-value <
0,05, cho thay cac sb liu trén c6 ¥ nghia vé mat thong ké. Gia tri F-value ciia md hinh
la 581,48, do d6 mé hinh nay c6 y nghia va chi ¢6 0,01% co hoi m6 hinh tuong thich
v6i md hinh phan du do sy nhidu trong thi nghiém. Gia trj R? dyu doan 13 0,9973 phu hop
véi R? hiéu chinh 1a 0,9884 (d6 léch 1a 0,0089 < 0,2). Ty Ié tin hiéu so voi nhiéu la
68,154 > 4 chirng t6 tin hiéu da day du. Bong thoi phép kiém tra Lack of fit so sanh gitra
sai s6 phan du véi sai s6 thuan tir cac diém duoc thiét ké 1ap lai ¢d gié tri 12 1,7 chtng
t6 Lack of fit co y nghia vé mit thong ké. C6 39,09% co hoi mé hinh khong tuong thich
vGi mé hinh phan du trong thi nghiém. Céc két qua trén ching to md hinh xay dung
duoc, co ¥ nghia théng ké.

Thanh phan méi truong téi wu duoc du doan dé thu nhan carotenoid cao nhat &
chung ndm men Rhodosporidium toruloides hoang dai dugc thé hién & bang 3.6. Nghién
ctru tién hanh nudi chung nim men nay trén moi trudng du doan va thu duoc két qua &
bang sau.

Bang 3. 26: Két qua thuc nghiém va du doan ham luong carotenoid trong

moi truong téi uu

Ham lwong Ham lwgng
duong tong l(JJﬁ? Mgsg}i)?HzO K'EIJ/T)O“ pH | carotenoid
(9/1) (H9/9)
Du doan 26,04 1,04 3,0 2,0 5,96 183,162
Thuc nghiém 26,04 1,04 3,0 2,0 5,96 186,48

Duya vao két qua duoc thé hién ham lugng astaxanthin & méi truong téi wu trong
thuc nghiém 1a 186,48 pg/g, cao hon so voi ham lugng astaxanthin dy doan 3,318 pg/g.

Két qua ching t6i thu nhan dugc sau khi toi wu hoa thanh phan méi truong 1a khi
nudi chang ndm men Rhodosporidium toruloides trong méi truong ri dudng véi ham
luong duong tong 13 26,04 g/1, ham luong urea 1,04 g/l, MgS04.7H20 3 g/l, KH2PO4
2g/1, pH 5,96 va ty ¢ gidng 10%, thoi gian 82 gio nudi cay (v/v) thu duge ham lugng
carotenoid cao nhat 1a 186,48 ug/g.

3.4.5. Két qua Ning cip hé thong lén men 10 lit ciia Rhodosporodium
toruloides trén moi truong ri dwong t6i wu

Két qua cua tac gia Frengova va Beshkova (2009), khi nghién ctu sy san xuat
carotenoid trén 2 chung nam men 1a Phaffia rhodozyma va Rhodotorula sp., Sic t6 trong

hau hét cac nam men bat dau tich lily vao cudi giai doan pha lily thira va tiép tuc trong
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pha 6n dinh va c6 su bién thién ham luong carotenoid khac nhau phu thudc vao céc
chung nAm men va bi anh hudng bai méi truong nudi cdy khac nhau. Vi thé, chung toi
dua vao duong cong tiang truong khi tang sinh bac 1 cua chung Rhodosporodium
toruloides & méi truong ri dudng da nghién ciu cac yéu td thich hop dé thu nhan ham
lwgng sinh khéi khd va astaxanthin.

Két qua & Hé thong 1én men 10 Lit nhu sau: khi nubi cay chang nam men
Rhodosporodium toruloides trén méi trudng ri duong trong hé théng 10 lit trong luong
sinh khéi kho thu duoc 13 6,3682 (g/1), ham lugng astaxanthin tinh trén thé tich dich
nudi cy tuong ung 1a 1.932,21(pg/l).

Bang 3. 27: Ham luong sinh khéi kho va astaxanthin thu nhan duoc cta
chiing nam men Rhodosporodium toruloides trén mdi trudng ri dudng
Ham lwong astaxanthin

Trong hrong sinh khoi
khé thu dwoc (g/l) (1g/g sinh khéi kho) (ng/l dich nudi cay)
6,3682 + 0,1144 230,89 £ 6,74 1.932,21 + 56,38

Hinh 3. 37 Sinh khéi khé nam men Rhodosporodium toruloides
35. Két qua tach chiét astaxanthin tir nAm men Rhodosporodium
toruloides
3.5.1. Két qud tach chiét astaxanthin bang HCI
Theo nghién ciu cua Hui Ni va cong su (2008) ciing da tach astaxanthin bang HCI
4 mol/l tir Phaffia rhodozyma cho hiéu qua tach chiét cao [Hui Ni (2008)]. Trong qua
trinh khao sat ching t6i sir dung HC1 0,4 N cho ham lugng astaxanthin cao nhat, khi so

véi tac gia Hui Ni va cong sy (2008) ching t6i thay co su twong dong la st dung HCI
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tai ndng do cao dé tach chiét va dem lai hiéu qua thu nhan astaxanthin cao nhat. Vi vay
ching tdi chon néng d¢6 HCI 0,4 N cho thi nghiém tiép theo.

Chung tdi tiép tuc tién hanh khao sat thoi gian u sinh khbi ndim men khé véi HCI.
Khi ¢ vai HCI 0,4N can phai c6 thoi gian d¢é HCI thiy phan vach té bao nam men. Két
qua khao sat cho thiy thoi gian 150 phut (86,69ug/g) thi ham lwong astaxanthin cao
nhat.

Chung tdi tiép tuc khao sat 3 loai dung moi dé chiét rut Ia acetone, ethanol va
methanol.

Cu thé nhu sau: Hut 5 ml HC1 4,5 N cho vao 0,2 g sinh khdi nam men khd u trong
bé on nhiét tai nhiét do 1a 80°C trong 20 phit. Sau d6 thu dich ndi phia trén, tiép tuc cho
3 loai dung méi can khao sét (acetone, ethanol va methanol) vao véi thé tich 10 ml ngam
dén khi mat mau (5 gio), cir 1 gio thay dung méi can khao sat 1 lan. Sau d6 gom tét ca

dich lai va tién hanh tach chiét va thu nhan astaxanthin.
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Hinh 3. 38: Ham luong astaxanthin chiét tach tir sinh khdi nAm men kho bang
HCI véi dung moi chiét rat khac nhau
Két qua khao sét cho thiay ham lugng astaxanthin thu dugc thi acetone cho ham
lugng astaxanthin cao nhat (117,064 pg/g) cao hon 2,23 1an so véi ethanol (52,3807
ng/g), tiép dén la methanol (108,968 pg/g) va thap nhat 1a ethanol (52,3807 pg/g).
Theo nghién ctu Hui Ni va cong su (2008) ciing da tach astaxanthin tir Phaffia
rhodozyma thi trong sé cac dung méi duoc kiém tra, acetone va ethanol rd rang la cho

hiéu qua hon so véi nhimg dung méi khac dé trich xuat astaxanthin tir Phaffia
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rhodozyma. Két qua ching tdi thdy rang acetone cho ham luwong astaxanthin cao nhat
phu hop véi két qua caa tac gia [Hui Ni 2008]. Nhu vay chon HCI 0,4N, 1 150 phut va
chon dung méi acetone dé chiét rit astaxanthin.

3.5.2. Két qud tach chiét bang DMSO

3.5.2.1. Khdo sdt thé tich DMSO

Tir két qua cho thiay ham luong astaxanthin chiét tir sinh khéi nAm men khé khi
ngam voi DMSO véi thé tich 5 ml (228,10 pg/l) cho ham lugng astaxanthin nhiéu hon
so véi 3 ml (207,78 ug/l) 1a 1,09 Ian, con thé tich DMSO khao sét con lai (7 ml, 9 ml,
11 ml) thi khéng c6 sy chénh léch nhiéu so véi thé tich 5 ml.

Vi vay, ching tdi chon ty 1¢ thé tich DMSO 5 ml véi 0,2 g té bao sinh khdi nim
men kho ty 1€ dung moi 1a 25:1 (ml:g) dem lai hiéu qua tach va thu nhan astaxanthin
cao. Két qua thu duogc s& lam thi nghiém tiép theo.

3 5 7 9 11
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Hinh 3. 39: Ham lugng astaxanthinvchiét tir sinh khdi nAm men kho bang DMSO
voi thé tich khac nhau

3.5.2.2. Két qud khdo sdt thoi gian it DMSO

Tir két qua cho thay ham lugng astaxanthin chiét tir sinh khdi nam men khé c6 su
tang lién tuc & 30 phat (217,508 ug/l) dén 60 phut (250,793 pg/l), sau d6 giam manh &
70 phut (197,381 pg/l). Trong d6, ngdm sinh khdi nam men khé véi DMSO ¢ thoi gian
60 phat (250,793 pg/l) cao gap 1,153 lan so véi 30 phdt, 1,08 lan so véi 40 phat, 1,06
lan so véi 50 pht, 1,271 1an so véi 70 pht.
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Vi vay chung t6i chon ngam sinh khdi nim men khé véi DMSO trong 60 pht
dem lai hiéu qua tach va thu nhan astaxanthin cao.
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Hinh 3. 40: Ham lugng astaxanthin chiét tir sinh khi nAm men kho bang DMSO véi

thoi gian khac nhau

3.5.2.3. Két qua kho sdt nhiét @ ii DMSO

Két qua thu nhan duoc ¢ nhiét do u 1a 50°C cho ham lwgng astaxanthin cao nhit,
cac nhiét do con lai (60°C dén 80°C) cho ham lwong astaxanthin giam dan.

Cu thé: tai 40°C c6 ham luong astaxanthin 13 243,651 pg/l, sau d6 ting manh ham
lwgng astaxanthin tai nhiét d6 50°C 1a 295,794 pg/l (ting 1,21 1an). Sau d6 tai nhiét do
60°C, 70°C, 80°C I4n luot 266,350 pg/l, 261,191 ug/l, 232,064 pg/l lién tuc giam.

Vi vay ching t6i ngdm sinh khdi nam men khd véi DMSO trong 60 phit tai nhiét
d6 50°C dem lai hiéu qua tach va thu nhan astaxanthin cao.
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Hinh 3. 41: Ham luong astaxanthin tach tir sinh khi nAm men kho bang DMSO &

nhiét do u khac nhau.

3.5.2.4. Khdo sdat dung mai hoa tan

Khi di khao sét thé tich DMSO véi nAm men, nhiét do u, thoi gian u, ching toi
tiép tuc khao sat 3 loai dung méi dé chiét rat 13 acetone, ethanol va methanol.

Cu thé nhu sau: Hat 5 ml DMSO cho vao 0,2 (g) ndm men khé u trong bé 6n nhiét
tai nhiét do 12 50°C trong 60 phut. Sau d6 thu dich ndi phia trén, tiép tuc cho 3 loai dung
mdi can khao st (acetone, ethanol va methanol) vao véi thé tich 10 ml ngdm dén khi
mat mau (5 gid), ctr 1 gid thay dung mdi can khao sét 1 1an. Sau d6 gom tat ca dich lai
va tién hanh tach chiét va thu nhan astaxanthin.

Ham lugng astaxanthin cao nhat (274,762 pg/g), cao hon 1,24 1an so véi methanol
(222,461 pg/g) chat cho astaxanthin thap nhat, cao hon 1,1 1an so véi ethanol (250,397
ug/g).

Két luan: chung toi da khao sat diéu kién thich hop nhat dé thu nhan astaxanthin
tir Rhodosporidium toruloides bang DMSO nhu sau: ty I¢ thé tich DMSO va nim men
kho (25:1), u 50°C trong bé on nhiét vai thoi gian 60 phut. Sau d6 thu dich phia trén,
phan phia dudi sinh khbi nAm men kho tiép tuc ngdm vai acetone dén khi mat mau
(khoang 5 gio).

3.5.3. Tach chiét astaxanthin bang enzyme cellulase

3.5.3.1. Khado sat thoi gian u voi cellulase

Khao sat ¢ thoi gian u nam men véi cellulase & cac thoi gian khac nhau tir 1 gio,
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2 gio, 3 gio, 4 gio va cd dinh cac yéu t pH 6.0, nhiét d6 50°C, 3% thé tich enzyme va

60% thé tich nudc.
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Hinh 3. 42: Sy thay d6i ham lugng astaxanthin tach chiét tir sinh khdi nam men bang
cellulase véi ty 1€ nuac khac nhau

Két qua thé hién ham luong astaxanthin duoc tch chiét ting tir 1 gio dén 2 gio va
bit dau giam tir 3 gid va khong dang ké. Ham luong astaxanthin dat cao nhét ldc 2 gio,
cu thé 1a 133,61 pg/g. Diéu ndy chang t6 rang thoi gian ciing anh hudng dén qué trinh
phan cit cia enzyme. Thoi gian cang dai thi ham lwong san pham tao thanh cang nhiéu.
Tuy nhién, dén mot mace do nhét dinh, leong san pham tao ra s& giam hoic giam khang
dang ké, do khi qué trinh phan cit dién ra c6 st dung nhiét d6 va khi 6n nhiét & thoi gian
dai s& 1am anh hudng dén ciu tric khdng gian cia enzyme, 1am enzyme bi mét hoat tinh
va ham luong san pham tao thanh s& khéng tiép tuc ting. Vi vay, chdng t6i chon thoi
gian u cho hoat dong cua cellulase dé pha mang té bao nim men trong 2 gid dem lai
hiéu qua tach chiét, thu nhan ham luong astaxanthin cao va tiép tuc sir dung cho thi

nghiém sau.
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3.5.3.2. Khdo sdt nhiét dé thich hop doi véi hoat dong ciia cellulase dé phd mang

té bao nam men
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Hinh 3. 43: Su thay d6i ham luong astaxanthin tach chiét tir sinh khéi
nim men bang cellulase & nhiét d6 u khac nhau

Tién hanh khéo séat & c4c nhiét do khac nhau tir 40°C, 50°C, 60°C, 70°C va c6 thoi
gian u 1a 2 gio va ¢d dinh cac yéu t con lai pH 6.0, nhiét d6 50°C, 3% thé tich enzyme
va 60% thé tich nudc.

Két qua thé hién ham luong astaxanthin ting tir 40°C dén 50°C va sau d6 giam
dan. Ham luong astaxanthin dat cao nhit & 50°C 1a 138,77 pg/g. Theo tinh chét cua
enzyme, van tdc phan tng sé tang khi nhiét do tang, tuy nhién dén nhiét do 60°C thi van
téc phan ng s& giam do ban cht caa enzyme 1a protein, ¢ nhiét do cao s& 1am thay doi
cau tric khdng gian cua enzyme 1am enzyme bi mat hoat tinh, do d6 hoat tinh xtc tac
giam. Nhiét d6 thich hop cua phan uing enzyme thudng nam trong khoang 40°C - 50°C
va c0 thé bién d6i phu thudc vao d6 sach enzyme, thoi gian phan tmg. Do d6, nhiét do
1 cho hoat dong cua cellulase dé pha mang té bao nim men duoc chon 1a 50°C dem lai
hiéu qua tach chiét, thu nhan ham luong astaxanthin cao nhat va tiép tuc st dung cho thi
nghiém sau.

3.5.3.3. Khdo sat pH thich hop cho hoat dong ciia cellulase

Chung tdi tién hanh khao sat ¢ cac gia tri pH khac nhau lan luot 1a 4.5; 5.0; 5.5;
6.0; 6.5 vai thoi gian 1 12 2 gio va nhiét do 50°C va cb dinh cac yéu té con lai 3% thé
tich enzyme va 60% thé tich nuéc.

Két qua cho thay, ham luong carotenoid tao ra ting theo su thay doi gia tri pH va
khi & pH 5.5 thi ham lugng carotenoid dat cao nhat, cu thé 1a 68,480 pg/g. Mdi enzyme
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c6 mot gié tri pH téi wu, su thay doi pH s& lam thay d6i hinh dang cua trung tdm hoat
dong lién két voi co chat. Gia tri pH thay ddi s& lam thay doi trang thai ion hda cua cac
acid amin, dan dén 1am thay di cac lién két ion xac dinh nén ciu trdc khdng gian caa
enzyme nén tai cac gia tri pH khac nhau c6 hiéu qua xuc tac khac nhau. Bdi véi cellulase,
pH 5.5 1a thich hop nhat cho hoat dong cua enzyme vi cau trdc khong gian hoat dong 6n
dinh nhat. Vi vay, gia tri pH 5.5 duoc chon thich hop cho hoat dong cua cellulase dé pha
mang té bao nAm men dem lai hiéu qua tach chiét, thu nhan ham lugng astaxanthin cao
nhat va tiép tuc sir dung cho thi nghiém sau.

3.5.3.4. Khdo sdt nong dp cellulase thich hop dwoc bé sung dé phd mang té bao
m’fm men

Thi nghiém tién hanh khao st ty 1& str dung cua cellulase véi nong do (E/S) thay
doi tir 1%, 2%, 3%, 4%, 5%, 6% (v/w) twong tng véi hoat do lan luot 12 0,15 Ul/ml;
0,29 Ul/ml; 0,44 Ul/ml; 0,59 Ul/ml; 0,79 Ul/ml; 0,88 Ul/ml, ¢ dinh cac diéu kién con
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Hinh 3. 44: Sy thay d6i ham luong astaxanthin tach chiét tir sinh khdi nim men voi

| nong do cellulase (U1/ml) khac nhau

thé 1a 82,593 pg/g va sau d6 c6 xu huéng gan nhu can bang. Diéu nay co thé giai thich
rang khi ty 18 enzyme ting thi van toc phan tg ciing ting, din dén ham luong carotenoid
tao ra nhiéu. Tuy nhién, khi ting ty 1é enzyme dén mot mire nao dé thi van toc caa phan
g thay ddi rat it vi nong d6 enzyme bo hoa véi nong do co chét, do d6 ham luong

san pham tao ra khong thay doi hoic giam khong dang ké. Do do, ty 1é enzyme 5% ting
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v6i ndng do 0,79 Ul/ml dugc chon cho hoat dong cua cellulase dé pha mang té bao nam
men dem lai hiéu qua tach chiét, thu nhan ham lugng astaxathin cao va tiép tuc su dung
cho thi nghiém sau.

3.5.3.5. Khdo sdt ty Ié nwdc bé sung thich hop cho hoat dpng ciia cellulase

Tién hanh khao st ty & nudc bo sung vao sinh khéi nam men lan luot 12 0, 20%,
40%, 60% (v/w) véi thoi gian & 2 gio, nhiét do thich hop 50°C, & pH 6 va nong do
enzyme 0,79 Ul/ml.
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Hinh 3. 45: Sy thay d6i ham luong astaxanthin tach chiét tir sinh khdi nam men
bang cellulase véi ty 18 nudc khac nhau.

Két qua cho thiy ham luong astaxanthin ting ty 1é thuan véi ty 16 nudc bé sung,
ham luong astaxanthin cao nhét 12 70,157 pg/g khi ty 18 nudc bd sung 1a 60% (v/iw). Vi
nudc 1a mot thanh phan quan trong déi vai hoat dong thity phan cua cac enzyme trong
nhom hydrolase. Do d6, ty 18 nuéc bo sung vao nguyén liéu phai phil hop cho hoat dong
xUc tac cua enzyme nham tao diéu kién thich hop cho phan ung thay phan xay ra dé
dang. Diéu nay cé thé giai thich rang khi ty & nudc bo sung ting thi ham luogng
carotenoid tao ra ciing tang, tuy nhién khi ty I& nuéc bo sung qua nhiéu ¢ thé dan dén
ham luwong san pham tao ra s& rat it 12 do su can trg kha ning tiép xdc cua enzyme so
véi nguyén lidu boi mot luong nudce 16n. Do dé, ty 16 60% nudc bd sung so véi nguyén
licu cho hoat dong cua cellulase thich hop dé pha mang té bao nAim men dem lai hiéu
qua tach chiét, thu nhan ham lugng astaxanthin cao.

Két luan: Sau khi khao sat diéu kién thich hop nhat dé thu nhan ham luong

astaxanthitn tir nAm men Rhodosporidium toruloides bang cellulase véi hoat 6 0,79
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Ul/ml thoi gian a 2 gio, nhiét d6 @ 1a 50°C, pH 5.5, va ty 1é nuéc b sung so véi nguyén
licu 12 60% v/w. Astaxanthin dugc chiét trong ete dau hoa roi dem do mat d6 quang &
budc song 474nm. Ham lugng astaxanthin thu dugc trung binh 82,319 + 4,4823 ng/g.

Nhan xét chung vé tach chiét:

Ham lugng astaxanthin thu nhan béi cac phuong phap tach chiét l1a khac nhau.
Trong d6 bang DMSO cho lugng astaxanthin cao nhat (287,159 pg/g), tiép dén la tach
chiét bang HCI cho lwong astaxanthin thap hon (133,428 pg/g). Tach chiét bang enzyme
cellulase thap nhét (82,319 pg/g).

Téch chiét bang DMSO cho ham luong astaxanthin cao nhat vi DMSO c¢6 kha ning
lien két ky nuéc véi 1op phospholipid cia mang té bao, su gin két nay 1am gidn no
mang, tham chi ¢6 thé dan dén truong phong té bao, hon nita DMSO con phé v& tuong
tac lipit va protein 1am anh huéng chirc ning cua mang té bao. Mot sé dung méi hoa tan
trong nudc nhu acetone, ethanol va methanol c6 thé tham nhap vao 16p nudc bén ngoai
mét cach dé dang va cd thé trich xuat astaxanthin ra khoi nAm men hong hiéu qua, trong
d6 acetone 13 dung moéi chiét rat astaxanthin hiéu qua phu hop véi nghién ctu caa Hui
va cong su [Hui Ni (2008)].

Theo nghién ciu Pyoung-kyu Park va cong su (2007) da thuc hién tach chiét
carotenoid tir nAm men Rhodotorula glutinis bang phuong phap héa hoc, sir dung
DMSO la tic nhan pha mang té bao nam men, két qua dat dugc ham luong carotenoid
dugc tach chiét cao 1a 226,10 pg/g. Két qua ndy cao gap 2,7 lan so véi két qua dat duoc
trong nghién ctru nay la 82,319 pg/g.

Diéu nay cho thay rang phuong phap hoa hoc mang lai hiéu qua tach chiét cao hon
s0 v&i phuong phap sinh hoc. Co so ciia viéc pha mang bang DMSO 1a né ¢6 kha nang
lién két Ky nudc véi 16p doi phospholipid ciia mang té bao, sy gan két nay lam gian no
mang, tham chi cé thé dan dén truong phong té bao, dan dén sy v& té bao. Hon nita
DMSO con phé v& tuong tac lipid va protein 1am anh huong chirc ning cua mang té
bao. Ngoai ra, nghién ctu cua Michelon va cong su (2012) da thuc hién tach chiét
carotenoid tir nAm men Phaffia rhodozyma bang enzyme B-1,3-glucanase, la enzyme
dac hiéu cho viéc thay phan B-glucan trén thanh té bao. Két qua thu duoc ham lugng
carotenoid la 143,90 ug/g & cac diéu kién tach chiét thich hop (pH 4.5, 55°C, 0,6 Ul/ml,
thoi gian U trong 30 phat). DI chiéu vaoi két qua ma thu nhan dugc thi ham luong

astaxanthin 82,319 pg/g thap hon so véi nhém nghién ctu cia Michelon va cong su.
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Diéu nay c6 thé giai thich rang, viéc st dung enzyme khong dic hiéu cellulase mang lai
hiéu qua tach chiét thap hon so vai sir dung enzyme dic hiéu dung dé pha té bao nam
men.

3.6. Thir nghiém hoat tinh sinh hoc ciia astaxanthin tr nim men
Rhodosporodium toruloides.

3.6.1. Hoat tinh khang oxy hod cia dich chiét astaxanthin

3.6.1.1. Bat géc tir do DPPH

Két qua bang 3.28: cho thay gié tri ICso ctia dich chiét astaxanthin thap hon so voi
cac mau di chimg 1a vitamin C va BHA. Trong d6 ICso viatamin C cao hon so véi
astaxanthin tach bang DMSO 14 2.62 lan. Ddi vai ICso cua BHA so véi astaxanthin tach
bang DMSO la 1,93 lan. Piéu nay, ching té6 mau khao sat co hoat tinh khang oxy hoa
manh hon nhiéu so véi BHA va vitamin C (ICso cang cao thi hoat tinh khang oxy hoa
cang giam). Kha ning bt gbc tu do DPPH (%) cua astaxanthin 91,23% cao hon vitamin
C (51,317%) 1.77 lan, cao hon BHA (68.343 %) 1,33 Ian.

So vai nhdm nghién ciru Suganya V. va S.T. Asheeba (2015) hoat tinh khang
khuan cua astaxanthin thu nhan tir 3 loai cua Portunus sanguinolentus (Three Spotted
Crab), Callinectes sapidus (Blue Crab) va Paralithodes brevipes (Spiny King Crab) kha
ning bat goc ty do DPPH (ba lodi cua) dao dong tir chiém 67% dén 79% [14], nghién
ctru nay dugc so sanh vai Soundarapandian P. va cong su, nam 2014, bao cdo vai tro
astaxanthin trong bét gc tu do 59% va 48% vo cua C.lucifera [14]. Vi vay astaxanthin

c6 hoat tinh bt géc tu do cao hon vitamin C va BHA.

Biang 3. 28: Gia tri ICso ctia vitamin C, BHA va mau dich chiét astaxanthin

Mau Kha ning bat goc tw do DPPH (%) | Gia tri ICso
Vitamin C 51.317 7.0180
BHA 68.343 51690
Astaxanthin bang DMSO 91.231 2.6814

3.6.1.2. Bat géc twr do ABTS+
Két qua bat goc tw do ABTS+ thé hién tai bang 3.29 thé hién gia tri 1Cso cho
thiy kha nang bat goc ty do ABTS* tang theo ndng do chat khao sat. Ty ¢ bat goc tu do
ABTS" ctia mau chiét bang DMSO ¢ gia tri 1Cso 1a 14.832 ciing twong duwong véi mau
dbi chung vitamin C va BHA (Vitamin C va BHA c6 ICsp lan luot 12 14,330 va 14,429).
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Bang 3. 29: Gi4 tri ICso ciia vitamin C, BHA va mau dich chiét astaxanthin

Mau Kha niing bit goc tw do ABTS" (%) | Gia tri ICso
Vitamin C 81,135 14,330
BHA 85,648 14,429
Astaxanthin bang DMSO 88,907 14,832

3.6.1.3. Ndang luc khir

Két qua nang luc khir thé hién tai bang 3.30, tai ndng d6 25 ug/ml, gia tri AOD700nm
cho thiy, hoat tinh ning lyc khir cia mau astaxanthin chiét bang DMSO cao hon so véi
viatamin C va BHA khoang (1,15 lan dén 1,3 1an), chang minh astaxanthin 1a mot chat
c6 kha nang khang oxy hda manh.

So vai nghién ciru cua Suganya V. va S.T. Asheeba (2015) astaxanthin co kha nang
cho mét dién tir cho s vd hiéu hoa cac goc tu do. Kha ning vé ning luc khir cua
astaxanthin thu nhan tir 3 loai cua Portunus sanguinolentus (Three Spotted Crab),
Callinectes sapidus (Blue Crab) va Paralithodes brevipes (Spiny King Crab) cho thay
ting gia tri AOD70onm 14 0,03 trong 10 phut va AOD700nm 0,06 trong 30 phat. Két qua nay
turong quan v6i astaxanthin nhu mot chat khir manh.

Bang 3. 30: Gia tri AOD7oonm ctia vitamin C, BHA va mau chiét astaxanthin

Mau Gia tri AOD700nm
Vitamin C 0,2427 + 0,0021f
BHA 0,269 + 0,0165f
Astaxanthin bang DMSO 0,3110 + 0,0181f

3.6.2. Két qud thi khang khudn cha dich chiét astaxanthin ti
Rhodosporidium toruloides

Tur két qua nghién cau kha nang khang khuan cua astaxanthin 1én chang vi khuan
E.coli, Bacillus subtilis, Pseudomonas aeroginosa, Salmonella typhi va Staphylococcus
aureus ta thay rang thu nhan astaxanthin tir Rhodosporidium sp., bang DMSO c6 kha
ning khang khuan va uc ché sy phét trién cua vi khuan duoc thé hién ¢ hinh 3.31 va
bang 3.32. Vi tao vong khang khuan tuong ddi rong va rd (duong kinh khang khuan tir
11 mm dén 17 mm) tdy theo chang vi khuan khi ting dan ndng do astaxanthin: 25 pg/ml,
50 pg/ml, 75 pg/ml va 100 pg/ml. Piéu ndy, ching to hoat tinh cua astaxanthin thu nhan

bang DMSO kim ham sy phét trién vi khuan. P6i chang &m DMSO khong tao vong
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khang khuan (dudng kinh khang khuan bang 0 mm), ddi chimg dwong tao vong khang
khuan rong va 1d (duong kinh khang khuan tir 25 mm dén 37 mm) tly theo chung vi
khuan khao sat.

Két qua caa nhom khao sat hoat tinh khang khuan twong dong so vai nhém nghién
ctiru Uma va cong su (2013) phan lap astaxanthin tir marine yeast va nghién ctu vé hoat
tinh duoc 1y, dua ra két luan 13 hoat tinh khang khuan cua astaxanthin duoc nghién cau
bang phuong phap khuéch tan dia thach, Salmonella typhi tao duong kinh 20 mm cho
viing ¢ ché, Pseudogonas aeroginasa 24 mm, Bacillus subtilis 18 mm, Staphylococcus
aureus 16 mm. Chiét xuat cho thiy hoat tinh khang khuan tuyét voi so voi
chloramphenicol chuan (ddi chang).

Theo nghién ctu Suganya V. va S.T. Asheeba (2015) ciing cho thdy hoat tinh
khang khuan cua astaxanthin thu nhan tir 3 loai cua Portunus sanguinolentus (Three
Spotted Crab), Callinectes sapidus (Blue Crab) va Paralithodes brevipes (Spiny King
Crab) va astaxanthin chuan khang lai vi khuan (E.coli) tir sita va thit théi. Céc sac t6
astaxanthin da duoc tim thay c6 hiéu qua khang khuan tai nong d6 50 pg, c6 dudng kinh
khang khuan 13 10,05 + 0,53 mm dén 12,11 + 0,95 mm [14].

Két luan: Astaxanthin c6 hiéu qua chdng vi khuin gram dwong va gram am khi
so sanh véi chloramphenicol tiéu chuan.

Giai thich: Kha ning khang khuan cua astaxanthin 1a do thay d6i mat do dién tich
trén mang, cau tric cua lipopolysaccharides va thanh phan lipid caa mang té bao chat
trong vi khuan gram am va gram duong [14].

Bang 3. 31: Puong kinh khang khuan astaxanthin dugc thu nhan
tu Rhodosporidium toruloides bang DMSO

Nong d¢ astaxanthin | (KS) | (-) | 25 50 75 100
, (Mg/ml)

Chiing vi khuan
Bacillus subtilis (+) 33 0 |11.0| 13.0 150 | 17.0
E. Coli (-) 25 0 |100| 12.0 | 150 | 17.3
Pseudomonas aeroginosa (-) 37 0 |11.0| 13.0 140 | 17.0
Salmonella typhi (-) 30 0 |11.0 | 127 15.0 | 17.0
Staphylococcus aureus (+) 35 0 |11.0| 120 14.0 | 16.3




Hinh 3.46: Kha ning khang khuan ctia astaxanthin thu nhan

tir Rhodosporidium toruloides bang DMSO

Chu thich:
(A): Bacillus subtilis (+). (B): E. coli ().  (C): Pseudomonas aeroginosa (-)
(D): Salmonella typhi (-) (E): Staphylococcus aureus (+)
(-): i chitng am 1a DMSO (KS): Khang sinh chloramphenicol
(1): Dich chiét astaxanthin 25 pg/ml (2): Dich chiét astaxanthin 50 pg/ml
(3): Dich chiét astaxanthin 75 pg/ml (4): Dich chiét astaxanthin 100 pg/ml

3.6.3. Tha nghigm hoat tinh ting cwong mau sic ¢ cd dia dé Symphysodon
sp., cua astaxanthin tir Rhodosporidium toruloides
Két qua anh huong astaxanthin 1én mau sic cua ca dia dugc dénh gia thong qua

diém s thé hién mau sic. Sau ba thang thi nghiém, két qua cho thay Astaxanthin duoc
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chiét xuét tir sinh khéi ndm men Rhodosporidium toruloides co tic dung cai thién
mau sic trén c4 dia d6 Symphysodon sp., ¢ liéu 90 mg/kg.

Két qua vé diém sd mau sic trung binh cua bang 3.32 va phén tich théng ké
ANOVA mot yéu td thi ca dia c6 mau sic ddm nhit & nghiém thirc 2 (astaxanthin
trén thi trudmg) voi sd diém trung binh 1a 28,25; ké dén 1a nghiém thic 1
(astaxanthin chiét xuét tir Rhodosporidium toruloides); nghiém thic dbi ching
khong str dung astaxanthin thé hién két qua mau sdc trén da ca dia nhat nhét véi 20,48
diém. Diéu nay co thé do astaxanthin chiét xuat tir sinh khdi ndm men c¢6 ngudn goc
tu nhién cho tac dung 1én mau cho cé dia dién ra cham hon va theo mot co ché tac

dong nhiéu giai doan, con astaxanthin trén thi truong dugc téng hop hoéa hoc nén tac

dong nhanh hon.
Bang 3. 32: Diém s6 mau sic ciia ca dia d6 ¢ cac nghiém thirc
Piém s0
Nghiém thirc .
Trung binh do léch chuan
bC 20,48°+ 0,10
NT1 26,23 + 0,20
NT2 28,25* £ 0,21

Ghi chii: Piém sé ciia moi lan Idp la trung binh ciia 3 ngudi tham gia ddnh gid dia vao bdng
diém cua quat so mau. Nhitng chit cdi trén cung mot cot khac nhau la sai khdc co y nghia vé
mat thong ké (P<0,05).

""’!"'""'!""I""F'ﬂln"lmuﬂ"luwmwm B = f’m I T LT

Hinh 3. 47: Mau sic cta ca dia d6 Symphysodon sp., khi cho an thitc n co
astaxanthin & cac nghiém thuc
3.7. So sanh két qua trén tiao Haematococcus pluvialis va nam men
Rhodosporidium toruloides
Két qua so sanh d6i chiéu két qua vé astaxanthin thu nhan tor Tao
Haematococcus pluvialis va nAm men Rhodosporidium toruloides, ciing nhu thtr

nghiém mot sé hoat tinh sinh hoc dugc thé hién ¢ bang 3.33.
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Bang 3. 33: Déi chiéu két qua vé thu nhan va hoat tinh sinh hoc cua astaxanthin

chiét suat tir tao Haematococcus pluvialis va nim men Rhodosporidium toruloides

Noi dung

Vi tao Haematococcus
pluvialis

N4am men Rhodosporidium
toruloides

Nudi
cay
thu

nhan
astaxanthin

- Vong doi cua tao
Haematococcus  pluvialis:
Tao chu yéu ¢ dang sinh
dudng hinh elip mau xanh, c6
hai roi, chuyén dong, trong 12
ngay nudi dau tién nudi cay.
Tir 12 dén 14 ngay nudi tiép
theo, tao dang té bao hinh
khdi cau, mau xanh, mat hai
roi, khong c6 kha nang
chuyén dong. Tur 14 dén 20
ngdy nudi tiép theo, tao
chuyén sang giai doan tao bao
nang, noi chat bén trong té
bao c6 mau nau do tao bat dau
tich liiy astaxanthin.

- Moéi truong RM tao dat
mat do t& bao cuc dai, ham
lugng astaxanthin, trong lugng
kho 1a cao nhit vai céc gia tri
twong ung 5,13x10° TB/ml,
487 ng/l, 2,32 g/l.

- Tao H. pluvialis sinh
truéng va phat trién manh
nhét & &nh sang tring (mat do
té bao cuc dai la 553x10°
TB/ml, ham lugng
astaxanthin 469,33 pg/l va
trong lugng kho 2,35 g/l va
thap nhat 1a anh sang do (mat
do té bao cuc dai la 2,6x10°
TB/ml, ham lugng
astaxanthin 66,67 pg/l va
trong lugng khé 0,62 g/l).

- Piéu kién Stress gay tich
llly astaxanthin trong 4 ngay
lin tuc: & cuong do chiéu
sang 120 umol/m?/s thoi gian
chiéu sang 1én 24 gio va nhiét
do khoang 33°C thi ham
luong astaxanthin va trong

- Vong doi cua niam  men
Rhodosporidium toruloides: trén moi
treong ri duong chia lam 4 pha, pha
tiém tang trong khoang 6 gio dau, pha
tang trudng ham mi vao khoang gio
tha 8 dén gio thir 30, pha on dinh tir gio
tha 32 dén gio thir 80, pha suy tan tir
gio thir 82 tro vé sau.

- Thanh phan khoang bd sung vao
moi truong ri dudng nhu MgS0O4.7H.0
3 g/l, urea 0,5 g/l, KH2PO4 1 g/l, ty 1€
gidng so véi mdi truong nudi cay la
10% (mat do té bao tir 8 dén 10 x 10°té
bao/ml), ham luong dudng tong trong
ri duong 1a 25 g/l. Thoi diém thu nhan
astaxanthin ~ tr  Rhodosporodium
toruloides la 82 gio.

- Tbi wu dé thu nhan carotenoid tir
chang nim men Rhodosporidium
toruloides, thanh phan méi truong toi
uu hoéa ri duong thu nhan carotenoid
gém ham luong duong tong la 26,04
g/l, ham Iuwong wurea 1,04 ¢/,
MgS0O4.7H20 3 g/l, KH2PO4 2 g/l, pH
5,96 va ty 18 giébng 10% (v/v), thoi gian
nudi cay 1a 80 gio, thu duge ham lugng
carotenoid cao nhat 12 186,48 pg/g.
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luong kho thu duoc la cao
nhat.

Quy trinh nudi sinh khéi tao
H. Pluvialis & quy m6 20 lit
theo quy trinh nudi tao 2 pha:
(1) Pha I (14 ngay): moi
truong long RM, mat do tao
ban dau 10° TB/ml, &4nh sang
dén led tring v6i cudng do
chiéu sang 90 pmol/m%s, thoi
gian séng 12 gio, suc khi lién
tuc, cung cap khi CO2 véi
ham Iwgng 18ppm cho tao
quang hop; (2) Pha 2 (4 ngay
stress): cudng do chiéu sang
120 pmol/m?/s, thoi gian
chiéu sang 12 gio. Ham
luong astaxanthin sau ly trich
dat tor 5.144 — 7.535,8ug/L
chiém tir 2,34 - 2,61%/SKK.

Tach chiét

- Tach chiét bing DMSO
¢6 ham luong astaxanthin la
cao hon miu dugc chiét bing
thuy tinh

- Tach chiét bing DMSO c¢6 ham
lwong astaxanthin & cao nhat (287,159
ug/g), tiép dén l1a bang HCI (133,428
Hg/g) va thap nhit Ia thu nhan bang
ezyme 82,319 + 4,4823 g/e.

Thir
nghiém
hoat tinh
sinh hoc

- Dich astaxanthin tach
chiét tr tao Haematococcus
pluvialis c6 hoat tinh khang
oxi héa qua ning luc khir goc
ABTS* manh gap 1,53 lan so
véi mau BHA va mau
astaxanthin thu duoc cd kha
nang khir manh hon BHA
1,17 lan.

- Két qua nghién ctru ting
mau sic trén ca dia voi lidu
luwong 75 mg/kg thic an, cho
két qua tang cudng Sic to do
trén ca dia.

- Dijch chiét astaxanthin tir nAm men
Rhodosporodium toruloides c6 hoat
tinh khang oxi hoéa qua nang luc khir
bit goc tw do ABTS+ manh gip 2,62
lan va DPPH la 1,93 lan (dich chiét
astaxanthin c6 gia tri 1C50 la 14,83
png/ml twrong duong vitamin C va BHA
lan luot 1a 14,33 pg/ml va 14,43
ng/ml), ning luc kha coa dich chiét
astaxanthin 25 pg/ml cao gap 1,28 lan
so véi doi ching vitamin C gap 1,16
lan so véi BHA.

- Astaxanthin cé kha nidng khang
khuan tai néng d¢ astaxanthin 100
ug/ml lan lugt: Ching Bacillus subtilis,
E.coli, Salmonella typhi, Pseudogonas
aeroginasa va Staphylococcus aureus
khoang 16 dén 18 mm (tly theo
phuong phap tach chiét).

- Dich chiét astaxanthin c6 kha ning
Gic ché 1én dudng cong ting trudng cua
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vi khuan: Bacillus subtilis, E. coli,
Pseudomonas aeroginosa, Salmonella
typhi, Staphylococcus aureus ngay tir
nong d6 dau tién 12,5 pg. Nhu vay
nong do uc ché téi thiéu cua
astaxanthin 1én nam chung vi khuan ma
chang téi nghién cioru (MIC) dat duoc
1a 12,5 pg/ml.

- Két qua nghién ctru tang mau sac
trén ca dia véi liéu lugng 90 mg/kg
thire an, cho két qua ting cuong sic tb
doé trén cd dia.




120
CHUONG IV. KET LUAN VA PE NGHI

4.1. Két luan
Tao Haematococcus pluvialis

- M6i truong RM tao dat mat do té bao cyc dai, ham luong astaxanthin, trong luong
kho 1a cao nhat véi cac gia tri tuong tng 5,13 x 10° TB/ml, 487 pg/l, 2,32 g/l. Tao phat trién
kém nhat 1a méi truong F2.

- Tao0 H. pluvialis sinh truéng va phét trién manh nhat & anh sang trang (mat do té
bao cuc dai la 5,53 x 10° TB/ml, ham lugng astaxanthin 469,33 ug/l va trong lugng kho
2,35 g/l va thap nhit 1a anh sang do (mat do té bao cuc dai 1a 2,6 x 10° TB/ml, ham
lugng astaxanthin 66,67 pg/l va trong lugng khoé 0,62 g/l).

- Khi stress tao ¢ cudong d6 chiéu sang 120 pmol/m?/s trong thoi gian 4 ngay (pha
2) thi ham luong astaxanthin twong (ng 4.618,67 ug/l va trong luong kho thu duoc la
cao nhat 1a 4,44 g/l (nhiét do 1a 35°C); con khi gay stress thém bang thoi gian chiéu
sang Ién 24 gio thi ham luong astaxanthin la 3.076,8 ug/l va trong lugng kho thu dugc
la cao nhét 1a 3,72 g/l (nhiét d6 cao 33°C).

- b xay dung duoc quy trinh nudi sinh khéi tao H. Pluvialis & quy mé 20 lit theo
quy trinh nudi tao 2 pha: pha | sir dung méi truong long RM, mat do tao ban dau 10°
TB/ml, anh sang dén led tring véi cuong do sang 90 pmol/m?/s, thai gian chiéu sang 12
gio, suc khi lién tuc, cung cap khi CO, véi ham luong 18ppm cho tao quang hop; pha 2
cudng do chiéu sang 120 pmol/m?/s, thoi gian chiéu sang 12 gio. Ham lwgng astaxanthin
sau ly trich dat tir 5.144 - 7.535,8ug/L chiém tir 2,34 - 2,61%/SKK.

- Dich chiét astaxanthin thu dugc tir tao H. Pluvialis c6 hoat tinh khang oxy hda
dong thoi ¢d kha nang khang oxy hoa cao hon ching duong 1a BHA, két qua c6 kha
nang khir manh hon BHA 1,17 1an va kha ning bat géc ABTS* manh gap 1,53 lan so
vi mau BHA. Ngoai ra, dich chiét astaxanthin tir tio H. Pluvialis véi liéu luong 75
mg/kg thtic an 1am ting cudng sic t do trén cé dia.

Nam men Rhodosporodium toruloides

- Thanh phan khoang b6 sung vao méi truong ri duong nhu MgS04.7H20 3 g/l
urea 0,5 g/l, KH2PO4 1 g/l, ty Ié giéng so véi méi truong nudi cay la 10% (mat do té
bao tir 8 dén 10 x 106 té bao/ml), ham luong duong tong trong ri duong 1a 25 g/l. Thoi

diém thu nhan astaxanthin tir Rhodosporodium toruloides 14 82 gio.
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- Nudi cay chung nam men Rhodosporodium toruloides trén méi trudng ri dudng
trong hé thdng 10 lit trong lwong sinh khdi kho thu duogc 14 6,3682 (g/1), ham lugng
astaxanthin tinh trén thé tich dich nuéi cay tuong tng 1a 1.243,13 (ug/l).

- P tbi wu hoa dugc thanh phan moi trudng dé thu nhan astaxanthi tir chiung nAm
men Rhodosporidium toruloides, thanh phan méi trudng tdi wu hoa ri duong thu nhan
astaxanthin gdom ham lwong duong téng 13 26,04 g/l, ham luong urea 1,04 g/l
MgS04.7H20 3 g/l, KH2PO4 2 g/l, pH 5,96 va ty Ié gibng 10% (v/v), thoi gian nudi
cay 1a 80 gid, thu duoc ham luong astaxanthin cao nhat 1a 186,48 ug/g. So sanh két qua
thi nghiém véi két qua dy doan khi nuéi trong méi tredng téi wu, ham luong carotenoid
& moi trudng t6i vu trong thuc nghiém 13 186,48 pg/g, cao hon so voi ham lugng
carotenoid du doan 3,318 pg/g.

- Tach chiét astaxanthin bing dung méi DMSO, HCI 0,4N va enzyme cellulase dé
thu nhan astaxanthitn tir nAm men Rhodosporidium toruloides két qua DMSO Ia cao
nhat (287,159 ug/g), tiép dén 1a bang HCI 0,4N (133,428 pg/g) va thap nhat 1a thu nhan
bang ezyme 82,319 + 4,4823 ug/g.

- Tur dich chiét astaxanthin bang DMSO, danh gia hoat tinh khang oxy hoa, khang
khuan (ham lugng astaxanthin xac dinh bang HPLC/MS 1a 5,09 pg/mg). Két qua hoat
tinh khang oxi hda qua niang luc khir bt gbc tw do ABTS+ va DPPH. Kha ning bat gc
tu do DPPH, trong d6 IC50 vitamin C va BHA cao hon so véi dich chiét astaxanthin 1an
lwot 14 2,62 1an 1,93 lan. Bit goc tw do ABTS+ cua dich chiét astaxanthin c6 gia tri IC50
13 14,83 pg/ml twong dwong vitamin C va BHA 1an luot 1a 14,33 pg/ml va 14,43 pg/ml,
kha nang khur cia dich chiét astaxanthin 25 pug/ml cao gap 1,28 lan so véi ddi ching
vitamin C gap 1,16 lan so voi BHA. Nhu vay astaxanthin 12 chat ¢ hoat tinh khang oxi
héa cao va cao hon so v&i chat chuan 13 vitamin C va BHA.

- Astaxanthin c¢6 kha nang khang khuan cao véi duong kinh (mm) khang khuan tai
nong do astaxanthin 100 pg/ml lan luot: Ching Bacillus subtilis, E.coli, Salmonella
typhi, Pseudogonas aeroginasa va Staphylococcus aureus khoang 16 dén 18 mm (tly
theo phuong phép tach chiét). Khang sinh chloramphenicol lam d6i ching dwong co
duong kinh (mm) khang khuan cao nhét tir 20 mm dén 35 mm tly theo chang.

- Dich chiét astaxanthin thu nhan tir nAm men hong Rhodosporidium sp., ¢ kha
ning uc ché lén duong cong tang truong cua vi khuan: Bacillus subtilis, E. coli,

Pseudomonas aeroginosa, Salmonella typhi, Staphylococcus aureus ngay tir ndng do
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dau tién 12,5 pg. Nhu vay nong do Gc ché téi thiéu cua astaxanthin 1én nam chung vi
khuan ma chang t6i nghién ctru (MIC) dat duoc 1a 12,5 pg/ml.

- Astaxanthin chiét xuat tir sinh khéi nAm men ¢ liéu 90 mg/kg thirc an sau khi cho
c4 an trong ba thang co tac dung cai thién mau séc trén ca dia d6 Symphysodon sp..

4.2. Kién nghi

- Nghién cttu thém hoat tinh khang ung thu trén cac dong té bao cua astaxanthin.

- Nghién ctu tao nano-astaxanthin dé ting tinh tan trong nudc cua astaxanthin ng

dung trong dugc pham va trong nudi tréng thay san.
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PHU LUC
Phu luc 1. Quy trinh nudi tao H. pluvialis 2 pha

Tao giéng H. pluvialis

1)

\ 4
Nhan nudi tang sinh khoi
trong binh erlen 500ml

(2)

A
Nudi tao trong pha |

(3)

v

Nudi tao trong pha Il

(4)

A 4
Thu sinh khéi tao chua
astaxanthin sau 4 ngay

(1) Cay chuyén miu tao gidng tir 6ng nghiém vao cac binh erlen 500 ml

Sinh khdi tao giir gibng trong 6ng nghiém dugc cay chuyén sang cap do binh erlen
500 ml va nudi trén méi trudng long RM, cuong d6 chiéu sang 90 umol/m?/s, thoi gian
chiéu sang 12 gio, suc khi lién tuc, cung cap khi CO2 cho tao quang hop, MDTB ban
dau 10° TB/ml. Tao dugc tiép tuc nudi trong phong thi nghiém véi nhiét 6 duy tri 25°C.

(2) Cay chuyén tao tir cac binh erlen 500 ml sang cac binh nhwa 10 lit nudi tao
trong pha |

Sau 5 - 7 ngay nudi cay ¢ cap do binh erlen 500 ml, sinh khéi tao duoc cay chuyén

bang cach pha lodng mau theo ti 1& 50: 50 trén moi truong long RM, cudng do chiéu



2

sang 90 umol/m?s, thoi gian chiéu sang 12 gio, suc khi lién tuc, cung cap khi CO, cho
tao quang hop va chuyén tir cac binh erlen 500 ml sang céc binh erlen 1000 ml sao cho
MDTB ban dau dat khoang 10° TB/ml. Tao duoc tiép tuc nudi trong phong thi nghiém
vGi nhiét do duy tri 25°C.

(3) CAy chuyén tao tir pha | sang pha II

Sau khoang 14 ngay nudi cdy & pha | tao dat mat do té bao cuc dai thi chuyén tao
vao nudi trong pha Il voi diéu kién moéi truong RM, anh sang trang, cuong d6 chiéu
sang 120 pmol/m?/s hoic thoi gian chiéu sang 24 gio, cung cap khi CO2, suc khi lién
tuc.

(4) Thu sinh khoi tao khi TB tao da chin hoan toan

Str dung kinh hién vi dé theo di su thay ddi kich thudc, hinh thai va mau sic trong
té bao tao H. pluvialis khi té bao phat trién thanh bao nang truéng thanh thi ding mang
loc ¢6 kich thudc khoang 150 pm dé tién hanh loc thu sinh khdi tao tuoi (sau 4 ngay

nudi trong pha I1).
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Phu luc 2. Mat d¢ trung binh caa tao H. pluvialis trong 4 méi trueong thi nghiém
(x10%

Ngay | RM C B F2 Ngay | RM C B F2

0 6 6,33 6 6 10 45 | 34,67 35 0

2 13,67 | 8,33 | 10,33 10 12 49 36 38 0

4 26,33 17 19 7,33 14 51,33 | 39,33 43 0

6 31,33 21 24,33 6 16 46 33,67 36 0

8 38,33 28 32,33 6 18 37,67 26 27,33 0
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Phu luc 3. Ham lwong sic té trung binh trong 4 méi truong thi nghiém cia tao H.

pluvialis
. Astaxanthin Ngay Tén Chlo a | Astaxanthin
Ngay | o | Chlea ugn miu | (g | (re)
mau (pg/)
RM | 105,8 41,2 RM | 582,26 303
C 110,15 40,8 C 457,5 252
0 10
B 111,07 44,93 B 501,91 292
F2 |110,73 44 F2 |0 0
RM | 177,88 65 RM | 782,25 345
C 144,18 48 C 609,62 289
2 12
B 160,02 60 B 667,13 321
F2 | 22,38 35,73 F2 0 0
RM | 187,01 127,67 RM | 794,03 404
C 153,53 102 C 713,05 307
4 14
B 176,64 114 B 740,53 333
F2 10,55 27,73 F2 0 0
RM | 313,46 153 RM | 727,86 454
C 275,61 133 C 702,03 320
6 16
B 295,61 140 B 695,94 400
F2 8,12 19,2 F2 0 0
RM | 473,77 261 RM 650,4 487
C 275,61 180 C 654,97 375
8 18
B 295,61 228 B 555,68 453
F2 |8,12 5,87 F2 0 0




Phu luc 4. Trong lwong kho caa tao H. pluvialis trong 4 méi trweong thi nghiém

5

TLK R TLK TLK
N Tén N Tén N " x
Ngay | = | (mg/ml) | Ngay | = | (mg/ml) | Ngay |Ténmau | (mg/ml)
0,63 1,14 1,22
M1 M1 M1
0,55 M2 0,74 0,64
M2 M2
0,53 M3 0,18 0,66
M3 M3
0,63 C1 0,56 0,69
C1l Cl
0,54 C2 0,65 0,63
C2 C2
0,41 C3 0,55 0,88
0 C3 9 4 C3
0,68 B1 0,59 0,71
Bl Bl
0,39 B2 0,68 0,72
B2 B2
0,55 B3 0,68 0,88
B3 B3
0,55 0,08 0,07
F1 F1 F1
0,57 0,08 0,07
F2 F2 F2
0,56 0,08 0,06
F3 F3 F3
1,87 1,64 M1 1,54
M1 M1
0,78 1,54 M2 1,79
M2 M2
0,91 1,41 M3 1,54
M3 M3
0,65 0,99 C1 1,45
C1 C1
0,25 0,90 c2 1,24
C2 C2
1,37 1,83 C3 1,45
5 C3 8 C3 10
1,61 1,95 B1 1,49
B1 B1
0,82 0,53 B2 1,76
B2 B2
0,61 1,20 B3 1,50
B3 B3
0,04 0,03
F1 F1 F1
0,04 0,02
F2 F2 F2
0,21 0,03
F3 F3 F3




M1 1,87 M1 2,00 M1 2,30
M2 1,86 M2 2,14 M2 2,19
M3 1,85 M3 2,15 M3 2,14
C1 1,57 C1 2,06 C1 1,93
C2 1,34 C2 2,54 C2 1,79
C3 200| 14 |[cC3 0,64 C3 1,78
19 16
B1 2,06 B1 1,85 B1 2,13
B2 2,57 B2 1,93 B2 1,99
B3 0,64 B3 2,15 B3 2,15
F1
F1 F1
F2
F3
2,30
M1
2,19
M2
2,46
M3
1,85
Cc1
1,99
C2
1,89
C3
18 2,25
Bl
2,14
B2
2,15
B3
F1
F2

F3
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Phu luc 5. Ham lwgng sic t6 cia tao H. pluvialis duéi 4 loai anh sang khac nhau

Chlo a

Astaxanthin

Astaxanthin

\ Tén s Tén
Ngay miu (ng/) (ug/) Ngay miu Chlo a (pg/l) (ng/l)
71,88 42,40 126,29 56,00
TR1 TR1
98,12 38,40 117,23 62,00
TR2 TR2
102,01 40,00 128,17 68,00
TR3 TR3
104,03 36,00 115,85 39,00
D1 D1
82,93 43,20 81,67 40,00
D2 D2
87,34 40,00 112,19 45,00
0 D3 2 D3
87,36 41,60 104,94 42,00
X1 X1
95,05 38,40 98,92 41,00
X2 X2
99,57 37,60 121,36 39,00
X3 X3
84,58 38,40 82,46 36,00
T1 T1
88,72 40,00 85,69 36,00
T2 T2
97,07 41,60 118,46 56,00
T3 T3
255,98 93,33 TR1 364,07 170,67
TR1
272,79 90,67 TR2 401,29 126,67
TR2
254,84 96,00 TR3 381,86 176,00
TR3
202,50 90,67 D1 139,53 148,00
D1
143,00 80,00 D2 157,83 162,67
D2
134,01 93,33 D3 129,94 152,00
4 D3 6
249,04 90,67 X1 273,88 105,33
X1
246,14 70,67 X2 290,12 152,00
X2
246,76 93,33 X3 308,63 113,33
X3
202,50 132,00 T1 213,94 140,00
T1
173,94 136,00 T2 202,50 138,67
T2
218,89 141,33 T3 199,10 138,67

T3




329.99 250,00 TR1 795,58 280,00
TR1
708,11 220,00 TR2 402.82 268,00
TR2
395.45 212.00 TR3 382.80 300,00
TR3
189,44 188,00 D1 194,02 140,00
D1
166.68 210,00 D2 304,64 136,00
D2
209.74 202,00 D3 428.03 92.00
o |D3 10
340,87 178,00 X1 399,92 200,00
X1
286,35 184,00 X2 554,46 232.00
X2
411.99 180,00 X3 48776 276,00
X3
23584 234,00 T1 431,07 268,00
T1
22524 132,00 T2 414.56 260,00
T2
246.85 354.00 T3 382.80 272.00
T3
640,99 320.00 TR1 701,75 360,00
TR1
529.67 348.00 TR2 729.44 344,00
TR2
863,17 300,00 TR3 900,82 400,00
TR3
194,02 120,00 D1 194,02 100,00
D1
304.64 116,00 D2 153,84 112,00
D2
314,65 112,00 D3 175.45 84,00
L, | D3 14
621,58 316.00 X1 781.55 300,00
X1
513,58 276,00 X2 758,02 312.00
X2
637.62 280,00 X3 702.55 360,00
X3
291.87 268,00 T1 291.87 216,00
T1
414.56 224,00 T2 140,64 212.00
T2
382.80 200,00 T3 30141 208,00
T3
791,03 360,00 TR1 710,73 484.00
TR1
639,40 48000| 18 |TR2 639,40 524,00
16 | 1Ro
749.93 360,00 TR3 712.46 400,00

TR3




101,22 120,00
D1

153,84 84,00
D2

175,45 76,00
D3

637,81 280,00
X1

653,20 360,00
X2

702,55 400,00
X3

291,87 192,00
T1

140,64 224,00
T2

197,01 200,00

T3

D1 101,22 60,00
D2 153,84 64,00
D3 74,98 76,00
X1 598,57 400,00
X2 618,82 436,00
X3 644,55 400,00
T1 175,87 232,00
T2 140,64 192,00
T3 197,01 156,00




10

Phu luc 6. Ham lwong sic td cia tao H. pluvialis trung binh dwéi 4 loai anh
sang khac nhau

. i Astaxanthin Ngay Tén Chlo a | Astaxanthin
Ngay | ren | Chloa b g miu | (ugh) | (ngh)
mau (ng/l)
TR |90,67 40,27 TR 527,07 282,67
D 91,43 39,73 D 308.89 122,67
0 10
X 94,00 39,2 X 480,71 236
T 90,00 40 T 409,48 266,67
TR | 123,89 62 TR 677,94 322,67
D 103,23 41,33 D 271,10 116
2 12
X | 108,40 40,67 X 590,93 290,67
T 95,53 42,67 T 363,08 230,67
TR |261,20 93,33 TR 777,34 368
D 159,84 88 D 174,44 98,67
4 14
X 247,31 84,89 X 690,93 324
T 198,44 136,44 T 244,64 212
TR 382,41 157,78 TR 727,09 400
D 142,43 154,22 D 143,50 93,33
6 16
X 290,88 123,56 X 664,52 346,67
T 205,18 139,11 T 209,84 205,33
TR 477,85 227,33 TR 687,53 469,33
D 188,62 200 D 110,01 66,67
8 18
X 346,40 180,67 X 620,65 412
T 235,96 240 T 171,17 193,33
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Phu luc 7. Mat @9 trung binh caa tdo dwéi 4 loai anh sang khac nhau (x10%

Ngay | TR D X T | Ngay | TR D X T
0 | 800 | 870 | 830 | 800 | 10 | 42,33 | 21,00 | 37,00 | 33,00
2 |13,33| 11,00 | 11,67 | 11,00 | 12 |52,00 | 17,00 | 41,67 | 29,00
4 |20,00 | 1367 | 16,33 | 14,67 | 14 | 5533 | 14,33 | 46,00 | 20,67
6 |3233 (21,33 (2300|2233 | 16 | 46,67 | 11,33 | 42,67 | 17,67
8 | 3700|2600 | 2967 | 2967 | 18 | 3867 | 9,33 | 33,67 | 12,67
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Phu luc 8. Trong lwgng khé trung binh cia tao H. pluvialis dwéi 4 loai &nh
sang khac nhau

Ngay Ténmau | TLK (g/l) Ngay Ténmau | TLK (g/)
0 TR 0,304 10 TR 1,700
D 0,344 D 1,200
X 0,339 X 1,620
T 0,401 T 1,560
2 TR 0,667 12 TR 1,950
D 0,610 D 1,090
X 0,619 X 1,750
T 0,544 T 1,480
4 TR 0,738 14 TR 2,200
D 0,705 D 0,870
X 0,700 X 1,860
T 0,704 T 1,230
6 TR 1,187 16 TR 2,280
D 0,820 D 0,750
X 0,910 X 1,890
T 0,870 T 0,900
8 TR 1,540 18 TR 2,350
D 1,430 D 0,620
X 1,470 X 1,910
T 1,450 T 0,820
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Phu luc 9. Ham lwgng astaxanthin va trong lweng kho trung binh cia tao H.

pluvialis dwéi cac cwong dd chiéu sang khac nhau

Ngay Tén mau Astaxanthin (pg/l) TLK (g/l)
0 A 22,4 0,42
2 A 33,6 0,56
4 A 63,2 0,96
6 A 105,6 1,13
8 A 158,4 128
10 A 174.4 1,57
12 A 278,4 1,71
14 A 324,8 1,86

BC 558,93 5
1 120 pmol/m?/s 724,27 253
180 umol/m?/s 752,53 237
pC 628,27 2.26
2 120 pmol/m?/s 942,4 203
180 pumol/m?/s 360 0,52
BC 968,53 238
3 120 pmol/m?/s 1891,2 368
180 umol/m?/s 96 0
4 BC 1073,6 255
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120 pmol/m?/s

4618,67

4,44

180 pumol/m?/s
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Phu luc 10. Ham lwong sic té va trong lweng khé trung binh cia tao H.

pluvialis dwéi cac thoi gian chiéu sang khac nhau

Ngay Tén mau Chlo a (ng/l) | Astaxanthin TLK (g/l)
(ng/)

0 B 75,60 33,60 0,22
2 B 101,03 43,20 0,45
4 B 193,64 68,00 1,07
6 B 362,54 129,60 1,09
8 B 440,01 142,40 1,26
10 B 436,81 166,40 15
12 B 532,74 256,00 1,7
14 B 399,00 384,00 1,84
bC 431,54 453,33 1,92

1 16 gio 421,79 464 2,02
24 gio 460,94 568,53 2,59

bC 426,43 579,73 2,15

2 16 gio 423,48 767,47 2,18
24 gio 494,67 1409,6 2,68

bC 696,55 819,73 2,23

3 16 gio 429,03 956,27 2,26
24 gio 514,09 2086,4 2,84
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bC 514,20 1156,8 2,24
16 gio 419,94 14544 2,29
24 gio 481,77 3076,8 3,72
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Phu luc 11: Két qua khéo sat cac yéu té thich hop cho nudi cady Rhodosporidium sp.
trén moi trwong ri dwong.

Két qua khio siat ham lwong dwong tong dén ham hrong astaxanthin:

Bang: Két qua anh huong ham luong dudng tong dén ham luong astaxanthin

Ham lugng Trong lugng Ham lugng astaxanthin

Puong tong  sinh khéi kho (ng/g sinh khoi kho ) (ug/l dich nudi ciy)
(9/) (9/1)

10 3,7310 £ 0,2115% 145,873 + 1,842° 543,797 + 27,042

15 4,7487 +£0,1172° 159,238 + 1,083" 756,240 + 20,69
20 6,1967 + 0,2802° 175,397 + 3,138° 1085,92 + 42,11°
25 7,4697 +0,2388° 188,285 + 0,5586¢ 1406,62 + 47,97¢

30 6,9630 + 0,1412¢ 176,254 + 2,942° 1227,06 = 28,08°

35 5,2080 + 0,0463% 153,223 + 3,532% 798,18 + 23,22°

Két qua khao sat anh hwéng ciia ham hrong dam (ure cong nghiép):

Bang: Két qua anh hudng cua ham luong ure cong nghiép

Ham lugng Trong luong Ham lugng as:[axanthin ,
Urea (g/l) sinh khoi kho (ug/g sinh khoi kho )  (ug/l dich nuoi cay)
(a/)

0,0 4,819 + 0,0462° 152,29 + 1,205° 733,92 +12,59°
0,2 5,054 + 0,0385¢ 181,30 + 1,321° 916,30 + 10,70¢
0,5 5,749 *+ 0,1055° 188,98 + 1,686° 1086,33 + 20,05°
1,0 4,5333 +£0,0363° 145,24 + 4,219° 671,72 + 7,845°
1,5 4,322 + 0,06942 124,38 + 4,6442 544,96 + 13,19

Két qua khéo sat anh hudng ciia ham lwgng MgS04.7H20 cdng nghiép:

Bang: Két qua anh huong cta ham lugng MgS04.7H20

Ham lugng  Trong luong Ham lugng astaxanthin

MgSO4.7H2  sinh khoi kho (g/1)

8”) (ng/g sinh khdi kho ) (ng/1 dich nudi ciy)
0 4,169 + 0,1228? 144,71 + 5,353° 591,46 + 29,05%

1 4,435 + 0,0511% 146,44 + 4,046b 649,08 +10,86°

2 4,417 + 0,0345% 162,89 + 3,546° 719,77 +21,32°

3 4,566 + 0,0639% 186,03 + 1,695¢ 849,27 +4,721¢

4 4,736 + 0,2665° 154,89 + 3,783 731,57 £ 22,78°

5 4,516 + 0,0866% 121,49 + 2,9732 548,60 £ 15,772

Két qua khio sit znh hwéng ciia ham lwgng KH,PO4

Bang: Két qua anh hudng ciia ham lugng KH,PO4
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Ham lugng Trong lugng Ham lugng astaxanthin
KH2PO: (g/1) (Sillgl khdi kho (ng/g sinh khoi kho ) (ug/l dich nudi ciy)
g

0 5,546 + 0,0746* 187,08 + 2,66¢ 1037,94 + 28,52¢

1 6,623 + 0,1427¢ 159,75 + 3,33° 1057,53 + 39,89¢
2 6,2437 + 0,2974° 143,49 + 0,88° 895,39 + 37,38°

3 6,0547 + 0,0356™ 130,00 + 2,21° 786,98 + 10,21°
4 5,2727 £0,1656* 127,02 + 2,12° 670,24 + 30,51°

S) 5,6123 + 0,2545% 123,43 + 0,46° 692,93 + 33,80°

Két qua khao sat anh hwéng anh hwong ty 1¢ giong dén ham lwong astaxanthin

Bang: Két qua anh hudng ctia ham luong ty 16 gidng dén ham luong astaxanthin

Ty 1é giong Trong lugng Ham luong astaxanthin

(%) sinh khoi kho (ng/g sinh khoi kho ) (ug/l dich nudi ciy)
(9/)

6 5,320 £ 0,2549* 155,02 + 3,85? 826,35 +57,77°

8 5,507 + 0,1022 164,09 + 3,55° 904,32 + 34,48

10 6,308 + 0,055" 189,78 + 0,87¢ 1197,17 +14,18¢

12 6,226 + 0,025° 175,30 + 2/41° 1092,79 + 12,04

14 5,850 + 0,308% 175,04 + 2,72° 1025,52 + 68,97
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Phu luc 12: Két qua xdy dung dwdong cong ting trwéng cia chiing
Rhodosporidium sp. trén moi trwong ri dwong da khao sat.

Xay dung dwong cong twong quan tuyén tinh giiva gid tri ODesionm va mét dp té
bao log(N/ml)

Budng dém hong ciu duoc st dung 13 budng dém Malassez ctia hing Superior
(Germany) voi cac thong sd sau: Dién tich 1 6 nho trong budng dém: S = 0,0025mm?,
chiéu cao 1 6 nho h =0,200mm, mot khung dém ¢6 25 6 16n, mbi 6 1én ¢6 20 6 nhéd

Thé tich 1 6 16n

V = S*h = 0,0025*0,200 = 5*10** (mm?3) = 5*10°"(ml)

V: Thé tich 1 6 nho

S: Dién tich 1 6 nhé

h: Chiéu cao 1 6 nho

86 té bao/Iml mau = A/20*5*107

A: S6 té bao trung binh trong 1 6 16n

Khung dém trong budng dém hdng cau c6 25 6 16n, mdi 6 16n ¢6 20 6 nho

Bang: Két qua dung duong tuong quan tuyén tinh gitta ODs1onm va mat do té bao

log(N/ml)
oD 0,101 0,203 0,294 0,401 0,501
86 té bao 3 133136/63 |66 |67|93|95|00]|150] 146|153 | 218 | 217 | 225
dém duoc 9
trong 5 6
16n cua 1 4
khung dém | 3 44 |40 |64 |68 |65|95|92|92|151 | 154 | 154 | 220 | 223 | 216
(lap lai 3
lan) g 37 43|61 |60 |57(92|91|93|149 (150|148 | 223|218 |222
S6 té bao
trung binh | 59 55 63.444 92.556 150.556 220.222
trong 1 0
16n (A)
S6 té bao /
1ml mau
AI(20%5%1 3900000 | 6344444 9255556 15055556 22022222
07)
Log(N/ml) |6,6 6,8 7,0 7,2 7,3

Xiy dung dwomg cong ting trwdng ting sinh bic 1 (200ml) cia giong

Rhodosporidium sp. trén méi trwong ri dwong.
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Bang: Dung duong cong tang truong cua chung Rhodosporidium sp. trén moi

truong ri duong khi tang sinh bac 1 dung tich 200ml

Gio oD HSPL | Log(N/ml) | Gio oD HSPL | Log(N/ml)
0 0,025 6,458 46 0,497 20 8,648
2 0,021 1 6,451 48 0,285 50 8,647
4 0,021 1 6,451 50 0,29 50 8,656
6 0,019 1 6,447 52 0,283 50 8,643
8 0,19 1 6,769 54 0,297 50 8,669
10 0,238 1 6,859 56 0,296 50 8,668
12 0,308 1 6,991 58 0,318 50 8,709
14 0,428 1 7,217 60 0,29 50 8,656
16 0,136 10 7,667 62 0,296 50 8,668
18 0,371 10 8,110 64 0,305 50 8,684
20 0,416 10 8,195 66 0,303 50 8,681
22 0,33 20 8,334 68 0,308 50 8,690
24 0,332 20 8,337 70 0,29 50 8,656
26 0,342 20 8,356 72 0,286 50 8,649
28 0,358 20 8,386 74 0,292 50 8,660
30 0,363 20 8,396 76 0,283 50 8,643
32 0,387 20 8,441 78 0,264 50 8,607
34 0,409 20 8,482 80 0,232 50 8,547
36 0,424 20 8,511 82 0,13 50 8,355
38 0,47 20 8,597 84 0,116 50 8,329
40 0,444 20 8,548 86 0,104 50 8,306
42 0,474 20 8,605 88 0,284 20 8,247
44 0,492 20 8,639 90 0,245 20 8,174

Sw thay doi ham lweng astaxanthin twong Wng véi qua trinh ting trwéng

ching Rhodosporidium sp.

Bang: Két qua khao st sy thay doi ham lugng astaxanthin

Thé Ham lugng astaxanthin
o Trong lugng Do hap tich
Th(“ 11 §)1an sinh khéi kho thu dich | ng/gsinhkhéi | 0o
& (g/l) Adsgnm | shc t6 kho HE/R ich nuot cay
(ml)
10 gio
(cudi pha 0 0 0 0 0
tiem
tang)
32 g0 21,1747 +
(ddupha | 6,517 +0,0485 | 0,2223% | 10 Lsog | 137,993+11,7133
4n dinh) 0,0064 !
80 gio | 6,446 + 0,0069 1695357; 10 18?’3%92 * | 1212,87+8,8515
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(9u6i pha
on dinh)

Quy mo Pilot 10L

Bang: Két qua khao sét sy thay doi ham luong astaxanthin

Thé Ham luong astaxanthin
Trong .
3 luong sinh | D6 hap thu tich
Lan kh*g . > 1ap dich | pg/gsinh | pg/l dich nudi
01 kho Aussnm LA K- A A
sac to khoi kho cay
@/ P
1 6,377 1,929 10 183,71 1171,54
2 6,415 2,115 10 201,43 1292,17
3 6,350 2,089 10 198,95 1263,33
4 6,224 1,995 10 190 1182,56
5 6,475 2,118 10 201,71 1306,07
TIUNG | 6 3682+0,003 10 | 19516£7,972 | 124313623864

binh
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Phu luc 13: Két qua khao sat quy trinh tach chiét astaxanthin tir nAm men

Rhodosporidium sp.

4.1 Tach chiét DMSO/acetate
4.1.1 Khio sat thé tich DMSO

2 . A A 1A 2 S Ham lugng
;Frﬁf) tich dung moi lr-])r?] hap thu Auses ;l(:sh(e rr?l():h dich sac Astaxaqthin (g/g
sinh khoi kho)
3 0,873 £ 00,0432 10 207,78 + 10,3132
5 0,958 +0,0222 10 228,10 +£5,1242
7 0,854 + 0,122% 10 203,41 + 29,008%
9 0,820 + 0,028% 10 195,32 + 6,734%°
11 0,760 + 0,037° 10 180,87 + 8,848°
Két qua khio sat thoi gian i DMSO
Ham luong
T A1 Thé tich dich sdc | Astaxanthin
Thoi gian u (phut) | Do hap thu Ases M 6 (ml) (ug/g sinh khoi
kho)
30 0,9133 + 0,0091 10 217,508 + 2,07738
40 0,9677 £ 0,0211 10 230,397 + 5,03012
50 0,9960 £ 0,0108 10 237,143 + 2,57533
60 1,0533 + 0,0556 10 250,793 + 13,2338
70 0,8290 £ 0,0265 10 197,381 + 6,31286
Két qua khéo sat nhiét do a DMSO
Ham luong
a e o 2 Thé tich dich sic | Astaxanthin
Nhiét d6 u (°C) Do hap thu Ases NM t (ml) (ug/g sinh khéi
kho)
40 1,0233 + 0,0690 10 243,651 + 16,4377
50 1,5757 £ 0,6177 10 295,794 + 9,6697
60 1,1187 + 0,0914 10 266,350 + 21,7600
70 1,1003 + 0,0814 10 261,191 + 20,6566
80 0,9747 £ 0,1026 10 232,064 + 24,4215
Khao sat dung méi hoa tan
Ham lugng
N .y X Thé tich dich sic | Astaxanthin
Dung moi Do hap thu Ases NM t (ml) (ug/g sinh khéi
kho)
Methanol 0,9343 £ 0,0513 10 222,461 + 12,2112
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Acetone 1,1540 + 0,0328 10 274,762 + 7,8063
Con 96° 1,0517 + 0,0232 10 250,397 £ 5,519
Tach chiét bang HCI

Néng do HCI(N) | D héip thu Asgs nm STietg"&‘lj)lCh Eif;;;ﬁﬁ?n (e
3 0,3353 + 0,0380° 10 79,8413 + 9,0522°
3,5 0,3843 + 0,0081° 10 91,508 + 1,9389"
4 0,4090 + 0,0081"° 10 97,381 + 1,9490
4,5 0,4370 + 0,0331° 10 104,048 + 7,8715°
5 0,3987 + 0,0021"° 10 94,9207 + 0,4954
811?) tich HCI P héip thu Asgs nm ;l(%hf: n‘?l;h dich sic legxl;ﬁﬁign e
3 0,2103 + 0,0080° 10 50,0793 + 1,9099¢
5 0,2317 + 0,0212¢ 10 55,1587 + 5,0469¢
7 0,2023 + 0,0051%° 10 48,1747 + 1,2219
9 0,1767 + 0,0195° 10 42,0633 + 4,6552°
11 0,1790 + 0,00442 10 42,6193 + 1,0380%
Nhiét do u b6 hép thu Aaes T,hé tich dich sic | Ham luong Astaxanthin
HCI (°C) nm to (ml) (ng/g)

50 0,092 + 0,03112 10 21,9047 + 7,4040°

60 0,1207 £ 0,0032* | 10 28,7303 + 0,7656°

70 0,1963 + 0,0085" | 10 46,7463 + 2,0252°

80 0,204 + 0,0131° 10 48,5713 + 3,1229°

90 0,184+ 0,0185° 10 43,8093 + 4,4093°
Egl(%ﬁi )u P hép thu Asgs nm ;l;*,hf H?l():h dich sic (}Lagr/ng ;u(_)‘ng Astaxanthin
10 0,1287 £ 0,0169? 10 30,635 + 4,01472

15 0,3197 + 0,0150° 10 76,1113 + 3,5817"

20 0,366 + 0,0132° 10 87,1427 + 3,1500°

25 0,3197 + 0,0315° 10 76,1113 + 7,4926°
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30 0,3087 + 0,0064° 10 68,6985 + 20,6335°
N Do hap thu Ases Thé tich dich sac | Ham luong Astaxanthin
Dung mol J
nm t6 (ml) (ng/g)
Acetone 0,4917 + 0,0186° | 10 117,0640 + 4,4245°
Methanol 0,4577 + 0,0448° | 10 108,9680 + 10,6756"
Con 96° 0,2200 + 0,0397¢ | 10 52,3807 + 9,4614%




Phu luc 14. Kha ning bit goc tw do ABTS ciia astaxanthin

+ ABTS vitamin C

Kha niang bat géc tu do ABTS cua Vitamin C

25

Kha ning bit goc tu do ABTS ciia Vitamin C

=
o
o

90

9
2 -9 y = 3,4892x
m 80 : R2=0,9973
g_ 60
::'o, 50 -9
\;;n 40 P % gbe ty do
< 30 :
2 20 ..
= 10 '
S o0e”
0 5 10 15 20 25 30
Nong d6 (ng/ml)
Bang : Kha ning bat gbc ty do ABTS cua Vitamin C
Nong do % bat gbc tu do o
(ug/ml) OD (nm) ABTS (%) ICs0: y = 3,4892x
0 0,5976 + 0,005f 0
5 0,4746 + 0,0059° 20,569
10 0,3896 + 0,0081¢ 34,783
15 0,2850 + 0,01° 52,341 14,3299
20 0,1727 +0,0118° 71,070
25 0,0863 + 0,0085% 85,619

Bang: Kha ning bat goc ty do ABTS ctia BHA

Néng d6 (ug/ml) | OD (734nm) K’é’fg%”/‘;)m do | 1cg: y =3,4652x
0 0,5993 +0,0021' |0

5 0,5180 + 0,0079° | 13,523

10 0,4023 +0,0041% | 32,888 14,4292

15 0,2736 + 0,0035° | 54,424

20 0,1990 + 0,0072> | 66,778
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Kha ning bit goc tw do ABTS ciia BHA
100

g 90 ® y = 3,4652x
2R R?=0,9939
2 e
S 60
:;' 50 . o
S 40 % gbc 0
\;;'n 0 ot ® % goc tu d
=
g 20
T "o
E oe
~ 0 5 10 15 20 25 30
Nong d9 (ug/ml)
25 0,0680 + 0,00262 88,648
ABTS BTT

Bang: Kha ning bit gbc tw do ABTS cta BTT

A o % bét gbc tu do o

Nong d6 (ug/ml) | OD (734nm) ABTS (%) ICs0:y = 2,8769x
0 0,6090 + 0,0026" |0

5 0,4977 £0,0127¢ | 18,276

10 0,4140 + 0,002¢ 32,020

17,3798

15 0,3450 £ 0,0075¢ | 43,350

20 0,2703 + 0,0050° | 55,616

25 0,1750 £ 0,012 71,264
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Hé théng 18n men Rhodosporidium sp. Quy mé 10 lit tai PTN




