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TOM TAT

Vi tao don bao Haematococcus pluvialis 1a mat trong nhitng vi tao cé tiém ning trong
san xuit astaxanthin, mot loai ketocarotenoid, duoc sir dung rong rai nhu mot chat khang
oxy hoé trong thuc pham, dugc pham va chit tao mau tu nhién trong nudi trong thuy san. Sy
tich lily astaxanthin trong t& bao H. pluvialis thuong xay ra trong diéu kién stress. Trong
nghién ctru nay, moi truong phil hop cho s sinh truéng va cac yéu td anh hudng dén su tich
tu astaxanthin cua vi tao H. pluvialis dugc xac dinh. So sanh gitra cac moi truong khao sat
gom Bold’s Basal, OHM (optimal Haematococcus medium), RM (Rudic’s medium), /2
Guillard va Walne, két qua cho thiy trén méi truong RM, sy sinh truong cua tao thuan loi
nhat. Mét do cuc dai dat duoc sau 18 ngay nudi cdy & muac 6,97 x 10° té bao/mL. Sy thiéu
hut ngudn dinh dudng nito do sy loai bo hoan toan hoac mét nua lugng nitrate trong moi
truong nudi cay da cam ung su san sinh astaxanthin trong té bao tao. Piéu kién cuong do
chiéu sdng manh (4 klux va 8 klux) va néng do CO, cao ciing di kich thich sy tich ldy
astaxanthin. Str dung phuong phap sic ky ban mong (thin-layer chromatography - TLC) va
phan tich sic ky long hiéu ning cao (high-performance liquid chromatography - HPLC) da
xé&c nhan sy hién dién cua astaxanthin trong dich chiét té bao tao H. pluvialis. Ngoai ra, trong
nghién ciru ndy, astaxanthin trong sinh khéi w6t cua tao da dugc tach chiét bang dung moi an
toan dimethyl ether dinh hudng tng dung cho thyc pham.

Tw khoa: Astaxanthin, bioreactor, dimethyl ether, sic ky long hiéu nang cao, Vi tao
Haematococcus pluvialis

1. MO PAU

Vi tao nudc ngot Haematococus pluvialis dugce danh gia 1a dbi tugng tiém ning cho san
xuit astaxanthin. Nghién ciru san xuét astaxanthin tir H. pluvialis dugc dic biét quan tam do
ham lugng astaxanthin tich liiy trong sinh khéi cao [1]. Tuy nhién, viéc san xuat astaxanthin
hi¢u qua tur loai vi tao nay con gap nhiéu kho khin boi vi ching c6 toc d6 sinh truong thp,
chu ky sbng phirc tap va nhay cam véi sy thay doi cia diéu kién nudi cdy. Hau hét té bao vi
tao déu duy tri & trang thai sinh dudng, tich lity rat it hodc khong tich lily astaxanthin khi
nudi & diéu kién thich hop. Tuy nhién, dudi diéu kién stress, t& bao chuyén sang dang bao
nang khong chuyén dong va khi dugc kich thich phi hop, té bao tao c6 thé tich liiy mot luong
I6n astaxanthin [2, 3]. Vi vy, diéu kién cho té bao sinh truéng va téng hop astaxanthin 12 rat
khac nhau.
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Astaxanthin sir dung hién nay dwoc thu nhan tir cc nguyén liéu c6 ngudn gbc tu nhién,
bao gém céc loai thuy san (vo tdm, c& hdi), nam men do, vi tao, hoic tir tong hop hoa hoc.
Mic di chiém ti 18 16n, astaxanthin tong hop hoa hoc gan day bi han ché sir dung trong cac
san pham thuc pham va thuéc do hoat tinh sinh hoc va tinh an toan thap [4]. Trong céac
nguyén lidu tu nhién, astaxanthin c6 thé ton tai ¢ nhiéu dang, gom 3S-3’S, 3R-3’S va 3R-
3°R, trong d6 chi dang dau tién 1a c6 hoat tinh sinh hoc. O vi tao H. pluvialis, ham luong
astaxanthin c6 thé chiém 2 - 3% trong luong khd, gap 5000 lan so véi trong ca hoi, gap 20 -
50 lan trong nAm men do, va chu yéu ton tai ¢ dang 3S-3°S [5]. Astaxanthin chiét xuat tir tao
dugc sir dung rong rii nhu mot phu gia bd sung vao dugc pham, thyc pham cho ngudi hoic
thirc an chén nudi [3]. Tai Viét Nam, astaxanthin dugc nhap khau dé diéu ché thanh cac vién
nang thuc pham chic nang, cac loai my pham cao cap chiam séc bao V¢ da, chéng ldo hoa
hoac lam phu gia thuc pham va bd sung vao thirc an chin nudi. Mot s6 nghién ctu vé nudi
trdng vi tao c6 kha ning tong hop astaxanthin da duoc tién hanh & Viét Nam nhung chi méi
dirng lai & muac khao sat vong doi ciia vi tao, anh huong cia ngudn dinh dudng dén sy tong
hop astaxanthin [6-9] ma chua c6 nghién ctru ddy du vé cac yéu td anh hudng dén su sinh
truong, tich lily astaxanthin va cling chua c6 nhitng dé xuit vé quy trinh tach chiét
astaxanthin tir sinh khdi vi tao phuc vu cho nhu cau san xuat.

Qua trinh tach chiét astaxanthin tir sinh khdi vi tao cé chét lugng pht hop cho muc dich
lam phu gia thuc phiam gap nhiéu kho khin vi té bao vi tao c6 véach polysaccharide day, kho
phé v va astaxanthin 1 hop chat mau khong tan trong nuéc. Nhidu phuong phap tach chiét da
duoc 4p dung dé thu duoc astaxanthin ding cho nhidu muc dich khac nhau. Nam 1992,
Kobayashi et al. tién xir ly té bao vi tao H. pluvialis véi acetone 40% (v/v) trong thoi gian 2
phit & 80 °C va sau d6 thuy giai bang enzyme di thu duoc astaxanthin vai hiéu suat 70% [10].
Niam 2008, Kang va Sim tach chiét astaxanthin tir vi tao H. pluvialis bang dau thuc vat va thu
duoc astaxanthin véi hiéu suat 88% [11]. Nam 2014, Dong et al. di 4p dung 4 phuong phap
tach chiét khac nhau, gom két hop HCI va acetone, hdn hop hexan:isopropanol c6 ti 1é 4:6, tach
chiét lan luot bang methanol sau d6 dén acetone, va tach chiét bang dau thuc vat [12]. Két qua
cho thdy viéc két hop HCI va acetone cho hiéu suat tach chiét cao nhat. Nam 2006,
Machmudah et al. tach chiét astaxanthin ding CO, siéu t6i han két hop véi bd sung ethanol
gitp thu duoc astaxanthin voi hiéu suat 80,6% [13]. Tai Viét Nam chwa co nhiéu cac nghién
ctru V& viéc tach chiét astaxanthin tir vi tao H. pluvialis cho muc dich thwong mai, ngoai trir
mot vai nghién cau nam 2010 cia tac gia Dang Didm Hong va ctv, nim 2011 cua Dinh Duc
Hoang va ctv, nim 2013 Lé Thi Thom va ctv sir dung dung méi dé tach chiét, dinh lugng
astaxanthin trong qua trinh nghién ctru vé su sinh truéng cua vi tao H. pluvialis [6, 8, 9].

Trong nghién ctu nay, mot s6 yéu té moi trudng anh hudng dén sy sinh truéng cua vi
tao H. pluvialis nudi cidy mé va trong hé thong bioreactor ciing nhur Sy tich liy astaxanthin
dugc khao sat. Ngoai ra, nghién ctru ciing xac dinh diéu kién tach chiét astaxanthin tir té bao
vi tao phi hop cho muc tiéu tng dung lam phy gia thuc pham.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u

Chang tao nuéc ngot Haematococcus pluvialis str dung trong nghién ciru dugc cung
cap boi Vién Nghién ciru Nudi trong Thuy san 2 (Tp. HO Chi Minh). Chiing tao dugc nudi
ciy tang sinh trong cc binh tam giac 500 mL chira 200 mL méi truong Bold’s Basal tai
nhiét d6 25 + 2°C, cuong d6 &nh sang 2 klux véi chu ky chiéu sang 16 gid/ngay, suc khi lién
tuc véi luu Iuong 1,8 lit/phat bang may thoi khi AirMac DB8 (AirMac, Dai Loan). Sinh khéi
Vi tao dugc xac dinh mat do té bao va dugc sir dung cho tat ca cac nghién ciu nudi cay.
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2.2. Phuong phap
2.2.1. Khdo sdat méi trirong nudi cdy vi tao H. pluvialis

Céac moi truong Bold’s Basal, OHM (optimal Haematococcus medium), RM (Rudic’s
medium), f/2 Guillard va Walne dugc sir dung trong diéu kién nudi cay mé trong cac binh
tam giac 500 mL chira 250 mL mdi truong. Cac méi trudng nudi duge bo sung 10 mL dich
tang sinh vi tao c6 mat do 5 x 10° t& bao/mL. Binh nudi cay dugc dit trong didu kién cuong
d6 chiéu sang 2 klux, chu ky chiéu sang 16 gio sang:8 gio ti, nhiét do 25 + 0,5 °C, téc do
suc khi 5 lit/phit. Sy sinh truong cua vi tao H. pluvialis trén cac moi truong dugce xac dinh
dira vao phuong phap do mat do quang hoc OD tai buéc séng 680 nm va phuong phap dém
s6 lugng té bao bang budng dém vi sinh vat, sau mdi 2 ngay cho dén khi mat do tao khong
tiép tuc tang trong moi truong nudi cdy. Té bao vi tio dugc quan sat dudi kinh hién vi
Olympus BX35 (Olympus, Nhat Ban) va anh dugc chup qua hé théng camera kinh hién vi
Olympus DP73. Sinh khéi vi tao tich lity duoc xac dinh tai cudi mé nudi bang céach loc va
can sinh khdi sau 3 gio sy kho & 80 °C. Dwa vao duong cong sinh truong cua Vi tao
H. pluvialis va khdi lugng khd té bao xac dinh méi truong phi hop nhat trong cac moi
truong thir nghiém cho sy sinh trudng gia tang sinh khi vi tao.

2.2.2. Khao sét anh hweng cua cuong dé chiéu sang va ham lwong nitrate méi trwong nudi
cay den sy sinh truong va tich liy astaxanthin cua vi tao H. pluvialis

Vi tao H. pluvialis duoc nudi cy trong diéu kién nudi cdy mé trong cac binh tam giéc
500 mL chira 250 mL méi trudng. Mat do té bao duoc bd sung vao trong dich maéi truong
nudi ciy ban ddu & mic 5 x 10° t& bao/mL. Binh nudi cdy duogc duy tri trong diéu kién nhiét
d6 25 °C, cuong d6 chiéu sang duy tri 2 klux véi chu ky chiéu sang 16 gio sang:8 gio ti.
Déi véi nghién ctu khao sat anh huong cua diéu kién chiéu sang, sau 14 ngay nuoi cay, cac
binh moi truong nudi ciy duoc Chuyen sang moi trudng co cuong do chiéu Sang 4 klux va 8
klux anh séng tring, thoi gian chiéu sang duoc duy tri 16 gio sang:8 gio t6i. DI vai nghién
clru anh huédng caa ngUOn nitrate, sau 14 ngay nudi ciy, sinh khoi vi tao duoc thu nhan va
chuyén sang nudi Cay trong mdi truong dugc loai bo 50% hoac 100% ngUOn nitrate so vai
moi truong ban dau Ap suit tham thau cua moi truong duoc duy tri bang viéc dung KCI
thay cho cac nguon dinh dudng chira nitrate [14]. Nghiém thirc d6i ching 1a méi trudng nudi
cay glong nhu ban dau Sy sinh trudng cua vi tao dugc xac dinh bang phuong phap do ODsgo
sau mdi 2 ngay nudi ciy trong sudt mé nudi 24 ngay. Két thic thoi gian nudi cay, sinh khéi vi
tao tir 10 mL dich nuéi dugc thu nhan bang cach ly tim 5 phat & 6440 g (rcf). Sinh khdi vi tao
duoc u voi 1,5 mL dung dich DMSO ¢ 75 °C trong 15 phut. Sau thoi gian 1, té bao va dung
dich dugc phan téch bang ly tam. Can té bao duoc tiép tuc téch chiét Iap lai véi DMSO. Ham
lwong astaxanthin trong dich chiét dugc xac dinh bang phuong phap do OD tai budc song
480 nm [15]. Dya vao ket quéa thu dugc, xac dinh diéu kién chiéu sang va nong do nitrate
trong moi truong nudi cay phi hgp nhat cho sy sinh truong va tich lily astaxanthin cua vi
tao.

2.2.3. Nghién cizu anh huong ciia téc do suc khi CO, dén sy tich iy astaxanthin ciia vi tdo
H. pluvialis trong hé thong bioreactor

Vi tao H. pluvialis dwoc nudi ciy trong binh nudi cdy c6 thé tich 9 lit cua hé théng
bioreactor (Fermentec, Han Qudc) chira 5 lit moi trudng dinh dudng véi mat do ban dau 5 x 10°
té bao/mL. Cac diéu kién nhiét do, ché do chiéu sang dugc duy tri & mirc phl hop nhat. M6i
truomg nudi duoc khudy dao véi tée do 120 vong/phit. Cac nghiém thic thir nghiém anh
huong cia toc do suc khi CO, dén sy sinh truéng cia vi tao H. pluvialis trong hé thong
bioreactor bao gom: chi suc khdng khi, suc khéng khi két hop suc khi CO, véi lwong 20 mL
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CO,/phit, 40 mL CO,/phit, 60 mL CO,/phit. Cac diéu kién nhiét do, ché do chiéu sang
dugc duy tri & mac phi hop nhat. Sy sinh truong cua Vi tao trong & cac nghiém thirc nudi
ciy khac nhau duoc xac dinh bang phuong phap do OD sau mdi 2 ngay nudi cay. Két thic
mé nudi 10 ngay, toan bo sinh khdi tao dugc thu nhan, sy kho & nhiét 6 40 °C trong 48 gio.
Dua vao két qua gia ting mat do va sinh khéi kho, xac dinh nghiém thirc suc khi CO, phu
hop nhit cho sy sinh truong cua vi tao trong hé théng bioreactor. Ngoai ra, su tich liy
astaxanthin trong té bao vi tao H. pluvialis & cac nghiém thic nghién ctru duoc xac dinh nhu
mo ta ké trén.

2.2.4. Tach chiét astaxanthin ti sinh khdi vi tdo

Lipid chua astaxanthin trong té bao vi tao s& duogc tach chiét theo phuong phap chiét
w6t sir dung dung mdi hiru co khong doc hai dimethyl ether (DME) long. Sinh khéi vi tao
thu nhan tir hé thong bioreactor duoc loc bang gidy loc GF/C. Sinh khdi vi tao c6 d6 am 82 -
90% duoc str dung dé tach chiét astaxanthin. Phuong phap tach chiét bing DME dugc thuc
hién theo hudng dan trong nghién ciru nim 2014 ciia Boonnoun et al. [16]. Sinh khéi uét cua
vi tao duoc dit vao giira cot tch chiét, bén trén va bén dudi duoc phi boi 16p hat thuy tinh
¢6 kich thudc 0,77 - 0,99 mm. Dong DME dugce bom qua cot voi toe do 10 cm®/phut & nhiét
dd 20 °C va ap suit tach chiét trong cot duoc duy tri 0,52 MPa. Sau khi qua cot, DME duogc
cho bay hoi, lipid chira astaxanthin dwoc thu hdi. Hiéu suét tach chiét lipid dwoc xac dinh sau
khi san pham tach chiét duoc sy loai nudc & 40 °C. Hiéu suat tach chiét astaxanthin bang
dung mdi dimethyl ether long dugc so sanh vai phuong phép tach chiét astaxanthin phd bién
dung acetone.

2.2.5. Phan tich astaxanthin thu nhan ti sinh khéi vi tao H. pluvialis nuéi cay trong hé thang
bioreactor bang phwong phdp sac ky ban méng va sac ky léng hiéu nang cao

Astaxanthin c6 trong lipid thu nhan tir sinh khéi vi tao dugc dinh lugng bang phuong
phap sic ky ban mong (TLC) va phuong phap sic ky long hiéu niang cao (HPLC). Vi
phuong phép TLC, astaxanthin dwoc cham 1én ban sic ky Merck TLC Plate. Dung mdi trién
khai 14 hexan:chloroform:benzene theo ti 1é 10:20:1 (v:v:v). Astaxanthin trong cac mau dugc
xac dinh thdng qua su so sanh R; véi astaxanthin chuan. Phuong phap HPLC dugc thyc hién
trong thiét bi HPLC vai cot 150 x 4,5 mm Prontosil RP C-18 (Knauer, Berlin, D) duy tri &
nhiét do 25 °C va detector Waters €2695 DAD (Waters, Milford, MD, USA). Pha dong la
hdn hop acetonitrile:nudc:ethyl acetate véi ti l¢ 98:2:0 (trong 2 phut), 40:0:60 (trong 10
phut), 0:0:100 (trong 2 phit) (% thé tich). Téc do dong 1 mL/phdt va thé tich tiém 20 pL.
Budc song phat hién ¢ 480 nm. Sy hién dién va ham lugng astaxanthin dugc xac dinh bai sy
so sanh peak va dién tich peak voi astaxanthin chuan.

2.2.6. Xur 1y s lidu

Tét ca céc thi nghiém trong nghién ciru duoc tién hanh 3 1an 13p lai. S6 liéu thu nhan
dugc tir cac thi nghiém dugc xir Iy bang céng cu Microsoft Excel 2013. Két qua trinh bay l1a
trung binh cong cua cac l1an lap lai va d¢ léch chuan (SD). Su khac biét c6 ¥ nghia thong ké
giita cac két qua caa cac nghiém thuc thi nghiém duoc xac dinh bang phan tich ANOVA trén
phan mém SPSS 20.

3. KET QUA VA BAN LUAN

3.1. Két qua khao sat méi trwdng nudi cy vi tao H. pluvialis

Mat d6 tao bd sung vao cac méi truong nudi ban dau dat 2 x 10° té bao/mL. Pudng
cong sinh trudng cua vi tao trén cac moi trueong nudi cay dugc thé hién qua Hinh 1. Trong
cac moi truong thir nghiém, ¢ moi truong RM va Walne, vi tao H. pluvialis dat hiéu qua tang

51



Trinh Ngoc Nam, Truong Ngoc Bgo Tran, Huynh Thj Hiéu, Nguyén Thj Duy Hién, ...

tredng cao hon so vdi cac moi truong Bold’s Basal, OHM va /2 Guillard. Trén hai méi
truong RM va Walne, mat do tao ting nhanh trong 8 ngay dau ciia mé nudi cdy. Sy sinh
truong tiép tuc duy tri va dat cyc dai ¢ ngay thir 18, mat do lan luot 12 6,97 x 10° té bao/mL
& moi trudng RM va 6,57 x 10° té bao/mL & méi trudng Walne. Su sinh trudng cua tao ¢ hai
mdi trudng ndy giam dan sau ngay thir 20. O méi trudng Bold’s Basal va OHM, tao ting
cham va duy tri su sinh truong cho dén ngay thir 16 va dat méat do twong tng 12 5,12 x 10° va
4,14 x 10° té bao/mL. Sy sinh truong cua tao thap nhat trén moi truong /2 Guillard. Mat do
tao ting cham va sy sinh truong chi duy tri dén ngay thir 14 caa mé nudi. Nghién ctu nam
2007 ciia Imamoglu et al. ddi véi sy sinh truong caa H. pluvialis trén cac méi truong RM,
BG11, OHM va Bold’s Basal ciing nhu nghién ctru nam 2010 ciia Dang Diém Hong va ctv
trén cac moi truong RM, OHM, C va BG11 déu cho thay sy sinh truong tot nhat xay ra trén
mbi truong RM. Mat d6 té bao H. pluvialis dat tir 3,8 x10° dén 9,5 x10° t& bao/mL [6, 17].

C6 su khéc biét vé kich thudc caa té bao vi tao trén cac moi trudng nudi cay (Hinh 2).
Trén moi trudng RM va méi trudng Walne, té bao tao cé kich thudc Ion, dat trung binh lan
luot 14 27,6 + 2,7 um va 25,4 + 3,5 um. Trén mdi truong Bold’s Basal, té bao tao ciing ¢ kich
thudc kha 16n, dat trung binh 21,8 um, tuy nhién noi chat cua té bao vi tio trén méi truong nay
it dam didc hon so voi moi truong RM va Walne, thé hién thong qua khdi lwong kh cia sinh
khéi vi tao tich lily thap hon sau 22 ngay nudi cay (Bang 1). O méi trudong OHM va /2
Guillard, kich thugc té bao tao nho, trung binh lan luot 1 16,3 + 2,2 um va 15,6 + 3,9 um.
Ciing trén hai méi trudng ndy, qua cac thé hé, kich thudc té bao tao co xu hudéng giam dan.
Nhu viy, trong cac moi trueong khao sat, méi truong RM dugc danh gia 1a phu hop cho sy
sinh truéng cua vi tao H. pluvialis so voi cac méi trudng nudi cay khac.

Mat do tao (10° té& bao ml™)
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Hinh 1. Su sinh truéng cua vi tao H. pluvialis trén cac méi trudng nudi cay
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Hinh 2. Té bao vi tao H. pluvialis trén cac méi truong nudi ciy tai ngay thir 8 cua mé
nudi. (A) moi truong RM, (B) mdi truong Walne, (C) moi trudng Bold’s Basal, (D) moi
treong OHM, (E) moi truong /2 Guillard. Thanh ngang 50 um
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Bang 1. Sinh khéi tich lity cua vi tao H. pluvialis sau 22 ngay nubi trén cac méi truong
khac nhau

Sinh khdi vi tao

Moi truong nuor cay (g khéi Tugng kho/lit)

Walne 0,83+0,14
RM 0,92+0,11
Bold’s Basal 0,31+ 0,08
OHM 0,25+ 0,09
f/2 Guillard 0,22 £ 0,08

3.2. Anh hwéng cia cwong dd anh sang dén sy sinh truwéng va tich liy astaxanthin

Duéi cac ché do chiéu sang khac nhau, c6 sy khac biét vé sinh truong va tich liy
astaxanthin ¢ té bao vi tao H. pluvialis (Hinh 3). T4o tiép tuc ting trudng bai su gia ting cua
s6 luong té bao khi dugc dit & cuong d6 chiéu sang 4 klux. Tuy nhién, & cuong do anh sang
8 klux, sy sinh trudng cia tao hau nhu khong dang ké (Hinh 3A). O ca hai ché do chiéu sang
4 Klux va 8 klux déu cho thay c6 su gia ting rd rét ham luong astaxanthin tich lity trong té
bao tao so vé6i ché do chiéu sang 2 klux (Hinh 3B). Trong d6, ham luong astaxanthin tich liy
cao nhat & cudng do anh sang 8 klux dat 132 + 7,8 pg/lit sau 10 ngay nudi ciy. Ham luong
nay dat 105 # 8,9 pg/lit & cuong d6 anh sang 4 klux. O cudng do 2 klux, ¢ su gia tang nhe
ham lugng astaxanthin, tuy nhién, ham lugng nay suy giam dan khi thoi gian nuoi Cay kéo
dai. Nhiéu nghién ciru ciing cho thdy 4nh sang cam @ng su tich lity astaxanthin trong té bao
vi tao H. pluvialis [18, 19]. Nghién ctu ndm 2013 cua Ding Diém Hong va ctv cho thay khi
duoc nudi ¢ cuong do anh sang 4,3 klux, su sinh trudng va tich llly astaxanthin ¢ tdo
H. pluvialis tang rd rét so véi diéu kién ddi chung tai 2,5 klux [7]. Anh séng cuong d6 manh
cung cap nhiéu nang luong cho té bao tao boi sy gia ting hap thu anh sang tai viing anh sang
xanh duong [15]. Tuy nhién, cudng d6 anh sang qua cao c6 thé anh huéng dén su sinh
truong cua tao H. pluvialis. Nghién ciru nam 2016 cia Pang Hoang Pha va ctv xac dinh sy
sinh truéng cua H.pluvialis giam tai cuong do chiéu sang 5 klux mic du ham luong
astaxanthin tich lily gia tang [20]. Két qua trong nghién ctru hién tai ciing cho thiy, cudong do
anh sang manh, tai 4 Klux va 8 klux gitp gia tang sy tich lily astaxanthin, tuy nhién cuong do
qua manh, tai 8 klux, c6 thé kim ham su sinh truéng cua té bao vi tao.
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Hinh 3. Anh huong cta anh sang dén sy sinh truong (A) va tich lity astaxanthin (B)
& vi tao H. pluvialis
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3.3. Anh huéng cia sw thiéu hut ngudn nitrate dén sy sinh truong va tich liy astaxanthin
cua vi tao H. pluvialis

Su tich llly astaxanthin ¢ vi téo H. pluvialis thuong xay ra manh mé ¢ giai doan bao
nang khi té bao chiu cac tac dong bat lgi cua diéu kién moi trudng nudi cay [7]. Trong
nghién ctru ndy, sy thiéu hyt nguon dinh dudng nitrate duoc khao sat & cam ung sy tich Loy
astaxanthin trong té bao vi tao H. pluvialis. Su giam mot nira hozc loai bé hoan toan nguon
nitrate trong moi truong lam giam sy sinh truong cia vi tao so véi moi trudng dbi ching
(Hinh 4A). Mat d6 vi tao hau nhu khong tiang khi nguén nitrate dugc loai bo. Tuy nhién,
nguoC Voi sy sinh truong, su thiéu hyt nitrate da lam gia tang dang ké lugng astaxanthin san
sinh. Sau 10 ngay nudi ciy trén moi trudng co ngudn nitrate giam 50% hoac khong co
nitrate, ham luong astaxanthin thu nhan duoc lan luot 12 85 + 7,9 ug/lit va 114 + 6,8 ug/lit,
cao gap 2 va 2,5 lan so véi méi truong déi chimg co diy du ngudn dinh dudng nitrate (Hinh
4B va Hinh 5). Su tich liy astaxanthin tdng nhanh tir sau ngay thir 4 trén méi truong co
nguon nitrate thay doi. Theo nghién ctu nam 2012 caa Dang Didm Hong va ctv, va nam
2013 cuia L& Thi Thom va ctv, Sy gia ting ham lwong ngudn dinh dudng nitrate trong mai
truong nudi cdy c6 hiéu qua lam gia ting dang ké sy tich lily astaxanthin trong té bao tao
H. pluvialis [7, 9]. Mot sb nghién cau khac cua Solovchenko et al. nim 2010 va
Zhekisheva et al. nam 2002, cho thdy, sy thiéu hut ngudén dinh dudng nitrate trong moi
truong nudi da cam tng manh meé sy tich lliy astaxanthin ¢ tao H. pluvialis [15, 19]. Nhu
vay, ca sy du thira hoac thiéu hut nitrate déu c6 tac dung cam tmg tich lity astaxanthin & tao.
Trong nghién ctiu hién tai, sy giam mot nira hodc loai bo hoan toan ngudn nitrate mac du anh
huong dén sy sinh truéng nhung c6 hiéu qua 1am gia ting su tich liy cua astaxanthin.

140 4
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® O N
o © o
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Hinh 4. Anh huéng caa su thiéu hut nitrate dén sy sinh truong (A)
va tich 1ty astaxanthin (B) ¢ vi tao H. pluvialis

(A) (B) (C) =

Hinh 5. Sy tich lily astaxanthin trong t& bao vi tao H. pluvialis & cic méi truong
c6 ndng do nitrate khac nhau tai thoi diém ngay nudi ciy thir 6
(A) Mbi truong doi chimg co day di nguon dinh dudng nitrate, (B) moi trudng giam
50% lwong nitrate, (C) mdi truong loai bo hoan toan nitrate. Thanh ngang 20 um
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3.4. Anh huéng ciia CO, dén sur sinh trwéng va tich liiy astaxanthin & vi tao H. pluvialis
trong hé thong bioreactor

Str dung CO, néng d6 cao nhu mot ngudn carbon dé nudi cay tao H. pluvialis da duoc
thuc hién trong nhiéu nghién ctiu [21]. CO, thiic ddy sy sinh trudng do cam tmg gla tang phan
ing quang hop tong hop céc chét hitu co cua té bao vi tao. Trong nghién ctru nay, véi su bo
sung 20 mL va 40 mL CO,/phut vao thanh phan khong khi cung cap cho vi tao trong hé thong
bioreactor da giup gia ting nhanh mat do té bao so vai ddi ching chi duy nhat ngudn khong
khi tu nhién (Hinh 6A). Tuy nhién, su sinh truéng c6 khuynh huéng giam khi ndng dé CO, bd
sung vao khdng khi & mirc 60 mL/phat. Nam 2016, nghién ciru ciia Cheng et al. cho thay, su
gia ting qua muc ndng do CO, cung cap vao moi trudng nuoi vi tao H. pluvialis c6 thé gay doc
cho qué trinh quang hop cua té bao [22]. Ngoai ra, nong d6 qua cao cua CO, ¢6 thé lam giam
su sinh tong hop cac hop chét hitu co carbon va lam té bao tiéu tén nhiéu ATP dé duy tri do
pH dich ndi bao.

Hiéu qua gia tang su tich lily cua astaxanthin trong té bao vi tao H. pluvialis ciing dugc
nhan thiy khi ting lvong CO, b6 sung vao khdng khi cung cip cho hé théng bioreactor. Tuy
nhién, & mizc 60 mL CO,/phit, ham luong astaxanthin tich Iily giam. Tai cudi mé nudi cay 22
ngdy, ham luong astaxanthin thu nhan dwoc lan luot la 156 + 6,7 pg/lit va 194 + 4,5 pg/lit
tuong wng voi sy bd sung 20 va 40 mL CO,/phit vao hé thdng nudi cay (Hinh 6B). Két qua
nghién ctru nam 2015 cua Chen et al. cho rang c6 sy twong quan giita qua trinh tong hop
lipid va tich lily astaxanthin [23]. Do d6, & nong d6 CO, cao, qué trinh sinh tong hop lipid bi
tic ché dan dén hé qua 1 su tich lily astaxanthin ciing giam s(t.
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Hinh 6. Anh huong cua nong do CO, dén sy sinh truong (A) va tich Ity astaxanthin (B)
trong té bao H. pluvialis nuéi cay trong hé thong bioreactor

3.5. Thu nhin astaxanthin tir sinh khéi vi tao H. pluvialis

Astaxanthin tich Iy trong sinh khdi vi tao H. pluvialis nudi cdy trén hé thdng
bioreactor dugc tach chiét theo phuong phép tach chiét w6t sir dung dung moi dimethyl ether
v6i dinh huéng st dung cho linh vyc thuc pham. Dich tach chiét duoc phan tich biang sic ky
ban moéng dé xac dinh sy hién dién cua astaxanthin (Hinh 7A) va HPLC dé xac dinh ham
lugng astaxanthin (Hinh 7B va 7C). Sac ky d6 HPLC cho thay thoi gian luu cua astaxanthin
tach chiét tur vi tao H. pluvialis 1a 8,213 phit gan tuong dwong véi thoi gian luu 8,224 phut
cua astaxanthin chuan. Twong tu, Vi sic ky ban mong (TLC), gié tri R; (Relative to front)
ctia astaxanthin tach chiét tir vi tao tuong duong voi Ry ciia astaxanthin chuan 1a 0,624. Két
qua tach chiét duoc trinh bay trong Bang 2. Acetone duoc str dung nhu mét dung méi tiéu
biéu dé tach chiét astaxanthin tir vi tao H. pluvialis [24]. Tuy nhién, acetone c6 tinh doc, viéc
sir dung san pham tach chiét bang acetone c6 thé gay mat an toan [16]. Trong nghién ctu
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nay, mot loai dung méi an toan, dimethyl ether duoc sir dung dé tach chiét lipid chua
astaxanthin tir tao. Véi 1 g sinh khéi wét cua vi tao, lwong lipid thu nhan dugc khi tach chiét
bing DME dat 0,32 + 0,04 g/g tao va dat 0,41 + 0,09 g/g tao véi dung mdi acetone. Phan tich
HPLC cho thiy ham lwong astaxanthin trong lipid tach chiét bang acetone cao hon so voi
tach chiét bang DME. Tuy nhién, véi tinh an toan cao hon, dong thai &p dung duoc cho sinh
khéi wot cua vi tao, DME c6 thé thay thé acetone ap dung dé tach chiét astaxanthin tir vi tao.
Bang 2. So sanh hiéu suat tach chiét astaxanthin tir vi tao H. pluvialis biang dung mdi
dimethyl ether va acetone

Dung moi dimethyl ether | Dung m0i acetone
Khéi lugng sinh khdi tao uét (g) 1 1
Ham Iuong lipid tach chiét™ (g) 0,32+ 0,04 0,41 £0,09
Ham luong astaxanthin” (mg) 3,74+0,87 532+1,12
Ti Ié astaxanthin/lipid tach chiét (%) 1,17 1,30

“su khéc biét giita ham luong lipid va astaxanthin tach chiét gitra hai mAu c6 ¥ nghia théng ké & mic p < 0,05.

(A) Lane 1 Lane 2 (B)

astaxanthin
(8.213)

astaxanthin ——»

©) astaxanthin
— (8.224)
0
1 1 1 1 1
0 5 10 15 20 25 min

Hinh 7. Sic ky ban mong TLC va sic ky d6 HPLC xac dinh va dinh lurgng astaxanthin,
(A) Ban sac ky ban mong véi lane 1 1a astaxanthin chuan, lane 2 1a mau dich chict tr t
bao tao, (B) Mau dich chiét vi tao H. pluvialis, (C) Mau astaxanthin chuan

4. KET LUAN

Astaxanthin tir vi tao H. pluvialis c6 vai trd rat guan trong trong y duoc hoc va thuc
pham Su sinh tong ho‘p va tich lily astaxanthin trong té bao tao chiu anh huong sau sic boi
nhiéu cac yéu té moi truong. Nghién ctru hién tai xéc dinh méi truong RM la pht hop cho su
sinh truong cua vi tao H. pluvialis. Anh sang c6 cuong do I6n hon 4 klux cam tng manh sy
tich lily astaxanthin. Sy tong hop astaxanthin & tao cling dugc thac day boi sy loai bo hoic
glam lugng nitrate trong moi trudng. Su tang cuong nong dd khi CO, trong mai trueong nudi
cdy ciing c6 hiéu qua tuong tu lam gia tang astaxanthin trong té bao tao. Str dung dung moi
an toan DME c6 thé dugc ap dung dé tach chiét astaxanthin tir sinh khdi wét cia vi tao
H. pluvialis thay thé cho dung mdi acetone.

Loi cam on: Nghién ciru nay dugc thuc hién dudi su hd tr(y‘vé kinh phi theo chuong trinh
nghién ctu cap co so cua Truong DPai hoc Cong nghiép Tp. H6 Chi Minh nam 2016.
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ENHANCEMENT OF ASTAXANTHIN ACCUMULATION
IN Haematococcus pluvialis UNDER STRESS CONDITIONS

Trinh Ngoc Nam™”", Truong Ngoc Bao Tran?, Huynh Thi Hieu®,
Nguyen Thi Duy Hien®, Tran Thi Bich Lien*
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The unicellular microalgae (Haematococcus pluvialis) is one of the potential organisms
with ability to produce astaxanthin. Astaxanthin is a high value ketocarotenoid, which is
widely used as antioxidant in food, pharmaceutical and natural colorant in aquaculture.
H. pluvialis accumulates large amounts of astaxanthin under stress conditions. This study
was conducted to determine the optimal medium for biomass production and factors that
influenced the astaxanthin accumulation by H. pluvialis. Investigation of media including
Bold’s Basal, OHM (optimal Haematococcus medium), RM (Rudic medium), f/2 Guillard
and Walne showed that H. pluvialis grew well in RM medium after 18 days. The maximum
cell density of 6.97 x 10° cells/mL was achieved in RM medium. Nitrogen starvation by
removing nitrate or reducing nitrate source in the culture medium induced astaxanthin
production. Under high light conditions (4 klux and 8 klux) and high concentration of carbon
dioxide, an increase in astaxanthin accumulation was observed. Analyses using thin-layer
chromatography (TLC) and high-performance liquid chromatography (HPLC) confirmed the
presence of astaxanthin in H. pluvialis cell extract. Furthermore, liquefied dimethyl ether
(DME) can be used to extract astaxanthin directly from H. pluvialis biomass with high
moisture content.

Keywords: astaxanthin, bioreactor, dimethyl ether, high-performance liquid chromatography,
microalgae Haematococcus pluvialis.
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