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TOM TAT

Haematococcus pluvialis 1a mét loai vi tao luc don bao cé gid tri thwong mai cao nho kha
nang tich lity mot luong lon carotenoid dac biét la astaxanthin dudi cdc dieu kién nudi cay bat loi.
Anh sang cao hay can kiét dinh dwéng deu gop phan danh hwong 18n si ting truong, sie tich iy
carotenoid va lipid ¢ vi tdo. Haematococcus pluvialis nudi cdy ¢ ba diéu kién can kiét dinh dwéng,
¢ ché bang &nh sang tw nhién, va ic ché bang céach khir nitrat va bé sung NPK trén méi truong
BG11 nham khdo sdt ham heong lipid va carotenoid cua vi tdo. Két qud cho thdy té bao H.
pluvialis tich lity ham heong sdc to carotenoid cao ¢ diéu kién nudi cay kher nitrat va bo sung NPK
(54,709 + 1,905 mg/q) va ham lwong lipid dat cao nhat ¢ diéu kién nudi cdy ic ché anh sang tu
nhién (5,434 + 0,146 mg/100g).

Tar khoa: carotenoid; Haematococcus pluvialis; vi tao luc; lipid

1. Giéithigu

Hién nay, vi tao 1a d6i twong tiém ning co hoat tinh sinh hoc mai nham cai thién stc
khoe, tham mi gdom carotenoid, lipid, protein, cachohydrat, chat mau... (Sathasivam & Ki,
2018). Trong do, carotenoid 1a chat c6 hoat tinh chong oxy hda, bao vé con ngudi khoi
phan ng oxy hoa gy ton hai té bao, 140 héa s6m, mot sé bénh ung thu, bénh tim mach va
viém khép (Gong & Bassi, 2016). Vi tao cd thé tao ra nhiéu lipid hon bét Ki loai cay trong
thong thudng nao khac va giau acid béo omega-3 chudi dai EPA va DHA, 1a ngudn cung
cap bén virng hon nhirng acid béo nay dé sir dung trong thuc pham hozic thire an chin nudi
so vai dau céa (Ryckebosch, Muylaert, & Foubert, 2012). Vi vdy, nhiéu nghién ctu st dung
cac yéu té bat lgi cia méi trudng nudi cay nham gia ting san xuét carotenoid va lipid & vi
tao, day dugc coi 1a mot chién luoc nudi ciy vi tao hién nay.

Haematococcus pluvialis Ia mét loai tao luc don bao thudéc ho Haematococcaceae,
dugc biét véi kha nang tich liiy ham luong I6n carotenoid dic biét 1a astaxanthin trong cac

Cite this article as: Trieu Quoc Huy, Vo Hong Trung, Truong Ngoc Hien, & Nguyen Thi Hong Phuc (2022).
Cultural strategy increase accumulation of carotenoid and lipid in Haematococcus Pluvialis. Ho Chi Minh
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diéu kién nudi cy tc ché, 1a mot vi tao tiém nang cho cac tng dung sinh hoc va nhién liéu
sinh hoc (Damiani, Popovich, Constenla, & Leonardi, 2010). Trong hau hét cac diéu kién
trc ché, vi tao H. pluvialis tich tu lipid trung tinh, song song véi ester astaxanthin. Cac lipid
trung tinh ting 1én trong cac diéu kién khdng thuan loi dugc xem nhu mot chat nén dé hoa
tan céac ester astaxanthin (Saha et al., 2013). Vi vay, Haematococcus dugc xem la loai Vi
ta0 san xuat chu yéu lipid va astaxanthin thuong mai & quy mé lon.

Cuong d6 &nh sang manh dac biét la &nh sang tu nhién hoac méi truong can kiét
ngudn dinh dudng nhu thiéu hut nitrat hay phosphat déu gép phan gia ting su tich liy
astaxanthin va lipid, tuy nhién viéc nay c6 thé ton thuong va kim ham su ting truéng cua
té bao vi tao (Shi, Wang, Zhang, Sun, & Huang, 2020). Theo Trinh Ngoc Nam va cong su,
ham luong astaxanthin & vi tao tich lily cao nhat & cudng d6 anh sang 8 klux dat 132 *
7,8ug/lit sau 10 ngay nudi cdy va trén méi trudng ¢d ngudn nitrate giam 50% hoic khong
c6 nitrat, ham luwong astaxanthin thu nhan duoc lan luot 12 85 + 7,9 pg/lit va 114 + 6,8
ug/lit, cao gap 2 va 2,5 lan so véi moi trudng d6i ching co day du ngudn dinh dudng
nitrate (Trinh et al., 2020). Trong nudi cay vi tio Haematococcus can xac dinh dugc diéu
kién tc ché nao 1 téi wu cho giai doan nudi trc ché dé gidp té bao tich liy duge luong 16n
astaxanthin va cac hop chit lipid tht cap. Vi vay, vi tao H. pluvialis dwuoc st dung dé nudi
cay dudi ba diéu kién khac nhau la can kiét dinh dudng, @rc ché bang anh sang tu nhién, va
trc ché khur nitrat va b6 sung NPK trén méi trudng BG11 nham nghién ctiru kha ning tich
lity ham luong carotenoid va lipid mot cach ti wu nhat cua vi tao.

2. Vat liéu va phwong phap
2.1. Chiing Haematococcus pluvialis va diéu kién nubi cdy

Chung vi tao Haematococcus pluvialis (UTEX 2505) dwoc nudi cay tai Phong Thi
nghiém Hoa Sinh — Boc chat Truong Pai hoc Nguyén T4t Thanh. H. pluvialis dugc nudi
ciy trén moi truong BG11 (Torzillo, Goksan, Faraloni, Kopecky, & Masojidek, 2003),
cuong d6 anh sang 20 pmol photon/m?/s, chu ki sang toi 12:12 gid, nhiét d6 nudi cay 25°C
+ 2°C.

2.2. Cdac phwong phdp nghién ciru
2.2.1. Thu hoach sinh khéi tdo Haematococcus pluvialis

Li tdm dich nudi cdy tao trong falcon 15 mL véi toc d6 5000 vong/15 phut dé lay
sinh khdi tao. Sau d6 sdy bang ti sdy ¢ 60°C dén khi kho hoan toan. Miu thu duoc bao
quan & -20°C.

2.2.2. Xdc dinh ham hrong carotenoid tong

L4y 0,01g bot tao vao dng nghiém cé nip, thém 1 mL HCI 4M vao hoa tan sau d6
dem dun cach thuy & 70°C dudi 10 phit. Thém 5 mL n-hexane vao, boc gidy bac xung
quanh dng va dem lic tirng ngay. Sau mdi ngay lic, 16p sic tb co n-hexane bén trén s&
duogc liy ra va mang di li tam 5000 v/p trong 3 phut, sau d6 c¢o can phan hexane di i tam,
bé sung lai 5 mL n-hexane vao 6ng nghiém, dem lic va lam tiép tuc dén khi khdng con sic
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t6 trén 16p n-hexane. Lép sac td da duoc ¢d & lan cudi cung s& dwoc hoa tan voi 5 mL
n-hexane, li tam 5000 v/p trong 3 phit, sau d6 16p sic td ¢ hexane bén trén s& duoc doc &
cac bude song 450 nm. Ham luong carotenoid tong dugc xac dinh theo cong thic:

_Aas0 X252 (Prieto, Canavate, & Garcia-Gonzalez, 2011)

Carotenoid (pg/g) = Rhéi lugng cin
2.2.3. Xdc dinh ham leong lipid bang phirong phép Sulfo-Phospho-Vanillin

Thudc thir Phosphovanillin: Hoa tan 0,06 g vanillin trong 2 mL ethanol nguyén chét,
thém 8 mL nudc cit va lac ki. Thém vira da 50 mL dung dich acid phosphoric dam dic vao
hén hop trén va bao quan trong téi cho qua trinh phan tich (Park, Jeong, Yoon, & Moon,
2016), (Mishra et al., 2014).

Xac dinh ham lwong lipid & Haematococcus pluvialis: 1y 0.001 g tao di dugc sy
kho va nghién min cho vao 6ng nghiém c6 nip, thém 4 mL acid sulfuric dam dic (98%),
dun trén bép céch thiy & 100°C trong 10 phit va vortex ki. B6 sung 5 mL thubc thir SPV
(Phosphovanillin) d& dwoc chuan bi san, hdn hop dugc u ¢ 37°C va lac mau lién tuc. Po
mau & budc song 530 nm (Park et al., 2016), (Mishra et al., 2014). Ham luong lipid c¢6
trong mau duoc xac dinh bang duong chuan lipid.

Puong chuan lipid: Dau cai thuong mai (hiéu Tuong An) duoc pha trong chloroform
(ndng d6 1 mg/mL), ndng d6 lipid chuan (10-150 ug) duoc thyuc hién trong cac ng nghiém
c6 nap. U céc 6ng nghiém ¢ nhiét do 90°C, 10 phat dé bay hoi chloroform. Thém 2 mL
acid sulfuric dam dic, sau d6 dun trén bép cach thiy 100°C trong 10 phut, lam lanh trong
bé nudc da. B6 sung 5 mL thude thir Phosphovanillin, hdn hop dugc u ¢ 37°C va lic mau
lién tuc. Po mau & budc song 530 nm.

2.3. Thiét ké thi nghi¢m

Haematococcus pluvialis chuan bi thi nghiém: H. pluvialis dwgc nudi ciy trén moi
truong BG11 (Torzillo et al., 2003) dat pha tang trusng sau 10 ngay nudi cay. Thi nghiém
duoc thuc hién qua 2 giai doan:

Giai doan nudi ciy ting truong: Trong 18 ngay dau, H. pluvialis dwoc nudi trong hé
théng plastic bag bioreactor (Hinh 1) bao gom 5 L méi truong va dich tao, PH = 7,1, mat
d6 ting truong té bao vi tao ban dau khoang 0,3 x 10° té bao (tb/mL), cuong do &nh sang
100 pmol photon/m?/s (chu ki sang: t6i = 12 : 12 gid), nhiét do 25 + 2°C va suc khi
lién tuc.

Giai doan nudi cdy tc ché: Sau 18 ngay nudi ciy ting truong, H. pluvialis dugc
chuyén qua cac diéu kién nudi cay.

- Can kiét dinh dudng (ddi chung): Sau 18 ngay nudi cay, H. pluvialis duoc giir
nguyén nhu diéu kién ban dau trong hé thdng plastic bag bioreactor.

- Kht nitrat b sung NPK (-Nitrat + NPK): Sau 18 ngay nudi cdy, méi trudng duoc
loai b6 va bd sung méi truong BG11 khéng nitrat, 4 ngay sau bo sung NPK hiéu Pau Trau
MK501 vao méi trudng véi ndng do 0,1 g/L.
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- Ut ché anh sang tu nhién (ASTN): Sau 18 ngay nudi cdy, H. pluvialis dugc tc ché
dudi anh séng tu nhién, cuong do anh sang trong ngay vao budi sang va budi trua dat trén
833 dén > 1000 pmol photon/m?/s, vao budi chiéu dat khoang 500 dén 600 pmol
photon/m?/s, suc khi lién tuc.

Thu hoach vi tao sau 18 ngay nudi ciy tc ché bang phuong phap li tam va phan tich
ham lugng carotenoid va ham lugng lipid cua H. pluvialis & cac nghiém thirc. Cac nghiém
thire duoc lp lai 3 lan.

2.4. Xirli sé ligu

Céc thi nghiém duoc lap lai 3 1an. S6 liéu dugc xir Ii bang Microsoft Office Excel va
phan tich oneway ANOVA bing phan mém SPSS 20.0 véi sai s6 y nghia p < 0,05. Tt ca
cac sb liéu trong thi nghiém duoc trinh bay dudi dang: Trung binh (Mean) + Sai s6 chuan
(SE).

3. Két qua va thao luin
3.1. Ham luwgng carotenoid

Ham luong carotenoid cta vi tao H. pluvialis nudi cdy trong méi truong BG11 & didu
kiéu trc ché khir nitrat va bd sung NPK dat gia tri cao nhit (54,709 mg/g) so voi hai diéu
kién wrc ché anh sang tu nhién (18,308 mg/g) va nudi can kiét dinh dudng (9,532 mg/g)
(p<0,05). (Hinh 2, Bang 1).

Nhiéu nghién ciru trén thé gidi da cho rang nitrat 1a ngudn dinh dudng phu hop nhat
cho vi tao Haematococcus pluvialis (Yuan & Chen, 2001). Nong do nitrat thich hop trong
moi trudng nudi cdy gitp kéo dai trang thai sinh dudng cta té bao H. pluvialis (Ranjbar,
Inoue, Shiraishi, Katsuda, & Katoh, 2008). Tuy nhién, sy thiéu hut ngudn nitrat trong méi
truong s& cam Ung manh mé su tich lily carotenoid san sinh trong té bao (Trinh et al.,
2020), (Zhekisheva, Boussiba, Khozin-Goldberg, Zarka, & Cohen, 2002), (Solovchenko,
Merzlyak, Khozin-Goldberg, Cohen, & Boussiba, 2010). Trong nghién ctru hién tai, viéc
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trc ché bang cach loai nitrat ra khoi méi trudng nudi ngay tir ban du va bod sung phan bon
NPK sau 4 ngay trc ché nham bd sung ngudn dinh dudng da lwong dé kich thich lai sy ting
trudng cua vi tdo, thu duogc tdi da ham luong carotenoid. Thém vao do, ti 1€ dién tich bé
mit trén thé tich ctia vi tdo cao nén da khién cho vi tao dap tng nhanh véi diéu kién bat loi
nay (Byrd, Burkholder, & Zimba, 2017).
Su tich Iy astaxanthin & vi tao H. pluvialis thuwong xay ra manh mé ¢ giai doan bao
nang khi té bao chiu cac tac dong bét loi cua diéu kién moéi truong nudi cay. O diéu kién e
ché anh sang ty nhién véi cudng do anh sang ty nhién cao thém vao d6 1a tia UV c6 sin
trong anh sang mat troi thi luong astaxanthin gia tdng cang nhanh va lugng astaxanthin
cang 16n. Piéu nay l1a do khi tiép xdc véi cudng do anh sang cao va tia UV, té bao
H. pluvialis st dung con dudng tong hop carotenoid nhu mét co ché bao vé chéng lai cac
tén thuong do anh sang va ton thuong oxy hoa cua té bdo. Sy tong hop carotenoid duoc
taing cudng bai ROS (reactive oxygen species) dudi cac diéu kién Gc ché nhu cuong do
anh sang cao (Minhas, Hodgson, Barrow, & Adholeya, 2016). Do d6, cuong do anh sang
va tia UV duogc coi 1a nhimng yéu té moi trudng quan trong anh huéng dén sy tich liy
astaxanthin trong H. pluvialis. Tuy nhién, cuong d6 4nh sang ty nhién khong déu trong
ngdy, cuong d6 manh vao budi sang va trua nhung cuong do lai yéu dan khi vé chiéu va tdi
da khién cho vi tao tich liiy ham lugng carotenoid khong 6n dinh, diéu nay da din dén viéc
vi tao khi rc ché bang anh sang tu nhién tich lity ham luong carotenoid thap hon so véi trc
ché khir nitrate bd sung NPK.
70 -

60

30 1

40
30
207 s
10 1 R ——

0

Ham hrong carotenoid
(mg/g)

B Déi chimg [ -Nitrat + NPK [0 ASTN

Hinh 2. Ham lirong carotenoid trén khéi lrong cia H. pluvialis
& cdc diéu kién nudi cdy khdc nhau
3.2. Ham lugng lipid
Ham lugng lipid cua vi tao H. pluvialis trong méi truong BG11 tang 1én sau uc ché
cuong d6 anh sang ty nhién, va khir nitrat va bo sung NPK. O diéu kién wc ché anh sang tu
nhién, ham luong lipid dat gid tri cao nhat (5,434 mg/100g) so véi hai diéu kién tc ché khu
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nitrat va b sung NPK (4,267 mg/100g) va nudi can kiét dinh dudng (2,092 mg/100g)
(p<0,05) (Hinh 3, Bang 1).

Nhiéu nghién ciu cho thiy ¢ vi tao Haematococcus, carotenoid thir cap va lipid duoc
t6ng hop dong thoi trong cac diéu kién nubi cay bat loi (Byrd et al., 2017). Nitrat 1a nguon
dinh dudng da luong quan trong cho su ting truéng va bién dudng cua vi tao. N6 ciing 1a
thanh phan chinh cua protein, vat liéu di truyén va qua trinh bién dudng lipid, acid béo
(Griffiths & Harrison, 2009). Vi tao co ti & dién tich bé mit trén thé tich cao nén tao diéu
kién dap tng nhanh véi nhimg diéu kién moi truong thay ddi va ching co thé thay doi
nhanh sy chuyén héa lipid trong cac diéu kién méi truong nay nhu Gc ché khur nitrat
(Byrd et al., 2017). Nén viéc thiéu nitrat trong moi trudng nudi cdy lam giam toc do ting
truong nhung tich liy luong 16n céc hop chat thir cip nhu lipid. Do vay, viéc tc ché bang
cach loai bo nitrat ra khoi méi trudng sdng cua vi tao s& 1am cam ang su tich liy lipid va
sau d6 bd sung phan bon NPK dé kich thich lai sy ting truéng cua vi tao.

Khi tic ché boi diéu kién anh séang tu nhién c6 cudng do anh sang cao va kém theo d6
la tia UV, su san xuat lipid ting khi ting cudong d6 anh sang, ham lwong acid béo khong
bdo hoa nhiéu néi doi (PUFA) cao dudi cudng d6 anh sang thap, tuy nhién & cudong d6 anh
séng cao gay ra sy tich liy luong Ion acid béo bdo hoa va acid béo khdng bdo hoa mot ndi
d6i (Minhas et al., 2016). Stress oxy héa va sy ting san xuat lipid c6 moi lién két véi nhau,
stress oxy hoa la trung gian gay tich Ity lipid (Yilancioglu, Cokol, Pastirmaci, Erman, &
Cetiner, 2014). Ngoai ra, khi H. pluvialis dap ang véi cuong d6 anh sang cao hoac doi
nitrat, vi tao s& tich tu ddng thoi lipid trung tinh va ca astaxanthin (Zhekisheva et al.,
2002). Do dé, tin hiéu lipid cua H. pluvialis ting sau ¢ ché l1a phu hop véi cac nghién ctu

trude do.

-1
i

——

*

Ham heeng lipid
(mg/100g)
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Hinh 3. Ham liwong lipid trén khéi heong cia H. pluvialis

0 cac diéu kién nudi cay khdc nhau
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Bdng 1. Ham lwong lipid va carotenoid trén khoi lwong cia H. Pluvialis
trén méi trirong BG11 ¢ cde diéu kién nudi cday khéac nhau

Nudi can kiét Khir nitrat Ut ché
dinh duéng bd sung NPK anh sang tw nhién
Carotenoid
arotenol 9,532 + 0.330° 54,709 + 1,905° 18,308 + 0,334°
(mg/g)
Lipid i
2,092 + 0,034° 4267 +0,114 5,434 + 0 146°
(mg/1009)

4.  Kétluan

Vi tao H. pluvialis tich lity lwong I6n carotenoid va lipid duéi cac diéu kién nudi ciy
trc ché. O 3 diéu kién nudi cdy, tc ché khtr nitrat bo sung NPK vi tao H. pluvialis tich liy
ham luong carotenoid cao nhat (54,709 mg/g). Tuy nhién, & diéu kién &c ché &nh sang tu
nhién ham luong lipid dat gia tri (5,434 mg/100g) cao hon so véi 2 diéu kién nudi cy can
kiét dinh dudng va khir nitrat b sung NPK.

< Tuyén bé vé quyén loi: CAc tac gig xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

Haematococcus pluvialis is a unicellular green microalgae with high commercial value due
to its ability to accumulate large amounts of carotenoids, especially astaxanthin under adverse
culturing conditions. High light or nutrient depletion both contribute to the growth and
accumulation of carotenoids and lipids in microalgae. In this study, three different inhibitory
culture conditions, namely nutrient depletion inhibitor culture, natural light inhibition, and
inhibited by denitrification supplemented with NPK, were performed on BG1l medium to
investigate the function lipid and carotenoid content of microalgae H. pluvialis. The results showed
that H. pluvialis cells accumulated high levels of carotenoid pigments in culture conditions of
denitrification and NPK supplementation (54.709 + 1.905 mg/g), and the highest lipid content was
obtained in natural light conditions (5.434 + 0.146 mg/100g).

Keywords: carotenoid; green microalgae; Haematococcus pluvialis; lipid
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