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TOM TAT

Haematococcus pluvialis 1a mét lodi vi tao luc don bao cé gia tri thwong mai cao nho khd
ndang tich ity mét heong 16n astaxanthin trong té bao. Anh sang 1a mét trong nhiing tac nhan chinh
danh hieong 18n sy tang trieong va tich lily sdac t6, hop chat phenolic va kha nang chong oxy hoa cia
té bao H. pluvialis. Trong nghién cizu nay, bon cuong dé anh sang tir 20 pmol photon.m?2.s? @én
100umol photon.m?.s™ duoc thuc hign nham khao sat s tang trueeng, tong hop sdac té, ham hrong
carotenoid, phenolic va kha nang chong oxy hoa cia vi tao H.pluvialis trén 2 méi trirong OHM va
BG11. Két qua cho thay, ¢ cuong dé &nh sang thap 20 d@én 50 umol photon.m?.s™ té bao H. pluvialis
duy tri giai doan tang trieong sinh dwrong va mdt dé té bao cao. Tuy nhién, ¢ cuong dé dnh sang cao
70 dén 100 pmol photon.m?.s™ té bao chuyén sang giai doan bao nang sém hon, ting truweng thap,
ham lwong sdc té, phenolic va khd ndng chong oxy héa cao hon diéu kién curong dé anh sang thap ¢
ca 2 moi truong OHM va BG11.

Tir khoa: kha ning chdng oxy hoéa; carotenoid; Haematococcus pluvialis; phenolic

1. Giéithigu

Hién nay, vi tao 1a mot ngudn tu nhién rat tiém ning vé cac hop chit c6 hoat tinh sinh
hoc méi (Plaza, Cifuentes, & Ibéafiez, 2008). Céc chat c6 hoat tinh sinh hoc nay khong chi
duoc sur dung 1am chit phu gia hay chat bao quan tw nhién ma con dugc 1am chét bd sung
thuc pham nhu mot thanh phan nham ting cuong siac khoe cua con ngudi (Rodriguez-
Meizoso et al., 2010). Vi tao don bao 1a mdt ngudn thay thé day haa hen cac chat chdng oxy
héa. Chét chdng oxy hoa dugc cho 12 c6 mét sé tac dung tich cuc dbi véi siac khoe, bao gom
ngan ngira rdi loan tim mach, mot sé bénh lién quan dén 140 hoa nhu Alzheimer va mot sé
loai ung thu (Goiris et al., 2012).

Nhiéu nghién ctru cho thay mét s6 chi vi tao cd chira chat chdng oxy héa manh, gom
cac chét c¢d ban chat wa lipid va wa nuéc. Mot loai chat chdng oxy héa quan trong va biét
nhiéu tir vi tao 1a carotenoid. Carotenoid dong mot vai trd quan trong trong viéc khir céc gc
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oxy phan trng (ROS) dugc tao ra trong qué trinh quang hop, dac biét 1a oxy singlet. Mot loai
chat chéng oxy hoa quan trong nita 1a cac hop chat phenolic, cu thé 1a cac flavonoid phirc
tap. Céc flavonoid c6 thé wc ché quéa trinh oxy hoa lipid bang cach loai bo truc tiép cac gbc
*OH, HOCI, oxy singlet va cac goc peroxyl héa lipid, bang cach chelat kim loai va @c ché
enzym lipoxygenase. Ham luogng cac chat phenolic trong sinh khéi vi tao ting 1én khi tiép
xtc véi anh sang UV, cho thiy riang ching thuc sy dong mét vai tro trong phan @ng chong
oxy hoa dap ng vai cac tc ché trong méi truong (Goiris et al., 2012).

Haematococcus pluvialis 1a mét loai vi tao luc don bao, nudc ngot duoc nghién cau
nhiéu do kha nang tich lily astaxanthin dudi cac diéu kién bét loi cua moéi trudong, mot
carotenoid mau do 6 hoat tinh chéng oxy hda manh (Yuan, & Chen, 1998). Hoat tinh chéng
oxy hoa cua ketocarotenoid astaxanthin (3,3’-dihydroxy-p, B’-carotene-4,4-dione) cao hon
gap 10 lan so véi cac loai carotenoid khac nhu B-carotene, zeaxanthin, lutein, canthaxanthin
va cao hon gip 500 lan so véi o-tocopherol (Suh, Joo, & Lee, 2006). Sy téng hop astaxanthin
& H. pluvialis lién quan dén quéa trinh giam hoic ngimg sinh truéng va chuyén trang thai té
bao tir dang sinh dudng sang dang bao nang (Tocquin, Fratamico, & Franck, 2012). Sy tich
lily astaxanthin c6 thé duoc cam ung trong cac diéu kién nhu thiéu hut nito, phosphor, du
thira acetat, cuong do anh sang cao hoic bd sung cac tién chat carotenoid khac nhau (Harker,
Tsavalos, & Young, 1996). Cuong d6 anh sang dwoc coi 1a mét trong nhitng yéu té mai
truong quan trong nhat anh huong dén su tich tu cua astaxanthin trong H. pluvialis (Makio
Kobayashi, Kakizono, Nishio, & Nagai, 1992). Cuong d6 anh sdng manh gitp gia tang su
tich lily astaxanthin, tuy nhién cudng dé qua manh c6 thé kim ham sy tang truéng cua té bao
vi tao (Trinh, Truong, Huynh, Nguyen, & Tran, 2017). Trong nudi cay vi taio Haematococcus
can xéc dinh duoc diéu kién chiéu sang tdi wu cho giai doan nudi ting truong va giai doan
nudi trc ché dé gitp té bao tich lily duoc luong 16n astaxanthin va cac chat chéng oxy héa
trong khoang thoi gian thich hop nhét. Vi vay, 4 cudng d6 anh sang tir 20pumol photon/m?/s
dén 100 umol photon/m?/s dugc sir dung dé nghién cau sy ting trudng, su tich liy sac to,
ham luong phenolic tong va hoat tinh chng oxy hoéa ctaa H. pluvialis nham xac dinh cuong
d6 anh séang thich hop cho giai doan nuéi ting truéng ciing nhu giai doan nudi wc ché tich
lity astaxanthin va cac chat chéng oxy hoa.

2.  Vatliéu va phwong phap
2.1. Chiing Haematococcus pluvialis va diéu kién nudi cdy

Chung vi tao Haematococcus pluvialis (UTEX2505) dwoc nudi cay tai Phong thi
nghiém Hda sinh — Boc chat, Truong Pai hoc Nguyén Tat Thanh. H. pluvialis dugc nudi ciy
trén moi truong OHM (Fabregas, Otero, Maseda, & Dominguez, 2001), cuong d6 anh sang
20 umol photon/m?/s, chu ki chiéu sang t6i 12:12 gid, nhiét @6 nudi ciy khoang 25 °C + 2 °C.
2.2.  Cdc phwong phap nghién ciru
2.2.1. Quan sét hinh thai té bao Haematococcus pluvialis

Hinh thai té bao Haematococcus pluvialis duoc quan séat bang kinh hién vi quang hoc
vé6i do phong dai 400X mdi 3 ngay nudi cay.
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2.2.2. Xdc dinh su tang truéng té bao Haematococcus pluvialis

100 pL mAu tao duogc lay va ¢ dinh bang lugol. S8 lugng té bao duoc dém bang kinh hién
vi quang hoc (100X) véi 10 pL dich tao. Mat d6 té bao & hai thoi diém khac nhau trong qué trinh
tang trudng cua mau duoc dung dé tinh téc do ting treong dac hiéu (U: té bao/mL/ngay) trong
khoang thoi gian d6 theo cong thirc (Levasseur, Thompson, & Harrison, 1993):

C2
_ ln(a)

t2—t1
trong d6, C1, C2: Mat d6 té bao tai thoi diém 1 va 2

t1, to: Thoi diém 1 va 2
2.2.3.Xdc dinh ham lwong sdc té

L4y 1 mL dich nuéi cay, li tam & 13.000 vong trong 5 phat, bo dich 1y phan cin tao bén
dudi, thém 1mL HCI 4M vao hoa tan cin sau d6 dem dun cach thuy ¢ 70 °C trong 2 phdt. Thém
3 mL ethanol: hexane (2:1 v/v), vortex can than. Thém vao 4 mL n-hexane, vortex ki. Hon hop
dugc li tam 3000 vong trong 5 phit. Lép sic t6 c6 hexane bén trén duge doc ¢ cac budc séng
450nm, 662nm, 645nm. Ham lugng carotenoid téng duoc xac dinh theo cbng thac: Carotenoid
(ng/mL) = A450 x 25,2 (Prieto, Pedro Canavate, & Garcia-Gonzalez, 2011).

Ham luong diép luc t6 a va b duoc xac dinh theo cong thirc (LICHTENTHALER &
Wellburn, 1983):

Diap luc té a (ug/mL) = 11,75 (A662) — 2,35 (A645)

Diép luc té b (ug/mL) = 18,61 (A645) — 3,96 (A662)

Diép luc t6 téng (ug/mL) = diép luc té a + diép lucté b
trong d6, A645: 6 hap thu ¢ budc séng 645nm

A662: do hap thu ¢ budc séng 662nm
2.2.4. Xdc dinh ham lwong phenolic téng

L4y 1,0 mL dich tao li thm 12.000 vong trong 05 phdt, loai bo dich. Thém 1 mL
methanol tuyét ddi vao can, tron déu. Li tm 10.000 vong trong 5 phut, bé cin thu duoc dich
chiét. Ly 0,5 mL dich chiét cho vao eppendorf 2 mL, cho thém 0,5 mL thuéc thir Folin
Ciocalteu’s phenol, tiép tuc cho tir tir 0,5 mL dung dich NazCO3 10%. U 90 pht trong téi.
Po quang ¢ budc song 750 nm (Goiris et al., 2012).

Puong chuan phenolic: Str dung nong d6 acid gallic chuan 10 dén 200 mg/L va xé4c
dinh ndéng d6 phenolic téng trong mau Haematococcus pluvialis bang phuong trinh: y =
30,263x — 0,0638; Rz =0,9948
2.2.5. Xdc dinh kha nang chong oxy héa

Pha thudc thae DPPH: Dung dich DPPH dugc pha lodng bing cach hoa tan 0,004 g
DPPH (1,1-diphenyl-2-picrylhydrazyl) trong 100 mL methanol (Das et al., 2011).

L4y 1,0 mL dung dich tao li tim 12.000 vong trong 5 phdt, loai bo dich. Thém 1 mL
ethanol tuyét ddi vao céin, tron déu va u 4 gio ¢ 4 °C. Li tam 10.000 vong trong 5 pht, bo
can lay dich chiét. LAy 0,5 mL dich chiét cho vao eppendorf 2 mL, cho thém 1 mL thudc the
DPPH tron déu. U 30 phdt trong tdi, ¢ nhiét do phong. Do quang ¢ budc song 517nm. Kha
ning chdng oxy hoa (1%) duoc tinh dya trén kha nang khir gbc tu do cia DPPH theo cong
thic sau (Yaltirak, Aslim, Ozturk, & Alli, 2009):
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1% = (Apsi chang — Awmiu)/Apsi chang X 100
2.3. Phwong phdp thiét ké thi nghigm

Vi tao Haematococcus pluvialis nudi ciy trén moi trudng OHM (Fabregas et al., 2001)
va BG11 (Andersen, 2005) dat pha ting truong sau 10 ngay nudi ciy duoc sir dung dé b tri
thi nghiém.

Haematococcus pluvialis duoc nudi ciy trén méi trudong OHM va BG11 véi 4 cuong
do anh sang 20 (OHM-20 va BG11-20), 50 (OHM-50 va BG11-50), 70 (OHM-70 va BG11-
70) va 100 (OHM-100 va BG11-100) pumol photon/m?/s. Thi nghiém thuc hién véi 200 mL
dich nudi cdy (gém méi tredng méi va dich tao), mat do té bao ban dau khoang 0,3.10° té
bao/mL, suc khi lién tuc, chu ki sang tbi 12:12 gio, nhiét d6 25 °C + 2 °C. Panh gia su ting
truong dua trén mat do té bao, su bién d6i hinh thai va sic td quang hop, ham lwong phenolic
tong va kha ning chéng oxy hda caa H. pluvialis sau mdi 3 ngay nudi cay.

2.4. Xirlisé liéu

Céc thi nghiém duoc 13p lai 3 1an. S liéu dugc xu i bang Microsoft office Excel va
phan tich oneway ANOVA bing phan mém SPSS 20.0 véi sai s6 y nghia p < 0,05. T4t ca cac
s6 liéu trong thi nghiém duoc trinh bay dudi dang: Trung binh (Mean) + Sai s6 chuan (SE).
3. Két qua va thao luan
3.1. Sw tang trwong cua Haematococcus pluvialis

Su tang truwong cua vi tao H. pluvialis dudi 4 cuong do anh sang tor 20 pumol
photon/m?/s dén 100 pmol photon/m?/s duoc thé hién & Hinh 3.1. a,b. Mat do té bao
H. pluvialis & cuong d6 &nh sang 50 pmol photon/m?/s nudi cay trén ca 2 méi truong BG11
va OHM dat gi4 tri cao hon cac cuong d6 anh sang 20, 70 va 100 pmol photon/m?/s. Trong
d6, cudng d6 anh sang 50 pmol photon/m?/s va moéi trudng BG11 dat mat d cao nhat tai
ngay thir 18 (18,79.10° té bao/mL) (p<0,05).

Téc do tang trudong dac hiéu cua vi tao H. pluvialis & cuong do anh séng thap tir 20
pmol photon/m?/s ¢én 50 pmol photon/m?/s & ca 2 méi trudng OHM va BG11 khong c6 su
khac biét (p>0,05) va cao hon so véi cuong do anh séng cao tir 70 pmol photon/m?/s dén
100 pmol photon/m?/s (p<0,05) (Hinh 3.1. ¢, d).

So sanh gitta 4 cuong do anh sang thir nghiém, sy ting truong cua té bao vi bao
H. pluvialis & cuong d6 anh sang 50 pmol photon/m?/s 1a cao nhat. Nhu vy, méi truong
OHM va BG11 & cudng do anh sang thap tir 20 umol photon/m?/s &én 50 umol photon/m?/s
la phd hop nhit cho sy ting truong va phét trién cua H. pluvialis. Theo Tran va cong sy
(2009), Haematococcus lacustris nudi ciy ¢ cuong do anh sang thap 40 pmol/m?/s trong 6
ngay dau mat do té bao dat cuc dai 2,2x10° té bao/mL va sau d6 dat phase 6n dinh. Sau d6
chuyén sang phase ¢ ché anh sang cao 200 pmol/m?/s, té bao bat dau tich lily astaxanthin,
té bao tir mau xanh chuyén sang dang bao nang c6 mau do (Tran, Park, & Lee, 2009). Biéu
kién nudi cay véi cudng do anh sang 40,6 + 3,05 pmol photon/m?/s, anh sang tring véi chu
ki chiéu sang 24:0 gio gilp té bao Haematococcus pluvialis duy tri giai doan ting trudng
sinh dudng, dat mat do té bao cuc dai (8,58 + 0,452 x 10° té bao/mL), tc do ting truong dic
hiéu (0,365 + 0,004 té bao/mL/ngay) (Wong, 2016).
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Hinh 3.1. Mdr dg té bao va téc dé tiang trieong cua vi tao H. pluvialis
0 cdc cuong do anh sang trén 2 moi truong BG11 (a,c) va OHM (b,d)
3.2. Ham lwong sic to
3.2.1. Ham lwong diép luc té

Ham lwong diép luc té tong cua vi tao H. pluvialis nudi ciy trén moi truong OHM va
BG11 & 4 cudng do &nh sang tir 20 pmol photon/m?/s dén 100 pmol photon/m?/s tang dan
trong qué trinh nudi cy. Trong d6, ham lwong diép luc t tong cua H. pluvialis & méi trudng
BG11 cao hon so v&i moéi treong OHM (p<0,05) (Hinh 3.3.).

Sy gia tang cua ham lwong ham luong diép luc td trong té bao duong nhu phu thudc
nhiéu vao cac diéu kién thi nghiém va méi quan hé giira mat do té bao va cuong do anh sang
ma khéng phu thugc vao su hinh thanh astaxanthin (Fan et al., 1995). Nghién ctu caa Chen
va Liang (2009), phan tich cac mdi trong quan cho thay c6 méi twong quan thuan giita ham
lwong diép luc t6 va mat do té bao trong toan bo thoi gian thi nghiém. Trong khi ham luong
diép luc t6 va mat do té bao déu cho thiy cd mdi trong quan véi cudng do anh sang (CHEN
& LIANG, 2009). Ham luong diép luc t6 caa H. pluvialis phu thuoc vao yéu t da luong
trong méi trudng dic biét nito va phosphor, méi trudng BG11 véi sy doi dao cua cac yéu td
da luong nay gilp té bao tang tong hop sic té quang hop (diép luc t va caroten so cip) dan
dén té bao duy tri giai doan sinh dudng (té bao xanh, Hinh 3.2.) va mat d6 té bao cao.
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Hinh 3.3. Ham heong diép luc té tong trén don vi thé tich va trén don vi té bao cua vi tdo
H. pluvialis ¢ cac cuong do dnh sang trén 2 moi truong BG11 (a, ¢) va OHM (b, d)

3.2.2. Ham luong carotenoid cua H. pluvialis

Ham luong carotenoid cua vi tao H. pluvialis nudi ciy ¢ 4 cuong do anh sang tir 20 pmol
photon/m?/s dén 100 pmol photon/m?/s dugc thé hién & Hinh 3.4. Méi trudng OHM, ham
lwong carotenoid (pg/mL) ¢ cudng d6 anh sang 50 pmol photon/m?/s cao hon so véi cac diéu
kién anh sang con lai 1a do mat do té bao ¢ cuong d6 anh sang nay cao hon (p<0,05) (Hinh
3.4. a, b). Tuy nhién, ham luong carotenoid (pg/tb) cua H. pluvialis nudi ciy trén mdi trudng
OHM & cudng do &nh séng cao 70 umol photon/m?/s dén 100 umol photon/m?/s dat gi4 tri cao
hon (p<0,05) (Hinh 3.4. ¢, d). O méi trudng BG11, ham luong carotenoid caa H. pluvialis dat
gid tri cao hon cudng d6 anh sang 100 pumol photon/m?/s (p<0,05) (Hinh 3.4. a, c).

Cuong do &4nh séng cao c6 thé gay ra sy tong hop va tich liiy ham luong 16n astaxanthin
¢ H. pluvialis. Ham lugng astaxanthin twong quan ti I¢ véi lugng anh sang (cuong d¢ anh
séng x thoi gian chiéu séang thuc). Nhing thay doi vé mau sic, hinh dang va kich thudc cua
té bao H. pluvialis phan &nh sy thich nghi caa sinh vat ndy véi moi trudng bt loi. Su gia
tang ham luong astaxanthin cua bao nang H. pluvialis co lién quan chat ché vai su tang kich
thudc nang va ca hai déu bi anh huang boi cudng do anh séng. Khi tiép xuc véi stress quang
oxy hoa, cac té bao H. pluvialis bat dau tong hop va tich lily astaxanthin dé ty bao vé khoi
ton thuong do quang oxy hoa. Trong qua trinh tich lity astaxanthin, sy gia ting ham luong
lipid va carbohydrate (Li et al., 2019). Nghién ciru cho thiy ting cuong do 4nh sang dan dén
tang tong hop astaxanthin. Hon nita, Sy gigi han ham luong nitrat va cuong d6 chiéu sang
cao lam ting téng hop carotenoid. Ngoai thiéu nitrat va chiéu sang cao, viéc khdng c6 suc
khi cling ting kha ning san xuat va ning suét astaxanthin (Dominguez-Bocanegra, Ponce-
Noyola, & Torres-Munoz, 2007). Nhu vay, H. pluvialis tang tich lity carotenoid dac biét
astaxanthin: té bao chuyén sang bao nang c6 mau doé (Hinh 3.2.) khi duoc nudi ciy & cudng
d6 anh sang cao 70 dén 100 pmol photon/m?/s.
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Hinh 3.4. Ham liwong carotenoid trén don vi thé tich va trén don vi té bao cua vi tdo
H. pluvialis ¢ cdc cuong do anh sang trén 2 moi truong BG11 (a,c) va OHM (b,d)
3.3.  Ham lweng phenolic téng cia H. pluvialis

Ham luong phenolic caa H. pluvialis nudi cay trén 2 méi truong BG11 va OHM ¢ 4
cuong d6 anh sang tir 20 pmol photon/m?/s dén 100 pmol photon/m?/s tang dan trong qua
trinh nuéi cdy. O ca 2 mdi trudng BG11 va OHM, cuong d6 anh sang 70 umol photon/m?/s
va 100 pumol photon/m?/s dat ham lwgng phenolic (ug/mL) cao hon so véi cac cudng do anh
séng thap (p<0,05) (Hinh 3.5. a, b). Bic biét, ham luong phenolic (pg/th) & cudong d6 anh
4ng 100 pmol photon/m?/s dat két qua cao nhat 1,25 pg/tb & méi truong OHM va 1,58 pg/tb
& moi truong BG11 sau 21 ngay nudi cay (p<0,05) (Hinh 3.5. ¢, d).

Cac hop chat phenolic 1a mét trong nhirng loai chat chéng oxy héa tu nhién quan trong
nhat va ngay cang nhan duoc sy quan tdm cta ngudi tiéu dung va cac nha san xuét thuc
pham vi loi ich sirc khoe (Ruiz-Dominguez et al., 2019). Céc hop chit phenolic 1a chat chdng
oxy hoa ty nhién quan trong. Polyphenol hoat dong nhu chit chdng oxy hoéa théng qua
chuyén dién tir va nguyén ti hydro (Safafar, Van Wagenen, Mgller, & Jacobsen, 2015). Nhu
vay H. pluvialis tang tong hop cac hop chat phenolic khi duoc nudi cdy ¢ diéu kién cudng
d6 anh séng cao tir 70 d&én 100 pmol photon/m?/s & ca 2 moéi truong BG11 va OHM.
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Hinh 3.5. Ham heong phenolic trén don vi thé tich va trén don vi té bao cua vi tdo
H. pluvialis ¢ cdc cuwong do danh sang trén 2 moi truong BG11 (a, ¢) va OHM (b, d)
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3.4. Khd ndng chong oxy hoa ciia H. pluvialis

Kha ning chéng oxy hoa cua vi tao H. pluvialis ting trong qué trinh nudi cy. Trong
d6, kha ning chdng oxy hda (1%/mL) caa H. pluvialis & méi trudng BG11 dat gid tri cao hon
S0 voi moéi truong OHM & tat ca cac diéu kién chiéu sang sau 21 ngay nudi cy (p<0,05)
(Hinh 3.6. a, b). Kha ning chéng oxy hoéa (1%/tb) & diéu kién anh sang cao 70 pmol
photon/m?/s (1,61 1%/tb & BG11 va 1,68 1%/tb & OHM) va 100 umol photon/m?/s (1,84
1%/tb & BG11 va 1,74 1%/tb & OHM) cao hon so véi cac diéu kién chiéu sang cuong do thap
& cé 2 moi truong (p<0,05) (Hinh 3.6. ¢, d).

Kha niang chdng oxy hda la mét chirc ning cta ca carotenoid va cac loai acid béo, kha
ning chéng oxy hoa cia phan astaxanthin diester cao hon 60% so v4i phan astaxanthin
monoester va hai 1an so véi astaxanthin tu do (Ceron et al., 2007). H. pluvialis c6 2 hé théng
chbng oxy héa, enzyme chéng oxy héa lién quan dén gian doan té bao sinh dudng va chat
chdng oxy hoa astaxanthin trong giai doan bao nang. Nang trudng thanh (giau astaxanthin)
cho thay hoat tinh chéng oxy héa cao chdng lai Oz trong cac té bao di dwoc tham thau,
nhung khong c6 hoat tinh trong dich chiét chta astaxanthin, trong khi nang chwa truéng
thanh (nghéo astaxanthin) cé hoat tinh chéng oxy hda rét thap dbi véi O, & ca hai truong
hop. Két qua cho thay rang astaxanthin tich liy trong t& bao nang c6 chirc ning nhu mot chat
chdng oxy hoa chdng lai stress oxy hoa qua muc. Hoat tinh chdng oxy héa chéng lai Oz
cling twong tu trong ca té bao duoc tham thau va dich chiét tir t bao sinh dudng cho thiy su
hién dién caa enzym chdng oxy hoa (superoxide dismutase) (Kobayashi et al., 1997).
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Hinh 3.6. Kha nang chong oxy hoa trén don vi thé tich va trén don vi té bao cia vi tdo
H. p!uvialis 0 cdc cuwong do anh sang trén 2 moi truong BG11 (a, ¢) va OHM (b, d)

4.  Ketluan

Cuong d6 &nh sang anh huong I18n su ting trudng, tong hop sic té, hop chit phenolic
va kha ning chdng oxy héa cua vi tao H. pluvialis. Cudng d6 anh sang thap 20 dén 50 pmol
photon/m?/s thich hop cho giai doan nudi cdy sinh dudng té bao H. pluvialis. Trong khi,
cuong d6 anh sang cao 70 dén 100 pmol photon/m?/s kich thich hinh thanh bao nang, ting
t6ng hop sic t6, hop chat phenolic va kha ning chéng oxy héa cua té bao H. pluvialis.

% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

TAI LIEU THAM KHAO

Andersen, R. A. (2005). Algal Culturing Techniques: Academic Press.

Ceron, M. C., Garcia-Malea, M. C., Rivas, J., Acien, F. G., Fernandez, J. M., Del Rio, E., .. . Molina,
E. (2007). Antioxidant activity of Haematococcus pluvialis cells grown in continuous culture
as a function of their carotenoid and fatty acid content. Appl Microbiol Biotechnol, 74(5),
1112-1119. doi:10.1007/s00253-006-0743-5

CHEN, S., & LIANG, Y. (2009). Effects of illumination on the chlorophyll fluorescence parameters
and astaxanthin content of Haematococcus pluvialis [J]. South China Fisheries Science, 1.

Das, B., Das, B., Arpita, F., Morshed, M., Uddin, A., Bhattacherjee, R., & Hannan, J. (2011).
Phytochemical screening and antioxidant activity of Leucas aspera. International Journal of
Pharmaceutical Sciences and Research, 2(7), 1746.

569



Tap chi Khoa hoc Treong DPHSP TPHCM Tap 18, S6 3 (2021): 559-571

Dominguez-Bocanegra, A. R., Ponce-Noyola, T., & Torres-Munoz, J. A. (2007). Astaxanthin
production by Phaffia rhodozyma and Haematococcus pluvialis: a comparative study. Appl
Microbiol Biotechnol, 75(4), 783-791. doi:10.1007/s00253-007-0889-9

Fabregas, J., Otero, A., Maseda, A., & Dominguez, A. (2001). Two-stage cultures for the production
of astaxanthin from Haematococcus pluvialis. J Biotechnol, 89(1), 65-71.

Fan, L., Vonshak, A., Gabbay, R., Hirshberg, J., Cohen, Z., & Boussiba, S. (1995). The biosynthetic
pathway of astaxanthin in a green alga Haematococcus pluvialis as indicated by inhibition with
diphenylamine. Plant and cell Physiology, 36(8), 1519-1524.

Goiris, K., Muylaert, K., Fraeye, ., Foubert, 1., De Brabanter, J., & De Cooman, L. (2012).
Antioxidant potential of microalgae in relation to their phenolic and carotenoid content.
Journal of Applied Phycology, 24(6), 1477-1486.

Harker, M., Tsavalos, A. J., & Young, A. J. (1996). Factors responsible for astaxanthin formation in
the chlorophyte Haematococcus pluvialis. Bioresource Technology, 55(3), 207-214.

Kobayashi, M., Kakizono, T., Nishio, N., & Nagai, S. (1992). Effects of light intensity, light quality,
and illumination cycle on astaxanthin formation in a green alga, Haematococcus pluvialis.
Journal of Fermentation and Bioengineering, 74(1), 61-63.

Kobayashi, M., Kakizono, T., Nishio, N., Nagai, S., Kurimura, Y., & Tsuji, Y. (1997). Antioxidant
role of astaxanthin in the green alga Haematococcus pluvialis. Applied microbiology and
biotechnology, 48(3), 351-356.

Levasseur, M., Thompson, P. A., & Harrison, P. J. (1993). Physiological acclimation of marine
phytoplankton to different nitrogen sources 1. Journal of phycology, 29(5), 587-595.

Li, F., Cai, M., Lin, M., Huang, X., Wang, J., Ke, H., ... Wu, S. (2019). Differences between Motile
and Nonmotile Cells of Haematococcus pluvialis in the Production of Astaxanthin at Different
Light Intensities. Marine drugs, 17(1), 39.

LICHTENTHALER, H. K., & Wellburn, A. R. (1983). Determinations of total carotenoids and
chlorophylls a and b of leaf extracts in different solvents. Portland Press Ltd.

Plaza, M., Cifuentes, A., & Ibafez, E. (2008). In the search of new functional food ingredients from
algae. Trends in Food Science & Technology, 19(1), 31-39.

Prieto, A., Pedro Canavate, J., & Garcia-Gonzalez, M. (2011). Assessment of carotenoid production
by Dunaliella salina in different culture systems and operation regimes. J Biotechnol, 151(2),
180-185. doi:10.1016/j.jbiotec.2010.11.011

Rodriguez-Meizoso, 1., Jaime, L., Santoyo, S., Senorans, F. J., Cifuentes, A., & Ibanez, E. (2010).
Subcritical water extraction and characterization of bioactive compounds from
Haematococcus pluvialis microalga. J Pharm Biomed Anal, 51(2), 456-463.
doi:10.1016/j.jpba.2009.03.014

Ruiz-Dominguez, M. C., Espinosa, C., Paredes, A., Palma, J., Jaime, C., Vilchez, C., & Cerezal, P.
(2019). Determining the Potential of Haematococcus pluvialis Oleoresin as a Rich Source of
Antioxidants. Molecules, 24(22), 4073.

Safafar, H., Van Wagenen, J., Mgller, P., & Jacobsen, C. (2015). Carotenoids, phenolic compounds
and tocopherols contribute to the antioxidative properties of some microalgae species grown
on industrial wastewater. Marine drugs, 13(12), 7339-7356.

570



Tap chi Khoa hoc Trwong DPHSP TPHCM Vé Hong Trung va tgk

Suh, I. S., Joo, H. N., & Lee, C. G. (2006). A novel double-layered photobioreactor for simultaneous
Haematococcus pluvialis cell growth and astaxanthin accumulation. J Biotechnol, 125(4), 540-
546. d0i:10.1016/j.jbiotec.2006.03.027

Tocquin, P., Fratamico, A., & Franck, F. (2012). Screening for a low-cost Haematococcus pluvialis
medium reveals an unexpected impact of a low N/P ratio on vegetative growth. Journal of
Applied Phycology, 24(3), 365-373.

Tran, N.-P., Park, J.-K., & Lee, C.-G. (2009). Proteomics analysis of proteins in green alga
Haematococcus lacustris (Chlorophyceae) expressed under combined stress of nitrogen
starvation and high irradiance. Enzyme and microbial technology, 45(4), 241-246.

Trinh, N. N., Truong, N. B. T., Huynh, T. H., Nguyen, T. D. H., & Tran, T. B. L. (2017). Nang cao
su tich luy astaxanthin o vi tao Haematococcus pluvialis boi cac dieu kien stress cua moi
truong nuoi cay [Enhancement of astaxanthin accumulation in Haematococcus pluvialis under
various stress conditions]. Proceedings of the 35th Anniversary of the Establishment of Ho
Chi Minh City University of Food Industry, 74-83.

Wong, Y. (2016). Effects of Light Intensity, lllumination Cycles on Microalgae Haematococcus
Pluvialis for Production of Astaxanthin. Journal of Marine Biology and Aquaculture, 1-6.

Yaltirak, T., Aslim, B., Ozturk, S., & Alli, H. (2009). Antimicrobial and antioxidant activities of
Russula delica Fr. Food and Chemical Toxicology, 47(8), 2052-2056.

Yuan, J.-P., & Chen, F. (1998). Chromatographic separation and purification of trans-astaxanthin
from the extracts of Haematococcus pluvialis. Journal of Agricultural and Food Chemistry,
46(8), 3371-3375.

LIGHT INTENSITY EFFECT ON THE GROWTH, PIGMENT, PHENOLIC COMPOUND
ACCUMULATION, AND ANTIOXIDANT CAPACITY
OF HAEMATOCOCCUS PLUVIALIS MICROALGAE
Vo Hong Trung”, Nguyen Thi Hong Phuc, Nguyen Tran Khuong Bac
Nguyen Tat Thanh University, Vietnam
*Corresponding author: Vo Hong Trung — Email: vohongtrung2503@gmail.com
Received: December 21, 2020; Revised: March 25, 2021; Accepted: March 30, 2021

ABSTRACT

Haematococcus pluvialis is a green unicellular microalga highly valued for its ability to
accumulate a large amount of astaxanthin in cells. Cultivation light is one of the most factors
affecting the growth, pigment synthesis, capacity for antioxidant, and phenolic compound
accumulation of H. pluvialis cells. In this research, four light intensities from 20 to 100 pmol
photon.m?.s™* were used to investigate the organismal growth, pigment, and phenolic compound
accumulation, as well as antioxidant capacity of H. pluvialis cells in OHM and BG11 media. In both
media tested, we observed that under low light intensities from 20 to 50 pumol photon.m?.s?, H.
pluvialis cells sustained a prolonged green vegetative stage and high cell density. On the contrary,
under the high light intensities from 70 to 100 umol photon.m?.s™, H. pluvialis cells developed cyst
forms faster and exhibited lower growth while higher pigment synthesis and higher phenolic contents
and antioxidant capacity.

Keywords: antioxidant capacity; carotenoid; Haematococcus pluvialis; phenolic
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