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ABSTRACT

The effect of iron on Dunaliella parva and Mesotaenium sp. on growth and
carotenoid accumulation was studied under different culture conditions: with iron,
without iron and shocked by adding high iron concentration (20 times higher than
the iron concentration in F2 medium). Higher growth and carotenoid content were
recorded in iron-containing culture medium than in iron-free culture medium for both
Dunaliella parva and Mesotaenium sp. The astaxanthin, p-carotene and Lutein+
Zeaxanthin carotenoid contents of Mesotaenium sp. in iron-supplemented medium
were higher than in iron-free medium with maximum values of 0.41, 1.13 and 0.31
mg/g dry weight, respectively. An increase in the content of astaxanthin, -carotene
and Lutein+ Zeaxanthin carotenoids in Dunaliella parva in culture with iron was also
observed, with maximum values of 1.82, 5.72 and 2.77 mg/g dry weight and higher
than those in culture medium without iron. In addition, different nutrient uptake
(nitrate and phosphate) was observed in both species, with differences under the two
environmental conditions mentioned above. The amount of nitrite released by both
species was also noted to decrease when cultured in medium supplemented with iron
compared to medium without iron.

TOM TAT

Anh hwong ciia sdt 1én Dunaliella parva va Mesotaenium sp. den sw tang truong va
s tich lily carotenoid da dwoc nghién ciru 6 cdc diéu kién nuoi cay bao gom: co sat
khong co sdt va bi séc bang cdch bé sung nong dé sdt cao (gap 20 lan so voi nong
d¢ sat trong moi truwong F2). Mirc tang truong va ham luong carotenozd dwoc ghi
nhan cao hon trong moi trwong nudi cdy cé sdt so véi méi triong nudi cdy khong cé
sdt & cd hai lodi tao Dunaliella parva va Mesotaenium sp. Ham hrong astaxanthin,
p-carotene va Lutein + Zeaxanthin carotenoid cua tao Mesotaenium sp. trong moi
trueong cé bé sung sdt cao hon so véi méi truong khong c6 sdt véi gid tri téi da lan
lwot la 0,41; 1,13 va 0,31 mg/g trong lwong kho. Sy gia tang ham lwong astaxanthin,
[f-carotene va Lutein+ Zeaxanthin carotenoid trong Dunaliella parva nuéi cdy voi sdt
ciing dwoc quan sat thdy véi gid tri 16i da voi 1,82, 5,72 va 2,77 mg/g trong lwong khé



Tir khoa: Carotenoid,
Dunaliella parva,
Mesotaenium sp., sdt,
hdp thu dinh dwdng.

va cao hon so véi méi triong nudi cdy khong cé sat. Ngodi ra, sw hdp thu chdt
dinh dwong khac nhau (Nitrate va phosphate) da dwoc quan sat thdy 6 ca hai lodi
6 su khdc biét véi 2 diéu kién moi trieong noi trén. Lwong nitrit giai phong cua ca
hai lodi ciing dwoc ghi nhan giam khi nuoi cdy trong méi trieong cé bé sung sdt so
Vi méi trieong khéng bé sung sdt.

1. Gidi thiéu

Carotenoid 14 cac sic t6 polyene isoprenoid
mau vang dén do, dugc tao ra tir chudi polyene 40
carbon va xuét hién ty nhién trong luc lap hodc sic
lap clia tat ca cac sinh vat quang hop. Carotenoid
cling c6 thé dugc tong hop boi cac sinh vat khong
quang hop nhu ndm va vi khudn. Dong vat khong
tur tong hop dugc carotenoid ma phai hap thu qua
ché d6 an uéng. Hién nay, cac nha khoa hoc da
tim ra dugc hon 1.000 loai carotenoid khac nhau
(Grainger va cong su, 2022). Carotenoid hap thu
ning luong anh sang dé sir dung trong qua trinh
quang hop va bao vé diép luc khoi ton thuong do
anh sang thong qua cac dic tinh chdng oxy hoa
manh mé& va kha ning loai bo gbc tu do (Maoka,
2020). biéu tha vi 1a carotenoid d3 duge chung
minh 14 ¢6 mot sd 1oi ich cho stte khoe con nguoi
nhu ngin ngira mot sé bénh ung thu (Nishino va
cong sy, 2002) bénh tim mach, bénh tim va thoai
hoa diém vang do tudi tac (Kristenson va cong
su, 1997). Cu thé hon, B carotene, astaxanthin,
canthaxanthin va zeaxanthin da dugc chiing minh
1a thuc ddy giam kich thude va sé lwong cac khdi u
gan trong co thé sdng (Nishino va cong su, 2002).
Lutein va zeaxanthin dugc bao cédo 1a duy tri chirc
ning thi giac binh thudng va bao vé diém vang ciia
miét nguoi khoi ton thuong quang héa (Ma & Lin,
2010). Hau hét cac carotenoid ciing cung cdp phan
g quang hoc cua da chdng lai tia UV (Wertz va
cong su, 2005). Ngoai cac loi ich cho strc khoe, cac
tmg dung cua carotenoid bao gdm pham mau thyc
pham va chét ting cudng mau trong thuc phdm tu
nhién bao gém long do tring, thit ga va ca, dac biét
1a c4 hdi (Pulz & Gross, 2004). Do nhiéu timg dung
ctia ching nén nhu cau vé carotenoid ngay cang
tang kéo theo viéc san xuit carotenoid bang cong
nghé tong hop héa hoc va tdng hop sinh hoc. Tuy
nhién, hau hét cac carotenoid téng hop hoéa hoc
1a hdn hop ddong phan lap thé khong thuong thy
trong tu nhién. Do d6, chiing c6 thé khéng s& hiru
cung cac dic tinh nhu cic dong phan carotenoid
c6 trong tu nhién va c6 thé khong dugc ngudi tidu
ding mong mudn hoic cé thé co cac tac dung phu

khong mong mudn tham chi gy ra van dé nghiém
trong vé stic khoe (Sundararajan & Ramasamy,
2024). Vi Iy do nay, viéc san xuat carotenoid bang
cong nghé tong hop sinh hoc da tré thanh trong
tam cta nghién ctru sau rong, déc biét la nudi tao
siéu nho. Ngoai viéc 1a ngudn carotenoid, nudi vi
tao con c6 nhiéu loi ich khac bao gdm ¢ 1ap co,,
xtr Iy nudc thai va san xuét sinh khdi c6 thé duoc
sir dung dé san xuat cac san pham co gia tri gia
tang nhu nhién li¢u sinh hoc, thirc dn chan nudi va
phén bon (Siddiki va cong sy, 2022).

Pé dam bao san xuat carotenoid quy mé 16n
bang san xuét sinh khéi vi tao 1a kha thi v& mit kinh
té, bén vitng véi moi truong va kha thi vé mit ki
thuat, can cc') nhiéu nghién ctru dé xéc dinh va toi uu
hoa mot s thong sb canh tac. Bao gdm: 1) x4c dinh
va lya chon céc loai tao tiém nang tir cac dia diém
canh tac di chon va 2) phat trién san pham dura trén
nang suat sinh khéi va ham lugng sic to. Sy phat
trién cta vi tdo chiu anh hudng cta anh sang, nhiét
do, chat dinh dudng (chu yéu 1a N, P) va mot sb
nguyén td vi luong va cong su, 2006; Naito va cong
su, 2005). Ngoai ra, qua trinh hap thy cacbon, nito
va phdt pho c6 lién quan chit chd dén su sin co
cﬁa cac nguyén t6 vi luong cu thé/riéng biét. Trong
s0 nay, sat 1a mot trong nhu’ng nguyen t6 thiét yéu
nhét ma vi tao can vi né rat can thiét cho cac enzym
trong qué trinh dong hoa nitrat va nitrit, cic quéa
trinh khir oxy sunfat, ¢ dinh nito, tong hop diép
luc ciing nhur mot s6 phan mg tong hop sinh hoc
va phén hity khac (Liu va cong sy, 2005). Thiéu sit
¢6 thé dan dén trc ché sy phat trién cua vi tao ngay
ca trong mdi truong nudi cd ham lugng dinh dudng
cao (Chen va cong su, 2022). Viéc bd sung sit di
duoc dé xuit dé kich thich san xut carotenoid
trong vi tdo (Mojaat va cong su, 2008).

Tao Dunaliella parva dugc tim thay trong
ty nhién ¢ moéi truong nudc man va la loai vi tdo
chiém wu thé trong méi truong siéu man va giau
carotenoid (Zou va cdng su, 2023). Tac dong cua
diéu kién moi truong (anh sang, chat dinh dudng)
dén sy phat trién cua D. parva da duge bao cao
rong rai (Oren va cong sy, 1995). Hién nay, co



nghién ctru vé viéc ting ham luong carotenoid
tang dang ké khi nuéi tao Dunaliella parva trong
moi trudng bd sung polyethylene glycol (PEG) va
CaCl (Zou va cong su, 2023). Trong khi tac dong
cua sat dén su phat trién, tiéu thu chat dinh dudng
va san xut carotenoid chua dugc béo céo.

Téo Mesotaenium sp. 1a loai vi tdo nudc ngot
(Mikhailyuk, 2008). Mic di mot s6 nghién ciru da
diéu tra tic dong cua chat dinh dudng, anh sang
va hoa chit dén sy phat trién, tiéu thu chat dinh
dudng va san xuit carotenoid ciia Mesotaenium
sp. (Malec va cong sy, 1996; Thatcher va cong
su, 1993), nhung khéng c6 bao cdo nao vé tic
dong cua sat dén sy phat trién, hép thu chat dinh
dudng, ham lugng di€p luc a, b va carotenoid ddi
v6i loai nay. Muc dich cua nghién clru nay la xac
dinh tac dong cua viéc c¢6 hodc khong co sit dén
su phat trién, hdp thu chat dinh dudng (nitrat va
phosphate) va san xuét carotenoid trong cac moi
truong nudi Mesotaenium sp. va D. parva. Tac
dong cua viée bd sung sit (tirc 1a thém dung dich
sat nong do cao) trudc khi thu hoach ddi véi san
xudt carotenoid cling di dwoc nghién ciru.

2. Phuong phap nghién ciru

2.1 Pja diém va thoi gian nghién ctru

Nghién ctru dugc thuc hién tai phong Thi
nghiém Dai hoc James Cook, Uc.

Thoi gian bd tri thi nghiém: 30 ngay
(04/12/2012 - 4/1/2013)

2.2 Phwong phap bo tri thi nghiem

Tao Dunaliella parva va Mesotaenium sp.
duoc nuoi céy 0 nhiét d6 24 °C véi chu ky chiéu
sang 12 gid sang va 12 gio toi, cuong do anh sang

Hinh 1. B6 tri thi nghi¢m

42 umol photon/m%/s va duge suc khi riéng 1¢ mdi
binh qua bd lgc c6 kich thudc 0,45 pm.

Nuoi cdy tao & binh thity tinh véi thé tich 2L
trong moi trudng F2 cai tién (Hinh 1). Mbi truong
nudi cdy F2 cai tién (Guillard, 1975) duoc chuén
bi ¢ 2 nghiém thirc khac nhau: c¢6 sit (7,18 uM
FeCl,) va khong sit (0 uM FeCl,). Déi véi tao
Dunaliella parva dugc nudi voi moi truong F2
pha trong nuéc bién da loc va tio Mesotaenium
sp. dugc nudi trong moi truong F2 pha trong nudc
cit. Tat ca cac nguyén liéu déu duoc khir tring va
duge nudi trong diéu kién vo tring va mdi nghiém
thire 13p lai 3 1an. D. parva va Mesotaenium sp.
dugc nudi & mat do 1an luot 1a 6x10* t& bao/mL va
9,5x10° té bao/mL.

Dung dich sit dam dic tir dung dich gbc duge
them vao ngay 25 trong tat ca cac m01 truong nuodi
cay ngoal trir moi truO’ng nuoi cay Mesoteanium
sp. (co Sit) vao ngay 24 dé dat nong do (143,6 pM
FeCl,) trong dung dich.

Dé tranh can kiét hoan toan chét dinh dudng,
phosphate duoc bd sung vao méi truong nudi vao
cac ngay 4, 7, 8 va 20. Riéng vao ngay 8 nitrate
(NO,) dugc bd sung cung phosphate (PO, va
nitrate (NO, ) duogc cung cip trong tat ca cac moi
truong nudi cay

2.3 Phuong phap gian tiép dé xac dinh sy
phit trién cia tio

Céac duong cong hiéu chuin duogc thiét lap
bang cach loat pha loing ba lan méi truong nudi
cay D. parva va Mesotaenium sp. Tién hanh dém té
bao trén ml, xac dinh trong luwong khé (DW) [g/L]
va do d6 duc (% truyén qua [%TA, mét d6 quang]
& 750nm [OD750, Spectramax Plus; Thiét bi phan
tir]) dé tao ra phuong trinh tuyén tinh (R>> 0,95)
nham dé xac dinh s luong té bao va trong luong
kho twong tmg tir cac phép do do duc ddi véi cac
mau nudi cdy D. parva va Mesotaenium sp..

2.4 Tang truéng cia tio

Tang trudng cua D. parva va Mesotaenium
sp. dugc xac dinh hang ngay qua do duc tir ba mau
250 pl cho mdi 1an nudi cay trong 25 ngay.

- Téc d6 ting trudng cu thé do Levasseur et
al. (1993) mo ta: C

n (C—i

t2 —t1

(phuong trinh 1)

IJ:



- Ning sudt sinh khi thé tich dugc sira doi tir
Su et al. (2011):

g DW/L/ngay =
- Niang suat sinh kh01 dién tich:
2(DW2 DWl)

(D WZ ]zle) (phuong trinh 2)

[g DW/m?/ ngay] = ( )/sA (phuong trinh 3)

Trong do:
C,vaC;: s6 lugng té€ bao ban dau va cudi

cung (té bao/mL)

t vat,: thoi diém nudi cdy ban dau va cudi cing
(ngdy) trén mdi giai doan ting trudng di xac dinh

DW, va DW.: trong lugng kho ban dau va
cubi cung (g/L),

SAbase = dién tich bé mat day cua binh nubi
cay (0,0127m?)

2.5 Phén tich chét dinh dudng trong nwéc

Néong do nitrat (NO,), nitrit (NO,) va
phosphate (PO,*) trong m6i truong dugc xic dinh
2 ngay mot 1an bang may phan tich ty dong Systea
EasyChem (Anlytical solution Australia (ASA).

2.6 Phan tich carotenoid

Mau sinh khoi tdo d€ phan tich carotenoid
duoc lay vao cac thoi di€ém nhu sau: Trudce khi

khi bd sung sat & tit ca cac nghiém thirc nudi cdy
ngoai trir nghiém thirc nudi cdy Mesoteanium sp.
(c6 Sit) vao ngay 24) va 3 ngay sau b sung sit &
néng dd cao. 200 mL tao tir cac nghi€m thirc dugc
ly tam ¢ téc do 3.000 vong/phut trong 20 phit &
20°C, sau d6 toan bg chat long trén cling duoc loai
b6 va chuyén vao dng eppendorf 1,5 ml. Tiép dén,
dng eppendorf 1,5 ml duoc ly tam & toc do 14.500
vong/phut trong 5 phiit, sau d6 toan bo chat 1ong
trén cung dugc loai boé va dong kho trudce khi chiét
xudt dé phén tich HPLC.

3. Két qua va thao luin
3.1 Su phat trién ciia tdo trong nudi cay

Su phat trién ctia D. parva va Mesotaenium
sp. duoc chia thanh 3 giai doan (tr ngay 2-5, 6-15
va 16-25) (Hinh 2) trong d6 tdc do ting trudng cu
thé va nang suat sinh khdi duoc xac dinh.

Sét khong anh huéng dén sy tang trudng va
san xuat sinh khéi ciia D. parva (Bang 1, Hinh 2
va 2 A) nhung c6 anh huong dang ké dén sy ting
trudng va san xudt sinh khoi ciia Mesotaenium sp.
(Béng 1 va Hinh 2 va 2 B). Cac moéi tru’(‘mg nuoi
ciy Mesotaenium sp. khong c6 sat phat trién cham
hon so véi cac nuoi cay co sat noi riéng ké tir ngay
5 (Bang 1 va Hinh 2 B). Téc d¢ ting truong giam
dan theo thoi gian nudi ciy & ca hai loai.

cdy (thu trong mdi truong gdc), ngay 25 trude
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Hinh 2. M4t dj té bao trung binh [té bao/mL] D. parva (A) va Mesotaenium sp. (B)
¢6 va khong c6 thém sit. N=3

O D. parva, ning suat sinh khoéi cao nhat
dugc quan sat thdy ¢ ca hai phuong phap xur ly
trong giai doan I (0,026 -0,027 [g DW/L/ngay])
(Bang 1) sau d6 giam dan theo thoi gian nudi
cdy (Bang 1). Nguoc lai, nang suét sinh khdi cia
Mesotaenium sp. c6 sit cao nhat trong giai doan
I1 (0,20 [g DW/L/ngay]), trong khi niing suit sinh
khéi cia Mesotaenium sp. cao nhat & giai doan III
khong c6 sat trong nudi cy (0 06 g DW/L/ngay)
C6 su khac biét vé nang suat sinh khoi giira cac

pha nudi cdy c6 chira sit (p<0,5) va khong co
su khac biét vé ning suét sinh khéi giita cac pha
nudi cdy khong chira sat(p>0,5) . Tuong tu nhu
viy, khong c6 tic dong cua sit 1én ning suit sinh
khdi theo dién tich ciia Dunaliella parva giita cac
diéu kién nudi cay khac nhau (c6 sit va khong co
sat). Tuy nhién, c6 tac dong 1én ning sut sinh
khéi theo dién tich ciia Mesotaenium sp. giita cac
diéu kién nudi cdy khac nhau (c6 sit va khong
co sit).



Bang 1. Toc d) ting truwéng; Ning suit sinh khoi thé tich va Ning suét sinh khoi dién tich
cia Dunaliella parva va Mesotaenium sp

) Ning suét sinh khéi theo | Ning suét sinh khéi theo
Thoi gian Toc do tang trudng (W) thé tich dién tich
Loai nudi ciy (g DW/L/ngay) (g DW/m?/ngay)
(ngay) cosit | Khonecd | oz | Khonged | g g | KhOngcd
sat sat sat
2-5 0,339 0,352 0,026 0,027 4,123 4,250
D. parva 6-15 0,070 0,072 0,013 0,015 2,098 2,322
15-25 0,042 0,039 0,014 0,013 2,213 2,043
2-5 0,233 0,157 0,009 0,004 1,376 0,606
Mesotaenium sp. 6-15 0,081 0,049 0,020 0,004 3,206 0,666
15-25 0,020 0,030 0,012 0,006 1,907 0,971

Nghién ctru cho thay viéc cung cap sit c6 thé
thiic dy sy phét trién cia Mesotaenium sp. nhung
khong thuc ddy sy phat trién cua D. parva. Mic du
c¢6 nhiéu vi du vé cac nghién ctru cho thay tic dong
clia st dén téc do tang truong ¢ vi tio, nhung
it dugc bao cao hon la viéc khong cod taic dong
nhu dugc tim thiy trong nghién ciru nay ddi véi
D. parva diéu nay c6 thé giai thich do c6 sit co
san trong moi truong nudce bién da loc dé pha moi
truong nudi D. parva. Sit 1a nguyén td quan trong

nhit ctia cic vi chat dinh dudng nay. St can thiét
cho sy phat trién cua tat ca cac loai thuc vat phu du
(Sunda va cong sy 2005). Sy tham gia cua chung
Véo qua trinh vén chuyén dién tir quang hop bao
gom cd hé thong quang hop I va II. Vai tro cia
sat trong cé sac t6 té bao va sit- -mangan trong hé
thong quang hop 1 & D. parva da dugc quan sat
thdy va han ché sit dugc bao céo 1 anh hudng dén
hé théng quang hop 11 & D. tertiolecta (Sunda &
Huntsman, 1997).
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Hinh 3. Trong luwgng khé trung binh [g/L] D. parva (A) va Mesotaenium sp. (B)
¢6 va khong c6 sit bd sung. N=3

3.2 Pong luc hép thu chét dinh duéng

Sét khong anh huéng dén qua trinh hp thu
nitrat va phosphate ctia D. parva trong sudt thoi
gian nuodi cdy (Hinh 3A va 5A). Toan bd nitrat
dugc hap thu trong 8 ngay dau sau dé giam 50%
trong 4 ngay tiép theo khi bo sung nitrat lai & ngay
thir 8, viéc hap thu nitrat giam chdm & nhitng ngay
tiép theo. Mt khac, hau nhu toan bd phosphate
trong qua trinh nudi cdy déu dugc hap thu trong 4
ngay dau tién voi mot sb 1an giam dang ké lugng
hap thu phosphate & cac ngay 4-6, 7-8, 8-10 va 20-
22. Ngoai ra, luong phosphate hip thu ciing giam

6

nhe tir ngay 10 (Hinh 3A va 5A). Nguoc lai, sat
c6 anh huong dén qua trinh giai phong nitrat ca
D. parva va qua trinh gidi phong nitrat cao hon da
dugc quan sat thiy trong qua trinh nudi cdy khong
c6 sat (Hinh 4A).

Trong nhimng truong hop khéc, sit co tac
dong dén sy hap thu nitrat va phosphate cua
Mesotaenium sp. trong sudt thoi gian nudi cay
(Hinh 3B va 5B). Trong 8 ngay dau, Mesotaenium
sp. tiéu thy toan bo nitrat trong moi truong cé sat,
trong khi chi hap thu 50% nitrat trong méi truong
khong c6 sit (Hinh 3B). Sau khi bd sung nitrat vao



ngay thu 8, lugng nitrat gidm 50% trong 4 ngay
tiép theo sau d6 tdc dd hép thu cham lai. Toan bd
nitrat duoc tio Mesotaenium sp. hip thu hoan toan
vao ngdy 24 trong méi truong khong c6 sit. Trong
khi & mdi truong co sat, sy suy giam nitrat xay ra
som hon vao ngay thir 18 do qué trinh hap thu ciia
tdo Mesotaenium sp..

Hau nhu toan bd phosphate trong nudi ciy
duogc hap thy trong 4 ngay dau tién. Va mot sb 1an
giam dang ké trong qua trinh hap thy phosphate da
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dugc quan sat thiy vao ngay 4-6, 7-8, 8-10 va 20-
22. Sy giam nhe trong qua trinh hap thu phosphate
da duoc quan sat thiy tir ngay 10 (Hinh 5B). Su
suy giam phosphate trong nudi ciy cé sit da dugc
quan sat thiy vao ngay 16, trong khi trong nudi
ciy khong co sit, su suy giam phosphate da dugc
quan sat thiy vao ngay 18 (Hinh 5B). Ngoai ra,
St ciing anh huong dén viéc giai phong nitrate boi
Mesotaenium sp. va viéc giai phong nitrate cao hon
nhiéu trong nudi cdy khong c6 sat (Hinh 4B).
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Hinh 4. Tac ddng ciia sit 1én qua trinh dong hoéa nitrat trong méi trudmg [mg/L]
cia D. parva (A) va Mesotaenium sp. (B) c6 va khong cé sat bo sung
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Hinh 5. Anh hwéng ciia sit dén dong lyc nitrit trong méi truwong [mg/L]
cia D. parva (A) va Mesotaenium sp. (B) c6 va khong cé sat bo sung
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Hinh 6. Tic dgng ciia sit 1én qua trinh ddng hoéa phosphate méi tr1r0’ng [mg/L]
ciia D. parva (A) va Mesotaenium sp. (B) c6 va khong c6 sit bo sung



Anh hudng ciia sy dong hoa st dén qua trinh
hép thy nitrat, khir nitrit, khur sulfat, dinito (N,)
trong vi tao da duoc bao cao (Tao va cong su, 2020).
Sy thay d6i vé kha nang st dung sat da dugc ching
minh 12 kiém soat qua trinh cb dinh nito va sy phat
trién cua tao & mot s6 hd ¢6 ham luong phdt pho
cao (Evans & Prepas, 1997). B4i vi, nhu cau sét ciia
té bao ciing thay doi khi cac té bao vi tao phat trién
trén cac loai ngudn nito khac nhau (Maldonado &
Price, 1996). Tac dong cua sit d6i v6i qua trinh
ddng hoa nitrat, phosphat & Mesotaenium sp. da
dugc quan sat trong nghién ctru hién tai. Luong
nitrat va phosphat ti€u thu cia Mesotaenium sp.
trong cac mdi truong co st cao hon so véi cac moi
truong khong c6 sit. Hon nira, qué trinh giai phong
nitrit cia D. parva va Mesotaenium sp. cling bi anh
hudng bai sit. Co su giai phong nitrit thip hon khi
D. parva va Mesotaenium sp. phat trién trong moi
truong nudi co chira sit so v6i moi trudng nudi
khong c6 sit. Tuy nhién, tic dong cua sit ddi véi
qua trinh ddng hoa nitrat va phosphat & D. parva
khong dugc ghi nhén.

3.3 Ham lugng carotenoid

Khong c6 su khac biét vé ham luong
Astaxanthin, Leutine+ Zea va Chlorophyll a va b
& D. parva giita mdi truong nudi cay gc va khong
c6 nudi cdy sat (Hinh 6 va Bang 2). Tuy nhién, sit
c6 anh hudng dén sy tich ty p-carotene & D. parva,
véi gia tri cao hon 4 1 va 4,3 1an khi nubi cay co
st so v6i khi nudi cay trong moi trudng nudi cay

gbc va khong c6 sit. Nguoc lai, su giam déng ké
su tich tu B-carotene & D. parva da duoc quan sat
thay khi tiép xtic voi ndng do st cao gap 20 lan.
(Bang 2 va Hinh 6A).

Khoéng co6 sy khac biét vé su tich liy
carotenoid & Mesotaenium sp. gitta moéi truong
nudi cdy géc va moéi truong nudi ciy khong
c6 sit (Hinh 6B va Bang 3). Tuy nhién, sit
c6 anh huong dén su tich liy carotenoid &
Mesotaenium sp. Su tich lily carotenoid cua
Mesotaenium sp. trong moi truong nudi cdy co st
cao hon trong mdi truong nudi cdy gbc va moi
truong nudi cdy khong co sit. Vi du, su tich Iy
astaxanthin cao h(m trong nudi cdy co sit so V0'1
moi truong nudi cdy gdc va moi truong nudi cy
khong co st lan luot 1a 3,6 va 4,4 lan, va sy tich
Ity B-carotene Lutein + Zeaxanthin trong moi
truong nudi cdy co sit cao hon trong moi trudng
nudi cdy gbe va moi trudng nudi cdy khong co sit
1an luot 12 3,7 va 3,6 lan; va su tich iy Lutein +
Zeaxanthin trong moi tmong nu01 cay c6 sit cao
hon trong moi tru:ong nudi cay gdc va moi tru:ong
nudi cay khong co sat 1an luot 1a 1,7 va 2,0 lan
(bang 3). Mat khéc, sit cling ¢6 anh huong dén
diép luc a va b. Co su tich lﬁy Diép luc avab cao
hon trong m01 truong nudi cay co sat 50 véi moi
trtrcmg nudi cay gdc va moi truorng nudi cay khong
c6 sit. Ngucyc lai, sy tich tu sdc t& thap hon dugc
quan sat thiy khi Mesotaenium sp. dugc tiép xtic
v6i ndng do sit gip 20 1an (Hinh 6B va bang 3).

Biang 2: Ham lwong carotenoid ciia D. parva v6i ndng dd sit khac nhau trong nudi cay
[mg/g trong lwgng kho]

Mbi trudng nudi cay

MBbi trudng nudi cay co sat

Mbi truong nudi cdy gde khong c6 sht Trudc khi b sung Sau khi b6 sung
[7.18 x 20 uM FeCl,] [7.18 x 20 uM FeCl,]
2.59 1,92 1,82 1,92
3.30 2,91 2,77 2,85
8.32 6,68 6,63 6,45
15.95 15,87 15,51 15,31
1.57 1,32 5,72 1,18

Bing 3: Ham lwong carotenoid ciia Mesotaenium sp. véi ndong dd sit khac nhau trong nudi ciy
[mg/g trong lwgng kho]

e Méi trudng Mbi truong nudi cdy co st
z X MOI tI'lIOIlg ae K N B T X Y
Sac to Ui ¢ éy o bc nudi cay }(hong Trudce khi bo sung Sau khi bo sung
co sat [7.18 x 20 uM FeCl,] [7.18 x 20 uM FeCl, ]
Astaxanthin 0,11 0,09 0,41 0,23




Leutine+ Zea 0,65 0,55 1,13 0,95
Chlorophyll-b 0,81 0,74 2,25 1,79
Chlorophyll-a 2,94 3,14 9,34 7,14
Beta-carotene 0,08 0,08 0,31 0,23
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Hinh 7. Tac ddng cia sit I1én su tich liiy carotenoid (mg/g trong lwong khd) ciia
D. parva (A) va Mesotaenium sp. (B) moi treong nudi cay goc, cé6 va khong cé sat bo sung,
trude va sau bo sung sat. n=2

Bén canh tic dong cua sét 1én su ting truong,
ning suét sinh khdi va hép thu chit dinh dudng
& tdo siéu nho, st cling tac dong dén su tich tu
carotenoid ¢ vi tdo (Peng va cong su, 2024). Trong
nghién clru nay, trong khi su tich tu astaxanthin,
lutein, zeaxanthin va p- carotene ciia sy phat trién
Mesotaenium sp. trong moi truong nudi cdy co sit
cao hon so voi méi trudng nudi cdy khong c sit,
thi chi co su tich tu B- carotene cia D. parva trong
moi truong nudi cdy cé sit cao hon 4,3 1an so véi
moi truong nudi cdy ddi chimg (khong c6 sit). Su
cai thién sy tich tu - carotene chic chin duoc giai
thich bang stress oxy héa (Xi va cong su, 2021).
Carotenoid duoc san xuat dé bao vé b may quang
hop khoi stress moi truong, va dac biét 1a stress
oxy hoa do cac loai oxy hoat dong gay ra, vi duy,
anion siéu oxit (O,) dugc tao ra boi qua trinh
quang oxy héa va gbc hydroxyl (OH-) duoc tao
ra boi phan Gng Fenton (Kobayashi va cong su,
1997). Tuy nhién, co ché phan tng cua vi sinh vt
v6i stress oxy hoa rat phirc tap. Qué trinh chuyén
hoa tdo thich nghi voi stress oxy hoa khong chi

bang cach tich tu P-carotene ma con bang cach
tang hoat dong cua catalase va SOD (superoxide -
dismutase) (Orosa va cong su, 2000). Co ché nay
dugc thé hién dudi day:

. . SOD \
0,"+2H" —— > H,0,+0, (phuong trinh 1)

Catalase

2H,0, ——> 2H,0+0, (phuong trinh 2)

Céac chat chéng oxy héa chinh chiu trach
nhiém gidi doc cac ROS nay la cac enzyme
superoxide dismutase (SOD) xuc tic qua trinh
chuyén d6i 02" thanh H,0,, (phuong trinh 1) va
catalase (CAT) xuc tac qua trinh chuyén d6i H,0,
thanh O, va H,O (phuong trinh 2). Shaish va cong
su, (1993) da chi ra rﬁng viéc bd sung azide, mot
chét trc ché catalase, da 1am ting dang ké qua trinh
tong hop P -carotene ctia D.bardawil, day 1a phan
ung ngan ngura sy tich tu cac loai oxy phan ung.
Do do, B -carotene ndi bao co thé hoat dong cung
v6i SOD va calalase (phuong trinh 1 va 2) dé duy
tri kha nang song d6i v6i qua trinh san xudt lién
tuc cac gbc hydroxide trong té bao.



Céc kim loai chuyén tiép Fe** dic biét dugc
biét 1 co thé gy ra sy hinh thanh ROS do cic
hoa tri thay dbi cua ching (dic biét 1a cac kim
loai tir nhom 4-7 tic 1a Ti, V, Cr, Mo, W va Re
(Conte & Floris, 2011), cho phép ching trai qua
cac thay d6i vé trang thai oxy hoa lién quan dén
mot electron, sau do6 kich thich su hinh thanh cac
gbc tu do (Mallick, 2004). Piéu nay xdy ra thong
qua phan ung cua cac ion kim loai (vi du: Fe*")
voi H)O, tao ra cac gbc hydroxyl (*OH) (phan tng
giong Fenton. Phuong trinh 3 va 4) (Kehrer, 2000)
hodc thong qua qua trinh phan hty hydro peroxide
(H,0,) thanh gdc hydroxyl c6 phan ing cao (*OH)
khi c6 céc ion kim loai chuyén ti€p (vi du: phan
g Haber-Weiss do sét xtic tic. Phuong trinh 5)
(Kehrer, 2000) c4 hai déu dan dén san xuit *OH
va c6 kha ning gay ra cing thing oxy hoa nghiém
trong (Stohs & Bagchi, 1995).

0, +Fe’" — Fe** + O, (phuong trinh 3)
H,O, +Fe** — Fe’* + OH + *OH (phuong trinh 4)
H,0,+0,” — O, + OH" +*OH (phuong trinh 5)

Vi céc phan tir oxy hoat dong nay khong thé
chuyén ddi boi SOD hodc catalase, diéu nay co
thé giai thich sy gia ting tong hop B-carotene khi
thém Fe**. Tuy nhién, su tich tu carotenoid & ca
hai loai D. parva va Mesotaenium sp. déu giam
khi thém nong do sat gap 20 lan. Nghién ctru cua
Salguaro et al, 2003 da chi ra rang ¢6 mdi quan hé
v6i qué trinh ti€u tan cac loai oxy luc lap (Salguero
va cong su, 2003). Trong truong hop bo sung qué
nhiéu sit (II), carotenoid khong bio hoa, nhu mot
co ché bao vé chdng lai ton thuong oxy hoa qua
mirc. Hién tuong nhu vay c6 thé giai thich két qua
& ndng do sit cao gip 20 lan.

Mit khac, ngoai trir tac dong ciia sat 1én sy
tich lily carotenoid & Mesotaenmm sp., su tich liy
carotenoid cao hon trong nuoi cay c6 sét cling co
thé duogc giai thich bang sy suy giam nito (Britton,
1993). Su thiéu hyt nito c6 thé lam ting san xuat
carotenoid thtr cdp ¢ tao siéu nho. O Dunaliella

sp., sy han ché hodc thiéu nitrat 1am tang tich
lity B carotene ndi bao (Mil’ko, 1963). Viéc thiéu
hut nito trong moi truong nudi cdy Dunaliella
bardawil tao ra mdt lugng lon B-carotene dat
227,2% so véi ddi dung theo nghién ctru cua
(Kobbia et al., 2010). Nghién ctru cia Taha va
Kheir, 2012 ciing bao cdo rang c6 sy gia ting san
xuét carotenoid & D. salina va D. bardawill véi su
giam dan nong do nito (Taha va cong su, 2012).
Mot nghlen cuu khac cua Li va cong su (2012) bao
cdo rang ngudn cung nitrat thiéu hut cé thé gay
ra sy tich tu B carotene ndi bao & Eustigmatos cf.
polyphem (Li va cdng su, 2012). Ngoai ra, nghién
clru gan day cua Brocklehurst va cong su, 2024
cho thdy rang viéc thiéu nito c6 thé gay stress dan
dén tang cudng san xuét carotenoid & Cephaleuros
(Brocklehurst, 2024). Nhu vy viéc thiéu hut nito
lam tang sy tich tu carotenoid ¢ tao.

4. Két luan

Nghién ciru chi ra rang viéc bo sung sit c6
anh huong o rét dén sy ting truong va ham luong
carotenoid cua hai loai tao Mesotaenium sp. va
Dunaliella parva. Tao Mesotaenium sp., toc do
tang truong dat 0,233/ngay cao hon dang ké so
v6i 0,157/ngdy & nghiém thirc khong bd sung sit,
trong khi Dunaliella parva khong cho thay su khac
biét rd rang vé toc d6 ting trudng gitta cac nghiém
thirc. Ham lugng astaxanthin, B-carotene va lutein
+ zeaxanthin & Mesotaenium sp. trong moi truong
bd sung sit cao hon so véi méi trudng khong bd
sung sat lan luwot 12 0,41; 1,13 va 0,31 mg/g trong
lugng kho. Tao Dunaliella parva, ham luong
astaxanthin, B-carotene va lutein + zeaxanthin cao
hon lan luogt 1a 1,82; 5,72 va 2,77 mg/g khi nudi
& moi truong cé sat so véi khong co sit. Do do,
trong hé théng nuoi céy lién tuc dé nudi tao, viec
cung cap st phu hop nén dugc chi y dé co hidu
qua xir Iy san phim cao hon.

Loi cam on:

Tran trong cam on Giao su Kirsten Heimann
cung cong sy da gitp do t6i hoan thanh nghién ctru.
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