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TOM TAT

Vi tao Dunaliella salina dwoc Sir dung nhu mét nguén sdc t6 tw nhién quan trong, dac biét 1a
carotenoid. Su tdang trudng va tich lity sac t6 nhw diép luc t6, carotenoid, p-caroten cua D. salina
danh huong béi thanh phan dinh duwdng trong méi trirong va diéu kién nudi cdy. Phdn béon NPK (Pau
trau MK 501) 14 nguén dinh dwéng gia thanh thdp dwoc sir dung khao sét si tiang trueng, sdc to va
tich liy p-caroten ¢ bon ching D. salina N, O, J, CCAP 19/18 nudi cdy trén méi truong MD4 1.5M
NaCl ¢ cac nong do 0,05, 0,1 va 0,15 g/L. Két qud cho thdy, D. salina dat mdt dé té bao, toc dg ting
trucng va ham luwong diép luc té cao ¢ méi trwong bé sung NPK 0,15 g/L so vdi cac nong do thap
(p<0,05). Tuy nhién, si tich lily carotenoid va f-caroten cao ¢ méi trieong bé sung NPK néng do
thap 0,05 g/L (p<0,05). Nghién citu nay da chimg minh rang Dunaliella salina ting trieong toi wu
trong méi triong bo sung NPK 0,15 g/L va tich lily carotenoid va -caroten ¢ nong dé thap 0,05 g/L.

Tir khoa: Dunaliella salina; phan bén NPK; séic t va B-caroten

1.  Gigithi¢u

Vi tao luc don bao Dunaliella salina tich lity mot lugng I6n B-caroten (hon 14% trong
luong khd); B-caroten va lutein 1a nhiing carotenoid chinh caa D. salina lan lugt chiém 90%
va 5% carotenoid tong. Nito, luu huynh va phosphor 1a nhirng chit dinh dudng da luong can
thiét cho cay trong. Ham luong diép luc té a va b thay doi khi thiéu hut chit dinh dudng, &
cac diéu kién -N, -N-S, -N-P, -N-S va -N-P-S, ham lugng diép luc té giam trong 3 ngay dau
va tang 1én & vai ngay tiép sau. Ham luong carotenoid téng va p-caroten cua D. salina ting
trong diéu kién thiéu dinh dudng (Lv et al., 2016). Tiém ning cua phan bén v6 co nhu mot
ngudn dinh dudng thay thé cho viéc nudi ciy vi tao Scenedesmus sp. IMMTCC-6 di duoc
nghién ctu bai Nayak va cong su (2016). Vi tao duoc nudi cay trong méi truong chira 0,1
g/L uré va 1,0 g/L phan bon NPK (Nito: Phosphor: Kali) cho thay két qua dy hta hen vé

Cite this article as: Vo Hong Trung, & Nguyen Thi Hong Phuc (2022). NPK fertilizer for culturing the growth,
pigments, and beta-carotene accumulation of Dunaliella salina microalgae. Ho Chi Minh City University of
Education Journal of Science, 19(11), 1830-1841.
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nang suit sinh khéi. Trong qua trinh nudi ciy quy md photobioreactor, téc do ting truong
dic hiéu (wngay), ning sut sinh khdi (g/L) va tong ning suit sinh khdi (mg/L/ngay) dat
duoc 12 0,265, 1,19 va 66,1 (Nayak, Thirunavoukkarasu, & Mohanty, 2016).

Vi tao luc Desmodesmus subspicatus MB. 23 dugc nudi ciy & cac ndng do phan bon
NPK (19: 19: 19) khac nhau, cho thdy mat d6 té bao tao tdi da (5290 x 10* t& bao/ml), ning
Suat va nang suat sinh khéi (2,72 g/L, 60,87 mg/L/ngay) dat dugc trong mdi truong phan
bon NPK 2 g/L, trong khi méi truong 1g/L thé hién tang san xuat diép luc tb (diép luc t6 a,
4,7 mglg d wt, diép luc té b, 1,7 mg/g d wt). Sy tich lily carotenoid cao (4,6 mg/g d wt) va
tich 1oy lipid (29,5%) trong moi truong phén bon 0,5 g/L va metyl ester cua acid béo (Fatty
acid methyl ester) nhiéu acid béo C16 va C18 (Abdulsamad, Varghese, & Thajudeen, 2021).
Theo Lathifah va cs. (2021), vi tao Navicula sp. va Nannochloropsis sp. c6 thé phat trién
manh trong moéi truong F/2-NPK dudi anh séng lién tuc, trong khi méi truong chi NPK
khéng cho thiy bat Ki sy gia ting dang ké ndo vé tang truong va tich lily sinh khdi d6i véi
ca hai ching so véi mat do té bao ban dau (Lathifah et al., 2021).

Theo Sarpal va cong su (2019), phan bén NPK (Nito, Phosphor, Kali) chira cac chat
dinh dudng c6 gia thanh thip duoc sir dung dé chuin bj méi trudng nudi ciy vi tao
Tetraselmis sp. Moi trudng véi cong thac NPK chi 1am giam nhe ning sudt sinh khdi, lipid
téng va carotenoid. Viéc st dung phan bon NPK dan dén ting PUFA va giam acid béo béo
hoa duoc str dung dé san xuat dau diesel sinh hoc (Sarpal et al., 2019). Nghién ctru nay nham
danh gia kha nang sir dung phan bon NPK 1én tang trudng va tich lity B-caroten ¢ c&c chung
D.salina nudi cay ¢ méi truong MD4 1.5M NaCl. Két qua thu dugc 1am tién dé dé san xuét
sinh khéi D. salina tich liiy lugng 16n lipid va B-caroten trong cic méi trudng gia thanh thap
o Viét Nam trén quy mo pilot.

2. Vatliéu va phuwong phap
2.1. Doi twong nghién ciru

Dunaliella salina CCAP 19/18 duoc cung cip boi Juergen E. W. Polle — Phong Sinh
hoc, Truong Pai hoc Brooklyn, New York, Hoa Ki.

Dunaliella salina J, Dunaliella salina N phan lap & Khanh Hoa, Dunaliella salina O
phén lap & Vinh Hao, Binh Thuan (Tran et al., 2014).

M®i truong nudi cy vi tao 1a MD4 1,5M NaCl gém céc thanh phan dinh dudng: NPK
0,1 g/L, MgSOa4 1,86 ¢g/L, EDTA 8,76 mg/L, FeCls 0,49 mg/L, MnCl> 1,89 mg/L, NaHCO3
3,15¢/L,pH =75 (Tran et al., 2013).

2.2. Phwong phdp nghién ciru
2.2.1. Xdc dinh mat do té bao

Mat d6 té bao tao duge dém truc tiép bang budng dém hong cau. Lay 200 pL mau tao
dugc 1y va ¢ dinh bang lugol. Sb lwong té bao duge dém biang budng dém hong cau c6 do
sau 0,1 mm va dién tich 6 vudng 1 mm?2. Mat d6 té bao trong 1 mL dugc tinh theo cong thic
(Andersen, 2005):
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D= {ﬁ.xlO‘lx hé s pha loﬁngJ
i

trong d6, n: tong sb té bao dém duoc
i: dién tich ¢ém
D: mat d6 té bao (té bao/mL)
2.2.2. Xdc dinh téc do tang truong dac hiéu
Mat d6 té bao tao ¢ hai thoi diém khac nhau trong giai doan ting truéng cuia mau duoc
ding dé tinh téc do tang truong dic hiéu (U té bao/ngay) trong khoang thoi gian d6 theo
cong thtrc (Levasseur, Thompson, & Harrison, 1993):

N
In(—2
(Nl)

L, -1,

IL[:

trong d6: N1, N2: mat do té bao tai ngay 1 va ngay 2;
t1, to: thoi diém ngay 1 va ngay 2

2.2.3. Phdn tich ham lwong sdc t6

L4y 1 mL dich nudi cdy, li tim & 13.000 vong trong 5 phdt, phan tao bén duéi dugc li
trich véi 3 mL ethanol: hexane (2:1 v/v), tron déu. Thém vao 4 mL hexane, tron déu. Hon
hop li trich nay duoc li tim 3000 vong trong 5 phit. Lép sic t c6 hexane bén trén dugc do
& cac budc séng 450 nm, 662 nm va 645 nm.

Ham luong carotenoid tong dugc xac dinh theo céng thic (Shaish, Ben-Amotz, &
Avron, 1992), (Prieto, Canavate & Garcia-Gonzalez, 2011):

Carotenoid (ug/mL) = Asso X 25,2

Ham lwong diép luc té a va b duoc xac dinh theo (Lichtenthaler & Wellburn, 1983)

Diép luc t a (ug/mL) = 11,75 (Ass2) — 2,35 (Aeas)

Diép luc t6 b (ug/mL) = 18,61 (Aesss) — 3,96 (Ass2)
Diép luc t6 téng (ug/mL) = diép luc té a + diép lucté b
trong d6: Asss: d6 hap thu & budc séng 645 nm

Ass2: 36 hap thu & budc song 662 nm

2.2.4. Phan tich ham lwong [-caroten

Mau D. salina duoc thu nhan bang phuong phap li tim (6000 vong/phut) va luu giir
& - 20 °C cho qua trinh phan tich

Piéu kién sic ki (Rodriguez-Amaya, 2001):

- Cot sic ki: Luna® C18 (250 x 4,6 mm; 5um) Phenomenex

- Pau do PDA: budc séng 476 nm

- Téc do dong: 0,7 ml/phat

- Thé tich tiém: 30 pl

Pha dong: Dicloromethan: acetonitril: methanol (20: 45: 35)
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Dung dich chuan: Hoa tan 10,0 mg beta caroten chuan trong 50,0 ml n-hexan (TT) va
pha lo&ng thanh 20,0 ml bang pha dong. Loc qua mang loc 0,45um.

Dung dich thir: Hoa tan mét lwong ché pham trong 20,0 ml n-hexan (TT) va pha lodng
thanh 20,0 ml bing pha dong. Loc qua mang loc 0,45pum.

Ham luong beta caroten (ug/g) dugc tinh theo cong thirc:

S d
HL (ug/g)=—" xm_ xC%x —
S m

trong do:

St, Sc: Dién tich pic beta caroten trén séc ki dd dung dich thir va dung dich chuan

C (%): Ham luong phan trim beta caroten chudn

dt: D pha loang cua dung dich thi

me:  Khéi lwong beta caroten chuan (mg)

me:  Khéi luong ché pham (g)
2.2. Thiét ké thi nghiém

Céc chung vi tao D.salina dugc nudi cay va duy tri trong méi truong 1,5M (MDA4).

Thi nghiém duoc tién hanh: Ba chung D. salina dugc nudi ciy trong erlen 500ml véi
450 ml moéi trudng MD4 (1,5M NaCl) ¢ cac ndng d6 phan bon NPK (Pau trau MK 501)
0,05 g/L; 0,10 g/L; 0,15 g/L. Biéu kién nudi ciy: suc khi lién tuc, cudong do anh séang 150
pmol photon/m2/s (véi chu ki séng: t6i, 12 gid: 12 gio) s dung dén huynh quang tring,
nhiét do 25 + 2°C.

Xéc dinh mat d6 té bao sau mdi 3 ngay nudi cay

Sau mdi 3 ngay nudi cay, tién hanh phan tich cac nghiém thuc.
2.3. Xirli 50 ligu

C4c thi nghiém duoc Iap lai 3 1an. S6 liéu duge xu If bing Microsoft office Excel 2019
va phan tich one way ANOVAbing phan mém SPSS 20.0 véi sai s6 y nghia p<0,05.
3. Két qua va thao luan
3.1. Mat dj té bao va téc dé ting truéng dic hiéu

Moi trudng MD4 bd sung NPK tir 0,05 dén 0,15 g/L mat do té bao cua 4 ching
D. salina dat cuc dai sau 12 ngay nudi ciy. Mat do té bao cua 4 chung D. salina dat gié tri
cao & nong do NPK 0,15 g/L nhu 129 x 10* t& bao/ml ngay 15 cua D. salina N, 237 x 10* té
bao/ml ngay 18 cua D. salina O (p < 0,05) (Hinh 1). Téc d6 ting trudng dic hiéu & cac moi
truong MD4 bd sung NPK 0,15 g/L dat gia tri cao va dac biét ¢ chung D. salina O, J cao
nhét, twong tng 0,246 va 0,251 té bao/ml/ngay (p<0,05) (Hinh 2). Nong d6 phan bon NPK
(0,15 g/L) gitp D. salina duy tri tang trudng va dat mat do té bao cao. Ngudn dinh dudng da
lwong anh hudng 18n sy ting trudng va tich lity cac hop chat hiru co bao gdm carotenoid,
lipid va protein trén nhiéu loai vi tao nhu Chlorella, Dunaliella, Haematococcus,
Nanochloropsis, Scenedesmus va Picochlorum. Nito 14 yéu t6 quan trong gidi han su ting
truong va tich lity lipid cua loai vi sinh vat. Toc d6 tang truong cua Haematococcus pluvialis
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TMUI ting t6i 86% ciing nhu mat do té bao thu dugc cao nhat véi méi trudng BBM bién
ddi chua phosphat cao gap 3 lan (Nahidian, Ghanati, Shahbazi, & Soltani, 2018). Ngoai
nhiing yéu té nay trong thanh phan phan bon NPK (Pau trau MK 501) c6 khoang Kali,
phytohormon GA3, aNAA va cac tap khac cling dong vai tro quan trong kich thich sy tang
tredng cua D. salina (Tran et al., 2013).
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D. salina CCAP 19/18 (d) duéi cac nong dé NPK khéac nhau
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Hinh 2. Téc do tang trudng dac hiéu cua cac chung D. salina
duéi céc nong dé NPK khac nhau
3.2. Ham lwong digp luc to

Ham luong diép luc t a va diép luc t6 tong cua bdn chung D. salina & méi trudng
MD4 1,5 M NaCl b6 sung phan bon NPK ting trong qua trinh nuéi cdy. Trong d6, & moi
truong MD4 bd sung NPK 0,15 g/L dat gia tri cao nhat & hau hét cac chang (p<0,05) (Hinh
3, 4). Diép luc té 1a sic té quang hop quan trong & thuc vat pha du, ham lwong diép luc té bi
suy giam trong diéu kién giéi han dinh dudng do d6 gay ra su giam quang hop va tich liy
sinh khéi. Nhu vy, & nong d6 NPK 0,15 g/L gilp tong hop diép luc té va téc do tang truong
ctia cac chung D. salina cao hon so v6i & ndng d6 NPK thap hon.

Han ché vé chat dinh dudng ciing anh hudéng 16n dén ciu tric té bao va chit chuyén
hoa. Sau su phan hay diép luc t6 va protein, qua trinh phan chia té bao bi giam va tao ra céc
té bao hinh cau, dan dén giam khéi luong khd. Sy tich lity trong lwong kho c6 lién quan chat
ché véi ndng do cua nito va phosphor trong méi truong. Ham lwong nito giam dan dén su
tac nghén hoic thay d6i qua trinh quang hop do su phan hay chat diép luc. Hiéu ang nay
duoc tang cudng rd rét bang cach giam néng do phosphor, do d6 anh hudng dén viéc luu triv
nang luong. Poi nito gay ra su Suy giam ting trudng, giam trong luong kho va san xuét dau
(Almutairi, 2020).
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Hinh 4. Ham heong diép luc té a trén té bao cua cac chuing D. salina N (a), D. salina O

(b), D. salina J (c), D. salina CCAP 19/18 (d) du6i céc nong do NPK khac nhau
3.3. Ham lwong carotenoid

O méi trudng MD4 1,5 M bd sung NPK thap 0,05 g/L, D. salina dat ham lugng
carotenoid cao hon so v&i méi truong bd sung NPK ndng d6 cao 0,1 va 0,15 g/L (p<0,05)
(Hinh 5, 6). Biéu nay cho thiy trong diéu kién dinh dudng NPK thap gay ra su can kiét dinh
dudng nhanh lam ting tong hop carotenoid. Nito va phosphor 14 hai chat dinh dudng da
lwong quan trong cho su phat trién va trao ddi chat cua té bao tao. Nito 1a mot nguyén td co
ban c4u trdc protein va acid nucleic. Phoshat rat can thiét cac dai phan tir cho tit ca cac té
bao sdng va rat quan trong ddi véi xay dung xuong sdng DNA va RNA. Phosphor 14 ciing
la thanh phan chinh cua phospholipid. O vi tao su san xuit carotenoid lién quan dén co ché
dap ung ton thuong oxy héa cia té bao; trong diéu kién wc ché anh sang cao va can kiét
nitrogen hozc két hop ca hai diéu kién c6 thé 1am ting ton thuong oxy hoa giy ra ting tong
hop carotenoid D. bardawil (Prieto et al., 2011).

Sy suy giam va mat can bang chét dinh dudng di dwoc hiéu kha 13, nhung anh huong
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ctia chding khac nhau gitra cac 10ai tao, véi cac mé hinh ting trudng khac nhau 1a do cac yéu
t6 sinh tong hop carotenoid. Sinh tdng hop carotenoid, dwgc dinh nghia 1a sy tich ty luong
I6n cua caroten va carotenoid lién quan dén sy tich tu cua dau tao, dugc tang cuong boi su
suy giam nito va phosphor va bai méi quan hé cia ching. Trong nhitng diéu kién nhu vay,
qua trinh trao ddi chét cua tao c6 xu hudng chuyén sang san xuit dau va caroten duoc tién
hanh sudt vong doi caa ching hodc ting cudng qua trinh quang hop bang céch tich tu cac

hop chét giau carbon dé tao thanh dau, acid va triglycerid (Almutairi, 2020).

Vé Hong Trung va tgk
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3.4. Ham lugng f-caroten

Sinh khéi té bao cua 4 chung D. salina dugc thu hoach va phéan tich ham luong
B-caroten & ngay thir 18 cua qué trinh nudi cdy (Hinh 7a,b). Két qua cho thay, ham luong B-
caroten dat gia tri cao & mdi trudng MD4 bé sung nong do phan bd NPK thip 0,05 g/L (D.
salina N, O) va 0,10 g/L (D. salina J, CCAP 19/18) (p<0,05) (Hinh 7c¢). Biéu nay cd thé do
su can kiét ngudn dinh dudng nito va phosphor trong mdi truong sém, gay ra stress dinh
dudng dan dén ting su tich lity carotenoid, dic biét 1a p-caroten ¢ cac té bao D. salina. Theo
Lamers va cong su (2012), khi méi trudng can Kiét nito, p-caroten bat dau tich liiy dén ham
lwong ndi bao cudi cung 1a 14 mg/LCV (tic 1a 2,7% AFDW). Viéc san xut p-caroten nay
chiém 6% su gia ting mat do té bao, cho thiy ring cac thanh phan sinh hoa khac ciing duoc
tich lity (Lamers et al., 2012).

Sy tich liiy carotenoid hodc caroten phu thugc vao viéc téi wu hoa cac diéu kién dinh
dudng va sinh Ii. Cac diéu kién tc ché ciing ting cuong tich cuc qua trinh sinh téng hop
carotenoid hoic caroten trong Dunaliella. Cac diéu kién wc ché phi sinh hoc gay tich tu mot
muc ROS cao ¢6 thé 1am hong bd méy quang hop binh thudng, dan dén san xuit caroten cao
xay ra. Ngoai ra, diéu kién tc ché dinh dudng cd thé kich hoat hoic biéu hién qua mic mot
s gen tong hop carotenoid nhu phytoene synthase, phytoene desaturase, 4-hydroxy-3-
methylbut-2-enyl diphosphate reductase va lycopene B-cyclase (Goswami, Agrawal, &
Verma, 2021).
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Hinh 7. HPLC p-caroten chudn (a), D. salina N ¢ méi trierong NPK 0,05 g/L

(b) va ham lwong p-caroten cua cac ching D. salina (c) dwéi céc nong dg NPK khac nhau
4.  Kétluan

Phan bon NPK 1a ngudn dinh dudng gia thanh thap co y nghia rat quan trong trong
nudi cdy thu nhan sinh khéi vi tao D. salina quy mé pilot & Viét Nam. Méi truong MD4
1.5M NaCl bé sung phan bon NPK 0,15 g/L kich thich té bao D. salina ting truéng manh
va tong hop diép luc té dat ham luwong cao. Tuy nhién, sy tich liy carotenoid va p-caroten
cao & té bao D. salina xay ra khi nudi cy trong méi trudng MD4 1.5M NaCl bé sung phan
bon NPK néng do thap 0,05 g/L.

% Tuyén bé vé quyén lgi: Cac tac gid xac nhan hoan toan khéng c6 xung dét vé quyén loi.
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NPK FERTILIZER FOR CULTURING THE GROWTH, PIGMENTS,
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ABSTRACT

The microalgae Dunaliella salina has been used as an important source of natural pigments,
especially carotenoids. The growth and accumulation of pigments such as chlorophyll, carotenoids,
and f-carotene of D. salina are influenced by nutrient composition in the medium and cultural
conditions. NPK fertilizer (Dau trau MK 501) is a low-cost nutrient source used to investigate the
growth, pigments and S-carotene contents of four D. salina N, O, J, and CCAP 19 /18 strains cultured
in MD4 1.5M NaCl medium containing 0.05, 0.1 and 0.15 g/L NPK. The results showed that D.
salina obtained high cell density, growth rate, and chlorophyll content in the medium with 0.15 g/L
NPK compared to low concentrations (p<0.05). However, the accumulation of carotenoids and [5-
carotene was high in the medium at a lower NPK concentration of 0.05 g/L (p<0.05). This study
demonstrated that Dunaliella salina grew optimally in the medium with 0.15 g/L NPK and
accumulated carotenoids and p-carotene at a low concentration of 0.05 g/L.

Keywords: Dunaliella salina; NPK fertilizer; pigments and p-carotene
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