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TOM TAT

Dunaliella salina la vi tdo luc don bao, cé kha nang tich lity ham lwong lon f-carotene dudi
cdc diéu Kién i ché nhuw dnh sdng, do mudi cao, can kiét dinh dudng. Diéu kién irc ché anh sang
trang 500 umol photon/m?/s riéng ré va két hop UV-A 5 WIm? lién tuc anh huwong lén sy
tang truong ciia cdc chung D. salina nhw gdy ra s trc ché tang truong ¢ D. salina A9 va kich
thich tang trieong ¢ D. salina CCAP 19/18 va D. bardawil DCCBC 15. Péng thoi cdc diéu kién v
ché dnh sang cao con gdy ra suw tich liiy ham lwong I6n cdc hop chat cé hoat tinh chong oxy héa
nhw carotenoid, phenolic ¢ cdac chung D. salina.

Tar khoa: Dunaliella, Dunaliella salina, carotenoid, phenolic tong va kha ning chong oxy hoa.
ABSTRACT
The growth and antioxidant capacity of Dunaliella salina cultivated under light stress conditions

Dunaliella salina is a unicellular green microalgae, accumulating large f-carotene content
when cultivated under stress conditions including high light intensity, salinity, nutrient starvation.
Separately high light density of 500 umol photon.m?.s™ and combined with UV-A radiation of
5W.m™ caused growth inhibition for D. salina A9 as well as smaller increase in growth for D.
salina CCAP and D. bardawil. At the same time, large amounts of carotenoids, phenolic, were
accumulated in D. salina cells.

Keywords: Dunaliella, Dunaliella salina, carotenoid, total phenolic and antioxidant capacity.

1.  Gigithiéu

Dunaliella 13 vi tao luc don bao, c6 kha ning chéng chiu voi cac d6 mudi khac nhau.
Dunaliella 1an dau tién dugc tim thiy trong cic rudng mudi vao nim 1838 bai Michael
Felix Dunal va dugc dat tén boi Teodoresco nam 1905. Sau khi phat hién Dunaliella da tr¢
thanh mdt sinh vat m6 hinh st dung cho nghién ctru thich tng mudi & thue vat. Té bao
Dunaliella salina co kich thudc 16n va trong mot s diéu kién nudi cdy nod téng hop mot
luong 16n céc sic td carotenoid lam cho té bao c6 mau do tuoi [1].

Dunaliella salina dugc coi 1a mot trong nhimg ngudn B-carotene tot va quan trong
nhét trong sd cac sinh vét quang hop. Chung c6 thé tich lily B-carotene 1én dén 50 mg/g
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trong luong khé trong diéu kién trc ché thich hop. Trong diéu kién anh sang cao, d6 mubi
cao va sy can kiét dinh dudng, ham luong c6 thé 1én dén 10% trong lugng khé [2], [3], [4].

Cuong do anh sang co vai trd quan trong trong viéc kiém soat su tich liy B —
carotene & té bao tao. Su chiéu sang lién tuc ¢ 2300 lux dugc st dung trong subt uc ché
anh sang. Ham luong diép luc t6 thip va ham luong P — carotene cao khi cuong do anh
sang cao. Sy tich liily p — carotene lién quan dén vai trd bao vé chdng lai sy san xuit oxy
singlet trong diéu kién anh sang cao. Sy tich lily cac hat p — carotene trong cac khoang gian
mang thylakoid cua luc lap va gitip chdng lai ton thuong giy ra boi cuong do anh sang cao
trong diéu kién tang trudng bi gidi han [5].

Ngoai cac budc séng nhin thay, birc xa tia cuc tim (UV) ciing anh hudng dén sy tich
liily B-carotene. Anh sang nhin thiy gdm 9% tia UV gan (UV-A va UV-B: 290-400 nm) tai
bé mat Trai Dat, trong d6 UV-B dugc hép thu boi ozone & téng binh luu con lai cac tia
UV-A chiéu dén Trai Dat. Quang hop ¢ nhiéu loai thuc vat phu du bi tc ché boi cac buc
xa UV ty nhién, dic biét UV-A di duoc nghién ctru [6]. Khi bic xa UV-A két hop véi
PPFD cao ti 18 carotenoid va diép luc t6 trén protein ting 1én 80-310% [7]. Trong diéu kién
tiép xtic v6i UV-A trong 84h kich thich su gia ting ham lugng carotene tong, trong dé
lutein va zeaxanthin tang gép 3-5 lan. Buc xa UV-A ¢6 loi thé 1a timg dung dé dang nhung
trong cac nudi cdy hé théng mo viéc kiém soat no s& tré' nén khé khan [8]. Thi nghiém
nham d4nh gia kha ning tang trudng va tich liiy cac chat chong oxy hoa nhu carotenoid,
phenolic & cac chung Dunaliella salina 1am co sé khoa hoc trong nuéi trong Dunaliella
trong tuong lai & Viét Nam.

2. Vit liéu va phwong phap
2.1. Chang Dunaliella salina

Hai chung Dunaliella salina var. bardawil DCCBC 15 (D. bardawil DCCBC 15) va
Dunaliella salina CCAP 19/18 dugc cung cip boi Juergen E. W. Polle - Phong Sinh hoc,
Truong Pai hoc Brooklyn, New York, Hoa Ki. D. salina A9 dugc phan 1ap tir mau thu
thap & ving ruéng mudi Vinh Hao, Binh Thuén tai Phong Cong nghé Tao, Pai hoc Qudc té
- Pai hoc Qudc gia TPHCM [9].

2.2. Thiét ké thi nghigm

D. salina duoc nuéi ciy trén méi truong MD4 1,5M NaCl gom 2 giai doan:

Giai doan nudi tang truong: Cac ching Dunaliella salina nudi trén diéu kién anh
sang xanh duong (450 — 495 nm) tdi wu twong Ung véi timg ching, D. salina A9 & 50
umol photon/m?/s, D. salina CCAP 19/18 & 100 pmol photon/m%s va D. bardawil
DCCBC 15 & 30 pmol photon/m?/s.

Giai doan nudi trc ché: sau 6 ngiy nudi cdy ting truong D. salina duoc chuyén sang
diéu kién tc ché 4nh sang, cuong do anh sang tring 500 pmol photon/m?/s lién tuc (PAR-
500), két hop anh sang tring 500 pmol photon/m?/s va UV-A 5 W/m? lién tuc (PAR-
500+UV). C4c thi nghiém thuc hién & nhiét 6 25 + 2°C va duoc Iap lai 3 1an.
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2.3. Quan sat hinh thai té bao Dunaliella salina

Hinh thai té bao Dunaliella dugc quan sat duéi KHV quang hoc (X40).
2.4. Xdc dinh sw ting trwéng té bao Dunaliella salina

Mat d6 té bao tao duogc dém truc tiép bang budng dém hdng cau. 200 uL mau tao
dugc 1dy va c¢b dinh bang lugol mdi 2-3 ngay. Sb luong té bao duoc dém bang budng dém
h6ng cu c6 d6 sau 0,1 mm va dién tich 6 vuong 1 mm?. Mat do té bao trong 1 mL duogc
tinh theo cong thirc [10].

n: tong sb té bao dém duoc

D = % 10*x hé sé pha loang i: s 1an dém té bao
D: mat d6 té bao (té bao/mL)
2.5. Xdc dinh ham lwong carotenoid téng

Liy 1 mL dich nudi cdy, li tim & 1000xg trong 5 phut, phan tao bén dudi duoc li
trich v6i 3 mL ethanol: hexane (2:1 v/v). Thém vao 2 mL H,0 va 4 mL hexane, lic manh.
Hon hop li trich nay dugc li tim 1000xg trong 5 phut. Lop sic t6 co hexane bén trén dugc
doc & cac bude song 450 nm. Ham luong carotenoid téng dugc xac dinh theo cong thirc:
Carotenoid (ug/mL) = Asso X 25,2 [11], [12].
2.6. Xdc dinh ham Iwong phenolic tong

Lay 1 mL dich nudi cdy, li trich véi 1 mL methanol, sau d6 thém vao 0,5 mL thudc
thir Folin-Ciocalteau’s phenol, lic déu. Sau 3 phut, thém 0,5 mL NayCO310% vao hon hop,
dé trong tbi 1,5h va hdn hop duoc doc & bude song 750 nm [13], [14, 15], [16]. Ham lugng
phenolic twong duong vai lugng acid gallic/g [17].
2.7. Xdc dinh khd néing chéng oxy hoa

Ly 1 mL dich nudi cay, li trich véi 1 mL ethanol tuyét d6i. Dung dich DPPH dugc
pha lodng bang cach hoa tan 0,004 g DPPH (1,1-diphenyl-2-picrylhydrazyl) trong 100 mL
methanol [18], [19]. Dung 0,5 mL dich trich trén v6i 1 mL dung dich DPPH, dé trong tdi
khoang 30 phut va doc & budc song 517 nm. Mau d6i chimg dugc chuin bi tuong tu nhu
trén nhung dung ethanol tuyét ddi thay cho mau. Kha ning chéng oxy héa (1%) dugc tinh
dwa trén kha ning wre ché cua céc birc xa tu do cia DPPH theo cong thic sau [20], [24].

1% = (Abéi ching — Amau)/Apéi chimg X 100
2.8. Xirlisé ligu

S liéu duoc xt Ii bang Microsoft office Excel 2013 va phan tich one way ANOVA
bang phan mém SPSS 20.0 véi sai s6 y nghia p < 0,05.
3. Két qua va thao luan
3.1. Hinh thai té bao Dunaliella salina

Té bao 3 chung D. salina nudi trong diéu kién anh sang xanh duong thich hop (trudc
trc ché) c6 mau xanh va hinh trimg. Sau khi ¢rc ché anh sang tring 500 pmol photon/mzls
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riéng r& va két hop UV, té bao bat dau chuyén sang mau vang (hodc da cam), kich thudc té
bao 16n hon va hinh dang thay d6i, hinh cau d6i véi D. bardawil DCCBC 15 va hinh trimg
kéo dai hon dbi véi D. salina A9 va D. salina CCAP 19/18; cac té bao trong diéu kién anh
sang két hop UV mau dam hon so véi khong két hop (Hinh 1). Nhitng thay do6i nay ciing
chinh 1a d4u hiéu cho thay sy tong hop carotenoid cua D. salina sau rc ché anh sang cao
(Hinh 3) va két qua phu hop véi cac nghién ctru ciia Park va ¢s.[22]. Kich thudc té bao D.
salina CCAP 19/18 tang lén trong khoang 1 ngay sau mdi lan ting cuong d6 anh sang va
khong ddi sau d6 va twong tmg voi sy ting ham luong B-carotene cia té bao, trong khi d6
ham lugng diép luc t6 tong thi nguoc lai [23].

ghi¢m Ngay 9 — Sau trc ché 3 ngay Ngay 12 — Sau ire ché 6 ngay

hirc Ngay 6 —
Truée e ché

PC (500 pmol UV-A PC (500 pmol UV-A
photon/m?/s) (5 W/m?) photon/m?/s) (5 W/m?)

D. salina
CCAP
19/18

D. bardawil
DCCBC 15

Hinh 1. Hinh thdi té bao ciia 3 ching D. salina nudi ¢ cuong d¢ dnh sdng xanh thich hop va irc ché
dnh séng trang 500 umol photon/m*/s riéng ré va két hop UV-5 WIm? lién tuc sau 6 ngdy nudi cdy

3.2. Sw tang trwong cua Dunaliella salina

Sy ting truong cua 3 ching D. salina duoc thé hién & Hinh 2. Két qua cho thay su
tang truong cua D. salina A9 va D. bardawil DCCBC 15 giam sau khi bi tc ché. Nguoc
lai, D. salina CCAP 19/18 su ting trudng ting sau khi Gc ché. O diéu kién tc ché két hop
500 umol photon/m?/s va UV-5 W/m? lam giam sy ting truéng manh hon so v6i diéu kién
trc ché anh sang trang 500 umol photon/mz/s riéng €.

Birc xa UV-A khong c6 hoat tinh quang hop nhung c6 anh huéng to 16n dén diéu hoa
nang suét sinh hoc trong cac hé théng thity sinh, c6 kha ning anh hudng dén sy dong hoa
cac chat dinh dudng, quang hop va stra chira ton thuong do anh sang cua cac phén tir ¢ tao
[24], [25]. ADN la muc tiéu chinh cta cac birc xa budc song ngan & tao. Sy hinh thanh
nhiéu CPD (cyclobutane—pyrimidine dimer) 14 nhimg ton thuwong chinh khi tiép xuc voi
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anh sang UV-B gay ra su trc ché qua trinh tai ban cia ADN [26]. Nhu vay su ting trudng
ctia cac chung D. salina dudi cac diéu kién trc ché anh sang c6 xu hudng dap umg khac
nhau, diéu ndy c6 thé 1a do sy dap tng khac vé hé thdng stra chita nhitng tén thuong quang
trc ché va hé théng di truyén 1a khac nhau tuy loai.

3.0 - p = 0,255 Uc ché =&—D. salina A9-500
= g 25 - =@=D. salina A9-500+UV
O S
&;E 2.0 - D. salina CCAP 19/18-500
Lo
§§ 1.5 - —>=D. salina CCAP 19/18-

2 90 . 500+UV
: ===D. bardawil DCCBC 15-500
0.5 - D. bardawil DCCBC 15-
0.0 . 500+UV
0 2 4 6 9 12
Ngay

Hinh 2. Mdt do té bao cia 3 ching D. salina nudi & cwong dé dnh sang xanh thich hop va ikc ché
dnh sdang trdang 500 umol photon/m*/s riéng ré va két hop UV-5 WIm? [ién tuc sau 6 ngay nudi cdy

3.3. Ham lweng carotenoid téng

Su tich liiy carotenoid (ug/mL va pg/tb) ctia 3 chung D. salina ting manh sau trc ché
anh sang tring 500 pumol photon/m%/s riéng r& (D. salina A9: p = 0,000; D. salina
CCAP19/18: p = 0,000; D. bardawil DCCBC 15: p = 0,000) va két hop UV 5 W/m? (D.
salina A9: p = 0,000; D. salina CCAP19/18: p = 0,000; D. bardawil DCCBC 15: p,g/mz =
0,001, ppgir = 0,003) (Hinh 3).

D. salina A9 sy tich lily carotenoid sau trc ché ting va cao hon so véi D. bardawil
DCCBC 15. O diéu kién tc ché két hop anh sang tring 500 pmol photon/m?/s va UV 5
W/m? ham luong carotenoid (14,213 pg/tb ngay 12) cao hon so véi ddi chimg (12,413
pg/tb ngay 12) (trir ngay thir 3 sau wre ché, 7,249 pg/tb) (Hinh 3).

D. bardawil DCCBC 15 su tich lily carotenoid (ug/mL, pg/tb) ting sau trc ché,
nhung thp hon so véi 2 ching con lai. Him luong carotenoid trong diéu kién e ché két
hop 4nh sang tring 500 pmol photon/m?/s va UV 5 W/m? (12,200 pg/tb ngay 12) cao hon
s0 v6i ddi chimg (9,298 pg/tb ngay 12) (Hinh 3).

D. salina CCAP 19/18 su tich liiy carotenoid (ug/mL va pg/tb) sau trc ché ting va
cao hon so v6i 2 chung con lai. Him lugng carotenoid trong diéu kién trc ché két hop anh
sang tring 500 pmol photon/m?/s va UV 5 W/m? (22,287 pg/tb ngay 12) cao hon so véi
dbi chimg (15,434 pg/th ngay 12) (Hinh 3).

Ham lugng carotenoid phu thudc vao loai dudi anh hudng trc ché cua anh sang UV.
UV-A 0 rang gay ra su tich liy lugng lon B-carotene ¢ D. salina. Theo Mogedas va cs.
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(2009) [27] trong céc loai carotenoid, B-carotene 1a thanh phan chinh c¢6 ham lugng cao,
tiép dén violaxanthin va zeaxanthin c6 ham lugng thap hon khi té bao Dunaliella duoc
nudi cdy trong cac diéu kién trc ché c6 UV-A. Viéc ting ham lugng zeaxanthin gitp té bao
dap ung lai v6i nhiing stress oxy hoa. Zeaxanthin va violaxanthin 1a cac sac td chinh lién
quan dén chu trinh xanthophyll phé bién & thuc vat bac cao c6 vai trd bao vé chéng lai
nhing ton thuong do 4nh sang. Zeaxanthin dong vai tro 1a mot chat chéng oxy hoa trong
céc phan ung cia té bao chdng lai cac ton thuong oxy hoa gy ra boi anh sang cao va cd
kha ning giai phong niang lugng du thira bang cach toa nhiét. Ngoai ra, hiéu qua chéng oxy
ctia chu trinh xanthophyll voi zeaxanthin déng vai trd nhu mét chét khir oxy singlet.

Anh sang UV, dic biét anh sang UV-A ¢ anh huong 18n sinh i, sy phét trién va tich
lity carotenoid ctia Dunaliella [28]. Ngoai ra su két hop giita 4nh séng UV-A va &nh sang
trang con gitp ting va duy tri sy tich liiy carotenoid cao ¢ D. salina khi nuéi cay [7], [29].

07 (a 0= 0,004 ® D. salina A9-500
= 40 - m D. salina A9-500+UV
£
g 30 - m D. salina CCAP 19/18-500
=]
lg 20 - m D. salina CCAP 19/18-500+UV
[¢5]
= m D. bardawil DCCBC 15-500
O 10 -
= D. bardawil DCCBC 15-
0 - 500+UV
Ngay 6 - trudec Ngay 9 - sau e Ngay 12 - sau
uc ché ché 3ngay  Uc ché 6 ngay
25 - . )
(b) p = 0,000 = D. salina A9-500

20 - m D. salina A9-500+UV

m D. salina CCAP 19/18-500
m D. salina CCAP 19/18-

500+UV
m D. bardawil DCCBC 15-500

10 -

Carotenoid (pg/té bio)
H
a1

m D. bardawil DCCBC 15-
500+UV

Ngay 6 - trudc Ngay 9 - saurc  Ngay 12 - sau
uc che ché 3 ngay uc ché 6 ngay

Hinh 3. Ham liong carotenoid trén thé tich (a) va té bao (b) ciia D. salina trude va sau vrc ché anh
sdng trang 500 umol photon/m®/s riéng ré va két hop UV 5 W/m? lién tuc
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3.4. Ham lweng phenolic téng

Ham luong phenolic tong ciia 3 chung D. salina trong diéu kién trc ché anh sang cao
thé hién & Hinh 4. Két qua cho thay, ham lugng phenolic tong ctia 3 ching ting 1én sau trc
ché. O D. salina A9 va D. bardawil DCCBC 15 ham luong phenolic tong trong diéu kién
tic ché két hop UV khong c6 sy khac biét so voi ddi chimg.

D. salina CCAP 19/18 ham lugng phenolic tong cao hon so véi 2 ching con lai;
trong diéu kién trc ché két hop, ham luong phenolic tong (0,202 x 10° phenolic/tb) cao hon
so voi dbi ching (0,109 x 10 phenolic/tb) (Hinh 4).

Dunaliella ting truong dudi diéu kién e ché mudi gay ra sy tich lily nhidu cac chat
chéng oxy hoa enzyme va khong enzyme [30]. Chlorella vulgaris va Scenedesmus
obliquus ¢ sy twong quan duong giita ham lugng phenolic tong va kha ning chéng oxy
hoa dudi cic diéu kién nudi cdy khac nhau. Cac hop chat phenolic 14 nhimng thanh phan
chinh tao ra hoat tinh chdng oxy héa ciia cac loai vi tao [31].

s 0.5 7 (@) p = 0,004 m D. salina A9-500

o 04 - m D. salina A9-500+UV
(&) ~
S8 03 - = D. salina CCAP 19/18-500
D O
T2 o = D. salina CCAP 19/18-

o 500+UV

=2 m D. bardawil DCCBC 15-500

E 01 -

= D. bardawil DCCBC 15-
0.0 - 500+UV
Ngay 6 - truéc  Ngay 9 -sau  Ngay 12 - sau
uc ché uc ché 3 ngay tc ché 6 ngay
0.25 - (b) .
= _ m D. salina A9-500
g p = 0,000
e 020 = D. salina A9-500+UV
®}
8 0.15 - m D. salina CCAP 19/18-500
()
S 0.10 - m D. salina CCAP 19/18-
S 500+UV
2 0.05 - m D. bardawil DCCBC 15-500
£ 0.
0.00 - m D. bardawil DCCBC 15-
' N . 5 , X 500+UV
Ngay 6 - tru6c Ngay 9 - sau rc Ngay 12 - sau
uc ché ché 3ngay  1rc ché 6 ngay

Hinh 4. Ham lwong phenolic tong trén thé tich (a) va té bao (b) ciia D. salina trude va sau irc ché
anh sang trang 500 umol photon/m®/s riéng ré va két hop UV 5 W/m® lién tuc
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3.5. Khd ning chéng oxy hoa

Kha ning chéng oxy hoa cua 3 chung D. salina ting 1én sau trc ché anh sang cao. O
D. salina A9 kha ning chéng oxy hoa trong diéu kién trc két hop anh sang tring 500 pmol
photon/m?/s va UV 5 W/m? (18,906 1%/tb ngay 12) khong c6 su khac biét ¥ nghia so véi
d6i chimg (18,490 I%/tb ngay 12) (Hinh 5).

D. bardawil DCCBC 15 khé ning chdng oxy héa trén thé tich (I%/mL) giam sau 6
ngay tc ché dnh sang cao (Hinh 5a), tuy nhién kha ning chdng oxy héa trén té bao (1%/tb)
6n dinh sau trc ché anh sang cao. Sau 6 ngiy tc ché kha ning chéng oxy hoa cta D.
bardawil DCCBC 15 trong diéu kién két hop (25,489 1%/tb) cao hon so v&i dbi chimg
(15,873 1%/tb va 101,042 1%/dIt) (Hinh 5b).

D. salina CCAP 19/18 trong diéu kién trc ché két hop kha ning chdng oxy hoa
(I%/mL) giam sau 6 ngay tc ché. Tuy nhién, trong diéu kién ¢ ché két hop kha ning
chéng oxy hoa cua D. salina CCAP 19/18 (24,318 1%/tb) cao hon so véi dbi chung
(14,437 1%l/tb) (Hinh 5).

D. salina nuéi cdy dudi diéu kién trc ché nhu can kiét nitrogen két hop véi trc ché
mudi va 4nh sang UV-B gy tich lily ham luong 16n cac chat chéng oxy hoa tan trong
lipid (carotenoids va a-tocopherol), tan trong nudc (glutathione va ascorbic acid) va tang
hoat tinh cac enzyme chdng oxy hoa (superoxide dismutase (SOD), catalase (CAT) va
peroxidase (POD). Sy ting ham luong cac chit chdng oxy héa nay cho thiy té bao tao
thich nghi véi céc stress quang oxy hoa bang cach diéu hoa sy tong hop va sira chita cac
protein va ting cuong hé théng chdng oxy héa [32]. Kha ning chdng oxy hoa cua 3
chung D. salina ting 1én sau trc ché anh sang cao (Hinh 5) tuong (mg véi sy ting ham
lugng carotenoid (Hinh 3) va phenolic (Hinh 4) ciing nhu phu hgp vdi cac nghién cliru
trude do [33].

Nhu vay, dudi cac diéu kién trc ché anh sang cao 500 pmol photon/mz/s riéng 1€ va
két hop UV 5 W/m? giy ra sy tong hop ham luogng 16n cac chat carotenoid, phenolic va
kha niang chng oxy hoa cta dich li trich ciia D. salina ting cao. Két qua nay cho thiy, mbi
quan hé dwong tinh ciia ham lugng carotenoid, phenolic va kha ning chdng oxy hoéa, ciing
nhu véi su ting cia cuong do anh sang trong nudi cay D. salina.
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Hinh 5. Kha néing chéng oxy héa trén thé tich (a), té bao (b) va diép luc t6 (c) ciia D. salina truée
va sau trc ché danh sdang trdang 500 umol photon/m*/s riéng ré va két hop UV 5 W/m? lién tuc

4.  Kétluan

Dunaliella salina 1 vi tao luc ¢6 kha ning tong hop luong 16n cac hop chéat chong
oxy hoa nhu carotenoid dic biét 1a B-carotene va phenolic khi duoc nudi ciy duéi diéu
kién tc ché nhu 4nh sang cao, UV, do mudi cao, can kiét dinh dudng. Trong diéu kién nuéi
cdy e ché anh sang cao 500 pmol photon/m?/s két hop véi anh sang UV-A 5 W/m? lién
tuc gy ra su tc ché ting truong (D. salina A9) va kich thich ting truéng (D. salina CCAP
19/18 va D. bardawil DCCBC 15). Pong thoi diéu kién trc ché nay tich liy ham luong 16n
carotenoid, phenolic, kha niang chong oxy hoa ting & cac chung D. salina cao hon so véi
cac diéu kién nudi cay trc ché khac. Nghién ctru nay lam co s& cho viée nudi cay tmg dung
bang pilot str dung diéu kién trc ché anh sang ty nhién giup ting ning suat san xuat cac hop
chat chdng oxy héa & D. salina.
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