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Tém tit:

T40 xoin Spirulina (Arthrospira platensis) duge nudi ¢ Viét Nam chu yeu lam thye pham chirc ning cho ngudi va
thue an bd sung cho thiy sén. O mién Bic, thoi diém thich hop nhit dé nudi trong tdo Spirulina la tir dau thang 5
dén cudi thang 9. Cac thoi diém khac do cuong do anh sang va nhiét do gidm nén nuéi tio cho ning suit thap, dic
biét 1a giai doan tir thang 12 dén cudi thang 2. Nghién ciru khao sat anh huwéng caa déen LED dén sy phat trlén cua
tao Spirulina trong cac khoang thoi gian tir diu thing 3 dén cudi thang 4 (T3-T4), tir dau thang 10 dén cubi thing
11 (T10-T11) va tir diu thang 12 dén cudi thang 2 (T12-T2) tai Ha Ngi. Két qua cho thiy, viéc chiéu sang dén LED
dé lién tuc da lam ting ning suit va ham lwgng chlorophyll, carotenoid va phycocyanin trong hai giai doan (T3-T4)
va (T10-T11). Viéc bo sung dén LED d6 va xanh khong cho hiéu qua dang ké ¢ giai doan T12-T2. Pén LED xanh
khong c6 tac dong dang ké dén sy phat trién cia Spirulina. Két qua nghién ciru tao co sé ban diu dé ing dung dén

LED d6 nhiam kéo dai thoi gian nudi tao Spirulina & mién Bic Viét Nam.

Tir khéa: anh sang, dén LED, mién Bic Viét Nam, nhiét dd, tao xoin Spirulina.
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Tao xodn Spirulina 14 tén thudng goi chung cua 2 loi vi
khuan lam Arthrospira platensis va Arthrospira maxima c
céu triic dang soi xodn, phan b6 rong & cac thuy vuc trén thé
gidi. Tao xodn Spirulina thugc nhom quang tuy dudng, sinh
truong t6t trong moi truong nudc dm, glau khodng va uu
kiém. Tao xodn giau protein (60-70% khdi lugng kho) véi
thanh phéan axit amin can d6i va axit béo khong no gamma-
linolenic [1, 2]. Ngoai ra, tdo xodn con chira nhiéu sic tb
nhu chlorophyll, [B-caroten, phycocyanm xanthophyll
zeaxanthin, lutein, cac khoang chat nhu k&m, sit, magie va
cac loai vitamin nhém B va E [3-5]. Chinh vi vy, tdo X04n
Spirulina dugce sir dung lam thyc pham chirc ning hoan hao,
gitip can bang noi tiét, ting cudng kha nang mién dich, ngan
ngira l3o hoa va giam nguy co ung thu, duge Td chic Y té
thé gioi (WHO) cong nhan 1a thyc phdm t6t nhét cho loai
ngudi trong thé ky XXI [5-8].

O mién Béc Viét Nam, giai doan hé thu (thang 5 dén
thang 10) tio xoan sinh trudng tot nho diéu kién anh sang
va nhiét d¢ phu hgp. Tuy nhién, vao giai doan dong xuan
(thang 11 dén thang 4) do thoi tiét lanh, cuong d6 anh sang
thdp va thoi gian chiéu sang trong ngdy giam nén tao sinh
truong cham. Trong d6, khoang thoi gian tir thang 12 dén
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cudi thang 2 duoc coi 1a giai doan kho khan nhat khi nudi
tao & mién Béc do nhiét do xudng thip va kéo trong nhiéu
ngay, dan dén hiéu u’ng {rc ché quang hop (photomhlbltlon)
xay ra manh [9-11]. Dé kéo dai thoi gian nudi tao xoan can
bd sung anh sang va nang nhiét d6 trong khu san xudt tai
cac thoi diém cudng d6 anh sang giam va nhiét d6 xudng
thap, chii yéu ¢ giai doan dau thang 3 dén cudi thang 4
va dau thang 11 dén cudi thang 12. Tuy nhién, trong thoi
diém tir dau thang 1 d&én cubi thang 2 hang nam, nhiét do
va cuong do anh sang tut giam trong nhidu ngay, tham chi
xudng thap hon 15°C. Viéc nang nhiét d6 moi truong bé
nudi doi hoi nhidu giai phap k§ thuat va chi phi dau tu 16n,
dic biét 1a xay nha kinh khép kin, do do, giai phap bo sung
anh sang co tinh kha thi hon trong nhiing giai doan khi nhiét
do moi trudng nudi giam nhung van & mirc cho phép tao
sinh truéng [9-11]. Thuc té trong nhitng nam gan day cho
thiy, mic du khoang thoi gian tir thang 2 dén thang 4 va tir
thang 11 dén thang 12 cuong do 4nh sang va thoi gian chiéu
sang tu nhién giam nhung nhiét d6 van & trong pham vi sinh
truong cia tao xoan, do do c6 thé bd sung chiéu sang vao
cac khoang thoi gian nay.

Dbi v6i tao xodn Spirulina, sic to tham gia vao quang
hop bao gdm chlorophyll a (chlorophyll b chiém ty 18 rat
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Abstract:

Spirulina (Arthrospira platensis) is cultured in
Vietnam mainly as a functional food for humans and
supplementary food for aquatic species. In the North,
the most suitable time to cultivate Spirulina is from
early May to late September. Other times, due to the
decrease in light intensity and temperature, the growth
of Spirulina significantly reduced and gave low yield,
especially in the period from December to the end of
February. This study investigated the influence of LEDs
light on the growth of Spirulina during the periods from
early March to late April (T3-T4), from early October
to late November (T10-T11), and from early December
to late February (T12-T2) in Hanoi. The results showed
that the continuous irradiation of red LEDs increased
the yield of Spirulina and pigments, phycocyanin, and
chlorophyll in the two stages (T3-T4) and (T10-T11).
The irradiation of both red and blue LEDs did not show
a significant effect in the period T12-T2. Green LEDs
did not significantly affect the growth of Spirulina.
The research results provided an initial basis for the
application of red LEDs to the extent of the cultivation
time of Spirulina in the North of Vietnam.

Keywords: LED, light, Northern Vietnam, Spirulina,
temperature.
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nho), carotenoid, phycocyanin. Trong d6, chlorophyll a la
sdc t6 quang hop cha yéu hap thu anh sang chi yéu ¢ ving
4nh sang xanh v6i dinh 430 nm va anh sang do véi dinh 662
nm; carotenoid hip thu & ving anh sang xanh véi cac dinh
440 va 470 nm; phycocyanin hap thy & budc song dinh 605
nm [12, 13]. Do do, viéc bd sung anh sang xanh va do trong
pham vi dinh hép thu cuc dai cua cac sic tb s& gop phﬁn tang
cuong hiéu qua quang hop cia tao xodn.

Trong céc loai dén chiéu sang hién nay, dén LED phat
ra 4nh sang v6i budc song hep, hidu suat chuyén doi ning
lwong cao nén c¢6 nhiéu loi thé trong viée sir dung dé nuodi
tao [14]. Gan day, trén thé giéi mot s6 nghién ciru da sur
dung dén LED dé nudi va san xuét cac hop chét c6 gia tri tir
tao Spirulina trén co sé cung cp anh sang don sic ¢ ving
hép thu cuc dai cua céc sic td quang hop [15-21]. O Viét
Nam, mét sb nghién ctru timg dung dén LED dé nudi tao &
quy md nho va pilot da dugc thyc hién [19-21]. Dua trén
co s6 khoa hoc va diéu kién thuc tién, nghién ctu nay da
khao sat anh huéng ctia den LED d6 va dén LED xanh & cac
budc song 580 dén 720 nm (dinh 660 nm) va 430 dén 480
nm (dinh 460 nm) dé nudi tao xoin quy moé pilot trong cac
bé raceway & cac khoang thoi gian khac nhau tai huyén Gia
Lam, Ha Noi, nhdm danh gia anh huéng ciia dén LED dén
su sinh trudng cua tdo xodn, tir d6 xac dinh duge khoang
thoi gian phu hop dé bd sung dén LED hiéu qua nham kéo
dai thém thoi gian nudi tao trong ndm & mién Bic Viét Nam.

Doi tuong va phuony phap
Déi twong

Chung gidng tao xoin Arthrospira platensis NIES-46
dugc nhap tor Nhat Ban (Microbial Culture Collection/
National Institute for Environmental Studies, Tsukuba,
Japan, 2018). Chung 4. platensis NIES-46 dugc nhan gidng
va nudi trong moi truong Zarrouk [22] ¢6 ham lugng (g/1):
K HPO, (0.,5), K,SO, (1,0), NaNO, (2.5), CaCl, (0,04),
MgSO,.7H,0 (0,2), EDTA.Na,.2H,0 (0,08), FeSO,.7H,0
(0,01), NaHCO, (16,8), vi luong A5 (1 ml), B6 (1 ml).
Trong do6, dung dich A5 c6 thanh phan (g/1): H,BO, (2,88),
MnSO,.H,0 (2,5), ZnSO,4H,0O (0,222), CuSO,.5H,0
(0,079), NaMoO,.2H,O (0,021) va dung dich B6 (mg/l):
NH,VO, (22,96), K,Cr,(S0O,),.24H,0 (96,0), NiSO,.7H,0
(47,85), Na,WO,2H,O0 (17,94), TiOSO,.H,SO,.8H,0
(61,1), Co(NO,),.6H,0 (43,98), pH moi truong khoang 8,5-
9,0. Thi nghiém dugc trién khai tai huyén Gia Lam, Ha No§i
tir 2018 dén 2020.

Diéu kién nuéi cdy
Trong nghién ctru nay, dén LED duogc cung cap boi
Trung tam R&D chiéu sang, Cong ty C6 phan bong dén



phich nuéc Rang Pong, gdm dén huynh quang anh sang
trang T8 Deluxe 22 W 1,2 m, béng thily tinh, ngudn roi
(model: BD TTO1 NR M11/22Wx1). Bén LED dai 1,2 mét,
cong suat 25 W gdm LED xanh (B) va LED do (R) phat ra
anh sang xanh tir 430 dén 480 nm (dinh 460 nm) va anh
sang do tir 580 dén 720 nm (dinh 660 nm) (hinh 1). Trong
khoang thoi gian thi nghiém, dén LED dugc chiéu bo sung
lién tuc 24/24. Mtic d6 anh hudng cua den LED dugc danh
gia thong qua duong cong sinh trudng, mat do quang cua
huyén phu tao dwoc do ¢ bude song 750 nm (A,,) va sinh
khoi tao dugc quy doi theo khoi luong tao kho trong 1 lit
huyén phu tao (g/1).
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Hinh 1. Phd phat quang ciia dén LED xanh va dé. (A) Pén LED xanh
25 W Rang Pong, dinh 467 nm, cuong do PPF 26,643 pmol/s; (B) Pen
LED xanh 25 W Rang Dong, dinh 666 nm, cuong do PPF 41,371 pumol/s
(do bang thiét bi HaasSuite (EVERFINE)).

Trong céc thi nghiém su dung den LED, khoang céch
dén duoc dat 20 cm tu ngu@)n sang tdi binh nuoi tdo hoac
bé mit tao nudi trong 5 bé raceway (dién tich 50 m2, 25x2
m, dugc dat trong nha ludi cd6 mai che b?mg nilon trong
suét) tai huyén Gia Lam, Ha Ngi. Tao duoc nudi trong bé
raceway voi mat do tiép giéng ban dau 0,12 g/l va khudy
tron voi tbe d6 dong chay 20 cm/s bang canh khudy.

Phuwong phap nghién cvru

Nhan tao giéng trong phong thi nghiém: chung gidng
dugc nhan tir dia thach, qua timg budc nang dan thé tich
trong moi trudng Zarrouk & nhiét d6 phong (27+2°C) bang
dén huynh quang anh sang trang, chu ky sang:tbi 16:8, suc
khi qua mang loc véi téc do 5 I/phit. Sau d6, chung giéng
dugc nang 1én thé tich 2,0 1 trong binh thuy tinh Pyrex va
nudi trong nha ludi c6 mai che cit sang (cudng do anh sang
dugc diéu chinh trong ngudng 15-25 klux, twong dwong 270
dén 463 pmol.m2s™). Khi gidng dat d6 hap thu anh sang
¢ bude song 750 nm (A, ) 1a 0,8 (twong duong 0,85 g tdo
kho/1) thi dugc chuyén sang bé raceway nho (dién tich 2 m?)
dé tiép tuc nhan gidng vdi ty 18 pha lodng giéng 1:5 (v/v).
Sau khi gidng dat mat d6 tuong ty nhu trén s& dugc chuyén
sang bé giéng 16n dién tich 50 m? v&i mat do ban dau 0,12
g/l. Mbi truong Zarrouk duoc sir dung cho tat ca cac thi
nghiém va nhan sinh khdi trong bé raceway. Moi truong
dugc khir khuén qua dém (12 gi®) trude khi tiép gidng bang
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cach st dung 6 dén UV chim cong suat mdi dén 120 W dat
cach nhau 9 m.

Xdc dinh nang sudt sinh khoi va toc do sinh truéng riéng:
tbc do sinh trudng cua tao 4. platensis dugc xac dinh dya
vao khéi lugng kho va mat 6 quang (d6 hap thu anh sang) &
budce song 750 nm (A, ) [23, 24]. Nang sudt sinh khéi duoc
xac dinh theo phuong trinh: PX=(X -X )/(t-t)), trong do: X,
la sinh khoi (g/1) ¢ thoi gian t (tinh theo ngay) va X 1a luong
sinh khoi (g/1) ¢ thoi diém ¢ 1a thoi diém bat dau sau khi cay
giong. Toc dd sinh truong riéng hay dac trung (1) duge xac
dinh theo phuong trinh p=In(X/X )/(t-t ), khi tdo dang sinh
truong o trong pha logarit. Thoi gian nhan do6i hay thoi gian
thé hé (doubling time) Td=In(2)/u (theo ngay) [25].

Xac dinh moi twong quan giita khoi hrong tio khé va
mat d¢ quang A, khéi luong tao khd duge xéc dinh nhu
sau: lay 100 ml huyén phu tdo nudi ¢ giai doan cudi cia
pha logarit loc qua gidy loc (Whatman GF/C filter No. 1),
sdy kho & 60°C cho tdi khi khéi lugng khong doi (khoang
10 gid), va xac dinh khéi lwong bang cach can tryc tiép
(OHAUS PX225D, Trung Qudc). Khéi luong kho (g/l)
dugc tinh bang sy chénh 1éch giita khdi lwong cua gidy loc
¢6 chura tao trude va sau khi di sy kho. Mbi twong quan
gilta A_, v6i khéi lwong tao kho dwoc xiy dung dua vao
phan tich twong quan gilta cac gia tri A_, twong ung voi cac
muc dJ pha lodng huyén phu tdo [23, 24]. D0 thi tuong quan
duogc xdy dung theo phuong trinh tuyén tinh dang y=ax+b
v6i hé s6 tuong quan R.

Xac dinh anh hwong cua den LED: thi nghiém dugc tién
hanh trong 4 khoang thoi gian: i) tir thang 3 dén hét thang
4 (T3-T4); ii) tir thang 5 dén hét thang 9 (T5-T9); iii) tir
thang 10 dén hét thang 11 (T10-T11) va (iv) tir thang 12
dén hét thang 2 (T12-T2) trong 3 nam (2018-2020). Theo
chiéu dai 25 m cua mdi bé raceway, 6 dén LED d6 hodc
LED xanh dugc dat 6 mot phia ciia bé, khoang cach cac dén
cach nhau 3 m va dén cach méat nudc nudi tdo 20 cm. Cuong
d6 anh sang phat ra cia dén LED do va LED xanh v6i PPF
(Photosynthetic Photon Flux) twong tmg 40,948 va 26,643
mmol/s. Trong thoi gian thi nghiém, cac dén LED duoc
chiéu sang lién tyc (ca ngay va dém) trong khi van dugc
chiéu sang bang anh sang tu nhién vao ban ngay véi muc
tiéu danh gia anh huong cua viéc bd sung dén LED trong
qua trinh nudi tio & quy mo san xuat pilot trong cac khoang
thoi gian néu trén. Anh hudng ctia dén LED dén sinh truong
ctia tao duoc danh gia thong qua ning suét tao kho tinh theo
g/l, dudng cong sinh trudng, toc do sinh trudng riéng () va
thoi gian thé hé. Trong d6, dudng cong sinh trudng dugc
xac dinh dwa vao mdi twong quan giita thoi gian nudi va
luong sinh khéi tinh theo khdi lugng tao kho/thé tich huyén
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phu téo (g/1) khi theo ddi lién tuc trong 20 ngay, tinh tir ngay
bat dau tiép giéng vao moi truong.

Xac dinh ham leong cdc sdc t6: ham luong cac sic to
duoc xac dinh theo phuong phap ctia Aouir va cs (2017)
[26] nhu sau: bot tao kho (1 g) duge nghién trong acetone va
khudy manh bang may khudy tir (Model 85-2, Trung Qudc).
Hdn hop duoc dit trong t6i & 4°C va ly tdm & 4000 g trong
10 phut (Centrifuge 5403, Eppendorf, Buc). Dich trong
chira céc séc t6 chlorophyll a (Chl), chlorophyll b (Chl ) va
carotenoid tong s6 (C ) dugc phan tich su dung may do quang
pho (Shimadzu, UV-2600, Nhat Ban). Ham lugng Chl , Chl
va C, (mg/g) duogc xac dinh ¢ budc song 645, 662 va 470 nm
theo cong thure cua Lichtenhaler: Chl =13,75.A,-5,19.A,,
Chl,=27,43.A,,,-8,12.A,,,, C=1000.A-2,13.Chl -97,64.
Chl /209 [27]. Trong do, A, A ,, va A la do thap thu &
anh sang tuong ung voi cac budc song 662, 645 va 470 nm.
Ham luong phycocyanin dugc xac dinh theo phuong phép
cua Yoshikawa (2008) [28]. Bt tao kho (2 g) dugc ngam
trong dung dich dém phosphate 0,1 M chira Na HPO, va
KH,PO, (pH 6,5), tron deu va u ¢ trong bé on nhi¢t 30°C
trong 16 gio. Sau d6, dung dich dugc ly tam trong 20 phut
tai 10°C & 4000 g va dich ndi chira PC duogc thu lai. Dich n6i
duoc do do hép thu & budc song 620, 650 va 280 nm. Ham
lugng phycocyanin (mg/ml) dugc xac dinh theo cong thuc:
[PCI=[A,,-(0,72.A,)]/6,29. Ham luong alophycocyanin
(mg/ml)=[A -(0,191.A,))1/5,79 [25]. Trong do, A, va
A, la do hap thy quang hoc ¢ cac bude song 620 va 650
nm. B sach cua PC (c-phycocyanin) dugc danh gia dua
vao ty I€ A, /A, gid tri tir 0,65 dén 0,82 duogc coi 1a sach
[29]. Ham lugng sau d6 dugc quy doi theo khoi lugng tao
kho st dung dé tach chiét tinh theo mg/g.

470

Phdn tich so li¢u

Mdi thi nghiém duoc lap lai it nhét 3 lan dé phan tich
gia tri trung binh va d6 léch chuan (SD). Chuong trinh
Microsolf Excel (2016) duoc st dung dé v& cac dd thi. Su
sai khic giita cac gia tri trung binh dugc phén tich bang
phan tich phuong sai (ANOVA) véi muc y nghia p=0,05.
Hau kiém (Tukey’s test) duoc ap dung dé xac dinh su khac
nhau gilra cdp cac gia tri trung binh trong cac thi nghiém.

Két qua va thao luan

Xdc dinh dwong cong sinh truwong va khéi lwong tio
kho

Chung gidng A. platensis NIES-46 dugc nhan 1én tir dia
thach bang mdi trudng Zarrouk 16ng trong cac binh thuy
tinh v6i thé tich ting dan tir 200 dén 1000 ml trong phong
thi nghiém. Sau d6 tao giéng tiép tuc dugc nhan Ién trong
cac binh thuy tinh Pyrex 2 | trong nha lu6i (hinh 2).
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Hinh 2. Chiing gidng tio xoin A. platensis NIES-46. (A) Chung giéng
duoc luu giit trén dia thach, (B) Hinh thai chung giéng duéi kinh hién vi
quang hoc v6i do khuéch dai 100 1an (thang 10 pm), (C) Tao gidng dugc
nhan trong binh thuy tinh Pyrex 2 I trong nha ludi.

Céc thi nghiém danh gia anh huong ctua dén LED dugc
thuc hién 3 mé lién tuc tir dau thang 3 dén cudi thang 4 véi
thoi gian mdi mé 20 ngdy tinh tir ngay tiép giéng. Khi phan
tich duong cong sinh trudéng cua chung NIES-46 ¢ quy mo
bé nudi raceway 50 m? cho th?iy, giai doan T3-T4, tao sinh
truong cham, mat do tao dat tbi da 1,07+0,05 ¢ bé dbi ching
(khong chiéu bo sung dén LED do), trong khi thi nghiém
chiéu b6 sung dén LED d6 mat do tao dat 1,12+0,07 (hinh
3, bang 1). Nguyén nhédn cua viée ting mat do tao khi chiéu
sang bo sung bang dén LED tir thang 3 dén cudi thang 4 chu
yéu 1a do cudng do va thoi gian chibu sang trong ngay & giai
doan nay tuong ddi thap (tir 5-6 gid/ngay), nhiét do trong bé
nudi thap (dao dong tir 18-25°C) va thoi tiét bién dong manh.
Viée bd sung dén LED xanh mic du c6 tac dung ting mat
d6 té bao nhung muc do ting khong c6 ¥ nghia thong keé.
Tiép do, giai doan T5-T9, tao sinh truong nhanh va cho ning
suat cao nhat, ddy ciing 1a khoang thoi gian 1y tuong nhét dé
nudi tao & mién Béc Viét Nam. S6 liéu theo ddi lién tuc trong
3 nam (2018-2020) cho thdy, ning suit tao cao nhat trong
giai doan T5-T9 dat 1,41+0,08 g/l, twong dwong A, =1,53
(hinh 3B, bang 1). Trong 2 thang, giai doan T10-T11, mdc du
nhiét do va cudong d6 anh sang di giam nhung thoi tiét tuong
d6i 6n dinh, do d6, tao van sinh trudng t6t, thoi gian dat pha
can bang tir 17-18 ngdy va ning sut cao nhét dat 1,21+0,06
g/l 6 ngay tha 18 (hinh 3B). Tuy nhién, khi chiéu 4nh sang
LED lién tuc trong giai doan nay da gitp taing mat do tao Ién
1,3620,11 vao ngay thir 17 (p<0,01). Thuc té qua khao sat tir
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Bang 1. Khoi lwgng khé tdi da va ham lweng sic t6 ciia chiing NIES-
46 nudi & cac diéu kién khac nhau.

@) :
i L J . X
1.3 ] Khéi Ham lwgng cdc sac to (mg/g kho)
= y=0,9296x-0,0155 * Diéu kién nudi lugng kho . Chlorophyll ~Carotenoid T§ I
o 1 ] R’=0,9979 toi da (g/l) P hycoc.yamn (Chl) (Ct) ChI/ICt
= *
o . (T3-T4) 1,07£0,05*  121,03+74*  576+0,11°  2,69+0,18* 2,14
g "B (T3-T4) + LED do 116£0080 137465937 5850100 2526008 2,32
D 06 - > (T3-T4) + LED xanh 1,12£0,07*  125,63+7,22*  5,54+0,12°  2,78+0,13* 1,99
& a8
g' 1 ® (T5-T9) 1,41£0,08° 158,98+8,78° 6,53+0,13°  2,85+0,16" 2,29
= 04
<O (T10-T11) 1,21£0,06° 135,03£9,75° 596+0,07°  2,63£0,09* 2,27
< g
¥ 02 - ® (T10-T11) + LED do 1,36£0,11¢  147,16£7,26°  6,29+0,12¢  2,57+0,11* 2,45
*
B ] (T10-T11)+LED xanh ~ 1,25+0,10° 130,5249,56*  6,1540,16*  2,96+0,18> 2,08
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 (T12-T2) 0,73£0,09¢  138,63£7,59¢  5,68+0,15¢  2,89+0,12° 1,97
d d d a
M4t 48 quang Ays, (T12-T2) + LED do 0,82£0,07¢  138,51+9,12¢  5,47+0,10¢  2,75£0,09* 1,99
(T12-T2)+LED xanh  0,76£0,09° 136,47+8,96° 5,34£0,09°  3,02+0,12° 1,77
Ghi chu: cac chi s6 a,b,c va d thé hién sy khac biét vé mit théng ké (p<0,05)
1 o (T3-T4) khi so sdnh gid tri trung binh gilta cac nhom cong thirc thi nghiém. Céc gia tri
14 - - (T3-T4)+LED D& khéi luong khé va ham luong cac séc to duge phan tich dya vao s6 ligu thu
] .o (T3-T4)+LED Xanh duoc tir két qua cuia 3 mé nudi/nim qua cac ndm 2018, 2019 va 2020.
12 4 O~ (15-T9) ; . L SO . L, 3
1 -o-(T10-T11) Anh hwong cia déen LED dén sinh truong cua tio vé
1 ~®-(T10-T11)+LED D& L. S e X
11 o (T10-T11)+LED Xanh hi¢u qua kinh t¢
] —o—(T12-T2) . , ) . , ‘n X 2 \
08 ] - w (T12-T2)+LEDDS Khi so sanh anh hudng cta viéc chicu bo sung dén LED
] SRR lién tuc (24/24) t6i sinh trudng cua tdo khi nudi trong nha
8 luéi & cac giai doan T3-T4 va T10-T11 cho thdy, viéc bd
04 sung dén LED d6 ¢ budc song 580 dén 720 nm (dinh 660
] nm) cho toc d sinh truong va nang suat cao hon khoang 10-
a2 12% so voi khong bo sung anh sang (nudi trong dicu kién
ol 4nh sang ty nhién) (hinh 3B). Khi so sdnh vé&i doi chiing

0123456 7 8 910111213 14151617 18 19 20
Thoi gian (ngay)

Hinh 3. Twong quan giira mt d¢ quang véi khéi lwgng khé va duwong
cong sinh truéng. (A) Mdi trong quan gitra khdi lugng khé (g/1) va mét
dd quang (A, ) do & budc séng 750 nm, (B) Dudng cong sinh trudng clia
tao theo thoi gian ¢ cac dicu kién nudi khac nhau.

2018 dén 2020, trong giai doan T12-T2, cudng d9 4nh sing va
thoi gian chiéu sang trong ngay giam manh, dong thoi nhiét
do trong bé nudi giam xudng mirc thap hon 15°C va kéo dai
hang tudn. Trong diéu kién nay, viéc nudi tao rat kho khan
boi vi viée chiéu sang bo sung biang dén LED khong cé tac
ddng tich cuc do hiéu ing quang wc ché trong diéu kién nhiét
d6 thap [9-11]. Chinh vi vy, nhiéu co s& nudi tio trong nudc
va khu vuc chau A di dimg nudi trong giai doan nay, do dé,
thoi gian nudi tao trong nam thudng bi giam dang ké [30, 31].
Pudng cong sinh truéng cua tao ¢ giai doan T12-T2 biéu hién
tang cham, khong thé hién rd pha sinh truong logarit va sau
tir 18 dén 20 ngay tao méi dat pha can bang v6i mat do tuong
dbi thap (0,6-0,7 g/1) (hinh 3B).
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T5-T9, viéc bd sung dén LED d6, mac du ¢6 kich thich sinh
truong ciia tao nhung thoi gian dé dat t6i pha can bang van
kéo dai hon tir 3 dén 4 ngay va niang suét thap hon tuong
ung khodng 10% o giai doan T10-T11 va 18% ¢ giai doan
T3-T4. Xét vé mat hiéu qua kinh té, & giai doan T10-T11,
viéc bo sung dén LED d6 co6 tac dong tich cuc tdi sy sinh
trudng cla tdo, ndng suét tang 10-12%. Tuy nhién, mutc tang
nay ciing chi bang gan 80% so v&i d6i chimg T5-T9. Anh
huong ciia dén LED d6 va xanh dbi voi thanh phan sic t6
phycocyanin, chlorophyll va carotenoid khong 1o rét dang
ké. O giai doan T10-T11, viéc bd sung dén LED d6 kich
thich sinh truong cua tdo di kém vdéi viée tang ham lugng
phycocyanin 8,2% va chlorophyll 5,5% so véi viéc khong
chiéu dén. Két qua nay ciing phu hop v6i nghién ctru vé tac
dong ctia dén LED d6 va xanh dén san xuat phycocyanin
[17, 32-34]. Trong diéu kién thi nghiém, tac dong cia dén
LED xanh va LED d6 dén ham lugong sdc t6 thudc nhom
carotenoid khong thuc su rd rét so v6i ddi chimg (bang 1).

Trong diéu kién thi nghiém & quy mé pilot, viéc st dung
dén LED cong sudt 25 Wh chiéu sang lién tuc 24/24 khi
nudi theo dang mé 15 ngay (thu sinh khéi khi tao phat trién
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gan cudi pha logarit, v6i gia tri Am khoang 1,1-1,2) v6i 6
bong dén tiéu thy 54 kWh cho mdi bé raceway 50 m? (hinh
4A, B). Tinh trung binh thoi gian nudi tdo moi mé tur 12-13
ngay, lugng tao thu dugc ciia mdi bé dién tich 50 m? khoang
4 kg tao kho/mé. Tai thoi diém nghién ctru (2018-2020), 1
kWh dién gia tir 1500 dén 2000 dong thi chi phi dién ning
khi bd sung dén LED cho 1 mé ddi véi 1 bé nudi khoang
80 dén 110 nghin dong. Néu gia tao dao dong tir 1,0 dén 1,5
triéu dong/kg kho thi véi mirc ting ning suit 10-12% hoan
toan c6 thé bu duoc ning lugng dién tiéu hao dé duy tri san
xuat. Nhu vay, xét & khia canh chi phi dién nang va lgi ich
dem lai, viéc bd sung chiéu sang bang dén LED d6 c6 hiéu
qua v& mat kinh té. Tuy nhién, viéc dau tu dén LED ban dau
1a kha 16n, do d6 hiéu qua kinh té thyc can phai tinh toan
dén dién tich nudi. Theo tinh toan so b trong diéu kién
nghién cru nay, vdi dién tich nudi thue 1000 m? (20 bé nudi
raceway Vi dién tich 50 m¥/bé) thi viéc dau tu va sir dung
dén LED hoan toan dem lai loi ich vé mat kinh té.

O giai doan T3-T4, mic du ning sut tao ting khoang
10% khi su dung dén LED dé so véi khong st dung nhung
nang suét so voi ddi chung (T5-T9) 1a thoi diém thuan loi
nhét van thip hon 18%. Do d6, viéc ap dung dén LED & giai
doan nay can phai tinh toan chat ch& dén cac tham sé nhu
téng chi phi dién ning, nhan cong va gia thanh thuong mai.
Qua khao sat thi trudng tao xoan tuoi nhiing ndm gan day,
nhu cau st dung tao tuoi ¢ giai doan T3-T4 van kha cao, do
d6 van co thé ap dung den LED do dé (duy tri nudi tao (sb
liéu khong cong bd). Tuy nhién, néu dé thu tio ¢ dang bot
kho thi viée duy tri san Xudt cén phai tinh toan chi tiét hon
vé quy md, nang suét, cong ngh¢ ciing nhu didu kién nuodi
tai mdi co s& nudi tao, vi vé co ban diéu kién thoi tiét mién
Bic khong thuan loi so voi cac vung khac trong ca nudc.

Phan tich anh huong ctia dén LED xanh cho thay, dén
LED xanh c6 tac dung kich thich su sinh truéng ctia tao xoén
Spirulina & ca giai doan T3-T4 va T11-T12 nhung khong
dang ké (hinh 3B va bang 1). Tuy nhién, trong diéu kién thir
nghiém nay, viéc chiéu sang bo sung lién tuc bang dén LED
xanh lai ¢6 tic dung lam giam dang ké sy hinh thanh biofilm
va mit do dong vat nguyén sinh trong bé raceway (dir liéu
chua cong bo) [19]. biéu nay co thé do 4nh sang xanh uc
ché mot phan sy hoat dong cua cac vi khuan va nguyén sinh
dong vat. Tac dong trc ché vi khuan, nguyén sinh dong vat
va cac dang ky sinh boi den LED xanh cting da duoc mo ta
boi mot 80 nghién ctru [19, 34, 35]. Méc du vay, xet vé mit
nang suit va gia tri kinh té, viéc sir dung dén LED xanh dé
nudi tao trong cac giai doan T3-T4 va T11-T12 can phai
tinh toan chi phi nhan cong, vét tu tiéu hao va chi phi dau
tu mua den.

O giai doan T12-T2, hiéu tng cta dén LED khéng duoc
thé hién 3 rét, nguyén nhén c6 thé 1a do hién tuong quang
tic ché (photoinhibition) nhiét d¢ trong bé nudi xudng thap
dudi ngudng hoat dong cua hé thdng quang hop. Pay ciing
1a hién tuong phd bién xay ra khong chi ¢ diéu kién khi hau
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mién Bic Viét Nam ma con ¢ nhiéu vung sinh thai khéc trén
thé gi6i [9, 10, 31, 36]. Do d6, viéc kiém soét nhiét do hodc
theo ddi nhiét d6 trong bé nudi 1a diéu kién bat budc dé duy
tri san xuat néu nudi tao trong giai doan T12-T2.

Anh hwong cia dén LED dén khoi luwong kho 16i da va
ham lugng sac 1o

Phén tich khdi luong khé va ham lugng cac sic td cho
thdy co su khac biét & rét vé khoi luong kho khi nudi ¢
céc thoi diém khac nhau trong nim. Tao nudi ¢ giai doan
T3-T4 cho khdi lugng kho tdi da dat 1,07 g/l sau 18 ngay
nuoi, trong khi vao giai doan T5-T9, gia tri nay dat cao
nhét 1,41 g/l (gap 1,32 lan). Ham luong chlorophyll ty 1¢
v6i toe do sinh truong va mat do cua tao, cao nhat vao giai
doan T5-T9 6,53 mg/g (hinh 3B va bang 1). Trong 3 nam
(2018-2020), cudong do anh sang ¢ thé dat mirc 60 klux
(1110 pmol.m™.s" tai bé mat bé nudi vao thoi diém tir 13
dén 15 gio, cuong d6 nay vuot ngudng phi hop cho tao sinh
trudng tr 30-40 klux (556-740 pmol.m?.s) [1, 37].

Hinh 4. Nghién ctru anh hwéng ciia dén LED va tach chiét sic t6 tir
tao xodn Spirulina. Hinh anh minh hoa anh hudng ctia dén LED dén sinh
truong cua chung NIES-46 ban dém (A) va ban ngay (B) trong khoang
thoi gian tir T2-T4 nam 2019 thuc hién tai Gia Lam, Ha Noi. Két qua tach
chc sic t6 tir tao xodn Spirulina (C), trong d6 dung dich phycocyanin (1)
va dung dich chlorophyll (2).

Khi so sanh ty 1¢ chlorophyll/carotenoid ¢ céac giai doan
thang T2-T4, T10-T12 va ddi chimg T5-T9 cho thiy ty 1&
twong ung 2,14, 2,26 va 2,46 (bang 1), chung té giai doan
T5-T9 toc d6 sinh truong cua tao dat cao nhét. Theo nghién
cuu cua Valdés va cs (2016) [38], ham lugng chlorophyll
cao ty 1€ voi tdc do sinh truong cua vi tao noi chung, trong
d6 co tao xodn Spirulina. Trong diéu kién thi nghiém, tde
d6 sinh truong riéng () ¢ giai doan T5-T9 dat cao nhat
0,176, tuong duong voi thoi gian thé hé (nhan doi) cua tao
khoang 3,94 ngay/thé hé (bang 2). Viéc chiéu dén LED do
gitip tang ty 1& chlorophyll/carotenoid & tit ca cac cong thirc
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thi nghiém (bang 1), chirng té anh sang LED d06 c6 tac dung
kich thich tang trudng cua tao xoin Spirulina, diéu nay ciing
phi hop voi két qua phén tich khoi lugng kho tdi da trong
cac cong thirc thi nghiém.

Béng 2 Téc d sinh truéng riéng va thoi gian nhian ddi ciia tio trong
cac diéu kién khac nhau.

Cic diéu kién thi Téc do sinh truéng  Thoi gian nhan doi

nghiém riéng (1) (ngay)

(T3-T4) 0,157+0,023¢ 4,41+0,43
(T3-T4) + LED d6 0,171=0,034° 4,05+0,31
(T3-T4) + LED xanh 0,163+0,027 4,25+0,58*
(T5-T9) 0,176=0,043" 3,94+0,43¢
(T10-T11) 0,163+0,033¢ 4,25+0,53¢
(T10-T11) + LED do 0,178+0,042° 3,89+0,37¢
(T10-T11)+ LED xanh  0,165+0,018" 4,20+0,39*
(T12-T2) 0,129+0,024° 5,37+0,60¢
(T12-T2) + LED do 0,142+0,024¢ 4,88+0,51¢
(T12-T2) + LED xanh 0,13+0,021° 5,33+0,42¢

Ghi chu: cac chi sb a, b, ¢, d va e thé hién su khac biét vé mat théng ké (p<0,05)
khi so sanh gid tri trung binh gitra cic nhdm cong thirc thi nghiém. Céc gié tri
toc d sinh trudng riéng (1) va ham luong céc sac to duge phén tinh dya vao so
liéu thu dugc tir két qua cia 3 mé nudi/nam qua cac nam 2018, 2019 va 2020.
Thuc té, dai phd hap thu anh sang cua cic sic to cua
vi tdo bao gdm chu yéu la chlorophyll a, phycocyanin va
phycobilisome (mdt phan phycoerythrin) phd hép thu anh
sang do tir 580 dén 720 nm (dinh 660 nm) thudc quang hé I1.
Dbi véi tao xodn Spirulina, thanh phan Chl, chiém ty 1¢ 16n
trong khi thanh phan Chl, chi chiém ty 18 nho. Pinh hép thu
cua Chl_cha yéu & buoc song 662 nm va mot phan & ving
anh sang xanh véi dinh 430 nm. Phycocyanin 1a nhom sic to
thudc nhém phycobiliprotein c6 mat & vi khuan lam, trong
d6 o tao xodn Spirulina, tuy thudc vao diéu kién nudi ma
ty 1¢ phycocyanin s& chiém tir 9-20% khdi lugng kho [39,
40]. Phycocyanin hip thu ving anh sang dé, trong d6 dinh
hap thu & budc song 605 nm. Chinh vi vay, Viéc su dung
anh sang LED d06 s€ phu hop cho ca hai loai sic t6 Chl va
phycocyanin, gitp tao sinh truong tot va hidu qua hon.

4 ~
Két luan

Trong diéu kién ¢ mién Bic Viét Nam, giai doan T5-T9
phtt hop nhat dé nudi tao Spirulina. O mat do cdy giéng 0,12
g/l, sau 12 dén 13 ngay cho hiéu qua thu hoach t6t nhit.
Dén LED do tir 580-720 nm (dinh 660 nm) c6 tac dung kich
thich sinh truéng va ting ham lugng chlorophyll & tio xoin
Spirulina trong giai doan T3-T4 va T10-T11 nudi ¢ quy
pilot tai Gia Lam, Ha Noi. Viéc bd sung chiéu sang bang
dén LED d6 gitp ting ning suat va kéo dai thoi gian nudi
thém tir 2 dén 3 thang/nam, dac biét ¢ giai doan T10-T12.
Dén LED xanh tir 430-480 nm (dinh 460 nm) méc du co tac
dong tang sinh truong cua tdo nhung chua thyc sy hi¢u qua
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trong diéu kién thir nghiém.
L0I CAM ON

Nghién ctru dwoc cap kinh phi tir dé tai: “Nghién ctru
cong nghé san xuit san pham giau chat chong oxy hoa tir
3 loai vi tao Chlorella vulgaris, Arthrospira platensis va
Dunalliella salina”, thuc Dy an thanh phan “Tang cuong
ning lyc khoa hoc cong nghé va dao tao ngudn nhan lyc
phuc vu tai co ciu ndéng nghiép va xay dung noéng thon
méi”, md s6 DPTKHCN.WB.10/20. Cac tic gia xin trin
trong cam on.
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