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TOM TAT

Anh sang dén LED dé va xanh v&i céac ti 1& khac nhau anh hwéng dén téc dd sinh trwédng, thoi gian thé hé, ndng
suét sinh khéi va ham lwong séc té chlorophyll a, carotenoid va phycocyanin clia cac ching tdo xoan Spirulina. Anh
sang LED dd 660nm tac dong tich cwc dén sinh trwéng va ting ham lwong céac sic td bao gém chlorophyll a va
phycocyanin. Anh sang LED xanh khéng phui hop dé nhan sinh khdi nhung cé thé ngén ngira va loai bd dong vat
nguyén sinh. B4 sung dén LED dé hodc ti 1&é dé xanh (7:3) ¢6 tac dung kich thich tao sinh trwdng trong mua déng va
kiém soat dwoc hién twong tap nhidm. TAt ca 5 chiing tdo xodn Arthrospira platensis Sp2, Sp6, Sp9, UTEX-1928 va
NIES-46 déu c6 kha nang thich (ng vé&i mua déng lanh mién Bac Viét Nam, trong d6 ching Sp9 c6 kha nang thich
tng t6t nhét véi tbe dd sinh trwdng va ndng suét sinh khdi cao nhat phu hop véi mién Bac Viet Nam.

T khoa: Arthrospira platensis, tdo xoan Spirulina, dé&n LED, mién Béc, chlorophyll a, phycocyanin, carotenoid.

Influence of Light Emitting Diode on the Growth, Pigment Content and the Adaptability
of some Arthrospira platensis Strains Cultured in Winter in the North Vietham

ABSTRACT

The influence of different LED lighting condition with the red and blue light on the growth rate, generation time,
biomass productivity and the content of pigments including chlorophyll a, carotenoids and phycocyanin of 5 strains of
Arthrospira platensis Sp2, Sp6, Sp9, UTEX-1928 and NIES-46 were investigated. The red light at 660 nm has shown
a positive effect on the growth and increase the pigment contents of chlorophyll a and phycocyanin while the blue
light was unsuitable for biomass production but inhibited and eliminated protozoa contamination. The additional
lighting of red LEDs or a red-blue ratio (7:3) enhanced photosynthesis of microalgae in the winter and efficiently
controlled contamination. The adaptability of 5 strains was investigated in winter in North Vietnam. Of these strains,
the Sp9 was the best adaptable strain and shown the highest growth rate and biomass productivity.

Keywords: Arthrospira platensis, LED, North Vietnam, chlorophyll a, phycocyanin, carotenoid.

linh vuc nudi tréng thay san, thuc phidm chtc
ning, héa duge, thusc va m§ pham (Vonshak,
1997; Ahsan & cs., 2008; Menegotto & cs., 2016).

Khi nudéi tdo 6 quy md 1én, nhiét do va

1. DAT VAN DE

Tao xoidn Spirulina c6 tén khoa hoc
Arthrospira platensis 12 loai tdo lam quang tu
dudng dugc nghién ctiu va nudi tréng ¢ quy mod

lén tai nhiéu quéc gia trén thé giéi (Vonshak,
1997). Tao xo0dn giau cac sic td phycocyanin, p-
carotene, chlorophyll a, axit béo khong no va cac
nguyén t6 vi luong nhu kém, sit, canxi. Do vay,
tao xoan duge duge st dung réng rai trong nhiéu

cuong d6 chiéu sang 1a hai yéu t6 quan trong
nhat dnh hudng dén téc do sinh trudng cta tio
(Vonshak, 1994). Viéc nudi tao xodn sé thuan lgi
6 nhiing vang khi hau én dinh, c¢6 thsi gian
chiéu sang trong ngay cao. Cho dén nay, nhiéu
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cong ty 16n nhu Sosa Texcoco ¢ Lake Texcoco
(Mexico), Earthrise Farms & California (My),
Siam Algae ¢ Bangkok (Thailand), Blue
Continent (Dai Loan), Nippon (Nhat Ban),
Cyanotech 6 Hawaii (M§) va Hainan Simai
Enterprising 6 Hainan (Trung Qudc) da nudi tao
v6i san luong t61 hang trim tdn/nam (Vonshak,
1997; Vonshak, 2006; Ahsan & cs., 2008). 0 Viét
Nam, nhiéu viing c6 diéu kién khi hau phu hdp
dé nudi tao xodn & quy mé 16n nhu khu vuc mién
Trung va mién Nam nhu Ninh Thuan, Binh
Thuan, LAm Déng, Nghé An, Hué va DPa Ning
(Kim Lé Chan & cs., 2018). O khu vuc mién Bic
Viét Nam, do thoi tiét bién dong that thuong,
kém theo mua dong lanh v6i nhiét 0 va cuong
do anh sang th&p nén anh hudng rat l6n dén
viéc nudi tao xodn. Do vay, dé nudi duge tao
xo4n chu dong va thanh céng & mién Béc, can
phai cé cac chung gidng thich ting réng véi nhiét
do di kém véi cac bién phap ky thuat.

Géan day, nghién cttu anh hudéng dén LED
dén ham lugng
B-carotene, chlorophyll a & tdo xodn da dugdc thi
nghiém (Markou, 2014; Park & cs., 2018; Vo
Héng Trung & cs., 2017). Dén LED c6 tac dong
kich thich ting trudng (Kim Lé& Chan & cs.,
2018) va téng hdp cac hop chit c6 hoat tinh sinh

cac sidc t6 phycocyanin,
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hoc (Prates & cs., 2018; Kilimtzidi & cs., 2019;
Raqiba, 2019).

Nghién citu nay danh gia kha ning thich
ding cia mot sd chung gidhg tdo xodn A. platensis
trong cac diéu kién nudi khac nhau, dong thoi
thi nghiém anh hudng ctia cac anh sang dén
LED khac nhau dén kha n#ng sinh trudng va
téng hop séc t6 ctia cac chliing tao xodn trong diéu
kién mua dong & mién Béic Viét Nam.

2. PHUONG PHAP NGHIEN CcUU
2.1. Vat liéu

2.1.1. Chung tao giéng va méi trudng nuébi

Cac chung giong tao xodn A. platensis ky
hiéu Sp2, Sp6 va Sp9 duge phan lap, tuyén chon
va luu git tai Khoa Céng nghé Sinh hoc, Hoc
vién Nong nghiép Viét Nam. Chung UTEX-1928
t& ngan hang chung gibng cta M§ (The
University of Texas at Austin) va chiung NIES-46
nhap ti ngan hang ching gidng ctia Nhat Ban
(Microbial Culture Collection/National Institute
for Environmental Studies, Tsukuba, Japan)
duge st dung lam déi chiing. Cac chung giéng
dugc nudi va luu gitt trong méi truong Zarrouk
(Zarrouk, 1966), 1ong va thach dac (b6 sung agar
14 g/1) véi cudng d6 chiéu sang 1.500lux bang dén
huynh quang, chu ky sang t61 16:8.

B

N

Ghi chii: Ching Sp2 hinh thoi (fusiform), tdo c¢6 cao do xodn va chiéu dai soi (trichome) khac nhau (A); Ching
Sp6 xodn éc nhung chiéu dai sgi khic nhau, duong kinh xodn va cao d6 xodn thap (B); Chiing Sp9 dang sgi xodn
éc manh, sgi dai. Ching UTEX-1928 c¢6 dang tuong tu nhu Sp2 (D); NIES-47 dang xo4n véi budc xodn dén rong,

soi dai (E). Thang do 10um.

Hinh 1. Cac dang hinh thai ctia 5 chiing tao xoan
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Bang 1. Thong s6 ky thuat cia dén LED st dung trong thi nghiém

bén LED Hiéu suét quang thong Eff. (Im/W) Flux (Im)  PPF (umol/s) PAR (W/m?  Binh (nm)
T8 Deluxe 36W Huynh quang 88 3.200 43,18 9,38 -
bé (R) 25W 16,83 416,12 41,37 7,50 660
Xanh (B) 25W 23,23 527,97 26,64 6,79 467
Hbn hop Dé: Xanh (7:3) 25W 41,21 1010,4 27,33 5,61 467/660
Hbén hgp Dé: Xanh (6:4) 25W 31,92 796,40 32,39 7,04 467/660
2.1.2. PDén LED 6.000g trong 30 phut & 5°C (Centrifuge 5403,

Dén LED cung cdp bdi Trung tdm R&D
Chiéu sang, Céng ty c6 phan Béng dén phich
nuéc Rang Déng gom: dén huynh quang anh
sang tring (toan phan) T8 Deluxe 36W 1,2m,
dén LED d6 (R) va xanh (B) (Bang 1, Hinh 2).
Khoang cach 30cm dude dit tit ngudn sang téi
binh nudi tao hodc bé mat tao nudi trong bé dai
raceway dién tich 40m? (20 x 2m).

2.2. Phuong phap nghién ciu

2.2.1. Nhan giéng trong phong thi nghiém

Tao dugc nudi trong binh thuy tinh Pyrex
2L bang méi trudng Zarrouk (Zarrouk, 1966) &
31,5 + 2°C chiéu sang bing dén huynh quang va
suc khi téc do 20 lit/phut. Mat d6 tao ban dau
tuong tng véi mat dé6 quang OD,;, = 0,1. Chu ky
sang to1 16:8 dudec ap dung trong phong thi
nghiém, thoi gian chiéu sang & cac bé raceway
trong nha luéi theo diéu kién tu nhién.

2.2.2. Xac dinh téc dé sinh trudng

Téc d6 sinh trudng cua tdo dugc danh gia
thong qua khéi lugng kho, ham lugng
chlorophyll a, va OD,;,. Nang suat sinh khoi
duge xac dinh theo phuong trinh: PX = (X, -
X))/t - ty), trong d6 X, 1a sinh khéi (g/1) & thoi
gian t (tinh theo ngay) va X, 1a luong sinh khéi
(g/L) & thoi diém t,. Téc do sinh trudng riéng
hay déc trung (u) duge xac dinh p = In(X/X)/(t —
to) khi tao dang sinh trudng ¢ trong pha logarit.
Thoi gian thé hé (doubling time) Td = In(2)/u
(tinh theo ngay).

2.2.8. Tuong quan giita khéi Iuong khé va
mat do quang OD

Khéi lugng khd (g/1) dude xac dinh nhu sau:
14y 100ml dich huyén phu tdo ly tam & toc do

Eppendorf) dé thu sinh khéi. Sinh khéi sau d6
dudge riia bang nude cdt trong 2 phit va ly tam,
cudi cung thu bing cach loc qua gidy loc
(Whatman GF/C filter No. 1, 11um) va siy kho &
60°C t6i khéi lugng khong d6i va can bing can
phéan tich (SHIMADZU UV-1800).

Mboi tuong quan gifia khéi lugng khé va mat
d6 quang OD.;, dugc xay dung dua vao cac gia
tri mat d6 quang cta céc dich tao pha lodng lién
tuc 2, 4, 8, 16 va 32 lan. D6 thi tuong quan giiia
khéi lugng kho va OD,;, dugc xay dung theo
phuong trinh tuyén tinh dang y = ax + b vdi hé
s6 tuong quan R (Silva & cs., 2009; Melinda &
cs., 2011).

2.24. PDanh gia kha nang thich tng cua cac
chiing tao xoin trong mua déng

Cac thi nghiém duge thuc hién trong vu
déng xuan (ti thang 10 dén cudi thang 2) ndm
2019 va 2020 (nhiét d6 ban ngay dao dong tw
16-20°C va ban dém tir 12-15°C), cudng d6 anh
sang ti 5-15kLux. Kha néng thich ting cua cac
chiing dugc xac dinh dua vao kha ning sdng va
hiéu tng tc ché quang hop bdi anh sang
(photoinhibition).

2.2.5. Anh huéng ctia anh sing LED xanh
dén kiém soat tap nhiém

Dén LED xanh d buéc séng 467nm dugc
chiéu b8 sung vao cac mau nhiém nguyén sinh
dong vat Nuclearia sp. véi cac khoang thoi gian
lién tuc tu 30 dén 180 phut/ngay trong khi van
duy tri chiéu sang dén huynh quang. Tac dong
cua anh sang dén mic d6 nhiém duge danh gia
bing cach quan sat mau duéi kinh hién vi sau
cac khoang thoi gian 1, 2, 3 va 4 ngay.
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2.2.6. Anh hudng cia dén LED trong diéu
kién nuéi mua déng

Thi nghiém dudc ti€n hanh trong cac bé dai
(raceway) vao vu déng xuan véi nhiét do bé nudi
ban ngay dao ddng trong khoang 17-25°C, ban
dém tit 12 dén 18°C. Tao dudc nudi trong bé
dién tich 40m?, chiéu sau nuéi 20cm, toc d6 dong
20 cm/giay. Anh hudng ctia d&én LED dugc danh
giad dua vao téc do sinh trudng riéng (u), thoi
gian thé& hé va ning suit trung binh/ngay. Dén
LED anh sang dé (R), anh sang xanh (B) va hon
hop véi ti 1& 7R:3B dudc chiéu bs sung lién tuc
trong 10 gio/ngay ti 8h sang dén 18h hang ngay
khi nhiét d¢ trong bé nudi 16n hon 17°C. Anh
hudng ciia dén LED dudc danh gia théng qua
téc do sinh trudng va mic do tap nhiém.

2.2.7. Xac dinh ham lugng cac sic té

a. Chlorophyll va carotenoid
Ham lugng chlorophyll a (Chl,) dugc xac

Spectrum
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dinh theo Park & cs. (2018) c6 cai tién nhu sau:
2g tao kho dudc trong 15ml hén hgp acetone va
nudc theo ti 18 thé tich (9:1), b6 sung 0,01%,
butylated hydroxytoluene, 1% Na,SO, va 1%
NaHCO,. Dung dich miu duge duge dit trong da
lanh va pha bing séng siéu Am 3 1an, mdi 1an 2
phit va cach nhau 5 phit sau d6 ly tam 6.000g &
4°C trong 10 phut (5430R, Eppendorf, Germany).
Ham lugng Chl, dudc xac dinh 6 buéc séng
662nm (Shimadzu, UV-2600, Japan) véi hé s6 téit
phan tl gam 6 budc séng 662nm 14 11,406 pg/ml.
Ham lugng (ug/ml) Chl,, chlorophyll b (Chl,), va
carotenoid téng s6 (C) dudc xac dinh theo
phuong phap cua Lichtenthaler (Lichtenthaler,
1987) bdi cac phuong trinh sau:

Chl, = 11,24 x ODg;, — 2,04 x ODy,;

Chl, =20,13 x ODg,5 — 4,19 x ODgg,

C, = (1.000 x OD,; — 1,90 x Chl, — 6.31 x
Chl,)/214

Spectrum
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Ghi chii: A: Pén LED xanh; B: Dén LED dé xanh ti 18 6:4; C: Dén LED do xanh ti 1é 7:3; D: Pén LED do.

Hinh 2. Phé anh sang dén LED d6 va xanh st dung trong thi nghiém
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Hinh 3. M6i tuong quan gitta khéi lugng khoé va dd hadp thu quang hoc cta tao A. platensis
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Ghi chi: Tao dugc nudi trong phong thi nghiém. A: LED huynh quang T8 Deluxe 36W; B: LED dd. C: LED xanh;
D: Chiing giéng Sp9 nudi dudi dén huynh quang (4nh sang tring), dé, xanh 6 cdc ti 1é do: xanh 6:4 va 7:3.

Hinh 4. Pudng cong sinh trudng ctia cac chliing tao xoan

Ham lugng Chl,, C, cuéi cung dude quy ddi b. Phycocyanin

va tinh theo lugng sinh khéi tao kho (mg/g). Ham lugng phycocyanin (PC) dudc x4c dinh
Ham lugng Chl, chiém ti 1¢ rat nhoé so v6i Chl, 6 theo Yoshikawa (Yoshikawa, 2008). Bot tao kho
tao xodn. (2g) duge ngdm trong dung dich dém phosphate
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0,1M chtia Na,HPO, va ly tam 20 phit 6 10°C,
téc d6 3.400g. Dich chtia PC dugc thu lai va do
OD ¢ buée séng 620, 650 va 280 nm. Ham lugng
PC dugc xac dinh theo cong thiec:

PC (mg/ml) = [Agy — (0,72 x Ags0))/6,29

Alophycocyanin (mg/ml) = [Ag, — (0,191 x

Ag)1/5,79 (Castro & cs., 2015).

Do sach ctia PC (c-phycocyanin) duge danh
giad dua vao ti 1& ODgy/OD,s. Néu ti 1& trong
khoang tu 0,65 dén 0,82 dugc coi la sach
(Herrera & cs., 1989).

2.2.8. Phan tich sé liéu

D6 thi duge vé bang Excel (2016). Mbi thi
nghiém duge lap lai it nhat 3 14n dé phan tich
gia tri trung binh va d6 léch chudn (SD). Sai
khac gitia cac gia tri trung binh dudc phéan tich
bing ANOVA v6i mic y nghia o = 0,05. Hau
kiém (Tukey’s test) dé xac dinh su khac nhau
gitta cdp cac gia tri trung binh.

3. KET QUA VA THAO LUAN

3.1. Tuong quan gitta mat do quang va khéi
lugng tao kho

Do tao xoin A. platensis c6 cau tric sgi véi
kich thuéc khac nhau gdm nhiéu té& bao lién két
véi nhau nén viéc xac dinh mat do t&€ bao bing
cach d&m du6i kinh hién vi sé khéng phut hgp.
Nghién citu gan day cho thay do hap thu quang
d buée séng 750nm tuong quan chit véi sinh
khoi (Melinda & cs., 2011). Trong nghién ctu
nay, tai mat do tdo cé gia tri OD,5, = 1,15, khéi
lugng tao khdé quy d6i tuong duong 0,975 g/l.
Trén co s6 pha lodng § cac mtc khac nhau, méi
tuong quan tuyén tinh gitia cac gia tri OD va
khéi lugng tao da dude xac lap 6 buéc séng
750nm (Hinh 3).

Viéc nghién cttu méi tuong quan nay cé §
nghia trong thuc tién san xudt va 1a co sé dé bo
sung moi truong dinh dudng dam bao cho tao
sinh trudng t6t qua cac 1an thu hoach.

3.2. Anh huédng ctia diéu kién chiéu sang

Khi chiéu 4anh sang (33,33
photon/m?/s), chung Sp9 va Sp6 c6 toc dd sinh
trudng riéng (u) cao nhat 0,147/ngdy vao ngay

triang
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tht 8 dén 10, thoi gian nhan d6i 4,7 ngay.
Khéng c6 su sai khac ¥ nghia vé téc d6 sinh
trudng cua cac chung gidng Sp2, UTEX-1928 va
NIES-46 (Hinh 4). Khi chiéu sing bang anh
sang LED dd, cac ching sinh trudng nhanh va
dat ¢ pha logarit vao ngay thi 7 dén 12. Chung
sp9 c6 téc do sinh trudng riéng cao nhat
0,158/ngay. Thoi gian nhan d6i Td = 4,4 ngay
(Hinh 5).

Téc d6 sinh trudng cua chung Sp2 thip
nhat trong tit ca cac diéu kién chiéu sang. Pén
LED d6 c6 anh hudng tich cuc téi toc do sinh
trudng va thoi diém can bang vao khoang ngay
thit 12-13 & tat ca cac chung giong, trong khi
dén huynh quang thoi diém nay vao ngay thu
14 (Hinh 5B). Anh sang xanh khong pha hgp
cho sinh trudng ctia tao, mat do chi tang 3 lan
sau 20 ngay nudi (Hinh 5C). Téc d6 sinh trudng
riéng cua chung Sp9 trong diéu kién anh sang
d6 va xanh tuong tng 1a 0,158 va 0,022 (gap 7,1
lan). Khi so sanh v6i anh sang huynh quang,
dén LED d6: xanh (6:4) cho toc do sinh trudng
thap hon chiing t6 ti 1& 4nh sang xanh cao sé tic
ché sinh trudng cua tdo. Cac két qua thu dudc
t¥ nghién ctu nay cling phu hop véi mot sb
nghién ctu truée ddy (Markou, 2014; Tian & cs.,
2018; Wang & cs., 2007). Anh sang dé kich thich
tang trudng, ting ham luong sic t6 Chl, va
phycocyanin do cac séc t6 hap thu t6i da ving
anh sang nay. Do d6, 4nh sang dd phu hgp cho
ca hai loai sic t6 Chl, va phycocyanin, gitp téo
sinh trudng tot hon.

3.4. Anh hudng ctua anh sang t6i ham lugng

cac sac to

O tio xo4n, sic t6 quang hop cha yé&u la
chlorophyll a va mét sd sic t6 hdé tr¢ nhu
carotenoid va phycocyanin do d6 ham ludng
chlorophyll sé ting ti 1& véi tdc do sinh trudng.
Khi chting Sp9 dudc chiéu sang bing 4nh sang d6
(dinh 660nm) ham lugng chlorophyll a chiém
1,21% va carotenoid chiém 0,41% khéi Iugng kho,
cao hon so véi chiéu sang bang dén huynh quang
tuong tng la 1,15% va 0,44%. Mac du anh sang
xanh khong phu hop cho sinh trudng nhung ti 1&
gitta ham lugng carotenoid/ chlorophyll a ¢ cac
diéu kién chiéu sang thi anh sang xanh kich
thich téng hgp nhiéu carotenoid hon, déc biét khi
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so sanh gitta chiéu sang bang anh sang xanh véi
ti 1é d6 xanh (6:4) va (7:3) (Hinh 5). Cac két qua
nay ciing phu hgp véi cac nghién ctiu tuong tu déi
véi cac chung gidng tao xodn khac trong ving
anh sang d6 va xanh (Miguel, 1990; Park & cs.,
2018; Thaweedet, 2012).

Anh sang db kich thich ting ham lugng
phycocyanin tit 1,17 dén 1,20 lan so véi anh
sang huynh quang, trong d6 chung Sp9 c6 ham
lugng phycocyanin cao nhit 1én t6i ngudng 16%

1,60 O0Sp2 mSpé @Sp9 @NIES-46

1,40
1,20
1,00
0,80
0,60

0,40

Ham lwong % (khéi lwong kho)

0,20

0,00

khéi lugng khé trong phong thi nghiém (Hinh 5)
va dat 14% khi nubi & bé raceway (s6 liéu chua
cong bd). Viéc két hop gifia anh sang doé va xanh
ti 1& 7:3 c6 tac dung lam ting ham lugng
phycocyanin nhung hiéu qua th&p hon so véi
anh sang @4 (a = 0,05). K&t qua nay ciing tuong
tu véi mot s6 nghién ctu khi st dung anh sang
LED dé diéu khién ham lugng phycocyanin va
sinh khéi tao xodn (Prates & cs., 2018; Tian &
cs., 2018).

B8 UTEX-1928

Chla
LED-7R3B

Cac diéu kién chiéu sang

OSp2 m Sp6

TL

18,00
16,00

T

14,00
12,00 %
10,00
8,00
6,00
4,00
2,00
0,00

Ham lwong phycocyanin (% khdi lwgng kho)

@ Sp9

ONIES-46 &UTEX-1928

\

T

=

W%
B

E AR

Huynh quang

LED-R

LED-6R4B LED-7R3B

Céac diéu kién chiéu sang

Ghi chu: Ham lugng chlorophyll a va carotenoid (A), ham lugng phycocyanin (B).

Hinh 5. Anh huéng ctia anh sang dén LED dén ham lugng cac sic t6
cua cac chung tao xoan
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Ghi chii: MAu tio bi nhiém Nuclearia sp. (A), vi tri tin céng cua Nuclearia sp. lam dit gdy soi tao (miii tén) (B),

cac dim tan ra cua Nuclearia sp. sau 2 ngay xu 1y bédng anh sang xanh, méi ngay chiéu 30 phiit (C).

Hinh 6. Hién tugng nhiém Nuclearia sp. trong cac bé nubi

Hiéu ting ting cudng téng hop phycocyanin
cling quan sat thiy trong cac nghién ctiu khac
khi st dung dén LED d6 va xanh (Bachchhav &
cs., 2016; Kilimtzidi & cs., 2019). Viéc st dung
dén LED van chua dudge ap dung nhiéu é quy md
16n, cht yé&u 1a do chi phi dau tu cao nén mot sé
noi st dung mang nylon loc sang dé c6 budc
séng nhat dinh khi nu6i tdo nhim tang
phycocyanin va mot s6 sic t6 khac (Evmorfia &
cs., 2019).

3.5. Anh huéng ctia anh sang t6i kiém soat
tap nhiém

Hién tuong tap nhiém it khi xay ra ngay ca
khi nudi trong diéu kién hd do méi trudng nuoi
tao c6 pH kiém, tit 9,5 dén 11,0 nén hau hét vi
khuén ciing nhu cac loai tao khac bi tic ché. Tuy
nhién, tap nhiém c6 thé xay ra & cac bé nudi kéo
dai trong thoi gian dai, giéng bi thoai héa, tiép
xtic v6i cac ngudn lay nhiém hoidc st dung
ngudn gidng bi nhiém. Tao xoin thudng bi
nhiém nhém luan trung (rotifer) va dong vat
hinh 1a
Branchionus sp. va Amoeba sp. hoiac Nuclearia
sp. (John & cs., 2017). Nuclearia sp. lay nhiém

nguyén sinh  (amoebae) dién

nhanh va lam tdo chét trong vai ngay véi cac
dau hiéu dit gay soi.

Ngay khi tiép xdc véi A. plantensis,
Nuclearia sp. thuong di chuyén theo dang trugt
amip va bam cac 16ng roi vao s¢i tdo, sau
khodng thoi gian tit 3 dén 5 phut, ban than tdo
A. platensis c6 sy van ddng nhe theo dang co
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giat va dit gdy soi, gidi phéng nguyén sinh chat
ra ving xung quanh (Hinh 6B). Dudng nhu
phin nguyén sinh chét sé 1a nguén dinh dudng
cho Nuclearia sp.

Sau khi chiéu dén LED xanh 30 phit &
ngay thi nhat, tat ca caic Nuclearia sp. c6 trong
mAau bi bién d6i hinh thai, dang van déng amip
bi ngting lai, khong xuat hién cac long va roi
trén bé mét mang t& bao. Hién tuong tan ra té
bao thanh cac dam nhd quan sat dudc d ngay
thia 2. Sau ngay tha 3, khong phat hién duge
cic t& bao Nuclearia sp. (Hinh 6C). Sau 4 ngay
chi€u sadng bd sung biang dén LED xanh, § t4t
ca cac cong thiic thi nghiém khéng thdy su
phuc héi cia Nuclearia sp. trong suét qua trinh
nudéi. Nguyén nhan cta hién tugng nay la do
nguyén sinh déng vat bi thay d6i tinh th&m
cia mang bdi anh sang xanh. Co ché& phan tu
do vung anh sang xanh lam thay d6i tinh tham
doi véi bom Na+/K+ (Finlay & cs., 2007). Day
la kénh van chuyén ion qua mang rit quan
trong do d6 khién cho nguyén sinh dong vat
nging van déong din dén bi @c ché va chét.
Nghién ctiu cia Roh & cs. (2018) khi thi
nghiém anh sang xanh 6 405 va 465nm da thay
tac dung tc ché nguyén sinh déng vat nhiém &
ca. Cac két qua nay goi ¥, anh sang xanh cé tac
dung tich cuc trong viéc kiém soat hién tugng
nhiém nguyén sinh dong vat khi nuoi tao xoén
trong diéu kién nudi cong nghiép do tac nhan
vat 1y nay an toan, chi phi thap, dé dang ap
dung 6 quy mb 16n.
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Thei gian (ngay)

Ghi chu: Pén LED xanh 467nm dugc chiéu b6 sung tir 30 dén 180 phiit/ngay. Nuclearia sp. dugc dém dudi kinh

hién vi.
Hinh 7. Anh hudng ctia anh sang LED xanh trong kiém soat 1ay nhiém
Bang 2. Anh hudng ctia dén LED dén téc do sinh trudng va
ning suit tao trong vu dong xuin
Chi tiéu Nguon Sp2 Sp6 SP9 UTEX-128 NIES-46
sinh trwéng sang

Téc d6 sinh bC 0,094 + 0,012° 0,097 + 0,014% 0,113+ 0,012° 0,098 + 0,012° 0,109 + 0,013°
trwdng riéng (u) c d d d d
*) R 0,124 £ 0,017 0,135+ 0,013 0,139 £ 0,014 0,132 £ 0,012 0,133 £ 0,014

7R:3B 0,125 + 0,012° 0.13810,011d 0.141 i0,015d 0,133i0,009d 0,129 + 0,015°
Thoi gian thé 1510 7,37 +0,82° 7,14 0,85 6,13 +0,91° 7,07 +0,85° 6,35+ 0,72°
hé/ngay c c d c 4

R 5,58 £ 0,62 5,13+0,86 4,98 +0,16 5,25+ 0,62 5,21+0,72

7R:3B 5,54 +0,61° 5,02 +0,72° 491+ 0,56d 5,21+0,71c 5,37 + 0,56°
Nang suét trung bC 0,082 + 0,010° 0,084 + 0,012% 0,092 + 0,011° 0,086 + 0,011° 0,089+ 0,009°

binh (g/l/ngay) (**) R

7R:3B

0,112+ 0,009°
0,103 + 0,007°

0,114 £ 0,017°
0,112 £ 0,015°

0,121 +0,019°
0,119 + 0,021°

0,109 + 0,015°
0,112 £ 0,012°

0,114 £ 0,018°
0,112 + 0,009°

Ghi chi: DC: Déi chiing (diéu kién anh sang tu nhién trong nha Iuéi). Pén LED véi 4nh siang dé (R) va hén hop
anh sang doé va anh sang xanh (B) theo ti 1é khac nhau. (¥): giai doan sinh trudng logarit (ttu ngay thit 9 dén
ngay 10) sau khi cdy gibng. (**): ngay 14 tinh tir khi c4y giong. Céc ky hiéu a,b,c va d thé hién su sai khéc c6 y
nghia é miic a = 0,05 khi so sanh cdp cac gia tri trung binh.

3.6. Anh huéng ctia anh sang dén LED dén
téc do sinh trudng va nang suit tao trong
vu dong xuan

Khi hau mién béc Viét Nam dién hinh c6
mua dong lanh v6i nhiét d ban ngay tu
15-20°C va nhiét d6 ban dém c6 thé dudi 12°C.
Ngoai ra, thoi gian chiéu sang va cudng d6 4nh
sang giam di kém v6i mua phun nén rat khé
kh#n khi nuéi tao vao mua dong. Ngoai ra, hién
tugng quang tic ché (photoinhibition) dién ra rd
rét véi nhiéu chiing gidng.

Két qua thii nghiém chiéu sang dén LED do
va d6 xanh véi ti 1&é 7R:3B trong vu déng (Bang
2) cho thay, téc d6 sinh trudng riéng (u) & cac
cong thic b6 sung dén LED d6 cao hon nhiéu so
v61 anh sang ty nhién. Gia tri OD,;, dat 1,18 tai
ngay thd 15 § céng thic chidu anh sang dd cao
hon tit 1,2 d&n 1,3 1an va thoi gian thé hé dugc
riat ngin trong khoang tit 1-2 ngay so véi chi st
dung 4nh sang tu nhién. Déi véi chung Sp9 khi
bé sung 4nh sang doé trong vu déng xuin da
tang nang suit 1,3 1an so véi d6i chiing.
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Ghi chi: Tao giéng nuéi trong éng thuy tinh duong kinh 70 mm, chiéu cao 600 mm véi 4nh sang huynh quang
(A) va dén LED (B) trong phong thi nghiém. Chiéu bé sung dén LED & bé raceway trong nha Iudi vao vu déng

xudn (C).

Hinh 8. Anh huéng ctia dén LED dén sinh truéng ctia tdo xoian trong vu déong xuan

Trong diéu kién nudi ngoai tréi vao mua
déng, dén LED do va LED do:xanh (7:3) cho hiéu
qua tich cuc, rit ngin thdi gian sinh trudng va
nang suat sinh khoi ting ti 1,2 dén 1,3 1an. Theo
tinh toan, ldi ich t viéc ting ning suit do su
dung dén d6 vao mua déng dem lai hiéu qua kinh
t& cao hon khi so sanh véi déi chiing chi st dung
anh sang tu nhién. Chi phi ning lugng cho dén
LED la khong dang ké, va chi phi dau tu dén

LED c6 thé thu hdi sau tit 5-6 1an thu hoach (s6

lugng khong cong bo). Mic du viéc chiéu sang bo
sung c6 tac dung tich cuc dén quang hop, nhung
khi nhiét d6 xuong thap dudi 13°C sé dan dén
hién tugng quang tic ché khi cuong dé chiéu sang
16n hon 20kLux (tuong duong 370 photon/s/m?).
Trong diéu kién nay, tdo c6 xu huéng vén tao
thanh cac hat thay vi ¢ dang huyén phu déng
nhat (s6 liéu khong chi ra 6 day). Do dé6 khi nhiét
dd ngoai trdi dudi 13°C cAn chd § dén hién tugng
quang tc ché dan dén tdo ngling sinh trudng
hodc chét. Viéc chidu sang dén LED d6 bo sung
tot nhat vao ban ngay khi nhiét d6 mdi trucng
trong bé nudi da tiang lén. Nghién ctu tuong tu
trong diéu kién ty nhién khi nhiét d6 xudng thap
ciing dugc dé cap trong mot sd nghién ctiu
(Vonshak, 1994; Vonshak, 1997; Vonshak, 2006;
Kilimtzidi & cs., 2019).
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4. KET LUAN

Cac chung tao khao sat déu cé kha ning
thich tng t6t trong diéu kién mién Béc Viét
Nam, trong d6, chiing tdo Sp9 c¢6 kha nang thich
tng t6t nhat c6 thé dua vao san xuit. Anh sang
dén LED c6 tac dong khac nhau dén sinh trudng
va ham lugng sdc t6. Anh sang dd c6 tac dong
tich cuc dén sinh trudng va téng hop sic t6 bao
gbm ca chlorophyll a va phycocyanin. Anh sang
xanh mac du khéng c6 tac dung tich cuc dén
sinh trudng cta tao xodn 6 tit ca cac ching
khéo sat nhung cé tac dung tc ché va loai bd cac
tac nhan tap nhiém thudc nhém dong vat
nguyén sinh (Nuclearia sp.). Khi nuéi tdo vao
mua dong, viéc chi€u sang b sung bing dén
LED d6 hosc ti 1& d6 xanh 7:3 ¢6 tac dung ting
cudng quang hop va kiém soat duge hién tugng
tap nhiém. Nhu vay, trong thuc tién san xuit
tdo xodn c6 thé didu khién ham luong séc t6
phycocyanin béng cach st dung cic ngudn anh
sang d6 ¢ budc séng 660nm.

LOI CAM ON

Nghién ctiu duge S6 Khoa hoc va Céng nghé
Ha Noi cap kinh phi cho dé tai: “Nghién ctiu
tuyén chon chung vi tao Spirulina platensis phu
hop véi diéu kién khi hau mién Bic Viét Nam,



Nguyé&n Btrc Bach, Nguyén Phan Khué, Phi Thi CAm Mién, Kim Anh Tun, Nguy&n Thj Hién

xdy dung quy trinh coéng nghé nhan giéng va
nudi thu sinh khéi tdo khé”, thudc chuong trinh
Coéng nghé sinh hoc, ma s6: 01C-06/02-2018-3.

TAI LIEU THAM KHAO

Ahsan M., Mashuda P.T.C., Huntington M. & Hasan R.
(2008). A review on culture, production and use of
spirulina as food for humans and feeds for
domestic animals and fish. FAO Fisheries and
Aquaculture Circular No. 1034.

Bachchhav M.B., Kulkarni M.V. & Ingale A.G. (2016).
Enhanced phycocyanin production from Spirulina
platensis using light emitting diode. Journal of The
Institution of Engineers (India): Series E.
98(1): 41-45.

Castro G.F.P., Rizzo R.F., Passos T.S., Santos B.N.C.,
Dias J.R., Domingues K.G. & Aratjo L. (2015).
Biomass production by Arthrospira platensis under
different culture conditions. Food Science and
Technology (Campinas). 35(1): 18-24.

Silva A.F., Lourenco S.O. & Chaloub R.M. (2009).
Effects of nitrogen starvation on the photosynthetic
physiology of a tropical marine microalga
Rhodomonas  sp. (Cryptophyceae). Aquatic
Botany. 91(4): 291-297.

Evmorfia K., Sara C.B., Giorgos M., Koen G., Dries
V., Koenraad M., Finlay B. & Fenchel T. (2007).
Enhanced phycocyanin and protein content of
Arthrospira by applying neutral density and red
light shading filters: a small-scale pilot experiment.
Journal of  Chemical  Technology  and
Biotechnology. 94(6): 2047-2054.

Finlay B. J. & Fenchel T. (1986). Photosensitivity in
the ciliated protozoon Loxodes: Pigment granules,
absorption and action spectra, blue light
perception, and ecological significancel. Journal
of Eukaryotic Microbiology. 33(4): 534 - 542.

Herrera A., Napoleone A. & Hohlberg A. (1989).
Recovery  of  c-phycocyanin  from  the
cyanobacterium Spirulina maxima. Journal of
Applied Phycology. 1: 325-331.

John G.D., Yingchun G. & Qiang H. (2017).
Microzooplanktonic grazers - A potentially
devastating threat to the commercial success
of microalgal mass culture. Algal Research.
27:356-365.

Kilimtzidi E., Giorgos Markou S.C.B, Koen G., Dries
V. & Koenraad M. (2019). Enhanced phycocyanin
and protein content of Arthrospira by applying
neutral density and red light shading filters: a
small-scale pilot experiment. Journal of Chemical
Technology and Biotechnology. 94(6): 2047-2054.

Kim Lé Chan, Trin Swong Ngoc, Huynh Thi Ngoc
Hién & Truong Qudc Phu (2018). Anh hudng cia

mau sic 4nh sang 1én sw phat trién cia tao
Spirulina platensis. Tap chi Khoa hoc, Truong Dai
hoc Can Tho. 54(9B): 75-81.

Lichtenthaler H.K. (1987). Chlorophylls and
carotenoids: pigments of  photosynthetic
biomembranes. Methods Enzymol. 148: 350-382.

Markou G. (2014). Effect of various colors of light-
emitting diodes (LEDs) on the biomass
composition of Arthrospira platensis cultivated in
semi-continuous mode. Applied Biochemistry and
Biotechnology. 172(5): 2758-2768.

Melinda J.G., Rob Van Hille C.G. & Susan T.L.H.
(2011). Interference by pigment in the estimation
of microalgal biomass concentration by optical
density. Journal of Microbiological Methods.
85(2): 119-123.

Menegotto A.L.C., Luciane C. & Cristiane C.E. (2016).
Potential application of microalga Spirulina
platensis as a protein source. Journal of the
Science of Food and Agriculture. 97(3):724-732.

Miguel O. (1990). Effects of light intensity and quality
on the growth rate and photosynthetic pigment
content of Spirulina platensis. Journal of Applied
Phycology. 2: 97-104.

Park W.S., Kim H.J., Li M., Lim D.H., Kim J., Kwak
JJ., Kang C.M., Ferruzzi M.G. & Ahn M.J.
(2018). Two Classes of Pigments, Carotenoids and
C-Phycocyanin, in Spirulina powder and their
antioxidant activities. Molecules. 23(8): 2065.

Prates D.D., Radmann E.M., Duarte J.H., Morais M.G.
& Costa J.A.V. (2018). Spirulina cultivated under
different light emitting diodes: Enhanced -cell
growth and phycocyanin production. Bioresource
Technology. 256: 38-43.

Ragiba H.S.G. (2019). Light Emitting Diode (LED)
[llumination for enhanced growth and cellular
composition in three microalgae. Advances in
Microbiology Research. 3(1): 1-6.

Roh H.J., Kim A., Kang G. & Kim D.H. (2018). Blue
light-emitting diode light at 405 and 465 nm can
inhibit a protozoan infection in olive flounder,

Paralichthys  olivaceus. ~ Aquaculture.  493.
10.1016/j.aquaculture.2018.04.045.

Thaweedet C., Siripen T. & Richard L. (2012). Effect
of light quality on biomass and pigment production
in photoautotrophic and mixotrophic cultures of

Spirulina  platensis. Journal of Agricultural
Technology. 8(5): 1593-1604.

Tian F., Buso D., Wang T., Lopes M., Niangoran U. &
Zissis G. (2018). Effect of red and blue LEDs on
the production of phycocyanin by Spirulina
Platensis  Based on photosynthetically active
radiation. Journal of Science and Technology in
Lighting. 41(0): 148-152.

647



Nghién ctru anh hwdng clia dén LED dén sinh trudng, ham luong sac tb va kha nang thich (ng ctia mét s6 ching
tdo xoan Arthrospira platensis trong mua dong & mién Bac Viét Nam

Vonshak A. (1997). Spirulina platensis (Arthrospira):
Physiology, cell-biology and biotechnology.
Taylor & Francis.

Vonshak A. (1994). Effect of light and temperature on
the photosynthetic activity of the cyanobacterium
Spirulina platensis. Biomass and Bioenergy.
6(5): 399-403.

Vonshak A. (2006). Photoadaptation, photoinhibition
and productivity in the blue-green alga, Spirulina
platensis grown outdoors. Plant Cell and
Environment. 15(6): 613-616.

Vd Hong Trung, Nguyén Thi Bich Ngoc, Tran Huynh
Phong & Nguyen Thi Hong Phuc (2017). Anh
hudng cua chat lugng anh séng 1én sy tang truong,
ham Iugng carbohydrate va protein & Spirulina sp.
Tap chi Khoa hoc, Truong Pai hoc Su pham thanh
pho HO6 Chi Minh. 14(12): 117-126.

648

Wang C.Y., Fu C.C. & Liu Y.C. (2007). Effects of
using light-emitting diodes on the cultivation of
Spirulina  platensis. Biochemical Engineering
Journal. 37(1): 21-25.

Yoshikawa O. (2008). Single-laboratory validation
of a method for the determination of c-
phycocyanin and allophycocyanin in Spirulina
(Arthrospira) supplements and raw materials by
spectrophotometry. Journal of AOAC
International. 91(3): 524-529.

Zarrouk C. (1966). Contribution a I’etude d’une
cyanobacterie: influence de divers facteurs
physiques et chimiques sur la croissance et la
photosynthese de Spirulina maxima (Setchell
et Gardner) Geitler. PhD thesis, University of
Paris, France.



