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Nghién ctru thir nghi€m nuoi tao Chaetoceros calcitrans
trong hé thong quang sinh van hanh bang khi
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Tom tiit:

Chaetoceros calcitrans 1 10ii tao silic nwée man, kich thwée nhé, c6 ham lwgng dinh duéng cao, dwge sir dung phé bién 1am
ngu(“)n thirc in cho Au trung cic loai thuy sén. O Viét Nam, tio C. calcitrans dwge nhan gi(")ng tlr cac binh nhé, sau dé niang
dén thé tich nudi téi cac bé hé 16m. Mic di tio C. calcitrans dwge nudi ¢ nhiéu co s¢' san xuét gibng thuy sin nhung qua
trinh nudi vin gip nhiéu khé khin, nhuw tio phat trién khong 6n dinh, mat d thap hodc dé bi tan lui, nguyén nhan do tap
nhiém, chit lrgng gidng ban diu khong dong déu, khudy tron khi chwa hiéu qua va nhiét do khong n dinh. Nghién ciru nay
thir nghiém h¢ thong quang sinh van hanh bing khi déy (Air-lift photobioreactor - ALPBR) dé nhén giong C. calcitrans. H¢
thong ALPBR duwoc lip dit bing cac 6ng thuy tinh cé dwong kinh 32 mm va tong chiéu dai 18 m, thé tich 14,5 1. Piéu kién
van hanh cia hé théng 6 mat dd tiép gidng 0,5-0,75x10° té& bao/ml, tdc do dong 40 cm/gidy va cwomg dd anh sang 12,5 klux &
nhiét dj 26-28°C. Mt dd tao C. calcitrans dat cao nhit & mirc 7,65x10° té bao/ml. Két qua thir nghiém ban dau cho thiy c6
thé 4p dung h¢ thong ALPBR dé nhan giéng va sinh khdi tio C. calcitrans 1am thirc in cho nudi trong thuy sin.

Tir khéa: Chaetoceros calcitrans, cwong dd anh sang, hé théng quang sinh van hanh bing khi, dxy hoa tan, téc do dong chay.

Chi 56 phin loai: 4.6

Téo C. calcitrans thude nhém tao silic, té bao co kich
thudc nho, sinh truong nhanh, ham lugng dinh dudng cao,
dic biét chira axit béo khong no da ndi d6i (PUFAs) [1, 2].
Chinh vi vay, tdo C. calcitrans dugc nudi phé) bién dé lam
thirc an cho 4u trung thuy san, dic biét 1a nhom giap xac va
nhuyén thé [3, 4]. V& mat hinh thai, t& bao tao C. calcitrans
¢6 kich thudc nho (2-8 pm), dang hinh hop 16ng, té bao hinh
vudng hoidc chit nhat ¢ 4 goc co 2 cdp gai (seta) trong ddi dai
[5]. Cac nghién ctru vé C. calcitrans va C. muelleri & Viét
Nam tp trung vao phan 1ap va xdc dinh anh huong cua moi
trudng, cac dleu kién nuéi dén sy sinh truong cua tao [3-7].
Thyc té, tao giéng C. calcitrans thuong dugc nudi trong cac
moi truong long nhu F/2, Walne hodc Conway stir dung céc
binh nhya hay thuy tinh nho, sau d6 dugc nhéan tiép trong
cac binh 16n hon (tir 5 dén 10 1) trong phong thi nghiém
hodc phong mat 20-28°C, sir dung anh sang tring, cuong do
tir 2 dén 5 klux va suc khi v&i mat do dat duge dao dong tu
106 dén 5x10° t& bao/ml [3-7]. Hién nay & Viét Nam, cac co
sO nhan giéng thuy san quy mo vira va nho thuong nhan tao
giéng trong phong, sau d6 tiép tuc nudi trong cac tai nylon,
binh, x6 nhya 16n (thé tich tir 30 dén 100 1), cudi cing s&
nhan sinh khéi trong cac bé 16n thé tich 2-10 m? hodc 16n
hon, dat ngoai troi dudi méi che cit sang bang ludi nylon
den hodc nudi trong nha dé 1am thirc an tuoi cho 4u tring.
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Mac du qua trinh nudi tdo Chaetoceros sp. trong nudc
hién nay da dat duoc nhidu két qua [3-8]. Tuy nhién, khi
khao sat thuc té tai cac trai, co s¢ san xuét giéng thuy san
& Nam DPinh, Ninh Binh, Hi Nam, Hai Phong van thuong
gdp mot s van dé kho khan nhu chwa cha dong duogc ngudn
gidng ban dau, muc do tap nhiém ting dan theo thoi gian,
quy trinh nuoi chua on dinh, cac diéu kién nuoi nhu nhiét
do, anh sang va khuéy tron (suc khi) chua duogc chuan hoé
nén tao sinh trudng chdm, mat d6 nudi sinh khdi con thip
hon nhiéu so v6i khi nudi trong phong Hién tuong tao bi
tan lyi dot ngot hoac mat do thap van thuong xay ra nén
chua dép ung duoc nhu cau thirc n cho 4u trang, din dén
thiét hai kinh t& va cong strc cho ngudi lam giéng. Do do,
can thyuc hién cic nghién ctru va thir nghiém dé tim ra giai
phap ky thuat va mé hinh nu6i méi, nham 6n dinh quy trinh
nudi, nang cao mat do, do déng déu va chat lugng sinh khdi
tao.

Dén nay, nhiéu hinh thirc nudi tao sir dung tai polyethylen,
binh polycarbonate, bé raceway hoidc cac hé théng quang
sinh (Photobioreactor - PBR) dang ¢t (bubble column) hodc
dang dng (tubular PBR) dugc suc khi hodc diy bang bot khi
dé khudy tron hay tao dong chay dé lam thirc an cho thuy
san [9, 10]. Trong d6, hé théng PBR da dugc nghién ciru
va thir nghiém & cac quy mé khac nhau tai nhiéu qudc gia
trén thé gidi [11-15]. Mic du chi phi 1ip dat twong dbi cao
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Abstract:

Chaetoceros calcitrans is a marine planktonic diatom with
small-sized and high-nutrient commonly used as a feed for
larvae of aquatic species. In Vietnam, C. calcitrans is often
cultivated from small vessels and subsequently gradually
increased the culture volume to large open tanks. Although
C. calcitrans is widely cultured in aquaculture hatcheries,
the cultivation process is still facing many difficulties such
as unstable growth, low density or collapse due to the high
risk of contamination, low quality of seeding, insufficient
mixing or aeration and the control of ambient conditions.
This study investigated the airlift photobioreactor systems
(ALPBR) for seedling cultivation of C. calcitrans. The
ALPBR was constructed by using transparent glass tubes
with a diameter of 32 mm, a total length of 18 m, and
volume 14.5 1. The system was optimally operated at an
inoculation of 0.5-0.75x10° cell.ml, the flow rate at 40 cm.s™
and the solar light intensity at 12.5 klux at a temperature of
26-28°C. The highest cell density was at 7.65%10° cells. ml.
The obtained results may develop a model scale-up for algae
seeding and biomass production as feed for aquaculture.

Keywords: air-lift photobioreactor, Chaetoceros calcitrans,
dissolved oxygen, flow rates, light intensity.

Classification number: 4.6

va van hanh phirc tap nhung cac hé thong PBR ¢6 nhiéu uu
diém nhu rat ngan thoi gian sinh trudng cia tao do tan dung
anh sang tdi da, mat do tao cao hon cac hé thong nudi khac
va giam nguy co tap nhiém [16-18]. Cac hé thong PBR van
hanh bing bom ly tdm thudng gay ap luc, stress cho tao
trong dudng 6 dng, co6 thé lam gy roi, hu hai t& bao va anh
huong dén sinh trudng cua tao [19-21]. Tuy nhién, hé thong
ALPBR st dung khi nén sé tao bot dé ddy dong chay giup
hé théng van hanh mét cach nhe nhang, giam ap luc va tac
dong co hoc 1én tao, do do phu hop voi cac loai tdo co long
roi nhu Chaetoceros, Skeletonema, Isochrysis, Tetraselmis
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[19-21]. Hé théng ALPBR vé co ban duoc thiét ké twong tur
nhu cac hé théng PBR dang éng kin va tuan hoan, tuy nhién
thay vi st dung bom day/hiit dé huyén phu vi tao di chuyén
trong cdc ong thuy tinh thi sit dung khi qua b phén tao bot
de lam giam ap sudt cuc bo tai vi tri dua khi vao trong long
ong. Viéc tao ap suét giam cuc bd s€ tao luc kéo lam cho
dong huyén phu vi tao di chuyén, dong thoi khong gay ap
luc co hoc 1én dudng 6ng ciing nhur vi tao, do d6 phu hop dbi
v6i céc lodi tdo c6 1ong roi hoic man cam véi cac tic dong
co hoc. Trén thé giéi da c6 nhidu nghién ctru va ung dung
hé théng ALPBR dé nhan gidng va sinh khéi vi tao [19-21].

Viéc md rong dién tich nuoi tréng thuy san dan dén nhu
cau ngudn thirc an cho con giéng thuy san s& ngdy cang
tang, chinh vi vy viéc nghién ctru phat trién cac mé hinh
nuodi tao khép kin, trong d6 ¢6 d6 hé thong ALPBR dé nhan
gidng va san xuat sinh khéi vi tao & quy mé 16n 1a nhu cau
cua thuc tién. Dén nay, vi€éc nghién ctru va tng dung h¢
thong ALPBR ¢ Viét Nam con han ché, do d6 voi myc tiéu
phat trién hé théng nudi tao theo mé hinh ALPBR, nghlen
clru nay da thir nghiém danh gia anh hudng cua mét s6 yéu
t6 dén su sinh truong cia tao C. calcitrans trong hé théng
ALPBR & quy mo thi nghiém, bao gdm téc do dong chay,
cuong do anh sang, nong do 6xy hoa tan (DO). Nghién ciru
tao co s& ban dau dé 4p dung lip dat cac hé théng nhan
giéng tao khép kin lién tuc hodc ban lién tuc ¢ quy lon nham
khic phuc nhugc diém cua cac hé théng nudi ho theo mé
hién nay, hudng t6i cha dong san xudt tao gidng va sinh
khéi cho cac co sé san xuat gidng thuy san.

Vat liéu va phuong phap nghién ciu

Vit li¢u

Chiing giong: Tao C. calcitrans (Paulsen) Tanako 1968
tor Pai hoc Tsukuba Nhat Ban véi ma chung CCMP1315

duoc luu gilt trong mdi truong thach ban long (4% agar)
trong moi truong Erdscheiber cai tién [22, 23].

Mébi truong bdo qudan ching giong: Mbi truong
Erdscheiber cai tién véi cac thanh phan (mg/l): NaNO,
(196,35), Na,HPO,7H,0 (17,69), CaCO, (0,00025),
FeCl,.6H,0 (2 35), MnCl A4H,0 (0,432), ZnSO TH,O
(0, 264) CoCl 6H,0 (0, 048) NaMoO,.2H,0 (0 003)
Na EDTA.2H, O (12) vitamin B, (0, 00113) pH 7,5 [22].
M01 truong du’oc b6 sung 50 ml dlch chiét dat/l. Dich chiét
dat duoc chuan bi bang cach lay 200 g dat kho nghién thanh
bot va khudy déu voi 1 1 nudc cit, sau d6 duoc loc va hap
vo tring. Moi trudng ban long duoc b sung 4 g agar/l va
vo trung 6 121°C trong 30 phut. Méi truong duoc bao quan
trong t6i & nhiét do 4°C cho t6i khi st dung (vitamin B,
bd sung ngay trudce khi dung). Tado dugc gilt & nhiét do
15-17°C, chiéu sang bang dén huynh quang 18 W Rang
bong (Model: FL T8-18W Deluxe) ¢ cuong d 700 lux theo
chu ky séng tbi 16/8.
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Méi truong nuéi long: Méi trudng Conway cai tién
dugc st dung cho hé théng ALPBR gém cac thanh phﬁn
(g/N): KNO, (100), Na,PO, (20), NaHEDTA.2H,O
(45), FeCl,.6H,O (1,3), ZnCl, (4,2), MnCl,.4H,0 (0,36),
CoCl,.6H,0 (4,0), CuSO,.5H,0 (4,0), (NH,),Mo,,.4H,0
(1,8), H BO ,(33.,4), Th1am1nHCl (0,2), CyanocobalamlnﬂB
(0,01), pH 7 5 [23]. Mubi bién nhan tao ORIiTA (ORITA
Salt, Aquaculture™) bd sung véi ham lugng 25 g/l, mudi
silicate Na,Si0,.9H,0 duoc bo sung vao voi ham lugng
30 mg/l. Be loal bo cac yeu t6 tap nhidm, moi truong
Conway sau khi pha dugc bo sung chlorine Ca(OCl,) 6 nong
d6 20 ppm trong 120 phit sau d6 trung hoa bang Na,S O,
20 ppm. Moi truong sau do dugc cho chay qua 16p bong 1(_)c
va chtra vao binh dé sir dung.

Peén LED va ché dj chiéu sang: Trong nghién ciru nay,
dén LED T8 Deluxe 22 W 1,2 m, bong thuy tinh, ngudn roi
(Model: BD TTO1 NR M11/22Wx1, d6 sang 2500 Im, nhiét
d6 mau 5000 K) cua Cong ty C6 phan bong dén phich nudc
Rang Pong duoc st dung dé chiéu sang cho tao trong phong
thi nghiém. Thoi gian chiéu sang 16:8 va cuong do chiéu
sang dugc st dung tir 2 klux & giai doan méi tiép giéng va
duoc diéu chinh tang 1én 5 klux sau 3 ngay tinh tir thoi diém
tiép gidng. DAi v6i hé théng ALPBR, st dung anh sang tur
nhién, cuong do anh sang dugc diéu tiét béng lué6i cat sang.

Thiét ké va van hanh hé thong ALPBR: Hé thong dugc
thiét ké va lap dat dya trén co so tham khao nhiéu cong bd
nude ngoai [24, 25]. Khung ctia hé thong dugce thiét ké bang
kim loai ¢ chiéu dai 195 cm, rong 110 cm dé dd cac 6ng
thity tinh. M6 hinh thi nghiém gom 10 6ng thay tinh dai
1200 mm, duong kinh trong 32 mm, d¢ day 0,5 mm dugc
ndi v6i nhau béng cat nhua PVC véi 2 dau cudi dugce dat
trong bé chtra bang nhya lap dit cao hon so véi éng & trén
cing 200 mm. Chiéu dai toan bo duong dng 18 m va téng
thé tich cua hé théng dat 14,5 1. Hé théng duoc van hanh
bang khi nén (Pegasus TM-OF600-25L) diéu chinh bang
van diéu ap. So d6 ciu tao va nguyén 1y hoat dong ciia hé
thdng dugc trinh bay ¢ hinh 1.
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Hinh 1. So’ d6 lap dat va van hanh hé théng ALPBR.

Ghi chu: (1) Binh chira méi trwdng nudi tao; (2) Bom ly tam day méi truong; (3)
May nén khi; (4) Cat loc khi; (5) Gia d& hé thdng quang sinh; (6) Ong thuy tinh
duwong kinh 32 mm; (7) Ong dan khi; (8) Ong dan méi trwéng nudi tao; (9) Bo
phan tron khi va lat cat ngang dwoc phéng to; (10) Vi tri dau ra clia dong chay;
(11) Vi tri dAu vao cia dong chay; (12) B& xa khi, (13) Ong dan xudng, (14) Vi
tri mé lay tdo ra khdi hé thong st dung trong treng hop nuéi ban lién tuc; (15)
Van khi 1 chiéu; (16) B& phan tao bot khi. Chiéu mdii tén thé hién chiéu dong
chdy hodc dwong di clia dong khi.
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Phwong phap nghién ciru

Khi day sau khi di qua mang loc dugc dan vao bd phan
tao bot khi dé day dong chat 1ong hudng 1én trén di vao bé
chira. Bé chira c6 tac dung xa khi 6xy va két ndi giita phan
dau vao va diu ra cia hé théng tao vong khép kin. Toan bo
hé thong duoc dit trong nha ludi c6 mai che va ludi den dé
cit sang, nhiét do duogc diéu tiét bang phun hoi nude. Cudong
d6 anh sang dugc diéu chinh bing cach sir dung ludi che
cét sang trong pham vi tir 2,5 dén 20 klux. Trong diéu kién
nuoi o nha ludi, cuong dd anh sang trung binh & giai doan
2 ngay dau tién tir khi bat tiép giéng & mat do 0,5 triéu té
bao/ml dugc diéu chinh trung binh khoang 3-4 klux [5, 6].
Tir ngay thr 3 sau khi tiép gidng, khi mat do té bao tang 1én,
cuong d6 anh sang dwoc diéu chinh bang ludi che & muc i
da 20 klux.

Xdc dinh mdt do cua tdo: Mat d¢ té bao duoc x4c dinh
bang budng dém Improved Neubauer. Mat d6 dugc tinh
theo cong thire: C=(5N;+1/2N )x5x201x 104 (te bao/ml).
Trong d6, C 1a mat do té bao/ml N la tong sb té bao trong
5 6 16n ciia budng dém (khong tinh nhiing té bao dinh vao
phan bién ngoai); N, 14 s0 lugng té bao & 4 canh ctia 5 6 16n
[26].

Do thi twong quan gitta mdt do té bao va mdt dé quang
hoc A, D& dénh gid toc d6 sinh truong cta tao, do thi tuong
quan gitta d’(f) hap thu quang hoc & budc sénqg 680‘nm (A
va mat do t€ bao dugc xay dung [27]. Cu thé, huyén phu tao
& cac mirc d6 pha lodng khac nhau dwoc dong thoi dém té bao
va do do hép thu quang hoc A680 trong khoéng tir 0,2 dén 0,8
dé xdy dyng dd thi twong quan bang phan mém Excel.

Xac dinh toc dg sinh truéng riéng (1n): Pugc xac dinh &
pha sinh trudng logarit theo cong thirc sau:

_InN,-InN,
L-4

trong d6: N, va N, 1a mat do té bao & thoi diém tvat;tla
thoi gian (ngay) ThO’l gian nhan do6i hay thoi gian the h¢
(doubling time) Td=In(2)/u (ngay).

Xdc dinh moi twong quan giita heu heong khi va toc do
dong chay trong hé thong: Dé xac dinh tbc d6 dong chay
phti hop trong qua trinh nudi tao, d6 thi twong quan gitra
tbc do dong chay va luu lugng khi dugce xay dung. Tdc
do dong chdy duoc xac dinh thong qua cach do do dan
dién dung nudc khir ion dé chay trong hé thong va dung
dich NaCl bao hoa (360 g/l hay 6,15 M) dugc dung lam
chat danh dau [28]. D6 din dién duogc do lién tuc bang may
do d6 dan dién (Hanna Instruments HI993301-02, dién cuc
EC HI7630, Rumani). Khi hé thong chay 6n dinh & mét luu
luong khi nhét dinh, dién cuc cua may do d6 dan dién duoc
dit ¢ phan dau ra bo tach khi long dé do do dan dién, sau khi
gia tri do voi nude khir ion trong hé théng 6n dinh, 10 ml
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dung dich NaCl bao hoa dugc bom vao dau vao cua hé
théng va gia tri d0 dan dién duoc do lién tuc. Khoang thoi
gian (Dt=T-T)) dugc tinh tur thoi diém NaCl bio hoa (T,
duoc bod sung & vi tri dau vao cta hé théng cho t41 khi xac
dinh dugc d6 dan dién cuc dai tai dinh (T). Khoang thoi
gian dong chét 1ong di qua hét chiéu dai dudng dng dugc
goi la thoi gian chay 1 vong hay chu ky. Qua trinh do dugc
lap lai it nhat 3 lan dé thu dugc gia tri 6n dinh & mdi luu
luong khi ddy vao hé thong.

Xdc dinh nong d¢ o6xy hoa tan trong ong: Nong do
oxy hoa tan (DO, mg/l) dugc do bang may do DO (Hana
instruments HI98193, dién cyc DO HI764073). Nong do
DO tao ra do quang hgp dugc xac dinh trong diéu kién chiéu
sang bang 4nh sang tw nhién trong nha ludi véi cac cudng do
tir 2,5 dén 20 klux (twong dwong 135 dén 1080 pmol.m2.s™)
[29]. Nhiét d6 tai thoi diém thi nghiém dao dong diéu chinh
trong pham vi 26-28°C st dung luéi den va phun hoi nuéc
lam mat.

Xdc dinh moi twong quan gitta cwong d¢ dnh sang va
nong dé DO: 4 mirc cuong d6 anh sang khac nhau tir 2,5 dén
20 klux dugc str dung trong qua trinh nu6i tdo. Cudng do anh
sang dugc do bang may Milwaukee, Rumani-Eu, MW700.
Nhiét do nuoi hé théng dat nha ludi duge kiém soat trong
pham vi 26 dén 28°C. Mau tao dugc léy ra do do hép thu
quang 6 A, nm sau mdi ngay nudi [27].

Xdc dinh méi twong quan giita toc dé dong chay va nong
d¢ DO: Nong d6 DO tich luy trong qua trinh quang hop
(oxygen evolution) twong ng & mdi toc d6 dong chay tai
mot gia tri cuong do anh sang nhét dinh duge xac dinh béng
cach do truc tiép tai dau ra caa hé théng.

Xac dinh méi twong quan gitka toc do dong chay va toc
d¢ sinh truwomg cua tao: Toc do sinh trudng cua tao & cac
téc do dong chay khac nhau dugc xac dinh dua vao gia tri
A’(,go. DO thi tuong quan giita toc do sinh trudng riéng (p) va
toc do dong chay (v) dugc

duoc sir dung dé vé cac do thi. Céc gia tri do ¢ cc thi nghiém
dugc kiém tra phan phdi chuan dya vao danh gia ham mat
d6 co tinh ddi ximg qua gié tri trung binh va trung vi. Sy sai
khéc giita cac gi4 tri trung binh dugc x4c dinh bang phan tich
phuong sai (ANOVA) véi mirc y nghia p=0,05. Hau kiém
(Tukey’s test) duoc ap dung dé xac dinh sy khac nhau gitra
cap cac gia tri trung binh trong cac cong thurc thi nghiém.

Két qua va ban luan

Nhin giéng tdao

Tao C. calcitrans dugc gitt trong moi truong thach ban
long ¢ nhiét d 15°C dugc nhan ting budc trong moéi truong
Erdschreiber, té bao ton tai chu yéu o dang hop chir nhat co
kich thudc 3x5 mm va cé 4 roi (gai) déac trung tai 4 goc cua
té bao (hinh 2A). Hinh 2B va 2C thé hién hinh thai té bao
tdo chup & d khuéch dai 100X va 400X. Mii tén tréng chi
roi & goc té bao.

Hinh 2. Giéng tao C. calcitrans str dung trong nghién ctru.

Qua trinh nhan tao C. calcitrans dugc thuc hién bing
cach san gidng va bd sung méi truong Erdschreiber 16ng cai
tién theo ty 1& 1:3 (thé tich giéng/moéi trudong). Trong diéu
kién phong thi nghiém, khi méi san gidng, tio dugc chiéu
sang & cudng do 3-5 klux. Sau 3 ngdy, tio dwoc chiéu sang &
cuong d6 5 klux bang dén huynh quang ca phia trén va dudi
cac binh nuoéi (hinh 3A). Mat d¢ tao dat cuc dai sau 8 ngay
nudi & mic 4,2x10° té& bao/ml. Méi twong quan giira mat do
té bao va d6 hap thu quang hoc tai budc song 680 nm duoc
thé hién & hinh 3B.

xay dung tai cuong do anh
sang t61 wu, tai do néng do
oxy sinh ra trong quang
hop 13 16n nhét.

Phan tich s6 liéu: Mbi
thi nghiém duoc 1dp lai
it nhat 3 1an dé tinh gi4
tri trung binh va dg léch
chuan (SD). Chuong trinh
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Hinh 3. Nhan giéng tao C. calcitrans trong phong thi nghiém.



Xic dinh toc dp dong chay

Tde d6 dong chay trong long dng phu thude vao toe do
hay luu lwong dong khi dwoc ddy vao trong hé thong ALPBR.
Trong nghién cru nay, cac muic d9 luu lugng khi dugc thu
nghiém, cho thy, & luu lugng khi dy vao thap hon 0,3 1/phut
khong du kha ning tao lyc nang du dé ddy dung dich bén
trong Ong vao binh xa khi, do d6 gan nhu khong c6 dong chay
bén trong long 6ng. Béng cach do do dan dién khi sir dung
dung dich NaCl bao hoa, & muc luu luong khi tir 0,5 1/phut,
thoi gian cho 1 chu ky dong chay (gia tri cao nhat ciia o dan
dién) tai ddu ra cta hé thong 1a 230 gidy (3,83 phut) véi toc
d6 dong chay dat khoang 6,3 cm/gidy (hinh 4A). Khi tang dan
luu lugng khi day vao trong hé thong, tdc do dong chay ting
nhanh. Két qua phan tich cho thay, khi ting luu lugng khi
day vao hé thong & cac muc tir 1,0, 2,0, 2,5 va 3,5 I/phut, cac
dinh c6 d6 dan dién twong tmg theo thoi gian quy d6i twong
duong 84, 60, 40, 36 gidy (hinh 4A). Khi tiép tuc tang luu
lwong khi dén 4,0 1/phut, toe do dong chay trong 6ng giam va
thoi gian cho 1 chu ky chay toan bo hé thong khoang 47 gidy.
Nguyén nhan la do lugng bot khi va kich thudc bot khi tao ra
qué nhiéu, dn dén hiéu qua ning dong chay vao bé thoat khi
kém hiéu qua. O luu lwong khi 3,5 lit/phut, tbe do dong chay
trong hé thong dat mirc cao nhat khoang 0,45 m/s (hinh 4B).
Thyc té lwu lugng khi dua vao hé thing ALPBR ciing d duoc
nhiéu nhom nghién ctru thir nghiém [30, 31], dién hinh khi
nghién ctru nudi tdo Scenedesmus obliquus (CCAP 276/3A),
A. Massart va cs (2014) [32] da khao sat cac muc luu luong
khi dua vao hé thong tir 0,5 dén 7,0 1/phit anh huong dén
nang suat sinh khoi, mat do té bao, toc do sinh truong riéng.
Bing cach st dung dung dich NaCl lam chit danh dau da
xdc dinh dugc moi tuong quan gitra téc do dong chay va luu
lugng khi dy vao trong hé thong.
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Hinh 4. Méi twong quan gitra tdc dd dong chay va lwu lwong
khi day. (A) Bong hoc dong chay théng qua do dd dan dién theo
thdi gian; (B) Twong quan lwu lwong khi va te dd dong chay trong
hé théng ALPBR.
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Xdc dinh cic déc diém sinh trwéng ciia tio trong h¢ thing
ALPBR

Trong qua trinh quang hop, 6xy s€ dugc gidi phong va hoa tan
vao trong huyén phu tao. Do d6, ndng d6 DO s& ty 1¢ v6i cuong
d6 quang hop va trang thai sinh ly cua tdo. Trong nghién ctru nay,
cdc muc cuong d§ anh sang tur 2,5 dén 20 klux duoc thir nghiém
dé danh gia kha ning quang hop cua tao trong hé thong ALPBR.
Két qua cho thiy, 6 mat do 3,0x10° t& bao/ml gia tri DO cao nhat
do duoc & cuong do anh sang 12,5 klux (25,4 mg/l) va thip nhat
¢ 2,5 klux (12,2 mg/l). Khi tdng cuong d6 anh sang vuot muc 15
klux, gia tri DO do duoc giam (hinh 5A). G mét do 5,0x10° té bao/
ml, cuong do anh sang cho gia tri DO cao nhit ¢ muc 17,5 klux
dat 30,2 mg/l (hinh 5A). Céc nghién ctru cho thay, ndng d6 DO lién
quan tryc tiép t6i mat do tao vi anh hudng boi mie do che khuat
anh sang tao ra khi mat do tao tang lén, ddng thoi tde do dong chay
trong dng ciing 1a mot yéu td quyét dinh [15, 33].

Trong diéu kién thi nghiém, tdo sinh trudong tot nhat & toc do
dong chay 36,5 dén 41,6 cm/gidy va cudng do 4nh sang (phu thudc
vao mat d¢ tao), tuy nhién ¢ ngudng 12,5 dén 15,0 klux 1a phu
hop vi duong kinh ctia 6ng thuy tinh sir dung trong nghién ctru o
duong kinh 32 mm cho phép anh sang di qua tht ca céc chiéu ngay
ca khi tao & mat do cao 7x10° té bao/ml. Tuy nhién, trong nghién
ciru ndy, hé thng duoc lap dit bang cach gan cc 6ng thuy tinh st
dung cac cit ndi bang nhya PVC, do d6 qua trinh quang hop van
bi ngat quing mét phan bai cac vi tri nbi dng, vi vay thi gian tiép
xtc voi 4nh sang bi mét di mot phan (khoang 17,85%, tong chiéu
dai 14,5 m duong ng c6 2,5 m bi che khuét bang ong PVC). Trong
trudng hop toan by duong dng dugce 1am bang thuy tinh (ké ca cac
d4u nbi) thi cuong d6 anh sang toi wu s& thay doi. Tuy nhién, dbi
v6i hé thdng sir dung trong nghién ctru nay, cudng do anh sang toi
uu dao dong trong pham vi tur 12,5 dén 15,0 klux. Khi cuong do
anh sang cao hon (15 dén 20 klux), toc do sinh trudng cua tao giam
manh do hi¢u tmg (rc ché quang hop boi cudng do anh sang qua
cao (hinh 5A). Mot sb nghién ciru cho thay, tao 6 khd ning phuc
hoi sau khi giam cudng dg dnh sing vé& muec tbi wu, tuy nhién kha
ning phuc hdi sau khi bi e ché phy thudc vao thoi gian tiép xic
voi cuong do anh sang cao [14, 16].
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Hinh 5. Méi lién hé giira cac yéu té lién quan dén sw sinh
trwdng cua tdo. (A) Twong quan gilba cwdng d6 anh sang va
ndng d6 DO do & 2 mirc mat do 3 va 5 triéu té bao/ml; (B) Twong
quan gitra téc 6 dong chay va néng do DO véi téc d6 dong chay
duwoc xac dinh & mat dd 5,0x10° t& bao/ml, cuwdng dd chiéu sang
12,5 klux; twong quan gitra téc 6 dong chay va thoi gian (thé hé)
nhan ddi clia t& bao dwoc xac dinh & mat do tiép giébng 0,5%10° t&
bao/ml, cwéng dd chiéu sang 12,5 klux.
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Nghién ciru anh huéng gitra tdc d6 dong chay va nong
d6 DO cho théy, tdc do dong chay ty 1¢ nghich v&i nong
d6 DO. O tdc d6 dong chay thip 6,4 cm/gidy gi tri DO do
duge & muc 31,25 mg/l (tai mat do tao 5x10° t& bao/ml va
cuong do anh sang 12,5 klux), tuy nhién khi ting toc do
dong chay 1én khoang 40 cm/gidy, nong do DO giam con
15,23 mg/l (hinh 5B). Médc du thoi gian va ngudng chiu
dung nong do DO cua tao C. calcitrans trong hé thong
PBR van chua duoc dé cap mot cach cu thé, nhung mat
s6 nghién ctru cho thay, khi lugng oxy vuot qua 35 mg/l s&
gy doc cho hau hét cac loai tao [34, 35] va nong d6 DO
cao hon 300% muc bao hoa trong khong khi (muc bao hoa
DO trong khong khi khoang 8 mg/1) s& trc ché quang hop va
sinh trudng cua tao [27]. Ngoai ra, ty 1¢ CO, va 6xy ciling
anh huong dén hoat tinh cua enzyme Rubisco (Ribulose-1,
5-diphosphate carboxylase oxygenase) lién quan dén kha
nang ¢ dinh CO, ¢ ca vi tao va thyc vat [36, 37]. Chinh vi
vay, dbi voi hé théng PBR viéc loai bo bdt 6xy khi néng do
vuot qua cao la can thiét vi 6xy sé gay doc cho tao. O toc do
dong chay 6,4 cm/giay gia tri DO do dugc ¢ mtic 31,25 mg/1
s& gy trc ché su sinh truong cua té bao trong diéu kién anh
sang manh. Tuy nhién khi tbc d6 dong chay dat 40 cm/giay,
ndng d6 DO do duoc ndm trong khoang 15-17 mg/l, & muc
khong gy anh huong dén quang hop va giy doc té bao
(hinh 5B). Két qua nay ciing tuong ting v&i nghién ctru anh
hudng cua tbe o6 dong chay dén tdc do sinh truong riéng
(m) va thoi gian nhan doi (thé hé) cua tao khi nudi trong hé
thong nay. Thoi gian nhan doi cia tao giam dang ké tir 32
gid & toc do 6,4 cm/gidy xudng con 21,3 gio ¢ toe do 40
cm/gidy (hinh 5B). Tir két qua nghién ctru thu duoc, c6 thé
suy luén rang d6i v6i hé thong PBR c¢6 chiéu dai duong 6ng
16n thi ngoai viéc diéu chinh toc d¢ dong chay trong ng,
viéc loai bo 6xy di kém voi bd sung CO, s& lam thay déi ty
1& CO, va dxy trong éng. Nho d6, c6 thé duy tri diéu kién
sinh truong toi vu cho tdo trong hé¢ thong ALPBR khi nang
1én quy mé 16n. Ngoai ra, can hiéu chinh cac tham sé cudng
do anh sang nham tranh hodc han ché hién tugng uc ché
quang hop (photo-inhibition) va hién tugng 6xy hoa (photo-
oxidation) boi anh sang manh [33, 15].

Trén co sé két qua thir nghiém, dudng cong sinh truong
cua tao C. calcitrans dugc xdy dung véi cac mat do tiép
gidng tir 0,1 dén 0,75x10° t& bao/ml trong diéu kién tdc do
dong khoang 40 cm/gidy, cudng do chiéu sang tir 12 dén
15 klux. Két qua cho thdy, & mat do tiép giéng 0,75x10°
té bao/ml, tio sinh truong nhanh va hau nhu khong trai
qua pha tiém phat (pha lag) va dat mat do tao tdi da & mirc
7,65+0,75x10° t& bao/ml sau 7 ngay (hinh 6).
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Hinh 6. Puwong cong sinh trwéng cuia tdo & cac mat do tiép
giéng khac nhau. Cac thi nghiém dwoc thwe hién & trong hé théng
ALPBR dét trong nha luéi che mai nylon va cét sang bang luéi den.
Tbc d6 dong chay dao dong trong khoang 40 cm/gidy va cwéng do
chiéu sang didu tiét & mrc 12-15 klux, nhiét do dao dong 26-29°C.

O cac muc tiép giébng ban dau 0,5x10° va 0,75x10°
té bao/ml, thoi gian tdo dat mat do tdi da tuong Ung la
7,65+£0,42x10° t& bao/ml sau 6 ngy va 7,68+0,38x10° té
bao/ml sau 8 ngay. Khong c6 su sai khac c6 ¥ nghia vé mat
d6 tao cuc dai ¢ 2 muc tiép gidng nay (¢=0,05), tuy nhién
xét vé thoi gian, mat do tiép gidng cao hon rut ngan dugc
thoi gian nudi trong hé thong ALPBR dang ké. O murc tiép
gidng 0,1 va 0,25x10°¢ té bao/ml, mat d6 toi da dat duogc
tuong ung 5,96+0,53 va 6,58+0,38x10° té bao/ml sau
8 ngay nhung mat do tao cuc dai thip (hinh 6). Két qua
phan tich toc d6 sinh truong riéng (w/ngay) tai thoi diém tir
ngay thir 3 dén ngay thir 6 trong pha sinh truong logarit dat
0,254, 0,317 va 0,325, tuong ing & cac mat do tiép gidng
0,75x10°,0,5%10¢ va 0,25x10° t& bao/ml. Trén co s& phan
tich quan hé giita muc do tiép gidng ban dau, téc do sinh
truong riéng, thoi gian dat mat do t6i da va mat do tao t6i da,
mat d6 tao ban dau 0,5x10° t& bao/ml 1a phi hop trong mo
hinh h¢ théng ALPBR (hinh 7). So véi diéu kién nuéi trong
binh thuy tinh 2 1 trong phong thi nghiém chiéu sang bang
dén huynh quang (4,2x10° t& bao/ml), mat d6 tdi da cua tao
nudi trong h¢ théng ALPBR cao hon 1,7 lan.

Hinh 7. Tao C. calcitrans dwec nudi trong hé théng ALPBR.
(A) Hé théng ALPBR; (B) Binh xa khi; (C) Hinh &nh chup khi tao
dang sinh trudng & mat dd 3x10° t& bao/ml.

n



Tao C. calcitrans sinh truéng t6t trong mo hinh hé thong
ALPBR lip dit bang cac ong thuy tinh, van hanh bang khi nén
va chiéu sang bang 4nh sang tu nhién. Trong pham vi nghién
clru ndy, & mat do tiép gidng 0,5x10° té bao/ml, cudng do
anh sang 12-15 klux, mat do t6i da dat 7,68+0,38x10° té bao/
ml sau 8 ngay. Két qua nghién ctru ban dau nay co thé tham
khao, 1am co s¢ dé thir nghiém mé rong va phat trién cac hé
thong nhan giéng tao khép kin lién tuc hodc ban lién tuc & quy
16n hon cho loai vi tdo, dac biét cac loai c6 long roi nhu C.
calcitrans & cac co sO san xuat giong thuy san.
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