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LOI CAM POAN

T6i cam doan luén an “Nghién cieu lwa chon va wng dung mét sé chiing vi tao
trong san xuat gidng tdm he (Penaeus) tai Viét Nam” 1 cong trinh khoa hoc do chinh
ban than tdi thuc hién, sé liéu két qua nghién cau trinh bay trong luan an nay la trung
thue va chua timg dugc cong bd boi bat ki tic gia ndo khac. Céc yéu cau lién quan dén
liém chinh trong hoc thuat va khong dao van dugc nghiém tac thuc hién trong luan an
nay.

Céc dir liéu duoc trinh bay trong luan an nay thugc sé hiru cua Cong ty CP Tap
doan Thuy san Minh Phu va CSIRO Australia. Viéc khai thac cac dit liéu nghién ctru
duéi bat ki hinh thicc ndo vi muc dich thwong mai déu phai dugc ca Cong ty CP Tap
doan Thity san Minh Phi va CSIRO chap thuan.

Nghién ciu sinh

MAI DUC THAO



LOI CAM ON

Dau tién, tdi xin phép duoc bay t6 10ng cam on sau sic nhat téi PSG.TS. Hoang
Tung (CSIRO Agriculture & Food, Australia), nguoi da trao cho t6i co hoi tham gia du
an hop tac nghién ctru, day 1a nén tang dau tién va quan trong nhit dé t6i c6 co hi thuc
hién va hoan thanh dé tai luan an nay. Trong sudt qua trinh thuc hién, Thay Hoang Tuing
d3 tao rat nhiéu diéu kién thuan, giap d& toi hoan thanh nghién citu ciia minh. Xin chan
thanh cam on TGP Tap doan Thuy san Minh Pha, Ong Lé Vin Quang ngudi da ludn
dit niém tin, trao nhiém vu diéu hanh nhiéu mang nghién cau & phat trién cua tap doan

Minh Pha cho t6i, day 1a co hoi cho toi c6 thé huy dong thém ngudn luc cho luan an.

Dic biét, cho phép t6i duwoc guri 10i cam on chan thanh nhét téi hai Thay huéng
dan khoa hoc 14 GS.TS. Pham Quéc Hiung (NTU), va T.S. Kim Lee Chang (CSIRO),
hai Thay da that gan giii, tan tinh chi bao, hudng din, dong vién va tao nhiing diéu kién

khong thé tét hon gitp toi hoan thanh cac noi dung luan an.

Dé tai luan &n nam trong khuén kho Du &n hop tac nghién ctu va phat trién gitra
CSIRO va Cong ty CP Tap doan thay san Minh Phi (MPSC), qua day cho phép t6i gui
|61 cam on CSIRO, Tap doan thuy san Minh Pht, Ban Lanh dao du an, da phé duyét tai
trg ngudn kinh phi, vat tu, thiét bi, va nhan su cho dé tai nghién cau nay. Xin cam on tat
ca cac thanh vién Bo phan nghién ciru va phat trién MPSC di hd tro va nd luc 1am viéc
trong sudt thoi gian qua.

Xin cam on BGH Trudng Pai hoc Nha Trang, Vién Nubi trong thay san, Phong
Sau dai hoc, B6 mén Quan ly sic khoe Bong vat thuy san, Trung tdm Thi nghiém va
Thuc hanh, da giap d& va hd tro toi rat nhiéu trong qua trinh thyc hién dé tai luan an.

Loi noi 12 khong du dé bay to hét 1ong biét on cua tdi téi gia dinh, co quan t6
chuc, Qui Thay Cb gido, ddng nghiép va ban bé, da ludn nang d& cho tdi vé ca vat chat

I3n tinh than, nhat Ia trong thoi gian t6i thyuc hién dé tai nghién cau nay.

Mot 1an nixa, cho t6i xin chan thanh cam on ./.
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DANH MUC Ki HIEU VA CHU VIET TAT

: Acid Arachidonic (C20:406)

Bo NN va PTNT: B Nong nghiép va phat trién Néng thon

CSIRO
Ctv
DHA
DO
Dwt
EGR

EPA
FAO

HUFA
ICD
Lc-PUFA
L:D
MUFA
u
MCD
NTTS
PUFA
SFA
TFA
TAN
viv

wt

: the Commonwealth Scientific & Industrial Research Organisation, Australia
: Cong tac vién

: Acid Docosahexaenoic (C22:6w3)

: Dissolved oxygen, oxy hoa tan trong nudc
: Dry weight, Khéi lugng khd

: Exponential growth rate, toc do sinh truéng quan thé ¢ pha ting truong

logarithm

. Axit Eicosapentaenoic

: Food and Agriculture Organization, Té chic Luong thuc va

Nong nghiép Lién hop qudc.

: Highly unsaturated fatty Acid, Axit béo khong no, da néi doi, mach dai
- initial cell density; Mat do ban dau nudi cay

- axit béo khong no, da ndi d6i mach dai (>20)

- Light:Dark, Chu ki Sang:Téi (gio)

: Mono-unsaturated fatty acid, Axit béo khéng no, mot nbi doi
 tbe do sinh truong

: Maximum cell density, mat d6 cuc dai

: Nudi tréng thay san

- Poly-unsaturated fatty acid, Axit béo khong no, da n6i doi (>2)
: saturated fatty acid, axit béo no

: Total fatty acid; Téng axit béo

 total ammonia nitrogen, téng s6 nitrogen & dang ammonia

- volume/volume, don vi ti 1& Vé thé tich/thé tich

: (wet) weight, Khéi luong tuoi
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> Luén 4an 1a cong trinh dau tién nghién ciru mot cach twong ddi day du tng dung
ctia Vi tao trong san xuat giong tdm he tir khau dau tién trong lya chon chang loai, thuan
hoa, toi wu hoa diéu kién nudi cdy va ang dung 1am nguon thuc an.

> Luén an da nhap noi, thuan hoa va tng dung thanh cong mat sé ching vi tao méi
rat tiém nang tr Uc vé Viét Nam, bao gdom Nannochloropsis oceanica CS-179,
Chaetoceros muelleri CS-176, Phaeodactylum tricornutum CS-29, Tisochrysis lutea
CS-177) va Thalassiosira weissflogii (CS-871). Pay 1a nguén vat liéu qui gia, dong gop
tich cuc vao céc hoat dong nghién ctru, san xuat thuc tién nudi trong thay san néi chung
va nghé tdm & Viét Nam néi riéng.

> Nghién ctu da lwa chon thanh céng mot sé chung vi tao méi (Chaetoceros
muelleri CS-176, va Phaeodactylum tricornutum CS-29) 1am nguén thic an truc tiép
cho au tring tém, nang cao hiéu qua trong san xuat giéng tém. Bén canh do, két qua cua
nghién ctru cling lya chon dugc hai chung vi tio méi, giit vai trd 1am nguon thirc an gian
tiép trong wong nudi au tring tém he, bao gom Nannochloropsis oceanica CS-179, va
Tisochrysis lutea CS-177.

> Nghién ctru di tim ra anh huong va méi tuong tac ciia mot sé diéu kieén nudi cay
co ban 1én sinh truéng quan thé va gié tri dinh dudng té bao vi tao, bao gom mai truong
dinh dudng bd sung, nhiét do, dd man, va diéu kién chiéu sang. Pay 1a co s¢ khoa hoc
cho viéc lya chon va bé tri cac diéu kién nudi cy ciing nhu gop phan hoan thién qui

trinh ki thuat nudi cay vi tao ¢ Viét Nam. Két qua nay khong chi tng dung riéng trong



san xuat giéng tdm he ma con cé thé &p dung cho nhiéu d6i twong nudi trong thay san
khac.

> Diém ndi bat bat nhat trong nghién ciu nay 1 su thanh cong trong viéc tim ra
cong thuc phéi tron da loai vi tao 1am ngudn thic an sng trong wong nudi u tring tom.
Cong thtrc phdi tron nay da gop phan cai thién mot cach dang ké hiéu qua trong san xuat
gidng tom & Viét Nam.

> Y tuong st dung luan trang 1am ngudn thic dn cho nudi au tring tdm he ¢ tir
lau. Mic du vdy, cho dén nay chwa tim thay cong trinh nao cong b két qua nghién ctu
rng dung nay. Luan an ciing 1a cong trinh dau tién céng bd két qua nghién cau tng dung
luan tring 1am ngudn thire an tu nhién trong qui trinh wong nudi au tring tém he. T
day, luong nauplii Artemia st dung trong wong nudi au trung tém dugc giam bot, gop
phan ha gi4 thanh san pham, nang cao hiéu qua san xuat kinh doanh.

> O khia canh thyuc tién san xuat, dong gop dang ké nhat cua luan an la lam nén
tang co ban xay dung thanh cong “Qui trinh san xuat giéng tdm he dwa vao cong nghé
da tao va luan tring Minh Pha”. Trién khai &p dung qui trinh ki thuat nay ¢ qui mé san
Xuat d tao ra khoang 800 triéu gidng tdm thé chan trang va khoang 200 triéu gidng tom
s, téng gia tri uc dat khoang 120 ty VND. Bén canh d6, cung tng sinh khéi vi tao cho
cac hoat dong nuoi tom thuong pham cua Tap doan Thay san Minh Phd (gan vai qui
trinh nuéi tém thwong pham Minh Phi Bio) véi gia tri kinh té uwdc dat khoang 2-3 ty
VNPD. Nhitng déng gop hitu ich vao thuc tién san xuat cua luan an di dugc Ban lanh
dao Tap doan Thuy san Minh phu, Ban lanh dao du an danh gia cao va ghi nhan la mét
trong nhitng hop phan thanh céng nhat.

PAI DIEN NGHIEN CUU SINH
TAP THE CAN BQ HUONG DAN
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> This dissertation is the first comprehensive study to explore the application of
microalgae in the larviculture of Penaeus shrimp, encompassing the entire process from
initial screening and selection of microalgal strains, acclimation, optimization of
environmental culturing conditions, and their application as live-feed stock.

> The dissertation successfully imported, acclimated, and applied several
promising new strains of microalgae from Australia to Vietnam, including
Nannochloropsis oceanica CS-179, Chaetoceros muelleri CS-176, Phaeodactylum
tricornutum CS-29, and Tisochrysis lutea CS-177. These valuable materials
significantly contribute to research activities and practical production in aquaculture in
general, and specifically to the shrimp industry in Vietnam.

» The research successfully selected several new microalgal strains (Chaetoceros
muelleri CS-176, Phaeodactylum tricornutum CS-29) and Thalassiosira weissflogii
(CS-871) as direct live-food sources for shrimp larval culture, enhancing the efficiency
of shrimp larval cultivation. Additionally, the research identified two new microalgal
strains, Nannochloropsis oceanica CS-179 and Tisochrysis lutea CS-177, as indirect
live-food sources in shrimp larviculture in Vietnam.

» The research identified the effects and interactions of several basic culturing
conditions on the population growth and nutritional value of microalgae, including
supplementary nutrient mediums, temperature, salinity, and light conditions. The research
findings provide a clear scientific basis for selecting and designing culturing conditions as
well as refining the technical production process of microalgae in Vietnam. These results
can be applied not only in shrimp larviculture but also to various other aquaculture species.
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» The most important achievement of this research is the successful development
of a live-food feeding regime using multiple microalgal species in shrimp larval rearing.
This formula has significantly improved the efficiency of shrimp larval production in
Vietnam.

» The concept of using rotifers as a live feed in the larviculture of Penaeus shrimp
has been proposed for a long time; however, no published research has previously
documented practical outcomes on this topic. This dissertation is the first to report the
successful application of rotifers as a live feed in Penaeus shrimp larval culture. The
findings demonstrate that incorporating rotifers significantly reduces the reliance on
Artemia nauplii, thereby lowering production costs and improving rearing efficiency.

» In terms of practical production, the most significant contribution of the
dissertation is providing the foundational basis for the successful development of the
"Shrimp Larviculture Process Based on Multi-Algae Species and Rotifer Technology by
Minh Phu." The implementation of this technical process on an industrial scale has
resulted in approximately 800 million whiteleg shrimp postlarvae and about 200 million
black tiger shrimp postlarvae, with an estimated total value of around 120 billion VND.
Additionally, it has supplied microalgae biomass for the grow-out shrimp farms of Minh
Phu Seafood Corporation (associated with the Minh Phu Bio Shrimp Farming Process),
with an estimated value of about 2-3 billion VND. The practical contributions of the
dissertation have been highly appreciated and recognized by the leadership of Minh Phu
Seafood Corporation and the project leadership as one of the most successful

components.
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MO DAU

Nudi trdng thiy san 1a mét trong nhirng nganh kinh té dic biét quan trong trong
co cau kinh té dat nuéc. Nudi trong thiy san gop phan giai quyét viéc lam, ting thu
nhap, 6n dinh doi séng cong ddng dan cu ciing nhu giam thiéu cac &p luc khai thac
ngudn lgi thay san. Tom nudc lg, ma chu yéu 1a tém thé chan tring va tdm sd 14 hai ddi
tuong chu luc trong cac nhém vat nudi thiy san. Phét trién bén viing nudi trong thiy
san, dac biét 1a tap trung vao nhom ddi tuegng tdm lo man, dé dap (g nhu cau thi truong
trong va ngoai nudc duoc xac dinh 14 huéng di quan trong trong bdi canh bing né dan

s6 toan cau va su gia tang thi hiéu cac mit hang thay hai san.

Bén canh thic n va chit lwong méi truong thi con giéng duoc xem 1a yéu tb
then chét gop phan thuc day nghé nudi tom Viét Nam phat trién bén viing, hiéu qua, dap
g duoc cac myc tiéu di dé ra. Chu dong ngudn con gidng tdm cé chat luong cao doi
hoi su t6 hop cua nhiéu yéu t6, dac biét trong d6 1a qui trinh san xuat gidng tom. O Viét
Nam va nhiéu nudc trén thé giéi nhu Ecuador, An o, Trung Qudc va Thai Lan nghién
ctru Va iring dung nguon thirc 4n tu nhién trong uong nudi au trung tdm ludn 1a khau ki

thuat nhan duoc nhiéu sy quan tdm, ch y caa cac nha nudi trong thuy san.

Ciing nhu nhiéu au trung dong vat thuy san khac, au tring tdm he ¢ nhitng giai
doan dau sir dung thirc dn ngoai c6 nhu cau twong ddi khat khe vé dic diém ngudn thic
an. Nhu cau ngudn thie an giau dinh dudng, c¢6 kich thude phi hop, kha niang troi noi
t6t, dan du 4u trung bat moéi duoc xem la nhitng thiét yéu cho au tring tdm he o giai
doan zoea, mysis va d6i khi 1a ca hau au trung postlarvae. Thém vao dé, & nhiing giai
doan con non, cau tric va hé enzyme tiéu hda cua u tring tom chua hoan thién nén doi

hoi ngudn thirc an 6 cac dac diém dac biét, nhat 1a dé tiéu hoa va hap thu.

Vi tao, nhit 1 tao khué (hay con goi 14 tao silic), dap tng mot cach day du nhat
C4C y8u cau veé gia tri dinh dudng, kich thudc té bao, kha nang troi noi, tinh dan du, cling
nhu tiéu hoa va hap thu cho 4u tring tdm. Hay néi cach khac, tao khué nim giir vai tro
dic biét quan trong, gop phan dang ké vao cai thién chat luong con gidng va moi truong
wong nudi . Phép so sénh an dy, vi tdo nhu 1a ngudn sita me cho au trung tdm nhu dé

khang dinh vi thé cua vi tao trong hoat dong san xuat nay.



Ciing nhu nhiéu nude khac trén thé gidi, san xuat giong tém he ¢ Viét Nam phu
thudc chu yéu vao loai tao khué Thalassiosira weissflogii boi nhiéu dic diém sinh hoc
quan trong nhu kich thuéc pht hop, thanh phan sinh héa té bao chira ham luong cao cac
axit amin, axit béo khong no da ndi d6i (ARA, EPA, va DHA), vitamin, khodng chat va
mot s6 chat hoat tinh sinh hoc cao. Bén canh d6, véi dic diém cau tric 16p vo té bao

silicate, vi tao ndy duoc xem 1a ngudn thirc in dé tiéu hoa va hap thu cho 4u tring tom.

Mic du vay, van con nhitng mat han ché nhat dinh khi tng dung loai vi tao T.
weissflogii nay trong san xuat giéng tém. Thir nhat, sinh khéi cuc dai cua vi tao nay
khong cao nhu nhiéu loai vi tao khac. G hau hét cac trai tdm gidng & Viét Nam, mat do
té bao Vi tao dat duoc tai thoi diém thu hoach khoang vai trim ngan cho t&i mot triéu
th/mL. Mat do té bao khong cao dan t&i mot s6 khé khan trong cong tac (ng dung nhu
nhu cau cao vé hé théng, nhan cong, nguyén vat liéu trong nudi cdy. Bén canh do, dé
dap (mg day da nhu cau tao cho au tring tém, sinh khéi vi tao can cap cho bé au tring
tom thuong 12 rt 16n, doi khi vuot qua thé tich bé wong au tring. Piéu nay tiém an cac
rai ro vé x4o tron moi trudng song, dac biét 1a pH. Thu hai la cau tao 16p vo té bao tron
nhin, té bao tao nhanh chéng bi chim xubng day bé uong, nhat 1a trong diéu kién suc
khi nhe & nhitng giai doan dau wong nuéi (giai doan zoea). Trong khi d6, au triing tdm
& c4c giai doan zoea, mysis co doi song phii du, mot trong nhitng yéu cau dau tién caa
nguon thirc an 1a c¢6 kha ning tréi noi tot. Thém vao d6, mdi mot loai vi tao thuong co
gia tri dinh dudng dic trung riéng. Mdi loai hoic nhom loai thuong s& giau hoic nghéo
mot vai chat dinh dudng nao do, viéc sir két hop da 10ai thirc 4n s& 1a co sé dé dap ung
nhu cau dinh dudng cho au tring mot cach day da nhat. Cudi cung, nhitng nghién ctu
va ung dung vi tao trong san xuét gidng tdm ¢ Viét Nam ciing nhu nhiéu nudc trén thé
gidi phan I6n tap trung vao vai tro 1am nguon thire an tryuc tiép cho au tring. Céc vai trd
quan trong khac cua vi tao nhu nguon thirc an gian tiép, vai trd on dinh, nang cao chat

luong méi trudng nude chwa duoc quan tm nhiéu.

Xuat phét tir nhitng van dé vira dé cap, luan an “Nghién ciu lwa chon va ng
dung mét sb chiing vi tao trong san xuét giéng tdm he (Penaeus) tai Viét Nam”
dugc trién khai thuc hién. Luan &n nay l1a mot hop phan trong chuong trinh hop tac
nghién cau gitta Cong ty CP Tap doan Thay san Minh Phi (goi tit 12 Tap doan Thuay
san Minh Phd) va CSIRO tir thang 1 nim 2020 dén thang 10 nam 2023. Nghién ctu

duoc trién khai nham dat duoc cac muc tiéu va ¥ nghia:
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Muc tiéu tong quat: Nghién ciu lya chon va ang dung mét s chung vi tao 1am
ngudn thirc an tryc tiép va gian tiép trong san xuat gidong tdm thé chan tring va tdm su
tai Viét Nam.

Muc tiéu cu thé

> Xéc dinh duoc 2-3 chang/loai vi tao mai tiém nang lam ngudn thic an tryc tiép
trong san xuat gidng tom he tai Viét Nam.

> Xac dinh dugc 2-3 chiing/loai vi tio méi tiém nang 1am ngudn thic an gian tiép
trong san xuat gidng tom he tai Viét Nam.

> Toi wu hoa mot sé diéu kién nudi ciy co ban, gan lién vai thyuc tién san xuit vi
tao tai Viét Nam.

> Xac dinh vai trd nguon thire an gian tiép cua vi tao trong san xuat giéng tom he.

> Xac dinh khau phan thirc an vi tao tbi vu trong wong nudi au tring tom he, tir d6 xay

dung qui trinh nudi cdy va ang dung vi tao trong san xuat gidng tdm he tai Viét Nam.
Y nghia khoa hoc va thuc tién cia dé tai:

Luan &n 1a nguon dix lidu khoa hoc cung cap thong tin vé dic diém sinh truong
quan thé va thanh phan sinh héa mot s6 ching/loai vi tao ¢ng dung trong nudi trong
thay san néi chung va san xuit gidng tdm he néi riéng. Két qua nghién ciu cung cap
cac dan liéu khoa hoc vé anh huang cua mot s6 diéu kién nudi ciy 1én sinh truong quan
thé va gia tri dinh dudng té bao vi tao. Bén canh d6 1a nhitng hiéu biét vé& anh huong
khau phan thtc an vi tao 1én két qua wong nudi au tring tdm he tai Viét Nam. Ngudn
thong tin nay gop phan hitu ich phuc vu cong tac giang day, nghién ctu va phat trién

nghé nudi tdm tai Viét Nam.

Thanh cdng cua luan an budc dau tao co sd nguon giéng vi tao phong phi vé
chang loai phuc vu san xuat gidng tém tai co so. Két qua nghién ciu cac thi nghiém toi
vu hoa diéu kién nubi cdy dugc ung dung 1am nén tang dé xay dung qui trinh san xuat
Vi ta0 tai co so. Bén canh d6, qui trinh chim sdc va wong nudi au tring tdm he dugc xay
dung va hoan thién duwa trén nhitng két qua nghién cau thir nghiém céc loai vi tao, luan

tring lam thirc an cho au tring tém.



CHUONG 1. TONG QUAN

1.1. Téng quan vé vi tao

1.1.1. Gidi thigu chung vé vi tdo

Vi tao dugc biét dén 1a nhiing sinh vat don bao, cd thé dugc tim thay trong hau hét
cac mdi trudng nhu dat, da, nudc (bao gébm ca thuy vire nudc ngot va nudc mian) hay doi
khi 12 ki sinh trén céc sinh vat khac. Tén goi vi tao nay duoc bat ngudn tir kich thudc hién
vi ciia ching. Mbi truong nudc 1a méi trudng phd bién nhat cho su hién dién caa vi tao.
Trong nhiéu trudng hop tén goi vi tao dugc s dung dé thay thé cho tén goi thuc vat phu
du. Tuy nhién chi c6 nhitng nhém vi tao c6 doi song trdi ndi, cat ngang cot nudc méi duoc
x&p vao nhom thuc vat phi du, dic diém nay dé phan biét vai nhom vi tao c6 doi sdng bam
trén nén day thuy vuc, gia thé, hay céc sinh vat khac. Vi tao 1a nhom sinh vat san xuét dic
biét phong phl vé thanh phan loai véi s6 luong loai ude tinh dat 300.000-800.000 loai,

mbi loai lai c6 hang ngan chung khac nhau di dwoc nghién ciu va cong bé [13, 29].

Vi tao sinh trudng va phat trién nhanh trong cac hé sinh thai thay sinh, cac hé sinh
thai nay bao phii hon 71% dién tich bé mat cua trai dat. Vi tao san xuat ra phan 16n
ngudn chat hiru co dua vao vong tuan hoan vat chat trén dia cau. Chi tinh riéng vai vi
ta0 bién, hang nim da san xuat ra hon 1,8 ty tan chat hiru co dua vao vong tuan hoan
vat chit cho hanh tinh trai dat nay. O khia canh méi trudng, vi tao gop phan giam mot
lugng rat 16n khi CO2 dic biét trong béi canh bién doi khi hau véi sy gia ting nhanh
chéng cua cac khi nha kinh. Theo udc tinh, ¢6 dén hon 50% lugng khi CO2 dugc hap
thu bai vi tao bién. Thém vao do, vi tao bién quang hop san sinh ra mot lugng 16n khi
02 bo sung vao sinh quyén. Trong thuy vuc, Vi tio dong vai trd khong thay thé ¢ khau

quan trong nhat 1a chuyén héa nguon mubi dinh dudng vé co sang hiru co [58].

Vé mit hinh thai cau tao, c4c té bao vi tao c6 thé ton tai & dang don doc mot té
bao (unicellular) hay lién két voi nhau dang chudi (colony). Hinh dang va kich thuéc
té bao vi tao rat da dang, phu thudc vao tirng loai cu thé va déi khi 1a diéu kién moi
trudng séng. Mat ngoai té bao vi tao tron nhian hoic ¢ cac go hoic phan phu la cac
16ng gai hd tro cho kha nang troi ndi trong moi trudong nuéc. O hau hét cac loai vi tao,
l6p vo té bao gom hai I6p riéng biét 1a 16p thanh té bao (cell wall) va 16p mang té bao
(cell membrane), day 1a diém khac biét véi cac nhdm cac nhdm sinh vat khac, hai lop
nay thuong la moét [10, 51, 59].



Hinh thuc sinh san & vi tao rat da dang. Trong khi phan 16n (tao luc, tao lam, tao
16ng roi...) c¢6 hinh thic sinh san vo tinh bang cach nhan d6i té bao, thi cac nhém tao
silic, va nhiéu loai trong nhoém dinoflagellate lai bao gdm ca hai hinh thic sinh san vo
tinh va hitu tinh bang bao tar dong auxospore. Vi tao hap thu chat dinh dudng tir moi
trudng soéng, tong hop vat chat va tién hanh phan chia té bao trong mét thoi gian ngan
(tir vai gid cho téi vai chuc gio). Nguoc lai, khi gip cac diéu kién sdng bat loi, cac vi
tao silic, dinoflagellate thuong hinh thanh cac bao tir, bao tir chin s& pha v thanh té bao
phong sinh ra ngoai méi truong sdng. Khi cac diéu kién ly, héa hoc moéi trudng thuan
loi tré lai, cac bao tir ndy s& két hop lai véi nhau thanh mot té bao méi, véi day du kich

thudc, hinh dang dac trung cua loai [51, 107].
(a) (b)
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Hinh 1.1. Hai hinh thic sinh san & vi tao

(a)-Nhdn déi té bao ¢ tao khué Thalassiosira weissflogii; (b)-Hai hinh thic sinh san vé tinh va
hézu tinh ¢ tao silic

1.1.2. Sinh trwéng quan thé vi tdo

Khéc véi nhirng sinh vt c6 kich thudc I6n, sinh truong caa vi tao ndi riéng va vi
sinh vat noi chung duoc dic trung bdi sinh truong quan thé. Sinh trudng ciia mot quan
thé vi sinh vat duoc chia thanh cac pha sinh truong véi cac dic diém khac nhau vé téc
d6 sinh truong, thanh phan sinh hoa, tinh trang sinh Iy noi bao [10].

Trong khi nhiéu hoc gia chia sinh truong quan thé thanh 4 pha (pha thich
nghi - lag phase, pha ting truéng theo ham sé mii - log phase, pha can bing stationary
phase, va pha tan lui - dead phase), thi mot s6 nhdm tac gia lai theo xu huéng chia

chu ki sinh truéng thanh 5 pha, trong d6 pha ting truang theo ham sé mii chia thanh



hai pha nho néi tiép nhau bao gom pha ting truéng duong (exponential growth phase)
va pha ting truong am (declining relative growth phase). Thém vao d6, mot s tac
gia lai chia sinh truéng quan thé vi tao thanh 6 pha riéng biét, gdm pha thich nghi
(lag phase), pha theo ham sb mii (exponential phase), pha dwong thang (linear phase),
pha ting truéng am (declining growth phase), pha can bing (stationary phase), va
pha tan lui (dead phase) [10, 51]. Pé don gian, dé tiép can va tng dung trong thuc
tién san xuat, phan bai viét nay tiép can theo hudng c6 4 pha sinh trudng co ban trong
mot chu ki sinh treéng cua quan thé vi tao bao gém pha thich nghi (lag phase), pha
ting truong theo ham sé mil (exponential growth phase), pha can bang (stationary

phase), va pha tan lui (dead phase).
Pha thich nghi

Pha thich nghi la giai doan dau tién trong chu ki sinh truéng quan thé. Tai day, vi
tao bat dau tiép xuc va danh ngudn ning luong noi bao dé thich nghi véi cac diéu kién
moi trudng séng mai. Cac phan tng sinh ly ndi bao thuong duoc dién ra manh nhét trong
giai doan ndy, nhu qua trinh sinh 1y phién ma, sinh tong hop céc protein chic ning va

enzyme. Nho d6 vi tao nhanh chéng thich nghi véi méi truong sdng maéi [27, 51, 78].

Viéc uu tién cho cac phan tng sinh Iy noi bao nay co ban tiéu tén ngudn ning
lwong noi bao Ion. Két qua la sinh khdi quan thé vi tao gan nhu khong ting 1én, d6i khi
con giam. o dai pha thich nghi phu thudc vao nhiéu yéu td, ¢é thé ké dén la nhitng dac
trung cua 10ai, tinh trang sinh Iy té bao va dic biét 1a mac do khéc biét cua cac diéu kién

moi trudng sdng maéi [51, 78].
Pha tang truong theo ham sé mii

Sau qué trinh thich nghi véi diéu kién méi truong séng méi, Vi tao ting cuong hap
thu mudi dinh dudng, ¢ dinh carbon, tong hop vat chat dé xay dung té bao mai. Ngoai ra
cac diéu kién nhu mat do té bao thap, moi trudng giau dinh dudng va anh sang thuan loi 1a
tién dé thiic day su phan chia té bao dién ra tich cyc nhat. Két qua 1a sinh khéi quan thé tang
nhanh theo ham s6 mii Ct= Co.e" (Trong d6, Ct: mat do té bao tai thoi diém t; Co: mat do
té bao tai thoi diém ban dau; p: tc do tang truéng dac thi cua quan thé ¢ pha sinh trusng

ham sé mil).



~
[}
L
~
O
~

Sinh trwémg quin thé vitio Sinh trwéng quan thé vi tio
T . Pha cén biing ; : :
E 6 : a can bang Pha tan lui E 5 Pha c;‘mi
‘f,?, 5% !!Ill ; 4 4 : bing i Pl}‘d tian
‘2 4 + I||I - :
= : -y bt ! Pha ting
£ 34 : Pha tang .!|I|i' ‘E' 31 i trudng theo
7 : truomg theo ||III = ! ham sé mi
7 4 ham s6 mil I|Il| - 2 H
Pha thich -y
1 #nghi i : II|||I 1
iy ]
0 — 0. i
o1 o4 s 67 8 910 ,ll o 1 2 3 4 5 6 7 8 9 10 11
Thoi gian nubi cay Théi gian nudi ciy

Hinh 1.2. Pudng cong sinh trudéng quin thé vi tio (a) va sinh truéng quan thé

biéu dién dwéi dang logarithm co so tw nhién (b)

Trong cac pha sinh trudng ciia quan thé vi tao thi pha ting truéng theo ham sé mil
c6 tdc do 16n nhat. Do d6, trong cac hoat dong nghién ciru va ang dung trong san xuat, su
quan tdm nhiéu nhat dwoc danh cho pha sinh truéng ndy. D6 dai caa pha logarithm phu
thugc vao nhiéu yéu td, nhat 1a dic trung cua loai, tinh trang sic khoe quan thé vi tao, va
cac diéu kién mai truong nudi cdy. Pha logarithm cang dai, toc do sinh truéng ¢ pha nay
cang cao thi sinh khdi quan thé dat dugc trong mét don vi thoi gian cang Ion. Piéu nay
cang mang lai hiéu qua trong nghién ciru va san xuat kinh doanh. VVé mit thuc tién trong
nudi cay vi tao viéc tinh toan mat d6 ban dau muyc dich nham gilp quan thé vi tio nam ¢

pha ting truéng duong ngay sau thoi diém bat dau chu ki nubi cay.
Pha can bang

Tai pha sinh truong ndy, sinh khdi quan thé vi tao da dat dén gié tri cuc dai. S6
lwong té bao mai sinh ra twong dong véi sé lwong té bao chét di, mac du cac qué trinh
quang hop va phan chia té bao van dién ra manh mé trong suét pha nay. Cac dic diém vé
chung lodi vi tao va cac diéu kién nudi cdy quyét dinh dén d6 dai va bién d6 pha can bang
trong cac diéu kién cu thé. Trong nghién ciru va tng dung Vi tao, pha can bang 1a mot trong
nhiing chi tiéu d4nh gia sinh truong quan thé théng qua gia tri mat do cuc dai [10, 51].

Pha tan lui

Trong pha cudi cing nay, cac yéu té moi truong tré 18n bt loi véi sinh truong
quan thé, stic khoe va kha ning sinh san cua té bao giam di mot cach rd rét. Két qua la
sinh khdi quan thé giam theo thoi gian nudi ciy. Pha sinh truéng nay duong nhu khong

mang nhiéu y nghia trong cac hoat dong nghién ciru va tng dung vi tao.



1.1.3. Giatri dinh dwéng cua vi tao

Trong khoang vai thap ki tré lai day, vi tao nhan duoc rat nhiéu sy quan tam va
d6i khi dugc vi nhu “ngudn nguyén liéu cua tuong lai”, boi 18 nhirng tiém nang to 16n &
d6i twong nay. Dic biét phai ké dén (1) téc do sinh trudng vi tao 1a rat cao; (2) nhu cau
dién tich canh tac thap; (3) Hiéu suat cao trong hap thu va chuyén hoa CO;; (4) chi phi
nguy@n liéu phuc vu san xuat thap; Va (5) pht hop véi dinh huéng phaét trién bén viing,
bao vé moi truong. Hon thé nita, thanh phan sinh héa ciing nhu gia tri dinh dudng cua
ngudn nguyén liéu nay 1a dac biét qui gia [30, 33, 32, 45].

Lipid va axit béo

C6 rat nhiéu thanh phan sinh hda quan trong lam nén gia tri dinh dudng cua vi
tao. Tuy nhién, ham lugng lipid va thanh phan cac axit béo c6 I& la thanh phan duoc
quan tdm nhat trong nghién ctu va tng dung. Pay la nén tang khang dinh vai tro, vi tri
khéng thay thé cua vi tao. Lipid trong vi tao dwgc chia thanh hai nhém 13 lipid phan cuc

(polar lipid) va lipid khéng phan cuc/trung tinh (neutral lipid).

Céc lipid thi khéng tan trong nuéc, nhung tan trong hau hét cac dung mai hitu co.
Polar lipid bao gom c¢6 phospholipid va glycolipid, trong khi dé neutral lipid bao gom
cac acylglicerids (3-, 2-, hay monoglyceride) va cac axit béo tu do (free fatty acid). Vi
ta0 sir dung cac neutral lipid nhu 12 ngudn ning luong du trit, trong khi dé, polar lipid
duoc té bao str dung dé xay dung 1én 16p mang [45]. Ngoai ra, vi tao con chaa cac chat
béo tu do (sterols, steroid hay sic t6, s& dwoc trinh bay & ndi dung ké tiép), cac axit béo
tu do nay khdng thé chuyén thanh céc dau sinh hoc [45, 81]. Pay 1a nguyén nhan giai

thich cho viéc hinh thanh, téng hop sic té s& lam giam ham lugng céc axit béo khac.

Kha niang san xuat va tich iy lipid trong té bao vi tao 1a kha phuc tap, phu thuoc
vao nhiéu yéu tb, trong d6 dang ké nhat phai 12 ban chat caa chung, loai vi tao, diéu kién
nudi cay (anh sang, nhiét do, pH, CO2, mudi dinh dudng bo sung) ciing nhu tinh trang
sinh ly noi bao. Nhin chung, ham lwong lipid trong hau hét cac loai vi tao ¢ khoang 2-
23% trong luong kho [33].

Nghién ctru vé thanh phan céc axit béo trong vi tao 1a mét hudng nghién ctu tuong dbi
phtic tap do nhu cau vé may moc va chi phi phan tich cao. Tuy nhién, day lai 1a huéng
nghién ctru dugc nhiéu nha khoa hoc quan tdm. Theo d6, thanh phan cac cac axit béo
trong vi tao 12 rat phong phu, va khac nhau phu thugc vao nhiéu yéu té. Axit béo Ia cac
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axit caa carboxylic chira tir 4-36 phan tir carbon trong mach, tuy nhién cac axit béo gom
tir 14-22 phan tir carbon trong mach 1a nhirng axit béo phd bién trong hau hét cac loai vi
tao. C4c axit béo duoc chia thanh cac nhom, gom axit béo no (saturated fatty acid, SFA),
va c4c axit béo khong no (unsaturated fatty axit, USFA). Dya vao sé luong céc nbi doi
c6 trong mach carbon, nguoi ta chia cac axit béo khdng no lai thanh cdc nhém khac nhau,
gom c6 axit béo khong no c6 1 ndi d6i MUFA (mono-unsaturated fatty acid), axit béo
khong no da ndi d6i PUFA (polyunsaturated fatty acid). O mét s cach tiép can khac,
ngudi ta con chia PUFA thanh axit béo khdng no c6 hai nbi d6i DUFA (di-unsaturated
fatty acid) va axit béo c6 ba ndi d6i TUFA (tri-unsaturated fatty acid) va HUFA (highly
unsaturated fatty acids) 1a cac axit béo khdng no c6 nhiéu hon 3 ndi doi.

Bing 1.1. Ham lwgng axit béo ciia mdt so loai vi tao phé bién trong nudi trong
’ 7 thay san (% lipid tong so)
(so liéu duoc tong hop lai dya trén cdc nguon tham khao [31, 32, 94, 103, 132]

_ Loai vi tao

AXxit béo

N.o l.g C.sp C.m N.sp S.c T.p P.t
C14:0 3,9 8,9 2,0 15,0 2,67 12,7 9,0 8,8
C16:0 20,5 115 196 17,3 13,2 9,4 13,1 16,6
C18:0 1,8 - 3,3 0,8 0,45 2,2 0,2 0,6
C20:0 - - - - - - 0,2 -
Total SFA 26,7 204 25,7 34,1 16,37 256 233 27,6
Cl6:1o7 25,2 3,3 6,2 30,0 17,1 191 29,7 26,0
Cl8: 107+ ®9 4,1 131 7,3 1,9 0,9 2,6 0,4 1,8
C20:109 0,0 - 0,1 0,1 - 0,0 0,1 -
C22:1 - 0,6 - - - - - 0,3
Total MUFA 29,3 17,0 16,2 32,4 18 21,7 308 281
Cl16:204+m6 0,8 - 4,0 4,8 2,4 5,6 3,5 -
Cl6:303+wd4+w6 0,6 - 12,1 7,8 7,2 10,3 75 -
C18:2mw6 2,2 7,0 11,8 0,7 0,4 1,6 0,3 1,5
Cl18:3w3+w6 0,9 3,8 22,6 1,4 - 0,2 0,4 0,3
C18:4m3 0,1 125 01 0,8 - 2,9 91 3,3
C20:206 0,1 - 0,2 0,0 - 0,2 - -
C20:3w6 0,3 - 0 0,2 - 0,0 - -
C20:403+ARA 5,3 - 0,5 1,8 4.4 0,2 0,3 2,2
C20:503EPA 29,7 0,8 1,3 12,8 26,7 154 175 284
C22:603DHA 0,0 158 - 0,8 4,2 2,3 3,1 0,2
Total PUFA 40,0 39,9 52,6 31,1 35,5 38,7 459 372

Ghi chua: N.o Nannochloropsis oculata; I.g Isochrysis galbana; C.sp Chlorella sp.; C.m
Chaetoceros muelleri; N.sp Nitzschia sp.; S.c Skeletonema costatum; T.p Thalassiosira
pseudonana; P.t Phaedactylum tricornutum



Ngoai ra, vi tri gan cua cac ndi doi trong mach ciing rat quan trong, dac biét 1a vi

tri carbon thi 3 (©-3) hay vj tri thir 6 (»-6). Bén canh do6, cac ddong phan cis (dong phan

cling phia), va trans (dong phan khéc phia) cling mang nhiéu y nghia quan trong. Cudi

cuing, cac axit béo khong no, da nbi doi, co mach carbon dai dugc goi 1a axit béo PUFA

mach dai Lc-PUFA (long-chain PUFA), cac axit béo nay dac biét quan trong trong vai

trd 1am ngudn thire an cho con ngudi, vt nudi, va nhiéu tng dung khac [45, 81, 86].

Protein

Ham lwong protein trong vi tao thay doi rat 16n tir 6 dén 52% trong lwong kho (dwt)

té bao, phu thudc vao tirng chung loai vi tao. Trong mot sé trudng hop dic biét, ham luong

protein c6 thé dat dén 71% [32]. Bén canh cac dic diém vé chiang loai vi tao, thi cac yéu

t6 moi truong ciing anh huong rat Ién dén ham lugng protein noi bao, c6 thé ké dén nhu

nhiét do, d6 man, anh sang, pH, mudi dinh dudng bo sung, diéu kien CO2 [120].

Bang 1.2. Thanh phan% axit amin trong mét s6 loai vi tao pho bién [31]

Axit amin thiét yéu

Loal vi tao Agr His 1Iso Leu Lys Met Phe Pro Thr Try Val

C calcitrans 64 19 55 82 63 26 67 56 45 14 59

C. gracilis 66 24 58 72 51 24 71 63 59 16 6,2

N. closterium 7,1 14 50 81 57 16 69 46 55 14 6,2

P. tricornutum 66 17 49 77 56 19 66 63 54 16 59

S. costatum 64 16 52 83 57 22 64 49 51 13 6,3

T.pseudonana 63 16 55 84 59 22 68 48 52 087 61

D. tertiolecta 68 21 48 84 60 14 6,7 65 47 15 6,2

N. atomus 59 18 34 75 52 19 55 131 40 11 59

C.salina 6,7 18 41 78 61 24 55 54 54 13 6,1

N Axit amin khéng thiét yéu

Loai vi tao -
Ala Asp Cys Glu Gly Hyd Orn Ser Tyr Ami

C. calcitrans 72 98 042 105 59 0,18 0,21 58 45 0,63

C. gracilis 6,9 80 052 94 51 0,33 033 66 54 0,75

N. closterium 6,9 88 058 106 60 14 052 66 39 11

P. tricornutum 7,2 86 0,38 11,2 58 031 14 59 41 0,92

S. costatum 73 10,1 04 104 64 0,23 0,39 6,1 45 0,91

T. pseudonana 7,4 9,7 053 104 6,2 0,23 0,21 68 4,2 0,55

D. tertiolecta 80 90 044 103 6,0 0,15 0,35 52 50 0,54

N. atomus 82 83 055 114 6,3 030 0,25 48 39 0,59

C.salina 79 95 063 109 58 0,04 0,28 59 56 0,88

Ghi chi: So liéu trinh bay 1a ty 1é % vé khéi liwong cac axit amin thanh phan trén axit

amin tong so.
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Nguoi ta chia axit amin trong vi tao néi riéng va cac nguon nguyén liéu sinh hoc
khac noi chung ra lam hai nhdm axit amin thiét yéu (essential amino acid) va khéng thiét
yéu (non-essential amino acid). Gia tri dinh dudng protein cua vi tao thudng dwoc nhan
manh & ham lwong cao cac axit amin thiét yéu. Vi tio ¢ kha ning tong hop va tich liy
mot ham lwgng rat cao céc axit amin, dic biét phai ké dén glutamic acid, aspartic acid,
arginine, leucine, threonine, isoleucine, va glycine [31].

Carbohydrate

Carbohydrate c6 t&n goi khac 13 monosaccharide, 13 don vi cau thanh 18n céc
polysaccharide (starch, cellulose, hay glycogen), day 1a ngudn ning luong chinh, khong
chi cung cép cho ban than té bao vi tao ma con cho cac sinh vat tiéu thu khac. Ham lugng
carbohydrate & vi tao 1a rat khac nhau, tir 15 dén 55% trong lugng kho té bao, phu thudc
vao tirng ching loai vi tao, didu kién nudi cdy ciing nhu tinh trang sinh ly noi bao. Khi
nhac dén gia tri carbohydrate trong vi tao, ngoai khia canh cung cap nguén nang lugng
I6n cho sinh vat tiéu thu, thi mot s6 dang polysaccharide, nhat 1a sulfate polysaccharide 1a
dic biét quan trong. Pay 14 tién chat cau thanh 1én mot sb chat hoat tinh sinh hoc cao qui
gi4, o nguon goc tu nhién nhu chat chéng dong mau (exhibiting anticoagulant), khang
ung (antithrombotic), chat khang khuan (antimicrobial), khang virus [85].

Sdc ta, vitamin va mét sé chdt hogt tinh sinh hoc khac

Phycobilins (t&n goi khac Ia phycobiliprotein) la sac t6 thir cip c6 vai tro hap thu
anh sang trong qua trinh quang hop cua vi tao. Sac td nay ¢ nhiéu trong nhém tao do (red
algae), va duoc chia thanh bén 16n allophycocyanin (xanh luc, hozc lam), phycocyanin
(xanh lam), phycoerythrin (tim), and phycoerythrocyanin (mau cam). Phycobilin dugc
ring dung nhiéu trong nghién ciu y hoc (nhat 1a linh vuc mién dich hoc), sinh hoc (cong
nghé danh dau huynh quang), va mét sé nganh cong nghiép khac [44, 45].

Chlorophyll Ia sic t6 phd bién nhat trong vi tao, ¢ mau xanh lyc va tan trong dung
m6i vong porphyrin. Trong té bao vi tao, chlorophyll gitr vai trd chuyén héa niang luong tir
dang quang ning thanh dang hoa ning théng qua qua trinh quang hop. Hau hét cac loai vi
tao déu c6 chlorophyll a, trong khi d6 mét s6 khéc chira ca chlorophyll b, va ¢ (nhat 1a bo
tao Dinophyta). V& ham luong, chlorophyll chiém khoang 0,5 dén 1,0% trong lugng kho té
bao. Ung dung cua chlorophyll thi chu yéu trong cac nganh cong nghiép my pham, va y
hoc. Pang ké nhat 14 dan suat chlorophyllin, dugc nghién ctu va tng dung nhiéu trong

chdng 140 hoa, chat bo dudng, chat chéng ung thu [20, 44].
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Carotenoid 12 sic té tan trong dung méi hiru co (chu yéu la dau), giit vai trd quan
trong trong qua trinh quang hop cua vi tao. Cu thé, carotenoid ting cudng hip thu anh
séng (trong dai hap thy) khi hiéu qua hap thu cua chlorophyll khong dugc dam bao.
Ngoai ra, carotenoid con dong vai tro bao vé qua trinh quang hop vi tao trudc nhirng
phan ttng oxy héa. C6 rat nhiéu dang ton tai carotenoid trong vi tao, nhung nhirng nghién
ctru tng dung carotenoid trong vi tao nhitng nim gan day van tap trung cha yéu & p-

carotene, astaxanthin, va lutein [45, 121].

Bang 1.3. Thanh phan sinh héa co ban ciia mat sé loai vi tao phé bién trong nuoi
trong thay san

Loai vi tao Thanh phan sinh héa co ban (% dw)  Ngudn
Lipid Protein Carbohydrate

Chlorella pyrenoidosa 2 57 26 [97]
Spirulina platensis 4-11 42-63 8-14 [97]
Dunaliella salina 6 57 32 [97]
Scenedesmus obliqus 12-4 50-56 10-52 [113]
Chaetoceros muelleri 12,14 45,56 3,74 [80]
Chaetoceros sp. 19,4 43,0 1,31 [80]
Isochrysis sp. 30,0 47,7 3,3 [80]
Pavlova salina 30,5 52,9 5,23 [80]
Isochrysis galbana 16,3 39,8 7,5 [61]

1.1.4. Anh hwéng ciia mét sé diéu kién nudi cdy Ién sinh truwéng va thanh phan sinh
hda té bao vi tdo

Ciing nhu cac dang sinh vat séng khéc, su sinh truong va phét trién caa vi tao
dugc quyét dinh boi cac dac tinh Iy, hoa va sinh hoc moéi truong song. O khia canh tng
dung vi tao trong nudi trong thiy san, mot vai thong sé méi truong duge xac dinh 1a
quan trong va can sy tap trung bai tinh kha thi trong céc céng tac van hanh va quan ly.

Anh sang

Ciing gidng nhu céc sinh vat quang tu dudng khac, anh sang 1a yéu té quan trong
quyét dinh dén sinh trudng, phat trién cua vi tao thdng qua qué trinh quang hop. O mot
s6 diéu kién dic biét, don ctr nhu 16 phan tng quang sinh hoc (photobioreactor), khi ma
c4c yéu té moi truong nudi cay (nhu nhiét d6, mudi dinh dudng, pH, CO2 hoa tan, v.v.)

dap tng day da cho nhu cau sinh truéng va phét trién, thi diéu kién anh sang duoc tin 1a
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yéu té giGi han sinh truong vi tao [46]. Tinh dén nay, sé lugng cac cong trinh nghién
ctru vé anh hudng cua anh sang téi sinh tredng va phét trién cua vi tao 1a rat phong pha,
va trén nhiéu khia canh. Anh hudng cua anh sang 1én sinh trueéng, phat trién va thanh
phan sinh hoa cua vi tao thé hién trén ca hai mat Ia truc tiép va gian tiép. Anh séang gian
tiép tac dong Ién vi tao chu yéu thdng qua nhiét ¢ va su phét trién caa vi sinh vat.
Nguoc lai, tac dong truc tiép cua anh sang lén quan thé vi tao 1a manh mé va rd rang
hon. V& mat nguyén Iy, 4nh séng tac dong dén vi tao thé hién duéi 3 khia canh tac dong
1a cuong d6 chiéu sang (light intensity), chu ki quang (photoperiod hay dark-light cycle),

va quang phé mau anh sang (light spectrum).

Trong s6 3 khia canh tac dong cua anh sang 1én sinh trugng va phat trién cia vi
tao vira trinh bay & trén, thi cuong d6 chiéu sang nhan duoc nhiéu sy quan tam nhét &
linh vuc nghién ctru nay. Cudng d6 chiéu sang phu thudc truc tiép vao nang luong nguon
sang, khoang cach tir nguon sang téi vat dugc chiéu sang, va gian tiép chiu anh huong
boi d6 sau cot nude (duong kinh, thé tich binh/bé nudi cdy) ciing nhu mot sé dic diém
moi trudng [27, 46]. Bén canh d6, mot s6 yéu t6 khac nhu thuy dong luc hoc, vat thé lo
ltng c6 trong méi truong nudc (bao gom ca Vi tao) lam thay d6i cuong d6 chiéu sang

thong qua ngan can su truyén suét, su tan xa, va sy hap thy anh sang.

V& co ban, cudong d6 anh sang anh hudng maot cach truc tiép va 1a yéu té quyét
quyét dinh dén hiéu suat qua trinh quang hop, két qua 1a quyét dinh dén sinh truong,
sinh khdi quan thé vi tao (hinh 1.3). Cu thé, qué trinh quang hop (P - photosynthesis)
cua Vi tao bat dau dién ra khi cudng d6 anh sang 16n hon mot gié tri téi han I, 1c>0
(Intensity of critical). Pay duoc coi la khoang cuong do téi thiéu cho cac protein van
chuyén 4nh sang (light harvesting protein/light transporter protein) duoc hoat hoa, cac
photon anh sang dugc gan vao cac protein nay bang céc lién két ion va chuyeén truc tiép
tr méi truong vao quang hé I1. Cuong do anh sang trong khoang tir Ie-lk (Ik - intensity
of konstant) dugc goi la khoang cuong d6 anh sang gigi han cho qua trinh quang hop.
Trong khoang giGi han nay, quang hop vi tao bién thién thuan theo ham sé mil véi cuong
d6 chiéu sang. Cudong d6 anh sang trong khoang tir I-li (li - intensity of inhibition:
Cuong d6 anh sang wc ché) goi 1a khoang cudong do 4nh sang bdo hoa. Trong khoang
gia tri cudong do anh sang nay, quang hop Vi tao di dat cuc dai (Pmax), Su thay doi vé
cuong do khong lam thay doi dang ké qua trinh quang hop.
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Bang 1.4 Cuong @9 chiéu sang toi wu nudi cdy mat sé loai vi tao trong NTTS

Loai vi tao Cuong do Két qua Nguén
(umol.m?2.s)

Nannochloropsis 150 BC: 2,1g/L [109]

oceanica” 1030 Hmax: 0,339 /ngay; BC: 0,7 g/L

Isochryis galbana 62 Hmax: 1,12 /ngay; MCD: 2,15x107 [56]

tb/mL

Chaetoceros muelleri 50 Mmax: 0,25 /ngay [119]
150 Mmax: 0,87 /ngay [122]

Chaetoceros 400 Umax: 0.91 /ngay; MCD: 5,8x10° [69]

calcitrans” th/mL

Skeletonema costatum 50 Umax: 0,3 /ngay [83]

Thalassiosira 40 MCD: 3,9x10° th/mL [131]

pseudonana

Phaeodactylum 62 Hmax: 1,01 /ngay; MCD: 1,71x10" [56]

tricornutum tb/mL

Ch thich: pmax: Toc dé sinh trueeng cuc dai; MCD (maximum cell density): mat
dé cure dai trong chu ki nuéi cay; BC (biomass concentration): sinh khdi vi téo. Mét sé
nghién citu it dung don vi do cwong dé anh sang bang lux dwege qui doi sang pmol/m2/s
1 Ddu (*) @ chi cac nghién cizu thuc hién trén 10 phan #ng quang sinh hoc
(photobioreactor)

Mot diém Iy thuyét quan trong duoc chap nhan rong réi bai nhiéu nha nghién ciu
1a cuong d6 &nh sang anh huong lon dén gia tri dinh dudng cua vi tao. Cu thé, trong
khoang cuong do anh sang tir le-1i cuong do anh sang tang thi ham lugng céc axit béo no
(saturated fatty acid — SFA) tang va ham lugng cac axit béo khéng no giam (unsaturated
fatty acid - UFA) nhat Ia DHA va EPA . Cuong d6 anh sang 16n hon Ii duoc goi la khoang
cudng do ac ché (inhibition) quang hop. Vé mit ly thuyét, cuong d6 anh sang cang cao
dan dén phan tng quang oxy hda (photo-oxidation) trén quang hé Il. Phan ung quang
oxy hda 1am tén thuong cac protein thiét yéu cho qué trinh van chuyén electron trong
qua trinh quang hop. Két qua 1a quang hop va sinh truéng cua quan thé vi tao nghich
bién véi cudng do chiéu sang trong khoang & ché nay [84].

Bén canh cudng do chiéu sang thi chu ki quang ciing c6 nhitng anh hudng rat 16n
t6i sinh truong quan thé va thanh phan sinh héa vi tao [15, 114]. Chu ki quang duoc
hiéu 1a sé gio chiéu sang, va sé gio tbi trong mot don vi thoi gian (phd bién nhat 1a

ngay). Vé mit nguyén ly, c6 hai phan &ng riéng biét trong qué trinh quang hop vi tao.
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Cu thé, phan ng trong pha sang xay ra trén I6p mang cua luc lap (chloroplast), tai do,
ning luong anh sang duoc chuyén hda thanh ngudn hoéa niang dudi dang NADPH
(Nicotinamide adenine dinucleotide phosphate-oxidase), va hop chat cao ning luong
ATP (Adenosine triphosphate). Ké tiép 1a phan @ng trong pha tdi, xay ra trong chat nén
cua luc lap (stroma), con goi la qua trinh hoat hda enzyme, hoic tén goi pho bién hon 1a
chu trinh Calvin-Benson. Do d6, bét ki sy thiéu hut caa mét trong hai pha sang hay tdi
nay déu can tré qua trinh sinh truéng caa vi tao. Vé mat tong quat, chu ki quang 18 gio
sang: 6 gio tdi, hodc 12 gio sang : 12 gid tbi duoc tin 1a khoang phu hop cho qué trinh
sinh treéng cua nhidu quan thé vi tao [10]. Dic biét, trong mot sb qué trinh nudi ciy vi
tao, khi ma cudng d6 anh sang vuot qua muc bdo hoa (khoang cudng d6 e ché), viéc
giam s6 gio chiéu sang trong chu ki quang duoc cho 1a giai phap hitu hiéu dé duy tri

sinh truéng quan thé vi tao & muc cao [99].

Cwong do chiéu sang

Hinh 1.3. Anh hwéng caa cwong dd chiéu sang 1én quang hop & vi tao

Ra: Respiration in Dark - hd hdp trong diéu kién toi; Pmax: Photosyntheis of
Maximum - quang hop cuc dai; Ic: Intensity of Critical - Cuwong dé &nh séng toi han; Ik
Intenisity of konstant - Hang so cwong dé anh sang; iz Intensity of inhibition - Cwong
do anh sang wuc che.

Piém néi bat trong cac nghién ciu anh huong chu Ki quang trén vi tao, cac nha
nghién ctru thuong quan tm nhiéu hon dén thanh phan sinh hoa té bao vi tao. Theo do,
nhiéu bang chizng tir cac cong trinh nghién cizu chi ra rang, chu ki quang 1a mét trong nhiing
yéu t6 quyét dinh dén thanh phan sinh héa, ham lugng sac t, sinh tong hop lipid va thanh

phan cé4c axit béo [59]. Pon ctr, Maryam Al-Qasmi (2012) cho rang, trong ciing mot diéu
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kién nudi ciy, viéc ting sd gio chiéu sang cua chu Ki quang s& 1am tang ham lugng axit béo
no va lam giam ham luong axit béo khdng no thiét yéu nhu EPA, va DHA [7]. Khong gidng
nhu viée xac dinh cudng d6 chiéu sang téi uu cho nudi ciy la kha phic tap, chu ki quang
phtl hop dé can ddi cac gia tri dinh dudng cua hau hét cac loai vi tio dang dugc nudi ciy

hién nay cd sé gio sang trong khoang tir 12-18 gio [9, 10, 45, 73].

Quang phé anh sang dugc qui dinh bdi budc séng anh sang, nén trong hau hét
c4c tai liéu, hai thuat ngir nay dugce dong hoa Ian nhau. Ciing nhu cudng do chiéu sang
va chu ki quang, quang phé &nh sang anh hudng ca téi két qua sinh trudng va cac thanh
phan sinh h6a noi bao vi tao [84]. V& mat nguyén ly, quang hé II duoc kich thich boi
anh sang do, trong khi do, quang hé I dugc hoat hdéa manh bai anh sang mau lam. Hay
noi cach khéc, ca anh sang do va lam 1a can thiét cho qua trinh quang hop cua vi tao
[18]. Nghién ctu vé anh huéng cua tirng quang phd 1én sinh trudng va thanh phan sinh
hoa té bao, Yang va Wealthers (2015) da chi ra rang, 4nh sang mau do (budc song tir
600-700 nm) 14 t6i wu cho sinh trudng cua vi tao, trong khi d6 anh sang mau lam (buéc
s6ng 400-525 nm) la quang pho mau kich thich tong hop lipid va cac carotenoid, d6i khi
ca sac td phu (accessory pigment/chlorophyll b) va chuyén héa vat chat thir cap
(secondary metabolism) [128]. Khéng kho dé nhan ra rang, viéc bé tri cac quang phd
mau riéng biét, hoic cong hop mot vai quang pho mau don 1é trong nudi cay vi tao phuc
vu nubi trong thay san 1a kha phuc tap, ton kém chi phi ciing nhu tinh linh hoat trong
ing dung khong cao. Pay c6 1& 1a ly do giai thich rang cac co sé san xuat giéng thiy
san trong nude ciing nhu nhiéu nuéc thé gioi thuong don gian hda khau nay théng qua

viéc str dung anh sang trang tir dén huynh quang, dén led hoic anh sang mat troi.
Nhiét do

Song song véi anh sang, nhiét do dugc xem 1a yéu td moi trudng quan trong, o
tinh quyét dinh 1&n céc quan thé vi tao. Cuy thé, nhiét d6 anh hudng téi téc do sinh truang,
phét trién, dac diém hinh thai ciu tao té bao, phan ung sinh 1y ndi bao ciing nhu thanh
phan sinh hoa.

Bt dau tir qua trinh quang hop cua vi tao bao gom hai phan @ng trong pha sang
va pha tbi. Trong d6 vai tro ctia cac enzyme carboxylase va oxygenase anh huang nhiéu
t6i hiéu suat caa cac phan @ng nay. Nhiéu nghién ciru da chi ra, cling vai ai luc cua cac
enzyme véi CO2/va Oy, thi nhiét do 1a yéu té quyét dinh dén hoat tinh caa cac enzyme
nay [101]. Cu thé, nhiét do moi truong tang tir diém gigi han dudi dén gia tri cuc thuan,
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hoat tinh cac enzyme nay ting manh, két qua 1a sinh truong quan thé ting nhanh (theo
ham s6 mil). Biéu dién cho méi twong quan nay, Ahgren, G (1987) da phat trién cong
thize xac dinh hé s twong quan nhiét do (temperature coefficient - Q10) va toc d6 sinh
tredng cia quan thé vi tao dua trén nén tang phuong trinh nhiét Van’t Hoff (1984), theo
d6 nhiét d6 méi truong ting 10°C (Q10), tdc dd phan chia/sinh trudng quan thé vi tao
tang gap hai lan [6].

Ludn ton tai mot khoang gia tri vé nhiét d6 ma ¢ do toc do sinh truéng cua quan
thé vi tao dat duoc t6i da (umax), ddy duoc goi 1a khoang nhiét d6 téi uu cho sinh truong
quan thé vi tao. Phan 16n c4c nha tao hoc cho ring, trong khoang nhiét do téi wu nay,
hiéu suat quéa trinh quang hop Vi tao dat duoc cuc dai ma khong lam thay d6i dang ké
dén thanh phan sinh hoa hay nhitng phan tng sinh 1y dic trung cua vi tao [101]. Khoang
nhiét do toi wu phan Ién phy thudc vao cac chung/loai vi tao, doi khi 1a diéu kién nudi
cay cu thé. Ras, M va cong su (2013) di chi ra rang, hau hét cac loai vi tao trong nudi
trong thay san c6 khoang nhiét do téi vu trong khoang 25°C. Ngoai ra, mot sé chiang
loai vi tao wa nhiét d6 cao nhu Chaetoceros, Anacytis nidulans cé khoang téi wu vé nhiét
d6 & 40°C. Nguoc lai, mot sé chung loai wa nhiét do thap nhu Asterionella formosa c6
khoang nhiét do téi wu trong khoang 17-20°C [101].

Vé mit co ché, vi tao lubn cd nhiing su thay doi dé thich tng véi timg diéu kién
nhiét do ciia moi truong, nhat 12 cac diéu kién bat loi thong qua kich hoat mot sé
hormone, enzyme tham gia vao qua trinh sinh tong hop lipid (IAA, ABA, Acetyl CoA
carboxylase) hay céc enzyme tham gia vao qué trinh ¢é dinh carbon (RuBisCO). Két
qua lam thay d6i ham luong ciing nhu thanh phan cac axit béo. Nhiéu nha khoa hoc
d6ng thuan rang viéc tang nhiét d6 moi trudong 1a nguyén nhan cho su thay doi do nhét
ctia nguyén sinh chét té bao ciing nhu hiéu qua str dung carbon, nitrogen giam két qua
1a 1am tang tich lity triacyl-glyceride. Tuy nhién sy bién di cu thé vé tong ham luong
lipid noi bao bao lai khac nhau ¢ tirng loai va mot s6 didu kién nudi cy cu thé. Nghién
ctru dugc thuc hién boi Converti va cong su (2009) khi tién hanh quan sét sy thay doi
ham lugng lipid tong sb trén hai loai vi tao Nannochloropsis oculata va Chlorella
vulgaris khi tang nhiét d6 méi trudng nudi cay tir 25 dén 30 °C. Két qua nghién cau chi
ra rang ham luong lipid & vi tao N. oculata tang tir 7,9 1&n 14,92%, nguoc lai xu hudng
giam ham lugng lipid tong s6 xuat hién ¢ loai C. vulgaris tir 14,71-5,90% [41]. Mot

diém ly thuyét quan trong khéc rat dang luu y 13 khi nhiét d6 méi truong nudi cay ting,
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thi ty 1¢ cac nhom axit béo no thuong tiang, trong khi d6 cac axit béo khong no thuong
giam, nhat 1a EPA va DHA [64, 102].

Ngoai ra, nhiét 6 con anh hudng dén nhiéu céac thanh phan sinh hda té bao khac
nhu ham luwong protein (bao gom ca thanh phan cac axit amin thiét yéu), carbohydrate,
sac td (bao gdom ca chlorophyll va carotenoid), va kich thuéc té bao. Pon cw, viée tang
nhiét d6 1am giam qua trinh sinh tong hop protein & vi tao Phaedactylum tricornutum,
Scenedesmus sp. Két qua 1am giam ham lugng protein nodi bao vi tao. O mot sb 10ai Vi
tao c6 kha nang kich thich téng hop cao nhu Dunaliella salina, Haematococcus sp. viéc
tang nhiét do 1a yéu tb tién quyét kich thich qua trinh sinh tong va tich liiy p-carotene
hay Astaxanthin [52, 64, 97, 101].

Do man

Ciing giéng nhu phan 16n cac yéu td méi truang khac trong nudi ciy vi tao. Do
man anh hudng téi sinh trudng, phat trién, va thanh phan sinh héa té bao ¢ hai phuong
dién 1a tac dong truc tiép va tac dong gian tiép. Tac dong gian tiép cua do man 18n sinh
truong va phét trién cua vi tao théng qua viéc lam thay doi thong sé6 méi truong khac
nhu khi CO; hoa tan, khi doc (nhat 1a HzS va NHs), va doc tinh cua kim loai nang [28].
Quan trong hon, d6 min anh hudng truc tiép dén vi tao théng qua mot sé tac dong nhu
(1) diéu hoa ap suat tham thau (osmotic pressure), (2) qua trinh quang hop, va (3) qua

trinh sinh tong hop lipid cua vi tao [8, 54].

Sinh Iy trade-off 1a mot trong nhitng co ché phtc tap nhat trong vi tao noi riéng
va sinh vat néi chung. Tuy nhién, day lai 1a co s ly luan giai thich cho rat nhiéu biéu
hién, phan ing ma trudc day chua timg duoc 1am rd. Anh huong cia d6 man Ién toc do
sinh truang cua quan thé vi tao phan nao d6 dugc giai thich qua co ché sinh 1y nay. Theo
d0, cac té bao vi tao déu cd kha nang wu tién danh nguon nang lwong ndi bao dé duy tri
thanh phan sinh hda dic trung, cau tric té bao trong mot s diéu kién khac nghiét caa
moi trudng séng. Nghién ctu cua Strizh va cac cong su 2004 da chi ra rang, ¢ vi tao
Tetraselmis viridis ting kha nang chéng lai su thay doi vé dé man caa moéi truong thdng
qua phan tng can bang noi md cua Na* transporting ATPase dé duy tri ion trong té bao
chat [116]. Nguén nang luong danh cho phan tng sinh ly nay cang nhiéu, thi nguén
nang luong danh cho cac qua trinh sinh Iy khac cang bi it di. Két qua 1a sinh trudng,

phét trién caa vi tao s& bi anh huong [54, 84].
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MJ3i mét chiing, loai vi tao c6 nhirg dic diém khéac nhau vé kha nang chéng chiu
va thich nghi v&i ¢6 min méi trudng sdng. Tuy nhién, két qua caa nhiéu nghién ctu, va
hoat dong thuc tién da chi ra rang khoang d6 man phi hop nhat cho nudi cay hau hét
cac chung loai vi tao trong nudi trong thuy san noéi chung va trong san xuat gidng tom

thé chan trang noi chung trong khoang 20-25 %oo.

Bang 1.5. Khoang dd main t6i wu cho nudi cay mat sé loai vi tao

Loai vi tao Pomiantéiwu  San xuidt sinh khéi/ Ngudn
(%00 ) Sinh trudéng
Nannochloropsis sp. 15-20 0,76-0,852 [50]
Tetraselmis suecica 15-20 0,53-0,63 2 [50]
Isochrysis galbana 15-25 NA [70]
Chaetoceros muelleri 25-27 39° [84]
Skeletonema costatum 30 0,282 [49]
Thalassiosira weissflogii 25 1,244 [53]
Thalasiosira pseudonana 25 19,5x10° ¢ [17]

Cha thich: NA (non-available) khéng xdc dinh dwoc; @ téc dé sinh truong quan thé
(Ingay); © nang sudt sinh khoi (mg/L/ngay); © mdt dé cuwc dai (tb/mL).

Mudi dinh dwéng bé sung

Trong nudi cy vi tao, mat do té bao thudng cao hon rat nhiéu 1an so vai cac thuy
vuc ty nhién, hay ao nudi trong thuy san thong thuong khac. Nhu cau vé nguén nang
luong, va vat chat dé tong hop Ién té bao la rat I16n. Diéu nay giai thich cho viéc bo sung
cac mubi dinh dudng vao dich nudi cay 1a mot ki thuat tat yéu trong nudi cay vi tao.
Huéng nghién ciu anh huong cia cac mudi dinh dudng bd sung 1én sinh truong, phat
trién va thanh phan sinh hda cia vi tao ciing 1a mét trong nhitng huéng nghién ciru duoc
quan tdm nhiéu nhat, dic biét trong linh vuc nghién ciu ¢ng dung. V& can ban, nguoi
ta chia cac thanh phan dinh dudng bo sung thanh 2 nhém chinh 1a (1) Mudi dinh dudng
da lugng (macronutrient) bao gdm mudi dinh dudng nitrogen, mudi dinh dudng
phosphorus, mubi dinh dudng sililcon, va (2) vi lugng bao gdm mudi khoang (trace

metals) va vitamin (vitamin).
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Nitrogen Ia nguyén tb chinh thir hai (sau carbon) trong thanh phan té bao vi
t40, chiém ty Ié tir 1-14% khdi lwong kho té bao (phé bién nhat trong cac loai vi tao
la 5-10%) [104]. Nitrogen tham gia xay dung cac thanh phan cua té bao vi tao nhu
axit nucleic, axit amin (protein), sic t6 (nhu chlorophyll va phycocyanin). So véi hau
hét cac loai thuc vat 16n (higher plant) khac, ham lwong protein trong cé4c té bao vi
tao thuong cao hon rat nhiéu, khoang 30-60% [21]. Hay noi cach khac nhu cau
nitrogen dé sinh truéng va phat trién cua vi tao 1a rat cao va dic biét can thiét, day
chinh 14 co s& khoa hoc co ban nhét cua viéc viéc bd sung thém luong mudi dinh
dudng nitrogen cho qué trinh nudi cay [78]. Co ché tac dong cua cac dang va ham
luong mubi dinh dudng nitrogen 1én sinh truong va phat trién caa vi tao tuong doi
phuc tap, lién quan tai biéu hién cua cac gene hap thu, van chuyén protein nam trén
I6p mang té bao (cell membraine).

Vi tao ¢6 kha nang hap thu hau hét cac dang nitrogen nhu nitrogen hitu co, va
mudi dinh dudng nitrogen (NO2 nitrite; NOs nitrate; va NH4* ammonium) [78]. Céc
mubi dinh dudng I1a dang phd bién va quan trong nhat cho sinh truéng cia hau hét cac
loai vi tao, dac biét 1a nitrate. Nhiéu loai vi tao lam (cyanobacteria) va mot sé loai tao
silic (diatom) c6 kha ning c6 dinh N2 ty do thanh NH4* théng qua phic hé enzyme
nitroenase (nitrogenase enzyme complex). Tuy nhién, qua trinh nay rat tiéu ton ning
lwong 16n (tir 1 phan tir N2 can 16 phan tir ATP dé tao ra 2 phan tar NHs), va khong mang
nhiéu ¥ nghia trong khoa hoc ng dung cua vi tao. Ngudn dinh dudng tiép theo Ia
nitrogen hitu co (phan 16n 1 axit amin). Kha nang hap thu nitrogen hitu co ¢ vi tao xay
ra trén ca céc loai tu dudng (autrophic) va di dudng (heterotrophic), tuy nhién, nhiéu két
qua nghién ctru da chi ra nhiéu khé khan trong (ng dung (dic biét 1a khé kiém soat toc
d6 sinh truong) vi tao, nhat 1a nudi trong thay san [24, 78].

Sau nitrogen, thi phosphorus 1a yéu té thir hai anh huong 16n dén sinh trudng,
tong hop lipid, thanh phan axit béo, va cac qua trinh trao doi chat ¢ vi tio. Phosphorus
chiém khoang 1% tong khéi lwong kho té bao va nhu cau vé nong do trong méi trudng
nudi cay hau hét cac loai vi tao khoang 0,03-0,06% (khi lwong) cho vi tao sinh truéng
va phat trién. Phosphorus tham gia vao xay dung mot s thanh phan cia té bao nhu mang

phospholipid, DNA, RNA, va hop chét cao nang lugng ATP [126].
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Tuong ty nhu nitrogen, viéc bd sung phosphorus 1a can thiét trong qua trinh
nudi cay vi tao. Mic du vay, mudi dinh dudng phosphorus sir dung dé nudi ciy vi
t40 lai don gian hon. C6 hai dang mudi phosphorus ma vi tao c6 thé hap thu bao gom
polyphosphate [(PO4%)s] va orthophosphate (PO4*"). Trong khi polyphosphate dugc
cho 1a can thiét cho mot sé it qua trinh sinh Iy cua vi tao, nhat 1a ting kha ning chéng
chiu véi doc tinh cua kim loai nang [98], thi orthophosphate dudng nhu 1a can thiét

can thiét hon va dé duoc hap thu hon bai vi tao [126].

Xu hudng tac dong cua ham lwong phosphorus trong méi truong nudi cay dén sinh
trugng, phat trién va thanh phan sinh hda cua vi tao cling twong ty nhu & nitrogen. Cu thé,
quan thé vi tao phét trién nhanh trong diéu Kién moéi truong day di mudi dinh dudng
phosphorus. Theo Roopnarain va céc cong su (2014) thi ndng d6 phosphorus téi uvu cho
sinh trudng quan thé hau hét cac loai vi tao trong khoang 0,001 g/L [106]. O chiéu huéng
nguoc lai, khi ma diéu Kién méi truong nudi cay can kiét mudi dinh dudng phosphorus,
s& kich thich mot s6 qua trinh sinh tong hop lipid, axit béo. Vi tao luc Scenedesmus sp. 6
kha nang ting ham luong lipid tir 22,3% trong diéu kién nudi cdy c6 ham lugng
phosphorus 50 mg/L, 1én t6i 42,5% trong diéu Kién nghéo ham luong phosphorus tai 1
mg/L. Tuong tu nhu vay, nhiéu két qua nghién ctiu thuc hién trén céc loai vi tao khac
Rhodosporidium kratochvilovae, Isochrysis galbana, ciing chimg minh co ché kich thich

sinh tong hop lipid trong diéu kién can kiét mubi dinh dudng phosphate [93, 127].

Bén canh cac yéu té moi trudong séng ké trén ¢ anh huong 16n dén sinh truong
quan thé, thanh phan sinh héa vi tao thi con nhiéu yéu té khac nhu ché d6 suc khi, CO;

bo sung, pH, do kiém, khoang b sung.

1.2. Tong quan vé tdm he

1.2.1. Mgt sé ddc diém hinh thai va phan logi

Ho tdm he bao gom bén gidng (Penaeus, Metapenaeus, Parapenaeopsis, va
Metapenaeopsis) va nhiéu loai trong hé thong phan loai. Trong dé c6 khoang tam loai
d3 duoc nghién ciu va tré thanh dbi twong nudi cho san lwong Ion bao gom tém si
(Penaeus monodon), tom nuong (P. chinensis), tdm thé chan trang (P. vannamei), tdm
bac thé (P. merguiensis), tom thé An Do (P. indicus), tdm he Nhat Ban (P. japonicus)
va tdm rao (Metapenaeus ensis). O khia canh phan loai hoc, ho tdm he thudc bo
Decapoda, 16p Malacostraca, va nganh Arthropoda.
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V& hinh thai cu tao, nguoi ta chia co thé tdm thanh hai phan tach biét 1a phan
dau nguc va phan bung. Phan dau nguc c6 14 d6i phan phu bao gdm mot doi mat kép,
hai d6i rau, ba doi chan boi va nim d6i chan bo. P61 mat kép giit cac chirc ning khudu
gidc va giir thing bang cho co thé. Cac doi chan boi 1am nhiém vu bit va giit con mdi.
Phan dau nguc nam trong 16p vo chitin, goi 1a giap dau nguc. O giap dau nguc cd céc
gai, ranh, va go, day 1a cac dic diém hinh thai dé phan loai giita cac giéng va loai trong
nhém ho tdm he. Phia trén va trudce giap dau nguc la chiy dau. Hinh dang va sé luong
cac gai trén chuy va duéi chiy 1a khac nhau & ting loai tom he. Day ciing 1a dic diém
quan trong va d& nhan biét dé phan biét cac loai trong ho tdm he nay [3, 42].

C6 bay dét ¢ phan bung cua tom he. Nam doi chin boi hay con goi 1a chan bung
nam & nam d6t dau tién caa phan bung nay. D6t bung cudi cling phat trién thanh telson
hop véi d6i chan dudi phan nhanh tao thanh dudi. Phan dudi giup cho cac hoat dong Ién
xudng theo d6 sau cot nudc hay bing nhay caa tom [3].

TOém he bao gom nhiéu giéng va loai, mdi mot loai c6 nhitng dac diém phan bd
dia ly khac nhau tuy theo dic tinh caa loai. O Viét Nam hai loai tdm he phé bién va c6
gia tri kinh té 16n 1a tdm st (P. monodon) va tdm thé chan trang (P. vannamei). Tém su
duoc biét dén 12 l0ai ban dia Viét Nam, dugc phan bé chu yéu & cac khu vuc ven bién
mién trung va mot s tinh phia Nam (Kién Giang). O giai doan 4u tring va dau hau au
tring (<PL 5), tdm st c6 doi sdng troi noi ¢ tang mit va tang gitra. Cudi giai doan hau
au triing, tdm chuyén sang séng day va di cu dan ra xa bo dé thanh thyc va sinh san [3].

Trong khi d6, tdm thé chan trang (P. vannamei) 1a d6i twong nudi ngoai nhap, co
ngudn goc tir bo bién phia Pong Thai Binh Duong, tir Sonora, Mexico ¢ phia Bac, qua
Trung va Nam My, va kéo dai dén Tumbes & Peru, & nhitng noi c6 nhiét d6 nudc thuong
>20°C. Vung bién nhiét d6i 1 noi phan bd chii yéu cua tdm thé chan tring. Con truong
thanh séng va dé tring ngoai bién khoi, hau 4u tring di cu vao bd bién dé trai qua giai
doan con non, thiéu nién va trudng thanh & cac ctra séng ven bién, dam pha hoic khu

vuc ring ngap man [3, 42].
1.2.2. Mgt sé ddic diém sinh trwéng va phat trién du trang tom he

Qua trinh phat trién phdi bao gém nhiéu giai doan nho, bat dau tir khi tring dwgc
thu tinh dén khi trieng né. Thai gian phat trién phdi cua au tring khoang tir 12 dén trén
20 gio phu thudc vao loai va mot sé diéu kién mai trudng séng nhat 1a nhiét do. Két thic

qua trinh phat trién phoi 1a giai doan phat trién cta au tring. Dua vao cac diac diém vé
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hinh thai, tap tinh boi 19i, bat moi, ngudi ta chia cc giai doan phaét trién cua au tring
tom thanh 4 giai doan nauplius (N), zoea (Z), mysis (M) va post-larvae (PL) [3].

Pic diém nhan dang 4u tring nauplius cua tdm he 12 bao gdm 3 d6i phan phy va
mot diém mét. Trong d6, ddi phan phu tha nhat khdng phan nhanh 1a mam cua déi rau
1. Cac d6i phan phu con lai dugc phan thanh cac nhanh 12 mam cho cac d6i rau con lai
va d6i ham. Trén phan phu nay cé ldng cing nho, dang 16ng chim. O hau hét cac loai
tom he, nguoi ta chia giai doan nauplius thanh 6 giai doan phu. Ngoai trir trrong hop
duy nhat & loai P. setiferus, giai doan nauplius duoc chia thanh 5 giai doan phu. Cac dic
diém vé gai dudi, cac mau Idi ctia cac d6i ham, chan ham 1a cac dic diém quan trong dé

phan biét cac giai doan phu nauplius [3].

Két thuc giai doan nauplius, au trung chuyén sang giai doan zoea. Nguoi ta chia
giai doan zoea thanh 3 giai doan phu khac nhau vé cac dic diém chuy dau, cubng mat,
va mam chan dudi. Co thé au trung Z1 kéo dai, chia thanh hai phan la phan dau va phan
sau. Chuy dau bat dau xuat hién & au tring Z». O giai doan nay cuong mat va mam chan
dudi chua xuat hién. Giai doan Z», au trung boi 16i chu dong vé phia truéc nho hai doi
rau va ba doi chan ham. Sang giai doan Z3, phan dau nguc duoc hinh thanh va bao phu
boi giap dau nguc. Mat bung c6 mam cia cac d6i chan nguc, phan bung duoc chia thanh
7 @bt riéng biét bao gom 6 dt bung va 1 chac dudi. Au tring ¢ giai doan zoea bt dau
str dung thirc 3n ngoai véi hinh thic an loc 1a chu yéu. Cudi giai doan zoea, au tring
cling c¢6 kha ning bat moi chi dong. Thirc dn ciia au tring 1a sinh vat phd du va mon ba
hiru co. Khoang thoi gian cho mdi giai doan phu trung binh khoang 36 gio (30-42 gio)
tly theo tinh trang sinh ly 4u tring va diéu kién nhiét ¢6 moi truong wong nudi [3].

Gidng nhu & giai doan zoea, giai doan mysis ciing duoc chia thanh 3 giai doan phu.
Céc ddc diém vé sy phat trién ciia mam chan bung, tap tinh boi 16i 1 dic diém chinh dé
phan biét cac giai doan phu mysis. Giai doan Ms, chira c6 mam chan bung, co thé thuén
dai, hoi thang. Sang giai doan M2, mam chan bung c¢6 1 dot, co thé bat dau cong gap, tap
tinh boi 161 bung nguoc xuat hién. Giai doan Mz, mam chan bung c6 2 dét, co thé cong

gap, xu huéng di chuyén xudng day bé wong, boi 16i bang bing nguoc [3].

Giai doan hau 4u tring postlarval, tdm d c6 hinh dang dic trung cua loai. Sic td
dugc hinh thanh va hoan thién. Post-larvae cé tap tinh boi thang, dinh hudng vé phia
treéc bang 5 d6i chan bung. Tudi hau 4u tring post-larvae tdm he dugc tinh theo ngay.
Thoi gian cho mdi l1an 16t xac phu thudc vao tirng loai cu thé, tinh trang sinh 1y, va diéu

Kién wong nudi [3].
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Hinh 1.4. Qué trinh phat trién phoi va au tring tém thé chan trang [123]

Hién trang wong nudi au tring tdm he & Viét Nam mang nhiéu nét dic trung va
tuong d6i khac biét phu thudc vao timg co s san xuat cu thé. Mot s6 don vi san xuat
gidng tdm c6 qui md va san lwong PL 16n bao gébm Tap doan thay san Viét Uc, Cong ty
¢ phan chin nudi C.P. Viét Nam, Cong ty TNHH San xuat giéng Thuy san Minh Ph,
Cong ty TNHH Khoa K§ Sinh Vat Thang Long, Cong ty TNHH Dau tu Thay san Nam
Mién Trung, Cong ty TNHH Binh Minh Capital .v.v. Bén canh nhitng khac biét trong qui
trinh ki thuat giita cac co s& nay vé nguon tdm bd me, qui trinh xir 1y nudc, thire dn cong
nghiép, va men vi sinh thi c6 diém chung Ia sir dung vi tao Thalassiosira weissflogii lam
nguon thirc an cho 4u tring tir giai doan Zoea 1 dén Postlarval 1 [75]. Cac tiéu chi danh
gia chat luong tdm giéng kha phong phu nhung co ban nim & ty 18 song, chiéu dai than,
mutrc d6 phan dan (CV), hinh thai, tinh trang gan tuy, ty I€¢ co rudt, kha nang chiu shock
moi truedng va sach cac mam bénh nguy hiém. Két qua uvong nudi au tring tom twong doi
khéc nhau, khong chi phu thudc vao timg co s san xuat ma con phu thugc vao mua vy,
thoi tiét, tinh hinh dich bénh. Qua khao sét thuc té, ty 1¢ séng (tinh dén thoi diém xuét
ban) dat khoang 60-80%, chiéu dai PL12 khoang 10,5-12,5 mm, CV khoang 10-18%.
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1.2.3. Nhu cdu dinh dwéng du tring tdm he

Nghién ctzu nhu cau dinh dudng cua giap xac noéi chung va dong vat thay san noi
riéng doi hoi nhiéu ki thuat phic tap, dic biét 13 ¢ giai doan 4u tring. Do d6, nhitng hiéu
biét vé dic diém dinh dudng cua u trang tdm con nhiéu han ché. Phan Ién cac ngudn
thong tin duoc &p dung tir nhitng dan liéu khoa hoc trén giai doan 4u nién hay truéng
thanh. Mic du vay, quan diém chung 1a nhiing thanh phan dinh dudng ma gidp xac
khong ty tong hop duoc & giai doan 4u nién hay truong thanh ciing 1 thanh phan dinh
dudng thiét yéu & giai doan Au triung [11]. So sanh véi giai doan 4u nién va trudng thanh,
C4u triic co thé tdm & giai doan 4u tring chua hoan thién, nhiéu qué trinh sinh tong hop
c4c chat chua duoc thuc hién mot cach diy du, nhu cau vé cac dudng chat ndy can duoc
bd sung truc tiép tir nguon thie an. Mot luan diém quan trong can dugc nhan manh rang
tdc do cua cac qué trinh trao d6i, chuyén hoa vat chat, va sinh truéng tém giai doan au
tring cao hon céac giai doan 4u nién, trudng thanh nén 4u tring tom thudng c6 do nhay
cam cao Véi céc tinh trang thiéu céc chat dinh dudng thiét yéu. Gidng nhu nhiéu dong
vat thay sinh khac, au tring tdm he c6 dy du cac nhu cau dinh dudng vé protein, lipid,

carbohydrate, khoang chét va vitamin cho sinh truéng va phat trién [11, 112].
Nhu caqu protein va axit amin

Protein la thanh phan chinh trong cau tric md cua co thé va chic ning cua
moi sinh vat, bao gom ca tdm he. Nhin chung, nhu ciu protein rat cao trong khau
phan in cua au tring tdm he dé dap tng cho téc do cao cac qué trinh sinh tong hop,
CAu tao c4c mO trong co thé trong nhitng giai doan ndy. St dung cac ki thuat vi nang
va danh diu phong xa, nguoi ta xac dinh duoc 10 axit amin thiét yéu cho tdm he &
C4 C4c giai doan tir au tring téi con truang thanh bao gom, arginine, valine, threonine,
methionine, leucine, isoleucine, phenylalanine, lysine, histidine, va tryptophan [11].
Tuwong tu nhu & c va cac dong vat bac cao khac, cac axit amin nay Ia tién chat cho
Cac quéa sinh téng hop protein trong co thé au tring tdm. Ham lwong axit amin thiét
yéu trong co thé hoan toan phu thugc vao dic diém ngudn thirc an bd sung. Nguoc
lai, lwong axit amin khong thiét yéu (asparagine, serine, axit glutamic, proline,
glycine, alanine, cystine, va tyrosine) trong co thé duoc diéu hoa théng qua cac qué

sinh ly & ting diéu kién cu thé [11].
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Nhu cau protein trong khau phan in cua 4u trang tdm he dao dong trong khoang
30-56%, phu thudc vao dic diém ngudn thirc an, giai doan phét trién, tinh trang sinh ly va
cac dic diém ly hoa hoc méi truong khac [11]. Sheen & Huang (1998) di chi ra rang kha
ning tiéu héa thirc an cua au tring tdm s, Penaeus monodon, 1a khac nhau phu thudc vao
giai doan phat trién. O giai doan zoea 1, kha ning tiéu hoa thirc dn cua au tring tom 1a
khong khac biét vai 3 khau phan thirc an khac nhau, nhung sy khéc biét 16n duoc ghi nhan
khi 4u triing tdm chuyén sang giai doan mysis 11 [110]. Pac diém ngudn thic dn (phan
I6n 12 thanh phan va ham luong axit amin) ciing anh huéng 16n téi kha ning tiéu hoa va
hap thu cua au tring tdm [11]. Quan sét trén 4u trung tdm hum Homarus americanus, cac
nha khoa hoc d3 nhan ra rang hiéu suit qué trinh chuyén hoa protein cta 4u tring tdm
tang 1én khi ham luong protein trung binh trong khau phan an thap, va nguoc lai [35].
Nhiéu bang chizng khoa hoc ciing da chi ra rang ty 18 sdng cta hau au trang tém he ting
1én trong diéu kién khau phan in c6 ngudn protein dé tiéu hoa va hap thu [11]. Diéu kién
méi trudng sdng cling anh hudng téi nhu cau protein cua tdm he va nhiéu loai dong vat
thity sinh khac. Két qua nghién ciru caa Shiau va cong tac vién (1991) di chi ra rang, tom
st ¢6 nhu cau protein trong khau phan an cao hon trong diéu Kién d6 man méi truong
s6ng thap. Cac nha nudi trong thay san hoc cho rang tdm va giap xac ¢6 xu hudng si dung
protein (thay vi lipid) 1am ngudn ning lwong cho cac qua trinh sinh Iy co thé trong diéu
kién moi truong d6 man thap, day dé giai thich cho nhu cau protein cua 4u tring tém he

khac nhau trong cac diéu kién khac nhau vé 6 man moéi truong [112].
Nhu cau lipid va axit béo

Khéng gidng nhu ciu protein, u tring va tom he trudng thanh déu khong c6 nhu
cau lipid mot cach nhat dinh, do d6 viéc xac dinh nhu cau lipid trong khau phan thirc an
tom thuong gap nhiéu kho khin. Nhu cau lipid duoc khuyén céo trong nhiéu tai liéu
trong khoang 6-7,5% va téi da khong vuot qua 10% [112]. Mét s6 khac thi cho rang nhu
cau lipid 4u tring tdm he nén & khoang 5,5% [11]. Nguoc lai, thanh phan cac nhém lipid
va axit béo duong nhu quan trong hon ddi véi au tring tém he. Khi nhac téi nhu cau
dinh dudng lipid ctia au tring tdm, phan dong cac hoc gia cho rang c6 ba khia canh can

dic biét chd y 1a axit béo khong no da ndi d6i mach dai, phospholipids, va sterols [112].
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Lipid trung tinh, nhat 1a triacylglycerides (TAG), c6 vai trd quan trong cho 4u
tring tdm. L& ngudn ning luong du trir cho tdm he néi riéng va dong vat thay san noi
chung. Lipid nay duoc tich ty va luu trit & gan tuy, 1a yéu té quyét dinh cho 4u tring tdm
trong nhitng thoi diém thiéu hut ngudn thie an. Mot s6 lipid khac nhu phospholipid, va
hau hét cac axit béo khong no da nbi dbi mach dai (C>20, L-PUFASs) khong hoic rat
hiém tu tong hop duoc bai cac dong vat gidp xac noi chung. Céc lipid nay thudng phai

duoc cung cap tir ngudn thue an [11, 39].

Phospholipid tham gia vao ciu tric mang té bao co thé au tring va déng vai tro
quan trong trong qua trinh diéu hoa &p suat thim thau (kich hoat cho qua trinh truyén tai
Natri tai I6p mang té bao). Bén canh d6, phospholipid tham gia chinh vao qué trinh van
chuyén cac thanh phan lipid trong mach bach huyét dudi dang hop chat cao phan tir
lipoprotein. Sy hinh thanh caa cac hop chit cao phan ti ndy dua trén su chuyén héa gitra
glycerides va céc axit béo lay tir nguon thire an hodc huy dong tir cac ndi mé khac trong
co thé. Cudi cing, qua trinh van chuyén céc cholesterol tir gan tuy dén mach bach huyét

duoc quyét dinh boi cac phospholipid nay [11, 65].

Sterol giir ¢6 vai trd rat quan trong trong sinh truéng, trao doi chat, va diéu hoa
qua trinh 16t xac ¢ tom he. Ciing giéng nhu nhiéu lipid khac, tdm he khong c6 kha ning
tu tong hop cac sterol nay. Nhu cau vé sterol duoc dap wng tir cac khau phan an cua au
tring. Trong sé cac sterol thi cholesterol 1a quan trong nhat, 1a tién chat tham gia vao

qua trinh sinh tong hop cac hormone diéu khién qua trinh 16t xac ¢ tdm [11, 65].

Céc axit béo, nhat 1a cac axit béo khong no da ndi d6i mach dai (long-chain
polyunsaturated fatty acids, Lc-PUFAS) la dac biét quan trong. Cac axit béo nay tham
gia vao hau hét cac qua trinh trao d6i chat, phan ang sinh ly, va quyét dinh dén kha ning
sinh truéng va phat trién cac giai doan au tring [42]. Au tring tdm he khong c6 kha
nang tu tong hop hoic chuyén héa tir axit béo khdng no mét ndi déi (MUFAS). Nhu cau
vé cac axit béo PUFASs nay dugc cung cap tir khau phan thire an. Nguoi ta ghi nhan rang,
su thiéu hut PUFAs trong khau phan an 13 nguyén nhan dan t6i nhiéu dau hiéu bénh Iy,
cham 16n, kém thanh thuc, va doi khi 1a chét. Twong ty nhu axit amin, cac PUFAs nay
duoc goi la céc axit béo thiét yéu (essential fatty acids, EFAs). Nhiéu tai liéu truéc day

sir dung thuat ngirt HUFAs (highly unsaturated fatty axit) dé dai dién cho cac EFAS nay.
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D4y 1a nhitng axit béo khéng no -3 cd mach tir 20 phan ti: C tré 18n, va ¢6 nhiéu hon
3 lién két d6i trong cAu tric phan tir. Nhung trong nhitg nim gan day, thuat ngir nay it
dugce dung hon. Thay vao d6 mot thuat ngir chung cac axit béo khong no da ndi doi

mach dai (Lc-PUFAs) duoc wu tién sur dung [11, 42, 112].

Bang cé4c nghién cau ciia minh, Kanazawa va cong tac vién (1979) da khang dinh
rang c6 4 loai axit béo duoc xem 1a thiét yéu cho sinh truéng va phat trién cua au tring
tdm he Nhat Ban, Penaeus japonicus, bao gom linoleic (18:2n-6), linolenic (18:3n-3),
eicosapentaenoic (20:5n-3, EPA), va decosahexaenoic (22:6n-3, DHA) [66]. Trong khi
do, cac nghién ctru cua Read (1981), Leger (1985), va (Catacutan (1991) chi ra 2 loai
axit béo thiét yéu cho au tring tdm he An Do (Penaeus indicus), va tdm su (Penaeus
monodon) bao gom EPA va DHA. Bén canh d6, nhiéu quan diém cho rang céc axit béo
(C>20) duong nhu quan trong hon ddi véi Au tring tdm. Au tring tom cé xu huéng tong
hop, chuyén hoa céc axit béo C18 thanh céc axit béo C>20, mac di qué trinh nay gap
nhiéu han ché ¢ au tring tdm he [11, 42, 112].

Nhu cau carbohydrates

Au triing tdm he khong c6 nhu cau truc tiép nao vé carbohydrates. Trong nudi
trong thuy san noéi chung va wong nudi tdm néi riéng, cac polysaccharides bao gom tinh
bot va dudng dextrin thudng dugc st dung trong khau phan thirc an cua au tring tom
dé tao ngudn ning luong duy trix, thay thé cho cac ngudn protein dit tién. Au tring tdm
he c6 nhu cau carbohydrates khoang 7,5-33% [35, 36]. Carbohydrates tir nguon thirc dn
dugc 4u tring tdm tiéu hoa, hip thu va luu trir & gan tuy duéi dang glycogen. Py la
ngudn vat chat du trir duoc sir dung nhu 12 nhiing tién chat tong hop nén nhitng vat chat
trung gian trong qué trinh trao d6i chat, hoic dé tong hop céc axit amin khéng thiét yéu,

c4c axit nucleic va chitin & 16p biéu bi [11].
Vitamin va khoang chat

Khéng giéng véi nhu cau protein, axit amin thiét yéu, hay lipid, nhitng hiéu biét
vé nhu cau vitamin va khoang chat & au tring tém he rat han ché. Mic du vay, quan
diém duoc thira nhan rong réi rang vitamin c6 vai tro rat quan trong, thiét yéu doi véi
qua trinh phat trién va stc khoe cia au tring tom he, dic biét 1a trong khau san xuat
gidng noi ma au triung sinh trudng trong diéu kién han ché vé ngudn dinh dudng bo
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sung. Vitamin C (ascorbic acid) duoc biét dén Ia chat chong oxy hoa va tham gia vao
qua trinh hinh thanh collagen, dic biét quan trong trong qua trinh hinh thanh phat trién
phdi va u triing tdm he ndi riéng va gidp xac ndi chung. Wouters va cong su (1999) két
luan rang ham luong vitamin trong ché d6 cho n cua tém thé chan tring me, Penaeus
vannamei, anh huéng 16n t6i tinh trang sinh ly, sic khoe 4u tring [125].

Bang 1.6. Nhu ciu dinh dwéng cho 4u tring mét sé loai tdm he [11, 42, 112]

Dinh dudng Nhu cau

P. monodon P. vannamei P. indicus P. japonicus
Protein (% khdu phan)
Protein tong s6  36-50 30-36 43 50
Lipid va axit béo (% khdu phan)
EPA+DHA 0,5-1 0,5-1 1,1 1,1
Cholesterol 0,35 1 0,5 2
phospholipid 1-15 15 0,5-1 0,5-1
Khoang (9/100 g thic dn)
Calcium R R R R
Phosphorus 0,74 1-2 1-2 2
Potassium 1-1,2 - - 1
Magnesium - 0,26-0,35 - 0,3
Vitamin (mg/kg there dn)
Vitamin A 2,51 1,44 36-54 -
Vitamin E 85-89 99 - -
Thiamin 14 - 100 60-120
Riboflavin 22,5 - - 80
Vitamin B6 72-89 80-100 100-120 120
Biotin 2,0-2,4 - - -

Vitamin B12 0,2 - - -
R (required): cdn ¢ nong dg thap, “-“ khong ¢ so liéu.

Vi luong va khoang chat ciing rat quan trong d6i véi au tring tém he. Nhu cau
vé cac chat dinh dudng duogc str dung cho nhiéu qua trinh trao d6i chat. Cac khoang chat
phd bién cho 4u tring tdm he bao gom calcium, magnesium, sodium, potassium va
chloride. Au trung tdm hap thu cac dudng chat nay qua lép biéu mé mong ¢ khoang
mang va thanh ruét. Trong méi truong nudC man, noi ¢ ham lugng cao cac ion khoang
va vi lugng, dap Gng day du cac nhu cau vé dinh dudng nay cho au tring tom. Nguoc
lai, cac khoang chit thuong bi thiéu hut va duoc xem 1a yéu té gi6i han, Gc ché sinh

truéng va siac khoe cia au tring tom trong moi truong wong nudi nude ngot [11].
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1.2.4. Péi nét vé nganh tom Viét Nam

Nghé nudi trdng thay san trén thé giGi cd lich st hinh thanh va phét trién rat 1au
doi. Rat nhiéu hoc gia cho rang, NTTS bét ngudn tir Trung Quéc cach day 3.500-4.000
nim truée [115]. Nhirng nam 1970 1a diém méc quan trong, danh diu sy thay d6i xu
huéng cua nghé cé thé gidi, véi trong tim day manh cac hoat dong nuéi trong hon 1a
khai thac. Sau ching duong dai phat trién, nghé nudi trong thuy san trén thé gisi da gat
hai nhiéu thanh tyu to 16n. Theo sé liéu thong ké cua T6 chic Luong thuc va Nong
nghiép Lién Hop Quéc (FAO — Food and Agriculture Organization), tong san lwong
thiy san nam 2022 udc dat 223 triéu tin, ting khoang 2,1% so v&i nam truge. Trung
Quéc, An D9, Indonesia va cac nudc Chau A duge xem nhu 13 nhitng noi canh tac thuy
san trong diém trén toan thé gisi, chiém hon 70% tong san luong.

Véi dac diém c6 hé théng song ngoi day dic, duong bo bién dai hon 3,260 km
va khu dic quyén kinh té véi dién tich 1 triéu km? Viét Nam dugc xem nhu mot quéc
gia ¢o cac diéu kién 1y tuong vé dia ly cho nganh nudi trong thuy san [100]. Bén canh
do, Viét Nam thudc vung khi hau nhiét déi, véi diéu kién trung binh ndm trén ca nudc
vé nhiét do (khoang 25°C) va s6 gio chiéu sang (khoang 2500 gid/nam) cao hon nhiéu
so v6i mirc binh quan chung trén toan cau (khoang 15°C, va 2300 gio chiéu sang), day
dugc xem nhu nhing tién dé thuan loi cho canh tac thay san [100]. Thém vao dé, co
ciu nén kinh t& qudc dan tap trung chu yéu ¢ san xudt néng nghiép, truyén thong canh
tac 1au doi, va nhiéu chi truong quan trong trong chién lugc phat trién Nubi trong thay
san da dugc Chinh phu thong qua.

S liéu thong ké ciia Tong cyc thity san (TCTS), B6 Nong nghiép va Phat trién
Nong thén (B6 NN&PTNT) cho thdy, san lwong thiy san Viét Nam ting déu qua cic
nam, trong d6 san lugng nudi trong ting manh va déu hon so voi khai thac thity san. Tinh
dén nam 2022, téng dién tich nuoi tréng thuy san udc dat 1,14 triéu ha, téng san lugng
NTTS 4,4-4,5 tridu tan (chiém khoang 53,7% tong san luong thity san), dong gop khoang
4-5% GDP, gi4 tri kim ngach xuat khau cac mit hang thuy san dat khoang 5,4 ty USD (8-
9% tong kim ngach xuat khau, xép thtr 5 sau dién tir, may mac, dau thd, giay dép) [4].

Ving ddng bang Song Ctru Long van 13 ving trong diém canh tac nudi trong thuy
san trén ca nudc, chiém trén 70% vé ca dién tich 1an san luong. Theo sau d6 1a dong
bang Séng Hong, bic trung bo va duyén hai mién trung. Ving nudi déng nam bo co dién
tich nudi giam manh trong giai doan 2015-2020 (giam 50% so v&i thoi diém trude do)
do chuyén muc dich sir dung sang du lich, cong nghiép va phi nong nghiép khac. Tuy

nhién, san lwgng van ting manh qua cic nim [4].
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Bang 1.7. Hién trang nudi trong thay san Viét Nam 2020 [4]

Dién tich San lwgng
Vung nudi Téong DT Ty trongt  TT? Tong SL Ty trongt  TT?

(000 ha) (%) (%) (000 tdn) (%) (%)
PBSCL3 811,1 72,02 1,1 2917,7 70,1 4,92
bBSH* 136,2 12,09 1,13 703 12,09 7,51
BTB&DHMT® 91,2 8,09 1,67 242.,8 8,09 4,18
DNB* 26 4,79 10 132,1 3,12 7,51
TD&MNPB’ 47,8 4,2 2,0 128,2 3,07 8,69
Tay Nguyén 13,9 1,23 0,84 38 0,91 7,45
Ca nudéc 1.140 100 1 4.400 100 55

Ch thich: t #5 16 % trén toan quéc. TT?: Tang truedng binh qudn ndm, tinh trong 5
nam gan nhat 2015-2020. PBSCL® Pong bang Séng Ciru Long. PBSH* Pong bang Séng
Hoéng. BTB&DHMT® Bdc trung bg va Duyén hdi mién trung. PNB® Péng nam bé.
TD&MNPB’ Trung du va Mién niii phia bdc

Moi trudng nudi trong thay san da dang gom nudc ngot, nudc lg va nudi bién.
Trong d6, san luong tir nudi nuwdc ngot 1a chu yéu, chiém 67,1-77,3% tong san luong
NTTS. San luong cac d6i tugng nudi nudc lo dao dong trong khoang 17,7-5,5% tong san
lwgng NTTS. Con lai 14 san luong tir cac hoat dong nudi bién. Cac ddi twong nudi chi luc
van 14 c4 tra, tdm nudéc lo, ca bién, nhuyén thé, tdm him, va rong bién. B4o cao tong két
Pé an “Phat trién giéng cay ndng, 1am nghiép, giéng vat nudi va gidng thiy san dén nam
2020” ctia Tong cuc thily san, tinh dén nam 2020, tong dién tich canh tac nudi trong thuy
san noi dia toan qubc ude dat 1,14 triéu ha, trong d6 dién tich nudi tom nudc lo ude dat
720.000 ha, san lugng 750.000 tan, gié tri xuat khau 3,4 ty USD. Céc ving nudi tom nudc
lg van tap trung & 8 tinh viing ven bién dng bang Séng Ciru Long. Dién tich canh tac
thity san cho ca Tra trén toan qudc wéc dat 6.600 ha, véi tong san luong va gia tri xuat
khau udc dat 1an luot 12 1.150 triéu tin va 3,2 ty USD (nam 2020). Ca nuéc co khoang
1,1 triéu m® 16ng va 5.166 ha nudi ca bién, san luong wéc dat 45 ngan tan. 300 ngan tin
nhuyén thé trén dién tich canh tac 41.200 ha. Bén canh d6 1a tdm hum va rong bién dat

san luong khoang 1,5 ngan tan va 120 ngan tan [4].

Hai d6i twong chinh trong nganh tdm & Viét Nam 1 tdm st va tdm thé chan tring.
Bén canh do6, tom him va tém cang xanh ciing c6 déng gbp tuong ddi vao tong san

lwong chung nganh nudi trong thiy san (khoang 1,5-2 ngan tan/nim). Theo thong ké
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cua Téng cuc Thay san (2020), dién tich nudi tdm nudc lo trén toan qudc ting khong
nhiéu trong giai doan 5 nim vira qua (tir 2015 dén 2020), so véi binh quan ting trudng
vé dién tich nudi tdm khoang 1,2%/nam & giai doan trudc d6. Trong khi dién tich nudi
t6m sd c6 xu hudng giam trong nhirg nim gan day, thi nguoc lai xu huéng ting nhanh

vé dién tich nudi tdm thé chan tring lai thé hién tuong dbi rd rang [2].

Tinh dén 2020, tong dién tich nudi tdm nudc lo khoang 720.000 ha, trong d6 dién
tich nudi tém st va tdm thé chan tring lan luot 12 619.000 ha va 99.100 ha. Khac véi dién
bién vé mat dién tich, san luong nudi tom nudc lo Vit Nam lai ting truong nhanh chéng
Véi tde d6 ting trudng trung binh hang nam dat khoang 5,5%, dat 750.000 tan, nim 2020.
San luong tdm thé chan trang ting manh trong 5 nim trd lai day, (481.812 tan, nim 2020)
chiém phan Ién ty trong san lwong nganh tdm Viét Nam. Tuy nhién, san lwong tdm su c6

xu huéng giam. Theo udc tinh, san lugng tdm s dat 268.188 tan trong nam 2020 [4].

Céc ving nudi tdom nudc lg trong diém trong nuéc chu yéu tap trung ¢ 8 tinh
ddng bang S6ng Cuu Long, lan lugt chiém 94,3% va 75,8% tong dién dién tich nudi tdm
st va tdm thé chan trang trong ca nude. Twong (ng vai mat dién tich canh tac, san luong
tom nuéc lo cua ving nay ciing 13 san lugng chinh cua nganh tdm Viét Nam, chiém
94,7% va 74,4% san luong tdm sd va tdm thé chan trang trong ca nudc. Vé hinh thuc
canh tac, trong khi mé hinh nudi tham canh l1a chi yéu trong nudi tdm thé chan tring véi
dién tich trung binh khoang 0,5 ha/ao. Nguoc lai tobm st duoc nudi ca theo hai hinh thuc
14 thdm canh va quang canh, dién tich canh tac khoang tur 1-3 ha/ao. Bén canh do, ¢ mot
s6 md hinh nudi két hop tdm st véi rirng ngap man, dién tich nudi quang canh nay trong

khoang 5-10 ha.

Theo thong ké ctia Tong cuc thay san (2020), ca nuéc ¢ khoang 2.187 co s san
Xuat giéng tom nuéc lg (bao gom 1.548 co s¢ san xuat giéng tdm st va 639 co sé san
Xuit giéng tdm thé chan tring), san luong con gidng udc dat 135 ty (35 ty postlarvae
t6m st va 100 ty postlarvae tdm thé chan tring). Khu vyc san xuat giong tom trong diém
thugc céc tinh duyén hai Nam Trung Bo (Binh Binh, Khanh Hoa, Ninh Thuan, va Binh
Thuan) cung tng khoang 60-70% san luong tdm gidng cho ca nude. Ngoai ra mot sb
tinh dong thudc bang Séng Ciru Long, Quang Ninh, Nghé An, Ha Tinh ciing 14 noi san

Xuat tuong ddi 16n giéng tdm nudc lg.
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Hinh 1.5. Cac ving trong diém san xuat tdm giong ¢ Viét Nam

Theo udc tinh, nhu cau ngudn tdm bd me hang nim vao khoang 250.000 con
(trong d6 200.000 tdm thé chan trang va 50.000 tdm sd). Nguon gidng tdm bé me
str dyung trong san xuat gidng dén tir danh bat ty nhién, nhap khau va gia héa. Tinh
trong nim 2020, ca nudc nhap khau khoang 220.000 tdm thé chan tring b me, cha
yéu tir SIS-Shrimp Improvement System (chiém 65%), CP — Charoen Pokphand
(chiém 20%) va ngudn khac bao gém Benchmak, Hendrix genetic Kona Bay,
American Penaeid Inc, Syaqua. Vé san xuat tdm bé me trong nudc, ngudn tém su
bé me trén thi truong phan lon dugc cung cap boi Céng ty TNHH Moana Ninh
Thuan (don vi duoc B6 NN&PTNT cong nhan giéng mai déi voi tdm su dong
Moana). Cu thé, ngudn tdm Postlarvae 15-20 duoc tuyén chon tir M¥, wong nudi va
gia hoa tai Viét Nam, cung tng duoc khoang 15.000-20.000 tém st bé me hang
nam. Ngudn tdm thé chan tring bé me gia héa chu yéu tir Cong ty CP Thuy san
Viét Uc (don vi duoc B6 NN&PTNT cong nhan giéng mai dbi véi tdbm thé chan
trang thé hé Gs). Luong tdm bd me tir don vi nay hang nam khoang 25.000 con,

cung tng cho san xuét noi bo cua don vi [4].
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1.3. Nghién ciu ng dung vi tao trong san xuit giéng tdom he

Trong mdi truong séng ty nhién, u tring tdm he ban dau an thyc vat phd du va
manh vun hiru co, sau d6 1a thuc vat [én, dong vt than mém, giap xéac c& nho, va dong
vat phu du khi treong thanh. Pay chinh la nhitng co s& khoa hoc cho viéc nghién cuu cac
ngudn thire dn bd sung cho 4u triing tdm trong san xuat gidng tom he ciing nhu nhiéu ddi
tuong thuy san khac [47]. Vi tao véi su da dang vé thanh phan loai, mdi loai lai mang cac
dic diém sinh hoa khac nhau phu thudc vao timg diéu kién nudi ciy cu thé. Do dé, vi tao
dugc xem ngudn thirc an da dang, phd hop véi nhu cau dinh dudng cua au tring tom &
nhiéu giai doan phat trién. Bén canh céc thanh phan dinh dudng chi yéu (bang 1.6), vi tao
con chira mot ham luwong cao cac sic td va chat co hoat tinh sinh hoc. Thém vao dé, kha
nang tiéu hoa dé dang ciing 1a mot trong nhitng wu diém cua vi tao trong vai trd 1am thic

an cho au tring t6m noi riéng va dong vat thiry san néi chung [47].
1.3.1. Ung dung vi tdo lam nguén thekc dn truc tiép trong san xudt giéng tdm he

Cho dén nay, c6 khoang 16 chi tao da duoc nghién ctu va tng dung lam thie an
cho 4u tring tdm he, phd bién nhat 1a Chaetoceros, Tetraselmis, Isochrysis, Pavlova,
Phaeodactylum, Dunaliella, Skeletonema, va Thalassiosira (bang 1.6). Hau hét cac
chung loai vi tao nay thugc nhom thyc vat phu du va co kich thudce trong khoang tir 2-
20 um [47, 60]. Phan I6n cac két qua nghién ctru di chi ra vai tro quan trong cua vi tao,
quyét dinh dén sy thanh cong trong san xuat giéng tdm he. Quan diém chung trong céc
nghién ciru ndy chu yéu tap trung vao kha ning tiéu hoa, ham luong dinh dudng va
ngudn niang lugng cd trong vi tao [96].

Bang 1.6. Thanh phan dinh dudng (% trong hrong khd) ciia mdt so loai vi tio sir
dung trong wong nudi au trung tom

Loai vi tao Protein  Lipid Carbohydrate Nguén
Chaetoceros calcitrans 30-43 12-27  6-11 [19, 108]
Chaetoceros muelleri 18-40 9-27 8-23 [79, 105]
Isochrysis galbana 3662 17-31 1547 [111, 130]
Phaeodactylum tricornutum 40-60 10-22  32-50 [23, 34]
Thalassiosira weissflogii 16-28 20-29  23-40 [14]
Thalassiosira pseudonana 34-45 19-22  14-17 [117]
Skeletonema costatum 18-25 14-24  24-30 [95]
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Ciing nhu nhiéu loai dong vat thity san khéc, au tring tdm he trong nhiing giai
doan dau co céu tric co thé chwa hoan thién, nhat 1a ciu tric duong tidu hoa va hé
enzyme. Lwa chon ngudn thic an dé tiéu hoa nhu vi tao duoc xem la cach thic phu
hop nhit [3, 48]. Nghién ctru ciia Tang va cong tac vién (2020) da chi ra rang 4u tring
t6m st c6 kha nang tiéu hoa d& dang ngudn thic an vi tao T. weissflogii va C. muelleri.
Tur day két qua sinh truong va phat trién au trung tom thu dugce cao hon cac ngudn
thirc an dang bot khac [118].

O khia canh cung cap nguén ning lwong, u tring tom he ciing can cung cap mot
cach day du cho cac qua trinh sinh treéng va phat trién. Ngudn ning luong nay duoc bd
sung tir ham lwgng carbohydrates va lipid c6 trong khau phan thic an cho au tring. Theo
Pina va cac cong tac vién, té bao vi tao T. suecica va C. muelleri ¢6 ngudn ning luong
I6n 1,99 va 1,53 pj/tb. Nguon thirc an hai loai vi tao nay dwa dén hiéu qua cao hon trong
wong nudi 4u tring tdm thé chan trang so vai khau phan thire an vi tao Isochrysis sp. (c6
ngudn ning luong té bao thip hon ¢ 0,74 pj/th) [42, 47, 96].

Au trung tom ciing nhu moi sinh vat tiéu thu khéc, doi hoi dugc cung cap mot
lugng day di ham luong dinh dudng protein, lipid, carbohydrate, khoang chat, va
vitamin cho qua trinh sinh truéng va phat trién. Trong khi carbohydrate 14 nguén ning
lugng co ban cho au tring tém, thi protein va cac axit amin thiét yéu can thiét cho rat
nhiéu qua trinh phét trién. Lipid 1 ngudn nang lugng dit trir va tham gia cau thanh 1én
cau triic mang té bao co thé, hinh thanh hormone (steroid). Khoang chét va vitamin can
thiét cho nhiéu phan ung sinh ly, sinh héa. Nhu ciu dinh dudng cia au tring tém he
khac nhau phy thudc vao nhiéu yéu té nhu giai doan phat trién cua au tring, diéu kién
wong nudi. O khia canh nguon dinh dudng cho au tring tdm, hau hét cac nghién ctu tap

trung nhiéu vao hai thanh phan chinh Ia protein va lipid [3, 112].

Nhu cau protein trong thirc dn cho au triing tdm he sinh trugng phaét trién tot trong
khoang 50-57% khéi lugng kho, cac axit amin nhu Aginine (4,5%), Lysine (5,3%),
Threonine (3,%), Valine (3,7%), Methionine + Cystine (3,3%). Trong khi d6, nhu cau
lipid ciia 4u tring tém trong khoang 12-15% khéi lwong kho [60]. Bén canh d6 1a nhu
cau rat 16n vé cac axit béo. Au triing tdm he néi chung va tdm thé chan trang noi riéng
c6 nhu cau cao cac axit béo khong no da ndi doi nhat I1a cac axit béo C20 va C22: »-3
va ©-6. Nhiéu nghién cau chi ra rang, tom ting truong nhanh hon khi trong thanh phan
thirc an phong pht cac axit docosahexaenoic (DHA) 22: 6®-3 va eicosapentaenoic
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(EPA) 20: 50-3. Nguoc lai, sy thiéu hut ham luong -3 HUFA trong thanh phan thuc
an duoc tin 1a nguyén nhan chinh din dén ty 1& chét cao hoic cac van dé khac vé chit
lwgng tdm gidng. Vé co ban, C. muelleri va T. weissflogii Ia hai loi vi tao duoc sir dung

phd bién nhat trong san xuat gidng tdm he trén thé gisi.

Céac nghién ctru @ng dung vi tao trong san xuat gidng tdm he trén thé gidi tap
trung chi yéu vao viéc chon loc cac chung loai va cach thic tng dung. Trong cac
nghién ciu ndy, Vi tao dugc sir dung 1am ngudn thirc dn cho hau hét cac giai doan phat
trién cua au trung tir nauplius cho dén postlarvae. Theo Rodriguez va cong tac vién
(2012), ham luong protein téng sé (1én dén 40% khéi lugng khd) va céac axit béo -3
cao la co s& khoa hoc giai thich cho viéc tng dung C. muelleri rong réi trong wong
nudi au tring tdm he [105]. Trong khi d6, T. weissflogii lai mang cac dac diém ham
lwong lipid tong sé (1én dén 29% dwt) va cac axit béo khong no da ndi d6i vuot troi

hon so véi cac loai tao khac [43].

Trong s6 cac loai tdm he phd bién thi tdm thé chan trang duoc tap trung nghién
ctru nhiéu nhat. Nunez et al (2002), Pina et al (2006), Rodriguez et al (2012), Khojasteh
et al, va Jamalie et al (2015) trién khai nghién ciru (tng dung mét s6 loai vi tao trong
wong nudi 4u tring tdm thé chan trang tir giai doan Zi-Zs. Két qua nghién ciru chi ra
rang, vi tao silic C. muelleri cho két qua wong nudi tot nhat. Ké dén la céac loai C. gracilis,
Tetraselmis sp., va T. sucecica [61, 67, 89, 96, 105]. Nguoc lai, cAc nghién cuu thuc
hién trén tdm st va mot s6 doi tuong tom he khéc thi it hon. Pon cir nghién ciu cua
Kiatmetha et al (2011) [68] thuc hién uwong nudi au tring tém sl va va Okauchi &
Tokuda (2003) [90] trén 4u tring tdm he Nhat Ban (P. japonicus) tir giai doan Z1 cho
dén postlarvae cho thay hiéu qua (ng dung cao nhat & vi tao Thalassiosira weissflogii,

ké dén la C. gracilis ¢ ca hai d6i twong tom he nay.

Mot hudng nghién ciu noi bat da va dang nhan dugc nhiéu sy quan tam cua céc
nha nghién cttu & khia canh @ng dung vi tao lam ngudn thire in cho au tring tém 12 viéc
két hop dong hai hay nhiéu loai vi tao trong khau phan in cua au tring tdm he. Nhu da
dé cap & cac phan noi dung truéc, méi mot loai vi tao c6 dic diém thanh phan dinh
dudng khac nhau. Viéc sir dung don loai vi tao lam thirc an trong wong nudi au tring
tém c6 thé tiém an nguy co thiéu hut cac chat dinh dudng thiét yéu cho au tring tom
[47, 68, 96, 105]. Thém vao d6, nhu cau dinh dudng au tring tdm 1a rat 16n. Pay chinh
1a co s& khoa hoc cua viéc két hop hai hay nhiéu lodi vi tao trong khau phan thirc an
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gilip nang cao két qua qué trinh wong nudi. That vay, két qua nghién ciu cua Pina et al
(2006), Rodriguez et al (2012, va Jamali et al (2015) khang dinh viéc két hop hai trong
s6 loai vi tao C. muelleri, Isochrysis sp., I. galbana, va T. suecica dua dén két qua cao
hon mét cach rd rét so véi viéc st dung don loai vi tao trong wong nudi 4u tring tom
thé chan trang [61, 96, 105]. Tuong tu nhu vay, hiéu qua wong nudi au tring tém su
duogc cai thién rd rét trong cac diéu kién thi nghiém véi khau phan thire an 1a su két hop

hai loai C. gracilis va T. weissflogii [68].

Ngoai ra, con c6 mot diém ly thuyét rat quan trong ma chwa nhin dugc sy quan
tam cua nhiéu nha khoa hoc trong huéng nghién ctu ¢ng dung vi tao vao san xuat
giong tom d6 1a kha nang tréi noi cua té bao vi tao. Tém thé chan trang noi riéng va
tdm he ndi chung c6 doi séng troi noi trong sudt cac giai doan phat trién caa au trung
[12]. Logic gian don cho thay tam quan trong cta kha ning troi ndi cia nguon thire dn
véi kha ning bat moi caa cac au trung tdm. Hay ndi cach khéc, tiéu chi lya chon va
rng dung vi tao vao san xuat giéng tdm rat can bo sung dac tinh tréi ndi cua té bao

trong diéu Kién bé wong.

O Viét Nam, cac nghién ctru ting dung Vi tao trong wong nudi au tring tdm he 1a
khong nhiéu. Nghién ctu va ang dung Vi tao trong linh vuc nay phu thudc cha yéu vao
mot vai loai co ban, nhat la T. weissflogii [5]. Tuy nhién, van con nhitng mat han ché
nhét dinh khi ¢ng dung loai vi tao T. weissflogii nay trong san xuat giéng tém. Thir nht,
sinh khéi cuc dai cua vi tao nay khong cao nhu nhiéu loai vi tao khac. O hau hét céc trai
t6m giéng ¢ Viét Nam, mat do té bao vi tao dat dwoc tai thoi diém thu hoach khoang vai
trim ngan cho toi mot triéu tb/mL. Mat do té bao khong cao dan téi mot sé khé khin
trong cong tac ung dung nhu nhu cau cao vé hé théng, nhan cong, nguyén vat liéu trong
nudi cdy. Thém vao do, dé dap tmg day du nhu cau tao cho au trung tdm, sinh khéi vi
ta0 can cap cho bé au trung tom thuong 14 rat 1on, d6i khi vuot qua thé tich bé wong au
trung. Didu ndy tiém an c4c rai ro vé x4o tron moi trudng song, dac biét 1a pH. Tha hai
la c4u tao 16p Vo té bao tron nhin, té bao tao nhanh chéng bi chim xudng day bé wong,
nhét 1a trong diéu kién suc khi nhe trong nhitng giai doan dau wong nudi (giai doan
zoea). Trong khi d6, au triing tdm & cac giai doan zoea, mysis c6 doi séng phd du, mot
trong nhirng yéu cau dau tién caa ngudn thire an 1 c6 kha ning troi noi tét. Thir ba 1a
huéng nghién ciru day trién vong 1a két hop hai hay nhiéu loai vi tao trong khau phan

thire an au tring tom chua dugc thyuc hién mot cach bai ban ¢ Viét Nam.

37



Bang 1.7. Ché @ thirc in vi tao (tb/mL) trong wong nudi u trang tdm he [74]

Giai doan Chaetoceros gracilis Tetraselmis chui
Naupliusse 60.000 0-15.000

Zoeas 100.000-120.000 30.000

Zoea, 120.000 35.000

Zoeas 120.000 35.000

Mysis: 100.000 30.000

Mysisz 75.000 20.000

Mysisa 50.000-75.000 20.000
Post-larvae:.is 20.000-75.000 5.000-20.000

1.3.2. Ung dung cria vi tdo lam nguén theee dn gidn tiép trong san xudt gisng tom he

Trong qui trinh san xuat giéng tdm he ¢ Viét Nam va nhiéu nuéc trén thé gioi
ngudn thirc an tu nhién sir dung trong wong nudi au trung 12 vi tao va nauplii Artemia
(instar I/11). Trang nghi Artemia duoc 4p nd trong khoang thoi gian 24-36 gio tly theo
diéu kién méi truong ap va hé thong tai co sa. Nauplii Artemia sau khi ap ng (giai doan
instar I, IT) duoc sir dung 1am thire an truc tiép cho 4u tring tdm & giai doan zoea 1 cho
ti postlarvae. Bén canh Artemia, mot s6 d6i tugng dong vat phi du khac nhu luan tring,
copepod ciing duoc xem 1a ngudn thice an sdng rat co gia trj trong san xuét gidng giap
xé4c néi riéng va dong vat thay san ndi chung [48]. Trong khi & copepod van dang phai
d6i dién véi bai toan vé nudi thu sinh khéi thi nhitng nghién ciu, tng dung luan tring
trong san xuat giéng vat nudi thary san da c6 lich sir phat trién lau doi va gat héai nhiéu
thanh tuu quan trong.

Nghién ctru tng dung luan trang trong wong nudi au trang dong vat thiy san da
Xuat hién tir nhimg nam 1960s khi cac nha nghién ciru Nhat Ban phat hién ra rang luan
tring Brachionus plicatilis c6 thé sir dung 1am thic 4n cho nhimng giai doan dau phét
trién cua 4u tring dong vat thuy san [48, 62]. Luan tring dugc khang dinh 1 ngudn thirc
an qui gia ddi v6i hon 60 loai ca bién va 18 loai gidp xac [76]. Vi dic diém kich thuéc
co thé nho bé (tir 40 um-2mm), luan tring rat phu hop véi ¢& mdi caa nhiéu au tring
dong vat thay san. Luén trung thudc nhém dong vat co tap tinh an loc, thirc an cua chdng
la c4c l0ai vi tao, manh vun chét hitu co, vi khuan. Mot dic diém dic biét quan trong 1a

téc do loc thirc an va tang sinh rat nhanh chéng caa luan tring gidp cho ching git vai

38



tro dac biét quan trong trong san xuat gidng cac ddi twong nudi thuy san. Bnenett va
Boraas (1989) di khang dinh rang luan tring c6 kha ning ting sinh khéi nhanh hon bt
ki mot dong vat da bao nao [25]. Do vay, nhiéu nha nudi trdng thiy san hoc di ang
dung luan tring nhu 13 mot vat chat mang, chuyén tai mot sé dudng chat tir ngoai moi
truong vao co thé au tring vat nui thity san trong giai doan con non. Ung dung huéng
di nay pho bién nhét trong san xuat gidng ca bién.

Bén canh d6 luan trung cling mang gia tri dinh dudng rat ¢ gia tri cho sy phat
trién cua au tring, con non vat nudi thuy san. Ham luong protein, lipid, HUFAs, va AA
noi bao c6 thé 1én dén (theo thr ty) 59%, 13% va 3,1% trong luong co thé. Nhu noi
dung d3 trinh bay ¢ nhom dbi twong Vi tao, bd sung luan triing 1am ngudn thirc dn duoc
xem |a giai phap hiéu qua khac phuc diém han ché vé dic trung thanh phan dinh dudng
ctia mot ngudn thirc dn (bén canh Artemia), 1a tién dé& dap ung day du nhu cau dinh
dudng cua au tring. Cudi cung, ciing giéng nhu cac nhém thirc an séng khac, nguon
thire dn bo sung luén triing gép phan ting cuong hé enzyme tiéu hoa, kich thich va nang
cao hiéu qua tiéu hda, hap thu thirc an du tring dong vat thity san [48].

Co so Iy luan rat rd rang nhu vay nhung nhitng théng tin vé thyc trang nghién
ctru va rng dung luan triing trong san xuat giong tém he 1 rat it 6i. Cho dén nay, chua
tim thay cong trinh nghién cau nao ¢ Viét Nam ciing nhu trén thé giGi trinh bay két qua
nghién ctu tng dung luan tring 1am ngudn thirc an b sung cho au tring tém he. O khia
canh thuc tién san xuét, tng dung luan tring vao uong nudi 4u tring tom he chua phd
bién. Ngoai ra, c6 thong tin cho rang san xuat gidng tdm he ¢ Viét Nam da tirng st dung
luan tring nhung & trinh @6 thAm canh thap va qui mé thir nghiém nho. Céc nguyén
nhan giai thich cho hién trang nay thi cing chua ting duoc phan tich mot cach cu thé.
Mic du vay, quan diém cho rang mau chdt nam & van dé an toan sinh hoc trong nudi thu
sinh khéi luan tring dugc mot s6 hoc gia thira nhan. M6 hinh nudi luan trang pho bién
va truyén thong nhat 12 sir dung ngudn thire an men banh mi tiém 4n cc nguy co cac tac
nhan gay bénh [48]. Trong khi d6, qui trinh san xuat giéng tdm thudng doi hoi & muc
rat cao yéu cau an toan sinh hoc.

NGi tom lai, nghién ctru ang dung luan tring vao san xuét giong tdm he 1a mot
huéng di day trién vong. Mot vai rao can vé mit ki thuat, nhat 12 an toan sinh hoc, c6
thé giai thich cho hién trang nay. Hudng tiép can cho nhitng thach thirc nay 1a st dung

ngudn thirc n sach cac tac nhan gay bénh. Va rd rang, st dung vi tao 1 giai phap rat
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hop logic va tiém ning. Cho téi nay, vai cong trinh nghién ctu nhé xoay quanh vai trd
cua ludn tring nhu cong cu van chuyén mot sé vat chat tir ngoai méi trudng vao trong
co thé 4u tring tdm. Pon cir nhuw Hadi Jamali va cong tac vién (2015) nghién ctu sir
dung luan trung nhu vat chat mang, chuyén tai vi khuan cd loi Bacillus spp. vao 4u triing
tém thé chan trang. Két qua nghién ciru chi ra viéc sir dung luan tring gilp nang cao ty
16 sdng, chiéu dai, va khdi lwong 4u tring tdm [62].

Nghién ctu sir dung Vi tao nudi cay luan tring duoc thuc hién rat nhiéu trén thé
gii va & Viét Nam. Mic du, ban dau luan tring phan 16n duoc nudi cay bang ngudn thirc
an chu yéu 1a men banh mi. Nhung vé sau, nhiéu nghién ciru di chi ra rang sir dung vi tao
luc Chlorella hay Nannochloropsis spp. mang lai cho hiéu qua cao hon V& gié tri dinh
dudng luan tring. Bé cai thién chat lugng luan tring, ngudi ta thuong nudi bang két hop
nhiéu cac loai vi tao, nhat 1a Chlorella, Nannochloropsis, va Isochrysis [76].

NOGi tom lai, nhu d3 trinh bay & trén, véi cac dic diém sinh hoc rat pht hop vé kich
thudc té bao, ciu tao 16p vo (cell wall), thanh phan sinh hda, kha nang troi ndi, tao khué
nam giit nhitng vai tro dic biét quan trong trong san xuat giéng tdm he. Sinh truong quan
thé va gid tri dinh dudng té bao rat khac nhau phy thudc vao dic diém timg loai cling nhu
diéu kién nudi cay cu thé. Mot s6 diéu kién nudi cay vi tao co ban trong thuc tién san xuat
nhan duoc nhiéu sy quan tam bao gém nhiét do, 4nh sang, moi truong dinh dudng bd sung
va do man. Trong san xuat giéng tdm he & hau hét cac trai giéng tai Viét Nam, tng dung
don 10ai tao khué T. weissflogii 1am ngudn thirc an truc tiép cho au tring tdm 12 mé hinh rat
phé bién. Bén canh nhitng wu diém cua loi tao ndy mang lai thi van con mot sb thach thic
rat dang duoc quan tam, nhat 1a sinh khdi cuc dai va kha nang tréi ndi cua té bao. Quan
trong hon nira 12 mdi loai vi tao thuong c6 mot gia tri dinh dudng dic trung. Viéc phdi tron
hai hay nhiéu loai vi tao 1am ngudn thire n cho au triing vat nudi thity san duoc cho 12 giai
phép hitu hiéu khic phu nhimg nhuoc diém vé gia tri dinh dudng dic trung cua ting l0ai vi
tao. Cho dén nay, (ing dung cia vi tao trong san xuat giéng tom he ¢ Viét Nam ciing nhu
nhiéu nudce trén thé gisi méi chi dimng lai ¢ vai trd 1am ngudn thire an truc tiép cho 4u tring.
O mét huéng tiép can méi, tng dung ludn tring vao san xuat gidng tom Ia mot hudng di
mang nhiéu hira hen. Khéc véi nhiéu déi twong nudi thily san khac, san xuat gidng tém yéu
cau & mire do rat cao vé an toan sinh hoc. Trong s6 cac tac nhan anh hudng dén an toan sinh
hoc, ngudn thirc an cho nudi cdy luan tring dugc xem Ia thach thirc 16n nhat. Giai phap tiém
nang nhét c6 thé ké dén Ia sir dung vi tao. Hay no6i khéc di, vai trd gian tiép cia vi tao trong

san xuat giéng tdm he rat can duoc xem xét va nghién ciru phat trién.
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CHUONG 2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Péi twgng, thai gian va dia diém nghién ciu

2.1.1. Péi twong nghién ciru

Déi tuwong nghién ciu 12 10 chang vi tao tir bo suu tap giéng vi tao ANACC
(Australian National Algae Culture Collection), CSIRO, Australia.

Bang 2.1. C4c ching vi tao sir dung trong nghién ciu

STT Tén khoa hoc loai Ma so Phan logi (Ldp) Nguén
chiing goc

1 Chaetoceros calcitrans CS-178 Coscinodiscophyceae Japan

2 Chaetoceros muelleri CS-176 Coscinodiscophyceae USA

3 Isochrysis galbana CS-186 Coccolothophyceae  USA

4 Nannochloropsis oceanica CS-179 Eustigmaophyceae Japan

5 Phaeodactylum tricornutum  CS-29 Bacillariophyceae UK

6 Tisochrysis lutea CS-177 Coccolothophyceae  Tahiti

7 Thalassiosira pseudonana CS-173 Coscinodiscophyceae USA

8 Thalassiosira weissflogii CS-871 Coscinodiscophyceae USA

Cac chung vi tao nay duoc nghién ctu ng dung 1am nguodn thic an truc tiép

trong san xuat giéng hai ddi twgng tdm he phé bién nhat & Viét Nam 1a tdm thé chan

tring, Penaeus vannamei Boone, 1931 (dong SIS tiéu chuan) va tém su Penaeus

monodon Fabricius, 1798 (tir nha cung cap Moana Ninh Thuan). Bén canh d6, nghién

ctru con sir dung vi tao 1am nguon thire dn trong nudi cdy luan trang (Brachionus

plicatilis) va (g dung trong wong nudi au tring tdém he.

(a) Tém thé chan trang (SIS-tiéu chudn)

(b) TOm su (Moana-Ninh Thugn)

Hinh 2.1. Hai d6i tweng tdm he trong nghién ciru
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2.1.2. The1 gian nghién ciru

» Cac nghién ctru thuc hién tai Truong Pai hoc Nha Trang trong khoang thoi gian
tir thang 1 ndm 2021 dén thang 8 nam 2021.

> Céc nghién cau thyc hién tai Cong ty TNHH San xuét Giéng Thay san Minh Pha
trong khoang thoi gian tir thang 9 nam 2021 dén thang 12 nam 2023.

2.1.3. Pia diém nghién citu

> Céc nghién ciru khao sat sinh trudng quan thé tiém ning dugc tién hanh tai Phong
thi nghiém Vi tao, Vién Nudi trong Thuy san, Truong Dai hoc Nha Trang.

» Cac nghién cau anh huong cia mot sé diéu kién moi trudng nudi cay 18n sinh
treong quan thé va thanh phan sinh hoa té bao vi tao, cac nghién ctu trén luén tring,
cling nhu cac thir nghiém st dung thire an trén 4u tring tdm duoc thuc hién tai Cong ty
TNHH San xuét Giéng Thity san Minh Phi, An Hai-Ninh Phuéc-Ninh Thuan.

» Codng tac chuan bi, xir Iy mau vi tao phuc vu phan tich thanh phan sinh hda té bao
duogc thuc hién tai Trung tdm Thi nghiém va Thuc hanh.

> Céc phan tich thanh phan axit béo té bao vi tao duoc thuc hién boi phong thi

nghiém CSIRO Ocean and Atmosphere, Hobart, Tasmania, Australia.

2.2. Phwong phap tiép can

> Budc dau, nhém nghién ctu thuoc hop phan vi tao cua du an va don vi ddi tac
(Trung tam giéng tao qudc gia Uc, ANACC, CSIRO, Uc) tién hanh thao luan, khao sat
va danh gia cac chung vi tao hién c6 trong bo suu tap ANACC (khoang hon 1,000
chung). Két qua qué trinh khao sat da lwa chon ra dugc khoang 8 ching/loai dugc xem
la tiém ning tng dung cao trong san xuat gidng tdm he tai Viét Nam. Tam ching vi tao
(tir day duoc goi la cac ching tao tiém niang) nay duoc nhap noi vé Phong thi nghiém
Vi tao, Vién Nudi tréng thuy san, Trudng Pai hoc Nha Trang.

> Céc chung vi tao trong nghién cau dugc dinh hudng gan véi hai khia canh tng
dung trong san xuat giong tdm he. Thix nhat 1a huéng tng dung lam nguon thic an tryc
tiép cho 4u tring tdm (uu tién nhdm tao silic), va hudéng ther hai 1a gian tiép théng qua
vai tro 1am thirc an trong nudi thu sinh khéi luan tring.

> Két qua khao sat sinh trudng quan thé va thanh phan sinh hoa té bao trong diéu

kién khi hau Viét Nam duoc dinh hudng lua chon ra mét sé chung tao silic (3 chang)
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lam ngudn thie an tryc tiép cho 4u tring tdm he. Tuong tu nhu vay, ¢ khia canh ¢ng
dung 1am ngudn thire dn gian tiép, cac chung vi tao méi va tiém ning nhat (2 chung)
duoc lya chon lam vat liéu cho nhirng nghién ciu st dung vi tao lam thire an trong nudi
cay luan trung ung dung trong san xuat giéng tém he tai Viét Nam.

> Céc chang vi tao lam ngudn thirc n cho 4u tring tom dugc xac dinh 1a d6i tuong
nghién ctru vi tao chinh trong cac thi nghiém tbi wu hoa cac diéu kién nudi ciy. Mot so
diéu kién nudi ciy co ban trong cong tac quan ly tai co so (theo thir tw bao gom mai
treong dinh dudng bd sung, &nh sang, nhiét do, dd6 min) duoc lya chon twong wng véi
cac thi nghiém. Tinh ké thiura két qua cua thi nghiém trudc cho thi nghiém sau duoc sir
dung trong nghién cuu nay.

> Két thiic cac thi nghiém tdi vu hoa diéu kién méi trudng nudi cay, cac chang vi
tao silic s& duoc str dung trong cac nghién citu anh huéng cia cac khau phan thirc an vi
tao 1én sinh truong, phat trién va sac khoe au tring tom he.

» Cac chung tao con lai dugc sir dung trong cac hudng nghién cau vai trd ngudn
thire an gian tién cua vi tao trong san xuat giéng tdm he o Viét Nam. Trong thi nghiém
nay, c4c chung vi tao méi duoc nghién ctu eng dung 1am ngudn thice an trong nudi thu
sinh khi luan tring Brachionus plicatilis. Sinh khéi luan tring thu duoc str dung nhu
ngudn thuc an sdng bd sung vao khau phan thie an cho 4u trung tom.

> Két qua tir cac thi nghiém duoc sir dung 1am co s& dit liéu cho nhitng thir nghiém

san xuat gidng tdm he tai co sé & qui md 16n nham danh gia rd hon két qua thu dwoc.

2.3. Noi dung nghién ciru
Luan an thyc hién 4 noi dung nghién ciu, bao gom:

% Ngi dung 1: Sinh truéng quan thé va thanh phan sinh héa mot sb ching vi tao
tiém nang.

< Ngi dung 2: Anh hudéng ciia mot s6 diéu kién nudi cy 1én sinh truong quan
thé va thanh phan sinh hda mét s6 ching vi tao.

< Ngi dung 3: Nghién ciru sir dung mot sé ching vi tao trong nudi cay luan tring
rng dung trong san xuét giéng tém.

< Néi dung 4: Anh huong cac khau phan thtc an vi tao khac nhau 1én sinh

truang, phat trién va sac khoe au trang tém he.
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W- Noidung 1 m==p | Thi nghiém 1: Khao st sinh truemg quan thé va thanh phan sinh hoa
' RN = on ; Yy PSP s ——
.n ., f ) . Thi nghiém 2: Anh huéng ctia mét so loai méi trudmg dinh dudng lén
Ngh]en curu sinh truéng quan thé va thanh phéan sinh hoa mot s6 ching vi (o
lua chon va ]
li'ﬂg dl;“'lg . Thi nghi¢m 3: Tuong tac giita cuong dé chiéu sing va chu ki quang lén
mét s 6 sinh trrémg quan thé va thanh phén sinh hoa mét s6 ching vi tao
chiing vi tao m=p| Noidung2
2 g Thi nghiém 4: Anh hiéng ciia nhiét do khac nhau 1&n thanh phén sinh
trqng .s'a n héa mét s6 chiing vi tao
xuat giong
tom He Thi nghié¢m 5: Anh huéng ctia 46 man khic nhau 1én sinh truéng quén
—p
(Penaeus) LN gl thé va thanh phan sinh héa mot s6 chiing vi tao
tai Viet
Nam - .~ : Thi nghiém 6: Nghién ciru sir dung mét ching vi tao trong nudi cdy
NQI dllllg 3 luan tring tmg dung trong san xuét giong tom
ag Thi nghiém 7: Anh hudng cée khau phan thite #n vi tio khac nhau lén
\_ J I Noidung 4 l sinh trudng, phit trién va sic khoe u tring tom He

Hinh 2.2. S @6 khéi ndi dung nghién ciu

2.4. B6 tri thi nghiém
2.4.1. Thi nghiém 1: Khdo sdt sinh trwéng quan thé va thanh phan sinh héa té bao
mét sé chiing Vi tdo trong diéu kign Viét Nam

> Tam chung vi tio dugc danh gia 13 tiém ning trong tng dung lam nguon thic an
cho 4u tring tdm he & Viét Nam dugc nhap noi vé Phong Thi nghiém vi tao, Truong
Pai hoc Nha Trang. Cac chung vi tao nay duoc lwu giit trong cac dng nghiém da tiét
trung (¢ 121°C, 1,5 atm, va 30 phut) c6 dung tich 15 mL chra 10 mL dich nubi.

> Trong qué trinh luu giit, ngudn nudc bién nhan tao (theo md ta cia Goldman va
McCarthy 1978, Phy luc 2.2) [55] duoc sir dung, d6 man duoc hiéu chinh vé 25 ppt
bang nudc cit. Mbi trudong dinh dudng bd sung /2 (Guilard va Ryther 1975) duoc st
dung dé bo sung vao dich nudi cay [10].

> Dé c6 nhirng hiéu biét chinh xac hon cac dic diém sinh truéng quan thé va
thanh phan sinh hoa té bao trong diéu kién nudi ciy mai (diéu kién khi hau Viét Nam),
cac chung vi tao duoc trai qua qua trinh thuan hoa trudc khi tién hanh thi nghiém. Theo
Anderson (2005) va Brand (1981), khoang thoi gian tdi thiéu cho qua trinh thuan hoa
té bao vi tao trong diéu Kién moi trudng séng maéi toi thiéu 12 10 thé hé. Trong nghién
ctru nay, chu ki thuan héa qua trén 20 thé hé dugc ap dung bang hinh thtc nuéi don

loai va ban lién tuc [10, 29].
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Chaetoceros mueller CS-176 Phaeodactylum tricornutum CS-29

ANACC CS-176

Thalassiosira weissflogii CS-871 Nannochloropsis oceanica CS-179

<9

J ANACC €5-179

Hinh 2.3. Hinh anh té bao vi tao trong nghién ciru

> Két thuc giai doan thuan hoa, khao sat sinh truong quan thé va thanh phan sinh
hoa té bao cac chung vi tao duoc thuc hién. Ciing twong tu nhu ¢ budc thuan hoa, céc
chang vi tao duoc nudi cay trong mot diéu kién tién thi nghiém trong khoang tir ba dén
niam ngay (tly theo tirng chung tao cu thé) nham duy tri sy 6n dinh trong sinh truéng
quan thé, dic diém sinh héa té bao truéc khi chinh thuc tién hanh thi nghiém. Trong
cdng tac tién thi nghiém nay, hinh thirc nudi mé va bén lién tuc (khoang 30% dich nudi
ciy duoc thay thé hang ngay) duoc &p dung [77].

> Ngudn nuéc st dung trong nghién ciru 1 nude bién ty nhién d6 man 25 ppt duoc
loc sach, tiét trung trong diéu kién nhiét d6 120°C, &p suat 1 atm, va thoi gian 1a 30 pht.
Céc diéu kién moi truong nude khac duoc diéu chinh theo diéu kién thyc té cua co so
bao gém pH trong khoang 7,5-8,5, do kiém 150-180 mgCaCOs/L.

> Moi truong dinh dudng b sung /2 Guillard va Ryther (1975) dugc st dung. Cac

diéu kién méi truong nudi cay khac bao gdm nhiét d6 ¢ 25°C, cuong do anh séng
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75UE/m?/s, chu ki quang 12hL:12hD (12 gio chiéu sang: 12 gio tbi), ché do6 suc khi lién

tuc duoc bé tri. Khong bo sung CO; trong suét qua trinh thi nghiem.

> Trong thi nghiém nay, tam chang vi tao tiém ning duoc sir dung lam vat lidu
nghién ctiu, trong tng véi tAm nghiém thic thi nghiém. Cac ching vi tao dugc nudi cdy
trong cac binh tam giac thuy tinh c6 dung tich 2000 mL, chira 800 mL dich nudi cay. Mai

nghiém thtec lap duoc lai 3 1an, tao thanh 83 = 24 don vi thi nghiém.

> B4 tri 6 ban dau trong tdm nghiém tht thi nghiém duoc xac dinh nham cit bo pha
thich nghi trong sinh truéng quan thé. Muc dich ciia phuong phéap nay dé tiét kiém khoang
thoi gian nghién cru ¢ cac pha it ¢6 y nghia hon trong nghién ctru trng dung (pha thich
nghi) va md phong diéu kién san xuat tai co so. Pé xac dinh chinh xac ngay nubi cay dau
tién nam chinh xac & pha sinh truong logarithm, cong tac tién thi nghiém duoc tién hanh
va tim hiéu sinh treéng cac quan thé vi tao. Sinh khéi quan thé tuong tng véi pha logarithm

dugc xac dinh va sir dung lam co so dé b tri mat do ban dau trong thi nghiém [77].

Béng 2.2. Thanh phan va ham lwong méi trudng dinh duwdng bo sung f/2 hiéu chinh

Thanh phdn Dung dichme  Lwong Néng dj trong
(9/L H-0) dung dich nuéi cdy (M)

Dung dich da lvong
NaNOs3 75 1mL 8,82x10*
NaH>P0O4.2H.0 5,6 1mL 3,62x10°
Na,SiO3.9H.0 30 1mL 1,06x104
Dung dich vi luong
FeClz.6H.0 - 3,159 1,17x10°
Na;EDTA.2H.0 - 4,36 1,17x10°
MnCl2.4H,0 180,0 1mL 9,10x10
ZnS04.7H20 22,0 1mL 7,65%x10°8
CoCl2.6H.0 10,0 1mL 4,2x108
CuS04.5H20 9,8 1mL 3,93x10°8
Na:M004.2H-0 6,3 1mL 2,60x108
Dung dich vitamin
Thiamine.HCI (Vitamin B1) - 200 mg 2,96x1077
Biotin (Vitamin H) 1,0 1 mL 2,05%x10°°
Cyanocobalamin (Vitamin B12) 1,0 1mL 3,96x1010

Ghi chu: Liéu lwong sur dung cua dung dich vi lwong va vitamin 1a 1 mL dung djch stock
cho 1 L dich nudi cay vi tdo
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> Sinh truong quan thé cac chung/loai vi tao duoc xac dinh thdng qua viée dinh ki
thu thap mau té bao vi tao. S6 liéu vé mat do té bao theo ngay duoc sir dung dé xac dinh
cac théng sb sinh truong quan thé dugc trong nghién ctu, bao gdm mat do cuc dai
(maximum cell densities, MCDs), téc d6 sinh truong quan thé ¢ pha logarithm
(exponential growth rate, EGRS), téc do sinh truong dic trung theo ngay cao nhat thu

duoc (maximum specific growth rates, Max SGRs) [10].

> Tai thoi diém nira cudi pha logarithm, 50mL dich nudi tao duoc thu thap dé tién
hanh phan tich thanh phan sinh hoa té bao vi tao. Ham luong lipid va thanh phan céc
axit béo trong vi tao dugc phan tich bai Phong thi nghiém sinh héa, CSIRO Hobart dé

xéc dinh thanh phan sinh héa céc chang vi tao.

> Két thic thi nghiém, céc két qua nghién ciru vé sinh trueang quan thé va thanh
phan sinh hoa té bao vi tao duoc phan tich tong hop, 1am co s cho viéc lua chon cac
chung vi tao. Pinh huéng caa du 4n nghién ciru 1a lya chon 3 ching tao khué 1am ngudn
thirc an truc tiép cho du triung tdm va 2 ching vi tao khéac trong nudi ciy luan tring. Sinh

khéi luan tring duoc st dung 1am ngudn thire dn bd sung cho au tring tém he.

NT—l.l Chaetoceros muelleri CS-176

NT—I.Z Chaetoceros calcitrans CS-178

INT-1.3 Isochrysis galbana CS-186 __

Thi nghiém 1: Khao
sat sinh truong quan
thé va thanh phéin
sinh hoa té bao mét

NT—I.4 Nannochloropsis oceanica CS179 |

Két luan

£ _ NT-1.5 Phaeodactylum tricornutum CS-29
so chung vi tao trong LN 1-1.5 Fraeodactyium tricornuium C5-29

diéu kién Viét Nam

| NT-1.6 Tisochrysis lutea CS-177 A

| NT-1.7 Thalassiosira pseudonana CS-173 |

| NT-1.8 Thalassiosira weissfogii CS-871

Hinh 2.4. So @6 bé tri thi nghiém 1
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2.4.2. Thinghigm 2: Anh hueng ciia mét sé logi méi truomg dinh dwong (f, /2, va AGP-

C) Ién sinh #rwéng qudn thé va thanh phan sinh hoa té bao mét sé chaing vi tdo

Két qua tir thi nghiém 1 da chi ra 3 chiing vi tao khué tiém ning nhat 1am thic an
tryc tiép cho 4u tring tdm he, bao gdm Chaetoceros muelleri CS-176, Thalassiosira
weissflogii CS-871 va Phaeodactylum tricornutum CS-252. Bén canh d6, hai chang vi
ta0 tiém niang lam ngudn thic an gian tiép trong san xuat gidng tdm he bao gom
Nannochloropsis oceanica CS-179 va Tisochrysis lutea CS-177. Trong d6, ba chung vi
tao silic dugc xac dinh 1a quan trong cho hop phan nghién ctu vi tao caa du &n, vwa

cling 1a d6i twong nghién ciru trong thi nghiém téi wu hoa diéu kién nudi ciy nay.

> Thi nghiém duoc tién hanh véi ba loai méi truong dinh dudng bd sung khac nhau
la f, f/2, va moi truong thuong mai AGP-C. Co s¢ khoa hoc cua viéc lua chon cac moi
trrong dinh dudng trong nghién ctru nay duoc xac dinh dya trén tinh kha thi, dinh huéng
rng dung cua du &n. Cu thé, méi truong dinh dudng bd sung /2 (Guilard va Ryther,
1975) duoc xem 1a méi truong pho bién nhat trong nudi cay vi tao trén toan thé gisi [1,
10]. Mbi trudong dinh dudng bé sung f c6 néng d6 céac thanh phan gap doi so v6i moi
truong dinh dudng bo sung /2. Méi truong dinh dudng bd sung nay dugc khuyén céo
boi don vi cung cap tao gibng ANACC, CSIRO — Australia. AGP-C (Algal Growth
Promoting - Complete) 12 méi truong thuwong mai pho bién nhat va duoc st dung ¢ hau
hét cac co s& san xuat tdm he 16n tai Viet Nam. Mbi trudong nay dugc cung cap boi
Epicore BioNetworks Inc, USA. Thanh phan hoa hoc twong tu nhu méi truong /2 va
diém khéc biét 1a c6 bd sung mot sb chat kich thich sinh truong. Liéu luong sir dung
tuan theo hudng dan caa nha san xuat 1a 250 ppm. Mai truong thuong mai AGP-C khong
c6 thanh phan silicate. Do vay, nghiém thuc thi nghiém st dung AGP-C trong nudi cay
tao khué duoc bo sung Na2SiOs véi nong do 30 ppm.

> Céc chung vi tao duoc nudi ciy trong cac binh thuy tinh 1 L chtza 800 mL dich
nudi cay. Ngoai trir diéu kién moi truong dinh dudng bo sung, cac diéu kién nudi cay
vi tao trong thi nghiém nay bao gém thé tich nudi ciy, ngudn nudc, nhiét 6, do man,
anh sang va ché do suc khi twrong ty nhu ¢ thi nghiém 1.

> C6 ba ddi twgng nghién ctu tuong ang vai ba ching vi tao khué Chaetoceros
muelleri CS-176, Thalassiosira weissflogii CS-871 va Phaeodactylum tricornutum
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CS-29. O mdi chuang vi tao, ba nghiém thirc khac nhau vé méi trudong dinh dudng bd
sung duoc bd tri. Mai nghiém thirc dugc lap lai bdn 1an tao thanh téng s 3x3x4 = 36
don vi thi nghiém.

> Céc thdng sb vé sinh truong quan thé va thanh phan sinh héa té bao vi tao duoc

thu thap va phan tich twong tu nhu ¢ thi nghiém 1.

Thi nghi¢m 2
Anh huéng clia mot s6 loai méi truong dinh dudng (f, £/2, va AGP-C)

| l

Chaetoceros muelleri i Phaeodactylum tricornutum h Thalassiosira weissflogii i

! ! } ! !

NT-2.1 NT-2.2 NT-2.3 Jof NT-24 | [ NT-25 NT-2.6 NT-2.7 NT-2.8 ‘ NT-2.9
f 12 AGP-C f £2 AGP-C f /2 APG-C
Keét luan b

Hinh 2. 5. So @6 bé tri thi nghiém 2

2.4.3. Thi nghi¢m 3: Twong tic giita cwong dé chiéu sang va chu ki quang Ién sinh
trwéng quan thé va thanh phan sinh hoa té bao mét sé chaing vi tdo.

» Tuong ty nhu ¢ thi nghiém 2, ba chang vi tao silic Chaetoceros muelleri CS-176,
Thalassiosira weissflogii CS-871 va Phaeodactylum tricornutum CS-29 Iam ngudn thirc
an truc tiép cho au tring tdm he duoc str dung 1am vat liéu nghién ctu.

» Qua khao sat, cuong d6 anh sang 100 pE/m/s (umol/m/s) la khoang cuong do
dugc str phd bién tai tai co s& nghién ciru va mot sé trai giéng tém 16n ¢ Viét Nam. Bén
canh d6, két qua cua nhiéu nghién ctru da chi ra khoang cudng d6 anh sang nay duoc
cho 14 tdi wu cho sinh truong quan thé nhiéu loai vi tao. Cudng d6 anh sang 75 PE/m/s
dugc khuyén céo boi CSIRO cho hau hét thi nghiém. Pay 1a co so cho viéc b tri ba
ngudng cuong do chiéu sang trong thi nghiém 3, bao gém 75, 100, va 125 umol/m/s.

> Tuong ty nhu vay, chu ki quang 12hL:12hD dugc cho 1a diéu kién tiéu chuan
trong nhiéu nghién ctru va @ng dung san xuat cho hau hét cac loai vi tao [10]. Mic du
vay, quan diém cta co so san xuit theo hudng chiéu sang lién tuc dé thu duoc sinh khdi

quan thé cao trong khoang thoi gian ngan nhat, dap &ng cac nhu cau sinh khéi tao trong
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san xuat. Hai can ctr ndy 1a co s& dé bé tri ba ché @6 chu ki quang trong nghién ctiru nay
la 12hL:12hD, 18hL:6hD va 24hL:0hD.

> Thinghiém 3 dugc thiét ké dudi dang ma tran t6 hop caa ba mic cudng do chiéu
sang khac nhau 1a 75, 100, va 125 pE/m/s va ba ché d6 chiéu sang (chu ky quang) 1a 12
gio sang: 12 gio t6i (12hL:12hD), 16 gio sang: 8 gior téi (16hL:8hD), va 24 gid chiéu
sang lién tuc (24hL:0hD). C6 chin nghiém thic tir to hop nay d6i voi mdi chung vi tao
nghién ciru. M&i nghiém thire duoc 13p lai 3 1an tao thanh 3 (loai tao) x 9 (t6 hop) x3

(1an 13p) = 81 don vi thi nghiém.

Bang 2. 3. Ma tran té hep cuong dd chiéu sang va chu ki quang trong thiét ké thi

nghiém 3 trén chiung Chaetoceros muelleri

75 UE/m?/s 100 pE/m?/s 125 pE/m?/s
NT-3.1 NT-3.2 NT-3.3
12hL: 12hD
(75UE+12hL) (100pE+12hL) (125uE+12hL)
NT-3.4 NT-3.5 NT-3.6
18hL: 6hD
(75UE+18hL) (100pE+18hL) (125uE+18hL)
NT-3.7 NT-3.8 NT-3.9
24hL:0hD
(75UE+24hL) (100pE+24hL) (125uE+24hL)

> Tuong ty nhu ¢ C. muelleri, cach b tri b tri thi nghiém va sip xép tén céc
nghiém thiac cho hai chung tao silic con lai la Thalassiosira weissflogii va
Phaeodactylum tricornutum dwogc thuc hién nhu mé ta & Bang 2.2. Cu thé, chin nghiém
thire tir NT-3.10 dén NT-3.18 duoc sir dung cho chang T. weissflogii. Cac nghiém thirc
cho chung P. tricornutum dwoc méa sb tir NT-3.19 dén NT-3.27.

> Ba chiing tao silic dugc nudi cay trong cac binh thuy tinh 1 L chira 800 mL dich
nudi cdy. Moi trudng dinh dudng b sung trong cac nghiém thire duoc sir dung tir két
qua nghién ctiu caa thi nghiém 2. Cac diéu diéu kién nudi cay vi tao trong thi nghiém
nay bao gém nguoén nudc, nhiét do, d6 man, anh sang va ché do suc khi twong ty nhu ¢
thi nghiém 1.

> Céc thdng sb sinh truong quan thé va thanh phan sinh héa té bao duoc thu thap,

phan tich va danh gia tuong ty nhu & thi nghiém 1.
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2.4.4. Thi nghiégm 4: Anh hwéng cia nhiét d¢ khac nhau lén thanh phan sinh héa
mét sé chiing vi tdo

> Thi nghiém duoc bé tri véi ba nghiém thire twong @ng véi ba diéu kién nhiét o
la 20, 25, va 30°C. Trong d6, 20°C 1a diéu kién nhiét d6 pho bién nhat duoc duy tri ¢ co
so luu gifr, bao quan cac gidng vi tao tai ANACC, CSIRO. Trong san xuat vi tao tai co
s& (Minh Phi Ninh Thuan) c6 hai diéu kién san xuat vi tao, bao gom nudi ciy tao giéng
trong phong voi diéu kién nhiét do duoc duy tri ¢ 25°C va nudi thu sinh khdi ngoai troi.
Trong nudi thu sinh khéi ngoai troi, nhiét do thay doi phu thudc vao diéu kién thoi tiét.
Mic du vay, diéu kién nhiét do ¢ 30°C duogc xac dinh 1a diéu kién nhiét d6 téi vu trong
bé wong nudi au trung tom doi voi ca hai loai tdm he dang san xuit tai co so. Day la
nhiing co s¢ khoa hoc dé b tri ba ngudng nhiét do trong thi nghiém nay.

> Céc chung vi tao dugc nudi cy trong cac binh thiy tinh tam giac 250 mL chira 200
mL dich nudi tao. CAc ti nudi on nhiét dé duy tri diéu kién nhiét do thi nghiém.

> Tuong tu nhu & thi nghiém 2, ba chang vi tao silic 1am thirc an tryc tiép cho au
trung tdm he dugc st dung lam vat liéu cho nghién ctu trong thi nghiém 4 nay (hinh
2.6). Mdi nghiém thizc duoc 13p lai bbn 1an tao thanh 3x3x4 = 36 don vi thi nghiém.

> Céc dit liéu vé sinh trudng quan thé va thanh phan sinh héa té bao duoc tién hanh

tuong tu nhu ¢ cac thi nghiém truéc.

Thi nghiém 4

Anh hudng cua nhiét do khac nhau 1én thanh phﬁn sinh hoa té bao mot sd chung vi tdo

i |
Chaetoceros muelleri ' Phaeodactylum tricornutum h Thalassiosira weissflogii h
! |

} ! | !
NT-4.1 NT-4.2 NT-43 |, [ NT-4.4 NT-4.5 NT-4.6 | [ NT-4.7 NT-4.8 NT-4.9
20°C 25°C 30°C 20°C 25°C 30°C 20°C 250C 30°C
| Két luan h

Hinh 2.6. So d6 bé tri thi nghié¢m 4
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2.4.5. Thinghiém 5: Anh hwong ciia dp min khéc nhau lén sinh trweéng quan thé va
thanh phan sinh héa mgt sé chsing vi tdo

> Tuong ty nhu & thi nghiém 4, thi nghiém 5 duoc bé tri véi ba nghiém thire tuong
g véi ba diéu kién khac nhau vé do man (20, 25, va 30 ppt). Co so khoa hoc chinh
cua viéc bé tri ba dd man dya vao diéu kién d6 man trong qua trinh wong nudi au triing
tdm he tai co s, ciing nhu nguon di liéu thir cap nudi cdy mot sb loai vi tao. Cu the,
ngudng d6 man 30 ppt 1a diéu Kién tiéu chuan trong nudc uwong nudi giai doan nauplius
tai Minh Pha Ninh Thuan, 20 ppt 1a 6 min cua ngudn nuée khi 4u trung chuyén sang
giai doan postlarvae. Qua khao sat, 6 man 25 ppt duoc xem la phd bién nhat trong nudi
cay céc loai vi tao phuc vu nudi trong thay san & Viét Nam.

> Ba chung vi tao silic duoc xac dinh 1am d6i twong nghién ctu trong thi nghiém
nay. Cac ching vi tao duoc nudi cdy trong cac binh tam giéc thuay tinh ¢é dung tich 1
L, chira 800 mL dich nudi cdy. Mai chung vi tao dugc bd tri voi ba nghiém thuc do
man, bén 1an lip dugc thuc hién trén mdi nghiém thirc tao thanh 3x3x4 = 36 don vi
thi nghiem (hinh 2.7).

> O cac nghiém thic thi nghiém, cac diéu kién co ban vé moéi truong nudc, ché
d6 suc khi duoc &p dung twong ty nhu & thi nghiém 1. Cac diéu kién khac bao gom
nhiét do, anh sang, méi trudng dinh dudng bd sung duoc st dung tir két qua cua cac
nghién cuu trudc.

> Céc dir liéu vé sinh treang quan thé va thanh phan sinh hda té bao duoc tién hanh

tuong tu nhu ¢ cac thi nghiém truéec.

Thi nghiém 5
Anh huéng ctia @ min khic nhau 1én quan thé mét so ching vi tao

! !

Chaetoceros muelleri ' Phaeodactylum tricornutum h Thalassiosira weissflogii h

; ! ! ! ! !
NT-5.1 NT-5.2 NT-5.3 NT-5.4 NT-5.5 NT-5.6 NT-5.7 NT-5.7 NT-5.8
20 ppt 25 ppt 30°C 20 ppt 25 ppt 30 ppt 20 ppt 25 ppt 30 ppt

I Két luin i

Hinh 2.7. So' d6 bé tri thi nghiém 5
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2.4.6. Thi nghiém 6: Nghién ciru si# dung mét chsing vi tdo trong nudi cdy luan trang,
#ng dung trong san xudt gisng tém
< Thi nghiém 6.1. Nghién cizu dnh hieéng nquon thize dn vi tdo 1én sinh trieéng guan

thé luan trung Brachionus plicatilis

> Vi dinh huéng nghién ciu tng dung vi tao 1am ngudn thic in gian tiép trong
san xuat gidng tdm he tai Viét Nam, trong nghién ctu nay hai chung vi tao
Nannochloropsis oceanica va Tisochrysis lutea duoc sir dung 1am nguén thice an cho
luan trung Brachionus plicatilis trong thi nghiém nay. Vé vi tri phan loai, luan tring B.
plicatilis Muller, 1786 thudc gidng Brachionus, ho Brachionidae, bo Ploimida, 16p
Monogononta, va nganh Rotifera.

» Cac chung vi tao dugc nudi cy trong cac binh carboy 20-L chira 18 L dich nudi
cay. Cac diéu kién nudi cay vi tao (ngudn nudc, nhiét do, d6 man, moi truong dinh
dudng..) duoc bd tri twong tu nhu & thi nghiém 1.

> Ngudn luan tring B. plicatilis c& nho (S) duoc cung cap béi Cong ty TNHH SXG
Thuy san Minh Phu duoc su dung lam vat liéu nghién ciu. Luéan trung duoc nudi trong
cac bé tron co thé tich 500 L chira 400 L nuéc bién sach. Mat do ban dau trong wong
nudi 4u trung 100 con/mL. Khéng st dung men banh mi trong qua trinh nudi cay. Ché
d6 suc khi va cham sé6c dugc &p dung theo tiéu chuan chung tai co so.

> Nghién ctru duoc tién hanh véi 3 nghiém thiae NT-6.1 st dung hoan toan thic an vi
tao Nannochloropsis oceanica. Nghiém thac NT-6.2 sir dung hoan toan thic an vi tao
Tisochrysis lutea va nghiém thic NT-6.3 sir dung két hop hai loai N. oceanica + T. lutea lam
thtrc an cho luan tring. MAi nghiém thirc duoc 13p lai 4 1an tao thanh 12 don vi thi nghiém.

> Két qua nghién ctiu ciia Cai Ngoc Bao Anh (2010) [1] d4 chi ra sinh truong
quan thé luan trang khong c6 su khac biét 16n véi khau phan thic an vi tao
Nannochloropsis oculata tir 6-12 triéu tb/mL. Day 1a co s& dé bé tri khau phan thic dn
cho nghiém thiic NT-6.1 & mac 6x10° th/mL. Twong ty nhu vay, khau phan thac an
Tisochrysis lutea cho luan triing ¢ nghiém thirc NT-6.2 1a 3x108 tb/mL. Khau phan thirc
an vi tao cho nghiém thirc thi nghiém NT-6.3 dugc xac dinh 1la N. oceanica: T. lutea =
50:50 (twong dwong v&i 3x10° th/mL N. oceanica + 1,5x10° tb/mL T. lutea).

> Pinh ki hang ngay thu thap mau luan trung dé danh gia sinh truong quan thé

trong cac diéu kién thi nghiém. Sinh trueéng quan thé luan trang duoc xac dinh dya vao
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cac thong sb sinh tredng quan thé (mat do cuc dai, toc do sinh trudng theo ngay) theo
mo ta cua Cai Ngoc Bao Anh (2010) [1].

< Thi nghiém 6.2. Nghién citu dnh hieéng cua nquon thire dn bé sung luan triing

Ién sinh truéng, phat trién va sizc khée du triing tom thé chan trang

> Autriing tém thé chan trang Penaeus vannamei (SIS, dong tiéu chuan) cung cap boi
Cong ty TNHH SXG Thuy san Minh Pht dugc sir dung lam vat liéu nghién cuu.

> Ngudn nudc bién ty nhién, di qua xu ly lang, chlorine, va hé théng loc UF (kich
thuéc mang loc 0.01 pm) c6 do man 32 ppt, pH 7.5-8, va d6 kiém 180 mgCaCOs/L duoc
sir dung dé wong nudi 4u triing trong nghién ciu nay.

> Nhiét do nuwéc bé wong duoc duy tri on dinh trong khoang 30-31°C bang hé théng
nang nhiét. Au tring tém thé chan trang duoc wong nudi trong cac bé composite hinh try,
c6 dung tich 500 L, chira 450 L nudc wong nudi. Mat do au tring uong nudi dugc b tri &
200 con/L. Thoi gian thi nghiém duoc kéo dai tir giai doan Ns cho dén PL ..

» Co6 ba nghiém thie thi nghiém st dung thie an bd sung luan tring, bao gém NT-
6.4 voi khau phan an 50 ct/at/ngay, NT-6.5 vai khau phan an la 75 ct/at/ngay, NT-6.6
v6i khau phan an 100 ct/at/ngdy, va nghiém thie ddi ching NT-6DC khong sir dung
luan tring. M&i nghiém thize dugce Iap lai 3 1an tao thanh 12 don vi thi nghiém.

> Trong thi nghiém nay, luan tring dugc xac dinh 1a lugng thirc an bé sung, cung
cap cho 4u tring tdm thé chan tring. Can cir vao mot sé diéu kién thuc té tai co sé (kha
nang san xuat, hiéu qua kinh té...), nhom nghién ctiru xac dinh luong luan tring bé sung
cho 4u triing tdm trong khoang 50-100 ct/at/ngay (ca thé/au tring/ngay). Thoi gian bo
sung kéo dai tir giai doan Z1 dén PL1. Luan tring duoc lam giau bang san pham DHA
selco Protein tir nha cung cip INVE Viét Nam véi liéu luong 0,03 g/triéu ca thé trudc
khi cho an. Luan tring duoc cap vao bé au tring vao 9.00 sang hang ngay.

> Cac diéu kién cham soc au trung tom duoc ap dung theo tiéu chuan chung tai co
s bao gom thuc an cong nghiép dang long, thirc dn tong hop, men vi sinh, vitamin b6
sung. Riéng lugng thirc an nauplii Artemia (instar 1) duoc tinh todn cat giam cho céc
nghiém thirc thi nghiém (NT-6.4, NT-6.5, va NT-6.6).

> Két thuc thi nghiém, cac thdng sb sinh truang, phat trién va sic khoe au tring

dugc xac dinh bao gom ty Ié song, thoi gian chuyén giai doan, kich thudc au trung, lipid
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gan tuy, kha niang chiu shock formalin, kha ning chiu shock d6 min, thong sé chat lwong
moi trudng nudc, mat do vibrio, va kiém tra cac bénh thuong gap.
2.4.7. Thi nghiém 7: Anh hweéng cac khau phan thiee dn vi tdo khac nhau I1én sinh
trwéng, phat trién va sirc khée du tring tém he

> Thi nghiém duoc tién hanh trén ca hai ddi twong tdm he phé bién nhat & Viét Nam
12 tdm st, Penaeus monodon va tdm thé chan trang P. vannamei. Nguon tdm giéng Nauplii
56 dugc cung cap boi Cong ty TNHH San xuét gidng Thuy san Minh Phu.

> Thi nghiém dugc thiét ké véi 6 nghiém thirc khac nhau vé khau phan thtc an vi
tao. Bao gdm ba nghiém thic sir dung don loai T. weissflogii, C. muelleri, va P.
tricornutum va ba nghiém thtrc két hop hai loai bao gom T. weissflogii + C. muelleri, T.
weissflogii + P. tricornutum, va C. muelleri + P. tricornutum. Cac nghiém thac thi
nghiém trén dbi trong tom st dwoc ki hiéu lan luot 1a: NT-7.1 (T. weissflogii), nghiém
thac NT-7.2 (C. muelleri), nghiém thirc NT-7.3 (P. tricornutum), nghiém thic NT-7.4
(T. weissflogii + C. muelleri), nghiém thac NT-7.5 (T. weissflogii + P. tricornutum) va
nghiém thixc NT-7.6 (C. muelleri + P. tricornutum). Tuong ty nhu vay, cac nghiém thac
trén ddi twong tdm thé chan tring sé theo tht ty tir NT-7.7 dén NT-7.12. M&i nghiém
thie duoc 1ap lai 3 1an tao thanh 36 don vi thi nghiém.

> Viéc tinh toan khau phan thtrc an tirng 10i vi tao dua vao cong tac tién khao sat,
tinh hinh thyc té san xuat tai Viét Nam va qui doi sinh khdi vi tao dua trén cin ctr ngudn
nang lugng noi bao (don vi carbon trong mot té bao vi tao). Cu thé, c4c tién thi nghiém
trén au tring tém sd chi ra rang, khau phan thtc an vi tao C. muelleri tot nhat cho au
trung tdm su giai doan zoea la 150x10° th/at/ngay, va & giai doan mysis la 100x103
th/at/ngay. Két qua nghién cau céng b ham leong carbon noi bao C. muelleri dat 9,2
pg C/tb dugc st dung dé tinh toan qui d6i sang hai loai T. weissflogii va P. tricornutum.
Ham Iugng carbon noi bao cua T. wessflogii va T. tricornutum dugc xac dinh la 120 va
12,79 pg Cltb [26, 72, 82].

> Sinh khéi vi tao duoc nudi cdy trong cac binh carboy 20-L, diéu kién nudi cay 1a
duogc rat ra tir cac thi nghiém trong noi dung 2. Sinh khéi vi tao nay duoc st dung 1am
ngudn thirc dn cho au triing trong cac nghiém thic.

> Két thic thi nghiém, cac thdng sé ty 1¢ séng, thoi gian chuyén giai doan, chiéu
dai, khéi lugng khd au tring, kha nang chiu shock méi trudng va chat luong au tring
dugce danh gia. Co sé khoa hoc cua viéc lua chon cac théng sé danh gia sinh truong,
phét trién va sirc khoe cua au tring tdm dua theo can cir cia Nguyén Trong Nho va cong
su (2006) [3] va Luu Thi Tam va cong su 2021 [75].
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2.5. Ché d chiim séc va quan ly bé wong nudi au tring tém

< Nguén nwéc

> Ngudn nudc bién tu nhién (cach bd khoang 200m) duoc bom dan vao ao chira
ling. Thoi gian chira — ling duoc duy tri trong khoang 2-3 ngay.

> Sau giai doan chira lang, ngudn nude dugc xt 1y chlorine-B (ndng d6 20-30 ppm)
dé diét cac tdc nhan gay bénh. Thoi gian a chlorine khoang 24 gid trude khi phoi néng
va suc khi manh dé xt 1y du luong chlorine.

> Ngudn nudc bién sau khi loai bé du lwong chlorine duoc tiép tuc xir ly qua hé
théng mang loc cdng nghé cao soi éng rong PVDF - Polyvinylidence fluoride (hollow
fiber membrane system) bang may loc Ntesco (model NHFM-series.), kich thuéc 15 loc
120,01 pm.

> Nudc bién sau qué trinh loc dugc chira trong cac bé chira sin sang (200 m3) trude
khi bom din qua cac bo phan san xuat. Ciing trong giai doan ndy, mot s6 thong s6 chat
luong nude co ban dugc diéu chinh bao gom d6 man, do kiém, d6 cing va pH.

% Ché dg cho dn va chdm séc du tring tom

Cac ché do cho an, cham soc va quan ly bé wong dugc md phong theo qui trinh

tai co s¢, trong do:

> Vi tao duoc nudi thu sinh khéi trong cac bé xi mang thé tich 24 md, tinh toan
khau phan an va bom truc tiép vao bé uong nudi au tring 2 lan/ngay.

> Nauplii Artemia (nguén SEO-Art) ¢ giai doan instarl dugc bo sung cho au triing
t6m voi khau phan 80-140-240 g/triéu AT/ngay (tuong (g Voi cac giai doan phy Z,
Z2, VA Z3). Khau phan in Artemia dugc tang 1én & giai doan phu M1, Mz, va Ms theo thir
tu 1a 300, 400, va 600 g/triéu AT/ngay. O céc giai doan cua postlarvae, khau phan
Artemia cho 4u tring tdm 12 600 g/triéu AT/ngay (PL1) va ting déu 100 g mdi ngay.

> Thirc an tong hop dugc phéi tron cho phi hop véi ting giai doan. Thirc an L2
(25% Lansy + 10% PlanktonAP + 65% Frippak #2) cho au triing & giai doan mysis Véi
khau phan an 30-50 g/triéu AT/ngay. Thiic an L3 (35% Frippak #3 + 35% Frippak 150
+ 30% Larvar 200) cho hau 4u trung tdm PLi-PLs, khau phan thirc 3n dao dong trong
khoang 60-120 g/triéu AT/ngay. Thurc an L4 (70% Flake V8 + 30% Shrimp PL) cho céc
giai doan tir PL4 vé sau véi khau phan an 180-240 g/triéu AT/ngay.

> Ché d6 thay nudc va bt phan duoc tién hanh khi au tring két thic giai doan Z3.
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Nsg Zoea Mysis Xuat ban

Vita min+Kh0:'mg+Pr015i0tic

{Artemia

Thirc dn téng hop

EThay nuwéc + bit phin

Hinh 2.8. Ché d¢ chiim séc va quan ly u tring tdm theo qui trinh tai co sé

2.6. Phwong phap thu thap sé liéu
2.6.1. Thu mdu va xdc dinh théng sé sinh trwéng quan thé vi tao

% Xdc dinh céc thdng sé sinh treong quan thé vi tao

Mau té bao vi tao duoc dinh ki thu thap vao lic 8.00 séang hang ngay dé xac dinh
cac thong sb sinh truong quan thé. Dich nudi cay vi tao duoc lic déu trudce khi thu mau.
Mau vi tao duoc thu thap bang micropipette (1000 pL) va chira trong cac ng eppendorf
(1,5 mL) ¢ dinh bang dung dich Lugol’s dam dac trung tinh (v6i nong do Kl 1210%, va
2 1 5%). 1 giot dung dich Lugol’s dam dic duoc sir dung cho 1mL dich tao dé dat nong
d6 ¢ dinh khoang 5%.

Déi vai cac té bao vi tao thuoe nhom don doc mot té bao budng dém té bao mau
Neubauer improved (49 sdu 0,2mm) va kinh hién vi quang hoc Olympus BX 21 véi do
phong dai 40x10 duoc sir dung dé xac dinh mat do té bao [Eqg-1]. Nguyén tic dém
Neubauer (Neubauer regulation) duoc ap dung dé xac dinh mat do té bao. S té bao nam
trén hai canh phia trén va bén trai cia 6 dém dugc thu thap cho két qua cua 6 dém do.
MJ3i mau té bao vi tao dugc dém téi thiéu 3 1an rdi lay gia tri trung binh. Mat do té té
bao tao dugc xac dinh qua cong thuc:

D=A*X*10* [Eq-1]

Trong d6, D: mat do té bao (to/mL); A: Tong sb té bao dwoc dém trong ca budng

dém X: Hé sb pha lodng (néu c6); 10* Quy doi gié trj thé tich budng dém. Mat do cuc dai

duoc xac dinh bang mat o cao nhat thu duoc theo ngay trong chu ki nudi cay.
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Dua va0 s6 lisu mat do té bao tao qua cac ngay nudi cdy, cac thdng sé sinh truong
quan thé vi tao dwgc xac dinh, bao gom mat do cuc dai (MCDs — maximum cell
densities), toc do sinh truong quan thé ¢ pha logarithm (EGRs — exponential growth
rates), va téc do sinh trudng theo ngay cao nhit thu duoc (SGRs — specific growth rates).
Mat do cuc dai dugc xac dinh 1a mat do té bao cao nhét thu duoc trong timg don vi thi
nghiém. Tdc d6 sinh trudng theo ngdy dugc xac dinh theo cong thirc [Eq — 2] theo md
ta caa Anderson (2005) [10].

__ Ln(Ny)—Ln(Ny)
o At

[Eq-2]

Téc d6 sinh trudng quan thé vi tao trong logarithm duoc xac dinh thong qua phuong
phép mé hinh logistic dwoc Mo ta boi Fogg va Thake (1987) bang phan mém Microsoft
Excel [51]. Sinh truéng quan thé vi tao ¢ pha logarithm biéu hién qua phuong trinh C¢=
Coxe"t [Eq - 3]. Biéu thi hai vé cua Eq-3 dudi dang ham s6 logarithm co s ty nhién e thu
dugc phuong trinh ¢6 dang Ln (Cy) = Ln (Co. E*) < Ln (Cy) = Ln(Co) + ut [Eq — 4].
Phuong trinh ¢6 thé biéu dién dudi dang Phuong trinh [Eq - 4] ¢6 thé biéu dién dudi dang

y=px+b [Eq - 5]

Trong d6, p 1a toc do ting trudng tai pha logarithm cia quan thé, y la gia tri mat
d6 tao dudi dang logarithm co s6 ty nhién, x 1a don vi thoi gian nudi cay (ngay). Xac
dinh duong thang phuong trinh [Eq - 5] bang phuong phap vé duong thang hoi qui tuyén
tinh céc gia tri mat do tao (biéu dién dudi dang ham sé logarithm co s6 e) tir ngay nudi
thir 0, dén ngay nudi thir n cao nhat thu dugc. Co so xac dinh duong thang tuyén tinh
dwa vao hé s6 tuong quan R? (R? > 0,97 [87].

6 Sinh truéng qu::'in thé vi tio
=
] 5 T (E. o fe)
~ A
14 = P ° o
= \‘\‘\‘L\\o\5
13 +
Pha lag
PN I y =0.51x + 10.98
R?=0.986
11 1
]O L] L] L] L] L] L) T T : : :
0 1 2 3 4 5 6 7 &8 9 10 11
Ngay nudi

Hinh 2.9. Md phéng phwong phap xac dinh pha sinh trwéng quan thé dwa trén
md hinh logistic
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2.6.2. Phwong phdp phén tich lipid va thanh phan cac axit béo

V6i dinh hudng tng két qua nghién ctiru vao thuc tién san xuit tai co so, sinh khoi
Vi tao duoc thu thap vao ngay thir 3 trong qui trinh nudi cy & tat ca cac nghiém thirc. Phan
tich ham lwong céc lipid va thanh phan axit béo cac mau vi tao trong cac nghiém thie dugc
thuc hién boi phong thi nghiém phan tich sinh hda, Ocean & Atmosphere, CSIRO.

50mL dich nudi cdy vi tao dugc thu thap va chira trong cac dng falcon. Tién hanh
li tam & 2500 vong/phut trong khoang 10 phut dé loai nude. Phan ling duoc siy dong
kho & -20°C trong khoang thoi gian 24 gio. Mau dong kho dugc bao quan ki cang va
chuyén vé phong thi nghiém sinh héa CSIRO, Uc dé tién hanh phan tich.

10 mg mau tao dong kho duge 1dy ra va chiét xuat bang phuong phap Bligh va
Dyer ci tién (1959), sit dung hon hop dichloromethane (DCM) - methanol (MeOH) -
nude. Sau qua trinh tach pha, lipid dugc thu hdi tir 16p DCM bén dudi. Tai tach chiét
dugc thuc hién dé t6i wu hoa hiéu suat thu hoi lipid. Dung méi sau dé duoc loai bo bang
chan khdng. Ham luong lipid thu hdi duge x4c dinh bang phuong phap can trong luong.
Mot phan lipid tong s6 duoc pha lodng dén thé tich xac dinh dé phan tich bang sac ky
16p méng két hop phat hién ion héa ngon lira (TLC-FID).

Dé xac dinh cac 16p lipid, mot luong lipid sau tach chiét duoc sir dung, pha lodng dé
xac dinh ty 1& cia timg 16p lipid riéng 1¢ bang thiét bi Iatroscan MK V TLC-FID (latron
Laboratories, Japan). 1 pL mau dugc bom vao mao dan silica gel SIII (kich thuéc hat 5 um)
bang micropipete str dung 1 1an. Hé dung méi duoc st dung dé tach lipid bao gdm hexane-
diethyl ether-acetic acid (60:17:0,2 v/v), gitip phan tach hiéu qua cac hop chat khong phan
cuc nhu wax ester, triacylglycerol va axit béo tur do. Sau 30 phit, cac dng sic ky duogc say
kho (8 phut) va tién hanh phan tich ngay dé giam thiéu su hap thy cac chat 6 nhiém tir moi
treong. Két qua thu duoc 13 ty 16 phan tram dinh tinh cua timg 16p lipid. Phuong phap
Iatroscan da dugc chirng minh ¢6 d¢ tai lap £10% hoac t6t hon.

Lipid sau chiét xuit duoc chuyén héa thanh dang FAME bing dung dich
methanol/dichloromethane/HCI (10:1:1 v/v/v) dé chuyén axit béo tir lipid phirc hop sang
dang FAME. Mét luong xac dinh dichloromethane chtra chat chuan noi (19:0 FAME)
sau d6 dugc thém vao mdi dng mau. Thanh phan axit béo duoc biéu thi dudi dang phan
tram trén tong axit béo (TFA). Phuong phap sic ky khi (GC) duoc sir dung dé xac dinh
va dinh luong axit béo, thuc hién trén hé théng Agilent Technologies 7890A GC (Palo
Alto, CA, USA) duogc trang bi cot mao quan silica khdng phan cuc Equity-1™ (15 m x
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0,1 mm id., &6 day 0,1 mm), dau do ngon lira ion héa (FID) va bd bom mau
split/splitless. Mau duoc bom trong ché do splitless tai nhiét d6 budng 120 °C, sau d6
nhiét 46 dugc ting 1én 270 °C vai toe dd 10 °C/phut, rdi tiép tuc ting 1én 310 °C véi toc
d6 5 °C/phdt. Thoi gian luu (retention time) ctia tirng FAME dugc so séanh véi tiéu chuan
thuong mai va tiéu chuan phong thi nghiém. Dién tich peak dugc dinh lwong bang phan
mém Agilent Technologies ChemStation (Palo Alto, CA, USA).

Phuong phap sac ky khi khéi pho (GC-MS) duoc sir dung dé x4c nhan danh tinh
cua tirng hop phan va duoc thuc hién trén hé théng ThermoScientific 1310 GC két hop
v6i TSQ triple quadrupole. Mau duoc tiém bang bo 1dy mau ty dong Tripleplus RSH,
véi phan tich thuc hién trén cot HP-5 Ultra 2 bonded-phase khéng phan cuc (50 m x
0,32 mm i.d. x 0,17 um d¢ day mang). Cot HP-5 c0 tinh phan cuc tuong tu véi cot sir
dung trong phan tich GC. Nhiét d6 10 ban dau duoc duy tri ¢ 45 °C trong 1 pht, sau d6
tang 30 °C/phit dén 140 °C, tiép theo ting 3 °C/phut dén 310 °C, va giit & 310 °C trong
12 phat. Helium (He) duoc sir dung lam khi mang.

Hinh 2.10. Thu miu té bao phan tich thanh phan axit béo trong nghién ciu
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2.6.3. Phwong phdp thu th@p mdu va xdc dinh sinh truéng quan thé luan tring

Bé nudi luan trung dwoc tit suc khi trude khi ldy mau. Mau luan trung dwoc thu
thap hang ngay vao Itc 9.00 sang bang cac éng thay tinh ¢6 chiéu dai 1 m, duong kinh
bng 8 mm. Ong thu mau duoc dua thang tir trén xudng day bé. Bit chit dau trén cua éng,
dua Ong ra ngoai va dung mau luan tring trong coc thay tinh 250 mL. Tién hanh thu
mau & 5 diém gidn cach déu nhau trong bé va trén déu nhau trong 1 cbc thay tinh.

Mau luan tring sau dé duoc ¢ dinh bang dung dich Lugol’s dam dic, trung tinh
vé6i ndng do cb dinh khoang 5%. Tién hanh x4ac dinh mat d6 luan tring va sé cé thé luan
tring mang trng bang budng dém sinh vat phu du Sedgwick-Rafter 1,000 6 (b, thé
tich budng dém 1 mL) va kinh hién vi quang hoc Olympus BX-21 & d6 phong dai 4x10
lan. Mat d¢ luan tring dugc xac dinh 1a trung binh cong cac lan dém mau véi sé lan dém
t5i thiéu mot mau 1a 3 1an.

Ty lé ca thé mang tring dugc xac dinh theo cong thic:

TLT=x/n [Eq-6]

Trong d6, TLT : Ty I8 luan tring mang trang; x s6 luan tring mang trang dém duoc

trong 1 mau trong budng dém; n la tong s6 luan tring co trong budng dém cua 1 mau.
Téc d6 sinh truong luan tring theo ngdy duoc xac dinh theo cong thuc
K= (InN1 — InNo)/(t2-to)  [EQ-7]

Trong d6, p 1a tdc @6 sinh trueang luan tring theo ngay; Nila mat do luan tring
tai thoi diém t; (theo ngay), No 1a mat do luén tring tai thoi diém to.

Dé danh gia sinh truong cac quan thé luan tring, cac chi tieu mat do cuc dai va
tbc d6 sinh truong theo ngay cao nhat duoc sir dung twong ty nhu ¢ thi nghiém 1 trén
d6i twong nghién ctu vi tao.

2.6.4. Phwong phdp xdc dinh sinh trwéng va phat trién du tring tém
% Phuong phap xac dinh ty 1 song au tring tdm qua ting giai doan

SR = (Ns/N7)x100%

Trong d6 SR (survival rate) 1 ty 18 séng & mot giai doan bat ki ; Nt s6 luong
au tring trong bé o giai doan trudc d6. Ns s6 lwong au tring trong bé & giai doan can

xac dinh
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% Phuong phép xac dinh thoi gian chuyén giai doan 4u tring tdm

Puoc xac dinh bing khoang thai gian can thiét dé 50% sé luong cac 4u tring

trong bé chuyén qua giai doan mai (don vi gio).
% Phuong phap xac dinh chiéu dai Au tring tém

— 30 4u tring tém & mdi giai doan PL1, PL12 duoc thu thap mot cach ngau nhién,
Chiéu dai au tring va chi s CV cua postlarval 12 duoc xac dinh dya trén do kich thuéc
bang kinh hién vi soi ndi Olympus SZ61 va phan mém Amscope MU1003 (USB2.0)

% Phuong phap xac dinh kha nang chiu shock fomalin.

- Khoang 100 c4 thé au triing tdm & giai doan postlarvae dugc thu thap dem vao
thir nghiém shock trong cac binh nuéc man ¢6 nong do formalin 100 ppm. Thoi gian

shock trong khoang 30 phut.

- Sau thoi gian shock, au trang duoc tha tré lai méi trudng nude nudi, lugng 4u
tring song sot khoe manh sau qua trinh shock duoc thu thap lam co s tinh toan cho kha

nang chiu shock formalin.

*.

¢ Phuong phap xac dinh kha nang chiu shock d6 man

- 100 ca thé au tring tdm ¢ giai doan Postlarvae duoc thu thap dem vao thir
nghiém shock trong cac binh nudc ngot (d6 man 0 ppt). Thoi gian shock trong khoang

30 phat.

- Luong au tring séng s6t khoe manh sau qua trinh shock dugc thu thap 1am co

s¢ tinh toan cho kha nang chiu shock ¢ man.

< Phuong phap xac dinh khdi luong kho au tring
— O mdi nghiém thirc thi nghiém, khoang 300 4u tring postlarval 12 duoc lay
ngiu nhién, dem sdy khd ¢ 60°C trong 5 ngay lién tuc dé xac dinh khéi luong kho 4u
trung tom su.

% Phuong phap danh gia chat lugng postlarvae

Chi tiéu ty 18 co rudt duoc xac dinh trén kinh hién vi quang, ty 1& nay xac dinh
d6 day l6p co va d6 rong duong rudt tai 1/3 dét bung thir sdu phia tiép giap voi dbt bung
thar 5 theo mo ta cua Wiradana va cong su (2022) [124].
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Hinh 2.11. Xac dinh ty 1é co:rudt au tring tém

Panh gi4 tinh trang lipid gan tuy dwa trén tiéu chuan chat lwong tai co s6. M6
tiéu ban gan tuy dugc quan sat dudi kinh hién vi co do phong dai 10x40 lan. Can ctr vao
muc do hién dién cua giot dau, tinh trang lipid gan tuy dugc chia thanh 5 mac A (rat

t6t), mac B (t6t), mic C (trung binh), maic D (xau), va mac D (rat xau).

2.6.5. Phwong phdp xdc dinh thong sé méi truwong
Nhiét 4o, d6 man, do kiém, oxy hoa tan, pH dugc do dac 2 lan vao Iic 7.00 va
14.00 hang ngay. Mbi truong cay khuan TCBS dugc sir dung dé xac dinh mat s6 vi

khuan vibrio hién dién trong bé wong 4u tring véi tan suat kiém tra 1 lan/ngay.
> Nhiét 6 duoc xac dinh bang nhiét ké ruou, do chinh xac 1°C.
» DO man: duoc do béng khic xa ké (refractometer), d§ chinh xac 1 ppt.
»  pH: dugc do béng but do dién cuc Hanna HI98128, @0 chinh xac 0,1.

> Oxy hoa tan dugc do bang may do dién cuc cim tay Hanna HI9146, Rumania, do
chinh xac 0,1 ppm.

> Do kiém tong do bang test kit sera.

>  Cuong do anh sang dugc do bang may do cudng do anh sang cam tay, Lutron
LM-81LX, Taiwan, do chinh xac 5 rdg.
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2.7. Phan tich va xir ly sé liéu

Cac dit liéu duoc tong hop va trinh bay dudi dang gié tri nhé nhat — gia tri Ion
nhat (min-max) va gia tri trung binh (MeanSD), téc do sinh trudng quan thé, do thi
biéu dién sinh treéng quan thé vi tao, va so sanh gia tri trung binh (treong hop cé hai
nhom so sanh) dugc thuc trén trén phan mém MS-Excel 2020, verson 365).

Phép phan tich phuong sai mot yéu té (ANOVA), Ducan’s test, do tin cay 95%
duogc sir dung dé so sanh gia tri trung binh trong truong hop ¢6 nhiéu hon 2 nhém. Cac
phép kiém dinh tinh d6ng nhit ciia phuong sai va phan bd chuan dwoc kiém tra trudc
khi thuc hién phép phan tich nay.

Pé xac dinh twong tac giita cuong do chiéu sang va chu ki quang 1én sinh truéng
quan thé vi tao, phan tich héi qui tuyén tinh da bién (Multiple Linear Regression with

Interaction Terms) duoc thuc hién, phuong trinh moé phong:

y = Po+ b1X: + BX; + 53X X Xp) t+a

Trong d6, Po 12 hang s, B1 va B2 1a hé sb hdi qui cac bién doc 1ap X1 (cudng do
anh sang) va X2 (chu ki quang), s 1a hé sé tuong tac gitra X1 va X, a 13 sai s6 ngau

nhién, vay 1 sinh khéi quan thé vi tao.

Cac phép kiém dinh duoc thuc hién trén phan mém SPSS Statistics 20.0.
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Sinh truéng quin thé va thanh phén sinh héa mét s6 chiing vi tio tiém ning (TN 1)
3.1.1. Sinh trwéng quan thé mét sé ching vi tao

Két qua nghién ctu chi ra rang hau hét cac chung vi tao c6 ngudn gdc tir Bo
suu tap gidng tao Quéc gia Uc thich nghi tét véi cac diéu kién thi nghiém va ting
sinh nhanh chdng sau ngay ngay dau tién nubi cay. Pha sinh truéng duong (pha
logarithm) duoc bit dau vao ngay thir 0 va kéo dai dén ngay tha 3 trong chu ki nudi
cdy & hau hét cac nghiém thac thi nghiém. Ngoai trir duy nhat trueong hop ¢ tao
Nannochloropsis oceanica, pha logarithm kéo dai tir ngay 0 dén ngay thi 4 trong chu
ki nudi cdy. C6 su khac biét 1on vé sinh trudng gitta cac quan thé vi tao trong thi

nghiém nay (bang 3.1 va phu luc 3.1.2).

Xét ¢ khia canh mat d6 cuc dai (MCDSs), sinh truong quan thé tao N. oceanica
dat cao nhat trong sé cac chang vi tao thi nghiém. Quan thé N. oceanica ting sinh
nhanh chong va sinh khédi dat cuc dai & 78,92+5,63x10° th/mL, vao ngay nudi thir 8
trong chu ki nudi cay. Sinh khdi nay gap 5,5 1an sinh khéi cuc dai ghi nhan duoc &
chung vi tao xép thi hai, P. tricornutum, & 14,37+2,04x10° to/mL (bang 3.1). Ké dén
tao silic bién, C. muelleri c6 MCDs dat 8,26+0,35x10° th/mL. Su khac biét vé mat

d6 cuc dai giira cac chung vi tao nay 1a c6 y nghia théng ké véi muc y nghia o ¢ 0,05.

O chiéu nguoc lai, sinh truéng quan thé ¢ nghiém thac tao silic bién
Thalassiosira weissflogii c6 gia tri mat do cuc dai la thap nhat trong s6 tam chung vi
tao da khao sat, dat 0,60+0,04x10° th/mL. Mat do cuc dai nady thap hon c6 ¥ nghia
théng ké so véi ba chung vi tao N. oceanica, P. tricornutum va C. muelleri nhung
khong c6 su khéc biét véi cac chung tao con lai, bao gom C. calcitrans, |. galbana,
T. lutea va T. pseudonana . Cac nghiém thirc ¢ cac chung vi tao nay co gia tri mat do
cuc dai dao dong trong khoang 3-4x0° th/mL. Két qua phan tich ANOVA mét yéu té
cho thdy khdng c6 su sai khac c6 ¥ nghia thong ké giira vé mat do cuc dai giira bn

chung vi tao nay (bang 3.1, phu luc 3.1.2, va phu luc 3.1.3).

Tuong ty nhu & MCDs, toc d6 sinh truéng quan thé tai pha logarithm (EGRs)
cua vi tao N. oceanica |a cao nhat, dat 0,98+0,07 /ngay. Gia tri ndy cao hon hau céc

chung vi tao con lai trong nghién ctu, ngoai trir P. tricornutum (dat 0,88+0,07 /ngay).
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Nguoc lai, tao khué C. calcitrans c6 két qua EGRs dat duoc thip nhat trong cac
chung vi tao nghién ctu, thap hon ba 1an so vai N. oceanica (0,33+0,1 /ngay). Su
khac biét 12 cd y nghia thng ké (p<0.05). C4c chung tao khué con lai, T. pseudonana,
T. weissflogii, va C. muelleri c6 két qua téc do sinh treéng quan thé ¢ pha logarithm
thu duoc 1a kha cao, lan luot dat 0,81+0,09, 0,72+0,04, va 0,71+0,03 /ngay. Khéng
c6 sy khac biét vé mat thdng ké giita cac EGRs cua ba chung tao khué nay. Tuong
tu nhu vay, EGRs thu dugc ¢ hai nghiém thuac trén hai chang vi tao 16ng roi Iéch I.
galbana va T. lutea twong ddng vé mat thong ké (a=0,05), va 1an luot 1a 0,58+0,04

va 0,5740,16 /ngay (bang 3.1 va phu luc 3.1.3).

(a) (b)
18 Ta Sinh trrdng quin thé C. muelleri (n=3) 18 [= Sinh truéng quin thé P. tricornutum (n=3)
z2q g9
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17 E E .
= =
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16 +- s 5 ® © N R 16 +- P 5 e § ¢ $
15 & S ®
"
41 y=0.7148x + 13.528 41 @ y = 0.8768x + 12.989
3 R2=10.9901 ) R?>=10.9929
13 +
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Hinh 3.1. Pwong cong sinh truéng quan thé 4 chiing tao khué trong nghién cieu

Céc ddu tron kin thé hién sinh trwéng quan thé vi tdo ¢ pha logarithm, cac ddu
tron mo thé hién sinh truéng quan thé nam ngodi pha logarithm. Phwong trinh kém theo
y=ax+b, trong dé tri sé a biéu dién téc do sinh truéng quan thé vi tdo ¢ pha logarithm.

Két qua nghién ctru da cho thay rang, téc do sinh truong theo ngay cao nhat (Max
SGRs) ghi nhan duoc ¢ cac ngay nudi trong pha tang truong duong, khoang ngay nudi

thir nhat dén ngay tht hai ¢ tat ca cac nghiém thirc. So vai hai théng s6 MCDs va EGRS
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thi két qua quan sat ¢ téc do sinh truong quan thé theo ngay cao nhat thu duoc c6 mot
s6 su khéc biét. Trong d6, nhém cac nghiém thic thi nghiém cho két qua Max SGRs
cao nhit thu duoc bao gdbm N. oceanica (1,24+0,14 /ngay), P. tricornutum (1,11+0,06

Ingay), va T. pseudonana (1,06+0,12 /ngay).

Trong khi d6, cac nghiém thirc trén cac chung vi tao C. calcitrans, I. galbana va
T. lutea cho két qua Max SGRs lan lugt dat 0,57+0,04, 0,63+0,06, va 0,64+0,17 /ngay.
Su khac biét co ¥ nghia théng ké véi muc ¥ nghia 0,05 gitta hai nhém nghiém thic thi
nghiém. Cudi cung, hai chung vi tao silic quan trong, tiém ning con lai bao gébm C.
muelleri va T. weissflogii biéu hién Max SGRs tuong d6i cao, lan luot dat 0,89+0,13 va
0,95+0,19 /ngay. Hai gia tri Max SGRs nay khac biét co y nghia thong ké so véi nghiém

thizc N. oceanica va nhém nghiém thirc c6 Max SGRs thap (bang 3.1).

Bang 3.1. Tong hop két qua sinh trwéng quin thé mdt so chiing vi tao

(Min-Max, Mean+SD, n=3)

Tén chang/loai vi tao MCDs EGRs Max SGRs
(x10° th/mL) (/ngay) (/ngay)
. 4,11-4,6 0,31-0,34 0,53-0,62
Chaetoceros calcitrans CS-178
4,37+0,25 0,33+0,18 0,57+0,042
_ 7,88-8,55 0,68-0,75 0,75-1,01
Chaetoceros muelleri CS-176
8,260,35° 0,71+0,03° 0,89+0,13°
i 3,40-3,81 0,54-0,61 0,57-0,70
Isochrysis galbana CS-186
3,60+0,20° 0,58+0,04°  0,63+0,06°
) ) 72,50-83,00 0,92-1,06 1,09-1,36
Nannochloropsis oceanica CS-179
78,92+5,63¢ 0,98+0,07¢  1,24+0,14°
. 12,50-16,55 0,79-0,92 1,05-1,17
Phaeodactylum tricornutum CS-29
14,37+2,04¢ 0,88+0,07% 1,11+0,06™
i i 3,70-4,20 0,41-0,69 0,45-0,76
Tisochrysis lutea CS-177
3,88+0,282 0,57+0,16°  0,64+0,172
. 3,49-4,61 0,70-0,87 0,94-1,18
Thalassiosira pseudonana CS-173
4,11+0,572 0,81+0,09%  1,06+0,12™
. _ .. 0,56-0,64 0,70-0,77 0,73-1,09
Thalassiosira weissflogii CS-871
0,60+0,042 0,72+0,04°  0,95+0,19°

Ghi chl: c&c cha cai khac nhau trong ciing mét cét thé hién si sai khac c6 y

nghia thong ké véi mice y nghia 0,05
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3.1.2. Thanh phan sinh héa mét sé chiing vi tdo tiém néing

Nhin chung, c6 su khac biét 16n vé thanh phan sinh héa giira cac chung vi tao trong
nghién ctu (bang 3.2). Ham lugng lipid thu dugc trong cac chang vi tao dao dong tur 16
dén 90 mg/g (khdi lwong khé). Hai chung tao Haptophytes 1a Tisochrysis lutea va
Isochrysis galbana c6 ham luong lipid cao nhat lan luot 12 90,3 va 61,1 mg/g. Tiép dén 1a
vi tao Eustigmatophyte, Nannochloropsis oceanica, chia tong lipid & mac 55 mg/g. Ham
luong lipid tong thap nhat dugc tim thay trong cac nghiém thire trén vi tao silic bién, dic
biét ¢ ca hai loai Thalassiosira weissflogii va T. pseudonana ¢ mac 16 mg/g.

Trong s6 cac 16p lipid thi lipid phan cuc chiém ty trong 16n, dao dong trong
khoang khoang tir 87,2 dén 97,3% tong luong lipid trong hau hét cac vi tao dugc nghién
ctru. Két qua ciing cho thiy triacylglycerol dugc phat hién ¢ ca 8 10ai vi tao, voi ham
lwgng lipid tong s6 dao dong tir 0,01 dén 2,5%.

Két qua nghién ctru & bang 3.2 da chi ra rang su phong phl vé thanh phan cac axit
béo (FA) trong cac chiing vi tao nghién ciru. Mac du vay, axit béo phd bién nhat dugc tim
thiy trong mudi vi tao 1a nhitng FA c6 s nguyén tir carbon 12 sé chin va chira khoang 16
(C16) va 18 (C18) nguyén tu cacbon trong phan tir. Cac FA nay chiém khoang 50 dén
70% tong s6 cac axit béo (TFA). Cac axit béo c6 mach dai (>C20, LC) duoc tim thiy &
tat ca 10 loai vi tao. Mic du vay, ¢ hau hét cac loai vi tao déu co ty 16 C22 FA thap. Hau
hét cac axit béo C20 dugc tim thay trong nghién ciru nay déu 1a PUFA. Ty Ié FA c6 C20
|4 rat thap (dudi 1% TFA) ¢ Coccolithophyceae, T. lutea va I. galbana.

Ba loai axit béo dic biét quan trong trong wong nudi au tring tém he nai riéng va
vat nudi thay san no6i chung 1a ARA, EPA va DHA xuat hién & hau hét cac chang vi tao
nghién ctru. Ham luong cac FA tuong d6i khac biét theo tirng loai vi tao. M&i mot chung
loai vi tao trong nghién ciru thuong c6 dac diém la ham luong cao hoic thap & mot hay
mot sb loai FA. ARA cao nhat & céc ¢ tao khué C. mueller (10,6% TFA). Tiép dén 1a N.
oceanica véi ham lugng khoang 6,5% TFA. Ham luong ARA thap nhat dugc tim thay
& hai chung vi tao Haptophytes la I. galbana va T. lutea (dudi 0,1% TFA). Tuong tu
nhu vay, EPA duoc tim thdy c6 ham lwong thap & cac chang tao I. galbana (0,5%) va
T. lutea (0,6%). Trong khi d6, ham lugng nay ¢ chung vi tao N. oceanica va T.
pseudonana la rat cao, lan luot dat 30,0 va 29,0% TFA. Két qua phén tich ciing chi ra
rang, DHA khong tim thay & vi tao N. oceanica nhung lai rat giau ¢ hai chung vi tao

Haptophytes.
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Bang 3.2. Thanh phan axit béo (TB+SD) (% téng sé axit béo va phan loai nhém

lipid (% tong s6 lipid ) cia mdt sé chiing vi tao trong nghién ciu

Loai C. calcitrans  C. muelleri I. galbana N. oceanica
M4 sé chiing CS-178 CS-176 CS-186 CS-179
Axit béo (% TFA)

14:0 13,1 +4,9 10,1 +£1,2 10,2 5,2 5,3 20,6
C16 PUFA 13,0+7,5 21,3 10,6 0,1+0,1 0,8 0,3
16:1w7c 26,9 £15,5 245123 3525 20,2 £7,6
16:0 7,230 15,1 +7,3 17 +6,1 21,8 £6,7
18:3w6+18:5w3 0,1£0,0 0,5+0,2 6,6 £4,7 1,0+0,4
18:4m3 0,7 0,3 0,9 +0,6 15,4 £10,9 0,1+0,1
18:2w6 0,5+0,3 0,6 +0,1 3,12 1,9+0,9
18:3w3 0,3+0,3 0,1+0,1 5237 0,1+0,0
18:1m9¢ 0,5+0,3 0,6 +0,3 11,6 £8,2 6,1 £2,3
18:1m7¢ 0,2 0,1 0,8 £0,4 4,1+29 0,310,1
18:0 0,404 194+2 4,1+4,1 0,4 +0,2
20:406 ARA 2,329 10,6 £10,7 Tr 6,5 1,5
20:503 EPA 21,2 £11,3 0,7 0,3 0,5+0,1 30,0+7,4
22:603 DHA 0,8 £0,0 0,5+0,2 10,1 +0,8 Tr

Nhom (%TFA)

Y SFA 20,7 27,2 31,3 27,5

> MUFA 27,6 25,9 19,2 26,6

> PUFA 38,9 35,1 41,1 40,4

> LC-PUFA 22,0 11,0 10,6 30,0

Lop lipid (% lipid)

Wax ester Tr 0,2 2,2 Tr
Triacylglycerol Tr 2,0 2,5 Tr

Free fatty acid 2,5 5,7 0,0 2,5
Sterol 1,1 1,3 0,9 1,1

Polar lipid 96,3 90,8 94,4 96,3
Total lipid (mg/g) 55,0 43,7 61,1 55,0

69



(Bdng 3.2. Tiép)

Loai P.tricornutum T.lutea T. pseudonan T. weissflogi
M4 sé chiing CS-178 CS-176  CS-186 CS-179
Axit béo (% TFA)

14:0 5,6 +0,9 16,8 +2,6 11,345 6,9 5,4
C16 PUFA 10,8 £7,7 0,3+0,1 13,0+9,2 25,8 £18,2
16:1w7¢ 19,4 £13,7 8,3+2,1 27,8+19,6 15,1 £10,7
16:0 11,6 £2,2 11,4 +2,2 10,019 8,1+2,4
18:306+18:5m3 0,5+0,4 2,6 0,7 0,1%0,1 1,0 £0,7
18:4m3 0,4 0,5 21,044 4315 0,6 £0,7
18:2w6 1,3+0,5 44+39 04101 2,121
18:3m3 0,2 0,1 55%1,7 0,2+0,1 0,1+0,2
18:1m9¢ 5,6 £3,9 7,719 1,0x0,7 2,2+15
18:1m7¢ 0,3 0,2 1,8+0,5 0,240,1 0,3+0,2
18:0 0,4 £0,2 0,3%+0,2 0,70,1 2,2+3,1
20:406 ARA 1,2+0,5 0,1+0,1 0,2%0,1 1,3+1,1
20:503 EPA 29,0 £7,8 0,6+0,2 23,916,1 17,2 £9,9
22:6m3 DHA 1,7+1,2 11,1+2,8 3,5+0,6 6,2 £3,5
Nhom (%TFA)

Y'SFA 17,6 28,5 22,0 17,2

> MUFA 25,3 17,8 29,0 17,5

> PUFA 45,1 45,4 45,7 54,5

Y LC-PUFA 30,7 11,7 27,4 23,5

Lop lipid (% lipid)

Wax ester 0,4 0,0 0,4 0,8
Triacylglycerol 1,4 1,8 1,8 1,6

Free fatty acid 0,0 3,0 51 1,8

Sterol 0,9 0,9 1,3 3,0

Polar lipid 97,3 94,3 91,4 92,7
Total lipid (mg/g) 45,5 90,3 16,1 16,1

Nghién ctu vé thanh phan sinh hoa cac chang vi tao trong cac diéu kién nudi ciy
cu thé duoc thuc hién rat nhiéu trén thé gisi va ¢ Viét Nam. Vi tao C. calcitrans duoc
sir dung nhiéu trong nudi trong thity san, nhat 1a san xuat giéng va wong nudi dong vat

70



than mém. V& thanh phan sinh héa, két qua nghién ctu trén dbi twong tao khué nay cé
nhiéu nét twong dong vai nhiéu nghién ciu trude day duoc thuc hién trong cung didu
kién nghién ciu. Robert G. Ackman va cong su (1990) da tién hanh phan tich thanh
phan sinh héa C. calcitrans. Két qua chi ra ham luwong ARA, EPA, DHA, Y SFA, va
S'PUFA lan luot dat 0,17, 21,5, 1,2, 22,4, va 47,0% TFA la rat twong dong véi két qua
thu dugc tir nghién ctu nay [88]. Tuong tu nhu vy, thanh phan sinh hoa céc loai vi tao
. galbana, N. oceanica, P. tricornutum T. pseudona trong nghién ctru nay ¢6 nhiéu diém

turong déng voi nhiéu cdng bé trude day [32, 94, 132].

O Viét Nam, so vai nghién ctru sinh treong quan thé va thanh phan sinh héa vi
tao 1. galbana duogc thuc hién bai Cai Ngoc Bao Anh (2010) c6 thé thay nhiéu nét tuong
dong vé két qua sinh mat do cuc dai va toc do sinh truong quan thé. Tuy nhién, két qua
phan tich thanh phan sinh héa ciia mot sé thanh phan axit béo (EHA, SFA, MUFA, va
PUFA) trong nghién ctru nay cao hon so véi két qua dugc bao céo trong nghién cau cia

tac gia Cai Ngoc Bao Anh [1].

Mot nghién ctru dugc thuc hién boi Luu Thi Tam va cac cong tac vién (2020),
nudi cay vi tao T. weissflogii va tng dung trong uwong nudi gidng tdm thé chan trang.
Két qua nghién cau chi ra sinh truong quan thé T. weissflogii dat mat do cuc dai
khoang 1,5%10° tb/mL cao hon khoang 2,5 lan so véi ¢ nghién ciru nay. Vé thanh
phan sinh hoa, két qua phan tich c6 nhiéu nét twong dong & ARA, EPA, MUFA.. SFA.
Riéng vé ham luong DHA thi ¢6 sy khac biét Ion [75]. Trong khi do, so sanh vai tinh
hinh san xuét thyc tién tai cc trai san xuat giong tém tai khu vuc trong diém Ninh
Thuan, sinh truéng quan thé T. weissflogii trong nghién ctu & muc trung binh dén

cao so vgi mat bang chung.

Nhu da trinh bay ¢ cac ndi dung phia trudc, nghién ciu nay dwoc thuc hién
nham lya chon va tng dung mot sé chung vi tao trong san xuat giong tdm he & Viét
Nam & ca hai khia canh 1a ngudn thire 3n truc tiép va ngudn thire an gian tiép. Viéc ra
quyét dinh lra chon mot hay mét sé chung vi tao déu khong dé& dang. Bén canh do,
tiéu chi lya chon cac ching vi tao trong san xuat giéng tom ciing chua duoc mo ta
nhiéu trong cac tai liéu khoa hoc, ngoai trir phan mé ta ngan gon va so bo cua Patrick
Lavens va Patrick Sorgeloos (1996). Trong cong b4 caa minh, Patrick Laven va cong
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su di liét k& mot s tiéu chi lya chon thirc 4n twoi song néi chung bao gom do tinh
sach, phu hop ¢& miéng, kha ning sir dung va tiéu hoa thic in, cung cdp ngudn ning
lwgng va dinh dudng cho 4u trung. Bén canh d6 1a tinh kha thi va cong tac van hanh

trong thuc tidn nudi cay [71].

Mot diém Iy thuyét nhan duoc sy dong thuan cao cua hau hét cac nha khoa hoc
la cac loai tao silic dac biét phu hop trong san xuat giong tém, nhat 1a tdm he. Bén canh
cac dic diém rat d& nhan thiy 1a kich thudc phi hop véi ¢& mdi au trang, tinh dan du va
gia tri dinh dudng té bao cao, thi nhém vi tao nay con c6 dic diém Iop vo té bao (cell
wall) dugc cu tao tir 16p silicate, d& dang cho 4u tring tiéu hoa va hap thu, nhat 12 giai
doan con non, bat dau sir dung thirc dn ngoai, cu tric duong rudt va hé enzyme tiéu hoa

chua hoan thién [11, 32, 42, 48, 71].

Trong san xuat giéng tdm he ¢ Viét Nam, tao silic bién T. weissflogii dugc sir dung
mot céch rat rong rai 1am nguon thire an ty nhién cho 4u tring zoea va mysis tdm he &
hau hét cac co s& wong nudi. S lugng céc cong trinh nghién ctu nudi thu sinh khoi 1o
vi tao nay 1a rat nhiéu ca trén thé gigi va ¢ Viét Nam. Két qua sinh truéng quan thé vi tao
T. weissflogii trong nghién ctru nay twong ddi gidng véi nhiéu cong trinh da cong b trude
d6 [75]. Bén canh d6, két qua khao sat sinh truong quan thé vi tao nay so véi tinh tinh san
Xuit chung & céc trai san xuat gidng tom ¢ Viét Nam 1a trong d6i tét. Kich thuéc té bao
I6n (720-900 umd), nang luong du trix trong té bao cao (120 pgC/tb) 1a nhitng loi thé Ion
cua loai vi tao nay trong vai tro ngudn thirc an cho au tring tém he [26, 40]. Véi két qua
nghién cau va nhitng luan diém khoa hoc vira néu, tao silic bién T. weissflogii CS-871
dugc nhém nghién ciru danh gia 13 tiém ning va quyét dinh lya chon 13 mét trong s6 cac

chiing vi tao chinh cho muc dich lam co s¢ nguon thire an truc tiép.

Mot trong nhiing tiéu chi quan trong trong lua chon ngudn thirc an twoi sdng
trong san xuat gidng tém he nai riéng va vat nudi thuy san noi chung 1 dap wng céc nhu
cau ngudn ning luong cho 4u tring [71]. Hay n6i cach khac, sinh khdi ngudn thirc an
Vi ta0 can du 16n dé dap wng cho nhu cau ngudn ning lwong trong khau phan an cua au
tring. Két qua thi nghiém da chi ra rang vi tao silic, Phaeodactylum tricornutum, sinh
trudng vai tde do rat nhanh, sinh khéi quan thé dat dén cuc dai trong thoi gian ngan (cao
hon hai muoi 1an so véi l0di tao silic phd bién nhat trong san xuét giong tém hién nay
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la T. weissflogii). Mic du kich thudc té bao P. tricornutum (chiéu dai khoang 15 pum, do
day 2-3 um, thé tich 72,5 pmd), téng ning luong du trix trong té bao nho (7,6 pgCltb),
nhung voi mat do té bao rat cao trong dich nudi cay, vi tao nay thé hién 1a mét trong loai
c6 tiém ning nhat 1am thirc 3n twoi sdng trong san xuat gidng tdm he. Thém vao do,
hinh dang té bao thudn dai, gitp cho té bao c6 kha ning trdi noi tét trong méi truong bé
wong ciing nhu rat phil hop véi tap tinh an loc cua au tring tdm he nhitng giai doan dau

sur dung thure an ngoai [71, 112].

Két qua sinh truéng quan thé cac chung vi tao silic trong nghién ciu cho thiy
mot ang Vién nita cling rat tiém ning, d6 1a Chaetoceros muelleri. Sinh trueéng quan thé
vi tao trong nghiém thirc nay ciing cho két qua rat cao & ca MCDs, EGRs, va Max SGRs
(bang 3.1). Vé dic diém cau tao va sinh hoa té bao C. muelleri cing ¢ nhiéu nét twong
ddng véi P. tricornutum, nhat 1a kich thudc té bao twong ddi nho (dai 7 um, day 7 um),
tong luong carbon noi bao thap (9,2 pgC/tb) [40, 82]. Mac du vay, C. muelleri lai ¢6
thém hai ddc diém hét sac quan trong, tiém nang tng dung trong san xuat giéng tém he.
Thi nhat 1a té bao c6 cac 16ng gai & dinh gdc té bao, diéu nay gitp cho kha ning troi ndi
theo chiéu sau cot nudc la rat tot, nhat 1a trong diéu kién bé wong au tring giai doan dau
c6 ché @6 suc khi rat nho. Thir hai 1a nhitng nghién ctru ban dau caa CSIRO tai Bribie
Island Research Center (mét hop phan khac thugc khudn khé du an nghién ctu nay) cho
thay nhitng dau hiéu rat kha quan vé kha nang tc ché sy bung phét caa vi khuan vibrio

cua C. muelleri trong hé thong wong nudi.

Khéng gidng nhu & cac tiéu chi sinh truong quan thé, kich thudc té bao cling nhu
su twong thich vé phan bd trong méi trudng nudc, lya chon cac chung loai vi tao lam
ngudn thirc an truc tiép duwa trén cac tiéu chi vé gia tri dinh dudng dudng nhu phirc tap
hon nhiéu. Thanh phan sinh héa cua vi tao la rat khac nhau phu thugc vao ting chung
loai cu thé, tinh trang sinh 1y va diéu kién maéi trudng nudi cay. Mdi mot chung/loai vi
tao thudng c6 nhitng gia tri riéng biét vé gia tri dinh dudng. Hay néi cach khéc, viéc tim
kiém mot chung loai vi tao co day du cac gia tri dinh dudng 13 huéng di khong kha thi.
Thay vao d6, phwong an phéi tron hai hay nhiéu loai dé cung cap day du cac dudng chat
cho 4u tring tém dwgc xem nhu giai phap hiéu qua ca phuong dién 1y thuyét ciing nhu

thuc hanh san xuat [47, 68, 73].
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O khia canh tng dung vi tao 1am ngudn thire an gian tiép (nudi thu sinh khéi
luan), cac tiéu chi lya chon thirc dn dudng nhu it khét khe hon so véi hudng wng dung
lam thire an truc tiép cho 4u trung tdm. Tiéu chi lya chon cac chung vi tao 1am ngudn
thire an trong nudi thu sinh khéi luan trung phan 16n tap trung vao kich thuéce té bao (2-
20 pm), cung &ng ngudn ning lwong, sinh khdi té bao, va mot sb thanh phan dinh dudng
(cha yéu 13 ham luong lipid va céc axit béo) [48, 71, 76]. Theo d6, vi tao
Nannochloropsis oceaninca biéu hién tiém nang rat 16n cho muc dich ¢ng dung nay. So
sanh vai loai N. oculata 13 l0ai tao st dung phé bién nhat trong nudi cay luan tring Viét
Nam, thi N. oceanica c6 kha ning cho sinh khéi cao hon rat nhiéu (khoang 2,5 lan) [1].
Hai chiing Isochrysis galbana va Tisochrysis lutea khong co sy khac biét 16n vé két qua
sinh truong, mac du vay xét & khia canh thanh phan sinh hoa, ching tao T. lutea c6 ham
luong lipid tong s6 cao hon nhiéu so véi . galbana. Véi két qua nghién ciu va luan cir
khoa hoc vtra trinh bay, hai chung vi tao Nannochloropsis oceanica CS-179 va
Tisochrysis lutea CS-177 dugc lya chon lam nguon thirc 4n trong nudi thu sinh khoi

luén trung trong nghién ctiru nay.

NGi tom lai, két qua sinh treéng quan thé, thanh phan sinh hda va mot sé dic
diém sinh hoc té bao trong thi nghiém 1 ndy 1a cac co sé dé lua chon ba ching vi tao
khu@ 1am thtrc n tric tiép cho au tring tdm he 1a Chaetoceros muelleri, Phaeodactylum
tricornutum va Thalasiosira weissflogii. Bén canh d6, hai chung vi tao duoc lua chon
cho thi nghiém nghién ctu tng dung 1am nguon thirc 4n gian tiép trong san xuat giong

tém he bao gém Nannochloropsis oceanica va Tisochrysis lutea.

3.2. Anh hwéng ciia mat sé diéu kién nudi cy I1én sinh trwéng quan thé va thanh

phan sinh héa mét sé chiing vi tio.

Dé c6 nhitng hiéu biét chinh xac hon anh huéng cua cac diéu kién nudi cay Ién
sinh truang quan thé va thanh phan sinh hoa té bao vi tao, cac thi nghiém dugc tién hanh
véi hai lan doc lap (ki kiéu 1%t va 2"9) véi hai nguon tao gidong c6 ma sb hoan toan khac
biét. Tuy nhién, vi mot s6 1y do nhu sb luwgng cac mau can phan tich rat 16n, chu treong
vu tién cho mot s6 ndi dung nghién ctru quan trong, nén cac phan tich thanh phan sinh

hoa vi tao & noi dung nay duoc thuc hién mot 1an cho mot nghiém thire thi nghiém.
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3.2.1. Anh hwéng ciia mét sé loai méi trwong dinh dwing (f, f/2, va AGP-C) 18n sinh
trwéng quan thé va thanh phan sinh hoa té bao mét sé ching vi tdo (TN 2)

% Anh huéng cia cdc méi trueong dinh dwong khdc nhau lén sinh trieéng quan thé

va thanh phan sinh hda vi tdo Chaetoceros muelleri

Két qua nghién ctru da chi ra rang, tao khué C. muelleri thich nghi va sinh truéng
t6t trén ca ba loai méi truong dinh dudng bd sung f, f/2 va AGP-C. Quan thé vi tao bat
dau pha ting trudng duong ngay sau ngay dau tién nudi ciy va kéo dai trong 3 ngay tiép
theo. Sinh khéi quan thé dat cuc dai vao khoang ngay thir 6-7 trong chu ki nudi cdy, va
sau d6 co dau hiéu tan lui & ngay ké tiép (ngay thir 8). Sinh truéng quan thé thé hién

tuong d6i dong nhat giira hai lan thi nghiém 1 va 2 (hinh 3.2 va hinh 3.3).

(a) (b)
Exponential growth rate - f (1st) C. muelleri , mdi trwong f (n=4)
17 171 _
S y=08468x+13.119 y=0.7562x + 13,498 ] T o
;;_ R2=0.9868 RZ=0.9415 (‘é . & @ & ® g %
154 £ 15+ % g
| g y=0.8417x+13.234
R*=0.9789
o
13 13 % = 0.7909 9
y=0.8442x + 13.332 =0.9197x + 12.985 Y O.?U.)xt 12:993
y=0. 98 R = 0.9822
R*=0.9701 R?=0.9937
1 ; ; ; Negay 1 t t t t } t + ey,
0 1 2 3 4 0 1 2 3 4 5 6 7 8 9

Hinh 3.2. Sinh truwéng quan thé vi tao C. muelleri trong méi trudng dinh dwdng
‘ ~_bdsung f(n=4) ‘ 7

Ghi chu: do thi (a) biéu dien toc dé sinh truong quan thé ¢ pha logarithm trong
4 1an 1gp 6 NT-2.1 cua lan thi nghiém thiz nhat. Do thi (b) biéu dién dwong cong sinh
trieong quan thé, cac ddu tron va phiong trinh mau xanh lam biéu dién két qua nghién
cieu ¢ lan thi nghiém thi nhat, cac ddu hinh thoi va phirong trinh mau cam biéu dién két
qua ¢ lan thi nghiém thi nghiém thi 2. Cac dau dam, kin biéu thi két qud sinh truong
quan thé nam trong pha logarithm. Cac ddu hé biéu th; két qud sinh truéng quan thé
nam ngoai pha logarithm.

Két qua nghién cau tir bang 3.3 chi ra rang nghiém thic thi nghiém véi moi
truong dinh dudng bé sung f (NT-2.1) dwa dén két qua sinh truong quan thé C. muelleri
1a tét nhét trong 3 méi truong dinh dudng bd sung, biéu hién & ca ba thong sé quan sat
la mat d6 cuc dai (MCDs), toc do sinh truong quan thé ¢ pha logarithm (EGRs) va téc
d6 sinh truong theo ngay cao nhat (Max SGRs). Cu thé, ¢ lan thi nghiém tht nhat,
MCDs, EGRs, va Max SGRs quan thé C. muelleri trong nghiém thic NT-2.1 dat dugc
cao nhat, theo thix tu lan luot 12 12,01 (<108 tb/mL), 0,84 va 1,21 (/ngay). Trong khi do,
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sinh truang quan thé vi tao nay thap nhat ¢ nghiém thirc sir dung moéi truong dinh dudng
bd sung f/2 (NT-2.2), thé hién & MCDs, EGRs, va Max SGRs lan luot dat 8,54 (<108
th/mL), 0,72, va 0,88 (/ngay). Két qua phan tich thong ké ANOVA chi ra méi truong
dinh dudng bd sung f cho hiéu qua cao nhat vé sinh trueéng quan thé biéu hién & MCDs

va EGRs v&i mic y nghia 0,05.

C. muelleri, méi trwedmg /2 (n=4) C. muelleri, méi truong AGP-C (n=4)
17 7 17
g g
& 8 = o [} []
5 s | B § % § : (E. i ¢ ' g 2
1512 P B 10 15+ = § }
e v 0['{712? ?,xg;;; 493 ny Tai y=0.7439x + 13.462
i e R?=0.9754
% 3 . ) 5
131 = 0.6967x + 13.387 13 1 Y ’0';3114(‘]‘;913-345
R? = (.9888 .
1 : ' ' ' ' . . ey 11 . . " ' ' . . Nedy
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Hinh 3.3. Sinh trwéng quan thé vi tao C. muelleri trong hai méi trwong dinh
dwéng bo sung /2 va AGP-C

Ghi ch(: c&c ddu tron va phwong trinh mau xanh lam biéu dién két qua nghién
ciu & lan thi nghiém thiz nhdt, cac ddu hinh thoi va phirong trinh mau cam biéu dién két
qua ¢ lan thi nghiém thi nghiém thiz 2. Cac ddu dam, kin biéu thi két qud sinh trong
quan thé nam trong pha logarithm. Cac ddu me, ho biéu thi két qud sinh trieéng quan
thé nam ngoai pha logarithm

Tuong tu nhu & lan thi nghiém tht nhat, két qua sinh truong quan thé C. muelleri
trong ba mdi truong dinh dudng ¢ lan thi nghiém tht hai ciing chi ra mét xu huéng
tuong tu. Vi tao khué C. muelleri sinh truong tét nhat trong moéi trudng dinh dudng bd
sung f, ké dén 12 moi truong thwong mai AGP-C va cubi ciing 13 méi truong dinh dudng
f/2 & tat ca cac thong s6 quan sat (MCDs, EGRs, va Max SGRs). Két qua phan tich thong
k& ANOVA mét yéu td trong lan thi nghiém tht hai nay chi ra su khéc biét c6 y nghia
thong ké & ca ba thong sé quan sét (bang 3.3).

Véi két qua nghién ciru da trinh bay & trén, nhém nghién ciru da rat ra két luan
rang trong ba loai méi trudng dinh dudng bo sung cua thi nghiém ngay, méi trudng dinh
dudng bé sung f 14 tot nhat cho sinh truong quan thé C. muelleri. Ké dén 1a mai truong

dinh dudng thuong mai AGP-C, va cudi cuing 1a /2.
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Bang 3.3. Tong hop két qua sinh trweéng quan thé vi tao C. muelleri trong ba moi

trwong dinh dudng bd sung khac nhau (Min-Max, Mean+SD, n=4)

] ] f f/2 AGP-C

Lan thi nghigm thz nhat

11,45-12,51 8,26-8,91 9,29-10,11
MCDs (x10° th/mL) 12,010,48° 8,540,30° 9,81+0,37"
=GRS (g2 oot om0 Onsmor
MEXSORS(M0)  Uioip  ogaeots  10gs00s
Lan thi nghigm ths hai

9,61-10,13 7,46-8,21 9,81-10,03
MCDs (x10° th/mL) 9,95:0,23" 7,790,317 9,92+0,11°
=GR (162) o008 or0e00s  07ss00s
R

Ghi chu: cac chir cai khac nhau chi sy khdc nhau cé ¥ nghia thong ké (mic y
nghia 0,05) trong cung m¢t hang.

Két qua phan tich thanh phan sinh héa vi tao C. muelleri trong thi nghiém nay
cho thay cac yéu t6 dinh dudng anh huong Ién dén thanh phan sinh héa vi tao. Ham
luong lipid tong s6 cao nhat thu dugc & nghiém thire NT-2.2 (s dung méi trudng dinh
dudng bd sung 1/2) dat 125,6 mg/g. Ham lugng nay cao hon khoang hai lan so véi &
nghiém thuc st dung moi trudng dinh dudng bo sung f (NT.2-1) dat 63,1 mg/g. Nghiém
thire NT-2.3 sir dung méi trudng dinh dudng thuong mai AGP-C dua dén két qua ham
luong lipid tong sb dat khoang 90 mg/g.

Két qua nghién ciu ¢ bang 3.4. ciing chi ra rang ham lugng hai lipid quan trong
la triacylglycerol va sterol cao nhat ¢ nghiém thirc sir dung moi truong dinh dudng /2
(NT-2.2), lan luot dat 4,2 va 1,5 (% TL). Nguoc lai, nghiém thic sir dung moéi truong
dinh dudng b sung AGP-C cho két qua ham luong hai loai lipid nay Ia thap nhat, 1an
luot dat 3,15 va 0,87 (%TL). Cudi cing, nghiém thire NT-2.1 dua dén két qua ham luong
triacylglycerol dat 3,8 va sterol dat 1,32 (%TL). Ham lugng céc lop lipid con lai nhu
wax ester, free fatty acid, va polar lipid la khac biét gitra cac nghiém thirc nhung vai xu

hudng khong that su rb rang.
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Bang 3.4. Thanh phan axit béo (% téng sé axit béo va phan loai nhém lipid (%
tong sé lipid) vi tao C. muelleri trong ba méi trwong dinh dudng khac nhau

Thanh phan M&éi truomg dinh dudng bd sung

f /2 AGP-C
AXxit béo (%TFA)
14:0 10,87 8,66 14,27
C16 PUFA 7,0 3,9 0,9
16:1w7¢ 22,55 28,48 27,11
16:0 8,41 11,95 15,71
18:306+18:5m03 0,90 1,14 0,74
18:4m3 1,27 0,78 0,40
18:2w6 0,96 0,81 1,31
18:3m3 0,00 0,00 0,00
18:1m9¢ 0,6 0,8 1,23
18:1w7¢ tr tr tr
18:0 12,74 8,69 3,79
20:406 ARA 1,64 5,30 4,20
20:5w3 EPA 24,27 20,94 10,48
22:603 DHA 1,13 1,42 0,84
Nhom (% TFA)
Y SFA 36,49 33,17 46,11
>MUFA 25,84 31,96 35,01
> PUFA 37,66 34,87 18,88
> LC-PUFA 30,17 30,39 17,97
Lop lipid (% lipid)
Wax ester 0,18 3,65 2,12
Triacylglycerol 3,8 4,2 3,15
Free fatty acid 3 4,35 3,46
Sterol 1,32 1,5 0,87
Polar lipid 91,7 86,3 90,4
Total lipid (mg/g) 63,1 125,6 90,0

Thanh phan céc axit béo thu dugc & vi tao C. muelleri trong thi nghiém nay ciing
c6 nhiéu diém tuong tu nhu & thi nghiém 1, ngoai trir trudng hop duy nhat xay ra ¢ axit
béo 18:1w7c 1a khong phat hién trong két qua phan tich caa thi nghiém 2 nay. Két qua
nghién cttu & bang 3.4 chi ra rang, ham lugng cac axit béo SFAs va MUFAs thu duoc ¢
cac nghiém thuc thi nghiém st dung méi trudng dinh dudng bd sung f va /2 1a thip hon

so vai nghiém thiec thi nghiém su dung moi truong dinh dudng thuong mai AGP-C.
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Nguoc lai, ham luong cac PUFAs, Lc-PUFAs duoc tim thdy cao hon trong hai
nghiém thicc NT-2.1 va NT-2.2. Xu hudng nay ciing duoc thy rd khi quan sat hai axit
béo quan trong 1a EPA va DHA. Cu thé, ham luong EPA duoc tim thay cao trong hai
nghiém thuc sir dung méi truong dinh dudng bd sung f va f/2, lan luot dat 24,27 va
20,94 (%TFA). Trong khi d6, ham lugng axit béo EPA nay thu duogc chi dat 10,48
(%TFA) ¢ nghiém thac st dung méi truong thuwong mai AGP-C.

Tuong tu nhu vay, ham lugng DHA thu duoc trong hai nghiém thuc NT-2.1 va
NT-2.2 nay lan luot dat 1,13 va 1,42 (%TFA), cao hon ¢ nghiém thac NT-2.3 dat 0,84
(%TFA). Su khac biét vé xu huéng thay dbi dugc tim thay khi quan sat ham lwong axit
béo ARA. Theo d6, ham luong axit béo ARA dugc tim thay rat cao & hai nghiém thirc
NT-2.2 (st dung méi truong /2) va NT-2.3 (sir dung mdi truong AGP-C), lan luot dat
dat 5,3 va 4,2 (%TFA), con s niy cao hon nhiéu so véi & nghién thirc sir dung mai
truong dinh dudng bo sung f (NT-2.1) dat 1,64 (% TFA).

NOGi tom lai, méi truong dinh dudng bd sung f cho két qua sinh truong quan thé
vi tao C. muelleri Ia t6t nhat. Trong khi d6, méi truong dinh dudng /2 dua dén két qua
thap nhat vé sinh truong quan thé loai vi tio nay. Nguoc lai, qua trinh tich Iy lipid, sinh
tong hop DHA, va cac axit béo khéng no mach dai da ndi déi (Lc-PUFAs) dat dugc cao

nhat & nghiém thirc thi nghiém sir dung méi truong dinh dudng /2.

% Anh huong cua cdc méi trueong dinh duong khdc nhau lén sinh triréng quan thé

va thanh phan sinh héa vi tdo Phaeodactylum tricornutum

Ciing twong ty nhu & vi tao C. muelleri, sinh truéng quan thé vi tao P. tricornutum
biéu hién tét nhat trong cac nghiém thirc thi nghiém sir dung méi trudng dinh dudng bd
sung f. Nguoc lai méi truong dinh dudng bo sung /2 dua dén két qua thap nhat vé sinh
truéng quan thé trong nghién cau ndy. Cu thé, trong lan thi nghiém thi nhat mat do cuc
dai va toc do sinh truong quan thé ¢ pha logarithm trong nghiém thac sir dung moi
truong dinh dudng bd sung f (NT-2.4) thu dugc cao nhat, lan luot 12 21,54+2,62x10°
(tb/mL) va 0,95+0,05 (/ngay). Ké dén la nghiém thic str dung moi trudng dinh dudng
AGP-C (NT-2.6) véi hai gid tri lin luot 1a 18,22+0,89x10° (tb/mL) va 0,86+0,04
(/ngay). Cudi cuing 1a NT-2.5 (sir dung méi trudong dinh dudng b sung f/2) c6 MCDs
dat 14,81+1,82x10° (tb/mL) va EGRs dat 0,78+0,02 (/ngay). Su khac biét 1a c6 y nghia

théng ké véi mie y nghia o & 0,05. Mac du vay, c6 mot khéc biét nho khi quan sat toc
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d6 sinh truéng theo ngay cuc dai. Theo d6, hai nghiém thirc NT-2.4 va NT-2.6 déu cho
két qua Max SGRs twong dong va rat cao, lan luot dat 1,07 va 0,98 (/ngdy) cao hon mét
cach c6 ¥ nghia thong ké so véi ching & nghiém thac NT-2.5 dat 0,9 (/ngay) (bang 3.5).

Xu huéng vé két qua nay co ban duoc 13p lai trong Ian thi nghiém th hai. Trong do,
két qua vé toc do sinh truong quan thé tai pha logarithm va téc d6 sinh truéng theo ngay
cuc dai & cac nghiém thic thi nghiém (xép theo thir t tir nho tai 16n) 1a NT-2.5, NT-2.6,
va NT-2.4. Sy khac biét 1a c6 y nghia thong ké voi mirc ¥ nghia 0,05.

(a) (b)
Exponential growth rate - f (1st) P, tricornufum, mdi truong f (n=4)
- 17 +
7T . y=09252¢+ 12,569 y = 1.0062x + 12.386 3 g 2 ¢ 0
g R® = 0.9986 R = 0.9996 e g L
£ g s B
PTE 513 i
e o
y=0.9478x + 12.53
13 54 R? = 0.9991
v =0.8954x + 12.713 y =0.9643x + 12.452 T y=0.8812x + 12.42
R2=0.994 R2=0.9965 R*=10.9984
11 } t : Ngéq: 1 ' ' : ' ' ; , , Ngay:
0 1 2 3 4 0 1 2 3 4 5 6 7 8 9

Hinh 3.4. Sinh truwéng quan thé va toc dd sinh trwéng quan thé vi tao P.
tricornutum trong méi truong dinh dwdng bé sung f

Ghi cht: (a) biéu dién 4 lan lgp trong NT-2.4 & lan thi nghiém thiz nhat. Trong
do thi (b), cac ddu tron va phwong trinh mau xanh lam biéu dién két qud nghién citu ¢
lan thi nghiém the# nhat, cac ddu hinh thoi va phirong trinh mau cam biéu dién két qua
& lan thi nghiém thi nghiém thiz 2.

Bén canh d6, mat do cuc dai ¢ hai nghiém thurc st dung méi trueong dinh dudng
bd sung f (NT-2.4) va nghiém thac sir dung méi trudng dinh dudng thuong mai AGP-
C (NT-2.6) déu dat rat cao, lan luot 1a 14,96+1,07 va 15,19+0,85x10° (tb/mL). Su khéc
biét 1a khong co y nghia thong ké giita hai gia tri MCDs nay. Mat do cuc dai thu duoc ¢
hai nghiém thac NT-2.4 va NT-2.6 cao hon dang ké, khoang 1,5 1an so véi nghiém thuc
sir dung moi truong dinh dudng bd sung /2 (p<0,05).

Mot diém dang luu ¥ rang két qua sinh trudng quan thé P. tricornutum trong l1an
thi nghiém thir hai thap hon 1an thir nhat va o thi nghiém 1 tuong di nhiéu ¢ ca ba théng
s6 quan séat 13 MCDs, EGRs, va SGRs. Vé co ban, ¢ nhiéu nguyén nhan dan dén su
khac biét trong gitra cac dot thi nghiém. Pang ké nhat c6 thé ké dén dac thd cua cac ma

chung khac nhau.
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P, tricornutum, mdi truong 172 (n=4) P, tricornutum, moi treomg AGP-C (n=4)
7 1 - 17
g T g . B
€ e 8 2 ? ‘E' B * @
~— o ]
5 4 2 g 54 g 8
L y=0.776x + 12516 - g
A R?=0.9993 y=0.863x+12.74
P o R2=0.9956
13 4 . , 13 4.
o y=06935x + 12.583 i y=0.7961x+12.728
R2=10.9984 R>=10.9976
11 ey | 4 ' } ; 4 ' t By
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Hinh 3.5. Sinh trwéng quan thé vi tao P. tricornutum trong hai méi trwong dinh
dwdng bé sung /2 va AGP-C
Ghi chu: cac ddu tron va phuong trinh mau xanh lam biéu dién két qua nghién
cizu ¢ lan thi nghiem the nhat, cac dau hinh thoi va phwong trinh mau cam biéu dien ket
qud ¢ lan thi nghiém thi nghiém tha 2.

Vi tao ndi riéng va vi sinh vat ndi chung c6 kha ning bién doi va thich tng nhanh
Vé6i cac diéu kién moi truong séng, do d6 ludn lubn xuat hién mot sé diém khéc nhau
giita cac ma ching vé tinh trang sinh Iy noi bao [77]. Piéu nay dan dén mot s6 su khéac
biét vé két qua sinh treang quan thé. Két qua trong nghién cau nay gop phan khang dinh
thém luan diém khoa hoc d6 ciing nhu cho thay su pht hop trong cach b tri thi nghiém
trong hai 1an riéng biét véi hai ma chang vi tao khac biét.

Bang 3.5. Tong hop két qua sinh trweéng quan thé vi tao P. tricornutum trong ba
méi trwong dinh dudng bd sung khac nhau (Min-Max, Mean+SD, n=4)

] ] f /2 AGP-C
Lan thi nghigm tha nhat

MCDSCAOBIND e apeier 182000
O omom omom
VXSRS (0g)  Uiicon  psowoy  0ses0as
Lan thi nghiém thiz hai

ST R N
=GR (162) omodE  OoO® 00003
MaxSORS(09) (oo oromor  osTsoss

Ghi chl: cac chiz cai khac nhau chi su khdc nhau cé y nghia thong ké (mitc y nghia
0,05) trong cung m¢t hang.
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Thanh phan sinh héa vi tao P. tricornutum trong c&c nghiém thtc thi nghiém
khac nhau vé mai truong dinh dudng thi khac nhau. Khdng gidng nhu ¢ thi nghiém trén
tao silic C. muelleri, ¢ tao P. tricornutum ham lwong lipid cao nhat thu dugc trong
nghiém thuc thi nghiém st dung moéi truong dinh duong AGP-C (NT-2.6) dat 103,3
mg/g. Ké dén 1a NT-2.5 c6 ham luong lipid tong sé dat 92,7 mg/g. Cubi ciing 1a NT-2,4
c6 két qua phan tich ham luong lipid tong sb dat 65,1 mg/g.

Bang 3.6. Thanh phan axit béo (% tong s6 axit béo va phan loai nhém lipid (% tong
s6 lipid) vi tao P. tricornutum trong ba méi truomg dinh dudng khac nhau

Thanh phan M&éi truomg dinh dudng bd sung

f f/2 AGP-C
AXxit béo (%TFA)
14:0 5,21 5,25 6,12
C16 PUFA 3,50 4,50 4,02
16:1w7c 16,62 16,22 16,42
16:0 13,17 14,44 15,22
18:3w6+18:5m3 0,18 0,17 0,20
18:4m3 0,46 0,43 0,37
18:2w6 2,30 2,00 2,28
18:3m3 0,43 0,32 0,44
18:1m9¢ 1,65 1,38 1,40
18:1o7c 0,87 1,41 1,13
18:0 11,11 11,28 10,91
20:406 ARA 1,44 0,96 0,85
20:5m3 EPA 33,74 32,58 29,86
22:603 DHA 1,63 2,21 2,04
Nhom (%TFA)
Y SFA 34,58 35,67 37,88
>MUFA 21,26 20,60 21,72
> PUFA 44,16 43,73 40,41
> LC-PUFA 36,26 35,69 32,83
Lap lipid (% lipid)
Wax ester 14 0 1,3
Triacylglycerol 0,3 1,8 1,8
Free fatty acid 3,2 0,2 0,1
Sterol 1,3 1,6 0,92
Polar lipid 93,8 96,4 95,7
Total lipid (mg/g) 65,1 92,7 103,3
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Céc 16p lipid nhu polar lipid, sterol, va triacylglycerol thu dugc cao nhat & nghiém
thirc sir dung méi truong dinh dudng bd sung f, lan luot dat 96,4, 1,6, va 1,8 (%TL).
Ngugc lai ham lugng sterol va free fatty acid thip nhét thu dugc & nghiém thic sir dung
moi trudng thwong mai AGP-C. Xu hudng bién dbi vé ham lugng cac 16p lipid trong thi
nghiém ndy twong dbi da dang, phu thudc vao timg thanh phan sinh hoa cu thé.

Dic biét, ham lugng cac axit béo va cac nhom axit béo khac biét khong déng ké
gitta ba nghiém thtc thi nghiém nay. Trong sé ba axit béo khong no da nbi doi quan trong
thi lodi vi tao nay biéu hién giau ham lwong EPA nhat, ham luong EPA trong ca ba nghiém
thirc dao dong trong khoang 29,86 dén 33,74% TFA. Nguoc lai, ham luong ARA thap
nhat dat khoang 0,85 dén 1,44% TFA. C4c axit béo PUFA van chiém ty ¢ cao nhat trong
cac nhom lipid khoang 40,41 — 44,16% TFA. Nguoc lai ham lugng cac axit béo MUFA
la thap nhat & loai tao nay trong ca ba nghiém thurc.

% Anh huéng ciia cdc méi truong dinh duong khac nhau 1én sink triréng quan thé va

thanh phan sinh hoéa vi tdo Thalassiosira weissflogii

Két qua nghién cau & hinh 3.6, hinh 3.7 va bang 3.7 da cho thay rang tao silic bién
T. weissflogii thich nghi tét véi diéu kién khi hau Viét Nam ciing nhu trong cac diéu kién
thi nghiém. Quan thé ting sinh nhanh chéng ngay sau ngay dau tién nudi ciy va dat cuc
dai vao ngay thir 4-5 & cac nghiém thac. C6 sy khac biét twong d6i 16n vé sinh truéng
quan thé giita hai lan thi nghiém, dac biét 1a & gia tri mat do cuc dai, trong d6 1an thi

nghiém thir hai cho két qua MCDs cao hon nhiéu so vai lan thir nht (bang 3.7).

(&) (b)
Exponential growth rate - f (1st) T. weissflogii, moi truong f (n=4)
. y—0.8984x+10.574 ¥ =09667x+10.221 ula
4 r1e R2= 0.9665 R>=0.9512 = o o o
= = 8 ® @
K 13 1E s
g 5 [ =
- )
12 + 12 L y =0.9289x + 10.366
& R? = 0.9702
11 4 11
] e y=0.9675x + 10.494
10+ y=0.8931x+10.413 y=0.9573x + 10.255 10 1 RZ=0.9911
. R®=0.9674 R?=0.9772 Ngiy. o ) . . , . . , Ngay
0 1 2 3 0 1 2 3 4 5 6 7 8

Hinh 3.6. Sinh trweéng quan thé va tée dé sinh truéng quan thé vi tao T.
weissflogii trong méi trudomg dinh duéng bo sung f
Ghi ch: (a) biéu dién 4 lan Igp trong NT-2.7 ¢ lan thi nghi¢m thiz nhat. Trong
do thi (b), cac dau tron va phwong trinh mau xanh lam biéu dien két qua nghién cuu ¢

lan thi nghiém the# nhat, cac ddu hinh thoi va phirong trinh mau cam biéu dién két qua
o lan thi nghiém thi nghiém ther 2.
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O lan thi nghiém thtr nhat, MCDs thu duoc & cac nghiém thire sir dung méi trudng
dinh dudng bd sung f (NT-2.7), nghiém thirc b6 sung méi truong /2 (NT-2.8) va nghiém
thire sir dung méi truong dinh dudng thwong mai AGP-C (NT-2.9) theo tht tu lan luot
14.0,67+0,04, 0,40+0,04, v 0,52+0,04x 108 (tb/mL). Su khéc biét 14 c6 ¥ nghia théng ké

véi mic v nghia 0,05.

Két qua nay duoc 1ap lai hoan toan twong tu & 1an thi nghiém thir hai. Piéu d6
cho thay trong ba méi trudng nghién ciu thi moi truong dinh dudng bo sung f 12 phu
hop nhét cho sinh truéng quan thé T. weissflogii. Nguoc lai, méi truong dinh dudng bd

sung f/2 cho két qua sinh trudng quan thé vi tao 12 kém nhat.

T. weissflogii, moi truomg /2 (n=4) T. weissflogii, mdi truong AGP-C (n=4)
iz la
14138 14 18 .
< =
3 P P8 3
13 1 E B 5 i F 13 + 5 3 @ ® ] »
5 § = 3 e 5
12 4 A R . P e o ¢
g }’_0,'{(297?,)(93:?'163 5 Y~ 0.8092x + 10212
1+ g e T R? - 0.9995
v 0.7637%+ 10.623 y = 0.8587x + 10.662
ES T R=09952 0¥ R?=0.9916
9 ey 9 L Nedy
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8

Hinh 3.7. Sinh truwéng quan thé vi tao T. weissflogii trong hai méi truang dinh
dudng bé sung /2 va AGP-C

Quan sat két qua tdc d6 sinh truang quan thé tai pha logarithm va toc do sinh
trudng theo ngay cuc dai ciing dong thoi dua dén két luan vé sy phu hop cua moi
truong dinh dudng bo sung f cho quan thé T. weissflogii sinh truéng & ca hai lan thi
nghiém (bang 3.7). Mic du vay, mét vai khac biét nho dugc tim thay trong két qua
EGRs va Max SGRs & lan thi nghiém thi nhat. Cu thé, EGRs va Max SGRs gitra hai
nghiém thtc nay 1a tuong dong vé mat thong ké. Hai gia tri ndy ¢ NT-2.8 lan luot
dat 0,70+0,05 va 0,71+£0,05 (/ngay). Tuong tu nhu vay, ¢ nghiém thac NT-2.9 la
0,89+0,11 va 0,93+0,10 (/ngay). Noi tom lai, két qua nghién ctu trong thi nghiém
nay di chi ra rang, moi trudng dinh dudng bd sung f dua dén két qua sinh truong

quan thé vi tao T. weissflogii 1a tot nhat.
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Bang 3.7. Tong hop két qua sinh trweéng quan thé vi tao T. weissflogii trong ba

méi trudng dinh dwdng bd sung khac nhau (Min-Max, Mean+SD, n=4)

f f/2 AGP-C
Lan thi nghigm thi nhat

0,64-0,74 0,34-0,44 0,49-0,56
MCDs (x10° tb/mL)

0,67+0,04°¢ 0,4040,042 0,52+0,04°

0,89-0,97 0,65-0,75 0,68-0,79
EGRs (/ngay)

0,93+0,04° 0,70+0,05? 0,71+0,05%

1,16-1,30 0,75-1,01 0,80-1,06
Max SGRs (/ngay)

1,26+0,07° 0,8940,112 0,93+0,10?
Lan thi nghigm thiz hai

0,96-1,10 0,60-0,68 0,79-0,92
MCDs (x10° tb/mL)

1,03+0,06° 0,63-0,042 0,84+0,06"

0,90-1,04 0,73-0,86 0,82-0,89
EGRs (/ngay)

0,97+0,05¢ 0,76+0,062 0,86+0,04°

1,12-1,23 0,84-0,98 0,92-1,08
Max SGRs (/ngay)

1,16+0,05¢ 0,90+0,06? 1,02+0,07°

Ghi chi: cac chir cai khac nhau chi si khdc nhau cé ¥ nghia thong k& (mitc ¥ nghia
0,05) trong cung mgt hang.

Ciing giéng nhu & cac thi nghiém trén hai loai vi tao silic C. muelleri va P.
tricornutum, thanh phan sinh hoa cua T. weissflogii ciing thay dbi rat Ion tly theo
cac didu kién mudi dinh dudng trong mai trudng séng. Ham luong lipid tong sb thu
duoc cao nhat ¢ nghiém thirc sir dung méi truong dinh dudng bo sung /2 (NT-2.8)
dat 34,72 mg/g.

O mot chiéu hudng khéc, lipid tong sé thap nhét thu duoc ¢ nghiém thac NT-
2.9 dat 31,43 mg/g. So sanh véi két qua thi nghiém 1 thi ham luong lipid trong thi
nghiém nay cao hon khoang hai lan. Triacylglycerol va sterol thu duoc cao nhat &
nghiém thac NT-2.9. Trong khi d6 free fatty acid va triacylglycerol thap nhat thu
duoc & nghiém thirc NT-2.7. Thanh phan polar lipid & cac nghiém thic NT-2.7 va
NT-2.8 thu duoc 1a twong d6i cao va dong nhat & khoang 92-93 (%TL). Nguoc lai,
gia tri nay thap nhat ¢ NT-2.9 dat 88,6 (%TL).
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Bang 3.8. Thanh phan axit béo (% tong sé axit béo) va phan loai nhom lipid (%
tong s6 lipid) vi tao T. weissflogii trong ba méi truwong dinh dwdong khac nhau

Thanh phan MB&i truomg dinh dudng bd sung

f /2 AGP-C
Axit béo (%TFA)
14:0 8,00 8,66 9,18
C16 PUFA 2,47 3,45 3,64
16:1w7c 19,47 17,82 17,34
16:0 12,87 12,48 13,43
18:306+18:5m03 0,00 0,08 0,00
18:4m3 0,75 0,81 0,39
18:2w6 0,50 0,54 0,60
18:303 0,15 0,15 0,20
18:1m9¢ 0,21 0,36 0,27
18:1m7¢ 0,05 0,07 0,15
18:0 18,03 18,28 20,20
20:406 ARA 0,07 0,00 0,07
20:503 EPA 23,75 24,05 21,04
22:603 DHA 3,96 4,02 4,07
Nhom (% TFA)
Y SFA 44,42 43,93 47,47
>MUFA 22,06 21,35 21,10
> PUFA 31,64 33,10 30,02
> LC-PUFA 29,18 29,65 26,37
Lap lipid (% lipid)
Wax ester 2,2 0,7 3,1
Triacylglycerol 2 1,7 1,85
Free fatty acid 1,4 1,8 2,3
Sterol 1,6 2,4 4.2
Polar lipid 92,8 93,3 88,6
Total lipid (mg/g) 33,0 34,72 31,43

Thanh phan axit béo ¢ T. weissflogii trong thi nghiém nay ciing ¢ nhiéu khac
biét so véi ¢ thi nghiém 1. Bac biét 1a ham luong ARA va PUFAS trong thi nghiém nay
thip hon nhiéu so véi két qua phan tich thu dugc & thi nghiém 1. Nguoc lai, ham luong
EPA va SFA thu duoc lai twong d6i cao. Sy khac nhau vé thanh phan cac axit béo & cac
nghiém thirc khéng that sy rd nhu ¢ nghiém thc trén loai C. muelleri.

NG6i tém lai, két qua nghién ctiu trong thi nghiém 2 da chi ra rang méi trudng dinh
dudng bd sung c6 anh huong Ién téi sinh truong quan thé vi tao C. muelleri, P.
tricornutum va T. weissflogii. Trong s6 ba méi truong dinh dudng b sung thi méi truong

f mang dén két qua sinh truang quan thé tt nhat ¢ ca ba 10ai vi tao trong nghién ciru nay.
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Bén canh d6, su khac nhau vé diéu kién mudi dinh dudng méi truong nudi ciy duong nhur
cling 1am thay di thanh phan sinh héa té bao vi tao. Cac l0ai vi tao khac nhau c6 xu hudng
khéc nhau trong sinh téng hop va tich lily cac thanh phan sinh hoa.

Trong céac nghién ctiru nudi cdy va ang dung vi tao, viéc bo sung cac mudi dinh
dudng vao moi trudng nudi cdy vi tao mang tinh quyét dinh dén sinh truong quan thé vi
ta0. That vay, vi tao c6 nhu cau l6n vé nitrogen va phosphorus dé xay dung 1&n céc thanh
phan té bao nhat 1a trong cac diéu kién mat do té bao cao. Mot cach gian don, viéc bo
sung diy du cac mudi dinh dudng vao dich nudi cy s& thuc ddy quan thé vi tao ting
sinh va nguoc lai [78].

O chiéu hudng khéc, nhiéu nghién ctru da chi ra rang viéc bd sung du thira mudi
dinh dudng déu dén két qua sinh truong quan thé tro nén kém di. Cac nha khoa hoc tin
rang, ham luong cao mudi dinh dudng ammonium gay doc cho hau hét cac loai vi tao,
dac biét 1a tao khué. Boc tinh cia ammonium véi vi tao & ndng do cao thé hién trén ca
hai phuong dién 1a anh huong truc tiép va anh huong gian tiép. Ammonium ton tai
trong hé can bang ammonia, tai d6 sy tuong tic qua lai gira ammonium (NH4*),
ammonia (NHs tu do), va pH 1a rat chit ch&. Ham luong NH4* ting cao trong nudc la
nguyén nhan din dén NHs tu do va pH giam [78]. Anh huong cua pH 1én vi tao trong
trudng hop nay duoc xem 13 tic dong gian tiép. Anh huong gian tiép nay dudong nhu
it hon cac anh huang truc tiép, chinh 13 ting cao vé ham luong ammonia tu do. NH3
cao trong mdi trudng nudi cay kéo theo ting trong mdi trudng noi bao vi tao & co ché
hap thu bi dong. Tir day, NH3 s& wrc ché sinh truang, phat trién cua hau hét cac 10i i
ta0 & hai co ché (1) giam hiéu qua chuyén héa ATP thanh ADP & mang luc lap, va (2)
gay ton thuong cac tiéu phan trong phuc hé giai phong oxy OEC trong qué trinh quang
hop. Thém vao d6, nhidu két qua nghién ctiru vé phan tng sinh ly trén tao khué da chi
ra rang ham luong ammonium cao trong nuwdc lam giam rat rd rét cac biéu hién cua
gene hap thu muéi dinh dudng chinh. Dan tai la viéc van chuyén va hap thu mudi dinh
dudng lai tré nén kém di. Két qua cua viéc bd sung NH4* qua cao trong méi truong
nudi cay (> 25 pM) [98] la nguyén nhan gay wc ché qua trinh sinh truong, sic t va
qua trinh quang hop ¢ vi tao [38].

Két qua tir nghién ctru ndy cho thay xu huéng la cac diéu kién thi nghiém cé nong
d6 mudi dinh dudng cao thi sinh truong quan thé cang 16n. Hay néi cach khéc, nhiing biéu
hién vé doc tinh cia mudi dinh dudng nitrogen khong duoc thé hién. Biéu nay co thé duoc

giai thich bai méi trudong dinh dudng bd sung trong nghién ctru nay déu & dang nitrate.
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Dang mudi dinh dudng nay khong doc dbi véi cac nhdm vi tao. Thém vao do, ham luong
cac mudi dinh dudng trong cac diéu kién thi nghiém dugc tin 1a nam trong khoang pho
hop cho sinh truéng quan thé cac loai vi tao thudc nghién ctu [10, 51, 77].

Rat nhiéu bang chung chi ra rang su thiéu hut hay du thira mudi dinh dudng la
c4c tin hiéu dé kich thich hay ¢ ché cac qua trinh sinh tong hop cua vi tao. trong trudng
hop qué thap (hoic can kiét) nguon muéi dinh dudng nitrogen, ddy 1a tac nhin lam ting
sinh téng hop lipid (dic biét 1a ting ham luwong cac axit béo SFA, d6i khi la
MUFA/TUFA), carbohydrate, va protein. Pon ctr, két qua nghién cau cua Rodolfi, L
(2009) d3 chi ra rang ham luong lipid trong vi tao Nannochloropsis sp. ting 1&n tir 32%
trong diéu kién di mubi dinh dudng nitrogen 1én 60% trong diéu kién can kiét dinh
dudng. Twong ty nhu vay, diéu ndy ciing xay ra ¢ nhiéu loai vi tao khic nhu
Scenedesmus sp. [92], Chlorella sp. va Nannochloropsis oculata [91], hay Isochrysis
galbana [130]. Két qua tir nghién ciru ndy ¢ nhiéu nét tuong déng nhu cac nghién citu
trude d6. Trong nhiéu truong hop, viée ting cudng tich liy lipid va céc axit béo khong
no thiét yéu tim thay & cac nghiém thirc c6 ham lwong mudi dinh dudng thap (trong
nghién ctru nay 1a moi trudng dinh dudng bo sung /2).

3.2.2. Twong tic giita cwong dp chiéu sang va chu ki quang 1én sinh trwéng quan
thé va thanh phan sinh hoéa té bao mgt sé chiing vi tdo (TN 3)

% Tuong thc giira Chu cuwong dé dnh sang va chu ki quang 1én sinh truéng quan thé

va thanh phan sinh héa vi tdo C. muelleri

Trong nghién ctu nay, do mot sé nguyén nhan khéach quan tir co so nghién ctu
da anh huong t6i chat luong s liéu cua dot thi nghiém tha hai. Dé dam bao cac théng
tin két qua nghién ciru chinh xéc ciing nhu loai trir nhitng ban khoan khong dang co, cac
két qua trinh bay trong thi nghiém nay chi st dung cua mot dot thi nghiém ddi vai ca ba
loai vi tao.

Nhin chung, vi tao C. muelleri thich nghi va sinh truong tét trong ca chin nghiém
thize thi nghiém vé anh sang. Quan thé vi tao bat dau vao pha logarith ngay sau ngay
dau tién nudi ciy. Pha logarith kéo dai tir ngay 0 dén ngay thi 3 & nhdm cac nghiém
thire c¢6 cudng do chiéu sang thap (75pE/m#/s) bao gdm NT-3.1, NT-3.4 va NT-3.7. O
cac nghiém thirc con lai, pha ting trudng duong nay kéo dai tir ngay thir 0 dén ngay thir
2. Quan thé C. muelleri tang sinh va dat dén gié tri cuc dai vao khoang ngay tha 5 va
thir 6 & hau hét cac nghiém thac (hinh 3.8 va phu luc 3.3.3).
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Hinh 3.8. Sinh truéng quén thé vi tao C. muelleri & 4 trong 9 nghiém thire thi nghiém

Ghi chii: Cac dau tron, dam biéu dién sinh trueng quan thé trong pha logarith.
Cé&c dau mg biéu dien sinh trueng nam ngoai pha logarith

Vi tao thudc nhém sinh vat san xuat, st dung ning lwong anh sang dé cb dinh
CO; tao thanh cac phan tir dwong. Vé mat Iy luan, anh sang 1a mot trong nhitng yéu
td quan trong, anh hudng truc tiép dén sinh truong quan thé ciing nhu cac dic diém
sinh hda vi tao. That vay, két qua nghién ctu trong thi nghiém nay khang dinh su tac
dong cua anh sang & ca hai khia canh chu ki quang va cuong d6 1én quan thé vi tao.
Két qua nghién ctru & bang 3.9 di chi ra rang sinh treéng quan thé C. muelleri duong
nhu thap hon & cac nghiém thuac cé diéu kién chiéu sang thap (cudng d6 6 75 HE/m?/s
va chu ki quang 12hL:12hD). Nguoc lai, & cac nghiém thire c6 cudng do chiéu sang
lén (125 pE/m#/s) va chu ki quang dai (24 gio chiéu sang lién tuc) dua dén két qua
cao hon vé sinh trudng quan thé.

Dé danh gia anh huong cua cuong d6 chiéu sang va chu ki quang ciing nhu twong
tac cua hai bién doc lap nay 1én sinh truong quan thé vi tao C. muelleri, phan tich hoi da
bién duoc thuc hién trén ba théng s sinh truong bao gom téc do sinh truong ¢ pha

logarithm, téc do sinh truang theo ngay cuc dai va mat do cuc dai.
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Tuong tac gitta cudng do chiéu sang (CP) va chu ki quang (CKQ) 1én sinh truong
quan thé C. muelleri thé hién rét rd rang khi quan sat két qua toc do sinh truong quan
thé ¢ pha logarithm (EGRs). Két qua phan tich hdi qui tuyén tinh da bién mé hinh [EGRs
= 0,82xCP + 1,91xCKQ-1,25x(CDxCKA)] ¢6 ¥ nghia théng ké cao (R? = 0,901 va
p=0,000). Theo d6, chu ki quang c6 anh huong 16n nhat, quyét dinh dén tdc do sinh
treéng quan thé & pha logarithm (8 = 1,91, ¢t = 5,8, p<0,001). Thai gian chiéu sang cang
cao, EGRs quan thé vi tao C. muelleri thu duoc cang Ién. Tuong tu nhu vay, cudng do
anh sang ciing c6 tac dong rd rét, thuc day sinh trudng quan thé vi tao nay (8 = 0,82, t
= 3,3, p=0,003) (phu lyc 3.3.3). Dic biét, két qua nghién ctru ciing chi ra ring tuong tac
gitta cudong do chiéu sang va chu ki quang 1én EGRs 1a ¢6 y nghia théng ké (8 = -1,25,
t = -3,07, p= 0,005). Hé sb hoi qui &m cho su twong tac giita cuong do chiéu sang va
chu ki quang chi ra rang nhitng anh huong thuc day sinh truéng quan thé cua viée ting
cudng do anh sang s& bi suy giam khi tang thoi gian chiéu sang trong chu ki nudi cay.

Bang 3.9. Két qua sinh truwéng quan thé vi tao C. muelleri trong chin
nghiém thic thi nghiém (Min-Max, MeanzSD, n=3)

Nghiém thvc MCDs (x10° EGRs (/ngay) Max SGRs (/ngay)
tb/mL)
NT-3.1 7,85-9,15 0,87-0,90 0,99-1,16
(75uE12hL:12hD)  8,38+0,68 0,88+0,02 1,10£0,10
NT-3.2 8,93-10,25 1,05-1,11 1,20-1,35
(75uE18hL:6hD) 9,63+0,67 1,08+0,03 1,29+0,07
NT-3.3 9,50-10,13 1,21-1,33 1,16-1,43
(75uE24hL:0hD) 9,76+0,33 1,27+0,06 1,2740,14
NT-3.4 8,88-9,15 0,91-0,96 1,19-1,35
(100pE12hL:12hD) 9,02+0,14 0,93+0,03 1,29+0,09
NT-3.5 9,45-10,43 1,08-1,17 1,32-1,48
(100pE18hL:6hD)  9,92+0,49 1,14+0,05 1,42+0,09
NT-3.6 9,55-11,05 1,19-1,24 1,19-1,22
(100pE24hL:0hD)  10,15+0,7 1,21+0,03 1,20+0,02
NT-3.7 9,68-10,65 0,93-1,04 1,34-1,62
(125pE12hL:12hD) 10,13+0,49 0,98+0,05 1,50£0,15
NT-3.8 8,65-11,03 1,07-1,18 1,33-1,54
(125puE18hL:6hD)  9,77+1,19 1,11+0,06 1,46+0,11
NT-3.9 9,45-10,13 1,17-1,26 1,37-1,56
(125uE24hL:0hD)  9,75+0,34 1,22+0,05 1,44+0,10
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Anh huéng caa cudng d6 chiéu sang va chu ki quang 1én sinh treéng quan thé C.
muelleri cang duoc thiy rd hon khi quan sat thong s6 mat d6 cuc dai (MCDs). Két qua
phan tich hdi qui tuyén tinh da bién trén théng sé nay ciing déng thoi chi ra cac tac dong
c6 ¥ nghia thdng ké cua cudong do chiéu sang, chu ki quang va tuong tac cua hai bién
nay 1én MCDs quan thé vi tao. Tuong tu nhu két qua quan sat thong s6 EGRs, MCDs
quan thé dong bién voi cudng do chiéu sang (8 = 1,77) va chu ki quang (8 = 2,3). Bdng
thoi nghich bién véi su tuong tac caa hai bién nay (8 = -2,4).

Két qua phan tich thanh phan sinh hda vi tao C. muelleri trong cac diéu kién &nh
sang khéac nhau (bang 3.10) cho thiy vi tao silic bién nay c6 sy phong phd vé thanh phan
c4c axit béo va cac loai lipid va ciing c6 nhiéu diém twong tu nhu ¢ cac thi nghiém truéc
day. Cac axit béo chura tir 18-22 phan tir carbon chiém wu thé chii yéu trong céc loai FA.
Dic biét 1a sy hién dién cua véi ndng do cao cua EPA (20:5w3), va DHA (22:6w3).
Ciing giéng nhu & nhiéu loai tao silic khac, polar lipid 1a 16p lipid chu yéu cua C.
muelleri chiém trén 70% ham lwong lipid cua té bao.

Nhin chung, 4nh sang c6 anh hudng téi thanh phan sinh héa vi tao C. muelleri véi
cac mirc do khac nhau, tiy vao timg thanh phan cu thé. Pang ké nhat 1a ham luong lipid
tong s6. Ham luong lipid nay ting 1én dong bién voi ca cudng do 4nh sang va chu ki
quang. Cuy thé, & diéu kién cuong do chiéu sang va chu ki quang thap (ttrc 1a 75 pE/m¥s
va 12hL:12hD), khi ting cudng do anh sang va chu ki quang Ién mac 100 pE/m?/s va 18
gio chiéu sang, lipid tong so tang 1én mot cach rd rét (khoang 20%). Tiép tuc tang cuong
d6 chiéu sang va chu ki quang 1én mac 125 pE/m?/s va 24 gio chiéu sang lién tuc, lipid
t6ng s6 ndy c6 tang 1én nhung & mic d6 thap hon (Bang 3.10). Xu hudng nay duoc lap
lai khi quan sat ham lugng triacylglycerol. Nguoc lai, ham lugng sterol ¢6 xu hudng giam
xudng khi cudng d6 anh sang va chu ki quang tang.

Thanh phan céc axit béo twong dbi 6n dinh giita cac nghiém thirc. Mic du vay,
anh huong cua diéu kién chiéu sang 1én ham luong hai axit béo quan trong 1a EPA va
DHA ciing dugc tim thay. Theo d6, C. muelleri cé xu hudng tang cudng tich lily, tong
hop cac EPA va DHA ndi bao trong cac diu kién méi trudng c6 cudng do anh sang va
chu ki quang cao. Tuong tu nhu vay, ham lugng Lc-PUFA cua vi tdo nay cling tang 1én
trong cac diéu kién moi truong séng co cudng do va chu ki quang 16n. Cac thanh phan
sinh hoa khac cta vi tdo ndy it bién dong hon trong cac diéu kién khac nhau cua cudng

do anh sang va chu ki quang.
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Bang 3.10. Thanh phan sinh hda vi tao C. muelleri trong chin nghiém thirc

Nghiém theic (NT)

3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9
Thanh phan axit béo (% TFA)

14:0 929 883 10,15 10,87 891 10,05 13,37 13,14 9,64
16:1w7c 38,82 36,88 42,41 4797 39,34 4504 60,60 62,73 41,88
16:0 1459 13,86 1594 17,53 14,38 16,33 21,85 22,04 1543
18:3w6+18:5wW3 090 086 098 033 027 011 121 112 048
18:4w3 020 019 022 023 015 006 008 0,21 0,16
18:2w6 0,72 068 079 010 009 1,13 210 146 0,29
18:3w3 1,17 111 128 067 055 043 038 -050 0,78
18:1w9c 0,00 008 020 010 016 211 312 065 040
18:1w7c 163 155 1,78 125 1,02 098 1,12 0,27 1,28
18:0 139 132 152 09 078 069 073 130 1,02
20:4w6 ARA 207 197 226 180 148 150 182 101 1,76
20:5w3 EPA 569 641 740 635 721 765 761 7,09 8,64
22:6w3 DHA 03 033 046 042 060 111 064 065 121
Nhom axit béo (% TFA)

SFA 11,58 11,00 12,65 12,15 9,96 10,86 1532 1556 11,14
MUFA 40,45 3851 44,39 49,32 4052 48,12 64,84 63,66 43,55
PUFA 11,10 1155 13,39 991 10,34 11,99 1385 11,06 13,31
Lc-PUFA 811 871 10,12 857 929 10,26 10,07 8,75 11,61
Lap lipid (% lipid)

Wax ester 021 024 028 029 024 027 036 035 0,26
Triacylglycerol 736 769 884 968 794 901 12,05 12,11 8,53
Free fatty acid 12,12 11,10 1055 12,13 835 684 647 7,33 140
Sterol 475 406 385 443 390 320 338 426 312
Polar lipid 7555 76,92 76,49 7346 7957 80,68 77,75 7596 86,69

Total lipid (mg/g) 21,97 26,52 29,32 234 321 3342 326 385 36,82

Cung véi cuong do chiéu sang, nhiéu bang ching tir cac cdng trinh nghién ctu
chi ra rang, chu ki quang 1a mét trong nhitng yéu té quyét dinh dén thanh phan sinh hoa
vi tao. Maryam Al-Qasmi (2012) cho rang, trong cting mot diéu kién nudi cay, viéc tang
s6 gio chiéu sang cua chu ki quang sé& 1am ting ham lugng axit béo no va lam giam ham
lugng axit béo khong no thiét yéu nhu EPA, va DHA [7, 97]. Két qua tir nghién cuau
nay 1a trong tu voi két qua cua Maryam Al-Qasmi & khia canh SFAs. Déi véi EPA va
DHA, xu huéng nay chi thé hién ¢ hai nhém nghiém thuc c6 ciing cudng do chiéu séang
la 125 pE/m?/s. O khia canh tuong tac giira chu ki quang va cudng do chiéu sang 1én sy

thay d6i vé thanh phan sinh hoa vi tao, quan diém tiép can caa mot sé nha nghién cuau
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13 12 cudng d6 anh sang va chu ki quang quyét dinh tong luong anh sang trong mot ngay
cung cp cho quang hop vi tao. Vi tao s& thay ddi, diéu chinh va thich nghi véi timg diéu
kién cu thé 6. Mot vai nghién ciru dugc thuc hién nham tim ra méi twong tac nay nhung

chua ghi nhan két qua rd rang [9].

% Tuong tac gitta chu cuwong @6 dnh sang va chu ki quang 1én sinh trudéng guan thé

va thanh phan sinh hda vi tdo P. tricornutum

Ciing giébng nhu & thi nghiém trén loai C. muelleri, sinh truéng quan thé P.
tricornutum 1a rat khac nhau ¢ timg diéu kién chiéu sang cu thé. O tat ca cac nghiém
thire thi nghiém, quan thé vi tao ting sinh nhanh chong va buéc vao pha logarithm ngay
sau ngay dau tién nudi cy. Chu ki pha sinh truéng nay kéo dai tir ngay tha 0 d¢én ngay
thi 3 trong chu ki nudi cay. Sinh khoi quan thé dat cuc dai vao khoang ngay thir 5 va
thi 6 ty theo timg diéu kién cu thé. Ciing twong tu nhu nhiéu thi nghiém truéc, sinh
khdi cuc quan thé P. tricornutum dat duoc cao hon nhiéu l1an so véi cac chang vi tao
con lai. Ciing twong ty nhu & C. muelleri, cac nghiém thic c6 didu kién anh sang cao vé
cudng d6 va chu ki quang dudng nhu cho két qua sinh truéng quan thé vi tao nay cao

hon (hinh 3.9, bang 3.11 va phu luc 3.3.2).
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Hinh 3.9. Sinh truwéng quan thé vi tao P. tricornutum & 4 trong 9 nghiém thic

Ghi chi: Cac ddu tron, dgm biéu dién sinh rruong quan thé trong pha logarith. Cac
dau mo biéu dién sinh truong nam ngoai pha logarith
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Két qua phan tich hoi qui tuyén tinh (phu luc 3.3.3) da chi ra mot s6 anh hudng
cta cuong do chiéu sang, chu ki quang ciing nhu twong tac hai bién nay 1én sinh truéng
quan thé P. tricornutum. Cy thé, md hinh héi qui tuyén tinh dy doan téc do sinh truang
quan thé & pha logarithm thu duoc [EGRs = 0,78xCD + 1,39xCKQ - 0,66x(CDxCKA)]
¢ y nghia théng ké cao, p<0,001). M6 hinh nay duoc tin 12 giai thich cho khoang 86%
sur bién thién vé EGRs quan thé P. tricornutum (R? = 0,860).

Bang 3.11. Thong sé sinh trwéng quan thé vi tao P. tricornutum trong chin
nghiém thac thi nghiém (Min-Max, MeanSD, n=3)

MCDs (x10° th/mL) EGRs (/ngay) Max SGRs (/ngay)
NT-3.10 15,43-22,25 0,79-0,82 1,07-1,22
(75uE12hL:12hD)  18,64+3,43 0,81+0,01 1,14+0,08
NT-3.11 15,75-21,25 0,94-0,96 1,04-1,08
(75uUE18hL:6hD) 18,50+2,75 0,95+0,01 1,06+0,02
NT-3.12 15,25-21,75 0,96-1,02 1,11-1,21
(75uE24hL:0hD) 18,67+3,26 1,00£0,03 1,16+0,05
NT-3.13 16,75-17,50 0,85-0,89 0,90-1,04
(100pE12hL:12hD) 17,25+0,43 0,86+0,02 0,95+0,08
NT-3.14 19,50-20,50 0,91-0,95 1,05-1,17
(100pE18hL:6hD)  19,92+0,52 0,94+0,02 1,11+0,06
NT-3.15 21,00-22,50 1,06-1,10 1,32-1,40
(100pE24hL:0hD)  21,75+0,75 1,09+0,03 1,36+0,04
NT-3.16 16,75-17,50 0,93-0,94 1,14-1,19
(125pE12hL:12hD) 17,17+0,38 0,93+0,00 1,16+0,03
NT-3.17 19,75-21,25 0,93-0,98 1,00-1,13
(125pE18hL:6hD)  20,50+0,75 0,96+0,03 1,08+0,08
NT-3.18 20,43-21,50 1,02-1,10 1,11-1,21
(125uE24hL:0hD)  20,80+0,61 1,07+0,05 1,16+0,05

Ciing gidng nhu két qua nghién ctru trén d6i twong C. muelleri, chu ki quang c6
anh huong mang tinh quyét dinh dén sinh truéng quan thé vi tao nay. Thoi gian chiéu
sang cang 16n sinh truong quan thé P. tricornutum thu dugc cang cao. Tac dong nay co
¥ nghia thong ké cao (8 = 1,39, t = 3,6, p=0,002). Ciing cing xu huéng nhu vay, cuong
d6 chiéu sang ting ciing lam tang sinh treéng quan thé tao ndy mot cach dang ké. So
V6i chu ki quang thi tic dong cua cudng do anh sang lén sinh truong quan thé P.

tricornutum nay 12 yéu hon (8 = 0,72, t = 2,42, p=0,024).
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Tuong tac gitta cuong do anh sang va chu ki quang 1én sinh trudng quan thé vi
tao ciing theo xu huéng nghich bién. Mic du viy, diém khéc biét so vai két qua nghién
ctru trén loai C. muelleri 13 twong tac giita hai bién nay 1én sinh truéng quan thé P.
tricornutum khéng c6 ¥ nghia vé mit thong ké (p=1.82) (phu luc 3.3.3).

Két qua nghién ctru tir bang 3.12 da chi ra rang tao silic bién c6 sy phong phi vé
thanh phan céc axit béo ciing nhu céac loai lipid khac. Két qua phan tich ¢ thi nghiém
nay c6 2 gia tri cao bat thuong, khdng rd Iy do ¢ triacylglycerol trong hai nghiém thuc
NT-3.15 va NT3-17.

Bang 3.12. Thanh phan sinh héa vi tao P. tricornutum trong chin nghiém thirc

Nghiém thac (NT)

3.10 311 312 313 314 315 316 317 3.18

Thanh phan axit béo (% TFA)

14:0 3,09 286 2,97 269 260 230 254 274 286
16:1w7c 18,82 22,72 26,50 20,07 21,07 26,28 22,13 21,44 2537
16:0 8,62 9,63 8,60 9,71 866 10,83 9,60 11,11 9,06
18:3w6+18:5w3 0,34 0,26 0,22 028 018 014 023 028 011
18:4w3 1,05 0,35 0,33 034 039 037 032 032 0,36
18:2w6 2,04 158 1,45 183 139 126 159 163 1,10
18:3w3 0,66 1,15 1,16 055 069 074 047 082 0,79
18:1w9c 0,00 0,00 0,00 0,00 000 000 0,00 0,00 0,00
18:1w7c 0,50 0,58 0,55 076 094 137 108 089 1,02
18:0 0,29 0,30 0,30 032 031 037 037 037 031
20:4w6 ARA 0,60 0,47 0,36 060 039 028 048 055 0,20
20:5w3 EPA 32,38 2894 27,80 30,99 3151 26,65 30,02 29,42 28,58
22:6w3 DHA 1,52 1,42 1,40 1,71 238 275 212 221 3,26
Nhom axit béo ((% TFA)

SFA 12,00 12,79 11,87 12,73 11,57 1350 1251 14,22 12,23
MUFA 19,32 23,30 27,05 20,83 22,01 27,64 2321 2233 26,39
PUFA 38,59 34,17 32,72 36,29 36,92 32,18 3525 3522 34,40
Lc-PUFA 34,24 30,62 29,43 3297 34,07 29,53 32,38 31,90 31,96
Wax ester 0,39 0,22 0,20 028 029 014 016 019 0,23
Lép lipid (% lipid)

Triacylglycerol 2,68 218 2,10 299 342 17,27 2,34 21,26 4,20
Free fatty acid 2,15 430 3,88 1,27 152 000 0,00 0,00 0,00
Sterol 0,61 1,056 0,87 0,77 055 055 046 058 0,72
Polar lipid 94,36 88,97 107,09 86,82 57,15 47,51 57,45 52,95 60,96

Total lipid (mg/g) 100,18 96,72 114,15 92,14 62,93 6548 60,41 74,98 66,12
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Anh huéng cua cac diéu kién chiéu sang Ién thanh phan sinh hda vi tao P.
tricornutum ciing da dang tly theo tirng thanh phan cu thé. Dau tién 1 lipid tong sé,
két qua phan tich da chi ra rang, viéc tang cudong d6 chiéu sang duong nhu lam giam
dang ké ham luong lipid tong sé ¢ loai vi tao nay. Pon ctr, khi ting cudng do tir 75
HE/m?/s 1én 100 uE/m?/s lipid tong sé giam mot cach rd rét. Xu hudng tac dong nay
cang duoc thay rd khi quan sat & nhém nghiém thirc ¢ chu ki quang cao (18hL:6hD
va 24hL:0hD). Twong tu nhu lipid tong s, ham lwong polar lipid ¢ P. tricornutum
cling giam rd rét khi diéu kién cuong d6 chiéu sang tang 1én. Nguoc lai, anh huong
cua chu ki quang 1én ham luong lipid tong sé khdng that sy rd rang.

O mot chiéu hudng khac, ham lwgng ham lugng DHA ¢ xu hudng ting lén khi
cuong d6 va/hoac chu ki quang tang. Nguoc lai ham lwong EPA ¢6 xu hudng giam khi
tang cac diéu kién chiéu sang. Cac thanh phan sinh hoa khac & P. tricornutum thay doi

nhe hoac giit nguyén trong cac diéu kién khac nhau vé anh sang & nghién ciu nay.

% Twong thc gitta chu cuwong dd dnh sang va chu ki quang 1én sinh trieéng quan

thé va thanh phdn sinh hoéa vi tdo T. weissflogii

Nhin chung, quan thé vi tao T. weissflogii sinh truong rat tot trong tat ca chin
nghiém thuc thi nghiém. Pha logarithm duoc bat dau vao ngay 0 va kéo dai dén ngay
thar 2 trong chu ki nudi cdy. Ngoai trir ¢ hai nghiém thirc c¢6 cudng d6 anh sang va chu
ki quang thap 1a NT-3.19 va NT-3.22. Sinh khdi quan thé dat cuc dai vao ngay 5 va co
dau hiéu tan lui vao khoang tha 7 (hinh 3.10 va phu luc 3.3.2).

So véi hai déi twong nghién ciru C. muelleri va P. tricornutum, sinh khéi cuc
dai trong cac nghiém thic cua loai tao nay twong dbi thap (dao dong trong khoang
200.000 th/mL). Mac du vay, két qua nghién ciru di chi ra téc d6 sinh truong & 10Ai
ta0 nay rat cao, khoang 150% so véi hai lodi con lai. Bén canh d6, cac nghiém thuc c6
diéu kién cuong d6 chiéu sang cao, thoi gian chiéu sang dai ciing cho két qua tét hon

sinh truong quan thé T. weissflogii (bang 3.13).
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Hinh 3.10. Sinh truéng quan thé vi tao T. weissflogii & 4 trong 9 nghiém thic

Ghi chi: Céc dau tron, dgm biéu dién sinh truong quan thé trong pha logarith.
Céac dau ma biéu dien sinh trueng nam ngoai pha logarith

Két qua twong tac gitta cuong do chiéu sang va chu ki quang 1én sinh trudng quan
thé T. weissflogii biéu hién rat rd rang va cu thé. Tac dong nay rat dong nhat va co y
nghia thdng ké trén tat ca cac théng sb sinh truang quan thé da quan sat, bao gdom EGRs,
MCDs, va SGRs. That vay, két qua xay dwung mé hinh hdi qui tuyén tinh giita cuong do
chiéu sang va chu ki quang 1én EGRs dat [EGRs = 1,22xCP + 2,12xCKQ -
1,65%(CDxCKA)]. Mb hinh nay c6 ¥ nghia théng ké cao véi p <0,001, R?=0,792. Ca
chu ki quang va cudng do anh sang déu ¢ anh huong 16n va dong bién véi EGRs quan
thé. Bén canh d¢, ciing giéng nhu két qua nghién ciu & loai C. muelleri, anh huéng cua
chu ki quang 1én sinh truéng quan thé vi tao nay 1a Ién hon. Twong tac giita cuong do
chiéu sang va chu ki quang Ién sinh truong quan thé T. weissflogii c6 ¥ nghia vé mat
thong ké (8 = -1,65, t = -2,8, p=0,01) cho thay anh huéng cua chu ki quang Ién EGRs

cling dong thoi phu thudc vao sé gio chiéu sang trong chu ki quang.

Hoan toan tuong tu khi quan sat két qua phan tich hdi qui tuyén tinh anh huong
cua anh sang 1én hai théng sé sinh truang quan thé con lai. M6 hinh héi qui tuyén tinh
du doan mat do cuc dai [MCDs = 2,18xCP + 3,37xCKQ - 3,77x(CDxCKA)] va toc do
sinh truong theo ngay cuc dai [SGRs = 1,22xCP + 2,12xCKQ - 1,65%(CHxCKA)] déu

97



¢6 ¥ nghia thong ké cao. Bén canh do, tic dong cua tung bién s cuong do anh sang,
chu ki quang, va tuong tac hai yéu t6 ndy déu biéu hién xu huéng twong tu va co y nghia
vé mit théng ké.
Bang 3.13. Thang sé sinh trwéng quan thé vi tao T. weissflogii trong chin nghiém
thirc thi nghiém (Min-Max, MeanzSD, n=3)

MCDs (x10° th/mL) EGRs (/ngay) Max SGRs (/ngay)

NT-3.19 0,19-0,19 1,15-1,18 1,31-1,50
(75UE12hL:12hD)  0,19+0,00 1,17+0,01 1,43+0,10
NT-3.20 0,20-0,21 1,51-1,75 1,44-1,61
(75UEL8hL:6hD)  0,20%0,00 1,66+0,13 1,55+0,10
NT-3.21 0,23-0,23 1,81-1,83 1,41-1,70
(75UE24hL:0hD)  0,23%0,00 1,82+0,01 1,61+0,17
NT-3.22 0,20-0,20 1,21-1,31 1,95-2,05
(100pE12hL:12hD) 0,20+0,00 1,28+0,06 2,00+0,05
NT-3.23 0,22-0,23 1,77-1,78 1,84-1,95
(100ME18hL:6hD)  0,22+0,00 1,78+0,01 1,88+0,06
NT-3.24 0,22-0,23 1,71-1,89 1,67-2,08
(100pE24hL:0hD)  0,22+0,01 1,83+0,10 1,92+0,22
NT-3.25 0,20-0,21 1,40-1,62 1,95-2,16
(1254E12hL:12hD) 0,22+0,00 1,53+0,12 2,04+0,11
NT-3.26 0,22-0,23 1,61-1,84 1,95-1,98
(1254E18hL:6hD)  0,23%0,00 1,76+0,13 1,97+0,02
NT-3.27 0,18-0,19 1,72-1,93 1,73-1,88
(1254E24hL:0hD)  0,19+0,00 1,800,12 1,82+0,07

Két qua nghién ctru tir bang 3.14 cho thay tao silic bién T. weissflogii c6 s phong
phl vé thanh phan cac axit béo. Trong d6, phan Ién 14 céc axit béo mach dai va co s6
phan tir carbon 1a s6 chan. Nhiéu nhat 13 axit béo chira tir 18-22 phan tir carbon, ham
lugng céc axit béo nay chiém trén 65% tong s6 cac axit béo (TFAs). Bac biét 1a su hién
dién cuia hau hét cac axit béo thiét yéu khong no da néi déi L-PUFASs (Long chain Poly-
Unsaturated Fatty Acids), cac dong phan cis, va omega 3, 6 nhu linoleate (18:2w6),
alpha-linolenic (18:3w3), ARA (20:4w6), EPA (20:5w3), va DHA (22:6w3), nhém L-
PUFAs nay chiém khoang 25-30% TFA. Chi tinh riéng EPA, vi tao T. weissfolgii nay
dugc phat hién c6 chira ham luong rat cao, dao dong tir 19,60-23,30% tong sd cac axit
béo. Két qua nghién ciru ciing chi ra rang, ham luong cac axit béo khong no mét ndi doi

MUFAs (mono-unsaturated fatty axit) phat hién trong nghién ctru nay ¢ khoang 21,09-
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31,60% TFA. Ngoai ra, két qua phan tich ciing chi ra su hién dién va tuong d6i dong
nhat gitta cac nghiém thirc cia mot sd thanh phan sinh hoa khac nhu sap (wax ester),
axit béo tu do (free fatty axit), sterol va polar lipid.

Bang 3.14. Thanh phan sinh hda vi tao T. weissflogii trong chin nghiém thirc

Nghiém theic (NT)

319 320 321 322 323 324 325 326 327

Thanh phan axit béo (% TFA)

14:0 528 6,12 711 512 643 6,78 557 6,04 7,27
16:1w7c 20,59 2731 27,75 24,37 2847 31,38 24,40 27,17 32,61
16:0 10,35 14,85 15,11 13,23 16,26 17,86 11,73 13,86 19,55
18:3w6+18:5w3 0,14 011 o009 012 011 0,12 024 013 012
18:4w3 196 003 081 182 138 082 191 146 0,93
18:2w6 055 040 031 046 039 041 049 043 037
18:3w3 020 029 028 029 032 036 028 028 037
18:1w9c 0,00 000 000 000 000 000 000 000 0,00
18:1w7c 051 034 034 045 031 022 048 031 0,25
18:0 019 028 029 023 026 026 019 021 0,28
20:4w6 ARA 012 000 003 012 0,09 0,07 0,214 009 0,04
20:5w3 EPA 22,29 21,10 22,21 2316 19,77 21,43 23,30 22,00 19,60
22:6w3 DHA 330 291 345 381 2,79 323 370 313 2,772
Nhom axit béo (% TFA)

SFA 15,82 21,26 2251 1858 2295 2491 17,49 20,12 27,10
MUFA 21,09 27,65 28,09 2482 28,78 3160 24,838 27,47 32,86
PUFA 28,55 24,85 27,19 29,77 24,85 26,42 29,97 27,53 24,15
Lc-PUFA 25,72 24,13 25,76 27,09 22,68 24,77 27,15 25,26 22,44
Lop lipid (% lipid)

Wax ester 036 09 134 o071 08 068 061 146 0,68
Triacylglycerol 083 845 781 208 807 2048 248 869 2303
Free fatty acid 363 261 291 472 235 418 287 393 293
Sterol 069 183 18 101 19 242 169 256 2,77
Polar lipid 38,58 44,94 3578 4198 37,12 42,10 48,95 4585 37,65

Total lipid (mg/g) 44,08 58,73 49,69 50551 50,31 69,86 56,60 6250 67,06

Anh hudng ctia cuong do chiéu sang va chu ki quang 18n thanh phan sinh héa vi
tao duoc thé hién twong ddi rd rang & mot sd thanh phan sinh hoa. Viéc ting cuong do
chiéu sang dudng nhu lam ting qua trinh tich lity, tong hop lipid tong s6 o T. weissflogii
nay. Pon cir nhu ¢ diéu kién chu ki quang 12hL:12hD, ham luong lipid téng s6 ting tir
44,08 mglg (¢ diéu kién 75 PE/m?/s) 1én 50,51 mg/g (& diéu kién 100 uE/m%/s) va dat
56,60 mg/g (& diéu kién 125 PE/m?/s). Xu hudéng bién dong nay ciing dugc tim thiy &
sterol. Pac biét, xu hudng tac dong con tim thay & cac axit béo no (SFAs), nhom céac
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axit béo khong no mot ndi doi (MUFAs), va triacylglycerol. Theo d6, viéc ting cudng
d6 chiéu sang hay ting chu ki quang dan dén su gia ting vé thanh phan cac axit béo no
va axit béo khong no mot ndi d6i. Cac thanh phan sinh hoa con lai khac duong nhu

khong c6 sy bién dong 16n giita cac diéu kién thi nghiém.

NOGi tom lai, twong tac giita cudong do chiéu sang va chu ki quang 1én sinh truong
quan thé 1 rat rd rang. Bén canh d6, & mdi loai vi tao khac nhau, cac anh huéng nay
cling biéu hién mot s khéc biét. Trong nghién ciru nay, twong tac giita cuong do chiéu
sang va chu ki quang 1én sinh truéng quan thé T. weissflogii 12 rd rang va Ion nhat. Ké
dén 1a C. muelleri va cudi cung la P. tricornutum. Bac biét, cudong do chiéu sang, chu ki
quang va tuong tac hai bién nay déu c6 nhitng tac dong rd rang 1én sinh truong quan thé
Vi tao. Trong khi cuong do chiéu sang va chu ki quang tac dong theo chiéu dong bién
thi trong tac cua hai yéu té nay lai nghich bién véi sinh truéng cac quan thé vi tao nghién
ctru. Bén canh d6, anh huong cia cac diéu kién chiéu sang 1én thanh phan sinh hoa vi

tao 1a khac nhau, phu thudc vao tirng l0ai cu thé.

Ciing giéng nhu nhiéu ddi twong quang tu dudng khac, sinh truong vi tao phy
thudc rat 1on vao cac diéu kién chiéu sang. Vi tao can nguén nang luong anh sang cho
cac qua trinh quang hop. Trong nhiéu truong hop, diéu kién anh sang dwoc cho 1a yéu
t6 gii han sinh truong quan thé vi tao. V& co ban, trong khoang gigi han chiu dung,
cudng do anh sang va chu ki quang cang 16n, hiéu suat quang hop vi tao cang cao. Két
qua lam tang sinh truong quan thé [27, 29, 46, 57, 63]. Pay co 1& I1a nhiing co s¢ khoa
hoc co ban giai thich cho cac két qua anh huéng cua cudng do chiéu sang va chu ki

quang dong bién véi sinh trudng cac quan thé vi tao trong nghién cau nay.

Tuong tac gitta cuong do chiéu sang va chu ki quang Ién sinh truéng quan thé vi
tao da dugc khai quat dudi hai khia canh. Thir nhat 14 tong ning luong anh sang cung
cap cho té bao vi tao va anh huong dén hai phan ung trong qua trinh quang hop (trong
pha sang va trong pha tdi) cua té bao vi tao [10, 23, 27, 46]. Viéc thiéu hut s6 gio chiéu
sang hoic trong cac diéu kién cuong do va chu ki quang rat cao gay ra cac tin hiéu tc

ché sinh truéng vi tao.

Maryam Al-Qasmi (2012) cho rang, trong ciing mét diéu kién nudi cay, viéc tang
s6 gio chiéu sang cua chu ki quang sé& 1am ting ham lugng axit béo no va lam giam ham

lugng axit béo khdng no thiét yéu nhu EPA, va DHA [7, 97]. Két qua tir nghién ciru nay
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1a twong ty véi két qua caa Maryam Al-Qasmi ¢ khia canh SFAs. P6i voi EPA va DHA,
xu huéng nay chi thé hién & hai nhém nghiém thirc c6 ciing cudng do chiéu séang 1a 125
ME/m?/s. O khia canh tuong tac gitra chu ki quang va cudng d6 chiéu sang 1én sy thay
d6i vé thanh phan sinh héa vi tao, quan diém tiép can cia mét sd nha nghién cau 12 1a
cudng d6 anh sang va chu ki quang quyét dinh tong lwong anh sang trong mot ngay cung
cap cho quang hop vi tao. Vi tao s& thay d6i, diéu chinh va thich nghi véi timg diéu kién
cu thé do. Mot vai nghién ctru dugc thuc hién nham tim ra méi twong tic nay nhung

chua ghi nhan két qua rd rang [9].

3.2.3. Anh hwéng cia nhigr dé khac nhau 1én thanh phan sinh hda mét sé chsing vi
tdo (TN 4)

Trong thi nghiém nay, do dac thi cua diéu kién thi nghiém tién hanh trén yéu té
nhiét d6 nén kho khan trong viéc bé tri thi nghiém nudi cay ¢ céc thé tich Ién ciing nhu
md phong diéu kién san xuat thuc tién tai co so. Do dé, cac binh thay tinh 250mL chua
200 mL dich nu6i cay va ta 6n nhiét dugc st dung dé bo tri cac nghiém thuc thi nghiém.
V& co ban, bé tri thi nghiém nay khéng that sat véi diéu kién san xuét tai co so, nhat 1a
ché suc khi va khudy dao. Céc thong s sinh truang quan thé mac di co tién hanh thu
thap, nhung kha khéac biét so véi cac nghiém thac cling nhém thi nghiém khac. Biéu
hién & chu ki sinh truong, thoi gian dat cuc dai, mat do cuc dai va téc do sinh truong
quan thé. Do d6, cac dit liéu vé sinh truéng quan thé vi tao trong thi nghiém duoc xem

xét va loai ra khoi noi dung bao céo nay.

Anh huéng cua nhiét @6 khac nhau 1én thanh phan sinh héa vi téo Chaetoceros muelleri

Két qua nghién ctu ¢ bang 3.14 di chi ra rang nhiét d6 ¢6 anh huang Ion téi
thanh phan sinh hoa vi tao C. muelleri. Nhiét do tang kich thich qua trinh sinh tong hop
va tich lity lipid & vi tao C. muelleri. That vay, lipid tong s6 (TL) & vi tao silic nay ting
tir 43,73 mg/g trong diéu kién nhiét 6 thap 20°C (NT-4.1), 1én dén 50,33 mg/g ¢ nhiét
d6 25°C (NT-4.2) va dat 61,3 mg/g & nhiét do 30°C (NT-4.3). Xu huéng bién dong nay
cling duoc tim thy & sterol, ham lwong lipid nay ting nhe tir 1,3%TL (6 diéu kién 20°C
1én dén 1,7 & diéu ki¢n 30°C.

Thanh phan cac axit béo ciing c¢6 nhitng su thay doi khac nhau, phu thudc vao

tirng loai FA cu thé. Ham lugng AA trong vi tao C. muelleri c6 xu huéng ting 1én khi
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nhiét d6 moi truong tang (bang 3.14). Trong khi d6, ham lugng axit béo EPA thay doi
mét cach khac biét, khong theo dinh hudng cu thé. Nghiém thie NT-4.2 (25°C) cho két
qua ham luong EPA 14 cao nhat, dat 34,27%TFA. Ké dén 1a ¢ NT-4.1 (20°C), ham luong
EPA thu duoc dat 26,53%TFA, va cudi ciing la & NT-4.3 (30°C) dat 18,83%TFA. Ham

lugng DHA trong C. muelleri ¢6 xu huéng 6n dinh trong ca 3 nghiém thtc thi nghiém

khac nhau vé nhiét do.

Bang 3.15. Thanh phan sinh hda C. muelleri trong 3 nghiém thitc nhiét dé

Thanh phan Nhiét d§ maéi trueong

20°C 25°C 30°C
AXxit béo (%TFA)
14:0 10,35 9,07 11,67
16:1w7c 24,51 17,95 27,96
16:1wTt 0,29 0,14 0,00
16:1w5c 2,16 1,66 0,32
16:0 6,11 5,32 5,72
18:3w6+18:5w3 0,48 1,00 0,96
18:4w3 1,42 1,49 0,26
18:2w6 0,74 1,00 0,06
18:3w3 0,12 0,10 0,94
18:1w9c 0,57 0,71 0,00
18:1w7c 0,80 0,92 0,47
20:4w6 AA 0,65 1,78 2,14
20:5w3 EPA 26,53 34,27 18,83
22:6w3 DHA 0,44 0,46 0,50
Nhom (% TFA)
> SFA 16,47 14,39 17,39
>MUFA 28,33 21,37 28,75
> PUFA 30,38 40,12 23,69
> LC-PUFA 27,63 36,52 21,48
Lop lipid (% lipid)
Wax ester 0,2 0,3 0,3
Triacylglycerol 2,0 1,2 0,0
Free fatty acid 5,7 4.2 6,3
Sterol 1,3 1,4 1,7
Polar lipid 90,8 92,8 91,6
Total lipid (mg/g) 43,73 50,33 61,3
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Két qua tong hop ham lugng cac nhom axit béo trong cac diéu kién khac nhau vé
nhiét d6 ciing cho thay nhirng diém dang luu y. Ham luong céc axit béo SFAS cao trong
cac diéu kién nhiét do cao (30°C). Trong khi do, nhiét do thap (20°C) lam gia ting ham
lwong céc axit béo khong no mot ndi d6i MUFA. Ham luong cao axit béo PUFAs va
Lc-PUFAs duoc tim thay trong cac diéu kién nhiét ¢ 25°C (Hinh 3.11).

100 + )
Chaetoceros muelleri
80 -+
<
o600
=
S 10 |
R
20 + |_||—|
0 .

MUFA PUFA LC-PUFA

@20°C @25°C @30°C

Hinh 3.11. Ham lwgng cac nhom axit béo & tao C. muelleri trong cac diéu kién

khac nhau vé nhiét do

Anh hwong cua nhiér @ khac nhau lén thanh phdn sinh héa vi tio Phaeodactylum

tricornutum

Tuong ty nhu & C. muelleri, ham luong lipid tong s6 ¢ tao silic P. tricornutum
tang 1én mot cach dang ké theo su gia ting nhiét do moi trudng song. Ham luong lipid
tong sé nay ting khoang hai lan, tir 45,54 mg/g lén dén 89,7 mg/g khi nhiét 6 moi

trudng tang tir 20 1én dén 30°C.

Quan sét két qua phan tich ham luong wax ester ciing dua dén xu hudng twong
tu trong két qua. Theo d6 ham luong I6p lipid ndy ting nhe tir 0,37 1én dén 0,7 mg/g khi
nhiét d6 tang tir 20 1én dén 30°C. Ham lugng triacylglycerol va free fatty axit cao trong
diéu kién nhiét do 25°C. Nguoc lai, ham luong sterol va pola lipid tim thay 1a thip trong

diéu kién nhiét do nay.
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Bang 3.16. Thanh phan sinh héa P. tricornutum trong 3 nghiém thic nhiét dé

Thanh phan Nhiét d§ mai trueong

20°C 25°C 30°C
AXxit béo (%TFA)
14:0 5,01 5,48 5,39
16:1w7c 19,39 19,34 21,95
16:1wTt 0,05 8,78 0,00
16:1w5c 2,43 1,70 0,00
16:0 9,99 8,78 12,48
18:3w6+18:5w3 0,53 0,32 0,12
18:4w3 0,73 0,24 0,35
18:2w6 1,64 0,71 0,00
18:3w3 0,30 0,15 0,25
18:1w9c 5,56 8,10 6,08
18:1w7c 0,32 0,36 0,46
20:4w6 AA 1,52 1,91 0,81
20:5w3 EPA 34,56 28,35 26,82
22:6w3 DHA 1,66 1,11 1,31
Nhom (% TFA)
Y SFA 15,00 14,26 17,87
> MUFA 27,76 38,27 28,49
> PUFA 40,94 32,79 29,66
> LC-PUFA 37,74 31,37 28,94
Lap lipid (% lipid)
Wax ester 0,37 0,37 0,7
Triacylglycerol 1,39 0,45 0,0
Free fatty acid 0,00 19,97 10,9
Sterol 0,92 0,69 1,1
Polar lipid 97,32 78,52 87,2
Total lipid (mg/g) 45,54 75,58 89,7

Nguoc lai xu huéng vai sy bién d6i & ham lugng lipid tong so, axit béo EPA, céc

PUFAs va Lc-PUFAs duoc tim thiy c6 ham lugng cao trong cac diéu kién nhiét do thap.
Nhiét d6 cang cao ham lugng cac axit béo nay cang giam. Trong khi do, nhiét d¢ 25°C

dua dén ham luong cao cac MUFASs.
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Hinh 3.12. Ham lwgng cac nhom axit béo & P. tricornutum trong diéu kién nhiét
d9 khac nhau

Anh huéng cia nhiér dé khac nhau Ién thanh phdan sinh héa vi tgo Thalassiosira

weissflogii

Tuong tu nhu két qua thu dugc trong thi nghiém ¢ hai loai tao silic C. muelleri
va P. tricorntum, ham luong lipid tong sé & T. weissflogii trong thi nghiém nay ciing
biéu hién xu hudng ting 1én khi nhiét d6 moi truong ting. Lipid tdng s6 nay tang tir

16,07 mg/g & NT-4.7 1én dén 28,6 mg/g & nghiém thuc NT-4.9.

Mot sb dix lieu vé lop lipid trong nghiém thac NT-4.9 khéng thu thap duoc
boi 1y do ki thuat. Do d6, xac dinh sy bién d6i ham lwong céc 16p lipid theo cac diéu
kién nhiét do & tao nay khong duoc thyuc hién. Mac du vay, so sanh gitra hai diéu kién
nhiét 6 20 va 25°C, c6 thé thay rang ham luong céc triacylglycerol va polar lipid
cao hon trong nghiém thirc 25°C. Nguoc lai, ham luwgng wax ester, free fatty acid va

sterol duoc tim thdy cao hon trong diéu kién nhiét do 20°C (bang 3.17).

Anh huéng cua nhiét do 18n thanh phan céc axit béo cua loai tao nay ciing cd
nhiéu diém khac biét so véi hai loai tao C. muelleri va P. tricornutum. Trong khi
thanh phan cac axit béo thiét yéu (bao gdm AA, EPA va DHA) c¢6 xu hudng bién
d6ng manh theo diéu kién nhiét do mai trueong, thi cac axit béo con lai twong d6i on

dinh. Dac biét la nhdm cac axit béo no C14, C16 va C19.

Ham luong axit béo AA cao nhat thu dugc ¢ nghiém thirc c6 diéu kién nhiét
d6 cao 30°C thi DHA lai cao nhat ¢ diéu kién nhiét do thap (20°C). Trong khi do,

ham lugng EPA & loai tao nay cao nhat thu duoc trong diéu kién thi nghiém ¢ 25°C.
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Bdng 3.17. Thanh phdan sinh hda T. weissflogii trong 3 nghiém thac nhigr dé

Thanh phan Nhiét d§ madi trueong

20°C 25°C 30°C
Axit béo (%TFA)
14:0 10,72 8,23 12,32
16:1w7c 15,07 14,19 14,35
16:1wTt 1,06 0,79 0,00
16:1w5c 4,33 3,84 1,01
16:0 6,39 5,00 8,53
18:3w6+18:5w3 1,02 0,68 0,63
18:4w3 1,12 1,11 3,21
18:2w6 3,58 2,89 0,14
18:3w3 0,28 0,28 2,43
18:1w9c 2,18 2,95 0,00
18:1w7c 0,28 0,42 0,23
20:4w6 AA 2,09 1,21 6,22
20:5w3 EPA 10,25 11,96 2,12
22:6w3 DHA 8,72 6,84 8,12
Nhom (% TFA)
Y'SFA 17,11 13,23 20,85
YMUFA 22,92 22,20 15,59
Y PUFA 27,05 24,97 22,86
Y LC-PUFA 21,05 20,01 16,45
Lap lipid (% lipid)
Wax ester 0,82 0,45 -
Triacylglycerol 1,625 1,85 -
Free fatty acid 1,85 1,56 -
Sterol 2,96 1,26 -
Polar lipid 92,74 94,88 -
Total lipid (mg/g) 16,07 23 28,6

Su bién dong vé cac nhom axit béo lai dé nhan thiy hon, ham luong PUFAS
va Lc-PUFAs cao trong diéu kién nhiét 6 25°C. Trong khi d6, diéu kién nhiét do
30°C lam gia ting ham lugng cac SFAs. Nhiét do 20-25°C dwa dén két qua cao vé
ham lIugng cac MUFASs (hinh 3.13).
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Hinh 3.13 Ham lwong cac nhom axit béo & T. weissflogii trong cac diéu kién do
khac nhau

Két qua nhiéu nghién ctru da chi ra rang nhiét d6 1a mot trong nhitng yéu té co
anh hugng rd rét nhat 1én thanh phan sinh héa vi tao. Vi tao phan tng véi cac diéu kién
nhiét d6 méi trudng khac nhau théng qua kich thich mot sé cac hormone va enzyme
tham gia vao sinh tong hop lipid. Nhin chung, mdi loai vi tao c6 nhiing sy thay do6i vé
thanh phan sinh hoéa riéng trudc cac diéu kién nhiét d6 moi truong. Mac du vay, c6 mot
s6 xu huéng quan trong dugc nhiéu nha khoa hoc dong thuan. Trong d6, nhiét d6 moi
truong cao la nguyén nhan chinh dan dén thay d6i do nhot nguyén sinh chét va hiéu qua
sir dung carbon, nitrogen giam. Két qua 1am ting cudng qué trinh sinh tong hop va tich
lily mot s6 nhom axit béo, nhat 14 axit béo no. Nguoc lai, ¢ vi tao c6 xu hudng ting
cudng tich liy tong hop cac axit béo khéng no mach dai (LC-PUFAS) trong cac diéu

kién giam nhiét do méi trudng nudi cay [102, 103].

3.2.4.Thi nghi¢m 5: Anh hweéng ciia dé mdn khéc nhau Ién sinh triréng quan thé va
thanh phan sinh héa mgt sé chaing vi tdo (TN 5)
% Anh huéng ciia d6 mdn khdc nhau 1én sinh truong quan thé va thanh phan sinh

hda vi tdo Chaetoceros muelleri
Két qua nghién ctiu tir hinh 3.17, hinh 3.18, va bang 3.18 d4 chi ra rang tao silic bién

C. muelleri c6 kha nang sinh truong tét trong phd do man tir 20-30 ppt. Quan thé tao thich
nghi nhanh véi cac diéu kién do man méi trudng nudi cay, va dat dét cuc dai vao ngay thir 4
& hau hét céc nghiém thure thi nghiém. Pha logarithm kéo dai tir ngay thir 0 dén ngay thir 2 &
tat ca ba nghiém thuc thi nghiém. Su khéc biét khdng 16n vé sinh truong quan thé ¢ ca hai 1an
thi nghiém dugc tim thay & két qua nghién ciu nay. Mac du vay ghi nhan Ian thi nghiém thir

2 cho két qua sinh truéng quan thé cao hon mot chdt so véi lan thi nghiém thir nhat.
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Exponential growth rate - 20 ppt (Is7) C. muelleri, A9 min 20 ppt (n=4)
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Hinh 3.14. Sinh trwéng quan thé vi tao C. muelleri trong diéu kién @9 man 20 ppt

Ghi chii: do thi (a) biéu dién toc dé sinh trieong quan thé ¢ pha logarithm trong
4 lan 1gp ¢ NT-5.1 cua lan thi nghiém thiz nhdt. Po thi (b) biéu dién dwong cong sinh
treeng quan thé, cac ddu tron va phirong trinh mau xanh lam biéu dién két qua nghién
cieu ¢ lan thi nghiém the nhat, cac ddu hinh thoi va phirong trinh mau cam biéu dién két
qua ¢ lan thi nghiém thi nghiém thiz 2. Cac ddu dam, kin biéu thi két qud sinh zrwong
quan thé nam trong pha logarithm. Cac ddu hg biéu thi két qua sinh truéng quan thé
nam ngoai pha logarithm.

Két qua nghién ciru ddng thoi ciing chi ra rang d6 man anh huong 16n dén sinh
truong quan thé C. muelleri khi quan sét thong s6 mat do cuc dai. That vay, két qua tong
hop tir bang 3.18 dé cho thay ring MCDs thu dugc ¢ nghiém thic thi nghiém 25 ppt
(NT-5.2) la cao nhat & ca hai lan thi nghiém véi gi tri lan luot dat 17,70+0,33 va
19,52+0,52x10° (tb/mL). Su sai khac c6 y nghia théng ké véi mac y nghia 0,05. Tuy
nhién, ¢ lan thi nghiém tha nhat, nghiém thicc NT-5.3 (d6 man 30 ppt) c6 két qua mat
d6 cuc dai 1a thap nhat dat 12,82+0,50x108 (tb/mL). Trong khi d6, ¢ lan thi nghiém thir
hai, MCDs cua quan thé C. muelleri thap nhat duoc ghi nhan & NT-5.1 (d6 man 20 ppt).
Sy khac biét c6 ¥ nghia thong ké véi muc y nghia 0,05.

O moét chiéu hudng khac, khi quan sat hai thong s6 sinh treang quan thé 12 EGRs
va Max SGRs, két qua nghién cau ¢ thi nghiém 5 nay lai chi ra rang ¢6 man duong nhu
khong c6 anh hudng dén sinh trueang quan thé C. muelleri. EGRS trong lan thi nghiém
thi nhat va lan thi 2 lan luot dao dong trong khoang 1,64—1,71 va 1,79-1,88 (/ngay).
Tuong tu nhu vay Max SGRs trong hai 1an lan thi nghiém nay dao dong trong khoang
(theo thir tu) 12 1,86-1,91 va 1,90-2,06 (/ngay). Két qua phan tich ANOVA mét yéu té
cho thay khong c6 sy khac biét vé mit thong ké cac gi tri nay o ca hai lan thi nghiém
(bang 3.18).
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C. muelleri, 30 min 25 ppt (n=4) C. muelleri, 46 mian 30 ppt (n=4)
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Hinh 3.15. Sinh trwéng quan thé vi tao C. muelleri trong hai diéu kién dé min 25
ppt va 30 ppt

Ghi cha: cac ddu tron va phirong trinh mau xanh lam biéu dién két qua nghién
citu & lan thi nghiém thiz nhdt, cac ddu hinh thoi va phirong trinh mau cam biéu dién két
qua o lan thi nghi¢m thi nghi¢m ther 2. Cac ddu dam, kin biéu thi két qud sinh fruong
quan the nam trong pha logarithm. Cac dau mo, ha biéu th; két qud sinh trieéng quan
thé nam ngoai pha logarithm

Tom lai, két qua nghién ctu trong thi nghiém nay da chi ra rang d6 man moi
treong nudi cdy anh hudng rd rét 18n sinh trudng quan thé C. muelleri thdng qua gia tri
mat do cuc dai. Nghiém thic thi nghiém ¢ 25 ppt dua dén két qua MCDs cao hon dang
ké so véi hai nghiém thiac con lai (20 va 30 ppt).

Bang 3.18. Tong hop két qua sinh trweéng quan thé vi tao C. muelleri trong ba
diéu kién @d min khac nhau (Min-Max, Mean+SD, n=4)

20 ppt 25 ppt 30 ppt
Lan thi nghigm thaz nhdt
14,83-15,95 17,23-17,98 12,33-13,33
MCDs (<108 tb/mL)
15,38+0,48° 17,70+0,33°¢ 12,82+0,50?
. 1,57-1,68 1,66-1,75 1,61-1,67
EGRs (/ngay)
1,64+0,05 1,71+0,04 1,64+0,03
. 1,75-1,94 1,84-1,92 1,89-1,94
Max SGRs (/ngay)
1,86+0,09 1,88+0,04 1,91+0,02
Lan thi nghigm thaz hai
15,65-16,45 18,75-19,88 16,48-17,45
MCDs (x10° tb/mL)
15,97+0,38? 19,52+0,52°¢ 17,05+0,47°
. 1,79-1,92 1,88-2,00 1,88-1,96
EGRs (/ngay)
1,86+0,06 1,96+0,05 1,93+0,03
. 1,80 -2,00 1,90-2,15 1,89-2,07
Max SGRs (/ngay)
1,90+0,08 2,06+0,11 1,99+0,08
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Két qua phan tich thanh phan sinh hoa vi tao C. muelleri trong cac diéu kién
khac nhau vé& d6 man cho thay nhiéu diém thi vi va mot s6 xu hudng kha rd rang. Vi
tao C. muelleri c6 xu hudng ting cuong tong hop tich liy lipid tong s theo diéu kién
d6 min méi trueong séng. PO min cang cao, ham lwong lipid tong s ndi bao cang
Ién. That vay, ham lwong lipid tong sé trong vi tao C. muelleri tang tir 145,33 mg/g
trong diéu kién d6 man 20 ppt (NT-5.1), 1én dén 156,30 mg/g ¢ ¢6 man 25 ppt (NT-
5.2) va 182,17 mg/g & a6 man 30 ppt.

Bang 3.19. Thanh phan sinh héa vi tao C. muelleri trong cac nghiém thire dd man

Thanh phan P min moi truong

20 ppt 25 ppt 30 ppt
Axit béo (%TFA)
14:0 5,89 5,60 6,58
16:1o7c 38,55 38,30 39,17
16:0 16,46 17,10 21,00
18:306+18:5m3 0,64 0,93 1,17
18:4m3 0,09 0,85 0,80
18:2w6 0,62 0,55 0,48
18:3m3 2,14 1,64 1,30
18:1m9¢ 0,00 0,00 0,00
18:1o7c 1,31 1,18 1,04
18:0 1,30 1,15 1,07
20:406 ARA 2,87 3,52 3,54
20:503 EPA 13,44 13,23 10,80
22:603 DHA 1,31 1,22 0,84
Nhom (% TFA)
> SFA 23,65 23,85 28,65
>MUFA 39,86 39,47 40,20
> PUFA 21,10 21,93 18,93
> LC-PUFA 15,38 15,38 12,80
Lop lipid (% lipid)
Wax ester 1,24 0,95 1,45
Triacylglycerol 4,76 10,24 29,15
Free fatty acid 9,71 2,99 6,76
Sterol 2,79 4,67 4,59
Polar lipid 81,52 81,15 58,05
Total lipid (mg/g) 145,33 156,30 182,17
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Xu huong gia ting tich 1y cung véi sy gia tang 6 man mdi truong nay ciing dugc
tim thay & triacylglycerol. Cu thé, triacylglycerol ting tir 4,75 ¢ 20 ppt (NT-5.1) 1én dén
10,24 & 25 ppt (NT-5.2) va 29,15 (%TL) & 30 ppt (NT-5.3). Nguoc lai, polar lipid c6 xu
huéng giam theo su gia ting cua d6 min maéi trudng séng. Ham lwong lipid thu duoc
trong céc nghiém thicc NT-5.1, NT-5.2 va NT-5.3 theo thir tu lan luot 12 81,52, 81,15, va
58,05 (%TL). Cac 16p lipid con lai, bao gom wax ester, free fatty acid, va sterol khac nhau

gitra cac nghiém thuc thi nghiém nhung theo cac qui luat khéng that su ré rang.

Thanh phan cac axit béo thu duoc trong ba nghiém thie thi nghiém twong dbi phong
phu va twong tu nhu ¢ céc thi nghiém truéce. Két qua nghién ciu ¢ bang 3.19 ciing chi
ra rang do man c6 anh huang I6n t6i thanh phan céc axit béo co trong vi tao C. muelleri.
Theo d6, xu huéng gia ting tich lily tong hop SFA, va MUFA khi d6 man méi truong
tang 1én. Nguoc lai, vi tao C. muelleri c¢6 xu huéng giam tich lily Le-PUFAS véi diéu
Kién gia ting d6 man mai truong. Piéu ndy cd thé thay rat rd khi quan sat ham luong
hai loai axit béo quan trong la EPA va DHA. Mic du vay, anh huong cua &6 man Ién

tich lity tong hop ARA lai khéng tuan theo qui luat nay.

% Anh hwong cia dé man khdc nhau lén sinh truwéng quan thé va thanh phan sinh

hda vi tdo Phaeodactylum tricornutum

Nhin chung, c6 su khac biét Ion vé sinh truang quan thé P. tricornutum so véi C.
muelleri trong cac diéu kién khac nhau vé d6 man méi truong. Chu ki sinh treéng quan
thé duong nhu dai hon. Quan thé thich nghi va ting sinh theo ham s6 mil trong khoang
thoi gian 3 ngay tir ngay 0 dén ngay thar 3 trong chu ki nudi cdy. Mat do cuc dai ghi

nhan duoc vao ngay tht 6 va thir 7 ¢ hau hét cac nghiém thic thi nghiém.

Quan sat két qua mat do cuc dai (bang 3.20) cd thé thay rang do man 25 ppt (NT-
5.5) cho két qua sinh truong quan thé 1a cao hon mot cach dang ké so véi hai nghiém
thizc con lai 1a NT-5.4 (46 man 20 ppt) va NT-5.6 (d6 man 30 ppt). Cu thé, & lan thi
nghiém thir nhat MCDs ¢ nghiém thac NT-5.4 dat 49,81+1,95 (x108 tb/mL) cao hon
dang ké so Vi ¢ nghiém thizc NT-5.3 dat 39,00+3,42 (x10° th/mL) (p<0,05). O lan thi
nghiém tht 2, gia tri MCDS thu duoc & NT-5.4 ndy cao hon mét cach c6 ¥ nghia thdng

ké so véi hai nghiém thic con lai NT-5.3 va NT-5.6.

111



Exponential growth rate - 20 ppt (Is7) P, tricornutum, d§ man 20 ppt (n=4)
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Hinh 3.16. Sinh trwéng quan thé vi tao P. tricornutum trong diéu kién d§ min 20 ppt

Ghi chii: do thi (a) biéu dién toc dé sinh trieong quan thé ¢ pha logarithm trong
4 lan 1gp ¢ NT-5.4 cua lan thi nghiém thiz nhdt. Po thi (b) biéu dién dwong cong sinh
treeng quan thé, cac ddu tron va phirong trinh mau xanh lam biéu dién két qua nghién
cieu ¢ lan thi nghiém the nhat, cac ddu hinh thoi va phirong trinh mau cam biéu dién két
qua & lan thi nghiém thi nghiém thi 2. Cac ddu dam, kin biéu thj két qua sinh trwang
qUan thé nam trong pha logarithm. Cac ddu hg biéu thi két qua sinh truéng quan thé
nam ngoai pha logarithm.

Két qua nghién ciru ddng thoi ciing chi ra rang d6 man 25 va 30 ppt cho két qua
sinh trudng quan thé tét hon dicu kién do man 20 ppt khi quan sat hai thong sé con lai
la EGRs va Max SGRs. Cu thé, trong lan thi nghiém tha nhat, EGRSs cao nhét thu dugc
& hai nghiém thirc NT-5.5 va NT-5.6, vdi cac gia tri lan luot 14 1,16+0,03 va 1,11+0,02
(/ngay). Trong khi d6, EGRs ghi nhan thip hon mot cach c6 ¥ nghia thong ké & nghiém
tharc NT-5.4 dat 1,03+0,01 (/ngay).

P. tricornutum, dé man 25 ppt (n=4) P, tricornutum, 4§ mian 30 ppt (n=4)
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Hinh 3.17 Sinh truéng quan thé vi tao P. tricornutm trong hai diéu kién dé man
25 ppt va 30 ppt

Ghi cha: cac ddu tron va phirong trinh mau xanh lam biéu dién két qua nghién
cizu ¢ lan thi nghiém thez nhat, cac ddu hinh thoi va phwrong trinh mau cam biéu dién két
qua ¢ lan thi nghi¢m thi nghiem ther 2. Cac ddu d@am, kin biéu thi két qua sinh truong
qUan the nam trong pha logarithm. Cac ddu me, hé biéu thi két qua sink triréng quan
thé nam ngoai pha logarithm
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Hoan toan twong ty nhu vy & lan thi nghiém tha hai, két qua EGRs trong ba
nghiém thac NT-5.4, NT-5.5 va NT-5.6 lan luot 1a 1,26+0,03, 1,41+0,03 va 1,39+0,03
(/ngay). Xu hudng tuong tu ciing duoc tim thay khi quan sét thdng sé Max SGRs ¢ ca
hai lan thi nghiém (bang 3.20). Theo d6, d6 man méi 25 va 30 ppt cho két qua sinh
truong thé tuong déng va cao hon so véi diéu kién 20 ppt.

Bang 3.20. Tong hep két qua sinh trwéng quan thé vi tao P. tricornutum trong
ba diéu kién dé min khac nhau (Min-Max, Mean+SD, n=4)

20 ppt 25 ppt 30 ppt
Lan thi nghigm thi nhat
om0 SEEE
1,02-1,05 1,12-1,18 1,10-1,13
EGRs (Ingay) 1,03+0,01° 1,16+0,03¢ 1,11+0,02
MISGRSUGY) o0l rsooe  tasooe
Lan thi nghiém tha hai
MEDs (a0t timl) TV s dooen
=GRS (ngay) Liow0on 1400w 1a0e009
-

Véi két qua nghién ciru da trinh bay & trén, nhém nghién ciu da rat ra két luan
rang 6 man moi truong quyét dinh dén sinh truéng quan thé P. tricornutm. Khoang do

man ti vu cho sinh treéng quan thé & khoang 25-30 ppt, tot nhat ¢ 25 ppt.

Khéng gidng véi cac nghiém thic thi nghiém ¢ vi tao C. muelleri, thanh phan sinh
hoa caa P. tricornutum thay doi khac nhau trong cac diéu kién khac nhau vé 6 man. Pau
tién 1a ham Iuong lipid tong sb. Lipid tong sé trong ba nghiém thirc thi nghiém dao dong
trong khoang tir 129,43-139,02 mg/g. Két qua phan tich ¢ bang 3.21 d chi ra rang, ham
lwong lipid tong sé & vi tao ndy giam theo nhip ting d6 min méi trudong séng. Xu huéng
nay dugc tim thay trong mét sé 16p lipid bao gdm wax ester, triacylglycerol va free fatty
acid. Nguoc lai, ham lwong polar lipid ¢ P. tricornutum c6 xu huéng ting theo chiéu ting
d6 man méi truong séng. Su khac biét khdng 16n vé ham luong sterol giita ba nghiém thirc
thi nghiém.
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Két qua phan tich & bang 3.21 ciing chi ra sy phong pht vé thanh phan céc axit béo c6
trong vi tao P. tricornutum & thi nghiém nay. Mot diém rat d& nhan thdy rang thanh phan céc

axit béo cua P. tricornutum trong cac nghiém thirc 1a kha twong dwong dong véi nhau.

Bang 3.21. Thanh phan sinh hda vi tao P. tricornutum trong cac diéu kién dé man

Thanh phan Po miin mdi truong

20 ppt 25 ppt 30 ppt
AXxit béo (%TFA)
14:0 511 4,63 4,70
16:1w7c 20,73 19,89 19,61
16:0 8,43 8,12 8,39
18:3w6+18:5mw3 0,52 0,47 0,44
18:4m3 0,64 0,56 0,58
18:2w6 2,92 2,97 3,10
18:3m3 1,42 1,54 1,57
18:1m9c¢ 0,00 0,00 0,00
18:1w7¢ 1,11 0,97 0,96
18:0 0,21 0,20 0,22
20:406 ARA 0,98 0,88 0,83
20:503 EPA 29,94 30,39 30,30
22:603 DHA 1,29 1,28 1,28
Nhom (% TFA)
S SFA 13,75 12,95 13,30
> MUFA 21,84 20,87 20,57
> PUFA 37,71 38,09 38,10
> LC-PUFA 31,75 32,14 32,02
Lap lipid (% lipid)
Wax ester 0,81 0,72 0,58
Triacylglycerol 1,70 1,47 0,02
Free fatty acid 5,35 4,12 2,85
Sterol 0,76 0,82 0,69
Polar lipid 91,37 92,87 95,87
Total lipid (mg/g) 139,02 131,83 129,43
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% Anh hwong cia dé man khdc nhau lén sinh trieéng va thanh phan sinh héa vi tgo

Thalassiosira weissflogii

V& co ban, anh huong cua do man khac nhau 1én sinh truong quan thé T.
weissflogii trong nghién ciru ndy c6 nhiéu diém giéng véi két qua & quan thé C. muelleri.
That vay, & thdng s6 mat do cuc dai, cd su khac biét vé mat thong ké giita ba nghiém thuc thi
nghiém & ca hai lan thi nghiém. Theo d6, MCDs cao nhit thu duoc & nghiém thic thi nghiém
25 ppt, dat 1,45+0,06 (1an thi nghiém thir nhat) va 1,35+0,11x108 (tb/mL) (Ian thi nghiém thi
hai). MCDs cuia hai nghiém thire 20 ppt va 30 ppt trong 1an thi nghiém thir nhat dat 1,25+0,07
va 1,23+0,03 x10° (tb/mL). Tuong tu nhu vay, hai gia tri ndy & lan thi nghiém tht hai 1a
1,06:+0,09 va 1,11:+0,12x10° (tb/mL).

(a) (b)
Exponential growth rate - 20 ppt (1st) T. weissflogii, ) min 20 ppt (n=4)
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Hinh 3.18. Sinh trudng quan thé vi tao T. weissflogii trong diéu kién dd min 20 ppt

Ghi chii: do thi (a) biéu dién téc dé sinh truéng quan thé ¢ pha logarithm trong
4 1an 1gp 6 NT-5.7 cua lan thi nghiém thiz nhar. Do thi (b) biéu dién dwong cong sinh
treéng quan thé, cac ddu tron va phirong trinh mau xanh lam biéu dién két qua nghién
citu & lan thi nghiém thiz nhdt, cac ddu hinh thoi va phirong trinh mau cam biéu dién két
qua ¢ lan thi nghiém thi nghiém thi 2. Cac dau dam, kin biéu thi két qua sinh truong
quan thé nam trong pha logarithm. Cac ddu hé biéu th; két qud sinh truéng quan thé
nam ngoai pha logarithm.

O chiéu nguoc lai, khong c6 su sai khac vé két qua toc do sinh truang theo ngay
cuc dai gitra cac nghiém thic & ca hai 1an thi nghiém (p>0,05). Max SGRs dao dong
trong khoang 1,46-1,60 (/ngay) trong lan thi nghiém tha nhat va khoang 1,32-1,56
(/ngay) trong 1an thi nghiém thi hai. Trong khi d6, két qua thdng sé téc do sinh truang
quan thé tai pha logarithm biéu thi sy khong d6ng nhat giira hai lan thi nghiém. Cu thé,
két qua nghién ctu ¢ 1an thi nghiém 1 chi ra 6 min c6 anh huong rd rét 1én sinh truéng
quan thé T. weissflogii théng qua gia tri EGRs (p<0,05). EGRs cao nhat thu dugc &
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nghiém thirc 25 ppt (NT-5.8) dat 1,43+0,02 (/ngay). NT-5.9 (@6 man 30 ppt) cho két qua
EGRs la thap nhat 1,01+0,05 (/ngay). EGRs dat 1,21+0,13 (/ngay) ¢ nghiém thic thi
nghiém 20 ppt (NT-5.7). Tuy nhién, & lan thi nghiém tha 2, khdng tim thay sy khéac biét
cd y nghia théng ké gitra cac nghiém thirc thi nghiém ¢ thong s EGRs nady. EGRs dao
dong trong khoang 1,15-1,31 (/ngay) trong ca ba nghiém thuec.

T. weissflogii, 40 min 25 ppt (n=4) T. weissflogii, 6 man 30 ppt (n=4)
i= o la
141 % $ s : 1415 e s P :
xE. =
13¢+E 131 E _

3 /“! y=1.4851x +9.8348 = e | y=1.3031x+10.117
12+ R?=0.9961 i * Ri=1
1+ y=13115x+10.134 1+ § y=1.27Ix+ 10.065

R2=09972 R?=0.9993
10 : 10 ¥
9 1 t t t t Ngﬁy 1 9 t 1 t t t Ngily i
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Hinh 3.19. Sinh trwéng quan thé vi tao T. weissflogii trong hai diéu kién dd min
25 ppt va 30 ppt
Ghi cha: cac ddu tron va phirong trinh mau xanh lam biéu dién két qua nghién
cieu ¢ lan thi nghiém thi nhat, cac ddu hinh thoi va phirong trinh mau cam biéu dién két
quda ¢ lan thi nghiém thi nghiém tha 2.

Bang 3.22. Tong hop két qua sinh trwéng quan thé vi tao T. weissflogii trong ba
diéu kién @d min khac nhau (Min-Max, Mean+SD)

20 ppt 25 ppt 30 ppt
Lan thi nghigm thaz nhat

1,18-1,34 1,39-1,54 1,18-1,25
MCDs (x10° tb/mL) 1,25+0,072 1,45+0,06" 1,23+0,032

1,07-1,33 1,42-1,46 0.97-1,07
EGRs (/ngay) 1,21+0,13 1,43+0,02¢ 1,01+0,05%
MoxSGRS(NGB) o reogs ddesorz
Lan thi nghigm thaz hai

0,96-1,16 1,24-1,50 0,98-1,24
MCDs (x10° tb/mL) 1,0640,09° 1,3540,11° 1,1120,12°
EGRs (/ngay) 1(1)21102192 igiilo?G 123110?657
I~
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Trong két qua phan tich thanh phan sinh héa T. weissflogii nay, vi 11 ki thuat
trong qué trinh phan tich ma thanh phan céac I6p lipid khong dugc xac dinh mot cach
chinh xac. Do d6, d& dam bao tinh chinh xéac két qua nghién ctru, ham lugng cac 16p
lipid nay duoc loai ra khoi két qua nghién cuu.

Bang 3.23. Thanh phan sinh héa T. weissflogii trong 3 nghiém thitc d man

Thanh phan Po miin mdi trueong

20 ppt 25 ppt 30 ppt
Axit béo (%TFA)
14:0 9,22 9,40 10,40
16:1w7c 22,04 21,01 23,65
16:0 17,42 17,47 14,99
18:3w6+18:5m3 0,00 0,00 0,08
18:403 0,37 0,37 0,35
18:2w6 0,83 0,81 0,86
18:3w3 0,22 0,24 0,36
18:1m9¢ 0,00 0,00 0,00
18:1w7c¢ 0,00 0,00 0,00
18:0 0,25 0,36 0,16
20:4m6 ARA 0,11 0,09 0,12
20:503 EPA 25,03 24,74 25,93
22:603 DHA 5,88 5,29 6,00
Nhom (% TFA)
> SFA 33,80 36,38 31,74
> MUFA 21,77 26,46 29,49
> PUFA 38,43 37,17 38,78
> LC-PUFA 32,26 31,36 33,43
Lop lipid (% lipid)
Wax ester - - -

Triacylglycerol - - -
Free fatty acid - - -
Sterol - - -
Polar lipid - - -
Total lipid (mg/g) 46,7 59,8 53,0

Nhin chung, thanh phan sinh hoa cua vi tao T. weissflogii thay doi khdng 16n
trong cac diéu kién d6 min méi trudng. Lipid tong s dao dong trong khoang 46,7-

59,8 mg/g & ca ba nghiém thirc. Céc axit béo khong no da ndi d6i PUFAs chiém wu
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thé trong thanh phan céc axit béo cua vi tao nay, dao dong trong khoang tir 37,17-
38,78%TFA. Ciing giéng nhu két qua phan tich & nhiéu thi nghiém phia trén, vi tao T.
weissflogii co ham lwgng EPA va DHA rat cao. Nhitng tac dong ciia d6 man 1én thanh
phan sinh hda vi tao silic bién T. weissflogii khong dugc thé hién mot cach rd rang

trong nghién ciru nay.

Két qua nghién ciu ¢ thi nghiém 5 da chi ra rang, anh huéng cua d6 man moi
trudng 1én sinh truong quan thé 1a rat khac nhau phu thudc vao tirng ching loai cu thé.
O vi tao C. muelleri, anh huéng cia do min anh 1én sinh treéng quan thé rd nhat o
théng s6 mat do cuc dai. D6 min moi trudng & 25 ppt dudng nhu 1a phu hop trong
nudi thu sinh khéi loai vi tao nay. P6 man ting 1am gia ting qua trinh tong hop va tich
lity lipid tong sb, triacylglycerol, SFAs, MUFAs. Nguoc lai, 6 min ting lam giam
ham lugng Lc-PUFAs, EPA, DHA, va polar lipid. Trong khi d6, ¢ man anh huong ro
rét 1én sinh truong quan thé vi tao P. tricornutum, khoang d6 man 25-30 ppt cho két

qua sinh treéng quan thé tét hon & 20 ppt.

Viéc ting d6 man méi truong duong nhu 1am giam ham luong lipid tong sb,
wax ester, triacylglycerol va free fatty acid. Cac thanh phan sinh hoa khac thay doi
khong dang ké. Cudi cung, sinh truong quan thé tao T. weissflogii biéu hién tét nhat &
diéu kién do man 25 ppt. Su khéc biét khong 16n vé thanh phan sinh hda ¢ loai vi tao

nay giira cac nghiém thirc khac nhau vé do man.

Vé co ban, d6 man c6 anh huong Ién dén sinh truang quan thé ciing nhu cac qua
trinh sinh téng hop tich & vi tao. Co ché ciia nhitng anh huong nay phan Ién nam &
nhitng tac dong cua do man 1am thay doi ap suat tham thau, két qua 1a anh huéng dén
cac qua trinh quang hop, hd hap va tich lily glucose va cac chat béo. Két qua nay c6
nhiéu diém tuong ddng vai két qua caa mot sé nghién ciru da duoc thyuc hién trude day.
Pon ctr nhu két qua nghién ciru cua Minggat Elizerbeth va cong tac vién (2021) trén
loai tao khué C. muelleri. Két qua nghién ciru cia nhom tac gia di chi ra rang d6 man
moi trudng nudc & 25 ppt 14 tot nhat cho sinh truéng quan thé vi tao nay [84]. Tuong tu
nhu vay, mot nghién ctru khac duoc thuc hién trén loai vi tao T. weissflogii boi tac gia
Norma Garcia va ctv (2012). Theo d6, sinh truang quan thé va thanh phan sinh hoa té

bao T. weissflogii 1a tot nhat trong cac diéu kién d6 man 25 ppt [53].
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3.3. Nghién ciru tng dung mét sé6 chiing vi tao trong nudi cay luan trung &ng dung
trong san xuét giéng tdm

Noi dung nghién ctru 3 duoc trién khai thuc hién nham muc tiéu tim hiéu vai tro
lam ngudn thirc an gian tiép cua vi tao trong san xuat giéng giéng tém he & Viét Nam
théng qua luén trung Brachionus plicatilis. Trong noi dung nghién ctru nay, hai ching
Vi ta0 dugc danh gia 1a méi trong nudi thu sinh khéi luan tring & Viét Nam la Tisochrysis
lutea va Nannochloropsis oceanica dugc st dung 1am vt liéu nghién ctu. Sinh khbi
luan trang sau d6 duoc nghién ctu tng dung lam ngudn thire dn séng bo sung vao qua
trinh xan xuét giéng tém he tai co so.
3.3.1. Sinh trwéng quan thé Brachionus plicatitis trong cac nghiém thec thiee dn vi
tdo khac nhau

Két qua nghién ciu ¢ hinh 3.20a va bang 2.24 di chi ra rang, quan thé luan tring
sinh truéng tot trong cac diéu kién khac nhau vé vi tao. Sinh khéi quan thé ting cham
trong khoang 2 ngay dau va ting nhanh vao ngay thtr 3 trong chu ki nudi cay. Sinh khéi
quan thé luan tring dat cuc dai vao ngay thi 7 & hau hét cac nghiém thirc va ¢ dau hiéu
giam vao ngay thtr 8 trong chu ki nudi cdy. Su khac nhau khdng 16n giita 3 nghiém thic
thi nghiém trong khoang ngay 0 dén ngay cua chu ki nudi cay. Nguoc lai, tir ngay thi 2
trg di, su khac biét gitra cac nghiém thuc thi nghiém duoc thé hién mot cach rd rang hon.

Sinh trudmg quén thé luin tring Ty I¢ ludin tring mang tring
800 T
0.60

ENT-6.1
ENT-6.2

Ty I8

0.50
0.40
0.30
0.20

=
=
=
Mt d§ (ct/mL)

0.10

0.00

Hinh 3.20. Sinh trwéng quan thé B. plicatilis trong 3 nghiém thirc

Nhin chung, ngudn thirc an vi tao N. oceanica la phil hop nhat cho sinh truéng
quan thé luan tring ¢ nghién ctu nay. That vay, mat do cuc dai (MCDs) thu dugc &
nghiém thirc sir dung thire an N. oceanica (NT-6.1) la cao nhat khoang 738 ct/mL. Ké
dén 1a nghiém thure sir dung két hop hai loai vi tao (NT-6.3) dat 685 ct/mL. Cudi cing
Ia nghiém thac st dung thire an vi tao T. lutea (NT-6.2) dat 614 ct/mL. Sy khac biét la
¢6 ¥ nghia vé mat thong ké (p<0,05). Tuong tu nhu vay, quan sat két qua toc do sinh
truong theo ngay cuc dai thu duoc & NT-6.1 dat cao nhét, 0,53 (/ngdy), cao hon c6 ¥
nghia thong ké nghiém thuc sir dung thic an T. lutea NT-6.3 (dat 0,37).
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Ty 1& 4u tring mang tring c6 lién hé chat ché véi kha ning ting sinh khéi cua luan
tring. Két qua nghién ciu ¢ hinh 2.20b da thé hién rd luan diém nay. Ty I8 luan tring mang
trang & ca 3 nghiém thirc trong hai ngay dau tién 1a khong cao, dao dong trong khoang 0,28-
0,38 (s6 liéu khong thé hién). Ty 1é nay ting manh mé tir ngdy nudi thir 2 dén ngay tht 4
trong chu ki nudi ciy, khoang 0,42-0,53. Sy ting manh ty & 4u tring mang tring nay lién
quan chat ch& véi sinh khdi quan thé trong ngay ké tiép. Tir ngay thi 6 tré di, ty 1¢ luan tring
mang trang giam di mot cach dang ké. So sanh giita 3 nghiém thic thi nghiém, c6 thé thay
rang nghiém thire sir dung thire an vi tao N. oceanica ludn ¢ ty 1¢ luan tring mang tring 1a
cao nhat, ké dén 1a nghiém thirc str dung két hop hai loai vi tao va cudi cuing 1a nghiém thirc
str dung thire an vi tao T. lutea (phu luc 3.6.3).

Nghién ciu ttng dung c&c chang vi tao trong nudi cdy luan tring B. plicatilis 1a rat
phong phu trén thé gidi ciing nhu ¢ Viét Nam. Két qua ctia nghién ctu ndy cé nhiéu diém
twong dong vai nhiéu cong trinh cong bd trude day. Pon cir, nghién cau cia Jean Hee Bae
va Bae Jean Hee (2011) tién hanh nudi cay luan tring B. plicatilis bang 6 chung vi tao khac
nhau (5 ching thudc Nannochloropsis spp. va 1 chiing Chlorella vulgaris). Két qua nghién
cau chi ra rang sinh truéng quan thé luan tring cao nhét thu dwoc & cac nghiém thic sir dung
Nannochloropsis oceanica va Nannochloropsis sp. KMMCC-33). Mat d6 cuc dai cua quan
thé luan tring thu dugc trong hai nghiém thic sir dung hai chung vi tao nay theo thi tu 1an
luot dat 272 va 301 ct/mL, cao hon mdt cach c¢6 y nghia thong ké so véi cac nghiém thirc con
lai. Tuong tu nhur vay, toe do sinh truong theo ngay (trung binh cia 5 ngay nudi cay) & hai
nghiém thuc thi nghiém nay ciing cao hon dang ké so véi cac nghiém thirc con lai, lan luot
dat 0,66 va 0,68 (/ngay) [16].

Bang 3.24. Két qua sinh truéng quan thé luan trang trong cac nghiém thirc thic
an vi tao (Min-Max, Mean+SD, n=4)

Thong so Nghiém thirc thi nghiém
NT-6.1 NT-6.2 NT-6.3
700-760 580-630 670-700
MCDs (ct/mL)
738x18°¢ 6141232 685+13P
0,47-0,59 0,38-0,57 0,37-0,40
Max SGRs (/ngay)
0,53+0,05° 0,440,082 0,38+0,01%

Cac chir cai khac nhau thé hién su sai khdc cé y nghia giira cac gia trj trong cliing
mot hang
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M6t s cong trinh nghién ciu khéc trén thé gioi ciing dong thoi chi ra rang ngudn thic
an vi tao Nannochloropsis 1a phil hop nhat trong nudi thu sinh khi va gia tri dinh dudng luan
tring [22, 37, 129]. O trong nudc, luan &n tién si cia Cai Ngoc Bao Anh (2010) tién hanh
nghién ciru nudi cay luan trung bang mét sé loai vi tao N. oculata, Isochrysis galbana,
va Tetraselmis chuii. Két qua nghién cau chi ra ring vi tao Nannochloropsis 1a rat phu
hop cho nudi cay luan trang [1].

3.3.2. Nghién cizu si dung thiee an bé sung luan tring trong wong nudi du tring
tém thé chan tréng

% Két qud ty 1é séng cua du tring qua ting giai doan

Vé mat thuc hanh thu thap dit liéu, xac dinh ty 18 séng cia 4u tring trong ting
giai doan phu gap nhiéu khé khan. Nhirng dic trung rat riéng trong ki thuat wong nudi
cling nhu tap tinh huéng quang va phan bé theo chiéu sau cot nude cia au tring tom he,
va diéu kién suc khi nhe trong nhiing giai doan dau la nguyén nhan chinh dan dén nhing
kho khin trong cong tac thu mau ndy. Biém thach thic 1a trén ca thé gisi va o Viét Nam,
khdng c6 nhiéu tai liéu huéng dan vé van dé nay.

Két qua tir hinh 2.21 da chi ra rang c6 su sai khac Ion vé ty Ié song & céc giai
doan gitra cac nghiém thic. Nhin chung, ty 18 séng 4u tring tdm thé chan trang giam
theo chu ki wong nudi. Nhirng giai doan dau (Z1 va, Z2), su khac nhau khéng Ion vé ty
18 séng gitra cac nghiém thirc. Két qua ty 1¢ séng trong nhimng giai doan dau nay biéu
hién tinh logic trong b tri thi nghiém. Trong d6, viéc bd sung ludn trung dugc thuc hién
sau khi 4u tring da chuyén sang hét giai doan Z1. Sy khac biét duoc tim thay va ting 1én
& nhitng giai doan phat trién vé sau va thoi diém két thac thi nghiém (PL1o).

Cu thé, ty 18 séng thu duoc & giai doan Z;1 twong ddi ddng nhit, dao dong trong
khoang 91-98% o tat ca cac nghiém thuc thi nghiém. Sang giai doan Z», ¢6 sy khac biét
nhau vé ty 1& séng da dan dugc biéu hién, trong d6 nghiém thuc st dung thirc an bo sung
luan tring & 75 ct/at/ngay (NT-6.5) va 100 ct/at/ngay (NT-6.6) c6 ty 1¢ séng cao hon,
lan luot dat 75,2+1,32 va 81,6+5,9%. Ké dén 1a nghiém thirc sit NT-6.4 (khau phan in
luan tring ¢ 50 ct/at/ngay) dat khoang 67,32+6,01%. Nghiém thirc d6i ching cho két
qua ty 18 séng dat khoang 64,2+12,27%. Su sai khac giita cac nghiém thuc thi nghiém
khéng c6 ¥ nghia vé mit thong ké (p<0,05) (Hinh 3.21 va phu luc 3.6.3).

Sy khac biét vé ty 18 séng gitra cac nghiém thuc thi nghiém duoc biéu hién rd

rang hon khi 4u tring chuyén qua cac giai doan tiép theo (M2, PL1 va PL12). O giai
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doan M2 ty Ié séng cua 4u tring tom thu duoc cao nhat trong hai nghiém thicc NT-6.5
(khau phan 75 ct/at/ngay) va NT-6.6 (khau phan 100 ct/at/ngay). Cao hon mét cach
dang ké so véi nghiém thire ddi ching khong bo sung luan tring vao khau phan in au
trung tém (p<0,05). Mot xu hudng két qua thé hién rat rd rang khi quan sat két qua ty
I& song cua 4u trung tdm thé chan trang trong cac giai doan phat trién tiép theo PL1,
PLs va PL12. Theo d6, ca nghiém thirc NT-6.5 va NT-6.6 cho két qua ty 1¢ séng au
trung tdm 1a cao nhat, ké dén 1a NT-6.4 (khau phan 50 ct/at/ngay) va thap nhat Ia ty I¢
séng & nghiém thirc ddi chung.

Mot diém bt thuong duoc phat hién 1a ty 16 séng cua au tring trong giai doan PLi2
cao hon trong giai doan PL1 & tat ca cac nghiém thuac thi nghiém. Nguyén nhan rat duoc
tin tuong la nhitng sai s6 hé thong xuat phat tir nhiing tro ngai trong cong tac thu thap dix
liéu da trinh bay ¢ trén. Quan diém chung caa nhém nghién ctu 1a danh gia ty 16 séng cua
au triing tap trung nhiéu vao ty 1¢ séng & thoi diém két thic thi nghiém (PL12), tai d6 toan
bo luong au tring dugc thu hoach phuc vu cong tac danh gia.

Két qua tir hinh 3.21 va phu lyc 3.6.3 cho thay viéc bo sung luan tring trong khau
phan 4n cai thién mot cach rd rét ty 1é sbng cua au trung tdm. Cu thé, hai nghiém thuc
NT-6.5 (khau phan 75 ct/at/ngay) va NT-6.6 (khau phan 100 ct/at/ngay) cho két qua ty
18 séng 4u tring PL12 13 twong dong nhau lan luot dat 51,86 va 55,46%. C4c gia tri nay
cao hon mét cach c6 y nghia théng ké (p<0,05) so Vvéi ty Ié séng thu dugc & hai nghiém
thizc con lai NT-6.3 va NT-6DC. Két qua nay cho phép rat ra két luan rang khau phan
thire an bo sung 75-100 ct/at/ngay 1am cai thién rd rét két qua ty 18 séng qua trinh wong

nudi tém thé chan trang.
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Hinh 3.21. Ty 1é séng 4u trung é cac nghiém thirc qua tirng giai doan
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% Chiéu dai va CV 4u tring

Két qua vé chiéu dai au trung trong cac giai doan phat trién va CV (¢ giai doan
PL12) duogc thé hién chi tiét trong bang 3.25. Tuong tu nhu & thong s6 ty 18 séng, chiéu
dai Au trang tdm thé chan trang ¢ giai doan Z» twong d6i dong nhat, khoang 1,7-1,8 mm
& tat ca cac nghiém thuc. Két qua nay ciing phan anh mét céch logic trong bd tri thi
nghiém cho dn bd sung luan tring. Khi au tring chuyén sang giai doan Mz su khéc biét
vé két qua chiéu dai caa au tring tdm dan duoc thé hién. Theo d6, cac nghiém thic co
khau phan thac an luan tring 75 (NT-6.5) va 100 ct/at/ngay (NT-6.6) cho két qua chiéu
dai t6t hon hai nghiém thirc con lai. Mic du vy, su khéc biét nay khéng c6 ¥ nghia vé
mit théng ké véi mire ¥ nghia 0,05. Xu hudng két qua nay thé hién mot cach rd rét khi
au tring chuyén sang giai doan PL1. Cac nghiém thic NT-6.5 va NT-6.6 dua dén két
qua chiéu dai 4u tring cao hon rat dang ké so voi hai nghiém thirc con lai (p<0,05). Mot
diém rat dang luu ¥ 1a thoi gian bo sung luan tring trong khau phan an cua au tring tom
kéo dai tir giai doan Z1-PL1. Do d6, cung vé6i két qua vé ty 1é sbng, chiéu dai au tring
tom trong giai doan PL1 dudng nhu phan anh rd rang vé hiéu qua bo sung luan tring
trong wong nudi au tring tém thé chan trang.

Bang 3.25 Chiéu dai (mm) va CV PL12 (%) 4au tring tdm & cac nghiém thic qua
tirng giai doan phat trién (n=3)

Au tring Nghiém thirc

NT-6.4 NT-6.5 NT-6.6 NT-6DC
Z7 1,74+0,19 1,79+0,11 1,81 +0,08 1,76 £ 0,08
M> 3,39+ 0,20 3,53%0,25 3,60+0,13 3,30+ 0,24
PL: 4,89 £ 0,532 5,15 + 0,61° 5,19 +0,67° 4,82 £ 0,822
PL1> 9,58 £1,09 8,97 £ 0,87 9,49 + 0,69 9,16 £1,15
CV PL1 10,69 + 4,38 9,67 3,12 6,62 + 2,87 11,35+ 2,88

Céac chir cdi khdc nhau dé chi sw sai khdc cé y nghia vé mat thong ké (mac y
nghia 0,05) cua cac gia tri trong cung mgt hang

Mic di vay, sy khac biét vé chiéu dai au trung va do phan dan (CV) & giai doan

PL12 giita cAc nghiém thirc 1a khong dang ké vé mat théng ké voi cac gia tri p lan luot

dat 0,340 va 0,384. C4 nhiéu nguyén nhan c6 thé giai thich cho két qua nay, nhung co

ban ¢ hai nguyén nhan chinh d6 1a viéc bo sung luan tring chi duoc kéo dai dén giai
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doan PL1. Cac giai doan vé sau sy sinh truéng va phat trién caa 4u trung phu thudc
nhiéu vao cac nguon thire an ciing nhu cac diéu kién wong nudi khac. Bén canh do, ty 18
séng tuong ddi khac biét gitra cac nghiém thire ciing phan nao giai thich cho két qua

chiéu dai va CV ¢ giai doan PL12 nay.

< Thoi gian phat trién 4u triing

Két qua nghién ctru anh hudng cua cac khau phan thire an bd sung luan tring 1én
phét trién cua 4u tring tdm thé chan tring thé hién cu thé trong bang 3.26. V& co ban,
thoi gian phat trién cua 4u tring trong nghién ciru nay 1a trong dbi ddng nhét gitta cac
nghiém thirc va cac don vi thi nghiém trong cung mot nghiém thirc. Bén canh d6, khoang
thoi gian nay 1a twong d6i dai so vai tinh trang chung trong san xuét tai co so. Nguyén
nhan dugc nghi téi nhiéu nhat 1a nhiét do moi truong hoi thap. Bén canh dé, thé tich cac
bé nubi nho 1a nguyén nhan dan dén bién d6 dao dong nhiét do twong ddi cao, két qua

lam kéo dai thoi gian phat trién caa au tring trong nghién ciu nay.

Két qua nghién ctiu tir bang 3.26 cho thay o nhimng giai doan phét trién ban dau
(Z2 va M), su khac biét vé thoi gian phat trién 4u triing khéng 16n giita cac nghiém thic.
Nhung khi au tring tdm thé chan tring chuyén sang giai doan PL31, su khéc biét co thé
nhan thay ro rang hon. Cac nghiém thirc d6i chitng va NT-6.4 cho két qua thoi gian phat
trién 4u trung 1a dai hon. Nguoc lai, c4c nghiém thic bd sung luan tring véi mac 75 va
100 ct/at/ngay cho hiéu qua tét hon vé thoi gian phat trién. Bén canh d6, quan sat trong
qua trinh thi nghiém thay rang au tring trong cac nghiém thixc NT-6.5 va NT-6.6 chuyén
giai doan nhanh gon hon (két qua dinh lwong khong thé hién). Nghia 13 khoang thoi gian
tir khi bat dau chuyén giai doan dén khi chuyén xong hoan toan 1a ngan hon. Nguoc lai,
khoang thoi gian nay ¢ hai nghiém thirc con lai 1a dai hon.

Két qua phan tich sy phan b chuan va tinh dong nhat phuong sai cac dit liéu thoi
gian phét trién au tring tom qua cac giai doan cho thay dit liéu thu thap chua dap ng
duoc ca hai yéu cau ké trén. Do d6, cac phan tich phuong sai ANOVA mét yéu té khong

duoc thuc hién trong két qua nghién ciu nay.
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Bang 3.26. Thoi gian phat trién caa (gio') au tring tém thé chan trang

Au Nghiém thirc

trung NT-6.4 NT-6.5 NT-6.6 NT-6DC

Z; 37,33+0,29 37,55+0,09 37,33+0,29 37,16+0,29
M: 144,5+0,29 144,0+£0,00 144,67+0,00 146,28+0,19
PL1 218,50+0,33 217,50+0,17 216,83+0,17 222,75+0,30

Ghi chi: két qua biéu hién tong thoi gian phat trién cua du trung tinh tir giai doan

Ne cho dén tirng giai doan phy

% Kha nang chiu shock moi truonq

Két qua kiém tra sirc khoe 4u tring PL12 théng qua hai thong sé kha ning chiu
shock d6 min va formalin duoc thé hién cu thé trong bang 3.27. Nhin chung, khong c6
su khéc biét dang ké nao vé kha ning chiu shock méi trudng cua au tring gitra cac
nghiém thac. Au tring dat ty 18 sng cao sau 30 phit trong cac diéu kién shock formalin
(100 ppm) va d6 man (0 ppt). Cac két qua nay hoan toan dap tng cac yéu cau tiéu chuan
chat luong tdm giéng cua co so ciing nhu qui dinh phap luat Viét Nam. Cac diéu kién
wong nudi dong nhat cho cac nghiém thic tir giai doan PL1-PL12 duoc tin [ 1y do chinh

giai thich cho két qua nghién ctru nay.

Bang 3.27 Kha ning chiu shock mdi treong (%) cia au trang (n=3)

Au trung Nghiém thirc

NT-6.4 NT-6.5 NT-6.6 NT-6DC
b6 man 93,00+2,00 94,33+1,53 95,00+3,61 91,67+1,53
Formalin 100+0,00 100+0,00 100+0,00 100%0,00

« Lipid gan tuy va ty 1é co:ruot

Hai thdng sé pho bién duoc sir dung dé danh gia sac khoe hau au triing PL12 bao
gom ty 1& co:rudt va lipid gan tuy (giot dau). V& co ban, ty 1& co:rudt cang cao, sic khoe
au trung duoc xem la cang tt. Tuong ty nhu vay, phan loai A trong d4nh gia lipid gan
tuy dé danh gid lipid du trir cao trong tdm, hay n6i cach khac stc khoe au tring tot hon.
Nguoc lai, phan loai E dugc sir dung dé danh gia tinh trang lipid gan tuy kém cua hau
au tring. Trong nghién ctu nay, cac nghiém thac c6 khau phan thace an bd sung luan

triing cao cho két qua lipid gan tuy va ty Ié co:rudt tét hon.
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Ty 1€ co:rudt (n=3) Lipid gan tuy (n=3)
100 100
80 80
60 60
40 40
20 20
0 t - t - —— 0 4 . t l t .—|
NT-6.4 NT-6.5 NT-6.6 NT-6DC NT-6.4 NT-6.5 NT-6.6 NT-6DC
mR4:1 mR3:1 mR2:1 ®lLoaiA WLoaiB ®LoaiC "LoaiD ®LoaiE

Hinh 3.22. Tinh trang siec khée 4u trung trong céc thi nghiém (n=3)

Cac sb chat luong méi truong nudc & thi nghiém nay duoc thé hién cu thé trong
bang 3.28. Nhin chung, cac thdng sb chét luong nay 1a twong d6i phi hop véi quéa trinh
wong nudi 4u trung tdm thé chan tring, ngoai trir yéu t nhiét 6 hoi thap hon so véi yéu
CAU cua 4u trung.

Bang 3.28 Thong sb chat lweng méi truong nwéc

Thong s6 mdi truong

S TCC) pH DO  Kiém TAN NHs  NOz  Vibrio*
(ppt) (ppm)  mgCaCO3/L (ppm) ppm  ppm
2529 286319 7,884 4-8 120-150 020 0026 0 10°-108

* tong cac vibrio cho két qua khudn lac xanh, vang, trang

Quan sat au tring tdm thé chan tring trong cac nghiém thuc trong qua trinh thu
thap di liéu ciing cho thay rang nghiém thirc NT-6.5 (khau phan thirc an bd sung luan
tring 75 ct/at/ngay) va NT-6.6 (khau phan thirc an bo sung luan tring 100 ct/at/ngay)
dua dén mot sé két qua dinh tinh (hinh thai va tap tinh van dong caa 4u trang) tét hon.
Theo d6, dudng phan cua au trung tém trong hai nghiém thic nay rd va lién mach hon
ngay sau ngay dau tién bo sung luan tring. Miac du khong c6 danh gia dinh luong vé
khéi lwong va kich thude, nhung quan sat truc quan thay rang 4u triing tém ¢ cac nghiém
thirc NT-6.5 va NT-6.6 duong nhu tron va béo hon. Sy khéc biét xuat hién ngay sau khi
bd sung thirc an ludn tring (giai doan Z2) dén két thic qua trinh thi nghiém (PL12). Pac
biét 12 & giai doan phu PL1 khi két thic giai doan bé sung luan tring. Ngoai ra, mau sic
cua au trung tdm trong hai nghiém thirc nay ciing dam va sang mau hon & hai nghiém
thizc con lai (NT-6.4 va NT-6.DC). Cudi cing 1a tap tinh boi 16i va phan xa cta au tring
t6m thé chan trang trong hai nghiém thirc nay thé hién muc do phan xa nhanh, boi nguoc
dong tét hon hai nghiém thirc NT-6.4 va NT-6.DC).
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Két qua tir nghién ctru nay da chi ra rang viéc bd sung luan tring cé nhitng anh
huong rd rét dén sinh trudng, phét trién, va sac khoe au trung tém. Viéc bd sung luan
tring véi khau phan 75-100 ct/at/ngay cai thién rd rét két qua wong nudi au tring tom
thé chan trang.

Luan trung duoc biét dén 1a ngudn thirc 3n sdng qui gia trong wong nudi nhiéu
d6i twong dong vat thity san. Véi kich thudc nho bé, kha nang tang sinh nhanh chéng,
gia tri dinh dudng (nhit 13 cac axit béo khong da ndi d6i mach dai) ludn tring da dugc
ting dung phé bién trong san xuét gidng nhiéu loai gidp xac va cé bién [25, 48]. Trong
san xuat giéng cé bién, luan trung vira 1a ngudn thie an truc tiép vira gitr vai trd 13 vat
mang truyén tai cac chat bd dudng (nhat 1a cac axit béo HUFAs, hay axit amin thiét yéu)
tir bén ngoai vao co thé ca. Trong khi d6, théng tin vé két qua nghién ctru tng dung luan
tring 1am ngudn thace an séng trong wong nudi 4u tring tdm he néi chung va tém thé
chan tring néi riéng chua dugc tim thay trén co sé ngudn dir liéu mo trén thé gisi ciing
nhu & Viét Nam. Mot vai két qua nghién ciru tng dung luan tring 1am vat chat mang,
chuyén tai cac san pham probiotic vao co thé au tring tdm da duoc cong bé [62].

Trong nghién ctru nay, dinh hudng tiép can Ia sir dung luan tring nhu mot nguon
dinh dudng b sung, cung cap mot cach da dang va ddy di hon cac nhu cau dinh dudng
cho au tring tém he & giai doan con non. Bén canh d6 14 lam phong pha hon ngudn
enzyme tiéu hoa cho 4u trung tdm. Két qua nghién ciru budc dau di cho thiy sy hiéu
qua cua viéc tng dung luan tring trong cai thién sinh truong, phét trién cua 4u tring
tom he, dac biét 1a ¢ ty 18 song.

NGi t6m lai, két qua nghién ctu tir thi nghiém 6 da chi ra rang, ngudn thic an vi
tao N. oceanica la phi hop nhit trong uong nuéi luan tring trong nghién ciu nay. Va
ngudn thirc dn bod sung luan trang véi khau phan an 75-100 ct/at/ngay cai thién sinh

truong, phét trién caa au trung tdm thé chan trang.
3.4. Anh hwéng cac khau phan thire fin vi tio khac nhau 1én sinh truweéng, phat trién
va sitc khée au trang tom he.

Nhin chung, nghién ctru da nay chi ra nhitng anh huong rd rét cia cac ngudn thirc
an vi tao 1&n su sinh trudng, phét trién va suc khoe hai dbi twong tdm he pho bién & Viét

Nam hién nay Ia tdm st, P. monodon, va tdm thé chan tring, Penaeus vannamei.

127



< Két qud ty 1é séng cua du tring qua cac giai doan

Vé két qua ty 1& sdng, két qua nghién ciru tir hinh 2.23 d chi ra ring ty 1é séng
au tring tdm sd va tdm thé chan trang c6 xu hudng giam dan qua ting giai doan phéat
trién. O mdi mot dbi twong tdm he trong ting giai doan phét trién cu thé thi cac khau
phan thac an vi tao khac nhau ciing dua dén nhiing tac dong khéac nhau 1én ty I1é séng au
trang tom.

That vy, nghién ctru trén d6i twong tdm si, cac khau phan thirc an vi tao khéc
nhau (NT-7.1 d&én NT-7.6) duong nhu khong 1am thay doi dang ké ty 1é séng 4u tring ¢
giai doan Z». Ty 1& sdng cua au tring tdm st & giai doan nay dat dugc twong ddi cao
trong khoang 89,9-99,7% & ca sau nghiém thic thi nghiém. Su khéc biét vé ty 1¢ song
giita cac nghiém thirc bat dau xuat hién khi au triing chuyén sang giai doan M. O giai
doan nay, két qua veé ty 1¢ song au tring tom su duoc chia thanh hai nhém r rét. Trong
d6, cac nghiém thuc sir dung két hop hai lodi vi tao (NT-7.4, NT-7.5 va NT-7.6) dua
dén két qua ty 18 séng au trung tét hon rd rét so véi cac nghiém thirc sir dung don loai
vi tao trong khau phan thire an (NT-7.1, NT-7.2 va NT-7.3). Su khac biét 1a c¢6 ¥ nghia
vé mat thong ké (p<0,05) (Hinh 3.23 va phu luc 3.7.3).

Su khéc biét vé ty 1¢ sdng gitra cac nghiém thuc tré nén Ién hon khi au tring
chuyén qua giai doan PL1. Hai nghiém thirc st dung két hop da loai vi tao va c6 su hién
dién cua vi tao Thalassiosira weissflogii 1a NT-7.4 (Tw+Cm) va NT-7.5 (Tw+Pt) dua
dén két qua ty 18 séng 4u tring rat cao, theo thir tu 1an luot 12 91,02 va 88,76%. Ké dén
la nghiém thirc NT-7.6 (Cm+Pt) 6 ty 1¢ song au trung dat khoang 79,52%. Nguoc lai,
nghiém thic sir dung khau phan thirc an don loai vi tao Phaeodactylum tricornutum dua
cho ty 1¢ song 4u tring tdm sd 1a thap nhat, khoang 67,86%. Su khac biét 1a c6 y nghia
vé mit thng ké véi mire ¥ nghia 0,05. Xu hudng két qua nay ciing duoc thé hién tuong
tu tai thoi diém két thuc thi nghiém. Ty 1& sdng cua au trung tém st & hai nghiém thirc
NT-7.4 va NT-7.5 cao hon déng ké so véi cac nghiém thac con lai, ngoai trir duy nhat
nghiém thirc st dung don loai Chaetoceros muelleri (Hinh 3.23 va Phu luc 3.7.3).

Khong gidng nhu & d6i tuong tdm su, su khac biét vé ty & sdng cta au tring tom
thé chan trang gitra cac nghiém thuc xuat hién ngay o nhimng giai doan dau tién trong
qua trinh phat trién (Z). Két qua nghién ciru tir hinh 3.23 ciing chi ra rang hai nghiém
thirc NT-7.10 (Tw+Cm) va NT-7.12 (Cm+Pt) cho dua dén két qua ty 18 séng 4u tring

cao nhat, lan luot dat 98,34 va 99,77%. Nguoc lai, ty 18 song au tring tdm & hai nghiém
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thirc st dung don loai vi tao C. muelleri va P. tricornutum 1a thap nhat, lan luot dat

92,13 va 89,94%. Mic du vay, tir giai doan M2 tr di, xu huéng anh huong céc khau

phan thac an vi tao 18n ty 1& séng 4u tring tdm thé chan trang c6 nhiéu diém twong dong

vé6i két qua nghién ctru trén déi twong tdm sd. Cu thé hai nghiém thirc da loai vi tao NT-

7.10 (Tw+Cm) va NT-7.11 (Tw+Pt) cho két qua ty Ié séng au triing tdm thé chan trang

cao hon cac nghiém thuc con lai. O chiéu nguoc lai, cc nghiém thic st dung don loai

Vi tao, dic biét 13 Phaeodactylum tricornutum, biéu hién nhitng két qua thap hon vé ty
1& séng 4u tring tdm thé chan trang.

Ty 1¢ song du tring tém si (n=3)

120 T

100 -

80 -

60 -

40 -

20 -

b
B3

Z2 M2 PL 10

ENT-7.1 @NT-7.2 ONT-7.3 ONT-74 ONT-7.5 ENT-7.6

Ty 1¢ song 4u trang tom thé chan tring (n=3)
120 T
100 -
80 -
60 -
40 -
20 -

bed cd
ab g .

Z2

ENT-7.7 GNT-7.8 ONT-7.9 ONT-7.10 @NT-7.11 BNT-7.12

Hinh 3.23. Ty 1é séng 4u trung é cac nghiém thirc qua tirng giai doan

Két qua nay cho phép rit ra két luan rang viéc két hop da loai vi tao cai thién rd
rét ty Ié séng au tring tdm he. Hai nghiém thtc phdi tron hai loai vi tao T. weissflogii +
C. muelleri va T. weissflogi + P. tricornutm cho két qua tét nhat vé ty 1é séng & ca hai

d6i twong tdm he nay.
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% Chiéu dai, CV, va khoi Lirong khd 4u triing tom

Trong thyc tién san xuat giéng tdm s, chi s6 phan dan (CV) dudng nhu it dugc
quan tam, cac don vi san xuat va kinh doanh thudng khong xép chi tiéu nay vao tiéu chi
danh gia chét luong tdm giéng. Do vay, thong sé nay khong duogc trinh bay trong két
qua luan an. Thay vao d6, khéi lwong khd au tring PL1o duoc sir dung dé b sung vao
ngudn co sd dit liéu so sénh.

Két qua nghién ctu ¢ bang 3.29 di chi ra rang, cac nghiém thirc khac nhau vé
khau phan thirc an vi tao dua dén mot sé két qua khéac nhau vé chiéu dai au tring tom.
Trén dbi twong 4u tring tdm st & giai doan Z2 , cac nghiém thic sir dung thirc in da loai
Vi ta0 va nghiém thirc sir dung don loai T. weissflogii cho két qua cao hon hai nghiém
thac s dung don loai C. muelleri va P. tricornutm (p<0,05). Trong khi d6, hai nghiém
thire str dung két hop da loai vi tao Tw+Cm va Tw+Pt lai cho két qua vuot troi hon cac
nghiém thtic con lai trong thi nghiém 4u tring tdm thé chan trang.

Bang 3.29 Chiéu dai (mm), khdi lwgng khd (g) va CV (%) au tring tom &
cac nghiém thac

Nghiém thirc thi nghiém trén tém su

NT-7.1 NT-7.2 NT-7.3 NT-7.4 NT-7.5 NT-7.6

Z; 2,16+0,03°  2,06+0,04° 2,00+0,07% 2,2620,03> 2,23+0,05° 2,17+0,08"°
M2 4,16+0,06  4,08+0,28 391+0,16  4,29+0,06  4,21+028  4,05+0,17
PL: 6,04+0,10°  5,80+0,092 6,10+0,11% 6,29+0,109 5,94+0,09% 6,24+0,11%
PLio  10,81+0,05 10,24+0,43 10,62+0,55 10,36+0,27 10,49+0,20 10,61+0,24
KLK 0,76£0,03  0,59+0,11 0,76x0,07  0,65+0,10  0,66+0,01  0,75+0,09
PL1o

Nghiém thiic thi nghiém trén tdm thé chan triang

NT-7.7 NT-7.8 NT-7.9 NT-7.10 NT-7.11 NT-7.12

Z; 1,85+0,03% 1,83+0,04° 1,77+0,07%  2,02+0,03° 2,00+0,04°  1,94+0,07™
M2 3,77+0,05  3,70+0,24 3,56+0,14  3,88+0,05 3,81+0,24  3,67+0,14
PL: 5,37+0,09¢  5,07+0,08% 5,33+0,09® 549+0,09° 5,19+0,08%  5,45+0,09%
PLi>  10,1440,15° 10,14+0,15°  10,14+0,15* 10,14+0,15° 10,14+0,15% 10,14+0,15°
CcVv 102+2,12  11,04+338  10,/+438  7,62+1,8/ 8,62+2,87  9,35+2,88
PL12

Cac chit cai khac nhau dé chi sw sai khdc cé y nghia vé mdt thong ké (mic
nghia 0,05) cua cac gia tri trong cung mgt hang
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Ciing tuong tu nhu ¢ két qua ty 1é séng, su khac biét vé& chiéu dai au trung gitra
cac nghiém thuc tré 1én 16 rang hon khi 4u triing chuyén sang cé4c giai doan phat trién
tiép theo, dic biét 1a giai doan PL1. Cu thé, nghiém thtc st dung két hop da loai vi tao
T. weissflogii + C. muelleri (NT-7.4) dwa dén két qua chiéu dai 4u trang tot hon hau hét

cac nghiém thue con lai (p<0,05).

Xu huéng nay duoc thiy rd hon khi quan sat két qua chiéu dai au tring trong thi
nghiém trén ddi twong tdm thé chan tring. Két qua phan tich ANOVA mét yéu té cho
thiy nguon khau phan thire an phdi tron hai loai vi tao T. weissflogii va C. muelleri dua
dén két qua sinh truong chiéu dai Au tring tdm thé chan trang tét hon cac nghiém thic

con lai.

% Thoi gian phat trién cua du tring

Nhin chung, thoi gian phat trién cua du tring t6m st dai hon so vai tdm thé chan
tring trong nghién ctiru nay. Thoi gian phat trién au tring tém gitra cac nghiém thic cang
tré 18n khéc biét theo chu ki wong nuéi. Két qua kiém dinh tinh déng nhat phuong sai
va phan b chuan cac di liéu thoi gian phat trién au tring cho thay céc dir liéu thu thap
chua dap ung duoc yéu cau dé phan tich ANOVA (Phu luc 3.7.3). Do d6, cac két qua
phan tich théng ké khong duoc trinh bay trong béo céo nay.

Quan sat két qua thoi gian phat trién caa au trung qua ting giai doan cho thay
mot s6 khac biét so voi hai thdng sé ty 16 séng va chiéu dai du trung. Két qua nghién
ctiu tir bang 3.30 da chi ra rang, cac nghiém thuc cd sir dung tao T. weissflogii (NT-7.1,
NT-7.4, NT-7.5 & ddi tuong tém s, va NT-7.7, NT-7.10, NT-7.11 ¢ dbi tugng tom the
chan trang) dwa dén thoi gian phat trién cua au tring tdm ngan hon cac nghiém thic con

lai.

Quan sét két qua ¢ giai doan PL1, cac nghiém thirc ¢6 st dung thirc dn vi tao T.
weissflogii gop phan rat ngan thoi gian phét trién au tring hon 2 ngay & dbi tuong tom
st va khoang 1 ngay trén dbi twong tom thé chan tring. Vi két qua nghién ctru thu duoc
cho phép rat ra két luan rang, ca nghiém thac st dung két hop hai loai vi tao T.
weissflogii + C. muelleri van cho két qua rat kha quan vé thoi gian phat trién au tring &

ca hai dbi twong tém he trong nghién cuu.
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Bang 3.30. Thoi gian phat trién (gio) caa au trang tdm he (n=3)

Nghiém thac thi nghiém trén tom su

NT-7.1 NT-7.2 NT-7.3 NT-7.4 NT-7.5 NT-7.6
Z2 29,11+0,10  30,28+0,25 29,83+0,58 29,19+0,27 29,00+0,00  30,22+0,10
M2 142,06+0,10 213,39+0,42  180,2£15,03 145,22+0,10 14511+0,10 189,94+8,07
PL: 20456+0,10 280,89+847  276,9+0,10 204,50+0,00 204,50+0,00 268,7+13,58

Nghiém thiic thi nghiém trén tom thé chan trang

NT-7.7 NT-7.8 NT-7.9 NT-7.10 NT-7.11 NT-7.12
Z> 35,00+0,00 35,33+0,14 35,72£0,69 32,67+0,29 33,17+0,29  34,11+0,09
M2 136,1740,29 137,22+0,38 143174029 134,17+0,29 134,33+0,58 135,33+0,58
PL1 182,67+0,29 183,72+0,38  189,67+0,29 160,80+0,00 164,00+1,39 180,80+1,39

Ghi chu: so lidu biéu th; téng thoi gian phat trién cua du tinh tir giai doan Ne

s Khad nang chiu shock moi trironq

Két qua nghién ciru da cho thay kha ning chdng chiu shock méi truong (d6 man

va formalin) caa hau au tring tdm st kém hon tom thé chan trang. Theo d6, 100% cac

hau au tring tdm thé chan traing PL12 sdng sot sau 30 phut trong cac diéu kién shock do

man mdi trudng va formalin 100 ppm. O tdm hau au tring tdm sa biéu hién kha niang

chiu shock kém hon, dac biét 1a 0 man moi truong.

Két qua nghién ciru ¢ bang 3.31 ciing chi ra rang cac nghiém thirc thic an co sir

dung Vi tao T. weissflogii cho két qua stc khoe au tring tét hon, thé hién ¢ kha ning

chéng chiu lai su thay d6i dot ngét dd6 man méi truong. Kha ning chiu shock formalin

100 ppm & hau au tring tom st twong dbi tét va twong d6i dong nhét giita cac nghiém

thac thi nghiém.

Bang 3.31 Kha niing chiu shock mai truwong (%) cia au tring tdm he (n=3)

Nghiém thirc thi nghiém trén tém su

NT-7.1 NT-7.2 NT-7.3 NT-7.4 NT-7.5 NT-7.6
S%o  72,3+14,36 20,67+4,73 18,67+3,21  79,00+6,56 85,67+3,21  53,67+10,9
Forma
lin 98,00+1,00 90,33+3,06 97,33+0,58 94,33t+551 95,33+4,04  96,00+1,00

Nghiém thirc thi nghiém trén tdm thé chan trang

NT-7.7 NT-7.8 NT-7.9 NT-7.10 NT-7.11 NT-7.12
S %o 100 100 100 100 100 100
Forma 100 100 100 100 100 100
lin
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Ciing gidng nhu ¢ thoi gian phat trién cua au trung, cac di liéu vé kha nang chiu
shock cua hau 4u tring tdm st khéng thoa man dong thoi ca hai diéu kién phan phoi
chuan va ddng nhat phuong sai. Do d6, phan tich ANOVA mot yéu t khong duogc thuc

hién trong két qua nghién ctu nay.

% Lipid gan tuy va ty 1é co:ruot

Ciing nhu céac thong sé trinh bay & trén, cac nghiém thic két hop da loai vi tao,
nhat 1a T. weissflogii + C. muelleri cho két qua tot nhat vé stc khoe 4u tring, biéu hién
¢ tinh trang lipid trong gan tuy va ty I€ co:rudt. Bén canh d6, ¢ cac nghiém thirc thire an
c6 st dung T. weissflogii, sic khoe du triung t6m he dudng nhu tét hon cac nghiém thuc
con lai (hinh 3.22).

Ty 1€ co:rudt ¢ PL tom su (=3) Lipid gan tuy & PL tém thé chan tring (n=3)
100 100 ] -
80 80
60 60
20 20
0 G ANNNND
NT-7.1 NT 7. 2 NT-7.3 NT 7. 4 NT-7.5 NT 7.6 NT-7.7 NT-7.8 NT-7.9 NT-7.10 NT-7.11 NT-7.12
mR4:1 mR3:1 mR2:1 ®LoaiA WLoaiB "LoaiC " LoaiD ®™LoaiE

Hinh 3.24. Tinh trang sitc khée au tring trong céc thi nghiém (n=3)

Céc sb chat lwong méi truong nudc & thi nghiém nay duoc thé hién cu thé trong
bang 3.32. Nhin chung, su khac biét khong dang ké vé thong s6 chat luong méi trudng nudc
gitra cac nghiém thic thi nghiém. Trong thi nghiém nay, cac thdng s6 méi trudng duoc
kiém tra va giam sat chat ché, rat phli hop vai qua trinh wong nudi 4u triing tom he.

Bang 3.32 Thong so chat lweng méi truwong nuwéc

Thong s6 méi trwdng nuwéc

S T(CC) pH DO Kiém TAN  NHs  NO:  Vibrio*

(ppt) (ppm)  mgCaCO3/L _ (ppm) ppm  ppm

20-32 2831 78- >5 160-180 0-10 0-0,1 0-0,1  10%10°
8,2

* tong cac vibrio cho két qua khudn lac xanh, vang, trang

Mot s6 quan sat mang tinh dinh tinh trong qua trinh trién khai thi nghiém ciing
cho thdy ¢ cac nghiém thac ¢ khau phan thirc 4n 13 hai loai vi tao, nhat 1a cac nghiém
thirc NT-7.4 va NT-7.10 (str dung két hop T. weissflogii va C. muelleri), 4u tring tom
he biéu hién nhiéu dic diém hinh théi, tap tinh van dong vuot troi hon. Au triing tém su

133



va tdm thé trong hai nghiém thic thi nghiém nay c¢6 mau séc tuoi sang, dudng phan rd
va lién mach hon cac nghiém thtc con lai. Bén canh dé, au tring tém he trong hai
nghiém thirc nay cling hudng quang manh hon cac nghiém thirc con lai (giai doan M1 —
PL1). Két thiic thi nghiém (PL1o d6i véi thi nghiém au tring tdm st va PL1, d6i vai thi
nghiém trén 4u tring tém thé chan tring), hau 4u trung tdm he trong hai nghiém thuc
NT-7.4 va NT7.10 ciing biéu hién kha ning phan xa va boi ngugc dong tét hon cac

nghiém thac con lai.

NGi t6m lai, két qua nghién ctu trong thi nghiém 7 da chi ra rang cac khau phan
thirc an vi tao c6 anh huong rat 16n dén két qua wong nudi hai d6i twong tdm he. Viéc
két hop hai loai vi tao T. weissflogii va C. muelleri 1am ngudn thire an ty nhién trong

wong nudi au tring tdm he cho hiéu qua cao nhat.

Nhu di trinh bay ¢ noi dung trudc, nghién ciu ng dung vi tao trong san xuat
giong tdm he tap trung vao tinh phi hop vé kich thudc ¢, kha nang troi ndi va dap ang
c4c nhu cau dinh dudng cua au tring. Au tring tdm he & cac giai doan dau (Z va M)
thién vé tap tinh an loc, cac thirc dn vi tao c6 kich thudc 16n hon dudng nhu phu hop
hon cho tap tinh bt méi nay cuaa au trung tdm. Vi tao silic bién T. weissflogii c6 kich
thuéc té bao 16n nhat trong 3 10ai vi tao trong nghién cau, khoang (720-900 ums3). Hay
noi cach khac, xét o khia canh kich thuéc té bao, loai vi tao ndy mang nhiéu tiém ning
nhat. Pay c6 18 la diém rat quan trong, 1a co s dé giai thich cho hién trang loai vi tao
nay la pho bién nhat trong san xuat giéng tdm he ¢ Viét Nam va nhiéu nudc trén thé

gisi [75, 110].

Au tring tdm he ¢ nhiing giai doan dau phat trién co doi song thién vé phi du.
Cac nguon thire an c6 kha ning troi ndi tét, phan bd déu theo chidu sau cot nudc 1a didu
kién tién dé dé 4u tring tém c6 thé gap va bat moi. Thém vao do, diéu kién suc khi nhe
trong bé uong & nhiing thoi gian dau trong chu ki wong nudi duong nhu cang nang cao
tam quan trong tinh trdi ndi cua cac ngudn thire an. V& mat hinh thai cu tao té bao,
trong khi cac té bao T. weissflogii va P. tricornutum c6 cau tao 16p vo té bao tron nhin,
thi C. muelleri ¢ céc gai ¢ cac goc té bao [107]. Chinh diéu nay lam cho kha ning troi

noi cua té bao loai vi tao nay la tot nhat trong sé cac chiing tao nghién cuu.
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Mot quan diém 1y thuyét rat quan trong, da duoc thira nhan tir 1au boi cac nha
nudi trdng thuy san hoc 1a tidu chi lra chon ngudn thirc an trong san xuat gidng tom he
noi riéng va vat nudi thuy san néi chung 1a dap ung day du cac nhu cau nang luong va
dinh dudng cho 4u trung sinh trudng va phét trién. Mai mot loai vi tao c6 nhimg dic
diém riéng vé thanh phan sinh héa. Hay néi cach khac, kha niang tim kiém mét chang,
loai vi tao co day du cac gié tri dinh dudng cung cap cho 4u tring tém la rat kho thuc
hién. Huéng tiép can gian don va hiéu qua hon 1a phdi tron hai hay nhiéu loai vi tao 1am
thire an cho 4u trung tom [3, 51, 71, 76]. CAc luan diém vira trinh bay c6 18 1a nhiing co
s& khoa hoc rat 13 rang dé giai thich cho két qua nghién ciru nghiém thirc phdi tron hai
loai vi tao T. weissflogii + C. muelleri cho két qua tét nhat vé sinh truong, phét trién cua

au tring tdm he trong thi nghiém 7 nay.

Tt nhitng két hop nhitng két qua dat duoc trong thi nghiém nay va thi nghiém 6
trén luan tring, nhém nghién ctiru da phdi hop véi Bo phan Nghién ctu va Phat trién
Tap doan thity san Minh Phi xay dung thanh cong qui trinh ki thuat san xuat giong tom
he véi dya trén nén tang da loai vi tao va bd sung luan tring. Sau thoi gian van hanh san
Xuat, qui trinh ki thuat da tao ra khoang 800 triéu gidng tém thé chan trang va khoang
200 triéu giéng tdm su, téng gia tri ude dat khoang 120 ty VND. Két qua ghi nhan tur
qui mo san xuat cho thay ty Ié séng 4u tring nang tir 40-50% Ién thanh 75-85% , chu ki
wong nudi au tring tir Nsis dén PL12 duoc rt ngan tir 21 ngay xubng con 18-19 ngay
wong, au tring khoe manh, dong déu vé kich ¢&. Chi phi san xuat duoc giam bét tir viéc

tiét kiém tong lwong Artemia st dung.
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CHUONG 4. KET LUAN VA PE XUAT

KET LUAN
4.1. Nghién ctru khao sét sinh truéng va thanh phan sinh héa caa 8 chung vi tao
nhap noi tir CSIRO, két qua cho thay cac chung vi tao nay déu sinh truéng va thich nghi
t6t véi didu kién Viet Nam. Thanh phan sinh hda phong phu, phi hop véi muc dich nuéi
trdng thay san. Nghién ctu lra chon duoc 3 chung vi tao 1am ngudn thirc an tryc tiép
cho 4u tring tdm bao gdm T. weissflogii, P. tricornutum, va C. muelleri. Hai chung 1am
ngudn thirc dn gian tiép cho wong nudi ludn trang phuc vu san xuat gidng tém 1a N.
oceanica va T. lutea.
4.2. Cac diéu kién mai trudng nudi cay khac nhau cé nhitng anh huong khac nhau

t6i sinh trudng quan thé va thanh phan sinh héa tirng loai tao khué cu thé.

> Ba mdi truong dinh dudng f, f/2 va AGP-C déu rat phi hop cho nuéi ciy 3 loai
vi tao silic. Méi truong dinh dudng bo sung f cho hiéu qua cao nhat trong nudi cay &
hau hét cac loai tao trong nghién ciru. Céc 10ai vi tao khac nhau c6 xu huéng khac nhau
trong sinh tong hop va tich lily cac thanh phan sinh héa.

> Tuong tac giita cudng do chiéu sang va chu ki quang 1én sinh trudng quan thé vi
tao la rat rd rang. O mdi loai vi tao khac nhau, cac anh hudng nay ciing biéu hién mot
s6 khéc biét. Trong nghién ctru nay, tuong tac giita cudng do chiéu sang va chu ki quang
Ién sinh truong quan thé T. weissflogii 12 rd rang va 16n nhat. Ké dén 1a C. muelleri va
cudi cuing 1a P. tricornutum. Trong khi cudng d6 chiéu sang va chu ki quang tac dong
theo chiéu dong bién thi twong tac cua hai yéu té nay lai nghich bién véi sinh truéng cac
quan thé vi tao nghién ctru. Anh huéng cua cac diéu kién chiéu sang Ién thanh phan sinh
hoa vi tao 1a khac nhau, phu thudc vao ting loai cu thé.

> Nhiét d6 anh huong rd rét toi sinh trudng quan thé vi tao va thanh phan sinh hoa
té bao. Nhiét d6 & muc 25-30°C cho hiéu qua cao nhat nudi cay cac loai vi tao trong
nghién ciru. Anh huang caia nhiét do 18n thanh phan sinh hoa vi tao khac nhau phu thudc
vao loai va nhitng ngudng nhiét do cu thé.

> Do man anh hudng 16n t6i sinh truéng quan thé va thanh phan sinh hoa té bao vi
tao khué trong nghién ctru. D6 man & mac 25 ppt cho hiéu qua cao nudi cay vi tao. Mdi
loai vi tao khac nhau c6 xu hudng thay d6i thanh phan sinh héa khéac nhau trong céc

diéu kién nhiét do.
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4.3. Hai loai vi tao N. oceanica va T. lutea déu rat phi hop dé nudi cay luan tring.
Nudi ciy luan tring biang ngudn thirc 4n vi tao N. oceanica cho két qua tét hon vé sinh
truong quan thé. Viéc ung dung luan tring vao qua trinh wong nudi au tring tém thé
chan trang cho hiéu qua rd rét. Khau phan thire 4n luan tring & khoang 75-100 ct/at/ngay
cho hiéu qua cao nhat.

4.4. Céc loai vi tao T. weissflogii, P. tricornutum, va C. muelleri déu rat phi hop
lam ngudn thtc dn cho au tring tdm. Viéc phdi tron hai loai vi T. weissflogii va C.
muelleri cho hiéu qua wong nudi cao nhat. Gilp cai thién hau hét cac théng sé sinh

treong, phét trién va chat lugng au trung.
PE XUAT

> Nghién ctru nay thugc khudn kho ciia mot chuong trinh nghién ctru tng dung.
Kha ning tng dung két qua nghién ciu vao san xuat thuc tién duoc xem nhu nhiing tiéu
chi hang dau. Do d6, mot s6 nghién ciru co ban quan trong lién quan chua cé diéu kién
trién khai thuc hién. Do vay, kién nghi dau tién dugc dua ra 1a can c6 thém nhitng nghién
Clru co ban, chuyén sau trong linh vie ndy nhu, nghién citu sinh hoc phan tu, té bao vi
tao, phan ung sinh ly ndi bao, hay nghién ctru phén lap va tng dung nhirng chung vi tao
c6 ngudn gbc ban dia vao san xuat giéng tdm he tai Viét Nam.

> Bé cb nhitng hiéu biét mot cach ré hon vé co ché anh huong, tic dong cua cac
khau phan thtrc n vi tdo 1én sinh truong, phat trién cua 4u tring tdm he, can c6 thém
mot sé nghién ciru dic trung khac nita nhu nghién ciu chon loc thirc an cua au tring,
co ché tiéu hda, hap thu & véi tirng loai thie an vi tao.

> Khia canh ki thuat, nén cé thém nhiing nghién ctu vé cong nghé nudi cay vi
tao dé cai thién hon nita hiéu qua trong san xuat, vi du nhu cong nghé nudi cay trén
mang hay cng nghé nudi cdy vi tao da giai doan.

> Cubi cung 1a trong diéu kién c6 thé, nén tién hanh nhiing phan tich chuyén
sau. Vi du nhu & vi tao 1a thanh phan axit amin, hormone sinh truéng thuc vat. Béi véi
au tring tém 1a nhitng phan tich vé dap tng mién dich, cat mé duong rudt va hé enzyme

tiéu hoa.
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Phu luc 2. PHUONG PHAP NGHIEN CUU
Phu luc 2.1. Mgt sé hinh dnh trong qué trinh nhdp ngi giong vi tao




Phu luc 2.2. Chudn bi nwéc bién nhan tgo

STT Hoda chat Nong d6 (g/10L H,0)
1 HsBOs 0,12

2 CaCl, 11,10

3 MgCl, 19,04

4 MgSOa 24,08
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PHU LUC 3. PHU LUC KET QUA NGHIEN CUU

3.1. Sinh trwéng quan thé va thanh phan sinh héa mét sé chiing loai vi tao tién
niing trong san xuat giéng tdm he (TN 1)
Phy luc 3.1.1 Mgt sé hinh dnh trong qua trinh thi nghiém 1

Thi nghiém trén tdo N. oceanica Thi nghiém trén tdo T. lutea

Tao gibéng P. tricorntum

Phu luc 3.1.2. Po thi sinh trwéng qudn thé cia 4 ching vi tdéo trong thi nghiém 1
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Phu luc 3.1.3. Phan tich thong ké ANOVA mét yéu té két qua nghién cizu trong thi
nghigm 1.

Descriptives
95% Confidence Interval for
Mean

I Mean Std. Deviation Std. Errar Lower Bound Upper Bound Minimum Maximum

MCDs C calcitrans 3 4370833.33 251499669 145203.401 3746073.52 499559314 4105000 4605000
C muelleri 3 8258333.33 345301.800 198360.087 7400556.11 911611056 7875000 8545000
| galbana 3 3601666.67 202505.144 116916.399 3088616.00 4104717.33 3400000 3805000
M oceanica 3 | 7TA916EEE.6T 5625462.944 | 3247862.545 64942242.02 §92891081.31 | 72500000 | 83000000
P tricornutum 3 | 14366666.67 2043485584 | 1179806.952 9200367.06 19442966.27 | 12500000 | 16550000
Tlutea 3 388416667 27T6815.874 1688819.777 3186517.67 4571816.67 3700000 4202500
T pseudonana 3 4114166.67 570998.759 320666.287 2685727.11 5532606.22 3487500 4605000
Tweissflogii 3 602500.00 40000.000 23094.011 503134.49 701865.51 562500 642500
Total 24 | 14764375.00 25144709.62 | 5132642.358 4146695.32 2538205468 562500 | 83000000
EGRs C calcitrans 3 33 .01 .0o7 .30 36 0 0
C muelleri 3 71 035 .020 63 .80 1 1
lgalbana 3 58 037 021 48 87 1 1
M oceanica 3 98 078 .043 79 147 1 1
P tricornutum 3 aa .07 041 .70 1.05 1 1
Tlutea 3 A7 146 054 21 93 0 1
T pseudonana 3 81 .080 052 58 1.03 1 1
T weissflogii 3 72 042 .024 62 .83 1 1
Total 24 70 205 .042 61 78 0 1
MaxSGRs  Ccalcitrans 3 A7 045 026 AG 68 1 1
C muelleri 3 .89 132 076 A6 1.22 1 1
I galbana 3 B3 064 037 AT 748 1 1
M oceanica 3 1.24 138 080 .89 1.58 1 1
P tricornutum 3 1.11 059 034 a7 1.26 1 1
Tlutea 3 B4 67 087 .23 1.06 0 1
Tpseudonana 3 1.06 14 069 76 1.35 1 1
Tweissflogii 3 95 189 108 48 1.42 1 1
Total 24 .89 260 053 78 1.00 0 1




Test of Homogeneity of Variances

Levene dfl df2 Sig.
Statistic
MCDs 9.476 7 16 .100
EGRs 3.080 7 16 .230
MaxSGRs 1.654 7 16 191
ANOVA
Sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 26E+13 2 1.3E+13 | 85.689 000
Within Groups 1.4E+12 g 1.5E+11
Total 27E+13 11
EGRs  Between Groups 033 2 017 6.284 020
Within Groups 024 g .003
Total 057 11
5GRs  Between Groups 26 2 08 9238 ooy
Within Groups 108 g 012
Total a2 11
MCDs
Duncan? T.weissflogii 3 | B02500.0
l.galbana 3 J601667
T.lutea 3 Jgad ey
T.pseudonana 3 4114167
C.Calcitrans 3 4370833
C.muellerii 3 8268333
P.tricornutum 3 1 44E+7
M.oceanica 3 T.BY9E+T
Sig. 067 1.000 1.000 1.000
Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

3.2. Anh hwéng ciia mot so loai moi truong dinh dudng khac nhau 1én sinh truéng
quan thé va thanh phan sinh héa vi tao (TN 2)
Phu luc 3.2.1. Mgt sé hinh anh trong qué trinh thi nghigm 2



Phu luc 3.2.2. Mgt sé hinh dnh két qud két qud nghién cizu trong thi nghigm 2
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Phu luc 3.2.3. Phan tich thong k& ANOVA mét yéu té trong thi nghigm 2
% Sinh trudng quan thé vi tao Chaetoceros muelleri & 1an thi nghiém tht 1




Descriptives

95% Confidence
Interval for Mean
Std. Lower Upper
I Mean Deviation Std. Error Bound Bound Minimum Maximum
MCDs  F 4 1.21E+7 | 4759377 | 23749688 1 13E+7 1 29E+7 1 14E+7 1 258E+7
Fi2 4 8542250 | 2970556 | 1485298 80659562 9014538 8256500 Be07500
AGP-C 4 9811875 | 3748187 | 1874004 9215455 1.04E+7 8285000 1.01E+7
Total 12 1.02E+7 1677469 | 455376.0 9145089 1.12E+7 8256500 1.28E+7
EGRs F 4 847 06690 03345 73583 9482 76 a2
Fi2 4 T206 04598 0224849 5474 7938 BB T@
AGP-C 4 7440 035599 0174849 BRET Bo12 70 T4
Total 12 J6838 071749 02072 ikl 8144 sl &2
SGRs  F 4 1.2116 10453 05226 1.0452 1.3779 112 1.32
Fi2 4 8846 148583 07427 6482 1.1209 T3 1.08
AGP-C 4 1.0768 04573 .02287 1.0040 1.14496 1.02 113
Total 12 1.05876 7090 04834 9491 1.1662 T3 1.32
Test of Homogeneity of Variances
Levene
Statistic adf1 df2 Sig.
MCDs A54 J11
EGHs 2345 96
SGHs 1.6498 237
ANOVA
Sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 2.6E+13 2 1.3E+13 | BH.GBY ooo
Within Groups 1.4E+12 9 1.65E+11
Total 27E+13 11
EGRs  Between Groups 033 2 017 6.284 020
Within Groups 024 ] 003
Total .0&7 11
SGRs  Between Groups 216 2 108 5238 007
Within Groups 08 9 012
Total A 11
MCDs
Subsetfor alpha=0.05
Medium N 1 2 3
Duncan?® Fi2 8542250
AGP-C 9811875
F 1.21E+7
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.




EGRs

Subset for alpha =
0.05
Medium N 1 2
Duncan® Fi2 7206
AGP-C 7440
F 8417
Sig. 536 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

SGRs
Subsetforalpha =
0.05
Medium N 1 2
Duncan?® Fi2 8846
AGP-C 1.0768
F 1.2116
Sig. 1.000 112

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.

% Sinh truong quan thé vi tao Chaetoceros muelleri & 1an thi nghiém th 2

Descriptives

95% Confidence

Interval for Mean

St Lower Upper
M Mean Deviation | Std. Error Bound Bound Minimum | Maximum
MCDs F 4 9946875 | 2340528 | 1170264 9574445 1.03E+7 8605000 1.01E+7
Fi2 4 TTAGATS | 3138860 | 15659480 7287396 3286354 7455000 8205000
AGP-C 4 9924375 | 1109875 | 55459376 9747769 1.0M1E+7 8805000 1.00E+7
Total 12 5218375 1079151 | 3115241 8533715 9905035 7455000 1.0ME+7
EGRs F 4 74909 05602 .028M Jo17 8800 74 87
Fi2 4 668 05628 02814 B0T72 7863 64 T7
AGP-C 4 7344 04088 02034 BEaT 7aa3 68 I7
Total 12 7407 06167 01780 J014 JT7a5 G4 87
SGRs F 4 1.0270 143592 07196 74980 1.2660 a2 1.24
Fi2 4 8234 11288 05644 G438 1.0031 | a7
AGP-C 4 8443 06788 03394 7362 9623 78 a1
Total 12 8882 13865 0403 .B0gs 9870 71 1.24




Test of Homogeneity of Variances

Levene
Statistic cf1 df2 =1,
MCDs 882 2 A47
EGHs 350 g4
sSGHs 742 2 A03
ANOVA
sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 1.2E+13 2 6.2E+12 | 111.514 000
Within Groups E0E+11 5 55E+10
Total 1.3E+13 11
EGRs Between Groups 018 2 00g 3.382 080
Within Groups 024 g 003
Total 042 11
SGRs Between Groups 100 2 050 3.954 05648
Within Groups A14 4 013
Total 215 11
MCDs
Subsetfor alpha=
0.05
Medium N 1 2
Duncan® FI2 7786875
AGP-C 9924375
F 4 9946875
Sig. 1.000 .895

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.

-10 -




EGRs

Subsetfor alpha=
0.05
Medium N 1 2
Duncan?® Fr2 6968
AGP-C 7344 7344
F .7909
Sig. 328 156

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.

SGRs
Subsetfor alpha =
0.05

Medium M 1 2
Duncan® Fi2 8234

AGP-C 5443

F 1.0270

Sid. 800 1.000

Means for groups in homogeneous subsets are displayed.

a. lUses Harmonic Mean Sample Size = 4.000.

% Sinh truong quan thé vi tao P. tricornutum & lan thi nghiém thi 1

Descriptives

95% Confidence

Interval for Mean

Std. Lower Upper
¥ Mean Deviation | Std. Error Bound Bound Minimum | Maximum
MCDs  F 4 215E+7 2615806 13074903 1.TAE+T 26TE+T 1.85E+7 2 46E+T
Fiz 4 1.48E+7 1815667 | 9078334 1.19E+7 1.7TE+T 1.289E+7 1.65E+7
AGP-C 4 1.82E+7 | 8815822 | 4457911 1.6BE+7 1.96E+7 1.TAE+T 1.93E+7
Total 12 1.82E+7 3349934 | 670426 1.61E+7 2.03E+7 1.28E+7 2 4GE+T
EGRs F 4 9478 04808 02405 B7T12 1.0243 &0 1.01
Fi2 4 JTED 01620 00810 7802 808 76 .80
AGP-C 4 8630 03610 .01805 8055 9204 82 .80
Total 12 B623 08014 02314 B113 9132 76 1.0
SGRs F 4 1.0680 06962 03481 8672 1.1788 a7 1.13
Fiz 4 8954 050389 02520 8182 8786 85 87
AGP-C 4 1.0031 03312 01656 8604 1.0658 &8 1.08
Total 12 9858 08740 025623 9343 1.0454 85 113

-11 -




Test of Homogeneity of VVariances

Levene
Statistic df1 df2 Si.
MCDs 2.706 g A20
EGRs 2.447 g 142
SGHs 704 A18
ANOVA
Sum of Mean
Squares df Square Sig.
MZDs  Between Groups 91E+13 2 4 5E+13 | 12.435 003
Within Groups 33E+13 g 3.6E+12
Total 1.2E+14 11
EGRs  Between Groups 059 2 030 | 22822 .0oo
Within Groups 012 ] oo
Total .07 11
SGRs  Between Groups 0549 2 028 | 10.3559 005
Within Groups 025 ] 003
Total .0g4 11
MCDs
Subsetfor alpha=0.05
Medium K 1 2 3
Duncan? Fi2 1.48E+7
AGP-C 1.82E+7
F 2158E+7
Sig. 1.000 1.000 1.000

Means far groups in homogeneous subsets are displayed.

a. ses Harmonic Mean Sample Size = 4.000.

EGRs
Subsetfor alpha=0.05
Medium N 1 2 3
Duncan® Fi2 7760
AGP-C 8630
F 9478
Sig. 1.000 | 1.000 | 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.
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SGRs

Subsetforalpha=
0.05
Medium N 1 2
Duncan® FI2 4 .8984
AGP-C 1.0031
F 1.0680
Sig. 1.000 118

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.

% Sinh truong quan thé vi tao P. tricornutum & lan thi nghiém thi 2

Descriptives
95% Confidence
Interval for Mean
Std. Lower Upper
] Mean Deviation Stal. Error Bound Bound Minimum Maximum
MCDs F 4 1.60E+7 1072658 R3G329.2 1.33E+7 1.67TE+7 1.3TE+7T 1.61E+7
Fiz2 4 1.02E+7 22105862 1105281 6731262 1.38E+7 BE02500 1.35E+7
AGP-C 4 1.62E+7 851181.9 425591.0 1.38E+7 1.65E+7 1. 44E+7 1.63E+7
Total 12 1.35E+7 2738808 Ta06259 1ATE+T 1.62E+7 B602500 1.63E+7
EGRs F 4 8812 01177 00588 8625 8999 a7 80
Fiz2 4 6935 061048 03083 Ba63 7906 G4 76
AGP-C 4 7961 025345 01268 7hE8 8368 Tr 83
Total 12 7903 08r7e2 02526 7347 8459 G4 .aa
SGRs F 4 8722 03627 01814 8145 1.0295 94 1.02
Fi2 4 7941 035966 01883 T30 BaT2 75 84
AGP-C 4 8850 01434 00717 8621 8078 a7 80
Total 12 8837 08130 02347 833 5354 75 1.02
Test of Homogeneity of Variances
Levene
statistic df df2 =i,
MCDs 882 2 447
EGHs A50 2 d14
=SGREs 742 2 A03
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ANOVA

Sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 6.2E+13 2 J1E+13 | 13.804 .00z
Within Groups 2.0E+13 g 2.3E+12
Total 8.3E+13 11
EGRs  Between Groups a7 2 035 | 23530 000
Within Groups 014 g .00z
Tuotal 0e4 11
SGRs  Between Groups 63 2 032 | 30.747 000
Within Groups 009 g .0
Total 073 11
MCDs
Subset for alpha=
0.05
Medium N 1 2
Duncan® Fi2 4 1.02E+7
F 4 1.50E+7
AGP-C 4 1.52E+7
Sig. 1.000 836

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Subsetforalpha=0.05
Medium N 1 - 3
Duncan® FI2 4 | .6935
AGP-C 7961
F 8812
Sig. 1.000 | 1.000 | 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.
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SGRs

Subsetfor alpha=0.05
Medium | N | 1 | 2 | 3
Duncan® Fi2 7941
AGP-C .8850
F 4 9722
Sig. 1.000 | 1.000 | 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

% Sinh truong quan thé vi tao T. weissflogii & 1an thi nghiém thir 1

Descriptives
95% Confidence
Interval for Mean
Std. Lower Upper
I Mean Deviation Std. Error Bound Bound Minimum | Maximum
MCDs  F 4 | 6737500 | 43612.88 | 21806.44 | 6043522 [ 7431478 | 635000.0 | v35000.0
Fi2 4 | 4018750 | 42591.81 21285.91 3341019 | 4696481 3400000 | 437500.0
AGP-C 4 | 5156250 | 3607717 | 18038.59 | 458218.2 [ 673031.8 | 485000.0 | 555000.0
Total 12 | 5304167 | 1221764 | 35269.30 | 4527895 | 6080439 | 340000.0 | ¥35000.0
EGRs F 4 9289 .038580 01925 BETE 5401 .89 87
Fi2 4 GE75 052649 02634 6136 7813 65 ki
AGP-C 4 J104 .05032 02516 6304 7405 .68 79
Total 12 7788 118945 03434 7033 8545 65 a7
SGRs  F 4 1.2645 06777 033849 1.1566 1.3723 118 1.30
Fi2 4 8948 1142 058571 J178 1.0721 75 1.01
AGP-C 4 9347 10452 05226 T684 11010 .80 1.06
Total 12 1.0313 19380 05585 5082 11545 ki 1.30
Test of Homogeneity of \Variances
Levene
statistic df1 df2 =0,
MCDs 000 1.000
EGHs 543 Rl
SGHs a32 2 4 26
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ANOVA

sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 1.6E+11 2 T.AE+10 | 44 586 000
Within Groups 1.6E+10 g 1.6TE+S
Total 1.6E+11 11
EGRs Between Groups 135 2 0Eg8 | 29.879 000
Within Groups 020 g 002
Total 1586 11
SGHs Between Groups 328 2 65 | 17.687 .0m
Within Groups 0&4 g 004
Total 413 11
MCDs
Subsetfor alpha=0.05
Medium N 1 2 3
Duncan® FI2 401875.0
AGP-C 515625.0
F 673750.0
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Subsetfor alpha=
0.05

Medium N 1 2
Duncan® Fi2 6975

AGP-C 7104

F 9289

Sig. 709 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.
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SGRs

Subsetforalpha=
0.05
___________________________________ Medium | N 1 [ 2
Duncan® Fi2 .8948
AGP-C 9347
F 1.2645
Sig. 573 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

% Sinh truong quan thé vi tao T. weissflogii ¢ 1an thi nghiém thi 2

Descriptives
96% Confidence
Interval for Mean
Std. Lower Upper
1§ Mean Deviation Std. Error Bound Bound Minimum | Maximum
MCDs F 4 1030625 | G1079.70 | 30539.85 | 9334336 1127816 | 962500.0 1102500
Fiz 4 | G30000.0 | 35939.76 | 17969.88 | 5728118 | 6B7188.2 | 602500.0 | GB2500.0
AGP-C 4 | 8437500 | 6273290 | 31366.45 | 7439280 | 9435720 | 785000.0 | 922500.0
Total 12 | 8347917 | 1779570 | 51371.77 | 7217232 | 947860.2 | G02500.0 1102500
EGRs F 4 9675 05471 02736 8805 1.0546 1.04
Fiz 4 J63T 06353 03186 G618 8654 .86
AGP-C 4 BAET 03725 01863 7994 9180 .84
Total 12 BE33 09938 02869 80mMm 9264 1.04
SGRs F 4 1.1647 04779 02389 1.0886 1.2407 112 1.23
Fiz 4 8002 06329 03164 7995 1.0009 .88
AGP-C 4 1.0154 o721 03561 9061 11327 1.08
Total 12 1.0281 2582 03635 9481 1.1081 1.23
Test of Homogenerty of Variances
Levene
Statistic df1 df2 Sig.
MCDs 1.283 A2
EGHs A52 2 2| 13
SGHS 306 2 2| 44
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ANOVA

Sum of Mean
Squares df Square Sig.
MCDs  Between Groups 32E+1 2 1.6E+11 | 53.833 000
Within Groups 2.7E+10 g 2.99E+9
Total 35E+1 11
EGRs  Between Groups 083 2 042 ] 14744 0m
Within Groups 025 ] .003
Total 108 11
SGRs  Between Groups 140 2 070 | 18.528 .001
Within Groups 034 ] 004
Total A74 11
MCDs
Subsetfor alpha=0.05
Medium N 1 2 3
Duncan® Fi2 4 | 630000.0
AGP-C 4 843750.0
F 1030625
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Subsetfor alpha=0.05
Medium N 1 2 3
Duncan® FI2 7637
AGP-C 8587
F 9675
Sig. 1.000 | 1.000 | 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

SGRs
Subsetforalpha=0.05
Medium N 1 2 3
Duncan® Fl2 9002
AGP-C 1.0194
F 1.1647
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.
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3.3. Twong tac giira chu ki quang va cwong dd chiéu sang Ién sinh treéng quan thé
va thanh phan sinh héa vi tao (TN 3)
Phy luc 3.3.1. Mgt sé hinh dnh bé tri thi nghigm 3
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Phu luc 3.3.2. Mgt sé két qua nghién ci#u trong thi nghigm 3
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o Sinh truéng quan thé C. muelleri ¢ 5 nghiém thirc con lai
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Phy luc 3.3.3. Phan tich thang ké Multiple Linear Regression with Interaction Terms
trong thi nghiém 3.
(Ghi chd: trong phan phan tich thang ké nay, mét phép kiém dinh phan phdi chudn cua
sai s6 (Normality of Residuals) diroc bé sung)
% Két qua phan tich tuong tac giira cudng do anh sang va chu ki quang [én sinh
treéng quan thé loai C. muelleri
e Thong s6 mat do cuc dai (MCDSs)

Descriptive Statistics
Mean Std. Deviation M
MCDs_Cm | 9611111.11 TE2061.139 27
CDAS 100.00 20.801 27
CEQ 18.00 48492 27
Interaction 1800.00 632.303 27
Correlations
MCDs_Cm CDAS CHEQ Interaction
Pearson Correlation  MCDs_Cm 1.000 340 .3g8 A45
CDAS 340 1.000 .0oo 552
CKQ .3eg .0on 1.000 7an
Interaction 445 552 780 1.000
Sig. (1-tailed) MCDs_Cm : .042 023 .010
CDAS 042 . 500 .00
CKQ 023 500 ; .ooo
Interaction 010 .om .0oo .
] MCDs_Cm 27 2 27 27
CDAS 27 27 27 27
CKQ 27 Fi 27 27
Interaction 27 27 27 27
Model Summanf3
Adjusted R Std. Error of
Model R R Square Square the Estimate
1 G478 418 342 G618008.212
a. Predictors: (Constant), Interaction, CDAS, CEQ
b. DependentVariable: MCDs_Cm
ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 6.315E+12 3 2105E+12 5511 os®
Residual B.7B5E+12 23 I8189E+11
Total 1.510E+13 26

a. DependentVariable: MCDs_Cm
h. Predictors: (Constant), Interaction, CDAS, CEQ
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Coefficients™

Standardized
Unstandardized Coefficients Coefficients Correlations
Model E Std. Error Eeta t Sig. Zero-order Partial Fart
1 (Constant) | 2050000.000 | 2264472611 804 a7
CDAS £4944.444 22187.210 1.773 2.927 .ooe .340 521 466
CcKQ 350025926 | 121388474 2299 2.891 oo 388 516 460
Interaction -2016.667 1189.359 -2.420 -2.452 022 445 - 4585 -390
a. DependentWariable: MCDs_Cm
Tests of Normality
Kaolmogorov-Smirnoy? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Standardized Residual 65 27 058 G40 27 A20
a. Lilliefors Significance Correction
e Thong so toc do tang trudng o pha logarithm
Descriptive Statistics
Mean Std. Deviation M
EGRs_Cm 1.0926 13440 27
CDAS 100.00 20801 27
CKQ 18.00 4582 27
Interaction 1800.00 632.303 27
Correlations
EGRs_Cm CDAS CEQ Interaction
Pearson Correlation  EGRs_Cm 1.000 ary H256 743
CDAS 077 1.000 000 582
CHQ H25 .ooo 1.000 a0
Interaction 743 5492 780 1.000
Sig. (1-tailed) EGRs_Cm ) 352 000 .0oo0
CDAS 352 ) 500 .00
CHEQ .ooo B00 . .0oo
Interaction 000 om .00o .
M EGRs_Cm 27 27 27 27
CDAS 27 27 27 27
CKEQ 27 27 27 27
Interaction 27 27 27 27
Model Summanf3
Adjusted R Std. Error of
Maodel R R Square Square the Estimate
1 G45° 80 .8849 04486

a. Predictors: (Constant), Interaction, CDAS, CEQ
b. Dependent Variable: EGRs_Cm
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ANOVA®

Sum of
Maodel Squares df Mean Square F Sig.
1 Regression 423 3 41 70110 .oog®
Residual 46 23 002
Total 470 26
a. Dependent Variahle: EGRs_Cm
b. Predictors: (Constant), Interaction, CDAS, CKQ
Coefficients®
Standardized
Unstandardized Coefficients Coefficients Correlations
Madel =] Std. Error Beta t Sig. Zero-order Partial Part
1 (Constant) 118 164 715 482
CDAS 005 o002 816 3272 003 77 64 214
CKa 051 .009 1.910 5834 .0oo 825 772 .382
Interaction 000 .000 -1.248 -3.071 005 743 -539 -.20
a. DependentVariahle: EGRs_Cm
Tests of Normality
Kolmogorov-Smirnov? Shapira-Wilk
Statistic df Sig. Statistic df Sig.
Standardized Residual 076 27 200 62 27 A0
* This is a lower bound ofthe true significance.
a. Lilliefors Significance Correction
e Thong s téc do sinh trudng theo ngay cuc dai
Descriptive Statistics
Mean Std. Deviation M
SGRs_Cm 1.3303 5414 27
CDAS 100.00 20,801 27
CkQ 18.00 45992 27
Interaction 1800.00 £32.303 27
Correlations
SGR=_Cm CDAS CKQ Interaction
FPearson Correlation SGRs_Cm 1.000 663 020 368
CDAS GE3 1.000 .0on hG2
CKQ 020 .0oo 1.000 780
Interaction 368 502 an 1.000
Sig. (1-tailed) SGRs_Cm : .0oo 61 0249
CDAS 000 : A00 001
CKQ 461 A00 . .0oo
Interaction 029 .00 .000 .
M SGRs_Cm 27 27 27 27
CDAS 27 27 27 27
CKQ 27 27 27 27
Interaction 27 27 27 27
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Model SummaryP

Adjusted R Std. Error of
Madel R R Square Square the Estimate
1 70g® A03 439 115449
a. Predictors: (Caonstant), Interaction, CDAS, CKQ
h. Dependent Variable: SGRs_Cm
ANOVA®
Sum of
Madel Squares df Mean Square F Sig.
1 Regression A1 3 04 T.7T0 o01°
Residual 307 23 013
Total G118 26
a. Dependent Variable: SGRs_Cm
. Predictors: (Constant), Interaction, CDAS, CKQ
Coefficients™
Standardized
Unstandardized Coefficients Coefficients Correlations

Madel B St Error Beta 1 Sig. Zero-order Fartial Farn
1 (Constant) 145 423 342 735

CDAS 012 .004 1.685 2.832 009 663 A08 416

CKQ 038 .023 1.248 1.699 103 .020 334 250

Interaction 000 000 -1.556 -1.706 01 368 -335 -.251

a. DependentVariahle: SGRs_Cm
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

Standardized Residual 132 27 200 832 27 078

* This is a lower bound ofthe frue significance.

a. Lilliefors Significance Correction
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% Két qua phan tich tuong tac giira cudng do anh sang va chu ki quang Ién sinh
treong quan thé loai P. tricornutum
e Thong s6 mat do cuc dai (MCDs)

Descriptive Statistics
Mean Std. Deviation M
MCDs_Pt 1824351852 | 2192191.043 27
CDAS 100.00 20.801 27
CkQ 18.00 4,992 27
Interaction 1800.00 632.303 27
Correlations
MCDs_Pt CDAS CKQ Interaction
Pearson Correlation  MCDs_Pt 1.000 68 A1 A2
CDAS 168 1.000 .0an AG2
CKQ E16 000 1.000 740
Intaraction Rl ha2 740 1.000
Sig. (1-tailed) MCDs_Pt : 201 003 001
CDAS 201 : A&00 001
CKQ 003 A00 : 000
Interaction .00 .00 .000 .
! MCDs_Pt 27 27 27 27
CDAS 27 27 27 27
CKEQ 27 27 27 27
Interaction 27 27 27 27
Model Summanf3
Adjusted R Std. Error of
Model R R Square Square the Estimate
1 6117 373 291 1845919345
a. Predictors: (Constant), Interaction, CDAS, CEQ
h. Dependent Variahle: MCDs_Pt
ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression 4 BABE+13 3 1.653E+13 4556 .012°
Residual 7.B3ITE+13 23 3407E+12
Total 1.2459E+14 26
a. DependentVariable: MCDs_Pt
h. Predictors: (Constant), Interaction, CDAS, CEQ
Coefficients®
Standardized
Unstandardized Coeflicients Coefficients Correlations
Madel B Stel. Error Beta 1 Sig. Zero-order Fartial Part
1 (Constant) | 2421712963 | 6763707.911 3580 002
CDAS -90527.778 66270533 - 859 -1.366 185 168 274 226
CKO 374768519 | 362572802 -853 -1.034 312 516 - 211 -171
Interaction 013,889 3552473 1.735 1,693 104 552 333 280

a. Dependent Variahle: MCDs_Pt
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Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Standardized Residual 139 27 1485 a7z 27 G658
a. Lilliefors Significance Correction
e Théng sb téc do tang truong ¢ pha logarithm
Descriptive Statistics
Mean Std. Deviation M
EGRs_Pt 8550 .0ge14a 27
CDAS 100.00 20.8M 27
CKEQ 18.00 4992 27
Interaction 1800.00 632.303 27
Correlations
EGRs_FPt CDAS CEQ Interaction
Pearson Correlation EGRs_Pt 1.000 324 .B63 855
CDAS 324 1.000 .0oo haz
CKQ 863 .000 1.000 a0
Interaction 855 Bg2 a0 1.000
Sig. (1-tailed) EGRs_Pt ) 050 000 000
CDAS 050 ) 500 001
CKEQ .00n &00 ) 000
Interaction .0oo .0 .0oo )
] EGRs_FPt 27 27 27 27
CDAS 27 27 27 27
CEQ 27 27 27 27
Interaction 27 27 27 27
Model Summanf3
Adjusted R Std. Error of
Model R R Square Square the Estimate
1 9288 860 842 03503
a. Predictors: (Constant), Interaction, CDAS, CEQ
h. DependentVariable: EGRs_Pt
ANOVA®
Sum of
Model Squares df Mean Square F Sig.
1 Regression A74 3 058 47.266 .oog®
Fesidual 028 23 001
Total 202 26

a. DependentVariahle: EGRs_FPt
. Predictors: (Constant), Interaction, CDAS, CKQ
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Coefficients®

Standardized
Unstandardized Coefficients Coefficients Correlations
Madel =] Std. Error Beta t Sig. Zero-order Partial Part
1 (Constant) 376 A28 2833 0o7
CDAS 003 om 718 2419 024 324 450 188
CKa 025 007 1.388 3.563 .002 863 596 278
Interaction | -9.272E-005 .000 - GBS -1.376 182 855 -.276 -.107
a. DependentVariahle: EGRs_Pt
Tests of Normality
Kaolmogorov-Smirnoy? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Standardized Residual A27 27 200 6T 27 530
* This is a lower hound ofthe true significance.
a. Lilliefors Significance Correction
e Thong so toc do sinh truedng theo ngay cuc dai
Descriptive Statistics
Mean Std. Deviation I
SGRs_Pt 1.1335 11636 27
CDAS 100.00 20801 27
CKQ 18.00 4992 27
Interaction | 1800.00 £32.303 7
Correlations
SGRs_Pt CDAS CHQ Interaction
Pearson Correlation  SGRs_FPt 1.000 050 522 438
CDAS 050 1.000 .0oo0 BE2
CHQ 522 .0oo 1.000 e
Interaction 438 g2 =l 1.000
Sig. (1-tailed) SGRs_Pt ) A 003 011
CDAS 401 . 500 001
CHQ 003 A00 ) .0oo
Interaction 011 .0Mm 000 )
I SGRs_Pt 2 27 27 27
CDAS 27 27 27 27
CHEQ 27 27 27 27
Interaction 27 27 27 27
Model Summanf'
Adjusted R Std. Error of
Madel R R Square Square the Estimate
1 5258 276 182 A06827

a. Predictors: (Constant), Interaction, CDAS, CEQ
h. DependentVariable: SGRs_Pt
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ANOVA®

Sum of
Maodel Squares df Mean Square F Sig.
1 Regression 047 3 03z 2822 056"
Fesidual 255 23 011
Total 3h2 26
a. DependentVariahle: SGRs_FPt
b. Predictors: (Constant), Interaction, CDAS, CKQ
Coefficients®
Standardized
Unstandardized Coefficients Coefficients Correlations

Madel =] Std. Error Beta t Sig. Zero-order Partial Part
1 (Constanf) 831 386 2164 042

CDAS 001 004 150 221 a7 050 046 039

CKaQ 015 021 654 738 463 522 152 131

Interaction | -3.082E-005 .000 - 167 -182 .880 .433 -.032 -027

a. DependentVariahle: SGRs_Pt
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

Standardized Residual 123 27 200 862 27 A14

* This is a lower hound ofthe true significance.

a. Lilliefors Significance Correction
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% Két qua phan tich tuong tac giira cudng do anh sang va chu ki quang Ién sinh
tredng quan thé loai T. weissflogii
e Thong s6 mat do cuc dai (MCDSs)

Descriptive Statistics
Mean Std. Deviation M
MCDs_Tw | 209027.78 16065.272 27
CDAS 100.00 20.801 27
CkKa 18.00 4.992 27
Interaction 1800.00 632.303 27
Correlations
MCDs_Tw CDAS CkQ Interaction
Pearson Correlation MCDs_Tw 1.000 -.054 396 8z
CDAS -.054 1.000 000 A492
CKQ 396 .0an 1.000 .Fan
Interaction 182 A5Gz 780 1.000
Sig. (1-tailed) MCDs_Tw : 3494 021 RN
CDAS 395 . 500 00
CkQ 021 400 : .0an
Interaction A8 om 000 .
M MCDs_Tw 2 27 27 27
CDAS 27 27 27 27
CKQ 27 27 27 27
Interaction 27 27 27 27
Model Summan;f3
Adjusted R Std. Error of
Madel R R Square Square the Estimate
1 7278 529 468 11722981
a. Predictors: (Constant), Interaction, CDAS, CEQ
h. DependentVariable: MCDs_Tw
ANOVA®
Sum of
Maodel Squares df Mean Square F Sig.
1 Fegression 3549565872 3 1183188657 8.604 .001°
Residual 3160850604 23 13742825911
Total 6710416667 26
a. Dependent Variable: MCDs_Tw
b. Predictors: (Constant), Interaction, CDAS, CEQ
Coefficients™
Standardized
Unstandardized Coefficients Coefficients Correlations
Madel B Std. Error Beta 1 Sig. Zero-order | Partial Part
1 (Constant) | 17777.778 | 42954 651 414 683
CDAS 1683.333 420.868 2.180 4.000 .0m -.054 640 572
CKQ 10B56.481 2302.611 3374 4715 000 396 7o 675
Interaction -95.833 22 561 3772 -4.248 000 182 - 863 - 608

a. DependentVariable: MCDs_Tw
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Tests of Normality

Kaolmogorov-Smirnoy? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Standardized Residual 31 27 2000 A44 27 56
* This is a lower bound ofthe true significance.
a. Lilliefors Significance Correction
e Théng sb téc do tang truong ¢ pha logarithm
Descriptive Statistics
Mean Std. Deviation M
EGRs_Tw 1.6244 24986 27
CDAS 100.00 20.8M 27
CkQ 18.00 4952 27
Interaction 1800.00 632.303 27
Correlations
EGRs_Tw CDAS CHEO Interaction
Pearson Correlation EGRs_Tw 1.000 243 814 a4
CDAS 243 1.000 000 45492
CKEQ B14 .000 1.000 .Fan
Interaction 744 592 780 1.000
Sig. (1-tailed) EGRs_Tw : A1 000 .0an
CDAS 11 : A00 .00
CKEQ .0an A00 : .0an
Interaction .000 .001 000 .
M EGREs_Tw 27 27 27 27
CDAS 27 27 27 27
CKEQ 27 27 27 27
Intaraction 27 27 27 27
Model Summ'ar];f3
Adjusted R Std. Error of
Madel R F Square Square the Estimate
1 .aap® .74z TE5 2105
a. Predictors: (Constant), Interaction, CDAS, CKQ
b. DependentVariakble: EGRs_Tw
ANOVA®
Sum of
Madel Squares df Mean Square F Sig.
1 Regression 1.286 3 429 249.255 oog®
Residual 337 23 014
Total 1.623 26

a. DependentVariahle: EGRs_Tw

b. Predictors: (Constant), Interaction, CDAS, CKQ
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Coefficients®

Standardized
Unstandardized Coefficients Coefficients Correlations
Madel =] Std. Error Beta t Sig. Zero-order Partial Part
1 (Constant) - 576 444 -1.298 207
CDAS 015 004 122 3375 003 243 576 321
CKa 106 024 2117 4.457 .0oo 814 A8 423
Interaction -.001 .000 -1.651 -2.801 010 744 504 266
a. DependentVariahle: EGRs_Tw
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Standardized Residual JA6T 27 081 29 27 D66
a. Lilliefors Significance Correction
e Thong sb téc do sinh trudng theo ngay cuc dai
Descriptive Statistics
Mean Std. Deviation M
SGRs_Tw 1.8012 23108 27
CDAS 100.00 20.8M 27
CKQ 18.00 449492 27
Interaction | 1800.00 632,303 27
Correlations
SGRs_Tw CDAS CkEQ Interaction
Pearson Correlation  SGRs_Tw 1.000 743 - 067 A
CDAS 743 1.000 000 A42
CKEQ -.067 .000 1.000 a0
Interaction 34 502 780 1.000
Sig. (1-tailed) SGRs_Tw : .000 370 041
CDAS .0an : A00 .00
CKQ AT0 A00 . 000
Intaraction 041 .001 000 .
M SGRs_Tw 27 27 27 27
CDAS 27 27 27 27
CKEQ 27 27 27 27
Interaction 27 27 27 27
Model Summar}uﬂ3
Adjusted R Std. Error of
Maodel R R Sqguare Square the Estimate
1 .a00® 640 h04 14732

a. Predictors: (Constant), Interaction, CDAS, CEQ
b, Dependent Variable: SGRs_Tw
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ANOVA®

Sum of
Maodel Squares df Mean Square F Sig.
1 Regression .8a4 3 246 13.657 .oog®
Fesidual 444 23 022
Total 1.388 26
a. DependentVariahle: SGRs_Tw
b. Predictors: (Constant), Interaction, CDAS, CKQ
Coefficients®
Standardized
Unstandardized Coefficients Coeflicients Correlations
Mode! B Std. Error Eeta 1 Sig. Zero-order Partial Part
1 (Constant) -182 540 -.281 781
CDAS 020 008 1.808 2.798 001 743 621 AT8
CKR 063 029 1.354 2165 041 - 067 A1 271
Interaction -.001 000 -1.799 -2.319 030 341 - 435 290
a. DependentVariahle: SGRs_Tw
Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Standardized Residual 41 27 181 977 27 a2

a. Lilliefors Significance Correction
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3.5.
sinh h6a mét sé chiing vi tao (TN 5)

Phy luc 3.5.1. Mgt sé hinh dnh trong qué trinh tién hanh thi nghiém 5

Anh hwéng ciia @ min khac nhau 1én sinh truéng quan thé va thanh phan

Phu luc 3.5.2. Mgt sé hinh dnh két qud nghién cizu trong thi nghigm 5

Exponential growth rate - 20 ppt (2ad) Exponential growth rate 25 ppt (2nd)
17 1 17
Sy- 1792x+ 1241 v = 19014x + 12.269 T y-19694x+1226 e y=1.9883x + 12.248
g R=l RE=1 3 R:=09987 .~ R? -~ 0.9993
15+ 15 1E
H] 5 "
- P — o
13 ] 13
i y=1.8366x 1 12.373 - 1-884257("' 12.413 y = 1.9954x + 12.233
y=1.9184x +12.233 R2=0.9994 R*=1 R?=10.9979
. R?=0.9994 ) ) Ngay 0 ) ) Ngiy |
0 1 2 3 4 0 1 2 3 4
Exponential growth rate 30 ppt (2nd) Exponential growth rate - AGP-C (2nd)
"1 1.9228x +12.276 T
= ¥y=1.9399x+12.257 y=1 X+ 12, 2 v=0.8935%+ 10.651
= . o _ Ly .8935%x .65 ol
z R=09994 R*=0.9996 S R=09973 PR —
15 % ‘ 1 4E stz
5 > 5 et
B I —— nit y = 0.8244x + 10.806
) i R?=0.9641
134
) y = 1.9598x + 12,23 y=1.8845x + 12326 10T
] RZ = 0,999 o y = 0.8286x + 10.738 y = 0.8882x + 10.452
s R?=0.997 R>=10.9883
N; N
11 t t £, ) ) Ngay
0 1 9 3 4 8 t t {
0 1 2 3
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Phy luc 3.5.3. Phan tich ANOVA mgt yéu té trong thi nghiém 5

% Sinh truong quan thé vi tio Chaetoceros muelleri & 1an thi nghiém 1

Descriptives
95% Confidence
Interval for Mean
Std. Lower Upper
I Mean Deviation Std. Error Bound Baound Minimum Maximum
MCDs  20ppt 4 184E+7 | 478278.2 | 2391391 1 4GE+7 1 B1E+7 1. 48E+7 1.60E+7
25ppt 4 1.77E+7 | 3329164 | 166458.2 1 72E+7 1.82E+7 1.72E+7 1.80E+7
30ppt 4 1.28E+7 | 5043044 | 2521522 1.20E+7 1 36E+7 1.23E+7 1.33E+7
Total 12 1.83E+7 | 2120680 | 6121904 1 40E+7 1 BGE+7 1.23E+7 1.80E+7
EGRs  20ppt 4 16411 04947 02473 1.6624 1.7198 1567 1.68
25ppt 4 17057 04139 02070 1.6398 17715 1.66 175
30ppt 4 16374 02574 01287 15065 1.6784 1.61 167
Total 12 16614 04885 01410 1.6304 1.6924 1567 175
SGRs  20ppt 4 1 B5GE 08577 04289 1.7201 1.9931 175 1.94
25ppt 4 18771 03631 01816 1.8193 1.93449 1.84 1.92
30ppt 4 1.9121 01980 00990 18806 1.9436 1.89 1.94
Total 12 18820 05520 01593 18469 1.9170 175 1.94
Test of Homogeneity of VVariances
Levene
Statistic df1 df2 =ig.
MCDs 2.706 2 A20
EGHs 2.447 2 g 142
SGHs 409 2 g A18
ANOVA
Sum of Mean
Sguares df Sguare F Sig.
MZDs  Between Groups 4 BE+13 2 24E+13 | 120.445 .0oo
Within Groups 1.8E+12 g 2.0E+11
Total 4 9E+13 11
EGRs  Between Groups 012 p 006 3.662 0649
Within Groups 014 g ooz
Total 026 11
SGRs  Between Groups 006 2 003 1.044 .39
Within Groups 027 g 003
Total 034 11
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MCDs

Subsetforalpha=0.05

Salinities N 1 - 3
Duncan?® 30ppt 1.28E+7

20ppt 1.54E+7

25ppt 1.77E+7

Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Subsetfor alpha=
0.05

Salinities | N 1 -
Duncan® 30ppt 1.6374

20ppt 1.6411

25ppt 1.7057

Sig. 899 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

SGRs

Subset
for alpha
=0.05

Salinities N 1
Duncan?® 20ppt 4 1.8566
25ppt 4 1.8771
30ppt 4 1.9121
Sig. .205

Means for groups in homogeneous subsets

are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.
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% Sinh trudng quan thé vi tao Chaetoceros muelleri & 1an thi nghiém 2

Descriptives
95% Confidence
Interval for Mean
Std. Lower Upper
I Mean Deaviation Std. Error Bound Bound Minimum Maximum
mMCDs  20ppt 4 1.60E+7 | 3815402 | 1907701 1.54E+7 1.66E+7 1.56E+7 1.64E+7
25ppt ) 1.95E+7 | 5209666 | 2604833 1.87E+7 2.03E+7 1.88E+7 1.99E+7
30ppt 4 1.70E+7 | 4730222 | 2365111 1.63E+7 1.78E+T 1.65E+7 1.7T4E+7
Total 12 1.75E+7 1607104 | 463931.0 1.65E+7 1.85E+7 1.56E+7 1.99E+7
EGRs  20ppt 4 18621 05853 02927 1.7650 1.6552 1.79 1482
25ppt 4 1.9594 05112 02556 1.8780 2.0408 1.88 2.00
30ppt 4 1.9268 O03ay 01588 1.8758 1.9776 1.88 1.96
Total 12 1.9161 06090 017568 1.8774 1.6548 1.79 2.00
SGRs  20ppt 4 1.9040 0839 04185 1.7708 20375 1.80 2.00
25ppt ) 2.0668 07896 05348 1.8850 2.2286 1.90 2145
30ppt 4 1.9911 07815 03758 1.8715 21107 1.89 207
Total 12 1.9340 0445 0305 1.9178 2.0503 1.80 215
Test of Homogeneity of Variances
Levene
Statistic df df2 Sig.
MCDs 2156 2 g B11
EGHs 1.288 2 322
SGHs 252 2 g 782
ANOVA
Sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 2.6E+13 2 1.3E+13 | 62.012 000
Within Groups 1.9E+12 g 21E+11
Total 2.8E+13 11
EGRs  Between Groups 020 2 010 4167 052
Within Groups 0 g 002
Total 041 11
SGRs  Between Groups 047 2 023 2.895 A07
Within Groups 073 g 008
Total 120 11
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MCDs

Subset for alpha=0.05

Salinities ! - 3
Duncan?® 20ppt 1.60E+7

30ppt 1.70E+7

25ppt 1.95E+7

Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Subsetfor alpha =
0.05
Salinities | N 1 .
Duncan? 20ppt 1.8621
30ppt 1.9268 1.9268
25ppt 1.9594
Sig. 092 .366

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

SGRs
Subsetforalpha=
0.05
Salinities N 1 2
Duncan® 20ppt 4 1.9040
30ppt 4 1.9911 1.9911
25ppt 2.0568
Sig. 205 329

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.
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% Sinh truong quan thé vi tao P. tricornutum & lan thi nghiém 1

Descriptives
95% Confidence
Interval for Mean
Std. Lower Upper
I Mean Deaviation Std. Error Bound Bound Minimum Maximum
mMCDs  20ppt 4 J.90E+7 3415650 1707825 3. 36E+T 4 44E+7 A 45E+7 4 26E+7
25ppt ) 4 O8E+7 195122 9756141 4 GTE+T 0.29E+7 4 82E+7 5.26E+7
30ppt 4 4 78E+T | 912870.9 | 4564355 4 BIE+T 4 92E+7 4 GBE+T 4 BBE+T
Total 12 4 55E+T 5330506 1538785 4 ME+T 4 89E+7 I 45E+T 5.258E+7
EGRs  20ppt 4 1.0335 01283 00641 1.013 1.0539 1.02 1.05
25ppt 4 1.1592 02521 01261 1.1191 1.1993 1.12 1.18
30ppt 4 1.1108 01631 00815 1.0845 1.1368 1.10 113
Total 12 11012 05669 01636 1.0652 11372 1.02 118
SGRs  20ppt 4 1.2483 09567 04783 1.0861 1.4005 1.18 1.39
25ppt ) 1.4962 08961 04481 1.3536 1.6388 1.40 1.67
30ppt 4 1.4389 08583 04291 1.3024 1.5785 1.34 1.65
Total 12 1.3945 A3TES 034974 1.3070 1.4820 1.18 1.67
Test of Homogeneity of Variances
Levene
Statistic df df2 Sig.
MCDs 2.087 2 5 180
EGRs 84 2 5 A1
SGHs 64 2 5 851
ANOVA
Sum of Mean
Sguares df Square F Sig.
MCDs  Between Groups 2.EE+14 2 1.3E+14 | 24.250 000
Within Groups 4 9E+13 g 54E+12
Total 31E+14 11
EGRs  Between Groups 03z 2 016 | 45235 .000
Within Groups 003 g .000
Total 035 11
SGRs  Between Groups 35 2 067 8.236 009
Within Groups 074 g 008
Total .208 11
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MCDs

Subsetfor alpha=
0.05
Salinites | N 1 -
Duncan® 20ppt 3.90E+7
30ppt 4 7T8E+7
25ppt 4 98E+7
Sig. 1.000 242

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Suhsetforalpha=0.05
Salinities N 1 B 3
Duncan?® 20ppt 1.0335
30ppt 1.1108
25ppt 1.1592
Sig. 1.000 1.000 1.000
Means for groups in homogeneous suhsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.
SGRs
Subsetfor alpha=
Duncan® 20ppt 1.2483
30ppt 1.4389
25ppt 1.4962
Sig. 1.000 394

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.
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% Sinh truong quan thé vi tao P. tricornutum & lan thi nghiém 2

Descriptives
95% Confidence
Interval for Mean
Std. Lower Upper
I Mean Deaviation Std. Error Bound Bound Minimum Maximum
mMCDs  20ppt 4 A.BEE+T 1250000 | 625000.0 3.6GE+T 4.06E+7 A.T2E+T 4. 02E+7
25ppt ) 4 34E+7 1748511 742556 4.0TE+7 4 62E+7 4 12E+7 4 HEE+T
30ppt 4 4 02E+T 1224745 | 6123724 3.B3E+T 4 22E+T 3.BBE+T 4.12E+7
Total 12 4. 08E+7 2455185 | TOBY51.0 A92E+7 4 23E+7 A T2E+T 4 55E+T7
EGRs  20ppt 4 12678 03477 01738 1.2025 1.3131 1.23 1.31
25ppt 4 1.4051 02818 01409 1.3602 1.4459 1.37 1.44
30ppt 4 1.3938 03091 01545 1.3448 1.4430 1.35 1.42
Total 12 13522 07547 02179 1.3043 1.4002 1.2 1.44
SGRs  20ppt 4 1.5309 04558 02279 1.4584 1.6034 1.48 1.568
25ppt ) 1.6683 02560 01280 1.6176 1.6951 1.63 1.69
30ppt 4 1.6368 02511 01255 1.5068 1.6767 1.61 1.67
Total 12 1.6087 065549 01883 1.6670 1.6503 1.48 1.69
Test of Homogeneity of Variances
Levene
Statistic df df2 Sig.
MCDs A&7 2 g 857
EGRs 048 2 953
SGRs 2.551 2 132
ANOVA
Sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 4 8E+13 2 2AE+13 | 11.752 003
Within Groups 1.8E+13 g 2.0E+12
Total 6.6E+13 11
EGRs  Between Groups 054 2 Q27 | 27.261 000
Within Groups .00s g .001
Total 063 11
SGRs  Between Groups 037 2 019 | 16.603 .001
Within Groups 010 ] 001
Total 047 11
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MCDs

Subsetforalpha=

0.05
Salinities N 1 2
Duncan?® 20ppt 4 3.86E+7
30ppt 4 4.02E+7
25ppt 4 4 34E+7
Sig. 142 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Subsetfor alpha =
0.05
Salinities | N 1 2
Duncan® 20ppt 1.2578
30ppt 1.3938
25ppt 1.4051
Sig. 1.000 624

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

SGRs
Subsetfor alpha=
Duncan?® 20ppt 4 1.5309
30ppt 4 1.6368
25ppt 1.6583
Sig. 1.000 386

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.
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% Sinh truong quan thé vi tao T. weissflogii & 1an thi nghiém 1

Descriptives
95% Confidence
Interval for Mean
Std. Lower Upper
I Mean Deaviation Std. Error Bound Bound Minimum Maximum
MCDs  20ppt 4 1252600 | 71B21.54 | 3591077 1138218 1366734 1180000 1340000
25ppt ) 1450000 | 64807.41 3240370 1346877 1553123 1380000 1540000
30ppt 4 1225000 | 31091.26 | 1554563 1175527 1274473 1180000 1250000
Total 12 1309167 | 117354.0 | 3387719 1234603 1383730 1180000 1540000
EGRs  20ppt 4 1.2054 13063 06531 8675 1.4132 1.07 1.33
25ppt 4 1.4332 01978 00989 1.4017 1.4646 1.42 1.46
30ppt 4 1.0144 04724 02362 83493 1.0896 87 1.07
Total 12 12177 19322 05578 1.05645 1.3404 87 1.46
SGRs  20ppt 4 1.5191 07402 0370 1.4014 1.6369 1.45 1.61
25ppt ) 1.6006 08269 04135 1.4690 1.7322 1.60 1.70
30ppt 4 1.4565 12346 06173 1.2601 1.6530 1.35 1.61
Total 12 1.6254 0635 03070 1.4578 1.6930 1.35 1.70
Test of Homogeneity of VVariances
Levene
Statistic dft df2 sig.
MCDs ATT 2 635
EGFs a4 2 488
=SGHs 2.800 2 13
ANOVA
Sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 1.2E+11 2 6.0E+10 | 17.508 0m
Within Groups 31E+10 g 3.44E+9
Total 1.68E+11 11
EGRs  Between Groups 352 2 ATE | 26.791 000
Within Groups 058 g 007
Total 411 11
SGRs  Between Groups 042 2 021 22712 1549
Within Groups 083 g 009
Total 124 11
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MCDs

Subsetforalpha=
0.05
Salinities | M 1 -
Duncan® 30ppt 1225000
20ppt 1252500
25ppt 1450000
Sig. 524 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Subsetfor alpha= 0.05
Salinities N 1 2 3
Duncan?® 30ppt 1.0144
20ppt 1.2054
25ppt 1.4332
Sig. 1.000 1.000 1.000
Means for groups in homogeneous suhsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.
SGRs
Subset
for alpha
= 0.05
Salinities M 1
Duncan® 30ppt 4 1.4565
20ppt 1.5191
2hppt 1.6006
Sig. 072

Means for groups in homogeneous subsets

are displayed.

a. Lses Harmonic Mean Sample Size = 4.000.
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% Sinh truong quan thé vi tao T. weissflogii & 1an thi nghiém 2

Descriptives
95% Confidence
Interval for Mean
Std. Lower Upper
I Mean Deaviation Std. Error Bound Bound Minimum Maximum
MCDs  20ppt 4 10575600 [ 93229.11 4661455 | 9091517 12056848 | 960000.0 1160000
25ppt ) 1345000 [ 1147461 A7373.05 1162413 1527587 1240000 1500000
30ppt 4 1105000 | 1247664 | 62383.22 | Y0B468.7 1303531 880000.0 1240000
Total 12 1169167 | 1657741 47854 B7 1063838 1274495 [ 960000.0 1500000
EGRs  20ppt 4 115056 12076 06038 G584 1.3427 1.00 1.29
25ppt 4 1.3116 0&TTE 02888 1.2196 1.4034 1.26 1.39
30ppt 4 1.271 07236 03618 1.1558 1.3862 1.149 1.35
Total 12 12444 10684 03084 1.1765 1.3122 1.00 1.39
SGRs  20ppt 4 1.3189 04799 023089 1.2426 1.30953 1.27 1.39
25ppt ) 1.6662 ATE09 08204 1.2760 1.8364 1.39 1.749
30ppt 4 1.4075 10559 05280 1.2395 1.5785 1.29 1.50
Total 12 1.4275 6027 04338 1.331 1.6230 1.27 1.749
Test of Homogeneity of Variances
Levene
Statistic df df2 Sig.
MCDs ATT 2 g B35
EGHs T 2 408
SGHs 2.800 2 g 113
ANOVA
Sum of Mean
Squares df Square F Sig.
MCDs  Between Groups 1.9E+11 2 9.8E+10 | 7.616 012
Within Groups 11E+11 g 1.2E+10
Total 3.0E+M1 11
EGRs  Between Groups 056 2 028 | 3.633 070
Within Groups 0649 g .0os
Total 26 11
SGRs  Between Groups 114 2 058 | 3.880 061
Within Groups 133 g 015
Total 248 11
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MCDs

Subsetfor alpha=
0.05
Salinities N 1 -
Duncan?® 20ppt 1057500
30ppt 1105000
25ppt 1345000
Sig. 562 1.000

Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 4.000.

EGRs
Suhsetfor alpha =
0.05
Salinities | N 1 -
Duncan® 20ppt 4 1.1505
30ppt 4 1.2711 1.2711
25ppt 4 1.3115
Sig. 084 531

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

SGRs
Subsetfor alpha =
0.05
Salinities N 1 2
Duncan® 20ppt 1.3189
30ppt 1.4075 1.4075
25ppt 1.5562
Sig. 331 118

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 4.000.

-47 -




3.6. Nghién ciru tng dung mét sé chiing vi tao trong nudi cdy luan tring &ng dung
trong san xuit giéng tom (TN6)
Phu luc 3.6.1. Mgt sé hinh dnh trong qué trinh thi nghigm 6
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Phy luc 3.6.2. Phan tich ANOVA mgt yéu té két qud nghién ciku vé sinh truéng quan
thé luan trang (MCDs, Max SGRs) va ty 1¢ luan triing mang trizng trong thi nghiém
6.1

Descriptives
95% Confidence Interval for
Mean

M Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minimum | Maximum

MCDs MTE.1 4 737.50 22174 11.087 702.22 77278 710 760
MTE.2 4 613.758 22.867 11.434 577.36 65014 580 630

MNTE.3 4 685.00 12.810 6.455 664.46 70554 670 700

Total 12 G78.75 55927 16.145 643.22 714.28 580 760

MaxSGRs MNTE.1 4 5315 05452 02726 4447 6183 A48 G0
MTE.2 4 3864 01408 .00703 3640 4088 a7 41

MNTE.3 4 4480 08404 04202 3142 5817 38 A7

Total 12 4hA3 08153 02354 4035 5071 37 .60

EggRatioD0 MNTE.1 4 2875 03862 01831 2360 3580 24 32
MTE.2 4 2611 03711 01855 1921 3102 21 28

MNTE.3 4 2794 03026 01513 2313 3276 24 .30

Total 12 2760 03731 01091 2620 3000 21 .32

EggRatioD1 MNTE.1 4 J3B00 02844 01472 3332 A268 35 42
MTE.2 4 3353 03011 01506 2874 3832 .30 37

MNTE.3 4 3553 01178 .00584 3365 3740 34 a7

Total 12 3669 02977 .0o8a9 3379 37568 .30 42

EggRatioD2 MTE.1 4 4825 02630 0135 4407 5243 AB 52
MTE.2 4 4208 00995 00498 4049 4366 41 43

MNTE.3 4 4573 02443 01221 4184 A961 A4 48

Total 12 45356 03285 00948 4326 4744 41 52

EggRatioD3 MTE.1 4 5300 03367 01683 ATE4 5836 49 A7
MTE.2 4 4427 03930 01965 3802 5053 .39 48

MNTE.3 4 5037 01701 00851 ATER 5308 A48 52

Total 12 4821 04761 01375 4619 5224 .38 A7

EggRatioD4 MTE.1 4 .3800 01414 .0orov 3675 4125 .38 A1
MTE.2 4 3308 03046 01523 2823 3782 .28 36

MNTE.3 4 3503 03302 01651 3087 4118 el .39

Total 12 3600 03526 01018 3376 3824 .28 A1

EggRatioD5 MTE.1 4 a77s 01708 00854 3503 4047 36 40
MTE.2 4 3238 03083 01544 2748 At .28 36

MNTE.3 4 3524 03368 01684 .2988 4080 el .39

Total 12 3513 03423 .00a8s 3205 3730 .28 40

EggRatioD& MTE.1 4 3325 03304 01652 2799 3851 .30 a7
MNTE.2 4 2821 03141 01571 2421 3421 25 32

MNTE.3 4 3180 01162 00581 .2995 3365 .30 33

Total 12 3142 03015 00870 2950 3334 25 a7

EggRatioD7 MTE.1 4 3050 04041 .02021 2407 3693 25 34
MNTE.2 4 2671 02805 01452 2208 3133 23 .28

MNTE.3 4 2053 03742 01871 2358 3548 25 33

Total 12 2801 03661 01057 2659 3124 23 34

EggRatioD8 MTE.1 4 3500 02582 012491 3089 3911 32 38
MNTE.2 4 3080 01561 .0o7ao 2832 3328 .28 33

MTE.3 4 3364 02495 01248 2966 3761 | 37

Total 12 ans 02742 .0oraz 3140 3489 .28 38

EggRatioDg MTE.1 4 2625 02630 01314 2207 3043 24 .30
MNTE.2 4 2284 02699 01344 1854 2713 2 26

MTE.3 4 2566 01870 00984 2253 .2880 24 .28

Total 12 2482 02712 00783 2319 2664 2 .30

EggRatioD10  MTE.1 4 2450 04041 .02021 1807 3093 2 .30
MNTE.2 4 2125 04055 02028 1479 2770 18 26

MTE.3 4 2407 03275 01637 1886 2928 21 28

Total 12 2327 03760 .01085 2088 2566 18 .30
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Test of Homogeneity of Variances

Levene

Statistic df df2 Sig.
MCDs 800 2 g ATE
MaxSGRs 3.562 2 g 073
EggRatioD0 262 2 g J75
EgaRatioD1 B33 2 g 553
EggRatioD2 1.126 2 g 366
EggRatioD3 Aa78 2 g 413
EggRatioD4 1.072 2 g 382
EggRatioD5 71 2 g A491
EggRatioD& 4174 2 g 052
EggRatioD7 2980 2 5 755
EggRatioDa 963 2 g A18
EggRatioD4 388 2 g Gag
EgaRatioD10 210 2 g 814
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ANOVA

sum of
Squares df Mean Square F Sig.

MCDs Between Groups 30862.500 2 15431.250 38.190 .000
Within Groups 3543.750 g 383750
Total 34406.250 11

MaxsSGRs Between Groups 042 2 021 6,218 020
Within Groups 0N 4 003
Total 073 11

EggRatioD0 Between Groups 004 2 00z 1.733 23
Within Groups 011 g 0o
Total 016 11

EggRatioD1 Between Groups 004 2 002 3147 0e2
Within Groups 006 4 om
Total 010 11

EggRatioD2 Between Groups .00s 2 004 3.330 .00g9
Within Groups 004 g .00a
Total 012 11

EgoRatioD3 Between Groups 016 2 .0os 2.105 010
Within Groups 009 4 om
Total 025 11

EggRatioD4 Between Groups 00y 2 004 4751 039
Within Groups 007 g 0o
Total 014 11

EgoRatioD5s Between Groups ooe 2 003 3623 07a
Within Groups 00y 4 om
Total 013 11

EggRatioDE Between Groups 003 2 00z 2274 169
Within Groups 007 g 0o
Total 010 11

EqoRatioD7 Between Groups 003 2 002 1.203 ad4
Within Groups 012 4 om
Total 015 11

EggRatioDa Between Groups 004 2 o0z 3.5493 07
Within Groups .00a g 0o
Total 008 11

EgoRatioDa Between Groups 003 2 0o 2,209 66
Within Groups .00a 4 om
Total 008 11

EggRatioD10  Between Groups 003 2 om 862 54
Within Groups 013 g 0o
Total 016 11
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MCDs

Duncan'®

Subsetfor alpha=0.05
Treatment 1 2 3
MNTE.2 613.75
MNTE.3 685.00
MTE.A 737.50
Sig. 1.000 1.000 1.000

Means for groups in homogeneous subsets are

displayed.

a. ses Harmonic Mean Sample Size = 4.000.

MaxSGRs

Duncan'?

Subsetforalpha=0.05
Treatment 1 2
MTE.2 3864
MTE.3 4480 4480
MTE.1 A315
Sig. A70 074
Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size =
4.000.
EggRatioD2

Duncan?

Subsetfor alpha=0.05
Treatment 1 2
MTE.2 4208
MTE.3 A573
MTE.1 4825
Sig. 1.000 132

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size =

4.000.
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EggRatioD3

Duncan'®
Subsetfor alpha=0.05
Treatment 1 2
MTE.2 4427
MTE.3 A037
MTE.1 5300
Sig. 1.000 267
Means for groups in homogeneous subsets are
displayed.
a. Lses Harmonic Mean Sample Size =
4.000.
EgogRatioD4
Duncan?
Subsetforalpha=0.05
Treatment 1 2
MTE.2 3308
MTE.3 3583 .3583
MTE.1 .3800
Sig. 172 144

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmaonic Mean Sample Size =

4.000.
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Phy luc 3.6.3. Phan tich ANOVA mgt yéu té két qud nghién cieu sinh trwéng va phat
trién du tring tdm trong thi nghigm 6.2

< Phan tich ANOVA mot yéu té két qua ty Ié song cia 4u triing tdm qua cac giai
doan phat trién

Descriptives
95% Confidence Interval for
Mean
M Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minimum | Maximum
SurvivalRateZ1 MT-6.4 3 | 93.0667 6.21396 | 358763 77.6303 108.5030 88.00 100.00
MT-8.5 3 | 98.0000 3.46410 | 2.00000 89.3947 106.6053 94.00 100.00
MT-6.6 3 | 94.1667 2.02073 | 1.16667 89.1468 99.1864 93.00 96.50
MNT-DCH 3 | 91.3333 8.50400 | 481031 70.2060 112.4607 83.00 100.00
Total 12 | 941417 544267 | 157116 90.6836 97.5998 83.00 100.00
SurvivalRateZ2 MT-6.4 3 | 67.3200 6.00893 | 346926 52.3930 82.2470 61.00 72.96
MT-8.5 3 | 75.0000 1.32288 TB3TE 71.7138 78.2862 74.00 76.50
MT-6.6 3 | 81.6621 595967 | 3.44082 66.8575 96.4668 75.00 86.49
MNT-DC6E 3 | 64.1668 12.27148 | 7.084094 33.6829 94 6510 50.00 71.50
Total 12 | 72.0373 955729 | 2.75805 £5.0649 78.1007 50.00 86.40
SurvivalRateM2 MT-6.4 3 | 60.9560 256628 | 1.48164 54,5810 £7.3310 58.37 £3.50
MNT-8.5 3| 67.8421 2.05778 | 1.18806 §2.7303 72.9530 §5.50 £9.36
MT-6.6 3 | 74.4928 5.95083 | 3.43571 59.7101 89.2754 68.60 80.50
MNT-DC6E 3 | 51.2085 10.21673 | 5.89863 25.8288 76.5883 40.00 £0.00
Total 12 | 63.6249 10.41320 | 3.00603 57.0086 70.2411 40.00 80.50
SurvivalRatePL1 MT-6.4 3 | 36.5656 3.43337 | 1.98226 28.0366 450946 3418 40.50
MT-6.5 3 | 46.8667 1.80370 | 1.084137 42.3860 51.3473 45.00 48.60
MT-6.6 3 | 50.3632 319632 | 1.84539 42,4231 58.3033 48.00 54.00
NT-DC6 3 | 29.1264 3.81638 | 2.20339 19.6460 38.6068 26.00 33.38
Total 12 | 40.7305 917990 | 2.65001 34.8978 46,5631 26.00 54.00
SurvivalRatePLS  MT-6.4 3| 343717 3.22737 | 1.86332 26.3544 42.3889 32.13 38.07
MT-6.5 3 | 445233 1.71351 98930 40.2667 48.7799 42.75 4617
MT-6.6 3| 47.7354 2.02978 | 117189 42,6931 527776 46.08 50.00
NT-DC6 3| 26.2138 3.43474 | 1.98305 17.6814 34,7461 23.40 30.04
Total 12 | 38.2110 917625 | 264895 32.3807 440413 23.40 50.00
SurvivalRatePL12  NT-6.4 3 | 40.4963 361465 | 2.08692 31.5170 49.4756 37.98 4464
MNT-6.5 3 | 51.8661 1.91914 | 1.10801 47.0987 56.6335 49.88 53.71
NT-6.6 3 | 55.4636 227335 | 1.31282 49.8163 £1.1109 53.61 58.00
NT-DC6 3| 31.0917 418867 | 2.41833 20.6864 41.4969 27.40 35,65
Total 12 | 447204 1039717 | 3.00141 38.1234 51.3355 27.40 58.00
Test of Homogeneity of Variances
Levene
Statistic df df2 Sig.

SurivalRateZ1 1.4158 3 a 308

SurvivalRateZ?2 4,448 3 g 040

SurvivalRateM2 26249 3 a 22

SurvivalRatePL1 a64 3 g ARG

SurvivalRatePL5 1.158 3 a 384

SurvivalRatePL12 1122 3 g 386
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ANOVA

Sum of
Squares df Mean Square F Sia.
SunvivalRated1 Between Groups 71.7849 3 23.830 7h4 A5
Within Groups 254,060 a 31.787
Total 326.848 11
SunvivalRatel2 Between Groups 566.832 3 185.611 33156 ara
Within Groups 447.928 a 55,891
Total 1004.760 11
SunvivalRatem2 Between Groups 3491.5654 3 2897185 7.883 .00g
Within Groups 301.22 a 37.654
Total 1192.783 11
SurvivalRatePL1 Between Groups 347.330 3 282443 28.370 000
Within Groups TO.645 a 9.956
Total §26.976 11
SunvivalRatePL5 Between Groups a67.700 3 289,233 39527 .ooo
Within Groups 58.5349 a Rch
Total 526,238 11
SunvivalRatePL12  Between Groups 1110180 3 370.063 ar.an 000
Within Groups 7B.824 a 9.865
Total 11859113 11
SunvvalRateM2
Duncan'®
Subsetfor alpha=0.05
Treatment M 1 2 3
NT-DCE 3| B1.2085
MT-6.4 3 | 60.9560 | 60.9560
MNT-6.5 3 G7.8421 67.8421
MT-6.6 3 74,4928
Sig. .0aa 207 22

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

SurvivalRatePL1

Duncan®
Subsetforalpha=0.05

Treatment 1 2 3
MT-DCE 3 281264
MT-6.4 3 36.5656
MT-6.5 3 46.8667
MT-6.6 3 50.3632
Sig. 1.000 1.000 212

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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SunivalRatePL5

Duncan®
Subsetforalpha=0.05
Treatment M 1 2 3
MNT-DCE 3| 26.2138
MT-6.4 3 343717
MT-6.5 3 44 5233
MNT-6.6 3 47.7354
Sig. 1.000 1.000 a4
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
SurvivalRatePL12
Duncan'®
Subsetforalpha=0.05
Treatment M 1 2 3
MNT-DCE 3| 31.0m7
MNT-6.4 3 40.4963
MT-6.5 3 51.8661
MT-6.6 3 55,4636
Sig. 1.000 1.000 188

Means for groups in homogeneous subsets are
displayed.

a. Uses Harmonic Mean Sample Size = 3.000.
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< Phan tich ANOVA mét yéu té két qua chiéu dai va CV cua 4u tring tdm qua cac
giai doan phat trién

-57 -

Descriptives
95% Confidence Interval for
Mean
i Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minimum | Maximum
LengthZ2 MNT-6.4 3 1.7467 05774 03333 1.6032 1.8901 1.68 1.78
MNT-6.5 3 1.7933 03512 .02028 1.7061 1.8806 1.76 1.83
MNT-6.6 3 1.8133 02517 01453 1.7508 1.8758 1.79 1.84
MT-DCE 3 1.7667 01528 00882 1.7287 1.8046 1.75 1.78
Total 12 1.7800 04112 01187 1.75389 1.8061 1.68 1.84
LengthmM2 MNT-6.4 3 3.3923 13983 08079 3.0447 37389 3.25 3.53
MNT-6.5 3 3.5333 23382 13459 2.8525 41142 3.30 376
MNT-6.6 3 36018 04761 02749 3.4835 37201 355 3.64
NT-DCE 3 3.3039 14606 08433 28411 3.6667 314 34
Total 12 34578 18063 05214 3.343 35726 314 376
LengthPL1 MT-6.4 3 4 8500 07550 04355 4.7025 50775 482 487
MNT-6.5 3 51467 059238 05333 49172 5.3761 5.04 5.20
MNT-6.6 3 51900 [0BEED .05000 49749 5.4051 514 529
NT-DCE 3 48233 14012 .08080 44753 51714 4.71 4.98
Total 12 50125 1BEBTS 05391 48938 51312 471 529
LengthPL12  MNT-6.4 3 9.5800 A5T738 26407 8.4438 107162 9.08 952
MT-6.5 3 8.89667 1372 06566 8.6842 §.2482 8.84 9.08
MT-6.6 3 5.4933 32383 8702 B.6886 10,2880 512 5.70
NT-DCE 3 91600 B5818 .38000 7.5250 10,7950 g.42 5.68
Total 12 §.3000 45327 13085 9.0120 §.5880 g.42 592
CWPL12 MNT-6.4 3| 106915 438158 252571 -.1830 21.5760 7.02 1554
MT-6.5 3 96735 312473 1.80406 1.9113 17.4358 6.559 12.83
MT-6.6 3 6.6203 287103 1.65758 -A5117 13.7523 426 982
MNT-DCE 3| 11.3530 287865 1.66199 4.2020 18,5039 8.04 13.28
Total 12 §.5846 3.44338 .959402 7.3967 11.7724 4.26 15.54
Test of Homogeneity of Variances
Levene
Statistic df df2 Sig.

LengthZ2 2721 K] g 15

Lengthm2 1.133 3 g 3u2

LengthPL1 873 3 g 484

LengthPL12 3178 K] g 085

CWPL12 383 3 g 761




ANOVA

Sum of
Squares df Mean Square F Sig.
LengthZ2 Between Groups .oos 3 003 1.8498 208
Within Groups 011 a8 001
Total 01g 11
LengthM2 Between Groups 63 3 054 2,224 63
Within Groups 86 a 024
Total 359 11
LengthPL1 Between Groups 301 3 A00 9.698 005
Within Groups 083 a 010
Total 384 11
LengthPL12  Between Groups 738 3 246 1.287 340
Within Groups 1.521 B 180
Total 2.260 11
CVPL12 Between Groups 39,442 3 13.147 1.156 384
Within Groups 90,983 B 11.373
Total 130,425 11
LengthPLA1
Duncan®
Subsetfor alpha=0.05
Treatment I 1 2
MT-OCE 3 43233
MT-6.4 3 4.3800
MT-6.5 3 51467
MT-6.6 3 51800
Sig. A45 G186
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size =
3.000.
ANOVA
Sum of Mean
Sguares df Square F Sig.
Salinity Stresstest  Between Groups 32115 3 107058 | 1.271 348
Within Groups 67.3492 a 8424
Total 899 508 11
Formol Stresstest  Between Groups .ooo .oon
Within Groups .ooo a o0
Total .ooo 11
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3.7. Anh hwéng cac khau phan thike in vi tdo khac nhau 1én sinh truwéng, phat trién
va sitc khée au tring tdm he (TN 7)
Phu luc 3.7.1. Mgt sé hinh @nh trong qua trinh thi nghiém

Phu luc 3.7.2. Mét sé hinh anh két qud nghién citu
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Phu luc 3.7.3. Phan tich ANOVA mgt yéu té thi nghigm 7

X/

o Phan tich ANOVA két qua ty Ié séng 4u trang tom st qua céc giai doan

Descriptives
95% Confidence Interval for
Mean
I Mean Std. Deviation | Std. Error Lower Bound Upper Bound Minimum | Maximum
TLS_Su_Z2 NT-7.1 (Tw) 3 | 94.0000 6.54124 | 3.94979 77.0054 110.9946 86.55 100.00
NT-7.2 (Crm) 3 | 90.1900 242988 | 1.40289 841539 96.2261 87.62 92.45
NT7.3 (P1) 3 | 93.1500 599646 | 3.46206 78.2540 108.0460 88.85 100.00
NT-7.4 (Tw+Cm) 3 | 97.6333 2.88632 | 1.66642 90.5133 104.8533 94.45 100.00
NT-7.5 (Tw+Pt) 3 | 98.5200 256344 | 1.48000 921521 104.3879 95.56 100.00
NT-7.6 (Crm+Pt) 3 | 97.8333 256580 | 1.48137 91 4595 104.2071 95.00 100.00
Total 18 | 95.2294 475817 | 112181 928633 97 5956 86.55 100.00
TLS_Su_M2 NT-7.1 (Tw) 3 | 83.1933 386415 | 2.23097 73.5043 927924 78.85 86.25
NT-7.2 (Cm) 3 | 79.8500 315872 | 1.82369 721033 87.7967 76.50 82.70
NT7.3 (P 3 | 805167 521664 | 3.01183 675578 93.4755 76.65 B86.45
NT-7.4 (Tw+Cm) 3 | 96.3333 1.88297 | 1.09291 916309 101.0357 95.00 98.50
NT-7.5 (Tw+Pt) 3| 941133 217489 | 1.25567 28.7106 99 5161 92.34 96.54
NT-7.6 (Cm+Pt) 3 | 80.1833 354342 | 2.04580 81.3810 95.9857 86.45 93.50
Total 18 | 87.3817 7.29857 | 1.72029 83.7522 91.0112 76.50 98.50
TLS_SU_PL1  NT-7.1 (Tw) 3 | 75.4533 710718 | 4.10333 57.7981 93.1086 §8.45 82.66
NT-7.2 (Cm) 3 | 72.0867 2.84700 | 1.64372 65.0143 79.1580 68.93 74.46
NT7.3 (P1) 3 | 67.8633 495974 | 2.86351 555427 80.1840 §2.60 7245
NT-7.4 (Tw+Cm) 3 | 91.0167 1.39851 80743 875426 94 4903 89.95 92.60
NT-7.5 (Tw+Pt) 3 | 88.7600 1.36865 79018 85,3601 921599 87.54 90.24
NT-7.6 (Cm+Pt) 3| 795167 545588 | 317311 55630 931604 74.60 8545
Total 18 | 79.1161 941587 | 2.21937 744337 83.7986 §2.60 92.60
TLS_SU_PL10 NT-7.1 (Tw) 3 | 57.9944 20.59457 | 11.94801 6.5863 109.4026 35.11 75.40
NT-7.2 (Cm) 3 | B6.7350 920490 | 5.36841 436452 99.824% 57.26 75.83
NT7.3 (P1) 3| 53.2413 10.07803 | 581913 282036 75.2790 4425 §4.14
NT-7.4 (Tw+Cm) 3 | 86.3468 8.53280 | 4.928641 651502 107.5435 79.73 95.98
NT-7.5 (Tw+Pt) 3 | 85.2236 521301 | 3.00973 722738 951734 80.88 91.01
NT-7.6 (Cm+Pt) 3 | 53.0310 925446 | 5.34307 30.0416 76.0204 43.95 §2.45
Total 15 | 67.0854 17.35377 | 4.08032 55.4655 757252 35.11 95.95
Test of Homogeneity of Variances
Levene
Statistic df df2 Sig.

TLS_Su_72 203 ) 12 46

TLS_Su_M2 1192 a 12 A69

TLS_Su_PL1 1.473 ) 12 269

TLS_Su_PL10 1.637 a 12 224
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ANOVA

Sum of
Sguares df Mean Sguare F Sig.
TLS_Su_Z2 Between Groups 164.584 ] 32817 1.783 188
Within Groups 220,299 12 18.358
Total 384883 17
TLS_Su_M2 Eetween Groups 759,591 4] 161.918 12.488 000
Within Groups 145,984 12 12,164
Total 905,575 17
TLS_Su_PL1 Between Groups 1272727 ] 254 545 13.026 000
Within Groups 234503 12 189.542
Total 1607.230 17
TLS_Su_PL10 Between Groups 3515.854 4] 703171 5.261 008
Within Groups 1603.753 12 133646
Total 5119.606 17
TLS_Su_M2
Duncan:®
Subsetfor alpha=0.05
| Treatments M 1 2
MT-7.2 (Cm) 3 799400
MTV.3 (Pt) 3 280.5167
MT-7.1 (Tw) 3 231933
MT-7.6 (Cm+Pt) 3 801833
MT-7.6 (Tw+Pt) 3 841133
MT-7.4 (Tw+Cm) 3 HE.3333
Sig. 400 0e2

Means for groups in homogeneous subsets are

displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

TLS_Su_PL1
Duncan'®

Subsetforalpha=0.05
Treatments M 1 2 3
MTT.3 (P 3 G7.8633
MT-7.2(Cm) 3 T72.0867 72.0867
MT-7.1 (Tw) 3 TH.4633 T6.4533
MT-7.6 (Cm+Pf) 3 79.5167
MT-7.6 (Tw+Pt) 3 28a.7a600
MT-7.4 (Tw+Cm) 3 91.0167
Sig. 0E8 073 Add

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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TLS_Su_PL10

Duncan'®

Subsetfor alpha=0.05
Treatments N 1 2
MT-7.8 (Cm+Pt) 3 53.0310
MTT.3 (P1) 3 53.2413
MT-7.1 (Tw) 3 A7 9944
MT-7.2 (Cm) 3 66.7350 66.7350
MT-7.5 (Tw+P1) 3 B5.2236
MT-7.4 (Tw+Crm) 3 B6.3468
Sig. 203 071
Means for groups in homogeneous subsets are

displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

% Phan tich ANOVA két qua ty Ié song au trung tdm thé chan trang qua cac giai

doan
Descriptives
95% Confidence Interval for
Mean

M Mean Std. Deviation | Std. Error | Lower Bound Upper Bound | Minimum | Maximum

TLS_The_Z2 NT-7.7 (Tw) 3| 96.6533 441728 2.55032 85.6802 107.6265 91.65 100.00
MNT-7.8 (Cm) 3| 921240 1.63501 94397 88.0674 96.1906 90.25 93.22

NT7.9 (P1) 3 | BO.9445 362506 2.09345 80.9371 98.9519 a7.02 94.00

MNT-7.10 (Tw+Cm) 3 | 98.3445 1.45255 83863 G4.7362 101.9528 §7.28 100.00

NT-7.11 (Tw+Pt) 3| 941089 2.92901 1.69107 86.8320 101.3850 §90.73 45.80

MNT-7.12 (Cm+Pt) 3 | 99.7683 1.81363 1.04710 §5.2630 104.2736 §7.85 101.46

Total 18 | 951581 4.28352 1.00964 §3.0280 97.2882 a7.02 101.46

TLS_The_m2 MWT-7.7 (Tw) 3 86.5225 2.68619 1.49881 80.0732 92.8718 83.72 a8.84
MNT-7.8 (Cm) 3| 81.5818 241531 1.39448 75.5819 87.5818 78.80 83.07

NT7.9 (P1) 3| 779322 452257 26111 66.6975 89.1668 74.45 83.04

NT-7.10 [Tw+Cm) 3| 98.4733 2.92900 1.69106 911973 105.7494 95.60 101.46

NT-7.11 (Tw+Pt) 3| 91.5701 3.93629 2.27262 81.7918 101.3484 a7.41 9524

MT-7.12 (Cm+Pt) 3| 90.0410 8.39664 4.84780 69.1826 110.8994 80.50 96.31

Total 18 | B7.6B68 7.92413 1.86773 83.7462 91.6274 74.45 101.46

TLS_The_PL1 MNT-7.7 (Tw) 3 | 78.5503 6.13488 3.54203 63.3101 §3.7904 73.00 85.14
MNT-7.8 (Cm) 3| 734826 4.22381 2.43862 62.9901 83.9751 68.70 76.69

NT7.8 (Pt) 3 | 64.8882 4.44530 2.5BES0 53.8565 76.9420 59.98 68.62

MWT-7.10 (Tw+Cm) 3 929972 30507 AT6E13 §92.2393 93.7550 92.65 93.22

NT-7.11 (Tw+P1) 3 | 86.0561 264725 1.52839 79.4800 92.6323 83.46 88.75

MNT-7.12 (Cm+Pt) 3| 81.9022 5.66086 3.26830 67.8398 95,9645 76.84 28.01

Total 18 | 79.6479 9.91742 2.33756 747161 84.5797 59.98 93.22

TLS_The_PL12  MNT-7.7 (Tw) 3 | 69.8461 6.78908 3.91968 52.9811 86.7111 65.38 77.66
MNT-7.8 (Cm) 3 | 67.9704 9.61849 555324 44,0768 91.8640 58.97 78.11

NT7.9 (Pt) 3 | 49.8385 9.57562 5.52848 26.0514 73.6257 41.08 60.06

NT-7.10 (Tw+Cm) 3 | 881872 7.52405 4.34401 69.4965 106.8780 8212 96.61

NT-7.11 (Tw+Pt) 3| 824137 347431 2.00589 73.7830 91.0443 79.11 86.04

MT-7.12 (Cm+Pt) 3 5462189 9.53210 5.60336 30.94249 78.3010 4527 64.33

Total 13 628.8130 15.62480 3.68280 61.0430 76.5830 41.08 96.61
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Test of Homogeneity of Variances

Levene
Statistic df1 df2 Sig.
TLS_The_Z2 2.066 ] 1 A4
TLS_The_M2 2.516 4] 1 .0g8
TLS_The_PL1 1.804 ] 1 186
TLS_The_PL12 541 4] 1 742
ANOVA
Sum of
Squares df Mean Square F Sig.
TLS_The_Z2 BEetween Groups 213.302 ] 42 660 5191 009
Within Groups 95.623 12 8.219
Total 311.925 17
TLS_The_Mm2 BEetween Groups 812.251 4] 162.450 7.638 .00z
Within Groups 255,209 12 21.267
Total 1067.461 17
TLS_The_PL1 Eetween Groups 1443.267 ] 288,653 15141 000
Within Groups 228,771 12 19.064
Total 1672.038 17
TLS_The_PL12 Between Groups 3370.600 g 674.120 10.375 .00n
Within Groups TT9.685 12 G4.974
Total 4150.284 17
TLS_The_Z2
Duncan®
Suhbsetforalpha=0.05
Treatment M 1 2 3 4
MNT7.9 (Pf) 3 | B9.8445
MT-7.8 (Cm) 3| 821290 | 921280
MT-7.11 (Tw+P1) 3 | 841088 | 941089 | 941089
MT-7.7 (Tw) 3 95.6533 | 96.6533 | 96.6533
MNT-7.10 (Tw+Cm) 3 98,3445 | 98.3445
MT-7.12 (Cm+Pf) 3 99.7683
Sig. 16 080 10 22

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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TLS_The_M2

Duncan'®

Subsetforalpha=0.05
Treatment M 1 2 3 4
MTT.9 (P1) T7.e322
MT-7.8 (Cm) g1.5818 g81.5818
MT-7.7 (Tw) B86.522 gE6.522

MT-7.12 (Cm+Pt) 900410 | 90.0410 | 90.0410
MT-7.11 (Tw+Pt) 91.5701 91,5701
MT-7.10 (Tw+Cm) 98,4733

Sig. 352 053 226 054

L% B % B % I % B % B S

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

TLS_The_PLA1

Duncan'®

Subsetforalpha=0.05
Treatment M 1 2 3 4
MTT.9 (P1) 3 G4.8992
MT-7.8 (Cm) 3 734826
MT-7.7 (Tw) 3 78.5503 78.5603
MT-7.12 (Cm+Pt) 3 g1.4022
MT-7.11 (Tw+Pt) 3 a6.0561 286.0561

3

MNT-7.10 (Tw+Cm) 92.84972
Sig. 1.000 A3 087 075

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.

TLS_The_PL12

Duncan®

Subsetforalpha=0.05
Treatment M 1 2 3 4
MT7.9 (P1) 3 49 83385
MT-7A12 (Cm+PD 3 546219 546219
MT-7.8 (Cm) 3 G7.9704 G67.9704
MT-7.7 (Tw) 3 G9.8461
MT-7.11 (Tw+Pt) 3 324137 324137
MT-7A0 (Tw+Cm) 3 ag8.18v2
Sig. A3 065 053 348

Means for groups in homogeneous subsets are displayed.
a. Uses Harmaonic Mean Sample Size = 3.000.
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< Phan tich ANOVA két qua chiéu dai va Khéi luong kho au tring tom su

Descriptives
95% Confidence Interval for
Mean
M Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minimum | Maximum
CD_Su_Z2 NT-7.1 (Tw) 3 21584 03092 01785 2.0816 2.2352 213 219
MNT-7.2 (Cm) 3 2.0583 04135 02387 1.9555 21610 2.02 210
NT7.3 (P1) 3 1.9982 07085 .04080 1.8232 21752 1.82 2.04
NT-7.4 (Tw+Crm) 3 2.2584 03092 01785 21816 2.3352 223 2.29
NT-7.5 (Tw+Pt) 3 2.2347 04541 02622 21218 2.3475 219 2.28
NT-7.6 (Cm+Pt) 3 21688 07781 04482 1.9764 2.3631 2.08 222
Total 18 21465 10428 .02458 2.0946 21983 1.82 2.29
CD_Su_Mm2 NT-7.1 (Tw) 3 41636 05625 03247 40238 43033 410 421
NT-7.2 (Cm) 3 4.0789 27812 15884 3.3955 47624 3.80 4.35
NT7.3 (P1) 3 3.9130 16465 09506 3.5040 4322 375 4.07
NT-7.4 (Tw+Crm) 3 4.2936 05625 03247 41538 44333 423 434
NT-7.5 (Tw+Pt) 3 4.2127 27622 15948 3.5265 489849 3.83 4.49
NT-7.6 (Cm+P1) 3 4.0461 653 09544 36355 44568 3.88 4.21
Total 18 41180 20251 04773 4.0173 4.2187 375 4.49
CD_Su_PL1 NT-7.1 (Tw) 3 6.0437 1030 05947 578749 6.2996 5.98 6.16
NT-7.2 (Cm) 3 5.7958 08945 05164 565736 6.0180 5.71 5.89
NT7.3 (P1) 3 6.0989 10944 06319 5.8280 6.3718 587 6.16
NT-7.4 (Tw+Cm) 3 6.2937 1030 05947 6.03749 6.5406 6.23 6.41
NT-7.5 (Tw+Pt) 3 5.9369 08980 05185 57138 6.1600 5.85 6.03
NT-7.6 (Cm+P1) 3 6.2422 10988 06344 59652 6.5152 6.12 6.31
Total 18 6.0687 18482 04582 54718 61656 571 6.41
CD_Su_PL10 NT-7.1 (Tw) 3| 108111 05092 .02940 10.6846 10.9376 10.77 10.87
NT-7.2 (Cm) 3| 102444 42828 24727 91805 11.3084 9.75 10.50
MNT7.3 (P1) 3| 106222 AE135 31832 §9.2526 11.9818 10.08 11.15
NT-7.4 (Tw+Crm) 3| 103611 26736 15436 9.6970 11.0253 10.08 10.62
NT-7.5 (Tw+Pt) 3| 104944 20082 11600 9.9953 10.9936 10.28 10.68
NT-7.6 (Cm+P1) 3 | 106056 24056 13889 10.0080 11.2031 10.47 10.88
Total 18 | 10,5231 33714 07947 10.3555 10.6808 §9.75 11.15
KLK_Su_PL10  NT-7.1 (Tw) 3 7625 02558 01477 63490 8260 T4 74
NT-7.2 (Cm) 3 54906 10680 06166 3253 8559 48 69
MNT7.3 (P1) 3 TEG3 07064 04078 5808 43T N .84
NT-7.4 (Tw+Crm) 3 6469 10015 05782 3881 8057 53 N
NT-7.5 (Tw+Pt) 3 6646 00902 00521 6422 BBT0 66 68
NT-7.6 (Cm+P1) 3 7510 08983 05186 5279 Aar42 65 .82
Total 18 6853 08306 .02183 64380 T4E 48 .84
Test of Homogeneity of Variances
Levena
Statistic dfi df2 Sig.

CcDh_su_Z#2 1.733 4] 12 202

CD_Su_m2 1.114 ] 12 403

CD_su_PL1 82 4] 12 60

CD_Su_PL10 1.994 ] 12 152

KLk_Su_PL10 2672 4] 12 076
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ANOVA

sSum of
Squares df Mean Square F Sig.
CD_5u_7#2 Between Groups 181 ) 030 10.340 000
Within Groups 034 12 003
Total 185 17
CO_Su_M2 Between Groups 272 ] 054 1.632 252
Within Groups 426 12 035
Total 697 17
CD_su_PL1 Between Groups A23 ) 1046 10.223 om
Within Groups 23 12 010
Total 645 17
CD_sSu_PL1O Between Groups B13 ] 23 1114 403
Within Groups 1.319 12 10
Total 1.932 17
KLE_Su_PL10 Between Groups 07y ) 014 2614 080
Within Groups 070 12 0086
Total 147 17
CD_Su_Z2
Duncan'®
Subsetforalpha=0.05
Treatments M 1 2
MNT7.3 (P 3 1.9592
MNT-7.2 (Cm) 3 2.0583
MT-7.1 (Tw) 3 2.1584
MNT-7.6 (Cm+Pti) 3 2.1698
MT-7.6 (Tw+Pt) 3 2.2347
MNT-7.4 (Tw+CTm) 3 2.2584
Sig. 186 (N
Means for groups in homogeneous subsets are
displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
CD_Su_PL1
Duncan'®
Subsetforalpha=0.05
Treatments M 1 2 3 4
MNT-7.2 (Cm) 3 5.74958
MT-7.5 (Tw+Pt) 3 5.9369 5.93649
MNT-7.1 (Tw) 3 6.0437
MNTT.3 (P) 3 6.0599 6.08949
MNT-7.6 (Cm+Pti) 3 £.2422 6.2422
MT-7.4 (Tw+Cm) 3 6.2837
Sig. 13 084 10 544

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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% Phan tich ANOVA két qua chiéu dai va CV 4u triing tdm thé chan tring

Descriptives
95% Confidence Interval for
Mean
M Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minimum | Maximum
CD_The_72 NT-7.7 (Tw) 3| 1.8500 02871 01542 1.7836 1.9164 182 1.88
NT-7.8 (Cm) 3| 1.8295 03923 02265 1.7320 1.9269 1.79 1.87
NTT7.9 (PY) 3| 1.7735 06722 03881 1.6065 1.9404 1.70 1.82
NT-7.10 (Tw+Cm) 3| 2.0194 02833 01694 1.9465 2.0822 1.99 2.05
NT-7.11 (Tw+Pt) 3| 1.9968 04309 02488 1.889% 21039 1.95 2.04
NT-7.12 (Crm+Pt) 3| 19353 07382 04262 1.7519 21187 185 1.98
Total 18 | 1.8007 10144 02391 1.8503 1.9512 1.70 2.05
CD_Tha_M2 NT-7.7 (Tw) 3| 37678 04809 02776 3.6484 3.8873 ERE 3.81
NT-7.8 (Cm) 3| 36887 23615 13634 31120 4.2853 3.46 3.93
MT7.9 (Pt) 3 36663 14133 08160 3.2082 3.9073 341 370
NT-7.10 (Tw+Cm) 3| 38829 04828 02787 3.7630 4.0028 333 3.92
NT-7.11 (Tw+Pt) 3| 38135 23710 13689 3.2245 4.4024 357 4.05
NT-7.12 (Cr+Pt) 3| 36705 44190 08192 3.3180 4.0230 353 3.81
Total 18 | 37316 17369 04094 3.6452 3.8180 3.4 4.05
CD_The_PL1  NT-7.7 (Tw) 3| 53719 08747 05050 51546 55892 532 547
NT-7.8 (Cm) 3| 50689 07625 04402 4.5795 52583 5.00 515
NT7.9 (P 3| 53281 09330 05387 5.0964 56599 522 5.38
NT-7.10 (Tw+Cm) 3| 54934 08782 05070 52752 57115 5.44 5.59
NT-7.11 (Tw+Pt) 3| 51892 07656 04420 4.9990 53794 512 527
NT-7.12 (C+PY) 3| 54494 09367 05408 52167 5.6821 534 5.50
Total 18 | 53168 6770 03853 52334 5.4002 5.00 5.59
CD_The_PL12  NT-7.7 (Tw) 3 | 101391 14676 08473 9.7746 10.5037 9.99 10.28
MT-7.8 (Cm) 3 9.7183 L3277 18884 8.8055 10,6310 9.34 9.83
NT7.9 (P 3| 91863 11486 06632 8.9010 9.4717 9.08 9.28
NT-7.10 (Tw+Cm) 3| 11.2797 14735 08507 108137 11.6457 1113 11.42
NT-7.41 (Tw+Pt) 3| 108571 37848 18565 10.0411 11.6731 10.48 11.07
NT-7.12 (Cr+PY) 3| 103231 11532 06658 10.0366 10,6098 1019 10.42
Total 18 | 10.2506 73370 17293 9.8857 10.6155 9.05 11.42
CY_The_FL12Z  NT-7.7 (Tw) 3 | 10.2267 212284 | 1.22582 4.9532 15.5001 517 12.41
NT-7.8 (Cm) 3| 11.0433 3.38370 | 1.95358 2.637% 19,4489 8.12 14.75
NT7.9 (P 3 | 10.7200 438220 | 253007 - 1660 21.6060 6.20 14.95
NT-7.10 (Tw+Cm) 3| 7.6200 1.86973 | 1.07949 2.9753 12.2647 595 9.64
MT-7.11 (Tw+Pt) 3 8.6200 2.87188 1.65808 1.48549 16,7641 .81 11.565
NT-7.12 (Crn+PY) 3| 9.3487 2.68488 | 1.86559 21802 16.5131 6.34 12.50
Total 18 | 9.5981 2.83338 66783 8.1871 11.0051 531 14.95
Test of Homogeneity of Variances
Levene
Statistic df1 df2 Sig.

CD_The_Z2 1.833 b 12 81

CD_The_mMm2 1116 f 12 A02

CD_The_PL1 Ja2 b 12 B60

CD_The_PL12 24814 f 12 060

CW_The_PL12 Adg b 12 g72
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ANOVA

Sum of
Squares df Mean Sguare F Sig.
CD_The_Z2 Between Groups 48 A 028 11.654 .ooo
Within Groups .030 12 .00z
Total ATE 17
CD_The_m2 Between Groups 199 g 040 1.627 263
Within Groups 313 12 026
Total 513 17
CD_The_PL1 Between Groups 389 5 0va 10.487 000
Within Groups .088 12 007
Total AT8 17
CD_The_PL12 Between Groups 8.682 ] 1.716 36174 .00o
Within Groups 568 12 047
Total 9151 17
CW_The_PL12  Between Groups 26.026 5 5.205 GEE J25
Within Groups 110.451 12 9.204
Total 136.477 17
CD_The_Z2
Duncan®
Suhbsetforalpha=0.05
Treatment N 1 2 3
MNT7.9 (Pf) 3 17735
MT-7.8 (Cm) 3 1.8294
MNT-7.7 (Tw) 3 1.8500 1.8500
MT-7.12 (Cm+P1f) 3 1.9353 1.9353
MT-7.11 (Tw+Pt) 3 1.9868
MNT-7.10 (Tw+Cm) 3 2.0194
Sig. 098 058 072
Means for groups in homogeneouws subsets are displayed.
a. Uses Harmaonic Mean Sample Size = 3.000.
CD_The_PL1
Duncan®
Suhbsetforalpha=0.05
Treatment M 1 2 3 4
MNT-7.8 (Cm) 3 5.06849
MT-7.11 (Tw+P1) 3 51892 51892
MNT7.9 (Pf) 3 5.3281 53281
MT-7.7 (Tw) 3 537149 5.37149
MNT-7.12 (Cm+Pf) 3 5.4454 5.4494
MT-7.10 (Tw+Cm) 3 5.4834
Sig. 13 072 26 126

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 3.000.
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CD_The_PL12

Duncan®

Subsetforalpha=0.05
Treatment M 1 2 3 4 ]
MNTT.9 (Pf) §.1863
MT-7.8 (Cm)
MT-7.7 (Tw)
MNT-7.12 (Cm+P1f)
MT-7.11 (Tw+P1)
MT-7.10 (Tw+Cm) 11.2797
Sig. 1.000 1.000 a3 1.000 1.000
Means for groups in homogeneous subsets are displayed.

a. Uses Harmonic Mean Sample Size = 3.000.

89.7183
10137
10,3231
10.8571

Gl Gl Gl Gl G el

X Két qua kiém dinh tinh dong nhat phuong sai va phan phdi chuan di ligu thoi

gian phat trién au tring tom s

Descriptives
95% Confidence Interval for
Mean
M Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minimum | Maximum
DevliopTime_su_Z2 MNT-7.1 (Tw) 3 28111 09623 05556 28871 28.35M 28.00 2917
MT-7.2 (Crm) 3 30.2778 .25459 14889 20.6453 30,9102 30.00 30.50
MNTT.3 (P1) 3 28.8333 57735 133333 28.3991 31.2676 2817 3017
MNT-7.4 (Tw+Cm) 3 201544 26788 15466 28,5290 28.8599 20.00 29.50
MNT-7.5 (Tw+P1) 3 28.0000 .0oooo .ooooo 28.0000 28.0000 28.00 29.00
MNT-7.6 (Cm+P1t) 3 30.2222 09623 05556 28.9832 30,4613 3017 30.33
Total 18 28.6065 59258 13967 203118 28.9012 26.00 30.50
DevelopTime_Su_M2 MNT-7.1 (Tw) 3 | 142.0556 09623 05556 141.8165 142.2946 142.00 14217
MT-7.2 (Cm) 3| 213.3889 41944 24216 212.3470 214.4308 213.00 213.83
MNTT.3 (P1) 3 | 180.2500 15.03491 8.68041 142.8012 217.5988 166.83 186.50
MNT-7.4 (Tw+Cm) 3| 1452222 09623 05556 144.9832 1454613 14517 145.33
NT-7.5 (Tw+P1f) 31451111 09623 05556 1448721 1453501 145.00 14517
NT-7.6 (Cm+P1f) 3| 189.9444 8.065972 4.65905 169.8982 209.9907 181.33 197.33
Total 18 | 169.3287 28.46444 6.70913 1651737 183.4837 142.00 213.83
DevelopTime_Su_PL1  NT-7.1 (Tw) 3 | 204.5556 09623 05556 204.3165 204.7946 204.50 204.67
MT-7.2 (Cm) 3 | 280.8389 8.46780 4.88889 259.8537 301.8241 276.00 280.67
MNT7.3 (P1) 3| 276.9444 09623 05556 276.7054 2771835 276.83 277.00
NT-7.4 (Tw+Cm) 3| 204.5000 .0oooo .ooooo 204.5000 204.5000 204.50 204.50
MNT-7.5 (Tw+P1t) 3| 204.5000 .0oooo .ooooo 204.5000 204.5000 204.50 204.50
NT-7.6 (Cm+P1f) 3 | 268.6667 13.57694 7.83865 234.8397 302.3937 253.00 277.00
Total 18 | 240.0083 3711528 8.74816 221.5523 258 4663 204.50 280.67
Test of Homogeneity of Variances
Levene
Statistic dfi df2 Sig.

DevlopTime_Su_Z2 7.187 ] 12 003

DevelopTime_Su_M2 56871 ] 12 007y

DevelopTime_Su_PL1 12.906 ] 12 .0oo0
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Tests of Normality

Kaolmogorav-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
DeviopTime_Su_Z2 271 18 .0 803 18 002
DevelopTime_Su_M2 300 18 000 810 18 00z
DevelopTime_Su_PL1 330 18 000 J13 18 000

a. Lilliefors Significance Correction

R/
0’0

Két qua kiém dinh tinh d6ng nhat phuong sai va phan phdi chuan di ligu thoi

gian phat trién Au tring tdm thé chan tring

Descriptives
95% Confidence Interval for
Mean
M Mean Std. Deviation | Std. Error | Lower Bound Upper Bound Minimum | Maximum
DevelopTime_The_Z2 MT-7.7 (Tw) 3 35.0000 .0oooo .0oooo 35.0000 35.0000 35.00 35.00
NT-7.8 (Cm) 3 353333 14434 08333 3489748 356919 3517 35.42
NT7.9 (P1) 3 357222 69389 40062 33.89985 37.4459 3517 36.50
NT-7.10 (Tw+Cm) 3 32.6667 28868 6667 31.9496 33.3838 32,50 33.00
MT-7.11 (Tw+P1) 3 331667 .2BB68 BBET 32,4496 33.8838 33.00 33.50
NT-7.12 (Cm+Pt) 3 341067 09238 05333 338772 343361 34.00 3416
Total 18 34,3326 1.18932 28033 337412 34.8240 32.50 36.50
DevelopTime_The_M2 NT-7.7 (Tw) 3 | 136.1667 28868 6667 135.4496 136.8838 136.00 136.50
MT-7.8 (Cm) 3 | 137.2222 38440 22222 136.2661 138.1784 137.00 137.67
NT7.9 (PY) 3 | 1431667 28868 6667 1424496 143.8838 143.00 143.50
NT-7.10 (Tw+Cm) 3 | 1341667 28868 6667 133.4496 134.8838 134.00 134.50
NT-7.11 (Tw+Pt) 3 | 134.3333 87735 33333 132,889 135.7676 134.00 135.00
MT-7.12 (Cm+Pf) 3 | 135.3333 ATT735 33333 133.8991 136.7676 135.00 136.00
Total 18 | 136.7315 317061 74732 1351548 138.3082 134.00 143.50
DevelopTime_The_PL1  NT-7.7 (Tw) 3 | 182.6667 28868 6667 181.9496 183.3838 182.50 183.00
NT-7.8 (Cm) 3 | 1837222 38440 22222 182.7661 1846784 183.50 18417
MT7.9 (Pt) 3 | 189.6667 .2BB68 BBET 188.9496 190.3838 189.50 190.00
NT-7.10 (Tw+Cm) 3 | 160.8000 .00ooo .00ooo 160.8000 160.8000 160.80 160.80
NT-7.11 (Tw+Pt) 3 | 164.0000 1.385664 80000 160.5579 167.4421 163.20 165.60
MNT-7.12 (Cm+Pt) 3 | 180.8000 1.38564 .8oooo 177.3579 184.2421 180.00 182.40
Total 18 | 176.9426 11.00567 258406 171.4696 182.4156 160.80 1580.00
Test of Homogeneity of Variances
Levene
Statistic dft df2 Sig.
DevelopTime_The_72 5994 12 00&a
DevelopTime_The_M2 1.809 12 186
DevelopTime_The_PL1 3.464 12 om
Tests of Normality
Kaolmaogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
DevelopTime_The_Z2 213 13 03 B26 13 A67
DevelopTime_The_M2 244 18 006 J63 18 .0oo
DevelopTime_The_PL1 276 13 .0 813 13 .00z

a. Lilliefors Significance Correction
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