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LOT CAM DOAN
T6i xin cam doan dé tai nghién cieu trong ludn van nay la cong trinh nghién curu
cua toi dwa trén nhirng tai liéu, 56 liéu do chinh téi tw tim hiéu va nghién ciru. Chinh vi
vay, cdc két qua nghién cieu dam bao trung thuc va khdch quan nhat. Dong thoi, két qua
nay chiea timg xudt hién trong bat cir mot nghién cieu nao. Cdce s liéu, két qua néu trong

lugn van la trung thiec néu sai téi hoan chiu trach nhiém truée phdp luat.

Vii Ngoc Phurrong Dung




LOI CAM ON
Trong sudt qué trinh hoc tap va hoan thanh luan van nay, t6i da nhan dugc sy hudng
dan, giup d& quy bau tir Quy Thay C6 tai Hoc vién Khoa hoc va Cong nghé — Vién
Han 1am Khoa hoc va Cong nghé Viét Nam, cung sy déng hanh cua céc co quan, gia
dinh va ban be. Vi long kinh trong va biét on sdu sic, t6i xin duoc giri 101 cam on
chan thanh dén:
Xin chin thanh cam on thdy PGS. TS. Pham Hitu Thién d3 tdn tim chi dan, giang day
cho t6i vé& chuyén mén, ddng thoi dong vién khich 1& va tao moi diéu kién thuan loi
nhat cho toi trong sudt thoi gian thuc hién luan vin, cling nhu céc thay co trong hoi
d6ng cham luan vin di cho t6i nhitng dong gop quy bau dé hoan chinh luan vin nay.
T61 xin tran trong cdm on ban lanh dao va cac can by dang cong tac tai Vién Cong
ngh¢ tién tién — Vién Han 1am Khoa hoc va Cong nghé Viét Nam da gitp do, tao moi
diéu kién co s& vat chit dé thyuc hién luan van tot nghiép.
Ban Lanh dao, phong Pao tao, Quy Thay, C6 Hoc vién Khoa hoc va Cong nghé —
Vién Han lam Khoa hoc va Cong ngh¢ Viét Nam luon tan tuy truyén dat kién thtrc va
danh su quan tam hd tro t6i trong sudt thoi gian hoc tap va nghién ctru.
Xin gui 10i cam on tdi cac dong nghiép trong phong Cong nghé plasma va Vat 1y tinh
toan da nhiét tinh gitp dd to1 trong qué trinh hoan thanh luédn van.
Cubi cung, ti xin gui 10i tri an sau sic dén cha me, gia dinh va nhiing ngudi ban than
yéu, nhitng ngudi ludn sat canh, ung hd va dong vién t6i vuot qua moi kho khin dé

hoan thanh chuong trinh hoc tap.
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MO DAU

Haematococcus pluvialis (H. pluvialis) 1la mot loai vi tdo luc thudc ho
Haematococcaceae thudng duoc tim thiy trong méi trudng nudce ngot, don bao, hinh
elip duong kinh khoang 10-20 pm, sinh san vo tinh bang cach nhan d6i, c6 thé di
chuyén bang hai roi, phan bd cha yéu & ving 6n d6i. Khi trai qua cac diéu kién sdng
bat lgi nhu do min cao, thiéu nito, nhiét d6 va anh sang cao [1, 2] tdo H. pluvialis téng
hop astaxanthin dé chdng lai su thay ddi tir méi trudng bén ngoai.

H. pluvialis 1a mot loai tao vi c6 gia tri thuong mai, c6 kha ndng tich lily astaxanthin
v6i ham luong 16n trong diéu kién stress. Cuong d6 anh sang anh hudng déang ké dén
su ting trudng va tich Iy sic t6, vdi cuong do thap (20-50 pmol photon.m2.s) duy
tri su ting trudng sinh cao, trong khi cudng do cao (70-100 umol photon.m2.s™!) thic
day su hinh thanh nang sém va ting ham lugng astaxanthin [3—5]. Kha ning tich liy
astaxanthin ting khi gip stress nhu anh sang cao, thiéu dinh dudng, pH, nhiét do...
Tuy nhién, astaxanthin chi chiém t6i da 4-5% trong lwong kho. Vi vay, can tbi uu sinh
khéi & pha xanh truée khi chuyén sang pha dé dé ting hiéu suét tich liy [6, 7].

Gan day, nhiéu phuong phap da dugc nghién ctru nham thiic day su ting trudng cia H.
pluvialis trong giai doan sinh truong xanh. Mot s6 nghién ciru dang cha ¥ bao gom
viéc bd sung cac chat kich thich sinh truong co6 ngudn gdc ty nhién, chang han nhu
nudc ép ca rot, dich chiét thuc vat, hodc cac hop chit sinh hoc giau dinh dudng [6,8,9].
Nhitng chit nay khong chi cung cip ngudn carbon hitu co ma con c6 thé chira cac yéu
td vi luong va chét chéng oxy hoa, gop phﬁn cai thién hiéu suét sinh khoi va tao tién
dé cho qué trinh tich llly astaxanthin & giai doan sau. Pac biét, cong nghé plasma lanh
(NTP) v6i kha ning tao ra nhiéu loai oxy/nito phan tng (RONS) mét cach 6n dinh va
hiéu qua nén dugc xem 1a cong nghé day hira hen trong (mg dung trong nhiéu linh vuc
khac nhau [10]. Nhiéu nghién ctru dd chting minh tac dong kich thich ting truéng cua
plasma lanh trén nhiéu loai thyc vat boi vai trd dinh dudng nirtrogen ciing nhu diéu
hoa trao d6i chat té bao ctia ROS [11]. Hiéu qua ndy ciing di dugc danh gia so bo trén
mot sd vi tao nhu: Chlorella vulgaris, Scenedesmus obliquus, ...Plasma lanh d3 duoc
mg dung nhu mot phuong phap tién xir 1y té bao H. pluvialis truée giai doan nudi cy.

Tuy nhién, mdt hudng ti€p can mdi va tiém nang la phat trién moi truong nudi duge
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hoat héa bang plasma, nham duy tri hiéu qua ctia cic loai RONS trong sudt qué trinh
nudi cay. Khia canh nay hién van chua duoc khao sat day du, mo ra co hdi nghién ciru
méi trong t6i wu hoa sinh trudng va tich lily astaxanthin.
Tir nhitng co sé trén, dé tai: “Déanh gid tic dong cla plasma lanh cho qua trinh ting
trudng va tich liiy astaxanthin cua vi tdo luc H. pluvialis” dugc thuc hi¢n. Nghién ctru
tap trung vao viéc danh gia sy thay d6i ndng do RONS va pH ctia méi trudng sau hoat
hoa plasma. Bén canh do6, giai doan sinh truong sinh dudng sau khi xur 1y plasma duogc
danh gia thong qua mat do té bao, ham luong sic té quang hop, sinh khéi va cac hop
chét hiru co. Ngoai ra, hiéu qua tich lily ciia H. pluvialis sau qué trinh nudi cay bang
plasma ciling dugc danh gia
Muc dich nghién ciru
Pénh gia tac dong cua plasma lanh dén giai doan ting truong va tich lily mot sd hop
chét hiru co & tao H. pluvialis ciing nhu hiéu quéa tong hop astaxanthin sau qua trinh
nudi cay véi plasma.
Noi dung nghién ciru
- Noi dung 1: Xay dung, lap dit hé théng plasma va xac dinh dic tinh 1y héa cia
moi truong hoat héa plasma bao gém néng do NOs", NO2, H2O2 va su thay doi
gia tri pH.
- Noi dung 2: PBéanh gia tdc dong kich thich ting truéng cua moi trudng sau hoat
hoa plasma dén toc d6 ting trudng cua tao H. pluvialis.
- Noi dung 3: Panh gia tic dong ctia moi trudng sau hoat hoa plasma dén su tich
lity mét s6 hop chit hitu co ctua H. pluvialis & cubi phase xanh.
- NOoi dung 4: Hiéu qua tich lily astaxanthin sau qua trinh nudi cdy két hop
plasma.
Nhirng dong gop ciia luin vin
Két qua ctia dé tai cung cap thong tin vé:
- Ché tao hé théng plasma lanh phuc vu cho nuéi cdy vi tao xanh H. pluvialis.
- MOi lién hé ciia cic thanh phan sinh ra sau phéng dién plasma dén sy ting

trudng giai doan xanh cua vi tdo H. pluvialis.



- Co s¢ dé ung dung cong nghé plasma lanh trong thic ddy ting sinh khéi tao 1a

nén tang cho qua trinh tich lily astaxanthin hiéu qua.



CHUONG 1. TONG QUAN NGHIEN CUU
1.1. So lwoc vé tdo Haematococcus pluvialis

Heamatococcus pluvialis 1a mot loai vi tdo xanh don bao nudc ngot thudc 16p
Chlorophyceae [12], phan bd rong rii tai nhidu moi trudng song trén toan thé gidi.
Kha ning thich nghi vé6i diéu kién khic nghiét cua H. pluvialis khong chi dén tir 16p vo
day bao vé bén ngoai, ma con tir nhitng bién d6i ndi sinh nhu s tich liy cc sic to
chéng oxy hoa va sy ngimg ting trudng sinh dudng, giup té bao chuyén sang trang
thai chéng chiu stress hi¢u qua.

Phan loai khoa hoc cua tdo H. pluvialis dugc phan loai nhu sau
Nganh: Cholophyta
Lép: Chlorophyceae
Bo: Volvocales
Ho: Haematococcaceae
Chi: Haematococcus
Loai: Heamatococcus pluvialis
1.2. Pic diém sinh truéng — hinh thdi

Trong qué trinh phat trién, su thay d6i dic diém hinh thai va sinh 1y ctua H.
pluvialis phu thudc rat nhiéu vao diéu kién moi truong, dugc phan loai thanh:
macrozooids (hodc zoospores), microzooids, palmella va hematocysts (hodc
aplanospores) [13]. Trong d6 macrozooids, microzooids thuong dugc goi 1a giai doan
sinh dudng xanh di dong, trong khi palmella danh dau su chuyén tiép khi diéu kién
moi truong bat loi dé dat trang thai hematocysts v&i ham lugng astaxanthin dat dinh c6
mau doé dac trung (giai doan do).

Macrozooids (té bao xanh di dong) 1a cac té bao hinh cau, elip hodc hinh qua 1&
v6i hai roi va luc lap hinh chén (hinh 1a). Loai t& bao nay chiém wu thé trong diéu kién
sinh truong thuan loi véi kich thude tir 8 — 20 um. Macrozooids ¢6 thé phan chia thanh
2-32 té bao con thong qua nguyén phin ¢ giai doan ting trudong sinh dudng som.
Trong diéu kién méi truong bat 1gi, macrozooids mat di tiém mao va m& rong kich
thude té bao thanh dang "palmella” (t& bao xanh bat dong) véi su hinh thanh thanh té

bao so cap hodc cac cau tric da 16p vo dinh hinh dudi chat nén ngoai bao (hinh 1b).
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Tiép theo 1a sy hinh thanh cta hematocysts (bao tir mang day) khi cac yéu td
stress ctia moi trudng xung quanh kéo dai. Luc nay té bao ngimg phan chia, hinh thanh
hai cu truc riéng biét gom: vo 3 16p day, cing va thanh té bao thir cip khang
acetolysis giup chiing chdng choi lai cac diéu kién moi trudng khic nghiét. Giai doan
nay ciling di kém vo1 su tich tu mot luong 1on carotenoids thi cép, dac biét la
astaxanthin, mang lai mau d6 cho cac té bao (hinh 1c). Khi cac diéu kién moéi trudong
thuan loi hon, cc giao tir microzooids bit dau hinh thanh dé khoi dong chu trinh sdng
m&i. Sinh san hitu tinh hiém khi dugc quan sat thiy & H. pluvialis, nhung n6 c6 thé
xay ra trong nhitng diéu kién cuc ky bat loi, qua trinh sinh giao tir xay ra o
aplanospores c6 thé tao ra téi 64 giao tir [14]

(@) (b)

10 pm

Hinh 1.1. Hinh thai H.pluvialis (a) giai dogn macrozooids (b) palmella (c)
aplanospore (thanh do 10 um)
1.3. Thanh phan cdc chét hivu co trong tio (protein, lipid, carbohydrate)

Trong qua trinh ting truong, tdo H. pluvialis tich liiy nhiéu hop chat hiru co
khac nhau. Trong d6 protein, carbohydrate va lipid chiém ti 18 16n trong sinh khi té
bao. Ngoai ra, ti 18 ctia cac hop chét ciing thay doi tiy thudc vao giai doan séng.

Protein: O giai doan sinh dudng, hau hét cac chung H. pluvialis déu c6 mirc
protein cao giao dong tir 29 — 45 % trong luong khd, sau d6 giam nhe khi chuyén sang
giai doan d6. Qua trinh chuyén hoa protein trong tao dién ra do cac gen trong nhan tao
dugc phién mi thanh RNA théng tin (mRNA). Cac phan tt mRNA sau d6 s& di dén
ribosome, noi chiing s& duoc dich ma thanh cac chudi polypeptide, tiép dén cac chudi
polypeptide nay s& gap lai dé tao thanh protein c6 céu triic ba chiéu. Mot s protein c6
thé tr& thanh protein chirc nang truc tiép, trong khi nhitng protein khac c6 thé duoc
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dua vao luc lap (chloroplasts) dé tong hop astaxanthin-binding proteins, dong vai trd
quan trong trong viéc bao v¢ tdo khoi stress oxy hoa.

Carbonhydrate: Chiém 15-17%, khoang Y so véi giai doan “d6”. D ¢ nhiéu
nghién ctru chimg minh ham luwong carbonhydrat ting cao hon trong diéu kién stress
nhe, sau d6 giam do té bao tiéu thu dan khi diéu kién stress kéo dai.

Lipid: Tong luong lipid giao dong trong khoang 20-25% trong giai doan sinh
dudng, chu yéu 13 cac acid béo khong bio hoa da & dang chudi ngin (16-18C). O giai
doan d0, cac té bao c6 thé tich liy cac giot lipid trung tinh triaglyxerol 1én dén 40%
trong lugng té bao. Bén canh d6, mot lugng dang ké cac chat chuyén hoa tht cap (chu
yéu 1a astaxanthin) c6 thé chiém 4%. Qua4 trinh vi tao tao ra lipid du trir dién ra theo
hai giai doan chinh. Giai doan mot xay ra trong lap thé, noi té bao bién CO va nang
lugng thanh cac chudi carbon dai. Té bao bat dau bang cach chuyén doi CO2 va céc
san pham ban dau cia quang hop thanh pyruvate, roi thanh acetyl-coenzyme A. Hop
chét nay sau d6 duoc kéo dai va chinh sira lién tuc boi phitc hop fatty acid synthase dé
hinh thanh cac chudi axit béo co ban. Cac axit béo sau d6 duoc hoat hoa thanh dang
acyl-coenzyme A dé chuan bi cho viéc x4y dung md du trit. Giai doan hai dién ra khi
acyl-coenzyme A di chuyén ra khoi lap thé va vao ludi noi chat. Tai ddy, ba phan tur
acyl-coenzyme A duoc lap rap 1an luot 1én mot "khung d" 1a glycerol 3-phosphate.
San pham cudi cung cua qua trinh lap rap nay 1a triacylglycerol, dang m& du trit ma vi
tao tich Iy

Carotenoid: Carotenoid ctia t& bao sinh dudng cha yéu 1a lutein (75— 80%), B-
carotene (10-20%) va cac chit khac, bao gém diép luc a, b, carotenoids so cép,
violaxanthin, neoxanthin, lactucaxanthin va zeaxanthin [15,16]. 0 giai doan do, téng
ham luong carotenoid duoc ting cudng rd rét va kiéu carotenoid so cap dic trung cua
giai doan sinh dudng dugc thay thé bang carotenoid thir cip, chu yéu 1a astaxanthin
(80-99% t6ng luong carotenoid). Astaxanthin trong giai doan nay khong ton tai tu do
ma chu yéu luu trir dudi dang este axit béo cua astaxanthin, thuong 1a mono- hoac
diester cia palmitic (16:0), oleic (18:1) hodc linoleic (18:2) axit. Cac dang ton tai nay

1a can thiét cho sy ling dong cua phan tir astaxanthin c¢6 d6 phan cuc cao trong chat
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nén khong phan cuc ciia cic giot lipid. Khoang 70% monoeste, 25% diester va chi 5%
ketocarotenoid ty do ¢ trong cac té bao “d6” trudng thanh.

Astaxanthin: astaxanthin (3,3'-dihydroxy-,B’-carotene-4,4'-dione) 1a mét hop
chit thudc nhém carotenoid cé trong cac sinh vat nhu vi tdo, dong vat giap xac, ca va
mot s6 loai chim [18,19]. Astaxanthin c6 cdu triic gdm 2 vong B-ionone duoc lién két
boi chudi polyene chira cac gbe keto va hydroxyl [20]. Cau triic nay gitp astaxanthin
lién két d& dang v6i cac mang sinh hoc, loai bo hiéu qua cac gde tu do tir bén trong va
bén ngoai bé mit té bao [22] gitip né trd thanh hop chat 1a ¢6 hoat tinh chéng oxy hoa
hiéu qua nhat trong s céc carotenoid, cao hon 10 1an so v&i B-carotene va 100 lan so
v6i a-tocopherol [23]. Ngoai ra khi Haematococcus pluvialis tong hop astaxanthin khi
phai ddi mat véi cac diéu kién stress nhu 4nh sang manh hodc thiéu chat dinh dudng.
Pay 1a mot phan tng bao vé té bao, chil yéu dién ra trong lap thé.

Astaxanthin dugc hinh thanh thong qua qua trinh tong hop carotenoid theo con
duong MEP (methylerythritol phosphate), khdi dau tir hai chat nén chinh 13 pyruvate
va glyceraldehyde-3-phosphate (GA-3P). Pyruvate chu yéu dugc tao ra tir qua trinh
duong phan, 1 san pham cta chu trinh chuyén héa cacbon trong quang hop. Trong khi
d6, GA-3P ciing 1a san pham ciia quang hop, nhung ddng thoi ¢ thé duoc hinh thanh
thong qua qua trinh phéan giai lipid. Hai chat nén nay tiép tuc duoc chuyén héa thanh
céc hop chét trung gian, sau d6 duoc tong hop thanh chudi carbon dai nhd cac enzyme
chuyén biét dé tao ra B-carotene. Cac enzyme ndy dugc cdu tric tir protein, do do
protein dong vai tro thiét yéu trong toan bd qua trinh tong hop.

Tir B-carotene, té bao tiép tuc chuyén hoa thanh astaxanthin thong qua cac phan
ung xuc tdc enzyme. Sau khi dugc hinh thanh, astaxanthin s& dugc ester hda véi cac
acid béo va luu trir trong cac giot lipid ndi bao. Piéu nay cho thay rang ca qua trinh
chuyén hoa protein va lipid déu c6 mdi lién két chat ché véi giai doan cubi cling cua
qua trinh san xuét va luu trir astaxanthin.

Téng thé, su tich liiy dong thoi cua carbohydrate, protein va lipid trong pha
xanh dong vai trd nhu mot nén tang chuyén hoa quan trong, hd tro truc tiép cho qua

trinh tong hop astaxanthin trong giai doan chuyén sang pha do.
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Hinh 1.2. Qud trinh tong hop astaxanthin [95]
1.4. Céc yéu to anh hwéng qud trinh ting truéng ciia vi tio H. pluvialis
1.4.1. Nguén nitrogen
Nitrogen 12 mot trong nhiing chét dinh dudng thiét yéu anh hudng dén su phat trién
cta té bao va hoat dong enzyme cua H. pluvialis [24]. Cu thé ching 14 thanh phan ciu
tric cua dai phan tir nhu: protein, DNA, RNA tir d6 tham gia cAu trac va diéu hoa hoat

dong trao ddi chét tir 6 anh huong dén kich thude va tée do phan bao [24, 25]. Do do,
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nitrogen dugc xem 13 yéu t6 giéi han ting trudng chinh, anh hudng truc tiép dén phat
trién sinh khéi trong té bao [24].

Vi tao c6 kha ning st dung nhiéu ngudn nitrtogen khac nhau nhu: nitratee,
amoniac va uré [26]. V& mat 1y thuyét, co ché hap thu nitrogen tir amoni 1a con dudng
trao ddi chat don gian nhit dé vi tao dong hoa truc tiép [27]. Tuy nhién, nitrate van
dugc xem 13 dang nitrogen phd bién nhat, dugc hap thu tryc tiép qua mang té bao
thong qua co ché van chuyén chu dong, sau do duogc chuyén hoa dé tong hop cac
amino acid thiét yéu. Trong mot s6 moi truong nudi cdy tiéu chuan nhu BG-11, BBM
(Bold’s Basal Medium) hodc méi truong RM-4X, nitrate thudng duoc bd sung dudi
dang NaNOs, cho thdy tim quan trong ctia nguon dinh dudng nay ddi véi qua trinh
sinh truéng va phat trién cta vi tao [28]

1.4.2. Nguén carbohydrate.

Sinh khéi H. pluvialis cao c6 thé thu duoc thong qua phwong thirc nudi hon hop sir
dung mudi hoic acid acetic/acetat vao dau hodc cudi pha log [29 — 31]. Hay viéc thay
d6i can bang C/N bang cach str dung carbon dioxide (CO2), c6 kha ning kich thich su
hinh thanh nang va tich lily astaxanthin [32]. Sinh khdi ctua H. pluvialis c6 thé duoc
tang 1én bang cach khuéch tan CO2 vao méi truong dé thay thé su thiéu hut nito bang
néng dd cu thé cua carbon dang khi [27]. Tuy nhién, viéc tdng néng do CO2 1én téi1
20% c6 thé trc ché luc lap va 1am giam sy phat trién cia té bao, dan dén ty 18 chét té
bao cao [27, 33]

1.4.3. Cwong dp chiéu sing

Anh sang 1a mot yéu td quan trong dé cai thién niang suat sinh khéi cho H. pluvialis
trong moi truong nudi cdy hdn hop [34]. Nang lugng blic xa trong anh sang duoc
chuyén d6i thanh ning luong héa hoc dudi dang ATP va NADPH thong qua chudi van
chuyén dién tr quang hop. Vi tao s& luu trit ning lwong hoa hoc trong tinh bot bang
cach c¢b dinh CO» thong qua chu trinh Calvin [35], tor d6 1am nguyén li€u cho viéc
phan chia va ting trudng cua té bao.

1.4.4. Hinh thikc dinh dwéng trong nuéi cdy
C6 thé nudi H. pluvialis dé thu duge sinh khdi bang ché do ting trudng quang tir

dudng, di dudng hodc hdn hop [36 — 38]. Piéu kién nudi cay quang tu dudng thuong
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doi hoi anh sang, CO> va chét dinh dudng [39]. Anh sang 12 ngudn ning luong, trong
khi hop chat vo co chi yéu dong vai tro 14 ngudn carbon/nitrogen dé tao ra sinh khoi
tao [33]. Trong phuong thirc nudi di dudng, viéc tao st dung cac hop chét hiru co
trong diéu kién thiéu anh sang s& gitp ting ning suét té bao [40]. Tuy nhién, k¥ thuat
nay khéng thuc su phu hop dé san xuit astaxanthin & H. pluvialis, vi astaxanthin 1a
mot carotenoid phu thudc vao anh sang [41].

O ché d6 nudi hdn hop, viéc str dung cac ngué)n hitu co va vo co dé tao carbon va
nang luong nhu méi trudng bd sung acetat di thanh coéng trong viée ting cudng su
phat trién ciia H. pluvialis va san xuat astaxanthin [31,40]. Tuy nhién, k¥ thuat hdn
hop c6 thé lam tang nguy co lay nhiém chéo cac vi sinh vét hodc tao khac [38].

1.4.5. H¢ théng nuéi ciy

Pé san xuat H. pluvialis c6 mat do cao, phuong phap canh tac hai pha sir dung hé
thdng 10 phan mg sinh hoc (Photobioreactor — PBR), ao san xuat ngoai troi hodc két
hop ca hai da dugc ung dung [40, 42]. Pau tién, cac té bao pha xanh quy mé nho duoc
nudi cay trong budng nudi cdy quang sinh hoc dé ting sinh té bao trong diéu kién ting
truong binh thuong. Sau d6, cac té bao duge chuyén vao cac ao nudi quy md 16n hon
v6i diéu kién stress va thiéu hut dinh dudng dé kich thich tich lily astaxanthin [42].
Tuy nhién, hé thong nudi mé thuong dan dén nguy co nhidm cao ciing nhu ning suét
thap, do d6 hé thong nudi cay kin thuong duoc ap dung.

O quy mé k¥ thuat va thuong mai, mo hinh nudi H. pluvialis dang huyén phu
chiém vi tri chu dao [43]. Nudi huyén phu c6 thé duoc tién hanh trong hé thong mo
(a0, hd, bé tu nhién) hay trong cac budng nudi quang hop kin PBR. Bén canh do, nudi
ciy trén mang biofilm ciing da cho thiy tiém ning hira hen, tuy nhién mé hinh nay chi
ma6i duge nghién ciru va danh gia trén quy moé phong thi nghiém.

Heé thong mé 13 hé thong nudi trong don gian voi quy trinh quan 1y nudc thay doi,
tly theo cudng do hoat dong va c6 thé bo sung CO: truc tiép dudi sy kiém soét chi s6
pH tu dong trong cac ranh nudc ndng. Sinh khéi vi tao co thé duge thu hoach bang
lang tia hodc ly tam. Uu diém ctia hé thong mé 14 c¢6 ciu tao don gian, chi phi thap, dé
van hanh, it tiéu ton ning lwong. Nhung ciing c6 mot sé nhuoc diém nhu chiém dién

tich bé mat 16n, phu thudc nhiéu vao diéu kién thoi tiét, hé théng thuong dung trong
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pha do dé tan dung cuong do anh sang cao va dic biét 1a kho kiém soat su xam nhiém
ctia vi sinh vét cling nhu cc thong sd ciia méi truong nudi cdy, anh hudng ning suit
tao.

Bén canh d6 nhiéu thiét ké h¢ thong nuoi kin PBR da duoc mo ta trong tai lidu
khoa hoc [44, 45] va chi c6 mot ty 1& thap sé bang sang ché duoc thuong mai héa cho
dén nay. Ching chu yéu lién quan dén san xuit quang tu dong bang cach st dung anh
sang tu nhién hoac nhan tao, cac PBR kin c6 thé dugc van hanh hoan toan tha cong,
hodc két hop cac h¢ théng giam sat va phan hoi tu dong, dé gifr cho cac diéu kién nudi
ciy bén trong 6n dinh hon. Ciing nhu céac loai hé théng bioreactor khac, PBR c6 thé
duoc van hanh theo ché do hang loat, ban tu dong hoac lién tuc. Cac hé théng PBR
dugc tich hgp céc thanh phén:

- Budng nudi ciy: chira méi truong nudi ciy vi tao, duoc thiét ké trong subt cho

phép nhan anh sang tir bén ngoai.

- Hé théng phan phdi anh sang: cac loai dén dugc thiét ké & anh sang va cudng
d6 mong mudn. trong khi cac hé thong ngoai troi st dung 4nh sang ty nhién
hodc cac thiét bi thu anh sang mat tro1 khac nhau.

- Hé théng trao doi khi: cung cip carbon dioxide va loai bé oxy dugc tao ra tir
quang hop. c6 thé e ché qua trinh trao ddi chat hodc lam hong vi tao néu tich
lity nhiéu.

- Hé thdng thu hoach: tap trung vi tio dé xur Iy ha ngudn va thu hdi san pham.

- Dbi voi hé théng kin, wu diém 13 tranh dugc sy xAm nhidm cua vi khuan, mat
do nuoi céy cao hon. Kiém soat chat chd duoc cac diéu kién hoa Iy nhu: 4nh
sang, n@)ng do khi CO; va oxy. Bén canh do6 h¢ théng con ¢6 thé duoc thiét ké
v6i thé tich 16n va kha ning xao tron tot. Nhung nguoc lai phai tén kém nhiéu
chi phi ddu tu va quan trong 1a néu duong kinh cua 6ng 16n thi sy hap thy anh
sang cua tio s& bi han ché, kho vé sinh va dé gay tap nhiém.

1.5. Cdc phwong phdp thiic ddy ting trwéng phase xanh ¢ vi tio H. pluvialis
Trong qué trinh nudi cdy H. pluvialis, giai doan sinh truéng xanh dong vai tro

nén tang trong viéc hinh thanh sinh khdi va tao tién chat cho qua trinh tong hop

astaxanthin ¢ giai doan sau. Méc du phan 16n cac nghién ctru hi¢n nay tap trung vao
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viéc t6i wu hoa dicu kién kich thich tich lily astaxanthin, thi viéc nang cao hiéu suat
sinh truéng ¢ giai doan xanh van 13 mot yéu td then chdt quyét dinh ning suit cudi
cung. Giai doan nay khong chi anh huéng dén tong luong té bao ma con quyét dinh
kha ning chuyén hoéa ndi bao khi budc sang giai doan stress [9].

Céc phuong phap tdi wu héa sinh trudng chu yéu tip trung vao diéu chinh céac
yéu té vat Iy va hoa hoc cia moi trudng nudi cdy nhu thanh phan dinh dudng, cudng
d6 anh sang, nhiét do, pH va tdc do khudy [46]. Cac méi trudng nhu BG-11, BBM hay
RM-4X thuong duoc sir dung phd bién, véi nitrate (NOs-) 13 ngudn nito chinh, dong
vai trd quan trong trong qué trinh tong hop amino acid va duy tri hoat dong trao doi
chét cua té bao. Tuy nhién, cac phuong phap nay thudng doi hoi thoi gian dai, chi phi
cao va dé gip rai ro nhiém tap trong qua trinh nudi ciy kéo dai [26, 46-48].

Xu huéng nghién ctru gan ddy di chuyén sang khai thac cac tin hiéu sinh hoc va
ngudn chat kich thich tu nhién nham rat ngin thoi gian nudi cdy va nang cao hiéu qua
sinh truéng. Mot trong nhitng chién luoc tiém nang 1a bd sung cac hop chét co hoat
tinh sinh hoc tir thyc vat, dién hinh nhu nudc ép ca rét. Nudc ép ca rot khong chi cung
cAp ngudn carbon hitu co dé hap thu ma con chira cac carotenoid, vitamin va chat
chdng oxy hoa, ¢ kha ning kich thich ting trudng té bao thong qua viéc diéu hoa cac
tin hiéu ndi bao va giam stress oxy hoa. Viéc st dung cac ngudn bd sung nay giup cai
thién sinh khdi mot cach tu nhién, dong thoi tao diéu kién thudn loi cho qua trinh
chuyén héa sang giai doan tich lily astaxanthin [8].

Ngoai ra, mot ) nghién ctru con dé xuat viéc sir dung céac cong nghé moi nhu
plasma lanh hodc nudc hoat hoa plasma (PAW) dé kich thich sinh truéng thong qua
viéc cung cap cac dang nito hoat hoa va diéu hoa ROS ndi bao. Phuong phap nay da
cho thay hiéu qua so bo trén cac loai vi tdo nhu Chlorella vulgaris va Scenedesmus
obliquus, mé ra tiém ning g dung cho H. pluvialis trong tuong lai.

1.6. Tong quan vé cong nghé plasma
1.6.1. Khdi niém va phan logi
Plasma, thuong dugc goi 1a "trang thai tha tu ctia vat chat", 13 mot moi truong co
muc do ion hoa cao, bao gé)m cac hat mang dién (electron, ion duong, ion &m) va cac

hat khong mang dién (nhu nguyén tir va phan tir). Khi khi duoc cung cdp nang luong
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du 16n, qua trinh ion héa xay ra, khién cac electron tach khéi nguyén tir va tao thanh
mot moi truong dan dién manh (Shalaby et al., 2013).

Plasma dugc phan loai thanh hai nhém chinh: plasma nhiét (thermal plasma) va
plasma khong nhiét, hay con goi la plasma lanh (non-thermal plasma). Trong do,
plasma lanh dac biét dugc ua chudng trong cac rng dung sinh hoc nho kha nang tuong
tac voi vat liéu sinh hoc & nhiét do gan véi méi trudng, gitp giam thiéu tdi da ton
thuong nhiét.

Hién nay, plasma lanh c6 thé duoc tao ra tir nhiéu hé théng khac nhau nhu: phong
dién cam tng tan s6 vo tuyén (RF, radio frequency) [20], phong dién rao can dién moi
(DBD, dielectric barrier discharge) [22], phong dién vi song (MW, microwave) [23],
phong dién vang quang (corona, corona discharge). Trong d6, plasma DBD nhan dugc
nhiéu sy cht y nho hiéu qua cao trong cac tng dung nhu xr 1y vi sinh vat, chat mau,
thudc bao vé thuc vat, kich thich nay mam va tdng trudng thyc vat, cung voi thiét ké
va van hanh don gian.

1.6.2. Sw hinh thanh nwéc hoat héa plasma va mét sé dic tinh Iy héa

Nudc hoat hoa plasma dugc hinh thanh khi nude tiép xtic voi khi plasma, tao ra céc
thanh phan phan ing manh. Nhitng chat nay tiép tuc twong tac voi phan tir nude va véi
nhau, din dén s hinh thanh cac chit oxy hoa thir cip ¢ vai trd quan trong trong nhiéu
ng dung. Céc chat oxy hoa nay dugc phan thanh hai nhém: Nhom co thoi gian ton tai
dai nhu hydro peroxide (H20.), ozone (O3) va nitrate (NO3~), vdi thot gian ban hay tir
vai phit dén vai ngdy va nhoém ton tai ngan nhu gbc hydroxyl (OHe), nitric oxide
(NO), peroxynitrite (ONOO") va nitrite (NO2") chi ton tai tir nano gidy dén vai giay,
thudng tham gia vao cac phan tng nhanh dé tao ra cac goc 6n dinh.

Vé phuong dién k¥ thuat, qua trinh tao nudc hoat hoa plasma (PAW) c6 thé dugc chia
thanh ba dang chinh:

- Phong dién trong pha 1ong, khi plasma hinh thanh tryc tiép bén trong nuéc.

- Phoéng dién trong pha khi trén bé mait chat long, noi plasma dugc tao ra phia

trén nudc va cac san pham phan (mg sé& tham thau vao dung dich.

- Phoéng dién trong bong béng khi phan tan trong nudc, gitp mo rong ving tiép

xuc gitra plasma va nude nho cac vi bot khi mang plasma.
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So v61 nude thuong, PAW s& hitu nhitng ddc tinh 1y hoa dac biét, bao gém:
1.6.2.1. Tinh chit vit Iy

- So véi nuée théng thuong, PAW thé hién nhitng dic diém 1y hoa ndi bat. Vé
mat vat 1y, pH cia PAW thuong giam déan theo thoi gian xir 1y, tao méi truong
axit nhe (pH khoang 3—6) do sy hinh thanh cta cac axit v0 co nhu nitric va
nitrous. Gia tri thé oxy hoa khir (ORP) cia PAW thudng ¢ mirc cao, phan dnh
kha ning oxy héa manh — yéu t6 quan trong trong cac ung dung khir tring va
xtt 1y sinh hoc. Céc chat phan tng nhu H20: ¢ thé dong vai tro kép, vira 1 chat
oxy hoa vtra la chét khu [27]. Bén canh do, cac loai ROS nhu OHe, Os va RNS
nhu NOs~, NO2, ONOO™ ciing gop phan duy tri tinh oxy héa cao cia PAW
[29].

- Do dan dién: D6 dan dién cia PAW ting dang ké do su hién dién cua luong 16n
cac ion va hat tu do mang dién, dugc hinh thanh tr qué trinh khuéch tan céc
loai phan tmg vao nudc trong sudt qué trinh xtr 1y plasma. Cac nghién ciru cho
théy dd dan dién cia PAW c6 thé dao dong tu 100 dén 500 mS/cm, phan anh
mat d§ cao cua cac hat mang dién trong dung dich. Pay la mdt chi s6 quan
trong dé danh gia tong nong do cac loai phan ng va ion trong PAW.

1.6.2.2. Cac oxy phan urng (ROS)

- Gbc OH: La tién chat cua H20: trong PAW va 1a mot chat oxy héa manh. OH
c6 thoi gian ton tai ngin trong pha khi (~200 ps) va pha 16ng (vai nano gidy) do
tinh phan tng cao. Trong PAW, OH thudng hinh thanh tir cic phan Gng tht cap
nhu phan huy H20: hodc phan Uimg gitra O3 vd1 H20..

- H:0:: La mdt trong nhitng tac nhan oxy hoa co6 thoi gian ton tai dai phd bién
nhat trong PAW va hinh thanh qua hai co ché chinh: (1) OH trong pha khi két
hop dé tao thanh H-0: va khuéch tan vao pha 1ong; (2) OH khuéch tan tir pha
khi vao pha 16ng r6i két hop dé tao thanh H2Os.

- Os: La chit oxy hoa khang khuan manh, c6 thé oxy héa-khtr cao hon nhiéu so
V6i cac chat oxy hoa thong thudong nhu permanganate hay chlorine. Os trong

PAW hinh thanh tir hai co ché: khuéch tan tir pha khi vao pha long hodc dugc
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sinh ra tryc tiép trong pha 1ong bai phong dién. Tuy nhién, nong d6 Os trong
PAW thuong thip do kha ning hoa tan kém.

- Superoxide (O27): La mdt ROS quan trong, hinh thanh khi nuéc dugc xu 1y
bang plasma 4p suit khi quyén. O> ¢6 thé sinh ra tir phan Gmg cua céac electron
ning luong cao v6i phan tir oxy, hodc tir phan tng gitta OHe va Os. Gc nay rat
can thiét cho qua trinh diét khuan, dic biét & cac gia tri pH nhat dinh.

1.6.2.3. Cic goc nitrogen

- NO: va NOs: La céc tac nhan sinh ra nhu san pham th cip trong PAW. NO»
c6 thé chuyén doi thanh NOs~ khi twong tac v6i cac chat oxy héa nhu H:0:
hoac Os.

- NO: La hop chét c6 kha ning diét khuan, kich hoat qua trinh chét theo truong
trinh & té bao ung thu va hd trg lanh vét thuong. Trong PAW, NO chu yéu hinh
thanh tir cac phan tng thir cip do kha ning hoa tan thip cta nd trong nudc.

- ONOQO™: Hinh thanh tir phan ng gitta NO va H20: hoac Oz". ONOO™ ¢6 kha
ning vo hiéu hoa vi sinh vat trong méi trudng PAW, gép phan vao hiéu qua
khtr trung.

1.7. Co ché kich thich ting trwéng thwe vit bing plasma

Nudc hoat hoa bang (PAW) di chimg minh tiém ning déng ké trong viéc ting

cudng sinh trudng cua thyc vat thong qua nhiéu co ché sinh hoc. PAW chira RONS
bao gébm H202, NO,™ va NO;™ hoat dong nhu cac phan tir truyén tin hiéu va chat dinh
dudng [62,63]. Nhiéu nghién ctru da cho thay tac dong kich thich ting truéng & cac
loai thuc vat khac nhau, vi du nhu trén ca chua, tuéi PAW dan dén su tich iy tuong
ung cia RONS ndi sinh, qua d6 gia ting hoat dong cic hormone phong vé (axit
salicylic va axit jasmonic) cling nhu biéu hién ciia gene lién quan dén bénh [64]. O
ngd va lta mach, PAW di cai thién cac thong sé sinh truong va chire niang sinh 1y ma
khong giy ton thuong DNA [62]. Cay rau diép dugc xir 1y bang PAW thé hién ham
luong sic td quang hop va téc dd quang hop cao hon so vé6i cac ddi chimg [65] Cay ca
chua duoc xir Iy bang PAW trong 30 phut cho thay chiéu dai than cao hon 1,5 lan, s6
14 nhiéu hon 4 1an, ham luong diép luc ting gip d6i va trong luong tuoi cao hon 61%

S0 vOi cay doi chung [66]. Mac du co ché tac dong cua plasma 1én thuc vat da dugc
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nghién ciru kha siu rong, cac nghién ctru vé anh huong cua plasma 1én vi tao van con
turong d6i han ché.

Tuy chua c6 nhiéu nghién ctru truc tiép vé tac dong cua plasma 1én qua trinh sinh
truong cia vi tdo H. pluvialis, nhung nhimg két qua ban dau tir cac loai tao khac cho
thiy tiém ning tng dung plasma trong nudi ciy vi sinh vt quang dudng 1a rat dang
quan tAm. Viéc tiép tuc 1am 13 co ché tac dong va tdi uvu hoa cac thong sb xur 1y plasma
s& 1a budc quan trong dé khai thac hiéu qua cong nghé ndy trong san xuit sinh khdi va
cac hop chat sinh hoc tir vi tao.

1.7.1. Tinh hinh nghién ciru trén thé gidi
Nhiéu nghién ctru gan ddy da tap trung vao viéc st dung cac phan tir tin hiéu dé kich
thich sy phan chia té bao va tich lity sinh khdi trong pha ting truéng xanh cia vi téo.
Vo va cong su (2016) [68] di chimg minh rang viéc bo sung 1-aminocyclopropane-1-
carboxylic acid (tién chat ethylene) giup thuc day ting truong va tich lily astaxanthin
bang cach giy ra san xuat ROS. Gong va cong su (2024) [69] bao céo rang viéc thém
chét 16ng ion amino acid (12.5 mg/L) da kich thich dang ké sy phan chia té bao H.
pluvialis, ting mat d6 té bao tir 30 x 10* 1én 160 x 10* té bao/mL sau 7 ngay nudi cy.
Sy cai thién nay di kém véi su tich lily protein, carbohydrate, sic té quang hop, va su
gia ting muic ROS ndi bao. Bén canh d6, viéc bd sung axit gamma aminobutyric
(GABA) [70] vao mdi truong nudi cdy ban ddu ciing d3 duoc ching minh 13 ting
cudng tich liy sinh khdi thong qua vai trd 13 ngudn nitrogen, dong thoi cai thién sic t6
quang hop va kha ning chiu dung stress oxy hoa, tir d6 ting san xuat astaxanthin.
nhing phuong phap niy nhan manh tim quan trong ciia viéc tich lily dinh dudng trong
pha xanh, c6 thé duoc kich thich hiéu qua thong qua viéc bd sung cac tic nhan tin hiéu
nhu hormone hoic chat diéu chinh ROS dé thuc day hoat dong trao doi chat va ting
sinh t& bao. Tuy nhién trong nhitng nim gan ddy, viéc st dung nudc hoat hoa plasma
thay thé cho ngudn nitrogen thong qua RNS vira c6 tin hi¢u ROS. Trén thé gidi da su
dung plasma tng dung trén 1 sb loai vi tdo xanh nhu Chlorella & chimg minh tinh

hi€u qua cua cong ngh¢ nay [91-93].
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1.7.2. Tinh hinh nghién civu ting dung plasma trong nudi cdy vi tio
Cong nghé plasma lanh (NTP) 13 mét phuwong phép tién tién c6 kha ning tao ra céc
RONS mdt cach 6n dinh va hiéu qua. Khi nudc duogce kich hoat bdi plasma lanh, qua
trinh phong dién s& ion héa va phan ly cac phéan tir nitrogen, oxy va hoi am trong
khong khi, tao ra nhiéu loai hoat tinh nhu nito nguyén tir (N), oxy nguyén ti (O),
hydroperoxyl (-HO:"),-OH, Os va oxy nhém don ('0:) trong pha khi. Cac gdc nay sau
d6 co6 thé chuyén hoa thanh cac chét thir cap thong qua phan tng tai bé mat khi—long
hodc trong dung dich, dan dén su hinh thanh PAW. Nho s& hitu cac dic tinh hoa Iy
doc ddo nhu kha ning khtr tring manh, an toan vi méi trudng va khong dé lai du
luong doc hai, PAW da dugc ing dung hiéu qua trong cac linh vuc nhu xu 1y thuc
pham, bao quan néng san va khir tring trong linh vuc y sinh [67]. O H. pluvialis, tac
dong cua plasma lanh 1an dau tién duoc Chen va cong sy danh gia (2020) [94] cho
thdy su kich thich tang truong dang ké thong qua viéc diéu hoa cac gen lién quan dén
qua trinh sinh tong hop phytohormone va quang hop nhung plasma chi dugc sir dung &
tién xtr 1y t& bao trudc khi nudi va nghién ciru st dung RONS trong moi trudng nudi

van chua dugc danh gia.
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CHUONG 2. POI TUQONG VA PHUONG PHAP NGHIEN CUU
2.1. Péi twong va pham vi nghién ciru
2.1.1. Déi twong nghién ciru
Tao Haematococcus pluvialis chimg LC (HP-C) duoc cung cap bai Vién nudi trong
thuy san 2.
2.1.2. Pham vi nghién ciru
Nghién ctru kha ning tich lity sinh khdi cua H. pluvialis & phase xanh khi xt 1y
plasma.
Dia diém nghién ciru: Phong Cong nghé plasma va Vat 1y tinh todn — Vién Cong nghé
tién tién.
2.2. Héa chit va thiét bi
Céc hoa chét va thiét bi duoc sir dung trong nghién ciru duge liét ké trong bang sau

Bing 2.1. Héa chit

STT Tén hoa chit

p—

Sodium nitrate (NaNO3 )

Copper(Il) sulfate pentahydrate (CuSO4.5H-0)

Iron(I1T) chloride hexahydrate (FeCl;.6H20)

Zinc Sulfate Heptahydrate (ZnSO4.7H>0)

Dipotassium phosphate (K:HPO4)

Sodium chloride (NaCl)

Magnesium sulfate heptahydrate (MgSO4.7H>0)

Boric acid (H3BO3)

O 0| | O] | K|l W] N

Calcium chloride dihydrate (CaCl>.2H>0)

—
S

Ethylenediaminetetraacetic Acid (EDTA)

[E—
[E—

Manganese sulfate monohydrate (MnSO4.H>0)

—
N

Ammonium heptamolybdate tetrahydrate ((NH4)sMo07024. 4H20)

[a—
(98]

Cobalt(IT) nitrate hexahydrate (Co(NO3).6H>0)

[
N

Methanol (CH30H)

[a—
n

Trichloromethane (CHCI5)
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Bing 2.2. Thiét bi va dung cu

STT Tén dung cu Hing san xuét
1 Ong nghiém Duran

2 Cbc thuy tinh Duran

3 Binh dinh muc Duran

4 Pipette Duran

5 Micropipet 1000 Vitlab

6 Micropipet 200 Vitlab

7 Erlen 250ml Duran

8 May do pH Hannah

9 May do quang phd UV-Vis Shimadzu

10 May ly tdm Spindown DLAB

11 Can phan tich 4 s6 (PA214) Ohaus

12 May do NO» Barry Century
13 May do O3 Horiba

14 H¢ plasma DBD Vién Cong nghé tién tién
15 Burette Duran

16 Hé thong diéu chinh luu luong

17 H¢ plasma DBD

18 Kinh hién vi Olympus

19 Budng dém tao Anh

20 May khudy tir DLAB

21 Hé théng dén chiéu sang Philips

2.3. Phuwong phap nghién ciru
2.3.1. Xdy dung, ldp ddt hé thong plasma va xdc dinh dic tinh Iy héa ciia
nuwdc hoat hoa plasma.
2.3.1.1. Xdy dwng, lip ddit hé thong plasma
Hé théng plasma DBD sir dung trong thi nghiém nay duoc ché tao tai Vién Cong nghé
tién tién, gdbm mot éng thach anh chira dién cuc trong 1a éng dong rong dai 40 cm va

dién cuc ngoai 1a khéi dong hinh try ngdm trong nudc. Trong nghién ciru ndy, nudc
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vira dong vai tro lam dién cuyc ngoai vira giap 6n dinh nhiét do. Plasma duoc tao ra
bang cach dan khéng khi vao 6ng thach anh véi luu lwong 2 L/phut, két hop véi ngudn
dién cao ap 220V & tan s6 5 kHz. Cac san pham sinh ra tir qua trinh phong dién plasma
dugc dua vao mdi truong thong qua hé théng dan khi, v6i thoi gian xir 1y thay doi tir 5
dén 25 phut dé tao méi truong hoat hoéa plasma (PAW). Sau xtt 1y, cac dic tinh 1y hoa

cia PAW duoc phan tich nham danh gia su bién doi.
High voltage =
power supply

T —

(1) ’/"‘_ (3)

l (5)»65

(4) (6)

(1) Khi dau vao, (2) Ong dan khi ra, (3) Thing chira nuée, (4)
Dién cuc trong, (5) Dién cuc ngoai, (6) éng thach anh.

Hinh 2.1. H¢ théng plasma DBD sir dung khéng khi trong nghién ciru dinh gid tai
Vién cong nghé tién tién
2.3.1.2. Sw thay déi dic tinh Iy héa ciia méi truwong sau xir Iy plasma.
Duéi tac dong cua phong dién plasma, pha khi tao ra nhiéu hop chét phan tng, tuy
nhién khi duoc din vao dung dich, chi mot s6 san pham bén nhu cac ROS gém H:0:
va Os hoa tan, cung véi RNS nhu NO;~ va NO2™ méi duge hinh thanh va duy tri.
Nhitng chit ndy dong vai trd quan trong trong viéc anh hudéng dén méi trudng sinh
truong ctia té bao hodc vi sinh vat. Dic biét, gia tri pH ctia dung dich sau xtr 1y ciing ¢6
tac dong dang ké dén qua trinh ting trudong, do d6 yéu t6 nay ciing dugc dua vao danh

gia va phan tich trong pham vi luan van.
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- Phuong phap danh gia NOs™, NO>: Nong d6 cac ion c6 trong san pham duoc tao tir
plasma lanh duoc xac dinh dua vao phan tmg mau va thang do di quy dinh san trong
bo kit nitrate va nitrite (Sera test kit, Duc)
- Nong d6 H20: duoc xac dinh bang phuong phap chuan d6 véi KMnO4
- pH dung dé do ndng d6 ion hydro cua dung dich. Gia tri pH duoc do bang may do
pH (Hanna Instrments HI991300, Romania)
2.3.2. Ddnh tic dong ciia plasma lanh dén téc dp tang truéng ciia tio

H.pluvialis.

2.3.2.1. Nuoi thich nghi Haematococcus pluvialis
Chung tao giéng duoc cung cap boi Vién Nudi trong Thuy san 1T da dugc sir dung
trong nghién ciru nay. Trudc khi tién hanh thi nghiém, tio dugc nudi thich nghi trong
moi trudng RM, véi cac thanh phan dinh dudng dugc trinh bay chi tiét trong bang 2.3.
Moi truong nudi dugce pha ché theo dung ty 1& quy dinh, sau d6 dugc hap khir tring
nhdm dam bao diéu kién vo trung, tao moi truong t61 wu cho su phat trién va sinh
truong cta tio giong.
Chuan bi binh erlen 250 ml chita 90 ml mdi trudng RM, diéu chinh pH vé muc 7.5 +
0.5 sau d6 thém 10 ml giéng tao gdc (10 % gidng tao gbc/mdi trudng RM). Céc binh
nuoi céy dugc duy tri ¢ diéu kién nuéi & nhiét d6 27 + 2 °C véi cuong do chiéu sang la
2000 lux, chu ki chiéu sang 13 12 gio sang/12 gio t6i, bén canh d6 suc khi khong khi
lién tuc (lwu lugng 2 L/phat). Mat d6 tao duoc danh gia mdi ngdy bang budng dém tao
duéi kinh hién vi cho dén ngay 7 ngay.

Bing 2.3. Thanh phin méi trwong dinh dwéng RM

Thanh phan dinh dudng Nong do (mg/L)
NaNO; 300
CuS04.5H,0 0,08
FeCl;.6H,0 17

ZnS04.7H,0 0,1

K>HPO,4 80

KH,PO4 20
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NaCl 20
MgS04.7H,0 10
H3;BO; 0,3
CaCl,.2H,0 58,5
EDTA 7,5
MnSO4.H,0 1,5
(NH4)sM07024. 4H,0 0,3
Co(NO3).6H,0 0,26

2.3.2.2. Khdo sdt anh hwéng ciia plasma lanh dén qud trinh sinh truéng
cua tio Haematococcus pluvialis

Phan sinh khéi tdo sau qua trinh nudi thich nghi dugc thu nhin bang may li tim, sau
d6 tai huyén phan trong moi truong RM dé dat mat do ban dau 1a 4 x10° CFU/ml. Cho
10 ml gidng tao gbc vao binh erlen 250 ml chira 90 ml méi trudng RM da dugc dicu
chinh pH vé mic 7.0 £ 0.5.

Trong nghién ctru ndy, cic binh nudi chira tdo duge xir Iy plasma, thong qua viéc dan
san pham khi sau phong dién vao moi trudng nudi ciy theo cac nghiém thirc. Hé théng
plasma DBD sir dung dong khong khi v&i luu lwong 2 L/phut, tién hanh xtr Iy ¢ cac
méc thoi gian 1an luot 13 0, 5, 10, 15, 20 va 25 phat (tén mau 1an luot 1a TO, T5, T10,
T15, T20, T25). Sau khi xtr 1y, cac binh tao tiép tuc dugc duy tri trong diéu kién nudi
tiéu chuan véi nhiét 6 6n dinh & mirc 27 + 2°C, cuong do chiéu sang 2000 lux theo
chu ky 12 gid sang va 12 gid tbi, dong thdi duoc suc khi oxy lién tuc voi luu luong 2
L/phut. Qua trinh theo ddi dugc thuc hién dinh ky 3 ngay/lan, tap trung danh gia cac
chi tiéu ting truong nhu mat do té bao, hinh thai, ham luong chlorophyll nham phan
tich anh hudng cia xir Iy plasma dén sy phat trién cua tao.

a) Phwong phdp dinh gid mdt dj té bao

Mat do té bao H. pluvialis dugc danh gia bang budng dém tao dudi kinh hién vi véi do
phong dai 100x. Trong qua trinh dém té bao tdo, sb lwong 6 vudng duoc chon dé quan
sat phu thudc vao mat do té bao trong buéng dém, véi yéu cau tbi thiéu 1a 200 té bao

cho mdi lan dém. Mat do té bao tao dugc tinh toan theo cong thirc sau:
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S té bao/mL = Luong té bao trung binh dém dugc trong 1 6 x 1000

b) Phwong phdp dinh gid ham lwong sdic té
Pé danh gia ham luong sic t6, 1 mL sinh khéi dwgc 0 véi Iml acetone 90% trong
eppendorf 2 mL & 70 °C trong vong 5 phut sau d6 dung chay nghién nhuyén. Hon hop
nay sau d6 duoc 1i tim 4000 v/p trong 5 phut dé thu phan dich ndi. Quy trinh nay duoc
1ap lai nhiéu lan cho t&i khi phan cin khong con mau. Dich chiét sau d6 duoc dinh
murc thanh 3 mL va tién hanh do tai OD652, OD665 va OD480. Tong ham lwong diép
luc dugc tinh theo cac phuong trinh sau do Ritchie [49]
Chla (ng/mL) = —8.0962 % ODe¢s2 + 16.5169 % ODees
Chlb (ng/mL) =27.4405 x ODss2 — 12.1688 % ODses
Total Chl = Chla + Chlb
Carotene(pug/mL) =4 % ODago

¢) Phwong phdp quan sdt hinh thdi té bao H. pluvialis
Trong qué trinh nghién ctru, hinh thai t& bao cia lodi tao H. pluvialis dugc theo ddi
dinh ky sau cic ngay nudi cdy bang kinh hién vi quang hoc. Viéc quan sat dugc thuc
hién vo1 d§ phong dai 100x nham ghi nhan sy thay ddi vé ciu trac, hinh dang va dac
diém hinh thai cta té bao qua ting giai doan phat trién, tir d6 danh gia anh huong cia
cac diéu kién nudi cdy dén su bién dbi hinh thai cia tao.

2.3.2.3. Ddnh gid tic dong ciia plasma lanh dén sw tich liiy mot sé6 hop

chit hitu co trong H. pluvialis.
Noi dung nghién ciru tap trung danh gia tac dong cia plasma lanh dén qua trinh tich
lity mot s6 hop chét hitu co trong tdo H. pluvialis & giai doan cudi pha xanh. Cac hop
chat dugc phén tich bao gom carbohydrate, lipid va protein, vén dong vai trd quan
trong cho qua trinh tong hop astaxanthin khi té bao chuyén sang trang thai nang héa
dué6i diéu kién moi trudng stress. Viée theo dbi su bién doi ham luong cac hop chat
nay gitp 1am rd anh huong cua xir 1y plasma lanh dén tiém nang sinh tong hop
astaxanthin cua tao, tir d6 gop phan t6i wu hoa quy trinh nudi cdy va khai thac sinh
khéi giau gié tri sinh hoc.

a) Phwong phap xdc dinh trong luong kho (Dry cell weight)
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Tao duoc thu sinh & ngay 15, hut 4ml dung dich tao vao gidy loc Whatman dé thu sinh
khéi ban dau (Wt), sau d6 dem sdy ¢ nhiét do 60°C cho dén khi khéi lwong khong ddi
(Wf). Tién hanh cin va ghi nhan s6 liéu [61]. Trong luong tinh theo cong thic:
B =Wt—-Wf
Trong do:
B: Luong sinh khéi kho (g)
Wt: Téng khéi luong gidy loc va sinh khéi
W: Khéi luong gidy loc

b) Phuwong phap xdc dinh ham lwong carbohydrate
Pé danh gid ham luong carbohydrate, 10 mg sinh khdi kho duge u véi 0,5 mL axit
axetic bang ¢ 80 °C trong 20 phut. Sau d6 thém 10 mL acetone, ly tim & 3500 g trong
10 phut. Phan cin dugc hoa lai trong 2,5 mL axit trifluoroacetic 4 M va dun sdi trong
4 gio dé giai phong cac duong khir. Hon hop ndy sau d6 duoc 1am ngudi va ly tam &
10.000 g trong 5 phut. Tiép theo, 20 pL dich néi duoc tron véi 900 uL hdn hop axit
sulfuric 98 %: nudc: phenol (300:150:3, v/v/w) va dun soi trong 20 phit trude khi do
mat d6 quang hoc & budc song 490 nm. Glucose duoc st dung dé xay dung dudng
chuan. Ham lugng carbohydrate tong duoc tinh toan dua trén duong chuan glucose
[50]

¢) Phuwong phadp xdc dinh ham luong protein
Dé x4c dinh ham luong protein, 10 mg sinh khéi kho duge nghién nhuyén va déng hoa
trong NaOH 0,1N dun trong bé @ nhiét & 80 °C trong 10 phat. Dich dong hoa sau d6
dugc ly tam 12000 vong/phut trong 30 phut [51] thu dich ndi, va protein duoc két tia
bang cach thém 2 thé tich acetone, U lanh qua dém, va ly tam (12000 vong/phut, 10
phut). Tua protein dugc lam kho, hoa tan trong dung dich NaCl 0,01M, va ly tam
(10000 vong/phut, 20 phit) dé thu dich trong.
Dich trong nay dugc sir dung cho phuong phap dinh lugng protein Lowry, dua trén
phan g mau gitra protein va thudc thir Folin-Ciocalteu, tao ra mau xanh dwong do su
khir cac phire chat kim loai, duoc do quang phd & budc séng 620-720nm. Cuong do
mau ti 16 voi ham luong protein. Hoa chat st dung bao gdm dung dich A (Natri

carbonat 2% trong natri hydroxit 0,1N), dung dich B (Pdng sulfat 0,5% trong natri
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tartrate 1%), dung dich C (hdn hop 49 phan dung dich A va 1 phan dung dich B, pha
méi trude khi dung) va thude thir Folin-Ciocalteu. Quy trinh phan tich protein duoc
tién hanh bang cach cho 300 ul dung dich C vé6i 30 ul mAu, u & nhiét d6 phong trong
10 phat, sau d6 thém 15 pl thube thir Folin va tiép tuc & 30 phut. Hon hop dugc pha
lodng vé6i 1655 pl nudce cat trude khi do do hap thu quang trong khoang 620—720 nm.
Ham luong prtotein sau d6 dugc tinh toan dya trén dudng chuan xay dyng tir albumin
huyét thanh bo (BSA).

d) Phuwong phap xdc dinh ham luwong lipid
Ham luong lipid tong cong duoc xac dinh bang phuong phap Bligh va Dyer. 0,05g té
bao tao kho duoc sir dung dé chiét xuat lipid bang hdn hop 2ml chloroform va 2ml
methanol (1:1), co bo sung 2ml dung dich natri clorua 0,88% dé tang hi¢u qua. Hon
hop dugc lic manh, ly tdim & 5000 vong/phit trong 3 phat, roi tach riéng pha
methanol/nude va pha chloroform. Pha chloroform sau dé duoc tinh sach béng bot
natri sulfat khan va thu vao cbc di can. Cudi cuing, dung méi hitu co duge lam bay hoi
bang khi nito, va lipid con lai dugc can dé xac dinh ham luong [52]
Hiéu qua tich lily astaxanthin sau qué trinh nudi cay két hop plasma.
Sau qua trinh tang sinh (15 ngay), mat do & cac binh nudi cdy cic mau duoc dong nhat
mat do. Cac mau tao di déng nhat mat do sau d6 duge cam ung tich llly astaxanthin
thong qua chiéu sang cudng do cao (10 000 lux). Trong sudt qué trinh cam Ung stress
su thay doi hinh thai cua cac té bao vi tao duoc theo ddi bang kinh hién vi quang hoc.
Nham ghi nhén cac thay d6i vé hinh thai té bao, bao gdm su bién doi kich thudc, hinh
dang, va su xudt hién cta cac ciu trac té bao dic trung. Hi¢u qua tich Iy astaxanthin
clia cac té bao nudi cdy tir moi trudng hoat hoa plasma & cac thoi gian khac nhau duge
danh gia. Cu thé sau qua trinh cam tng stress, ham luong astaxanthin ndi bao duoc
danh gia bang phuong phap ctua Gong va cong sy (2024) [73]. Sinh khdi tao sau ly tim
dugc dong hoa bang dung moéi Dimethyl sulfoxide (DMSO), dich dong hoa sau d6
duge do & bude song 530 nm bang may do quang phé UV-Vis (Shimazu, Nhat Ban).
Ham luong astaxanthin duoc tinh todn dwa trén duong chuan xay dung tir astaxanthin

thuong mai (Sigma, Puc) theo cong thic (1) va (2).
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_ As3 -0.0067
@ Ca(mg/L) 0,1023
2)
. : P Nong do astaxanthin (mg/L)
Ham lwong astaxanthin trong té bao (mg /g )=

astaxanthin’ Osinhkhéi / Néng do sinh kh(")l (Q/L)

Trong d6: As3o 13 dd hap thu cta chit chiét xuit & budce song 530nm.

2.4. Phwong phdp xir Iy 56 ligu
Céc s liéu dugc xir Iy va xac dinh ¥ nghia thong ké bang phan mém Microsoft Excel
2013, phan mém xur Iy Minitab. Sy khac biét c6 ¥ nghia théng ké duoc xac dinh thong
qua phan tich ANOVA 1 yéu t6 va kiém dinh Tukey ¢ mtic p < 0,05 (p: Probability)
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Tinh chit héa Iy ciia méi truong dwoce hoat héa plasma
Trong nghién ctru nay, su bién ddi mot sb dic tinh 1y héa ciia méi truong sau khi duge
xtr Iy bang plasma lanh da duoc danh gia thong qua céac chi tiéu gdm: pH, NO2~, NOs~
va H20:.
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Hinh 3.1. Su thay déi ciia (a) pH, (b) H:20,, (c) NOs va (d) NO: cua moi truong
nudéi cidy RM sau khi hoat héa plasma
Trude hét, d6 pH ctia moi trudng hoat hoa plasma (PAW) cho thdy xu huéng giam dan
theo thoi gian xr 1y. Trong 5 phut dau, pH chi giam nhe, nhung sau d6 suy giam rd rét,
dat khoang 6,9 sau 25 phut xur ly, tuong irng mutc gidm khodng 10% so voi gia tri ban
dau (=7,5). Su suy giam ndy phan anh qua trinh hinh thanh cic acid v6 co nhu acid
nitric (HNOs) va acid nitrous (HNO-), dugc tao ra tir phan ung oxy hoa — khir gitra cac
loai ROS va RNS sinh ra trong plasma vai phan tir nuée. Cac acid nay lam ting nong
do ion H* trong dung dich, tir d6 lam gidm pH. Mac du c6 su suy giam, gia tri pH sau
xu ly van nam trong khoang thuan lgi cho sy phat trién caa vi tao (7,0 -17,5), cho théy

tiém nang ung dung PAW trong nudi cdy sinh hoc ma khong gy anh hudng tiéu cuc.
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Song song voi bién d6i pH, ndng d6 cac ion nitrogen phan tng ciing thay d6i dang ké.
NOs~ ¢6 téc do tich lily nhanh nhét, dat khoang 110 ppm sau 25 phut xir 1y, trong khi
NO: chi dat khoang 7,5 ppm, diéu nay cho thdy qua trinh oxy hoa NO:~ thanh NOs-
dién ra trong moi trudng PAW. NO:~ vén 14 hop chat kém 6n dinh, dé bi oxy hoa trong
diéu kién giau chét oxy hoa, dic biét khi c6 mit H2O:, dan dén sy chuyén hoa nhanh
chong sang dang NOs~ ¢6 d6 bén cao hon. Sy hinh thanh HNOs va HNO: khéng chi
g6p phan lam giam pH ma con phan anh hiéu qua chuyén héa nitrite thanh nitrate
trong hé thong plasma lanh [74].

Bén canh sy bién doi cua cac thong sé6 NOs™ va NOy, ham lugng H-O: trong mdi
truong ciing ghi nhan xu hudng ting dan theo thoi gian xir 1y, dat khoang 5,5 ppm sau
25 phat. H20: duogc hinh thanh thong qua cac phan tng kich hoat boi plasma, bao gdm
qua trinh tai to hop gdc hydroxyl va cic twong tic giita cac phan tir oxy. Su hién dién
ctia H20: khong chi gép phan diéu chinh d6 pH thong qua viéc tao ra proton (H*), ma
con dong vai tro xtc tac trong chudi phan tng oxy hoa nitrite. Nho kha ning phan tmg
manh véi cac hop chit kém bén nhu NO:-, H20: thuc ddy qua trinh chuyén hoa sang
dang nitrate 6n dinh hon, tir d6 lam giam ndng do nitrite trong dung dich. Viéc Hz0:
gia ting dong thoi vai su tich Iy NOs~ va suy giam pH cho thay vai tro trung tdm cia

no trong viéc duy tri trang thai oxy hoa cao cia moi truong hoat hoa plasma.
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3.2. Anh hwong ciia plasma dén qud trinh sinh truéng ciia tio Haematococcus

pluvialis
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Hinh 3.2. Mgt dj té bao H. pluvialis trong 15 ngay nuéi cdy trong méi truong RM
hoat hoa plasma

Biéu d6 mat do té bao cho thay trong 6 ngay dau tién ciia qua trinh nudi cdy, cac nhém
xtt Iy plasma (P5-P15) ¢6 téc d6 tang truong rd rét, thé hién qua d6 dbc 16n cua duong
cong tang treong. Giai doan nay phan anh su kich hoat manh mé cuia cac tin hiéu phan
chia té bao, chu yéu thong qua cac gbc oxy hoa hoat tinh nhu NO2~, NOs~ va Hz0: —
nhimng san pham phy dugc tao ra sau xir Iy plasma lanh. Cac phan tir nay dong vai tro
nhu tin hiéu thir cap, kich thich biéu hién cac gen lién quan dén chu ky té bao, dic biét
1a cac gen ma héa cyclin D/E va kinase phu thudc cyclin (CDKs), tir d6 thuc ddy qua
trinh nhan d6i DNA va tong hop protein can thiét cho nguyén phéan [82]

Tuy nhién, theo nguyén 1y hoat dong cua plasma lanh, cic gbc oxy héa ndy cé tinh
khong on dinh va thuong giam dan sau khoang 96 gio do bi phan hity béi enzyme noi
bao hodc bi chuyén hoa thanh cac dang khong hoat tinh. Sy suy giam nay din dén viéc
giam kich thich truc tiép tir moi trudng ngoai, budc té bao phai chuyén sang co ché

diéu hoa ndi sinh dé duy tri tc dd phan chia.
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Tir ngdy thir 6 tro di, biéu dd cho thay téc do ting truong bat ddu dong déu hon, phan
anh su chuyén doi sang trang thai ty diéu hoa ndi bao. Trong giai doan nay, té bao
khong con phu thudc vao tin hiéu ngoai sinh ma bat dau kich hoat cac dudng truyén tin
hiéu ndi bao nhu PI3K/Akt, MAPK/ERK va mTOR, gitip duy tri biéu hién 6n dinh ciia
cyclin va CDKs, dong thoi kiém soat qué trinh tong hop protein va ning luong. Dic
biét, cac ROS ndi sinh duge duy tri & mirc thap thong qua hoat dong cla cic enzyme
chéng oxy héa nhu superoxide dismutase (SOD), catalase va glutathione peroxidase,
gitip bao vé t& bao khoi stress oxy hoa kéo dai. Néu khong duge kiém soat, ROS tich
lity qua mire c¢6 thé gay peroxid hoa lipid mang, 1am rdi loan chirc nang ty thé, pha v&
can bang ndi modi va kich hoat cic con dudng chét té bao theo chuwong trinh nhur
apoptosis hoac necrosis, tir d6 [am giam mat do té bao va hiéu suét sinh hoc téng thé
[83]. Su chuyén ddi tir kich thich ngoai sinh sang diéu hoa noi sinh 13 mot minh chtng
cho kha ning thich nghi sinh hoc cua té bao, cho phép ching duy tri téc do phan chia

on dinh va hi€u qua trong diéu kién nuodi cay kéo dai.

a
( )0.50 - a
b
0.40 - .
~ d
3
030 - .
£ 0.20 -
£ f
2 0.10 - l
0.00 -
Ctrl P5 P10 P15 P20 P25
Sample

Hinh 3.3. Thay doi tich liiy sinh khoi khé ciia H. pluvialis sau 15 ngay nuéi cdy

trong moi truong RM dwoc hoat héa plasma
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Biéu d sinh khdi tdo ciing phan anh xu hudng tuong ty: sinh khéi ting dan tir 0 dén
15 phat xir 1y, dat gia tri cao nhét tai 15 phat (0.47 g/L), sau d6 giam manh & cac thoi
diém 20 va 25 phat. Biéu nay cho thiy rang thoi gian xir Iy plasma anh huong tryc tiép
dén kha nang tich Iily sinh khdi, dong thoi phan anh trang thai phan chia té bao tich

cuc trong giai doan dau va suy giam khi vuot ngudng chiu dung.

Hinh 3.4. Tio dwoc nuéi cdy giai doan tich liiy sinh khéi
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(A) Ddi chung

(©)T10 (D) T15

(E) T20

Hinh 3.5. Hinh thdi té bao sau 5 ngay nudi cdy 6 cdc méc thoi gian khéc nhau véi
TS5 (5 phuy), T10 (10 phuy), T15 (15 phut), T20 (20 phut)
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Quan sat hinh anh hién vi cho thdy mat do va mau sic cia té bao tao thay dbi theo thoi
gian xtr 1y. Miu d6i chimg (A) c6 mau xanh trung binh, trong khi miu T5 va T10 (B,
C) c6 mau xanh dam hon, phan anh su gia ting sic t& quang hop nhu chlorophyll-a va
carotenoid. Mau T15 (D) duy tri sic t6 & mirc cao, phu hop véi dinh sinh khéi, con
mau T20 (E) cho thiy sy phan tan va giam sic td, biéu hién cua stress oxy hoa va ton
thuong cdu tric té bao.Su thay dbi sic t6 va mat do té bao trong vi tao dudi tac dong
ctia plasma khong chi phan anh trang thai sinh Iy tirc thdi ma con 1a két qua cua céac
chudi tin hiéu ndi bao, trong d6 cac loai phan tmg oxy hoéa (ROS) va phan Ung
nitrogen hoa (RNS) dong vai tro trung tdm. ROS nhu superoxide (O2") va hydrogen
peroxide (H20:) duoc hinh thanh chi yéu thong qua qua trinh truyén electron trong
chudi quang hop va ho hip té bao. Nam 2017, Mittler va cong su ciing d chimg minh
ROS nhu superoxide va hydrogen peroxide c6 vai trd nhu tin hiéu ndi bao kich hoat
phan chia té bao & murc d6 thip, nhung gy ton thuong mang va DNA khi tich liiy quéa
muc. O néng do thép, cac ROS nay hoat dong nhu tin hiéu diéu hoa, kich hoat cac
protein cam bién oxy hoa nhu thioredoxin va glutaredoxin, tir 46 din dén su hoat hoa
cac yéu to phién ma nhay cam véi trang thai khi—oxy hoéa nhu APX, WRKY va NAC.
Nhitng yéu t6 nay diéu phdi biéu hién gen lién quan dén chu ky té bao, téng hop
enzyme va diéu hoa chuyén héa nang luong [84]. Trong khi d6, RNS nhu nitric oxide
c6 thé diéu hoa qua trinh hap thu dinh dudng va ting cudng hoat dong enzyme lién
quan dén sinh truéng (Delledonne, 2001). Bén canh d6, plasma c6 thé phan giai cac
chét hitu co phiic tap thanh cac chat dinh dudng dé hap thy hon, thiic day sy phat trién
cta tao (Pankaj et al., 2018). Do d6, thoi gian xir 1y plasma ti uu (khoang 10—15 phut)
c6 thé tao ra su can bang giira tin hiéu ROS va RNS, thac day sinh truong ma khong

gdy t6n hai té bao.
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Hinh 3.6. Sw thay d6i ham lwong chlorophyll khi xir Iy plasma & cdc moc thoi gian
khac nhau

Biéu d6 ham lugng chlorophyll cho thiy xu huéng bién doi rd rét theo thoi gian xu 1y
plasma va ngay nudi cay, phan anh su diéu chinh phirc tap ctia hé thong quang hop noi
bao trudc tac dong vat Iy tir moi trudng. Trong giai doan xir Iy ngan (5-15 phut), ndng
d6 chlorophyll ting dang ké, dac biét vao khoang ngay 15, cho thiy té bao tao da kich
hoat co ché ting cuong tong hop sic to dé thich nghi véi stress nhe tir plasma.
Chlorophyll-a, sic t6 chinh trong hé thng quang hop, dugc téng hop thong qua chudi
phan g enzyme phtc tap bat dau tir glutamate, voi su tham gia ctia cac enzyme nhu
glutamyl-tRNA  reductase (GIluTR), Mg-chelatase, va protochlorophyllide
oxidoreductase (POR). Viéc ting biéu hién cic enzyme nay thuong duoc diéu hoa baoi
cac yéu td phién mi nhay cam voi anh sang va trang thai oxy héa-khtr, nhu HYS va
GUNS, von c6 thé bi kich hoat boi tin hiéu plasma & cudng do vira phai [77].

Trong diéu kién xir 1y plasma & thoi gian ngin, té bao tio c6 xu hudng ting cudng
biéu hién gen lién quan dén hé thdng quang hop, bao gdm céc protein LHCI va LHCII,
nham mé rong kha niang hap thy 4nh sang va toi wu hoa hiéu suat chuyén hoa photon
thanh nang luong hoa hoc. Sy gia tang chlorophyll trong giai doan nay khong chi phuc
vu chitc nang hap thy anh sang ma con dong vai trd trong viéc duy tri cdu tric mang
thylakoid, noi dién ra cac phan (mg quang hoa. Viéc duy tri ham lugng chlorophyll cao

gitip on dinh t6 hop PSI va PSII, tir d6 dam bao dong electron trong chudi truyén dién
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tr khong bi gian doan, gop phan duy tri san xuit ATP va NADPH can thiét cho céac
phan mg pha tdi ctia quang hop.

Tuy nhién, khi thoi gian xt 1y plasma vuot qua ngudng téi wu (trén 15 phat), ham
lugng chlorophyll gidm manh, phan anh trang thai stress oxy hoéa nghiém trong. Trong
giai doan nay, cac ROS nhu singlet oxygen (10z) va hydroxyl radical (+OH) c6 thé gay
oxy hoa truc tiép 1én phan tr chlorophyll, dac biét 1a tai vong tetrapyrrole, dan dén su
phan hiy sic t6 va mat hoat tinh quang hoc. Pdng thoi, cac ROS ciing lam ton thuong
mang thylakoid, gay 10 ri ion va pha v& to hop protein quang hop, din dén sy bét hoat
ctia PSI/PSII va giam hiéu suét chuyén héa niang luong. Dé dap ing véi tinh trang nay,
té bao tao c6 thé kich hoat co ché bao vé bang cach giam tong hop chlorophyll thong
qua tc ché biéu hién gen lién quan dén biosynthesis, dong thoi ting cudng biéu hién
cic enzyme chdéng oxy hoéa nhu superoxide dismutase (SOD), catalase (CAT) va
ascorbate peroxidase (APX), nham trung hoa ROS va bao vé cau triic noi bao [85].

Sy bién d6i ham lugng chlorophyll duéi tac dong cia plasma 1a két qua cua sy diéu
hoa da téng, bao g6m diéu chinh biéu hién gen, hoat hoa enzyme, tai cAu tric to hop
quang hop va co ché bao vé chdng oxy hoa. Viéc toi wu hoa thoi gian xir Iy plasma la
yéu t6 then chét dé duy tri ham luong chlorophyll & mitc sinh 1y phu hop, tir d6 dam
bao hiéu suat quang hop va kha ning sinh truéng cua vi tao trong diéu kién nudi ciy

cO kiém soat.
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Hinh 3.7. Sw thay d6i ham lwgng carotenoid khi xir Iy plasma ¢ cdc méc thoi gian
khac nhau.

Biéu d6 ham luong carotenoid cho thiy xu hudéng bién d6i 1 rét theo thoi gian xur Iy
plasma, véi mirc ting 6n dinh tir 0 dén 15 phut, sau d6 giam dang ké & cac thoi diém
xtr Iy kéo dai hon. Sy bién dong nay phan anh vai trd sinh 1y quan trong cua carotenoid
trong diéu hoa va bao vé hé théng quang hop cua vi tao dudi diéu kién stress vat 1y.
Carotenoid 1 nhom sic td phy, bao gdm cac xanthophyll nhu lutein, zeaxanthin va
violaxanthin, ¢6 cau tric polyene cho phép chiing hap thy nang luong du thira va trung
hoa cac gbc tu do sinh ra trong qué trinh quang hop. Dudi tic dong cua plasma ¢ mirc
d6 vira phai, té bao tao kich hoat co ché bao vé quang hoc thong qua qua trinh quang
lam ngudi khong quang hoéa (non-photochemical quenching, NPQ), trong dé cac
xanthophyll dong vai tro trung tam trong viéc phan tdn nang lugng du thtra dudi dang
nhiét, ngan ngira hién tuong qua kich thich hé théng anten quang hop va ton thuong
dén t6 hop PSII [78].

Co ché diéu hoa sinh tong hop carotenoid trong vi tao duge kiém soat boi cac yéu td
phién ma nhay cam vé&i anh sang va stress oxy hoa, chang han nhu CrtB, CrtP va CrtR-
b, von diéu phdi biéu hién cac enzyme nhu phytoene synthase va lycopene cyclase
trong chu trinh carotenogenesis. Dudi diéu kién plasma, cac tin hiéu ROS ¢ muc do

thip co thé kich hoat cac yéu t6 nay, tir d6 thic day tong hop carotenoid nhim bao vé
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ciu tric thylakoid va duy tri hoat dong quang hop. Su gia ting carotenoid trong giai
doan xtr 1y t6i uvu khong chi phan 4nh trang thai quang hop tich cuc ma con 1a chi dau
cho kha ning chdng chiu sinh 1y cta té bao, cho thiy vi tdo dang & trang thai cin bang
gilta hap thu 4nh sing va kiém soét stress ndi bao. Mdi lién hé giita carotenoid va
chlorophyll thé hién rd qua sy ddéng bién dong cua hai sic td trong giai doan sinh
truéng manh. Trong khi chlorophyll dam nhiém vai tro hap thu photon va truyén ning
lvong dén trung tAm phan Gng, carotenoid déng vai trd bao vé chlorophyll khoi qué
trinh quang oxy hoa bang cach loai bo céc trang thai kich thich nguy hiém nhu singlet
oxygen ('0z) va triplet chlorophyll. Ngoai ra, carotenoid con tham gia vao viéc 6n
dinh cau tric cta to hop protein—sic té trong mang thylakoid, dic biét 1a cac phuc hop
anten LHCII, gitip duy tri sy toan ven cta hé thdng truyén electron trong chudi quang
hoa [86].

Khi thoi gian xtr 1y plasma vuot ngudng tdi wu, stress oxy hoa ting cao 1am suy giam
kha ning téng hop carotenoid, dong thoi giy ton thuong truc tiép dén cac phan tir
carotenoid d3 ton tai trong mang thylakoid. Cac gdc tu do manh nhu hydroxyl radical
(+*OH) c6 thé pha v lién két doi lién hop trong chudi polyene ctia carotenoid, 1am mat
kha ning hap thu anh sang va trung hoa ROS. Sy suy giam nay kéo theo mat cin bang
nang lugng trong hé thdng quang hop, dan dén rdi loan chirc nang PSII va giam hiéu
suat chuyén héa niang luong. Viéc thiéu hut carotenoid cling 1am ting nguy co phéan
huy chlorophyll do khéng duoc bao vé, tir d6 1am giam hiéu suit quang hop va anh
huong truc tiép dén kha ning sinh truéng cia té bao.

Carotenoid khong chi 13 sic td phu hd tro hap thu anh sang ma con 1a yéu té diéu hoa
thiét yéu trong hé théng quang hop cua vi tio. Su bién dong ham lugng carotenoid
dudi tic dong cla plasma phan anh kha ning thich nghi va diéu chinh noi bao cia té
bao tao trude stress vat 1y, dong thoi cho thiy vai trd trung tAm cta carotenoid trong
viéc duy tri hiéu suat quang hop va bao vé cu triic té bao. Viéc t6i uu hoa thoi gian xir
Iy plasma 1a diéu kién tién quyét dé khai thac hiéu qua sinh hoc cta vi tio ma khong

lam gian doan hé thong sic t6 quang hop.
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3.3. Anh hwéng ciia plasma dén sw tich liiy cdc hop chit hivu co

Bén canh viéc thuc diy phan chia t& bao, xir Iy plasma con tao ra nhitng bién ddi sau
rong trong hé théng chuyén héa cac hop chat hitu co ndi bao, dic biét 1a sic té quang
hop, carbohydrate, protein va lipid. Sic t6 quang hop nhu chlorophyll va carotenoid
khong chi dong vai trod hap thu 4nh sang ma con 1a yéu td quyét dinh hiéu suét c¢b dinh
CO: thong qua chu trinh Calvin. Céc sac t6 nay duoc ciu thanh tir nguyén tir nitrogen
va chiu anh hudng truc tiép boi tin hiéu ROS, dic biét 13 H202 va NO vébn c6 kha nang
diéu hoa biéu hién gen ma hoa enzyme quang hop nhu Rubisco va PGK.

Su gia ting sic té quang hop dan dén hiéu qua c¢d dinh CO: cao hon, tir 46 thuc day
tong hop carbohydrate — hop chat hitu co nén tang cung cap sudn carbon cho hau hét
cac dai phan tir khac. Carbohydrate khong chi 1 ngudn ning luong so cip ma con 1a
tién chat cho cac chu trinh chuyén hoéa thir cap nhu tong hop acid béo va amino acid.
San pham trung gian nhu pyruvate va acetyl-CoA tir glycolysis c6 thé dugc chuyén
hoa thanh acid béo thong qua chu trinh tong hop lipid, hodc amin hoa dé tao thanh
amino acid, gop phan vao tong hop protein ndi bao.

3.3.1. Protein
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Hinh 3.8. (a) Puwong chudn protein , (b) Anh hwéng ciia thoi gian xir Iy plasma dén
ham luong protein
Biéu d6 ham luong protein cho thdy xu hudng ting rd rét tir 0 dén 15 phat xir Iy
plasma, phan anh sy kich hoat manh mé cila cac qua trinh sinh téng hop protein ndi
bao. Protein trong vi tao khong chi 1 thanh phan cu trac ma con dong vai trd trung

tam trong diéu hoa enzyme, tin hi¢u ndi bao va phan tng trao do6i chat. Vé mat hoa
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hoc, qué trinh tong hop protein bat dau tir su hoat hoa amino acid thong qua phan tng
tao aminoacyl-tRNA, sau d6 dién ra qua trinh kéo dai chudi polypeptide tai ribosome.
Duéi tac dong cia plasma ¢ mirc dd vira phai, cac tin hiéu ROS nhu H>0: c6 thé kich
hoat cac yéu to phién ma nhay cam véi trang thai oxy hoa-khir, chang han nhu bZIP va
MYB, tir 6 thuc diy biéu hién gen mi hoéa enzyme phién md RNA polymerase II va
cac ribosomal protein [87].

Ngoai ra, cac ROS & ndng d6 thip con c6 kha ning kich hoat cac kinase phu thudc tin
hi¢u nhu MAPK va CDPK, lam tang tbc do phién ma va dich ma protein. Mot $6
enzyme quan trong nhu glutamine synthetase (GS) va nitrate reductase (NR) cling
dugc diéu hoa boi cac tin hiéu nay, gop phan vao qua trinh déng hoa nito va tong hop
amino acid. Khi thoi gian xur 1y plasma vuot ngudng tdi wu, ROS tich lily giy t6n
thuong dén cau trac protein thong qua qua trinh oxy hoéa nhoém sulfhydryl (-SH) va
carbonyl héa chudi bén din dén bién tinh protein va mat hoat tinh enzyme. Piéu nay
lam gian doan qua trinh tong hop protein mai va kich hoat cic con dudng phan hay

nhu ubiquitin—proteasome hodc autophagy, phan anh trang thai suy thoai sinh 1y cua té

bao.
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Biéu d6 ham lugng lipid cho thiy su bién dong twong tw, voi mirc ting manh tir 0 dén
15 phut xir 1y plasma, dat dinh tai thoi diém nay trude khi suy giam & cac thoi diém xir
1y kéo dai hon. Lipid trong vi tao chil yéu ton tai duéi dang triacylglycerol (TAG),
phospholipid va glycolipid, dong vai trd quan trong trong cau triic mang, du trir ning
lwong va didu hoa phan tng sinh 1y. V& mit hoa hoc, qué trinh sinh tong hop lipid bat
dau tir acetyl-CoA, thong qua chudi phan tmg ctia enzyme acetyl-CoA carboxylase
(ACCase), malonyl-CoA ACP transacylase, va fatty acid synthase (FAS), tao thanh
acid béo mach dai. Dudi tac dong cua plasma, ROS ¢ mirc do thép c6 thé kich hoat cac
yéu t6 phién ma nhu WRINKLEDI1 (WRI1) va ABI4, tir d6 thuc day biéu hién gen
lién quan dén chu trinh tong hop acid béo va ester hoa TAG [89, 90].

Dic biét, stress plasma c6 thé 1am thay d6i dong chuyén héa carbon ndi bao, uu tién
huéng carbon tir chu trinh Calvin sang chu trinh tong hop lipid thong qua ting biéu
hién cua pyruvate dehydrogenase (PDH) va glycerol-3-phosphate acyltransferase
(GPAT). Piéu ndy phan anh sy tai phan bb ning luong va vat chat trong té bao nham
tich liy lipid nhu mot co ché bao vé chdng stress. Tuy nhién, khi thoi gian xir Iy vuot
ngudng, ROS tich lliy gy peroxid hoéa lipid mang, dac biét 1a cac acid béo khong bao
hoa, ddn dén mat tinh toan ven mang va ro ri ion. Cac enzyme chuyén hoa lipid nhu
DGAT va PDAT ciing bi bat hoat do bién ddi ciu tric, lam giam hi¢u suét téng hop
lipid va anh huong dén kha ning sinh truéng cia té bao.

Tir cac két qua phan tich ham lugng protein va lipid dudi tic dong cua plasma, c6 thé
két luan rang thoi gian xtr 1y plasma 1a yéu t6 quyét dinh dén hiéu qua chuyén hoa noi
bao cua vi tao. Trong giai doan xtr 1y tdi wu (khoang 15 phuat), cac tin hiéu oxy hoa &
muc dd vira phai da kich hoat manh mé cac chudi phan tng sinh hoéa, thuc déy biéu
hién gen va hoat dong enzyme lién quan dén tong hop protein va acid béo. Piéu nay
phan anh trang théi sinh trudng tich cuc, véi su gia ting rd rét cac hop chat hiru co nén
tang cho cau tric va chirc nang té bao.

Vé mit hoa hoc, qua trinh téng hop protein va lipid déu phu thudc vao su 6n dinh cua
hé théng enzyme va can bang oxy héa—khir ndi bao. Plasma & murc d6 kiém soat da
doéng vai trd nhu mot tac nhan kich thich sinh hoc, diéu hoa cac chu trinh chuyén hoa

nitrogen va carbon thong qua cac co ché cam bién ROS. Tuy nhién, khi thoi gian xir 1y
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vuot ngudng, su tich liiy ROS gay ton thuong dén cdu tric phan tir, lam bién tinh
protein, peroxid héa lipid va rdi loan hoat dong enzyme, dan dén suy giam hiéu suit
sinh hoc tong thé. Do d6, viéc tdi wu hoa thoi gian xtr 1y plasma khong chi gitp nang
cao ham lugng protein va lipid ma con dam bao tinh toan ven hoa hoc cta cac phan tir
chtrc ning trong té bao.

3.3.3. Carbohydrate
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Biéu d6 ham luong carbohydrate cho thdy xu hudng ting rd rét tir 0 dén 15 phit
xtr 1y plasma, phan anh su kich hoat manh mé ciia cac chu trinh chuyén hoéa carbon
trong té bao Haematococcus pluvialis. Carbohydrate 1a hop chat hitu co nén tang,
dong vai tro 1a ngudn carbon so cdp cho cic phan tng sinh tong hop va 1a chét du trir
ning luong quan trong trong diéu kién stress. Dudi tac dong cua plasma ¢ mirc d6 vira
phai, té bao tao kich hoat chu trinh Calvin trong pha t6i cia quang hop, dan dén su tich
lily carbohydrate dudi dang polysaccharide nhu tinh bot (amylose, amylopectin) va
cellulose. Qua trinh nay duoc diéu hoa béi cac enzyme nhu ribulose-1,5-bisphosphate
carboxylase/oxygenase (Rubisco), phosphoglycerate kinase (PGK), va glyceraldehyde-
3-phosphate dehydrogenase (GAPDH), vbn c¢6 hoat tinh cao trong diéu kién anh sang
manh va stress nhe [79]. Vé mit hoa hoc, carbohydrate tich iy trong té bao khong chi
dong vai tro 13 ngudn ning luong thong qua qua trinh phéan giai trong glycolysis, ma
con 1a tién chat cho cac chu trinh chuyén héa thir cap. San pham trung gian nhu

pyruvate va acetyl-CoA tir glycolysis c6 thé dugc chuyén hoa thanh acid béo thong
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qua chu trinh tong hop lipid, hodc tham gia vao chu trinh Krebs dé cung cdp ning
lwong dudi dang ATP. Pong thoi, cac duong don nhu glucose va fructose c6 thé duoc
amin hoa dé tao thanh amino acid thong qua cac phan ng transamination, tir d6 gop
phan vao tong hop protein ndi bao. Su lién két giita carbohydrate, lipid va protein
trong H. pluvialis thé hién rd qua viéc carbohydrate déng vai trd trung gian chuyén
hoa, 1a diém khoi dau cho cac nhanh tong hop sinh hoc khac trong té bao.

Khi thoi gian xtr Iy plasma vuot ngudng toi vu (>15 phut), stress oxy hoa gia
tang 1am rdi loan cin bang ndi bao, anh hudng truc tiép dén hoat dong cua cac enzyme
chuyén hoa carbohydrate. Cac gbc ty do nhu hydroxyl radical («OH) va singlet oxygen
('02) ¢6 thé oxy héa nhom hydroxyl (-OH) trong ciu tric polysaccharide, 1am giam do
6n dinh va kha ning tich lily carbohydrate. Ngoai ra, xur 1y plasma kéo dai con giy
bién tinh cac enzyme nhu hexokinase va phosphofructokinase, lam gian doan chu trinh
glycolysis va giam hiéu suat chuyén héa carbon. Piéu ndy din dén suy giam
carbohydrate ndi bao, kéo theo sy giam hiéu suat tong hop lipid va protein do thiéu hut
tién chit va ning luong. Nhin chung, carbohydrate trong H. pluvialis 1a hop chat hiru
co chu luc, vira ddm nhiém chirc nang ning luong, vira 14 tién chat chuyén hoa cho céc
chu trinh sinh tong hop khac. Viéc t6i wu héa thoi gian xur Iy plasma gitp duy tri hoat
dong enzyme va can bang oxy hoa—khir, tir 6 dam bao hiéu suit tich lity carbohydrate
va kha niang chuyén hoa carbon hiéu qua trong té bao.

Tom lai, két qua phan tich cho thay riang qua trinh xir Iy plasma d tao ra nhiing
bién dong dang ké trong hé thong chuyén hoa noi bao ctia Haematococcus pluvialis,
dic biét 1a dbi voi ba nhém hop chit hitu co chu lyc: protein, lipid va carbohydrate.
Trong khoang thoi gian xr 1y thich hop, céac tin hiéu oxy héa & mirc do kiém soat da
kich hoat hang loat phan ing enzyme, din dén su gia ting dong thoi cac qué trinh tong
hop acid béo, amino acid va polysaccharide. Su phdi hop giira cic chu trinh sinh hoa
nhu Calvin, glycolysis va chu trinh Krebs d tao ra mot mang ludi chuyén héa hiéu
qua, gitp té bao duy tri trang thai hoat dong cao vé mit niang luong va cau tric. V& co
ché, cac enzyme xic tac trong ting nhanh chuyén hoa da phan mg linh hoat véi diéu
kién plasma, cho thiy kha ning thich nghi sinh Iy cua vi tdo trude tic nhan vat 1y. Su

gia ting ham luong protein phan anh hoat dong manh mé ciia hé thong ribosome va
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cac yéu td phién ma, trong khi lipid dugc tich lity thong qua diéu chinh dong carbon
ndi bao. Carbohydrate dong vai trd trung gian, vira 1a ngudn ning luong, vira 1a tién
chat cho cac phan mg téng hop khac, tao nén su lién két chirc nang giira cic nhom
hop chat. Khi thoi gian xtr 1y vuot ngudng, cic phan tmg oxy hoéa khong con giit vai
tro didu hoa ma chuyén sang giy ton thuong phan tir, lam gian doan hoat dong enzyme
va pha v& can bang ndi moi. Piéu nay din dén su suy giam dong loat cua cac hop chat
hitu co, phan anh trang thai roi loan chuyén hoa va giam hiéu suit sinh hoc. Nhu vay,
viéc kiém soat chinh xac thoi gian xur 1y plasma khong chi 13 yéu t6 k§ thuat ma con 1a

diéu kién sinh hoa cdt 16i dé duy tri tinh 6n dinh va hiéu qua cua hé thong chuyén héa

trong vi tdo

Hinh 3.11. Tao cam wng stress 0 ngay 3 va ngay 8 trbng binh nuéi ciy tr01.1‘g vi

tdao

3.4. Higu qua tich liiy astaxanthin sau qud trinh nudi cdy két hop plasma.

Hinh 3.12. Tdo cim irng stress 6 ngay 3 va ngay 8 dwoc quan sdt dwéi kinh hién vi
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Trong nghién ciru nay, cac nghiém thirc duoc chiéu sang véi cudong do 10.000
lux nhim tao diéu kién stress quang hoc c6 kiém soat, tir d6 kich thich qué trinh sinh
tong hop astaxanthin trong vi tdo. Astaxanthin 13 mot ketocarotenoid thtr cip, duoc
tong hop chi yéu khi té bao roi vao trang thai stress sinh Iy nhu 4nh sang manh, thiéu
dinh dudng hoic stress oxy héa. Duéi cudng do anh sang cao, hé thong quang hop cia
té bao tao hoat dong manh mé&, dan dén su gia ting san sinh cac loai phan ng oxy hoa
(ROS) nhu singlet oxygen va superoxide. Dé bao vé cdu trac ndi bao, dic biét 1a mang
thylakoid va cac protein quang hop, té bao kich hoat chudi phan tng bao vé, trong d6
astaxanthin dong vai tro trung tim nhu mot chat chong oxy hoa manh.

Khi mat do té bao dugc chuan hoa vé cuing mirc sau 15 ngay nudi cay va budc
vao gial doan cam Ung stress, su khac biét vé ham lugng astaxanthin gitra cac nghi¢m
thizc van duoc ghi nhan 16 rét. Picu nay cho thy rang hiéu qua tich liy astaxanthin
khong chi phu thudc vao diéu kién stress anh sang, ma con phan anh truc tiép chat
luong nodi tai cua té bao trude do, dic biét 1a trong pha xanh. Trong 14 ngay dau, cac
nghiém thirc ¢6 xtr 1y plasma t6i wu d thuc ddy qua trinh tong hop hop chét hitu co
nhu B-carotene, carbohydrate, protein va lipid — nhitng tién chat thiét yéu cho chudi

chuyén hoa carotenoid khi stress dién ra.
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Iy plasma dén ham lwong astaxanthin
Bién dong ham lugng astaxanthin trong Haematococcus pluvialis duéi tac dong
ctia plasma két hop chiéu sang 10.000 lux phan anh rd nét qua trinh diéu hoa chuyén
hoa ndi bao thong qua co ché cam tng oxy héa. Trong diéu kién stress c6 kiém soat, té
bao tao chuyén sang trang thai sinh 1y dac bi¢t goi 1a “giai doan d¢ hoa”, dac trung boi
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sy tich Iy manh mé cua astaxanthin — mot ketocarotenoid co cAu trac polyene lién
hop v6i nhom keto va hydroxyl, cho phép hoat dong nhu chat chdng oxy héa manh
thong qua phan tmg cong gbc tu do va chuyén electron. V& mit hoa hoc, astaxanthin
dugc tong hop tir B-carotene thong qua chudi phan mg enzyme gdm pB-carotene
ketolase (CrtW) va PB-carotene hydroxylase (CrtZ), véi sy tham gia ctia cofactor
NADPH va O: trong méi truong giau ROS.

Duéi tac dong cua plasma, cac gbc tuy do nhu superoxide (O:7) va singlet
oxygen ('0z) duoc sinh ra tir chudi truyén electron quang hop bj kich thich, dong vai
tro nhu tin hiéu sinh hoc thuc diy biéu hién gen ma hoa cac enzyme carotenogenesis.
Céc nghién ciru gan day da xac dinh mot s6 yéu to phién ma dic hiéu nhu HpMYBI,
HpHSF va HpAP2/ERF c6 vai tro diéu phdi biéu hién gen CrtW va CrtZ trong diéu
kién anh sang cao va stress plasma [91]. Qua trinh nay khong chi 1am ting toc do
chuyén hoa p-carotene thanh astaxanthin ma con tai phan b ning luong ndi bao, vu
tién cho nhanh tong hop sic t6 thay vi ting trudng té bao. Astaxanthin dugc tich liy
chu yéu trong cac thé lipid ndi bao dudi dang ester héa véi acid béo, tao thanh mono-
va di-ester astaxanthin, giup on dinh cau tric mang va ting d6 bén sinh hoc cua phan
ttr. Su ester hoa nay dién ra thong qua phan g giita nhom hydroxyl ctia astaxanthin
va acid béo mach dai nhu oleic hodc palmitic acid, xuc tac boi enzyme acyltransferase.
Viéc tich lily astaxanthin dong thoi véi lipid khong chi 1a hién tuong dong vén sinh
héa ma con 1a chién luge bao vé ndi bao, khi cac thé lipid dong vai tro nhu kho dy trir
sdc to va ving dém chong oxy hoa.

Trong quy trinh nudi ciy hai giai doan cua vi tio Haematococcus pluvialis, Xir
1y plasma khong truc tiép gay cam Gng stress dé tich lily astaxanthin, ma dong vai trd
nhu mot tac nhan sinh hoc kich thich ting truéng té bao va tich lily hop chéat hitu co
trong giai doan xanh. Viéc t6i uu hoa thoi gian xir Iy plasma giup thuc ddy qua trinh
phan chia té bao, ting mat d6 quang hop, va tich lily nén tang céac tién chat nhu p-
carotene, carbohydrate, protein va lipid — nhitng yéu t6 thiét yéu cho giai doan chuyén
hoa sau nay. Giai doan cam ung stress dugc thyc hi¢n bﬁng anh sang cuong do cao, la
yéu t6 chinh kich hoat chudi phan tng oxy hoa ndi bao. Dudi diéu kién chiéu sang

manh, té bao tdo doi mit véi stress oxy hoa co kiém soat, din dén sy hoat hoa cac
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enzyme chuyén biét trong chudi chuyén héa carotenoid. Dic biét, cac enzyme ketolase
va hydroxylase dugc kich hoat manh mé trong méi truong giau ROS, thiic diy qua
trinh chuyén héa tir B-carotene sang astaxanthin — sic to chtrc ning c6 gia tri sinh hoc
cao. Sy tich lily astaxanthin 1a két qua ctia mot qua trinh diéu hoa sinh héa da tang,
trong do anh sang manh dong vai trdo cdm Ung stress, con plasma dam nhiém vai tro
chuan bi nén tang sinh hoc. Su két hop gitta hai yéu t6 ndy — nhung ¢ hai giai doan
riéng biét — cho thdy kha ning diéu phdi linh hoat cta té bao trudc cac tac nhan vat 1y.
Plasma khong chi hd trg sinh trudng ma con tao diéu kién Iy tuong dé té bao bude vao
trang thai chuyén hoéa hiéu qua khi stress dién ra, tr d6 nang cao ham luong
astaxanthin va mo ra tiém ning Gmg dung trong cong nghé san xuat sic to sinh hoc tir
vi tdo.

Su tich lity astaxanthin 13 mot qué trinh chuyén hoa thir cip, doi hoi té bao phai
c6 nén tang sinh hoc virng chic: hé théng enzyme hoat dong hiéu qua, ngudn tién chat
ddi dao, va trang thai ndi bao on dinh. Do d0, kich thich téng hop chét hitu co trong
pha xanh déng vai trd quyét dinh dén hiéu suat chuyén hoa astaxanthin ¢ pha do. Té
bao co chit luong cao trong pha sinh truong khong chi phan img manh mé& hon véi
stress ma con c6 kha nang diéu phéi nang lugng va vat chét ndi bao mot cach hiéu qua,

tir d6 t6i wu hoéa qua trinh tich lity sic té chirc ning

Hinh 3.14. Cao chiét astaxanthin
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KET LUAN VA KIEN NGHI

KET LUAN
Trong nghién ctru nay, viéc 1am gidu moi truong RM bang cac RONS ¢ ngudn ge tir
plasma da kich thich hi¢u qua sy tang truéng cua H. pluvialis, vo1 thoi gian kich hoat
t61 wu duoc xac dinh 14 15 phat. Duéi nhitng diéu kién nay, néng do NO,~, NOs~ va
H>0: thich hop trong méi truong RM di dan dén su gia ting 28% mat do té bao so véi
d6i chimg.
Vé mat dinh lugng, sinh khdi tao dat gia tri cao nhét tal thoi diém xu 1y plasma 15
phut, v&i mirc 0.55 g/L, so v6i 0.38 g/L & mau khong xir 1y. Su gia tang sinh khdi phan
anh trang thai chuyén hoa tich cuc, trong dé cac chu trinh ning luong va vat chat dugc
duy tri 6n dinh. Ham luong protein ndi bao tang tir 18.2 mg/g 1én 32.7 mg/g, cho thiy
su kich hoat manh mé& ctia hé théng enzyme phién ma va dich ma. Lipid ciing ghi nhan
muc ting tir 21.4 mg/g 1én 38.9 mg/g, phan anh su diéu huéng dong carbon sang
nhanh téng hop acid béo va triacylglycerol. Carbohydrate tich liiy dat 61.3 mg/g tai 15
phut xir 1y, so voi 42.6 mg/g & mau dbi ching, cho thdy chu trinh Calvin va glycolysis
dugc duy tri hiéu qua trong diéu kién stress c6 kiém soat. Sau 7 ngdy giy stress, hon
98% té bao H. pluvialis da chuyén sang pha do. Mirc do astaxanthin da ting ddng ké ¢
cac mau dugc nudi ciy trong méi trudng RM kich hoat bang plasma cu thé 1a méu tir 5
phut dén 15 phut, cho thiy su cai thién tir 24—-32% so v&i nhom ddi chimg. Ham lugng
astaxanthin cao nhét duoc ghi nhan ¢ mau 15 phut, dat 3.82 %DW (phén tram trong
luong kho). Tuy nhién, ham luong astaxanthin d3 gidm & cac mau c6 thoi gian kich
hoat plasma dai hon, cu thé 1a trén 20 phit, voi gia tri thap nhat 13 2.14 %DW.
Sinh khéi khé va ndng d6 cac hop chit hitu co ciing ting 1én dang ké, diéu nay co thé
1a do hiéu suat quang hop ting cudng nho mic do sic td chlorophyll va carotenoid
duoc tdng cao. Tuy nhién, viéc kich hoat plasma kéo dai cu thé 1a hon 20 phut da dan
dén sy tich liiy ROS quéa muc, 1am e ché sy phan chia té bao va tang trudng sinh
khéi.
Su tich lily cac hop chét hitu co trong pha tang truong xanh & méi trudong RM duoc xir
Iy bang plasma ciing dong mot vai trd quan trong nhu cung cip cac tién chat cho qua

trinh sinh t6ng hop astaxanthin hiéu qua duéi diéu kién stress. Nhiing phat hién nay
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lam rd tiém ning cta cong nghé plasma lanh trong viéc kich thich ting trudng va tich

Ity astaxanthin & H. pluvialis.
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KIEN NGHI

Vé6i nhirng han ché hién tai vé khoi luong nudi cdy, cac thi nghiém md rong quy mo 1a
can thiét dé danh gia tinh kha thi cho cac tmg dung 16n hon. Hon nita, do kha ning ¢
dinh nito cao sau khi phong dién plasma, cac nghién ctru tuong lai c¢6 thé kham pha
kha ning thay thé hoan toan nito c¢6 ngudn gbc hoa hoc trong coéng thirc méi trudng,
diéu nay c6 thé dan dén cac hé thong nudi cay bén viing hon voi sy phu thude vao
phan bén téng hop giam di.

Ngoai ra, c6 thé nghién ctru thém cac yéu t6 gay stress khac dé so sanh hiéu qua hiéu

xudt tich Iily astaxanthin va danh gia chat lugng cta astaxanthin sau thu hoach
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LIPID

Lipid

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
Cc1 6 D&i chirng, KK-10phut, KK-15phut, KK-20phut, KK-25phut, KK-5phut
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

(& 5 51.521 10.3042 16.59 0.000
Error 12 7453 0.6210
Total 17 58.974

Model Summary
S R-sq R-sq(adj) R-sq(pred)

0.788067 87.36% 82.10% 71.57%
Means

c1 N Mean StDev 95% CI
Poichirng 3 22.197 1.535 (21.205, 23.188)
KK-10phut 3 24.195 0.644 (23.203, 25.186)
KK-15phut 3 24.673 0.863 (23.682, 25.665)
KK-20phut 3 20.733  0.293 (19.742,21.725)
KK-25phut 3 20.0107 0.1573 (19.0193,

21.0020)
KK-5phut 3 22925 0.315 (21.933,23.916)

Pooled StDev = 0.788067

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
KK-15phut 3 24.673 A
KK-10phut 3 24.195A B
KK-5phut 3 22925A B
boiching 3 22.197 B C
KK-20phut 3 20.733 cD
KK-25phut 3 20.0107 D

Means that do not share a letter are significantly different.
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If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

Cc1 N Mean Grouping
DG6i ching 3 22197 A
(control)
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KK-25phut 320.0107

Means not labeled with the letter A are significantly different from the control level mean.
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= e |

If an interval does not contain Zero, the corresponding mean (s significantly different from the

control mean.
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The pooled standard deviation is used to calculate the intervals,

CHLOROPHYLL

Chlorophyll ngay 15

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor  Levels Values
Cc1 6 D&i chirng, KK-10phut, KK-15phut, KK-20phut, KK-25phut, KK-5phut
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Cc1 5 156.88 31.377 29.38 0.000
Error 12 12.82 1.068
Total 17 169.70

Model Summary
S R-sq R-sq(adj) R-sq(pred)

1.03345 92.45% 89.30% 83.01%
Means
C1 N Mean StDev 95% CI
boiching 3 18230 0.176 (16.930,
19.530)
KK-10phut 3 23.651 1.198 (22.351,
24.951)
KK-15phut 3 24.682 0.697 (23.382,
25.982)
KK-20phut 3 17.962 0.737 (16.662,
19.262)
KK-25phut 3 16.875 1.312 (15.575,
18.175)
KK-5phut 3 20.961 1.481 (19.661,
22.261)

Pooled StDev = 1.03345
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Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
KK-15phut 3 24.682 A
KK-10phut 3 23.651A B
KK-5phut 3 20.961 B C
boiching 3 18.230 c D
KK-20phut 3 17.962 D
KK-25phut 3 16.875 D

Means that do not share a letter are significantly different.

KK-10phut -
KK-15phut -
KK-20phut -
KK-25phut -
KK-5phut -
KK-15phut -
KK-20phut -
KK-25phut -
KK-5phut -
KK-20phut -
KK-25phut -
KK-5phut -
KK-25phut - KK-20phut -
KK-5phut - KK-20phut 4
KK-5phut - KK-25phut 4

Tukey Simultaneous 95% Cls
Differences of Means for day 15

Pa&i ching - i —_—————
Bai ching 1 i L
Déi chimg - —_— e
Pa&i ching - .—o—é—n
DPadi ching - rE—O—'
KK-10phut —i—o—.
KK-10phut - —_— ;
KK-10phut H —_————— i
KK-10phut - »—0—54
KK-15phut - —_— |
KK-15phut{ ~———&—— i
KK-15phut - —_— i

i

—_————
i
—
10 s 0 5 10

If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

Cc1 N Mean Grouping
Baoi ching 3 18230 A
(control)

KK-15phut 3 24.682
KK-10phut 3 23.651

KK-5phut 3 20.961
KK-20phut 3 17.962 A
KK-25phut 3 16.875A

Means not labeled with the letter A are significantly different from the control level mean.
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Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for day 15

KK-10phut - Béi chiing -

KK-15phut - B&i ching -

KK-20phut - i ching - I *

KK-25phut - Déi ching - f o

KK-5phut - B&i ching -

T
-5.0 -2.5 0.0 2.5 5.0

7.5 10.0
If an interval does not contain Zero, the corresponding mean (s significantly different from the
control mean.
Interval Plot of day 15 vs C1
95% Cl for the Mean
27.57
25.0
22.5
CLl
>
1"
o
20.0
17.5
15.0 1 T T 1 T T
Padi ching KK-10phut KK-15phut KK-20phut KK-25phut KK-5phut
1

The pooled standard deviation is used to calculate the intervals,

CHLOROPHYLL

Chlorophyll ngay 12

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
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C1 6 D6i chirng, KK-10phut, KK-15phut, KK-20phut, KK-25phut, KK-5phut
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

1 5 13741 27.482 20.25 0.000
Error 12 16.29 1.357
Total 17 153.70

Model Summary
S R-sq R-sq(adj) R-sq(pred)

1.16496 89.40% 84.99% 76.16%
Means
C1 N Mean StDev 95% CI
boiching 3 18.6736 0.1549 (17.2082,
20.1391)
KK-10phut 3 22.001 0.769 (20.536, 23.466)
KK-15phut 3 23.506 1.502 (22.040,24.971)
KK-20phut 3 16.803 0.387 (15.338, 18.269)
KK-25phut 3 15.603 0.465 (14.138,17.069)
KK-5phut 3 2012 2.21  (18.65, 21.58)

Pooled StDev = 1.16496

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
KK-15phut 3 23.506 A
KK-10phut 3 22.001 A B
KK-5phut 3 20.12 B C
boiching 3 18.6736 C
KK-20phut 3 16.803
KK-25phut 3 15.603

O U O

Means that do not share a letter are significantly different.

Tukey Simultaneous 95% Cls
Differences of Means for day 12

KK-10phut - B&i chiing -

KK-15phut - Bai chiing -
KK-20phut - B6i ching o
KK-25phut - B6i ching -
KK-5phut - Bdi chiing -
KK-15phut - KK-10phut -
KK-20phut - KK-10phut -
KK-25phut - KK-10phut - "
KK-5phut - KK-10phut - *
KK-20phut - KK-15phut - -
KK-25phut - KK-15phut - *
KK-5phut - KK-15phut - -
KK-25phut - KK-20phut - -

L ]

KK-5phut - KK-20phut 4

KK-5phut - KK-25phut 4

[~ J% SRR S-SRI SRR S NP SO N ———

-10 -5

If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

c1 N Mean Grouping
Déi ching 318.6736 A
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(control)

KK-15phut 3 23.506
KK-10phut 3 22.001
KK-5phut 3 2012A
KK-20phut 3 16.803 A
KK-25phut 3 15.603

Means not labeled with the letter A are significantly different from the control level mean.

Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for day 12

KK-10phut - Béi chiing -

KK-15phut - Béi chiing -

L ]

KK-25phut - Béi chiing | |

T
I
I
]
1
I
I
I
I
I
I
I
1
I
I
I
I
i
I
KK-20phut - D3i chitng - I * —
:
I
I
I
I
1
]
I
I
I
I
:
ara - !
KK-5phut - B8i chiing - I 1
I
I

-5.0 -2.5 0.0 2.5 5.0 1.5

If an interval does not contain zero, the corresponding mean s significantly different from the
control mean.

Interval Plot of day 12 vs C1
95% Cl for the Mean

25,0

22.57

20,0

day 12

17.5

15.0

Ddi (Iht’mg KK-16phut KK-15lphut KK-Zéphut KK-ZSIphut KK-SIphut
C1

The pooled standard deviation is used to calculate the intervals,

CHLOROPHYLL

Chlorophyll ngay 9

Method
Null hypothesis All means are equal
Alternative Not all means are
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hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor  Levels Values
C1 6 D&i chirng, KK-10phut, KK-15phut, KK-20phut, KK-25phut, KK-5phut
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

1 5 103.65 20.731 20.19 0.000
Error 12 1232 1.027
Total 17 115.98

Model Summary
S R-sq R-sq(adj) R-sq(pred)

1.01337 89.37% 84.95% 76.09%
Means
C1 N Mean StDev 95% CI
boiching 3 17.486 0.477 (16.211,
18.760)
KK-10phut 3 20.155 0.735 (18.880,
21.430)
KK-15phut 3 21.253 0.993 (19.979,
22.528)
KK-20phut 3 15.463 1.670 (14.188,
16.738)
KK-25phut 3 14.539 0.862 (13.265,
15.814)
KK-5phut 3 18.813 0.935 (17.538,
20.088)

Pooled StDev = 1.01337

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
KK-15phut 3 21.253 A
KK-10phut 3 20.155A B
KK-5phut 3 18813 A B
boiching 3 17.486 B C
KK-20phut 3 15.463 CD
KK-25phut 3 14.539 D

Means that do not share a letter are significantly different.
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Tukey Simultaneous 95% Cls
Differences of Means for day 9

KK-10phut - Bdi chiing -

KK-15phut - B&i chiing -

KK-20phut - B5i chiing - o
KK-25phut - 25i chiing - e
KK-5phut - P6i chiing -
KK-15phut - KK-10phut -
KK-20phut - KK-10phut - »
KK-25phut - KK-10phut - *
KK-5phut - KK-10phut -
KK-20phut - KK-15phut - <
KK-25phut - KK-15phut - <
KK-5phut - KK-15phut - -
KK-25phut - KK-20phut - »

KK-5phut - KK-20phut -
KK-5phut - KK-25phut 4

[ S I U SRR NN SR (.

T
-10 -5

If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

Cc1 N Mean Grouping
Déi ching 3 17.486 A
(control)

KK-15phut 3 21.253
KK-10phut 3 20.155

KK-5phut 3 18813 A
KK-20phut 3 15463 A
KK-25phut 3 14.539

Means not labeled with the letter A are significantly different from the control level mean.

Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for day 9

KK-10phut - Béi chiing -

KK-15phut - B&i ching -

KK-20phut - Béi chirng - f *

KK-25phut - B&i chiing { | = |

KK-5phut - Béi chiing }

T
-5.0 -2.5 0.0 2.5 5.0

If an interval does not contain Zero, the corresponding mean (s significantly different from the
control mean.
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Interval Plot of day 9 vs C1
95% Cl for the Mean

22

20

184

day 9

16

14

121

Déi chiing KK-10phut KK-15phut KK-20phut KK-25phut KK-5phut
C1

The pooled standard deviation is used to calculate the intervals,

CHLOROPHYLL

Chlorophyll ngay 6

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor  Levels Values
Cc1 6 D&i chirng, KK-10phut, KK-15phut, KK-20phut, KK-25phut, KK-5phut
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Cc1 5 53.247 10.6494 20.47 0.000
Error 12 6.243  0.5203
Total 17 59.490

Model Summary
S R-sq R-sq(adj) R-sq(pred)

0.721303 89.51% 85.13% 76.39%
Means
C1 N Mean StDev 95% CI

boiching 3 15983 1.098 (15.075, 16.890)
KK-10phut 3 17.935 0.330 (17.027,18.842)
KK-15phut 3 18.4061 0.0413 (17.4987,
19.3134)
KK-20phut 3 14.310 0.285 (13.403, 15.218)
KK-25phut 3 13.873 0.777 (12.966, 14.781)
KK-5phut 3 17.135 1.059 (16.228, 18.042)

Pooled StDev = 0.721303

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence
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Cc1 N Mean Grouping
KK-15phut 3 18.4061 A
KK-10phut 3 17.935A B

KK-5phut 3 17.135A B
PGichimg 3 15983 B C
KK-20phut 3 14310 CD
KK-25phut 3 13.873 D

Means that do not share a letter are significantly different.

Tukey Simultaneous 95% Cls
Differences of Means for day 6

KK-10phut - B&i chiing -

KK-15phut - Bai chiing -
KK-20phut - B6i ching o
KK-25phut - B6i ching -
KK-5phut - Bdi chiing -
KK-15phut - KK-10phut -
KK-20phut - KK-10phut -
KK-25phut - KK-10phut -
KK-5phut - KK-10phut - *
KK-20phut - KK-15phut - +
KK-25phut - KK-15phut - *
KK-5phut - KK-15phut - -
KK-25phut - KK-20phut - -
KK-5phut - KK-20phut 4

L ]

KK-5phut - KK-25phut 4

-1.5 -5.0 -2.5 0.0 2.5

If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

Cc1 N Mean Grouping
Boi chirng 3 15983 A
(control)

KK-15phut 3 18.4061
KK-10phut 3 17.935

KK-5phut 3 17.135A
KK-20phut 3 14310 A
KK-25phut 3 13.873

Means not labeled with the letter A are significantly different from the control level mean.
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Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for day 6

KK-10phut - Béi chiing -

KK-15phut - B&i ching -

KK-20phut - Béi ching - | o

KK-25phut - B&i chiing 4 | o |

KK-5phut - B&i ching - |

=

4 -3 2 1 1 2 4
If an interval does not contain Zero, the corresponding mean (s significantly different from the
control mean.
Interval Plot of day 6 vs C1
95% Cl for the Mean
20
19
18+
174
o
=
1
T 164
15
14
13
Déi chiing KK-10phut KK-15phut KK-20phut KK-25phut KK-5phut
&

The pooled standard deviation is used to calculate the intervals,

CHLOROPHYLL

Chlorophyll ngay 3

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
C1 6 D&i chirng, KK-10phut, KK-15phut, KK-20phut, KK-25phut, KK-5phut
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Analysis of Variance
Source DF AdjSS AdjMS F-Value P-Value

1 5 21.747 43494 5.59 0.007
Error 12 9.340 0.7783
Total 17 31.087

Model Summary
S R-sq R-sq(adj) R-sq(pred)

0.882235 69.96% 57.44% 32.40%
Means
C1 N Mean StDev 95% CI
Doiching 3 14.358 0.952 (13.248, 15.468)
KK-10phut 3 15.543  1.091 (14.433,16.653)
KK-15phut 3 15.272 0.651 (14.162, 16.381)
KK-20phut 3 13.529 1.051 (12.420, 14.639)
KK-25phut 3 12.3783 0.0527 (11.2685,
13.4881)

KK-5phut 3 14995 1.022 (13.885,16.104)

Pooled StDev = 0.882235

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
KK-10phut 3 15.543 A
KK-15phut 3 15.272 A
KK-5phut 3 14995 A
Doiching 3 14358 A B
KK-20phut 3 13.529 A B
KK-25phut 3 12.3783 B

Means that do not share a letter are significantly different.

Tukey Simultaneous 95% Cls
Differences of Means for day 3

KK-10phut - Bdi chiing -

KK-15phut - B&i chiing -
KK-20phut - B5i chiing -
KK-25phut - 25i chiing -

KK-5phut - P6i chiing -
KK-15phut - KK-10phut -
KK-20phut - KK-10phut -

L ]

L

L

L ]

L ]

KK-5phut - KK-10phut - *
KK-20phut - KK-15phut - <
KK-25phut - KK-15phut - <

KK-5phut - KK-15phut - -
KK-25phut - KK-20phut - »

KK-5phut - KK-20phut -

KK-5phut - KK-25phut 4

T
I
I
i
I
T
I
1
I
I
I
I
I
i
KK-25phut - KK-10phut - " - !
I
I
I
I
I
I
I
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I
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I

-5.0 -2.5 0.0 2.5

If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

c1 N Mean Grouping
Déi ching 3 14358 A
(control)
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KK-10phut 3 15543 A
KK-15phut 3 15272 A
KK-5phut 3 14995 A
KK-20phut 3 13529 A
KK-25phut 3123783 A

Means not labeled with the letter A are significantly different from the control level mean.

Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for day 3

KK-10phut - B3i ching - |

KK-15phut - D8i ching - I

KK-20phut - Béi ching - f @

KK-25phut - Di chifng - } o

KK-5phut - B&i chifng - f

o4 -l

If an interval does not contain Zero, the corresponding mean (s significantly different from the
control mean.

Interval Plot of day 3 vs C1
95% Cl for the Mean

177

16

15

& 14

134

12

11

Pai ching KK-10phut KK-15phut KK-20phut KK-25phut KK-5phut
C1

The pooled standard deviation is used to calculate the intervals,

CAROTENOID
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Carotenoid ngay 15

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor  Levels Values
C1 6 D6i chirng, T10, T15, T20, T25, T5
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

(& 5 24081 0.48162 6.80 0.003
Error 12 0.8496 0.07080
Total 17 3.2577

Model Summary
S R-sq R-sq(adj) R-sq(pred)

0.266086 73.92% 63.05% 41.32%
Means
c1 N Mean StDev 95% CI

bdiching 3 3.691 0.236 (3.356,4.025)

T10 3 4.0907 0.0220 (3.7559,
4.4254)
T15 3 4.3680 0.0451 (4.0333,
4.7027)
T20 3 3751 0313 (3.416, 4.085)
T25 3 3.185 0.258 (2.851,3.520)
T5 3 3.893 0.449 (3.559,4.228)

Pooled StDev = 0.266086

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
T15 3 43680 A

T10 3 4.0907 A

T5 3 3.893A B
T20 3 3751TA B
Doiching 3 3.691 A B
T25 3 3.185 B

Means that do not share a letter are significantly different.
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Tukey Simultaneous 95% Cls
Differences of Means for Ngay 15

T10 - Bi chiing - :
T15 - B&i chiing :
T20 - BGi chiing - i
1
T25 - P6i chiing o L
o L
T5 - B&i ching | : -
T15 - T10 - ; .
T20 - T10 | . :
1
T25 - T10 - L
T5-TI0- * :
T20 - T15 :
T25 - T15 * i
1
T5-TI5 - !
T25 - 120 - . :
T5 - T20- :
T5 - T25 - '
20 15 10 05 0.0 05 1.0 15
If an interval does not contain zero, the corresponding means are significantly different.
Dunnett Multiple Comparisons with a Control
Grouping Information Using the Dunnett Method and 95% Confidence
Cc1 N Mean Grouping
DG6i ching 3 3.691A
(control)
T15 3 4.3680
T10 3 4.0907 A
T5 3 3893A
T20 3 3.751A
T25 3 3.185A
Means not labeled with the letter A are significantly different from the control level mean.
Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for Ngay 15
T
!
T10 - Péi chiing - ; |
1
]
]
i
]
T15 - D&i chiing - ! *
]
]
]
!
T20 - B6i ching - f i i
!
i
T25 - Béichimg | | . :
]
]
1
]
!
T5 - Bdi chiing f ; o
!
10 05 0.0 0.5 10 15

If an interval does not contain Zero, the corresponding mean (s significantly different from the

control mean.
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Interval Plot of Ngay 15 vs C1
95% Cl for the Mean

4.5

4.0

Ngay 15

3.5

3.0

Déi chiing Ti0 Ti5 T20 T25
C1

The pooled standard deviation is used to calculate the intervals,

CAROTENOID

Carotenoid ngay 12

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
c1 6 D&i chirng, T10, T15, T20, T25, T5
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

Cc1 5 1.7516 0.35033 18.21 0.000
Error 12 0.2308 0.01924
Total 17 1.9825

Model Summary

S R-sq R-sq(adj) R-sq(pred)

0.138692 88.36% 83.51% 73.80%
Means
C1 N Mean StDev 95% CI
Boiching 3 3.5653 0.0450 (3.3909,
3.7398)
T10 3 3.8480 0.1646 (3.6735,
4.0225)
T15 3 4.0693 0.0428 (3.8949,
4.2438)
T20 3 3480 0.220 (3.306, 3.654)
T25 3 3.0747 0.1056 (2.9002,
3.2491)
T5 3 3.7213 0.1582 (3.5469,
3.8958)

Pooled StDev = 0.138692
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Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
T15 3 4.0693 A

T10 3 38480A B

T5 3 37213A B
Doiching 3 3.5653 B

T20 3 3.480 B

T25 3 3.0747 C

Means that do not share a letter are significantly different.

Tukey Simultaneous 95% Cls
Differences of Means for Ngay 12

T10 - P&i chiing -
T15 - Pdi chiing -

T20 - P6i chiing e
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If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

Cc1 N Mean Grouping
Baoi ching 3 35653 A
(control)

T15 3 4.0693

T10 3 3.8480 A

T5 3 37213 A

T20 3 3480A

T25 3 3.0747

Means not labeled with the letter A are significantly different from the control level mean.
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Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for Ngay 12

T10 - Pdi chiing - }
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If an interval does not contain Zero, the corresponding mean (s significantly different from the
control mean.

Interval Plot of Ngay 12 vs C1
95% Cl for the Mean

4.4

42

4.0

3.8

3.6

Ngay 12

3.4

3.2

3.0

Déi chiing Ti0 Ti5 T20 T25
cl

The pooled standard deviation is used to calculate the intervals,

CAROTENOID

Carotenoid ngay 9

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
C1 6 D&i chirng, T10, T15, T20, 725, TS
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Analysis of Variance
Source DF AdjSS AdjMS F-Value P-Value

(& 5 1.32087 0.264174 93.37 0.000
Error 12 0.03395 0.002829
Total 17 1.35482

Model Summary
S R-sq R-sq(adj) R-sq(pred)

0.0531915 97.49% 96.45% 94.36%
Means
C1 N Mean StDev 95% CI
Doiching 3 3.3293 0.0395 (3.2624, 3.3962)
T10 3 3.7053 0.0757 (3.6384,3.7722)
T15 3 3.83200 0.00400 (3.76509,
3.89891)
T20 33.19067 0.00611 (3.12376,
3.25758)
T25 3 3.0720 0.0760 (3.0051, 3.1389)
T5 3 3.5200 0.0621 (3.4531, 3.5869)

Pooled StDev = 0.0531915

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
T15 3 3.83200 A

T10 3 37053 A

T5 3 35200 B
Dbéiching 3 3.3293 C
T20 3 3.19067 cD
T25 3 3.0720 D

Means that do not share a letter are significantly different.

Tukey Simultaneous 95% Cls
Differences of Means for Ngay 9

T10 - Pdi chiing - !
T15 - B&i chiing !
T20 - BGi chiing - ————
T25 - P6i chiing —_—

T5 - P6i ching

T15 - T10 4 i

T20 - T10 - — e i
T25 - T10 - — !

T5-T10 D —
T20 - T15 —— i
T25 - T15 ———— i

T5 - Ti5 - ——— i
T25 - 120 - ———
T5-T20
T5-T25 -

[ —

————

———

I

]

I

i

T T T T +
-1.00 -0.75 -0.50 -0.25 0.00

If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

0.25

0.50

Grouping Information Using the Dunnett Method and 95% Confidence

Cc1 N Mean Grouping
Déi chimng 3 33293 A
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(control)

T15 3 3.83200
T10 3 3.7053
T5 3 3.5200
T20 3 3.19067
T25 3 3.0720

Means not labeled with the letter A are significantly different from the control level mean.

Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for Ngay 9

T
]
]
T10 - Bdi chiing - i b—w—
]
]
]
|
Ti5 - Bdi chiing - : e
]
]
]
i
1
T20 - P6i chiing e
]
]
]
i
]
T25 - B6i ching e i
]
]
]
1
i
e . ]
T5 - P4i ching A —
i
-0.50 -0.25 0,00 0.25 0.50

If an interval does not contain zero, the corresponding mean s significantly different from the
control mean.

Interval Plot of Ngay 9 vs C1
95% Cl for the Mean

3.9

3.8

3.7

3.6

3.5

Ngay 9

3.4+

3.3

3.2

3.1

3.0

béi chiing Ti0 Ti5 T20 T25
C1

The pooled standard deviation is used to calculate the intervals,

CAROTENOID

Carotenoid ngay 6

Method
Null hypothesis All means are equal
Alternative Not all means are
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hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor  Levels Values
C1 6 DB6i chirng, T10, T15, T20, 725, TS
Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

1 5 22390 0.44780 42.57 0.000
Error 12 0.1262 0.01052
Total 17 2.3652

Model Summary
S R-sq R-sq(adj) R-sq(pred)

0.102567 94.66% 92.44% 87.99%
Means
C1 N Mean StDev 95% CI
Boichirng 3 3.15467 0.01617 (3.02564,
3.28369)
T10 3 3.4973 0.0830 (3.3683, 3.6264)
T15 3  3.523 0.220 (3.394,3.652)
T20 32.74133 0.01617 (2.61231,
2.87036)
T25 3 2.6107 0.0738 (2.4816, 2.7397)
T5 3 3.3213 0.0455 (3.1923, 3.4504)

Pooled StDev = 0.102567

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
T15 3 3523A

T10 3 34973 A

T5 3 33213A B

Boi ching 3 3.15467 B

T20 3274133 C
T25 3 26107 C

Means that do not share a letter are significantly different.

87



o -
TS -
T20 -
T25 -

T5 -

Tukey Simultaneous 95% Cls
Differences of Means for Ngay 6

Pai ching -
Pai ching
Paéi ching
Padi ching -
Padi ching -
T15 - T10
T20 - T10
T25 - T10
T5-T104
T20 - T15
T25 - T15
T5 - Ti5
T25-T20
T5 - T20
T5-T25

T
—

—_—

—_——
I
]

—

—_—e

————i

]
——
]

-1.0

-0.5

0.0 0.5

If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

Cc1 N Mean Grouping
DG6i ching 3 3.15467 A
(control)

T15 3 3523

T10 3 3.4973

T5 3 33213 A

T20 32.74133

T25 3 26107

Means not labeled with the letter A are significantly different from the control level mean.

o -

T3 -

T20 -

T25 -

T5 -

Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for Ngay 6

Paéi ching

Padi ching -

Ddi ching -

Dii chiing -

Paéi chdng -

-0.75

T
-0.50

T
-0.25

2

T
.00 0.25

=

If an interval does not contain Zero, the corresponding mean (s significantly different from the
control mean.
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Interval Plot of Ngay 6 vs C1
95% Cl for the Mean

3.757

3.50

3.25

Ngay 6

3.00

2,75

2.50

Péi chiing Ti0 Ti5 T20 T25
C1

The pooled standard deviation is used to calculate the intervals,

CAROTENOID

Carotenoid ngay 3

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
c1 6 D&i chirng, T10, T15, T20, 725, T5

Analysis of Variance

Source DF AdjSS AdjMS F-Value P-Value

(& 5 0.7382 0.14763 7.83 0.002
Error 12 0.2263 0.01885
Total 17 0.9644

Model Summary
S R-sq R-sq(adj) R-sq(pred)

0.137311 76.54% 66.77% 47.22%
Means
c1 N Mean StDev 95% CI
boiching 3 2.8907 0.1280 (2.7179,
3.0634)
T10 3 3.0400 0.0223 (2.8673,
3.2127)
T15 3 2.9400 0.0560 (2.7673,
3.1127)
T20 3 2535 0.228 (2.362,2.707)
T25 3 2.5213 0.0784 (2.3486,
2.6941)
T5 3 2913 0.187 (2.741,3.086)

Pooled StDev = 0.137311
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Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
T10 3 3.0400 A

T15 3 2.9400 A

T5 3 2913A
Doichimng 3 2.8907 A B
T20 3 2535 B
T25 3 25213 B

Means that do not share a letter are significantly different.

Tukey Simultaneous 95% Cls
Differences of Means for Ngay 3

& |
4

T10 - P&i chiing -
T15 - Pdi chiing -
T20 - P6i chiing o
T25 - P6i chiing -
T5 - P4i ching
T15 - T10 L
T20 - T10 T
T25 - T10 ' e
T5-T10 4 >
T20 - T15 >
T25 - T15 *
T5 - Ti5 *

T5 - T20
T5 - T25

L ]

T25 - 120 - o
I
I
1
1

-1.0 -0.5 0.0 0.5

If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control

Grouping Information Using the Dunnett Method and 95% Confidence

Cc1 N Mean Grouping
Baoi ching 3 2.8907 A
(control)

T10 3 3.0400 A

T15 3 2.9400 A

T5 3 2913A

T20 3 2535

T25 3 2.5213

Means not labeled with the letter A are significantly different from the control level mean.
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Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for Ngay 3

T10 - Pdi chiing - }

T15 - P&i chiing - f

T20 - B6i ching - f o

T25 - Bdi chiing - f o

T5 - Bdi chiing - f

= o P S

T T T
-0.75 -0.50 -0.25

e

If an interval does not contain Zero, the corresponding mean (s significantly different from the
control mean.

Interval Plot of Ngay 3 vs C1
95% Cl for the Mean

0.25

T
0.50

3.2

3.1

3.0

2.9

2.8

Ngay 3

2.7

2.6

2.5

2.4+

2.3

Déi chiing Ti0 Ti5 T20 T25
cl

The pooled standard deviation is used to calculate the intervals,

AST

Method
Null hypothesis All means are equal
Alternative Not all means are
hypothesis equal
Significance level a=0.05

Equal variances were assumed for the analysis.

Factor Information

Factor Levels Values
c1 6 D&i chirng, T10, T15, T20, T25, T5
Analysis of Variance
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Source DF AdjSS AdjMS F-Value P-Value

Cc1 5 6.6245 1.32490 51.74 0.000
Error 12 0.3073 0.02561
Total 17 6.9318

Model Summary
S R-sq R-sq(adj) R-sq(pred)

0.160023 95.57% 93.72% 90.03%
Means
C1 N Mean StDev 95% CI
boiching 3 2.6103 0.0712 (2.4090,
2.8116)
T10 3 3.5657 0.0672 (3.3644,
3.7670)
T15 3 3.820 0.333 (3.619,4.022)
T20 3 2.6270 0.0865 (2.4257,
2.8283)
T25 3 2.1350 0.1157 (1.9337,
2.3363)
T5 3 3.4263 0.1122 (3.2250,
3.6276)

Pooled StDev = 0.160023

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Cc1 N Mean Grouping
T15 3 3.820A

T10 3 3.5657 A

T5 3 3.4263 A

T20 3 2.6270 B
Ddiching 3 2.6103 B

T25 3 2.1350 C

Means that do not share a letter are significantly different.

Tukey Simultaneous 95% Cls
Differences of Means for C2

T10 - B&i chiing -
T15 - Bdi chiing -
T20 - B6i chiing - ———
T25 - Boi ching - I ——
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I
T5-T20- !
]
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—_— i

+ T
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If an interval does not contain zero, the corresponding means are significantly different.

Dunnett Multiple Comparisons with a Control
Grouping Information Using the Dunnett Method and 95% Confidence
Cc1 N Mean Grouping
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Doi ching 3
(control)

T15
T10
T5

T20
T25

Means not labeled with the letter A are significantly different from the control level mean.

o -

T3 -

T20

T25 -

T5

w w www

26103 A

3.820
3.5657
3.4263

2.6270 A

2.1350

Dunnett Simultaneous 95% Cls
Level Mean - Control Mean for C2
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If an interval does not contain Zero, the corresponding mean (s significantly different from the
control mean.

cz2

The pooled standard deviation is used to calculate the intervals,

Interval Plot of C2 vs C1

95% Cl for the Mean

15

4.0

3.5

3.0

2.5

2.0

Pai ching

T

TS5

C1

T20

93

T25

T5




94



