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LOT CAM DOAN

T6i xin cam doan dé tai nghién civu trong ludn van ndy la cong trinh
nghién cttu ctla t6i dwa trén nhitng tai liéu, s6 lidu do chinh t6i twr tim hiéu va
nghién ciru. Chinh vi vdy, cdc két qua nghién citu dam bao trung thuc va khdch
quan nhat. Dong thoi, két qua nay chiea timg xudt hién trong bat cik mét nghién
cieu nao. Cdc 6 lidu, két qua néu trong ludn vin la trung thuc néu sai toi hoan

chiu trach nhiém trudc phdp ludt
Ha Néi, ngay,)) thangll nam 2026

Téc gid ludn van
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Trinh Thi Hién
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LOI CAM ON

Sau qué trinh trién khai nghién ctru, em dd hoan tit ndi dung cia ludn
van “Nghién ctru tach chiét va xac dinh hoat tinh sinh hoc ctia polysaccharides
ngoai bao tu vi tdo luc Chlorella sorokiniana dinh huéng Gtng dung lam thuc
phim bao vé stc khde cho ngudi”. Ludn vin nay dugc hoan thién khéng chi
nhd su ¢b ging clia ca nhan em, ma con nho sy déng hanh va gitp da nhiét tinh
ctia cc ¢4 nhén ciing nhu tip thé lién quan.

Loi dAu tién, em xin tran trong gii 101 cam on sdu sic t61 GS. TS. Ding
Diém Héng, nhom Cong nghé tao, phong Vi sinh vat hoc phan tir, Vién Sinh
hoc, Vién Han Lam Khoa hoc va Cong nghé Viét Nam va TS. Dinh Thi Thu
Hing - Trudng phong Phong dio tao, Hoc vién Khoa hoc va Cong nghé, Vién
Han LAm Khoa hoc va Cong nghé Viét Nam da nhiét tinh huéng din, cung cép
dinh huéng nghién ctru va tao moi diéu kién thudn loi d& em hoan thanh ludn
van nay.

Em xin giri 161 cam on séu sic dén Ban Lanh dao, Phong Pao tao cung
toan thé gidng vién Khoa Sinh hoc, Hoc vién Khoa hoc va Cong nghé, nhiing
ngudi di tan tim giang day va truyén dat cho em nhiing tri thirc quy béu trong
sudt thoi gian hoc tp.

Péng thoi, em xin bay t6 sy biét on chan thanh téi Ban Lanh dao phong
Vi sinh vét hoc phan tir, Vién Sinh hoc, Vién Han 1am Khoa hoc Cong nghé
Viét Nam cung toan thé cdn bd nhém Coéng nghé tio, Phong Vi sinh vét hoc
phén tir, Vién Sinh hoc (TS. Lé Thi Thom; TS. Nguyén Cam Ha, ThS. Nguyén
Manh Pat...) da danh nhiéu sy hd tro quy bau cho em trong qua trinh thyc hién
luan van.

Em ciing xin gii 161 cam on dén dé tai “Nghién ctu phat trién cong nghé
va danh gia hidu qua kinh té quy trinh nuéi trdng, thu nhan protein don bao,
axit béo omega-3-6-7-9 va cac sin phdm khac c6 gid tri gia ting tir cdc loai vi
tao Schizochytrium, Chlorella va Spirulina tng dung 1am thyc phdm cho con
ngudi, thirc &n chin nudi”, mi s6: NDT/ITA/24/05, Nghi dinh thu Viét Nam -
Cong hoa Y, B Khoa hoc va Cong nghé do GS. TS. Ping Diém Héng lam cht
nhiém d4 hd tro kinh phi, cung cap diéu kién can thiét va cho phép em khai thac
céc két qua nghién ctu dé phuc vu cho ludn van,

Sau cing, em bay to long biét on chéan thanh téi gia dinh va ban bé, nhimng

ngudi da ludn ung hd, khich 1& va 13 diém tya tinh than viing chéc cho em trong
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sudt qua trinh hoc tap va thire hién ludn vin ndi chung ciing nhu cam on chén
thanh to1 tap thé lop BIO2024 A noi riéng, da quan tam, hd tro va tao moi diéu

kién thuén loi giup em hoan thanh cong viée trong thoi gian qua.

Ha Néi, ngay )) thang Ub nam 2026

T4c gia ludn van

el

Trinh Thi Hién
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MO DAU

Trong nhitg nim gan ddy, nhu cu khai thac cac san pham sinh hoc co
ngudn gbc ty nhién va than thién voi moi truong dang tang dang ké, mot phan
do su chuyén dich toan cau hudng dén mé hinh kinh té sinh hoc tuan hoan va
giam thiéu str dung nguyén liéu hoa thach. Mot trong s6 d6, polysaccharide
ngoai bao (Extracellular polysaccharides - EPSs) ngay cang nhan duoc su cha
y tir cac nha khoa hoc. Cac EPSs ¢6 ciu tric phuc tap, duoc tiét ra trong qua
trinh sinh trudng cia vi tao dong vai trd bao vé té bao trudc cac diéu kién bat
loi cia moi trudong hoac gitp tang kha nang bam dinh va tuong tac sinh hoc.
Véi thanh phan da dang bao gdm cac monosaccharide nhu glucose, galactose,
mannose, rhamnose, fucose cung véi cdc nhom chuc sulfate, carboxyl hoac
acetyl hoa, EPSs tir vi tdo da dugc ghi nhan so hiru nhiéu hoat tinh sinh hoc gia
tri nhu chong oxy hoa, khang khuan, diéu hoa mién dich, chéng viém ciing nhur
dac tinh tao gel, nhii hoa va 6n dinh trong cac linh vuc thuc phrflm, duoc phém
va my pham.

Tuy nhién, viéc khai thac EPSs tir vi tdo con mot s6 han ché, trong do
ndi bat 13 hiéu suat san xuat thuong thap, dan dén chi phi thu hoi va tinh sach
cao. Qua trinh tong hop EPSs ciia vi tio chiu anh hudng ctia nhiéu yéu t6 moi
truong bao gdm anh sang, nhiét d va diéu kién dinh dudng. Nhiéu nghién ctru
d3 cong bd vé diéu kién nudi cdy nham ting ning suat EPSs, bao gdm bat loi
vé dinh dudng, pH, d0 man, cudng do anh sang. Dé c6 thé tach chiét - tinh sach
EPSs dat hiéu suét cao, nhiéu phuong phap cho thu hdi va sy khac nhau ciing
d3 duoc cong bd nham giam thiéu tiéu thu dung mdi va ning luong. Viée san
xuat EPSs can két hop vé6i thu hoi CO: va khai thac dong thoi cac hop chat co
gia tri cao hon nhu lipit, protein, sac to... nham giam chi phi san xuét.

M&i loai tdo c6 ddc diem sinh ly va dic diém dinh dudng khic nhau.
Arthrospira (Spirulina) platensis 1a loai vi khuan lam giau dinh dudng dugc
nudi trong trén quy mo cong nghiép va ban cong nghiép trén pham vi toan cau
bao gdm ca & Viét Nam, dugc cong bd 1a ham lwgng EPSs rét thip so véi cac
loai vi tao khac. Trong khi do, vi tao luc nudc ngot Chlorella sorokiniana cé
sinh truong nhanh, kha nang chiu stress t6t va c6 ham lugng EPSs cao khi diéu
kién nuoi bat loi vé nhiét do, pH, thiéu hut nito hodc ting do min, c6 hoat tinh
chéng dong mau, chéng oxy hoéa manh dugc tng dung trong linh vuc dugc

pham va my pham. Khac biét hoan toan so véi hai loai trén, Schizochytrium
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mangrovei 1a ching vi tao bién di dudng, sinh trudong nhanh, c6 ham luong
lipit, cac axit béo khong bdo hoa da ndi ndi (Polyunsaturated Fatty Acid-
PUFAs) dang omega 3-6 cao. Cac chung thudc chi Schizochytrium thuong tiét
EPSs v61 ham lugng cao, co cAu trac dic biét va hoat tinh sinh hoc cao khi dugc
nudi trong diéu kién di dudng giau glucose hoic stress dinh dudng. Mic du da
c6 mot sd nghién ctru vé EPSs dbi v6i vi tao nhung s6 lwong nghién ctru vé
tach chiét va danh gia hoat tinh sinh hoc ctia EPSs tir C. sorokiniana van con
nhiéu han ché, dic biét 13 cac nghién ciru hudng dén ing dung trong linh vuc
cong nghiép thuc pham va thirc an chin nudi. Viée t6i wu hoa quy trinh tach
chiét, xc dinh ddc diém sinh hoc va hoat tinh sinh hoc cta EPSs tir C.
sorokiniana duogc ky vong s& gop phan nang cao hiéu qua khai thac nguon tai
nguyén vi tao nay, dong thoi mé ra hudng ing dung bén vimng va than thién vai
moi truong.

Xuat phat tir nhitng tiém niang nghién ctu va tng dung néu trén, dé tai
“Nghién ctru tach chiét va xac dinh hoat tinh sinh hoc ciia polysaccharide
ngoai bao tir vi tdo luc Chlorella sorokiniana dinh hwéng tng dung lam
thwe phiam béo vé sirc khoe cho ngudi” dugc thuce hién nham cung cip Cac
co s khoa hoc va thuc tién phuc vu cho viéc phat trién cac san phém giau
EPSs, gop phan gia ting gia tri kinh té ctia vi tao va dap Gmg nhu cau ngdy cang
tang vé ngudn nguyén liéu sinh hoc an toan va hiéu qua.

Muc tiéu cia dé tai

C6 duoc diéu kién moi truong nudi c6 kha nang sinh tong hop cao EPSs,
¢ dugce diéu kién tach chiét, tinh sach, thanh phﬁn hoa hoc chinh va tac dung
sinh hoc cua EPSs duoc tach chiét tir dich nudi cdy vi tao luc C. sorokiniana
theo dinh huéng lam thyuc phrflm bao v¢ suc khoe cho nguoi. Muc ti€u cu thé
ctia dé tai:

- Khao sat diéu kién moi truong nudi téi wu cho sinh tong hop EPSs cao
¢ vi tao C. sorokiniana;

- Khao sat diéu kién tach chiét, tinh sach EPSs tir dich nudi cdy C.
sorokiniana;

- Xéc dinh thanh phan hoa hoc chinh cia EPSs tir dich nuéi cay vi téo C.
sorokiniana;
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- Panh gia tiém nang sinh hoc theo dinh hudng tmg dung ctia EPSs duoc
tach chiét tir dich nu6i C. sorokiniana lam thwc phdm bao vé stc khoe cho
nguoi.

Pé thyc hién duge Muyc tiéu néu trén, mot s6 ndi dung nghién ciru duge
dat ra nhu sau:

- Lwa chon mdi trudng va t6i uu hoa diéu kién moi trudng nudi thich hop cho
sinh trudng va ham lugng EPSs cao ¢ C. sorokiniana;

- Tach chiét, tinh sach EPSs tir dich nuéi cdy C. sorokiniana;

- Xéc dinh thanh phan hoa hoc chinh ciia hop chat EPSs tach chiét duoc tir moi
truong nudi cay C. sorokiniana;

- Khao sat hoat tinh sinh hoc nhu hoat tinh chéng oxy hoéa, hoat tinh chéng
tang sinh té bao khéi u cia EPSs tach chiét duoc.
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Chwong 1: TONG QUAN NGHIEN CUU
1.1. Gi6i thiéu vé vi tao

Vi tao la nhdm sinh vat don bao hodc da bao cé tinh da dang va phong
ph cao, phan b rong réi trong hau hét cac hé sinh thai nhu nudc ngot, nudc
bién, hd siéu min va thAm chi & cic sa mac va Bic Cuc.... Chung duoc chia
thanh tao nhan chuan va nhan so. Chung chuyén hda ning luong anh sang va
CO, thanh sinh khdi. Co ché quang hop ctia chung twong tu nhu cac loai thyc
vét bac cao trén can, nhung do ciu trac don gian va chim trong moi truong
nude noi ma chiing c6 thé 1ay nuée, CO, va cac chat dinh dudng khac dé chuyén
d6i nang luong mat trdi thanh sinh khdi hiéu qua hon. Chiing ciing c6 thé tan
dung nudc ngot, nudc 1o, nudc man, nudc thai dé lam nguén dinh dudng. Nhiéu
loai vi tao c6 kha ning séng trong cac diéu kién nudi cdy khac nhau nhu: tir
quang tu dudng sang di dudng hodc tap dudng. Vi tao 1a ngudn thic in giau
dinh dudng va di dugc nghién ctru rong rai do kha ning dé thich ung va phat
trién trong nhiéu mo hinh nudi, tir cac hé théng kin dén céc ao hé, nham toi uu
diéu kién nudi dé ting nang suat sinh khéi [1,2].

Vi tao 1a nhom sinh vat c6 kha ning thich nghi cao va c6 thé nudi cay
dudi nhiéu diéu kién méi trudng khac nhau, bang cac phuong phap nudi cay ho
(hé théng ao, hd) hodc kin (hé thdng closed photobioreactor-PBRS). Trong diéu
kién quang tu dudng, vi tao st dung anh sang 1am ngudn ning luong va CO:
lam nguon cacbon dé chuyén hoa thanh sinh khéi thong qua qua trinh quang
hop dé tang truong va phat trién binh thuong. Vi tao can duoc cung cap day du
cac chat dinh dudng thiét yéu, trong d6 nito va phét pho 1a hai nguyén t chinh,
chiém khoang 10 - 20% sinh khdi kho (SKK). Ngoai ra, cac nguyén té khoang
da lugng nhu Na, Mg, Ca, K cung v61 vi lugng nhu Fe, Zn, B, Mn, Mo, Co
cling dong vai trd quan trong trong cac hoat dong sinh 1y va qua trinh trao doi
chét cua té bao tao [3].

Qua4 trinh sinh trudng cta vi tao ndi chung dién ra qua nhiéu pha sinh
truong dic trung, bao gdbm: pha tiém, pha liiy thira, pha can bang va pha suy
thoai. Mdi loai vi tdo c6 ngudng nhu cau dinh dudng va diéu kién moi trudng
riéng biét, tuy nhién, cac yéu t6 cot 16i anh huong dén sinh truéng déu xoay
quanh: nguén cacbon (hitu co va/hoac vo co), nito, phét pho, anh sang, nhiét
do, pH, do man, oxy hoa tan, CO: va cac chit vi luong. Ngoai ra, cac yéu tb

van hanh nhu téc do khudy tron, hinh dang va kich thudc hé théng nudi, thoi
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gian thu hoach va tan suét bd sung moi truong cé thé tic dong dang ké dén ning
sudt sinh khéi va hiéu suit tich lily cac hop chat sinh hoc nhu protein, axit béo
PUFAs, EPSs va sic td carotenoit [1,4].

1.2. Téng quan vé Chlorella sorokiniana

Sy gia tang dan sb toan cdu, cing v4i nhu cau ngdy cang cao vé dinh
dudng va yéu cau dam bao chit lugng dinh dudng ciing nhu an toan sinh hoc,
dang thiic dy manh mé& qua trinh tim kiém cac ngudn nguyén liéu tu nhién,
bén vitng cho nganh thyc pham va chan nubi.

Chlorella la chi vi tdo luc don bao thudc gidi (Kingdom): Plantae; nganh
(division): Chlorophyta; 16p (class): Trebouxiophyceae; bo (order)
Chlorellales; ho (family): Chlorellaceae; chi (genus): Chlorella; loai C
sorokiniana Shihira & R. W. Krauss 1965 (tén goi trudc la Chlorella
pyrenoidose) (www.algaebase.orq).

Chlorella 1a mdt trong nhiing chi vi tao luc dugc nghién ctru va tng dung
rong rai nhat hién nay. Véi thanh phan dinh dudng phong phi bao gém protein
don bao (Single Cell Protein - SCP) chét luong cao, cac axit béo PUFAs dang
omega- 3, 6, 7va 9, cac EPSs co6 hoat tinh sinh hoc, cung céc sdc td carotenoit
c6 kha nang chong oxy hoa manh. Chlorella khong chi 12 ngudn nguyén liéu ly
tudng cho linh vyc thuc phém bo sung bao v¢ suc khde, ma con dugc xem la
phu gia tiém ning trong thtc dn chin nudi [3]. Cac nghién ctru gan day cho
thay sinh khéi Chlorella co thé gitp cai thién hé vi sinh duong rudt, ting kha
ning mién dich, hd trg chéng viém va chong oxy héa [5]. Viéc bd sung
Chlorella vao ché d¢ an ctia nguoi hodc dong vat c6 thé gop phan cai thién st
khoe tong thé, ting cuong chuyén hoa lipit, kiém soat dudong huyét va ngin
ngira mot s6 rdi loan trao d6i chat [6]. Trong linh vuc chin nudi, Chlorella
duogc str dung nhu mot ngudn protein thay thé, dong thoi gitp cai thién ty 16
tang truong, ning cao chat luong thit va kha ning dé khang ¢ vat nu6éi ma khong
gay tac dung phu nhu khang sinh tong hop [7]. Bén canh d6, nhd kha niang hép
thu dinh dudng tir nudc thai hitu co va cac dong chat thai cong nghiép,
Chlorella con dong vai tro tich cuc trong viéc xtr Iy moi truong két hop san
xuat sinh khoi [6]. Trong xu thé do, vi tao dic biét 1 cac loai c6 toc do sinh
truong cao, thanh phan héa sinh phong pha nhu C. sorokiniana dang thu hut
dugc sy quan tdm cua cac nha khoa hoc nhu mot ddi tuong giau tiém nang nho

vao gia tri sinh hoc cao, kha nang san xuat sinh khoi 1én dudi diéu kién moi
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trudong nudi thiéu dinh dudng, cé tinh chéng chju cao v&i nhiét d6 1én dén 42°C,
chi phi tng dung vao quy mo 16n hop 1y.
1.2.1. Ung dung ciia vi tdo
1.2.1.1. Ung dung trong néng nghiép

Chi tao Chlorella da dugc stir dung lam thirc an trong chan nuoi gia suc,
gia cAm va nudi trong thuy, hai san. Vi tao ciing dang dugc tmg dung trong
nganh nong nghiép nhd xu hudng gia ting st dung cac san pham bén vimg nhu
thudc trir sau sinh hoc va phan bon sinh hoc dang dugc dua vao thi truong dé
thay thé cac hoa chat nong nghiép gy 6 nhiém mai trudng [8]. Vi tao néi chung
va loai C. sorokiniana noi riéng da duoc nghién ctru c6 thé sinh tong hop mot
s6 chat chuyén hoa c6 kha ning kiém soat sinh hoc ddi v6i con tring va mam
bénh thyc vat cho cdy trong nhu gitp ting sinh truong va ting ning suat cia
cdy trong. Ching c6 kha niang lam giau chat dinh dudng cho dat va ting cuong
kha nang st dung cac ngudn dinh dudng da luong va vi luong do kich thich
hoat dong cta hé vi sinh vat dat [9].
1.2.1.2. Ung dung trong céng nghiép

Viéc nudi cdy vi tao Chlorella & quy mé 16n di dugc bat dau vao dau
nhitg ndm 1960, sau d6 1a dén vi khuan lam Arthrospira (Spirulina) vao nhiing
nam 1970. Dén nhitng nim 1980, cac co s¢ san xudt tdo quy mo 1én da dugc
xuat hién/thanh 1ap & chau A, An D9, My, Israel va Uc [10]. Nghién ctru vé tao
khong chi tap trung vao viéc cai tién san xuat cac san pham truyén thong ma
con tap trung vao phat trién cic san pham mdi tir sinh khi tao nhu dau diesel
sinh hoc, ethanol sinh hgc. Vi tdo dugc coi 1a mot trong nhitng nguyén li¢u hira
hen nhét cho nhién liéu sinh hoc. Trén toan thé gidi, cac chuong trinh nghién
ctru va mo hinh dang dugc thuc hi¢n dé phat trién cong nghé can thiét nham
mo rong san xuat ning lugng va hop chét tir tao tir quy trinh nudi mang tinh
chat thu cong sang nudi trong & quy mé cong nghiép [7].
1.2.1.3.  Ung dung trong thuc pham, diegc pham

O hau hét cac nude phat trién, nguoi dan tiéu thu cac mit hang thyc pham
c6 nang lugng cao do 161 séng hién dai, din dén céac van dé vé stc khoe nhu
béo phi, bénh tim va tiéu dudng tré nén rat pho bién. Vi tao duge xem 1a nguon
chira nhiéu chat dinh dudng da dang nhu protein, vi lugng, vitamin, polysacarit,
cachonhydrat, cdc PUFAS, ciing nhu cac chét c6 hoat tinh sinh hoc. Hién nay,

hau hét cac san pham vi tdo dugc thuong mai hoa déu co san trén thi truong
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dudi dang thuc phém bao v¢ suc khoe cho nguoi, & dang vién nén, vién nang,
nuoc uéng va cac san phém cua ching dugc tron véi bot nhao, dd n nhe, keo,
keo cao su, mi, rugu vang, do udng va ngii cbc [7]. Vi khuan lam Spirulina
(Arthrospira) c6 ham luong protein, gia tri dinh dudng cao va di trd nén phd
bién trén toan thé gidi nhu mot thue pham bd sung. N6 ¢ ham lugng axit amin
13 62% va 1a ngudn cung cdp vitamin A, Bi1, By, By, tyr nhién va phong phu,
cling nhu céc sic td carotenoits va xanthophyll [11]. Ngoai ra, nd con c6 mot
luong dang ké cac axit béo thiét yéu va axit linoleic ma con ngudi khong thé
tong hop duoc [7].
1.2.1.4. Ung dung trong nudi trong thuy san

Céc ung dung ctia vi tao trong nudi trong thuy san chi yéu lién quan truc
tiép hodc gian tiép dén dinh dudng ctia nhiéu loai dong vat nudi thuy san khac
nhau. Nhitng loai vi tao dugc sir dung thudng xuyén nhét trong linh vuc nay 13
Spirulina, Chlorella, Tetraselmis, Isochrysis, Pavlova, Phaeodactylum,
Chaetoceros, Nannochloropsis, Skeletonema va Thalassiosira [8]. Vi tao giau
dinh dudng néu trén tir 1au da duoc str dung 1am ngudn thirc an tuoi séng cho
au trung cua hau hét cac loai thuy hai san nhu tom, c4, cua, nhuyén thé hai
manh vo do chung c6 kich thudc nho, phi hop voi miéng cia au tring cta doi
tuong nudi, ham luong dinh dudng cao lai dé tiéu hoa, it déc, khong gay 6
nhiém moi truong, cd tbe do sinh trudng nhanh va cé kha ning nudi trong &
quy md cong nghiép va ban cong nghiép dé cung cap sinh khéi cho dbi tuong
nudi khi can thiét [10]. Thanh phan cac PUFAs c¢6 mit trong sinh khéi nhu EPA
(eicosapentaenoic acid; C20:5®-3), DHA (docosahexaenoic acid; C22:6®-3),
DPA (docosapentaenoic acid; C22:5m-3 hodac C22:5m-6) c6 vai tro quan trong
trong viéc giup 4u trung cua dong vat nudi chuyén giai doan, ting ty séng cta
au trung nudi, gop phan lam tang chat luong cua thuc pham bién [11].
1.2.1.5. Ung dung ciia trong my pham

Céc loai tao ¢ su phan bd rong rii va thanh phan hoa hoc cua chiing co
gia tri tiem nang cao, la nguén cung cép hoat chét sinh hoc tu nhién. Do do,
chung d3 duoc tmg dung lam cac san pham chtra hop chét tao ¢ thé phuc hdi
nhing t6n thuong trén da va toc. Do da nguoi thudng xuyén tiép xuc voi bic
xa cyc tim (UV) tr &nh sang mat tro1 nén nd thuong chiu nhitng tac dong cod
hai thong qua tinh chit quang héa ctia birc xa UV. Bén canh d6, tao 1a ngudn

cung cép nhiéu hoat chit sinh hoc nhu phlorotannin, carotenoits,



8

polysaccharides va axit amin c6 tiém ning phat trién cac san pham dinh dudng,

dugc pham va my pham. Cac chat chuyén hoa tir tao da dugc nghién ciru vé

tiém ning ung dung trong duoc pham, my pham cta ching trong viéc bao vé

da, lam tring da, chdng oxy hoa, tri mun, khang ndm va chdng di tng [13].

1.2.1.6. Ung dung ciia vi tdo trong thuc pham bdo vé sirc khde va thirc dn
chan nuoi

Vi tdo dic biét 1a cac loai co toc do sinh trudng cao, thanh phﬁn hoa sinh
phong phu nhu Chlorella dang dugc quan tdm nhu mot dbi tuong giau tiém
nang nho vao gia tri sinh hoc cao, kha nang san xuét sinh khéi 16n va kha nang
nudi cay trong diéu kién khong canh tranh véi dat canh tic hodc ngudn nudc
ngot.

Chlorella 1a mét trong nhirng chi tao luc dugc nghién clru va img dung
rong rdi nhat hién nay. Vi thanh phan dinh dudng da dang gém protein don
bao chét lurong cao, omega-3, 6, 7, 9 va EPSs c¢6 hoat tinh sinh hoc, clng cac
sdc to carotenoit c6 kha ning chdng oxy hoa manh, Chlorella khong chi 1a
nguoén nguyén lidu 1y tudng trong linh vue thue pham bao vé sitc khoe, ma con
dugc xem 14 phu gia tiém nang trong thirc dn chan nudi [7].

Céc nghién ciru gan day cho thdy, vi tao con duoc tmg dung ngay cang
nhiéu trong nganh chin nudi nhuw mot ngudn nguyén lidu thay thé bén viing cho
cac ngudn protein truyén thong. Sinh khdi vi tao c6 thé dugc bd sung truc tiép
vao khau phan an cua gia sfc, gia cAm va thuy san nham cung cap protein,
vitamin, khodng chit va cac hop chét sinh hoc thiét yéu. Viéc str dung vi tao
trong thtrc an chin nudi khong nhitng gop phan ning cao gia tri dinh dudng cua
khau phan ma con giup giam su phu thudc vao cac ngudn nguyén liéu protein
thong thuong nhu bot ca va dau tuong. [3,12].

Ngoai gia tri dinh dudng, vi tdo con mang lai loi ich vé mat sinh thai.
Nhiéu loai vi tao da dugce chimg minh c6 kha ning hap thu hiéu qua cac hop
chat chira nito va phospho trong nudc thai, tir d6 vira gop phan xir Iy méi truong
vira tao ra ngudn sinh khoi c6 thé tai st dung cho san xuét phan bon sinh hoc
hoic thirc an chin nudi. Cach tiép can nay duoc xem 1a mot giai phap tiém ning

trong md hinh kinh té tudn hoan va san xuat nong nghiép bén viing [9,10].

1.2.2. Nudi trong vi tao
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Vi tao 1a nhom sinh vat c6 kha ning thich nghi cao va c6 thé duoc nudi
cdy dudi nhiéu diéu kién moi truong khac nhau, bing cac phuong phap nudi
cay ho (hé thong ao, hd) hoic kin (hé théng photobioreactor). Trong diéu kién
quang tu dudng, vi tao sir dung anh sang lam nguén nang luong va CO: lam
ngudn cacbon dé chuyén hoa thanh sinh khdi thong qua qua trinh quang hop.
Dé tang trudng va phat trién binh thudng, vi tao can duge cung cp day du cac
chat dinh dudng thiét yéu, trong d6 nito va phdt pho 13 hai nguyén t6 chinh,
chiém khoang 10 - 20% SKK. Ngoai ra, cic nguyén t6 da lugng nhu Na, Mg,
Ca, K cung voi vi lugng nhu Fe, Zn, B, Mn, Mo, Co cling dong vai trd quan
trong trong hoat dong sinh 1y va trao d6i chat cua té bao tao [3,14].

Qua trinh sinh trudng cla vi tdo noéi chung dién ra qua nhiéu pha sinh
truong dic trung, bao gom pha tiém phat, pha lily thira, pha can bang va pha
suy thoai. Mdi loai vi tdo c6 ngudng nhu ciu dinh dudng va diéu kién méi
truong riéng biét. Tuy nhién, yéu té c6t 16i chi phéi qua trinh sinh trudng xoay
quanh: ngudn cacbon (hitu co va/hodc vo co), nito, phdt pho, anh sang, nhiét
do, pH, d0 man, oxy hoa tan, CO2 va céc chét khoang da va vi luong. Ngoai ra,
cac yéu t6 van hanh nhu toc do khuéy tron, hinh dang va kich thudc hé théng
nudi, thoi gian thu hoach va tan suit bo sung méi trudng dinh dudng ciing anh
huong déng ké dén ning suét sinh khéi va hiéu sut tich ity cac hop chét sinh
hoc nhu protein, PUFAs, EPSs va sic t carotenoit [15].

O quy md 16n, vi tao c6 thé dugc nudi ngoai troi trong cac ao hoic ho 19
thién nham tan dung anh sang ty nhién va giam chi phi. Tuy nhién, phuong
phap nay c6 nguy co nhiém tap cao va kho kiém soat cac thong sd moi truong.
Mbt s& md hinh hién dai hon da két hop nudi tao vai cac nguén nudc thai cong
nghiép hodc néng nghiép - vira cung cip dinh dudng cho tao, vira xir Iy ngudn
nuéc 6 nhiém. Bén canh d6, xu hudng nudi tio bién trong méi trudng ty nhién
nhu viing nudc ven bo ciing dang thu hit sy quan tim do chi phi van hanh thap
va kha niang khai thac ngudn dinh dudng sin co tir nude bién [3].

bac biét, trong diéu kién nuéi tap dudng - két hop gitra quang tu dudng
va di dudng - hiéu suét tich lity sinh khéi va cac san pham c6 hoat tinh sinh hoc
clia vi tao c6 thé dugc cai thién ro rét. Tuy nhién, dé dat duge diéu nay, can toi
ru hoa dong thoi cac yéu té moi trudng nhu thanh phan dinh dudng, nhiét do
va cuong dg anh sang.

1.2.3. Tinh hinh nghién ciru ddi véi chi Chlorella
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1.2.3.1. Tinh hinh nghién ciru trén thé gici

Chi Chlorella 1a mét trong nhitng nhom vi tao luc dugc nghién ctru rong
rii nhat trén thé gidi nho toc d6 sinh trudng nhanh, kha ning thich nghi tét va
gia tri dinh dudng cao. Cac nghién ctru tip trung cha yéu vao thanh phan hoa
sinh, cong nghé nudi trong, mg dung trong thyc pham chirc nang, thirc an chan
nudi, xtr Iy méi trudng va san xuit nang luong sinh hoc [3,10,11]. Nhiéu cong
trinh dd chimg minh sinh khéi Chlorella chira ham luong protein, lipit, vitamin,
khoang chit va cac hop chat co hoat tinh sinh hoc cao, cho thay tiém niang 16n
trong san xuat thuc pham bd sung va cac san pham cham soc stc khoe [5,6,16].
Bén canh d6, kha nang tich liy lipit va cac hop chét ¢ gia tri cao di thic day
nhiéu nghién ctru vé ing dung Chlorella trong san xuat nhién liéu sinh hoc va
cac san pham sinh hoc gia tri gia tang [4,17].

Ngoai ra, Chlorella con dugc nghién clru rong rai trong xtr Iy nudc thai
nhd kha ning hap thu hiéu quéa cac hop chét chia nito va phospho, dong thoi
tao ra ngudn sinh khéi c6 thé tai sir dung cho nhiéu muyc dich khac nhau. Hién
nay, xu huéng nghién ctru trén thé giéi dang tap trung vao toi vu hoa hé théng
nudi trong va khai thac hiéu qua cac hop chat sinh hoc ¢ gia tri nham phuc vu
phat trién kinh té sinh hoc bén vimg [1, 2, 9].
1.2.3.2. Tinh hinh nghién cutu trong nuoc

Chi vi tao Chlorella nuéc ngot hay nude min (bién) da duoc cac nha
nghién ctru tao hoc Viét Nam nghién ctru kha 1au tir nhitng ndm 1970 cua thé
ky trudc. Trong d6, tai Viét Nam tdp trung nghién ctu nhiéu vao loai C.
vulgaris 1a cha yéu nhu nghién ctru didc diém sinh hoc, nuéi tréng & cac quy md
khac nhau trong diéu kién phong thi nghiém [18]. Do c6 thanh phan dinh dudng
cao nén C. vulgaris da duoc sir dung lam thirc in cho gia suc (bo), gia cam (ga,
vit) va trong nudi trong thily san ciing da duoc cong bo [12,19]. Nhiéu nghién
ctru da dugc cong bd vé viée sir dung loai C. vulgaris trong xur Iy nude thai 6
nhiém hitu co, loai bo kim loai nang [20]. Mot s6 bao cao khoa hoc tip chung
vao st dung chi Chlorella trong xir Iy nudc thai chin nudi dé san xuat nhién
lidu sinh hoc [21], nudi sinh khéi C. vulgaris cho san xuat biodiesel dat 5 tiéu
chuan chinh cho diesel sinh hoc thu duoc [7,22]. Tuy nhién, nghién ctru trong
nude vé loai C. sorokiniana van con rat han ché, méi chi tap trung trong nghién

ctru str dung sinh khéi 1am nhién liéu sinh hoc theo phwong thirc tap dudng véi
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cac hé thdng kin dung tich 20-50 Lit [23]. D3 c6 nghién ctru ndo vé loai nay &
quy mo 300 Lit theo phuong thirc tap dudng ¢ Viét Nam [24].

Trong nudi cdy theo ca phuong thire quang tu dudng, di dudng hay tap
dudng thi kha nang sinh tong hop va tich lily cac hop chat sinh hoc c¢6 hoat tinh
ctia Chlorella phu thudc rat 16n vao diéu kién nudi cay, dic biét 1a thanh phan
ctia mdi truong dinh dudng, nhiét d6 va anh sang. Cac yéu td nay anh hudng
truc tiép dén toc do sinh trudng, ciing nhu ty 1& tong hop protein, lipit,
polysaccharide ngoai bao va cac hop chat thir cap khac.

1.3. Polysaccharide ngoai bao (Extracellular polysaccharides - EPSs)
1.3.1. Gigi thiéu chung vé EPSs

EPSs 1a cac hop chét carbohydrate c6 khdi lugng phan tir 16n, dugc cau
tao tir nhiéu don vi monosaccharide 1ap lai, lién két v&i nhau thong qua cac lién
két glycosidic. Chung 1a mot trong nhitng thanh phan sinh hoc quan trong, tham
gia vao nhiéu chtrc ning khac nhau cua té bao nhu du trit ning luong, cau tric
va bao vé té bao [25, 26]. Vé mit cau tric, EPSs c6 thé ton tai dudi dang mach
théng hoac mach nhanh, véi sy da dang vé loai monosaccharide cau thanh, kiéu
lién két (a- hodc B-glycosidic) va muc do phan nhanh. Nhitng dic diém nay
quyét dinh cac tinh chat 1y héa cuia EPSs nhur 6 hoa tan, d6 nhét va kha ning
tao gel [26]. Phan 16n EPSs c6 kha ning hoa tan trong nudc & cac mirc d6 khac
nhau, thudng tan tot hon trong nudc nong so véi nudce lanh, trong khi hau nhu
khong c6 kha nang hoa tan trong cac dung mdi hitu co dién hinh nhu methanol,
chloroform hoac hexan [25, 26].

Dua trén thanh phan ciu tao, polysaccharide dugc chia thanh hai nhom
chinh: homopolysaccharide (chi gém mot loai monosaccharide, vi du nhu
cellulose hodc tinh bot) va heteropolysaccharide (gom nhiéu loai
monosaccharide khiac nhau). Ngoai thanh phan carbohydrate, mot sd
polysaccharide con chira cac nhém chirc hodc thanh phan phi carbohydrate nhur
sulfate, phosphate, acetyl hodc protein lién két, gop phan tao nén tinh da dang
vé cau tric va chirc nang sinh hoc [27].

Trong vi sinh vat, polysaccharide c6 thé dugc phén loai theo vi tri va vai
tro sinh hoc thanh ba nhém chinh: (i) polysaccharide ndi bao, dong vai tro du
trit nang luong; (ii) polysaccharide ciu tric thudc thanh té bao, nhu

peptidoglycan hodc lipopolysaccharide; va (iii) polysaccharide ngoai bao
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(EPSs), dugc tong hop trong té bao va tiét ra méi trudng xung quanh. Trong
do, EPSs thuong dugc xem la cac chét chuyén hoa thur cép, duoc san xuit manh
& giai doan cudi ctia pha sinh trudng, dic biét 1a pha can bang [28].

1.3.2. EPSs twr vi tdo

EPSs la c4c polyme saccharide ngoai bao c¢6 khdi luong phan tir cao duoc
bao boc trong bé mit té bao cua vi sinh vat hodc duge téng hop tir bén ngoai té
bao. Nhiém vu chinh cta chung la bao vé té bao, dam bao sy bam dinh, duy tri
d6 am va thich nghi véi diéu kién bat loi cia mdi truong. Chung cling gop phan
vao nhan dang té bao va hinh thanh biofilm [29]. Koger va cong sy (2021) [30]
d3 cong bd rang C. sorokiniana tiét EPSs vao dich nudi ngoai té bao véi ham
luong ghi nhan 13 0,1630 + 0,0016 g/L, cho thay polysaccharide nay da thuc su
duoc giai phong ra méi truong va ¢ thé thu hoi tir dich huyén phu qua cac bién
phap thu gom bang két ta. Két qua nay chtng t6 rd rang EPSs khong chi ton
tai ndi bao ma con & dang hoa tan bén ngoai té bao. EPSs ¢ nhiéu dic diém
cong nghé va sinh 1y quan trong dé str dung an toan trong nganh cong nghiép
thuc pham. Cac nghién ctru cho rang c6 nhiéu loai vi sinh vat c6 kha ning san
xuat EPSs bao gom vi khuan, ndm va vi tao [31]. Trong d6, vi tao 1a vi sinh vat
c6 thé quang hop, chira ham lugng lipit, EPSs va cacbohydrate cao. Chung
duogc sir dung trong rat nhiéu Gng dung khac nhau vi c¢6 kha ning sinh truéng
nhanh, dé dang va co6 thanh phén hoa hoc da dang c6 hoat tinh sinh hoc cao nén
dugc tng dung lam nguyén liéu trong nganh dugc pham va thyc pham ciing
nhu san xuat nhién liéu sinh hoc nhu biodiesel va bioethanol.

EPSs tir vi tao ngdy cang dugc quan tdm nhd cau trac phuc tap va co dic
tinh chéng dong mau, khang vi rat, chdng oxy hoa, chdng hinh thanh khdi u va
diéu hoa hé thdng mién dich [31, 32]. Mot s6 EPSs tir cac loai tao do
(Porphyridium), tao luc (Chlorella, Scenedesmus) va vi khuan lam (Spirulina,
Arthrospira) da duoc ghi nhan c6 tac dung bao vé té bao, cai thién hé vi sinh
duong rudt, ting kha ning tiéu héa va hap thu dinh dudng. Dic biét, chung
duogc sir dung trong thyc pham bao vé stic khoe cho con ngudi va thire an chin
nudi. Ngoai ra, EPSs ¢6 kha nang tao gel sinh hoc, lam chit 6n dinh trong thuc
pham va hd trg mién dich cho vat nudi.

1.3.3. Con dwong sinh tong hop EPSs tir vi tio
EPSs ¢ vi tao dugc tong hop thong qua mot chudi cac qua trinh sinh hoa

phuc tap, bat dau tir viéc ¢b dinh cacbon va chuyén hoa thanh cac tién chat
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duong hoat hoa, sau d6 duge polymer hoa va van chuyén ra ngoai té bao. Mic
du co ché cu thé c6 thé khac nhau giita cac loai, qua trinh sinh tong hop EPSs
& vi tao nhin chung bao gém ba giai doan chinh: (i) hinh thanh tién chat
monosaccharide, (ii) hoat hoa va polymer héa, va (iii) van chuyén va bai tiét ra
moi truong ngoai bao [33, 34].

1.3.3.1. Giai doan hinh thanh tiéen chdt monosaccharide

O vi tao quang tu dudng, ngudn cacbon cho qué trinh tong hgp EPSs chu
yéu bit ngudn tir CO: thong qua chu trinh Calvin. CO: dugc ¢b dinh thanh cac
hop chit trung gian nhu glyceraldehyde-3-phosphate (G3P), sau d6 dugc
chuyén héa thanh cac duong phosphoryl hda nhu glucose-6-phosphate (G6P)
va fructose-6-phosphate (F6P), Ia cac tién chat quan trong trong sinh tong hop
carbohydrate [17, 35].

Trong diéu kién di dudng hodc tap dudng, vi tao cd thé sir dung cac
ngudn cacbon hitu co nhu glucose hoic acetate, tham gia vao cac con duong
chuyén hoa trung tdm nhu duong phan (glycolysis) va con dudng pentose
phosphate dé tao ra tién chat cho sinh tong hop EPSs [36]. Cac con dudng nay
cung cép ca ngudn cacbon va niang luong can thiét cho qua trinh sinh tong hop
polysaccharide.
1.3.3.2. Giai doan hoat hoa va polymer hoa

Cac monosaccharide tu do can duoc hoat hoa dudi dang nucleotide sugar
(nhu UDP-glucose, GDP-mannose, UDP-galactose) trudc khi tham gia vao qua
trinh tong hop polysaccharide. Qua trinh nay duoc xtc tic bdi cac enzyme nhu
UDP-glucose pyrophosphorylase va giit vai trd trung gian thiét yéu trong sinh
tong hop carbohydrate [36, 37]. Sau khi duoc hoat hoa, cac don vi duong sé
duoc lién két v6i nhau thong qua hoat dong ctia cac enzyme glycosyltransferase
dé hinh thanh chudi polysaccharide. Qu4 trinh polymer hoa nay cé thé dién ra
tai mang té bao hodc cic cau trac lién quan dén hé thong ndi mang [33, 37].
Cau tric cudi cung cua EPSs, bao gém loai monosaccharide, kiéu lién két
glycosidic va mirc d0 phan nhanh, phu thudc vao hé enzyme tham gia cling nhu
diéu kién moi truong nudi cay [35].
1.3.3.3. Giai doan van chuyén va badi tiét EPSs

Sau khi dugc tong hop, cac chudi polysaccharide s& duoc van chuyén
qua mang té bao va tiét ra méi trudng ngoai bao. Qua trinh nay co thé lién quan

dén cac hé thdng van chuyén chuyén biét hodc co ché tiét polysaccharide phu



14

thudc vao loai vi sinh vat. EPSs ¢6 thé ton tai & dang hoa tan trong moi truong
nudi (released EPS) hodc ¢ dang lién két 16ng 1éo v&i bé mit té bao (capsular
hodc slime layer). Qua trinh bai tiét EPSs thudng dugc ting cuong trong cac
diéu kién stress moi truong nhu thiéu dinh dudng (dac biét 1a nito), cuong do
anh sang cao hodc thay d6i d6 man. Pay duoc xem 1a co ché thich nghi giup té
bao bao vé khoi cac yéu té bat loi va duy tri can bang sinh Iy [27].
1.3.3.4.Cdc yéu té anh hwéng dén sinh tong hop EPSs

Qua trinh sinh tong hop EPSS & vi tao chiu anh huéng cua nhiéu yéu to
moi truong cing véi didu kién nudi cdy, bao gdm ngudn cachon, ty 1& C/N, anh
sang, nhi¢t do, pH va cac yéu td stress nhu 36 min hodc kim loai nang [27,33].
Trong d6, su thiéu hut nito thuong duoc ghi nhan 1a yéu t6 kich thich tich liy
polysaccharide, do té bao chuyén hudng dong cachon tir tong hop protein sang
tich Iily carbohydrate, bao gdm ca EPSs. Nhiing thay d6i nay khong chi anh
huéng dén san lwong ma con tac dong dén céu trac va hoat tinh sinh hoc cta
EPSs.
1.3.3.4.1. Anh huong ciia 4nh séng

Cudng d6 anh sang dugc xem 1a mot trong nhing yéu to quan trong trong
nudi trong vi tao. Thoi gian va cudng do anh sang anh hudng truc tiép dén qua
trinh quang hop cua vi tao va c6 anh huong dén thanh phan sinh hoa ciia vi tao
va nang suét sinh khéi [38]. Cuong d6 anh sang qua thip hoic qua cao déu
khéng t6t cho vi tao. Néu cuong dd anh sang qué thap, vi tdo s& khong thé
chuyén hoa CO, thanh ning lugng din dén sinh trudng giam. Nguoc lai, cuong
d6 anh sang cao hon s& 1am tang tbc d6 quang hop dén mot murc nao do, sau do
n6 chiing lai cho dén khi toc do quang hop dugc can bang béi qua trinh quang
ho hﬁp va su (rc ché quang hoa. Bén canh do, mat do té bao qua thép nhung
cudng d6 anh sang qua cao lai gay Gc ché qua trinh sinh trudng cua tao. Chinh
vi vy, cuong do anh sang t6i wu can phai dugc xac dinh bang thuc nghiém
trong timg truong hop dé tdi da hoa qua trinh dong hoa CO; véi toe dd quang
hé hap tdi thiéu va cang it quang tc ché cang tét [2]. Cac nghién ctru chi ra
rang, can c6 mot khoang thoi gian cu thé cua chu ky sang/tdi dé tao quang hop
Vi &nh sang can thiét dé tong hop ATP va NADPH, diéu khién cac phan tng toi
clia qua trinh quang hop tao ra khung cacbon. Hau hét cac nghién ctru déu chi
ra rang quang chu ky sang: toi 1a 16:8 gid 1a thich hop nhat cho tao phat trién
[3]. Vi tao duoc chiéu 4nh sang c6 cuong do thich hop sé& thuc ddy hoat dong
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quang hop, trong khi muc d6 anh sang qua muc hoic khong du c6 thé dan dén
trc ché quang hop hodc han ché ting truong [2]. Nghién ctru vé anh hudng cua
cuong do anh sang dén san xuat EPSs ciing duoc thyc hién trén vi khuan lam.
Chiéu anh sang lién tuc & cuong dd anh sadng cao dugc phat hién 1a co6 1oi cho
viéc san xuat EPSs ¢ vi khuan lam. Vi khuan lam Aponinum c6 thé tong hop
EPSs & cudng do anh sang 500 umol photon/m?2s (umol/m?/s) [39], twong tu
nhu vay, Anabena spp. voi san luong EPSs cao nhét dugc phat hién ¢ cudng
d6 4nh sang 460 umol/m?/s [40]. Chentir et al. (2017) d& quan sat thdy su gia
tang san luong EPSs cta vi khuan lam khi cudng d6 anh sang ting 1én [41].
1.3.3.4.2. Anh huéng ciia nhiét dé

Nhiét d6 1a yéu t6 co anh huong dang ké dén su phat trién cua vi tao va
anh huong truc tiép dén cac qua trinh sinh hoa, bao gdm ca qua trinh quang hop
va trong co quan ndi bao cta té bao tao. Mdi loai c6 nhiét dd tang trudng tdi uu
riéng. Viéc ting nhiét 46 dén pham vi toi wu s& 1am ting su phat trién cua tao
theo cép s6 nhan, nhung vi¢c tang hodc giam nhi¢t d§ vugt qua diém toi wu sé
lam suy giam toc do sinh trudng hodc tham chi nglmg hoat dong sinh Iy cua tao
[42]. Nuoi cdy vi tao ¢ nhiét do khong toi uu s& dan dén lam giam sinh khéi
cao, dac biét 1a trong cac hé théng nudi hé & cac ao, hd. Nhiét do 1a yéu td quan
trong trong nudi trong & quy mod 16n, dic biét nudi trong cac ao hd va can duogc
theo doi can than vi dich nuéi tao co su thay d6i nhiét do dang ké theo thoi gian
[43]. Nhiét d6 thap anh huong dén qua trinh quang hop bang cach giam hoat
dong dong hoa cacbon, trong khi nhiét do qua cao 1am giam qua trinh quang
hop bang cach 1am bat hoat cac protein tham gia trong cdu tao nén bd may
quang hop va lam x4o tron su can bang nang luong trong té bao. Nhiét do cao
hon ciing 1am giam kich thuéc té bao va ho hip. Su suy giam quang hop dan
dén toc do ting truong giam [44]. Nhiét d6 1a mot trong nhiing thong sb chinh
anh huong dén cac qua trinh trao doi chat trong té bao vi tio. Nhiét do cling co
thé tac dong dén qua trinh san xuat EPSs va gia tri ti uu cua né ddi voi qua
trinh tong hop EPSs 1a ddc thu cua ting loai. Trong cac nghién ctru vé anh
hudng cua cuong do anh sang va nhiét d6 dén qua trinh san xuit EPSs cua
chung Graesiella wa nhiét, ning suat EPSs cao nhat thu duoc ¢ nhiét do cao
nhat dugc thir nghiém, tirc 13 40°C va & cuong d6 anh sang thap nhat 13 20
umol/m?s [45].
1.3.3.4.3. Anh huéng ciia pH va dé mdn
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pH ciia moi truong nudi cdy 13 mot yéu td quan trong khac anh hudng
dén su phat trién cua vi tao [46]. Cac loai vi tao c6 kha ning thich nghi véi moi
truong nudi ¢ pH khac nhau. Hau hét cac loai vi tdo c6 kha ning sinh truong
t6t & moi trudong c6 pH khoang tir 6 dén 8,8. Cac ngudn mdi truong ting trudng
khac nhau ¢ gia tri pH khac nhau. Hau hét cac loai tio déu nhay cam véi pH
va rat it loai c¢6 thé chiu dung dugc pham vi pH rong. Tuy nhién, van c6 mot sd
truong hop dugc bao cao nhu lodi C. vulgaris c6 thé phat trién ¢ pham vi pH
rong tuy nhién tdc do ting trudng ti da va nang suat sinh khoi duge bao cao &
moi truong c6 pH 9-10 [47].
1.3.4.5. Cac phuong thirc sinh truong cia vi tdo

Vi tao xuat hién & khap noi va sinh song trong nhiéu méi truong khac
nhau. O vi tao c¢6 3 phuong thuc sinh trudong khac nhau nhu quang tu dudng,
di dudng va tap dudng. Tuy thudc vao diéu kién ma ching st dung ngudn
cacbon va su can thiét chiéu sang s& khac nhau. Sau day 1a cac dic diém cua
cac diéu kién nudi trong theo kiéu quang tu dudng, di dudng va tap dudng cho
vi tdo.

e Quang tu duong

Vi tao thuong sdng trong diéu kién quang tu dudng voi viée st dung CO;
v co ¢o trong khi quyén lam ngudn cacbon dé tang truong. Chung chuyén doi
CO; ¢6 trong khi quyén, H,O va anh sang thanh céac chat hiru co théng qua qua
trinh quang hop. Piéu nay 1am cho viéc nudi trong bang phuong thirc quang tur
dudng rat tiét kiém va than thién v6i moi trudng. Tuy nhién, qué trinh nudi
trong theo phuong thirc quang ty dudng thudng bi gidi han boi viéc phan bd
anh sang khi mat d6 té bao ting 1én qua cao, diéu nay anh hudng 16n dén viée
thu nhan anh sang 1am giam sinh trudng cua vi tio, do d6 nang suat sinh khoi
clia vi tao s& bi giam dang ké [48].

e Diduong

Vi sinh vat di dudng noi chung va vi tdo di dudng noi riéng st dung
ngudn cacbon hitu co dé 1am ngudn cacbon va ngudn niang luong ma khong
can anh sang. Ching sinh truéng thong qua qua trinh ho hap va 1én men két
hop.

Mic du vi tao thuong sir dung ngudn cacbon vo co dé quang hop nhung
viéc vi tao sinh trudng chidm 1am cho ning suét thu dugc thip. Dé téi da hoa

vié€c san suat sinh khoi véi nang suat cao, nguoi ta da dé xuat phuong phap nudi
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cdy trong d6 ngudn cacbon hitu co dugc sir dung thay cho ngudn cacbon vo co
[49]. Nho viéc cung cip ngudn cacbon hitu co ma ning suét sinh khdi vi tao
dugc ting dang ké nho ting ning suit sinh trudng va mat do té bao ma khong
phu thudc vao chiéu sang. Ngoai ra, ham lugng cac chat co gia tri gom lipit,
sdc t6 co thé duoc tang cuong [31]. Tuy nhién, trai lai voi ning suét cao cia
phuong phap nu6i di dudng (khong xay ra qua trinh quang hop) thi viéc ching
phat thai CO, truc tiép vao khong khi lai nay sinh van dé 6 nhiém méi truong.
o Tap duong

Viéc nudi cdy tap dudng dugc wa chudng hon vi phuong phap nay cai
thién dugc nhiéu han ché so voi phwong thirc quang ty dudng va di dudng. Thi
nhat, viéc sir dung ngudn cacbon hitu co gitip tdo ting ning suat hon rat nhiéu
1an so véi str dung ngudn cacbon vo co trong nudi tréng quang tu dudng. Thi
hai, vi tao nudi trong diéu kién di dudng moi trudng s& khong ¢ anh sang khién
qua trinh quang hop khong xay ra, nghia 12 ngudn ning luong duy nhét 1am
cacbon hitu co s& dugc vi tao st dung va giai phong CO,. Trong diéu kién nudi
di dudng, CO; giai phong khong thé s dung 1am ngudn cacbon cho qua trinh
quang hop, din dén pH ctia moi trudng nudi cdy bi thay do6i va tiép theo tac
dong t6i toc do sinh trudng cua vi tao. Do vay, diéu nay anh hudng truc tiép
dén ning suét sinh khdi [50]. Do d6, nudi trong theo phuong thirc tap dudng
thuong tranh duge cac nhuge diém cua nudi quang tu dudng va di dudng. Mot
ru diém khac cua viée nudi trong vi tao trong diéu kién tap dudng 1a ham lugng
lipit cao hon trong sinh khéi tao va ting ning suat lipit d6i voi mot s loai téo.
San lugng sinh khéi cao hon va ham lugng lipit cao hon dan dén ning suat lipit
cao hon, d6ng nghia véi viée thu hdi ning luong cao hon. Nghién ctru ctia Liang
et al (2009) [51] di thdng bao vé su phét trién cua C. vulgaris trong ba diéu
kién ting trudng véi ngudn cacbon khac nhau gdm acetate, glucose va glycerol
va két qua nghién ctru thu duoc cho thiy ning suat sinh khéi va lipit cao nhat
& ché d6 nuoi trong tho phuong thic tap dudng.
1.3.4. Hoat tinh sinh hgc cia EPSs

EPSs 1a nhom hop chit sinh hoc véi su da dang vé cau tric va duoc ghi
nhén v&i nhiéu hoat tinh sinh hoc quan trong. Cac hoat tinh nay phu thudc chat
ché vao dic diém cau tric cia EPSs nhu khdi lwong phan tir, thanh phan
monosaccharide, kiéu lién két glycosidic va su hién dién cia cac nhom chuc

nhu sulfate hoac uronic acid [52,53].
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EPSs c6 kha nang loai bo cac gdc ty do (ROS) thong qua co ché cho
electron hodc nguyén tir hydro, tir d6 lam giam stress oxy hoa trong té bao.
Nhiéu nghién ctru da chting minh EPSs thé hién hoat tinh bat gbc tu do manh
trong cac hé thir nghiém nhu DPPH, ABTS va FRAP [53]. Hoat tinh nay
thuong ting khi EPSs c6 khéi lugng phan ttr thap hodc chira cac nhom chirc
hoat dong nhu sulfate va hydroxyl [52].

EPSs c6 thé diéu hoa dap img mién dich thong qua viéc kich thich hozc
trc ché san xuat cytokine (nhu TNF-a, IL-6, 1L-10), dong thoi anh huéng dén
hoat dong cta dai thuc bao va té bao lympho [54]. Mot s6 EPSs con c6 kha
ning tc ché cac con duong tin hiéu lién quan dén viém nhu NF-xB hoic
MAPK, tir 6 lam gidm phan tng viém.

EPSs duogc ghi nhan c6 kha nang urc ché su phat trién cta vi khuan va
virus thong qua nhiéu co ché khac nhau nhu pha v& mang té bao, rc ché su bam
dinh hodc can thiép vao qua trinh sao chép cua vi sinh vat [50]. Mot sb EPSs
c6 ngudn gde tlr vi sinh vat bién con biéu hién hoat tinh khang khuan dang ké
v6i vi khuan Gram duong va Gram am [53].

Mot s6 EPSs c6 kha nang trc ché sy ting sinh cta té bao ung thu thong
qua viéc kich hoat qué trinh apoptosis hoic diéu hoa chu ky té bao. Ngoai ra,
EPSs con c6 thé ting cuong hé mién dich, gian tiép gop phan chéng lai su phat
trién ctia khéi u [52].

EPSs tir vi tao, dac biét 1a cac loai thude chi Chlorella gay chud y trong
nghién ctru nho kha nang biéu hién nhiéu hoat tinh sinh hoc ¢6 gia tri trong
nganh thuc pham va y sinh. Thanh phan EPSs tir Chlorella thuong bao gdm
cac monosaccharide nhu glucose, galactose, mannose va c6 thé chira cac nhém
chirc nhu sulfate hoac axit uronic, gop phén tao nén hoat tinh sinh hoc dac trung
[16]. Nhiéu nghién ctru di béo céo EPSs tir Chlorella c6 kha ning bat giir gbc
te do va gidm stress oxy hoa. Hoat tinh nay dugc dénh gid thong qua cac
phuong phédp nhu DPPH, ABTS va scavenging ROS n¢i bao. EPSs tu C.
sorokinian duogc ghi nhan c6 hoat tinh chdng oxy hoa chiu 4nh hudng béi ndng
d6 va cdu trac phan tu.

EPSs tir Chlorella c6 thé hoat hoa hé mién dich thong qua viéc ting
cuong hoat dong cua dai thuc bao, thuc ddy san xuat nitric oxide (NO) va cac
cytokine mién dich. Qua d6 cho thiy tiém ning ung dung ctia no trong viéc
tang cuong stc dé khang va hd trg diéu tri bénh [16]. Mot sé EPSs tir Chlorella



19

d3 dugc bao cdo co kha niang 1am giam phan Gng viém théng qua viéc e ché
san xudt cac chat trung gian gdy viém. Hoat tinh nay c6 ¥ nghia quan trong
trong viéc phong ngira cac bénh man tinh lién quan dén viém.

Nho cac hoat tinh sinh hoc da dang va tinh an toan sinh hoc cao, EPSs
tir Chlorella dugc xem 1a ngudn nguyén liéu tiém ning trong phat trién thuc
pham bao vé sirc khoe. EPSs duoc ung dung nhu chat chéng oxy hoa ty nhién,
dong vai tro nhu tac nhan ting cuong mién dich hodc thanh phan hd trg hé vi
sinh duong rudt [16,53].

O Viét Nam, phan 16n cac nghién ciru vé C. sorokiniana méi chii yéu tap
trung vao sinh khdi, lipit va san xuét biodiesel. Miac du, EPSs di duoc ching
minh 1a mdt trong nhing thanh phan quan trong trong dich nuéi tao, viéc khai
thac EPSs tir dich nudi tdo C. sorokiniana van chua dugc nghién ctru mot cach
toan dién va co hé thong. Hién chua c6 cong trinh nao cong bd quy trinh tach
chiét, tinh sach EPSs va xéac dinh hoat tinh sinh hoc cua chung tur loai tdo nay
trong diéu kién nudi trong tai Viét Nam. Pong thoi, tiém nang ing dung EPSs
trong dich nudi cdy C. sorokiniana trong linh vuc thuc pham va thirc dn chin
nudi hoan toan chwa duoc khai thac. Trong bdi canh nganh thuc pham va chan
nuodi dang hudng tdi cac nguén nguyén li€u ty nhién, than thién véi moi truong,
giau dinh dudng va c6 hoat tinh sinh hoc cao. Bén canh nguén sinh khéi C.
sorokiniana cé kha nang: phat trién thuc pham bao vé stic khoe, hd tro tiéu hoa,
chéng oxy hoa, ting cudng mién dich, tach chiét EPSs tir dich nuéi cdy vi tao
1am thtrc pham bao vé stc khoe cho nguoi va dong vt nudi 1a mot hudng di
day trién vong. Viéc nghién ctru tach chiét két hop danh gia hoat tinh sinh hoc
ctia EPSs thu duoc trong dich nuéi cdy C. sorokiniana s& mé ra hudng phat
trién méi. EPSs sé& lam gia tang gia tri khai thac cic chét co hoat tinh sinh hoc
trong qua trinh nudi cdy C. sorokiniana, md rong chudi gia tri san pham tir vi
tao ngoai lipit va protein, déng thoi 1am giam chi phi san suat. Chinh tir nhiing
co s& phan tich trén, ching t6i da thuc hién nghién ciru “Nghién cieu tach chiét
va xac dinh hoat tinh sinh hec cia polysaccharide ngoai bao tir vi tao luc
Chlorella sorokiniana dinh hwéng wng dung 1am thuc phim bao vé sic
khée cho nguoi”.
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Chuwong 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. POI TUQNG NGHIEN CUU
2.1.1. Péi twong

- P6i tuong: Chung giéng C. sorokiniana DDH thudc bd suu tip giéng
ctia nhom Cong nghé tao, Phong Vi sinh vat hoc phan tir, Vién Sinh hoc, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam (VAST) duoc stir dung cho nghién
ctru. Trong d6, chung C. sorokiniana DDH dugc luu gitr & 28°C, chiéu 4nh sang
c6 cuong d6 40 pmol/m?s, quang chu ky sang: tdi duoc thiét lap 1a 12:12 gio
dugc st dung trong nghién ctru. Hinh 2.1 13 anh minh hoa hinh thai té bao C.
sorokiniana DDH.

Hinh 2.1. Hinh 4nh minh hoa hinh thai té bao C. sorokiniana DDH

2.1.2. Héa chat, dung cu, thiét bi

Héa chat

Thanh phan mai truong Endo nudi cay C. sorokiniana DDH bao gom
(9/L): MgS0,4.7H,0O - 1,2, CaCl,.2H,0 - 0,105, Glucose - 30, KNO; - 4,8,
KH,PO4 - 1,2, Na;CeHs0.2H,0 - 0,2, FeS0O,4.7H,0 - 0,016, Na,EDTA - 2,1,
A5 -1mL.

Thanh phan méi truong BG-11 nudi cdy C. sorokiniana DDH bao gom
(g/L): NaNOs- 1,5, MgS04.7H,0 - 0,041, K;HPO4.3H:0 - 0,075, CaCl,.2H,0
- 0,036, citric acid - 0,006, ferric amoniumcitrate - 0,006, EDTA - 0,001,
Na,COs3 - 0,02, glusoce - 30, A5 - 1mL;

Thanh phan méi trudng C nudi cay C. sorokiniana DDH bao gdm (g/L):
MgS0O,.7H,0 - 0,04, glucose - 30, Tris base - 0,5, KNO3 - 0,1, Ca(NO3),. 4H,0
- 0,15, Na,Glycerophosphate - 0,05, PIV - 3mL.

Trong 6, thanh phan PIV bao gdm (mg/L): H:BOs - 2,86, MnCl.-4H-0O
- 1,81, ZnSO4'7H20 - 0,22, CuSO4-5H20 - 0,07, Na:MoO4-2H-0 - 0,021.
Thanh phan dung dich A5 bao gém (g/L): HsBOj3 - 2,850, MnCl,. 4H20 -
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1,810, ZnSO,. 7H20 - 0,220, CuSO4. 5H,0 - 0,080, M0Os - 0,015, Co(NO3).
6H,0 - 0,044).

Ngoai ra, cac hoéa chat phuc vu cac thi nghiém khac nhu axit
trichloroacetic (TCA), 2,2-diphenyl-1-picrylhydrazyl (DPPH), buthanol,
chloroform, hexane, ethanol... do Trung Qudc san xuat va dam bao do tinh
khiét trong cac thi nghiém.

Dung cu, thiét bi

Buéng dém héng cau Burker-Turk (btic); Pipetman cac loai 20, 100, 200
va 1000pL (Gilson, France); Pipette Pasteur (USA); Can phan tich Precisa XB
1200C (max 1200g; e-0,1g; d- 0,01g ) (Switzerland); Can phan tich Shimadzu
AY 120 (max 120g, d=0,1mg ); May do mat d6 quang hoc UV - 1601 Shimazu
(Nhat Ban ); May chup anh SEM Hitachi S-4800 (Serial, HI-9022-0003, Nhat
Ban), may quang ph6 hdng ngoai bién d6i Fourier IR InfraLUM FT-08 (Lumex
Instruments, Nga); Ta sdy Cornthem (New Zealand); Tu sdy Gallenkamp
(USA); May ly tam Sorvall LeGen RT 1900w (Kendro, Germay); Kinh hién
vi quang hoc Olympus CX21 (Japan); Noi khtr tring (Trung Qudc); May anh
k¥ thuat sé Canon IXY Digital 70 (Japan); may quang pho nanospect (Dtc);
box céy (Viét Nam); hé théng Kin nuoi céy PBRs 300 Lit; Phéu chiét, phéu loc,
cde dong, 6ng dong, cac loai binh tam giac tir loai 100, 250, 500 va 1000 mL;
Giéy pH; Giéy loc thuong; Giéy loc GF/C ... va mdt s6 dung cu khac da duogc
st dung cho nghién ctru.

2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phwong phdp xdc dinh sinh truéng bang sé lwong té bao dwoc dém
bang buéong dém Burker - Turk

Xéc dinh sinh truong thong qua mat do té bao (MPTB) dugc tién hanh
theo mo ta ciia Pang Diém Hong (2019) [12]. Lic déu mau, mau duge dém truc
tiép hodc pha lodng 50 - 100 lan bang nudc cat. MPTB duoc xac dinh bang
budng dém hong cdu Burker-Turk (Hirschmann, Laborgerate Hilgenberg,
Puc), dudi kinh hién vi Olympus CX21 (M¥). Budng dém Burker-Turk gém
16 khu, mdi khu gdm 16 6 vudng nho. Mau tao nho trén budng dém, dugc dém
tai 5 khu, 4 khu & 4 goc va 1 khu ¢ giita. Dém lap lai 10 lan, 13y gia tri trung
binh gifta cac 1an dém (M).

Tinh toan MPTB theo cong thirc:
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MPTB (TB/mL) = M X 1—56 x s6 1an pha lodng x 10* (Néu mau c6
MDTB cao)

Hoic MPTB (TB/mL) = (M x 16/5)/ hé s6 ¢6 dic) x 10* (néu mau c
MBDTB thap)
2.2.2. Phwong phdp xdc dinh sinh truong bang khéi lwong khod

Sinh trudng cta C. sorokiniana DDH dugc danh gia thong qua SKK cua
té bao dugc xac dinh theo phuong phéap ctiia Ping Diém Hong (2019) [12]. SKK
dugc xac dinh bang phuong phap siy kho mau ¢ 105°C, thuc hién theo quy
trinh nhu sau: cdc can duge sdy ¢ 105°C trong 3 gid. Ly cbc ra va dé nguodi
trong binh hat am (desiccator) trong 10 phit. Khéi luong cde duoc xac dinh
bang cach can va lap lai dén khi dat gia tri khong doi ta duge m; (g). Lay 5 - 10
mL dich tdo li tam loai bé moi truong nudi, ria lai 2 lan br?lng nude cat. Sinh
khéi twoi thu duge duge hoa lai bang nude cit, chuyén vao cdc da sdy kho va
tiép tuc sdy & 105 °C trong 24 gio, roi tién hanh can khéi luong cde va sinh
khéi. Qua trinh sdy va can duoc lap lai cho dén khi khéi luong can dugc khong
d6i 1a m; ().
- Tinh SKK cua tao theo cong thuc sau:

SKK (g/L) = ((m2- m;)/10) x 1000
Trong d6: my 1a khdi lugng khé cua cc can
m; 1a khdi luong kho cua (sinh khoi tao + coc can); luong dich lay

xac dinh sinh khoi 12 10 mL; 1000 1a 1000 mL (tac 1a 1 L).
2.2.3. Phwong phdp tich chiét EPSs tir dich nuéi C. sorokiniana DDH

Qua trinh chiét xuat EPSs duoc thuc hién dua theo cong bd cua Koger
va cong sy (2021) [30] c6 mot s6 thay doi nhod cho phi hop véi didu kién phong
thi nghiém. Dich nudi ciy vi tao sau khi ly tdm thu dich ndi & 6.000 vong/ phit
trong 15 phut s& dugc két tia protein bang TCA 12% (w/v), gitt qua dém & 4
°C, trong diéu kién tinh. Sau d6, hdn hop dich duoc ly tAm ¢ 6.000 vong/phut
trong 10 phat dé loai tiia protein. B6 sung ethanol lanh 96% (v/v) vao dich ni
v6i ty 18 1a 1:2 (dich ndi: ethanol), tiép tuc giir trong 24 gior & 4 °C. Sau d9, ly
tam & toc do 6.000 vong/phut trong 15 phit, 4 °C va say kho ¢ 45 °C, thu dugc
EPSs dang bot kho.
2.2.4. Phwong phap xdc dinh ham lwong EPSs tur dich nuéi C. sorokiniana
DDH
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Phuong phap xac dinh ham luong EPSs duoc xac dinh theo cong b cua
Lé Thi Thuy Hang (2017) [55]. Nguyén tic: Ham luong dudng trong EPSs
duogc xac dinh thdng qua phan ng tao mau dac trung gitra cac san ph:flm phan
huy cua dudng trong moi truong axit sulfuric voi phenol. Cuong do0 mau cang
dam, gia tri OD do ¢ budc song 490 nm cang cao, phan anh ham lugng duong
cang 16n. Glucose dugc st dung 1am chat chuan trong qué trinh phan tich.

Chudn bi: Phenol 5%: Hat 5SmL dung dich phenol va str dung nudc cat
dinh muc 1én 100 mL, thu dugc dung dich phenol 5%.

Xay dung phuong trinh dwong chudn

Glucose duoc pha & cac ndong d6 0 - 150 pg/mL dé lam dudng chuan.
Tron hdn hop phan ing gdm 1 mL mau + 1 mL phenol 5 % + 5 mL H,SO, dam
dic, dé yén ¢ nhiét do phong trong 10 phut. Hén hop duoc lic déu va giit &
nhiét do phong trong 20 phut. Tién hanh do OD & budc séng 490 nm. Blank 1a
mAu phan Gmg voi nudce cat. Tir két qua thu dugc xay dung duge phuong trinh
duong chuan: Y = 176,98X - 25,24 véi (R? = 0,9963). Trong d6: Y la ham
luong glucose (ug/mL); X la gié tri OD g0nm.

Tién hanh:

Can m g, st dung nudc cat hoa tan mau véi ndong d6 nhat dinh.

Tron hdn hop phan ing gdm 1 mL miu + 1 mL phenol 5 % + 5 mL
H,SO4 dam dic, dé yén & nhiét d6 phong trong 10 phat. Sau d6 lac déu va u ¢
nhiét d6 phong trong 20 phit. Sau 20 phut, tién hanh do OD & budc song 490
nm. Blank 13 mau phan tmg véi nude cat. Gid tri ODagonm thu duoc dugc thay
vao phuong trinh dudng chuan trén tinh dugc ham lugng EPSs.

2.2.5. Phuwong phdp xdc dinh ham luwong lipit, protein, carotenoit

Ham luong lipit tong s6 duoc xac dinh theo phuong phap Bligh va Dyer
(1959) [56]. Phuong phap xac dinh ham Iuwgng protein dugc thuc hién theo phan
tmg Bradford bang thudc nhuom Coomassie Brilliant Blue G-250 theo
Bradford (1976) [58]. Ham lugng carotenoit tong s6 duoc xac dinh theo phuong
phap Lichtenthale (1994) [57], c¢6 cai tién phu hop véi didu kién ciia Viét Nam
theo Piang Diém Hong, 2019 [12].

2.2.6. Phwong phdp chup dnh hinh thdi bé mdt ciia EPSs bing kinh hién vi
dién tir quét (Scanning Electron Microscopy - SEM)

Pic diém hinh thai bé mat caa EPSs duoc nghién ctu béng cach quan
sat mau dudi kinh hién vi dién tir quét (SEM) trén thiét bi Hitachi S-4800
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(Serial, HI-9022-0003, Nhat Ban), dién ap gia toc 5.0 kV, dong phat xa 10mA
& cac do phong dai khac nhau, tai Vién Khoa hoc Vat liéu, VAST. Quy trinh
xtr Iy mau: Nao nhe miu cho vao dng efpendorf ¢6 chira dung dich cacodylate
0,1 M, ly tam 3000v/5phdt (2-3 1an). Mau dugc ¢ dinh trong dung dich 2,5-
3% glutaraldehyte/ cacodylate 0,1M, pH = 7,2-7,4 (1 gid hodc qua d€m & nhiét
d6 4°C). Sau d6, rira mau bang dung dich cacodylate 0,1M trong 5 phut mdi
lan, lip lai 3 1an. C6 dinh mAu bang OsO4 1% trong cacodylate 0,1M - 1 gid &
nhiét d6 phong. Mau tiép tuc duoc rira bang dung dich cacodylate 0,1M (5
phut/lan x2). Hat nudc trong mau bang con cac nong do 50°,70°,80°, 90°,100°
(5 phat/lan x2). Chuan bj dé gan miu st dung gidy bac. Hoa lodng mau véi
nodng do thich hop trong con tuyét d6i, nhé miu 1én gidy bac da dugc cd dinh
trén dé, sau do dé kho hoan toan. Tiép theo, mau dugc phu mot 16p kim loai
dan dién Pt. Cac mAu da chudn bi duoc quan sat bang kinh hién vi dién tir quét
Hitachi S-4800 (Serial, HI-9022-0003, Nhat Ban) [59].

2.2.7. Phwong phdp xdc dinh dic diém ciia EPSs bang thong qua do phé
héng ngoai bién doi Fourier (Fourier Transform Infrared Spectroscopy -
FTIR)

Quang pho hong ngoai bién d6i Fourier (FTIR) duoc do dé xac dinh dao
dong cuia cac lién két trong cau tric EPSs theo phuong phép ctiia Shepel va cong
su (2015) [60] bang cach tron mau va bot KBr ty 16 1/1000 (w/w) va ép hdn
hop dudi ap suit cao trén thiét bi Fourier IR InfraLUM FT-08 (Lumex
Instruments, Nga) tai Vién Khoa hoc Vat liéu, VAST.

2.2.8. Xdc dinh hoat tinh chéng 6 xy héa bang trung hoa goc tw do bang
DPPH

Hoat tinh chéng 6 xy héa ctia EPSs dugc xac dinh bang kha ning trung
hoa gbc tu do véi 2,2-diphenyl-1-picrylhydrazyl (DPPH) theo cong bd Xiao va
cong su (2020) [61]. Do hap thu cta hdn hop phan tng duoc do & budc song
517 nm bé‘mg may doc vi phién (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Hiéu qua loai bo géc tw do dua trén sy e ché DPPH duoc tinh b@ing
phan tram (%) theo phuong trinh:

% SA = [(ODg6i ching — ODmiu thir) X 100]/ODaéi ching (%0)
Trong d6: ODgs; chimg: DO hép thu tai giéng khong chtra chét thir; OD iy me: PO
hép thu tai giéng chira chit thir.
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Gia tri ICso (Half maximal Inhibitory Concentration) dugc tinh dua vao
duong chuan y = ax + b. Hoat tinh chdng oxy hoa ctia mau cang cao thi gia tri
ICs loai bo gbc tu do cang nho.

2.2.9. Pdnh gid hoat tinh gdy djc té bao trén cac dong té bao khac nhau

Hoat tinh gay doc té bao ciia EPSs duoc danh gia trén cac dong té bao
KB (ung thu biéu mé miéng & ngudi); HepG2 (ung thu biéu mé té bao gan &
ngudi); A549 (ung thu phdi ¢ nguoi) va MCF7 (ung thu va ¢ nguoi) bang xét
nghiém kha ning song sot cua té bao bang MTT theo Mosmann (1983) [62],
thi nghiém duoc phén tich tai Trung tim nghién ctru va phat trién thudc, Vién
Hoéa hoc, VAST. Té bao dugc nudi trong mdi truong Dulbecco's modified
Eagle's medium (DMEM) dudi dang nuéi cay don 16p, bd sung huyét thanh bé
thai (10%), l-glutamine (200 mM) (1%), hdn hop penicillin (100 IU/mL) (1%)
va streptomycin (100 g/ml) va nudi cdy trong mdi trudng c6 5% CO, & 37 °C.
Té bao duoc nudi trén dia nudi cay 96 giéng & mat do 10° té bao/giéng va dugc
xtr Iy bang nong d6 EPSs ting dan (4 - 256 ug/mL) trong 72 gio & 37 °C. Sau
thoi gian phan img, mdi truong nudi cay duge thay thé bang 200 pL moi trudng
chtra 0,5 mg/mL MTT. Cac dia lai dugc u trong 3 gio ¢ 37 °C. Sau d6, moi
truong duoc thay thé bang 200 pL HCVisopropanol (0,04 M) dé hoa tan thudc
nhudm mau tim da chuyén doi trong cac dia nuoi céy. bo hép thu dugc xac dinh
& budc song 545 nm bang may doc dia quang phd. Kha ning sdng cta té bao
duoc tinh theo phuong trinh:

[(té bao duoc xUt I ODsysnm/té bao ddi chimg ODsasnm) X 100]
Gia trj ICso duoc dinh nghia 13 ndng d6 gay ra chét 50% sb luong té bao.
2.3. B0 tri thi nghiém
2.3.1. Lwa chon méi trwong va t6i wu héa diéu kién moi trwong nuoi thich
hop cho sinh truong va ham lwong EPSs cao ¢ C. sorokiniana DDH

Thi nghiém khdo sdt liwa chon méi truong nudi cdy thich hop cho tich liiy
EPSs cua C. sorokiniana DDH

Ba mdi trudng thi nghiém dugc st dung dé sang loc moi truong thich
hop cho sinh trudng cua C. sorokiniana DDH bao gdm Endo, C va BG-11. Mdi
cong thirc 13p lai 3 lan trong binh tam gidc 1.000 mL c6 chira 450 mL méi
truong nudi, nhiét do 28°C, téc do lac 200 vong/phut. Liy 15 mL mau 1
lan/ngay dé xac dinh SKK va chup anh té bao. Cac ngay 4, 5, 6 thu 300 mL
dich tdo, trong do 25 mL duogc st dung dé xac dinh SKK, chup anh té bao va
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Xac dinh carotenoit. Toan b dich tdo con lai sau ly tdim 6.000 vong/ phit trong
6 phut duge dung xac dinh dé xac dinh ham luong EPSs. Sinh khdi thu duoc
sau ly tim duoc sy kho dé xac dinh céc thong sb protein, lipit.

Thi nghiém lwa chon cdc diéu kién nuédi cdy thich hop trong méi trieong
Endo

Cac yéu td nguén cacbon, nguén nito, nhiét d0 va anh sang duoc lua
chon khao sat do ddy 1a nhitng nhan t6 mdi trudng anh hudng truc tiép dén qua
trinh trao doi chat, sinh truéng va tich lily cac hop chét sinh hoc cta vi tao C.
sorokiniana. Cacbon 1a ngudn nguyén liéu chinh tham gia tong hop
carbohydrate, lipit va cac hop chit thir cap nhu polysaccharide; trong khi nito
1a thanh phan thiét yéu cta protein, axit nucleic, enzyme va sic t6 quang hop.
Sy thay doi vé ngudn cung cap cacbon va nito c¢6 thé lam thay doi dang ké toc
d6 sinh truéng ciing nhu dinh hudng phan bd dong cacbon vao qua trinh tong
hop protein, lipit hodc carbohydrate trong té bao [64, 67].

Nhiét d6 va anh sang 1a hai yéu t6 anh hudng truc tiép dén hoat dong
quang hop va cac phan ing enzyme ndi bao. C. sorokiniana DDH la loai vi tao
c¢6 kha nang thich nghi t6t voi nhiét do tuong d6i cao, tuy nhién su thay doi
nhiét d6 van tac dong dang ké dén hiéu suat quang hop, ho hap va tich liy sinh
khéi. Tuong ty, anh sang cung cap ning lugng cho qua trinh ¢6 dinh cacbon
nhung cuong d anh sang qua cao ¢ thé gay hién tuong quang trc ché 1am giam
hiéu qua quang hop [68, 69, 71].

Do d6, viéc khao sat cac yéu to ndy 1a can thiét nham xac dinh diéu kién
tb1 wu cho sinh truong va tich iy sinh khéi cta C. sorokiniana DDH. Chinh vi
vdy, d3 tién hanh nghién ctru anh hudng ctia ngudn cacbon khac nhau (glucose,
sodium acetate, mantose, néng do 30 g/L), ngué)n nito khac nhau (KNO;,
NaNOs, uré va NH4Cl), ty 1€ C/N (6:1, 12:1, 18:1 va 24:1 voi néng do glucose
cd dinh 1a 30 g/L), nhiét d6 (25, 28, 30, 32 va 34 °C) va anh sang (0, 100, 250,
350 va 500 pmol/m?s) véi quang chu ky sang: ti 1a 12: 12 gio 1én sinh trudng
va tich lity EPSs & C. sorokiniana DDH da dugc tién hanh nghién ctu. Thi
nghiém duoc tién hanh trong binh tam giac 1.000 mL c¢6 chira 450 mL moi
truong nudi, lac 200 vong/ phit bang may lac 6n nhiét. Mdi cong thirc thi
nghiém duoc lap lai 3 1an. Hang ngay lay mau dé xac dinh sinh truéong bang
cach xac dinh SKK. Pén ngay nudi trong thir 4, 5 va 6, tién hanh thu 300 mL
dich nudi tdo. Trong do, 25 mL dugc st dung dé xac dinh SKK, chup anh té
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bao va xéac dinh carotenoit. Phan dich con lai duoc ly tam 6.000 vong/ phut
trong 6 phut dé thu sinh khdi va dich nuéi. Sinh khi s& dugc sdy kho dé xac
dinh céc thong s6 ham lugng protein, lipit con dich nuéi dugce str dung dé xac
dinh ham luong EPSs. Thi nghiém sau ké thira két qua thong s6 t6i wu duoc lua
chon cua thi nghiém trudc.
2.4. Xir 1y s6 liéu

MGi thi nghiém duoc tién hanh véi 3 1an 1ap doc 1ap (n = 3). Két qua
duogc biéu dién dudi dang gia tri trung binh + d6 1éch chuin (Mean + SD). Di
lidu thu duoc dugc xtr Iy bang phan mém Microsoft Excel, dong thoi phan tich
théng ké bang phuong phap phan tich phuong sai mot yéu té (One-way
ANOVA) trén phan mém SPSS 16.0. Su khac biét gitta cac nghiém thire dugc
xem 1 co ¥ nghia thong ké khi gia tri p < 0,05.
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Chuwong 3. KET QUA VA THAO LUAN

Trong chuong nay, Cac ndi dung nghién ctru chinh cua luan van s€ dugc
trinh bay va bao gdm: (1) anh hudng cua chung gidng, diéu kién nudi cay va
dinh dudng dén sinh truéng, tich liiy EPSs cao & dich nudi vi tao luc C.
sorokiniana; (2) dac diém hinh thai va ciu tric bé mit cua EPSs tach chiét duoc
ttr dich nu6i C. sorokiniana DDH; (3) danh gia hoat tinh sinh hoc ctia EPSs thu
duoc nham dinh huong ing dung trong linh vuc thuc phém bao vé suc khoe
cho nguoi.
3.1. Lwa chon méi trwong nudi va nghién civu diéu kign moéi truong nuoi
thich hop cho sinh truwong va tich liiy EPSs cao ¢ C. sorokiniana DDH

Chung C. sorokiniana DDH da lya chon dugc sang loc moi truong va
diéu kién nuoi thich hop cho tich liiy EPSs cao. Két qua sy anh hudng cua 3
moi truong Endo, méi trudng C (MTC) va BG-11 duoc thé hién trén Hinh 3.1.
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Hinh 3.1. Sinh trwéng (A) va ham lwgng EPSs (B) tir C. sorokiniana DDH
nudi trong trong cac mdi truong khac nhau.

Cdc chir s6 a, b, ¢ tai cing mot thoi diém chi su sai khdc c6 y nghia thong ké (p < 0,05).

Két qua dugc trinh bay trong Hinh 3.1 da cho thay chiing nghién ctru ¢6
kha ning sinh truong trong ca ba méi truong nudi cdy Endo, MTC va BG-11.
Trong d6, méi trudng Endo cho hiéu qua sinh trudng va tich lity EPSs cao nhat,
dat 1an luot 8,24 + 0,11 g/L sinh khéi va 2,51 + 0,06 mg/L EPSs sau 5 ngay
nudi ciy, cao hon dang ké so véi MTC va BG-11. O giai doan tiép theo, ca sinh
truéng va ham luong EPSs déu c6 xu huéng giam dan theo thdi gian nudi.

C6 su khéc biét co y nghia thong ké (p < 0,05) gitta méi trudng Endo va
hai méi truong con lai c¢6 thé dugc giai thich béi sy tdi wu vé thanh phan dinh

dudng va sy can bang gitra cac nguyén to6 da lugng va vi luong. Moi truong
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Endo c6 thé di cung cép diéu kién thuan loi cho qua trinh quang hop, gitip ting
cuong cd dinh cacbon théng qua chu trinh Calvin, tir d6 tao ra nhiéu tién chat
carbohydrate cho sinh tong hop polysaccharide [17,35]. Pong thoi, trong diéu
kién dinh dudng phu hop hodc c6 xu hudng gidi han nito tuong ddi, dong
cacbon trong té bao c6 thé dugc chuyén hudng tir tong hop protein sang tich
lity carbohydrate, bao gdm EPSs [17,36]. Bén canh d6, sy hién dién day du cua
cac nguyén t6 vi lugng nhu Fe, Mg hodc Zn trong mdi trudng Endo c6 thé dong
vai trd cing 1 cac nhan to tac dong vao cac enzyme tham gia vao qué trinh
chuyén hoéa trung gian va tong hop nucleotide - tién chat truc tiép ciia EPSs
[33]. Piéu nay thuc day qua trinh polymer hoa va bai tiét polysaccharide ra moi
trudng ngoai bao. Nguoc lai, & cac moi truong C va BG-11, sy han ché vé thanh
phan dinh dudng hodc sy mat can ddi giita cac yéu té moi trudong cé thé lam
giam hiéu suat quang hop va chuyén hoa, dan dén giam tich Iiiy sinh khdi va
[17]. Ngoai ra, sy suy giam sinh truéng va ham lugng EPSs & cac ngay nuoi
tiép theo ¢6 thé lién quan dén viéc can kiét dinh dudng hodc tich liiy cac san
pham trao doi chét trc ché, 1am giam hoat dong sinh 1y ciia té bao.

Tir nhitng két qua va phan tich néu trén, moi truong Endo duoc xac dinh
1a moi truong nudi cdy thich hop va duoc sir dung cho céc thi nghiém tiép theo
nhim dat dugc tdc do sinh trudng va tich liiy EPSs cao nht.

Hinh anh minh hoa cho nhan nu6i C. sorokiniana DDH trong 3 mo6i truong
gdm: Endo, MTC va BG-11 dugc chi ra trén Hinh 3.2.
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Hinh 3.2. Anh minh hoa nhan nuéi C. sorokiniana DDH trong 3 méi truong
gom: Endo, MTC va BG-11.

3.2. Lwa chon cdc diéu kign nuéi cdy thich hop trong méi trwong Endo
3.2.1. Anh hwéng ciia nguon cacbon

Két qua khao sat anh hudng cta cac ngudn cachon khac nhau (glucose,
maltose va sodium acetate) dén sinh truong va kha nang tich lity EPSs cta C.
sorokiniana DDH dugc trinh bay ¢ Hinh 3.3.
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Hinh 3.3. Sinh truéng (A) va ham luwgng EPSs (B) tir C. sorokiniana DDH

nudi trong trong ciac nguon cacbon khac nhau.
Cac chir so a, b, c tai cung mot thoi diem chi sy sai khac co y nghia thong ké (p < 0,05).
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Tir cac két qua duoc chi ra & Hinh 3.3 d3 cho thdy cac ngudn cacbon
khac nhau c6 anh huéng dén sinh truong va tich lity EPSs khac nhau. Trong
d6, glucose 1a ngudn cachon cho sinh trudong va ham luong EPSs t6t nhat voéi
SKK dat 8,59 + 1,09 ¢g/L va ham lugng EPS dat 3,30 + 0,06 mg/L sau 5 ngay
nudi cdy. Trong khi d6, khi sir dung maltose va sodium acetate, ca sinh truong
va tich liiy EPSs déu thip hon déng ké, voi EPSs dao dong tir 0,67 - 3,02 mg/L
va sinh khdi tir 0,48 - 0,91 g/L. Su khac biét nay ¢ y nghia thong ké giira cong
thirc ngudn cacbon 1 glucose vdi cac cong thirc con lai (p < 0,05). Hiéu qua
vuot trdi cua glucose da dugc ghi nhan trong nhiéu nghién ctu vé vi tao, do
glucose c6 thé dugc hip thu truc tiép va di vao con dudng dudng phan
(glycolysis), tir d6 tao ra cac chat trung gian nhu glucose-6-phosphate va
fructose-6-phosphate - cac tién chat dong vai tro quan trong cho sinh tong hop
carbohydrate va polysaccharide. Theo Markou va Nerantzis (2013) [17], cac
ngudn cacbon dé& déng hoa nhu glucose giup ting cudng tich lily cac hop chét
giau cacbon ¢ vi tao thong qua viéc thuc ddy dong chuyén héa carbohydrate.

Nguoc lai, sodium acetate dugc chuyén hoa thong qua acetyl-CoA va di
vao chu trinh acid tricarboxylic, con dudng chu yéu lién quan dén san xuat nang
luong hon 14 tong hop carbohydrate [63]. Theo Chen va Johns (1991) [64], khi
str dung acetate lam ngudn cacbon, dong chuyén héa cacbon & vi tao c6 xu
huéng wvu tién cho ho hip va sinh ning luong thay vi tich lity carbohydrate.
Piéu nay co6 thé giai thich cho viéc ham lugng EPSs thu dugc thap hon so v4i
khi str dung glucose. P6i v6i maltose, mic du c6 thé cung cap nguodn cacbon
cho té bao, nhung can trai qua qua trinh thily phan thanh glucose trude khi tham
gia vao cic con dudng chuyén hoa trung tim, lam giam hiéu qua st dung
cacbon [64]. Bén canh d6, két qua cho thdy mic du maltose cho ham lugng
EPSs tuong ddi cao (3,03 + 0,18 mg/L) nhung sinh khéi lai dat thap (0,91 +
0,09 g/L) da cho thay sy phan bo cacbon chua ti uu cho ting trudng té bao.

Ngoai yéu t6 sinh hoc, yéu t6 kinh té ciing can dugc xem xét trong dinh
huéng tng dung. Maltose c6 gia thanh cao hon dang ké so vai glucose (cao gip
khoang 14 1an), do d6 khong phu hop cho san xuit quy mé 16n. Vi vay, xét trén
ca hiéu qua sinh hoc va hiéu qua kinh té, glucose dugc lya chon 12 ngudn cacbon
phu hop cho céc thi nghiém tiép theo nham nang cao ning suat sinh khéi va
tich 1ty EPSs.

3.2.2. Anh hudng ciia nguon nito
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Két qua nghién ctru danh gia anh hudng cua cac ngudn nito khac nhau
(KNOs, NaNOs, uré va NH4Cl) dén sinh truong va kha ning tich liiy EPSs cua
C. sorokiniana duoc trinh bay ¢ Hinh 3.4.
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Hinh 3.4. Sinh trwéng (C) va ham lwgng EPSs (D) tir C. sorokiniana DDH

nudi trong trong cac nguon nito khac nhau.

Cdc chitsé a, b, ¢, d tai cung mot thoi diém chi sw sai khac co y nghia théng ké (p < 0,05).

Két qua nghién ctru dugc chi ra trén Hinh 3.4 da cho thdy méi trudng bod
sung KNO; cho hiéu qua sinh trudng cao nhit, véi sinh khéi dat 8,75 + 0,09
g/L va ham lugng EPSs dat 3,23 + 0,09 mg/L sau 5 ngay nudi céy. Su khac biét
nay cé y nghia thdng ké (p < 0,05) so véi cac ngudn nito khac, dic biét 1a uré
va NH.Cl. Theo giai thich cia tac gia Taiz va cong su (2015) [65] da cho thay
trong moi trudng nudi cay vi tdo, KNOs cung cap nito ¢ dang nitrat (NOs") 1a
dang nito pho bién va 6n dinh dugc nhiéu loai vi tao sir dung thong qua hé
enzyme nitrate reductase va nitrite reductase dé dong hoa vao sinh tong hop
amino axit va protein [65]. Dong thoi, KNOs con cung cap ion K* - mot nguyén
t6 thiét yéu tham gia diéu hoa ap suat tham thau, duy tri can bang ion va hoat
héa nhiéu enzyme lién quan dén quang hop va chuyén hoa ndi bao, tir d6 thiic
day sinh trudng té bao [5].

Ham luong EPSs ciing duoc ghi nhin twong dbi tot & moi trudng chira
NH.CI 12 3,14 + 0,03 mg/L. Diéu nay c6 thé lién quan dén dic diém chuyén
hoa cua nito dang ammonium (NHa4"), von ¢6 thé duoc té bao hép thu truc tiép
ma khong can qua qua trinh khir nhu NOs~, tir d6 tiét kiém ning lugng cho té
bao va co thé thuc day tich lily cac hop chét thir cAp trong mot sd diéu kién nhét
dinh [65]. Tuy nhién, viéc sir dung NH4* cling ¢ thé gay e ché sinh trudng,

do anh hudng dén pH noi bao va can bang ion. Po6i véi uré, mac du vi tao €O
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thé duoc sir dung nhu ngudn nito hitu co, nhung ngudn nito nay can dugc thuy
phan thanh NH4* thong qua enzyme urease trude khi tham gia vao qué trinh
déng hoéa, lam giam hi€u qua stir dung nito so voi dang nitrat [17]. Bén canh d6,
theo tac gia Li va cong su (2020) [66] qua trinh san xuat EPSs ¢ vi tao dat hiéu
qua cao nhét khi diéu kién sinh trudong duoc duy tri 6n dinh va tbi uu [66]. Két
qua thyc nhiém cta chiing toi d cho thay ca uré va NH4Cl déu lam giam dang
ké sinh truéng cua tao véi SKK chi dat 1an luot 0,83 + 0,02 va 0,54 + 0,02 g/L
sau 5 ngay nudi.

Do d6, mic di NH4Cl1 cho ham lugng EPSs tuong ddi cao nhung da c6
su suy giam sinh truong xay ra c6 thé da lam giam tong san luong EPSs thu
dugc. Vi vay, xét trén ca hai yéu t6 sinh trudng va tich lily EPSs, KNOs (4,8
g/L) dugc Iya chon 13 nguén nito pht hop cho cac thi nghiém tiép theo.

3.2.3. Anh huong cua ty 1é C/N

Ty 18 cacbon/nito (C/N) dugc xem 1a mot trong nhing yéu t then chét
diéu chinh qué trinh chuyén hoa trong té bao vi tao va quyét dinh sy phan bd
cacbon giita sinh truong va tich lily cac hop chat thir cip nhu polysaccharide
[67,68]. Két qua danh gia anh hudng cua céc ty 16 C/N khac nhau (6:1, 12:1,
18:1 va 24:1) dén sinh truong va kha nang tich liiy EPSs caa C. sorokiniana
DDH (véi nong do glucose ¢ dinh 30 g/L) dugc trinh bay ¢ Hinh 3.5.
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Hinh 3.5. Sinh trwéng (E) va ham lwgng EPSs (F) tir C. sorokiniana DDH
nudi trong trong cac ty 1& C/N khac nhau.
Cdc chit s6 a, b, ¢, d tai ciing mét thoi diém chi sw sai khdc c¢é ¥ nghia thong ké (p < 0,05).

Két qua duoc chi ra trén Hinh 3.5 d4 cho thay vi tao c6 kha ning sinh
truong & tat ca cac ty 16 C/N da duoc khao sat, tuy nhién, hiéu qua toi wu dat
dugc tai ty 1€ C/N = 18:1 véi SKK cao nhat dat 10,34 + 0,23 g/L va ham luong
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EPSs dat 3,42 + 0,03 mg/L sau 5 ngay nudi ciy. Su khac biét nay co ¥ nghia
théng ké sinh hoc (p < 0,05) so véi céc ti 16 C/N con lai. Khi ting ty 16 C/N 1én
24:1, mac du ham lugng EPSs van duy tri ¢ mirc tuong d6i cao (dat 3,03 + 0,09
mg/L) nhung sinh khdi lai bi giam xudng con 8,78 + 0,01 g/L da cho thay da
c6 sy han ché vé sinh truong khi ngudn dinh dudng nito trd nén thiéu hut.
Nguoc lai, & cac ty 18 C/N thap (6:1 va 12:1), ham luong EPSs giam dang ké,
chi dat 1an lugt 1,72 £ 0,11 mg/L va 1,78 + 0,04 mg/L, phan anh xu huéng uu
tién tong hop protein va sinh truong té bao khi ngudn dinh dudng nito doi dao.
Xu hudng nay c6 thé dugc giai thich bai co ché phan bo dong cacbon trong té
bao. Khi ty 1¢ C/N tang, hoat dong téng hop protein bi han ché, dan dén viéc
cacbon du thira dugc chuyén hudng sang tich lily carbohydrate, bao gom
polysaccharide [67]. Tuy nhién, néu muc thiéu hut nito qua cao (nhu C/N =
24:1), qua trinh sinh truong bi e ché, lam giam sinh trudng va gian tiép anh
huong dén ning suat EPSs [68]. Két qua cua nghién ciru nay phu hop véi cac
cong bd trude day. Theo tac gia Li va cong su (2020) [66], viée tang ty 16 C/N
c6 thé lam ting tich lily carbohydrate ¢ vi tao do chuyén hudng dong cacbon
tir sinh tong hop protein sang du trit ning luong. Tuong tu, Ma va cong su
(2020) [67] cling dd ghi nhan rang & diéu kién han ché nito, ham luong
polysaccharide trong vi tao c6 thé ting dang ké, mic du sinh truéng bi giam
néu murc thiéu hut qua cao. Theo céc tac gia Markou va cong su (2012) [17],
da nghién ctru trén C. vulgaris cho thdy ham lugng carbohydrate c6 thé ting
1én dang ké & diéu kién thiéu nito, trong khi sinh khdi giam, cho thay xu hudng
tuong tu v6i két qua thu dugce trong nghién ciru cta ching toi. Chinh vi vay, ty
1é C/N = 18:1 duoc xac dinh 1a diéu kién thich hop va duoc lua chon cho cac
thi nghiém tiép theo nham dam bao sy can bang giita sinh trudng va tich liy
EPSs trong dich nudi cdy.
3.2.4. Anh huong ciia nhiét do

Nhiét d6 13 yéu té moi truong quan trong chi phdi hoat dong enzyme va
tdc d6 cac qua trinh chuyén hoa trong té bao vi tao, tir 46 tac dong truc tiép dén
sinh trudng va kha nang tich lity cac hop chét thtr cdp nhu EPSs [69]. Két qua
danh gia anh hudéng ctia cac muc nhiét 4o khac nhau (25, 28, 30, 32 va 34°C)
dén sinh trudng va kha nang tich lity EPSs ctia C. sorokiniana DDH duoc chi
ra trén Hinh 3.6.
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Hinh 3.6. Sinh truwéng (G) va ham lwgng EPSs (H) tir C. sorokiniana DDH

nudi trong trong cac diéu kién nhi¢t dg khac nhau.

Cdc chirsé a, b, ¢, d, e tai cung mot thoi diém chi sw sai khéc c6 y nghia théng ké (p <0,05).

Két qua nghién ciru thu duoc dugce trinh bay & Hinh 3.6 di cho thay C.
sorokiniana DDH dat sinh trudng cao nhét tai 28°C, v4i SKK dat 10,32 + 0,03
g/L va ham lugng EPSs dat 3,10 + 0,01 mg/L. O 30°C, sinh trudng va tich liiy
EPSs van duy tri & muc cao (9,43 + 0,11 g/L va 2,60 + 0,03 mg/L), tuy nhién
thép hon so v61 28°C. Khi nhiét do tang 1én 32-34°C, ca sinh khdi va ham luong
EPSs déu giam rd rét, trong d6 murc thap nhat ghi nhan & 34°C sau 6 ngay nudi
cdy. Xu hudng néu trén co thé duogc giai thich dya trén anh huéng cia nhiét do
dén hoat tinh enzyme va tinh 6n dinh ctia hé théng quang hop. O khoang nhiét
d6 toi uu (28 - 30°C) co thé cac enzyme tham gia vao qua trinh quang hop,
duong phan va sinh tong hop polysaccharide hoat dong ¢ hiéu qua, gbp phan
tang cuong cd dinh cachon va tich lily carbohydrate [70]. Nguoc lai, khi nhiét
d6 vuot qua ngudng ti uu, cau tric protein va enzyme c6 thé bi bién tinh hodc
giam hoat tinh, dong thoi 1am suy giam hiéu suat quang hop do anh huong dén
hé sic t6 va mang thylakoid. Piéu nay din dén giam téc do sinh truong va kha
nang tich Ity EPSs.

Két qua ctia nghién ctru nay phu hop véi cac bdo cdo trude dy cua
Kumar va cong su (2018), Ras va cong su (2013). Theo tac gia Kumar va cong
su (2018) [70] da ghi nhan cac loai thudc chi Chlorella c6 sinh trudng va tich
lity polysaccharide t6t nhat trong khoang 28 - 30°C, trong khi hiéu suat giam
dang ké khi nhiét do ting 1én khoang 35°C hodc giam xudng dudi 25°C. Tuong
tu, theo tac gia Ras va cong su (2013) [69] da cho thay nhiét do tdi wu cho sinh
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truéng ctia nhiéu loai vi tao luc thudng ndm trong khoang 25 - 30°C, vuot qué
khoang nay s& 1am giam hiéu qua quang hop va tich lily sinh khéi. Do do,
khoang nhiét d 28 - 30°C dugc xac dinh 1a thich hop nhit cho sinh truéng va
san xuat EPSs ctia C. sorokiniana DDH.
3.2.5. Anh huong cia cwong do anh sang

Anh sang 13 yéu t6 méi truong anh huong dén hoat dong quang hop, tir
d6 anh huong truc tiép dén sinh truéng va cac qua trinh chuyén héa ndi bao cua
Vi tao [68]. Két qua danh gia anh hudng cia cac cuong do anh sang khac nhau
(0, 100, 250, 350 va 500 umol/m?s) dén sinh truong va kha nang tich iy EPSs
cua C. sorokiniana DDH trinh bay ¢ Hinh 3.7.
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Hinh 3.7. Sinh trwéng (1) va ham lwong EPSs (K) tir C. sorokiniana DDH nuéi
~ trong trong cac diéu ki¢n cuong do anh sang khac nhau.
Cdc chit so a, b, ¢, d, e tai cung mot thoi diém chi su sai khac co y nghia thong ké (p < 0,05).

Sau 6 ngdy nudi cdy, vi tio dat sinh trudng tot nhat tai cuong do anh sang
100 pmol/ms2s, véi SKK dat 10,24 = 0,15 g/L va ham lugng EPS dat 3,43
0,06 mg/L (Hinh 3.7). Khi tang cuong do anh sang 1én 250 - 500 pmol/m?zs, ca
sinh trudng va tich lity EPSs déu giam dan, cho thiy su trc ché sinh 1y dudi diéu
kién anh sang cao. Két qua nay phu hop véi cac cong bd trude ddy ctia Chang
va cong su (2017), Aro va cong su (1993), Murata va cong su (2007), Takahashi
va Murata (2008), Ras va cong su (2013) va Richmond (2004) [68, 71, 72, 73,
69, 11]. O muc anh sang trung binh (khoang 100 umol/m?s), hé sic t6 quang
hop va chudi van chuyén electron hoat dong hiéu qua, toi wu hoa qua trinh cb
dinh CO: va cung cép tién chat cho sinh tong hop carbohydrate, bao gdm EPSs
[68]. Nguoc lai, khi cuong do anh sang vuot qua ngudng tdi uu, hién tuong
quang trc ché c6 thé xay ra. Nhiéu nghién ctru da chi ra rang, anh sang cuong
d6 cao c6 thé dan dén sy hinh thanh cac ROS (Reactive Oxygen Species) gay
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t6n thuong 1én cu tric ciia bd may quang hop, dic biét 1a 18n protein D1 cia
photosystem II (PSII), tir d6 1am suy giam qua trinh van chuyén electron va
hiéu suat quang hop [71,72,73]. Theo Ras va cong su (2013) [69], nhiéu loai vi
tao luc dat sinh truéng toi vu & cuong do anh sang trung binh (khoang 50 - 150
umol/mzs), trong khi cuong do cao hon co thé gy quang trc ché va 1am giam
hiéu suit quang hop. Ngoai ra, Richmond (2004) [11] cho thiy sinh truéng cta
vi tao tang theo cuong do anh sang dén mot ngudng bio hoa, sau d6 giam khi
xay ra hién tuong quang e ché, cac loai thudc chi Chlorella thuong nam trong
khoang 100 - 200 umol/m?3s. Chinh vi vay, cuong d6 anh sang 100 pmol/m?s
duogc xac dinh 1a diéu kién anh sang thich hop nhat cho sinh trudng va tich liy
EPSs cua C. sorokiniana DDH va dugc lyra chon dé st dung cho c4c thi nghiém
tiép theo.

Tom lqi, tir cac thi nghiém lya chon diéu kién méi truong thich hop trén
cho thdy diéu kién nudi cdy phir hop cho sw tich liiy cao EPSs & dich nudi cdy
C. sorokiniana DDH dwoc xac dinh dwa trén su phéi hop déng thoi cua cac
yéu té dinh duéng va méi truong. Cu thé, méi truong Endo bé sung glucose
(30 g/L) lam nguon cacbon, KNOs (4,8 g/L) lam nguén nito, véi ty 1é C/N la
18:1, két hop véi nhiét do nudi 28°C va cuong dé chiéu sang 100 umol/m?s da

tao ra diéu kién thudn lgi cho cd sinh truong va tich lity EPSs o C. sorokiniana.



Hinh 3.8. Hinh anh minh hoa mét s6 qua trinh thi nghiém khao st cac diéu kién

nudi C. sorokiniana DDH.

Ghi chl: a: Khir triing méi trwong; b: vao giong; ¢, d, e: Thi nghiém cdc diéu kién
khdc nhau, £ g, h: xdc dinh sinh khé twoi; i tach chiét protein, k: tach chiét EPSs

3.3. Nhan nudi va xic dinh thanh phan dinh duéng ciia C. sorokiniana

DDH

Duéi cac diéu kién thich hop néu trén, C. sorokiniana DDH duoc nudi

ciy trong binh tam giac 1.000 mL nhim danh gia kha ning sinh trudng & quy

mo thi nghiém. Sau 5 ngay nudi, sinh khdi tio dugc thu nhan dé phan tich thanh

phan dinh dudng, dong thoi dich nuéi duge st dung dé xac dinh ham luong

EPSs nham 1am co s& danh gia hiéu qua cia Cac diéu kién da lya chon & trén.

Két qua thu duoc dugc trinh bay ¢ Bang 3.1.

Bang 3.1. Sinh truémg va thanh phian dinh dudng trong sinh khdi va dich

nudi ciia C. sorokiniana DDH nuéi trong dwoc sau 5 ngay nudi ciy

Ham luong . Ham lugng | Ham lugng
.. i Ham lugng i
Loal SKK (g/L) protein (% . EPSs carotenoit
lipit (% SKK)
SKK) (mg/L) (ug/g SKK)
C.
sorokiniana | 10,35+ 0,11 | 16,32 +£0,21 | 21,53 +£0,90 | 3,65+ 1,19 | 71,00 £ 1,90

DDH
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Két qua trinh bay trong Bang 3.1 cho thdy SKK, thanh phan dinh dudng
(protein, lipit, carotenoit) ctia C. sorokiniana DDH cung véi ham lugng EPSs
trong dich nuéi cay dat lan luot 13 10,35 + 0,11 g/L; 16,32 + 0,21 %SKK; 21,53
+ 0,90 %SKK; 71,00 £ 1,90 pg/g SKK va 3,65 £ 1,19 mg/L, tuong tng.

Céc két qua nay cho thdy dué6i diéu kién nuéi cay thich hop da duoc lua
chon C. sorokiniana DDH khéng chi duy tri sinh truéng 6n dinh ma con tao
sinh khéi c6 gia tri dinh dudng dang ké, dic biét vé ham lugng protein va lipit.
So véi cac nghién ctru trudc day, ham lugng protein cua Chlorella thuong dao
dong trong khoang 10 - 50% SKK, trong khi lipit nam trong khoang 10 - 30%
SKK tiy theo diéu kién nudi ciy [17,74], cho thay cac gia tri ghi nhan trong
nghién ctru nay phu hop véi cic cong bod néu trén.

Bén canh d6, ham luong carotenoit ghi nhan duoc ciing phan anh tiém
nang chdng oxy héa ciia sinh khdi vi tio, gbp phan gia ting gia tri mg dung
trong linh vuc thuc phém chtrc nang. Déng tho1, viéc thu nhan EPSs trong dich
nudi v6i ham luong 6n dinh cho thay kha niang khai thac song song ca sinh khéi
va dich nudi, mé ra hudng tiép can tich hop trong khai thac vi tao. Mot két qua
quan trong ctia nghién ctru 13 kha ning tach chiét EPSs truc tiép tir dich nudi
cay vi tao C. sorokiniana DDH. Trong cic hé thdng san xuét vi tio thong
thuong, dich nudi tao sau thu sinh khéi thuong bi thai bo, gay lang phi va ting
chi phi xtr 1y. Viéc thu hoi EPSs tir dich nudi cdy nay giup tdn dung toan bd san
pham tao ra, gia ting dang ké gia tri kinh té, giam tai xir Iy nudc thai va tich
hop vao mo hinh sinh hoc tuan hoan, noi sinh khoi, lipit, sdc to va EPSs déu
duogc thu hdi trong mot quy trinh duy nhat. Diéu nay cung cb cho vi thé cua C.
sorokiniana DDH dugc xem 1a mot tng vién hang dau san xuat EPSs ¢ quy mo
cong nghiép.

Chinh vi vay, C. sorokiniana DDH dugc danh gia 1 doi tuong tiém ning
cho san xuét sinh khéi giau dinh dudng phuc vu thyc pham va thirc dn chin
nudi, dong thoi 13 ngudn nguyén liéu kha thi cho thu nhén polysaccharide ngoai

bao dinh huéng tng dung lam thuc pham bao vé sirc khoe cho ngudi.
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Hinh 3.9. M6t s6 hinh 4anh minh hoa mot s6 qua trinh thi nghiém khao sat cac
diéu kién nudi C. sorokiniana DDH.
Ghi cha: A: Cac binh nhan nudi C. sorokiniana DDH; B, C, D: Xdc dinh sinh khoi kho té
bao; E: SKK C. sorokiniana DDH thu dwroc

3.4. Tach chiét EPSs tir dich nudi loai C. sorokiniana DDH

Dua trén cac diéu kién nudi cdy da dugc thich hop bao gom méi trudng
Endo b6 sung glucose (30 g/L) lam ngudn cachon, KNOs (4,8 g/L) 1am ngudn
nito, ty 1€ C/N = 18:1, nhi¢t d0 28°C va cuong dé anh sang 100 umol/m?s, C.
sorokiniana DDH dugc nudi cdy trong binh tam giac thé tich 1.000 mL nham
thu nhan dich nudi gidu polysaccharide ngoai bao (EPSs).

Sau thoi gian nudi cay, dich nudi duoc xur Iy theo phuwong phap di duoc
cong bd cua Koger va dong tac gia (2021) [30], véi budc loai protein bang acid
trichloroacetic (TCA) 12% (w/v) nham loai bé cac tap chat protein hoa tan, qua
d6 tang do tinh sach ciia EPSs trong dich ndi. Tiép theo, polysaccharide duoc
két tiia bang ethanol lanh 96% theo ty 1& 1:2 (dich ndi: ethanol), dua trén nguyén
1y giam do hoa tan ctia polymer trong dung méi hitu co, tir d6 thu hoi EPSs hiéu
qua. Phan két tia sau d6 dugc thu nhén, sy kho ¢ 45°C va bao quan ¢ 4°C dé
han ché bién ddi cau trac. Mau EPSs thu dugc duge st dung cho céc phan tich
tiép theo nham khao sat dic diém hinh thai va ciu tric bé mit, 1am co s& cho

viéc xac dinh tiém ning Gmg dung ctia hop chat nay.
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Hinh 3.10. Hinh a&nh minh hoa cho qua trinh tach chiét EPSs tir dich nuéi céy vi tao luc
C. sorokiniana DDH.
Ghi chii: (A) Dich nuéi sau bo sung TCA n(;ng do 12% (w/v),; (B) Ly tam loai protein; (C) B6
sung con vao mau theo ty 1é 2:1 (v/v); (D) Ly tam thu EPS (E) EPSs sau ly tdm;
(F, G, H) EPSs sau de.

3.5. Quan sat hinh thai va cdu tric bé mit ciia EPSs tich chiét dwoc bang
kinh hién vi dién tir quét (SEM - Scanning Electron Microscopy)

Quan sat hinh anh chup bang kinh hién vi dién tir quyét SEM ctia EPSs
(Hinh 3.11) da c6 thé thdy bé mat mau EPSs 1a dang vo dinh hinh, khong hoan
toan tron lang; c6 thé quan sat thay c6 cac ving gbd ghé hodc hat nho li ti véi
hinh dang khong déu. Anh chup SEM c6 thé thiy ving mo bao quanh day 1a
dic trung cua 16p mang nhay polysaccharide. Lép nay khéng c6 duong vién rd
rét nhu thanh té bao ma xuat hién dang mang mong hodc 16p phu trén bé mat
va doi khi kéo dai thanh cac soi manh ndi gitta cac té bao. Piéu nay c6 thé
ching minh vai tro tiém nang trong két dinh va hinh thanh biofilm ctia EPSs.
Két qua trong nghién ctu thu duge ¢ day cua ching t6i dd co su tuong dong
v6i cong b cua Sirin and Aslim (2020) [74] vé dic diém cua EPSs ¢6 ngudn
gbc tir vi khuan Lactobacillus c6 dic diém tho rap va x6p. Chung cé cau trac
sap xép lién két yéu hoac vo dinh hinh (tinh thé yéu). Nhu vay, hinh anh SEM
ctia EPSs cung cip thém bang chimg ring EPSs duoc tiét ra moi trudng nudi,

vira bao boc té bao vira tham gia tuong tac ngoai bao.



42

Hinh 3.11. Anh hién vi dién tir quét (SEM) ctia EPSs dugc tach chiét tir dich nudi cua
loai C. sorokiniana DDH sau 5 ngay nuéi trong.
Ghi chi: cac dé phéng dai lan heot la 5X (a, b); 10X (c, d); 20X (e, f, g, h), 50X (i, k, 1)
va 100X (m), thanh thieée do dwoc hién thi trén hinh.

Céu trac bé mit khong ddng nhat va dang mang ludi cia EPSs c6 y nghia
quan trong trong cac qua trinh tuong tac ngoai bao. Theo De Philippis va
Vincenzini (1998) [34], EPSs tir vi tao va vi khuan c6 vai trd nhu mot “ma tran
ngoai bao”, gitp ting kha niang két dinh gitra cac t& bao va bé mat, tir d6 thiic
day hinh thanh biofilm. Céc cu tric dang soi va 16p mang quan sat duoc trong
nghién ctru nay co thé tao diéu kién cho viéc gilr nudce, gitr chat dinh dudng va
bao vé té bao khoi cac tac dong bat loi tir moi trudng.

Ngoai ra, khi két hop véi két qua phan tich bang pho hong ngoai bién doi
(FTIR) da cung cép thém co s& khoa hoc ¢6 thé xac dinh su hién dién cua cac
nhom chirc nhu hydroxyl va carboxyl trong EPSs khong chi gop phan vao hoat
tinh chéng oxy hoa ma con ting kha ning tao lién két hydro gitta céc phan ti,
tir @6 hinh thanh cu trac mang ludi bén vitng nhung linh hoat. Chinh dic diém
nay gitap EPSs vira dong vai trd bao vé té bao, vira tham gia vao cac tuong tac

sinh hoc & moi trudng ngoai bao.
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Nhu vay, hinh anh SEM khéng chi cung cap bang chimg truc quan vé su
hién dién ctia EPSs trong mdi truong nudi ma con gdp phan lam rd méi lién hé
gita c4u tric hinh thai va chirc nang sinh hoc cta hop chit nay. Su két hop giita
cAu tric vo dinh hinh, kha nang tao mang ludi 1a co s& quan trong giai thich
cac dac tinh sinh hoc nhu kha nang chéng oxy hoa, két dinh va bao vé té bao
cua EPSs tir C. sorokiniana DDH.

3.6. Pic diém ciia EPSs thu dwoc tir C. sorokiniana DDH théng qua phan
tich ph6 hdng ngoai bién ddi Fourier (FTIR - Fourier Transform Infrared
Spectroscopy)

Pho FTIR thu duge (Hinh 3.12) d4 cho thidy mot dai tin s6 rong & khoang
~3300-3000 cm™!, twong Umg véi dao dong kéo gian O-H cua nhém hydroxyl
va nuéc hip phu, phan anh mang luéi lién két hydro dic trung cua
polysaccharide sinh hoc [75]. Hai dai hap thu ndi bat & khoang 1650 cm™
(amide I) va 1540 cm™ (amide II) 14n luot dai dién cho dao dong kéo gian C=0
va dao dong uén N-H/kéo gidn C-N, phu hop véi mo ta vé EPSs ctia Wingender
va cong su (1999) [76]. Vung giita 1200 - 900 cm™' thé hién nhiéu dao dong
lién tuc twong Gng véi ving chi diém/van tay ctia polysaccharide, cho thay lién
két glycosidic C—O—C va dao dong kéo gidn C-O trong cu tric vong pyranose;
day 1a nhirng dic diém rat dic trung cta polysaccharide mach dai. Pang cha y,
phan b dinh va cudng do trong ving ndy twong tu v4i phd EPSs cua vi tao da
duoc bao cdo boi Kocer va cong su (2021) [30] dd cong b véi cac dai tan sd
manh & 1150-1020 cm™ duge xac dinh 13 cac dau hiéu céu trac dic trung cho
EPSs cua tao. Ngoai ra, mot sb tan s6 dao dong yéu duoc quan sat thiy trong
viing ~650-500 cm™, twong ng voi bién dang mit phang ngoai va dao dong
khung ctia vong pyranose, thuong duoc tim thiy trong cac polysaccharide co
ciu trac vong d3 dugc Synytsya & Novak (2014) [77] da cong bd va ¢ phd
EPSs ctia vi tao do Koger va cong sy (2021) [30] da cong bd. Sy hién dién cua
cac tan xuat dao dong nay di cung cdp thém bang chimg hd trg ban chit

polysaccharide thu dugc tir moi trudng nuoi C. sorokiniana DDH.
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Hinh 3.12. Hinh anh pho FTIR cta EPSs thu duoc ¢ C. sorokiniana DDH

Tu cac dic diém ciu trac nay, co thé théy su hién dién day dac cua cac
nhém hydroxyl (-OH) déng vai tro quan trong trong kha ning chong oxy hoa
ctia EPSs, thong qua co ché cho hydrogen hoic electron dé trung hoa cac gdc
tu do nhu DPPH [27]. Ddong thoi, cac nhoém carboxyl va axit uronic ¢ thé tham
gia vao qua trinh tao phirc véi ion kim loai, gop phan han ché su hinh thanh
ROS trong hé théng sinh hoc. Nguoc lai, mirc d0 sulfate hoa thép va céu trac
chu yéu gdm cac duong trung tinh khién EPSs it c¢6 kha ning twong tac manh
vO1 mang té bao hodc cac thy thé sinh hoc, tir d6 khong kich hoat cac co ché
gay chét té bao nhu apoptosis. So sanh v6i cac nghién ctru trude ddy, nhiéu tac
gia da chi ra rang polysaccharide c6 mirc d6 sulfate hoa cao hodc ciu triic phan
nhanh phtc tap thuong thé hién hoat tinh giy doc té bao manh hon, trong khi
cac polysaccharide trung tinh lai thién vé hoat tinh chéng oxy hoa va bao vé té
bao [75,78].

Tur két qua thu duoc dugce trinh bay & trén, c6 thé khang dinh rang ciu
truc hoa hoc cua EPSs thu tir dich nuoi vi tao luc C. sorokiniana DDH c6 dac
trung béi su hién dién ctia cac nhom hydroxyl, lién két glycosidic va ham luong
sulfate hoa thap 1a yéu t6 quyét dinh dinh huéng hoat tinh sinh hoc theo huéng
chéng oxy hoa va bao vé té bao, pht hop voi dinh hudng tmg dung thuc pham
bao vé strc khoe.
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3.7. Hoat tinh chéng oxy héa ciia EPSs thu dwoc tir dich nudi ciy C.
sorokiniana DDH

Khao sat danh gia hoat tinh chdng oxy hoa ctia EPSs tir C. sorokiniana
DDH thong qua phép thirt DPPH duogc trinh bay ¢ Hinh 3.13.
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Hinh 3.13. Phan trim trung hoa goc tw do DPPH (%) (A) va gia tri ICso (mg/mL)
(B) cia EPSs thu dugec tir dich nudi C. sorokiniana DDH.
Cdc chitsé a, b, ¢, d, e tai cung mot thoi diém chi sw sai khac co y nghia théng ké (p < 0,05).

Két qua nghién ctru dugc trinh bay ¢ Hinh 3.13 d3 cho thiy EPSs thu
nhan tir C. sorokiniana DDH c6 kha niang khang oxy héa phu thudc néng do,
thé hién qua kha niang trung hoa goc tu do DPPH ting dan tir 2,32% & 0,05
mg/mL 1én 14,45% & 0,5 mg/mL va dat 39,41% tai 5 mg/mL. Gi4 tri ICso xac
dinh duoc 14 6,60 £ 0,91 mg/mL, cho thiy hiéu qua chdng oxy héa & muc trung
binh. Trong khi d0, chat d6i chimg duong 1 axit ascorbic thé hién hoat tinh
manh hon déng ké v6i ICso dat 0,012 mg/mL. So sanh voi cac nghién ctru cia
tac gia Zhang va cong su (2019) [79] da cong bd EPSs tir dich nudi cay C.
zofingiensis va C. vulgaris c6 kha nang trung hoa DPPH lan luot dat 71,5% va
59,6% tai néng do 3 mg/mL, vdi gia tri ICso tuong tng 1a 1,57 va 1,86 mg/mL.
Nhu véy, EPSs trong nghién ctru ctia chiing toi c6 hoat tinh chéng oxy hoa thap
hon dang ké, thé hién qua gia tri ICso cao hon. Su khac biét nay c6 thé dugc 1y
giai boi nhiéu yéu td lién quan dén su khac nhau vé loai Chlorella dugc sir dung
(C. sorokiniana DDH so véi C. zofingiensis va C. vulgaris) va dic diém cau
tric ciia EPS. Theo De Philippis va Vincenzini (1998) [34], hoat tinh sinh hoc
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ctia polysaccharide phu thuéc manh vao thanh phan monosaccharide, khi
lugng phan tir va su hién dién cta cac nhom chirc nhu sulfate hodc axit uronic.
Ngoai ra, phuong phap tach chiét va diéu kién nudi cay ciing c6 thé anh huong
dén cau trac va do tinh sach cua EPSs, tir d6 tac dong dén hoat tinh chéng OXy
héa. Bén canh do, su khac biét vé loai va diéu kién sinh truong cling dugc xem
13 yéu t6 quan trong quyét dinh dic tinh sinh hoc cua polysaccharide tir vi tao
[75].

Mic du, hoat tinh chdng oxy hoéa ctua EPSs thu duoc trong nghién ctru
nay chua cao so v6i mot sd bao cao trude day, két qua nghién ciru thu duoc cia
ching toi van cho thay tiém ning khai thac EPSs tir dich nuéi tréng C.
sorokiniana nhu mot ngudn hop chét sinh hoc tu nhién c6 hoat tinh chéng 6 xy
hoéa trung binh trong diéu kién ctia phong thi nghiém.

3.8. Hoat tinh giy ddc té bao ciia EPSs thu tir dich nuéi C. sorokiniana
DDH trén cac dong té bao khac nhau

Khao sat hoat tinh gy doc té bao cua EPSs thu tir dich nudi C.
sorokiniana DDH trén cac dong té bao khac nhau (KB, HepG2, A549 va
MCEF7) dugc trinh bay ¢ Hinh 3.14.
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Hinh 3.14. Phin trim tc ché té bao (%) ciia EPSs thu dwoe tir dich nudi C.
sorokiniana DDH trén cac dong té bao khac nhau.

Két qua nghién ctru thu dugc vé phan tram e ché cac dong té bao cia
EPSs tir dich nu6i C. sorokiniana DDH (Hinh 3.14) khong thé hién hoat tinh

gay doc té bao manh, muc (rc ché tdi da chi dat 38% trén dong MCF7 tai néng
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d6 cao nhat (256 pg/mL), trong khi cac dong té bao khac nhu A549, KB va
HepG2 lan luot dat khoang 25%, 17% va 15%. O cac ndng do thap hon (4 - 64
ng/mL), hoat tinh e ché ghi nhén rét thap hodc khong dang ké. Ngoai ra, khong
c6 gia tri ndo dat ngudng 50% tc ché, do d6 ICso khong xac dinh duoc trong
khoang ndng d6 khao sat (ICso < 256 pg/mL). Két qua nay c6 thé dugc giai
thich dya trén dic diém cAu tric cia polysaccharide. Nhin chung, hoat tinh sinh
hoc ctia EPSs phu thudc chat ché vao céc yéu td cAu tric nhu thanh phﬁn
monosaccharide, khoi luong phan tr, mic d§ phan nhanh va sy hi¢n di€n cta
cac nhom chire (vi du: sulfate, axit uronic hodc protein lién két) [27].

Trong truong hop cta EPSs thu dugc tir vi tao luc, thanh phan thuong
giau cdc duong trung tinh nhu glucose, galactose va mannose v&i mirc do
sulfate hoa thap. Cac polysaccharide dang nay thuong khong mang dién tich
manh va it trong tac truc tiép vi mang té bao, do d6 khong gay pha huy cu
tric té bao hodc kich hoat cic co ché giy chét té bao nhu apoptosis hay necrosis
[75]. Diéu nay 1y giai vi sao EPSs trong nghién ctru nay khong dat ngudng giy
doc té bao (ICso < 256 pg/mL). Nguoc lai, cac dic diém ciu trac nay lai thuan
loi cho hoat tinh chéng oxy hoa. Cac nhém hydroxyl (-OH) doi dao trong cau
trdc polysaccharide c6 kha ning cho electron hodc hydrogen dé trung hoa cac
gbc tu do, tir 6 1am giam stress oxy hoa trong té bao. Ngoai ra, néu EPSs c6
chtra mot lvgng nhd nhom axit uronic hodc protein lién két, kha ning tao phirc
v6i ion kim loai (metal chelation) ciing c¢6 thé gop phan han ché qua trinh tao
ROS thong qua phan tng Fenton [27,80].

So sanh véi cac polysaccharide cé hoat tinh gay doc té bao manh hon,
nhiéu nghién ctru di cho thdy cac EPSs c6 ham lugng sulfate cao hodc cu trac
phan nhanh phirc tap thuong c6 kha nang tuong tac véi mang té bao hodc thy
thé bé mit, tir d6 kich hoat cac con dudng tin hiéu dan dén gy chét té bao theo
chu trinh (apoptois) [78]. Do d6, su khéac biét vé hoat tinh gitta cac nghién ciru
6 thé bat nguén khong chi tir sy khéac biét vé cAu trac héa hoc ctia EPSs ma
con chiu anh hudng boi cac loai vi tao va diéu kién nudi cay. Két qua thu duoc
trong nghién ctru nay phu hop véi mot s bao cao trude diy vé doc tinh cia vi
tao. Cu thé, Prueser va cong sy (2024) [81] ghi nhan rang nhiéu chiét xuét vi
tao khong dat ngudng gay doc té bao dang ké trong khoang nong d6 khao sat,

voi gid tri ICso khong thé xac dinh hodc 16n hon gi61 han thtr nghiém.
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Tu cac két qua thu dugc & trén, co thé nhan dinh réng EPSs tir dich nuoi
cdy C. sorokiniana DDH trong nghién ctru nay c6 céu tric phu hop véi xu
huéng hoat tinh chdng oxy hoa va bao vé té bao, thay vi gdy doc té bao truc
tiép. Piéu nay cing cd dinh hudng tmg dung EPSs nhu mot hop chét sinh hoc
an toan, ¢ tiém nang trong linh vuc thuc phém chirc ning hoic ho trg stc khoe

cho nguoi.
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KET LUAN VA KIEN NGHI
KET LUAN

Tu cac két qua nghién ctru thu dugc dugc trinh bay néu trén, chung t6i
xin rat ra mot s6 1ét qua chinh nhu sau:

1. Pa lya chon duogc diéu kién thich hop cho nuéi tréng C. sorokiniana
DDH 12 moéi truong Endo véi ngudn cacbon 13 glucose 30 g/L, ngudn nito 1a
KNO; (c6 ndng dd 4,8 g/L), ty 16 C/N 1a 18:1, nhiét 6 28 °C va cuong do anh
sang 1a 100 pmol/m?s voi sinh khéi kho, ham luong protein, lipit, carotenoit va
EPSs cao nhét dat 1an luot 13 10,35 + 0,11 g/L; 16,32 + 0,21 %SKK; 21,53 +
0,90 %SKK; 71,00 + 1,90 ng/g SKK va 3,65 + 1,19 mg/L, sau 5 ngay nudi.

2. EPSs tach chiét dugc tir dich nuéi cay C. sorokiniana DDH c6 ngudn
gbc tu nhién, c6 thanh phan chu yéu 1a cac duong trung tinh, mirc d6 sulfate
hoa thép va sy hién di¢n cua cac nhom hydroxyl. Phan tich anh SEM cua EPSs
d3 cho thdy bé mit c6 hinh thai xdp, khong déu va dic diém sinh hoc nay gop
phan quyét dinh dén hoat tinh sinh hoc ctia EPSs. Phé FTIR cua EPSs do dugc
cho thiy c6 cac tan xuat dao dong dugc phat hién chu yéu 1a do cac lién két
hydroxyl va glycosidic dac trung cho céac polysaccharide trung tinh.

3. EPSs tach chiét dugc c6 hoat tinh chong oxy hoa trung binh ting dan
tir 2,32% |én 14,45% va dat 39,41% tai ndng d6 0,05; 0,5; 5 mg/mL véi gia tri
ICsodat 6,60 + 0,91 mg/mL so voi ddi chimg dwong 13 axit ascobic (v6i gia tri
ICsodat 0,012 mg/mL).

4. Két qua phan tram trc ché cac dong té bao ung thu cia EPSs duoc tach
chiét tir dich nudi ciy C. sorokiniana DDH khong thé hién hoat tinh gay doc té
bao manh, thé hién qua muc uc ché tbi da chi dat 38% trén dong MCF7 (ung
thu vi1) tai nong do cao nhat (256 pg/mL), trong khi cac dong A549 (ung thu
phoi), KB (ung thu biéu mé miéng ¢ nguoi) va HepG2 (ung thu biéu mé té bao
gan & ngudi) lan luot chi dat khoang 25%, 17% va 15%. Khong c6 mau nio dat
ngudng 50% tc ché, do d6 di khong xac dinh duoc gia tri ICso trong khoang
ndng do khao sat (ICso < 256 pg/mL).

EPSs tach chiét duoc ¢6 hoat tinh sinh hoc nhu chéng oxy hoa va diéu
hoa sinh Iy, khong gay doc té bao truc tiép nén c6 thé sir dung lam thyc pham
cho ngudi va dong vat nudi theo md hinh kinh té tudn hoan va bén viing.
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KIEN NGHI
Mot sb cong viée nghién ciru can duoc tiép tuc nghién ctru nhu sau:

1. Khao sat thanh phan monosaccharide trong EPSs, phan bé trong luong
phan tir ciia EPSs, nhiing yéu t6 anh hudng chinh dén hoat tinh sinh hoc
cling nhu tiém ning tmg dung ctia EPSs.

2. Can tiép tuc nghién ctru tac dung sinh hoc khac nhu tac dung diéu hoa
mién dich, probiotic, ... ciia EPSs theo dinh huéng str dung no trong thuc
pham cho nguoi va thire an chan nuoi.

3. Can danh gia vé gia thanh ctua EPSs tach chiét dugc tir dich nudi trong
C. sorokiniana DDH so véi cac EPSs di tir ngudn nguyén liéu khac.



10.

11.

o1

TAI LIEU THAM KHAO
Penloglou G, Pavliou A, Kiparissides C, 2024, Recent advancements in
photobioreactors for microalgae cultivation: A brief overview, Processes, 12(6),
1104,
Razzak SA, Bahar K, Islam KO, Haniffa AK, Faruque MO, Hossain SZ, Hossain
MM, 2024, Microalgae cultivation in photobioreactors: Sustainable solutions for
a greener future, Green Chemical Engineering, 5(4), 418-439.
Khan Ml, Shin JH, Kim JD, 2018, The promising future of microalgae: Current
status, challenges, and optimization of a sustainable and renewable industry,
Microbial Cell Factories, 17(1), 36.
Udayan A, Pandey AK, Sirohi R, Sreekumar N, Sang BI, Sim SJ, Pandey A,
2022, Production of microalgae with high lipid content and their potential as
sources of nutraceuticals, Phytochemistry Reviews, 22(4), 833-860.
Sathasivam R, Radhakrishnan R, Hashem A, Abd Allah EF, 2019, Microalgae
metabolites: A rich source for food and medicine, Saudi Journal of Biological
Sciences, 26(4), 709-722.
Barkia I, Saari N, Manning SR, 2019, Microalgae for high-value products
towards human health and nutrition, Marine Drugs, 17(5), 304.
Ping Diém Hong, 2017, Nhién liéu sinh hoc tir vi tdo bién va mot sé ing dung
& Viét Nam, Nha xudt ban Khoa hoc tw nhién va Cong nghé, Ha No1i, 484 trang.
Ammar EE, Rady HA, Khattab AM, Amer MH, Mohamed SA, Elodamy NI, Al-
Farga A, Aioub AAA, 2023, A comprehensive overview of eco-friendly bio-
fertilizers extracted from living organisms, Environmental Science and Pollution
Research, 30(53), 113119-113137.
Renuka N, Prasanna R, Sood A, Ahluwalia AS, Bansal R, Babu S, Singh R,
Shivay YS, Nain L, 2016, Exploring the efficacy of wastewater-grown
microalgal biomass as a biofertilizer for wheat, Environmental Science and
Pollution Research, 23, 6608-6620.
Wijffels RH, Kruse O, Hellingwerf KJ, 2013, Potential of industrial
biotechnology with cyanobacteria and eukaryotic microalgae, Current Opinion
in Biotechnology, 24(3), 405-413.
Richmond A, 2004, Handbook of microalgal culture: Biotechnology and applied
phycology, Blackwell Publishing, Oxford.



12.

13.

14.

15.

16.

17,

18.

19.

20.

21,

22.

23.

52

Ding Diém Hong, 2019, Nubi trong vi tao gidu dinh dudng 1am thuc pham chirc
nang cho nguoi va vat nudi ¢ Viét Nam, Nha xudt ban Khoa hoc va Cong nghé,
Ha Noi, 750 trang.

Thiyagarasaiyar K, Goh BH, Jeon YJ, Yow YY, 2020, Algae metabolites in
cosmeceutical: An overview of current applications and challenges, Marine
Drugs, 18(6), 323.

Grobbelaar JU, 2004, Algal nutrition: Mineral nutrition, Handbook of microalgal
culture, Biotechnology and applied phycology, 97-115.

Mata TM, Martins AA, Caetano NS, 2010, Microalgae for biodiesel production
and other applications: A review, Renewable and Sustainable Energy Reviews,
14(1), 217-232.

Safi C, Zebib B, Merah O, Pontalier PY, Vaca-Garcia C, 2014, Morphology,
composition, production, processing and applications of microalgae,
Biotechnology Advances, 32(8), 1603-1618.

Markou G, Nerantzis E, 2013, Microalgae for high-value compounds and
biofuels production: A review with focus on cultivation under stress conditions,
Biotechnology Advances, 31(8), 1532-1542.

Nguyén Tién Cu, Pang Pinh Kim, Pang Diém Hong, Hoang Thi Bao, Duong
Thi Thay, 1997, Nghién clru mot s6 dic diém sinh hoc cua chung tao Chlorella
spp. PD97, Ky yéu Vién Cong nghé sinh hoc, 413-420.

bang Dinh Kim, Pang Hoang Phudc Hién, 1999, Cong nghé sinh hoc vi tdo,
Nha xudt ban Néng nghiép, Ha Noi.

Dang Xuyén Nhu va cong su, 1998, Bdo cdo dé tai ccfp Bo Khoa hoc, Cong nghé
va Méi truong: Sir dung mot s6 bién phdp sinh hoc dé lam sach méi triong dat
va nuwoc, Ha NOi.

Poan Thi Thai Yén, 2012, Bdo cdo téng két dé tai cap Sé Khoa hoc va Céng
nghé Ha Ngi: Nghién ciru quy trinh cong nghé san xudt sinh khoi vi tao lam
nguyén lidu san xudt diesel sinh hoc két hop véi xir Iy nude thai chan nudi, Ha
Noi.

Dinh Thi Ngoc Mai, Lé Thi Thom, Bui Pinh Lam, Poan Lan Phuong, Pang
Diém Hong, 2011, San xuét diesel sinh hoc tir vi tao Chlorella sp. bang phuong
phap chuyén ester tai chd, Tap chi Sinh hoc, 33(4), 66-71.

Nguyén Minh Chau, Lé Thi Thom, Nguyén Cam Ha, Lé Anh Huy, Nguyén
Manh Pat, Ng6 Thi Hoai Thu, Nguyén Thi Thu Trang, Tran Thi Lién, Vi Thi



24,

25,

26.

217,

28.

29.

30.

31.

32.

33.

53

Thu Ha, Biang Diém Héng, 2024, Nghién curu lya chon diéu kién nuoi tré)ng thich
hop dé nang cao ham luong lipit cia vi tao luc Chlorella sorokiniana cho dinh
huéng ing dung san xuat nhién liéu sinh hoc, Bdo cdo toan vin Hpi nghi Cong
nghé sinh hoc toan quéc, Hué, 562-567.

Nguyen Minh Chau, Le Thi Thom, Nguyen Cam Ha, Le Anh Huy, Nguyen
Manh Dat, Ngo Thi Hoai Thu, Trinh Trong Nghia, Vu Thi Thu Ha, and Dang
Diem Hong (2026) Optimization of culture conditions for growth and enhanced
lipid accumulation in green microalgae Chlorella sorrokiniana using two sate
cultivation process for biodiesel production. J of the Japan Institute of Energy,
105, 1-18

Nelson DL, Cox MM, 2017, Lehninger principles of biochemistry, W H
Freeman, New York.

Stephen AM, Phillips GO, Williams PA, 2006, Food polysaccharides and their
applications, CRC Press, Boca Raton.

Raposo, M. F. J., de Morais, R. M. S. C., & de Morais, A. M. M. B. (2013).
Bioactivity and applications of sulphated polysaccharides from marine
microalgae. Marine Drugs, 11(1), 233-252.

Flemming HC, Wingender J, 2010, The biofilm matrix, Nature Reviews
Microbiology, 8(9), 623-633.

Babiak W, Krzeminska I, 2021, Extracellular polymeric substances (EPS) as
microalgal bioproducts: A review of factors affecting EPS synthesis and
application in flocculation processes, Energies, 14(13), 4007.

Koger AT, Irnan B, Kaptan Usul S, Oz¢imen D, Yilmaz MT, Isildak I, 2021,
Exopolysaccharides  from  microalgae:  Production, characterization,
optimization, and techno-economic assessment, Brazilian Journal of
Microbiology, 52(4), 1779-1790.

Liang S, Wang X, Li C, Liu L, 2024, Biological activity of lactic acid bacteria
exopolysaccharides and their applications in the food and pharmaceutical
industries, Foods, 13(11), 1621.

Stoica RM, Moscovici M, Lakatos ES, Cioca LI, 2023, Exopolysaccharides of
fungal origin: Properties and pharmaceutical applications, Processes, 11(2), 335.
Rossi F, De Philippis R, 2015, Role of cyanobacterial exopolysaccharides in
phototrophic biofilms and their industrial applications, FEMS Microbiology
Reviews, 39(4), 568-590.



34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

54

De Philippis, R., & Vincenzini, M. (1998). Exocellular polysaccharides from
cyanobacteria and their possible applications. FEMS Microbiology Reviews,
22(3), 151-175.

Richmond, A., & Hu, Q. (Eds.). (2013). Handbook of microalgal culture:
Applied phycology and biotechnology (2nd ed.). Wiley-Blackwell.

Sutherland, I. W. (2001). Biofilm exopolysaccharides: A strong and sticky
framework. Microbiology, 147(1), 3-9.

Pereira S, Zille A, Micheletti E, Moradas-Ferreira P, De Philippis R, Tamagnini
P, 2009, Complexity of cyanobacterial exopolysaccharides: Composition,
structures, inducing factors and putative genes involved in their biosynthesis and
assembly, FEMS Microbiology Reviews, 33(5), 917-941.

Krzeminska I, Pawlik-Skowronska B, Trzcinska M, Tys J, 2014, Influence of
photoperiods on the growth rate and biomass productivity of green microalgae,
Bioprocess and Biosystems Engineering, 37(4), 735-741.

Gris B, Sforza E, Morosinotto T, Bertucco A, La Rocca N, 2017, Effects of light
and temperature on growth and high-value molecule production in
Cyanobacterium aponinum, Journal of Applied Phycology, 29(4), 1781-1790.
Moreno J, Vargas MA, Olivares H, Rivas J, Guerrero MG, 1998,
Exopolysaccharide production by cyanobacterium Anabaena sp. ATCC 33047
in batch and continuous culture, Journal of Biotechnology, 60(3), 175-182.
Chentir I, Hamdi M, Doumandji A, HadjSadok A, Ouada HB, Nasri M, Jridi M,
2017, Enhancement of extracellular polymeric substances (EPS) production in
Arthrospira sp. by two-step culture process and partial characterization,
International Journal of Biological Macromolecules, 105, 1412-1420.

Bechet Q, Laviale M, Arsapin N, Bonnefond H, Bernard O, 2017, Modeling the
impact of high temperatures on microalgal viability and photosynthetic activity,
Biotechnology for Biofuels, 10, 136.

Sharma AK, Jaryal S, Sharma S, Dhyani A, Tewari BS, Mahato N, 2025,
Biofuels from microalgae: A review on microalgae cultivation, biodiesel
production techniques and storage stability, Processes, 13(2), 488.

Almousa MA, 2025, Impact of light intensity and leaf temperature on
photosynthesis in Zea mays, Egyptian Journal of Botany, 65(1), 241-249.
Mezhoud N, Zili F, Bouzidi N, Helaoui F, Ammar J, Ouada HB, 2014, Effects
of temperature and light intensity on growth, reproduction and EPS synthesis of



46.

47.

48.

49.

50.

51,

52,

53.

54,

55.

55

a thermophilic strain related to the genus Graesiella, Bioprocess and Biosystems
Engineering, 37, 2271-2280.

Juneja A, Ceballos RM, Murthy GS, 2013, Effects of environmental factors and
nutrient availability on the biochemical composition of algae for biofuels
production: A review, Energies, 6(9), 4607-4638.

Daliry S, Hallajisani A, Mohammadi R, Nasernejad B, Ghasemi Y, 2017,
Investigation of optimal condition for Chlorella vulgaris microalgae growth,
Global Journal of Environmental Science and Management, 3(2), 217-230.
Ryu KH, Kim B, Lee JH, 2019, Model-based optimization of microalgal
cultivation strategies for lipid production under photoautotrophic condition,
Computers and Chemical Engineering, 121, 57-66.

Roostaei J, Zhang Y, Gopalakrishnan K, Ochocki AJ, 2018, Mixotrophic
microalgae biofilm: A novel algae cultivation strategy for improved productivity
and cost-efficiency of biofuel feedstock production, Scientific Reports, 8, 12528.
Yun HS, Kim YS, Yoon HS, 2021, Effect of different cultivation modes on the
growth and biochemical composition of Chlorella sp., Frontiers in
Bioengineering and Biotechnology, 9, 774143.

Liang, Y., Sarkany, N., & Cui, Y. (2009). Biomass and lipid productivities of
Chlorella vulgaris under autotrophic, heterotrophic and mixotrophic growth
conditions. Biotechnology letters, 31(7), 1043-1049.

Wang, J., Zhang, Q., Zhang, Z., Song, H., & Li, P. (2010). Potential antioxidant
and anticoagulant capacity of low molecular weight fucoidan fractions extracted
from Laminaria  japonica. International  journal  of  biological
macromolecules, 46(1), 6-12.

De Jesus Raposo MF, de Morais AMMB, de Morais RMSC, 2013, Bioactivity
and applications of polysaccharides from marine microalgae, Marine Drugs,
11(1), 233-252.

Ruas-Madiedo P, Hugenholtz J, Zoon P, 2002, Functionality of
exopolysaccharides produced by lactic acid bacteria: An overview, International
Dairy Journal, 12(2-3), 163-171.

Lé Thi Thily Hang, Tran Pang M§ Ngan, Nguyén Thi Kim Hau, Nguyén Thanh
Son, Pinh Minh Hiép, Nguyén Tién Thang, Nguyén Thi Kim Oanh, 2017, Khao
sat anh hudng thanh phan méi trudng nudi cay Cordyceps sinensis thu nhan



56.

57,

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

56

polysaccharide ngoai bao (EPS) c6 hoat tinh khang oxy hoa, Tap chi Khoa hoc
va Céng nghé - Pai hoc Pa Nang, 5(114-1), 99—04.

Bligh, E. G., Dyer, W. J. (1959). A rapid method of total lipid extraction and
purification. Canadian journal of biochemistry and physiology, 37(8), 911-917.
DOI: 10.1139/059-099.

Lichtenthale H. K. (1994). Chlorophylls and carotenoids pigments of
photosynthetic. Methods Enzymol, 148,350-382.

Bradford MM (1976). A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye binding.
Analytical  Biochemistry, 72, 248-254. https://doi.org/10.1016/0003-
2697(76)90527-3.

Nguyen, T.T.; Huy, T.Q.; Nga, P.T.; Morita, K.; Dunia, |.; Benedetti, L. A new
nidovirus (NamDinh virus NDiV): Its ultrastructural characterization in the
C6/36 mosquito cell line. J. Virol. 2013, 444, 337-342

Shepel D, Goreacioc T, Lupascu T, Filippov M, Rusu M, 2015, Method of
infrared spectra registration of activated carbons in potassium bromide pellets,
Chemistry Journal of Moldova, 10(1), 113-115.

Xiao F, Xu T, Lu B, Liu R, 2020, Guidelines for antioxidant assays for food
components, Food Frontiers, 1, 60-69.

Mosmann T, 1983, Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays, Journal of Immunological
Methods, 65, 55-63.

Perez-Garcia O, Escalante FME, de-Bashan LE, Bashan Y, 2011, Heterotrophic
cultures of microalgae: metabolism and potential products, Water Research,
45(1), 11-36.

Chen F, Johns MR, 1991, Effect of carbon source on the growth and lipid
accumulation of Chlorella vulgaris, Journal of Applied Phycology, 3, 45-49.
Taiz L, Zeiger E, Mgller IM, Murphy A, 2015, Plant physiology and
development, Sinauer Associates, Sunderland.

Li T, Zheng Y, Yu L, Chen S, 2020, Mixotrophic cultivation of microalgae for
biomass production: A review, Renewable and Sustainable Energy Reviews,
120, 109599.

Ma X, Chen X, Yang X, et al, 2020, Nitrogen limitation enhances carbohydrate
accumulation in microalgae: A review, Bioresource Technology, 313, 123692.



68.

69.

70.

71.

72,

73.

74.

75.

76.

77.

78.

79.

80.

S7

Chang JS, Show PL, Ling TC, et al, 2017, Effects of temperature on microalgal
growth and biochemical composition, Bioresource Technology, 244, 1405-1413.
Ras M, Steyer JP, Bernard O, 2013, Temperature effect on microalgae: A crucial
factor for outdoor production, Biotechnology Advances, 31(8), 1648-1661.
Kumar K, Dasgupta CN, Nayak B, Lindblad P, Das D, 2018, Development of
suitable photobioreactors for CO: sequestration using green algae and
cyanobacteria, Renewable and Sustainable Energy Reviews, 82, 1137-1152.
Aro EM, Virgin I, Andersson B, 1993, Photoinhibition of photosystem II:
Protein damage and turnover, Biochimica et Biophysica Acta, 1143(2), 113-134.
Murata N, Takahashi S, Nishiyama Y, Allakhverdiev Sl, 2007, Photoinhibition
of photosystem Il under environmental stress, Biochimica et Biophysica Acta,
1767(6), 414-421.

Takahashi S, Murata N, 2008, How do environmental stresses accelerate
photoinhibition, Annual Review of Plant Biology, 59, 1-23.

Sirin 'S, Aslim B, 2020, Characterization of lactic acid bacteria-derived
exopolysaccharides as a defined neuroprotective agent against amyloid betal-
42-induced apoptosis in SH-SY5Y cells, Scientific Reports, 10, 8124,

Stuart B, 2004, Infrared spectroscopy: Fundamentals and applications, John
Wiley & Sons, Chichester.

Wingender, J., Neu, T. R., & Flemming, H. C. (1999). What are bacterial
extracellular polymeric substances? In Microbial extracellular polymeric
substances: characterization, structure and function (pp. 1-19). Berlin,
Heidelberg: Springer Berlin Heidelberg.

Synytsya, A., & Novak, M. (2013). Structural diversity of fungal glucans.
Carbohydrate polymers, 92(1), 792-809.

Wang J, Zhang Q, Zhang Z, et al, 2008, Sulfated polysaccharides and their
biological activities, International Journal of Biological Macromolecules, 42(2),
127-131.

Zhang J, etal, 2019, Production and characterization of exopolysaccharides from
Chlorella zofingiensis and Chlorella vulgaris, Carbohydrate Polymers, 223,
115-123.

Li S, Shah NP, 2014, Antioxidant potential of polysaccharides, Carbohydrate
Polymers, 102, 365-372.



58

81. Prueser TF, Braun PG, Griehl C, Wiacek C, 2024, In vitro toxicity of microalgae
species of the phyla Chlorophyta and Ochrophyta in CHO-K1 and HepG2 cells
for potential use in human nutrition, Journal of Food, Nutrition and Diet Science,

2(1), 143-151.



PHU LUC
Phu luc 1
Bang 4.1. Thanh phan méi trwomg Endo
Thanh phan Khoi lrong (g/L)
MgSO,.7H,0 1,2
CaCl,.2H,0 0,105
Glucose 30
KNQO3 4,8
KH,PO4 1,2
N&gCeHsO.ZHzO 0,2
FeSQO,.7H,0 0,016
Na,EDTA 2,1
Dung dich A5 1mL
Bang 4.2. Thanh phan méi trwong BG-11
Thanh phin Khoi lrong (g/L)
NaNO3 1,5
MgS0O4.7H20 0,041
K2HPO4.3H20 0,075
CaCl,.2H,0 0,036
Citric acid 0,006
Ferric amoniumcitrate 0,006
EDTA 0,001
Na,CO3 0,02
Glusoce 30
A5 1mL
Biang 4.3. Thanh phan vi lwong
Thanh phan Khoi lwong (mg/L)
PIV H;BOs 2,86
MnCl2-4H-O 1,81
ZnS0O4-7H20 0,22
CuS04-5H20 0,07
Na:Mo0O4-2H-0 0,021
A5 H;BOs 2,85
MnClz-4H-0O 1,81
ZnS04-7H-0 0,22
CuS04-5H20 0,08
MoOs 0,015
CO(NOg)z. 6H,0 0,044




Phu luc 2

2.1. Két qua quan sat hinh thai va cAu tric bé mit ciia EPSs tach chiét duoc
bang kinh hién vi dién tir quét (SEM - Scanning Electron Microscopy)

Anh hién vi dién tir quét (SEM) ctia EPSs dugc tach chiét tir dich nudi cta loai C.

sorokiniana DDH sau 5 ngay nuéi trong.

Ghi chi: cac do phéng dai lan heot Ia 5X (a, b); 10X (c, d); 20X (e, f, g, h), 50X (i, k, 1) va

100X (m), thanh thuée do dwoc hién thi trén hinh.

VIEN HAN LAM KHOA HOC VA CONG NGHE VIET NAM
VIEN KHOA 1OC VAT LIEU

T AL T g Ol VAN DR TR
Tel 0976070, Email hachingdime. vauac. v
KET QUA
(Kt qui thie nghigm chi 6 gid tr| véi miu dem thie)

M thir 01 mhu, trén nhin ghi tén 0 ring

- Den vj gt mdu: Trinh Thy Hidn, Vign Sinh hoc
~ Thin gian thir nghigm 82025

+ 84 lugng miu. 01

T lig tham khio-

~ Nguyen, TT, Huy. TQ. Nga, PT Morita. K Dunia, 1 Benedetti L A new
S I  the C6736

in V)
mosquita cell line 1 Virol. 2013 444, 337-342

L VAT LIEU VA PHUONG PHAP NGHIEN CUU

11 Vit ligu

“SEM - Kinh hidn vi dign tir quet SEM - Seanning Electron Microscopy

Hinh fiah SEM thy dwoe tén kinh hién vi din tr Hitachs S-4800, dign dp gis 16 3 0kV
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Hinh 4.1. Hinh 4nh b4o co két qua SEM thu dugc trén kinh hién vi dién tir Hitachi
S-4800, Nhat Ban, dién ap gia téc 5.0kV, dong phat xa 10mA & cac do phong dai
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khac nhau, tai Vién Khoa hoc Vit liéu, VAST.



Hinh 4.2. Hinh anh kinh hién vi dién tt Hitachi S-4800, Nhat Ban, tai Vién

Khoa hoc Vit liéu, VAST.

2.2. Ph6 hong ngoai bién ddi Fourier (FTIR - Fourier Transform Infrared
Spectroscopy) ciia EPSs thu dworc tir dich nuoi C. sorokiniana DDH
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Hinh 4.3. Hinh anh pho FTIR cua EPSs tir C. sorokiniana DDH dugc vé
bang phan mém OriginPro 2024.
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inh 4.4. Hinh anh thiét bi Fourier IR InfraLUM FT-08 (Lumex
Instruments, Nga) tai Vién Khoa hoc Vat liéu, VAST.

Dudi day 14 bao cao phén tich phd hong ngoai bién doi Fourier (FTIR - Fourier
Transform Infrared Spectroscopy) dugc thuc hién tai Phong Cong nghé Plasma,
Vién Khoa hoc Vit liéu, VAST.
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2.3. Két qua thir nghiém xac dinh hoat tinh chdng 6 xy héa bing trung hoa
goc tw do DPPH

DPPH (2,2-diphenyl-1-picrylhydrazyl) 1a gdc tw do ¢6 mau tim dam dic trung,
khi c6 mit chit chdng oxy hoa sé& bi khir thanh dang khong con gbce tu do 2,2-
diphenyl-1-picrylhydrazine (DPPH-H) c¢6 mau vang nhat hodc khong mau. Po
d6 giam do hap thu & budce song 517 nm dé xac dinh kha ning khir gbc DPPH
ctia chat chdng oxy hoa. Chat dbi chung duong duoc sir dung 1a ascorbic acid.
Duéi day 13 co ché phan tng ctia phuong phap:

DPPH°® + AH — DPPH-H + A°
Trong d6: AH 1a chéat chong oxy hoa
DPPH?’ (mau tim) — DPPH-H (vang nhat hoac khong mau)



6

Tién hanh thi nghiém: Chuén bi dia Elisa 96 giéng dé lam phan ung. Hat lan
luot 100 L mau EPSs co cac néng do khac nhau (0,05; 0,5; 5 mg/mL) vao mdi
giéng (voi mau d6i chimg am, sir dung 100 uL nude cat). Tiép theo, thém 100
uL DPPH v6i ndng d6 0,2 uM da chuan bi vao cac giéng. Hon hop phan tng
duogc U trong toi & nhiét d6 phong trong thoi gian 30 phat. Sau d6, do do hap
thu & budc song 517 nm trén may do quang phd dé xac dinh kha nang khtr gbc
DPPH. Péi v6i miu d6i chimg duong cta thi nghiém sé& sir dung axit ascorbic

& cac ndong do khac nhau 13 0,8; 4; 20 pg/mL.

A)

e st

SN0 M543
USReiose g4

Hinh 4.5. Hinh anh minh hoa thir nghiém x4c dinh hoat tinh chéng 6 xy hoa bang
trung hoa gdc tw do DPPH. (A) Chuan bji DPPH ndng d6 0,2 uM; (B) Hut lan luot
hdn hop phan tmg vao dia 96 giéng; (C) Po ODsy7nm

Poi chirng Axit ascobic EPSs
0.8 ug/mL 4 pg/mL 20 pg/mL .05mg/mL 0.5mg/mL 5 mg/mL

=

Hinh 4.6. Hinh anh két qua thir nghiém hoat tinh chong 6 xy hoa bang trung hoa
goc tu do DPPH cua EPSs tir dich nuéi C. sorokiniana DDH
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2.4. Két qua danh gia hoat tinh giy ddc té bao trén cac dong té bao khac

Du6i day 1a bao cdo két qua thir hoat tinh gdy doc té bao trén cac dong té bao

kh&c nhau, thi nghiém dugc phan tich tai Trung tim nghién ctru va phat trién
thudc, Vién Hoa hoc, VAST.

= VIEN HAN LAM KHOA HQC VA CONG NGHE VIET NAM
C (%> VIEN HOA HOC ‘ Q."
= TRUNG TAM NGHIEN CUU VA PHAT TRIEN THUOC &
Tel: (+84) 024. 37914586
Phong 601. Nha A18. 18 Hoang Quée Viét, Ciu Gidy, Ha Noi

KET QUA THU HOAT TiNH POC TE BAO

Neudi giri mau: Trinh Thi Hién, Vién Sinh hoc

Neay gtri mau: 10/2025 $6 lugng mau: 02 miu
TT | Tén miu Néng d§ Phin trim ire ché dong té bao
(ng/ml) KB HepG2 A549 MCF7
1 1 256 17 15 25 38
64 12 7 15 24
16 4 0 6 9
4 0 0 0 0o |
ICso >256 >256 >256 >256
2 |2 256 29 19 31 32
64 21 10 19 20
16 7 0 4 7
4 0 0 0 0
ICso >256 >256 =256 >256
Ellipticine ICso 0.45£0.02 |0.47+0.02 |0.4620.02 0.47+0.02

Nhdn xét: cdae méu thir khong thé hién hoat tinh gay dic té bao khi thir t6i néng dé 256,ug/ml

Ngay 27 thang 10 nam 2025

Vién Hoa hoc xdc nhin ba Nguyén PGP Trung tim NC&PT thuée Ngudi trd két qua
Thi Thu Ha la PGP Trung tdm

NC&PT thube
- il ,/Qal‘[[’fif—
O //
Nguyén Thi Thu Ha Nguyén Thanh Tra

~Vi#K TRUONG
“TRUONG PHONG QLTH
PHO TRUGNG PHONG
Vuong Thi Thu Quyen

KT



