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TOM TAT

Nghién ciru ndy duwoe thiee hién nham khéo sat anh hwéng cia stress
tham thdu do muéi KCI, NaCl va t6 hop KCI— NaCl dén sinh triong,
kha ndng sinh tong hop carotenoid va hoat tinh khing oxy héa cia
ndm men Rhodotorula mucilaginosa. Két qua cho thdy nong dé KCI
0,5 M va NaCl (0,5 — 1,5 M) duy tri sinh khoi ¢ mirc khé cao, dong
thoi cam iing tich liiy carotenoid. Té hop muoéi KCI 0,5 M — NaCl 1,0
M cho két qua t6i wu, dat ham lwong carotenoid cao nhdt (230,40
ug/g) ma van giiv dwoc sinh khoi dang ké. Viéc phan tich bang sdc ky
l6p mong giup xdc dinh sy hién dién cua astaxanthin va [-carotene,
véi cieong dé astaxanthin ting ré ¢ mdu stress muoi. Két qua danh gia
hoat tinh khdng oxy héa cho thdy méu carotenoid cé nang lwc khir va
kha nang bat géc tw do ABTS* vueot tréi so voi Trolox, voi gia tri ICso
ciia mdu stress mudi thap hon gap ba lan. Nhitng két qua nay cho thdy
tiém ndng ieng dung ctia carotenoid tir R. mucilaginosa nhi chdt chong
oxy héa ti nhién trong thire pham, dwoc pham va m§ pham.

T kho’a:’ Carotenoid, KCI - NaCl, Rhodotorula mucilaginosa,
stress muoi.

ABSTRACT

This research aimed to evaluate the effects of osmotic stress induced
by KCI, NaCl, and their combination on the growth, carotenoid
biosynthesis, and antioxidant activity of the yeast Rhodotorula
mucilaginosa. The results indicated that 0.5 M KCl and 0.5 — 1.5 M
NaCl maintained relatively high biomass levels while promoting
carotenoid accumulation. The combination of 0.5 M KCl and 1.0 M
NaCl yielded optimal results, achieving the highest carotenoid content
(230.40 ug/g) while sustaining considerable biomass. Thin-layer
chromatography confirmed the presence of astaxanthin and p-
carotene, with a noticeably enhanced astaxanthin band in the salt-
stressed sample. Antioxidant activity assays revealed that the
carotenoid extract exhibited significantly stronger reducing power
and ABTS" radical scavenging capacity than the standard Trolox, with
the ICso of the salt-stressed sample being more than three times lower.
These findings highlight the potential of carotenoids from R.
mucilaginosa as natural antioxidants for applications in food,
pharmaceutical, and cosmetic industries.

Keywords: Carotenoid, KCI - NaCl, osmotic stress, Rhodotorula
mucilaginosa
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1. GIOI THIEU

N&m men do6 thuoc chi Rhodotorula 1a nhom vi
sinh vat khong chi nbi bt boi kha nang sinh truong
nhanh, d& nuéi cdy ma con duoc biét dén la nguén
sinh hoc quan trong trong san xuat cac hop chat thir
cap cO gia tri, ddc biét 1a carotenoid. Trong do,
Rhodotorula mucilaginosa (R. mucilaginosa) dugc
xem la chung tlem nang nho kha nang sinh téng hop
manh m& cac sic t& tw nhién nhu B-carotene,
torularhodin, astaxanthin, cac hop chit c6 hoat tinh
sinh hoc cao voi kha ning khang oxy hoa, bao vé té
bao khoi stress oxy hoa, tia cuc tim va cac tac nhan
gay viem (Mosqueda-Martinez et al., 2024; Chen et
al., 2024).

So v6i ngudn carotenoid tir thyc vat, viéc khai
thac tir ndm men c6 nhiéu wu thé khong phy thuge
mua vy, thoi gian sinh truong ngén, hiéu suat 6n dinh,
dé klem soat thong sb nudi cay va co thé sir dung cac
ngudn carbon gia ré tir phu pham néng nghiép (Fraser
& Bramley, 2004). Dac biét, cac loai Rhodotorula
con ¢6 thé tong hop dong thoi nhiéu loai carotenoid
¢6 gia tri thuong mai, mé ra trién vong 16n trong
nganh coéng nghiép thuc pham, duoc phim va my
pham (Kot et al., 2019).

Tuy nhién, trong diéu kién nuéi cdy tiéu chuén,
lugng carotenoid tich liiy thuong khong cao. Két qua
cac nghién ctru gan day da chimg minh rang viéc ap
dung stress sinh ly, dac biét 1a stress thAm thau do
mudi co thé cam g manh mé& con duong sinh téng
hop carotenoid. Stress mudi kich thich té bao gia ting
san xuat cac chit khang oxy hoa noi sinh, dong thoi
hoat hdéa cic enzyme quan trong trong chudi
carotenogenesis nhu CrtYB, Crtl, CrtZ va Tor
(Oliveira de Lima et al., 2025). Tu do, diéu nay lam
tang ham luong carotenoid, dac biét 1a cac séc to oxy
hoa manh nhu torularhodin va astaxanthin (Chen et
al., 2024).

NaCl va KCl 1a hai tac nhan gay stress phd bién
trong cac nghién ctru vi sinh vat. Trong khi K* 1a ion
thiét yéu, dong vai tro trong duy tri ap suat tham thau
va cin bang dién tich ndi bao, thi Na* c6 thé gay stress
manh hon va kho diéu hoa hon. Viéc sir dung cac
ndéng d6 mudi & mirc trung binh duoc cho la c6 thé
cén bang giita cam Ung sinh tong hop sic to va duy
tri sinh trudng té bao, tranh tinh trang trc ché toan hé
khi stress qua muc (Rivera-Araya et al., 2019).

Mic du d3 c6 nhiéu nghién ctu dugc thuc hién
nham tim hiéu vé tac dong cua stress mudi dén mot
sb chung Rhodotorula, viéc khao sat déng thoi ca
KCI, NaCl va t6 hop KCl—NaCl ¢ cac giai doan nubi
cdy khac nhau vin con han ché, dic biét ddi véi R.
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mucilaginosa. Viéc xac dinh dicu kién stress muoi
phu hop 1a can thiét nham toi wu hoa quy trinh nudi
cay va thu nhan carotenoid sinh hoc hiéu qua.

2. PHUONG PHAP NGHIEN CUU
2.1. Poi twgng nghién ciru

N&m men Rhodotorula mucilaginosa dugc phan
1ap tir dat & quan 12, Thanh phd Ho Chi Minh va dugc
dinh danh tai Cong ty TNHH DV va TM Nam Khoa
(s6 LC12286).

2.2. Phwong phap nghién ctru

2.2.1. Khao sat anh huong cua stress muoi (KCI,
NaCl va to6 hop) dén kha nang tich liy
carotenoid cua Rhodotorula mucilaginosa

Dé danh gid anh huong cia stress mudi dén kha
nang sinh truéng va tich lliy carotenoid cua
Rhodotorula mucilaginosa, cac thi nghiém dugc tién
hanh theo hai giai doan. O giai doan dau, nAm men
dugc nudi tang sinh trong 20 mL moi truong Hansen
dén ba thoi diém sinh truong khic nhau: giira pha
tang truong, diu pha can bang va gitta pha can bang.
Sau d0, té bao dwoc chuyén sang 180 mL méi truong
Hansen trong binh nu6i 250 mL c6 bd sung mudi va
tién hanh khao sat trong 72 gid & nhiét do phong. Ba
nhom thi nghiém duoc thue hién gbém: (1) bd sung
KCl véi cac ndng d6 0; 0,5; 1,0; 1,5 va 2,0 M; (2) bd
sung NaCl véi cac nong do twong tu va (3) té hop
KCl — NaCl véi cac muc duge lua chon dua trén két
qua tdi wu tir hai thi nghiém don mudi, dién hinh 14 t6
hop KC1 0,5 M — NaCl 1,0 M. Sau nuéi ciy lic 200
rpm/phat, sinh khdi dwoc thu bang ly tim 4000
vong/phut trong 10 phiit, siy kho & 50°C va chiét tach
carotenoid bang dung dich DMSO. Céc chi tiéu dugc
danh gia bao gdm trong lugng sinh khdi kho va ham
luong carotenoid tich luy, diéu _nay nham xic dinh
nong do mubi hodc t6 hop mubi phu hop giup cén
bang giita sinh truong va higu suét sinh tong hop
sac to

2.2.2. Khao sat hoat tinh khang oxy hoa ciia
carotenoid dwoc thu nhin tr R.
mucilaginosa

Viéc thu nhén sinh khéi tir cc thi nghiém trén da
duoc tién hanh. Sau do carotenoid dwge dinh tinh
bang sic ky 16p mong va khao sat hoat tinh khang
oxy hoéa thong qua nang lyc khtr va hoat tinh bt gbc
tu do ABTS™.

2.2.3. Phwong phdp phan tich mét sé chi tiéu
Kh01 luong sinh khdi kho duge xac dinh bang

cach sdy dén khdi lugng khong d6i sir dung cén sdy
am Ohaus MB25.
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Ham luong garqtenoid duoc xac dinh bé“gng
phuong phap chiet bang DMSO va do quang pho ¢
budc song 468 nm (Le et al., 2015).

Carotenoid dugc dinh tinh bang sic ky 16p mong
st dung hé dung méi acetone:n-hexane (1:4, v/v) (Le
Vu ., 2015).

Nang luc khir dugc xac dinh theo phuong phap
khtr Fe**, do mat d6 quang tai OD700nm (Bibhabasu
et al., 2008).

Kha ning bt gdc tu do duge xac dinh théng qua
kha ning bat gbc tu do ABTS, gia tri ICso dua trén
kha ning bat gdc 50% tu do & budc song 734 nm
(Shimada et al., 1992).

3. KET QUA VA THAO LUAN

3.1. Anh huéng nong d mudi KCI dén sinh
truéng va kha nidng sinh tong hop
carotenoid

Két qua ¢ Bang 1 cho thdy nong do KCI anh
hudng rd rét dén sinh truong ctia R. mucilaginosa, thé
h1en qua sy suy giam ham luong sinh khoi kho khi
ndng d6 mudi ting, voi su khac biét co ¥ nghia théng
ké gifra cac nghiém thic tai cing mot giai doan nudi
cdy. Viéc xét trong cing mot nong do & ca 03 giai
doan cho thdy c6 su giam lwong sinh khdi vi do nim
men dang chuyén tir trang thai ting truong manh sang
trang thai on dinh, dan dén giam tdc do sinh khéi, c6
thé con do thiéu dinh dudng va bat diu qua trinh ly
giai té bao.

O ca ba giai doan, sinh khéi cao nhét ludn dat
dugc ¢ nghiém thirc khong bd sung mudi, sau do
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giam dan theo chiéu ting ndng d6 KCI. Tuy nhién, tai
néng d6 0,5 M, sinh khdi van duoc duy tri & muc kha
cao va chi giam nhe so véi déi ching. Cu thé, sinh
khéi 1an luot dat 3,14; 2,47 va 1,85 g/l tai ba giai
doan, cao hon ro rét so voi cac nghiém thire tir 1,0 M
try 1én. Diéu nay cho thiy mirc do stress thim thau
tai 0,5 M 1a du dé kich hoat co ché thich nghi cua té
bao ma khong giy uc ché nghiém trong dén sinh
truong. Khi ndng d6 mudi vuot qua 1,0 M, sinh khéi
giam manh, déc biét 6 mirc 2,0 M chi con 0,88 — 0,39
g/, diéu nay phan anh rd tac dong wrc ché do mét cén
bang ap suat tham thau va rdi loan ion noi bao. Xu
huéng nay ciing cho thdy tac dong ctia mubi khong
chi phy thudc vao nong d6 ma con lién quan dén thoi
gian tiép xtc. O mdi ndng do KCl, sinh khdi ludn cao
nhét tai giai doan 1 va giam dan & cac giai doan tiép
theo. Diéu nay duoc 1y giai 1a do kéo dai stress khién
hoat dong chuyén héa bi suy giam va té bao mat dan
kha nang duy tri sinh khdi. Két qua nay phu hop véi
nghién clru cua Garcia-Cortes et al. (2021), cho thay
stress tham thau do mubi gay rdi loan cén bang ion,
lam mét nudc té bao va lam cham toc do sinh truong.
Buzzini et al. (2007) cling khang dinh rang cac chung
Rhodotorula bi e ché rd rét & nong do mu01 >1,5
M. Tir nhitng két qua trén, co thé thiy ring ndng do
0,5 M KCl 14 phtt hop dé duy tri sinh truéng hiéu qua
trong khi van tao ap lyc thAm thau vira du dé cam ung
sinh téng hop carotenoid. Viéc lua chon muc stress
trung binh nhu 0,5 M 13 can thiét nhim cén bang giira
tdc do sinh truéng va kha ning chuyén héa thu cép,
hudng tdi tdi wu héa quy trinh nudi cdy cho muc tiéu
khai théc carotenoid tir nAm men do.

Biang 1. Ham lwong sinh khéi khd (g/1) theo ndng dd mudi KCI va giai doan nudi ciy

Nong dd KCI (M) Giai doan 1 Giai doan 2 Giai doan 3
0 4,200 +0,31 3,282+ 0,24 2,792+ 0,24

0,5 3,144+ 0,29 2,47°+ 0,46 1,85+ 0,14

1,0 2,43¢£0,16 1,94¢ + 0,06 1,37+ 0,08

1,5 1,584+ 0,16 1,55+ 0,13 1,044 + 0,06

2,0 0,88+ 0,05 0,70¢+ 0,12 0,39¢+ 0,07

Chit cdi khéc nhau trong cing mot cét thé hién sw khdc biét ¢6 y nghia théng ké 6 mikc p < 0,05.

Két qua & Bang 2 cho thiy nong d6 KCI anh
hudng rd rét dén kha ning tich liiy carotenoid ciia R.
mucilaginosa, véi su khac biét co ¥ nghia thong ké
giita cac nghiém thtc trong cung mot giai doan. Céc
nghiém thirc xir Iy mubi (0,5 — 1,0 M) déu cho ham
luong carotenoid cao hon dbi chimg khéng stress,
ching to stress tham thau c6 vai trd kich thich tich
lity sdc tb sinh hoc. Dic biét, tai ndng d6 0,5 M KCl,
ham lugng carotenoid dat mirc cao va on dinh & ca ba
giai doan (169,69; 158,10; 153,20 pg/g), ti€ém can voi
nghiém thtc 1,0 M (168,64; 166,62; 156,90 ng/g)
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nhung khong giy suy giam sinh khdi manh, do dé
mang lai hiéu qua toan hé vuot troi. Két qua nay phu
hop v6i ghi nhén cua Kot et al. (2019), diéu nay chi
ra rang nong d6 mudi tir 0,4 dén 0,6 M KCl co thé
kich hoat manh mé& céc enzyme trong chudi tong hop
carotenoid ma khong gay ton hai dén hé théng mang
ctia té bao. Tuong tu, Oliveira de Lima et al. (2025)
cho thiy stress thim thau nhe c6 thé lam ting biéu
hién cua cac gen lién quan dén sinh tong hop
torularhodin va torulene & Rhodotorula glutinis.
Nguoc lai, khi ndng d6 mudi ting qua cao (1,5 — 2,0
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M), kha ning téng hop sic t6 giam 6 rét, dic biét &
giai doan 3, véi chi 117,86 va 100,05 pg/g, diéu nay
phan anh sy (rc ché enzyme CrtYB va Crtl trong moi
truong ion qua ddm dic, theo nhu Illarionov et al.
(2021) da mod ta trong cac nghién ctru vé& trc ché
enzyme isoprenoid trong stress mudi. Tir d6, két qua
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nay cho thay 0,5 M KCl 1a ndng ¢ t6i uu dé cam tmg
sinh tong hop carotenoid & R. mucilaginosa, vira kich
thich sinh téng hop sic to & mirc cao, vira dam bao
hiéu qua sinh trudng, phu hop cho cac quy trinh 1én
men (ng dung sinh hoc c6 kiém soat.

Bing 2. Ham lwong carotenoid (ug/g sinh khoi khd) theo nong dé mudi KCl va giai doan nudi cay

Nf‘)ng dé KCI (M) Giai doan 1 Giai doan 2 Giai doan 3
0 143,914 + 0,62 144,354 + 0,78 136,04° + 0,55
0,5 169,692 + 0,58 158,102+ 0,67 153,20 + 0,80
1,0 168,642+ 0,72 166,622 + 0,63 156,902 + 0,65
1,5 157,342+ 0,69 156,63%*+ 0,76 117,86+ 0,60
2,0 121,66+ 0,55 125,057+ 0,73 100,058 + 0,52

Chit cdi khéc nhau trong cing mot cét thé hién sw khdc biét ¢6 y nghia théng ké 6 mikc p < 0,05.

3.2. Anh hwéng ndng do mudi NaCl dén qua
trinh thu nhén carotenoid

Két qua & Bang 3 cho thay nong d¢ NaCl anh
huoéng rd rét dén kha ning sinh truong cua R.
mucilaginosa, dugc thé hién qua su suy giam dang ké
trong luong sinh khéi kho khi nong d6 mudi tang. O
ca ba giai doan, nghiém thirc di chtng ludn cho sinh
khoi cao nhat, sau d6 giam dan theo muc ting nong
d6 mudi. Tuy nhién, cac nghiém thuc trong khoang
0,5 — 1,5 M van duy tri dugc mirc sinh khéi & mirc
chap nhan duoc, dic biét 1a & nong d6 0,5 va 1,0 M.
Tai giai doan 1, sinh khéi dat 3,04 g/l va 2,20 g/l &
cac nghiém thue 0,5 va 1,0 M NaCl, tuong ung voi
65,9% va 47,7% so v6i ddi chimg. Muc do suy giam
nay van thp hon nhiéu so v6i nghiém thirc 2,0 M
NaCl (0,97 g/l, twong dwong 21%). O giai doan 2 va
3, xu huéng nay tiép tuc duy tri, cho thdy murc stress
60,5 — 1,5 M tuy co tac dong trc ché nhung khong
gdy ton hai nghiém trong nhur & mirc 2,0 M. Ngoai ra,

sinh khéi trong khoang nay van du 16n dé dam bao
hiéu sudt san phdm trong cac quy trinh 1én men c6
ng dung stress cam tng. Viéc so sanh vai cac nghién
cuu trude day da dugce thyc hién, Kot et al. (2019)
cho thay ndng d NaCl tir 0,5 dén 1,0 M 1a ving kich
thich thich nghi dién hinh ctia nhiéu chiing ndm men
sinh séc t6, trong do stress ion nhe gitp té bao tai ciu
tric mang, tang tich liy chat khang oxy héa, ma
khong 1am ri loan chuyén hoa co ban. Byrtusové et
al. (2025) ciing nhan dinh rang Rhodotorula cé thé
duy tri kha nang sinh truong ¢ ving nong do NaCl
dén 1,5 M, nhung vugt qua ngudng nay s& lam gian
doan qua trinh phan bao va tong hop sinh khéi. Diéu
nay phu hop véi xu huéng suy gidm manh sinh khéi
tai 2,0 M dugc ghi nhin trong nghién ctru hién tai.
Toém lai, khoang néng d% 0,5 - 1,5 M 1a phu hop dé
duy tri sinh truong tuong d6i on dinh cia R.
mucilaginosa trong diéu kién stress tham thau, dong
thoi 1a nén tang dé cam tng tich liiy carotenoid trong
chc giai doan ké tiép.

Bang 3. Ham luwgng sinh khéi khé (g/1) theo nﬁng dd mudi NaCl va giai doan nuoi cAy

Nf‘)ng dé NaCl (M) Giai doan 1 Giai doan 2 Giai doan 3
0 4,612+ 0,30 3,166+ 0,12 2,432+£0,19

0,5 3,04+ 0,15 2,56+ 0,26 1,47°+ 0,21

1,0 2,200+0,13 1,85¢+0,11 1,24¢+ 0,05

1,5 1,874+ 0,08 1,59 £ 0,09 1,00¢+ 0,09

2,0 0,97¢ + 0,05 0,81¢+ 0,05 0,62¢ £ 0,06

Chit cdi khéc nhau trong cing mot ot thé hién sw khdc biét ¢6 y nghia théng ké 6 mikc p < 0,05.

Két qua & Bang 4 cho théy, trong khoang ndng do
0,5 — 1,5 M, ham lugng carotenoid tang cao hon so
v6i d6i chimg & hau hét cac giai doan, phan anh vai
trd cam tmg sinh hoc ciia stress ion trung binh ddi véi
sinh téng hop séc td. Tai giai doan 1, nghiém thtrc 1,0
M dat gia tri cao nhét (226,48 ng/g), tuy nhién
nghiém thirc 0,5 M (185,53 pg/g) va 1,5 M (181,51
ng/g) cling ghi nhan ham lugng carotenoid cao. Tai

giai doan 2 va 3, mac du ham lugng ¢ 1,0 M van gilr
& muc cao, nhung nghiém thic 0,5 M va 1,5 M van
duy tri duoc luong sic té dang ké, dac biét 1a ¢ giai
doan 3, thoi diém thuong ghi nhan xu huéng suy
giam do kéo dai stress. Diéu nay cho thay khoang 0,5
— 1,5 M 1a vung kich hoat hiéu qué qua trinh cam Gng
carotenoid ma van duy tri 6n dinh theo thoi gian tiép
xuc. Viéc so voi nghién ctru cia El-Banna et al.
(2012) trén R. glutinis cho thiy két qua hién tai 1a
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tuong dong khi nhém tac gia ciing ghi nhan muc sinh
sic t0 ting rd rét trong khoang 0,4 — 12 M NaCl.
Twong tu, Oliveira de Lima et al. (2025) chi ra rang
stress thdm thau nhe dén trung binh c6 thé hoat hoa
cac enzyme trong chudi carotenogenesis nhu CrtYB
va Tor, tr d6 lam tang tich lly astaxanthin va
torularhodin. Ngoai ra, Ochoa-Vifials et al. (2024)
cling quan sat thay xu hudng twong ty khi khao sat R.
minuta, trong d6 0,6 — 1,5 M NaCl 1a vung tao sic tb
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cao, nhung vuot 1,5 M thi téc do tong hop giam
nhanh. Piém quan trong la trong khoang 0,5 — 1,5 M,
qua trinh sinh téng hop carotenoid van dién ra manh
mé, trong khi mirc 6 tc ché sinh khéi chua vuot
ngudng gi6i han. Vi vay, diéu nay cho thiy khoang
NaCl tir 0,5 dén 1,5 M 1a pht hop cho qua trinh 1én
men cam Ung sic t tir R. mucilaginosa, trong d6 lwa
chon cu thé s& tuy thudc vao uu tién gitta sinh khdi
va san lugng carotenoid mong mudn.

Bing 4. Ham lwong carotenoid (ug/g sinh khoi khd) theo nong dd mudi NaCl va giai doan nudi ciy

Nf‘)ng dé NaCl (M) Giai doan 1 Giai doan 2 Giai doan 3
0 153,85% + 0,67 129,48 + 0,63 118,40 + 0,62
0,5 185,53+ 0,41 155,080 + 0,65 144,75 + 0,80
1,0 226,482+ 0,73 168,54 + 0,80 161,02% + 0,67
1,5 181,51°+ 0,74 132,49« + 0,36 139,80 + 0,76
2,0 159,85% + 0,26 93,974+ 0,57 64,044 + 0,65

Chit cdi khéc nhau trong cing mot cot thé hién sw khdc biét ¢6 y nghia théng ké 6 mikc p < 0,05.

3.3. Anh huéng cia sy két hop mudi KCI va
NaCl dén qua trinh thu nhan carotenoid

Két qua & Bang 5 cho thiy t6 hop mudi KCI —
NaCl anh hudng 13 rét dén ca sinh truong va kha ning
tich lity carotenoid cia R. mucilaginosa. Trong bdn
t6 hop khao sat, nghiém thirc d6i chimg (0 M KC1 —
0 M NaCl) dat sinh khdi cao nhét (4,89 g/l) nhung chi
cho ham lugng carotenoid ¢ muc thap (142, 60 pg/g),
cho thay diéu kién khong stress it kich thich tong hop
sdc tb. Nguoc lai, nghiém thirc KC1 0,5 M —NaCl 1,0
M tuy ¢6 sinh khoi thap hon (3,60 g/1), nhung lai dat
ham luong carotenoid cao nhit (230,40 pg/g), ting
gan 62% so voi d6i chimg. Pay 1a bang ching cho
thay t6 hop stress ion trung binh c6 kha nang cam tmg
manh qué trinh sinh tong hop sic t6 ma van duy tri
dugc sinh truéng & muc chdp nhan dugc. Nghiém
thirc KC1 0,5 M — NaCl 0,5 M ciing cho két qua tich
cuc voi sinh khdi khéa cao (4,20 g/l) va ham luong
carotenoid dat 187,45 ug/g, tuy nhién van thip hon
khoang 18,6% so v&i nghiém thic NaCl 1,0 M.
Nguoc lai, & td hop KC10,5M —NaCl 1,5 M, méc du

ham luong carotenoid van & mirc kha cao (180,44
pg/g), nhung sinh khdi chi con 2,16 g/l giam hon
55% so v&i ddi chimg, diéu nay phan anh r6 tac dong
trc ché sinh truong khi tong néng d6 mudi vuot
ngudng chiu dung cua té bao. Xu hudng nay phu hop
v6i nghién ctru cua Kot et al. (2019) trong dé cac to
hop mudi trung binh co thé hoat hoa con dudng
carotenogenesis thong qua kich hoat biéu hién cac
gen nhu crtYB va tor, dong thoi thuc ddy bao vé
mang té bao khoi stress oxy hoa. Trong khi do, t& hop
c¢6 nong do mudi cao hon (nhu 1,5 M NaCl) lai gay
mét can bang ion ndi bao, lam suy yéu hoat dong sinh
Iy va rdi loan tong hop protein, dan dén giam sinh
khdi va hiéu qua tich lity sic t6. Tom lai, to hop mudi
KC1 0,5 M —NaCl 1,0 M 14 tét nht vi vira dam bao
ham luong carotenoid cao nhét, vira duy tri sinh khéi
& muc da 16n dé dat hiéu suét san phém cao toan hé.
T6 hop nay la Iya chon phu hop dé trién khai quy
trinh 1én men cam ung sic td tir R. mucilaginosa
huéng dén ung dung trong thuc pham va dugc liéu
tur nhién.

Bang 5. Anh hwéng ciia t6 hop mudi KCI1 - NaCl dén sinh truéng va tich liy carotenoid

Thanh phin mudi (M)

Ham lwgng sinh khéi (g/l)

Ham lwgng carotenoid (ng/g)

KCl10,0 - NaCl 0,0 4,892+ 0,39 142,60c + 0,21
KCl10,5 - NaCl 0,5 4,20+ 0,18 187,45*+ 0,36
KC10,5 -NaCl 1,0 3,60¢£ 0,21 230,40° £ 0,71
KCl10,5 - NaCl 1,5 2,164+ 0,08 180,44°+ 0,76

Chit cdi khéc nhau trong cing mot ot thé hién sw khdc biét ¢6 y nghia théng ké 6 mikc p < 0,05.
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3.4. Hoat tinh khang oxy héa ciia carotenoid
dwgc thu nhan tir R. mucilaginosa

3.4.1. Pinh tinh carotenoid bcfng sdc ky 16p
mong

Két qua phan tich bang sic ky ban mong cho
thidy co sy hién dién cua it nhat hai hop chat
carotenoid chinh. Trén ban sic ky, mau chuan
astaxanthin (mau A) xuét hién & vi tri c6 gia tri Rf =
0,27. Cac mau thir nghiém bao gdm mau trén moi
truong Hansen (mau B) va miu xir Iy stress mudi
NaCl — KCI (mau C) déu xuét hién vach tai vi tri Rf
trong ung, cho thdy sy hién dién rd ring cua
astaxanthin trong ca hai mau. Ngoai ra, c hai mau
B va C déu xuit hién thém mot vach & vi tri Rf =
0,92, khong tring véi mau chuan astaxanthin. Két
qua dinh tinh dugc bao cdo bdi Machado et al.
(2019) cho thay gia tri Rf nay phu hop véi B-
carotene, mot carotenoid khong phan cuc thuong
xuét hién trong cac loai ndm men do. Su hién dién
ddng thoi ciia hai vach sic ky nay cho thdy mau chia
ca astaxanthin va B-carotene, phan anh sy ton tai
song song cua carotenoid khong phan cuc va céac
carotenoid oxy hoa hon trong t& bao. Pang cha ¥,
cuong do vach sic ky cua astaxanthin trong mau
stress mudi (C) 10 nét hon so v&i dbi chimg (B) goi
¥ rang stress mudi da thic day qua trinh chuyén hoa
B-carotene thanh astaxanthin. Diéu nay phu hop vai
co ché cam tng stress da dugc chimg minh trong cac
nghién ctru trude ddy, trong do stress tham thau kich
hoat enzyme p-carotene ketolase va P-carotene
hydroxylase, xtic tdc qua trinh oxy hoéa B-carotene
thanh astaxanthin (Garcia-Cortes et al., 2021; Chen
et al., 2024). Day la phan Gng bao vé cua té bao
nhiam chéng lai tac hai ciia cac gbc oxy hoa sinh ra
duéi diéu kién bét loi. Tom lai, két qua dinh tinh
bang séc ky 16p mong cho thdy trong cic miu co ca
astaxanthin (Rf = 0,27) va B-carotene (Rf = 0,92),
vOi sy tang cudng sic to astaxanthin rd rét khi xir ly
stress mudi. Piéu nay khang dinh higu qua ctia chién
lwoc cam tmg stress NaCl — KCl trong thiic ddy sinh
tong hop carotenoid c6 hoat tinh sinh hoc cao, dong
thoi ho tro cho két qua dinh luong da ghi nhan & cac
thi nghiém trudc.
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Hinh 1. Két qua dinh tinh carotenoid bi'mg sdc
ky 16p moéng
Ghi chii: A - méu chudn astaxanthin, B - mau nudi trén

méi trieong Hansen va C - mau xit 1y stress muéi NaCl —
KCL

3.4.2. Nang luc khir ciua carotenoid duwoc thu
nhdn tir R. mucilaginosa

Két qua ¢ Bang 6 cho thdy cac mau carotenoid
tach chiét tir R. mucilaginosa c6 hoat tinh khir gbc
tu do manh hon dang ké so v6i chat chuan Trolox.
Cu thé, dé dat duoc gia tri hap thy quang hoc
OD700nm = 0,02, mau Trolox can nong do 13,333
pg/mL, trong khi miu carotenoid déi chimg chi can
2,469 pg/mL va mau dugc xir ly stress mudi (K* 0,5
M —Na* 1,0 M) chi can 2,174 pg/mL. Diéu nay cho
thdy ca hai mau carotenoid déu thé hién kha ning
bét gdc tur do cao gip hon 5 lan so véi Trolox, trong
d6 mau stress mudi dat hiéu qua cao hon mau déi
chung. Su cai thién hoat tinh khtr goc tu do c6 thé
lién quan dén qué trinh cam tmg stress tham thau,
vbn dugce biét 1a kich thich con dudng sinh téng hop
cac carotenoid oxy hoéa manh nhu astaxanthin va
torularhodin, cac hop chit c6 kha ning trung hoa
gbc ty do rat hidu qua nho cdu trac chira nhom
ketone va hydroxyl (Chen et al., 2024). Viéc so sanh
v6i cac dit liéu & Hinh 3 va Hinh 4 cho thiy mdi
tuong quan tuyén tinh gifra ndéng d6 va OD700nm
rit cao (R? > 0,99), diéu nay cho thay két qua do
dang tin cdy va co thé sir dung dé danh gia dinh
luong kha nang chéng oxy hoa ctia cac mau.
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3.4.3. Kha nang bdt goc tw do ABTS'cia
carotenoid dwoc thu nhin tr R.
mucilaginosa

Két qua Bang 7 cho thdy cac mau carotenoid
tach chiét tir R. mucilaginosa thé hién kha nang bat
géc tw do ABTS* vuot trdi so véi chét chuén Trolox,
thong qua gié tri ICso, ndng d¢ can thiét dé trc ché
50% gbc tu do.

Bing 7. Gia tri ICso clia mau carotenoid va

Trolox
Maiu Gi4 trj ICso (ng/mL)
Trolox 15,375
Doi chiung 5,712
Stress KC1 + NaCl 5,539

Mau Trolox c6 ICso 12 15,375 pg/mL, trong khi
mau carotenoid ddi ching chi can 5,712 pg/mL va
mau xtr 1y stress mubi (KC1 0,5 M — NaCl 1,0 M)
con thap hon, dat 5,539 pg/mL. Diéu nay chimng
minh rang ca hai mﬁu sdc td déu c6 hoat tinh chdng
oxy hoa manh gap gan 3 1an so v&i Trolox va stress
mudi ¢ thé gop phan tang cuong hiéu lyc nay. Su
cai thién hoat tinh & mau stress mudi c6 thé 1a két
qua clia qua trinh cam (g sinh hoc duéi diéu kién
bt lgi, von dugc chimg minh 1a kich hoat con dudng
sinh téng hop cac carotenoid ¢6 nhom chirc oxy hoa
manh nhu astaxanthin va torularhodin, nhitng hop
chat ndi bat voi kha nang trung hoa gbe ty do do ¢6
chu trac chira nhém ketone va hydroxyl & hai dau
mach polyene (Chen et al., 2024). Diéu nay ciing
phu hop voi ket qua do nang luc khir (OD7oo) trude
d6, cho thay mdi tuong quan giita ciu tric hda hoc
carotenoid va hi¢u lyc khang oxy hda. Viéc so véi
cac nghién ctru truée cho thiy gia tri ICso trong
nghién ctru hién tai tvong dong véi két qua cua El-
Banna et al. (2012), khi ghi nhan ICso ctia chiét xuét
carotenoid tir R. glutinis & khoang 5,2 — 6,0 pg/mL.
Ngoai ra, Ochoa-Vifials et al. (2024) cling bdo céo
rang carotenoid tu nhién tr nam men do6 cho hi¢u
qua khang oxy hoa cao hon dang ké so véi cac chét
chuin téng hop, dac biét trong cac hé théng géc tu
do ABTS* va DPPH". Nhu vy, két qua ICso cting cb
10 rang rang carotenoid tir R. mucilaginosa, dac biét
khi dugc cam Ung boi stress muoi, la ngudn chét
khang oxy hoa tiém niang va c¢6 thé canh tranh hodc
vuot troi so véi cac hop chat chuan hién nay nhu
Trolox trong tmg dung thuc pham, dugc pham va
m§ pham ty nhién.

4. KET LUAN

Két qua nghién ctru di xac dinh rang stress thim
thau do muoi ¢ nong d6 thich hop khong chi duy tri
sinh trudng cia R. mucilaginosa ma con kich thich
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manh mé qua trinh sinh tng hop carotenoid. Trong
cac diéu kién khao sat, nong d6 KC10,5 M va NaCl
0,5—1,5 M 14 t6i uu dé can bang giira hi¢u sut sinh
khdi va ham lugng carotenoid tich lily. Pac biét, td
hop KC10,5 M —NaCl 1,0 M cho thay hiéu qua vuot
trdi, dat ham lugng carotenoid cao nhit ma khong
lam gidm manh sinh trudng. Cac phan tich hoéa hoc
va sinh hoc cho théy carotenoid thu dugc ¢ cau trac
dac trung cua astaxanthin va B-carotene, vdi hoat
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