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Abstract: In this study, the structural characteristics of a polysaccharide extracted from the Ulva
fasciata green seaweed were determined using the chemical composition analytical methods
combined with IR, MS, and NMR spectra. The results showed that the polysaccharide consists of
two major repeating disaccharide units designated as ulvanobiuronic acid 3-sulfate type A (A3s)
[—4)-B-D-GlcA-(1 — 4)-0-L-Rha 3S-(1—] and type B (B3s) [—4)-a-LIdoA-(1 — 4)-0-L-Rha
3s(1—]. This kind of polysaccharide exhibited a significant in vitro antioxidant activity. This study
demonstrated that the Ulva fasciata green algae can be considered as a source of bioactive ulvan.
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Dic diém ciu tric va hoat tinh chéng ox1 hoa cua
polysaccharide chiét tach tir rong luc Ulva fasciata
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Tém tit: Trong bai bao nay, chung ti da str dung phuong phap phén tich hoa hoc két hop véi phd
IR, MS va phé NMR dé phan tich dic diém cau trac cua polysaccharide chiét tir loai rong
Ulva fasciata. Két qua nghién ctru thu duoc nhu sau: polysaccharide 1a hdn hop cua 02 dang cau
tric khac nhau bao gom dang A3s 1a su lip lai cta disaccharide [—4)-B-D-GlcA-(1 — 4)-a-L-Rha
3S-(1—] va dang B3s 1a sy lap lai cua disaccharide [—4)-a-L-1doA-(1 — 4)-a-L-Rha 3s(1—]. Két
qua thir nghiém hoat tinh chéng oxy héa in vitro cao cho thiy polysaccharide chiét tir rong
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Vién Nghién cizu va Ung dung cong nghé Nha Trang, Vién Han 1am Khoa hoc va Céng nghé Viét Nam,

Ulva fasciata c6 thé coi nhur 1a ngudn cung cép ulvan c6 hoat tinh sinh hoc.

Tir khéa: Cu tric, hoat tinh chéng oxy héa, polysaccharide, rong luc.

1. Mé dau

Céc loai rong luc thudc chi Ulva duoc biét
dén nhu 1a loai thyc vat ¢6 kha ning ting sinh
khéi nhanh trong diéu kién khi hau khéac nhau,
nguyén nhan tao nén hién tugng thuy triéu xanh
tai mot sé vang bién trén thé gisi [1-3]. Vi vay,
ching rat thich hop cho viéc nudi trong, st
dung dé xir ly sinh hoc nuéc thai giau dinh
dudng tr thdm canh thay san hoac cung cap
nguyén liéu cho viéc san xuat cac san pham
sinh hoc. Mét trong nhitng san pham sinh hoc
hitu ich tir rong luc duoc quan tam nhiéu nhét 1a
sulfate polysaccharide dang ulvan [4]. Ulvan
khong chi c6 hoat tinh sinh hoc phong pht nhu
hoat tinh khéang virus, chéng oxy héa, ha lipid
méu, chéng ung thu,... ma chung con c6 kha
nang twong thich sinh hoc cao, vi vay ching
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duogc coi nhu 14 ngudn vat ligu y sinh day tiém
nang (g dung cho céng nghiép dugc pham va
thuc pham [5, 6].

Ulvan la polysaccharide di thé duoc tao
thanh boi cdc monosaccharide (rhamnose,
xylose, glucuronic acid va iduronic acid) chu
yéu théng qua céc lién két a- va p-(1,4). Cau
trdc cua ching dugc xay dung baoi sy lap lai cua
hai disaccharide chinh Ia ulvanobiuronic acid
gom (A3s) [—4)-B-D-GIcA-(1 — 4)-o-L-Rha
3S-(1—]; (B3s) [—4)-a-L-1doA-(1 — 4)-a-L-
Rha 3s(1—] va Ulvanobiose gom U3s [ [—4)-B-
d-GlcA-(1-2)-0-DXyl-(1—] [7, 8]. Cau trac
trén thay dbi theo timg loai rong, dia diém thu
mau va quy trinh tach chiét [9].

Rong Ulva fasciata thugc chi Ulva, ho
Ulvaceae, thuc nganh rong luc, ching phan b
ving bién Pai Tdy Duong, bao gdm ci bién
Caribe va An Py Duong, va Thai Binh Duong
tai cadc bd bién ctia Nhat Ban, Trung Quodc,
Philippines, Viét Nam, Singapore, Indonesia
[10]. B4 c6 nhiéu cong trinh nghién ctu vé loai
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rong ndy, tuy nhién cac cong bd nay chu yéu vé
phan loai, nuoi tréng va cac hoat tinh sinh hoc
clia cac chét dugc chiét tir rong U. fasciata sir
dung dung moi khac nhau [11-13] ma hau nhu
chua c¢6 cong bd nao vé cau trac chi tiét cia
polysaccharide chiét tir loai rong nay. Gan day
¢ cong bd ciia nhom cac nha khoa hoc Brazil
vé so sanh dic diém cAu tric cua ulvan
polysaccharide chiét tir loai rong nay sinh
trudng trong moi trudng tw nhién va trong diéu
kién nudi trong [14]. Su khac nhau chinh ¢ day
1a sy c6 miat gbe duong xylose va ty 18 02 dang
ciu truc dang A3s va dang B3s khac nhau.

Tai Viét Nam nguén loi rong luc rt 16n 1én
t6i 152 loai [15], chu yéu thude vé cac chi rong
sau Ulva, Caulerpa, Chaetomorpha,
Enteromorpha, Cladophora . dd c6 mot sd
cong trinh cong bd vé céu trac va hoat tinh sinh
hoc ctia mot sO loai rong xanh thudc chi Ulva
nhu Ulva reticulata, Ulva lactuca [16, 17]. Céu
trac ciia 02 ulvan polysaccharide chiét tir 02
loai rong nay la cing c6 cdu trac mach chinh 1a
khung A3s [—4)-3-D-GIcA-(1 — 4)-a-L-Rha
3S-(1—] nhung ulvan chiét tr rong Ulva
lactuca con chira lwong nho disaccharide
B-GlcA-(1—2)-a-Xyl [16] trong khi ulvan chiét
tr rong Ulva reticulata ¢c6 c6 mach nhanh la
acid glucuronic tai vi tri C2 cua géc B-D-D-
glucuronosyl [17]. Mac du cung mot chi Ulva
nhung rong U. fasciata chi duoc biét dén trong
cac cong bd vé su phan b cua cac loai rong luc
tai Viét Nam [14] ma chua co cong bd nao vé
cAu trc va hoat tinh sinh hoc cua
polysaccharide chiét tir loai rong nay. Bé danh
gia ngudn loi polysacchide dinh hudng cho viéc
khai thac va st dung rong luc thudc chi Ulva,
bai bao nay dua ra két qua nghién ctru dic diém
céu triic va danh gia hoat tinh chéng oxi hoa
cua polysaccharide dang ulvan tur rong luc U.
fasciata sinh truong tai ving bién Khanh Hoa.

2. Thue nghiém
2.1. Thu thdp, xiz Iy mdu va chiét tach
polysacharide te rong luc Ulva fasciata

Thu thgp va xi ly mdu rong: Rong
U. fasciata dugc thu & Nha Trang vao thang

3/2021 va duogc dinh danh boi TS. V6 Thanh
Trung (Vién nghién ctu va Ung dung cong
nghé Nha Trang). Mau rong sau khi thu thap
duoc rira sach rac, cat, min bang nudéc may roi
dem phoi kho trong bong ram, sau d6 nghién min
thanh bot.

Quy trinh chiét tach [18]: 20 g bot rong kho
sau khi da dugc loai b mau va chat béo bang
hdn hop MeOH-CHCls, dugc chiét véi 200 ml
nudc cét tai nhiét d6 120°C trong 40 phut
(st dung ndi hip tiét trung autoclave). Dich
chiét dugc quay ly tdm tach ba thu lay dung
dich. Thém cdn vao dung dich dé toa
polysaccharide (Veon:Vaien = 4:1). Ly tam ldy
tia, rira tia nhiéu 1an béng con thu duoc 2,56 g
polysaccharide. Hi¢u suat chiét tich 1a 12,8%
tinh theo khéi lugng rong kho.

2.2. Phdn tich thanh phan héa hoc

2.2.1. Thanh phan dudng trung tinh: xac dinh
theo phuong phap cua Billan va cong su [19].

2.2.2. Ham luong sulfate: xac dinh bang
phuong phap do do duc [20].

2.2.3. Ham lugong acid uronic: xac dinh
bang phuong phép carbazol [21].

2.3. Phé IR

Pho IR dugc do trén may FT-IR Affinity-1S
Shimadzu.

2.4. Phé NMR

Phé NMR duogc do trén mday Bruker
AVANCE II 500 MHz véi dung moi DO &
nhiét d6 70 °C, st dung DSS lam chat chuan noi
v6i k¥ thuét do khir tin hiéu ctuia nudce.

2.5. Phé MS

Pho ESI-MS dugc ghi trén thiét bi LC/MSD
Ion trap 1100, ché dd ghi mau ESI vdéi kiéu ion
hoa duong.

2.6. Hoat tinh chong oxi héa

2.6.1. Xac dinh kha niang khir sit: theo
phuong phap Zhu va cong su [22]. i )

2.6.2. Xac dinh hoat tinh oxi hoa tong so:
theo phuong phép Prieto va cong su [23].

2.6.3. X&c dinh kha nang bat goc DPPH:
theo phuong phép ctia Blois va cong su [24].
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3. Két qua va thao luin

3.1. Két qud phan tich thanh phan héa hoc
cua ulvan tw rong Ulva fasciata

Két qua phan tich thanh phan héa hoc
(Bang 1) cho thay polysaccharide tir rong
U. fasciata ¢ thanh phan chinh la rhamnose,
acid uronic, sulfate va lugng nho xylose va
glucose. Két qua nay chung to polysaccharide
te rong U. fasciata la sulfate polysaccharide
giau rhamnose dang ulvan. Pay la dic diém
chung cua sulfate polysaccharide chiét tir cac
loai rong luc thuéc chi Ulva [9].

Bang 1. Thanh phan héa hoc ctia ulvan
tir rong U. fasciata

. Pon vi tinh
Thanh phan duong
% Ty 1€ mol

Ramnose 37,50 1,00
Xylose 0,80 0,05
Glucose 0,75 0,02
Sulfate 20,54 0,94
Uronic acid 37,50 0,91

3.2. Pdc trung cdu tric cia polysaccharide
chiet rir rong Ulva fasciata

Dic trung cau trdc caa ulvan chiét tir loai
U. fasciata dwoc nghién ctu biang phéd IR,
NMR va MS. Trén phé IR (Hinh 1) xuat hién
céc dai hap thu tai 3427 va 2929 cm™ ung Véi
dao dong hoa tri cia nhém OH va nhom C-H.
Céc dai hap thu tai 1604 va 1415 cm™ thuoc vé
dao dong ctia nhom carboxyl trong phan tir acid
uronic [25]. Sy ¢ mat cia nhém sulfate dugc
xac nhan boi dao dong hoa tri cua nhom S=0
va dao dong bién dang cua lién két C-O-S tai vi
tri axial ¢ng voi giai hip thu tai 1259 va
852 cml. Nhu vay trén phd IR x&c nhan sy c6
mat cac nhoém chure dac trung trong phan tir ulvan.

Phé 'H va *C-NMR cua ulvan (Hinh 2) déu
xuat hién 3 ving tin hiéu khac nhau. Tai viing
truong cao xuat hién 2 tin hiéu gan nhu tring
nhau tai 19,5 ppm (Hinh 2A) va 1,22 ppm
(Hinh 2B).

Hinh 1. Phé IR cua ulvan tir rong U. fasciata.

Tai ving anomeric xuat hién 3 tin hiéu tai
102,5; 103,5 va 105,8 ppm (Hinh 2A) va 6 tin
hiéu (Hinh 2B) la 4,58; 4,52; 4,63; 4,80; 4,89
va 5,08 ppm. Ving tin hiéu tir 3,3 ppm dén
4,2 ppm (Hinh 2B) va tin hiéu tr 70,55 dén
81,59 ppm (Hinh 2A) thudc vé cac proton va
carbon cua vong pyrannose. Ngoai ra trén phd
13C NMR con c6 tin hiéu tai 179,94 va tin hiéu
V6i cudng do yéu tai 179,0 ppm ching to su 6
mat cua acid uronic.

A

. & “ ) 2 ' ¢ ’ apm

Hinh 2. Phd 3C-NMR (A) va *H-NMR (B)
cua ulvan tir rong U. Fasciata.

Két qua phan tich thanh phan héa hoc (Bang 1) cho
thdy thanh phan héa hoc chinh cua polysaccharide tir
rong U. fasciata la rhamnose va acid uronic, trén pho
'H NMR va ®C NMR déu thé hién diéu nay. Trén pho
IH-NMR ¢6 2 tin hiéu tai ving 1,3 ppm thudc vé
proton ciia nhém CHj trong goc duong rhamnose va 02
tin hiéu tai 19,5; 19,58 ppm, 02 tin hiéu tai vung
179,94; 179,0 ppm thuéc vé C6 cua gbc dudng
rhamnose va C6 cua acid uronic. Tir két qua trén cho
thiy c6 02 gdc anomer rhamnose va 02 gc anomer

acid uronic.
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Hinh 3. Phé HSQC cua ulvan tir rong U. Fasciata.

Ngoai ra theo sé liéu & Bang 1 thi ty I¢ mol
giira cac thanh phan rhamnose, acid uronic va
sulfate ty 1a 1: 0,91 : 0,94. Pay la ty 1¢é gin nhu
ly twong véi cdu tric cua ulvan dang
ulvanobiuronic acid ma trong phan tr cua
chiing c6 thé ton tai hoic dang A3s hoic dang
B3s hoic ton tai ca hai dang trén. Két hop dit
licu phd 'H NMR va C NMR, ching toi dy
doan dic trung cau tric cua ulvan chiét tir rong
U. fasciata la dang ulvanobiuronic acid A3s va
ulvanobiuronic acid B3s. Tuy nhién tai vung
anomeric cua phdé *C NMR chi thiy xuét hién 3
tin hiéu trong khi ving anomeric cua phd
IH NMR xuét hién 6 tin hiéu. Trén viing anomer
cua phd HSQC, tir 03 tin hiéu C anomer 105,8;
103,52 va 102,52 ppm chung t6i xac dinh dugc 04
tin hiéu proton anomer. Tur day, chiing t6i xac
dinh duwoc céc cap tuwong tac 11 (105,8/5,081),
R1(103,52/4,89), R’1(102,52/4,80) va
G1(105,8/4,636). Tir két qua phan tich héa hoc
va cac dir lieu tham khao [7, 9], ching t6i gan
cac goc anomer sau: 11(C1,H1) la gbc (1—4)-a-
L-1doA; R1(103,52/4,89) la gbc (1 — 4)-a-L-
Rha 3S (A3s); R’1(102,52/4,80) la gbc
(1 — 4)-a-L-Rha3s (B3s) va G1(105,8/4,636)
1a goc (1—4)-p-D-GlcA. Nhu vay, két qua phan

tich ph6 HSQC tai ving anomeric da xac nhan
su ¢6 mat cua 4 géc anomer trong phan tar ulvan
chiét tach tir loai rong U. fasciata ing cau tric
dang ulvanobiuronic  acid A3s va
ulvanobiuronic acid B3s (Hinh 4).

Pho ESI-MS (Hinh 5) xuat hién cac pic tai
m/z 195; m/z 243; m/z 339; m/z 419, tuong
wng Vai su ¢6 mat cua cAc manh ion cua uronic
acid [UroA]-, monosulfate ~ rhamnose
[RhaSO3]-, rhamnose uronic acid [RhaUroA]-
va monosulfate rhamnose uronic acid
[RhaUroASO3-H20]-. Két qua nay phu hop
v6i két qua phan tich thanh phan héa hoc
(Bang 1) va x& nhan sy c6 mat coa
disaccharide dang ulvanobiuronic acid. Két hop
két qua phan tich hoa hoc va phan tich phé IR,
NMR va MS c6 thé khing dinh polysaccharide
chiét tir loai rong U. fasciata cd cdu tric dang
ulvanobiuronic acid A3s va ulvanobiuronic acid
B3s (Hinh 4).

Na* ‘O,S/ Lot

Rhamnose 3-sulfate

BSs

Glucuronic acid

Rhamnose 3-sulfate

Y
Iduronic acid

Hinh 4. Dic diém céu trdc cua ulvan
tir rong U. fasciata.

Su ton tai dong thoi hai dang khung cau
trdc chinh A3s va B3s (Hinh 4) la rat it gap dol
véi ulvan chiét tir chi rong Ulva. Hau nhu cu
trdc cua ulvan thuong c6 khung co ban la dang
A3s hoidc B3s hoic U2,3s va khac nhau & su
¢6 mat c&c mach nhanh nhu xylose, glucuronic
acid tai vi tri C2 hoic C4 cua cac gdc
D-glucuronosyl va L-rhamnopyranosyl. Vi du,
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ulvan chiét tir rong Ulva lactuca c6 cau tric
chinh la khung ulvanobiuronic acid A3s va
luong nho disaccharide B-GICA-(1—2)-0-Xyl
[16] trong khi cau truc cua ulvan chiét tir rong
Ulva reticulata c6 cau trdc chinh 1a khung A3s
[—4)-B-D-GIcA-(1 — 4)-0-L-Rha 3S-(1—] ¢6
mach nhanh la acid glucuronic tai vi tri C2 cua
gbc p-D- D-glucuronosyl [12] va ulvan chiét tur
rong Ulva pertusa c¢6 ciu truc la khung A3s
[—4)-B-D-GIcA-(1 — 4)-a-L-Rha 3S-(1—]
v6i mach nhanh 1a xylose tai vi tri C2 cua géc
L-rhamnopyranosyl [26].

-
10vwA)
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Hinh 5. Phé ESI - MS cua ulvan chiét
tir rong U. fasciata.

3.3. Hoat tinh chong oxy héa ciia ulvan chiét tir
rong Ulva fasciata

Hoat tinh chong oxi héa ctia ulvan chiét tir
rong U. fasciata duoc thé hién & Bang 2. Két
qua Bang 2 cho thay polysaccharide thé hién
hoat tinh chong oxi hoéa thong quan 03 phép
thir v6i két qua nhu sau: kha ning khir sat
tuong tng voi 58,2% so vai acid ascorbic, cao
hon so vé6i polysaccharide chiét tir loai rong
Hypnea valentiae (42,6% tai nong do
50 mg/ml) [27]. Hoat tinh chéng oxy hda tong
s6 twong ng véi 71,6% so vai acid ascorbic va
tuong dwong véi polysaccharide chiét tir mot sb
loai rong ndu nhu Padina tetrastomatica,
Turbina riaconoides va Sargassum tenerrimum.
[28]. Kha niang bat gbc DPPH tai ndng do
1 mg/ml cé gia tri Sc la 74,8%, cao hon so véi
polysaccharide chiét tir cung loai rong
U. fasciata sinh truong tai Trung Quéc c6 kha
ning bét gdc tai cung ndng do vai gia tri Sc la

20-25% [29]. Nhu vay, polysaccharide chiét tir
rong U. fasciata thé hién hoat tinh chéng oxi
hoéa cao, diéu nay duogc giai thich boi sy c6 mat
nhém sulfate va acid uronic trong thanh phan
hoa hoc chinh caa chdng [29].

Bang 2. Két qua thir hoat tinh chong oxi héa

Hoat tinh Hoat tinh Kha
Nong Khir st chong oxi hoa nz}ngA’
do mau | (mg acid tong s6 bat goc
(ng/ml) | ascorbic/mg (mg ac_ld DPPH

ulvan) ascorbic/mg Sc %

ulvan)

100 0,08 0,06 30,5
250 0,12 0,18 42,5
500 0,23 0,34 57,3
750 0,34 0,58 66,0
1000 0,72 0,81 74,8

4. Két luan

Polysaccharide tir rong U. fasciata 1a hon
hop cuia 2 dang cau tric khac nhau géom dang
A3s la su lap lai cua disaccharide [—4)-B-D-
GIcA-(1 — 4)-a-L-Rha 3S-(1—] va dang B3s
la su 1ap lai cua disaccharide [—4)-o-L-l1doA-
(1 — 4)-0-L-Rha 3s(1—]. Polysaccharide chiét
tir rong U. fasciata thé hién hoat tinh chéng oxi
hoa théng qua 3 phép thu: hoat tinh oxy hoa
tong s6, kha ning khtr sit va kha ning bét géc
DPPH. Két qua nay dinh huéng cho viéc s
dung ulvan nhu 13 hop chit chdng oxi héa tu
nhién ang dung trong cong nghiép thuc pham.

Lo1i cam on

Nghién ciru dugc Vién Han 1am Khoa hoc
va Cong nghé Viét Nam tai tro kinh phi, dé tai
mi sb KHCBBI.01/21-23. Céc tac gia trin
trong cam on TS. VO Thanh Trung da gitp dinh
danh rong.
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