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Toi wu héa diéu kién chiét fucoidan tir rong ndu Tubinaria decurrens
bing phwong phap chiét co hd tro cila song siéu dm

Nguyen Ngoc Anh!, Ngo Vin Quang!, Quach Thi Minh Thu',
H6 Pirc Cudong?, Nguyén Quang TAm', Thanh Thi Thu Thiy"

"Vién Hoa hoc, Vién Han lam KH&CN Viét Nam
’Dai hoc Bach khoa Ha Noi

Ngay nhan bai 11/2/2022; ngay chuyén phan bién 15/2/2022; ngay nhan phan bién 7/3/2022; ngay chap nhan ding 10/3/2022
Tom tit:

Fucoidan la sulfate polysaccharide c6 trong rong niu va dugc ing dung nhiéu trong linh vuc y duge. Gin day, xu
hlm’ng ap dung cac ky thuat chiét tién tién va tdi wu héa cic diéu kién chiét dwgc dac biét quan tim nham dat hiéu
suit chiét tach cao. Trong nghién ctru nay, phwong phap dap ing bé mit (Response surface methodology - RSM)
dwgec str dung dé tdi wu hoa dleu kién chiét tach fucoidan tir rong niu Tubinaria decurrens voi sy hd tro ciia séng siéu
am. Sy tac dfng cta 3 yeu to: nhiét do (X,: 50-80°C), thoi gian (X,: 30-60, phit) va cong suét siéu Am (X,: 40-100%)
dugc nghién ciru théng qua mé hinh Box-Behnken. Két qua cho thay, diéu kién tdi wu de chiét fuc01dan I1a tai nhiét
do 70°C, thoi gian 53 phut va cong suét siéu 4am 90%. Tai diéu kién ti wvu nay, hiéu suét chiét tach thuc nghiém dat

4,28%, r:"it gz“m voi hiéu suit cuc dai theo tinh toan (4,34%).

Tir khéa: chiét siéu am, fucoidan, phwong phap dap ing bé mit, Tubinaria decurrens.

Chi s6 phén loai: 1.4

- £ X
Dét van dé

Fucoidan 1a mét sulfate polysaccharide c6 cau trac - phuc
tap, thuong duogc tim thay trong rong nau va duoc biét dén
12 mot hop chat co nguén goc tu nhién voi nhiéu hoat tinh
sinh hoc quy nhu: chong dong tu mau, chdng u, chdng
oxy hoa, khang khuén, khang ndm... [1]. Thanh phan cta
fucoidan bao gom nhiéu loai du’ong, chu yéu 1a fucose va
mot sé duong khac nhu galactose, glucose..., ngoai ra con
¢6 acid uronic [2]. Cac nghién ctru da chi ra rang, thanh
phﬁn ho4 hoc va ciu truc cia fucoidan phu thudc vao loai
rong, thoi diém thu hai, vi tri dia Iy va dic biét 1a diéu kién
chiét tach [3, 4].

Pé chiét tach polysaccharide, phuong phap héa hoc
(Conventional chemical extraction - CCE) thuong dugc su
dung vi d thyc hién nhung lai ton nhiéu thoi gian, ning lugng
va hiéu suét khong cao [5]. Hién nay, cac nha khoa hoc tap
trung dén cac phuong phap chiét voi ki thuat cao nhu chiét co
su hd trg cua vi song (Microwave assisted extraction - MAE),
siéu am (Ultrasound assisted extraction - UAE) hay enzym
(Enzymes assisted extraction - EAE). Trong d6, phuwong phap
sinh hoc EAE hira hen cho hi¢u suat cao hon vdi tinh toan ven
clia cu trac, tuy nhién van d& lya chon enzym thich hop ciing
nhu viée giai phong céc chat khong mong mudn van dang
dwoc nghién ciru [6]. Gan day, UAE dugc danh gia 1a phuong
phép thay thé tot hon dé chiét tach polysaccharide tir thuc vat,
viée str dung phuong phap chiét c6 hd trg cua song sidu am
mang lai hiéu qua cao ciing nhu rit ngan thoi gian chiét va
nang lugng tiéu thu [7-9].
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Hién nay, xu hudng ap dung cac ky thuat chiét tién tién
va t6i uu hoa cac diéu kién chiét dugc dic biét quan tam
nhim dat duoc ca muc tiéu cho hiéu suit cao va cac chi
tiéu khac nhu d6 tinh khiét, khéi lugng phan tir va hoat tinh
sinh hoc cua polysaccharide. Cong cu théng ké phd bién
nhat duoc sir dung cho muc dich trén 1a RSM [10]. Phuong
phap nghién ciru nay da dugc ap dung thanh cong dé chiét
polysaccharide tir ca thuc vat trén can [11] va rong bién [12].

O Viét Nam, fucoidan tir rong bién da dwgc nhiéu nha
khoa hoc quan tdm nghién ctu va dua dugc fucoidan tng
dung vao cudc séng nhu mot loai thuc phr?im bao vé stic
khoe. Tuy nhién, da sé cac nghién ctru déu sir dung phuong
phép chiét truyén thong CCE [13-15].

Trong bai bao nay, ching t6i dua ra cac két qua nghién
ctru chiét tach fucoidan tir rong niu Tubinaria decurrens
bang phuong phap UAE, cac thong s6 nhiét do, thoi gian
va cong suat siéu 4m duoc toi uu bang phuong phap RSM
v6i mo hinh Box-Behnken dé thu duge fucoidan véi hiéu
sudt cao.

Déi twong va phuong phap nghién ciiu

Déi twong

Rong nau Tubinaria decurrens thu hai & Miii Giac (tinh
Kién Giang) thang 4/2020 va dugc dinh danh boi TS Vo
Thanh Trung (Vién Nghién ciru va Ung dung cong nghé
Nha Trang). Mau rong bién duoc rira sach bang nuéc, phoi
kho, nghién nhé va bao quan ¢ nhiét do phong.
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Abstract:

Fucoidan is a sulfated polysaccharide derived from brown
seaweed, and it has been applied in pharmaceutical fields.
Recently, the trend of applying advanced extraction
techniques and optimizing extraction conditions has been
particularly interested in order to achieve high extraction
yield. In this study, response surface methodology (RSM)
were employed to optimise the ultrasound-assisted
extraction of fucoidan from brown seaweed Tubinaria
decurrens. The impacts of three independent variables,
including extraction temperatures (X;: 50-80°C), extraction
time (X,: 30-60 min), and ultrasound power (X,: 40-100%)
was investigated through Box-Behnken experimental
design. The results showed that the optimised condition was
at extraction temperatures of 70°C, extraction time of 53
min, and ultrasound power of 90%. Under this optimised
condition, the extraction yield was 4.28% and close to the
predicted yield of 4.34%.

Keywords: fucoidan, response surface methodology,
Tubinaria decurrens, ultrasound-assisted extraction.

Classification number: 1.4

Phwong phap nghién ciru

Chiét tach fucoidan tir rong ndu: Chiét tach fucoidan tir
rong dugc thuc hién theo phuong phap ciia Chen Yang va
Donghwa Chung (2008) [16] véi mét sb thay dbi nho. Can
5 g bot rong duoc xir Iy véi hdn hop methanol (MeOH),
chlloroform (CHCIS)’ va nuéc theo ty 1€ 4:2:1 V/V, dé loai bo
chat mau va cac chat co trong lugng phan tu thap. Sau do,
loc, rira voi cdn, dé kho & nhiét do phong. Nguyen ligu rong
duogc su dung dé chiét fucoidan voi sy thay doi cta 3 diéu
kién chiét: nhiét do 50-80°C, thoi gian 30-60 phut va cong
sudt cia may siéu 4m 40-100%. Sau khi chiét, loc ly tim
lay dich trong, thém dung dich QaCl2 2%. Dung dich dé
qua dém ¢ nhiét do 4°C, ly tdm bang may Hellich-EBA 21
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vé6i toe d6 5000 vong/phut, 1dy dich trong, c6 quay loai bot
nuée trén hé thiét bi Buchi Rotavapor R-200 roi két toa
bang ethanol 96% (dich chiét véi ethanol theo ty 1& 1:3 v/v).
Ly tam ldy tua, rira tia bang con va sy & 50°C dén khoi
luong khong ddi thu duoc fucoidan. Cac mau fucoidan dugc
can va tinh hiéu sut chiét tach theo khéi luong rong kho.

T6i wu héa diéu kién chiét tach fucoidan tir rong ndu:
Thi nghiém t5i wu hoé diéu kién chiét fucoidan tir rong nau
Tubinaria decurrens bang phuong phap UAE dugc thiét ké
theo m6 hinh Box-Behnken vi 15 thi nghiém. Cac yéu tb
tac dong dugc khao sat bao gf”)m: nhiét do (X1: 50-80°C),
thoi gian (X,: 30-60, phut) va cong sudt ciia may siéu am
(X,: 40-100%), v6i ham muc tiéu 1 hiéu suét chiét Y. Mic
cac bién doc 1ap dugc ma hoa theo bang 1.

Nhan t6 va cac mrc do bd tri theo mé hinh
Box-Behnken.

Bang 1.

Mirc d¢ ma hoa

Nhén té (bién) Ky hiéu

-1 0 +1
Nhiét d¢ (°C) X, 50 65 80
Thei gian (phut) X, 30 45 60
Cong suat (%) X, 40 70 100

Phuong phdp xir Iy s6 liéu: Cac sb lidu thu thap duoc
tinh toan, phan tich ANOVA bang phan mém Design Expert
(version 11.0). Céc gia tri bat thuong dugc loai bo bﬁng
phep toan Dulcan (p<O0, 05) M0 hinh thuc nghlem cho thay
mdi tuong quan giita bién phu thudc véi cac bién doc lap
dugc mo ta thong qua mo hinh da thue bac 2 nhu sau:

Y:B0+B1X1+B2 +B3X3+B11X2+B22 22+B
B12)(1)(2 + B13)(1>(3 + B23
trong d6: Y 1a bién phu thuc}c (hiéu suét chiét fucoidan, %);
B, 1a hang sb khong ddi cia mo hinh; B, (i=1, 2, 3) 1a hé s6
tuyén tinh bac 1; 5 Byy> By By 12 hé s6 phuong trinh bac 2; B
B By;1a hé sd tuong tac cuia 2 bién doc 1ap.

Phé NMR: Po trén may Bruker AVANCE Neo 600Mhz
¢ nhiét do 70°C, str dung nude deuteri hoa (D,0) + 1%
acid acetic deuteri hoa (CD,COOD) lam dung mdi va
4,4-dimethyl-4-silapentane-1-sulfonic acid (DSS) lam chat
chuan noi voi k¥ thuat do khur tin hi¢u nudec.

X2+

33773

12>

Két qua va ban luan

Hiéu suit chiét fucoidan trong mién thi nghiém khao
sat dao dong 2,36-4,23% (bang 2). Tai diém trung tdm cta
ving khao sat (thi nghiém 8), hiéu suit chiét co gia tri 1a
4,23%, day ciing 1a gia tri cao nhat khi so sanh véi cac diéu
kién chiét khac.
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Bang 2. B6 tri thi nghiém va két qua thiét ké t6i wu theo mé
hinh Box-Behnken.

STT  Nhiétdd (°C) Thoigian (phit) Congsuit (%)  Hiéu suit (%)
1 65 30 40 2,36
2 50 60 70 3,96
3 80 30 70 3,76
4 65 45 70 3,85
5 50 45 100 3,12
6 65 60 40 3,01
7 65 30 100 3,84
8 65 60 100 423
9 50 30 70 3,71
10 80 45 40 2,72
11 80 60 70 413
12 65 45 70 3,99
13 80 45 100 413
14 65 45 70 3,94
15 50 45 40 2,70

Phan tich dir liéu hdi quy da nhan td, bién dap tng va kiém
nghiém co lién quan véi nhau boi phuong trinh da thire bac
2. Dya vao thuc nghiém va mo hinh dap tng bé mat xac dinh
dugc phuong trinh phi tuyén ddi v6i ham muc tiéu Y nhu sau:

Y =393 + 0,1562X, + 0,22X, + 0,5788X, + 0,03X X, +
0,2475X X, - 0,04X,X; - 0,1271X X, + 0,0904X X, - 0,6321X X,

Phan tich phuong sai ANOVA dugc thuc hién dé danh gia
sy pht hop cta mo hinh, két qua dua ra & bang 3, gid tri
F=15,46 va p=0,0614 (p>0,05) cho thiy, bé mit x4c suat mod
hinh dap tmg nhu ciu véi ma trin twong quan ctia cac phuong
trinh bac 2 vaéi dinh cuc dai khong phu hop 1a khong co y
nghia théng ké.

Bang 3. Téng hop hé sé va xac suat ciia cac hé sé trong
phwong trinh dap rng.

Nhén t SS DF MS F P Y nghia thong ké
M& hinh 5,09 9 05659 11,62 0,0074  Co ¥ nghia

Nhiét do - A 0,193 1 0,19531 4,02 0,1010

Thoi gian - B 03872 1 0,38720 7,96 0,0370

Cong sudt - C 2,68 1 2,67961 55,09 0,0010

A? 0,059 1 0,0596 1,22 0,3189

B? 0,0302 1 0,0302 0,6198  0,4668

(o 1,48 1 1,48 30,29 0,0027

AB 0,0036 1 0,0036 0,0739  0,7966

AC 02450 1 0,24502 5,04 0,0749

BC 0,0064 1 0,00640 0,13 0,7318

Residual 024323 5 0,04865

Lack of fit 023343 3 0,0778 15,46 0,0600  Khong c6 y nghia
Pure eror 0,00980 2 0,0050

Téng cong 5,34 14

R’ 0,9544

Adj.R? 0,8722

Pred R? 0,2959

Adeq. precision  9,9830

CV% 6,18

Trong d6: SS: tbng binh phuwong (sum of squares); DF: bac tw do
(degree of freedom); MS: binh phuwong trung binh (mean square).
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Kiém dinh x4c suit y nghia va mdi twong quan giita cac
yéu t6 tac dong dau vao cua qua trinh chiét va ham muyc tiéu
cho thdy, mé hinh 13 c6 ¥ nghia thong ké (p=0,0074<0,05)
(bang 3), diéu nay ddng nghia v6i mo hinh dap (mg hinh cau
la pht hop. Hé s0 tw do va hé s6 cua cac yéu t6 tac dong X,

, X, 1én hig¢u suat chlet Y, duge thé hién ¢ bang 3. Phan
tlch d(m 1é cac yéu to tac dong X, X, va X, cho thiy, neu
khéng co6 su tdc dong cia nhiét do th01 gian va cong sut
siéu am thi s& khong c6 sy cong pha thanh té bao co y nghia
du dé tao ra sy khac biét vé hiéu suat chiét. Dudi tac dong
cta nhiét do chiét, hiéu suit chiét thu duoc ludn mang lai
gia tri khac biét vé toan hoc (p<0,05).

Su phu hop ciia md hinh con duoc kiém tra qua hé sd
xac dinh tuong quan R?. M6 hinh tuong quan t6t khi hé sb
xac dinh tvong quan R?>>0,8 [17]. M6 hinh tuong quan xay
dung tur thi nghiém da théa man diéu kién voi R>=0,9544
cho théy su thay ddi hiéu suét chiét c¢o thé duge du doan
bé‘mg mo hinh. Hon nira, gia tri cua hé s6 bién thién CV% la
6,18% cho théy d6 chinh xac va tin cdy cao cua cac gia tri
thuc nghiém.

D6 thi bé mat dap tmg 2D va 3D cho thiy su tuong tac
14n nhau cta 3 yéu té nhiét do, thoi gian va cong suit siéu
am. Trong nghién ctru ndy, hiéu suat chiét thu dugc khi két
hop su thay di cua hai bién, trong khi bién con lai duoc ¢b
dinh & mirc d6 bé tri 0 (bang 1).

Mo hinh bé mit dap Gmg hinh 1A va 2A cho thiy, hiéu
suét chiét 1a mot ham chiju sy anh hudng cia 2 yéu td thoi
gian va nhiét do tai cong suat siéu am 1a 70%. Két qua cho
thay, hiéu suit chiét ting nhanh chong ty 18 véi su ting cta
ca 2 yéu t6 va dat gia tri cuc dai tai didu kién chiét 80°C va
60 phut.

Anh huong cua nhiét do va cong suét siéu am dén hiéu
sudt chiét véi thoi gian chiét giir khong ¢ dbi tai 45 phut (hinh
1B va 2B) cho thay, khi ting cong suat siéu am tir 40 Ién
75% thi hiéu suét tang, tuy nhién khi tiép tuc tang cong sudt
dén 100% thi hiéu suét c6 khuynh huong giam dan. Sy thay
db6i cong suat siéu 4m anh huéng dén kha ning pha v& cau
trac thanh té bao cia rong nau giup fucoidan dé dang di
chuyén ra méi truong, nhung cac tac dong co hoc nay ciing
anh huong dén sy phan cat mach cta fucoidan dan dén lam
giam hiéu suét chiét.

Hinh 1C va 2C mé ta bé mit dap ung dbi voi tac dong
clia thoi gian va cong suét siéu am, két qua cung chi ra khi
kéo dai thoi gian s& lam ting kha ning tiép xuc giita dung
moéi va nguyén lidu, fucoidan dé dang di chuyén ra moi
truong hon. Tuy nhién, néu thoi gian quéa dai ciing s& lam
giam hiéu suét ciia qua trinh chiét.

Nhu véy, nhiét do 1a yéu t6 c6 tac dong manh dén hiéu
suét chiét ciia qua trinh, bén canh d6 2 yéu té thoi gian va
cong sudt sidu 4m ciing anh huong dang ké dén hiéu suat
cua qua trinh.
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Hinh 2. M6 hinh bé mit dap (rng 2D cha qua trinh chiét bang phwong phap UAE.

Céc gia tri t6i wu cia cac bién doc lap trong qua trinh
duoc xac dinh nhu sau: Piém cuc dai ctia ham muc tiéu Y
(hiéu sudt chiét) dat dwoc khi nhiét do, thoi gian va cong
suét siéu Am tuong ung la 70,08°C, 53,28 phat va 91,6%.
Khi d6 hiéu suit cuc dai tinh toan 1a 4,34% véi sai s6 chuén
1a 0,22. Pé kiém dinh két qua, tién hanh thi nghiém chiét
tach fucoidan tai diéu kién tdi wu lam tron: 70°C, 53 phut
va 90%, hiéu sut chiét dat dwoc 1a 4,28%, gia tri nay gan
vé6i hiéu sut cyuc dai tinh toan (4,34%) va cao hon tat ca cac

(A)

w8 8 7T 6 &5 4 3 2 1 0  pm

Y (hiéu suét)

0
A: X1 (nhiét do)

1)

6ng suaf

C: X3 (c

05 1

B: X2 (thi gian)

gié tri hiéu sudt thuc nghiém khi chua téi wu (bang 2). Didu
nay khing dinh mé hinh phu hop véi dir liéu thyc nghiém
va diéu kién chiét da dugce tbi wu hod.

Pho 'H-NMR- va C-NMR ciia mau fucoidan chiét
tach theo diéu kién t6i wu (hinh 3A va 3B), dién hinh
cho cau triic fucoidan. O phd 'H-NMR, céc peak ¢ trong
khoang 4,8-5,5 ppm la proton anomer; cac peak ¢ khoang
3,2-4,5 ppm la proton vong pyranose; peak ¢ ving truong
cao 1,3 ppm dugc gan cho proton nhém -CH, cua fucose.

(B)

T | 1 1 1
20 200 180 160 140 120 100 80 60 40 20

Hinh 3. Phé "H-NMR (A) va "*C-NMR (B) cta fucoidan chiét tach tai diéu kién ti wu.

KHOA HOC
SCONG NGHE

65(3) 3.2023

21



memsssssmmm Khoa hoc Tu nhién | Héa hoc

Trén phd BC-NMR, céc peak ¢ ving 100-105 ppm thudc vé
carbon anomer, carbon vong s€ ¢ vung tin hi¢u 60,08-87,27
ppm. Tin hi¢u ¢ khoang 20 ppm dac trung cho carbon cta
methyl C-CH, cua fucose va tin hi¢u 181,75 ppm ching t6
su c¢6 mat cua acid uronic trong phan ti fucoidan.

Trong mdt nghién cuu truéec, Bui Van Nguyén va
cs (2014) [14] da chiét tach fucoidan tir cung loai rong
Tubinaria decurrens bang phuong phap CCE, hiéu suat
chiét tach dat 2,9%. Diéu nay cho théy, trén khia canh hiéu
sudt thi str dung phuong phap UAE cho két qua cao hon han
so v6i CCE, hon nita ton it thoi gian va nhiét luong, Do vay,
day la phuong phap tiém nang deé sir dung san xudt fucoidan
cho muc dich thuwong mai.

Trong bai béo nay, diéu kién téi wu dé chiét fucoidan
tir rong nau Tubinaria decurrens bang phuong phap chiét
c6 hd trg séng siéu am da dugc nghién ciru dé thu duoc
fucoidan vé&i hiéu suit cao & nhiét do 70°C, thoi gian 53
phat v6i cong suat chiét ciia may siéu am 1a 90%. Tai didu
kién thyuc nghiém nay, hiéu suat chiét fucoidan dat cuc dai
1a 4,28% tinh theo trong lugng rong khé. Phan tich phuong
sai cho théy rang, mo hinh hdi quy 13 hoan toan chinh xac va
phit hop dé téi uu hoa diéu kién chiét tach fucoidan tir rong
nau bang phuong phép chiét ¢6 hd tro song siéu am.

LOI CAM ON

Nghién ctru nay dugc tai tro kinh phi boi B6 Khoa hoc
va Cong nghé (dé tai ma so NDT.89.JPN/20). Céc tac gia
xin chan thanh cdm on.

TAI LIEU THAM KHAO

[1] S.D. Anastyuk, et al. (2012), “Anticancer activity in vitro of a
fucoidan from the brown alga Fucus evanscens and its low-molecurlar
fragments, structurally characterized by tandem mass-spectrometry”,
Carbohydrate Polymers, 87(1), pp.186-194.

[2] Usoltseva Shevchenko, et al. (2019), “Fucoidans from brown
algae Laminaria longipes and Saccharina cichorioides: Structural
characteristics, anticancer and radiosensitizing activity in vitro”,
Carbohydrate Polymers, 221(1), pp.157-165.

[3] Q.L. Sun, et al. (2020), “Structural characterization and antiviral
activity of two fucoidans from the brown algae Sargassum henslowianum”,
Carbohydrate Polymers, 229, DOI: 10.1016/j.carbpol.2019.115487.

[4] A.J. Lorbeer, et al. (2017), “Sequential extraction and
characterization of fucoidans and alginates from Ecklonia radiata,
Macrocystis pyrifera, Durvillaea potatorum, and Seirococcus axillaris”,
Journal of Applied Phycology, 29, pp.1515-1526.

KHOA
&CONGHI\?GCI:-IE

65(3) 3.2023

[5] Ligen Chen, et al. (2018), “Physicochemical characterization,
antioxidant and immunostimulatory activities of sulfated polysaccharides
extracted from Ascophyllum nodosum”, Molecules, 23(8), DOI: 10.3390/
molecules23081912.

[6] Y.R. Song, et al. (2020), “Effect of enzyme-assisted extraction
on the physicochemical properties and bioactive potential of lotus leaf
polysaccharides”, International Journal of Biological Macromolecules,
153, pp.169-179.

[7] K. Kumar, et al. (2021), “Ultrasound assisted extraction (UAE) of
bioactive compounds from fruit and vegetable processing by-products: A
review”, Ultrason Sonochem, 70, DOI: 10.1016/j.ultsonch.2020.105325.

[8] Q. Li, et al. (2013), “Extraction optimization of Bruguiera
gymnorrhiza polysaccharides with radical
Carbohydrate Polymers., 96(1), pp.148-155.

scavenging activities”,

[9] S. Surin, et al. (2020), “Optimization of ultrasonic-assisted
extraction of polysaccharides from purple glutinous rice bran (Oryza
sativa L.) and their antioxidant activities”, Sci. Rep., 10, DOI: 10.1038/
$41598-020-67266-1.

[10] Y. Zou, et al. (2011), “Response surface methodology for
optimization of the ultrasonic extraction of polysaccharides from
Codonopsis pilosula Nannf. var. modesta LT. Shen”, Carbohydrate
Polymers, 84(1), pp.503-508.

[11] Libo Wang, et al. (2018), “Optimization of ultrasound-assisted
extraction and structural characterization of the polysaccharide from
pumpkin (Cucurbita moschata) seeds”, Molecules, 23(5), DOI: 10.3390/
molecules23051207.

[12] F. Rahimi, etal. (2016), “Ulvan from green algae Ulva intestinalis:
Optimization of ultrasound-assisted extraction and antioxidant activity”,
Journal of Applied Phycology, 28(5), pp.2979-2990.

[13] Nguyén Duy Nhit va cs (2007), “Phan lap va dic diém cia
fucoidan tir 5 loai rong mo mién Trung”, Tap chi Hoa hoc, 45(3),
tr.339-345.

[14] Bui Van Nguyén va cs (2014), “Xac dinh cu triic ctia fucoidan
tach chiét tir rong nau Tubinaria decurens bing cic phwong phéap phé IR,
NMR va ESIMS”, Tap chi Khoa hoc va Cong nghé, 52(5A), tr.637-642.

[15] T.T.T. Thuy, et al. (2015), “Anti-HIV activity of fucoidans from
three brown seaweed species”, Carbohydrate Polymers, 115, pp.122-128.

[16] Chen Yang, Donghwa Chung (2008), “Effects of molecular
weight and hydrolysis conditions on anticancer activity of fucoidans from
sporophyll of Undaria pinnatifida”, Biological Macroleculars, 43(5),
pp.433-437.

[17] X. Guan, H. Yao (2008), “Optimization of viscozyme L-assisted
extraction of oat bran protein using response surface methodology”, Food
Chemistry, 106(1), pp.345-351.

22



