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Tom tit

Chitooligosaccharide (COS) la mét oligosaccharide cé nguén goc tir chitosan, ndi bt
véi ddc tinh phdn hiy sinh hoc, khéng déc va kha ndang trung hoa cdc goc tw do. Viéc gan
nhém 2-hydroxybenzyl vao COS tao thanh dan xuat 2-hydroxybenzyl-chitooligosaccharide
(HBCOS), gitip tang cuong ding ké hoat tinh chong oxy héa ma khéng lam thay doi cdu
triic carbohydrate co ban. Trong nghién ciru nay, HBCOS diroc tong hop théng qua phan
ung base—Schiff gitta COS va 2-hydroxybenzaldehyde ¢ pH 3,5; 45°C trong 12 gio, sau do
khw bcing NaBH,. San phcfm thu dwoc dat hiéu sudt 21,4% véi do thay thé chirc dat 64,56%.
Két qua thir nghiém in vitro cho thdy HBCOS c6 hoat tinh chéng oxy héa vuot tréi so véi
COS chura bién tinh. Cu thé, & néng do 1000ug/ml, HBCOS thé hién nang luc khir manh
hon COS (OD = 0,249 so voi 0,083) va hiéu qua quet gbc hydroxyl cao hon (48,79% so voi
31,73%). Ngoai ra, HBCOS ciing cho thdy khd ndng bao vé DNA khéi ton thirong do stress
oxy héa & nhiéu mirc nong dé tir 10-100ug/ml. Céc két qua ndy khang dinh tiém ndng ciia
HBCOS nhw mét tac nhdn chong oxy héa hiéu qua, mé ra huéng irmg dung trong linh viec
diege pham va thwe pham chire ning cé nguon goc sinh hoc.

Tir khoa: 2-hydroxybenzyl-chitooligosaccharide (HBCOS), bdo vé DNA gan heo,
goc tw do, hoat tinh chong oxy héa, thwe pham chire ning

Abstract

EVALUATION OF FREE RADICAL SCAVENGING ACTIVITY

OF 2-HYDROXYBENZYL-CHITOOLIGOSACCHARIDE

Chitooligosaccharide (COS), an oligosaccharide derived from chitosan, is known for
its biodegradability, non-toxicity, and free radical scavenging properties. The
incorporation of a 2-hydroxybenzyl group into the COS structure yields a derivative
(HBCOS) with significantly enhanced antioxidant activity, while preserving the original
carbohydrate backbone. In this study, HBCOS was synthesized via a Schiff base reaction
between COS and 2-hydroxybenzaldehyde under optimal conditions (pH 3.5, 45°C, 12
hours), followed by reduction with sodium borohydride (NaBH,). The resulting product
exhibited a yield of 21.4% and a substitution degree of 64.56%. The in vitro results
demonstrated that HBCOS exhibited significantly enhanced antioxidant activity compared
to unmodified chitooligosaccharide (COS). At a concentration of 1000ug/ml, HBCOS
showed a markedly higher reducing power (OD = 0.249 vs. 0.083) and greater hydroxyl
radical scavenging efficiency (48.79% vs. 31.73%). Furthermore, HBCOS effectively
protected DNA from oxidative damage induced by reactive oxygen species across a
concentration range of 10-100pg/ml. These findings highlight the strong antioxidant
potential of HBCOS and support its prospective application as a bio-based agent in
pharmaceutical and functional food development.
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1. Giéi thiéu

Su tich lily qua mirc cac loai oxy phan tmg (Reactive Oxygen Species — ROS) do
rdi loan can bang gitra qua trinh sinh ROS va hé thong loai bo ndi sinh c6 thé gay ton
thuong dang ké dén cac thanh phan thiét yéu cla té bao nhu lipid mang, protein va DNA.
Tinh trang stress oxy hoa kéo dai duoc xem 1a yéu t6 khoi phat hodc 1am trim trong thém
nhiéu bénh 1y nghiém trong nhu ung thu, tiéu duong, viém man tinh, thoai hdéa than kinh
va 3o hoa som. Trude thuc trang d6, cac hop chit co ngudn gdc tu nhién voi kha ning
chéng oxy héa hi€u qua va an toan dang thu hat sy quan tdm trong nghién ctru y sinh va
thue pham chirc nang. Trong s6 do, chitosan va chitooligosaccharide (COS) —
polysaccharide c6 ngudn gde tir chitin — cho thay nhiéu trién vong nho dic tinh chdng
oxy héa (Sun va cong su., 2023; Liu va cong su., 2022).

Dic biét, viéc gin nhom 2-hydroxybenzyl vao ciu trac COS di duoc ching minh co
thé tang cuong dang ké kha ning trung hoa cac loai gdc tw do nhuw DPPH, superoxide va
hydroxyl ma khong lam thay d6i khung cau tric carbohydrate ban dau. Nhém chirc
phenolic gop phan tao phtc v6i ion kim loai, tir 6 han ché cac phan g oxy hoa xiic tac
boi kim loai ning — mot yéu té quan trong trong bao vé té bao. Dan xuat ndy thé hién hoat
tinh chdng oxy hoa vuot trdi so véi COS chua bién tinh, mo ra tiém nang tng dung trong
duoc pham va san pham cham soc sic khoe (Sun va cong su., 2022). Trong nghién ctru
nay, kha ning chéng oxy héa cta dan Xudt 2- -hydroxybenzyl-COS (HBCOS) dugc danh gia
thong qua kha nang trung hoa cac gbc tu do va bao vé té bao trudc stress oxy hoa, qua do
Jam sang t6 tiém ning Gmg dung cta hop chét nay trong y sinh hoc va thuc pham chirc ning.

2. Vat liéu va phuong phap nghién ciru
2.1. Khdo sdt diéu kién tao base—Schiff

Pé xac dinh pH t6i wu cho phan tng tao base—Schiff, mau COS phan doan 1-3 kDa
(COS PP 1-3 kDa) 1% duoc chuan bi ¢ pH 3,0; 3,5; 4,0 va 4,5 thém 2ml aldehyde, khudy
déu va giit ¢ nhiét 46 phong trong 6-12 gio. Sau d6, lay 0,1ml tir mdi mau dé thuc hién
phan tmg Ninhydrin, nhdm xac dinh hiéu suat phan tng va pH thich hop. Tiép theo, x4c
dinh nhiét d6 tdi wu béng cach xur 1y céac mau ¢ cac nhiét 36 30°C, 35°C, 40°C, 45°C, sau
d6 kiém tra hi¢u suat bang Ninhydrin. Cudi cung, xac dinh thoi gian t6i wu bang cach
thay d6i thoi gian phan tng tir 6 dén 12 gid, kiém tra mbi gio' (Thatte, 2004).

2.2. Xdc dinh dg thay thé (ES) bang phwong phdp Ninhydrin

Phuong phap Ninhydrin xac dinh nhém amine ty do qua phan tng mau, gia tri OD
ti 1 thuan véi s6 nhom amine. Thube thir gom Ninhydrin 4% trong ethylene glycol
monomethylether va SnCl2.2H20, giit lanh sau pha ché. Tién hanh: tron 0,1ml mau voi
0,1ml ninhydrin, dun cach thuy 20 phut, lam lanh, thém 5ml n-propanol 50%, dé yén 15
phut, do OD ¢ 570nm. Dyung dudng chuin glucosamine, tinh hiéu suét tao base Schiff
dwa trén sy giam nhom —NH tu do, tir 6 suy ra do thay thé (ES) (Sun va cong sy., 2019).

2.3. Tao ddn xudt 2-hydroxybenzyl-chitooligosaccharide (HBCOS)

Dan xuit COS véi aldehyde thom dugc tao bang phan tng giita nhém —NH2 & vi
tri C-2 cua glucosamine v6i nhom ~CHO cua 2-hydroxybenzaldehyde trong moi truong
acid yéu, tao base Schiff trung gian. Sau dé, base Schiff dugc khir boi NaBH4 dé tao dan

xgat COS. Chuqn bi 100ml COS 1% & pH thich hop, thém 2ml aldehyde thom, khudy
déu ¢ nhiét dg toi uu trong khoang 12-14 gi¢. Thém 0,1g NaBH4 dé chuyén base—Schiff
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thanh dan xut, diéu chinh pH 1én 7 bing NaOH 15%, loc hodc ly tAm, rira nhiéu lan bang
acetone hodc ether. Dan xuat COS duogc say ¢ 40°C. Dan xuat duogc tong hop 1a 2-
hydroxybenzyl-chitooligosaccharide (HBCOS).

2.4. Thir hogt tinh chéng oxy héa

Ning lyc khir: Nang Iyc khir ciia mot chét biéu thi kha nang cho dién tir trong phan
g oxy hoa khur, ciing thé hién kha ning chéng oxy héa. Phuong phap nay st dung kha
nang khir potassium ferricyanide (Ks[Fe(CN)g]) thanh potassium ferrocyanide
(K4[Fe(CN)g]). Sau do, ferrocyanide phan ung véi Fe®* tao phuc ferric ferrocyanide
(Prussian Blue) ¢6 mau xanh, cudng d6 mau ty 18 voi ning luc khir. Chuan bj miu COS,
HBCOS va chat chdng oxy hoa & cac ndong d6 200-1000pg/ml. Sau phan tung, do do hap
thu & 700nm; do hép thu cang cao, nang luc khir cang manh (Sadowska-Bartosz va
Bartosz, 2022).

Hoat tinh quét goc hydroxyl ty do: Phan tng Fenton giita H-0: va Fe?* tao ra Fe*,
gdc hydroxyl (OH*) va ion hydroxyl (OH"). Cac chat quét gbc hydroxyl s& lam giam
lugng OH* ty do, tir d6 giam cudng do mau cua thude thir Safranine O (Yu va cong su.,
2008). Thi nghiém dugc tién hanh bang cach pha COS, HBCOS va chat chong oxy hoa
(vitamin C va BHA) ¢ ndng d6 200-1000pug/ml. Thém Iml mau vao 1,5ml dung dich
sodium phosphate 0,15M (pH 7,4); 0,7ml EDTA-Fe?*" 2mM; 0,1ml Safranine O 0,036%
va 0,8ml H20: 3%. Hon hop duge u ¢ 37°C trong 30 phut, sau dé6 do OD ¢ 520nm. Hiéu
qua quét gbc hydroxyl tu do ciia cac mau thi nghiém dugc tinh bang cong thirc: Hiéu qua
loc OH (%)= [(Amiu — Athir khong)/ (Adéi chimg — Athir khong)]¥100. Trong do: Athi knong 12 d0
hap thu cia mau thir khong (thay mau bang nudc cat) & bude song 520nm, Adsi ching 12 dO
hép thu cia mau dbi chung (thay H202 bang nudc cat) & bude song 520nm.

2.5. Tach chiét va dinh lwong DNA tir gan heo

Téch chiét DNA tr gan heo gém hai giai doan: thu nhan dich déng nhét va tach
chiét DNA. Pau tién, 30g gan heo dugc cit nho, nghién trong 70ml dung dich S1 lanh,
loc qua vai dé thu dich déng nhat. Quy trinh tich chiét gdm ly tdm dich dong nhat voi
dung dich S1, pha v& hong cau bang TritonX 100, xir 1y bang proteinase K va SDS. Sau
d6, tia DNA bang ethanol, rira sach, hoa tan trong TE 1X va bao quan & -20°C. DNA
dugc dinh lugng bang do quang phd ¢ 260nm va 280nm dé kiém tra do tinh sach (Biase
va cong su., 2002).

2.6. Phwong phdp khdo sdt sw anh hwéng ciia néong dp H,O, 1én DNA

Cho hdn hgp phan ng (40ul) gdm dich 5ul DNA trong dung dich dém TE, FeSO4
100uM va H202. Sau d6 hdn hop duoc i ¢ nhiét do phong trong vong 10 phut va cudi
cing thém EDTA 10mM dé két thiic phan tng. Sau d6 tién hanh chay dién di trén gel
agarose 1% trong 30 phut & 100V. Sau do6 gel dugc nhuém mau véi ethidium bromide
Img/ml va quan sat bang anh sang UV.

2.7. Phwong phap khdo sat hoat tinh bdo vé DNA ciia COS va HBCOS

Chuéan bi hdn hop gdm 5ul DNA, 4ul COS/HBCOS (10-100pg/ml), 3ul nuée cat,
14ul FeSO4 300uM, 14ul H20: (0,05-0,2mM), 0 & nhiét dd phong 10 phit. Thém 4ul
EDTA 130mM dé dimg phan tng. Tién hanh dién di gel agarose 1%, nhuém gel voi
ethidium bromide, quan sat gel duéi UV va chup hinh.
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3. Két qua va thao luin
3.1. Khdo sdt diéu kién toi wu tao base—Schiff
3.1.1. Khdo sdt pH téi wu dé tao base—Schiff

Dura vao dudng chuan glucosamine theo phuong phap Ninhydrin y = 0,2731x véi R?
= 0,9958 ta xac dinh hi¢u suét tao base—Schiff (46 thay thé - ES) khi tién hanh khao sat cac
diéu kién tdi uu dé tao base-Schiff (ham luong —NH, ty do cang ting, phan mg mau
ninhydrin cang dam). Dwa vao duong chuan glucosamine theo phuong phap Ninhydrin ta
¢6 két qua ham luong —NH> tyr do 14 9,063 (mM). Bang 1 cho thay hiéu suét tao base—Schiff
phu thudc vao pH cua dich phan tng. Qud trinh tao base-Schiff lam giam di ham lugng
NH:2 tu do cua COS, ham lugng NH> cang giam thi phdn (rng mau ninhydrin cang nhat.
Dua vao ham luong NH> tu do ciia COS ban dau va luong NH2 tu do cua COS sau khi tham
gia tao phtc trung gian nay, ta c6 thé tinh ra dugc hiéu suat tao base—Schiff. Hiéu suét dat
gi tri cao nhat & pH 3,5 (90,75%). Do d6 pH 3,5 la pH thich hop cho qué trinh tao base—
Schiff vi su can bang tdi wu gitta hoat héa nhém carbonyl va giit nguyén kha ning phan
g ctia nhém amino. Py 1 nén tang quan trong khi t6i vu héa phan tmg tao dan xudt
Schiff (El Hosry va cong su., 2025; Smith va March, 2007; Rabbani va Thornalley, 2012).

Bing 1. Hiéu sudt tao Base - Schiff theo gid tri pH

pH Hiéu suét tao Base - Schiff (%)
3,0 85,29 + 0,67
3,5 90,75%+ 0,21
4,0 59,95¢+ 0,19
4,5 35,449+ 0,19

Ghi chi: Gia tri trong bang la trung binh + do léch chudn (n = 3). Cdc chir cdi khdc nhau trong
cung mot cot biéu thi sw khac biét co y nghia thong ké tai mirc p < 0,05 (Tukey HSD)

3.1.2. Khdo nhiét dé téi wu dé tao base-Schiff

Sau khi xac dinh dugc pH thich hop cho phéan ting tao base—Schiff, ta ¢6 dinh & pH
nay dé tiép tuc thuc hién phan tmg tao base—Schiff lan luot & cac nhiét do khac nhau tir
35°C, 40°C, 45°C, 50°C. Bang 2 cho thiy nhiét d6 c6 anh huong dén hiéu suit tao base—
Schiff, trong qué trinh khao sat hiéu suét tao Base—Schiff tang dan tir 35°C (74,39%) dén
dinh tai 45°C (85,33%), sau d6 giam nhe & 50°C (82,27%). Diéu nay cho thiy 45°C 14 nhiét
d6 t6i uu cho phan tmg tao lién két Schiff. O murc nay, nhiét 46 du cao dé thuc day phan
g ngung tu va loai nudc — yéu t6 can thiét cho su hinh thanh lién két imin, nhung chua
vuot qué gidi han gdy phan hay hodc phan tng phu. Khi vuot qué 45°C, lién két Schiff ¢6
thé bi thiy phan ngugc do nhiét do cao, lam gidm hi¢u sut (Rabbani va Thornalley, 2012).
Nhiét d9 thap hon thi phan ting dién ra cham va kém hiéu qua (EI Hosry va cong su., 2025).

Vi vay 45°C 1a nhiét d¢ thich hop dé tao base—Schiff.
Bing 2. Hiéu sudt tao base-Schiff theo nhiét do

Nhiét d6 (°C) Hiéu suit tao Base - Schiff (%)
35 74,399+ 0,33
40 77,41°+ 0,42
45 85,332+ 0,75
50 82,27° + 0,35

Ghi chi: Gia tri trong bang la trung binh + do léch chudn (n = 3). Cdc chit cdi khdc nhau trong
cung mot cot biéu thi sy khdc biét co y nghia thong ké tai muirc p < 0,05 (Tukey HSD)
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3.1.3. Khdo sat thoi gian t6i wu dé tao base-Schiff

Sau khi x4c dinh dugc pH va nhiét do thich hop, ta tiép tuc thuc hién phan ung tao
base—Schiff 1an luot & cac khoang thoi gian khac nhau tir 6 gio dén 12 gio. Ngoai su anh
hudng ctia pH va nhiét d6 thi qua trinh tao base—Schiff con phu thudc vao thoi gian phan
mg. Két qua bang 3 cho thiy hiéu suit tao base—Schiff dat cao nhét & thoi gian 12 gid
(86,30%). Dién bién nay cho thiy phan (mg ngung tu giita nhém —NH: va —CHO can thoi
gian du dai dé dat trang thai can bang thuan loi cho hinh thanh lién két imin. Tuy nhién,
khi kéo dai thoi gian qua mire, san pham Schiff c6 thé bi thity phan nguoc do tiép xuc lau
v6i méi truong nudc, lam giam hiéu suit (Rabbani va Thornalley, 2012). Thoi gian 12
gid duoc xem 1a thich hop, giup t6i da héa hiéu suit phan img ma chua giy phan huy
hodc mét 6n dinh lién két imin (El Hosry va cong su., 2025).

Bing 3. Hiéu sudt tao base—Schiff theo thoi gian

Thoi gian (gio) Hiéu suét tao base—Schiff (%) + SD
6 78,46¢ 0,6
8 81,379+ 0,19
10 83,73°+0,18
12 86,302 + 0,45
14 84,00 + 0,45

Ghi chii: Gia tri trong bang la trung binh + do léch chudn (n = 3). Cdc chir cdi khdc nhau trong
cung mot cot biéu thi sw khac biét co y nghia thong ké tai mirc p < 0,05 (Tukey HSD)

3.2. Tao dén xudt ciia chitooligosaccharide véi 2-hydroxylbenzaldehydde (HBCOS)
‘ Cho COS l%, pH 3,5; thém 2ml aldehyde cho phan ung ¢ nhiét d(:) 35°C3 khqu

déu trong 6 git d€ tao dang base-Schiff. Sau d6 cho thém 0,1g NaBH4 dé chuyén dang
base—Schiff thanh dan xuat COS gan aldehyde thom. Ttr 2g COS ban dau, sau phan g
thu duogc 0,428¢g d?m xuat COS gan 2-hydroxybenzaldehyde (HBCOS), dat hiéu suat thu
21,4%, d0 thay thé (ES) 1a 64,56%.

3.3. Thir nghiém hoat tinh chong oxy héa

3.3.1. Nang lyc khir cua COS va HBCOS

AOD
45
40
35 |
" ——(CO0SPD 1-3KDa
i = Din xult HBCOS
Vitamin C
20 1
& BHA
LY
10
0,5 1
5 s —a

P * —
0 ! T + T 1

250 500 750 1000 Ning 9 (png/ml)

Hinh 1. Nang luc khir cia COS va HBCOS
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Két qua hinh 1 cho thay COS va HBCOS déu c¢6 nang lyc khir ti 18 thuan véi nong
d6 chat thir nghiém. Trong d6 hoat tinh khtr cia COS 14 thap nhat. Nhiéu tac gia cho rang
nang luc khir c6 lién quan truc tiép dén kha ning chdng oxy hoa cta cac hop chét (Oyaizu,
1986; Duh va cong su., 1999; Giilcin va Alwasel, 2023). Nang luc khir ciia mot chét thé
hién & luong chit khir co trong chit d6. Chat khir s& pha v cac gde tu do bang cach cho
mot nguyén tir hydro. Chét khir con c6 kha ning lién két véi cac tién chit cua peroxide,
do @6 kim ham sy hinh thanh cac gdc peroxide tu do. So sanh nang luc khir ciia COS va
HBCOS d6i véi cac miu chdng oxy hoa (vitamin C va BHA) ta thay su chénh 1éch twong
d6i 16n, trong d6 nang lyc khir cua vitamin C 14 manh nhat.

3.3.2. Khd ndng quét géc hydroxyl tir do ciia COS va HBCOS

Két qua hinh 2 cho thdy COS va HBCOS déu c6 hoat tinh quét gbc hydroxyl tu do
va hoat tinh loc hydroxyl tur do cting ti 1¢ thuan voi ndng do cac chat thir nghiém. HBCOS
c6 hoat tinh quét goc hydroxyl tu do cao hon so v6i COS ban dau va cao hon ca vitamin
C. Tir két qua nay cho thay vong benzyl ¢6 vai tro lam tang hoat tinh quet gbc hydroxyl
tu do, chiét xudt HBCOS c6 thé di duoc cai bién dé ting nhom chirc khir electron, 1am
tang nang lyc chdng oxy hoa. Cac nghién ciru gan day, cic dan xuat COS gén acid
phenolic dugc ghi nhan c6 kha nang khir vuot troi so vi COS goc. Piéu nay phu hop véi
xu hudng cai thién hoat tinh chdng oxy hoa nho ting kha ning truyén electron (Liu va
cong su., 2022).

Hifu suit (%)
120

100 ]
—+—COSPD 1-3KDa

80 1 5,
—=—Dan xuat HBCOS

60 Vitamin C
BHA
40
20 A
0 T T
250 500 750 1000 Nongd (ug/mi)

Hinh 2. Hiéu sudt quét goc hydroxyl tw do ciia COS va HBCOS
3.4. Thir nghiém irc ché qud trinh oxy héa DNA

Sau khi tach chiét, DNA dugc dinh lwong va kiém tra do tinh sach bang phuong
phap do quang phd. Két qua OD ciia DNA & cac budc song 260nm va 280nm ti 1é 1a
2,045. Két qua cho thiy DNA sau khi tach chiét duogc coi 1a tinh sach, it bi nhidm protein
va ndng do DNA ciing tuong ddi cao (910pg/ml).

3.4.1. Khao sat sw anh hirong ciia nong dé HO2 1én DNA

Két qua dién di ¢ hinh 3 khi khéo sat sy anh huong ctia H202 & céc nong do khac
nhau, cac gdc hydroxyl dugc tao boi phan tmg Fenton lam tac nhan pha v6 DNA va c6
su khac nhau giita giéng c6 cho H202 va giéng khong c6 H20; (blank). O giéng co nong
d6 H202 0,1mM thi DNA bi pha v& nhiéu chi con lai nhirng vét mo hon so voi giéng ddi
chimg (blank). Vi vay H202 nong d6 0,1mM dugc chon dé khao sat tiép hoat tinh bao vé
DNA cua COS va HBCOS.
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H,0, (mM)

Blank 0,05 0.1 0,15 0.2

Giéng

Hinh 3. Si dnh hieong ciia nong dé H>O2 trén DNA
3.4.2. Khao sat hoat tinh bao vé DNA cua COS va HBCOS

Két qua khao sat hoat tinh trc ché sy oxy hoa DNA ciia COS va HBCOS & cac ndng
d6 khac nhau (hinh 4) cho thdy ca hai mau déu c6 kha ning bao vé DNA cao hon so véi
mau ddi chimg (control: ¢6 H202, khong c¢6 mau). Pac biét, HBCOS thé hién kha ning
trc ché pha hity DNA vuot troi hon so véi COS & tat ca cac ndng do khao sat. Mau HBCOS
& ndng do 100pg/ml c6 mirc d6 bao vé DNA gan twong duong véi miu tring (blank:
khong chira H>02), cho thay hidu qua bao vé cao. Két qua cho thiy HBCOS c6 kha ning
chéng oxy héa hiéu qua hon so vi COS trong viéc bao vé DNA.

COS PD 13 kDa (ug/ml)  Ddn xuit HBCOS (ug/ml)
I |

0 50 1oo| 10 50 100 | Control Blank

Hinh 4. Hoat tinh ikc ché si oxy héa DNA ciia COS va HBCOS

4. Két luan

Duéi cac diéu kién (pH 3,5; 45 °C, 12 gid), dan xuat HBCOS duoc tong hop thanh
cong véi hidu sudt 21,4% va do thay thé chuc dat 64,56%. Két qua thir nghiém in vitro
cho thiy HBCOS c6 ning luc khir va kha niang loai bo gbc hydroxyl vuot trdi so véi COS
ban dau va tham chi cao hon vitamin C ¢ cung néng d6. HBCOS ciing thé hién hiéu qua
1 rét trong viéc bao vé DNA khoi ton thuong do stress oxy héa, cho thdy tiém ning tng
dung trong dugc pham va thyc pham chirc ning,
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