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TOM TAT

Polysaccharide 1a nhom hop chét sinh hoc cao phan tir ¢ nhiéu hoat tinh sinh hoc va duoc chii §
trong nhiéu linh vuc nghién ctru nho tiém nang tmg dung nhu y sinh va duoc pham. Ceratophyllum
submersum 13 loai rong nude ngot chira ham lugng polysaccharide dang ké. Tuy nhién, cc nghién ciru
vé bién tinh cau triic dé cai thién hoat tinh sinh hoc ciia polysaccharide tir loai rong nay van con kha it.
Nghién ctru nay dugc thuc hién véi muc ti€u tim ra diéu kién tb6i wu cho qua trinh bién tinh
polysaccharide bang phuong phap carboxymethyl hoa va danh gia anh huong ciia qua trinh nay dén
hoat tinh sinh hoc. Noi dung khao sat lién quan dén diéu kién carboxymethyl hoa bao gdm ndng d6 acid
chloroacetic (MCA), nhiét d6 phan tng va thoi gian phan tmg. Két qua cho thiy diéu kién toi vu dat
duoc tai néng d6 MCA 2,5 M, nhiét @6 60 °C va thoi gian phan Gng 4 gio, cho mic d6 thay thé DS
tuong ung 1 0,876 + 0,032; 1,134 + 0,063 va 1,313 + 0,038. Danh gia su bién dbi cau trac bang phd
FT-IR cho théy su xuét hién ctia nhom CH,COO thay thé nhém OH- vao mach carbon. Hoat tinh sinh
hoc dugc danh gia thong qua kha ning khang oxy hoa bang cac phwong phap 2.2-diphenyl-1-
picrylhydrazyl (DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), nitric oxide
(NO), khir sat (IIT) thanh sat (I) (RP) va kha nang khang khuén. Polysaccharide sau bién tinh thé hién
kha nang bat goc tur do manh hon véi gia tri ICso lan Iuot 14 181,65 pg/mL (ABTS), 63,79 ug/mL (NO),
tinh khir sét thé hién qua su tang do hap thy, sau khi polysaccharide bién tinh gia tri d6 hp thu cao hon
so v6i khi chua bién tinh, dong thoi co kha nang e ché Salmonella va Staphylococcus aureus. Két qua
nghién ctru cho thay viéc bién tinh ciu tric polysaccharide bang phuong phap carboxymethyl gitip cai
thién dang ké hoat tinh sinh hoc, qua d6 khing dinh tiém ning tng dung cua polysaccharide tur
Ceratophyllum submersum trong cac linh vuc y hoc, dugc pham va thuc phim chirc nang.

Tir khéa: Bién tinh, carboxymethyl, Ceratophyllum submersum, polysaccharide.
1. MO DAU

Polysaccharide (PS) tu nhién 1a céc dai phan tir carbohydrate hién dién trong ciu tric té bao cua
thuc vat, dong vat va vi sinh vat, 1a yéu tb quan trong tao nén chirc nang sinh hoc cta té bao [1]. Cac
hop chét nay dugc két ndi tir cac don phan tir monosaccharide thong qua lién két glycosidic, trong do
cac nhom hydroxyl (-OH) gop phan quyét dinh déc diém céu trac ciing nhu tinh chat hoa 1y cua
polysaccharide [2]. Nhiéu nghién ctru da chi ra rang polysaccharide c6 ngudn gdc tir thyc vat va rong
bién s hitu nhiéu hoat tinh sinh hoc dang chu y, dién hinh 1a hoat tinh khang oxy hoa, khang khuén,
khang virus, chéng dong mau, chong té bao ung thu, didu hoa mién dich, nhd d6 thu hit sy quan tim
trong céc linh vuc y sinh, duoc phdm va cong nghé thue phim [3- 5]. Mac du co nhleu vu diém nhu doc
tinh thip va hoat tinh sinh hoc da dang, polysaccharide ty nhién van ton tai mot s6 han ché, bao gdm
hoat tinh sinh hoc con yéu va d6 hoa tan trong nude kém cua mot ) polysaccharide, gay can tr¢ cho
viée tmg dung thyc tién [6, 7]. Do d6, bién ddi hoa hoc duge xem 1a mot hudng tiép can hi¢u qua nham
nang cao tinh chit hoa 1y va ting cudng hoat tinh sinh hoc cua polysaccharide. Trong sb cic phuong
phap bién tinh, carboxymethyl hoa dugc quan tim rong rii do kha ning lam tang d¢ hoa tan trong nudc
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thong qua viéc dua nhoém carboxymethyl vao mach polysaccharide, tir d6 cai thién dang ké cac hoat
tinh sinh hoc nhu khang oxy hoéa, khang khuan va trc ché té bao ung thu [8, 9].

Bién tinh polysaccharide 1a thay ddi c4u tric phan tir cia ching bang cac phwong phap nhu vat
1y, hoa hoc, enzyme... Trong do6, carboxyrnethyl hoa duogc danh gia 1a c6 kha néng tang cuong tinh hoa
tan trong cua polysaccharide bang viéc gin nhom carboxyl blen dbi cau trac tir d6 cai thién cac hoat
tinh sinh hoc chang han nhu hoat tinh khéng oxy hoa, trc ché té bao ung thu, hoat tinh khang khuan nhu
e ché ddi v6i E. coli, S. typhimurium, S. aureus va B. subtilis. Phan {mg carboxymethyl héa
polysaccharide dién ra trong méi trudong kiém, trong d6 sodium hydroxide khir proton ctia nhém
hydroxyl tao thanh alkoxide (-O"Na®). Nhom nay sau d6 tham gia phan tng thé nucleophilic (SN2) véi
acid chloroacetic theo co ché tong hop ether Williamson, dan dén sy hinh thanh nhém carboxymethyl
trén mach polysaccharide [7].

Ceratophyllum submersum (rong dudi chdn) 1a loai thuc vat thuy sinh phan bd rong rii trén thé
gidi, co sinh khéi 16n va tc d6 sinh trudng nhanh. Tai Viét Nam, loai rong nay thuong duoc sir dung
lam thtrc dn cho dong vat thily sinh; tuy nhién, khi phat trién qua mtc, n6 c6 thé gdy anh hudng tiéu
cuc dén cac sinh vat trong nudc. Cac nghién ciru cho thdy Ceratophyllum sp. chira nhiéu hop chat c6
hoat tinh, trong d6 polysaccharide 1a thanh phan chiém ty 18 cao (khoang 50-76% khéi luong chat kho),
cho thy tiém ning 16n trong khai thac va tmg dung [10].

Céc polysaccharide thu nhan tr C. submersum da dugc bao cao 1a polysaccharide di hop, vai thanh
phan monosaccharide chii yéu gdm glucose, galactose va mannose, cung v6i mot luong nho céac
monosaccharide trung tinh khac [5]. Pdc diém ciu truc ndy tao nén mat d6 16n cac nhom hydroxyl
(- OH) trén mach polysaccharide, dong vai trd 1 vi tri phan tmg chinh trong cac qua trinh bién tinh hoa
hoc. Do do, viéc khao sat sy thay ddi céu tric va hoat tinh sinh hoc cua polysaccharide sau bién tinh
can dugc dit trén nén tang dic diém cAu tric ban dau cua polysaccharide ty nhién.

Nghién ctru dugc thuc hién véi muc dich tim ra céc diéu kién anh hudng dén qua trinh
carboxymethyl hoa polysaccharide thong qua ba yéu to gdm ndng d6 MCA, nhiét d6 va thoi gian phan
mg. Cung v&i d6, nghién ciru ciling tién hanh danh gia mot sb hoat tinh sinh hoc ciia polysaccharide sau
bién tinh nhu khang oxy hoa va khang khuén, ciing nhu so sanh sy thay d6i cu tric cua polysaccharide
trude va sau khi bién tinh.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u

Rong C. submersum dugc - cung cép tai khu vuc Can Pude (Long An) va van chuyén vé phong thi
nghiém trong ngay dé xtr ly. Mau rong duoc loai bo tap chit nhu 14 cdy, ¢ va soi da, sau do rua nhleu
lan bang nudc may. Rong sau khi 1am sach dwoc sy trong ti siy ¢ 60 °C dén khi do 4m giam xudng
dudi 10%. Mau khé duoc nghién bang méay xay co hoc Philips va ray qua ray c6 kich thudc 16 80 mesh
dé thu bot rong dong nhat. Bot rong sau khi riy dugc cho vao tii PET (25 x 35 cm) va dit vao ti dong
& -20 °C dé bao quan cho dén khi sir dung.

2.2. Cac phwong phap héa hoc

2.2.1. Quy trinh thu nhdn va bién tinh polysaccharide tir rong C. submersum bang phwong phdp
carboxymethyl

Rong sau khi siy dén d6 4m du6i 10% duoc nghién va ray qua rdy c6 kich thuéc 15 80 mesh. Mau
sau do6 duoc trich ly bé’mg nuée dudi sy hd tro cua vi song véi cong suit 270 W. Dich chiét thu duoc
sau qua trinh trich ly dugc ly tim & 5000 rpm trong 20 phut va loc qua gidy loc dudng kinh ®110. Dich
loc tiép tuc dugc co quay dé loai bo dung mdi, sau do tién hanh két tia bang EtOH 96% & 4 °C. Phén
tia duoc tinh sach bang dung dich Sevag va ly tim & 5000 rpm trong 20 phit. Sau ly tim, hdn hop tach
thanh ba 16p va 16p trén cung dugc thu hdi, dy 1a phan polysaccharide tho (CP).

Polysaccharide thu duoc duoc hoa tan trong hdn hop DMSO va NaOH 2 M, khudy & 40 °C trong
3 gio. Sau d6, phan (mg carboxymethyl hoa dugc tién hanh bang cach bd sung acid chloroacetic va
khudy & 55 °C trong 4 gio. Hon hop phan mg dugc trung hoa bang dung dich HC12 M, sau d6 két tia
bang EtOH 96% & 4 °C trong 12 gid. Tién hanh ly tim & 5000 rpm 20 phut. Phan tua dugc thu bang ly
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tdm ¢ 5000 rpm trong 20 phit, tiép theo tham tach bang nudc cat trong 48 gior va dong kho dé thu ché
pham carboxymethyl polysaccharide (C-CP) [11].

2.2.2. Khao sat nong d¢ MCA téi mirc do carboxymethyl héa polysaccharide (DS)

Cén 0,5 g CP (tinh theo khi lugng kho) cho vao cdc thuy tinh 100 mL. Thém 12,5 mL DMSO va
5,0 mL NaOH 2 M vao coc khuéy déu & nhiét d¢ 40 °C trong 3 gio. Nong do6 MCA khao sat 1an luot 14
1,0;1,5;2,0;2,5; 3,0 M. Khuéy déu hon hop 655 °C trong 4 gio. Sau phan ung, hon hop dugc dt trong
bé nudc da ¢ nhiét do thuong. Trung hoa hdn hop bang acid HCI 2 M, sau d6 taa hdn hop bang EtOH
96% & 4 °C trong 12 gio. Tién hanh ly tim & 5000 rpm trong 20 phut. Tia dugc thim tich bang nudc
cit trong 48 gio va dong kho thu duge carboxymethyl polysaccharide (C-CP). Tién hanh xac dinh muc
do thay thé carboxymethyl (DS) bang phwong phap chuan d6 nguogc [12].

2.2.3. Khdo sat nhiét do phan rng toi muec d¢ carboxymethyl hoa polysaccharide (DS)

Can 0,5 g CP (tinh theo khdi lugng khé) cho vao cbe thuy tinh 100 mL. Thém 12,5 mL DMSO va
5,0 mL NaOH 2 M vao cbc khudy déu & nhiét do 40 °C trong 3 gid. Nong dd6 MCA (két qua thi nghiém
1) dugc thém vao. Khudy déu hdn hop & nhiét do khao sat 50, 55, 60, 65, 70 °C trong 4 gio. Sau phan ng,
hén hop dugc dit trong bé nude d4 ¢ nhiét 6 thuong. Trung hoa hdn hop bang acid HC1 2 M, sau d6 tia
hén hop bang EtOH 96% & 4 °C trong 12 gid. Tién hanh ly tam & 5000 rpm trong 20 phit. Tua dwgc tham
tach bang nudc cét trong 48 gid va dong kho thu duoc carboxymethyl polysaccharide (C-CP). Tién hanh
xéc dinh mirc d6 thay thé carboxymethyl (DS) bang phuong phap chuin d6 nguoc [12].

2.2.4. Khdo sat thoi gian phan ung toi mirc do carboxymethyl hoa polysaccharide (DS)

Can 0,5 g CP (tinh theo khdi lugng khé) cho vao cbc thay tinh 100 mL. Thém 12,5 mL DMSO va
5,0 mL NaOH 2 M vao cbc khudy déu & nhiét do 40 °C trong 3 gio. Nong d6 MCA duoc thém vao theo
két qua ¢ thi nghiém 1. Khudy déu hdn hop & nhiét do theo két qua thi nghiém 2, thoi gian phan tng
khao sat gdbm 1, 2, 3, 4, 5 gid. Sau phan g, hdn hop duge dit trong bé nude da ¢ nhiét do thudng.
Trung hoa hdn hop bing acid HCI 2 M, sau d6 tiia hdn hop bang EtOH 96% & 4 °C trong 12 gid. Tua
duogc tham tach bang nudc cit trong 48 gid va dong kho thu duoc carboxymethyl polysaccharide (viét
tat 1a C-CP). Tién hanh xac dinh mirc d6 thay thé carboxymethyl (DS) bang phuong phap chuan do
nguoc [12].

2.3. Phwong phap phéan tich

2.3.1. Xdc dinh mirc @6 thay thé DS

Nguyén tic: Mirc d6 thay thé DS 1a s6 lwong trung binh nhém carboxymethyl lién két voi mot don
vi anhydroglucose [13]. Panh gia muc d6 thay thé DS thong qua viéc xac dinh ham luong
carboxymethyl, biéu thi s6 géc lién két trén mot don vi monosaccharide. Chuin do nguoc la phuong
phap dugc chon dé danh gia mirc d6 thay thé DS.

Céch thyc hién: Cho 0,5 g C-PC vao binh Erlen sach, thém 100 mL nudc cit va 25 mL dung dich
NaOH 0,5 M, sau d6 gia nhiét hdn hop dén 98 °C. Sau khi dun nong, dung dich dugc chuén do béng HCl
0,3 M vdi phenolphthalein 1am chét chi thi. Mdi mau dugc chuén d¢ lap lai ba 1an dé dam bao do chinh
xdc [12]. Quy trinh tuong tu cling dugc thyc hién d6i vai dung dich NaOH 0,5 M khong chira C-PC dé
lam mau ddi chimg. Ham luong nhom carboxymethyl va mirc d6 thay thé (DS) duoc xac dinh dya trén
cac cong thirc tinh toan sau:

(Vo — Vy) X 0,058 X 100 X N
M

162 X %CP
5800 — (57 X %CP)

%CP =

DS =

Trong do, V, la thé tich HCI dung dé trung hoa dung dich NaOH khong chira mau, Vy 1a thé tich
HCI chuan @6 véi dung dich chira C-PC, N la ndong d duong lugng cua HCI, M 1a s6 g C-PC sur dung (g).
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2.3.2. So sanh hoat tinh khéng oxy héa ciia polysaccharide sau bién tinh

Phwong phap DPPH
Kha nang trc (;hé gbe tur dg DPPH cua PS dugc thyc hién bang céch’sfr dung 1,1—§1iph(?nyl—2—picry1-
hydrazyl, & dang goc DPPH thé hién budc song cuc dai 1a 517 nm, d6 hap thy nay bién mat khi khir vei
chat phan goc [14]. Cong thire tinh phan tram tc ché DPPH nhu sau:
1- (Amiu -A mAiu dbi chL'mg)
Ablank

Ty 18 bat goc tw do DPPH (%) = x100

Trong d6 A 1a kha ning hap thu phd, A 14 kha nang hap thu phé cta nudc

Diéu ché dung dich DPPH 0,1 mM béng cach hoa tan methanol. Cho 2 mL dich polysaccharide
pha loang (50, 100, 150, 200, 250 pg/mL) thém nudc cit va 2 mL DPPH vira chuén bi. Lic k§ dung
dich vura thu duoc va dat vao khong gian toi tai nhiét do thuong trong 1 gio. Sau do, dem di do d6 hap
thu tai budc song 517 nm [15].

Phwong phap ABTS

Phép thir ABTS cho biét kha ning trung hoa cation ABTS™ (2,2"-azinobis (3-ethylbenzthiazolin-
6-sulfonic acid)) tai budc song 734 nm, d6 hap thy nay giam khi c6 mat ctia chat chong oxy hoéa [16].

ABTS" dugc chuémrbi bang cach hoa tan dung dich ABTS tinh khiét va K,S,0s, i trong diéu kién
phong thi nghiém tir 12 dén 16 gid trong bong toi, thudc thir ABTS™* dugc hoa tan véi dém acetate dén
d6 hap thy 12 0,70 + 0,10 tai budc song 734 nm [17]. 5 mL dich polysaccharide pha lodng (50, 100, 150,
200, 250 pg/mL) thém dung dich methanol, 1 mL ABTS da chuan bi va 100 uL dém acetate. Lic ky
hon hop trén va dat trong toi, sau d6 dem di do & bude song 734 nm. Cong thire xac dinh phan tram bat
goc tu do ABTS nhu sau:

1- (Amau A miu dsi chlrng)
Ablank

Ty 1¢ bat gbc tu do ABTS (%) = %100

Trong d6 A 1a kha nang hap thu phd, Apjan 14 kha nang hip thu phd ctia nude
Phwong phap RP

Khé nang khir RP cuia polysaccharide dugc xac dinh theo phuong phap cua Oyaizu (1986) dua
trén nguyén tic cho electron ctia mau dé khir ion Fe** trong potassium ferricyanide [K3Fe(CN)s] thanh
Fe?*, sau d6 Fe?* két hop véi FeCls hinh thanh phic mau xanh (Prussian blue), c6 do hép thu cuc dai
tai budc séng 700 nm [18].

Chudn bi dung dich polysaccharide v&i 5 ndng do (50, 100, 150, 200, 250 ppm) bing cach hoa tan
v6i DMSO, sau d6, 100 pL mau duoc tron voi 100 uL dém phosphate (pH 6,6) va 100 pL K3[Fe(CN)g]
1%, hdn hop dugce u ¢ 50 °C trong 20 phit. Sau khi 1, thém 100 pL acid trichloroacetic (TCA) va dem
hdn hop ly tim 3000 rpm trong 10 phut, sau d6 hut 100 pL phéan dich ndi tron véi 100 pL nude cit va
100 pL dung dich FeCls 0,1% (w/v), do hép thu duoc do tai budc song 700 nm, theo d6 gia tri hép thu
cao hon biéu thi kha nang khir manh hon [19, 20].

Phuong phap NO

Sodium nitroprusside tao thanh nitric oxide (NO) trong dung dich nudc sinh 1y, NO tac dung véi
oxy tao thanh NO? [21]. Ham luong nitrite dugc x4c dinh biang thudc thir Griess thong qua phan tng
diazot hoa v6i sulfanilamide va ghép cp v6i naphthylethylenediamine tao thanh hop chit azo mau va
do @6 hap thu [22].

Pha lodng polysaccharide ¢ cac nong do (50, 100, 150, 200, 250 ppm) bang cach hoa tan methanol.
2 mL sodium nitroprusside 5 mM dugc pha véi dém phosphate (pH 7,4), 0,5 mL mau d pha loang dugc
thém vao sau d6. Hon hop trén dugc 0 tai nhiét do phong trong 150 phut. Sau d6, thém 0,5 mL thude
thir Griess (sulfanilamide 1% trong acid phosphoric 5% v6i naphthylethylenediamine dichloride 0,1%
hoa tan v6i nude) vao 0,5 mL hdn hop da 6 [23, 24]. Mau dbi ching duge chuan bi twong tu nhung thay
mau bang dung moi. Puong chuén nitrite duge thiét 1ap bang dung dich chuan potassium nitrite [21].
Kha nang bét gbc NO cua mau dugc danh gia thong qua sy suy gidm lugng nitrite tao thanh so véi dbi
chung.
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, r A ank = Asam C
Ty 18 bét gbc ty do NO (%) = w X100

Trong d6: Apjank 12 @6 hip thy phd ctia ddi chimg, Ampie 12 @ hip thu phd ctia mau.
2.3.3. Pdnh gid hoat tinh khdng khudn ciia polysaccharide sau bién tinh

Nguyén tic:

Phuong phép nay dua trén sy khuéch tan ctia cac hop chat khang khuan trong moi truong thach
va kha nang kim ham sy tang truong cta vi khuan thir nghiém. Khi cac chat khang khuén lan toa trong
moi truong agar, chung s& tac dong 1én vi khudn duoc cdy trén bé mat thach. Hoat tinh khang khuan

ctia mau thé hién thong ‘qua duong kinh vong vo khuén tai viing (rc ché sy phat trién cta khuan hinh
thanh quanh vi tri dat mau.

Cdc budc tién hanh:

Kha ning tc ché khué,n dugc thuc hién dua trén phuong phap khuéch tan trén dia theo Bauer va
cong su (1966) véi sy cai tien. MQi treong thach Mueller Hinton (MHA) duoc hap tiét trung ¢ 121 °C
trong 15 phut, sau d6 1am ngudi dén khoang 50 °C va rot vao dia petri v6 trung. Chung vi sinh vat dugc
cay ria trén bé mat thach vau ¢ 37 °C trong 24 gi¢ dé chuan bi cho thi nghiém.

Sau d6, 100 pL huyén phu c¢6 chtra vi khudn c6 mat do khoang 106 — 108 CFU/mL dugc trai déu
trén bé mat dia MHA bang que trai vo trang va dé khé trong 15 - 30 phit. Gidy loc v6 tring dudng kinh
6 mm duoc tim 20 pL mau sau tinh sach hodc dung dich dbi chimg & céac néng d6 khac nhau, sau d6 dat
1én bé mit dia thach. Céac dia dugc u up & 37 °C trong 24 gid va dudng kinh vong e ché vi sinh vat duogc
do dé danh gia hoat tinh khang khuin. Nudc cit dwoc s dung lam dbi ching am, trong khi
chloramphenicol (200 pg/mL) c6 vai tro 1a dbi chimg dwong. Mdi thi nghiém duoc tién hanh lap lai 3 lan.

dtb

Cong thuee tinh toan: 1(%) = x100

Trong do:
I: Phan tram trc ché (%); d.: Puong kinh ting trudng trung binh ciia mau déi chimg.
di: Puong kinh ting trudng trung binh ciia mau c6 bd sung chat trc ché.
2.3.4. So sanh cau triic trude va sau hiéu chinh polysaccharide
Phirong phdp phan tich quang phé hong ngoai bién déi Fourier-FT-IR
Nguyén tic:

Sy hép thu phan tir ctia btc xa dién tir trong ving hong ngoai cta quang phd thuc diy sy chuyén
dbi giita mirc ning luong quay va dao dong cua electron trong nguyén tu ¢ trang thai co ban (thp nhét).
Diéu nay trai nguoc voi sy hap thu birc xa tia cyc tim va tia kha kién manh hon vé& mit ning luong, gay
ra su chuyén doi gitra mirc nang luong dao dong va quay cua cic mirc dién tir khac nhau. Quang phd
hong ngoai chu yéu quan tam dén cac dao dong phan tir, vi sy chuyén tiép giira cac trang thai quay riéng
1¢ chi ¢6 thé dugc do bang quang phd hong ngoai ctia cac phén tir nho trong pha khi [25].

2.4. Phuong phap xir Iy sb liéu

_ Mdi thi nghiém dwoc thyc hién Ip lai it nht 3 lan. Céc s6 liéu ban dau dugc xir Iy thong qua phén
mém Microsoft Office 2019 va thé hién du6i dang gid tri trung binh + sai s6. Sy khac biét ¢6 ¥ nghia
thong ké gitra cac nghiém thirc dugc xac dinh bang phén tich phuong sai mot yéu to (ANOVA) véi mure
y nghia o = 0,05 bang phan mém Minitab.

3. KET QUA VA BAN LUAN

3.1. Céc yéu to tac dgng dén diéu kién bién tinh polysaccharide
3.1.1. Méi quan hé giita nong dé acid chloroacetic véi mire dé carboxymethyl héa polysaccharide (DS)

Hinh 1 cho thay anh hudng cua nong do MCA dén murc do carboxymethyl hoa polysaccharide tur
rong C. submersum. Khi tang nong d0 MCA tr 1 M 1én 2,5 M, murc d9 thay thé DS tang ro rét tur 0,587
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+ 0,047 1én 0,876 = 0,032 (p < 0,05), phan anh sy gia tang xac suét va cham gitta tac nhan MCA va céc
nhém hydroxyl trén mach polysaccharide. Trong méi truong kiém, NaOH chuyén héa nhém -OH ciia
polysaccharide thanh dang alkoxide (-O"Na*), dong vai trd 1a tic nhan 4i nhan manh. Khi nong 46 MCA
tang, mat do phan tir MCA trong hé phan ting cao hon, lam ting kha ning phan tng thé nucleophilic tai
carbon mang nguyén tir clo, tir d6 thiic ddy sy hinh thanh lién két ether carboxymethyl trén mach
polysaccharide [26]. Tuy nhién, khi tiép tuc ting ndng do 1én 3 M, gia tri DS chi ting nhe va khong
khac biét ¢6 ¥ nghia thong ké so v6i 2,5 M, cho thay xu hudng bio hoa ciia phan tmg. Shi va cong su
(2017) ghi nhan DS dao dong tir 0,618 dén 0,870 khi bién tinh trén rong Enteromorpha prolifera [11],
két qua trong nghién ctru nay cho thiy kha ning carboxymethyl hoa cao hon. Ngoai ra, Yang va cong
sy (2011) khi carboxymethyl hoa polysaccharide tir Auricularia auricula thu dugc DS dat 0,857, thip
hon SO v6i gid tri toi wu trong nghién ciru nay [15]. Hoat tinh khang oxy hoéa ting dong thoi voi su gla
tang ndng d6 MCA va mtc d6 thay thé DS. Khi ndng do MCA tang tir 1 M 1én 2,5 M, hoat tinh bét gdc
DPPH ting manh tir 20,04% 1én 62,77%, sau d6 ting cham khi tiép tuc ning n6ng d6 MCA. Két qua
nay cho thdy DS anh hudng dang ké dén kha nang khang oxy hoa cua polysaccharide. Viéc gia ting
murc d6 carboxymethyl hda lam tang tinh phan cuc va d6 hoa tan cua polysaccharide trong moéi truong
nude, tir d6 1am gidn né cau tric mach polymer va tao diéu kién thuén lgi cho sy twong tac véi goc tu
do, gop phén cai thién kha nang bat gbc DPPH, phu hop v6i nhan dinh ciia Machova va cong su (2014)
[27]. Su tang hoat tinh chdm lai khi tang néng d6 MCA 1én 3 M. Hién tuong nay c6 thé duoc giai thich
boi su xuét hién cua cac phan tng phu khi ndong d6 MCA qué cao. Khi lwong MCA du thira, mot phan
tac chdt c6 xu huéng phan tng v6i NaOH tao thanh sodium glycolate thay vi gin vao mach
polysaccharide, lam giam hi€u qua cta qua trinh carboxymethyl hoa [26]. Sy hinh thanh san pham phu
ndy khong chi lam giam luong MCA tham gia phan (mg chinh ma con c6 thé can tro sy tiép cén cua tac
nhan carboxymethyl vao céc vi tri hydroxyl trén chudi polysaccharide, tir 46 1am téc d6 gia ting DS va
hoat tinh khang oxy hoa tré nén cham lai & néng d6 3 M.
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Hinh 1. Anh huéng ciia ndng do acid chloroacetic (MCA) dén mirc do thay thé DS va kha ning
bét gbc DPPH ciia polysaccharide sau bién tinh carboxymethyl
Chil thich: Mirc d§ thay thé: Cét, truc tung bén trdi; Phan tram bdt géc ti do: Puong biéu dién, truc tung bén
phai. Cdc chit cdi phia trén cdc cét thé hién su khéc nhau gitta cac mirc voi do tin cdy trén 95%

3.1.2. Anh huéng nhiét @6 phan vmg téi mire d¢ carboxymethyl héa polysaccharide (DS)

Hinh 2 cho thdy anh huong cta nhiét d6 phan img dén mirc d¢ thay thé DS ciia polysaccharide
khi dugc bién tinh bang carboxymethyl hoa tir rong C. submersum. Khi nhiét do tang tir 50 dén 60 °C,
muc do thay thé DS tang 10 rét tir 0,895 + 0,056 1én 1,134 + 0,063 (p < 0,05) va dat gia tri cao nhét tai
60 °C. Sy gia tang nay phan anh vai tro ciia nhiét do trong viéc thiic dy phan tmg, bao gom ting kha
nang khuéch tan cia MCA va lam gidn cdu trac polymer, tir d6 tao diéu kién cho tic nhan phan tng tiép
can cac nhom -OH bi che chin trong cAu triic polysaccharide. Tuy nhién, khi tiép tuc nang nhiét do 1én
65 va 70°C, gia tri DS ¢6 xu huéng giam nhe. Két qua nay cho thiy nhiét do déng vai trdo quan trong
trong viéc thuc dy phan tmg carboxymethyl hoa. O khoang nhiét do trung binh (50 — 60 °C), toc do
khuéch tan va mirc ning lugng hoat hoa dugc cai thién, tao didu kién thuén loi cho tac nhan MCA tiép
cén va gin vao cac nhom hydroxyl trén mach polysaccharide. Ngugc lai, tai nhiét d¢ cao hon 60 °C,
qua trinh depolymer hoa c6 the xay ra do sy phd v& mot phan lién két glycosidic, lam bién d6i ciu trac
mach polymer va han ché s6 vi tri -OH kha dung cho phan tng, din dén sy suy giam muc do DS. So
v6i nghién ctru sulfate hoa polysaccharide tir Sphallerocarpus gracilis cua Xu va cdng su (2016) véi
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gi4 tri DS dao dong tir 0,42 dén 1,01, phuong phap carboxymethyl hoa trong nghién ciru nay cho thiy
kha ning gin nhom thé hiéu qua hon [28]. Tuong tw, Varshney va cong sy khi nghién ciu
carboxymethyl hoa a-cellulose tur Lantana camara & khoang 35 — 65 °C ghi nhan DS trong khoang 0,79
— 0,98, thap hon so vai két qua dat dugc trén rong C. submersum trong nghién ctru hién tai [29]. Hoat
tinh khang oxy hda ctia polysaccharide ciing chiu anh huong tuong ty cia nhiét @6 phan ung. Khi tang
nhiét d6 tir 50 dén 60 °C, hoat tinh bat gdc DPPH tang tir 54,82% lén 74,73%, pht hop véi xu hudng
gia tang DS. Tuy nhién, & nhiét d6 trén 60 °C, sy suy giam cau trac polymer do depolymer héa khién
s6 nhém hydroxyl hoat ddng giam, ddng thoi lam thay d6i cau tric khong gian ciia chudi polysaccharide,
tr d6 1am hoat tinh khang oxy hoa tang cham hodc c6 xu hudng giam, twong ty nhan dinh cuia Machova
va cong su (2014) [27]. Nhu véy, nhiét do phan tmg 60 °C dugc xac dinh 1a diéu kién téi wu cho qua
trinh carboxymethyl hoa polysaccharide tur rong C. submersum, do dam bao sy can bang giita kha ning
khuéch tan ciia tac nhan phan tmg va sy 6n dinh c4u trac mach polymer, tir d6 dat mirc d6 DS va hoat
tinh khang oxy hoa cao nhat.
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Hinh 2. Anh huéng cua nhiét d6 phan ung dén murc do thay thé DS va kha ning bét géc DPPH
ctia polysaccharide sau bién tinh carboxymethyl
Chii thich: Mike d6 thay thé: Cot, truc tung bén trdi; Phan trim bdt goc tw do: Puong biéu dién, truc tung bén phdi.
Cdc chir cdi phia trén cac cot thé hién su khéc nhau gitta cac mirc voi do tin cdy trén 95%

3.1.3. Anh huéng thoi gian t6i mire dé carboxymethyl héa polysaccharide (DS)

1,6 7 r 100

1,4 1

- 80
1.2 4

v

1,0 4 L 60

0,8 1

() 6 1 - 40

(tc d¢ thay thé DS

M
£
s

20

Phén trim bét géc DPPH (%)

0,2 4

1 2 3 4 5
Thoi gian (gid)

Hinh 3. Anh huéng ciia thoi gian phan tng dén mirc d6 thay thé DS va kha ning bit géc DPPH
clia polysaccharide sau bién tinh carboxymethyl
Chii thich: Mike dé thay thé: Cét, truc tung bén trdi; Phan trdam bt goc tw do: Puwong biéu dién, truc tung bén phdi.
Cdc chir cdi phia trén cac cgt thé hién su khac nhau gitta cdc mirc voi do tin cdy trén 95%

Hinh 3 thé hién anh hudng cua thoi gian phan tng dén mirc d6 thay thé DS va hoat tinh khang
oxy hoa ctia polysaccharide carboxymethyl hoa. Khi kéo dai thoi gian phan tng tir 1 dén 4 gid, mirc do
DS ting dang ké tir 1,052 + 0,092 1én 1,313 + 0,038, cho thdy phan Gng can du thoi gian dé cac nhom
alkoxide trén mach polysaccharide tiép xtc va phan ung hoan toan voi MCA. Tuy nhién, khi tiép tuc
tang thoi gian phan ing dén 5 gio, gia tri DS c6 xu hudng giam nhe, ching to phan mg da tién gin
trang thai bdo hoa va khong con thuén loi cho sy gin thém nhom thé. Xu huéng nay co thé dugc giai
thich bdi viée cac vi tri hydroxyl hoat dong trén mach polysaccharide dan bi chiém hét theo thoi gian,
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trong khi sy kéo dai qua mirc thoi gian phan tmg dudi diéu kién nhiét c6 thé gay ra hién twong depolymer
hoa mot phan, pha v lién két glycosidic va lam suy giam céu triic mach, tir d6 1am giam s6 nhém -OH
kha dung cho phan tig carboxymethyl hoa [27]. D6i véi hoat tinh khang oxy hoa, gia tri bit gbc DPPH
tang lién tuc tir 34,47% 1én 80,10% khi thoi gian phan tng kéo dai tir 1 dén 5 gio. Su gia ting nay co
lién quan dén sy cai thién mirc d bién tinh va sy thay ddi cdu trac khong gian ciia polysaccharide, gitip
tang kha nang tiép xtic va trung hoa gdc tu do. Tuy nhién, do DS khéng tiép tuc ting sau 4 gid, sy cai
thién hoat tinh & 5 gio duge xem 1a khong tuong ximg véi nguy co suy giam cdu trac polymer. Do do,
thoi gian phan ung 4 gio duge xac dinh 1a diéu kién t6i wu cho qué trinh carboxymethyl héa
polysaccharide tir rong C. submersum, khi dat dugc mtrc d6 thay thé DS cao nhét déng thoi dam bao sy
6n dinh c4u tric va hiéu qua sinh hoc. Két qua nay cho gia tri DS cao hon so véi nghién ciru ctia Yu va
cong su (2022) trén polysaccharide tir Panax japonicus, trong d6 gia tri DS t6i da chi dat 0,97 [30].

Nhu vidy, muc d6 thay thé DS cua polysaccharide sau khi bién tinh bang phuong phép
carboxymethyl hoa chiu anh huong dang ké boi cac yéu to phan ung bao gom noéng do6 MCA, nhiét do
va thoi gian phan tng. Sy diéu chinh hop 1y cac thong sé nay da gitp tdi wu héa qua trinh gan nhém
carboxymethyl vao mach polysaccharide, tir d6 dat dugc gia tri DS cao hon so v6i cac phuong phap
bién tinh khac nhu sulfate hoa. Khi DS ting, méat d6 cdc nhom carboxymethyl mang dién tich am (-
CH,COO") trén mach polysaccharide ting 1én, gop phan cai thién kha nang cho hydrogen dé trung hoa
gbc tu do DPPH [27]. Bén canh do, DS tang lam tang tinh phan cyc va d6 hoa tan cua polysaccharide
trong moi truong phan ung, ddng thoi 1am cau trac mach polymer gién va linh dong hon, tao diéu kién
thudn loi cho su tiép xuc va tuong tac gitra cac nhom chue véi gbc tur do [31]. Tuy nhién, khi DS dat
dén gia tri cao, hiéu qua bét gbc tu do c6 xu hudng ting chdm lai do hién tugng bio hoa phan tng va
su suy giam céu trac polymer. Do do, carboxymethyl hoa duoc xac dinh la phwong phap bién tinh hiéu
qua, gop phan nang cao gi tri ing dung tiém ning cua polysaccharide tir rong C. submersum trong linh
vuce thuc phém chtre nang va duoc ligu.

3.2. Panh gia hoat tinh khing oxy héa ciia polysaccharide trwéc va sau bién tinh

Hinh 4 thé hién hoat tinh wc ché ABTS cua polysaccharide trudc va sau khi bién tinh
carboxymethyl. Két qua cho thiy ¢ ca hai mau, phan trdm tc ché ting dan theo ndng do tir 50 dén 250
ppm. Trudgc khi bién tinh, phén tram Grc ché tang ttr 13,98 £ 0,003% 1én 62,05 = 0,001% (p < 0,05). Sau
bién tinh, kha ning bit gdc ABTS dugc cai thién nhe nhung van c6 ¥ nghia thdng ké, véi gid tri cao
nhit dat 64,70 + 0,005%. ICso duoc xac dinh bang phuong phap hdi quy tuyén tinh trong khoang ndng
d6 khao sat dya trén phuong trinh dudng chuén ctia do hap thy. Véi mau chua bién tinh, phuong trinh
y = 0,2604x — 0,5315 (R? = 0,974), tir 6 suy ra ICsp 1a 189,97 pg/mL. Ddi véi mau sau bién tinh,
phuong trinh y = 0,253x + 4,0439 (R? = 0,979) cho ICso 12 181,65 pg/mL. Viéc ICso giam cho thiy
polysaccharide sau bién tinh c6 hiéu qua khang oxy hoa cao hon do can ndng d6 thap hon dé dat 50%
kha nang trc ché. Hién tuong nay c6 thé lién quan dén sy gia ting nhoém carboxymethyl va d6 phan cuc
ctia phan tir sau bién tinh.
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Hinh 4. Kha nang khang oxy hoéa ABTS ciia polysaccharide chua bién tinh (CP, duong mau den)

va polysaccharide bién tinh (C-CP, dwong mau xanh).
Céc chir cai phia trén cac duong thé hién su khac nhau gilra cac murc véi d6 tin cay trén 95%
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Kha nang khir NO dugc trinh bay trong Hinh 5. Polysaccharide sau bién tinh thé hién hoat tinh
t6t hon mau ban dau tai tit ca cac nong do khao sat. G 250 ppm, phan trim khir ciia mau sau bién
tinh dat 85,21 + 0,001% so vdi 67,46 + 0,007% ctia mau chua bién tinh (p < 0,05). ICso dugc xac
dinh bang hdi quy tuyén tinh tir phuong trinh duong chuan. Véi miu chua bién tinh, phuong trinh
y=0,1411x + 47,016 (R?=0,956) cho ICso 12 124,51 pg/mL; trong khi mau sau bién tinh ¢6 phuong
trinh y = 0,06x + 75,656 (R? = 0,959) v4i ICs 1a 63,79 png/mL. Gia trj ICso giam manh ching t6 kha
ning khir NO dugc cai thién ro rét sau bién tinh. Hién twong nay cé thé dugc 1y giai do su gia ting
cac nhom carboxyl (-COO"), 1am ting kha nang cho hydrogen va bt giit cac gdc tu do nitrogen oxide.
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Hinh 5. Kha néng kht NO cua polysaccharide chua bién tinh (CP, duong mau den) va polysaccharide
bicn tinh (C-CP, dudng mau xanh). Cac chir cai phia trén cac duong thé hién su khac nhau giira cac muc
v6i do tin cdy trén 95%

Dbi voi phuong phap RP (Hinh 6), polysaccharide thé hién kha nang khir tang theo ndng do va
chiu anh huéng rd rét cua qua trinh bién tinh. Trudc khi bién tinh, d6 hip thu ting tir 0,140 + 0,007 1én
0,331 =+ 0,004 khi ndong d tang tir 50 dén 250 ppm. Sau bién tinh, gia tri nay ting dang ké, dao dong tir
0,246 + 0,007 dén 0,528 + 0,005, cho tha“iy kha nang cho electron cua polysaccharide dugc cai thién rd
rét. Két qua nay cho thay nhom carboxymethyl khong chi gop phan ting cuong kha ning cho electron
ma con 1am thay ddi cdu trac khong gian cua polysaccharide, tir d6 nang cao hiéu qua khang oxy héa
theo co ché khir.
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Hinh 6. Kha nang khu RP cta polysaccharide chua bién tinh (CP, dudng mau den) va polysaccharide
bién tinh (C-CP, duong mau xanh). Cac chir cai phia trén cac duong thé hién sy khac nhau giira cac mirc
v6i d0 tin cdy trén 95%

Nhin chung, qua trinh carboxymethyl hoa da lam tang hoat tinh khang oxy hoa cta polysaccharide
khi danh gia bang ba phuong phap ABTS, NO va RP, trong do sy cai thién thé hién rd rét nhéat & phép
thir NO va RP. Két qua nay cho thiy mirc d6 thay thé DS c6 lién quan t6i viéc nang cao hoat tinh sinh
hoc ctia polysaccharide sau bién tinh.

3.3. Panh gia hoat tinh khang khuén ciia polysaccharide sau bién tinh

_ Hai chung vi sinh dugc dung dé danh gia kha nang trc ché khuan ctia polysaccharide sau bién tinh
gom: S. typhimurium, S. aureus.
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Két qua khang khuén ctia polysaccharide bién tinh dugc trinh bay & Hinh 7.

Hoat tinh khang khuén cia polysaccharide bién tinh duoc danh gia bang phuong phap khuéch tan
trén dia thach ddi voi hai chung vi khuén dai dién 1a S. aureus (Gram duong) va S. typhimurium (Gram
am). buodng kinh vong v6 khuan tang dan cta mau sau carboxymethyl cho thay kha nang trc ché vi sinh
tai cac nong do tang dan. Tai ndng do 400 pg/mL, polysaccharide tao vong tic che d6i v6i S. aureus 1a
21,30 £+ 0,45 mm, cao hon so v6i S. typhimurium (16,01 + 1,58 mm). Khi ting ndng do 1én 600 va 800
pg/mL, dudng kinh vong te ché cua S. aureus ting 1an luot 1én 27,19 + 0,89 mm va 33,00 + 0,79 mm,
trong khi d6i voi S. typhimurium dat 20,37 £ 0,44 mm va 24,20 £ 0,11 mm. Diéu nay cho thay S. aureus
nhay cam hon v6i polysaccharide bién tinh so v&i vi khuan Gram am. Sy khéc biét nay co thé do cdu
trac thanh té bao Gram am tao nén tir 16p mang ngoai giau lipopolysaccharide 1am can tr¢ sw xam nhap
ctia hop chat khang khuan, trong khi vi khuan Gram duong c6 thanh té bao don gian hon nén dé bj tac
dong hon. So sanh v6i nghién ciru cta Li va cong sur (2018), khi bién tinh carboxymethyl polysaccharide
tir ba hat mau don (PSDPs), duong kinh vong khang khuén d6i v6i S. typhimurium chi dat khoang 12 —
14 mm va tuong duong v6i S. aureus [32]. Cho thay polysaccharide tir rong C. submersum trong nghién
clru nay ¢ hiéu qua khang khudn cao hon. Bén canh d6, Chen va cong sy (2024) khi sulfate hoa
polysaccharide tir cam gao ghi nhan dudng kinh vong vo khuan ddi véi S. aureus va Salmonella 1an
luot 13 19,26 mm va 17,27 mm [33]. So v&i két qua nay, phuong phép carboxymethyl hoa trong nghién
ctru hién tai cho théy hi€u qua khang khuén vuot trdi hon, chirng minh vu thé cuia nhom carboxymethyl
trong viéc tang cuong hoat tinh sinh hoc cta polysaccharide.

Hinh 7. I§ét qué danh gia hoat tinh khang khudn cta polysaccharide sau bién tinh
Chu thich: a, b, c. Ket qua khang Salmonella typhimurium, d, e, f. Két qua khang Staphylococcus aureus;
(1): Péi chirng ém; (2): Doi chimg dwong; (3) nong dg 400 ug/mL; (4) nong g 600 ug/mL; (5) nong dg 800 ug/mL

Su gia ting kha ning khang khuan sau qua trinh carboxymethyl hoa polysaccharide khong chi don
thudn do tuong tac tinh dién hap dan giita nhom chirc méi va mang t& bao vi khuén. Qua trinh
carboxymethyl hoa lam thay dbi dang ké tinh chit hoa ly cua polysaccharide, bao gbdm do hoa tan, tinh
phan cyc va cau tric khong gian, tir d6 tang kha nang hép phu Ién bé mit te bao va gay 1i loan chirc
nang mang vi khuan. Diéu nay dan dén sy thay ddi tinh tham mang, lam mat cén bang ndi mdi va trc
ché phat trién vi khuén, nhu duoc tong két trong cac nghién ctru téng quan vé cai thién hoat tinh khang
khuan cua polysaccharide thong qua blen d6i hoa hoc. Ngoai ra, ban chit tuong tac gitta nhom
carboxylat va cac thanh phan khac cua té bao (nhu protein mang, ion da hoa tri) cing gop phan vao co
ché nay, cho thay hoat tinh khang khuén ¢ cac dan xuat carboxymethyl khong gidng hoan toan véi co
ché ciia cac polymer mang dién duong nhu chitosan [34].
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3.4. So sanh céu tric polysaccharide trwée va sau bién tinh biang phuwong phap phd FT-IR

Hinh 8 cho thay su khac biét trong phd FT-IR giita polysaccharlde (CP) va polysaccharide sau khi
carboxymethyl hoa (C-CP). Dai hap thu rong tai viing 3200 — 3600 cm™ & ca hai mau dic trung cho dao
dong keo dan cua nhom hydroxyl -OH cua polysaccharide [35]. Sau bién tinh, cudng do dai nay thay
d6i nhe, phan anh sy bién d6i trong lién két hydro khi nhém -CH,COO" dugc gan vao mach
polysaccharide. Su khac biét quan trong nhét 1a sy xuat hién ciia dinh méi tai peak 1408 cm™ trong mau
C-CP, tuong tmg véi dao dong COO, la dic trung clia nhom carboxymethyl [36]. Pay 1a bang chimg
16 rang cho thiy phan tmg carboxymethyl hoa da xéiy ra. Trong khi d6, peak dic trung cua lién két C-
O-C va C-O cua khung carbohydrate tai 1011 cm™ van duoc bao ton & ca hai méu ching to cau trac
khung polysaccharlde khong bi pha huy trong qua trinh bién tinh. Nhu vay, su xuét hién cta dai hap thu
tai 1408 cm™! ciing véi viée cac dic diém cau tric carbohydrate van dugc giir nguyén cho thiy qua trinh
carboxymethyl héa polysaccharide di dién ra thanh cong.
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Hinh 8. Phd FT-IR cua polysaccharide chwa bién tinh (a) va polysaccharide di bién tinh (b)
4. KET LUAN

Nghién ctru nay dua ra dugc mdi quan hé giita nong d9 acid chloroacetic, nhiét d¢ va thoi gian
phan tmg va mic d6 carboxymethyl hoa polysaccharide tir rong C. submersum. Didu kién bién tinh toi
uu duge xac dinh tai néng do MCA 2,5 M, nhiét d¢ 60 °C va thoi gian phan Gmg 4 gi0, cho mure d6 thay
thé (DS) cao nhat, ddng thoi cai thién rd rét hoat tinh khang oxy hoa cua polysaccharide. Két qua phan
tich FT-IR cho thdy sy thanh cong trong viéc gin gbc carboxymethyl vao mach carbon, gop phan lam
thay ddi cAu trac hoa hoc cua vat li€u va cai thié€n hoat tinh khang oxy hoéa. Sy gia ting DS c6 mdi lién
hé chat ché véi sy cai thién hoat tinh sinh hoc, thé hién qua hoat tinh bit gbc ABTS, NO, kha nang khir
RP va hoat tinh khang khuan ddi v6i S. typhimurium va S. aureus. Piéu nay cho thiy carboxymethyl
hoéa 1a mot phuong phap hi¢u qua nham nang cao gia tri sinh hoc cua polysaccharide tir rong nuéc ngot.
Nghién ctru nay khong chi cung cép co sé khoa hoc cho viée t6i wu hoa qua trinh carboxymethyl hoa
polysaccharide tir C. submersum ma con gop phan lam rd mdi lién hé giita mirc d9 bién tinh va hoat
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tinh sinh hoc cuia polysaccharide rong. Trong cac nghién ciru tiép theo, can tap trung phén tich siu hon
dic diém cdu trac va hinh thai cua polysaccharide bién tinh bang cac k¥ thuat hién dai nhu NMR, phan
tich khdi lugng phan tir va danh gia hoat tinh sinh hoc & mirc d6 té bao hodc in vivo, nham lam rd co
ché tac dong va mang dén tiém nang khai thac trong linh vuc y sinh va dugc pham.
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ABSTRACT

CARBOXYMETHYL MODIFICATION ON POLYSACCHARIDE
FROM Ceratophyllum submersum ALGAE

Trinh Thi Bich Huyen, Tran Khanh Linh, Nguyen Hoan Phuong Thuy,
Nguyen Thi Thu Huyen, Hoang Thi Ngoc Nhon”
Ho Chi Minh City University of Industry and Trade
*Email: nhonhtn@huit.edu.vn

Polysaccharides are natural macromolecules widely found in plants that exhibit diverse biological
activities and have attracted considerable attention due to their potential applications in medicine and
pharmaceutical development. Ceratophyllum submersum is a freshwater alga rich in polysaccharides;
however, studies on structural modification aimed at enhancing the biological activities of
polysaccharides from this species remain limited. This study aimed to determine the optimal conditions
for polysaccharide modification using the carboxymethylation method and to evaluate the effects of this
process on biological activities. The investigated factors included monochloroacetic acid (MCA)
concentration, reaction temperature, and reaction time. The results showed that the optimal conditions
were achieved at an MCA concentration of 2.5 M, a reaction temperature of 60 °C, and a reaction time
of4 h, corresponding to degrees of substitution (DS) of 0.876 + 0.032, 1.134 + 0.063, and 1.313 + 0.038,
respectively. FT-IR analysis indicated the appearance of the CH,COO™ group, suggesting the
substitution of hydroxyl groups (—OH) in the carbon chain. Biological activities were evaluated through
antioxidant  assays, including  2,2-diphenyl-1-picrylhydrazyl = (DPPH), 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), nitric oxide (NO) scavenging, ferric reducing power
(RP), and antibacterial activity. The modified polysaccharides exhibited stronger radical-scavenging
activity, with ICso values of 181.65 pg/mL for ABTS and 63.79 pg/mL for NO. The reducing power
assay showed increased absorbance, indicating greater ferric-reducing capacity after modification
compared with the native polysaccharide. In addition, the modified polysaccharides demonstrated
inhibitory activity against Salmonella and Staphylococcus aureus. The obtained results demonstrate that
carboxymethylation effectively enhances the biological activities of polysaccharides through structural
modification, suggesting promising applications of C. submersum-derived polysaccharides in medicine,
pharmaceutical development, and functional foods.

Keywords: Carboxymethyl, Ceratophyllum submersum, modification, polysaccharide.
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