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- Diém noi bat:
v’ Trong thanh phan chiét xuét 14 trau khongg(Ripetibetlelk.) co chira ham
lugng cao nhém phenolic.
v Chiét xuét 14 triu khong c6 hoat tiflykhang Khun caord@éi voi quan x3a
vi sinh vat bién.
v Chiét xuat c6 mirc d6 doc tinh trung binh ddiwoi av trung Artemia salina.
v/ Chtng minh hiéu quéa chiéng bam Ban sinh hoe khi bd sung chiét xuét
vao thanh phan 16p phit trén co sé acrylic copolymer.

- Tém tdit: Bai bao nay trinfibay kétlqua nghién ciru kha ning sir dung chiét xuat
14 triu khong (Piper betle Lghy o1 vaitro laymot loai phu gia khang khuén cho 16p phu
chéng bam ban sinh hoc.than thiény5i moi trgong. Hoat chat sinh hoc ctia chiét xuat
dugc xac dinh qua ham Iugng phenolie tong s0. Két qua cho thay ham lugng phenolic
tong s6 trong chiétexuat dat'260,3%mg GAE/g chit kho. Hoat tinh khang khuéan cta
chiét xuat duoc danh'gia bang phirong phap khuéch tan trén dia thach. Ddc tinh sinh
hoc duoc danh gidirén au trung Awtemia salina. Két qua cho thay, chiét xuat 14 trau
khong c6 héatitinh Khang Khuafl ¢ao dbi voi quan xa vi sinh vat bién véi duong kinh
vong khang khuan'dat 35,1 £0,5 mm. Doc tinh sinh hoc cua chiét xuat ddi véi du
trangArtemia salina & mie d6 trung binh (LCso > 100 pg/mL). Két qua thir nghiém
tu nhi€n trong Mmoi trwong nude bién trong diéu kién tinh cho thiy, viéc bd sung chiét
xudt 1atrau khong vao thanh phan 16p phu trén co s¢ acrylic copolymer giup tang
dang ké Riéu qua chong bam ban sinh hoc cua 16p phu. Tuy nhién, ¢ diéu kién thur
nghiém dong (thtr nghiém quay) hiéu qua chéng bam ban ciia 16p phu chita chiét xuat
thip hon dang ké so véi 16p phii ¢6 sir dung CuzO.

Tir khoa: Cfliet xudt ld trau khéng (Piper betle L.); hoat tinh khang khudn; 16p
phu chong bam ban sinh hoc; hiéu qua chong bam ban sinh hoc,; doc tinh sinh hoc.

1. DAT VAN DE

Trong bdi canh céc quy dinh vé moi trudng ngay cang nghiém ngat dbi voi viee

sir dung cac loai son phu chdng bam ban chira doc td, nhu cau phat trlen cac 16p phu
chéng bam ban than thién v6i méi trudng, sir dung cac phu gia ¢ ngudn gde tu nhién
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c6 dgc tinh thdp, ngay cang thu hat sy quan tdm cua cac nha nghién ctru [1]. Trong
d6, mot sd huong nghién ctru 6 trién vong la st dung cac loai enzyme, chiét xuét tir
cac sinh vat bién (tao, than mém, vi khuin bién.. ) va chiét xuét thuc vat véi vai tro
1a phu gia chéng bam ban [2].

So vo1 enzyme va chiét xudt tir sinh vat bién, chiét xuét thyc vat co nhiéu uu
diém nhu nguon cung nguyén liéu doi dao, chi phi thdp va quy trinh chiét xut don
gian. Cac chiét xut nay co thé thu dugc tir cac bo phan khac nhau cua thuc vat nhu
1, vo, 14, qua... Chiét xuat thyc vat c6 chira ham luong cao cac nhom hop chét
polyphenol nhu phenohc flavonoid, phenolic acid, polyphenolic amid [3]. Day la cac
nhom c6 hoat tinh khang khuén cao, c6 tiém ning ung dung tronggiganh cong nghiép
dugc pham ciing nhu trong ché tao cac 16p phii chdng bam ban.dMotisd loai chiét xuat
thuc vat da dugc nghién ctu st dung vai vai tro 1a phu gia chong batn ban cho cac
16p phit c¢6 thé ké dén nhu: chiét xuét capsaicin tir qua ot [4], chiét xuat e gimg [5],
cti nghé [6], chiét xuat 14 dudc [7], chiét xuat cay keo den,[S]WKéHiGua thir nghiém ty
nhién trong méi truong nudc bién cho thiy, 16p phil st dung chiét xuét thuc vat co
hiéu qua chdng bam ban kha cao trong thoi gian thir nghiém & 6 - 9. théng [4-8].

Triu khong (Piper betle) 1 loai thuc y@t phan'bd phb,bién & Viét Nam. Chiét
xuét 14 trau khong co6 hiéu qua khang khuan ‘¢ao, dugc sisdungynhu 1a mot loai thuéc
dong y chira cac bénh nhlem khuan ring miéngydrong thanh phan cua chiét xuit 14
trau khong c6 chira mot s nhoém hop chat nhu phenolic, tannin, alkaloid, saponin,
flavonoid [9]. Céac nghién ctru cho thay, chiét xuat [agrau khong c6 hoat tinh khang
khuan cao d6i v6i cac chung vi Khuan diéh hinh nhu E. coli, B. cereus, Salmonella sp.
va Shigella sp. [10].

Trong nghién ciruay, chung™oi. sty dung chiét xuat 14 triu khong véi vai tro 1a
phu gia chéng bam ban cholép phii trén ce’sé acrylic copolymer véi muc tiéu ché tao
16p phu chéng bam'ban than thién véi moi truong, c6 hiéu qua chéng bam ban cao,
thay thé cho cac 16p phinchdéng bém ban chira doc t6 truyén thong.

2. POI'EUONG, VAPHUONG PHAP NGHIEN CUU
201Vt ligu, héachat

Nguyén li¢u chinh str dung trong nghién ciru bao gdm: 14 trau khong (Piper betle
L.) dugc say khdy nghién min véi kich thuéc < 500 um; ethanol (C.HsOH, d6 tinh
khiét > 99,5%, Fisher Chemical, Hoa Ky); thudc thu phenol Folin-Ciocalteu (Merck,
Puc); acid gallie (> 99%, Sigma, Pirc); mdi trudng nudi cdy Marine Broth va Marine
Agar (Himedia, An D0); nhya acrylic copolymer B116 (Mitsubishi, Nhat Ban); ZnO
(99,8%, Xilong, Trung Quéc); CaCO;3 (99,8%, Xilong, Trung Qudc); betonite (> 99%,
Xilong, Trung Quéc); xylene (CsHio, Xilong, Trung Qudc).

2.2. Thu chiét xuit 14 trau khong

La trau khong (Piper betle L.) duoc thu tai Nha Trang, Khanh Hoa vao thang 9
nam 2024. Sau d6, 14 trau dugc rira sach va say ¢ nhiét d6 45°C trong khoang 72 gio.
Nguyén liéu sau sdy dugc nghién min bang cdi xay dén kich thudc < 500 um. Bot 14 trau
khong (200 g) dugc ngam trong dung méi ethanol véi ty 1€ bot:dung méi 1a 1:10 (g:mL)
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trong khodng 24 gi¢ ¢ nhiét do phong. Hon hop sau chlét dugc loc qua gidy loc dé
loai bé can. Qua trinh nay lip lai 3 1an dé dam bao thu tdi da chat chiét. Sau do, dich
chiét duoc c6 dic bang may c6 quay chan khong ¢ nhiét do 40°C, ap suit 175 mbar.
Dich chiét ¢6 dic dugc sdy trong tu sdy chan khong trong khoang 48 gid dé loai bo
hoan toan dung moi. Cao chiét ¢ dic duge bao quan trong tu mat ¢ nhiét d¢ 4°C dé
phuc vu cac budc nghién ctru tiép theo. Khéi lugng cao chiét thu duoc 12 28,40 g (hi¢u
suat thu cao chiét dat 14,2%).

2.3. Nghién ctru tinh chét ciia chiét xuét

Thanh phan cdc nhom chirc hitu co trong cao chiét dugc danhdgia b::f}ng phuong
phap phd hong ngoai bién doi Fourier (FTIR) trong dai s6 song 4000 den 630 cm’!
str dung thict bi Agilent Cary 630 (Agilent Technologies, Malaysia).

Xdc dinh ham heong phenolic tong trong mau chiét xugt. Hat 0,5 miudich chiét
(da pha lodng bang ethanol dén nong do 5 ug/mL) trongyoi 2Sumliathudc thir Folin-
Ciocalteu 10% (v/v) trong nudc ct, dé on dinh trong 6 phiit, Sau d6, thém vao 2 mL
dung dich Na,COs 7,5% (w/v) trong nudc cit vayl trong béng t6i gdihiét do phong
trong 1 gio. P6 hap thu ctia hdn hop duge do,765am st dung fay quang phd UV-
Vis DR3900 (Hach, Dtrc). Acid gallic dude sir dungplam ‘¢hat chuan. Ham luong
phenolic tong s6 duoc bicu dién twong dwong Vi g GAE/g chat kho [11].

Pdnh gid hoat tinh khang khudn. Hoat tinh Khang khuan cua chiét xuét 14 triu
khong duge danh gid d6i voi quan X&,vi sinh vat bimybang phuong phap khuéch tan
trén dia thach [12]. Mau nudce bién,dugedhu tai khu virc Phao thir nghiém bién, Tram
nghién ciru thir nghiém biéndam Bay(VinhNhadbrang, 12°12'N, 109°18 E). Nuodi cdy
tang sinh trong moi truong MarineBrotho didkién 32°C, lic 150 vong/phut trong thoi
gian 16 gio. Trude khi tiénhanhthir nghiéi, dich nudi cdy duoc pha loang dén do duc
tuong duong chuamyMcFarlafd 0,5%l1,5 x 10® CFU/mL). Chuan bj cac dia thach rin
Marine Agar. Hiit 100puL dich'i khWan di pha loang, ciy trang déu Ién bé mat dia
thach. Dung dung €u vo tiung duc @ac giéng thach dudong kinh 6 mm, sau d6 nhé vao
mdi giéng 70 filsdichiehict 14 trdu khong (di pha lodng bang ethanol dén nong do 300
ug/mL)eEthanol dude,sthdung lam d6i ching am. Péi chimg dwong 13 Penicillin G
nongf(do 6 #gmIENCac dia‘thach duoc 0 trong 24 gid & 32°C. Hoat tinh khang khuan
duocxac dinh bang cdeh do duong kinh vong khang khuan (mm) quanh méi giéng thach.

Pénh gid dc tinh ciia chiét xudt doi voi du tring Artemia salina. Cac mau dugc
thir nghiém'@diu kién tinh trong khoang thoi gian 48 gior & nhiét do phong trong dia
petri thuy tinh dong kin. Au tring Artemia n6 giai doan II — I1I dugc cho tiép xtic voi
chiét xuat va doc chat so sanh & cac ndng do khac nhau. Poc chit so sanh duoc sur
dung la polyhexamethylene guanidine (PHMG). Panh gia murc do tor vong cua au
trung sau 48 gio str dung kinh hién vi ‘quang hoc. Dé tinh toan ndng do gy tir vong
ban phan (LCso) cua timg loai hop chit, ching dugce thu tir ndng d6 500 ug/mL dén
ndéng do ma & do khong gay tir vong d6i voi du trung Artemia salina. Sau d6 dyng do
thi phu thudc “Log nong d6 - ty 1¢ tir vong cua au trung”, dua vao phuong trinh hoi
quy dé tinh gi tri LCso (ndng do ma & d6 50% sb au tring bi tir vong). Thi nghiém
duoc lap lai 5 lan. Két qua duogc biéu dién dudi dang gié tri trung binh + dg 1éch chuan.
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2.4. Ché tao va danh gia tinh chit cia cta 16p phi

Ché tao 16p phii: Cac miu son trén co s acrylic copolymer dugc ché tao theo
cong thirc phdi tron nhu sau: 15 g copolymer 10 g CaCOs, 10 g ZnO, 2 g betonite va
100 ml xylene (dung moéi). Phy gia chiét xuat duoc bd sung vao thanh phan son phi
v6oi ham lugng lan luot 14 0,5; 1,0 va 1,5% (theo khdi luong). Mau son khong chira
phu gia chiét xuit duoc sir dung 1am mau dbi chimg. Cac méu son dugc thi cong bang
phuong phép phun trén nén thép Ct3. Chiéu day 16p phu trung binh dat 89 + 3 um.

Do bam dinh cua I6p phu duge xac dinh bang phuong phap kéo nhd (pull-off)
theo tiéu chuan ASTM D4541-22.

Xdc dinh téc d6 tr mai mon cua 16p phii. Nghién ctru xde dinh téc d6 ty mai
mon cua 16p pha duge tién hanh trong phong thi nghiém y@isthoi gian thir nghiém
10 ngay trong nudc bién theo phwong phap duge mo ta trong [13]. Theo @9, cac mau
16p phit kich thudc 3 x 3 cm v6i thanh phan khac nhawdwoc eankhdi luong, sau d6
dat vao cac lo chira 150 mL nudc bién va duoc dit tfén may: ldc tron Grant-bio PSU-
20i véi tée do 120 vong/phut. Bi v6i mdi loai 16p phigtiénshanh thignghiém 3 mau
thir. Dé xac dinh téc do ty mai mon, cac madlép phu saw khi Agam 10 ngay duogc
dé kho tu nhién ¢ nhiét ¢ phong trong kHeang 48 gié. Saipd6 tién hanh can mau
b?mg can phan tich c6 d9 chinh xac dén 0,001 g. T6c d6tw mai mon duge tinh theo
cong thuc:

WO_Wt,dT
D, )

Trong d6: ¥ 1a téc doghe. mai maon clia 16pdphii, mg/cm’.ngay; Wy - khoi lugng

mau trude khi ngam; Wiary - Khotlugngumau$au khi ngam dé kho; S - dién tich mau.

V =

Thir nghiém ti nhién'dénh i hieu qua chong bam ban. Cac mau 16p phii dugc
thir nghiém trong didwkién nhiing hodn toan trong nudc bién ¢ d6 sau tr 0,5 dén 1,5 m
tai Tram nghién ¢u thihnghiém Bién Pam Bay (Vinh Nha Trang, 12°12° N, 109°18’
E). Thong 30 trung binh cha nuéc bién tai dia diém thir nghiém: Nhiét d6 - 29,4°C;
pH - 8,27; ham lwgng ¥xy hoa tan - 6,47 g/mL; P§ man - 33,4%o. Tién hanh thr
nghiédl &6 hai diéu kién thir nghiém tinh va thir nghiém dong (gia thir nghiém quay).
D6i yoi mdi thanhphan 16p phu tién hanh thir nghiém 3 mau. Méu 16p phii khong
chira phu gia chiét xuat dugc sir dung 1am mau d6i chimg 4m. Mau 16p phu chira 20%
Cu0 (theo khéillirong) dugc sir dung 1am mau ddi chimg dwong. Déi véi diéu kién
thir nghiém #inl; cac mau 16p phit duge ¢d dinh theo phuong thang dung trén cac gia
thir nghiém sao cho khoang cach t6i thiéu giita cac mau khong nho hon 10 cm, khoang
cach gitra cac gia thir nghiém khong nho hon 20 cm. Pdi voi diéu kién thir nghiém
quay, cac mau thir nghiém dugc ¢d dinh trén gia thir nghiém dit trong 16ng quay
duong kinh 2,2 m, téc d6 quay khoang 3,6 m/s.

bénh gia hi¢u qua chéng bam ban cia cac mau thir nghi¢m dugc thyc hién theo
phuong phép cua Silva E. R. va cong su trong [14]. Theo dé, dé danh gia so bd bam
ban cic mau thir nghiém, cac méau duoc nhic 1én khoi mit nudce, chup anh bé mat
mau. Tiép theo, cic mau duoc quan sat trén may tinh v6i d6 phan giai cao va tinh toan
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dién tich bam ban trén bé mit mau st dung chuong trinh ImageJ 1.48v. Hiéu qua
chong bam ban dugc tinh theo loai sinh vat bam va dién tich bam ban theo cong thirc:

AE =100 — (0,2xS; + 0,5xS; + 15xS3) 2)

Trong d6: AE 1a hiéu qua chdng bam ban ciia 16p phii, %; Si - phan trim dién
tich 16p pht bi bam ban boi mang vi sinh; S, - phan trim dién tich bé mit 16p phu bi
bam bén boi cac loai sinh vat bam c6 kich thudc nho hon 5 mm; S - phan trim dién
tich bé mat bi bam ban boi sinh vat bam c6 kich thude 16n hon 5mm.

3. KET QUA VA THAO LUAN
3.1. Thanh phén cac hop chét hitu co trong chiét xuit I triudkhong

Ph6 hdng ngoai clia chiét xuat 14 trau khong dugc trinnbay ¢ Hinh 1. C6 thé
thdy, mot dai hap thy rong & s6 song 3354 cm™' phan anh dao dong hoa triteia lién két
O-H trong cac nhom carboxylic hodc hydroxyl. Dinhshép thimémséasong 2922 cm’!
phan 4nh dao dong kéo gidn cua lién két C-H tron§ nhomymethyl trén vong thom.
Dinh hap thy tai s6 séng 1714 cm™ dic trung cho dao dong kée,gidn.cua lién két C=0,
c6 thé lién quan dén sy hién dién cua cac hop.ehat nhom phenoliehNgoai ra, dinh hip
thu tai s6 song 1510 cm™ dic trung cho dao @@ng kéo gidin C=E€. trong vong thom [15].
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Hinh 1. Ph6 hong ngoai cta chiét xuat 1a trau khong (Piper betle L.)

Két qua phan tich ham lugng phenolic tong sé cho thay, trong thanh phan cua
chiét xuét 14 triu khong cé chira ham lugng phenolic kha cao (260,3 mg GAE/g chit
kho). Két qua phan tich nay ciing twong dong véi nghién ctru khac vé ham luong
phenolic tong sb ciia chiét 14 triu khong thu tai Nepal [16]. Trong khi d6, trong thanh
phén chiét xuat 14 trau khong bang phuong phap chiét siéu 4m [17] c6 chira ham lugng
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phenolic cao hon so vdi st dung phuong phép ngam chiét trong dung méi. Tuy nhién,
phuong phap siéu am thuong doi hoi thiét bj chuyén dung, chi phi cao va khé ap dung
& quy mo 16n, trong khi phuong phap ngam chiét don gian, tiét kiém va dé trién khai
hon trong thuc tién san xuat.

3.2. Hoat tinh khang khuén va ddc tinh sinh hoc ciia chiét xuét I4 trau khong

Dé danh gia kha ning sir dung chiét xut 14 triu khong véi vai tro phu gia cho
cac 16p phu chdng bam ban, da tién hanh nghién ciru hoat tinh khang khuan cta chiét
xudt d6i v&i quan xa vi sinh vat bién va danh gia doc tinh sinh hoc déi v6i nhém sinh
vat khong phai muc tiéu, str dung au trang Artemia salina.

Két qua danh gia hoat tinh khéang khuan ciia chiét xudf14"trau khéag duoc trinh
bay trong Bang 1. Theo 0, chiét xuat bang dung méi ethanolieé hiéu qua khéng khuan
cao dbi voi quan x3 vi sinh vat bién v6i dudng kinh yong khang khuamdat 35,1 + 0,5
mm. So sdnh véi cac nghién ctru trude do, chiét xuét ethamol clia mot s6 10ai thuc vat thu
tai Malaysia c hoat tinh khang khuan kha caofddi Vi chiing Pséudomonas spp. (mot
chung vi sinh vét ¢6 trong thanh phan cta 16 mang bamyban sinh hoc) voi duong kinh
vong khang khuén tir 9 &n 21 mm [18]. Chiét Xuaf ethanolytir cic bo phan khac nhau
ctia qua 6i (Psidium guajava) ciing ciio thiy hoat tinhkhang khuan déi véi hai ching vi
khuén pho bién trong thanh phan mangbamdan 13 Pseatlomonas spp. va Vibrio spp. v6i
dudng kinh vong khang khuan trung binhlan luot 1a khoang 11,0 va 7,0 mm [19].

Biing 1. Hoat tinh khang khadfiteua chiét xuafla trdu khong (Piper betle L.) dbi v6i
quan xawi sinh vat bién

Ne Poi twongmghién ciru Puong kinh vong khang khuin (mm)
1 Doi ching d
0i ¢ u’ng uong 20305
(Penicillin G)

2 Déi,chimg 4
oichungam 8.5+ 0.4

(ethanol)

3 Chiét xmat 14 trau khong.
+

(Piper betle L.) 35,1£0,5

Péc tinh sinh hoc cta chiét xuat duoc danh gia d6i véi Au trung Artemia salina
Sy phu thudc ty 18 tir vong cua du tring vao ndng do cua cac hop chit thir nghiém
dugc trinh bay ¢ Hinh 2. C6 thé thiy, chiét xuat tir 1a trau khong c6 doc tinh sinh hoc
th?ip hon nhiéu so v&i chat diét khuan PHMG. Pic biét, ty 1€ tr vong cua 4u trung
giam nhanh khi ndng d6 chiét xuit str dung dudi 100 ug/mL.
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Hinh 2. D6 thi sy phu thudc cua ty 1¢ tr vorg ctia Autsing Aitemia salina vao ndng
do hop chat thitnghiém

Két qua ngoai suy gi4 tri ndng d0’gay tir vong ban phan (LCso) cua cac loai hop
chat thir nghiém duoc dua ra & Badg 2. Két qua chothiy chiét xuat 14 triu khong ¢
tac dung gay doc dbi v6i Au trurd@ud rieiid salina voi nong do LCso 1a 148,25 + 17,53

ug/mL, trong khi d6 hop chit PHMG c6nong do LCso la 1,33 + 0,22 ug/mL. Theo
bang phan loai mirc 46 doc tinhiPHMG duge X€p vao nhom c6 doc tinh rat cao, con
chiét xuét tir 14 trau khongydugeyphanioaiao nhom co doc tinh trung binh.

Bang 2. Gia ffiyndng dolgay tiyvong ban phan (LCso) ngoai suy tir Hinh 2

Ne Mauthir ighiém LCso (ug/mL)
1 Chiétxuat Tatraukiiong
(Piperbetle.1.) 148,25 17,53
2 Polyhexarpqthylene 1334022
guanidine

~3.3. Tinh chit co hoc va hiéu qua chdng bam ban ciia 16p phii sir dung chiét
xuat la trau khong

Két qua xac dinh d6 bam dinh va tdc do tu mai mon cia 16p phit duoc trinh bay
0 Bang 3. Co thé thay, d6 bam dinh ciia 16p phu giam dan khi ham luong chlet XuAt
duogc bo sung vao thanh phan 16p pht ting 1én. Pic biét, khi ham luong chiét xuit dat
1,5%, d0 bam dinh cta 16p phu gidm ro rét, co thé 1a do su hién dién cua cac pha hitu
co lam giam mirc d6 twong thich gitra 16p phu v6i nén kim loai. Di véi tée d6 tw mai
mon, gia tri nay giam khi 16p phu chia 0,5 va 1% chiét xuét, nhung lai ting 1én khi
ham luong chiét xuat dat 1,5%. Két qua nay cho thay, viéc bd sung chiét xuat 14 trau
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khong véi ham luong nho c6 thé 1am ting tinh on dinh cta 16p phu, ¢6 thé 1a do su
tuong tac gitra cac nhom hop chat hitu co trong chiét xuit voi pha nén polymer, lam
tang lién két ndi tai, tir d6 lam giam qua trinh ty mai mon cua 16p phu. Tuy nhién, khi
ham Iugng chiét xuat tang lén dén 1,5% nd co thé gy suy yéu lién két cau trac
polymer, gay ra su tw mai mon nhanh hon.

Bang 3. Gié tri d6 bam dinh va toc do tu mai mon cta 16p phu chia chiét xut 14
trau khong voi cac ham lugng khac nhau

Ham lwong chiét xuit (%) | Pd bam dinh (MPa) | Tdc dé tw mai mon

0 3,82 +0,24
0,5 3,54+0,18
1,0 3,32+0,15

1,5 2,51+0,

Tir két qua nghién ciru trén, dé i wu
quyét dinh lga chon 16p phu chtra 1% chi
danh gia hiéu qua chéng bam ban. Cac mau 1
bién tai Phao thir nghiém bién Da
thang thir nghiém trong diéu kién
nghiém quay) dugc trinh bay & ﬁ

- o M - i
Thir nghiém tinh Thir nghiém quay
Khéng phu gia 1% chiét xuit 20% Cw:0 Khéng phugia 1% chiét xuiit 20% Cu20

Hinh 3. Anh chup bé mit cac mau 16p phu trude va sau 6 thang thir nghiém ty nhién
trong nudc bién tai Phao thtr nghiém bién Bam Bay: a) thir nghiém tinh; b) thu
nghiém quay
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Két qua cho théy, sau 6 thang thir nghiém trong diéu kién thir nghiém tinh, mau
16p phu chira 1% (Ve khoi luong) chiét xuét van thé hién kha nang chong bam ban kha
cao. Trén bé mat mau chi xuat hién 16p bam ban mong tir réu va tao cat, chua Xudt
hién bam ban macro. Trong khi dé, trén bé mit mau 16p phit khong chira phu gia da
xuét hién bAm ban macro & canh bén phai cua mau (Hinh 3a). Nguoc lai, trong diéu
kién thir nghiém dong, chi c6 mau 16p phu chira doc t6 Cuz0 13 con duy tri duoc kha
ning chéng bam ban sau 6 thang thir nghiém. Cac mau 16p phu khong chtra phu gia
va 16p phu chira chiét xudt da xuat hién cac t6 hau ha trén bé mit mau chi sau 1 thang
thir nghiém. Sau 6 thang thir nghiém, bam ban macro da bao phu phan 16n bé mit mau
(Hinh 3b). Hiéu qua ch6ng bam ban ciia cac mau 16p phu thir ngh' dugc trinh bay
& hinh 4. C6 thé thay, & diéu kién thir nghiém tinh, 16p phu c o chiét xuét dat

hiéu qua chéng bam ban trén 80% sau 6 thang thu nghiém, ong véi mau
16p phii chtra 20% Cu0 - mot chat diét khuan thuong dun i hu thuong

mai (Hinh 4a). Tuy nhién, khi thir nghiém & diéu kién th
chdng bam ban ciia 16p phu chia chiét xuét suy gl”
phu chira Cu20. Sau 6 thang thir nghiém, hiéu q
xuong chi con khoang 15%, twong duong vdi
Trong khi d6 mau 16p phii chira Cu20 van
70% (Hinh 4b).

- ®
o o
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2

Hiéu qui chong bam ban, %
A

o
Hiéu qui chéng bam ban, %

=)
L

_ ok W s Uy
o © © o
R T

Miu @i chimg 1% chiét xuit 20 % Cu20 Mau d6i chimg 1% chiét xuit 20 % Cu20

b)

. g 4m ban cua cac 16p phu sau 6 thang thir nghiém ty nhién
ong nwoc bién: a) thir nghiém tinh; b) thir nghiém quay

Trong thanh phén ctia cac chiét xuét thuc vat, cac hop chat thudc nhom phenolic
va flavonoid thudong chiém ty 1é cao va dong vai tro quan trong trong hoat tinh sinh
hoc, dac biét la kha nang khang khuéan. Can luu y rang cac hop chat nhém phenolic
c6 trong chiét xuat 14 trau khong duoc xac dinh 1a nhém hop chat dong vai tro khang
khuén chinh ciia chiét xuat [20, 21]. Mot s6 hop chét thudc nhém phenolic dugc tim
thy trong chiét xudt 14 trau khong co thé ké dén nhu: allyl pyrocatechol, allylcatechol,
methyl eugenol, estragol (methyl chavicol), chavibetol, chavibetol acetate, safrol, 4-
allyl-2-methoxy-phenolacetate va 3-allyl-6-methoxyphenol [22].
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So véi chiét xuat tir cac loai thuc vat khéac, chiét xuét 14 trau khong thé hién hoat
tinh khang khuan cao ddi voi ca vi khuan Gram am va Gram duong [23]. Trong do,
chiét xuét 14 tr?lu khong bang dung méi ethanol cho hiéu qua khang khuédn cao nhét.
Dich chiét xuat 14 trau khong trong dung moéi ethanol nong do 50 - 100 ug/mL co6 hoat
tinh khang khuan cao nhét dbi véi cac ching vi khuan E. coli va P. aeruginosa [16].
Trong nghién ctru [24], cac tac gia cling da chi ra rang, cac hop chat nhom phenolic
trong chiét xuat 14 triu khéng nhu hydroxychavicol va allylpyrocatechol, ¢6 kha nang
ngédn chan sy hinh thanh mang bam trén rang bang cach pha v0 thanh té bao cua vi
khuan gy mang bam S. sanguinis. Két qua nay da thé hién tiém ning su dung chiét
Xuat 1a triu khong dé ngin ngira va loai bo bam ban théng qua viée tc ché su phat
trién va tiéu diét vi sinh vat bam. Két qua thtr nghiém khang khuén trong nghién ctru
nay cing chimg minh chlet xuét 14 trau khong co hoat tinh khang Kkhuan cao ddi véi
vi sinh vat bién va c6 tiém nang st dung nhu 13 mot loai hoat chat khang khuan cho
16p phi1 chéng bam ban. Ngoai ra, cac thir nghiém doc tinh che thiy,chiét XUat tir thuc
vat thuong c6 doc tinh ddi véi du trang Artemia salige o mirc tr trungybinh dén thap
[25, 26]. Trong khi do, cac loai doc t6 tong hop sir dung trong thanh phan cua céac 16p
phu chéng bam ban thudng c6 doc tinh rat cao,.véinong@d LEsy< 5 1g/mL [27]. Do
do, viéc nghién ctru thir nghiém chiét xuat 4y thuc vét voilvai tro’1a phu gia khang
khuan cho céc 16p phii chéng bam ban nham thay thé che,cac loai phu gia diét khuan
truyén thong s& gitip han ché tac dongtiéu cuc'@én hé sinhithai bién, huéng dén cac
giai phap bén viing va than thién vgifmoi truong.

Két qua thir nghiém ty nhién choytha¥, 16p phu chira chiét xuat 14 trau khong thé
hién hiéu qua chdng bam ban cao'@,dicukién thir nghiém tinh. Tuy nhién, hiéu qua
nay suy giam nhanh chong trong dicupkién thif nghiém dong. Nguyén nhén chu yéu
c6 thé 1a do sy gia tang toc do‘tura tréi chiét xuat khoi bé mit 16p phu dudi tac dong
cua chuyen dong, dan dén nong d6,hoat chat trén bé mat khong duy tri du dé urc ché
su phat trién ciia viginh vat bam. Bén canh d6, chiét xuat giai phong bi pha lodng
nhanh chéng dudiptic déng cta dong chay cang lam giam hiéu qua chdng bam ban
cua 16p phug@Ngoai ra, khithtr nghiém ¢ diéu kién thir nghiém dong, xac suit bat gip
au trung hau ha valeac sinh varbam khac, troi lo lung trong nude bién, ciing tang lén
dang &8 Pong thoi, chuyén dong cua nudc con lam tang luong oxi hoa tan, tao diéu
kién thuén lot'¢ho s, phat trién cta sinh vat bam.

Mot trong nhitng han ché chinh cta cac 16p phu chdng bam ban sir dung chiét
xuét sinithge tiwthuc vat 1a kho duy tri hiéu qua chdng bam ban 6n dinh trong thoi
gian dai. Diéunay xuit phat tir thach thirc trong viéc kiém soat tc do giai phong hoat
chat khoi bé mat 16p phil. Dé giai quyét van dé nay, hién nay cac nghién ctru dang tap
trung vao mot s6 hudng nhu: dong goi chiét xuit vao cac vi nang (micro capsule) [28]
hodc bién tinh 16p phi dé kiém soat toc do giai phong hoat chat [29].

5. KET LUAN

Trong nghién ctru nay, chiét xuat 14 trau khong (Piper betle L.) trong dung moi
ethanol dugc thu nhan, danh gid hoat tinh sinh hoc va hiéu qua chong bam ban khi sir
dung nhur 1a mét loai phu gia khang khuan cho céc 16p phii chong bam ban sinh hoc.
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Két qua cho théy, trong thanh phan cta chiét xuét 14 triu khong c6 chira ham luong
phenolic tong s0 cao (260,3 mg GAE/g chat kho). Chiét xuét thé hién hoat tinh khang
khuan cao dbi v6i quan xa vi sinh vat bién, dong thoi c6 doc tinh sinh hoc thap ddi
v6i 4u trung Artemia salina. Hiéu qua chdng bam ban cua 16p phi trén co s acrylic
copolymer chira chiét xuat 14 trau khong véi ham luong 1% (vé khéi luong) dat trén
80% sau 6 thang thir nghiém trong méi trudng nude bién nhiét doi ¢ didu kién thi
nghiém tinh. Tuy nhién, & diéu kién thir nghiém dong (thtr nghiém quay) hiéu qua
chéng bam ban cua 16p phu chira chiét xuat thap hon dang ké so vai 16p phu co sir
dung Cuz0. Pé tang cuong hiéu qua chong bam ban cua 16p phu, nghién ciru co thé
mo rong theo hudng dong goi chiét xuat vao cac vi nang nham kiédPsoat toc do giai
phong hoat cht khoi bé mit 16p phu.

Loi cam on: Cdc tac gid xin givi 67 cam on dén Chifithdnh VemBién, Trung
tdm Nhiét doi Viét-Nga da tao diéu kién thudn loi vé vdt tibva trang thiét bi phuc vu
nghién cuu.

Tuyén bé vé siv dung Gen AI: Cic cong cu Abtao Sinh khongldwoc sir dung
dé tao ra hodc chinh sira ni dung khoa hoc cuayban thao nay. Trong phdn co su
dung cong cu Al (chi hé tro kiém tra ngiv ph@p/dinhdan@y cdc thc gia da kiém tra
toan bé ngi dung va hoan toan chiu trach nhiém dai véinol dung cudi cing.

Tuyén bo vé dong 80p cia tdc gia: Nguyen Pirc Anhothu chiét xudt, bo tri thi
nghiém, che tao 10p phi, tong quad va viét ban thée bai bdo; Cao Nhdt Linh: tong
quan va viét ban thao bai bdo, thao ludn két qua; Lé Thi My Higép, Nguyén Thi Hong
Xanh: thuc hién cac thi nghiém damh gia hoat tinh khang khudn va déc tinh sinh hoc;
Pong Van Kién: Ché tao 16p\pha, ddnh gidmddlop phii thir nghiém ti nhién.

Tuyén bo vé xung dét lotich: Cactic gid tuyén bé khéng cé xung dét loi ich.
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ABSTRACT

INVESTIGATION OF BIOACTIVITY AND ANTIFOULEING EFFICACY OF
PIPER BETLE L. EXTRACT IN ACRYLICBASED'MARINE COATINGS

This study reports the potenti@l use of Piper betle L. extract as an antibacterial
additive for the development ofienvitenmientally friendly antifouling coatings. The
bioactive potential of the extract was characterized through its total phenolic content,
which was determined to be 260.3 mg,GAE/gdry weight. Antibacterial activity was
evaluated using the agatywellidiffusienymethod, while the biological toxicity was
assessed on Artemia salinaynauplii. The“results revealed that the extract exhibited
strong antibacterial @getivity against marine bacteria with an inhibition zone diameter
of 35.1 £ 0.5 mm, ToXigity assessment on Artemia salina indicated that the extract
can be classified as moderately texic (LCso > 100 #g/mL). Field immersion tests under
static seawatenconditions demonstrated that the incorporation of Piper betle L. extract
into afaesylichcopolyimer-based coating significantly enhanced its antifouling
performance.“Howeyer, under dynamic test conditions (rotating panel assay), the
antifouling efficacy “of the extract-containing coating was considerably lower
compared, to the ¢oating formulated with Cu,O.

Keywords: Piper betle L. extract; antibacterial activity, antifouling coatings,
antifouling efficiency; toxicity test.
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