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Panh gia diéu kién trich ly cé ho tro’ siéu am va hoat tinh
khang oxy hoa cla cao chiét tir ré Sam dat Con Pao
(Pouzolzia zeylanica L., Urticaceae)
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TOM TAT

Dt vén dé: Sdm dét Cén Pdo (SDCP) (Pouzolzia zeylanica L., Urticaceae) dugc st dung dé téng cuwdrng
strckhde. Tuy nhién, cdc nghién ctru vé thanh phdn héa hoc va hoat tinh khdng oxy hod cia ré SDCH chua
duwoc thue hién. Muc tiéu: Nghién ciru diéu kién trich ly va ddnh gid hoat tinh khdng oxy héa cua cao
chiét tir ré SDCH. Pbi twrong nghién ciru: Hoat tinh khdng oxy hod cua cao chiét ré SDCH. Phirong phdp
nghién ctru: RE SOCH dwoc trich ly bing phuong phdp siéu dm va phdén tich thanh phén hod thuec vat.
Cdc yéu té Gnh hudng dén ham lugng polyphenol toan phan (TPC) va flavonoid toan phén (TFC) dugc
ddnh gid (bao gém néng dé ethanol, ty 1€ nguyén liéu/dung méi, nhiét dé, thoi gian siéu Gm). Cao chiét
c6 TPCva TFCcao nhét dwoc ddnh gid khd ndng khdng oxy hod. Két qud: Phén tich sobé thanh phén héa
hoc cho thdy sw hién dién cia triterpenoid, flavonoid, polyphenol, saponin va mét sé hop chét khdc. Khi
st dung ethanol 50° dé ngdm trich ly bot ré SDCP vdi ty 1é nguyén liéu:dung méi 1:50 & 50°C trong 60
phut thu duoc ham lwong TPC 169.23 mgGAE/qg b6t khé va TFC 139.44 mgRE/g bét khé. Cao chiét co
hoat tinh khdng oxy héa trung binh véi IC,,= 311.64 + 0.89 ug/mL. K&t ludn: Cao chiét ré SDCP cé tiém

ndng khdng oxy hoa.

Tirkhod: SGm dét Con Ddo, trich ly ¢ hé tro'siéu dm, khdng oxy héa

1. DAT VAN BE

Sam dat Cén Dao (Pouzolzia zeylanica L.,
Urticaceae, viét tat: SDCD) con duoc goi [a sam
rirng, thudc doi, bo mam, daikich bién,... Theo kinh
nghiém dan gian, loai cay nay cé cong dung chira
bénh, tdng cuwdng strc khde va phong chdng bénh
tat [1]. Nghién clru cia Pham Minh Nhut cho biét
than ré cla loai cay nay (dwoc trong & Thanh Ph -
Bén Tre) cd ham lwong polyphenol toan phan (TPC)
la 74.39 mgGAE/g cao chiét, flavonoid toan phan
(TFC) 1a 28.96 mg QUE/g cao chiét va saponin toan
phan 13 176.26 mgOA/g cao chiét. Cao chiét
ethanol 70% thu dugc cé hoat tinh (rc ché enzyme
-amylase va -glucosidase [2]. M6t nghién ctru khac
cho thdy ham lwong TPC trong 1a 1a 263.54.8
mgGAE/g chat khd va TFC la 388.35.6 mg RUE/g
chatkho. Cao chiét tir1d cé hoat tinh khang oxy hod
[3]. Diéu nay cho thay tiém nang rat 1&n cta loai
thurc vat nay. O huyén Con Pao (tinh Ba Ria - Viing
Tau), vdi khi hau va thé nhudng thich hop, sam dat
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phat trién t6t va dang dwoc dau tu khai thac, dac
biét 13 phan than ré [1]. Bén canh d6, SDCP ¢4 hai
loai khdc nhau la Pouzolzia zeylanica L. va
Parietaria debilis G. Forst [1, 4]. Tuy nhién, nghién
clru vé thanh phan hod hoc va hoat tinh sinh hoc
cla loai Pouzolzia zeylanica L. tréng tai huyén Con
D3ovan con hanché.

Trong nhitng ndm gan day, cadc phuwong phap trich
ly hién dai d3 cé nhirng budc phat trién vuot bac,
dac biét la cac cong nghé theo dinh hudng than
thién véi moi truong. Trich ly cé hd tro siéu am
(Ultrasound - Assisted Extraction - UAE) la mot
trong nhitng ky thuat tiéu biéu dwoc ¢ng dung
trong phuong phdp trich ly xanh. Cac nghién clru
trudc day cho thay cao chiét thu tir phuwong phap
nay cé hoat tinh sinh hoc gid tri cao hon cac
phuong phap truyén théng [5]. Nghién clru cla
Jana Sic Zlabur d3 so sanh hiéu qua phuong phép
trich ly UAE v&i phuong phap truyén thong. Két qua
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cho thdy cdc mau cao chiét Urtica dioica L.,
Urticaceae cé ham lvgng TPC cao hon 27% va ham
lwgng TFC cao hon 28% so véi phuong phap truyén
théng[6]. M&t nghién ctru khac danh gia hiéu qua
chiét cao tir qua mang tang bang ba phuong phép
trich ly khac nhau (dun héi lwu, ngdm va UAE).
Trong d6, cao chiét tir phwong phdp UAE c6 ham
lwong TPC va TFC cao nhat (TPC 14 276.38 + 11.88
mgGAE/g, TFC 13 72.53 +6.43 mgQE/g). Cao chiét
c6 hoat tinh khdng oxy héa va khang khudn manh
nhat[7]. Cac nghién clru cho thay sy vuot trdi cla
UAE trong viéc trich ly polyphenol va flavonoid so
v3i cdc phuwong phép truyén théng. Cho dén nay,
cao chiét tir ré SP trong tai Con Do d3 duogc thuyc
hién bang phwong phap ngdm kiét [4] va chua
duoctrich ly bang phwong phap hd tro'siéu am.

Do d6, trong nghién ctru nay, anh hudng cta diéu
kién trich ly cao tir ré SDCD bang phuong phap hd
trg siéu &m dén ham luwgng polyphenol va
flavonoid dugc danh gid. So bd thanh phan hod
thuce vat va hoat tinh khang oxy hda cla cao chiét
duockhao sat.

2.D0I TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu va héa chat

Mau ré SBCD duoc thu hai & huyén Con Dao, tinh
BaRia- Viing Tauvaothang 9/2024. Mau dugcthu
héi khi cdy dat mét ndm tudi, rlra sach, sdy trong
th sdy & 60 °C dén khdi lwgng khéng déi, sau d6
duoc nghién thanh bdt min va rdy qua ray cé kich
thudc 16 0.25 mm. BOt dwoc lieu dat do am
11.57%, duoc bao quan trong binh kin, noi kho
réo, tranh anhsang.

Hoa cht dwoc st dung trong nghién ciru bao gbm
ethanol (Chemsol, Viét Nam), methanol (Merck,
Dirc), chat chuan rutin (ChemFaces, Trung Quéc),
aluminum chloride, diethyl ether va sulfuric acid
(Xilong, Trung Quéc), acid gallic (Nanjing Duly
Biotech, Trung Qudéc), Folin-Ciocalteu (Sigma
Aldrich, M¥), sodium carbonate (Xilong, Trung
Quéc), 2,2-diphenyl-1-picrylhydrazyl (DPPH)
(Sigma Aldrich, My).

2.2.Déitwong nghién ciru

Trich ly c6 ho tro siéu am va dénh gia hoat tinh
khang oxy héa clia cao chiét tir ré SBCP (Pouzolzia
zeylanica L., Urticaceae).

2.3. Phuwong phap nghién ciru
2.3.1. Phén tich so’ bé thanh phén héaNthu‘c vat
B6t duoc liéu duoc ti€én hanh chiét mau trong céc
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dung méi cé6 d6 phan cuc khac nhau bao gom
diethyl ether, ethanol va nuéc. So bd thanh phan
héa thuc vat cla bot tir ré SBCD duoc thuc hién
theo phuong phap Ciuley caitién[8].

2.3.2. Quy trinh trich ly cao chiét

Quy trinh trich ly cao chiét tir ré SBCD duoc thuc
hién thong qua phuong phap hd tro siéu am [9].
Cac diéu kién danh gia luan phién tirng bién gém
noéng dd ethanol (40° - 80°), ty |& nguyén liéu:dung
moi (1:25-1:125), nhiét d6 (30- 70 °C) va thaoi gian
(30 - 240 phut). Loc 13y dich chiét va loai bd dung
moi bang cach c6 quay dudi ap suat giam dé thu
dwoc cao chiét.

2.3.3. Phwong phdp dinh lwong ham lwong TPC
va TFC

Pinh lwgng TPC: TPC trong cao chiét duwoc xac
dinh dua vao phuwong phdp do mau Folin -
Ciocalteu[10]. Dong nhat 0.2 mL cao chiét chiét vdi
5mLnuwéc catva 0.2 mLthudc thir Folin - Ciocalteu
& nhiét d6 phong roi G trong t6i 5 phat. Sau d6, 1
mL dung dich Na,CO, 20% dugc thém vao hén hop
va dé yén mau trong 1 gid. D6 hap thu cla dung
dich dwoc do & budc séng 700 nm bang may do
quang phé UV - Vis. Acid gallic dugc sit dung 1a
chat chuan trong qua trinh dinh lwvgng. Thi nghiém
duocthychiénldplai3lan.

Ham Iwgng polyphenol toan phan (mgGAE/g bot
khé) duorc tinh thdng qua ndng d6 duwong lugng
acid gallictheo cong thirc (1).

TPC = C, X Vao X ><1>< 100 (1)
= G X 7000 X/ X 2™ 100 = Woniu

Trong do:

TPC: Ham lugng polyphenol toan phan (mgGAE/g

b6t kho)

C.:Giadtrixtlrdwong chuan (ug/mL)

V,.: Thé tich m3u (mL)

f:Hé sd phalodng

a: Khéilwong cao chiét trong thé tich (g)

w._. : D0 dm bdtkhd

Pinh lwgng TFC: Quy trinh dinh lvgng TFC dua
trén [11]. Péng nhat 0.5 mL dich chiét véi 0.2 mL
AICl,, 3 mL ethanol. Sau d6, hén hgp mau duoc G
trong t6i 40 phut & nhiét d6 phong. D6 hap thu clia
dung dich dugc do & budc séng 415 nm bang may
do quang phé UV-Vis. Rutin duoc st dung la chat
chuin trong qud trinh dinh luvgng. Thi nghiém
duocthychiénldplai3lan.

Ham lugng flavonoid toan phan (mgRE/g bdt kho)

Hong Bang International University Journal of Science



Tap chi Khoa hoc Triwérng Dai hoc Quéc té Hong Bang - S6 37 - 9/2025: 155-162

157

duoc do lwdng bang nong d6 duwong lvong rutin
theo congthurc(2).

Vio 1 100

1000 X XX T00 —w.. @

Wmau

TFC = C, X

Trong do:

TFC: Ham lwgng flavonoid toan phan (mgRE/g bt kho)
C.:Giadtrixtlrdwongchuan (ug/mL)

V,.: Thé tichm3u (mL)

f:Hé sd phalodng

a: Khéilwong cao chiét trong thé tich (g)

W, : D6 5m bot khd

2.3.4. Phwong phdp ddanh gia hoat tinh khdng
oxy hoa

Dé danh gid hoat tinh khang oxy hod cta cao chiét,
phuong phap bat géc ty do bang DPPH duwoc st
dung[12].

Chuan bj dung dich mau thir g&c: Hoa tan 10 mg
cao chiét vao 10 mL methanol tao thanh dung dich
gdc néng dd 1000 pg/mL. Dung dich géc dwoc pha
lo3ng trong methanol thanh day néng dé tir 5 - 500
ug/mL (goila mau thir).

0.5 mL dung dich mau thir dwoc thém vao 3 mL
methanol va 0.5 mL DPPH 0.5 mM. Mau dugc O
trong t8i & nhiét d6 phong 30 phut trudce khi tién
hanh do d6 hap thu & 517 nm. Chat d6i ching
acid ascorbic (nébng d6 5 - 50 pg/mL) duoc sk

dung dé xay dwng dudng chuan. Methanol duoc
strdunglam mau trang. Thinghiém dwocl3p lai 3
lan. Hoat tinh khdng oxy hod duoc tinh dua theo
congthirc(3).

Khd ndng quét g6¢ _ (0Dyan — 0D)

ty do DPPH (%) X100 (3)

ODpiank

Trong do: ! o

Od,,,.: Gia tridé hap thu quang clamautrang

OD;: Gia trj d6 hap thu quang cia mau thir

Tir két qud tim duogc ing véi ndng d6 mau, xay
dwng phuong trinh dwong chuan gitra ndng dd mau
thir va hoat tinh chdng oxy hda cé dangy = ax + b.
Thaygiad triy =50, xdwocsuyralagiatrilC,,.

3.KET QUA VA BAN LUAN

3.1.S0'bd thanh phan héa thuc vat

K&t qua phan tich so bd thanh phan hoda thuc vat
cho thay ré SPCD chra nhiéu nhém hop chat cé
hoattinhsinh hoc. Cdicnhdm hop chatnhutriter-
penoid, flavonoid, polyphenol, saponin, pro-
anthocyanidin, chat khir va acid hitu co déu hién
dién trong ca ba loai dung méi chiét. Trong dd,
dich chiét ethanol cho thay su hién dién rd rét
nhat cla triterpenoid, flavonoid va polyphenol.
K&t qua so bd hda thue vat duoc thé hién trong
Bang1.

Bang 1. K&t qua so bd thanh phan héa thuc vat clia bot ré SDCD

Nhém . e Phan &ng K&t qua dinh tinh Két qua
. Thuoc thwr ,
Tinh dau B¢ hoi dén can C6 mui thom - - - -
Nhé ich .
Acid béo oAdun.gA,d!C Vét trong mo - - - -
[én giay
Carotenoid H,SO4 ddm dac Mau xanh duong dam - - - -
. . Liebermann- | D& nau - tim, |dp trén cé
Triterpenoid . ++ ++ ++ ++
Burchard mau xanh luc
Thuéc thir ch -
Alkaloid uoc thir chung Két taa : : : i
alkaloid
. Phat huynh quang manh
o) * _ _ _ _
Coumarin NaOH 10% dudi den UV 365 nm
Anthraquinon NaOH 10% Tang mau - - - -
Flavonoid Mg, HCI Mau héng dén dé - + - +
Anthocyanosid HCI Do - - - -
Proanthocyanidin HCl/ t° Pé - + + +
Tanin Dung dich FeCls Mau xanh réu - + - +
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Nhém b Phan (rng Két qua dinh tinh Két qua
A, Thuoc thwr .
hop chat duong tinh Ether | Ethanol | Nwgc | chung
. Dung dich s A ‘
Tanin gelatin mui Tda bong trang - - - -
o L Fehling A, s o
Chat khr Fehling B Tda do gach - + + +
Acid hitu co Na»COs Sui bot khi - - + +
Polyuronic Ethanol 96° Tda bdng trang - - + +

Ghi chu: (-): Phan ting Gm tinh; (+): Phdn trng duwong tinh; (++): Phdn (rng dwong tinh ré rang

3.2. Anh huéng cia diéu kién trich ly d&n TPC va TFC
Tirkét qua khao satthé hiéntrong Hinh 1 cho thay
cahamlugng TPCva TFC déu datgid tricaonhat &
néng dd ethanol 50°, v&i TPC la 164.18 mgGAE/g
bot kho va TFC la 142.77 mgRE/g bot kho. Cac
ham Iwgng nay gidm dan khi néng dé ethanol
tang tlr 60° dén 80°. Dbi vdi ty 1& nguyén liéu va
dung mdi, cad TPC va TFC déu cho ham luvong cao

nhat & ty |8 1:50, sau d6 gidm dan & cac ty |é tir
1:75 dén 1:125. Vé nhiét do, TPC dat gia tri cao
nhat & 50°Cva TFC dat gid tri cao nhat & 60°C. Tuy
nhién, sw chénh léch vé ham lvgng gitra hai nhiét
dd nay khéng dang ké, nén dé tiét kiém dién
nang, diéu kién nhiét d6 phu hop duoc chon la
50°C. Vé thoi gian, ham lwgng TPC va TFC trong
caochiétdatmrccaonhatsau60phutsiéuam.

Hinh 1. Anh hwdng cla (a) ndng d6 ethanol, (b) ty 1& nguyén liéu:dung méi, (c) nhiét d6 va
(d) thoi gian siéu &m dén ham lwgng TPC va TFC trong cao chiét SDCD
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3.3.Hoat tinh khang oxy héa clia cao chiét

Hoat tinh khdng oxy hda cla cao chiét duoc xéac
dinh thdng qua kha nang quét goc ty do véi DPPH
v@ichat déi chirng la acid ascorbic. Cao dugctrich
ly trong ethanol 50°, ty |1é nguyén liéu:dung moi
1:50, & nhiét dd 50°C trong 60 phut sir dung dé

danh gid hoat tinh khang oxy héa. Hoat tinh nay
tadng ty I& thuan vdi néng dd cao chiét, két qua
dugc thé hién & Bang 2 va Bang 3. Gia tri IC,, |a
311.64 +0.89 pg/mL. Tuy nhién, cao chiét cé hoat
tinh khang oxy héa thap hon so vdichat ddichirng
acidascorbic(IC,,=8.48+1.02 ug/mL).

Bang 2. Kha nang quét gdc tu do DPPH (%) clia mau cao chiét va acid ascorbic

Mau cao chiét Acid ascorbic
Nong dé Kha nang quét goc Nong dé Kha nang quét géc
(ng/mL) tuw do DPPH (%) (ng/mL) tu do DPPH (%)
5 24.39+2.42 5 44,09 +4.53
10 24.52 +£2.35 10 52.20+4.95
25 27.52 £0.82 20 64.04 £ 2.99
50 29.64 £ 0.65 30 74.97 £3.01
100 31.64 £1.23 40 87.83+1.11
200 37.53+1.57 50 94.12 £ 0.97
300 50.25+0.39
400 59.57 £ 0.95
500 65.70+£0.71
Bang 3. Phuong trinh tuyén tinh kha nang khang oxy hdéa va gid tri IC,,
Mau Phuong trinh dwéng tuyén tinh ICs0 (ng/mL)
Cao chiét y =0.0902x + 21.89; R?=0.9852 311.64 £0.89
Acid ascorbic y =1.1262x + 40.448; R? = 0.9906 8.48 £1.02

4.BANLUAN

Cac nghién clru trwdc day da chi ra rang viéc
trich ly dwoc lidu bang dung mdi ethanol hodc
nudc thudng dat ham lwgng TPC va TFC théap.
Diéunaycéthéladohédungmdicé dd phancuc
khéng phu hop vai cac hop chat polyphenol va
flavonoid [13]. Vi vay, viéc khdo sat néong do
ethanollacanthiétdé cdithiénhiéuquatrichly.
Nong dé ethanol tir 60° tr& 1&n c6 thé lam tang
do phan cuc, gay khé khan cho viéc hoa tan cac
hop chdt vao dung méi. Do d6, néng d6 ethanol
50°dwgcchonlaphuhopnhat.

Ty lé dung mdiva dwoc liéu cao sé tao diéu kién
thuan lgi cho quad trinh trich ly polyphenol va
flavonoid. Piéu nay tuan theo cac nguyén tac vé
truyén khai, khi ty & dung moi trén duoc liéu
cao, gradient ndng dd ting |én, din dén téc do
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khuéch tan nhanh hon, gitp nhiéu hgp chéat
duocchiétvaodung méihon. Tuy nhién, viécs
dung qué nhiéu dung mdi cé thé lam dich chiét
chira nhiéu tap chat va gay lang phi thoi gian
trong qua trinh c6 quay dé thu cao chiét[13]. Vi
vay, ty 1&é duoc liéu:dung méi 1:50 dwgc xem la
phuhopnhat.

Nhiét d6 c6 anh hudng dén hiéu qua trich ly théng
qua tdc dong dén do hoa tan va tdc d6 khuéch tan
cla hop chat. Do d4 viéc kiém sodt nhiét do la mot
yéu t8 quan trong[13]. Khi nhiét d6 tdng, d6 nhot
giam, dung moi dé dang tham thau vao bdt dwoc
lidu, d3n dé&n hoat chat hoa tan tot hon. Tuy nhién,
nhiét dé qua cao cé thé dan dén sy phan hiy hodc
bién tinh cla polyphenol va flavonoid, lam gidm
ham lwgng TPC va TFC. Dé tiét kiém nang luong,
nhiét d6 50°C da dwoc chon cho cd qua trinh trich
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lyTPCvaTFC.

Thoigian siéu am 13 y&u té can thiét dé dung moi
c6thé tham thau hoan toan vao dugcliéu va hoa
tan hiéu qua cic hop chat muc tiéu. Tuy nhién,
viéc kéo daithoigian trich ly khong nhitng khéng
lam tdng lvong hop chat thu dugc ma con céd
nguy co phan hay ching hodc chiét thém cac
thanh phan khéng mong muén. Ban dau, trong
thoi gian ngan, cac hop chat polyphenol va
flavonoid tir bot duoc liéu duoc gidi phdng va
hoa tan nhanh chéng vao dung maoi. Tuy nhién,
néuthdigiansiéuamkéo dai, cdchop chitnay céd
thé bi phan huy, dan dén sy sut giam ham lwong
[13].Vivay, thoigiantrichly60 phutduwocchonla
phUhop.

Hoat tinh cla cao chiét yéu hon so vdi chat
chudnlaacidascorbic(IC,,=8.48+1.02 ug/mL).
G6c ty do DPPH cé ciu tric khéng gian 16n, gdy
can tré twong tac vai cac polyphenol phirc tap
c6 phan tr lvgng Ién. Hoat tinh khang oxy héa
con phu thudc vao cdu tric hda hoc, vi tri céc
nhdom hydroxyl hay sy c6 mat cha cac lién két
glycoside. Diéu nay c6 thé [am gidm kha ning
nhuwonghydro. Phwongphdp DPPHchiphananh

mét phan kha ndng khang oxy hda cla cac hop
chat thuc vat, trong khi, nhiéu co ché khac nhw
tao phtrckimloaihodcloaibdcicgbctudokhac
(ABTS, superoxide,..) clinggdp phan dangkévao
hoat chat sinh hoc cla ching. Vi vdy, hoat tinh
DPPHthapkhdnghoantoanphinhintiémnang
chaduocliéu.

5.KETLUAN
Nghién ciru d3 xac dinh duoc cdc nhdm hop chat

chinh trong ré SPCD bao gdbm triterpenoid,
flavonoid, va polyphenol. Bang phuong phép trich
ly cé hd trg siéu am, cao chiét thu dwoc cé ham
lwong TPC la 169.23 mgGAE/g b6t khd va TFC 1a
142.77 mgRE/g bodt khé. Cao chiét cé hoat tinh
khang oxy hoa trung binh vé&i IC,, la 311.64 + 0.89
pg/mL. Nhitng dit liéu khoa hoc thu duwgc tir nghién
ciru nay la co s& ban dau cho cic nghién ctru
chuyén sau gébm phan lap hop chat va danh gid
thém cac hoat tinh sinh hoc, hwdng tdi khai thac
hiéu qua gia tri SDCD.
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Quéc té Hong Bang cap kinh phi thuc hién dudi
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Evaluation of ultrasound-assisted extraction conditions
and antioxidant activity of the extract from the roots of
Pouzolzia zeylanica L. (Urticaceae)

Tran Le Quy Nhung, Nguyen Tran Xuan Phuong, Vu Thi Minh Quyen,

ABSTRACT

Pham Nguyen Phuong Anh, Do Chiem Tai

Background: Pouzolzia zeylanica L., Urticaceae has been traditionally used to enhance general health.
However, the chemical composition and bioactivities of Pouzolzia zeylanica L. roots are limited.
Objective: This study aimed to investigate the extraction conditions and evaluate the activities of the
root extract of Pouzolzia zeylanica L.. Materials and methods: Pouzolzia zeylanica L. roots were
extracted using an ultrasound - assisted method. The effect of extraction parameters consisting of
ethanolconcentration, solid-to-solvent ratio, temperature, and time were optimized to maximize total
polyphenol content (TPC) and total flavonoid content (TFC). Results: Preliminary phytochemical
screening indicated the presence of triterpenoids, flavonoids, polyphenols, saponins, and other
compounds. The optimal extraction conditions yielded a TPC of 169,23 mgGAE/qg and a TFC of 139.44
mgRE/g (50° ethanol, 1:50 ratio, 50 °C, 60 minutes,). The extracts exhibited moderate antioxidant
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activity with ICso values of 311.64 + 0.89 ug/ml. Conclusion: The root extract of Pouzolzia zeylanica L.
demonstrated antioxidant potential.
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Received: 19/6/2025
Revised:30/7/2025
Accepted for publication: 05/8/2025

ISSN: 2615 - 9686 Hong Bang International University Journal of Science



