Tap chi Khoa hoc Bai hoc Céng Thuong 26 (3) (2026) 61-66

DOI: https://doi.org/10.62985/j.huit_ojs.vol26.n03.435

NGHIEN CUU TONG HQP VAT LIEU NANOGEL MANG
CHIET XUAT NU DPINH HUONG (Syzygium aromaticum L.)

Nguyén Cao Hién'*, Phan Thi Thanh Di¢u', V6 Thi Anh Thu',
Phan Uyén Nhi', Nguyén Thi Hoa?, Nguyén Ba Khiém®
"Trieong Pai hoc Cong Thuong Thanh phé Ho Chi Minh
2Vién Nghién ciu Cong nghé Thuc pham va Dinh dudng
STruong Cao dang Xay dung Thanh pho Ho Chi Minh
*Email: hiennc@huit.edu.vn
Ngay nhan bai: 24/3/2025; Ngay nhan bai sira: 09/4/2025; Ngay chip nhan dang: 16/4/2025

TOM TAT

Vit liéu nanogel mang chiét xuat ny dinh huong duoc tong hop tir f—cyclodextrin (CD) va alginate
(alg) dua trén tuong tac tinh dién gitra gel Ca?*/alg va CD. Céu tric cac hé nano rdng (CD/alg) va nano
mang chiét xudt nu dinh huong (DH@CD/alg) dugc phan tich bang phd hong ngoai (FT-IR). Hinh thai,
kich thudc hat, sy phan tan trong nude va d6 on dinh cua cac h¢ nano voi ty 1& chiét xuat nu dinh huong
khac nhau duoc phén tich bang cac ky thuat kinh hién vi dién tir truyén qua (TEM), tin xa anh sang
dong (DLS) va do thé Zeta. Cac hat nano thu dugc & diéu kién pht hop nhat c6 dang ciu, phan bd kha
ddng déu vai kich thudc trong khoang 40-100 nm. Khi phan tan trong dung dich nudc cac hé nano déu
cho d6 6n dinh cao v6i thé Zeta tir -45,6 dén -68,8 mV.

Tir khoa: Nanogel, f-cyclodextrin, alginate, nu dinh huong.
1. MO PAU

Nhiéu cong bd gan day da khang dinh dinh huong 14 thao dugc quan trong voi nhiéu loi ich
khac nhau. Pham vi ing dung ctia cac san pham bao ché tir chiét xuat nu dinh huong dang ngay cang
mo rdng boi cac uu diém dén tir tac dung duoc 1y va hoat tinh sinh hoc cta ching. Hoat tinh khang
oxi hoa cua chiét xudt nu dinh hwong di duoc sang loc bang nhidu mé hinh in vitro khac nhau bao
gdm: p-carotenelinoleate, ferric thiocyanate va DPPH [1]. Hiéu qua khang khuan manh cta chiét xuét
nude tr nu dinh huong da duoc thir nghiém thanh cong trén ba chung vi sinh vat Escherichia coli,
Staphylococcus Aureus va Bacillus cereus [2].

Quy trinh chiét xuat cao ethanol nu dinh hwong dugc thuc hién bang k¥ thuat ngdm dam két hop
siéu am trong nghién ciru gan day cta nhom tac gia cho thay, & didu kién thich hgp nhat higu suat chiét
cao dat 8,15 = 0,12%. Mau cao thu duoc & diéu kién tdi uu c6 ham lugng polyphenol toan phan 384,8
+ 2,1 mg GAE/g chiét xuit. Phan tich thanh phan d& bay hoi ciia mau cao bang headspace GC/MS da
phat hién 34 hop chat hoa hoc. Chiét xuét ¢6 kha nang khang oxy héa manh d6i v6i gde ty do DPPH
(gia tri ICso = 3,61 £ 0,21 (ng/mL) ddng thoi e che hiéu qua trén hai chung vi khuén Escherichia coli
va Staphylococcus aureus [3]. Két qua nay goiy vé nhimg tmg dung tiém nang cua chiét xuét ethanol
ny dinh huong trong cac linh vyc my pham va duoc phdm. Tuy nhién, mot han che khong nho cua chiét
xuét nay 1a d¢ hoa tan thap trong nuoce dan dén kha ning tao nhii trong va do on dinh cua ching trong
cac hé nhii trong khong cao. Mot s6 thir nghiém cua nhom tac gia khi dua chiét xuét vao cac san pham
m§ pham dang nhil nhu kem dudng da va sita tim da cho thay hién tugng tach pha va giam mui huong
sau mot thoi gian bao quan. Pidu nay dugc 1y giai boi thanh phan chiét xuat chira nhiéu hoat chat khong
phan cuc hodc khéi lwong phan tir thap nhu eugenol, eugenol acetate, caryophyllene, caryophyllene
oxide, humulene. .., nhom chit nay ludn c6 xu hudng thoat khoi hé nhii trong dau/nude, dic biét & didu
kién nhiét d cao hay c6 anh sang.

Str dung cac hé chét mang nanogel vai muc dich bao boc cac hoat chét kém tan, d& bay hoi hoac
kém bén nhiét da cho thy hiéu qua rat thuyét phuc [4], [5]. Dic biét & kich thudc nano vat liéu mang
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ban chat hydrogel phéan tan rat tot trong cac hé nhii twong. Khi nhii dugc pha lodng trong nuéc hodc
dugc khudy dong, nanogel dé dang bi hoa tan giai phong cac hoat chat vao mdi truong phan tan. Didu
nay dic biét c6 y nghia khi cac hé mang dugc ing dung trong céc san pham my pham.

Trong nghién ciru nay, nanogel dwgc hinh thanh tir alg va CD bang phuong phép ionotropic
gelation qua twong tac tinh dién giita Ca?*/alg va CD. Chiét xuét ethanol ny dinh huong & cac ty 1¢ khac
nhau dugc tao phirc voi vat liu. Anh hudng ctia ham lugng chiét xuét dén kich thudc, hinh thai va do
6n dinh cta cac hé nano da duge khao sat.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén lidu va héa chit

Nguyén liéu va héa chat nghién ctru duoc thong ké trong Bang 1, nuée khir ion duge sir dung
trong cho tat ca qua trinh thi nghiém.

Bdng 1. Nguyén liéu va hoa chét sir dung trong nghién ciru

STT Hoa chit Do tinh khiét (%) Xuét xir

1 CD 99 Merck — Btic

2 Sodium alginate 98 Merck — Btic

3 Calcium chloride 96 Merck — Dtic

4 Ethanol 96 Viét Nam

5 Methanol 98 Viét Nam

6 Galic acid 99 Sigma — My

7 | Chiét xuét nu dinh huong San pham thugc dé tai HUIT

2.2. Quy trinh téng hop nanogel mang chiét xuit nu dinh hwong

Quy trinh téng hop nanogel mang chiét xuét ny dinh hwong (DH@CD/alg) dugc thuc hién twong tu
nhu c6ng bd trudc day ciia nhom tac gia, véi mot chat diéu chinh [4]. Cho tir tir 5 mL dung dich CaCl
(6,5 mg. mL™") vao 13,65 mL dung dich alg (10 mg. mL™), khuay tir voi toe do 1200 rpm trong vong 90
phit. Nhé timg giot 10,66 mL dung dich f-CD (1,6 mg. mL- D) vao dung dich hén hop nay va tiép tuc
khuay thém 60 phut. Dung dich sau d6 duoc rét vao dng ly tim dé on dinh gel trong 24 gio. Tach gel bang
k¥ thuat ly tim véi toc d6 4000 rpm trong 15 phit, gel dugc rira lai véi nudce khir ion dé loai bo cac chat
du. Qué trinh rira gel dugc 13p lai 3 1an. O budc tiép theo gel CD/alg duoc khudy véi lugng nude tbi thiéu
trong 30 phut trude khi thém timg lwong khac nhau dung dich chiét xuat nu dinh huwong trong ethanol &
cac ty 1é khao sat 5%, 10%, 15% va 20% (w/w). Hon hop dugc danh siéu am khong gia nhiét trong 60
phut trude khi ly tam tach nanogel DH@CD/alg. Quy trinh dugc mo ta nhu ¢ Hinh 1.

® (ot g b-cyclodextrin - Alginate D Chiet xuat Dinh Huong

Hinh 1. M6 phong qua trinh tong sop nanogel DH@CD/alg
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2.3. Phén tich san phim

Kha ning dung nap cua vt liéu nanogel CD/alg ddi vdi chiét xuat ethanol nu dinh huong dugc
xac nhan thong qua viéc dinh lugng polyphenol trong nudc ly tdm twong ty nhu bao cao trudc day
[3]. Két qua cho théy, ¢ ham luong 20% chiét xuét, hiéu suat dung nap dat 88,5% trong khi & cac ham
luong 15% tro xudng ty 18 chiét xuat that thoat trong nudc ly tdm la khong déng ké. Do do, trong nghién
clru nay, cac mau nanogel chira 5%, 10%, 15% chiét xuét dugc sir dung cho qua trinh khao sat cau tric
va hinh thai san pham.

Su hién dién ciia cac thanh phan tac chat trong nanogel dugc xac dinh boi FT-IR (Equinox 55-
Bruker, Dtic). Hinh thai hoc va kich thudc hat duoc xac dinh béng TEM (TEM-JEM-1400). Kich
thudc trung binh, mirc d6 da phan tan va d6 6n dinh cta hé nanogel trong dung dich nuéc duoc phan
tich trén thiét bi do DLS va Zeta (SZ - 100 HORIBA).

3. KET QUA VA THAO LUAN

3.1. Cau truc cia vt li€u

Su hién dién cac thanh phén trong nanogel dugc phén tich bang FT-IR. Céc thanh ph?lq trong vat
liéu nano rong CD/alg, nanogel mang chi€t xuat nu dinh hvong DH@CD/alg va chiét xuat nu dinh
huong dugc thé hién trong Hinh 2.

Ph6 FT-IR ciia nano CD/alg cho thay tin hiéu tai 3451,09 cm™ dic trung cho dao dong ctia nhém
-OH trong cac chudi polysaccharide. Tin hi¢u tai 1636,95 cm™ va 1425,19 cm™ dic trung cho nhém
carboxyl (-C=0) trong phan tir alg, ngoai ra con c6 dao dong ctia nhom -C-O-C tai 1024,48 cm™'. Phd
FT-IR cia chiét xuat nu dinh huong cho thiy tin hiéu dic trung trong ving van tay 1500 — 500 cm'.
Tin hiéu v6i cudng d6 manh tai ving 1511 cm™ 13 dao dong kéo dén cua lién két C=C trong vong thom,
tai ving 1100 — 1265 cm dic trung cho dao dong bat ddi xting ciia nhém C-O-C trong phan tir Eugenol.
Ngoai ra, su xuét hién cua cac dao dong trong pham vi 1432 — 794 cm™ ¢6 thé do su hién dién cua cac
nhém -CHa, dao dong & budc song 1764 cm™ dic trung cia lién két ciia nhoém carbonyl trong ester gan
v6i vong thom cua phan tir eugenol acetate. Trén phd FT-IR cua nanogel DH@CD/alg cho thiy s hién
dién ddy du cac tin hiéu dao dong cta nano rong CD/alg va cc dao dong dic trung cua cac nhom chire
trong cac hoat chét dai dién ctia thanh phan chiét xuat nu dinh hwong. Két qua nay con thé hién sy phu
hop vdi cac dir liéu phan tich thanh phan héa hoc cta chiét xuat ethanol ny dinh hwong bang headspace
GC/MS trong bao cao gan day [3].
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Hinh 2: Phd FT-IR clia CD/alg, chiét xuit ny dinh huong va nanogel DH@CD/alg
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3.2. Kich thwéc va hinh thai ctia nanogel DH@CD/alg

Anh TEM va phén bd kich thudc hat clia cac mau nanogel DH@CD/alg véi ty 1¢ chiét xuat nu
dinh huong khac nhau duoc mé ta trén Hinh 3. Cac hat nano c6 dang hinh cau phan bd kha dong déu
trong khoang 40 -120 nm. Dir liéu nay cho thdy sy c6 mit ctia thanh phan chiét xuat dinh huong da lam
tang dang ké pham vi phan bd ctia cac hat nano (cac hat nano réng phan bd trong viing 30-80 nm) [6].
Mit khac két qua ciing cho thdy sy phit hop so vdi cac nghién ciru trude d6 khi thanh phan chiét xuat
dinh huong trong dung méi ethanol bao gdm nhiéu nhom hoat chét, trong d6 cac chét phan cuc chiém
vu thé nén da lam ting kich thudc hat (cac cong bd trude day [4], [9] chi ra, cac chét dung nap kém
phan cyc s€ 1am giam kich thudc hat va nguoc lai).

40 60 80 100 120 40 60 80 100 120 40 60 80 100 120
Kich thuéc hat (nm) Kich thudc hat (nm) Kich thudc hat (nm)

Hinh 3. Anh TEM va phén bd kich thu6c hat ctia nanogel DH@CD/alg chira 5% chiét xuét
(A1, A2); 10% (B1, B2) va 15% (C1, C2)

Anh huéng ciia ham lugng chiét xuit nu dinh huong dén kich thudc hat 1a kha rd rang. O ty 18 5%
chiét xuét ny dinh hwong (Hinh 3A1 va 3A2) cho thdy mat do tap trung cao & ving 80 — 100 nm trong
khi & ty 18 10% va 15% mat do tap trung chu yéu & viing 90 — 120 nm. Dang chu y, & ty 16 15% chiét
xuit nu dinh huong (Hinh 3C1 va 3C2) ¢6 thé quan sat thiy su ngung két giita cdc hat nano ting 1én
dang ké. Két qua nay chi ra rang, ham lugng chiét xuit ny dinh huong di anh hudng dén cén bang toi
han trong qué trinh hinh thanh nanoparticle (yéu té quyét dinh kich thudc hat).

3.3. Phan bé kich thwéc hat va dd 6n dinh ciia nanogel trong dung dich nuéc

Mirc d6 phéan tan va phéan bd kich thude hat trong dung dich nuéc ciia cac hé nanogel véi ham
luong chiét xuit nu dinh huong khac nhau dugc xac dinh bé’mg DLS. Bo on dinh cda cac hé nanogel
duogc khao sat bang viéc do thé Zeta dé xac dinh trang thai can bang dién héa tai cac giao dién. Két qua
duoc mo ta trén Hinh 4. Dir liéu cho théy, cac hé nanogel phan tan tdt trong nudc, cac hat nano phan bd
trong pham vi kha rong tir 30-150 nm. Pac biét, thé Zeta trong vung -45,6 dén -68,8 mV chira réng cac
hé phan tan c¢6 d6 6n dinh cao. Anh hudng dang ké ctia ham luong chiét xuét nu dinh hwong dén phan
bd kich thudc hat trong hé phan tan dugc thé hién rd trong két qua DLS. O ty 1é 5% va 10% (Hinh 4D1,
4D2) mat d6 phan bd tap trung cao & viing 60 — 100 nm trong khi ¢ ty 1¢ 15% mat d¢ phan bé tap trung
chu yéu & ving 120 -140 nm (Hinh 4D3).

C6 thé & ham luong chiét xuét cao cac hat co xu hudng ngung két tao thanh dang cluster trong
dung dich nuéc tuong tu nhu dit liéu c6 duoc ¢ két qua phan tich bang anh TEM. Bén canh d6, két qua
phan tich thé Zeta cta céc hé phan tan cho the"'ly muc d6 6n dinh cua cac hé nanogel trong dung dich
nudce phu thude vao ham luong chiét xuét nu dinh huong.
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Cu thé, tri tuyét ddi cua thé Zeta giam dan khi tang ham lugng chiét xuét, & ham luwong 5% hé
nanogel cho thiy d6 6n dinh cao nhat twong tmg gié tri Zeta — 68,8 mV (Hinh 4 E1) va giam vé -45,6
mV ¢ ham lugng chiét xudt 15% (Hinh 4E3). C6 thé trong mang ludi nanogel, cac hoat chat kém phan
cuc hodc cac phan tir tich dién duong phan b wu tién hon trén 16p bé mat, yéu td nay da lam giam gia
tri tuyét d6i ctia thé zeta khi tang ham lugng chiét xuat
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Hinh 4. Phan bd kich thugc hat DLS cia nanogel DH@CD/alg chtra 5% chiét xuat (D1);
10% (D2); 15% (D3) va thé Zeta twong ung E1, E2, E3.

Mic du cac hé nanogel déu thé hién tinh 6n dinh kha cao trong dung dich nudc nhung rd rang su
c6 mat cta chiét xuat nu dinh huwong da anh hudng dén can bang dién hoa trén giao dién cac hat nano
trong h¢ phan tan.

4. KET LUAN

Vit lidu nanogel da duoc tong hop va bao boc thanh cong chiét xuat nu dinh hwong. Anh hudng
ctia ham luong chiét xudt dén hinh thai, kich thudc hat va do 6n dinh trong dung dich nudc cta cac hé
nanogel di dugc khao sat. O ham luong dudi 15% chiét xuat nu dinh huong, cac hé nanogel co6 kich
thudc tap trung trong khoang 40 — 100 nm, nanogel phén tan tot trong nudce cho do 6 6n dinh cao véi thé
Zeta tir -45,6 dén -68,8 mV. Vit liéu nanogel CD/alg mang chlet xuat ny dinh hwong s& gop phan cai
thién d¢ hoa tan, nang cao hi¢u sudt tao nhil, ddc biét giai quyet can ban hién tugng tach pha va giam
mui huong cua chiét xuét trong cac san phdm nhii tuong. Két qua nay mo rong pham vi ing dung cua
chiét xuat ny dinh hwong trong céc linh vuc duge phim va my pham.

Loi cam on: Nghién ctru nay do Truong Dai hoc Cong Thuong Thanh phé H) Chi Minh bao tro va cip
kinh phi theo Hop dong s6 08/HD-DCT ngay 09 thang 01 ndm 2024.
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ABSTRACT

STUDY ON SYNTHESIS OF NANOGEL MATERIAL ENCAPSULATED CLOVE BUD

EXTRACT (Syzygium aromaticum L.)

Nguyen Cao Hien'*, Phan Thi Thanh Dieu', Vo Thi Anh Thu!,
Phan Uyen Nhi', Nguyen Thi Hoa?, Nguyen Ba Khiem®
"Ho Chi Minh City University of Industry and Trade
Research Institute of Technology and Food nutrition
‘Ho Chi Minh City College of Construction No.2

*Email: hiennc@huit.edu.vn

Nanogels encapsulating clove bud extract were fabricated using p-cyclodextrin (CD) and alginate

(alg) via electrostatic interactions between the Ca?'-crosslinked alginate matrix and CD. The structures
of hollow nanogel (CD/alg) and nanogel carrying clove bud extract (DH@CD/alg) were analyzed by
infrared spectroscopy. The morphology, particle size, dispersion in water and stability of nanogel with
different clove bud extract ratios were analyzed by TEM, DLS and Zeta potential measurement
techniques. Nanoparticles prepared under the optimal formulation conditions were predominantly
spherical and exhibited a fairly uniform size distribution within the range of 40—100 nm. The nanogel
dispersions showed high colloidal stability in aqueous solution, with zeta potential values ranging from
-45.6 to -68.8 mV.

Keywords: Nanogel, f-cyclodextrin, alginate, clove bud extract.
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