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Green tea (Camellia sinesis) is a widely cultivated plant in Thai
Nguyen, with polyphenols as its main components, exhibiting strong
antioxidant properties. The synthesis of zinc oxide nanoparticles (ZnO
NPs) using plant extracts has been extensively studied for biomedical
applications. In this study, for the first time, ZnO NPs were synthesized
using the polyphenol extract derived from tea leaves, and their
antioxidant activity was evaluated. The characteristic properties of ZnO
NPs were determined using UV-Vis DRS, FTIR, XRD, and TEM
analyses. The ZnO NPs exhibited a hexagonal wurtzite crystal
structure, spherical shape, with their surfaces functionalized by
phytochemical groups present in the polyphenol extract. The ZnO NPs
demonstrated significant DPPH free radical scavenging activity, with
an ICsy value of 12.62 + 0.25 pg/mL. These findings confirm the
potential of ZnO NPs synthesized using polyphenol-rich tea leaf
extracts and their promising applications in antioxidant activity.
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Che¢ 1a cay trong pho bién ¢ Thai Nguyén, chira thanh phan chinh 1a cac
polyphenol, c6 tac dung chéng oxy hoa manh. Viéc téng hop nano kém
oxide str dung dich chiét thuc vat da dugc nghién ciru rong rii dé ung
dung trong y sinh. Trong nghién ctru nay, 1an dau tién nano zinc oxide
dugc tong hop sir dung dich chiét polyphenol duoc chiét xuit tir 1a che
va danh gia hoat tinh oxy héa ciia ching. Tinh chat dic trung cua hat
nano zinc oxide dugc xac dinh bang phan tich phd FTIR, XRD, SEM.
Nano zinc oxide c6 ciu tric tinh thé wurtzite luc giac, c6 dang hinh cau
va bé mit cua hat nano zinc oxide duogc lién két v&i cac nhom chic ¢o
trong dich chiét polyphenol. Nano k zinc oxide thé hién hoat tinh chéng
oxy héa DPPH déang ké véi gia tri 1Cs 12 12,62 + 0,25 pg/mL. Két qua
nay khing dinh tiém ning cta nano zinc oxide duoc tong hop sir dung
dich chiét polyphenol tir 14 ché xanh va tng dung cia ching trong hoat
tinh chong oxy hoa.
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1. Gigi thigu

Ché (Camellia sinensis) 1a mot duoc liéu quy dung dé chita tri nhiéu cin bénh nhu chéng xo
vira dong mach, phuc hdi ndo bg, phong chong ung thu, chdng ldo ho4, tiéu chay, ta, diét khuan
v6i hon 4000 hop chét ¢ hoat tinh trong d6 mét phan 16n 14 hop chat polyphenol [1]-[3]. Cac
polyphenol dwoc phan 1ap nhiéu tir 14 ché bao gdm cac catechin da dugc wng dung rong rii trong
nganh duoc pham va thyc pham. Epicatechin gallate (ECG), epicatechin (EC), epigallocatechin
(EGC) va epigallocatechin gallate (EGCG) la cac catechin chinh trong cdy ché trong do
epigallocatechin-3-gallate (EGCG) 1a thanh phan phd bién va c6 nhiéu hoat tinh nhat trong ché
xanh [3]-[5]. Py la nhém chat c6 nhiéu hoat tinh c¢6 lgi cho sirc khoé ctia con ngudi nhu tac
dung Chong ung thu, chdng béo phi, chong oxy hoa, va khang virus [6]. O Viét Nam, cdy che
duoc trong & khap ca nuéc, nhiéu nhit 1a & cac tinh Thai Nguyén, Phu Tho, Tuyén Quang, Ha
Giang, Yén Bai, Hoa Binh, Quang Nam, Lam DPdng. Thai Nguyén mot trong nhiing tinh dung
dau ca nuéc vé dién tich canh tac, s6 luong, chit lugng san pham tir cay ché [7].

Trong nhimg nam gan day, cing voi sy phat trién vurot bac ctia cong nghé nano, cac hat nano
kim loai dac biét 1a nano zinc oxide thu hut sy quan tim cia nhiéu nha khoa hoc do chung c6 tinh
chat 1y hoa doc déo va duoc (ng dung trong nhiéu linh vyuc [8]. Cac hat nano zinc oxide c6 cac
dac tinh quang hoc, dién tu, tur tinh va hoa hoc cling nhu hoat tinh sinh hoc va ddc tinh thép nén
dugc ¢ng dung nhiéu trong linh vuc y dugc [8] - [10]. Nano zinc oxide c6 thé duoc tong hop
bang cic phuwong phap nhu phuong phép sol-gel, ddng két tua va phuong phéap thay nhiét, tuy
nhién, gi¢i han cua cac phuong phap nay la chi phi cao, dung cu phuc tap va gdy 6 nhiém moi
truong [10], [11]. Trong khi d6, cac hat nano kém oxide c6 thé duoc téng hop xanh sir dung dich
chiét thyc vat, dugc xem 1a phuwong phap an toan, sinh kha dung cao, khong giy doc cho moi
truong, don gian va chi phi thap [8], [12], [13]. Thuc vat 1a dong vai tro nhu mot nha méy sinh
hoc giup tong hop cac hat nano kim loai va oxide kim loai theo phuong phap xanh do chung chtra
cac thanh phan hoéa hoc nhu polyphenol, alkaloid, terpenoid va steroid, tham gia vao qué trinh
khtr ion kim loai va bén hoa cac hat nano tao thanh [14]. Hon nita, nano k&m oxide duoc tong
hop xanh st dung dich chiét thuc vat thé hién hoat tinh chng oxy hoa cao nén dugc tng dung
trong cac loai my pham [15], [16]. Cac cong bd cho thiy ZnO NPs duoc tong hop xanh sir dung
dich chiét 1a cia cay ché [17] - [21] thé hién hoat tinh chéng oxy héa manh. Tuy nhién, cho dén
nay chua c6 mot cong bd niao vé tong hop ZnO NPs sir dung dich chiét polyphenol cua 14 ché
xanh Thai Nguyén. Trong nghién ciru niay, ZnO NPs dugc tong hop xanh si dung dich chiét
polyphenol nhiam danh gi4 hoat tinh chong oxy hoa ciia chung.

2. Phwong phap nghién ciru
2.1. Vat ligu

Cac dung méi gdm n-hexane (99,5%), chloroform (99%), ethylacetate (99,5%), methanol
(99,9%), dimethyl sulfoxide (DMSO) (99,5%) va cac hoa chat khac gom Zn(NO), (99,5%),
NaOH (99,5%), 1-diphenyl-2-picrylhydrazyl (DPPH) (100%), formic acid (99,8%) cua hang
Merck. La ché dugc thu hai 6 Thai Nguyén vao thang 4 nam 2024.

2.2. Chiét polyphenol tir Id ché xanh

La che sau khi thu hai dugc rira sach va sdy ¢ nhiét do 50 °C dén khéi lugng khong dbi. Sau
do, 1a ché kho dugc say nho va duge sang qua riy c¢6 dudng kinh 0,5 mm thanh bot min ding dé
chiét polyphenol. Polyphenol dugc chiét theo phuwong phap chiét nong: 0,5 kg bot 14 ché duoc
chiét nong, siéu 4am & nhiét do 80 °C trong thoi gian 2 gid. Cao polyphenol thd thu dwgc bang
cach cat quay chan khong dé loai dich chiét thu dugc sau khi loc. Dich chiét polyphenol thé duoc
loai tap chat bing cic dung méi n-hexane, chloroform, ethylacetate thu dwoc dich chiét
polyphenol sach. Cao polyphenol thu dugc bang cach c¢6 quay chan khong dé loai bo nuéc cua
dich chiét polyphenol.
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2.3. Xdc dinh thanh phdn héa hoc cia dich chiét polyphenol tir ld ché xanh

Thanh phan hoa hoc cua dich chiét polyphenol dugc xac dinh bang phuong phap sic ky long
hiéu nang cao (HPLC). Hoa tan 250 mg cac hop chat hitu co gom rutin, epi-catechin, quercetin
va isoquercetin trong 50 mL methanol thu dugc dung dich gdc c6 nong do 5 mg/mL. Cac dung
dich chuan duoc loc bang mang loc 0,22 pm trude khi chay HPLC. 0,1 g cao polyphenol trong
10 mL MeOH: H,0 (9:1, v/v) dugc rung siéu am trong thoi gian 15 phut ¢ nhiét do 50 °C. Dich
polyphenol thu duoc biang cach loc qua mang loc 0,22 um va dugc pha lodng 10 1an dung dé
chay HPLC. Pha dong cho qua trinh chay HPLC bao gom 0,1% formic acid (dung méi A) va
methanol (dung méi B), tbc d6 dong chay ciia pha dong 14 0,5 mL/phut va thé tich tiém 1a 10 uL,
chay gradient véi 2 phit dau hé dung moéi rira giai 1a 80% A va 20% B, 16 phut sau d6 dung moi
rira giai 1a 20% A va 80% B, 5 phut tiép theo dung méi rira giai 1a 100% B, 12 phit cudi chay hé
dung méi 80% A va 20% B. Pha tinh la c6t silica gel Cyg (25 cm x 4,6 mm, 5 um), Detector PDA
phat hién cac hop chét chuan va cac hop chat trong cao polyphenol tai budc song 270 nm. Céc
hop chit trong phép phan tich sic ky dugc xac dinh bang cach so sanh voi cac hop chét tiéu
chuan sir dung thoi gian luu va théng sé phd héap thy.

2.4. Ché tao nano zinc oxide

Nano zinc oxide dugc tong hop sir dung dich chiét polyphenol tir 14 ché xanh theo quy trinh
cua Vieira [18] va c6 sy cai tién: Nho tir tir 10 mL dich chiét polyphenol vao cbc dung 100 mL
dung dich Zn(NO;), 0,1M, sau d6 dung dung dich NaOH 1 M dé chinh pH cua hdn hop phan tng
dén 12. Hon hop phan ung khudy lién tuc trong thoi gian 60 phat o nhiét do 60 °C. Két tua xuat
hién sau mot thoi gian phan tng. HAn hop sau phan tng duoc loc va dugc rira nhiéu lan bang
nudéc cat 2 1an dén pH bang 7 dé loai bo tap chat. Quy trinh ché tao nano zinc oxide st dung dich

polyphenol dugc thé hién ¢ Hinh 1.
Chiét néng m‘g

=== Polyphenol /ZRMNOT\ ,:3, r¥ nONPsw
w EF W

Hinh 1. So d6 tong hop ZnO NPs si dung dich chiét polyphenol tir Id ché xanh

- . : W S3y kho
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2.5. Ddnh gid tinh chét diic trung ciia nano zinc oxide

Tinh chat dic trung cia ZnO NPs dugc danh gia bang cac phuong phap pho phan xa khuéch
tan (UV-Vis DRS), phd hong ngoai (FTIR), nhidu xa tia X (XRD) va kinh hién vi dién tir truyén
qua (TEM). Tinh chit quang cia ZnO NPs duoc xac dinh dua trén phan tich phd UV-Vis DRS
VGi budc song tir 300 dén 800 nm dugc do trén thiét bi UV-Vis (DRS Agilent, Cary 5000). Nhiéu
xa tia X dwoc thuc hién trén thiét bi nhiéu xa tia X (Brucker, Nhat Ban) hoat dong ¢ 30 kV véi
birc xa Cu-Ka., budc séng bang 0,154056 voi goc quét 2 theta tir 20 dén 80° dé xac dinh murc do
tinh thé cua ZnO NPs. Lién két trén bé mit cua hat nano zinc oxide duoc danh gia dwa vao phan
tich phd FTIR duoc do trén thiét bi Perkin Elmer Spectrum Two véi s6 song tir 4000 cm™ dén
450 cm™. Hinh thai va cau trac ciia ZnO NPs dugc xéac dinh bang cach phan tich hinh anh TEM
duoc do trén thiét bi HRTEM-JEOL 2100F.

2.6. Hoat tinh chéng oxy héa

~Hoat tinh chdng oxy hoa ctua ZnO NPs duoc danh gia bang phuong phap thu kha nang khu
goc tu do 1,1-diphenyl-2-picrylhydrazyl (DPPH). Dung dich DPPH dugc chuén bi ¢ nong do 1
mM trong methanol. Cac mau thir dwoc hoa tan trong dimethyl sulfoxide (DMSO) v6i cac nong
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do tur 1,25 ‘dén 20,00 ug/mL. b6 hap thu cta gbc ty do DPPH sau khi phan Umg véi cac mﬁu thu
duoc do bang may quang pho Biotek ¢ budc song 515 nm. Phan tram hoat tinh khir goc tu do
DPPH duoc tinh theo phuong trinh (1) sau day:

 0OD.-—ODj
% irc ché = —=—x 100 1)
C

Trong d6, OD 14 d6 hap thu cua mau dbi chiing, OD; 1a do hap thy ciia mau.
3. Két qua va thao luan
3.1. Thanh phén héa hoc cia dich chiét polyphenol trong ld ché xanh

Thanh phén hoa hoc ciia polyphenol dugc chiét xuat tir 1a ché xanh Thai Nguyén dugc xac
dinh bang sic ky long hiéu nang cao (HPLC). Phan tich HPLC cua dich chiét polyphenol chi ra
su c6 mat cua cac hop chat gdm rutin, epicatechin, isoquercetin va quercetin nhu thé hién & Hinh
2, Hinh 3. Két qua nay ciing cho thdy polyphenol dugc chiét xuat tir 14 ché xanh Thai Nguyén ¢
thanh phan chinh 14 epicatechin. Cac hop chat nay co cac nhom hydroxyl c6 thé tham gia khir
tryc tiép Zn* thanh Zn sau d6 Zn két hop vé6i oxygen hoa tan trong dung dich dé hinh thanh ZnO
[22], dong thoi chung ciing dong vai trd nhu tic nhan bén hoa ngin sy keo tu cia cac hat nano
[18]. Do dé, dich chiét polyphenol 1a giai phap hip dan dé tong hop ZnO c6 ciu trac nano. Hon
nira, cac hop chat nay thé hién hoat tinh chong oxy hoa tdt [23], [24]. Do d6, dich polyphenol ¢
thé st dung trong tong hop nano zinc oxide.
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3.2. Ddc trung ciia nano zinc oxide

Tinh chét quang ciia ZnO NPs dugc phén tich st dung phd UV-Vis DRS véi ving budc song
tir 300 dén 800 nm va duoc thé hién ¢ Hinh 4a. Phd UV-Vis xuat hién 1 dinh hap thu manh &
bude song 359 nm nam trong dai dic trung cia ZnO. Ning luong ving cam cia ZnO NPs duoc
xac dinh theo phuong trinh (2) cé gia tri 1a 3,23 eV (Hinh 4b). Gia tri nang lugng ving cam cua
ZnO NPs trong nghién ctru ndy twong duong voi gid tri nang luong ving cam cia ZnO NPs dugc
tong hop st dung dich chiét 1a che 1a 3,21 eV [18] va 3,40 eV [25]. Két qua nay chira rang ZnO
NPs c6 thé hap thu manh trong ving tir ngoai, diéu nay hitu ich cho tng dung vé quang xtc tac,
cam bién quang va thiét bi quang dién.

301 359mm a) 120 b)
., 1004
= 2.54 ;:
E 5 804
B 2.0 %
5 g 60 -
“Q‘ ]5" =
= Z 40+
o] |
A 104 /
20+
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Hinh 4. a) Pho UV-Vis DRS ciia ZnO NPs; b) do thi Tauc ciia ZnO NPs

Két qua phan tich gian d6 nhidu xa tia X ZnO NPs duoc thé hién & Hinh 5a chi ra rang ching
¢6 cdu trac tinh thé dang wurtzite luc gidc voi cac thong s mang duoc so sanh véi the PDF
chuan (JCPDS, No. 790205 ciia ZnO). Mudi mét dinh chinh xuét hién ¢ cac goc 20 twong @ng;
20=31,25; 33,94; 35,76; 47,10, 56,21; 62,51, 66,26; 67,65; 68,75, 72,25 va 76,69 tuong Gng cac
mat tinh thé (100) (002) (101); (102) (110) (103); (200); (112); (201); (004) va (202). Céc dinh
tai cac mat tinh thé cho thiy c6 cudong dd manh va sic nét, hep ching té cac vat liéu ZnO thu
dugc co do két tinh cao, khong ¢ cac dinh khac xuat hién trong khoang goc 2 theta tir 20° dén
80° khing dinh rang vt liéu thu dugc c6 d6 sach cao. Tir d ban rong cua cac dinh trong gian d6
XRD, kich thudc tinh thé (D) duoc tinh theo cong thirc DebyeScherrer (2):

kA

Y @)

V6i k = 0,9 14 hang sé Scherrer, A = 0,154056 nm 1a budc séng cua tia X, 4 1a do ban rong cua
dinh phé (don vi radian) va 0 1a goc nhidu xa cua dinh twong ng. Hat nano zinc oxide c6 kich
thudc tinh thé trung binh 14 10,81 + 0,24 nm.

Pé danh gia lién két cua cac nhom chic hitu co voi hat nano zinc oxide trén bé mat cua ching,
viéc phan tich pho FTIR cua dich chiét polyphenol va ZnO NPs 1a rat quan trong. Hinh 5b thé hién
phd FTIR cua dich chiét polyphenol va ZnO NPs. Phé FTIR cua dich chiét polyphenol xuat hién
dinh hap thu rong & 3432 cm™ dic trung cho dao dong hoa tri cia lién két O-H. Cac dinh hap thy &
1631, 1385 cm™ lan luot dic trung cho cac dao dong hoa tri cua cac lién két C=0, dao dong bién
dang cua lién két O-H va dao dong bién dang ngoai mat phang caa lién két C-O-H. Ngoai ra, phd
FTIR caa dich chiét polyphenol con xuét hién cac dinh hip thu tai s6 séng 1068 cm™ dic trung cho
dao dong hoa tri cua lién két C-O. Két qua nay phu hop véi két qua vé thanh phan héa hoc cua
polyphenol duoc chiét xuét tir 14 ché xanh trong do cac lién két cua cac nhom chirc dic trung cia
hop chat epi-catechin xuét hién trén phd FTIR cua dich chiét polyphenol. So sanh phé FTIR cua
dich chiét polyphenol va ZnO NPs cho thiy phd FTIR ciia ZnO NPs c6 dinh hap thu ddc trung cho
céac lién két ciia cac nhom chirc c6 trong dich chiét polyphenol; tuy nhién vi tri ctia cac dinh hap thy
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bi chuyén dich trong d6 cudng do caa dinh hip thu & 1068 cm™ dic trung cho dao dong hoa tri cua
lién két C-O chuyén dich v& 907 cm™ va cuong d6 hap thu manh 18n, diéu nay c6 thé do sy hinh
thanh lién két cia Zn®* véi OH. Dinh hap thu & 490 cm™ dic trung cho dao dong cua lién két Zn-O.
Két qua nay chung to cac nhom chire nay tham gia bén hoa, bao boc cac hat nano zinc oxide do cac
nhém chirc nay c6 ai lyc twong tac vai cac hat nano zinc oxide.

180
iesd M S 120{ b)
ZnO NPs
140 4 i
3 120+ 5 S |
= o3 = !
S 100 S S 804 Loy %07
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S g0 S b
& 2 60 '
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Hinh 5. a) Gidn do nhiéu xa tia X cia ZnO NPs; b) phé FTIR cia ZnO NPs va dich chiét polyphenol
Hinh thai va kich :[huérc hat cua cac hat nano zinc oxide dugc quan sat béng‘kinh hién vi dién
tu truyen qua nhu thé hién ¢ Hinh 6. Cac hat nano zinc oxide c6 dang hinh cau véi kich thuéc
khoang 5-25 nm. Kich thugc hat cua ZnO NPs tong hop dugc nho hon so v6i kich thudc hat cua
ng dich chiét 1a ché (215 nm) [18].

N

ZnO NPs grggcfténg hop ba
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-
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Hinh 6. Hinh dnh TEM cua ZnO NPs Hinh 7. Hoat tinh chong oxy héa ciia ZnO NPs

3.3. Hogt tinh chéng oxy héa

Hoat tinh chdng oxy hoa ciia ZnO NPs, dich chiét polyphenol tir 14 ché xanh dugc thé hién &
Hinh 7. Két qua cho thay hoat tinh bét gbc tu do DPPH ciia ZnO NPs phu thugc ndng do. O cac
néng dd ctia ZnO NPs tir 1,25 dén 20,00 pg/mL thi phﬁn tram trc ché géc tr do duoc tinh theo
cong thirc 1 1an lugt dao dong tir 6,28 dén 71,13% vai gia tri ICs 14 12,62 £ 0,25 pg/mL, thé hién
kha ning chdng oxy héa manh hon so véi ZnO NPs dugc tong hop sir dung dich chiét 14 che
xanh véi gia tri ICsq1a 74,6 pg/mL [18].

Nhin chung, cac hop chit polyphenol co mit trong cac loai thyc vat voi ty 1& khac nhau va c6
vai trd nhu cac chat khir sinh hoc cua ion kim loai dong thoi thé hién hoat tinh chéng oxy hoa
manh. Nhiéu nghién ciru da chi ra sy ¢6 mit ctia cac nhom OH trong hop chit phenolic ¢6 vai tro
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quan trong trong qua trinh hinh thanh va 6n dinh céc hat nano kim loai va oxide kim loai. Két qua
nay cho thiy tiém ning tmg dung ciia polyphenol va ZnO NPs trong dugc pham va my pham.

4. Két luan

Tom lai, nghién ctru di tong hop thanh cong nano zinc oxide sir dung dich chiét polyphenol
Vi thanh phan chinh 1a epicatechin tir 1a ché xanh Thai Nguyén. Céc hat nano zinc oxide thu
duoc ¢6 clu tric tinh thé luc giac, c6 dang hinh cAu, ¢o kich thudc hat trong khoang 5-25 nm, bé
mit lién két voi cac nhom chie ¢6 mit trong dich chiét polyphenol va tinh chét quang hoc cho
thiy nang lwong cim 1a 3,23 eV. Nano zinc oxide c6 kha nang chéng oxy hoa tbt voi gia tri ICso
1a 12,62 + 0,25 pg/mL. Két qua nay khong chi tong hop dugc nano zinc oxide than thién véi moi
truong ma con mo ra tiém nang tmg dung trong dugc pham va my pham.
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