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Tém tat. Trong nhirng nam gan day, Ung dung cua vat liéu nano gia tang trong linh vyc khoa hoc nong
nghiép va thyc pham. Ngay cang co nhiéu tmg dung ctia vat lidu nano trong céc linh vyc khac nhau, va didu
nay co thé gy ra sy phoi nhidm ciia con nguoi va gy 6 nhiém méi truong. Bai bao nay nham tong quan
cac vat liéu nano moi va img dung cua ching trong nganh ti€u dung va cong ngh¢ thuc pham. Muc tiéu cta
bai viét nay bao gdm 1) téng quan cic san pham tiéu dung va thuc pham cé trén thi truong chira vat liéu
nano, dic biét 1a cac vat liéu nano vo co (vang, bac, kém oxit, va graphene); 2) cc co ché khang khuén cua
vat 1iéu nano vo co; 3) tinh hinh ing dung cua vat liéu nano tai Viét Nam. Nhiéu két qua nghién ctru chimg
minh rang vat liéu nano tuong thich sinh hoc va co tiém nang duoc st dung trong khoa hoc nong nghiép va
thyc pham. Piéu nay cho thiy can nhiéu nghién ctru hon dé khai thac cac ng dung tiém ning cua no. Dur
liéu cling cho thay cac vat liéu nano vo co ¢ thé dugc sir dung nhu mot chét dé uc ché su phat trién cua vi
khuin giy bénh trong thyc phim. Can nhiéu nghién ctru hon dé 1am sang t6 cac co ché cua khang khuan
va doc tinh cua ching 1é€n té bao/méd nguoi dé mo duong cho vat liéu nano duogc ing dung nhiéu va an todn
hon cho nguoi tiéu dung.

Tir khéa: Vit liéu nano, thuc pham, bac nano, graphene

ANTIBACTERIAL PROPERTIES OF ENGINEERD NANOPARTICLES AND THEIR
APPLICATIONS IN CONSUMER AND FOOD PRODUCTS: A REVIEW AND
CURRENT APPLICATIONS OF NANOMATERIALS IN VIETNAM

Abstract. There has been increasing application of novel nanomaterials in recent years in various areas,
which may cause human exposure and environmental pollution. This review aimed to systematically
summarize the use of novel nanomaterials in consumer and food products based on their antibacterial
properties. The objectives of this work were to: 1) summarize currently available consumer and food
products that contain engineered nanoparticles, 2) study mechanisms of the antibacterial property of
engineered nanoparticles, 3) review current applications of engineered nanomaterials in Vietnam. The
results demonstrate that many nanoparticles are biocompatible and has a potential to be used in agriculture
and food science, indicating that more studies are needed to exploit its potential applications. The
summative data also show that nanomaterials can be used as an antimicrobial agent to inhibit the growth of
pathogens. More effort is required to further elucidate the antimicrobial mechanism and investigate the
cytotoxicity of nanomaterials on human health at hierarchical levels from cellular to the whole organism.
Keywords: nanomaterials, food, silver nanoparticles, graphene

1 GIOI THIEU

Vit liéu nano (VLNN) c¢6 nhitng dac tinh riéng bié€t ma cac vat li€u kich thudc micro khong cd, do do
VLNN di va dang dugc st dung trong nhidusan phdm tiéu dung va tmg dung trong san xuét thuc phidm va
dong goi bao bi. Theo thdng ké vao nim 2016 ciia Woodrow Wilson Inventory, mot sé lwong 16n cac VLNN
da duoc st dung trong thudc, thuc phém, bao bi, thuc phém chirc nang, thudce khong can ké don, va cac san
phim m§ phdm, kem danh ring dén son, va quan 4o (4o thun va v&) [1]. C6 khoan 1814 san pham tiéu dung
¢6 chira VLNN va s lugng san pham d3 tang déu trong vong 5 nam qua. C6 118 san pham trong danh muc
thuc pham va thirc udng (chiém khoang 6.5%) trong khi d6 trong danh muc strc khoe chiém nhiéu san phim
nhit (908 san pham, tuong duong 50% tong sb). Nano bac 1a vét liéu duoc tim thiy nhiéu nhit trong danh
muc thuc phém (35.5%) va thuong duogc nhén manh vé tinh diét khuin ctia n6. Danh sach cac san phém
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tiéu ding c6 chira VLNN duoc lay tir dit liéu databases (Nanodatabase, Nanowek, Nanotechproject.org),
tai liéu tham khao, va internet, duogc thé hién 6 Bang 1.

VLNN chu yéu tim thdy c6 trong thyc phdm chtrc ning, bao bi, va phu gia thuc phim. Bén canh cac VLNN
v co (bac, vang, kém oxit, carbon, van van), VLNN hitu co duoc sir dung trong hau hét trong thyc pham
chte nang ¢ dang mixen hodc dang vién bao nano. Nhiing vét liéu mang nay thuong chira vitamin, hodc
céc hop chat sinh hoc. . Trong thyc pham c6 ba loai polymer c6 thé sir dung, bao gbm nano co nguon goc
chét béo, nano c6 ngudn gdc tir chat dam, va nano c6 nguon gbc chét bot. Trong sd do, nano c6 ngudn gde
chat béo hay dugc st dung nhat do ngudn gde tw nhién cia no, kha ning chira duoc cac hop chat co d6 hoa
tan khac nhau. Bang 1 liét ké cac tinh bot 1a nguyén liéu hay duoc str dung nhiéu nhat 1am chét van chuyén
trong thuc pham.

VLNN dugc sir dung trong bao bi thudng chira bac va dat sét. Tuong ty nhu trong thuc phim chic ning,
nano bac dugc dung chinh la chat diét khudn trong bao bi, hop dung thyc pham, va vat dung nha bep Hién
nay, chua c6 bac bo truc tiép vao thuc pham, tuy nhién nano vang lai duoc bo vao trong mot san pham rugu
tai Dai Loan [1]. Piéu nay dé hiéu vi vang da dugc sur dung hang ngan nam trudce trong lich str. Titanium
dioxide (TiOz) thuong dugc su dung lam sdc td trong cic san phidm bao gém thuce pham va my pham vi
mau tring sang ctia nd. Dt sét nano duge sir dung nhiéu nhat trong viéc san xuat vat lidu bao bi, dic biét
trong viéc 1am chai nhwa/thity tinh dé nang cao sirc bén va giam d6 bay hoi hwong cia vét lidu.

Bang 1. Cac san pham thuc phidm hodc lién quan dén thyc pham c6 chira VLNN trén thé giéi

Danh muc VLNN Nha cung cip Cong bd thong tin trén nhin

Thuc pham b6 sung

Bac nano Natural-lmmunogenics ~ Hg¢ keo bac c6 ndng d6 10-50 ppm
Corp
Nature City C6 kha ning chdng vi khuan, virut,
khong doc hai, va phi dugc pham
Activz HJ trg h¢ théng lam lanh ty nhién
cua co the
Fair vital Nong d6 500 ppm, tac dung chéng

vi khuan

American Biotech Labs ~ Nong do 10 ppm, gitip nang cao hé
thong mién dich
Silver Support Néng cao hé théng mién dich

Silvix3-Natural Care Néng d6 10 ppm, gilp néng cao hé

Products

Sovereign Silver Nano
Hydrosol

Skybright Natural
Health

MesoSilver-Purest
Colloids Inc.

thong phong thi mieén dich

Nong do 10 ppm, an toan ho trg hé
thong mién dich

Nong d¢ 6-8 ppm, hd tro hé thong
mién dich va kha nang tu lam lanh
tu nhién

Kich thudc nhé hon hay bang 0,05
nm ban kinh, ndng cao hé thong
mién dich
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Nano-Sized Self-
assembled Liquid
Structures

Nanocarrier/ingre
dients

Nanocarrier/ingre
dients

Nano
encapsulation

Nanopowder

Nanopowder

Nano
encapsulation

Diatomaceous
earth

ASAP Double strength-
American Biotech Labs

SilverBiotics- American
Biotech Labs

MaatShop

Allan Sutton

Skybright Natural
Health

Galaxia Nano
Technology Limited™

NanoSil™-10

Greenwood Consumer
Products

NutralLease Ltd.

Nanotrim™

Fohow

NanoSIlim

Nanoceuticals™
Artichoke Nanoclusters-
RBC Life Sciences®,
Inc.

Nanoceuticals™
Spirulina Nanoclusters-
RBC Life Sciences®,
Inc

Inovate Health Sciences
Research, Inc.

Bio-Sim-Nano Health
Solutions

HO tro hé théng mién dich
HO tro hé théng mién dich

HO tro hé théng mién dich

Giup hd tro mat, miii, miéng, hong,
va phoi

HO tro loai bo vi khudn

Béo v¢ va chong vi sinh vat

Dung cho cholesterol cao, tiéu
duong, git, tao bon, giam can, gilk
sac dep va cac tac dung khac

HO tro hé théng mién dich

Van chuyén cac chat nhu thude hay
dugc pham

Tang strc khoe té bao va gitp ddt
chat béo tao nang lugng

San pham cham soc stc khoe tu
nhién

Gilp giam can nhanh hon

Giam lyc cang bé mait cua thuc
pham, va cta thyc phdm bd sung,
dé tang do dinh u6t va do hip thu
chat dinh dudng

Giam lyc cang bé mit cua thuc
phim, va cua thyc phdm bd sung,
dé tang do dinh u6t va d¢ hap thu
chat dinh dudng

Tang do hap thu cac chat, gitp cac
VLNN c6 khé nang tham thau vao
co thé

Tang cuong hé théng mién dich,
chong nam Candida, va giai doc
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Silicon

Au NP

AUNP (0.65nmin
diameter)
Au NP

Zinc

Copper

Iridium

Platinum (10 ppb)

Platinum,
and silver

gold

Palladium

Micelle

A micelle, 30 nm
in diameter

Nano-
encapsulation

Lyposomal Nano-
spheres

Micelle

30 nm diameter

Nanosiliceo Kapseln-
Neosino

Utopia Silver
Supplements Colloidal
Gold 8

Mesogold - Colloids for
Life LLC

Colloidial Gold-
MaatShop

MesoZinc-Purest
Colloids Inc.

MesoCopper
Purest Colloids Inc.
Meso Iridium
Purest Colloids Inc.
MesoPlatninum
Purest Colloids Inc.

Colloidial Golden
Platinum-MaatShop

Meso Palladium-Purest
Colloids Inc.

Nutrition Centre Ltd

CoQ Softgels -Solgar

Muscletech sports
nutrition supplements

Vitamin C-

LivOn Labs

Aguanova

Khdng c6 théng tin

Khéng c6 thong tin

Tang chtrc nang ndo va nhén thirc

Thong cac tic nghén trong co thé
va do do kéo dai tudi tho

Giup da dé khoe manh, tai tao sun

Thic ddy qué trinh gitp da khoe
manbh, tai tao syn va gan

Thic ddy qua trinh trao d6i chit cua
té bao dugc cai thién

Téang d¢ tap trung tri ndo

Téi wu hoa chire ning DNA va bao
v€ co thé chong lai bénh tat

Tang tdi da dién tich bé mit cua vat
liéu

Mo phong cach tiéu hoa chit béo
cta vi sinh vét & duong rudt, tang
cuong kha nang hap thu chit dinh
dudng 1én 300 %

Chuyén hoa chat dinh dudng thanh
dang tan trong nudc, do do tang do
hap thu 1én nhiéu lan

Van chuyén nhanh cic phirc chat
vitamin vao trong co thé

Bao boc vitamin C dé vitamin ¢
thé nhe nhang vugt qua thanh rudt
va di vao trong mau

Tang d hap thu va ting kha ning
tham thau cac hoat chat vao rudt va
da
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Nano NanoResveratrol™ Lam chat mang gup chat co hoat [15]
encapsulation ] tinh vuot qua cac k& nho trén thanh
natural lipids Life Enhancement t€ bao va co thé di vao trong t€ bao
Unknown Life Enhancement Nubi dudng va béo vé té bao, mo [16]
(discontinued) va cac c¢o quan, chong tac nhan lao
hoa
Curcuminoids Life Enhancement Chi can ding mét luong nho ngh¢  [17]
(discontinued) la du dat mic d6 can thiét trong
mau
Nanoparticulated ~ Alpha Amino Prototype  Gitp co bap sin chic [18]
aminos MuscleTech
Nanocarrier RBC Life Sciences®, ~ Lam w6t té bao va gitp thé hién [19]
(mineral clusters) Inc. nhicu chirc nang sinh ton mot cach
hiéu qua
Silica MesoSilica™ - Purest Giup da khée manh va tdi tao [20]
Colloids Inc. collagen gitp cho sy dan hoi da.
Silicate  mineral Microhydrin® -RBC Cung cap céc vit lidu dé tao nang [21]
(300 mg/capsule)  Life Sciences®, Inc. luong, néng cao strc ben bi va tang
su hoi phuc
Calcium Good State - Liquid C6 kich thudc rat nho, duong kinh  [22]
lonic Minerals Calcium  khoang 0,1 nm, gitp xuong va rang
khoe, va duy tri rang loi khde manh
Calcium and Good state Giam huyét 4p, va co thé gitp giam  [23]
Magnesium mat d6 xuong lién quan dén xuong
gion, gilr da khée manh
Calcium Mag-I-Cal.com Héap thu nano canxi/magie cao hon [24]
so vOi cac san pham khac
CoQ10 and R- Genceutic Naturals On dinh hon, ¢ thé bao vé khoi [25]
Cyclodextrin anh sang va nhiét do
Zeolite crystals Vitality Products Co. HO trg hé thong mién dich khoe [26]
Inc. manhz giap loai bé kim loai nang,
d(f)}: t0 va cac chat khac ra khoi co
thé
Hop dung thirc an
Ag NP Kinetic Go Green Gilr cho thuce pham tuoi hon dai [27]
gap 3 lan so voi tai dung plastic
thong thuong
Ag NP Basic Nanosilver Oso [28]

Fresh
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Ag NP FresherLonger™ Chéng vi khuan [29]
Sharper Image®
Ag NP Fresh Containers™ Loai bo cac khi gay hai [30]
Always Fresh
Ag NP A-DO Global Chéng vi khuan & nong d6 20 ppm  [31]
Ag NP Quan Zhou Hu Zheng Chéng vi sinh vat [32]
Nano Technology Co.,
Ltd
Dit sét (clay) Top Nano Technology Giam d¢ cay, mang lai hvong thom [33]
Co., Ltd. hon cho rugu mach nha
Lép phiingoai  Nano phim Constantia Multifilm Can dugc oxygen tot hon vat licu [34]
PET (Polyethylene terephthalate)
va PVC (Polyvinyl chloride) nhung
nhe va gia ca ré hon
Lop phu thye Cac hat VLNN TopScreen DS13 - C6 ngudn gbe sap nudc va sinh  [35]
pham phan bo don 1¢ Topchim hoc, lam mang boc cé thé chiu
nhiét d6 cao hon va it dinh hon
Tui dung stra Ag NP Jaco Khoéng c6é thong tin [36]
me
Binh dung Ag NP Chronic Nano Loai bo cac gbc tu do, ting cuong  [37]
nuae Technology hé mién dich
Binh  dung AgNP A-DO Global Chéng lai vi khuan [38]
nudc
T6 dung salad  Ag NP Changmin Chemicals Khéng c6é thong tin [39]
Chao Carbon Melitta Lam néng thyc phdm nhanh chong  [40]
(nhanh hon 30% thoi gian nau
nudng)
Mang loc Nano alumina NanoCeram-PAC C6 kha ning bét cac hat rit nho [41]
Argonide
Loc nudc Ceramic Eurodia Tach nude cung ltc vai tach cac hat  [42]
ion
Mang boc ZnO SongSing Nano Chéng tia UV, phan Xa tia hoéng [43]
plastic Technology Co., Ltd. ngoai, tiét trung va chong moc
Chai nhya Dat sét (clay) Voridian Gitr bia tuoi hon va kéo dai thoi [44]
dung bia gian bao quan
Chai bia Dat sét (clay) Honeywell Can dugc oxy xam nhap trong thoi  [45]

gian dai
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Thyc pham
Rugu Au NP Taiwanese YuShanJin Gia tang gid tri cam quan (giam
cam giac chdy miéng khi udng
ruQu)
Sy-rd Titanium dioxide  Albertsons Nong d6 0,0025 pg Ti/mg
chocolate
Sy-rd Titanium dioxide  The Hershey Company  Nbng d% 0,0026 pg Ti/mg
chocolate
Keo banh o
(chocolae, keo Titanium dioxide M&M Company C6 kich thude nho hon 450 nm
gum, banh qui) ©oxide
Dau hoa céi Nanodrops Shemen Industries Ngén chan cholesterol tir trong hé
(mixen) tiéu hoa di ra hé mau
Nudc khoang ~ Ag NP (100 pm)  La Posta del Aguila Danh cho ba me va tr¢ em trong
giai doan mang thai. Chong vi sinh
vat
Chocolate Nanocarrier Nanoceuticals™ Slim Tang cudng huong vi va loi ich cua
Shake Chocolate thyc pham
Tra Selenium Shenzhen Become Tiéu diét vi-rat
nanoparticles Industry & Trade Co.,
Ltd.
Keo dan Biopolymer (tinh Ecosynthetix Lam kho nhanh so v6i hon tinh bot
bot) truyén thong
Bot danh rang ~ Nanopowder RBC Life Sciences®, Gidam suc cang ’bé mat cua thuc
(silicon) Inc. pham va lam chat bo sung dé tang
dd am va hap thu chat dinh dudng
Dung cu nha bép
Thot cit Ag NP Husk's Kitchen Co théqphén huy sinh hoc va chong
vi khuan
Thot cit Ag NP A-DO Global Chéng vi khuan
Thét cat Ag NP Pro-ldee GmbH & Co.  Chéng lai vi khuén va tiéu diét trén
KG 99.9% vi trung
Chéo ran Ag NP Concord Cookware Pht 16p nano bac trong va ngoai
Ag NP Korea King Tiét tring va chdng vi khuan
Ag NP Amoré TM Kitchenware Ngan th;fm su phét tr’ién cua vi sinh

vat, mOc, va nam moc
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Loc nudc

Bép nau
Binh tra

D6 dung thay
tinh

Dung cu nau
nudng

Ag NP

Nano-Carbon
Fiber
Metals

Nanofilms

Ag NP

Glaze

Katadyn Asia Inc.

Sunpentown

Top Nano Technology
Co., Ltd.

Nanofilm

Westfalia
Wergzeugcompany
GmbH & CO KG

Ceramcor LLC

Giam su phat trién cia vi khuan &
trong ong ceramic, di¢t khuan lién
tuc

Lam néng nhanh, tiét kiém thoi
gian nau va nang luong.

Giai phong huong vi tra trong vong
30 gidy
Lép phu khong dinh cho thiy tinh

Chéng vi khuan va vi tring

Giit nhiét va phan b nhiét tét

Chao Nano-ceramic Bialetti Lép phi lam tur Titan va cac hat vi
silicat lo ling

Dung cu nha AgNP Nano Care Technology,  Tiéu diét cac vi khuan va vi sinh vat

bép Ltd. mang bam trong vong 10 phtt va
c6 tac dung trong thoi gian dai

May pha ca AgNP Saeco United States Inc.  Pam bao cac vét dung chira sita déu

phé sach 100%

May raarauva Ag NP Jiekang Technology Giam su phat trién cta vi khuan

trai cay (Shen Zhen) Co., Ltd.

May raarauva Ag NP 3EVER Co.,Ltd Tiéu diét vi khuan Bacillus,

trai cay Salmonella and E. coli O-157

Déu nu dn Ag NP SongSing Nano Tiéu diét vi khuan Staphyloccus. K.

Technology Co., Ltd. pneumoniae, E. coli, P.

aeruginosa, etc.

Do dung tré em

Binh sita Ag NP BabyDream Gup bao vé em beé co hé thong mlen
dich yéu khoi vi tring, va ngudn
gay bénh

Ly tap udng AgNP BabyDream Gup bao vé em bé co hé thong mlen

nudc dich yéu khoi vi tring, va ngudn
gay bénh

Num ty gia Ag NP BabyDream Gup bao vé em bé c6 hé thong mlen

dich yéu khoi vi tring, va ngudn
gdy bénh
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2 THUQC TINH KHANG VI SINH VAT CUA VLNN VO CO

Mot s6 VLNN c6 tinh khang vi sinh vat nhu céc vi khuén gy bénh cho ngudi. Bang 2 tom tat két qua cua
cac nghién cuu gan day vé thudc tinh khang vi sinh vét cia VLNN v co, bao gém kim loai, oxit kim loai,
va vat liéu nguon goc carbon, chong lai cac vi khuan gay bénh, vi-rat, va ky sinh tring. Vi du, trong cac
nghién ctru gin day da chi ra rang Selenium nano c6 kha ning chéng lai vi sinh vat Trichophyton rubrum
[2], Candida albicans [3], Pseudomonas aeruginosa, and Proteus mirabilis [4].

Bang 2. Tac dung chdng vi sinh vét ciia VLNN v6 co 1én céc loai vi sinh vat khac nhau

Vi sinh vét

Tai liéu tham

VLNN Tac dung Kkhio

Selenium nano (Se NP)

Bacteria and yeasts

Trichophyton rubrum

Candida albicans

Staphylococcus aureus

S. aureus and Pseudomonas.
aeruginosa

Escherichia coli (MTCC
433) and Bacillus subtilis
(MTCC 441)

Thirty strains of S.
aureus, P. aeruginosa,
and Proteus mirabilis

S. aureus

Pugc dém 1én vai bang Uc ché hon 99,7% ting [2]
phtic hgp PSP—Se NP trudng trong thoi gian tha
nghiém 7 ngay

San xuat ra tr Ting cuong hoat tinh khang  [3]
Lactobacillus species nam chong lai C. albicans.

Kich thuéc 50-100 nm ~ Hoan toan t{rc ché duoc sy [5]
phat trién khi thyc nghiém
trong ong nghiém

Kich thuéc 50 nm Uc ché sy tang truong cua S.  [6]
aureus va P. aeruginosa
80% ~90% sau 72 gio trén
khin gidy

Két hop gita Ag-Se NP Hién thi ving trc ché trong [7]
ca hai truong hop trén moi
truong thach

Kich thudc 80-220 nm Ut ché mang sinh hoc ciiaS.  [4]
aureus, P. aeruginosa va P.
mirabilis 1an luot 12 42%,
34,3% va 53,4%

Kich thudc 100 nm Ut ché sy tang truong cia S.  [8]
aureus trong nudc dung sau
3,4 vasgio o muc 7,8, 15,5
va 31 pg/mL

Bac nano (Ag NP)

Vi khuan va nam

S. aureus, E. coli, Klebsiella
pneumoniae, B. subtilis,
Enterococcus faecalis,
P. aeruginosa

Hoat dong Kkhang khuén [9]
dang ké, c6 thé chong lai tat
ca cac vi khudn gay bénh
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S.aureus va Streptococcus VAt liéuy té phi16p bac  0,1% két hop bac nano cho  [10]
mutans, C. albicans nano Ag NP thay tac dung diét khuan doi
v6i hai chung vi khuan. To
hop 5% bac nano co kha
nang diét nam
E. coli va S. aureus Vit liéu composite két [11]
hop  gitta  cellulose
nguon goc tu vi khuan
va bac nano
S. aureus, methicillin- Kich thuéc 5-10 nm Cho th:éiy ca tac dung trc ché [12]
sensitive S. aureus (MSSA), vi khuan va diét khuan
and MRSA
Salmonella Typhi, Hé keo bac, kich thuéc Nong do trc ché vi sinh vat [13]
Staphylococcus epidermidis, 20-45 nm khoang 24 pg ml™!
S. aureus, P. aeruginosa, P.
vulgaris, E. coli,
K. pneumoniae
Vi khuin
MS2 Average 21 nm Tao diéu kién cho MS2 lay [14]
nhiem ky chu E. coli trong
mot gio trude khi tiép xtc
Ky sinh trung
Hematophagous parasites 60-150 nm [15]
Ké&m oxit (ZnO NP)
Ky sinh trung
Ky sinh trang hdt mau Kich thuéc 60-120 nm Ty 1& chét 1a 100% sau 12 [16]
gio
Bacteriophage
MS2 Kich thudc trung binh 1a Tao diéu kién cho MS2 lay [14]
39 nm nhiém ky chu E. coli trong
mot gio trudce khi tiép xtc
Vi sinh vit, nim men, va tao nam
Campylobacter jejuni Kich thudc khoang ~30 Hat nano ZnO c6 thé tiéu [17]
nm diét duogc C. jejuni
Botrytis ~ cinerea  va 70%15nm O ndng do 16nhon 3mM c6  [18]

Penicillium expansum

thé tc ché dang ké sy phat
trién cua hai loai vi khuan
Botrytis cinerea va
Penicillium expansum
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Salmonella Typhimurium va < 50 nm Giam s lugng té bao vé 0 [19]
S. aureus trong vong 8 gid
S. aureus 10-30 nm Cho thdy tac dung khang  [20]
khuan rnagh hon nhiéu do6i
v61 vi khuan gram duong so
v6i vi khuan gram am
E. coli, Bacillus subtilis, va 50-70 nm ZnO duoc phat hién 1a chat [21]
S. aureus ddc thir hai trong so céac hat
nano dugc thir nghiém
(CuO, NiO, and Sbh,05)
S. aureus va biofilm ZnO on PVC composite Sy hién dién cua ZnO lam [22]
giam vi Khuan hoat dong
trén cdc mau
P.aeruginosa va Aspergillus Tong hop bang sinh hoc  Ving e ché t6i da 1a [23]
flavus kich thudc 57-72 nm Pseudomonas  aeruginosa
22 + 18 mm) va
Aspergillus flavus (19 + 1,0
mm).
S. Typhimurium va S. Tam trén vétliéubaobi Giam s6 lwong vi khuan [24]
aureus trong san pham thit v&ikich thuéc<100nm nhiém tir log bay xudng 0
ga an lién trong vong 10 ngay & 8°C.
Streptococcus mutans va Dang bot vai kich thuéce Théqhién hoat tinh chéng vi [25]
Lactobacillus hat trung binh khoang khuan cao hon d6i véi mau
50 nm chung
Salmonella trong san phdm Vit liéu PLA pha 1 16p  Sukét hop gitra PLA va kém [26]
trirng 10ng kém oxit khoang 250 oxitlam giam hi¢u qua mam
mg bénh hodc kim ham sy phat
trién cua ching
S. aureus va B. subtilis Bac pha cung ZnO Nong do khac nhau cua Ag  [27]
anh hudng dén gia tri MIC
Vi khuan chju mudi va chiu  Kich thusc <100 nm  Giam 50% su phat trién cua  [28]
nhiét do thap Enterobacter sp. Trong khi
do giam 80% sy phat trién
vi khuan khang mudi
Marinobacter sp.
Vi khuin va ndm gay bénh ~ Tong hop sinh hoc, kich  Hoat tinh diét khuan dugc [29]
thuéc 40 nm tang cuong hon khi so sanh
v6i cac hat nano ZnO tong
hop bang hoa hoc
S. aureus va P. aeruginosa  Két hop véi tia UV va  Lam giam hon 4 log (twong  [30]

hat nano kich thudce
trung binh khoang 60
nm

duong véi khang sinh) so
v6i mau ching chi sau 8 gio.
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E. coli va Staphylococcus

Tong hop sinh hoc st O nong do trén 50 pg ml:L [31]

dung chiét xuét 1a cay
dam  but  Hibiscus
subdariffa, kich thudc
hat khoang 12—-46 nm

cho thay hiéu qua diét khuan
rat tot

Cac chung giy bénh (B. C6 tac dung han ché: su phat [32]
subtilus, Bacillus trién cua vi khuan tétqnhu'ng
megaterium, S. aureus, tép dung giéu diét khyén kém
Sarcina lutea, E. coli, P. do61 véi tat ca cac mam bénh
aeruginosa, K. pneumoniae, duoc thir nghiém
P. vulgaris, C. albicans va
Aspergillus niger)
C. albicans Kich thude 11,6 nm Kha ning sbéng cua G [33]
albicans phu thudc vao nong
dd cua ZnO va MIC 1la 0,1
mg/ml
P. aeruginosa Kich thudc 20+£3 nm Loai bd vi khuén trong gan [34]
nhung thay d6i duoc vi
khuan trong mau
Graphene (G) va din
xuat ctia né
Bacteria
E. coli Mang membrane  Khodng 92% va 72% E. coli  [35]
graphene oxit (GO) con lai trén bé mat
membrane sau 1 gio va 5 gio
xu ly voi GO
E. coli GO Vi khuan c6 thé khir [36]
graphene oxit thanh
graphene va tu diét khuan
E. coli, S. Typhimurium, E. Puogc tong hop bai Hoat tinh khang khuan [37]
faecalis, B. subtilis phuong phap thily nhiét chiém uu thé so vdi khang
sinh kanamycin
S. aureus va E. coli Tac nhan quang nhiét Ti€u diét hi¢u qua t6i 99%  [38]
lam tor G ca hai loai vi khuén trong 10
phat
Vit lidu tong hop G dan  Cac chéat khang khuan manh  [39]
xuat Poly-L-Lysine nhat
Mang  nanocompozit Hiéu qua hon 90% trong [40]

graphene (PVK-GO)

viéc ngan chin sy xam nhap
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cta vi khuan so vdi bé mat

khong str dung GO
E. coli va P. aeruginosa. Vit liéu bac va GO két Hoat tinh chéng khudn tot [41]
hop véi nhau d6i voi ca hai loai vi khuan
Ag/G polymer [41]
Hydrogel
P. aeruginosa va S. aureus G nanofilms v6i do dai Hiu qua diét khuan khac [42]
canh khac nhau nhaq doi véi hai loai vi
khuan gay bénh
E. coli O157:H7 Mang sinh hoc 3D x6p Kha nang cao loai bo dugc [43]
két hop ong nano carbon  vi khuan E. coli 0157: H7
Methicillin-resistant S. Mang GO lién hop Gan nhu 100% MRSA co [44]
aureus (MRSA) pathogens  peptide the bi loai bo va tiéu diét
khoéi mau nudc
P. syringae va X. campestris GO Giét chét gan 90% vi khuan  [45]
pv. undulosa) va trc ché 80% su ndy mam
cua macroconidia
Fungal  pathogens  (F.
graminearum va F.
oxysporum
Streptococcus mutans G nanoplatelets (GNP)  Tac dung tiéu diét cac té bao  [46]
S. mutans va phu thugc vao
kich thudc va d6 day bén
cua GNP o
E. coli, S. Typhimurium, B. GO-modified ZnO NP Tinh khang vi sinh vatrattot [47]

subtilis, E. faecalis

3 CO CHE PAC TINH KHANG KHUAN CUA HAT NN VO CO

Co ché dic tinh khang khuén ciia VLNN v6 co van chua duge hoan toan hiéu rd. Tinh khang khuén cua hat
NN 1a do sy hinh thanh céc gbc oxy phan tmg (ROS), giai phong cac ion kim loai (MMs) doc hai, sy xdm
nhap vao té bao va pha vd mang té bao (Hinh 1).

o ® /d)

\\J
NMs accumulationon
membrane surface

Internalization of NMs

Hinh 1. Hinh 4nh mé ta co ché dic tinh khang thé cta hat NN kim loai oxit (trich tir tai liéu [48])
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3.1 Sw hinh thanh cac ROS

Trong nhiéu nghién ciru, ROS dugce xem 1 tac nhan gop phan pha hiy té bao [49-55] trong khi d6 c6 mot
sd nghién ciru lai chi ra rang cac ROS trung gian khong ¢ vai trd trong ddc tinh khang vi sinh vat cua hat
NN [56] [57], [58]. ROS dugc tao ra la do su twong tac gitra hat NN va té bao tao ra ROS, khong phai 1a
do moi hat NN ty tao ra mdt cach ty nhién [48]. Sy hinh thanh ROS lién quan dén su thiéu hyt oxygen, gbc
tu do, ion superoxide, va hydrogen peroxide. Sy hinh thanh cac goc tu do ciing 14 mot co ché kha 15 cua
bac NN [59]. Khi cac hat nano bam vao té bao vi khuan, nhitng goc tu do nay cé thé pha hity thanh té bao,
lam cho mang thung va tir d6 1am dich bao chay hét va gy chét té bao [60, 61]. Twong tw nhu kim loai va
kim loai oxit, té bao bi stress 1a mot co ché lién quan dén doc tinh cia cic VLNN cd géc carbon [62]. biéu
nay giai thich tai sao néu ROS khong bi giam di hodc loai bo thi cac dai phéan tir té bao, chang han nhur
protein, DNA va lipid ¢ thé da bj hong [63].

3.2 Co ché giai phéng céc ion kim loai va ddc tinh ciia né

Thong thuong dé kiém tra gia thuyét vé sy giai phong cac ion kim loai ctia hat nano, cac nghién ctru thuong
duoc st dung cach so sanh dgc tinh ctia NP kim loai voi doc tinh cia cac mubi kim loai khac nhau (clorua,
nitrat, v.v.). Cac ion kim loai nay c6 thé tuong tac voi cac nhom thiol ctia nhiéu enzyme quan trong va lam
bat hoat chung [59]. Su wrc ché enzyme hé hap béi cac ion bac ¢ thé din dén viéc tao ra ROS sau d6 tan
cong chinh té bao. Hon nita, khi cac té bao “nudt” cac ion, cac ion ndy s& trc ché mot s6 chirc ning trong té
bao va gay ra ton thuong cac té bao. Loai doc tinh do giai phong ion kim loai da dugc tim thiy & ZnO [64,
65], ¢ bac [66, 67], & CuO, NiO, MgO, WOs [68], va CeO, [69-71]. Mot nghién ctru cho thdy co ché doc
tinh nay lién quan dén viéc giai phong cac ion Ag*. Trong nghién ciru nay, bac nano va mudi bac nitrat
AgNO; déu dugc khir ion thong qua nhua resin trao d6i ion [72]. Tuy nhién, két qua cho thay ion Ag* tur
do ton tai khong chi trong cac dung dich bac nano ma con ca trong dung dich AgNOs. Diéu nay ching t6
rang co ché giai phong Ag* trong viéc giai thich co ché doc tinh cia Ag NP van con nhiéu tranh ci. Trong
truong hop kém oxit nano, di c6 két qua nghién ctru kha mau thudn vé mdi quan hé giita giai phong ion
Zn* va kha nang khang khuén ciia k&m oxit nano. Vi dy, cac té bao hoai tir Cupriavidus khi di tiép xac véi
Zn% s& dan dén biéu hién ting cac protein lién quan dén qua trinh trao dbi chét, trong khi viéc tiép xtc voi
kém oxit (khéng phai dang nano) s& din dén biéu hién ting protein lién quan dén sinh tong hop mang té
bao [73].

3.3 Cic co ché khac

Mot co ché khac cua dic tinh khang khuén cta hat NN la thay ddi cau tric trong mang té bao. Poc tinh
clia nano oxit kim loai dwoc cho 1a do su két dinh cta hat nano véi mang té bao, do d6 gay ra stress oxy
hoa cho té bao bang cach thay doi tinh thim thiu cia mang té bao, d6 nhdt, kha ning trao doi van chuyén
va cudi ciing din dén té bao chét [69, 74, 75]. VLNN c6 thé twong tac voi mang té bao khong chi thong qua
tuong tac tinh dién ma con cac tuong tac c6 thé khac, bao gdm luc Van der Waals, twong tac ky nudc va
tuong tac phdi tir - thu thé. Cac loai tuong tac hoa 1y khac nhau giita cac hat nano va té bao vi khuan c6 thé
giai thich tai sao cac hat nano tich dién 4m c6 thé dé dang gén vao mot té bao Gram a4m. Mot s6 nghién ctru
dd x4c minh sy pha v& mang té bao bang oxit kim loai bang cac thi nghiém proteomics cho thiy su bién
dang mang té bao khi tiép xtic v6i hat nano [64, 73, 76-78] cho thay rd rang sy hién dién cta nano kém oxit
dd dan dén su pha huy mang t& bao cua E. coli. Cac hat nano bac c6 kha ning bam vao thanh té bao vi
khuén va cudi ciing xAm nhdp vao no, hinh thanh nén cac 16 nhoé va tich tu trén bé mit té bao [67]. Zhang
va cong su (2007) cho théy 13 rang su hién dién cta nano kém oxit da din dén su pha huy mang té bao cua
E. coli [79]. Trong mot s0 nghién ctru vé doc tinh cua vat ligu ho graphene [50, 80], két qua chi ra rang vi
graphene s¢ hiru cac canh sac nét va cac neo vat ly, chung c6 thé gy t6n thuong mang té bao cua vi sinh
vat. Vidy, Liuva cong su (2013) [81] da chimg minh rang co che doc hai cua GO va GO dang khur (reduced)
lién quan dén sy lang dong vat chat trén cac té bao va ung suat mang do tlep xuc tryc tiép voi cac tAm sic
nhon cua vat li€u. Tuy nhién, co ché tlep xuc truc tlep nén dugc xem xét can than khi nghién ctru doc tinh
vi cac tac dong doc hai van xay ra ngay ca khi cac nano va vi khuin khéng tiép xuc nhau va té bao ciing c6
thé bi chét, ngay ca khi mét s6 loai nano khong dinh trén bé mit té bao.

Mot co ché vé tinh khang vi sinh vat khac lién quan c6 thé dén su twong tac ctia nano voi luu huynh va phét
pho cia DNA vi khuén, dan dén viéc céc té bao khong thé sao chép, do do giét chét cac vi khuan [82]. Hat
nano c6 kha nang khur phdt pho trong du lugng tyrosine ctia vi khuan Gram 4m ciing dugc xem la mot co
ché tiém ning cta ddc tinh nano [83].
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4 TINH CHAT VAT LY VA HOA HQC CUA VLNN VO CO SE ANH HUONG DEN
HOAT PONG KHANG KHUAN CUA CHUNG

Poc tinh cta hat nano phu thudc vao kich thudc, thanh phﬁn, cac nhom trén bé madt va tinh chét bén trong
ctia vi khudn duoc thir nghiém. Cac dic tinh cta vi khuan nay bao gdm loai thanh té bao (Gram dwong so
v6i Gram am), toc d6 tang truong va hinh thdi mang sinh hoc cta vi sinh vt [84]. Tuy nhién, trong bai tong
quan nay, chi cac tinh chat vat 1y va hoa hoc ctia cac VLNN vo co da dé cap 0 trén s€ dugc dugc thao ludn
tiép day.

4.1 Kich thwée cia VLNN

Nhiéu nghién ctru cho rang doc tinh cia nano Titanium oxit (TiO2 NP) chi dugc thé hién khi kich thudc hat
nano du nho [85-90]. Lin va cng su (2014) da nghién ctru ddc tinh ciia nam loai TiO2 NP véi kich thude
hat khac nhau (10 — 50 nm) va & dang tinh thé trén vi khuan E. coli. Tac dung khang khuan cta TiO; NP
giam khi tang kich thudc hat va ham luong rutile cta TiO, NP. Cac TiO, NP ¢6 céu tric tinh thé dang
anatase va kich thudc hat nho hon s€ tao ra ham lugng ROS ndi bao cao hon va do do6 c6 tac dung khang
khuén 16n hon [91]. Tuong tu nhu TiO, NP, nhidu bao céo da chi ra rang kich thudc hat ¢6 thé anh huong
dén hoat dong khang khuan ctia ZnO NP [92-94]. Vi du, Yamamoto (2001) da nghién ctru anh huong ctia
kich thudc hat ctiia cac ZnO NP trong pham vi 100-800 nm trén S. aureus va E. coli. Cac nghién ctru nhan
thdy rang hoat dong khang khuan ctia ZnO NP ting 1én cing véi viéc giam kich thude hat. Cac két qua
khac ciing cho thay huyén phi ZnO véi cac hat kich thudc 12 nm c6 hiéu qua hon huyén phu véi kich thudc
hat 16n [94]. Ly do c6 thé 1a do cac ZnO NP ¢6 kich thudc nhé hon véi dién tich bé mit nhiéu hon d lam
tang luong H>O; [95].

4.2 Hinh dang hat nano

Céc hat nano ZnO vdi kich thu6c dudng kinh trung binh ~ 30 nm cho thiy hoat tinh khang khuan cao nhat.
Yamamoto va cong su (2004) két luan rang hoat tinh khang khuan cua bot ZnO da tang 1én khi gia ting gia
tri h?mg sb mang cua 6 don vi luc giac cua ZnO NP cua bot ZnO. Héng sb mang cua 6 don vi luc giac cua
ZnO thong thudng 1a ti 1¢ giita c/a khoang 1.6. Ddi voi cac VLNN c6 carbon trong cdu tric thi mot nghién
ctru ¢6 hé thong da nghién ctru tic dung khang khuan cua cac huyén phit GO khéac nhau, tiy thudc vao kich
thudc khac nhau (khac nhau khoang100 1an) va sy cac phan bd cac kich thudc d6 [96]. Thudc tinh khéng
khuén ciia GO chdng lai cac té bao E. coli cao hon & cac tim GO c6 kich thudc 16n so voi cac tim GO co
kich thuéc nhé hon. Ly do c6 thé 1a cac tim GO 16n hon ¢ kha ning bao phu céc té bao d& dang hon, c¢6
thé chin céc vi tri hoat dong ctia chiing trén mang. Trong khi cac tim GO nho hon dugc gan khong hiéu
qua vao bé mit vi khuan, dan dén hoat dong khang khuan yéu hon [97].

4.3 Thudc tinh bé mit

Phuong phap nhing la mét trong nhimg phuong phap dugc st dung nhiéu nhit trong cac phuong phap stra
doi cau trac cia VLNN [98-100]. Két qua chi ra rang cic ZnO NP két hop cling bac c6 hoat tinh khang
khuén t6t hon so voi chi mdt minh ZnO NP. Gordon va cong sur (2011) di pha tap oxit sit 1én cac hat ZnO
NP dé tao ra cac hat nano tir tinh c6 hoat tinh khang khuan ma sau d6 dugc phat hién tinh  khang khuéan phu
thudc vao ty 1€ trong lugng gitta [Zn]: [Fe]. Ty 1€ nay cang cao thi hoat tinh khang khuan cang cao. Hoat
tinh khang khuén ctia hydroxyapatite nanocompozit két hop cting bac nano dé e ché dang ké sy phat trién
cta E. coli JM110 va Micrococcus luteus [101].

Liu va Kim da ap dung nanocompox1t bao gom chitosan/poly (ethylene glycol/ZnO/Ag lam vat li€u bang
vét thuong. Két qua chi ra ring miéng dan hydrogel pha v6i nano bac c6 hoat tinh khang khudn cao hon
hydrogel [102]. Tuong tu, cac tac gia nay da chimg minh ring cac dng nano TiO, duogc két hop véi bac
nano da tiéu diét vi khuan S. aureus trong vai ngay dau tién va ngin chin sy bam dinh cta chiing trong 30
ngay.

4.4 Kich thwéce va hinh thai cia VLNN

Wang va cong su (2007) da nghién ctru mdi quan hé giita hoat dong khang khuan va cac dinh huéng
(orientations) khac nhau cia mang ZnO NP [103]. Két qua chi ra ring cac mang nano ZnO duoc dinh hudng
ngau nhién cho thiy hoat dong khang khuan t6t hon chdng lai E. coli so v6i cac mang nano ZnO c6 dinh
huéng 16n x6n hay sap xép qua trét tu.
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5 TINH HINH UNG DUNG VLNN TRONG SAN PHAM TIEU DUNG VA THU'C PHAM
O VIET NAM

Vao nam 2014 chinh phu Viét Nam da phé duyét danh myc 58 cong ngh¢ cao dugc wu tién dau tu phat trién
va danh muc 114 san pham cong ngh¢ cao duoc khuyén khich phat trién. Trong d6 cong nghé vat lidu nano
1a c6ng nghé dugc vu tién dau tu phat trién. Muc tiéu cia chinh phii Viét Nam 1a tir ndm 2020-2030 12 nang
cao tiém lyc khoa hoc va cong nghé trong vét liéu va cong nghé nano dé c6 thé gitp Viét Nam nhanh chong
dat trinh d9 tién tién trong khu vuc. Py 1a mot muc tiéu kha tdo bao va can nhiéu nguén Iwc va nhan luc
¢6 trinh d6 c6 thé thyc hién hoa muc tiéu nay.

V& nghién ctru co ban, mot s6 phong thi nghiém tai cac truong va vién da bat diu tap trung vao nghién ctru
vat liéu va cong nghé nano. Trong sb do, phai ké dén Vién Khoa hoc vat liéu ciia Vién Han 1am Khoa hoc
va Cong nghé Viét Nam, Vién Cong nghé nano ctia Pai hoc Quéc gia TP.HCM, Dai hoc Khoa hoc tu nhién
va Pai hoc Cong nghé cua Pai hoc Quéc gia Ha Noi, Pai hoc Bach khoa Ha N¢i, Vién Nghién ctru nano
cua truong Pai hoc Phenikaa, va Pai hoc Su pham Ha Noi. Béng cach su dung google scholar dé théng ké
tong sd cac bai bao lién quan dén nano va noi nghién ctru tir Viét Nam, két qua cho thiy c6 trén 15.000
nghién ctru bao gdm ca ky yéu tai cac hoi nghi tr nam 2015 dén 2020. Noi dung nghién ctru vé timg dung
trong thuc pham va tiéu dung ¢6 thé bao gdbm céc hoat chét sinh hoc hay duoc liéu [104] [105] mang nano
khang khuén bao goi thuc pham cac chat khang khuan [106] [107, 108], kit thir vi sinh vat trong thuc pham,
mang loc nudc [109-112]. Tong s6 dé tai, du an da dugc thuc hién va cic san pham cong nghé cac doanh
nghiép tw nghién ctru va phat trién tai Viét Nam tir nim 2010 tré lai day 1a khoang hon 400 cong nghé, tuy
nhién sb luong cac cong nghé duoc thwong mai hoa thanh cong lai khong nhiéu [113]

Hién nay tai Viét Nam, y dugc va my pham 13 dugc xem 1a mang tmg dung nhiéu nhét ctia cong nghé nano.
Tir nganh dét (khau trang [114], vai dét [115]), y dugce (san pham thyc pham chirc ning, nhu nghé curcumin
nano [72, 113, 116], com cho tré em [117]. Tuy nhién, giong nhu cac nudce khac, Viét Nam ciing chua c6
qui dinh cuy thé va chi tiét vé cac san pham tiéu dung chira VLNN [115].

San phidm str dung VLNN tai Viét Nam duoc théng ké qua Bang 3. Hién nay, Viét Nam dang tip trung
nghién ctru linh vire nano va dua san phdm nano ra thi truong.

Bang 3. Céc san pham thuc phim va hang tiéu dung c6 chira VLNN san xuét tai Viét Nam

Danh muc VLNN Nha cung cap Cong bd thong tin trén nhin

Thuc pham bd sung

Vién nhong Nghé nano Curma~GOId- Cong ty duwoc  Hat c6 kich thuge 50-70 nm, tac
my pham CVI dung trong vi¢c dicu tri bénh da day,
ta trang, ung thu.
Nano Curcumin NDN- Hat nano c6 d¢ 16n +16 nm, hd trg
Vietlife Cinabet giam duong huyet, HbAlc, va giam

cholesterol, gidm nguy co bién chiing
cua bénh dai thao duong.

SACUVma Fizzy- Yiéfi Han  (J¢ ché dén hon 65 chung vi khudn
l1am Atha hoc va Cong Hp — Helicobacter pylori 1a mot
ngh¢ Viét Nam trong nhiing nguyén nhéan gay nén

) . cac bénh vé da da
Nano Curcumin-Tam that- j @ day

Xaden—Hoc Vién Quan (¢ tac dung giam doc tinh sau hoa

Y tri, xa tri
Nano Cur'cumi‘n BHTD - Chita 20% la nano curcumin ¢6 kha
Cong ty tinh dau va chat nang hoa tan trong nudc, gop phan

thom- Vién Han 1am Khoa
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Com cho tré em

Nano Rutin va
Nano Silymarin

Rutin  va
Sliymarin

hoc va Cong ngh¢ Viét
Nam

Nano Mother Kids —Cong
ty dugc pham Phanagreen

Nano Rutin va Nano
Silymarin — Cong ty C
phan Cong nghé méi Nhat
Hai OIC

lam tang kha ning hap thu curcumin
vao co thé 1én dén 40 lan

Cong ngh¢ nano mang sinh hoc, gitip
giam ho ¢ tré¢ nho nhanh chong

Hat nano tir 20-50 nm, giit duoc cdu
tric va tinh 6n dinh trong mdi trudng
co thé

Vit dung y té
Khau trang y t¢ ~ Ag NP San pham ciia Vién Cong ~ Chéng vi khuan, vi rit hang khuan
nghé& Mo6i truong, Vién vuot troi va lau dai, tiéu diét 99,9% vi
Han 14am Khoa hoc va khuan (E. coli, Bacillus subtilis, S.
ey 2 Cong nghé Viét Nam aureus, Salmonella typhi,
Vii khang khuan ~ Ag NP Pseudomonas aeruginosal) ngay khi
Cong ty Wakamono tip xuc
6 KET LUAN

Bai tong quan nay 1a mot bai tong hop lién quan dén nhiéu nghién ctru vé viée sir dung cac vat liéu nano va
cong nghé nano khac nhau trong nganh tiéu ding va san xuét thuc pham. Két qua nghién ciru chi ra rang
cac VLNN vo co ¢6 thé duge sir dung nhu mét chét tc ché su phat trién cta vi sinh vat co hai, va c6 kha
ning cé thé duoc st dung trong cac img dung y sinh va an toan thyc phdm. Trén thé gidi, thi truong cac
mat hang c6 chira VLNN kha da dang va dang c6 xu hudng tang 1én hang nam, trai dai trén cac linh vyuc
ung dung khac nhau. Tuy nhién, can nghién ctru thém dé khang dinh thém vé céc tmng dung tiém nang cua
vét liéu nano méi. Téc gia dy doan rang can nhiéu nd luc hon nira dé nghién ctru thém vé doc tinh té bao,
vé co ché 1am thé nao ma cac tinh chat dac bi¢t cia VLNN (hinh dang, tinh chit bé mat va dd phan tan,
v.v.) s& anh hudng dén strc khoe ciia con ngudi & cap do phan cip tir té bao, co quan, dén toan bo co thé.

BANG PHU LUC TEN VIET TAT
Au: Vang

Ag: Bac

G: Graphene

GO: Graphene oxit

NP: Nanoparticle

rGO: reduced graphene oxide

Se: Selenium
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