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Abstract: Natural plant essential oils, as secondary metabolites of plants, possess hydrophobicity and volatility,
and exhibit a wide range of biological activities, including antibacterial, antioxidant, anti-inflammatory, anti-aging,
and antitumor effects. They are considered potential alternatives to chemically synthesized drugs. However, their
poor stability and low water solubility limit clinical applications. Nanotechnology, through the construction of
delivery systems such as liposomes, nanoemulsions, nanogels, and polymeric nanoparticles, significantly improves
the stability, bioavailability, and targeting ability of essential oils, thereby enhancing their pharmacological activity
and reducing toxic side effects. This review systematically summarizes the chemical composition, biological activity
mechanisms, and recent advances in nanoformulations of natural plant essential oils, with a particular focus on the
application strategies and effects of nanodelivery systems in improving essential oil performance. Furthermore, it
highlights their translational potential and future development directions in modern medicine.
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Table 1 Main components and classification of natural plant essential oils

Compoud Classification Essential oil Plant source Main effect
type component
Hydrocarbon Monoterpenes Limonene Lemon Antibacterial, anti-inflammatory, antioxidant, anti-anxiety!"
Myrcene Hops Anticancer™
Pinene Pine Antibacterial, antioxidant, refreshing/invigorating!
Sesquiterpenes Vetiverene Vetiver Antioxidant, antibacterial, anti-inflammatory, anticancer,
anti-anxiety!”!

Farnesene Galbanum Potent anti-inflammatory, promotes digestion, antioxidant™

Bisabolene Myrrh Resin Anti-inflammatory, analgesic'”; antibacterial!'”!

Diterpenes Eucalyptol Eucalyptus Antibacterial, anti-inflammatory, antioxidant""!

Phytol Chlorophyll of higher plants"? Anti-inflammatory'"*!

Cembrene Coniferous plants Antibacterial !

Oxygenated  Alcohols Linalool Rosewood Antibacterial, health maintenance!”
compound Santalol Plants of Santalum genus'* Antibacterial and anticancer''”!

Citronellol Palmarosa Antibacterial

Aldehydes Citral Lemongrass Antibacterial”!

Citronellal Plants of Cymbopogon genus  Air freshener, cleaner, dloor polish, deodorant, hand/body
lotion moisturizer, perfume, adhesive*”

Cinnamaldehyde Styrax tree Improves sleep quality in patients with cerebral small vessel
disease”"!, improves amnestic mild cognitive impairment”;
antidepressant, anti-anxiety'®!

Ketones Menthone Mint Antibacterial®!
Thujone Mugwort Anticancer™
Camphor Campbhor tree®™! Analgesic?”
Esters Methyl salicylate Wintergreen** Anti-ance®, anti-inflammatory®™”!
Neryl acetate Helichrysum®"! Anti-aging®™
Linalyl acetate  Clary sage Analgesic”
Phenols Eugenol Clove Antibacterial™*!
Carvacrol Oregano and thyme®! Anticancer, anti-diabetic, hepatoprotective, and antioxidant™”
Thymol Thyme®"! Antibacterial™”
Oxides Linalool oxide ~ Lavender” Mild sedative, contributes to complex aroma*"

Piperonal

Eucalyptol Eucalyptus

Long pepper, black pepper'*”!

Supports respiration, antioxidant, antimutagenic, and antitumor'*’!

Antibacterial, anti-inflammatory, antioxidant!""!
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Table 2 Comparison of natural plant essential oil nano-formulations

24K A5 (nanoemulsified tea tree oil, Nano TTO), AMY
vl 7 H AT E M, B E R T PR . Ml
il 5t % W, Nano TTO FJ L [m) 4 B i 75 5 1 AgrA, 411
il Agr Z 4Gt )k, T HI 55 MRSA ) 4P 15 E 1 fe
1. fEUCEEA I, Nano TTO fE N$iAE & 77 R B P
[P AE L, W i 7 BT P54k (amoxicillin, AMX)
X MRSA ISR o A8 /)y B I i A0 BZ Tk 2 e A
T o ) 44 Py S5k — AP UESE, Nano TTO 5 AMX X
N FH BE % A7 RS VR T BUR . BRAh, R R A
(Magnolia denudata essential oil, MDO) il i j# 75 FL 1k
50 = oM EHAR S & 90K FL (nanoemulsion, NE)
MM YR RS (self-microemulsifying drug
delivery system, SMEDDS), 1 24 4% 1 MDO [ /K #
5B AR T T GK BT (9~281 nm) A X
S iEn ARG AE K ARAR R A i 2 o, Gk 1 o 7 HLZH 41
BT SRR D). ERRIE S, 9K 3L S
LT BRI 75 3 I 1), GG TR R I TR, SR HS S SR
BFROR . 5% QB B, 9K LR TR
MDO 7E 1 4032 Hin v e 55 A 202 fif f AR NSO, B
G I 375 B2 o B 5 5L IR I & B K P, o 3 e AR A
fabr.

Tl — 40 oK FL 7 1) 2% T 200 R H S AR AL B
RGN K 1 5 R, B AR KRR FR I R K
HETEE N, T H A 2454 e [R) 3 5 24 2%, Gl G 22 S8
M5t ARHIFIEK BT, HRR S X ER
R pHAH SR T AR 4K, S BV BEAS E R IR 22 A, 3
H ) o R P SR T PR R R R 5 R R R, I
HIL#E 25 2 A AR . Jaiswal 67 5250 R B, BR
BRI 2R (A Al « B2 Bk pH) 5 350 1) AN A3 R lORE A 1
K, ¥ ELHE W 25 1) 375 R RSO 3R I B 28 AR N 4
Vater 5577 1 G i g 15 B B8 A0 B8 -3 1 s 1 57
T [F) 35 25 AT T R AT 40 B 55 57 W0k v B A% 450 3 TV 12
FALE AT 00 B T BT SR T HE BL U9 B i o 15 2 1) 41 i 7

Category Advantage

Disadvantage

Essential oil-
nanoemulsion
tissue penetration; allows for combination therapy
Essential oil-
nanogel
strong adhesion, suitable for topical application
Essential oil-
liposome
and sustained release
Essential oil-
polymeric

Nanoparticles  reduce the side effects of essential oils

Simple process, strong penetration; easy preparation and
scalable production; significantly improves solubility and

Good sustained release, excellent biocompatibility; long-
lasting antibacterial effect; high biocompatibility and safety;

High encapsulation efficiency, good targeting; optimal
biocompatibility; easy surface modification for targeting

Strong stability, low toxicity; excellent physicochemical

Poor stability, potential irritancy; long-term storage instability;
high surfactant concentration may irritate skin; low drug loading
capacity

Complex and tedious preparation process; low efficiency; may
affect essential oil release and utilization; stringent storage
conditions

High cost, poor stability; high cost of raw materials and
equipment; phospholipids prone to oxidation and hydrolysis, strict
storage requirements; short in vivo circulation time

Wide variety of materials, complex process; risk of in vivo

stability; high and controllable drug loading; can significantly  residue for some materials; use of organic solvents in preparation,

complex process; release profile not easy to control




SRR TAR RARMERE I (0 A2 005 % J K38 2 4 R et -+ 2973 -

£ . Somala 27| & (1L 5 L B AR B T 32 &=
ARG PR 1) R AR DR 3 A 8 53 P 5 2 R R A 494 K 7L 51 R AR
7 4% [P & L (R, A sSE g oK FL Ak, BT 75 3% T 3
PEFI B H &SR A E R (8 4%), X0 & H )
HPRHE— 2D MR T A RS B E A L .

3.2 EHB-KERT 9K EER (nanogels) 1E N —F
T 0 BV S T S AR AN T AR TP R R AR AR, 7R
ERG T RIS 3 . 8 IR R SRR PR T RN
15 4 T KR e P 2%, o] B R R L% R MR B KA 2=
SR ER G, SCUtR e B SRR . IR, K
TH =29 2K B AN AN L £ BB 10 AR 0 AH 25 1 R R B 4
I REAE B G M I T B Ik 98 0 B e I8 i T 55 3 s S
SBR[ 3 1K 5 1 BT Rk 9, Xu SEIE G oK P
AR T LUK EE IR B (Zein) B 9K B Hkg ih
(BEO@Zein), 35 H 71 % T PVP-PVA JE K Bt I, 7 %
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WG RBRIN. 5iF 54 Z K (ginger essential
oil, GEO) #H Lt.;, GEON [1)#/i B ¥7% 1 ¥ 3 3G 58, XoF 4] 2
B S i T R 4 £ 0 BR A ) B /N BRR B 4 il A S
A12.5 mg-mL, FALH 32 2 0A il O 48 1R 4 i I 25 44
GEONH 7£ % Jie 58 FE W /K 4 15 86 B 0 Tl R AR 5+,
o = A 5 T TR ) 40 T R 3 Ak 99%, AR I H RS T 5 v
FHREFHITFEPUE N . Rao ZEH & T —FhidE L
W 5 T TR A A U I BRI R 40K BE S (cinnamon
bark essential oil, CBEO), H-T-i#i% I B F i (CBEO),
DU A HAS e SPiEtERe . 5 RBERR AL X IR R
AH B, 12 90K Bk e R AR B /N | 43 A BE ¥4 57 L3R TH H Aef BE
5, TE el S Sh AR N SR I A I B A AR E .
FLPURE T M B 2 G 0, 6 22 Fh EOW B I A /N R R

BEAE 50%, AT LB 108 h 158 M EE R . Drais
USRI 08 T R SR W SRS IR 52, AT 48 KR A
Bic 77 (HN1-HNS) it FH )5 35 R 51 Rz w4z, 3¢ 8 H AR
VIR YE R . RN, 25 o6 HR S8 WK, 5 kG il
P87 290 K U M A R 4R S5 3 70 A1 0% W N AR B 2 1 XU
E B L2 EE R

R I =20 K I T S IR i AS E B 5 SEREREIN,
TR A R A R, FRRIE R, A& R
GFHAE 22 b, R PRIR 7, Sl IC )R 4 23 5t RE
W RAE S e N . EAFER] &R E 2%, SEUE
FERCRARTE 5 RIS, G P 30 0 6 52 19 2% 2 LAV it 44 Bl o
8, s AR R R eAh, BT A KR, B AR
IR G Ras, RHEAE R AR TS 2K . Yousefpoor
SEEN e Y, LE QKL % O R v, BIE SN TR
T A TSR A 7 e 3K BRI T AN SE B8 = A/
FRAS 1] 8 ) Tl Al KRR A 77 2 TR A7 AR R, |
I Z P BRAE T2 RSB AR T B i
Rl Li SR 78 A il i GC-MS R B VR4l 3% 1, iy
AT B RE TS T P A IRt Jse, L P 5 A 2 4 o,
P T I8 0 I 2 PRI, XTI W) B0 R I X 4 £ SE G K i
1, 75 TR RO TR B H A AT e PR A AR P A
F&Z . Hong S5 A 78 38 i VR R0 ¥4 S B0 E 1, & 257K
FLIAAR 22 06 AT N K 2T 4 2 A1) DK B DAGEFF 45 K B
SE , BEARFE 18 U B AR B FE AR T A 2 R 45 K A
T A0 2B A VA U i A7 25 1F 4 e DR A R R
3.3 HEM-BERRE IR BUAAE Dy — b bl i 0UZ K
AN AR GBI S5 1, I H: R AF B AE A e R 1k 22
FERBE, O 2N T 4YEE /g1 . HRRE
YRGBT i A ANAURT I 2 o A R M g
IR 72 45 FRAL R B, 3 BEHE 9 FLAS E 1 A= R B2
LB 5N, T HR T 25 R0 B . Li S515R H il
JR K G — e He 38 S K 2t AERORS T 40 Kl B A4 (Zan-
thoxylum bungeanum essential oil nanoliposomesZBEO-
NL), LAER B O 198 I A0 E [ B3 9 BE AT, 15 25 52 TH A Dl
B (88.7 £ 1.2)%, 1% T 2 B AR Il g it A 4Rl
[ 70% 7c A7 K~V o Zeta B3 A7 43 A7 7 L 2% 1T HRL o
N-35.4mV, 7 T2 BRBUE, &R RS E 1 05
PEAL R AE [ Bk AR 4 41 4h % 1 (Fourier transform
infrared, FTIR). X 5} £ fi7 5 (X-ray diffraction, XRD).
HHE W7 (thermogravimetric analysis, TGA)] 45 L5k,
ZBEO 5 1 I il 1k S g Mg /KA F T Bk € B 6, s
Jifh ARG, RIS E LB E R T, M7 14K
J&i, ZBEO-NL 5§ F AU [ 8.2%, I i # R A A= W)
KA, RIS AR E V. SR SR 25 R
71, ZBEO-NL X A T i AN B 24 SR AT BT ) 410 o Pl L
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B0 3N 18.4 F120.1 mm, &3 & Tl 25 ZBEO (1 12.7
F14.3 mm, # B SR TS 40%. 3X 2 B G 5 A4 f
WA GE TR KIS S RoE v, B A T
HAEW IS, ATEW (Zanthoxylum bungeanum) ¥ i 1E
1 PRAEE 5 2% 2 AU ) S F B AL T AT S R 4 K G % O
W SRR ST o A R T 3 R 4T AR RE | 40 P
4 DT 0 1) 2 11 AN A A BB ik DA 9S804 ) 240
(1 26 R, AE PR T 9 1 4 R RS B A5 LA
L0, 107 A T g B A RO R AR e s S K 1 G T fr 10
R . Huang SN 08 FHE M5 T & K5 S )5 ) g
JIE TR AR B Pz, vy 1 A A e P A M B Bk v B PR AT
SRR . HOTE R M 2R O o A R R LA R
H, PSR EREA, JF HAERE & 59 1.068 mg-mL™
I, F B 21K 65.9%; &R 1) pH #3044 Jz JR 3R 1, 4
f 1 R T ) R PR SR T R . Ge SEE T IR
R e R A S T AR T SR DU M
B BERTE TR e S YU R . R R
KA~ 75 ¥ ) % 1D T T A E B B I < IR A 55101
TTO ¥ % 1.21%- Tween 80 ¥k J& 0.79% ) 26 1+ T K I
H R R E M SR JRRARI S NBRIK T %R
PESE R, s R R ShuE . ZE AR
JE I e SR IR Pk TR 240 L S K 9 92 3% BB A% IR TR
PS8 58 15 3% 5 Fa e v = S AL [F) R 4 = b AR
o ZME RS RGMAEMMBN S S Et, &
FIF B FEORE  BU B 95 200 68 i 3 T At il 45 45
5, L B E N /7. He ZRPE ] 78 Hh i i 4
P SIZI6IE B, 2835 B IR (hyaluronic acid) 1811 K i 5t
& (HA-CXO-Lip) e % 3 /> UVB I 5 /N B I 38 R
155 LB, A RN R R CD44 2 AR Rk .
X — g JLAIE S 3 T A& 4 8 i HA 5 Rk 40 i %k T
CD44 AR IRE S 454, 50 T g Jo Ak 1 R Jo S v
S e, TSI T B AR

i i — I A 2E W AH 2R AR, B B A0 P ER E £
o B0 iy T A i A7 I R PO AR e AT
A 3 ok R T U B A ) P R R R . RS -
JiE A TE BF 5 Hh S0 LR B AR B SR AL K I e, HLL
il £ AR v A P I S B R % T BURAR B Ar TRI R
H O W A% - B W4l i R ST B, 5 B0 2R
B E] 2 . Chen S EWT Fi il i 4 °CHE A7 SR B0 R B,
W I AR T RN SR B 68.08%, [ B Ui BS iR
U7 T e R 364 o, G o P S 3 0 0, P R IF S
JIETE W5 B4 AT 2% 1 T 55 R AR K AR RONE, K B A7 77 T
R AR IR R . Sherry ZFTE SRR Hh i H, AR 53 A4 (1) 40
PG CUNVRS o T JIE 28 28 VL[] I 25 ) o) 2% D7 V) i I
PR H A B S I, T A A v R Y o 4 FH o %

F2 R R vl I R R A 3L [RIAG J 1 A
A PR AR o Maitani S5 7E BF 5T 0@ I PEG bR 4E K
JIE JBBURLAE 0 75 iy, I B4 I A tH A% G5 18 o A4 R 2
A% — W A B 2R g DA T oA 1T 5 ST R A B T
HIAZ U BRI
34 FH-SOTHRN S0 TR —MEA
B B A P A 5 A R AT R R TURE A ) N oK AR, E 0K
S FEL ) R T ) R M R AN R R T T R Y R AR
., Corrado 25V OEO mi B H T K E AL TR B
(polyhydroxybutyrate, PHB) & It 2% %) PHB-HHx 14
) G K BURL T, B B AR R I 60%, B B4 N
50%. BT 134K BURORLAZ 43 A 3 5] (150~210 nm), 7E
BEALLAA 2 of (1) B8 AT N #F & Korsmeyer-Peppas 15 Y
DAY B 2 B RIS o 58 -G W2H i 3 S e R TS
#, PHB-HHx [K H 53 5 (1) J6 58 T8 A P 170 2 300 o B pRORe
B, X — R T A X L AT (wide-angle X-ray
scattering, WAXS) 55 ZE /R~ & # (differential scanning
calorimetry, DSC) 73 #T BT iE 5% o« Bt B S 56 i s, 7 o
R 40K R G ER T (Micrococcus luteus) E A )
BRI G T, o PHB-HH x 4 5 [0 FCR AR 07 2R i

Yousefi &M B FL - 3 T B BOR, 1 4 24
M (Zataria multiflora essential oil) 35 2% T 7S [F] & 1) 7%
BRI RRL N, JF XA Z R P A S PR 1E R
WAL, FTIRAESE T A2 2205 i bl it o 38 265 1 7 SR
FEF . BT & B K R BRI, R AR A TR 198~
318 nm 2 [8], FEA1 A &3 (1 1E Bt (zeta FLA +21.31
£+43.57 mV), X B IE B AR B T 90K RS A B
H, %) 44 T 4 B JE A B AR, SRR O R . B R A R
B i AT IE 68.32%, BB A 27.54%, K I H 20%~
61% [¥] DPPH H tHF:IH IR VE 1 . Essid 45023 i we 57 1]
ERGRAT REERE I 35 2 52 R KR ) 12,
RS T B F (92.58%) ki1 480 nm H. 7 4i ¥
SYRINK AT o 2GR )RR B SBR ) BT A B Bk
B0 (MIC = 125 pg-mL™") Fl5% K P = 7 dig
P (X L. tropica #1 L. major ¥ 1C,, 73 | 9 10.47 il
15.09 pg-mL™), H &L 2 A0 T F BAg , I B9k
B RRRE I A TR PR AR T 75% . IXEESEEG £ K
BH 151 53 1 KR LE DR 3RS T 5 32 S8 A A8 JoT R 28 R 1
SRS VB AR OE M T B A R R R . Xu SEPE
WE 5t W1, CS-CEO A K WKL £E 4 °Clikif7 [2 37 °C/E
PRI EE T Re OR R 45 M AR e FF A W ) i, ik B LR
2% LU 0 i A7 A S 1 % it i i 35k 42 o

R =152 T A0 OKORL I iR R, A AR E T
S 24 B R4 HUOBEIRRU; AR R AR TR X
REE R SRR (0 27 A2 ) H00 R Tl R R . ]



SRR TAR RARMERE I (0 A2 005 % J K38 2 4 R et -+ 2975 -

Z 1 750 R B 4 3R 2E 4 BR AR AR T BE 3 R Y
Wi, B s RE A MUE R R R E A
RStk DR . R, 2GR OE 2 2 KA YRR
SO, Sy IR AN — [ 1) . Kk S5 TR
B, B 206 9 K ORE AT 3 3 5 Bk e R S AN Ak
BENEWAA, FEAE AR TR, Y BE R R AR
LA HAEED RN B KR . Ercin E
T 78 o SR P B L7509 1) 4% PLGA g Kok, 1t ik 7% 75 4
FI A WLV 7096 iR PLGA 74> M KL J5 828 1 441
DLS.SEM % £ & R AE & AR SN et 7t , A T4t
S22 10 Al Ak 0 R DA 25 B I 7 B oK B 3t B 4y, e A il 51
FasE k. SuZECIERT IE b HE H, PLGA Bk 6 R J0GHE
SRR B A LR 2 BRI B A B AT R ), HL bR
S AR LA B TR 2 R A T2, IR &R
H ] 5 SRR 45 W A7 A 2 S, 3R T 5 RS 24 0 R
LR AL — 1) )
4 RES5RE

25 AT, MRS AR R —FORIE 2 S 2
FEVIhRE R RTE YR, AR SCESE T HAEPUH
PR PURA PUEE L S P 8 S A B 1 2
AR 259697 7 7o HoAZ O B 43 38 3 95 SR A
SRV YR A RE(S 5 G T R PR K R T e 4
SN, 75 2 Bl A AL R I R I 25 B M
LAk . PR TR YI0 BGAIE T RS T 75 56 Bh R AL I 7
AR 2R GEREAR « 18 W T e RS R o 4 0 ok
93 R R AN E . AR, RS U R e b A ok T R
Pk, L4 R A3 b Ak PR 3 B AL PR AR E (I 5 4%
R AR ) T E 25 KUK B 22 4143 P IR L #h A A
AN B ), 7R 2T HL AR IR B AR R R T
PR FHEY . S e 25 Wi % 7 BT R R Rk N B
S VEVPAL D T, 473 7 K R SR S e AT 9 S 4%

KRBT LT g AR - - =
7 (1 iy (R HE 2 3 3o 4 €0 3R B 4 K i % L R
B S RS THRG b i RS Tk S R 1 ARl Bh 2 4 2
A 5 R R AR ST IR N AT 3L 2 BE AP R AL
eSS A RHE 5 Pl AR e Ak, PRAR A P2 A BT
BT o R, 20 o X R A 0 1 1 1) 28
BT, PR T LT X o 5 I AU ) R SRS, I 9
HAEPUR AT R A MR VA% S0 M AU 77
MEAT F 22 A Pk WL A AT 5 00 0 8 =07 T SE I R B
P, R RS X —“ R AR 2 R 7 g HLIE S H
WA G258 5 1) BLARORE 1 25 ) R 6 Ak, 7E AR SR 185 2 5 i
B A R A B Tz W R R F

JUERILRGLER T R IR YRS it (6 A Wi v &
HYKid ik RS0 7T, 15 H AR i gk

3% TR 1 3 75 FDA/EMA/E 52 24 W o 26 B 5 LG
HEAEE N PRS2, 62 P RIE 70K 2 475 Ak - i PR BT Y
Bt APAERS T IR IR RN LASETE . 36— M oo o dte
W SR, AR ORI R T
AL S L B A AR, X P R
TR A A R R K 0 24— B
T S . 75 e SR L R R R 1 R, 5%
BT LS4 0 S B L 3, KRR A ) i
PSR TSI L TP T BRIV Y
J A 3 SE 5, X AR BARAE R Y A o A AR
o WA= 100 B A 15 A R B Z TR NS, B2 T K6
i K 70 6 A RO, AR 7 L 254850
AR AL AT, R G W LR AT O S R A XU
FO= R BIF A RE PE BEE,  T S A R
RS i, B R B B RRE, 50 MR &7 4
Ak B SR . K8 R PSR RA, 72
EN TSRV T K A O S 5 PR, 5 TR
IS e 5 0 Py 22 A ORI, 77 R 3Pk A
1 AR T R 2 R S

{2 BEMK: 425 GRS 450 T AL AR FRIE B
ST B ST BB AN SR
SR IR

FIZERTE: AT (1 75 W R 47 AR IS A
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