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FAKHRE I (Lavender Essential Oil, LEO) EA—FRARIEMER Sy, BAPUAML. I LS
W EZFAEYEE. R, BT HSER. KIEMHEZEURAEE R AT T S 8, RE T HES
s BRZASEAUEINZ N . RN, SEREEES LEO USRI, HARR R RS
FaFA, ST EEIRE. PAERY, Sl MRENEARTT DR E R s R e, A,
AT A AR A R, BT T SRR E T2, JRLURI . AL ZHONEEM, SRR GEER
i A A RORF U R, X IR BRI R SN FH HEA TS . BRI A0

(1) FEA R SR R B A oA Vol Rl S (1 1) 48 9 o R 8 75 A vk DA A T s v i U2
B, MPEHGE B 60°C HRHUATR] 60 min. BRELL 1:35 BF, HRAGEAN 22.22%. (EMCEEA F, %
WEE AR (SO - (LP) -FERFFEM KT (SPL mps) Wil L2, MEEMIKREE 2.5%

(SC 5 LPffistb N 5:1) , (OBELL 1:1, pH AN 4.44, MR 45°CH, LEO [/ A0 R
53N 76.11%F1 37.41%. 43 H13RHH SPL mps YRR 9.2 um, BERF 550K 8 i i A 5 S B
Fi4E4 . SPL mps HIPEREMNRZE I, 25°CHEML 14 K, LEO M EFBBHERAN 30.92%, 7£ 100°CLREF
60 min J5, LEO FI{REE FiX 58.49%. SPLmps Xt E. coli 1 S. aureus Y3 B A BT FIFNE R, # LEO
AN RE 17 A4 T T 15.9%41 11.7%

(2) B FBRMN-RIR-7HME (CS) -FARFRE MK T (SPCL mps) il & K IERE . N
T PR RS I R e MR R, NN CS il SPCLmps. 4 CS RN A 30%. pH M 4.5,
IREEA 50°C, ¥5#A 450 r/min B, LEO (ALIAFIEH AR 78.67%F 38.71%. 4rHr#H SPCL
mps “FERAEHN 14.4 pm,  CS I8 I HLAE FHE—5 3858 T BEM R AH BAE . SPCL mps M e
FW], SPCLmps 7 25°CHiEAF 14 d J5 IR R SPL mps F&1IK 4.39%, 7E 100°C{#4F 60 min J&, LEO
IR R A 69.24%, #E SPL mps #2155 1 18.4%. — BN /124 R (R2>0.99) & F B HZRAT
RS B EHINLE] . SPCL mps XF E. coli Al S. aureus WIINTE R4 SPL mps 73 B4R T 6.8%H1
9.5%.

(3) FEACEORE I TR FEAE IRk ORAF AN G5 24 A P (¥R o 4% SPL mps 1 SPCL mps N2 FH 1%
PRAREERRR ST, BBk (R 9206 45 FL W, SPL mps A SPCL mps A&7 25T KBk fr Ik s
[]: EZRFAM NIEK 4~8 K, FEABERMT TLEK 10~20 K. FRZPPTR NS S FH: SPCL mps
IS IIRREIXS E. coli F1S. aureus TN Z 537519 85.9%F1 89.1%, HiESME (F#1K 18.3%)
FRE (FRAK 12.7%) 2R3 EhruE S P
KRB FAREORG M SRR TUREE: e, IR



Abstract

Lavender Essential Oil (LEO), as a natural bioactive component, exhibits diverse biological activities
including antioxidant, antibacterial, and neuroregulatory properties. However, its broad application in food,
pharmaceutical, and related fields is limited by challenges such as high volatility, poor water solubility, and
chemical instability. Additionally, lavender residues, the primary byproduct of LEO extraction, contain
underutilized pectin components, leading to resource waste. Studies indicate that microencapsulation
technology can significantly enhance the stability of essential oils. This research utilizes lavender residues as
raw material to investigate pectin extraction and employs complex coacervation with pectin, protein, and
polysaccharide as wall materials to prepare LEO microcapsules, followed by an evaluation of their
performance and applications. The specific research contents are as follows:

(1) Extraction of Lavender Pectin and Preparation of LEO Microcapsules. Pectin was extracted from
lavender residues using ultrasound-assisted methods under optimal conditions (60°C, 60 min, solid-to-liquid
ratio of 1:35), yielding a pectin extraction rate of 22.22%. Sodium caseinate (SC)-pectin (LP)-LEO
microcapsules (SPL mps) were prepared by optimizing process parameters: wall material concentration of
2.5% (SC:LP mass ratio = 5:1), core-to-wall ratio of 1:1, pH 4.44, and reaction temperature of 45°C. Under
these conditions, the encapsulation efficiency and oil loading capacity of LEO reached 76.11% and 37.41%,
respectively. Characterization revealed an average particle size of 9.2 um for SPL mps, with wall materials
and LEO bound via electrostatic interactions and strong hydrogen bonding. Stability tests demonstrated that
SPL mps achieved a cumulative LEO release rate of 30.92% after 14 days of storage at 25°C and retained
58.49% of LEO after 60 min at 100°C. SPL mps exhibited enhanced antibacterial activity against E. coli and
S. aureus, with efficacy improvements of 15.9% and 11.7%, respectively, compared to free LEO.

(2) Preparation and Performance of Sodium Caseinate-Pectin-Chitosan (CS)-LEO Microcapsules
(SPCL mps). To further improve stability and antibacterial efficacy, chitosan (CS) was incorporated into the
wall materials. SPCL mps were optimized at 30% CS addition, pH 4.5, 50°C, and 450 r/min, achieving EE
and OLC values of 78.67% and 38.71%, respectively. The average particle size increased to 14.4 pm,
attributed to enhanced electrostatic interactions between CS and other wall materials. SPCL mps showed
superior performance: LEO release rate decreased by 4.39% compared to SPL mps after 14 days at 25°C,
and LEO retention reached 69.24% after 60 min at 100°C, representing an 18.4% improvement over SPL
mps. Release kinetics fitting to a first-order model (R? > 0.99) indicated a diffusion-controlled mechanism.
Antibacterial efficacy against E. coli and S. aureus increased by 6.8% and 9.5%, respectively, compared to

SPL mps.

IT



(3) Application of LEO Microcapsules in Flat Peach Preservation and Textile Antibacterial Treatment.
SPL mps and SPCL mps were applied to flat peach preservation and cotton fabric modification. Preservation
tests demonstrated that both microcapsules effectively extended shelf life: by 4-8 days at room temperature
and 10-20 days under refrigeration. Antibacterial cotton fabric treated with SPCL mps achieved inhibition
rates of 85.9% and 89.1% against E. coli and S. aureus, respectively, while maintaining acceptable changes
in air permeability (18.3% reduction) and moisture permeability (12.7% reduction) within standard limits.

Key words: Lavender essential oil; pectin; microcapsule; antibacterial; preservation
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1.1 EXREHE

111 BEREFRDH S ER

MY (Lavandula angustifolia Mill.) N4 /KEY . RER. FHE, EHEE. H
i, BEEAREEAERK R EWEAREY) . EARE) 2 0 Am TR L rh g X,
R S SRE L ORI AN E A 5O 3 XA e T R B A b X
MR H SRS, W E AR BEIRE IR T E WK BTN 7S 2 1 PO L AR Ak
HEA, WORAEERE K ERGA Ay —. @MRGHEdE SR, EREL
PRt AR 8 i E, MHAGHMEE=EL N 10 AT, G 7 2EE 28] 95% L
BN SR, A ETE A AT T I R kAR . — R PR ECRAR (SRR E
1.5%), HWFEMHBAL: ZRETY (EREE) LE, #-EEE 0, £
DI B IEI 3, s O™ IR /) 52 PHR Y. Bk, R AR A 5 mE
WRTFHER, O HES) ™ b T R R K R IR R B

MAREMNEEH G — 2R iUEH, BAZME ). SaEIR .. ST EEMEK
TEEE IR . doh, ERFIEHAG @ MAHME, mbtE. Prai. W R ALk
WG FEDIR, FHTHEIT R RIRFEAA RSN, EREN Gt DU T
e BER . UF TSR, TP R Rk RN, 3 AR R 56 T 58 e 4R 2 A
WA, T2 T AL el OO F M . TR S B AR B i R E R . T
TSR JhAh, BEARFERFESN —E R, THS T, BARENRERIR.
M, BREAERN-MZIIREEY, O ZMHTER. B, A, gt sE
AR, [ [E A MR AR AT OR, SR LA [ B 2 B (B
JCHAE B, Ol AR RS B 2RI —

1.1.2 ERER MR KA ITReF 4

AR SR EERIE Y. BRI DA S 2 M 2 PR R, IR LR R
ST FEE IR T T AR EGE . PUE S PUR AP AT 5 2 M E s D,

(1) FEATORS

A HFE I (Lavender Essential Oil, LEO) & —Fh W\ AR B IIA I (HIELE.
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2. MARRAE) PRI BT, R R 2~3% 18], HoRE B e i
s ll, FEWR NITREE (30~50%) AL EAREE (20~40%) , FF& HAR HEE,
FEE 1, 8-F&MZR. K. P HIEER . XERSW T LEO £ R EME D6,
BFRE . TERRE BELL WO MR Pk, SO A R . DUk
MO

LEO BB BE PRI &P LiE . PF7tER, LEO it B SRR AE Y 4 i i
SEREVE, XFi A PR i R A BRI (MRSA) FRHLH SR HI{EHIY, MIC A 0.5
uL/mL, #EEEHEA N (2924+01) mm, £ FHKKEZER (265+03) mm;
Kwiatkowski ZE21E— K, LEO R MR R B JENE XS MRSA BRI EURME, H
BIEAPUAERMAGINE 1. thskh, LEO fEPUSA TR BEMAER, 4 LEO
WPE/ 100 mg/mL I, 5% DPPH H HAEEZIX 70.33%, HALSIW KB in 3 HEER
B Nrf2-ARE @/ FHPTAMEE (SOD. CAT) BuE!. shsiink i,
LEO 7] ik 5 B e 1P VR 453495 K R IO A AL B P, (36 414 MDA KPR 45%, T
BRI, dhAh, WK FUIESE LEO i B 2 4EAY)E M. W1, Bradley U4k
L LEO fEPUAE FE A TH M Th R 5 HU PG PEAH s Dehkordi S5 SHRIE RN LEO A 1 Ji7 /& 14
2 BFE IR K 52%, S EIHD 30%.

(2) ERFHEELED

AT IR A E B M R IS LR A N . RS
OIDL 3 A R ARV N R SR B I, S A4 ) S b A RE DT i KB 86.32% . K AL,
WA Y B A PUIAE . PO BRSNS, M R el ] oo
EIPEE RS (ICs=12.3 pM) IEZZHR/KAL SIS, FF BELIBT I /NI P2Y 12 324493/ LA T
ROl BRICIE K, ZEVEPE U G AR R S H IR G, REl S B R E R,
KRB A RRERIY,

(3) BEREFHRENAEY)

B E T RIS A VI LSRR . RIEF R IR N 3 2R, HP SRR
5 RIEH A S I E B B35 1) 2 AN, BARRILAE ] 28 5 R N TERR E
FH 2 5 35000 8 A 4533 DA 4 i B e R L ) 5 7 T 1200, 2= K i S O AL 8 AK B o i
fi% T LAd s $0 ] NF-«B #2356 07 X MAPK g1k, {8 LPS 55 1 E W40 e TNF-o 43 &
B 58%, REEIBUA A VYRR I HE A R RK I A R W] PR AT v I I R R L
LDL-C 7KF 35%, ENBKBESL AR D 42%, A ;O M Bm I EH .

(4) EARE ARG



% 1 8 XHGRiE AAFREMIFIL

FEADIERE 2 WA R N B A EE PERsy, HABfT 5 PL R Th e C 32 22 RTE .
Georgiev 552 7 R LB A F 20 L1 A1 L2 455 fedlam h MR 40 i Bo- B8 & IR,
7% ROS MEWEANE NO WAk, FA M RARIThEE. Cao L PR A 4 Wik
RRE DA T 2R, 2T 0 0 IR JORER BT e DI RE S IE, SR WP 1 f v Mok 2
4 2 U FFIE SV E BT A3 ™ . Yordan S5 P4 M\ HE A B P Hp 43 85 HE 2 WAL A
Y, RIZZHERA GBI IIRE, BENE R I A R A i B AR 2 ROS,  JF R
X IEH HfIAN A549. HeLa A1 LS180 R 40 i 1A RS A VEAR SN U s 1k, ) 503
TS ARG o

1.1.3 ERER =IFIBELF A IR

NT SR EOR M, H TSR 1 PR U7 A KRR AR BIR S COy FHL
o AHUEFREGE . AP B AR . OB A B AR B SR, AR GrK 2R 2K
Rl A 1 (100~120°C) 2 53502V A O 1 7 IR e, 8 T A0 B 8 7 400 1) 1 43 2 5
HIG A COKHLE (40~60°C. 20~30 MPa) A {REH & ZiHEYR (INFEAREEE . 4R
FAENESE) PO, Liu SERTR AR Bk N A B RS2 UK W, R IR 3.19%. 5
FERZENIEAALG, T Bk B A 1548 REVR AN BN [R] e 35

JRUEHET LEO $#-EUEAR DB, (ARG & 2= R R 2 fl =), ik
HERESEUOTS PRI 1 kg FETMZ 42 100 kg [E /KPR . 783 [F 3 8 AR 577 XA AL,
SRR PR AR SRS B T MR BRI Y R E SRR 2 KRS A
PEVIT, AHK Z 0T AR I S AR B0, /R ok P AR AR R BROAEORY, 3 A B2 U R
o PR, AR FE IR BN s ORI AT RS R AR, DAROR A0 I B ) = ) ) 48 5 RT3
VG

)3

1.2 RAHEA

SRR A — e M 4 4 R B R o [ J2 2 B ) R AR I B oK I e R it 2 0 . IR
B 4 PRSI, 2l R A RR S HE (HG) « WA P I PE IR TR pEL
(RG-D + RZF-ANEBEEREHE (RG-ID FIAKE - U BB M (XGA) B34, 4
Kl 1-1 fios .

TR B8 I I R AL FE T (Degree of Esterification, DE) B FF 48 & i BAC H & ok X
4y o DE {H A2 H EE AL A 2 FUPHES BR 5k JE 70 B2 PR RS IR VR L P A LB, B SRBR Rt
1Lie 1. DEHIEEIT 50% 1 Ay FAE BRI, KT 50% M A Ik A AUk R, ey R R
J P JE B AL ) 225 T i K A P AN LB P0) LG R SRR AR A B8 1 A7 A2 TR it DE A



% 1 & XEkLRR BAFAFMLEFEMILT

PE T R BN 7 TR S it A e P JE L™ DE{E, AR ¥ 75K ik
FEEMRBERM, TN T & dh . 299155 H AR

Smooth Region Hairy Regions

__________

& /:) \‘ ‘ 1
HG -~ RGI "‘ RG-1I XGA
G-Acetyiester @ v-apiose () p-Gatactu cid,GalA D-galactose L-Arabinose
@ O-Mnthy ester @ D-xyose Q L-Rh ‘ L-gal @=-3-Deoxy d ic acid,Kdo
@B D-Glucuronic acid,GlcA <> L-Aceric acid.AceA * L-Fu ‘ 3-Deoxylleucoheptulosonic acid,Dha

lu%&#ﬂ”
Fig. 1-1 Structure of pectin

SRR I AE A ol AR EES . AR AR AR LT, AT DA IR SR
ot B A TR SRR S o R R R SRR AT DA AR B s ) A
AFAE A, AN 52 n] 2 52 4 H 0N & 80 PR 11407,

R — M BA R RS 205, R EA U R T A A R T
Zifanik . @A) . Mohammad SFM I B A A SRR IR Z B E A M RHER I
HRENAIMEEYE, 76 48°C N 255 2 h WREMIR Bk 98.8% 1At . IX P B A B s
PEI 2 D REAE DI VE SRS B IR T B FH T A P e 22 0. NeSi¢ S5 T SR &1
TR A 5 B 7 AT 1) SR PR R R, 12 v S e 400 o) 4 ) v A ot B AR AR AR K
HXFNERI R EMAKZI T EE, ATEAAE YR R A 4 % A - T % 25 5
FAEARM AT

bah, REHARGF R ELEWHHER, #HHEES BRI, Diana ZWHE
SR AR 2L A B A 4 R B IS e A UK, ME H0.019 mg/mL B © 2B E
K 99%EEE T, RRERMBN R ERESBIEES) . AT ABEN, R
MR Z () s kI, HORBEEIER, BA EE .

1.2.1 RERBVIZREN G A

R AR AN RS PR32 B ORI bRl SR BOE e, DA ]
KA R EAAFENERE . FERBUNFERBRIZIGE. MOl IuE. MR B0L
AEE P B B AR BGE,  IX LT VAN RIS I AR L« B M S A i Ve AN TR R
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(D BHEE (CE)

P B LI 1) J 3 P P SR e AR R PRV VR P A PTV E, FHAR K SR R 4 v 1y A 7K
VPRI R AR IS TE R, BN G e 2 h & Jm #h8, AR RUTE T i [39].
MR IR BilR. MRS OIS . ML IRI T 2B B o4l (B
AU TR 1D T 14 R el i, B SRR A T B AR, L= AR B K AR B RS
PRI MG AR, By it ARV TR TS Y. Cristiane 25141 HNOs FIFT R MBI AR S B o
PEEHUREL, LLHNOs NIEFITE pH 1.5 FIEHL 2 h IR RN 14.2%.

(2) HAEHIRIGE (UAE)

R R 7 388 110 25 A 2050 S5 L 2 20 i 7 A B B 8 R R T S B SR e 11 A A
HRREE G BRI, Get SRR RE I SR S AR I . BR B A 7R R & 4 B
EFVRBEEU 8], 1 UAE BB BEEU [ . $REOSCR A B B 771 /D S s 1457,
Divyani 514RH UAE MG 52 UK, 7£ 40°C. pH 1.9, 7 24 min &M T,
BIRFE RN 28.82%, FHERIH EmILEM AT E . Wang ZWRA] UAE 1 CE
FIASE 7 SR B T B B, 5 CEMILL, UAE BRI BAR H o Ed iy 78, H
PR T RT3 1 5

(3) AR B EGE (MAE)

W& T AR B RS, JHZRAE 300 MHz £ 300 GHz 2 [8) . {0 i Bl B /& — Fib
PR, Rk S S R BT IESS &, TR A SRR S o3 B H R
HHENER, RIGFET 0SS D 5, oy B RER . RERR. TR
D ZERE A, Lefsih 2 N¥SUf ] MAE 777 W EAE R PR BUR K, 7EFEEUET (] 16 min,
pHE N 226, TEIHHRASITW, 5 A2 ¢/30.66 mLiF, SRR N 12.56%:
Sarah 5YIRHE MAE WAl G52 R UR G, B2 VI E] 30 min. FLEIhE 450
W, RJEHN 104°C, MR %A 21.10%.

(4) BEHEHGE (EAE)

B H0 2 R FH I L — P R o RO AT SRR B 7 v . At D AR
A g REVREE LG, FIHBESMEDAR AR, A4S, fR
I M AE DA M 53 B ok, AR TR R A AEE R IR . 7 VRS R AR A,
Tl RERRRFEER, & MREeR RN, Yang FPOHEREBE AR S
e R B PRR P RE (R SRS, e FH g/ 8 7 AL B ) SR 7 2Rk B 1 31.1%, LUl S 5 H
BEAL PR )RR = RS 2, N 14.6%. H S FHEEEHE 75 A $2 OR TS I SR SR 30 HH o vy
[ FLRERE IR & (62.88%) M SIERILFEE (49.64%) o Yuliarti PV T MK
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SFEA R R BRI AN E . a5 R, BRIk S s B R R P A
=N 4.5%

122 BREREF AIR

RIEAFAET A T, FEAG B AR BOAM 7 Beh o F 5, o, M B2
AN SR S P b R ) BRSO AR, i o 0l SRR 7R SR AN W K St B R
BRI EAL, R R IBORIFAAG IOV E 2, R H H AR KRR ER S LR,
RS AR, P IR AR K R B AN =2 8l 7 i R SR ORI . — 5T, A7 )
THRERBEREGHIRA AR, BSRETG, et adrmat ki ®Es; 57—
JITH A BT 08 R R JEURE RS, el S A A R R S R S A SRR AR RS, AT
G50 R 17 7 B R e PR R 1

H AT, RACHE R HIWE FU D, i AR D A A H 5e A% il 1 e AT 2 i) R A
L TR M BOR &Y, WERRENS T AR IFIMAMAL, A OLRENS 52 i A Dk A7
BV A5 (B AN 22 i RO R IR FF P A B T5 4, i ELAERS SEBL B IRAL AT H

1.3 fEHHAR BUBARMARIR

WL FERIAR B A B HAEVE Ry, MR R IR R L. A R R R 2
PERCER R MM, ERBCE R, SRS TEY B AR E PR s UK SO Ul e AL Ak
B, RefRmALREE, RN, A AR Y BEAT I ] K 15 2 e A AT
fif R A H B YRR B R R, ST ORGSR I BN AEL, 4 58 FL L 98 BE AR RO,

1.3.1 R BRI EFHE

WL FERAR (Microcapsule) & — il vy 7 1 B RS AR UK B 1A R 28
FERCR AR e N B BREOR o TP EORAT RO B O 5 4 R 3A 5, I b 5 IR 3R
XM IR, REs)iE T ORI USRI, 3R = AR IR

Tl FE S AR T SIS AT R REFERE, IR AN P A B ARl R R TR LA, AT
i DR FE 45 R R AT T SR BT A SR . iR OB, pH w081, A= 4y
S5z RO i AL R o e, R BEE R RN RBCS BRSO S, (ET
A Sk, RN EaE b VR MR AR B o« Yousaf SFI0TDL Z S TR, R VA7)
ZR AL 55 TR A 2 1 — P AL B I 30 9 480 AR DURy PR I R Al e 8 1 771
G MELG R AL, A i IR B R KPR PR RS . TR e a1
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il &7k, AT R A F R R . SRR B % 07 ik N B s A B AL Sk
(o1, DL B ] 4% T VR AR B R LR 11

11 AR B A1 45 7 1 AR

1-1 Advantages and disadvantages of common microcapsule preparation methods

e ol 7 it Bt
TR B TR, A
SERIN, EEMIFRY R BT
i Lok “¢@$$mirﬁ R
L Ko M LA R 24 R 162
b RS MR, T S 40N
- SRR, T ASH R
ek L i
B LB E VR i
VR R L SRR pH (A
T, d 1] £ T R TR #EUU&;% g /;;sz)%\]“p jE% B
B R RE e A )

BTy R H 5306, A AERERN, AR EERHS RS
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