PAFVEYI 4R 2025, 46(10): 2538-2547
Chinese Journal of Tropical Crops

&

HZREHEREILRNFHEFAERENL. BHEERER

S 1 — 2 — 2 ‘ ‘3

ANEW, T2, REH, BERE %;?%

L A EBEEAE S U4, s 3640125 2. A Ahidmblrale, s 364012; 3. bkl kRa
FRAH], MRS 364012

B OE: DRIORIEA SRR 0 K 7e BB R, LAk i-80 AL, Tk mEh Bh L A5, SR PR e o 24 o ik ol 4%
AP IMC R FLIE , 8 A o N7 TR I LA I A A5, B SR ASORY TH 50 M FL IR AE AN R B 45 1 T A oA
FPEN HAT AT R BB E . S5 REH . FRIRE IS R B AR Hl & 25 I ) 160 MPa,  ZRAR A il 5
BN 12%, BAEFREES BN 4%, AT R AR R 99.24 nm, ££ 4. 25, 50 ‘C TRV 28 d, HokifR{
FRTE 164 nm LAY, Zeta AV HEIL 39 mV, 208550 (PDL) RE:7E 0.53 LI, FPFLIRAY I mR & Maidr . LK
%} DPPH [ HiZ K% OH [ HHEM ICs, (454 22.82. 18.75 uL/mL, FEWIFLEA KIGFHH AT, IR &R0
T, ERPRSIME RN BLS , TA B B RE ) 5 R BT M AR LG PR, MARBEVRE S 80 uL/mL B, B
MREE,

KW SRR RBEIL; BEERIR; RuEt; Preet:; BidRet

hESES: TS201.2 XHERERRD: A

Preparation of Tea Tree Oil Chitosan Emulsion and Its Antioxidation
and Anti-mildew Properties

LIU Ximing', CAO Hongyun?, CHEN Xuemei’, LIAO Xiaobao®, MA Jingfan®"

1. College of Communication and Design, Longyan University, Longyan, Fujian 364012, China; 2. College of Life Sciences,
Longyan University, Longyan, Fujian 364012, China; 3. Fujian Youchuang Agricultural Development Co., Ltd., Longyan, Fujian
364012, China

Abstract: Tea tree oil (TTO) chitosan emulsion was prepared by ultra-high pressure homogenization method with natu-
ral TTO and chitosan as raw materials, Tween-80 as emulsifying agent, and ethanol as co-emulsifying agent. The
preparation conditions were optimized by response surface test. The storage stability of TTO chitosan emulsion at dif-
ferent temperatures was investigated, and its antioxidant activity and mildew proof properties were evaluated. The op-
timal preparation conditions of the emulsion were as follows, the homogenization pressure 160 MPa, the mass fraction
of tea tree oil 12%, and the mass fraction of compound emulsifier 4%. Under the conditions, the particle size of the
emulsion was 99.24 nm. When stored at 4, 25 and 50 ‘C for 28 days, the particle size remained within 164 nm, the Zeta
potential all exceeded 39 mV, and the PDI remained within 0.53, indicating that the storage stability of the emulsion was
good. The ICs, value of DPPH radical and OH radical of the emulsion was 22.82 pL /mL and 18.75 pL/mL, respectively,
indicating that the emulsion had good antioxidant activity. The mildew proof test showed that the mildew proof ability
of bamboo treated with TTO chitosan emulsion was higher than that of untreated bamboo. When the treatment concen-
tration was 80 pL/mL, the antifungal effect was significant.
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111 XA BT 5 4 R A fE
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< S%MIHLE
1.1.2 2% A &R (FER 50~
800 mPa-s ). M:{E-80 (/#rali ) ¥y A [ 254 A
AR AR AR . LSRR (bral) WA
g EwmkEABEARAA . Bl
( Aspergillus niger ), % % ( Penicillium citri-
num ) FI% (e A% ( Trichoderma viride ) #14 [ I
TR AE B AR 0
1.1.3 M2 5% & Ultra-Turrax T25 753081
ML, TEE IKA X555 A BRA R ; STANSTED 5
FEGIK I, JEE SFP /A Fl; Zetasizer NANO-
ZS90 GKALE I Zeta HLAZ ST, HE Malvern
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b3, RIERTHIRES, &l 3 - 18, LI
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78, PTLAE FLAR S B ELAR R LR E o 3 1 1, )
BERR A — € JBT i A3 A A PR Il L i iR -80
5N, #E 37 CRIESAMET, LL 600 r/min
FEIEIBERE 20 min, HIA 1.5%5¢ R BHA R G 4k sk
Pt 30 min T2 SO ZLIE o K5 20 M FLIER =
BWETYIHLLL 13 000 r/min £ FE BT Y) 3 min, 7F
25 C. —E IR T R i g K 24 B A 34 ot
3R, G EPRARE R — I ARG T 78 SR L
25 WERE 5% SROBE FL AR R i B i )
s Al B B 2 A FLAR LA R oK i A RS
o ZERTIA AR 2R S Al b, ZRBRRS Tl A
BT ECH 10%, 2 A FLALRIEAR B 5T & 534k
H 3%, ¥ E J1R 160 MPa, ##i Box-Benhnken
UL AR T R, 1T = &R =K,
DhZL VORI AE Ay e O TR, LA S WORG Tl 52 SR bE 3L
W BEC L .
122 3ULik-F34442. PDI & Zeta w4zl 2 HL
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T N FLR B 4K A B 200 1%, #RRI5), A
Y KL JRE R H AL 3 A ASC A o L 1Y ST 2
1. PDI M Zeta H A,
1.2.3  sUkAamrm e Rl & 25RO h e
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MR, 2 RESCHR[12- 13009 J7 3 D05 28 kG il 72 SR
FLB % Bk DPPH K OH A L35k .
1.2.5  #Ar X AR o) 25 bbb b o A SL iR iz i 4L 22
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DAZSBRE T ) B ASIORG i 72 RO L W A BRATT A4
B, FLIRALEE )T =0 AR d 2l 12 AT A i
BT TS, WETHRIEEN 100 C, T
] 24 h, SRIGHE P BRE B TR PR R T R
WEFLIE 0 v e R e A TR AL B, R AR
e TR E S AL B, BB E AN 0.01 MPa,
BHEIRY 1.5 h, FEEAT IR R BE, B s
1.2 MPa, BFHEISN 3 h, BELEHRE, BOHTH
A, FHUB AR L2 10 2 R A A5 H0RE T 72 SR p L
T o B RURE 3 XU P 3 R 14 d AT TR B
L. A TR R, R 6 44T
R, BCOFEE,
12,6 #HRAFGH EXE M GB/T 18261—
2013 WA T M R B d v g i . D
BRANR . B 24 g HARETER R 18 g Bilg, A
1000 mL ZEM7K, FEA) A miRKH, HI7EF
Mrds 3R 3, FRp VM 5k [ e e V5 R A R
BE(Q27+2)°C, MR E (85+5)%] %55, #hfTr LA
fidr, MHZEEHRINE . ES . SRS
SRS AR LR, B T E IR R R A T R
FE, FHEMMERY K 2 AR 80%4
fila, VPRI FERANE 2 IMEREN 3 mm
MBS, TEBCIE R LRI 2 A ATARRE, F S
PR 5 & T E R A TR iR 30 d, &2 d
WEE 1 RATA R ARG A, ARPER 18
SRIRYE, 30 d JEHCP S4B T4 b BN 87 T 1Y
BIAR T o BGRO & an N A RGHE
@ﬂﬁ&ﬁﬁ{l—%} <100%

0
K, Dy WAL IRATA A2 BB 5 Do ST HRAT
A PR 2 e
1.3 HiELE
R 45 R -8 epnifE 22 3ROk, ffiH SPSS

x1 MHEERRESTR
Grade of mold infection value of bamboo

P I T AR

Infection area of bamboo

Tab. 1
YA
Infection value
0 IR EL . FHS
1 i e T IR g A< 1/4
2 1/A< VT F 2R TR B GL TH FR<1/2
3 172 < VT hF 2R 11 B % 1H FR <3/4
4 Py b e T AR = 3/4

22.0 Gt A B A T B M HT (P<0.05),
K JH Design Expert 8.0.6 3 {4147 i ifif 43 , {
H Origin 8.0 Z I .

2 HREN
2.1 WA ERIE
211 BRI S5ER ETEHWER=KTH
Box-Benhnken FULA AR, REFEK T
FE S (X)), 2B h B 40 (Xy), 2830
AT B 28 (X ) RPFLIOREAR (Y ) A2 m R
RIS G5 R UL 2, it Design-Expert 1
M ok 2w IH AR, O SR 7 22 40 A
( ANOVA ) S UERCAY i 5, 2k T. 225
PARRARFLIORAL -

*2 MEERKKETRER

Tab. 2 Design and results of RSM

X, ZS RS 31h Xs EAFFE Y ;R

o Xi 2B e A

N

No. Homoger/leous Mii‘f&j\jﬂiton Mass fraction of Emul_sion
pressure/Mpa of TTO/% compggnd emul- piartlcle
sifier/% size/nm
1 160 8 4 99.42
2 150 10 2 123.72
3 150 12 3 134.67
4 170 10 4 100.40
5 160 10 3 183.45
6 160 10 3 143.08
7 160 10 3 179.77
8 160 10 3 98.78
9 160 10 3 103.45
10 170 10 2 107.48
11 160 8 2 100.34
12 160 12 2 99.42
13 160 12 4 160.41
14 170 8 3 109.55
15 150 10 4 146.71
16 150 8 3 191.46
17 170 12 3 159.90
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TR 2 BRI T ZIC TS T AR
K T 5T S8 A L TR AR 1Y vk 22 1 X T AR A
Y=7771.10-83.68X,—-105.26X,—132.55X5+0.16X,X»
—0.53X;X5+1.91X,X5+0.25X7+3.33X3+29.71X3

BRI IGIEHE AR Wos , PE BB R )N 0.9973,
VLEARIRI Yy | AR (R . B A FLRIR
T AL ASPORG T 5T o AR SR A IS R )
AR R AR B (FLIBORIAE ) 99.73%I 48 5, KW
RIS HE SR YA T RIERE R
B (RPaq) 4 0.9938, FKMABIRI AT i B 99.38% LA
RS, BRI FNTIEE . 2 SR
I T 0.9000, SRR EURARERS HERLA STk
B RCHE I ELA O R VBN ) TOORS B, WTA

=3

AR TESHML . K% EE (46.550) FIIK
AR S R (1.99% ) HE— A E S T AR Y B e ] SE
SR BE 1Y B R B, BT LA % R A A
5 T 5T SO L VRO AR R A7 o B TIU A oA O 22
BT (36 3) B, AR R B 2 3 (P<0.0001 ),
RAUTFA B E (P=0.0594 ), IFSCH R 24 34
Hecmimzni s, RS, WEEH (X)),
MG R (X)) BEAFUHFR RS
(X3) BHAZHIN X\ X5, I XT. X3, X548
XPRLAR PR AR R (P<0.01), @it F {H
BRI, % HRXF LB R SR Ay . 5
FE A (X)) >EEFRI TR TE (X3) >HMRE
HTE S (X2 )e

me Rz X3S 5 RV = 45 #

Tab. 3  Variance analysis of surface response test

K E Source SEJ5 I SS A df #J57 MS F {H F value P {H P value & Significance
F5E 7Y 17564.44 9 1951.60 284.58 <0.0001 %
A 4222.80 1 4222.80 615.77 <0.0001 o
B 1764.77 1 1764.77 257.34 <0.0001 o
C 3435.38 1 3435.38 500.95 <0.0001 o
AB 40.90 1 40.90 5.96 0.0446 *
AC 114.17 1 114.17 16.65 0.0047 o
BC 58.14 1 58.14 8.48 0.0226 *
A? 2723.47 1 2723.47 397.14 <0.0001 ok
B? 745.67 1 745.67 108.73 <0.0001 **
c? 3716.00 1 3716.00 541.87 <0.0001 o
B2 48.00 7 6.86

AU 46.11 3 15.37 32.37 0.0594

Al 2% 1.90 4 0.47

ey il 17612.44 16

e *FRZEFBE (P<0.05); **FpREFWEE (P<0.01),

Note: * means significant difference (P<0.05); ** means extremely significant difference (P<0.01).
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e T REE A FL AR AR r g, R
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RS, kS A IR, RNTTR
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Fig. 1  Effect of interaction of factors on
emulsion particle size

B AT L I EDY , Ui BAE iR
WE, X 5EA T FAE R TSR —E
2,13 IedEaX I @MV R R, 5E] 3
MHER AN FM: BEIIH 160 MPa, A5H
WEE BN 12%, EAFALH R 05CHh
4%, FEMAH P AT BRI AR R 99.92 nm, F
W SLBRkiiE  99.24 nm, SHIS(EEET, RSD N
0.38%, UEBRIZ AN AR & AT FE )
22 FEWEHERELRNREES T
FLRAEN i oz f i AR e, R X AR E
BAAWERNW 5T & g 2Lk T he
W, WS g, S| LR L B i R

HHERE AP RELAE 4.25.50 C
I 28 d, HARE LR LK 4~3K 6,

& 4. £ 5 01H, 78 4. 25 CHNRIEE
T, 28 d INASRIKG T 7c RMEZLI Y RLAE FN Zeta L
PGS E N, 4, 25 CEUET, 28 d A3l
M- BRI K R 518 13.8%F1 16.6%. TMi{E
50 CIRCIRE T, LMK AR fL i 3, HP
B Hy 51.8%, X 1] BESE H1 55 5 i PR B Tk
LS T2 sh R sg N, kLT A E AR R 4
FECRARAS, A FLIBAR H I LSOk 43 B i 3
%o Zeta UV R BGIE R A m N 20, K
KNSR YR e MR A OE, — kUL,
FLBOHFE E , Zeta MO AL, hF 5
ALED, FE 4. 25 CIHIRE T, AN g s E] Y
FLK Zeta HUAITC R E A, 75 50 T 28 d
i, FLIKRY Zeta WAL 2, [HFEAS R AT 76
TR ST, LAY Zeta BT 39 mV,
Ui B 43 1A 25 BRAE T 7 70 RO KRR Hh LA R 1)
Fr R R, ALREA R AR e e
PDI {5 7] DA Sz Bl 43 A 3 ok A2 14 43 A 1% 5, PDI
ECER /N, D ZLIBORAR 43 A0 B TS BN, A R
Fasel, qngk 6 B, 6 R PG T E ROt jek ik
8T, FLW A PDI{H 2 3 sh A b, Fr7E 50 C
TEGE S 21 d, LAY PDI{ERTF 0.3, HiAlh
PDI E¥/NF 0.3, FBH MRS 1 5 M 7L 7E
T ] UKL =5 B X 50, Ay A LA

x4 AREBEETHFREHTREELRONE
Tab. 4 Particle size of TTO chitosan emulsion
during different temperature storage

I e ) #i4% Particle size/nm
Storage time/d 4°C 25 °C 50 °C
0 100.3748.32°  100.29+£10.21° 100.416.43°
7 102.25+5.84°  103.95£9.23"  111.36+10.25°
14 105.31£9.11°  106.38+9.46"  125.85+9.54°
21 109.76+8.25  108.54+8.27"° 130.33+8.51"
28 114.19+6.33*  116.9246.56"  152.46+11.29"

e FSIAFE/NG FhEFR /R A PR 22 7 2 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference between treatments (P<0.05).

23 FHREHEREILROENEE

PAAA R RE A PLOR IR (Ve ) ARt i, il
SE AR I S HFLWO DPPH A Hh B 19 1 R Ak
Ji, SPREW, BERWERIR, KRR R
% DPPH H 2 M TE BRACRZ g o, B
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R5 AREIREMREZFREHTREIL RN Zeta BAL
Tab. 5 Zeta potential of TTO chitosan emulsion during
different temperature storage

3 P ) Zeta Hi{\i Zeta potential/mV
Storage time/d 4°C 25 C 50 °C
0 4237324 4239£2.53  42.36+3.22°
7 42165485" 42124346 41.87£2.45°
14 41.95+£2.77* 41.97+£5.08" 41.04+4.35%
21 41.34+2.84" 41.23+4.14* 40.27+3.41°
28 41.09+6.17* 40.96+3.85° 39.17+4.09°

WS E/NG FhERR A Bl R) 22 5 2 (P<0.05 ),
Note: Different lowercase letters in the same column indicate
significant difference between treatments (P<0.05).

®6 ARBEMEFREHTRELRNS SBIEN
Tab. 6 PDI of TTO chitosan emulsion during different
temperature storage

3 s ] Z 7 G £t PDI
Storage time/d 4°C 25 °C 50 °C
0 0.26+0.03* 0.26+0.06" 0.24+0.03°
7 0.28+0.05" 0.18+0.02° 0.29+0.05°
14 0.23+0.06° 0.2240.05° 0.27+0.06"
21 0.25+0.05° 0.19+0.03° 0.3240.09"
28 0.27+0.03* 0.23+0.02° 0.38+0.15°

W WS FE/NG FhER R AL B R 25 5 2 (P<0.05 ),
Note: Different lowercase letters in the same column indicate
significant difference between treatments (P<0.05).

R AR M L S RS T 0 R R T
20 pL/mL B, ZERAE T 5 FL DPPH H &L
HRFAAEEZES (F 2A), MR R HFL
WX DPPH H W31 ICso fEH 430 31.43
22.82 pL/mL ( LIZERIAF T ), U BK 25 B Il
il 25 BCFLVR AT DA S 3 B R LV Bk DPPH A

COZMEN o 3K mm Ve

- A . a a
L a

§100 a b

o
% T go0f N =
& 8
@Eg 60 - :
mg f
= :
E% 40
%e hhb

T 20

E i

0
10 20 40 80

Y& Concentration/(uL-mL™)

BE AP0, 555 ER DPPH H AL, ZERKE il K
HFLWBOERR OH A 3L iy VR FH Bl 2 i 52 i 38
I, YASHIRE IS 10, 20 pL/mL H,
ZPAEIM S FLIRT OH [ MG R AA B
225t ([ 2B ) ZSPIKEIH B HLZLET OH [ H A
() 1Cso {43 M 22,98, 18.75 pL/mL, PiHI¥2E
A T 1 A5 LI RT LR R R HOE % OH A il
Fpfe hPY, L2 b, SEMOE AT, 2SRRI
Fo BB FLIR T DL R A et
24 FEREHEEEILRMBESEES T

AN [ e BE (R S IR Tl 7S SR FL AL RS, AT
MIRFE SO R . M EEAMRIMERE 3041
TFEEGLE I 3 FiR, S ACBRE TR N 3 FhEE
WA mE 7 i, K 4 AFH
80 uL/mL ZSMPKE e R FLIRAL B , AT 4
RS . &ML 30 d R JROER
GERRM], R AW 58 B L WA B 4 7 kA
Bide RO 22, 3 FhER TR P 227658 2 R R AT
MIRFE, ZRORBEHZIES 6 RATRATTH R
T, PR AR S R LTS 8 KA AT
FM o LATHORG Tl 7T SR 7L W Ak B 1) 7 L i 2
PEREA TR . WK 3 iR, 45 uL/mL ZSHHHG
M R BRI PT A, SR RE | A
FHEEDRESE 4. 6. 6 RIEYATHEES, HEH
25 RS 12, 16, 14 RAGH AT AR
7 AN, 5 uL/mL ASHORT IS R LI AL B
PIpAxE 3 P B8 09 2B IR 80153 1R 14.3% .
17.4%H1 16.1%, £ 20 uL/mL ZsFRE 75 BopEEL
WALFRIATAE, SREAREE . DA Hh BRI 7 2 2 5
FESS 6. 8. 8 RIBUATHAFEM,, FLIA 220 A5

g M B0 AW mmVe
a

100 a 2 H Z
S
1} b
M 2 80 b
& 8 c
#r § ¢
55 0
Mo
@mE 4
T S 0
CE
= 20
)
0
5 10 20 40 30

¥ Concentration/(uL-mL™)

ANR/INE b8 3R R b R E) 22 5 .3 (P<0.05 ),
Different lowercase letters indicate significant difference among treatments (P<0.05).

2 FREMREILRX DPPH B MEF OH B HEBRIER

Fig. 2 Clearance action against DPPH radical of TTO and its emulsion
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Fig. 3 Antifungal effect of bamboo after TTO chitosan
emulsion

22, 24, 24 RATWEEANTAMIRFE, £ 20 uL/mL
ARG I 7 BB AL B B AT AL X 3 s T A SF
BIaR 1 9 20.7% . 25.3%F 24.9%., %4
80 uL/mL ASHORS Tl 7¢ RBEFLIBAL B AT AE , LB
FUERER B, SOAE . B EMASE &
GIFESS 10, 14, 14 REBATA R, BB S,
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Tab. 7 Average preserving effects of bamboo on mold
after TTO chitosan emulsion treatment
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Fig. 4 Anti-mold effect of bamboo
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