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Abstract: [ Objective | This study aims to optimize the embedding process of D—limonene essential oil to
solve the problems in its practical application, such as poor water solubility, obvious pungent smell and
insufficient stability, and to provide a theoretical basis for its comprehensive utilization and the development of
antioxidant functional products. [ Method ] With ethyl cellulose (EC) as the wall material and D-limonene
essential o0il (DL ) as the core material , the D-limonene essential oil was encapsulated in ethyl cellulose by the
anti—solvent precipitation method to form D-limonene essential oil/ethyl cellulose nanoparticles (DENPs).
Through single—factor experiments, the initial influence of the mass ratio (core—wall material ratio) , the liquid
ratio (ratio of core—wall material and positive/negative solvents ) and the dripping speed (the speed at which the
core—wall material drips from the positive solvent to the negative solvent) on the encapsulation rate of
nanoparticles were investigated.On this basis, a three—factor three—level response surface analysis experiment
was conducted using the encapsulation rate as the response value to optimize the optimal preparation process
conditions. The DENPs were characterized by scanning electron microscopy (SEM) , particle size and zeta
potential analyzer, Fourier transform infrared spectroscopy (FTIR) , and differential scanning calorimetry
(DSC) , and their antioxidant capacity and stability were evaluated. [Result] (1) The optimal process
parameters were obtained through response surface methodology : a mass ratio of 43:57, a solid—to-liquid ratio
of 1.5%, and a dripping speed of 3 r/min, resulting in an entrapment efficiency of 69.02%.(2) The particle size
of DENPs was 259.49 nm, the PDI was 0.194, and the Zeta potential was —38.05 mV.(3)FTIR spectra and DSC
thermograms confirmed that D—limonene essential oil was successfully encapsulated in ethyl cellulose
nanoparticles. (4) The DPPH radical scavenging rate of DENPs reached a maximum of 73.24%, and the ABTS
radical scavenging rate reached a maximum of 71.08%.(5) The retention rate of DENPs was 73.37% after water
bath at 100 °C and 75.49% after storage at 4 “C for 16 days.[ Conclusion ] The encapsulation effect of DENPs
optimized by response surface methodology is remarkable.The particle size is uniform and it disperses well in
water solution. The encapsulated D-limonene essential oil still exhibits excellent free radical scavenging
ability; its stability has also been greatly improved.This research provides theoretical references and scientific
basis for the wider application of D=limonene essential oil in functional foods and medicine fields.
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Fig.1  Process flow of D—limonene nanoparticles prepared by anti-solvent precipitation technology
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Tab.l1 Levels and coding of factors in response surface experiment

IKF- % Factors
Level A /% Mass ratio BN EE/% Solid-liquid ratio  CJi# Il &/ (r-min™) Dropping speed
-1 30:70 1.0 2
0 40:60 1.5 3
1 50:50 2.0 4
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Fig.2 The influence of the mass ratio of core wall material on the encapsulation and loading efficiency of nanoparticles
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Tab.2 Response surface experimental design and results

75 AU E/% BER /% Ci M/ (r-min™) YALEFR/%
Test sequence number Mass ratio Solid-liquid ratio Dropping speed Encapsulation efficiency
1 -1 -1 0 51.9
2 1 -1 0 60.2
3 -1 1 0 514
4 1 1 0 52.9
5 -1 0 -1 49.5
6 1 0 -1 58
7 -1 0 1 56.4
8 1 0 1 56.8
9 0 -1 -1 56.9
10 0 1 -1 50.3
11 0 -1 1 57.4
12 0 1 1 59.8
13 0 0 0 68.2
14 0 0 0 67.9
15 0 0 0 66.7
16 0 0 0 69.8
17 0 0 0 71.4

2.2.2 DENPs#| &&tegw TR E 5 8 75 £ 5 M

W32 2 MR HE T 290 Rk ML A, 57 DENPs il 4 T 5 S5 mIARIR . DAk i b %
H&MNEZMEMB KLt 77T . v=68.80+2.344-1.50B+1.96C~1.70AB-2.03AC+2.25BC~
7.814°-6.89B°-5.81C*(R*,,=0.9519) .

Xt BRI T 22 M A5 AN 3 R o PARLR N A O AR ) i E R R . PAE/N T
0.01, BEEHFZ MM &3 s PR F 0.05 B, BN A B 3E . AR 3 AAL, M HAL R PAE/NF 0.000 1, R=
0.979 0,R*,,=0.951 9, L {LIR ) P {E H7 0.759 4>0.05 , Ui W] il £ (19 DENPs £ 35 5047 7E i 35 22 57, T S D5
ZSORDE R E R ENLRZE TR ik, BIRLA B RS, 7T TR s R i .

#3 GHEEEAEEFEN

Tab.3 Analysis of variance of the regression model for encapsulation rate

gE| ¥ Jr I H i 2% F{E PlA WE
[tems Quadratic sum Degree of freedom Variance ~ F-value P-value Significance
[m] 2 AL 808.77 9 89.86 36.21 <0.000 1 ok
A 43.71 1 43.71 17.61 0.004 1 ok
B 18.00 1 18.00 7.25 0.030 9 i
C 30.81 1 30.81 12.41 0.009 7 ok
AB 11.56 1 11.56 4.66 0.067 8
AC 16.40 1 16.40 6.61 0.0370 o
BC 20.25 1 20.25 8.16 0.024 5 *
A2 256.99 1 256.99 103.55 <0.000 1 ok
B 199.74 1 199.74 80.48 <0.000 1 ok
o 142.25 1 142.25 57.32 0.000 1 ok
B2 17.37 7 2.48
A 4.03 3 1.34 0.403 0 0.759 4
a2 13.34 4 3.33
A1t 826.14 16
R*=0.979 0 R,,=0.951 9

Adj

*RIN P<0.05, 2253 B3 #+3KR P<0.01, 22 55 3% .

* means P<0.05, the difference is significant; ** means P<0.01, the difference is very significant.
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