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Fig.1 Schematic diagrams of preparing Pickering emulsion by anti-solvent precipitation combined with heat treatment
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Fig.2 Maximum absorption wavelength (a) and standard curve of cinnamon essential oil (b)
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Fig.3 The appearance(a), {—potential(b), the particle size(c¢) and the encapsulation rate of CEO (d)
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G U I I A B ARG, AN BT 5d s FLICE
2 B AE P B R R R OR ) A
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TALE R AN K, oA DG STk IR GE | B4 S AR
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224 LEEVES AT DCHDR 3R S5 v BE AL Al E
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A WYRRAE ), R LV A 4 A ) 1 e M R AL
X 2 Z,=—-0.406Y 1+0.349Y,+0.297Y 5+0.341Y ,; Z,=
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Fig.5 The appearance(a), {—potential(b), the particle size(c) and the encapsulation rate
of CEO(d) of Pickering emulsions with different oil ratios
x2 EWHAWIRBEE
Table 2 Test data of contribution rate by principal component analysis
YT #5242 /pum a3 /% PSD %, 4% /mV
1 31.963 + 0.361 83.32 £ 0.81 1.047 £ 0.032 -26.17 £0.35
2 27.431 £ 0.072 92.47 +0.80 1.101 + 0.004 -27.30 £0.20
3 31.317 £ 0.218 88.50 £ 0.59 0.846 + 0.002 -26.30 £ 0.40
4 10.872 + 0.288 90.31 +0.19 1.315 £ 0.024 -23.97 £ 1.75
5 12.200 + 0.410 84.85 £4.03 1.375 £ 0.031 -26.30 £ 0.60
6 30.850 + 0.789 77.35 +1.20 1.120 + 0.009 -32.47 £ 0.55
7 12.291 +0.582 88.08 + 1.57 1.678 +0.037 -26.57 £ 0.06
8 18.669 + 0.108 91.11 £0.62 1.166 + 0.007 -22.70 £ 0.10
9 28.283 +0.023 92.07 +0.41 1.012 = 0.001 -20.47 £0.15
®3 MHEXBAHBEERRTKE x4 AANERSHFERE
Table 3 Eigenvalues and cumulative variance Table 4 Eigenvectors of the first two
contribution rate of related components principal components
R AR FETRE/N Rt ETREI% WY ¥iRlpm 63 /% PSD W, 4% /mV
Z 2.034 50.849 50.849
A 1631 40.783 91.631 Z, -0.406 0.349 0.297 0.341
7y 0.225 5.620 97.251 7, 0.312 0.378 -0.468 0.393
Zs 0.110 2.749 100.000 VE ACBEHUFAE > 1 9 5 B4 T
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4 MR AR A —Ab 5 AL E 43 9 S -0.145,0.607 , 2.3.1 e ny AR S 50 FERIR R

-0.073 1 0.611, LU 5> Hrds 4n (0 25 5 0F 40 28
$=-0.145P+0.607P,-0.073P+0.611P,.,
2.3 MEERELER

PR S I R AR LB AR &R pH
FVHAR A7 b LTROR AR S A B ORI B
S, R 3 AR ZE M HAER, Ao 1 T A

SO SE A b i 17 e R A I T
SEHILF 5, 38 1 Design—Expert 8.0.6.1 & A, %F
5 BARFAT RIS S, RGNS H AR
HZEOCH , W EH 7 7. 5=0.88+0.027X, +
0.026X,+0.066X5-0.038X . X ,+0.008X X 1+0.085X ,.X ;-
0.19X 2-0.33X,>-0.22X 2,

x5 MEEmRALKILLER
Table 5 Box—behnken design with experimental results
215 BEAEAT Lean S 28 51 BEAEAT LZea S
X, X, X; X, X, X;
1 10:4 4 60 0.46 10 10:4 2 60 0.25
2 10:4 3 50 0.84 11 10:4 2 40 0.36
3 10:3 3 40 0.38 12 10:3 3 60 0.57
4 10:4 3 50 0.88 13 10:4 3 50 0.83
5 10:4 4 40 0.23 14 10:5 3 40 0.35
6 10:5 4 50 0.41 15 10:5 3 60 0.57
7 10:5 2 50 0.42 16 10:3 2 50 0.22
8 10:3 4 50 0.36 17 10:4 3 50 0.93
9 10:4 3 50 0.92
®6 MDRAEBMFTENNR
Table 6 Analysis of variance in regression model
7 E kR F 75 Fm B W ¥ 7 F i P1a AR i3
el 1.00 9 0.11 27.87 0.0001 ek
X, 0.0057 1 0.0057 1.42 0.2725
X, 0.0055 1 0.0055 1.39 0.2772
X; 0.034 1 0.034 8.62 0.0219 *
XX, 0.0059 1 0.0059 1.48 0.2630
XX 0.0002 1 0.0002 0.058 0.8172
XX, 0.029 1 0.029 7.19 0.0315 *
Xz 0.16 1 0.16 39.31 0.0004 ok
X, 0.47 1 0.47 117.88 <0.0001 ok
X7 0.20 1 0.20 50.99 0.0002 ek
& A 0.028 7 0.0040
% LR 0.020 3 0.0066 3.33 0.1380
i’ EZR 0.008 4 0.0020
BRI 1.03 16

R*=0.9729 R*,;=0.9379

T % RIR P<O.OT MR PR 2 35 5% SRR P<0.05, A Sk 3

% 6 Al 1, [BIEAL A P<0.01, 75 B A Y 55 5|
W @ 25 K 5 R 8035 P=0.1380>0.05, < B 2k 481 37

AN, R*=0.9729,R>,; = 0.9379 F W A [5] 5
T3 FEXF I g R U0 R, T 25 3 A AR W,



F23% H3MW

ERBRERG/R AL Z 0 R AR b B AR SLR B & T L e EAL 267

T 2 DR 2 X FL AR AR 0 25 5 1T 43 35 A B 35 T
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(A Z pH AH) X5 CIlAH &5 He) X FLIHE bR 25 5 17 23
SR B 45 o 2 PRl i -, S AW HES | o 2 T g ]
BE, Ul XoXs A AR 3 X (R EZRIZ ) |
Xy (AR & L) 28 AR AN 3%, 53 6 (9 1 17 T
T 220 Irai R —2

S: LA
Total score

60

Xs: A 5 E
Oil ratio
W
(=}

10:4 10:5 2 3 4
Xl:Z/PBi%tt X::pH{E
ZIP mass ratio pH value

) (e)

S LR 514y

Total score

7 EBEB/RERES,EFR pH EMME SN RERESITIZMNESLE (a—c) 7N & & & (d-f)
Fig.7 Corresponding contour plots (a—c) and response surface plots (d—f) showing the effect of zein/pectin (Z/P)

mass ratio, pH value and oil ratio on the comprehensive score of Pickering emulsions
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52% , MBF 55 VT4 WNAE 2 88.70, 45 & SEPR g
MBS, B AR R 10:4 K &R pH
3 I 7 H 50% , 15 B0 FLK ) A B R (82014 =
4.86)% VK42 (15.69 + 0.17)pum . PSD (1.277 +
0.011) & Z—H#47 (=30.75 + 1.63)mV , I HF SZBR K
ZEATESr 85.52, 5 TN A #5230 , 2% BH ) 1oz 1 £ £k
(G T

3 i
DA K B 2 1 RO AR a8 e B R DL

TEYE S B AL B o5 PEORS I B s ARELI .,
RIH R BIRRE S G TR B AR
B K AR TR K B AT R L RO
FL, il # B FLIRORLAR BN B0 o, AL B R
FLIBI FL A 4 X0 BB pH A R3S R4S K LA F
(ESESEnE s ) VR RN Y SE AR A B RN N
A REDRAF A TR B S T I BT BE 0, DA T AR A2 7L
T LR P07 208 XL I 9ot A ) 8 o e A A
Wt 2 8, 1 B e b A AR T FL RO AR E | TR
PP R S g R b, o 3 o e A SR 2R
VRO E A AR AR, O FLIRE AT SR S WA, R
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Abstract Zein/ pectin composite colloidal particles were prepared by anti—solvent combined with heat treatment, which
were further used to construct cinnamon essential oil-encapsulated Pickering emulsion by high—speed homogeneous emulsi-
fication. The effect of zein/pectin mass ratio, pH value and the proportion of oil phase on the {-potential, average parti-
cle size, particle size distribution (PSD) and encapsulation efficiency of the emulsion were investigated, and the response
surface methodology (RSM) was used to optimize the preparation process. The RSM results showed that the proportion of
oil phase was a critical factor affecting Pickering emulsion and the interaction between pH value and the proportion of oil
phase was the most significant. When zein/pectin mass ratio was 10 : 4, pH value was 3 and proportion of oil phase was
50%, the comprehensive score of the emulsion could reach 85.52. Under the above optimized conditions, the encapsula-
tion efficiency, average particle size, PSD and {-potential of Pickering emulsion were (82.14 +4.86)%, (15.69 +0.17)
pm, (1.277 £0.011) wm, and (-30.75 + 1.63) mV, respectively. The experimental results provide an experimental refer-
ence for the preparation of Pickering emulsion containing plant essential oils.

Keyword Pickering emulsion; cinnamon essential oil; average particle size; encapsulation efficiency; response surface

methodology



