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Preparation and stability of Pinus tabulaeformis
pine needle essential oil nanoemulsion

WANG Xuewei, LI Dehai”
(Forestry College /Key Laboratory of forest food resources utilization of Heilongjiang Province,

Northeast Forestry University. Harbin 150040, China)

Abstract In order to improve the water solubility and emulsifying stability of Pinus tabulaeformis needle essential oil,
the nano emulsion was prepared by the swirling mixer and microfluidic apparatus. By using the volume fraction of the
emulsion and the area of the emulsion in three phase diagram, the best conditions for the preparation of nano emulsion
were determined and the structure, particle size and multiple fractions of the nano emulsion Km, PDI and stability were
analyzed. The results showed that: 1) The optimal formula of P. tabulaeformis needle essential oil nanoemulsion was
16.14% of essential oil, 10.45% of compound surfactant (4 : 1 of absolute alcohol and Tween 80), and 73.41% of
distilled water; 2) P. tabulaeformis needle essential oil nanoemulsion had light blue microemulsion, and the droplets
were spherical and distributed evenly, with a diameter of 35 nm, PDI is 0. 165; 3) The stability experiment showed that
the average particle size and PDI of nanoemulsion had no obvious change under the condition of storing 60 days at room
temperature and in pH=7 aqueous phase environment, which showed better storage stability. The best storage time
was 30 days. The thermal stability test showed that the temperature of the pine needle essential oil nanoemulsion was
80 T . which had good thermal stability; 4) The antibacterial stability experiment results showed that the pine needle

essential oil nano emulsion had better antibacterial activity compared with the non-emulsified essential oil. In
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conclusion, the P. tabulaeformis needle essential oil nanoemulsion prepared in this study had good water solubility and

stability, and its bacteriostatic ability was enhanced compared with essential oil.

Keywords Pinus tabulaeformis; essential oil; nanoemulsion; stability.
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Table 1

Effect of surfactants on emulsification of essential oil of

Pinus tabulae formis needles under different standing time

BT 15 1 AR P (] J3J2 B/ mL Layered volume FUIL K B/ %

Surfactant HLB 5 min 10 min 30 min 60 min Emulsification area
Cremophor EL 40 15.0 0.2 0.4 0.6 0.8 21.500
Tween 80 14.0 0.0 0.2 0.3 0.5 25.504
Cremophor EL 40/Tween 80 14.5 0.4 0.5 0.8 1.0 11.622
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Table 2 Effect of consurfactants on emulsification of essential oil of

P. tabulae formis needles under different standing time

Iy = T 37 4 59 I3 JZ A/ mL Layered volume FLALX T/ %
Cosurfactants 5 min 10 min 30 min 60 min Emulsification area
J/K Z B Anhydrous ethanol 0.0 0.1 0.2 0.3 25. 504
1E T N-butanol 0.1 0.3 0.5 0.7 18.210
N =% Glycerol 0.1 0.3 0.6 0.9 15. 646
F3 AEHBHET Km3 E2EHQREHERALIROZN
Table 3 Effect of Km on emulsification of essential oil of P. tabulae formis
needles under different standing time
43 JEVRB/mL Layered volume FLALX L/ Y
fm 5 min 10 min 30 min 60 min Emulsification area
51 0.1 0.3 0.4 0.6 22.368
41 0.0 0.1 0.2 0.3 25.504
3:1 0.0 0.6 0.8 1.0 17.236
21 0.0 0.4 0.6 0.7 14. 335
1:1 0.1 0.3 0.4 0.5 13.571
1:2 0.1 0.5 1.0 1.4 9.767
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The black dot in the figure represents the value of S/O. ME is
the best formulation of nano emulsion for automatic selection of
software. Color line represents the best content of each component
in the best formula of nano emulsion.
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Fig.1 Pseudo three phase diagram of optimum preparation

conditions for Pinus tabulae formis needles essential

oil nanoemulsion
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Fig. 2 The appearance (a) and Dindal effect (b) of P.tabulae formis needles essential oil nanoemulsion

LB TR) A58 Jon vk 3 4 Sk I PR L TIT MK 9 P
WA E AR o I e AN UE T .95 R TR

T IR I phy st ] ) 5 e il 45 19 FLHCA O/ W L
AR .

B3 FALU(E)MPRERE(A)ENKRALBEFT HER
Fig. 3 Diffusion of sudan III (left) and methyl blue (right)
in nanoemulsion of EOPTN
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Fig. 4 Transmission electron micrograph of

nanoemulsion of EOPTN
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Fig. 5 The droplet-size distribution curve
for nanoemulsion of EOPTN
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Different capital letters indicated significant difference in PDI (P <C0. 05), and different lowercase letters

indicated significant difference in average particle size (P<C0.05). The same below.
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Fig. 6 Changes in the mean droplet size and PDI for nanoemulsion of EOPTN
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Fig. 7 Effect of pH value on the average size and PDI of nanoemulsion of EOPTN

2.2.4.3 SR BZIMAA AN BRIl 40 K FLIR 00 il R AR E

Hi P8 W IR EEAIR T 70 Oy, AR FLI Y
KLAZTE 35~40 nm, PDI R L BE /1N 40 K FLIR AT SR
PR A 088 5 25 W s 2l O AR 285 7 i #3180 °C I

20 K LR R AR 1Y i A2 DR PDT 20t b T F e i 4y oK
FLIROT fi iy L% oh B 52 U W) e ol e 2 B 5 1 B
KOeAEMMIAME TEE PR, XIREZR 2
HIE & RRZS . 48 b AR WE TS & i 99K FL



130 S RS I A N S S

2021 4 25 26 &

SEHAPRAE/m
Average particle size

SRR AR Average particle size
—— Z5rHT R AL PDI

ERE/C

Temperature

B8 BENZERMAREERMAKILENFHREM PDI A

Fig. 8 Effect of temperature on the average size and PDI of nanoemulsion of EOPTN

KR BA R R EREME, 2 R8EEH 80 T
Kt
2.2.4. 4 BB EPRS AR FLI I I RCR ST

HT 2R 4 AT o LA A A il R HE 49 oK 30T
T TR 24 AT 00 SR BB S R AR BTORS I EL coil 1)
MIC & 1. 6 pL/mL, MBC & 3. 2 pL/mL, X} S.
aureus [ MIC H 3. 2 pL/mL, MBC h 6.4 HL/mL;{E
S AN K FLAA 2250 2 b ) g o 10 o) ORI T AR FL
A BRI AN T R, X E. coil IS, aureus B MIC
%A 0.8 F1 1.6 pwL/mL, MBC 435l & 1. 6 Fi
3.2 pL/mL,

0 AR [ P9 5 i 9 B2 DL S At Ah 5T R — B 1
OUT A AR ZLIS 2 A T 0 T RAOCR 2 R

A G CR G . 3K T BEJE I D 9 oK 3L 0 i oz T
P 50 A Tl AE 7 P R A AR E R 2 B R T
WY oy EE S e T He SR AR O HoaT DL A R A
i B AH B A 5 B0 L 4% . Donsi 5517 B 58 3 W]
B il 4 TR A A AT R R A B T R A R BOR
F18 2 K LR o I AT TR TR T P ) A = ke
TR R ML R EAR . HAORFLR
T3 28 G0 ) AR AR LU o 200 0t B sh e i B 42
MR/ 1 B A7 B3 H A 48 oK i 44 ) ] L
TRAP BT A B BERIR . fhy AT DL 285 Aok FL
A5 BRRS 1A 2 0 T 28R B A W] R R PR O A K FL
WBORLAR /N 8 ) 5 R 240 o 40 L o 1 FLAR AR R
F14 400 TR AR

R4 BERBABRBRIHEHAKRIABRORNMMERENRENERE

Table 4 MIC and MBC of EOPTN nanoemulsion

HL/mL

= /M MIC /N BV TE MBC
Strain Kl EO 2K FL W Nanoemulsion i EO 20K FL ik Nanoemulsion
KB HE E. coil 1.6 3.2 1.6
WO EIRE S, aureus 3.2 6.4 3.2
3 W B T A il £ R RS T A FLAL AR R 5 PR R P RO
8 E

3.1 B AMRLERE AR 6 E R

AR 5T 8 3 0 J2 A FRRT = 0 AH P A 7L Ak X T AR
2 A b oA 7 195 2 TR P ) R0 B 2R TG M R DL R
B L L A T R I B R T A A BT A T A K FLI
JENDL A S b G Tl i FLAR R R AT T ST, HLA
O3 JE B S 0 % (9 46 % K B Cremophor & 51 5

LR A AR b R T D = D0 AR PR Bl L X T
BB Tween 80 HATH4F M FLALHOR . X BLWIA
7] ke Y58 A0 it 7 o LA AR 2R 0k o i 2 TR T
P 700 0 Bl 2 103 R ) R BN R R X LA A
FTE 7 B AT 73 J= R B AN O = ST AR 18 A L AR DX T
AR NI AR L E Ay EA R e v AR R T
ST AT JAH E AR FLIMR AR A BT R s 2 T
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— ST A A
3.2 MIREZHAMNODSIRAERE

LR TP RS RS R L AR A ) AR AR B
Ffr, U R L LB AR 50 AR SR A5 g P A
WS B AR 235 v B4y, e L & 0 2 4 )
AT PR H B o o WIS 2 B 2 BT AR A RS T LA R
T A B O M AT AR PR ORI K R
T PE o 2 ¥ R R T TP R . AW 506 B
THAAARS 1R T T B DR B T P A ARG T 40 K L
T B0 45 A R W 0 oK FLVE 5 R 4 FLAK I R b A L AR
FE R0 R PEARAS B T — MR R . EE SRR
HWFIE T KM AT B 4 9 €0 78 4 Bk BT 7 52 B vy
s R B M B B A & Bk (Candida
albicans) . TEZ Ji W50 23 4k S0 5% 8 J2 b A s
B e 8 A LR L At TR o ) 00 AR i 0
HA 2 WM™ v 36 O I B0 L
AP A1 R R 200 M 5 A 1 B IR A A B AR )
oS 20 R LE R ) BE 1Y 3K AL O X DNA Al RNA &%
115 W 5 1 A AT X A R 2 ) R 1Y) B T A5 RN
Xt g AR KR IR R 52 . Michael
SR i S B R G A A i AT T T
ERRM Z W AL B W AR NADH RIFIA 5t 78 4 i
S DR %) (505 P RS2 AT 23R T A v 1 Ik L T
3 A — 2 RO . PR I B B S A A AR il 40 oK FL
TP WU Rk — B 058 4 . AR AR 5 ik ok
T PR R IR BA TR T K R 25 R SRR At AR
T R v By e A A A AR ST A T RN R i T
(1R X R, LTI RS 2 YRl P A8 AT S T 9% 2 B AN AR
(14 TR) B 7 R T LA Ay R 4K 0 1 R 45 T R A ) AR
B A0S 1N FH S L

4 & it

N O | B S VA VAR A R B N
AR 7 AN BT RS Il 16, 14% & 4 28 0% 2 F)
10.45% (m (/K ZBE) + m(Tween 80) =4 = 1)l
AR 730 41%, il g ok I R AR R
35 nm,PDI 2y 0. 165, H AT R4 095 E P A B 1
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