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3. ANOVA
4. Lack of Fit
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Table 1 Coded values and levels of independent
variables for production optimization of
Sandalwood essential oil nanoemulsion

-1 0 +1 Independent variables

10 5.5 1 Sandalwood essential oil (%)
31 28 25 Ultrasound frequency (kHz)
20 15 10 Ultrasound time (S)

1. Response Surface Methodology (RSM)
2. Multivariate
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Table 2 Observed responses and values predicted by the model for production optimization of
Sandalwood essential oil nanoemulsion

A B C Observed responses predicted responses
. S S
= Q2 = @ w \;, = @ [ =
s 2 g & £ £ L E g £ i £
< o . 5 s g g S g o = £ 3 g
= N N = 7 g 3 N = 2 g 3
8= = & 2 @ > o > = 2 > o ° -
= S X 3 (5} B> g = =i (3} B g R =
2 2 3 © 8 < £ < ° 8 < = S
o Z g £ 2 = 5 % = 2 - 5 2
£ = g = - 2 & S © B
5 - = g
< <
5.5 31 15 263.36 3.77 86.78 68.61 95.26 219.68 2.81 78.80 56.49 60.73
1 25 10 289.47 3.25 89.77 77.21 97.74 236.67 2.09 80.12 62.57 55.99
5.5 31 10 273.16 4.02 81.58 65.61 94.99 226.29 2.99 73.01 52.62 57.94
10 31 15 343.45 4.24 87.05 70.57 107.25 296.78 3.22 78.53 57.62 70.36
5.5 28 15 27331 4.04 86.70 70.30 104.43 230.43 3.10 78.86 58.41 70.52
10 25 20  364.61 4.51 82.23 67.66 94.39 312.92 3.37 72.78 53.33 53.53
1 28 10 269.22 3.44 86.02 71.53 83.90 220.96 2.37 77.20 58.14 45.75
5.5 28 15 27331 4.04 86.70 70.30 104.43 230.43 3.10 78.86 58.41 70.52
5.5 28 10 280.46 4.15 83.33 66.15 108.26 236.78 3.19 75.35 54.03 73.73
1 31 20  233.11 3.17 94.44 82.61 55.63 180.30 2.01 84.79 67.96 13.89
5.5 28 15 273.31 4.04 86.70 70.30 104.43 230.43 3.10 78.86 58.41 70.52
10 28 15  346.16 4.57 84.34 67.14 108.65 302.52 3.61 76.36 55.04 74.15
1 31 10 258.27 3.45 82.29 66.87 65.70 205.47 2.29 72.64 52.23 23.96
10 31 10 347.58 4.64 82.71 71.58 104.43 295.88 3.51 73.26 57.25 63.57
10 25 10 358.78 4.89 81.28 63.93 112.47 307.08 3.75 71.84 49.59 71.60
1 25 20 265.31 3.31 92.81 94.95 63.67 212.50 2.15 83.16 80.31 21.92
5.5 28 15 273.31 4.04 86.70 70.30 104.43 230.43 3.10 78.86 58.41 70.52
10 31 20 35241 3.91 92.75 73.32 110.36 300.72 2.77 83.31 58.99 69.49
5.5 28 15 285.06 3.97 85.26 70.95 103.3 241.39 3.01 77.28 58.84 68.77
1 28 15 252.82 3.40 89.59 78.70 74.68 207.10 2.40 81.24 66.02 38.54
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2. Staphylococcus aureus
3. Escherichia coli
4. Pseudomonas 1. B-Elemene
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Table 3 Chemical components of white sandalwood essential oil analyzed with gas chromatography mass
spectrometry (GC-MS)

Percentage RI components Order
28.75 1675 o-santalol 1
9.42 1720 [B-santalol 2
7.7 1123 Pyrazine 3
6.92 1465 B-santalene 4
5.17 1454 g-Neoclovene 5
3.76 1640 Cyclotetradecane 6
3.58 1975 octadecanoic acid 7
3.35 1600 n-Hexadecane 8
2.94 1107 Longifolene 9
2.35 1800 n-Octadecane 10
1.93 1399 n-Tetradecane 11
1.90 1310 Teresantalol 12
0.83 1503 Germacrene A 13
0.5 1299 Azulene 14
0.36 1069 5-Methyl-2-furfural 15
0.33 1052 Butanedioic acid 16
0.32 1244 Benzoic acid 17
0.28 1153 Benzyl alcohol 18
0.24 873 2-Methylbutanoic acid 19
0.13 1393 b-Elemene 20
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Fig 1 Interaction of sandalwood essential oil (%),time (S) and ultrasound frequency (kHz) on particle size (nm).
A) The effect of sandalwood essential oil and ultrasound frequency on particle size B) The effect of sandalwood
essential oil and ultrasound time on particle size C) The effect of ultrasound frequency and time on particle size
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Fig 2 Interaction of sandalwood essential oil (%), time (S) and ultrasound frequency (kHz) on viscosity (mPa.s) A)

The effect of sandalwood essential oil and ultrasound frequency on viscosity B) The effect of sandalwood essential
oil and ultrasound time on viscosity C) The effect of ultrasound frequency and time on viscosity
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The effect of sandalwood essential oil and ultrasound frequency on brightness index B) The effect of sandalwood
essential oil and ultrasound time on brightness index C) The effect of ultrasound frequency and time on brightness
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Fig 4 Interaction of sandalwood essential oil (%), time (S) and ultrasound frequency (kHz) on white index A) The
effect of sandalwood essential oil and ultrasound frequency on white index B) The effect of sandalwood essential oil
and ultrasound time on white index C) The effect of ultrasound frequency and time on white index
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Fig 5 Interaction of sandalwood essential oil (%), time (S) and ultrasound frequency (kHz) on Antioxidant activity (%) A) The
effect of sandalwood essential oil and ultrasound frequency on Antioxidant activity B) The effect of sandalwood essential oil and
ultrasound time on Antioxidant activity C) The effect of ultrasound frequency and time on Antioxidant activity
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Table 4 Results of stability evaluation of nanoemulsions

60th day 30th day 1thday Storage time
0.45 0.32 0.12 polydispersity index (PDI)
575 314 235 particle size (nm)
80 93 100 Nanoemulsion stability (%)
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ABSTRACT

ARTICLE INFO

The use of nanotechnology in the food industry provides facilities such as
encapsulation, targeted transfer of plant compounds and extracts without
unfavourable sensitive effects. In this study, the essential oil (EO) of
Santalum album (Santalum album linn.) was used to prepare a nanoemulsion.
The nanoemulsion characteristics were evaluated and the data was optimized.
To conduct the research, Design-Expert 12, statistical method of response
surface, Central composite designwith variables such as ultrasound frequency
(25-31 kHz), ultrasound duration (10-20 sec.), and Santalum album EO (1%-
10%) were used. After extraction of EO and identification of its effective
compounds; percentage of antioxidant activity, viscosity, color indexes and
the particle size of nanoemulsions tests were done. After optimization,
stability test was performed on the optimized sample. The optimization results
showed that with 5.5% Santalum album EO, ultrasound frequency of 28 KHZ,
ultrasound duration of 15 seconds a nanoemulsion having optimum
characteristics can be produced. After repeating the experiments for the
obtained point, resulted in production of a nanoemulstion having particle size
of 230 nm, the viscosity of 3.10 mPa.s, the brightness index of 78, the
whiteness index of 58, and the antioxidant activity of 70%. It is believed these
nanoemulsions have the potential to be used in the cosmetics, pharmaceutical
and food industries.
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