[ Downloaded from fsct.modares.ac.ir on 2025-04-30 ]

[ DOR: 20.1001.1.20088787.1401.19.133.22.7 ]

[ DOI: 10.22034/FSCT.19.133.265]

\f,'\ .«L‘i,.»l Aq 09> L\VY/ a)Lo,.fl Ld\ﬁ‘ _5’\-’\;’ N\ij \DJJ& Abul
« \

Ol I @l g pole aloxe i

3 \‘;.«:;:»km--ﬁy
www.fsct.modares.ac.ir :dow oyl ==

Santalum album linn) siw Jaes o3 Juilol O ged 50l 50 o loand 50 5d St g o)
=L, *Y \ XY
d\ﬂ‘culjécwy\ﬂalJ‘)“AK.‘..:\J‘CJLE.:E;J}C-J»L&J;-\}‘&‘.LG@Lﬁé‘jr}ba‘}ﬁc&i)\byi&b—\
U‘JL‘ ‘Qljé c‘-;‘:}k.w‘ JUY elf.««.o‘.) cC)U.:E;J}ﬂjlﬁ J;-l} ‘&_\.LG @LJ} rjl& a}; UL;.@J\J—Y

oS>

dlie SleMb!

Lodda Ul 5 ligls ale SUSH 11 mle 53 G 55SH0 51 sl
G ol 53 35k @2l 1y gl St Ok S slaulal 5 OLS 5
osliinl O gmd gl U ag sl Santalum album linn.) si. Jaws oLS il
&bl ANBles 5 et plomil (gl AS pbaeg 5 (2b5)) Ogmd 341U Sl etk
(bl sl iie b (S oS o b 5 by maw gLl 2, 5 Design-Expert 12
o ilaal Olgme 5 (436 YooV 0) Sgal 3 Ol jde (5,8 6lS YO-TY) & gl JauilS 5
Lol puilul 055 SlS 5 plubs o T Al 5 o eslisl (A3 V0-Y)
Ogdsol 5L S5 o3lkly Ky e le @)Ky« lhmST S Cdld aus s
Gbtes @B 38 plxl wp e sy 2 ML 05l bag 1 madd pls
YA Ol 4 Sgol 3 Sl 3 cdaoys 0/0 Oljes 4 Juino bl Lyl b sls LS
UF s 4 Ologas b Sand g0l 5L 4l V0 Dl 4 D gl p Ol s 5 kS
Ol cdal s 4 i3 (slagabadalcmse abil gl b tlesl 1S5 51 2908 M58
dales gLy, esls il JIKul Jo Y/ 0 slae a5 sKu g « 2o 66 YY0 Of,53 o500
ol 3ss oo Sl g deo,s Ve dsbae SlaenST ST cdl 5 0A shde Lasli VA

J&:lle |J|é ‘J &‘-&J&JJ‘) ‘J:JJJI @w Jé)é QjJtS M\:A’ Ubb‘,:.J‘,o“,SU

Pl gla gyl

VEON ST 1Sl s Gyl

VENAY/Y a0 sl

1S Slds
(sl

(Sl 0

b o
SF oS b
ST NP

10.22034/FSCT.19.133.265
DOR: 20.1001.1.20088787.1401.19.133.22.7

CJLJL{& ijw..é *
ebhoseini@yahoo.com
asharifi8 1 @gmail.com

Yo


http://dx.doi.org/10.22034/FSCT.19.133.265
https://dorl.net/dor/20.1001.1.20088787.1401.19.133.22.7
https://fsct.modares.ac.ir/article-7-65430-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-30 ]

[ DOR: 20.1001.1.20088787.1401.19.133.22.7 ]

[ DOI: 10.22034/FSCT.19.133.265]

bl O g 50l 50 ol 55 58 Ol st i

QIJL(@}L;J:A\QBJ&

o Sy el el game LS iy
3 Soased s S e Dol 355 L A o
s Sl s gadae sl hs Glosd Slse ol o
53 e Cjlas o dle &S Al s 85 s and
L St il sl (sl [0] 5,05 3,08 55 2w b
Saadl Sl Mdede Skl b Sddkl Wi
Ly ol S doys Vam0r Ygane a5 wiL o a2l sz
Jol OF o el e s eSS ad
il e Syl sl 5 Szally

Gl Ll s s ek s lee W LS 5 (sl oS bl
B RV R RN U ) e P JRCI N PR | E28
oslzial €355 0 s &wjéjcﬁ 6\.&&:&@}{ Gk
Lir o Jolse a3 1, SUS 5 opl Ll & b,
JlS sy 5 ame Ol 53 1 0T (3l 35T (iean 5 S
S Sl s Al e lass Comal st e
G 1y Dlal ol Wl e 8 Sl planlp S
Silesls 5 e mlo 5o S5 Ols s Sy 5 ks
S i sl ple 5 ke (S5 sl ONlay sl
VI,

s 0 lgas 108 slpe g0 V50 3 3 Lo ilul O ms
5 Serd oML 5 U b Dlas T sl e
e bl nl oMo A ol ol jon ool b ol
Ali st ol opl oS AS e oege 5 g bl SV a3
G spiie S eispl plaly e QEASG e
Soas ¢ O a3 U550 a2alS e bl Collaal il 3G
5 oml P 4 b e DKL e Gl leiS sl
Al > Ol bl ioan 5 SLS 5 ol (e g e
3 s St Gol e SRl LS5 e b i ot
5 lb gl Lol dmes il Ol 1150 G b

4. a-santalol

5. B-santalol

6. Cedrol

7. Ester

8. Aldehyde

9. Phytosterol

10. Palmitic acid
11. Oleic acid

12. Nanoemulsion
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1. Santalaceae
2. Santalol
3. Sesquiterpene
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1. Encapsulation
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3. Dynamic Light Scattering
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1. Tween
2. Span
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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
=1 @ = a ) \;: — I~ o ~
g 2 g & £ g L E g £ i £
< o . 5 s g g S =] o = £ 3 g
= N g N = 7 g 3 N = 2 g 3
= - T B s 2> o o = » 2 o o £
= S X 3 (5} B> g = =i () B g R =
2 2 3 ° 8 < £ < ° 8 < = S
o Z g £ 2 = 5 % = 2 - 5 2
£ = g = © 2 & = < 2
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

At 4wl Ol e S e ol S
Ol il 53 Ol Coslin 5555 o ol LSCES Gla0) 3o 5ol
5 53580 Oged ol U L3 Sles 4 ol 4 e b
2 o555 G Gl i s Glacaml ool an
4 e &5 AS e sl edBad 5 Osedpel 5SS mlaw
S s [NV i Osed sal S0 3 o3l Ous 5 S S
i3 Sl Sl p el G s s i addlas
IS RIS Bl s plie il 4 5 SIS
LS 55d 0 s, O3 o3l gud S8 S 4 e
Sl S G [Ty Gy 53 ol Geies sbaasly
Lol codls O3 o3l 5 slsome 5 e b Jdeo
8l rals ol b el Ol 3 Ol 5 8 3 e 58
35 gl 3o 53 ok iy dde R 05 o
/00 ol anldly pta dde ol by el o 2/AY0
ot S eopden 3 | Sl IS5 Ao
S (P>e/e0) i b e S5lp ede parll s mS s
Gaels gt S 03 Jde Doy e Sl el

ol ui:il,aﬂ 3550 (S ae

YV

C)}y«‘jﬁ‘ j}U Q‘)S o}‘.xo‘ cﬁtiJ.J‘ @w -Y-v
S3 o sl hls A Jtis Jullul (a0 sed sl 50
Bl o O el o SST O 5 558 S Sl 5 0352 05 5o
Sl S ol s 4 58 el ol $U 5,5 S
S IS Sl s wile Jtie ol s el
Sl Ll5 e arn Olpsa 5 Sas b5 )ls 53 1) (2 mess
@ el oy an S5 eslinal 555 Jlis uilul g3l el <
() S mls s a8 6,80k 58 Jlis bl (51l pls
o bl 31 oslizad Olsee Ll b sl sdalie LG 55

ssba bOgdsal S0 ple Ol ol 50 0 gV e 3 5
blijl s 50 Jsdse 055 b oS il Al (g)ls sme
sl ORI Eel DS 5 IS 50 055 SRl Goke o)l

53 el by 53l Aslee s S Aol (a0 ged ol SU

W R C,;LQASQUSQ),@@ @L ol o)se
Y=4+Yr4/8v+ EV/VYAN v /A0-B-¢/AYC 0/+ e
+ABV/6+ +AC+ YE/FAA% /) 14T+ B 41 /0YCA () dal

Ols 5 55 SRl L A aalie (1) IS8 s G
o R B WPSCI TP VS PO PP I CH B T YCTPRDS
SAbensl 5 s gl il o Ailes O gkt 58 A0l


http://dx.doi.org/10.22034/FSCT.19.133.265
https://dorl.net/dor/20.1001.1.20088787.1401.19.133.22.7
https://fsct.modares.ac.ir/article-7-65430-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-04-30 ]

[ DOR: 20.1001.1.20088787.1401.19.133.22.7 ]

[ DOI: 10.22034/FSCT.19.133.265 ]

bl O g 50l 50 ol 55 58 Ol st i

O‘)&M}dﬂﬂ‘ oL e

Size (nm)

Size (nm)

©

]
3 A:Sandalwood essential oil (%)

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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Fig 3 Interaction of sandalwood essential oil (%), time (S) and ultrasound frequency (kHz) on brightnessindex A)
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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