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Run order  Block Factors
A: Omega3(%) B: Storage Time(day) C: SOR (%) D:Surfactant type
1 1 75 24.6 300 SC
2 1 52.75 9.26 91.4276 T80
3 1 50 38.17 155 T20
4 1 65 1 10 SC
5 1 50 38.17 155 T20
6 1 75 60 300 T80
7 1 25 60 276.8 T80:20
8 1 75 30.5 10 T80
9 1 25 60 10 T80
10 1 75 60 68 SC
11 1 25 1 10 T20
12 1 75 1 134.7 T80:20
13 1 52.75 9.26 91.4276 T80
14 1 25 1 10 T80
15 1 25 36.4 10 SC
16 1 75 1 300 T80
17 1 71.25 60 10 T80:20
18 1 25 30.5 300 T80
19 1 25 1 242 SC
20 1 25 1 10 T80:20
21 1 71.75 37.875 161.0556 T80:20
22 1 25 60 300 T20
23 1 43.60223 58.82 10 T20
24 1 25 1 10 T80:20
25 1 75 60 10 T20
26 1 50 38.17 155 T20
27 1 40.95159 1 174.0415 T20
28 1 75 1 300 T20
29 1 25 30.5 300 T80
30 1 47 1 300 T80:20
31 1 56.0709 54.1 300 T80:20
32 1 35.25 60 300 SC
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a D2 T80 27.00
¢ D3 T20
e D4 T80:20
X1 = C: SOR(%)
X2 = D: Surfactant ty pe
20.25 —
Actual Factors
A: Omega 3(%) = 50.00
B: Storage Time(day) = 30.50 @
=
=
(@)}
£ 1350
S
@©
()
S
O
6.75 —
0.00 —

D: Surfactant type

10.00

82.50 155.00 227.50 300.00

C: SOR(%)
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Creaming 1(%)

ey BB Gl ud dasld il dw Kl jlade il
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Interaction

® D1 SC |
A D2 T80 2
¢ D3 T20
@ D4 T80:20
X1 = A: Omega 3(%)
X2 = D: Surfactant ty pe
20.25 —
Actual Factors
B: Storage Time(day) = 30.50
C: SOR(%) = 155.00 ’\6\
=)
=
(=)
= 13.5
1S
©
[¢}]
S
O
6.75 —
00—

D: Surfactant type

25.00

37.50 50.00 62.50 75.00

A: Omega 3(%)
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g baiges o 1) LSy Gwsl Hlade Jisucols) jebay cwl
Sdo g dw Bl Hlde sl Guibyly 3Ll wlel 5 sl
SlSBygw g5 g dw Kl jlade Jlite Sl g 5l e
€9 2 RS gloj e 9 SOR woyd )3 ()l gloj e
256 SOR tio ) 5 dw Kol Hlade pgd dxyn @l 3l 5 coliS1aygm
oley e Jad Sl a baye w3U p 3V g ol atdly (o)l bxe

Al g (651655

Wgr puilel Sgmlgelgil sanTy puadl lise
aw Kol oy (sl gol> (1l (RS

33 3Sly el @i a8 ol L Liolejl slaodly LT
sladl (g5l Glpl (2 Gg plel mdgalsll (sladiges
28 liog 5 dblee b g e ]) aw Bl G
PV( meq/kg)= 2.38467 + 0.37091 A+0.40767  (\Y)

B-0.10219 C+0.20590 D;+0.02228 D,- 0.337085 Ds-
0.76881 AD;+0.18405 AD, +0.19396 AD3+0.59191
BC+0.06354 BD1+ 0.33248 BD»+0.32435 BD3+1.8300
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Interaction

PV(meqg/kg oil)

= D1 SC —
A D2 T80 430
¢ D3 T20
@ D4 T80:20
X1 = B: Storage Time(day)
X2 = D: Surfactant ty pe
3.40 —
Actual Factors
A: Omega 3(%) = 50.00 —
C: SOR(%) = 155.00 =
o
(2]
4
~
o 2.50 —
Q
S
N
>
o
1.60 —
0.70 —

D: Surfactant type

1.00

15.75 30.50 45.25 60.00

B: Storage Time(day)
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PV(meq/kg oil)

Interaction

= D1SC ]
A D2 T80 4.3
¢ D3 T20
@ D4 T80:20
X1 = A: Omega 3(%)
X2 = D: Surfactant ty pe
3|
Actual Factors
B: Storage Time(day) = 30.50 —_
C: SOR(%) = 155.00 =
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~
o 1.7 —
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S
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>
o
0.4 —
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D: Surfactant type

25.00

37.50

50.00 62.50 75.00

A: Omega 3(%)
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Interaction

PV(mg/kg oil) a6
® D1SC
A D2T80
¢ D3T20
@ D4 T80:20 2625 |
X1 = C: SOR(%) .
X2 = D: Surfactant type 5
o
Actual Factors %, 265 —|
A: Omega3(%) = 50.00 S
B: Storage Time(day) = 30.50 E
1675 —
0.7 —

D: Surfactant ty pe

10.00

8250 155.00 22750 300.00

C: SOR(%)
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TBA(mg mad/kg) = 0.41680+ 0.02801 A (\Y)
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TBA(mg mad/kg)
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Interaction

® D1 SC |
a D2 T80 0.62
¢ D3 T20
® D4 T80:20
X1 = B: Storage Time(day)
X2 = D: Surfactant ty pe
0.465 —
Actual Factors
A: Omega 3(%) = 50.00 a
C: SOR(%) = 155.00 i~
=
©
£
0.31 —
D
S
=
<
o
|_
0.155 —|
0 —

D: Surfactant type

1.00

15.75 30.50 45.25 60.00

B: Storage Time(day)
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Antioxidant activity = 60.08502- 4.77041A- (YY)
1.41746 B+7.02592 C+4.28374
D1+4.45420D,+2.43589D3

g8 9 SOR aop (5e)) S plj ©de (o)) 4w
Conols ire ib)ly U ol 4 g b oAl o LSS, g

DPPH inhibition(%o) 70 —
X1 = D: Surfactant type
Actual Factors
A: Omega3(%) = 50.00 575 —|
B: Storage Time(day) = 30.50 —~
C: SOR(%) = 155.00 S
5 .
a
= 45 —
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o
o
o
325 —
20 —

T80 T20 T80:20

D: Surfactant ty pe
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DPPH inhibition(%) 70 —

X1= C: SOR(%)

Actual Factors 575 —
A: Omega3(%) = 50.00

B: Storage Time(day) = 30.50 §,
D: Surfactant type = SC s
E
= 45 —|
£
I
o
o
m)
325 —
20 —

10.00

8250 155.00 22750 300.00

C: SOR(%)
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RI= 1.3562 +0.00099 A+2.34 x10° (Vo)

B+0.000166C+ 0.002897D;+0.000783D,+0.000684D3-
0.00234AD1-0.00179AD,-0.00074AD3-0.0008BC-
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Interaction

RI 1.368
® D1SC
A D2T80
¢ D3T20
@ D4 T8020 1.364
X1 = C: SOR(%)
X2 = D: Surfactant type
Actual Factors o 1.36 —|
A: Omega3(%) = 50.00
B: Storage Time(day) = 30.50
1.356 —
1.352

D: Surfactant ty pe

10.00

82.50 155.00 227.50 300.00

C: SOR(%)
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Introduction: Fish oil is an omega3 source, because it consists of a long chain polyunsaturated fatty acids
(PUFASs), namely Eicosapentaenoic acid (EPA, 20:5 n-3) and Docosahexaenoic acid (DHA, 22:6 n-3) that are essential
to all humans and provide multiple health benefits associated with brain development, cardiovascular disease,
circulatory disorders, immune dysfunction and inflammatory disorders. The human body cannot make omega3 fatty
acids on its own, so they must obtained from daily diet or supplements. Low uptake of this nutrient can cause serious
problems. Lipid oxidation of fish oil and other PUFA-rich foods is a serious problem that leads to loss of shelf-life,
consumer acceptability, nutritional value and functionality. On the other hands, omega3 cannot be incorporated into
many functional foods, due to their poor water-solubility, chemical instability and low bioavailability, so some ways
should be used to protect PUFAs such as microencapsulation and Nanoemulsion. The performance of low-energy
methods has become very popular due to the lack of expensive equipments and ease of production. In this research,
nanoemulsion of omega-3 fatty acids was prepared by spontaneous emulsification method using Iranian mentha
longifolia essential oils.

Material and methods: Fish oil was purchased from zahravi company comprised of 101 mg of EPA/g of oil, 148
mg of DHA/g oil, and 312 mg of total omega-3 PUFA/g of oil. Nonionic surfactants Tween 80 and Tween20 (Sigma
Aldrich, St. Louis, MO, USA) and Sodium caseinate (MP Biomedical LLC. (Solon, OH) were purchased from chemical
suppliers. Distilled and deionized water obtained from a water purification system (Milli-Q, Millipore, Darmstadt,
Germany) was used to prepare all emulsions. All other chemicals used in this study were either Sigma-Aldrich (St.
Louis, MO) or Fisher Scientific (Pittsburgh, PA). Iranian Shallot oil (penny royal oil) was purchased from magnolia
company (lran). The supplier reported the chemical composition as determined by gas chromatography-mass
spectroscopy instrument (GCMS-QP2010 SE, GAS, Shimadzu, Japan). Factor A contains the omega 3 percent (25 to 75
percent), factor B contains surfactant-to-oil ratio (SOR %), (10-300 percent), Factor ¢ contains surfactant type
(Tween20, Tween80, T80:T20 and caseinate sodium) and factor d contains storage time (1-60 days) to achieve optimal
production formula were selected. Physicochemical characteristics of Nanoemulsion including pH, peroxide value,
turbidity, creaming index, Das, span, antioxidant, brix, refractive index and TBA were studied and Optimization of
formula was performed by Response Surface Method (D-optimal design) The results were analyzed using design expert
software (verll).

Results and discussion: Preparation of Nanoemulsion based on Iranian mentha longifolia oil loaded with omega 3
fatty acids by a low energy emulsification technique to protect it was evaluated in this study. The initial size of the
droplets depended on surfactant type, surfactant concentration, storage time and omega3 concentration. Emulsions
made of the highest surfactant concentration produced the smallest droplet sizes and were physically stable. It was
found that the most important parameter effecting final emulsion responses was surfactant concentration. Our results
showed that oxidative stability could be improved by the increasing surfactant concentration, also Iranian mentha
longifolia antioxidant compounds were effective in reducing peroxide index and delaying oxidation. In all surfactants,
by increase omega3 content, antioxidant activity was decreased. Results showed that all four examined variables
affected the provided emulsion characteristics and the following conditions were obtained as optimum; storage time of
40 days, SOR %: 100, T80:T20 and omega 3 (29.31%). These nanoemulsions and essential oils can be applied to
prevent undesirable off flavor fish oil and can be applied to fortify food or beverage systems with omega3 fatty acids.

Key words: Nanoemulsion —Unsaturated fatty acids- Omega 3 —Spontaneous emulsification — Iranian Mentha
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