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Table 1 Formulation and production conditions of produced double emulsion samples

W, 0 W,
Sample Oil Water Salt Oil PGPR MG Water Modified Salt
type (g) (8) (g) (g) (g) (8) starch (g)  (g)
1 1% salt in external ~ Liquid 20 - 74 6 - 137.5 10 2.5
2 1% salt in internal ~ Liquid 17.5 2.5 74 6 - 140 10 -
3 0.75%saltin o iq 18125 1875 74 6 - 140 10 ;
internal
4 0.5% salt in internal ~ Liquid 18.75 1.25 74 6 - 140 10 -
5  1%saltinexternal  Solid 20 - 66 6 8 137.5 10 2.5
6  1%saltininternal  Solid 17.5 2.5 66 6 8 140 10 -
7 0.75% salt in Solid 18125 1875 66 6 8 140 10 ;
internal
8  0.5%saltininternal  Solid 1875 125 66 6 8 140 10 -
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1) 1% salt in W, + liquid oil, 2) 1% salt in W+ liquid oil, 3) 0.75% salt in W+ liquid oil, 4) 0.5% salt in W+ liquid oil, 5) 1%
salt in W, + solid oil, 6) 1% salt in W+ solid oil, 7) 0.75% salt in W+ solid oil, 8) 0.5% salt in W+ solid oil.

Fig 1 Appearance of double emulsion samples
1) 1% salt in W, + liquid oil, 2) 1% salt in W+ liquid oil, 3) 0.75% salt in W+ liquid oil, 4) 0.5% salt in W+ liquid oil,
5) 1% salt in W, + solid oil, 6) 1% salt in W+ solid oil, 7) 0.75% salt in W+ solid oil, 8) 0.5% salt in W+ solid oil.
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1. Stress sweep test
2. Frequency sweep test
3. Temprature ramp test
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Table 2 Storage stability of taste contrast systems

Sl Ay £ Dl 4 e fds, o o ol ks

Storage (d)
Sample number 1 3 1 7
1 100.00+0.00Aa 42.09+1.68Bb 35.63+1.51Bc 31.90+0.95Bd
2 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa
3 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa
4 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa
5 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa
6 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa
7 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa
8 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa 100.00+0.00Aa

1) 1% salt in W, + liquid oil, 2) 1% salt in W+ liquid oil, 3) 0.75% salt in W+ liquid oil, 4) 0.5% salt in W+ liquid oil, 5) 1%
salt in W, + solid oil, 6) 1% salt in W+ solid oil, 7) 0.75% salt in W+ solid oil, 8) 0.5% salt in W;+ solid oil.
*Data represent mean + standard deviation of three independent repeats.
**Different capital letters in each column and lowercase ones in each row indicate significant differences (P < 0.05).
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Table 3 Freeze-thaw stability of taste contrast systems

Sample Stability against 5 cycle freeze-thaw

number 1 2 3 4 5
1 Unstable Unstable Unstable Unstable Unstable
2 Slightly .Oll Slightly .Oll Unstable Unstable Unstable

Separation Separation

3 Stable Stable Slightly Oil Separation Slightly Oil Separation Unstable
4 Stable Stable Slightly Oil Separation Slightly Oil Separation Unstable
5 Stable Stable Stable Stable Stable
6 Stable Stable Stable Stable Stable
7 Stable Stable Stable Stable Stable
8 Stable Stable Stable Stable Stable

1) 1% salt in W, + liquid oil, 2) 1% salt in W+ liquid oil, 3) 0.75% salt in W+ liquid oil, 4) 0.5% salt in W+ liquid oil,
5) 1% salt in W, + solid oil, 6) 1% salt in W+ solid oil, 7) 0.75% salt in W+ solid oil, 8) 0.5% salt in W+ solid oil.
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Table 4 Heat stability of taste contrast systems

Sample number Heat stability
100 °C for 10 min 150 °C for 10 min)

1 Unstable Unstable

2 Stable Evaporation of water
3 Stable Evaporation of water
4 Stable Evaporation of water
5 Stable with change to liquid Evaporation of water
6 Stable with change to liquid Evaporation of water
7 Stable with change to liquid Evaporation of water
8 Stable with change to liquid Evaporation of water

1) 1% salt in W, + liquid oil, 2) 1% salt in W+ liquid oil, 3) 0.75% salt in W+ liquid oil, 4) 0.5% salt in W+ liquid oil,
5) 1% salt in W, + solid oil, 6) 1% salt in W+ solid oil, 7) 0.75% salt in W+ solid oil, 8) 0.5% salt in W+ solid oil.
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Table 5 Color properties of taste contrast systems

Sample L* at b

number
1 86.67+0.58B 2.00+1.00A 25.00£1.00A
2 89.33+1.53A 2.00+1.00A 17.00+£1.00B
3 89.67+1.53A 2.33£1.15A 17.00+£1.00B
4 89.67+1.15A 2.00+1.00A 16.33+0.58B
5 89.67+1.53A 1.67£1.15A 17.67+0.58B
6 89.00+1.00A 2.33£1.15A 17.00+£1.00B
7 90.67+0.58A 2.00+1.00A 17.33+£1.15B
8 89.00+1.00A 2.00+1.00A 17.00+£1.00B

1) 1% salt in W, + liquid oil, 2) 1% salt in W+ liquid oil, 3) 0.75% salt in W+ liquid oil, 4) 0.5% salt in W+ liquid oil,
5) 1% salt in W, + solid oil, 6) 1% salt in W+ solid oil, 7) 0.75% salt in W+ solid oil, 8) 0.5% salt in W+ solid oil.
*Data represent mean + standard deviation of three independent repeats.

**Different capital letters in each column indicate significant differences (P < 0.05).
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Table 6. Peroxide and TBARS of taste contrast systems

Sample number PV

TBARS

(Meq O,/kg oil) (mg malondialdehyde/kg oil)

LI A WN -

0.82+0.06A
0.74+0.07A
0.81+0.06A
0.76+0.09A
0.73+0.07A
0.76+0.06A
0.78+0.07A
0.75+0.07A

0.33+0.09A
0.284+0.07A
0.35+0.08A
0.294+0.08A
0.37+0.08A
0.28+0.08A
0.37£0.05A
0.32+0.08A

1) 1% salt in W, + liquid oil, 2) 1% salt in W+ liquid oil, 3) 0.75% salt in W+ liquid oil, 4) 0.5% salt in W+ liquid oil,
5) 1% salt in W, + solid oil, 6) 1% salt in W+ solid oil, 7) 0.75% salt in W+ solid oil, 8) 0.5% salt in W+ solid oil.
*Data represent mean + standard deviation of three independent repeats.

**Different capital letters in each column indicate significant differences (P < 0.05).
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Fig 2 Amplitude sweep test of taste contrast systems. LO1%IN) 1% salt in W+ liquid oil, OG1%EX) 1% salt in W,
+ solid oil, OG1%IN) 1% salt in W+ solid oil.
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Fig 4 Temperature ramp of taste contrast systems. LO1%IN) 1% salt in W+ liquid oil, OG1%EX) 1% salt in W, +
solid oil, OG1%IN) 1% salt in W+ solid oil.
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ABSTRACT

ARTICLE INFO

Due to the close relationship between high salt consumption and the
increasing prevalence of high blood pressure and cardiovascular
disease in the world, the food industry is trying to createfoods that
better align with consumer expectations regarding sodium reduction.
In this study, the strategy of taste contrast technique through salt
encapsulation in the internal aqueous phase of the water-in-oil-in-
water double emulsion (W;/O/W,) was investigated as a novel
technological approach for sodium reduction. To this end, different
concentrations of salt (0, 0.5, 0.75, and 1%) and cinnamaldehyde (1%)
as an antioxidant agent were used in the internal aqueous phase and
the oil phase of the double emulsion, respectively. In order to
investigate emulsion stability, encapsulation efficiency, and salt
release behavior, the oil phase was fabricated in two liquid and solid
states in the form of oleogel. The characteristics of the produced
emulsions were investigated in terms of storage stability, heat and
freezing stability, color, oxidation, encapsulation efficiency, viscosity,
rheology, and morphology. The emulsion sample containing gel
network in the oil phase and 0.75% salt in the internal aqueous phase
was the best sample in terms of stability and rheological behavior.
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