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Changes in the Stability Properties of Methylcellulose Emulsions as Affected
by Competitive Adsorption Between Methylcellulose and Tween 20
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Division of Food and Culinary Science, Howon University, Jeonbuk 573-718, Korea

Abstract

The effect of Tween 20 addition on changes in the stability of methylcellulose (MC) emulsions (1 wt% MC,
10 wt% n-tetradecane, 20 mM bis—-tris buffer, pH 7) was investigated by creaming stability and orthokinetic
stability measurements. In the case of MC emulsions containing varying amounts of oil (1 ~30 wt%) and no
Tween 20 added, creaming stability, judged by mean migration velocity of fat globules (Vm) was found to

depend on droplet 51ze the larger the droplet size, the worse the stability [Vm: 0.326 pym min~
1 (dsz: 0.53 pum)]. With Tween 20, creaming stability was found to be worse than the

— V' 0.551 ym min~

! (dst 0.32 ym)

one without Tween 20, except for MC emulsion containing 0.2 wt% Tween 20. In addition, cream stability
was the lowest with the lowest concentration of Tween 20 and a tendency to recover with increasing Tween

20 concentration [V 0.598 ym min

1(0.01 Wt%)—Vm: 0.389 ym min "’

(0.2 wt%)] was found. From viscosity

measurement for aqueous bulk phase of MC emulsions, such a change in the creaming stability was found
to coincide well with the results of viscosity measurement. Therefore, it was reasonable to say that creaming
stability of MC emulsions containing Tween 20 depended on MC concentration in aqueous bulk phase, which
was in turn varied by competitive adsorption between MC and Tween 20 at the oil droplet surface. In case
of orthokinetic stability, judged by destabilization time (£4), it was found that the addition of Tween 20 resulted
in lowered stability with more pronounce tendency at higher concentrations [ts: 160 min (0.03 wt%)—t4: 100
min (0.2 wt%)]. Moreover, combined with previous results, the orthokinetic stability of MC emulsions
containing Tween 20 was found to be exponentially proportional to MC load. In conclusion, competitive
adsorption between MC and Tween 20 may affect the stability properties of MC emulsion to varying extents,
depending on the concentration of Tween 20.
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Fig. 1. Amount of MC remaining in the aqueous bulk phase
of MC emulsions (1 wt% MC, 1~30 wt% n-tetradecane, 20
mM bis-tris buffer, pH 7). Amount of MC was plotted against
oil content.
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Fig. 2. Influence of oil content on MC load in emulsions (1
wt% MC, 1~30 wt% n-tetradecane, 20 mM bis-tris buffer,
pH 7). MC load (an amount of MC adsorbed at the droplet surface
per unit area) was determined by using ’depletion method’.

Table 1. Average droplet diameter (ds2) in emulsions (1 wt%
MC, 1~30 wt% n-tetredecane, 20 mM bis-tris buffer, pH
7) as a function of oil content

Oil content (wt%)  Average droplet diameter (ds, pm)

1 0.3240.02"
5 0.3340.01°
10 0.3240.02°
20 0.52+0.02"
30 0.65+0.02¢

‘”All values are mean+SD (n=3).
PValues with different superscripts within the same column
are significantly different at p<0.05.
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Table 2. Mean migration velocity of fat globules (V) in
emulsions (1 wt% MC, 1~30 wt% n-tetradecane, 20 mM
bis-tris buffer, pH 7) as a function of oil content

Mean migration velocity

1 0,
Oil content (wt%) (Vi um min ™)

1 0.326+0.011V%
5 0.313+0.018°
10 0.426+0.028"
20 0.551 +0.061°
30 0.289+0.078°

Mean migration velocity (Vi) was obtained from Turbiscan

Lab.

YAll values are mean+SD (n=3).

PValues with different superscripts within the same column
are significantly different at p<0.05.
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Fig. 3. Creaming profile of MC emulsions (1 wt% MC,
1~30 wt% n-tetradecane, 20 mM bis—tris buffer, pH 7).
MC emulsions were incubated at 40°C for creaming experi-
ment and the results were expressed as backscattering in—
tensity versus sample height for (a) 1 wt% oil (b) 5 wt% oil
(c) 10 wt% oil (d) 20 wt% oil (e) 30 wt% oil.
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Fig. 4. Mean migration velocity (Vi) of fat globules in MC
emulsions containing Tween 20 added in the range 0.01~0.2
wt%. Mean migration velocity, obtained from Turbiscan Lab,
was plotted against Tween 20 concentration.
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Table 3. Apparent viscosity (z,) and calculated migration
velocity (Vm) as a function of Tween 20 concentration

Concentration Apparent viscosity Calculated migration

(Wt%) (1, cP) velocity (Vi, pm min ')
0.01 3.6+0.40"? 0.778” (0.598+0.034"%)
0.05 46+0.31¢ 0.609 (0.542+0.020")
0.08 5.8+0.35° 0.483 (0.478 +0.023°)

0.1 6.5+0.41° 0.431 (0.432+0.0257)
0.2 72+0.45" (0.389+0.017°)

The emulsion containing Tween 20 was centrifuged to sepa-
rate a serum phase. The serum was used for the determination
of apparent viscosity.

VAll values are mean=SD (n=3).

?Values with different superscripts within the same column
are significantly different at p<0.05.

YCalculated migration velocity is computed based on Stokes’
equation.

Values in brackets denote 'measured migration velocity’ ob-
tained from Turbiscan Lab.
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Fig. 5. Orthokinetic destabilization of MC emulsions (1 wt%
MC, 10 wt% n-tetradecane, 20 mM bis-tris buffer, pH 7)
under constant conditions of shearing in the presence of
Tween 20. ds was plotted against shear time for various Tween
20 concentrations: B, no Tween 20; [J, 0.03 wt%; A, 0.05 wt%;
A, 01 wt%; @, 0.2 wt%.

Table 4. Influence of Tween 20 concentration on the desta-
bilization time (t4) of MC emulsions (1 wt% MC, 10 wt%
n-tetradecane, 20 mM bis-tris buffer, pH 7)

Concentration (wt%) Destabilization time (fg min)

0 180+21.7V%
0.03 160420.0°
0.05 140+13.2¢
0.08 110+8.6¢
0.1 100+8.6¢
0.2 100+5.0°

Tween 20 was added to the emulsion after homogenization in
the range 0.03~0.2 wt% and the resultant emulsion were
sheared under constant conditions for 200 min.

YAll values are mean+SD (n=3).

PValues with different superscripts within the same column
are significantly different at p<0.05.
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maximum rate of increase of dsp.
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