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S1. Modeling G modulus

Three rheological models besides the power law presented in the main text are ap-
plied to describe the G’p behavior. These are shown in Figure S1. Paruta-Tuarez et al.
(equation S1) [1], Princen/Kiss (equation S2) and Mougel (equation S3) models are intro-
duced here:

G=eXAPt (S1)

As mentioned in the main text, equation S1 is a power law-based model containing
the Laplace pressure I as a stress scale so that: Go = € X*'. For BSA-stabilized emulsions
we considered R =20 pm and v =12 mN/m while € and t are adjustable parameters. The
results obtained from this fit are equivalent as for equation 54 in the main text. On a sim-
ilar note, Princen and Kiss model (equation S2) also considers ¥ and is a simplified form
of equation 4 in the main text, usually applied to emulsions with surfactants.

G =T ¢3(p— ) (S2)

Mougel model, however, is more robust than Princen and Kiss equation since it con-
siders an intermolecular distance parameter Do between droplets to account for jamming
effects [2].

2ATDO ¥

G = RZ (dpax—¢)

(S3)

The latter includes A as an adjustable parameter, again R as the average drop radius,
®yax is the maximum volume fraction that can be dispersed and y the interfacial tension.
In our case, these values were taken equivalently as for equation S1 while A*Doand ®yax
were considered as adjustable parameters. Results showed that ®yx =0.88 and A*Do =
8.9 107 with an R? = 0.95. In the same vein, the Princen model provided: a.=8.5 and ¢, =
0.66 with R2=0.92.
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Figure S1. Modeling the rapid increase of G'p in silicone-oil-in-water Pickering emulsions
stabilized with BSA particles.

Interestingly, both Mougel and Princen/Kiss models do not correctly describe the be-
havior of the samples above the jamming transition. It has been shown before that Princen
and Kiss equation tend to underestimate the rapid increase of G'p in surfactant-stabilized
emulsions [3]. In the case of Pickering emulsions it has also been shown that such increase
also exist and tend to show a rapid progression compared to emulsions with surfactants
[4]. Thus, the inability of this equation to correctly describe the behavior is understanda-
ble. Concerning Mougel equation, we observe a similar case. This fitting considers better
the rapid increase of G'p at high oil volume fraction but lacks to properly describe the
initial increase of G'p with close to the jamming fraction ¢.. The reason, again, is related
to the rapid increase for our BSA-stabilized Pickering emulsions, especially after ¢ = 0.80.
As seen in the main text, the power law approximation (that follows the same type of
equation and results as Paruta-Tuarez model) remains the best to describe this behavior
as well as determining ¢..

S2. Thixotropy verification

Stress relaxation tests where done in order to verify if samples presented thixotropy
and are shown in Fig. S2. For that matter, shear rate intervals (0.1 s, 1 571, 10 s and 100
s71), each with a duration of 100 s, were applied in increasing and decreasing directions to
an emulsion sample at high dispersed phase fraction. In any evaluated shear rate, the
steady state is reached during the first seconds. The shear stress values overlap in both
directions of the measurements, showing that these samples do not present thixotropy.
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Figure S2. Thixotropy verification on an oil-in-water emulsion with = 0.80 and 1%wt

= -

BSA. Stress relaxation tests are carried out in increasing and decreasing directions from
low to high shear rates (Upward triangles) and from high to low shear rates (Downward
triangles).

S3. Yield stress determination

The tangent method to determine the yield strain from strain sweeps is depicted in
Fig.S3. This method was also used for Pickering emulsions stabilized with silica nanopar-
ticles in the literature [5].
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Figure S3. Strain sweeps of high dispersed phase oil fraction emulsions stabilized with
BSA and of a BSA solution (upward triangles). The yield strain yy (red circle) is determined
with a tangent method based on the G’'p value and the tangent with the non-linear region.

S4. Cox-Merz rule

The classical Cox-Merz rule applied to shear viscosity and complex viscosity is pre-

sented in Fig.54.
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Figure S4. Cox Merz rule applied to viscosity and complex viscosity of silicone oil-in-
water emulsion with ¢ > ¢. and 1%wt BSA.

As in the main text, oscillatory and rotational data do not overlap.
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S5. Jamming fraction determination

The data for each fitting performed on the rheological properties G'p and oy of Figure
1b are shown in Table S1. The quadratic fitting followed o, = a (¢ — ¢c)?* or G, =
a(d— d)? with a and ¢, fitting parameters whereas the linear approximation fol-
lowed o, =gd¢ +d or G, =g +d with gand d also fitting parameters.

Table S1. Data resulting from fitting quadratic and linear equations to G’p and oy in Figure 1b, used

to estimate ¢, value in emulsions stabilized with 1 wt% BSA.

Property Fitting (O Error o, parameter b parameter
Oy Quadratic 0.591 0.014 387.5 1.92 £0.169
Oy Linear 0.648 0.035 - -
Gp Quadratic 0.634 0.020 33630.7 2.21 +0.337
Linear 0.645 0.091 - -
Gp

In general, it is observed that ¢, tends to ¢rcp for three out of four fitting cases,
except for the quadratic equation applied to oy in rotational tests, where a lower value
of 0.591 is obtained for the critical condition. As we aim to apply the scaling method-
ology to protein-stabilized emulsion data, following the same procedure as in other
studies is ideal. Generally, the quadratic approximation has been preferred in the
past by other authors. In both cases of quadratic fitting, relatively low errors are ob-
tained considering that our samples are polydisperse. However, the values of oy are
deduced from the fitting of the HB equation, while G'p is obtained by averaging the
plateau values in oscillatory tests. The estimation of these parameters in protein
emulsions appears to be more affected in rotational tests than in oscillatory tests due
to the bulk rich in proteins, as mentioned in the main text (see Results and Discussion
section). Therefore, in this study, we use the value of ¢, = 0.634 obtained from the
quadratic approximation to the G’p data.
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