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Figure S 1 — Typical push-syringe apparatus used to acidify the SLC18:0 solution (1 mL, in the image). The
syringe is connected to a thin wall microbore PTFE tube, which is immerged in the solution. A pH

microelectrode monitors the pH at all time during acid injection.
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26 Figure S 2 - Rheological properties of SLC18:0 hydrogels at pH~6 prepared either by manual acidification
27 using HCI or upon GDL addition (molar ratio of SLC18:0:0.63 GDL) to basic solutions (initial pH 11).
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Concentration effects on the strain dependent storage (G') and loss (G'') moduli at a constant angular
frequency (w= 6.28 rad.s™) upon a) manual HCI acidification and b) GDL addition. c) Typical strain sweep
curve of SLC18:0 (C= 2.5 wt%) showing how y. and y are determined. Concentration effect on the angular
frequency, w, dependence of G’ and "' for hydrogels prepared using d) HCI or €) GDL. The legend for
panel a) apply to d) and the legend for panel b) apply to e). f) Concentration effect on the critical shear
strain (y.). g) Evolution of the reduced elastic (G'/G) and viscous (G" /Gy) reduced moduli as function of
the reduced shear strain (y/y.). h-i) magnification of the viscous (6" /Gy) reduced moduli as function of the
reduced shear strain (y/y.) for SLC18:0 samples obtained upon h) manual HCI acidification or i) GDL
addition.

The rheological properties of SLC18:0 hydrogels prepared by manual acidification
using HCI or upon addition of GDL (molar ratio of SLC18:0:0.63 GDL) are shown in Figure S
2. As discussed in the main text, the shear strain dependency of storage (G') and loss (G"')
moduli demonstrate the same typical behavior (Figure S 2a, b). As shear strain increases, G’
decreases from a critical shear strain, y, (i.e, deviation from linearity), while G" increases. The
estimation of the critical shear strain y, is obtained from the extent of the linear relationship
between the stress (o) and the strain (y) and where c = G*y, with G* being the complex
modulus calculated as G* = (G'? + G"'?)'/? (Figure S 2c). The extent of the linear viscoelastic
regime from y, is related to structural changes and gel disruption. Finally, G’ decreases
gradually with increasing shear strain amplitude while G'* exhibits a small strain hardening until
G'=G", denoted as the fluidization strain (y;) from which both moduli decrease with strain, but
where G''> G' indicates a fluid-like behavior.

The evolution of G'(w) and G" (w) as function of angular frequency (w) show that
comparable concentrations (1, 2.5 and 5 wt %), G'(y) of hydrogels prepared using GDL are at
least one order of magnitude higher than samples prepared using HCI, demonstrating the
influence of the acidification method on the final stiffness of the sample (Figure S 2d,e).

The evolution of the critical shear strain y. as a function of concentration and
acidification method (HCI or GDL) is shown in Figure S 2f. For hydrogels prepared using HCI,
the critical shear strain y, remains practically constant with concentration for Csicis:0 < 5 wt%
before falling for Csiciso = 10 wt%. On the contrary, y. decreases significantly with
concentration for the samples prepared using GDL, demonstrating that the sample becomes
more brittle with increasing concentration. This phenomenon indicates that if the sample
becomes stiffer due to the increase of G’ with concentration, it is also more sensitive to

deformation. Such decrease of y,. with concentration has been previously observed for other
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SAFiNs systems®= and it is in good agreement with the theoretical prediction for sterically
entangled solutions of biopolymers or cross-linked gels.* It is in fact known that the decrease
of the theoretical y,. with increasing concentration is attributed to the reduction of the mesh size
(the average spacing between fibers) and reduction of the entanglement length (distance
between entanglement points).*

To investigate the yielding behavior of SLC18:0 samples under large amplitude
oscillatory shear (LAOS), G’ and G"" moduli have been normalized by their respective values
in the LVER (G'/Gg; G"/G{') and plotted as a function of the reduced shear strain amplitude
(v/v.) (Figure S 2g). The reduced data show the decrease of G'/G, and a local maximum in
G'" /Gy curves. Based on the descriptive classification of the viscoelastic properties of complex
fluids as function of their LAOS behavior, SLC18:0 samples are considered as weak strain
overshoot fluids.> All G’ /G, for HCI samples can be plotted on a master curve, while a small
deviation at high y/y. is observed for samples prepared using GDL. Such strain hardening
overshoot was previously reported for a wide range of complex fluids like concentrated
emulsions,® microgels suspensions,” hydrophilic® and hydrophobically-modified® polymers
but also for SAFIN without discussing its origin.*° Depending on the complex fluid, the origin
of the strain overshoot can be attributed to an increase of the effective volume of temporal
structures,! to a variation of aggregate size in suspensions'? or to a rearrangement of clusters®®
during oscillatory shear deformation.® However it’s generally assumed that weak strain
overshoot is a result from the balance between the formation and the destruction of the network
junctions.® In this work (refer to main text), we make the hypothesis, by combining rheology
and microscopy (optical and cryo-TEM), the overshoot can be explained by the presence of
spherulites and branched structures.

Figure S 2h and Figure S 2i bring out the intensity of the peak of the reduced viscous
modulus (G" /G{') as function of the reduced shear strain (y/y,) for SLC18:0 samples obtained
upon manual HCI acidification or GDL addition. The intensity of the strain hardening of the
reduced loss modulus (G"'/Gg') varies in a considerable manner, however it does not show a
clear dependence on the SLC18:0 concentration. The global peak intensity of (G''/Gy) was
relatively higher for samples prepared by manual acidification using HCI. One could suppose
that the higher presence of spherulites with an intermediate size in HCI samples compared to
GDL samples, may be responsible of the strain overshoot by analogy to flocks or clusters
formation in other weak strain overshoot fluids (emulsions and suspension). However the

presence also of weak strain overshoot for SLC180 samples prepared upon GDL addition may
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contradicts this assumption. It's worth mentioning that hydrophilic polymers like xanthan gum
showed also a weak strain overshoot related to the formation of intermediate structural complex
by the association of the extended chains by hydrogen bonding.2 The formation of intermediate
structural complex between SLC18:0 ribbons by inter-ribbons interactions should not be
excluded. Under large deformations, these complex structures will first resist against the
imposed deformation resulting in an increase in G, before they break up from a certain
deformation limit beyond which the SLC180 fibers align with the flow field and resulting in a

decrease in G"'.
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106 Figure S 3— SAXS patterns of a) SLC18:0 1 wt%o solution acidified with HCI (manually) and GDL (x= 0.63)

107 and b) SLC18:0 0.5 wt% solution acidified with GDL at two different SLC18:0:xGDL molar ratios. The
108 initial pH is 11 for all samples.
109
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Figure S 4 — a) Time evolution of the molar fraction of SLC18:0 (Initial concentration is 2.5 wt% and pH

11) in the crystalline (fiber) phase upon addition of xGDL, x being the SLC18:0: xGDL molar ratio; Xc from

the solution *H NMR spectra, as explained in the materials and method section. b) Time evolution of the full

width at half maximum (FWHM); c) Avrami plot performed on Xc data in a).
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Figure S 5 —a) Overall electrophoretic mobility and {-potential evolution measured as a function of pH from
pH ~11 to pH ~2 on a SL.C18:0 solution at C=0.25 wt% measured at 25 °C using a Malvern Zetasizer Nano
ZS90 (Malvern Instruments). b1) Strain dependent storage (G') and loss (G'') moduli at a constant frequency
(f=1 Hz) for a SLC18:0 solution (V=1 mL) prepared at C= 2.5 wt% and initial pH ~10. The acid solutions
are composed of either HCI or gluconic acid, both at 0.25 M. Rate of addition is 20 pL/h. The gluconic acid
solution is prepared from a 2 M GDL solution left at rest overnight and with final pH of 1.5, whereas GDL
spontaneously hydrolyzes into gluconic acid in water. The experiments referred to with filled and empty
squares are recorded on a solution containing additional 250 mM NaCl and of which the acidification has
been performed with HCI (0.25 M). b2) Normalized loss (6" /Ggy) moduli shown in bl) by their respective
values in the LVER as function of the shear strain y. c-d) Time-resolved evolution of storage (G") and loss
(G'") moduli measured at (f= 1 Hz, y = 0.1%) on a SLC18:0 solution at C= 5 wt% and set at pH ~10.
Acidification is performed with an excess of GDL, of which the molar ratio with respect to SLC18:0 are

given in the figure.
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