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Hypothesis: Emulsions are metastable and can be destabilized by coalescence and Ostwald ripening,
which lead to phase separation. Immobilizing emulsion droplets in a solid material shall improve their
stability during storage.
Experiments: Miniemulsions and dispersions of nanocapsules are electrospun to immobilize colloids in
polymer nanofibers. The nanofibers are dissolved after various period of time to re-disperse nanodroplets
and nanocapsules.
Findings: The size of nanodroplets and nanocapsules are close to the size of the original colloids before
electrospinning, meaning that the emulsion droplets are efficiently stored overtime in nanofibers.
Entrapping droplets in nanofibers by electrospinning allows a reduction of weight and volume of the
emulsion of up to 82%. This method is therefore beneficial for improving shelf-life of emulsions, decreas-
ing storage volume, and decreasing energy consumption for transportation of emulsions.

� 2020 Elsevier Inc. All rights reserved.
1. Introduction

Emulsions and dispersions are commonly used in cosmetics,
paints, food, agriculture, and pharmaceutics. However, storage
and transport of emulsions and dispersions are inevitably con-
fronted with issues related to colloidal stability. For example, it is
difficult for emulsions and dispersions such as beverage emulsions
[1] and food colloids [2,3] to be preserved for a long period of time.
Coalescence, Ostwald ripening, and flocculation are physicochem-
ical mechanisms which impart long term stability of dispersions
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[4,5]. Moreover, external factors such as vibrations during trans-
portation of emulsions decrease their stability [6].

Pickering stabilizers have been used for improving significantly
the shelf-life of emulsions [7,8]. For example, corn oil micro-
droplets in water were stabilized by cellulose materials and tannic
acid as Pickering stabilizers [9]. After freeze-drying, the droplets
could be re-dispersed in water and their sizes were similar to the
droplets sizes in the original emulsion. However, this method
was used for microdroplets, which are already more stable than
nanodroplets. Physical methods such as spray drying [10], spray
granulation [11], and freeze-drying [12] of microencapsulated liq-
uids have been described for improving the chemical stability of
emulsified liquids. However, the processes may include tempera-
ture treatments and are subjected to experimental parameters
such as viscosity or droplets size and size distribution. Moreover,
they can lead to coalescence of emulsion droplets and leakage of
oil [13,14].

Electrospinning is a well-known technique for fabricating nano-
fibers. Smallmolecules suchasdrugs canbeelectrospunwith apoly-
mer to entrap them in nanofibrous matrix. Because of the large
surface area of nanofibers, the entrapped payloads can be released
very fast upon dissolution of the fibers [15–18]. Emulsion-
electrospinning has been initially explored for the formation of
core-sheath nanofibers because droplets can be elongated during
the stretching of the electrospinning jet by the high electric field
[19–24]. This feature has been used for stretching individual dro-
plets discretly distributed in nanofibersmatrix, yielding anisotropic
nanoparticles after solvent evaporation [25]. Nanofibers have been
used for storing droplets of hydrophobic oils [26–31] or droplets of
aqueous solutions [32–36]. In the latter case,water-in-oil emulsions
were electrospun in the presence of a solution of hydrophobic poly-
mer dissolved in an organic solvent. However, water-in-oil emul-
sions tend to be less stable than oil-in-water emulsions and
expensive block copolymers are sometimes required for their stabi-
lization. The size of oil droplets plays a role on the morphology of
fibers. Indeed, electrospinning of 6 mm-large droplets of eugenol
led to a combination of core-shell and hollow fibrous structure,
whereas 3 mm droplets led to the formation of core-shell structures
only [36]. Coarse emulsionsof toluenedropletswith large sizedistri-
bution were found to favor the occurrence of beads whereas emul-
sions with small droplet diameter (~200 nm) and low
polydispersity could lead to the formation of homogeneous fibers
[29]. Hexadecane [30], peppermint oil [31], and fish oil [26] droplets
were embedded intohydrophilic polymers and thedroplets couldbe
recovered by dissolution of the fibers in water. However, the maxi-
mum loading of hexadecane, peppermint oil, and fish oil were
~15 wt%, 17 wt%, and 22 wt%, respectively. We demonstrate here
the generality of the concept of storage and re-dispersion of emul-
sions by embedding emulsion droplets in various polymer nanofi-
bers. In addition, we extended the concept to the re-dispersion of
nanoparticles and nanocapsules.
2. Materials and methods

2.1. Materials

Poly(vinyl alcohol) (PVA, Mw ~ 146,000–186,000 Da, 98.0–98.8%
hydrolysis, Acros Organics), carboxymethyl cellulose, sodium salt
(CMC, Mw ~ 90,000 Da, Acros Organics), dextran (Mr ~ 70,000 Da,
Sigma-Aldrich), tetraethyl orthosilicate (TEOS, Acros Organics,
98%), peppermint oil (PO, Sigma-Aldrich), sodium dodecyl sulfate
(SDS, 99%, Acros Organics), cetyltrimethylammonium chloride
(CTMA-Cl, TCI, 95%), and n-hexadecane (HD, 99%, Acros Organics)
were used as received. Deionized water was used throughout this
work.
2.2. Preparation of the miniemulsions

Known amount of PO and 250 mg of HD were mixed and added
to aqueous solutions with defined volumes and concentrations of
SDS (Table S1) and stirred 1 h at 11.20 rcf. Afterwards, the emul-
sions were sonicated for 3 min (50% amplitude in a pulse mode
with 1 s on and 1 s off) under ice-cooling.
2.3. Preparation of the dispersions

3 g of a mixture of TEOS and PO (Table S2) and 125 mg of HD
were mixed with 30 g of a 0.77 wt% CTMA-Cl aqueous solution
and stirred at 3.27 rcf for 10 min. The obtained emulsions were
then sonicated for 3 min (50% amplitude in a pulse mode with
3 s on and 1 s off) under ice-cooling. Reactions were conducted
by stirring the miniemulsions at ~25 �C for 20 h.
2.4. Preparation of nanofibers loaded with miniemulsion droplets

PVA solution or PVA/CMC aqueous solutions were mixed with
certain amounts of PO emulsions (Table S1) to obtain dispersions
with 10 wt%, 20 wt%, and 30 wt% PO containing 8 wt% PVA or
6 wt% PVA and 2 wt% CMC. Mixtures were stirred for 15 min before
being transferred in 10 mL syringes with stainless steel 21G nee-
dles (0.8 mm). Nanofibers were fabricated by electrospinning
at ~ 25 �C and 50–60% humidity by feeding the emulsions at a con-
trolled flow rate of 1.5 mL/h with a syringe pump. The distance
between needle and collector was 10 cm and the voltages were
varied between �10/+15 kV, �10/+20 kV, �10/+25 kV.
2.5. Preparation of nanofibers loaded with nanoparticles (NPs) and
nanocapsules (NCs)

6 g of silica nanoparticles (SiO2NPs) or silica nanocapsules with
low amount of PO (SiO2NCs/POl) or silica nanocapsules with high
amount of PO (SiO2NCs/POh) dispersions were added to a solution
1 g dextran in 1 g water. Then, an additional 5 g of dextran was
added to the dispersions and dissolved. The mixtures were trans-
ferred in 10 mL syringes with stainless steel 21G needles
(0.8 mm). Nanofibers were fabricated by electrospinning at approx.
25 �C and 50–60% humidity by feeding the emulsions at a con-
trolled flow rate of 0.3 mL/h with a syringe pump. The distance
between needle and collector was 10 cm and the applied voltage
was �10/+10 kV.
2.6. Phase separation experiments

0.8 g PVA or PVA/CMC nanofibers with embedded PO droplets
were dissolved in 10 mL of a 1 mol/L AlCl3 aqueous solution and
heated at 80 �C for 15 min or at room temperature for 12 h, respec-
tively. Consequently, nanofibers embedding PO droplets were left
to settle at room temperature for 6 days.
2.7. Re-dispersion of nanodroplets, nanoparticles, and nanocapsules

10 mg of PVA or PVA/CMC nanofibers with embedded PO dro-
plets or 10 mg dextran nanofibers with loaded SiO2NPs or SiO2-
NCs/PO were dissolved in 3 g of water. PVA nanofibers with
embedded PO droplets were heated at 80 �C for 5 min. PVA/CMC
nanofibers with embedded PO droplets were continuously stirred
at ~25 �C for 24 h while dextran nanofibers with loaded SiO2NPs
or SiO2NCs/PO were continuously stirred at ~25 �C for 2 min.
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2.8. Analytical tools and instruments

Mixtures were stirred with stirring hotplates (SP88857206,
Fisher Scientific) while sonication was carried out with a Branson
Digital Sonifier SFX 550. Nanofibers were fabricated by electrospin-
ning (TL-Pro-BM, Tong Li Tech) equipped with a syringe pump (TL-
F6, Tong Li Tech). Hydrodynamic diameters with polydispersity
index (PDI) of oil nanodroplets, silica nanoparticles, and nanocap-
sules were measured by dynamic light scattering (DLS, NanoPlus,
Particulate systems). Weight loss in nanofibers was investigated
by thermal gravimetry analysis (TGA, STA PT1600, Linseis) from
25 to 700 �C with a rate of 10 �C min�1 under a nitrogen atmo-
sphere of 100 sccmmin�1. Surface morphology of nanofibers, silica
nanoparticles, and nanocapsules was observed with a scanning
electron microscope (SEM, JSM-7610F, JEOL). The average size of
nanofibers was calculated by counting 100 fibers using the ImageJ
1.52a software. X-ray diffraction (XRD) patterns of PVA fibers and
PO1@PVA were investigated at 25 �C using X-ray powder diffrac-
tometer (D8 Advance, Bruker) with Cu Ka radiation operated at
40 kV and 40 mA (k = 1.5406 Å, data collected between 2h of 5�
to 90�with a step of 0.01�). The amount of PO nanofibers was mea-
sured by 1H NMR spectroscopy (Bruker, 600 MHz) at 30 �C. 25 mg
nanofibers were dissolved in DMSO d6. To calculate the amount of
PO in nanofibers, the integral of the signals between 0.66 and
0.82 ppm was selected. Because PO is a mixture of several mole-
cules for which the signals are difficult to attribute, we constructed
a calibration curve for relating the integral of the signals between
0.66 and 0.82 ppm to the concentration of PO. For this, a solution
with fixed concentration of internal standard (4-
hydroxybenzaldehyde, 3214 ppm) was mixed with PO at various
concentrations (25000 ppm, 20143 ppm, 15000 ppm,
10000 ppm, and 5000 ppm).
3. Results and discussion

3.1. Long term stability of peppermint oil droplets

Stability of emulsions over time is a primary concern for their
practical applications [1–4]. Peppermint oil (PO) was used as
model oil because it is widely used in food flavors, cosmetics,
and pharmaceutical products. We started hence to investigate
the stability of PO droplets in water stabilized by a surfactant. PO
miniemulsions were prepared with 20 wt% and 40 wt% PO and
the hydrodynamic diameters of the obtained droplets were moni-
tored with time. For miniemulsions with 20 wt% PO, the diameter
increased from 175 nm (PDI = 0.145) to 388 nm (PDI = 0.157) after
45 days. During the same time, miniemulsions droplets with 40 wt
% PO increased from 198 nm (PDI = 0.112) to 460 nm (PDI = 0.195)
(Table 1). Emulsions were slowly destabilized due to coalescence
[37] and Ostwald ripening [38]. To avoid this phenomenon, the
miniemulsions were electrospun so that the droplets could be
immobilized and stored in a solid matrix.

3.2. Embedding peppermint oil droplets into nanofibers

Poly(vinyl alcohol) and carboxymethyl cellulose (PVA and CMC)
were selected as matrix because they are water-soluble, non-toxic,
Table 1
Hydrodynamic diameters (Dh) of freshly prepared PO emulsion droplets in water measure

Entry PO [wt%] Freshly prepared PO

Dh [nm]

PO1 20 175
PO2 40 198
and biocompatible [39–41]. They have been therefore electrospun
and used for biomedical applications such as wound dressing
[42,43], drug delivery [44–46], and tissue engineering [47]. Con-
trolled experiments confirmed that electrospun nanofibers of pure
PVA and PVA/CMC displayed a smooth surface under SEM investi-
gation (Figs. 1a, 2a). On the contrary, the surface of PVA and PVA/
CMC nanofibers electrospun under different electric fields (Table 2)
and containing PO was rough, with some surface cavities (Figs. 1b–
d and 2b, c). This phenomenon is typical for electrospun emulsions
with discrete distribution of droplets in the nanofibers matrix [48–
51].

Emulsions containing 20 wt% PO (PO1), 40 wt% PO (PO2), 60 wt
% PO (PO3), and 80 wt% PO (PO4) were prepared. In the latter case,
phase separation was observed immediately after emulsification
by sonication so that only PO1-3 were subsequently electrospun.
Hydrodynamic diameters increased from 175 to 275 nm with con-
centration of PO as shown in Table S1. The average diameter of the
nanofibers concurrently increased from 675 ± 124 nm to
1176 ± 162 nm with amount of PO in emulsions due to larger
amount of PO in fibers (Table 2). Increase of fibers diameter with
increasing amount of dispersed phase was also found for PVA fibers
containing fish oil [26] and retinyl palmitate [52]. We compared
the XRD patterns of pure PVA fibers and PO1@PVA fibers (see
Fig. S4). As expected, the strong characteristic signal of PVA was
observed around 2h = 19.2� [53]. The pattern for the nanofibers
containing PO appears slightly broader, due to the presence of
the non-crystalline PO.

For the evaluation of the stability of droplets, the fibers were
dissolved in water. The hydrodynamic diameters of re-dispersed
PO droplets were found to be larger, but close to the original PO
droplets before electrospinning (Table 2). Indeed, at high PO load-
ing, the average droplet diameter after re-dispersion was 279 nm
(PDI = 0.148) against 275 nm (PDI = 0.207) before electrospinning.
Destabilization of emulsions could be therefore prevented by their
embedding in nanofibers. To understand the slight increase of PO
droplets size after re-dispersion, PO1-3 emulsions were mixed
with a PVA solution so that PO/PVA ratios were similar to PO/
PVA ratios in the nanofibers. The diameters of PO droplets
increased to 225 nm (PDI = 0.155), 263 nm (PDI = 0.135) and
348 nm (PDI = 0.139) for PO1, PO2, and PO3, respectively. Similarly,
sizes of hexadecane droplets slightly increased after their re-
dissolution from PVA fibers [30], indicating that PVA adsorbed on
the surface of the droplets.

The PVA nanofibers were dissolved at 80 �C in water so that the
dispersed phase shall not be volatile. For a more practical dissolu-
tion at lower temperatures, PVA was blended with CMC. Nanofi-
bers with an average diameter of 365 ± 93 nm (PO1@PVA/CMC)
and 918 ± 250 nm (PO2@PVA/CMC) were obtained (Table 2). Sim-
ilarly to PO@PVA nanofibers, the diameters of the nanofibers
increased with increasing amount of PO. PO1 and PO2 emulsions
mixed with a PVA/CMC solution with the same ratio and concen-
tration as for the electrospun dispersions displayed droplets diam-
eters that were >100 nm larger than PO1 and PO2 droplets. The
increase of diameter was larger in the presence of PVA/CMC than
with PVA.

Remarkably, on the contrary to the destabilized miniemulsions
monitored after 45 days, the size of the droplets stored in PVA
d by DLS and droplets after 45 days storage at 25–28 �C.

emulsion PO emulsion after 45 days

PDI Dh [nm] PDI

0.145 388 0.157
0.112 460 0.195



Fig. 1. SEM micrographs of a: PVA nanofibers (250 kV/m); b–d: PVA nanofibers loaded with various amounts of PO. b: PO1@PVA (56% PO, 250 kV/m); c: PO2@PVA (71% PO,
250 kV/m); d: PO3@PVA (79% PO, 300 kV/m).

Fig. 2. SEM micrographs of a: PVA/CMC nanofibers (250 kV/m); b and c: PVA/CMC nanofibers loaded with various amounts of PO. b: PO1@PVA/CMC (56% PO, 250 kV/m); c:
PO2@PVA/CMC (71% PO, 300 kV/m).

Table 2
Compositions of the fibers calculated from weighted initial amounts (POa) and phase separation experiments (POb). Diameters of the fibers measured by scanning electron
microscopy (D), electrical field (nozzle-collector distance = 10 cm) (E) for producing the fibers, hydrodynamic diameters (Dh) of re-dispersed PO droplets measured by DLS.

Entry POa [%] PVA [%] CMC [%] E [10�5V/m] D [nm] POb [%] Dh

[nm] PDI

PO1@PVA 55.6 44.4 0 2.5 675 ± 124 48 204 0.222
PO2@PVA 71.4 28.6 0 2.5 961 ± 163 67 266 0.130
PO3@PVA 79.0 21.0 0 3.0 1176 ± 162 71 279 0.148
PO1@PVA/CMC 55.6 33.3 11.1 2.5 365 ± 93 36 351 0.206
PO2@PVA/CMC 71.4 21.4 7.2 3.0 918 ± 250 64 325 0.228
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nanofibers for 45 days was to the original size in freshly prepared
emulsions. Indeed, the average diameters for 20 wt% and 40 wt%
PO was measured to be 210 nm (PDI = 0.175) and 273 nm
(PDI = 0.151), respectively. Furthermore, we investigated the sta-
bility of PO1 and PO2 emulsions, and PO1@PVA and PO2@PVA
nanofibers. After 7 months, phase separation in PO1 and PO2 emul-
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sions were observed (see Fig. 3c). The hydrodynamic diameters of
the droplets from fibers dissolved 7 months after their preparation
(223 nm, PDI = 0.151; 259 nm, PDI = 0.137) were very close to the
hydrodynamic diameters of droplets from fibers dissolved directly
after they were prepared (204 nm, PDI = 0.222; 266 nm,
PDI = 0.130).
3.3. Preservation of peppermint oil in nanofibers

To quantitatively determine the stored amount of PO, the nano-
fibers (PO1@PVA, PO2@PVA, PO3@PVA, PO1@PVA/CMC and
PO2@PVA/CMC) were dissolved in a 1 mol/L AlCl3 aqueous solu-
tion. AlCl3 was chosen because the trivalent aluminum cation
interacts strongly with sodium dodecyl sulfate, leading to coales-
cence of droplets and subsequent phase separation (Figs. 4 and
5). Weighing the upper layer yielded an almost complete recovery
(85–94% recovery) of PO from PVA nanofibers (Table 2). However,
visual observations indicated that the phase-separated aqueous
solutions from dissolved PVA/CMC were more turbid than solu-
tions from dissolved PVA. This induced that part of the PO was still
remaining in the lower phase, hence explaining the larger discrep-
ancies for PVA/CMC fibers between recovered PO and initial PO in
the electrospinning feed.

Furthermore, we measured the quantity of PO in PVA nanofibers
by 1H NMR spectroscopy (Fig. 3a). PO1@PVA nanofibers were dis-
solved in DMSO d6 containing 4-hydroxybenzaldehyde as internal
standard. A calibration curve (see Fig. 3b) was used for calculating
the amount of PO, which was 89% of the initial amount of PO in the
electrospinning feed. This means that most of PO remain in the
nanofibers.
Fig. 3. a: 1H NMR spectra of a: PO, SDS, PVA fibers, 4-hydroxybenzaldehyde, and PO1@PV
concentration calculated from integration of 1H NMR signals for PO (0.66–0.82 ppm) and
freshly prepared PO1 and PO2 emulsions and the same emulsions after 7 months of sto
Because most of the oil is preserved in the nanofibers, electro-
spinning of emulsion can be considered as a method for storing
emulsion nanodroplets for long periods of time. This type of stor-
age is beneficial for reducing energy of transportation of emulsions
because the weight of the nanofibers is lower than the weight of
the emulsions. The reduction in weight can be calculated by
Dm = (minitial � mfinal)/minitial. minitial is the weight of the electro-
spinning dispersion containing PVA, water, and PO. mfinal is the
weight of PO and PVA because water evaporated. For PO1@PVA
nanofibers, the amount of water is 82 wt% and therefore the reduc-
tion in weight is also 82 wt%.

3.4. Thermal stability of nanofibers

Thermal gravimetric analysis (TGA) of the nanofibers was per-
formed to investigate the thermal stability of the nanofibers
(Fig. S1–S2). TGA thermogram of pure PVA nanofibers (NFP) dis-
played three weight loss stages that could be identified to residual
moisture (40–100 �C), degradation of PVA side chains (200–
350 �C), and degradation of PVA main chain (380–530 �C)
(Fig. S1) [54]. Weight loss for PVA and PVA/CMC nanofibers con-
taining PO also occurred in 3 stages (Fig. S1–S2). However, the first
stage was extended to higher temperatures (till 230 �C) and also
included evaporation of PO.

3.5. Embedding and releasing nanoparticles and nanocapsules in
nanofibers

To generalize the concept of storage of emulsions to other types
of dispersion, we electrospun SiO2NPs and SiO2NCs/PO embedded
in fibers. Dextran was selected as nanofibers matrix due to its high
A with 4-hydroxybenzaldehyde in DMSO d6. b: calibration curve for determining PO
the internal standard signal 4-hydroxybenzaldehyde (9.77 ppm). c: photographs of
rage at 25–28 �C.



Fig. 4. Photographs of non-woven fibers of a–d: PVA nanofibers loaded with various amounts of PO. a: PO1@PVA (56% PO, 250 kV/m); b: PO2@PVA (71% PO, 250 kV/m); c:
PO3@PVA (79% PO, 300 kV/m), their dissolution in AlCl3 aqueous solutions, followed by phase separation after 6 days.

Fig. 5. Photographs of non-woven fibers of a–c: PVA mixed CMC nanofibers loaded with various amounts of PO. a: PO1@PVA/CMC (56% PO, 250 kV/m); b: PO2@PVA/CMC
(71% PO, 300 kV/m), their dissolution in AlCl3 aqueous solution, followed by phase separation after 6 days.
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solubility in water and biocompatibility. Moreover, it no needs to
use high temperature and long period of time for dissolving the
nanofibers. Nanocapsules were formed by a sol–gel process con-
fined at the interface of miniemulsion droplets so that PO could
be encapsulated by a thin silica shell [55]. The presence of the col-
loids could be observed on the rough surface of nanofibers by SEM
(Fig. 6b, e, h). Interestingly, the morphology of SiO2NPs and SiO2-
NCs/PO after dissolving the fibers (Fig. 6c, f, i) was similar with
their morphology before electrospinning (Fig. 6a, d, g). Further-
more, the hydrodynamic diameter of SiO2NPs and SiO2NCs/PO
before electrospinning and after dissolution of the fibers were
found to be very close (Table S2).
4. Conclusions

Nanofibers containing various amounts of immobilized droplets
in a polymer matrix could be prepared by electrospinning oil-in-
water emulsions. Our hypothesis was that high amount of emul-
sion droplets could be stored in fibers by electrospinning because
the continuous phase is evaporated during the process. Emulsion
droplets could be recovered by dissolving the nanofibers, even
after long time. The droplets sizes were close to the original ones
before electrospinning. Furthermore, SiO2NPs and SiO2NCs/PO
could be re-dispersed after being embedded in nanofibers. Entrap-
ment of emulsion droplets in nanofibers could be used as storage
method for saving space during storage and transportation. Reduc-
tion in weight to up to 82% of the original emulsion could be
achieved in the PO1@PVA nanofibers. Furthermore, spinning emul-
sions can save energy because they require less energy to be trans-
ported. Typical energy required for the transportation of food by
trucks in the USA is estimated to be 2.7 MJ�t�1�km�1 [56]. Pickering
stabilizers have been used for improving the shelf life of emulsions.
For example, corn oil microdroplets (~3–4 lm) stabilized by cellu-
lose nanocrystals and tannic acid could be re-dispersed in water
after freeze-drying [9]. Physical methods such as spray drying,
spray granulation, and freeze-drying were also studied for prolon-
gating the stability of emulsions. These methods were compared
for the storage of fish oil [11]. The encapsulation efficiency of fish
oil was around 96% for spray granulation, 84% for spray drying, and
less than 50% for the freeze-drying process. Although longer resi-
dence time was needed for spray granulation, materials prepared
by this method offered also the highest resistance against oxida-
tion of fish oil. Indeed, spray drying occurred at 80–180 �C and
the powder obtained by freeze-drying was porous, leading to a fas-
ter oxidation of the oil. Moreover, it is known that freeze-drying of
core–shell particles can lead to leakage of oil because of possible
breakage of the polymer shell during the freezing step [57].

To overcome the drawbacks of conventional methods such as
long residence time, leakage, or the use of temperature and pres-
sure, nanofibers containing various amounts of immobilized dro-
plets in a polymer matrix were prepared by electrospinning oil-
in-water emulsions. Hexadecane and fish oil nanodroplets were
already embedded into PVA nanofibers, but with a maximum con-



Fig. 6. SEM micrographs of a–c: SiO2NPs (w:w TEOS:PO = 100:0), d–f: SiO2 NCs/POl (TEOS:PO = 83:17); g–i: SiO2 NCs/POh (TEOS:PO = 67:33) – a, d, g: before electrospinning
in dextran fibers; b, e, h: embedded in dextran fibers; c, f, i: after dissolving the loaded dextran fibers in water.
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tent ~15 wt% [26] and 22 wt% [30], respectively. Similarly, a max-
imum of 17 wt% PO nanodroplets were embedded into dextran
nanofibers [31]. Herein, up to 70 wt% liquid droplets of essential
oil could be stored in PVA or blends of PVA and CMC and then
re-dispersed. It is of interest for future work to develop this
method further for storing aqueous droplets of water-in-oil
emulsions.
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