Scientia Agropecuaria 16(1): 51-59 (2025) Prieto-Benavides et al.

SCIENTIA
AGROPECUARIA Facultad de Ciencias
: H H Agropecuarias
Scientia Agropecuaria grop
Universidad Nacional de

Web page: http://revistas.unitru.edu.pel/index.php/scientiaagrop Truillo

RESEARCH ARTICLE

Sapote gum as a new biopolymer suitable emulsion stabilizer: Grapeseed oil
ultrasonic emulsification

Katherin Lloy Arce-Rios" 2 “; José Luis Pasquel-Reatequi'™ “; Thony Arce-Saavedra® &;
Eliana Marcela Vélez-Erazo"”

T Grupo de Investigacion en Ingenierfa y Tecnologia Agroindustrial, Facultad de Ingenierfa Agroindustrial, Universidad Nacional de San
Martin (UNSM), Tarapoto, SM, Perd.

Department of Food Engineering, School of Food Engineering, University of Campinas, Monteiro Lobato Street, 80, 13083-862,
Campinas, SP, Brazil.

Departamento Académico de Ciencia y Tecnologia Agroindustrial, Facultad de Ciencias Agrarias, Universidad Nacional Auténoma de
Chota (UNACH), Chota, Cajamarca, Peru.

* Corresponding author: elianamve@gmail.com (E. M. Vélez-Erazo).
** Corresponding author: jlpasquelr@unsm.edu.pe (J. L. Pasquel-Reétegui).

Received: 19 August 2024. Accepted: 24 December 2024. Published: 14 January 2025.

Abstract

Sapote gum (SG) is a new biopolymer with promissory functional properties. This study aimed to determine if SG is a suitable emulsifier
for obtaining stable grape seed oil (GSO) emulsions. In the first stage, coarse emulsion concentrations of SG and grapeseed oil - GSO were
evaluated, applying the Central Composite Rotational Design (0.59% to 3.41% of SG and 12.93% to 27.07% GSO). For the second stage,
using a Centered Face Design — CFD, the resulting emulsion was sonicated at 90, 270, and 450 Watts at 5, 10, and 15 min. Finally, a
validation was made. Emulsions were evaluated through microstructure, droplet size, kinetic stability, heat stress, and rheology.
Micrographs of the first-stage emulsions showed droplets up to 3.8 um diameter and a creaming index between 0.00% and 28.39% after
24 h. Optimization indicates that the higher the concentration of gum (3.5%) and GSO (25%), the more kinetically stable emulsions are
produced. Ultrasonic emulsions showed no significant difference in droplet size and kinetic stability before 14 days of rest. Ultrasonic
validation was made at 450 W for 6 min, resulting in emulsions stable for 20 days and with rheological characteristics interesting for food
or cosmetic industries.
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1. Introduction al., 2020; Fernandes et al., 2013; Gornas et al., 2018),
The International Organization of Vine and Wine mainly linoleic acid; It also contains isomers of vita-
reported that total wine production in 2023 was 237~ min E such as those found in the red Marufo grape
million hectoliters (OIV, 2024). In wine production, variety, a - tocopherol (244 mg/kg of oil), y -
more than 0.2 kg of pomace is generated for every  tocopherol (19 mg/kg of oil), o - tocotrienol (319
kilogram of grapes pressed, and the seeds account mg/kg of oil) and vy - tocotrienol (1575 mg/kg of oil)
for 25% of this pomace (Duba & Fiori, 2015). (Fernandes et al., 2013). This composition allows the
Grapeseed oil (GSO) is a component of pomace production of high-quality functional products in
from the wine industry. This bioproduct is important order to take advantage of their properties in dif-
to recover because the residue from grape  ferent presentations such as antimicrobial films
processing is used to do so, which helps conserve (Mauro et al,, 2022), biodiesel (Hazar & Sevinc,
the environment and increase the added value to 2023), emulsions (Mutlu, 2023; Sarabandi et al,
viticulture (Yang et al., 2027). 2022), among others.

The GSO contains a significant amount of polyun- Food technology requires natural emulsions that
saturated fatty acids (PUFAs) ranging from 63.64% come from sustainable and healthy production.
- 84.4% in its different grape varieties (Dabetic et Emulsions are generally made using high-energy
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methods such as ultrasound. Nevertheless, the
high-energy emulsification process as a mixing sys-
tem can cause some undesirable changes in the
ingredients of the food emulsion. Thus, it is essential
to study the emulsion, emulsifier, and oil phase
changes after sonication (Taha et al., 2020; Zhou et
al., 2021). Emulsions present significant challenges
that must be overcome for their application in
industry. Due to emulsions being formed by two
immiscible fluids in a non-spontaneous manner,
they present thermodynamic instability. In addition,
they have physical instabilities such as flocculation,
coalescence, Ostwald ripening, phase inversion,
and gravitational instabilities, characterized by an
irreversible increase in the size of the dispersed
phase droplets (Kelmer & Costa, 2024). Emulsifiers
and stabilizers, therefore, play an important role in
the food industry.

Among the biopolymers studied as GSO emulsifiers
are milk protein (Sarabandi et al., 2022; Silva et al,,
2020a), gelatin/sodium alginate (Mutlu, 2023), gum
arabic (Surini et al., 2018), lupine Protein (Francisco
et al, 2023), poppy pollen protein and peptides
(Sarabandi et al., 2023), polyglycerol polyglycino-
leate polyglycinoleate /whey protein isolate with
konjac glucomannan (Zhuang et al., 2023), pectin/
gelatin (Khah et al, 2021). However, no further
information exists on the use of sapote gum as a
stabilizer or emulsifier. Previous studies have
reported that its use as a coating on bananas was
promising; it was able to preserve the fruit's
characteristics over the storage period (Vélez-Erazo
et al, 2022). In addition, as a plasticizer in chitosan
films, it has better properties than other natural
plasticizers (Gonzaga et al., 2019).

Capparis scabrida is a tree grown in Peru, Ecuador,
Venezuela, Colombia, Bolivia, Panama, Brazil, and
Costa Rica, from which the gum is extracted from
vascular exudations (Herz Castro, 2007). The use of
this species is mainly forestry due to the value of its
wood, and its deforestation has led the Peruvian
government to declare the species in critical danger
of extinction and scientists to promote conservation
strategies (Abreu-Naranjo et al., 2020; Rodriguez-
Rodriguez et al.,, 2007). The gum has a moisture
content of 11% to 12%, water solubility value of 91%
to 98%, viscosity of 230 cps at 17%, pH of 4.41 (Herz
Castro, 2007), and high in protein (8.45% - 9.3%)
and carbohydrates content (83.5% - 86.46%) (Herz
Castro, 2007, Moscol Ortiz, 2018). Thus, its
application as a stabilizer represents an interesting
alternative due to its biodegradable presentation
compared to synthetic polymers and toxic
preservatives.
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For all the above, the objective of this research was
to study, for the first time, the sapote gum potential
to form and stabilize grapeseed oil emulsion using
ultrasound as an emulsion-forming technique.

2. Methodology

Material

Grape seed oil (Vitis labrusca) was purchased by the
company Nature, located in the province of San
Martin, department of San Martin, Peru, which uses
burgundy grape seeds from the viticulture of local
producers. The oil was kept refrigerated until use.
The sapote gum (Capparis scabrida) (protein
(8.45% - 9.3%) and carbohydrate content (83.5% -
86.46%) (Herz Castro, 2007; Moscol Ortiz, 2018))
was provided by local producers in the Almirante
Miguel Grau, located in Piura, Peru.

Obtention of pre-emulsion

The sapote gum and water solution were left in
magnetic stirring for 24 h, then GSO was added. An
Ultraturrax rotor-stator (lka, Werke GmbH and Co.
KG, Staufenim Breisgau, Germany) was used to
form the emulsion by stirring at 12000 rpm for 2
minutes, and the emulsion was immediately
analyzed by optical microscopy and kinetic stability
for 24 hours. The different proportions of sapote
gum and GSO were combined according to the
Central Composite Rotational Design (CCRD) type
design between 0.59% and 3.41%, and 12.93% and
27.07%, respectively (Table 1).

Obtention of ultrasonic-emulsion

The optimal emulsion of the previous assay was
subjected to ultrasound (900W full power, 20 kHz
frequency, Branson 250, USA, probe (& = 12.5 mm))
at different conditions of power amplitude (10%,
30% and 50%), which provided nominal powers of
90, 270, and 450 Watts, respectively; and time (5,
10, and 15 min) according to the Centred Face
Design (CFD) generating 12 treatments (Table 2).
The ultrasonic emulsion was immediately analyzed
by optical microscopy and kinetic stability for 0, 7,
and 14 days (the emulsion was kept under
laboratory conditions until the analysis was
performed).

Characterization of pre-emulsion and ultrasonic
emulsion

Kinetic stability

For the analysis of kinetic stability, we proceeded
according to Vélez-Erazo et al. (2018), where 40 mL
of each previous emulsion was placed in 100 mL
graduated tubes and then left in ambient conditions
for 24 hours. Phase formation was then observed,
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and the oil phase volume was recorded every 30
minutes for the first 3 hours and at 24 hours. The
details of the kinetic stability analysis are shown in
Figure 1.

!

} Qily pase of released oil

} Emulsion cream phase with
larger diameter droplets

Emulsion phase with droplets
of smaller diameter

TN

Figure 1. Phases observed in kinetic stability analysis.

The kinetic stability was calculated according to the
oil release (OR), creaming index (Cl), and Creaming
- Qil index (COI) given in equations 1, 2, and 3)
which is defined between the ratio of the height of
the oil phase, creaming phase or creaming-oil
phase of the emulsion (H) and the initial height (Ho).

Hoi
%OR = g”_"l) X100 EqY
%Cl = (HT'"“’) x100 €q2)
%COI = (Fereemnatel) x100 (Eq3)

Table 1
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Where Ho represents the initial volume of the emul-
sion, and H is the volume of the upper or cream
phase. The Cl was determined in duplicate, and the
results were expressed as mean + standard
deviation.

For the analysis of the kinetic stability of the ultra-
sonic emulsion, 25 mL of each treatment was
placed in graduated specimens of 50 mL, where the
emulsions were analyzed on days 0, 7, and 14; in
addition, for this last day, the ultrasonic emulsions
were subjected to thermal stress in a water bath at
90 °C for 20 minutes, following the methodology of
Li et al. (2023).

Optical microscopy and droplet diameter

It was determined by optical microscopy using a mi-
croscope (Nikon, Eclipse Ni-U model) with an am-
plitude of 40x (previous emulsions) and 100x with
immersion oil (ultrasonic emulsions), with image
capture through the digital camera controlled by
the Motic Images Plus program. For the analysis of
the micrographs, the Image) software was used,
which allowed for determining the area of the drop-
lets (400 drops/treatment) and, from this, calculated
the theoretical average diameter according to
equation 4 according to Saout et al. (1999).

Theoretical diameter = \/(@) (Eq 4)

Central Composite Rotational Design (CCRD) and characteristics of pre-emulsions

Exp Gum (%) Qil (%) Oil release Creaming index Creaming - Oil index Diameter (um)
1 -1(1) -1(15) 7.14+0.91 9.74+0.92 16.88+0.00 4.94+3.10
2 13) -1(15) 0.00+0.00 8.11+0.00 8.11+0.00 3.79+2.75
3 -1(1) 1(25) 6.58+1.86 14.47+1.86 21.05+0.00 4.72+4.07
4 13) 1(25) 0.00+£0.00 0.00+0.00 0.00+£0.00 4.51+£2.09
5 -1.41(0.59) 0(20) 15.07+0.00 9.59+0.00 24.66+0.00 4.90+2.44
6 1.41(3.47) 0(20) 0.00+£0.00 1.35+0.00 2.01+£0.93 3.98+1.87
7 0(2) -1.41(12.93) 2.67+0.05 10.67+0.20 13.34+0.25 41+2.00
8 0(2) 1.41(27.07) 2.58+0.02 28.39+0.26 30.97+0.28 487+3.03
9 0@) 0(20) 3.21+£0.97 13.46+0.66 16.67+0.30 5.33+3.53
10 0@) 0(20) 3.21+£0.97 13.46+0.66 16.67+0.30 4.97+3.06
M 0@) 0(20) 3.20+0.85 12.82+0.23 16.02+0.61 5.00+£3.18
12 0(2) 0(20) 2.58+0.02 14.19+0.13 16.77+0.15 424+2 31

Table 2

Central Face Design (CFD) and Particle Diameter (um)
T X; (Watts) Xz (Min) DO D7 D14 WB
1 -1 (90) -1(5) 1.60+0.73 237+118 2.05+0.81 1.80+0.87
2 1 (450) -1(5) 1.90+0.69 186+1.07 1.55+0.61 161+0.39
3 -1(90) 1(15) 2.10+0.92 1.75+0.90 1.49+0.51 1.41+£0.35
4 1(450) 1(15) 2.09+0.49 1.73+0.64 1.42+0.60 1.85+0.54
5 -1(90) 0(10) 1.82+0.76 1.30+0.47 1.54+0.56 1.36+035
6 1(450) 0(10) 1.84+0.59 1.64+0.62 136+0.47 2.00+0.93
7 0(270) -1(5) 1.81+0.71 1.64+0.60 1.69+0.50 159+0.37
8 0(270) 1(15) 1.65+0.71 1.82+0.74 1.25+0.32 1.70+0.40
9 0(270) 0(10) 1.42+0.58 1.92+0.82 1.73+0.44 1.63+0.50
10 0(270) 0(10) 2.04+078 1.59+0.52 1.65+0.48 1.79+0.56
11 0(270) 0(10) 1.61+0.711 124+0.45 1.58+0.43 1.53+0.34
1?2 0(270) 0(10) 1.77+0.59 1.56+0.82 149+035 182+0.70

DO: particle diameter day 0, D7: particle diameter day 7, D14: particle diameter day 14, and WB: particle diameter after water bath (heat stress).
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Validation

A validation experiment was carried out by
preparing a pre-emulsion at 3.5% SG and 25% GSO
using an Ultraturrax rotor-stator (lka, Werke GmbH
and Co. KG, Staufenim Breisgau, Germany) at 12000
rom for 2 minutes. Finally, an ultrasonic emulsion
was obtained at 450W by 6 min (Branson 250, USA,
probe (& = 12.5 mm)).

The emulsion was characterized according to
kinetic stability using a Turbiscan LAB® basic
(Formulation, L'Union, France) at days 0, 3, 6, 10, 12,
17, and 20. Rheological assays were made using a
rheometer (Anton Paar MCR 302, GmbH, Graz,
Austria) equipped with a 40 mm flat plate geometry
and a gap of 1000 um. Flow curves were obtained
at a shear rate of 1-300 s (up, down, up), and
results were adjusted to the Herschel-Bulkley (HB)
model (0 = 0o + k.y"). Amplitude (Strain 0.01-100%
at 1Hz) and angular frequency (1-100 rad/s at strain
0.1) sweep were carried out for viscoelastic
parameters.  Finally, thixotropy assays were
developed in three intervals, first and third intervals
at1s'for 400 s, and the second interval at 80 s for
200 s. All rheological assays were made at 25 °C
(Medeiros et al.,, 2022).

Statistical analysis

A Central Composite Rotational Design (CCRD) was
applied to characterize the previous emulsion in the
homogenizer at p < 0.05. A Centred Face Design
(CFD) with a p < 0.10 was used for the ultrasonic
emulsion. Protimiza software was used in both
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analyses to determine the mathematical model that
best fits the experimental results. The statistical
analysis allowed us to identify the effects of the
variables and their interaction on the responses of
oil release, cream index, and droplet size.

3. Results and discussion

Characterization of the pre-emulsion

The characterization of the pre-emulsion (Table 1
and Figure 2) was performed to determine the
optimal concentration of GSO and sapote gum of a
stable emulsion capable of retaining the greatest
amount of oil with the least amount of sapote gum.
The relationship between kinetic stability and drop-
let size compromises the quality of the emulsion.
Thus, after emulsion preparation, T2, T4, and T6
resulted in uniform and homogeneous emulsion,
treatments with the highest concentrations of
sapote gum used (3% and 3.41%, respectively)
(Table 1). During the 24 hours observed, T2 and T6
had a cream phase with no oil release, and only the
T4 did not present a cream phase or oil release
(Figure 2). In relation to droplet size, the diameter
fluctuated between 3.79 um (T2) and 5.33 um (T9),
and all samples presented similar microstructure
and droplet size distribution (Figure 2). The ANOVA
finds that gum concentration has a significant effect
(P-value equal to 0.037), which is explained in the
mathematical model that the higher the gum
concentration, the smaller the particle size. This
difference is visibly unobservable.

Creaming + oil Index (%)

Volume (%)

0.1 10

Diameter (um) Diameter (um)

ol e o5 -
0.01 0.1 1 10 100 0.01 0.1 1 10 100

Diameter (um) Diameter (um)

Figure 2. Pre-emulsion characterization. Creaming + oil index kinetic and macrostructure at 24 h (up), and microstructure and droplet size

distribution of T4, T5, T8 and central point (CP) (Down).
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Figure 3 shows the trend areas according to the sta-
tistical methodology applied. Figure 3A shows that
axial oil concentrations (12,93% and 27.07%) do not
significantly affect oil release. In contrast, when the
gum concentration is < 2%, the emulsion results in oil
release. This behavior demonstrates the influence of
gum concentration on the emulsion on oil release.
Figures 3B and C show that, at sapote gum
concentrations less than 3.25% with high oil con-
centration, the greater the formation of the creaming
phase, and when the concentration of gum is > 3.25%,
regardless of the oil concentration, the emulsion
results in less formation of the creaming phase. Figure
3D shows that the lower the oil concentration (<14%)
and the higher the gum concentration (> 3.25%), the
smaller the droplet size.

Table 3
Reparametrized model for Oil Release, Creaming Index, Creaming Oil
Index, and Droplet Size of Pre-emulsions

Variable response Polynomial Equations R2 (%)
Oil Release Yi=3.05 - 438 x1 + 183 x2 — 0.63 x22 93.26
. Y= 15.02 —3.47 x1— 5.50 xi? + 2.71
Creaming Index : b e 70.40
=321 xix
Creaming Ol Y3=17.53 = 7.73 x1— 341xP + 2.62 X2 —
77.07
Index 307 xix
X Y= 488033 x1—0.22 x +0.20 X2
Droplet Size 101932 +0.24 30 73.27

Table 3 presents the reparameterized model for each
response variable, considering the significance of the
factors in descending order. This reparameterized
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model allowed us to find the equation that represents
the optimization of sapote gum and oil concentrations
based on an acceptable R°. Finally, the generated
models explain the experimental results much more
about the release of oil (R? = 93.26%). These results
are corroborated by the p-value, which was less than
0.05 for most means.

All response variables (il release, creaming index,
creaming-oil index, and droplet size) of the previous
emulsion were adjusted to second-order polynomial
equations, where it is observed that the effect of
sapote gum concentrations (Xq) is significant
compared to GSO concentrations (X2). These equa-
tions demonstrate the stabilizing capacity of sapote
gum since as the gum concentration (X;) increases, the
cream formation and the oil release tend to decrease.
Notwithstanding, as the GSO (Xp) increases, the
formation of cream tends to increase. The effects of
droplet size are opposite since as X and Xo
concentrations increase, droplet size tends to decrease
and increase, respectively, represented by negative
and positive signs in the coefficients (Table 3).

All this is explained by the fact that by increasing the
gum and decreasing the oil that the surface of the
droplets formed, they are covered by the protein in its
entirety, ensuring emulsification. Furthermore, the
polysaccharides in the gum fulfill a steric function by
increasing the viscosity of the emulsion and preventing
the formed droplets from moving and interacting with
each other (Vélez-Erazo et al., 2020).

28
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© B VY P o B D P o
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Gum (X:, %)
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Gum (X:, %)

Figure 3. Pre-emulsion Contour Plot for Oil Release (A), Creaming Index (B) Creaming-Qil Index (C), and Droplet Size (D).
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Figure 4. Ultrasound-emulsion characterization. microstructure and droplet size distribution of central point at days 0, 7, 14 (A), and after
water bath (heat stress) (B), Droplet diameter contour chart at day 14 (C), and Macrostructure at day 14 (D).

Similar results were obtained by Sepeidnameh et al.
(2024). The authors analyzed the stability of GSO-
multilayer emulsions stabilized by gelatin, gelatin-
chitosan, and gelatin-chitosan-basil seed gum ho-
mogenized only by a rotor-stator device. All emul-
sions presented phase separation at day 7, reaching
values of 36%, 46%, and 53% of the creaming index
for emulsions stabilized by gelatin, gelatin-chitosan,
and gelatin-chitosan-basil seed gum, respectively.

Characterization of ultrasonic emulsion

The purpose of using a Centred Face Design (CFD)
was to establish the optimal ultrasonic power and
time application conditions for the formation of
stable emulsions using optimized pre-emulsion of
sapote gum (3.50%) and GSO (25%). These
concentrations were defined by analyzing Figure 3,
with the aim to obtain less oil release (Figure 3A),
less cream formation (Figure 3B and C), and the
smallest droplet size (Figure 3D). These responses
were analyzed to determine the greatest possible
GSO incorporation. In response to this step, the
ultrasound-emulsion characterization is presented
in Figure 4 and Table 2.

As shown in Figure 4, the ultrasonic emulsions
presented similar microstructure and monomodal
droplet size distribution. Also, these emulsions did
not exhibit creaming phase formation, indicating
that the emulsions had good kinetic stability during
the evaluation period (14 days), even after heat
stress. Results coincided with the study of Silva et al.
(2015) on ultrasound's effectiveness in producing
kinetically stable single or double emulsions (Li et
al,, 2023).

-56-

In some treatments, the development of dark-
colored colonies was observed on day 7, possibly
due to the presence of microorganisms, which
could cause the collapse of interfacial protein struc-
ture, the oxidation of lipids, and finally, the destabi-
lization of the emulsion (Yuan et al., 2013). However,
in this case, their presence on the emulsions until
day 14 did not signify an instability factor. Given the
good stability of this emulsion, it is recommended
that antimicrobials be used for future work.

In relation to particle size, it is observed that on day
0, the diameter varies between 1.418um and 2.092
um, on day 7 between 1.239 um and 2.369 um, on
day 14 between 1.251 um and 2.054 um, and after
heat stress between 1.359 um and 1.998 um (Table
2).

Statistical results reveal that on days 0 and 7, there
were no significant effects of variables (power and
sonication time) on droplet size due to the low R?
observed (Table 4). The droplet size was so homo-
geneous that no difference was observed when
applying a statistical analysis, which does not nec-
essarily mean something negative. In contrast, after
14 days, the sonication time variable appears to be
a slightly influential factor in droplet size and a
higher degree of correlation with droplet diameter.
This behavior implies that the longer the emulsion
rest time, the more the droplet structure is re-
shaped. Similar studies suggest optimal conditions
for producing 10-day stable sonoemulsions at GSO
(10% w/w) and protein solutions (3.3% w/w) with
casein:whey protein ratios of 60:40, 50:50, 40:60
produced with an energy density of 81.9 J mL=" (500
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W at 60% amplitude for 7 minutes) (Silva et al., 2019,
2020a).

Table 4
Reparametrized model for ultrasound-emulsion’ droplet size
Diameter Polynomial Equations R?
Yi= 170 +0.06 x; + 0.16 % + 0.09 x> +0.05
Day 0 %7 — 007 ¥06 3830
Y,= 153 -0.03 x; + 0.05x¢ - 0.09 %, + 0.30
Day 7 %7 +012 %% 45.09
Day 14 Y3=156-0.13 %= 0.18 X + 0.11 ;x> 73.38

The results of the droplet diameter of the emulsion
after 14 days of resting show that there is a significant
difference between the treatments and, in the contour
graph (Figure 4C), the tendency is observed that the
longer the time and power of sonication, the smaller
the particles are formed. These results express a
polynomial equation based on a correlation greater
than 70%. Before 14 days, it was not possible to define
a mathematical model that would respond to the
optimization of the process because the warhead did
not compromise the two variables.

Silva et al. (2020b) obtained GSO-ultrasound emul-
sions stabilized with milk proteins. The authors found
that ultrasound can form small droplets (<3 um), which
is related to high emulsion stability. These results are
similar to those found in the present study,
highlighting the potential of sapote gum to form and
stabilize GSO emulsions since sapote gum presented
an emulsifying behavior similar to an excellent
emulsifier such as milk proteins.

Validation
A final validation experiment was made after variable

BS (%)
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(without phase separation), ultrasound parameters
were determined at 450 W for 6 min, calculating a
droplet size < 1.5 um (Figure 4C). At these conditions,
low process time and high potency avoid
overprocessing (increasing the temperature) and allow
work at low energy density, reducing the energy cost
(Vélez-Erazo et al,, 2018). Results show that the final
assay is stable for 20 days without phase separation or
another destabilization process (Figure 5A).

Figure 5B-F shows the rheological characterization.
Several models are widely used for fitting experimental
flow data, such as Ostwald, Casson, Mizarhi-Berk, and
Herschel Buckley (Gamboa-Alarcén et al, 2023).
Experimental data presented a good adjustment to
the Herschel-Bulkley model (R*>0.99) and showed a
shear-thinning behavior due to the flow behavior
index (n) being a little higher than 1 (1.19). Additionally,
apparent viscosity decreases as the shear rate
increases.

On the other hand, in oscillatory assays, loss modulus
(G") was higher than storage modulus (G'), indicating
that emulsion was predominantly viscous material
affected mainly by frequency. Figure 5E demonstrates
that SG-emulsion is also characterized as a
concentrated solution without gel behavior despite
showing a clear tendency for elastic-like behavior at
higher frequencies (Steffe, 1996).

Finally, the thixotropy test evaluates the deformation
and regenerative capacity of the emulsion, presenting
a recovery percentage of 73% (Calculated as the
relation of the final viscosity of the first interval and the
first viscosity of the third interval). An acceptable
recovery percentage (over 70%) was obtained,
suggesting that this emulsion can be used in systems

analyses. As all emulsions were stable for 14 days requiring reversible deformation (Wu et al., 2022).
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4. Conclusions

Sapote gum (Capparis scabrida) is a new biopoly-
mer that demonstrated emulsifying capacity, main-
taining grapeseed oil-emulsion stability during the
evaluated time (20 days). Two experimental designs
were established using response surface methodol-
ogy to study the variables" modeling and the opti-
mal values for formulation (rotor-stator pre-
emulsions) and ultrasonic parameters (Ultrasonic
emulsions).

In the rotor-stator pre-emulsions, some experi-
ments presented phase separation after a few hours
of storage, and droplet size varied between 3.79
and 533 um. The optimized pre-emulsion was
defined as 3.5% sapote gum and 25% grapeseed
oil. Ultrasonic emulsions did not present phase
separation during 14 days of storage, even after
heat treatment. Ultrasound decreases the droplet
size (1.25 = 2.37 um), ensuring emulsion stability.
Finally, an emulsion’ validation was made with 3.5%
sapote gum and 25% grapeseed oil and with ultra-
sonic parameters of 450 W for 6 min. This emulsion
resulted in a shear-thinning fluid with predomi-
nantly viscous behavior, being a concentrated solu-
tion without gel behavior and with reversible defor-
mation. All these characteristics allow the incorpo-
ration of sapote gum-stabilized emulsion in a wide
range of products.

Future investigations are necessary because there
are no studies on the application of sapote gum as
a biopolymer in different industries, such as food,
cosmetics, or pharmaceuticals.
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