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ABSTRACT

The aim of this investigation was to obtain a natural dye by ultrasound-assisted extraction
from purple sweet potato (Ipomoea batatas L.) for its application in yogurt. The extraction
parameters were optimized using a Box-Behnken design and response surface methodology
in 15 treatments. Temperature, ethanol concentration, and sonication time were the variables
studied in the extraction process, with anthocyanin concentration serving as the response
variable, which was determined using the differential pH method. Treatment T11 was identified
as the best treatment, with the following extraction conditions: a temperature of 60 °C, ethanol
concentration of 60.16 %, and sonication time of 20 min. The concentration of anthocyanins
fluctuated between 59.7 and 66.47 mg of cyanidin-3-glucoside L. From T11, three yogurt
samples were formulated with 0.6, 0.8, and 1 % of extract and a control without any addition
(0 %). These samples were evaluated through sensory analysis with a hedonic scale of nine
points with 50 panelists. The formulations with anthocyanins received favorable scores; the
yogurt with 1 % dye stood out for having the highest acceptance in terms of color, although
for the remaining attributes (flavor, aroma, and consistency), the yogurt with 0.8 % scored
higher. In general, all samples with natural dye obtained an acceptable evaluation. Therefore,
the extract can be used as a natural dye in yogurt without issue, making it a viable alternative
to synthetic dyes and potentially leading to the development of functional foods due to its

bioactive compound content.

Keywords: natural dye, ultrasound, sensory analysis.
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INTRODUCTION
The growing interest in the intake of natural and healthy foods has driven many
investigations for ingredients or bioactive compounds that benefit human health
(Montero et al., 2020; Marcia-Fuentes et al., 2021; Maddela and Garcia, 2021). In
this context, the sweet potato (Ipomoea batatas L.) stands out for its high content of
antioxidants such as anthocyanins and beta-carotene. The anthocyanins found in the
skin of the purple sweet potato are known for their ability to be used as natural dyes,
offering a healthy and sustainable alternative to the synthetic dyes used in the food
industry (Coba-Carrera et al., 2019; Marcia-Fuentes et al., 2020; Saravia-Maldonado et
al., 2020; Santos-Aleman et al., 2023a).
Anthocyanins have been shown in clinical and preclinical studies to have anti-
inflammatory properties, reducing markers such as C-reactive protein, IL-6, or
TNF-a, and improving endothelial function and vascular health. Additionally, they
modulate the intestinal microbiota positively, stimulating beneficial bacteria such as
Bifidobacterium and Lactobacillus, and favor the production of short-chain fatty acids,
which are associated with better digestive and metabolic health (Fallah et al., 2020;
Saini ef al., 2024; Zhao et al., 2024).
Given the acknowledged health benefits associated with anthocyanins, the aim of
this investigation was to extract anthocyanins from the purple sweet potato using
ultrasound, optimizing the extraction parameters (temperature, time, and ethanol
concentration) using a Box-Behnken design, for their subsequent application as a
natural dye in yogurt and the evaluation of its sensory acceptability. It was proposed
that the anthocyanin extract obtained with this technique can be used as a natural dye
in yogurt, maintaining a favorable sensory acceptability. Its incorporation into yogurt
not only provides natural color but can also improve its functional profile, favoring
cardiovascular, immunological, and digestive health in consumers.

MATERIALS AND METHODS

The investigation was carried out between the months of February and September,
2024, in the facilities of the National University of Loja, in the province of Loja, Ecuador.
The institution is located at an altitude of approximately 2060 m, with a mean annual
temperature of 16 °C and an average rainfall of 1200 mm (INEC, 2023).

Sweet potato (Ipomoea batatas L.) of the purple variety was used as the raw material,
which had previously been obtained from the Loja wholesale market from local crops.
For the extraction of anthocyanins and the bromatological analyses, analytical grade
reagents were used: ethanol (99 %, Hayman Kimia; Witham, UK), distilled water
(Puritech; Guayaquil, Ecuador), citric acid (J.T. Baker; Phillipsburg, USA), sulfuric
acid (Fisher Chemical; Fair Lawn, NJ, USA), hydrochloric acid (Fisher Chemical; Fair
Lawn, NJ, USA), sodium hydroxide (Thermo Scientific; Illkirch, France), petroleum
ether (Merck; Darmstadt, Germany), potassium chloride (ISOLAB; Eschau, Germany),
sodium acetate (Merck; Darmstadt, Germany), and acetone (Merck; Darmstadt,
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Germany). A mixed cross-sectional method was used, structured into four main
phases, described below.

Sample preparing and conditioning (Phase I)

The raw material was selected manually, discarding roots with signs of rot or
deterioration. Subsequently, it was washed with drinkable water and disinfected in a
sodium hypochlorite-based solution (100 ppm, equivalent to 2.5 ml of 4 % commercial
bleach in 1 L of water). The roots were carefully peeled with a surgical scalpel and
a stainless-steel knife to extract the skin, avoiding the pulp, and obtaining a yield
of approximately 154 g of skin for every 1000 g of purple sweet potato. The skins
were weighed using a precision scale (Mettler Toledo ME204; Columbus, OH, USA)
and lyophilized at -56 °C in a vacuum for 24 h (Labotec, model 01JLGGJ12; Midrand,
South Africa). The lyophilized skins were ground using a two-speed blender with
700 W of power (Oster, model BLSTBESTE; Boca Raton, FL, USA) until a fine and
homogenous powder was obtained. This powder was stored in sealed containers at
room temperature in the dark until it was used.

Ultrasound-assisted extraction (Phase II)
Anthocyanins were extracted following the methodology proposed by Solérzano et al.
(2023) and Mendoza et al. (2023) from the skin of purple sweet potato. A Box-Behnken
design was implemented with three levels and three factors (temperature, time, and
ethanol concentration) to optimize the extraction, following the response surface
method (Mendoza et al., 2023). Every treatment had three repetitions, with a total of 45
experimental units. The independent variables were time of sonication, temperature,
and solvent concentration. The dependent variable was the concentration of extracted
anthocyanins.
For the extraction, 15 treatments were prepared with 0.25 g of homogenized sweet
potato skin powder with 60 mL of ethanol solutions at 50, 60, and 70 %, acidified at 4
% with citric acid (J.T. Baker, Phillipsburg, NJ, USA). The samples were sonicated in
an ultrasonic bath (MRC Laboratory Instruments; Harlow, UK) at a frequency of 40
kHz, at temperatures of 40, 50, and 60 °C, for periods of 20, 25, and 30 min. The extract
obtained was filtered using 125 mm filter paper Whatman. No. 1 to remove residual
solids.
The filtrates were concentrated using a rotavaporator (Yamato Scientific Co., Tokyo,
Japan) equipped with a vacuum pump (Welch, modelo 2034, Mount Prospect, IL, EE.
UU.) removing ethanol at a controlled temperature of 25-30 °C to prevent degradation
of anthocyanins, following the procedure described by Zapata et al. (2014). During this
process, the volume was reduced from 60 mL to approximately 5 mL. Subsequently,
the extracts were centrifuged using a centrifuge (Unic, model C818, Dayton, NJ,
USA) at 3400 rpm for 10 min. to promote sedimentation and clarification. Finally, the
concentrates were stored at 4 °C for 24 h until application.



Agrociencia 2025. DOI: https://doi.org/10.47163/agrociencia.v59i8.3424
Scientific Article

Proximal and bromatological analysis of the sweet potato

For proximal analyses, the roots of sweet potato in optimum conditions were washed,
peeled, and split into skin and complete matrix. Both parts were dried at a controlled
temperature and pulverized until a homogenous particle size was obtained.
Bromatological analyses were carried out using the Thiex (2009) and Association of
Official Analytical Chemists (AOAC, 2019) methods.

The analyses carried out included moisture (%) determined by kiln drying loss
(Binder, model FD, Tuttlingen, Germany) at 95-100 °C to constant weight (AOAC
934.01), and dry matter (%) as a supplement to moisture; raw protein (%), quantified
by Kjeldahl digestion with conversion factor 6.25 (AOAC 981.10); crude fat (%), by
Soxhlet extraction with petroleum ether (AOAC 920.39); crude ash (%), by mufla
incineration at 600 °C to white or grey mineral residue (AOAC 942.05). Raw fibre (%)
was determined by acid and alkaline digestion according to Weende (AOAC 962.09),
whereas neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent
lignin (LDA) were determined using an ANKOM system (ANKOM Technology,
Macedon, NY, USA)., with filter bags according to the standardised method of Van
Soest et al. (1991), validated in AOAC (2019).

Total anthocyanins determination

Quantification was performed using the differential pH method (Marcia-Fuentes et
al., 2021) from the corrected absorbances of each treatment in triplicate. Two buffer
solutions were prepared: potassium chloride 0.025 M, pH 1.0 (ISOLAB; Eschau,
Germany), and 0.4 M sodium acetate, pH 4.5 (Merck; Darmstadt, Germany), stored
at 4 °C and protected from the light. The pH was adjusted with 37 % HCI (Fisher
Chemical; Fair Lawn, NJ, USA). The concentrated extracts were diluted in each buffer,
adjusting the dilution factor to keep absorbances within 0.2-1.2. Absorbances were
measured in a spectrophotometer (Shimadzu, UV-1800; Kyoto, Japan) at 520 and 700
nm, in triplicate. The differential absorbance was calculated as follows:

A=(A520nm-A700 nm)pm'O - (A520 nm - A 700 nm)pm5

The concentrations of monomeric anthocyanins were determined using the following
equation:

A x MW x DF x 1000
ex1

Total anthocyanins (mg L) =

where MW is the molecular weight of cyanidin-3-glucoside (449.2 g mol”), € is the
coefficient of molar extinction (26 900 L mol! cm™), DF is the dilution factor (5), and
A is the differential absorbance. The results were expressed in equivalent terms of
cyanidin-3-glucoside as a reference pigment.
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Incorporating the natural dye into yogurt (Phase III)

The anthocyanin extract obtained under optimal conditions was added to artisanal
yogurt made with Nutri brand milk (Lacteos San Antonio; Cuenca, Ecuador) and Toni
brand natural sugar-free ferment (Industrias Lacteas Toni S.A.; Guayaquil, Ecuador).
Fermentation was carried out by incubating the mixture for 6 h at 3840 °C, with 6 %
of sugar as a substrate for the lactic acid bacteria (Molina et al., 2024). Three treatments
were formulated with different dye concentrations: 0.6 (T1), 0.8 (T2), and 1 % (T3), as
well as a control without dye (T4).

Sensory evaluation (Phase IV)

A descriptive sensory test was applied on 50 untrained consumers (emotional judges),
who evaluated attributes of color, aroma, flavor, and consistency using a nine-point
hedonic scale (1 =1 dislike it extremely; 9 = I like it extremely), according to the
methodology proposed by Santos-Aleman ef al. (2023b) and Mendoza et al. (2023).
The experimental design of the sensory evaluation was conducted using a completely
balanced block design, with treatments T1 to T4 assigned to blocks A-D. Block A
corresponded to treatment T1, with 0.6 % of extract in its formulation; block B to
treatment T2, with 0.8 %; block C to treatment T3, with 1 % of extract; and block D to
treatment T4, which worked as a control without the addition of pigment. The average
scores for each attribute were recorded for analysis.

Statistical analysis

Extraction was optimized using a polynomial regression model validated with analysis
of variance (ANOVA) within the methodology (response surface methodology) using
Statgraphics Centurion 18 (version 18.1.13). The assumptions of normality (Shapiro-
Wilk), homoscedasticity, and independence of residuals were verified. In case of a
breach, the non-parametric Kruskal-Wallis test was applied to detect significant
differences between treatments. In addition, Fisher’s least significant difference (LSD)
method was implemented to compare means with a 95 % confidence level.

RESULTS AND DISCUSSION

Proximal analysis of the sweet potato

Results of the bromatological analyses showed that the purple sweet potato presents a
high humidity content (69.09 %) and low content of ash (0.9 %), raw fiber (0.84 %), raw
fat (0.17 %), and protein (1.13 %). Additionally, a considerable amount of dry matter
(30.9 %) and neutral detergent fiber (NDF) (11.95 %) was recorded, along with a low
content of acid detergent fiber (ADF) (0.75 %) and undetectable levels of lignin (Table
1). These results are consistent with values reported by Vidal et al. (2018), which backs
the stability and quality of purple sweet potato as a raw material for the extraction of
natural dyes (Coba-Carrera et al., 2019).
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Table 1. Results of the proximal analysis for the fractions of purple sweet potato (Ipomoea
batatas L.) -complete matrix and shell- expressed on a wet basis (fresh weight).

Sweet potato (complete Sweet
Parameter . X
matrix) potato skin

Humidity (%) 69.09 76.99
Dry matter (%) 30.9 23.0

Raw protein (%) 1.13 0.897
Raw fat (%) 0.17 0.33
Raw ash (%) 0.9 2.67
Raw fiber (%) 0.84 3.33
Neutral detergent fiber (%) 11.95 10.98
Acidic detergent fiber (%) 0.75 4.70
Acidic detergent lignin (%) Not detected 1.54

As for the skin of purple sweet potato (Table 1), a higher content of humidity (76.99
%), ash (2.67 %), raw fiber (3.33 %), and ADF (4.7 %) was observed in comparison
to the complete matrix. These results coincide with earlier investigations that point
out the skin of the sweet potato as an important source of insoluble dietary fiber,
with beneficial effects in digestive health (Armijos et al., 2020). Likewise, lignin was
found in low levels (1.54 %), yet it was not quantifiable in the complete matrix. This
lower presence could be related to a better digestibility of the fiber in food applications
(Guarner et al., 2011). These results indicate that the sweet potato skin has favorable
chemical features, particularly due to its fiber content, which may add functional
value to the dye made from this raw material.

Concentration of anthocyanins

The results displayed significant differences in the concentrations of anthocyanins
among treatments (Table 2). The optimal treatments were T11, with 62.87 mg L under
conditions of 60 % ethanol, 60 °C, and 20 min of extraction; and T9, with 61.5 mg L”,
under the same ethanol percentage and extraction time, but at a temperature of 40 °C.
These results coincide with the recommendations by Stoica et al. (2022), who suggest
that the extraction of anthocyanins from red onion skin must be carried out at an
ethanol concentration of 60 % to favor the extraction of anthocyanins and balance the
solubility of hydrophilic molecules.

By contrast, the least efficient treatment was T4, which only reached 3.2 mg
L* with 70 % of ethanol, 60 °C, and 25 min of extraction. This yield suggests that
high concentrations of ethanol combined with high temperatures may reduce the
degradation of anthocyanins, as pointed out by Cacace and Mazza (2003).

These findings coincide with Sadilova et al. (2006), who showed that anthocyanins
are sensitive to temperatures, pH, and solvents such as alcohol, and degrade easily.
Likewise, Patras et al. (2010) indicate that high temperatures affect the color and
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Table 2. Concentration of anthocyanins (mg of cyanidin-3-glucoside L-1) obtained from the
ultrasound-assisted extraction of 0.25 g of purple sweet potato skin (Ipomoea batatas L.) using the Box-
Behnken design, evaluated across 15 treatments in triplicate.

Treatment Ethanol Temperature Time Anthocyanin
concentration (%) (°C) (min) concentration (mg L)
! 50 40 25 17.96 g
2 70 40 25 2813 e
3 50 60 25 11.85h
4 70 60 25 3.20i
> 50 50 20 1508 g
6 70 50 20 21.09 f
7 50 50 30 26.76 ¢
8 70 50 30 22.59 f
9 60 40 20 6150 a
10 60 40 30 39.75 cd
1 60 60 20 62.87 a
12 60 60 30 2532
13 60 50 25 43.14 ¢
14 60 50 25 39.48 cd
15 60 50 25 5473 b

Different letters in the same column indicate differences according to Tukey’s test (p < 0.005).

functional activity of these molecules, whereas Zhang et al. (2015) report that high

concentrations of ethanol may alter their molecular structure, reducing their stability
and shelf life.

Analysis of variance and Pareto chart

The analysis of variance (ANOVA) of the quadratic model (Table 3) identified the
time of extraction (B) and the quadratic term of ethanol (CC) as significant factors
(p = 0.0003 and p = 0.0000, respectively), whereas the temperature (A) and the linear
term of ethanol (C) were not significant (p = 0.8625 and p = 0.1821, respectively). The
adjusted R? (74.69 %) indicates that the model adequately explains the variability of the
experimental data. The results coincide with findings by Fernandes et al. (2020), who
point out that the temperature, in some cases, does not have a significant influence
on the efficiency of the extraction of anthocyanins when time and concentration of
ethanol are controlled.

Results were verified in the Pareto chart, where time of extraction (B) and the
quadratic term of the concentration of ethanol (CC) appear as the factors with the
greatest influence on the concentration of anthocyanins, both of which surpass the
line of reference (Figure 1A). The results of the means for time (Figure 1B) showed that
short periods (20 min) maximize yield and prevent degradation caused by prolonged
exposure, coinciding with reports by Tiwari et al. (2009). Regarding the concentration
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Table 3. Analysis of variance (ANOVA) for the concentration of anthocyanins in the skin
of purple sweet potato (Ipomoea batatas L.), considering linear and quadratic effects, as
well as interactions of the independent variables.

Variables p-value (concentration of anthocyanins)
Temperature 0.8625
Time 0.0003*
Ethanol concentration 0.1821
AA 0.3652
AB 0.2197
AC 0.7444
BB 0.6631
BC 0.7251
CC 0.0000*
R? 74.69 %

*Significant to a0 = 0.05. AA: quadratic effect of the temperature; BB: quadratic effect
of time; CC: quadratic effect of the concentration of ethanol; AB: temperature-time
interaction; AC: temperature-ethanol concentration interaction; BC: time-ethanol

concentration interaction.

Standardized Pareto chart for anthocyanins Means and Fisher’s LSD at95.0%
cc B
=
Time = 38
Ethanol g
A5 | I g
AA{ 228
BB | @ =B
BC|[J ES
ac{ @ 218
Temperature - [| =
0 2 i 6 8 10 =S w w \ \ ‘
Standarized effect 10 15 20 e 25 30 B
Means and Fisher’s LSD at 95.0% Main effects for anthocyanin concentration
S 60 £ 5 ~
g g ~ ™~
E 50 = S~ AN -
5 I 54 \\ \
2 40 £ X
g g N
=R £
5 a
% 20 I :I: ? 24
=]
£ 10 =
<c 0 < 1l T T T T T T
T T T T T 40 60 20 30 50 70
a Ry Ethﬁa?ml 7o 80 Temperature Time Ethanol

Figure 1. Graphic analysis of the factors that affect the concentration of anthocyanins (mg L?)
obtained from 0.25 g of purple sweet potato (Ipomoea batatas L.) skin. A: Pareto chart of the
concentration of anthocyanin; B: Means for time of extraction (min) + Fisher’s least significant
difference test (LSD); C: Means for the ethanol concentration (%) + Fisher’s LSD test; D: behavior
of the study variables against the concentration of anthocyanins. AA: quadratic effect of the
temperature; BB: quadratic effect of time; CC: quadratic effect of the concentration of ethanol;
AB: temperature-time interaction; AC: temperature-ethanol concentration interaction; BC: time-
ethanol concentration interaction.
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of ethanol (Figure 1C), 60 % provided the best balance between the polarity of the
solvent and the stability of the anthocyanins, coinciding with descriptions by Cacace
and Mazza (2003). The joint behavior of the variables (Figure 1D) indicated that the
temperature keeps a stable effect in the interval between 40 and 60 °C, considered
adequate to preserve the integrity of these compounds; however, prolonged exposure
times may favor their degradation.

Optimization of the response variable (concentration of anthocyanins)

The optimization of the experimental design helped determine the ideal conditions
to maximize the concentration of anthocyanins in the process of extraction (Table
4). The optimum treatment identified was T11, characterized by a short time, a high
temperature, and an intermediate ethanol concentration. These conditions reflect
the importance of a balance between time, temperature, and solvent for the efficient
extraction of anthocyanins. These conditions coincide with Xue et al. (2021), who
indicated that lower extraction times in ultrasound-assisted processes help obtain
high yields, since they prevent the thermal degradation of anthocyanins.

Table 4. Optimal conditions of the anthocyanin extraction process from the
skin of purple sweet potato (Ipomoea batatas L.), determined with the Box-

Behnken design.
Variable Optimum value
Temperature 60 °C
Time 20 min
Ethanol concentration 60.16 %
Anthocyanin concentration 60.72 mg L

The optimal concentration obtained (60.72 mg L*), under the extraction conditions
presented, validates the effectiveness of the quadratic model applied in the Box-
Behnken design. This confirms its usefulness in the optimization of complex processes
such as the ultrasound-assisted extraction, backing similar approaches by Tiwari et
al. (2009) and Castaneda-Ovando et al. (2009) in studies on the extraction of phenolic
compounds and anthocyanins.

Response surface of the Box-Behnken design

The Box-Behnken design proved to be efficient to optimize the extraction of
anthocyanins from the skin of sweet potato by evaluating both the individual influence
and the interactions between temperature, time, and the concentration of ethanol.
This predictive tool helped identify optimal conditions, guiding potential industrial
applications. Using the response surface methodology, the significance of adjusting
and balancing critical parameters to promote efficient extraction was demonstrated.
The most relevant response surfaces are shown and discussed below.
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Surface at fixed ethanol concentration

With a constant percentage of ethanol (60 %), the concentration of anthocyanins
increased considerably in combination with high temperatures (60 °C) and short times
(20 min) (Figure 2). This behavior can be attributed to the greater solubility of the
anthocyanins in ethanol at high temperatures, in which thermal energy facilitates the
rupture of the cell walls (Castaneda-Ovando et al., 2009). However, prolonged times
lead to a reduction in concentration, probably due to the thermal degradation of the
compounds, which has also been reported by Tiwari et al. (2009).

Estimated response surface
Ethanol concentration=60.0

Anthocyanins
(mg L)
.-120
. -4.0
4.0
12.0
20.0
m 28.0
36.0
44.0
52.0
. 60.0
 68.0

68

48

28

-12
40

Anthocyanin concentration (mg L)

48 m U

52
56

. A 24
Temperature (°C) 60 20 22 Time (min)

26

Figure 2. Response surface for the concentration of anthocyanins based on the temperature and
the time of extraction with 60 % ethanol from 0.25 g of purple sweet potato (Ipomoea batatas L.)
skin.

Surface at fixed sonication time

By keeping time constant (20 min), the concentration of anthocyanins displayed a
direct dependence on the temperature and the ethanol concentration (Figure 3). The
best results were obtained at 60 °C and 60 % of ethanol, thus confirming the need
for a balance between temperature and solvent to avoid losses due to degradation
or insufficient solvent. This finding is consistent with Cacace and Mazza (2003), who
found that 60 % of ethanol offers the optimum balance between polarity and stability
in the extraction of anthocyanins.

Surface at fixed temperature

When the temperature was fixed at 60 °C and the extraction time was short (20 min),
the concentration of anthocyanin increased significantly (Figure 4). Slight deviations
from these conditions reduced the efficiency of the process, which highlights the need
for an accurate control of these variables. These findings are consistent with those
reported by Xue et al. (2021), who also identified short time and controlled temperature
as key factors in ultrasound-assisted extraction.
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Estimated response surface
Time =20.0

Anthocyanins
(mg L)

.-12.0
)
w40
12.0
20,0
 28.0
36.0
44.0
52.0
. 0.0
. 65.0

[#))
o

[y
o=}

28

Ly
S]

66 70

62
Ethanol (%)

Anthocyanin concentration (mg L)

oM s n s
Temperature (°C)

w50 54 58

Figure 3. Response surface for the concentration of anthocyanins based on the temperature and
ethanol concentration, with a fixed sonication time of 20 min from 0.25 g of purple sweet potato
(Ipomoea batatas L.) skin.

Estimated response surface
Temperature = 60.0

Anthocyanins
(mg L)
120
.40
w40
12.0
[ 20.0
i 28.0
36.0
44.0
52.0
. 60.0
I 68.0

68 [~

48

Ay Ry S Wiy e S
gy iy, 7y
8 e A S
hy e

27

ooy
oy,

1
. 62 66

o,
20 22 " 58
24 54
2628 35 50 Ethanol (%)

Anthocyanin concentration (mg L)
e}
o

70
Time (min)

Figure 4. Response surface for the concentration of anthocyanins based on the time of extraction
and concentration of ethanol, with a fixed temperature of 60 °C from 0.25 g of purple sweet potato
(Ipomoea batatas L.) skin.

Path of steepest ascent

To further optimize the process, the path of steepest ascent was used, which projects
the optimal combination of variables to maximize the concentration of anthocyanins
(Table 5). A progressive increase in temperature from 50 to 70 °C favors the increase
in the concentration, reaching an estimated maximum value of 87.86 mg L at 70 °C.
This behavior coincides with Chemat et al. (2012), who pointed out that moderate
increases in temperature favor solubility and the diffusion of phenolic compounds in
ultrasound-assisted extractions.
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Table 5. Path of greatest ascent for the optimization of the concentration of anthocyanins
in the extraction from 0.25 g of purple sweet potato (Ipomoea batatas L.) skin, depending
on the projection of the evaluated variables.

Temperature Time Ethanol concerﬁ?;zgiygﬁégic tion
O (min) (%) =
(mg L)
50.0 25.00 60.00 45.79
51.0 22.40 60.43 50.40
52.0 21.36 60.39 52.40
53.0 20.60 60.35 54.06
54.0 19.98 60.31 55.63
55.0 19.45 60.27 57.17
56.0 18.98 60.24 58.74
57.0 18.54 60.20 60.35
58.0 18.15 60.17 62.01
59.0 17.77 60.14 63.74
60.0 17.42 60.11 65.54
61.0 17.08 60.08 67.41
62.0 16.76 60.06 69.36
63.0 16.44 60.03 71.38
64.0 16.14 60.00 73.49
65.0 15.85 59.97 75.68
66.0 15.56 59.95 77.95
67.0 15.28 59.92 80.30
68.0 15.01 59.90 82.74
69.0 14.74 59.87 85.26
70.0 14.48 59.84 87.86

Likewise, areduced extraction time (from 25 to 14 min) minimizes thermal degradation,
allowing operation at relatively high temperatures without affecting the stability of the
anthocyanins, as pointed out by Patras et al. (2010). During this process, the ethanol
concentration was kept at around 60 %, validating the key role of this percentage to
balance the solubility and stability of bioactive compounds, according to reports by
Dai and Mumper (2010). The balance between a high temperature, a reduced time of
extraction, and an intermediate concentration of ethanol is crucial to maximize the
recovery of anthocyanins.

Sensory evaluation
The sensory evaluation helped obtain the means of the attributes evaluated, as well as
the intent of purchase associated with each one of the yogurt samples, including those
with natural dye and the control treatment (Table 6).
No significant differences were found in color (p = 0.5296), although T4 (yogurt
without dye) had the highest score. This could be related to a preference for more
natural tonalities or to samples with dye not presenting a sufficiently distinctive color.
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Table 6. Results of the sensory evaluation and intent of purchase for different yogurt samples with and

without natural dye, including a statistical analysis with the Kruskal-Wallis test.

Panel block Color Aroma Flavor Consistency Intent Ofo
purchase (%)
A (T1) 6.18 +2.28 5.82+2.30 6.02+2.45 6.06 +2.45 60
B (T2) 6.27 +2.47 6.00 +2.32 6.43 +2.45 6.31+£2.43 60
C(T3) 6.35+2.43 578 +2.21 6.18 £2.45 6.16 £2.46 66
D (T4) 6.59 +2.52 6.51£2.16 6.94 +2.45 7.02£2.39 82
Kruskal-Wallis test 0.5296 0.3282 0.0606 0.0526 -

*The values express a mean + standard deviation on a hedonic nine-point scale evaluated by 50

panelists. The intent of purchase represents the percentage based on the total of the 50 evaluators

willing to purchase the sample. No significant differences were observed (Kruskal-Wallis, p > 0.05).

Coello-Garcia et al. (2000) pointed out that a greater chromatic intensity can influence
the perception of the product.

The scores for aroma were similar between treatments (p = 0.3282). The lack of impact
of the dye on aroma is consistent with studies that point out that the addition of natural
pigments, such as anthocyanins, has no significant impact on the volatile compounds
in charge of the aromatic profile of the product (Tian et al., 2022). In terms of the flavor,
despite not being significant (p = 0.0606), T4 was the best valued, which suggests
that the panelists perceived a better balance in the flavor of the yogurt without dye.
According to Delwiche (2004), the perception of flavor can be influenced by visual
stimuli and sensory expectations.

The values of consistency reflected a positive tendency for T4 (p = 0.0526). The dye
did not perceptibly alter this attribute, indicating that it does not affect the physical
structure of the yogurt. Regarding the purchase intent, the control treatment displayed
the highest acceptance (82 %). Nevertheless, sample T3 (1 % dye) had a score of 66 %,
which highlights an acceptable potential of the dye.

Jointly, the use of the dye displayed promising results. However, the preference for
the control treatment highlights the need to adjust the concentration of the pigment
in the yogurt to achieve an adequate balance between the intensity of the color and
the sensory acceptance of the product. Adjustments in concentration can improve key
attributes (Chemat et al., 2012).

CONCLUSIONS
The extraction of anthocyanins from the skin of sweet potato by ultrasound was
efficient to obtain the pigment. The optimization of the process using a Box-Behnken
surface response design determined that the best conditions are a temperature of 60
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°C, an extraction time of 20 min, and an ethanol concentration of 60.16 %. The extract as
anatural dye in yogurt displayed a good acceptance, although the control sample was
the best valued. These results show the potential of the extract as a viable alternative
to synthetic dyes, not only for its sensory acceptance but also for its possible health
benefits thanks to its bioactive compounds.
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