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Abstract

In recent years, there has been a growing interest in the consumption of natural products, driven by concerns
over the potential health risks associated with synthetic compounds. Furthermore, in response to environmental
pollution, research on cosmetic products incorporating a circular economy approach has been undertaken. In
this study, we formulated a liquid soap using goat fat (Capra aegagrus hircus) as a fatty acid source, combined
with the antioxidant properties of iguaraya fruit (Stenocereus griseus). Physicochemical characterization of goat
fat, including pH, free acidity, saponification, iodine and peroxide indices, moisture content, volatile matter, and
other critical quality parameters, confirmed that this raw material met the required standards. Gas
chromatography-mass spectrometry (GC-MS) analysis revealed that the major fatty acids were palmitic (C16),
stearic (C18), and oleic (C18:1) acids. Additionally, the iguaraya extract contributed to the antioxidant capacity of
the liquid soap formulation, according to the DPPH analysis results. These findings suggest that the raw
materials used are appropriate for cosmetic formulations and provide additional benefits in terms of quality and
functional properties. Thus, we successfully formulated and developed a cosmetic product from natural raw
materials, which allowed for the utilization of by-products generated from Capra egagrus hircus, promoting
biomass conversion and the use of renewable resources, which are key principles of the circular economy and
sustainable development goals (SDGs).

1 Introduction

Currently, aesthetic products significantly influence human needs. Appearance and personal care play an
important role in modern lifestyles, attracting an increasing number of consumers to products used to clean,
enhance, or alter the appearance of the skin, hair, or nails [1, 2]. This growing interest in personal care has
energized the cosmetic market, with new products launched at a rapid pace. The global market in this industry is
forecasted to reach $463.5 billion by 2027 [3, 4], reflecting how demand intensifies due to increasing concerns
about aesthetics and personal well-being.

According to the United States Food and Drug Administration (FDA), the law defines cosmetics as "articles
intended to be rubbed, poured, sprinkled, sprayed on, introduced into, or otherwise applied to the human body for
cleansing, beautifying, promoting attractiveness, or altering the appearance". Among the most popular products
for body cleansing are toilet soaps [5], which are presented in liquid form or as solid bars (the former is widely
distributed in many public bathrooms). These soaps are obtained through a process called saponification, in
which the soap base is produced from a transesterification reaction between a fat or oil (triglycerides) and a
NaOH solution (for solid soaps) or KOH (for liquid soaps) [6, 7]. This base is the main component of a typical
toilet soap formulation, and its techno-functional properties, such as detergent action, emollience, foaming
capacity, antibacterial action, and biodegradability, among others, are derived from it [8—10].

Due to a better understanding of the adverse effects of artificial or synthetic ingredients on human health and
the environment, there has been considerable interest in using safer ingredients derived from natural and
renewable sources. Throughout history, plant extracts, oils, and bioactive compounds have been used in
cosmetic formulations, and today, the most globally recognized brands utilize them to enhance the efficacy of
their products [11, 12]. Although the use of vegetable ingredients predominates in the cosmetic industry
because of their sustainability [6], the use of animal fats in the manufacture of cosmetic products is a traditional
practice that remains relevant today. These ingredients are valued for their ability to replicate human skin lipids,
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providing deeper and longer-lasting hydration than vegetable alternatives, a feature that favors the restoration of
the skin barrier. This ability makes them especially useful in products aimed at treating dry skin [13, 14].

The ancestral territory of the Wayuu indigenous people is located on the Guajira Peninsula, covering both the
north of the Colombian department of La Guajira and northeast of Venezuela. These people have a solid cultural
identity and consider livestock a fundamental pillar, not only to face food insecurity but also as a source of
income. In this region, 79.4% of Colombia's goat population is raised, and many of these animals are
slaughtered mainly for their meat [15, 16]. However, the resulting fat has few uses and thus becomes an
underutilized waste, generating environmental impacts. Another natural resource highly valued by this
community is the "Yosu" (Stenocereus griseus), a desert cactus that offers them a varied range of options, from
the collection of fruits (Iguaraya) for consumption, the accumulation of young stems for goat grazing, as
material for building houses and traditional medical applications [17]. The Iguaraya fruit (pitaya in other regions
of Latin America) has a round-oval shape, and the color of its pulp is red due to the presence of polyphenols
(betalains), water-soluble natural pigments, which exhibit a wide range of desirable biological activities,
including antioxidant, anti-inflammatory, hepatoprotective, and anticarcinogenic properties [18-20].

Currently, no studies have been conducted on the development of cosmetic or pharmaceutical products from
these raw materials. Therefore, in this study, the development of toilet soap is proposed as an alternative for the
use of fatty residues from goat, combined with the extract of the Iguaraya fruit. This study aligns with
sustainability trends and the use of local resources, promoting a more efficient and environmentally friendly
production cycle.

2 Materials and methods
2.1 Reagents, standards and solvents

The various solvents used for the extraction of analytes of interest, as well as the reagents or catalysts used in
the development of the formulations and the standards used for their quantification, were of analytical grade
from Sigma-Aldrich Inc., Merck, and PanReac AppliChem:

Table 1. Reagents, standards and Solvents Employed: Source and Purity
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Table 1

Reagents, standards and solvents employed: source and

purity
Chemical Name Source Purity
Hydrochloric acid Merck 37%
Petroleum ether PanReac 99.5%
Ethyl alcohol Merck 96%
Cyclohexane PanReac 99.5%
Glycerol standard Sigma-AldrichInc  >99.99%
Wijs reagent PanReac Not report
Sodium hydroxide Merck 99%
Sodium thiosulfate ~ Merck 96%
Sulfuric acid Sigma-Aldrich 98%
Potassium iodide Merck 100%
Phenolphthalein Sigma-Aldrich 98%
Acetic acid Merck 100%
Hexane Merck 95%

2.2 Raw Materials, Ingredients, and Additives

The raw materials used in the soap making were goat fat (Capra aegagrus hircus) and iguaraya fruit extract
(Stenocereus griseus) obtained from the Department of La Guajira, potassium hydroxide, propylene glycol, and
cocoamide from Merck.

2.2.1 Goat Fat (Capra aegagrus hircus)

The fat used was supplied by the Jirrawaikat community located at Km 17, Valledupar Road, Colombia
(10°27'37" N 73°15'35" 0), who performed the slaughtering and butchering of Capra aegagrus hircus following
traditional Amerindian techniques [21]. During this process, they extracted subcutaneous and visceral fat, which
was subsequently melted and filtered to remove impurities. Afterwards, the processed fat was kept under
controlled refrigeration at 4°C.

2.2.2 Iguaraya Fruit Extract (IGFE)

The fruit was obtained from a local distributor in Riohacha (11°32'40" N 72°54.433' 0), selected according to
ripeness criteria such as medium firmness, intense red color, average dimensions of 6 cm in length by 8 cm in
diameter, and an approximate weight of 80 g. It was kept under controlled refrigeration conditions at 4°C until
transported to the laboratory in Bogota D.C. Fruits were initially washed with a 200 ppm sodium hypochlorite
solution. Subsequently, they were processed by homogenization in water in a Black & Decker BLBD210GSS
blender (Middleton, USA), the mixture was left to rest for 24 hours to facilitate the diffusion of the compounds
into the water, and finally filtered [22]. Two extracts were formed by changing the ratio of the amount of water to
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fruit: a medium level for a ratio of 35 g fruit and 65 g water, and a high level for a ratio of 65 g fruit and 35 g
water.

2.3 Characterization of Capra aegagrus hircus Fat
2.3.1 Physicochemical Analysis
2.3.1.1 Saponification index

The saponification index was determined according to the AOAC 920.160 standard [23], using 5 g of sample that
reacted with 25 mL of 30% potassium hydroxide heated on a water bath for 30 minutes. After cooling for a few
minutes, the resulting solution was titrated with 0.5 M HCI, using phenolphthalein as an indicator. In addition, a
blank titration was performed without the sample. The saponification value was calculated using Eq. 1 [24].

Saponi fication index = 28.5 (y — z)/m (1)

In this case, the symbol m represents the mass of the sample used in the evaluation, expressed in grams (g).
The symbols x and yindicate the volumes in milliliters (mL) of HCI consumed, by the sample and the blank,
respectively.

2.3.1.2 lodine index

The iodine index was measured according to the AOAC 993.20 standard [25], by dissolving the sample in
cyclohexane, adding iodine trichloride, and titrating the excess iodine with sodium thiosulfate after adding
potassium iodide and water, followed by starch indicator until the color change [26]. The volume of thiosulfate
consumed with the sample (x) and without it (y) was recorded, using Eq. 2 of the study to calculate the iodine
index.

Iodine index = 1.269 (y — z)/m  (2)
where the symbol m indicates the mass of the sample used in the evaluation, expressed in grams (g).

2.3.1.3 Peroxide index

The peroxide index, according to the AOAC 965.33 standard [27] used acetic acid, potassium iodide, and final
titration with 0.01 M sodium thiosulfate until the disappearance of the yellow color. A 5% (w/v) starch solution
was used as an indicator [28]. The titration of the sample consumed a volume x (mL) while the blank consumed
y (mL), where the peroxide value was calculated with Eq. 3.

Peroxide index = 10 (x —y)/m  (3)

here, mindicates the mass of the sample in grams (g).

2.3.1.4 Free fatty acids

The amount of free fatty acids was determined using the AOAC 940.28 standard [29] by dissolving the sample in
neutralized ethyl alcohol and 0.1M sodium hydroxide [28].

2.3.1.5 Acidity value
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Acidity was evaluated following the ISO 660:2020 standard [30], using hot ethanol with phenolphthalein and
neutralizing with 0.1M sodium hydroxide at 70°C [28].

Acidity value = 5.61n/m  (3)

Here, nrepresents the volume in milliliters (mL) of 0.1 M NaOH. In the meantime, m represents the mass in
grams (g) of the sample.

2.3.1.6 Unsaponifiable matter

To determine unsaponifiable matter ISO 18609 [31] was used, which includes saponification, extraction in
hexane, evaporation of the solvent, and determination of the residue [32].

2.3.1.7 Moisture and volatile matter

Moisture and volatile matter were measured using Method B of the NTC 287, drying the sample for 1 hour until a
constant weight was reached.

2.3.2 Analysis of Fatty Acid Methyl Esters by GC-MS

Initially, the fatty acids from the sample were transformed into their methyl ester form using the AOAC 920.160
method [23]. For the analysis and identification of fatty acids, the instrumental conditions previously reported
were used [33], employing a gas chromatograph-mass spectrometry (GC-MS) Shimadzu QP2010 Ultra, using an
electronic ionization (EI) source. The separation of the fatty acid methyl esters (FAMEs) was performed on a
fused silica capillary column Rtx-5MS (30 m x 0.25 mm internal diameter x 0.25 pm film thickness) from Restek
(Bellefont, PA, USA). The analysis was performed using He as the carrier gas at a flow rate of 1.2 mL/min. The
injection volume was 1 pL in split mode with a split ratio of 1:10, with a split flow of 11.5 mL/min and a
temperature of 250°C at the injector. In the MS, ion signals were acquired in full scan mode over an m/zrange of
40-400 Da. The samples were analyzed in triplicate.

2.4 Formulation of Liquid Toilet Soap

The soap formulation was carried out using the methodology reported previously [34] with some modifications.
In the first phase, the fat was heated until completely melted and maintained at a temperature of 60°C,
simultaneously a 30% potassium hydroxide (KOH) solution was prepared and heated to 60°C. Subsequently, the
hot KOH solution was added to the fat, maintaining constant stirring at 600 rpm and controlling the temperature
of the process at 60°C until a viscous white mass was obtained (soap base). In the second phase, the obtained
soap base was combined with the ingredients listed in Table 2, the mixture was homogenized for 3 hours
maintaining the temperature at 60°C. In the third phase, the IGFE was integrated, resulting in three formulations
of liquid toilet soap.
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Table 2
Formulations of liquid toilet soap with different levels of IGFE

Formulation of Toilet Soap

Ingredients LTS-C LTS-M LTS-H
Phase 1 Goat Fat (Capra aegagrus hircus) (g) 75 75 75
30% KOH solution (g) 52,74 52,74 52,74
Phase 2 Glycerin (g) 10,25 10,25 10,25
Polyethylene glycol (g) 22,75 22,75 22,75
Cocoamide (g) 15 15 15
Water (g) 148,25 148,25 148,25
Phase 3 IGFE (g) 100C 100M 100M

C corresponds to the control where the IGFE is composed of 100% water

M corresponds to the medium level where the IGFE is composed of 35% fruit and 65% water

H corresponds to the high level where the IGFE is composed of 65% fruit and 35% water

2.5 Analysis of the Physicochemical Properties of Liquid Toilet
Soap Formulations with IGFE

The content of free alkali, water and alcohol insoluble matter, as well as the determination of moisture and
volatile matter, were performed according to NTC 5604 [35], in order to assess the compliance of the product
with international quality standards. The free alkali content was determined by heating the sample in a water
bath, filtering it, and adding 1% phenolphthalein, with subsequent titration using NaOH 0.1 N or HCI 0.1 N,
depending on the alkalinity of the sample. The insoluble matter was determined by subjecting the sample to
digestion with hot ethanol (78°C), filtering, washing with hot neutral ethanol, drying, and weighing the residue.
Moisture and volatile matter were measured by drying the sample in a Binder FD 23 oven (Tuttlingen, Germany)
at 105°C = 2°C until constant weight. Additionally, the pH was measured using a Hanna HI-5521 potentiometer
(Woonsocket, USA) according to the [36] standard, and the foaming capacity was evaluated by mixing 49 mL of
distilled water with 1T mL of soap in a graduated cylinder, shaking it vigorously 10 times, and measuring the
volume of foam generated and its stability over time [34]. Figure 1 present the process of liquid toilet soap
formulation and its physicochemical analysis.

2.6 Determination of Antioxidant Activity using DPPH

The antioxidant activity of the liquid soap was assessed using the DPPH method [37]. A stock soap solution was
prepared at 0.1 mg/mL. For the assay, 1000 pL of the soap stock solution was mixed with 0.5 mL of a DPPH
solution (0.2 mg/mL in methanol), completing the volume to 5 mL with methanol. The mixture was incubated in
the dark at room temperature for 20 minutes. Methanol was used as a control instead of the soap solution,
maintaining the same volume of DPPH. The inhibition percentage was determined using a calibration curve (R? =
0.993) with ascorbic acid at 0.1 mg/mL as the standard, taking aliquots of 10, 50, 75, 100, and 200 yL and
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treated in the same manner as the soap samples. Absorbances were measured at 517 nm in a UV-VIS
spectrophotometer. The percentage of DPPH free radical inhibition was calculated using the formula:

Ac — Am

Inhibition % =
nntottion /o < Ac

) x 100 EC.1

Where:

e Acis the absorbance of the negative control,

e Am is the absorbance of the soap sample or ascorbic acid.

2.7 Statistical Analysis

The data obtained from the fat characterization were analyzed by calculating the mean (n = 3) and standard
deviation. For the physicochemical characterization of the soap formulations, a one-way analysis of variance
(ANOVA) was applied. Statistically significant differences between means (P < 0.05) were determined using the
Fisher (LSD) method, employing the software Statgraphics Centurion XIX [38].

3. Results and Discussion

3.1. Physicochemical and Chromatographic Analysis of Capra
aegagrus hircus Fat

Table 3 Fatty acids identified as FAMEs in Capra Aegagrus Hircus Fat Extracts
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Table 3

Fatty acids identified as FAMEs in Capra Aegagrus Hircus fat extracts

Peak Retention

No.

10

11

12

13

14

15

16

time
(min)

7.988

10.008

11.835

12.403

12.561

12.898
13.536
14173
14.457
14.568

14.858

15.073

15.508

15.931

17.206

17.524

Fatty acid
(Methyl-)

Decanoic acid

Dodecanoic acid

Tetradecanoic
acid

Pentadecanoic
acid-lsomer 1
Tetradecanoic
acid, 12-methyl
Pentadecanoic

acid- Isomer 2

Pentadecanoic
acid, 14-methyl

Hexadecanoic
acid

7-Hexadecenoic
acid

9-Hexadecenoic
acid

Hexadecanoic
acid, 14-methyl

Hexadecanoic
acid, 15-methyl

Heptadecanoic
acid

9-Octadecenoic
acid (2)
Octadecanoic

acid

7-Octadecenoic
acid

Free
fatty acid
formulas

C10H2002

C12H240,

C14H2g0,

C1 5H3002

C15H3002

C1 5H3002

C16H320,

C16H3202

C16H3002

C16H3002

C17H340,

C17H340,

C17H3402

C1gH340,

C18H3602

C1gH340,

Molecular
mass

(m/2)
186

214

242

256

256

256
270
270
268
268

284

284

284

296

298

296
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Main
fragments
(m/2)

155,143,
101, 87,
74.

183,171,
143, 87,
74.

211,199,
143, 87,
74.

213,143,
87,74.

213,199,
143, 87,
74.

213,143,
87,74.

227,
143,87,74.

227,
143,87,74.

236, 194,
69, 55, 44.

236,194,
69, 55, 44.

255, 241,
143, 87,
74.

255,241,
143, 87,
74.

253, 241,
143, 87,
74.

250, 208,
69, 55, 44.

267,255,
143, 87,
74.

222,180,
69, 55, 44.

Matching

factor

97

97

99

96

98

98

97

99

97

99

96

99

93

98

99

Relative
Concentration
(mg/g)

1.27 +0.06

1.11+0.03

28.83 +£0.55

2.30+0.03

2.19+0.04

5.91+0.11
1.94+0.03
217.19+4.31
4.06+0.77
7.02+0.53

3.99+0.10

5.08+0.15

16.35+0.33

3.50+0.07

302.08 +6.13

251.52+3.97




Peak Retention

No. time
(min)

17 17.692

18 18.036

19 18.399

20 19.661
Subtotal
Subtotal
Subtotal
Total

Fatty acid
(Methyl-)

8-Octadecenoic
acid

11-Octadecenoic
acid

11,14-
Octadecadienoic
acid

9,12,15-
Octadecatrienoic
acid

Free

fatty acid
formulas
C18H340,
C1gH340,

C18H3202

C1gH3002

Saturated fatty acids (SFA)

Molecular
mass

(m/2)
296
296

294

292

Monounsaturated fatty acids (MUFA)

Polyunsaturated fatty acids (PUFA)

Main
fragments
(m/2)

264,222,
74, 55, 41.

264,222,
74,55, 41.

263, 95,
81, 67, 55,
41.

261, 95,
79,67, 55,
41.

Matching
factor

99

91

99

96

Relative
Concentration
(mg/g)

3.38+0.64
5.36+0.10

11.63+0.38

3.71+0.06

588.21+2.02
257.59 +1.48
15.34+0.23

859.88 ¢
15.00

Table 4 Physicochemical quality indicators of Capra aegagrus hircus fat

Table 4
Physicochemical quality indicators of Capra aegagrus hircus

fat

Quality Indicator

lodine index (g I/g fat)
Peroxide index (meq 0,/kg)
Free fatty acids (%)
Acidity index (mg KOH/g fat)

Unsaponifiable matter (%)

Saponification index (mg KOH/g fat)

Moisture and volatile matter (%)

Value

211.41 +3.67
31.75+0.97

4.03+0.07

4.07+0.10
0.37+0.02
1.91+0.37
0.08 £0.04

Results are presented as mean * standard deviation (n = 3)

3.1.1 Analysis of FAMEs in Capra aegagrus hircus Fat by GC/MS

Fatty acids were identified as FAMEs considering retention times in chromatograms (Fig. 2) and comparing
mass spectra of compounds with the database of the National Institute of Standards and Technology (NIST
library, Gaithersburg, MD, USA). Additionally, as a criterion for fatty acid identification, a matching factor above
80% was considered between the mass spectra obtained from the sample and the NIST library (values between
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91-99%, see Table 3). The mass spectra analysis of saturated fatty acids is characterized by mass-to-charge
ratios m/z74, m/z87, m/z[M-31]* (peaks 1, 2, 3, 4, 6, 8, 13, and 15 see Table 3), corresponding to McLafferty
rearrangement (normally appears as base peak in the spectra of saturated fatty acids) and the loss of the
methoxide (OMe) group respectively [39]. Meanwhile branched saturated fatty acids such as iso-FA
(Pentadecanoic acid, 14-methyl and Hexadecanoic acid, 15-methyl) exhibit high intensity peaks at both m/z74
and m/z 87, in addition to a characteristic peak at m/z[M-43]* (Table 3). Conversely, antiiso-fatty acids
(Tetradecanoic acid, 12-methyl and Hexadecanoic acid, 14-methyl) also characterize by peaks at m/z 74 as well
as at m/z 87, besides a relatively high intensity at m/z[M-57]" corresponding to the terminal loss of the isobutyl
group in the fatty acid and another less intense signal at m/z[M-29]" due to the loss of the ethyl group (Table 3).
In the sample, monounsaturated MUFA and polyunsaturated PUFA fatty acids were also identified, characterized
by signals m/z 55, m/z 41, and m/z[M-32]* (Table 3), associated with the same fragmentation pattern but with
two mass units less, due to the unsaturation’s of the carbon chains [39].

The results of the fatty acid profile of Capra aegagrus hircus showed similarities in the type of fatty acid and
differences in the percentage concentration reported in samples of Slavonska slanina (pork bacon) [40]. Among
the unsaturated fatty acids present in Slavonska slanina samples, oleic acid (C18:1) is the main MUFA, found at
a percentage concentration of about 47%, while palmitic acid (C16) is the main SFA with concentrations close to
24%, followed by linoleic acid (10%) as the main PUFA. The MUFA content observed in goat fat is comparable to
that reported in salmon [41], where oleic acid accounts for 54%. Meanwhile, linolenic and linoleic acids represent
6% and 15% of the PUFAs in this fish, respectively. In another study, the fatty acid profile in seeds of C. sinensis
by GC-MS was determined [42], showing linoleic acid (36%) and oleic acid (27%) as the main lipid components,
correlating them with the highlighted results of antioxidant activity.

3.1.2. Physicochemical Quality Indicators in Capra aegagrus
hircus Fat

The quality indicators of the fat are fundamental parameters that can affect the behavior of the soap during and
after the manufacturing process. The quality of the fat directly influences the saponification process and the
final properties of the soap, such as its stability, cleaning ability, and effects on the skin [43, 44]. In Table 4, the
values obtained for the physicochemical indicators evaluated in Capra aegagrus hircus fat are presented, in
order to establish a physicochemical characterization of this raw material, and its potential as an ingredient in
the formulation of cosmetic products.

The saponification index is a measure of a fat or oil's ability to hydrolyze in the presence of a strong base, such
as potassium hydroxide or sodium hydroxide, producing soap [45]. The saponification index for Capra aegagrus
hircus fat obtained in this study (211.41 mg KOH/g fat) falls within the typical ranges expected for fats and oils
used in the manufacture of soaps or cosmetic products. For example, the saponification index of palm oil is 195
to 211 mg KOH/g fat [46, 47], pig fat is 192 to 201 mg KOH/g [48, 49], in sheep fat 189 mg KOH/g [48] and in
beef fat between 193 mg KOH/g [50]. On the other hand, unsaponifiable matter, depending on the origin of the
raw material, consists of a mixture of apolar compounds that do not turn into soap during the saponification
process. This mixture includes vitamins, sterols, carotenoids, volatile compounds, and other bioactive
compounds [51, 52]. The unsaponifiable matter content in Capra aegagrus hircus fat in this study was 1.91%,
comparable with those found in reports for other types of fats (0.5-2% of the lipid portion) [53].
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During storage and processing, fats and oils are prone to oxidation, especially in the presence of high
temperatures, light, oxygen, and metal ions. This decomposition process leads to the formation of compounds
that cause rancidity, altering the smell and affecting the quality of the raw material [54, 55]. Such deterioration
can be estimated with the peroxide index, which is a widely used indicator to assess the degree of rancidity [44].
The peroxide index for Capra aegagrus hircus fat obtained in this study (4.03 meq 0,/kg) is low compared to the
maximum recommended limit of 30 meq 0,/kg, considered safe for this type of raw materials [56, 57]. This
value is comparable with those reported for other animal fats, such as beef or vegetable oils like palm, where
peroxide index values can vary between 0.5 and 10 meq 0,/kg, in which studies suggest that these fats have not
undergone advanced oxidative deterioration [46, 58, 59].

The iodine index determines the degree of unsaturation of the oil or fat, where a high iodine index indicates a
greater number of unsaturated double bonds present in the raw material [60] an important parameter related to
the physical and chemical characteristics of fat, as well as its stability [61]. In this study, an iodine index value of
31.75 g 1/100 g for Capra aegagrus hircus fat was obtained, indicating a moderate proportion of unsaturated
fatty acids and is consistent with the semiquantitative analysis conducted by GC-MS, which confirmed the
predominant presence of saturated fatty acids (68%), highlighting the presence of palmitic and stearic acids.
This value is lower than observed in vegetable oils like sunflower or olive oil, whose iodine indexes can exceed
100 g 1/100 g [62, 63] However, it is comparable to values reported for other animal fats, which generally have
iodine indexes close to 35 g 1/100 g depending on the feeding and conditions of the animals [64, 65].

Free fatty acids (FFA) and the acidity index are two fundamental parameters to assess the quality of a fat, as
they are closely related to its stability and degradation. The release of FFA is the result of the hydrolysis of
triglycerides, a process that occurs during storage and processing, and directly contributes to the acidity of the
fat [66, 67]. In this study, the FFA content in Capra aegagrus hircus fat was 4.07%, a value comparable to those
reported for other animal fats such as beef (around 4%) and vegetable oils like palm (3.5%) [47, 68, 69]. The
acidity index, which measures the amount of potassium hydroxide (KOH) necessary to neutralize the FFA
present, was 0.37 mg KOH/g fat in the Capra aegagrus hircus sample, confirming the low FFA content.

The Codex Alimentarius recommends a maximum content limit of moisture and volatile matter for olive oil of
0.2% and in palm oil mentions maximum values of 0.25%, in both cases suggesting that under these conditions
the risk of hydrolysis and microbial growth, factors that could compromise the quality of the fat, is minimized
[70-72]. For this study, a value of 0.08% for this indicator was found. This result is in line with other indicators,
such as the peroxide index, and the acidity index, which reflected a low level of degradation or decomposition.

The physicochemical characterization of Capra aegagrus hircus fat highlights the quality of this raw material,
showing adequate values for the studied indicators. The results found demonstrate its potential as an ingredient
in cosmetic and industrial applications, where stability and low susceptibility to degradation are essential. These
properties suggest that the fat could be integrated into formulations positively contributing to the functionality
and quality of the final products.

3.2. Physicochemical Evaluation of Liquid Toilet Soap
Formulations with IGFE

Figure 1 illustrates the visual appearance of the liquid toilet soap formulations developed with different
concentrations of iguaraya extract (IGFE). The liquid soap variants (LTS-C, LTS-M, and LTS-H) presented visible
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differences in color, attributable to the concentration of IGFE included. The LTS-C formulation, without iguaraya
extract, showed a whitish coloration, while the LTS-M and LTS-H formulations, with medium and high
concentrations of IGFE respectively, exhibited pinkish hues that increased in intensity proportionally to the
extract content and the presence of bioactive compounds and natural pigments, primarily betalains.

During use, the formulations were characterized by a soft and creamy texture on contact with the skin. Rubbing
the soap between the hands resulted in the formation of moderate foam with a homogeneous texture. A feeling
of cleanliness was perceived after rinsing, without leaving greasy residues or causing a sensation of dryness on
the skin.

Table 5 Physicochemical quality indicators of liquid toilet soap formulations with IGFE

Table 5
Physicochemical quality indicators of liquid toilet soap formulations with IGFE

Formulation of Toilet Soap

Quality indicator

Amount of foam (mL)

Moisture and volatile matter (%)

Free fat (%)
pH

Free alkali (%)

Free acidity (%)

LTS-C
159.32+3.1
65.3722+0.149
8.135%+0.002

10.0322+0.004
0.009 £ 0.001
n.d.

LTS-M
161.02+1.0
65.830° + 0.690
8.136% + 0.001

9.983 +0.002
n.d.

0.146%+0.010

LTS-H

158.72 £ 3,1
66.72°+0.189
8.136% + 0.002

0.892°+0.003
n.d.

0.169° +0.006

Insoluble matter in alcohol (%)

0.3702+0.076 0.896°+0.117 0.930°+0.103

Antioxidant capacity (%) 16,9442+ 0,761 25516°+1,506  33,007°+1,377

Results are presented as mean + standard deviation (n = 3), different letters in the

same row indicate significant differences (P< 0.05). n.d.: not determined.

Soap formulations must comply with certain physicochemical parameters that guarantee their quality, stability,
and efficient functionality. The study of physicochemical variables allows for establishing the behavior of the
formulations under different conditions, thereby identifying possible variations in the formulation that may
compromise the process efficiency, quality, and acceptance by the end consumer [73, 74]. Stenocereus griseus,
like other fruits, is known for its high-water content and bioactive compounds [75], and these properties are
expected to be preserved in the IGFE and thus transmitted to each of the soap formulations. In Table 5, the
results obtained for the quality indicators measured in the liquid toilet soap formulations with IGFE are
presented, which allowed for a comparative analysis of the effects of adding the fruit extract on the stability and
functionality of the soap. In the analysis of the liquid soap formulations with IGFE, significant differences were
observed in the physicochemical parameters except for the amount of foam and free fat. These results can be
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explained by the dilutive effects of the functional components of the soap due to the amount of extract added or
by the contribution of bioactive compounds present in the Stenocereus griseus fruit and transmitted to the IGFE.

The moisture and volatile matter content increased significantly (P <0.05) in each of the formulations as the
amount of IGFE increased, with the LTS-H formulation, having the highest concentration of extract, showing the
highest value. This can be attributed to the high-water content (about 80%) and the presence of volatile
compounds such as esters and essential oils in the fruit [76, 77]. Similarly, the amount of IGFE caused
significant increases (P < 0.05) in the values obtained for insoluble matter in alcohol and antioxidant capacity in
the formulations. The insoluble matter in alcohol reflects the presence of alcohol-insoluble compounds
originating from the saponification process or from the ingredients used in the formula such as mineral salts,
oxides, clays, etc. [74]. In the LTS-M and LTS-H formulations, this increase can be explained by the incorporation
of insoluble compounds from the IGFE: such as mineral salts and organic nature compounds (carbohydrates,
fiber, pigments, among others).

On the other hand, Thevamirtha et al. [37] found a higher antioxidant capacity in the production of liquid soaps
formulated with extract of palmyrah fruit pulp. In this study, a similar pattern was observed with the LTS-M and
LTS-H formulations, which showed a higher antioxidant capacity compared to the control. The addition of IGFE
introduced phenolic compounds, such as betalains, known for their antioxidant properties [18, 78], contributing
to this increase. It is relevant to mention that the control formulation also exhibited antioxidant capacity, which
could be related to the content of MUFAs and PUFAs with 29.9% and 1.70% of total lipids respectively. These
unsaturated fatty acids play a crucial role in protecting against oxidative stress in living organisms, performing a
natural antioxidant function [79], which could explain what was observed in the LTS-C formulation in terms of
antioxidant capacity.

The formulation of the soap base was carried out with precise control of the addition of potassium hydroxide,
following the saponification index and ensuring that the resulting base maintained a controlled excess of un-
saponified fat. This, along with the addition of IGFE, directly influenced the pH, acidity, and free alkali values in
the different formulations. The formulations showed a significant increase (P <0.05) in acidity as the amount of
IGFE increased, this due to the presence of organic acids in IGFE, generating a decrease in pH, the contribution
of these acid nature substances in the LTS-M and LTS-H formulations neutralized any trace of residual alkali
derived from the saponification process, which explains the presence of this indicator only in the LTS-C
formulation. The free fat and the amount of foam did not show significant differences (P > 0.05) among the
formulations, indicating that the addition of IGFE did not affect these parameters. Free fat refers to the amount
of unsaponified and unsaponifiable fat [80]. The fact that no changes were observed in the values obtained for
this indicator is consistent with the use of the same soap base ratio in all formulations and the fact that the
extract is not a significant source of fatty acids. On the other hand, the foam obtained from soap corresponds to
a colloidally stabilized dispersion where gas bubbles are suspended in a liquid matrix [81, 82]. The values
obtained for this indicator are consistent with the fact that key foaming components, such as the soap base and
the surfactants used (cocoamide), remain constant across all formulations. Although certain compounds in
IGFE (divalent cations or acidic species) were expected to interfere with foam stability, the quantities present
were not sufficient to alter this parameter.

4. Conclusions

Page 14/22



The physicochemical characterization of the liquid toilet soap formulations with IGFE reflected results
consistent with cosmetic products. The results for pH, free acidity, saponification, iodine and peroxide indexes,
moisture, volatile matter, and other critical indicators remained within the allowed ranges, ensuring both the
safety and functionality of the soap. Fat from Capra aegagrus hircus used in the soap base provided stability to
the saponification process, allowing for a controlled level of fat in the final product to leverage its emollient
properties. Additionally, the antioxidant capacity of the Stenocereus griseus extract provides protective ability
against radicals in the liquid soap according to the results obtained. Thus, in line with new trends in personal
care and sustainability, the formulation and development of a cosmetic product from natural raw materials was
achieved. These materials offer benefits in terms of quality and techno-functional properties, focusing on
biomass conversion, waste reduction, and the use of renewable resources, which allows for the utilization of by-
products generated by Capra aegagrus hircus, concepts aligned with key principles of the circular economy and
sustainable development goals.
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Figure 1

Process of liquid toilet soap formulation and its physicochemical analysis.
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Figure 2

GC-MS chromatogram of FAMEs in Capra aegagrus hircus Fat reported in Table 3.
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