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Abstract: The study reports the alternative use of non-edible fermented olives for the production of
high-quality natural soaps with a fast production process, low environmental impact, and without
preliminary treatments for the raw material. Damaged olives, not used as food, were fermented
naturally and the oil was extracted by mechanical extraction. The product obtained was not for
human consumption due to its high acidity, but it had a low content of peroxides. The non-edible
olive oil obtained and an extra virgin olive oil, produced from the same olive cultivar, were subjected
to saponification with sodium hydroxide. The soaps were produced with complete (0% of non-
neutralized fatty acids) and incomplete (5% of non-neutralized fatty acids) saponification; the amount
of sodium hydroxide to be used was determined with the saponification index. The soaps were aged
for six months by monitoring pH, color, and behavior in an aqueous solution. The results show that
the olives’ fermentation improves and speeds up the soap production and maturation process since
the oil obtained from fermented non-edible olives is more suitable for the saponification process
than the oil obtained from non-fermented edible olives. Non-edible fermented olives can be used for
obtaining natural and high-quality soaps, reusing drupes classified as food waste.

Keywords: soap; olives; olive oil; fermentation; food waste

1. Introduction

In ancient times, soap was produced with rancid oils and animal fat waste, involun-
tarily creating a circular economy with the requalification of products no longer used for
human nutrition [1].

In recent times, the production of soaps, defined by law as cosmetic products, is
regulated by the European Union [2]. The regulation determines and limits the substances
to be used for the saponification processes (Regulation (EC) No. 1223/2009 article 14–17 [2])
and indirectly determines the chemical, physical, and mechanical treatments to obtain
adequate raw materials for the cosmetic sector. Exhausted oils and fats, dangerous for
human nutrition, are necessarily treated to eliminate all toxic and dangerous components
such as heavy metals, microplastics, peroxides, alkyl esters, and suspended particles [3,4].

Companies that produce soaps buy large quantities of regenerated oils and fats,
adding chemical compounds such as surfactants, parabens, silicones, and sulphates. These
companies contribute to the recycling of regenerated oils and fats but add pollutants to
improve certain products’ characteristics [5,6].

Often, artisanal companies use edible oils, such as olive oil, for obtaining natural and
high-quality products. These soaps are obtained from food and not from food waste [7–9].
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Scientific studies report the recycling of olive production waste, such as vegetation
water, pomace, and plant parts of the tree, but there are relatively few studies in the
literature on the recycling of damaged and overripe non-edible olives [10–13].

The authors were focused on the use of non-edible drupes (food waste) for the pro-
duction of high-quality soaps through natural fermentation processes.

Non-edible olives are drupes with defects that develop negative and irreversible
chemical, physical, and organoleptic alterations. Producers of fine oils eliminate these
olives to obtain an excellent quality of the final product oils [14]. Furthermore, these drupes
cannot be marketed because they do not have the minimum requirements defined by the
European Community [15].

Non-edible olives are therefore used as fodder, natural fertilizer, and for the production
of energy biomass [11,13].

The aim of this study was to produce and evaluate the different ripening stages of
soaps produced with non-edible fermented olive oil (NEFOO soap) considering three
parameters: pH, color, and solubility. The results obtained were compared with those
obtained from soaps produced with extra virgin olive oil (EVOO soap).

2. Materials and Methods
2.1. Olives

The olives were harvested in the third week of October 2020, in Messina (Sicily, Italy).
The soils had homogeneous composition and climatic conditions, and the olive cultivars
were native of Sicily (Nocellara Etnea, Nocellara Messinese, and Cerasuola) [16,17]. The olives
were harvested with mechanical systems that do not damage the plant or the fruit.

The olives were selected with machines and manually to remove overripe fruit with
defects, the vegetative waste, and impurities.

Non-edible olives were collected in permeable bags and stored in a dark room with a
temperature of 20 ◦C and constant humidity until the complete harvest of the olives.

2.2. Olives’ Fermentation

Non-edible olives, 24 kg, were cleaned with cold water and inserted into a plastic
vessel with a non-pre-acidified brine and 5% m/m NaCl, in a final working volume of
75%. No sterilization procedures were adopted on the non-edible olives before starting
the natural fermentation, and no starter strains of yeast or bacteria were inoculated. The
olive-brine mixture was aerated manually every 3 days to facilitate the growth of aerobic
microorganisms. The fermentation was carried out for 60 days and the pH was monitored
during all the process. Neither sodium chloride nor acids or bases were added to the brine
after fermentation starting [18–21].

Brine samples were withdrawn for analysis at regular time intervals. The samples
(1 mL) were aseptically transferred to 9 mL sterile 1/4 Ringer’s solution. Decimal dilutions
in the same Ringer’s solution were prepared and used for the enumeration of lactic acid
bacteria, yeasts and molds, and for enterobacteria.

The lactic acid bacteria amount was estimated on de Man-Rogosa-Sharpe agar (MRS
Agar, Oxoid, Basingstoke, UK) added with 50 mg/L of Nystatin (Sigma, Saint-Quentin
Fallavier, France) at 25 ◦C for 72 h.

The population of yeasts and molds was estimated on Yeast Glucose Chloramphenicol
Agar (YGC, bioMérieux, Lyon, France) at 25 ◦C for 48 h.

Violet Red Bile Glucose agar (VRBGA; Oxoid, Basingstoke, UK) was used for enter-
obacteria counts, incubated at 37 ◦C for 24 h.

The analyses were carried out in triplicate and the plates were subjected to microbio-
logical numbering by CFU counting.
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2.3. pH Determination

The pH of the brine solutions and the pH of the soap, after the maturation process,
were determined with a digital benchtop pH meter (HANNA Instruments, Edge PH-
HI2020, Smithfield, Rhode Island, USA) with glass immersion electrode.

The pH of the brine was determined by taking 50 mL of solution after mixing the
fermentation mass.

The pH of the soaps was determined by solubilizing 1 g of soap, the inner part, in
50 mL of deionized water [7,8].

2.4. Oil Extraction

Non-edible fermented olive oil (NEFOO) was obtained with a cold mechanical ex-
traction system. The extra virgin olive oil (EVOO) was kindly offered by the company
that harvested the olives. It was obtained from the olives harvested but not discarded and
stored in a dark room with a temperature of 20 ◦C.

2.5. Acidity Value of Oils

The acidity value (AV) of the olive oils was determined with the titration method re-
ported in the Execution Regulation (EU) 2019/1604 and in the EN ISO 660: 2020 regulation.

The oil (1 g) was weighed into a flask and 50 mL of ethyl ether/ethanol mixture (1:1
ratio) and two drops of phenolphthalein ethanolic solution were added. The mixture was
titrated with a KOH solution until the indicator changed color. The acidity was expressed
as the weight percentage of free oleic acid present in 1 g of analyzed sample. The analyses
were carried out in triplicate, and the average of the values are reported in Table 1 [22,23].

Table 1. Saponification, acidity, and peroxide values of EVO and NEFO oils.

Oil SV (mg NaOH/g
Oil)

NaOH mg/g Oil
Soap 0%

NaOH mg/g Oil
Soap 5%

Acidity
(% Oleic Acid)

Peroxide (meq
O2/kg Oil)

EVOO 135.41 ± 0.61 135.41 128.64 0.15 ± 0.01 6.24 ± 0.07
NEFOO 133.34 ± 0.53 133.34 126.67 38.26 ± 0.04 29.32 ± 0.09

2.6. Peroxide Value of Oils

The peroxide value (PV) in olive oils was determined with iodometric titration, de-
scribed in the Implementing Regulation (EU) 2019/1604 and in the ISO 3960: 2017 regu-
lation. The oil (1 g) was weighed into a flask and 25 mL of a mixture of acetic acid and
chloroform (ratio 3:2) with 0.5 mL of a saturated aqueous solution of KI were added. The
solution was diluted with 25 mL of distilled water and stirred. The iodine formed into
the solution was titrated with a sodium thiosulfate solution, and the starch was used as
indicator [22,24].

The titrations were carried out in triplicate, and the average of the values, expressed
in milliequivalents of oxygen per kg of sample, are reported in Table 1.

2.7. Saponification Value of Oils

The saponification value (SV) represents the quantity of sodium hydroxide (as an
alternative to potassium hydroxide), expressed in milligrams, necessary to neutralize all
the fatty acids present in one g of fat sample. The analytical determination of SV was
carried out according with Wakita et al. [25].

The oil sample (2 g) was weighed into a 250 mL flask and 25 mL of NaOH 0.50 N
ethanolic solution were added. The mixture was heated up to 50 ◦C, under constant
magnetic stirring (300 rpm) for 90 min. Subsequently, the mixture was cooled to 30 ◦C and
0.5 mL of phenolphthalein solution was added.

The solution was titrated with HCl 0.50 N until the color of the indicator changed, the
titration was also carried out without the sample, only with solution. The analyses were
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carried out in triplicate, obtaining an average of the volumes of HCl consumed; the values
are reported in Table 1.

The saponification values were expressed in milligrams of sodium hydroxide needed
to saponify 1 g of oil.

2.8. Oils’ Saponification

The fatty acids of the EVO and NEFO oils were totally (0% of non-neutralized fatty
acids) and partially (5% of non-neutralized fatty acids) neutralized and four different types
of soaps were obtained:

• EVOO soap 0%, obtained from EVOO with 0% of non-neutralized fatty acids
• EVOO soap 5%, obtained from EVOO with 5% of non-neutralized fatty acids
• NEFOO soap 0%, obtained from NEFOO with 0% of non-neutralized fatty acids
• NEFOO soap 5%, obtained from NEFOO with 5% of non-neutralized fatty acids.

The quantity of NaOH used for the production of the described soaps was determined
by SV. The quantities of NaOH used and the SV values are shown in Table 1.

A classic saponification procedure was applied for soap produced with EVO oil, while
for the saponification of NEFO oil it was necessary to make changes with respect to the
standard procedures reported by Spitz [7,8].

In 30 mL of deionized water 13.541 g and 13.334 g of NaOH were dissolved to obtain,
respectively, the soaps with 0% and 5% of non-neutralized fatty acids (Table 1). Each
alkaline solution was mixed with 100 g of oil at a temperature of 35 ◦C. The oil-water
mixture was shaken strongly to obtain a semi-liquid consistency. The dough was placed in
a mold for the subsequent maturation process [7,8].

The saponification of NEFO oil was carried out by varying the “cold” method. In 30 mL
of deionized water 12.864 g and 12.667 g of NaOH were dissolved to obtain, respectively,
the soaps with 0% and 5% of non-neutralized fatty acids (Table 1).

Each NaOH solution was added with slow dripping to 100 g of oil in a thermostated
system at 20 ◦C with continuous stirring. A warm, semi-solid soap paste formed quickly
due to the exothermic acid-base reaction between NaOH and fatty acids. The soap paste
was placed in a mold for the subsequent maturation process.

The saponification for EVO oil and NEFO oil was carried out considering the complete
neutralization of the fatty acids and the non-neutralization of 5% of the fatty acids using
the SV of the oils. The quantity of NaOH used for the production of the different soaps and
the SV are shown in Table 1. The soaps were stored in a dark room with low humidity on
filter paper to prevent rancidity.

The soaps considered (0% and 5% of non-neutralized fatty acids) are those most
produced by industries and most consumed [7,8].

2.9. Colorimetric Determination

A colorimetric sensor system (LISUN GROUP, CD-200, Kowloon, Hong Kong) was
used to determine the color variations of the soap samples at different maturation times.
The instrument consists of a D65 light source, a blue LEDs light source and a photoelectric
diode detector, and an electronic system for determining the electrical impulses.

The color determination was carried out with the RGB model (red, green, and blue)
and the CIELAB color space, which considers the parameters l*, a*, and b* that represent the
brightness and the four unique colors of human vision (red, yellow, green, and blue) [26,27].

2.10. Solubility Determination

The solubility of the soaps was determined by solubilizing 1 g of soap, not in contact
with air, in 50 mL of deionized water. Each solution, after the complete dissolution of the
soap, was stirred constantly for 5 min and, subsequently, its transparency was observed.
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3. Results
3.1. Olives’ Fermentation

Initial brine pH was 8.21, after 5 days it showed a pH of 7.22, representing an optimal
condition for the proliferation of initial lactic bacteria but also enterobacteria.

In fact, enterobacteria counts showed a rapid increase within the first 10 days, fol-
lowed by a sharp decline thereafter. No viable counts were enumerated after 25 days of
fermentation, according with Sanchez et al. [28] (Figure 1).
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The pH decreasing was due to lactic bacteria, which ferment a wide variety of water-
soluble carbohydrates and produce lactic acid [20,29,30]. In this phase the olives lost their
classic hardness: this indicates the presence of yeasts and molds that degrade pectin and
cellulosic substances, important for the compactness of the olives [31,32].

Lactic acid bacteria (LAB) and yeasts increased steadily and became the dominant
members of the microflora during fermentation [33]. Lactic acid bacteria reached their
maxima within the first 30 days (1.6 × 108 CFU mL−1), and their enumeration was stable
until the end of the fermentation process. Yeasts coexisted with lactic acid bacteria through-
out the whole fermentation period. Their counts were lower than those of the LAB by
approximately 3–4.5 log cycles. They grew in similar populations with lactic acid bacteria
during the first week, and their presence was stable until the end of fermentation reaching
1.7 × 104 CFU mL−1 (Figure 1).

Subsequently, the pH of the brine after 25 days was 5.87. In this phase, no viable
counts of enterobacteria were enumerated.

At the end of the fermentation process, after 60 days, the olives were very soft and the
epicarp was easily detached from the pulp, and the pH was 4.52.

The pH, throughout the fermentation phase, decreased slowly compared to the com-
mon fermentation processes of table olives (Spanish and Greek method) [19,34]; moreover,
anomalous phenomena such as the loss of hardness of the olives were observed [21,35,36].

3.2. Oil Analysis

The comparison of the values of acidity and peroxides of the NEFO and EVO oils are
shown in Table 1. NEFO oil showed a low number of peroxides (produced by oxidative
rancidity processes) but a high amount of free fatty acids (produced by hydrolytic rancidity
processes) [37].
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The comparison of the results obtained is interesting; the acidity of NEFO oil is
255 times higher than the EVO oil, while the quantity of peroxides of the first oil is only
4.7 times higher than the second.

The high acidity of NEFO oil is caused by the lipases present in the pulp of the drupes
but also by lipolytic enzymes produced by bacteria, yeasts, and molds developed in natural
fermentation [38,39]

The oxidative rancidity, which forms peroxides, was probably limited by the brine
because it blocked the direct contact of the drupes with oxygen. Furthermore, some species
of lactobacilli degrade hydrogen peroxides and prevent the formation of peroxide radicals
and hydroperoxide radicals, thus limiting the formation of peroxides and stabilizing the
drupes in brine [38,40,41].

Natural fermentation with aerobic conditions determines the high AV and low PV
of non-edible olive oil, these results are in agreement with the results of Girgis A. Y. and
Alajtal A. I. et al. [40,41].

3.3. Soap Analysis

Saponification with EVOO developed normally, as described in Spitz L. [8]; the soap
paste, initially semi-liquid, slowly solidified.

NEFOO soaps have different characteristics from EVOO soaps. The sodium salts of
fatty acids are formed very quickly in NEFO oil due to the high acidity, so the soap paste
hardens very quickly. The saponification process was developed at low temperature and
with slow addition of the basic solution to obtain a homogeneous product.

The maturation times of the soaps were determined considering three parameters:
pH, color, and solubility.

Initially, the pH of NEFOO soaps was lower than EVOO soaps (Table 2), probably due
to the high amount of free fatty acids that neutralize part of the sodium hydroxide very
quickly [41].

Table 2. pH of the soap solutions produced for different maturation times.

Day of
Maturation

pH EVOO Soap
0%

pH EVOO Soap
5%

pH NEFOO
Soap 0%

pH NEFOO
Soap 5%

5 9.86 9.81 9.51 9.52
15 9.60 9.62 9.30 9.27
30 9.43 9.42 9.26 9.21
90 9.25 9.24 9.25 9.19

180 9.23 9.21 9.27 9.20

The pH of NEFOO soaps was constant from the thirtieth day of ripening, while the
pH of EVOO soaps was constant after the ninetieth day of ripening. The pH values shown
in Table 2 are the average of the results obtained in triplicate.

EVO oil (Figure 2A) showed a more intense color than NEFO oil (Figure 2B) due
to the greater quantity of chlorophylls, carotenoids, polyphenols, and flavonoids, which
determine the initial color of the soaps [16,17,42].

Soaps whiten in the ripening phase due to oxidative processes that act on the pigments.
The color of the soaps depends on the type of oil initially used and the maturation time,
generally, the soaps marketed have a natural color between soft yellow and white.
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The colors of the soaps produced are shown in Table 3 with the models RGB (model
that uses red, green, and blue as base colors) and CIELAB (color space l* a* b*).

Table 3. Report colors of soaps with RGB and CIELAB models (l* brightness and a* b* mixture of red, yellow, green, and blue).

Days of
Maturation EVOO Soap 0% EVOO Soap 5% NEFOO Soap 0% NEFOO Soap 5%

RGB l* a* b* RGB l* a* b* RGB l* a* b* RGB l* a* b*
5 90.4 −24.8 87.2 93.3 −25.1 73.8 98.4 −9.3 29.1 98.8 −6.9 21.6

15 93.7 −22.5 74.1 95.4 −21.3 78.9 98.2 −2.62 8.5 97.7 −3.3 11.4
30 97.6 −14.4 48.7 95.8 −13.1 42.9 98.9 −0.3 1.0 96.9 −0.2 1.3
90 97.0 −3.6 9.2 97.0 −3.7 10.6 97.1 −0.4 0.9 96.1 −0.2 0.8
180 99.3 −0.3 0.7 98.1 −0.4 0.8 97.1 −0.3 0.8 97.4 −0.3 1.2

NEFOO soaps after 30 days of maturation were white and this color was maintained
up to 180 days of maturation, while EVOO soaps tended to soft yellow after 90 days of
maturation and to white at 180 days (Table 3).

Considering the CIELAB parameters, EVOO soap with 0% free fatty acids had a more
intense yellow-green color than EVOO soap with 5% free fatty acids, this difference was
not observable for NEFOO soaps.

Soaps’ solubility was determined considering the degree of clarity of the solutions
with complete dissolution of the soap.

EVOO soaps, after 5 days of maturation, showed different turbidity (Figure 3A).
After 15 and 30 days of maturation (Figure 3B,C) the turbidity rapidly decreased for soap
with 0% of non-neutralized fatty acids, while it slowly decreased for soap with 5% of
non-neutralized fatty acids.
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NEFOO soaps, after 5 days of maturation, had very similar turbidity (Figure 3D).
After 15 and 30 days of maturation (Figure 3E,F) the turbidity of both soaps decreased until
clear solutions were obtained.

After 90 and 180 days, all soaps showed a slight turbidity: this was more present in
EVOO soaps (Figure 4A,B) than in NEFOO soaps (Figure 4C,D). This low turbidity for very
long maturation times could be due to the initial rancidity of the soaps.
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It is interesting to observe the hardness of the soaps: NEFOO soaps tended to be
harder and more compact than EVOO soaps, especially in the early stages of maturation,
with a consequent difficulty in their solubilization in water.

Considering the pH, color, and solubility, NEFOO soaps showed a correct maturation
after 30 days from their production, while EVOO soaps had an optimal maturation after
90–180 days. Soaps with maturation after 30 and 180 days are shown in Figure 5.
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There were no substantial differences, for the parameters considered in this study,
between soaps with 0% and 5% of free fatty acids produced with the same oil.

The stage of maturation is not strictly linked to the use of the product but represents
an important parameter for its marketing.

4. Conclusions

This study highlighted that non-edible fermented olives can be used for soaps’ pro-
duction.

The high acidity of NEFOO determines different and shorter saponification processes
than the normal procedures reported by Spitz L. [7,8].

Considering the pH, color, and solubility data, NEFOO soaps ripen faster than EVOO
soaps, while there are no substantial differences between soaps with 0% and 5% free fatty
acids obtained with the same oil.

The fermentation of non-edible olives makes it possible to easily and quickly recycle
an undervalued food waste to produce a widely used product, such as olive oil soaps, with
lower costs, production times, and maturation.

The study described could be used to produce “alternative” olive oils on a large
scale, exploiting non-edible drupes currently used to produce fodder, natural fertilizer, and
energy biomass.
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