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Abstract
Table olive wastewaters represent a big problem for factories not yet solved. Some partial solutions are the purification, the 
reuse or the generation of a smaller volume of these liquids. The purpose of this study was to investigate the possibility of 
obtaining a concentrate that can be stable over time and that has a biofertilizing capacity on tomato (Solanum lycopersicum 
L.) plants. In this study, washing waters from Spanish style green and storage liquids from black ripe olive processing were 
vacuum concentrated up to 10, 13 and 17 times so that they reached total sugar content of up to 700 mmol L−1, 925 mmol 
L−1 and 1200 mmol L−1 respectively. Interestingly, the evaporation achieved to retain most of the phenolic compounds that 
ranged from 18 mmol L−1 in the fresh solution to 140 mmol L−1 in the solution concentrated 10 times. Moreover, these 
concentrates showed in vitro antimicrobial activity against the bacteria Erwinia amylovora and Pseudomonas syringae, and 
the Oomycota Phytophthora sp. In addition, they increased the strength and cumulative yield of the tomato plants cultivated 
under greenhouse conditions, even after 12 months of storage at room temperature. It has been demonstrated that it is pos-
sible to reduce the large volume of the wastewaters of the table olive industry, and the concentrates have potential applica-
tion for agricultural uses, even after 1 year of storage, thereby contributing to a more environmentally sustainable industry.
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Statement of Novelty

Olives are one of the most economically important food 
products in Mediterranean countries and table olive factories 
are interested in finding an alternative to the large amount 

of wastewater they generate. This manuscript demonstrates 
the feasibility of the vacuum evaporation technique applied 
to table olive wastewaters which is a solution that could be 
used as a biofertilizer in agriculture and, in addition, exerts 
antimicrobial activity against plant pathogenic microorgan-
isms. This article presents the novelty that these concentrates 
are chemically and microbiologically stable and equally 
effective after 12 months, being an alternative as an agri-
cultural fertilizer. The philosophy of this manuscript is in 
agreement with the concepts of circular economy and waste 
valorization. Hence, we consider that the results presented in 
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this manuscript are of great importance for scientists, table 
olives processors and society in general.

Introduction

The table olive industry is of great importance in the fer-
mented vegetable world economy. The average production 
of this foodstuff during the last 5 years has approximately 
been of 2,805,000 tons, Spain accounting for at least 20% of 
the total. However, the big problem that threatens this very 
productive food field is the high volume of wastewaters that 
it produces. Until now, the research on this issue has been 
focused on the purification treatment of these wastes, their 
reuse in the factories to minimize the volume generated, or 
on finding compounds of biological interest.

Although there are many methods to elaborate edible 
olives, the Spanish style green and the Californian-black 
olives are the two most commercially important, particularly 
in Spain. Both methods lead to alkaline waste streams (spent 
lyes and washing waters) plus fermentation brines.

Ozonization [1, 2], electrocoagulation [3] and electro-
chemical treatments [4, 5] could, to a large extent, reduce 
the chemical oxygen demand contamination of the table 
olive wastewaters. Aerobic and anaerobic treatments alone, 
or in combination with another technique, have also been 
researched with promising results for the organic contamina-
tion reduction in these [6, 7].

The reuse of these solutions in other stages of the olive 
processing has also been studied [8–10], as well as new 
methods to obtain compounds of biological interest for the 
food and pharmaceutical industries [11–13].

However, none of these technologies have been imple-
mented at the industrial scale. Moreover, researchers have 
found antibacterial and antifungal activity in several olive 
processing wastewaters [11, 14–16]; and recently, it has been 
demonstrated that these wastes can be used as bio-stimulants 
in tomato cultivation [17]. Additionally, some solutions free 
of sodium chloride from the table olive industry have dem-
onstrated having a bio-fertilizing effect on some Mediter-
ranean crops [18, 19]. The substitution of sodium hydroxide 
by potassium hydroxide for the same agronomic purpose has 
also been proposed [19, 20].

Table olives are a seasonal product, and their wastewaters 
are produced during a specific period of time, which does 
not coincide with tomato and pepper crops. For this reason, 
the technique of vacuum evaporation of said liquids has been 
considered in order to obtain concentrates that were easy to 
handle [20], which would have the benefit of reducing the 
volume of these wastewaters, and allow availability of these 
bio-fertilizing solutions throughout the year.

The aims of this work were (i) to chemically characterize 
the concentrates obtained from table olive waste solutions, 

(ii) to demonstrate their chemical and microbiological stabil-
ity over time, (iii) to confirm their bio-fertilizing use, and 
(iv) their antimicrobial activity with concentrates stored for 
a year.

Materials and Methods

Table Olive Solutions

Two Experiments were Designed

Assay 1: eight samples of Spanish style green olive washing 
waters of the processing of ʽHojiblancaʼ cultivar and four 
acid storage liquids samples of the black ripe olive process-
ing were obtained from olive factories located in Seville 
(Spain). The storage liquids had been in contact with olives 
of the ʽHojiblancaʼ cultivar for 6 months under aerobic con-
ditions. These liquids had 12 g L−1 of acetic acid, and a pH 
around 4.0 units.

Subsequently, solutions were concentrated 10 times under 
vacuum, and their pH was adjusted to 5.0 units. The alkaline 
pH of the concentrated washing waters was dropped with 
60% nitric acid, and the pH of the preservation solutions was 
raised with 6 mol L−1 potassium hydroxide. In addition, non-
concentrated fresh washing waters were acidified with nitric 
acid (pH < 3.0) to prevent undesirable fermentations. Both 
non-concentrated and concentrated solutions were stored for 
9 months at room temperature.

Assay 2: two samples of Spanish style green olive 
washing waters of the processing of ʽHojiblancaʼ and 
ʽManzanillaʼ cultivars were obtained from local factories 
(Seville, Spain). They were concentrated up to 10, 13 and 
17 times in a vacuum. Then, the pH of the concentrates was 
adjusted to 5.0 units with 6 mol L−1 potassium hydroxide. 
All solutions were stored at room temperature for 12 months.

Chemical Analyses of the Table Olive Solutions

Solutions were filtered through a 0.22-μm pore size nylon 
filter, and organic acids and ethanol were analyzed by HPLC 
[18]. Sugars and phenolic compounds were analyzed in the 
filtered solutions by HPLC as described elsewhere [21].

Carbon and nitrogen were analyzed by elemental analysis 
using a LECO CHNS-932 analyzer (St Joseph, MI, USA). 
Previously, the samples were dried at 105 ºC and their mois-
ture was calculated.

Sodium and potassium concentrations were determined 
by flame photometry [18]. 1 g of liquid was digested by 
a DigiPREP equipment (Quebec, Canada) with 25 mL of 
14 mol L−1 nitric acid at 120 ºC for 8 h.

Calcium, iron, magnesium, copper, manganese and 
zinc were determined by atomic absorption [20] in a GBC 
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model 932 AA (Victoria, Australia) atomic absorption 
spectrometer.

The analysis of phosphorus was carried out using the col-
orimetric method proposed elsewhere [22]. Measurements 
were taken in a Cary UV/Visible spectrophotometer model 
60 (Agilent Technologies, Ca, USA) at 420 nm.

The density of the liquids was measured at 20 °C with 
a 0.1 L volumetric flask, and the viscosity analyzed with a 
viscometer Ostwald at 20 °C.

Bactericidal Activity

The solutions of Assay 1 were tested at time 0 and after 
9 months. All concentrates were diluted to their original 
volume with autoclaved tap water before evaluating their 
bactericidal activity. Washing waters were tested at 100 and 
50% of their original concentrations, and the storage liquids 
of black ripe olives at 2% and 5% of their original concen-
trations. The pH of all solutions was adjusted to 5.5 with 
potassium hydroxide, and they were filtered through 0.22 μm 
before inoculation. Two controls with just tap water at pH 
5.5, and 1.2% acetic acid in tap water at pH 5.5 were also 
carried out. 150 µL of the olive or control solutions were 
inoculated with 10 μL of an overnight culture of E. amylo-
vora and P. syringae diluted with saline, to obtain an initial 
population ca. 107 CFU/mL. The mixture was incubated at 
room temperature for 5 min with occasional shaking, and 
then plated onto nutrient agar to count survivors after up to 
5 days of incubation at 30 ºC. The percentage of inhibition 
was equals to the difference of the initial population (%) 
minus the surviving population after incubation (%) in each 
assay.

Activity Against Fungi and Oomycota

The solutions of Assay 1 and 2 were tested at time 0 and 
after 9 or 12 months of storage. The phytophatogenic activ-
ity was carried out against Fusarium solani, Phytophthrora 
sp., Botrytis cinerea and Macrophomina phaseolina. All 
concentrates were diluted to their original volume before 
evaluating their phytophatogenic activity.

Fungi and Phytophthrora sp. were grown on potato dex-
trose agar (PDA) from Difco Laboratories (Detroit, MI) at 
25 ºC for 7 days. PDA (20 mL) prepared with different per-
centages of olive solutions to achieve different concentra-
tions (10%, 25%, 50%), and was poured into sterilized petri 
dishes. A mycelial disc (5 mm diameter) was taken from the 
periphery of an actively growing PDA culture, and placed 
at the center of an 85 × 13 mm petri dish. The dishes were 
incubated at 25 ºC. The control treatment consisted of a petri 
dish with the mycelial disc, but PDA was diluted with sterile 
distilled water or 1.2% acetic acid in distilled sterile water. 

After 3–6 days of incubation, the diameter of the colonies 
was recorded.

Phytopathogenic toxicity was expressed in terms of per-
centage of mycelial growth inhibition (MGI, %), and cal-
culated following the formula as described elsewhere [23]:

where dc is the average diameter of phytopathogens colony 
in the control, and dt is the average diameter of phytopatho-
gens colony in the treatment. For each treatment, each com-
pound, and each of the tested doses, three replicate petri 
dishes were used.

Agronomic Experimental Design

Two pot trials were performed in a greenhouse as described 
elsewhere [24].

Tomato (cv. ʻOptimaʼ) plants were transplanted in mid-
December 2015 (Trial 1) and in mid-December 2016 (Trial 
2). Two washing waters from Spanish style green olive pro-
cessing were tested, from the ʽHojiblancaʼ and ʽManzanillaʼ 
cultivars. Wastewater solutions (Assay 2) were concentrated 
up to 10 times and diluted to the original volume to test 
them. In Trial 1 the solutions tested were freshly concen-
trated and in Trial 2 the solutions tested were the same but 
after 12 months of storage of the concentrates at pH 5.0. 
Also, two control solutions were used, tap water and a solu-
tion of potassium nitrate (7.81 g L−1 of potassium and 2.80 g 
L−1 of nitrogen). The solutions tested and potassium nitrate 
liquid were diluted 1:4 (20%) and 1:1 (50%) with tap water, 
and were irrigated three times on a bi-weekly basis, the first 
time 15 days post-transplant. Throughout the two trials, irri-
gation was carried out in a conventional manner with tap 
water. The tomato plants were kept in the greenhouse for 
6 months.

Morphological Analyses of Tomato Plants

Plant height (cm) was measured weekly throughout four 
and 2 months in Trial 1 and 2, respectively. The progress 
in flowering and the number of open flowers per plant were 
observed and recorded once a week until fruiting [25]. The 
progress in flowering was expressed as the percentage of 
plants that showed at least one open flower.

Tomato Fruits Production Analyses

Tomatoes were harvested during the final months of the 
assay, and the parameters measured were medium number 
of fruits per plant, cumulative yield (g plant−1) and fruit 
medium weight (g fruit−1).

%MGI = dc − dt∕dc
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Tomato Fruits Quality Analyses

Fruit medium caliber (cm) and firmness (shore) were evalu-
ated. The pH, sweetness (ºBrix), acidity (% of citric acid) 
and maturity index (sweetness/acidity) were evaluated in the 
tomato puree (100 g). The data of these parameters was the 
average of ten or seven harvestings of tomato fruits in Trial 
1 and 2, respectively.

Statistical Analysis

Chemical data was the mean of replicates ± standard devia-
tion. The pot experiments were performed using a com-
pletely randomized design and results were expressed as the 
mean of six replications ± standard error. One-way ANOVA 
were applied to determine the significant differences among 
treatments. All means were compared according to the least 
significance differences (LSD) test at 5% significance level. 
All statistical analyses were performed with Statistix 9.0 
(Analytical Software, Ltd., La Jolla, CA, USA).

Results and Discussion

Chemical Characterization of Waste Solutions 
from the Table Olive Industry

The concentration of acetic acid and ethanol was minimal in 
the washing waters and much higher in the storage liquids 
(Table 1); which was expected due to the initial addition of 
the organic acid in the latter case, and yeast fermentation 
during the storage period. The main sugars detected in the 
non-concentrated washing waters were glucose and manni-
tol, with an average value of total sugars of 73.2 ± 16.5 mmol 
L−1 and 80.4 ± 13.8 mmol L−1 at time 0 and after 9 months 
preservation, respectively. Likewise, the concentration of 
phenolic compounds was relevant, highlighting hydroxy-
tyrosol as the major compound, something already found 
in several olive waste streams by other researchers [4, 26], 
followed by tyrosol. The presence of the dialdehydic form 
of decarboxymethyl elenolic acid linked to hydroxytyrosol 
(HyEDA) in storage liquids, whose antimicrobial activity 
has been widely demonstrated [21], must be noted. Other 
phenolic compounds were detected at a lower concentra-
tion and the sum of all of them represented a concentra-
tion in the range of 1.5 ± 0.7 mmol L−1 and 3.6 ± 1.0 mmol 
L−1 in non-concentrated washing waters and storage liquids 
respectively. Thus, the mean value of total phenols in the 

Table 1   Chemical 
characterization of non-
concentrated and concentrated 
table olive solutions

Eight washing waters from Green-Spanish olive and four storage liquids from black ripe olive processes 
were analyzed. Values are mean ± standard deviation
a Ten times concentration
b HyEDA: dialdehydic form of decarboxymethyl elenolic acid linked to hydroxytyrosol
c Other minerals are the sum of iron, magnesium, copper, manganese, zinc and phosphorous. nd, not 
detected

Compounds Washing water Storage liquid

Non-concentrated Concentrateda Non-concentrated Concentrated

Acetic acid (%, w v−1) 0.06 ± 0.02 0.06 ± 0.03 0.83 ± 0.18 1.59 ± 0.19
Ethanol (%, w v−1) 0.02 ± 0.01 nd 0.56 ± 0.30 nd
Sucrose (mmol L−1) 0.4 ± 0.2 nd 1.0 ± 0.2 7.7 ± 1.7
Glucose (mmol L−1) 34.6 ± 10.5 306.8 ± 138.9 15.4 ± 6.1 110.0 ± 39.7
Fructose (mmol L−1) 12.6 ± 2.2 116.8 ± 51.8 3.6 ± 0.9 36.1 ± 4.1
Mannitol (mmol L−1) 25.8 ± 5.5 158.9 ± 75.0 45.7 ± 9.0 369.5 ± 62.7
Hydroxytyrosol (mmol L−1) 11.0 ± 3.0 61.1 ± 15.1 6.3 ± 0.8 71.9 ± 14.2
Tyrosol (mmol L−1) 1.3 ± 0.3 12.1 ± 2.0 0.1 ± 0.0 6.8 ± 1.3
HyEDAb (mmol L−1) nd nd 1.1 ± 0.7 7.5 ± 5.1
Carbon (%, w w−1) 1.54 ± 0.31 12.78 ± 2.25 1.83 ± 0.41 12.82 ± 2.45
Nitrogen (%, w w−1) 0.38 ± 0.15 3.03 ± 1.15 0.04 ± 0.01 0.28 ± 0.05
Sodium (g L−1) 4.45 ± 2.21 28.29 ± 15.69 0.39 ± 0.01 3.59 ± 0.28
Potassium (g L−1) 1.20 ± 0.24 7.54 ± 1.85 2.32 ± 0.12 17.49 ± 1.91
Calcium (g L−1) 0.04 ± 0.02 0.60 ± 0.37 0.21 ± 0.01 1.84 ± 0.14
Other mineralsc (g L−1) 0.09 ± 0.02 0.75 ± 0.18 0.09 ± 0.01 0.83 ± 0.05
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non-concentrated washing waters was 20.0 ± 11.5 mmol 
L−1 and 19.3 ± 5.4 mmol L−1 at time 0 and after 9 months 
preservation, respectively, which coincides with previous 
data [26].

Other components of interest found in these solutions 
were minerals including carbon, nitrogen, sodium, potas-
sium and calcium; which could be involved in the bioforti-
fying effect observed in Mediterranean crops irrigated with 
these table olive solutions [18, 24]. Besides, they possess 
COD values around 40–45 g L−1, density 1.15 g mL−1, and 
total solids 290 g kg−1 [20] thereby they are heavy contami-
nated liquids as it also happens with the olive mill wastewa-
ters that have COD of 80 g L−1, BOD5 of 18.72 g L−1, dry 
matter of 135.7 g L−1 and volatile matter of 58.7 g L−1 [27].

As mentioned above, from a practical point of view, they 
must be concentrated before their use in agriculture. This 
technique allows the removal of some volatile contaminants, 
reduces the final volume of the waste and increases the sta-
bility of these solutions.

Hence, their concentration of up to 10 times under vac-
uum was studied, yielding very interesting results (Table 1). 
In relation to the volatile compounds, acetic acid did not 
change or scarcely increased in the preservation liquid con-
centrate, and ethanol disappeared in both concentrates. Con-
versely, sugars, phenolic compounds and minerals remained 
to a large extent, reaching a concentration of 6–10 times 
higher than the source solution. It is worth noting that the 
density (1.19 g mL−1) and viscosity (2.5 g m.s−1) were obvi-
ously higher than those of the non-concentrated solutions, 
yet they had adequate handling fluidity. Moreover, the dark 
color of the concentrate suggested the occurrence of several 
chemical reactions during evaporation, such as the polym-
erization and Maillard type as reported elsewhere [28]. 
This could explain why our concentrates did not have the 
expected composition of sugars, phenols and minerals; some 
of these individual compounds were polymerized.

Similarly, it was found that all these solutions remained 
chemically stable after 9 months of storage at room tempera-
ture without any visual microbial growth, even at pH 5.0 in 
the concentrates. The value of total sugars was 667.4 ± 122.4 
and 565.1 ± 94.4 at time 0 and after 9 months preserva-
tion, respectively. Likewise, the value of total phenols was 
121.3 ± 20.2 and 133.1 ± 24.0 at time 0 and after 9 months 
preservation, respectively.

Assessment of the Antimicrobial Activity of Waste 
Solutions from the Table Olive Industry

The antimicrobial activity at 0 months of the non-concentrated 
solutions from industrial table olive wastewaters were tested 
against the phytopathogenic bacteria E. amylovora and P. 
syringae, and no viable cells of both microorganisms were 
detected in any of the assays (data not shown), similar with 

results previously found [14]. All solutions contained a sig-
nificant concentration of hydroxytyrosol (Table 1), whose 
antibacterial capacity has already been demonstrated by other 
authors [11, 15], this activity was greater when storage liquids 
were tested as a result of the additional presence of HyEDA 
(Table 1).

Likewise, the antimicrobial character of these non-concen-
trated solutions was evaluated against the pathogenic Oomy-
cota Phytophthora sp., and 100% growth inhibition was found 
for all solutions tested, either diluted or undiluted (data not 
shown). Similar results have been attributed to hydroxytyrosol-
rich olive mill wastewater, which had shown a powerful anti-
microbial activity against phytopathogens [16].

In addition, results depicted in Fig. 1 confirmed that the 
vacuum concentration of these solutions did not eliminate 
their antimicrobial activity. No viable cells of E. amylovora 
were recovered after 5 min contact with the washing waters 
(Fig. 1a). Similar results were found for P. syringae with all 
solutions. Again, better results were achieved with storage 
solutions of the black ripe olive processing (Fig. 1b), as loss 
of viability was found at concentrations as low as 2–5%.

In the case of the table olive concentrates against non-bac-
terial pathogens, the in vitro assays were carried out with M. 
phaseolina, B. cinerea, F. solani and Phytophthora sp. All con-
centrates exerted a 100% inhibition against the 4 phytopatho-
gens if they were used undiluted, decreasing this effect when 
increasing dilution. In particular, concentrates from washing 
waters diluted to 10, 25 and 50% of the initial volume did not 
show any effect against the first three fungi, and only presented 
growth inhibition against Phytophthora sp. (Fig. 1c). In con-
trast, the concentrates of storage liquids inhibited the growth 
of the four microorganisms, even applied at 10% dilution, as 
for example 40–50% growth inhibition for M. phaseolina, B. 
cinerea and F. solani, and even more active against Phytoph-
thora sp. (Fig. 1c).

Additionally, all these concentrated solutions were stored 
at room temperature for 9 months and their antimicrobial 
activity tested again. In comparison with results obtained at 
time 0 of storage, the antibacterial activity of the washing 
waters decreased against E. amylovora and increased against 
P. syringae (Fig. 2a), although a great variability was found. 
In contrast, the antibacterial activity of the concentrates of 
storage liquids increased with time (Fig. 2b). Regarding activ-
ity against Phytophthora sp., all concentrates increased this 
property with storage time (Fig. 2c).
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Influence of the Degree of Concentration 
in the Chemical Composition and Antimicrobial 
Activity of Concentrates Obtained from Waste 
Solutions of the Table Olive Industry. Stability Over 
Time

Concentration of the waste solutions is a key factor for their 
commercialization, so a higher concentration than 10 times 
was tested (Assay 2). Washing waters were concentrated up 
to 13 and 17 times, the density and viscosity of the concen-
trates being 1.26 g mL−1 and 1.38 g mL−1, and 3.89 g m 
s−1 and 9.81 g m s−1 respectively. All this data indicated 
that concentrates up to 17 times could be handled, although 

their stability and antimicrobial activity with time ought to 
be tested.

Table 2 shows the results of total and individual sugars 
and phenols concentration of the freshly prepared concen-
trated solutions (0 m), stored for 12 months at room tempera-
ture (12 m). With respect to total sugars, an increase of these 
substances can be seen with the degree of concentration at 
time 0, which was observed for each of the individual sugars 
analyzed. On the contrary, total phenols tended to decrease 
with the intensity of the concentration, particularly in the 
concentrates of the Manzanilla cultivar. The oxidation rate 
of o-diphenols such as hydroxytyrosol at pH 5 should be 
low, but vacuum evaporation was carried out at 60 ºC. Most 
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of the phenolic compounds oxidized under these conditions 
regardless their type. As reported for the 10 times concentra-
tion, 13 times and 17 times were not largely affected by the 
content of minerals in the concentrates, which is relevant 
from an agronomic point of view (data not shown).

It must be highlighted that, after 12 months of storage, 
none of these concentrates showed visible signs of micro-
bial growth, off-odors or gas formation. However, a pre-
cipitate was detected at a higher degree of concentration; 
more significant in the Manzanilla concentrates, which may 
be related to the lower content in sugars and phenolic com-
pounds found in them (Table 2). These results are in agree-
ment with the loss of 8% of phenolic compounds in some 
olive extract rich in hydroxytyrosol after 3 months of storage 
at room temperature [29].

After 12 months of storage at room temperature, none of 
these concentrates inhibited the growth of M. phaseolina 
or B. cinerea. The solutions concentrated up to 13 times 
had an inhibitory activity against the growth of F. solani 
when applied at 50% (Fig. 3a, b), regardless of the cultivar 
(ʽManzanillaʼ or ʽHojiblancaʼ), and this inhibitory effect 
increased if the solutions tested were those concentrated up 
to 17 times.

Moreover, the highest inhibitory activity was identified 
against Phytophthora sp. (Fig. 3c, d). All the solutions tested 

had an inhibitory effect on the growth of this Oomycota, 
said activity being greater at a higher concentration degree 
of these solutions. Likewise, at the same degree of concen-
tration, the inhibitory effect was greater at lower dilution of 
the solution. In particular, concentrates of washing waters 
of ʽManzanillaʼ (Fig. 3c) were total inhibitors of the growth 
of this phytopathogen if they were applied at 50%.

These results showed that the activity against non-bacte-
rial pathogens was maintained by increasing the degree of 
solution concentration, and this activity also remained stable 
after 12 months of storage at room temperature.

Biofortifying Capacity of Concentrates Tested at 0 
and 12 Months of Storage

It has recently been shown that olive wastewaters can be 
used in agriculture as biofertilizers added to the irrigation 
water of different Mediterranean crops [18, 24], but it was 
necessary to know if these properties could be preserved 
with time in concentrated solutions.

The first notable issue was the absence of a phytotoxic 
effect on tomato plants treated with these fresh table olive 
concentrated solutions, despite researchers having shown 
that polymers extracted from olive mil wastewaters led to a 
phytotoxic effect on tomato plants [30].

Table 2   Sugars (glucose, fructose, mannitol and total) and phenols (hydroxytyrosol, hydroxytyrosol-1-glucose, tyrosol and total) concentrations 
of the washing water concentrated at different degrees (10, 13 and 17 times)

Tested solutions were from Spanish style green olive processing, from the ʽManzanillaʼ and ʽHojiblancaʼ cultivars. The concentrated solutions 
were analyzed at 0 and 12 months of storage at room temperature. Values are mean ± standard deviation
a Number followed by the different lowercase letters indicate significant differences according to the LSD test (p < 0.05) between data from 0 and 
12 months, for the same concentration degree in each compound and cultivar. Number followed by the different uppercase letters indicate signifi-
cant differences according to the LSD test (p < 0.05) for different treatment analyzed at the same time in each compound and cultivar

Compound (mmol L−1) Time 
(months)

ʽManzanillaʼ cultivar ʽHojiblancaʼ cultivar

10 13 17 10 13 17

Glucose 0 444.2 ± 4.2Caa 566.1 ± 11.3Ba 871.0 ± 18.2Aa 293.8 ± 5.7Ca 406.1 ± 16.2Ba 516.1 ± 39.1Aa
12 478.2 ± 8.8Ca 537.8 ± 1.5Ba 758.7 ± 3.9Aa 342.6 ± 24.2Ca 390.0 ± 22.1Ba 533.3 ± 13.9Aa

Fructose 0 169.9 ± 2.3Ca 218.1 ± 3.5Ba 333.3 ± 7.4Aa 100.0 ± 2.8Ca 135.2 ± 7.6Ba 174.7 ± 10.7Aa
12 177.8 ± 4.4Ca 201.7 ± 1.6Bb 281.1 ± 8.3Ab 112.4 ± 6.8Ca 129.0 ± 8.4Ba 176.7 ± 2.7Aa

Mannitol 0 98.6 ± 8.9Ca 124.8 ± 8.5Ba 183.8 ± 7.3Aa 271.4 ± 4.2Cb 353.7 ± 11.9Ba 394.5 ± 35.2Ab
12 106.4 ± 8.7Ca 119.9 ± 1.9Ba 167.1 ± 4.1Aa 327.0 ± 22.3Ca 364.5 ± 23.4Ba 504.1 ± 7.3Aa

Total Sugars 0 716.1 ± 2.1Ca 913.3 ± 22.7Ba 1393.4 ± 34.3Aa 677.0 ± 12.5Ca 897.5 ± 35.1Ba 1088.3 ± 85.6Aa
12 765.6 ± 22.0Ca 862.4 ± 2.1Ba 1213.0 ± 15.3Ab 785.1 ± 53.1Ca 885.9 ± 54.5Ba 1216.8 ± 24.9Aa

Hydroxytyrosol 0 221.7 ± 3.1Aa 186.6 ± 4.1Ca 200.8 ± 2.1Ba 111.9 ± 9.2Aa 113.5 ± 9.9Aa 105.9 ± 9.9Aa
12 190.9 ± 1.5Ab 180.8 ± 1.0Ba 168.2 ± 2.5Bb 107.4 ± 8.2Aa 95.2 ± 8.3Aa 101.0 ± 8.4Aa

Hydroxytyrosol-4-Glucose 0 7.4 ± 0.1Aa 6.2 ± 0.2Ba 6.8 ± 0.1Ba 10.2 ± 0.1Aa 10.6 ± 0.2Aa 9.6 ± 0.1Ba
12 6.6 ± 0.3Aa 6.3 ± 0.2Ba 5.6 ± 0.7Ba 10.0 ± 0.1Aa 9.0 ± 0.1Bb 9.8 ± 0.1Aa

Tyrosol 0 32.9 ± 2.4Aa 28.5 ± 1.2Ba 30.1 ± 0.8Ba 9.8 ± 0.3Aa 9.9 ± 0.2Aa 9.6 ± 0.8Aa
12 31.1 ± 1.5Aa 28.5 ± 1.2Ba 26.2 ± 0.9Bb 10.5 ± 0.6Ba 9.1 ± 0.7Aa 9.8 ± 0.9Aa

Total phenols 0 271.0 ± 4.8Aa 229.4 ± 5.7Ca 246.6 ± 3.3Ba 138.4 ± 9.2Aa 140.6 ± 9.8Aa 131.2 ± 10.7Aa
12 233.6 ± 3.8Ab 220.1 ± 2.2Ba 204.5 ± 3.4Cb 130.4 ± 9.1Aa 115.2 ± 8.6Ba 123.2 ± 9.1Aa
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In contrast, the average height of the tomato plants was 
higher when they were irrigated with concentrated wash-
ing waters diluted at 50% of their non-concentrated volume, 
than those plants irrigated with only tap water or potassium 
nitrate solution (Fig. 4). Indeed, a similar effect was found 
with concentrates stored for 1 year, which confirmed previ-
ous data obtained with table olive solutions [26] or extracts 
rich in hydroxytyrosol [16].

Flowering started about 15–20 days after the application 
of the first irrigation treatment, and in all cases more than 
50% of plants had at least one flower. After 30 days, no 
statistically significant difference was observed between the 
treatments (data not shown).

With respect to the cumulative yield, it was much 
higher in plants irrigated with most of the solutions tested 
(potassium nitrate, washing waters of ʽManzanillaʼ and 
ʽHojiblancaʼ) than when using only tap water, irrespec-
tive of the storage time of the concentrates (Fig. 4). Similar 
results have been demonstrated when using other wastewa-
ters from food [17, 31]. Regarding the average size of the 
tomatoes, no statistically significant difference was found 
between the treatments when the freshly prepared concen-
trates (0 m) were applied, although after 1 year of storage 

the fruits irrigated with the concentrates from ʽManzanillaʼ 
had bigger calibers.

Overall, concentrates of ʽManzanillaʼ were more favora-
ble than those of ʽHojiblancaʼ for plant development and 
yield. The chemical composition of these concentrates was 
different, because those from the ʽManzanillaʼ cultivar had 
a higher concentration of sugars and phenolic compounds 
(Table 2) than those from the “Hojiblanca” cultivar. In 
addition, ʽManzanillaʼ concentrates had higher percent-
age of phosphorus (5.2%) than ʽHojiblancaʼ concentrates 
(3.3%).

Likewise, most of the pHs were close to the current 
industrial tomato purees (4.3 pH units) without any signifi-
cant effect due to the use of olive waste strems (Table 3). 
In terms of the sweetness and acidity parameters, the best 
tomatoes being those treated with fertilizer (potassium 
nitrate at 50%), whose sweetness was 6.27 ºBrix and acid-
ity 0.35% of citric acid, data that indicated high quality 
tomatoes [32]. Finally, a maturity index of 10 correlates 
with an excellent sugar/acid combination, and conse-
quently better flavor, and the results of all treatments were 
higher than this value.
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Fig. 3   Mycelial growth inhibition of Fusarium solani (a and b) and 
Phytophthora sp. (c and d), of washing waters of ʽManzanillaʼ (a and 
c) and ʽHojiblancaʼ (b and d) cultivars. The solutions were concen-
trated at different degrees (10, 13 and 17 times). The concentrates 
were diluted to the original volume 10, 25 and 50% and they were 
tested after 12  months of storage at room temperature. Standard 
deviation of replicates is depicted in each bar. Bars followed by the 

different lowercase letters indicate significant differences according 
to the LSD test (p < 0.05) between data for different dilution, and the 
same concentration degree in each graph. Bars followed by the differ-
ent uppercase letters indicate significant differences according to the 
LSD test (p < 0.05) for the same dilution, and different concentration 
degree in each graph
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Conclusions

The results obtained in this study revealed that washing 
waters from Spanish style green and storage liquids from 
black ripe olives, can be vacuum concentrated up to 17 times 
without losing sugars, minerals and most of the phenolic 
compounds. Besides, these concentrates were chemically 
and microbiologically stable for 12 months, preserving their 
antimicrobial activity against the bacteria E. amylovora and 

P. syringae, and the phytopathogens F. solani and Phytoph-
thora sp.

In addition, this study confirmed the biofertilizing effect 
of these concentrated solutions on tomato plant grown in 
pots within controlled greenhouses. This effect was main-
tained even after concentrates were stored for 12 months. Yet 
the results have been so promising, that they have encour-
aged us to continue future research regarding the application 
of these solutions, as part of irrigation water in field trials 
with different Mediterranean crops.
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Fig. 4   Plant height, medium number of fruits per plant, cumulative 
yield and fruit medium weight of tomato cultivar treated with two 
washing waters from Spanish style green olive processing, from the 
ʽManzanillaʼ and ʽHojiblancaʼ cultivars. Wastewater solutions were 
concentrated up to 10 times and diluted to the original volume to test 
them. Two control solutions were used: water and potassium nitrate 
(KNO3). The solutions were diluted 1:4 (20%) or 1:1 (50%) with 
tap water and applied by irrigation. The concentrated solutions were 

tested at 0 and 12 months of storage at room temperature. Standard 
deviation of ten replicates is depicted in each bar. Bars followed by 
the different lowercase letters indicate significant differences accord-
ing to the LSD test (p < 0.05) between data from 0 and 12 months for 
the same treatment tested in each graph. Bars followed by the differ-
ent uppercase letters indicate significant differences according to the 
LSD test (p < 0.05) for different treatment tested at the same time in 
each graph
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