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ABSTRACT  1 

Recently, it has been reported the potential use as fertilizer of some wastewaters from 2 

table olive factories but the cause of this activity has not been disclosed up to now. In 3 

this study, a huge number of table olive waste solutions were analyzed from three 4 

consecutive seasons. Sugars, phenolic and mineral compounds were the main chemical 5 

groups identified. The individual effect of these components was tested on the growth 6 

of tomato plants and the quality of their fruits. Two factorial designs were assayed (2
4
 7 

and 2
3
), in which the individual groups of chemical substances were sugars, minerals 8 

(nitrogen, potassium and phosphor), simple and polymeric phenols. Also, fresh wash 9 

water from Spanish-style green table olive processing was tested. The main conclusion 10 

was that no one individual group caused the fertilizer activity but a synergetic action of 11 

all of them was efficient and the fresh waste solution tested was the most effective. 12 

 13 

KEYWORDS: By-products, minerals, sugars, phenolic compounds, olive, 14 

Mediterranean crops 15 

 16 
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1. Introduction 18 

 19 

The olive is one of the most economically important food products in 20 

Mediterranean countries. Many pre-harvest factors may influence the olive fruit 21 

composition including cultivar, growing area, environmental condition, tree age, 22 

irrigation and maturity, among others (Mele et al., 2018). Also, post-harvest factors are 23 

determinant for the olive oil and table olive quality as well as the compositional 24 

characteristics of their by-products (olive pomace, leaves, olive mill and table olive 25 

wastewaters) that are produced in large quantities and could be used for agronomic 26 

purposes (Di Mauro et al., 2018). ..  27 

Municipal wastewaters have been used as effluent for irrigation of Cucumis melo 28 

(Martinez et al., 2013) and young olive tree (Hassena et al., 2018). Nowadays, with the 29 

aim of creating an environmentally sustainable world and developing a circular bio-30 

economy, many investigations have been focused on (i) transforming industrial 31 

processes to minimize the formation of these by-products (Brenes et al., 2017), and (ii) 32 

to create added value by giving them practical purposes, such as obtaining amendments 33 

to the soil (Killi et al., 2014). However, some researchers have demonstrated that the 34 

direct application of olive oil wastewater during three consecutive years to the sandy 35 

soil in arid conditions of Southern Tunisia induces a considerable improvement of soil 36 

fertility, but it causes a loss of the crop yield so that  its application as a soil additive is 37 

not viable (Dakhli et al., 2018) even whenthe application of a low dose could improve 38 

the organic matter, total nitrogen and minerals contents in these sandy soils (Bargougui 39 

et al., 2019). 40 

These by-products are also an important sources of bioactive compounds (Sedej 41 

et al., 2016; Fritsch et al., 2017; Medina et al., 2018a; Kiai et al.; 2018; Cassano et al., 42 
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2018), such as bio-phenols (Şahin and Bilgin, 2018), particularly hydroxytyrosol, which 43 

antioxidant properties have been attributed (Hu et al., 2014; Nunes et al., 2016). 44 

Recently, a chemical fertilizer for the improvement of plant growth has been 45 

discovered (Seyyednejad et al., 2017; AL-Kahtani et al., 2018), which is obtained by 46 

transforming olive mill wastewaters by means of solar drying and composting (Galliou 47 

et al., 2018). 48 

In table olive factories, many different waste streams are generated with a very 49 

high organic and inorganic contamination that is difficult to handle. There are several 50 

methods to minimize these effluents or at least purify them at a very high economic cost 51 

(Ayed et al., 2017; Tatoulis et al., 2017; García-Serrano et al., 2019). It has been studied 52 

their use for olive plant irrigation due to their germinating capacity (Pierantozzi et al., 53 

2012), but the salinity of the irrigation waters is an important problem (Li et al., 2019) 54 

and the global wastewaters of the table olive factories have a high salt concentration, 55 

then their use for irrigation olive trees is limited (Murillo et al., 2000). Nevertheless, it 56 

has recently been demonstrated that some of the table olive solutions are free of salt and 57 

could have applications as bio-fertilizers or bio-pesticides because the irrigation with 58 

these solutions increased the plant growth, fruit size and cumulative yield of different 59 

Mediterranean crops.  (De los Santos et al., 2019). 60 

There are many table olives processes, and some of them require a very high 61 

concentration of sodium chloride during the preservation stages (Spanish style-green, 62 

natural black and black dry-salted olives) but others need a low concentration of that 63 

salt (Californian and Castelvetrano style olives). However, the latter generate a few 64 

wastewater solutions free of sodium chloride. The objective of this work was to 65 

characterize a substantial diversity of these salt-free table olive solutions for the first 66 
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time and to look for the individual component responsible for the fertilizing effect they 67 

have shown. 68 

 69 

2. Materials and methods 70 

 71 

2.1. Table olive solutions 72 

 73 

The ‘Hojiblanca’ cultivar is an olive with an ovoid and symmetrical shape, the 74 

medium size is 2.6-4.9 g/fruit and the pulp-to-pit ratio is 3.7-5.6. This cultivar has high 75 

oil content (16-28 %) and humidity of 60 %. In our experiments, the olives were picked 76 

with a green-yellow color on the surface in October during three consecutive seasons. 77 

The fruits were processed as Spanishstyle green and black ripe olives in cooperatives 78 

located in Gilena, La Roda de Andalucía, Casariche and Herrera (Seville, Spain). 79 

The fruit were processed during three consecutive days in industrial tanks; around 80 

10000 kg of olives were covered in each tank with 5000 L of 2.5 % NaOH solution until 81 

the alkali penetrated two-thirds of the way to the pit of the fruit. Subsequently, the 82 

NaOH solution was discharged and tap water was added. This solution was eliminated 83 

after 8 h of contact with the fruits and 60 L of that wash water were transported to the 84 

Instituto de la Grasa pilot plant. 85 

 86 

Fifty, seventeen and eight Spanish-style green olives wash water solutions (pH 87 

12) from ‘Hojiblanca’ olive samples were collected during the 2014-2015, 2015-2016 88 

and 2016-2017 seasons, respectively. Solutions were acidified with nitric acid at a pH 89 

below 3.0 units within 24 h.  90 
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Acidified storage liquids from black ripe olive processing after at least 6 months 91 

of contact with ‘Hojiblanca’ olives were also transported from the local factories to the 92 

Instituto de la Grasa pilot plant. These free-salt liquids had 1.2% of acetic acid and a pH 93 

around 4.0 units. Twenty, thirty-six and thirty samples were collected during the 2014-94 

2015, 2015-2016 and 2016-2017 seasons, respectively. 95 

 96 

2.2. Chemical analyses of table olive solutions 97 

 98 

pH was measured using a Crison model 2001 pH meter (Crison Instruments, Barcelona, 99 

Spain). Organic acids and ethanol were analyzed by HPLC (De los Santos et al., 2019). 100 

Sugars, phenolic and oleosidic compounds were analyzed in the filtered solutions by 101 

HPLC as described elsewhere (Medina et al., 2007). Carbon and nitrogen were analyzed 102 

by elemental analysis, using a LECO CHNS-932 analyzer (St Joseph, MI, USA), after 103 

drying the sample at 105 ºC and the moisture calculated. Sodium and potassium 104 

concentrations were determined by flame photometry (De los Santos et al., 2019). 105 

Titratable acidity was determined in de tomato juice by titrating up to pH 8.1 with 0.1N 106 

NaOH and expressed as % (w/v) citric acid (Gómes and Camelo, 2002). 107 

 108 

 109 

2.3. Individual component effect 110 

 111 

Two experiences were carried out. In Experiment 1, a factorial design 2
4 

(Table 112 

S1) was applied, where the four variables were sugars (SG), minerals (NPK), simple 113 

phenols (SP) and polymeric phenols (PP). In Experiment 2, a factorial design 2
3 

was 114 

applied (Table S2), where the three variables were NPK, SP and PP.  115 
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Simple and polymeric phenol solutions could be obtained from any of the two 116 

liquids studied (fresh wash water and acidified storage liquids). However, we selected 117 

fresh wash water (WW) to obtain these tested groups because it was the solution 118 

available in our laboratories at time of running the experiments. Also, the full solutions 119 

were tested in both experiments.. The pH of this solution was previously adjusted to 5-120 

5.5 units with KOH 6 M (Globalchem, Sevilla, Spain) and 3 L of each tested solution 121 

were prepared. Those with SG were obtained by the addition of 0.6 g sucrose, 5.6 g 122 

glucose, 2.8 g fructose and 7.3 g mannitol; all sugars were commercial compounds 123 

(Applichem Panreac, Barcelona, Spain). Solutions with NPK were prepared by adding 8 124 

mL HNO3 65% (Globalchem, Sevilla, Spain), 42 μL H3PO4 85% (Applichem Panreac, 125 

Barcelona, Spain) and 23 mL KOH 6 M (Globalchem, Sevilla, Spain). SP solutions 126 

were made by extraction of the simple phenolic compounds from the WW with ethyl 127 

acetate (Brenes et al., 1995). Finally, the dry residue was dissolved in tap water or PP 128 

solution, according to the factorial designs. PP solutions were obtained by dialysis of 129 

the fresh WW with a 14000 molecular cut tubing cellulose membrane (Sigma-Aldrich 130 

INC, St Louis, USA).
 131 

 132 

2.4. Agronomic experimental designs 133 

 134 

Two pot experiments were carried out in a greenhouse (25 ºC day/15º C night ± 135 

5 ºC; 50-80%  relative humidity) located in the IFAPA Las Torres Center (Alcalá del 136 

Río, Seville, Spain, 37°30′ N, 5°58′ W). In all experiments, transplants were transferred 137 

to 16-cm plastic pots containing 2.5 kg per pot of sterilized peat (Klansmann-Deilmann, 138 

Geeste, Germany). The chemical composition of the peat was: 20% organic matter, pH 139 

5.5-6.5, salinity < 1 g L
-1

, 130-220 mg L
-1

 total N, 160-260 mg L
-1

 total P, 170-290 mg 140 
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L
-1

 total K and 80-150 mg L
-1

 total Mg. The experiments were randomized with six 141 

replicates.  142 

The solutions tested were diluted 1:1 with tap water and were applied by 143 

irrigation three times on a bi-weekly basis (110 mL tested solution per plant), the first 144 

one 15 days post-transplant (dpt). Throughout the two experiments, irrigation was 145 

carried out in a conventional manner with 100 mL of tap water per plant, twice a week. 146 

Both experiments were carried out on tomato plants (cv. ‘Optima’) in 2016. The plants 147 

were supplied by a local shop plants and had two months old before were transplanted 148 

in mid-February (Experiment 1) and in mid-December (Experiment 2). The tomato 149 

plants were kept in the greenhouse for five months. 150 

2.5. Morphological analyses of tomato plants 151 

 152 

Plant height (cm) was weekly evaluated throughout two months. The progress in 153 

flowering and the number of open flowers per plant were observed and recorded once a 154 

week until fruiting (Sønsteby A, 2007). The progress in flowering was expressed as the 155 

percentage of plants that showed at least one open flower. 156 

 157 

2.6. Production analyses of tomato fruits 158 

 159 

Tomatoes were harvested during the final months of the assay, and parameters 160 

measured were average number of fruits (fruits plant
-1

), cumulative yield (g plant
-1

) and 161 

average weight of fruits (g fruit
-1

). 162 

 163 

2.7. Quality analyses of tomato fruits 164 

 165 
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Fruit size (cm) and firmness (shore) were evaluated. The pH, sweetness (ºBrix), 166 

acidity (% of citric acid) and maturity index (sweetness acidity
-1

) were evaluated in the 167 

tomato puree (100g). The data of these parameters were the average of five or three 168 

harvestings of tomato fruits in Experiments 1 and 2, respectively. 169 

 170 

 171 

2.8. Statistical analysis 172 

 173 

The experiments were performed using a completely randomized design. 174 

Experimental data were the mean ± standard error (SE) and means were compared 175 

according to the least significance differences (LSD) test at the 5% significance level. 176 

An ANOVA / effects variance analysis was applied on the factorial design 2
4
 and 2

3
 in 177 

Experiments 1 and 2, respectively. All statistical analyses were performed with Statistix 178 

9.0 (Analytical Software, Ltd., La Jolla, CA, USA).  179 

 180 

3. Results and discussion 181 

 182 

3.1. Chemical characterization of table olive solutions 183 

 184 

Recently, it has been demonstrated that the application of the WW from 185 

Spanish-style green olive processing and the acidic storage solutions from black ripe 186 

olive processing have a bio-fertilizing effect on several different Mediterranean crops 187 

(De los Santos et al., 2019). Therefore, knowledge about the chemical composition of 188 

these solutions has great interest. Olives of the ‘Hojiblanca’ cultivar are the most 189 

representative in the cooperative Agro Sevilla SCA, a collaborating company in this 190 
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investigation, and for the first time, a large and significant number of processing 191 

solutions of this cultivar was evaluated over three consecutive harvesting seasons. 192 

Table 1 shows the composition of the WW from olives processed as Spanish-193 

style green olives. These solutions contained a small amount of acetic acid and ethanol, 194 

although the presence of reducing sugars, phenolic and oleosidic compounds is more 195 

interesting. The most prominent sugar is glucose, at around 50% of total sugars, 196 

followed by mannitol, a characteristic sugar of this cultivar (Medina et al., 2018b), and 197 

represents 30-40% of the total. Among the polyphenolic compounds present in these 198 

solutions, hydroxytyrosol (9-16 mM), was the most prominent and represents around 199 

80% of the total, with significant amounts of its glucosides and tyrosol. Other 200 

interesting compounds are oleosides. Among them, the antimicrobial compound 201 

oleoside-11-methyl ester (Medina et al., 2007) is present in a wide concentration range 202 

(0.5-12 mM). 203 

When comparing the results within the different seasons, statistically significant 204 

differences were found among the solutions, with those from the 2015-2016 season 205 

containing a higher concentration in the compounds of interest. Differences in the 206 

compositions of sugars, phenols, and oleosidic compounds were previously 207 

demonstrated by other researchers in fruits of the same cultivar from different seasons 208 

(Ramírez el at. 2014; Romero et al., 2017), and therefore differences in the solutions 209 

from different harvesting seasons have been found. Other compounds of interest 210 

contained in these solutions were minerals. Especially from an agronomic point of view 211 

it should be noted the concentration of carbon, coming from the olive fruit; the presence 212 

of sodium, from the fruit and its processing with NaOH during the elaboration as 213 

Spanish-style green table olives; nitrogen and potassium contents coming from the fruit 214 

and the process of stabilization of the solutions for use in agronomy (see Materials and 215 
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Methods section). However, the content of these solutions in potassium, carbon and 216 

nitrogen are insufficient for considering these solutions as organomineral fertilizers (RD 217 

506/2013). 218 

The chemical composition of the acidic storage liquids of black ripe olives 219 

processing was also evaluated, and the results are summarized in Table 2. The 220 

concentration of acetic acid was high as it would be expected in these types of solutions. 221 

The Spanish companies preserve olives in an acidic medium free of salt by the initial 222 

addition of 1.2-2.0% acetic acid. A certain concentration of ethanol was also observed, 223 

which was formed during the storage period due to the metabolism of the yeasts present 224 

in the medium (De Castro et al., 2007). The concentration of glucose was obviously not 225 

high as it was the substrate used by the yeasts to form ethanol. These findings are in 226 

agreement with those reported previously for this type of liquids after six months of 227 

olive storage (De Castro et al., 2007). The major residual sugar was mannitol, which 228 

accounted for 58-86% of the total sugars.  Hydroxytyrosol was the prominent 229 

polyphenolic compound (40-60%) in the total phenol content, and values of 5-6.5 mM 230 

were found for this compound. The concentration of oleuropein was not significantly 231 

detected although the detection of certain antimicrobial compounds such as dialdehydic 232 

form of decarboxymethyl elenolic acid free (EDA) or linked to hydroxytyrosol 233 

(HyEDA) and oleside-11 methyl ester were noticed. There was also a statistically 234 

significant differences among seasons for some of the analyzed parameters. 235 

In both types of table olive solutions a similar qualitative and quantitative 236 

chemical compound groups were found. These results are very important because they 237 

can explain the similar agronomic behavior that both solutions have allready showed 238 

(De los Santos et al., 2019).  Thinking in a chemical responsibility of this effect, it was 239 
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investigated whether any of these chemical groups in particular was responsible for the 240 

fertilizing effect of these liquids (Romero et al., 2011; De los Santos et al., 2019). 241 

 242 

3.2. Effect of the solutions tested on the morphological and production parameters of 243 

tomato plants 244 

 245 

Experiment 1. In Figure 1, morphological parameters of tomatoes treated with 17 246 

solutions were compared with the LSD test, the fresh WW and the 16 experiments 247 

according to the factorial design 2
4
 (Table S1). The height of the plants was superior 248 

when the fresh WW was tested compared to any of the other tested solutions. The worst 249 

result was associated to the 11 solution (SG + PP). 250 

The number of fruits per plant was increased with the application of solution 6 251 

(NPK +SP), while the solutions 11 and 13 (PP) were unfavorable. Moreover, the 252 

greatest result of cumulative yield (g plant
-1

) was observed when testing solutions with 253 

the NPK group (2, 4, 6 and 14 solutions). It must be noticed that, AL-Kahtani et al. 254 

(2018) demonstrated that the use of a compost obtained from a mixture of wastewaters 255 

from different cultivars, among which those from olives, improved the growth of 256 

tomato plants when it was mixed with sheep manure in place of an inorganic fertilizer 257 

(NPK). 258 

Respect to the fruit size (g fruit
-1

), the solution 1 (tap water) was the worst of all 259 

and, surprisingly, the group PP was part of the most beneficial solutions (14 and 10) and 260 

the least beneficial as well (9 and 11). Therefore, the role of this group of substances in 261 

the parameters of plant morphology and tomato fruits remained undefined.  262 

Regarding the quality characteristics of the tomatoes, it can be said that a tomato 263 

of industrial quality must have a pH in the range of 4.2-4.4 and sweetness index above 264 
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4.8 ºBrix (RAEA, 2009). The improvement in tomato flavor is due to an increased 265 

sweetness and reduced acidity. According to the results (Figure 2), the application of 266 

solution 9 would not meet the quality requirements, which corresponded to the solution 267 

that only contained the PP group, but was also the one that produced fruits with lower 268 

acidity levels, which is a favorable result. Once again, this mixture of test solutions led 269 

to contradictory results. On the other hand, the solution which produced the sweetest 270 

tomatoes was the fresh WW, although it did cause higher acidity than the others, which 271 

resulted in tomatoes with a lower ripening degree, although not as low as those 272 

produced with test solution 9. In any case, an adequate maturity index is around 10 273 

units. 274 

The statistical significance of the individual variables and their interactions of 275 

the factorial design 2
4 

is showed in Table 3. Group NPK stands out as positively 276 

significant with respect to morphological parameters, above all plant yield, with a value 277 

of 130.67 significant units. Groups SG and PP were negatively significant for fruits per 278 

plant and plant yield. The first group is important for the quality characteristics of 279 

tomato puree, while the second is not so important, even though it had a significant 280 

effect on the firmness of the fruit (3.19 units of significance), which is crucial to 281 

maintaining the final quality of a tomato and the resistance to possible damage during 282 

transport. Finally, test group SP was not significant for morphological parameters but 283 

very positive for fruit quality, with exceptional texture (3.49 units of significance). The 284 

interaction among the effects of the evaluated variables was not significant in general, 285 

although the effects due to the participation of group SG were significantly negative. 286 

The results were not conclusive, although the fresh WW stood out significantly as the 287 

optimal solution. 288 
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Experiment 2. Morphological parameters of tomatoes treated with 9 solutions 289 

were compared with the LSD test (Figure 3), the fresh WW and the 8 experiments 290 

according to the factorial design 2
3
 (Table S2). In this experiment the SG group was 291 

eliminated, because its contribution was the least significant to the final results in 292 

Experiment 1. The data showed that the height and yield of the plants were superior 293 

when the fresh WW was used and the worst results were obtained with tap water (test 294 

solution 1), which is in agreement with results previously obtained (De los Santos et al., 295 

2019). The number of fruits per plant was higher with test solution 4, a combination of 296 

groups NPK and SP, although these fruits weighed the least. Besides, the solutions that 297 

included the NPK group (number 2, 4, 6 and 8) and the fresh WW showed the better 298 

results for cumulative yield parameter. 299 

Moreover, the fruits irrigated with fresh WW had higher texture than those 300 

irrigated with only tap water (Figure 4). It must be stressed that many of the purees 301 

obtained did not reach the desired pH (> 4.4 units), with the exception of solutions 2 302 

and 3 (only NPK and only SP, respectively). A combination of the two groups, solution 303 

4, produced sweeter fruits (Figure 4), although all the examined puree fruits had a ºBrix 304 

value of above 4.8 units and were more acidic, which meant that the maturity index was 305 

not high. 306 

Table 4 shows the statistically significant effects of the individual variables 307 

evaluated and the interaction among them. Again, group NPK stands out with respect to 308 

the morphological parameters, especially plant yield, with a value of 144.36 units of 309 

significance, the same for texture and sweetness of the tomatoes. While, group SP was 310 

not significant, its interaction with the group NPK (1x2) was very significant higher for 311 

texture parameter. On the other hand, the group PP had a positive influence on the 312 
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texture, sweetness and maturity of the tomatoes, although its interaction with the group 313 

NPK (1x3) was statistically negative for quality parameters.  314 

 315 

4. Conclusions 316 

 317 

In conclusion, a representative number of samples of wastewaters from the 318 

elaboration of Spanish-style green table olives and the storage solution from black ripe 319 

olives were characterized during three consecutive harvesting seasons for the first time. 320 

Results showed that their chemical composition was qualitatively similar, although not 321 

quantitatively. These solutions had a composition rich in reducing sugars, simple and 322 

polymeric polyphenolic compounds and minerals, which have an agronomic interest. 323 

The use of these solutions or their isolated components as fertilizers in greenhouse 324 

experiments on tomato plants led to the conclusion that no specific chemical group was 325 

responsible for the positive aspects detected in the morphological quality characteristics 326 

analyzed in tomato plants and fruits. Although the presence of the NPK group in the 327 

solutions tested was significantly positive, the effect was insufficient and it was not 328 

possible attribute the fertilizer activity associated to the fresh WW to this mineral group 329 

alone. The application of fresh WW was the most beneficial in relation with an 330 

agronomical improvement in the growth of the tomato plants and the quality of their 331 

fruits. Therefore, the bio-fortifying effect of these solutions was due to a synergic 332 

reaction among their different compounds, and not to a group of specific compounds 333 

within the solution. 334 

 335 
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FIGURE CAPTIONS 456 

Fig. 1. Plant height, average number of fruits, cumulative yield and average weight of 457 

fruits of the tomato cultivar (cv. ‘Optima’) treated with sixteen solutions, according to a 458 

factorial design 2
4
, and the fresh WW from Spanish-style green olive processing. The 459 

solutions were applied by irrigation at 50%. The standard error for six replicates is 460 

drawn on the bars. For each parameter, vertical bars with different letters indicate 461 

significant differences according to the LSD test (p < 0.05). 462 

 463 

Fig. 2. pH, sweetness, acidity and maturity index of the tomato puree obtained from 464 

fruits treated with sixteen solutions, according to a factorial design 2
4
, and the fresh 465 

WW from Spanish-style green olive processing. The solutions were applied by 466 

irrigation at 50%. The standard error for six replicates is drawn on the bars. For each 467 

parameter, vertical bars with different letters indicate significant differences according 468 

to the LSD test (p < 0.05). 469 

 470 

Fig. 3. Plant height, average number of fruits, cumulative yield and average weight of 471 

fruits of the tomato cultivar (cv. ‘Optima’) treated with eight solutions, according to a 472 

factorial design 2
3
, and the fresh WW from Spanish-style green olive processing. The 473 

solutions were applied by irrigation at 50%. The standard error for six replicates is 474 

drawn on the bars. For each parameter, vertical bars with different letters indicate 475 

significant differences according to the LSD test (p < 0.05). 476 

 477 

Fig. 4. Fruit firmness, pH, sweetness, acidity and maturity index of the tomato puree 478 

obtained from fruits treated with eight solutions, according to a factorial design 2
3
, and 479 

the fresh WW from Spanish-style green olive processing. *It was impossible to harvest 480 
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fruits for the solution number 7 to obtain the tomato puree. The solutions were applied 481 

by irrigation at 50%. The standard error for six replicates is drawn on the bars. For each 482 

parameter, vertical bars with different letters indicate significant differences according 483 

to the LSD test (p < 0.05). 484 

  485 
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Table 1 486 

Chemical characterization of wash waters from Spanish-style green olive processing of 487 

‘Hojiblanca’ cultivar. Solutions from three seasons were evaluated. 488 

 

2014-2015 

(n = 50)
a
 

 

2015-2016 

(n = 17) 

 

2016-2017 

(n = 8) 

Acetic acid (%) 0.05 ± 0.00
b
  0.05 ± 0.00  0.05 ± 0.00 

Ethanol (%) 0.02 ± 0.00 b  0.04 ± 0.01 a  0.02 ± 0.00 b 

Glucose (mM) 33.7 ± 2.1  30.4 ± 0.9  26.6 ± 2.8 

Mannitol (mM) 20.2 ± 1.3 b  37.8 ± 1.7 a  24.0 ± 1.0 b 

Total sugars (mM) 64.6 ± 3.8 b  81.4 ± 2.4 a  58.8 ± 3.4 b 

Hydroxytyrosol 9.0 ± 0.6 c  16.6 ± 0.7 a  13.0 ± 0.5 b 

Hy-1-glu
c
 (mM) 1.3 ± 0.3  1.5 ± 0.1  1.0 ± 0.1 

Hy-4-glu
d
 (mM) 0.6 ± 0.3 b  0.0 ± 0.0  4.5 ± 0.2 a 

Tyrosol (mM) 1.2 ± 0.1 a  1.2 ± 0.1 a,b  0.9 ± 0.1 b 

Total phenols (mM) 12.4 ± 0.9 c  19.7 ± 0.8 a  16.1 ± 0.5 b 

Ole-11-met
e
 (mM) 0.5 ± 0.1 c  11.8 ± 0.4 a  3.7 ± 1.2 b 

Total oleosides (mM) 5.6 ± 0.1 c  25.3 ± 0.7 a  6.5 ± 1.6 b 

Carbon (%) 1.4 ± 0.1 c  1.7 ± 0.1 b  2.4 ± 0.1 a 

Nitrogen (%) 0.3 ± 0.0  0.3 ± 0.0  0.4 ± 0.1 

Sodium (g L
-1

) 3.5 ± 0.4  3.5 ± 0.2  2.5 ± 0.2 

Potassium (g L
-1

) 1.0 ± 0.1 b  1.2 ± 0.1 b  1.4 ± 0.2 a 

a
number of different samples; 

b
results are given as mean ± standard error. Significant 

differences in the same row were marked with lowercase letters (p < 0.05). 
c
hy-1-glu: 

hydroxytyrosol-1-glucoside; 
d
hy-4-glu: hydroxytyrosol-4-glucoside; 

e
ole-11-met: oleoside-

11-methyl ester. 

 489 

  490 
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Table 2 491 

Chemical characterization of acidified storage liquids from ‘Hojiblanca’ black ripe olive 492 

processing. Solutions from three seasons have been evaluated. 493 

 

2014-2015 

(n = 20)
a
 

 

2015-2016 

(n = 36) 

 

2016-2017 

(n = 30) 

Acetic acid (%) 0.9 ± 0.0
b 
a  0.8 ± 0.0 b  0.8 ± 0.0 b 

Ethanol (%) 0.6 ± 0.0 b  0.7 ± 0.0 a  0.6 ± 0.0 b 

Glucose (mM) 17.9 ± 1.4 a  5.8 ± 0.3 b  5.1 ± 0.2 b 

Mannitol (mM) 46.8 ± 2.3 a  33.0 ± 1.2 c  40.8 ± 1.0 b 

Total sugars (mM) 68.8 ± 3.2 a  41.0 ± 1.5 c  47.7 ± 1.2 b 

Hydroxytyrosol 6.5 ± 0.2  5.6 ± 0.6  5.0 ± 0.3 

Verbascoside (mM) 0.8 ± 0.1 a  0.8 ± 0.1 a  0.6 ± 0.0 b 

HyEDA
c
 (mM) 1.0 ± 0.1 a  0.4 ± 0.0 b  0.3 ± 0.0 b 

Oleuropein (mM) 0.7 ± 0.1 a,b  0.8 ± 0.1 a  0.4 ± 0.1 b 

Total phenols (mM) 11.1 ± 0.4 b  13.5 ± 0.7 a  11.0 ± 0.4 b 

EDA
d
 (mM) 1.9 ± 0.2 a  1.0 ± 0.1 b  0.6 ± 0.1 c 

Ole-11-met
e
 (mM) 1.4 ± 0.1 a  1.3 ± 0.1 a  0.9 ± 0.1 b 

Total oleosides (mM) 8.4 ± 0.5 a  6.8 ± 0.3 b  5.0 ± 0.3 c 

a
number of different samples; 

b
results are given as mean ± standard error. Significant 

differences in the same row were marked with lowercase letters (p < 0.05). 
c
hyEDA: 

dialdehydic form of decarboxymethyl elenolic acid linked to hydroxytyrosol; 
d
EDA: 

dialdehydic form of decarboxymethyl elenolic acid; 
e
ole-11-met: oleoside-11-methyl ester.  

 494 
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Table 3 

Significance of the individual effects and their interactions on morphological and yield parameters of tomato plants (cv. ‘Optima’), as well as on the 

quality parameters of the purees obtained from their fruits. An ANOVA / effects variance analysis has been applied on the factorial design 2
4
 tested. 

 
Plant height 

(cm) 

Average 

number of fruits 

(fruits plant
-1

) 

Cumulative 

yield (g 

plant
-1

) 

Average 

weight of 

fruits (g fruit
-1

) 

Fruit size 

(cm) 

Firmness 

(shore) 
pH 

Sweetness 

(ºBrix) 

Acidity (% 

citric acid) 

Maturity 

index 

 76.7 ± 0.9
a
 2.2 ± 0.1 196.3 ± 9.3 99.0 ± 4.1 5.9 ± 0.1 52.4 ± 0.8 4.1± 0.0 5.0 ± 0.1 0.3 ± 0.0 16.6 ± 0.4 

(1) NPK 9.03 0.94 130.67 18.9 NS NS 0.13 NS 0.04 -1.21 

(2) SG NS -0.40 -24.16 NS NS NS 0.15 0.42 NS 1.12 

(3) SP NS NS NS NS NS 3.49 0.11 0.25 0.02 NS 

(4) PP NS -0.44 -33.34 NS NS 3.19 -0.20 NS 0.03 -2.13 

1 X 2 NS NS -31.08 NS NS NS -0.17 -0.19 NS -1.77 

1 X 3 NS 0.65 NS -23.77 -0.57 NS -0.13 -0.23 -0.03 NS 

1 X 4 NS NS NS NS NS NS 0.14 NS NS 0.8 

2 X 3 NS NS NS NS NS NS -0.15 NS NS -1.69 

2 X 4 NS 0.4 NS NS NS NS 0.13 0.30 NS 1.54 

3 X 4 5.18 NS 24.82 NS NS NS 0.12 0.23 NS 1.02 

a
results are given as mean ± standard error. NS: not significant; NPK: HNO3+H3PO4+KOH; SG: total sugars; SP: simple phenols; PP: polymeric 

phenols. 

Table 4 
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Significance of the individual effects and their interactions on morphological and yield parameters of tomato plants (cv. ‘Optima’), as well as on the quality 

parameters of the purees obtained from their fruits. An ANOVA / effects variance analysis has been applied on the factorial design 23 tested. 

 
Plant height 

(cm) 

Average 
number of 
fruits (fruit 

plant-1) 

Cumulative 
yield (g 
plant-1) 

Average 
weight of 

fruits (g fruit-1) 

Fruit size 
(cm) 

Firmness 
(shore) 

pH 
Sweetness 

(ºBrix) 
Acidity ( % 
citric acid ) 

Maturity 
index 

 55.4 ± 1.1a 4.1 ± 0.3 228.9 ± 13.8 65.9 ± 4.0 5.6 ± 0.1 44.1 ± 1.4 4.3± 0.0 5.9 ± 0.2 0.3 ± 0.0 21.1 ± 0.8 

(1) NPK 11.43 2.63 144.36 NS NS 6.19 NS 0.67 0.05 NS 

(2) SP NS NS NS NS NS NS NS 0.40 0.04 NS 

(3) PP NS NS NS NS NS 4.22 -0.08 0.23 NS 2.76 

1 X 2 NS NS NS NS NS 6.25 NS NS 0.05 -3.49 

1 X 3 NS NS NS NS NS -5.60 NS -0.80 NS -2.18 

2 X 3 NS NS NS NS NS NS 0.05 -0.53 NS NS 

aresults are given as mean ± standard error. NS: not significant; NPK: HNO3+H3PO4+KOH; SP: simple phenols; PP: polymeric phenols 



27 
 

Table S1 

Factorial design 24. 

 NPK SG SP PP 

1 -1 -1 -1 -1 

2 +1 -1 -1 -1 

3 -1 +1 -1 -1 

4 +1 +1 -1 -1 

5 -1 -1 +1 -1 

6 +1 -1 +1 -1 

7 -1 +1 +1 -1 

8 +1 +1 +1 -1 

9 -1 -1 -1 +1 

10 +1 -1 -1 +1 

11 -1 +1 -1 +1 

12 +1 +1 -1 +1 

13 -1 -1 +1 +1 

14 +1 -1 +1 +1 

15 -1 +1 +1 +1 

16 +1 +1 +1 +1 

NPK: HNO3+H3PO4+KOH; SG: total sugars; SP: simple phenols; PP: polymeric phenols 
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Table S2 

Factorial design 23. 

 NPK SP PP 

1 -1 -1 -1 

2 +1 -1 -1 

3 -1 +1 -1 

4 +1 +1 -1 

5 -1 -1 +1 

6 +1 -1 +1 

7 -1 +1 +1 

8 +1 +1 +1 

NPK: HNO3+H3PO4+KOH; SP: simple phenols; PP: polymeric phenols 
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Fig.1. 
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Fig.2. 
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Fig.3. 
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Fig.4. 

 

 

 


