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Abstract 13 

This work studies the effect of processing Manzanilla and Hojiblanca olives as green 14 

Spanish-style on the quality parameters and fatty acid and triacylglycerol compositions 15 

of their oils. Lye treatment reduced the values of most quality parameters while 16 

fermentation/packaging increased acidity, K232 and K270. Processing did not cause any 17 

systematic effect on fatty acids (FA), triacylglycerols or nutritional fat subclasses but 18 

significant differences between cultivars were observed. Principal component analysis 19 

(PCA) confirmed that most of the variation among oil characteristics was due to 20 

cultivars and only a limited proportion (22% and 14% variance for FA and 21 

triacylglycerols, respectively) to processing. Furthermore, the levels of the quality 22 

parameters and fatty acids with restrictions in the legislation were below the limits 23 

established in the Commission Implementing Regulation (EU) 1348/2013 for extra 24 

virgin olive oil (EVOO), except for C18:3n-3 in Hojiblanca. Therefore, the fat of 25 

processed olives was compatible with EVOO. 26 

 27 

 28 

 29 

Key-words: Spanish-style green table olives, Processing, Manzanilla cultivar, 30 

Hojiblanca cultivar, Fat, Principal component analysis. 31 
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1. Introduction 33 

The consumption of table olives is an ancient tradition in the countries around 34 

the Mediterranean Basin, which later extended to other areas all around the world. Its 35 

production reached 2,424,500 tons in the 2012/2013 season (IOC, 2014), with 36 

approximately 60% of them prepared as green Spanish-style table olives. 37 

The composition of table olives has been studied during the last decades and the 38 

importance of oil in the olive flesh is well established (Garrido-Fernández, Fernández-39 

Díez, & Adams, 1997). A detailed study of the fatty acids present in the fat of table 40 

olives from Spanish cultivars, according to processing styles has already been carried 41 

out (López, Montaño, García, & Garrido, 2006); the major fatty acids were C18:1c, 42 

C16:0, C18:2n-6 and C18:0. As expected, the compositions were comparable to those 43 

reported for olive oil (Aparicio & Harwood, 2003). The SFA, MUFA, PUFA and trans-44 

FA composition, according to the different sub-classes of nutritional fats were, on 45 

average, 2.07-5.99 g/100 g of flesh , 5.67-19.42 g/100 g of flesh, 0.52-3.87g/100 g of 46 

flesh, and 0.08-0.44 g/100 g of flesh, respectively (López et al., 2006). However, until 47 

recently, no studies devoted to investigating the changes that the fat suffers during 48 

processing have been undertaken. In fact, it has been thought that, in the flesh, the oil 49 

was well protected in the interior of the cells where it was hardly affected by the diverse 50 

aqueous solutions to which olives were subjected during processing (Garrido-Fernández 51 

et al., 1997). A first approach has been intended for ripe olives which are, in principle, 52 

the most likely to be affected since their processing includes numerous alkali 53 

treatments, washings and thermal sterilization. The effect of processing Manzanilla and 54 

Hojiblanca olives as ripe olives showed that acidity, peroxide value, K270 and K 55 

increased during storage/fermentation; most of the fatty acids and triacylglycerols also 56 
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underwent changes during processing (López-López, Rodríguez-Gómez, Cortés-57 

Delgado, Montaño, & Garrido-Fernández, 2009).  58 

Due to the high number of variables involved in the fat study, multivariate 59 

techniques are usually required. In this way, a statistical multi-test programme based on 60 

the analysis of variance of the triacylglycerol fraction was used as a confirmatory test to 61 

assess the identity of imported and exported oils in Italy (Gambarcorta, Storelli, Liuzzi, 62 

& La Notte, 2002). Chemometric techniques (principal component analysis (PCA), and 63 

discriminant analysis) were used by Lee, Noh, Bae, & Kim (1998) for the 64 

characterization of the fatty acid composition in vegetable oils. PCA applied to the fatty 65 

acid composition of Pinus pinea L. was useful to establish that their total contents were 66 

fairly constant in all Mediterranean populations, regardless of their origin (Nasri, 67 

Khaldi, Fady, & Triki, 2005). Similarly, an exploratory chemometric analysis was used 68 

for the characterization of Tunisian olive cultivars according to their lipid and sterolic 69 

profiles (Kammoun & Zarrouk, 2012).   70 

The aim of this work was to study the effect of processing Manzanilla and 71 

Hojiblanca cultivars as green Spanish-style table olives on the quality parameters and 72 

on the fatty acid and triacylglycerol compositions of their oils. ANOVA was used for 73 

comparison among treatments while multivariate analysis was used to detect overall 74 

effects.  75 

2. Materials and methods 76 

2.1. Cultivars  77 

The olives were of the Manzanilla and Hojiblanca cultivars harvested at the so-78 

called green maturation stage. They were provided by a local processor (JOLCA S.L., 79 

Huevar, Sevilla, Spain).  80 



5 
 

2.2. Processing  81 

Olives from each cultivar were processed in duplicate according to the green 82 

Spanish-style. The process consisted of treating the olives with 2.5 and 3.0 g/100mL 83 

NaOH solutions for Gordal and Manzanilla olives, respectively, until the alkali reached 84 

2/3 of the flesh. Then the fruits were washed with tap water for 18h, brined in a 9 85 

g/100mL NaCl solution (regardless of cultivar), and left to follow spontaneous 86 

fermentation. At the end of fermentation (seven months), the olives from all replicates 87 

and cultivars were packed in glass containers and pasteurized at 80 °C for 15 min. The 88 

processing and packaging conditions were intended to closely mimic the standard 89 

methodology applied at industrial scale for preparing these cultivars according to the 90 

green Spanish-style.  91 

2.3. Physicochemical analysis  92 

The analysis of olive brines for pH, sodium chloride concentration (g NaCl/100 93 

mL brine), titratable acidity (expressed as g lactic acid/100 mL brine), and combined 94 

acidity (as equivalents of HCl added to 1 L brine to reach pH 2.6, Eq/L) were carried 95 

out in triplicate. The procedures are detailed elsewhere (Garrido-Fernández et al., 1997).   96 

2.4. Oil extraction 97 

  Oils from olive samples were obtained using an Ultraturrax T25 (IKA-98 

Labortecnik, Staufen, Deutschland) and an ABENCOR equipment, following the 99 

procedure applied for olive oil yield (Martínez, Muñoz, Alba, & Lanzón, 1975). The 100 

method has already been described (López-López et al., 2009) and is very efficient for 101 

preventing oil quality changes during the extraction (López-López, Rodríguez-Gómez, 102 

Cortés-Delgado, García-García, & Garrido-Fernández, 2010). 103 
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 To evaluate the effect of processing on the fat, two olive samples from each 104 

cultivar were withdrawn from the fresh fruits (raw material), just lye treated olives, the 105 

fermented fruits, and the final product (after two months of packaging); they were coded 106 

as T0, T1, T2, and T3, respectively. M or H before these codes was used to identify the 107 

cultivar (Manzanilla and Hojiblanca, respectively). 108 

2.5. Determination of the physicochemical quality parameters in the extracted oil 109 

 Acidity, peroxide value as well as K270 and K232 extinction coefficients were 110 

determined according to Commission Regulation (ECC) No 2568/91, 2012. 111 

2.6. Fatty acid composition 112 

The fatty acid composition of the oils extracted was determined using a Hewlett-113 

Packard 5890 series II gas chromatograph, a fused silica capillary column Select FAME 114 

(100m x 0.25mm, 0.25 m film thickness) (Varian, Bellafonte, PA) and a flame 115 

ionization detector. The method has already been described (López-López et al., 2009; 116 

López-López, et al., 2010). SFA, MUFA, PUFA, and TFA were estimated according to 117 

the Nutritional Labeling and Education Act of 1990 (USA) (Code of Federal 118 

Regulations (CFR) 2003). 119 

2.7. Triacylglycerol composition 120 

 The determination of triacylglycerols was carried out using the procedure 121 

described in Commission Implementing Regulation (EU) No 299/2013, using a Waters 122 

2695 Separation Module, a Waters 2414 Refractive Index Detector, controlled with 123 

Empower 2 software (Waters Assoc., Milford, MA). The column employed was 124 

Lichrospher/Superspher RP18 column (250 x 4.0 mm, 4 µm particle size (Phenomenex, 125 

Torrance, CA, USA). A complete description of the procedure can be found in López-126 

López et al. (2009) and López-López et al. (2010). In naming the triacylglycerols, the 127 
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following symbols were used: Po, palmitoleic; L, linoleic; Ln, linolenic; O, oleic; P, 128 

palmitic; and S, stearic. The experimental and theoretical ECN42 values (determined by 129 

HPLC analysis and from fatty acid percentages) as well as ECN42, were estimated 130 

following the protocols established by Commission Implementing Regulation (EU) No 131 

299/2013. 132 

2.8. Statistical analysis 133 

The effect of treatments and cultivars on the variables studied was determined 134 

by ANOVA and General Linear Model while overall differences were checked by PCA 135 

analysis (a multivariate technique widely used in chemometrics with the aim of finding 136 

trends in both variables and treatments). As recommended, only Factors with 137 

eigenvalues ≥ 1 were retained (Kaiser criterion) (Jollife, 1986). Then the loadings of the 138 

original variables and the scores of treatments were separately projected onto the planes 139 

of the first two components or Factors. 140 

Statistica software version 8.0 (StatSoft Inc., Tulsa, USA) and XLSTAT 2009 141 

(Addinsoft, New York, USA) were used for the processing and graph drawing.     142 

3. Results and discussion 143 

3.1. Fermentation and packaging characteristics 144 

 After the lye treatment, washing and brining, the olives followed typical 145 

spontaneous lactic acid fermentation (data not shown).  At the end of the process, the 146 

main brine parameters used for the fermentation control showed the following levels: 147 

pH, 4.0; titratable acidity, 1g lactic acid/100 mL; combined acidity, 0.12 Eq/L; and 148 

NaCl, 6.0g/100 mL. Therefore, the values found in the experiment for them were 149 
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similar to those normally observed during the fermentation of green Spanish-style olives 150 

(Garrido-Fernández et al., 1997).  151 

The fermented olives were packaged and the glasses stored for two months 152 

before analysis, to simulate the shelf life. As expected, titratable acidity and NaCl 153 

concentrations at equilibrium in the brines were about 0.5g lactic acid/100mL and 5.5g 154 

NaCl/100mL, respectively. The values can also be considered normal for the final 155 

products of this presentation (Garrido-Fernández et al., 1997). 156 

Therefore, the changes found in this work in the physicochemical parameters, 157 

fatty acid contents and triacylglycerol compositions can be considered similar to those 158 

expected in the usual industrial processing. 159 

3.2. Effect of processing on the quality parameters of the olive fat 160 

  Initially, the acidity in the oils from the fresh fruits was about 0.20 g oleic 161 

acid/100g oil without statistical difference between cultivars. The lye treatment caused a 162 

slightly, non-significant, decrease on this parameter while there was a significant 163 

increase of it during the fermentation phase (Table 1). In ripe olives, the 164 

storage/fermentation phase produced also a significant acidity increase (up to 1.2-0.7 g 165 

oleic/100g oil) because the lipolytic action of the lipases from the fruits themselves or 166 

due to the microorganisms present in the storage solution (López-López et al., 2009; 167 

López-López et al., 2010) but lye blackening markedly decreased it, in agreement with 168 

the tendency observed in in this work. Oil acidities observed in green Spanish-style 169 

processing (Table 1) were markedly lower than those found in the fat released from the 170 

conditioning operations of table olives (1.5-82 g oleic acid/100 g oil) (López-López, 171 

Cortés-Delgado, & Garrido-Fernández, 2011) or in the oil from table olives by-products 172 

(4.5- 8.1 g oleic acid/100 g) (Ruiz-Méndez, López-López, & Garrido-Fernández, 2008). 173 
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The peroxide values in the oils from the fresh fruits showed a significant 174 

decrease with the lye treatment, regardless of cultivar. Apparently, the NaOH solution 175 

might have destroyed part of the initial hydroperoxides. The degradation continued 176 

during fermentation but was stable during the packaging phase (Table 1). In ripe olives, 177 

only the the fermentation/storage step caused a peroxide value increase (26mEqO2/kg 178 

oil) (López-López et al., 2009). This opposite evolutions may be due to the diverse 179 

fermentation types (by lactic acid bacteria and yeasts, respectively). Peroxide value had 180 

also a significant increase during natural green olive processing (12 mEq O2/kg oil) 181 

(Pasqualone, Nasti, Montemurro, & Gomes, 2014), which led to higher levels than in 182 

this work. Pitting and pitting/stuffing affected negatively to the peroxide value of the 183 

fats released during these conditioning processes (22-26 mEq O2/kg oil) (López-López 184 

et al., 2011).  185 

The K232 index, which is an indication of the oil oxidation degree (because its 186 

association with the content in conjugated dienes) was very similar in the fresh fruits of 187 

both cultivars and decreased significantly after the lye treatment. This means that the 188 

NaOH solution, apparently, might not only have destroyed the peroxides but also the 189 

products from their decomposition. However, fermentation led to a new significant 190 

increase in K232 without further change during packaging (Table 1). A K232 decrease 191 

from 1.8 to 1.4 in the oils from the same cultivars was also observed during processing 192 

of ripe olives (López-López et al., 2009; López-López et al., 2010). Most of the fats 193 

released during the conditioning operations of table olives had similar values (1.2-1.9) 194 

and only those more degraded (factory sewer) had markedly higher K232 indexes (14-195 

<20) (López-López et al., 2011). The values of K232 in the oil obtained from green or 196 

ripe table olives by-products, 3.5 and 2.0, respectively, (Ruiz-Méndez et al., 2008) were 197 

higher than in the green Spanish-style olives (Table 1).  198 
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The K270 index, associated to the formation of conjugated trienes and secondary 199 

oxidation products (nonanal, hexanal and other volatile compounds) showed an initial 200 

significant marked decrease with the lye treatment and a significant increase after 201 

fermentation but the level was maintained during packaging (Table 1). In ripe olives, 202 

the fermentation/storage phase increased the values of this parameter (0.12-0.25) while 203 

the lye treatment caused a decrease (López-López et al., 2009). Values found in the oils 204 

released from the pitting and pitting/stuffing operations were of the same order than 205 

those observed in this work (López-López et al., 2011). The K270 indexes in the oil from 206 

green (0.4) and ripe (0.3) table olives by-products (Ruiz-Méndez et al., 2008) were only 207 

slightly higher than in this work (Table 1).  208 

K values, except for the raw material in Hojiblanca, were similar, regardless of 209 

cultivars or processing phases and comparable to those observed in the oils released 210 

from the pitting and pitting/stuffing operations (López-López et al., 2011). 211 

In general, the levels of acidity, peroxide values, K232, K270 and K in the olive 212 

fat after the diverse processing phases (Table 1) were lower than those allowed for 213 

EVOO (Commission Implementing Regulation (EU) No 1348/2013). Therefore, during 214 

green Spanish-style processing, the olive fat suffered only scant changes in their quality 215 

parameters, which have been preserved at the higest level, and, as result, these fats are 216 

compatible with the requirements established for EVOO. However, the levels of acidity 217 

and K270 in the oils from fermented and packaged Hojiblanca olives were very close to 218 

the limit, although still preserving their high quality. Nevertheless, the effect of 219 

fermentation on the acidity and K270 in the oils from Hojiblanca cultivar should be kept 220 

in mind when processing. Studies to prevent an excessive increase in their levels are in 221 

progress.  222 
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3.3. Effect of processing on fatty acid composition 223 

The average fatty acid composition, expressed as a percentage, according to 224 

cultivar and processing steps was determined (Table 2). As usual in olive oil (Aparicio 225 

et al., 2003), the most abundant fatty acids were C18:1c, C16:0, C18:2n-6, and C18:0. A 226 

trend towards an increase in C14:0, C17:0, C22:0, C24:0, C16:1, C18:2n-6, and 227 

C18:3n-3 as processing progressed was observed in Hojiblanca (Table 2). In all other 228 

cases, in spite of the diverse significant differences found among fatty acids within 229 

cultivars, the values oscillated without a systematic trend. Differences among cultivars 230 

were observed in several acids; C18:0, C20:0, and C16:1 tended to be higher in 231 

Manzanilla while C18:1c, C18:3n-3, and C22:6n-3 were usually higher in Hojiblanca 232 

(Table 2). In spite of the numerous significant differences found in this work, no clear 233 

overall trends due to processing steps were observed for the fatty acids. A further 234 

approach for the study of the global changes would be intended by means of a 235 

multivariate analysis which is also appropriate in these circumstances. Similarly, 236 

different profiles in fatty acids have also been observed in Turkish varieties and were 237 

useful to segregate Hurma from Erkence and Gemlik (Aktas, Ozen, Tokatli, & Sen, 238 

2014). Furthermore, Issaoui, Dabbou, Mechri, Nakbi, Chehab, & Hammami (2011) 239 

studied the authochthomous Meski, Picholine, and Manzanilla cultivars according to 240 

two Tunisian processes; the olive fruits showed significant differences among cultivar 241 

but not effect of processing. 242 

 The values of C14:0, C20:0, C22:0, C24:0, and C20:1 fatty acids (Table 2) were 243 

always below the limit established in the EU Regulation for EVOO (Commission 244 

Implementing Regulation (EU) No 1348/2013). However, the proportion of C18:3n-3 in 245 

Hojiblanca, even in the fresh fruits, was always higher than the limit (1.00%) 246 

established in said EU Regulation. Therefore, regardless of processing, the oils from 247 
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products elaborated with this cultivar (or the oil from the raw material) would never 248 

fulfil this requirement because of its natural composition. This result suggests the 249 

importance of revising it, at least for this cultivar.  250 

In the Commission Implementing Regulation (EU) No 1348/2013 there is no 251 

constraint for the presence of trans fat in olive oil. However, according to the Food and 252 

Drug Aministration (2007), this fat should be estimated and showed in the nutritional 253 

label. In this work, its presence was fairly low and scarcely affected by processing 254 

(Table 2).  255 

Nutritionally, the ratio of oleic/palmitic acid (C18:1c/C16:0) is important 256 

because palmitic acid has a regulatory influence on certain thrombogenic and 257 

fibrinolytic markers during the postprandial state in healthy subjects (Pacheco, 258 

Bermudez, López, Abia, Villar, & Muriana, 2006). Currently, a <5 ratio between them 259 

is recommended (Simopoulos, 2008). In Manzanilla and Hojiblanca the average ratios 260 

were close to this level (about 4.7 and 5.0, respectively, as deduced from Table 2). The 261 

-linolenic acid (C18:3n-3) intake also plays an important role in the synthesis of long 262 

chain ω3-fatty acids (Simopoulos, 2008). In Manzanilla and Hojiblanca its proportion is 263 

relevant at around 0.82 and 1.14%, respectively; this means that both cultivars 264 

contribute with 0.78 and 1.05% to the olive energy (E) (considering a fat proportion in  265 

these olives of 19.08 and 16.05% and a total energy of 182 and 157 kcal/100g flesh, 266 

respectively). Therefore, the contribution of olives to the diet will always be above the 267 

minimum dietary requirement (0.5% E) for adults to prevent deficiency symptoms and 268 

in the recommended intake range (0.5-2%E) (FAO/WHO, 2008). 269 

3.4. Effect of processing on nutritional fat subclasses 270 
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 The average values for the saturated fat (SFA) (19.15 % in Manzanilla, 17.80% 271 

in Hojiblanca) were moderate and significantly higher in Manzanilla (Table 3) but 272 

without any trend within cultivars due to treatments. It is recommended that the total 273 

intake of SFA not exceed 10%E (FAO/WHO, 2008); according to this study, the olive 274 

fat contribution to this subgroup will be 18.05 and 16.39% of the total olive energy, 275 

slightly above the recommendation; however, the slight excess could be compensated 276 

easily with other types of fats also included in the diet. Monounsaturated fat (MUFA) 277 

was the class in the greatest proportion (73.39% in Manzanilla and 74.81% in 278 

Hojiblanca); processing did not have a clear trend on this nutritional subclass which, on 279 

average, was higher in the oils from Hojiblanca (Table 3). Usually, the determination of 280 

MUFA intake is calculated by difference (total fat (%E)-SFA (%E)-PUFA (%E)-TFA 281 

(%E)); therefore, the MUFA intake may cover a wide range because it depends on the 282 

overall dietary fatty acid profile (FAO/WHO, 2008). In this work the contribution of the 283 

MUFA to the total olive energy was 69.23 and 68.85 %E (Manzanilla and Hojiblanca, 284 

respectively). Polyunsaturated fat (PUFA) was, in practice, similar in both cultivars and, 285 

therefore, the effects of processing phases or cultivar were not systematic (Table 3). The 286 

linoleic acid and -linolenic acid, included in the PUFA group, are indispensable since 287 

they cannot be synthetized by humans. The adequate intake to prevent deficiency is 2.5-288 

3.5%E and the proportion range suggested for the intake of this group is 6-11%E 289 

(FAO/WHO, 2008); in these olives their contents were around 7.46 and 7.38% 290 

(Manzanilla and Hojiblanca) of total fat which correspond to 7.02 and 6.76% of the 291 

total energy of olives. Therefore the average contribution of olives to this type of fat is 292 

within the limits recommended for the overall diet. The occurrence of coronary heart 293 

diseases has been linked to excessive saturated fat intake. A ratio PUFA/SFA higher 294 

than 0.5 (Wood et al, 2008) is recommended for their prevention. The average values 295 
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found in this work (0.39, in Manzanilla; 0.41, in Hojiblanca) are only slightly below it. 296 

The proportion of trans fat (TFA) was reduced with an overall tendency to be slightly 297 

higher in Manzanilla but without any noticeable trend due to treatments. There is 298 

convincing evidence that TFA from partially hydrogenated vegetable oils increase 299 

coronary heart diseases (CHD) and the evidence of its contribution to the CHD and 300 

sudden cardiac death is probable. Therefore, promoting the removal of TFA is a major 301 

priority (FAO/WHO, 2008). In these olives TFA ranged from about 0.0105% in 302 

Hojiblanca to 0.0120% in Manzanilla; therefore, there is no any concern about TFA 303 

content in table olives (current recommendation TFA less than 1%E (FAO/WHO, 2008) 304 

vs. 0.01% E contribution, regardless of cultivar).   305 

3.5. Effect of processing on triacylglycerol composition and ECN42 306 

Among the most abundant triacylglycerols in Manzanilla and Hojiblanca 307 

cultivars were OOO, POO+SOL, OLO, and SOO (Table 4), all of them with two or 308 

three molecules of oleic acid, the predominant fatty acid in olive oil (Aparicio et al., 309 

2003). The LLL, OLL, PLL, SLL+POL, PPL, POO+SOL, PPO, SOO, POS+SLS were 310 

higher in the oils from Manzanilla, regardless of processing phase; within this cultivar, 311 

the oils from the lye treated olives have significantly lower concentrations than the fresh 312 

fruits in several triacylglycerols but the effect was not general.  At the same time, PLLn, 313 

OLnO, POLn, OLO, OOO, and PPP were, in general, in higher proportions in the oils 314 

from Hojiblanca (Table 4); within this variety, there were also several significant 315 

differences among processing phases but the trend was not consistent. In ripe olive 316 

processing, the triacylglycerol composition was so slightly affected that PCA was 317 

unable to segregate between oils from the different elaboration phases (López-López et 318 

al., 2009).  The behaviour is in agreement with the results obtained by Agozzino et al. 319 



15 
 

(2010) who found only slight changes in the triacylglycerol composition among diverse 320 

Sicilian oils and the aging effect. Therefore, the effects of treatments were diverse and 321 

several times opposed in both cultivars. As in the case of fatty acid composition, it was 322 

difficult to find general trends in the one-by-one analysis of the triacylglycerol changes 323 

and a multivariate statistical analysis would also be a convenient approach.  324 

With respect to the changes in ECN42 (Table 4), the effect of treatments were 325 

not obvious. However, the ECN42 values were always far below the limit |0.2| 326 

(absolute value) established by the Commission Implementing Regulation (EU) No 327 

1348/2013, indicating no degradation of polyunsaturated FA (whose decrease could 328 

affect this parameter) during processing or, especially, as a result of the thermal 329 

preservation treatment.  330 

3.6. Multivariate analysis based on fatty acids and triacylglycerols 331 

 This analysis is convenient due to the large number of variables analyzed for 332 

both fatty acids and triacylglycerols. The objectives were to disclose relationships 333 

among variables and to find overall differences. The analysis has been carried out 334 

separately for fatty acids and triacylglycerols.  335 

a) Fatty acids. There were numerous significant correlations among the various fatty 336 

acids, omitted because of its reproduction in the PCA, which qualify the data for 337 

multivariate analysis.  338 

PCA led to three eigenvalues higher than 1, which explained 85.85% of the total 339 

variability. The correlations showed that Factor 1 (53.74% variance) was, among others, 340 

linked to: C16:1 (correlation coefficient, -0.968), C20:1 (0.9495), C18:3n-3 (0.970), and 341 

C22:6n-3 (0.896). Factor 2 (21.97% variance) was associated with C14:0 (0.724), C17:0 342 
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(0.714), C22:0 (0.721), and C17:1 (0.839) while Factor 3 (10.14% variance) was 343 

correlated with C18:2n-6 (0.648). A complete graphical image of the correlations 344 

among variables and the first two Factors can be deduced from Figure 1a. 345 

Apart from showing such correlation (above partially quantified), the projection 346 

of the original variables onto the plane of the first two PCs discloses the relationships 347 

among the various fatty acids (Figure 1a).  In this way, the graph shows the strong 348 

relationship between C16:1 and C18:0 or between C18:3n-3 and C22:6n-3 and the 349 

opposed association between them with Factor 1 which are negative and positive, 350 

respectively. Strong positive association of C17:0 and C17:1 or between C14:0 and 351 

C22:0 have also been observed, which are both linked positively with Factor 2. Figure 352 

1a shows that the group C22:0 and C14:0 is not related to C20:0, C18:2n-6 or C18:2t 353 

because these groups also form an angle close to 90° between them. Similarly, many 354 

other relationships could be described which could give a complete map of the 355 

relationships among variables (and Factors).  356 

Interestingly, PCA may also provide an overview of the overall effects of 357 

cultivars and the processing steps on the fatty acid composition. This is achieved by 358 

projecting the score of the cases onto the new PC axes (Figure 1b). Based on Factor 1, 359 

the PCA has segregated correctly between the samples from Manzanilla (on the left) 360 

and Hojiblanca (on the right). The variables that most contributed to the differentiation 361 

among cultivars were those strongly correlated (positively or negatively) with Factor 1. 362 

From the comparison between the spatial distribution of variables (Figure 1a) and 363 

cultivars (Figure 1b) on their respective projection planes, it is deduced that Manzanilla 364 

was richer in C16:1, C16:0 and C18:0 while Hojiblanca had higher proportions of 365 

C18:3n-3, C22:6n-3, C20:1 and C24:0. Segregation by treatments within cultivars was 366 

achieved by Factor 2. The variables that most contributed to this discrimination were 367 
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C14:0, C17:0, C22:0 and C17:1 (Figure 1a). However, as commented above, their 368 

correlations with this Factor were relatively weak and the separation achieved among 369 

treatments was not clear, although packaged olives always were placed on the upper 370 

region. The raw material, lye treated or fermented olives were distributed between the 371 

upper and lower regions without a clear trend. The spatial distribution showed that, in 372 

packaged olives, the contents of C22:0 and C14:0 were higher in Hojiblanca olives 373 

while C17:0, C17:1 and C18:2n-6 were more abundant in Manzanilla. Besides, raw 374 

material and lye treated or fermented Manzanilla olives had low proportions of C22:0 375 

and C14:0. As always in the PCA analysis, Factor 1 accounted for the highest 376 

proportion of variance (53.74%), which must be associated with differences between 377 

cultivars while Factor 2 was responsible for a markedly lower percentage (21.97%), in 378 

agreement with the limited effect produced by treatments. The interpretation of the 379 

graph and the proportion of variance explained leads to the conclusion that there is a 380 

clear overall difference in the fatty acid composition between the oils from Manzanilla 381 

and Hojiblanca cultivars while the effects of treatment within each of them do not 382 

follow a clear trend because the treatments were close to each other within cultivar.  383 

These results are in agreement with the conclusions reached in the chemometric 384 

analysis of oil composition changes during ripe olive processing where Factor 1 also 385 

segregated based on cultivar but Factor 2 was less efficient to differentiate among 386 

elaboration phases (López-López et al., 2009). Similarly, naturally debiterred Turkish 387 

cultivars were segregated efficiently by PCA (Aktas et al., 2014).  Therefore, changes in 388 

the fatty acid composition during the processing of ripe or green Spanish-style olives 389 

are usually lower than those due to cultivar (Manzanilla and Hojiblanca).   390 

b) Triacylglycerols. It is likely that the processing conditions might affect the 391 

triacylglycerol composition which can also be subjected to multivariate analysis. PLL 392 
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was significantly linked to all others while the rest of triacylglycerols were correlated 393 

with each other except one. Therefore the data were appropriate for applying 394 

multivariate techniques.  395 

The application of PCA to the triacylglycerol composition led to only two 396 

eigenvalues higher than 1, which explained 75.95% and 13.75% of the variance 397 

respectively (89.70% in total). The correlation among the original variables with the 398 

new factors reflects their degree of association. Most of the triacylglycerols were linked 399 

to Factor 1 while only OLO (correlation coefficient, 0.704) was related to Factor 2. This 400 

association together with the correlation among the triacylglycerols can be studied from 401 

their projection onto the plane of the two PCs (Figure 2a). There are two opposed 402 

groups situated on the right and on the left clearly positive and negatively associated to 403 

Factor 1; the groups are also strongly linked (angle formed between them close to 180°) 404 

but with negative correlation. It is also observed on the left of Figure 2a that the OLO 405 

projection onto Factor 2 is higher than that from any other triacylglycerol.  406 

The segregation ability of the PCA based on triacylglycerols can also be 407 

explored by the projection of the cases onto the first two PCs (Figure 2b). Samples were 408 

separated again by cultivars (Manzanilla on the right and Hojiblanca on the left).  409 

Therefore, Factor 1 has been very efficient for segregating Manzanilla and Hojiblanca 410 

samples. The variables that most contributed to this segregation were those strongly 411 

linked to Factor 1 which were most of the triacylglycerols (e.g. OOO, OLnO, OLLn, 412 

PPO, and POO+SOL) (Figure 2a). Particularly, concentrations of those triacylglycerols 413 

situated on the right in Figure 1a were higher in Manzanilla while those pointing to the 414 

left were higher in Hojiblanca. On the contrary, Factor 2, with only weak correlation 415 

with triacylglycerols (e.g. OLO and OLL) was not able to segregate among treatments 416 

within cultivars in Manzanilla (on the right), where fresh fruits are mixed with 417 
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fermented and packaged olives, while offered a slightly higher separation capacity in 418 

Hojiblanca (on the left), where only fermented olives (HT2) were not neatly associated. 419 

In any case, the fresh and lye treated fruits of Hojiblanca had greater proportions of 420 

OOO and PPP than the packaged olives where OLO, PLLn and OLLn were the most 421 

abundant. However, establishing a similar linkage among triacylglycerols and 422 

treatments in Manzanilla is less straightforward. Therefore, overall, Factor 2 has been 423 

scarcely efficient for segregating among treatments, particularly in Manzanilla. In ripe 424 

olives, the application of PCA to the triacylglycerol composition was able to segregate 425 

between cultivars, but not among treatments within them (López-López et al., 2009). 426 

The analysis of PCA on triacylglycerols showed a similar behavior to that 427 

performed on fatty acids: the greater proportion of variability was due to cultivars 428 

(Factor 1) while the differences within them due to processing phases were markedly 429 

lower (Factor 2). But it is also interesting to compare the results from both analyses. 430 

The variance between cultivars based on triacylglycerols was greater than that based on 431 

fatty acids (75.95% vs. 53.74%) while that due to treatments was lower (13.75% vs 432 

21.97%). Therefore, differences in the triacylglycerol composition between cultivars 433 

were greater than those in fatty acids or, alternatively, triacylglycerol composition was 434 

less affected by processing than the fatty acid profile. 435 

4. Conclusions 436 

The diverse steps of the green Spanish-style processing of Manzanilla and 437 

Hojiblanca olives may affect their oil characteristics. Regardless of cultivar, most of the 438 

quality parameters decreased with respect to the fresh fruits after the lye treatment while 439 

only acidity, K232, and K270 increased after fermentation/packaging; the quality 440 

parameter levels were always below the limits established for EVOO in the EU 441 
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(Commission Implementing Regulation (EU) No 1348/2013), although the acidity and 442 

K270 in Hojiblanca were close to such values. Fatty acid composition showed diverse 443 

significant differences between cultivars and some within them due to treatments; 444 

however, their individual study did not reveal a clear trend. The concentrations of most 445 

of the fatty acids with restrictions in the legislation were below the limits established in 446 

the EU (Commission Implementing Regulation (EU) No 1348/2013) but, in Hojiblanca, 447 

the percentage of C18:3n-3 was slightly above its limit even in the fresh fruits. Changes 448 

in the nutritional fat sub-classes were parallel to the evolution in their associated fatty 449 

acids and their proportions were not affected by processing; their contributions to the 450 

total energy from olives were within the ranges recommend by FAO/WHO (2008), 451 

except for saturated fat which was only slightly above the values established for it. 452 

Triacylglycerol proportions were different in Manzanilla and Hojiblanca but no 453 

individual consistent effect of treatment on this composition was evident within the 454 

cultivar. No effect of processing or cultivar on ECN42 (polyunsaturated fatty acid 455 

degradation) was observed. When triacylglycerols were subjected to PCA, the results 456 

confirmed clear differences between cultivars but no systematic effect of treatments. 457 

Apparently, overall changes in fatty acids due to processing (22% variance) were 458 

stronger than in triacylglycerols (14%). 459 

 Acknowledgements 460 

This work was supported by the “Comisión Interministerial de Ciencia y Tecnología” 461 

(CICYT-EU Spanish Government) under projects AGL2009-07436/ALI and AGL2010-462 

15494/ALI, partially financed by European Regional Development Funds (ERDF) and 463 

Junta de Andalucía through financial support to group AGR-125. We also thank Elena 464 

Nogales Hernández for technical assistance. 465 



21 
 

References 466 

 Agozzino, P., Avellone, G., Bongiorno, D., Ceraulo, L., Indelicato, S., Indelicato, S., & 467 

Vèkey, K. (2010). Determination of the cultivar and aging of Sicilian olive oils using 468 

HPLC-MS and linear discriminant analysis. Journal of Mass Spectrometry, 45, 989-469 

995. 470 

Aktas, A.B., Ozen, B., Tokatli, F., & Sen, I. (2014). Comparison of some chemical 471 

parameters of a naturally debittered olive (Olea europaea L.) type with regular olive 472 

varieties. Food Chemistry 16,104-111.  473 

Aparicio, R., & Harwood, J. (2003). Manual del aceite de oliva. Madrid: AMV 474 

Ediciones y Mundi Prensa. 475 

Code of Federal Regulations (CFR) (2003). Title 21. Part 101.9. Washington: Federal 476 

Register Government Printing Office. 477 

Commission Implementing Regulation (EU) No 299/2013 of 26 March 2013 amending 478 

Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-residue oil 479 

and on the relevant methods of analysis. Official Journal of the European Union 480 

L90, 52-70. 481 

Commission Implementing Regulation (EU) No 1348/2013 of 16 December 2013 482 

amending Regulation (EEC) No 2568/91 on the characteristics of olive oil and olive-483 

residue oil and on the relevant methods of analysis. Official Journal of the European 484 

Union L338, 31-67. 485 

Commission Regulation (ECC) No 2568/91 of July 1991 (2012) on the characteristics 486 

of olive oil and olive-residue oil and on the relevant methods of analysis. Official 487 

Journal of the European Communities. CONSLEG: 1991R2568-09.08.2012. 488 



22 
 

FAO/WHO. (2008). Interim summary of conclusions and dietary recommendations on 489 

total fat & fatty acids. Joint FAO/WHO Expert Consultation on Fats and Fatty Acids 490 

in Human Nutrition, 10-14 November. Geneva, Switzerland.  491 

Food and Drug Administration, Department of Health and Human Services. (2007). 492 

Food labeling. Code of Federal Regulations, title 21, volume 21. (pp. 10-175). 493 

Washington: U.S. Government Printing Office.   494 

Gambarcorta, G., Storelli, M., Liuzzi, V., & La Notte, E. (2002). Olive oil identity 495 

determined by a methodological and statistical procedure based on evaluating the 496 

glyceridic fraction. Italian Journal of Food Science, 14, 59-64. 497 

Garrido-Fernández, A., Fernández-Díez, M.J., & Adams, R.M. (1997). Table olives. 498 

Production and processing. London: Chapman & Halls. 499 

IOC (International Olive Council). 2014. World table olive figures. 500 

http://www.internationaloliveoil.org/estaticos/view/132-world-table-olive-figures. Last 501 

access, April 2014. 502 

Issaoui, M., Dabbou, S., Mechri, B., Nakbi, A., Chehab, H., & Hammami, M. (2011). 503 

Fatty acid profile, sugar composition and antioxidant compounds of table olives as 504 

affected by different treatments. European Food Research and Technology, 232, 505 

867-876. 506 

Jollife, I.T. (1986). Principal components analysis. New York: Springer Verlag.  507 

Kammoun, N.G., & Zarrouk, W. (2012). Exploratory chemometric analysis for the 508 

characterisation of Tunisian olive cultivars according to their lipid and sterolic 509 

profiles. International Journal of Food Science and Technology, 47, 1496-1504. 510 

http://www.internationaloliveoil.org/estaticos/view/132-world-table-olive-figures


23 
 

Lee, D.S., Noh, B.S., Bae, S.Y., & Kim, K. (1998). Characterization of fatty acids 511 

composition in vegetable oils by gas chromatography and chemometrics. Analytica 512 

Chimica Acta, 358, 163-175. 513 

López, A., Montaño, A., García, P., & Garrido, A. (2006). Fatty acid profile of table 514 

olives and its multivariate characterization using unsupervised (PCA) and supervised 515 

(DA) chemometrics. Journal of Agricultural and Food Chemistry, 54, 6747-6753. 516 

López-López, A., Cortés-Delgado, A., & Garrido-Fernández, A. (2011). Chemometric 517 

characterisation of the fats released during the conditioning processes of table olives. 518 

Food Chemistry, 126, 1620-1628. 519 

López-López, A., Rodríguez-Gómez, F., Cortés-Delgado, A., Montaño, A., Garrido-520 

Fernández, A. (2009). Influence of ripe table olive processing on oil characteristics 521 

and composition as determined by chemometrics. Journal of Agricultural and Food 522 

Chemistry, 57, 8973-8981. 523 

López-López, A., Rodríguez-Gómez, F., Cortés-Delgado, A., García-García, P., & 524 

Garrido-Fernández, A. (2010). Effect of the previous storage of ripe olives on the oil 525 

composition of fruits. Journal of the American Oil Chemists’ Society, 87, 705-714. 526 

Martínez, J.M., Muñoz, E., Alba, J., & Lanzón, A. (1975). Informe sobre la utilización 527 

del Analizador de Rendimientos “Abencor”. Grasas y Aceites, 26, 379-385. 528 

Nasri, N., Khaldi, A., Fady, B., & Triki, S. (2005). Fatty acids from seeds of Pinus 529 

pinea L.: composition and population profiling.  Phytochemistry, 66, 1729-1735. 530 

Pacheco, Y.M., Bermudez, B., López, S., Abia, R., Villar, J., & Muriana, F.J.G. (2006). 531 

Ratio of oleic to palmitic acid is a dietary determinant of thrombogenic and 532 



24 
 

fibrinolytic factors during the postprandial state in men. American Journal of 533 

Clinical Nutrition, 84, 342-349. 534 

Pasqualone, A., Nasti, R., Montemurro, C., & Gomes, T. (2014). Effect of natural-style 535 

processing on the oxidative and hydrolytic degradation of the lipid fraction of table 536 

olives. Food Control, 37, 99-103. 537 

Ruiz-Méndez, M.V., López-López, A., & Garrido-Fernández, A. (2008). 538 

Characterization and chemometric study of crude and refined oils from table olive 539 

by-products. European Journal of Lipids Science and Technology, 110, 537-546. 540 

Simopoulos, A.P. (2008). The importance of the omega-6/omega-3 fatty acid ratio in 541 

cardiovascular disease and other chronic diseases. Experimental Biology and 542 

Medicine, 233, 674-688. 543 

Wood, J.D., Enser, M., Fisher, A.V., Nute, G.R., Sheard, P.R., Richardson, R.I., Huges, 544 

S.I., Whittington, F.M. (2008). Fat deposition, fatty acid composition and meat 545 

quality: A review. Meat Science, 78, 343- 358. 546 



25 
 

Figure captions 547 

Figure 1. Processing of Manzanilla and Hojiblanca cultivars as green Spanish-style 548 

table olives. Effect on the fatty acid composition of their oils. Principal component 549 

analysis. Projection onto the plane of the two first Factors of a) fatty acids and b) cases.  550 

Figure 2. Processing of Manzanilla and Hojiblanca cultivars as green Spanish-style 551 

table olives. Effect on the triacylglycerol composition of their oils. Principal component 552 

analysis. Projection onto the plane of the two first Factors of a) triacylglycerols and b) 553 

cases.  554 



Table 1. Effect of green Spanish-style processing on the quality parameters of 1 

Manzanilla and Hojiblanca oils. 2 

Treatment Acidity (g oleic 
acid/100g oil) 

Peroxide value 
(mEqO2/kg oil) 

K232 K270 ΔK 

MT0 0.254 c 10.55a 2.38a 0.204 a  -0.0021a 
MT1 0.176 cd 8.13b  1.13 d 0.068 d  -0.0013 a  
MT2 0.517 b  3.71e 1.46 c 0.161b  0.0004 a 
MT3 0.502 b 4.69cd  1.45 c 0.167b  0.0010a 
HT0 0.177 cd 7.79b 2.28 a 0.197 ab -0.0092b 
HT1 0.137 d 4.99 c 0.95 d 0.082 d -0.0003 a 
HT2 0.742 a 3.88 e 1.91 b 0.224 a 0.0004 a  
HT3 0.793a 4.23de 1.77 b 0.202a -0.0001a 
SE * 0.025 0.23 0.10 0.011 0.0015 
Limits EU** 
     EVOO 
      VOO 
      LOO 

 
0.8 
2.0 
>2.0 

 
20 
20 
-- 

 
2.50 
2.60 

-- 

 
0.22 
0.25 

-- 

 
0.01 
0.01 

-- 
 3 

Note:*Pooled standard error within parenthesis. Averages in columns followed by different superscripts were significantly different 4 
at p<0.05 according to Fisher’s LSD test. ** Limits according to the Commission Implementing Regulation (EU) Nº 1348/2013. 5 
EVOO, extra virgin olive oil; VOO, virgin olive oil; LOO, lampante olive oil. 6 

Table(s)



Table 2. Effect of green Spanish-style processing on the fatty acid composition of Manzanilla and Hojiblanca oils. 7 

Treatment C 14:0 C 16:0 C 17:0 C 18:0 C 20:0 C 22:0 C 24:0 C 16:1 C 17:1 C 18:1c C 20:1 C 18:2n-6 C 18:3n-3 C 22:6n-3 C 18:2t 
MT0 0.0180abc 15.34 a 0.1699 ab 3.072 a 0.4258 ab 0.0959 d 0.0482 c 1.629 ab 0.2955 ab 70.88 d 0.2563 cd 6.893 a 0.8518 c 0.0154 b 0.0122 ab 
MT1 0.0155 e 15.39 a 0.1710 a 3.069 a 0.4338 ab 0.1029 cd 0.0579 bc 1.593 b 0.2892 bc 71.59 c 0.2602cd 6.226 cd 0.7783 d 0.0164 b 0.0111 bc 
MT2 0.0171 cd 15.53 a 0.1696 ab 3.018 b 0.4255 b 0.0990 cd 0.0502 c 1.660 a 0.2986 a 70.83 d 0.2538 d 6.784 a 0.8242 c 0.0178 b 0.0120 ab 
MT3 0.0165 d 15.05 ab 0.1693 ab 3.009 a 0.4427 a 0.1081 bc 0.0521 c 1.655 a 0.3001 a 71.48 c 0.2640 c 6.583 ab 0.8379 c 0.0166 b 0.0122 ab 
HT0 0.0148e 15.30 a 0.1618 b 2.368 b 0.3756 d 0.0995 cd 0.0630 abc 0.985 e 0.2790 c 73.08 ab 0.2885 b 5.836e 1.1187 b 0.0235 a 0.0102 cd 
HT1 0.0175 bc 14.44 c 0.1712 a 2.422 b 0.3877 cd 0.1075 bcd 0.0681 ab 1.061 d 0.2978 ab 73.56 a 0.2992 a 6.016 de 1.1246 b 0.0222 a 0.0101 d 
HT2 0.0183 ab 14.57 bc 0.1717 a 2.444 b 0.3935 cd 0.1128 b 0.0705 a 1.094 cd 0.2968 ab 72.95 b 0.2995 a 6.400 bc 1.1425 b 0.0222 a 0.0107 cd 
HT3 0.0191a 14.21 c 0.1702ab 2.439 b 0.3973 c 0.1225 a 0.0764 a 1.106 c 0.2966 ab 73.03 b 0.3046 a 6.613 ab 1.1745 a 0.0233a 0.0112 bc 
SE 0.0004 0.27 0.0024 0.045 0.0051 0.0030 0.0036 0.011 0.0028 0.25 0.0025 0.081 0.0097 0.0010 0.0004 

Limits EU** 
     EVOO 
      VOO 
      LOO 

 
0.03 
0.03 
0.03 

    
0.60 
0.60 
0.60 

 
0.20 
0.20 
0.20 

 
0.20 
0.20 
0.20 

    
0.40 
0.40 
0.40 

  
1.00 
1.00 
1.00 

  

 8 

Note:*Pooled standard error within parenthesis. Averages in columns followed by different letters were significantly different at p<0.05 according to Fisher’s LSD test.  ** Limits according to the Commission 9 
Implementing Regulation (EU) Nº 1348/2013. EVOO, extra virgin olive oil; VOO, virgin olive oil; LOO, lampante olive oil.  10 



Table 3. Effect of green Spanish-style processing on the nutritional fat subcompositions 11 

of Manzanilla and Hojiblanca oils. 12 

Treatment Saturated fat (%) Monounsaturated fat (%) Polyunsaturated fat (%) Trans fat (%) 
MT0 19.17ab 73.06 d 7.76 ab 0.0122 ab 
MT1 19.24a 73.73 c 7.02 d 0.0111 bc 
MT2 19.32 a 73.05d 7.63 ab 0.0120 ab 
MT3 18.85 ab 73.70 c 7.44 bc 0.0122 ab 
HT0 18.38bc 74.63 b 6.98 d 0.0102 cd 
HT1 17.61 d 75.22 a 7.16 cd 0.0101 d 
HT2 17.78 cd 74.64 b 7.57 ab 0.0107 cd 
HT3 17.44 d 74.74b 7.81 a 0.0111 bc 
SE * 0.22 0.27 0.09 0.0032 

 13 

Note:*Pooled standard error within parenthesis. Averages in columns followed by different superscripts were significantly different 14 
at p<0.05 according to  Fisher’s LSD test. 15 

16 



Table 4. Effect of green Spanish-style processing on the triacylglycerol composition of Manzanilla and Hojiblanca oils.  17 

Treatment LLL OLLn PLLn OLL OLnO PLL POLn OLO SLL+POL PPL OOO POO+SOL PPO PPP SOO POS+SLS ΔECN42* 

MT0 0.0651 a 0.2226 d 0.0735 de 1.093 a 1.414 c 0.426 a 0.753 c 10.069 bc 6.379 a 1.192 b 36.69 e 29.312 b 5.375 ab 0.150 c 5.084 ab 1.682 a 0.011 c 
MT1 0.0500 b 0.1968 e 0.0666 e 0.965 bc 1.338 d 0.366 b 0.665 d 9.804 c 6.121 b 1.193 b 37.27d 29.548 a 5.299 b 0.248 b 5.199a 1.668 a 0.022 b 
MT2 0.0614 a 0.2176 d 0.0770 cd 1.106 a 1.389 cd 0.426 a 0.726 c 10.204 b 6.601 a 1.234 b 35.94f 29.523 ab 5.540 a 0.257 b 5.035b 1.659 a 0.024 b 
MT3 0.0590 a 0.2243 d 0.0830 cd 1.031 ab 1.397 c 0.420 a 0.755 c 9.958 c 6.442 a 1.319 a 36.31 ef 29.519 ab 5.497 a 0.269 ab 5.060 ab 1.656 a -0.002 c 
HT0 0.0251 d 0.2542 c 0.0873 bc 0.738 d 1.632 b 0.238 cd 0.839 b 10.082 bc 5.272 d 0.997 c 41.99 a 27.525 e 4.320 d 0.292 ab 4.513 c 1.141 b 0.036 ab 
HT1 0.0374 c 0.2711 bc 0.0948 b 0.814 d 1.720 a 0.243 d 0.870 b 10.299 b 5.438 d 1.047 c 41.20 b 27.589 de 4.491 cd 0.325 a 4.411c 1.147 b 0.035 ab 
HT2 0.0391 c 0.2810 ab 0.0965 b 0.897 c 1.658 b 0.287 cd 0.876 ab 10.542 a 5.757 c 1.050 c 40.20 c 27.852 c 4.619 c 0.288 ab 4.399c 1.154 b 0.053 a 
HT3 0.0427 c 0.2934 a 0.1131 a 0.936 c 1.736 a 0.293 c 0.906 a 10.726 a 5.910 c 1.065 c 39.86 c 27.762 cd 4.574 c 0.255 b 4.375c 1.160 b 0.030 b 
SE* 0.0025 0.0066 0.0036 0.029 0.022 0.017 0.012 0.091 0.074 0.029 0.15 0.068 0.054 0.024 0.057 0.023 0.008 

 18 

Note:*Pooled standard error within parenthesis. Averages in columns followed by different superscripts were significantly different at p<0.05 according to Fisher’s LSD test.* EVOO limit in the Commission 19 
Implementing Regulation (EU) 1348/2013 for this parameter |0.2|. 20 



 

 

Figure 1 

 

Figure(s)



Figure 2 


	Página en blanco



