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ABSTRACT 22 

Bitter taste is a positive sensory attribute in olive oil. Although if the bitter taste is too 23 

strong, it may be perceived as a negative attribute for  the consumers. The aim of this 24 

work was to design a liquid-liquid extraction using water as a solvent to decrease the 25 

total phenol content of Arbequina olive oil and as consequence its bitter taste. Different 26 

olive oil-to-water ratios were assayed and mixing was conducted by flowing nitrogen to 27 

avoid oxidation. After 15 min, a constant total phenols concentration was reached in the 28 

olive oil independently of the olive oil-to-water ratios assayed. Lower percentage of 29 

olive oil in the mix was more efficient for phenol extraction. A mathematical equation 30 

was proposed to calculate the Arbequina olive oil-to-water ratio in the mix to remove a 31 

desired phenol percentage. After removing phenols, the obtained olive oil had a similar 32 

physico-chemical quality as untreated olive oil with a similar content of phenols. 33 

Practical applications:  By using obtained mathematical equations the phenolic 34 

content in Arbequina olive oil can be modulated by liquid- liquid extraction. It is a fast 35 

and easy method to achieve the desired bitterness in olive oil. 36 

When in a mill oils with high intensity of bitterness are obtained, this method could be a 37 

solution to open new markets by offering more equilibrated products for consumers not 38 

used to olive oil. 39 
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1. INTRODUCTION 40 

Olive oil is obtained directly from olives exclusively through physical processes, 41 

preserving a high nutritional value and sensory quality. This oil is the main edible fat 42 

used in the Mediterranean area, and consumption of it has increased in other countries 43 

in recent years [1]. One of the positive organoleptic attributes in olive oil is bitterness. 44 

This parameter is mostly due to the total phenol content and depends on many factors 45 

(processing, maturity degree, variety, etc.) [2]. However, the excessive intensity of the 46 

bitter taste in virgin olive oil may determine its rejection by the consumers of some 47 

markets (China, Japan, United States, Canada, etc.) who are not used to the taste of 48 

olive oil and that are more familiar with refined and tasteless oils obtained by solvent 49 

extraction. Some previous works described postharvest treatments in the olives that 50 

decrease the bitterness in the olive oil. Some of them used heat [3, 4] cold [5], or stored 51 

olives in atmosphere with CO2 [6]. Usually the main procedure to regulate the bitterness 52 

in olive oil is to control the different stages during processing. Temperatures used in 53 

malaxation have more influence on the phenol extraction than malaxation time [7, 8]. 54 

However, results reported on temperature influence are contradictory. While some 55 

authors have reported an increase of the phenol concentration and bitterness when the 56 

malaxation temperature increased [9, 10, 11], others have observed that when the 57 

malaxation temperature increased, the phenol content decreased [7, 12]. The 58 

centrifugation system also has an influence on the olive oil’s bitterness [13, 3]. A few 59 

works have studied the reduction of bitterness after the extraction of the olive oil. Pripp 60 

et al. [14] added sodium caseinate in an olive oil/ water emulsion and reduced the 61 

bitterness by 65%. Koprivnjak et al. [15] added lecithin and reduced the bitterness by 62 
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70%. However the addition of these compounds is not allowed to market virgin olive oil 63 

category [16]. 64 

The removal of phenols from olive oils is a potential strategy in order to reduce its 65 

bitterness. Some olive oil phenols are hydrophilic in nature and are more soluble in 66 

water than in the oil phase [17]. The aim of this work is to propose a system (liquid- 67 

liquid extraction using water as solvent) to decrease the total phenol content and the 68 

bitterness in Arbequina olive oil while maintaining the physico- chemical quality and 69 

without causing sensorial defects. A mathematical model describing the kinetics of the 70 

process will be proposed to establish the experimental conditions to extract different 71 

amount of phenols and in this way to modulate the excess of bitterness in Arbequina 72 

olive oil.  73 

2. MATERIAL AND METHODS 74 

2.1. Raw material 75 

The experiments were done using Arbequina olives harvested in the 2012 crop season  76 

in Zaragoza (Spain). These olives had a 2.27 maturity index following the method based 77 

on the pigmentation levels [18].  78 

2.2. Oil extraction 79 

Olive oil extraction was performed using AbencorTM laboratory equipment (MC2 80 

Ingenierías y Sistemas, Sevilla, Spain) following the method described by Martínez et 81 

al. [19]. 82 

A total of 75 kg olives of the Arbequina variety were divided in three batch of 25 kg 83 

and then were crushed with a hammer mill. In order to obtain oils with different phenol 84 

content the paste was malaxated at three different temperatures (15, 26, and 32 °C) for 85 
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30 min and then it was centrifuged applying a force of 1370 g for 1 min to obtain the 86 

oils.  The Arbequina olive oil with the highest phenol content (197.54 ±1.62 mg gallic 87 

acid/ kg oil) (oil malaxated at 26 °C) was used to study the phenol extraction kinetics.  88 

2.3. Liquid- liquid extraction 89 

Phenols from Arbequina olive oil were extracted in a laboratory vessel of a 500 ml 90 

capacity, (7 cm in diameter, and 13.8 cm in height) connected to a nitrogen gas source. 91 

The vessel contained 400 ml of a mixture of olive oil-to-water and the extraction was 92 

assayed with several sample-to-solvent ratios (olive oil-to-water ratio in % volume) (50/ 93 

50, 70/ 30, 80/ 20, 90/ 10) to investigate the influence of this parameter on the 94 

extraction efficiency. The contents were mixed thoroughly in bubbling nitrogen at a 95 

pressure of 19.61 kPa at room temperature (20 ± 2 °C) for 30 min. In order to monitor 96 

the extraction, aliquots were collected at different times (0, 1, 2, 3, 5, 7.5, 10, 15, 20, 97 

and 30 min). These samples were centrifuged applying a force of 4293 g for 5 min to 98 

separate the two phases. Total phenol content (TPC) in olive oil was also determined at 99 

the beginning of the experiment and after 30 min of extraction. TPC in the aqueous 100 

phase along the time was determined to monitoring the removal of phenols from the oil. 101 

This is an economical and simpler analysis than in olive oil because a previous solid-102 

phase extraction was not required.  The extraction experiments were carried out in 103 

duplicate and the average values were reported.  104 

Preliminary experiments were conducted to estimate if the concentration of phenols in 105 

the olive oil during the extraction could be estimated by subtracting the amount of 106 

phenols measured in the water phase along the time from the initial amount of phenol 107 

content in the olive oil.  It was observed that the estimated concentration of phenols in 108 
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the olive oil was lower that the concentration directly measured in the oil. However, the 109 

following linear relationship permitted to estimate the phenol concentration in the olive 110 

oil from the concentration of phenols in the olive oil estimated from the phenols 111 

measured in the aqueous phase. 112 

TPCo = 1.187 TPCe – 9.1109                         (eq 1)    113 

R2= 0.90      114 

Where: 115 

TPCo: is the total phenols content in the olive oil 116 

TPCe: is the total phenols content in the olive oil estimated by subtracting the amount of 117 

phenols measured in the water phase along the time from the initial amount of phenol 118 

content in the olive oil 119 

2.3.1. Kinetics of extraction of phenols 120 

Extraction curves for different Arbequina olive oil-to-water ratios were obtained by 121 

plotting the total TPCt in the olive oil along the time. All the extraction curves obtained 122 

had similar shape and they were described by the following equation:                       123 

TPCt = (TPCoi – TPCeq)*(e(–kt)) + TPCeq                (eq 2) 124 

Where: 125 

TPCt is the concentration of phenols in the oil along the time of solute extracted after a 126 

time  127 

TPCoi is the concentration of phenols in the oil at the beginning of the extraction 128 
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TPCeq is the concentration of phenols in the oil at equilibrium. These values were 129 

obtained from the total phenol content in aqueous phase and for difference with the 130 

initial total phenol content in the olive oil. 131 

k: extraction constant (min-1) 132 

t: extraction time 133 

2.4. Analytical determinations 134 

Determinations of the physicochemical parameters (free acidity, peroxide value, and 135 

UV absorption coefficients K270 and K232) were made following the methods described 136 

in Regulation EEC/2568/91 of the Commission of the European Union [20]. 137 

Determination of fatty acids. The fatty acid profile of samples was determined by gas 138 

chromatography using a modified fatty-acid methyl-esters (FAMEs) method as 139 

described by Frega and Bocci [21].  140 

α-Tocopherol determination. A sample of oil in hexane was analyzed by high-pressure 141 

liquid chromatography (HPLC) with a Zorbax SB-C18 phase-reverse column (Agilent) 142 

eluted with acetonitrile/ water (99:1 v/ v) using a flow rate of 1 ml/ min. A photodiode 143 

matrix detector was used. Chromatograms were registered at 295 nm. The results were 144 

expressed as mg of α-tocopherol/ kg oil. 145 

Total phenol content. After liquid- liquid extraction the determination of the phenol 146 

content in aqueous phase was performed by colorimetric determination using Folin and 147 

Ciocalteau method.  148 

For the extraction of total phenols from the olive oil, we used the method described by 149 

Favati et al. [22]. The phenols were extracted by solid phase extraction (SPE), using 150 
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IsoluteTM C18 cartridges (5 ml/ 1 g solid phase). The determination in the extract was 151 

done using the same procedure used above for the water.  152 

Individual phenols. Phenolic compounds were extracted from olive oil following the 153 

method described by Gutfinger [23]. The HPLC analysis was performed by following 154 

the procedure of Montedoro et al. [24]. Phenolic compounds were identified and 155 

quantified on the basis of their retention times compared to those of the standard 156 

compounds.  157 

Oxidative stability. This was expressed as the oxidation induction time (hours), 158 

measured with a RancimatTM 743 instrument (Metrohm, Switzerland), using 3 g of oil, 159 

warmed to 120 °C at 20 l h-1 air flow.  160 

Bitterness index. Bitterness (K225) was determined by SPE of bitter compounds using 161 

Isolute C18 cartridges (6 ml/ 500 mg solid phase) following the method of Gutierrez-162 

Rosales et al., [25].  163 

Sensory analysis. The sensory analysis of the samples was carried out by 10 selected 164 

and trained panelists. The existence or not of negative attributes (fusty, winey, musty, 165 

muddy, rancid, metallic, etc.) was evaluated. 166 

2.5. Treatment of experimental data 167 

The experiments were conducted in duplicate. Results were expressed as mean ± 168 

standard deviation of two measurements of each experiment (two replicas of each olive 169 

oil-to-water ratio). 170 

To model the extraction curves GraphPad PRISM 3.3 software were used. The 171 

goodness of the fitting was evaluated by determination coefficient (R2) and root mean 172 

square error (RMSE). 173 
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3. RESULTS AND DISCUSSION 174 

3.1. Kinetics of extraction of phenols 175 

The effect of the sample-to-solvent ratio (oil-to-water ratio) along the extraction time on 176 

the efficiency of partial remaining phenols was investigated. Bubbling nitrogen was 177 

used for mixing both liquids throughly and preventing oxidation reactions during the 178 

extraction process. In order to eliminate variations from the mixing system employed, 179 

the position of the nitrogen tube on the bottom of the mixing vessel and the nitrogen 180 

flow were fixed for all the extractions.  181 

The influence of the olive oil-to-water ratio on the liquid- liquid extraction kinetics of 182 

phenols from olive oil is shown in Figure 1. TPCo in the olive oil along the time was 183 

calculated using equation 1. Symbols correspond to the experimental values and lines to 184 

fit equation 2 to these values. Extraction curves indicated that the concentration of 185 

phenols in olive oil decreased exponentially for all the olive oil-to-water ratios 186 

investigated. The high initial rate of phenols extraction was followed by slower 187 

extraction rate and asymptotically approaching to the equilibrium concentration. At any 188 

olive oil-to-water ratio assayed concentration of phenols at equilibrium was achieved 189 

after 15 min of mixing confirming suitable performance of the mixing system used. 190 

The estimated parameters of equation 2 (TPCeq and k), correlation coefficients, and 191 

RMSE of the fits are shown in Table 1. The correlation coefficient for all the fits was 192 

higher than 0.9 and RMSE lower than 7.93, which implied good concordance between 193 

experimental and calculated data. The increase of the k value and the decrease of total 194 

phenolic concentration in olive oil with the decreased of the olive oil-to-water ratio 195 

shown in Table 1 are consistent with mass transfer principles. The driving force during 196 
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mass transfer is considered to be the concentration gradient, which was higher when a 197 

lower olive oil-to-water ratio was used, resulting in an increase of the diffusion rate. On 198 

the other hand, the TPC equilibrium was also significantly affected by the olive oil-to-199 

water ratio. The phenols concentration in olive oil at equilibrium was the lowest (97.7 200 

mg/ kg) when the extraction was conducted with the highest proportion of water in the 201 

mixed (50/ 50) (olive oil-to-water ratio) and the highest (152.1 mg/ kg) in the case of 202 

the lower proportion of water in the mixed (90/ 10) (olive oil-to- water ratio).  203 

3.2. Estimation of olive oil-to-water ratio to obtaining Arbequina oils with 204 

different amount of phenols 205 

From a practical point of view, it should be very useful to be able to estimate the 206 

proportion of Arbequina olive oil and water (olive oil-to water ratio) that should be 207 

mixed in a liquid- liquid extraction for reducing the phenols concentration to a given 208 

level. Figure 2 show the relationship between the percentage of oil in the mix and the 209 

percentage of phenols partly removed from Arbequina olive oil. A linear relationship 210 

was observed between both parameters. Therefore the following equation permits 211 

estimating the olive oil-to-water ratio required to reduce a given percentage the 212 

concentration of phenols in the oil: 213 

Y = -1.23* PE + 116.07   R2= 0.99           (eq 3) 214 

Where Y is the % of oil in the mix and PE is the % of phenols to be removed from the 215 

oil.  216 

3.3. Comparison of physico-chemical parameters of olive oils in which phenols was 217 

partly removed with untreated olive oils with the same amount of phenols 218 
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The effect of the liquid-liquid extraction on the physico-chemical parameters of olive oil 219 

was studied. For this purpose, two olive oils with similar phenol concentration as those 220 

obtaining by malaxation at 15 ºC and 32 ºC were obtained by removing phenols from 221 

the olive oil with the highest phenol concentration (olive oil obtaining by malaxation at 222 

26 ºC). The equation 3 was used to calculate the Arbequina olive oil-to-water ratio 223 

needed to get the desired removal of phenol by liquid-liquid extraction. In order to 224 

obtain an olive oil with around 139 mg gallic acid/ kg oil (the content in the 15 °C 225 

malaxated olive oil) and with around 158 mg gallic acid/ kg oil (the content in the 32 °C 226 

malaxated olive oil), an olive oil-to-water ratio of 80/ 20 and 92/ 8 was used, 227 

respectively. The time of contact between the water and the oil was 15 minutes since in 228 

preliminary experiments the total phenol content reached the equilibrium at this time.  229 

Physicochemical parameters of the control oils malaxated at 15 ºC and 32 ºC and the 230 

removed phenol oils with similar phenol content are compared in Table 2. The values 231 

obtained were under the limits established by the European regulations for the category 232 

of extra virgin olive oils in all cases. When control olive oils were compared with 233 

phenol removed oils with similar phenol content we observed differences that did not 234 

have practical implications for acidity, peroxide value, K232, K270 and oxidative stability. 235 

A similar behaviour was observed for SFA, MUFAS, PUFAS and MUFAS/ PUFAS 236 

ratio. Differences were not observed for α-tocopherol and total phenol content when 237 

comparing control olive oils with the phenol removed oils. The bitterness index was 238 

reduced from 0.20 (value in the olive oil obtained with a malaxation at 26 ºC) to 0.15 239 

(the same value of the olive oil obtained with a malaxation at 32ºC) when the 92/8 olive 240 

oil-to-water ratio was used. A higher reduction was obtained when the liquid-liquid 241 

extraction was done with an olive oil-to-water ratio of 80/20. Concerning to the 242 
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individual phenols the biggest differences between control olive oils and removed 243 

phenol oils were observed for the most hydrophilic phenols (hydroxytyrosol and 244 

tyrosol). Concentration of 3, 4-DHPEA-AC and 3, 4- DHPEA-EDA was higher for the 245 

removed phenol oil when the oil-to-water 80/20 ratio in the liquid-liquid extraction was 246 

used.  When less water was added in the mix (oil-to-water 92/8) the differences 247 

observed for these two phenols were smaller. Parenti et al. [9] reported that 3,4-248 

DHPEA-EDA content increased linearity with olive oil extraction temperatures until 30 249 

°C and then decreased. This may be the reason for the higher concentration of this 250 

compound in the removed phenol olive oils obtained from the 26 °C malaxated olive oil 251 

even after liquid-liquid extraction. For the other individual phenols the concentration 252 

was quite similar between control olive oils and removed phenol oils. 253 

After sensory analysis of the treated olive oils, no negative attributes or defects were 254 

observed (results not shown). 255 

4. CONCLUSION 256 

Phenol diffusion by liquid- liquid extraction from the olive oil to the water depended on 257 

the olive oil-to-water ratio. Lower olive oil-to-water ratios in the mixture were more 258 

efficient for phenol extraction. 259 

A mathematical equation was used to estimate the Arbequina olive oil-to-water ratio in 260 

the mix needed to remove a given phenol content by liquid- liquid extraction. 261 

With the liquid- liquid extraction system used, the phenols in olive oil were reduced 262 

without significant changes in the physico- chemical parameters and no negative 263 

attributes were detected in the sensorial analysis. This could be a solution to open new 264 

markets demanding less bitter Arbequina olive oil. However more research is needed 265 
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using other olive varieties and to determine if the stability of the Arbequina olive oils in 266 

which phenols were partly removed is sufficient for commercialization. 267 
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Table and Figure captions 344 

Table 1- TPCeq and k values from the fitting of (eq 2) to the liquid- liquid extraction of 345 

phenols at different oil-to-water ratios.  346 

Table 2- Physicochemical parameters of the control oils malaxated at 15 ºC and 32 ºC 347 

and the removed phenol oils with similar phenol content (at the end of the liquid- liquid 348 

extractions, after 15 minutes). 349 

Figure 1- Total phenols content in the oil (TPCo) during the liquid-liquid extraction at 350 

different olive oil-to-water ratios 50/ 50 (▲), 70/ 30 (•), 80/ 20 () and 90/ 10 (◼) 351 

along the time.  352 

Figure 2- Correlation between the percentages of Arbequina oil in the mix for liquid- 353 

liquid extraction and the percentage of phenols removed. 354 

355 
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Table 1-  356 

Oil-to-water ratio TPCeq* k RMSE R2 

50/ 50 97.7 (86.7- 108.7) 0.55 (0.28- 0.81) 5.62 0.98 

70/ 30 115.2 (99.9- 130.5) 0.29 (0.10- 0.48) 4.26 0.98 

80/ 20 133.7 (107.8- 159.6) 0.20 (-0.04- 0.44) 7.93 0.90 

90/ 10 152.1 (129.9- 174.3) 0.17 (-0.07- 0.41) 3.43 0.96 

 357 

Values reported are mean values of two experiments.  358 
* TPCeq= concentration of phenols in the oil at equilibrium (mg/ kg). These values were obtained from 359 
the total phenol content in aqueous phase and by difference with the initial total phenol content in the 360 
olive oil. 361 
RMSE was the root mean square error Results of TPComax and K value are expressed with a confidence 362 
interval of 95%. 363 

364 
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Table 2-  365 

Parameters 
Olive oil-to- 

water ratio 

80/ 20 

Control oil 

malaxated at 

15 °C 

Olive oil-to- 

water ratio 

92/ 8 

Control oil 

malaxated at 

32 °C 
     

Total phenols (mg/ kg) 132.52±2.41 139.26±4.29 148.70±4.49 158.31±4.40 

Acidity (% oleic acid) 0.17±0.00 0.23±0.00 0.17±0.00 0.27±0.02 

Peroxide value (mEq O2 active/ kg oil) 6.33±0.03 6.00±0.00 6.17±0.03 6.04±0.00 

K232 (Abs 232 nm) 1.60±0.01 1.64±0.02 1.55±0.01 1.50±0.01 

K270 (Abs 270 nm) 0.06±0.00 0.05±0.00 0.08±0.01 0.05±0.00 

Oxidative stability (hours) 7.88±0.13 6.13±0.14 8.37±0.16 8.77±0.14 

α-tocopherol (mg/ kg) 230.05±1.58 228.66±1.85 228.51±1.43 228.02±2.11 

K225 (Abs 225 nm) 0.11±0.00 0.15±0.00 0.15±0.00 0.15±0.00 

Individual phenols (mg/ kg):     

Hydroxytyrosol 1.06±0.04 12.95±0.12 1.15±0.02 20.86±0.04 

Tyrosol 1.68±0.04 9.80±0.03 2.39±0.06 8.37±0.07 

Vanillic acid 0.28±0.01 0.35±0.01 0.33±0.00 0.40±0.01 

Vanillin 1.20±0.01 1.14±0.01 1.20±0.02 1.33±0.01 

Coumaric acid 0.54±0.01 0.67±0.00 0.64±0.01 0.67±0.00 

3.4-DHPEA-AC 23.78±0.16 15.84±0.25 28.38±0.32 31.96±0.18 

3.4-DHPEA-EDA 53.54±0.17 31.16±0.08 62.16±0.12 56.86±0.27 

p-HPEA-EDA 10.42±0.06 9.38±0.03 10.73±0.11 11.70±0.07 

Lignans 45.18±0.15 39.47±0.01 45.20±0.16 52.45±0.01 

3.4-DHPEA-EA 18.57±0.29 21.00±0.30 20.01±0.25 21.58±0.28 

Luteolin 1.64±0.02 1.98±0.02 1.66±0.01 1.71±0.02 

Apigenin 1.14±0.00 1.19±0.00 1.14±0.01 1.15±0.01 

Fatty acids (%):     

Oleic/ Linoleic 5.62±0.01 5.52±0.01 5.67±0.03 5.68±0.00 

SFA  18.31±0.03 18.51±0.06 18.25±0.08 18.50±0.07 

MUFAS 69.25±0.04 68.88±0.06 69.31±0.08 69.16±0.33 

PUFAS 12.45±0.02 12.61±0.00 12.36±0.05 12.30±0.04 

MUFAS/ PUFAS 5.56±0.01 5.46±0.01 5.61±0.02 5.62±0.01 

     

Values reported are mean values and standard deviations of two measurements of each experiment (two 366 
replicas of the different olive oil-to-water ratios). In the control the values reported are mean values and 367 
standard deviations of two measurements. 3.4-DHPEA-AC, 4-(acetoxyethyl)-1.2-dihydroxybenzene; 3.4-368 
DHPEA-EDA, dialdehydric form of elenolic acid linked to hydroxytyrosol; p-HPEA-EDA, dialdehydic 369 
form of elenolic acid linked to tyrosol; 3.4-DHPEA-EA, oleuropein aglycone. SFA, saturated fatty acids; 370 
MUFAS, monounsaturated fatty acids; PUFAS, polyunsaturated fatty acids. 371 
 372 
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Figure 1- 388 
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* Phenols in oil calculated from water have been previously corrected by equation 1 390 

(Materials and Methods). 391 
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Figure 2-  393 
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