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Abstract:  Sevillian-style green table olives are one of the main 
products derived from the olive (Olea europaea L.) tree on the market 
today. The way they are prepared involves the use of a sodium hydroxide 
solution to reduce the concentration of oleuropein, reducing the original 
bitter taste of the fruit. In this study we investigate the effect of hydroxide 
concentration, process temperature and fruit size on the time required to 
complete the process. Using a complete factorial design, these factors were 
evaluated at two levels. The shortest treatment time (180 min) was obtained 
using the highest levels of sodium hydroxide concentration and temperature 
(15 g·L-1 NaOH and 25 °C). The interaction of these two factors was 
significant, unlike the size of the fruits, which was not significant for the 
two levels tested (240 and 150 units∙kg-1). 
 
Keywords:  full factorial design, sevillana olive, sodium hydroxyde, 

tacna, penetration time  
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INTRODUCTION 
 
Table olives (Olea europaea L.) are a traditional product of the Mediterranean basin, 
with a great influence on the culture and diet of the countries of this area. The 
Phoenicians cultivated the olive tree in Greece and introduced it in Spain around 1050 
BC, from where it spread to America [1]. There are more than 2500 olive cultivars, of 
which only a small amount have commercial value, that is, those that due to their 
characteristics can be used for the production of oil (oil content and ease of oil removal) 
and table olives (ratio of flesh to stone from 5 : 1 to 8 : 1, firmness and ease of removal 
of the stone), with some varieties having a dual purpose [2]. 
At the end of 2016, Peru was the third country in the Americas, after Argentina and the 
USA, in terms of table olive production (2.17 % of world production) [3]. The average 
olive production between 2012 and 2016 in Peru was 79361 metric tons. The southern 
region of Tacna is the main national producer (71 % of national production, followed by 
the Arequipa region with 21 %), and also has the highest yield (5360 kg·Ha-1) above the 
national average (4984 kg·Ha-1) [4]. However, in the same period only 5 % of the olives 
(4259 MT on average) entered a plant to produce olive oil [5], which indicates that most 
of the olives are destined for the production of table olives. Thus, it is reported that the 
average annual production (2012 - 2016) of table olives in Peru was 69 thousand metric 
tons [3]. Only 1.9 % of the olive production produced in the period 2012 - 2016 was 
exported, and only 0.03 % of the same olive production was exported as virgin olive oil 
[6]. 
The most economically important olive cultivar in the Tacna region, as well as in 
northern Chile [7], is the “Sevillana” olive, used in this area mainly for the production 
of table olives. Table olives can be prepared by four methods [2]: spontaneous 
fermentation (such as Greek-style black olives), processes for obtaining Greek-style 
Kalamon olives, oxidation treatment with lye (such as Californian-style black olives), 
and treatment with lye followed by fermentation (such as Spanish-style green olives). 
In the “Sevillano” process of preparing green table olives, olives that are ripe green 
(green to yellow green in color [8]) are washed with potable water, sorted by size and 
treated with lye (debittering), then rinsed with potable water several times to remove 
excess lye and placed in a brine (NaCl, 8 to 10 %) to ferment the olives before they are 
sorted again, packed and pasteurized [2]. In the debittering process, a solution of lye  
(13 to 50 g·L-1 [1, 2, 8 – 11], alternatively 2.9 Baumé degrees (°Bé) [12]) is used for the 
time necessary for the lye to penetrate to 2/3 of the olive pulp [8, 10]. The treatment 
time is usually between 6 to 12 hours [11 – 13]. Debittering rapidly reduces the 
concentration of oleuropein in the fruit from approximately 11.6 (raw fruit) to 3.4 g·kg-1 
[12]. The reduction of oleuropein through its hydrolysis into elenolic acid and 
hydroxytyrosol is the main objective of this process [1]. 
In recent years, technologies have been researched to replace all or part of the lye in the 
de-bittering process using biotechnological techniques [14], ultrasound [15, 16], 
vacuum impregnation [17] and scratching [18]. Although they have different 
advantages, it appears that the ultrasound process would have better prospects for 
reducing the consumption of NaOH, which is nevertheless necessary. Optimizing the 
use of NaOH is important to improve process efficiency. 
The aim of this study is to determine the effect of the most important parameters 
(sodium hydroxide concentration, temperature) and the size of the fruit on the time 
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required to complete the alkaline treatment used in the production of Sevillian-style 
green table olives. 
 
 
MATERIALS AND METHODS 
 
Raw material and preparation 
 
The Tacna and Ilo valleys (latitude 17 - 18 °S) have an annual minimum temperature of 
13.8 °C and a maximum of 23 °C. Annual rainfall is 26.2 mm [19]. Samples of olive 
fruit (yellow to green) from the "Sevillano" variety, from the Tacna region (Universidad 
Nacional Jorge Basadre Grohmann, INPREX germoplasm bank) were collected and 
transferred to the Food Technology laboratories of the Universidad Nacional Jorge 
Basadre Grohmann. Once received, the fruits were classified to discard those showing 
signs of damage, cuts or defects. 
The fruits were washed with tap water and drained before being separated by size. Two 
groups were formed depending on the amount of fruit needed to complete one kilogram: 
240 units (U·kg-1) and 150 units (U·kg-1). 
 
Alkaline treatment (debittering process) 
 
Alkaline treatment was performed at two levels of sodium hydroxide concentration      
(1 and 2 °Bé, measured with a Baumé densimeter, then converted to 6.0 and 15.0 g∙L-1 
NaOH, respectively [20]) and two levels of temperature (15 and 25 °C). Samples of 
fruits (300 g) from the two size groups were placed in plastic containers (1 L) 
containing NaOH solutions at the indicated temperatures using water baths. 
Temperature control is important because it has been reported that there is an increase in 
temperature in the containers with the lye solution during debittering, mainly due to 
alkaline hydrolysis reactions [21]. 
 
Hydroxide penetration 
 
To verify the progress of the alkaline treatment, samples were taken from each tank and 
the fruits were sliced to observe the progress visually using a solution of 
phenolphthalein [13]. When NaOH reaches 2/3 of the distance between the skin and the 
stone fruit, the treatment was considered complete [22] and then time (in minutes) was 
recorded. 
 
Experimental design 
 
A full factorial design of three factors at two levels was used (Table 1). The runs were 
randomized prior to sample preparation and four measurements (repeated 
measurements) were performed for each run. 
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Table 1. Experimental design with real values (levels) 

Run 
Temperature  

[°C] 
Concentration NaOH 

[g·L-1] 
Size  

[U·kg-1] 
1 15 6 240 
2 25 6 240 
3 15 15 240 
4 25 15 240 
5 15 6 150 
6 25 6 150 
7 15 15 150 
8 25 15 150 

 
Statistical analysis 
 
The analysis of variance (ANOVA) and graphs were obtained using the version 3.4.3 of 
the R programming language and environment for statistical computation [23], the 
“car”, “agricolae” and “dae” packages [24 – 26] and the version 1.1.442 of the 
Integrated Development Environment (IDE) RStudio [27] were also used. 
 
 
RESULTS AND DISCUSSION 
 
Interaction between temperature, sodium hydroxide concentration and fruit size 
 
The interaction between the three factors is shown in Figure 1. The temperature and the 
concentration of the NaOH solution are seen to have the most important role, as the 
measurements obtained from the two size levels are very close to each other. On the 
other hand, the size of the fruits had very limited effect on the processing time. 
Normally the olives are unbittered at a temperature between 15 and 25 °C, the 
concentration of NaOH varies depending on the variety, cultivar, degree of ripeness and 
ambient temperature, and the time required varies between 6 and 11 hours [8, 28]. 
The temperature of 25 °C provided the shortest processing times (180 minutes, 15 g∙L-1 

NaOH) in all cases. For the cultivars “Manzanilla Cacereña” and “Carrasqueña”, using 
a more concentrated solution of NaOH (25 g·L-1), the processing times at 25 °C were 
237 and 201 min respectively [29]. In comparison, when temperatures of 18 and 25 °C 
were used, with a NaOH concentration similar to the maximum level used in this study 
(15.6 g·L-1), the fruits of the “Manzanilla” variety took 420 to 427 minutes [30]. 
The reduction of bitter oleuropein by hydrolysis into hydroxytyrosol and oleoside-11-
methyl ester (which is then hydrolyzed to oleoside) is the objective of debittering [8]. 
However, if the concentration of NaOH is very high, the pulp of the olive fruit becomes 
very soft, while if the concentration is very low the process takes longer [2]. Therefore, 
very low or high concentrations should not be used. In the Sevillian process, high 
concentrations of NaOH (40 g·L-1) have little effect on the fatty acid composition, but 
may cause a “soapy” taste that appears when the fruits are not rinsed sufficiently with 
water or are consumed immediately or after a short period of time after debittering [31]. 
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Figure 1. Interaction plot for the three factors 

 
Time required to complete the alkaline treatment 
 
The time required to complete the alkaline treatment (when a penetration of 2/3 of the 
distance between the skin and the stone fruit is reached) for each treatment is presented 
in Table 2. Two of the measurements of run 5 were not performed, so a type III sum of 
squares (for unbalanced designs) had to be used to perform the analysis of variance 
[25]. 
 

Table 2. Average times measured for each run  

Run 
Temperature  

[°C] 
Concentration  

[g·L-1] 
Size  

[U·kg-1] 
Mean  

[minute] 
SD 

1 15 6 240 966.3a 65.2 
2 25 6 240 436.0b 19.3 
3 15 15 240 270.0c 8.2 
4 25 15 240 180.0d 3.3 
5 15 6 150 910.0a 4.2 
6 25 6 150 452.0b 6.6 
7 15 15 150 268.5c 3.1 
8 25 15 150 180.0d 4.4 

  Different letters in one column indicate significant difference using Tukey's HSD test (p < 0.05) 

 
The ANOVA table is presented in Table 3. Temperature and sodium hydroxide 
concentration were the significant factors (p < 0.05), along with their interaction. Fruit 
size did not have a significant influence on the time of alkaline treatment. 
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Table 3. ANOVA table of the factorial experiment (type III sums of squares) 
Source Sum of squares Df F value Pr (>F) 
(Intercept) 5962550 1 9134.99 < 2.2e-16 
Temperature 605025 1 926.93 < 2.2e-16 
Concentration 1547121 1 2370.28 < 2.2e-16 
Size 775 1 1.18 0.29 
Temperature : Concentration 291 1 446.47 4.2e-16 
Temperature : Size 2417 1 3.70 0.07 
Concentration : Size 667 1 1.02 0.32 
Temperature : Concentration : Size 2225 1 3.41 0.08 
Residuals 14360 22 - - 

 
The time required for the de-bittering process reported in previous studies varies 
significantly according to the concentration of NaOH and olive variety. Thus, the 
“Manzanilla” variety (Olea europaea L. pomiformis), treated with a 26 g∙L-1 NaOH 
solution, took approximately 6 hours [32], while the same variety with a 22 g∙L-1 NaOH 
solution took 5 hours [33]. In another study, it took seven hours for the "Manzanilla" 
and “Hojiblanca” varieties to complete the destemming using a 19 g∙L-1 NaOH solution 
[34]. Longer times are reported for lower NaOH concentrations, although they vary 
even for the same variety. Thus, for the “Nocellara del Belize” variety, 12 hours are 
required using a 20 g∙L-1 NaOH solution (equivalent to 2.9 °Bé) [35], while the same 
variety takes 8 hours using a NaOH solution at 2.6 °Bé [36]. 
 
 
CONCLUSION 
 
The time required to complete the alkaline process in the production of Sevillian-style 
green table olives was measured. Using a full factorial design, the effect of process 
variables (temperature and NaOH concentration) and fruit size were evaluated at two 
levels. Higher levels of temperature and NaOH solution concentration (25 °C and 15.0 
g·L-1 NaOH, respectively) resulted in shorter treatment times. The interaction of these 
two factors was also significant. However, the size of the fruits did not have a 
significant effect at the two levels tested. Therefore, further studies should be carried 
out to optimize these two factors (temperature and concentration of NaOH solution) and 
their interaction in order to reduce the alkaline treatment time in the processing of green 
table olives. 
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