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SUMMARY: Few studies have been carried out to determine the shelf-life of the Aloreña de Málaga table olive 
packaging from a physicochemical, microbiological and sensorial point of view. This study showed that under the 
current packaging conditions, commercial products were free from Enterobacteriaceae, the initial yeast popula-
tion was progressively inhibited, and only lactic acid bacteria grew during shelf-life. Among the physicochemical 
characteristics, pH decreased, lactic acid was formed while citric acid and mannitol were consumed. These changes 
resulted in gradual olive texture degradation and green color fading during packaging. A multivariate analysis 
showed that the packaged olives with storage time between 6 and 42 days enjoyed the highest acceptance; while 
after the 74th day, they were progressively losing acceptability, which was mainly evident at the 131st day of packag-
ing (willingness-to-buy attribute was reduced to 50%). A complete microbiological stabilization would require the 
use of alternative preservatives since thermal treatment is not convenient for this type of olive speciality.
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RESUMEN: Vida de mercado de aceitunas tradicionales Aloreña de Málaga aliñadas basado en la apariencia del 
envase y características del fruto. Pocos estudios han sido llevados a cabo para determinar la vida de mercado 
de aceitunas de mesa Aloreña de Málaga envasadas desde un punto de vista físico-químico, microbiológico y 
 sensorial. Este trabajo muestra, cómo, bajo las actuales condiciones de envasado, los productos comerciales 
están libres de enterobacterias, la población inicial de levaduras se inhibe progresivamente, mientras que las 
bacterias ácido lácticas son las únicas que se desarrollan durante el envasado. Entre las características físico-
químicas, el pH descendió, se formó ácido láctico mientras que el manitol y el ácido cítrico fueron consumidos. 
Estos cambios dieron lugar a una progresiva degradación de la textura y a una depreciación del color verde de 
los frutos. El análisis multivariante realizado mostró que los envasados entre los 6 y 42 días de vida de mercado 
fueron los mejores valorados por los panelistas, mientras que después de los 74 días, el producto envasado 
fue perdiendo aceptabilidad, lo cual fue especialmente evidente tras 131 días de envasado (la predisposición 
de compra fue solo del 50%). Una completa estabilización microbiológica del producto requeriría del uso de 
conservantes alternativos, ya que el tratamiento térmico no es muy conveniente para este tipo de elaboración. 

PALABRAS CLAVE: Aceitunas de mesa; Aloreña de Málaga; Bacterias ácido lácticas; Evaluación sensorial; Evolución 
envasados
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1. INTRODUCTION

Aloreña de Málaga processing is a good example 
of the use of olive fruits for human consumption. 
In fact, its elaboration presents a great similar-
ity to the procedures described by Columela in his 
book “De Re Rustica” (Columela, 42). The product 
may be included in the “Trade Standard Applying 
to Table  Olives” issued by the International Olive 
Council (IOC, 2004), within the “Trade prepara-
tions” section, under the epigraph “Specialities”. 
Such sub-section includes olives different from the 
usual industrial presentations and, therefore, it char-
acterizes a specific region, usually with a relatively 
low production. Aloreña de Málaga olives are cracked 
before brining and their natural initial green color is 
preserved as much as possible. The product received 
the first Protected Designation of Origin (PDO) in 
Spain for olives. Presentations of fruits packaged 
fresh, stored in cold rooms (fresh green), or fer-
mented in brine for at least 20 days (traditional) are 
the most appreciated, albeit cured olives (fermented 
for at least 90 days) are also recognized in the PDO 
regulation. The definitions of the different presenta-
tions, as well as their characteristics and conditions 
that the products may fulfil are established in the 
legal documents (DOUE, 2012). They are valid for 
their usual expected shelf life and distribution area, 
close to the production region (Guadalhorce Valley, 
Málaga, Spain). As the recognition of the product 
quality increases and the areas of commercialization 
are expanding, a more extended shelf-life is required. 

An initial study of the instability of the fresh 
and traditionally-packaged “seasoned” Aloreña de 
Málaga olives showed that their short shelf-life (< 7 
days for the fresh green designation) was caused by 
the activity of microorganisms present in the pack-
aging brine, which increased after washing and the 
incorporation of seasoning material (Arroyo-López 
et al., 2009). In fact, after packaging, there was a 
considerable amount of lactic acid bacteria (LAB) 
and yeasts in the product. Despite the addition of 
a preservative (sodium sorbate), they usually grew 
and caused diverse changes in the physicochemical 
characteristics (titratable acidity increased while pH 
decreased) which, eventually, lead to swelling spoil-
age; although the product changes (due to low pH 
and high titratable acidity) did not present a health 
risk. As a result, major emphasis was placed on the 
inhibition of yeasts. However, an excess of the LAB 
may also lead to certain cases of spoilage like the 
peculiar alteration in traditional Aloreña de Málaga 
olives, characterized by the production of whitish 
and soft regions on the olive surface, which coin-
cided with the maximum population of these micro-
bial groups (Romero-Gil et al., 2016). The dominant 
species found in the affected packages was a specific 
genotype of Lactobacillus pentosus; while the micro-
biota in the non-affected ones was composed of 

diverse microbial species such as Lactobacillus plan-
tarum, among the bacteria, and Candida tropicalis, 
Candida parapsilosis, and Lodderomyces elongispo-
rus, among the yeasts.

Hence, the product changes under the current 
industrial packaging conditions require a revi-
sion to provide the basis for further extension of 
its shelf-life, which is still the primary obstacle for 
increasing the production of this table olive special-
ity. Commercial shelf-life is provided by industries 
on package labelling, and depending on the type 
of Aloreña de Málaga presentation, ranges from 7 
days (in the case of the fresh green presentation) to 
1 year (in the case of cured olives). Thus, the aim 
of this work was a survey of the microbiological 
and physicochemical changes that traditionally-
seasoned Aloreña de Málaga table olives undergo 
during shelf-life under commercial packaging con-
ditions. The study aims to identify the weaknesses 
and develop new strategies to improve the final 
quality of the product and its shelf-life. The work 
also includes an initial, tentative study of the sen-
sory profile and consumer preferences during the 
shelf-life of the product. 

2. MATERIALS AND METHODS

2.1. Commercial packaging

This work was carried out with commercial 
seasoned packaged cracked olives of the Aloreña 
de Málaga cultivar prepared with fruits previ-
ously stored in brine for 20 days (the traditional 
style, according to the PDO). The packaging from 
two different industries (denominated as COP and 
TOL) were used to evaluate the effect of the fac-
tory and olive processing history (different condi-
tions prevailing in the storage/fermentation phase). 
The packaging brine had the following concentra-
tions of chemicals (provided by the industries): 55 
g/L NaCl, 3 g/L citric acid, 2 g/L potassium sor-
bate, 1 g/L sodium benzoate, 1 g/L ascorbic acid, 
and 0.8 g/L lactic acid, expressed as weight/volume. 
Pet packages (1.6 L total volume) were filled in 
the industry with 900 g of olives, 16 g of season-
ing material (a mixture of garlic dices, pepper strips, 
and small pieces of fennel, and thyme) and 0.7 L of 
the abovementioned cover brine. The use of preser-
vatives in this product is necessary since pasteuriza-
tion may affect the natural flavoring of the aromatic 
herbs used for seasoning, giving them an unpleasant 
taste. Nevertheless, some industries pasteurize the 
cured presentations since the natural-fresh flavor is 
not essential for them. In this case, the olives suf-
fer important transformations during the previous 
storage in brine since they follow a lactic fermenta-
tion and their surface color turns to brownish. In 
our case, packages were not pasteurized, moved to 
the laboratory and maintained at room temperature 
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(23± 2 °C). At pre-selected time intervals (0, 6, 20, 
42, 74, and 131 days) two containers were removed 
and used for sensory, microbiological and physico-
chemical analyses. The determinations of the micro-
biological and physicochemical characteristics of 
the packaged olives were extended to 259 days. 

2.2. Physicochemical analysis

The analyses of pH, titratable acidity, combined 
acidity, and NaCl in the cover brine of the packages 
were performed using the routine methods described 
by Garrido-Fernández et al., (1997). Individual 
sugars (glucose, fructose, sucrose and mannitol), 
organic acids (acetic, lactic, and citric) and ethanol 
were determined by HPLC according to the meth-
ods developed by Sánchez et al., (2000).

Firmness was measured objectively using a 
Kramer shear compression cell coupled to an 
Instron Universal Testing Machine (Canton, MA). 
The cross-head speed was 200 mm/min. The firm-
ness of the olives was expressed as the mean of 10 
measurements, each of which was performed on two 
cracked, pitted fruits. Shear compression force was 
expressed as kN/100 g pitted olives. 

Surface color analyses were performed on olives 
using a BYK-Gardner Model 9000 Color-view 
spectrophotometer, provided with an illuminant C 
at 10º and equipped with computer software to cal-
culate the CIE coordinates: L* (lightness), a* (nega-
tive values indicate green while positive values are 
related to red tones), and b* (negative values indi-
cate blue and positive values associated with yel-
lowish). Interference by stray light was minimized 
by covering samples with a box, which had a matt 
black interior. The value for each measurement was 
the mean of 10 olives.

2.3. Microbiological analyses 

Brine samples and their decimal dilutions were 
plated onto the specific selective media described 
below using a Spiral System model dwScien-
tific (Don Whitley Scientific Limited, England). 
Subsequently, the plates were counted using a Flash 
& Go (IUL, Barcelona, Spain) image analysis sys-
tem, and the results were expressed as log10 CFU/
mL. Enterobacteriaceae were counted on VRBD 
(Crystal-violet Neutral-Red bile glucose)-agar 
(Merck, Darmstadt, Germany), LAB on MRS (de 
Man, Rogosa and Sharpe)-agar (Oxoid, Basingstoke, 
UK) with 0.2 g/L sodium azide (Sigma, St. Luis, 
USA), yeasts on YM (yeast-malt-peptone-glucose 
medium)-agar (DifcoTM, Becton and Dickinson 
Company, Sparks, MD, USA) supplemented with 
oxytetracycline and gentamicin sulphate as selective 
agents for yeasts, and finally total aerobic meso-
philic microorganisms (AM) on Plate-Count-Agar 
(PCA, Oxoid). The plates were incubated at 30 ºC 

for 24 (Enterobacteriaceae and AM) or 48 (LAB and 
yeasts) hours. The four microbial groups were also 
studied in fruits. In this case, two olives were pitted, 
weighed (approximately 10 g) and placed in 25 mL 
of sterile saline solution (9 g/L NaCl) for homogeni-
zation during 2 min in a stomacher model Seward 
400 (Seward Medical Ltd, West Sussex, England). 
Then, the resulting suspension or appropriate dilu-
tions were spread onto the selective media described 
above. Counts were expressed as log10CFU/g.

2.4. Evaluation of packages and fruits

For the sensory analysis, there was agreement 
between the experts from the industry and Instituto 
de la Grasa (IG-CSIC) that neither the evaluation 
sheet of the International Olive Council (IOC, 2011) 
nor the one developed by Galan-Soldevilla et al., 
(2013) for Aloreña de Málaga olives, which contains 
an excessively large number of attributes and was 
intended for being used by a specifically trained 
panel, were appropriate for the objectives of this 
research. Then, as a first task, a simple and easily 
interpretable evaluation sheet which could be prop-
erly used in the consumer tests was developed. It 
was prepared considering all the previous works but 
also the special commercialization characteristics 
of these products (packages and olives) and con-
sisted of two different sections. The first included 
the attributes that could be appreciated on the 
packages (swelling and brine leakage) or observed 
without opening them (color of brines and turbid-
ity); it ended with a global scoring of the package 
appearance and a question on the overall package 
acceptability, whose answers were restricted to only 
two options: yes or no. A second part included spe-
cific descriptors related to Aloreña de Málaga fruits 
(browning, appreciation of external damages, and 
any kind of defects) and the attributes considered 
by the sheet IOC (2011) for the green Spanish-style 
olive classification (acidic, salty, bitter, hardness, 
crunchiness); it also ended with a global evaluation 
of the olive quality and acceptability. As in the case 
of packages, there were only two possible answers: 
yes (the olives characteristics were good enough to 
be purchased); or no (they were of poor quality). 

The consumer panel was chosen among the per-
sonal staff  of Instituto de la Grasa-CSIC and was 
composed of 35 members (16 men and 19 women), 
selected because of their experience with the sensory 
evaluation in general and their habitual consump-
tion of table olives. The number of participants is 
above the minimum number accepted for consumer 
tests (30 consumers) and represents a still manage-
able group when used successively throughout the 
shelf-life, as required in this study. The alternative 
method of testing samples with different shelf-life 
periods simultaneously was discarded because of the 
possibility that the necessary cold storage would not 
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guarantee appropriate stabilization. Before the tests, 
the panellists were informed on the aim of the study, 
the sensory peculiarities of traditional Aloreña de 
Málaga olives, and several informal tests were per-
formed to accustom them to the product. The sam-
ples were presented in blue glasses, according to the 
recommendations of the standard COI/T.20/Doc. 
No 5 (Glass for oil tasting) (IOC, 1987), always 
coded with three digits, also randomly chosen, and 
in random order concerning their origins. Only two 
samples were analyzed in each session. After the 
first sample test, the panellists were requested to 
cleanse their palate with tap water before proceeding 
to the second one. All the descriptors were evaluated 
on an unstructured scale which ranged from 1 to 11, 
in which 1was associatedwith the complete absence 
of the attribute and 11 with its presence in the high-
est intensity, and the panellists were asked to mark 
the intensity of each attribute perceived. The sheets 
were read by the panel leader with 0.1 cm precision, 
except for buying predisposition based on package 
appearance or olive quality, whose answers (yes or 
no) were coded as 1 or 0. 

2.5. Statistical analysis

Microbiological and physicochemical data were plot 
using Sigmaplot v. 13 (Systat Software, Inc. Germany). 
A comparison between the sensory data from the two 
packaging industries over time was made using the 
sensory module of XLSTAT (Addinsoft, 2017) by a 
nested (time within origin) ANOVA. Significant mod-
els were those that provided better estimation than 
just the means at p < 0.05. The significance of the 
individual explanatory variables was also tested at p 
< 0.05. The estimation of shelf-life according to the 
acceptation or not of samples by consumers (based 
on the appearance of packages or quality of fruits) 
was made by the parametric survival models usually 
applied to the estimation of the time at which an event 
occurs based on a Weibull distribution. Then, the time 
at which quartile 25%, median 50%, and quartile 75% 
were estimated based on the model. Sensory scores 
were also subjected to Principal Components Analysis 
(PCA) to relate attributes among themselves and with 
treatments over time. All the statistical analyses were 
performed using XLSTAT v. 2017 (Addinsoft, Paris, 
France). 

3. RESULTS

3.1. Changes in the microbial populations during 
shelf-life

The Enterobacteriaceae were never detected in 
any package, but AM was always present during 
shelf-life in both brine and fruits, and their popula-
tions showed an erratic evolution (Figures 1 and 
2, panel A). The LAB population was absent for 

around 25 days and then grew sharply to reach 
population levels between 4 and 6 log10 CFU/mL. 
In general, their average counts in packages from 
the TOL industry were lower (but not significantly 
different) than in the COP industry. The trends 
in brine and fruits were similar (Figures 1 and 2, 
panel B). The initial counts of  yeasts (3-4 log10) 
decreased progressively during the first days of 
shelf-life (Figures 1 and 2, panel C). Overall, their 

Figure 1.  Changes in the AM, LAB and yeast populations in 
brine over time during shelf-life, according to industry (COP or 

TOL) (average ± SD; n=2 at each sampling point).
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average counts in brine or olives from TOL were 
also lower (but not significantly different) than 
those from COP. As a result, yeasts in packages 
from TOL also fell below the detection limit ear-
lier than in COP. The long permanence of  yeasts 
in brines or olives, despite the use of  preservatives, 
was not expected and may represent a spoilage risk 

during the first days of  shelf-life if  their metabo-
lisms were not conveniently reduced. 

3.2. Changes in the physicochemical parameters of 
brine during shelf-life

The changes in the LAB population were reflected 
on the evolution of pH and titratable acidity. Overall, 
the change in pH was moderate and moved from 4.65-
4.75 down to ~ 4.1 (Figure 3, panel A). The pH trend 
(regardless of industry) was due to the simultaneous 
increase in titratable acidity, produced by the LAB 
during the first 140 days, which reached a maximum 
concentration of ~ 0.6 g/L. The further decrease in 
pH might have been caused by the formed acid dif-
fusion into the flesh when its production ceased. The 
hypothesis is also supported by the absence of any 
further change in acidity after reaching the equilib-
rium (Figure 3, panel B). The combined acidity, in 
general, showed a slightly increasing trend, possibly 
caused by the lactic acid produced (Figure 3, panel 
C). On the contrary, the salt content, after a fist salt 
leakage from the fruits into the brine, was kept con-
stant at approximately 45 g/Lin COP and 60 g/Lin 
TOL, with remarkable differences between the two 
industries (Figure 3, panel D). 

As expected, the primary metabolite formed dur-
ing packaging was lactic acid (Fig.4), which was 
produced in variable rates (considerable variability 
between the packages during this period) and par-
ticularly during the final days of shelf-life. However, 
this lactic acid increment was not reflected as titrat-
able acidity. The lack of correlation might have been 
caused by the probable incorporation of at least part 
of the lactic acid formed as combined acidity, which 
also increased slightly (Figure 3, panel C). However, 
in the Aloreña de Málaga, olive packages also con-
tain other acids in addition to ethanol. In this case, 
the initial citric acid added at packaging progres-
sively decreased, acetic acid showed a slight increase, 
which was likely due to the presence of heterofer-
mentative LAB strains; while the ethanol concentra-
tion remained quite stable, indicating that the yeasts, 
although present, had a limited activity (Figure 4).

The amount of total sugar at the beginning of 
packaging was not abundant (1-2 g/L), and glucose 
was the main component in both TOL (highest con-
centration) and COP (Figure5). Only in the brines 
of COP total sugars were utterly exhausted at the 
end of the shelf-life (mainly because of the use of 
glucose and mannitol). In the packaging from the 
TOL industry, apparently only mannitol was con-
sumed during packaging. 

3.3. Changes in the physicochemical parameters of 
olive fruits during shelf life

The most affected characteristic during packag-
ing was texture. Its instrumental value decreased 

Figure 2.  Changes in the AM, LAB and yeasts populations 
in olives over time during shelf-life, according to industry (COP 

or TOL) (average ± SD, n=2 at each sampling point). 
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from 7 to about 3.5 kN/100 g pitted olives at the end 
of study (Figure 6, panel A). According to Figure 5, 
the olives from both industries had similar textures 
and were degraded at the same rate.

With regard to fruit color (Figure 6, panels B 
and C), the L* (luminance) values from TOL olives 
were lower than those from COP, although they 
followed similar trends over time. The changes may 
be summarized as a marked initial increase, possi-
bly due to the impact of  the low pH and high acid-
ity of  the fresh brine used at packaging, followed 
by a slight non-significant decreasing tendency. 
However, the a* values showed similar changes 
regardless of  the industry, with the a* value 
increase being linked to LAB growth (from the 40th 
day onward), with the subsequent production of 
titratable acidity, pH decrease and loss in the fruit’s 
green appearance. 

3.4. Evaluation of fruits and packages

At selected intervals, the samples were offered to 
the consumers for the evaluation of packages and 
fruits. The results (Tables1 and 2) were then sub-
jected to nested (time within the type of industry) 

ANOVA analysis (Table 3). The p-values for the 
overall model indicated that the following attributes 
were not significant at p > 0.05: brine turbidity, 
brine leakage, overall defects of fruits, and overall 
acceptability of fruits. In other words, the average 
values given to the containers (first two parameters) 
and fruits (last two) by the panellists were similar 
regardless of the industry and the sampling period 
and, consequently, did not significantly change 
throughout the shelf-life. 

 In addition, industry was not significant for any 
of the attributes related to the container appear-
ance; although swelling, brine browning, and overall 
acceptability showed significant changes over time. 
After removing the variable industry, the model for 
these containers’ attributes led to correct predictions 
(Figure 7). Swelling had a slight non-significant 
decrease during the first days of the shelf-life, with 
a progressive increase after the 74th day (Figure 7A). 
On the contrary, brine browning always showed an 
increasing trend, which was more evident after the 
74th day and, notably, on the 133rd day, with scores 
which were significantly different from those of the 
0-42-day shelf-life containers (Figure 7B). Finally, 
overall acceptability always showed a decreasing 

Figure 3.  Changes in pH, titratable acidity, combined acidity and salt content over time during shelf-life, according to industry 
(COP or TOL) (average ± SD, n=2 at each sampling point). 
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trend, which was more rapid after the 74th day of 
shelf-life (Figure 7C).

In the case of fruits, within the significant mod-
els, the industry did not have significant (p > 0.05) 
effects on browning, bruises, bitter, or crunchiness 
(Table 3) but all of them depended on time. The 

scores for fruit browning and bruises had abnor-
mally high initial scores, due to a possible confusion 
on the initial evaluation by a panellist, which was 
later corrected since the following scores were lower 
and relatively similar over time. Thus, in practice, 
these attributes may be considered stable during 

Figure 4.  Changes in the lactic acid, acetic acid, citric acid and ethanol over time during shelf-life, according to industry (COP or 
TOL) (average ± SD, n=2 at each sampling point). 
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the shelf-life period studied (Figures 7, D and E). 
Concerning bitterness, there was possibly an initial 
diffusion, due to its water solubility, followed by a 
certain re-equilibrium and a final decrease probably 
related to the hydrolysis of oleuropein. (Figure 7f). 
Crunchiness (Figure 7G) and hardness (Figure 8D) 
always increased significantly after packaging. The 

only attribute which depended on the industry was 
salty (Table 3), because of the different levels habit-
ually used by them, as commented above; the scores 
for the olives from TOL were always higher than 
those from COP (Figure 7h).

The models of only two attributes (acidity, 
and hardness) depended on the two explanatory 

Figure 5.  Changes in the total sugars, sucrose, glucose, fructose, and mannitol over time during shelf-life, according to industry 
(COP or TOL) (average ± SD, n=2 at each sampling point).
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Figure 6.  Changes in the texture, CIE L* and a* color parameters over time during shelf-life, according to industry (COP or TOL) 
(average ± SD, n=2 at each sampling point). 

Table 1. Scores received for the different attributes of packages and olives from the COP industry as well as their proportion of 
acceptance over shelf-life.

Packaging time

(0 days) (6 days) (20 days) (42 days) (74 days) (131 days)

Package container

Swelling 1.25 (0.35) 0.66 (0.20) 0.91 (0.24) 0.62 (0.16) 1.21 (0.36) 1.80 (0.48)

Brine browning 2.53 (0.34) 2.50 (0.31) 2.59 (0.34) 2.53 (0.36) 3.52 (0.45) 3.98 (0.40)

Brine turbidity 3.48 (0.39) 2.91 (0.37) 2.84 (0.39) 3.42 (0.40) 3.94 (0.41) 4.19 (0.44)

Brine leakage 1.28 (0.41) 0.53 (0.15) 0.68 (0.22) 0.33 (0.05) 1.58 (0.48) 1.15 (0.40)

Acceptability 8.11 (0.27) 7.80 (0.40) 7.82 (0.35) 8.18 (0.32) 6.88 (0.51) 6.46 (0.47)

Buying pre-disposition (%) 97% 94% 97% 94% 84% 81%

Fruits

Browning 6.37 (0.32) 2.42 (0.33) 1.97 (0.28) 2.06 (0.30) 2.85 (0.36) 2.63 (0.52)

Bruises 6.77 (0.27) 2.11 (0.32) 2.03 (0.34) 1.99 (0.32) 1.87 (0.29) 2.24 (0.44)

Acidity 3.65 (0.37) 2.89 (0.35) 2.53 (0.32) 2.55 (0.29) 3.31 (0.30) 2.82 (0.55)

Salty 4.08 (0.35) 4.33 (0.41) 3.31 (0.36) 3.35 (0.33) 4.25 (0.36) 3.97 (0.78)

Bitter 5.04 (0.37) 3.88 (0.37) 3.89 (0.36) 4.07 (0.39) 4.33 (0.40) 3.07 (0.60)

Hardness 2.32 (0.31) 5.11 (0.35) 5.25 (0.39) 5.54 (0.37) 5.51 (0.33) 4.60 (0.90)

Crunchiness 1.79 (0.32) 6.39 (0.35) 5.66 (0.33) 6.05 (0.35) 5.64 (0.39) 5.10 (0.99)

Defects 1.89 (0.30) 1.52 (0.34) 1.92 (0.40) 2.18 (0.42) 2.18 (0.44) 2.41 (0.47)

Acceptability 5.72 (0.44) 7.14 (0.88) 5.72 (0.42) 5.38 (0.40) 5.18 (0.35) 5.40 (1.05)

Buying pre-disposition (%) 66% 74% 77% 64% 72% 69%

Note: Values are average (± SD); n=35
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variables of the ANOVA (industry and packag-
ing time) (Table 3 and Figure 8). The olives from 
TOL had higher scores than those from COP for 
both parameters. The acidic scores showed an initial 
descending trend followed by an increase during the 
last days of shelf-life while hardness had an evolu-
tion similar to crunchiness (Figure 8).

The predisposition of the consumer (proportion 
who would buy the products or not), based on either 
the external appearance of the container or the sen-
sory characteristics of the fruits, was arranged in a 
table similar to those used in the parametric survival 
curve. The Weibull model was fit, and their param-
eters and quartiles obtained. The table of quartiles 
allows for an estimation of the shelf-life according 
to the assumed proportions of dissatisfied con-
sumers. Based on packages the model estimated a 
median of 153 days for the COP industry; that is, it 
should be expected that after 153 days, 50% of the 
consumers will be satisfied with the quality of the 
product. However, if  one wishes to reduce the rejec-
tion risk to the first quartile (25%), the shelf-life of 
the product should be reduced to only 39 days. On 
the contrary, after 252 (days) (3rd quartile) only 25% 
of consumers will buy the product. The same study 
estimated a shorter shelf-life for TOL than for COP, 
which was 30, 149 and 527 days for the 1rst quartile, 
median, and 3rd quartile, respectively. In any case, no 
model was able to be fit in the case of pre-disposi-
tion to buy based on the evaluation of fruits. 

A multivariate study of the sensory data 
(Figure  9) showed that the fresh packaged olives, 
regardless of the industry, received similar and par-
ticular scores. They were characterized by high val-
ues for bitter, bruises and olive browning, although 
the association of the two last ones should not be 
real since bruises were produced before packaging. 
Also, fruits after the 7th, 40th, and mainly the 133rd 

packaging days were progressively different from the 
original ones and were associated with brine brown-
ing and turbidity. In general, the olives received the 
greatest acceptance at intermediate packaging days 
(6 to 42), regardless of the origin. Their positions 
were linked to low scores for swelling, pack leakage, 
defects, acidic, and salty and also, but to a lesser 
degree, to hardness, crunchiness, package accep-
tance and olive acceptance. 

4. DISCUSSION

A survey carried out one decade ago on Aloreña 
de Málaga packaging showed that the leading cause 
of instability, due to swelling and brine leakage, 
were diverse. In the fresh packaging, the problem 
was caused by the carbon dioxide produced by 
the fruits’ respiration. However, in the traditional 
presentations, the spoilage was caused by the gas 
formed by the natural microbiota, mainly yeasts, 
whose counts markedly increased during shelf-life 
(Arroyo-López et al., 2009). The microbial load on 

Table 2.  Scores received for the different packages and olives from the TOL industry as well as their proportion of 
acceptance over shelf-life.

Packaging time

(0 days) (6 days) (20 days) (42 days) (74 days) (131 days)

Package

Swelling 1.29 (0.37) 0.81 (0.21) 0.90 (0.23) 0.88 (0.26) 0.99 (0.23) 1.53 (0.39)

Brine browning 2.89 (0.36) 2.96 (0.33) 3.34 (0.35) 3.21 (0.42) 3.26 (0.40) 4.22 (0.52)

Brine turbidity 3.04 (0.40) 2.71 (0.38) 4.46 (0.36) 3.30 (0.38) 2.84 (0.33) 3.77 (0.42)

Brine leakage 1.93 (0.53) 0.54 (0.14) 0.71 (0.24) 0.35 (0.06) 0.95 (0.34) 2.48 (0.62)

Acceptability 7.85 (0.35) 7.70 (0.42) 7.10 (0.42) 7.89 (0.40) 7.06 (0.49) 6.05 (0.49)

Buying pre-disposition (%) 94% 97% 94% 94% 87% 77%

Fruits

Browning 6.28 (0.33) 2.26 (0.30) 2.68 (0.33) 2.10 (0.30) 2.63 (0.29) 3.06 (0.36)

Bruises 6.41 (0.33) 2.18 (0.28) 2.31 (0.30) 2.02 (0.32) 2.26 (0.34) 2.28 (0.33)

Acidity 3.83 (0.37) 3.58 (0.40) 3.11 (0.32) 2.95 (0.33) 3.60 (0.35) 3.64 (0.44)

Salty 5.19 (0.44) 4.82 (0.41) 4.61 (0.32) 5.04 (0.36) 5.76 (0.42) 5.10 (0.43)

Bitter 5.36 (0.34) 4.51 (0.45) 3.67 (0.35) 4.05 (0.36) 5.23 (0.39) 3.23 (0.42)

Hardness 3.10 (0.35) 5.40 (0.37) 5.21 (0.35) 5.65 (0.40) 5.78 (0.35) 5.37 (0.44)

Crunchiness 2.60 (0.40) 5.98 (0.40) 5.36 (0.38) 8.74 (2.62) 6.12 (0.37) 6.02 (0.39)

Defects 3.15 (0.50) 2.12 (0.48) 2.12 (0.44) 1.94 (0.40) 2.53 (0.52) 2.49 (0.44)

Acceptability 5.12 (0.40) 5.92 (0.42) 5.65 (0.37) 5.67 (0.38) 4.32 (0.34) 5.81 (0.40)

Buying pre-disposition (%) 53% 67% 76% 71% 42% 76%

Note: Values are average (± SD); n=35
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the packaged olives was due to a carry-over effect, 
which caused a progressive accumulation of micro-
organisms from the previous storage/fermentation, 
the packaging operations, and the natural ingredi-
ents added at packaging (Arroyo-López et al., 2009). 
The initial microbiota in Aloreña de Málaga olives 
may depend on the type of storage. Yeasts seemed 
to be the most predominant populations when the 
olives were stored in cold rooms (Saccharomyces 
cerevisiae and Candida cf. apicola); while LAB 
counts increased towards the end of the storage 
in plastic drums and large-scale vessels at ambient 

temperatures (Abriouelet al., 2011). Among the 
LAB, a total of 144 isolates from small, medium 
enterprises were characterized. They included lacto-
bacilli (82%), Leuconostoc (10%), and pedioccocci 
(8%) with Lactobacillus pentosus, Pediococcus par-
vulus, and Leuconostoc pseudomesenteroides being 
the only species identified (Abriouel et al., 2012). 
However, they were not clearly related and exhibited 
a considerable degree of genomic diversity for lacto-
bacilli and Leuconostoc. 

Diverse treatments have been applied to promote 
the retention of freshness and diminish the level 

Figure 7.  Predictions based on the nested (time within origin) ANOVA for significant model based on only one attribute (shelf-life 
periods or industry) (Values are LSM (±CL); freedom degree for SD=6 or =10, H). 
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Figure 8.  Predictions based on the nested (time within origin) ANOVA for acid and hardness as a function of the industry (COP 
or TOL) and shelf-life time (Values are LSM (±CL); freedom degree for SD=10, A and C or =10, B and D). 
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Figure 9.  Relationships according to multivariate (bi-plot) analysis, among the scores of the attributes evaluated in containers and 
fruits, shelf-life periods, and industry (COP or TOL). 
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of microorganisms during the storage/fermenta-
tion of Aloreña de Málaga fruits (Arroyo-López et 
al., 2008a). The use of ascorbic acid (up to 15 g/L) 
reduced the de-greening rate. On the contrary, the 
addition of sodium metabisulphite (1.5 g/L) par-
tially inhibited the LAB population at intermediate 
concentrations of ascorbic acid (7.5 g/L) and the 
highest NaCl level (70 g/L) but did not affect yeast 
growth. Therefore, a modified storage/fermentation 
using maximum levels of ascorbic acid and sodium 
metabisulphite could improve olive color and reduce 
the carry-over LAB population into packaged 
products. 

The combined use of  sorbate and benzoate is 
allowed in table olives (IOC, 2004) but their mini-
mum inhibitory concentrations (MIC) or possible 
synergy has been scarcely studied. Arroyo-López et 
al., (2008b) were the first to investigate their specific 
effects on a cocktail of  the main species of  yeasts 
usually found in Aloreña de Málaga olives. At pH 
4.0, the average level for this speciality, the MIC 
for sorbic and benzoic acids were 3.31 and 10.0 
mM, respectively. However, no synergy between 
them was found. The study was useful for fixing 
the appropriate level of  preservatives, which at the 
current packaging conditions used in this work, 
not only prevented yeast growth but caused their 
disappearance, although not as fast as desirable. 
However, such conditions were not strong enough 
for preventing the rapid growth of  LAB after a 
short lag phase during shelf-life. It was detected 
that the behaviors of  LAB and yeasts, in brine or on 
fruits, were opposed, indicating a certain competi-
tiveness between these groups of  microorganisms. 
This similarity between the matrices could be due 
to the easy exchange of  components between the 
brine and the cracked olives. Conversely, the high 
variability found in the microbial changes indicates 
that the packaging conditions do not promote a 
homogeneous behaviour but particular responses, 
depending on the package. Therefore, the preserva-
tion conditions used do not represent a robust pro-
cedure and call for reconsideration, including the 
history of  olive processing. 

From a safety point of view, the pH decrease and 
the formation of lactic acid (about 0.6g/L brine), as 
observed in this study, are interesting and help to 
improve the antifungal activity of the preservatives 
and, subsequently, the disappearance of yeasts. 

However, these changes may also produce a 
progressive decrease in texture and the green-
ish appearance of  the olives as demonstrated by 
Brenes et al., (1994), and Gallardo-Guerrero et al., 
(2013), respectively, with the changes related to the 
color being particularly important for Aloreña de 
Málaga olives. However, the fading of  the green 
color should not be associated exclusively with the 
packaging shelf-life itself  since the main changes 
in this attribute occurred during the first storage 

month, although its degradation continues at lower 
rates throughout the entire storage/fermentation 
and packaging periods (Gallardo-Guerrero et al., 
2013). At the same time, there is an accumulation 
of  the brown pigments derived not only from the 
polyphenol oxidation but from the degradation 
of  chlorophylls as well. The increase observed in 
the a* values are then strongly negatively, or posi-
tively, correlated to the overall green, or brownish 
pigments, respectively (Gallardo-Guerrero et al., 
2013). 

The changes in the LAB population caused 
few problems with the appearance of the olives 
in this work, as deduced from the sensory evalua-
tion throughout the shelf-life. However, an exces-
sive LAB presence may represent a potential risk 
of spoilage like the one produced by the particu-
lar phenotype of L. pentosus, which caused altera-
tion in the olive flesh (Romero-Gil et al., 2016). 
Subsequently, although not harmful for health and 
of reduced influence on organoleptic characteris-
tics, LAB presence should also be controlled. The 
use of some antioxidant (e.g. erythorbic acid, usu-
ally added to Aloreña de Málaga at packaging), 
may promote microbial growth and firmness dete-
rioration (Romero-Gil et al., 2016). Therefore, this 
work confirms new sources of instability in Aloreña 
de Málaga packaging and focuses the interest now 
on reducing LAB growth, although the objective 
is quite tricky because of the ability of this micro-
bial group to use various olive compounds, such as 
mannitol, or even polyphenol glucosides as nutrient 
sources as observed in this work. 

With regard to the sensory characteristics, the 
number of  attributes evaluated was lower than 
those proposed by Galán-Soldevilla et al., (2013) 
but higher than those proposed by the IOC (2011). 
In fact, our evaluation sheet not only included those 
already present in the IOC Evaluation Sheet but a 
few additional ones. In general, the evaluation sheet 
proved to be adequate, although it led to sporadic 
abnormal scores at the first sampling times (brown-
ing or bruises), probably by an incorrect applica-
tion to Aloreña de Málaga of  similar quality criteria 
to green Spanish-style. However, apart from these, 
no abnormal attribute changes were observed dur-
ing shelf-life. The lack of significance of  the model 
for  overall fruit acceptability means that, regard-
less of  the other attributes, the fruits were similarly 
acceptable during the whole shelf-life period stud-
ied. This behavior is in agreement with the propor-
tion of consumers who would buy the product, 
which remained substantially the same during the 
shelf-life, regardless of  the production industry. 
The level of  buying pre-disposition based on the 
container appearance was even higher, indicating 
that this criterion may not be in agreement with 
that of  olive fruits when determining the product’s 
shelf-life. 
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Even in case of ANOVA significant models, the 
fruits from both industries received statistically sim-
ilar scores in several attributes (swelling, browning, 
overall container acceptability, browning, bruises, 
bitter, and crunchiness), although most of them 
showed significant changes during shelf-life. The 
initial slow decrease in bitter scores was due to the 
diffusion of phenols into the brine while the sharp 
decrease can be related to their hydrolysis (mainly 
oleuropein) by some of the LAB strains present at 
the end of the shelf-life. The increase in crunchiness 
and hardness after packaging may be due to the 
absorption of Ca++ (from the water or concentrated 
brine used for the cover solution) by the olive flesh. 
Salty was the only attribute which depended exclu-
sively on industry. The differences found should be 
attributed to the different salt concentration during 
the previous storage/fermentation phase since both 
companies use similar salt concentrations in the 
brines used for packaging.

Only the scores of two attributes (acidic and 
hardness) depended on the previous storage/fer-
mentation and packaging conditions simultane-
ously. The different levels of acid between the two 
industries are due to the different acidification level 
in their respective storage/fermentation solutions. 
The first changes in acid may be due to its initial 
equilibrium of acid between fruits (which appar-
ently had higher contents than those required after 
packaging), but the next increment in acidic taste 
should be caused by the acid produced by the LAB. 
The initial increase in hardness was possible due to 
absorption by the flesh of the Ca++ from the water 
or the concentrated salt solution used to prepare the 
cover packaging brine; however, once the absorp-
tion is finished, the stability of this attribute may 
be due to the absence of additional sources of Ca++. 
The final decrease in hardness at the end of shelf-
life may be linked to the effect of the lactic acid 
produced and the subsequent pH decrease (Brenes 
et al., 1994).

In general, the proportion of  consumers show-
ing a pre-disposition to buying the product was 
above the median, except at 74 days for olives from 
TOL. Since the estimations of  shelf-life could be 
obtained only from answers based on package 
appearance, no estimations of  the shelf-life of 
the packaged olives can be deduced. Therefore, 
the first impact of  the product on consumers is 
related to the packages’ appearance (absence of 
swelling or leakage) which, in turn, is the result 
of  a low yeast activity; apparently, they, although 
present, had a limited metabolic activity and pro-
duced only a reduced level of  CO2. Evidently, the 
current packaging conditions cause strong yeast 
inhibition but scarce control over LAB growth. 
Consequently, the current shelf-life of  Aloreña de 
Málaga table olives is longer than that observed in 
previous surveys (Arroyo-López et al., 2009) but 

the pre-disposition of  the consumer to use them 
decreases progressively after approximately 50 days 
of  putting them on the market. Furthermore, since 
the consumers who will buy the product, based on 
fruit quality, decreased after 149-153-day packag-
ing period, above 150 days only 50% consumer will 
choose them. This evolution, although, less sen-
sitive to health risks, may also lead to economic 
losses, product deterioration and, in the end, con-
sumer and dealer distrust in the product (Romero-
Gil et al., 2016). The shelf-life of  these olives 
contrasts with those observed for green table olives 
which were always classified as “extra” accord-
ing to the methodology used by the International 
Olive Council (IOC, 2011). No significant changes 
in the other sensory attributes were observed dur-
ing the 3 years of  shelf  life expected for the prod-
uct. An accelerated shelf-life test performed with 
ripe olives García García et al., (2008) showed 
that the most influential variable in their shelf-life 
was temperature, which could ruin the product 
rapidly when storing it above 30 ºC. However, a 
study performed at room temperature confirmed 
a slight progressive decline with time, following 
first-order kinetics. No changes were observed 
in most attributes over the three years the assay 
lasted and, subsequently, the samples were classi-
fied as “extra”, except for the plain Gordal pre-
sentation which was evaluated as “first, choice” or 
“select”. Therefore, the most commonly consumed 
table olive styles had markedly higher shelf-lives 
than Aloreña de Málaga. 

5. CONCLUSIONS

This survey has demonstrated that the current 
packaging conditions of  Aloreña de Málaga table 
olives, despite their apparent assumed stability, 
cause important changes in diverse attributes of 
the product. In fact, a marked microbial activ-
ity mainly related to the presence and growth of 
LAB during the entire shelf-life was detected. Such 
activity caused changes in pH, titratable acidity, 
texture and the greenish appearance during shelf-
life but hardly influenced the external appearance 
of  the packages and their sensory characteristics 
for 42 days. Later, a progressive decrease in the 
appreciation of  the products by the consumer 
was observed although they had a limited impact 
on product refusal. Furthermore, after 134 days 
of  shelf-life, the products still received consumer 
support above the median, and, on the 144th day, 
they still showed an approximate 50% buying pre-
disposition. However, the results pointed out the 
convenience of  modifying the current packaging 
conditions so the LAB activity should also be con-
trolled not only throughout the current shelf-life 
but for more extended periods to allow further 
market expansion.
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