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INTRODUCTION 

 

Oleuropein (OLP), a secoiridoid glucoside naturally found in leaves and fruits of 

Olea europaea L., is the major natural phenolic compound responsible for the 

bitterness in the unripe olives (Othman et al., 2009). In addition to its bitter 
taste, the OLP has a high antimicrobial activity against gram positive and gram-

negative bacteria (Furneri et al., 2002) and against lactic acid bacteria (LAB) 

mainly Lactobacillus (Juven et al., 1968; Fleming et al., 1973; Rodriguez et 

al., 2009), the most important microflora highly desired to succeed the lactic 

fermentation process of green olives (Asehraou et al., 1993). The antimicrobial 

effect of OLP against lactic acid bacteria affects negatively the fermentation 
process of green olives by producing the final product with undesirable quality 

(Hurtado et al., 2012). 

To reduce the bitterness and antimicrobial effects of OLP, industrial process for 
green olives is based on chemicals debittering with the alkali- treatment of fruits, 

followed by washings and brining to undergo a natural lactic fermentation 

process (Brenes et al., 1998). However, this chemical debittering leads to high 
losses in nutrient value of processed olives (Othman et al., 2009), and generates 

high amounts of spoiled fruits and alkaline waste waters (Kailis et al., 2007). 

To palliate this chemical debittering inconvenient, the study of OLP 
biodegradation is essential. The OLP biodegradation leads to the release of 

glucose, OLP aglycone, elenolic acid and Hydroxytyrosol (HT) (Ciafardini et 

al., 1994; Marsilio et al., 1996; Rozés et al., 1996; Marsilio et al., 1998; Peres 

et al., 2014). In a previous work, we have selected some OLP degrading LAB 

strains, belonging to Lactobacillus, Leuconostoc and Pediococcus species 
(Ghabbour et al., 2011). Recently, we have reported the effectiveness of 

Lactobacilli strains to develop a suitable OLP controlled lactic fermentation 

process of Moroccan Picholine green olives (Ghabbour et al., 2016). The 
biodegradation of OLP was not well developed in this process, associated with a 

residual bitter taste in fermented olives, indicating that the biochemical 

conditions of OLP biodegradation by LAB are not well understood. Furthermore, 

limited studies were done on OLP biodegradation by LAB in stress conditions 
close to industrial environment. 

The main objective of the present work was to study the biodegradation of OLP 

by L. plantarum FSO175, previously selected in our laboratory as OLP degrading 
strain, under the main stress factors (pH 4.5, NaCl 5% and glucose 1%) affecting 

the industrial green table olive process. 

 

MATERIAL AND METHODS 

 

Chemicals 

 

The OLP and HT used in this study were purchased from Extrasynthese (Genay, 

France). The solvents used (ethyl acetate, acetonitrile, methanol and acetic acid) 
were HPLC Grade and purchased from Sigma Aldrich. 

 

LAB Strain 

 

The strain of L. plantarum FSO175 used in this study was isolated, in our 

laboratory, from natural fermenting Moroccan green olives. It was selected for its 
OLP-degrading capacity (Ghabbour et al., 2011), and for its effectiveness in 

controlled fermentation process of Moroccan Picholine Green Olives (Ghabbour 

et al., 2016). 
 

Culture Conditions 

 

The culture assay was conducted on modified de Man, Rogosa and Sharpe (MRS) 

broth with the following composition: 1g/l of peptone from meat (Biokar, 
France); 1g/l of yeast extract (Biokar, France); 2g/l of potassium phosphate 

dibasic (Sigma, Aldrich); 1.5g/l of sodium acetate trihydrate (Sigma, Aldrich); 
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increase of hydroxytyrosol (HT) content and acidity values. The yields of OLP degradation and HT accumulation are depending on 

carbon sources, stress conditions and time of incubation. So that, the drastic reduction in OLP biodegradation, obtained at pH 6.7 (trial 

B), decreased significantly (p <0.05) in presence of NaCl 5% (trial D) and with glucose 1% (trial C). Indeed, the OLP biodegradation 

rate was maximal at pH 4.5 (trial E) and was higher even with NaCl 5% (trial F). In contrast, in presence of combined stress conditions 
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2g/l of triammonium citrate (Sigma, Aldrich); 0.2g/l of magnesium 
sulfateheptahydrate (Sigma, Aldrich); 0.05g/l of manganese sulfatetetrahydrate 

(Sigma, Aldrich) and 1mL of Tween 80 (Sigma, Aldrich). The carbon sources 

tested were 1% (w/v) of OLP (Extrasynthese, Genay, France) and 1% (w/v) of 
glucose (Sigma, Aldrich). 

The culture trials were conducted on modified MRS media (Table 1) as follows: 

The trials A, B, C and D were adjusted to pH 6.7, and supplemented with: 
glucose 1% (Trial A); OLP 1% (Trial B); OLP 1% and glucose 1% (Trial C); 

OLP 1% and NaCl 5% (w/v) (Trial D). The other trials (E, F and G) were 

acidified to pH 4.5 with HCl (0.1N) and supplemented with OLP 1% (Trial E); 
OLP 1% and NaCl 5% (Trial F); OLP 1%, glucose 1% and NaCl 5% (Trial G). 

All the trials were inoculated with 0.1% of an overnight culture of L. 
plantarum FSO175, previously cultivated in the same modified MRS broth 

containing glucose (1%, w/v) as carbon source. Parallel with these trials, assay 

(trial H) containing the same composition as trial B, but without inoculation, was 
added to check the stability of PLO during this experiment. 

The controls used in this experiment were Trial A as positive control and Trial H 

as negative control. The positive control, containing 1% of glucose and inoculated 
with L. plantarum FSO175, was used to observe the normal growth of the strain 

L. plantarum FSO175; while the negative control (Trial H), containing 1% of 

OLP and not inoculated, was used to observe the stability of OLP in the 

experiment conditions. 

The assays of a volume of 100mL, made in triplicate, were incubated at 30°C for 

7 days. 7mL of samples were aseptically collected at 0, 1, 2, 3, 5 and 7 days of 
incubation for physicochemical and microbiological analyses. 

 

Microbiological Analysis 

 

The microbial biomass was enumerated using the poor plate technique. 1mL of 

each trial culture suspension was serially diluted (10-1 to 10-10) and plated on Petri 
dish containing MRS Agar. The cultures were incubated at 30 °C for 24-48h and 

plates containing 30 to 300 colonies were counted and recorded as a colony 

forming unit per milliliter (CFU/mL) of culture suspension. The results were 
expressed as Log CFU/mL. 

 

Physico-Chemical Analysis 

 

The physico-chemical parameters analyzed were pH, free acidity and reducing 

sugars. The pH was measured using a pH-meter type WTW pH 330/SET-1 

(VWR) after calibration at pH 4 and 7. The free acidity was determined by NaOH 

(0.9N) dosage in presence of phenolphthalein as an indicator. The free acidity was 

expressed in percent of lactic acid in culture medium (%, w/v). The soluble sugars 
were determined by Ashwell method (Ashwell, 1957), and the results were 

expressed in percent of glucose (%, w/v). The method consists of measuring, at 

630 nm, the color produced by the reaction of anthrone with the hydrolysis 
products of soluble sugars released with concentrated sulfuric acid. 

 

Oleuropein and Hydroxytyrosol Analysis 

 

Samples of microbial culture of 1mL, collected initially at 0, 3, and 7 days of 

culture, were used to analyze OLP and HT analyses by an HPLC- DAD system. 
Samples were centrifuged at 6000g during 10 min, and the supernatant was 

extracted three times with ethyl acetate and then evaporated. The residue obtained 

was dissolved in 1mL of methanol and filtered through PVDF syringe filter 
(Sartorius, France). Then, a volume of 20µL was injected into HP isocratic LC 

system, equipped with a HP-UV detector at 280 nm and a C18 Supelcogel column 

(C-610H, 30 cm x 7.8mm) maintained at 40 °C. The mobile phase consisted of 

acetonitrile-methanol (1:1, v/v) (solution A) and milli-Q water acidified with 

acetic acid to pH 3.2 (solution B). The flow rate is 1mL/min and the gradient used 

was the same as described by Mateos et al. (2001). The standards of OLP and HT 
were dissolved in methanol (1mL) and analyzed by the same method described 

above. 

 

Statistical Analysis 

 
All the determinations were performed in triplicate. The results were expressed as 

mean values and standard mean error. The statistical analysis of data was 

performed by ANOVA using Statgraphics Centurion version XVII. Means values 
were compared by Least Significant Difference (LSD) test and the significant 

level was set at 5% (p <0.05). 

 

RESULTS  

 

Physico-Chemical Analysis 

 

The results of pH and free acidity obtained were reported on Figures 1 and 2, 

respectively. In the media acidified to pH 4.5 (trials E, F, and G), a slight decrease 
in pH values was observed, accompanied simultaneously with low increase in free 

acidity values. No significant difference (p <0.05) in pH and free acidity changes 

were observed between these trials. However, all the assays (trials A, B, C, and 

D) initiated at pH 6.7 and containing glucose 1% (w/v) and/or OLP 1% (w/v) as 
carbon sources and inoculated with L. plantarum FSO175, showed important and 

variable acidification rates, with significant differences according to LSD test at p 

<0.05. This may be due to the carbon source used and the presence or absence of 
NaCl 5% as the stress factor. Hence, the lowest final pH value (pH 4.7) and the 

highest final free acidity value (0.72% of lactic acid) were obtained with glucose 

as carbon source (trial A), followed by the combination of glucose and OLP as 
carbon sources (trial C). The OLP as a sole carbon source (trial B), led to final pH 

and acidity values of 5.5 and 0.52%, respectively. The use of OLP in presence of 

NaCl 5% (trial D) led to the lowest acidification rate, with 5.7 and 0.42% as final 
values of pH and free acidity, respectively. 
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Figure 1 pH changes of L. plantarum FSO175 culture at 30 °C/7 days in modified 
MRS mediums supplemented with glucose 1% (Trial A); OLP 1% (Trial B); 

OLP 1% and glucose 1% (Trial C); OLP 1% and NaCl 5% (Trial D), OLP 1% and 

pH 4.5 (Trial E); OLP 1%, NaCl 5% and pH 4.5 (Trial F); OLP 1%, glucose 1%, 
NaCl 5% and pH 4.5 (Trial G). 
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Figure 2 Free acidity changes (% of lactic acid) of L. plantarum FSO175 culture 

at 30 °C/7 days in modified MRS mediums supplemented with glucose 1% (Trial 

A); OLP 1% (Trial B); OLP 1% and glucose 1% (Trial C); OLP 1% and NaCl 5% 
(Trial D), OLP 1% and pH 4.5 (Trial E); OLP 1%, NaCl 5% and pH 4.5 (Trial F); 

OLP 1%, glucose 1%, NaCl 5% and pH 4.5 (Trial G). 

 
The sugar contents, expressed in % (w/v) of glucose, were reported on Figure 3. 

The results obtained, in trials containing glucose alone or combined with OLP as 

carbon sources (trials A, C, G), showed a high decrease of sugar contents, from 
1% to 0.12-0.18%,during the first 3 days of culture, followed by a progressive 

decrease during the last 4 days of culture, with final concentrations of about 0.01-

0.04%. At the end of the experiments, significant differences in glucose content 
were observed basing LSD test at p <0.05. While, the assays containing OLP as a 

sole carbon source (trials B, D, E, F) showed a low decrease of glucose from 

0.03-0.036%, obtained after 1 day of incubation, to 0.0003-0.007% at the end of 
culture. In presence of OLP, the glucose variation showed the same allure in 

presence or absence of pH 4.5 and/or NaCl 5%, but with lower concentrations of 

glucose, in this condition, the release of glucose linked to OLP and its 
biodegradation by L. plantarum FSO175 occurs. The comparison of trials B, D, E, 

and F, at the end of the culture assays, denoted that the difference in glucose 

content is not statistically significant according to LSD test at p <0.05. 
 

 



J Microbiol Biotech Food Sci / Ghabbour et al. 2020 : 9 (4) 769-773 

 

 

  
771 

 

  

0 1 2 3 4 5 6 7

0.0

0.2

0.4

0.6

0.8

1.0

0.00

0.02

0.04

0.06

0.08

0.10
A

B

C

D

E

F

G

Days

G
lu

c
o

se
 (

%
,w

/v
)

Figure 3 Soluble sugars (% of glucose) changes of L. plantarum FSO175 culture 
at 30 °C/7 days in modified MRS mediums supplemented with glucose 1% (Trial 

A); OLP 1% (Trial B); OLP 1% and glucose 1% (Trial C); OLP 1% and NaCl 5% 

(Trial D), OLP 1% and pH 4.5 (Trial E); OLP 1%, NaCl 5% and pH 4.5 (Trial F); 
OLP 1%, glucose 1%, NaCl 5% and pH 4.5 (Trial G). Left Y axis (% of glucose, 

w/v) for trials A, C, and G. Right Y axis (% of glucose, w/v) for trials B, D, E and 

F. 
 

Microbiological Analysis 

 
All the inoculated trials showed increase in biomass of L. plantarum FSO175 in 

presence of glucose and/or OLP as carbon sources (Figure 4). The biomass growth 

depended on carbon sources and stress conditions. Significant differences (p <0.05) 
in biomass growth were obtained between all the culture assays. The higher final 

biomass values were obtained with glucose alone (9.285 log CFU/mL, Trial A) or 

combined with OLP (9.207 log CFU/mL, Trial C) as carbon sources. In presence of 
OLP as a sole carbon source, the biomass values obtained were lower, and were 

9.151 log CFU/mL in the absence of stress factors (trial B), 9.004 log CFU/mL in 

presence of NaCl 5% (trial D), and 8.925 log CFU/mL in presence of pH 4.5 (trial 
E). 
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Figure 4 Biomass growth changes (Log CFU/mL) of L. plantarum FSO175 
culture at 30 °C/7 days in modified MRS mediums supplemented with 

glucose 1% (Trial A); OLP 1% (Trial B); OLP 1% and glucose 1% (Trial C); 

OLP 1% and NaCl 5% (Trial D), OLP 1% and pH 4.5 (Trial E); OLP 1%, 
NaCl 5% and pH 4.5 (Trial F); OLP 1%, glucose 1%, NaCl 5% and pH 4.5 (Trial 

G). 

 

Oleuropein and Hydroxytyrosol Measurements 

 

The OLP, HT contents (%, w/v) and yields of OLP biodegradation and HT 
production (%) are reported on Table 1. These results showed a drastic reduction 

of OLP biodegradation, in all inoculated trials (B, C, D, E, F and G), from 1% 

(initial concentration) to values ranging between 0% and 0.355%, corresponding 
to yield of OLP biodegradation between 64.5% and 100%. The drastic 

bioconversion of OLP was accompanied with the concomitant accumulation of 

HT, with the final concentrations ranging between 0.065% and 0.127%, 
corresponding to yield of HT production between 23.2% and 45,3%.  While, in 

non-inoculated assay (trial H), the OLP was stable during the 7 days of culture at 

30 °C. 
 

Table 1 Means values of OLP, HT changes ([%, w/v] ± ESM) and yields (%) of OLP biodegradation and HT production, of L. plantarum FSO175 culture at 30 °C/7 

days in modified MRS mediums supplemented with glucose 1% (Trial A); OLP 1% (Trial B); OLP 1% and glucose 1% (Trial C); OLP 1% and NaCl 5% (Trial D), 
OLP 1% and pH 4.5 (Trial E); OLP 1%, NaCl 5% and pH 4.5 (Trial F); OLP 1%, glucose 1%, NaCl 5% and pH 4.5 (Trial G). 

 OLP changes (%, w/v) 
Yield of OLP 

Biodegradation 

(%) 

HT changes (%, w/v) 
Yield of HT 

Production 

(%) 

 Time (days) Time (days) 

Assays 0 3 7 0 3 7 

A - - - - - - - - 

B 1 0.039 ± 0.001 f 0.007 ± 0.002 e 99.3 0 0.041 ± 0.002 d 0.106 ± 0.005 b 37.8 

C 1 0.770 ± 0.010 a 0.355 ± 0.005 a 64.5 0 0.039 ± 0.015 d 0.086 ± 0.010 c 30.7 
D 1 0.455 ± 0.005 c 0.310 ± 0.010 c 69.0 0 0.034 ± 0.011 e 0.085 ± 0.005 c 30.3 

E 1 0.063 ± 0.002 e 0.000 ± 0.000 f 100.0 0 0.061 ± 0.015 b 0.127 ± 0.001 a 45.3 

F 1 0.134 ± 0.002 d 0.043 ± 0.002 d 95.7 0 0.063 ± 0.004 a 0.083 ± 0.001 d 29.7 
G 1 0.633 ± 0.001 b 0.346 ± 0.005 b 65.4 0 0.049 ± 0.005 c 0.065 ± 0.001 e 23.2 

(-) not measured. OLP: Oleuropein, HT: Hydroxytyrosol. Means values in each column followed by the same letter are not significantly different according to LSD test 

at p <0.05. 

 

The results of OLP and HT changes, obtained in all inoculated assays, showed 

that the increment of OLP biodegradation doesn’t correspond to that of HT 

production (Table1). Looking for the results in trial B, in the first period (first 3 
days) of culture assay, 0.961g % of OLP corresponding to 1.78mM were totally 

hydrolyzed and yielded low HT content of 0.041% (0.266mM). Whereas, in the 

second period (last 4 days) of culture assay, only 0.032g% of OLP (0.06mM) was 
hydrolyzed and produced high HT content of 0.065% (0.423mM), which means 

that in this period, an amount of OLP was 30 times lower than that hydrolyzed in 

the first period, have produced an amount even greater of HT as compared to that 
produced in the first period. This finding may lead us to conclude that the OLP 

biodegradation occurs at least in two steps. The first step of OLP Biodegradation 
generated the intermediate compounds of HT production, which undergo second 

step of bioconversion giving rise to high content of HT. 

In presence of OLP as a sole carbon source, the OLP decrease and HT increase 
were higher in the absence of stress factors (trial B), at pH 4.5 (trial E), and with 

the combination of pH 4.5 and NaCl 5% (trial F), with 0.007%, 0% (not detected) 

and 0.043% as final OLP concentrations, respectively (Table 1). The HT final 
concentrations obtained in these conditions were 0.106%, 0.127% and 0.083%, 

respectively in trials B, E and F. The highest OLP biodegradation rate (100%) 

was obtained at pH 4.5 (trial E), leading to the maximum HT production rate 
(45.3%). Significant difference (at p <0.05) in OLP and HT changes were 

obtained between these trials (Table 1). 

In presence of NaCl 5% (trial D), the decrease of OLP was significantly lower, 
and its final concentration obtained was 0.31%, associated with the HT 

accumulation of 0.085%. The lowest decrease of OLP was obtained in presence of 

glucose, showing 0.355% and 0.346% as final concentrations of OLP, in absence 

(trial C) and in presence of stress conditions (trial G), respectively. Thus, the HT 
final concentrations resulted were 0.086 and 0.065% respectively in trials C and G 

(Table 1). These results indicate that the biodegradation of OLP reduced 

significantly in presence of glucose, which is traduced by significant difference in 
HT production. Comparing the result of OLP and HT changes in trails C and G 

(Table 1), we conclude that, the combined stress factors (pH 4.5 and NaCl 5%) 

affected positively the OLP biodegradation, but in the opposite, they are affecting 
negatively the yield of HT production. This finding indicates that the pathways of 

OLP biodegradation and/or their mechanism are depending on the stress 
conditions present in the media.  

 

DISCUSSION 

 

L. plantarum FSO175 was isolated from naturally fermented non-alkali-treated 

Moroccan Picholine green olives, and was selected for its tolerance and 
biodegradation capacity of OLP in the absence of stress factors (Ghabbour et 

al., 2011). This strain showed its effectiveness in developing controlled lactic 

fermentation process of no-debittered Green Olives (Ghabbour et al., 2016). 
However, the fermented olives remain with bitter taste, indicating a lack of 

oleuropein biodegradation process. In the present work, we have studied the 

biodegradation of OLP by L. plantarum FSO175 in the presence of the main 
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stress factors affecting the lactic fermentation process of green olives, including 
pH 4.5, NaCl 5% and glucose 1% as carbon source. 

The results obtained showed that acidification rate, degradation of glucose and 

biomass growth of L. plantarum FSO175, were higher in presence of glucose 
than those obtained with glucose combined with OLP as a carbon source. This 

finding indicates the inhibitory effect of OLP against LAB growth, which was 

already reported by several authors (Juven et al., 1968; Fleming et al., 1973; 

Rodriguez et al., 2009), while, other authors reported its bactericidal effect 

against other LAB strains (Ruiz‐Barba et al., 1991). 
The glucose contents obtained, in all assays containing OLP as a sole carbon 

source in different stress conditions (trials B, D, E, F), are released as a result of 
β-glucosidase activity, an inducible enzyme previously demonstrated by 

L. plantarum in presence of OLP as a sole carbon source (Landete et al., 2008). 

The decrease of glucose during incubation time is due to its metabolism by L. 
plantarum FSO175, traduced by the decrease in pH and increase of acidity. As 

reported by Rozés et al. (1996), the aciditfication rate obtained in all assays 

containing OLP as a sole carbon source may be attributed to the accumulation of 
lactic acid. Basing on these results, we may conclude about the effectiveness of 

L. plantarum FSO175 to grow on OLP as carbon source and in presence of 

various stress factors. The tolerance and biodegradation capacity of OLP by L. 
plantarum FSO175 in these stress conditions could be due to its natural selection 

during spontaneous fermentation process of non- alkali-treated green olives. 

The biodegradation of OLP was reported for L. plantarum (Ciafardini et al., 

1994; Ghabbour et al., 2011; Zago et al., 2013; Kaltsa et al., 2015; Ghabbour 

et al., 2016; Ramírez et al., 2017). In this work we confirmed the in vitro OLP 

biodegradation capacity of L. plantarum FSO175 in presence of different stress 
conditions. The OLP contents decreased significantly (p <0.05) in all the assays 

for 7 days of culture, but with variable yields of biodegradation (Table 1). The 

disagreements in OLP biodegradation and HT accumulation, observed in all 
culture assays, may lead us to conclude that the OLP biodegradation occurs at 

least in two steps. During the first period (3 days) of culture, the highest 

biodegradation of OLP by L. plantarum FSO175, should be attributed, mainly to 
β-glucosidase and partially to esterase enzymes. In that period, the β-glucosidase 

gives rise to glucose and OLP aglycone as an intermediate compound of HT 

production (Tuna et al., 2009), the esterase gives rise to HT and elenolic acid 
glucoside (Segovia-Bravo et al., 2009), this explanation justifies clearly the 

highest OLP decrease and lowest accumulation of HT. However, the high amount 
of HT obtained during the second period (last 4 days) of culture, could not be 

yielded from the biodegradation of low remained content of OLP, but could be 

provided from the second bioconversion of an intermediate compound of HT 
production, OLP aglycone, by means of esterase action, giving rise to HT and 

elenolic acid (Marsilio et al., 1996; Marsilio et al., 1998; Segovia-Bravo et al., 

2009). 
The OLP biodegradation rate obtained in the absence of glucose, as a second 

carbon source, and stress conditions (pH 4.5 and NaCl 5%) were higher and 

associated with biomass growth and acidification of the medium. In this 
condition, the yield of HT production of 37.8% obtained with L. 

plantarum FSO175 is higher than those of 25% and 30%, reported by Marsilio et 

al. (1998), and Santos et al. (2012) respectively. However, the lowest 
biodegradation rate was obtained in presence of glucose as a second carbon 

source in absence or presence of stress conditions (pH 4.5, NaCl 5%). The 

presence of glucose reduced significantly the OLP biodegradation rate even with 
important biomass growth. This result may be explained by the inhibition of β-

glucosidase production and/or activity of L. plantarum FSO175 by glucose 1%. 

These findings are in agreement with (Elshafei et al., 2011) who reported the 
inhibition of β-glucosidase activity by glucose. 

The results obtained showed that the OLP biodegradation capacity of L. 

plantarum FSO175 is significantly reduced in presence of NaCl 5%, which is 
explained by the significant decrease obtained in biomass growth. This finding is 

in according to that reported that the addition of both NaCl and OLP decreased 

stronglythe growth and survival of L. plantarum ((Rozés et al., 1996). However, 
the highest OLP biodegradation (100%) was obtained at pH 4.5with the maximum 

yield of HT production of 45.3%. Even with combined conditions (pH 4.5 and 

NaCl 5%) and low biomass growth, the OLP biodegradation was higher. This 
result may be due to the optimum pH of β-glucosidase activity, which is near of 

pH 4–5 (Elshafei et al., 2011; Wei et al., 2011). The OLP is stable in acid 

conditions (Gikas et al., 2006) and is not degraded by the acid environments 
created by fermentation (Kailis et al., 2007). A slow acid hydrolysis of OLP can 

occur at lower pH (Capasso et al., 1997) than the pH 4.5 we used in this 

experiment. Furthermore, the acid hydrolysis of OLP cannot release significant 
amounts of HT in comparison to the enzymatic biodegradation (Khoufi et al., 

2011). All these arguments indicate that the biodegradation of OLP in our cultures 

couldn’t be attributed to acidic effect, but mainly due to the oleuropeinase activity 
of enzymes produced by L. plantarum FSO175. 

The biodegradation of OLP by L. plantarum involving β-glucosidase and esterase 

enzymes was reported (Rodriguez et al., 2009; Kaltsa et al., 2015; De 

Leonardis et al., 2016). Furthermore, LAB with β-glucosidase and esterase 

activities are very recommended for table olives processing by assuring the 

biological debittering of olives instead of chemical process (Ramírez et al., 

2017). Our results revealed the promising application of L. plantarum FSO175 as 

a starter, in controlled stress conditions (pH 4.5 and NaCl 5%), for debittering and 
fermenting green olives. Indeed, this process, associated with the accumulation of 

HT, could lead to desirable safety and nutritional values of fermented Moroccan 

green table olives. 
Indeed, the HT is not commercially available in high amounts as a food additive. 

Several methods have been proposed for the production of HT by means of 

chemical or enzymatic synthesis (Capasso et al., 1997; Espín et al., 2001; 

Khoufi et al., 2011). The results of OLP biodegradation by L. plantarum FSO175 

under different conditions (pH 4.5, NaCl 5% and glucose 1%), leading mainly to 

the production of HT, as the mean end product of OLP hydrolysis, can be 
considered as a new perspective for the biological production of HT basing 

L. plantarum FSO175.  
 

CONCLUSION 

 
This work demonstrated that the biodegradation of OLP (1%) as a sole carbon 

source, by L. plantarum FSO175, under conditions (pH 4.5, NaCl 5% and 

glucose 1%), was associated with increases of HT content and acidity value. The 
tolerance and biodegradation capacity of OLP by L. plantarum FSO175 under 

these conditions should be due to its natural selection during spontaneous 

fermentation process of non-alkali-treated green olives. The yields of OLP 

biodegradation and HT production are depending on the stress conditions, carbon 

source and incubation time. At pH 6.7 the biodegradation of OLP is higher and 

decreased significantly in presence of NaCl 5%. At pH 4.5 the biodegradation of 
OLP is maximal with the highest yield of HT production, and is higher even in 

presence of NaCl 5% and with low biomass growth. In presence of glucose, the 

OLP biodegradation was reduced significantly even with high biomass growth. 
The effect of NaCl 5% and glucose 1% on the OLP biodegradation decrease was 

traduced by significant decrease in acidification rates. The highest 

oleuropeinolitic activity of L. plantarum FSO175 demonstrated, in presence of 
combined stress conditions (pH 4.5 and NaCl 5%) even with low biomass 

growth, may be attributed to the optimal conditions of production and/or activity 

of the main enzymes implicated in OLP bioconversion. The effectiveness of L. 
plantarum FSO175 strain in OLP biodegradation and HT production, revealed its 

promising perspectives as starter culture: firstly, for bioprocessing of green table 

olives, under controlled stress conditions of pH 4.5 and NaCl 5%, allowing the 
production of end product rich of HT, the main antioxidant highly desired in 

foods. And secondly, for biological production of HT from olive mill wastewater. 
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