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Phenolic compounds have been determined by HF'LC in the flesh of olives and brines of two cultivars 
(Manzanilla and Hojiblanca) during Spanish-style green olive processing. The NaOH treatment 
hydrolyzed oleuropein into hydroxytyrosol(3,4-dihydroxyphenylethanol) and elenolic acid glucoside. 
After a rapid diffusion of hydroxytyrosol from the flesh of fruits into the brines, the concentration 
of the o-diphenol remained practically constant throughout the lactic acid fermentation step. In 
contrast, elenolic acid glucoside increased in concentration in the olive brines during the first few 
days of brining but disappeared after 100-200 days. Other minor phenolic compounds also diffused 
rapidly into the olive brines during the first few days of brining. Caffeic acid, oleuropein, and 
p-coumaric acid diminished in concentration throughout the fermentation period, whereas the 
concentration of tyrosol (4-hydroxyphenylethanol) remained constant. 
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INTRODUCTION 

Within the types of commercial table olives, Spanish- 
style green olives account for ca. 40-50% of the world 
production. The method of processing consists of a 
treatment with dilute NaOH solution (lye) to debitter 
the olives, followed by one to three rinse cycles to 
eliminate the excess alkali. Finally, fruits are placed 
into sodium chloride brine in which a lactic acid 
fermentation takes place (Fernandez, 1991). 

The fermentation rate is influenced by the presence 
of inhibitors in the brines. These inhibitors are phenolic 
compounds, mainly oleuropein and products of its 
hydrolysis (Juven et al., 1972; Fleming et al., 1973; Ruiz 
et al., 1993). The antimicrobial activities of these 
compounds have been shown to affect other microorgan- 
isms as well as lactobacilli (Tassou and Nychas, 1994). 

In the olive fruit, the main phenolic compound is 
oleuropein, a heterosidic ester of elenolic acid and 3,4- 
dihydroxyphenylethanol (Amiot et al., 1986). Other 
phenolic compounds isolated in the olive fruit are 
demethyloleuropein, rutin, luteolin 7-glucoside, verbas- 
coside, ligstroside, and elenolic acid glucoside (VBzquez 
et al., 1974; Kubo and Matsumoto, 1984; Amiot et al., 
1989). 

These compounds and products of their hydrolysis are 
important in Spanish-style green olive processing not 
only due to their antimicrobial action but also due to 
their effects on the color of brines and olives. Thus, 
o-diphenols may oxidize in alkaline conditions and 
darken fruits and brines (Brenes et al., 1988, 1992). 

Moreover, there is great interest in these compounds 
due to their antioxidative properties (Chimi et al., 1991; 
Tutour and Guedon, 1992) and their repellent effects 
on the fly Daws oleae (Scalzo et al., 1994). 

However, limited data are available on the biochemi- 
cal changes in these polyphenols during Spanish-style 
green olive processing (Gaviiia et al., 1973; Viizquez and 
Janer del Valle, 1977). It has been reported that 3,4- 
dihydroxyphenylethanol (hydroxytyrosol) is formed dur- 
ing the NaOH treatment (Vazquez and Janer del Valle, 
1977; Amiot et al., 19901, but there are no data on other 
products of the alkaline hydrolysis of oleuropein. 
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The aim of the present study was to investigate the 
biochemical changes that occur in the phenolic com- 
pounds, particularly oleuropein and products of its 
hydrolysis, during Spanish-style green olive processing. 

MATERIALS AND METHODS 

Olives. Experiments were carried out with fruits (Olea 
europaea L.) of the Manzanilla and Hojiblanca cultivars. 
Olives with a green-yellow surface color were picked during 
the 1993/1994 and 19941995 seasons and graded to eliminate 
leaves and small fruits. 

As is customary in the industrial procedure, olives were 
stored for 24 h (21 f 2 "C) before processing to avoid sloughing 
of fruits when treated with NaOH. 

Thirty kilograms of olives was placed in cylindrical PVC 
vessels and covered with 20 L of 0.48 M NaOH solution. The 
alkaline treatment lasted for 7-9 h at room temperature (21 
f 2 "C) until the lye penetrated two-thirds of the distance to  
the pit, tested with phenolphthalein solution. The NaOH 
solution was then poured off, and the olives were washed in 
running water for 12-17 h. 

After the washing step, olives were covered with a 1.9 M 
NaCl solution and left for 7 months at 25 f 3 "C to undergo 
the characteristic lactic fermentation process. 

Polyphenol Analysis. Approximately 2-5 g of olive flesh 
from 10 olives was mixed in duplicates in a blender with 100 
mL of 80% (v/v) ethanol, containing 400 ppm of sodium 
metabisulfite. The mixture was agitated for 20 min and 
filtered. This extraction was repeated successively three times 
with the same volume of ethanol and acetone at -30 "C. The 
extracts were collected and the organic liquids evaporated 
under vacuum. Four successive hexane extractions allowed 
removal of pigments and most of the lipids. The phenolic 
compounds were extracted with ethyl acetate. After six 
successive extractions, the ethyl acetate was evaporated under 
vacuum and the dry residue dissolved in 2-10 mL of methanol/ 
water (1:l). 

Samples of the brines were diluted (1%) with distilled water, 
and after centrifugation, they were injected into the chromato- 

Detection and quantification of phenols was carried out by 
HPLC in a Waters 600 E (Millipore, Inc.) apparatus equipped 
with a diode array detector (Waters 994). The chromato- 
graphic conditions have been described elsewhere (Brenes et 
al., 1993). 
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Figure 1. HPLC chromatograms of the phenolic extracts from 
olive flesh before and after NaOH treatment and after wash- 
ing. Peaks: 1, hydroxytyrosol; 2, tyrosol; 3, caffeic acid; 4, 
p-coumaric acid; 5 ,  verbascoside; 6, rutin; 7, luteolin 7-gluco- 
side; 8, unidentified; 9, unidentified; 10, oleuropein; 11, 
unidentified; 12, unidentified. Detection was at  280 nm. Fruits 
were of the Manzanilla cultivar picked during the 19941995 
season. 

Phenolic compounds were identified by their retention times 
and absorption spectra in the 200-380 nm range. The 
structure of elenolic acid glucoside was determined by NMR 
and MS. 

Quantification of elenolic acid glucoside was made using 
pure compound isolated with a semipreparative HPLC column 
(Spherisorb ODS-2, 5 pm, 25 cm x 1 cm i.d.1. 

Free Acidity. Free acidity was determined by titration 
with a Metrohm 670 Titroprocessor up to pH 8.3 with 0.2 M 
NaOH and expressed as percent (w/v) of lactic acid. 

RESULTS AND DISCUSSION 

Polyphenol Transformations. The main phenolic 
compound found in the flesh of Manzanilla and Hoji- 
blanca cultivar olives was oleuropein (Figure l), in 
agreement with previous studies on other cultivars 
(Vazquez et al., 1974; Amiot et al., 1986). Rutin, luteolin 
7-glucoside, p-coumaric acid, and verbascoside (a het- 
erosidic ester of caffeic acid and hydroxytyrosol) were 
also present. Some of the peaks, numbers 8,9,11, and 
12, were not consistently found in both cultivars or in 
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the two seasons. These were not, therefore, identified 
during this work, although some of their characteristics 
could be of interest for other purposes. Thus, peak 11 
was detected only in the Manzanilla cultivar, but 
further research is needed in this field. 

Sodium hydroxide treatment causes the hydrolysis of 
glucosides, but in Spanish-style green olive processing 
the NaOH is permitted to reach only about two-thirds 
of the distance from the skin to pit. After the immersion 
of fruits in the NaOH solution, an abundant formation 
of hydroxytyrosol was detected in both cultivars owing 
to oleuropein and verbascoside hydrolysis. In fact, the 
hydroxytyrosol content is strongly related to the extent 
to which NaOH penetrates into the olive flesh, and its 
determination has been proposed as a method for 
monitoring the debittering step (Amiot et al., 1990). 

Caffeic acid from verbascoside hydrolysis was detected 
in the flesh of both cultivars aRer the NaOH treatment. 
Tyros01 (4-hydroxyphenylethanol) was also found in 
both cultivars. This compound may have arisen from 
the hydrolysis of ligstroside, a heterosidic ester of tyrosol 
and elenolic acid, identified in olive flesh and seeds 
(Kubo and Matsumoto, 1984; Vizquez et al., 1974). The 
rutin and luteolin 7-glucoside content in the olive flesh 
diminished with the alkaline treatment, and the former 
compound had practically disappeared after the washing 
step. Peaks 9, 11, and 12 followed a similar trend. In 
contrast, the concentration ofp-coumaric acid increased 
during these alkaline steps. The residual level of 
oleuropein after the NaOH treatment was high since 
this solution penetrated only two-thirds of the way into 
the olive flesh. 

Phenolic chromatograms from the NaOH solution and 
rinse waters (data not shown) had a pattern similar to 
those of the olive flesh. Rinsing caused diffusion of 
polyphenols from the flesh into the rinse waters and 
some of the chemical reactions continued in these 
alkaline media. Thus, longer washing periods produced 
lower oleuropein concentrations. 

Hypothesis of Alkaline Oleuropein Hydrolysis 
during Spanish-Style Green Olive Processing. 
When polyphenol detection was carried out at  240 nm, 
the chromatogram a t  day 1 of brining showed a major 
peak with a retention time of 17 min (Figure 2). The 
absorbance spectrum of this peak between 200 and 380 
nm was similar to that observed by other authors for 
elenolic acid, with a maximum absorbance at  240 nm 
(Montedoro et al., 1993). The substance was isolated 
on a semipreparative HPLC column, and its identifica- 
tion as elenolic acid glucoside was carried out by NMR 
and MS; these data were in agreement with those 
reported in the literature (Amiot et al., 1989; Damtoft 
et al., 1992). A compound with a rather similar struc- 
ture named oleoside has been identified in the leaves 
of 0. europaea (Gariboldi et al., 1986). This compound 
differs from the elenolic acid glucoside in that the two 
carboxylic groups of the molecule are esterified. The 
presence of elenolic acid glucoside in olives has also been 
reported by Amiot et al. (19891, who found that its 
content increased as maturation progressed. However, 
we have not found the elenolic acid glucoside in fresh 
Manzanilla or Hojiblanca cultivar olives used in the 
experiments reported here. This substance is either 
absent from these cultivars altogether or absent from 
fruits a t  the maturation stage used here. The appear- 
ance of elenolic acid glucoside afbr the NaOH treatment 
was therefore a consequence of the alkali treatment. The 
alkaline hydrolysis of oleuropein can, therefore, be 
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Figure 2. HPLC chromatograms of phenolic compounds in 
olive brines: (A) day 1 of brining, detection at 280 nm; (B) 
day 1 of brining, detection at 240 nm; (C) day 80 of brining, 
detection at 280 nm. Peaks: 1, hydroxytyrosol; 2, tyrosol; 3, 
unidentified; 4, elenolic acid glucoside; 5,  caffeic acid; 6, 
p-coumaric acid; 7, luteolin 7-glucoside; 8, oleuropein. Fruits 
were of the Manzanilla cultivar picked during the 19941995 
season. 

r l r n o l r c  ac id  gluco6lds 

Figure 3. Structures of oleuropein and its alkaline hydrolysis 
products. 

described according to  the scheme shown in Figure 3. 
The ester bond between elenolic acid glucoside and 
hydroxytyrosol was the only one broken in the oleu- 
ropein molecule during the NaOH treatment. 

Olives after NaOH treatment have no bitter taste. It 
follows, therefore, that the elenolic acid glucoside also 
has a nonbitter taste, as do other oleuropein hydrolysis 
products, hydroxytyrosol and elenolic acid (Walter et al., 
1978). 
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Figure 4. Evolution of elenolic acid glucoside concentration 
in olive brines during fermentation. Fruits were of the Man- 
zanilla cultivar picked during the 1993/1994 and 1994/1995 
seasons and the Hojiblanca cultivar picked during the 19931 
1994 season. 

Polyphenol Changes during Fermentation. The 
major phenolic compounds and the products of their 
hydrolysis in olive brines were hydroxytyrosol, elenolic 
acid glucoside, and tyrosol (Figure 2). Fermentation 
markedly affected the changes in the polyphenol con- 
centrations in olive brines. The initial concentration of 
elenolic acid glucoside was high, as indicated by the high 
concentration of its precursor in olives (oleuropein). 
After equilibrium, which was reached in a few days, its 
concentration reached 8-14 mM (Figure 4). However, 
the concentration of this compound sharply decreased 
as fermentation progressed and practically disappeared 
after 100-200 days. 

The mechanism of elenolic acid glucoside degradation 
in brine is still unknown, but it must involve not only 
the glycosidic bond breaking but also other transforma- 
tions of the elenolic acid ring since the acid was not 
detected in brines. In any case, if glucose is released 
during the degradation of elenolic acid glucoside, the 
amount of sugar produced could contribute to  a high 
proportion of the total acidity produced during fermen- 
tation. Thus, not only were the sugars, mainly glucose, 
and organic acids diffused from the flesh of the olives 
into the brines as substrates of the lactic acid fermenta- 
tion (Montafio et al., 1993), but also glucose from the 
elenolic acid glucoside might have played an important 
role in the progress of fermentation. It has been 
reported that in vitro @-glucosidase from Lactobacillus 
plantarum may break the glycosidic bond of oleuropein 
(Ciafardini et al., 1994). Acid hydrolysis of oleuropein 
in directly brined olives without L. plantarum growth 
has also been demonstrated (Brenes et al., 1993). Thus, 
the hydrolysis of the elenolic acid glucoside during 
Spanish-style green olive processing may occur by 
various mechanisms, and research is underway to 
elucidate its transformation. 

The changes in the concentration of hydroxytyrosol 
during fermentation are given in Figure 5. There was 
a rapid accumulation of this compound during the first 
few days of brining due to its diffusion from the olives 
into the surrounding brines. Subsequently, its concen- 
tration remained practically constant throughout fer- 
mentation. This o-diphenol is easily oxidized in alkaline 
conditions (Garcia et al., 1992). The high pH values 
during NaOH treatment, rinsing, and the first few days 
of brining can favor this polymeric reaction and give a 
certain color to the brines (Brenes et al., 1988). As 
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Figure 5. Evolution of hydroxytyrosol concentration in olive 
brines during fermentation. Fruits were of the Manzanilla 
cultivar picked during the 1993/1994 and 1994/1995 seasons 
and the Hojiblanca cultivar picked during the 1993/1994 
season. 
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Figure 6 .  Evolution of tyrosol, caffeic acid, p-coumaric acid, 
and oleuropein concentrations in olive brines during fermenta- 
tion. Fruits were of the Manzanilla cultivar picked during the 
1994/1995 season. 

fermentation progressed, anaerobic conditions and the 
use of oxygen by microorganisms limited the oxidation 
of hydroxytyrosol and, consequently, its concentration 
remained constant. 

Luteolin 7-glucoside was detected in brines only 
during the first few days of the fermentation process 
and rapidly disappeared after 4-7 days (data not 
shown). The concentrations of other phenols also 
studied are shown in Figure 6. All of them diffused 
rapidly into the brines during the first few days. Caffeic 
acid, p-coumaric acid, and oleuropein reached moderate 
levels and slowly disappeared during fermentation. 
Caffeic acid was absent from the brines of both cultivars 
after 30-40 days; p-coumaric acid was detected in very 
low concentrations from day 30 to day 50, and oleu- 
ropein disappeared after 80 days (19941995 season) or 
30-60 days (1993-1994 season). The mechanisms of 
their degradation are not clear, although the acidic 
conditions formed during fermentation may contribute. 

Finally, another major phenolic compound found in 
olive brines was tyrosol (Figure 6). The concentration 
of this compound increased sharply after brining and 
then remained constant. This indicates that this com- 
pound was formed during the alkaline steps of Spanish- 
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Figure 7. Evolution of pH and free acidity (percent w/v) in 
olive brines during fermentation. Fruits were of the Manza- 
nilla cultivar picked during the 1993/1994 and 1994/1995 
seasons and the Hojiblanca cultivar picked during the 1993/ 
1994 season. 

style green olive processing and not during fermenta- 
tion, as has been suggested in wine processing by the 
growth of microorganisms (Castino, 1988). 

Changes in the pH and free acidity, expressed as 
percent of lactic acid, of brines during fermentation are 
shown in Figure 7. In general, the pH sharply de- 
creased during the first 20-30 days of fermentation. 
Thereafter, the rate of decrease moderated until around 
day 100 of brining. Subsequent changes in pH were 
minimal. This decrease in the pH of the brines was due 
to the formation of lactic acid during fermentation in 
both seasons and cultivars assayed. The progressive 
increase in the acidic conditions of the medium could 
have caused the phenol transformations described pre- 
viously. Thus, a certain relationship between the 
decrease in elenolic acid glucoside and the diminution 
of the pH of brines can be observed. Research is 
underway to  elucidate the mechanism by which this 
compound disappears during fermentation, taking into 
account the high concentrations in which this compound 
is found in Spanish-style green olive brines. 

ACKNOWLEDGMENT 

We thank J. L. Rios and F. J. Hidalgo for help in NMR 
and MS. 

LITERATURE CITED 

Amiot, M. J.; Fleuriet, A.; Macheix, J. J. Importance and 
evolution of phenolic compounds in olive during growth and 
maturation. J. Agric. Food Chem. 1986, 34, 823-826. 

Amiot, M. J.; Fleuriet, A.; Macheix, J. J. Accumulation of 
oleuropein derivates during olive maturation. Phytochem- 
istry 1989,28, 67-69. 

Amiot, M. J.; Tacchini, M.; Fleuriet, A.; Macheix, J. J. The 
technological debittering process of olives: characterization 
of fruits before and during alkaline treatment. Sci. Aliments 
1990, 10, 619-631. 

Brenes, M.; Garcia, P.; Garrido, A. Regeneration of Spanish 
style green table olive brines by ultrafiltration. J. Food Sci. 
1988,53, 1733-1736. 

Brenes, M.; Garcia, P.; Garrido, A. Phenolic compounds related 
to the black color formed during the processing of ripe olives. 
J .  Agric. Food Chem. 1992,40, 1192-1196. 



2706 J. Agric. Food Chem., Vol. 43, No. 10, 1995 Brenes et al. 

Brenes, M.; Garcia, P.; Duran, M. C.; Garrido, A. Concentration 
of phenolic compounds change in storage brines of ripe 
olives. J .  Food Sci. 1993, 58, 347-350. 

Castino, M. Knowledge of grape and wine composition. Bull. 

Chimi, H.; Cilliard, P.; Rahmani, M. Peroxyl and hydroxyl 
radical scavenging activity of some natural phenolic ex- 
tracts. J .  Am. Oil Chem. SOC. 1991, 68, 307-312. 

Ciafardini, G.; Marsilio, V.; Lanza, B.; Pozzi, N. Hydrolysis of 
oleuropein by Lactobacillus plantarum strains associated 
with olive fermentation. Appl. Environ. Microbiol. 1994,60, 

Damtoft, S.; Franzyk, H.; Jensen, S. R. Excelsioside, a sec- 
oiridoid glucoside from Fraxinus excelsior. Phytochemistry 

Fernandez, M. J. Olives. In Encyclopedia of Food Science and 
Technology; Hui, Y. H., Ed.; Wiley: New York, 1991; pp 

Fleming, H. P.; Walter, W. M.; Etchells, J. L. Antimicrobial 
properties of oleuropein and products of its hydrolysis from 
green olives. Appl. Microbiol. 1973, 26, 777-782. 

Garcia, P.; Brenes, M.; Vattan, T.; Garrido, A. Kinetic study 
at different pH values of the oxidation process to produce 
ripe olives. J .  Sci. Food Agric. 1992, 60, 327-331. 

Gariboldi, P.; Jommi, G.; Verotta, L. Secoiridoids from Olea 
europaea. Phytochemistry 1986,25, 865-869. 

Gaviiia, F.; Viguera, J. M.; Abarca, B.; Polo, C.; Sanz, V. 
Phenolic compounds in the lye of Manzanilla olives. Grasas 
Aceites 1973, 24, 137-139. 

Juven, B.; Henis, Y.; Jacoby, B. Studies on the mechanism of 
antimicrobial action of oleuropein. J .  Appl. Bacteriol. 1972, 
35, 559-567. 

Kubo, I.; Matsumoto, A. Molluscicides from olive Olea europaea 
and their efficient isolation by countercurrent chromatog- 
raphies. J .  Agric. Food Chem. 1984,32, 687-688. 

Montaiio, A.; Sanchez, A. H.; Castro, A. Controlled fermenta- 
tion of Spanish type green olives. J .  Food Sci. 1993,58,842- 
844. 

O.Z.V. 1988, 689-690, 539-553. 

4142-4147. 

1992,31, 4197-4102. 

1910-1925. 

Montedoro, G.; Servili, M.; Baldioli, M.; Selvaggini, R.; Miniati, 
E.; Macchioni, A. Simple and hydrolyzable compounds in 
virgin olive oil. 3. Spectroscopic characterizations of the 
secoiridoid derivatives. J.  Agric. Food Chem. 1993, 41, 

Ruiz-Barba, J. L.; Brenes-Balbuena, M.; Jimenez-Diaz, R.; 
Garcia-Garcia, P.; Garrido-Fernandez, A. Inhibition of Lac- 
tobacillus plantarum by polyphenols extracted from two 
different kinds of olive brine. J .  Appl. Bacteriol. 1993, 74, 

Scalzo, R.; Scarpati, M. L.; Verzegnassi, B.; Vita, G. Olea 
europaea chemicals repellent to Dacus oleae females. J.  
Chem. Ecol. 1994,20, 1813-1823. 

Tassou, C. C.; Nychas, J. E. Inhibition of Staphylococcus 
aureus by olive phenolics in broth and in a model food 
system. J .  Food Prot. 1994,57, 120-124. 

Tutour, B. L.; Guedon, D. Antioxidative activities of Olea 
europaea leaves and related phenolic compounds. Phy- 
tochemistry 1992,31, 1173-1178. 

Vazquez, A.; Janer del Valle, M. L. Polyphenol evolution during 
the pickling process of green olives. I. Qualitative study. 
Grusas Aceites 1977, 28, 421-426. 

Vdzquez, A.; Graciani, E.; Maestro, R. Phenolic compounds in 
olive fruits. 11. Polyphenols in vegetation water. Grusas 
Aceites 1974, 25, 341-345. 

Walter, W. M.; Fleming, H. P.; Etchells, J. L. Preparation of 
antimicrobial compounds by hydrolysis of oleuropein from 
green olives. Appl. Microbiol. 1973,26, 773-776. 

2228-2234. 

15-19. 

Received for review March 23, 1995. Revised manuscript 
received July 6, 1995. Accepted July 17, 1995.@ We thank 
CICYT (Spanish Government, ALI-94-0980-CO2-01 project) for 
financial support of this research. 

JF9501655 

@ Abstract published in Advance ACS Abstracts, Sep- 
tember 1, 1995. 


