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Storage of Olives ( Olea europaea L.) under CO , Atmosphere:
Liquid Chromatography —Mass Spectrometry Characterization of
Indices Related to Changes in Polyphenolic Metabolism
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Olives (Olea europaea cv. Chondrolia) were stored under a CO, atmosphere immediately after
harvesting for a period of 12 days. Samples obtained at 24-h intervals were analyzed by HPLC to
identify components that may reflect changes in the biochemical behavior of the tissue. Four
substances were shown to undergo significant fluctuations during storage, while their evolution was
found to be different in olives stored under CO, from those stored under regular atmospheric conditions
(control). On the basis of data provided by liquid chromatography—electrospray ionization mass
spectrometry, these substances were tentatively identified as hydroxytyrosol glucoside, demethylated
ligstroside aglycone, ibotalactone A methyl ester, and verbascoside. The data are discussed in relation
to the effect of postharvest treatments of olives for purposes of manipulating their polyphenolic content
and plausible development of novel debittering processes.

KEYWORDS: Antioxidants; liquid chromatography—mass spectrometry; hydroxycinnamates; secoiri-
doids; functional ingredients;  Olea europaea ; olives; postharvest treatments; polyphenols

INTRODUCTION ——[TP] (air) —=—[TP] (CO2)
A growing number of epidemiological investigations showa & 1200

protective effect of vegetables and fruits against degenerative g

diseases, such as cardiovascular disorders and cancer. The g 900

hypothesis that lies behind health claims is that plant food §

commodities contain a wide spectrum of polyphenolic antioxi- 2

dants, which are believed to exert beneficial biological effects = 600 -

(1, 2). Olives Olea europaepand olive oil are largely produced 2

and consumed in the countries of the Mediterranean basin. Both § ¥

products contain considerable amounts of polyphenolic phy- g 3009

tochemicals, including simple phenols (tyrosol, hydroxycin- g

namates, etc.), secoiridoid derivatives (oleuropein), lignans, and * 0 ——

various flavonoidsJ). Several of these components have been 6 1 2 3 4 5 6 7 8 9 10 11

demonstrated to possess functional effects in vitro and in vivo Time (days)

(4), and thus they are considered to be bioactive constituents
Currently, there is an increasing awareness with regard to
the enhancement of food plants in biologically significant
phenolics with the view to ameliorate their functional properties, composition 8), but studies on several commercially important
and in this context, several techniques have been proposedfood plants have not been carried out. The detailed examination
including appropriate plant breeding)( genetic modification  of such treatments and their impact on fruit and vegetable quality
(6), and postharvest irradiatio)( Postharvest gaseous treat- is nevertheless highly essential, because different plant tissues
ment is also a promising means of modifying the polyphenolic may behave in a variable manner upon exposure to modified
atmospheres, in relation to alterations observed in the profile
* Corresponding author. E-mail: _dimitris@maich.gr. Tek30 28210 of various polyphenol classes. In particular, storage of intact
35000 (ext 524). Fax:t 30 28210 35001, clusters of red grapes under ¢@mosphere was shown to give

8 Technological Educational Institute (T. E. I.) of Athens. 4 - Rt g Y YR
# Mediterranean Agronomic Institute of Chania (M. A. I. Ch.). rise to increased anthocyanin biosynthesis (9), but this finding

‘Figure 1. Changes in the total polyphenol content during postharvest
storage of olives under CO, and regular atmospheric conditions (air).
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Figure 2. Characteristic chromatograms showing representative changes in the four major peaks detected (1, 2, 3, and 4), upon storage under CO; and
regular atmospheric conditions (air). DO, D6, and D11 correspond to samples obtained at the beginning, after 6, and after 11 days of storage. Monitoring

was performed at 280 nm.

contrasted with studies on strawberries, where storage underaccordance with investigations on packaging of Swiss chard
CO»-enriched atmosphere was demonstrated to promote either(Betavulgaris) under CQ-containing modified atmospheres that
anthocyanin degradation or decreased synthesis compared witthad no effect on flavonoid content4).

samples stored under ait(, 11). In apples, ultralow oxygen In the case of olives, storage under atmospheres containing
or COx-enriched storage showed that only minimal changes may 1-5% CQ resulted in increased polyphenol retentiB)( most
occur in phenolics and flavonoidslZ, 13), which is in probably because of polyphenoloxidase (PPO) inhibitis).(
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Evolution pattern of the major peaks during storage under CO, and regular atmospheric conditions (air). Panels A, B, C, and D show the

evolution of the corresponding peaks 1-4 (Figure 2). Each value represents the mean of triplicate determination (£SD).

Also, atmospheres containing 2 kPa £ere shown to induce

The flask was attached to a rotary evaporator, and extraction was

faster color development than atmospheres containing lowgr CO performed for 15 min at maximum spin without vacuum, at°40

levels (17), evidence that gas composition may be critical in
affecting polyphenolic metabolism. To the best of our knowl-
edge, postharvest gaseous treatments including extreme C
levels for purposes of manipulating polyphenolic composition

in olives have never been performed, and therefore the response,

of this fruit upon exposure to Ctmosphere have never been

investigated. This study was undertaken to examine the effect

The extract was filtered through a paper filter, and this procedure was
repeated twice. The extracts were pooled and concentrated until all

OMeOH was removed. The aqueous residue was then extracted with

petroleum ether (4« 30 mL) to remove pigments and fats, and solvent
residue was removed under vacuum. The remaining aqueous solution
Was made up to 25 mL with MeOH and filtered through 0:4%
syringe filters.

Determinations. Moisture Content. Olives stored under air showed

of storage of olives under an atmosphere composed entirely of considerable moisture loss 8%) from the fifth day of storage. For
CQO; on certain secondary metabolites as a first step toward this reason, moisture losses were determined and taken into account

identifying possible activation of specific biochemical routes.

MATERIALS AND METHODS

Chemicals.All solvents used for HPLC and LC-MS were of HPLC
grade. Folin—Ciocalteu phenol reagent was from Merck (Darmstadt,
Germany). Gallic acid, caffeic acid, andcoumaric acid were from
Sigma Chemical Co. (St. Louis, MO).

Plant Material and Postharvest Treatments.Green, unripe olives
(Olea europaeav. Chondrolia) were collected on the'26f September
2004 from an olive tree plantation located inside the T. E. I. of Athens.
To obtain a uniform amount of fruits, collection was from three adjacent

for further determinations. Moisture content of olives was estimated
after drying in an oven at 105C until constant weight.

Total Polyphenols. Measurements were carried out according to a
previously published protocollf), employing the Folir-Ciocalteu
methodology. Gallic acid was used as the reference standard, and results
were expressed as mg gallic acid equivalents (GAE) per 100 g of fresh
tissue.

HPLC Analysis A HP 1050 liquid chromatograph equipped with a
HP 1100 diode array detector and controlled by HP ChemStation was
used. The column was a Waters Spherisorb ODS2, 250«#h® mm
i.d., 5um, protected by a guard column packed with the same material

trees and from different parts of each tree, so as to minimize the effect and maintained at 25C. Chromatograms were performed at a flow
of watering, sun exposure, and differences related to different maturationfate of 1 mL/min, and injections were made with a/0fixed loop.

stages. After collection, fruits were pooled and randomly divided into
two lots, each being approximately 1 kg. One lot was immediately
placed under C@atmosphere, in a glass jar. The other lot was spread
out on a plastic tray to ensure full contact of all fruits with air. Sampling
was performed on a 24-h interval basis, over a period of 12 days. All
treatments were carried out at 232 °C at 90-95% relative humidity.
Extraction Procedure. Olives (approximately 30 g) were manually

Eluent A was 2.5% aqueous acetic acid, and eluent B was MeOH. The
elution program was as follows: 90% A for 5 min, then 50% A in 20
min, 90% A in another 10 min, which remained constant for further 5
min. Monitoring of chromatograms was accomplished at 280 nm.
Liquid Chromatography—Mass Spectrometry. A Finnigan MAT
spectra system P4000 pump was used coupled with a UV6000LP diode
array detector and a Finnigan AQA mass spectrometer. Analyses were

destoned. The tissue was ground with sea sand and a small portion ofcarried out on a Superspher RP-18, 125 mr2 mm i.d., 4um, column

extraction solvent (1% HCI in MeOH) with a pestle and a mortar, and
then placed in a round-bottom flask with 50 mL of 1% HCIl in MeOH.

(Macherey-Nagel, Germany), protected by a guard column packed with
the same material, and maintained at°4d Samples were analyzed
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Figure 4. Mass spectrum of peak 1 obtained employing electrospray Figure 5. Mass spectrum of peak 2. Spectra A and B were obtained
ionization operated in positive mode. Spectra A and B were obtained with 20 and 80 eV collision energy, respectively.
with 20 and 80 eV collision energy, respectively. in peaks 1 and 2, as well as in another two peaks, assigned as

employing electrospray ionization (ESI) in the positive ion mode with 3 and 4 with co_rrespondinglmax_ at 328 and 312 nm.
acquisition set at 1 eV, capillary voltage at 3.50 kV, source voltage at Comparison of their UV spectra with original standards sug-

45V, detector voltage at 650 V, and probe temperature ofZ5@ll gested that peak 3 was a caffeic acid derivati¥ga{ 325),
other conditions were as for HPLC analyses, except that flow rate was whereas peak 4 was @coumaric acid conjugatélfax 309).
set at 0.33 mL/min. The evolution of these four peaks during the examination

Statistics. Chromatographic analyses were carried out in duplicate. period was not affected in the same fashion, and the storage
All other analyses were p_erf_ormed at Ieastintripligate. \_/alues reported atmosphere was proven to play a crucial role in this regard
are meang: standard deviation (SD). For all statistics, Microsoft Excel (Figure 3). Peak 1 exhibited a declining trend after an initial
was employed. increase under CObut its content under air showed a constant

increasing tendency. Peaks 2 and 4 appeared to be affected in
RESULTS AND DISCUSSION the same manner, giving very large increases in the first 24 h

As a first approach for the investigation of possible changes and maintaining higher levels under €@n the other hand,
that may be induced in olive polyphenolic metabolism under peak 3 showed intense fluctuations under,@@hout a constant
CO, atmosphere, the total polyphenol content was monitored trend, but its content increased significantly at the end of the
throughout treatments using the Feti@iocalteu reagent. In  treatment. For the sample stored under air, peak 3 increased
Figure 1, it can be seen that olives stored under,@&@duced constantly up to the ninth day, but declined considerably
larger amounts of phenolics, while the content of total phenols thereafter.
remained higher in olives under GGompared with those stored To obtain some additional information on the nature of these
under air during the whole period of storage. Additional components, liquid chromatochraphglectrospray ionization
examination included more detailed insight into the polyphenolic mass spectrometry was carried out. Peak 1 gave two ions of
composition employing HPLC. The chromatogram at 280 nm n/z 185 and 163, whereas no molecular ion was observed, even
corresponding to the sample just after harvesting indicated under mild ionization conditiong={gure 4). The ion withm/z
that the predominant constituent was a peak accompanied by al63 is a characteristic fragment of glucose elimination, while
minor one, eluted at approximately 4 and 6 min, respectively the ion with m/z 185 was ascribed to an adduct of the
(Figure 2, D0). Their UV spectra were very similar with  hydroxytyrosyl fragment with methanol [M 163+ H + 32]*.
correspondindmaxat 276 and 278 nm. The analysis of samples Thus this compound was identified as the glucoside of hy-
obtained after 6 days, however, showed a pronounced increasealroxytyrosol, in accordance with previous observatioh8).



Effect of CO, on Olive Polyphenols

J. Agric. Food Chem., Vol. 54, No. 6, 2006 2215

C15H1708‘ COOCH; .
325.092 o CoHLO CoH,0,
IS LT 147.045
I 309.097
HO. o
HsC
HO.
€10
CeHi 05 100
163.061 «a
8 = A
=
w3t
@y 18I s
§ (1]
© &4 =
: A ::
@ 4
® 54
= s 6250 2 ¥ | s520
£ &
[y Q@ 20
- o Xss
« 0 1Lsngsﬂ | 3 3913 403 15530
o T N 1l 2450 LS haih v 5122 €7 2
8 3y
[} 248 3
] o 2 = B
1640 29 a2 s o)
L a2 72 y =
Ell. S RATA TS ot B W i T) Wibrse T P04 l S«
-
miz CI-
i E s29
-
2
10 sS40
1970 310 0 —
24302909 "33 401D 4169 g 525 | l5250 sua
. o 1
158 am 280 30 xE0 400 is0 S0 50 600

m/z

Figure 7. Mass spectrum of peak 4. Spectra A and B were obtained
with 20 and 80 eV collision energy, respectively.

Relative ahundance

780
6O

33 013 e |BT s qpy 550 these results, peak 3 was assigned to verbascoside. This is in

agreement with ion collision-induced dissociation fragmentation
of this componentX7). Peak 4 showed a molecular ionnatz

miz 551, while ions withm/z309 and 147 were observed, mainly
Figure 6. Mass spectrum of peak 3. Spectra A and B were obtained under stronger ionization conditions, where an adduct with Na
with 20 and 80 eV collision energy, respectively. (m/z573) was also seen. As illustrated figure 7, the ion

with m/z 147 clearly indicates the elimination of a coumaroyl

Peak 2 gave a predominant ionnatz409, but the ion wittm/z unit, while the ion withm/z 309 may represent a secoiridoid
431 was also observed, especially under more drastic ionizationresidue. Therefore, this peak was tentatively assigned as the
conditions (Figure 5). The ion withm/z 229, along withm/z coumaroyl derivative of the oleoside methyl ester, ibotalactone
247, indicated the formation of a fragment ion giving adducts A methyl ester.
with one and two molecules of water, respectively. These data Traditionally, optimal conditions for modified atmosphere
are consistent with the structure of the demethylated form of (MA) storage have been selected on the basis of achieving
ligstroside aglyconeRigure 5). In this case, the principal peak maximum extension of postharvest life. However, postharvest
is an adduct of the compound with acetic acid M50+ H]*. storage under MA may have a prominent influence on several
Upon cleavage at the ester bond, which is thermodynamically parameters related with plant food quality, including alterations
the weakest bond of the molecule, there is the formation of the in flavor, color, browning, and health-promoting properti8s (
ion m/z 211, which is better manifested upon enhanced 18). The postharvest storage of olives and its effects have been
ionization (Figure 5B). Under these conditions the adduct of documented in relation to the quality of the oil producié-{
this ion with water is more pronounced, but milder ionization 21). Nevertheless, postharvest treatments for optimization of
(Figure 5A) yields the adduct with two water molecules/¢ storability of table olives and improvement of their quality have
247) and the predominamh/z 431, which is ascribed to an  not been examined. The olive fruit contains a wide spectrum
adduct with acetic acid and NgM + 60 + 23]*. Peak 3 of secondary polyphenolic metabolite®2(23), which possess
exhibited a molecular ion an/z 625, and the fragmentation  Vvarious functional effects4( 24). Therefore, their profile and
pattern suggested the detachment of the rhamnosyl grofmp ( content is of undisputed importance to the nutritional quality
163). This was confirmed by the ion at/z 479, which was of olives.
ascribed to an adduct of [M 163]" with water. Furthermore, In this study, the examination of storage of olives under a
the cleavege of a hydroxytyrosyl was hypothesized by the CO, atmosphere with respect to its impact on the secondary
existence oin/z325 [M — 137]" (Figure 6). On the basis of metabolism of phenolic compounds was attempted. The analyses

3 400 & <ag 0 o
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showed that C@promotes increased polyphenol biosynthesis, decomposition of bitter constituents, thus leading to olive
as manifested by the determination of total polyphenol content treatment with minimal environmental impact.

(Figure 1). Further, more detailed investigations with HPLC-

DAD of the polyphenolic composition revealed that initially ABBREVIATIONS

there is one predominant component, but storage either under
CGQO, orin air results in the prominent increase of at least another
three metabolitesHjgure 2). In accordance with the total
polyphenol determination, increases in the content of these
substances were more important under,it the pattern of
biosynthesis and turnover should not be overlooked, because
the profile might undergo significant changes within a few hours
(Figure 3).

The liquid chromatographymass spectrometry examination
provided some valuable information about the nature of the
components undergoing profound changes during storage. The
most abundant constituent was identified as the glucoside of
hydroxytyrosol, consistent with previous report82), ac-
companied by smaller amounts of the demethylated ligstroside
aglycone. Storage gave rise to extensive production of two

hydroxycinnamate derivatives, characterized as verbascoside and

ibotalactone A methyl ester, which are conjugates of caffeic
acid andp-coumaric acid, respectively. Ibotalactone A is known
to occur in theLigustrumgenus, which belongs to the Oleacea
family along with the olive tree25). Althoughp-coumarate
derivatives have been reported to occur in olive extraz®3, (
this is the first time that a structure is proposed. However, full
structural characterization of this compound remains to be
elucidated.

Rapid accumulation of phenolic metabolites in olives stored
under CQ and maintenance of higher levels of them compared
with those found in air-stored fruits, suggested that specific
biochemical routes are stimulated, leading to the formation of
these substances. In support of this assumption are studies on
other plant tissues that are able to produce structurally and
biosynthetically relevant phenolics. Elevated Of@as shown
to stimulate subtle increases in the levels of verbascoside,
p-coumaric acid, and caffeic acid in tissuegtdintago maritima
(26), and suspension cultures &anax ginsengroots ac-
cumulated high levels of phenolics, accompanied by a com-
mensurate increase in the levels of the enzymes implicated in
the relevant biosynthetic pathway, including phenylalanine
ammonia lyase (PAL) (27). In this instance, higher levels of
phenolics were associated with higher antioxidant activity.
Likewise, storage of cherimoya fruit under elevated,(ZD%)
resulted in enhanced phenolic content, but PAL activity was
not influenced (28). Field-grown strawberries under elevated
CO, produced increased levels pfcoumaric acid glucoside
but also flavonol glycosides and anthocyanins, which were
correlated with high antioxidant activity (29).

Several studies indicate that, in general, modified atmospheres
containing high levels of CPact in a stimulatory manner in
relation to PAL activity but also to other enzymes of the
phenylpropanoid pathway (30). In the study presented herein,
it was demonstrated that an atmosphere entirely composed of
CO, may cause very important alteration in the phenolic
composition of freshly harvested olives, and this finding could
be very critical with regard to manipulating the content of olives
in potent bioactive phytochemicals. To the extent that these
phenomena are confirmed for olives of different cultivars and
maturation stages, the results may be directly applicable for the
establishment of novel technologies that will aim at improving
of the nutritional status of olives and presumably olive oil.
Furthermore, the outcome of this study might be of value for
the implementation of processes that would enable natural

GAE, gallic acid equivalents; MA, modified atmosphere;

PAL, phenylalanine ammonia lyase; TP, total polyphenols; SD,
standard deviation.
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