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Pigment-Lipoprotein Complexes in Table Olives (Cv. Gordal)
with Green Staining Alteration
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In table olives showing the green staining alteration, extracts of pigment—lipoprotein complexes were
obtained from the zone altered and the rest of the fruit. In the altered zone of the olive, the surrounding
components of pigments were affected, with the degeneration of proteins and phospholipids forming
the pigment—lipoprotein complexes. There was also less interaction between the pigments and the
membrane lipids. These results suggested a greater loss of cell integrity in the green-stained zone
of the fruit, allowing the migration and local accumulation of Cu-metallochlorophyll complexes,
macroscopically visible as the form of green staining alteration.
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INTRODUCTION alteration has a greater degree of cell deterioration than the rest

The Gordal variety table olive is affected by green staining, of th_e_fruit (5_). Chlorophylls _and carotenoids are localized in
seen as small green spots distributed over the surface of then€ lipid matrix of the thylakoid membranes of the chloroplast,
processed fruit. This pigmentary problem has not been described®™MiNg pigment-protein macromolecular complexes. Fre-
in any other product of vegetable origin. Consequently, it is a duently, and particularly in the case of the lipoproteins that
specific research matter with no antecedent bibliography. The Solubilize carotenoids, these complexes include phospholipids,
present authors have been working on the topic for several yearslthough such associations and the types of interaction have
The studies carried out to date have established that during the°t Peen thoroughly studied. In carotenolipoprotein complexes
currently used process for the lactic fermentation of Gordal from sea buckthorn fruits the polar lipids included 61%
variety olives, there is a shift in the typical pattern of chlorophyll Phospholipids (6). _ _
transformation in a fermented vegetable because, besides 1he aim of the work was to elucidate if the greater cell
pheophytins, pheophorbides, and their respective pyroderiva-degrad"’,‘“on observeql py electror) microscopy in the fruit zone
tives, the allomerized compounds 15-glyoxylic acid pheophytins Presenting green staining alteration affected the link between
a andb, 15-formylpheophytira, and 15-hydroxylactone pheo- the_ plgment—hpoprote_ln complexes and t_helr_llpld (_anwronment.
phytinsa and b are originated ). It has become known that This study was carried out by comparing in frurr a_lffected by
the pigments responsible for the characteristic color of the greenth® alteration the nature and extractability of pigmeigtopro-
staining alteration are copper complexes of certain oxidized €in complexes both in the affected zone and in the rest of the
chlorophyll derivatives and of pheophytins and pyropheophytins fruit.
(2, 3). The copper involved in this alteration has been shown
not to have an external origin but to come from the fruit itself MATERIALS AND METHODS
(2), and it has been suggested recently that the fruit pectins might Raw Material. The study was carried out in samples of Gordal
act as reservoirs of this Cu (4). Because metallochlorophyll variety table olives Qlea europaea regal)sshowing green staining
complexes are also present in the fruit zone not showing greenalteration. The zone with green staining and the remaining zone (the
staining, these compounds alone are not sufficient cause for thezone without green staining) of the fruits were analyzed separately.
alteration to appear (5). Samples_were supplied by_the |ndustry. .

Earlier electron microscopy studies carried out in olives with __ S2MPling. Samples of olives with green staining came from three

L . . different harvests. For each harvest, the industry supplied 10 kg of
green staining have shown that the fruit zone presenting altered olives. Analyses were performed in quadruplicate from a

. . ] ) homogenate of 100 g of plant material from the zone with green staining
e_m;?)geisggggg%i%:tggg.(telephoH84 954691054, fax-34 954691262; or the zone without green staining.

TInstituto de la Grasa (CSIC). Extraction of Pigment—Lipoprotein Complexes. This was per-

8 Universidad del Pais Vasco. formed according to the method of Milicua et al. (7) adapted for the
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olive. Fivg grams of sample (z_one \_Nith green staining or zone without Taple 1. Some Characteristics of Pigment-Lipoprotein Complexes

green staining) was homogenized in 25 mL 6fHn an Ultra-Turrax — Extracted from the Zone with Green Staining (GS) and from the Zone
at 4°C. The homogenate was adjusted to 5% of Triton X-10040H  yjithout Green Staining of Table Olives with Green Staining Alteration?
and extracted with overnight stirring in a cold-storage room,°&t, 4

under subdued light. The extract was filtered through four layers of zone with GS zone without GS
gauze, and the filtrate was centrifuged at 5000930 mip at 4°C. _ proteins (mg/mL) 0.66+0.05 068+ 005
The pellet was re-extracted once with 25 mL of 5% Triton X-100 in phospholipids (mM) 0.15 + 0.02 0.23 + 0.01
H2O until no more color was recovered and then kept-a0 °C for molecular weight (kDa)

additional extraction of pigments with an organic solvent. The band 1 353+3.1 317+11
supernatants were pooled, 1.5 g of diatomaceous earth was added to band 2 514 +3.8 460 £5.1

remove the lipid fraction, which was not solubilized in the extraction
buffer, and the mixture was centrifuged under the same conditions. 2 Data represent mean and confidence interval for 12 determinations, p < 0.05%.
The extract was passed through a 13 cm column of diatomaceous
earth to eliminate residual lipids. The pigmetipoprotein extract was
dialyzed for 2 weeks against 1 L of,8 to remove the detergent. The
water was changed daily. The dialysate was used for the analysis of
pigments, proteins, and phospholipids.

Determination of Protein and Phospholipid Concentration.The
protein concentration of the pigmetitpoprotein complex was obtained Analysis of Lipoproteins. No significant variations were
according to the method of Lowry et a)(using bovine serum albumin  found between the two samples (zone with or without green
(BSA) as standard. Phospholipid concentration was determined ac’staining) regarding the amount of proteiriEable 1). This
Cord'n.g to,the method of Boticher e,t ag)( ) ) indicated that, quantitatively, the peptidic fraction of the

Estimation of the Molecular Weight of the Lipoproteins by pigment—lipoprotein complex remained constant during the
Gradient Polyacrylamide Gel Electrophoresis Estimation was made process leading to green staining. There were, however, differ-

by electrophoresis on an acrylamide gradiert28%) plate 10). The . L
gradient was performed with a Bio-Rad gradient maker, using 0.09 M ences in the amounts of phospholipids: the complexes extracted

Tris, 0.003 M EDTA, and 0.08 M boric acid, pH 8.3, adjusted with 1T0M the zone without green staining contained 1.6-fold more

solid boric acid (TBE). The staking gel was 4% acrylamide in TBE. Phospholipids than the complexes from the zone with green

Samples were concentrated 10 times, andul5of concentrated staining. The amphoteric capacity of the phospholipids enables

lipoprotein was placed on the electrophoresis gel. Samples of thyro- the stabilization of peptides within a lipid matrix. With the

globulin (669000), ferritin (440000), catalase (232000), lactate dehy- complexes isolated from the green-stained and unaffected zones

drogenase (140000), and BSA (67000) were used as standards. Théraving similar peptide contents, the differences in phospholipid

polyacrylamide gels were silver stained using Bio-Rad silver reagents content must correspond to polarity requirements, depending

?fl;hif?assl oftthehphotqctﬁmlcaltm_ethod de]fcnged ?}’ MEI’II’I| ithall on the lipid environment in which the lipoprotein is found. Thus,

. After electrophoresis, the proteins were fixed on the gel with a o : ;

solution of methanol (50% v/v) and acetic acid (10% v/v) for 20 min. the'g.reatgr phosphollpld content fpund In.the zone without green

staining indicated that the protein required large amounts of

The gel was then washed three times for 10 min with deionized water. th ds t in stable in th b S
The silver reagent, prepared by mixing three commercial solutions— 11€S€ COMPoOUNds 1o remain stable in the membrane, signifying

image developer, silver complex solution, and moderate reducing Strongly apolar membrane conditions and, therefore, only a small
solution, each of 5%—with an equal volume of 5% (w/v) developing degree of hydrolytic or oxidative alteration. In contrast, in the
accelerator reagent, was added. The mixture was left to act until the case of the pigmentlipoprotein complexes in the green-stained
bands were well stained, and then the reaction was halted with a 5%zone, the lower content in phospholipids indicated a lesser
acetic acid solution. requirement of these compounds for stabilizing the complex in

Pigment Analysis. Analysis of the protein-linked pigments was the membrane. This suggested conditions of greater polarity in
performed by injecting 5Q:L of the Triton X-100 extracts directly ~ the environment of the lipoprotein complexes, directly related
into the HPLC. For the analysis of the pigments remaining in the pellet, with a greater hydrolytic or oxidative type deterioration of the
it was necessary to extract them first withN-dimethylformamide membrane lipids. The pigmentipoprotein complex of the
(NNDMF) according to the method described in a previous wa&.( green-stained zone being more weakly linked to the membrane,
The technique is based on the. selective ;eparatlon .of <:om.ponent§t was more readily liberated and exposed to the external
between NNDMF and hexane. This system yields a solution of pigments X S . .

medium, enabling interaction with other cell components. Hence,

free from the fatty matter that is characteristic of these fruits and which followi he lactic f . in the oli h
interferes with subsequent separation and quantification of pigments. ollowing the lactic fermentation process In the olives, there

All pigments were separated, identified, and quantified using reversed Was & greater cell degradation in the fruit zones with green
phase HPLC, following the methodology described by Minguez et al. Staining than in the other zones.
(13). The metallochlorophyll complexes of copper were identified as ~ When the extracts of pigment—lipoprotein complexes were
described in detail in a previous papédf. Pigments were detected  subjected to gradient polyacrylamide electrophoresis, two bands
by absorbance at 410, 430, 450, and 666 nm before quantification. ~separated in each case, with different molecular weights for each
Test for the Pigment—Protein Link. Two milliliters of the sample (Table 1). The two bands of the sample for the
pigment—protein extract was treated with 10 mL of diethyl ether in a alteration-affected zone were of higher molecular weight than
test tube. Three milliliters of acetone was added, and the mixture was the Correspond|ng bands Separated |n the Contro| Sample The
inverted several times and left to settle until complete phase separation.exmanation for such differences was the formation of larger
The ether layer became colored and the aqueous one, colorless. aggregations of the peptides making up the pigmépoprotein
Apparatus. Equipment included the following: an Ultra-Turrax complexes in the green-stained zone, due to an increase in
model T-25 polytron homogenizer (Janke Kunker, IKA-Laboratechnik), o ironmental polarity as a result of alteration of the membrane

a Kontron centrifuge model Centrikon T-124, (Kontron Instruments, and due to its reduced capacity of retention of the pigment
Milano, Italy), a Hoefer electrophoresis apparatus (Pharmacia Biotech . . pacity P9
lipoprotein complex.

AB, San Francisco, CA), a Bio-Rad gradient maker (Hercules, CA), a X - )
source of voltage (Pharmacia Biotech), a Biichi rotavapor model R 110  Analysis of Pigments. In the present study, pigments
(Laboratoriums-technik AG, Switzerland), an HP-1100 Hewlett-Packard previously identified ) as typical of olives with green staining
(Palo Alto, CA) liquid chromatograph fitted with an HP-1100 automatic were found. However, minor chlorophyll and carotenoid pig-

injector and an HP-1100 diode array detector, and a Hewlett-Packard
8452A UV—visible spectrophotometer.

RESULTS AND DISCUSSION
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Figure 1. Electronic absorption spectra of the total extract of pigment— 1 | | | |
lipoprotein complexes obtained from the zone with green staining and 15-glyoxylic acid p ins & and b Pheop aand b, Pyropheophorbide &
the zone without green staining of table olives with green staining alteration. | | | | | |
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derivatives monitored were the Mg-free derivatives (pheophytins
aandb, pyropheophyting andb, 15-glyoxylic acid pheophytins

a andb, 15-formylpheophytira, pheophorbidea andb, and [ ]Piament acton exvacted wi o Tron X100, 5%
pyropheophorbide) and the metallochlorophyll complexes of [ ]rament action extacted v o
copper (Cu—pheophytira, Cu—pyropheophytina, Cu—15-
glyoxylic acid pheophyting andb, and Cu—15-formylpheo-
phytin a). The main pigments in the carotenoid fraction wer
p-carotene and lutein.

In the analysis of pigments, those that had been extracted
linked to proteins, as pigment—lipoprotein complexes, were
differentiated from those extracted as the free form from the
pellet remaining after extraction of the complexes. The pigment
extracts used in the earlier studies of green staining alteration
(3, 4) were obtained with an organic solvent, which breaks the
pigment—protein link. To obtain extracts of olive pigments in

Parcentage

Figure 2. Percentage of each pigment extracted with Triton X-100 (as

e pigment-lipoprotein complex) or with NNDMF (as free pigment). The zones
with and without green staining (GS) of table olives with green staining
alteration were analyzed separately.

that the pigment—lipoprotein link had broken and the liberated
pigments had transferred to the ether phase, ready for their
analysis.

Figure 2 compares the percentage of each pigment extracted
with Triton X-100 (as pigment—Ilipoprotein complex), or with
NNDMF (as free pigment); the zone with green staining and
"the rest of the fruit not showing the alteration were analyzed
separately. In general, it could be observed that as the pigments
became more polar, they were extracted in higher proportion

aqueous system that would not destroy the pigmépbprotein
complex and which also had to include a detergent to weaken

the interaction of the pigmgnts with the lipids of the thylakgid with the aqueous system. Nevertheless, comparison of results
membranes. The use of Triton X-100 in water was appropriate, obtained in the two different zones in the same fruit confirmed

altlhough pig(;nent extraction \;vas not total. Cc;n?]equ_ently, the {hat the recovery of all the pigments as pigmeligoprotein
colored residue remaining after extraction of the pigment complexes was greater from the zone with green staining than
lipoprotein complexes_ had to _be later treated with an organic from that without it. This result corroborated the assumption
solvent, NNDMF, until the residue was completely colorless. ot i the altered zone of the olive there was less interaction

The use of the organic soIvent cleaved the pIgmﬂpbproIeIn between the pigments and the membrane lipids, which would
bond but enabled extraction, for the analysis of the pigments, o 5 consequence of the greater loss of cell integrity found after
of the remaining compounds not collected with the aqueous the analysis of phospholipids.
system, which were more clos.ely linked to the Iipid matrix. In It was also noteworthy that the Cu-chlorophyll derivatives
this way, two pigment frqctlong were .obtamed for each were extracted mainly as pigmetitpoprotein complexes with
sample: one extracted as pigmefipoprotein complexes and ¢ getergent in both samples, that is, in both the green-stained
the other directly as free pigments. zone and the zone without staining. This result indicated that
Under equalized Conditions, the electron absorption Spectrumthe Cu-ch|0r0phyH—|ipopr0tein Comp|ex formation was due to
obtained by measuring the total extract of pigmeligoprotein a minimal or null interaction between the membrane lipids and
complexes of the green-stained zone of the olig\re 1) the pigment—lipoprotein complexes in the fruits, favoring the
showed greater absorption in the visible region than that of the insertion of Cu ion into the Ch|or0phy-|-||ipopr0tein Comp|exl
unaltered zone. Given that the absorption is due to the presencey|| of these results coincided with and supported the hypothesis
of pigments in the complexes, there was always a greaterof an earlier work %) based on electron microscopy studies
recovery of pigments as pigmeritpoprotein complexes inthe  carried out in olives with green staining. This established that
altered zone of the olive. This indicates a greater extractabi”ty for the appearance of the anomalous green color in the Gordal
and thus a lower retention of these complexes by the membraneojive, there would have to be a weakening of the interaction
The link between pigments and protein was verified using between membrane lipid and pigment. However, it did not
one of the surest tests to confirm such interactids) 16). When justify the visualization of the green staining only in certain
the green aqueous solution was treated with ethyl ether, nozones of the fruits. The higher cell deterioration found in the
change was observed in the color of the different phases, green staining zone of the fruit could be responsible of the Cu-
whereas on subsequent addition of acetone to the system, thehlorophyll—lipoprotein complex migration and accumulation
situation changed: the green color passed to the organic phasen a lipid inclusion within the olive, with the result of the green
leaving the aqueous phase completely colorless. This indicatedstaining visualization.



Pigment-Lipoprotein Complexes in Olives

Hence, the green staining of the Gordal olive was the final

consequence of an alteration in the fruits that originates long
before the anomalous color becomes visible in the processed

olive. The pigments were not the only compounds of the fruit
that were involved-the surrounding molecular environment was

also affected, with the degeneration of other components, such

as the proteins and phospholipids forming the pigment

lipoprotein complexes. The mechanisms taking part in the
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