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The present research aimed to evaluate whether Picual virgin olive oil triterpenic compounds are
affected by the addition of variable quantities of stones and leaves before processing or by fruit resting
on the ground during 3 months. Results showed that stone addition did not influence triterpenic
dialcohol content (uvaol and erythrodiol), whereas triterpenic acids (oleanolic and maslinic) increased
significantly when 20 and 30% stones were added. Leaves added at 2% increased significantly
oleanolic acid, maslinic acid, and erythrodiol content by 83, 41, and 36%, respectively. During fruit
resting on the ground, olive oils showed no differences in uvaol content, a slight increase in
erythrodiol, and a gradual increase in both oleanolic and maslinic acids, obtaining at the end of the
experiment contents nearly 10- and 3-fold higher than control oils. These results confirm that olive oil
triterpenic composition is modified by the factors analyzed.
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INTRODUCTION

Triterpenoids are natural compounds that are widely distrib-
uted throughout the plant kingdom, Olea europaea L. included.
These natural compounds have long been used for medicinal
purposes in many Asian countries (/) and even now are still
showing attractive interests due to their multiple biological
properties (2—6). Oleanolic, ursolic, and maslinic acids as well
asuvaol and erythrodiol dialcohols constitute the most abundant
triterpenes in O. europaea L. These compounds are mainly
located in the skin of olive fruit (7, 8), although their presence
in olive stone has also been reported (9, 10). Therefore, during the
virgin olive oil extraction process, these compounds are partially
transferred to the oily phase but in only minor amounts (/1)
compared to olive pomace oil, in which higher levels are
found (12, 13). Nevertheless, according to EU regulation (/4),
pomace oil cannot be consumed directly and needs to be refined,
thus removing the triterpenoids (12, 13).

Given the important health properties of these compounds and
their unique presence in virgin olive oil, research on factors that
improve their content is essential. In previous papers, we have
reported that virgin olive oil triterpenic concentration is cultivar
dependent (/7) and that, according to the olive cultivar, triterpe-
nic content may be improved by regulating some variables of the
extraction process (15). The great influence of olive cultivar may
be attributed in part to fruit characteristics such as size and flesh/
stone ratio because skin and stone constitute the main sources of
these compounds. Furthermore, fruits picked from the tree can
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include variable amounts of leaves and small twigs that are
crushed with olives, raising the in virgin olive oil green color
and volatile content (/6). Virgin olive oil triterpenic content may
be also changed because of the abundance of these compounds in
olive leaf (17—22).

On the other hand, olive fruits can fall on the ground and
remain there for variable periods of time until harvesting, giving
poor-quality oils. It has been reported that the triterpenic content
increases as the quality of the oil decreases (12, 23); however, there
are no available data about changes on triterpenes during olive
fruit resting on the ground.

The present study was undertaken (i) to investigate whether the
addition of stones and leaves before the crushing step influences
virgin olive oil triterpenic content and (ii) to study the effect of
fruit resting on the ground on the final olive oil triterpenic
content. All experiments were performed on the Picual cultivar,
which is most widely cultivated in Spain.

MATERIALS AND METHODS

Plant Material. Three olive trees of the Picual cultivar (O. europaea, L.),
25 years old, were selected on the basis of uniformity and yield index
(between 3 and 4). The trees were spaced 7 x 7 m and grown in the
experimental orchard of Centro IFAPA “Venta del Llano’- Mengibar, Jaen
(Spain), using standard growing techniques. The study was carried out
during the 2007/2008 crop year.

For the first part of the study, 25 kg of fruits were harvested from the
pool of trees by hand at ripening index 3, according to the fruit classifica-
tion based on skin and flesh color described in the ripening index
method (24). Olive leaves were also collected by hand at the same time
from the olive trees studied.
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For the second part of the study, the ground under the selected olive
trees was previously cleaned of old leaves and fallen olives, and then olive
fruits were dropped by mechanical shaker, ensuring that no fruits
remained on the tree canopy. For this experiment, each olive tree was
considered to be an elemental unit.

Experimental Procedure. For the first experiment, olive stones were
removed from the flesh manually using a depitting machine. Stones were
subsequently washed thoroughly under water, dried between sheets of
filter paper, and finally incorporated to olive fruits at 20 and 30% by fresh
olive weight to include the variability of pulp/stone ratio described for
Picual fruits. Olive leaves were washed with water and dried between sheets
of filter paper. Leaves were then added to olive fruits at a proportion of
1 or 2% by fresh olive weight (16).

For the study of fruit resting on the ground, olives were collected at
biweekly intervals, by hand, and immediately processed for oil extraction.
Samples harvested from the trees for the other experiments were used as
control. The operation was repeated six times.

Olive Oil Extraction. Oil extraction was performed using an Abencor
laboratory oil mill (Abengoa, Seville). The fruits were crushed in a hammer
mill, and the olive paste was kneaded for 30 min at 28 °C and then
centrifuged for 1 min at 3500 rpm. The oily must was left for decantation
and then filtered. Oils were stored at —20 °C until analysis.

Determination of Quality Indices. Free acidity, peroxide values,
absorption at 232 and 270 nm (Ky3, and K>7), and the sum of uvaol and
erythrodiol were measured following the analytical methods described in
European Regulation EEC 2568/91 (14). Free acidity was expressed as
percent of oleic acid, peroxide values were expressed as milliequivalents of
active oxygen per kilogram of oil (mequiv of O,/kg); K>3, and K> extinction
coefficients were calculated from absorption at 232 and 270 nm, respectively;
and the sum of erythrodiol and uvaol was expressed as percent of total sterols.

Determination of Triterpenic Dialcohols. The analysis of uvaol and
erythrodiol was performed according to EU Regulation 2568/91 (14) for the
determination of sterols in olive oil. The oil sample was saponified with
ethanolic potassium hydroxide solution. The unsaponifiable fraction was
removed with ethyl ether, and the sterol fraction was separated by silica gel
plate chromatography. Separation and quantification of silylated sterol were
performed on a Helwett-Packard instrument model 6890 gas chromatograph,
equipped with a HP-5 capillary column (25 m, 0.25 mm i.d., 0.25 um of
thickness). The working conditions were as follows: oven temperature,
260 °C; injector temperature, 305 °C; split/splitless; FID detector tempera-
ture, 330 °C. The injected volume was 1 uL at a flow rate 1 mL/min, using
helium as carrier gas. For quantification, betulin was used as internal
standard. The same response factor was considered for both triterpenic
dialcohols uvaol and erythrodiol. For each oil sample, analyses were
performed in duplicate and results were expressed as milligrams per kilogram.

Determination of Triterpenic Acids. The acidic fraction was isolated
by solid phase extraction using bonded aminopropyl cartridges, and
betulinic acid was added as internal standard according to the method
described by Pérez-Camino and Cert (12). Then, the extract was evapo-
rated, silylated, and analyzed by gas chromatography. The chromato-
graphic analysis was performed using a Perkin-Elmer gas chromatograph,
Autosystem model, fitted with a flame ionization detector and a split
injection system (split ratio 1:0.25). Separation was carried out on a HP-5
capillary column (30 m, 0.32 mm i.d, 0.25 um of thickness). The operating
conditions were as follows: oven temperature, 260 °C for 5 min and then
increased at 4 °C/min to 320 °C; injector and detector temperature, 320 °C.
Helium was used as carrier gas at a column head pressure of 25 psi.
Triterpenic acids were quantified by assuming the same response factor for
all triterpenes. For each oil sample, analyses were performed in duplicate
and results were expressed as milligrams per kilogram of betulinic acid.

Statistical Analysis. Results are expressed as mean values + standard
error (SE). A general variance analysis (ANOVA) was carried out on all
data. A two-sided Dunnett’s multiple-comparison test was then performed
to establish differences between treatments and their respective control
(p = 0.05). These statistical analyses were performed using the program
Statistix, version 8.0.

RESULTS AND DISCUSSION

Addition of olive stones and leaves to olive fruits prior to the
crushing step did not affect the oil quality parameters. All of the
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Figure 1. Effect of stone addition (%) on the triterpenic compounds of
Picual virgin olive oil. OA, oleanolic acid; MA, maslinic acid; Uv, uvaol; Er,
erythrodiol. « denotes significant differences versus control for each
compound (p < 0.05).
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Figure 2. Effect of leaf addition (%) on the triterpenic compounds of Picual
virgin olive oil. OA, oleanolic acid; MA, maslinic acid; Uv, uvaol; Er,
erythrodiol. *« denotes significant differences versus control for each
compound (p < 0.05).

oils fit within the “extra virgin” category (acidity < 0.8%;
peroxide values < 20 mequiv of O,/kg; Ky < 0.22; Ky35 <
2.5), as stated by EU Regulation 2568/91 (/4) (data not shown).
Moreover, the sum of erythrodiol and uvaol, expressed as sum of
percent of total sterols, was checked, showing values below the
upper limit of 4.5% set for the extra virgin olive oil category (/4).

However, the addition of olive stones and leaves produced
changes in oil triterpenic content. By adding 20 and 30% olive
stones, no significant changes were obtained for dialcoholic
triterpenes when compared with control (Figure 1). Studies about
the triterpenic dialcoholic fraction of Greek cultivars have
reported that olive stone oil contains lower amounts of erythro-
diol and uvaol than those from flesh and skin (25). Furthermore,
in a study performed in seven Italian olive cultivars, uvaol was not
detected in oil seed, whereas erythrodiol was found in smaller
quantities in comparison with oil from whole fruits (10). All of
these data indicate that olive stone contains negligible quantities
of uvaol and small amounts of erythrodiol, in agreement with our
results. Although not significant, erythrodiol content showed a
slight increase, approximately 10% higher than control, when
stones were incorporated at 30%.

Stone addition gave an increase in virgin olive oil triterpenic
acids (Figure 1). When 20 and 30% were included, oleanolic acid
rose by 42.5 and 48.3%, respectively. Maslinic acid increased
significantly by 36.8% for the highest stone proportion. At20% a
rise was observed, too (24.4%), although it was not significant. In
any case, oleanolic acid was transferred more easily than maslinic
acid. These findings are in accordance with those reported in the
literature as oleanolic acid was found to be the major triterpenic
acid in fresh olive husks (9, 26).
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Table 1. Seasonal Changes in Oil Quality Parameters during Picual Fruit Resting on the Ground®

acidity (% of oleic acid) peroxide values (mequiv of Oo/kg) Ka3o (nm) Ka70 (nm) % uvaol + erythrodiol
control 0.35+0.03 6.23+ 0.32 1.404+0.05 0.144+0.00 1.42+0.14
15 days 0.34 +0.01 7.45+1.07 1.51 +£0.04 0.12+0.01 1.20 £ 0.06
30 days 0.394+0.03 8.524+0.35 1.55+0.02 0.1240.00 1.14+£0.07
45 days 0.66 4-0.06 8.554 0.78 1.49 +0.02 0.1240.02 1.32 +0.06
60 days 0.98+0.05 9.06+0.96 1.50 £0.01 0.13+0.00 1.3440.08
75 days 1.20+0.08 10.33+0.57 1.50 £0.01 0.1240.00 1.40 £0.04
90 days 2.01+0.14 10.29 4-0.38 1.43+0.01 0.124+0.01 1.32 +0.06

@Mean values =+ standard error (SE).

With regard to leaf addition, 1% of olive leaves did not
produce significant changes in triterpene content compared to
reference oil, although there was a trend to increase for both
oleanolic acid and erythrodiol. However, when leaves were
incorporated at 2%, significant increases (p < 0.05) in oleanolic
acid, maslinic acid, and erythrodiol content were obtained,
whereas only a slight rise was observed for uvaol (Figure 2).
Picual leaf was reported to contain 4.71 mg/kg (dry weight)
triterpenic acids (/9) and 837 mg/kg dialcohols (20). Among the
triterpenic acids, oleanolic acid was found to be the most
abundant (content more than twice that of maslinic acid),
whereas for triterpenic dialcohols, uvaol content was greater than
that of erythrodiol. In this study, both acids and dialcohols
increased their contents for higher leaf percent. Oleanolic acid
rise was the most pronounced, being nearly 6-fold higher than
control oil, followed by maslinic acid and erythrodiol
(respectively, 1.7- and 1.6-fold higher) (Figure 2). These results
confirm the high concentration of oleanolic acid in Picual
leaves (19). Moreover, although uvaol content is higher than
erythrodiol content in olive leaf, no significant changes were
detected in the oils obtained. Ursolic acid was reported to be at
trace levels in both Picual virgin olive oil (/7) and leaf (19), which
may explain its absence in the oil samples studied.

In conclusion, our experimental results confirm that the addi-
tion of stones and leaves to olive fruits before the crushing step
enhances Picual virgin olive oil triterpenic content. Addition of
olive leaves was more significant than that of olive stones,
obtaining total triterpene contents of 55.40 & 4.18 and 33.39 +
1.13 mg/kg, respectively, compared to 26.44 + 2.36 mg/kg in
reference oil. Addition of small proportions of leaves can there-
fore be considered suitable to increase virgin olive oil triterpenic
content besides their ability to modify the oils’ sensorial char-
acteristics. Screening on leaf composition from different cultivars
must be conducted, and studies on the processing of other
cultivars should be done.

The second part of the study consisted of studying the effect of
olive fruit resting on the ground for 15, 30, 45, 60, 75, and 90 days
on oil triterpenic content. Seasonal changes in regulated oil
quality parameters are presented in Table 1. As can be seen, after
45 days and using only chemical determinations, the oils belonged
to the category “extra virgin” as established by European
Regulation EEC 2568/91 (14). Oils obtained after 60 and 75 days
were classified into the category “virgin” (free acidity < 2.0%
oleic acid; peroxide values < 20 mequiv of O,/kg; K>3, < 2.60;
K570 < 0.25). Finally, the oils obtained after 90 days were
classified as “lampant” (free acidity > 2.0% oleic acid). Table 2
shows the contents of oleanolic acid, maslinic acid, uvaol, and
erythrodiol for control oils and those obtained at different fruit
sampling dates. No changes were observed for uvaol content,
whereas a slight increase (22%) was observed for erythrodiol at
the end of the experiment. By contrast, both oleanolic and
maslinic acids were significantly affected by fruit resting on the
ground, showing higher contents as the harvesting date was

Table 2. Variation of Oleanolic Acid, Maslinic Acid, Uvaol, and Erythrodiol
Contents (Milligrams per Kilogram) of Picual Olive Oils during Fruit Resting on
the Ground?

oleanolic acid maslinic acid uvaol erythrodiol
control 3.41+£0.23 6.24 +0.74 5.06 + 0.57 11.73+£1.37
15days  10.51+0.61* 10.33+0.28" 4.34+0.28 12.90 £ 0.31
30 days 8.47 +0.94* 6.25 + 0.41 387+052  11.95+0.76
45days 2116 +1.75" 14.87 +0.78" 564+0.30  14.31+£0.62
60 days 2510+ 1.27" 14.28 +0.68* 495+049  14.10+£0.72
75days  28.98 +0.68" 14.31 £0.39*  556+0.11 14.40 £+ 0.21
90 days ~ 33.59 £ 0.94" 17.51+0.33" 487+029  15.00+0.62

@Mean values =+ standard error (SE). * denotes significant differences vs control
for each harvesting date (p < 0.05).

delayed. After 3 months, oleanolic acid was nearly 10-fold higher
than reference, whereas the maslinic acid increase was around
3-fold. Overall, these results indicate that fruit resting on the
ground increased Picual olive oil triterpenic fraction, achieving a
total content of 70.97 &+ 2.01 mg/kg compared to 26.44 + 2.36
mg/kg in control oil.

To the authors’ knowledge, there have been no studies to date
that have investigated the effect of fruit resting on the ground on
oil triterpenic content. However, some papers have reported that
higher amounts of triterpenes are related to poor-quality oils.
Paganuzzi (23) found that triterpenic dialcohol (uvaol and
erythrodiol) content increases as the oil conservation state wor-
sens, considering quality parameters. Furthermore, Pérez-Camino
and Cert (/2) have reported that triterpenic acid content increases
in oils with acidity > 1%, suggesting that hydrolytic processes
taking place in the olive fruit facilitate the liberation of these
compounds from the olive skin. In our experiment, we found that
acidity and triterpenic content increase according to fruit sampling
dates (Tables 1 and 2). Therefore, we suggest that the rise in
triterpenic content may be related to higher acidity values. To
confirm this hypothesis and because the oleanolic acid rise was the
most pronounced, we studied the relationship between them,
obtaining a correlation with an R* value of 0.9873.

Results obtained in this set of experiments point out that Picual
virgin olive oil triterpenic content can be changed by other factors
different from that of the extraction process as we recently
described (15). Addition of small proportions of stones and leaves
to olive fruits prior to processing and fruit resting on the ground
effectively improved Picual virgin olive oil triterpenic content.
Nevertheless, all of these factors can occur naturally. (i) As
previously reported, the great influence of olive cultivar on the
final virgin olive oil triterpenic content may be attributed in part
to fruit characteristics such as pulp/stone ratio that can be
changed in part by the growing conditions. Under drought
conditions, the pulp/stone ratio increases, thus increasing the
oil triterpenic content. (ii) Olive fruits picked either from the tree
or from the ground usually include some amount of olive leaves.
Noncomplete leaf removal before fruit processing is frequent,
giving oils with greater triterpenic content. (iii) Picual olive fruits
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are known to ripen early and to have a low resistance to
detachment, so a significant amount of the crop is frequently
collected from the ground. Consequently, although oil quality
decreases slightly, oil triterpenic content increases.

LITERATURE CITED

(1) Ovesna, Z.; Vachalkova, A.; Horvathova, K.; Tothova, D. Penta-
cyclic triterpenic acids: new chemoprotective compounds. Jdizge,
Bleaalaag 2004, 51, 327-333.

(2) Andrikopoulos, N. K.; Kaliora, A. C.; Assimopoulou, A. N.;
Papageorgiou, V. P. Inhibitory activity of minor polyphenolic and
nonpolyphenolic constituents of olive oil against in vitro low-density
lipoprotein oxidation. yudasheltaas 2002, 5, 1-7.

(3) Montilla, M. P.; Agil, A.; Navarro, M. C.; Jiménez, M. 1.; Garcia-
Granados, A.; Parra, A.; Cabo, M. M. Antioxidant activity of
maslinic acid, a triterpene derivative obtained from Olea europaea.
sicaldad. 2003, 69, 472-474.

(4) Mdrquez-Martin, A.; De la Puerta, R.; Fernandez-Arche, A.; Ruiz-
Gutiérrez, V.; Yaqoob, P. Modulation of cytokine secretion by
pentacyclic triterpenes from olive pomace oil in human mononuclear
cells. uialdug 2007, 36, 211-217.

(5) Emilia Juan, M.; Planas, J. M.; Ruiz-Gutierrez, V.; Daniel, H.;
Wenzel, U. Antiproliferative and apoptosis-inducing effects of
maslinic acid and oleanolic acid, two pentacyclic triterpenes from
olives, on HT-29 colon cancer cells. Br. J. Nutr. 2008, 26, 1-8.

(6) Martin, R.; Ibeas, E.; Carvalho-Tavares, J.; Herndndez, M.; Ruiz-
Gutierrez, V.; Nieto, M. L. Natural triterpenic diols promote
apoptosis in astrocytoma cells through ROS-mediated mitochon-
drial depolarization and JNK activation. Suateeihdel 2009, 4, 1-14.

(7) Frega, N.; Lercker, G. Lipid minor components of the olive drupe in
different steps of ripening. || N NN NN 195¢. 63, 393
398.

(8) Bianchi, G.; Murelli, C.; Vlahov, G. Surface waxes from olive fruits.
isesimusiatey 1992, 31, 3503-3506.

(9) Caputo, R.; Mangoni, L.; Monaco, P.; Previtera, L. Triterpenes in
husks of Olea europaea. iiiutaniintey 1974, 13, 1551-1552.

(10) Ranalli, A.; Pollastri, L.; Contento, S.; Di Loreto, G.; lannucci, E.;
Lucera, L.; Russi, F. Sterol and alcohol components of seed, pulp
and whole olive fruit oils. Their use to characterise olive fruit variety
by multivariates. piiinii. 2002, 52, 854-859.

(11) Allouche, Y.; Jiménez, A.; Uceda, M.; Aguilera, M. P.; Gaforio, J. J.;
Beltran, G. Triterpenic content and chemometric analysis of virgin
olive oils from forty olive cultivars. | N 2009, 57,
3604-3610.

(12) Pérez-Camino, M. C.; Cert, A. Quantitative determination of
hydroxy pentacyclic triterpene acids in vegetable oils. puiilists
Chem. 1999, 47, 1558-1562.

(13) Cafabate-Diaz, B.; Segura Carretero, A.; Ferndndez-Gutiérrez, A.;
Belmonte Vega, A.; Garrido Frenich, A.; Martinez Vidal, J. L.;

J. Agric. Food Chem., Vol. 57, No. 19,2009 9001

Duran Martos, J. Separation and determination of sterols in olive oil
by HPLC-MS. faaduiba- 2007, 102, 593-598.

(14) European Union Commission Regulation 2568/91. Characteristics
of olive and olive pomace oils and their analytical methods. Off.
J. Eur. Communities 1991, L.248, 1—82.

(15) Allouche, Y.; Jiménez, A.; Uceda, M.; Aguilera, M. P.; Gaforio, J.J.;
Beltran, G. Influence of olive paste preparation conditions on virgin
olive oil triterpenic compounds at laboratory-scale. Food Chem.
2009, doi: 10.1016/j.foodchem.2009.07.031.

(16) Di Giovacchino, L.; Sestili, S.; Di Vincenzo, D. Influence of olive
processing on virgin olive oil quality. || N R N NI 2002,
104, 587-601.

(17) Mussini, P.; Orsini, F.; Pelizzoni, F. Triterpenes in leaves of Olea
europaed. ity 1975, 14, 1135.

(18) Duquesnoy, E.; Castola, V.; Casanova, J. Triterpenes in the hexane
extract of leaves of Olea europaea L.: analysis using *C-NMR
spectroscopy. . 2007, 18, 347-353.

(19) Albi, T.; Guinda, A.; Lanzon, A. Procedimiento de obtencion y
determinacion de dcidos terpénicos de la hoja del olivo (Olea
europaca). (e 2001, 52, 275-278.

(20) Guinda, A.; Lanzdn, A.; Rios, J. J.; Albi, T. Aislamiento y
cuantificacion de los componentes de la hoja de olivo: extracto de
hexano. ussssbesiiey 2002, 53, 419-422.

(21) Sanchez-Avila, N.; Priego-Capote, F.; Luque de Castro, M. D.
Ultrasound-assisted extraction and silylation prior to gas chromato-
graphy—mass spectrometry for the characterization of the triterpe-
nic fraction in olive leaves. Il NEG—G—G—— 2007, /165, 158-165.

(22) Sanchez-Avila, N.; Priego-Capote, F.; Ruiz-Jiménez, J.; Luque de
Castro, M. D. Fast and selective determination of triterpenic
compounds in olive leaves by liquid-chromatography—tandem mass
spectrometry with multiple reaction monitoring after microwave-
assisted extraction. Zglautg 2009, 78, 40—48.

(23) Paganuzzi, V. Influence of origin and conservation state on the
triterpenic dialcohols relative content of untreated olive oils III:
pressed oils from Greece. Fette, Seifen, sadatialig. 2006, §4, 115-120.

(24) Uceda, M.; Frias, L. Harvest dates. Evolution of the fruit oil content,
oil composition and oil quality. In Proceedings Del Segundo Semi-
nario Oleicola International; COlL: Cordoba, Spain, 1975; pp 125—
128.

(25) Christopoulou, E.; Lazaraki, M.; Synouri, S.; Frangiscos, E. Influ-
ence of certain factors on the composition of olive-pomace oils. Part
II. Sterols, triterpenic dialcohols and aliphatic alcohols. Riv. Ital.
Sostanze Grasse 1996, 23, 201-211.

(26) Caglioti, L.; Cainelli, G.; Minutilli, F. Constitution of maslinic acid.

ldeliad. 1961, 43, 278.

Received June 19, 2009. Revised manuscript received August 5, 2009.
Accepted August 7,2009. This work has been supported by INIA Project
RTA 2008-00066-C03-01, financed by FEDER.



