Journal of Oleo Science

Copyright ©2014 by Japan Oil Chemists’ Society
doi : 10.5650/jos.ess13212

J. Oleo Sci. 63, (5) 485-496 (2014)

OLEO SCIENCE

Evolution of Fatty Alcohols in Olive QOils produced in
Calabria (Southern Italy) during Fruit Ripening
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Abstract: A study was conducted on olive oils extracted from olives collected in South West Calabria
(Southern Italy) over three harvest years 2010-2011-2012. Three autochthonous cultivars were considered:
Cassanese, Ottobratica and Sinopolese and seven allochtonous cultivars: Coratina, Itrana, Leccino,
Nocellara Messinese, Nociara, Pendolino and Picholine. Thin Layer Chromatography — Gas Chromatograph
(TLC-GC) technique permitted the separation and analysis of the fatty alcohol compounds. A general
decline in fatty alcohol content was found during the three months of sampling, most evident in hexacosanol.
Pendolino showed the greatest decline. A less evident decrease was measured in the odd chained fatty
alcohols, mainly in heptacosanol. Both harvest date and cultivar significantly influenced the fatty alcohol
content. This is the first report about the fatty alcohol variation during ripening in olive oil produced in

South West Calabria (Southern Italy).
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1 INTRODUCTION

Virgin olive oil is the most commonly-used oil or fat in
the Mediterranean basin and the global consumption of
this product is increasing. This use of olive oil in the Medi-
terranean is a consequence of its easy accessibility and es-
pecially its appreciable organoleptic characteristics. In ad-
dition, virgin olive oil has been proved to have beneficial
effects on human health for the prevention of cardiovascu-
lar diseases.

The Region of Calabria(Southern Italy) has an ancient
tradition with respect to olive oil production and many cul-
tivars are grown in this territory”.

Virgin olive oil is mainly composed of glycerides
(98-99%)and, for the remaining part, of minor compo-
nents such as sterols® 3>, waxes” 5>, sesquiterpene hydrocar-
bons” , phenolsFlO), squalenem. Some minor components
are also responsible of the flavour and aroma of the oil
such as volatile compounds (aldehydes, alcohols, ketones
and esters)'? which are influenced by extraction condi-
tions'” and by planting density of the olive trees'™. Fatty
alcohols (FALs), also known as aliphatic alcohols, are con-
tained in the minor component fraction of the olive oil. The
short chain compounds (up to Cy)have appreciable water
solubility and would not be classified as “fatty” alcohols.
Compounds with a chain length greater than 10 carbons

are essentially insoluble in water and will partition on the
solid phase in the environment'” . Long chained fatty alco-
hols are also known as policosanols which are a mixture
containing mainly octacosanol and hexacosanol and in
minor amounts 22 to 34 chained compounds. Fatty alcohol
content is one of the characteristics required by the Euro-
pean regulation to classify olive oil and one of the purity
criteria indicated by the International Olive Council regula-
tion. For both regulations, oil with a wax content of
between 300 mg/kg and 350 mg/kg are classified as lam-
pante olive oil if the total aliphatic alcohol content is < 350
mg/kg or the erythrodiol and uvaol content is < 3.5%. Oils
with a wax content of between 300 mg/kg and 350 mg/kg
are classified as crude olive-pomace oil if the total aliphatic
alcohol content is>350 mg/kg and if the erythrodiol and
uvaol content is >3.5%'*'".

The solvent or non-solvent (mechanical) extraction
system determines a different minor component content in
olive oil. Solvent-extracted oils require strong treatment
for removing acids, the nearly black color and the unpleas-
ant odor and taste. After such treatment, the concentra-
tions of the minor components are strongly reduced, and
the concentrations of the fatty alcohols, campesterol and
stigmasterol are back at the level of an extra virgin oil'”.
Policosanols are bioactive compounds with healthy benefi-
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cial effects. Octacosanol has the potential to treat numer-
ous conditions without major side effects and thus would
be beneficial to many patients. Also, there are opportuni-
ties for octacosanol to be taken as a dual-action treatment
for hypertension and high cholesterol, with no gastric irri-
tation or muscle problems. This could be an important
drug for the future, with the ever-increasing problem of
obesity and increased risk of atherosclerosis and coronary
heart disease throughout the world'.

Stiisser et al.z"), in a study on a sample of 45 coronary
heart disease patients, found decreases in mean percent
changes of main cholesterol variables in the group of pa-
tients treated with policosanol alone and policosanol plus
aspirin therapies compared to the ones treated with
placebo plus aspirin.

The administration of 20 and 40 mg/day of policosanol
for 30 days significantly inhibited platelet aggregation; in
addition policosanols were found to increase the HDL cho-
lesterol and reduce LDL cholesterol content in the blood of
45 hypercholesterolaemic patientszl).

Fatty alcohols are sensible to heat treatments during the
physical refining of olive oil and decrease during the
heating periodm, also for this reason the FAL analysis can
furnish additional information about the chemical quality
of the olive oil.

The long chain fatty alcohol fraction, isolated from
pomace olive oil, can reduce the release of different inflam-
matory mediators (eicosanoids, cytokines and nitric oxide)
by interfering in different stages of their metabolic path-
ways, like inducible nitric oxide synthetase expression or
phosholipase activity. This suggests that the long chain
fatty alcohol fraction may confer a protective role to
pomace olive oil against inflammatory damage in different
pathologies, including atherosclerosis™ .

The relationship between cultivar and harvest year in
the FAL content of olive oil was studied in a previous
paper. FAL content in olive oil was highly influenced by
cultivar. The combination of cultivar and harvest year
showed an effect only in some cases. By and large, the
harvest year had no effect on the FAL compositionz‘”‘

As Calabria is one of the main Italian Regions for olive oil
production, there is a great interest in the study of this oil.
Many researches have been conducted in this geographical
area to know the best moment (i.e. technological maturity)
to collect olives for oil extraction, from the point of view of
the phenolic content™ * ), sterols27>, and triacylglycerols28>.

The aim of this paper was to study the ripening stage
effect and the variation during olive ripening of the fatty
alcohol composition (considered as total fatty alcohols
FALs, as even-chain fatty alcohols ECFALs, as odd-chain
fatty alcohols OCFALs, and considered simply: docosanol
CyyHys0 - tricosanol C,;H,50 - tetracosanol C,,H;,O - penta-
cosanol C,;H;,0 - hexacosanol C,H;,0 - heptacosanol
Cy:H50 - octacosanol CosHss0) of pressed olive oil from au-
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tochthonous and allochthonous olive cultivars growing in
South West Calabria (Southern Italy). All data were also
discussed on the basis of the European Union'” and the In-
ternational Olive Council'” regulations. The influence of
the cultivar and of the harvest date during olive ripening at
biweekly intervals was also discussed. Even and odd chain
fatty alcohols were compared also to confirm that the bio-
chemical mechanisms that lead to fatty alcohol formation
highlight the differences between bacteria that can
produce odd chain and branched compounds, while most
other biota produce even chain compoundsm. This is the
first report to show the variation during olive ripening of
the fatty alcohol content in olive oils from cultivars grown
in South West Calabria (Southern Italy).

2 EXPERIMENTAL
2.1 Plant Materials

Olives were sampled over three harvest years 2010, 2011
and 2012 with the Cassanese, Coratina, Itrana, Leccino,
Nocellara Messinese, Nociara, Ottobratica, Pendolino, Pi-
choline and Sinopolese cultivars. Cassanese, Ottobratica
and Sinopolese are commonly cultivated in the Region of
Calabria (Southern Italy) for oil extraction. The other exam-
ined cultivars are allochthonous for this region. The ten
studied cultivars have different characteristics in terms of
shape and size of the tree, in terms of fruit size and in
terms of pulp/seed ratio. Comparing oil from autochtho-
nous and allochthonous cultivars permits the evaluation of
the adaptability of the allochthonous ones in a different en-
vironment also to increase the biodiversity in this Region, if
necessary. Olive trees were well managed and had no nutri-
ent deficiency or pest damage. Fifteen 25-40 year old trees
per cultivar were selected and labeled in mono-cultivar
groves, situated in the area of Rizziconi(South West Cal-
abria). This area, at an altitude of 100 m above sea level, is
characterized by damp and rainy winters and hot summers.
Each mono-cultivar grove was at least 3 km from the
others. Olive sampling was conducted at biweekly intervals
from October, when the pulp and the skin of the fruit were
green, until fruit was no longer found on the trees. Freshly
and manually harvested drupes (40 kg approximately per
cultivar, 2,5 kg approximately per tree)were placed in a
plastic container and immediately transported to the labo-
ratory where they were cleaned to eliminate branches and
leaves and were washed in fresh water to remove dust. At
this point, olives were immediately processed in a laborato-
ry mill “Mini 30" (AGRIMEC Valpesana, Calzaiolo, S. Casci-
ano VP, Florence), with a capacity of 40 kg. First the olives
were crushed with a hammer-mill. The resulting paste was
mixed at a temperature between 15 and 20C for 35
minutes, then placed between a pile of circular metallic
grids and pressed using a hydraulic press with a mild and
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continuous increase in pressure up to 200 bar. The liquid
phase was submitted to separation by centrifugation and
the obtained oil was filtered through filter paper. The oil
was kept in 100 mL amber glass bottles and maintained in
dark conditions at 15-20C , until analysis.

2.2 Chemicals

Standard samples of 1-docosanol (behenyl alcohol),
1-tricosanol (tricosyl alcohol), 1-tetracosanol (lignoceryl
alcohol), 1-heptacosanol, 1-octacosanol(octacosoyl
alcohol) from Sigma-Aldrich (St. Louis, MO (USA), and
1-pentacosanol (pentacosoyl alcohol) from GmbH
(Germany), and 1-hexacosanol (ceryl alcohol) from J&K
scientific Ltd. (China) were used as references. TLC silica
gel plates without fluorescence indicator were from Merck
S.p.A.,(Milan, Italy). All other reagents were from Carlo
Erba, (Milan, Italy).

2.3 Determination of fatty alcohols

Analyses were conducted according to the Annex XIX of
the CONSLEG 2003 Olive oil (5g) was saponified with 2
M ethanolic potassium hydroxide solution, using the eico-
sanol (Cy on) as an internal standard; after boiling, 50 mL of
deionized water was added. This mixture was agitated to-
gether with diethyl ether three times to extract the unsa-
ponifiable fraction. The three ether extracts were intro-
duced into a separating funnel and washed with distilled
water (50 mL each time) until neutral reaction. The organic
extracts were dried with anhydrous sodium sulphate and
filtered. These extracts were evaporated to dryness using a
rotary evaporator. The remaining residue was dissolved in
2 mL of chloroform, and then the FAL fraction was sepa-
rated by TLC using a plate-developing chamber, which
contained hexane/diethyl ether 60:40 (v/v). After TLC sep-
aration, the silica plate was sprayed lightly and uniformly
with 2,7- dichlorofluorescein. The FAL fraction was sepa-
rated out by chromatography on a basic silica gel plate.
The FALs recovered from the silica gel were transformed
into trimethyl silyl ethers and separated and analyzed
using a gas chromatograph, Model 8600, Perkin Elmer,
Waltham, USA. The oven temperature of the Gas Chro-
matograph was programmed at 180C, held for 2 min, then
increased to 260C at a rate of 2°C/min and maintained for
15 min, then increased to 270C at a rate of 6C/min.
Carrier gas was helium at 10 psi of pressure. Auxiliary
gases were air at 22 psi of pressure and hydrogen at 15 psi
of pressure. The split/splitless injector (operating in the
split mode)was set at 280C ; the flame ionization detector
(F1.D.)was set at 290C. A Mega fused-silica capillary
column (SE 54, 30 m length x 0.32 mm ID, 0.5 pm film
thickness, Milan - Italy) was used; a 1 pL volume was in-
jected. Peaks were identified by reference to the retention
indices of FAL standards and with literature data.

2.4 Statistical analysis

Statistical significance within sets of data was deter-
mined by one-way analysis of variance (ANOVA) followed
by Tukey's post hoc test; p < 0.05 was considered to be
statistically significant; the effects of harvest date and cul-
tivar were taken into consideration. ANOVA was performed
using the Statistical Software Package 15.0(SPSS Inc.,
Chicago, IL, U.S.A.). Excel software for Windows (2003
version) was used for standard deviation determination.

3 RESULTS AND DISCUSSION
3.1 Fatty alcohol variation

Each cultivar had a different ripening trend. Cassanese
and Pendolino were matured earlier than Coratina, Picho-
line and Sinopolese (Table 1).

Docosanol variation is described in Table 2. Cassanese,
Ottobratica and Sinopolese showed a varying content,
whereas almost all the allochthonous cultivars had a con-
stant docosanol content (less than 8 mg/kg) through the
three sampling months. Only Leccino and Pendolino
showed variations among the allochthonous cultivars, in
particular until 1** December when both presented a skin
with black coloration (about 50% ), (Table 1)and presented
values ranging between 5.50 and 16.33 mg/kg (Leccino),
and between 6.50 and 23.66 mg/kg (Pendolino) . Lazzez et
al‘gm, in oil extracted by centrifugation, found a constant
docosanol content from the Chemlali cultivar grown in
three different geographical sites of Tunisia during ripen-
ing, from September to January; while a small increase was
found in February. The docosanol content in olive oil of
South West Calabria (2.00-30.67 mg/kg) was always lower
than that found by Ranalli et al’’ in a mix of seven major
Italian cultivars grown in Central Italy (46 mg/kg) .

Tricosanol variation is described in Table 3. The alloch-
thonous cultivars showed a constant content from first to
last sampling, always remaining below 2 mg/kg. The au-
tochthonous cultivars had a higher content during ripening
and a rapid increase (Sinopolese) or decrease (Cassanese
and Ottobratica)in the last two samplings. Krichéne et
al studied olive oils of Central Tunisia extracted from six
minor cultivars: Semni, Jdallou, Chemlali Sfax, Swabaa
Alija, El Hor and Oueslati; they found a tricosanol content
between 1.27 mg/kg and 5.27 mg/kg, in similar amounts to
the South West Calabria cultivars which on 1" December
ranged between 0.5 mg/kg for Coratina(75% black skin,
20% purple pulp) to 4.34 mg/kg for Sinopolese found when
less than 50% of the skin had turned black.

Tetracosanol variation is described in Table 4. Coratina,
Itrana, Nociara and Picholine had a constant content
during three months of ripening and remained below 15
mg/kg. Nocellara Messinese had the lowest content in tet-
racosanol of November and December (7.00 and 5.30 mg/kg
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Table 1 Ripening stages of all cultivars.

2nd 17th Ist 16th Ist 16th 31st
October October November November December December December
% black ski % black ski 100% black ski
Cassanese green skin green-yellow skin < 50% reddish skin > 50% black skin > 30% black skin »75% black skin 00% black skin
<20% purple pulp 20% purple pulp > 25% purple pulp
< 25% reddish > 75% black skin 100% black skin 100% black skin
i ki 9 ish ski % black ski
Ottobratica greenskin 75% yellow skin > 50% reddish skin > 50% black skin <50% purple pulp 50% purple pulp 75% purple pulp
% black ski 100% black ski
Sinopolese green skin green skin green-yellow skin < 50% reddish skin < 50% black skin > 50% black skin 00% black skin
20% purple pulp 75% purple pulp
o .
Coratina green skin green-yellow skin < 25% reddish skin 50% black skin 27050:;11:;:; Spkuli; - -
Itrana green skin green-yellow skin ~ <25% reddish skin < 50% black skin > 50% black skin - -
% black ski
Leccino green skin green-yellow skin < 50% reddish skin > 50% black skin > 50% black skin - -
<50% purple pulp
75% black ski >75% black ski
Nocellara Messinese green skin green-yellow skin < 50% reddish skin > 50% reddish skin > 50% black skin 7 black skin o black skin
10% purple pulp 25% purple pulp
% black ski % black s ski
Nociara green skin green-yellow skin < 50% reddish skin > 50% black skin > 30% black skin »75% black s skin -
<50% purple pulp 50% purple pulp
5% reddish > 75% black ski
Pendolino green skin voreddish 500, reddishskin  50%black skin > 50% black skin 7% black skin -
95%yellow skin < 50% purple pulp
Picholine green skin green-yellow skin ~ <25% reddish skin < 50% black skin > 50% black skin - -
Table 2 Variation in docosanol content during ripening. The values, expressed as mg/kg, represent the means of
nine replicates, three for each harvest year. Means in the same row with different lowercase letters differ
significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly (p
<0.05).
2nd 17th Ist 16th Ist 16th 31st +SD
October October November  November December December December B
Cassanese 7.99dD 6.67¢E 12.67aE 12.50bD 10.01cC 3.00gD 5.00fD 3.68
Ottobratica 13.66eB 13.33fB 20.67dA 23.00bA 30.67aA 21.50cA 10.00gB 7.10
Sinopolese 7.00gE 9.33fC 14.00dC 15.00cC 13.67¢B 20.00bB 26.00aA 6.39
Coratina 3.00el 3.67dG 4.67bl 4.50cl 7.50aE - - 1.72
Itrana 5.88dF 6.67cE 7.61aF 7.00bF 5.00el - - 1.01
Leccino 10.67¢cC 8.33dD 13.33bD 16.33aB 5.50eH - - 4.22
Nocellara Messinese 4.00dH 4.20dF 3.50e] 2.601J 7.10aF 6.60bC 5.40cC 1.65
Nociara 2.001J 3.33eH 5.87bG 5.33cH 4.71d) 6.50aC - 1.68
Pendolino 16.66bA 23.66aA 15.34cB 11.00dE 8.67¢D 6.50fC - 6.25
Picholine 4.00eG 6.67aE 5.33dH 6.00cG 6.50bG = - 1.08

respectively). The autochthonous cultivars showed a fluc-
tuating content during ripening with increases and de-
creases but with values significantly different during olive
ripening. Ranalli et al.m), in oil of Central Italy, found a tet-
racosanol content largely higher (140 mg/kg)in comparison
with that found in the South West Calabria oils, in which
the maximum content (49.33 mg/kg)was found in the first
sampling of Pendolino. Garcia-Gonzales et al* in olive oils
produced in the province of Seville (Spain), found a lower
tetracosanol content (27.7 mg/kg) with respect to the al-
lochthonous cultivars grown in Calabria whereas in olive
oils produced in the province of Malaga and Cérdoba a
Coy0n content between 51.7 and 52.2 mg/kg was found.
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Pentacosanol variation is reported in Table 5. With the
exception of Cassanese, in October and November penta-
cosanol content was less than 8 mg/kg. By and large, most
cultivars show a decrease in pentacosanol over the ripening
period, but content fluctuated. Pentacosanol increased
twice in Sinopolese during December when the skin was
largely or completely black and 20-75% of the pulp was
purple in color. Cassanese had a varying pentacosanol
content during ripening with an overall diminution, but
generally showed the highest content.

Hexacosanol variation is described in Table 6. Hexacosa-
nol was one of the most represented FALs and showed a
tendency to decrease during ripening in all cultivars. No-
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Table 3

Variation in tricosanol content during ripening. The values, expressed as mg/kg, represent the means of

nine replicates, three for each harvest year. Means in the same row with different lowercase letters differ
significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly (p

<0.05).
2nd 17th Ist 16th Ist 16th 31st +3D
October October November  November December December December

Cassanese 2.34cC 1.67dC 2.67aB 2.50bB 1.01eE 1.00fC 1.00gB 0.76

Ottobratica 3.33bA 2.33dB 3.67aA 3.33bA 3.66aB 3.00cB 1.00eB 0.96

Sinopolese 3.00dB 3.00dA 2.33eC 2.33eC 4.34bA 3.50cA 7.99aA 1.98

Coratina 1.00aE 1.00aG 1.00aF 1.00aE 0.50bG - - 0.22

Itrana 1.00bE 1.33aD 1.00bF 0.33¢G 1.00bE - - 0.36

Leccino 1.33bD 1.33bD 1.66aD 1.33bD 1.04cD - - 0.22

Nocellara Messinese 0.30fG 1.30bF 0.40eG 0.80dF 1.60aC 0.80dD 1.00cB 0.46

Nociara 0.67cF 1.00bG 1.30aE 1.00bE 0.68¢F 1.00bC - 0.24

Pendolino 1.34aD 1.33aD 1.00bF 1.33aD 1.00bE 0.50cE - 0.33

Picholine 1.33aD 1.00bG 1.00bF 1.00bE 1.00bE - - 0.15
Table 4 Variation in tetracosanol content during ripening. The values, expressed as mg/kg, represent the means of
nine replicates, three for each harvest year. Means in the same row with different lowercase letters differ
significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly (p

<0.05).
2nd 17th Ist 16th Ist 16th 31st +SD
October October November ~ November December December December

Cassanese 32.00aB 23.33cB 29.67bC 17.00eE 15.50fD 12.00gD 19.00dC 7.44

Ottobratica 17.33gD 18.67fE 40.00cB 40.66bA 48.34aA 32.21dA 20.00eB 12.49

Sinopolese 17.00gE 20.00fC 28.00cD 25.63dC 24.00eB 30.50bB 40.00aA 7.53

Coratina 12.34bF 13.00aF 10.00dH 10.50cG 10.50cG - - 1.32

Itrana 11.00cG 12.00aG 11.33bG 9.66eH 10.00dH - - 0.96

Leccino 25.33aC 19.33¢D 24.00bE 25.33aD 12.50dE - - 5.50

Nocellara Messinese 8.10bl 9.80al 5.80eJ 5.30fJ 6.40dJ) 7.00cF 5.30fD 1.65

Nociara 7.661) 8.67dJ 8.87bl 8.33¢l 8.80cl 9.00aE - 0.49

Pendolino 49.33aA 47.67bA 46.00cA 34.33dB 20.33eC 19.50fC - 13.67

Picholine 9.71eH 10.33dH 12.33aF 11.00cF 11.50bF - - 1.02

cellara Messinese had the most drastic decline (86.60% )in
hexacosanol from the first to the last sampling. In almost
all cultivars, except Ottobratica and Nocellara Messinese, a
small increase in hexacosanol from the second-last to the
last sampling was found. The decreasing trend of the South
West Calabrian olive oil is in agreement with the rate found
by Lazzez et al™ in Chemlali cultivar of Tunisia, with an
hexacosanol content generally higher at all the ripening
stages especially if compared with the allochthonous culti-
vars grown in South West Calabria. Ranalli et al*” in olive
oil of Central Italy, found 193 mg/kg in hexacosanol: a
much higher quantity than that found in Calabrian olive
oils. In each cultivar the highest hexacosanol content was
found when olives presented a green or green-yellow color
(Tables 1, 6). In agreement with our results, Strabbioli et

al* also found hexacosanol to be the most represented in

Leccino oil and in other cultivars grown in Central Italy.
Heptacosanol variation is shown in Table 7. With regard
to heptacosanol, different initial total contents were found
in the ten cultivars ranging from 4.66 mg/kg found in Cas-
sanese to 1.33 mg/kg found in both Itrana and Picholine. A
tendency to decrease was observed during ripening in all
cultivars with an exception in the second last sampling of
Ottobratica and in the fourth sampling of Cassanese.
Octacosanol variation is described in Table 8. Almost all
the allochthonous cultivars showed a general decreasing
trend in octacosanol throughout ripening with a small in-
crease in the last sampling. Nocellara Messinese showed
the lowest octacosanol content (less than 5 mg/kg) from the
second half of November when more than 50% of the olive
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Table 5 Variation in pentacosanol content during ripening. The values, expressed as mg/kg, represent the means
of nine replicates, three for each harvest year. Means in the same row with different lowercase letters dif-
fer significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly

(» <0.05).
2nd 17th Ist 16th Ist 16th 31st +3D
October October November  November December December December
Cassanese 12.67aA 8.00dA 10.34bA 8.51cA 5.50fA 5.00gA 6.00eB 2.79
Ottobratica 4.67aD 3.67cE 4.67aB 4.00bB 4.00bB 3.00dC 3.00dC 0.69
Sinopolese 6.00bC 5.33¢C 3.68eD 3.33fE 3.67¢C 4.50dB 7.01aA 1.38
Coratina 2.00dJ 4.00aD 3.33cF 3.50bD 4.00aB - - 0.82
Itrana 3.00aG 2.34bH 1.33dl 1.33dH 2.00cE - - 0.71
Leccino 4.00aE 3.00cF 3.39bE 2.66dF 1.50eF - - 0.93
Nocellara Messinese 2.30bl 2.60aG 1.40cH 1.30dI 1.40cG 1.20dF 1.00eD 0.60
Nociara 3.33aF 2.33bH 1.65¢G 1.67¢G 1.01eH 1.50dE - 0.81
Pendolino 7.67aB 6.00bB 4.33¢C 3.67dC 2.67¢D 2.50fD - 2.02
Picholine 2.67aH 2.00b1 1.67¢G 1.33¢H 1.50dF - - 0.53
Table 6 Variation in hexacosanol content during ripening. The values, expressed as mg/kg, represent the means of
nine replicates, three for each harvest year. Means in the same row with different lowercase letters differ
significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly (p
<0.05).
2nd 17th Ist 16th Ist 16th 31st +SD
October October November ~ November December December December
Cassanese 55.67aD 29.98cF 32.65bD 15.09¢F 17.97¢E 16.98{D 20.99dB 14.28
Ottobratica 49.00aF 33.34dE 41.33bC 30.34eC 34.34cA 18.30fC 15.00gC 11.99
Sinopolese 71.68aB 58.01bB 48.98cA 34.70fA 23.00gD 36.00eA 40.00dA 16.29
Coratina 60.00aC 51.00bC 24.66¢eF 26.50dD 30.50cC - - 15.95
Itrana 22.12al 20.33bl 12.73dH 6.33el 16.00cF - - 6.31
Leccino 51.67aE 36.67bD 27.62dE 26.34¢E 31.95¢cB - - 10.24
Nocellara Messinese 32.10aH 28.90bG 7.80dJ 5.801] 6.50e] 8.10cF 4.30gD 11.81
Nociara 35.33aG 17.67bJ 10.52cl 8.33¢H 6.7311 8.50dE - 10.90
Pendolino 78.51aA 65.33bA 48.67cB 33.00dB 15.33fG 19.50eB - 25.33
Picholine 28.62al 21.66bH 15.67¢G 9.00dG 9.00dH - - 8.46

skin was reddish, until the end of December (>75% black
skin and 25% purple pulp). Sinopolese had the highest oc-
tacosanol content in the second half of December when
olives of this cultivar are usually collected. Lazzez et al>
in Tunisian olive oils (Chemlali cv.) found a similar decreas-
ing trend during ripening but, more or less, double the
amount of octacosanol at all the ripening stages. El Antari
et al.”® studied the FAL composition of olive oils from
Morocco: in the samples collected in Northern Morocco
they found an octacosanol content ranging between 2.3
mg/kg and 2.5 mg/kg whereas in the samples collected in
Southern Morocco they found an octacosanol content of 4.3
mg/kg.

The total FAL variation is described in Table 9. There is
a decreasing trend during ripening, more evident for the
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allochthonous cultivars and for Cassanese. The greatest
decrease in total FALs for Ottobratica was in December.
The total FAL content in Calabrian olive oils, at all the rip-
ening stages was largely lower than that found by Sifi et
al.*® in Tunisian olive oils where they found quantities
ranging between 125 mg/kg and 599 mg/kg. In olive oils
produced in Central Tunisia a total FAL content (102 — 174
mg/kg) was found® similar to that of the autochthonous
cultivars of South West Calabria and higher than the al-
lochthonous cultivars. El Antari et al.*” in the samples col-
lected in the Southern Morocco, found a total FAL content
ranging between 74 mg/kg and 96 mg/kg, whereas in the
samples collected in Northern Morocco they found a total
FAL content ranging between 46 mg/kg and 65 mg/kg.
Ranalli et al.37), in the I-77 cultivar grown in three different
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Table 7 Variation in heptacosanol content during ripening. The values, expressed as mg/kg, represent the means
of nine replicates, three for each harvest year. Means in the same row with different lowercase letters dif-
fer significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly

(» <0.05).
2nd 17th Ist 16th Ist 16th 31st +3D
October October November  November December December December
Cassanese 4.66aA 3.67cB 3.33dB 3.87bA 1.01eD 1.00fD 1.00gB 1.59
Ottobratica 3.67bC 2.66dE 3.33cB 2.00eC 2.67dA 6.00aA 1.00fB 1.57
Sinopolese 3.33¢D 4.00aA 3.67bA 2.33eB 1.67gC 2.50dB 2.00fA 0.89
Coratina 3.00aE 3.00aC 1.33cE 1.00dF 2.00bB - - 0.92
Itrana 1.33aG 1.33aH 0.67cG 0.67cG 1.00bD - - 0.33
Leccino 3.00aE 2.00bF 1.67cD 2.00bC 1.00dD - - 0.72
Nocellara Messinese 2.20bF 2.70aD 0.60dH 0.40fH 0.70cE 0.50eE 0.20gC 0.99
Nociara 4.00aB 1.67bG 1.30dF 1.67bD 1.0leD 1.50cC - 1.08
Pendolino 3.33bD 3.67aB 2.67c¢C 1.34dE 0.67eF 0.50fE - 1.38
Picholine 1.33aG 1.00b1 0.67¢G 0.67¢G 1.00bD - ~ 0.28
Table 8 Variation in octacosanol content during ripening. The values, expressed as mg/kg, represent the means of
nine replicates, three for each harvest year. Means in the same row with different lowercase letters differ
significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly (p
<0.05).
2nd 17th Ist 16th Ist 16th 31st +SD
October October November ~ November December December December
Cassanese 21.01aG 11.67bl 11.00cF 6.51eH 11.50cD 6.00fD 10.00dC 4.95
Ottobratica 42.67aB 30.00cC 38.00bA 26.33eA 28.99dA 14.00fB 11.00gB 11.58
Sinopolese 33.33aC 33.00bA 27.33cB 18.14fB 11.67gC 22.50dA 20.01eA 7.99
Coratina 33.33aC 29.33bD 12.67eD 15.00dD 16.00cB - - 9.37
Itrana 14.67bl 15.67aG 8.00d1 5.67el 11.00cE - - 4.26
Leccino 30.67aE 18.33bF 12.33dE 10.33eE 16.00cB - - 7.98
Nocellara Messinese 25.60aF 25.60aE 6.80bJ 4.20dJ 3.80el 4.40cE 3.30fD 10.36
Nociara 32.34aD 15.66bG 9.81cH 7.33dG 5.40fH 6.00eD - 10.29
Pendolino 37.49aA 32.00bB 21.33¢C 16.33dC 7.67fF 9.50eC - 12.04
Picholine 16.00aH 14.00bH 10.33¢G 7.67dF 7.00eG - - 3.92

geographical areas of Central and South Eastern Italy,
found a total FAL content between 69 and 88 mg/kg. Apari-
cio and LunagS), in olive oil extracted with centrifugation
systems (two and three phases)from Coratina grown in the
region of Apulia (Italy), found a total FAL content of 63 mg/
kg and 58 mg/kg, in agreement with results of the South
West Calabrian oils from 1% November to 1% December. The
total fatty alcohol content of the South Western Calabria
olive oil is 2 to 15 times higher than that found in Cornica-
bra cultivar from Toledo and Ciudad Real(Castilla- La
Mancha) Spain™ .

Even chain fatty alcohol variation is described in Table
10. A general decline in ECFALS occurred in almost all cul-
tivars. Only Sinopolese showed an increase in the last two
samplings. Pendolino had the sharpest decrease (69.77% ).

Odd chain fatty alcohol variation is described in Table
11. A decreasing trend was observed for all cultivars. In
Sinopolese the increase in the last two samplings reflected
the increase observed in ECFALs. The autochthonous cul-
tivars showed the highest OCFAL content.

The ECFAL/OCFAL ratio was more or less constant
during olive ripening for all the cultivars grown in South
West Calabria, with the exceptions of the last sampling of
Leccino and of the second-last sampling of Sinopolese
(Table 12).

Sakouhi et al. studied the policosanol content in solvent
(petroleum ether) extracted olive oil of Meski cultivar
grown in Northern Tunisia. They found the 26" week after
flowering as the maximum policosanol accumulation
period; hexacosanol and tetracosanol were the major com-
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Table 9

Variation in Total FAL content during ripening. The values, expressed as mg/kg, represent the means of

nine replicates, three for each harvest year. Means in the same row with different lowercase letters differ
significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly (p

<0.05).
2nd 17th Ist 16th Ist 16th 31st +3D
October October November  November December December December

Cassanese 136.33aC 85.00cF 102.33bD 66.00dE 62.50fD 45.00gD 63.00eB 30.86

Ottobratica 134.33cD 104.00eD 151.67bA 129.67dA 152.67aA 98.00fB 61.00gB 33.11

Sinopolese 141.33bB 132.67cB 128.00dC 103.33fB 82.00gB 119.50eA 143.00aA 22.05

Coratina 114.67aF 105.00bC 57.67eF 62.00dF 71.00cC - - 26.02

Itrana 59.00bJ 59.67aH 42.67dH 31.00eH 46.00cF - - 12.02

Leccino 126.67aE 89.00bE 84.00dE 84.33¢D 69.50eC - - 21.40

Nocellara Messinese 74.60bH 75.10aG 26.30e) 20.40gl 27.50dH 28.60cF 20.50fC 24.70

Nociara 85.33aG 50.33bJ 39.33cl 33.67eH 28.33tH 34.00dE - 21.04

Pendolino 194.33aA 179.67bA 139.33cB 101.00dC 56.33fE 58.50eC - 59.40

Picholine 63.67al 56.67bl 47.00cG 36.67¢G 37.50dG - - 11.83
Table 10  Variation in ECFAL content during ripening. The values, expressed as mg/kg, represent the means of
nine replicates, three for each harvest year. Means in the same row with different lowercase letters differ
significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly (p

<0.05).
2nd 17th Ist 16th Ist 16th 31st +SD
October October November ~ November December December December

Cassanese 116.67aE 71.65cF 86.00bD 51.11eF 54.98dD 37.991D 54.99dC 26.55

Ottobratica 122.67¢C 95.34eD 140.00bA 120.33dA 142.34aA 86.01fB 56.00gB 31.39

Sinopolese 129.01aB 120.34cB 118.32dC 94.93fB 72.33gB 109.00eA 126.00bA 20.17

Coratina 108.67aF 96.99bC 52.00eF 56.50dE 64.50cC - - 25.48

Itrana 53.67bJ 54.67aH 39.67dH 28.67eH 42.00cF - - 10.78

Leccino 118.34aD 82.66bE 77.28dE 78.33¢D 65.95¢C - - 19.89

Nocellara Messinese 69.80aH 68.50bG 23.90dJ 17.90gl 23.80el 26.10cF 18.30fD 23.21

Nociara 77.33aG 45.33bJ 35.07cl 29.33eH 25.63tH 30.00dE - 19.32

Pendolino 181.99aA 168.66bA 131.33¢cB 94.66dC 52.00fE 55.00eC - 55.88

Picholine 58.33al 52.67bl 43.67c¢G 33.67eG 34.00dG - - 11.03

pounds, 3404 mg/kg and about 2500 mg/kg respectively.
After this week, a decline in policosanol content was mea-

sured™”.

3.2 Analysis of Variance
3.2.1 Data evaluation row by row

Differences are statistically considered for each cultivar
(p <0.05)and data are evaluated row by row.

The varying docosanol content of the autochthonous
cultivars was significantly different during olive ripening.
Also all the allochthonous cultivars had values significantly
different on all the harvest dates except the first and the
second harvest dates of Nocellara Messinese (Table 2) .

Tricosanol was very highly significantly different only in
olive oil from Cassanese on the seven harvest dates. In all

492

the remaining cultivars tricosanol showed partial differenc-
es or not significant differences (Table 3).

Tetracosanol was very highly significantly influenced by
harvest date in all cultivars except for Coratina, Leccino
and Nocellara Messinese. Pendolino had a constant tetra-
cosanol increase with values significantly different during
ripening (Table 4) .

Pentacosanol was very highly significantly affected by
harvest date in Cassanese, Leccino and Picholine. Pentaco-
sanol constantly decreased in Pendolino with significant
differences from early October to the end of December
(Table 5).

Hexacosanol was very highly significantly influenced by
harvest date and maturation in each cultivar except for the
last two samplings of Picholine. Hexacosanol constantly
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Table 11  Variation in OCFAL content during ripening. The values, expressed as mg/kg, represent the means of
nine replicates, three for each harvest year. Means in the same row with different lowercase letters differ
significantly (p < 0.05). Means in the same column with different uppercase letters differ significantly (p
<0.05).

2nd 17th Ist 16th Ist 16th 31st +3D

October October November ~ November  December December December

Cassanese 19.67aA 13.35dA 16.34bA 14.88cA 7.52fC 7.01gC 8.01eB 4.96
Ottobratica 11.66bC 8.66eD 11.67bB 9.33dB 10.33cA 11.99aA 5.00fC 2.47
Sinopolese 12.33bB 12.33bB 9.68dC 8.00eC 9.67dB 10.50cB 17.00aA 2.93
Coratina 6.00cF 8.01aE 5.67dF 5.50¢eF 6.50bD - - 1.01
Itrana 5.33aG 5.00bH 3.00dI 2.33el 4.00cE - - 1.28
Leccino 8.33aD 6.34cG 6.72bE 6.00dE 3.55eG - - 1.72
Nocellara Messinese 4.80bH 6.60aF 2.40e) 2.50d1L 3.70cF 2.50dF 2.20fD 1.64
Nociara 8.00aE 5.00bH 4.26dG 4.33c¢G 2.70tH 4.00eD - 1.78
Pendolino 12.34aB 11.00aC 8.00abD 6.34bcD 4.33bcE 3.50cdE - 3.56
Picholine 5.33aG 4.00bl 3.33dH 3.00eH 3.50cG - - 0.91

Table 12 Variation in ECFAL/OCFAL content during ripening. The values, expressed as mg/kg, represent the
means of nine replicates, three for each harvest year. Means in the same row with different lowercase
letters differ significantly (p < 0.05). Means in the same column with different uppercase letters differ

significantly (p < 0.05).
2nd 17th Ist 16th Ist 16th 31st

ECFALS/OCFALs October October November ~ November December December December =SD
Cassanese 6.40c) 5.3%el 5.44d) 3.43fH 7.51aH 5.42dE 6.87bD 1.32
Ottobratica 10.43tG 11.25dE 11.86¢cF 13.06bD 13.68aB 7.80gD 11.20eA 1.92
Sinopolese 10.89dF 10.56¢eF 12.28¢cE 13.02bD 9.75tG 18.42aA 7.41gC 3.45
Coratina 19.92aA 15.54bA 9.08¢H 10.64¢F 9.93dF - - 4.60
Itrana 9.67el 11.20cE 14.73bB 17.24aA 10.51dE - - 3.20
Leccino 14.42bD 13.63¢C 12.57¢D 13.51dC 26.67aA - - 591
Nocellara Messinese 14.55aC 10.38¢cG 9.96dG 7.16fG 6.43gl 10.43bC 8.31eB 2.70
Nociara 10.19aH 9.37cH 8.23dI 7.20fG 9.94bF 7.86eD - 1.21
Pendolino 15.23dB 15.31¢cB 16.79aA 15.07¢B 12.25fC 15.42bB - 1.49
Picholine 11.61dE 13.46aD 12.91bC 12.43¢cE 11.01eD - - 0.98

decreased in Pendolino from early October to early
December (Table 6) .

Heptacosanol values were very highly significantly influ-
enced by harvest date in Cassanese, Sinopolese, Nocellara
Messinese and Pendolino; in all other cultivars values were
partially different (Table 7).

Octacosanol was very highly significantly affected by
harvest date in all cultivars. Nocellara Messinese in October
and Cassanese on 1* November and 1" December showed
no significant differences (Table 8).

Total FAL values were highly significantly influenced by
harvest date in all cultivars. It is worthy of note that
Leccino and Pendolino showed a significantly and constant
decreasing trend during ripening (Table 9).

ECFALSs were partially significantly influenced by harvest

date in Cassanese, whereas the maturation very highly sig-
nificantly influenced all other nine cultivars and Leccino
showed a significant and constant trend in diminution
(Table 10).

OCFALs were partially significantly influenced by
harvest date in Ottobratica, Sinopolese, Nocellara Messi-
nese and Pendolino, whereas the harvest date affected
very highly significantly all the other cultivars (Table 11).

The ECFAL/OCFAL ratio was very highly significantly in-
fluenced by harvest date in all cultivars except in Cassa-
nese where non-significant differences were found on two
sampling dates (1" November and 16™ December), (Table
12).

3.2.2 Data evaluation column by column
Differences are statistically considered for each harvest
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date (p < 0.05)and data are evaluated column by column.

Docosanol content was very highly significantly affected
by cultivar on 2™ October, in November and at the begin-
ning and end of December. The highest value was found in
Ottobratica (30.67 mg/kg), 15.34 times more than in
Nociara (2.00 mg/kg). On 17" October the docosanol
content was significantly different in all cultivars except
for Cassanese, Itrana and Picholine. Pendolino (23.66 mg/
Kg)and Nociara (3.33 mg/Kg) had respectively the highest
and the lowest value (Table 2).

Tricosanol, heptacosanol, total FALs, ECFALs, OCFALs
and ECFALs/OCFALs contents were partially significantly
affected by cultivar on all harvest dates(Tables 3, 7, 9, 10,
11, 12) whereas tetracosanol, hexacosanol, were very
highly significantly influenced by the cultivar effect (Tables
4,6).

Pentacosanol content was very highly significantly influ-
enced by cultivar on 2" October, 16™ December and 31%
December. In the other harvest dates cultivar partially in-
fluenced the pentacosanol content (Table 5).

Octacosanol was partially significantly influenced by cul-
tivar on October and it was very highly significantly influ-
enced by cultivar in November and at the end of December
(Table 8).

4 CONCLUSIONS

All cultivars were grown in the same geographical area
and with the same microclimatic conditions. No differences
were applied to the agronomic practices and consequently
the different content of each FAL was exclusively due to
the effect of cultivar and harvest date.

The even chain fatty alcohols (ECFALSs)were present in

Total Fatty Alcohols

olive oil of South West Calabria (Southern Italy)in higher
quantity in comparison with the odd-chain fatty alcohols
(OCFALSs). Hexacosanol had the highest value in all culti-
vars and throughout the three months of sampling. The
highest content of each FAL during olive ripening was
often found in Ottobratica, Pendolino or Sinopolese.

From the nutraceutical and technological point of view, a
tendency towards total policosanol decrease was observed
during ripening (Fig. 1), most evident for hexacosanol and
octacosanol. In almost all cultivars the highest policosanol
content was found in October at the beginning of ripening
when olives were green or yellow-green. Only in Sinopolese
after a decrease in policosanol until November, an increase
was found in December, this was due to the docosanol, tet-
racosanol, pentacosanol and hexacosanol contents. It is
worthy of note that Sinopolese had the smallest fruit and
the smallest ratio pulp/seed among all cultivars. The find-
ings of this paper confirm that to obtain a good nutraceuti-
cal virgin olive oil quality it is necessary that olive harvest-
ing is not delayed. No cultivar produced oil with a
policosanol content above the legal limit indicated by Eu-
ropean Union and by the International Olive Council. Gen-
erally the autochthonous cultivars showed a total policosa-
nol content higher than the allochthonous during olive
ripening.

At complete physiological maturity, Sinopolese showed
the highest content of each policosanol. Hexacosanol, octa-
cosanol, tetracosanol and docosanol were the predominant
policosanols in South West Calabrian olive oils.

The policosanol content in olive oil produced in South
West Calabria (Southern Italy)was significantly influenced
both by the effect of harvest date and by cultivar.

—o— Cassanese

=5~ Ottobratica

—A— Sinopolese

—>¢Coratina

=¥~ ltrana

—8—Leccino

—s— Nocellara
Messinese

—— Nociara

———Pendolino

Fig. 1 Evolution in Total Fatty Alcohols (FALs) during fruit ripening. The values represent the means of nine repli-

cates, three for each harvest year.
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