
ABSTRACT: By carrying out olive oil extraction experiments
with three olive varieties (Dritta, Coratina, and Leccino), a new
processing cytolase enzyme aid was tested. The oils, obtained
with the enzyme adjuvant upon extraction, were characterized
(with respect to reference oils) by: (i) relatively higher content
of natural antioxidants (free and linked phenols, ortho-diphe-
nols, tocopherols), trans-2-hexenal, total aromatic substances,
chlorophyllic pigments, and steroid hydrocarbons; (ii) slightly
lower content of aliphatic alcohols, triterpene alcohols, triter-
pene dialcohols, β-sitosterol, and total sterols; (iii) slightly
higher values of integral color index, resistance to autoxidation,
and global quality indices; (iv) lower values of carotenoid color
index, alcoholic index and some qualitative ratios, such as
trans-2-hexenal/hexanal, trans-2-hexenal/total aroma, campes-
terol/stigmasterol; and (v) a higher sensory score. Hence, they
exhibited better overall qualitative characteristics. The enzyme
adjuvant, in addition, led to higher oil extraction outputs.
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Enzymes are widely used in almost all food industry sectors,
but they have not yet been legally recognized for use in olive
processing, although they are frequently used by oil millers.
In earlier times, studies on aids for olive processing mainly
aimed at enhancing extraction yields, but at present, research
is primarily conducted to improve product quality.

The composition and effectiveness of enzyme adjuvants,
currently produced to process olives, appear considerably im-
proved, so that authoritative proposals have been put forward
to sanction their use. However, first it is necessary to modify
the official norm that controls the modality of olive process-
ing for production of virgin or extra-virgin oils. This will cer-
tainly be accomplished in the future.

The new enzyme adjuvant tested by us is a liquid prepara-
tion (obtained from Gist-Brocades, Seclin City, France) and
has a prevalent pectolytic action, as generally all do that at

present are studied for the biochemical treatment of olive
pastes; the enzymatic complex in question is essentially con-
stituted by pectinase and cellulolytic hemicellulolytic en-
zymes plus some minor enzymes. Its activity is not less than
2000 units/mL. One unit of activity is defined as the amount
of enzyme complex that liberates 1 µmol of reducing sugars
per minute from the galacturonic acid of olive pectins.

The enzymes contained in it are also present in olive fruit,
but they are significantly destroyed during the oil extraction
process. Therefore, addition of such an enzyme system to the
olive pastes replaces (and even enhances) the natural enzymes
of olive drupes.

This enzyme formulation degrades the walls of the oil-
bearing cells that elude crushing and also has similar effects
on the colloidal systems in olive paste (pectins, hemicellu-
loses, proteins, etc.) that retain the droplets of oil. In this way,
the droplets of oil are released (by undergoing phase inver-
sion) and gradually merge into larger droplets until they form
a mass of free oil, which is extracted by mechanical means.

The interaction between the oil droplets is called coales-
cence, which is also induced by mixing. Slow stirring of the
paste brings the colloid-bound oil droplets into contact with
each other. Through interaction, they combine into larger
droplets, the weight of which enables them to overcome the
force that binds them to the colloid systems. The enzyme for-
mulation exerts a complementary effect upon that of mixing,
which results in heightened coalescence.

The oil inside the oil-bearing cells is partly located in the
vacuole (~76%), where it is free, and partly in the cytoplasm
(~24%), where it is dispersed in the form of minute droplets
bound to colloids (through their lipoprotein membranes).
These tiny droplets form microgels that are mainly distrib-
uted in pockets and channels in the olive mash. A large por-
tion of the oil fraction in the cytoplasm, which forms an emul-
sion with the colloids, is released by the action of the enzyme,
which thereby increases the percentage of oil that is recov-
ered. As oil processing techniques stand at present, a large
amount of this oil is not extracted and is removed with the
byproducts. For it to be extracted, it is necessary to modify
the state of colloidal dispersion. The enzyme breaks up not
only the liquid–solid emulsions (interactions) but also the liq-
uid–liquid emulsions (mainly caused by crushing and cen-
trifuging the paste) through its endopolygalacturonasic effect.
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It also has a positive effect on the rheological characteristics
of the paste; after this biochemical treatment, the oil is more
readily extracted from the paste, as a result of which the
phases are separated more thoroughly (oil, water, solids).

Likewise, the oil that is emulsified with the water cannot be
recovered by employing normal technology; centrifugal force
is not able to separate the two. Consequently, if the emulsion is
not removed, this oil is lost in the vegetable water (effluent).
The phenomena of oil–solids interaction then end up involving
also part of the vacuolar oil when it has been released from the
vacuole. Lastly, the enzyme preparation has yet another posi-
tive property: it is water-soluble. This means that, at the end of
the extraction process, when it has exerted all its effects, it all
comes out in the vegetable water (olive juice) and leaves no
residue in the oil. Consequently, oil composition is not modi-
fied. Moreover, it is harmless to consumer health.

The oil, which is concentrated in the central cavity of the
oil-bearing cell, is synthesized in the mitochondria. It can be
considered a waste product of cell metabolism. All other waste
substances generated by activity of the mitochondria also ac-
cumulate in the vacuole. All substances discharged into the
vacuole gather around the oil droplets (which measure a few
microns) to form a kind of membrane. This membrane bursts
during extraction, only to reform in a more complex manner
because of the involvement of other substances contained in
the cell juice with which the drops of oil have come into con-
tact. Each substance is spread through the two phases, oil and
water, depending on its coefficient of distribution. This is the
point at which the final composition of the oil is decided, and
hence its chemical and organoleptic quality. As the fruit
ripens, the central cavity of the oil-bearing cell becomes larger,
owing to the gradual buildup of oil. Toward the end of the
ripening process, the vacuole takes up about 90% of the cell
volume.

As we will later point out, the effect of the enzyme com-
plex on fruit tissues also results in release of a greater quantity
of some important constituents, which dissolve in oil and in-
duce a direct and indirect improvement of product quality.

EXPERIMENTAL PROCEDURES

To execute the experiment, three varieties of olives (Dritta,
Coratina and Leccino), produced on the farm of our Institute
(Olive and Olive Oil Research Institute, Percana, Italy) were
mechanically processed at industrial level in our oil mill by
using two-phase continuous equipment. The steps of the tech-
nological process were as follows: (i) removal of leaves from
olive lots; (ii) milling of drupes by a hammer crusher; (iii)
kneading of the resultant paste for 60 min at 30˚C; (iv) cen-
trifugation of paste by a two-phase decanter; and (v) separa-
tion of the oily must into oil and water by means of an auto-
mated discharge centrifuge. The paste during centrifugation
was fluidized by adding ~100 L/h of drinking water that was
heated at 30˚C. The quantity of paste centrifuged per hour was
0.6 MT. The enzyme preparation was added to the paste at the
beginning of the kneading step by using a dose corresponding

to 30 mL per 0.1 MT of olives (0.03% vol/wt) after its dilu-
tion with lukewarm water (1:9, vol/vol).

For each variety, a homogeneous sample of 1.8 MT of
olives was processed, 0.9 MT with the processing aid and 0.9
MT according to the reference procedure without employing
the enzyme adjuvant (control). Each half was divided into
three equal parts, which were processed and tested. The com-
positional characteristics of the olive varieties processed were
the following: Dritta, oil 19%, moisture 58.5%, solids 22.5%;
Coratina, oil 12.1%, moisture 49.8%, solids 38.1%; Leccino,
oil 9.5%, moisture 57.1%, solids 33.4%. The ripening index,
determined according to the method developed by INRA of
Jaen-Spain, was 2.45, 1.59 and 4.06, respectively, for the
three olive varieties.

During testing, samples of the olives were taken, along
with byproducts and oils, by applying the same sampling
techniques briefly described in previous reports (1–5). The
methods applied to perform the analytical assessments on the
olives, husk, and vegetable water also are summarized in
these references. On the oils, the same analytical evaluations
outlined in a previous paper (1) were performed; however, in
addition, other instrumental determinations were made, such
as: (i) High-resolution gas-chromatographic (HRGC) analy-
sis of the phenolic fraction (6) by means of a 25-m capillary
column (internal diameter 0.32-mm, film thickness 0.1-µm,
internally covered with SE-54 liquid), after extraction with
pure methyl alcohol. The resulting methanolic extract was
concentrated to dryness by rotating evaporator, and the
residue was subsequently recovered with 10 mL CH3CN.
This solution, after three washings with hexane, was evapo-
rated in vacuo at a temperature below 35˚C. The residue was
dissolved into acetone, and to 1 mL of this solution, 150 µL
of bis(trimethylsilyl)-trifluoroacetamide were added. After 1
h, the injection into the gas chromatograph was effected. The
internal standard was resorcinol. This method is a modified
version of the one described earlier (1). (ii) High-pressure liq-
uid chromatographic (HPLC) analysis of the phenolic frac-
tion (4) by means of a reversed-phase column, after dissolu-
tion of oil in hexane and extraction of minor polar compo-
nents three times by a 3:2 (vol/vol) methanol/water mixture,
and subsequent washing of each extract with hexane, fol-
lowed by centrifugation, reunion of extracts, evaporation to
dryness, and recovery of residue with methanol. The calcula-
tion of peaks was made by considering their areas to the total
area of the chromatogram colorimetrically quantitated (and
expressed as caffeic acid). (iii) 13C Nuclear magnetic reso-
nance (NMR) analysis of the phenolic fraction (7). From 20 g
of oil, the minor polar components were extracted, which
were then dissolved into 500 µL of deuterated methanol. The
resulting solution was placed into a 500-mL NMR tube. The
13C NMR spectrum was recorded from this solution at 100
MHz. (iv) 13C NMR analysis of triglycerides and diglycerides
(8): 300 mg of oil was dissolved into 300 µL of deuterated
chloroform (CDCl3), and tetramethylsilane was used as an in-
ternal reference. From this solution, the 13C NMR spectrum
was recorded. (v) Pyrolysis at Curie point (530˚C) in a nitro-
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gen inert gas atmosphere or in vacuo. By this procedure
(9–14), organic molecules are thermally degraded to produce
volatile fragments, which, by means of a mass spectrometer
coupled with the pyrolysis apparatus, are ionized and sepa-
rated on the basis of their mass/charge ratio (m/z); inputs de-
riving from the formed ions are recorded into the pyroly-
sis–mass spectrum of the oil sample (pyrogram or fragmen-
togram), which represents a picture of the chemical profile or
fingerprint of the oil. Normalized data from the pyrogram are
statistically processed by applying both conventional (princi-
pal component analysis, PCA; canonical variate analysis,
CVA; principal component canonical variate analysis,
PCCVA; hierarchical cluster analysis, HCA) and neural (arti-
ficial neural networks; kohonen artificial neural networks; and
others) statistical multivariate analysis methods, to see if the
oil samples can be discriminated, i.e., if they are different.
These latter chemometric analysis methods are applied by
using an artificial neural network (artificial intelligence),
which is interfaced with a computer (PCA, CVA, PCCVA,
and HCA methods do not give a higher reliability of results).
The oil (1 µL) is pyrolyzed for a duration of 3 s by placing it
upon a small metal sheet (alloy composed of iron and nickel,
1:1 w/w) and introducing this inside a glass tube, which is fit-
ted in the pyrolysis apparatus, where the oil is irradiated by a
radio frequency of 425 MHz. The radiation is absorbed by the
magnetic dipoles of the alloy elements, which develop a con-
siderable quantity of heat, up to the Curie temperature. At this
point, the sheet stops to exhibit ferromagnetic properties and
absorb the radio frequency, with the consequent interruption
of heating (electromagnetic thermostasis step). The pyrolysis
fragments spread and arrive into the ionization chamber of
the mass spectrometer, where they are irradiated by a low-en-
ergy electron beam. From a few microliters of oil, an enor-
mous number of ions (0.5–2.0 × 106) is formed, whose mass
for our samples ranges from 51 to 200. A Rapyd-400 instru-
ment was used, which was provided by Horizon Instruments
Ltd. (Sussex, Great Britain). To process the data relating to
the pyrolysis–mass spectra, the statistically fitted software
Genstat was used, along with Excel 4.0 for Windows. The so-
phisticated combined pyrolysis–mass techniques, which are
recent and innovative, were also used by us to achieve other
objectives, i.e., to certify oil controlled origin denomination,
protected origin denomination, geographical indication (see
Italian law No. 169/92 and EEC regulation No. 2081/92), and
furthermore to assess typicality or determine purity or authen-
ticity of oils.

RESULTS AND DISCUSSION

The results obtained, relating to the analytical characteristics
of the oils, are given in Tables 1 through 5.

Total polyphenols, ortho-diphenols, tyrosol, hydroxyty-
rosol, hydrolyzable phenols, tocopherols. For all three olive
varieties processed, the oils produced by adding the pectolytic
enzyme to the oily pastes constantly exhibited higher total
polyphenol and ortho-diphenol contents (in general, averag-

ing 18.8 and 18.9%). Similar results were observed for tyrosol
and hydroxytyrosol (which were the major free phenols pres-
ent in the oils) and for tyrosol-aglycons and hydroxytyrosol-
aglycons. These linked phenols, which were found in oils in
quantities decidedly higher than free phenols, have recently
been studied and characterized by Montedoro and coworkers
(15–18); their chemical structures have revealed that they are
linked with dialdehydic forms of elenolic acid, which are es-
terified with tyrosol or hydroxytyrosol. The resistance to oxi-
dation and organoleptic characteristics of oils is influenced
by the most phenolic substances (both free and conjugated
phenols). Some aglycons that contain tyrosol and probably an
aglycon that contains hydroxytyrosol are responsible for bit-
ter and hot notes of the oil (7). The higher content of phenolic
substances (quantitated by HRGC, HPLC, NMR, and colori-
metric crossed analyses), recorded for oils extracted by treat-
ing the oily pastes with the enzymatic system, suggests that
this phenomenon might be ascribed to the biochemical action
that the enzyme preparation is able to exert on the complex
molecular structures of olive fruit (in which phenol compo-
nents are plentiful, mainly as glucosides and esters), from
which consequently a higher quantity of phenol constituents
could be freed and dissolved in the oil. The values for the to-
copherols were also higher in the oils produced with the en-
zyme adjuvant. These substances, in agreement with litera-
ture data, were represented almost exclusively by α-toco-
pherol, while β-tocopherol and others (γ- and δ-tocopherols)
were absent or present in low amounts. α-Tocopherol has a
marked vitamin action, which is much higher than that of
other tocopherols. The latter, on the other hand, exert a higher
antioxidant action (δ-tocopherol is the strongest, followed in
order by γ- and β-tocopherol).

Panel test, Rancimat stability, global quality indices (GQI1,
GQI2). The values of resistance to autoxidation of the oils
(hours taken by peroxidizing reactions to reach the induction
step, at 120˚C and an air flow rate of 20 L/h) were always
higher (in agreement with the higher phenol substance content)
in the oils obtained with the enzyme processing aid. Because
of higher phenol content, these oils also received a higher sen-
sory score (even if these components are not the only sub-
stances responsible for flavor and “fruity taste” of the product).
The oils produced (with or without enzyme aid) were all with-
out defects, and therefore qualitative scores were attributed to
them only on the basis of their positive organoleptic attributes.
Also, the influence of the phenolic fraction on oxidative stabil-
ity and upon “fruity taste” of the oils depends on its qualitative
composition (19). In effect, some phenolic compounds exert
low antioxidant action or are even slight prooxidants, such as
tyrosol, vanillic acid, syringic acid, para-hydroxybenzoic acid,
and para-coumaric acid, while other phenolic components are
able to produce an antioxygen action (e.g., caffeic acid, proto-
catechuic acid, hydroxytyrosol). However, the anti- or prooxi-
dant activity degree of each phenolic component has not yet
been elucidated well. Almost all phenolic substances contribute
to the oil’s taste, which is influenced either by their chemical
structure or by their quantity (absolute or relative) in the oil.

CHARACTERIZATION OF OLIVE OIL 1107

JAOCS, Vol. 74, no. 9 (1997)



Finally, the oils obtained by employing the enzyme adjuvant
stood out for the higher values of global quality indices because
of higher sensory scores and higher polyphenol content; this
suggests that these oils might be considered superior to the ref-
erence oils on the basis of overall evaluation.

Ultraviolet spectrophotometric indices, peroxide index,
acidity, Watts-Majors’s index (MWI). These qualitative indices
of the oils were not significantly influenced by biochemical
treatment of the olive pastes. The small or insignificant varia-
tions observed between the analytical data relating to the two
oil types, obtained by the two technological procedures, can
probably be attributed to experimental error. However, the car-

bonyl index (MWI) and R (K232/K270, Wolff’s ratio) value
tended to be higher in the reference oils.

Turbidity, chromatic characteristics, lipochrome contents
of oils, and spectrophotometric curves in the visible light zone
between 400 and 700 nm. Turbidity and color are not consid-
ered by the EEC method (panel test) for the evaluation of sen-
sory characteristics of olive oil, but they actually influence
acceptability of the product by the consumer. The values
recorded for turbidity were always lower in the reference oils
than in the oils obtained with the enzyme adjuvant. However,
this parameter seemed also to depend on the variety of olives
and ripening index. The oils produced by the biological pro-
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TABLE 1
Analytical and Compositional Characteristics of Olive Oils Extracted by Using a New Pro-
cessing Enzyme Aid, Compared to Reference Oils

Dritta Coratina Leccino

Aid Control Aid Control Aid Control

Acidity (% oleic acid) 0.48 0.44 0.20 0.22 0.17 0.17
Peroxide index (meq O2/kg) 6.9 6.8 7.2 7.1 5.5 5.8
Carbonyl index—MWIa 1.66 3.87 7.19 6.14 2.13 4.97
Total polyphenols (as 214 178 257 229 117 88
caffeic acid) (mg/L)b

O-diphenols (as caffeic 141 116 175 156 81 62
acid) (mg/L)b

Tyrosol (as resorcinol) 6.1 4.6 1.7 1.1 2.2 2.1
(mg/L)c

Hydroxytyrosol (as 3.5 3.0 2.0 1.1 0.9 0.2
resorcinol) (mg/L)c

Hydroxytyrosol/tyrosol 0.6 0.7 1.2 1.0 0.4 0.1
Tyrosol-aglycons (as 17.8 13.8 30.8 15.3 2.2 0.2
resorcinol) (mg/L)c

Hydroxytyrosol-aglycons 37.2 24.9 46.0 36.0 17.9 8.0
(as resorcinol) (mg/L)c

Free phenols/linked 0.17 0.20 0.05 0.04 0.15 0.28
phenols
Rancimat stability (h) 12.1 9.8 15.0 15.0 17.1 11.7
Turbidity (NTU)d 200 157 390 300 169 36
K 232 1.599 1.566 1.576 1.536 1.420 1.478
K 270 0.158 0.133 0.162 0.141 0.106 0.110
∆K × 103 −4 −4 −11 −10 −4 −5
R (K232/K270)e 10.1 11.8 9.7 10.9 13.4 13.4
Panel test (score) 7.6 7.2 8.2 7.8 7.0 6.7
Global quality index 7.5 7.4 8.2 8.0 7.7 7.3
(GQI1)
Global quality index 35.9 35.8 37.3 37.1 36.4 35.5
(GQI2)
Chlorophylls and 7.2 6.8 29.2 22.2 5.2 5.0
pheophytins (mg/kg)
Chlorophyllic color 28.5 27.3 159.6 120.8 25.5 25.6
index (%)
Carotenoid color 104.0 111.8 255.0 244.1 116.1 132.7
index (%)
Brightness (%) 69.2 71.6 51.4 56.0 72.2 73.7
Chroma (%) 81.2 83.9 97.3 97.3 86.6 86.6
Hue (nm) 577 577 578 578 578 578
Color ratio (A446/A668) 3.9 4.4 1.6 2.1 4.5 5.0
Integral color index 11.1 12.2 28.1 24.5 12.2 11.5
aMWI, Watts and Major’s index.
bAs determined by colorimetric method.
cAs determined by high-resolution gas-chromatographic method.
dNTU, nephelometric turbidity units.
eWolff’s ratio.



cedure were slightly richer in chlorophyllic pigments (a and
b chlorophyll, a and b pheophytin) and poorer in carotenoid
components; their integral color index frequently was rela-
tively higher. These results were confirmed by information
given by visible-light spectra.

Aromatic volatile fraction. The oils obtained by employ-
ing the adjuvant in olive processing more often exhibited
higher contents of total aromatic substances. However, the
richness in volatile substances of the oils mainly appeared to
depend on genetic factors, i.e., on the olive variety processed.
Total value of these compounds is an excellent indicator of
oil quality when produced from qualitatively good olives and
when rational conditions of processing are adopted. Further-
more, the enzyme aid, with two out of three varieties, en-
hanced the trans-2-hexenal content of the oils; this substance
is the major volatile constituent of fresh and qualitatively
good oils. It is also the component mainly responsible for fla-
vor, along with other volatile compounds and phenolic sub-
stances; this aldehyde is responsible for the green-fruity taste
notes of oils, along with cis-3-hexenyl acetate. In contrast, the
values of trans-2-hexenal/hexanal and trans-2-hexenal/total
aroma ratios seemed to be more favorable for the reference

oils. These ratios are believed to be important quality indices,
the former because hexanal, unlike trans-2-hexenal (which
has a pleasant odor of fresh cut grass), has a disagreeable
smell and is present in elevated quantity in defective oils and
only in small amounts in oil of good quality. Besides hexanal,
among the volatile components identified in oil aromagrams,
other substances with nasty smells (n-octane, acetic acid,
ethyl acetate, ethanol, trans-2-pentenal, isoamyl alcohol,
isobutyl alcohol, etc.) were found in the oils produced (see
Table 4), even though these were of good quality. This means
that the presence of small quantities of these components in
virgin or extra-virgin oils is to be considered normal. Their
total content, or the concentration of a part of them, consider-
ably increases in defective oils. Some volatile bad substances
are responsible for specific defects (20–23). Oils without de-
fects but obtained from olives of less than excellent quality or
overripe olives, or that were stored poorly or for a long time,
are also rich in such bad substances. These also increase dur-
ing aging of oil. Their effect on aroma in qualitatively good
oils is avoided by that of compounds with a pleasant odor.
These latter normally diminish in oil when the bad volatile
compounds rise. The good compounds, during olive storage,
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TABLE 2
Other Compositional Characteristics of Olive Oils Extracted by Using a New Processing En-
zyme Aid, Compared to Reference Oils

Dritta Coratina Leccino

Aid Control Aid Control Aid Control

Tocopherols (mg/kg) 76.2 67.2 197.1 195.1 292.4 257.4
α-Tocopherol (mg/kg) 76.1 67.1 196.7 194.7 291.5 256.6
γ-Tocopherol (mg/kg) 0.1 0.1 0.4 0.4 0.9 0.8
Steroid hydrocarbons 0.092 0.088 0.181 0.284 0.295 0.048
(mg/kg)
Campestadiene (mg/kg) 0.050 0.018 0.120 0.050 0.128 0.011
Stigmastatriene (mg/kg) 0.029 0.007 0.061 0.132 0.167 0.016
Stigmastadiene (mg/kg) 0.013 trace trace 0.102 trace 0.021
Total waxes (mg/kg) 453 434 199 226 737 756
Waxes C34 (mg/kg) 16 13 5 6 11 10
Waxes C36 (mg/kg) 191 178 47 62 379 370
Waxes C38 (mg/kg) 138 125 57 61 175 180
Waxes C40 (mg/kg) 40 43 22 22 63 74
Waxes C42 (mg/kg) 30 45 30 28 46 49
Waxes C44 (mg/kg) 12 12 12 12 22 22
Waxes C46 (mg/kg) 26 18 26 35 41 51
Waxes C40 + C42 + 108 118 90 97 172 196
C44 + C46 (mg/kg)
Alcoholic index 0.19 0.22 0.22 0.04 0.32 0.36
Aliphatic alcohols 11.2 9.9 10.0 11.8 14.9 17.5
(mg/100 g)
1-Docosanol (C22) (%) 15.8 16.0 11.5 12.3 21.2 21.7
1-Tetracosanol (C24) (%) 22.4 24.2 23.0 19.2 34.2 34.1
1-Hexacosanol (C26) (%) 41.1 42.4 42.8 45.5 27.6 27.6
1-Octacosanol (C28) (%) 20.7 17.4 22.7 23.0 17.0 16.7
Triterpene alcohols 51.3 49.6 75.7 84.5 45.4 51.5
(mg/100 g)

β-Amyrin + butyrospermol 20.3 19.1 21.3 19.2 23.7 21.9
(%)
Cycloartenol (%) 17.4 18.5 13.6 15.7 18.8 17.5
24-Methylenecyclo 62.3 62.4 65.1 65.1 57.5 60.7
artanol (%)



undergo a gradual natural quantitative reduction, even if the
drupes were wholesome and undamaged; such reduction does
not always result in worsening of other qualitative indices.
So, these good volatile compounds as a whole should be con-
sidered an individual (and even nonsecondary) quality para-
meter of oil. Isobutyl alcohol, isoamyl alcohol, lactic acid,
and n-octane (which forms by decomposition of hydroperox-
ide in position 10 of oleic acid) seem to be responsible for the
fustiness defect when they are present in oil in elevated quan-
tity (but this did not occur for our oils). Amyl and isoamyl al-
cohols are afforded by the metabolism of proteins. Acetic
acid, ethyl acetate, and ethanol are afforded by fermentative
processes (alcoholic fermentation of sugars) and cause the
“washed with wine” defect. In overripe or damaged drupes,
either before or after harvesting but especially during storage,
an acceleration of processes occurs that causes a reduction or
disappearance of good volatile components and at the same
time an enhancement of those that are bad, especially because
it facilitates invading of fruit tissues by bacteria and molds.
In such cases, exogenous enzymes interact with endogenous
ones and cause the decay and evolution of the oil flavor. En-
zymatic, fermentative, and oxidative processes occur, and
deleterious effects on the quality of oil are produced. Final
aroma of oil depends on its absolute or relative content of var-

ious volatile components and is also influenced by interac-
tions among them (24–29). The sensory threshold of each
volatile compound is another factor that affects the aroma of
oil. While trans-2-hexenal formed by enzymatic biosynthesis
from the 13-L-hydroperoxide of linolenic acid, other good
aromatic substances, such as 2-penten-1-ol and 1-penten-3-
ol, were mostly present in more elevated quantities in the oils
obtained by using the enzyme adjuvant. However, some
volatile compounds with unpleasant aroma (isobutyl alcohol,
isoamyl alcohol, acetic acid, 1-penten-3-one, hexanal) also
increased in the oils because of the enzyme effect. Evidently,
action of the enzyme, which was added to the olive paste prior
to beginning of malaxation, raised the effect by enhancing the
content of total aromatic substances in the oil (30,31).

Fatty acid composition: triglycerides and diglycerides.
Fatty acid composition of the oils was not significantly af-
fected by enzyme treatment of the olive pastes. These compo-
nents seem to be influenced by the olive variety from which
the oil was produced. Total triacylglycerol content of the oils
also was hardly affected by the processing adjuvant. Analyti-
cal data showed that the enzymatic complex had no influence
on total diglycerides, 1,2- and 1,3-diglycerides and other glyc-
eridic indices, such as 1,2-diglycerides/1,3-diglycerides, total
diglycerides × 1,3-diglycerides and total diglycerides/1,3-
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TABLE 3
Fatty Acid Composition and Diacylglycerol and Triacylglycerol Contents of Olive Oils (ex-
pressed in %) Extracted by Using a New Processing Enzyme Aid, Compared to Reference
Oils

Dritta Coratina Leccino

Aid Control Aid Control Aid Control

Myristic acid (C14,0) trace trace trace trace trace trace
Palmitic acid (C16,0) 14.3 13.5 10.4 10.2 14.6 13.2
Palmitoleic acid (C16,1) 0.9 0.9 0.4 0.4 1.2 1.0
Heptadecanoic acid (C17,0) 0.1 0.1 0.1 0.1 0.1 0.1
Heptadecenoic acid (C17,1) 0.1 0.1 0.1 0.1 0.1 0.1
Stearic acid (C18,0) 3.2 3.3 2.9 3.1 2.1 2.4
Oleic acid (C18,1) 70.6 71.0 77.3 77.0 73.0 73.4
Linoleic acid (C18,2) 9.6 9.8 7.2 7.4 7.6 8.4
Linolenic acid (C18,3) 0.5 0.5 0.8 0.8 0.7 0.8
Arachidonic acid (C20,0) 0.4 0.5 0.4 0.5 0.3 0.3
Eicosenoic acid (C20,1) 0.2 0.2 0.3 0.3 0.2 0.2
Behenic acid (C22,0) 0.1 0.1 0.1 0.1 0.1 0.1
Lignoceric acid (C24,0) trace trace trace trace trace trace
trans-Oleic isomers 0.01 trace 0.01 trace 0.02 0.01
trans-Linoleic isomers + trace trace trace trace trace trace
trans-Linolenic isomers
Saturated acids/ 0.22 0.21 0.16 0.16 0.21 0.19
unsaturated acids
Oleic acid/linoleic acid 7.3 7.2 10.7 10.4 9.6 8.7
Total diglycerides 2.16 2.54 1.33 1.41 1.15 1.28
1,2-diglycerides 1.35 1.50 1.11 1.15 1.04 1.16
1,3-diglycerides 0.81 1.04 0.22 0.26 0.11 0.12
1,2-diglycerides/1,3- 1.67 1.44 5.05 4.42 9.45 9.67
diglycerides
Total diglycerides × 1.75 2.64 0.29 0.37 0.13 0.15
1,3-diglycerides
Total diglycerides/1,3- 2.67 2.44 6.05 5.42 10.45 10.67
diglycerides
Triglycerides 97.8 97.0 98.7 98.6 99.0 98.7



diglycerides. The 1,2-diglycerides/1,3-diglycerides ratio was
proposed (32) as an index of quality freshness of oils. The
other five indices, cited above, involving diglycerides seem
also to be related to oil quality, so that, as integration of the
EEC regulation No. 2568/91 was proposed (33), for extra-vir-
gin oils the values of at least two of them should not be higher
than certain well-studied and defined limits. If the values of
all five indices involving diglyceride compounds are not
higher than the proposed limits, extra-virgin oil may be con-
sidered to be of high quality. In effect, our oils, which all ex-
hibited good qualitative levels, had values of all five indices
involving diglyceride compounds that were not higher than
the proposed limits, except for some oils, which were almost
all produced from the Dritta variety. However, we used an
NMR method for the determination of partial glycerides, while
the authors who proposed the above indices adopted an HRGC
method. The good qualitative standards of oils obtained by us
were confirmed by the presence of small quantities or traces
of trans-oleic, trans-linoleic, and trans-linolenic fatty acids.

Long-chain aliphatic and triterpene alcohols; alcohol
index. The values of the alcoholic index (which is inversely re-
lated to the quality of oil) were frequently slightly lower in oil
produced by using the enzyme aid. Furthermore, the oil exhib-
ited relatively lower contents of total aliphatic and triterpene

alcohols.
Sterol composition; campesterol/stigmasterol ratio; triter-

pene dialcohols. The processing adjuvant led to oils with
lower contents of β-sitosterol and total sterols. These oils
were also characterized by relatively lower values of the
campesterol/stigmasterol ratio (which is positively related to
quality) and lower contents of triterpene dialcohols. These
latter are present in elevated quantities in husk oil; a high
value of them is a negative index of quality. Furthermore,
these components are considered important for revealing the
presence of other vegetable oils in virgin olive oil. In the oils
produced with or without the enzyme aid, the values of total
triterpene dialcohols and main sterols (listed in enclosure No.
1 of EEC regulation No. 2568/91) were all lower than the lim-
its set by the official norm.

Steroid hydrocarbons and waxes. Determinations of waxes
and of stigmastadienes (isomeric hydrocarbon compounds
not resolved by capillary column) are respectively considered
by the official norm to detect fraudulent additions of husk oil
to pressed oil and to disclose the presence of refined oil in vir-
gin oil. Therefore, it is important to know the variation limits
of these components in nonadulterated virgin oils by investi-
gating the influence exerted on their values by the various fac-
tors (including technological treatments). Analytical data
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TABLE 4
Aromatic Volatile Substances (expressed as 1-nonanol, mg/kg) Iden-
tified in Aromagram of Olive Oils Extracted by Using a New Pro-
cessing Enzyme Aid, Compared to Reference Oils

Dritta Coratina Leccino

Aid Control Aid Control Aid Control

n-Octane 9.8 9.0 1.3 1.2 3.1 3.3
Ethyl acetate 10.1 1.7 7.9 1.7 14.7 14.2
2-Methyl- 3.4 2.7 5.8 2.1 6.1 2.7
butyraldehyde
3-Methyl- 3.4 1.7 6.5 2.3 7.7 4.5
butyraldehyde
Ethanol 25.0 19.4 17.8 10.1 3.5 25.3
3-Pentanone 28.0 23.1 12.5 10.9 9.8 6.5
1-Penten-3-one 8.2 8.2 26.8 15.5 12.4 12.9
Hexanal 27.6 25.5 32.5 23.7 21.6 20.6
Isobutyl alcohol 13.4 8.5 2.5 1.1 2.5 1.9
trans-2-Pentenal 2.5 2.3 5.0 3.1 2.0 2.0
1-Penten-3-ol 21.7 19.2 60.9 35.2 11.4 9.8
Isoamyl alcohol 22.3 17.0 8.9 3.7 9.4 7.5
trans-2-Hexenal 364.8 354.1 1081.6 773.4 320.0 416.8
n-Amyl alcohol 1.8 1.7 1.0 0.8 0.9 0.7
2-Penten-1-ol 12.0 10.5 30.8 18.2 6.8 5.9
1-Hexanol 25.5 22.2 18.6 18.0 13.4 11.1
cis-3-Hexen-1-ol 4.7 4.3 7.3 8.2 3.5 3.3
trans-2-Hexenol 43.0 50.0 80.9 38.6 44.1 26.1
Acetic acid 5.1 6.0 2.5 1.1 3.7 1.4
1-Octanol trace 0.2 trace trace trace trace
2-Butanone 1.0 trace 1.0 trace 1.3 0.8
Total volatile 723.3 664.1 1530.9 1036.4 800.4 652.4
substances
trans-2-Hexenal/ 50.4 53.3 70.7 74.6 40.0 63.9
total aroma (%)
trans-2-Hexenal/ 13.2 13.9 33.3 32.6 14.8 20.2
hexanal

TABLE 5
Sterol and Triterpene Dialcohol Composition (expressed in %) in
Olive Oils Extracted by Using a New Processing Enzyme Aid, Com-
pared to Reference Oils

Dritta Coratina Leccino

Aid Control Aid Control Aid Control

Total sterols 127.6 120.1 110.8 117.5 197.7 205.0
(mg/100 g)
Campesterol/ 2.9 3.2 3.0 6.4 3.1 3.9
stigmasterol
Cholesterol 0.2 0.4 0.2 0.3 0.2 0.2
Brassicasterol trace trace trace trace trace trace
24-Methylene- 0.3 0.3 0.3 0.3 0.1 0.1
cholesterol
Campesterol 3.2 3.2 3.4 3.5 3.0 3.1
Campestanol 0.4 0.4 0.3 0.3 0.3 0.3
Stigmasterol 1.1 1.0 1.1 0.5 1.0 0.8
∆7-Campesterol trace trace trace trace trace 0.2
∆5-23-Stigmas- 0.1 trace trace trace trace trace
tadienol
Chlerosterol 1.0 0.9 0.8 1.1 0.8 0.9
β-Sitosterol 75.7 75.6 79.5 80.6 83.1 81.7
Sitostanol 1.0 1.0 0.8 1.7 0.9 1.3
∆5-Avenasterol 15.3 15.7 12.0 10.1 8.4 9.1
∆5-24-Stigmas- 0.9 0.8 0.7 0.7 0.6 0.7
tadienol

∆7-Stigmastenol 0.5 0.4 0.5 0.4 0.5 0.5
∆7-Avenasterol 0.4 0.5 0.5 0.3 1.0 1.1
Total β-sitosterola 94.0 93.9 93.7 94.3 93.9 93.6
Triterpene 3.0 3.5 2.8 3.1 1.6 1.6
dialcohols
Erythrodiol 2.4 3.0 2.4 2.4 1.0 1.1
Uvaol 0.6 0.5 0.4 0.6 0.6 0.5
a∆5-23-Stigmastadienol + chlerosterol + β-sitosterol + sitostanol + ∆5-ave-
nasterol + ∆5-24-stigmastadienol.



showed that the enzyme adjuvant had no significant influence
on total wax content of the oils. However, the qualitative
composition of waxes was significantly influenced by the
olive variety. The enzyme adjuvant also had little influence
on stigmastadiene content of the oils, even if total steroid hy-
drocarbons tended to be higher.

Processing the data relating to the pyrograms by applying
both classic and neural statistical multivariate techniques
showed little difference between the oils produced with the
enzyme and the reference oil in oil quality.

Finally, as far as the technological quantitative results are
concerned, we observed (Table 6) that the enzyme adjuvant
led to higher outputs (generally 0.8% average). This increase
in yield, in industrial processing, is significant. It could still
be higher if the olives processed had not been characterized
by low oil content. The effluent produced by using the pro-
cessing aid was relatively richer in polyphenols (as was the
corresponding oil), but in spite of that, the value of chemical
oxygen demand was slightly lower. The husk was character-
ized by a lower content of liquid components, both residual
oil and water. Lastly, the enzyme complex led to a higher
quantity of husk (as dry matter) and effluent. In fact, it in-
duced a more effective separation of phases (oil, water, and
solids) from the olive paste; consequently, a higher quantity

of vegetable water was separated from the husk.
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