A Multivariate Study of the Relationship Between
Fatty Acids and Volatile Flavor Components
in Olive and Walnut Oils

Mariela M. Torres, Marcela L. Martinez, and Damian M. Maestri*

Instituto Multidisciplinario de Biologia Vegetal (IMBIV), Consejo Nacional de Investigaciones Cientificas y
Técnicas-Universidad Nacional de Cérdoba (CONICET-UNC), Céatedra de Quimica Organica, Facultad de Ciencias
Exactas, Fisicas y Naturales, Universidad Nacional de Cérdoba, X5016GCA Cérdoba, Argentina

ABSTRACT: The relationships between FA and the volatile pro-
files of olive and walnut oils from Argentina were studied using
GC and solid-phase microextraction coupled with GC-MS. The
major volatiles were aldehydes and hydrocarbons, produced
mainly through the oxidative pathways. n-Pentane, nonanal, and
2,4-decadienal were predominant in walnut oils, whereas
nonanal, 2-decenal, and 2-undecenal were the most abundant
components in olive oils. A multivariate analysis applied to the
chemical data emphasized the differences between the oils and
allowed us to see a pattern of covariation among the FA and the
volatile compounds. The main differences between walnut and
olive oils were the presence of larger amounts of short-chain
(C;—C,) saturated hydrocarbons and aldehydes in the former and
the greater quantities of medium-chain (C,-C,,) compounds in
olive oil. This can be explained by their different origins, mainly
from the linoleic acid in walnut oil or almost exclusively from the
oleic acid in olive oil.
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In Argentina, two important economic activities are the com-
mercial production of olives and walnuts, especially in semi-
arid regions that are considered marginal areas for conventional
crops. Most of the Argentinean olive production is destined for
oil manufacture, and the oil is appreciated internationally. Vir-
gin olive oils have a complex flavor owing to the presence of
many volatile compounds, such as aldehydes, hydrocarbons,
alcohols, ketones, acids, and esters (1-3). Some of the volatiles
are produced through the lipoxygenase pathway and are always
present in the headspace of virgin olive oils, although at differ-
ent concentrations, depending on the olive cultivar (4-6). Wal-
nut oil has been used as an alternative to olive oil for salad
dressing. Although it possesses an abundant flavor, which is
greatly enjoyed by consumers, the volatile composition of wal-
nut oil has been scantly documented (7,8).

One of the most important characteristics of olive oils is the
presence of a high content of oleic acid (9). Walnut oils are rich
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in linoleic acid, but oleic and linolenic acids also may be pres-
ent in significant amounts (10,11). Although these facts are
considered to be nutritionally favorable, the high content of un-
saturated FA plays a crucial role in the generation of fat-derived
flavor components.

In this work, the FA and volatile fractions of olive and wal-
nut oils were examined and the data obtained were further ana-
lyzed by a multivariate statistical method to verify its ability to
distinguish the two groups of oils. Another objective was to an-
alyze the interrelation between flavor development and FA
composition. The results from this analysis are discussed in re-
lation to available chemical knowledge.

EXPERIMENTAL PROCEDURES

Plant material. Oils from five olive and three walnut varieties,
chosen from among the most representative of the Argentine
production, were studied.

Olive (Olea europea L.) fruits of the varieties Arbequina,
Manzanilla, Nevadillo, Farga, and Frantoio were collected
from Traslasierra Valley, Cérdoba province, Argentina. Three
samples (10 kg each) of each variety were picked by hand at
the same degree of ripening. After homogenization and clean-
ing, each sample was crushed, the olive paste was kneaded for
50 min at 22 + 2°C and then squeezed. The liquid obtained
(aqueous and oily) was separated in a stainless-steel decanter.

Walnut (Juglands regia L.) fruits of the varieties Criolla,
Chandler, and Franquette were collected from commercial
plantations at the Belén location, Catamarca province, Ar-
gentina. Three samples (10 kg each) of each variety were
picked by hand from the trees and were then dried at 30 + 2°C
in a day’s time. Fruits were shelled, and the whole kernels were
used to obtain oil samples, using a manually operated pilot-
plant hydraulic press as described previously (12).

All oil samples were filtered through anhydrous Na,SO, and
stored at —10°C in dark glass bottles until analysis.

FA analysis. FA were analyzed by GC. Briefly, oils were
subjected to alkaline saponification (1 N KOH) and the un-
saponifiable matter was extracted with n-hexane. FAME were
obtained using 1 N H,SO, in methanol. The identification of
FAME was carried out by GC-MS (13) and by comparison of
the retention times with those of reference compounds.

Analysis of volatile compounds. Fresh oil samples (5 mL)
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from each olive and walnut variety were added to 15-mL head-
space vials fitted with silicon septa. Volatiles were sampled for
30 min at 50°C from the headspace of the vial with a 100-um
fiber coated with divinylbenzene/carboxene on polydimethyl-
siloxane, conditioned prior to use as recommended by the pro-
ducer. After sampling, the fiber was immediately inserted into
the injection port of an HP 5890 II gas chromatograph coupled
to an HP 5972 A mass selective detector. The GC separations
were performed using an HP 5 fused-silica capillary column
(30 m long x 0.25 mm i.d.; Hewlett-Packard, Palo Alto, CA)
coated with a 0.25-um layer of 5% phenyl methyl siloxane,
with helium (flow rate 1 mL/min) as the carrier gas. The injec-
tor temperature was held at 250°C, and the GC oven tempera-
ture was initially maintained at 50°C (2 min) and then in-
creased at 5°C/min to 250°C. Volatile compounds were identi-
fied by comparison of the mass spectral data with those of
authentic reference compounds. When standards were not
available, the components were identified by mass spectra
matching using the Wiley mass spectra search library.

Statistical analysis. All measurements were replicated three
times. A correlation analysis was performed using Pearson’s
test. A multivariate statistical analysis of the data set from the
FA and volatile fractions was performed using principal com-
ponent analysis (PCA).

RESULTS AND DISCUSSION

FA profiles are presented in Table 1. The variability observed
in FA composition was within the normal range found in olive
and walnut oils from different geographic origins (9-11). With
the exception of palmitoleic acid, which was present only in
olive oils, the remaining FA—namely, palmitic, stearic, oleic,
linoleic, and linolenic acids—were found in both olive and wal-
nut oils.

Oleic acid was the main FA in olive oils, ranging from 64.98
to 72.45%, with an overall mean value of 69.5%. Palmitic acid
was the second most prevalent FA (14.36-16.72%), followed
by linoleic acid (7.90-14.30%). The concentration of linolenic
acid was the lowest. On the other hand, the highest percentages
of linoleic acid were found in walnut oils (more than 52%), rep-

M.M. TORRES ET AL.

resenting about 55.4% of the total FA on average. A large vari-
ation was observed in the oleic acid content (16.51-26.28%).
Differences among varieties were also evident in the linolenic
acid content, which averaged 15.2%, with the highest value
(18.58%) being observed in the Chandler variety. Hence, olive
oils contained a high proportion of monounsaturated FA
(mainly oleic acid), whereas walnut oils were abundant in
PUFA (linoleic + linolenic).

Twenty-two components were identified that contribute to
the flavor of olive oil (Table 2). These included hydrocarbons,
alcohols, aldehydes, and furan derivatives. Most of the identi-
fied compounds were previously reported in the literature as
constituents of olive oil flavor (2). The major components in
all oil samples were saturated and unsaturated aldehydes,
which represented from 57.68 (var. Nevadillo) to 70.58% (var.
Manzanilla) of the total volatile compounds. Nonanal, 2-dece-
nal, and 2-undecenal were predominant in all samples. Satu-
rated hydrocarbons (C,~Cg) were second in abundance; n-hep-
tane and n-octane had the greatest values. Aliphatic alcohols
were found in small quantities, whereas furan derivatives were
present only in the Manzanilla and Nevadillo varieties.

Similar to olive oils, in walnut oils the most abundant group
of volatiles was the aldehydes and hydrocarbons (Table 3). n-
Pentane (8.84-19.46%) was the principal component in all va-
rieties, followed by 2,4-decadienal and nonanal. Unlike olive
oils, the walnut oils contained significantly higher amounts of
pentanal and hexanal. Others aldehydes and alcohols were pro-
duced and formed an important fraction of volatiles in walnut
oil of the variety Criolla. Furthermore, 2-hexanone, 2-pentyl-
furan, and 2-octylfuran were present only in this variety. Oils
from the Chandler and Franquette varieties were characterized
by a low number of volatile compounds.

Published works on the volatile composition of virgin olive
oil have focused on Cs and C4 compounds. However, the focus
on these compounds has been criticized by Reiners and Grosch
(14), who found that high M.W. compounds (up to C,,) are also
abundant components of the volatile flavor fraction of virgin
olive oils. The volatile composition of olive oils analyzed in this
study was quite different from that of European olive oils. The
main differences that characterize the Argentinean olive oils

TABLE 1
FA Composition (% of total FA) from Olive and Walnut Varieties
FA
Oil variety Palmitic Palmitoleic Stearic Oleic Linoleic Linolenic
Olive
Arbequina 16.42° 2.01 1.56 64.98 14.30 0.74
Manzanilla 15.33 2.08 1.46 72.39 7.90 0.83
Nevadillo 14.43 1.60 1.64 72.45 8.97 0.90
Farga 16.72 1.87 1.49 66.90 12.10 0.91
Frantoio 14.36 1.30 1.71 70.62 11.22 0.80
Walnut
Criolla 7.67 NDP 1.71 17.31 57.62 15.61
Chandler 6.94 ND 1.50 16.51 56.45 18.58
Franquette 7.54 ND 2.12 26.28 52.12 11.93

IMean values (n = 3).
PNot detected.
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Volatile Compounds (% normalized areas) of Olive Oil Varieties

Olive varieties

Compounds Arbequina Manzanilla Nevadillo Farga Frantoio
Hydrocarbons
n-Butane Trd 1.24b Tr Tr Tr
n-Pentane 4.33 3.21 5.19 5.28 4.98
n-Hexane 1.53 1.89 2.62 2.11 3.13
n-Heptane 6.02 4.70 9.05 5.97 713
n-Octane 7.73 1.89 11.59 6.98 7.01
Alcohols
Ethanol 3.51 Tr 3.36 4.28 Tr
Cyclobutanol 0.72 Tr Tr Tr Tr
1-Octanol Tr Tr Tr 1.09 Tr
Aldehydes
Pentanal Tr 0.86 Tr Tr Tr
Hexanal Tr 0.46 Tr Tr Tr
2-Hexenal 0.90 0.76 Tr Tr 1.67
Heptanal 2.72 2.19 1.84 2.75 2.53
Octanal 6.62 2.83 5.98 3.20 2.28
2-Octenal ND¢ ND ND 0.87 ND
Nonanal 10.45 6.73 13.33 13.04 15.11
2-Nonenal 1.15 1.69 1.00 2.08 1.52
Decanal Tr 0.87 0.65 Tr Tr
2-Decenal 5.99 11.87 11.57 9.17 12.72
2, 4-Decadienal Tr Tr Tr 1.15 Tr
2-Undecenal 5.84 9.23 10.33 8.00 11.32
Furan derivatives
2-Pentylfuran ND ND 0.99 ND ND
2-Octylfuran ND 0.51 ND ND ND
Total 57.51 53.12 77.50 65.97 69.40

Trace (<0.3%).
bMean values (n = 3).
“Not detected.

studied are the low amounts of short-chain (C,~C) aldehydes
and alcohols and the presence of significantly higher amounts of
many aldehydes with chain lengths of Cg to C,;. Evidence indi-
cates that, in olive fruits, the CS—C6 compounds are produced
mainly through biochemical (enzymatic) pathways (4,15),
whereas the formation of higher M.W. components occurs
through chemical pathways (16). Thus, the differences observed
in volatiles from Argentinean and European olive oils may indi-
cate a difference in the relative importance of these pathways.

Table 4 shows the theoretical hydroperoxide precursors of
the main flavor components. As expected, the major headspace
components in olive oils arose from oleate 8-hydroperoxide (2-
undecenal), oleate 9-hydroperoxide (2-decenal), oleate 10-hy-
droperoxide (n-octane, nonanal), and oleate 11-hydroperoxide
(n-heptane, octanal). These hydroperoxide isomers are formed
in similar amounts during the oxidation of oleic acid (16), the
most abundant FA in olive oil.

Linoleic was the major FA in walnut oil (Table 1), and most
of the fat-derived flavors arose from it. According to Frankel
(16), the main hydroperoxides are formed from the 9- and 13-
positions. The volatile composition of walnut oils analyzed
here reflected this fact. The C5~C, compounds (n-pentane, pen-
tanal, and hexanal) are typical linoleate 13-hydroperoxide de-
rivatives, whereas 2,4-decadienal is formed exclusively from

linoleate 9-hydroperoxide. In spite of the relative abundance of
linolenic acid in walnut oils, 2-hexenal and 2,4-heptadienal
(two of the most important linolenate hydroperoxide deriva-
tives) were found in trace amounts.

A correlation analysis between FA and volatile compounds
was performed by considering the olive and walnut oils as a
whole data set; the results are presented in Table 5. n-Heptane,
nonanal, 2-decenal, and 2-undecenal were positively correlated
with oleic acid, but they showed a negative correlation with
linoleic acid. On the other hand, n-pentane, pentanal, hexanal,
and 2,4-decadienal had significant positive correlations with
linoleic acid, but they were negatively correlated with oleic
acid content.

PCA was applied to the chemical data set from the olive
and walnut oils. The resulting score plot provided an
overview of the oil varieties, showing a total of 92% of the
variance (Fig. 1). This plot reflected the differences among
the oil types and allowed us to see the pattern of covariation
among the chemical variables: The variables found in a simi-
lar direction and far from the origin were positively corre-
lated. Oils from the walnut varieties appeared close together
in a group, whereas those from the olive varieties were found
clustered in another group, indicating that variations within
groups were smaller than variations between groups.
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TABLE 3
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Volatile Compounds (% normalized areas) of Walnut Oil Varieties

Walnut varieties

Compounds Criolla Chandler Franquette
Hydrocarbons
n-Pentane 8.847 16.93 19.46
n-Octane TP 411 5.78
n-Nonane 0.38 ND¢ ND
Alcohols
Ethanol 2.12 4.31 Tr
Cyclobutanol 2.22 Tr Tr
1-Pentanol 0.85 ND ND
1-Hexanol 0.57 ND ND
1-Heptanol 1.32 ND ND
1-Octanol 1.13 ND ND
Aldehydes
Pentanal 6.09 5.38 8.33
Hexanal 6.74 5.61 4.89
2-Hexenal Tr Tr Tr
Heptanal 4.53 3.67 Tr
2,4-Heptadienal 0.89 ND ND
Octanal 5.60 4.56 Tr
Nonanal 6.37 6.05 7.19
2-Nonenal 1.38 ND ND
Decanal 0.66 ND ND
2-Decenal 5.99 3.57 6.27
2,4-Decadienal 7.49 8.28 9.85
Ketones
2-Hexanone 0.67 ND ND
Furan derivatives
2-Pentylfuran 0.77 ND ND
2-Octylfuran 0.45 ND ND
Total 65.06 62.47 61.78

Mean values (n = 3).
bTrace (<0.3%).
“Not detected.

TABLE 4
Theoretical Hydroperoxide Precursors of the Main Volatile Compounds from Olive and
Walnut Oils
Compounds Precursor Compounds Precursor
Aldehydes Hydrocarbons
Pentanal 13-LOCH n-Pentane 13-LOOH?
Hexanal 13-LOOH n-Heptane 11-O00H"
Heptanal 11-LOCH n-Octane 10-OO0H
Octanal 11-OOCH
Nonanal 10-OOCH
2-Decenal 9-OO0OH
2,4-Decadienal 9-LOOH
2-Undecenal 8-OOOH

ALOOH, linoleic acid hydroperoxide.
bOOOH, oleic acid hydroperoxide.

The analysis of the score plot emphasized a separation on
the first principal component (PC1) since it explained 85% of
the total variance. The amounts of 2,4-decadienal and Cs—C,
aldehydes and hydrocarbons were related mainly to linoleic
acid, and all these compounds were associated with the walnut
varieties. Oils from the olive varieties were characterized by
larger amounts of higher M.W. aldehydes, all of which were
associated with oleic acid. So far in our discussion, we have

JAOCS, Vol. 82, no. 2 (2005)

tried to establish whether any chemical correlation exists be-
tween FA and volatile profiles. However, we remain fully
aware of factors other than the degree of oil unsaturation, such
as the TG structures or the presence of anti- and/or prooxidant
compounds, that also can influence flavor development.

The results of the present investigation showed that the most
abundant headspace volatile compounds in olive and walnut
oils were short- and medium-chain aldehydes and hydrocar-
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TABLE 5
Correlation Coefficients Between FA and Volatile Compounds from Olive and Walnut Oils
n-Pentane  n-Heptane Pentanal Hexanal Nonanal 2-Decenal 2,4-Decadienal 2-Undecenal
Oleic acid -0.837 0.94° -0.93° -0.99° 0.737 0.827 -0.96" 0.96°
Linoleic acid 0.847 -0.94b 0.94" 0.99" -0.72° -0.80° 0.97° -0.96"
aP<0.01.
bp<0.001.
4.77- Nonanal
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FIG. 1. Score plot of principal components 1 and 2 for chemical data (\/) from olive (&) and walnut (#®) varieties.

bons, indicating that flavor components are produced mainly
through oxidative pathways. The application of a multivariate
analysis to the chemical data showed that the pattern of varia-
tion for the FA and flavor compounds could be visualized by
the loading plot obtained by PCA. The remarkable features that
differentiated the flavor composition of walnut oils from those
of olive oils were the presence of larger amounts of short-chain
(C5-C) saturated hydrocarbons and aldehydes in the former,
and the increased quantities of medium-chain (C;~C,) com-
pounds in the latter. The explanation could be their different
origins, mainly from linoleic acid in walnuts or almost exclu-
sively from oleic acid in olives.
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