
ABSTRACT: The effects of adding mixtures of herbs such as gar-
lic, laurel, and marjoram on selected chemical indices of olive
oil from canned dried tomatoes were studied for various storage
periods of up to 1 yr. Conventional analytical indices measured
included acidity, PV, and p-anisidine value. Flavored samples
showed kinetic constant values that were significantly (P = 0.001)
higher than unflavored ones, whereas oligopolymer and oxidized
TG and DG contents were similar to or slightly higher than in the
unflavored samples compared with those with herbs. The addi-
tion of the mixture of herbs slowed polymerization reactions but
did not inhibit TG oxidation. Discrepancies between the results
obtained by conventional analyses and high-performance size-
exclusion chromatography indicated that the former approaches
were insufficient to determine oxidative degradation of oil as a
result of interferences from compounds in the food matrix.
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Studies concerning the chemical quality of pure olive oil (1–11)
are more prevalent than those about oxidative and hydrolytic
degradation of oils added to preserved foods (12–18). Some of
these studies have identified and characterized added oil in
canned foods. Specific identification of the oils is difficult since
there are interactions between the food matrix and the oil. In
the case of canned tuna, the identification is made easier by the
low linoleic acid content of the tuna oil (<2%) compared with
the components of added olive oil (5–13%) (12). For this rea-
son, the addition of other vegetable or animal oils with olive
oil in foods would produce an increase in the linoleic acid con-
tent so that it would be greater than 13.5%, which is the limit
fixed by the “Fat and Derivative Rules” for olive oil (19). Ac-
cording to Bizzozero and Carnelli (15), since the influence of
fish fat is negligible, the evaluation of both the oleic acid trans-
isomers and the sum of linoleic and linolenic trans-isomers
could be used to ascertain the authenticity of oil added to
canned tuna and mackerel. Gomes et al. (18) investigated the
chemical indices of oils from 30 packaged vegetables and fish.
In canned fish, the transfer of fat from the food matrix to the
oil is significant, since it reduces the percent oleic acid value
and increases FA having a high M.W. and a high degree of un-

saturation. With vegetables preserved in oil, the lipid transfer
from the food matrix to the oil is negligible. 

Studies have been carried out on the influence of processing
and storage on chemical parameters and minor compounds of
extra virgin olive that is used as a packing oil in preserved
foods. Paganuzzi et al. (13,14) reported the results of analyses
of packing oil of foods in glass containers. In different samples,
acidity increased and exceeded 1% after 9 mon of storage,
whereas the PV exceeded 20 mequiv O2/kg after 1 mon. The
K232 value exceeded 2.4 after 3–6 mon, whereas K270 and ∆K
were higher than 0.20 and 0.01, respectively, after 1 mon. 

Numerous studies have considered the antioxidant effects
of spices and herbs added to pure oil. According to Farag et al.
(20), the antioxidant activity of essential clove oil is greater
than that of thyme. Sage, cumin, rosemary, thyme, and cloves
show a decreasing order of ability to reduce antioxidant activ-
ity of linoleic acid (21). Different terpenic compounds isolated
from oregano show varying antioxidant activities (22). Accord-
ing to Protogeras et al. (23), some terpenic compounds of sage
(especially carnosol) reduce antioxidant activity of olive and
corn oils. Both thyme and laurel oils (whose main compounds
are terpenes) have a strong antioxidant activity for protecting
soy oil (24). Marjoram is effective against peanut oil oxidation
(25). The antioxidant activity of some spices and herbs was
also studied with sunflower oil (6). The most effective spices,
in decreasing order, were basil, parsley, mint, sage, rosemary,
garlic, laurel, onion, marjoram, and hot pepper.

No references have been found concerning the antioxidant
effect of spices and herbs on oils added to preserved foods. The
main purpose of adding spices and herbs to foods canned in oil
is to give special flavors to these products. However, spices and
herbs also slow down the oxidative degradation of oils. 

The objective of this work was to evaluate the effects of
herbs on the oxidative and hydrolytic degradation properties of
olive oil in canned tomatoes.

MATERIALS AND METHODS

Preparation of tomatoes canned in oil. Preparation of the sam-
ples was carried out according to traditional recipes. In brief,
dried salted tomatoes were blanched in boiling white vinegar
for 30 s, then drained and dried. Samples were then divided into
two aliquots, and 2 g of marjoram (moisture 7.9%), 0.5 g of
laurel (moisture 4.5%), and 2 g of garlic (moisture 70.0%) were
added to half of them. Samples were placed in 280-g capacity
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glass containers filled with a commercial olive oil, hermetically
sealed with metal caps, and submitted to heat pasteurization
(74°C, 15 min), followed by rapid cooling to room tempera-
ture. This heat treatment is recommended by the U.S. Food and
Drug Administration (26) for canned foods having a pH lower
than 4.6. To simulate retail conditions, storage was carried out
for 12 mon at room temperature.

Analyses. The oils were separated from the vegetable ma-
trix immediately following pasteurization and at 0.5, 1, 3, 6,
and 12 mon of storage. Separated oils were filtered over anhy-
drous sodium sulfate and stored in glass tubes with screw caps
at −20°C until analyzed. The original commercial olive oil was
also analyzed as a control.

(i) FA composition, and C18:1 and C18:2 + C18:3 trans-iso-
mer contents. These were determined as follows. FAME were
prepared according to the 2568/91 EEC Regulation (27) and
submitted to GC analysis. The GC system consisted of a GC
8560 Mega 2 (Fisons Instruments, Milan, Italy) equipped with
a WCOT (wall-coated open tubular) fused-silica capillary col-
umn (Chrompack, Middelburg, The Netherlands), 25 m, 0.32
mm i.d., 0.5 µm film thickness. The oven temperature was held
at 200°C. An FID, connected to an integrator, was used (T =
300°C). The carrier gas was helium, which was applied at a
flow rate of 2 mL/min. The peaks on the chromatograms were
identified by comparison with methyl ester standards (Sigma
Chemical, St. Louis, MO). The trans-isomer analyses were car-
ried out using a Silar 10 capillary column (Chrompack), 50 m,
0.32 mm i.d., 0.20 µm film thickness, using the GC conditions
reported in the 1429/92 EEC Regulation (28).

(ii) Acidity, PV, spectrophotometric indices, p-anisidine val-
ues (p-AV), and polar compounds. Acidity was expressed as g
of oleic acid per 100 g of oil, according to the AOCS Official
Method Cd 3d-63 (29); PV were expressed as mequiv active
oxygen per kg of oil, according to AOCS Official Method (29);
spectrophotometric indices (K232, K270, and ∆K) were deter-
mined according to AOCS Official Method Ch 5-91 (29). p-
AV were determined according to IUPAC method 2504 (30);
polar compounds (PC) were determined according to IUPAC
method 2507 (30). 

PC were analyzed by high-performance size-exclusion
chromatography (HPSEC) to determine oligopolymers, oxi-
dized TG, and DG. The chromatographic system consisted of a
PerkinElmer pump, series 10; a 7125 S sample injector (Rheo-
dyne); a 50 µL injector loop, and three PL-gel columns of 0.75
mm i.d. × 30 cm length (PerkinElmer Ltd., Beaconsfield,
United Kingdom) in series. The columns were packed with
highly cross-linked styrene divinylbenzene copolymers with a
particle diameter of 5 µm and pore diameters of 500, 500, and
100 Å. A PL-gel guard column (PerkinElmer Ltd.) of 7.5 mm
i.d. × 5 cm length was used. The detector was a differential re-
fractometer (refractive index detector, RID-6A; Shimadzu
Corp., Osaka, Japan) connected to an integrator. The elution
solvent was HPLC-grade CH2Cl2 (purity = 99.9%; Baker, De-
venter, The Netherlands) applied at a flow rate of 1.0 mL/min. 

Peaks on the chromatograms were identified by using poly-
styrene standards (Supelco, Milan, Italy) of known molecular

masses (M.W. = 4000 and 2000 g/mol), and with tristearin, dis-
tearin, and monostearin standards (Sigma-Aldrich, Milan,
Italy). For each standard, the elution volume was measured
under the same conditions as used in our analyses. The loga-
rithm of MW as a function of elution volume was plotted, and
the line of best fit was drawn by using the least-squares method.
From the elution volume of each separated peak in a chromato-
gram, the corresponding MW was obtained (2). Known
amounts of oligopolymers, oxidized TG, and DG were ob-
tained by preparative gel permeation chromatography of polar
compounds derived from a refined peanut oil and then used as
standards according to the HPSEC method. The amount col-
lected for each standard, corresponding to a given class of com-
pounds, was used to prepare a stock solution in CH2Cl2 and
also containing different concentrations after successive dilu-
tions. These solutions were analyzed by HPSEC following the
analytical method developed by Gomes (2). The calibration
curves were obtained by plotting the amounts of standards (µg)
that had been injected into the HPSEC system loop against the
areas of the corresponding chromatogram peaks (31).

Analyses were carried out in duplicate; the difference be-
tween the samples did not exceed 6%. Kinetic constants (K) and
significance (P) were also calculated from the linear regression
analyses of the curves representing acidity, PV, p-AV, spec-
trophotometric indices, total PC, and the different classes of PC.

RESULTS AND DISCUSSION

The FA composition of the commercial olive oil used in filling
the canned product was determined to confirm that it was olive
oil (Table 1). The FA composition was in accordance with the
“Fat and Derivative Rules” for olive oil (19); i.e., the following
percent FA composition was determined: C14:0, 0.05; C16:0,
12.79; C16:1, 1.22; C18:0, 2.25; C18:1, 73.96; C18:2, 8.47; C18:3,
0.66; C20:0, 0.26; C20:1, 0.12; C22:0, 0.07; C24:0, 0.20. Further-
more, myristic, linolenic, arachic, eicosenoic, behenic, and lig-
noceric acid contents were below the European legal upper lim-
its (27). Table 1 also the contents of C18:1 and C18:2 + C18:3
trans-isomers of both the original oil and that which was separated
from the vegetable matrix after 12 mon of storage. The percent-
ages of these trans-isomers were within the limits fixed for the
pure oil (27), and neither the pasteurization nor the storage in-
duced noticeable changes.
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TABLE 1 
C18:1 and C18:2 + C18:3 trans Isomer Contents of the Original Olive Oil
and the Oils Separated from the Canned Vegetable Matrix
After 12 mon of Storage (n = 2)

Oils C18:1 trans (%)a C18:2 + C18:3 (%)a

Original olive oil 0.05 < 0.05
Olive oil from unflavored,

canned tomatoes after 12 mon
of storage 0.05 < 0.05

Olive oil from flavored,
canned tomatoes after 12 mon
of storage 0.05 < 0.05

aPercentage of the total FA composition.



Acidity (%), which is a measure of the FFA and therefore is
traditionally used to evaluate hydrolytic reactions, increased
from 0.27 to 0.89% for unflavored samples and to 0.98% for
the flavored ones after 12 mon of storage (Fig. 1). Kinetic con-
stants were 0.0422 and 0.0475, respectively, at a P level of
0.001. With all conditions, which were the same for both types
of samples, these differences could be explained by the pres-
ence of herbs (garlic, in particular) that affected moisture con-
tent. Despite the contact with a moist vegetable matrix (toma-
toes), acidity values can be considered satisfactory. Also, after
12 mon of storage, changes in acidity values were less than 1%.
The upper European legal limit for pure olive oil is 1.5%.

Figure 2 shows the trends in PV of both series of samples.
For all samples, PV reached a maximum at 3 mon of storage

and then decreased. This behavior can be explained by the ini-
tial increase in hydroperoxides (odorless, flavorless com-
pounds, produced during the primary step of oxidation) and
their successive breakdown to give aldehydes and ketones re-
sponsible for the off-flavors (secondary oxidation) and non-
volatile compounds such as oligopolymers. The PV of all
samples were always lower than the European legal limits
fixed for the pure olive oil (15 mequiv O2/kg). The kinetic
constants (calculated on the rising part of the curves) of fla-
vored samples (1.803) were higher than K of the unflavored
tomatoes (1.497). Since there was a faster increase in hy-
droperoxide compounds detected in the flavored oils, the ad-
dition of herbs would seem to have a significant pro-oxidant
effect (P = 0.05). 
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FIG. 1. Acidity percentages, expressed as g of oleic acid/100 g of fat, of oils added to canned
tomatoes. (l) Olive oil from pasteurized, unflavored tomatoes; (n) olive oil from pasteurized,
flavored tomatoes.

FIG. 2. Peroxide values, expressed as mequiv O2/kg of fat, of oils added to canned tomatoes.
(l) Olive oil from pasteurized, unflavored tomatoes; (n) olive oil from pasteurized, flavored
tomatoes.



Secondary oxidation was measured as the p-AV. An increase
in p-AV usually corresponds to a decrease in PV. From a graph-
ical point of view, the addition of herbs would seem not to af-
fect this parameter (Fig. 3) whereas the kinetic constants were
significantly (P = 0.001) different (0.3914 for flavored samples
vs. 0.3750 for unflavored). Data concerning secondary oxida-
tion confirm those related to primary oxidation and also the pro-
oxidant effect of the mixture of marjoram, laurel, and garlic.

Spectrophotometric constants are another measure of oil
oxidation. Doubly conjugated bonds, which absorb at 232
nm, are indices of primary oxidation whereas triply conju-
gated bonds, absorbing at 270 nm, are indices of secondary

oxidation. In Figure 4 the trends of spectrophotometric in-
dices as a function of the storage time are shown. All the
spectrophotometric indices were below the European legal
limits set for pure olive oil (3.40, 1.00, and 0.13, for K232,
K270, and ∆K, respectively). Furthermore, instead of a con-
stant increase, these indices showed the lowest values after a
month of storage. Kinetic constants found for the unflavored
samples (0.0222, 0.0151, and 0.0006 for K232, K270, and ∆K,
respectively) were higher than those of the flavored ones
(0.0207, 0.0073, and 0.0004) and seem to indicate an antioxi-
dant effect of the herb mixture used. 

Concerning the PC, pasteurization and storage caused a

762 A. BAIANO ET AL.

JAOCS, Vol. 82, no. 10 (2005)

FIG. 3. p-Anisidine values (p-AV) of oils added to canned tomatoes. (l) Olive oil from pas-
teurized, unflavored tomatoes; (n) olive oil from pasteurized, flavored tomatoes.

FIG. 4. Spectrophotometric indices of olive oils added to canned tomatoes. (u) K232 olive oil
from unflavored, canned tomatoes; (×) K232 olive oil from flavored canned tomatoes; (n) K270
olive oil from unflavored, canned tomatoes; (]) K270 olive oil from flavored, canned tomatoes;
(s) ∆K270 olive oil from unflavored canned tomatoes; (l) ∆K270 olive oil from flavored, canned
tomatoes. 



small increase in oligopolymers, oxidized TG, DG, and FFA.
PC are mainly made up of products of TG oxidation, polymer-
ization, and hydrolysis. HPSEC analyses measure TG oligop-
olymers, oxidized TG, and DG. Oligopolymers are mainly
found in refined oils (32) although small amounts may also
form in virgin olive oils through oxidation (3). The amount of
TG oligopolymers present in an oil is considered a reliable
index of oxidative degradation (3,33,34). Oxidized TG com-
prise all of the products of TG oxidation and are thus another
important class of substances to determine whether there has
been oxidation of an oil. The determination of DG enables a
more complete measurement of hydrolytic degradation than
does free FFA alone. The sum of percent TG oligopolymers
and oxidized TG represents the degree of total oxidation of an
oil since it is made up of the substances from oxidation and
polymerization of TG.

The percentages of total PC and their different classes for
all the oils studied are reported in Table 2. Total PC and their
different classes (especially oligopolymers) showed only small
increases during storage, as demonstrated by their low K val-
ues. Hydrolytic and oxidative degradation did not seem to af-
fect these samples. The analysis of PC gave different results
when compared with those obtained by the above mentioned
conventional methods. In fact, unflavored samples showed DG,
oligopolymer, and oxidized TG kinetic constants higher than
those observed for those flavored samples (Table 3). In particu-
lar, the addition of herbs seemed to inhibit strongly the forma-
tion of oligopolymers, with only a minor influence on the for-
mation of oxidized TG. This could mean that the mixture of
garlic, laurel, and marjoram, in the quantity used, did not in-
hibit oxidation but lowered polymerization reactions. 

Figure 5 shows the trends of total oxidation (sum of oligop-
olymers and oxidized TG). One can see that most of the param-
eters studied increased during the first months of storage. This
was followed by a decreased rate of increase for hydrolytic
degradation and oxidation.

The results obtained from this study demonstrate that, to
evaluate the quality of added olive oil during the shelf life of
canned vegetables, the use of the conventional chemical analy-
ses is not sufficient and can even give inaccurate results be-
cause of interferences and interactions with the other ingredi-
ents and compounds from the food matrix. HPSEC is a better
technique for investigating the hydrolytic and oxidative state
of oils. FFA analysis, PV, spectrophotometric indices, and p-
AV indicate the pro-oxidant activity of the added herbs.
HPSEC analysis demonstrates that the addition of herbs does
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TABLE 3 
Kinetic Constants and Related Significance (P ) (n = 2)

Mean K values Unflavored P Flavored P

DG 0.027 0.05 0.0261 0.01
Oligopolymers 0.0069 0.001 0.0044 0.001
Oxidized TG 0.0193 0.05 0.0191 0.05
Oligopolymers +

oxidized TG 0.0262 0.01 0.0235 0.01
Total polar compounds 0.0922 0.01 0.0924 0.001



not significantly affect the oil properties, apart from the inhibi-
tion of polymer formation. The choice of a good quality oil, the
use of small containers (to avoid a prolonged heat treatment),
and the application of a properly controlled heat pasteurization
process result in a canned product with improved shelf life.
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FIG. 5. Percentages of oligopolymers + oxidized TG in oils added to canned tomatoes. (l)
Olive oils from pasteurized, unflavored, canned tomatoes; (n) olive oils from pasteurized, fla-
vored canned tomatoes.
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