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Abstract Large amounts of a waste known as tomato pom-
ace and consisting mainly of the fruit peel and seeds are
generated annually from the industrial processing of toma-
toes. This material is rich in lycopene, a phytochemical with
antioxidant and chemopreventive properties, and contains
many valuable nutrients. In this study, we have investigated
the possibility of using the whole waste to produce a
lycopene-enriched seed oil. The oil was obtained by cold-
pressing the seeds and was subsequently enriched in lyco-
pene (up to 500 ppm) by incorporation of a tomato oleoresin
derived from the peels. To increase lycopene recovery, the
peels were pretreated with cell-wall-degrading enzymes and
solvent extracted. This procedure allowed the production of
about 25 kg/ton oleoresin with an average lycopene content
of 6.8 wt.%. The compositional characteristics of the oil
combined with the production of significant amounts of
oleoresin strongly support the use of tomato pomace for
producing lycopene-based functional products.
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Introduction

Over 30 million tons of tomatoes is processed annually
worldwide to produce canned tomatoes, ketchup, tomato
juice, sauce and many other products (WPTC 2011). During
tomato processing, a waste known as tomato pomace is
generated which consists mainly of the fruit peels and seeds.

These parts represent about 4 % by weight of processed
tomatoes, which leads to an estimated world production of
the waste of more than 1 million tons/year (Del Valle et al.
2006). Tomato pomace has no commercial value and is
currently disposed of as a solid waste or used for animal
feeding. However, a careful examination of this material
reveals that it is a rich source of important nutrients and
phytochemicals. In particular, tomato seeds contain an oil of
high nutritional quality (Eller et al. 2010), and significant
amounts of flavonoids (Bovy et al. 2007) and carotenoids
(Khachik et al. 2002) are present in the peels. Among them,
lycopene has attracted the greatest attention in recent years
for its potential health benefits (Kong et al. 2010).

Lycopene (ψ,ψ-carotene) is an acyclic tetraterpenic hy-
drocarbon with 13 carbon–carbon double bonds, 11 of
which are conjugated (Fig. 1). The high degree of conjuga-
tion makes this carotenoid one of the most potent natural
antioxidants, with a singlet-oxygen quenching ability twice
as high as that of β-carotene and ten times higher than that
of α-tocopherol (Di Mascio et al. 1989). In addition, its
activity is synergistically enhanced by the presence of other
tomato phytochemicals including β-carotene, phytoene and
phytofluene (Shixian et al. 2005). These properties are
thought to be responsible for the apparent inverse associa-
tion between the consumption of lycopene-rich foods and
the incidence of cardiovascular disease and cancer (Kelkel
et al. 2011; Riccioni et al. 2008; Seren et al. 2008).

During fruit ripening, lycopene accumulates in the outer
skin layer, where carotenoid levels above five times higher
than in the pulp are generally found (Sharma and LeMaguer
1996). While the peel fraction of tomato pomace is a partic-
ularly rich source of lycopene, attempts to recover it by either
conventional (Strati and Oreopoulou 2011) or supercritical
(Rozzi et al. 2002; Sabio et al. 2003) extraction have met only
limited success. One reason is to be found in the compactness
of the tomato peel tissue, which hinders solvent penetration
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and transport to the lycopene-containing chromoplasts
(Hetzroni et al. 2011). In addition, in tomato peels, contrary
to what is observed in the fruit pulp, lycopene is found almost
exclusively in the bound form (Sharma and LeMaguer 1996;
Shi et al. 2002), which results in the necessity to operate under
harsher conditions to allow its recovery. Finally, once released
from the protective plant matrix, lycopene becomes easily
subject to degradation. Trans-to-cis isomerization is the first
step of degradation, followed by oxidation, from which a
variety of compounds belonging to the classes of apo-
lycopenals and apo-lycopenones are formed (Caris-Veyrat et
al. 2003; Xianquan et al. 2005).

Recently, we found that pretreating tomato peels by cell-
wall-degrading enzymes can significantly reduce the extrac-
tion time and temperature and increase the efficiency of lyco-
pene recovery (Lavecchia and Zuorro 2008; Zuorro et al.
2011). Similar results were obtained with tomato paste as the
lycopene source (Zuorro and Lavecchia 2010), suggesting that
the use of enzymes can be a simple and effective means for
enhancing lycopene recovery from tomato plant tissue and
allowing extraction to be performed under milder conditions.

In this study, we have investigated the possibility of using
the enzyme-based approach to produce a lycopene-enriched
seed oil from tomato pomace. The oil was extracted from
the seed fraction of the waste and was subsequently
enriched in lycopene by incorporation of a tomato oleoresin
obtained from the enzymatically treated peels. The feasibil-
ity of this approach was tested by using the waste produced
from a tomato processing company in Italy and a commer-
cially available enzyme preparation for food applications.

Materials and Methods

Chemicals and Enzymes

Acetone, ethanol and hexane with purities greater than 99.7,
99.5 and 99 %, respectively, were purchased from Carlo
Erba (Milano, Italy). Butylated hydroxytoluene (BHT) with
a purity greater than 99 % was from Sigma-Aldrich (Milan,
Italy). Natural lycopene standard (10 % by weight, from
tomatoes) was obtained from LycoRed Natural Products
Industries Ltd. (Beer-Sheva, Israel).

Peclyve LI, a multi-enzyme preparation from a selected
strain ofAspergillus niger, was from Lyven S.A. (Colombelles,
France). The product was in liquid form and was stored in the

dark at 4 °C. The main enzymes in the preparation were
polygalacturonase (EC 3.2.1.15) and pectin methylesterase
(EC 3.1.1.11), with minor cellulase and hemicellulase activi-
ties. The declared activities, expressed per unit weight of the
enzyme preparation, were 1,300 Umg−1, for polygalacturo-
nase, and 400 Umg−1, for pectin methylesterase, where 1 U
is defined as the amount of enzyme that liberates 1 μmol of
reducing endgroups from polygalacturonic acid in 1 min at
30 °C and pH 4.2. To obtain the desired enzyme concentration
in the pretreatment solution, appropriate amounts of the en-
zyme preparation were diluted with distilled water.

Tomato Processing Waste

Tomato waste was obtained from ASSO.PRO., a tomato
processing company located in central Italy (Guglionesi,
CB). The seeds were separated from the peels by sedimen-
tation in water using a glass cylinder with a height of
550 mm and an inner diameter of 70 mm. Due to the lower
specific gravity, tomato peels floated on the surface of water
while the seeds settled to the bottom. After separation, the
two fractions were recovered, rinsed thoroughly in water
and left to dry in air for a few hours. Tomato seeds were
dried at 50 °C for 12–15 h and stored at 4 °C together with
the partially dehydrated peels. Moisture measurements were
made using an electronic moisture analyser (MAC-50, Rad-
wag Waagen GmbH, Germany).

Seed Oil Extraction

A continuous laboratory press extractor (Komet CA59G,
IBG Monforts, Germany) was used for the extraction of
oil from tomato seeds. The extractor had a nominal capacity
of 3–5 kg seeds/h and was driven by a 1.1-kW variable-
speed motor. In a typical test, 5 to 6 kg of dried tomato seeds
was processed. The collected oil and the seed cake were
stored at room temperature in the dark.

Lycopene Recovery from Tomato Peels

Lycopene extraction experiments were carried out in 100-mL
stirred flasks placed in a thermostated water bath (± 0.1 °C). In
a typical experiment, 0.5 g of partially dehydrated tomato
peels was charged into the flasks together with the enzyme
solution. The other experimental conditions (temperature,
liquid-to-solid ratio, pretreatment and extraction times) were

Fig. 1 Chemical structure of
lycopene

3500 Food Bioprocess Technol (2013) 6:3499–3509



varied according to the factorial design described below. Ly-
copene recovery after pretreatment was made by adding
30 mL of hexane in each flask and keeping the system under
agitation for the required time. Once the extraction was com-
pleted, stirring was stopped and the organic and aqueous
phases were allowed to separate. A sample of the hexane
supernatant was then taken, passed through a 0.45-μm filter
and analysed for lycopene content.

In order to determine the influence of the main process
variables on lycopene recovery, a two-level full-factorial de-
sign was used. The factors investigated were: temperature (T),
pretreatment time (tP), extraction time (tE), liquid-to-solid ratio
(R) and enzyme load (L) at two levels (Table 1). The levels of
each factor were chosen to cover a range of values of practical
interest. Then the test variables were coded to vary between
−1 and +1 using the following equations:

x1 ¼ T�37:5
12:5

x2 ¼ tP�2
1

x3 ¼ tE�2
1

x4 ¼ R�35
15

x5 ¼ L�0:15
0:1

ð1Þ

Table 2 reports the experimental design, consisting of 25 runs.
They were performed in a randomized order to minimize the
effects of variability in the observed responses due to extra-
neous factors.

Preparation of Lycopene-Enriched Seed oil

Tomato oleoresin was produced in a glass reactor with a
working volume of about 1 L provided with a thermostated
water jacket and a mechanical stirrer (60-mm-diameter two-
blade impeller operated at 300 rpm). The reactor was oper-
ated under conditions close to those found to be most
effective in small-scale experiments. More specifically,
50 g of partially dehydrated tomato skins and 250 mL of
the enzyme solution were first loaded into the reactor. The
suspension was incubated at 25 °C for 4 h, after which time 400 mL of hexane was added and the system was kept under

stirring for further 3 h. Then, the organic solvent was recov-
ered from the reactor and evaporated in a rotary evaporator
(Rotavapor R-215, BÜCHI Labortechnik AG, Switzerland).
The resulting residue, the tomato oleoresin, was weighed
and analysed for lycopene content. Finally, the lycopene-
enriched oil samples were prepared by dissolving the appro-
priate amounts of oleoresin in the tomato seed oil.

Physicochemical Characterization of Materials

The physicochemical properties of the oil and the seed cake
were determined according to the official methods of Amer-
ican Oil Chemists’ Society, International Organization for

Table 1 Factors and levels for the experimental design

Factor Units Level

−1 0 +1

Temperature (T) °C 25 37.5 50

Pretreatment time (tP) h 1 2 3

Extraction time (tE) h 1 2 3

Liquid-to-solid ratio (R) mL/g 20 35 50

Enzyme load (L) g/g 0.05 0.15 0.25

Liquid-to-solid ratio and enzyme load are expressed per g of partially
dried tomato peels

Table 2 Experimental design layout

Std order x1 x2 x3 x4 x5 y (%)

1 −1 −1 −1 −1 −1 38.3±1.9

2 +1 −1 −1 −1 −1 49.0±2.4

3 −1 +1 −1 −1 −1 64.0±3.1

4 +1 +1 −1 −1 −1 55.6±2.7

5 −1 −1 +1 −1 −1 53.5±2.6

6 +1 −1 +1 −1 −1 57.8±2.8

7 −1 +1 +1 −1 −1 66.0±3.2

8 +1 +1 +1 −1 −1 51.9±2.5

9 −1 −1 −1 +1 −1 31.7±1.5

10 +1 −1 −1 +1 −1 27.6±1.3

11 −1 +1 −1 +1 −1 37.8±1.8

12 +1 +1 −1 +1 −1 38.0±1.8

13 −1 −1 +1 +1 −1 37.9±1.8

14 +1 −1 +1 +1 −1 30.6±1.5

15 −1 +1 +1 +1 −1 57.0±2.8

16 +1 +1 +1 +1 −1 43.5±2.1

17 −1 −1 −1 −1 +1 56.4±2.7

18 +1 −1 −1 −1 +1 61.5±3.0

19 −1 +1 −1 −1 +1 70.3±3.4

20 +1 +1 −1 −1 +1 76.7±3.7

21 −1 −1 +1 −1 +1 74.1±3.6

22 +1 −1 +1 −1 +1 68.8±3.3

23 −1 +1 +1 −1 +1 82.3±4.0

24 +1 +1 +1 −1 +1 67.1±3.3

25 −1 −1 −1 +1 +1 54.0±2.6

26 +1 −1 −1 +1 +1 38.4±1.9

27 −1 +1 −1 +1 +1 69.7±3.4

28 +1 +1 −1 +1 +1 52.4±2.5

29 −1 −1 +1 +1 +1 58.6±2.8

30 +1 −1 +1 +1 +1 52.7±2.6

31 −1 +1 +1 +1 +1 76.4±3.7

32 +1 +1 +1 +1 +1 59.4±2.9

y is the experimental response, expressed as the percentage yield of
lycopene recovered from the enzyme-treated peels
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Standardization, Norme Grassi e Derivati (NGD) and Ente
Nazionale Italiano di Unificazione. Tomato seed oil was
characterized for acidity, peroxide value, tocopherols, fatty
acid composition and sterol profile. The seed cake was
analysed for total protein, crude fibre, ash content and amino
acid profile. Total lycopene content in the peels was evalu-
ated according to the procedure of Fish et al. (2002) using
the mixture hexane–acetone–ethanol 50:25:25 (v/v) as ex-
traction solvent and BHT (0.05 %w/v in acetone) as
antioxidant.

Lycopene concentration in the enriched oil samples was
determined by a double-beam UV–VIS spectrophotometer
(Lambda 25, Perkin Elmer, USA). Figure 2 shows a typical
absorption spectrum of the oil, with the three characteristic
peaks of lycopene at around 456, 483 and 518 nm. To
minimize interference from other carotenoids, measure-
ments were made at 518 nm using a molar extinction coef-
ficient of 1.303×105M−1cm−1. This value was determined
from a calibration curve obtained by dissolving the lycopene
standard in the oil.

Statistical Analysis

All analytical determinations were carried out in duplicate
on three oil or oleoresin samples. The results were expressed
as the mean±standard deviation. The design of experiments
and the statistical analysis of influential factors were per-
formed using the Minitab® software package (version
15.1.0.0, Minitab Inc., State College, PA, USA).

Results and Discussion

Preliminary characterization of the waste as received
showed that its moisture content was 83.6 wt.% and that it
consisted of about 80 % peels and 20 % seeds. The moisture
content of the single fractions was about 86 wt.% for the
peels and 74 wt.% for the seeds.

Seed Oil Extraction

The oil content of tomato seeds was determined by the NGD
method B4-1976 and found to be 30.8 % on a dry weight
basis. About 53 % of the oil was recovered by pressing,
which corresponds to a production of approximately 153 kg
of oil/ton of dry seeds.

The oil content found in this study falls within the range of
previous estimates of 21.8 % (Lazos et al. 1998) and 34.5 %
(Giannelos et al. 2005), confirming that tomato seeds are a
rich source of oil. The attempts made so far to obtain an
edible oil from these seeds have predominantly focused on
solvent extraction. For this purpose, both conventional or-
ganic solvents and supercritical fluids were used. Eller et al.
(2010) showed that extraction rates between 20 and 23 % can
be achieved using hot hexane and hot ethanol as solvents.
The amounts of phytosterols extracted by the two solvents
were essentially the same, but the extraction with hexane
provided a greater amount of antioxidants. Similar results
were obtained with petroleum ether as the solvent (Lazos et
al. 1998). Although hexane is commonly used for the com-
mercial production of seed oils, its use raises a number of
problems. In particular, the presence of solvent residues in
the final products is a matter of growing concern to consum-
ers. In addition, a large proportion of polar compounds such
as flavonoids and phenolic acids may remain unextracted,
thereby reducing the nutritional value and the functional
properties of the oil (Van Hoed 2010).

Application of supercritical fluid technology to the re-
covery of tomato seed oil indicated that high yields can be
obtained by appropriate selection of operating conditions.
For example, about 96 % of the oil was recovered with
supercritical carbon dioxide at 50 °C and 30 MPa (Shen
and Xu 2005). Another study conducted in the temperature
range 40–70 °C and pressure 10.8–24.5 MPa showed that
higher extraction efficiencies can be achieved by operating
at lower temperatures and higher pressures (Roy et al.
1996). This was attributed to the positive effect of increased
solvent density on the oil solubility in carbon dioxide.
Similar results were provided by Eller et al. (2010), who
also found that the phytosterol content of the extracted oil
was higher than that obtained by conventional organic
solvents, whereas the endogenous antioxidants were in
lower amount. In addition to compositional changes
caused by solvent-affinity effects, during the extraction
process chemical changes may occur. For example,
polyunsaturated fatty acids can undergo oxidative deg-
radation, leading to the formation of hydroperoxides and
other oxidation products (Demirbas 2010). Harsher ex-
traction conditions can also promote the isomerization
of lycopene and β-carotene and modify the functional
characteristics and the stability of the oil (Spanos et al.
1992; Longo et al. 2012).

400 440 480 520 560 600
Wavelength (nm)

518 nm

Fig. 2 Absorption spectrum of lycopene in tomato seed oil
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From the above considerations, it can be concluded that,
compared to solvent or supercritical fluid extraction, me-
chanical pressing gives lower extraction yields but preserves
the functional properties of the oil to a greater extent.
Furthermore, this procedure has no detrimental effects on
the environment and human health.

Tomato Seed Cake

Inspection of Table 3 shows that the seed cake, the by-
product of oil extraction, was rich in protein (38.4 wt.%)
and crude fibre (17 wt.%) and had a low ash content
(1.9 wt.%). Determination of the amino acid composition
of the protein after hydrolysis revealed that Glu, Asp and
Arg were the major amino acids, while Met was the less
abundant (Fig. 3). It can be seen that the seed cake contained
all essential amino acids except Trp. These properties, and
the fact that tomato seeds were not solvent extracted, sug-
gest a possible use of the cake for food fortification or other
nutritional applications. In this regard, some experimental
studies have demonstrated that the incorporation of tomato
seed meal in bread could improve loaf volume, texture and
crumb quality (Carlson et al. 1981; Sogi et al. 2002;
Majzoobi et al. 2011). Other studies have highlighted its
suitability for enriching cereal products or low-lysine foods
(Ekthamasut 2006; Altan et al. 2008). Accordingly, it can be
stated that tomato seed cake could be utilized as a functional
component rather than simply composted or used for animal
feeding.

Enzyme-Assisted Extraction of Lycopene from Tomato Peels

The lycopene content of tomato peels was 2.88±0.23 mg/g
dw. Lycopene extraction yields (y) were expressed as the
percentage of the amount of lycopene extracted to the total
amount of lycopene in the peels. As is evident from Table 2,
the measured yields were between 27.6 and 82.3 % and the

maximum was achieved under the following conditions: tem-
perature025 °C, pretreatment time04 h, extraction time03 h,
liquid-to-solid ratio020 mL/g and enzyme load00.25 g/g.

To evaluate the contribution of the five main factors and
their interactions to the extraction efficiency, we used the
following polynomial equation:

y ¼ a0 þ
P5
i¼1

aixi þ
P5
i¼1

P5
j¼iþ1

aijxixj þ
P5
i¼1

P5
j¼iþ1

P5
k¼jþ2

aijkxixjxk

þP5
i¼1

P5
j¼iþ1

P5
k¼jþ2

P5
l¼kþ3

aijkxixjxkxlþa12345x1x2x3x4x5

ð2Þ

where ai are the coefficients associated with the main
effects; aij, aijk and aijkl are those related to the binary,
ternary and quaternary interactions; a12345 is the fifth-order
interaction coefficient and the x’s are the coded variables.
The model described by the above equation contains 32
unknown coefficients, representing the contribution of
each factor, alone or in combination with the others,
to y. It should be noted that because the independent
variables were made dimensionless and normalized be-
tween −1 and +1, all of the coefficients can be com-
pared directly with one another. Moreover, a positive
(negative) value for a coefficient is indicative of a direct
(inverse) association between the term containing that
coefficient and the dependent variable.

The 32 coefficients were determined from the data in
Table 2, leading to the results reported in Table 4. The standard
deviation of the experimental response was estimated from the
central point of the factorial design (x10x20x30x40x500),
which was replicated six times. Then, the Student’s t value
for each coefficient at the 95 % confidence level was calcu-
lated. As indicated in Table 4, eight out of the 32 coefficients
were statistically significant. In addition to the intercept, a0,
they included the five coefficients associated with the main
effects (T, tP, tE, R, L) and those related to the binary inter-
actions T×tP and T×R. From the Pareto chart in Fig. 4, it can

Table 3 Main characteristics of the seed cake, with indication of the
analytical methods used

Property Unit Value

Oil contenta wt.% 17.9±0.2

Moisture and volatile matterb wt.% 5.8±0.1

Proteinc wt.% 38.4±0.5

Crude fibred wt.% 17.0±0.2

Ashe wt.% 1.9±0.1

a NGD B4-1976
b NGD B2-1976
c Ente Nazionale Italiano di Unificazione (UNI) 22604-1992
d UNI 22606-1992
e UNI 22602-19

*

* *
*

*

*
*

Fig. 3 Amino acid composition of the seed cake protein after hydro-
lysis. The asterisks denote essential amino acids
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also be seen that the interaction effects were smaller than those
for the main factors and that both positive and negative
associations were present. The negative sign of the tempera-
ture coefficient could be the result of increased degradation of
lycopene at higher extraction temperatures (Xianquan et al.
2005), while that of the liquid-to-solid ratio term could be
explained by considering that the larger the volume of the
enzyme solution, the higher the mass-transfer resistance for
the lycopene molecules diffusing into the solvent. It follows
that lycopene recovery should be carried out at the lowest
possible temperature and liquid-to-solid ratio.

For practical purposes, a simplified expression can be
derived for the yield of lycopene extraction from tomato
peels by removing the non-significant terms from the com-
plete polynomial model. Under these conditions, Eq. 2
reduces to:

y ¼ b0 þ b1x1 þ b2x2 þ b3x3 þ b4x4 þ b5x5 þ b12x1x2 þ b14x1x4

ð3Þ
The eight coefficients in Eq. 3 were estimated by least-
squares regression using the data in Table 2. A fairly good
agreement was found between the experimental and calcu-
lated yields (Fig. 5), with an average error of about 7 %.

To test for normality of residuals, a normal-probability
plot was constructed by plotting the model residuals:

ri ¼ yi;exp � yi;calc ð4Þ
against the corresponding normal-order statistics medians:

Mi ¼ F�1 1

nþ 1

� �
ð5Þ

where F represents the standard normal cumulative distri-
bution function. Data plotted in this way should lie on a
straight line, with the intercept and slope being, respectively,
equal to the location and scale parameters of the normal
distribution (Myers and Montgomery 1995). The results
shown in Fig. 6 indicate that a linear plot is obtained (R20
0.965), with only small deviations in the lower and upper
parts of the diagram. As a result, the simplified model
described by Eq. 3 can be considered statistically significant
and used for correlating the experimental data or for de-
scribing the influence of process conditions on the yield of
lycopene extraction.

Preparation and Properties of Lycopene-Enriched Seed Oil

The production rate of tomato oleoresin in the batch stirred
reactor was 24±1.3 g/kg of dry peels, and its lycopene
content was 6.8±0.5 wt.%. The oleoresin was incorporated
into the oil in amounts appropriate to achieve the desired

Table 4 Values and t statistics for the coefficients in Eq. 2

Coefficient Effect Value t value

a0 – 54.967 76.023

a1 T −3.039 4.203

a2 tP 5.534 7.654

a3 tE 3.629 5.019

a4 R −7.109 9.832

a5 L 8.702 12.036

a12 T–tP −1.899 2.627

a13 T–tE −1.597 2.208

a14 T–R −1.993 2.757

a15 T–L −1.021 1.412

a23 tP–tE −1.190 1.645

a24 tP–R 0.875 1.210

a25 tP–L 0.072 0.100

a34 tE–R 0.521 0.721

a45 R–L 1.140 1.577

a123 T–tP–tE −0.955 1.321

a124 T–tP–R 0.978 1.352

a125 T–tP–L 0.569 0.787

a134 T–tE–R 1.162 1.607

a135 T–tE–L 0.217 0.300

a145 T–R–L −0.924 1.278

a234 tP–tE–R 1.831 2.532

a235 tP–tE–L −0.539 0.746

a245 tP–R–L 0.284 0.393

a345 tE–R–L −0.197 0.273

a1234 T–tP–tE–R −0.288 0.399

a1235 T–tP–tE–L −0.350 0.484

a1245 T–tP–R–L −1.230 1.702

a1345 T–tE–R–L 1.458 2.017

a12345 T–tP–tE–R–L 0.413 0.572

Values that are statistically significant at the 95 % confidence level are
represented in bold

 a1

 a2

 a3

 a4

 a12

a14    

 a5

-10 -5 0 5 10 15 20

Coefficient value

Index Factor
1 T
2 tP

3 tE

4 R
5 L

Fig. 4 Pareto chart showing the statistically significant (at the 95 %
confidence level) model coefficients for lycopene recovery from toma-
to peels
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lycopene levels. The resulting product had a pleasant tomato
fruit-like odour and a colour ranging from bright orange to
deep red, depending on the lycopene content (Fig. 7). Its
properties are presented in Tables 5, 6 and 7.

Free acidity (FA), expressed as oleic acid, was 1.6 wt.%
and the peroxide value (PV) was 2 mEq of active oxygen
per kg of oil (Table 5). FA and PV are important quality
parameters for edible oils. FA is a measure of the extent to
which hydrolysis has liberated fatty acids from their ester
linkage with the parent triglyceride molecule, while PV is an
indicator of oxidative stability, being related to the amount
of peroxides present in the oil. Peroxides are unstable

compounds that tend to degrade into secondary oxidation
products such as aldehydes, ketones and conjugated dienes
(Köckritz and Martin 2008). Since oxidation can cause the
development of off-flavours and negatively affect the nutri-
tional properties of the oil, the lower the PV, the better the
oil quality and the higher its shelf life (Leclercq et al. 2007).
In most cases, oils become rancid when PV reaches a value
between 20 and 40 mEqO2/kg. For virgin or cold-pressed
oils, guidelines from the Codex Alimentarius Commission
recommend a maximum level of 15 mEq O2/kg (Codex
Alimentarius Commission 2005). However, the rate of oil
deterioration also depends on additional factors such as the
fatty acid composition of the oil and the presence of anti-
oxidants or other minor components (Chen et al. 2011).

Over 78%of the total fatty acidswere unsaturated (Table 6).
Linoleic (C18:2) and oleic (C18:1) acids were the major un-
saturated components, followed by linolenic (C18:3) and pal-
mitoleic (C16:1) acids. The predominant saturated fatty acids
were palmitic (16:0) and stearic (C18:0) acids. Thus, tomato
oil falls in the linoleic–oleic acid oils category and is similar, in
terms of fatty acid composition, to sunflower and soybean oils
(Ryan et al. 2008).

The total tocopherol content was about 1,300 mg/kg, a
value that is among the highest for seed oils (Codex Ali-
mentarius Commission 2005). As shown in Table 5, γ-
tocopherol was the most abundant homologue, accounting
for over 97 % of total tocopherols, followed by α- and δ-
tocopherol. The importance of tocopherols in vegetable oils
is primarily related to their antioxidant activity (Choe and
Min 2009). At room and moderate temperatures, toco-
pherols can interrupt the free-radical chain reactions
responsible for oxidation by donating hydrogen from
their phenolic group. In the case of γ-tocopherol, this
mechanism leads to the formation of two dimers, γ-
tocopherol biphenyl-dimer and γ-tocopherol ether-
dimer, which are still effective as antioxidants. In con-
trast, α-tocopherol degrades into products exhibiting
low or no antioxidant activity (Kochhar 2000). It can,
thus, be concluded that the predominance of γ-
tocopherol over the α-form makes an oil more resistant
to oxidative degradation and increases its shelf life.

ri = 4.84 Mi + 4.93 10-14

R2 = 0.965

-14

-10

-6

-2

2

6

10

14

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

r i
(%

)

Mi

Fig. 6 Normal-probability plot showing the trend of ordered residuals
(ri) against normal-order statistics medians (Mi) for the enzyme-
assisted extraction of lycopene from tomato peels
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Fig. 5 Comparison between experimental (yexp) and calculated (ycalc)
lycopene extraction yields obtained by using Eq. 3. The dashed lines
delimit the ±15 % deviation band
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The total sterol content was about 4,000 mg/kg (Table 7).
The major sterols were β-sitosterol (58.4 %) and stigmas-
terol (11.3 %) while those found in smaller amounts were
Δ7-stigmastenol and Δ7-avenasterol (both at 0.2 %). Phy-
tosterols are widely recognized as important components of
healthy diets. β-Sitosterol, in particular, has been the subject
of increasing interest in recent years because of its presumed
ability to provide cardiovascular protection (Loizou et al.
2010) and suppress the progression of certain types of
cancer (Park et al. 2007; Zhao et al. 2009).

The lycopene content of the enriched oil ranged from 50
to 500 mg/kg and was obtained by adding from 0.73 to 7.3 g
of oleoresin/kg of oil. This range of values was chosen in
view of possible applications in the pharmaceutical, nutra-
ceutical and cosmetic fields. As is known, humans do not
synthesize lycopene and depend entirely on dietary sources
for an adequate supply of this nutrient (Rao and Ali 2007).
Increasing evidence suggests that a lycopene-rich diet can
prevent or reduce the risk of cardiovascular disease and
some cancers. Although more than one mechanism might
be responsible for such effects, the observed health benefits
are mainly attributed to its strong antioxidant activity
(Omoni and Aluko 2005). This is consistent with the widely

accepted view that increased oxidative stress is a key event
in the development of atherosclerosis as well as carcinogen-
esis and aging.

A daily intake of 5–7 mg lycopene is considered suffi-
cient to combat oxidative stress and prevent some chronic
diseases (Rao and Shen 2002), while higher levels are
required for individuals with cancer (Kucuk et al. 2001).
Evidence also indicates that dissolving lycopene in fats such
as vegetable oils allows a significant increase in bioavail-
ability and hence in efficacy (Sies and Stahl 1998; van het
Hof et al. 2000; Fielding et al. 2005). If the lycopene-
enriched tomato seed oil were to be used as a source of
lycopene, 10 to 14 g of the product with a lycopene content
of 500 mg/kg would be sufficient to provide the recommen-
ded daily intake for this carotenoid. This amount could, of
course, be reduced in the presence of additional dietary
sources of lycopene (Rao et al. 2006).

Another interesting application for the enriched oil or the
tomato oleoresin would be in the area of nutricosmetics or

Table 5 Physicochemical properties and tocopherol content of tomato
seed oil, with indication of the analytical methods used

Property Unit Value

Acidity (as oleic acid)a wt.% 1.6±0.1

Peroxide valueb mEq/kg 2.0±0.1

Refractive indexc – 1.4728±0.0001

Total tocopherolsd mg/kg 1,276.7±5.9

α-Tocopherold mg/kg 25.7±0.3

γ-Tocopherold mg/kg 1,244.6±6.0

δ-Tocopherold mg/kg 6.4±0.2

a International Organization for Standardization (ISO) 660-2005
b ISO 3960-2001
c ISO 6320-2000
d American Oil Chemists’ Society Ce 8-89

Table 6 Fatty acid composition
of tomato seed oil (analytical
method: ISO 5508-1990)

Fatty acid Chemical structure wt.%

Myristic (C14:0) CH3(CH2)12COOH 0.14±0.02

Palmitic (C16:0) CH3(CH2)14COOH 15.13±0.23

Palmitoleic (cis-9 C16:1) CH3(CH2)5CH0CH(CH2)7COOH 0.38±0.05

Stearic (C18:0) CH3(CH2)16COOH 5.82±0.16

Oleic (cis-9 C18:1) CH3(CH2)7CH0CH(CH2)7COOH 21.19±0.45

Linoleic (cis,cis-9,12 C18:2) CH3(CH2)3(CH2CH0CH)2(CH2)7COOH 54.82±1.51

Linolenic (cis,cis,cis-9,12,15 C18:3) CH3(CH2CH0CH)3(CH2)7COOH 1.98±0.06

Arachidic (C20:0) CH3(CH2)18COOH 0.45±0.03

Eicosenoic (cis-10 C20:1) CH3(CH2)8CH0CH(CH2)8COOH 0.10±0.02

Table 7 Total sterols and sterol composition of tomato seed oil (ana-
lytical method: NGD C71/C72-1989)

Sterol Unit Value

Cholesterol wt.% 7.5±0.4

Δ7-Cholesterol wt.% 1.0±0.1

24-Methylene cholesterol wt.% 0.3±0.1

Campesterol wt.% 5.7±0.3

Campestanol wt.% 0.4±0.1

Stigmasterol wt.% 11.3±0.5

Δ7-Campesterol wt.% 0.8±0.1

Clerosterol wt.% 0.9±0.2

β-Sitosterol wt.% 58.4±1.8

Sitostanol wt.% 1.2±0.2

Δ5-Avenasterol wt.% 9.5±0.4

Δ5,24-Stigmastadienol wt.% 0.9±0.3

Δ7-Stigmastenol wt.% 0.2±0.0

Δ7-Avenasterol wt.% 0.2±0.0

Total mg/kg 3,979±10
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cosmeceuticals. In particular, they could be used, alone or in
combination with sunscreen products, for skin photoprotec-
tion. As highlighted by many investigations, skin aging and
most types of skin cancers are caused by prolonged or
excessive exposure to UV radiation (Andreassi 2011; Rittié
and Fisher 2002). Since UV irradiation is associated with
increased ROS production, the topical application of anti-
oxidants is considered an effective measure to reduce UV-
related skin damage (González et al. 2008). Evidence has
also been provided that photoprotection can be further en-
hanced by systemic administration of carotenoids, particu-
larly lycopene (Anunciato and da Rocha Filho 2012). For
example, a significant decrease in sensitivity towards UV-
induced erythema was observed in volunteers after 10 to
12 weeks’ intake of lycopene (Stahl et al. 2006). In another
study performed on human dermal fibroblasts exposed to
UV light, the photoprotective potential of lycopene in com-
bination with vitamin C and/or E was clearly assessed (Off-
ord et al. 2002).

It seems therefore reasonable to say that the lycopene-
enriched oil and the oleoresin derived from tomato pomace
may have important applications in the functional food
sector as well as in the production of cosmetic or cosme-
ceutical products.

Examples of Application of the Technology

A layout of the proposed treatment system is illustrated in
Fig. 8. Tomato pomace is first separated into the peel and
seed fractions. Each fraction is partially dehydrated to the
appropriate moisture content. The seeds are pressed to yield
the vegetable oil and the seed cake, while the peels are
subjected to enzymatic treatment. The enzyme-treated ma-
terial is then contacted with the solvent to recover lycopene

and the other compounds released from the peel tissue. This
operation results in the production of the exhausted plant
material and a two-phase water/organic solvent system. The
aqueous enzyme solution is separated from the solvent and
recycled to the treatment step. The solvent is vacuum-
evaporated and reused as extraction agent. Solvent evapo-
ration leads to the formation of tomato oleoresin, which is
finally incorporated into the oil to obtain the lycopene-
enriched oil product with the desired degree of enrichment.

Some simulations were performed to estimate the amount
of enriched oil obtainable by applying the above-described
technology to tomato processing waste. In these calcula-
tions, three different amounts of tomato pomace were con-
sidered: 1,000, 5,000 and 10,000 tons/year, with the
following seed-to-peel weight ratios: 10 and 50 %. The
latter range of values accounts for possible changes in the
waste composition resulting from the different tomato pro-
cessing operations (e.g. production of canned tomatoes,
tomato paste or juice).

Tomato
pomace Peels

Seeds

Seed cake

Enriched
seed oil

Waste
peels

Enzyme solution Solvent

Tomato
oleoresin

Fig. 8 Lay-out of the of the
proposed treatment process for
the valorization of tomato
pomace

Table 8 Annual amounts of lycopene-enriched tomato seed oil (WSO)
and tomato oleoresin (WOR) obtainable by applying the proposed
technology to the waste generated by the tomato processing industry

WTP
(tons/year)

S/P
(%, w/w)

WSO
(tons/year)

WOR
(tons/year)

W′OR,100
(tons/year)

W′OR,500
(tons/year)

1,000 10 3.7 2.70 2.69 2.67

50 18.7 1.50 1.47 1.36

5,000 10 18.7 13.50 13.47 13.36

50 93.7 7.50 7.36 6.78

10,000 10 37.5 27.00 26.94 26.71

50 187.5 15.00 14.71 13.56

WTP annual amount of tomato pomace treated; S/P seed-to-peel ratio;
W′OR,100, W′OR,500 annual amounts of oleoresin remaining after pro-
duction of an oil containing, respectively, 100 and 500 ppm lycopene

Food Bioprocess Technol (2013) 6:3499–3509 3507



The moisture content of tomato peels and seeds was set to
85 and 75 wt.%, respectively. The seed oil recovery was
assumed to be 15% on a dry weight basis, that of the oleoresin
was taken as 20 kg/ton of dry peels and its lycopene content as
6.5 wt.%. Finally, two levels of lycopene enrichment were
considered: 100 and 500 ppm. The results are summarized in
Table 8. As can be seen, the amount of enriched oil that can be
obtained from tomato pomace varies from about 4 to 190 tons/
year, depending on the amount of waste treated and its seed
content. Another interesting point is the high amount of oleo-
resin (from 2.7 to 27 tons/year) produced from the peel frac-
tion of the waste. It should be noted that only a small portion
of this amount (from approximately 0.4 to 10 %) is required
for obtaining the oil with a lycopene level of 100 to 500 ppm.
Considering the high selling price of lycopene oleoresin from
tomatoes, it can therefore be expected that its production in
combination with the enriched oil can further increase the
economic value of the initiative.

Conclusions

The accumulation, handling and disposal of tomato pomace is
a major problem faced by the tomato processing industry. For
this reason, the possibility of transforming it into value-added
products could not only be an economic opportunity for the
agri-food sector but also a viable solution to the disposal
problem. The results of the present investigation demonstrate
that tomato pomace can be effectively used for the production
of a lycopene-enriched seed oil and a tomato oleoresin. The oil
content of the seeds is high enough to justify its recovery by
pressing, thus avoiding the use of solvents and retaining a
higher proportion of polar compounds such as flavonoids and
phenolic acids. The compositional characteristics of the oil
and the possibility of enhancing its functional properties by
incorporation of the oleoresin obtained from the peel fraction
of the waste make this product suitable for a wide range of
applications in the food, nutraceutical and cosmetic sectors.
The approach followed in this study can therefore be sug-
gested as a possible strategy for the sustainable and profitable
management of tomato pomace.
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