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RESUMEN

Caracteristicas y composicién del aceite de semilla de
lomate

Se separaron semillas de tomate de l2 pulpa seca y posteriormente
se trituraron y extrajeron con éter de petroleo en caliente. €l aceite ex-
lraido se desgoma, neutralizd y decolord, y luego se determinaron las
caracteristicas fisicas y guimicas de los aceiles crudos y purificados.
La purificacion produjo una disminucion en 1a acidez, color, insaponiti-
cables, £ |2, 232y estabilidad oxidativa y un aumento en &l punta de
humo y £ 12 270. Las propiedades fisico-quimicas no se afectaron
por la puriticacion. Se ercontrd que ef aceite de semilla de tomate con-
tenia altos niveles da lincleico {54%), seguido por oleico (22%), mien-
tras que los acides grasos salurados mayoritarios fueron el palmitico
(14%) y el estearied (5%). La purificacion produjo también un aumento
en el C 18:2 rans, mientras que e pedil do acidos grasos del aceste
permanecid inalterado. Se detectaren «- vy §- tocoieroles a niveles
de 202 y 1052 mgikg: la purificacion redujo el contenido en taco-
ferol a 16t y 898 mg/kg, respectivamente. Ef p-silosterol fue el
components predominante de la fraccion esterdlica del aceite de
semiffa de tomate. Se delectd un alto porcentaje de colesterol
{16%). Otros esteroles encontrados en porcantajes mas elevados
del 1.5% fuercn el campesterol, estigmasterol y a*-avenasterol.
Ademads, s2 encontraron como componentes minoritarios 24-me-
tilenecolesterol, brasicasterol, A’-camgesterol, clerosterol, A7,
estigmastadiencl, a’-estigmastanol, A”-avenasterol y edtrodiol. El
peril de esteroles no se afectd por ia purificacion.

PALABRAS-CLAVE: Aceite de semilla de tormnate — Acido gra-
50 — Estabilidad — Esterol — Purificacion — Tocoferol.

SUMMARY

Characteristics and composition of tomato seed oil

Tomato seeds were separated from dried pomace. and seeds
ware ground and extracted with hot pstroleum ether. The extracted
oit was degummed, neutralised and bleached, and then the physical
and chemical characteristics of crude and purified oils were
delermined. Purilication led to a decrease in acidity, colour,
unsaponifiables, E 1. 232 and oxidative stability, and to an
increase in smoke point and E1%, 270. The fundamental physico-
chemical peeperties of the ol were not afiected by purification.
Tomato seed ofl was ‘ound ta contain high levels of linoteic {54%),
tollowed by oleic (223%), while the dominant saturated acids were
paimitic {1495) and stearic {6%5). Purilicalion led lo an increase in
C18:2trans, while the fatty acid profile of the oil remained unchanged.
u- and 3-tecopherols were dstected at levels of 202 and 1039
my/kg; purification reduced tocopherol content to 161 and 898
mg/kg, raspectively. B-sitostercl was found as the most predcminant

component of he sterclic traction from tomato seed oil. A farge
percentage {16%) of cholesterol was cetected Other siesois found
in percentages higher than 1.5% were campestercl, stigmastercl
and a’-avenasterol. in additon, trace to minoc amounts of 24-
methylenecholesterol, brassicasterol, A”-camgesterol, clecosteral,
A’ F-stigmastadienol, A”-stigmastanol, A™-avenasterol and eryihrodiol
were found. Sterol profile was not affected by puritication.

KEY-WORDS: Fatty acid — Purification — Stability — Stero!
— TocBphero! — Tomalo seed of.

1. INTRODUCTION

Tomato pomace, a waste product from tomato
processing plants, consists of skins, pulp and seeds.
The major component of tomato pomace is the
seeds, which are considered to be a good source of
an edible oil (1, 2, 3, 4, 8). Tomato is one of the most
widely cultivated vegetable crops in Greece.
According to data received from the Ministry of
Agricuiture of Greece, the amounts of tomatoes
produced for industrial processing were for the year
19394 1,105,984 metric tons, for 1985 1,020,740 lons
and for 1896 1,268,830 tons, while additional
amounts of 565,712, 513,217 and 600,040 tcns,
respectively for the three years, have been produced
for raw consumption (salad and cooking). Thus, the
amount of seeds resulting annually is quite enough
to produce 1,300 to 2,000 tons of edible ail. The ail
has a high unsaiurated acid content, with over 50%
linoleic acid (3, 4) and could be used in cooking.
Besides, tomato seed cake was found to contain
23-39% protein with good functional and nutritional
properties (8, 7, 8). In addition, the seeds have been
reported to posses antioxidant properties (9, 10).

Though data on tomato seed oil composition are
already available in literature, more detailed information
is needed, as in many cases they remain controversial.
The objective of the present work was to conltribute
to extent the knowledge of chemical compesition of
tomato seed oil as well as to determine the effect of
purification on it. Such data wili be useful for studying
the behavior of the oil during heating and processing.



Vol. 49. Fasc. 5-6 (1998)

2. MATERIALS AND METHODS

Sample preparation and oil purification

Samples of tomato pomace were obtained from
tomato processing plants of Kopais region, Greece.
Quantities of 20 kg of pormace were collected twice
per week and for a total period of one month, from
two different plants. After receiving, the samples
were dried in an air-dryer (Apex Construction Ltd.,
England) at 60°C, ground in a blender and the seeds
were separated using a sieve system of 2.0 and 1.6
mm. The separated seeds of all samples were
combined and then ground to a powder by a
Brabendec mill to pass through a 0.70 mm sieve.
Batches of ground seeds were extracted for 15 hr
with petroleum ether (b.p. 40-80°C) in 2L Soxhlet
extractors. The solvent was evaporated under
reduced pressure, and the oils from different batches
were combined and kept in sealed bottles under
refrigeration  (0-4°C) for further processing and
analysis.

Tomalo seed oil was degummed using the
following procedure developed in our latoratory. Fifty
grams of oil were put in 100 mL capacity pyrex test
tubes and then were immersed in a water-bath
adjusted at 90°C. Afierwards, a 3% (w/w) water at
80°C and 0.3% (w/w) phosphoric acid were added
under continuous stirring. The mixture was stirred for
10 min, cooled, centrifuged for 5 min at 3000 rpm,
and decanted to obtain degummed oil.

Batches of 500g of oil were put into 1L beakers,
heated at 80°C, and then 4.7 mL of 4.125 M NaOH
were added-under continuous stirring. Stiriing was
continued for 40 min to coagutate the soap, and then
left to stand for soap separation. Most of the
neutralized oil was obtained by decanting, and the
remaining soap-stock was centrifuged at 3000 rpm
for further oil separation. Afterwards, the oil was
lransterred into a separatory funnel and was washed
with 15% (w/w) distilled water (80°C) by shaking
vigorously the separatory funnei, and allowed to
stand for 15 min. The lower aguecus layer was
Separated and discarded.

The purified oit was heated at 105°C for moisture
removal, and afterwards, was bieached by adding
3% Tonsil Optimum earth technical powder, plus 2%
activated carbon. The mixture was stirred for 15 min
and then filtered uncer vacuum using a Whatman No
1 filter paper. The color of the oll as measured by a
Lovibond tintometer was changed from the initial 22
fed and 10 yellow units to 10 red and 2 yellow units.

Analytical procedures

Fre>e fatly acids (FFA), peroxide value (PV), and
ultra-violet absorpiion at 232 and 270 nm wers

cdetermined using the IUPAC methods (11). loding
value (IV) was determined using the Wijs method as
described in Pearson’s (12). Refractive index of ine
oil was measured zat 40°C with an Abbe refractometer
with tlemperature adjusiment; color was measurad
with a Lovibond tintometer; viscosity was measurad
using a Brooxfield LVT rotational viscometer equipped
with a No 2 spindle rotated at 80 rpm at 21°C; and
smoke point with a method adapted from that
descrived by BS 648:Section 1.8 (13). Qil stability
was evaluated by the Rancimat method using the
Rancimat 679 uniil the oil batch reached the
temperature of 120°C and with an air flow rate set at
20 Uhr. Extra virgin olive oil and sunflower oil (ELAIS
SA, Athens, Greece) without added antioxidants were
examined concurrently for comparnson reasons.

Fatly acids were characterized by gas-liquid
chromatography (GLC). The fatty acid methy! esters
(FAME) were prepared according to the following
method optimized in our laboratory and based on the
well known methanolic NaOH - BF3-MeOH method
{14,15). About 25 mg of oil was accurately weighed
into a screw cap tube and 1.5 mL 0.5M methanolic
socium hydroxide was added, mixed and heated at
100°C for 7 minutes. Alter cooling 2 mL of boron
triffuoride was added and heated at 100°C for 3
minutes. The tube was cooled o 30-40°C and 1 mL
iso-ociane was added, capped and shaken using a
whirii mix for 30 seconds. 5 mL oi saturated socium
chloride solution was immediately added and the
tube was shaken again. The tube contents were
allowed io separate and the top (iso-octane
containing FAME) layer was removed and the lower
layer was re-extracted with an additional 1 mL
iso-octane. The (wo iso-octane extracts were
combined, dried over anhydrous sodium suifate if
necessary, and concentrated to approximately 1 mtL
using a nitrogen stream. Internal standard solution
for FAME determination was prepared by dissolving
100 mg (0.1 mg) pentacecanoic acid (C15:0) in 30
mL iso-octane (16). One mL and/or 500 ul of the
internal standard solutien were added into oil and
treated as previously described.

The analysis of FAME were perfformed with a Carlo
Erba 5600 gas-liquid chromatograph equipped with a 50
m, 0.22 mm 10, 025 wn thickness, BPX70 capillary
colurnn. Operating conditions were as follows: Heliurn flow
rate 25.6 mU/min; injector and detector (FID with hydrogan
flow 40 mmin and air flow 450 mUmin) temperatures
were 235°C. The lemperature programme was 160 -
210°C at a rate of 1.5°C/min, iniial time at 160°C was
0.0 min and finaf time at 210°C was 5.0 min. Methyl
esters were identified and quantified by comparing
the retention time and peak area of he unkniowns with thcse
of FAME standercs (Briish Greyhourd, Chromatography and
Allied Cnemicals).

Tocopherols were determined by high performance
liquid chromatography (HPLC) using a modification
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of Carpenter's method (17). One gram of ol was
accurately weighed into 2 3 dram sample vial wrapped in
ioil paper to prevent oxidation. The oil was dissolved in 5
miL n-hexane, HPLC grade, before injection. A 20 ul
sample was injected into a Waters 600 HPLC fitted with
2 u-Polarsil, 125A, 10 pm, 3.9x300 mm HPLC column
with the following characteristics: irregularly-shaped
silica. Detection was made with a Waters 486 Tunable
Absorbance Detector set at 295 nm. Iso-propanokn-
hexane: absotute einanot (2:97.5:0.5) at 1 mUmir was
used as mobile phase. Waters Baseline 815 programme
running on a computer was used as integrator for the
cetermination of the standard calibration curves and for
the calculation of the amounts of tocopherols in the oil
sampies. Tocopherols obtained from Merck (DL-crtocopherol)
and Sigma ((+)-6-tocopherol), were used as standards.

Unsaponifiable matter and sterols were determined
using the standard method of the Official Journal of
the European Communities (18). Unsaponifiables
viere prepared by saponification with ethanolic KOH
2M, washing and ether extraction using 500 ul/S g
solvent of a 0.2% a-cholestanol solution as an internal
siandard. Steroiic fraction was separated by TLC using
silica gel plates, developed with a £5:35 (v/v) hexane:ethy!
ewher mixture, spraying with 2,7-dichicrofluorescein,
scraping and extracting with chloroform and ethyl
gher. Sterols were converted to trimethylsilyl (TMS)
ethers using a silylation reagent consisting of a 8:3:1
(v/viv) mixture of pyridine:hexamethyldisiiazane:
irimethylchiorosilane in the ratio of 50 ul for every
milligram of sterols, The measurement was done on
2 Carlo Erba 5600 Gas Chromatograph using 2 25m
x 0.35mm x 0.25 um WCOT Fused Silica 7452
CP-Sil-8CB capifiary column. The pressure of the
carrier gas (Hz) was 110 kPa. Injector and FiD
temperatures were 280°C and 300°C respectively.
The temperature programme was isothermal 260°C
for 40 min at least. Sterols obtained from Laroden AB
(Sweden), were used as standards.

3. RESULTS AND DISCUSSION

The oil content of tomato seeds was found to be
21.8%, and fell in the range previously reported for seeds
received from tomato processing plants (2; 4, 5, 19).
The seed oll was a red-yellowish liquid at ambient
temperature and had a mild tomato fruit-like odor.

The physical and chemical characteristics of
crude and purified tomato seed oil are shown in
Table |, It is apparent that purification did not alter the
fundamental physicochemical characteristics of the
oil. As expecled, the basic changes happened are
referedio a decrease in acidity, color and unsaponifiables,
as a result of degumming, neutralisation and bleaching.
Anincrease in smoke point was observed due to free
fatty acid reduction, as they are much more volztile
than glycerides, and hence, smoke point depends on
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the free fatty acid content (20). The obtained values for
density and refractive index are in line with those
reported in literature (2, 4). Viscosity values were
similar to those for olive and cottonseed oils and much
higher than those for com, peanut, soybean, and
safflower oils (20,21). The peroxide value of tormato
saed oil was lower than 20 meg/kg and iell in the range
adopted as satisfactory. There was no change in
peroxide value during purification and bleaching. This
may be due to tocopherols and hence, purified tornato
seed oil should expected 1o show an overall lower
stability compared to crude oil. A 4.85% reduction in
induction time, as measured by Rancimat, was
observed (Table 1), which could be aftributed to oit
purification. Tomato seed oil has values for specific
exiinction in UV at 232 and 270 nm similar to other
vegetable oils such as olive and sunflower oils (22).
Generally, R-value is higher if secondary oxidative
changes are lower, ie., the value for EiZ, 270,
though the same peroxide values show different values
for specific extinction. Laboratory purification led to &
decrease in £ (o 232 and to an increase in £ 1:-
270, resulting in a decrease in R-value (Table 1). Similar
findings have been reported by Vogel (23) for pumpkin
seed oll, who furthermore reported that bleaching and
deodorisation exert the main action, while degumming and
neutralization had no actual effect on specific extinction.

Thne saponification value was in the reported
range (2,4). The oil had a high iodine value, thus
reflecting a high degree of unsaturation.

Table Il shows the fatty acid composition of
tomato seed oil. Total unsaturated fatty acids were
80%, while the major fatty acid was linoleic (C18:2) in
a concentration of 54%, followed by oleic (C18:1),
22%. Generally, the leve! of linoleic acid alls in the range ot
50-60%, while Swem (20) reports concentrations of oleic
acid higher (46%) than those of lincleic (35%). Paimitic
acid (C16:0) was found to be the dominant saturaied
fatty acid and was in line with values reported (1, 4, 5,
20, 24, 25). Higher palmitic acid concentrations, in the
range of 20.28-24.81%, have been reported by
El-Tamimi et ai, (3). The same authors have also
reported lower concentrations for stearic acid (C18:0),
2.36-2.96%, and relatively high concentrations of
arachidic acid (C20:0), 1.93-2.20%. The concentrations
of C20:0 found in the present study were in agreement
with those reported by Tsatsaronis and Boskou (23),
and Lazos and Kalathenos (4). Small to trace amounts
of C14:0, C16:1, C17:0, Ci8:2frans, C20:0, C20:1,
C22:0 and G24:0 were also found in tomate seed oil.
Tsatsaronis and Boskou (26) have reported that odd-
and even-chain length saturated acids from C12:0-C28:0,
except C21:0, were present in the cil. Based on results
obtained the fatty acid composition of tomato seea oll
showed that it falls in the linoleic-oleic acid oils category.
Therefore the oil could be useful for edibie purposes and
ior some industrial appfications like hydrogenation,
shortening production and others.
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Table |

Physical and chemical characteristics

of tomato seed oil

Characieristic

Value !

Crude

Purified

Density, 25°C
Refractive index. <0°C
Viscasily (21°C), mPa s
Smoka poiny, °C
Cotour

red units

yellow units
Saagarification number
jodine value
Unsaponinalie matier, %
Acidilty, %% as clalc
Peroxde value. megkg
Induction ume

tomato

olive

sunfigwer
Ziam 202
£ (& 270

R=E1Z 202/ 215, 270

0.916Q = 0 C0024
1.4603 = 6 00022

75=04
176 =630

22203
1001
184 < 6.9
105-.07
14002
1.01 £ 0 0008
9.3 20C85

5150012
7.2220.027
3400014
2.40 = G 0001

0 €3 ~0C0c04

331 £0.0602

09155 = 0.0C013
14610+ 0 0C016
74-03
20854

10 £ 0.1
2x00
186 = 2.3
10409
0.9 =0.01
0.05 £ 0.0001
91 20054

4920018

2,23 £0.0001

0.72 = 0.060¢3
3.11 £ 0.00CCY

Average ¢! thies samoles wiih tfres to five raiications. = stardard deviaiion

Table It

Fatty acid composition of tomato seed oil

Falty acid
Crude Purified

C14.0 02 =0.0001 0.1 £0.0000
c180 140012 138 x0.10
C16:1¢is we 0.4 + 0.0C04 0.3 = 0.0001
CiéitciswT 0.1 £0.0000 NO?
c17:.0 0.3 =0.003 0.1 £0.00¢2
(AF:50) 6.0 = 0.01 5.0=0.05
Ci8:1w8 22.0 =0.21 22.0x0.12
Ci8:tw7 C.6 £ 0.001 0.1 £ 0.0001
C13:2 33.8+0.28 540+ 0.65
Cig:2trans 0.1 =0.00G0 0.8 £0.0002
Cis3 2.0 +0.003 2.1 £0.002
C200 0.3 £ 0.0001 0 2+0.0001
C24:1 0.1 £0.0000 0.2 £ 0.00C0
c22:0 Trace® 0.1 £ 0.0000
C24:0 01 £ 0.0000 6.1 £0.00C0

[

race <0.7¢

Average of thra= sameles, = standard ceviation, ° MO = not detaciad:

Furthermore, it should be pointed out that the
tatly acid paitem has not changed during purification
and bleaching of the c¢il. However, the concentration
of C18:2trans was increased from 0.1% in the cruce”
0ii 10 0.8% in puriiied oil (Tadle I1). This is due to high
lemperature clay bleaching, which causes cis-trans
isomerization (20).

Ahigin tocopherol content was found in tomaio seed
Git, consisting of ¢-and 3-tecopherol, at concentrations
of 202 and 1059 mg/kg, respectively. Dabrowska (1)
and Nadirov et al. (27) reporied toial tocopherol
contents from 418 to 767 mg/kg, which can influencs
the stabiiity of the oIl during storage. Purification and
bleaching led to a reduction in tocopherol contents o
vaiues of 161 and 898 mg/kg, for - and 3-tocophera!
respectively, corresponding to a 80 znd 8555 retention,
respectively. It should be noted that the variation in
the amount of tocopherols lost during refining
depends on the severity of the process with respect
to temperature and time, and to cruce oil condition.
Mclaughlin and ‘Welnrauch (28) reoorted that
deodorization causes the greatest loss of tocopersis.
while littte or no tocopherol is destroyed during
hydrogenation. More recently, Jung et al. (2¢)
snowed that the most substantial loss during refining
o¢ soybean oil occuirec at the decdorization sizage,
while degumrming, neutralization and bleaching led
to an average retention of 88%. This value is very
close to the value found in this work.

Tomato seed oil showed fower induction time than
olive oil and higher than that of sunflower oil {Table ).
Aithough temaio seed oil shows a similar fatty acid
profile with sunflower oil (20), the latter showed lower
induction time, which among others could be
attributed to lower tocopherol content in sunficwer.
838 mg/kg, of which ¢-tocopheroi accounts for 853%,
followed by B-tocopherol, 2.5%, and v-iccophero!, 1.3%
(30). Nevertheless, the higher oxidative stability of
tomato seed oil over sunflower oil should be attribute
to other consiituents of non glyceride iraction of the cii,
which posses antioxidant properties.

The results of qualitative and guantitative stercl
determinations in the steroiic fraction of tomato seag
0il unsapenifiables are surmarised in Tabie lil, Total
sterol content in crude oil varied between 225 and
533 mg/100g with an average value of 435:8%
mc/100g, while in purified oif between 225 and 233
mg/100g with an average of 313+60 mg/100g. Tre
sterol fraction of the tomato seed oil consisted mainly
of campesierol, stigmasteroi, -sitosterci and
A*-avenasterol, among of which B-sitosterol was e
most predominant, accompanied with tracs or minuts
amounts of 24-meathylenecholesterol, brassicasterci,
Al-campesterol, clerosters!, A7 ¥-sticmastadierol,
A’-stigmastanol. A’-avenasterol and erythrodiol. |n
addition, cholesterol at a level of 16% was found.
which was the second quantitatively imponant sterol
of tomato seed oil afier B-sitosterol. Yamamoto anc



Mackinney (31) mentioned only the existence of
stigmasterol, B-sitosterol and possibly campesterol
in tomato fruit and seeds. The results obtained in this
study were in good agreement with those previously
reported (4, 32, 33, 34), although higher concentrations
for cholesterol approaching 27% have been reporied.
An unusually high concentration (up 1o 41%) of
cholesterol has been reported by Kiosseoglou and
Boskou (35). ismail et a/. (36) have reporied a toial
cholesterol concentration of 30 mg/100 g for the
edible portion of tomatoes. The high cholesterol
content in tomato seed oil gives rise to problems in
analytical interpretation when controlling the purity of
vegetable as well as animal fats. Moreover, the
results of the present study confirmed the wide
distribution of 24-methylenecholesterol in vegetable
oils, which initially was believed to be widely
distributed in marine crganisms (37, 38).

~ Table I}
Composition of sterof fraction of tomato seed oil

Yo

Sterol RRT*

Crude Purified
Tholesterol 084 15+£G2 16 0.2
Brassicasteot C.73 152004 1.1=2002
24-Methyienecholesterol 0.80 1.2 0.02 0.9 £ 0.C04
Campesterol 0.83 8704 8,1x0.06
Stgmasterol 0.89 442024 46£0.17
47-Campesiers 0.92 0.3+ 00003 Trace
Clerasteral 0.96 Trace® NG?
£-Sifosteral 100 524222 53x1.17
>*-Avenastero! 104 6.7 20022 720029
a7 24 Sugmastadiens 109 0.5:0.0005 0300003
A’. Stigmasienot i 04200003  0.2x0.000
A7 Avenasterol 147 0.1 £ 0.0001 Trace
Erythrodial 147 0.1 200630 NO

®  Relative retention time for f-sitosterol (retention time 20.7 mun) taken as 1.00

5 Average of three samples, + standarg devialion, 2ND = not detecied;
trace < 0,1%.

The sterol fraction from tomato seed oil consists

- mainly of A®sterols with small proportions of

Al-sterols as in most vegetable oils (38). Oil
purification and bleaching did not change the sterot
pattern of the oil due to the fact that they are
relatively inert. It is known that aikali refining of oils
removes a portion of the slerols (20). As a result
sterols present in trace or minor amounts in crude ol
were not detected in purified oil (Table Hl).
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