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The effects of cultivar, on-vine ripening, and year of harvest on the folate content of raw tomatoes
were studied. Folate content in hot-break tomato puree (HTP) subjected to pasteurization at
different temperatures and its evolution during the shelf life of tomato juice were also investigated.
5-Methyltetrahydrofolate (5-CHs-Hy-folate) was the only folate compound identified in raw tomatoes
and HTP, but tetrahydrofolate (Hs-folate) was 10% of the folate detected in tomato juice. The
content of folates in raw tomatoes ranged from 4.1 to 35.3 ug/100 g of fresh weight and was highly
influenced by all of the factors studied. No clear trend of folate content with ripening stage was
observed. The extractability of 5-CHz-H,-folate from HTP increased significantly after pasteurization
at 98 °C for 40 s, but higher temperatures decreased its content. Tomato juice showed folate losses
during storage independent of the storage temperature. Folate losses were higher when tomato

juice was packed in glass bottles than in Tetra Pak.
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INTRODUCTION

Folates are essential vitamins that must be provided in the diet;
humans cannot synthesize folates de novo. Plant foods, including
vegetables, fruits, cereals, and potatoes, are the predominant
contributors to folate intake in Europe (/). A deficiency of folates
in the diet increases the risk of various pathologies such as
cardiovascular diseases (CVD) (2), neural tube defects (3 ), color-
ectal cancer (4), and rheumatoid arthritis (5 ). Therefore, know-
ing the folate contents of food plants and selecting plant foods
with high folate concentrations are important. However, the
content of the different folate forms and their distribution and
stability in vegetables, fruits, and cereals depend on a number of
factors such as genetic background, growing conditions, harvest
and postharvest handling, industrial processing, and storage
during shelf life (6).

Folates are composed of a pterin, a p-aminobenzoic acid
(pABA), and a glutamate chain with a variable number of
glutamate moieties. The cellular folate pool is a complex mixture
of related molecules that differ in the oxidation state of the pterin
ring, the one-carbon substitutions (formimino, formyl, methyl,
methylene, and methenyl), and the number of glutamate
moieties (7). Tetrahydrofolate (Hy-folate) and S-methyltetrahy-
drofolate (5-CH3-Hy-folate) (Figure 1) are the main forms present
in plant foods, whereas 5-CH3-Hy-folate is the major circulating
form in humans.
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Tomato (Lycopersicon esculentum) is the plant food with the
second-highest consumption in the world and has been consid-
ered an important functional food, due to its content of bioactive
compounds (8). Folates are among the bioactive compounds in
tomatoes that are considered to be beneficial for human health
and, especially, for the prevention of cardiovascular diseases (9 ).
Although tomatoes are not generally considered to be a rich
source of folates in the human diet, the fact that they are widely
consumed in practically all types of diets and cultures may
contribute to their overall beneficial effects (9).

The content of bioactive antioxidant compounds, such as
lycopene, S-carotene, phenolic compounds, flavonoids, and as-
corbic acid, in tomatoes and the effects of agronomic and
industrial factors on them have been widely studied in the past
decade (10—12). Some data about the folate content of tomatoes
have been reported (/3). However, we could not find any
investigations on the influence of on-vine ripening, environmental
conditions, or industrial processing and storage on the content of
folates in tomatoes.

This study was designed to assess the content of folates in both
raw tomatoes and processed tomato products consumed in Spain.
The main objectives of the present investigation were (1) to
determine the content of folates in raw tomatoes harvested in
Spain, considering the effect of the cultivar, on-vine ripeness
stages, and year of harvest; (2) to study the content of folates
in tomato puree, a raw material used in the tomato industry
to obtain different processed products, subjected to different
pasteurization temperatures; and (3) to assess the influence of
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Figure 1. Chemical structures of folic acid’s reduced forms tetrahydrofo-
late and 5-methyltetrahydrofolate.

temperature and packaging on the folate content of tomato juice
during its shelf life of 12 months.

MATERIALS AND METHODS

Materials and Study Design. Three batches of tomato samples were
used in this study. First, commercial raw tomato samples belonging to the
cultivars Ronaldo, Pera, Cherry Pera, Zoco, Tina, and Romario were
harvested in July 2007 in Murcia (Spain) and provided to us by Tropicana-
Alvalle S.L. (Puente Tocinos, Murcia). These samples were collected at
four ripening stages, according to the color of the fruit, by the same person,
following the criteria of the Californian Tomato Commission (2002)
[unripe/green (stage 1), breaker/orange (stage 2), light red (stage 5), and
fully ripe (stage 6)] to study the effect of tomato ripening on the folate
content. In addition, raw tomatoes of Malva and Heinz (H-9776, H-9665,
H-9661, and H-9997) cultivars subjected to similar agricultural conditions
were collected at the fully ripe stage from the same area in Badajoz (Spain)
during 2006, 2007, and 2008 and were provided to us by Conservas
Vegetales de Extremadura S.A. (Villafranca del Guadiana, Badajoz) to
evaluate the effect of the harvest year on the content of folates. Samples of
tomatoes at the light red stage of maturity were also collected from Malva
and Heinz cultivars harvested in 2006. After harvest, approximately 4000 g
of each tomato sample was immediately brought to the laboratory,
cleaned, and homogenized in an Omni-mixer (Omni, Waterbury, CT).
Subsamples of 20 g were stored in screw-cap plastic containers at —80 °C
until analysis.

Second, hot-break tomato puree (HTP) (scalded at 90 °C for 2 min)
provided by Juver Alimentacién, SLU (Cabezo de Torres, Murcia) and
normally used in the industry to obtain tomato products, was subjected to
different pasteurization temperatures (98, 108, or 128 °C for 40 s in a tubular
pasteurizer) to assess the effect of thermal processing on folate content.

The third batch of samples consisted of industrial tomato juice
produced from HTP and provided by Juver Alimentacion, SLU. However,
this tomato puree came from a batch different from the one mentioned
above. To determine the variations in folate content during the shelf life of
the tomato juice, different storage temperatures, times, and packagings
were tested. The tomato juice was packed in Tetra Pak containers (1000 mL)
or in glass bottles (200 mL) and stored at 8, 22, or 37 °C, in dark rooms,
during 1, 3, 6, 9, or 12 months. Samples were exposed to light only when
the door to the room was opened to pick the samples for analysis. Samples
of 20 g were taken at the beginning of the shelf life study and every
3 months over a period of 12 months. Samples were placed in screw-cap
plastic containers and stored at —80 °C until analysis.

The mean moisture contents of the samples were 94.1, 94.2, and 94.5%
in raw tomatoes, HTP, and tomato juices, respectively.
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Folate Analysis. Folates from tomato samples (10 g) were extracted
following the procedure described by Pfeiffer et al. (14) and Konings (15).
Samples were mixed with 25 mL of extraction buffer (50 mM CHES,
50 mM HEPES, containing 2% sodium ascorbate and 10 mM
2-mercaptoethanol, pH 7.85) under a nitrogen atmosphere. The extraction
mixtures in screw-capped tubes were placed in a boiling water bath for
10 min, cooled onice, and homogenized using an Omnimixer model 17106
(OMNI, Inc., Waterbury, CT). Then the pH was adjusted to 4.9 with
6 M HCI, and the samples were made up to a final volume of 50 mL with
extraction buffer. Enzymatic deconjugation and purification of samples
was carried out following the methodology described by Vahteristo
etal. (16). Thus, an aliquot of 5 mL was incubated for 3 h at 37 °C under
a nitrogen atmosphere with 1 mL of hog kidney conjugase prepared from
fresh pig kidneys as described by Gregory et al. (/7). To inactivate the
enzyme, the samples were boiled for 5 min and then cooled on ice. The
samples were then filtered through 0.45 um pore size, 25 mm @ nylon
disposable filters (Whatman, Florham Park, NJ) and purified in strong
anion-exchange (SAX) cartridges (3 mL/500 mg of quaternary amine N *,
counterion CI™, no. 52664-U, Bellefonte, PA) connected to a Supelco
12-port vacuum manifold (Supelco, Bellefonte, PA). First, the cartridges
were conditioned with 3 mL of n-hexane (twice), methanol, and Milli-Q
water and then equilibrated with 3 mL of purification buffer (0.01 M
dipotassium hydrogen phosphate, 0.1% 2-mercaptoethanol, pH 7.0).
Second, the sample was slowly loaded onto the cartridge at a rate
of <1 mL/min. Folate was eluted with 2 mL of elution buffer (10%
sodium chloride, 0.1 M sodium acetate, 1% ascorbic acid) with a flow rate
of <0.5 mL/min. The eluted sample was weighed, and the purified extracts
were kept under refrigeration for no longer than 2 h before they were
placed in the autosampler and injected. The extraction, deconjugation, and
purification procedures were carried out under subdued light to prevent
photodegradation of folates. Folates were determined using a Merck-
Hitachi 7000 (Merck, Darmstadt, Germany) HPLC equipped with a
fluorescence detector (LaChrom, Merck-Hitachi, model 7485). A LiChro-
sphere 100 RP-18 (5 um) column (Merck), protected with a guard column
(LiChroCART 4-4, Merck), was used to separate the folate compounds.
The column was eluted with a gradient of acetonitrile and 30 mM
phosphate buffer (potassium phosphate and orthophosphoric acid 85%,
pH 2.2) at a flow rate of 0.9 mL/min. The gradient started at 6%
acetonitrile, which was maintained isocratically for the first 6 min, and
then the acetonitrile concentration was increased to 25% over 24 min and
decreased to 6% after S min. The injection volume was 40 uL.. The running
time was 30 min, and the time between injections was 40 min. Fluorescence
absorbance, at excitation and emission wavelengths of 280 and 350 nm,
respectively, was used to detect and quantify the naturally occurring folate
forms present in the tomato samples, namely, Hy-folate, 5-CH;-Hy-folate,
and 5-formyltetrahydrofolate (5-HCO-Hy-folate). Peak identification
was based on the retention time compared with standards, and spiking
(addition of standard compounds into the purified sample extract)
to confirm peaks for any sample in which identification using the
retention time was inaccurate. (6R,S)-5,6,7,8-Tetrahydrofolic acid
calcium salt (Hy-folate), (6R,S)-5-methyl-5,6,7,8-tetrahydrofolic acid
sodium salt (5-CHj-Hy-folate), and (6R,S)-5-formyl-5,6,7,8-tetrahy-
drofolic acid sodium salt (5-HCO-Hg-folate) were obtained from
Dr. Schirck’s Laboratories (Jona, Switzerland). The folate content
was expressed as micrograms per 100 g of fresh weight in all samples.

The certified reference material (BCR 485 freeze-dried mixed vege-
tables) used for the quality control of analytical measurement of total
folate content was obtained from the European Commission, Institute
for Reference Materials and Measurement (Brussels, Belgium). The
indicative 5-CH;3-Hy-folate content in BCR 485 was 2.14 mg/kg (18).
The certified material was analyzed in each set of analyses, and an
average value of 2.10 £ 0.09 mg of 5-CH3-Hy-folate/kg of reference
material was obtained. The precision of the HPLC analysis including
sample extraction, deconjugation, and purification showed recoveries
of spiked folates on the three types of samples studied (n = 3) at the
level of 50 ng/mL that ranged from 75 to 100% for Hy-folate, from 70 to
99% for 5-CH;-Hgy-folate, and from 80 to 100% for 5-HCO-H,-folate.
The coefficient of inter- and intra-assay variation for folate analysis
was below 10%. The limits of quantification were 2.34 ng/mL for
Hy-folate, 2.67 for 5-CH3-Hy-folate, and 34.20 ng/mL for 5-HCO-Hy-
folate.
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Figure 2. Folate content (5-CHz-H,-folate in 1g/100 g of fresh weight) in tomato cultivars depending on the ripeness stage. All results are means of
quadruplicates, and the error bars show standard deviations. Different letters within each tomato cultivar show significant differences (p < 0.05) in the folate

contents among the four ripeness stages evaluated.

Table 1. Content of 5-CHs-H,-folate (Micrograms per 100 g of Fresh Weight)
in the Maturity Stages Mostly Consumed (Light Red and Full Ripe) from
Tomato Cultivars Harvested in 2006 and Their Contribution to the RDA

ripening stage

contribution to

tomato cultivar light red full ripe av? the RDA (%)°
Ronaldo 257+08 315+24 28.6+1.6a 10.7
Romario 15.1+0.8 994+12 12540.7c 4.7
Zoco 158+£05 6.6+01 11.2+0.3cde 42
Pera 239+0.8 121£1.0 18.0+0.2b 6.7
Tina 134+12 126+09 13.0£1.0c 4.9
Cherry Pera 6.0£1.0 7.0£0.1 6.5 +£0.59 2.4
Malva 149+08 98+02 12.4+0.3cd 46
H-9776 6.5+0.2 55+ 0.1 6.0+0.1g 2.3
H-9661 87107 9.3+05 8.9 £ 0.6f 33
H-9997 13.9£1.5 6.3+£0.6 10.2 4 1.0ef 3.8
H-9665 122+£05 87+£01  10.5+0.2def 39

“ Different letters show significant differences (p < 0.05) in the folate content
among the tomato cultivars studied. All results are means of quadruplicates +
standard deviation. Content of folates as the average content of folate from light red
and full red stages for each tomato cultivar. ° The contribution to the RDA for folate
(400 ug/day) (32) has been calculated on the basis of the consumption of one
tomato per day (serving size = 150 g).

Statistical Analysis. Results are expressed as mean value £ SD from
four replicates based on fresh weight (FW). An analysis of variance was
used to test the variation in the content of folates among the different
cultivars of tomato and ripening stages, as well as the variation in the
content of folates due to year of harvest and the temperature and time of
storage. Tukey’s pairwise comparison was used to determine significant
differences between means. Differences were considered to be significant
for p < 0.05. Statistical analysis of the data was performed using the SPSS
15.0 software package (Chicago, IL).

RESULTS

Effects of Cultivar, Ripeness Stage, and Year of Harvest on
Folate Content in Raw Tomatoes. The contents of folates in six
different tomato cultivars classified by their ripeness stages are

shown in Figure 2. 5-CH;-Hy-folate was the only folate form
detected in the different tomato cultivars; its concentration
showed a great variation ranging from 4.1 to 35.3 ug/100 g of
FW depending on the cultivar and ripeness stage. Ronaldo
tomatoes had the highest 5-CHs-Hy-folate content in all four
ripeness stages, compared to the other cultivars. The content of
folates in Ronaldo samples varied from 21.0 to 35.3 ug/100 g of
FW for green and fully ripe fruits. The tomato cultivar with the
lowest content in 5-CH3-Hy-folate was Cherry Pera (4.1—7.0 ug/
100 g of FW). The data in Figure 2 show the great variability in the
content of 5-CHj3-Hy-folate from the unripe to the fully ripe stage;
no common trend could be established for all tomato cultivars.
For instance, the content of 5-CH;-Hy-folate significantly in-
creased during ripening of cultivar Cherry Pera (from 4.1 to
7.0 ug/100 g of FW, p < 0.0001), whereas it steadily decreased in
cultivar Tina (from 18.2 to 12.7 ug/100 g of FW, p < 0.0001).
On the contrary, the content of 5-CH;-Hy-folate in Ronaldo,
Romario, Zoco, and Pera cultivars showed a random distribution
among the four ripening stages. However, in Romario, Zoco, and
Pera cultivars the content of 5-CHj-Hy-folate significantly
(p < 0.0001) decreased in the last ripening stage compared to
the previous stage.

The contents of 5-CH3-Hy-folate in tomato cultivars Malva
and Heinz (four cultivars) fully ripened on the vines and harvested
in 2006, 2007, and 2008 are presented in Figure 3. The content of
5-CH;-Hy-folate was significantly higher (p < 0.0001), at least
4.3-fold, in tomatoes harvested in 2008 compared to 2006 and
2007. On the contrary, the lowest content of folates was measured
in tomatoes harvested in year 2006, except for cultivar Malva.
Additionally, in three of the Heinz cultivars (H-9776, H-9661, and
H-9997) a steady and significant (p < 0.0001) increase of the
5-CHj;-Hy-folate content from 2006 through 2008 was observed.

Light red and fully ripe are the tomato ripeness stages most
commonly consumed by the general population; the mean value
of their respective 5-CHj;-Hy-folate contents as well as the
estimated average 5-CH3-Hgy-folate intake after the consumption
of these two tomato stages is presented in Table 1. The Ronaldo
cultivar showed the highest content followed by the Pera cultivar,
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Figure 3. Folate content (5-CH3-H,-folate in 1g/100 g of fresh weight) in tomato cultivars harvested in 2006, 2007, and 2008. All results are means of
quadruplicates, and the error bars show standard deviations. Different letters within each tomato cultivar show significant differences (p < 0.05) in the folate

contents among the three years of harvest.
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Figure 4. Folate content (5-CHaz-H,-folate in 1g/100 g of fresh weight) in
tomato puree before and after pasteurization at 98, 108, or 128 °C. All
results are means of quadruplicates, and the error bars show standard
deviations. Different letters on bars show significant differences (p < 0.05)
among the nonpasteurized and pasteurized tomato puree samples.

28.6 and 18.0 ug/100 g of FW, respectively. Romario, Zoco, Tina,
and Malva cultivars yielded folate contents that were not sig-
nificantly different and varied from 11.2 to 13.0 ug/100 g of FW.
On the other hand, the lowest folate contents were found in
Cherry Pera and Heinz H-9776 (6.5 and 6.0 ug/100 g of FW,
respectively). The consumption of light red and fully ripe stages of
cultivar Ronaldo therefore should make a greater contribution to
meeting the recommended daily allowance (RDA) of folates; the
estimated average folate intake from one tomato per day (serving
size = 150 g) is 10.7% of the RDA.

Effects of Pasteurization, Storage, and Packaging on Folate
Content in Tomato Puree. The effect of pasteurization on folate
content was studied in a hot-break tomato puree using different
temperatures (Figure 4). 5-CH;-H,-folate was the only folate form
detected in both the nonpasteurized and pasteurized HTP samples,
with a mean value of 6.4 ug/100 g of FW in the former. 5-CH;-Hy-
folate concentration in HTP pasteurized at 98 °C increased
significantly to 8.1 ug/100 g of FW. However, in the other two
samples the content of 5-CH3-Hy-folate decreased significantly to a

—x— Ha-folate (8° C)

—x— Ha-folate (22° C)

—0— Hd-folate (37° C)

—e— 5-CH3-H4-folate (8° C)
—8— 5-CH3-H4-folate (22° C)
—a— 5-CH3-H4-folate (37° C)

%)
@

@
=

N
&

{ug/100g}
N
15

Storage time {in months)

40

—x— Ha-folate (8° C)
B | hasomte 20 0)

—o— Ha-folate (37° C)

—e— 5-CH-Hd-folate (8° C)
—&— 5-CH3-Ha-folate (22° )
—a— 5-CH3-Hd-folate (37° )

o
@

o
=3

N
&

TFOTate COMTENT
(ra/1009)
o
3

Figure 5. Folate content (H,-folate and 5-CHa-H,-folate in «g/100 g of
fresh weight) in tomato juice contained in glass bottles (A) or Tetra Paks (B)
during 12 months of storage at 8, 22, and 37 °C. All results are means of
quadruplicates, and the error bars show standard deviations.

final concentration of 5.44 ug/100 g of FW as temperature
increased when compared to the nonpasteurized HTP sample.
The effects of storage temperature (8, 22, or 37 °C) and type of
packaging (Tetra Pak or glass bottle) on folate content are shown
in Figure 5. Hy-folate was detected in both Tetra Pak and glass
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bottle samples only at time zero in low concentrations (2.3—
2.8 ug/100 g of FW) and was significantly (p < 0.005) lower in the
tomato juice contained in a Tetra Pak. From the 1st month until
the 12th month of storage, Hy-folate was not detected at any of
the tested temperatures. The initial content of 5-CH;s-Hy-folate in
glass-bottled tomato juice (Figure SA) was 31.61 ug/100 g of
FW, which decreased significantly (p < 0.001) as storage time
increased, regardless of the temperature. All samples showed a
similar content of 5-CH;-Hy-folate (6.96—8.11 ug/100 g of FW)
after 12 months of storage. The content of 5-CH;-Hy-folate in
tomato juice contained in a Tetra Pak (Figure SB) was initially
lower than that in the glass-bottled tomato juice. A similar
tendency for the 5-CH;-Hy-folate concentration to decrease
during storage in a Tetra Pak was observed. This concentration
reached the same level at all temperatures (12.5—13.5 ug/100 g
of FW) by the end of the shelf life test, but it was clearly higher
than that in glass-bottled tomato juice.

DISCUSSION

Raw Tomatoes. Fruits and vegetables are good sources of
naturally occurring folate, primarily 5-CHs-Hg-folate. However,
the natural folate content does not remain constant because it is
affected by cultivar (/9). Jagerstad et al. (19) reported that the
variation of folate content in different cultivars of vegetables did
not exceed 30%, with the exception of tomatoes. We agree with
these authors because in this study the content of 5-CHsz-Hy-
folate among all samples showed variability of >30%. The
Ronaldo cultivar showed a significantly higher 5-CH3-Hy-folate
content at all ripeness stages compared to the other cultivars
evaluated. This is in agreement with previous investigations on
Ronaldo, Siena, and Copo tomato cultivars harvested in
2002 (11, 13). Besides, in one of these studies, the Ronaldo
cultivar also showed the highest concentration of vitamin C.
This may suggest that ascorbic acid could serve as protective
agent against folate degradation after harvesting. However, no
relationship was found between the contents of folates and
ascorbic acid in the different tomato cultivars in this study (data
not shown).

Knowledge of the folate content in different tomato cultivars is
very useful for selecting the best tomato cultivars. However, other
variables have to be considered, because 5-CHj3-Hy-folate con-
centration was clearly dependent on ripeness as well as year of
harvest. The results obtained in the present study for raw
tomatoes agree with those reported by Stralsjo et al. (20) for
the folates content in strawberries and by Piironen et al. (27) for
folates in wheat genotypes.

As previously mentioned, we found differences in the folate
content in the four ripeness stages in the tomato cultivars, but
they did not share a common pattern. Despite that, we observed
that folate content decreased during ripening in all cultivars
except Ronaldo and Cherry Pera. Previous studies have also
shown that folate content drops as tomatoes ripen, turning from
green to red (71, 22). Periago et al. (/1) reported that the folate
content decreased by >50% from green to red tomatoes.
Although folate content may vary with the maturation process
in food plants, not all tomato cultivars studied in this investiga-
tion followed the trend reported by other researchers. Conse-
quently, the effect of ripeness on the folate content in tomatoes is
not easy to evaluate, as was previously found by Stralsjo et
al. (20) for the different maturity stages of strawberries.

Folate contents in Malva and Heinz cultivars were differently
affected by the year of harvest. The content of 5-CH;3-Hy-folate
was significantly higher in all tomatoes studied during 2008 than
in 2006 and 2007. All cultivars were harvested from the same
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region of Spain, Badajoz, during 2006, 2007, and 2008 using the
same agricultural practices. The average temperature and rainfall
in Badajoz were 17.8 °C and 428.0 mm in 2006, 16.5 °C and
283.5 mm in 2007, and 16.8 °C and 436.9 mm in 2008 (23). In
2006, the temperature was higher than in the other two years;
thus, an indirect influence may be established between tempera-
ture and higher content of 5-CHj-Hy-folate in tomatoes. Com-
parison of the folate content between samples cultivated in 2007
and 2008 shows that both years registered a similar average
temperature, but the higher rainfall in 2008 may be related with a
larger synthesis of 5-CH;-Hy-folate in that year. However, as has
been mentioned above, other factors may play an important role
in determining the folate content, and further studies have to be
undertaken to determine the effect of environmental conditions.

Processed Tomatoes. Many plant foods are processed before
consumption, potentially affecting the folates present. However,
some dietary constituents may enhance folate bioavailability by
increasing the stability of folates during food processing, for
example, folate-binding protein and antioxidants such as ascorbic
acid (24). The results of this work indicated that the pasteuriza-
tion of HTP at 98 °C for 40 s significantly increased the
extractability of folate. In general, the plant folate biosynthesis
pathway is distributed among three subcellular compartments. In
plant cells, the cytosol, mitochondria, and chloroplasts contain
folates predominantly in the form of polyglutamylated
derivatives (25). Thus, these conditions of heat treatment im-
proved the total folate extractability by causing a breakdown of
the cellular organelles and allowing the conversion of polygluta-
mate to monoglutamate derivatives of the folate (6, 26). In our
opinion, the results obtained were not affected by the water
content of the different tomato purees, as all samples contained a
similar content, 94.1—94.2%. Therefore, the increase in the folate
content after pasteurization was due to the reasons mentioned
above. In processed tomato products, but not in raw tomato, we
observed Hy-folate besides 5-CH3-H,-folate. This could be due to
the fact that tomato processing (especially homogenization and
pasteurization) can break tomato cells and therefore more folate
vitamers are released from the inner cell compartments (26).
5-CH;-Hy-folate was the most abundant vitamer, contributing
around 90%, whereas Hy-folate was only 10% of the total folate.
Thermal treatment at 108 °C for 40 s did not cause changes in the
5-CHs-Hy-folate content of HTP, whereas an increase in the
pasteurization temperature to 128 °C for 40 s led to 15.4% losses
of the initial content of this vitamer. Our data are in agreement
with a previous study, in which 5-CH;-Hy-folate in a model food
system was relatively stable up to 120 °C (27). That study also
reported that antioxidants, especially ascorbic acid, had a pro-
tective effect and strongly retarded folate degradation during
thermal treatments. Tomatoes contain moderate amounts of
ascorbic acid, but the content varies due to genetic, agronomic,
and environmental factors (11, 28). Besides ascorbic acid, tomato
contains other antioxidant compounds such as lycopene and
phenolic compounds, which could have a synergistic effect to
prevent folate oxidation. In addition, thermal treatments have
been observed to increase the overall antioxidant potential of
tomato juice (29). This effect could also be responsible for the low
losses in the total content of folates of HTP after pasteurization.

The tomato juice used in the shelf life test was prepared from
HTP belonging to a different batch from the HTP used in the
pasteurization assay. For this reason a large difference in the
total folate content and in the relative abundance of the folate
vitamers was observed between the HTP subjected to pasteur-
ization and the tomato juice. In the tomato juice two folate
vitamers (5-CH3-Hy-folate and Hy-folate) were detected, so the
total folate content corresponded to the sum of these two
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compounds. These findings concur with the scientific litera-
ture, because 5-CH3-Hy-folate is the predominant natural form
of folates in vegetables (45—65%), whereas Hy-folate and
methylene forms represent only 10—15% of the total pool of
folates (25). In a recent study, it was observed that processing
of peas resulted in a conversion of 5-CH;-Hy-folate to Hy-
folate (30). In addition, the total folate content of these
compounds was significantly higher in glass-bottled tomato
juice than in Tetra Pak, although both tomato juices were
produced from the same batch of HTP. This variability could
be due to the destruction of folates by hydrogen peroxide
oxidation, because the packaging is sanitized with this oxida-
tive agent before filling the brick with the tomato juice.

The stability of folate during its shelf life depended on the
vitamer and folate losses increasing as storage time increased in all
of the conditions tested. The initial total folate losses (in the first
month of storage) ranged between 24.6 and 39.1% in glass-
bottled tomato juice, but they were never higher than 30.9% in
Tetra Pak tomato juice. Total folate losses reached values of
76.4—79.7% in glass-bottled tomato juice after 12 months of
storage and slightly above 50% in Tetra Pak tomato juice,
irrespective of temperature (8, 22, and 37 °C). Hy-folate rapidly
degraded within 1 month of storage in the three temperature
conditions. This is not surprising because Hy-folate is a very labile
folate form (37), and its low content was probably quickly
degraded by light and/or temperature during storage. On the
other hand, the 5-CHj-Hy-folate content losses in Tetra Pak
tomato juice were significantly lower than those found in glass-
bottled tomato juice. 5-CH;-Hy-folate is a folate form more stable
than Hy-folate, and the opaque packaging might have protected it
from the degradative effect of light. Additionally, the tomato juice
in Tetra Paks was fortified with ascorbic acid during manufactur-
ing. The content of ascorbic acid found in tomato juice contained
in Tetra Paks was 68 mg/100 g, while no ascorbic acid was
detected in the tomato juice in glass bottles on day 0 (data not
shown). The ascorbic acid contained in Tetra Paks might have
protected 5-CH;-Hy-folate from oxidative degradation during its
shelf life, allowing it to decrease at a slower rate than in glass
bottles.

In conclusion, the tomato can be considered as a moderate
source of folate, but its content is undoubtedly influenced by the
cultivar, ripeness stage, and environmental conditions during
growth. Pasteurization of HTP resulted in a significant increase
of the extractability of folates from the cell compartments, when
the temperature did not exceed 108 °C for 40 s. However, due to
the lability of folate to different factors, pasteurization at tem-
peratures above 108 °C and storage during its shelf life caused
important losses in the folate content. Considering that glass
bottles led to higher losses of 5-CH;s-Hy-folate due to the effect of
light, tomato juice should be packed in opaque material to
prevent the photodegradation of folate during its shelf life.
Therefore, agronomic as well as industrial parameters (thermal
processing, packaging, and storage conditions) should be con-
sidered to optimize the folate content of tomato products.

ABBREVIATIONS USED

HTP, hot break tomato puree; Hy-folate, tetrahydrofolate;
5-CHs-Hy-folate, 5-methyltetrahydrofolate; 5-HCO-Hy-folate,
5-formyltetrahydrofolate.
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