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Tomatoes (Solanum lycopersicon L.) are one of the most important and most widely consumed vegetables in the 
world. The fruit contains considerable amount of diff erent phytonutrients such as carotenoids, tocopherols, and 
vitamin C. In the present work, eff ects of some abiotic factors on the concentration of phytonutrients were 
investigated in tomato cultivated in two diff erent types of soil. It was found that the type of soil had slight eff ect on 
the most important vital nutrients, while the ecological factors, particularly precipitation and average temperature 3 
weeks before harvest, were of signifi cant infl uence on such nutrients. It was found that low temperature and high 
precipitation before harvest caused the levels of carotenoids, tocopherol, and vitamin C to signifi cantly increase by 
65%, 46%, and 28%, respectively.
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Tomato (Solanum lycopersicon L.) and its products can play a signifi cant role in modern 
human diet as important sources of vitamins, minerals, and antioxidants as well as their being 
relatively easily accessible foods. It is consumed in many forms, such as fresh, cooked, 
condensed, and dried. Tomato fruit contains considerable amounts of valuable phytochemicals, 
which raise the nutritional importance of tomatoes and increase their use as functional food 
or food ingredient. Among phytochemicals, carotenoids (lycopene, β-carotene) are of special 
interest due to their role in reduction of the onset of several types of cancer (G , 
1999) and cardiovascular (G  et al., 2015) or neurodegenerative diseases (R  & 
R , 2007).

In case of industrial tomatoes, the factors that infl uence the concentration of 
phytonutrients such as carotenoids, tocopherols, and vitamin C the most, may include the 
maturity level of fruit at the time of harvest and agronomic, geographical, and environmental 
conditions (L  et al., 2006; H  et al., 2006; I  et al., 2011; H  et al., 2014; 
D  S  et al., 2019). The nutritional value of tomato can be optimized by providing the right 
environmental parameters, such as choosing the right crop area (M  et al., 2012), 
and measures to compensate for weather extremes (such as watering or shading). Both 
temperature and light are the most signifi cant factors in the synthesis of antioxidant carotenoid 
compounds, and above 30–32 °C, for example, the formation of lycopene is inhibited (D  
et al., 2003; H , 2007), but β-carotene synthesis still happens. It remains active up to 38 
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°C, which can result in a change in the colour of the berries. Further abiotic factors that 
determine temperature and UV-B radiation are precipitation and soil. Soils with diff erent 
properties also have a signifi cant impact on the quality of the crop and its content parameters.

In Hungary, industrial tomato is cultivated in diff erent soil types including sand and 
clay-loam soils. The two most widely used soil types are suitable for the production of 
industrial tomatoes, but their diff erent agronomic properties may lead to diff erences in 
tomato’s nutritional value. Earlier studies have shown that water stress causes the lycopene 
levels of tomato fruit to rise (D  et al., 2003). The weather parameters, the appropriate 
crop area, and other great infl uencers can play signifi cant roles in the cultivation  (H , 
1999) and ultimately the developmental parameters of this vegetable species, such as water 
soluble solids, carbohydrates, acid content, amount and proportion of phytonutrients (H , 
2007).

The main objective of the present work was to study the eff ect of soil type and some 
abiotic factors on the content of the most important phytonutrients in industrial tomato 
cultivated in 2017 and 2018 seasons.

1. Materials and methods

1.1. Experimental material

The examined processing tomato was UG812 J hybrid, which was provided by OROSCO 
Ltd. (United Genetics Seeds Co., Hollister, California, USA). The processing tomato was 
cultivated in two locations diff ering in the type of soil; (1) sandy-loam soil of the experimental 
fi eld of the Szent István University in Gödöllő, (2) clay-loam soil of the experimental fi elds 
of the same university in Szarvas for two consecutive years (2017 and 2018). In 2017, the 
date of transplantation was June 15th in Szárítópuszta and May 9th in Szarvas. In the following 
year, the date of transplantation was May 17th in Szárítópuszta and May 8th in Szarvas. Both 
years the plants were irrigated and given the necessary nutrients as required for industrial 
tomatoes. The berries were harvested at the red ripeness stage (selected based on size and 
redness) at the end of August from 10 plants to represent one replicate sample. Four replicate 
samples were taken for diff erent analyses. Each replicate sample was homogenised in a 
Waring blender and stored at –20 °C when not immediately analysed.

1.2. Soil and climate conditions

Szárítópuszta is a part of Gödöllő territory, in which the soil is sandy loam characterized as a 
slightly alkaline brown forest soil (41% sand, 47.5% silt, and 11.5% clay). The soil has an 
Arany’s binding value (Ka) between 28 and 42 with low water capacity and high-water 
absorption and drainage capacity. Suffi  cient and optimal water supply of the stock was 
provided by the drip system during the growing season, depending on air temperature. The 
experiment was carried out in randomised, complete block design in four replications. It was 
a symmetrical arrangement, where the distance between rows was 150 cm and the spine was 
18.6 cm. The length of the growing season was 100 days for both cultivation seasons and 
locations.
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The other experimental fi eld of the Szent István University was in Szarvas, where the 
soil is clay-loam with 37% clay, 29.4% sand, 33.6% sludge fraction, 3% humus contents and 
slightly acidic pH (6.68). It is a more bounder soil than that in Szárítópuszta. Due to such 
composition, the water capacity of the soil is much higher than that of the Gödöllő soil. Due 
to its lower water absorption and drainage capability, the water supply took longer under the 
drought summer. The optimal water supply during the growing season was assured. Planting 
was done in single rows at 140 cm row and 20 cm spacing with machine for both years. Table 
1 shows the meteorological parameters for the cultivation seasons.

Table 1. Meteorological data during the growing seasons of 2017 and 2018

Meteorological parameters Szárítópuszta Szarvas

2017 2018 2017 2018

Average temperature (°C) 20.6 21.6 21.8 22.3

Average temperature (°C) 3 weeks before harvest 16.9 23.8 24.9 25.5

Number of days in excess at 32 °C 0 0 12 14

Precipitation (mm) 323.8 305 146.3 126.9

Precipitation (mm) 3 weeks before harvest 191.8 91 30.2 35.8

1.3. Chemicals used for chemical analyses

Analytical and HPLC grade solvents used for the extraction and HPLC determination of 
phytonutrients were purchased from Merck (Budapest, Hungary). All chemicals used for 
extraction and HPLC determination of vitamin C were of analytical grade and purchased 
from VWR (Debrecen, Hungary). Standard carotenoids, tocopherols, and L-ascorbic acid 
were purchased from Sigma-Aldrich (Budapest, Hungary).

1.4. Extraction of carotenoids and tocopherols

The fat-soluble carotenoids and tocopherols were extracted by a procedure described earlier 
(D  & B , 2005). Briefl y, 5 grams of a warring blender-homogenised tomato sample 
was crushed in a crucible mortar with quartz and extracted with methanol and then with 1:5 
methanol:dichloroethane. The dichloroethane fraction was separated in a separating funnel 
after addition of 1 ml water to ensure phase separation. The lower solvent was dried over 
anhydrous Na2SO4 into a round-bottom fl ask and evaporated with a vacuum-controlled 
evaporator (Ingos RVO-400). The residues were re-dissolved in 5 ml HPLC acetone and 
cleaned up by passing through PTFE, 0.22 μm syringe fi lter before injection on to HPLC 
column.

1.5. Extraction of vitamin C

Five grams of the well homogenised tomato sample was crushed in a crucible mortar and 
extracted by 30 ml of 3% metaphosphoric acid solution with mechanical shaking for 15 min 
followed by fi ltration through a DF 400 fi lter paper (Albet LabScience, Dassal, Germany). 
The fi ltrate was further cleaned up by passing through a Whatman cellulose acetate 0.45 μm 
syringe fi lter before injection on to HPLC column.
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1.6. HPLC instrument and conditions

Hitachi Chromaster HPLC instrument consisting of a Model 5110 Pump, a Model 5430 
Diode Array detector, a Model 5440 Fluorescence detector, and a Model 5210 auto-sampler 
were used. The separation and data processing were operated by EZChrom Elite software. 
Carotenoids were detected between 190 and 700 nm, while detection of vitamin C was 
between 190 and 400 nm using diode-array detector. Fluorescent detector was adjusted at 
EX: 295 nm and EM: 325 nm for the detection and determination of tocopherols.

Separation of carotenoids was performed on a core C-30, 150 × 4.6 mm, 2.6 μm (Thermo 
Scientifi c, USA) column with a gradient elution of (A) tert-butyl methyl ether (TBME) in 
(B) 2% water in methanol (Under publication LC-MS/MS protocol). The gradient started 
with 3% A in B, changed to 35% A in B in 20 min, steady isocratic for 5 min, and fi nally 
turned to 3% A in B in 5 min. The fl ow rate was 0.6 ml min–1. For quantifi cation, the area of 
each compound was recorded at the maximum absorbance wavelength. Concentration of 
carotenoids was calculated as 8-apo-carotenal equivalent. The internal standard was spiked 
at known concentration to the samples. Standard materials for lycopene, β-carotene, and 
lutein were used for quantitation and identifi cation of such carotenoids. The other carotenoids 
were tentatively identifi ed based on comparison of their spectral characteristics and retention 
properties with those from literature (T  et al., 1995; A  & W , 2000; 
R  & R -A , 2007; G  et al., 2014).

As for vitamin C, the separation was carried out on Nucleosil C18 aqua Nautilus C8, 3 
μm, 150 × 4.6 mm column (Machery Nagel, Düren, Germany) and gradient elution of 
acetonitrile (A) in a 0.01M KH2PO4 at pH 4 (B). The elution started with 2% A in B, changed 
to 30% A in B in 15 min, and turned to 2% A in B in 5 min (NAGY et al., 2017). The fl ow rate 
was 0.7 ml min–1. The area of L-ascorbic acid was integrated at 265 nm. Identifi cation and 
quantifi cation was based on use of external standard material injected under the same conditions.

Separation of tocopherols was performed on Nucleosil, C18, 3 μm, 250 × 4.6 mm EC 
column (Macherey Nagel, Düren, Germany) and gradient elution of (A) water, (B) methanol 
and (C) methanol:2-propanol:acetonitrile 10:55:35. The gradient elution started with 7% A in 
B, changed to 100% B in 5 min, changed to 5% B and 95% C in 25 min, and fi nally turned to 
7% A in B in 5 min. The fl ow rate was 0.7 ml min–1. Identifi cation and quantifi cation based 
on application of external standard tocopherols.

1.7. Statistical analysis

The results are stated as the means of four replicates. For the statistical analysis IBM SPSS 
statistics data were used as mean value ± standard deviation. The repeated measures of 
ANOVA followed by post hoc (Fisher’s) test were used for the detailed comparison of 
measurement data of the four tomato replicate samples.

2. Results and discussion

2.1. Changes in carotenoids

The newly developed HPLC separation protocol provided excellent separation of the major 
carotenoids such as lycopene and β-carotene as well as their geometrical isomers and 
derivatives (Fig. 1). The present work focused only on all-trans lycopene and β-carotene due 
to their special importance from quality and human nutrition points of view.
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Fig. 1. HPLC profi le of tomato carotenoids on C-30, core, 3 μm, 150 x 4.6 mm column and gradient elution 
of TBME in methanol containing 2% water. For more details see text. 1: lutein; 2: mono- and di-epoxides of 

β-carotene; 3: lycopene epoxide; 4: cis-lycopene derivative; 5: lycoxanthin; 6: β-carotene; 7: 15-cis-lycopene; 
8: 13-cis-lycopene; 9: γ-carotene; 10: 9-cis-lycopene; 11: all-trans-lycopene

The contents of β-carotene (0.23–1.09 mg/100 g) and lycopene (14.8–24.36 mg/100 g f. 
wt) determined in tomatoes fall in the concentration range found for the same carotenoids in 
diff erent genotypes (L  et al., 2006). In 2017, there was a signifi cant diff erence between 
tomatoes cultivated in Szárítópuszta and Szarvas in the content of the major carotenoids, 
particularly β-carotene (P<0.01). This tendency was true in 2018 but at less signifi cant degree 
(P >0.05). It seems that diff erence found in the content of carotenoids of tomato produced in 
diff erent soil types is due rather to the eff ect of temperature, sunshine period, and precipitation 
before harvest than the type of soil (Figs 2 and 3).
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Fig. 2. β-Carotene content (μg g–1 f.wt) of tomato cultivated in 2017 and 2018 seasons at two diff erent locations
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Fig. 3. Lycopene content (μg g–1 f.wt) of tomato cultivated in 2017 and 2018 seasons at two diff erent locations

The data in Table 1 show that temperature before harvest in Szarvas was substantially 
higher than in Szárítópuszta. The high air temperature and long sunshine period assist in 
raising the temperature of the berry surface and might have negative eff ect on the rate of 
carotenogenesis. D  and co-workers (2003) stated that at 30–32 °C, the formation of 
lycopene is inhibited. It has been found that the synthesis of β-carotene is inhibited only 
above 38 °C and if the temperature is between 32 and 38 °C, change of lycopene to β-carotene 
is promoted via lycopene β-cyclase enzyme (P  et al., 2011).

2.2. Changes in tocopherols

Figure 4 shows the HPLC profi le of tomato tocopherols. The biologically active form of 
vitamin E, α-tocopherol, occurred free and esterifi ed (acylated) in addition to the oxidised 
form α-tocopherol quinone, which is formed as a consequence of biochemical oxidation 
during ripening and after harvest. These forms were abundant in the unsaponifi ed lipid 
fraction of tomato fruit, while minor quantities of ɣ- and β-tocopherols and their acylated 
forms could be detected. Determined by the reversed phase separation procedure, the 
maximum concentration of the total forms of α-tocopherol was 27–35 μg g–1 f.wt (equal to 
363–583 μg g–1 d.wt) in tomato cultivated in sandy-loam soils. This range is higher than the 
89–398 μg g–1 d.wt determined by S  and co-workers (2007) and the 30–290 μg g–1 
d.wt found by L  and co-workers (2006) in ripe red berries of some tomato cultivars. 
Furthermore, R  and co-workers (2015) reported that much lower levels of tocopherols 
have been found in ripe berries of diff erent vegetable tomatoes.

Before harvest, temperature aff ected the content of the diff erent forms of α-tocopherol 
(free and esterifi ed) similarly to its eff ect on carotenoids (Fig. 5). Such similarity in behaviour 
is expected since carotenoids and tocopherols are lipid-soluble compounds and are synthesized 
by the same pathway in the membranes of the plant chromoplastids (P  & P , 
2006).



231RÁTH et al.: ECOLOGY AND PHYTONUTRIENTS IN TOMATOES

Acta Alimentaria 49, 2020

Fig. 4. HPLC profi le of tomato separated on Nucleosil C18, ec, 3 μm, 250 × 4.6 mm column with gradient 
elution of methanol, 2-propanol, acetonitrile (10:55:35) in 7% water in methanol, see text. 1: γ-tocopherol; 
2: β-tocopherol; 3: α-tocopherol quinone; 4: α-tocopherol; 5: γ-tocopherol ester; 6: β-tocopherol ester; 7: 

α-tocopherol ester

11.53

7.61

14.71
12.48

27.91

16.96

34.26
30.35

0

5

10

15

20

25

30

35

40

45

Szárítópuszta Szarvas Szárítópuszta Szarvas

81027102

To
co

ph
er

ol
s, 

μg
 g

–1

Fig. 5. Change in content (μg g–1 f.wt) of tocopherols as a function of geographical location and seasonal 
variations in tomato berries cultivated in 2017 and 2018
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2.3. Changes in vitamin C

Regarding vitamin C content of tomato, the highest level determined in tomato berries 
examined is close to the average value found for vitamin C in most cherry and highly 
pigmented ripe tomato varieties (L  et al., 2006). It is clear that the seasonal variation 
has greater infl uence on vitamin C content than the soil type. In 2017, tomato plants cultivated 
in Szárítópuszta (sandy loam soil) yielded berries containing higher contents of vitamin C 
than those cultivated in clay-loam soil (Szarvas) (P<0.05). The increase in vitamin C level is 
most probably due to a decrease in the average temperature and increase of precipitation 3 
weeks before harvest (Table 1). In 2018, there was no signifi cant diff erence between the 
tomato berries from the diff erent locations in their vitamin C content. Since there was no 
substantial diff erence between the two locations in the average temperature 3 weeks before 
harvest, the remarkably low level of vitamin C can be explained by the decrease of 
precipitation before harvest, which was two times less in Szárítópuszta in the season of 2018 
compared to that in 2017, which was a decrease from 191 to 91 mm (Fig. 6).
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Fig. 6. Changes in contents (μg g–1 f.wt.) of vitamin C as a function of soil type and seasonal variations in tomato 
berries cultivated in 2017 and 2018

3. Conclussions

Based on the obtained results, it can be concluded that quality of processing tomatoes can be 
aff ected by the abiotic factors such as temperature and precipitation prior to harvest rather 
than by soil type of the cultivation location, which only has a slight eff ect. The abiotic factors 
either promote or inhibit the biosynthesis of diff erent phytonutrients. The high temperature 
and low precipitation before harvest are not favourable environmental factors for production 
of high quality and nutrient-rich industrial tomatoes. It is also concluded that high water 
supply is needed for the biosynthesis of the most important phytonutrients, particularly 
vitamin C. The negative eff ect of some abiotic factors may be moderated by modifying the 
cultivation parameters such as irrigation, shielding, and soil composition.
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