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Abstract Tomato is one of the most consumed vegetables in the world, and its intake is known to be beneficial for human

health. The nutritional quality of tomato is connected with numerous factors namely the cultivation system. To achieve the

highest fruit quality and yield, the cherry tomato (Lycopersicon esculentum Mill. var. Moscatel RZ) was cultivated in three

cultivation systems and its nutritional quality was evaluated. The highest fruit productivity, 2135–2240 g plant-1 dry

weight (dw), was observed for the cherry tomatoes grown in the soilless systems. The cherry tomato from the hydroponic

culture had the highest protein (13.41% dw), lipid (3.20% dw), sugar (354.94 mg g-1 dw) and taste index (1.24). It also

comprised high amounts of monounsaturated and polyunsaturated fatty acids, like oleic (1.28 mg g-1 dw) and linoleic

acids (5.42 mg g-1 dw). With respect to cherry tomato from the organic culture, higher contents of carotenoids—lycopene

(47.1 mg kg-1 dw) and polyphenols (56.7 mg GAE 100 g-1 dw) were verified. Flavonoids were the main family of

phenolic compounds found in the cherry tomato. The highest levels of chalconaringenin (51.95 mg 100 g-1 dw) and rutin

(39.69 mg 100 g-1 dw) were observed in the cherry tomatoes cultivated through organic practices. This study shows that

the agronomic system greatly influences the different characteristics associated with fruit quality. Hydroponic cultures

presented higher quality, namely texture and taste, while the higher amounts of bioactive compounds were found in the

organic culture.
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Introduction

Tomato is one of the most consumed vegetables in the

world, with worldwide production reaching almost 177

million tons in 2016 [9]. The intake of tomato has been

recognized to bring several health benefits to the con-

sumers namely in the prevention of numerous diseases.

This advantage to human health is connected to the pres-

ence of several bioactive compounds in tomato composi-

tion which is mainly characterized by high antioxidant

levels, such as ascorbic acid (vitamin C), tocopherols,

phenolic compounds, carotenoids and essential fatty acids

[18, 21].

The efficient utilization of agronomic resources and

farming technology (such as soilless or organic) is essential

for obtaining the highest yield and fruit quality. A soilless

culture system uses mineral nutrient solutions for plant
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growth and is less affected by natural resource limitations

[15]. Inside the soilless culture, the main difference

between hydroponic and semi-hydroponic cultures is the

non-use or use of an inert support for the plant roots,

respectively. Although more expensive than the conven-

tional soil and organic cultures, soilless cultures give high

yields for farmers, even in areas with adverse growing

conditions [15, 20]. In addition, the implementation of

organic cultures leads to lower production yields, but

compensated with the increasing consumers’ perception of

the organic products’ safety and quality [10].

The characterization of nutritional composition traits

and bioactive compounds is important for consumers. The

nutritional properties of fruits and vegetables are highly

influenced by agricultural management practices [20, 31].

The evaluation of the fruit yield as well as the nutritional

quality of the cherry tomato Lycopersicon esculentum

under organic and soilless cultivation is still unexplored.

Thus, the aim of the present work was to evaluate the effect

of different agronomic cultures in the fruit productivity,

nutritional composition (fatty acids, monosaccharides,

carotenoids and phenolic compounds) and sensorial attri-

butes of cherry tomato fruit (Lycopersicon esculentum

Mill. var. Moscatel RZ).

Materials and Methods

Experimental Design and Biological Data

The experiment was conducted in a greenhouse located in

Funchal (Madeira, Portugal latitude 328 400N, longitude
168 550O, altitude 291 m). The cultivation of tomato in the

three systems occurred simultaneously, between February

and July. The cherry tomato seeds (Lycopersicon esculen-

tum Mill. var. Moscatel RZ) were planted in cubes con-

taining peat, remaining for 40 days in a germination

greenhouse, being transplanted plants with uniform growth

and dimension to the respective systems (n = 5 plants per

cultivation system).

After the transplant, the plants remained in the system

for 120 days, until the end of the experiment (total of

160 days). The plants’ density per m2 was 3.3 and was

uniform to all systems during the experimental period. The

average temperature was 26 ± 5 �C during the day and

21 ± 5 �C during the night. The drip irrigation was applied

to the semi-hydroponic and organic systems by using one

emitter per plant allowing a 0.6 L h-1 discharge flow rate

with an irrigation frequency of three times a day. Poly-

ethylene bags containing coconut fibre and soil were used

in the semi-hydroponic systems and organic systems,

respectively.

The plants grown in organic culture followed the stan-

dard horticultural practices and applied 20% of organic

compost pre-sterilized (cow manure). Two adapted stan-

dard nutrient solutions (Furlani and Howard Resh, Table 1)

were used in plants from the soilless systems. pH and

electrical conductivity were measured regularly. The

nutrient solution was renewed every 3 days, being the pH

6.40 ± 0.30 and electrical conductivity of 2.0 ± 0.2 mS/

cm.

The cherry tomato fruits were collected in the red-ripe

stage. Each sample (n = 5 per cultivation system) consisted

of at least ten tomatoes collected from the second to eight

trusses, with a minimum height of 25 mm and width of

30 mm. The samples were crushed and homogenized to

obtain several aliquots that were freeze dried and frozen at

- 20 �C until further analysis.

The fruit productivity was calculated by the sum of the

weight of all collected fruits in a plant. The biomass

accumulation was estimated by drying the roots, leaves and

stem of tomato plant in an oven during 48 h at 72 �C.

Analytic Methods

Proximate Composition

Titratable acidity (TA) was determined according to Sato

et al. [25]. Soluble solids (SS) were determined as descri-

bed in Figas et al. [8] and the taste index (TI) was estimated

through the formula TI ¼ TAþ SS= 20� TAð Þð Þ. The water
and ashes content were determined according to Kaloger-

opoulos et al. [12]. The protein content (N 9 6.25) was

estimated through elemental analysis (Truspec 630-200-

200). The total carbohydrate was calculated from the dif-

ference between ashes, protein and lipid content. The lipid

content was determined according to Bligh and Dyer [3].

Carotenoids (b-carotene and lycopene) were determined

according to the procedure described by Barros et al. [1].

The energetic value was determined according to Eq. 1.

Energetic value
kcal

100g

� �
¼ 4� %ð Þcarbohydrates½

þ %ð Þprotein� þ 9� %ð Þlipids½ �
ð1Þ

The data are reported as the mean of five

replicates ± standard deviation.

Sugars Determination

The derivatized sugars were analysed as alditol acetates,

according to Blakeney et al. [2] and 2–deoxyglucose

(20 mg mL-1) was used as an internal standard. The alditol

acetates determination was carried by gaseous chro-

matography (Agilent HP6890), with a selective mass
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detector (Agilent 5973) and a capillary column DB-

225 J&W (30 m length; 0.25 mm I.D. and 0.15 lm film

thickness). The chromatographic conditions were as fol-

lows: initial column temperature 220 �C for 5 min;

increasing 10 �C min-1 until reaching the final temperature

of 230 �C for 6 min. The injector temperature was 220 �C;
the transfer line temperature was 280 �C and the split ratio

was 1:30. Helium was used as the carrier gas with a flow

rate of 1.2 mL min-1.

The sugars quantification was made through the

respective response factors of each standard relative to the

internal standard (2-desoxyglucose). The standards used

were: L(?)arabinose, D(?)xylose, D(?)galactose,

D(?)glucose and D(?)mannose acquired from Sigma-

Aldrich. The results were expressed in mg g-1 of dry

weight (dw). The data are reported as the mean of four

replicates ± standard deviation.

Fatty Acid Determination

The fatty acid composition was determined from the total

lipid extracts, converting the fatty acids into methylated

esters (FAMEs) [5, 19]. FAMEs were analysed by gas

chromatography (Agilent HP6890) equipped with a mass

detector (Agilent 5973) and a capillary column DB-

225 J&W (30 cm length, 0.25 mm ID, 0.15 lm film

thickness). The chromatographic conditions were the fol-

lowing: initial temperature of 35 �C for 0.5 min; temper-

ature gradient of 25 �C min-1 until 195 �C; followed by a

gradient of 3 �C min-1 until 205 �C; and 8 �C min-1 until

230 �C for 3 min. The injectors’ temperature was 250 �C,
the transfer line was 280 �C and the split ratio was 1:100.

The carrier gas was helium with a flow rate of

2.6 mL min-1.

The FAMEs were identified through comparison of

retention times and mass spectra obtained with the pure

reference standard ‘Supelco 37 component FAME mix’. To

quantify the fatty acids, the heneicosanoic acid was used as

an internal standard, taking in account the response factor

determined for each fatty acid. The nutritional lipid quality

was assessed by hypocholesterolaemic/hypercholestero-

laemic fatty acid ratio (H/H index) [13]. The data are

reported as mean of four replicates ± standard deviation.

Phenolic Compounds Determination

Phenolic compounds extraction and determination were

carried out based on Kalogeropoulos et al. [12]. Briefly, for

Table 1 Biological data, proximate composition and sugar profile of cherry tomato fruits cultivated in hydroponic, semi-hydroponic and organic

conditions

Hydroponic Semi-hydroponic Organic

Biological data

Fruit weight (g) 13.8 ± 1.8a 13.4 ± 2.3a 9.05 ± 2.3b

Fruit productivity (g plant-1 dw) 2135 ± 363a 2240 ± 559a 587 ± 250b

Biomass plant (g plant-1 dw) 335 ± 30a 268 ± 23b 42.8 ± 13c

Proximate composition

Moisture (g 100 g-1 fw) 91.78 ± 0.09a 91.76 ± 0.50a 91.22 ± 0.23a

Crude protein (g 100 g-1 dw) 13.41 ± 0.64a 11.92 ± 0.21b 7.58 ± 0.24c

Lipid (g 100 g-1 dw) 3.20 ± 0.09a 2.33 ± 0.04b 2.38 ± 0.10b

Ashes (g 100 g-1 dw) 25.03 ± 2.48a 23.06 ± 1.15a 22.69 ± 2.47a

Carbohydrates (g 100 g-1 dw) 58.36 ± 1.99a 62.69 ± 0.91a 67.35 ± 2.34b

Energetic value (Kcal 100 g-1) 25.97 ± 0.85a 26.32 ± 0.39a 28.20 ± 0.84b

pH 4.22 ± 0.01a 4.21 ± 0.02a 4.17 ± 0.01b

Titratable acidity (mg CA 100 ml-1) 439.47 ± 32.21a 507.73 ± 20.57b 522.67 ± 14.78b

Soluble solids (g 100 ml-1) 7.03 ± 0.06a 6.57 ± 0.06b 6.73 ± 0.06c

Taste index 1.24 ± 0.02a 1.15 ± 0.01b 1.17 ± 0.00b

Sugars (mg g-1 dw)

Arabinose 3.49 ± 0.33a 6.37 ± 0.32b 3.77 ± 0.14a

Xylose 2.76 ± 0.29a 4.48 ± 0.28b 3.31 ± 0.14c

Galactose 3.61 ± 0.21a 7.60 ± 0.26b 4.75 ± 0.35c

Glucose 297.68 ± 11.14a 218.77 ± 9.51b 269.75 ± 7.57c

Mannose 47.40 ± 1.16a 46.95 ± 1.72a 47.75 ± 1.66a

AC – Citric acid equivalent; dw – Dry weight; fw – Fresh weight; The values represent the average of five replicates ± standard deviation

The average followed by different letters in the same line represents that they are significantly different (p\ 0.05)
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total phenolic content (TPC), the Folin–Ciocalteu method

was used. The absorbance was read in a UV–Vis spec-

trophotometer (Lambda 25, Perkin Elmer) at 750 nm and

TPC calculated through a calibration curve using gallic

acid as standard (34–681 mg L-1; y = 3.0062x ? 0.007;

R2 = 0.9939). The results were expressed in gallic acid

equivalents (GAE).

The analysis of the phenolic compounds was carried in a

liquid chromatographer Waters Alliance equipped with an

automatic injector (Waters 2695, separation modules) and a

photodiode array detector (Waters 2996). The column used

for the polyphenol separation was an Atlantis T3 (250 mm

length, 4.5 mm I.D., 5 lm film thickness) at 30 �C. All the
configuration and data processing was carried in the soft-

ware Empower Pro by Waters Corporation. The applied

methodology was based in Pereira et al. [24]. The mobile

phase flow was applied in a gradient programme, com-

bining solvent A (10 mM of buffered phosphate solution at

2.7), solvent B (acetonitrile) and solvent C (methanol) as

follows: 0–30 min, 0–10% B and 0–11% C, linear;

30–42 min, changing only 11–17% C, linear; 42–55 min,

10–60% B and 17–0% C; 55–58 min, the mobile phase

composition was maintained constant; 58–65 min it was

carried the washing and column reequilibrium. The flow

rate was 1 mL min-1, and the injection volume was 20 lL
of the extracts. All standards and samples were previously

filtered in Acrodisc GHP filter 0.45 lm and injected in

duplicate.

The different phenolic compounds were identified and

quantified based on the retention times, comparing the UV–

Vis spectra of the unknown compound with standards.

Some polyphenols were identified through the comparison

of its spectra with the ones from the library and compared

with the standards of similar structure and molar absorp-

tivity. The trans-coutaric, trans-fertaric and chlorogenic

acids were quantified in comparison to caftaric acid. Rutine

was used for the quantification of chalconaringenin.

The standards used were ferulic acid, rutine, (-)epi-

catequine, caftaric acid, miricetine, galic acid, p-coumaric

acid, vanilic acid, cafeic acid, vanillin, protocatecuic acid,

p-hydroxybenzoic acid and synaptic acid. The standards

purity was all above 95%.

The data are reported as the mean of two repli-

cates ± standard deviation.

Sensory Analysis

The selected tomatoes from each system were uniform

among them, in size and colour. The fruits from each

system were placed in crystallizing dishes and coded with

random numbers. The panel was constituted by 54 adults

(30 females and 24 males). From these consumers, 57%

had 18–34 years old; 33% had 35–55 years old and 10%

presented ages above 55 years old. Each coded sample was

evaluated for sweetness, bitterness, texture and overall

acceptance.

Statistical Analysis

Statistical analysis of the data was carried out using the

software IBM SPSS Statistics 23. Differences between

hydroponic, semi-hydroponic and organic cultures were

assessed by one-way analysis of variance (ANOVA) fol-

lowed by a Tukey’s Post Hoc analysis and p-values\ 0.05

were considered to be statistically significant.

Results and Discussion

Proximate and Monosaccharide Composition

The proximate composition of cherry tomato grown in

different agronomic culture systems is presented in

Table 1. The cherry tomatoes from hydroponic culture

presented the highest protein and lipid contents (13.41 and

3.20% dw, respectively), whereas the cherry tomatoes

cultivated in organic conditions had the highest carbohy-

drate (67.35% dw) and energetic (28.20 kcal in 100 g dw)

values. The fruit firmness is one of the primary attributes

measured by the consumer to assess its quality [11]. This

trait can be connected to the protein content, and therefore

the highest protein content in cherry tomatoes from

hydroponic culture may suggest an increased firmness [26].

This result is in agreement with the sensorial analysis, in

which, the cherry tomato grown in hydroponic conditions

attained 51.9% of the preferences for texture (Fig. 1).

Moreover, the lower energetic values observed in soilless

conditions indicate that they might be more suitable for a

low caloric diet. The high lipid content observed in

tomatoes cultivated in the hydroponic culture is in agree-

ment with the value reported by Kalogeropoulos et al. [13]

(3.14 g in 100 g dw).

The soluble solids (SS) (mostly sugars) and the acidity

are crucial parameters that define tomato taste, Table 1

[27]. The highest sugar (354.94 mg g-1 dw) and SS

(7.03 g 100 ml-1) levels, as well as, the lowest citric acid

content (439.47 mg CA 100 ml-1) were observed for

tomatoes grown in a hydroponic system. The high SS

amount may indicate a greater shelf life, quality and fla-

vour [14]. The taste index (relation sugars/SS and acidity)

is essential for the determination of fruit organoleptic

quality. Malundo et al. [22] and Figas et al. [8] reported

that consumer ratings for taste acceptability increased with

sugar concentration and decreased with the acid levels in

fresh tomato. The cherry tomatoes analysed presented great

taste indexes ([ 0.85), Table 1 [10]. The cherry tomatoes
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cultivated in hydroponic culture had the highest taste index

value 1.24 and the highest overall acceptability in the

sensorial analysis, Fig. 1.

Carotenoids are efficient singlet oxygen quenchers and

play important roles in disease prevention [14]. Car-

otenoids have been correlated to a reduced risk of certain

types of cancer and cardiovascular diseases [8]. Figure 2

shows the content of two major carotenoids from cherry

tomato, lycopene and b-carotene. In cherry tomato culti-

vated in the soilless and organic systems, significant dif-

ferences in the lycopene content (p\ 0.05) were observed,

in contrast to, b-carotene. The highest amounts of lycopene

were verified in cherry tomatoes grown in organic condi-

tions (47.1 mg kg-1 fw). Considering the health benefits

associated with carotenoids intake, the consumption of

cherry tomato from organic culture would be more

desirable.

In the cherry tomato cultivated in the hydroponic and

organic systems, significant differences in the monosac-

charide contents (p\ 0.05) were observed. In all samples

analysed, glucose was the main monosaccharide compris-

ing up to 84% of the total monosaccharides detected. This

reducing sugar is known by its role as a building block of

sucrose and starch, which, in turn, display a crucial role in

the sugar accumulating properties of tomato [26]. On the

other hand, monosaccharides detected in tiny quantities,

such us, arabinose, xylose, galactose and mannose are often

pointed by their structural role in biological systems. The

hydroponic culture displayed the highest glucose content

(297.68 mg g-1 dw) in contrast to the semi-hydroponic

systems (218.77 mg g-1 dw).

Fatty Acids Composition

Although lipids represent a small fraction of cherry toma-

toes, they constitute a precious source of essential fatty

acids, linoleic (C18:2x6) and linolenic acids (C18:3x3),
which humans must acquire through their diet. These

essential fatty acids are crucial for the normal growth and

development of humans and play a key role in inflamma-

tory responses as precursors of signalling molecules (e.g.

prostaglandins and leukotrienes) [28].

The fatty acid composition of cherry tomato cultivated

in different agronomic conditions is reported in Table 2.

The most representative fatty acids were palmitic (C16:0),

oleic (C18:1x9), linoleic (C18:2x6) and linolenic

(C18:3x3) acids which together accounted for 94% of the

total fatty acids (TFA) detected. It is known that fatty acids,

such as oleic, stearic (C18:0), palmitic, myristic (C14:0),

linoleic and linolenic acids are main components of fatty

acids fraction in tomatoes [24]. In cherry tomatoes grown

in organic, hydroponic and semi-hydroponic cultures,

linoleic acid was the major component (51–57% of TFA)

followed by palmitic acid (15–23% of TFA) (Table 2). The

oleic acid content for cherry tomatoes in hydroponic cul-

ture (14% of TFA) was about five and three times higher

than that verified for cherry tomatoes in semi-hydroponic

and organic cultures, respectively. With respect to linolenic

acid, the cherry tomatoes cultivated in the semi-hydroponic

and organic cultures presented the highest amounts of this

essential fatty acid, representing 18% and 14% of TFA,

respectively.

The contents of individual fatty acids are exhibited in

Table 2 and Fig. 3. The cherry tomatoes from hydroponic

culture had the highest levels of monounsaturated fatty

acids (MUFAs) (1.28 mg g-1 dw) which was eight and five

times higher than the amounts observed for cherry toma-

toes grown in organic (0.28 mg g-1 dw) and semi-hydro-

ponic (0.16 mg g-1 dw) cultures, respectively. The cherry

tomato of the two agronomic cultures had a fairly good

content in polyunsaturated fatty acids (PUFAs) ranging

from 3.47 mg g-1 to 6.19 mg g-1. The highest amount of

linoleic acid was found for cherry tomatoes in hydroponic

culture (5.42 mg g-1).

The nutritional quality of cherry tomato lipids was

assessed by using several nutritional indexes (Table 2). It

has been reported that a polyunsaturated and saturated fatty

acids (PUFA/SFA) ratio below 0.45 in foods is undesirable

for the human diet due to their potential to induce the

increase of cholesterol in the blood [7]. In this study,

PUFA/SFA ratios ranged from 2.24, in cherry tomatoes

grown in organic culture, to 3.14, observed in cherry

Fig. 1 Sensorial analysis of cherry tomatoes cultivated in hydro-

ponic, semi-hydroponic and organic conditions

Agric Res

123



Fig. 2 Carotenoids (lycopene

and b-carotene) and total

phenolic content (TPC) in

cherry tomato fruits cultivated

in hydroponic, semi-hydroponic

and organic conditions

Table 2 Fatty acids profile (mg g-1 dw) and lipid nutritional quality indexes in cherry tomato fruits cultivated in hydroponic, semi-hydroponic

and organic conditions

Fatty acids (mg g-1 dw) Hydroponic Semi-hydroponic Organic

SFA 1.97 ± 0.09a 1.66 ± 0.03b 1.55 ± 0.04b

C14:0 0.02 ± 0.01a 0.03 ± 0.01b 0.03 ± 0.01b

C16:0 1.44 ± 0.07a 1.31 ± 0.02b 1.19 ± 0.04c

C18:0 0.44 ± 0.02a 0.22 ± 0.01b 0.28 ± 0.02c

Others1 0.08 ± 0.01a 0.11 ± 0.01ab 0.05 ± 0.01ac

MUFA 1.28 ± 0.04a 0.16 ± 0.01b 0.28 ± 0.02c

C16:1 n.d. n.d. 0.01 ± 0.00a

C18:1x9 1.28 ± 0.04a 0.16 ± 0.01b 0.27 ± 0.02c

PUFA 6.19 ± 0.23a 3.92 ± 0.06b 3.47 ± 0.04c

C18:2x6 5.42 ± 0.19a 2.90 ± 0.04b 2.71 ± 0.04b

C18:3x3 0.77 ± 0.03a 1.02 ± 0.02b 0.76 ± 0.01a

Lipids nutritional quality

PUFA/SFA 3.14 ± 0.04a 2.36 ± 0.01b 2.24 ± 0.05bP
x6/

P
x3 7.04 ± 0.04a 2.84 ± 0.02b 3.57 ± 0.01c

TI 0.33 ± 0.01a 0.32 ± 0.00a 0.37 ± 0.02b

AI 0.20 ± 0.01a 0.35 ± 0.01b 0.35 ± 0.02b

H/H 5.12 ± 0.15a 3.05 ± 0.02b 3.08 ± 0.10b

The values represent the average of four replicates ± standard deviation

The average followed by different letters in the same line represents that they are significantly different (p\ 0.05)

Others1 - C12:0; C13:0; C15:0; C20; C22:0; C24:0; n.d. - not detected; SFA - Saturated fatty acids; MUFA- Monounsaturated fatty acids; PUFA-

Polyunsaturated fatty acids; TI- Thrombogenicity index; AI- Atherogenicity index; H/H - Fatty acids hypocholesterolaemic/hypercholestero-

laemic ratio
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tomatoes from hydroponic culture. The H/H index is

related to cholesterol metabolism and high H/H values are

considered to be more beneficial for human health [7]. The

highest H/H values were obtained in fruits from the

hydroponic culture (5.12).

Several studies have mentioned that low
P

x6/
P

x3
ratios are beneficial to reduce the risk of cancer, cardio-

vascular disease and enhancing bone health [6, 7, 28]. For

instance, the nutritional societies recommend a
P

x6/
P

x3
ratio of 5:1 which can be accomplished by increasing the

dietary intake of x3 rich sources [6, 7, 28]. The ratios

obtained in tomatoes cultivated in the organic and semi-

hydroponic cultures were less than 5:1 suggesting that the

dietary intake of cherry tomato cultivated in these condi-

tions is beneficial for human health.

The atherogenicity (AI) and thrombogenicity (TI) indexes

indicate the potential for stimulating platelet aggregation.

Lower values of AI and TI (\ 0.5) are desirable in order to

decrease the risk of coronary artery disease [7]. In this study,

the AI indexes ranged between 0.20 and 0.35 and the TI

indexes ranged between 0.32 and 0.37.

Phenolic Composition

Phenolic compounds are important secondary metabolites

in plants, exhibiting a wide range of physiological activi-

ties, such as antioxidative, anticarcinogenic, antimicrobial,

antiallergic, antimutagenic and anti-inflammatory [18]. The

total phenolic content (TPC) for the cherry tomato under

different agronomic cultivation is shown in Fig. 2. Among

the cultivation systems, cherry tomato cultivated in organic

culture had the highest TPC (56.7 mg GAE in 100 g fw).

The significant differences (p\ 0.05) observed for the

TPC of the cherry tomatoes grown in organic conditions

may be attributed to a soil compaction and nutrient avail-

abilities which influence the accumulation of phenolic

compounds [16, 21, 31].

The phenolic profile of the cherry tomatoes is shown in

Table 3. Sixteen compounds were identified and assembled

into three main groups of phenolic compounds (flavonoid,

hydroxycinnamic and hydroxybenzoic acids). Flavonoids

were the main family of cherry tomato phenolic composi-

tion, Fig. 4. The cherry tomatoes from organic culture

displayed the highest content of these bioactive compounds

(91.7 mg in 100 g dw) presenting 35% more flavonoids

when compared with the cherry tomatoes cultivated in

soilless cultures. Flavonoids are recognized as one of the

major active nutraceutical ingredients due to their phar-

macological activities and huge health benefits [17].

Chalconaringenin is the major phenolic compound in

cherry tomato (Table 3). The highest amounts of this flavo-

noid were found in cherry tomatoes grown in organic cultures

(51.95 mg in 100 g dw). This flavonoid has been referred in

the literature as themain phenol from cherry tomato fruit [29].

Chalconaringenin has been found to inhibit histamine, indi-

cating that it can reduce allergic reactions [32].

Rutin was the second major phenolic compound iden-

tified. The cherry tomatoes grown in organic culture

Fig. 3 Saturated fatty acids

(SFAs), monounsaturated fatty

acids (MUFAs) and

polyunsaturated fatty acids

(PUFAs) in cherry tomato fruits

cultivated in hydroponic, semi-

hydroponic and organic

conditions
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Table 3 Phenolic profile (mg 100 g-1 dw) of cherry tomato fruits cultivated in hydroponic, semi-hydroponic and organic conditions

Phenolic compounds (mg 100 g-1 dw) Hydroponic Semi-hydroponic Organic

Hydroxybenzoic acids 1.24 ± 0.05a 0.88 ± 0.02b 1.38 ± 0.04a

Gallic acid 0.17 ± 0.03a 0.13 ± 0.01a 0.38 ± 0.01b

Protocatechuic acid 0.35 ± 0.01a 0.45 ± 0.01b 0.39 ± 0.01a

p-hydroxybenzoic acid 0.28 ± 0.02a 0.04 ± 0.00b n.d.

Vanillic acid 0.39 ± 0.01a 0.20 ± 0.01b 0.40 ± 0.02a

Vanillin 0.05 ± 0.00a 0.06 ± 0.00a 0.20 ± 0.01b

Hydroxycinnamic acids 16.73 ± 0.72a 14.76 ± 0.39a 41.76 ± 0.65b

trans-coutaric acid 1.47 ± 0.08a 1.34 ± 0.01a 2.07 ± 0.02b

trans-fertaric acid 4.49 ± 0.03a 3.53 ± 0.05b 19.95 ± 0.11c

Chlorogenic acid 4.60 ± 0.32a 3.67 ± 0.07a 11.56 ± 0.28b

p-Coumaric acid 0.71 ± 0.01a 0.64 ± 0.01b 0.71 ± 0.01a

Cafeic acid

Ferulic acid 1.72 ± 0.01a 1.75 ± 0.05a 2.07 ± 0.01b

Sinapinic acid 1.22 ± 0.02a 1.59 ± 0.01b 1.68 ± 0.02b

Flavonoids 55.12 ± 0.41a 61.20 ± 0.34b 91.72 ± 0.48c

Epicatechin 0.07 ± 0.00a 0.05 ± 0.00b 0.08 ± 0.00c

Chalconaringenin 37.00 ± 0.39a 38.85 ± 0.25b 51.95 ± 0.21c

Rutin 17.55 ± 0.13a 21.69 ± 0.11b 39.69 ± 0.23c

Myricetin 0.49 ± 0.01a 0.60 ± 0.01b n.d.

Total 73.08 ± 0.92a 76.83 ± 1.31a 134.85 ± 0.45b

The values represent the average of two replicates ± standard deviation

The average followed by different letters in the same line represents that they are significantly different (p\ 0.05); n.d.- not detected

Fig. 4 Phenolic compound

families in cherry tomato fruits

cultivated in hydroponic, semi-

hydroponic and organic

conditions
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contained two times more rutin than cherry tomatoes

grown in soilless cultures (Table 3). This compound is

associated with several health benefits and pharmacologi-

cal activities, such as anti-oxidation, anti-inflammation,

anti-diabetic, anti-adipogenic, neuroprotective and hor-

mone therapy [4].

The second more relevant family of phenolic com-

pounds was the hydroxycinnamic acids, representing

19–31% of the total phenolic compounds identified, Fig. 4.

The cherry tomatoes grown in organic culture contained

two and a half times more hydroxycinnamic acids than

cherry tomatoes grown in soilless cultures. Trans-fertaric

and chlorogenic acids were the main hydroxycinnamic

acids present in the cherry tomatoes, Table 3. High

amounts of Trans-fertaric acid were verified in cherry

tomato grown in organic culture (19.95 mg in 100 g dw),

showing a content four to six times higher than soilless

cultures. Hydroxycinnamic acids have been consistently

associated to the reduction of the risk of chronic diseases,

such as cardiovascular disease and cancer, among others

[30]. The phenolic compounds have the ability to scavenge

the free radicals and pro-oxidant metals and to modulate

the activity of enzymes involved in their own metabolism

that affects the bioavailability of carcinogens [23].

Conclusions

This work demonstrates that the agronomic system influ-

enced the yield production, as well as, the functional

quality of cherry tomato. Hydroponic cultures presented

higher quality, namely a higher texture and better taste

index. The highest production of oleic and linoleic acids,

along with a high H/H ratio, was observed in cherry

tomatoes grown in hydroponic culture, while higher

amounts of bioactive compounds were found in cherry

tomatoes from the organic culture, which presented the

highest contents of carotenoids, total phenolic compounds,

hydroxycinnamic acids and flavonoids, among which

chalconaringenin and rutin are highlighted.
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31. Vallverdú-Queralt A, Medina-Remón A, Casals-Ribes I,

Lamuela-Raventos RM (2012) Is there any difference between

the phenolic content of organic and conventional tomato juices?

Food Chem 130:222–227

32. Yamamoto T, Yoshimura M, Yamaguchi F, Kouchi T, Tsuji R,

Saito M, Obata A, Kikuchi M (2004) Anti-allergic activity of

naringenin chalcone from a tomato skin extract. Biosci

Biotechnol Biochem 68:1706–1711

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

Agric Res

123


	Influence of Crop System Fruit Quality, Carotenoids, Fatty Acids and Phenolic Compounds in Cherry Tomatoes
	Abstract
	Introduction
	Materials and Methods
	Experimental Design and Biological Data
	Analytic Methods
	Proximate Composition
	Sugars Determination
	Fatty Acid Determination
	Phenolic Compounds Determination
	Sensory Analysis
	Statistical Analysis


	Results and Discussion
	Proximate and Monosaccharide Composition
	Fatty Acids Composition
	Phenolic Composition

	Conclusions
	References




