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Abstract 32 

The aim of this study was to assess commercial quality parameters, sugars, phenolics, 33 

carotenoids and plastid  in diverse and little studied tomato varieties to gain insight into 34 

their commercial and functional quality and reveal possible noticeable differences. Five 35 

cherry tomato varieties and six common (i.e., non-cherry) tomatoes were evaluated. The 36 

highest levels of lycopene were detected in ʽTigerellaʼ and ʽByelsaʼ, and those of phytoene 37 

in ʽOrangeʾ, those of phenolics in ʽGreen Zebraʼ, all of them common tomatoes.The levels 38 

of sugars in both groups of tomatoes were comparable. Interesting differences in plastid 39 

carotenoid-accumulating sub-structures as a function of the carotenoid profile were 40 

observed. Given the importance of chromoplasts in the deposition of carotenoids in plants 41 

and their release during digestion, this information can be valuable in investigations on the 42 

regulation of the biosynthesis and the bioavailability of tomato carotenoids. 43 

 44 

Keywords:  Functional foods; chromoplasts; phytoene; phytofluene; ultrastructure, 45 

transmission electron microscopy (TEM) 46 
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1. INTRODUCTION 47 

Tomato (Solanum lycopersicum L.) is one of the  vegetables more consumed in the world 48 

and the basis of other food products. They provide important compounds like sugars, 49 

minerals, vitamins,  carotenoids and phenolics, whose levels can vary markedly as a 50 

function of genetics, physiological, agronomic, technological or other factors (Coyago-51 

Cruz, Corell, Stinco, et al., 2017; Antonio J. Meléndez-Martínez, Fraser, & Bramley, 52 

2010). Given the economic and nutritional importance of tomato and derivatives, it is not 53 

surprising that their study from different perspectives, including composition (Cichon, 54 

Riedl, & Schwartz, 2017; R. M. Schweiggert & Carle, 2017), sustainable production 55 

approaches (Borghesi et al., 2011; Coyago-Cruz et al., 2018; Coyago-Cruz, Corell, Stinco, 56 

et al., 2017)  release of components during digestion (Mapelli-Brahm, Corte-Real, 57 

Meléndez-Martínez, & Bohn, 2017; Talens, Mora, Bramley, & Fraser, 2016) and possible 58 

health benefits derived from their intake (Cooperstone et al., 2015), continue featuring in 59 

the latest scientific literature.  60 

Apart from weight, size and total soluble contents (related to sugar content), colour 61 

is one of the key parameters evaluated in the context of commercial quality and food 62 

acceptability. Although traditionally red tomatoes have been marketed and are usually 63 

preferred by consumers; varieties with other colours (including green, yellow, orange, 64 

purple) are not as commonly found in the market and have been less studied (Borghesi et 65 

al., 2011; Cooperstone et al., 2017; Antonio J. Meléndez-Martínez et al., 2010; Yuan, Li, 66 

& Wilson, 2008) . The red colour of tomatoes is mainly due to their carotenoid profile 67 

while in darker varieties, this attribute can be due mainly to the retention of chlorophyll 68 

and the accumulation of lycopene (Park, Sangwanangkul, & Baek, 2018) or even the 69 

accumulation of both carotenoids and anthocyanins (Borghesi et al., 2011). In non-green 70 
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tomatoes, carotenoids are accumulated in a type of plastid named chromoplast, whose 71 

biogenesis is associated with chlorophyll degradation (Li & Yuan, 2013). There are 72 

different classes of chromoplasts with different carotenoid accumulating structures such 73 

as,crystals or globules, among others, which depends on the carotenoid profile of the part 74 

of the plant (root, fruit, petal, etc.) in question (R. M. Schweiggert & Carle, 2017). The 75 

study of the types of chromoplasts is relevant as theyare key organelles for the deposition 76 

of carotenoids and also important in relation to the release of carotenoids during digestion, 77 

one of the key factors governing their bioavailability (R. M. Schweiggert & Carle, 2017). 78 

Taking all these facts together, the goal of this study was to assess commercial 79 

quality parameters (equatorial and longitudinal diameter, weight, soluble solids and 80 

colour), sugars, phenolics and carotenoids contents as well as chromoplast morphology in 81 

diverse and little studied tomato varieties in order to gain further insight into their 82 

commercial and functional quality and reveal possible noticeable differences.  83 

2. MATERIALS AND METHODS  84 

2.1 Reagents and standards 85 

Analytical grade reagents, specifically methanol (PumChem CID: 887), trichloromethane 86 

(PumChem CID: 6212) and hydrochloric acid (PunChem CID: 313) were purchased from 87 

Labscan (Dublin, Ireland). HPLC grade reagents, like methanol, acetonitrile (PumChem 88 

CID: 6342) and ethyl acetate (PumChem CID: 8857) were obtained from Panreac 89 

(Barcelona, Spain). Ultra-pure water was obtained by means of a NANOpure DlamondTM 90 

system (Barnsted Inc., Dubuque, IO). Lutein, lycopene, phytoene and phytofluene were 91 

obtained from appropriate sources as described elsewhere (Melendez-Martinez, Stinco, 92 

Liu, & Wang, 2013; Antonio J. Meléndez-Martínez, Vicario, & Heredia, 2007), β-carotene 93 

(PumChem CID: 5280489) was purchased from Sigma-Aldrich (Taukirchen, Germany), 94 
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and quercetin (PumChem CID: 370), ferulic acid, caffeic acid, p-coumaric acid (PumChem 95 

CID: 637542), and gallic acid (PumChem CID: 1794427) were from Sigma-Aldrich 96 

(Madrid, Spain). Glutaraldehyde, formaldehyde and buffer sodium cacodylate were 97 

acquired from Ted Pella, Inc. (Redding, USA). 98 

 99 

2.2. Plant materials 100 

Eleven tomato (Solanum lycopersicum L.) varieties were studied. Five cherry varieties of 101 

Granada La Palma Company, i.e. ‘Cherry amarillo’ (A), ʽCherry pera clásicoʼ (B), ʽCherry 102 

pera naranjaʼ (C) and ʽMinichocmato peraʼ (D) (corresponding to 4 Mixcherrys) and 103 

ʽCherry cerejaʼ (E), were selected and obtained from a local market in Sevilla. ʽCherry 104 

amarilloʼ and ʽCherry cerejaʼ were round varieties with yellow and red colour, 105 

respectively, while ʽCherry pera clásicoʼ, ʽCherry pera naranjaʼ and ʽMinichocmato peraʼ 106 

were pear varieties with red, orange and green-red colour, respectively. Forty fruits of each 107 

cherry variety were considered for the commercial quality analyses. On the other hand, six 108 

“common” (that is, non-cherry) tomato varieties, i.e. ʽGreen Zebraʼ(F), ʽSunchocolaʼ(G), 109 

ʽTigerellaʼ (H), ʽByelsaʼ (I), ʽPalamósʼ (J), and ʽOrangeʼ (K), were grown in a greenhouse 110 

at Escuela Técnica Superior de Ingeniería Agronómica (E.T.S.I.A.) of Universidad de 111 

Sevilla (Sevilla, South Spain, 37º21'09.71'' Lat. N, 5º56'19.13'' Long. W, 33 m a.s.l.) during 112 

spring of 2015 (23rd February to 15th June), exceptʽSunchocolaʼ, which was grown during 113 

autumn of 2015 (23rd September to 15th December). The seeds of the varieties ʽByelsaʼ and 114 

ʽPalamósʼ were provided by Fitó (Almería, Spain), ʽSunchocolaʼ and ʽOrangeʼ or ʽOrange 115 

Wellingtonʼ by W. Atlee Burpee (Warminster, USA) and ʽGreen Zebraʼ and ʽTigerellaʼ by 116 

Magic Garden Seeds (Regensburg, Germany). ʽGreen Zebraʼ and ʽTigerellaʼ were striped 117 

round medium to small varieties with green-yellow and red-yellow colour, respectively. 118 

ʽSunchocolaʼ is a round medium to small variety, which has a green-red colour. ʽByelsaʼ 119 
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and ʽPalamósʼ are red medium to large tomatoes, with a pear and round form, respectively. 120 

ʽOrangeʼ is a very large variety with orange colour. Three ripe fruits of seven plants (21 121 

samples of tomato) of each common tomato variety were sampled for the analyses of 122 

commercial quality. The optimum degree of maturity for harvesting was determined 123 

visually by considering their colour. 124 

The measurements of size, weight, soluble solids, humidity, and colour as well as the 125 

microscopic analyses were performed on the fresh fruit. Afterwards, the seeds and inside 126 

locular tissues were removed and the remaining parts of the fruits of each variety were 127 

mixed. Afterwards, the mixtures were divided into two halves, which were ground in a 128 

basic A 11 IKA mill, frozen at -80°C and freeze-dried (Cryodos system). The freeze-dried 129 

samples were stored under a nitrogen atmosphere in dark glass bottles hermetically sealed. 130 

These were kept at -21 °C until the analyses. 131 

2.3. Commercial quality assessments  132 

Equatorial and longitudinal diameter (cm), weight (g), soluble solids (° Brix), humidity and 133 

colour were measured on the fresh tomatoes. Analyses were performed with 40 replicates 134 

for the cherry varieties and 21 replicates for the common varieties. The soluble solids (SS) 135 

were quantified with a Hand-Refractometer RHC-200ATC (Huake, China) using a drop of 136 

tomato juice. The colour parameters corresponding to the uniform colour space CIELAB 137 

(L*, a*, b*, C*ab and hab) were obtained directly from a CM-700d colorimeter (Minolta, 138 

Japan) as described elsewhere Coyago-Cruz et al. (2017). 139 

2.4  Analysis of sugars, phenolic compounds and carotenoids 140 

2.4.1 Analysis of sugars 141 

 Sugars were extracted and analyzed as described by Kasim & Kasim, (2015) with 142 

slight modifications. The two homogenized freeze-dried powder were extracted in 143 

triplicate. Approximately 200 mg of the freeze-dried sample was extracted with 5 mL of 144 
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water. The mixture was vortexed, sonicated for 5 min, and centrifuged at 4190 g for 7 min 145 

at 4 ºC. The extracts were filtered through Millipore membranes (0.45 µm pore, 15 mm 146 

diameter) (Agilent Technologies, Spain) prior to their injection in the HPLC system. All 147 

the extracts were injected twice. The HPLC analyses were carried out on an Agilent 1200 148 

chromatograph equipped with a RID-detector (Agilent Technologies, Palo Alto, CA. USA) 149 

and a Zorbax Carbohydrate column (4.6 mm × 150 mm) kept at 30 ºC. The injection 150 

volume was 5 μL and the flow rate was 1 mL/min. The mobile phase consisted of 151 

acetonitrile/water (70:30). The open lab ChemStation software was used. Sugars were 152 

identified by comparing their retention time with those of standards. Fructose, glucose and 153 

sucrose were identified with standards by comparing their retention times and the total 154 

sugar content (TSC) were calculated as the sum of individual sugars.  155 

2.4.2 Analysis of phenolic compounds 156 

The extractions and analyses were carried out as described by Coyago-Cruz, et al. (2017). 157 

The two homogenized freeze-dried powder were extracted in triplicate. Briefly, 158 

approximately 0.5 g of homogenized freeze-dried powder was vortexed and sonicated for 159 

15 min with 15 mL of 75% aqueous methanol (v/v) containing HCl 0.1% (v/v). The 160 

mixture was centrifuged at 4190 g for 7 min at 4 ºC; the supernatant was collected and the 161 

residue subjected to the same process twice, using only 5 mL of aqueous methanol. The 162 

extract was stored at - 20 °C until analysis. The extracts were filtered through Millipore 163 

membranes (0.45 µm pore, 15 mm diameter) (Agilent Technologies, Spain) for injection in 164 

the UHPLC system. One mL of the extract obtained was dissolved in 4 mL of 0.01% 165 

formic acid in water or injection in the UHPLC system. All the extracts were injected 166 

twice. The UHPLC analyses were carried out on an Agilent 1290 chromatograph equipped 167 

with a diode-array detector (Agilent Technologies, Palo Alto, CA. USA) and an Eclipse 168 

Plus C18 column (1.8 um, 2.1 × 5 mm) at 30 °C. The mobile phase consisted of 1 mL/min 169 
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of 0.01% of formic acid in water (solvent A) and acetonitrile (solvent B) with the linear 170 

gradient elution: 100% A, 0 min; 95% A + 5% B + 20% C, 5 min; 50% A + 50% B, 20 171 

min; washing and re-balancing of the column, 22 min. The open lab ChemStation software 172 

was used and the chromatograms were monitored at 280, 320 and 370 nm for the 173 

quantification of p-hydroxybenzoic acid, p-coumaric acid, caffeic acid, chlorogenic acid, 174 

gallic acid, ferulic acid, naringin, crisin, quercetrin and quercetin, respectively. Phenolics 175 

were identified with standards by comparing their retention time and UV-vis spectra.  Total 176 

phenolic content was calculated as the sum of individual phenolics. 177 

2.4.3 Analysis of carotenoids 178 

Carotenoids were extracted and analyzed as described by Coyago-Cruz, et al. (2017). The 179 

two homogenized freeze-dried powder samples were extracted in triplicate. In brief, 180 

approximately 20 mg of homogenized freeze-dried powder were mixed with 250 μL of 181 

methanol, 500 μL of trichloromethane and 250 μL of Milli-Q water. The coloured organic 182 

fractions were evaporated and stored under a nitrogen atmosphere at -20 °C until the 183 

chromatographic analysis. The dry residue was re-dissolved in 40 µL of ethyl acetate prior 184 

to their injection in the RRLC system. All the extracts were injected twice. These were 185 

carried out on an Agilent 1260 system equipped with a diode-array detector. A C18 186 

Poroshell 120 column (2.7 μm, 5 cm x 4.6 mm) (Agilent, Palo Alto, CA) at 30 ºC was used 187 

for the separations. The mobile phase consisted of 1 mL/min of acetonitrile (solvent A), 188 

methanol (solvent B) and ethyl acetate (solvent C) with the linear gradient elution: 85% A 189 

+ 15% B, 0 min; 60% A + 20% B + 20% C, 5 min; 60 % A + 20% B + 20% C, 7 min; 85% 190 

A + 15% B, 9 min; 85% A + 15 % B, 12 min. The open lab ChemStation software was 191 

used and the chromatograms were monitored at 285, 350 and 450 nm for the quantification 192 

of phytoene, phytofluene and the rest of the carotenoids, i.e. lutein, lycopene and β-193 
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carotene respectively. Carotenoids were identified by comparing their retention times and 194 

UV-vis spectra with those of standards. Total carotenoids contents were calculated as the 195 

sum of all main individual carotenoids. 196 

2.5 Plastid morphologyobservation by transmission electron microscopy (TEM) 197 

 All the samples were observed under the microscope, except the Orange variety, 198 

which was not available at the time of this analysis. A small amount (about 1 g) of thin 199 

sheets of mesocarp was covered with 1 mL of Karnovsky (0.5 % glutaraldehyde, 2.5 % 200 

formaldehyde in 0.1 M sodium cacodylate, pH 7.4) and the sample was allowed to fix in 201 

the dark for 4 h at room temperature. This mixture was then centrifuged and the 202 

supernatant was discarded. The sample was washed twice with 1 mL of 0.1 M sodium 203 

cacodylate. Afterwards, the sample was embedded in 1 mL of cacodylate and stored in 204 

refrigeration for no more of 9 h. Osmium tetraoxide and 1 % aqueous uranyl acetate were 205 

used for post-fixed (1 h, 25 ºC) and stained the sample (2 h, 25 ºC), respectively. 206 

Dehydration was made through an acetone series. Then, the sample was embedded in 207 

Spurr resin. Lastly, the sample was polymerized overnight at 70 °C. Ultrathin sections (70 208 

nm) were examined with a Zeiss Libra 120 transmission electron microscope (Oberkochen, 209 

Germany) equipped with a SSCCD digital camera.  210 

2.6 Statistical analyses 211 

 Results are provided as the mean + standard deviation. Statistical differences were 212 

determined by analysis of variance (simple ANOVA). The mean separation was made via a 213 

Tukey’s test with 0.01 significant differences. Correlations were carried out by Pearson test 214 

with 95% confidence level in order to estimate the possible significance of the effect. The 215 

STATGRAPHICS Centurion XVII software was used for statistical analyses. 216 
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3. RESULT AND DISCUSSION 217 

3.1. Commercial quality assessments 218 

Data on the values of commercial fruit quality parameters (size, weight, soluble solids, 219 

humidity and colour) are summarized in Table 1 and Table 2. Overall, statistically 220 

significant differences in quality parameters were observed both in cherry and common 221 

varieties. 222 

3.1.1. Size  223 

Fruit equatorial diameter (ED) values for cherry and common varieties, ranged 224 

from 3.6 (ʽCherry pera clásicoʼ) to 4.3 cm (ʽCherry cerejaʼ) and from 4.6 (ʽSunchocolaʼ) to 225 

13.7 cm (ʽOrangeʼ) (ca. 3-fold difference) respectively. The smaller size of ʽSunchocolaʼ 226 

could be due to the fact that this is a small-medium variety and the larger size in ʽOrangeʼ 227 

may be because this is a large variety, as described in the methodology section. In some 228 

cases, there were not statistically significant differences between some varieties, as ‘Cherry 229 

pera clásico’, ʽCherry pera naranjaʼ and ʽMinichocmato peraʼ among the cherry varieties, 230 

or ʽGreen Zebraʼ and ʽPalamósʼ as well as ʽTigerellaʼ and ʽByelsaʼ among the common 231 

varieties. The particularity in cherry pear varieties could be due to the fact that the 232 

tomatoes packed in rations, in most cases, are classified by size (calibre), which allows for 233 

a higher homogeneity of the product sold. On the other hand, longitudinal diameter (LD) 234 

values for cherry and common varieties, ranged from 2.6 (ʽCherry amarilloʼ) to 3.6 cm 235 

(ʽCherry pera clásicoʼ) and from 3.9 (ʽSunchocolaʼ) to 7.0 cm (ʽOrangeʼ) (ca. 2-fold 236 

difference) respectively. In some cases, there were not statistically significant differences 237 

in the LD values among varieties, like in the cases of ʽMinichocmato peraʼ and ʽCherry 238 

cerejaʼ among the cherry varieties, or ʽGreen Zebraʼ and ʽPalamósʼ as well as ʽSunchocolaʼ 239 
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and ʽTigerellaʼ among the common varieties. The homogeneity of sizes among some 240 

common varieties could be due to the similar agronomic and environmental conditions, 241 

which did not cause major changes in the size of the fruit. 242 

Noticeably, the ʽOrangeʼ common variety showed a substantially higher size than other 243 

varieties as this can be classified as a “large variety” instead of a common one. 244 

3.1.2 Weight 245 

Cherry varieties showed weight values between 7.9 (ʽMinichocmatoʼ) and 11.5 g (ʽCherry 246 

cerejaʼ) (ca. 1.5-fold difference). These values were in general lower than those reported in 247 

other studies, ranging from 14 to 28 g for several round cherry varieties  and from 11 to 21 248 

g for several pear varieties (Choi et al., 2014; Flores, Sánchez, Fenoll, & Hellín, 2017). 249 

This may be, at least in part, because the cherry tomatoes under study did not , at least in 250 

part, reach physiological maturity, causing the gelatinous mass did not fully develop and 251 

failed to fill the interior of the locules, causing a lower weight, as indicated in a FAO 252 

publication (Lopéz Camelo, 2003). In general, the weights of the common varieties, which 253 

ranged from 45.6 (ʽTigerellaʼ) to 274.9 g (ʽOrangeʼ) (ca. 6-fold difference), were similar to 254 

those reported in several other studies, which reported values ranging from 37 to 69 g for 255 

the small to medium samples, from 73 to 103 g for the medium to large samples and from 256 

162 to 250 g for the large samples (Flores et al., 2017). ʽOrangeʼ was by far the variety 257 

with the highest weight (ca. 275 g) among the varieties categorized as common, followed 258 

by Palamós (ca. 103 g). There were not statistically significant differences in the weights 259 

of ʽCherry amarilloʼ, ʽCherry pera clásicoʼ and ʽCherry pera naranjaʼ among the cherry 260 

varieties. This agrees well with the premise that the cherry varieties prior to their sale were 261 

classified according to size causing homogeneity in the weight. Likewise, there were not 262 
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statistically significant differences between ʽGreen Zebraʼ and ʽPalamósʼ, nor among 263 

ʽSunchocolaʼ, ʽTigerellaʼ, and ʽByelsaʼ among the common tomatoes. 264 

3.1.3 Soluble solids 265 

Soluble solids (SS) values for cherry varieties ranged from 3.3 (ʽCherry pera clásicoʼ, 266 

ʽCherry pera naranjaʼ and ʽMinichocmatoʼ) to 3.7 ºBrix (ʽCherry cerejaʼ). These were 267 

lower than those reported in other studies for tomatoes of this class. Thus, values between 268 

5.2 and 8.8 ºBrix for round varieties (Figàs et al., 2015; Flores et al., 2017)and between 5.5 269 

and 7.4 ºBrix for pear varieties (Flores, Sáncez, Fenoll, & Hellín, 2016) have been 270 

described elsewhere. It was not possible to gather more information that helped understand 271 

the low values of SS of the cherry varieties, since these were obtained from a local market 272 

and the agronomic and environmental factors were unknown. However, due to the low 273 

weight of the cherry varieties reported previously and in relation to studies of red cherry 274 

varieties carried out by our research group (Coyago-Cruz et al., 2018; Coyago-Cruz, 275 

Corell, Moriana, et al., 2017; Coyago-Cruz, Corell, Stinco, et al., 2017), we believe that 276 

these varieties were harvested without reaching physiological maturity, which contributed 277 

to the observed low SS values. On the other hand, the storage conditions that the cherry 278 

varieties could have been subjected to, may not have favoured the increase of SS (Beckles, 279 

2012), as suggested in other investigations, which indicate that neither the degree of 280 

maturity nor the storage caused change in the SS in the Tayfun variety they studied (Kasim 281 

& Kasim, 2015). Contrastingly, the SS values found in the present study for common 282 

varieties, which ranged from 4.6 (ʽTigerellaʼ and ʽPalamósʼ) to 6.2 (ʽGreen Zebraʼ), were 283 

similar to those reported by other authors for pear common varieties (ranges from 4.8 to 284 

5.9 ºBrix) (Flores et al., 2017) and for round common varieties (ranges from 3.2 to 6.2 285 

°Brix) (Flores et al., 2017; Gómez et al., 2001). No significant differences in the SS values 286 
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were found among the pear samples and among the common tomato samples. Overall, 287 

direct correlation between SS and size and weight were observed with coefficients of 288 

variation between 0.5 and 0.6. Other authors have also found direct correlation between SS 289 

and fruit size (Beckles, 2012; Coyago-Cruz, Corell, Moriana, et al., 2017). 290 

3.1.4 Colour 291 

Taking into account both the cherry and the common tomato varieties the values of 292 

the different colour parameters ranged as follows: for yellow and orange varieties, L* from 293 

44.6 (ʽCherry amarilloʼ) to 50.7 (ʽOrangeʼ), C*ab from 40.9 (ʽCherry amarilloʼ) to 62.3 294 

(ʽOrangeʼ) and hab from 62.7 (ʽOrangeʼ) to 81.2 (ʽCherry amarilloʼ); for red varieties, L* 295 

from 34.0 (ʽCherry pera clásicoʼ) to 43.3 (ʽPalamósʼ), C*ab from 35.4 (ʽTigerellaʼ) to 44.8 296 

(ʽByelsaʼ) and hab from 40.9 (ʽCherry pera clásicoʼ) to 52.6 (ʽPalamósʼ); and for green 297 

varieties L* from 31.5 (ʽMinichocmatoʼ) to 44.4 (ʽGreen Zebraʼ), C*ab from 17.0 298 

(ʽSunchocolaʼ) to 41.9 (ʽGreen Zebraʼ) and hab from 58.7 (ʽSunchocolaʼ) to 96.0 (ʽGreen 299 

Zebraʼ) (Table 1 and 2). Thus, the different tomatoes studied clustered into four clear 300 

groups by considering their colour in terms of a* and b* values, as it can be readily 301 

observed in Figure 1. The varieties were grouped by specific colorimetric terms such as 302 

orange, red, yellow and dark, without noticing odd cases of isolation of samples as it could 303 

be the case of cherry varieties. This could be largely due to the fact that tomato is a 304 

climacteric fruit and can continue to ripen outside the plant, achieving the commercially 305 

required colour (Lopéz Camelo, 2003).  306 

The hab parameter values were similar in the cases of ʽCherry pera clásicoʼ and 307 

ʽCherry cerejaʼ among cherry varieties and ʽTigerellaʼ and ʽPalamósʼ among common 308 

varieties, with no statistically significant differences between these varieties.  309 
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3.2 Sugars, phenolic compounds and carotenoids 310 

3.2.1 Sugars 311 

Individual sugar contents and TSC are shown in Table 1 and 2. TSC in cherry 312 

varieties, ranged between 308.4 (ʽMinichocmato peraʼ) and 524.1 mg/g DW (ʽCherry 313 

cerejaʼ) (ca. 2-fold difference), respectively. In common tomatoes, the values oscillated 314 

between 410.2 (ʽSunchocolaʼ) and 523.9 mg/g DW (ʽGreen Zebraʼ), respectively. These 315 

values were not comparable to those found by other authors, who reported values between 316 

1000 and 1200 mg/g DW in red cherry varieties(Coyago-Cruz, Corell, Moriana, et al., 317 

2017).  However, the TSC found in common varieties were contrastingly higher compared 318 

with those reported recently in another study, which ranged from 9.7 to 34.0 g/Kg FW 319 

(Figàs et al., 2015). The increase of the TSC is expected to influence positively the flavour 320 

of the tomato and therefore the consumer`s preference, as suggested by other authors 321 

(Kasim & Kasim, 2015) . In this regard, ʽCherry cerejaʼ (524.1 mg/g DW), ʽGreen Zebraʼ 322 

(523.9 mg/g DW), ʽTigerellaʼ (522.7 mg/g DW) and ʽPalamósʼ (511.2 mg/g DW), which 323 

were the varieties with high TSC, would present the best flavour characteristics. 324 

 In general, high values of sugars were found in different tomato varieties as well. 325 

Thus, in ʽOrangeʼ (156.6 mg/g DW) and ʽCherry amarilloʼ (114.1 mg/g DW) high values 326 

of fructose were detected; in ʽTigerellaʼ (416.0 mg/g DW), ʽPalamósʼ (406.8 mg/g DW) 327 

and ʽCherry cerejaʼ (426.0 mg/g DW) high glucose values; in ʽByelsaʼ (30.0 mg/g DW) 328 

and ʽCherry amarilloʼ (55.1 mg/g DW) high values of sucrose. Sucrose concentrations 329 

were lower than those of fructose (between ca. 3 to 6 times) and glucose (between ca. 6 to 330 

18 times), whereas glucose showed the highest values in both cherries and common 331 

tomatoes as observed by other authors, who indicated that fructose and glucose are major 332 

sugars and sucrose is present in smaller amounts (Beckles, 2012; Gómez et al., 2001; 333 
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Kasim & Kasim, 2015). In spite of its small size, ʽCherry cerejaʼ showed a similar TSC 334 

and glucose content than the ʽTigerellaʼ, besides, ʽCherry amarilloʼ and ʽCherry pera 335 

clásicoʼ has a similar glucose content than the ʽByelsaʼ This suggests that these cherry 336 

varieties can become strong competitors for traditional varieties in terms of flavour. In 337 

addition, an inverse correlation (with a value of -0.46 between TSC and weight) was 338 

observed. These data keep relationship with other studies showing inverse correlations of 339 

growth fruit rate and size with sugars (Coyago-Cruz, Corell, Moriana, et al., 2017). 340 

3.2.2 Phenolics compounds 341 

Data about total phenolic contents (TPC) and levels of individual compounds are 342 

summarized in Table 1 and 2. TPC in cherry tomatoes ranged from 150.2 (ʽCherry cerejaʼ) 343 

to 307.7 mg/100 g DW (ʽCherry pera naranjaʼ) (ca. 2-fold difference), while in common 344 

tomatoes they ranged from 286.3 (ʽSunchocolaʼ) to 503.1 mg/100 g DW (ʽGreen Zebraʼ) 345 

(ca. 1.8-fold difference). ʽCherry pera naranjaʼ and ʽGreen Zebraʼ were the varieties with 346 

the highest TPC among cherry and tomato varieties, whilst ‘Cherry cereja’ and 347 

ʽSunchocolaʼ, were those with the lowest levels, respectively.  348 

TPC observed in red and yellow-orange cherry tomatoes ranged from 150.2 349 

(ʽCherry cerejaʼ) to 239.8 (ʽCherry pera clásicoʼ) (ca. 1.6-fold difference) and from 263.5 350 

(ʽCherry amarilloʼ) to 307.7 mg/100 g DW (ʽCherry pera naranjaʼ), respectively. These 351 

values were similar or lower than those reported elsewhere (Cortés-Olmos, Leiva-Brondo, 352 

Roselló, Raigónc, & Cebolla-Cornejo, 2014; Figàs et al., 2015). On the other hand, TPC in 353 

dark tomatoes, i.e. ʽMinichocmato peraʼ (D) and ʽSunchocolaʼ (G), fluctuated between 354 

220.9 and 286.3 mg/100 g DW. These values were similar or higher than those reported by 355 

other authors (Choi et al., 2014; Cortés-Olmos et al., 2014) .  356 
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The values of TPC in red common tomatoes ranged from 292.6 (ʽPalamósʼ) to 344.9 357 

mg/ 100 g DW (ʽTigerellaʼ) and they were in general similar or higher than those detected 358 

in other similar tomato varieties (Cortés-Olmos et al., 2014; Periago, Martínez-Valverde, 359 

Chesson, & Provan, 2002). On the other hand, ʽGreen Zebraʼ presented the highest value 360 

of TPC within all the varieties under study and likewise greater values of p-361 

hydroxybenzoic, p-coumaric and chlorogenic acid. Finally, the common variety with 362 

yellow colour showed markedly higher values of TPC (345.9 mg/100 g DW for ʽOrangeʼ), 363 

relative to those found by other authors, who reported concentrations ranging from 57.2 to 364 

251.2 mg of gallic acid equivalents/100 g DW in yellow and orange common tomatoes 365 

(Cortés-Olmos et al., 2014) and lower than ranges reported by Raiola et al., i.e. 50.9 to 366 

53.5 mg/100 g FW in yellow tomatoes. 367 

Overall, there were not statistically significant differences in the values of TPC 368 

between ʽTigerellaʼ and ʽOrangeʼ or between  ʽPalamósʼ and ʽSunchocolaʼ in common 369 

varieties. This fact indicates that common varieties other than red also provide significant 370 

amounts of phenolic compounds, in addition these varieties showed higher contents than 371 

the traditional varieties (ʽPalamósʼ) of between 1.2 and 1.7 times; this agreed with other 372 

authors (Cortés-Olmos et al., 2014). Interestingly, an inverse correlation with a value of -373 

0.66 between size and TPC was observed. These data agree well with those reported in 374 

other studies, who suggest that the size is inversely proportional with total flavonols 375 

(Coyago-Cruz, Corell, Moriana, et al., 2017; Slimestada & Verheulb, 2009). On the other 376 

hand, the TPC of ʽCherry pera naranjaʼ and ʽPalamósʼ were comparable, showing that 377 

cherry varieties, despite their size, could be an important source of phenolic compounds. 378 

In addition p-hydroxybenzoic acid, p-coumaric acid, caffeic acid, chlorogenic acid, 379 

gallic acid, ferulic acid, naringin, crisin, quercetrin and quercetin were the major phenolic 380 
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compounds detected in the set of samples studied, which agreed well with the studies of 381 

other authors (Periago et al., 2002; Raiola et al., 2015), while ferulic acid, naringin and 382 

crisin were not found in cherry tomatoes while quercetrin was detected in traces .  383 

Caffeic acid levels ranged from 3.9 (ʽMinichocmato peraʼ) to 20.7 mg/100 g DW 384 

(ʽCherry amarilloʼ) (ca. 5-fold difference) and from 10.4 (ʽOrangeʼ) to 30.1 mg/100 g DW 385 

(ʽSunchocolaʼ) (ca. 3-fold difference) in cherry and common varieties respectively. These 386 

values were comparable to those found in other studies (Periago et al., 2002; Raiola et al., 387 

2015).ʽCherry amarilloʼ and ʽSunchocolaʼ were the varieties with the highest contents of 388 

this compound in cherry and common tomatoes, respectively. 389 

Chlorogenic acid concentrations in cherries, ranged from 3.8 (ʽCherry cerejaʼ) to 390 

68.5 mg/100 g DW (ʽCherry pera naranjaʼ) (ca. 18-fold difference) and were in general 391 

lower than in common tomatoes (the levels in this group ranged from 6.4 (ʽSunchocolaʼ) to 392 

84.9 mg/100 g DW (ʽGreen Zebraʼ) (ca. 13-fold difference)). Other authors have reported 393 

concentrations of this compound between 1.4 and 236.0 mg/ 100 g FW in different 394 

varieties of tomatoes (Periago et al., 2002; Raiola et al., 2015).  395 

The quercetin concentrations fluctuated between 22.4 (ʽCherry cerejaʼ) and 49.6 396 

mg/100 g DW (ʽCherry amarilloʼ) (ca. 2-fold difference) in cherry varieties, and between 397 

25.8 (ʽOrangeʼ) and 62.1 mg/100 g DW (ʽTigerellaʼ) (ca. 2-fold difference) in common 398 

tomatoes. Similar values were found by other authors (Choi et al., 2014; Periago et al., 399 

2002; Raiola et al., 2015) . 400 

3.2.3 Carotenoids 401 

Quantitative data on individual and total carotenoids (TCC) are presented in Table 1 402 

and 2. TCC observed in cherry tomatoes varied between 2.2 (‘Cherry amarillo’) and 102.0 403 
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mg/100 g DW (‘Minichocmato pera’) (ca. 50-fold difference), while in common tomatoes 404 

they ranged from 11.8 (‘Sunchocola’) to 297.9 mg/100 g DW (‘Orange’) (ca. 30-fold 405 

difference). Interestingly, the cherry varieties ʽMinichocmato peraʼ and ʽCherry cerejaʼ 406 

showed higher TCC values than common varieties like ‘Green zebra’, ‘Sunchocola’ and 407 

‘Palamós’. Considering all the samples studied, the major carotenoids found were 408 

phytoene, phytofluene, lutein, lycopene and β-carotene. Lycopene was the main carotenoid 409 

in the varieties ʽMinichocmato peraʼ, ʽCherry cerejaʼ, ‘Tigerella’, ‘Byelsa’ and ‘Palamós’. 410 

Phytoene was the predominant carotenoid in ʽCherry pera clásicoʼ, ‘Cherry pera naranja’, 411 

ʽGreen Zebraʼ, ʽSunchocolaʼ and ʽOrangeʼ, whereas lutein was the most important 412 

carotenoid in quantitative terms in ‘Cherry amarillo’. 413 

The clear qualitative and quantitative differences observed not only in tomatoes but 414 

also in other dietary fruits and vegetables are not surprising whatsoever as the levels of 415 

secondary metabolites in general and carotenoids in particular are dependent on multiple 416 

factors (genetic, climatic, agronomic, among others) (Dias et al., 2018). 417 

The levels of the colourless carotenoid phytoene ranged from 0.3 (‘Cherry 418 

amarillo’) to 252.6 mg/100 g DW (‘Orange’) (ca. 840-fold difference). These values were 419 

comparable with the results presented by other authors, who found that common orange 420 

varieties juice had higher phytoene contents than red varieties like TCC (Cooperstone et 421 

al., 2015). Those of the colourless carotenoid phytofluene oscillated between non 422 

detectable levels and 12.3 mg/100 g DW (‘Orange’). This latter carotenoid was not 423 

predominant in any of the varieties surveyed. Tomatoes are indeed one of the best sources 424 

of these largely ignored carotenoid rarities, which are attracting increasing interest due to 425 

their likely health (protection against light-induced damage, anticarcinogenic activity, 426 
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protection against oxidation, among other) and cosmetic benefits (A.J. Meléndez-Martínez, 427 

Mapelli-Brahm, & Stinco, 2018). 428 

Lycopene was not detected in some of the varieties studied, whereas the highest 429 

levels (117.1 mg/100 g DW) were found in the variety ʽTigerellaʼ. Tomatoes are usually 430 

the main dietary source of this carotenoid that has been related to diverse health-promoting 431 

actions (protection against light-induced damage, anticarcinogenic activity, protection in 432 

cardiovascular disease, among others) in the last decades (Böhm, 2012; Giovannucci, 433 

2002). On the other hand, the limitation of sucrose is thought to delay the accumulation of 434 

lycopene and phytoene in the tomato pericarp (Li & Yuan, 2013) . The unavailability of 435 

sucrose may explain the no detection of lycopene in ʽGreen Zebraʼ. Sucrose was not 436 

detected in ʽSunchocolaʼ and ʽOrangeʼ either, varieties that contain lower lycopene levels 437 

as compared to the other varieties of the common tomatoes. In ʽCherry amarilloʼ and 438 

ʽCherry pera naranjaʼ, there was availability of sucrose but lycopene was not detected, This 439 

might be due to the fact that the biosynthesis of carotenoids was beginning in these 440 

varieties, which would suggest low degrees of ripening and would corroborate the initial 441 

premise that these varieties were harvested without reaching physiological maturity. 442 

The levels of the provitamin A carotenoid β-carotene ranged from 0.1 (‘Cherry 443 

amarillo’) to 16.1 (ʽTigerellaʼ) (ca. 160-fold difference). This carotenoid was not 444 

predominant in any of the varieties surveyed as the results of other authors show (Cortés-445 

Olmos et al., 2014). The higher content of β-carotene in ʽCherry amarilloʼ and ʽCherry 446 

pera naranjaʼ, could be due to the fact that these varieties are thought to have not reached 447 

physiological maturity. In this sense, it is to be considered that β-carotene is one of the 448 

carotenoids present in photosynthetic tissues and therefore in stay-green tomatoes or those 449 

that has not reached a high degree of ripening, which is typically accompanied by the large 450 
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accumulation of lycopene (Hernández-Gras, De-Pourcq, Angaman, & Boronat, 2017; 451 

Antonio J. Meléndez-Martínez et al., 2010), and as also been shown in study in red cherry 452 

varieties in different degrees of maturity, years, seasons and clusters (Coyago-Cruz et al., 453 

2018).  454 

3.3 Plastids morphology 455 

The microscopic analysis revealed the existence of different types of plastids among 456 

the samples. The most abundant substructures found in the different plastids were 457 

plastoglobules and crystals remnants and the relative amount of them among varieties was 458 

different. Several authors have suggested that plastoglobules in tomatoes are a source of 459 

storage of β-carotene (Cooperstone et al., 2015; R. M. Schweiggert & Carle, 2017). 460 

However other authors have suggested that β-carotene could also be present in crystalline 461 

form (Harris & Spurr, 1969; Rosso, 1968; Ralf M. Schweiggert, Mezger, Schimpf, 462 

Steingass, & Carle, 2012) mainly when there is a hyper-accumulation of this carotenoid in 463 

the cells (Li & Yuan, 2013). On the other hand,  lycopene is present in a solid crystalline 464 

deposition form (Cooperstone et al., 2015; Hernández-Gras et al., 2017; Simkin et al., 465 

2007), . In our study, this crystalline deposition form of lycopene was observed as 466 

membranes with undulating shape in empty spaces, which are likely to be due to the 467 

leaching out of the lycopene during the dehydration process (R. M. Schweiggert & Carle, 468 

2017). The presence of plastoglobules in the varieties that contained no detectable amounts 469 

of lycopene, i.e. ʽCherry amarilloʼ, ʽCherry pera naranjaʼ and ʽGreen Zebraʼ could be due 470 

to the accumulation of β-carotene. On the other hand, the presence of crystals in ʽCherry 471 

pera naranjaʼ could indicate that β-carotene was deposited in this form in this variety.  472 

 Chromoplasts in a relative early development stage were found in the greenish 473 

common tomatoes, i.e. Green Zebra and Sunchocola varieties, and in the Byelsa variety 474 
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(Figures 3 -F, -G and –I), as these still contain chlorophyll pigments and therefore 475 

chloroplasts (Hernández-Gras et al., 2017). Among other substructures, they contained 476 

plastoglobules and crystal remnants. However, no crystal remnants were found in the 477 

Green Zebra variety, which is likely to be due to the lack of lycopene (Table 2); the same 478 

was observed in the micrographs corresponding to ʽCherry amarilloʼ (Figure 2-A and 2-C). 479 

In these chromoplasts in a relative early development, starch granules, grana and 480 

thylakoids with some degree of breakdown were also found. The presence of starch 481 

granules in ʽByelsaʼ suggests that this variety has not yet reached full maturity, since 482 

during tomato fruit ripening it has been demonstrated that there is a decline in starch 483 

plastids and a progressive conversion into reducing sugars (Li & Yuan, 2013). On the other 484 

hand, the absence of starch plastids in immature cherry varieties suggest that the presence 485 

of carbohydrates was due to the degradation of starch and therefore the accumulation of 486 

sugars was lower, as suggested by other authors (Beckles, 2012).  487 

On the other hand, chloroplasts were found in the Minichocmato pera variety. In 488 

these plastids the plastoglobules can be observed associated to the thylakoid membranes, 489 

which has also been reported elsewhere (Li & Yuan, 2013; Shumskaya & Wurtzel, 2013) 490 

(Figure 2-D). In the rest of the samples fully developed chromoplasts with different 491 

carotenoid-accumulating structures were found. As can be observed in Figure 3-H, there 492 

was a great accumulation of plastoglobules and crystal remnants in ʽTigerellaʼ, which 493 

could be related with the fact that this variety was a richer source of lutein, β-carotene and 494 

lycopene compared to the other varieties (Table 1 and 2). Peroxisomes containing 495 

crystalline cores were noticed in ʽSunchocolaʼ, ʽTigerellaʼ ʽByelsaʼ and ʽPalamósʼ (Figures 496 

3 -G, -H and -J). Peroxisomes are known to be multifaceted. Indeed they have been related 497 

with processes such as photorespiration, nitrogen metabolism, detoxification, synthesis of 498 

some plant hormones (Kaur et al., 2009) and modulation of molecular signals during fruit 499 



 23 

ripening (Verlag et al., 2003). This might suggest that ʽTigerellaʼ, ʽByelsaʼ and ʽPalamósʼ 500 

did not reach their maximum maturity and that the amount of lycopene could increase 501 

since these varieties still have sucrose, which would favour biotransformation; however in 502 

ʽSunchocolaʼ their presence might be related to some extent to detoxification, since this 503 

variety was cultivated in autumn and the difficulty in cultivation due to the presence of 504 

pests caused the application of chemicals that could cause plant poisoning.. In addition, in 505 

the round red cherry several plastoglobules were found distributed along the membranes of 506 

the chromoplasts (Figure 2-E). This could be related with the fact that carotenoids are 507 

generated in the membrane of the plastids (Li & Yuan, 2013). All of the aforementioned 508 

substructures were also found in other studies in different tomato varieties (Cooperstone et 509 

al., 2015; Hernández-Gras et al., 2017; Simkin et al., 2007) and the differences found in 510 

plastids among the different varieties of the same fruit could be due to some extent to 511 

differences in the carotenoid profiles (R. M. Schweiggert & Carle, 2017), as, depending on 512 

the carotenoid and its shape, the tendency for aggregation to eventually form crystals can 513 

vary drastically. As an example, lycopene is a linear and rigid carotenoid with 11 c.d.b. 514 

that is known to crystallize easily when is present in high amounts, even in organic 515 

solvents, whereas the linear carotenes phytofluene and phytoene have fewer  c.d.b. (5 and 516 

3, respectively) and so they, have a less rigid shape and are not expected to crystallyze as 517 

easily. On the other hand, as far as red tomatoes are concerned, lycopene occurs 518 

predominantly as the (all-E)-isomer, which is more rigid and linear than the corresponding 519 

Z isomers, whereas phytoene and phytofluene occur largely as Z isomers, hence the 520 

tendency of the latter two tomato carotenes to aggregate and form crystals within the 521 

chromoplast is even lower (Antonio J. Meléndez-Martínez, Paulino, Stinco, Mapelli-522 

Brahm, & Wang, 2014).   523 
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In addition, starch granules were clearly observed in ʽGreen Zebraʼ and ʽByelsaʼ 524 

that exhibited a granular structure of the pulp. They were also present in ʽPalamósʼ, which 525 

is a juicier variety. The presence of starch within the structure provides a certain thickening 526 

character to the tomato pulp, which can interest for the pulp and sauces industry. In 527 

relation to this, the declining of plastid starch content are correlated with fruit ripening 528 

such that decreases in plastid starch are usually correlated with increases of carotenoids 529 

and reducing sugars, which could explain the limited number of starch granules in the 530 

varieties mentioned (Li & Yuan, 2013). In addition, an inverse relationship between the 531 

content of lycopene and phytoene with the sucrose content was evidenced in this study 532 

(Table 1 and 2), as also noted by other authors (Li & Yuan, 2013).  533 

4. CONCLUSIONS 534 

A comprehensive study of commercial quality parameters, sugars, phenols and 535 

carotenoid accumulation in different tomato varieties have been carried out. The study of 536 

the cherry and common varieties is particularly interesting due to the scarcity of studies in 537 

varieties of tomato with coloration different from red. It has been concluded that, overall, 538 

the commercial quality fruit parameter (weight and soluble solid) values in cherry varieties 539 

were lower than the common varieties.  540 

On the other hand, within the varieties studied ʽCherry cerejaʼ (524.1 mg/g DW), 541 

ʽGreen Zebraʼ (523.9 mg/g DW) and ʽTigerellaʼ (522.7 mg/g DW) presented high values 542 

of TSC. Besides, ʽCherry cerejaʼ showed a similar TSC and glucose content than 543 

ʽTigerellaʼ. In addition, ʽCherry cerejaʼ showed high values of TSC associated mainly with 544 

the accumulation of glucose, and ʽCherry amarilloʼ high values of fructose and sucrose.  545 

The TPC values ranged from 150.2 (‘Cherry cereja’) to 503.1 mg/100 g DW (ʽGreen 546 

Zebraʼ) (ca. 3.3-fold difference). p-Hydroxybenzoic acid, p-coumaric acid, caffeic acid, 547 
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chlorogenic acid, gallic acid, ferulic acid, naringin, crisin, quercetrin and quercetin were 548 

the major phenolic compounds detected. The TCC ranged between 2.2 (‘Cherry amarillo’) 549 

and 297.9 (‘Orange’) mg/100 g DW (ca. 150-fold difference). Lycopene was the major 550 

carotenoid in ʽTigerellaʼ (117.1 mg/100 g DW). Phytoene was the predominant carotenoid 551 

in ʽCherry pera clásicoʼ, ‘Cherry pera naranja’, ʽGreen Zebraʼ, ʽSunchocolaʼ and ʽOrangeʼ. 552 

Plastids observation revealed the existence of different types of carotenoid-accumulating 553 

substructures in the plastids among the samples. In general, the most abundant were 554 

plastoglobules and crystals remnants, although the relative amount of them varied 555 

considerably among varieties as a result of their colour and therefore of their carotenoid 556 

profile.  557 

AUTHOR INFORMATION 558 

Corresponding Author 559 

*Phone: +34-954557017 560 

E-mail: ajmelendez@us.es 561 

 562 

Acknowledgements 563 

The authors want to thank the Secretaría Nacional de Educación Superior, Ciencia, 564 

Tecnología e Innovación (SENESCYT) - Ecuador for its financial support and the 565 

Technical Staff of the Service of Biology (SGI, Universidad de Sevilla). AJMM 566 

acknowledges funding from the Spanish State Secretariat of Research, Development and 567 

Innovation (Ministry of Economy and Competitiveness, project ref. AGL2012-37610, co-568 

funded by FEDER). ECC, DH, CMS and AJMM thank the Ibero-American Programme for 569 

Science, Technology and Development (CYTED, http://www.cyted.org) for the funding of 570 

http://www.cyted.org/


 26 

the IBERCAROT network (http://carotenoides.us.es, ref. 112RT0445). AJMM 571 

acknowledges funding from Carotenoid Network: from microbial and plants to food and 572 

health (CaRed), funded by the Spanish Ministry of Economy and Competitiveness 573 

(BIO2015-71703-REDT). Quality technical assistance from Ms. Ana Benítez is 574 

acknowledged. 575 

Notes 576 

The authors declare no competing financial interest 577 

REFERENCES  578 

Beckles, D. M. (2012). Factors affecting the postharvest soluble solids and sugar 579 

content of tomato (Solanum lycopersicum L.) fruit. Postharvest Biology and 580 

Technology, 63(1), 129–140. https://doi.org/10.1016/j.postharvbio.2011.05.016 581 

Böhm, V. (2012). Lycopene and heart health. Molecular Nutrition and Food Research, 582 

56(2), 296–303. https://doi.org/10.1002/mnfr.201100281 583 

Borghesi, E., González-Miret, M. L., Escudero-Gilete, M. L., Malorgio, F., Heredia, F. J., & 584 

Meléndez-Martínez, A. J. (2011). Effects of salinity stress on carotenoids, 585 

anthocyanins, and color of diverse tomato genotypes. Journal of Agricultural and 586 

Food Chemistry, 59(21), 11676–11682. https://doi.org/10.1021/jf2021623 587 

Choi, S. H., Kim, D. S., Kozukue, N., Kim, H. J., Nishitani, Y., Mizuno, M., … Friedman, M. 588 

(2014). Protein, free amino acid, phenolic, β-carotene, and lycopene content, and 589 

antioxidative and cancer cell inhibitory effects of 12 greenhouse-grown 590 

commercial cherry tomato varieties. Journal of Food Composition and Analysis, 591 

34(2), 115–127. https://doi.org/10.1016/j.jfca.2014.03.005 592 

Cichon, M. J., Riedl, K. M., & Schwartz, S. J. (2017). A metabolomic evaluation of the 593 

phytochemical composition of tomato juices being used in human clinical trials. 594 

Food Chemistry, 228. https://doi.org/10.1016/j.foodchem.2017.01.118 595 

Cooperstone, J. L., Ralston, R. A., Riedl, K. M., Haufe, T. C., Schweiggert, R. M., King, S. A., 596 

… Schwartz, S. J. (2015). Enhanced bioavailability of lycopene when consumed as 597 

cis-isomers from tangerine compared to red tomato juice, a randomized, cross-598 

over clinical trial. Molecular Nutrition and Food Research, 59(4), 658–669. 599 

https://doi.org/10.1002/mnfr.201400658 600 

Cooperstone, J. L., Tober, K. L., Riedl, K. M., Teegarden, M. D., Cichon, M. J., Francis, D. 601 

M., … Oberyszyn, T. M. (2017). Tomatoes protect against development of UV-602 

induced keratinocyte carcinoma via metabolomic alterations. Scientific Reports, 603 

7(1), 1–9. https://doi.org/10.1038/s41598-017-05568-7 604 

http://carotenoides.us.es/


 27 

Cortés-Olmos, C., Leiva-Brondo, M., Roselló, J., Raigónc, M. D., & Cebolla-Cornejo, J. 605 

(2014). The role of traditional varieties of tomato as sources of functional 606 

compounds. Journal of the Science of Food and Agriculture, 94(14), 2888–2904. 607 

https://doi.org/10.1002/jsfa.6629 608 

Coyago-Cruz, E., Corell, M., Moriana, A., Hernanz, D., Benítez-González, A. M., Stinco, C. 609 

M., & Meléndez-Martínez, A. J. (2018). Antioxidants (carotenoids and phenolics) 610 

profile of cherry tomatoes as influenced by deficit irrigation, ripening and 611 

cluster. Food Chemistry, 240(August 2017), 870–884. 612 

https://doi.org/10.1016/j.foodchem.2017.08.028 613 

Coyago-Cruz, E., Corell, M., Moriana, A., Hernanz, D., Stinco, C. M., & Meléndez-614 

Martínez, A. J. (2017). Effect of the fruit position on the cluster on fruit quality, 615 

carotenoids, phenolics and sugars in cherry tomatoes (Solanum lycopersicum L.). 616 

Food Research International, 100(August), 804–813. 617 

https://doi.org/10.1016/j.foodres.2017.08.002 618 

Coyago-Cruz, E., Corell, M., Stinco, C. M. C. M., Hernanz, D., Moriana, A., & Meléndez-619 

Martínez, A. J. A. J. (2017). Effect of regulated deficit irrigation on quality 620 

parameters, carotenoids and phenolics of diverse tomato varieties (Solanum 621 

lycopersicum L.). Food Research International, 96, 72–83. 622 

https://doi.org/10.1016/j.foodres.2017.03.026 623 

Dias, M. G., Olmedilla-Alonso, B., Hornero-Méndez, D., Mercadante, A. Z., Osorio, C., 624 

Vargas-Murga, L., & Meléndez-Martínez, A. J. (2018). Comprehensive Database of 625 

Carotenoid Contents in Ibero-American Foods. A Valuable Tool in the Context of 626 

Functional Foods and the Establishment of Recommended Intakes of Bioactives. 627 

Journal of Agricultural and Food Chemistry, 66(20), 5055–5107. 628 

https://doi.org/10.1021/acs.jafc.7b06148 629 

Figàs, M. R., Prohens, J., Raigón, M. D., Fita, A., García-Martínez, M. D., Casanova, C., … 630 

Soler, S. (2015). Characterization of composition traits related to organoleptic 631 

and functional quality for the differentiation, selection and enhancement of local 632 

varieties of tomato from different cultivar groups. Food Chemistry, 187, 517–524. 633 

https://doi.org/10.1016/j.foodchem.2015.04.083 634 

Flores, P., Sánchez, E., Fenoll, J., & Hellín, P. (2017). Genotypic variability of 635 

carotenoids in traditional tomato cultivars. Food Research International, 100, 636 

510–516. https://doi.org/10.1016/j.foodres.2016.07.014 637 

Giovannucci, E. (2002). A review of epidemiologic studies of tomatoes, lycopene, and 638 

prostate cancer. Experimental Biology and Medicine (Maywood, N.J.), 227(10), 639 

852–859. https://doi.org/10.1177/153537020222701003 640 

Gómez, R., Costa, J., Amo, M., Alvarruiz, A., Picazo, M., & Pardo, J. E. (2001). 641 

Physicochemical and colorimetric evaluation of local varieties of tomato grown 642 

in SE Spain. Journal of the Science of Food and Agriculture, 81(11), 1101–1105. 643 

https://doi.org/10.1002/jsfa.915 644 

Harris, W. M., & Spurr, A. R. (1969). Chromoplasts of tomato fruits . I . Ultrastructure 645 

of low-pigment and high- beta mutants . Carotene analyses. America Journal of 646 



 28 

Botany, 56(4), 369–379. Retrieved from url: 647 

http://www.jstor.org/stable/2440812 648 

Hernández-Gras, F., De-Pourcq, K., Angaman, D., & Boronat, A. (2017). Biosíntesis y 649 

acumulación de carotenoides en el fruto de tomate. In A. J. Meléndez-Martínez 650 

(Ed.), Carotenoides en agroalimentación y salud (pp. 208–222). México: Editorial 651 

Terracota, SA de CV. Retrieved from 652 

https://www.researchgate.net/profile/Damaso_Hornero-653 

Mendez/publication/321310561_Carotenoides_en_agroalimentacion_y_salud/lin654 

ks/5a1bfa83a6fdcc50adecad92/Carotenoides-en-agroalimentacion-y-salud.pdf 655 

Kasim, M. U., & Kasim, R. (2015). Postharvest UV-B treatments increased fructose 656 

content of tomato (Solanum lycopersicon L. cv. Tayfun F1) harvested at different 657 

ripening stages. Food Science and Technology (Campinas), 35(4), 742–749. 658 

https://doi.org/10.1590/1678-457X.0008 659 

Kaur, N., Reumann, S., Hu, J., Kaur, N., Reumann, S., & Hu, J. (2009). Peroxisome 660 

biogenesis and function. BioOne, 41. https://doi.org/10.1199/tab.0123 661 

Li, L., & Yuan, H. (2013). Chromoplast biogenesis and carotenoid accumulation. 662 

Archives of Biochemistry and Biophysics, 539(2), 102–109. 663 

https://doi.org/10.1016/j.abb.2013.07.002 664 

Lopéz Camelo, A. F. (2003). Manual para la preparación y venta de frutas y hortalizas. 665 

Del campo al mercado. FAO. Boletín de Servicios Agrícolas de la FAO 151. 666 

Retrieved from 667 

http://www.fao.org/docrep/006/y4893s/y4893s00.htm%5Cnfile:///C:/Users/668 

MARIA T/AppData/Local/Mendeley Ltd./Mendeley 669 

Desktop/Downloaded/Camelo - 2003 - La calidad en frutas y hortalizas.pdf 670 

Mapelli-Brahm, P., Corte-Real, J., Meléndez-Martínez, A. J., & Bohn, T. (2017). 671 

Bioaccessibility of phytoene and phytofluene is superior to other carotenoids 672 

from selected fruit and vegetable juices. Food Chemistry, 229, 304–311. 673 

https://doi.org/10.1016/j.foodchem.2017.02.074 674 

Meléndez-Martínez, A. J., Fraser, P. D., & Bramley, P. M. (2010). Accumulation of 675 

health promoting phytochemicals in wild relatives of tomato and their 676 

contribution to in vitro antioxidant activity. Phytochemistry, 71(10), 1104–1114. 677 

https://doi.org/10.1016/j.phytochem.2010.03.021 678 

Meléndez-Martínez, A. J., Mapelli-Brahm, P., & Stinco, C. M. (2018). The colourless 679 

carotenoids phytoene and phytofluene: From dietary sources to their usefulness 680 

for the functional foods and nutricosmetics industries. Journal of Food 681 

Composition and Analysis, 67. https://doi.org/10.1016/j.jfca.2018.01.002 682 

Meléndez-Martínez, A. J., Paulino, M., Stinco, C. M., Mapelli-Brahm, P., & Wang, X.-D. 683 

(2014). Study of the time-course of cis/trans ( Z / E ) isomerization of lycopene, 684 

phytoene, and phytofluene from tomato. Journal of Agricultural and Food 685 

Chemistry, 62, 12399–1246. https://doi.org/10.1021/jf5041965 686 

Melendez-Martinez, A. J., Stinco, C. M., Liu, C., & Wang, X. D. (2013). A simple HPLC 687 



 29 

method for the comprehensive analysis of cis/trans (Z/E) geometrical isomers of 688 

carotenoids for nutritional studies. Food Chemistry, 138(2–3), 1341–1350. 689 

https://doi.org/10.1016/j.foodchem.2012.10.067 690 

Meléndez-Martínez, A. J., Vicario, I. M., & Heredia, F. J. (2007). Carotenoids, color, and 691 

ascorbic acid content of a novel frozen-marketed orange juice. Journal of 692 

Agricultural and Food Chemistry, 55(4), 1347–1355. 693 

https://doi.org/10.1021/jf063025b 694 

Park, M. H., Sangwanangkul, P., & Baek, D. R. (2018). Changes in carotenoid and 695 

chlorophyll content of black tomatoes (Lycopersicone sculentum L.) during 696 

storage at various temperatures. Saudi Journal of Biological Sciences, 25(1), 57–697 

65. https://doi.org/10.1016/j.sjbs.2016.10.002 698 

Periago, M. J., Martínez-Valverde, I., Chesson, A., & Provan, G. (2002). Phenolic 699 

compounds, lycopene and antioxidant activity in commercial varieties of tomato 700 

(Lycopersicum esculentum). Journal of the Science of Food and Agriculture, 82(3), 701 

323–330. https://doi.org/10.1002/jsfa.1035 702 

Raiola, A., Del Giudice, R., Monti, D. M., Tenore, G. C., Barone, A., & Rigano, M. M. 703 

(2015). Bioactive Compound Content and Cytotoxic Effect on Human Cancer 704 

Cells of Fresh and Processed Yellow Tomatoes. Molecules (Basel, Switzerland), 705 

21(1), 33. https://doi.org/10.3390/molecules21010033 706 

Rosso, S. W. (1968). The ultrastructure of chromoplast development in red tomatoes. 707 

Journal of Ultrasructure Research, 25(3–4), 307–322. 708 

https://doi.org/10.1016/S0022-5320(68)80076-0 709 

Schweiggert, R. M., & Carle, R. (2017). Carotenoid deposition in plant and animal 710 

foods and its impact on bioavailability. Critical Reviews in Food Science and 711 

Nutrition, 57(9), 1807–1830. https://doi.org/10.1080/10408398.2015.1012756 712 

Schweiggert, R. M., Mezger, D., Schimpf, F., Steingass, C. B., & Carle, R. (2012). 713 

Influence of chromoplast morphology on carotenoid bioaccessibility of carrot, 714 

mango, papaya, and tomato. Food Chemistry, 135(4), 2736–2742. 715 

https://doi.org/10.1016/j.foodchem.2012.07.035 716 

Shumskaya, M., & Wurtzel, E. T. (2013). The carotenoid biosynthetic pathway: 717 

Thinking in all dimensions. Plant Science, 208, 58–63. 718 

https://doi.org/10.1016/j.plantsci.2013.03.012 719 

Simkin, A. J., Gaffé, J., Alcaraz, J. P., Carde, J. P., Bramley, P. M., Fraser, P. D., & Kuntz, M. 720 

(2007). Fibrillin influence on plastid ultrastructure and pigment content in 721 

tomato fruit. Phytochemistry, 68(11), 1545–1556. 722 

https://doi.org/10.1016/j.phytochem.2007.03.014 723 

Slimestada, R., & Verheulb, M. (2009). Review of flavonoids and other phenolics from 724 

fruits of different tomato (lycopersicon esculentum mill.) cultivars. Journal of the 725 

Science of Food and Agriculture, 89(8), 1255–1270. 726 

https://doi.org/10.1002/jsfa.3605 727 



 30 

Talens, P., Mora, L., Bramley, P. M., & Fraser, P. D. (2016). Antioxidant compounds and 728 

their bioaccessibility in tomato fruit and puree obtained from a DETIOLATED-1 729 

(DET-1) down-regulated genetically modified genotype. Food Chemistry, 213, 730 

735–741. https://doi.org/10.1016/j.foodchem.2016.06.079 731 

Verlag, F., Mateos, R. M., León, A. M., Sandalio, L. M., Gómez, M., Río, L. A., & Palma, J. M. 732 

(2003). Peroxisomes from pepper fruits ( Capsicum annuum L .): purification , 733 

characterisation and antioxidant activity. Journal of Plant Physiology, 160, 1507–734 

1516. 735 

Yuan, Y., Li, C. T., & Wilson, R. (2008). Partial mixture model for tight clustering of 736 

gene expression time-course. BMC Bioinformatics, 9, 1–17. 737 

https://doi.org/10.1186/1471-2105-9-287 738 

 739 



 

Fig. 1 . Representación de las muestras de tomate en el plano 

a * b * del espacio de color uniforme de CIELAB. (Para la 

interpretación de las referencias al color en la leyenda de esta 

figura, se remite al lector a la versión web de este artículo). 

 

 

 

 

 

 

 

 

 

Fig. 2 . Imágenes de microscopía electrónica de plástidos y otras estructuras en tomates cherry de diversos colores. La barra en cada 

figura representa la escala de tamaño para esa figura. 'Cherry amarillo' (A), 'Cherry pera clásico' (B), 'Cherry pera naranja' (C), 

'Minichocmato pera' (D), 'Cherry cereja' (E). 1, membrana externa ; 2, membrana interna ; 3, gránulos de almidón; 4, los restos de 

cristal; 5, grana; 6, gotas lipídicas; 7, membranas tilacoides ; 8, plastoglobules; MT, mitocondrias ; CW, pared celular. (Para la 

interpretación de las referencias al color en esta figura, la leyenda hace referencia al lector a la versión web de este artículo). 
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Fig. 3 . Imágenes de microscopía electrónica de plástidos y otras estructuras en tomates comunes con diversos colores. La barra en 

cada figura representa la escala de tamaño para esa figura. 'Green Zebra' (F), 'Sunchocola' (G), 'Tigerella' (H), 'Byelsa' (I), 'Palamós' (J), 

'Orange' (K). 1, membrana externa ; 2, membrana interna ; 3, gránulos de almidón; 4, los restos de cristal; 5, grana; 6, gotas 

lipídicas; 7, membranas tilacoides ; 8, plastoglobules; MT, mitocondrias ; P, peroxisoma; CW, pared celular. Nota: La variedad naranja 

(K) no aparece en la figura, ya que no estaba disponible en el momento de los análisis microscópicos. (Para la interpretación de las 

referencias al color en la leyenda de esta figura, se remite al lector a la versión web de este artículo). 
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Tabla 1 . Valores promedio de parámetros de calidad comercial, azúcares, fenólicos y carotenoides de tomates cherry . 

 'Cherry Amarillo' 

(A) 

'Cherry pera clásico' 

(B) 

'Cereza Pera Naranja' 

(C) 

'Minichocmato pera' 

(D) 

'Cherry cereja' 

(E) 

Ac 

Color Amarillo rojo naranja Verde rojo rojo  

Parámetros de calidad 

ED (cm) 4.2 ± 0.5 b 3.6 ± 0.6 d 3.7 ± 0.8 d 3.7 ± 0.4  cd 4.3 ± 0.2 a *** 

LD (cm) 2.6 ± 0.2 d 3.6 ± 0.3 a 3.4 ± 0.2 b 3.0 ± 0.4 c 2.9 ± 0.2 c *** 

Peso 

(gramos) 

9.6 ± 1.9 b 9.0 ± 1.9 b 11.3 ± 3.7 b 7.9 ± 1.6 c 11.5 ± 1.0 a *** 

SS (° Brix) 3.5 ± 1.0 ab 3.3 ± 0.8 ab 3.3 ± 0.8 ab 3.3 ± 1.0 ab 3.7 ± 0.5 a * 

L * 44.6 ± 0.8 b 34.0 ± 1.9 d 49.1 ± 0.9 a 31.5 ± 1.4 e 35.6 ± 1.7 c *** 

C * 
ab 40.9 ± 4.0 b 38.0 ± 2.6 c 53.0 ± 2.9 a 18.3 ± 2.5 d 41.3 ± 4.0 b *** 

h ab 81.2 ± 3.1 a 40.9 ± 3.0 d 68.8 ± 0.8 b 66.2 ± 10.4 c 41.7 ± 2.5 d *** 

Carotenoides (mg / 100 g DW) y 

Fitoeno 0.3 ± 0.1 d 8.1 ± 0.0 c 25.4 ± 0.1 a 11.6 ± 1.2 b 14.1 ± 0.0 b ** 

Fitoflueno Dakota del Norte 0.7 ± 0.0 b 3.2 ± 0.2 a Dakota del Norte 3.2 ± 0.0 a  

Luteína 1.0 ± 0.0 c 0.5 ± 0.0 d 0.6 ± 0.0 d 6.1 ± 0.1 a 1.6 ± 0.0 b *** 

Licopeno Dakota del Norte 4.7 ± 0.1 c Dakota del Norte 77.5 ± 3.3 a 69.2 ± 0.9 b  

β-caroteno 1.2 ± 0.0 c 0.5 ± 0.0 d 0.5 ± 0.0 c 6.9 ± 0.2 a 2.4 ± 0.0 b *** 

TCC 2.5 ± 0.1 d 14.4 ± 0.1 c 29.7 ± 0.2 b 102.0 ± 3.5 a 90.7 ± 0.9 a *** 

Compuestos fenólicos (mg / 100 g DW) y 

p -hidroxi 130.2 ± 1.19 d 173.5 ± 0.1 a 165.0 ± 1.8 b 136.4 ± 0.9 c 86.2 ± 0.7 e *** 

p -Cumar 30.7 ± 1.1 b 6.3 ± 0.1 c 6.4 ± 0.0 c 33.2 ± 0.2 a 5,6 ± 0,2 c *** 

Cafeína 20.7 ± 1.5 a 4.3 ± 0.0 c 15.3 ± 0.8 b 3.9 ± 0.1 c 20.3 ± 0.2 a *** 

Chloroge 23.1 ± 1.7 b 4.3 ± 0.1 d 68.5 ± 1.5 a 13.3 ± 0.1 c 3.8 ± 0.2 d *** 

gálico 9.3 ± 0.1 c 12.8 ± 0.4 a 10.6 ± 0.4 b 7.8 ± 0.0 d 12.0 ± 0.1 a *** 

Ferulico Dakota del Norte Dakota del Norte Dakota del Norte Dakota del Norte Dakota del Norte  

Naringin Dakota del Norte Dakota del Norte Dakota del Norte Dakota del Norte Dakota del Norte  

Crisina Dakota del Norte Dakota del Norte Dakota del Norte Dakota del Norte Dakota del Norte  

Quercetrin tr tr tr tr tr  

Quercetina 49.6 ± 0.7 a 38.4 ± 1.2 c 42.0 ± 0.7 b 26.4 ± 0.6 d 22.4 ± 0.7 e *** 

TPC 263.5 ± 0.8 b 239.8 ± 1.8 c 307.7 ± 0.1 a 220.9 ± 0.2 d 150.2 ± 2.0 e *** 

Azúcares z (mg / g DW) y 

Fructosa 114.1 ± 1.7 a 91.2 ± 2.7 b 95.5 ± 0.4 b 58.8 ± 0.9 d 74.1 ± 1.4 c *** 

Glucosa 320.4 ± 8.0 c 315.9 ± 11.3 c 359.9 ± 0.1 b 214.9 ± 1.8 d 426.0 ± 1.3 a *** 

Sacarosa 55.1 ± 1.3 a 30.9 ± 0.0 b 30.5 ± 0.1 b 34.6 ± 3.3 b 23.9 ± 0.5 c *** 

TSC 489.6 ± 11.0 b 438.0 ± 14.0 c 485.9 ± 0.3 b 308.4 ± 6.0 d 524.1 ± 0.4 a *** 

Valores medios ± SD; [ x (n = 40); y (n = 12)]. La importancia de las diferencias entre las variedades de cereza (A C ), se 
da: ns, no significativo; * , p  <0.1; **, p  <0,01; ***, p  <0,001. Los valores medios seguidos por la misma letra no difieren 
significativamente en el nivel de confianza del 99% dado. tr, traza; nd, no detectable; DE, diámetro ecuatorial; LD, 
diámetro longitudinal; SS, sólido soluble; TCC, carotenoides totales; p- Hidroxi, ácido p-hidroxibenzoico; p -Cumar, p -
ácido cumárico; Cafeico, acido cafeico ; Chloroge, ácido clorogénico; Ácido gálico , gálico ; Ferulic, ácido 
ferúlico ; TPC,compuestos fenólicostotales; CET, contenido total de azúcares. 
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Tabla 2 . Valores medios de parámetros de calidad comercial, azúcares, fenólicos y carotenoides de tomates comunes. 

 'Cebra Verde' (F) 'Sunchocola' (G) 'Tigerella' (H) 'Byelsa' (I) 'Palamós' (J) 'Naranja' (K) AH Unch 

Color Verde amarillo Verde rojo Rojo-amarillo rojo rojo naranja   

Parámetros de calidad 

ED (cm) 9.2 ± 1.7 b 4.6 ± 0.2 d 7.2 ± 0.6 c 6.8 ± 0.7 c 9.6 ± 0.7 b 13.7 ± 2.2 a *** *** 

LD (cm) 5.0 ± 0.7 c 3.9 ± 0.1 d 4.0 ± 0.4 d 6.2 ± 1.1 b 5.1 ± 0.3 c 7.0 ± 0.6 a *** *** 

Peso (gramos) 94.7 ± 40.3 b 50.4 ± 6.9 c 45.6 ± 6.2 c 56.7 ± 15.7 c 102.8 ± 19.4 b 274.9 ± 12.6a *** *** 

SS (° Brix) 6.2 ± 0.5 a 5.6 ± 0.9 a 4.6 ± 0.9 b 5.7 ± 1.0 a 4.6 ± 0.5 b 6.0 ± 0.5 a *** *** 

L * 44.4 ± 6.1 b 34.1 ± 0.9 e 36.7 ± 3.3 d 39.2 ± 4.2 c 43.3 ± 3.3 b 50.7 ± 4.7 a *** *** 

C * 
ab 41.9 ± 8.5 b 17.0 ± 1.7 d 35.4 ± 4.7 c 44.8 ± 5.0 b 44.2 ± 8.8 b 62.3 ± 2.8 a *** *** 

h ab 96.0 ± 3.0 a 58.7 ± 3.8 c 46.0 ± 3.0 e 44.1 ± 6.8 e 52.6 ± 5.8 d 62.7 ± 6.2 b *** *** 

Carotenoides (mg / 100 g DW) y 

Fitoeno 45.9 ± 8.1 b 12.1 ± 0.4 d 27.2 ± 4.5 c 23.5 ± 4.7 c 21.7 ± 4.0 c 252.6 ± 21.2a *** *** 

Fitoflueno Dakota del Norte Dakota del Norte 2.3 ± 0.4 b rastro traza ± 12.3 ± 0.7 a ** ***  

Luteína 0.8 ± 0.1 d 3.8 ± 0.8 a 3.6 ± 0.4 a 2.8 ± 0.5 b 1.6 ± 0.2 c 0.4 ± 0.1 e *** *** 

Licopeno Dakota del Norte 15.0 ± 0.0 d 117.1 ± 23.7a 110.4 ± 11.2a 47.4 ± 8.0 b 30.5 ± 0.6 c *** *** 

β-caroteno 1.1 ± 0.1 e 4.5 ± 0.1 d 16.1 ± 1.0 a 7.0 ± 0.6 c 10.9 ± 0.3 b 1.9 ± 0.2 e *** *** 

TCC 50.2 ± 8.4 d 35.5 ± 0.3 e 166.4 ± 2.6b 143.7 ± 15.0b 80.9 ± 9.2 c 297.9 ± 20.7a *** *** 

Compuestos fenólicos (mg / 100 g DW) y 

p -hidroxi 183.9 ± 9.7 a 102.9 ± 8.4 c 83.7 ± 1.0 d 69.7 ± 1.6 e 68.2 ± 1.1 e 147.2 ± 9.2 b *** *** 

p -Cumar 104.0 ± 11.3a 31.8 ± 3.7 c 31.6 ± 0.5 c 19.7 ± 1.7 d 24.0 ± 1.1 c 58.5 ± 2.5 b *** *** 

Cafeína 13.9 ± 0.7 bc 30.1 ± 2.2 a 17.0 ± 0.3 b 11.0 ± 0.3 c 10.6 ± 0.5 c 10.4 ± 1.4 c *** *** 

Chloroge 85.0 ± 1.1 a 6.4 ± 0.1 e 68.9 ± 5.0 b 74.5 ± 3.2 ab 64.8 ± 8.3 c 40.9 ± 2.2 d *** *** 

gálico 14.8 ± 1.2 b 21.7 ± 0.5 a Dakota del Norte Dakota del Norte Dakota del Norte 9.3 ± 0.2 c *** *** 

Ferulico 15.5 ± 2.4 a Dakota del Norte 12.8 ± 0.9 b 11.5 ± 1.8 bc 10.1 ± 0.5 c 9.2 ± 0.3 d *** *** 

Naringin 9.5 ± 1.0 b 2.6 ± 0.0 d 9.5 ± 0.4 c 24.7 ± 6.2 a 13.9 ± 0.7 b Dakota del Norte *** *** 

Crisina 31.8 ± 0.6 b 37.5 ± 0.7 a 31.6 ± 0.3 b 32.7 ± 0.8 b 32.6 ± 0.8 b 32.1 ± 0.3 b *** *** 

Quercetrin 18.1 ± 0.5 c 15.6 ± 0.3 cd 27.7 ± 1.1 ab 29.5 ± 0.7 a 26.1 ± 1.9 b 14.9 ± 1.1 d *** *** 

Quercetina 30.4 ± 0.6 c 37.9 ± 0.4 bc 62.1 ± 2.6 a 61.2 ± 8.2 a 42.2 ± 2.7 b 25.8 ± 1.8 d *** *** 

TPC 503.1 ± 5.7 a 286.3 ± 3.5 d 344.9 ± 7.6b 334.5 ± 12.4c 292.6 ± 12.9 d 345.9 ± 19.2b *** *** 

Azúcares z (mg / g DW) y 

Fructosa 132.7 ± 2.8 b 94.5 ± 2.2 c 83.1 ± 0.3 d 99.1 ± 3.6 c 81.3 ± 1.3 d 156.6 ± 0.7 a *** *** 

Glucosa 391.2 ± 5.0 b 288.1 ± 8.5 c 416.0 ± 6.5a 313.2 ± 14.6c 406.8 ± 1.2 a 307.5 ± 1.7 c *** *** 

Sacarosa Dakota del Norte Dakota del Norte 23.6 ± 0.7 b 30.0 ± 0.5 a 23.0 ± 0.4 b Dakota del Norte ns *** 

TSC 523.9 ± 7.8 a 410.2 ± 12.6d 522.7 ± 7.0ab 442.4 ± 18.6cd 511.2 ± 0.4 b 464.1 ± 1.8 c *** *** 

 

Valores medios ± SD; [ x (n = 21); y (n = 12)]. La importancia de las diferencias entre los tomates comunes (A H ) y todas 
las variedades (A CH) se da: ns, no significativo; *, p  <0.1; **, p  <0,01; ***, p  <0,001. Los valores medios seguidos por la 
misma letra no difieren significativamente en el nivel de confianza del 99% dado. tr, traza; nd, no detectable; DE, 
diámetro ecuatorial; LD, diámetro longitudinal; SS, sólido soluble; TCC, carotenoides totales; p-Hidroxi, ácido p-
 hidroxibenzoico; p -Cumar, p -ácido cumárico; Cafeico, acido cafeico ; Chlorogeácido clorogénico ; Ácido 
gálico , gálico ; Ferulic, ácido ferúlico ; TPC,compuestos fenólicostotales; CET, contenido total de azúcares. 
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