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Abstract
The present work carries out a quantitative analysis of the major bioactive compounds found in the native Mexican purple 
tomatoes. Total phenolic content ranged from 7.54 to 57.79 mg TPC/g DM, total flavonoid content ranged from 1.89 to 
16.93 mg TFC/g DM, total anthocyanin content ranged from 0.29 to 2.56 mg TAC/g DM, and total carotenoid content ranged 
from 0.11 to 0.75 mg TCC/ g DM. In addition, 14 phenolic acids were identified, among which caffeoylquinic acid derivatives 
were the most abundant compounds with chlorogenic acid concentration up to 9.680 mg/g DM, together with flavonoids, 
such as rutin and quercetin-hexoxide. The qualitative analysis also showed the presence of 9 acylated anthocyanins and 2 
carotenoids with significant functional features. As for anthocyanins, their chemical structures disclosed special structural 
features: glycosylated anthocyanins exhibited cis-trans hydroxycinnamic moieties and petunidin-3-(trans-p-coumaroyl)-
rutinoside-5-glucoside was reported to be the main anthocyanin, whitin the range of concentrations between 0.160 and 
1.143 mg/g DM.
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Abbreviations
DM	� Dry matter
TAC​	� Total anthocyanin content
TFC	� Total flavonoid content
TPC	� Total phenol content
TCC​	� Total carotenoid content
AG Oaxaca	� atomic grape variety
BS Oaxaca	� black strawberry variety
HPLC	� High-performance liquid chromatography

HPLC-MS	� High-performance liquid chromatography 
and mass spectrometry

Ant	� Athocyanin

Introduction

Tomato (Solanum lycopersicum L.) is ranked as the second 
most important fruit and vegetable crop only preceded by 
potato (Solanum tuberosum L.). Tomato is believed to be a 
native of the areas confined to Peru and Ecuador, but it was 
domesticated in Mexico, where its cultivated forms were 
disseminated. Nowadays, tomato is grown all around the 
world for local consumption or for export [1].

Mainly composed of water (>90%), tomato contains little 
protein or fat, and approximately 3% (w/w) of carbohydrates 
(glucose and fructose). As for its morphological structure, 
pericarp consists of an external layer, namely the exocarp, 
and mesocarp and endocarp as internal layers. The exocarp 
(epidermis) consists of a fine cuticle without stomata whose 
phenolic content increases during fruit growth [2]. The qual-
ity of tomato fruits can be determined by assessing the quan-
tity of phytochemicals, sugars, minerals, and vitamins [3]. 
Common nutrients found in tomatoes include vitamins min-
erals, fiber, proteins, essential amino acids, monosaturated 
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fatty acids, carotenoids, phytosterols, among others [4]. The 
presence of carotenoids in tomatoes, such as the content of 
other bioactive compounds, depends on the fruit genotype 
and environmental growing conditions. The most abun-
dant carotenoid in tomato is lycopene [5], which confers 
its characteristic red color, followed by β-carotene which is 
associated with more orange-yellowish tones. Tomatoes can 
also vary in color from purple to black, but these tones are 
directly related to the presence of anthocyanins. In general, 
these colored phenolics are accumulated in fruit epider-
mis, and although some authors state that tomatoes do not 
produce anthocyanins naturally, this characteristic can be 
obtained by either genetic transformation or by introgression 
of various species of wild purple fruits [6]. It is also known 
that the main activity of anthocyanins in fruits is to protect 
against oxidative stress during fruit development. Moreover, 
these colored compounds found in tomatoes play a protec-
tive role in human body, for example, fighting against oxida-
tive stress, acting as photo protectors and anti-inflammatory 
agents, to name a few [7]. The anthocyanins detected in pur-
ple tomatoes belong to glycosides of delphinidin and petuni-
din, acylated with coumaric acid, which is typical for most 
Solanaceae fruits [6]. Color stability is linked to the acyl 
group that can participate in π stacking interactions with the 
anthocyanin chromophore (intramolecular co-pigmentation 
or auto-association), protecting against water molecule addi-
tion [8]. However, anthocyanins and other bioactive com-
pounds found in the creole purple tomatoes have been poorly 
characterized. For that reason, the present study was focused 
on the identification, characterization and quantification of 
the major anthocyanins and other bioactive compounds (caf-
feic acid derivatives, flavonoids, and carotenoids) in different 
samples of Mexican purple tomato.

Materials and Methods

Extraction

Phenolic compounds (TPC, TFC, and TAC) were extracted 
from 0.5 g of the lyophilized powder of tomato peel (the 
varieties are described in the SI (supplementary informa-
tion): plant material and sample preparation and Fig. SI-1), 
resuspended in 10 mL of the solvent mix that contained 
methanol: water: lactic acid (80: 19:1, v/v) using ultrasonic 
bath at 40 °C for 20 min. For the TCC extraction, 0.5 g 
of the lyophilized powder of tomato peel resuspended in 
10 mL of the solvent mix containing hexane: acetone: etha-
nol (50:25:25, v/v) using ultrasonic bath was sonicated at 
25 °C for 20 min. TCC was quantified in the extracts and 
the results were expressed as mg of bioactive compound/g of 
dry mass (DM). All the essays were performed in triplicate.

Quantification of Total Phenol Content (TPC)

The content of phenolic compounds in the samples was deter-
mined according to the method previously described by Taga 
et al. [9]. In brief, 100 μL of the filtrated (described in the extrac-
tion section) were mixed with 2 mL of 2% Na2CO3 (w/v), and 
the suspension was left to incubate for 2 min. Following that 
time, 100 μL of Folin-Ciocalteu reagent were added (previously 
diluted with water at ratio 1:1 (v/v), and this mixture was left to 
incubate for 30 min. Absorbance was measured at 750 nm using 
a Cary 60 UV-Vis spectrophotometer. For the calibration curve, 
standard solutions of gallic acid were prepared in a concentra-
tion range from 0.03 to 1.0 mg/mL. Phenols content in extract 
samples was determined by interpolation on the standard curve, 
and the results were expressed as mg TPC/ g DM.

Quantification of Total Flavonoid Content (TFC)

The assay was carried out following the modified method 
described by Chang [10]. In brief, 1  mL of extract 
(described in the extraction section) was mixed with 1.4 mL 
of H2O and 300 μL of 5% NaNO2 (w/v). The mixture was 
left to incubate for 5 min. Following that time, 300 μL of 
10% AlCl3 (w/v), 2 mL of 1 M NaOH, and 5 mL of H2O 
were added. The absorbance was measured at 415 nm. 
For calibration curve, a series of catechin standard solu-
tions was prepared in a range of concentrations from 0.01 
to 0.3 mg/mL. The flavonoid content was determined by 
interpolation on the calibration curve. The results were 
expressed as TFC mg/g DM.

Quantification of Total Anthocyanin Content (TAC)
For that purpose, the differential pH methodology was fol-
lowed as described by Giusti and Wrolsad [11]. In brief, 
1800 μL of 0.025 M potassium chloride buffer pH 1.0 
were transferred to a test tube containing 200 μL of extract 
(described in the extraction section) and stirred. Then, 
1800 μL of 0.4 M sodium acetate buffer pH 4.5 were trans-
ferred to another test tube containing 200 μL of extract 
(described in the extraction section) and mixed well. The 
difference in absorbance between the two samples was meas-
ured at 510 and 700 nm. The TAC was calculated using 
equations proposed by Giusti and Wrolstad:

A	� (A510 – A700) pH 1.0 – (A510 – A700) pH 4.5

MW	� molecular weight
DF	� dilution factor
ε	� molar absorption coefficient

TAC = (A ×MW × DF × 1000)∕(ε × 1)
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Molecular weight and molar absorption coefficient used 
in that formula correspond to those of cyanidin-3-gluco-
side. The results were expressed as TAC mg/g DM.

Quantification of Total Carotenoid Content (TCC)

Carotenoid concentrations in test samples was measured 
according to the method previously described by de Car-
valho [12]. In brief, absorbance was measured directly 
at 450  nm was measured directly in extract solution 
(described in section of extraction). The following equa-
tion was used:

A	  �absorbance at 450 nm
V	  �Total extract volume
E 1%

1 cm

	  �β-carotene extinction Coefficient in petroleum ether 
(2592)

p	  �sample weight
The results were expressed as TCC mg/g DM.

Results and Discussion

Quantification of Bioactive Compounds in Purple 
Tomatoes

The main secondary metabolites (phenols and carotenoids) 
were analyzed in all nine samples from two regions in Mex-
ico: the Oaxaca State and Metropolitan Zone of the Mexico 

TCC =
(

A ∗ V ∗ 104
)

∕(E ∗ p (g))

Valley. The latter samples were sub-grouped into 5 varieties 
according to the provider source (Fig. SI-1).

Since tomato secondary metabolites accumulate mainly 
in the fruit epidermis, all the analyses performed in this 
study were limited to the tomato peel. As it can be seen in 
Fig. 1, the common trait observed for all the test samples 
regardless their origin was that total phenols (Fig. 1A) com-
prised the most abundant bioactive compounds identified, 
with an average content ranging between 7.54–57.79 mg 
TPC/ g DM. Saladette variety (3) showed the lowest phenol 
concentrations as well as the other bioactive compounds, 
followed by the purple indigo (1.1) and the AG Oaxaca 
(4) and BS Oaxaca (5) varieties. The observed results are 
comparable with previous studies as it was reported 6.6 mg 
TPC/g DM for Canadian line V118 of purple tomato [13], 
and 8.6 mg TPC/g DM for sun Black line in accordance 
with the fruit ripeness stage. As for flavonoids (Fig. 1B), 
their concentration was found to be in the range between 
1.89–16.93 mg TFC/g DM with a distribution pattern simi-
lar to that of TPC. In contrast, anthocyanins (Fig. 1C) were 
not detected in Saladette variety (3) while their content in 
other samples ranged from 0.29–2.56 mg TAC/g DM with a 
similar trend to that observed for TPC. It is worth mention-
ing that Cherokee varieties (2.1 and 2.2) as well as indigo 
purple variety (1.2, 1.3 and 1.4) from Mexico City exhibited 
the highest concentration of anthocyanins, with 2.2 being 
the highest. A previous study reported anthocyanin contents 
of 1.2 mg TAC/g DM for genetically modified Sun Black 
line derived from two wild varieties of purple tomatoes 
[14]. On the other hand, other authors assessed anthocyanin 
concentrations in a range from 1.02–1.69 mg/g DM for the 
Giant purple and New Zealand purple varieties cultivated in 
Ecuador [15]. Finally, carotenoid content (Fig. 1D) ranged 

Fig. 1   Bioactive compounds in 
9 samples of purple tomatoes 
expressed as mg total bioactive 
compound/ g purple tomato 
peel DM. Each bar represents a 
mean value (n = 3)
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between 0.11 and 0.75 mg TCC/g DM, with the highest 
total content observed in the BS Oaxaca (5), 2.2 (Chero-
kee variety) and 1.4 (indigo purple variety). In comparison 
to previous works, similar values were reported for purple 
tomatoes (0.45 mg TCC/g DM) and orange cherry tomatoes 
(0.22 mg TCC/g DM) by Luciano et al. [16]. These authors 
point out that purple tomatoes synthesize a greater amount 
of carotenoids than orange tomatoes, attributing this to the 
genetic mutations that the purple tomato suffered to pro-
duce anthocyanins, which apparently promoted carotenoid 
biosynthesis.

Identification of Bioactive Compounds in Purple 
Tomato

All nine samples were analyzed using HPLC-MS at 320 nm 
(method described in the SI: HPLC and HPLC-MS analysis). 
By comparing their retention times and molecular weights, 
14 phenolic compounds were identified as shown in Table 
SI-1 and Fig. 2 (320 nm). The most abundant phenolics were 
caffeoylquinic acid derivatives, caffeic acid and flavonoids. 
Among caffeoylquinic acid derivatives, were detected 3 iso-
mers of caffeic acid, 2 isomers of di-caffeoylquinic acid, and 
feruloyl-caffeoylquinic acid were detected, while flavonoids 
comprised rutin, quercetin-hexoxide, kaempferol-rutinoside, 
dihydroxy-dimethoxychalcone-C-diglucoside, and rutin-
pentoside. Caffeoylquinic acid derivatives and rutin were 

present in all nine samples, and the Cherokee variety showed 
the highest diversity of phenolic acids and flavonoids iden-
tified in this study. These phenolic compounds have been 
previously reported in fresh tomato fruits [17], reported up 
to 38 phenolic compounds including phenolic acids, hydrox-
ycinnamoyl-quinic acids, derivatives of flavone, flavonol, 
flavanone and dihydrochalcone.

Regarding colored phenolics, the anthocyanins content 
was analyzed in 8 samples of purple tomato as shown in 
Table SI-2 and Fig. 2 (520 nm) (sample 3 was discarded 
from the analysis since no anthocyanins were detected). 
HPLC-MS analysis (method described in the SI: HPLC 
and HPLC-MS analysis) was used to identify 9 anthocya-
nins with different aglucones (petunidin, delphinidin and 
malvidin) and acylated with caffeic, ferulic, and coumaric 
acids. The obtained m/z values matched with the molecu-
lar weights of anthocyanin structures previously reported 
for transgenic purple tomatoes [18] and hybrids [19]. In the 
present study, these mono-acylated anthocyanins showed a 
very diverse pattern depending on the variety in test sam-
ples. For example, only 4 anthocyanins were identified in the 
BS Oaxaca (5) variety, while 5 anthocyanins were detected 
in AG Oaxaca (4). In comparison, up to 6 anthocyanins 
were quantified in the indigo purple varieties, with Chero-
kee varieties showing the highest diversity among antho-
cyanins detected (8 structures). It is worth mentioning that 
petunidin-3-(trans-p-coumaroyl)-rutinoside-5-glucoside, 

Fig. 2   HPLC chromatogram(520 nm) of the of purple tomato extract and chemical structures of the purified anthocyanins and HPLC chromato-
gram (320 nm) of the of purple tomato extract and chemical structures of the major phenolic compounds
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petunidin-3-(cis-p-coumaroyl)-rutinoside-5-glucoside, and 
malvidin-3-(trans-p-coumaroyl)-rutinoside-5-glucoside were 
present in all samples tested.

Finally, the identification of the major carotenoids in the 
purple tomato samples was carried out spectrophotometri-
cally as shown in Fig. SI-2 (method described in SI: Iden-
tification of the main carotenoids using UV-Vis), and was 
compared with the absorbency maximum of the β-carotenoid 
standard (450 nm). These absorbance values are in line with 
previous reports [20]. Another carotenoid identified in the 
samples of purple tomato was lycopene, which contents were 
determined accordance to a previous report, with maximum 
of absorbance at 504 nm as reported for a red tomato variety 
[21]. However, no lycopene was detected in samples 1.2 and 
4 (corresponding to indigo purple and AG Oaxaca varieties, 
respectively) using this technique. Importantly, those varie-
ties contained the lowest concentrations of total carotenoids 
(Fig. 1).

Quantification of the Major Bioactive Compounds 
in Purple Tomatoes

Major bioactive compounds found in purple tomatoes were 
quantified and included two phenolic acids, two flavonoids 
and three anthocyanins (method described in SI: quan-
tification of major anthocyanins, flavonoids and pheno-
lics). As reported in Table 1, the most abundant compound 
found in all samples was chlorogenic acid in concentra-
tions of up to 0.090–9.680 mg/g DM, followed by rutin 
0.250–6.063 mg/g DM. While caffeic acid, and querce-
tin-hexoside, which were detected at lower concentrations 
whith a range of up to 0.050 mg/g DM and 1.970 mg/g 
DM, respectively. The same trend was reported by other 
authors for different tomato samples with colors varying 
from red-yellow to purple, where chlorogenic acid was 
the most abundant phenolic compound [22, 23] followed 

by rutin [13] (predominant flavonoid in the tomato [24]). 
Among quantified anthocyanins (4, 5, and 7), petunidin-
3-(trans-p-coumaroyl)-rutinoside-5-glucoside (Anthocya-
nin 5) was present at the highest concentration ranging 
from 0.160 to 1.143 mg/g DM, as seen in the Table 1, 
which stands for approximately 40% of total anthocyanins 
detected in each sample (Fig. 1C) and with majority of 
more stable trans-hydroxycinnamic versus cis-hydroxy-
cinnamic substituent [25]. Similarly, petunidin-3-(trans-
p-coumaroyl)-rutinoside-5-glucoside was reported to be 
the main anthocyanin present in a variety known as Rose 
indigo with contents up to 2.7 mg/g DM in the fruit epi-
dermis [26]. In contrast, transgenic variety Del/Rose 1, 
produced up to 3.3 mg/g DM in a fruit peel [18]. It is 
worth noting that those improved, selected, and trans-
genic purple tomatoes contain slightly more than twice 
the amount of total anthocyanins reported in the present 
study. Other anthocyanins quantified in the present study 
were present at lower concentrations, varying from sample 
to sample, for example, malvidin-3-(trans-p-coumaroyl)-
rutinoside-5-glucoside (Anthocyanin 7) was found in a 
range of 0.016–0.353 mg/g DM while petunidin-3-(cis-
p-coumaroyl)-rutinoside-5-glucoside (Anthocyanin 4) was 
determined in a concentation range of 0.070–0.213 mg/g 
DM. The latter structure is considered to be the rarest cis 
enantiomer found in nature [27].

Conclusion

The present study revealed the content of the major bioac-
tive compounds identified in 5 varieties of the purple toma-
toes native to Mexico. Those analyzed included phenolic 
compounds, flavonoids, anthocyanins, and total carot-
enoids, with 14 phenolic acids and flavonoids, 9 acylated 
anthocyanins, and 2 carotenoids identified. Anthocya-
nins with special structural features like glycosylated 

Table 1   Phenolic compounds concentration in different samples of purple tomato

a Data are shown as mean value ± SD (standard deviation), n = 3, b Different capital letters in superscript indicate statistically important differ-
ence between compounds. N/D (no detected)

Sample Chlorogenic acid 
(mg/g)

Caffeic acid (mg/g) Rutin (mg/g) Quercetin-hexoside 
(mg/g)

Ant 5 (mg/g) Ant 7 (mg/g) Ant 4 (mg/g)

1 8.307 ± 0.911B 0.030 ± 0.003B 1.843 ± 0.221D 0.073 ± 0.009E 0.350 ± 0.052C 0.064 ± 0.009CD   0.113 ± 0.020C

1.2 9.680 ± 1.121A 0.024 ± 0.003C 3.230 ± 0.434B 1.493 ± 0.243B 0.733 ± 0.083B 0.260 ± 0.041B   0.158 ± 0.021B

1.3 9.677 ± 1.102A 0.050 ± 0.006A 6.063 ± 0.652A 1.970 ± 0.237A 1.097 ± 0.111A 0.287 ± 0.033B   0.167 ± 0.024B

1.4 4.920 ± 0.536D 0.020 ± 0.002C 2.380 ± 0.219C 0.710 ± 0.081C 0.437 ± 0.064C 0.113 ± 0.024C 0.0989 ± 0.001CD

2.1 2.237 ± 0.219F 0.012 ± 0.002CD 3.027 ± 0.441B 0.380 ± 0.053CD 0.410 ± 0.055C 0.100 ± 0.013C   0.213 ± 0.029A

2.2 5.620 ± 0.623C 0.040 ± 0.006A 5.980 ± 0.729A 2.197 ± 0.341A   1.14 ± 0.121A 0.353 ± 0.041A   0.193 ± 0.023AB

3 0.090 ± 0.011G N/D 0.250 ± 0.031F N/D N/D N/D N/D
4 4.830 ± 0.522D 0.010 ± 0.002D 0.890 ± 0.129E 0.193 ± 0.023DE 0.170 ± 0.021D 0.020 ± 0.003E   0.080 ± 0.001CD

5 3.417 ± 0.394E 0.020 ± 0.003C 0.850 ± 0.119E 0.210 ± 0.033DE 0.160 ± 0.013D 0.016 ± 0.002E   0.070 ± 0.001D
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anthocyanins were also present with cis-trans hydrocin-
namic substituents. Chlorogenic acid was the most 
abundant phenolic compound with concentrations up to 
9.680 mg/g DM, while petunidin-3-(trans-p-coumaroyl)-
rutinoside-5-glucoside was the major anthocyanin found at 
the concentration ranging from 0.160 to 1.143 mg/g DM.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11130-​024-​01182-x.

Acknowledgments  We would like to thank CONACYT for postdoc-
toral scholarship (No. 308249, Andrea Torres); the academic support 
of Dr. Alma Piñeyro-Nelson of the Crop Physiology Laboratory (UAM-
X); the technical support of Margarita Guzmán (USAII, UNAM); 
project PAPIIT-UNAM-IT202318, Ms. Gloria Pérez (deputy project 
director of the Bosque de San Juan de Aragón Mexico City) for the 
ancestral black tomato samples grown in the BSJA educational garden.

Funding  The authors did not receive support from any organization 
for the submitted work.

Data Availability  No datasets were generated or analyzed during the 
current study.

Declarations 

Ethics Approval  This declaration is not applicable.

Conflict of Interests  The authors declare no conflict of interests.

Competing Interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 OECD (2017) Tomato (Solanum lycopersicum). In: safety 
assessment of transgenic organisms in the environment. OECD 
Consensus Documents, OECD Publishing, Paris, pp 69–104

	 2.	 Collins EJ, Bowyer C, Tsouza A, Chopra M (2022) Tomatoes: 
an extensive review of the associated health impacts of tomatoes 
and factors that can affect their cultivation. Biology (Basel) 
11:239. https://​doi.​org/​10.​3390/​biolo​gy110​20239

	 3.	 Dūma M, Alsiņa I, Dubova L et al (2022) Quality of differ-
ent coloured tomatoes depending on the growing season. Proc 

Latvian Acad Sci Sect B Nat Exact Appl Sci 76:89–95. https://​
doi.​org/​10.​2478/​prolas-​2022-​0014

	 4.	 Raigón MD, García-Martínez MD, Chiriac OP (2022) Nutri-
tional characterization of a traditional cultivar of tomato grown 
under organic conditions—cv. “Malacara.” Front Nutr 8. https://​
doi.​org/​10.​3389/​fnut.​2021.​810812

	 5.	 Shi J, Kakuda Y, Yeung D (2004) Antioxidative properties 
of lycopene and other carotenoids from tomatoes: synergistic 
effects. BioFactors 21:203–210. https://​doi.​org/​10.​1002/​biof.​
55221​0141

	 6.	 Liu Y, Tikunov Y, Schouten RE et al (2018) Anthocyanin biosyn-
thesis and degradation mechanisms in Solanaceous vegetables: a 
review. Front Chem 6. https://​doi.​org/​10.​3389/​fchem.​2018.​00052

	 7.	 Gonzali S, Perata P (2020) Anthocyanins from purple tomatoes as 
novel antioxidants to promote human health. Antioxidants 9:1017. 
https://​doi.​org/​10.​3390/​antio​x9101​017

	 8.	 Gençdağ E, Özdemir EE, Demirci K et al (2022) Copigmentation 
and stabilization of anthocyanins using organic molecules and 
encapsulation techniques. Curr Plant Biol 29:100238. https://​doi.​
org/​10.​1016/j.​cpb.​2022.​100238

	 9.	 Taga MS, Miller EE, Pratt DE (1984) Chia seeds as a source 
of natural lipid antioxidants. J Am Oil Chem Soc 61:928–931. 
https://​doi.​org/​10.​1007/​BF025​42169

	10.	 Chang C-C, Yang M-H, Wen H-M, Chern J-C (2002) Estima-
tion of total flavonoid content in propolis by two complementary 
colometric methods. J Food Drug Anal 10:178–182. https://​doi.​
org/​10.​38212/​2224-​6614.​2748

	11.	 Giusti MM, Wrolstad RE (2001) Characterization and measure-
ment of anthocyanins by UV-visible spectroscopy. Curr Protoc 
Food Anal Chem 00:F1.2.1–F1.2.13. https://​doi.​org/​10.​1002/​
04711​42913.​faf01​02s00

	12.	 de Carvalho LMJ, Gomes PB, de Oliveira Godoy RL et al (2012) 
Total carotenoid content, α-carotene and β-carotene, of landrace 
pumpkins (Cucurbita moschata Duch): a preliminary study. Food 
Res Int 47:337–340. https://​doi.​org/​10.​1016/j.​foodr​es.​2011.​07.​040

	13.	 Li H, Deng Z, Liu R et al (2011) Characterization of phytochemi-
cals and antioxidant activities of a purple tomato (Solanum lyco-
persicum L.). J Agric Food Chem 59:11803–11811. https://​doi.​
org/​10.​1021/​jf202​364v

	14.	 Blando F, Berland H, Maiorano G et al (2019) Nutraceutical char-
acterization of anthocyanin-rich fruits produced by “Sun Black” 
tomato line. Front Nutr 6. https://​doi.​org/​10.​3389/​fnut.​2019.​00133

	15.	 Espin S, Gonzalez-Manzano S, Taco V et al (2016) Phenolic 
composition and antioxidant capacity of yellow and purple-red 
Ecuadorian cultivars of tree tomato (Solanum betaceum Cav.). 
Food Chem 194:1073–1080. https://​doi.​org/​10.​1016/j.​foodc​hem.​
2015.​07.​131

	16.	 Campestrini LH, Melo PS, Peres LEP et al (2019) A new variety 
of purple tomato as a rich source of bioactive carotenoids and its 
potential health benefits. Heliyon 5. https://​doi.​org/​10.​1016/j.​heliy​
on.​2019.​e02831

	17.	 Vallverdú-Queralt A, Jáuregui O, Medina-Remón A et al (2010) 
Improved characterization of tomato polyphenols using liquid 
chromatography/electrospray ionization linear ion trap quadrupole 
Orbitrap mass spectrometry and liquid chromatography/electro-
spray ionization tandem mass spectrometry. Rapid Commun Mass 
Spectrom 24:2986–2992. https://​doi.​org/​10.​1002/​rcm.​4731

	18.	 Su X, Xu J, Rhodes D et al (2016) Identification and quantifi-
cation of anthocyanins in transgenic purple tomato. Food Chem 
202:184–188. https://​doi.​org/​10.​1016/j.​foodc​hem.​2016.​01.​128

https://doi.org/10.1007/s11130-024-01182-x
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/biology11020239
https://doi.org/10.2478/prolas-2022-0014
https://doi.org/10.2478/prolas-2022-0014
https://doi.org/10.3389/fnut.2021.810812
https://doi.org/10.3389/fnut.2021.810812
https://doi.org/10.1002/biof.552210141
https://doi.org/10.1002/biof.552210141
https://doi.org/10.3389/fchem.2018.00052
https://doi.org/10.3390/antiox9101017
https://doi.org/10.1016/j.cpb.2022.100238
https://doi.org/10.1016/j.cpb.2022.100238
https://doi.org/10.1007/BF02542169
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1016/j.foodres.2011.07.040
https://doi.org/10.1021/jf202364v
https://doi.org/10.1021/jf202364v
https://doi.org/10.3389/fnut.2019.00133
https://doi.org/10.1016/j.foodchem.2015.07.131
https://doi.org/10.1016/j.foodchem.2015.07.131
https://doi.org/10.1016/j.heliyon.2019.e02831
https://doi.org/10.1016/j.heliyon.2019.e02831
https://doi.org/10.1002/rcm.4731
https://doi.org/10.1016/j.foodchem.2016.01.128


Plant Foods for Human Nutrition	

	19.	 Mes PJ, Boches P, Myers JR, Durst R (2008) Characterization of 
tomatoes expressing anthocyanin in the fruit. J Am Soc Hortic Sci 
133:262–269. https://​doi.​org/​10.​21273/​JASHS.​133.2.​262

	20.	 Hagos M, Redi-Abshiro M, Chandravanshi BS, Yaya EE 
(2022) Development of analytical methods for determination of 
β-carotene in pumpkin (Cucurbita maxima) flesh, Peel, and seed 
powder samples. Int J Anal Chem 2022:1–11. https://​doi.​org/​10.​
1155/​2022/​93636​92

	21.	 das Graças Nascimento Amorim A, Vasconcelos AG, Souza J et al 
(2022) Bio-availability, anticancer potential, and chemical data of 
lycopene: an overview and technological prospecting. Antioxi-
dants 11:360. https://​doi.​org/​10.​3390/​antio​x1102​0360

	22.	 Sestari I, Zsögön A, Rehder GG et al (2014) Near-isogenic lines 
enhancing ascorbic acid, anthocyanin and carotenoid content in 
tomato (Solanum lycopersicum L. cv Micro-tom) as a tool to pro-
duce nutrient-rich fruits. Sci Hortic 175:111–120. https://​doi.​org/​
10.​1016/j.​scien​ta.​2014.​06.​010

	23.	 Izzo L, Castaldo L, Lombardi S et al (2022) Bioaccessibility and 
antioxidant capacity of bioactive compounds from various typolo-
gies of canned tomatoes. Front Nutr 9. https://​doi.​org/​10.​3389/​
fnut.​2022.​849163

	24.	 Bovy A, Schijlen E, Hall RD (2007) Metabolic engineering of 
flavonoids in tomato (Solanum lycopersicum): the potential for 
metabolomics. Metabolomics 3:399. https://​doi.​org/​10.​1007/​
s11306-​007-​0074-2

	25.	 Yoshida K, Okuno R, Kameda K, Kondo T (2002) Prevention of UV-
light induced E,Z-isomerization of caffeoyl residues inthe diacylated 
anthocyanin, gentiodelphin, by intramolecular stacking. Tetrahedron 
Lett 43:6181–6184. https://​doi.​org/​10.​1016/​S0040-​4039(02)​01319-9

	26.	 Wang H, Sun S, Zhou Z et al (2020) Rapid analysis of anthocyanin 
and its structural modifications in fresh tomato fruit. Food Chem 
333:127439. https://​doi.​org/​10.​1016/j.​foodc​hem.​2020.​127439

	27.	 George F, Figueiredo P, Toki K et al (2001) Influence of trans-cis 
isomerisation of coumaric acid substituents on colour variance 
and stabilisation in anthocyanins. Phytochemistry 57:791–795. 
https://​doi.​org/​10.​1016/​S0031-​9422(01)​00105-4

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.21273/JASHS.133.2.262
https://doi.org/10.1155/2022/9363692
https://doi.org/10.1155/2022/9363692
https://doi.org/10.3390/antiox11020360
https://doi.org/10.1016/j.scienta.2014.06.010
https://doi.org/10.1016/j.scienta.2014.06.010
https://doi.org/10.3389/fnut.2022.849163
https://doi.org/10.3389/fnut.2022.849163
https://doi.org/10.1007/s11306-007-0074-2
https://doi.org/10.1007/s11306-007-0074-2
https://doi.org/10.1016/S0040-4039(02)01319-9
https://doi.org/10.1016/j.foodchem.2020.127439
https://doi.org/10.1016/S0031-9422(01)00105-4

	Characterization and Quantification of the Major Bioactive Compounds in Mexican Purple Tomatoes
	Abstract
	Introduction
	Materials and Methods
	Extraction
	Quantification of Total Phenol Content (TPC)
	Quantification of Total Flavonoid Content (TFC)
	Quantification of Total Anthocyanin Content (TAC)
	Quantification of Total Carotenoid Content (TCC)

	Results and Discussion
	Quantification of Bioactive Compounds in Purple Tomatoes
	Identification of Bioactive Compounds in Purple Tomato
	Quantification of the Major Bioactive Compounds in Purple Tomatoes
	Conclusion

	Acknowledgments 
	References


