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Abstract

Prevention of the development of chronic diseases related to metabolic syndrome has been found to depend on
a healthy diet. Among healthy foods, fruits and vegetables play a very important role due to their nutrient content,
especially antioxidants, vitamins and polyphenols. For 20 years, INIA has promoted the concept of quality asso-
ciated to the differentiation of products in the fruit and horticultural sectors, considering aspects not only linked
to the organoleptic qualities, but also the production processes that ensure food safety and nutritional contribu-
tion. More recently, research works have been implemented to contribute to highlighting the role of fruits and
vegetables as nutraceutical foods, contributing to the prevention of chronic non-transmissible human diseases
such as diabetes, cancer, or obesity. Also, to contribute to the knowledge of the effects of factors as breeding
and culture management on the nutritional potential and promote production, consumption and commercializa-
tion. The bioactive compounds content and in vitro antioxidant activity (DPPH and ORAC) were characterized
in different genotypes of native fruits, onion, potato, strawberry, sweet potato and tomato. High levels of flavo-
noids (quercetin) were found in onions and advanced lines. Samples of tomatoes, potatoes, sweet potatoes,
and strawberries showed high contents of phenolic compounds, ascorbic acid, anthocyanins, total carotenoids,
and total antioxidant capacity (ORAC) with a great interspecies variability; so, they can be included in the devel-
opment of varieties differentiated by nutraceutical attributes. The analyses conducted also demonstrate the po-
tential of native fruits as sources of essential nutrients, with contents comparable to and even superior to other
fruits considered "superfruits". Through selection and breeding, national varieties can be developed with out-
standing organoleptic characteristics, good levels of bioactive compounds, and antioxidant properties that con-
tribute to the health of the population.

Keywords: nutrition, antioxidants, ORAC, genetic breeding

Resumen

Se ha encontrado que la prevencion del desarrollo de enfermedades crénicas relacionadas con el sindrome
metabdlico depende de una dieta saludable. Entre los alimentos saludables, las frutas y las hortalizas juegan
un papel muy importante por el contenido de nutrientes, sobre todos del tipo antioxidantes, vitaminas y polife-
noles. Desde hace 20 afios INIA ha impulsado en los rubros hortifruticolas el concepto de calidad asociado a la
diferenciacion de los productos considerando aspectos no solo vinculados a las cualidades organolépticas, sino
también a los procesos de produccion que aseguren la inocuidad y el aporte nutricional. Mas recientemente se
han realizado trabajos de investigaciéon que contribuyen a resaltar el rol de las frutas y las hortalizas como
alimentos nutraceuticos; preventivos de enfermedades humanas crénicas no transmisibles como diabetes, can-
cer u obesidad. También contribuir al conocimiento de los efectos de factores como el mejoramiento genético
y el manejo cultural, y promover la produccion, el consumo y la comercializacion. El contenido de compuestos
bioactivos y la actividad antioxidante in vitro (DPPH y ORAC) se caracterizaron en diferentes genotipos de frutos
nativos, cebolla, papa, frutilla, boniato y tomate. Se encontraron altos niveles de flavonoides (quercetina) en
cebollas y sus lineas avanzadas. Muestras de tomates, papas, boniatos y frutillas presentaron altos contenidos
de compuestos fendlicos, acido ascérbico, antocianinas, carotenoides totales y la capacidad antioxidante total
(ORAC) con una gran variabilidad interespecie; por lo que pueden incluirse en el desarrollo de variedades dife-
renciadas por atributos nutracéuticos. Los analisis realizados demuestran también el potencial de las frutas
nativas como fuentes de nutrientes esenciales, con contenidos comparables e incluso superiores a otras frutas
consideradas «superfrutas». Mediante seleccion y mejoramiento genético se pueden desarrollar variedades
nacionales con caracteristicas organolépticas destacadas, buenos niveles de compuestos bioactivos y propie-
dades antioxidantes que contribuyen a la salud de la poblacién.

Palabras clave: nutricion, antioxidantes, ORAC, seleccion genética
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Resumo

A prevengéo do desenvolvimento de doencas cronicas relacionadas a sindrome metabdlica depende de uma
dieta saudavel. Dentre os alimentos saudaveis, frutas e hortalicas desempenham um papel fundamental devido
ao conteldo de nutrientes, principalmente antioxidantes, vitaminas e polifenois.

Ha 20 anos, o Instituto Nacional de Investigacion Agropecuaria (INIA) promove a qualidade associada a dife-
renciacao de produtos no setor de frutas e legumes. O conceito de qualidade foi ampliado a aspectos que levam
em consideragéo ndo so as qualidades organolépticas e de sabor, mas também os processos de producao que
garantem a seguranga alimentar e o aporte nutricional. Mais recentemente, se agregou a esses temas a imple-
mentagéo de trabalhos de pesquisa que contribuem para evidenciar o papel das frutas e hortalicas como ali-
mentos preventivos de doengas humanas (Alimento Funcionais, Nutracéuticos). Com o objetivo de contribuir
para o conhecimento e promog&o do consumo, iniciou-se o trabalho de pesquisa de potencial nutricional das
principais variedades e sele¢bes avangadas geradas pelos programas de melhoramento horticola e fruticola do
INIA. O teor de micronutrientes e a atividade antioxidante in vitro (DPPH e ORAC) foram caracterizados em
variedades e sele¢des de morango, frutas nativas, cebola, batata, tomate e batata doce. Altos niveis de fla-
vonoides (quercetina) foram encontrados em cebolas INIA e linhas avangadas. No tomate, batata, batata doce
e morango, destaca-se que os compostos fenolicos, vitamina C, antocianinas, carotenoides totais e capacidade
antioxidante total (ORAC) apresentam grande variabilidade, podendo ser incluidos no desenvolvimento de va-
riedades diferenciadas por atributos nutracéuticos. As analises realizadas também demonstram o potencial das
frutas nativas como fontes de nutrientes essenciais, com teores comparaveis e até superiores a outras frutas
consideradas "superfrutas”. Através da sele¢do e do melhoramento genético, variedades nacionais com exce-
lentes caracteristicas organolépticas, bons niveis de micronutrientes e com propriedades antioxidantes que
contribuem para a saude podem ser desenvolvidas.

Palavras-chave: nutricdo, antioxidantes, ORAC, sele¢do genética.

1. Introduction

The health-promoting properties of fruits and
vegetables are well stablished in many
epidemiological investigations. Lower risk of chronic
diseases due to fruits and vegetables consumption
is associated mainly to the dietary fiber and
bioactive compounds contents. Specifically, some
of these compounds have high antioxidant activity
that avoid oxidative stress, not only in vegetable
tissues, but also in animals through the digestion. It
is therefore important to recognize which fruits and
vegetables have the highest contents with more
antioxidant capacity potential, for improving their
quality and introducing them regularly into the diet.
Basal information on bioactive compounds in fruits
and vegetables in several countries or governmen-
tal regulatory services is published on food data
composition tables(")2). Phenolic compounds com-
prise @ major group®. Due to a wide variety of
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molecules that are included in this group, individual
characterization is difficult in complex matrices.
Nevertheless, flavonoids have been studied exten-
sively recently and research has repeatedly found
that foods with high content of them correlate with
better health indicators*)®). Flavonoids, like antho-
cyanins and quercetin, and carotenoids have differ-
ent biochemical properties, mainly because the first
are hydrophilic and the latter lipophilic. These com-
pounds may contribute not only to improve color or
visual aspect, but also to organoleptic characteris-
tics, effect of cooking methods or industrialization
procedures. In regard to health benefits, the contri-
bution is also diverse, and many reviews address
the investigations in the area. Effects of groups of
compounds are described in general: anthocya-
nins®), carotenoids(” and flavonoids®; as well as
for micronutrients and/or action mechanism specifi-
cally. Even in pandemic situation, the role of
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quercetin, for example, in prevention and treatment
of SARS-CoV-2 related disease was recently re-
ported.(©(10)

Antioxidant capacity, as a predictor of the
nutraceutical potential of food, can be quantified
through the antioxidant activity in vitro analysis. The
most largely used are the following: antioxidant
capacity with 2,2’-azino-bis-(3-
ethylbenzothiazoline-6-sulfonic acid)
(TEAC/ABTS); radical scavenging capacity ferric
jon reducing antioxidant power (FRAP), 2,2-
diphenyl-picrylhydrazyl (DPPH), and oxygen radical
absorbance capacity (ORAC). The ORAC analysis
demonstrated some technical advantages and may
be more accurate and specific!!). However, for
overall antioxidant characterization it is
recommended to employ more than one in vitro
assay when complex biochemical matrices are
investigated. Finally, assessing in this way the
antioxidant capacity of a given food does not imply
that the total activity of its antioxidant compounds
will become bioavailable to the organism and to
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benefit health. So, determining the antioxidant
bioactive compounds content and antioxidant
capacity in fruit and vegetables is critical for
understanding their potential dietary benefit and/or
the effect of several factors, such as genetics,
environmental, cultural management and industrial
processing, on them. To the best of our knowledge,
this study represents a comprehensive screening of
micronutrient composition and antioxidant capacity
of fruit and vegetables under investigation in
Uruguay.

2. Materials and methods
2.1 Fruit and vegetable samples

Different genetic varieties or selections of fruit and
vegetables were sampled according to Table 1. All
of them belong to the Breeding Programs at the
National Institute for Agricultural Research (INIA) in
two locations: Las Brujas and Salto Grande. Native
fruit orchards were conducted only at Las Brujas
(W. Ferreira Aldunate Station) in southern Uruguay.

Table 1. Selected fruits and vegetables from INIA Breeding Programs

Name Botanical name TO(t:é /%‘Z'Zig%es
Araza, Strawberry guava red fruits ~ Psidium cattleianum Sab. f. cattleyanum 3(3)
yellow fruits f. lucidum 3(3)
Guaviyu Myrcianthes pungens (Berg.) Legr. 3(3)
Guayabo del Pais, Feijoa Acca sellowiana (Berg.) Burret 3(2)
Onion Allium cepa L. 8(1)
Potato Solanum tuberosum L. 7(4)
Strawberry Fragaria x ananassa Duch. 10 (7)
Sweet potato Ipomoea batatas L. Lam. 6 (1)
Tomato Solanum lycopersicum L. 19 (13)

The samples were harvested from plants that had
great performance in terms of production and
sanity, at commercial maturation range. A
representative amount of approximately 2-3 Kg of

4

fruit and vegetable of each genotype in three
repetitions was collected and transported to
laboratory. The araza and guaviyu native fruits were
separated in edible parts and seeds, and the edible
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parts were homogenized using a blender during
1 min. The homogenate was immediately frozen at
-80 °C until micronutrient and antioxidant analyses.
As regards guayabo del pais, onion and
sweetpotato, samples were peeled before
homogenization.

2.2 Bioactive compounds analyses

The homogenates samples (0.2 g) were mixed with
1 mL of methanol/water solution (80:20, v/v) to
micronutrient extraction. The samples were placed
in an ultrasonic bath during 10 min at 20 °C and
stored at 20 °C avoiding light exposure. Then they
were centrifugated at 12,500 rpm during 5 min, and
the methanolic extract was diluted if necessary and
used for subsequent analyses. L-Ascorbic acid
(corresponding to vitamin C) and total phenolic
content were evaluated according to integrated
microplate method(*2. In brief, 15 uL of methanolic
extract were diluted with 240 uL milli-Q ultrapure
water, and 15 L of Folin-Ciocalteu reagent was
added. The 96 well microplate was agitated in a
multi-mode microplate reader with two independent
dispensers Synergy HT1 (BioTek Instruments Inc.,
Winooski, VT) and incubated for 3 min. The
absorbance at 765 nm was determined and the
vitamin C concentration estimated against ascorbic
acid standard curve. The results were expressed as
mg of ascorbic acid per 100 g of fresh fruit or
vegetable weight (FW). The assay was continued
by adding Na2COs in the microplates wells and
incubated for 2 h at room temperature in the dark to
determine total phenolic content in the samples.
The absorbance at 765 nm was measured again
and values were compared to gallic acid standard
calibration curve. The results were expressed as
mg of gallic acid equivalents (GAE) per 100 g FW.

Anthocyanins content estimation was based on a
pH differential method described previously('3) and
modified according to Ferrari and others('4). In 96
well microplates 40 uL of methanolic extract was
diluted with 200 uL of potassium chloride pH 1.0
(0.025 M) or sodium acetate pH 4.5 (0.4 M) buffers.
Absorbance values at 520 nm and 700 nm were
used to calculate anthocyanins concentration as mg
cyanidin 3-glucoside per 100 g FW.

Agrociencia Uruguay 2021;25(NE2)
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For quercetin determination 1.0 g of homogenized
sample were mixed with 4.0 mL of acidified
methanol:water solution (80:20; HCI 1.98 N). Tubes
were vortexed and incubated in bath at 90 °C for 30
min. After decantation, the supernatant was
transferred to other tube and final volume adjusted
to 5.0 mL. The extracts were neutralized (NaOH
1.0N) and 100 uL aliquots dispensed in 96 wells
microplates. Milli-Q water (150 uL) and 50 ulL AICl3
(10 %) were added to color development.
Absorbance at 420 nm was measured using the
same microplate reader described before. The
quercetin content was calculated based on a
calibration curve established with the same
analytical standard. The results were expressed as
mg quercetin per 100 g FW.

Carotenoids content was estimated as previously
reported(®), with minor modifications. Briefly, 1.0 g
of homogenized samples were mixed with 5 mL
acetone/BHT (0.1 %) and vortex. Then the solutions
were sonicated for 10 min and centrifugated at
10.000 rpm. The supernatant was transferred to
other tube, the extraction step was repeated twice,
and the final volume adjusted to 25 mL. Absorbance
was measured at 450 nm (A450).

The carotenoids concentrations (C) were estimated
from equation 1.

C = A450 * 537 * 1000/140663 (Eq. 1)

Calculation was based on Lambert law with f3-
carotene molar weight (537 g.mol) and extinction
coefficient (140.663 M-'.cm). The results were
expressed as mg f3-carotene per 100 g FW.

2.3 Antioxidant in vitro analyses

The same extraction procedure in methanol:water
solution (80:20 v/v) was used to obtain methanolic
extracts for the DPPH and ORAC assays.

The quantification of free radical-scavenging of
DPPH (2,2-diphenyl-1-picrylhydrazil) was per-
formed mixing an aliquot of appropriated diluted ex-
tract with DPPH solution (125 mM) in methanol:wa-
ter (80:20, v/v) in 96-well microplates. The mixture
was shaken and incubated for 24 h at 20 °C in the
dark. The reduction of absorption was measured at
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517 nm and quantified using a Trolox standard
curve. The results were expressed as umol Trolox
equivalents (TE).100 g ' FW.

The hydrophilic ORAC analysis was conducted ac-
cording to methodology described by Held("®) and
Ou and others(1”) with some modifications. Briefly,
an aliquot of the diluted methanolic extracts or
standards solutions of Trolox (0 to 100 uM) were
transferred to 96 well-microplates. The plate was
placed in the microplate reader and fluorescein so-
lution (0.008 uM) prepared with 75 mM phosphate
buffer was added using the automatic dispenser. Af-
ter incubation at 37 °C for 30 min, AAPH (153 mM)
prepared freshly with 75 mM phosphate buffer was
added to each well. The plate was agitated, and the
decay of fluorescence was monitored continuously
every 1 min for 60 min. The AUC of the oxidation of
fluorescein was determined at wavelengths set in
485 nm for excitation and 528 nm for emission. The
results were estimated using software Gen 5™ (Bi-
oTek Instruments, Inc., Winooski, VT) and the
ORAC activity was expressed as pmol of Trolox
equivalents (TE) 100 g' FW.

2.4 Statistical analyses

The results were expressed as mean of duplicate or
triplicate according to the analysis and coefficient of

Nutritional Quality and Potential Nutraceutical
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variation (CV) in percentage. Minimum and maxi-
mum values were also evaluated. The statistical
analyses were determined using Infostat Soft-
ware('®). Variance analysis (ANOVA) and Tukey's
test were performed to identified significant differ-
ences between species with a significance p < 0.05.
Correlation analysis between variables studied was
carried out with the same statistical program.

3. Results and discussion
3.1 Bioactive compounds composition

The results for the determination of ascorbic acid
and total phenolics compounds are in Table 2.
Strawberry fruits (n = 10) contained the highest
ascorbic acid concentration at 178.12 mg.100 g
FW (p <0.0001), followed by native fruits
(71.02mg.100 g' FW in average) and tomato
(51.32 mg.100 g-* FW). On the other hand, onions,
potatoes and sweet potatoes contained relatively
low amount of ascorbic acid as compared to the
fruits group. The mean concentrations obtained in
this study were similar to those reported in
bibliography('9), although the data cannot be directly
compared due to the incidence of genotypes,
agroecological and cultural conditions, among
others.

Table 2. Ascorbic acid and total phenolic compounds contents of fruits and vegetables analyzed

Ascorbic acid

mg ascorbic acid.100 g-*

Total phenolic content
mg gallic acid.100 g1

Mean CV (%) min

max Mean'  CV (%) min max

Araza (red) 62.38 <« 10.78 55.63
Arazj (yellow) 69.17 bc 10.86 63.66
GuaviyU 7320 b 10.93 68.40

Guayabo del pais 79.31 b 2248 99.87
Onion 526 ¢ 1942 3.26
Potato 10.24 ¢ 36.11 5.19
Strawberry 17812 = 7.21 156.30
Sweet Potato 573 ¢ 31.09 2.92
Tomato 5132 4 594 47.06

70.86 128.562  9.59
77.73 85.14 >  7.59 81.16  92.60
82.44 135.252  9.99
105.09 62.21 ¢ 27.29 41.74 87.29
6.54 1146 ¢ 899 929 1257
15.68 15204 20.14 8.48  18.62
196.74 87.08 >  8.49 78.64 104.80
8.10 256 ¢ 3943 153 445
57.35 11314 37.28 406 19.87

111.35 139.35

119.93 145.53

Mean as average and coefficient of variation (CV %) in each fruit and vegetable specie is presented. min and max correspond to
minimum and maximum values determined, respectively. Values with different letters by the same column are significantly different

(p < 0.05).
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Table 2 also presents total phenolic content (TPC)
in fruit or vegetable sample extracts. The highest
TPC was found in guaviyu fruits (135.25 mg
GAE.100 g' FW) and araza red (128.56 mg
GAE.100 g' FW) with p = 0.0001; followed by the
others native fruits and strawberries. Araza yellow
and guayabo del pais mean TPC values were 85.14
and 62.21 mg GAE.100 g' FW, respectively. It is
interesting to note that in all cases relatively high
standard deviations in ascorbic acid and TPC
values were found. Relatively high or low average
ascorbic acid and total phenolic contents presented
different coefficient of variation. Concentrations in
araza, guaviyu and strawberries genotypes result
less variable than in the other fruit and vegetables
analyzed. By contrast, in values of guayabo del
pais, potato and sweet potato high variability were
found (CV >20%). In onion and tomato each
parameter showed different variability. According to
our sampling and analytical conditions, these
differences could directly be due to genetic
variations. Thus, some genotypes in each fruit or
vegetable could be used as promising lines for
improving ascorbic acid or total phenolic contents.
Nevertheless, annual or productive cycles
repetitions are needed to confirm these results.

Table 3 shows the mean anthocyanins, quercetin
and carotenoids contents of fruits and vegetables
found above the limit of quantitation. As expected,
red/violet-colored fruits samples had significantly
high total anthocyanins content. In guaviyu (n=3)
and strawberry (n=10) fruits were estimated at
4590 and 21.79 mg cyanidin-3-glucoside.100 g*
FW, respectively. These values are in accordance
with those reported in literature for fruits and
strawberries(20)(21),

Quercetin concentrations were determined only in
onion extracts. The mean value was 17.51 as mg
quercetin.100 g' FW with a standard deviation of
4.88. These values are in accordance with those
reported in bibliography(). According to the high
content found in onions and eating habits (average
daily uptake to 10-100 mg quercetin)23), it is easier
to reach daily requirements. So, the selection of
genotypes for improving quercetin content could be

Agrociencia Uruguay 2021;25(NE2)

useful in our country, as South America has the
lowest levels of consumption of flavonoids(®).

Table 3. Micronutrient content of fruits and vegeta-
bles analyzed

Mean' CV (%) min  max

Anthocyanins (mg cyanidin-3-glucoside.100 g -*)

Araza (red) 8.13 6.90 7.62 893
Araza (yellow) 019 9333 0.08 0.39
Guaviyu 4590 5066 19.11 60.90
Strawberry 2179 2263 1575 26.38

Quercetin (mg quercetin.100 g ")
Onion 1751 2789 6.84 23.72

Carotenoids (mg —carotene.100 g -1)

Potato 012 36.64 004 0.21
Sweetpotato 5.07 9179 055 11.23
Tomato 4.70 890 430 528

"Mean as average and coefficient of variation in percentage

(CV%) in each fruit and vegetable sample is presented. min

and max correspond to minimum and maximum values de-
termined, respectively.

Potato genotypes contained low concentrations of
carotenoids (0.12 mg p-carotene.100g), but
differences between varieties were found. The
mean carotenoids content determined as -
carotene was higher in sweet potato genotypes with
maximum value of 11.23 mg p—carotene.100 g
FW. Sweet potatoes also presented high variability
value (CV = 91.79%) due to the differences in
composition that correspond with the color of flesh.
The higher values found in varieties with yellow and
orange color of flesh are in the range of green leafy
vegetables and carrot concentrations, that are
consider the mainly human diet intake of
carotenoids and [-carotene(V20). Although the
mean carotenoids content in tomato samples is
similar to that determined in sweet potato, the
variability between varieties was lower. In addition

7
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to the differences between the total content of
carotenoids, these three species showed different
carotenoids profiles2. Potato, sweet potato and
tomato varieties were predominantly constituted for
lutein/zeaxanthin, B-carotene and lycopene,
respectively. Therefore, a detalled profile
characterization could improve the investigation
about variability in genetic breeding.

3.2 Antioxidant activities

Total antioxidant activity assays of fruits and
vegetables are presented in Figure 1. The different
species performed distinctly (p < 0.0001) and fruits
had mainly the highest values in both analyses.
These results are in accordance with other
studies®) and reinforce the fact that native fruits
constitute an outstanding source of bioactive
compounds that possess high antioxidant activity.
The DPPH mean values were 3235.9, 2587.7,
2903.5 and 1919.1 umol TE.100 g for araza red,
araza yellow, guaviyu, and guayabo del pais,
respectively. Also, the values presented high
variability in these fruit native species even when
only three genotypes were analyzed in each. In
strawberry (n=10), sweet potato (n=6) and tomato
(n=19) genotypes the lower DPPH mean values
were found. The variability between genotypes in
these species was low.

The ORAC values of antioxidant extracts were
represented in Figure 1B. The araza red, araza
yellow, guaviyu and strawberry extracts showed the
highest values with statistical significance
(p<0.0001). The ORAC values were 30884,
3093.7, 3002.68 and 3026.0 pmol TE.100 g-1,
respectively.

It is interesting to note the antioxidative activity
demonstrated in guayabo del pais and strawberry
extracts. The specificity and sensibility of each
method provide different relative levels of activity.
Hence, the combination of DPPH and ORAC
assays supply a reliable assessment of the
antioxidant properties of fruits and vegetables, but it
is not possible to asseverate absolute values.
Nevertheless, the values of relative antioxidant
activity between genotypes of the same species
and the contribution of specific antioxidant
compounds could be achieved.

Nutritional Quality and Potential Nutraceutical
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Figure 1. Total antioxidant activity of fruit and veg-
etables measured by DPPH (A) and ORAC (B) as-
says. AR: Araza (red); AY: Araza (yellow);
GY: Guaviyu; GP: Guayabo del pais; PO: Potato;
ST: Strawberry; SP: Sweetpotato; To: Tomato

4000 A
ab

3000 b

2000

1000

DPPH (mmol TE.100 g)

0

4000

3000

2000

1000

ORAC (mmol TE.100 g)

AR AY GY GP PO ST SP TO

Correlations between bioactive compounds studied
and antioxidant capacities are presented in Table 4.
Positive correlations between ascorbic acid, TPC,
DPPH and ORAC were found. DPPH presented a
positive correlation with TPC (n=55, r=0.75,
p<0.0001), but there was no correlation with
ascorbic acid (n=55, r=0.02, p=0.87). Probably due
to the mechanism reaction, ascorbic acid is
unsuitable for DPPH free radical scavenging and its
bioactivity does not contribute with the total
antioxidant activity. However, the significant
correlation between ascorbic acid and ORAC
(n=62, r=0.69, p<0.0001) suggests that in fruits and
vegetables under our investigation ascorbic acid
contributes to the antioxidant capacity determined
by the ORAC assay.

High correlation between ORAC and TPC values
were also found (r=0.88, p<0.0001). This strong
correlation is in accordance also with other
studies().
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Table 4. Correlation relationship between variables

Ascorbicacid  TPC! DPPH ORAC
Ascorbic acid - < 0.0001 0.87 < 0.0001
TPC 0.65 - < 0.0001 <0.0001
DPPH 0.02 0.75 - <0.0001
ORAC 0.69 0.88 0.51 -

1 Total phenolic content. Represented as matrix r\p, with cor-
relation coefficients\and the corresponding significance val-
ues indicated.

The results also indicated that antioxidant capacity
varied depending on the assay applied. Further-
more, different analytical approaches are required
to characterize the antioxidant capacity and the cor-
relation with the lipophilic bioactive compounds, as
carotenoids or tocopherols. Although their relatively
low concentrations in fruit and vegetables found in
this study, significant differences between geno-
types in each species could affect the total potential
antioxidant capacity. So, by eating a fruit and vege-
table varied diet in accordance with the health rec-
ommendations, it is possible to access to nutraceu-
tical compounds with different metabolic effects.
Despite studies that have advanced details on the
composition of foods, there are still many limitations
in the literature on the ingestion of phenolic com-
pounds. The studies do not use the same data-
bases, many foods do not have their phenolic com-
pounds identified, and there are differences in ana-
lytical methodologies. Further, it is remarkable that
native fruits and some genotypes developed in INIA
Breeding Programs have a high ranking on
nutraceuticals and potential antioxidant capacity, in-
dicating that each country needs to establish its own
data for plant nutrients.

4. Conclusions

The analyses revealed a highly varied content of bi-
oactive compounds and great health-promoting po-
tential significantly depending on the fruit or vegeta-
ble analyzed. Additionally, the nutritional character-
ization of all tested selections or varieties of each
cultivar turned out to be a useful tool to the genetic
breeding programs and to elucidate the major con-
tributor of antioxidant capacities, providing infor-
mation for the consumers.
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