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Abstract: Six papaya (Carica papaya L.) cultivars, grown in a Mediterranean climate under greenhouse
conditions, were screened for physicochemical properties, antioxidant capacity, nutritional and
sensory characteristics. The fruits, harvested with more than 50% of yellow surface (between 60%
and 77%) were tested for carotenoids content, phenolic content, reducing activity (ABTS) and cellular
antioxidant activity (CAAsg). The physicochemical traits were measured in terms of the titratable
acidity and soluble content whereas proximal composition along with moisture, fats, total sugar,
ash, vitamin A, C and E content. Moreover, the sensory profile was analyzed by a semi-trained
panel. Although the six analyzed cultivars reached qualitative characteristics to satisfy market needs,
significant differences among them were found in a genotype-dependent manner. In particular,
Cartagena and Maradol cultivars evidenced the highest values of minerals and vitamins, carotenoids,
polyphenols, ABTS and CA A5 and reached the best commercial requisites (size, total soluble solids
content/titratable acidity ratio). As for sensory analysis, we observed significate differences only
for sweetness, juiciness, odor and flavor of peach and exotic fruits whereas descriptors related
to unpleasant defects or sensations always have very low scores in all the observed cultivars.
These results highlight the possibility of obtaining quality papaya fruits in a Mediterranean climate
using greenhouse growing.

Keywords: fruit quality; antioxidant activity; antiproliferative activity; carotenoids; physicochemical

1. Introduction

Papaya (Carica papaya L.) is a perennial herbaceous plant native to tropical America, with a range
that extends from Asia, to America and Africa. Its diffusion is due to the abundance and longevity of its
seeds. Papaya is a climacteric fruit whose maturation is accompanied by tissue softening, an exocarp
color change and the development of a strong and characteristic aroma. The color varies according to
the degree of ripeness: when the fruit is unripe, the exocarp is green; in advanced maturation, the
exocarp becomes yellow-orange and the pulp becomes an intense orange. In recent years, there has
been a constant demand for papaya, in part thanks to the change in consumers’ lifestyles [1] and
in continuous consumer interest towards fruits with high nutraceutical properties. The latest data
available show that the worldwide production of papaya reached 12.5 million tonnes per year. India is
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the largest producer of papaya followed by Nigeria, Brazil, Mexico, and Indonesia [2,3]. In Europe,
its cultivation is limited to a few Mediterranean countries, such as Spain and Italy where it is only
cultivated in Sicily under greenhouses [1,4]. The greenhouse protects the plants from the frequent trade
winds and the low temperatures of the winter season. In Sicily, varietal selection is performed to obtain
plants with hermaphrodite flowers to promote self-pollination, and with small fruits [5]. However, the
propagation of seeds that originated in tropical areas has caused the spread of numerous genetic entities
that produce very heterogeneous products. This presence of very different selections leads to fruits
being brought to market with widely different pomological features, aromas and flavors. This goes
against market demand and makes it more difficult for consumers to appreciate the product. The visual
appearance, which is often associated with the product’s quality, is the first factor that influences the
consumer to make a purchase, followed by physicochemical and nutraceutical characteristics when the
product is consumed. Generally, pulp has a high sugar content, containing about 10 g of carbohydrates
per 100 g of fresh pulp [6], is also rich in minerals such as potassium and magnesium, in vitamin B
and is a good source of antioxidant phytocomponents. Moreover, it contains about 60 mg of ascorbic
acid, polyphenolic compounds and is one of the richest fruits in carotenoids [6]. The main carotenoids
that have been identified are lycopene, 3-criptoxanthin and (3-carotene [7]. The fruit’s size, shape,
color, flesh firmness, content in soluble solids, and concentration of acids all indicate its ripeness.
Considering the short shelf-life of fruits harvested at full ripeness, the harvest is generally carried out
early when the exocarp color varies from dark green to light green and a yellow stripe appears at the
base of the fruit.

The ripeness papaya scale of reference is that described by Basulto et al. [8]. According to this
scale, the stages of harvesting are stage 3 (one or more orange- colored stripes in skin; pulp almost
completely orange in color, except near skin, still hard but contains less latex) and 4 (skin clearly orange
in color with some light green areas; pulp completely orange, except near peduncle, softer than in
stage 3, but still too hard for consumption, low latex content).

It has been reported that the loss of chlorophyll produces yellow and red tones; carotenoids,
lycopene and other pigments are responsible for these colors that will increase during ripening [9].
In Sicily, given the relative proximity of the European markets, the fruits could be harvested for
consumption later and therefore allowed to ripen to late stages. This would improve the organoleptic
characteristics of the fruits since, on-tree ripening is considered less drastic and usually associated with
better quality parameters of fruit that ripens in storage. Papayas that remain attached to the tree will
also delay ripening compared to papayas that ripen in storage [9,10]. Furthermore, ripening in storage
at high temperatures and low relative humidity affects nutritional and organoleptic qualities [11].
On-tree ripened papayas that are harvested at late stages receive a constant supply of sucrose produced
by the photosynthesis in the leaves. Although some fruits accumulate starch that breaks down into
sugars through catabolic degradation during the ripening process, this is not the case for papayas [12].
Thus, papayas left on-tree until late stages will have an advantage over those harvested at early stages.
It is important for the consumers that the flavor should be sweet, and the texture of the fruit should
be firm [13]. During the sweetness process there are changes in the profiles and levels of phenolic
compounds which contribute for the flavor [11], and also the disappearance of the latex, which is
considered by consumers as bitter, is a characteristic of green papaya [14].

The aim of this study is to determine the physiochemical and nutraceutical characteristics of six
papaya cultivars, obtained from seed, cultivated in Mediterranean climate in Sicily in greenhouse
conditions and harvested at late stages.

2. Materials and Methods

2.1. Plant Material

The research was carried out in a commercial orchard in Palermo (335 0333746 m.E, 4217131.00 m.N)
onssix different cultivars of hermaphrodite papaya plants, originating from seeds. The cultivars analyzed
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are: Guinea Gold (Australia), Sinta (Philippines), Honeydew (India), Cartagena (Dominican Republic),
Maradol (Cuba) and Solo (Barbados). Trees (3 plants per cultivar) were subjected to routine orchard
cultivation. The fruits were hand-picked at stage 4, using the color of the skin fruit as maturity index [8].
They also allowed to develop naturally on-tree and later they were harvested during June-July 2016,
when reached more than 50% of yellow surface (between 60% and 77%). The fruit harvest took place
on different dates, depending on maturation age, which is different for each cultivar. For each cultivar
selected, 15 fruits were analyzed per tree, which were submitted to physicochemical and sensory
analysis. Papayas were selected according to visual color perception, elongated shape, good physical
condition, and lack of any signs of anthracnose or ring spot virus. Fruits were transported to the
laboratory for evaluation under a controlled temperature (20-25 °C) and analyzed when papayas
reached the consumption point (95%-100% orange in the peel).

2.2. Physicochemicals Analyses

Fruit Weight (FW) was determined by a digital scale (Gibertini, Italia). For the color evaluation,
each fruit was photographed with a digital camera and digital images were used to determine the
percentage of yellow cover peel color. We used the FA.S. (Fruit Analysis System) software, based on a
MATHLAB 6.0 algorithm. Chroma (C*) and hue angle (h°) were determined using a* and b* values
according to Equations (1) and (2).

C* = (a*2 + b*2)?? (1)

h°® = arctan(b*/a*) )

Flesh Firmness (FF) was measured at the equator of the fruit using a digital penetrometer TR5325
(Turoni, Forli, Italy). The puncture was performed with a cylindrical needle (8 mm diameter) and the
firmness was expressed in Newtons (N).

The flesh juice was submitted to a chemical analysis. The pulp of each fruit was extracted using a
centrifugal juicer (Ariete, Italy) to obtain a juice in order to evaluate Juiciness (J) per 100 g. Therefore,
Juice Soluble Solids Content (TSSC) was measured with an optical digital refractometer (Atago, Japan).
Titratable Acidity (TA) was determined according to method 942.15 (AOAC, 1990). The sample was
diluted 1:1 by weight of papaya pulp and distilled water using a homogenizer (Fisher Scientific PCR
125 FTH-115) for 1 min, at medium speed. Subsequently, 10 mL of the above solution were titrated
with 0.1 N NaOH until the solution turned pink. TA results were expressed in g citric acid/100 g fresh
fruit. We also determined the TSSC/TA ratio.

2.3. Standards and Chemicals

Ascorbic Acid (AA), [2,2-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)] diammonium salt
(ABTS), 2,2-azobis (2-methylpropionamidine) dihydrochloride (ABAP), 2,7-dichlorofluorescein
diacetate (DCFHDA), Folin-Ciocalteau’s reagent, Hanks’ balanced salt solution (HBSS),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), potassium persulfate, and phenolic
standards (apigenin, benzoic acid, caffeic acid, cinnamic acid, p-coumaric acid, ferulic acid, gallic
acid, phydroxybenzoic acid, luteolin, mangiferin, protocatechuic acid, syringic acid, vanillic acid,
vanillin) were purchased from Sigma-Aldrich (Gillingham, UK). 3-Carotene was obtained from
Extrasynthese (Genay, France). Acetonitrile, acetone and methanol (LC-MS grade) were purchased
from Biosolve B.V. (Valkenswaard, The Netherlands) and acetic and formic acid from VWR International
B.V. (Roden, The Netherlands). RPMI, fetal bovine serum (FBS), phosphate buffered saline (PBS),
L-glutamine solution (200 mM), trypsin-EDTA solution (170,000 U/L trypsin and 0.2 g/L. EDTA) and
penicillin-streptomycin solution (10,000 U/mL penicillin and 10 mg/mL streptomycin) were purchased
from Lonza (Verviers, Belgium). All other materials and solvents were of analytical grade unless
indicated otherwise.
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2.4. Preparation of Fruit Extracts

The fruits were peeled and the pulp was finely chopped and weighted. Then, 5 g of flesh
homogenate were extracted with 5 mL of ethanol for 30 min at room temperature while stirring.
The extraction was repeated twice. After centrifugation and filtration on Whatman filter paper 0.45 pm,
the supernatants were recovered, combined, aliquoted and stored at —80 °C. The ethanol extracts were
used for the determination of the radical scavenging and antioxidant activities, the total polyphenolic
content and the antioxidant vitamin content.

2.5. Total Carotenoids Content

The Total Carotenoid content (TC) was evaluated spectrophotometrically, 5 g of homogenate pulp
were extracted with 5 mL of ethyl acetate and mixed for 10 min at 4 °C and filtered through a Millex
HYV 0.45 pum filter (Millipore, Billerica, MA). TC was calculated according to the method of De Ritter
and Purcell using an extinction coefficient of 3-carotene of 2.505 and was expressed as pug 3-carotene/g
FW. All measurements were done in three replicates.

2.6. Total Phenolic Content

Total Phenolic content (TF) was determined by the reduction of Folin-Ciocalteu’s reagent to
blue pigments, in alkaline solution. For each extract, appropriately diluted in water, 500 uL of the
Folin—Ciocalteau reagent was added. After an incubation of 5 min, 2 mL of a 10% NayCOj solution
were added. The reaction mixture was later brought to 10 mL with distilled water and then incubated
at room temperature for 90 min. At the end of the incubation period, the absorbance at 740 nm of the
reaction mixture was recorded using an incubation mixture that contained ethanol. Quantitation was
carried out by reference to a curve constructed with GA, and the results were expressed as mg GA
equivalents (GAE) per 100 g FW. All measurements were performed in three replicates.

2.7. Total Antioxidant Activity

The antioxidant activity was evaluated using the ABTS radical cation decolorization assay
prepared by oxidation of the ABTS salt with potassium persulphate (K,S,0g) [15]. The synthetic
antioxidant Trolox was used as the standard, and the results were expressed as umol of equivalent
Trolox (TE)/100 g FW.

2.8. Radical Scavenging Activity (CAA)

The antioxidant activity of the ethanol extracts was evaluated in a cellular system using the Cellular
Antioxidant Activity assay (CAA) [16]. The assay was carried out as previously described [17,18].

2.9. Proximate Composition

The ascorbic acid (Vitamin C) and the retinol (Vitamin A) were determined according to procedures
previously described by Barros et al. [19]. For this determination the dried methanolic extract (100 mg)
was extracted with 10 mL of 1% metaphosphoricacid for 45 min at room temperature and filtered through
Whatman No. 4 filter paper. The filtrate (1 mL) was mixed with 9 mL of 2.6-dichlorophenolindophenol
and the absorbance was measured within 30 min at 515 nm against a blank. Vitamin C and Vitamin A
was calculated on the basis of the calibration curve of authentic L-ascorbic acid (0.02-0.12 mg/100 g).
The vitamin E was determined by HPLC after extraction of the lipophilic component from pulp samples.
All measurements were done in three replicates.

Ash content was determined through the procedure described in AOAC [20,21] while the Kjeldahl
method was used for protein determination. The fat content (FAT) was obtained through acid hydrolysis
with a 1:4 HCI solution on the sample followed by filtration and dehydration in a heater (70 °C).
After solvent evaporation, the extraction in Soxhlet with petroleum ether was determined through
a gravimetric method of residual fat. The carbohydrate content (TSG), either free or present in
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polysaccharides, was obtained with the anthrone method reported in Loews (1952). Carbohydrates
were first hydrolyzed into simple sugars using dilute hydrochloric acid. In hot acidic medium, glucose
is dehydrated to hydroxymethyl furfural that with anthrone forms a green-colored product with an
absorption maximum at 630 nm [21]. The contents of Ca, Mg, K, Na, P, Fe were determined using atomic
absorption spectroscopy following wet mineralization while P was determined using a colorimetric
method [22].

2.10. Sensory Profile

Fruits were tested to evaluate the organoleptic characteristics through semi-trained panel tests.
The sensory profile was defined by a panel of nine judges with extensive experience in the sensory
evaluation of several kinds of fruits [23-25]. The judges in a preliminary meeting, generated twenty-one
attributes on the basis of frequency of citation (>60%): Peel Color (PC), Flesh Color (FC), Presence of
Filaments (FIL), Consistency (CN), Sea Odor (SO), Peach Odor (PO), Exotic Odor (EXO), Medicinal
Odor (MO), Cheese Flavor (CF), Burnt Oil Flavor (BO), Acid (AC), Sweet (SW), Bitter (BT), Juiciness
(JUI), Floweriness (FL), Seafood Flavor (SFL), Peach Flavor (PF), Taste of Exotic Fruits (EXF), Medicine
Flavor (MF), Taste of Cheese (CHF), Aroma of Burnt Oil (BF). A discontinuous scale (value 1.0 absence
of the sensation; value 9.0 highest intensity) was utilized for evaluation. The order of presentation of
the fruits was randomized for each participant, and water was provided for rinsing the mouth between
the different papaya samples.

2.11. Statistical Analysis

All data were tested for differences between the genotype’s selection using the one-way analysis
of variance (ANOVA; general linear model) followed by Tukey’s multiple range test for p <0.05.

3. Results and Discussion

3.1. Physiochemical Analyses

The examined papaya cultivars (cv) showed a great variability in pomological traits. FW varied
from 384.40 g to 1194.50 g (Figure 1a). Similar results were found in four different varieties of papaya
grown in Bangladesh [26]. Papayas are classified according to Size Codes A-] [13], ranging in average
weight from 200-300 g (Size A) to over 2000 g (Size J).

This Standard applies to fruits of commercial varieties of papayas to be supplied fresh to the
consumer, after preparation and packaging [27]. According to this classification, the Guinea Gold cv
have size code H, Sinta cv have size code B, Honeydew and Solo cv have size code E, and Cartagena
and Maradol cv have size code G. The main varieties on the European market are Solo Sunrise and
Golden for small fruits up to 700 g, and Formosa for large fruits above 1 kg. Consumers tend to prefer
smaller papayas, particularly in northwestern Europe, because they suit individual consumption
better [13].

FF shows values between 0.20 and 2.40 kg/cm? (Figure 1b). Solo cv was the firmest fruit followed
by Sinta and Honeydew cv while Guinea Gold, Cartagena and Maradol cv had values below 1 kg/cm?.
Our results are compatible with those observed by Basulto et al., [8], which recorded values ranging
from 2 kg/cm? for the fruits of stages 3 and 4 (fruits colored orange yellow from a few strips to the
entire surface) and 1 kg/cm? for the fruits of stages 5 and 6 (fruits completely colored).

Blankenship and Unrath [28], observed decreases in firmness before any increase in internal
ethylene concentration during apple ripening. Paull [11], proposed that ethylene only speeds or
coordinates the firmness changes during soursop ripening, where increases in production only
occurred at more advanced stages of ripening. The ripening process, including firmness loss, can be the
result of an increase in ethylene sensitivity of the fruit tissue and not necessarily dependent on increases
in ethylene production. Moreover, a low quantity of this hormone can be sufficient for beginning
the ripening process. Flores et al. [29], concluded that melon softening only partially depends on
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ethylene, since firmness loss of selection that express the antisense 1-aminocyclopropane-1-carboxylic
acid oxidase was about 50% lower than in normal fruit. Therefore, it is reasonable to assume that
other ethylene-independent processes are involved in fruit ripening. In fact, firmness loss has a
close relationship with the activity of pectic enzymes, which are related to ethylene but at different
dependence levels [30].
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Figure 1. Pomological traits of the 6 papaya cultivars. (a) FW = Fruit Weight (g); (b) FF = Flesh Firmness
(kg/cmz); (c) ] = Juiciness (ml/100 g). Values represented as mean + SD. For each column, within the
same series different letters indicate significantly different at p < 0.05 as measured by Tukey’s multiple
range test. Letter “a” denotes the highest value.

Finally, in studies conducted on Maradol and Golden papaya, there were no differences in pulp
firmness by maturity stage, meaning that this variable is a reliable quality standard for Maradol
papaya [8]. Firmness in Maradol continued to decrease, albeit at a lower rate, after the ethylene peak,
when orange-yellow skin color begins to develop. In Golden papaya, by contrast, ethylene production
does not peak until fruit reaches edible pulp firmness and quality changes have already occurred [31].

For the majority of fruits, juiciness is a principal texture attribute. Few, if any, foods can match
most fruit for the intensity of this attribute [32]. Juiciness, in all cultivars of papaya, showed a rather
homogeneous behavior with less marked differences between the different cv. The obtained values
ranged between 22.10 and 41.80 mL/100 g (Figure 1c). The results show that the fruits of Cartagena and
Maradol cv have a low juiciness, with significant differences within the Guinea Gold, Sinta, Honeydew
and Solo cv. This shows that these selections can be more appreciated by consumers due to their
higher juiciness.

The color value obtained from the study for L*, a*, b* values were recorded as in Figure 2.
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Color is one of the most important attributes of agri-food products, since consumers associate it
with freshness and it is critical in the acceptance of a product [33]. Producers strive to prevent products
with defective colorations from reaching the market, as well as ensuring that individual products are
packed in batches with a similar color [34]. Fruit color is the most obvious change in many fruits
during ripening, and often is the major criterion used by consumers to determine whether the fruit is
ripe or unripe.
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Figure 2. Chroma and hue angle of the six papaya cultivars. Values represented as mean + SD. For each
column, within the same series different letters indicate significantly different at p < 0.05 as measured
by Tukey’s multiple range test. Letter “a” denotes the highest value.

The Chroma values obtained from the results analysis for the 6 cultivars are comparable with
those reported by Fuggate et al. [10] and Gayosso-Garcia et al. [35]. The highest values were obtained
for the Sinta and Solo cv. Considering that as reported by Schweiggert et al. [9] during ripening in
the field, the Chroma of papaya peel increased, as the colors change from green to red, the values
obtained for the 6 papaya cultivars are in agreement with this. The lower Chroma values we find for
the Cartagena and Maradol cultivars seem to be due to the fact that these had less color saturation due
to the opacity present [36]. The hue angle (h°) has low values, almost similar in all cultivars (p < 0.05).
Considering that the hue allowed to appreciate a precise differentiation between physiological maturity,
ripeness for consumption and overripe fruit [36], six cv of papaya had a low hue value as they are at
the state of consumption ripeness [8,37]. From what can be seen from the results is that the fruits show
excellent color saturation. According to Fuggate et al. [10] which describes that on-tree ripened fruit
peel revealed a clear progression to orange-red color as shown in flourishing a* values. This indicates
that biosynthesis of red color pigments (carotenoids) in the fruit peel occurred during on-tree fruit
development, and may require some intermediates from the stem and/or from environmental factors
such as sun light.

Papaya has a low starch content (around 0.5%-1%), therefore, the fruit does not have significant
amounts of starch to be hydrolyzed during ripening, which results in little, if any, change in soluble
contents during the postharvest period. According to Zhou and Paull [38], sucrose content increases
up to five times at 110-130 days after anthesis in papayas attached to the tree, when skin color begins
to change. Papaya sugar content remains constant during postharvest ripening, suggesting that sugar
accumulation in pulp is related to continued sugar translocation from plant to fruit.

TSSC of the six cultivars varied from 9.20 to 10.70 °Brix (Figure 3a). Fruit of Sinta and Honeydew
cv showed the highest value, while the lowest was recorded in Cartagena cv. These results are lower
than observed by Basulto et al. [8] in a tropical environment where values are around 12 °Brix for the
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fruits of stages 5 and 6 (orange-colored fruit). These differences could be due to the lower temperatures
of our environments [39].

TA has shown, even in this case, a similar behavior between the different examined cultivars
(Figure 3b). Solo cv showed the highest values followed by Guinea Gold cv, Sinta and Honeydew cv
whereas Cartagena and Maradol cv are the lowest ones. These values are higher than those reported in
the literature for Solo varieties and for two Local varieties analyzed in Bangladesh [40]. Even in this
case, these differences could be due to the temperatures [39]. In addition, Lazan et al. [41], concluded
that the treatable acidity increases with fruit ripening until approximately 75% of the skin is yellow,
decreasing thereafter.

All cultivars showed a similar behavior for the TSSC/TA ratio, but Cartagena and Maradol cv
reached the high value.

14 6
a
12 a a 5 _L
1 T ab
10 ab b b L = b %
—1 L S g ¢ "
= = T be
£ s 3 c
Y g 3
14 >
2 6 £
Z s
z 2
*1 £
2 Ly
0 0

o

B B ud o B o - p '
o' o & o & &0 o N & @ °
e\;&a o ¢ W - \&36 9 o 0@0.\” ‘\\a&
Cultivars Cultivars
(a) (®)

Figure 3. (a) Juice Soluble Solids Content (TSSC) of the 6-papaya cultivars; (b) Titratable Acidity (TA)
of the 6-papaya cultivars. Values represented as mean + SD. For each column, within the same series
different letters indicate significantly different at p < 0.05 as measured by Tukey’s multiple range test.
Letter “a” denotes the highest value.

By using linear regression, a model was generated to enable TSSC content predicted from the color
value obtained from the colorimeter. The TSSC content acted as a dependent variable while color acted
as an independent variable. The correlation with TSSC and Chroma was established with R? = 0.3507,
similar results were obtained from Barragén-Iglesias et al. [36], therefore TSSC showed a nonlinear
relationship with color.

3.2. Phytochemical Profile and Antioxidant Properties

The Total Carotenoid content (TC) is within a wide concentration range varying from 142.25 to
4134.26 pg 3-carotene/g FW (Figure 4).

Carotenoids play a very important role in human health and nutrition, recognized as strong
antioxidants due to their ability to trap singlet oxygen and eliminate the peroxyl radical [42].
Various in vitro and in vivo studies have shown that carotenoids prevent cardiovascular diseases
and impact cell signaling pathways [42], in addition to providing protection against some types of
cancer [43].

Among the cultivars analyzed, Cartagena and Maradol cv have the highest carotenoid value.
The carotenoid content seems to be correlated with that of the FF. Guinea Gold, Cartagena and Maradol
cv, with a pulp consistency of less than 1 kg/cm?, have the highest carotenoid values. Sinta, Honeydew
and Solo cv, with the highest consistency values, have very low carotenoid values. This fact suggests a
relationship with a relatively more advanced degree of maturation but when comparing the carotenoid
content with the percentage of color of the skin, no obvious correlation can be observed.
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Figure 4. Phytochemical profile of the 6 papaya cultivars. Total Carotenoid content (TC) (ng/g FW);
Total Phenolic content (TP) (GAE/100 g). Values represented as mean =+ SD. For each column, within the
same series different letters indicate significantly different at p < 0.05 as measured by Tukey’s multiple
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range test. Letter “a” denotes the highest value.

The high variability of the total carotenoid content could be justified by a high genotype-based
diversification of carotenoid synthesis. In the literature, in particularly colored tropical fruits such as
papaya, lycopene, 3-cryptoxanthin and (3-carotene are the main identified carotenoids [35]. The fruits
analyzed in this study have a comparable carotenoid content and, for some selection, higher than that
reported in the literature for other papaya fruits [44].

Phenols contribute to fruits’ color and taste and have been described as possessing anticarcinogenic
and antimutagenic activity [45]. Various studies have shown that phenolic compounds have high
antioxidant potential, resulting in a beneficial effect to human health [43]. The total polyphenolic
content (TP) of the six papaya cultivars studied varies between 38.60 and 60.20 mg GAE/100 g FW,
with an average value of 50.79 + 11.12 mg GAE/100 g FW. From the results obtained, it can be seen
that the average value determined for the TP is comparable to that reported in the literature for other
hydrophilic extracts of papaya fruits [46].

The accumulation of phenolic compounds varies greatly in relation to the physiological state of
the fruit and results from the balance between biosynthesis and further metabolic phases, such as
turnover and catabolism [46]. In addition, a decreasing trend in total phenol content and antioxidant
capacity on Maradol papaya skin and pulp was reported during maturation [35]. The values obtained
are comparable to those reported for the pulp of other tropical and subtropical fruits with documented
positive properties for health [47].

The radical-scavenging and reducing activity of the fruits of the six analyzed cultivars was
measured by evaluating the ability to decolorate in a solution of the ABTS radical. The values of
radical scavenging activity, assessed by the ABTS test, are included in the range 60.00 + 10.00-289.60 +
9.55 pmol TE/100 g FW (Figure 5).

The fruits of Solo cv are those that exhibit the highest reducing activity values, followed by
the fruits of Guinea Gold, Cartagena, and Maradol cv. The fruits of Sinta and Honeydew cv have
low values.

The results of the CAA assay (Table 1), used to assess the antioxidant activity of the ethanol
extracts [46], was an average of 15.96 mg FW/mL. The highest activity was recorded for the fruits of
Maradol cv while the lowest was recorded for the fruits of Honeydew cv. Cellular antioxidant activity
is not positively correlated with the TP and with the radical-scavenging activity. These results suggest
qualitative differences in the phytochemical profile of the fruits of the studied cultivars.
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Figure 5. Antioxidant properties of the 6 papaya cultivars. Values represented as mean + SD. For each
column, within the same series different letters indicate significantly different at p < 0.05 as measured
by Tukey’s multiple range test. Letter “a” denotes the highest value.

Table 1. Cellular Antioxidant Activity Assay (CAAsg) of the 6 papaya genotype selections.
Values represented as mean + SD. For each column, within the same series different letters indicate
significantly different at p < 0.05 as measured by Tukey’s multiple range test. Letter “a” denotes the

highest value.
Genotype CAAj5
Guinea Gold 18.75 +0.18 b
Sinta 15.09 +0.13 c
Honeydew 26.70 +043 a
Cartagena 14.03 +0.13 d
Maradol 6.34 +0.05 e
Solo 14.89 +0.18 dc

3.3. Proximate Composition

The activity of many important vitamins, such as vitamin A, C, E, or minerals, is notoriously
included in the antioxidant properties of many fresh and raw foods, such as fruits or vegetables.
Collectively, vitamins and other nature-derived molecules are known as “phytonutrients” [48].

The role of vitamin A is not restricted to their antioxidant properties. It is fundamental in signaling
with retinol-binding protein to regulate insulin sensitivity and fat homeostasis [49,50]. In addition,
vitamin A and related retinoids have therapeutic potential as immune modulators and the retinol is
an important electron carrier in redox signaling [51] because it controls oxidative phosphorylation in
mitochondria [52].

Vitamin A has values that are distributed in a range from 18.50 to 56.50 mg/100 g, with an average
value of 42.70 mg/100 g (Table 2). The cultivars with the highest vitamin A content are in Guinea Gold,
Honeydew and Maradol, the lowest content is found in Sinta and Solo cv. Similar data was found for
Solo variety papaya fruits, harvested at commercial maturity grown in Hawaii [53]. Depending on
cultivar and ripeness, consuming about one-half of a papaya fruit (100 g) would provide between 2%
and 10% of the need for vitamin A for the average adult. The USDA Nutrient Database (2004) lists
47 mg RAE/100 g for papaya vitamin A content [54].

Vitamin C is a fundamental dietary supplement; it modifies some responses of the white adipose
tissue towards oxidative stress, inhibits the secretion of leptin from adipocytes and is associated with a
reduced risk of chronic diseases [55].
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The vitamin C content of our extracts is within a range of concentration from 30.50 to 62.50 mg/100 g,
with an average value of 49.14 mg/100 g (Table 2). The lowest values have been registered for the fruits
of Sinta and Solo cv, followed by the fruits of Honeydew cv. Guinea Gold, Cartagena, Maradol and
Solo cv have a vitamin C content that is about 1.5 times larger than that recorded for other cultivars.
The vitamin C content recorded for our cultivars is comparable to that determined in fruits of other
varieties of papaya [44]. The values obtained confirm that papaya is a fruit particularly that is rich in
vitamin C with a content comparable to that reported for citrus fruits.

The Vitamin E content is not significant for all six cultivars, according to USDA Nutrient
Database [54] (Table 2).

Table 2. Vitaminic composition of the 6 papaya genotype selections. (a) Retinol (VIT. A mg/100 g);
(b) Ascorbic Acid (VIT. C mg/100 g); (c) Tocopherol (VIT. E mg/100 g). Values represented as mean =+ SD.
For each column, within the same series different letters indicate significantly different at p < 0.05 as
measured by Tukey’s multiple range test. Letter “a” denotes the highest value, “ns” denotes no significant.

Genotype Vit. A Vit. C Vit. E
Guinea Gold 56.50 +0.01 a 6250 +0.01 a 0.29 +0.01 ns
Sinta 18.50 +0.02 d 3150 £0.01 b 0.17 +0.02 ns
Honeydew 54.30 +0.01 a 56.70  +£0.02 a 0.27 +0.02 ns
Cartagena 48.50 +0.01 b 59.00 £0.01 a 0.24 +0.03 ns
Maradol 52.00 +0.03 a 60.50 +£0.05 a 0.22 +0.01 ns
Solo 26.50 +0.02 C 3050 +0.01 b 0.15 +0.04 ns

The flesh mineral content is presented in Table 3. All selections showed significant moisture, on
average 73.54%. Guinea Gold, Honeydew, Cartagena and Maradol cv had the highest MST values.
High humidity levels were also found in papaya fruits from the Mbezi area in Dar es Salaam, Nigeria [56]
and India [26].

The moisture level in a fruit is an important factor as it may affect its consistency and overall
acceptability [57].

FAT did not show significant differences among cultivars and the average value is 0.38 g/100 g.
The FAT content of Sicily papaya was higher than values reported for Nigerian papaya [58].
Considering that higher levels of FAT in these fruits indicate that they are not good sources of
energy [54], Sicily papaya is better in this respect.

TSG ranged from 8.23 to 2.71 g/100 g, according to the available USDA ratio [54].

An average ASH content of 0.45 g/100 g was observed. Low ASH content in the pulp indicates
that the total inorganic mineral content is low. However, the moisture content is also low, showing that
the pulp can be stored for a period of time without spoilage and it will not be susceptible to microbial
growth [58].

Table 3. Flesh composition of the 6 papaya cultivars. (a) Moisture (MST %); (b) Fats (FAT g/100 g);
(c) Total Sugar (TSG g/100 g); (d) Ash (ASH g/100 g). Values represented as mean + SD. For each
column, within the same series different letters indicate significantly different at p < 0.05 as measured
by Tukey’s multiple range test. Letter “a” denotes the highest value, “ns” denotes no significant.

Genotype MST FAT TSG ASH
Guinea Gold ~ 88.23 +0.02 a 0.34 +0.05 b 619 +1.60 b 059 +0.03 a
Sinta 88.93 +0.06 a 0.34 +0.04 b 655 +1.58 b 057 +0.03 a
Honeydew  86.41 +0.63 c 0.23 +0.05 c 460 +1.68 c 059 +0.08 a
Cartagena  88.00 +1.02 a 0.33 +0.05 b 7.02 +1.60 a 048 +0.12 b
Maradol 87.46 +1.73 b 0.34 +0.04 b 735 +1.70 a 043 +0.10 b
Solo 87.00 +1.20 b 0.40 +0.02 a 7.02 +1.50 a 048 +0.10 b

In the mineral composition of the pulp (Table 4), K is the predominant mineral element of
the papaya fruit. For other mineral elements, Cartagena cv showed the highest values. This data is
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similar to those reported in other recent studies on tropical fruits [59]. Calcium and potassium show
slightly higher results than USDA Nutrition Database, while sodium shows slightly lower values [54].
Potassium, calcium and magnesium, are nutritionally important. The high concentration of these
minerals could be an advantage; it has important roles in the maintenance of normal glucose-tolerance
and in the release of insulin from beta cells of Langerhans islets [59].

Table 4. Mineral composition of the 6 papaya cultivars. Macroelements: (a) Calcium (Ca); (b) Magnesium
(Mg); (c) Potassium (K); (d) Sodium (Na); (e) Phosphorus (P). Mean values (mg/100 g dry weight).
Microelements: Iron (Fe). Values represented as mean + SD. For each column, within the same series
different letters indicate significantly different at p < 0.05 as measured by Tukey’s multiple range test.
Letter “a” denotes the highest value, “ns” denotes no significant.

Genotype Ca Mg K Na P Fe
Guinea Gold 3250 +£0.13 b 18.00 + 0.03 ns 17250 £ 0.22b 4.85+0.19 ab 36.00 +£0.04 a 0.84+0.15a
Sinta 47.00 £ 0.08 a 17.00 + 0.01 ns 222.00+0.13a 5.00 + 0.13 ab 27.00 +0.09 ¢ 0.65+0.11b
Honeydew 3533 +0.30b 16.00 + 0.05 ns 164.67 £ 0.17 b 3.70 £ 043 ¢ 30.67 +0.92b 0.33 £0.08 ¢
Cartagena 4950 +0.11a 17.00 + 0.05 ns 21550 +0.32a 595+ 0.06a 29.00 +0.04 b 0.70 £0.20 b
Maradol 32.00+£0.23b 15.00 £ 0.04ns  198.00 + 0.09 ab 430+029b 26.00 + 0.06 ¢ 028 £0.02¢
Solo 32.00+0.25b 15.00 £ 0.06ns  198.00 + 0.27 ab 4.00+0.15Db 26.00 +£0.12 ¢ 0.28 +0.14 ¢

3.4. Sensory Analysis

Regarding sensory analysis, only CN, EXO, SFL, PF and EXF descriptors show significant
differences between the cultivars (Figure 6).

EXF* SO

PF* PO

SFL* EXO*

FL MO

BT BO
SW AC

Figure 6. Sensory profile of the six papaya cultivars as evaluated by a trained panel. Values represented
as mean + SD. Peel Color (PC); Flesh Color (FC); Presence of Filaments (FIL); Consistency (CN); Sea
Odor (SO); Peach Odor (PO); Exotic Odor (EXO); Medicinal Odor (MO); Cheese Flavor (CF); Burnt Oil
Flavor (BO); Acidity (AC); Sweetness (SW); Bitterness (BT); Juiciness (JUI); Flouriness (FL); Seafood
Flavor (SFL); Peach Flavor (PF); Exotic Fruit Flavor (EXF); Medicinal Flavor (MF); Cheese Flavor (CHF);
Burnt Oil Flavor (BF). For each descriptor the values marked with * indicate significant differences
between cultivars (p < 0.05).

The “Consistency” parameter has values in the range of 3.7 to 5.8. The data related to the “Exotic
Odor” shows higher values for Cartagena cv, and the values are between 4.8 and 7.3. There are no
significant differences for the negative descriptors except for the “Sea Flavor” parameter, which divides
the fruits into two groups: better fruits belonging to Honeydew, Cartagena, Maradol, Solo cv and
nice fruits belonging to Guinea Gold and Sinta cv. As for the positive descriptors, “Peach Flavor” and
“Taste of Exotic Fruit” there are no significant differences, the best cultivars are Honeydew, Cartagena
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and Solo. An evaluation of “Peel Color” and “Flesh Color” showed no significant differences between
these values.

Comparing the results obtained in sensorial analysis with TSSC, it is noticeable that the panelists
detected the differences found in soluble solid. In conclusion, we can say that the six different cultivars
have received higher scores for the parameters related to flesh color, to sweetness, to juiciness, to peel
color and to the sensations related to the odor of exotic fruits.

4. Conclusions

All cultivars analyzed reach chemical-physical traits that satisfy the market needs. However, our
results showed a wide range of variability in terms of physicochemical traits, proximal composition,
antioxidant capacity, and sensory characteristics. In fact, significant differences were found in the
characteristics in a genotype-dependent manner. As for sensory analysis, the descriptors related to
unpleasant defects or sensations always have very low scores. Moreover, the fruits of the six cultivars
are rich in molecules with antioxidant activity, especially polyphenolic phytocomponents. These data
suggest a potential protective effect to the quantities commonly consumed with food. In In conclusion,
we can say that our data are comparable to the tropical and subtropical fruits; and highlight the
possibility of obtaining quality papaya fruits in a Mediterranean climate harvesting fruit with more
than 50% of yellow surface and using greenhouse growing. Further studies, which are not the subject
of this research, should analyze the vegetative-productive characteristics of these genotypes in order to
assess their overall potential.
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