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ABSTRACT

Among the less exploited Brazilian native fruit trees,3pendias dulcigcaja-manga) has many uses, being their
fruits appreciated in fresh consumption and its pulp used in popsicles, ice-creams, and jellies production, However
there is a lack of research on this species, being necessary more studies. This work aimed to characterize the physical
and chemical quality and the genetic diversitjpbndias dulciguits harvested in different accessions in the municipality
of Jatai — GO. The experiment was carried out in a completely randomized design with six treatments (accessions), ten
replications with ten fruits per plot, totaling a sample of 600 friiits.fruits were evaluated for pulp and peel ¢gdalp
yield, soluble solids content, titratable acidggluble solids content/titratable acidity ratio, and vitamin C confast.
fruits from accessions M4 and M5 presented physical and chemical characteristics higher than the other plants. The
evaluated accessions presented genetic variabaityg the methodology employedi@éntly to indicate this variability
in which the accession M2 was the most divergent.
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INTRODUCTION disappearane in the future (Limaet al., 2019).
Furthermore, the plants are propagated by seeds which

Brazil has one of the workd greatest fructiferous } i ) : )
causes non-uniformity and long vegetative periods, this

biodiversity in which the species from th@acadiaceae X _
. L gecurs becaus®&. dulcisseeds have physical and
Family such as mango, cashew fruit, ciriguela, and caja- " ) .
. . physiological dormancyfeatures that are very undesi
manga $pondias dulcjsstand out (Mourat al., 2013; rable for commercial crops (Martiesal, 2019)
Vasconcelost al, 2017).Among the less exploited P " :

. . . The evaluation of the physical characteristics of fruits
commercial species, there are the fruits from the genys . : o
. . . ) as great importance when it comes to the determination
Spondias which have thés. dulcisL. species, that are

- . i ) of the genetic variability of a species that can subsidize
regionally known as caja-manga, taperebé or cajarana aBFieeding programs, as well as its relationship with

in general, are exploited in an extractivist way in almo%nvironmental factors (Nascimerebal, 2014). Genetic
the entire Brazilian territorgspecially across the regionsdiversity is an important parameter evaluated by plant
North, Northeast and Midwest (Mitchell & DaB015).  preeders in the initial phase of a breeding program. Several
Despite the good acceptance by the consumers ahgthods are available to evaluate it in plant populations,
of bringing benefits to human health, thedulcisfruit  pased on the ability to detect differences among
is not marketed on a large scale due to its higenotypes, costs, ease of use, consistemayd
perishability and short postharvest shelf-life. The fruiteplicability of results (Moralest al, 2011). The
sales occur only during the harvest seasons since thesntification of genetic diversity can be performed
fruits come from extractivism in areas of the naturahrough agronomic, morphological, and molecular traits
occurrence of the specieshigh can lead to their (Silvaetal., 2012).
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Multivariate analysis techniques can be used at the The soluble solids concentration (SSC) was evaluated
discrimination of accessions in germplasm banks, aimirfgpm the juice obtained after the pulp extraction by hand
to evaluate the genetic diversity among those accessiarsl measured in a handheld refractometer (Atago, Japan),
and select the most important descriptors (Rodrigies whose results were expressed in °Brix. The titratable acidity
al., 2010) Among the several techniques of multivariat€TA) was obtained through titration in a NaOH solution
statistics, there are the analyses of correlations anding phenolphthalein as an indicatand these results
clustering methods (Cruet al, 2012). The clustering were given in g of citric acid/100 mg of fresh fruit. The
methods are important for plant breeding because th&pC/TA ratio was given through the quotient between
allow estimating the distance between genotypethese two characteristics. The ascorbic acid content
avoiding the conservation of duplicates in germplasifvitamin C) was obtained through titration with Tillman
banks and helping in the choice of parents for futuneagent (2,6-dichlorophenolindophenol sodium solution
crosses aiming a greater gain by heteroses (Passeri-Liat®,1%) (Merck Eurolab, Belgium), and the results were
etal, 2020). given in mg of ascorbic acid/100 mg of fresh fruit. The

Thus, there is the need to evaluate the physical antethodology employed to determine the pulp chemical
chemical characteristics 8f dulcidruits associating the characteristics was performed based on the procedures
environment with productivityand obtaining the ideal described by the Institutadolfo Lutz (IAL, 2008).
crop places of this species, besides researches of theThe experiment was carried out in a completely
existent diversity among fruits. Therefore, this work aimethndomized design, composed of six treatments (Acces-
to characterize the physical and chemical qualitof sions M1; M2; M3; M4; M5 and M6) with ten replications
dulcis as well the genetic diversity among the fruitof ten fruits per plot, totaling a sample of 600 fruits. The
harvested on different accessions in the municipality afata were checked by the normality and homoscedasticity

Jatai — GO. test and subjected to the analysis of variance. The
averages were compared bukey’s test at 1% of
MATERIAL AND METHODS significance level (p < 0.01). The data analyses were
For the characterization of fruit quality and genetiperformed in the RBio statistical program (Bhering, 2017).
diversity, the fruits of caja-mangaS( dulci$ were A phenotypical correlation was performed using

harvested from accessions of a natural occurrence in timaltivariate analysis, based on the Guerra & Livsira’
urban zone from the municipality of Jatai — GO — Brazi(1999) classification, in which a correlation coefficient is
The main soil type in the urban area is classified as purmensidered very strong when it ranges from + 0.91 to +
oxisol (Scopeét al, 2002) According to Koppen-Geigar  1.00; strong when it ranges from £0.71 to £0.90; medium
classification, the climate is frodw type, with the dry when it ranges from + 0.51 to + 0.70; and weak when it
season from May to September and the rainy season fremmges from +0.31 to £0.50.
October tApril (Melo & Dias, 2019). A multivariate analysis was performed estimating the
The accessions were randomly chosen based mrean Euclidean distance generated through the six
the minimum distance of 3.5 km. Fully ripe fruits wereaccessions. The cut-off point used to determine the
harvested by hand with the aid of a stick 4.5 m high amiimber of clusters at the Unweighted Pair-Group Method
sent to the laboratory of fruticulture from the FederalsingArithmeticAverages (UPGMA) method was based
University of Jatai in plastic boxes (55 x 25 x 36 cm)on the relative size of the six fusion levels (distances).
The fruits from the accessions were selected for thiéhe cophenetic coefficient of correlation (CCC) between
absence of mechanical damages or injuries causedthg matrix of genetic dissimilarity and the matrix of the
pests and diseases, then, the selected fruits wem@henetic values was calculated, aiming to verify the
sanitized in a sodium hypochlorite solution per fivelustering consistencyrhe data were analyzed at the
minutes. statistical program GENES (Cruz, 2016). The dendrogram
The fruits were characterized for their physical andias established using the “Statistic” program version 5.0.
chemical characteristics. The pulp and peel color were
given by the CIELab coordinates L* (Lightness), b*RESULTSAND DISCUSSION
(Yellowness), C* (Chroma), and h° (hue angle), determined The accessions M5, M4 and M3 stood out for the
through reflectometry with a colorimeter Konica Minélta pulp yield with 88.10, 85.5 and 83.4%, respectiyely
measuring at the midpoint in opposite surfaces of thgresenting the highest pulp yield among the accessions
fruits. The pulp yield was obtained with the assistance evaluated, and the lowest values of pulp yield were
a precision scale through the quotient between fruit weigbbserved in the accessions M1, M2 and M#&b(& 1).
and pulp weight after the pulp extraction by hand, and the The pulp yield of fruits from the accessions evaluated
results were expressed in percentage (%). in the present work are higher than the values fou&d to
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dulcisby Chaves-Neto & Silva (2019) for fruits harvestecheed to add citric acid in the juice production and inhibits
in Paraiba state, and by Damiaial (2011) for fruits microomganismé development, which can decrease the
harvested in the municipality of Novaneza — GO, which production costs (Limat al, 2002; Brasil, 2016).
presented 73.79 and 73.58% of pulp yield, respectively For soluble solids concentration (SSC), the fruits from
Costaet al. (2015) and Menezes al. (2017) evaluating accession M2 presented the lowest content, which was
Spondias tuberostuits, obtained 65.08 and 74.30% 0f9.67 °Brix, the other accessions showed no significant
pulp yield, respectivel\Marquest al (2018) evaluating differences with the values ranging from 10.48 to 11.48
fruits in the municipality of Bo¥ista— RO, obtained fruits °Brix (Table 1).These results corroboradeouchaet al
of Spondias mombiwith pulp yield ranging from 55.10 to (2012), which produced fruits &. dulciswith a soluble
77.51%, and Dutrat al (2017) also evaluating fruits 8f  solids concentration of 11.78 °Brix. On the other hand,
mombin but from the municipalities of Macarani andJayarathnat al. (2020) evaluating fully ripefs. dulcis
Caraibas — BA, reported 71.97 and 73.54% of pulp yieltpits, obtained 7.52 °Brix for soluble solids concentration.
respectively For the fruits good acceptance, especially in fresh
The fruits must present at least 40% of pulp yield toonsumption, it is required a high soluble solids
be used by processing industries in the elaboration oéncentration, being this characteristic a way to determi-
juices, wines, jellies, and sweets (Lagan¥elaet al, ne the fruit quality according to its ripening stage (Trevisan
2011). The results obtained in the present work indicaét al, 2010; Cremascet al, 2016). The six accessions
the great potential of the municipality of Jatai — GO tproduced fruits with SSC higher than the minimum value
produceS. dulcidruits with a high pulp yield, an important required forSpondias dulciby the Standards of Identity
characteristic, especially for processing industries.  and Quality of pulp fruit (PIQ) established by the
The accession M4 presented the highest titratabBrazilian legislation, which is 9.0 °Brix at the temperature
acidity (TA), which was 1.21 g of citric acid/100 mg of of 20 °C (Brasil, 2016).
fresh fruit, and the lowest titratable acidity content was The fruits from accession M1 presented the higher
observed in fruits harvested from the accessions M1 (1.68luble solids content/titratable acidity ratio (SSOIT
g of citric acid/100 mg of fresh fruit), M3 (1.07 g of citric18.12, and show no significant difference from the
acid/100 mg of fresh fruit) and M5 (1.08 g of citric acid/10@ccessions M3 and M54ible 1) These results corroborate
mg of fresh fruit) (&ble 1).These results are higher thanChaves-Neto & Silva (2019) for fruits 8f dulcigproduced
those found byArouchaet al. (2012), who obtained 1.03 g in Paraiba state, which presented 16.70 of S&CTe
of citric acid/100 mg of fresh fruit fo. dulcisfruits lowest value was reported by Damienal (2011) in the
harvested in the municipality of Mossoré — RN. municipality of NovaVeneza — GO, which presented an
It is worth noting that even with the significantSSC/T of 10.98 forS. dulcis
differences among the accessions, these results obtainedThe SSC/A is one of the most important characte-
in the present work are following tiié& content required ristics to indicate the fruit flavor since it is related to the
by the processing industries f8r mombirfruits, which  balance of sugars and acids, thus, the highest 3SC/T
is the acidity higher than 0.90% of citric acid (Brasil, 2016)mplies in sweeter fruits, which is also related to its ripening
Considering the high acidity observed in the evaluatestage (Schneidest al, 2020; Guimaraest al, 2020).
fruits, they could attend the demand of the industrigsS8omparing the SSCA'found in the present work to the
since the high acidity content in the pulp can reduce tmeinimum values required fo8. dulcisand umbu $.

Table 1 Pulp yield (PY), titratable acidity @), soluble solids concentration (SSC), soluble solids concentration/titratable acidity
ratio (SSC/R), and vitamin C (MC) of S. dulcidfruits harvested from six accessions in the municipality of Jatai — GO

A ) PY TA SSC SSC/TA VitC
ccession

(%) (g of citric acid /100 mg) (°Brix) (mg of ascorbic acid /100 mg)
M1 78.40 b 1.09¢c 11.16 a 18.12 a 64.43 a
M2 80.35b 1.16 b 9.67 b 9.86 ¢ 60.33 b
M3 83.40 a 1.07c 10.71a 16.16 a 64.79 a
M4 85.50 a 12la 11.43 a 10.73 b 58.87 b
M5 88.10 a 1.08c¢c 11.48 a 15.27 a 63.25 a
M6 81.50 b 1.14b 10.48 a 12.48 b 67.70 a
F-value 0.52* 8.33* 6.89* 9.30* 2.59*
CV (%) 4.66 19.92 7.4 24.52 18.95

Averages followed by the same letter in the column show no statistiéaledi€es (< 0.01) according to th&ukey’s test.
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tuberosa by the Standards of Identity and Quality ofand M3, the highest h° was obtained in fruits from the
pulp fruit (P1Q%) established by the Brazilian legislationaccession M2, and the highest b* coordinate were
(Brasil, 2016), which is 10 and 6.43, respectiviélyan be obtained in the peel of fruits from the accessions M1 and
observed that the fruits from the six accessions presentd@ (Table 2). Hue angle values closest to 90° indicates
a higher SSC/A, indicating the potential for its that both the pulp and the peel presented an intense yellow
exploitation by the processing industries. color (Pereirat al., 2019).

The accessions M1, M3, M5 and M6 showed no The L* coordinate of pulp and peel is indicative of
difference between them and present the highest vitaniightness intensityDuring the ripening, the coordinates
C content, which was 64.43; 64.79; 63.25 and 67.70 mglof and b* tends to decrease, which implies in fruits with
ascorbic acid/100 g of fresh fruit, respectivelalfle 1). darker colors (Nuncio-Jauregatial, 2014). Marquest al
These results are higher than those reported by Koha{@018) evaluatings. mombirfruits produced in Roraima,
et al (2011), which obtained fruits &. dulciswith 54.2  reported L* values of 50.36 for peel and 50.04 for pulp.
mg of ascorbic acid/100 g of fresh fruit. Bohr&\&aman As greater is the C coordinate value, as vivid and strong
(2017) also reported a lower content of ascorbic acid ftie color will be (Manasat al, 2019). These results found
fruits of S. dulcidully mature produced in Souftndaman in the present work corroborate the results obtained by
—India, which is 35.49 mg of ascorbic acid/100 g of fresMarqueset al. (2018) evaluating fruits d6. mombirin
fruit. TheS. dulcispulp is rich in antioxidants compounds,Roraima — Brazil. Fruits with vivid and strong colors tend
high levels of carotenoids, tannins and vitamin C (Tiburskdb be better accepted by the consumers in fresh
etal, 2011). The ascorbic acid oxidation reactions depemdnsumption (Souzet al, 2017).
on temperature levels and the ripening stage, decreasingThe hue angle (h°) is the angular component of the
with maturity (Jayarathnet al., 2020). representation of the product color (Nuncio-Jauregui

Regarding the pulp colpthe accession M1 producedal., 2014). H° values closest to 90° are indicative of the
fruits with the highest values of coordinates lightnessaturity stage, which is more attractive to the consumers
(L*), chromaticity (C) and yellowness (b*), and the highesfPereiraet al, 2019). This characteristic is important to
values of the coordinate hue angle (h°) of the pulp wetke processing industries since fruits at an advanced
obtained in fruits from the accessions M3 and M&b{& ripening stage produce more chemical reactions, turning
2). For the peel colpthe highest L* coordinate value wasthe fruits with an intense yellow color and having no need
obtained in fruits from the accession M1, the highest © add several dyes in the juice processing (Mitchell &
coordinate was observed in fruits from accessions Mlaly, 2015).

Table 2 Color coordinates of pulp and peel®fdulcisfruits harvested from six accessions in the municipality of Jatai — GO

Accession Pulp

L* C he b*
M1 58.49 a 29.74 a 78.99 b 28.40 a
M2 46.20 b 1455 ¢ 79.98 b 13.58 ¢
M3 46.23 b 13.32 ¢ 84.57 a 13.56 ¢
M4 42.86 c 10.13d 86.39 a 8.27d
M5 4540 b 13.15¢ 77.47 b 13.21¢c
M6 46.98 b 1752 b 77.90 b 17.20 b
F-value 41.44* 45.,93* 5.87* 58.93*
CV (%) 5.64 19.79 5.99 17.94

. Peel

Accession

L* C he b*
M1 57.03 a 19.87 a 89.01c 19.37 a
M2 4350 c 9.42c 100.41 a 8.43d
M3 53.24 b 19.05 a 93.07 b 18.49 a
M4 4251 c 11.23 ¢ 94.80 b 10.00 ¢
M5 46.45 ¢ 16.10 b 88.37 ¢ 16.25 b
M6 4425 ¢ 11.77 ¢ 92.11b 11.50 ¢
F-value 26.59* 19.38* 22.45* 44.86*
CV (%) 7.60 21.59 3.15 15.62

Averages followed by the same letter in the column show no statistitaledies (< 0.01) according to th&ukey’s test.
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The b* represents the yellow tone of colahereas
the higher is the value, the more intense is the yellow
color (Manasat al, 2019). The yellow color occurs due
to the activation of the biosynthetic pathways associated
with the pigments of phenolic origin (Maldonado-
Astudilloet al, 2017).

Regarding the pulp chemical characteristics, it can be
observed that the titratable acidity presented a negative
and significative strong correlation with the soluble solids
content/titratable acidity ratio (-0.96), indicating that one
characteristic increases as the other decreases, whe@a
the soluble solids concentration presented a negative amd
significative strong correlation with the pulp hue angle (g
0.98), which also indicates that one characteristic is inver%b
to another and can indicate that the color change durigg
the ripening is related with the increase of soluble solidg
concentration (able 3). g

For the pulp colgrthe coordinates L* C and b* £
presented a positive and significative strong correlatiog
with the soluble solids content/titratable acidity ratio (0.92¢
0.98 and 0.99, respectively) and presented a negative aé"ﬁd
significative strong correlation with the titratable acidity®
(-0.89, -0.98 and -0.99), which indicates the changes th%t
occur during the ripening process, besides, the lightne§s
presented a positive and significative correlation with th'g
yellowness (0.91), and for the peel cotbe L* coordinate 2
presented a positive and significative correlation with thg
coordinates C and b* (0.99 and 0.98, respectively), als8,
the coordinate C presented positive and significativé
correlation with the b* coordinate (0.99){le 3).

The knowledge of the association between charact'g—
ristics has great importance for breeding program%
especially if the selection presents problems due to i
low heritability or it is from difficult measurement andg
identification, and the correlations are considered f@
choosing the breeding methods when strategies gf
simultaneous selection for the characteristics evaluat@
are formulated (Gilest al, 2016). The high correlations «
obtained in the present work indicate the possibility t@
present gains from the indirect selection of one feature @
the loss of anothewhich can generate a high potential{y
due to the greater heritability of the characteristic§
evaluated (Chaves-Ne#bal, 2018). E

It can be observed in the UPGMA dendrogram the
formation of two groups, being the group | composed b‘%
the accession M2 and group Il composed by th@
accessions M1, M3, M4, M5 and M6, based on th&
distances index within the dendrogram with a cophenetﬁ‘.
correlation coefficient (CCC) of 0.78 and cut-off point ofe
0.68, corresponding to 85% of distance (Figure 1). 2

The clustering by the UPGMA method was suitabl&
for genetic diversity representation and the formation G2
groups between the accessions because it presented a

ni
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Rev CeresVicosa, v69, n.2, p. 180-186, mar/a2022



Fruit quality and genetic diversity &pondias dulcisccessions 185

Group| — M2

M

M3

Group Il — m

M5

— M6

I | | | | | | \ [
0 10 20 30 40 50 60 70 80 90

Figure 1: Dendrogram generated by UPGMA method from the dissimilarities through the Euclidean distance among 13 variables of
fruits from six accessions.
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