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ABSTRACT

Objective: To determine the main evolution indexes of the postharvest ripening of the Ataulfo mango variety
grown in Soconusco, Chiapas, Mexico.

Design/Methodology/Approach: The variables determined were, mango skin color (B¥*, a*, and b¥), starch
index, total soluble solids (T'SS) (°Brix), pH, fruit firmness, and color/skin firmness correlation.

Results: As the fruit ripeness evolution advances from stage 1 to stage 5, the values of the B¥, a*, and b* (color)
variables, the T'SS, and the pH also increase; however, starch concentration and skin firmness decrease. The
negative correlation between the B*, a* and b* (color) and the fruit firmness,suggests the use of the color
variable to measure the ripeness of the Ataulfo variety.

Study Limitations/Implications: The ripeness evolution of mango has been the subject of several studies,
focused on different varieties (¢.g., Tommy Atkins, Keitt, Alphonso, etc.), particularly in Ataulfo mangoes grown
in different regions of Mexico. Understanding the physicochemical evolution of the Ataulfo mango grown in
Soconusco, Chiapas is fundamental for the producers.

Finding/Conclusions: The results obtained could help to determine the ripeness state of the Ataulfo mango,
under the environmental conditions of Soconusco, Chiapas.

Keywords: Color, °Brix, skin firmness, pH, starch.

INTRODUCTION

Ataulfo mango (Mangifera indica L.) is native from Tapachula, municipality of
Tapachula, in the southern Mexican state of Chiapas, Mexico. As a result of its organoleptic
characteristics, the export quotas of this variety have increased. Additionally, mango is a
tropical fruit that is mainly harvested at the beginning of its physiological ripeness, in order
to minimize the quality loss resulting from the post-harvest handling and transportation
(Padda et al., 2011). During the beginning of its physiological ripeness, mango has a hard
or firm texture, a low soluble solids content, and a high acidity. Consequently, it requires
a ripeness period to achieve organoleptic maturity —i.e., the desired flavor and texture at
the moment of consumption (Cortés et al., 2016; Ibarra-Garza et al., 2015).

Mexico has a protected appellation of origin for some of its products. This “protected
appellation origin” label belongs to the geographical location where a specific good is
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grown or produced. The label establishes a certain production and sowing process and
specific characteristics. The goods are considered as a unique product that must be legally
protected. The Ataulfo mango was awarded the “Ataulfo mango of Soconusco, Chiapas”
protected appellation origin in 2012 (Mendoza-Herndndez et al., 2020; DOF, 2012).

The ripening process of mango includes a series of significant molecular, physiological,
and biochemical changes. These changes cause ethylene production, an increase in the
respiration rate, a remodeling of structural polysaccharides through a coordinated action
of the enzymes that cause fruit softening —the result of the progressive depolymerization of
pectic and hemicellulosic polysaccharides, which causes a significant galactose, arabinose,
and mannose residues loss—, chlorophyll degradation, and carotenoid biosynthesis (Gill e
al., 2017; Lawson et al., 2019; Yashoda ez al., 2005).

Among the thousand mango varieties grown worldwide, the commercial brands that
dominate the market include Tommy Atkins, Haden, Kent, Keitt, Alphonso, and Ataulfo
(Lawson et al., 2019). The Mexican states with the largest sowing areas are Chiapas, Sinaloa,
and Guerrero. Meanwhile, the most productive state is Sinaloa (>423,517 t), followed by
Guerrero (404,561 t), Nayarit (334,914 t), and Chiapas (272,384 t) (SIAP, 2021). Mango
exports from Mexico to USA reached 312,390.42 and 346,250.42 tonnes in 2021 and
2022, respectively (Agtools, 2023). Sixty-five percent of the mangoes produced in Mexico
is consumed in the USA. Ataulfo is the most produced mango variety in Mexico and it has
the highest volume of exportation (Sdnchez et al., 2017). Ataulfo mango is grown all along
the Pacific coast, from Chiapas to southern Sinaloa.

The protected appellation origin of the Ataulfo mango of Soconusco, Chiapas (Mendoza-
Hernédndez et al., 2020; Villa-Corrales et al., 2010) establishes all the quality parameters
for its commercialization (NOM-188-SCFI-2012). Additionally, the post-harvest quality
criteria of various mango varieties have been widely described. The main physicochemical
attributes of mango related to fruit ripeness quality are pulp firmness, total soluble solids
content, and the aroma volatile compounds (Ellong ez al., 2015; Liguori et al., 2020). The
National Mango Board (NMB) —an agency that defines fruit quality for the American
market— has established specific reception and ripeness protocols for Ataulfo mango.
These protocols are based on a fruit ripeness guideline, which includes such parameters
as the visual index of the pulp color on mangoes cut by half, range of the soluble solids
content, and pulp firmness (NMB, 2015). Although these physicochemical criteria are
available for Ataulfo mango, developing iz situ criteria to determine the ripeness evolution
of this variety could be useful for local producers. This process would establish the ripeness
degree of a recently harvested fruit under the same weather conditions of the region, before
it is included in the commercialization process.

Fruit ripeness evolution has been studied in other fruit species such as papaya, tomato,
apple, banana, and pear (Basulto et al., 2009; Okiror et al., 2017; Zhang et al., 2021; Liet al.,
2011; Saquet 2019) and their findings are used today as criteria to define the commercial
quality of those fruits. Currently, most of the researches about mango ripeness have focused
on the Tommy Atkins, Keitt, and Alphonso varieties, among others. However, post-harvest
quality can differ depending on the variety (Lawson e al., 2019); consequently, specific
studies about every local mango variety are required. In this regard, producers must be
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aware of the evolution process of the Ataulfo’s physicochemical criteria. Therefore, the
objective of this study was to determine the main post-harvest ripeness evolution indexes
for Ataulfo mangoes grown in Soconusco, Chiapas, establishing alternative measures at

harvesting time.

MATERIALS AND METHODS
Biological material

Ataulfo mangoes were collected from four certified orchards, located in the municipalities
of Acapetahua (15.27985 N, 92.94173 W), Frontera Hidalgo (14.79168 N, 92.21614 W),
Huechuetdan (15.02958 N, 92.34744 W), and Tapachula (14.85765 N, 92.34577 W). These
municipalities constitute the protected appellation origin area of the Ataulfo mango in
Soconusco, Chiapas (DOF, 2012). The fruits were sampled from January to June, 2022,
and their physiological ripeness was determined according to the ripeness guide of the
NMB. In order to avoid variability, 15 fruits (caliber 6) were collected exclusively from one
tree per municipality.

The biological material was transported to the Genética de Poblaciones laboratory of
the Instituto de Biociencias-UNACH. Afterwards, the samples were washed with water
and detergent and were kept at room temperature in order to carry out the analysis.
Subsequently, the following stages were established: stage 1 (day O or cutting day); stage 2
(day 3 after the harvest (DAH)); stage 3 (5 DAH); stage 4 (7 DAH); and stage 5 (9 DAH).
The fruits were kept constantly at room temperature (27 °C average) until the analysis was
completed.

Determination of the skin color

The color variable was analyzed following the methodology proposed by Lawson et al.
(2019), using a MiniScan EZ Hunter Lab colorimeter and quantifying the B*, a*, and b*
indexes (i.e., the CIELAB color space). The measurements were carried out in three areas
of the fruit, along its longitudinal axis: apical, central, and basal. These indexes are located
within the color chromaticity, where B* indicates luminosity-brightness (from 0 = black to
100 = white); a* indicates color directions (+a* =red, —a* = green); and b* indicates color
directions (+h* = yellow, -b* = blue). Additionally, the exterior of the fruits was monitored
using a Nikon D3300 professional camera. The pictures were taken at a distance of 30 cm

from the fruits.

Starch analysis

The starch analysis was carried out using the iodine-starch test (Pitts and Cavalieri,
1988). This test consists of the reaction created by the iodine in contact with the starch
granules; the latter are transformed into sugar, thus resulting in a dark purple (almost
black) coloration of the pulp. The lower the amount of starch, the lower the coloration. In
order to carry out this test, the fruit was cut lengthways, very close to the seed, and, using
tweezers, the fruit was placed face down in a stray with a 0.5% I2-KI solution. The internal
face was observed after 5 minutes. The results were photographed with a Nikon D3300
professional camera. The pictures were taken 30 cm apart from the fruits.
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Determining the physicochemical variables
The physicochemical variables analyzed included total soluble solids (T'SS) (°Brix), pH,
and firmness (N). Each evaluation was carried out using 15 fruits per tree as replicates and

cach sample was analyzed in triplicate for all the measurements.

Total soluble solids (°Brix)

The T'SS (°Brix) were evaluated according to the NOM-188-SCFI-2012, using a digital
refractometer (ATAGO). The T'SS was determined cutting the pulp in small portions and
then pressing and squeezing the portions in order to obtain a concentrated juice, which
was finally filtered. The reading of the concentrated juice of each fruit was performed in

triplicate.

Determining the pH

The pH was measured using a HANNA digital potentiometer, following the method
proposed by Maldonado-Astudillo ez al. (2016). The pulp was homogenized using a
common blender; a 25 g solution was prepared from the pulp for each of the five ripeness
stages and distilled water was poured into a volumetric flask until the mixture reached 100

mL. Afterwards, the suspension was filtered, and the result was used to determine the pH.

Firmness

Firmness is one of the quality measures for fruits and vegetables. This variable was
expressed in Newtons (N) and was evaluated using a LLOYD Instruments Plus® texture
analyzer with a 2-mm wide plunger. The measurements were carried out in the equatorial
sector of the unpeeled fruit. The parameters were: preload/tension (5.6000 N); preload/
tension/speed (30.000 mm/min); speed (30.000 mm/min); limit (30.000 mm); and length of
the test (30.000 s).

Statistical analysis

All the measured variables were subjected to an analysis of variance (ANOVA) and an
analysis of mean differences (Tukey’s Test; @ <0.05), using the Infostat v. 2016 software (D1
Rienzo et al., 2016). Additionally, the skin firmness with B¥, a*, and b* color and the skin
during the different ripeness stages of the fruit were subjected to a correlation analysis. The
Infostat v. 2016 software was used for this purpose, taking into account a significance value
of p<0.05.

RESULTS AND DISCUSSION
Determining skin color

During the ripening process, skin brightness (B*) increased from stage 1 to stage 4, with
mean values of 59.77and 67.65, respectively. Subsequently, a reduction of the mean value
(65.5) was recorded during stage 5 (Figure 1A). There were significant differences between
the ripeness stages (p<0.005), but not between municipalities.

Meanwhile, the a* values of the skin recorded significative differences between the

ripeness stages (p<0.003), but there were no differences between municipalities. In average,
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an increase was recorded from stage 1 (—3.98; unripe fruit) to stage 5 (20.88; yellow fruits).
These values showed clear changes in every ripeness stage. The values were negative when
the fruit was green (stages 1 and 2); however, the values became positive in stages 3, 4,
and 5. These results indicate that the a* skin value can be a useful indicator during the
monitoring stages of fruit ripening (Figure 1B).

Meanwhile, the b* values of the skin increased from stage 1 to 4, with mean values
of 59.77 and 67.65, respectively. A reduction was recorded during stage 5 (Figure 1C).
The skin color of the fruit changed from green to yellow during the ripeness stage.
Significative differences were recorded between ripeness stages (p<0.005), but not between
municipalities.

Starch analysis

As the ripeness physiology of the Ataulfo mango advanced, the fruit changed its color,
recording the highest starch degradation during stages 1, 2, and 3 (Figure 2). Meanwhile,
starch degradation was lower or null during stages 4 and 5. On the one hand, when Ataulfo
mango is unripe —i.e., it has not reached the cutting point—, the pulp is white and, therefore,
the starch test turns the fruit completely black. On the other hand, during the cutting point,
the amount of starch accumulated in the mesocarp is high and, consequently, the color is
dark with some yellow lines. At this point, the °Brix are low (5 °Brix in average); however,

this 1s a sign that the degradation of the accumulated starch has started, transforming it
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Figure 1. Skin color of the Ataulfo mango during different ripeness stages, in Soconusco, Chiapas: Frontera
Hidalgo (FH), Tapachula (TAP), Acapetahua (ACP), and Huehuetan (HUE). A) B* skin brightness. B) a* skin
color components. C) b* skin color components.
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Figure 2. A) Visual appearance of uncut Ataulfo mangoes during each ripeness stage. B) Visual appearance of
the insides of Ataulfo mangoes during each ripeness stage. Ci) Color of the fruit during the starch test.

into soluble sugars. In contrast, during the last ripening phase, the coloration of the starch
1s almost non-existent, because the fruits have reached their maximum ripeness and all the
starch has become soluble sugars. This is the point where the desirable degree of sweetness

1s reached.

Determining the physicochemical variables

Total soluble solids

Significative differences were found (p<0.005) regarding the sugar content (°Brix)
during the ripeness evolution of the Ataulfo fruit. Meanwhile, °Brix increased from stage 1
(average 8.14) to stage 4 (20.53). However, sugar concentration decreased in stage 5 (19.10
°Brix) (Figure 3).

Determining the pH

The pH variable recorded significant differences (p<0.005) between the different
ripeness stages. The pH increased from stage 1 to stage 5, reaching 3.93 and 5.67,
respectively (Figure 4).

Firmness

There were significant differences (p<0.05) regarding the firmness values of the stages
evaluated in the different municipalities. Skin firmness values reached their peak during
stage 1 (a 286.34 N average value). However, firmness values drastically decreased (50.24
N) during stage 5. As the ripeness days advanced, ripeness values decreased (Figure 5).
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Figure 3. Total soluble solids (°Brix) during the different ripeness stages in the municipalities of Frontera
Hidalgo (FH), Tapachula (TAP), Acapetahua (ACP), and Huehuetan (HUE).
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Figure 4. pH of the pulp of the Ataulfo mango during different ripeness stages in the municipalities of Frontera
Hidalgo (IFH), Tapachula (TAP), Acapetahua (ACP), and Huehuetan (HUE).
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Figure 5. Skin firmness of Ataulfo mangoes during different ripeness stages in the municipalities of Frontera
Hidalgo (FH), Tapachula (TAP), Acapetahua (ACP), and Huehuetan (HUE).
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Skin firmness/skin color correlation

There is a highly significative negative correlation in all the municipalities between skin
firmness and fruit color (B*, a*, and b*) (Table 1). As the ripeness evolves, the fruit loses
its firmness and the color variable increases. Therefore, a lower firmness entails a higher
brightness (B¥), reduces the direction of green (a*); and increases yellow (b¥).

Several authors have described the post-harvest quality criteria of different varieties of
mangoes. The National Mango Board (NMB) has defined specific reception and ripeness
protocols for the Ataulfo mango and its approval for the American market. These protocols
are based on fruit ripeness guidelines, which include parameters such as: visual index
of the color of the pulp (fruit cut in half), ranges of the soluble solids content, and pulp
firmness. However, the color index only works if the guidelines are used in an appropriate
manner (National Mango Board, 2015). These parameters are used by both exporters and
marketers in Mexico and by the NMB in USA. Nevertheless, there are no guidelines for
the ripeness evolution of the Ataulfo mango in Soconusco, Chiapas. Such guidelines could
help to establish the ripeness degree of a freshly cut fruit, before it becomes part of the
commercialization process.

Studies about the ripeness evolution of other fruits have also been carried out with
other species. These fruits have included papaya (Santamaria-Basulto et al., 2009), tomato
(Okiror et al., 2017), apple (Zhang et al., 2021), banana (Li et al., 2011), and pear (Saquet,
2019). This study shows that the evaluated parameters prove the ripeness evolution of the
Ataulfo mango. Our results were able to determine the ripeness degree of the fruit with

greater accuracy.

Table 1. Correlation between skin firmness and the B¥*, a*, and b* color variables during the fruit ripening.

Municipality Firmness (N) Value A Value L Value B
Firmness (N) 1 -0.876" -0.962" -0.884"
. Value A 1 0.853™ 0.9417
Frontera Hidalgo P
Value L 1 0.872
Value B 1
Firmness (N) 1 —-0.964" -0.926" —-0.914"
Value A 1 0.853" 0.942™
Tapachula o
Value L 1 0.814
Value B 1
Firmness (N) 1 -0.963" -0.949" -0.923"
Value A 1 945" 905"
Acapetahua P
Value L 1 .857
Valor B 1
Firmness (N) 1 -.773" —.620° —.891™
Value A 1 660" 923"
Huehuetdn =
Value L 1 .698
Value B 1

** The correlation is significant at the 0.01 level (bilateral).
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The skin color of Ataulfo mangoes is an empirical parameter used by producers in
the production areas. Producers base their decisions on the color or pigmentation of the
fruits or in the degree to which the peduncle is split at the shoulder of the fruit. However,
sometimes fruits do not reach the ripeness degree desired by the market and, consequently,
they are rejected. Although other models have also used a colorimeter to measure skin
color, marketers do not trust that this test can define the post-harvest ripeness of the fruits.
If the Ataulfo mangoes are not harvested at the appropriate post-harvest ripeness time,
they will never reach the desirable color values. Additionally, the visual attribute of fruit
skin color defines the preference of the consumers in certain countries (Kayesh ez al., 2013),
particularly regarding Ataulfo mango: if the fruits do not reach the market with the desired
color (yellow), the costumer will not buy them.

Color development is an important phenomenon that the fruit undergoes in the various
stages of its physiological ripeness (Herndndez-Estrada ez al., 2022; Kapoor et al., 2022).
There were significant differences in this study regarding the B* variable; nevertheless, they
were similar to those recorded by Rivera-Castro et al. (2022), who registered 50.23 to 68.90
values for Ataulfo mangoes grown in the state of Guerrero. Our results are also similar to
the findings of Karanjalker ez al. (2018), who reported that brightness was significatively
higher (62.86) for the yellow Arka Anmol variety than for the green Amrapali variety.
Meanwhile, the lowest value was recorded for the red Janardhan Pasand variety. Regarding
the a* variable, the results of the Ataulfo mango of Chiapas match the Amrapali varieties,
whose negative values for stages 1 and 2 indicate an unripen fruit (—8.66); however, these
results differ from the findings of Liu et al. (2013), who reported values of 10.5, 10.87,
10.31, and 9.80 for the Keitt, Irwin, Tainong No. 1, and JinHwang varieties, respectively.
These differences can be attributed to the different shades of red that characterize the
skin of these varieties, while the skin of the Ataulfo mango is yellow. Meanwhile, the b*
values reported in this study are supported by the work of Rivera-Castro et al. (2022),
who reported 40.34-52.30 values for Ataulfo mango during stages 1 and 5. These values
are also similar to the findings of Karanjalker ez al. (2018), who recorded that the highest
value (48.86) was obtained by the Arka Anmol variety. They also reported a significatively
lower value for the Amrapali and Janardhan Pasand varieties. These results also match the
findings of Liu et al. (2013), who recorded similar results, obtaining values of 49.67, 52.39,
48.01, and 52.27 for the Taining No. 1, Irwin, JinHwang, and Keitt varieties, respectively.

Meanwhile, the starch metabolism of fleshy fruits is a complex and dynamic process,
characterized by its accumulation and degradation (Thammawong and Arakawa, 2007).
On the one hand, starch accumulation takes place during fruit development and until
fruits have completed their cellular division —i.e., when they stop growing (Nardozza et al.
2010, 2013). On the other hand, starch degradation starts when fruits begin their ripeness
process. Consequently, almost all the starch of the fruits has transformed into soluble
sugars after the harvest, increasing and providing the sweetness associated with a ripe fruit
(Cordenunsi-Lysenko et al., 2019). In the case of climateric fruits such as mango, ethylene
production and respiration rate increase after the harvest and until the fruit reaches its
complete ripeness. This process is simultaneously associated to the starch content loss.

Shafique et al. (2006) reported that, as the sugar levels of the fruits slowly increase, the
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tritatable acidity rate slowly increases until it reaches its the maximum value, before it
ultimately decreases.

Doerflinger et al. (2015) applied a tincture to Gala, Honeycrisp, McIntosh, and Empire
apple varieties in order to observe their starch concentration and found that starch
concentrations linearly diminished after the post-harvest. These results match the findings
of Zhang et al. (2021), who studied Fuji apples and proved that the apple quality indicators
are significatively different during different harvest ripeness stages. Additionally, they
reported that the starch index in apples gradually diminished during different post-harvest
ripeness stages. This test is very frequently used by apple producers and marketers. It is a
highly trustable test and it is unexpensive. Consequently, it could be used to complement
the studies about the ripeness of Ataulfo mango. This test has also been used for the color
evolution analysis in fruits such as tomato (Huang et al., 2017; Steinhauser et al., 2010),
melon (Dai et al., 2011), and peach (Lombardo et al., 2011).

Meanwhile, the T'SS and the sugar/acid indexes (I'SS/AT) are used as primary indexes
to determine the fruit quality of the acceptable ripeness state for commercialization. The
minimum requirements to accept the fruits specify the appropriate TSS concentrations
and the TSS/AT proportions for each crop (Daniels et al., 2019). These concentrations
depend on the solubilization of the sugars in the pulp, which will be the key for the final
sweetness of the fruit. The NMB defines the °Brix range for the different mango varieties,
according to their ripeness degree. For example, the initial indexes for the Tommy Atkins
and Keitt varieties have ranges from 5 to 7, while the Kent, Haden, and Francis varieties
have an acceptance range of 6 to 8 or 9. These concentrations guarantee the physiological
ripeness of the fruit (National Mango Board, 2015).

In the case of the Ataulfo variety, the NMX-FF-058-SCFI-2006 standard indicates that
the minimum acceptable value for fruit ripeness is 2.9 °Brix. For its part, the NOM-188-
SCFI-2012 standard specifies that the minimum acceptable range for its commercialization
1s 8 °Brix, while the NMB uses a range of 5-7 °Brix (National Mango Board, 2015). Slightly
differences were found in this study between municipalities. These differences can be the
result of the genetic nature of the Ataulfo mango (Salvador-Figueroa et al., 2008). However,
these data are similar to the results reported by Rivera-Castro ez al. (2022), who recorded
values of 6.02 °Brix for the Ataulfo variety during the cutting stage. Other mango varieties,
such as Langra and Khirshapath (Islam et al., 2013), also recorded values similar to those
of the Ataulfo mango. Therefore, the NOM-188-SCFI-2012 standard should be updated
to include 5 °Brix for the Ataulfo mango.

Regarding the ripeness evolution of the fruit, the TSS values at the cutting stage
increased from stage 1 until they reached their maximum values in stage 4 (when it reached
its maximum sweetness). Finally, a slight decrease was recorded during stage 5. These
results match the findings of Islam ez al. (2013), who reported that the T'SS values (°Brix)
of the Langra and Khirshapath varieties evolved with a similar behavior, because the T'SS
quickly increased from the first day to the sixth day and then significatively decreased.
Ranges have already been established for this T'SS attribute for several commercial mango
varieties; however, it changes depending on the evaluated variety and the region or location

of the said variety. Some mango varieties store lower or higher amounts of sugar in the
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pulp, ranging from 3 to 8 °Brix during physiological ripeness and reaching 23 °Brix when
the fruit is in advanced stage of ripeness (Jha et al., 2010). Finally, the NMB establishes
a maximum value of 18 °Brix, while the Ataulfo mango of Soconusco reaches up to 20.5
°Brix.

Regarding the pH variable, Ataulfo mango evolved from 3 to 5.67, which matches the
findings of Liu et al. (2013), who reported pH values of 3.95, 4.56, 4.90, and 5.58, for the
Tainong No. 1, Irwing, JinHwang, and Keitt varieties, respectively. The pH values are
also similar to those reported by Shafique ez al. (2006), who recorded 2.5-5.4 pH values for
the I'azli, Ashina, Langra, Surjapuri, Khirshapat, Gopalbhog, Kisanbhog, Mohanbhog,
Latabombai, and Ranipasand varieties. Cissé et al. (2020) recorded 4.8 pH values for
the Kent variety, while Islam ez al. (2013) obtained 3.5-7 pH values for the Langra and
Khirshapat varieties. Their results also support the findings of this study. The NMX-FT-
058-SCI1-2006 standard and the NOM-188-SCI1-2012 official protected designation
origin standard do not mention optimal pH values for the Ataulfo variety; however,
understanding the evolution of this variable during the ripeness stage is a useful indicator
of fruit quality.

Meanwhile, fruit firmness is an important physical parameter that the mango industry
frequently seeks. Additionally, it is widely used to determine the ripeness state of the fruit
(Jassiet al., 2019). Depending on the marketer or producer requirements, this variable can
be measured using a texture analyzer, which can be fixed (in a lab) or handheld (portable
or that can be used on the field). In the case of Ataulfo mango, fruit firmness is not a
parameter specified in the NOM-188-SCFI-2012 standard, although, the NMB carries
out this test in order to receive the fruits. According to the ripeness guideline of the NMB,
fruit firmness must be measured in the pulp of a peeled fruit, using a penetrometer with an
8-mm tip. The values reported by the NMB range from 209 to 97.8 N, during the initial
organoleptic maturity, and 13 to 4.4 N when the ripeness state advances. In this study,
firmness was measured in an unpeeled fruit. An average of 286 IN was recorded for Ataulfo
mango in the cutting day. This measure decreased under the environmental conditions of
the Soconusco region, reaching 50 N during the last ripeness stage.

The skin firmness of the analyzed fruits of the four municipalities decreased throughout
the different ripeness stages. This decrease can be the result of the different metabolic
changes that take place during the ripeness process of mango, as a consequence of the
ethylene production and the hydrolase enzymes of the polysaccharides. This situation
causes several biochemical changes, a respiration rate increase, the remodeling of the
structural polysaccharides of the cellular wall, and consequently fruit softening (Gill
et al., 2017). The fruits analyzed in this study had similar values to those reported by
Cissé et al. (2020) for the Kent and Céte d’Ivoire varieties (45-50 N). For their part,
Aular and Natale (2013) mentioned that fruit texture has a series of internal and external
characteristics that depend on environmental and nutrient factors, as well as on the
parameters used to program the equipment used for the analysis (texturometers and
tools). Therefore, the skin firmness could be a useful variable in the analysis of fruit
quality and should be included in the update of the NOM-188-SCFI-2012 standard for
Ataulfo mango.
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Finally, in other studies about other climacteric fruits —such as oriental persimmon
(Salvador et al., 2006) and papaya (Santamaria-Basulto et al., 2009)—, the correlation
between the B*, a* and b* values and the fruit firmness allowed the use of color as an
unequivocal value to measure fruit ripeness. Consequently, according to the high negative
correlation found between the firmness of the unpeeled fruit and the color values (B*, a*,
and b*), the non-destructive color variable could be used to determine the physiological
ripeness of the Ataulfo mango of Soconusco, Chiapas. This variable could also accurately

be used in the field, replacing the empirical measurement made by the producers.

CONCLUSIONS

We established the main ripeness indexes and physicochemical characteristic found
during the post-harvest ripeness evolution of the Ataulfo mango variety from Soconusco,
Chiapas. According to the obtained results, the generated data are a trustful and easily
reproduced guideline that can help producers and marketers to determine the fruit ripeness
quality of the Ataulfo mango variety.
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