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Abstract: Here, we characterized the changes in fruit quality and biochemical parameters in four
Myanmar mango cultivars from ripening stage 1 to 4 at ambient temperature. Total soluble solids,
total sugars, and reducing and non-reducing sugar content increased, whereas titratable acidity
decreased with increasing storage time in all cultivars. ‘Sein Ta Lone’ showed the highest consumer
acceptability, with maximum sensory quality scores owing to its unique characteristics. ‘Hin Thar’
and ‘Ma Chit Su’ also had better quality and sensory attributes than ‘Yin Kwae’. Sugar/acid ra-
tios in all cultivars ranged from 23 to 50, the standard sugar/acid ratios in high-quality mango
fruits. The total phenolic content (TPC) and antioxidant activity among cultivars ranged from
8.20 to 14.96 mg gallic acid equivalents and 19.52 to 26.79 mg vitamin C equivalents antioxidant
capacity, respectively, per 100 g of fruit extract throughout the storage. ‘Hin Thar’ was the richest
in phytochemical compounds. A significant positive correlation was found between total phenolic
activity and 2,2-diphenyl-1-picryl-hydrazyl free radical scavenging activity of fruits, showing that
TPC exhibited linear relationships with the antioxidant activities of each mango variety during the
different stages of ripening.

Keywords: DPPH free radical scavenging activity; fruit quality; ripening stages; sugar/acid ratios;
total phenolic content

1. Introduction

Mango, Mangifera indica L, belonging to the Anacardiaceae family, is one of the most
popular fruits and is commercially cultivated in different tropical and subtropical regions of
the world because of its attractive color, flavor, excellent eating quality, and high nutritional
value [1,2]. In addition to these favorable attributes, mangoes provide crucial bioactive
compounds and many dietary antioxidants, such as ascorbic acid, flavonoids, carotenoids,
and polyphenols, which have potential benefits for human health [3,4]. Previous studies
reported the presence of antioxidant activity and phenolic compounds in mango pulp
and peel during the maturation and ripening stages [2,4–6] and they varied depending
on mango cultivars, fruit maturity, and fruit ripening stages [2,3,5,7–9]. Generally, mango
fruits at the mature green harvest stage are hard in texture and possess low total soluble
solids (TSS) content and high acidity, resulting in poor edible quality [10]. However, the
fully-grown mangoes at the full ripening stage reveal softening texture followed by high
sugar content, high TSS, low acidity, and visible and attractive color development [11,12].
TSS content is one of the most crucial prerequisites for evaluating fruit quality, similar to
other indices such as fruit texture, flesh color, aroma, and flavor [10,13]. As mangoes are
climacteric fruits, the ripening process occurs rapidly after harvesting due to increased
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fruit respiration. During mango fruit ripening, hydrolysis of starch into sugar, changes
in structural polysaccharides, and increase in respiration and ethylene production, take
place [11,14,15]. The increase in respiration and ethylene production causes chlorophyll
degradation, carotenoid biosynthesis, changes in fruit color, biosynthesis of volatile com-
pounds, and loss in fruit firmness [11,14,16]. All these changes are correlated with fruit
nutritional and phytochemical composition and affect fruit softening and eating quality [10].
However, the quality attributes depend on cultivars, cultural practices, fruit maturity stages
at harvest, and post-harvest conditions [7]. Previous reports have determined the effects of
different ripening stages of mangoes on their biochemical and physiological parameters,
sensory profile, and antioxidant properties [3,10,17].

There are approximately 69 edible mango species worldwide, and M. indica is the
best-known species in subtropical and tropical regions. Mangoes originated in the Indo-
Myanmar region and have been cultivated for over 4000 years in eastern India and Myan-
mar [18]. There are about 300 kinds of local mango cultivars grown in Myanmar, among
which, ‘Sein Ta Lone’ (STL), ‘Ma Chit Su’ (MCS), ‘Hin Thar’ (HT), ‘Padamyar Nga Mauk’,
and ‘Yin Kwae’ (YK) are popular as excellent quality mangoes [19]. Generally, the mango
season starts from early March and lasts to the end of August in Myanmar, where the entire
mango growing area covers 266,000 acres, with a total production of 2,565,452 metric tons
in 2020 [20]. The main production areas for exportable mango cultivars and quality mango
development are Mandalay and Southern Shan provinces in Myanmar, although they have
been grown in other parts of the country. Several researchers have attempted to determine
the physiochemical characteristics and quality of various Myanmar mango cultivars to
develop good post-harvest strategies attractive to prospective consumers [20,21]. During
the storage period, the occurrence of fruit shriveling and deterioration of appearance could
reduce its marketable potential and value to some extent. However, little is known about
the physiochemical aspects of the local mango cultivars of Myanmar during post-harvest
and storage, and there is a lack of knowledge about the antioxidant capacity and phenolic
compounds of these fruits during the maturation and ripening stages. Knowledge of the
characteristics of different cultivars during their progressive ripening stages can benefit
consumers and manufacturers in selecting specific mangoes. Therefore, this study aimed to
analyze the status of fruit quality traits and biochemical properties of local mango culti-
vars, specifically on four commercial Myanmar mango landraces, during their storage and
ripening stages.

2. Materials and Methods
2.1. Sample Collection and Storage Condition

Fresh mango fruits of uniform sizes of cultivars ‘STL’, ‘MCS’, ‘HT’, and ‘YK’ were
separately harvested at their mature green stages from the local orchards around Kyaukse
District, Mandalay division, Myanmar, during 2019 and 2020. After checking for disease
and mechanical damage, the selected mangoes were wrapped with fruit-wrapping paper
and stored at room temperature, approximately 24 ± 2.0 ◦C. Four ripening stages were
established based on their peel surface colors: ripening stage 1 (RS1), ripening stage 2
(RS2), ripening stage 3 (RS3), and ripening stage 4 (RS4), having mango surfaces with 0–10,
20–30, 70–80, and 100% yellow color, respectively [3], and their physicochemical changes
were assessed.

2.2. Weight Loss and Sensory Evaluation

Mangoes were weighed during storage, and their weight loss (WL) was determined
and expressed as a percentage.

WL (%) = (Wi − Wf/Wi) × 100

where Wi = initial weight and Wf = final weight.
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Sensory assessment on mangoes was performed by ten trained panelists. A 9-point
hedonic scale was used for sensory evaluation depending on appearance, aroma, texture,
flavor and overall acceptability [22].

2.3. Total Soluble Solids and Titratable Acidity

Total soluble solid (TSS) content was determined from the filtered residue of homoge-
nized pulp using a digital refractometer, with a range 0–32% (ATAGO 1-alpha, Singapore)
and expressed as degrees Brix (◦Brix). Ten grams of pulp were homogenized in 50 mL of
distilled water, and the filtrate was used to measure titratable acidity (TA) and pH. TA was
assessed by titrating with 0.1 N NaOH to pH 8.2, and the percentage (%) of citric acid was
calculated using the following formula [23]:

Titratable acidity (%) = Volume of 0.1 N NaOH × Factor (0.0064) × 100
Volume of sample used

2.4. Total Sugars, Reducing and Non-Reducing Sugars

The total sugar (TS) content was calorimetrically determined by the anthrone method [24].
Four grams of flesh were ground by a mortar and a pestle, mixed with 5 mL of ethanol,
and then boiled for 10 min. After cooling, the homogenates were filtered, and the extracts
were evaporated to dryness in a steam bath. Each residue was dissolved in 100 mL distilled
water and stored at 4 ◦C. One milliliter of each was removed and mixed with 4 mL of
ice-cooled anthrone reagent (0.2% anthrone in concentrated sulfuric acid). The tubes were
then boiled in a water bath for 10 min, and after cooling, the absorbance of each sample
was measured at 620 nm in Biochrom TM WPA Biowave II UV–Vis Spectrophotometer
(England). A standard curve was prepared using different glucose concentrations, and
the percentage of TS present in each sample, measured as grams per 100 g of mango flesh,
was determined.

The reducing sugar (RS) content of mangoes was determined by the dinitrosalicylic
acid (DNS) method [25]. One milliliter of the flesh extract from the stock was removed and
mixed with 3 mL DNS reagent (40% Rochelle salt). Test tubes were boiled for 7 min in a
water bath. After cooling, the absorbance of the solution was measured at 575 nm using a
blank reagent. The RS content in each sample was calculated using the glucose standard
curve. Non-reducing sugar (NRS) contents were determined by subtracting the RS% from
the TS%.

2.5. Free Radical Scavenging Activity and Total Phenolic Activity

One gram of pulp was mixed with 20 mL of 80% methanol, kept in a water bath shaker
at 20 ◦C for 24 h. Then, it was filtrated with Whatman No.1 filter paper and centrifuged
at 10,000× g for 10 min. The collected supernatant was evaporated to dryness to measure
total soluble solids. The extract was used to measure DPPH free radical scavenging activity
and total phenolic activity.

Antioxidant capacity was determined by the 2,2-diphenyl-1-picryl-hydrazyl (DPPH)
method [26], with a few modifications. A stock solution of 0.3 mM DPPH was prepared
freshly using pure methanol. Ten microliters of methanoic extract (10 mg/mL) of mango
pulp of each cultivar were mixed with 90 µL of DPPH radical in a microplate. Then,
the mixture was kept for 30 min in darkness at 37 ◦C, and the bleaching of DPPH was
determined at 517 nm by a microplate reader (SPECTROstarNano). Ascorbic acid was
used as a positive control. DPPH radical scavenging activity was calculated as follows:
[(A0 − A1/A0) × 100], where A0 and A1 are the absorbances of the control and experimen-
tal sample, respectively. The antioxidant capacity of each extract was expressed as ascorbic
acid (vitamin C) equivalent antioxidant capacity (mg VEAC per 100 g of fruit extract).

The total amount of phenol compounds in the plant extracts was measured using
Folin–Ciocalteu reagent [27]: 100 µL of the fruit extract (1 mg/mL) was oxidized with
450 µL of freshly diluted Folin–Ciocalteu reagent (10% v/v). The reaction was neutralized



Int. J. Plant Biol. 2023, 14 17

by adding 450 µL of 7.5% w/v sodium carbonate and vortexing the samples for 20 s. Next,
the samples were incubated at 37 ◦C for 1 h, and the absorbance of the resulting blue color
was measured by a SPECTROstarNano microplate reader at a wavelength of 765 nm. Three
replicates were performed for each sample. The total phenolic content (TPC) was calculated
as gallic acid equivalents (GAE) using the following equation:

T = C × V/M

where T is the TPC in mg/g of the extracts as GAE,
C is the concentration of gallic acid established from the calibration curve in mg/mL,
V is the volume of the extract solution in milliliters, and
M is the weight of the extract in grams.

2.6. Statistical Analyses

All data are reported as mean ± standard error of three replicates. The experiment
was performed in a completely randomized design, and the data were analyzed using
one-way analysis of variance followed by Tukey’s post hoc test with a 95% confidence level
(p < 0.05) using the SPSS 16.0 software package. The data were then subjected to Pearson
correlation analysis to determine the correlation matrix between variables of the genotypes
(p < 0.01).

3. Results
3.1. Fruit Size, Skin, and Flesh Color

Based on the fruit weight of the four mango cultivars, ‘HT’ was the largest one with
435 ± 15.00 g of fresh weight (FW), followed by MCS with 357.33 ± 12.05 g, ‘YK’ with
331.66 ± 16.28 g, ‘STL’ with 301.15 ± 9.77 g, respectively (Table 1). During storage, the peel
and pulp color were recorded visually during ripening stages (Figures 1 and 2). External
and internal colors gradually changed from green to yellow and golden yellow, except for
‘MCS’, whereas the pulp color became golden yellow, but the peel color was still yellowish
green at the end of the ripening stage.

Table 1. Fruit morphology traits of the four mango cultivars.

Cultivars Fresh Weight (g) Length (cm) Diameter (cm) Visual Peel Color * Visual Pulp Color *

Sein Ta Lone 301.15 ± 9.8c 13.66 ± 0.3c 10.66 ± 0.3b Golden yellow Golden yellow
Ma Chit Su 357.33 ± 12.1b 15.83 ± 0.6b 12.33 ± 0.6a Greenish Yellow Golden yellow
Hin Thar 435 ± 15.0a 18.1 ± 0.8a 12.16 ± 0.3a Yellow Yellow
Yin Kwae 331.66 ± 16.3bc 15.46 ± 0.2b 11.5 ± 0.5ab Golden yellow Golden yellow

Significant difference was calculated using SPSS version 16.0 Tukey’s test. Data are shown as mean ± standard
error (SE), (n = 10). * indicates the color at the mature ripened stage. Means with the same letters are not
significantly different at p < 0.05.

3.2. Weight Loss of the Four Mango Cultivars during Post-Harvest

Changes in weight loss (WL) varied depending on the cultivars and ripening con-
ditions of the fruits. The WL of the four cultivars was recorded after harvesting during
storage at ambient temperature (24 ± 2.0 ◦C) (Figure 2). Each cultivar showed a progressive
increase in WL and the least values were observed in ‘HT’, with 3.77, 7.46, and 9.47% loss
at RS2, RS3, and RS4, respectively. ‘YK’ lost 4.81% of its initial weight after RS2, rising to
8.52% at RS3, and reaching 11.64% at the end of ripening. In addition, weight loss in ‘MCS’
significantly increased from 5.44 to 9.74% between RS2 and RS3 and reached 12.94% at RS4.
Notably, the highest rate of WL was observed in STL, where its initial WL was 6.48% at RS2,
then significantly increased to 11.47% at RS3, reaching 15.37% at the end of storage (RS4).
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Figure 1. The changes in fruit skin color, flesh color, and appearance of four mango cultivars [(A) ‘Sein
Ta Lone’, (B) ‘Ma Chit Su’, (C) ‘Hin Thar’, and (D) ‘Yin Kwae’] during four different ripening stages
(RS1, RS2, RS3, RS4).
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Figure 2. Weight loss (%) in the four mango cultivars [‘Sein Ta Lone’ (STL), ‘Ma Chit Su’ (MCS),
‘Hin Thar’ (HT), and ‘Yin Kwae’ (YK)] during ripening stages. Significant difference at p < 0.05 was
calculated using SPSS version 16.0 Tukey’s test. Data are shown as mean ± standard error (SE).

3.3. Sensory Quality (SQ)

The scores of sensory attributes gradually increased during ripening (Figure 3). ‘STL’
exhibited its excellent fruit quality and the highest consumer acceptability, showing maxi-
mum sensory attributes and overall acceptability with 8.02 ± 0.39 and 8.38 ± 0.43 SQ scores
between RS3 and RS4, respectively. In addition, the appearance and color of ‘HT’ at the time
of ripening were particularly appealing to the consumers, and other sensory characteristics
were improved significantly with SQ values of 7.38 ± 0.28 and 7.75 ± 0.39 at RS3 and RS4,
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respectively, during storage. Owing to the pleasant odor, flavor, and mouthfeel, sensory
evaluation of ‘MCS’ was higher than that of ‘HT’ and ‘YK’ cultivars at the beginning of
ripening (RS1 and RS2), whereas SQ value became lower than ‘STL’ and ‘HT’ at the later
stages. The lowest SQ score was observed in ‘YK’ during storage.
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Figure 3. Changes of sensory qualities in the four mango cultivars [‘Sein Ta Lone’ (STL), ‘Ma Chit Su’
(MCS), ‘Hin Thar’ (HT), and ‘Yin Kwae’ (YK)] during ripening. Significant difference at p < 0.05 was
calculated using SPSS version 16.0 Tukey’s test. Data are shown as mean ± standard error (SE).

3.4. Changes in TSS and TA

Changes in the TSS and TA of the four mango cultivars during ripening are shown in
Figure 4. Despite 11.33% TSS content, expressed as ◦Brix, in ‘STL’ at RS1, the TSS content
sharply increased to 17.17% and 21.17% at RS2 and RS3, respectively, and 22.37% was
observed as the highest TSS content at the last ripening stage, RS4. The TSS values of ‘MCS’
and ‘YK’ ranged from 12.92–21.43% and 10.73–20.12%, respectively, from RS1–RS4. The
initial TSS in the ‘HT’ cultivar was 12.62 % and there was an average of 2% increase in RS2
and RS3. At the end of the ripening stage, RS4, the TSS content of ‘HT’ was 17.27%, which
was the lowest among all cultivars.
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Figure 4. Changes of total soluble solids (TSS%) and titratable acidity (TA%) in the four mango
cultivars [‘Sein Ta Lone’ (STL), ‘Ma Chit Su’ (MCS), ‘Hin Thar’ (HT), and ‘Yin Kwae’ (YK)] during
ripening. Significant difference at p < 0.05 was calculated using SPSS version 16.0 Tukey’s test. Data
are shown as mean ± standard error (SE).

In contrast to TSS, the percentage of TA declined significantly from the early to late
harvest stages, as shown in Figure 4. Interestingly, TA% in ‘STL’ decreased by approximately
half in each ripening stage, with 1.24 in RS1, 0.65 in RS2, 0.31 in RS3, and 0.16% in RS4.
There was a similar progressive decline of TA percentage in ‘MCS’ and ‘HT’, with values
in the range of 0.88–0.89, 0.61–0.71, 0.42–0.46, and 0.29–0.33% in R1, R2, R3, and the last
ripening stage, RS4, respectively. ‘YK’ cultivar fell only half the value of TA% (1.05–0.59%)
from RS1–RS4, although a dramatic decline in TA was observed in the mid stages.

3.5. Changes in TS, RS, NRS, and pH

TS and NRS contents accumulated during the ripening of mangoes (Tables 2 and 3). At
the beginning of storage, RS1, the initial values of TS and NRS contents in ‘STL’ were higher
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than those of the ‘MCS’, ‘HT’, and ‘YK’ cultivars, which displayed no considerable variation.
Then, TS and NRS increased dramatically during storage, and the highest percentage of
TS was observed in ‘STL’, followed by ‘MCS’, ‘YK’, and ‘HT’ with values of 18.15 ± 0.12,
16.81 ± 0.65, 14.62 ± 0.29, and 13.62 ± 0.64, respectively, at RS4. Likewise, NRS contents
were 13.63 ± 0.18, 12.02 ± 0.56, 9.94 ± 0.1.10, and 9.52 ± 0.81 in ‘STL’, ‘MCS’, ‘YK’, and
‘HT’, respectively, at the last ripening stage. For RS percentage, no significant difference
was observed in any of the four mango pulps, although it gradually increased during
storage. In contrast to TA, the pH of the pulp increased during storage time (Table 2). ‘STL’
exhibited the highest initial pH throughout the ripening stages, significantly at RS3 and
RS4, whereas ‘YK’ showed the lowest value at every stage. There was no considerable
variation in pH between ‘MCS’ and ‘HT’.

Table 2. Changes of total sugar (TS) % and initial pH in pulps of the four mango cultivars [‘Sein Ta
Lone’ (STL), ‘Ma Chit Su’ (MCS), ‘Hin Thar’ (HT), and ‘Yin Kwae’ (YK)] during ripening.

Total Sugar % Initial pH

RS ‘STL’ ‘MCS’ ‘HT’ ‘YK’ ‘STL’ ‘MCS’ ‘HT’ ‘YK’

RS1 6.85 ± 0.1g 4.87 ± 0.1h 4.89 ± 0.5h 4.83 ± 0.4h 3.93 ± 0.1g 3.65 ± 0.1ghi 3.76 ± 0.4gh 3.32 ± 0.7i
RS2 7.87 ± 0.3fg 7.29 ± 0.3fg 6.52 ± 0.2g 9.53 ± 1.0e 4.75 ± 0.1de 3.86 ± 0.1gh 3.92 ± 0.2g 3.49 ± 0.1hi
RS3 12.73 ± 0.3c 13.48 ± 0.6bc 8.62 ± 0.2ef 11.15 ± 1.0d 5.55 ± 0.2b 4.34 ± 0.2f 4.70 ± 0.1def 3.83 ± 0.2gh
RS4 18.15 ± 0.1a 16.81 ± 0.7a 13.62 ± 0.6c 14.62 ± 0.3b 6.16 ± 0.0a 5.01 ± 0.3cd 5.22 ± 0.1bc 4.54 ± 0.2ef

Significant difference at p < 0.05 was calculated using SPSS version 16.0 Tukey’s test. Data are shown as
mean ± standard error (SE). Means with the same letters are not significantly different at p < 0.05.

Table 3. Changes of reducing sugar (RS) % and non-reducing sugar (NRS) % in pulps of the four
mango cultivars [‘Sein Ta Lone’ (STL), ‘Ma Chit Su’ (MCS), ‘Hin Thar’ (HT), and ‘Yin Kwae’ (YK)]
during ripening stage (RS).

Reducing Sugar % Non-Reducing Sugar %

RS ‘STL’ ‘MCS’ ‘HT’ ‘YK’ ‘STL’ ‘MCS’ ‘HT’ ‘YK’

RS1 2.47 ± 0.2ef 2.43 ± 0.2ef 2.01 ± 0.1f 2.73 ± 0.1def 4.38 ± 0.0de 2.44 ± 0.2fg 2.88 ± 0.5efg 2.11 ± 0.2g
RS2 2.83 ± 0.1de 3.24 ± 0.0cd 2.09 ± 0.1f 3.83 ± 0.2bc 5.04 ± 0.2cd 4.05 ± 0.3def 4.43 ± 0.2de 5.71 ± 1.1cd
RS3 3.23 ± 0.2cd 3.94 ± 0.1bc 2.45 ± 0.1ef 4.46 ± 0.2ab 9.5 ± 0.2b 9.54 ± 0.6b 6.17 ± 0.1c 6.67 ± 0.7c
RS4 4.52 ± 0.2ab 4.75 ± 0.1a 3.09 ± 0.2de 4.69 ± 0.8a 13.63 ± 0.2a 12.02 ± 0.6a 9.52 ± 0.8b 9.94 ± 1.1b

Significant difference at p < 0.05 was calculated using SPSS version 16.0 Tukey’s test. Data are shown as
mean ± standard error (SE). Means with the same letters are not significantly different at p < 0.05.

3.6. Changes in Sugar/Acid Ratio

During the early mature stage after harvest, the ◦Brix/TA ratio was low and did not
show much difference among cultivars: it ranged between 8.88 ± 2.31 and 13.90 ± 2.19
in RS1 (Figure 5). Likewise, there was no significant difference in RS2 although there
was a gradual increase in TSS/TA ratio. However, the ratio noticeably increased in ‘STL’
with 63.69 ± 7.26 in RS3 while there was a great change in values for ‘MCS’, ‘HT’, and
‘YK’ despite showing less significance. Surprisingly, ‘STL’ showed the highest significant
sugar/acid ratio of 135.27 ± 12.88 with excellent fruit quality at the last edible stage,
whereas that of ‘YK’ was 39.71 ± 5.90 at RS4. There was a 20–25% increase of the TSS/TA
ratio in ‘MCS’ (64.78 ± 5.59) and ‘HT’ (61.52 ± 4.66) from RS3 to RS4.

3.7. In Vitro Total Phenolic Activity

Concentrations of TPC were determined in four mangoes at different ripening stages
(Figure 6). There was no considerable variation of TPC in ‘STL’, ‘MCS’, and ‘YK’ throughout
their ripening stages, with values in the range of 8.20 ± 0.55–13.20 ± 0.68 mg GAE per
100 g of extract whereas ‘HT’ showed a significant increase in TPC from RS1 to RS2. After
that, no changes were found in ‘HT‘at RS3, and then it showed a sudden decline in RS4.
Overall, ‘HT’ and ‘MCS’ presented the highest and second highest significant TPC with
their respective values of 14.96 ± 0.94 and 13.20 ± 0.68 mg GAE per 100 g of extract, in
their mid-stages, whereas ‘YK’ and ‘STL’ showed similar TPC values during ripening.
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Figure 5. Changes of sugar/acid ratio in the four mango cultivars [‘Sein Ta Lone’ (STL), ‘Ma Chit
Su’ (MCS), ‘Hin Thar’ (HT), and ‘Yin Kwae’ (YK)] during ripening. Significant difference at p < 0.05
was calculated using SPSS version 16.0 Tukey’s test. Data are shown as mean ± standard error (SE).
Means with the same letters are not significantly different at p < 0.05.
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error (SE). Means with the same letters are not significantly different at p < 0.05. TPC is expressed as
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3.8. DPPH Free Radical Scavenging Activity

DPPH radical scavenging activity of the extracts was evaluated according to their
different ripening periods (Figure 7). Although increasing trends were observed in total
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antioxidant contents from RS1 to RS3, no significant variation was observed in ‘MCS’, ‘HT’
and ‘YK’, with values ranging from 15.88 ± 1.66 to 20.23 ± 1.67, 25.63 ± 1.23 to 26.77 ± 1.34,
and 16.76 ± 1.05 to 19.52 ± 1.75 VEAC mg AA/100 g of extract, respectively. However,
‘STL’ showed a significant increase from 17.05 ± 1.57 to 22.77 ± 1.60 VEAC mg AA/100 g
of extract. ‘HT’ cultivar presented the highest significant antioxidant activity throughout
the storage regardless of considerable variation at each ripening stage. When it reached to
RS4, a slight decline was observed in ‘YK’ whereas there was a little increase in ‘MCS’. Free
radical scavenging activity of ‘STL’ and ‘HT’ cultivars remained nearly constant at their
last edible stages.
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are not significantly different at p < 0.05. IC 50 (µg/mL) of Ascorbic Acid (positive control) was
102.73 µg/mL.

4. Discussion

The changes in fruit quality attributes and biochemical properties during fruit ripening
stages of different mango cultivars grown in India, China, Thailand, and Maxico have been
reported [3,5–7,10,11,14]. Myanmar is one of the countries that enrich local mango cultivars
and grow the mangoes commercially. However, research regarding the status of fruit quality
attributes and biochemical properties during their ripening stages or postharvest storage
has been inadequate. Of the local mangoes, the cultivars such as ‘STL’, ‘MCS’, ‘HT’, and
‘YK’ are considered excellent by the consumers due to their fragrant flavor and nutritional
values. However, it is still unknown whether their fruit quality attributes and biochemical
properties varies during their ripening stages. Therefore, we investigated the presence
and variation of the antioxidant activities, sugar contents, TSS, TPC, and TA, which are
associated with the quality attributes and biochemical properties, in different ripening
stages of the cultivars ‘STL’, ‘MCS’, ‘HT’, and ‘YK’. We observed that the investigated
values differed depending on cultivars, and changes of the values during the ripening
stages also differed among the cultivars. Our findings were consistent with those reported
in previous studies [3,5–7,10,11,14], which also reported differences of the fruit quality
values and biochemical properties depending on the cultivars and their ripening stages.
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Generally, skin color shows the carotenoid content of fruit flesh [28]. We also agreed with
this for ‘STL’, ‘HT’, and ‘YK’ because the skin colors of the cultivars gradually changed
from green to yellow during the ripening stages, and were associated with their flesh colors
(golden yellow). However, the skin color cannot determine the carotenoid content in ‘MCS’,
because although its skin color was still green until the last ripening stage, the flesh color
was yellowing. This indicated that presence of carotenoid in all mango fruits cannot be
determined using skin color, as it can vary depending on cultivars. Similar results have
been reported in Thailand mango ‘Thongdum’ [8].

A gradual increase in LW among all four mangoes during ripening was observed in the
order of ‘STL’ > ‘MCS’ > ‘YK’ > ‘HT’, indicating variation of LW depending on the cultivars.
Theoretically, LW or fruit softening in climacteric fruits (i.e., apples and mangoes) is mainly
due to excess production of ethylene during the ripening stages or storage periods [7,11,29],
and suppression of ethylene production in the fruits using ethylene biosynthesis or receptor
inhibitors delays weight loss [30,31]. Therefore, it was likely that ethylene levels produced
in the cultivars varied, and that produced in ’STL’ would be higher than that of ‘YK’ or
‘MCS’, but that produced in ‘HT’ would be the lowest. Similar to LW, variation of SQ was
also observed in all cultivars; in particular, the variation was more prominent at RS4. Based
on SQ scores at RS4, the highest consumer acceptability was observed in ‘STL’ followed by
‘HT’, ‘MCS’, and ‘YK’, respectively. Variation of weight loss and SQ scores during mango
ripening stages has been previously reported [10].

During the ripening stages (RS1 to RS4), the percentages of TSS gradually increased
from 10% to 23%, while those of TA rapidly declined from 1.2% to 0.16%, depending
on the cultivars. These results were similar to those observed in other mangoes such as
‘Ataulfo’ [3], ‘Tommy Atkins’ [12], and ‘Keitt’ [32]. However, TSS and TA values in the
cultivars ‘Chokanan,’ ‘Golden phoenix,’ and ‘Water lily’ ranged from 16.80% to 20.30% or
0.26% to 0.12% during fruit ripening [33]. This indicated the differences of initial TSS and
TA values contained in the different cultivars, which might reflect eating quality of the
cultivars. During the ripening stages, decrease of TA values resulted in the loss of acidity
as acids are utilized as substrates for respiration [34], which causes gradual increase in
TSS and pH values, whereby increasing total sugar content during fruit ripening. This
hypothesis was prominent in ‘STL’, which has the lowest TA but the highest TSS, total
sugar, and pH. Overall, the TSS values of four mangoes, especially from RS3 to RS4 stages,
are in line with the 10–20% soluble solid requirement for ripe mangoes [35], suitable for
juice processing [36,37].

The mangoes exhibited significant differences in TS content during the ripening
stages. The percentage of NRS in the four different mango pulps was much higher than
that of RS throughout the ripening stages, and a sudden increase was observed in RS3
and RS4, while the percentage of RS was not significantly increased. It is possible that
sucrose, an NRS, could be the major sugar in all four mango cultivars during the ripening
stages; these findings were relevant to other mango cultivars such as ‘Keitt’ mangoes and
‘Ashwina’ hybrid mangoes, in which the amount of NRS was higher than that of RS [13,38].
The sugar/acid ratio is an essential indicator in fruit quality assessment and consumer
acceptance, and the higher the sugar/acid ratio, the sweeter the fruit. Interestingly, the
highest sugar/acid ratio was observed in ‘STL’ (135.27 ± 14.88) showing its excellent fruit
quality among the cultivars. It has been widely reported that the typical sugar/acid ratio
values for high-quality mango fruits range between 23 and 50 [38], and all four selected
mango cultivars could be assumed to be high-quality mangoes.

In general, when the maturity of fruits increases, the antioxidant capacity and phenol
content of the fruit mesocarp increases provided the fruits are not injured by pathogens
or mechanical damage [1,3]. In this study, the TPC of the four mango cultivars from RS1
to RS4 ranged from 8.20 ton14.96 mg GAE per 100 g of extract. These results are different
from those obtained by Rumainum et al. [8], in which the TPC in six Thai mango cultivars
was between 7.9 and 21.8 mg/100 g dry weight. Likewise, Egyptian mango showed TPC
in a range of 19.52 to 26.59 mg GAE per 100 g FW [39]. Ma et al. [4] described that the
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TPC in eight mango cultivars ranged from 8.8 to 193 mg GAE per 100 g FW. Previous
studies have reported that the TPC in mango flesh ranges from 48 to 209 mg GAE per
100 g FW [1,3]. Differences in TPC concentrations between the cultivars and those studied
in other works could be due to the differences in cultivars, growing conditions, ripening
stages, and extraction methods [2,3,6]. Although there was a gradual increase from RS1
to RS3 during storage, a slight decline in the TPC was found in the last ripening stage,
RS4, of ‘STL’, ‘MCS’, and ‘HT’, whereas ‘YK’ remained unchanged. These results were
in good agreement with the findings of Palafox-Carlos et al. [3], in which the TPC of the
mango ‘Ataulfo’ tended to decrease at the time of transition from RS3 to RS4. The decline
in TPC could be associated with the loss of acid (mainly ascorbic and malic acids) during
mango fruit respiration [3]. In contrast, Ibarra-Garza et al. [37] observed that the TPC of
the mango ‘Keitt’ reached its peak at RS2 and then returned to its original level, suggesting
that characterization of TPC in climacteric fruits, such as mango, depends on ethylene
biosynthesis and respiratory processes during fruit ripening.

In this study, DPPH radical-scavenging activities were not significantly different in
the cultivars except ‘HT’, which had the highest activity. However, during the ripening
stages, slightly or significantly variation of the activities was observed in the cultivars
except ‘HT’. The results indicated that presence of DPPH activates varied depending on
the cultivars and their ripening stages. Liu et al. [6] also reported a great variation of DPPH
radical-scavenging activity among four mango cultivars. Moreover, Palafox-Carlos [3] and
Ediriweera [2] also observed that the differences in the levels of total antioxidant activ-
ity among mango cultivars mainly depend on their genotypic differences, physiological
maturity stages and processes during fruit ripening. Mango can be considered as a good
source of vitamins, minerals, organic acids total polyphenols, and dietary antioxidants,
which contain different beneficial health-promoting properties [4]. Extracts of mango peel
and flesh protect humans from cardiovascular diseases and some types of cancers such
as prostate, breast and colon cancers by reducing oxidative stress caused by hydrogen
peroxide induction [40–42]. Therefore, consumption of a mango with rich nutritional
and phytochemical compounds such as ‘HT’ cultivar could provide the consumers with
desirable nutrition and health benefits in their diet.

5. Conclusions

The present study demonstrated that different cultivars presented different features
on physical, biochemical, total phenolic and antioxidant activities during ripening. We
discovered that ‘HT’ was the richest in phytochemical compounds and ‘STL’ showed the
highest sugar/acid ratio and consumer acceptability with the maximum SQ scores due to
its unique characteristics. All cultivars can be assumed as good quality mangoes because
their TSS/TA was in a range between 23 and 50, which is recorded as the range of typical
sugar/acid ratios for high quality mangoes.
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