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FULL PAPER

‘Carabao’ mango fruit is highly susceptible to chilling injury (CI) when stored at sub-optimal 
temperature for extended period. Melatonin (MLT) was reported to ameliorate chilling injury 
(CI), hence this study aimed to enhance the cold tolerance of ‘Carabao’ mango fruits 
through MLT treatment. Mature green mango fruits were dipped for 10 min in varying 
concentrations (0.1, 0.5 and 1.0 mM) of MLT then stored at 7°C for 6 wk followed by 
poststorage at 24°C. Significant amelioration of CI with MLT was achieved during the 3-
week storage at 7°C. Melatonin at 1.0 mM delayed the onset of CI and reduced the incidence 
of CI symptoms like lenticel spotting, peel discoloration, vascular streaking, pulp 
cavitation, and flesh browning. MLT however, did not significantly retard the rate of ripening 
of mangoes during storage at 7°C. Since ripening was not completely retarded during cold 
storage, total soluble solids (TSS) content increased although TSS of MLT–treated fruit was 
lower than the control. On the other hand, titratable acidity upon withdrawal from cold 
storage and at the ripe stage was not affected by MLT treatment. The high visual quality 
rating was maintained for t3 wk at 7°C in both treated and control fruit. 
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INTRODUCTION
Mango (Mangifera indica L.) is considered as one of 
the most important tropical fruits worldwide in terms of 
production, consumption, and nutritional value 
(Tharanathan et al. 2006; Singh et al. 2013). Mango 
ranks third as the most important fruit crop in the 
Philippines next to banana and pineapple, and one of 
the country’s top agricultural exports (Philippine 
Mango Industry Roadmap 2017-2022). In 2020, the 
Philippines ranked 14th with an export share of 1.75% 
and export value of USD 65.54M, where the top 5 
export destinations were United States, Hong Kong, 
Japan, Canada, and South Korea (Jang et al. 2020). 

Mango being a tropical fruit is highly susceptible to 
chilling injury (CI) when stored at temperatures below 
10°C for extended periods. CI is a physiological 
disorder as a consequence of exposure to low but non-
freezing temperature for extended period (Raison and 
Lyons, 1986). In 'Carabao' mangoes kept at 5°C, CI 
first appeared as light brown irregular specks on the 
peel which later expanded and coalesced leading to 
peel discoloration (Agillon and Lizada, 2010). In the 
study of Cantre et al. (2017), the first symptoms of CI 
in 'Carabao' mangoes were brown spots and peel 
discoloration with high incidence of lenticel spotting 
after 7 d of storage at 4°. CI results in loss of sensory 
quality and consumer acceptability due to poor 
ripening, pitting, off-flavor development, and decay 
(Jackman et al. 1988). 

Various methods have been employed to alleviate CI 
such as manipulation and/or modification of the 
storage environment exemplified by temperature 
conditioning, atmosphere modification, and increased 

relative humidity.  The other techniques are directed to 
the commodity like waxing/edible coating, modified 
atmosphere packaging, breeding for resistant lines, 
and chemical treatments (Peng et al. 2013). Among 
the chemical treatments, polyamines (Koushesh Saba 
et al. 2012), methyl jasmonate (González-Aguilar et al. 
2001), salicylic acid (Aghdam et al. 2012), and 
melatonin (Aghdam et al. 2019; Madebo et al. 2021) 
have been reported to induce cold tolerance in several 
fruits. Melatonin (MLT; N-acetyl-5-methoxytryptamine) 
is an indole compound that shares the same initial 
biosynthetic pathway with indole-3-acetic acid (IAA) 
(Fan et al. 2018) with tryptophan as the precursor. It is 
produced in the mitochondria and chloroplasts of 
leaves and/or roots, then translocated to the other 
plant organs (Arnao and Hernández-Ruiz, 2013; Tan et 
al. 2013). MLT is reported to have numerous beneficial 
effects on fruits and vegetables which include 
stimulating ethylene production, delaying senescence, 
alleviating CI, controlling disease and physiological 
disorders, and coping to environmental stresses 
(Arnao and Hernández-Ruiz 2015). In mango cultivar 
Sensation, a 10-min dip in 0.2 mM MLT retarded 
ripening measured as higher green peel color (lower a* 
values), higher firmness and titratable acidity (TA), and 
lower total soluble solids (TSS) and TSS/TA ratio 
(Awad and Adel 2021). Dong et al. (2021) similarly 
reported inhibition of ripening of ‘Keitt’ mangoes when 
treated with 100 to 200 μM MLT manifested as 
inhibition of softening and retardation of chlorophyll 
degradation. MLT treatment of ‘Dashehari’ mangoes 
resulted in lower weight loss, higher ascorbic acid 
content and TA, lower pH and TSS content than the 
control fruit during the 28-day storage at 5°C 
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(Bhardwal et al. 2022). In the study of Kebbeh et al. 
(2023) in ‘Keitt’ mangoes treated with 0.1 to 0.2 mM 
MLT, they reported that high firmness was maintained 
only during cold storage but decreased when 
transferred to room temperature. The reduced activity 
of cell wall-degrading enzymes resulted in the 
maintenance of fruit firmness of ‘Guiqi’ mangoes 
treated with 1.0 mM MLT (Njie et al. 2023). Recent 
study of Charoenphun et al. (2025) in ‘Nam Dok Mai’ 
mangoes, MLT at 1.0 to 2.0 mM effectively maintained 
the color characteristics and preserved fruit firmness.

With the improved cold tolerance associated with MLT 
treatment, it will then be possible to use refrigerated 
sea shipment of mangoes at sub-optimal temperatures 
such as 10°C and below to reach distant markets of 
Europe and North America. Thus, this study on 
‘Carabao’ mango aimed to enhance the fruit’s cold 
tolerance through establishing the optimum 
concentration of MLT that will ameliorate CI symptoms 
during storage at 7°C for 6 wk and poststorage at 
24°C, and to determine the physicochemical changes 
associated with MLT treatment.

MATERIALS AND METHODS
Preparation of Experimental Materials and 
Treatment Concentration 
Fully mature ‘Carabao’ mango fruits were harvested at 
115 d from flower induction from a farm in Barangay 
Siranglupa, Calamba City, Laguna, Philippines. 
Mangoes were sorted at the farm as to freedom from 
defects and those that exhibit tinge of yellow peel color 
were culled. Mangoes were then transported on the 
same day to the Postharvest Horticulture Training and 
Research Center (PHTRC) Laboratory at the 
University of the Philippines Los Baños (UPLB) for 
experimental set-up. In the laboratory, fruit maturity 
was determined by floatation in 1% salt solution. Since 
the storage duration at 7°C was 6 wk and to control 
decay which might interfere with the observation, 
mangoes were then dipped in fungicide (125 ppm 
azoxystrobin) for 5 min. 

Analytical grade MLT was purchased from Sigma 
Aldrich Co. based in Singapore through a local 
chemical supplier and was kept in the biofreezer (-
60°C) until use. Since MLT is insoluble in water, pre-
weighed amount of MLT was dissolved in 1 mL 
absolute ethanol then diluted with distilled water to 
obtain the desired concentrations of 0.1, 0.5, and 1.0 
mM following the procedures of Ba et al. (2021). To 
avoid light-induced degradation of MLT, the prepared 
solutions were kept in dark bottles and the experiment 
was carried out under dark condition. The 
concentrations tested were based from the previous 
studies on MLT treatment of various cultivars of mango 
such as Sensation (0.2 mM; Awad and Adel, 2021), 
Keitt (0.1 - 0.2 mM; Dong et al. 2021), and unnamed 
cultivar (0.1-1.0 mM; Rastegar et al. 2020).

Mango fruits were dipped for 10 min in freshly 
prepared MLT of varying concentrations with Tween 20 
as wetting agent. After MLT treatment at 24°C, 
mangoes were air-dried for about 2 h (also under dark 
condition) and then packed in corrugated retail fruit 

box that contained 5 mangoes and stored at 7°C for 6 
wk. Withdrawal from 7°C storage was done every 2 
wk. 

Data Gathering
During wkly monitoring of physical changes at 7°C, 12 
labeled fruit per treatment were used. The physical 
changes that were monitored every wk for 6 wk 
focused on external CI symptoms incidence and 
severity such as pitting, lenticel spotting, and peel 
discoloration using the ratings indicated in Table 1. The 
CI severity was determined in each treatment by 
multiplying the number of fruit in each injury level by 
their score, and then dividing this sum by the total 
number of fruits assessed per treatment.

Other physical changes that were monitored included 
changes in peel color and visual quality. The rate of 
ripening based on peel color change was determined 
using the following peel color index (PCI) established 
at PHTRC: 1- green, 2 - green with tinge of yellow, 3 - 
more green than yellow, 4 - more yellow than green, 5 
- yellow with green tip, and 6 - full yellow. Change in 
visual quality was assessed following the visual quality 
rating (VQR) scale used in PHTRC as follows: 9,8 - 
excellent, field fresh, 7,6 - good, minor defects, 5-4 - 
fair, moderate defects, limit of marketability; 3- poor, 
serious defect, 2- limit of edibility, and 1-non-edible. 

CI Symptom Rating/Description Reference

External
Pitting 1: None Zhao et al. 

20062: 1-25% of surface 
area affected 
3: 26-50% of surface 
area affected
4: More than 50% of 
surface area affected

Peel discoloration 1: None Rodeo and 
Esguerra 20132: 1-25% of surface 

area affected 
3: 26-50% of surface 
area affected
4: >50% of surface 
area affected

Lenticel spotting 1: None Hofman et al. 
2010 with 
modifications

2: Light spots not more 
than 25% of the surface
3: Light spots not more 
than 50% of the surface
4: Scattered spots more 
than 50% of the surface 

Internal
Vascular browning  
or streaking and  
pulp discoloration

1: No discoloration Westra et al. 
2016 with 
modifications2: 1-25% brown flesh/

vascular area affected
3: 26-50% brown flesh/ 
vascular area affected
4: 50-75% brown flesh/ 
vascular area affected
5: 75-100% brown flesh/ 
vascular area affected

Cavitation 1: None Jacobi et al. 
1996 with 
modifications

2: 1-25% of pulp affected
3: 25-50% of pulp affected
4: > 50% of pulp affected

Table 1. Rating scale for the different symptoms of chilling in 
mango fruit.
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Data gathered during destructive sampling were 
firmness, total soluble solids (TSS) content, titratable 
acidity (TA), and internal CI symptoms like cavitation 
(spongy air pockets in the pulp), flesh browning, and 
vascular discoloration. The remaining 9 fruit from each 
treatment were transferred to 24°C for ripening. 
Observation on peel color change, disease 
development, visual quality change and further 
development of external CI symptoms were done 
every other day. At the ripe stage after withdrawal from 
cold storage, the 9 mango fruit used in continuous 
monitoring were evaluated for internal CI symptoms, 
while 6 fruits per treatment were used for destructive 
sampling of firmness, TSS, and TA determination.

Fruit firmness was measured at the middle portion 
(opposite sides of the fruit with peel) using fruit 
pressure tester (AIKOH Digital Force Gauge SX Series 
Model-2256) with pointed plunger. Firmness was 
expressed as kg-force.For TSS content, 20 g of mango 
pulp taken at the mid-portion of the fruit was added 
with 100 mL of distilled water for homogenization using 
osteorizer blender. Homogenized mixture was filtered 
in a wad of cotton. TSS of the extract was determined 
using pocket refractometer (Atago Pocket 
Refractometer PAL-1). TA was determined by titration 
using 5 mL of aliquot and 10 mL of distilled water with 
0.095 N NaOH and 2-3 drops of phenolphthalein 
indicator. 

Experimental Design and Statistical Analysis
The experiment was laid out in a Completely 
Randomized Design having 3 replications per 
treatment. Mangoes were packed in corrugated retail 
box with each box representing a replicate consisting 
of 5 fruits. There were separate boxes of fruit for 
continuous monitoring during cold storage and during 
withdrawal every 2 wk. Three replicates or boxes were 
withdrawn at each period. Parametric variables were 
subjected to Analysis of Variance (ANOVA) using the 
SAS software version 9.1. Non-parametric variables 
were subjected to Kruskal-Wallis test using SPSS 
version 27. LSD was used in determining the 
significant differences among treatment means at P ≤ 
0.05 and P ≤ 0.01 probability levels. 

RESULTS 
Incidence and Severity of Chilling Injury

External Chilling Injury Symptoms
Lenticel Spotting (LS) Incidence and Severity. LS 
first appeared as green spots which later turned into 
dark brown to black spots as storage period was 
extended to 6 wk, LS became noticeable on the 2nd wk 
and progressed as the duration of storage at 7°C 
increased (Figure 1A and B). On the 2nd and 3rd wk, 
significant differences were observed among 
treatments where MLT-treated fruit had lower 
incidence than control fruit. On the 3rd wk, LS incidence 
was reduced by almost 30% with 1.0 mM MLT. From 
the 4th until the 6th wk of storage, incidence of LS in all 
treatments further increased with more than 50% of 
fruit exhibiting LS.  Mangoes treated with 1.0 mM MLT 
had lower incidence than the rest of the treatments.

As to the severity of LS, during the first 3 wk, severity 
was rated as slight (less than 10% of the peel with LS) 
and differences among treatments were not 
significant. On the 4th until the 6th wk of storage at 7°C, 
all MLT-treated and control fruit had more than 50% of 
the surface covered with LS. However, the 0.1 and 1.0 
mM MLT-treated mangoes had significantly lower 
severity rating than the control and 0.5 mM MLT 
treatment.

In most cases, CI symptoms developed progressively 
when fruits are brought to higher temperatures. During 
poststorage at 24°C, the initially low LS incidence on 
the day of withdrawal from wk 2 storage at 7°C rapidly 
increased in all treatments. The control and 0.1 mM 
MLT-treated mangoes had significantly higher 
incidence than the rest of the MLT treatments, the 
pattern of which persisted until day 5 at 24°C. The 
green spots during storage at 7°C turned into brown to 
black spots as ripening progressed. The 1.0 mM MLT-
treated fruit had the lowest incidence from day 1 until 
day 9 of ripening, while the control fruit got the highest. 
On the 4th wk of withdrawal when the incidence was 
already high, the proportion of mangoes with LS 

Figure 1. Lenticel spotting incidence (A) and severity (B) of ‘Carabao’ mango fruits treated with varying concentrations of 
melatonin (MLT) and stored at 7°C for six weeks. Means at each storage period with the same letter are not 
significantly different at 5% level, LSD (n=12).
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further increased with almost 90% of the fruit exhibiting 
LS when the fruit ripened. The 1.0 mM MLT treatment 
had lower incidence than the rest of the treatments. 
The same pattern was observed in mangoes kept at 
7°C for 6 wk then transferred to 24°C except that the 
1.0 mM MLT treatment had a significantly lower 
incidence than the rest of the treatments. 

Regarding LS severity, it became more apparent as 
ripening progressed (Figures 2A to C). On the 2nd wk of 
withdrawal, severity of LS was significantly higher in 

the control fruit compared to 1.0 mM MLT-treated fruit. 
On the 4th and 6th wk of withdrawal, 1.0 mM MLT-
treated fruit got the significantly lowest severity rating. 

Peel Discoloration Incidence and Severity. Peel 
discoloration or peel browning is another major CI 
symptom exhibited by mangoes during extended 
storage at sub-optimal temperature. Peel discoloration 
was not yet apparent in all fruit during the 1st wk of 
storage at 7°C. From the 2nd wk onwards, significant 
differences were observed, wherein the 0.5 mM and 

Figure 2. Severity of lenticel spotting of ‘Carabao’ mango fruits during poststorage ripening at 24°C on Week 2 (A), 4 (B), and 
6 (C). Means at each ripening period with the same letter are not significantly different at 5% level, LSD (n=12).

Figure 3. Peel discoloration incidence (A) and severity (B) of ‘Carabao’ mango fruits treated with varying concentrations of 
melatonin (MLT) and stored at 7°C for six weeks. Means at each storage period with the same letter are not 
significantly different at 5% level, LSD (n=12).

Figure 4. Severity of peel discoloration of ‘Carabao’ mango fruits during posstorage ripening at 24°C on Week 2 (A), 4 (B), and 
6 (C). Means at each ripening period with the same letter are not significantly different at 5% level, LSD (n=12).
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1.0 mM MLT-treated fruit got lower incidence than the 
control fruit. The severity of peel discoloration was 
lowest in 1.0 mM MLT-treated fruit although no 
significant differences were obtained (Figure 3A & B).

During poststorage at 24°C, the incidence of peel 
discoloration progressed rapidly as the fruit started to 
ripen. The dark gray patches on the peel became 
severely manifested as the fruit reached the ripe stage. 
On wk 2, the 0.5 mM and 1.0 mM MLT-treated fruit got 
lower incidence compared to the other treatments. On 
wk 4 and 6 of withdrawal, 1.0 mM MLT-treated fruit had 
the lowest incidence, while control fruit got the highest. 
The highest severity of brown to grayish peel 
discoloration was exhibited by control fruit in all wk of 
withdrawal and poststorage (Figure 4).

IInternal Chilling Injury Symptoms
Pulp Cavitation Incidence and Severity. Internal CI 
symptoms became apparent only when cold-stored 
mangoes are ripened at 24°C. Pulp cavitation 
appeared as small, white, and starchy spots in the 
inner mesocarp. During poststorage at 24°C and when 
the fruit reached the ripe stage, the incidence of pulp 
cavitation was highest in the control fruit regardless of 
the previous duration of storage at 7°C (Figure 5). 
When the duration of cold storage was extended to 
four (4) and 6 wk, the incidence increased with the 
control fruit exhibiting the highest (34-46%) while the 
1.0 mM MLT-treated mangoes got the lowest (17-
22%). While the incidence of pulp cavitation increased 
as the duration of storage at 7°C increased, the 

severity of cavitation on the other hand, was very slight 
regardless of the storage period, and whether the 
mangoes were treated with MLT or not (data not 
shown).  The severity of pulp cavitation was highest in 
control fruit, while the 1.0 mM MLT-treated mangoes 
got the lowest, but no significant difference was 
observed.

Flesh Browning Incidence and Severity. Flesh 
browning during poststorage and ripening at 24°C was 
observedin all treatments from the 2nd wk of withdrawal 
until the 6th wk. The 1.0 mM MLT-treated fruit got the 
lowest incidence of 13-35% from the 2nd until the 6th wk 
of poststorage at 24°C and was significantly different 
with the rest of the treatments (Figure 6). The severity 
of flesh browning however, was very slight in all 
treatments (data not shown). 

Vascular Streaking Incidence and Severity. In 
‘Carabao’ mangoes, vascular browning appeared as 
string-like discolored vascular tissues vertically aligned 
in the pulp of chill-injured ripe fruit. When stored for 4 
and 6 wk, vascular streaking was evident in all 
treatments with the MLT-treated mangoes having 
significantly lower incidence than the control (Table 2). 
The severity, however, was rated as slight and the 1.0 
mM MLT treatment had the lowest rating.

Rate of Ripening 
Low temperature storage effectively retarded the rate 
of ripening with the mangoes remaining green (PCI 1) 
for 3 wk at 7°C particularly in MLT-treated mangoes. 

Figure 5. Incidence of pulp cavitation of ‘Carabao’ mango fruits at the ripe stage. Mangoes were dipped for 10 min in varying 
concentrations of melatonin (MLT) and stored at 7°C then withdrawn every two weeks for ripening at 24°C. Means at 
each poststorage period with the same letter are not significantly different at 5% level, LSD (n=9).

Figure 6. Incidence of flesh browning of ‘Carabao’ mango fruits at the ripe stage. Means at each poststorage period with the 
same letter are not significantly different at 5% level, LSD (n=9).
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Some fruit however, were at the color break stage (PCI 
2) especially in the control. On the 4th wk, all MLT-
treated mangoes reached PCI 2, while the control fruit 
were at the turning stage (PCI 3 - more green than 
yellow) and was significantly different with the MLT 
treatment (Figure 7). The effect of MLT on ripening was 
further apparent as the storage period was extended 
to 6 wk. On wk 6, the 0.1 and 1.0 mM MLT-treated 
mangoes were still at PCI 4 (more yellow than green) 
whilethe other 2 treatments had mangoes that were 
almost near the yellow stage with tinge of green (PCI 
5). 

When cold-stored mangoes were transferred to higher 
temperatures, peel color change progressed rapidly 
but the brightyellow peel color was not achieved. The 
MLT-treated fruit exhibited slower rate of ripening 
compared with the control fruit particularly during the 
early days of poststorage at 24°C.Mangoes cold-
stored for 2 to 6 wk then ripened at 24°C exhibited pale 
yellow peel at the ripe stage regardless of the 
treatment. 

Visual Quality Rating
Consumer’s acceptability of fresh produce depends on 
its overall visual quality and postharvest treatments 
are generally aimed at maintaining the visual quality of 
the produce. The visual quality rating of 9 (excellent, 
field fresh) of mangoes in all treatments was 
maintained during the 2-wk storage at 7°C (Figure 8). 
On the 3rd  wk onwards, VQR decreased when lenticel 
spotting and disease like anthracnose became 
noticeable particularly in the control fruit. On the 6th wk, 
mangoes in all treatments attained the VQR of 5 (fair, 
moderate defects, limit of marketability). The rate of 
decrease in VQR of the MLT-treated and the control 
fruit was almost similar.

Firmness
During storage at 7°C for 2 wk, a decrease in firmness 
from 9.56 kg-force to about 5.4 to 6.1 kg-force was 
noted in all treatments. When storage at 7°C was  4 

wk, firmness decreased to about 4.3 to 5.2 kg-force 
when mangoes were at the turning stage (PCI 3, more 
green than yellow), and differences among treatments 
were not significant (Table 3). On the 6th wk of 
withdrawal, dramatic decrease in firmness was 
obtained in all fruit regardless of the treatment. The 
control fruit had significantly higher firmness value 
than the MLT-treated fruit. During poststorage at 24°C, 
a drastic decrease in firmness was obtained in all fruit 
regardless of the treatment (data not shown).

Total Soluble Solids (TSS) Content and Titratable 
Acidity (TA) 
During storage at 7°C, an increase in TSS content was 
observed in all fruit regardless of the treatment 
although the mangoes were still green and firm on the 
2nd wk. Mangoes from the control had significantly 
higher TSS than the MLT-treated fruit. Withdrawal on 
wk 4 when mangoes were starting to ripen, further 
resulted in an increase in TSS in all treatments with 
values of 16.1 to 19.8°Brix, with the control having the 
highest TSS value (Figure 9). At a more advanced 
stage of ripeness on wk 6, only a slight increase in TSS 
was obtained. During poststorage and ripening at 

Treatment Incidence (%) / Poststorage Period (week)
2 4 6

0.1 mM MLT 0.00 b 13.33 b 25.93 b
0.5 mM MLT 11.11 a 23.70 ab 25.56 b
1.0 mM MLT 0.00 b 15.93 ab 21.48 b
CONTROL 0.00 b 25.93 a 36.30 a

Treatment
Firmness (kg-force) / Storage Period (week)1

2 4 6
0.1 mM MLT 6.01 a 5.21 a 2.16 b
0.5 mM MLT 5.81 a 4.79 a 2.18 b
1.0 mM MLT 5.42 a 4.36 a 2.23 b
CONTROL 6.12 a 5.24 a 2.65 a

Figure 7. Rate of ripening based on peel color change of 
‘Carabao’ mango fruits treated with varying 
concentrations of melatonin (MLT) and stored at 
7°C for six weeks. Means with the same letter at 
each storage period are not significantly different 
at 5% level, LSD (n=12).

Figure 8. Change in the visual quality rating of ‘Carabao’ 
mango fruits treated with varying concentrations 
of melatonin (MLT) and stored at 7°C for six 
weeks. Means at each storage period with the 
same letter are not significantly different at 5% 
level, LSD (n=12).

Table 2. Incidence of vascular streaking of ‘Carabao’ mango 
fruit at the ripe stage.1

Table 3. Change in firmness of ‘Carabao’ mango fruit treated 
with varying concentrations of melatonin (MLT) and 
stored at 7ºC for six weeks1.

1Mangoes were dipped for 10 min in varying concentrations of melatonin 
(MLT), stored at 7oC for six weeks then transferred to 24oC for ripening after 
2, 4 and 6 weeks of cold storage. Means within columns with the same letter 
are not significantly different at 5% level, LSD (n=9).

1Means within columns followed by the same letter are not significantly 
different at 5% level LSD (n=6).
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24°C, TSS content increased to 21-23°Brix with the 
control fruit having the higher TSS than the treated 
fruit. 

In general, most fruits are acidic at the unripe stage 
due to the high content of organic acids. ‘Carabao’ 
mango fruits at the green mature stage have a TA of 
5.11%. During storage at 7°C, a slight decrease was 
noted on all fruits and the 0.1 mM MLT-treated 
mangoes got the lowest TA value (Figure 10). As 
storage at 7°C was extended to four (4) wk, TA 
considerably decreased, and the 1.0 mM MLT-treated 
fruit had the lowest TA value indicating that it is more 
acidic, while 0.1 mM MLT-treated fruit had the highest 
value. On wk 6, significant differences were noted as 
TA values of fruit continued to decrease wherein 0.1 
mM MLT-treated fruit got the lowest, while control fruit 
got the highest value. During poststorage at 24°C and 
when mangoes were already ripe, TA values 
decreased to 0.4% regardless of the treatment and 
duration of cold storage.

DISCUSSION

Carabao’ mango fruits are susceptible to CI when 
stored below 10°C for extended period (Agillon and 
Lizada, 2010; Rodeo, and Esguerra, 2013). In mango, 
the most common symptoms of CI are pitting, peel and 
pulp discoloration, lenticel spotting (LS), cavitation, 
and vascular browning or streaking (Brecht et al. 2012; 
Agillon and Lizada, 2010; Gonzales-Aguilar et al. 
2000). In ‘Carabao’ mango, lenticel spotting and 
discoloration was attributed to intracellular water 
leakage in the damaged cells of the outer mesocarp 
which contributed to the decrease in porosity and pore 
connectivity during CI development (Cantre et al. 
2014). In ‘Tommy Atkins’ and ‘Keitt’ mango, the tissues 
around lenticels became darkened due to the collapse 
of endomembrane resulting in the release of 
polyphenol oxidase (PPO) which interacts with the 
phenolics (Du Plooy et al. 2004). 

Peel browning has been linked to enzymatic 
conversion of phenolics to o-quinones which then 

polymerize to brown pigments (Chidtragool et al. 
2011). Chilling-sensitive crops lose their cells’ turgor 
and cytoplasm compartmentalization causing swelling 
of organelles which leads to substrate leakage 
required by PPO for the synthesis of the brown 
substances (Kratsch and Wise, 2000) hence the 
observed flesh browning of ‘Carabao’ mangoes in the 
present study.

Internal CI symptoms like pulp cavitation, flesh 
browning and vascular streaking or discoloration were 
not apparent during storage at 7°C. In some chilling-
sensitive crops, CI symptoms are rarely observed 
during storage at sub-optimal  temperatures, but the 
symptoms become apparent upon transfer to high 
temperatures (Wang, 1993). This was attributed to 
slow metabolism of the fruit during cold storage that 
affect the development of internal CI symptoms 
(Chongchatuporn et al. 2013). The aforementioned 
findings were also observed in the present study. Upon 
transfer to 24°C for ripening, external CI symptoms 
developed progressively concomitant with the 
manifestation of internal CI symptoms. Pulp cavitation 
appeared as small, white, and starchy spots in the 
inner mesocarp which Cantre et al. (2017) attributed to 
intracellular water leakage that diffuse and evaporate 
on the fruit’s surface leading to cavity formation in the 
pulp. Flesh browning and vascular streaking on the 
other hand, resulted from decompartmentalization 
thus the intermixing of PPO and phenolics leading to 
brown pigment formation.

One of the strategies in controlling or ameliorating CI 
that is directed to the commodity is through chemical 
treatments such as MLT. It is a powerful free-radical 
scavenger and has a direct antioxidant activity (Arnao 
and Hernández-Ruiz, 2015). MLT was reported to 
ameliorate CI in mango cv. Sensation (Awad and Adel, 
2021), Langra and GulabJamun (Bhardwaj et al. 
2022), Keitt (Ping et al. 2023), and Guifei (Xu et al. 
2023). In ’Guiqi’ and ‘Tainong 1’ mangoes, MLT 
treatment significantly reduced the PPO activity by 
upregulating phenylammonialyase (PAL) genes and 
downregulating the PPO genes during storage (Njie et 
al. 2022). Daria (2023) similarly demonstrated that 1.0 

Figure 9. Total soluble solids content of ‘Carabao’ mango 
fruits treated with varying concentrations of 
melatonin (MLT) and stored at 7°C for six weeks. 
Means at each storage period with the same 
letter are not significantly different at 5% level, 
LSD (n=6). 

Figure 10. Titratable acidity of ‘Carabao’ mango fruits 
treated with varying concentrations of 
melatonin (MLT) and stored at 7°C for six 
weeks. Means at each storage period with the 
same letter are not significantly different at 5% 
level, LSD (n=6).
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mM MLT treatment of ‘Carabao mangoes reduced 
PPO activity and consequently flesh browning. As an 
antioxidant, Njie et al. (2022) reported that ascorbate 
peroxidase (APX) activity was significantly higher in 
MLT-treated ‘Guiqi’ mangoes thus inducing the cold 
tolerance of mango fruit to oxidative stress resulting in 
lower incidence and severity of CI symptoms than 
untreated fruit. In this study on ‘Carabao’ mango, the 
amelioration of both external and internal CI symptoms 
particularly with 1.0 mM MLT can be attributed to the 
increased activity of antioxidant enzymes such as 
catalase (CAT) and APX (Daria, 2023). 

The reported beneficial effect of MLT was its 
effectiveness in retarding the ripening of mango 
cultivars such as Keitt (Dong et al. 2021), Sensation 
(Awad and Adel, 2021) and ‘Nam Dok Mai’ 
Charoenphun et al. (2025).  However, in ‘Carabao’ 
mango, the desired dramatic effect of controlling 
ripening was not achieved. MLT treatment of ‘Carabao’ 
mangoes did not prevent ripening during storage at 
7°C and normal ripening ensued during poststorage at 
24°C. Mangoes subjected to MLT treatment were at 
PCI 3 (more green than yellow) and at PCI 4 (more 
yellow than green) in the control fruit after 6 wk at 7°C.
One possible reason is the observation that ‘Carabao’ 
mango fruit starts producing ethylene 10 d before 
harvest maturity (Lizada 1991) hence ripening has 
been initiated even before harvest. Moreover, ripening 
is a programmed change hence low temperature and 
MLT treatment will only slow down the process. 

The observation that ripening was not completely 
retarded with MLT treatment was supported by the 
results on fruit firmness. The firmness of treated fruit 
continuously decreased during storage concomitant 
with the progression of ripening. The control fruit had 
higher firmness value than the MLT-treated fruit which 
is contrary to the results of Rastegar et al. (2020) and 
Kebbeh et al. (2023). The decrease in firmness 
particularly during the later period of storage at 7°C is 
attributed to the depolymerization of the cell wall pectin 
matrix and hemicelluloses by hydrolytic enzyme action 
under the control of ethylene (Cao et al. 2018.). 

As the fruits ripen, TSS content increased which is due 
to the conversion of starch into simple sugars mainly 
by the action of hydrolytic enzymes (Kittur et al. 2001). 
The TSS content of treated fruit was lower than the 
control fruits. This showed that MLT regulates α-
amylase activity (Han et al. 2017) during cold storage 
and even at high temperatures as reported in other 
mango cultivars (Kebbeh et al. 2023; Ping et al. 2023).  

During low temperature storage and when ripening is 
initiated, the amount of acids decreased since these 
are utilized as substrates during respiration (Hatami et 
al. 2013). MLT-treated ‘Carabao’ mangoes had lower 
TA than the control fruit contrary to the response of 
mango cultivars Sensation (Awad and Adel, 2021), 
and Dasherari (Bhardwal et al. 2022).

CONCLUSION AND RECOMMENDATION
From the results of the study, ‘Carabao’ mangoes 
treated with 1.0 mM MLT for 10 min can be stored for 
3 wk at 7°C wherein significant amelioration of both 

external and internal CI symptoms was obtained. 
Extending the storage at 7°C for 6 wk likewise 
ameliorated CI but the incidence increased although 
the severity of symptoms was rated as slight. The 
reported inhibition of ripening with MLT however, was 
not observed in the case of ‘Carabao’ mango although 
the rate of peel color change was lower in MLT-treated 
fruit than the control. Moreover, the fruit had high 
marketability in terms of visual quality and treated 
mangoes ripened normally and lasted in the shelf for 3 
d. Being a naturally-occurring plant hormone, the use 
of MLT as a postharvest treatment to ameliorate CI 
induced by extended exposure to sub-optimal 
temperature can be recommended. 
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