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Abstract 
 
Mature, green and fresh mango fruits were harvested from an orchard and sorted before they were 

subjected to hot air (HA) and hot water (HW) treatments. Before treatment, the fruits were washed with clean 
water, disinfected for 10 min in 0.385% m/v of sodium hypochlorite and allowed to air-dry at 26 °C before 
they were separately immersed in HA and HW at 52 and 55 °C for 1, 3 and 5 min each before storage at 28 ± 
2 °C and 75 ± 5% relative humidity inside sterilized desiccators where the fruit peel colour change was evaluated 
at intervals of 5days for 20 days while fruits that were not heat treated served as control. Each treatment 
contained a replicate of five fruits. After 20 days in storage, the heat-treated fruits were then assessed for post-
harvest quality characteristics including weight loss, firmness, titratable acidity (TA) and total soluble solids 
(TSS). Only fruits treated with HA at 52 °C-3 min and 55 °C-3 min retained the mango peel greenness for 20 
days while those treated with HW at 55 °C -1min and 55 °C -3 min equally retained the peel greenness but for 
15 days in storage. Thus, they were considered as effective and interestingly, the weight loss, firmness; TA and 
TSS of the treated fruits were not significantly affected by these effective treatments as compared with 
untreated fruits. 
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Introduction 
 
Mangoes (Mangifera indica) are juicy stone fruits (drupe) from numerous species of tropical trees 

belonging to the flowering plant genus, Mangifera. The fruits are delicate and tasty, popular on the 
international markets and are cultivated mostly for their edible fruits (Jacobi et al., 2001).  They are one of the 
highly consumed fruits throughout the world and are rich in vitamins A and C, and have very good food value 
(Lauricella et al., 2017). It is a crucial tropical fruit which is consumed as fresh and processed form. In fact, 
according to Lauricella et al. (2017), mango fruits are highly nutritious fruits containing carbohydrates, 
proteins, fats, minerals, vitamins, particularly vitamin A (beta carotene), B1, B2 and vitamin C (ascorbic acid). 
In spite of the growing worldwide demand for mango fruit, its productivity is affected by pre harvest and 
postharvest diseases, which reduce the fruit quality and cause severe losses, because they leave them as 
unmarketable fruits (Diedhiou et al., 2007). Rapid flesh softening, wounding due to poor picking and -handling 
practices as well as unhygienic conditions during packaging, storage and transportation were identified as major 
factors that affect the fruits after harvest (Yahia, 1998). Disease attack poses a serious threat because the 
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postharvest life of mangoes usually does not exceed 7 days and is limited by physiological deterioration of the 
fruit related to over ripening and by disease development leading to decay (Kumah et al., 2011). Postharvest 
diseases result in major losses on both international and domestic markets and effective control measures are 
required to retain product quality so as to ensure profitable production and trade. 

There are different strategies that can be employed for the management of postharvest diseases in mango 
fruits and these include the controlled environment, use of fungicides, handling and storage, irradiation and 
heat treatments (Schirra et al., 2000).  Among these, fungicides have been used extensively for postharvest 
disease control in mango fruits. They can be applied as dips, sprays, fumigants, treated wraps and box liners or 
in waxes and coatings. Nevertheless, use of chemical treatments has been reported to leave toxic residues on 
fruits as this poses a significant health risk to consumers and also the environmental risks associated with some 
synthetic pesticides which make them very much restricted by regulatory bodies (Kumah et al., 2011). 

Hence, the use of heat treatments (HT) to control postharvest diseases of fruits and vegetables provides 
a suitable alternative and has since been extensively reviewed (Janisiewich and Korsten, 2002; Wisniewski et 
al., 2007).  The heat treatment can be applied in form of dry hot air, humid hot air or hot water. The advantages 
of HT except for being an environmentally friendly method, include that it can easily be implemented into the 
supply chain and can be practiced by any size farming enterprise with success. On this basis, the objective of 
this research is to investigate effect of heat treatments on the overall mango fruit quality after harvest. 

 
 

Materials and Methods 
 
Source of material 
Mature, green healthy mango fruits were harvested from an orchard in Oluwatuyi, Akure South, Nigeria 

(7.2146 °N and 5.1641 °E). Fruits of uniform size and colour were selected. Before treatment, the fruits were 
washed with clean water, disinfected for 10 min in 0.385% m/v of sodium hypochlorite and allowed to air-dry 
at 26 °C and thereafter subjected to heat treatments. 

 
Heat treatments 
The disinfected fruits were then separately immersed in hot air oven and hot water at 52 and 55 °C for 

1, 3 and 5 min each before storage at 28 ± 2 °C and 75 ± 5% relative humidity inside sterilized desiccators for 
20 days while fruits that were not heat treated served as control. Each treatment contained a replicate of five 
fruits. 

 
Assessment of peel colour of heat-treated mango fruits  
Fruits were assessed for peel colour change at 5 days intervals in storage for 20 days following treatment. 

The peel colour change was ranked using the scale of Shorter and Joyce (1998) but with slight modification 
where 100% = completely green; 2 = 75% green and 25% yellow; 3 = 50% green and 50% yellow; 4 = 75% 
yellow; 5 = 100% yellow. To obtain a weighted average for the colour change per treatment, the number of 
fruits with each colour rating was multiplied by the rating and divided by the number of fruits. 

 
Determination of fruit weight loss  
Fruits weight losses were calculated after 20 days in storage following treatment using a digital Mettler 

Balance and the weight loss (%) from each fruit was calculated as shown below:  

Weight loss (%) = 
������� ���	
�������� ���	
�

������� ���	
�
 × 100 
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Firmness test 
Fruits from each treatment lot after 20 days of storage were tested for firmness using fruit penetrometer 

(GY-3 model). The penetrometer was put on the fruit uprightly, pressed into the fruit and stopped when its 
plunger entered into the fruit and the observed value was recorded.  

 
Determination of titratable acidity (TA) 
TA determination was done separately with juice of each fruit per treatment after 20 days in storage. 10 

milliliters of freshly extracted, undiluted juice from each treated fruit was titrated against 0.1 N Sodium 
Hydroxide to pH 8.23 in a beaker (D’Aquino et al., 1998). Amount of citric acid (g/100ml juice) was estimated 
using the following relation: 

Amount of citric acid (g/100ml juice) =      ( ������ �� ���� ���� ) × 0.007   100 

             ( ������ �� "�#$� %�&�') 
Where 1 ml of 0.1 N NaOH is equivalent to 0.007 g citric acid. 
 
Determination of total soluble solid (TSS) 
TSS of fruits was determined after 20 days in storage following treatment. Three drops of thoroughly 

mixed fresh juice from each treated fruit was dropped on the transparent glassy surface of a Japanese ATANGO 
hand refractometer instrument (D’Aquino et al., 1998). The surface was covered and the TSS read on the 
instrument in degree Brix (°Brix) through its eye piece. 

 
Statistical analysis 
The data obtained for peel colour change and other post-harvest quality parameters were subjected to 

statistical analysis using Analysis of Variance and where significant, the means were compared at 5% level of 
probability using Duncan’s Multiple Range Test (SPSS Version 20). 

 
 
Results  
 
Effect of hot air treatment on peel colour change of mango fruits  
Results of the effect of hot air treatment on peel colour change of mango fruits, stored at 28 ± 2 °C and 

75 ± 5% relative humidity were shown in Table 1. On day 5 of storage, the peel colour change of control and 
all treated fruits were not significantly different (p<0.05) and ranged from 1.00 ± 0.00 for control and fruits 
treated at 55 °C-1 min to 1.40 ± 0.25 for fruits treated at 55 °C-5 min which thus implied that the fruits were 
100% green. As storage duration proceeded to day 10, the peel colour change of both control and all treated 
fruits at 52 °C for 1 and 3 min, 55 °C for 1 and 3 min were not significantly different (p<0.05) from each other 
having 1.60 ± 0.25, 1.60 ± 0.25, 1.00 ± 0.00, 1.80 ± 0.37, 1.00 ± 0.00 as their respective peel colour values 
which implied that the fruits were still 100% green. However, the peel colour change of fruits treated at 52 °C 
and 55 °C for 5 min each were significantly different (p<0.05) having mean peel colour values of 2.00 ± 0.55 
and 2.20 ± 0.37 respectively, indicating that the fruits were 75% green and 25% yellow (Table 1). 

On day 15 of storage, the peel colour values of treated mango fruits at 52 °C-3 min (1.20 ± 0.20) and 55 
°C-3 min (1.20 ± 0.20) still implied the fruits were 100% green. The values were however significantly different 
(p>0.05) from the control (3.40 ± 0.25) and other treated fruits at 52 °C-1 min (3.40 ± 0.25), 52 °C-5 min 
(2.20 ± 0.37), 55 °C-1 min (2.60 ± 0.25) and 55 °C-5 min (3.0 ± 0.25). As the storage duration progressed to 
day 20, the peel colour values of fruits treated at 52 °C-3 min and 55 °C-3 min were not significantly different 
(p<0.05) from each other having 1.60 ± 0.25 and 1.80 ± 0.20 as their respective mean peel colour values which 
implied the fruits were still 100% green. However, these values were significantly different (p>0.05) from the 
peel colour values of control (4.60 ± 0.24) and other treated fruits at 52 °C-1 min (4.20 ± 0.37), 52 °C-5 min 
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(4.20 ± 0.37), 55 °C-1 min (4.00 ± 0.32) and 55 °C-5 min (4.40 ± 0.40), all indicating  that the fruits were 25% 
green and 75% yellow (Table 1). 

 
Table 1.  Effect of hot air (HA) treatment on peel colour change of mango (Mangifera indica Linn.) fruits 

HA treatment 
(°C-min) 

Storage duration (days)/ Peel colour values 

5 10 15 20 

52-1 1.00 ± 0.00a 1.60 ± 0.24ab 3.40 ± 0.24bc 4.20 ± 0.37b 

52-3 1.00 ± 0.00a 1.00 ± 0.00a 1.20 ± 0.20a 1.60 ± 0.24a 

52-5 1.20 ± 0.20a 2.00 ± 0.45bc 2.20 ± 0.37b 4.20 ± 0.37b 

55-1 1.20 ± 0.20a 1.80 ± 0.37ab 2.60 ± 0.24b 4.00 ± 0.32b 

55-3 1.00 ± 0.00a 1.00 ± 0.00a 1.20 ± 0.20a 1.80 ± 0.20a 

55-5 1.40 ± 0.24a 2.20 ± 0.37bc 3.00 ± 0.24c 4.40 ± 0.40b 

Control 1.00 ± 0.00a 1.60 ± 0.24ab 3.40 ± 0.24bc 4.60 ± 0.24b 
Note: Each value represents a mean of 5 replicates and where significant, the means were separated using Duncan 
multiple range test (DMRT) at p≤ 0.05. Values with the same alphabet in the same column are not significantly 
different (p≤0.05). 1= 100% green; 2= 75% green and 25% yellow; 3= 50% green and 50% yellow; 4= 25% green and 
75% yellow; 5= 100% yellow 

 
Effect of hot water treatment on peel colour change of mango fruits 

Similarly, results of the effect of hot water treatment on peel colour change of the mango fruits were 
presented in Table 2. On day 5 of storage, the peel colour value of control fruits (1.00 ± 0.00) were not 
significantly different (p<0.05) from all other treated fruits. The peel colour values of fruits treated at 52 ºC 
for 1, 3 and 5 min were 1.40 ± 0.25, 1.20 ± 0.20 and 1.40 ± 0.25 respectively and 1.00 ± 0.00, 1.20 ± 0.20 and 
1.40 ± 0.25 for fruits treated at 55 ºC for 1, 3 and 5 min respectively (Table 2) which showed that the fruits 
were 100% green (Table 2). As storage duration progressed to day 10, there was no significant difference in the 
peel colour values between the control fruits (2.60 ± 0.25) and fruits treated at 52 ºC-3 min (1.40 ± 0.25), 55 
ºC-1 min (1.00 ± 0.00) and 55 ºC-3min (1.20 ± 0.20), indicating the fruits were still 100% green. However, 
the values were significantly different when compared with the peel colour values of other treated fruits at 52 
ºC – 1 min (2.00 ± 0.45), 52 ºC-3 min (1.40 ± 0.25) and 52 ºC-5 min (2.60 ± 0.25), implying such fruits were 
75% green and 25% yellow (Table 2).  

On day 15 of storage, the peel colour value of control fruits (3.40 ± 0.24) were significantly different 
(p>0.05) from all the treated fruits.  Nevertheless, the peel colour values of fruits treated at 52 ºC-1 min (2.20 
± 0.37), 52 ºC-3 min (2.20 ± 0.37) and 52 ºC-5 min (2.80 ± 0.20) were not significantly different (p<0.05) 
from one another (Table 2). Interestingly, fruits treated at 55 ºC for 1 and 3 min still maintained 100% 
greenness by having peel colour values of 1.20 ± 0.00 each (Table 1). On day 20 of storage, the peel colour value 
of the control fruits (4.60 ± 0.60) was significantly different (p>0.05) from the peel colour values of all other 
fruits treated at 52 ºC-1 min (3.00 ± 0.00), 52 ºC-3 min (3.40 ± 0.51) and  52 ºC-5 min (3.40 ± 0.51) while 
fruits treated at 55 ºC for 1, 3 and 5 min recorded peel colour values of 3.00 ± 0.32, 3.00 ± 0.00 and 3.40 ± 
0.51 respectively (Table 2), all indicating that the treated fruits were 50% yellow and 50% green while the 
control fruits were 25% green and 75% yellow (Table 2). 

 
Internal quality parameters of mango fruits treated at the most effective hot air  treatments and stored 

for 20 days at 28 ± 2 ºC and 75 ± 5% relative humidity 
Results revealed that hot air treatment of the mango fruits at 52 °C-3min and 55 °C-3 min in terms of 

peel colour (greenness) were adjudged to be the most effective among all the treatments investigated. By day 20 
of storage, the mean weight loss (%) of the fruits before treatment (0.00 ± 0.00) was not significantly different 
(p<0.05) from the mean weight losses of fruits treated at 52 °C-3 min (0.64 ± 0.26) and 55 °C-3 min (0.88 ± 
0.16) (Table 3). Also, firmness (kgcm-3) of fruits before treatment (6.46 ± 0.02) was not significantly different, 
though higher, from the firmness of treated fruits at 52 °C-3 min (6.35 ± 0.03) and 55 °C-3 min (6.45 ± 0.02). 
For titratable acidity (TA), results also showed that the TA (gml-1) of fruits before treatment (6.36+0.03) was 
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not significantly different, though higher, from TA of treated fruits at 52 °C-3 min (6.31 ± 0.02) and 55 °C-3 
min (6.17 ± 0.08).  Similarly, the TSS (ºBrix) of fruits before treatment (10.62 ± 0.25) was not significantly 
different, though lower, from TSS of treated fruits at 52 °C-3 min (10.74 ± 0.30) and 55 °C-3 min (10.89 ± 
0.69) (Table 3). 

 
Table 2. Effect of hot water (HW) treatment on peel colour change of mango (Mangifera indica Linn.) 
fruits 

HW treatment 
(°C-min) 

Storage duration (days)/ peel colour values 

5 10 15 20 

52-1 1.40 ± 0.25a 2.00 ± 0.45bc 2.20 ± 0.37bc 3.00 ± 0.00ab 

52-3 1.20 ± 0.20a 1.40 ± 0.25ab 2.20 ± 0.37bc 3.40 ± 0.51ab 

52-5 1.40 ± 0.25a 2.60 ± 0.25d 2.80 ± 0.20c 3.40 ± 0.25ab 

55-1 1.00 ± 0.00a 1.00 ± 0.00a 1.20 ± 0.00a 3.00 ± 0.00ab 

55-3 1.20 ± 0.20a 1.20 ± 0.20ab 1.20 ± 0.00a 3.00 ± 0.00ab 

55-5 1.40 ± 0.25a 2.20 ± 0.37cd 2.20 ± 0.37bc 3.40 ± 0.51ab 

Control 1.00 ± 0.00a 1.60 ± 0.25abc 3.40 ± 0.24d 4.60 ± 0.60c 
Note: Each value is a mean of 5 replicates and where significant, the means were separated using Duncan multiple range 
test (DMRT) at p≤ 0.05. Values with the same alphabet in the same column are not significantly different (p≤0.05). 
1 = 100% green; 2 = 75% green and 25% yellow; 3 = 50% green and 50% yellow; 4 = 25% green and 75% yellow; 5 = 
100% yellow 
 

Table 3.  Internal quality parameters of mango fruits treated at the most effective hot air (HA) treatments 

HA Treatment 
(°C-min) 

Weight loss 
(%) 

Firmness 
(kgcm-3) 

TA  
(gml-1) 

TSS  
(°Brix) 

Before treatment 0.00 ± 0.00a 6.46 ± 0.02a 6.36 ± 0.03a 10.62 ± 0.25a 

52-3 0.64 ± 0.26a 6.35 ± 0.03a 6.31 ± 0.02a 10.74 ± 0.30a 

55-3 0.88 ± 0.16a 6.45 ± 0.02a 6.17 ± 0.08a 10.89 ± 0.09a 
Note: Each value represent mean of 5 replicates and where significant, the means were separated using Duncan multiple 
range test (DMRT) at p≤ 0.05. Values with the same alphabet in the same column are not significantly different 
(p≤0.05). TA - Titratable acidity; TSS - Total soluble solids 
 

Internal quality parameters of mango fruits treated at the most effective hot water treatments and stored 
for 20 days at 28 ± 2ºC and 75 ± 5% relative humidity 

In the same vein, results revealed that hot water treatment of the mango fruits at 55 °C for 1 and 3 min 
each in terms of peel colour (greenness) were adjudged to be the most effective among all the treatments 
investigated. By day 20 0f storage, the mean weight loss (%) of fruits before treatment (0.00 ± 0.00) was not 
significantly different (p<0.05), from the mean weight losses of fruits treated at 55 °C-1 min (0.30 ± 0.15) and 
55 °C-3 min (0.31 ± 0.14) (Table 4). Also, the firmness (kgcm-3) of fruits before treatment (6.00 ± 0.014) was 
not significantly different, though lower, from the firmness of treated fruits at 55 °C-1 min (5.89 ± 0.27) and 
55 °C-3 min (5.50 ± 0.28).  Results also showed that the TA (gml-1) of the fruits before treatment (5.20+0.20) 
was not significantly different, though higher, from the TA of treated fruits at 55 °C-1 min (5.08 ± 0.22) and 
55 °C-3 min (5.17 ± 0.17).  Similarly, the TSS (ºBrix) of fruits before treatment (9.73 ± 0.11) was not 
significantly different, though lower, from the TSS of treated fruits at 55 °C-1 min (9.74 ± 0.14) and 55 °C-3 
min (10.74 ± 0.71) (Table 4). 

 
 
 
 
 
 



Oladele OO and Fatukasi OI (2020). Not Sci Biol 12(4):842-851 

 

847 

 

 

 

 

 

 

Table 4. Internal quality parameters of mango fruits treated at the most effective hot water (HW) treatments 

HW Treatment 
(ºC-min) 

Weight loss 
(%) 

Firmness 
(kgcm-3) 

TA  
(gml-1) 

TSS  
(ºBrix) 

Before treatment 0.00 ± 0.00a 6.00 ± 0.14a 5.20 ± 0.20a 9.73 ± 0.11a 

55-1 0.30 ± 0.15a 5.89 ± 0.27a 5.08 ± 0.22a 9.74 ± 0.14a 

55-3 0.31 ± 0.14a 5.50 ± 0.28a 5.17 ± 0.17a 10.74 ± 0.71a 
Note: Each value is a mean of 5 replicates and where significant, the means were separated using Duncan multiple range 
test (DMRT) at p≤ 0.05. Values with the same alphabet in the same column are not significantly different (p≤0.05). 
TA - Titratable acidity; TSS - Total soluble solids 

 
 
Discussion 
 
In this study, only fruits treated using HA at 52 °C-3 min and 55 °C-3 min when compared with other 

treated fruits and the control, maintained 100% greenness by day 20 in storage while fruits treated using HW 
at 55 °C for 1 and 3 min each equally maintained 100% greenness but by day 15 in storage. This observation 
was buttressed by several earlier reports that heat treatment retarded ripening related colour changes 
(Kaewsuksaeng et al., 2007; Le et al., 2010; Kaewsuksaeng et al., 2015). According to Bard and Kaiser (1996), 
heat treatments have been decreasing rate of ripening and prolonging shelf life in a number of selected fruits. 
In fact, hot water treatment has been increasingly used in previous research to retard post-harvest physiological 
changes that could lead to ripening (McCollum et al., 1995; Laamim et al., 1998). Several authors have earlier 
reported that chlorophyll degradation leading to chlorophyll loss is one of the major issues in many post-harvest 
horticultural produces resulting to yellowing and senescence (Kasim and Kasim, 2008; Srilaong et al., 2011). 
In fact, according to Moalemiyan and Ramaswamy (2012), chlorophyll constantly decreases during ripening of 
fruits, exposing the lighter yellow pigments. Grierson et al. (1986) also supported the claim that the loss of 
chlorophyll is a result of conversion from chloroplast to chromoplast which unmasks the various coloured 
compounds principally carotenoids which increase during ripening of fruits. Interestingly, observation from 
this study has been able to buttress these earlier reports because HA at 52 °C and 55 °C for 3 min each and HW 
at 55 °C for 1 and 3min each used in this work actually retarded chlorophyll degradation in the treated fruits, 
making them to be completely green (100% greenness) during storage.  

Also, the weight loss of fruits before treatment was not significantly different from weight losses of 
treated fruits by day 20 in storage, although there was slight increase in the weight loss of the treated fruits as 
compared with the untreated. This finding agreed with the previous works of Schirra and D’hallewin (1997) 
who reported increase in fruit weight loss following hot water dipping on Fortune mandarin fruits and Mc 
Guire and Reeder (1992) who reported increase in fruit weight loss following hot air treatment on grape fruits. 
Again, the observation also confirmed the previous work of Park and Jung (1996) and Schirra et al. (1997) who 
reported rapid weight loss in citrus fruit exposed to heat treatments. The weight loss might not be unconnected 
with the fact that heat treated fruits showed expanded cell structure which probably have aided loss of water 
from the peel leading to weight loss. More so, heat treatment could keep high internal temperature, resulting 
in stomata opening and accelerating respiratory that affected the water exchange through the fruit skin (Kasim 
and Kasim, 2011).  

Fruit firmness is one of the criteria of fruit quality determined by various researchers for different fruits 
(Le et al., 2010). Therefore, after 20 days of storage both for the effective HA and HW treatments, all the 
treated fruits-maintained firmness that were not significant different from the control (untreated) fruits. This 
observation contradicts the previous reports of Jacobi et al. (1995, 1996) that untreated mango fruits tend to 
be firmer than heated fruits. Although, this earlier report may be unarguably right because Jacobi et al. (1995, 
1996) worked on fruits that are at the ripe eating stage while this work that investigated fruits that were 
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completely green following heat treatment and were still completely green during storage. According to Omoba 
and Onyekwere (2016), fruit softening is a biochemical process involving the hydrolysis of pectin and starch 
by enzymes, such as cell wall hydrolases. In that regard, the effective HA and HW obtained in this study might 
have inhibited the activities of these enzymes thereby maintaining the firmness of the treated fruits. Again, the 
observed firmness of the treated fruits, not significantly different from the control fruits, might be attributed 
to antifungal activity of the effective HA and HW which resultantly must have reduced infection, respiration 
and other ripening processes in the treated fruits. 

The TA of the treated mango fruits with effective HA and HW was not significantly different from the 
TA of the control (untreated) fruits after 20 days in storage. This observation was buttressed by the report of 
Mansour et al. (2006) that there was no significant difference in TA among fruits of three different mango 
varieties treated with different heat treatments as compared with untreated fruits. It had been also earlier 
reported that total acidity of citrus fruits was not significantly affected by heat treatment. Meanwhile, the non-
significant decline in TA of the treated fruits during storage confirmed the report of Alikhan et al. (2007) and 
Abdur et al. (2011) that heat treated fruits have lower values for organic acids. The decline in the TA of the 
treated fruits suggests that the heat treatment might have reduced the rate of respiration and delayed the 
utilization of organic acids which eventually resulted in decrease of acidity in the treated mango fruits and 
according to Hong et al. (2012), a reduction in acidity is expected in respiring fruits.  

In the same vein, the TSS of the treated mango fruits with effective HA and HW was not also 
significantly different from TSS of the control (untreated) fruits after 20 days in storage. This is in agreement 
with the work of Jacobi et al. (2001) who treated mangoes with hot water and hot air at various temperatures 
and observed that the treated fruits did not vary in TSS. In fact, Mitcham and McDonald (1997) had earlier 
reported that total soluble solid content of mangoes even at the ripe stage were not influenced by heat 
treatments. Similarly, Shellie and Mangan (1994) and Ekran et al. (2005) equally reported that heat treatment 
has no consistent effects on TSS. Besides, Schirra et al. (1997) reported that the influence of heat treatment on 
physiological response of fruit (though on citrus) and its internal quality attributes was negligible. Meanwhile, 
the non-significant increase in TSS however observed in the treated fruits during storage was consistent with 
the works of Alikhan et al. (2007) and Sajnin et al. (2003) who reported, though on orange and cucumber fruits 
respectively, that TSS increased slightly with storage and might be due to the breakdown of starch to simple 
sugars (Yaman and Bayoindirli, 2002). 

 
 
Conclusions 
 
Mango fruits treated with HA at 52 °C-3 min; 55 °C-3 min and HW at 55 ºC for 1min and 3 min 

remained completely green in terms of peel colour after 20 days in storage (for HA) and 15 days (for HW) 
without any significant difference in weight loss, firmness, TA and TSS as compared with untreated fruits. 
Heat treatments therefore seem to be more promising in extending the storage life of mango fruits for domestic 
markets, particularly in the tropics and developing countries, where cold chain infrastructure is not well 
established and problem of postharvest losses of fruits is of great concern to farmers, fruit-traders and 
consumers. 
 
 

Authors’ Contributions 
 
Conceptualization: OO and FO; Investigation: OO and FO; Supervision: OO; Visualization: OO and 

FO; Writing original draft: OO; Writing-review and editing: OO and FO. Both authors read and approved 
the final manuscript.  
 



Oladele OO and Fatukasi OI (2020). Not Sci Biol 12(4):842-851 

 

849 

 

 

 

 

 

 

Acknowledgements 
 
This research received no specific grant from any funding agency in the public, commercial, or not-for-

profit sectors. 
 
 

Conflict of Interests 
 
The authors declare that there are no conflicts of interest related to this article. 
 
 
References 
 

Abdur R, Muhammad S, Saeedia N (2011). Effects of heat treatment duration on the quality of sweet oranges. Sarhad 
Journal of Agriculture 27:189-194. http://dx.doi.org/10.17582/journal.sja/2018/34.1.220.224  

Alikhan G, Rab A, Muhammed S, Salimullah C (2007). Effect of heat and cold treatments on post-harvest quality of sweet 
orange cv. Blood red. Sarhad Journal of Agriculture 23:20-25  

Aveno JL, Orden MEM (2004). Hot water treatment of mango: A study of four export corporations in the Philippines. 
Current Applied Science and Technology 4(1):53-60. 

Bard ZJ, Kaiser C (1996). Post-harvest vapor heat shock treatments of Fuerte avocado fruit. South African Growers’ 
Association Yearbook 19:116-118. 

D’Aquino S, Piga A, Agabbio M, McCollum TG (1998). Film wrapping decays ageing of ‘Minnela’ tangelos under shelf-
life conditions. Postharvest Biology and Technology 14:107-116. https://doi.org/10.1016/S0925-
5214(98)00019-2  

Diedhiou PM, Mbaye N, Drame A, Samb PI (2007). Alteration of postharvest diseases of mango (Mangifera indica) 
through production practices and climatic factors. African Journal of Biotechnology 6(9):1087-1094. 

Ekran M, Permezci M, Wang CY (2005). Hot Water and curing treatments reduce Chilling injury and maintain 
postharvest quality of ‘Valencia’ oranges. International Journal of Food Science and Technology 1:91-96. 
https://doi.org/10.1111/j.1365-2621.2004.00912.x  

Grierson W, Ben-Yehoshua S (1986). Storage of citrus fruits. In: Wardowski WF, Nagy S, Grierson W (Eds). Fresh citrus 
fruits. 

Hong K, Xie J, Zhang L, Sun D, Gong D (2012). Effects of chitosan coating on postharvest life and quality of guava 
(Psidium guajava L.) fruit during cold storage. Scientia Horticulture 144:172-178. 
https://doi.org/10.1016/j.scienta.2012.07.002 

Kaewsuksaeng S, Tatmala N, Srilaong V, Pongprasert N (2015). Postharvest heat treatment delays chlorophyll 
degradation and maintains quality in Thai lime (Citrus aurantifolia Swingle cv. Paan) fruit. Postharvest Biology 
and Technology 100:1-7. https://doi.org/10.1016/j.postharvbio.2014.09.020 

Kaewsuksaeng S, Yamauchi N, Funamoto Y, Mori T, Shigyo M, Kanlayanarat S (2007). Effect of heat treatment on 
catabolites formation in relation to chlorophyll degradation during storage of broccoli (Brassica oleracea L. 
Italica Group) florets. Journal of the Japanese Society for Horticultural Science 76(4):338-344. 
https://doi.org/10.2503/jjshs.76.338  

Kasim MU, Kasim R (2011). Vapour heat treatment increase quality and prevent chilling injury of cucumbers (Cucumis 
melo L. cv. Silor). American-Eurasian Journal Agricultural and Environmental Sciences 11(2):269-271. 

Kasim MU, Kasim R (2008). UV-A treatment delays yellowing of cucumber during storage. Journal of Food, Agriculture 
and Environment 6(2):29-32. 

Kumar KA, Narayani M, Subanthini A, Jayakumar M (2011). Antimicrobial activity and phytochemical analysis of citrus 
fruit peels utilization of fruit waste. International Journal of Engineering Science and Technology 3:5414-5421.    

Jacobi KK, Macrae EA, Hetherington SE (2001). Postharvest heat disinfestation treatments of mango fruit. Scientia 
Horticulture 89:171-193. 

Jacobi KK, Wong LS, Giles JE (1996). Effect of hot air disinfestations treatment in combination with simulated air freight 
conditions on quality of fruit maturity on quality ‘Kensington’ mango (Mangifera indica Linn). Australian 
Journal of Experimental Agriculture 36:739-745.   



Oladele OO and Fatukasi OI (2020). Not Sci Biol 12(4):842-851 

 

850 

 

 

 

 

 

 

Jacobi KK, Wong LS, Giles JE (1995). Effect of fruit maturity on quality and physiology of high humidity hot air treated 
‘Kensington’ mango (Mangifera indica Linn). Postharvest Biology and Technology 5:149-159. 
https://doi.org/10.1016/0925-5214(94)00013-I 

Janisiewicz WJ, Korsten L (2002). Biological control of postharvest diseases of fruit. Annual Review of Phytopathology 
40:411-441. https://doi.org/10.1007/s10658-011-9919-7 

Laamim M, Lapsker Z, Fallik E, Ait-Oubahou A, Lurie S (1998). Treatments to reduce chilling injury in harvested 
cucumbers. Advances in Horticultural Science 12(4):175-178. 

Lauricella M, Emanuele S, Calvaruso G, Giuliano M, D’Anneo A (2017). Multifaceted health benefits of Mangifera indica 
L. (Mango): the inestimable of orchards recently planted in Sicilian rural areas. Nutrients 9(5):525. 
https://doi.org/10.3390/nu9050525  

Le TN, Shiesh CC, Lin HL (2010). Effect of vapor heat and hot water treatments on disease incidence and quality of 
Taiwan native strain mango fruits. International Journal of Agriculture and Biology 12:673-678. 

Mansour FS, Abd-El-Aziz SA, Helal GA (2006). Effect of fruit heat treatment in three mango varieties on incidence of 
postharvest fungal disease. Journal of Plant Pathology 88(2):141-148. 

McCollum TG, Doostdar H, Mayer RT, McDonald RE (1995). Immersion of cucumber fruit in heated water alters 
chilling-induced physiological changes. Postharvest Biology and Technology 6(12):55-64. 
https://doi.org/10.1016/0925-5214(94)00045-T 

McGuire RG, Reeder R (1992). Reporting of objectives peel measurement. HortScience 27:1254-1255. 
https://doi.org/10.21273/HORTSCI.27.12.1254  

Mitcham EJ, McDonald RE (1997). Effects of postharvest heat treatment on inner and outer tissue of mango fruit. 
Tropical Science 37:193-205. 

Moalemiyan M, Ramaswamy HS (2012). Quality retention and shelflife extension in Mediterranean cucumbers coated 
with a pectin-based film. Journal of Food Research 1(3):159-168. https://doi.org/10.5539/jfr.v1n3p159  

Omoba OS, Onyekwere U (2016). Postharvest physicochemical properties of cucumber fruits (Cucumber sativus L) 
treated with chitosan-lemon grass extracts under different storage durations. African Journal of Biotechnology 
15(50):2758-2766. https://doi.org/10.5897/AJB2016.15561  

Park YS, Jung ST (1996). Effect of storage temperature and preheating on the shelf life of ‘Yuzu’ oranges during storage. 
Journal of Korean Society and Horticultural Science 37:285-291. 

Sajnín C, Gamba G, Gerschenson LN, Rojas AM (2003). Textural, histological and biochemical changes in cucumber 
(Cucumis sativus L) due to immersion and variations in turgor pressure. Journal of the Science of Food and 
Agriculture 83(7):731-740. https://doi.org/10.1002/jsfa.1331 

Schirra M, D’hallewin G, Ben-Yehoshua S, Fallik E (2000). Host-pathogen interactions modulated by heat treatment. 
Post-harvest Biology and Technology 21:71-85. https://doi.org/10.1016/S0925-5214(00)00166-6 

Schirra M, Agabbio M, D’hallewin G, Pala M, Ruggiu R (1997). Response of ‘Tarocco’ oranges to picking date, postharvest 
hot water dips, and chilling storage temperature. Journal of Agriculture and Food Chemistry 45:3216-3220. 
https://doi.org/10.1021/jf970273m  

Schirra M, D’hallewin G (1997). Storage performance of fortune mandarins following hot water dips. Post-harvest 
Biology and Technology 10:229-238. 

Shellie KC, Mangan RC (1994). Postharvest quality of ‘Valencia’ orange after exposure to hot, moist forced air for fruit 
fly disinfestations. HortScience 29:1524-1527. https://doi.org/10.21273/HORTSCI.29.12.1524 

Shorter AJ, Joyce DC (1998). Effect of partial pressure infiltration of calcium into ‘Kensington’ mango fruit. Australian 
Journal of Experimental. Agriculture 38:287-284.   

Srilaong V, Aiamla-or S, Soontornwat A, Shigyo M, Yamauchi N (2011). UV-B irradiation retards chlorophyll 
degradation in lime (Citrus latifolia Tan.) fruit. Postharvest Biology and Technology 59(1):110-112. 
https://doi.org/10.1016/j.postharvbio.2010.07.006 

Wisniewski M, Wilson C, Droby S, Chalutz E, El Ghaouth A, Stevens C (2007). Postharvest biocontrol: new concepts 
and applications. In: Vincent C, Goettel MS, Lazarovits G (Eds). Biological control: a global perspective. CAB 
International pp 262-273. 

Yahia EM (1998). Postharvest handling of mangoes. Technical Report. Agricultural Technology Utilization and Transfer 
Project, Giza, Egypt. Retrieved 2010 April 10 from  http://www.atut.gov. 

Yaman O, Bayoindirli L (2002). Effects of an edible coating and cold storage on shelf-life and quality of cherries. Food 
Science and Technology 35:146-150. https://doi.org/10.1006/fstl.2001.0827 

 



Oladele OO and Fatukasi OI (2020). Not Sci Biol 12(4):842-851 

 

851 

 

 

 

 

 

 

 
 

 
The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are 
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any 
other lawful purpose, without asking prior permission from the publisher or the author. 

 
License - Articles published in Notulae Scientia Biologicae are Open-Access, distributed under the terms 
and conditions of the Creative Commons Attribution (CC BY 4.0) License. 
© Articles by the authors; SHST, Cluj-Napoca, Romania. The journal allows the author(s) to hold the copyright/to 

retain publishing rights without restriction. 
 


