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Abstract 

The sap or latex injury in mango reduces fruit quality as it causes skin blemish during harvesting 
and postharvest handling. Sap volume and visual quality of ‘Carabao’ mango as affected by different 
harvest times during the day (every hour from 7:00 AM to 5:00 PM), delay in cutting (hourly up to 6 h) of 
the pedicel at either the pedicel base or at the abscission zone and different desapping agents applied 1 or 
7 h from harvest were assessed. Sap injury was assessed by allowing the sap to flow on the fruit after re-
cutting the pedicel at the abscission zone. Sap volume was measured during harvesting while sap injury, 
days to table ripe stage, visual quality, weight loss, degree of anthracnose and stem end rot were assessed 
during fruit storage. The experiments were laid out using the completely randomized design. Sap volume 
ranged from 0.06 to 0.25 mL fruit-1. The lowest sap volume was recorded in fruit harvested in the 
afternoon between 1:00 and 5:00 PM, while the highest volume was noted at 7:00 and 10:00 AM. The 
relative humidity of the air was highest at 7:00 AM. Better quality at table ripe stage was noted in mango 
fruit harvested at 1:00 - 2:00 and 4:00 - 5:00 PM. Sap injury at different harvest times did not vary. The 
delay in the destemming up to 6 h and the location of cut or pedicel length did not affect sap volume and 
fruit quality. However, the cutting of the pedicel at the abscission zone rather than at the pedicel base 
tended to result in better quality, which helped delay fruit ripening. All desapping treatments, such as 1.0 
% alum, 1.0 % detergent, 0.5 % lime [Ca(OH)2], and water, could control sap injury. Untreated fruit 
showed longer shelf life due to a lower degree of anthracnose. Stem-end rot did vary among desapping 
agents. Among the desapping treatments, water is found to reduce sap damage better. Harvesting later in 
the day, cutting at the abscission zone, and washing mangoes with water can reduce sap or latex damage 
in ‘Carabao’ mango. 

Keywords: Abscission zone, Desapping, Sap injury, Visual quality, Mango fruit, Carabao  
 
 
Introduction 

The mango, Mangifera indica, is an important rather than essential fruit in the Philippines. The 
Philippine ‘Carabao’ mango is among the well known cultivars grown in Southeast Asia as well as in the 
Southern Pacific region [1]. This mango cultivar, also known as ‘Manila Super Mango’ or ‘Luzon 
Mango’ in the international market, is the country's best variety because of its distinct sweet taste.  
However, the mango industry faces various problems in maintaining quality along the handling chain. 
High postharvest losses in mango occur due to the lengthy processes in the handling chain such as 
harvesting, transportation, ripening, and storage. Such losses are compounded by a lack of postharvest 
facilities and poor handling practices. 
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One of the serious problems in mango production which affects mango quality is sap or latex injury. 
It lowers fruit quality and economic value as it causes serious skin damage on ‘Carabao’ mangoes 
resulting in rejections upon delivery in a fresh fruit packinghouse [2]. Sap injury or sap burn in ‘Carabao’ 
mango may occur when the sap spurts on the catching net when harvesting fruit [3]. When the pedicel is 
cut during harvest, the sap initially spurts out on the fruit surface, and it continuously oozes out of the 
pressurized fruit ducts [4].  Sap on fruit surface causes sap injury characterized by darkening or browning 
of the peel [5]. 

Various interventions to control sap injury in mango have been reported, such as harvesting of fruit 
at different times of the day [6]; use of desapping tray where the fruit was desapped for 20 min [7], and 
use of 0.5 % and 1 % alum, 1 % sodium hydroxide, 1 % calcium hydroxide (lime) as desapping agents 
[8]. Sap injury in ‘Samar Bahisht Chaunsa’ mango fruit was minimized when harvested and desapped in 
the morning (7:00 AM) compared to noon time (12:00 PM) [6]. Lower sap injury was also observed in 
‘Sindhri’ and ‘Chaunsa’ mango fruit when harvested at 8:00 AM compared to harvesting at 3:00 PM [7]. 
The desapping of fruit on the tray for 20 min reduced the sap injury compared to desapping for 10 min 
and the traditional method (without desapping) [7]. Washing of fruit with sodium hydroxide (1 %) 
showed lower sap injury followed by alum (1 %) [8]. It was reported that lime solution [1 % Ca(OH)2] 
also reduced sap injury in mango [6]. When destemming was delayed, the sap quantity tended to decrease 
but did not vary if the fruit were destemmed immediately after harvest [7]. 

Reports related to sap management in ‘Carabao’ mango are limited. These reports include the use of 
chemical and physical treatments, harvesting late in the morning to afternoon (9:00 AM to 3:00 PM), and 
washing of mango with water in the packinghouse to remove sap stain [9-11]. The use of ultrasonic 
washing with aluminum potassium sulfate (alum) controlled sap injury in ‘Carabao’ mango [9]. Two 
effective chemical and physical methods in removing sap in ‘Carabao’ mango were 1 % alum and hot 
water treatment (HWT at 52 to 55 °C for 10 min), respectively [11]. In this study, the sap quantity, sap 
injury, and visual quality of ‘Carabao’ mango in relation to the time of harvest, location of pedicel cut, 
time of destemming and desapping using different chemicals at different times after harvest were 
evaluated to determine some practical methods to reduce quality losses in mango due to sap injury. 

  
Materials and methods 

Sap volume, injury and visual quality in relation to time of harvesting within the day 
The sap volume estimation on newly-harvested ‘Carabao’ mango was conducted at the Cuevas 

Mango Farm in Samal Island, Davao del Norte on 14 April 2016. Uniform, medium-sized and 
commercially mature ‘Carabao’ mango fruit (105 days after flower induction) were randomly harvested 
from two trees. Fruit samples from the field were brought to the Postharvest Biology Laboratory at the 
University of the Philippines Mindanao, Davao City for further quality evaluation. All fruit samples were 
placed in a plastic crate with cushion material, handled carefully and transported to the laboratory using 
an air-conditioned van. 

  For each designated hourly harvest time between 7:00 AM to 5:00 PM, a set of 6 medium fruit 
samples of uniform quality were randomly harvested from different parts of the canopy. A total of 66 fruit 
were used to measure the sap quantity. Each fruit was harvested by cutting the pedicel to at least 10 cm 
long and subsequently re-cutting it at the abscission zone. The sap was collected in a glass container until 
no sap flow was observed for about 3 min. Sap volume was measured using a 1 mL syringe. Fruit surface 
temperature was measured using an Extech infrared thermometer, while field air temperature and relative 
humidity were measured using a HOBO UX100-003 temperature/relative humidity data logger. 

In a 2nd experiment, another set of 6 mango samples were subjected to sap flow every hour between 
7:00 AM to 5:00 PM. A total of 66 fruit were used to assess the effect of sap on the fruit’s surface at 
different harvest times. The individual fruit was positioned in an upright position with the shoulder on top 
similar to how the fruit developed in the tree. Fruit was initially harvested with pedicels at least 10 cm 
long. The sap was allowed to flow on the fruit surface after re-cutting the pedicel at the abscission zone. 
The extent of sap injury was observed in the laboratory. Visual quality at four days after harvest and at 
table ripe stage (TRS), days to TRS and degree of sap injury at four days after harvest were recorded in 
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the laboratory. Visual quality was assessed using the scale: 1) excellent, field fresh; 2) very good, minor 
defects; 3) good, moderate defects; 4) fair, serious defects, limit of saleability; 5) non-edible under usual 
conditions [12]. The sap injury was evaluated using a modified scale on percentage of surface area with 
injury: 1) no sap injury, 2) 1 - 15 % sap injury in surface area, 3) 16 - 45 %, 4) 5 - 60 % and 5) > 60 % 
[5].  

 
Sap volume and visual quality as affected by a delay in destemming and pedicel location at 

destemming 
To determine the effect of delay in cutting the pedicel, medium-sized mango fruit of uniform good 

visual quality were harvested from two trees at 7:00 AM. The fruits were carefully placed in a plastic tray 
until they were ready to be cut either at the pedicel base or at the abscission zone (Figure 1). The 
treatments involved the delayed time of destemming and location of cut in the pedicel of fruit. Six fruit 
samples were simultaneously cut either at the base of the pedicel (near the shoulder of the fruit) or the 
abscission zone (about half a centimeter from the base). Delayed cutting of the pedicel was done every 
hour between 7:00 AM to 1:00 PM (or a delay of 0 to 6 h). The sap was collected in glass containers, and 
its volume was measured using a 1 mL syringe. Visual quality and days to TRS were observed further in 
the laboratory. 

 
 
 
 
 
 

 
 
 

 
 
 
 
 
Figure 1 ‘Carabao’ mango fruit showing part of the pedicel, the abscission zone and the base of the 
pedicel. 

 
 
Sap injury and visual quality of mango as affected by desapping treatment 
To evaluate the effect of desapping treatment, 60 medium-sized mango fruit of uniform, good visual 

quality were harvested at 8:00 AM. The sap was allowed to flow onto the fruit after harvest and was 
subjected to desapping treatment.  Fruit were divided into four sets with 15 fruit dipped in a 0.5 % lime 
solution [Ca(OH)2], 1 % alum, or water for three minutes after seven hours from harvest. One set of 15 
fruit served as the control or untreated treatment. 

Another trial in desapping was done in a farm in Los Amigos district, Davao City, in June 2016. A 
total of 120 green mature mango fruits were harvested at 8:00 AM from 2 trees, wherein 60 fruit were 
used for each time of desapping treatment, after one or seven hours from harvest. For each time of 
desapping treatment, samples were divided into five lots with 12 samples per treatment (control or 
without treatment, alum, detergent, lime solution, and water). Fruit was dipped in either 1 % alum (w/v), 
1 % detergent (w/v), 0.5 % (w/v) lime solution [Ca(OH)2], or water for 3 min after 1 or 7 h from harvest.   

Visual quality, sap injury, disease incidence of anthracnose and stem-end rot (SER), and end of 
shelf life were evaluated in the laboratory. Fruit reached the end of shelf life when it exhibited a visual 
quality of 4 (fair, serious defects, the limit of saleability), degree of anthracnose, or SER at a rating scale 
of 3. The degree of anthracnose and stem-end rot diseases were measured using a slightly modified 
anthracnose and stem-end rot rating [13]. Anthracnose was assessed using the following scale: 1) no 

Pedicel Base 
Abscission zone 
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visible spots, 2) 1 depressed spot, dark in color with 1 - 5 mm in diameter on the epidermis of the fruit, 3) 
2 - 3 depressed spots, dark in color with 1 - 5 mm in diameter, 4) 2 - 3 depressed spots, dark in color with 
more than 5 mm in diameter, 5) more than three depressed spots, dark in color with more than 5 mm in 
diameter, 6) depressed spots merged. SER was evaluated using the following scale: 1) no discoloration of 
the stem end, 2) discoloration limited at the stem end, 3) 10 % discoloration of the fruit surface area 
initiated by stem-end rot, 4) 11 - 30 % discoloration of the fruit surface area initiated by stem-end rot, 5) 
31 - 50 % discoloration of the surface area initiated by stem-end rot, 6) more than 51 % discoloration of 
the surface area initiated by stem-end rot.     
 

Data analysis 
Data were analyzed using Analysis of variance (ANOVA). All the experiments followed a 

Completely Randomized Design (CRD). Treatment means were compared using Least Significant 
Difference (LSD) test at p ≤ 0.05.  

 
Results and discussion 

Sap volume, injury and visual quality in relation to time of harvesting  
Sap quantity or volume recorded in ‘Carabao’ mango ranged from 0.06 to 0.25 mL fruit-1. The 

lowest sap volume was recorded in fruit harvested at 1:00 to 5:00 PM, while the highest volume was 
noted at 7:00 to 10:00 AM (Figure 2). Relative humidity (RH) showed a moderate positive correlation 
with sap volume (r = 0.469**). Fruit harvested during the lowest RH of the day tended to produce lower 
sap volume. This contrasted with fruit harvested at the highest RH of the day, where sap production 
tended to be higher. This shows that the surrounding condition like RH may influence the production of 
sap. Notwithstanding, it may be advantageous to harvest the ‘Çarabao’ mango fruit in the late morning 
until in the afternoon, from 11:00 AM to 5:00 PM, as sap volume was low.  The higher sap volume in the 
morning might be due to high water content or turgor pressure, which decreased as temperature increased 
[8]. However, in this study, the temperature did not appear to indicate a trend with sap production. On the 
other hand, higher humidity may reduce water loss, contributing to significantly higher sap quantity in the 
morning. 

 
 

   
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Sap volume, fruit surface temperature and relative humidity (RH) of ‘Carabao’ mango fruit 
harvested at various times during the day. 
 

The higher relative humidity may result in lower transpiration, and this was shown in a reduction of 
water loss by 30 - 50 % in peach fruit with the increase of relative humidity from 40 to 60 % [14]. 

LSD0.05 (sap volume) 
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Further, a diurnal pattern in the sap flow of water in the pedicel of mature mango fruit has been 
reported, wherein sap came out from fruit in the daytime and flowed into the fruit during the night [15]. It 
has been recommended to harvest ‘Carabao’ mango from 9:00 AM to 3 PM since harvesting too early in 
the morning would cause a rapid flow of sap from the pedicel end [11]. The high solar radiation and 
vapor pressure deficit increased the stem water flow in mature fruit, peaking in the morning and gradually 
decreasing after the peak before midday [15]. In the present study, the increase of sap flow in the early 
morning was evident in a higher volume of sap collected, which gradually decreased starting at the 
midday period. Sap flow in the morning was reported to be caused by midday water stress in which leaf 
transpiration was high, resulting in water shortage in the stem [15]. 

Though not significant, fruit harvested in the morning, where sap was intentionally allowed to flow 
on the fruit, tended to show higher sap injury, contributing to lower visual quality. Better quality of fruit 
at four days after harvesting (DAH) was observed when the fruit was harvested at 1:00 - 2:00 and 4:00 - 
5:00 PM (Table 1). Mango visual quality did not vary at the table ripe stage (TRS). During the day, the 
time of harvest appeared to influence the visual quality of mango, in this case only at 4 DAH. This was 
probably because of the higher production of sap during the morning, in which sap injury was one of the 
contributing factors in lowering the visual quality. However, the lower visual quality of fruit harvested at 
3:00 PM may also be due to some other factors like shriveling and decaying as the fruit ripened.  
 
 
Table 1 Sap injury, visual quality (VQ) and days to table ripe stage (TRS) of ‘Carabao’ mango harvested 
at various times of the day. 
 

Time of harvest Sap injury at 4 DAHns VQ at 4 DAH* VQ at TRSns Days to TRSns 

7:00 AM 2.67 2.83 a 3.20 6.00 

8:00 AM 3.17 2.83 a 2.75 7.00 

9:00 AM 2.83 2.67 a 2.67 6.67 

10:00 AM 2.67 2.50 a 2.60 6.60 

11:00 AM 3.00 2.50 ab 2.75 5.50 

12:00 PM 2.50 2.33 ab 2.50 6.67 

1:00 PM 2.67 1.83 b 2.60 7.00 

2:00 PM 2.33 1.67 c 2.40 7.20 

3:00 PM 2.50 2.50 a 3.00 7.00 

4:00 PM 2.17 1.83 bc 2.17 7.00 

5:00 PM 2.00 1.83 bc 2.00 7.00 
 
*Means in a column with the same letter/s are not significantly different using LSD test at 5 % level of 
significance.  nsnot significant; days after harvesting (DAH). Visual quality (VQ): 1) excellent, field fresh; 
2) very good, minor defects; 3) good, moderate defects; 4) fair, serious defects, limit of saleability; 5) 
non-edible under usual conditions. Sap injury: 1) no sap injury, 2) 1 - 15 % sap injury in surface area, 3) 
16 - 45 %, 4) 46 - 60 % and 5) > 60 %.  
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It has been reported that there was a reduced amount of sap in mango packed in a film with lower 
RH while there was a higher accumulation of sap in a film with higher RH [16]. In previous studies, 
mango fruit harvested in the morning (at 7:00 and 9:30 AM) was reported to show lower sap injury than 
in the afternoon (at 12:00 and 2:00 PM) [7,8] despite the higher sap volume. In contrast, fruit harvested in 
the morning tended to show higher sap injury resulting in lower quality of fruit in the present study. An 
increase in fruit surface transpiration with an increase of temperature leads to reduced water concentration 
and ultimately more concentrated terpinolene oil content of saps [7]. This results in increased viscosity of 
sap because of lower water and higher oil content [7,8]. The terpinolene content of oil in sap primarily 
causes sap injury as it enters the skin through lenticels [17]. Thus, higher sap injury in the afternoon than 
in the morning was reported in previous studies, which contrasts with the present findings. Relatively 
lower sap damage of mango harvested in the afternoon may be due to different sap components in 
‘Carabao’ mango as sap injury and quantity vary among cultivars [2,7]. There might be a higher 
concentration of the sap component that causes injury when harvesting ‘Carabao’ mango in the morning, 
such as the oil content in the aqueous phase and spurt sap. The differences in sap injury in mango were 
probably due to varietal variation in the volume and concentration of sap's individual components [2]. 
 Sap injury was reported as dependent on the upper non-aqueous and lower aqueous phase of sap 
[18] as well as the spurt and ooze sap [8]. Spurt sap is exuded from the fruit during the 1st 10 s after 
cutting the pedicel, while the ooze sap is the remaining sap that is released more slowly [4]. Spurt sap 
caused a higher amount of mango injury at 100 % compared to 2.5 % damage in oozing sap which only 
caused non-caustic shiny and glassy streaks in mango skin [19]. The higher amount of non-aqueous phase 
in a spurt, which is 20 times more than in ooze sap contributes to more damaging burn injury in fruit [4].  
The aqueous phase was milky and viscous, containing mostly proteins and polysaccharides, while the 
non-aqueous phase was yellowish and consisted mainly of oil composed of terpenoids that cause damage 
[4,18]. The 2 phases of sap, its components, and amounts were not determined in the present study. 
Measuring the sap components and its amount in ‘Carabao’ mango may provide further insights as sap 
injury varies among cultivars.  
 
 
Table 2 Sap volume, visual quality (VQ) and days to table ripe stage (TRS) of fruit as influenced by 
location of cut and delay in cutting of pedicel. 
 

Time Number of 
hours delay 

Sap volume (mL)ns VQ at 4 DAHns VQ at TRSns Days to TRSns 
Base AZ Base AZ Base AZ Base AZ 

7:00 AM 0 0.13 0.16 1.67 1.67 2.83 2.17 5.33 6.67 

8:00 AM 1 0.15 0.13 1.83 1.33 2.33 2.20 5.33 6.33 
9:00 AM 2 0.23 0.15 1.67 1.33 2.00 2.50 6.00 6.33 
10:00 AM 3 0.15 0.13 1.67 1.50 2.33 2.25 5.33 6.50 
11:00 AM 4 0.15 0.11 2.00 1.00 3.20 2.00 5.60 6.50 
12:00 PM 5 0.09 0.09 1.50 1.33 2.33 2.40 5.33 6.20 
1:00 PM 6 0.10 0.09 2.00 1.33 2.40 2.00 6.00 8.33 
Correlation coefficient 
Pedicel location cut and visual quality −0.373** 
Pedicel location cut and days to TRS −0.438** 

nsNot significant; days after harvesting (DAH); abscission zone (AZ). Visual quality (VQ): 1) excellent, field fresh; 2) 
very good, minor defects; 3) good, moderate defects; 4) fair, serious defects, limit of saleability; 5) non-edible under 
usual conditions. 
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 Sap volume and visual quality as affected by a delay in destemming and pedicel location at de-
stemming 
 Sap volume was not affected by a delay in destemming either in the zone or base of the pedicel       
(Table 2). Fruit visual quality, sap injury, and days to TRS were similar (Table 2). Thus, sap production 
is not affected by the delayed cutting of the pedicel and location of the cut. Sap volume recorded during 0 
to 6 h of delay in destemming in ‘Carabao’ mango ranged from 0.09 to 0.23 mL fruit-1 when the fruit was 
cut in pedicel base while 0.09 to 0.16 mL fruit-1 in abscission zone.  The highest volume of sap was 
recorded when the pedicel was cut at the base (0.23 mL fruit-1).  

Though the quality of the fruit was similar in the two pedicel treatments, cutting of pedicel at the 
abscission zone rather than at the pedicel base tended to result in a slightly better visual fruit quality. This 
is supported by a positive correlation of location cut with visual quality (r = 0.373**). Further, cutting of 
pedicel at the abscission zone seemed to delay ripening as shown by the negative relationship with the 
days to TRS (r = −0. 438**).   

In the field, the sap is readily exuded from the fruit immediately after cutting the pedicel either in 
the abscission or base zone. This very short time, about 5 s, of which fruit is in contact with the sap, can 
allow the sap to sufficiently penetrate the fruit skin leading to permanent sap injury or burn [20]. 
Delaying the cutting of the pedicel after harvest might control the amount of sap exuded from fruit and its 
contact with the fruit surface. However, it has been reported that there is little effect of delay in 
destemming on sap quantity, as observed in this study [17]. The decreasing quantity of sap exuded with 
delays in destemming might be due to high water pressure in the fruit that decreases over time [17]. Short 
pedicel length at the time of harvest causes sap to flow on the fruit's skin, which was also observed in this 
study [18]. Mango with a longer pedicel (approximately 1 cm) had a better quality of fruit due to the 
reduction of anthracnose and delay in onset of stem-end rot [21]. The sap component that protects plants 
from pathogens is the alk(en)ylresorcinols which were found to be higher in the peel of anthracnose-
resistant varieties [17]. In avocado, attached peduncle and pedicel delayed ripening [18] which was also 
observed in the present study. It was suggested that the peduncle might act as a source of a ripening 
inhibitor to the fruit or a sink for the ripening hormone produced in the fruit [18]. 
 
 
Table 3 Sap injury, number of days to table ripe stage (TRS), visual quality (VQ) at TRS, and weight loss 
of ‘Carabao’ mangoes exposed to various desapping treatments 7h from harvest. 
 
Treatment Sap injury at 4 DAT* Days to TRS* VQ at TRS ns Weight loss at TRS, %* 
Control  3.3a 7.2a 2.6 20.27a 

Lime, 0.5 % 2.1b 6.0b 2.5 14.04b 

Alum, 1.0 % 1.9bc 6.3ab 2.4 17.76ab 

Water 1.5c 7.4a 2.4 21.27a 

*Means in a column with the same letter/s are not significantly different using LSD test at 5 % level of significance. 
nsNot significant; days after treatment (DAT). Visual quality (VQ): 1) excellent, field fresh; 2) very good, minor 
defects; 3) good, moderate defects; 4) fair, serious defects, limit of saleability; 5) non-edible under usual conditions. 
Sap injury: 1) no sap injury, 2) 1 - 15 % sap injury in surface area, 3) 16 - 45 %, 4) 5 - 60 % and 5) > 60 %.  
 
 

Sap injury and visual of mango as affected by desapping treatment 
All desapping treatments reduced sap injury (Table 3) at four days after treatment (DAT) but not 

the visual quality at TRS. Lower sap injury was observed in fruit washed with water, but this did not vary 
with fruit washed with 1 % alum. Longer days to TRS and higher weight loss were recorded in control 
and fruit washed with water. Weight loss was lower in fruit treated with lime (0.5 %), but this did not 
vary with 1 % alum. The visual quality of 1 and 7 h desapped fruit from harvest mostly decreased through 
time in all treatments, except for fruit washed with water at 7 h after harvest (Table 4). Lower 
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anthracnose but shorter shelf life was observed in fruit washed with lime after one h from harvest. All 
desapping agents were able to reduce sap injury if desapping was done 1 or 7 h from harvest. Better 
visual quality was observed in fruit washed with water.  

For the 7 h desapped fruit, sap injury increased in fruit washed with alum (1 %) and detergent (1 %) 
at TRS. Lime-treated mangoes had the lowest visual quality as they imparted pronounced browning in sap 
burned areas in the mango peel after the treatment. Sap injury was reduced in water which was 
comparable with other washing agents resulting in better quality and longer shelf life.  It is recommended 
to wash the sap injured mangoes at an earlier time to attain better visual quality. Still, water was a better 
washing agent for sap injury than alum, lime, and detergent.  
 
 
Table 4 Quality of ‘Carabao’ mango fruit after desapping treatments at 1 or 7 h after harvest. 
 

Treatment 
Visual quality* Sap injury Anthracnose 

at TRS* 
SER at 
TRSns 

Shelf life 
(days)* 

Initial 1 DAT at TRS at TRS* 
Desapping at 1 h after harvest 

Control 2.25ab 3.67a 3.42a 3.58a 1.92bc 2.00 9.50a 

Alum, 1.0 % 2.42a 2.25b 3.17ab 2.33b 2.00abc 1.42 9.08ab 

Detergent, 1.0 % 2.08b 2.17b 3.41a 2.13b 2.58a 2.17 9.92a 

Lime, 0.5 % 2.00b 2.00b 3.67a 2.33b 1.42c 2.75 8.08b 

Water 2.00b 1.92b 2.88b 2.42b 2.08ab 1.75 9.17a 
Desapping at 7 h after harvest 

Control 2.33a 2.58 3.17bc 2.83a 1.83bc 1.42 9.67ab 

Alum, 1.0 % 2.25a 3.00 3.58ab 2.25b 2.33ab 1.83 8.17c 

Detergent, 1.0 % 2.17a 2.58 3.17bc 2.08bc 2.75a 1.17 8.50bc 

Lime, 0.5 % 2.25a 2.58 4.00a 2.00bc 1.83bc 2.42 8.92abc 

Water 2.00a 2.83 2.79c 1.83c 1.58c 1.50 9.92a 

 
*Per desapping time, in a column, means with the same letter are not significantly different using LSD test at 5 % 
level of significance. nsNot significant; days after treatment (DAT); table ripe stage (TRS). Visual quality (VQ):               
1) excellent, field fresh; 2) very good, minor defects; 3) good, moderate defects; 4) fair, serious defects, limit of 
saleability; 5) non-edible under usual conditions. Sap injury: 1) no sap injury, 2) 1 - 15 % sap injury in surface area, 
3)16 - 45 %, 4) 5 - 60 % and 5) > 60 %. 

 
 
The management of sap injury in mango is primarily focused on neutralizing the acidic nature of 

sap through basic solution [7]. A series of experiments on desapping was conducted in which hydrated 
lime was superior to other chemicals in reducing sap injury [21]. Calcium hydroxide (1 %) or lime has a 
strong base with a pH = 12.4 and is widely used as an inexpensive alkali to neutralize the effect of 
strongly acidic sap with a pH = 4.3 [23]. However, lime was not as effective as alum (0.5 and 1 %) in 
reducing sap injury in ‘Samar Bahisht Chaunsa’ mango [6].  

 The effect of calcium hydroxide or lime in reducing weight loss and anthracnose incidence might 
be attributed to the effect of calcium in maintaining the membrane's integrity and stability [24]. The effect 
of calcium in cell wall strengthening was also observed in ‘Samar Bahisht Chaunsa’ mango, where fruit 
retained acceptable firmness [25]. The reduction of decay in the calcium-treated apple was associated 
with the calcium effect on maintaining cell wall structure [26]. On the other hand, alum at 1 % reduced 
staining, which was similar to water. A study on bananas has shown the coagulating property of alum on 
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sap [27]. The sulfur content of alum inhibits the enzyme polyphenol oxidase (PPO), which is primarily 
responsible for browning caused by sap [6,26].  

In the packinghouse, the fruit is usually washed with water upon arrival to remove the stain caused 
by sap [28].  In ‘Karuthakolumban’ and ‘Willard’ mangoes, the chemical treatments or careful removal of 
stalk and washing with water after sap collection showed the importance of the control of sap burn injury 
[5]. In the present study, water alone showed a similar effect with the other desapping agents that had 
water as a solvent. Water as a universal solvent has a high dipole moment and the ability to donate and 
accept protons, making it an excellent solvent for electrolytes and polar compounds such as salts, acids, 
sugars, alcohols, carbonyl compounds [29]. The mango sap is an acidic substance with two phases with 
different components, the lower aqueous and upper non-aqueous phases [4,18].  The lower aqueous phase 
contains proteins, proteases, polyphenols, and peroxidases, while the non-aqueous phase contains terpene-
like compounds, alk(en)ylresorcinols. 

It seemed that control fruit showed lime and water exhibited a lower degree of anthracnose and 
longer shelf life. In control fruit, the alkenyl- and alkylresorcinols from the sap left in the fruit stem and 
peel contain antifungal compounds, which are higher in anthracnose-resistant varieties of mango [8,22]. 
Likewise, chitinase activity in sap has the property to digest certain pathogenic fungi' conidia [21]. This 
may have contributed to the comparable effect of control to lime and water. However, control fruit also 
showed a high degree of sap injury that would downgrade the overall quality of fruit and a cause of fruit 
rejection, especially in the export facility.  

It has been reported that careful handling and improved postharvest handling of mango, such as the 
retention of 4 to 6-inch long pedicels, desapping in 0.5 % lime solution [Ca(OH)2; 2 - 3 min dip] followed 
by washing with water, have potential in maintaining the good quality of fruit [30]. A 20 min ultrasonic 
washing using a combination of desapping materials such as alum and detergent removed aged sap stain 
and reduced sap injury in ‘Carabao’ mangoes [9]. In this study, harvesting later in the day, cutting at the 
abscission zone, and washing mangoes with water can reduce sap damage. 

 
Conclusions  

The effects of harvest time, delay in destemming and desapping treatment on the sap volume, and 
visual quality of ‘Carabao’ mango fruit were evaluated. Fruit harvested in the early morning, wherein the 
relative humidity was higher, tended to produce higher sap volume. This shows that the surrounding 
condition RH may influence the production of sap. However, the temperature did not appear to indicate a 
trend with sap production. It may be advantageous to harvest ‘Çarabao’ mango fruit between 1:00 to 5:00 
PM when RH was lower as fruit produced lower sap volume. Though sap injury did not vary throughout 
the day, the visual quality of mango harvested in the afternoon seemed to be better than fruit harvested in 
the morning. Production of sap was not affected by the delayed cutting of the pedicel and the location of 
the cut. However, a 44 and 34 % reduction in sap volume were recorded when the fruit were destemmed 
in the base and abscission zone, respectively. Though sap injury was not affected by the location of the 
cut, cutting off the pedicel at the abscission zone rather than at the pedicel base tended to result in slightly 
better visual quality and delayed ripening of fruit. This showed that cutting pedicel at the abscission zone 
upon harvest can affect the visual quality and ripening of fruit during storage. All desapping treatments,    
1 % alum, 1.0 % detergent, 0.5 % lime, and water, especially the latter, resulted in lower sap injury and 
better visual quality of the fruit than the control lot. Except for detergent and alum, the rest of the 
desapping treatments and untreated fruit showed a lower degree of anthracnose. Stem-end rot did vary 
among desapping agents. Water alone was able to reduce sap damage. Harvesting later in the day, cutting 
at the abscission zone, and washing mangoes with water can reduce sap damage in ‘Carabao’ mango. 
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