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ABSTRACT 
 

Fruit bagging is a newly developed technology, widely used by the farmers, easy practice, and 
environment friendly and useful for high quality mango production in Bangladesh Four treatments 
were included in this experiment namely non-bag (control); white polythene bag; single layered 
white paper bag and double layered brown paper bag. The fruits were bag at 35, 45 and 55 days 
after fruit set. The experiment was carried out in the Randomized Complete Block Design with 
three replications. Fruit bagging has direct effect on fruit length, diameter, fresh weight and pulp 
weight (9.49cm, 8.31cm, 295.8g and 267.4g, respectively) while minimum was recorded in non-
bagged control fruits (7.75cm, 6.91cm, 211.1g and 182.0g, respectively) at 35 and 45 days.  In 
addition, the total sugar, reducing sugars, total soluble solid, ascorbic acid, pH and β-carotene were 
improved over control fruits. Brown paper bags are competent to change the fruit color. Brown 
paper bag extended shelf life up to 9 days with premier sensory quality as against 5 days of non-
bagged control fruits. Considering the results, double layered brown and single layered white paper 
bagged fruits performed the best in respect of quality parameters and extending shelf life in mango 
cv. Mishribhog. 
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I. Introduction 
Mango (Mangifera indica L.) belonging to the family Anacardiaceae, is considered significant profitable 
tropical fruit in Bangladesh. Most of the people like this fruit considering its taste and nutritive values. 
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At present, the area under mango cultivation is 44366 hectares and production 1165800 MT (BBS, 
2019). It plays an important role in balancing the human diet by providing about 64-86 calories per 
100 g of ripe fruits. It is a good source of essential protective nutrients like vitamins A, B, C and also 
rich in minerals including calcium, potassium and iron (Amin and Hanif, 2002).  The commercial use of 
this technology only confined in the North-West part of the country since less use in the North part of 
the country.  Different types of mango cultivated in Bangladesh including gutti (non-grafted plant), 
popular commercial varieties and high yielding regular varieties. Mishribhog is the most popular and 
delicious variety, commonly known as Khirsapat/Himsagor at the other regions of the country. 
(Sharma et al., 2014) mentioned that currently, more importance is being placed on reducing the use 
of pesticides to make sure worker and consumer health safety, and environmental protection. Among 
the alternatives, pre-harvest fruit bagging has proven as effective in many mango growing countries. 
Bagging is a physical protection technique, not only defend pest and diseases but also affects the 
quality of the produce by changing microenvironment of fruit during development (Sharma et al., 
2014; Zhang et al., 2015). The pre-harvest bagging of fruit can also reduce the incidence of disease, 
insect pest and/or mechanical injury or damage, sunburn of the skin, fruit cracking, agrochemical 
residues on the fruit, and bird damage (Akter et al., 2020; Islam et al., 2019; Jakhar and Pathak, 2016; 
Nagaharshitha et al., 2014 and Sharma et al., 2014). For rising, yield and quality mango production, 
pre-harvest bagging is one of the effective technologies by which individual fruits wrapping with 
distinctively designed paper or cloth bags (Nagaharshitha et al., 2014). Fruit bagging has a direct effect 
on fruit color development and brown paper bag capable to change fruit color into yellow (Uddin and 
Reza 2017). A glamorous, unblemished and pest free fruits are developed by using this technology. 
However considering the above facts this study has been under taken to find out the effects of time of 
bagging on quality and enhance the mango shelf life cv. Mishribhog. 
 

 
II. Materials and Methods 
Experimental site, design and treatments 
The study was conducted at the mango orchard near Hajee Mohammad Danesh Science and 
Technology University (HSTU), Dinajpur, during March to July, 2017. The experiment was laid out in 
the randomized complete block design with three replications. Four treatments were applied in this 
experiment namely non-bag (control); white polythene bag; single layered white paper bag and 
double layered brown paper bag. Selected mangoes were bagged at 35, 45 and 55 days after fruit set.  
The size of bag was 25 cm × 20 cm. Before bagging a small perforation (≤4 mm diameter) was made at 
the bottom of the polythene bags for proper ventilation. The bags were tied with peduncle by the help 
of attached thread. Chemical analyses were examined in the laboratory of Atomic Energy Commission, 
Savar, Dhaka and rest of parameters was assessed at the Department of Horticulture, HSTU, Dinajpur, 
Bangladesh.  
 
The fruit length and diameter were measured by slide calipers in centimeter (cm).  
 
Fresh weight of fruit, pulp and stone were measured using digital balance and expressed in gram (g). 
 
Weight Loss 
Fruit weight loss was evaluated using a digital balance. Weight loss was expressed as a percentage 
using the following formula (AOAC, 2000). 
 

(%) weight loss = 
Initialweight (g)−weight at the sampling date

Initialweight 
 ×100 

 
Total Sugars 
Total sugar content of mango fruit was determined by the Anthrone method (Hansen and Moller, 
1975) with slide modification. Fruit pulp (0.1 ml) mixed with distilled water (1.9 ml) and kept in 
icebox (10 min). Then, anthrone reagent (3 ml) was added and heated in boiling water (15 min). The 
absorbance measured at 620 nm, after cooling room temperature. 
 
Reducing Sugars 
Reducing sugar of mango fruit was determined by DNS method (Miller, 1972).  
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Ascorbic acid 
The ascorbic acid content analyzed by the titration method of Rangana, 1986. 10 g of fresh pulp was 
taken in beaker with 50 ml 3% metaphosphoric acid and then it was transferred in blender and 
homogenized. After that it was filtered through Whatman filter paper. Then 5 ml filtrate was titrated 
using 2, 6-dichloroindophenol indophenols until a light pink end-point.  
 

Vitamin C (mg/100 g) =
Titre× dye factor ×  volume made up(ml)

Aliquot volume (ml)× Sample weight(g)
× 100  

 
Total Soluble Solids 
The total soluble solids (TSS) content of the fruit juice was determined using Erma Hand 
Refractometer and expressed as a percentage. 
 
pH 
The pH of fruit juice was assessed by pH meter and it was calibrated with buffers at the pH values of 
7.0 and 4.0. 
 
β-Carotene 
β-carotene were determined by the procedure  in mango pulp was determined according to the 
method of Nagata and Yamashita, 1992. Fruit pulp was mixed with hexane and acetone mixture (6: 4) 
and then filtered and absorbance was measured at 663, 505 and 453 nm.  
 
β-carotene (mg /100ml) = 0.216 A663-0.304 A505+ 0.452 A453 

 
Shelf Life 
The shelf life (days) was accounted from the date of harvesting. When the fruits were spoiled then 
shelf life was recorded.  
 
Sensory evaluation 
For assessing color, texture, appearance, sweetness, flavour and overall expression of the fruits were 
made by using 9 point Hedonic Scale by a panel of five judges as described by Amerine et al. (1965). 
 
Disease incidence 
Diseases incidence means percentage of fruits infected with disease. The disease incidence was 
calculated as follow:  
 

(%) Disease incidence= 
Number of infected fruits in each treatment

Total number of fruits in each treatment
×100 

 
Statistical analysis 
The data were analyzed by using SPSS 22.0 for Windows (SPSS Inc., Chicago, IL, USA) with Duncan’s 
Multiple Range Test (DMRT) at P ≤ 0.05.   
 
 
III. Results and Discussion 
Fruit length, diameter, fresh weight and pulp weight 
Pre-harvest fruit bagging had significant influence on fruit length, diameter, fresh weight and pulp 
weight of fruit. The maximum fruit length, diameter, fresh weight and pulp weight were found in 
brown paper bag (9.49 cm, 8.31 cm, 295.8 g and 267.4 g, respectively) and minimum were recorded in 
non-bagged control fruit (8.81cm, 7.43 cm, 211.1g and 182.8g, respectively) at 35 days of bagging 
(Table 01). Bagging on fruit growth, size, and weight has positive effects which have been reported by 
many researchers (Stover and Simmonds., 1987; Xu et al., 2008; Watanawan et al., 2008; Yang et al., 
2009; Harhash and Al-Obeed., 2010; Chonhenchob et al., 2011; and Zhou et al., 2012). 
 
Weight loss  
Weight loss among all the treatments was statistically non-significant. The maximum weight loss was 
found in the polythene bag (18.58%) and minimum in brown paper bag (12.91%) followed by white 
paper bag and non-bagged, control fruits (15.35 and 15.37%, respectively) at 35 day (Table 01). 
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Table  01. Effects of pre-harvest bagging on physical parameters of mango cv. Mishribhog 

Treatments Time 
Fruit 
length (cm) 

Fruit diameter 
(cm) 

Fruit 
weight (g) 

Pulp 
weight (g) 

Weight 
loss (%) 

Non-bagged 
(control) 

 7.75b 6.91b 211.1e 182.8e 15.37a 

Polythene bag 
35 days 8.81ab 7.43ab 256.7cd 226.3d 18.58a 
45 days 8.28ab 7.20ab 248.0d 235.0cd 14.74a 
55 days 8.32ab 6.95b 257.3cd 221.7d 15.21a 

White paper 
bag 

35 days 8.44ab 7.51ab 267.0bc 225.1d 15.35a 
45 days 8.49ab 7.73ab 260.8cd 246.1bc 13.00a 
55 days 8.33ab 7.13ab 259.6cd 228.4d 13.73a 

Brown paper 
bag 

35 days 9.49a 8.31a 295.8a 267.4a 12.91a 
45 days 9.27ab 7.68ab 279.7b 252.2b 13.31a 
55 days 8.92ab 7.7ab 278.0b 257.2ab 15.28a 

LSD  12.46 11.49 13.55 13.88 4.885 
CV%  8.68 9.18 3.16 3.64 14.42 

Means followed by the same letter(s) within each column didn’t significantly different (DMRT, p <0.05). 

 
Total sugar content 
The pre-harvest fruit bagging showed significant variation in respect of total sugar content among all 
treatments (Table 02). Results showed that the maximum amount of total sugar (12.12%) was found 
in control fruits and minimum in polythene bagged fruits (5.52%) at 45 days. The fruits of brown 
paper bagged sugar content was found (10.05%) at 55 days, while lower amount of total sugar was 
recorded in polythene bagged fruits (5.52%) at 45 days (Table 02). Total sugar content is the 
combination of reducing sugar and non-reducing sugar and other molecules. During ripening process, 
non-reducing sugar converted to reducing sugar and sweetness increase. For bagging mango the 
conversion process is slow and it will take long time. For non-bagging mango internal biochemical 
changes is faster than bagging mango. Therefore, during biochemical analysis, reducing sugar is higher 
to non-reducing sugar. 
 
Reducing sugar  
The pre-harvest bagging used in this experiment showed statistically significant effect on reducing 
sugar of mango fruits among all treatments at different time of bagging. The maximum reducing sugar 
content (3.67%) was recorded in white paper bagged fruits at 55 days of bagging while the minimum 
was found in control fruits (1.94%) at 45 days (Table 02). The results of the present study are in 
support of the finds of Haldankar et al. (2015) and Islam et al. (2017). They reported that due to the 
pre-harvest bagging reducing sugars were increased.  
 
Ascorbic acid  
The different treatments significantly affected the content of ascorbic acid. The highest ascorbic acid 
content was recorded in non-bagged control fruit (2.23mg/100g) as compared to bagged fruits. The 
polythene bag showed lowest ascorbic acid (1.36mg/100g) (Table 02). The bagging led to lower 
content of chemical components such as ascorbic acid (Vitamin C), phenols and organic acids in most 
of peach varieties (Lima et al., 2013). The above results are very close to the findings of (Islam et al., 
2017; Haldankar et al., 2015; Sharma et al., 2013) in mango. 
 
Total soluble solid (TSS) 
The TSS in the fruit juice of all bagged fruits showed lower value that non-bagged control fruits. The 
results is in agreement with the findings of Haldankar et al. (2015), they found lower TSS in bagged 
mango.  In this study, it observed that higher TSS content (15.95% Brix) in un-bagged control fruits 
and lower (8.74% Brix) in polythene bagged fruits at 55 days of bagging (Table 02).  
 
Pulp pH 
The pulp pH was significantly affected by the pre-harvest bagging (Table 02). The highest mean value 
of pH (4.89) was recorded in un-bagged control fruits while the lowest in polythene bagged fruits 
(3.96).   
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Table 02.  Effects of pre-harvest bagging on chemical composition of mango cv. Mishribhog 

Treatments Time 
Total 
sugars 
(%) 

Reducing 
sugars 
(%) 

Ascorbic 
acid 
(mg/100g) 

TSS (% 
Brix) 

Pulp 
pH 

β-carotene 
(µg/100 g) 

Non-bagged 
(control) 

 12.12a 1.94d 2.23a 15.95a 4.88a 649.6a 

Polythene 
bag 

35 days 10.53abc 2.77bc 1.36c 11.54bcd 4.22c 634.0a 
45 days 5.52e 1.96d 1.60bc 10.76cd 4.17c 632.0a 
55 days 6.51e 2.05d 1.68bc 8.74d 3.96c 639.0a 

White paper 
bag 

35 days 11.26abc 3.56a 1.57bc 13.87abc 4.37bc 640.6a 
45 days 10.94abc 3.24ab 1.81b 14.72abc 4.26c 644.0a 
55 days 7.95cde 3.67a 1.84b 11.58bcd 4.10c 637.3a 

Brown 
paper bag 

35 days 7.03de 2.13d 1.76bc 12.21abcd 4.42abc 641.7a 
45 days 8.78bcde 2.45cd 1.68bc 12.54abcd 4.33bc 641.3a 
55 days 10.05abcd 3.22ab 1.76bc 13.31abc 4.34bc 661.0a 

LSD  2.952 0.45 0.38 3.78 0.45 37.14 
CV%  18.20 10.34 13.27 17.10 6.06 3.39 

Means followed by the same letter(s) within each column didn’t significantly different (DMRT, p <0.05). 
 

β-carotene 
The β-carotene was statistically non-significant among in different treatments. In some previous 
reports that flesh lycopene and β-carotene content was increased due to pre-harvest bagging in mango 
(Zhao et al., 2013; Haldankar et al., 2015; Islam, 2017). The highest β-carotene content was recorded in 
brown paper bagged (661.0 µg/100 g) and the lowest in polythene bagged fruits (632.0 µg/100 g) 
(Table 02).  
 

Shelf life and pest (disease and insect) incidence 
Brown paper bag had prolonged shelf life (9.00 days) followed by white paper bag (6.00 days) and 
polythene bag (5.00 day) at 35 days.  Minimum shelf life was observed in polythene bag (4.00 days) 
compared to non-bagged control fruits (Table 03). It is assumed that non-bagged fruits affected by 
insect and diseases earlier giving the shortest shelf life during storage. Bagging provided a physical 
barrier between fruit and pest which resulted prolong shelf life of mango. The bagging modified the 
microenvironment near fruit especially in respect to temperature and humidity (Yang et al., 2009). 
Singh et al. (2007) reported that pre-harvest bagging delayed ripening period resulting prolonged 
shelf life of grape. The brown paper and white paper bagged fruits showed free from fruit fly 
infestation at 35 and 45 days of bagging but at 55 days showed in less infestation. The maximum 
incidences of fruit fly, anthracnose and stem end rot (9.33 %, 29.37% and 38.94%, respectively) were 
recorded in non-bagged control fruits (Table 03). Hofman et al. (1997) reported that the infestation of 
anthracnose and stem end rot reduced in mango cv. Keitt with white paper bags used at approximately 
100 days before harvest.  
 

Table 03. Effect of pre-harvest bagging on shelf life and different pest incidence of mango cv. 
Mishribhog 

Treatments Time 
Shelf life 
(days) 

Stem end rot 
(%) 

Anthracnose 
(%) 

Fruit fly 
infestation (%) 

Non-bagged (control)  5.00b 38.94a 29.37a 9.33a 

Polythene bag 
35 days 4.00b 22.43d 4.96c 2.46g 
45 days 5.00b 26.46c 5.43c 3.62fg 
55 days 4.67b 33.93b 5.54c 6.76cd 

White paper bag 
35 days 6.00b 13.94e 3.10cde 0.00h 
45 days 6.00b 11.67e 3.20cde 0.00h 
55 days 6.00b 12.10e 3.40cd 5.93de 

Brown paper bag 
35 days 9.00a 1.16f 0.17de 0.00h 
45 days 8.33a 1.30f 0.00e 0.00h 
55 days 8.00a 2.17f 0.77de 4.95ef 

LSD  1.78 3.77 2.972 1.39 
CV%  17.59 11.50 19.71 19.83 

Means followed by the same letter(s) within each column didn’t significantly different (DMRT, p <0.05). 
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Sensory evaluation 
Sensory evaluation was done on colour, texture, appearance, sweetness, flavour and overall 
acceptability at 35, 45 and 55 days of bagging. In case of overall acceptability, brown paper bag at 35 
days was observed highest score (8.33) that was statistically similar with the score (8.67) at 45 days of 
bagging. It indicated that the sensory qualities of fruits were affected by pre-harvest bagging in mango 
(Table 04). Sharma et al. (2014) reported that pre-harvest bagging improved the visual and physical 
quality of fruits. 
 
Table 04. Effect of pre-harvest fruit bagging on sensory evaluation in fruits of mango cv. 
Mishribhog 

Treatments Time Color Texture Appearance Sweetness Flavour 
Overall 
acceptability 

Non-bagged 
(control) 

 6.33bc 7.00a 5.33c 7.67a 7.00abc 4.33de 

Polythene 
bag 

35 days 4.00e 7.00a 3.00d 7.33a 5.33c 3.33e 
45 days 3.00e 7.67a 3.33d 7.00a 6.33bc 5.33cd 
55 days 3.30e 7.00a 3.00d 7.33a 5.33c 5.00d 

White paper 
bag 

35 days 5.70cd 7.00a 7.00ab 7.33a 7.00abc 7.33ab 
45 days 7.33abc 7.00a 7.00ab 8.33a 7.00abc 7.67ab 
55 days 7.67ab 7.00a 7.00ab 7.67a 7.33abc 6.67bc 

Brown 
paper bag 

35 days 8.43a 7.67a 8.33a 6.67a 8.00ab 8.33a 
45 days 7.67ab 7.67a 7.67a 7.00a 8.67a 8.67a 
55 days 8.33a 7.67a 7.33a 7.00a 7.67ab 7.67ab 

LSD  1.54 1.98 1.30 1.79 1.84 1.40 
CV%  14.85 16.16 13.09 14.43 15.99 13.52 

Means followed by the same letter(s) within each column didn’t significantly different (DMRT, p <0.05). 

 
 

IV. Conclusion 
Considering the physical, chemical and sensory parameters it is proved that pre-harvest bagging had a 
significant effect to increase the shelf life maintaining quality of mango cv. Mishribhog. Brown paper 
bag had showed the best performance in case most of the parameters at 35 to 45 days of bagging. 
Therefore, the pre-harvest bagging are suggested to the mango grower of Bangladesh could be 
produced quality production with a prolonged shelf life to obtain a profitable price of mangoes in 
domestic and export markets. 
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