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ABSTRACT 
                  In the present study, wrapping and packaging materials were evaluated for their capacity to 
decrease the decay losses of guava fruits during storage under ambient conditions (18-22

O
C and 75-80% RH) 

at Tej Narayan Banaili College, T.M. Bhagalpur University, Bhagalpur during the year 2014-2016.  Results 
revealed that post-harvest decay loss can be minimized significantly through proper wrapping or packaging of 
fruits for storage. Fruits wrapped with heat-shrinkable low density polyethylene film (LDPE, 25 µm thick), or 
packed up to 30 days of storage in corrugated fibre board (CFB) boxes exhibited low decay losses of 11.9 and 
22.8 per cent, respectively. In general, the fruit loss due to fungal attack increased with increasing duration of 
storage. Altogether 7 fungal species were found associated with rotten fruits during the storge. Botryodiplodia 
theobromae, was the most prominent post-harvest rotting agent causing 37.5% fruit loss. Colletotrichum 
gloeosporioides, Pestalotia psidii and Alternaria alternata showed 30.8, 25.5 and 16.8% fruit decay losses, 
respectively. Aspergillus niger (10.6%) Penicillium expansum (7.0%) and Rhizopus stolonifer (4.5%) caused 
least per cent decay losses of guava fruits.  
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INTRODUCTION 
 

Guava (Psidium guajava Linn.) is an 
arborescent shrub or a small tree and is one of 
the popular fruits of north India. It is a very 
productive and profitable fruit crop occupies 
25.66 million hectares with an annual production 
of 320.48 million tones (National Horticulture 
Board, 2020). During the last two decades fruit 
production was adversely affected by post-
harvest rots caused by Aspergillus niger Van 
Tiegh., Colletotrichum gloeosporioides Penz., 
Pestalotia psidii Pat. and Penicillium expansum 
Link (Ray et al., 2007 Srivastava and Lal, 2009, 
2010; Chourasia and Jha, 2010). These 
pathogens not only blemish, disfigure or cause 
rots to fruits but post-infectional biochemical 
changes also reduce their food and market value 
considerably (Jha, 2017). 
            Despite major constraint caused by fruit 
rot pathogens, considerable quantity (25-30%) of 
guava fruits get spoil during transit and storage. 
It has also been estimated by the FAO (2018) 
that the post harvest loss of perishable 
commodities in India is as high as 30%. This 
high loss has been attributed to several factors 
among which lack of wrapping, packaging, 
storage facilities and poor means of 

transportation are the major ones. The post-
harvest losses could discourage farmers from 
producing and marketing fresh produce and limit 
the urban consumption of fresh fruits and 
vegetables. Hence, development of post-harvest 
technologies is believed to make great 
contribution to improve quality and use of these 
crops. These procedures include maintaining 
optimal relative humidity to reduce water loss 
without accelerating decay, adding chemical 
preservatives to reduce physiological and 
microbial losses, and maintaining an optimal 
gaseous environment to slow respiration and 
senescence (Awole et al., 2011; Tigist et al., 
2011). Packaging fruits is one of the most 
commonly used post-harvest practice that puts 
them into unitized volumes which are easy to 
handle while also protecting them from hazards 
of transportation and storage (Burdon, 2011). 
Modified atmosphere packaging for storage and 
transportation of fruits and vegetables is 
commonly achieved by packing them in plastic 
films. Storage in plastic films with different kinds 
of combinations of materials, perforation and 
inclusion of chemicals and individual seal 
packaging are types of modified atmosphere 
storage (Irtwange, 2006).  
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 Various fungicides have shown 
promising results in controlling the post-harvest 
rotting of guava fruits (Srivastava and Kumar, 
2006). In view of the development of fungicidal 
resistant isolates of post-harvest rot pathogens 
(Ishii, 2006) and the possible mammalian toxicity 
of the more effective fungicides (Deising et al., 
2018), alternative methods to control fruit loss 
due to fungal decay during the storage are 
urgently needed. The post-harvest life of fruits 
can be increased without involving fungitoxicants 
by cooling and controlled atmosphere storage 
(Singh and Rao, 2005). But both of these 
technologies are expensive and furthermore, 
storage below 5OC may cause chilling injury in 
guava fruits. So it is not possible to readily adopt 
these technologies. In the present study, an 
attempt has been made to study the effect of 
different wrapping and packaging materials on 
the post-harvest fruit rot of guava during storage 
under ambient conditions.  

 
MATERIALS AND METHODS 
 

Healthy and mature guava fruits of nearly 
equal size and without any visible injury were 
harvested in the first week of December for two 
consecutive years (2014-15 and  
2015-16). Fruits were washed with chlorinated 
(0.02%) water and then air dried under shade. 
These fruits were further used for wrapping and 
packaging to evaluate suitable streategy to 
minimize decay during storage. 

 
Wrapping  
 

The fruits were wrapped with news 
paper, butter paper, perforated polythene bags 
(100 guage) and heat-shrinkable low density 
polyethylene film (LDPE, 25 µm thick) within 24 
hr of harvest. The fruits without any wrapping 
served as control. These fruits were packed in 
corrugated fibre board (CFB) boxes. Each box 
contained 50 fruits as one replication. Each of 
five treatments was replicated three times. The 
fruits were stored under ambient conditions (18- 
22OC temp. and 75- 80% RH). The data 
regarding fruit decay were recorded at 10 days 
intervals upto 30 days of storage and per cent 
fruit decay loss was worked out (Singh and 
Thakur, 2003). The data of cumulative fruit 
decay for 2 years were pooled and analysed 
statistically after angular transformation. The 

decay reduction index (DRI) was calculated as 
per cent. 

 

Decay in control – Decay in treatment    
DRI =      x100 

Decay in control  

Packaging  
 

The fruit were packed in different 
packaging materials viz. corrugated fibre board 
boxes, wooden boxes, polythene bags (8-10 pin 
holes) and jute bags within 24 hr of harvest. 
Paper shreds were used as cushioning materials 
in order to avoid bruising during handling of 
fruits. The fruits packed in jute bags were 
considered as control because this practice is 
widely used by local farmers. Each of four 
treatments was replicated thrice with 50 fruits in 
each replication. The fruits were stored under 
ambient conditions (18- 22Oc temp. and 75-80% 
RH). The data regarding fruit decay were 
recorded, calculated and analysed as described 
under wrapping above. 

 

Isolation of mycoflora associated with decayed 
fruits 
 

Decayed fruits observed during storage 
were separated from healthy ones. The isolation 
of associated causal agents was done on potato 
dextrose agar (PDA) medium and subsequently 
purified by single spore isolation technique. 
Pathogenicity of each isolated mycoflora was 
tested by following Koch’s postulates. Per cent 
incidence of mycoflora associated with decayed 
fruits was worked out on the basis of total 
decayed fruits observed during storage for two 
years consecutively.  

 
RESULTS AND DISCUSSION  
 
Effect of wrapping materials on the decay loss 
 

The pooled data (Table 1) revealed that 
fruits wrapped with different wrappers exhibited 
significantly less decay loss in comparison to 
unwrapped fruits. The least decay was observed 
in fruits wrapped with heat-shrinkable low 
density polyethylene film (LDPE, 25µm thick). 
News paper and butter paper were the next in 
order of superiority. Wrapping with perforated 
polyethylene bags proved to be the least 
effective. The decay incidence showed 
progressive increase with increasing period of 
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storage. There was significant difference among 
the loss estimate on 10 days, 20 days and 30 
days of storage. These findings are in 
agreement with those of Sharma et al. (2008) 
who found that heat-shrinkable film reduced 
post-harvest decay loss in kinnow (Citrus 
deliciosa) fruits. The reduction in loss might be 
due to complete sealing of fruits that prevents 

the spread of rotting as well as the transfer of 
spores and debris from fruit to fruit in the same 
container (Rana and Siddiqui, 2018). Contrary to 
this, fruits packed in perforated polyethylene 
bags exhibited a higher per cent decay loss, 
possibly due to higher humidity maintained 
inside bags. 

 
 

Table 1. Effect of wrapping materials on fungal decay loss of guava fruits during storage 
 

Wrappers 
2014-15 015-16 Pooled (mean) Decay reduction 

index 10d 20d 30d 10d 20d 30d 10d 20d 30d 

Newspaper 
12.7 19.5 24.7 10.5 17.7 24.5 11.6 18.6 24.6 34.5 
(5.4) (11.9) (19.5) (4.9) (11.2) (18.8) (5.2) (11.6) (19.2)  

ButterPaper 
12.7 19.5 25.8 11.2 18.5 25.5 11.98 19.0 25.7 31.6 
(5.4) (11.9) (22.5) (5.1) (11.2) (18.5) (5.3) (11.6) (20.5)  

PPB 
15.5 21.7 20.8 13.7 20.5 25.5 14.6 21.1 27.4 16.1 
(6.5) (13.8) (24.9) (5.8) (12.7) (19.7) (6.2) (13.3) (22.3)  

HSPF 
0.7 14.5 20.8 0.6 13.5 18.5 0.6 14.0 19.6 70.2 

(0.0) (5.9) (12.2) (0.0) (4.8) (11.6) (0.0) (5.3) (11.9)  

Control 
14.5 22.9 29.5 15.0 21.8 28.6 14.7 22.4 29.0 0.0 
(6.6) (14.7) (25.5) (6.7) (14.9) (24.8) (6.6) (14.8) (25.2)  

CD(P=0.05) 
Wrappers 1.7 1.6 1.2  

Days 1.3 1.0 0.9  
Interaction 2.6 2.1 1.8  

CV (%) 7.9 7.3 5.5  
Figures were arcsine transformed before analysis; actual % decay loss in parenthesis 
PPB=Perforated polythene bag, HSPF=Heat shrinkable polyethylene film 
 

The least decay in guava fruits when 
wrapped with LDPE film might be due to 
increasing shelf life of fruits by retardation of 
ripening and senescence processes partially 
through reducations of O2 and increase of CO2 
concentrations in the packaging head space 
(Irtwange, 2006). Low O2 and high CO2 in the 
head space reduce respiration and the 
production of ethylene during storage in passive 
MAP, which in turn reduces physiological and 
chemical changes responsible for the fruits 
quality deterioration (Ntsoane and Mahajan, 
2020). 

 
Effect of packaging materials on the decay loss 
 

There was a significant effect of 
packaging materials on fruit decay up to 30 days 
of storage (Table 2). The least loss due to fungal 
decay was noticed when the fruits were packed 
in wooden boxes and CFB boxes. Fruits packed 
in jute bags, which served as control, exhibited 
the highest damage due to fungal attack as 
recorded also in polyethylene bags. The extent 
of fruit loss due to fungal decay increased as the 

period of storage increased. Earlier, Lu et al. 
(2010) have reported that post-harvest rotting of 
apple fruits can he minimized significantly by fruit 
packing in wooden boxes and CFB boxes. The 
present result is also in corroboration with the 
observation made by Azene et al. (2014) on 
papaya fruits. The differences in rotting in 
different packages might be attributed to the 
presence of fungal propagules on the pack 
surface and variation in moisture content in the 
surrounding atmosphere of the fruits (Chandra et 
al., 2018). The higher decay loss in jute bags 
and polythene bags were possibly because of 
more bruising during the handling of fruits (Nath 
et al., 2012; Hussein et al., 2015) and moreover, 
the chances of contamination of jute bags would 
also be more. Fruit loss due to fungal decay 
increased with increasing period of storage. It 
might be due to the weakening of defence 
system of the fruits against fungal attack 
because of decrease in pectin substances during 
storage resulting in decreased firmness (Sharma 
et al., 2008). Alternatively existing fungal 
propagules multiplied and increased over the 
period of storage. 
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Table 2. Effect of packaging materials on the fungal decay loss of guava fruits during storage 
 

Packaging materials 
2014-15 2015-16 Pooled (mean) Decay reduction 

index 10d 20d 30d 10d 20d 30d 10d 20d 30d 

Wooden boxes 14.5 22.3 31.7 15.0 22.6 31.5 14.8 22.4 31.6 25.2 
(6.7) (14.2) (24.1) (6.8) (14.3) (24.0) (6.7) (14.2) (24.0)  

Polythene bags  16.2 25.6 33.5 17.0 25.9 34.6 16.6 25.8 34.0 13.3 
(9.5) (17.5) (30.1) (9.7) (17.6) (30.5) (9.6) (17.5) (30.3)  

CFB boxes 14.4 22.5 29.2 14.8 26.2 28.4 14.6 24.3 28.3 27.1 
(8.7) (15.0) (23.1) (8.7) (16.3) (22.5) (8.7) (15.6) (22.8)  

Control 16.5 26.3 38.7 17.2 27.5 36.5 16.8 26.9 37.6 0.0 
(10.7) (16.5) (35.5) (11.1) (17.2) (33.3) (10.9) (16.8) (34.4)  

CD(P=0.05)  
PM 1.5 1.4 1.2  

Days 1.0 1.8 1.6  
Interaction 2.4 2.1 1.8  

CV (%) 5.3 4.8 4.5  
Figures were arcsine transformed before analysis; actual % decay loss in parenthesis, PM=Packaging materials 

 
Influence of mycoflora associated with post-
harvest decay  
 

Seven fungal species viz, Alternaria 
alternata, Aspergillus niger, Botryodiplodia 
theobromae, Colletotrichum gloeosporioides, 
Penicillium expansum, Pestalotia psidii and 
Rhizopus stolonifer were isolated from decayed 
guava fruits during storage (Table 3). Among 
these A.alternata, B.theobromae, 
C.gloeosporioides and P.psidii were the most 
predominantly associated with more than 60% of 

the total fruit loss due to fungal decay. Of these 
four dominant fungi highest decay loss of 37.5% 
was caused due to B. theobromae followed by 
C. gloeosporioides (30.8%), P. psidii (25.5%) 
and least deterioration was recorded in case of 
A. alternata (16.8%). Aspergillus niger, P. 
expansum and R. stolonifer exhibited moderate 
(10.6%), poor (7.0%) and rare (4.5%) 
occurrence on fruits during storage upto 30 
days. The present result is in corroboration with 
observation made by Singh et al. (2008).  

 
 
Table 3. Association of mycoflora with decayed fruits of guava during storage 
 

Mycoflora 
2014-15 2015-16 Pooled (mean)  

decay loss (%) % decay loss % decay loss 

Alternaria alternata 15.7 17.8 16.8 
Aspergillus niger 11.5 9.7 10.6 
Botryodiplodia theobromae 38.6 36.4 37.5 
Colletotrichum gloeosporioides  29.7 31.8 30.8 
Penicillium expansum 6.5 7.5 7.0 
Pestalotia psidii 27.0 24.1 25.5 
Rhizopus stolonifer 5.8 3.2 4.5 
CD (P=0.05) 1.5 1.7 1.3 
CV (%) 4.7 5.2 4.4 
*Figures were arcsine transformed before analysis 

 
The pathogenic variability in causing fruit 

decay loss among the fungal isolates is might be 
due to variation in their production potential of 
pectolytic and cellulolytic enzymes which 
involves the degradation of cell wall constituents, 
especially pectic substance and cellulose of the 
host (Prusky et al., 2013). They reported that the 
culture filtrates of these organisms contain a 

number of pectic enzymes which are capable of 
tissue maceration by degrading the pectic 
substances of the host. The exact mechanism by 
which host cells are killed by these fungal 
pathogens in not clearly understood. However, 
Singh et al. (2008) are also of the view that both 
killing and maceration are accomplished by 
pectic enzymes. It is difficult to visualize how 
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pectic enzymes alone can act as 
poisonous material for living protoplasm. 
Possibly, these enzymes make the host cells 
accessible to toxic molecules that do not enter 
the intact cells freely. Yet the other possibility is 
that the cells are killed before the enzymes act.  

From the aforesaid results, it could be 
concluded that post-harvest fruit decay losss due 

to fungal attack can be significantly minimized by 
wrapping of guava fruits with heat-shrinkable low 
density polyethylene film (LDPE, 25 µm thick) 
and by packaging in CFB boxes during the 
storage at ambient conditions up to a period of 
30 days. 
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