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Abstract 
Keeping litchi fruits in its own leaves during marketing is a 
common practice that provides postharvest protection to the fruits 
from weight and colorloss. Considering this common practice, the 
present experiment was carried out to evaluate different 
combinations of cushioning and packaging materials for 
enhanced shelf-life and fruit quality of litchi. The results revealed 
that the litchi fruits stored without stalks in CFB boxes, cushioned 
with green cassia (Cassia alataL.) leaves recorded the best 
postharvest quality throughout the storage. The treatment was 
found the most effective in curtailing physiological loss in 
weight, browning, and acidity with higher retention of TSS. The 
fruits kept with stalks in CFB boxes, cushioned with green cassia 
leaves ranked second in merit, however, it was found effective in 
reducing spoilage loss of fruitswith higher values of total sugars 
and ascorbic acid. 

 

INTRODUCTION 

Litchi (Litchi chinensis Sonn.) is am 
important tropical to subtropical evergreen 
fruit tree belongs to the family 
Sapindaceae.  It is native of South China 
and known as premier fruit crop of Bihar. 
India ranks second next to the China in 
Litchi production. It has occupied a prime 
place of importance on export front 
amongst the agriculture products due to 
excellent quality pleasant flavour, juicy 
pulp with attractive red colour. The fruits 
are excellent source of vitamin C (Barman 
et al., 2014). This offers ample opportunity 
for Bihar to earn foreign exchange and 
improve economic status of farming 
community of litchi growing tracts which is 
mostly confined in North Bihar comprising 
Muzaffarpur, Vaishali, Samastipur, 

Begusarai, East and West Champaran and 
Bhagalpur districts.  

Litchi fruits are available in the 
market for a very short period primarily 
because the fruits of most of the varieties 
matures all at a time and in a very short 
span (3rd week of May to 1st week of June) 
and secondly because the shelf life of litchi 
fruits is very short which creates glut and 
price fall of the fruits in the market. The 
fruits colour, fragrance, shine and quality 
of the litchi fruits started deteriorating, 
immediately after harvest. This is one of 
the major hindrances in promoting export 
of litchi fruit. Shelf life and availability of 
fruits can be extended through proper 
storage at low temperature (Siddiqui et al., 
2015). But refrigeration facilities are very 
poor and not within the reach of majority 
of growers. Therefore, several cushioning 
and packaging materials are used to extend 
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shelf life of litchi fruits, but knowledge of 
an appropriate combination is lacking.  

Storage of fruits in appropriate 
cushioning and packaging materials 
creates modified atmospheric conditions 
around the produce inside the package 
allowing lower degree to control of gasses 
and can interplay with physiological 
processes of commodity resulting in 
reduced rate of respiration, transpiration 
and other metabolic process of fruit 
(Zagory and Kader, 1988). Various 
workers (Moreuil, 1973, Singh, 1957 and 
Ramesh and Pal, 2003) have proved the 
efficacies of several cushioning and 
packaging materials to extend the post 
harvest life and to maintain the quality of 
litchi fruit up to a considerable level. 
These problems raise a demand for 
intensive and systematic research on 
screening appropriate combination of 
cushioning and packaging material. 
Therefore, the present investigation was 
conducted on different combinations of 
cushioning and packaging materials to 
evaluate their efficacies in prolonging 
storage life and maintaining fruit qualities 
of litchi cv. Purbi under ambient storage 
conditions. 

MATERIALS AND METHODS 

These studies were conducted during year 
2012 at Bihar Agricultural College, Sabour 
during. Fully ripen fruits of cv. Purbi were 
harvested from the horticulture garden of 
Bihar Agricultural College, Sabour. Healthy 
and uniform size fruits devoid of any bruise 
and disease signs were shorted out for the 
study. The graded litchi fruits were packed 
in different treatment combinations of 
cushioning and packaging materials i.e. T1-
Fruits with stalks packed cushioned with 
green Cassia (Cassia alataL.) and packed 
in CFB boxes; T2-Fruits without stalks 
cushioned with green Cassia leaves and 
packed in CFB boxes; T3-Fruits with stalks 
cushioned with green Cassia leaves and 
packed in wooden boxes; T4-Fruits without 
stalks cushioned with  green Cassia leaves 

and packed in wooden boxes +;  T5-Fruits 
with stalks cushioned with green Sisso 
(DalbergiasissooRoxb.) leaves and packed 
in CFB boxes; T6-Fruits without stalks 
cushioned with  green Sisso leaves and 
packed in CFB boxes; T7-Fruits with stalks 
cushioned with green Sisso leaves and 
packed in wooden boxes; T8-Fruits without 
stalks cushioned with green Sisso leaves 
and packed with wooden boxes; T9-Fruits 
with stalks cushioned with  green Neem 
(AzadirachtaindicaA. Juss) leaves and 
packed in CFB boxes;  T10-Fruits without 
stalks cushioned with green Neem leaves 
and packed in CFB boxes; T11-Fruits with 
stalks cushioned with green Neem leaves 
and packed in wooden boxes; T12-Fruits 
without stalks cushioned with  green Neem 
leaves and packed in wooden boxes and 
T13 - Fruits with stalks cushioned with  
green litchi leaves and packed in wooden 
boxes (control). 

Physico-chemical parameters were 
recorded in an interval of 24 hours up to 8 
days of storage period under ambient 
climatic conditions. The physiological loss 
in weight (PLW) after each interval of 
storage was calculated by subtracting final 
weight from the initial weight of the fruits 
and expressed in per cent. The spoiled fruit 
were visually counted and the data in 
respect of spoilage were expressed in 
percent. The fruits showing more than 25 
percent of surface browning 
(discolouration) were considered as brown 
fruits and the data were also expressed in 
percent. The total soluble solids (TSS) of 
the fruit juice were determined using 
ERMA Hand Refractometer (0-320Brix). 
Acidity as malic acid was recorded by 
titrating know amount of fruit juice with 
0.1 N NaOH solution using 
Phenolphthalein as indicator. Total sugars 
and ascorbic acid were determined by 
following standard procedures (AOAC, 
1990). The data so obtained were analyzed 
statistically using Completely Randomized 
Design (CRD) as described by Gomez and 
Gomez(1984). 
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 RESULTS AND DISCUSSION 

Physiological loss in weight 

Physiological loss in weight (PLW) 
increased gradually and significantly with 
the advancement of storage period, 
regardless of treatments however, the rate 
differed among the treatments (Table-1). 
Maximum PLW at the end of 
experimentation was recorded in the fruits 
stored with stalks cushioned with green 
neem leaves and packed in wooden boxes 
(T11) whereas, minimum PLW (9.12%) 
was recorded in the fruits stored without 
stalks cushioned with green cassia leaves 
and packed in CFB boxes (T2). The least 
loss in weight might be due to development 
of high humidity and low ambient 
temperature inside the CFB boxes in which 
fruits were cushioned with green cassia 
leaves. This modified atmosphere reduced 
rate of respiration, water loss from fruit 
surface and inhibited catabolic activities. 
Similar findings have are also been reported 
by Barman et al. (2014), Ramesh and Pal 
(2006) in litchi, Singh et al. (2007) in pear 
and Jindal et al.(2005) in pear. 

Total Soluble Solids 

A gradual enhancement of TSS in fruit 
juice was recorded with increase in storage 
period upto 6th day in all the treatment 
combinations and thereafter started 
declining except the treatment 
combinations in which fruits were packed 
in CFB boxes which exhibited increasing 
trend upto last day of storage (Table-2). 
Maximum TSS (24.86OBrix) on last 
storage day was recorded in fruits stored 
without stalks cushioned with green cassia 
leaves and packed in CFB boxes (T2) 
which was at par with the same cushioning 
and packaging material but with attached 
stalk (T3). Minimum (19.04OBrix) TSS in 
fruit juice was recorded under control 
(T13). Maximum retention of TSS in fruit 
juice might be due to the fact that there 
was slow rate of sugar utilization in the 
process of controlled respiration in CFB 

boxes. Increased in TSS due to hydrolysis 
of polysaccharides during storage of fruits 
have been reported by Baviskar et al. 
(1995) and Yadav et al. (2005) in ber and 
Jindal et al. (2005) in sapota. 

Titratable acidity 

Titratable acidity in fruit juice declined 
with successive increment of storage 
period (Table -3) and on 8th day minimum 
(0.284%) titratable acidity was recorded in 
the fruits stored without stalks cushioned 
with green cassia leaves and packed in 
CFB boxes (T2) whereas maximum 
(0.435%) titratable acidity was recorded in 
fruits stored with stalks cushioned with 
green neem leaves and packed in wooden 
box (T11). The use of organic acids in 
respiratory process is the probable reason 
for decrease of acidity with the 
enhancement of storage period. These 
findings are in line with the results of 
Sharma et al. (1992) in guava, Yadav et al. 
(2005) in ber, Jindal et al. (2005) and 
Sidhu et al. (2006) in pear. 

Total Sugar 

Total sugar content in the fruit juice 
increased with prolongation of storage 
period, regardless of treatment upto last 
storage day except treatments T7, T11 and 
in which it declined after 6th day (Table-4). 
Maximum (20.16%) retention of total 
sugar was recorded in fruit stored with 
stalks cushioned with green cassia leaves 
and packed in CFB boxes (T1) which 
showed statistical parity with fruits T2. 
The higher retention of sugars might be 
due to reduced rate of respiration and slow 
conversion of starch and polysaccharides 
(Siddiqui et al., 2014 & 2015). These 
results are in agreement with the earlier 
findings of Singh (1987) and Yadav et al. 
(2005) in ber and Emerald and 
Sreenarayan (1999) in banana. 

Ascorbic acid 

Ascorbic acid content in fruits juices also 
declined with successive increment of 
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storage period (Table-5). The reduction of 
ascorbic acid content was due to oxidation 
of L-ascorbic acid into dehydro ascorbic 
acid by enzymes ascorbinase (Mapson, 
1970). Concentration of ascorbic acid 
recorded at the end of experiment was 
highest (27.68 mg/100g of juice) in fruits 
stored with talks cushioned with green 
cassia leaves and packed in CFB boxes 
(T1) whereas, lowest concentration (17.82 
mg/100g of juice) was recorded in the fruit 
stored under control (T13). Higher 
retention of ascorbic acid in the fruits 
cushioned with green cassia leaves and 
packed in CFB boxes may be due to 
greater accumulation of carbon-dioxide 
which reduced the oxidation of ascorbic 
acid. Higher concentration of carbon-
dioxide also retards accumulation of 
ethylene, which is known to cause the 
destruction of ascorbic acid (Isherwood 
and Mapson, 1962). These results are in 
accordance with the findings of Sharma et 
al.(1986) in peach, Yadav et al. (2005) in 
ber and Singh et al. (2007) in pear. 

Pericarp Browning 

Browning of litchi fruits enhanced with 

prolongation of storage period (Table-6) 

and recorded fastest in the fruits stored 

under control (T13) and slowest in the 

fruits stored without stalk cushioned with 

green cassia leaves and packed in CFB 

boxes (T2). At the end of experimentation 

minimum (63.60%) browning of litchi 

fruits were observed in treatment T2 which 

is at par with treatment T1 in which fruits 

were packed with stalks under same 

cushioning and packaging material. Singh 

(1957) suggested that humidity and free 

contact of packed fruits with atmospheric 

air are the leading factors responsible for 

retention of colour. The CFB boxes were 

designed to have appropriate ventilation, 

whereas the conventional wooden boxes 

had hardly any ventilation. Slow 

respiration of fruits packed in CFB boxes 

may check peel cracking which ultimately 

inhibit fruit browning and spoilage. Fuchs 

et al. (1993) reported close association 

between rind browning and development 

of micro-cracks in peel during post harvest 

storage. 

Fruit Spoilage 

The data pertaining to spoilage loss at the 
end of experimentation revealed that the 
fruits stored with stalks cushioned with 
green cassia leaves and packed in CFB 
boxes (T1) recorded minimum (21.64%) 
spoilage loss whereas, maximum (66.72%) 
spoilage was recorded in the fruits stored 
under control (Table-7). The significant 
check in spoilage of fruits cushioned with 
green cassia leaves might be the effect of 
green cassia leaves which are capable to 
slow down the rate of respiration, ethylene 
evolution, oxidative metabolism and pectin 
hydrolysis resulting in retention of 
firmness. This in turn, might have 
imparted some resistant against the growth 
of the pathogens on fruits. These findings 
are in conformity with the findings of 
Jindal et al.(2005) in Sapota, Ramesh and 
Pal (2006) in litchi and Singh et al. (2007) 
in pear. 
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Flow properties 

Angle of repose increased linearly with 
increase in germination time with higher 
values for the raw germinated paddy and 
variation with germination time was 
significantly different for all germination 
times. The value of angle of repose on glass 

was significantly different for both 
coefficient of friction and angle of repose. 
The equations and values of coefficient of 
determination for the angle of repose are 
presented in Table 2 for parboiled and non-
parboiled germinated paddy. The apparent 
positive correlation observed between 
values for angle of repose and germination 

time (degree of germination) could be as a 
result of the increase in germ length with 
higher degree of germination. It is likely 
that higher degree of germination leads to 
extended sprouts which tend to intertwine 
thereby increasing the overall restriction of 
the grains to spread out on the test surface. 
This relationship is depicted in the 
photograph on Figure 2. 

Similar to the angle of repose (in the 
previous section), the coefficient of friction 
increased linearly with increase in 
germination time with numerically higher, 
but not significantly different values for the 
parboiled germinated paddy. Also, the 
coefficient of friction varies on different 
surfaces. The values were significantly 
different for all germination time and 
surfaces values for the coefficient of 
friction are presented in Table 5 for raw and 
parboiled germinated paddy for mild steel, 
plastic, wood and glass surfaces 
respectively. This could be for similar 
reasons as in angle of repose. The 
coefficient of friction is a function of both 
the surfaces of the grain material and the 
sliding material. Thus, higher and lower 
values indicate the roughness and 
smoothness of the sliding surfaces. Similar 
values were reported by Varnarikhasti et 
al., (2007) for paddy on wood (0.43) and 
glass (0.22). However, slightly higher 
values were reported by Mir et al., (2013) 
for rice on wood (0.49) and glass (0.38). 
The equations and coefficients of 
determination of the fitted lines are shown 
in Table 3. 

 

 

CONCLUSION 

The postharvest pericarp browning of 
litchi fruit is an important concern of 
research. This not only affects the fruit 
appearance but drastically reduces the 
price as well. The results revealed that the 
litchi fruits stored without stalks in CFB 
boxes, cushioned with green cassia 
(Cassia alataL.) leaves recorded the best 
postharvest quality throughout the storage. 
The treatment was found the most 
effective in curtailing physiological loss in 
weight, browning, and acidity with higher 
retention of TSS. The fruits kept with 
stalks in CFB boxes, cushioned with green 
cassia leaves ranked second in merit, 
however, it was found effective in 
reducing spoilage loss of fruits with higher 
values of total sugars and ascorbic acid. 
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