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Abstract 
Fully mature local plum (Prunus domestica L.) fruits were coated to assess the effects of corn starch 
coating in storage life. Among various treatments, corn starch 1% (lowest concentration) showed the 
lowest physiological loss in weight (10.28%) and also reduced the incidence of decay (2.41%) as 
compared to fruits under control with physiological loss in weight of 32.99% and decay percentage of 
4.5% at the end of study. Besides, ascorbic acid and total phenol were also retained much better with 
23.63 mg/100g of pulp ascorbic acid and 201mg/100g of pulp total phenolic in 1% corn starch as 
compared to untreated fruits. The results reflected that 1% Corn starch treatment is effective for 
maintaining physico-chemical characteristics and prolonging of shelf life in plums. 
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Introduction 
Plums (Prunus domestica L.), belongs to the group of deciduous fruits commonly known as 
stone fruit, are highly perishable and undergo fast ripening following their harvest. Depending 
on the cultivar, plums may have a commercial life of 2-6 weeks even when stored at 00C 
(Sohail et al. 2014) [19]. Storage at low temperature delayed effectively fruit ripening and 
extended shelf life of plums, but the beneficial effect may be limited by the development of 
chilling injury associated disorders, including internal browning, flesh translucency, and/or 
reddening (Manganaris et al. 2007) [12]. The consequences of these changes are an acceleration 
of quality loss and a reduction in consumer acceptability. Unlike most food products, fresh 
fruits continue to breathe or respire after they have been harvested which consumes oxygen 
and produces carbon dioxide and water vapors. The key to keeping these products fresh for as 
long as possible is to reduce the respiration rate without harming the quality of the product. 
The rate of respiration can be reduced by keeping the temperature low, having lower levels of 
oxygen in the packaging atmosphere and increased levels of carbon dioxide (Khan et al. 2007) 
[11]. Thus, there is a need for either retarding or inhibition of the physico-chemical changes 
occurring and an improvement of fruit storability. The practice of using edible coatings on 
fruits after harvest is done as it prevent shrinkage from water loss and create a modified 
internal atmosphere around the fruits. Such different kinds of coatings as proteins, 
polysaccharides, lipids and composed films are employed (Ghasemzadeh et al. 2008) [7]. These 
coatings show promise as environmentally friendly quarantine treatments and can be placed on 
fruit surfaces through different ways like dipping and spraying. Edible coating consists of a 
thin layer of protective that is applied to the skin surface of the fruit which is later consumed 
together with the fruit flesh (Bal, 2013) [1]. Starch-based edible coatings can be the perfect 
alternative to post-harvest packing and preservation of different fruits such as plum due to their 
low cost, biodegradability and superb mechanical properties. Environmentally-friendly aspects 
of the coatings make them good alternatives in packaging technology, without ecological costs 
of alleviating environmental damage caused by synthetic non-biodegradable materials [10]. The 
main objective of this work was to study the ability of corn starch based coatings to extend the 
shelf life of plum fruits and on physiological and bio-chemical changes associated with 
storage. 
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Materials and Methods 
Fully matured, uniform size plum fruits were collected from 
the local market, Cooch Behar and immediately brought to the 
laboratory of the Department of Pomology and Post-harvest 
Technology for storage after necessary treatments. The fruits 
after washing in running tap water were dried in the shade for 
few minutes. The fruits were subjected to coating of following 
treatments T1- Corn starch 1%, T2- Corn starch 2%, T3- Corn 
starch 3%, T4- Corn starch 4%, T5- Corn starch 5% and T6- 
Control. Corn starch (Himedia, Mumbai, India) coating 
solution was prepared by dissolving 1%, 2%,3%,4% and 5% 
(w/v) starch in distilled water with agitation for 10 min at 
900C. The pH value was adjusted to 5.6 with 50% (w/v) citric 
acid (Merck) solution and the solutions were equilibrated for 
10 min. Glycerol (Merck) 87% was added as a plasticizer at a 
concentration of 2ml/l solution. The coatings of fruits were 
done following the methodology of Janna (2012) [10]. Fruit 
samples were analysed for physico-chemical properties at an 
interval of 2 days after treatments. The percentage of weight 
loss was calculated based on initial weight and weight at 
subsequent intervals. The decay percentage of fruits were 
calculated as the number of decayed fruit divided by initial 
number of all fruit multiplied by hundred (El Anany et al. 
2009) [6]. The length and breadth (millimetre scale) of plum 
fruits were measured as an index for shrinkage and it was 
measured by digital vernier callipers at zero time of storage 
(beginning) and 2 days interval during the storage period. The 
fruit colour was recorded with the help of Royal Horticulture 
Society mini colour chart (5th edition, 2007). Total soluble 
solids (TSS), total sugar and reducing sugar were estimated 
by the method described by Mazumdar and Majumder (2003) 
[13]. The acidity and ascorbic acid were estimated by the 
method described by Rangana (1977) [16]. Phenol content of 
fruits was estimated by the method described by Thimmaiah 
(2004) [22]. Analysis of variance (one way classified data) for 
each parameter was performed using ProcGlm of Statistical 
Analysis System (SAS) software (version 9.3). Mean 
separation for different treatment under different parameter 
were performed using Least Significant Different (LSD) 
method (P≤ 0.05). Normality of residuals under the 
assumption of ANOVA was tested using Shapiro-Wilk 
procedure using Proc-Univariate procedure of SAS (version 
9.3). Angular transformation was done for percentage data 
(Gomez and Gomez, 1983) [9]. 
 
Results and Discussion 
Physiological loss in weight: Observation during storage of 
plum fruits revealed that the physiological loss in weight 
(Table 1) was increased in all the treatments as the storage 
period progressed. On 2nd, 4th and 6th days the corn starch 
treatments had significant effect over control fruits for 
physiological loss in weight. The physiological loss in weight 
was found minimum (1.98%) in T1 followed by T2 (4.77%) 
where as it was maximum (19.04%) in the fruits under control 
(T6). However, on 6th days after treatment, the physiological 
loss in weight was found minimum (10.28%) in T1 and 
statistically at par with corn starch 2% (10.43%), whereas, it 
was maximum (32.99%) in control. Oluwaseun et al. (2013) 
[15] observed that corn starch coated cucumber showed a 
significant delay in weight loss compared to uncoated ones. 
Physiological losses in weight for all the starch corn coated 
fruits were statistically significant at 9th days after storage. 
The reduction in weight loss was probably due to the effects 
of these coatings as a semi permeable barrier against oxygen, 
carbon dioxide, moisture and solute movement, thereby 

reducing respiration, water loss and oxidation reaction rates 
(Ghosh et al. 2015) [8].  
 
Decay percentage: The coatings reduced decay (Table 2) 
compared to control fruit for all the treatments and fruit 
treated with T1 showed minimum decay (2.41%) after 6th days 
of storage than uncoated fruits (T6) which showed maximum 
decay (4.50%).The decrease in decay percentage was 
probably due to the effect of the coating on delaying 
senescence (Tanada-Palmu and Grosso, 2005) [21].  
 
Length and breadth: Lower percentage of shrinkage of fruits 
was observed in T1 compared to fruits of control (Table 3). 
The shrinkage percentage of 1% starch was 4.12 % (from 
27.94 mm to 26.79 mm) for fruit length and 12.28% (from 
26.72 mm to 23.44 mm) for fruit breadth. However, the length 
and breadth of all the treated fruits were statistically 
significant at 2nd, 4th and 6th days after storage. The lesser 
shrinkage might be due to the anti-senescent action of 
coatings which had an inhibitory effect on ethylene 
biosynthesis and retard the activity of enzymes responsible for 
ripening. Cell degradation was prevented which in turn 
facilitated reduced moisture loss and lesser respiratory gas 
exchange, hence delay in senescence and lower the shrinkage 
percentage (Sudha et al. 2007) [20]. 
 
Fruit Colour: Observation during storage of plum fruits 
revealed that the fruit colour of plum fruits harvested was 
changed from (G-P-G 185-A) to (O-R-G-N 34-A) during 
storage (Table 4). At the time of the harvesting plum fruits 
were light grey in colour. At the end of the storage fruits 
become greyish orange and lost their marketability. Castricini 
et al. (2012) [3] observed that papaya coated with cassava 
starch and carboxymethyle starch helped to maintain the 
colour during storage. 
 
TSS (Total soluble solids): Observation during storage of 
plum fruits revealed that the TSS content of plum fruits was 
increased up to a certain period and thereafter that it was 
decreased in all the treatments as the storage period 
progressed (Table 5). On 2nd days after treatment, the TSS 
content was found highest (10.99obrix) in T1followed by 
(10.85o brix) T2, whereas, it was lowest (10.09o brix) in T6. 
However, on 6th days after treatment, TSS content was found 
maximum (11.06obrix) in T1followed by (11.01o brix) T2 and 
it was minimum (8.89obrix) in T6. The data of all the treated 
fruits were statistically significant at 2nd and 6th days after 
storage, i.e., coating has significant effect on TSS and all the 
corn starch coated fruits were statistically at par at 4th days of 
storage. The increase in TSS content during storage may 
possibly due to hydrolysis of starch into sugars as on 
complete hydrolysis of starch. No further increase occurs and 
subsequently a decline in these parameters is predictable as 
they along with other organic acids are primary substrate for 
respiration (Wills et al. 1980) [23].  
 
Total sugar: Total sugar percentage is an important factor for 
determining the quality of plum fruits. The flavour depends 
on total sugar percentage (Nandane and Jain, 2011). It was 
increased for a certain period and after that it was decreased 
in all the treatments as the storage period advanced (Table 6). 
On 2nd days after treatment of sample, the total sugar content 
was found highest (9.59%) in T1, where as it was lowest 
(8.27%) in the uncoated fruit, however all the treatments were 
statistically significant. Up to 4th days after treatment, total 
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sugar content was increased and after that total sugar content 
was decreased. On 6th days after treatment, total sugar content 
was found maximum (9.89%) in T1 where as it was minimum 
(8.49%) in T6. The change of sugar content is occurred due to 
utilization of sugar as a respiratory substrate (Dey et al. 2014) 
[5].  
 
Reducing sugar: It can be observed from Table 7, that in 
general reducing sugar content showed an increasing trend 
upto 4th day of storage and then decreased on 6th day of 
storage. The reducing sugar content was found highest 
(7.45%) in T1 on 2nd days of storage whereas the lowest 
content (6.98%) was found in untreated fruits. On 6th day of 
storage, T1 showed highest (7.49%) result and the lowest 
(6.12%) result was observed in control. The data of all the 
treated fruits were statistically significant. The change of 
reducing sugar content is occurred due to utilization of sugar 
as a respiratory substrate (Dey et al. 2014) [5]. 
 
Titrable acidity: The titrable acidity values of coated and 
uncoated fruit during storage decreased with storage time 
(Table 8). The value was highest (0.63%) in T1 on 2nd days 
after treatment and the lowest (0.28%) in T6. However, the 
data of all the treated fruits were statistically at par. The 
coating has no effect on titrable acidity during storage of plum 
fruits. The low level of titrable acidity in control fruit 
compared to coated fruit suggests that the corn starch coating 
delayed ripening by providing a transparent coating around 
the fruit. Since organic acids, such as malic or citric acid, are 
primary substrates for respiration, a reduction in acidity is 
expected in highly respiring fruit (El-Anany et al. 2009) [6]. It 
is also considered that coatings reduce the rate of respiration 
and may therefore delay the utilization of organic acids 
(Ghosh et al.2015) [8].  

Ascorbic acid: The ascorbic acid content of coated and 
uncoated plum fruits increased to a maximum upto 4th days of 
storage and subsequently declined at 6th days (Table-9). The 
highest level of ascorbic acid (25.93 mg/100g pulp) was 
observed in T1, closely followed by fruits in T2 and the lowest 
level (25.16 mg/100g pulp) in control fruit on 2nd days after 
storage. On 6th days after storage, it was observed maximum 
(23.63 mg/100g pulp) and minimum (22.18 mg/100 g pulp) in 
T1 and untreated fruits, respectively. From the experimental 
result it is clear that coated fruits retained more amount of 
ascorbic acid, which is similar with the result of Oluwaseun et 
al. (2013) [15]. This was probably because corn starch coating 
acted as a gas barrier, inhibiting oxygen from entering the 
fruit, thus reducing the oxidation of ascorbic acid. Ascorbic 
acid is lost at later stage due to the activities of phenol oxidase 
and ascorbic acid oxidase enzymes during storage (Ghosh et 
al. 2015) [8].  
 
Phenol: The maximum amount of phenol content was 
observed in T1 and reached to a peak after 4 days then 
decreased during the complete storage period (Table 10). T1 

showed a maximum peak value (225 mg/100g pulp) of total 
phenols after 4 days of storage. After that, a decrease was 
taken place until the end of storage period. However, the data 
of all the treated fruits were statistically at par on 6th day of 
storage. The increase in total phenol content is related with 
the enhancement of antioxidant capacity (Reyes and Cisneros-
Zevallos, 2003) [17]. A low amount of total phenol content or a 
sharp decline after 6 days of storage in fruit might be due to 
the higher rate of respiration which resulted in the loss of total 
phenol content due to the degradation of certain phenol 
compounds (Day, 2001) [4]. 

 
Table 1: Effect of corn starch treatments on physiological loss in weight % of Plum fruits 

 

Treatments Days after storage 
 2 4 6 Cumulative 

T1 (Corn starch - 1%) 1.98(8.13)e 3.58(10.92)f 10.28(18.69)d 15.21(22.94)d 
T2 (Corn starch - 2%) 4.77(12.58)d 6.93(15.59)e 10.43(18.84)d 24.66(29.80)c 
T3 (Corn starch - 3%) 5.74(13.85)c 9.45(17.91)d 16.65(24.09)c 24.66(29.80)c 
T4 (Corn starch - 4%) 6.34(14.54)bc 12.14(20.38)c 16.79(24.20)c 24.66(29.78)c 
T5 (Corn starch - 5%) 6.83(15.15)b 16.94(24.30)b 20.89(27.18)b 26.77(31.16)b 

T6 (Control) 19.04(25.86)a 22.99(28.66)a 32.99(35.06)a 36.03(36.89)a 
SEm (±) 0.26 0.28 0.12 0.12 

LSD (P≤0.05) 1.00 1.07 0.45 0.47 
Means with the same letter are not significantly different. Values in parenthesis are angular transformed value. 

 
Table 2: Effect of corn starch treatments on decay % of Plum fruits 

 

Treatments Days after storage 
 2 4 6 

T1 (Corn starch - 1%) 0.30(3.25)c 1.60(7.21)c 2.41(8.88)d 
T2 (Corn starch - 2%) 1.17(6.15)b 1.65(7.39)c 3.12(10.14)c 
T3 (Corn starch - 3%) 1.42(6.79)ab 2.08(8.32)bc 3.35(10.62)bc 
T4 (Corn starch - 4%) 1.57(7.25)ab 2.58(9.27)ab 3.42(10.67)bc 
T5 (Corn starch - 5%) 1.65(7.41)ab 2.63(9.33)ab 4.17(11.76)ab 

T6 (Control) 2.08(8.24)a 3.33(10.49)a 4.50(12.24)a 
SEm (±) 0.40 0.36 0.32 

LSD (P≤0.05) 1.52 1.37 1.20 
Means with the same letter are not significantly different. Values in parenthesis are angular transformed value. 
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Table 3: Effect of corn starch coatings on length and breadth (mm) 
 

Treatments Days after treatments 

 
2 4 6 Shrinkage (%) 

Length Breadth Length Breadth Length Breadth Length Breadth 
T1 (Corn starch - 1%) 27.94a 26.72b 27.09a 24.34b 26.79a 23.44b 4.12 12.28 
T2 (Corn starch - 2%) 24.63e 28.18a 23.65d 25.07a 23.11c 24.57a 6.17 12.81 
T3 (Corn starch - 3%) 26.40bc 23.88e 25.15bc 22.65de 24.59b 20.62d 6.86 13.65 
T4 (Corn starch - 4%) 26.26c 25.04d 25.03c 22.87cd 24.31b 21.43c 7.43 14.42 
T5 (Corn starch - 5%) 25.46d 25.67c 24.62c 23.44c 23.46c 21.82c 7.86 15.00 

T6 (Control) 27.06b 23.12f 25.90b 22.23e 24.83b 18.72e 8.24 19.03 
SEm (±) 0.18 0.16 0.20 0.15 0.17 0.15 - - 

LSD (P≤0.05) 0.68 0.60 0.75 0.58 0.65 0.57 - - 
Means with the same letter are not significantly different 

 
Table 4: Effect of corn starch treatments on colour of Plum fruits 

 

Treatments Days after storage 
 0 2 4 6 

T1 (Corn starch - 1%) GPG185A GPG185A ORGN34A ORGN34A
T2 (Corn starch - 2%) GPG185A GPG185A RPG60A RPG60A 
T3 (Corn starch - 3%) GPG185A GPG185A ORGN34A ORGN34A
T4 (Corn starch - 4%) GPG179A GPG179A ORGN34A ORGN34A
T5 (Corn starch - 5%) GPG179A GPG179A ORGN34A ORGN34A

T6 (Control) GPG185A GPG185A RG53A RG53A 
 

Table 5: Effect of corn starch treatments on TSS (obrix) of Plum 
fruits 

 

Treatments Days after storage 
 0 2 4 6 

T1 (Corn starch - 1%) 10.99a 11.62a 12.16a 11.06a 
T2 (Corn starch - 2%) 10.85ab 11.34ab 11.98a 11.01a 
T3 (Corn starch - 3%) 10.36abc 11.02abc 11.64a 10.60ab
T4 (Corn starch - 4%) 10.31bc 10.87bc 11.58a 10.27b 
T5 (Corn starch - 5%) 10.30bc 10.81bc 11.52a 10.21b 

T6 (Control) 10.09c 10.67c 11.45a 8.89c 
SEm (±) 0.17 0.17 0.20 0.19 

LSD (P≤0.05) 0.65 0.66 NS 0.72 
Means with the same letter are not significantly different 

 
Table 6: Effect of corn starch treatments on total sugar % of Plum 

fruits 
 

Treatments Days after storage 
 0 2 4 6 

T1 (Corn starch - 1%) 9.07a 9.59a 10.58a 9.89a 
T2 (Corn starch - 2%) 8.85a 9.11ab 10.12ab 9.75ab
T3 (Corn starch - 3%) 8.64a 8.91bc 9.89b 9.47bc
T4 (Corn starch - 4%) 8.58ab 8.75bcd 9.41c 9.19c 
T5 (Corn starch - 5%) 8.09bc 8.49cd 9.07c 9.12c 

T6 (Control) 7.95c 8.27d 8.93c 8.49d 
SEm (±) 0.13 0.13 0.12 0.11 

LSD (P≤0.05) 0.51 0.50 0.47 0.41 
Means with the same letter are not significantly different 

 
Table 7: Effect of corn starch treatments on reducing sugar % of 

Plum fruits 
 

Treatments Days after storage 
 0 2 4 6 

T1 (Corn starch - 1%) 7.14a 7.45a 7.58a 7.49a 
T2 (Corn starch - 2%) 7.01ab 7.36ab 7.34ab 7.27a 
T3 (Corn starch - 3%) 6.85ab 7.29ab 7.18bc 7.11ab 
T4 (Corn starch - 4%) 6.69bc 7.29ab 7.09bc 6.79bc 
T5 (Corn starch - 5%) 6.48cd 7.01b 6.91c 6.48cd 

T6 (Control) 6.27d 6.98b 6.89c 6.12d 
SEm (±) 0.09 0.10 0.08 0.11 

LSD (P≤0.05) 0.35 0.38 0.32 0.42 
Means with the same letter are not significantly different 

 
 

Table 8: Effect of corn starch treatments on titrable acidity % of 
Plum fruits 

 

Treatments Days after storage 
 0 2 4 6 

T1 (Corn starch - 1%) 1.70a 0.63a 0.56a 0.42a 
T2 (Corn starch - 2%) 1.60a 0.56a 0.49ab 0.42a 
T3 (Corn starch - 3%) 1.60a 0.49a 0.42ab 0.35a 
T4 (Corn starch - 4%) 1.50a 0.43a 0.39ab 0.28a
T5 (Corn starch - 5%) 1.40a 0.42a 0.35ab 0.21a 

T6 (Control) 1.30a 0.35a 0.28b 0.21a 
SEm (±) 0.18 0.13 0.06 0.06 

LSD (P≤0.05) NS NS 0.21 NS 
Means with the same letter are not significantly different 

 
Table 9: Effect of corn starch treatments on ascorbic acid content 

(mg/100g pulp) of Plum fruits 
 

Treatments Days after storage 
 0 2 4 6 

T1 (Corn starch - 1%) 25.25a 25.93a 27.84a 23.63a 
T2 (Corn starch - 2%) 25.12a 25.81a 27.73a 23.20b 
T3 (Corn starch - 3%) 25.08a 25.77a 27.54a 23.05b 
T4 (Corn starch - 4%) 24.89a 25.20b 27.10b 22.81bc 
T5 (Corn starch - 5%) 24.89a 25.17b 26.08c 22.52cd 

T6 (Control) 24.75a 25.16b 25.75c 22.18d 
SEm (±) 0.16 0.10 0.10 0.11 

LSD (P≤0.05) 0.60 0.39 0.38 0.41
Means with the same letter are not significantly different 

 
Table 10: Effect of corn starch treatments on Phenol content 

(mg/100g pulp) of Plum fruits 
 

Treatments Days after storage 
 0 2 4 6 

T1 (Corn starch - 1%) 209a 217a 225a 201a 
T2 (Corn starch - 2%) 194ab 201ab 212ab 194a 
T3 (Corn starch - 3%) 173bc 189ab 207ab 189a 
T4 (Corn starch - 4%) 167bc 185ab 199ab 174a 
T5 (Corn starch - 5%) 162bc 179b 183b 171a

T6 (Control) 154c 171b 175b 168a 
SEm (±) 8.75 9.74 11.13 9.02 

LSD (P≤0.05) 33.03 36.75 41.99 NS 
Means with the same letter are not significantly different 
 
Conclusions 
The results of this study indicate that plum fruit coated with 
1% corn starch showed a significant delay in change of 
weight, length and breadth, total soluble solids, titrable 
acidity, total and reducing sugar, ascorbic acid content, 
phenol content and colour during storage as compared to 
uncoated control fruit. This suggests that corn starch not only 
extends the shelf life but also preserves the phenol content 
which is associated with antioxidant capacity during storage 
and also suggests that corn starch is promising as an edible 
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coating to be used in commercial postharvest applications for 
prolonging the storage life. 
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