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Introduction 
 

Apple (Malus × domestica Borkh.) belongs to 

Rosaceae family and is one of the most 

economically important fruit trees of 

temperate zones (Martinelli et al., 2008). 

Agro-climatic conditions in hilly regions of 

Himachal Pradesh offer immense natural 

potential for increasing productivity under 

temperate fruits, especially apple. Though the 

area and production under apple cultivation in 

Himachal Pradesh has increased during the 

last few decades, but the productivity per unit 

area has not increased proportionally and is 

quite low as compared to other apple growing 

countries of the world. The reasons for low 

apple productivity could be many, but one of 

them is lack of sufficient storage 

infrastructures. Due to its tendency towards 

fast ripening and quality breakdown, apple is 

difficult to keep well for longer period of 

time. Number of workers has made attempts 

to increase the storage life of apples using 

different strategies at the pre or post harvest 
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Freshly harvested apple fruits of cultivar Starking Delicious were subjected to 

different treatment combinations. Then, the fruits were stored under ambient 

conditions, refrigerated storage and controlled atmosphere (CA) storage for six 

months and further analyzed for physico-chemical parameters such as fruit 

firmness, total soluble solids, titratable acidity, total sugars and total phenols. 

Among different treatment combinations, hydrocooling of harvested fruits with ice 

water + CaCl2 along with dipping in B. subtilis inoculum, using neem oil (1%) as 

surface coating and then placing them on botanical formulation (BF) impregnated 

fruit trays (treatment combination T7) prior to storage was most effective in 

retaining better physico-chemical characteristics. Among three different types of 

storages, CA storage was most effective in retaining physico-chemical parameters 

of variously treated fruits. 
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stages. However, most of the synthetic 

chemicals being used for post harvest 

treatments are reported to pose a serious 

threat to human health and have residual 

effect, beside being costly, therefore, all these 

factors have led to research for other safer and 

more effective alternatives. However, it has 

been reported that various botanical extracts 

such as neem leaf extracts, neem kernel oil, 

mentha leaf extracts, onion extracts etc. are 

residue free and safe from consumption point 

of view as compared to fungicides that are 

highly toxic to humans and environment. 

These extracts contain active ingredients that 

help in reducing decay losses in fruits that are 

caused by various fungi (Bhowmick and 

Choudhary 1992). Kleeberg (1996); 

Deshmukh et al., (1992) have reported that 

azadirachtin, camacin, menthol and euglone 

were the active compounds present in neem, 

melia, mentha and walnut leaves causing 

strengthening of pectin molecule by 

eliminating the chances of methyl group 

removal from the alpha-galactouronic acid 

residue of pectin; thereby, helping in lowering 

the breakdown of pectin during storage. Pre-

cooling of harvested fruits also facilitates the 

good temperature management for prevention 

of ripening and that the onset of senescence is 

effectively delayed by maintaining low 

product temperature helping in reducing 

moisture loss (Kaynas and Sivritepe 1995). 

Therefore, the present investigation was 

conducted to determine the effect of 

integrated treatments such as combination of 

pre-cooling with natural plant extracts, 

fumigation and fruit skin coatings to enhance 

the storage quality of apple cv. Starking 

Delicious under ambient, refrigerated and CA 

storage. 

 

Materials and Methods 
 

Fruits 

 

Starking Delicious apples were harvested in 

the months of July and August from a 

commercial orchard in Shimla district of 

Himachal Pradesh. The climacteric rise in 

carbon dioxide production had not yet started.  

 

Treatments 

 

Apple fruits were subjected to different 

treatments as described below prior to 

storage: 

 

T1. HIWC + HWT (50˚C) 

T2. T1 + Plant extract 

T3. T1 + Antagonist 

T4. T1 + SOPP (1%) 

T5. SOPP (1%) + 1-MCP fumigation 

T6. Skin coating with neem oil (1%) + BF-

impregnated trays 

T7. HIWC + Antagonist + Skin coating with 

neem oil (1%) + BF-impregnated trays 

T8. HIWC + Skin coating with neem oil (1%) 

+ BF- impregnated trays 

T9. Apples untreated + BF-impregnated trays 

T10. Control (Untreated) 

 

The experiment was laid out in a randomized 

complete block design taking into account 

three factors including post harvest treatment, 

storage type and storage duration. 

 

Hydrocooling with ice water and CaCl2 

(HIWC) 

 

Healthy apple fruits were harvested early 

morning during the months of July and 

August. To see the effect of pre-cooling on 

post harvest rotting of apples, harvested fruits 

were subjected to hydrocooling with ice water 

+ CaCl2 (2 % w/w) for 30 min.  

 

Hot water treatment (HWT) 

 

Hot water dip treatments were performed in a 

thermostatically controlled water bath.  
 

Apples were subjected to hot water treatment 

at 50˚C for 3 minutes and then moved to 

storage. 
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Plant extract 

 

Plant extract used was of amla (Emblica 

officinalis) leaves prepared by using sterilized 

distilled water. Apples were subjected to 

dipping in E. officinalis extract at 10 per cent 

concentration for 5 min and then moved to 

storage. 

 

Antagonist 

 

The antagonist used was the bacterium 

Bacillus subtilis isolated from neglected apple 

orchards with minimal or no pesticide spray 

history.  

 

Apples were subjected to B. subtilis 

inoculum. The inoculum was prepared and 

adjusted to the concentration of 10
8 

cfu/ml 

with the help of spectrophotometer.  

 

1-MCP fumigation 

 

Apple fruits were kept over a wire gauge in a 

desiccator and exposed to 1-MCP treatment in 

the form of pellets (1 µl/L) for 12 hours. 

Following 1-MCP treatment and before 

storage, apples were placed on fruit trays and 

air equilibrated for 6 hours to allow removal 

of 1-MCP from the fruits.  

 

Skin coating 

 

Essential oil of neem (Azadirachta indica) at 

1 per cent concentration was used as skin 

coating on apple fruits. The emulsifier 

(Tween 20) was added to enhance the 

solubility of oil suspension.  

 

Sodium ortho-phenylphenate (SOPP) 

 

Apple fruits with uniform size, shape, 

maturity and free from any defects were 

dipped in sodium ortho-phenylphenate 

(SOPP) at 1 per cent concentration for 5 

minutes prior to storage. 

Impregnation of fruit trays 
 

Botanical Formulation (BF) was prepared by 

adding equal quantity of the sterilized plant 

extract of five plants [Murraya exotica 

(Gandla), Dodonaea viscosa (Mehandu), 

Mentha piperita (Pudina), Emblica officinalis 

(Amla) and Melia azadirach (Darek)] to equal 

quantity of sterilized distilled water (w/v). 

Impregnation of fruit trays was done by 

spraying BF (10 %) over 10 fruit trays 

followed by shade drying. Apples were placed 

in BF-impregnated fruit trays and then moved 

to storage. 

 

Fruit storage 

 

Both treated and untreated fruits were stored 

at ambient conditions (20±2˚C), refrigerated 

storage (4˚C) and controlled atmosphere (CA) 

(1±0.5˚C temperature, 87 to 92% RH, 1.4% 

carbon dioxide and 1.2% oxygen 

concentration) storage for six months and 

evaluated for physico-chemical parameters.  

 

Physico-chemical parameters 

 

Fruit physico-chemical parameters in terms of 

firmness, total soluble solids (TSS), titratable 

acidity, total sugars and total phenols were 

assayed both from treated and untreated fruits 

during six months of storage. 

 

Fruit firmness 

 

The firmness of apple fruits was estimated 

with the help of a penetrometer. The skin of 

the fruits was removed using slicers to about 

1 mm depth and flesh firmness was then 

measured with a penetrometer equipped with 

11 mm diameter plunger tip. The observations 

were recorded in lbs/sq.inch.  

 

Total soluble solids (TSS) 

 

The total soluble solids (TSS) content of the 

fruit samples was determined with the help of 
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a hand refractometer. A drop of the juice 

squeezed from fruit samples was placed on 

the prism of refractometer and viewed 

through the eye piece and expressed as ˚Brix. 

Five fruits were taken from each treatment for 

recording this observation. 

 

Titratable acidity 

 

Twenty five gram of fruit pulp was 

thoroughly homogenized with distilled water 

in a waring blender and the volume was made 

upto 250 ml. Then, the homogenized mixture 

was filtered through Whatman No.1 filter 

paper. Then 10 ml sample from the filtrate 

was titrated against 0.1 N NaOH solution 

using phenolphthalein as indicator in each 

treatment. The end point was noted with 

change in colour to pink. The total titratable 

acidity was calculated in terms of malic acid 

(1 ml of 0.1 N NaOH being equivalent to 

0.0067 g anhydrous malic acid). The results 

were expressed as per cent flesh weight of 

fruit pulp. 

 

Titratable acidity (%) = 

 

 

Total sugars 

 

The sugar content of the fruit was determined 

by volumetric method based on the principle 

that sucrose content of fruit is quantitatively 

hydrolyzed to glucose and fructose in the 

presence of HCl as per the method suggested 

by A.O.A.C. (1960). The remnant of the 200 

ml extract left from titratable acidity was 

taken in a 250 ml volumetric flask and 5 ml of 

10 per cent lead acetate was added. After 5-10 

minutes, 5 ml of 10 per cent sodium oxalate 

was added to precipitate the excess of lead 

acetate and volume was made 250 ml 

followed by the filtration of the solution. 

Thereafter, 50 ml of the filtrate was taken and 

hydrolyzed by adding concentrated HCl. The 

solution was allowed to stand overnight for 

the reaction to be completed. The next day, 

the excess of HCl in the solution was 

neutralized with standard NaOH solution.  

 

The hydrolyzed aliquot was then taken in a 

burette and titrated against boiling solution 

containing 5 ml each of Fehling A and 

Fehling B. Methylene blue was used as 

indicator and the end point was indicated by 

the appearance of brick red colour. The total 

sugar was expressed as per cent of fresh 

weight of the fruit pulp. 

 

Total sugars (%) = 

 

 

Total phenols 

 

Apple fruits (flesh + peel) were cut with a 

knife, put in boiling alcohol in a water bath 

for 5-10 minutes (4 ml alcohol/gm tissue). 

After 15 minutes of boiling, it was cooled and 

crushed in mortar and pestle thoroughly at 

room temperature. The extract was passed 

through double layer of cheese cloth and then 

filtered through Whatman No.  l  filter paper. 

Final volume was adjusted with 80 per cent 

ethanol.  The whole experiment was 

performed in dark to prevent light induced 

degradation of phenols. Total phenols were 

estimated by the method described by Bray 

and Thorpe (1954). 

 

Reagents 

 

Folin-Ciocalteu Reagent (FCR) 

80% Ethanol  

20% Sodium carbonate 

 

Procedure 

 

To one ml of alcohol extract, one ml of Folin-

Ciocalteu reagent was added followed by the 
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addition of 2 ml of 20 per cent sodium 

carbonate solution. The contents were shaken 

before heating in a boiling water bath for 

exactly one minute and then cooled in running 

tap water. The blue solution so obtained was 

diluted to 25 ml with double distilled water. 

After half an hour optical density of the 

solution was read at 650 nm. A blank 

containing all the reagents minus Folin-

Ciocalteu reagent was used to adjust the 

absorbance to zero. Total phenols were 

calculated from the standard curve prepared 

from caffeic acid. 

 

Results and Discussion 

 

Physico-chemical parameters 

 

Fruit firmness (lbs/sq.inch) 

 

Fruit firmness decreased under all treatments 

as the storage period progressed (Table 1). 

Among different treatments, maximum mean 

firmness (13.68 lbs/sq.inch) was recorded in 

T7 followed by T8 (13.19 lbs/sq.inch) and T6 

(11.04 lbs/sq.inch), possibly due to reduction 

of both rate of metabolism and water loss 

(Singh and Chauhan, 1986; Bhardwaj and 

Sen, 2003). T5 with mean fruit firmness of 

9.33 lbs/sq.inch was significantly at par with 

T2 (8.36 lbs/sq.inch) and T3 (7.78 

lbs/sq.inch), respectively. Minimum fruit 

firmness (5.63 lbs/sq.inch) was observed in 

fruits treated with T1 followed by T9 (6.10 

lbs/sq.inch). These findings are in close 

conformity with the findings of Rombaldi et 

al., (2001) in peaches and Changhoo et al., 

(2001) in Kiwi fruits. 

 

The interaction studies between treatments, 

storage type and storage duration revealed 

that irrespective of the treatments minimum 

fruit firmness (6.48 lbs/sq.inch) was recorded 

in fruits stored in ambient storage whereas 

maximum (11.03 lbs/sq.inch) was recorded in 

fruits stored in CA storage. Refrigerated 

storage (RS) was the next best storage type 

with mean fruit firmness of 8.0 lbs/sq.inch. 

Fruit firmness decreased as the storage 

duration extends from 3 to 6 months. The 

interaction between treatments, storage type 

and storage duration was found to be non-

significant. Research works on other apple 

cultivars have demonstrated that CA storage 

is effective to delay the loss of fruit firmness 

(Erkan et al., 2004; Jinhe et al., 2005; 

Levesque et al., 2006). It has been previously 

reported that calcium treatments of harvested 

fruits resulted in slower fruit softening during 

storage (Duque et al., 1999; Valero et al., 

2002). Raj and Tomar (2013) reported that 

dipping of fruits in botanical formulation 

prepared in cow urine was equally effective in 

retaining firmness of fruits during storage.  

 

Total soluble solids (˚Brix) 

 

Total soluble solids (TSS) content of the 

harvested fruits have been reported to 

increase during storage (Riveria, 2005). The 

data presented in Table 2 indicated that TSS 

content of the fruits increased with the 

advancement of storage period. Such increase 

in TSS content is expected to be slower and 

more gradual when metabolism of the 

harvested commodity is slowed down by the 

application of treatments viz. pre-cooling, 

skin coating, impregnation of fruit trays etc. 

After 6 months of storage, treatment T7 had 

minimum TSS of 9.22 ˚Brix followed by T8 

(9.41 ˚Brix) and T6 (9.53 ˚Brix). Treatments 

T5, T2 and T3 were significantly at par with 

each other with overall TSS content of 9.66, 

9.77 and 9.96 ˚Brix, respectively. Maximum 

TSS content (10.83 ˚Brix) was recorded in 

fruits treated with T1 followed by T9 (10.50 

˚Brix). These findings are further supported 

by the observations of Singh and Mohammed 

(1997). 

 

The interaction studies between treatments, 

storage type and storage duration revealed 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551076/#CR21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3551076/#CR5
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that irrespective of the treatments, maximum 

TSS content (10.94 ˚Brix) was recorded in 

fruits stored in ambient storage, whereas 

minimum TSS content (9.39˚Brix) was 

recorded in fruits stored in CA storage. 

Refrigerated storage (RS) was the next best 

storage type with mean fruit TSS content of 

9.81 ˚Brix. TSS content of fruit increased as 

the storage duration extends from 3 to 6 

months. The interaction between treatments, 

storage type and storage duration was found 

to be non-significant.  

 

Tzortzakis (2007) reported that treatment of 

strawberry fruits with cinnamon 

(Cinnamomum zeylanicum) and eucalyptus 

(Eucalyptus globulus) vapours resulted into 

increase in fruit TSS during storage. Skin 

coating of apple fruits with neem oil has been 

reported to provide better retention of 

physico-chemical characteristics of fruits 

including firmness, total soluble solids, and 

titratable acidity of fruit (Chauhan et al., 

2008; Wijewardane and Guleria 2009).  

 

Titratable acidity (% Malic acid) 

 

Data regarding the effect of integrated 

management on titratable acidity (% Malic 

acid) of Starking Delicious apples during 

different types of storage for 6 months has 

been presented in Table 3 and the perusal of 

data revealed that maximum titratable acidity 

(0.26%) was observed in fruits treated with 

T7 followed by T8 (0.25%) and T6 (0.23%). 

The next best treatment in the order of merit 

was T5 (0.21%) which was statistically at par 

with T2 (0.20%) and T3 (0.19%), 

respectively. Minimum titratable acidity 

(0.14%) was recorded in fruits treated with T1 

followed by T9 (0.17%). The faster rate of 

decline in acidity in control fruits (0.08%) 

could be due to the faster metabolic reactions 

occurring within them during storage. The 

interaction studies between treatments, 

storage types and storage duration revealed 

that maximum titratable acidity (0.22%) was 

recorded in the fruits stored under CA storage 

followed by refrigerated (0.21%) and ambient 

storage (0.16%), respectively. Decrease in 

titratable acidity was recorded in all types of 

storage as the storage duration extends from 3 

to 6 months; however, this decrease was 

relatively slow in CA and refrigerated storage. 

Similar decline in acidity under ambient 

conditions was also reported by Meena et al., 

(2009).  

 

Wijewardane and Guleria (2009) also 

reported maximum titratable acidity (0.30%) 

in apple fruits treated with neem oil. Shinde et 

al., (2009) also reported that fruit dipping 

treatment with neem oil (10%) was highly 

effective in retaining maximum titratable 

acidity of mango fruits in storage. Ergun and 

Satici (2012) reported that higher 

concentration of Aloe vera gel delayed 

increase in titratable acidity in Granny Smith 

variety of apple. 

 

Total sugars (%) 

 

Data regarding the effect of integrated 

management on total sugar content of apple 

fruits stored under different conditions for 6 

months has been presented in Table 4. The 

perusal of data revealed that overall minimum 

total sugar content (7.54%) was recorded in 

fruits treated with T7 followed by T8 (7.72%) 

and T6 (7.80%). The next best treatment in 

the order of merit was T5 with total sugar 

content of 7.96 per cent which was 

statistically at par with treatment T2 (8.13%) 

and T3 (8.25%), respectively. Maximum total 

sugar content (8.65%) was observed in T1 

followed by T9 (8.53%). Similar changes in 

sugar content of fruits were also reported by 

Prashant and Masoodi (2009). 

 

The interaction studies between treatments, 

storage types and storage duration revealed 

that minimum total sugar content (7.42%) was 
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observed in fruits stored in CA storage 

whereas maximum total sugars (9.54%) was 

recorded in fruits stored under ambient 

storage. The increase in sugar content may be 

due to the hydrolysis of insoluble 

polysaccharides into simple sugars and also 

increased concentration of organic solutes as 

a consequence of moisture loss.  

 

The next best storage type was refrigerated 

storage with mean total sugar content of 8.02 

per cent. A certain level of increase of total 

sugar content was typical during 3 months of 

storage with a subsequent decrease thereafter. 

The decrease was more rapid in ambient 

storage as compared to in refrigerated and CA 

storage. The interaction between treatments, 

storage types and storage duration was found 

to be non-significant.  

 

Reducing sugar content of the control fruits 

was maximum (6.9%) after 3 weeks of 

storage whereas, fruits treated with 6 per cent 

CaCl2 recorded the minimum reducing sugar 

content (6.6%). CaCl2 treatment caused 

inactivation of hydrolyzing enzymes 

responsible for conversion of starch into 

sugars (Gupta et al., 2011). 

 

Total Phenols (mg/kg of fresh weight) 

 

Data presented in Table 5 regarding the effect 

of integrated management on total phenolic 

content of apple fruits stored for 6 months 

under different storage conditions revealed 

that maximum total phenol content (697.50 

mg/kg) was recorded in the fruits treated with 

T7 followed by T8 (693.71 mg/kg) and T6 

(691.67 mg/kg). The next best treatment was 

T5 with total sugar content of 689.17 mg/kg 

which was statistically at par with T2 (682.90 

mg/kg) and T3 (679.70 mg/kg), respectively. 

Minimum total sugar content (655.68 mg/kg) 

was observed in fruits treated with T1 

followed by T9 (664.74 mg/kg). The 

interaction studies between treatments, 

storage types and storage duration revealed 

that maximum total phenols content (818.86 

mg/kg) was recorded in the fruits stored under 

CA storage followed by refrigerated (765.08 

mg/kg), whereas minimum total phenols 

(435.11 mg/kg) was recorded in fruits stored 

under ambient storage. A typical increase in 

total phenolic content was noticed in CA and 

refrigerated storage as the storage duration 

extends from 3 to 6 months, however, the 

increase was slight in refrigerated storage as 

compared to CA storage.  

 

On the contrary, a sharp decline in total 

phenolic content was observed in the fruits 

stored under ambient temperature irrespective 

of different treatments applied due to greater 

activity of polyphenol oxidase in fruits stored 

at ambient temperature that resulted in 

conversion of polyphenols into brown 

pigments, hence decreasing the content of 

phenols in fruits. These results are in 

conformity with those obtained by Matthes 

and Schmitz-Eiberger (2009). The interaction 

between treatments, storage types and storage 

duration was found to be significant. 

 

An increase of polyphenol content during 

storage could be due to ethylene action. This 

phytohormone stimulates the activity of the 

key enzyme (phenylalanine ammonium lyase) 

in polyphenol biosynthesis which leads to 

production of polyphenols (Leja et al., 2001; 

Napolitano et al., 2004). Tomas-barberan and 

Espin (2001) reported that PAL activity is 

higher at lower temperatures. 

 

The present results are different from those 

reported by Tarrozi et al., (2004) who found 

lower phenol content in the peel of apple 

fruits after cold storage for three months, no 

further effect was seen after six month. 

Napolitano et al., (2004) reported decrease of 

antioxidant concentration in a water extract of 

apple fruits during storage which was related 

to the ascorbic acid degradation.  
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Table.1 Effect of post harvest treatments and storage conditions on fruit firmness of Starking Delicious apples 

 

Treatment Fruit firmness (lbs/sq.inch) Overall 

Mean Ambient storage Refrigerated storage CA storage 

3 

Months 

6 

Months 

Mean 3 

Months 

6 

Months 

Mean 3 

Months 

6 

Months 

Mean 

HIWC +   HWT (50˚C) (T1) 4.05 3.28 3.67 5.98 4.45 5.21 8.69 7.32 8.01 5.63 

T1 +  Plant extract (T2) 6.60 5.87 6.24 8.89 7.33 8.11 11.96 9.48 10.72 8.36 

T1 +  Antagonist (T3) 6.25 5.54 5.89 8.39 6.73 7.56 11.14 8.66 9.90 7.78 

T1 + SOPP (1%) (T4) 4.52 4.81 4.67 7.77 6.03 6.90 9.95 7.85 8.90 6.82 

SOPP (1%) + 1-MCP fumigation 

(T5) 

7.58 6.24 6.91 10.11 7.87 8.99 12.45 11.73 12.09 9.33 

Skin coating with neem oil (1%) + 

BF- impregnated trays (T6) 

8.90 7.73 8.32 12.81 9.97 11.39 14.35 12.45 13.40 11.04 

HIWC + Antagonist + Skin coating 

with neem oil (1%) + BF-

impregnated trays (T7) 

11.83 10.55 11.19 14.58 12.86 13.72 16.97 15.28 16.13 13.68 

HIWC + Skin coating with neem 

oil (1%) + BF-impregnated trays 

(T8) 

11.36 10.24 10.80 14.12 12.38 13.25 16.46 14.58 15.52 13.19 

Apples untreated + BF- 

impregnated trays (T9) 

3.87 3.79 3.83 7.07 5.15 6.11 9.37 7.37 8.37 6.10 

Control (T10) 4.08 2.60 3.34 5.22 4.27 4.75 7.68 6.88 7.28 5.12 

Mean 6.90 6.06 6.48 9.49 7.70 8.0 11.90 10.16 11.03 - 

CD (0.05) Treatment= 0.344; Storage= 0.217; Treatment × Storage Type= 0.687; Storage Duration= 0.154; Treatment × Storage Duration= N/A; Storage Type × 

Storage Duration= 0.307; Treatment × Storage Type × Storage Duration= N/A 
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Table.2 Effect of post harvest treatments and storage conditions on total soluble solids of Starking delicious apples 

 

Treatment Total soluble solids (˚Brix) Overall 

Mean Ambient storage Refrigerated storage CA storage 

3 

Months 

6 

Months 

Mean 3 

Months 

6 

Months 

Mean 3 

Months 

6 

Months 

Mean 

HIWC +   HWT (50˚C) (T1) 11.24 12.28 11.76 10.37 10.84 10.61 9.95 10.29 10.12 10.83 

T1 +  Plant extract (T2) 9.94 11.22 10.58 9.41 9.80 9.61 8.98 9.28 9.13 9.77 

T1 +  Antagonist (T3) 10.16 11.41 10.79 9.60 10.00 9.80 9.14 9.42 9.28 9.96 

T1 + SOPP (1%) (T4) 10.56 11.63 11.10 9.74 10.21 9.97 9.37 9.74 9.56 10.21 

SOPP (1%) + 1-MCP 

fumigation (T5) 

9.79 11.13 10.46 9.32 9.68 9.50 8.89 9.16 9.03 9.66 

Skin coating with neem oil (1%) 

+ BF- impregnated trays (T6) 

9.65 11.00 10.33 9.15 9.55 9.35 8.81 9.00 8.91 9.53 

HIWC + Antagonist + Skin 

coating with neem oil (1%) + 

BF-impregnated trays (T7) 

9.33 10.64 9.99 8.79 9.32 9.06 8.56 8.68 8.62 9.22 

HIWC + Skin coating with neem 

oil (1%) + BF-impregnated trays 

(T8) 

9.56 10.86 10.21 8.96 9.49 9.22 8.75 8.86 8.81 9.41 

Apples untreated + BF- 

impregnated trays (T9) 

10.86 11.85 11.35 9.97 10.47 10.22 9.84 10.02 9.93 10.50 

Control (T10) 12.58 13.01 12.80 10.56 10.97 10.77 10.32 10.65 10.49 11.35 

Mean 10.37 11.50 10.94 9.59 10.03 9.81 9.26 9.51 9.39 - 

CD (0.05) Treatment= 0.188; Storage= 0.119; Treatment × Storage Type= N/A; Storage Duration= 0.084; Treatment × Storage Duration= N/A; Storage Type × 

Storage Duration= 0.168; Treatment × Storage Type × Storage Duration= N/A 
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Table.3 Effect of post harvest treatments and storage conditions on titratable acidity of starking delicious apples 

 

Treatment Titratable acidity (% Malic acid) Overall 

Mean Ambient storage Refrigerated storage CA storage 

3 

Months 

6 

Months 

Mean 3 

Months 

6 

Months 

Mean 3 

Months 

6 

Months 

Mean 

HIWC +   HWT (50˚C) (T1) 0.13 0.10 0.11 0.15 0.13 0.14 0.17 0.16 0.17 0.14 

T1 +  Plant extract (T2) 0.18 0.14 0.16 0.23 0.19 0.21 0.24 0.23 0.23 0.20 

T1 +  Antagonist (T3) 0.17 0.13 0.15 0.21 0.21 0.21 0.23 0.22 0.22 0.19 

T1 + SOPP (1%) (T4) 0.15 0.12 0.14 0.20 0.19 0.20 0.21 0.19 0.20 0.18 

SOPP (1%) + 1-MCP 

fumigation (T5) 

0.19 0.16 0.18 0.23 0.21 0.22 0.24 0.22 0.23 0.21 

Skin coating with neem oil 

(1%) + BF- impregnated 

trays (T6) 

0.22 0.16 0.19 0.25 0.24 0.25 0.27 0.24 0.26 0.23 

HIWC + Antagonist + Skin 

coating with neem oil (1%) 

+ BF-impregnated trays 

(T7) 

0.25 0.20 0.23 0.29 0.27 0.28 0.30 0.27 0.28 0.26 

HIWC + Skin coating with 

neem oil (1%) + BF-

impregnated trays (T8) 

0.24 0.18 0.21 0.28 0.26 0.27 0.29 0.25 0.27 0.25 

Apples untreated + BF- 

impregnated trays (T9) 

0.14 0.11 0.13 0.18 0.17 0.18 0.19 0.18 0.19 0.17 

Control (T10) 0.10 0.06 0.08 0.14 0.12 0.13 0.15 0.14 0.15 0.12 

Mean 0.18 0.14 0.16 0.22 0.20 0.21 0.23 0.21 0.22 - 
CD (0.05)Treatment= 0.005; Storage= 0.003; Treatment × Storage Type= 0.011; Storage Duration= 0.002; Treatment × Storage Duration= 0.008; Storage Type × 

Storage Duration= 0.005; Treatment × Storage Type × Storage Duration= 0.015 
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Table.4 Effect of post harvest treatments and storage conditions on total sugars of starking delicious apples 

 

Treatment Total sugars (%) Overall 

Mean Ambient storage Refrigerated storage CA storage 

3 

Months 

6 

Months 

Mean 3 

Months 

6 

Months 

Mean 3 

Months 

6 

Months 

Mean 

HIWC +   HWT (50˚C) (T1) 10.11 9.11 9.61 8.62 8.20 8.41 8.24 7.62 7.93 8.65 

T1 +  Plant extract (T2) 9.67 8.57 9.12 8.18 7.80 7.99 7.64 6.93 7.29 8.13 

T1 +  Antagonist (T3) 9.73 8.63 9.18 8.34 7.93 8.14 7.78 7.07 7.42 8.25 

T1 + SOPP (1%) (T4) 9.87 8.78 9.33 8.49 8.14 8.31 7.97 7.26 7.62 8.42 

SOPP (1%) + 1-MCP 

fumigation (T5) 

9.45 8.36 8.91 7.99 7.65 7.82 7.54 6.78 7.16 7.96 

Skin coating with neem oil (1%) 

+ BF- impregnated trays (T6) 

9.30 8.15 8.73 7.86 7.53 7.69 7.41 6.57 6.99 7.80 

HIWC + Antagonist + Skin 

coating with neem oil (1%) + 

BF-impregnated trays (T7) 

9.04 7.90 8.47 7.56 7.12 7.34 7.27 6.38 6.82 7.54 

HIWC + Skin coating with neem 

oil (1%) + BF-impregnated trays 

(T8) 

9.17 8.03 8.60 7.75 7.40 7.58 7.41 6.55 6.98 7.72 

Apples untreated + BF- 

impregnated trays (T9) 

9.96 8.91 9.44 8.54 8.25 8.40 8.10 7.39 7.74 8.53 

Control (T10) 14.90 13.12 14.01 8.75 8.36 8.55 8.53 8.01 8.27 10.28 

Mean 10.12 8.96 9.54 8.21 7.84 8.02 7.79 7.06 7.42 - 

CD (0.05) Treatment= 0.257; Storage= 0.162; Treatment × Storage Type= 0.514; Storage Duration= 0.115; Treatment × Storage Duration= N/A; Storage Type × 

Storage Duration= 0.230; Treatment × Storage Type × Storage Duration= N/A       
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Table.5 Effect of post harvest treatments and storage conditions on total phenolic content of starking delicious apples 

 

Treatment Total phenols (mg/kg of fresh weight) Overall 

Mean 

Ambient storage Refrigerated storage CA storage  

3 Months 6 Months Mean 3 Months 6 Months Mean 3 Months 6 Months Mean 

HIWC +   HWT (50˚C) (T1) 562.50 286.56 424.53 737.73 752.34 745.04 760.96 833.97 797.47 655.68 

T1 +  Plant extract (T2) 591.33 297.03 444.18 769.78 776.12 772.95 790.97 872.18 831.58 682.90 

T1 +  Antagonist (T3) 589.52 295.75 442.63 764.93 772.19 768.56 787.19 868.61 827.90 679.70 

T1 + SOPP (1%) (T4) 585.23 292.33 438.78 756.98 769.00 762.99 779.85 856.94 818.40 673.39 

SOPP (1%) + 1-MCP 

fumigation (T5) 

594.93 298.65 446.79 776.48 789.35 782.92 797.95 877.65 837.80 689.17 

Skin coating with neem oil (1%) 

+ BF- impregnated trays (T6) 

600.88 300.00 450.44 779.05 791.30 785.18 799.57 879.19 839.38 691.67 

HIWC + Antagonist + Skin 

coating with neem oil (1%) + 

BF-impregnated trays (T7) 

611.26 301.48 456.37 787.88 801.54 794.71 801.93 880.94 841.43 697.50 

HIWC + Skin coating with 

neem oil (1%) + BF-

impregnated trays (T8) 

602.37 300.45 451.41 779.47 798.87 789.17 800.91 880.22 840.56 693.71 

Apples untreated + BF- 

impregnated trays (T9) 

575.50 290.61 433.06 746.11 759.96 753.04 772.56 843.66 808.11 664.74 

Control (T10) 444.48 281.25 362.86 692.30 700.13 696.22 741.65 750.23 745.94 601.67 

Mean 575.80 294.41 435.11 759.07 771.08 765.08 783.35 854.36 818.86 - 
CD (0.05) Treatment = 1.151; Storage= 0.72; Treatment × Storage Type= 2.301; Storage Duration= 0.515; Treatment × Storage Duration= 1.627; Storage Type × 

Storage Duration= 1.029; Treatment × Storage Type × Storage Duration= 3.254 
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Awad and De Jager (2000) observed no 

significant changes in flavonoid content of 

apple cultivars „Jonagold‟ and „Elstar‟ upon 

storage for 30 weeks under CA and cold 

conditions. There were no significant 

differences in flavonoid content of fruits 

stored under CA and regular conditions (0°C). 

Van Der Sluis et al., (2001) reported that CA 

and storage in a cold chamber did not 

influence flavonoid concentration and 

antioxidant activity of apple fruits. This is 

consistent with the findings of Golding et al., 

(2001) who reported no changes in the 

concentration of the major phenolics during 

long-term storage. Leja et al., (2001) reported 

an increase in total phenolic content and a 

doubling of antioxidant activity after four 

months of storage in cold chamber and under 

CA conditions. 

 

In conclusion, the results revealed that 1 per 

cent concentration of neem oil as a surface 

coating along with pre-cooling with ice water 

+ CaCl2, dipping of fruits in B. subtilis 

inoculum followed by placing them in BF-

impregnated fruit trays was most effective in 

providing better physic-chemical umbrella. 

Among three different types of storages, CA 

storage was most effective in retaining 

firmness, TSS, titratable acidity, total sugars 

and total phenolic content of variously treated 

fruits. Such treatment combinations can be 

further encouraged for economically 

important fruits to retain their freshness 

during storage. 
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