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Abstract. Citrus is one of the most promising fruit crops of Pakistan owing to its delicious taste and 

excellent aroma. Kinnow being a promising variety has a significant importance in the global market. 

Pakistan is facing a drastic reduction in Kinnow mandarin quality due to improper postharvest 

management and hence severe losses regarding quality and shelf life which might be up to 40%. The aim 

of this study was to find some alternative botanical product against chemical (fomesa) wax and fungicide 

to extend the shelf life of Kinnow mandarin. Fruits were treated with fomesa wax, 30% coconut oil, 60% 

aloe vera extract and Thiabendazole (TBZ) with standardized doses and stored at 5°C for 90 days. It was 

observed that 30% coconut oil performed almost at par to commercial wax and better than all other 

treatments. The fruits treated with 30% coconut oil showed minimum weight loss (11.70%), fruit rot 

(5.83%), maximum juice weight (42 g), biochemical parameters such as total soluble solids (10.90°Brix), 

titratable acidity (1.09%), ascorbic acid contents (40 mg 100 g-1), total sugars (16%), maximum total 

antioxidants (70% inhibition) and maximum enzymatic activity [catalase (18.10U mg-1 protein), 

peroxidase (0.79U mg-1 protein) and superoxide dismutase (133.93 U mg-1 protein)] of Kinnow fruits 

which were stored up to 90 days. It was concluded from the present study that pre storage treatment of 

30% coconut oil was the most effective to reduce decay losses and maintain the fruit quality during 90 

days storage. 

Keywords: wax & fungicide, postharvest losses, coconut oil 

Introduction 

Citrus is ranked first among fruit crops, consisting almost 40% of fruits being 

grown in Pakistan, and enlists the country amongst top 15 producers of the world. The 

Kinnow is the extensively cultivated variety of citrus fruit and a common name of 

mandarin (Citrus reticulate L.) in Pakistan. The Kinnow grown in this region is a 

result of cross between King Citrus nobilis and Citrus deliciosa of Riverside 

California and is the principal citrus commercial cultivar. In Pakistan, Kinnow 

mandarin occupies imperative position among fruits (Siddique and Garnevska, 2018). 

In Pakistan, Kinnow export increased tremendously 2017-18 and touched a record of 

370,000 tons compared to the previous year (Trade Development Authority of 

Pakistan, 2018). 

Main Kinnow growing areas of Pakistan are Sargodha, Faisalabad, Bhalwal, Toba 

Tek Singh, Mandi Bahauddin and Sahiwal. Sargodha share 95% from total production 

of citrus in country (GOP, 2015). Kinnow is a good source of vitamin C, 

carbohydrates (fructose, glucose and sucrose), also having significant magnesium and 

calcium quantity. Similarly, Citrus fruits also have significant amount of 
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phytochemicals (monoterpenes, limonoids and flavonoids, carotenoids) which help to 

reduce the chance of cardiovascular diseases, cancer and cataracts (Arowora et al., 

2013; Singh et al., 2018). 

In Pakistan, Kinnow export increased tremendously 2017-18 and touched a record 

of 370,000 tons compared to the previous year (Trade Development Authority of 

Pakistan, 2018). 

Postharvest losses ranges from 23-38% and sometimes up to 40% while 5-10% in 

developed countries containing Brazil, Australia, Spain, USA, Israel and Italy 

(FAOSTAT, 2017). These losses caused due to absence of suitable pre and post-

harvest management practices, restricted cold chain services, inadequate packing 

houses and usually sluggish marketing system consequently low return to processor, 

farmer and trader (FAO, 2006). Kinnow need the proper management system to retain 

its good quality because there is a risk of deterioration of Kinnow after its harvesting 

in case of inappropriate management. 

Among the various approaches applied to enhance the shelf life substitute of 

efficient cost technology, utilization of edible coating (wax, oil, extracts) to fruit has 

attained a considerable attention worldwide in these days (Tietel et al., 2010). For the 

formulation of comestible films and coatings, different kinds of materials are 

practiced having very indispensable features (Sindhu and Singhrot, 2016). 

Effects of different treatments including commercial wax, herbal extracts (Fan et 

al., 2009; Romanazzi, 2010) essential oils, edible oils, Chitosan (Xu et al., 2007; 

Obenland et al., 2008; Paolo and Marisol, 2008) and fungicide has been studied to 

sustain quality of the fruit covering and increase shelf-life of citrus (Kinnow) fruits. 

Bisen et al. (2008) illustrated that increased kagzi lime's firmness and decreased fruit 

weight losses could be ensured with the optimum application of mustard oil. Though, 

short studies have been done regarding use of different edible oil base coatings to 

increase the storage life of the Kinnow fruit. In recent times, aloe vera gel based 

edible coating trend has been increasing for the preservation of different fruits and 

vegetables (Valverde et al., 2005; Chauhan et al., 2014; Hassanpour, 2015). This 

tasteless natural product eco-friendly substitute to artificial preservative and delays, 

respiration rate and reduce proliferation of microorganisms in fruits (Castillo et al., 

2010; Garcia et al., 2013; Sogvar et al., 2016). Application of coconut oil, castor oil 

and sesame oil as postharvest covering of fruits cause reduction in moisture and 

weight loss of fruits (Creel et al., 2006; Ali et al., 2010). 

A number of plants have recognized and classified by Grainge et al. (1984) which 

possess fungicidal and growth regulating properties, as well as some plants such as 

neem, lantana and melia. Moreover, neem leaves, fruits and bark have enormous 

pharmacological properties like anti-ulcer, anti-fungal, anti-bacterial, and pesticide 

(Biswas et al., 2002). 

Aloe vera is a natural product having no taste which is safe and also environment 

friendly as the alternate for the synthetic preservative. It is used in numerous cases as 

prevention tool to manage fruit decay as its gel based edible coatings used to avert the 

respiration rate, delay oxidative browning, moisture loss and firmness. Owing to 

presence of numerous complex ingredients (enzymes, amino acid, phenolic 

compounds, salicylic acid, and glycoproteins) it is considered as a beneficial plant 

(Serrano et al., 2006). These ingredients possess the antifungal properties (Nidiry et 

al., 2011). Hence Aloe vera reduces the proliferation of various insects, pests and 

microorganisms in fruits (Castillo et al., 2010). 
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In Pakistan the use of fungicide is very common to control postharvest diseases but 

unfortunately, the application of non-chemical techniques is being ignored which can 

prevent the harmful consequences for human health. The use of chemicals has been 

discouraged to control the losses of fruits worldwide as there is emergence of concepts 

regarding food safety in the postharvest supply chain. The import of food 

commodities with chemical residues has been banned by numerous countries (Khalid 

et al., 2012). 

The National standards fixed maximum residual limit (MRL) on fruits’ exports 

which exceeds this limit would be rejected by importers (Pesticide Action Network, 

2012). Industry is facing the challenge to maintain the quality of fruit with minimum 

chemical residues. The plant extract and organic nature mineral oil is the best alternate 

to control the pre and postharvest disease for the fruits across the world. 

Commercial waxes are usually expensive which are being used in food industry so, 

there is need to introduce low-cost and effective eco-friendly bio product like oil and 

plant extracts which are edible and have no residual effect on human health. In view 

of contemporary scenario high priced wax, fungicide and to reduce postharvest losses, 

this current investigation was planned with this objective to ascertain the best local 

plant extract and oil to sustain the quality and storage life of Kinnow fruits. 

Materials and methods 

The current study was planned to assess the effectiveness of different coatings like 

oil, plant extracts, commercial wax and fungicide to increase the consumption period of 

Kinnow and all the experimentations were carried out at Postgraduate Pomology 

Laboratory (PPL) in University of Agriculture Faisalabad (UAF) Pakistan during 2015-

2016. Physiologically matured Kinnow fruits were picked from Experimental Fruit 

Orchard, located in UAF. The fruits were brought to PPL and were graded to get rid of 

unhealthy or bruised ones. The fruits were cleaned up in tap water and dried under fan. 

All treatments (coating materials and storage day intervals) were evaluated under 

factorial CRD (Completely randomized design). 

Plant extracts, oil were compared with commercial wax and fungicide. T0: Control 

T1: Fomesa wax, T2: 30% Coconut oil, T3: 60% Aloe vera extract (Best dose) and 

T4: Thiabendazole (TBZ) Commercial Fungicide. 20 fruits of Kinnow were used and 

each treatment was replicated four time. These plant extract were simply treated by 

dipping method. Treated Kinnow fruits were placed in cold storage at 5˚C and 85% RH 

for the time period of 90 days and quality parameters were studied up to 3 months (by 

keeping equal intervals of 15 days). 

Physical and physiological characteristics 

Fruits samples were weighed before storage and consecutive intervals of 15 days 

until the end of whole storage. The fruit parameters were calculated by using following 

formulas. 

 

 𝐹𝑟𝑢𝑖𝑡 𝑟𝑜𝑡 (%) =
𝑆𝑝𝑜𝑖𝑙𝑒𝑑 𝑓𝑟𝑢𝑖𝑡𝑠 𝑥 100

𝑇𝑜𝑡𝑎𝑙 𝑓𝑟𝑢𝑖𝑡𝑠
 (Eq.1) 

 

 𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 (%) =
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑟𝑢𝑖𝑡−𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑟𝑢𝑖𝑡 𝑥 100

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑓𝑟𝑢𝑖𝑡
 (Eq.2) 
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Peel weight (g) 

 The peel weight was measured using digital weight balance after peeling off fruit. 

Peel weight was denoted as in g. 

 

 𝐽𝑢𝑖𝑐𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑠 (%) =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑗𝑢𝑖𝑐𝑒 𝑤𝑒𝑖𝑔ℎ𝑡 𝑥 100

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑓𝑟𝑢𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡
 (Eq.3) 

 

Physiochemical characteristics 

Total soluble solids (°Brix) 

Total Soluble solid was measured by a digital device named refractometer (RX 5000, 

Atago, Japan). 

Titratable acidity (%) 

 

 𝑇𝐴 (%) =
0.1 𝑁 𝑁𝑎𝑂𝐻 𝑥 0.0064 𝑥 100 𝑚𝑙 𝑗𝑢𝑖𝑐𝑒 𝑢𝑠𝑒𝑑

𝑚𝑙 𝑗𝑢𝑖𝑐𝑒 𝑢𝑠𝑒𝑑
 (Eq.4) 

 

Ascorbic acid 

Juice contents regarding ascorbic acid were found following the procedure as 

described by AOAC (2000). A known quantity of juice (10 ml) was poured into 100 ml 

volumetric flask and final volume was prepared by adding 0.4% oxalic acid solution. 

5 ml filtrated aliquot was taken from the volume, and titrated against 2, 6-

dicholorophenolindophenol until the end point (light pink color). 

 

 𝐴𝑠𝑐𝑜𝑟𝑏𝑖𝑐 𝑎𝑐𝑖𝑑 (𝑚𝑔 100 𝑔−1) =
1 𝑥 𝑅1 𝑥 𝑉 𝑥 100

𝑅 𝑥 𝑊 𝑥 𝑉1
 (Eq.5) 

Total phenolic and total antioxidants 

The results regarding total Phenolic (mg GAE 100g-1) were recorded using 

spectrophotometer at wavelength of 765 nm and 517 nm, respectively (Ainsworth and 

Gillespie, 2007). 

Enzymes assay 

Frozen juice was used to estimate the enzymatic activities of POD, CAT an SOD 

after homogenization using phosphate buffer. The enzyme extracts were prepared and 

readings were recorded at spectrophotometer at specific wavelengths. The activity of 

enzyme was demonstrated as U mg-1 protein (Liu et al., 2011). 

Statistical analysis 

The recorded data were subjected to statistical analysis of variance using two way 

ANOVA to examine the overall significant data, whereas the (LSD) least significant 

difference test (P ≤ 0.05) was performed for the comparison of means (treatments and 

storage periods) (Steel et al., 1997). 
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Results 

Physical and physiological characteristics 

Weight loss (%) 

The weight of Kinnow fruit was gradually decreased during cold storage. The 

statistically evaluated data indicated significant results. The Kinnow fruits stored 

without any treatment indicated the highest weight loss than fomesa wax and 30% 

coconut oil treated fruits which showed 2.99 and 2.90-fold lower weight losses 

respectively. The interactive effects of different coatings and storage period showed 

higher weight loss (31.80%) in control treatment followed by fruit treated with TBZ, 

60% aloe vera extract, 30% coconut oil and fomesa wax where weight losses were 

13.10%, 12.55%, 11.70%, and 11.40%, respectively. The interaction suggested that 

during 15-90 days interval control treatments had a continuous reduction in fruit weight, 

but treated fruits showed less decrease during first 60 days and during 75-90 days fast 

reduction occurred in fruit weight. Among all treatments Kinnow fruits treated with 

30% coconut oil extract exhibited lower weight loss up to 90 days (Figure 1). 

 

Figure 1. Effects of different coating treatments on weight loss (%) of ‘Kinnow’ fruit stored at 

5oC. LSD value (p ≤ 0.05) for treatments = 0.21, storage days =0.25 and interaction = 0.56 

 

 

Fruit rot (%) 

Fruit rot of Kinnow mandarin fruit was progressively increased during storage 

period. The data depicted that Interactive effect of all treatments and storage days have 

significant impact on treatment means. The prestorage treatment of TBZ and 60% aloe 

vera showed lowest fruit rot (0.93% and 1.16%) than untreated fruit respectively over 

90 days storage period. The Kinnow treated with TBZ and 60% aloe vera extract 

showed minor fruit rot which was statistically at par. The fruit rot was minimum 

(0.79%) when Kinnow were examined after 15 days of storage where fruit rot 

percentage was the highest i.e. (9.09%) when Kinnow were tested after 90 days. The 

interactive effects showed substantial results, the fruit rot (29.20%) was maximum in 

control treatment when assessed after 90 days storage followed by fruit treated with 
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30% coconut oil and fomesa wax, where fruit rot were 5.83%, 5.23%, 2.83% and 

2.35%, respectively. Control treatments had swift increase in fruit rot (%) after 45 days 

while TBZ and 60% aloe vera extract coating treatment which were at par showed 

minimum decay even during 75-90 days. It was interesting to analyze that TBZ and 

60% aloe vera extract treated fruit showed almost 0% decay during initial 30 days while 

untreated fruits had 6.25% fruit rot during the same period (Figure 2). 

 

Figure 2. Effects of different coating treatments on fruit rot (%) of ‘Kinnow’ fruit stored at 5oC. 

LSD value (p ≤ 0.05) for treatments = 0.44, storage days = 0.52 and interaction = 1.17 

 

 

Peel weight (g) 

Peel weight of Kinnow fruit was reduced due to loss of moisture, in this experimental 

study. The highest peel weight was maintained about 1.18 and 1.17-fold by fomesa wax 

and 30% coconut oil treated fruit than control respectively during prolonge storage. The 

peel weights were 1.18, 1.32 and 1.53-fold higher over 45, 60 and 90 days storage 

period, respectively. A reverse relation in weight of peel and storage time was noted as 

the storage progressed. Kinnow fruits treated with fomesa wax held higher peel weight 

from 0-45 days while fomesa wax and 30% coconut oil showed parallel results to limit 

weight reduction from peel of fruits. (Figure 3). 

Juice contents (%) 

It was noted that due to increased metabolic activities juice weight of Kinnow was 
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different treatments Kinnow fruits treated with fomesa wax and 30% coconut oil 

revealed significantly 1.17 and 1.17-fold higher juice weight respectively after 90 days 

of cold storage. The application of coconut oil was effective to maintain the juice 

weight during storage period. A positive linear trend was observed for juice weight up 
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significant results, during storage period of 30, 45, 60 and 90 days, juice weights were 

1.09, 1.15, 1.22 and 1.51-fold higher in fruits treated with 30% coconut oil than control 

fruit respectively (Figure 4). 

 

Figure 3. Effects of different coating treatments on peel weight (g) of ‘Kinnow’ fruit stored at 

5oC. LSD value (p ≤ 0.05) for treatments = 0.23, storage days = 0.28 and interaction = 0.62 

 

 

Figure 4. Effects of different coating treatments on juice contents (%) of Kinnow mandarin 

stored at 5oC. LSD value (p ≤ 0.05) for treatments = 0.27, storage days =0.32 and interaction = 

0.73 

 

Bio-chemical characteristics 

Total soluble solids (°Brix) 

The rapid increase in total soluble solid was found in control treatment than treated 

fruit. The Kinnow mandarin fruits treated with fomesa wax and 30% coconut oil 
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minimum (9.25°Brix) when Kinnow were tested after 15 days of storage where soluble 

solid contents were highest i.e. 11.44°Brix when Kinnow were analyzed after 90 days of 

storage. The results showed that coconut oil has positive impact on the TSS of fruits. No 

sever turn in total soluble solid was observed up to 45 days of storage, however, a blunt 

increase in TSS during 60-90 days was recorded. Furthermore, commercial wax 

performed at par to 30% coconut oil and helpful to maintain the soluble solid contents. 

After 30 and 90 days cold storage, total soluble solid contents were 1.06 and 1.11-fold 

in 30% coconut oil treated fruit than control respectively (Figure 5). 

 

Figure 5. Effects of different coating treatments on TSS (°Brix) of Kinnow fruit stored at 5oC. 

LSD value (p ≤ 0.05) for treatments = 0.17, storage days = 0.20 and interaction = 0.45 

 

 

Titratable acidity (%) 

Among the treatments, fomesa wax and 30% coconut oil treated fruit resulted in 

1.21-fold higher titratable acidity than control during 90 days storage. Interactive effects 

exhibited that control treatments had an instant drop in TA after 45 days of storage, 

while, application of 30% coconut oil proved to be mandatory for sustaining the TA up 

to 60-90 days of storage. The interaction exhibited highest TA was observed in the 

treatments with fomesa wax (1.10) followed by the treatments of 30% coconut oil 

(1.09), 60% aloe vera extract (1.01), TBZ (0.98) and control treatment (0.68) 

respectively after 90 days of storage. 30% coconut oil treated fruit exhibited higher 

(1.17, 1.24, 1.32 and 1.60-fold) titratable acidity in Kinnow fruits during storage (30, 

45, 60 and 90 days) period respectively, than untreated fruit. It was found that titratable 

acidity of fruits was inversely proportional with prolong storage period (Figure 6). 
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contents were observed in fruits treated with fomesa wax (40.60 mg 100 g-1) followed 

by the treatments of 30% coconut oil (40.13 mg 100 g-1), 60% aloe vera extract (38.70 

mg 100 g-1), TBZ (38.15 mg 100 g-1) and control treatment (21.38 mg 100 g-1) after 90 

days of respectively. During storage period of 30, 60 and 90 days 30% coconut oil 

treated fruit exhibited 1.02, 1.33 and 1.87-fold higher than control fruit respectively 

(Table 1). 

 

Figure 6. Effects of different coating treatments on titratable acidity (%) of Kinnow fruit stored 

at 5oC. LSD (p ≤ 0.05): treatments = 0.02, storage days = 0.03 and interaction = 0.06 

 

 
Table 1. Effects of different coating treatments on Vitamin C (mg 100 g-1) of Kinnow fruit 

stored at 5oC 

 Storage duration (days)  

Treatments 0 15 30 45 60 75 90 Mean 

Control 45.00a 44.00bc 42.83ef 35.33 o 31.85 p 27.60 q 21.38 r 35.43C 

Fomesa Wax 45.00a 45.15 a 44.00bc 43.45cde 43.00def 41.55 h 40.60ijk 43.25A 

30% Coconut oil 45.00a 44.83ab 43.90bcd 43.10cdef 42.50fg 41.13 hi 40.13jkl 42.94A 

60% Aloe Vera 45.00a 44.53ab 42.80ef 41.70gh 40.90hij 39.83kl 38.70mn 41.92B 

TBZ 45.00a 44.60ab 42.85ef 41.58gh 40.20ijkl 39.60lm 38.15 n 41.71B 

Mean 45.0A 44.6A 43.28B 41.03C 39.69D 37.94E 35.79F  

LSD value (p ≤ 0.05) for treatments = 0.35, storage days = 0.42 and interaction = 0.94 

 

 

Total phenolic contents (mg GAE 100 g-1) 

The statistically examined data indicated highly significant results in treatments, 

storage days and their relation. Increase in TPC activity was more distinct in coconut 

and oil and fomesa wax than control fruits. After 90 days mean total phenolic contents 

value was 1.11-fold higher in fruits treated with 30% coconut oil than untreated fruits. 

The interactive effects of treatments and storage days untreated fruits showed a 

continuous decrease in TPC from 30-90. Results revealed that fomesa wax treated fruits 
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showed maximum (214.35) total phenolic contents after 45 day storage period followed 

by fruit treated with 30% coconut oil (214.20), aloe vera extract 60% (213.9), TBZ 

(213.8) while minimum (200.70) was observed in untreated fruits. After 45 days and 90 

days of storage period 30% coconut oil treated fruit 1.07 and 1.40-fold higher as 

compared to control fruit (Table 2). 

 
Table 2. Effects of different coating treatments on TPC (mg GAE 100 g-1) of ‘Kinnow’ fruit 

stored at 5oC 

 Storage duration (days)  

Treatments 0 15 30 45 60 75 90 Mean 

Control 213.50 def 211.93 ghi 206.90 l 200.70 m 189.35 n 171.55 o 150.18p 192.01C 

Fomesa Wax 213.50 def 214.90 abc 215.83 a 214.35 bcd 212.80 efg 211.60 hi 210.20J 213.31A 

30% Coconut 

oil 
213.50 def 214.18 bcd 215.00 ab 214.20 bcd 212.50 fgh 211.28 ij 210.30J 212.99A 

60% Aloe 

Vera 
213.50 def 213.83 cde 214.35 bcd 213.90 bcde 211.20 ij 210.23 j 208.70k 212.24B 

TBZ 213.50 def 213.60 def 214.00 bcd 213.80 cde 211.00 ij 210.40 J 207.90 kl 212.03B 

Mean 213.50A 213.69A 213.22A 211.39B 207.37C 203.01D 197.46E  

LSD (p ≤ 0.05) treatment = 0.43, storage days =0.51 and interaction = 1.14 

 

Total antioxidants (%) 

The statistically analyzed data indicated highly significant results. Postharvest 

application fomesa wax and 30% coconut oil enhanced (1.20 and 1.19-fold) higher 

antioxidant activity in contrast to untreated fruits respectively with entire storage period 

(Table 3). 

 
Table 3. Effects of different coating treatments on total antioxidants (%) of Kinnow fruit 

stored at 5oC 

 Storage duration (days)  

Treatments 0 15 30 45 60 75 90 Mean 

Control 77.60bc 75.50def 71.63jk 65.67 o 60.70 p 50.64 q 39.75 r 63.07C 

Fomesa Wax 77.60bc 78.50 ab 79.50 a 75.90def 74.55fgh 71.63jk 70.92klm 75.51A 

30% coconut 

oil 
77.60bc 78.24 ab 79.00ab 76.50 cd 73.50 hi 71.58jkl 70.00 m 75.20A 

60% aloe vera 

extract 
77.60bc 78.11 ab 77.91bc 75.18defg 74.00ghi 70.18lm 68.25 n 74.46B 

TBZ 77.60bc 76.00 de 77.85bc 75.00efg 73.20 hi 72.78ij 67.55 n 74.28B 

Mean 77.60A 77.27A 77.18A 73.65B 71.19C 67.36D 63.29E  

LSD value (p ≤ 0.05) for treatments = 0.54, storage days = 0.64 and interaction = 1.43 

 

 

30% coconut oil treated fruits showed 1.10, 1.21 and 1.76-fold higher after 30, 45 

and 90 days of cold storage than untreated fruits. Interaction showed that highest 

antioxidant activity (70.92) was observed in fomesa wax followed by the treatment of 

30% coconut oil (70.0), 60% aloe vera extract (68.25%), TBZ (67.55) and control 
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treatment (39.75%) respectively after 90 day storage period. 30% coconut oil and and 

commercial wax showed parallel results in stored fruits. The interactive effects revealed 

that antioxidant potential of fruit increased up to 0-30 days but reduced gradually up to 

90 days. Moreover; 30% coconut oil was more useful to maintain antioxidant activities 

for long time period (Table 3). 

Catalase (U mg-1 protein) 

The data pertaining to CAT enzyme activity of Kinnow fruits illustrated statistically 

significant outcomes in treatments, storage days and their interactions. The control 

treatment exhibited the lowest catalase activity as compared to the Kinnow fruit treated 

with fomesa wax and 30% coconut oil having highest (1.31 and 1.30-fold) catalase 

activity respectively during storage. Interaction of treatment and storage time revealed 

falling trend in catalase enzyme activity with prolonged storage but also reduced after 

30-60 days depending on treatments. Maximum catalase activity (18.70) was observed 

in fomesa wax treated fruits followed by treatments of 30% coconut oil (18.10), aloe 

vera extract 60% (17.23), TBZ (17.0) and control treatment (9.03) respectively after 90 

days of storage period. Kinnow fruits treated with fomesa wax showed increase up to 45 

days however 30% coconut oil also performed at par to maintain catalase activity on the 

other hand control treatment initially start decline (Figure 7). 

 

Figure 7. Effects of different coating treatments on catalase (U mg-1 protein) of Kinnow fruit stored at 

5oC. LSD value (p ≤ 0.05) for treatments = 0.27, storage days =0.31 and interaction = 0.71 

 

 

Peroxidase (U mg-1 protein) 

The data regarding to POD enzyme activity of Kinnow fruits illustrated statistically 

non-significant results but their interactions for treatments and storage days was 

significant. The highest peroxidase enzyme activity (1.16-fold) was observed and 

Kinnow treated with fomesa wax and 30% coconut oil having highest (21.92) 

peroxidase enzyme activity followed by fruit treated with 30% coconut oil as compared 

to untreated fruit during storage. 30% coconut oil treated fruit showed 1.18, 1.23 and 

1.46-fold higher POD enzyme activity after 45, 60 and 90 days of storage than control 

fruits (Figure 8). 
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Superoxide dismutase (U mg-1 protein) 

The data related to SOD enzyme activity of Kinnow fruits demonstrated significant 

outcomes in treatments, storage time and their relation. The activity of SOD enzyme 

was increased to its peak when fruit treated with coconut oil than control fruit during 

entire storage. The Kinnow fruits dipped in fomesa wax and 30% coconut oil exhibited 

1.08 and 1.07-fold higher SOD activity than untreated fruit during cold storage. It was 

noted that higher SOD enzyme activity was observed in fomesa wax treated fruits (1.15-

fold) and 30% coconut oil (1.14-fold) as compared to untreated fruit after 90 days. High 

value of SOD activity (117.50) was observed in fomesa wax treated fruits after 15 days 

of storage period. 30% coconut oil and fomesa wax indicated almost at par to maintain 

SOD activity during storage (Figure 9). 

 

Figure 8. Effects of different coating treatments on peroxidase (U mg-1 protein) of Kinnow 

stored at 5oC. LSD value (p ≤ 0.05) for treatments = 0.01, storage days =0.02 and 

interaction=0.04 

 

 

Figure 9. Effects of different coating treatments on superoxide dismutase (U mg-1 protein) of 

Kinnow fruit stored at 5oC. LSD value (p ≤ 0.05) for treatments = 0.64, storage days = 0.75 and 

interaction = 1.68 

0,50

0,55

0,60

0,65

0,70

0,75

0,80

0,85

0,90

0,95

0 15 30 45 60 75 90

P
O

D
 (

U
 m

g-
1

P
ro

te
in

)

Days

Control

Fomesa Wax

30% Coconut oil

60% Aloe Vera

TBZ

110,00

115,00

120,00

125,00

130,00

135,00

140,00

145,00

150,00

155,00

160,00

0 15 30 45 60 75 90

SO
D

 (
U

 m
g-

1
P

ro
te

in
)

Days

Control

Fomesa Wax

30% Coconut oil

60% Aloe Vera

TBZ



Rashid et al.: Comparative efficacy of some botanical extracts and commercial coating materials for improving the storage life and 

maintain quality of Kinnow mandarin 
- 725 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(1):713-729. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ●ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/1801_713729 

© 2020, ALÖKI Kft., Budapest, Hungary 

Discussion 

It is quite obvious from the results of the study that among all the treatment applied 

to Kinnow mandarin for the extension of storage life 30% coconut oil proved to be the 

best during 90 days of the storage. This is clear as fruit is living entity after the harvest 

and various physiological processes especially the respiration and transpiration are 

going on which utilizes the substrate present in the fruit so the fruit losses its weight 

because of these processes. Similar results of increasing physiological loss in weight 

during storage has also been reported in Grapes (Shiri et al., 2011), Jujube fruits (Xing 

et al., 2015; Shahi et al., 2015), and Mango (Carrillo et al., 2000; Gill et al., 2015). The 

results of current study for weight loss was in similar with the findings of Albanese et 

al. (2007) who explained that coating treatment slow down the weight loss. The coated 

fruits showed a positive action of prestorage treatment which slow down transpiration, 

because these coatings create a layer on citrus fruit surface that inhibit the evaporation. 

Likewise, in another study conducted by Krasniewska et al. (2014) it was found that the 

coatings of pullulan on apple and pepper decreased the weight loss in these fruits. 

Coatings of fomesa wax and 30% coconut oil inhibited the agents of moisture 

particularly and due to this minimum decay loss happened. Yadav et al. (2010) 

described the reason of decay loss which was due to wax coating's interaction effect as 

moisture inhibitor as well as microbial inhibitor in their point of view. Similar results 

were found in Asian pear when observed by Mahajan et al. (2013). On the other hand, 

Gautam et al. (2003) reported the same results in mango, Ahmad et al. (2005) and 

Yadav et al. (2010) in Kinnow mandarin reported minimum decay loss during the 

period of storage by applying wax on these fruits. 

Results concerning about TSS in this research showed that fruits treated with 30% 

coconut oil had lower total soluble solids as comparing them to control treatment. 

Increased TSS in control was due to solute accumulated in vacuoles of cells and starch 

gets hydrolyzed in to sugars. The increase in TSS up to 15 days may be attributed due to 

the hydrolysis of acid and deposition of polysaccharide as reported earlier by Omayma 

et al. (2010). Probable reason in reduction of TSS in 30% coconut oil treated fruit was 

due to the conversion of polysaccharides in to disaccharides and monosaccharaides 

means less hydrolysis of starch into sugars. 

The higher titratable acidity in the commercial wax (fomesa wax) and 30% coconut 

oil treated Kinnow fruits could be because of least consumption of acids in the process 

of respiration during storage. The decrease in acidity in control treatment was probably 

due to the utilization of citric acid by the microbes as a source of carbon and O2 

collected inside caused acidosis after dissolving and developing carbonic acid (Carrillo 

et al., 1995). The coatings facilitated in better maintenance of titratable acidity than 

control fruits, which could be because of the positive role of coatings in delaying the 

process of ripening in fruits (El-Anany et al., 2009). Patriaca et al. (2005) indicated that 

coatings were effective in retention the titratable acidity of Kinnow. 

Generally, vitamin C contents of fruits decreasing during storage. However, the 30% 

coconut oil and fomesa wax treated fruits showed higher contents of vitamin C as 

compared to control after 90 days storage. During the period of storage, the ascorbic 

acid was degraded which decreased the vitamin C. Similarly, Lee and Kader (2000) 

proposed that leaching in thermal breakdown and surrounding water became the reason 

of vitamin C loss. There were similar results shown by Sonkar et al. (2009) in Kinnow, 

Ahmad et al. (2005) in Kinnow, Deka et al. (2006) in mandarin. These studies indicated 

that there were maximum contents of Vitamin C in the fruits which were coated with 
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wax. Dehydro ascorbic acid is formulated as a result of moderate oxidation of vitamin 

C, as it is a fact that vitamin C is quite vulnerable to oxidative deterioration. 

Shahid and Abbasi (2011) reported that there was maximum vitamin C in fresh fruit 

before ripening and after that due to the ascorbic acid oxidase action it was decreased. 

Generally, a major part of ascorbic acid transformed into juice and oxidized. The 

present study indicated that fruits treated with 30% coconut oil showed similar results as 

commercial wax had higher total phenolic contents of the Kinnow fruits in contrast to 

untreated fruits. 

Paolo and Marisol (2008) in their research revealed that during storage, the total 

phenolic contents increased and vitamin C reduced. Consequently, phenolic compounds 

synthesis becomes the reason of increase in antioxidant activity during the period of 

storage of Kinnow fruit. They reported the reduction in phenol content of control and 

Kinnow coated with herbal extract, essential oil and commercial wax during the period 

of storage, these findings are a sequence of the results of Lim et al. (2006) who 

conducted research on fruit of citrus. During the period of storage, polyphenol oxidase 

enzymes' oxidative activity is related with the decrease in total phenols contents which 

makes the phenol to quinones compound. During the initial days, a sudden increase in 

the phenolic contents was observed it is due to the fact that due to reduction in 

temperature activation and generation of certain phenolic contents happened, as a result 

of above phenomenon dehydration of Kinnow occurred which further increased the 

juice phenolics (Silva et al., 2013). After a definite time period the phenolics decreased 

because antioxidant activity decrease which is sign of minimum resistance of fruits 

against the attack of pathogen. 

The increase in activity of antioxidant enzymatic at early stages may because of 

environmental stress which increases the ROS level at protein, which finally modifies 

the cellular homeostasis (Suzuki and Mittler, 2006). Antioxidant activity's foresaid 

results demonstrated that Kinnow fruit which was coated with the wax and coconut oil 

with 30% encourage the scavenging capacity. Fruits of coated Kinnow which were 

stored at temperature of 4oC showed reduction in antioxidant activity after 90 days 

because of rigorous reduction in phenolics and ascorbic acid through biosynthesis. 

Hassanpour et al. (2015) reported the dependency of antioxidant activity upon 

flavonoids, anthocyanins, total phenols and ascorbic acid. They also supported the 

current results on antioxidant activity. 

Conclusion 

It was concluded that 30% coconut oil performed best among all the treatments. The 

fruits treated with 30% coconut oil showed minimum weight loss, fruit rot, maximum 

juice weight, biochemical parameters like total soluble solids, titratable acidity, ascorbic 

acid contents, total sugar, maximum total antioxidants and maximum enzymatic activity 

(CAT, POD and SOD) of Kinnow mandarin fruits which were stored up to 90 days. It 

was also evaluated that 60% aloe vera extract proved valuable for long term storage of 

Kinnow mandarin and to control the storage rot because it performed almost at par to 

commercial fungicide. Hence botanical extracts can improve the storage life of Kinnow 

mandarin so it can be recommended to overcome the storage issues of Kinnow fruits. 

Finally, it was obvious from experiment that prestorage treatment of 30% coconut oil 

was most effective to reduce decay losses and maintain the fruit quality during 90 days 

storage. 
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Future recommendations 

There is a need to explore the penetration level of these treatments molecular level 

studies are also required to check the efficacy and accuracy. Effects of these prestorage 

applications on bio profile of phenolics and antioxidants, flavonoids should be checked 

to find a best treatment in terms of international standards. 
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